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MEMORANDUM 
BY TEE LORDS CO?~DIISSI~NERS OF TEE ADJIIRALTY, 

Relative to the Compilation of a Manual of Seien@c Enquiry, 
for the use $Her Majesty's Nay. 

IT is the opinion of the Lords Commissioners of the Admiralty 
that it would be to the honour and advantago of the Navy, and 
conduce to the general interests of Science, if new facilities and 
encouragement were given to the collection of information upon 
scientific subjects by the officers, and moro particularly by the 
medical officers, of Her  Majesty's Navy, when upon foreign ser- 
vice ; and their Lordships aro desirous that for this purposo a 
Manual be compiled, giving general ine,tructions for observation 
and for record in various branches of eciencc. Their Lordships 
do not consider it necessary that this Manual should be one of 
very deep nnd abstruse research. Itr directions should not re- 
quire the use of nice apparatus and instruments : they should be 
generally plain, so that men merely of good intelligence and fair 
acquirement may be able to act upon them ; yet, in pointing out 
objects, and methods of observation and record, they might still 
nerve 88 a guide to officers of high attainment: and it will be for 
their Lordships to consider whether nome pecuniary reward or 
promotion may not be given to  those who succeed in producing 
eminently useful results. 

Their Lordships are aware that in the instructions prepared un- 
der the directions of the Royal Society for the Antarctic expedition 
-in the hints for collecting information given to officers on the 
expedition to China ; in the excellent book by A. Jackson, en- 
titled '' What to observe;" and in other documents'and publica- 
tione-the fullest directions are to be found ; but thoy are either 
more voluminous or more cloaely coiifined to objects which regard 
particular localities than is to be desired for a general Manual. 
Their Lordships are, therefom, desirous that a new compilation 
ehould be made, and are satisfied that their wishes would be best met 
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iv  'MEMORANDUM. 

if they could obtain the assistance of some of our most eminent 
men of Science in the composing, by each, of a plain and concise 
chapter upon the head ,of enquiry with which he might be most 
conversant; and they have been readily and kindly promised tho 
advice and labour ot' Sir John Herschel in revising the whole and 
preparing it for publication. The  several heads of enquiry are 89 

follows :- 
Astronomy. Magnetism. 
Botany. Meteorology. 
Geography and Hydrography. Statistics. 
Geology. Tides. 
Mineralogy. Zoology. 

Independently of matters of exact science, their Lordship 
would look, in many instances, for Reporta upon National Cha- 
racter and Customs, Religious Ceremonies, Agriculture and Me- 
chanical Arts, Language, Navigation, Medicine, Tokens of value, 
ntid other subjects ; but for these only very general instructions 
can be given, though valuable Reports may be expected from men 
of observation and intelligence acting under the encouragement 
which the notice of whatever is well and us~fully done is certain 
of affording. 

I t  would give additional value to each chapter if the name of 
him by whom it might be composed should be &xed to it ; and 
their Lordships are anxious that no time be lost in the prepam- 
tion of this work. They are sending a surveying ves~el to New 
Zealand, and have others in theTorres Straits and in other parts 
of the world. A. new establishment is contemplated at Borneo. 

.Expeditions are proposed in search of Sir John Franklin. They 

.have enrisere in every sea; and where the ships of the navy are 
not present, it sometima happens that the vessels of' the mer- 
chant are conducted with much intelligence and enterprise, and 
for all of these the work proposed would be valuable. 



P R E F A C E. 

THE Memorandum of the Lords Commissioners of 
the Admiralty, prefixed to the present work, so fully 
explains its origin and object, that it only remains for 
the Editor to indicate the reasons which have neces- 
sitated what may appear to be in a cerbin degree 
departures from the plan as therein sketched out- 
departures either inevitable in themselves, or sanc- 
tioned in their progress by their Lordships' appro- 
bation, and which, though involving a material increase 
in the bulk of tlie volume beyond what was in thc first 
instance contemplated, can hardly fail to be regarded 
as adding still more materially to the probability of 
i ts  proving useful in furthering the collection of 
scientific information. 

On receiving from the eminent authors of the 
several chapters into which this work is divided, their 
respective contributions, drawn up by them a t  the 
particular and personal request of the late lamented 
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vi PREFACE. 

Earl of Auckland (to whose enlightened zeal for tlie 
improvement of science the work owes ita original 
conception), tlie Editor at once perceived that, while, 
on the one hand, the total amourlt of matter contri- 
buted could by no possibility be compressed into the 
small compass originally intended (even when reduced 
by the retrenchment of some portions in his opinion 
less vitally essential, and which the authors of those 
portions, on his representation, most readily agreed 
to abbreviate)-on the other, those contributions bore 
evidence of having been drawn up with so much care 
and precision, and elaborated with such consummate 
ability, that any further attempt to reduce them 
within those limits would have been at once pre- 
sumptuous on his part and most injurious to the 
efficiency of the work itself. 

It is hoped and believed that the instructions on 
each subject treated of are such as completely to fulfil 
the views of the Memorandum, in so far as it is 
possible, consistently with the nature of the sciences 
trcated of, that they should do so. But there are 
some-such as Terrestrial Magnetism-which it is 
impossible to divest of a certain degree of abstruse- 
neas, and in which no observations worth recording can 
be made without the aid of instruments and methods 
of observation and reduction decidedly both nice and 
delicate. The same may be said, so far as the instru- 
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ments are concerned, in Meteorology. The class of 
meteorological observations of most importance which 
require instrumental aid are essentially of some 
delicacy, arid if not executed with a certain precision 
and nicety, had much better not be recorded at all. 
But in both these cases particular care has been taken 
to make the instructions for the use of the necessary 
instruments so plain and full, that no difficulty can be 
experienced by any one in acquiring from them, with 
a little practice, their perfect management. 

The time apparently con ternplated in the Memo- 
randum for the completion and appearance of the work 
has been exceeded. The delay, however, has been 
inevitable. One only of the contributors was aware, 
until nearly a month subsequent to the date of that 
document, of what was required of him; and the 
various professional and scientific engagements of 
almost all, precluded the possibility of their complying 
on the instant with the request. The Editor in par- 
ticular must plead guilty to having been the latest in 
the field. The subject of Mcteorology, originally 
intended for u far more able hand, devolved upon 
him in consequence of the inability from illness, and 
supervening most pressing engagements, of the party 
in question to undertake it. His own hands were 
otherwise full; and he is but too conscious that, 
although written two or three times over, his contri- 
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bution falls very far short indeed of what would have 
occupied its place had the original cast of the subject 
in this respect been carried out.* 

One only of the chapters-that on Ethnology-has 
not received its final touches and corrections from the 
hand of its author. The eminent and gifted con- 
tributor of that chapter survived only to complete 
the MS. 
his son. Previous to his decease the Editor had 
received his authority for substituting, as iln appendix, 
a somewhat more extended (though still coufessedly 
incomplete) attempt of his own to facilitate the re- 
duction to writing of foreign native languages, for a 
system which, on maturely weighing it, appeared 
liable to serious objections. The subject is confessedly 
difficult; and it would have been peculiarly grati- 
fying to him to have been enabled to submit this 
attempt to Dr. Prichard for revision, and to have 
received more than the general sanction above alluded 
to for its substitution. 

The correction of the press devolved on . 

* In more particular allusion to this chapter the Editor would ob- 
serve, that though the sympieeometer, and that substitute for the 
portable barometer to which thc nnmc of ‘‘ oncroid” has been given, 
nrc not mentioned among the standard and essential meteorological 
instruments whose continuous registry is recommended ; yet they 
mny be consulted with ndvanlage, and frequent comparison8 of the 
latter with the barometer would bc very useful in determining how 
far its indications at distaut times nlid in different circumstances can 
be relied on. 



PREFACE. ix 

With the publication of this work the Editor’s 
connexion with it ceases, beyond a general and earnest 
interest in its success in forwarding the objects pro- 
posed by it. Observations made in any of ita depart- 
ments, in pursuance of the recommendations contained 
in it, by o5cers in Her Majesty’s service, if 05cially 
communicated in the proper quarter, will of course 
be dealt with officially. But as the work may, and 
probably will, fall into the hands: of voyagers and 

travellers unconnected with the public service, it may 
be right to state, for the avoidance of possible mis- 
apprehension, that he cannot charge himself with the 
reception, examination, .OF discussion of any masses 
of observations they may accumulate. 
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A 

H A N U N  OF SCIENTIFIC ENQUIRY. 

SECTION I. 

A S T R O N O M Y .  

BY G. B. AIRY, ASTRONOMEII ~ O Y A I . .  
’ 

THE science of Astronomy may occasionally derive 
benefit from the observations of navigators, in the 
following respects :- 

By contributions to Astronomy in general. 
By improvement of the methods of Nautical 

By accurate attention to Astronomical Geography. 

The remarks which follow will be arranged under 

Astronomy. 

these heads. 
General Astronomy. 

1. The first point which calls for attention is thc 
observation of the places of comets or other extraor- 
dinary bodies, especially thosc which can be seen only 
in low northern or in southern latitudes. In regard 
to these observations (and indeed to almost all others), 
one remark cannot be too strongly impressed on the 
observers-that a bad observation, or an observation 
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2 ABTRONOMY. [sect. I. 

which is given without the means of verification, is 
worse than no observation at all. I n  order to make 
the observations good, the following cautions must be 
observed :- 

The index-error of the sextant must be carefully 
ascertained. If  it has not been found a short time 
before the observations, i t  must be found as soon a8 

possible after them. 
The distance of the comet from three conspicuous 

stars in different directions must be measured with the 
sextant. The point of the comet which is observed with 
the sextant should be precisely described. It is de- 
sirable that the navigator should be possessed of some 
star-maps or star-charts, by means of which he will 
be able a t  once to give the proper naxnes to the 
stars, and much confusion and loss of time will be 
avoided. 

If  the time at the ship and the latitude are very 
well known, there will be no occasion to make further 
Observations; but if these are not well known, some 
attempt must be made (by the use of Becher’s horizon, 
or by any equivalent method) to ascertain the altitude 
of the stars and the comet. The lower these objects 
are, the greater must be the care in the determination 
of their altitude. 

For affording means of verification, these rules 
should be followed :- 

The observations of distance with the sextant should 
be entered in the book precisely in the manner in which 
they are made. The reading of the sextant, uncor- 
rected, should be written down: in a column by the 
side of this should be’ written the correction for index- 
error, with a statement whether it is to be added to, or 
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to be subtracted from, the sextant-reading : in the next 
column should be written a reference to the observa- 
tions by which the index-error was determined: and in 
the last column should be written the distance as cor- 
rected. For the altitudes, the height of the eye, the 
depression of the horizon, and the altitude corrected 
for depression, should also be stated. A t  some con- 
venient place, either a t  the beginning or at the end of 
all, should be writteu out all the measures by which 
the index-error was ascertained, exactly in the manner 
in which they were made, and so that any other person 
a n  deduce from them the value of the index-error. 

The time of making every observation should be 
entered exactly as it is read from the chronometer or 
hack-watch. By the side of this should be placed the 
error of the chronometer or hack-watch on-Greenwich 
time, or on time a t  the ship (as may be most conve- 
nient) ; and; after this, the corrected time. 

At some convenient place, either at the beginning 
or the end, must be written out all the observations by 
which the error of the chronometer is ascertained. If 
its error on Greenwich time is given, the longitude of 
the ship must also be given, and the means and ob- 
servations by which that longitude has been determined 
must be stated at length. 

If a hack-watch is used, the comparison of the hack- 
watch with the chronometer must be given. 

The last observations by which the latitude was 
determined, and the course and rate of sailing of the 
ship, must also be given. 

All the observations should be sent in this detail to 
the Admiralty or other body appointed to receive 
them. 

B 2  



4 ASTRONOMY. [sect. I. 

2. Opportunities will sometimes occur, when a ship 
is lying in a harbour of which the latitude and the 
longitude are well known, for observing eclipses of the 
sun. These observations are almost always valuable. 
I t  can seldom be expected that the time of the begin- 
ning of an eclipse can be ohserved accuratcly, but the 
time of the end of i t  can usually be observed with very 
great accuracy. And if the eclipsc is to td ,  the times 
of beginning and end of the totality can he observed 
accurately ; if i t  is annular, the times of beginning and 
end of the annularity can be observed accurately. 
The observations should be made with the largest 
telescope which the navigator posscsscs ; and any pecu- 
liarity of distortion of the sun’s limb or the moon’s 
limb, any light surrounding thc moon, &c., sliould be 
carefully recorded. [If the eclipse bc total, attention 
should be paid to any coloured or other appendages 
projecting from the dark edge of the moon, also to the 
luminous corona surrounding the moon, its apparent 
breadth, and whether apparently conccntric tvith the 
moon or with the sun near the moments of beginning 
and end of the total obscuration.] While the eclipse 
is iri progress, but cspecially near thc beginning or the 
end, measures of the distance bctween the cusps or 
sharp points at which the moon’s limb crosses the sun’s 
limb may‘be repeatedly taken, I n  recording these 
observations, tlic observations by which thc time is 
determined, and the observations by which the index- 
error of the scxtant is determined, should be written 
down in tlic fullest detail ; and the unreduced observa- 
tions should be given as well as the reduced ob- 
servations. 

3. In  similar circumstances occultations of stars by 
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the moon may frequently be observed. Eclipses of 
Jupiter’s satellites may also be seen ; and (if the nari- 
gator have a telescope somewhat better than is usually 
carried in ships, and steadily mounted) the passage of 
Jupiter’s satellites, either behind the planet or in front 
of the planet, may be seen, and the times a t  which the 
centres of the satellites just touch the edge of the 
planet may be observed. All these observations will 
be useful : the observations must be recorded with the 
same fulness which has been mentioned before. 
4. It may chance that the navigator is in some cli- 

mates where the air is much more damp, and in others 
where it is much more dry, than in Europe. It is pos- 
sible that in  thesc places he may be able to make 
observations which will throw some light upon the in- 
fluence of moisture in atmospheric refraction. It is 
recommended that repeated observations of the altitude 
of the sun’s upper and lower limb be taken when the 
sun is very near tlie horizon. It will be necessary that 
the time at  the ship and the latitude be very well 
known. The thermometer must be read, as also some 
hygrometrical instrument, and the barometer, if there 
is one on board, during the observations. The ob- 
servations of every kind must be recorded with the 
utmost fulness. 

5.  It is certain that some of the stars of the soutllern 
hemisphere are variable in magnitude ; the most re- 
markable of these is n Ar@. It is desirable that, o~ 
favourable nights, the magnitude of this star should be 
observed and recorded. The best wny of doing it 
will be, not to state that it looks like a star of the 2nd 
magnitude, or of the 3rd magnitude, &c., but to com- 
pare its brightness with that of some of the stars near 
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it. Thus it  will be easy to say that it appears pretty 
exactly as bright as one star, certainly brighter than a 
second, and certainly not so bright as a third.* 

6. Much attention has been excited by the appear- 
ance, in several years, of meteors in great numbers, on 
or about the 9th of August and the 12th of Novem- 
ber.t It is probable that these appearances may be 
seen by persons at sea, when, either from the hour 4t 
which they occur, or from other causes not yet under- 
stood, they cannot be seeu in Europe. It is impossible 
to observe them with accuracy ; but very ’ valuable 
information will be given by counting repeatedy how 
many can be seen in some fixed interval of tima, as 
five minutes ; and by remarking whether they all come 
from, or go to, one part of the h e ~ e n s  ; what is that 
part of the heavens ; whether they usually leaye trains 
behind them ; what is their usual brightness (as com- 
pared with that of known stars); and by any other 
remarks which may be suggested by their appearance. 

7. Many opportunities will occur of observing the 
zodiacal light ; more especially when the observcr is 
near the equator, where probably it can be seen a t  all 
8eason8, before sunrise and after sunset; or, if in 
northern latitudes, after sunset in February and 
March, and before sunrise in September and October j 

* See n list of vdriable stars, and eome suggestions for observe 
tiom of brightness of stars, in the Appendix.-(ED.) 

t IIurnboldt (Kosmos, i. 387) enumerates the following epochs 88 

especially fertile ill meteors, viz. April 22-25 ; July 17-26 ; Aug. 9 
-11 ; Nov. 12-14 and 27-29; Dec. 6-12. Of all these epochs, 
thnt of August hna hitherto proved to be the most regular. The 
#tar B Cernelopardali hae for several yeare been their point of diver- 
gence about that epoch. Any change in thin respect should be 
recorded.-(ED.) 
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if in southern latitudes, before sunrise in March and 
April, and after sunset in August and September. 
The zodiacal light consists of a pyramid of faint light, 
whose base is somewhere near the place of the sun, 
and whose point is at a distance of perhaps 30" from 
the sun; the axis of the pyramid being usually in- 
clined to the horizon, following nearly the direction of 
the ecliptic. Although it presents to the eye a consi- 
derable body of light, yet the light of any portion of it 
is so feeble, and the definition of its outline is so 
imperfect, that it cannot be observed with a telescope. 
The observer, therefore, should only attempt to observe 
it with the naked eye, when the sky is very clear, and 
when the sun is so far below the horizon that no twi- 
light is visible. He should then endeavour, with the 
assistance of a cliart of the stars, to define as accurately 
as possible its boundary with reference to the stars; 
remarking especially the place of the point of the 
pyramid, the width where it rises from the horizon, 
whether ita sides are curved, and in what parta the 
light is brightest. It will be found that these observa- 
tions are made most accurately by occnsionally turning 
the eye a little obliquely from the zodiacal light. In 
registering the observation, in addition to the parti- 
culars to be recorded as prescribed above, there should 
be a statement of the latitude of the ship, the day, the 
time a t  the ship (or the Greenwich tirne'and the longi- 
tude of the ship), the state of clearness of the sky, and 
the state of the weather for the day preceding the 
observation. 

Improvement of Nautical Astronomy, 
8. So much attention has been given to every detail 



8 ABTRONOMY. [sect. I. 

of Nautical Astronomy, that it is very difficult to fix 
upon any part of it to which the attention of navigators 
should be specially directed with a view to its improve- 
ment. Perhaps the principal deficiency at the present 
time is in the want of well-understood methods of 
observing (with the sextant) the altitudcs of stars at 
night, and of observing the altitudes of the sun and 
moon when the horizon is ill-defined. Every endeavour 
ought to be made to become familiar with the use of 
Becher’s horizon, or some equivalent instrument, and 
to acquire a correct estimate of the degree of confi- 
dence which can be placed in the use of it. 

9. I t  is likewise desirable that efforts should be 
made to facilitate the observation of occultations of 
stars by the moon, and the observation of eclipses of 
Jupiter’s satellites at sea. Occultations occur rarely, 
but the result which they give for longitude is usually 
so much more accurate than that given by lunar dis- 
tances, that, in long voyages where little dependence 
can Le placed on the chronometer, the observation of 
an occultation must be extremely valuable. The 
eclipses of Jupiter’s satellites afford le= accurate de- 
terminations of longitude, but they occur vcry much 
more frequently, and may bc very useful where chro- 
nometers cannot be trusted.* 

* Attempts may laudably be made to devise some available mode 
of suspending a chair, so as to afford a steady seat to the observer. 
Hitherto such attempts have failed of practical success, from setting 
out with the principle of pcrfectly free   us pension, a principle which 
tends to prolong and perpetuate oscillations once impressed. It 
remains to be seen what stzysuspension, as for example by a rigid 
rope or cable, or by a hook’s joint, purposely made to work stiffly 
(and that more or less at pleasure), by tightening collars-aa also 
deadening and shorieaing oecillations, by lateral cords passing 
through ririgs to create friction-and other similar contrivances 
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Astronomical Geography. 
10. The intelligent navigator, on arriving a t  any 

port which has not before been visited, or whose posi- 
tion is not very well settled, ought to consider it his 
first duty to determine with all the accuracy in his 
power the latitude and longitude of the port. Sup- 
posing him to  have determined by the usual nautical 
methods the approximate latitude, longitude, and error 
of chronometer, the best method of determining the 
latitude will be to find the chronometer-time at  which 
the sun or any bright stars of the Nautical Almanack 
list will pass the meridian, and to observe the double 
altitude of any such object by reflection in a mercurial 
horizon, several times, as near as possible to the time 
of the meridian passage. If the place is in the northern 
hemisphere, the observation of the double altitude of 
the pole-star may be made at any time when it is 
visible : convenient tables for the reduction are given 
in the Nautical Almanack. For these and other ob- 
servations the navigator ought to be provided with a 
proper trough and a store of mercury. For deter- 
mining the longitude, there is probably no method 
superior to that of lunar distances (the exactness of 
which will l e  increased if the sextant 01' reflecti~lg 
circle be mounted on a stand), unless the stay at  tlle 
port is so long that transits of the moon can be ob- 
served. In ally case, if there be a transit-instrument 
in the ship, i t  ought to be mounted on shore as soon as 
possible. The instrument ought, on the first evening, 
to be got very nearly into a meridional position, and 
may do. 
ciple signally available,- (ED.) 

In the suspension of a cot, at last, I have fouud this prin- 
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theu a mark should be set up, and the instrument 
should always be adjusted to that same mark (even 
though it be not exactly in the meridian), and should 
always be levelled, before commencing a series of ob- 
servations. One or two stars at least, as near the pole 
a~ possible, should be observed every night, in addition 
to the Nautical Almanack stars necessary for chrono- 
meter-error, and the moon-culminating stars which 
are observed with the moon. The instrument should 
be reversed on alternate nights; and, if possible, as 
many transits of the moon should be taken after the 
full moon as before the full moon. 

In the register of all these observations, the same 
rule should be followed which is laid down under the 
first suggestion ; that every observation should be re- 
corded unreduced, exactly in the state in which it is 
read from the sextant or chronometer ; and that the 
unreduced observations should be accompanied with 
the elements of reduction of whatever kind ; and that 
(if the navigator has had leisure to reduce them) the 
reduced results should also be given. 

G. B. AIRY. 
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Period. ----- 
D. E. m. 
2 20 48 
4 .. .. 
5 8 37 
6 9 .. 
7 4 15 

10 3 35 
GO G .. 
19 months . 
334 .. ,. 
494 .. .. 
Many ears. 
I r repfar  . 
Unknown . 
Do. . . . 

AGTIZONDMY. 

Change of 
Nlgnitude. 

2 to 4 
3'4 to 4 
3'4 to 5 
3 to 4 '5  
3'4 to 4 ' 5  
4.3 to 4.5 
8 to 4 

2 to .. 
4 to 10 
3 to G 
1 to 4 
2 to 2'3 
1.2 to 2 

.. 
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A P  P E N D I X .  
BY THE EDITOR. 

( A. 1 
A List of the most conspicuous Variable or Periodic Stars of which 

observations would be desirable, with their periods of Variatiou 
(so far 118 known) and changes of magnitude. 

BPersei. . . 
JCephei. . . 
n Aquilco. . . 
ZGeminorum . 
aHerculis . . 
I Aurigm , . 
0 Ceti . . . 
ullydrm . . 
x 6agittarii . . 
~ A r g h .  . . 
p Ursm Miuoris. 
a & wUrw Majori 

r Tauri. , . 
PLym . . . 

( B. ) 
Lists of Fixed Stam in either hemisphere, approximntely arranged 

in order of brightness, down to the fourth magnitude, for the pur- 
pose of mutunl comparison under fnvournble aircumstances of 
altitude, and especially in equntorial and tropical voyages, or land 
stations, with a view to bringing the nomenclature nnd scale of 
magnitudes in the two hemisphere8 to agreement, and to the im- 
provement of this hrnnch of astronomical knowledge. The com- 
parisons to be made by the nakedeye among the stars of both 
lists not differing much (at the time of observation) in altitude, 
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and in the absence of the moon and twilight, and the results 
arranged in sequences, beginning with the brightest, and ending 
with the faintest star compared. In each sequerrcc stars of tlie 
two lists should altertcate whenever circsncifunces will allow. 

Arcturus. 
Capella. 
Lyra. 
Procyon. 

a Orionis. 
Aldebaran. 

a Aquile. 
Pollux. 
Regulus. 

a Cygni. 
Castor. 

c Urspc. 
u. U m .  
a Persei. 
p Tauri. 
y Orionis. 

Polaris. 
y Leonis. 

a Anetis. 
fi  Andromeda. 
p Auriga:. 
y Andromcds. 
y Cnssiopeiat. 
a Androniedut. 
L Cassiopeim. 
y Geminorum. 
p Leonis. 
y Draconis. 
a Oph+?. 

rb U F  

py Fy;y=. 
Pegasi. 

p Pegasi. 
I Pegasi. 
u Corona 

y Ursa. 
P Urss. 
I Dootis. 
I Cygni. 
a Crphei. 
a Ycrpentis. 
6 Leonis. 
n Booris. 
y Aquilrp. 
8 Cassiopeice. 
n Draconis. 
p Draconis. 
p Arietis. 
y Pegasi. 
I Virgiuis? 

B Aurigse. 
B Herculis. 

j3 Ophiuchi. 
P Cygn!. 
I Pcrsc1. 
Tau+ 
Persei. 

g IIcrculis. 
z A u r i p .  
y Urso: Min. 

Pegasi. < Aquiloc. 

Persei. 
p Trinnguli 13. 
S Pcrhei. 
I Auriga. 
r Lyncis. 
I, Draconis. 
r Hcrculis. 

Cor Caroli. 

P CY6nj. 

p Canis. Min. ? r Tauri. 
6 Dmconis. 
p Geminorurn. 
y Bootis. 
I Geminorurn. 
8 Merculis. 
S Geminorurn. 
q Orionis. 

I ursrp. 
I Ursa?. 
n Auriga::. 
y L y r a  
n Geminorurn. 
y Ccphei. 
x Ursa. 
I Cassiopeim. 
I Aquilm. 
3 Andromedcc. 
n Ilercu!is. r; Pegasi. 
I Tauri. 

a lrianguli 13. 
F; Auriga. 
A Aquila:. 
p Herculis. 
, Draconis. 
p Pegnsi. 
x Dmconis. 

B Pegasi. 

8 Aquila:. 
(u Herculis. 

@ Cephei. 

r ??-.pi. 

Cassiopeirr, 

Cassiopeia, 

E Geminorurn. 
I Geminoruni. 
5 Cephsi. 
4 Cepbei. 
o Ursa: ? 
x Geminorum. 
B Geminorum. 
0 Andromeda 
P Delphini. 
b Geminorurn. 
a Delphini. 
c* Arietis. 
I Gtrminorurn. 
x Tauri. 
o Tnuri. 

Tnuri. 
n I’isciurn. 

Herculjs. 
8 Bootis. 
y Trinnguli 13. 
a Draconis. 
y Tauri. 
7 Aiietis. 
I Cygni. 
I Cephci. 

Herculis. 
o Herculis. 
e Cyglli. 
1 PCgklSi. 

Pegsi .  
2 A u r i p .  
y Sngitm. 
7 Ophiuc!ii. 
p Driiconis. 
7 Dclphini. 
a Piscium. 
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Sirius. 
Cnnopus. 

a Ceutauri. 
Rigel. 

a Eridnni. 
/3 Centnuri. 
a Crucis. 

Antnres. 
Spica. 
Fomnlhnut. 

R Crucis. 
a Gruis. 
y Ciucis. 
I Orionis. 
I Cnuis. 
a Scorpii. 
f Orionis. 
p Argus. 
y Argus. 
I Argus. 
a Trianglli A. 
I Sagittnrii. 
0 Scorpii. 
a Hydm. 
8 Canis. 
a I'nvpnis. 
p Gruls. 
c Sqithr i i .  
2 Argus. 
p Ceti. 
a Argus. 
6 Centauri. 

ASTRONOMY. 
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p Cnnis. 
z Orionis. 
6 Orionis. 
y Centanri. 
I Scorpii. 

Argus. 
a Phcenicis. 
I Argus. 
a Lupi. 
I Centauri. 

t )  Canis. 
p Aqunrii. 
8 Scorpii . 
t )  Ophiuchi. 
y Corvi. 
t )  Centauri. 
x Argus. 
p Corvi. 
p Scorpii. r Centnuri. c Oph1uch1. 
a Aqunrii. 
w Argus. 
2 Ccntnuri. 
5 Leporis. 
S Ophiuchi. 

Sngittarii. 
r Ophiuchi. 
p Librc. 
y Virginis. 
L Argus. 
F Sngittarii. 

a Lihrre. 
Sagittarii. 

P Lupi. 
a Columbce. 
1 Centnuri. 
8 Cnpricorui. 
2 Corvi. 
P Eridani. 
B Argus. 
P Hydri. 
I Corvi. 

P Am. 
a Toucani. 
P Capricorni. 

Argus. E Scorpii. 
p Leporis. 
y Lupi. 
Y Scorpii. 
I Orionis. 
a Am.  
a Sagittnrii. 
5 Musca. 
pc Hydri ? 
r Scorpii. 
t Hydra.  

G Trianguli A. 
u Scorpii. 
.T Argus. 
y Trinng. A. 
8 Serpentis. 

y H~IIIE. 
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I Scorpii. 
u Argus. 
A Crucis. 
y Sxgittarii.' 
I I-Iydrc. 
a Centnuri. 
N Velorum, 
P Columboc. 
C Canis, 
y Gruis. 
a Indi. 
P Muscoc. 
A Centauri. 
y 'l'ubi. 
y Hydri. 
w Argus. 
I Hydrm 

B Eridnni. 
t Argus. 
t Argus. 
e Cnnis. 
r Hydioc. 
9 Tubi. 
z Pictoris. 
p Sagittnrii. 
z Circini. 
I Argas. 

UorndQs. 
3 Phocuicis. 
E Aqunrii. 
; Scorpii. 



[sect. 11. 

SECTIOS 11. 

T E R R E S T R I A L  M A G N E T I S M .  

BY LIElJ'r.-COLONEL EDWARD SABIXE, 
OF THE ROYAL ARTILLERY. 

1. Tm magnetic observations which are at present 
making by naval o5cers have for their object the de- 
termination of the amount and direction of the Earth's 
magnetic force in different parts of the globe. 

2. The amount of the magnetic force at any point 
of the Earth's surface may either be measured in 
abso2ute value, or its ralio may be ascertained to the 
value of the force at another station where its absolute 
measure is already known. No means have yet been 
devised for measuring absolute values at sea; con- 
sequently, all determinations of the magnetic force on 
board ships are necessarily of the relative class ; these 
give .the ratio, or proportion, which the force a t  the 
geographical position in which the ship is a t  the time 
when an observation is made, bears to its value at 
some land station which is included in the same series 
of relative observations, but where an absolute deter- 
mination has also been made. Ships are therefore 
supplied with 'instruments for both absolute and re- 
lative determinations; the latter to be used at sea, 
and also on land at timcs when the ship is in harbour ; 
the former to be used exclusively on land. 



sect. 11.1 TERRESTRIAL MAQNETI6M. 15 

Absolute Measurement of the Magnetic R i c e .  

3. No satisfactory method has yet been brought 
into practice for the direct absolute measurement in 
one operation of the whole magnetic force of the Earth 
(called the ‘‘ total force ”) at any particular point of 
its surface. But that portion of the force which acts 
in a direction parallel to the surface of the Earth 
(called the “horizontal component”) may be mea- 
sured with considerable accuracy by a process, of 
which the following brief description may suffice to 
give a general idea. I f  a magnet be suspended hori- 
zontally by a few fibres of silk, and made to vibrate 
in the horizontal plane on either side of its position of 
rest, the square of the number of vibrations in a given 
time is a measure of the horizontal component of the 
magnetic force of the Earth, but is also dependent on 
the individual properties of the magnet employed. 
These properties influencc the time of vibration in 
two respects: first, by the greater or less magnetic 
force which the magnet ’itself possesses ; and, second, 
by the effect which the form and weight of the magnet 
produce on the time of vibration. The latter effect 
may be eliminated when the moment of inertia of the 
magnet is learnt; and this may either be calculated 
by known rules, or may be ascertained experimentally 
by vibrating the magnet 1” in its usual state, and 2’ 
with its moment of inertia increased by a known 
amount. The influence of the magnetic form pos- 
sessed by the magnet may also be eliminated by ascer- 
taining ita magnetic moment. This is accomplished 
by using it to deflect a second magnet similarly sus- 
pended in another apuaratus. Thc deflecting magnet 
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is placed a t  one or more exactly measured distances 
from the centre of the suspended magnet, and per- 
pendicular to it. The deflections thus produced, (;. e., 
the angular differences in the positions of rest of the 
suspended magnet, 1” when influenced solely by the 
Earth’s magnetism, and 2” when in equilibrium be- 
tween the Earth’s magnetism and that of the deflecting 
magnet at the distances crnployed,) furnish the ratio 
of tlie forces exerted respectively by the Earth’s force 
and that of the magnet; and as the product of the 
same two forces is given by the vibrations of the d o  
fleeting magnet when suspcllded as in the experiments 
first dcscribcd, the values of either force may be sepa- 
rately ascertained. The influence of the magnetism 
of the magnet, and of its form and weight, being thus 
eliminated, n measure is finally obtained of the force 
of the Earth’s magnetism, independent of the indi- 
vidual propertics of the magnet employed in the de- 
termination. 
4. The numerical expression by wliieli the measure 

of the Earth’s force thus obtained is denoted, depends 
on the units of t,irne, of space, and of mass employed 
in the measurements and calculation. In  conformity 
with the Instructions published under the authority 
of the Royal Society, a second of time, a foot of space, 
and a grain of mass, are the units so employed ; and 
the horizontal component of the Earth’s maglietic 
force has bccn found, by the observations hitherto 
made, to vary at  different parts of the Earth’s surface 
from 0 to about 8.4 of the scalc founded on the units 
which have been specified. 

5. Wherever the horizontal component of the force 
lias been ascertained in absolute measure, there also, 
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if the magnetic direction be known, the “total force” 
in absolute measure is determined ; since it consists 
of the horizontal component multiplied by the secant 
of the angle which the magnetic direction makes with 
the horizon. As ships are supplied with instruments 
by which this angle, called the dip or inclination of 
the needle, is measured, the observations on land, 
wllen the ship is in harbour, give determinations of the 
total force, which serve as base determinations, to which 
are referred the relative results obtained at sea in 
the passage from one station of well-assured absolute 
determination to another ;-a practice corresponding 
to that which prevails in determinations of longitude, 
where stations of well-assured longitude are taken as 
base stations, to which intermediate observations are 
referred. The total force of the Earth’s magnetism, 
expressed in the scale in which the British units 
already referred to are employed, has been found to 
vary at different points of the Earth’s surface where 
observations have hitherto been made, from about 6.4 
to 15-8. Before the practice was adopted of deter- 
mining absolute values, various relative scales were 
employed, not always commensuriible with each other. 
The one most generally used (and which still continues 
to be very frequently referred to), was founded on tile 
time of vibration of a magnet observed by M. de 
Humboldt, about the commencemcnt of the present 
century, at a station in South America where the 
direction of the dippiqym?dle was horizontal ; a con- 
dition which was for some time erroneously supposed 
to be an indication of the minimum of magnetic force 
at the Earth’s surface. From a comparison of the 
times of vibration of M. de Humboldt’s magnet in 

C 
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South America and in Paris, the ratio of the magnetic 
force at Paris to what was supposed to be its minimum 
was inferred ; and from the result SO obtained, com- 
bined with a similar comparison made by myself be- 
tween Paris and London in 1827 with several magnets, 
the ratio of the force in London to that of M. de Bum- 
boldt’s original station in South America has been in- 
ferred to be 1.372 to 1.000. This is the origin of the 
number 1.372, which has been generally employed by 
British observers, not furnished with the means of 
making absolute determinations, to express the value 
of the magnetic force at thcir base station, viz,, London. 
The essential disadvantage, however, under which any 
relative scale of the nature referred to labours, is, that 
the magnetic force of the Earth has been fomd to be 
subject to secular variations, 80 that at  no one spot on 
the surface of the globe can the intensity be assumed 
to remain constant, and thus to afford a secure un- 
varying basis for such a scale ; whereas by absolute 
measurements, we are not only enabled to compare 
nulnerically with one another the results of expcri- 
inenh made in the most distant parts of the globe, 
with apparatus not prcviously compared, but we also 
furnish the means of comparing hereafter the intensity 
which exists a t  the present epoch, with that which may 
be found a t  future periods. It is probable from these 
and. other considerations, that the employment of mere 
relative scales will shortly be entirely superseded by 
the genera1 adoption of a scale in which the value of 
the force is expressed in terms of a fixed and un- 
changing unit. 

6. The instrument with which the absolute value of 
the horizontal component of the force is measured is 
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called the Unifilar Magnetometer ; its description, and 
that of the process by which results are obtained with 
it, are given in Appendix No. 1. A tolerably prac- 
tised observer will complete the process hy which a 
measure of the absolute horizontal force is obtained in 
about two hours, including the time required for set- 
ting up aud adjusting the instrument. It is desirable 
that there should be a t  least five or six repetitions at 
places which are to serve as base stations; and also, aa 
a spare magnet is always supplied, that both magnets 
should be employed. There are certain constants, 
[such as the moment of inertia of the magnet and 
stirrup in which it rests, the change which the mag- 
netic moment of the magnet undergoes from an altera- 
tion of one degree of temperature, aiid the coefficient 
in the correction required for an increase of force 
which the magnet, in certain positions in which it may 
be used, may receive by induction from tlie carth,] 
which have to be determined for each magnet once for 
all, and require for their determination apparatus 
which is not afterwards needed : these constants have 
hitherto been usually determined a t  Woolwich before 
the instrument is put into the hands of the officer who 
is to uBe it elsewhere. 

Relative Measuremcnts of the Jfapet ic  Force. 

7. These are the observations which are madeat 
sea, to determine the ratio of the total force in the 
geographical position of the ship at the time when the 
observation is made, to ita value at some base station 
where the instrument has been landed and used in 
precisely similar observations to those made on board 
ship. The inshument is the well-known apparatus 

c 2  
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devised by Mr. Fox, which has contributed rnore to a 
knowledge of the geographical distribution of terrestrial 
magnetism than any other recent invention. The fol- 
lowing brief description may serve to give a general 
idea of the apparatus and of the mode of obtaining 
results with it, rnore full directions for its use being 
given in Appendix No. 2. It consists of a dipping- 
needle and graduated circle, differing little from the 
accustomed form of an Inclinometer, except that the 
needle is supported by the cmds of the axle, which 
terminate in cylinders of small diameter working in 
jewelled holes. A small grooved wheel is carried on 
the axle, and receives a thread of unspun silk, fur- 
nished a t  each extremity with hooks to which small 
weights may be attached, for the purpose of deflecting 
the needle from its position of rest in the magnetic 
direction, and causing it to take up a uew position, in 
which it is in equilibrium between the opposing forces 
of the Earth's magnetism and of the deflecting weight. 
The weight being constant, and the magnetism of the 
needle assumed to be so, the intensity of the Earth's 
lnagnetic force in different localities is inversely ils the 
sines of the angles of deflection. For greater accu- 
racy, several constant weights are employed on each 
occasion ; and each weight is successively attached to 
each of the two hooks, a mean being taken of the de- 
flections on either side of the position of rest. The 
apparatus when used at  sea is placed on a gimbal1 
table, by which the motion of the vessel .is greatly 
counteracted ; and when the weather does not permit 
the manipulation of the weights, deflecting magnets are 
substituted, the operation of which may be understood 
from the detailed instructions in Appendix No. 2. 
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TVith the gimbal1 table as recently constructed it is 
found that but very few days occur in which the angles 
of deflection, either with weights or deflectors, cannot 
be satisfactorily ascertained by a careful observer. It 
is necessary that a spot should he selected for the 
observations to be made on board ship, which should 
have as little iron as possible within 5 or 6 feet of it ; 
and &at the instrument should always be used in the 
spot so selected, The mode of investipting and of 
eliminating (when these precautions are taken) the in- 
fluence on the results of the iron containcd in the ship 
is explained in Appendix No. 4. I t  niust be carefully 
borne in mind, that the inverse proportionality of the 
sines of the angles of deflection to the variations of the 
earth’s magnetism, is only true when the magnetism of 
the needle has not varied ; and although the needles 
made by Falmouth artists, under Mr. Fox’s own super- 
intendence; have generally proved most remarkable in 
preserving their magnetism unchanged for years and 
in all climates, it is desirable that reference to a base 
station should be made as often and with us short in- 
tervals as may be convenient; and evidence must 
always be fiirnished that the magnetism of the needle 
has not changed in a certain interval, before the re- 
lative determinations made during that interval can 
have weight. The more frequently references are 
made to base stations at  which the value of the mag- 
netic force is known, the less danger exists that thc 
labour bestowed on observations a t  sea will prove un- 
productive ; and the more stations are multiplied which 
afford opportunities of such reference, the greater be- 
come the facilities for accurate determinations a t  sea, 



22 TERRESTRIAL IAQRETISM. [Sect. 11. 

Direction ofthe Earth's Magnetic Porce, 
8. The direction of the Earth's magnetic force un- 

dergoes every possible variation at different parts of 
the Earth's surface. For the purpose of determining 
and representing this direction, it has long been cus- 
tomary to refer it to two planes-the horizontal and 
the vertical planes-and to take the geographical north 
as the zero of the horizontal plane, and the horizontal 
line as the zero of the vertical plane. The declination 
(or variation, as it is more usually called by naval 
men) is the angular difference, measured on the hori- 
zontal plane, between the direction of the north end of 
a magnet or needle and the geographical north point ; 
and the inclization (or dip, as it is frequently called) 
is the angular difference, Ineasured on the vertical 
plane, between the direction of the same norkh end of 
a magnet or needle and the horizontal zero point. 
(The north end of a magnet here spoken of is that end 
which in Europe points towards the north, and dips 
below the horizon.) The declination is called West, 
if the direction of the north end of the magnet or 
needle is to the west of the geographical north, arid is 
reckoned from 0" to 180°, passing from North through 
West to South. I n  like manner, the declination is 
called East, if the direction of the north end of the 
needle is to the east of the geographical north, and is 
reckoned from 0" to 180", passing from North through 
Ea& to South. The positive and negative signs are 
also sometimes applied instead of the terms West and 
East, in which case + signifies West, and - East De- 
clination. 

The Inclination is counted positive, or has the sign 
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plus prefixed, when the north end of the needle in- 
clines hclow the horizon ; and is counted negative, or 
has the minus sign prefixed, when the north end of the 
needle inclines above the horizon. Sometimes, instead 
of the signs + and -, the terms North and South are 
used, in which case North Inclination or Dip is when 
the north end of the needle dips below the horizon, 
and South Inclinatioii or Dip is when the south end of 
the needle dips below the horizon. Thus an Inclina- 
tion of - 30" is equivalent to 30" South Dip. 

9. The Declination is measured by the azimuth 
compass, an instrument too well known to naval officers 
to require any description here, or any directions for 
the method of observing with it either on land or at  
sea. As now made, under the superintendence of 
Captairi Johnson, R.N., and on the plan recommended 
by the Committee for the Improvement of Ships' Com- 
passes, the azimuth compass in the hands of a careful 
observer, attentive to the practical rules published by 
the Admiralty for ascertaining the deviations of the 
composs caused by the iron of R ship, will give results, 
both at  sea arid on land, which leave little to be de- 
sired. The use of the dipping needle, which measures 
the inclination, not being 80 generally familiar to naval 
officers, full directions for its employment are given in 
Appendix No. 3. 

Local Attraction. 
10. It has been found that the results of magnetic 

observations, whether of the declination, inclination, or 
of the intensity of the magnetic force, are liable to be 
influenced by local attraction proceeding from the rocks 
or soil in the vicinity of the instrument, and particu- 
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larly so at stations where the rocks are of igneous cha- 
ractcr, such as traps, basalts, granites, &c. As IL 
precautionary measure, therefore, magnet id  instru- 
ments should always be used on stands which raise 
them 3 or 4 feet above the ground ; and those stations 
arc to be preferred of which the geological character 
is sedimentary or alluvial. Stations of igneous cha- 
racter, though less eligible for obtaining results which 
show the correct magnet id  elements corresponding 
to the geographical position of the station, may never- 
theless be serviceable as stations of comparison bc- 
tween the land and sea instruments ; but for this pur- 
pose it is essential that the different instruments to be 
compared should be used precisely on one and the 
same spot, in which case the local attraction may be 
supposed to be a constant quantity. And if the station 
be one frequently resorted to by vesseIs from which 
magnetic observations are made, it is desirable that 
thc spot should be susceptible of a definite and aell- 
recognisable description. 

A t  sea, from the quantity of iron which a ship con- 
bins, it is scarcely possible that its influerice on the 
instruments should be altogether avoided ; but from 
the circumstance that the greater part of the most 
influential iron is in fixed positions in the ship, it Iias 
been proved by sufficient experience that, by a proper 
selection of the place in which a mapct ic  instrument 
is used on board ship, and by n certain process of 
observation (repeated whenever the ship has undergone 
any considerable changes of geographical position), the 
influence of her iron is susceptible of a sufficiently 
approximate calculation, and of being eliminated ac- 
cordingly. 
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The importance, and in some degree the novelty, of 
this part of the subject has made it appear desirable that 
i t  should be treated somewhat fully in Appendix No. 4. 

Summary of the Observations to be made. 
11. An officer, therefore, who purposes to make 

magnetic observations, or to cause them to be made on 
board his ship, has to attend to the following points :- 
H e  must take care that he obtains the instruments 
some days before the ship is ready for sea, in order 
that he may assure himself that they are all complete, 
arid that, if inexperienced in their use, he, or the 
observcr whom he selects, may have eome preliminary 
practice with them. H e  will then have to determine 
the constants, index corrections, &c. (unless these shall 
have been furnished with the instruments), and to 
make the observations required for a base station, with 
the needles which are to be employed in the relative 
deterrninations of the magnetic force and dip at  sea. 
Positions will then have to be selected on board for 
the standard compass, and for Fox’s apparatus, and 
the pillar for the one, and the gimbal1 stand for the 
other, fitted accordingly. Wlien the ship is ready for 
sea, the observations which are directed in the Admi- 
ralty Instructions for ascertaining the deviations of the 
compass caused by the iron of the ship are to be made 
on board ; and when the ship is swung round for this 
purpose, the deviations of the dip and of the force 
must be also observed, on the sixteen, or at least on 
the eight, principal points of the compass, with Fox’s 
apparatus used at the spot selected for it. 

This completes the preparations to be made before 
the ship’s departure. Whilst at sea, the observations 
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of dip and intensity described in Appendix No. 2, as 
well as those of the variation by the standard compaq 
should be made daily, whenever the weather and other 
circumstances permit. Whenever the ship is in har- 
bour, and time and opportunities are suitable, it is 
desirable that thc instruments should be taken on 
shore, to a spot selected as least likely to be influenced 
by any local attraction ; and that the declination, in- 
clination, and absolute horizontal force should there 
be determined, and the comparative observations made 
with Fox's apparatus. If the ship has materially 
changed her geographical position since the last occa- 
sion when the deviations were ascertained, or if changes 
have been made in her equipment by which the devia- 
tions may have been aflccted, it is desirable that the 
process for their examination should be repeated ; and 
lastly, the harbour observations here described should 
not fail to be repeated whenever the ship finally returns 
to England. 

Record and Trammission of the Observations. 

12. Blank forms are supplied for the entry of ob- 
servations of all classes, and for the first or uncorrected 
calculation of those which require that process to be 
gone through at the time. It is desirable that the 
forms should be filled up in duplicate, and that one 
copy should be retained, and the other sent to Eng- 
land from time to time, as soon as circumstances make 
it convenient. On their arrival they should be imme- 
diately examined, and any suggestion to which they 
may give rise communicated a t  once to the observer."' 

* This has hithertdbeen done on all ocensions when practicable, 
and it is very desirable that it should always continue to be done 
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Application of the Results. 

13. The observations when thus received require 
that the several corrections arising from the inhence 
of the iron, the variations of temperature, the changes 
in the magnetic force of the magnets, and from various 
other sources, should be sought out, computed and 
applied, and the true or corrected results fiually de- 
rived. These form the materials from which magnetic 
maps are constructed, showing the variatious of the 
magnetic force, and of the magnetic direction in its 
two co-ordinates of inclination and declination, corre- 
sponding to the present epoch, over the whole surface 
of the globe. The variations of the three elements 
are shown on these maps, by lines connecting, for ex- 
ample, in the maps of the magnetic force, those points, 
where the intensity is observed to he the same;-in 
the maps of the inclination, those points where the 
inclination is observed to be the same;-and in the 
maps of the declination, those points where the de- 
clination is observed to be the same. These lines are 
known by the names of Isodynamic, Isoclinal, and Iso- 
gonic lines. The Isogonic line4 which form the maps 
of the declination (or variation charts), have a direct 
practical importance and value in navigation, which in 
a notice addreseed to naval officera needs not to be 
dwelt on. I n  theoretical respects, the Isodynamic and 
Isoclinal lines are not less essential; the three form 
the basis of a systematic view of terrestrial magnetism, 
as it manifests itself to us on the surface of the globe. 

The mode in which the results are made to contri- 
bute to tlie formation of these maps is the following :- 
The results of the three elements finally corrected are 
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entered, each in its proper gcographical position, on 
maps on a large scale, severally appropriated to the 
force, the inclination, and the declination. Each result 
has a small characteristic mark denoting the observer. 
When any portion of the globe is sufficiently covered 
by the results of observations in propcr distribution, 
the isophznomenal lines are drawn for that portion of 
the globe in correspondence with the observations, with 
a frce hand, but with a careful judgmcnt, aided occa- 
sionally by a process of calculation which it is not 
necessary here to describe. From these maps tables 
of doublc entry are formed, having the latitude at  the 
side, and the longitude along the top of the page, and 
the values of the magnetic elements corresponding to 
the several latitudes and longitudes arc placed at the 
points of intersection. By proper care in the process, 
tlie step of forming the tables from the maps need 
involve no additional uncertainty whatsoever. Maps 
and tables thus prepared will, when completed, form 
an experimental theory of terrestrial magnetism, in 
w]lic}l the facts of nature will be shown with greater 
or less exactness, in proportion as the observations are 
numerous, correct, and suitably distributed, and as 
they are more or less correctly reprcsented in the 
maps. Mathematical formulz, based on general ma- 
thematical views, having numerical coefficients of 
which the values are derived from thcse maps, may 
also serve for the computation of the magnetic ele- 
ments at any geographical position on the surface of 
the globe; and if the points taken from the maps to 
serve as the basis of the numerical values of the CO- 

efficients are sufficiently numerous, and have a proper 
distribution over the surface of the globe, and if the 
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formula: ;ire carried to a sufficient number of tei'ins, it  
may be expected that the elements coniputed from 
them will have tlie same degree of exactness as the 
maps from which their coe5cients are taken. 

It may be natural at  this stage to inquire what 
prospect exists of being able to complete a work of 
tliis magnitude within a reasonable time ; and to this 
question a more satisfactory reply can be returned 
than may perhaps be generally anticipated. Nearly 
three-fourths of the surface of the globe being covered 
by the ocean, it is chiefly by naval surveys that the 
materials for such a work can be collected. By the 
zealous and unwearying assiduity of British officers, 
acting uridcr the sanction and with the approval of the 
Lords Commissioners of the Admiralty, and in some 
instances in expeditions specially appointed for tlie 
purpose, magnetic observations designed expressly for 
the object above-mentioned, and conducted upon a 
uniform system, have been extended, since their com- 
mencemcnt in 1839, over nearly all the accessible parts 
of' the ocean. 

Of these surveys, the results of some have been 
already deduced and published in the Philosophical 
Transactions, the expense of publication having been 
borne conjointly by the Government and by tlie Royal 
Society ; the results of others are undergoing the pro- 
cess of calculation and arrangement for publication ; 
and in a third elms, more numerous than either of the 

' otlier two, the observations themselves are still in pro- 
gress. In  the class first referred to, viz. surveys in 
which the observations have been completed and the 
results deduced and published, may be named the 
greater portion of the observations of tlie Antarctic 
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expedition under Sir James Clark Ross: those of the 
expedition under Lieutenant (since Commander) 
Moore, R.N., and Lieutenant (since Captain) Clerk, 
Royal Artillery, also to the Antarctic Ocean ; of Cap- 
tain Sulivan, from England to the Falkland Islands 
and back; of Sir Edward Belcher (in 1J.M.S. Sul- 
phur), on the north-west coast of America, and in the 
Pacific and Indian Oceans ; of Lieutenant Alexander 
Smith, R.N., and Lieutenant Dayman, R.N., in 
voyages between England and Van Diemen Island ; 
together with m a p  of the inclination and force in the 
British provinces of North America, chiefly from the 
observations of Captain Lefroy, of the Royal Artillery ; 
and maps of the declination (or variation) in the North 
and South Atlantic Oceans, corresponding to the year 
1840, from various sources. In the second class, viz. 
surveys completcd and in progress of reduction but 
not yet published, may be enumerated the remaining 
portion of the observations made in Sir James Clark 
ROSS’S Anarctic expedition ; a small but valuable col- 
lection by the Niger expedition ; another by Sir Robert 
Schomburgk in Guiana; two series 011 thc coast of 
New Holland, one by Captain Wickham, and the 
other by Lieutenant (since Captain) Stokes ; the ob- 
servations made in a special expedition to I-ludson’s 
Bay and back by Lieutenant (since Commander) 
’Moore; and three extensive series, one by Captain 
Shadwell, in the hydrographical expedition of Captain 
Blackwood to Torres Strait and round New Holland; 
one by Sir Edward Belcher, C.B., in H.M.S. Samarang, 
in the Indian and Cliincse Seas j and one by the late 
Captain Owen Stanley in Torres Strait and the coasts 
of New Guinea, with n continuation in the homeward 
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passage across the Pacific and round Cape Horn, by 
Lieutenant Dayman, R.N. To these must be added 
observations during an expedition to the shores of the 
Polar Sea in America in search of Sir John Franklin, 
by Sir John Richardson, C.B. ; and a very valuable 
magnetic survey amongst the islands of the Indian 
Archipelago, by Captain Elliot, of the Madras Engi- 
neers, at the expense of the East India Company, now 
(1850) publishing in the Philosophical Transactions. 

Amongst the observations now in progress may be 
named those of thc three expeditions to the Arctic 
Polar Sea under Sir John Franklin, Captain Collinson, 
C.B., and Captain Austin, C.B. ; of the hydrographical 
survcying expeditions of Captain Kellett in the Pacific ; 
of Captain Bayfield in the Gulf and River St. Law- 
rence; of Commander Moore in the Pacific and 
Behring’s Strait; and of Captain Stokes and Com- 
mander Drury in New Zealand ; and thc land cxpe- 
dition of Dr. Rae on the northern part of the North 
American continent. 

When it is borne in mind that several of the aborc- 
named surveys include periods of three or four years, 
and in some instances not only determinations at the 
several ports and harbours which may have been 
visited, but also daily observations (weather permit- 
ting) of the three magnetic elements at sea in passages 
from port to port, the accumulation of mitterials, and 
their already cxtcnsive distribution over the surface of 
the globe, may in some degree be judged of. No 
part of the globe hss yet however been considcred so 
far completed, that its magnetic curves have been 
finally drawn, or the tables of the magnetic elements 
corresponding to geograpliical positions finally derived 
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from them. The results of each individual series are 
computed and published as soon after they have been 
received in a complete state, as can be accomplished 
by the establishment a t  Woolwich, which is very 
limited in comparison with the duties i t  endeavours 
to perform. The  magnetic lines indicated by each 
series are also provisionally drawn ; but the final co- 
ordination of the different series, and their combina- 
tion with the results of the magnetic surveys carrying 
on at the same time by governments and individuals 
in various parts of the remaining fourth of the globe 
which is occupied by land, is deferred until the accu- 
mulation of materials in the more freqriented portions 
shall appear sufficient for the purpose, and until in thc 
less frequented portions there shall be no immediate 
prospect of any further considerable accession. The 
final period at which the work may be completed can- 
not but be accelerated by the step which the Lords 
Commissioners of the Admiralty have taken, in de- 
siring the present notice to be drawn up, and in hold- 
ing out inducements to naval officers of professional 
and other advantages, as a recompense for what may 
in some respects be regarded as extra-professional 
services. 

I n  prosecuting a work of this general and purely 
experimental character, unconnected with hypothesis 
of any sort, the phenomena of all parts of the globe 
must be viewed in the abstract as possessing an equal 
importance ; and it does not appear desirable, tliere- 
fore, to name any one of the lines, whcther isogonic, 
isoclinal, or isodynamic, as deserving of special atten- 
tion in preference to others. There is one direction, 
however, which may be safely given, and which i t  may 
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be well to remember a t  all times, viz. that '' the value 
of each new station is directly proportional to its dis- 
tance from those where observations have already been 
made :' and in this point of view it may be useful to 
notice, that up to the present time fewer observatioiis 
have been made in the Facific than either in the 
Atlantic or the Indian Oceans. 

D 
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APPENDIX No. 1. 

DEscnrrTIoN AND U8E OF THE UNIFILAR MAGNETOMETER. 

THE Unifilar Magnetometer consists of two parts-an apparatus for 
deflection, and an apparatus for vibration : these correspond with the 
two parts of the process by which the absolute horizontal forcc is 
determined ; the experiments of deflection consist in observing the 
angular deflection of n suspended maguet produced by the influence 
of n second magnet, which is'placed on a support at one or more 
known distances from the suspended magnet, and in a line drnwn 
from its centre perpendicular to its direction : the experiments of 
vibration consist in suspending the magnet whioh was used as the 
deflecting magnet in the experimerits of deflection, and observing its 
time of vibration. By the first part of the process (or the experi- 
ments of deflcction) we obtain the zutio of the magnetic moment of 
the deflecting magnet to the Earth's horizontal magnetic force at the 
place of observation ; the latter being to the former as 1 to the sine 
of the angle of deflection multiplied by half the cube of the distance 
employed ;-or i f  m denote the magnetic moment of the needle, X the 
Earth's horizontal force, I the distance apart of the centres of the 
magnets, ar~d u theangle of deflection, the expression js- 

m 
- = $ r s s i n u .  
X 

By the second part of the process (or the experiments of vibration) 
the product of the same two qualities is obtained : being the quotient 
of a constant, which we may call d K (see p. 38), divided by the 
square of the time of vibrntion: or if T be the time o f  vibration, 

m 
' The values of m x and 

obbined separately: for if we call m X 

being known, those of nr nud X may 

6 and - = p, m (the 

magnetic moment) = JT, and X (the horizontal component of 

m 
X 

- 
the Earth's magnetic force) = I/ f. 
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D@i'eclion Erperirneiits. 

1. Place the tripod bnse and copper box upon the stund, and screw 
on the torsion tube ; form a thread capable of carrying the smaller 
magnet, Le., the magnet of 3'00 inches in length (a single fibre of 
silk is generally strong enough to Support it); a x  the deflecting 
I d ,  and the telescope and s d e  ; level the bnse circle very correctly, 
suspend the 3-inch magnet, and raise it until it is in the same hori- 
ronbl plane with the deflecting m a p e t  when resting on tbesupports. 

2. Place the 3.67-iuch (or deflecting) magnet on the graduated 
support to the west of the suspended magnet, with its centre at the 
distance determined upon, and with the north end towards the Enst. 
Turn the telescope in azimuth until the centrnl division of the scnle 
attnched to the telescope is on the vertical wire; write down the 
l"?ndingS of 'the verniers, nnd the height of the thermometer placed 
near the deflecting magnet. 

3. Reverse the deflecting magnet, placing the south end where 
the north was, and briuging its centre precisely to the same distnnce 
from the suspended magnet gs before. Turu the telescope until the 
central division of the scnle is again on the vertical wire, nnd write 
down the readings, together vi th  the height of the thermometer. 

4. Repeat these observations by reversiug the deflecting magnet 
again and again, uutil, judging by the ngreement of the several results, 
sufficieut accuracy appears to be obtained. Two or three repetitions 
will genernlly be found to GU&R-  

5. Place the deflecting maguet nt the same distnnceon the opposite 
support, and repent the same series of observations, commenciug as 
before with the north end of the mugnet townrds the EasL Take 
a mean of the rendings of the circle in the 1st nnd srd positions of 
the deflecting magnet, and another mean of the readings iu the 2ud 
and 4th positione; half the disesence of these means will be the 
angle u corresponding to the distance r. The distance r sliould 
such BS to produce a sufficiently large deflection in the Suspended 
magnet. At Woolwich, where the value of the horizontal componeilt 
of the terrestrial force is 3'7. the deflecting niagnets of 3.137 inches 
in  length, when recently mnguetiwd, will usually produce n deflec- 
tion of about 100, when the distance from centre t o  centre of the 
magnets is 1.3 foot. But with a constant distance the deflection would 
increase iu Iocalities where the liorizontnl coniponent is less, ~ n d  
diminish where it is greater: the deflection would also be diminished 
if the deflcctiiig magnet lost any portion of its origiual charge. It is 
not desirable that the deflection should be less tlinu 6". 

When the distance required to produce a sufficient deflection is 
less than five times the length of the deflccting mognet, the a!uouot 

D 2  
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of the deflection is liable to be influenced by the distribution of the 
magnetism in the magets employed, which does not follow the same 
law in all magnets. In  such cases it is necessary to cmploy two or 
more distances for the purpose of elimintiting this effect. If two dis- 
tances are employed, they should he to each other in thc proportion 
of 1 to 1 * 3 nearly ; or for magnets of the specified length and strength, 
1 foot and 1.3 foot may generally&e found coiivenient and suitable 
distances, in which case the Iesser distnnce should be denoted by r, 
and the greater by r,, the corresponding detlectiolis bcing u and it,. 

Where two distnuces are employed, no alteration is required iu 
the experiments of vibration; but in those of deflection it will be 
found convenient to adopt the following rputine :- 

I. Observe the angle of deflection with the north end of the deflect- 
ing magnet alternately to the east and to the west (with the proper 
number of repetitions), the magnet being placed on the eastern arm, 
and a t  the least of the two distances. 

3. Go through the same process with the magnet still on the 
eastern arm, but at the greater of the two distaiicm. 

3. Repeat No. 2 on the western arm, and 
4. Repeat No. 1 on the western arm, the order of the distnowa in 

Nos. 1 and 2 being inverted in Nos. 3 and 4. 
If the distance required to produce a sufficient deflection should be 

less than four times the length of the deflecting magnet, i t  may be 
desirable to obtain three or more Values of z i  ( w ,  TI,, ?I,,, kc.) at three 

more distauces (r, r,, rr, &e.) ; in such case i t  is convenient for the 
calculntion that the distances should have a common differelice ; as, 
for example, (in decimalsofa foot) '9, 1'1, and 1.3; 1.1 being sup- 
posed to be the distance ordiuarily employed when time aud circum- 
stances will not permit more than a single distance; and the other 
two distances to bu employed in addition when there may be full 
leisure for the purpose. 

Vibration Experiments. 
. 

1. For these experiments the tripod stand carries a table top, which 
is furnished with an azimuthal motion, and can be clumped to the 
tripod. A telescopc with a fcnk attached to i t  for measuring the arc 
of vibratioii is fixed to the table, ils is also a rectangular box of wood 
with a glazed side, furnished 6 t h  a tube for the suspension of the 
3.67 inch (or deflecting) magnet. The table must be levelled by 
means of the foot-screws, and turned in azimuth until the mirror 
athchcd to the stirrup in which the magnet is supported reflects in  
the telcscope the centre division of the s a l e  nttachrd to tlic telescope. 
The magnet rests during the experiments of vibration in a stirrup 
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carrying n mirror, hud is suspended by n silk thread of vhich the 
ratio of the torsion force to the mngnitie directive force must be 
ascertnined, by turuing the index of the torsion circle I)w, first in 
one direction nnd then in the other, nnd takilig the menn of the cor- 
responding ungles through which the magnet is deflected. Then if 
H denotes the co-efficient of the torsion force, U H ~  P the b r t h ' s  
directive force, 

the menn nngle (in minutes of nrc) H 
F - 90"'-the mean angle (ih millutes of are) 
- - ~ _ _ . _ _  . 

2. The magnet, being nt rest, must be made to vibrate in small 
arcs by means of another xnnpet, and the tinie of 300 vibrations 
observed in the following manner:-The arc of vil)ration being about 
GO divisions (or minutrs) on either side of tile central division, Jiote 
the time wheu the central division crosses the vertical wire of the 
telescope, passing from left to right ; do the snme when tlie eentrul 
division passes from left. to riglit for the third, fifth, seventh, ninth, 
and eleveiitli times, correspouding to the eomplctiou of vibratioiis 4, 
8, 12, 16, 20, and 24. This will give,the approximate interval of 
time in which 20 vibrations are performed ; nrid will indicate to the 
observer, without requiring him to count thc intevriiedintc vibrations, 
when lie should be prepared to observe the completion of the Goth, 
Iloth, 180th, 240th, aiid 300th vibrations. At the 300th vibration ha 
should recomiiicuce inking the time of tlie 300tl1, 304th, 308111, 312th. 
SIGth, 320th. uud 321th vibrations. He will then hnve seven partial 
results for tlie time in which 300 vibrations nre performcd, viz.- 

0 to 300 12 to 312 
4 to 304 16 to 316 
8 to 308 20 to 320 

24 to 324 
of which seven partial reeults he should tnke the menn. 

The Qmpernture of tlie m a p e t  should be observed by n thermo- 
meter placed in the box with the magnet, before tind nftcr the cxpc- 
riments by which its time of vibrutiou is determined. 

The datn required from the observer on each nccnsion are the 
following:-Tlie mean time of 300 cibrntions, and the pnrticulnrs 
from which i t  i6 derived (or the partial results) ; the commencing 
and concluding nrcS Of vibration ; the temperature of tlir magnet ; 
the rate of the chrononletcr by which the times urn observed; 
u~id  the ratio of the torsion force to -the Enrth's directive force, 

H 
Or P' 

If, then, 'I" is the' observed time of  a ,single vibration, and T 
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the corrected time, the corrections may be computed by the following 
formula :- 

H n u ’  I 

in which (I and d are the commencing and concluding arcs in parts 
of radius, and I the rate of the chronometer. When the commencing 
arc of vibration is as small ns above directed, the correction for it 
may be disregarded, except when great accl:racy is sought. 

It is desirable to commence the observations for the determination 
of the absolute horizontnl force with the experiments of vibration ; 
then to make the series of deflection experiments ; and then to repeat 
the experiments of vibration. The experiments of deflection and 
vibration thus described will complete a single determination. There 
should be three such determinations with each of the 3.67-inch 
mngn.nets at a base station ; and all should not be mnde on the %me 
day, lest it should happen to be a day on which the magnetism of the 
Earth is disturbed. 

The constant +! K (pa@? 34) is obtained from a, denoting the ratio 
of the circumference of a circle to its diameter, and K the moment of 
inertia of the magnet, including the stirrup (and its appendages) in 
which the magnet rests during the experiment of vibrntion. To 
determine the moment Of inertia, the mognet, stirrup, &e., is vibrated 
a second time with the atlditionofametal ring, of which the exterior 
and interior diameters, ns well ~JS the weight, arc nccurately known. 
If 
foot,) and w tho weight, (in grains,) the moment of the inertia of the 
ring is 

and if T denote the time of vibration without the ring, and T’ the 
time of vibrntion with the addition of the ring, the moment of the 
inertia of the magnet and stirrup in the vibrations without the ring 

and I’ denote the exterior and interior radii, (in decimals of 

K’ = 4 (P + r’g) W; 

is given bv the f o b l a ,  
T* 

As this !letemination requires severnl repetitions, it is usually 
made before the instrument is put into the hands of the observer ; 
but as its value must be found afresh if any alteration be mnde at any 
time in the stirrup or its appendages, a ring is always supplied for 
the UBC of the observer. 

If tbc temperntiire of the m a p e t  be not the same in the experi- 
ments of deflection and vibration, the value of ni X as observed at 
the time of the experiments of vibration, must be reduced to that 
which i t  had at the time of the experiments of deflection. For this 
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purpose it is necessnry to know the amount of chnnge in the mag- 
netic moment of the magnet ocensioned by one degree of temperature. 
This is cnlled the tempernture coefficient, and is usually denoted by q. 
As its determination requires npparntus with which ships are not 
supplied, it  has been customnry to furnish it vi th  the instrument. 
Then if t and to be the temperature of the magnet n t  the times of 
deflection and vibration respectively, m X derived from thc experi- 
ments of vibrntion, becomes when corrected to the temperntnre of the 
experiments of vibrntion ; 

m x' [l + q ( t - to )  ] 
The absolute horizontal force determined by the foregoing process 

will finally require n vcry small correction, on nccount of the circum- 
stance, that the magnetic moment of the deflecting magnet is not 
strictly identicnl in the different positioxis in which it is placed in the 
experiments of deflection aiid vibration, as it is perpendicular or 
nearly so to the mngnetic meridinn in the first case, nnd coincides 
with it in the other. In the first case, the magnetic moment is that 
proper to the bar itself; in the second case it is augmented by the 
inducing [action of the earth. The coefficient for this correction 
requires e, eepnrate nppnmtus for its determiuntion, and the correc- 
tion may be applied to the results when finnlly resoniputed at Wool- 
wich, as it  requires no special data to be furnished by the observer. 

APPENDIX No. 2. 

DIRECTIONS Fon usmo Mn. Fox's APPARATUS Fon onamvINa THE 
MAOXETIC INCLINATION AND FORCE. 

I.-GENBRAL REMAR=. 
IN fixing the gimbaII tabIe, it is convenient thnt it should be so 
nrranged that when the apparatus is plnced on it, the zero divisions of 
the horizontal circle should coincide with the fore and nft midship- 
line of the ship. 

I n  preparing for an observation nt sea, the circle should be turned 
in  azimuth until the vernier of the horizontnI circle shows an angle 
with its zero, corresponding with the difference between the magnetic 
meridian and the course which the ship is steering. The plane of the 
circle will then coincide with the magnetic meridian, when the ship 
ie etendily stewed. When from circumstances of wmthcr, &os, the 
steerage is difficult, an assistant is required to indicate to the observer 
the times when the ship is steady on her course. 
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The apparatus is usually furnished with three 01’ four needles, one 
of which is intended to be used on shorc for the determinatioil of the 
true inclination (when no special instrument is provided for the pur- 
pose), by the process subsequently described, (Appendix 3,) in which 
the poles are reversed. The other needles, which are illtended for 
the intensity, are never to have their poles reversed, and care is to 
be taken not to place them inadvertently near other magnets or iron. 
Besides the needles, two other magnets are supplied to be used as 
deflectors. In replacing the needles and deflectors in the trnvelliug 
box, care should always be taken that the poles of each occupy the 
places marked for them iu the box. 

It is desirnble to use always the same needle at sea, and to keep 
it always mounted, clamping it before it is put away for the day; 
but in cnse of i t s  underguing any considerable detcriorntion from use 
or accident, one of the other intensity needles mny be substituted 
for it. 

When changing the needles at a land station, be very careful not 
to injure the jewels, or the termiDatiOnS Of the axles of the needles ; 
when a needle is changed it is desirable to hold it chiefly by 
&tooved wheel; the pivot should first be put into the outer jewelled 
hole, and the opposite pivot should be carefully guided into the hole 
at the back whilst the bracket is screwed up. 

With respect to the constant weights, i t  is desirable that thc smallest 
angle of deflection produ&:by ally of the weights employed should 
]lot less than 300. On accouut of possible iristrumental jrregu- 
larities i t  is usual to employ Inore constant weights than one, with 
differences between each Of half a graill (as, for example, 2 pains, 
28 grains, 3 grains, kc.). Great care is taken that all the weigllb 
which have the same nominal value should be equiponderant, but it 
is desirable if pssible to preserve the same identical weights through- 
out the whole observations of the same relative series. 

II.-ODSERVATIOXS AT SEA. 

A.--l,tcZitiation. 
1. Direct Obs,snvu&m.-The instrument having been placed on 

the gimbal1 stand and levelled, and the plane of the circle made 2, parnllel to the magnetic m x i a n ,  with the fuce of the circle towards 
the East, release the needle, which will immedintely take approxi- 
mately the direction of the inclination; rub gently the centre pin at 
the back with the ivory disk, and read off successively the division8 
of the limb indicated by the two ends of the needle ; note the rend- 
ings, which will be $, or positive, when the North pole of the 
needle dips, and - , or negative, when the South pole of the needle 
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dips : repent the observntion three times, turning tlic bracket which 
supports the needle a small qunntity between ench obsesvation, nnd 
being careful to rub the centre pin nt the back with tlie ivory disk 
whilst rending off. The brnckct is turned by mcans of the scrcw 
heads nt the back of the circle, and the object of turning it is to 
enuse the ends of the nxle of the needle to knrc different points of 
bearing on the jewels in ench observntion. 

In  rending the divisions on the limb, be cnreful nlwnys to briug 
the division nearest to the needle to coincide with the correspotiding 
division of the second grndunted circle immediately behind it, by 
which means parnllnx is nvoided. 

The mean of the three obscrvntionsor six readings above described 
is the npparetit inclination by dircct observation with the f x e  East. 

2. O b r e r v a l i o ~  wifh DeJlecfors.-Having made tlic preccdiug obser- 
vation, SCPCW in the deflector N (or the uorth pole of u secoiid rieedlc 
ttsed as a deflector), nnd ndjust the circle nt the back by menns of its 
verniers, so that the deflector may be 40" on one side of the division 
which in the preceding process ( 5  I.) wns rend off ns the direct 
observntion with the face East. The needlc will tlicn be rcpellcd, nnd 
will settle on the opposite side of the dip ; read off (nlwnys whilst 
rubbing with the ivory disk) the divisions indicated hy tlie two ends 
of the needle. Ikpent tlic observation tltrcc timcs, altering the benr- 
iogs of the ends of the axle between each observation ns 11cfont 
directed. Turn the bnck circle through 600 SO tlint the deflector mny 
1% 40" on the other side of the appnreut dip. Move tlic needle by 
the bracket, so that it may be deflected on the opposite side of the 
upparent dip to wvhnt i t  WADS before, nnd make three observations. 'rho 
mean of thc six obsetmtions or twelve rcndings is the nppnrent 
iuclinntion with a deflector, face East. 

Instend of plneing the deflector at 4Oa, nnother angle, 118 4 5 O  or 
50n, mny be taken ; or a second angle may be used for tlie plirpnse of 
varying the observations when it may be desired to repent them ; the 
only essential point being, thnt the nngle at which the deflector is 
plnced should be the same on ench side the nppnrent dip. 

Instend of deflector N (or the North pole of a second needle used 
us a deflector), deflector S (or the South pole of the second needle) 
may be screwed into the opposite point of the bnck circle, mid six 
observations taken with it will give as before the appnrent inclination 
with a deflector, face East. 

In  writing down the observntions the fOllO\Ving directions must 
be nttended to: if the needle be deflected past the vertical, the divi- 
aion of the limb should be read off according to the grnduntion nnd 
noted accordingly, but the mean of the readings must be taken from 
180°, in order to give the true arc corresponding to the position of 

. 
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the needle: if it  be deflected past the horirontd,  the readings must 
be entered as marked on thc limb, but with the negative sign pre- 
fixed, in which ease the mean result will be half the diferesce of 
the means of the negative and positive readings. 

The apparent inclination obtained as above directed, whether by 
the direct method or with deflectors, requires two corrections to give 
the true inclination, viz.-lo the index-correction of the particular 
needle employed, and 20 a correction for the influence of the ship's 
iron dependent on the direction of her head at the time of observa- 
tion. The mode of obtaining these corrections will be subsequently 
explained. 

B.-Intensily. 

3. Wifh Weights.-The instrument being on the gimbal1 table 
and levelled, the plane of the circle parallel to the magnetic meridian, 
with its face to the Enst, nnd the needle showing the magnnctic dip, 
place the silk carrying the hooks on the grooved wheel ; attach one 
of the constant weights to one of the hooks, aud take three rending 
of the division of the limb at wliich the needle is in equilibrium, 
using the precautions already directed of altering the points of sup- 
port of the axle hetween enehobservation, and rubbing with the ivory 
disk whilst reading off. 

If the needle is deflected pust the vertical or horizontal, read and 
enter the angles as already directed under the h a d  of Inclination. 

Change the weight to the other hook, when the needle will be 
deflected to the opposite side of the apparent dip to what it was be- 
fore, and take three more observations. Half the difference of the 
mean of the arcs with the weight on either hook is the angle of 
deflection due to the constant weight employed ; or half their sum, if 
one of the arcs was past the horizontnl and has therefore the negotive 
sign prefixed. 

4. With Dejectors.-The instrument being adjusted as already 
described (and without using the hooks, which are only designed 
for the observations in which the weights are used), adjust the circle 
at the back by m a n s  of its verniers to the apparent dip, so that the 
deflectors, when screwed in, may coincide with the line of the dip ; 
the needle will theri be rc.pe1lt.d to one side ; make three observations 
of the division to which the needle is thus deflected, observing the 
usual precautions of moving the bracket at the back, readixig both 
ends of the needle, and rubbing with the ivory disk. 

Move the needle past the deflector to the other side of the dip by 
means of the bracket, and take three more observations : if the needle 
is deflected past the vertical or horizontal, rend and enter the 
nngles in the manuer already described ; half the difference of the 
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arcs on either side of the apparent dip, or half their sum if oue be 
past the horizontal and have the negntive sign, will be the nngle of 
deflection produced by tbe deflector. Instead of the deflectors 8 

second needle may be used as a deflector, either with the end of the 
needle-me marked N (containing the north pole of the needle) 
screwed into the arm marked N, or the end marked S screwed kt0 
the arm marked S. 

The thermometer attnched to the circle must be obqerved at the 
commencement and close of the observntions of intensity, whether 
with deflectors or weights. 

A convenient routine of the observations at sen may be stated as 
follows :- 

1. Take three obscrvntions of the npparent dip by the direct ob- 
servation. 

2. Screw in the deflectors N and S, and adjust the back circle to 
the dip. Make three observations of the angle of deflection producd 
on either side of the apparent dip ; this furnisbes one result for the 
intensity of the mnyet ic  force. 

3. liepent No. 2 with n second uecdle used os deflector If, which 
s i l l  give a second result for the intensity of the force. 

4. Repeat No. 2 with the second needle used as deflector S, which 
will give Q third result for the intensity of the force. 

5 .  Itcmove the deflector und repeat No. 1, which will give a second 
result for the apparent inclination. 

On days when the weather permits, obscrve the intensity also by 
the constant weights. 

III.-ODSERVATION~ ON SHORE. 
I .  The instrument being ndjusted with the plnne of the circle coin- 

ciding with the magnetic meridian, and the face East, make a com- 
plete series of observations of the Inclination with nnd without 
deflectors, nud of the Intensity with the deflectors and weiglits, 
similar in all respects to the observations which have been or which 
are intended to be made at sea ; the needle, deflectors, and weights to 
be those employed, or to be employcd, in the sensbservations. 

2. If unfurnished with n separate appnmtus for determining the 
true inclination, 6UbStitUtC ill  Mr. FOX’S nppnmtus the needle which . 
admits of its poles being reversed (viz. thnt ncedle which is not in- 
tended to be used ill observations of intensity), and obtain the true 
iriclinntioii from the mean of the angles read in four different positions 
of the instrument, viz. with the fuce of the circlc East and West, and 
repeating the process with the poles reversed, following the directions 
for reversing the poles givenin Appendix 3. The difference between 
the true inclinntion thus obtained, and the apparent inc1;nation with 
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the face East obserred with the needle used at sea, ascertained at the 
‘scvcral shore stutions, furnish onc of the data from wliich the indrx- 
correction to be applied to the observations made at sea is to 
eompwcd. 

3. Whcn Mr. Fox’s apparatus is furnished with Inore than one 
needle for the observations of intensity, each necdle rmst be s1lcces- 
sively substituted in the shore observations for the rlccdle used at sea, 
and the incliuntion as well as the angles of deflcction with c o n s a t  
weights obscrved with it. 

APPENDIX N o .  3. 

OBSERVATIONS OF TIlE IPI”-XTNATION, WITR BARIIOW’S CII~CLE 
FURNISIIFXJ WITH MICIWSCOIW AND VImsxEM. 

1. PIQCC the instrument on a tripod stand, and level it hy means of 
the foot-screws ; then bring the vertical circle into thc i~ingiictic 
meridian by the following prOC‘6fi :-Place the needle designed for 
the obscrralion of’the dip 011 tile agate supports, with the side of the 
needle on wliicli the letters are hscribed fncing the rnicroscopcs. 
Turn the vernier-plate so that the microscopes may be nearly in n 
vertical line ; clamp the plate, and Set the lower veimier to 903 by 
the tangelit screw. Turn the verticul circle in azimuth, so t h a t  its 
face may bc towards the South, and until the North pole of the needle 
is bisected by the wire of the microscope; raise the Ys aiid lower 
gently : if tile I)iscctioii of tlre nccdle has bceii altered, corrcct 11y 
turniug the circle in azimuth. Clalnp the horizontal circle, and read 
off its vernier, calling the reading A. NOW get the upper vernier to 
90°, unelanlp tlle horizontal circle, and IIIOVC iu azimuth (if re- 
quired) until the South pole of the needle is hisectcd by the wire of 
the upper microscope. Raise the Ys and lower gently ; correct thc 
bisection (if necessary) by moving the circle iir azimuth ; clagip the 
horizontal circle and read its vernier, cnlli11g the rcudiiig 13. Now 
unclanip the horizontal circle, and turn the vertical circle 180O in 
nzimuth, so that its face (by which is meant the side on which the 
microscopcAs arc) which was before to the South may now be to the 
North. llcpent thc prpcess described above, which will give two 
other readings of the vernier of the liorizontul circle, which cnll C 
and D. Then 

A + B + C + D -  -- - E, 
4 

the division of the horizoztal circle to which the vernier should be 
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set, in order that the plnrre of the vertical circle may be at r+t 
angles to the magnetic meridian ; thercfore, when the vernier is set 
to 90+_E, the plane of the vertical circle will coincide with the 
magnetic iwridiau. 

2. The vertical circle being now plnced in the magnetic meridian, 
with its face to the East, the needle will dirert itself approximately to 
the inclination; raise it by the YS and lower it grutfy on it6 sup- 
ports; bring the lower microscope to bisect the North end of tlic 
needle, clanlp a i d  adjust exactly hy the tangent screw, read off the 
vernier, which ail1 be race h k s t ,  h-orth End. By means of the 
tangeirt screw of tbe vernier-plate bring the uppw microscope to 
bisect the Soiitli end of the needle, and read its vernier, which will 
Face &st, South End; raise the Ys and lower gently; repeat the 
readings, comniencing now uith thc South errd. The mean of the 
four readings is the inclination with the face Gnt, poles direct, or 8,. 
3. ‘l’urn tlic vertical circle 1 80° in nzimuth, and repeat the proems 

in No. 2, taking again the mean of the four readings, which will be 

4. The POICE of the needle must now be rrvelred by means of thc 
bar magicts, by the following process :-Take the needle off the 
agntes, holdiug it by the end wliicli in the preceding observationa 
was a South polc, nnd which is now to be converted into a North 
pole ; place it with the flat side (which is lettered) uppermost in the 
wooden frame designed to preociit any injury occurring to the axle, 
being careful that the elid to be made n R’orth pole is placed towards 
that part of the wooden frame which is marked accordingly ; secure 
the needle hy the brass centre-piece, and place the frariic with one end 
towards the right hand and the other towards the left, and let an 
assistant keep it in that position. Nnw tnke the liar-mapnets, one in 
each hand, and let the Xorth pole of the bar-mngnct be lowermost 
in the hand which is towards the end of the frame in which that end 
of the needle is placed whicli is to be made a f?oirrh pole ; and let the 
Sottilr pole of the bar-magnet in the other hand be lo~~ermost. Draw 
the magnet about ten times along the flat side of the needle : the 
North pole of one bar-magnet being drawn along the end of the 
needle which is to made n South pole; and the South pole of the 
other bar-magnet being drawn aloag the end of tlic needle which is 
to be made a North pole. The needle must then be turned over in 
the wooden fi’ame, SO that its other flat side may become uppcrmoBt, 
which must also Ire rubbed by the magnets ten times in thc manner 
dready described. 

The bar-mngiicts should be held one in each hand, nearly in o. 
vertical position, the lower ends resting on the needle ; and must be 
+awn along the grooves iu the wooden frnmc from ncnr the centre to 

. lPOo - P* ; I$, being the inclination with the face West ,  poles direct. 
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beyond the ends of the needle. When the process thus described has 
been gone through, it will be found, on replacing the needle on the 
agates, that the end which previously dipped below the horizontal 
line is now inclined abow it. 

5. The observations in Nos. 2 and 3 must now be repeated, which 
will give two other mean reading with the face of the circle first 
East and thon West. These readings will be P8, (the incliqation with 
the face East, polesreuersed) ; and 180° -b, ; e, being the inolination 
with the fnce West, poles reversed. Then 

4 + 4 + c -e @, = B, 
4 

the true magnetic inclination at the place of observation. 
6. Two such determinations will generally be found sufficient, but 

if the results differ from each other more than 3’ or 4’ it is desirable 
to repeat the observations. 

7. On arriving at a new station it is always desirable to mapetize 
the needle afresh before the observations are commenced. I t  is in- 
different whether an observation js commenced with the end marked 
A as a North or as a South pole ; but it is convenieut to call that state 
of the ncedle in which the end A is a South pole, and the end 13 n 
North pole, “ poles direct,” and vice uersci. 

Dr. Lloyd has recently suggested a mode of employing this instru- 
ment for measuring the absolute total force in localities where the 
inclination approaches 90’’ and where the usual method of m e r -  
taining the total force from its horizontal component ceases to be 
satisfactory. It cousists in deflecting the dipping-needle from its 
natural direction in the liue of the dip hy a second magnet whose 
magnetic momcnt is correctly known, placed at one or more aecu- 
rstely measured distnnccs from the centre of the dipping-needle, in a 
line at right angles to the mngnetic axis of the needle, and in observ- 
ing carefully the amount of the deflections thus produced. For this 
purpose the vernier-plate of the inclinometer is furnished with two 
hdditional arms perpendicular to those which cnrry the microscopes 
and verniers ; one of these arms is prolonged by an additional piece 
(removable when not in u s )  carrying n graduated tube in which the 
magnet is placed, and in which it can be fixed by binding sci*ews, 
with its centre at different distances from the ccntre of the dipping- 
needle and in the same vertical plane with it. The deflecting mag- 
uet being placed in tho tube, and fixed at n suitable distnnce from 
the dipping-needle, with its North pole towards the necdle, and the 
face of the circle toward8 the Enat, the microscop- are brought to 
coincide with the ends of tbe needle in the new or deflected direetion. 
Thc deficcting magnet is thcn also in  ita required position, namely, 
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at  right augles to the line joining the two extremities of the ncedle. 
The arcs are read with the precnutions already described in the di- 
rections for observing the inclination. The deflecting magnet' is 
then tnken out of the tube and replaced at the same distance ns be- 
fore, but with its South pole towards the dippingneedle, and the 
arcs are a p i n  read. This double process is reyeated with the 
vernier-plqte, turned nearly through a semicircle, so that the de- 
flecting magnet is brought on the other side of the dippingneedle to 
that which it occupied before ; the face 6f the circle is now turned 
towards the West, a d  the observations alrendy described are repeated. 
The arcs thus obtained give four VdUeS for the angle of deflection, 
the arithmetical mean of which is tnken IIS the deflection (10, corre- 
sponding to the distance ( t )  in decimnls of a foot. If then m be the 
magnetic moment of the deflecting magnet, nnd Q the total force in 
absolute measure :- 

The chief practical difficulty which appears to present itself in the 
employment of this method consists in the small distance apart a t  
which it is necessary to place the two magnets, viz., the deflecting 
mayet  and the dipping-needle, in order that the angle of deflection 
may be of a sufficiently large amount. The angle consequently is 
very considerably influenced by the law according to which the free 
magnetism is distributed in the particular magnets, arid n long pro- 
cess of observation and of calculation is required to eliminate this 
effect. The formula by which the totnl force is deduced becomes in 
effect- 

p, Q, R, &c., being coefficients depending upon the distribution of 
the frw magnetism in the deflecting magnet and dipping-needle, 
of which the values must be determined by experiments at different 
distances. This process may, however, be gone through in England 
before the instruments arc supplied to the 05cer8, or after they are 
returned. The remaiuing observations required for a determination 
by this method of the total force in localities where the dip ap- 
proaches 90' present no Particular di5culties, and may be made on 
shore or on the ice whenever an observer may be stationary for a few 
hours. I t  is necessary, however, to be very particular in noting the 
temperature of the deflecting magnet whenever it is employed in 
producing deflections, nnd to know very accurntely its temperature 
coefficient at dieerent parts of the thermometric s a l e  ; and it is also 
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necessary to combine in some sntisfnctory manner the observations 
(described in App. I) by which the magnetic moment of the deflect- 
ing magnet is examined, with the observations in which it is made 
to deflect the dippingneedle. 

- . - . . . . . .. - 

APPENDIX KO. 4. 

OBSERVATIONS ItEQUrnED TO DETERXINE THE EFFECT OF THE 
SHIP'S IROX ON TIIE MAONETIC INSTHUXESTS USED ON BOARD. 

1. When the ship has got her guns, shot, and iron stores on 
boaril, and in their places, and has her boats, stanchions. and all other 
ironwork iri the positions in which they are to remain at sen, hcr 
head must be successively placed upon each of n certain number of 
the principal points of the compass, as indicated by the stundnrd com- 
pass used in its proper position in the ship. If thcre be ample time 
for the obscrvntions they should be mnde on the sixken or even on 
the thirty-two principal points, but otherwise the observations may 
be confined to the eight principal points, or eyexi to the four points 
N.W., S.W.. S.E., nud N A  When the shipis quite steady, and her 
l i e d  is exactly on the point on which it is first to be placed, the 
bearing of some distant and well-defined object must be ootcd by 
the standard compass, the distance of the object being such that the 
space through which the ship revolves on being swung round shall 
make no sensible difference in its benring ; the magnetic inclination 
by the direct observation with Fox's apparatus must also be noted, 
:lnd the angle of deflection produced Iiy a second needle used as 
deflector N, in tlle manner described in the directions for the obser- 
vations of the mapetic force with that apparatus (3 4, page 42). 

2. Repeat these three observations (vie., the bearing by the standard 
compass of the distant object, the inclination, and the angle of deflec- 
tion for the ratio of the force), when the ship is stcady with her head 
plnccd snccessively upon each of the points of observation. 
3. Detcrn1ine the r e d  or truc mngnetic bearing of the distant 

object from the sllip, by taking the standard compass to some place 
on shore where no iron may be near, nnd from whence the position 
of the standard eonipass 00 b o d  and the distnnt object shnll either 
be in one, or in directions exactly opposite to encli other. The 
bearing of the distant object observed from this spot will be the true 
magnetic bearing, or thnt which the compnss should have shown in 
cnch of the'observntions on board, had i t  not been for the iron in 
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the ship. The  differences between the true magnetic bearing and the 
successive bearings ou board will show the nmount of the error 
occnsioued by the ship's iron, when the ship's hend was placed on 
each of the points. Call the error East, or - , in the cases in which 
the North end of the needle is drnwn tb the eastward by the ship's 
attraction, and West, or +, when drawn to the westward. Observe 
also and record the magnetic hclinntion on shore with Fox 6 appa- 
mtus by the direct observation and with the face of the circle to the 
East, precisely ns when on hoard, well 86 the angle of deflection 
produced by the second needle used ns deflector N. 

4, The observations which have thus been detailed hhould be 
repented whenever the ship has so mnterially changed her geogmphi- 
-1 position 86 to have altered the mngnetic inclination 30° or 40°, or 
vheilever 6hC has been refitted, or has undergone any other ctinnge 
which may hnve mnde a cousidernble alteration either in the amount 
or in the distribution of her iron. I t  is also pnrticulnrly desir~ible to 
repeat them if the ship should be in a harbour where the inclinntion 
is very smnll, or where it is very lerge ; and finally, they should be 
repented without fnil whenever the magnetic observntions made on 
bonrd a ship nre brought to n termination, and before any change has 
been made in the iron of the ship. 

5. If the positions in which the stnndard conipnss and Fox's ap- 
parntus nre used 011 bonrd are not very far from each other, nnd if 
there is no iron within a few feet of either of them, it will usually be 
found, in miling vessels built of wood at least, that the effect of the 
ship's iron is the same, or very nearly so, in the two positions. To 
prove this, plnce a second compass (which, like the stnudurd compass, 
has had its indrx-error, if any, determined) in the gimhnll-stand of 
the Fox's apparatus, and observe, generally, whether the two com- 
passes agree when the ship's hend is on the different points, aud espe- 
cially on the points of greatest nnd leaet error. 

6. When the observations thus described have been carefully made 
and recorded, they furnish the me0118 of calculating approximately nil 
the corrections required to clear the magnetic observations made on 
board the ship, in her rmccessiw pnssnges from port to port, from the 
effect of the iron upon the needles of the stondard compass and of 
Fox's tlppnrntus. 

The c n h l h m  for t h  purpose hnve hitherto been made at 
Woolwich, by formula, derived by Mr. Archibald Smith from the 
fuudnmentill equntions of M. Poisson's theory, in his ' Mc'molre sur 
le6 D6vintions de la BouSsol~ produiks par le Fer des Vaisscnux.' 

The complete investigation of the mnthematicnl formulm for the 
correction of the declination, inclination, and force, will be fouod 

' in three memorandum by Mr. Smith, printed in the accounte of the 
E 
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magnetic observntions mnde in the Antarctic expeditions of Sir J. C. 
Row, and Lieutenants Moore and Clerk, published in tbe Philoso- 
phicnl Transnctions, in Nos. V., VI., nnd VIII. of the Memoil3 en- 
titled ‘‘ Contributions to Terrestrial Magnetism.” 

The practicnl application of these formula? to the correction of the 
devintions of the standard cornpnss, is divested of all technicnl diffi- 
culty, and is rendered extremely simple nnd easy, by the forms and 
tables published by the Admiralty under the title “ Instructions for 
the Computation of a Table of the Deviations of a Ship’s Compass, 
from Deviations observed on 4, 8, 16, nnd 39 points, and for the Ad- 
justment of the Table on n Change of Mngnctic Latitude,” by Archi- 
bald Smith, Esq. : London, 1850. I t  is therefore unnecessary to enter 
upon it here, further than to say that the corrections arc made by the 
aid of five co-efficients, A, B, C, D, E, of which B and D are also 
required for the correction of the dip and force. 

As the ‘‘ Instructions ” do not give the formuloc for correcting the 
dip and force. it mny be convenient to reprint them here. 

In these formula, symbols are used which have the following signi- 
fications : 4, is the total mngnetic force of the earth observed on shore ; 
e the inclination observed 0 1 1  shore by Fox’s apparntus ; (the true 
magnetic azimirth of the ship’s hend counted from the magnetic 
North, positive when her head is West of North, and negative when 
East; q’, e’, and Q, are the eame elenrents observed by the needles of 
the standard compass nnd of Fox’s apparatus on bonrd ; c, d, and A‘, 
are co-e5cients to be employed in cnlculating the corrections appli- 
cable to the magnetic observations of the declination, inclinntion, and 
force made at sea in any part of the globe. 

7. For the correction of  the inclinations observed at sea the eo- 
eficients c and d may be computed from the disturbances on the 
several poink, shown by the observatious of the idinnt ion with 
Fox’s apparatus when the ship was swung in harbour, by the 
formula :- 

c cos C + d tan B = (1 - D) sin (coset (’tan 4’ 

for all other points than North and South, and with the ship’s head 
North or South, by- 

c cos b + d tan d = (cos ( + B) sec (’ tan e’; 

observing that the values of L? employed should he calculated by the 
method given in Mr. Smith’s ‘‘ Instructions.” With the values of c 
and d thus obtained, tables for the correction of the inclinations ob- 
sewed on different cohrses at sen in all values of e mny be computed 
by the formula :- 
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c . (cos 6 + $ tan 8 )  sin 6’ cosec 6, 
t a n # =  - 

(1 - D> C 

d 
COS6+,tan8 

or tan 8’ = c cos 6 + B . COS 6’; 

observisg that the first must he used when the sliip’s course is between 
N.E. and S.E., or N.W. and S.W.: and the second when her course 
is nearer the N. and S. points i and that the values of should be 
c&ulated by means of the declination-coefficients. 
8. The ca5cient  AI, for the correction of the intensities of the 

force observed at sea, may be computed by the subjoined formulm, 
from the observations of the intensity with Fox’s npparntus on board 
with the ship’s head on the different points, compared with those of 
the same instrumat on shore, and with the nbsolute value of the 
total force on shore (+) obtained in the mnnner described in App. 3. 
Tables for the correction of the intensities observd at sea may also 
be constructed by the Snme formulm :- 

P’ 
A‘ P 
- sin # = c cos 4 cos (+ d sin 0, 

# 
A’ 0 

or -cos #sin ( I =  (1 - D)cosBsin c; 
the first to be used when the inclination is large,nnd thesecond when 
the inclinntion is small. 

9. If the disturbances of the compass-needle, at the spot where the 
gimbnll-table for Fox‘s apparatus is fixed, differ materially from those 
at the spot where the standard compnss is fixed, the standard compass 
may be removed temporarily to the gimball-tclble, and the deviations 
observed on the eight principal points, or on the N.W., S.W., S.E., 
and N.E. points, which will give the values of B and D for thnt spot. 

E 2  
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SECTIOK 111. 

HYDROGRAPHY.  

BY CAPTAIN F. W. BEECHEY, B.N. 

Making a Passage. 

TUE observer's attention is directed first to those ob- 
jects which affect the passage of a vessel from one part 
of the globe to another; such as the movement, tlie 
duration, the limits, and tlie periodic occurrences of 
those great currents of the atmosphere and of the 
ocean, upon which the speedy and successful issue of a 
ymsage mainly depends. 

Well recorded and established facts bearing upon 
the several points connected with these inquiries are 
highly importdllt to navigation, and may be collected 
by every assiduous seaman in the ordiiiary course of 
his duties. 

1. It is well known that in various parts of the globe 
thcre exist monsoons, and zones of trade and variable 
winds; and that these and other disturbances of the 
atmosphere which influence the surfacc of the ocean 
are the principal causes of the many currents' which 
sweep over the face of the earth. The eff'ect of these 
upon a vessel passing to and fro is one of thc most 
useful inquiries a scama~: can make; and as both 
(wind and current) perform an important part in the 
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economy of nature, an additional interest attaches to a 
correct knowledge of them. The seaman should there- 
fore not only carefiilly note the direction and force of 
the winds, but should connect with such entries notices 
as to when and where any continued or periodic wind 
commenced and terminated ; what was its strength and 
effect upon the passage; whether it came on suddenly, 
and w u  furious while it lasted, or otherwise ; whether 
it was preceded by any particular symptoms, atid 
whether it was such as usually occurs at  that season ; 
and lastly, whether it be advisable to cross this wind 
in any particular direction, such as close hauled or 
large, &c. 

2. T o  detect the current, a more than ordinary at- 
tention must be paid to the reckoning of the ship : the 
compass by which the course is steered should occa- 
sionally be compared with that by which the variation 
is determined, in every position of the ship’s head ;* 
and the ship’s place should be determined by ob- wva- 
tion at least once a day. Sights for chronometer 
morning and evening should both be referred to noon, 
at which time the latitude will of course be observed ; 
and all observations for latitude at night, or for fixing 
the ship’s place at  any time, should be referred to 
one period of the day, in order that the position of 
the ship by observalion, as compared with her place 
by the Dead Reckoning, may givc the direction and 
force of the current, if any, for the twentyfour hours, 
These observations should all be entcrcd in a table, 
and at the close of certain obvious and natural periods 
of a passage, such as that of entering or emerging 
from the trade-wind, the calm latitudes, the com- 

* See Section “~errestrial hfagnctism.’ 
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mencemcnt or termination of the monsoon, of any 
positive change of current, or from any continued state 
of things to another, the whole cffect of the current for 
the period should be deduced, and an average of its 
daily rate and set be given, together with any remarks 
which may be considered useful. 

3. With the dircction of the current thus deter- 
mined, it is very desirable to connect the temperature 
of the surface of the sea, for it has been by such ob- 
servations that we have been able to trace, with a 
certainty amounting almost to proof, the continuous 
course of' the same body of water for thousands of 
miles over the troubled surface of thc ocean, and that 
other curious and important facts in physical hydro- 
graphy have been ascertained. W e  would therefore 
urge attention to the subject as one of considerable 
importance to navigation. As a proof of its influence 
upon a passage, we need only instance the remarkable 
phenomenon of the Equatorial and Guinea currents : 
two streams in contact, but flowing in opposite direc- 
tions, and having a temperature differing 10 or 12 
degrees from each other, and yet pursuing their oppo- 
site courses for upwards of a thousand miles; and 
according as a vessel is placed in one or the other of 
these currents, will her progress be aided or retarded 
&om 40 to 50 miles a day.* 

Could we but obtain a register of the temperature 
of the surface of the sea from every ship in active 
service, we should be able in a short time to construct 
tables showing the normal temperature of the surface 
of the ocean for every 5" of latitude for every month 
in the year, and a comparison of these with the actual 

* Sabinc's ' Hydrographical Notices.' 
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temperature of the surface at  any particular spot, and 
in any particular month, would at  once manifest an 
abnormal difference, if any existed, and lead to a 
knowledge of its cause, which might prove of consi- 
derable use to the mariner by acquainting him with 
the movement of the great body of water in which he 
was sailing ; either retarding or accelerating his pro- 
gress as the case might be, and a t  all events affecting 
his reckoning. Or it might lead to a closer deter- 
mination of the liinits and periodical changes of cur- 
rents which, as bcforc observed, are everywhere run- 
ning over tlie surface of the sea as rivcrs run over 
dry land. 

I t  is therefore recommcndcd to add to the table of 
currents a column for the temperature of the open air, 
and another for that of the surface of the sea, which 
should be registered frequently during the twenty-four 
hours ; but as such observations form an essential 
feature in the meteorological register of a voyage, 
they should be made at the times and in the manner 
indicated under the head of Meteorology.* 

4. There should also be noted in tlie Remark co- 
lumn the occurrence of masses of sea-weed, or of any 
continued appearance even of small patches of this or 
of any other floating substances which may be Seen ; 
and if opportunity offers, deep-sea soundings should 
be tried at the spot. " It were much to be wished," 
says Humboldt, ' Person. Nar.' vol. ii. p. 11, " that 

* If passing Cape Horn, or through Bern where icebergs may be 
moving about, these observntions cannot be mnde too frequeutly ill 
thick weather, especially a8 a precnution, for the water appears to be 
influenced to a considerable distance around tliese mllsses, pnrticu- 
lady in their wake. 



56 BYDROGRAPHY. [Sect. 111. 

navigators heaved the lead more frequently in these 
latitudes covered with weeds, for it is asserted that 
Dutch pilots have found a series of shoals extending 
from the banks of Newfoundland to tlie coast of Scot- 
land by using lines coniposed of silk thread.” Flocks 
of birds should also be noted. In many places, the 
Pacific especially, the tern are useful monitors of an 
approach to those low specks of coral wliich endanger 
the path of the navigator through the labyrinth of the 
great South Sea. I n  short, everything that may seem 
to the voyager to be interesting or new, or likely to be 
useful, should find a place in the Remark column.” 

A t  the end of the passage a summary of these re- 
marks should be given, tlie whole effect of the current 
for each particular portion of the passage recapitulated, 
such ~9 that which was due to the N.E. or S.E. trade- 
wind, or to the monsoon, as the case might be, and 
distinguishing each ; that which occurred in the calm 
latitudes or during a period of variable winds, or 
otherwise, averaging the daily rate ; and then might 
follow any remarks you may wish to make either upon 
them or upon any other feature of the passage; to- 
gether with any directions or hints which might be 
considered useful to those who should follow over the 
same ground ; such as whether any advantage would 
have been gained by steering more to the east or west, 
or in any other direction; whether any time would 
have been saved by making the land on any other 
bearing tlian that in which you hit upon i t ;  and in 
short any remarks which would be instrumental in con- 

* For the form in which these observntions may be tabulated, see 
Appendix, Table I. 
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veying to others information which you would have 
wished to possess yourself a t  the outset of the passage. 

Currents. 

5. It is very desirable that observations upon the 
course of the waters of the o c c u  should be made 
without intermission ; and that a continued register of 
the temperature of the surfacc, and occnsiondly of its 
submerged strata,* should be kept, as it is only by 
numerous wcll-recorded observations of this nature 
that we shall evcr be ablc satisfactorily to dcfine the 
limits of the various zones of moving water which 
sweep over the face of the globe, mingling the waters 
of the Polar Seas with those of the equatorial regions, 
and even affecting the climate of extensive districts.t 
But if from various causes a connected scries cannot 
be continued throughout these great currents, at least 
an endeavour should be made to commence a rcgistcr 
on approaching the limits of such as are now approx- 
imately defined, and to continue it while any interest 
appears to attach to the subject : such as that of the 
Gulf-stream ; the Trade-wind drift ; the Guinea and 
Equatorial current ; the Cape of Good Hope current, 
blending with the south-east trade drift; and the 
Brazil ciirrent-in the Atlantic ; the Mozamhiquc and 
Aplhas current ; the Trade drift ; and monsoon cur- 
rent of the Arabian and Bcngal gulfs-in tlle Indian 
Ocean. The remarkable Peruvian current sweeping 
along the western const of South America ; the Trade 

' 

* By means of self-registering thermometers, properly set and cnre- 

t See Huinboldt on the Climate of Peru ; Sabine 011 the Climnte 
fully lowered nnd BS cnrefully hauled in  (without jerks). 

of St. Thomas Island, &c. 
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drift, and Equatorial current ; the Mexican current, 
passing along from P a n a m j  to tiic Gulf of California, 
according to the monsoon. Thc countcr-currents north 
and south of these, and tho moving belt along the coast 
of Japan and Corea t o  ICamtchatka-in the great 
Pacific Ocean ; particuIarIy noting, as of great im- 
portance to navigation, the limits of the outer currents 
around tlie Cape of Good Hope and Cape I.orn, all 
of which will be found on a small scale delineated in 
a general chart at the end of this paper. 

Some of these currents maintain a constant difference 
of several degrees between their own temperature and 
that of the mean state of thc water about them, and 
all observations which can throw light upon this sub- 
ject, and upon the limits, course, and velocity of thc 
stream, will be most acceptable. 

6. In  passing through any of these great currents, 
the observer should carefully define thc extent of the 
belt of moving water at the parallel in which he croesec 
it ; the limit of the eddy on either side of it j dctec- 
mine the rate and set of both ; carefully note every 
barometrical or thermometrical c h a i ~ g ~  of the air, or 
alteration in the temperature or specific prtvity of the 
sea, and if possible the depths to which these tem- 
peratures extend ; and record all appearances and. 
changes which may appear of interest or seem to be 
useful to those who may follow over the same ground. 

To detect the motion of the stream the remarks in 
Art. 2 should be attended to, with the exception that 
here the position of the ship should be frepently 
ascertained during tbe day by astronomical observa- 
tion, and the course and rate of the current deduced 
for short intervals of time instead of for the twcnty- 
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four hours. Thc observations should commence pre- 
vious to entering the body of qoving water, and be 
continued until after the vessel has quitted it, whcn it 
will be advisable to occupy a page of the journal with 
a graphic delineation of tlie several courses of the 
stream, indicated by arrows, and of the several stages 
of the vessel’s progress by the various temperatures 
wliich have been observed, noting the places where 
ripples were seen, or where drift-wood, sea-weed, or 
other floating substances occurred. 

The Streum OT Surface Drift. 

7. Currents have bcen spoken of under the head of 
“making a passage,’’ as they affect a ship’s route 
across the ocean, and may liave been determined by 
the position of the ship by DR differing from that by 
observation. But it will be proper further to try the 
set of the surface of the water on all favourable occa- 
sions, by the ordinary method of anchoring, or of 
sinking a weight, endeavouring if possible to get ob- 
servations on the same day a t  about six horns apart, 
in order that it may be seen whether the stream be 
due to a tide or not. If the ship be in soundings, and 
the day be calm, a very simple way of effecting this 
without the trouble of either anchoring or lowering a 
boat,* is to drop a heavy lead from the quarter, and 
after it has reached the bottom, to run out a small 
quantity of stray line, and then make fast the “nipper,” 
or a billet of wood, to the line ; nnd at the sume time 
to fasten the end of tlie log line to it, and veer away 

the compass. 
* An ohjectiou to trying the current in a boat is the uncertninty of 
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both togetlier.* Then mark by a watch the time each 
knot is in running out, buoying up the line by a chip 
of wood ; when all the line has run Out, take the bear- 
ing of the nipper by a compass, and haul all in 
together. If currents be tried when there are no 
$ouiidings, the result is merely the relative motions of 
the upper and lower strata of the water, and it would 
be difficult to say which way either were going ; but if 
we can possibly dctcrrninc by astronomical observations 
the course of the upper surface, we shall thence be 
able to deduce the set of tlic Zower; and if there be 
found ally difference of moment, it  will be very de- 
sirable to ascertain the temperature of both upper and 
lower s t r ab  of tlie water, and to record thein with the 
other observations. These observations ought always 
to be made on calm days, and the greater the dcpth 
to which the weight be sunk, the better. Bottlcs 
thrown overboard with a label inside, containing the 
date and Lit. arid long. of the spot where cast into the 
sea, afford ready means of detecting the current if 
picked up afterwards, and ships would do well fre- 
quently to expend a few empty bottles in this way.t 
In the event of meeting any such drifting at sea, they 
should be picked up, their contents copied, and the 
date and position of the spot added to the label and 
carefully resealed ; they should then be returned to 
the ocean, and a copy of the label forwarded to the 
hydrographer. 

* If the lead-line be not hitched to the nipper, the tide may drag 
the line through it, a d  there will be no result. 

t The bottles, before sealed, should be ballasted vith a little dry 
sand, cansolidated at the bottom with bees'-wax or pitch run in, that 
tho bottlo mny be kept upright and not swim too light. 
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8. If near to any shore, a few points of which are 
well fixed, and the water bc found too dcep for an- 
chorage, the course of the stream may still be nscer- 
tained hy noting the drift of a float-a plank, for 
instance, weighted a t  one end, so that thc other just 
floats above the surface ; or a weighted bareca,-fixing 
its position from time to time by angles taken in a boat 
at  the several places, and noting the intervals by a 
watch. 

Such methods may of course be resorted to when 
circumstances do not admit of greater accuracy, but 
wheiievcr it can be done, the course and rate of the 
stream sliould be observed every hour during both 
tides, and the times of slack water curefully noted, by 
anchoring a boat or vessel. Upon un open coast one 
set of such observations made here and therc, well 
clear of the headlands, will be sufficicnt ; but in chan- 
nels and straits in which the tide ente1.s at  both extre- 
mities the tidal phenomena are so varied and full of 
interest, that it becomes highly important to spread 
the observations over as large an extent of the channel 
as possible, and to pursue a regular system of hourly 
observation throughout both the ingo iy  and ou tp ing  
streams. 

It is desirable to know at eacli place the time or 
alack water, the direction in wliicli the stream turns, 
and the rate and course at which it runs during i ts  
several stages. The stations should be numbered, and 
tlie times all referred to one meridian. In sucli chan- 
nels there will probably be one or more places where 
the streams meet, and there of course observations will 
be made ; and as one of thcse places will probably be 
the virtual head of h e  tide wave, it may 80 happen that 
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the time of the high and low water there the shore will 
govern the turn of the stream either along the whole 
channel or until it reaches a spot where another meet- 
ing of the streams occurs. In  such a channel also it 
will probably be found (as in the Irish Channel) that 
the same stream makes high water at  one end and low 
water at the other at the same t ime;  SO that the ob- 
server must entirely divest his mind of thc too often 
mistaken notion of the turn of the stream being 
governed by the rise and fall of the water in its im- 
mediate locality. As our space does not admit of 
further detail, I shall leave tlie subject in the hands 
of the observer with a remark which, whilst it  will put 
him in possession of what kind of observations are re- 
quired, will at thc same time, I think, insure his interest 
in the subject and his hearty desire to co-opcrate in 
the matter. 

In  the Philosophical Transactions, 1848,' Part I., 
j t  1 1 s  been shown that in such a ctianncl as that above- 
nlentioncd there havc been discovered two remarkable 
spots, in one of which the stream runs with considerable 
velocity without there being any material rise or fall of 
the water by the ahore, and in  the other that the water 
rises and falls considerably without there being any 
apparent motion of the stream. Such phenomena are 
highly curious, and worthy of all the attention that 
can be bestowed upon the observations. In tracing 
them it is manifest that they are intiinately connected 
with the height and progress of the tide wave along 
the shores of the channel, but this properly belongs to 
another section (see Tides). 

9. Passing the mouths of great rivers-such as the 
Amazon, the ' river Plata, Orinoco, Mississippi, Zaire, 
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Senegal, Indus, Ganges, Yangtsee or Irawady, &c. &c. 
-observations on the stream should be more closely 
made, and discolorations and specific gravity of the 
water noted. 

These and such like stupendous rivers extend their 
influence to a considerable distance from the coast,* 
and occasionally perplex and delay the navigator, who 
finds himself struggling against a difficulty, wholly un- 
conscious o€ the cause and ignorant o€ the facility with 
which he might escape it by changing his route.? 
River currents of this description vary their direction 
according to the courses of the stream along the coast, 
by blending with it, and forming a curve, which 
vanishes only with their influence upon the ocean cur- 
rent ; so that we are not always to look for the outset 
from the river a t  a right angle to the coast, nor always 
in the same locality, but according to the prevailing 
offing stream. 

The limits of the principal currents of the globe 
have been given (see plate B) in order to apprize the 
navigator of the places in which he should more closely 
attend to his observations. If, however, from any 
cause he may have been prevented continuing the 
series throughout any of the great currents, and should 
desire to define their limits, he should begin a t  least a 
day's run from the places, and continue his register 
until he is certain of having passed the boundaries, 

* The River Plat% nt 8 distance of 600 milea from the xpouth of 
the river, wm found to mnilltain a rate of a mile an hour; and the 
Amazon, at 300 miles from the entrance, wu found running nearly 
three niiles per hour, its original direction bciug but little altered, 
nnd its water nearly fi.esh.--liennell, Sabine. 

t See the effect of the Equatorial and Guinea current before- 
mentioned, at p. 56. 
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attending closely to the temperatures ; for although 
limits have been assigned to these belts of moving 
water, yet they vary so much according to season, and 
the data for defining thcm have hitherto been so insuf- 
ficient, that it  cannot be said they are known with any 
tolerable degree of precision. 

I n  the China Sea and among the islands of the great 
Indian Arcliipclago the tides run strong, and are very 
indifferently known, and observations are espccially 
desired at  those places. 

In  the southern passages it would be well to try 
during the westerly monsoon, whether the equatorial 
current map not be found pursuing a subaqueous 
course to the westward, notwithstanding the surface 
current be found running in the opposite direction. 

Upon the east coast of North America, between thc 
Gulf-stream and the coast, observations upon the set of 
the stream are also much wanted. 

Approaching a Coast. 

10. mrhen approaching a const or any extensive 
banks in the ocean, the temperature of the surface of 
the sea should bc more closely attended to, for it has 
been found in many instances that, after a certain 
shoaling of the water, the surface partakes of the tem- 
perature of the lower strata of the sea, which are in 
general colder than the upper. If such should be 
found to be the case always, and if from well-authen- 
ticated facts it should become possiblc to fix zones of 
certain temperatures about particular localities, the 
result would be highly 'useful to the navigator when 
out in his reckoning and perplexed with thick and hazy 
weather. 
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11. Hydrography requires that the general feature 
and aspect of every country should be noted from the 
moment the hills rise above the horizon ; that all re- 
markable objects by which it may be recognised, and 
by which the position of any port or other locality may 
be known, either at a distance when the weather is 
clear, or close in when haze or mist prevails, should 
be described as graphically as possible ; that the extent, 
direction, and outline of the coast; its capabilities of 
affording shelter to shipping ; its dangers, or freedom 
from them ; its navigable rivers, harbours, and inlets ; 
and the objects adverted to under Sailing Directions, 
-should be fully and carefully recorded ; and here it 
is dificult to avoid infringing upon what properly be- 
longs to geography. The two sciences are, indeed, 
here so nearly allied, that it ia scarcely possible to 
avoid encroaching upon the province of the sister 
branch. The observer will, however, do well to de- 
sfiribe or delineate the character of the country as far 
as he can become acquainted with i t :  the form and 
elevation of such hills as are visible from the coast ; 
the direction of the valleys and ravines ; and to mark 
the places where they pour their mountain-torrents 
into the sea ; to portray the bold topping cliffi, or low 
rocky promontories and their reefs ; the jutting head- 
lands or deep sinuosities; or the low undulating 
country with its lagging streams and muddy or sandy 
fringe of coast ; its shallows, bars, and deltas, each as 
the case may be ; with ita lighthouses, beacons, buoys, 
and landmarlzs, stating the distance which they niay 
severally be seen ; with even the forts, towers, churches, 
and silvery little clusters of cottages upon the inland 
elevations; with such other varied features as the 

F 
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coast may present, and as may serve to convey a just 
idea of what may be expected to meet the eye of the 
navigator, or be required to keep him clear of danger, 
and to guide him in safety to his placc of destination. 

At a distdncc there is generally some object more 
remarkable than anotlier which mity be singled out as 
a useful landmark. Note what it is, describe its 
appearance, and state in what direction the port, or 
any danger that may lie off the coast, beam from it. 

Should the coast be low, buildings will possibly be 
seen first: large square houses or towers, church- 
spires, &.-any of these afford useful guides. Some 
localities may be distinguished in hazy weather by 
patches of white near the coast, such as masses of sand, 
chaIk cliffs, Bc., or one or more large white houses ; 
and these, when viewed against the land or other dark 
objects, will occasionally a f k d  exccIIent guides when 
all other objects arc obscured, and at such times me 
doubly useful. But avoid as marks all white objects 
which have only the sky for a background ; such objects 
ape Seen only when the sun shines upon the surface 
presented to the observer, but utterly fail in R a q  
weather, when they are wanted. 

Always bear in mind that no description can equal 
a tolerably faithful sketch, accompanied by bearings. 
I n  all your sketches take angles roughly, with a sex- 
tant between objects at the extremities of your drawing, 
and two or more intermediate ones, and affix them to 
the objects at the moment, and have at least one angular 
height in the picture ; let that be of the highest and 
most conspicuous or best defined object, thus :- 
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and let your bearing refer to one of the objects be- 
tween which you Iiave measured anglcs. Always write 
under the sketch at  the time the iiame of the place, 
and especially tlic native name, if you can possibly 
learn it, and the date ; and if you intend any of the 
objects for leading-marks, place an arrow at  the head 
of a perpendicnlar line above and below the objects, 
thus :- 

4 

Liglltliouse in one w i t h  Ciirt I'cnk of ?lolint Aiirklnnil, r1r:irqrwfs in 1 Cillinm8,:ind 
kept open (S.bp I:.), tliroogli the passage, mid chnnnel. 

12. Besides ninrlts which are apparent to the eye, 
the depth of the water and the nature of the bottom 
arc all important ; and in all descriptions of a coast, 

well i1s in directions for approaching it, thcsc arc to  
be carefully attcndcd to. State as ncarly as possible 
thc distances at which certain zoncs of soundings ex- 
tend from the shore, and from what part ; whether the 
bottom shelves gradually or abruptly ; whether the 
coast nixy be boldly approached, or more than ordinary 
caution bc necessary ; and whetller any peculiarity of 
the bottom may assist in determining a ship's position 
or distancc from the coast at night, or in thiclr wcatller. 
Always give your depths reduced to low-water spring- 
tides if possible," and always give the least water upon 

* See page 79, Art. 34. 

F 2  
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a reef or shoal ; and if it dries, state what water there \ 

is over it at high-water springs, and at what time of 
the tide it becomes dry. 

13. When nearing a coast, and a t  all times when at 
a greater distance from the shore in miles than the 
amount of dip in minutes due to the height of your eye, 
the height of mountains, or of other objects, may be 
determined with considerable accuracy if the weather 
be clear and proper precautions be taken. TO do this, 
if the distance of the object be not known, it must be 
found by meauring a base with the patent log. There 
are various methods given in navigation books for de- 
termining this problem ; I shall, therefore, here merely 
describe the observations required to be made. A t  
each end of the base measure carefully with a sextant 
the altitude of the object of and on;  and if one of 
Cary’s double sextants be on board, measure the ter- 
restrial refraction by bringing the oppoaite horizons in 
contact with the arc both above and below the index, 
and then reading off each time, divide the difference 
by 4 ; this will give the dip and terrestrial refraction 
combined, which is the proper quantity to be allowed 
in correcting the observed angle.* 

I n  Raper’s ‘ Navigation,’ p. 90, 2nd edition, the 
method of determining a ship’s distance from an object 
by two bearings is briefly explained ; and in Belcher’s I 

‘ Surveying ’ it is set forth in a manner BO clear and 
ample, as to leave nothing to be desired; I shall, 
therefore, merely observe here, that, according to the 
accuracy of the observations and the value of the 

* If the terrestrial refraction alone be required, tnke from this 
quantity the true dip due to the height of the eye, and the remainder 
is the terrestrial refraction required. 
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means adopted, will be the correctness of the result. 
It is clear that the true bearing of the object a t  each 
station should be observed (see Astronomical Bearing) ; 
that the course steered should, if possible, be equally 
well known (this is effected in the best manner by 
observing the magnetic bearing of the object with the 
compass which directs the base, or that which is to be 
steered by in-running the base, at the same time that 
its true bearing is observed); that the distance run 
should be determined by patent log; that the ship 
should be on her course at starting when the bearings 
are observed; and that the log should be put over and 
hauled in at the instant of making the observations. 
If the ship should of necessity alter her course during 
the operation, it should be carefully noted, the log 
looked at, and fresh bearings of the objects taken. 

Two observers are necessary to accomplish these ob- 
servations nicely, and without hurry. 

With these data tho height of the object may be 
found with considerable accuracy, especially if the 
dip-sector be used. Having determined the height of 
a mountain, you may often find it useful to know your 
distance from it when cruising off the coast; and it 
will also afford amusement and practice to see how 
near you can fix the ship by it, as compared with cros- 
bearinga or other Observations. For this purpose it 
will be convenient to make a constant for the height.t 

Lightlwuses. 
14. If lighthouses are erected upon the coast, de- 

scribe exac tly their locality, geographical position, 
appearance, height of the lantern above mean water- 

* 6eu Appendix No. 2. t See Appendix No. 8. 
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level, height of the tower, whether the light he fixed or 
revolving, intermittent, coloured, or otherwise, the dis- 
tance which it may be seen, and the bearings on which 
thc light is visible. If the light be made use of for 
the purpose of avoiding any danger, state what the 
danger is, give its bearing from the lighthouse ; and if 
the light be blinked or changed for this or any other 
purpose, state what it is. and give the exact bearing on 
which the change takes place. 

If there be a lower light in thc tower for this or any 
purpose of tide-work, state as before the bearing on 
which it opens and obscures, or the times of tide when 
it is exhibited and cxtinguishcd, and how many feet it 
is below the upper light. State whether pilots are 
required for the port, and where they are likely to be 
mct with, nnd the rate of pilotage. 

In Port. 

15. When at anchor give the depth of tlic water, 
nature of the ground, and whether any precautions are 
necessary with respect to protecting the cables if 
hempen, and whether it be proper to moor in come- 
quence of the difficulty of keeping a clear anchor, or 
from the treacherous holding or sloping of the ground. 
Fix the spot by eross-bearings of conspicuous and 
well-known objects, and note the direction and rate of 
the tide, and the duration of both ebb and flood 
stream. 

16. The geographical position of a port will neces- 
sarily occupy the attention of the persons in whose 
hands these remarks may be placed, and by assiduity 
much may be done in a short time with a sextant and 
artificial liorizon only. But if to these be added a 
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transit and a good achromatic telescope, the longitudc 
by occultations, moon-culminating stars, and cclipses 
of Jupiter’s satellites, will form A valuable addition to 
that by observations of lunar distances with the sextant. 

The earliest opportunity should be takcn of deter- 
mining the error of the chronometers upon mean time 
at the place, by morning and evening sights, or by 
equal altitudes, which is better. Chronometers will 
sometimes change their rates on the transition from a 
passage in which they have been constantly in motion 
to a state of rest. Besides which, early sights afford 
a longer interval for rating the watches again. 

Survey Ofa Port. 
17. A survey of the port and description of tbe 

anchorage will always be desirable if carefully made. 
If former surveys have been executed, it will afford a 
useful comptirison, and detect alterations of the banks 
and channels, and the silting up of the port if any. 
If they have not, such a survey will be doubly usefal, 
and thc industrious observer will find very few plans of 
ports to which he mriy not usefully add a few sound- 
ings or explanatory remarks. 

It is not intended in this manual to enter much 
into the manner of executing a survey, as tliere are 
several treatises on the subject, which contain the ne- 
cessary information ; but thcse works niay possibly not 
be on board, and as “ golden opportunities” of acquir- 
ing a knowledge of distant ports may thus be lost, from 
the want of knowing how to construct a rough survey 
of a placc, by persons who probably never contem- 
plated the performance of such an undertaking, it may 
be useful to describe as briefly a~ possible the process. 
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Make choice of two stations at as great a distance 
apart as the survey will admit of, and from which the 
eye can see over a considerable portion of the ground 
to be mapped, as A, B, plate A. Put  up marks or 
select objects a t  all convenient places around the sur- 
vey, EO as to be able to form a network of triangles 
over the whole space, and include every conspicuous 
feature around, such as hills, cliffs, rocks, and espe- 
cially objects at, or near, high-water mark. 

18. Having decided upon these marks, as at A, B, 
C, D, E, F, G, &c., plate A, a base may be measured 
on shore if there be a convenient spot at hand ; but it 
would be useless to devote much time to this purpose, 
for the survey of a port in general does not so much 
require that the absolute distances between places 
should be accurately known, as that the angles should 
be carefully observed, and therefore the relative dis- 
tances preserved. If it be necessary to measure a 
short base of a quarter or half a mile, and the ground 
be uneven, plant staves (boarding-pikes) in the line to 
be measured, and stretch the lead line along from pike 
to pike in the direction of the wire of the theodolite 
when levelled; and measure along the line with a 
tape, or with rods ; then shift the pikes and line on, 
until the required distance has been measured, the 
length of which should not be less than 1-7th of the 
distance between the objects, the distance of which is 
required. 

If a micrometer be on board, a very fair base may 
be obtained with it,* or even with a sextant, by mea- 
suring the angle subtended by a staff placed at right 

* B e  the Book of Tables and Directions supplied with an instru- 
ment of this kind, by Rochon. 
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angles to the observer, and the distance carefully 
measured between two well-defined marks, one at 
either end of the staff (such as the clean edge of a 
sheet of white paper wrapped round each end): the 
best way of ensuring the staff being at right angles 
nearly, is to place it upright by a plumb-line. Then 
treating the figure as a right-angled triangle, the staff 
will be the perpendicular, and the base the distance 
between your eye and the station, which may be 
readily computed, as all the angles and a side are 
known ; but if a micrometer be used, the distance is 
that between the staff and the object-glass of the 
telescope. If neither of these methods be adopted, or 
if the field of operations be very extensive, a base hy 
sound, though much less accurate, may be found con- 
venient. 

19. The measurement of a base by sound, if several 
trials are made, and the distance be more than a mile, 
will, in most cases, be sufficiently exact for the above 
purposes. If possible land a swivel or small gun upon 
one of your stations, and go yourself to the other, the 
more distant the better. Appoint a signal to be shown 
half or a quarter of a minute before each explosion, 
in order that the eye may rest between. When the 
signal is made begin to note the beats,* but not to 
count until you see the explosion, and then let the 
next beat be one, and so count up until you hear the 
report. Let this be done several times, and at the 
end mean the beats, and turn them into seconds of 
time by the number of strokes your watch makes in a 
minute. Then, by multiplying this number of seconds 

* The stopwatch by Mr. Dent is very convenient for this purpose. 
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by 1090, and adding one foot for every two c!c~rces of 
the t.hermometcr aboce freezi?ig-p0~7it, you will obtain 
the length of thc base in feet. 

To  give a direction to the base, the readiest way is 
to observe the passage of tlic sun’s linibs over the 
wircs of the theodolite nicely levelled, and to note the 
time by a watch, or to take corresponding altitudes, in 
order to compute tlic azimuth. If you liave only a 
sextant, astrtrnomical bearing will be found convenient 
and sufficiently correct, provided the hoi-izon can bc 
seen at a sufficient distanoe. By either of these me- 
thods the angle between the bnsc and thc limb of the 
sun will be known, and hcnce thc true bearing of thc 
object obtained ; or if the magnetic bearing of the ob- 
ject be observcd by an azimuth compass, and thc 
variation bc determined at the samc time, it will still 
be known near enough for the corntnon purposcs of 
navigation. I-Iaving arranged the direction and length 
of the Lase, at A and 13 alternately, nicasurc angles 
between the base and all the stuiions, taking care that 

angles (if measurcd with a sextant) are as nearly 
possible parallel with thc horizon, and at all other 

convenient stations do the same. By this mcaus the 
relative position of all thc stations will be obtained, 
from any three of which the position of another, or of 
a boat for instance, may be determined by measuring 
two contiguous angles between them with a sextant. 
But whenever you have occasion to do this (and in 
sounding there is no more convenient method of fixing 
the place of the boat), be careful not to select stations 
which lie in a curve concave towards you, since w e s  
will often arise when stations so situated will give very 
inaccurate results, as with the objects A H I at P in 
plate A. 
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20. While operations on shore arc going forward, 
boats can be sounding out the harbour, and fixing the 
points of rcefs, rocks, &c., bearing in mind that it will 
always be found more satisfactory to land upon every 
rock or point, &c., than to lie off in the boat, and fix 
them by estimated distances or by intersections, either 
from these or from other stations. 

In  sounding, fix the boat at  starting by two sextant 
angles; note the direction in which i t  is intended to 
run out the line of soundings, and note any two objects 
distant from each other, that are in a line upon that 
bearing, or if the port l e  not too extensive, niake use 
of staves with flags-shifting them along the coast at 
the end of each line of soundings the exact disknee it 
is intended to run them apart-the boat showing B 
signal when tlic flags are to inovc; thcn keep the 
marks on, and sound at regular intervals 6, 5, 4, 3, 2, 
or fewer casts in a minute according to the depth ; and 
at given short intervals note the time and fix the posi- 
tion of the bortt by two angles as before mentioned,* 
as also whenever there is any material alteration in the 
depth, or whenever the number of casts ulters in a 
given time. When arrived a t  the end of the line fix 
the boat’s position, and alter the course, sounding all 
the time until far enough for running back the second 
line of soundings parallel with the first. Fix the 
boat’s station here again, and take a new leading mark. 
If the eye cannot catch a leading object a t  the mo- 
ment, drop the grape1 to maintain tIie spot, for much 
more time is lost by over-running the lines than by 
coolly waiting for 8 guide to direct the course. Pro- 

* See the form in Appendix for enteriiig these nogles and sound- 
ioge, No. 4. 
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ceed in this manner, running all the 6oundings in 
parallel lines or nearly so, until the anchorage is all 
sounded out. 

Having mapped all that is intended to be comprised 
in the survey, protract thc work carefully on board 
upon a sheet of drawing paper. Draw in the coast 
line, rocks, shoals, hills, &c., and every other feature 
from your rough, attending to the hydrographic me- 
thod of delineation represented in plate A. 
21. The soundings follow next, when reduced to the 

low water standard of the port by the tide gauge.* 
If there be no station-pointer on board, protract the 
angles upon a piece of. transparent paper, and mark 
the stations with their proper numbers. If  the aound- 
ings have been taken equally, divide the spaces be- 
tween the A’S in as many parts as there are casts, and 
fill in the corrected soundings in the order in which 
they occur. A11 soundings which may have been 
taken when the tide was up and by reduction to low 
water are dry: draw a under. In every chart- 
box in the service will be fouiid the abbreviations 
adopted in Admiralty Charts ; these are to be strictly 
followed, and in Appendix No. 5 are given a few sym- 
bols which will be found useful in taking angles, &c., 
and in other surveying operations ; and in plate A are 
given the usual hydrographic delineations of bank& 
cliffs, shoals, &c. 

Lastly, put a meridian line and scale to the plan. 
Insert the variation, geographical position, time of 
H. W. F. and C., the low-water standard, to which 
the soundings are reduced, and the range a t  springs 
and at neaps ; note the duration of the ebb and flood, 

* See Art. 24. 
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both by the shore and by the stream ; draw leading 
marks and put in views, heights of mountains, &c. 

If time does not permit of a regular survey being 
executed, still a useful record may be made by an 
itinerant survey, or even an eye sketch, assisted by 
sextant angles, a few soundings judiciously taken, the 
true bearing of one object and the measurement of a 
base by sound, or with a Rochon micrometer as before 
mentioned. 

Sailing Directions. 

22. Whenever a survey is executed, sailing direc- 
tions should accompany it, and too much care cannot 
be bestowed upon this important part of a surveyor’s 

They should contain a description of the coast (see 
Art. 11); directions for making the land; for ap- 
proaching, and sailing into or out of the port both by 
daylight and with the aid of marks, and also by night 
or in thick weather, when the lead and the lighthouse, 
if there be one, must be the scaman’s principal guide. 
How a vessel is to proceed with a leading or a beat- 
ing wind, and with or against the tide-how far she 
may stand on either tack-what water she may expect 
to find at  low-water springs-and how she may aster- 
k i n  the depth by calculation on any other day-wi& 
what limits a vessel may safely steer in bad weather 
and when no pilot is on board-where the best an- 
chorage lies, the depth in which a vessel should anchor, 
and directions for bringing up. With other particulars 
which have been mentioned under the heads of ap- 
proaching 8 port, especially noting all beacons, buoys, 
lighthouses, and landmarks, &c. (see Art. 11). 

duty. 
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A 5 x  to these views of the land and sketches of the 
leading marks. The geographical position, the time of‘ 
11. W. F. and C., rise a t  springs and neaps, the low- 
water standard of the port, &c., and the variation of 
tlie compass, point out the Lest watering-places, and 
let all bearings given be magnetic, and noted as such. 

Port regulations and quarantine laws will not be 
misplaced a t  the end of these directions. 

Tide Pole. 

23. When a survey is determined upon, a tide- 
gauge should be set UP, and from ?@fan hour before 
to ltalf an hour after ever9 kigh and low water the 
place of the tide should be registered cvery teit 

miiiutes.” In addition to this, wliilst tlie sounding OJ 
theport is in progress, the plnce of the water must be 
noted cvery half-hour to facilitate the reduction of the 
soundings to the low-water standard. The tide-gauge 
should be fixed in a well-sheltered spot, with its zero 
such a depth as to ensure its being below the low 
water a t  springs. When the pole is propcrly secured 
and settled down, paint a mark in the rock correspond- 
ing with one of the divisions on the gaugc, and note 
which in your book, in case the pole should be washed 
down. If you remain long enough in port, let your 
ohervations be continued at least through an entire 
h i a r  month. When you come away, mean the high 
aid low water heights of each day, and take a mean 
of them a p i n  for the mean place of tho aster, and cut 
a mark in the roch corresponding wit?& that mean level 
of tile sea before you remove the pole. As this is the 

* See Forms, Noa. 7 and 8. 
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true scientific level of reference in all matters relative 
to the tides, refer this level again to some mark in a 
contiguous building, that a reference may at any time 
be made to it, by persons who might not be able to 
find the rock. 

Let the watch be always at mean time a t  the place. 
The high and low water observations should be con- 
tinued night and day with equal carefulness in order 
to determine the amount of diurnal tide ; and every 
observation should be recorded, although it may not 
seem to agree with the others. 

If tides are taken a t  coral islands, or at stations 
within a belt of cord, it should always be noted in the 
journal wlietlicr the sea or land breeze be blowing, 
and with wl~ilt strength, and also whether the surf be 
high upon the reefs and sending its water into the 
lagoon, filling it faster than it can escape. 

In the Appendix will be found two forms, one of 
which (No. 8) is for registering the tides every half 
hour, the other (No. 7) is for the high and low water 
on1 y . 

Far further information upon the tides see that sec- 
tion. 

Soundings. 

. 24. Before any soundinp are inserted in the chart 
they should be reduced to a standurd obtained by 
meaning the three or four successive lowest waters of 
each spring-tide, and meaning them again for a general 
mean. This standard should be noted in a very con- 
spicuous and ulimistakeable manner as being so many 
feet below the mean water level, and recorded os the 
low water standard of the port. It is a quantity whicli 
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would nearly correspond with half the range of an 
ordinary spring tide, a term often written without any 
direct reference to the low water standard, and so am- 
biguous that it is to be hoped it will soon disappear 
from the face of our charts. With this standard, and 
the known daily height of the tide above mean water 
level, soundings taken at  any hour may be prepared 
for comparison witli the depths upon the chart by the 
simple formula 

R + r . cosine (A . I E O ~ )  

Where R = the low water standard to which the chart is 

r = the height of tide for the day above mean water level. 

t = the time from high water previous. 

ndnpted. 

D = the duration of the tide. 

Or, cnter the traverse tablc with the time from the 
nearest high water as a course (allowing 5' of arc to 
every 10 minutes of time), and with T = (half the 
range of tide for the day) as a distance; in the latitude 
column will stand a quantity which applied to the loco 
water standard of the port + or -, according as the 
arc is less or greater than go", will give the reduction 
required. If the arc exceeds 90" take its supplement. 
But it is to be observed that all these corrections, 
although preferable to the old method of reducing 
soundings, are but approximations. In many places, 
especially in such as have great tides, it  is ~~ecessary 
to distineish between rising and falliny. 

I f  in a country subject to earthquakes, carefully 
watch the tide-pole during and after the shock, and if 
any undulations of the water are observed, note them, 
and the direction whence they procced. 

Be careful never to place the tide-pole at  the mouth 
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of a river, and especially guard against having it within 
a hnr, sand-bank, or any such impediment to the free 
action of the water. 

The Bore. 

25. If any place should be visited by that peculiar 
phenomenon, the bore, a wave which in some places 
comes rolling in with the first of the flood, with a crest 
foaming and rushing onward, threatening destruction 
to boats and eYen to shipping; note the time of the 
tide at which it begins, whether there be om wave only 
or more, the height to which it rises, and where it Jirst 
appears with respect to its clevation above or below the 
mean water-level of the ocean, and to any alteration in 
the feature of the river ; and especially note the situa- 
tion and extent of shoals at or below the spot. It 
seems essential to the formation of the bore that there 
should be first a great rise of tide ; hence the reason 
why this phenomenon is said to occur at springtides 
only ; and, sebondly, that there should be an obstruction 
to the advance of the foot of the tide-wave, so that the 
crest of the wave is rapidly overtaking it.’ It is de- 
sirable, therefore, that we should determine these points 
by observation on every occasion which offers, for which 
purpose there should be carefully noted the times of 
the pwages of both portions of the wave between two 
places sufficiently far apart to insure accuracy, and 
between which the distance, if not knorvn, must be 

* The remark made in “HOW to observe [p. 351 that either rocks 
or shools, or great depth of water secure a river from the incon- 
vmience of the bore,” js not always correct ; for the Severn is encum- 
bered with shoals, and has n bore which hns proved dcstructi\*e to 
VWk grounded upon the sands. 

0 
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determined ; and with these observations should always 
be connected the rate of the stream soon after the 
passage of the bore ; so that the observer may be able 
to write down the rate of the crest of the wave, the 
rate of the bore, and the rate of the stream, The rise 
of the water will further be essential to the satisfactory 
completion of the observation. 

Freshes. 
26. Connected with the rise and fall of the water is 

that periodical elevation of the surface of rivers by 
‘6 freshes,” occasioned by heavy and continued rains in 
the interior of the country. These torrents not only 
raise the general level of the river: properly so called, 
but where a bar exists, also raise the level there, SO 
that vessels which cannot enter during the dry season 
are at. such times able to pass over the bar. The time 
when the water begins to rise, when it attains its max- 
imum, when it begins to subside, and regains its mean 
or ordinary level, s h d d  be carefully noted, and with 
it the elevation of the water, in feet, both in its ascent 
and descent. 

Discovery of Land. 

27. On the discovery of any unknown lands or 
dangers, the first endeavour, after the vessel is placed 
in safety, should be to fix the position of the place as 
accurately as the means of observation admit, and not 
to quit the spot until the danger is satisfactorily placed 
upon the chart.* Describe it as accurately as you 

No 
commander of a vessel,” observes that talented o5cer, “who might 
meet unexpectedly any danger (before unknown), could be excused, 
except by urgent circumstances, from taking the necessnry steps both 

* See Rnper‘s ‘Navigation,’ 855, p. 328; and 856, p. 329. 
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can ; determine its extent, height, and configuration ; 
thc adjacent soundings, and the quality of the ground ; 
and give a sketch of its outline. If i t  be cxtensive, a 
running survey will be desirable.* If it  be within 
sight of other land, its position must be fixed by bear- 
ings or angles between known points of the coast, and 
some conspicuous objects upon the land selected, which 
being brought in a line will lead ships clear of the 
danger. Do this for Both sides, and give correct bear- 
ings of the transits, and, if possible, sketches of the 
objects. 

As regards coasts, and islands which are but little 
known, I have givcn in the Appendix a list of such 
a6 are most deserving of attention, extracted from a 
return made by the able and indefatigable officer at 
the head of the I-Iydrographic department to an order 
of the Bousc of Commons, 1848, and all general 
directions for acquiring information wliich may have 
been already given must be considered to apply with 
double force to these countries. The limits of .this 
paper do not permit of our entering into particulars as 
to the probable position of places which may be imper- 
fectly determined, nor of the reported position of 
islands which are considered doubtful. In the Atlantic 
alone, for instance, there are islands reported continu- 
ally where none could possibly exist ; and tlie islands 
of the Pacific have been multiplied by the errors of 
the longitudes of persons visiting them ; but wherever 
the charts place any islands as doubtful which you 
wish to seck (8s it is always more probable that the 

for nscertnining its true position and for giving a description as com- 
plete as a prudent regard to hiis owu safety allowed.” 
’ See Art. 29. 

0 2  
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latitude is correct than the longitude), the parallel of 
the supposed latitude should be gained at a meridian 
sufficiently distant from that given to exceed the pro- 
bable limit of error in longitude, and a due east or 
west course pursued until a similarly distant meridian 
is gained on the other side ; and if there should be 
any change in the colour of the water, sounding ought 
by all means to be tried ; and especially we call atten- 
tion to soundings upon the site near the equator 
marked as the seat of volcanic action from about 3& S. 
and 15" to 24" W., and also to the vicinity of the 
great bank S. and S.E. from the Falkland Islands, 
called Burdwood Bank, on which there has been found 
recently as littlc as 24 fathoms ; the Agulhas Bank, 
and the sites of any volcanic islands which may have 
risen and disappeared.* 

Sailing along a Coast. 

28. When sailing along a coast or islands which 
may even be known and charted, it  is advisable, a 
general practice, to verfy the position of the points 
and headlands as the ship sails along ; and when the 
coast is new, or but indifferently explored, no oppor- 
tunity should be omitted of determining as accurately 
as possible the position of every part within your 
power. 

The position of places is determined from a ship 
with the least disadvantage, by being brought to bear 
east or west when the latitude is taken, and north or 
south when longitude is observed. And as these ob- 
servations may be made during several hours of the 

* See also Art. 4. 
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day,* much may be done in a single day’s run, espe- 
cially if patent log bases connect the stations, and 
astronomical bearings be employed. And upon all 
occasions the noting of transits, or the coming in a line 
of remarkable objects and of points of interest, should 
form a necessary portion of our duty, although we may 
believe them to be already satisfactorily determined, 
as they afford the most critical test of the accuracy of 
former surveys, and are especially useful in cases 
where longitudes of contiguous places may have been 
had by differcnt observers. 

If time admits of more than this being done, and in 
some of the countries which are but little explored, it 
is extremely desirable that no opportunity should be 
lost of perfecting their outline, the heavy boats may be 
hoisted out and sent in-shore of the ship to run in the 
coast line and the detail whilst the ship carries on a 
triangulation and continuation of bases in the distance, 
making what may be termed a runniiig survey. 

Running Survey. 

29. m e n e v e r  this can be done, send the boats to a 
distance of 4, 5,  or 6 milea a t  starting, and let them 
and the ship anchor, if possible, to measure a base by 
sound (Art. 19), and to get astronomical bearings and 
angles to the same points. Fix the ship’s position by 
repeated observations for the latitude and by chrono- 
meter; then weigh and put the patent log over and 
steer a steady c o m e  along the land (sounding, if the 
depth of water admit of it, without stopping). One 

” * See Raper’s Nnvigation, 830 et ~eq. ,  p. 320; also 834, p. 321, 
m n d  edition. 
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boat now runs along the land from point to point, put- 
ting in the coast line and its detail, getting astrono- 
mical bearings and angles as she proceeds, especially 
of all transits of points and headlands, and memuring 
her distance between them by patent log, and sounding, 
but without slopping. The other boat attends princi- 
pally to the sounding, fixing herself as sllc requires, 
by angles and bearings between the points determined 
by the other boat and the ship. 

At the end of a few miles’ run, or at noon, or when 
necessary to renew the angles and bearings, a signal is 
to be shown, and the logs are then to be hauled in and 
read off, but not reset, fresh angles and bearing to be 
taken and a new base commenced, the distance between 
the ship and boats being again measured by sound. 
The log is then again put over and the course of the 
vessel resumed. In  this manner the day passes, the 
bearings and observations all being worked out at the 
moment-the outline run in, views taken, and every 
particular mapped and booked at the time, so as to 
leave notliing to memory. At the close of the day’s 
operations anchor in position, measurc a base by 
sound, and repeat operations as a t  starting, recall the 
boats, and in the grey of evening get the ship’s position 
by stars and planets, which may at this time be ob- 
served with great accuracy before the horizon become8 
too obscure. If the ship can remain at anchor, she 
will observe the set of the stream and the rise and fall 
of the water, however roughly it may bc done. 

As early as possible commit the triangulation to 
paper, that the vessel may start in the morning with 
some points of land well fixed, so as to enable the ship 
to continue her triangulation throughout the day with- 
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out the aid of the boat, although her co-operation as 
before should be renewed. 

If  there be no anchorage, the ship will maintain her 
position during the niglit under canvas, and in the 
grey of the morning picking up the place where she 
left off on the preceding evening, send the boats away, 
get altitudes of stars for latitude and longitude, mea- 
sure a base by sound, get astronoinical bearings and 
angles, &c., and putting over the patent logs continue 
along the coast as before.* 
Thus far we have considered the observations as 

being wholly confined to the vessels, but it will add 
considerably to the accuracy of the survey if landings 
be occasionally made, and the stations be critically 
determined by astronomical observation, i. e. by lati- 
tudes and chronometers, and the positions connected 
with the rest of the work. 

30. It ia not necessary to be provided with a regular 
chart for this purpose ; the projection may proceed as 
you advance. Thus, consider how the coast runs, and 
draw a line along the paper to represent the meridian ' 

at starting ; set off on this a degree of latitude accord- 
ing to the scale on which the survey is to proceed, 
1 inch or lg inches to the mile, or more or less ac-. 
cording to circumstances, and begin at once to lay off 
the bearings and angles. As you take up other sta- 
tions, proceed to tlirow out meridians and parallels in 
the manner described in Appendix No. 10. A chart 
upon this projection will be found easy of construction 
and more sutisfactory than any other ; and when the 

* For further information, and a more extensive application of 
methtd, see Belcher, Mackenziu, and otlier works on nnuticnl 

surveying. 
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survey does not extend over more than 8 or 10 degrees 
of latitude is su5ciently correct. In  laying off bear- 
ings upon it, it  must bc borne in mind that thcy are to 
be projected with reference to the meridian passing 
through the spot. Mercator's projection, in which the 
meridians are all parallel, and which is in such general 
use in the navy, except in very low latitudes, is not 
adapted to the purposes of a survey, as the bearings 
and the protraction will never agree together, nor with 
the observed latitude and longitude of the stations. 

With reference to the longitude I may remark, that 
the absolute longitude of the place is not required, but 
it is necessary to determine the dzference of meridians 
as you proceed ; and these should afterwards be com- 
pared with some well-determined meridian. I may 
observe here, once for all, that the longitude of a 
place, by chronometer, from Greenwich, should never 
be given without the accompanying longitude from 
which tJg deduction of the meridian was made ; in sliort, 
that chronometers should be referred to only as a 
measure of DIFFERENCES. 

Coral Islands. 

. 31. Should coral islands be fallen in with, determine 
their position, extent, and map their outline ; fix the 
openings into the lagoons, and describe their general 
appearance, whether wooded or not, and whether any 
high clumps of trees (distinguishing the palms) be eon- 
spicuous upon them, and a t  what par t ;  you should 
then particularly notice the slope of the coral on both 
the outside of the island and the inside, and run off 
lines of soundings in various parts from the water's 
edge to as great a depth as you can reach, and a t  each 
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cast particularly note the bottom, whether it be living 
or dead coral : note the greatest depth at which live 
coral is brought up ; the existence of living coral a t  
great depths is a point of interest. A swab fixed to 
the lead will often bring up specimens of coral which 
might otherwise be missed. 

Point out the place of the anchorage in the lagoon 
by an anchor, and state whether vessels can sail in with 
the trade wind or not, and the best time for going in, 
for in many of these islands there is so strong B current 
running out through the channel after the trade wind 
has set in, in the morning, as to render it imprudent 
to attempt the passage; and in some it is only after 
the sea wind subsides, and the land breeze has com- 
menced, that the passage can be effected. I t  is the 
sea getting up with the breeze and beating over the 
reefs into the lagoon that occasions such a current 
through the opening. Inquire into this on the spot, 
and do not commence any tide observations in the 
lagoon if the reefs are low and the channel small : if, 
however, the lagoon be open on one side and sheltered 
on the side of the prevailing wind, these spots in the 
ocean afford excellent places for observations upon the 
tides. 

Currents occasioned by the tradewind prevail about 
all the islands situated in those latitudes; their direc- 
tion and force should be ascertained and stated in your 
remarks. 

Rivers. 
32. All rivers should be traced to the furthest pos- 

sible point that time will allow ; for, although it is the 
usual practice to limit hydrographic inquiry to the 



90 RYDIIOGRAPIXY. [sect. 111. 

vanishing point of tidal influence, yet there are many 
reasons why we should not here so circumscribe our 
views. Rivers are the great arterial features of our 
globe ; they define the valleys, give boundaries to  the 
hills and mountain ranges, and if traced to their source 
eriable us, with the aid of a few well-determined culmi- 
nating points of contiguous ranges, to trace upon our 
charts the general feature of the country through 
which they flow. Besides which they are so far con- 
nected with the nuvigatiou of our ports and harbours, 
that their aid is often indispensable to a free access 
and egress, by affording a powerful means of scouring 
channels and reinoving impediments to shipping, which 
would otherwise be denied admission. They may, 
therefore, be said to be of almost equal importance to 
hydrography as to physical geography. In  all cases, 
then, where rivers approach or flow into any of the 
ports under examination, you should acquire as exten- 
sive a knowledge of them as you possibly can, map as 
mucli of the windings and feature as is practicable, 
and especially of such parts of those that are not navi- 
gable may be made available to the improvement 
of the navigation of the port, or in any way be con- 
verted to hydroE;r;iphic use, particularly noting the 
depth, extent, and variations of surface, of all widen- 
in@ of the stream, or basins affording back-water and 
capable of being retained, or converted to a scouring 
power, carefully determining the elevation of the sur 
face above the mean level Ofthe ocean, and, if the river 
does not run into the port, whether it could not be 
conveyed to it, and with what facility. These inland 
basins are OCCaSiOMlly greatly affected by mountain 
torrents, melting of snow, and rainy periods, raising 
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their surface to an extraordinary height even in a few 
days ; while, on the other hand, long dry seasons de- 
press them as much below the mean level. Our 
endeavour should be to ascertain these variations and 
the mean level of the water of the basin; we may 
often see, for weeks after the event, the mark of the 
wash of the water around the lake or basin far above 
the exist,ing level ; this may be measured and com- 
pared with the place of the mean level, and be coupled 
with the place of the water according to the hest in- 
formation to bc procured at the place (noting the 
informant). 

Note the depth and capability of transport or of 
inland nwigation, and the power of traversing the 
stream for military purposes; also the nature and 
peculiarity of construction of the vessels employed and 
the means they have of advancing against the stream, 
&c., and the distance to which navigation is practi- 
cable, severally for vessels, boa&, or barges. 

In large rivers communicating with the sea note the 
facility of access and egress, the depth of water on the 
bar, if there be one,* the position and nature of shoal8 
or rocks, and the navigable capabilities of the stream, 
the rate and duration of 0ood and ebb, that is, of the 
ingoing and outgoing stream. The distance to which 
the stream rum up, and the extent to wliicl~ the rise 
and fall of the water is felt, or what may properly be 
called the end of the tide ; and here always, if possible, 
determine the elevation of the high-water line above 
the meaii level of the ocean. 

Lastly, in speaking of rivers, let it be understood 

* What has been dready said on lending marks, lighthouses, 
beacons, buoys, &c, &c., of coam applies here nlso. 
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that the right or Ze$t bank should have reference to the 
downward direction of its course, so that, when de- 
scending the stream, the right bank is on the rii$it 
hand, and vice versii. It is bettcr to adopt this phrase 
than to say east or west, which might at the least be 
ambiguous, for it is clear that if a stream meander 
much, its course being always of necessity downwards, 
it might be successively diverted to every point of the 
compass . 

Lakes. 

33. Lakes, properly so called, or which have no 
rivers running through' them, can scarcely ever be 
turned to the uses of hydrography, except when they 
are upon a level with the sea, when a communication 
has beexi or may be made, and a scouring power ob- 
tained by the admission of the tide through the port. 
However, what has been said of river basins may be 
applied to these enclosed sheets of water. The prill- 
cipal points are, their distance from the port, height 
above mcan water-line of the ocean, depth, dimensions, 
and fluctuation of surface, the quality, temperature, 
and sweetness of the water, the nature of the bed and 
borders, inland navigation, if any, &c. 

Arti$ciaZ Harbours. 

34. In  all harbours, but especially in the vicinity of 
those which are formed by piers carried out into deep 
water, it is proper to notice whether there are shoals 
formed about the piers, and the pier-heads especially. 
If there are, obtain information as to the probable 
cause, when they were first noticed; carefully note 
their extent and direction, and connect with them the 
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direction of the tide, ebb and flood, and if there be any 
stream through the piem out, or in, 110te its rate, 
direction, and the distance it extends. The form and 
construction of artificial harbours, piers, and break- 
waters, does not properly belong to hydrography ; but 
i t  may be well to describe and record the form of the 
breakwater, the pitch or slope of the stonework, the 
depth in which it is erected, the material of which it is 
composed, the nature of the work, and how it  has 
resisted the sca. Or if there be an opportunity of 
seeing it in a gale of wind, the power any peculiar 
foim or construction of breakwater may have in repel- 
ling a heavy sea, or the effect any peculiar form of 
pier may have in diverting the sea at the entrance 
f?om the anchorage within. The poaitian of the en- 
trance with regard to the ofing-stream and prevailing 
wind, the widtb of the channel, the protection of the 
8&wmge, the number of square acres enclosed. If 
there be my backwater, state its extent, how the 
8couring, if any, is managed, a t  what time of tide and 
what is its apparent effect-and a t  all ylaces wherever 
backwater is used, it mny be as we11 to sound off the 
mouth of the port to a9 great a distance as the effect 
of the scouring action cau possibly extend4o-r occa- 
sionally injurious effects have been produced by this 
powerful agent at a distance scarcely contemplated. 
State d l  deposits, sjltings up, and at what rate it 
proceeds. 

Eorezjn Ports. 

35. In  visiting foreign ports, a particular account 
should be given of the resources of the place in the 
event of vessels requiring either a repair os a refit, 
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Such as whether there are any docks, wet or dry? 
what sized vessels they are capable of receiving, and 
how many a t  a time, is there a patcnt slip or gridiron, 
&c. H o w  near vessels, of particular dimensions, can 
approach the wharfs, or at what time of tide lie along- 
side of them ; whether there are sheers for removing 
masts, and of what size, or cranes for lifting machinery 
and boilers ; whether there be a dockyard or arsenal, 
or whether stores can be procured from other sources. 
Whether there is a steam-yard, and to what extent they 
cast and manufacture machinery or boilers, or can 
repair steamers ? 

Whether there is a coal de@, and what quantity of 
coal can be generally relied upon as at hand ; naturc 
and quality of the material, &c. 

Are there any piers, jetties, or wharfs for landing 
passengers, or cranes for carriages, and at what time 
of tide available? If the country be low, are there 
any sea walls, and would the country bo flooded by 
their removal ? 

Waves. 

36. Lastly, the attention of the observer should be 
directed to thc measurement of the height, the extent, 
and the velocity of the waves of the ocean. Not only 
of those high swelling seas which are common to every 
gale, but especially of those gigantic ridges which are 
occasionally met with off Cape Horn, the Cape of 
Good Hope, and even in the Atlantic, coming in 
couplets and triplets in the course of a gale, and occa- 
sioning fearful lurches which are long remembered. 
Opinions differ grently as to the dimensions of these 
stupendous bodies, and any observations which will 
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assist in determining their limits cannot fail to be 
acceptable. The inquiry is, first, as to the height of 
the solid wave above the mean water level. SecondZy, 
the distance of the ridges apart. Thirdly, the rate a t  
which the wave travels, and whether the height and 
distance of the ridges vary with the velocity. Fourthly, 
what is the greatest estimated extent of any one of 
those ridges. 

The most simple way of measuring the height is, 
when the vessel is in the lowest part of thc trough be- 
tween two following seas, to ascend the rigging to such 
a height as will bring the top of the wave on with tlie 
horizon, to put a mark, note the inclination of the 
vessel, and at leisure to measure the pcrpcndicular 
height of the eye above the water line, wliicli we may 
presume will be double tlic height of the wave above 
the mean water level. I t  will necessarily require 
several observations to be made before any satisfactory 
conclusion can be arrived at, The distance of the 
waves apart may possibly be tested by actual measure- 
ment, by means of the lead-line and a float veered out 
to such a distance that the float shall l e  on the crest 
of one wave when the ship is on the top of the other. 
And the rate may be detertnincd by the time occupied 
by the wave in passing from the float to the ship : the 
rate of the ship through the water and thc angle her 
course makes with the route of thc wave being known. 
There are other methods of determining this interesting 
problem which will no doubt occur to the intelligent 
observer, and they are sufficiently numerous to afford 
ample exercise of his ingenuity, but all are attended 
with difficulty, owing to the circumstanccs under which 
the observations are required to be made. 
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APPENDIX KO. 2. 

To$nd the Height ofan Object the Distance ofwhich is known. 

RULE.-TO the observed altitude apply the true dip, less the ter- 
restrial refmetion.* The result call corrected altitude ; to the log. 
of the distance in yards add the constant 8'073007, and find the log. 
of the sum, which turn into arc and add to the corrected altitude; 
then to the log. tangent of this sum add the log. of the distance in 
yards ns above-mentioued, the result will be the log. of the height of 
the object in yards. 

ExrsrrxE-Mount Etna wns seen at 57 miles distance, and sub- 
tended an nngle of 1" 30' 00" with the horizon ; elevntion of the eye 
20 feet, required the height of the mountain ? 

Altltude. , . . P sb & Dbtanco 37',inyards 115050 log 5'009187 
D i p .  . . . - 4  43  QMmt . . 8'073007 

6O)IJGE" log = 3'136164 
- - 

- 1 25 17 
h o f D i  , . i. 28 

CorrectedJtitude 1 25 43 

TNe Altltudo . . 1 48 S1 Tangent . 8'4985668 
Constant. 3'0ti31570 

, + 2P 413 . . . . Correction. 22.48 - 
Y d S .  

9 ~ 3 6 2 5 2 1 8  log 3652 lielght required. 
X 3  

APPENDIX No. 3. 

To$nd the Constant for  a Height, in order t o  compute ifs Distance 
readily front its observed Altitude. 

Rum.-From the 106. of the height in yards subtract the coustnnt 
log. G - 5424481, halve the sum-find its sine, nnd tnke out the cor- 
responding eo-sine, which is the constant required. ( a )  

The tonestrial refraction varlea from 1 to ,$ part of the nrc. 
t If the Dlp Sector bad been uaad, the observed Dip sliould be rubstituted for 

two quuttties. 

n 
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ToPnd the Distance. 

Rum.-From the observed altitude subtract the dip less the ter- 
restrial refraction,* and cnll the remainder corrected altitude. To 
theconstnnt above rnentioncd 6-5424481 add the cosine of the cor- 
rected altitude, and from the cosine of the sum subtract the corrected 
altitude. The remainder is the log. of the npproximate distance in 
arc. Divide the approximate distance so found by the proportion of 
terrestrial refraction allowed, and subtract the quotient from the 
before found corrected altitude for the true altitude. 

Lastly, add the cosiue of the true altitude to the constant due to 
the height of the object (u) ; find the cosine of the sum, nnd subtract 
from it the true altitude; the remainder is the distance in arc 
required. 

its height being 3565 feet = 1188 yards, 
required its Constnnt and its Distance, height of eye 
being 14 feet. 45 5mean. 

I I I  
ExamLE.-Observed the altitude of Snowdon to be, On 45 00 

Off45 10 - 
Log of height 9 '0122499  
Constant. . G'b42448l 

2)16'0288018 

Sine = 8'2019009 
Cosine = 9'9989265 Constant required. 

--- 
To find the Distnnce.- 

Constant for Snoivdon 9'0998205 Observed Alt. . . . /5 
Cosinecorrected Ait. V'9098685 Dip for 14feet . . - 9  

05 
45 -- - P is b = Cosine O * W ' J L ( ~ J I  41 PO - 41 20Alt. Tenc~trlal ref. of Dlp + ne -- 

Corrected Alt. . . . 4 1  42 
Correction. . . . - 3 25 ~ -- 9 25 Correction. 
True Alt. . . . . . 98 17 

Constant . . . 9'9999205 
Cosine true Alt. . 0*9909731 

P 15 ii Cosine = 9 - 9 ~ 8 ~ ~  

-- miles. 
True Alt. - 88 17 

35 38 = 85.8 = distance or object. 

The terreath,l refraction varlei from A to of the axe. 
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--- 
6b.000 
59.991 
59'964 
59'918 
59'854 
59,773 
59.673 
59.556 
59.419 
59,266 
59'094 
58.905 
58.697 
58.472 
58,229 
57-968 
57'690 
57'394 
57.081 
56.751 
56'403 
56'038 
55'657 
55'258 
54'842 
54.410 
53'962 
53.496 
53'015 
52'518 
52'004 
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3"1 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
4 5  
46 
1 7  
48 
49 
50 
51  
52 

54 

56 

58 

53 

55 

57 

59 
GO 

[Sect. 111. 

601 
62 
63 
64 
6.5 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

83 
84 
85 
86 
87 
88 
89 
90 

02 

APPENDIX No. 6. 

2b.161 
28'240 
27.310 
26'372 
25.426 
24'471 
23.509 
22'540 
21*564 
20.581 
19.592 
18.596 
17'595 
16.588 
15.577 
14.560 
13,539 
12,514 
11.485 
10.452 
9.416 

7-336 
6.292 
5.246 
4.199 
3.150 
2.101 
1*050 
o*ooo 

8.377 

The number of Miles or Minutes of the Equator contained in a 
Degree of Longitude under each parallel of Latitude for the 
Spheroid. & Compression. 

Lat. - 
0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
so 

Length of 
Degroe. 

5'1.475 
50.930 
50'370 
49'793 
49.202 
48,596 
47'975 
47 339 
46.688 
46.021 
45.346 
44.654 
43'948 
43.923 
42.495 
41.750 
40.992 
40.220 
39'437 
38.648 
37'634 
37.015 
36.185 
35.343 
34.400 
33'627 

31 -870 
30,977 
30.074 

32.754 
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Adopted helght. -- time. 
2 ' 8  preceding 

transit. 
Lunitidal interval. 

(h, t. 1, i . )  --- 
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Ran e 
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water 
level. 
ft. In. 
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APPENDIX No. 7. 

The following form of a monthly register of tides, in which the 
phenomena of each successive tide throughout the month are pre- 
sented in the order of their occurrence, (the data afforded by obser- 
vation being entered separate from the conclusions deduced from 
them by graphics1 interpolation and by calculation,) may be advau- 
tageously substituted for the form occupying pages 102, 103, in tho 
f h t  edition of this work:- 

1 0 20 An. 
0 90 

t o w .  I 0"::: 
---- I l o  

1 b b 0 A . I .  

Iiigil. 
6 30 

1 0 8OP.Y. 
1 0  
1 10 
1 20 
1 so 

8 
1 1 0 8OP.Y. 

3 1 2 O A . Y .  

5 1 80 
1 40 
1 50 
2 0  

tow.  

- 
Height 
ead or 
on the 

lt. in. 
gauge. 

- 
s 10 
8 2  
s o  
8 2  
3 10 - 

4s a 
43 8 
43 11 
49 8 
43  8 - 

s o  
2 6  

e 4  
8 11 

a a  

-- 
44 s 
46 e 
46 2 
44 8 
44 0 -- 
e 19 
2 9  
e 12 
e 11 

k C .  

a 11 

-- 
- 

Ilarometcr. 

Time of 
alack water 
observed. 

iVind. { Eke* 

in. 
89'92 

i N.NiW* 

{ ?  

oh. POm. 

-- 
20'95 

6 0  

39'70 

{ w. 

1 N.xiW* 

1 0  

-- 
30 74 

a 20 

--- 
29'81 

{ m m .  

1 e5 

--- 
&e. 

h S l t .  O h .  
: oh. 40m. 
1, .. .. 
i .. .. 

i 7 1 6  I 

---- 
h 2 0  

1 40 

i .. .. ; .. .. 

and 
Ither 
ltriaa. 

- 
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. o . . J  

Hwn's Ago. 

. 0 . . ]  
n. m. v. I. 

, P . . O . . )  



Appendix.] HY DROQBAPHY. 

APPENDIX No. 9. 

B 

103 

APPENDIX No. 10. 

TO CoNeTanCT A CEABT FOR A RUNNING SURVEY OF A COAST. 

DRAW the meridian line A B (Appendkc No. 9) through the centre 
of tho chart, and set off the degrees of latitude upon it, of equal 
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lengths, according to the scale which it is intended to meet the 
chart upon-draw 'short linea at right angles to 

At the extremities of the degrees of latitude, at 400 and 450, set 
off right and left upon the perpendicdam disfances to half a 
degree of longitude in those parallels respectlvelY (uken from Ap- 
pendix No. S), as at a b c d ;  then with the diagonal distance a d 
or c b ;  and with the foot of the compass at 4 8  sweep the Small arcs 
I 1 at  tup, and likewise the arc6 1 1 at bottom from 450. Again, 
with the length of a degree of longitude in 400 cut the small arcs 1 1 
before described : these intersections will be Corners of parallelo- 
grams, each of a degree of longitude, exteuded Over degrees 
of latitude as your chart contains. Repeat the Pr-8 for other 
meridians right and left of A B, and connect the points 1 1, kc., by 
meridian lines. Set off upon these from either the top Or bottom the 
degrees of latitude before laid off upon AB, a d  connect them all 
throughout the chart by straight lines, as at 40, 41, 42, 43, 44, 45, 
&c. For a scale, divide the degree of latitude into sixty equal Pam, 
or into such equal portions of it as the scale admits of, and it will give 
a similar proportion of geographic miles of distance ; and for longi- 
tude, if each degree of lntitude be so divided by lines extending from 
meridian to meridian, and the corners of the parallelogram be con- 
nected by a strnight line, as i~ shown in the plan between the 4ist 
and 42nd degree, a scale of miles will be given for that parallel. 

When bcaringa arc taken they must be laid off from the Me&jian 
passing through the station. 

Of thee- 

APPENDIX No. 11. 

h M T S  AND ISLANDS OF WEICU OUR HYDmcmAPHICdL KKOWLEDOE 
IS INPERFECT. 

Abstract froma Return made to the House of Commons loth February, 
1048, from the Hydrographic Department of the Adniiralty. 

THEEE is wanted a critienl examination of 1' the eastern islands of the 
Mediterranean, nlong with the coasts of Syria nnd Egypt, and as 
much of the northern shore of Africa as would meet the French sur- 
vey, which, having commenced with Algiers and Morocco, will very 
probably be continued nlong Eastern Barbary and Tunis. 
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(I  From tbe Strnit of Gibraltar the western coast of Africa has been 
6UtfiCiently surveyed and published a~ fir as Cape Formosa, in the 
Bight of Benin ; but ns there is much legitimate traffic in the eastern 
part of thnt gent  Bight, as well ns further to the southward, both it 
nnd mnny of the ports and nnchorages on this side of the Cepe of 
Good Hope require n more careful and connected cxnmination. 

The chnrts of the whole of the Cnpe colony are exceedingly 
defective, and from thence to the Portuguese settlemeuts of Delagoa 
we know scarcely anything. 

From Delngon to  the Hed Sen and the whole contour of Madn- 
gnscar are sufficiently represented on our chnrts for the genernl PUT. 
poses of nnvjgntion, though many further researches dong the former 
coast might still be profitably mnde. 

I' The Red Sea, yurt of the coast of Arabia, the Gulf of Persia, nnd 
mnny detached portions of the East Indies, bave been already ex- 
ecuted by the Compnuy's officers ; and no doubt it is intended that 
the coasts of Mnlnbnr and Coromandel shnll soon be undertaken by 
the same hands. The long Malny Pcninsuln nnd the Strait of Ma- 
lacca will require much time and skill to complete, and to combine 
with ench other those pnrts that have been sutrejcd. 
'' With the China Sea we are daily becoming better ncquainted, 

but much is still to be done there ; for probably not one of the multi- 
tude of rocks and shoals with which it is almost covered is put ex- 
actly in its right position ; and while some are repeated two or three 
times, others have been omitted. 

('On the const of China the chnrts nre excellent from Canton 
round to the mouth of the grent river Ynng-tse-Kiang ; but of the 
Yellow Sen we know very little, and still less of the Cores, Jnpnn, 
and the coast of Tartary, nnd up to the confines of tho Russian 
empire. 

The southern passage@ into the China sen8 have never been ex- 
amined with the care they deserve ; nnd all thnt is known of what 
are calkd the eastern pnssnga through the Greut Mnlay Archipelago 
me only the result8 of the casunl observntions and sketches mnde 
years ago by industrious seamen. 

The is!ands and surrounding shores ofthe Arafura Sen, if better 
known, would offer many ports of refuge, and probnbly an incrensed 
opening to commercial enterprise. 

I' The Strait of Torres has been satisfactorily surveyed ; but before 
it becomes the great bighwny for stem-vessels to nnd from Sydney, 
its appronches, and nlso its contiguous coasts of New Guinea, should 
be more intimntely known. 

I' The whole circuit of the great island of Australin has been well 
explored, nnd the genernl characteristics of its severnl shores are sua- 
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ciently known for all general purposes; but far more minute surveys 
of its immediate watem and maritime re8oUrCm must Precede their 
being inhabited, beginning with the eastern. mast* which the 
tide of colonization seems to be already creep%+ 

I' The shores of Tasmania, in like m e r ,  are but VeT roughly 
laid down, and even to this day there is no chart.of.the harbour 
and entrance to Hobart Town, its capits1 and prlnclPal seat of 
trade. 

A full survey of New Zedand hns just been commenced, and 
will no doubt answer al l  the wnnts of both the settler and mvi- 
gntor. 

In advancing to the enstward across the Pacific Owan, there are 
many groups of islands with which our merchant-vemb have Ocea- 
sional traffic, or in which the whaling vessels r& and WhlCh ought, 
thrrefore, to be more efficiently examined. 

16 On the o p p i t e  side of the Pacific some p r o w  hns been made 
in surveying the coast between tfre Russian territory and the Strait 
of Joan del Fncn : but with the long interval between the Oregon 
district and the entrance of the Gulf of California we are very super. 
5cially acquainted, a d  but little is known of the interior of that 
extensive Gulf. In the present state of those countries it does not 
appear necessary to push our survey into their inner waters; but 
there can be no doubt that the coasts of Mexico, Guntemda, and 
New Granada, which contain many valuable harbours and in. 
numerable trading porte, ought to be minutely and connectedly 

1' From the Equator to Cape Horn, and from thence round to the 
river Platn, on the enstern side of America, all that is immediately 
wanted has been already achieved by the splendid survey of Captain 
Fitzroy. 

11 Some parts of the p e n t  empire of B m i l  we owc to the la boo^ 
o f  Baron de %ussin and of other French officers; but there is much 
yet to be done on that coast ,between the Plnta and the Amazon 
Fivers, and again dong Gufrana and Venmuela up to the mouth of 
the Orinoco. 

" The sherea of the main land between Trinidad island and the 
Gulf of Mexico have been charted and published by the Admiralty ; 
bnt many of the West India islands are still wanting to complete a 
wholesome knowledge of those seas. 

The United Stntes are carrying on an elaborate survey of their 
own coasta ; and to the northwnrd ofthem a partof the Bny of Fnndy 
has been done by ourselves, as well 88 all the shores of Nova Scofia, 
Canada, and Newfoundland ; and when these surveys are finished, 
we shall only want to complete the eastern coast of America, thoso of 

. surveyed. 

. 
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Labrador and of Hudson Bay, which, being in our pwssion,  ought 
to appear in our charts with some degree of truth.” 
As it  is impossible here to open the question of the positions of the 

multitude of islands, of the Pacific especially, the apparent number 
of which has been so greatly increased by the errors of observation 
of navigators who have reported. them, we can only recommend to 
the observer the propriety of fixing ~tronomically every island which 
he may fall in with, and to note any peculiarity by which it may be 
identifled hereafter, 



SECTIOK IV. 

TIDES. 

By the REV. DR. WHENELL. 

Directions for Tide Observations. 

1. IN making tide observations, the main object is, in 
the first place, to refer the tides to the motions of the 
moon, by which they are, in most places, mainly go- 
verned. 

For this purpose, the time and heigltl o f  Ai$ water 
(and of low water) at each pIace must be obtained ; 
and this time will have to be compared with the time 
of the moon’s passage across the meridian of the place. 

The latter time (the time of the moon’s transit) may 
be known by the common table given in the Nautical 
Almanac, or in other books of the &me kind. 

2. The time of high water (and low water) may 
sometimes (when the sea is calm) be ascertained with 
sufficient accuracy by observing the surface of the sea, 
where it washes a vertical scale fixed in the open 
*titer, and divided into feet and inches. The moment 
when the water is highest (and lowest) must be ob- 
eerved by a watch or clock, well regulated, or corrected 
for its error. 

3. In  general, the waves will make it difficult to ob- 
serve the moment of the highest (and lowest) open 
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water with much accuracy. The following methods 
may be used to make the observations more accurate :- 
An upright tube, open below and above, may be placed 
in the water, reaching above the high water, and below 
the low water (or two tubes, one for high water and 
one for low water, if this mode be more convenient). 
In  this tube must be a float (a hollow box or ball, for 
example), which must carry an upright rod, or else 
must have attached to it a string which passes upwards 
Over a pulley and is stretched by a weight; and the 
part of the rod or of the string which is outside the 
tube must carry an index, which shall inark on a ier- 
tical fixed swle the rise and fall of the float. 

By making the tube close below, except one or more 
small openings, the motion of the waves will very little 
affect thc float, and t.he true rise and full of the sur- 
face may be observed with much accuracy. 
4. I t  may happen that the moment of thc highest 

or lowest water is difficult to determine, either with or 
without the tube, on account of the water, while near. 
the highest or lowest, stopping or hanging still, without 
either rising or falling, or else rising and falling irre- 
gularly. 

I f  there is a considerable time during which the 
water neither r ises nor falls decidedly, note the mo- 
ment when it ceases to rise, and the moment when it 
begins to fall, and take the time half way between 
these for the time of high water. 

5. Another method is the following:-At certain 
intervals of time near the time of high water, for ex- 
ample, every ten minutes, or every five minutes, let 
the height of high water be observed, say for half an 
hour or an hour, and from the height so observed pick 
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out the highest for the high water, and’note the height 
and the time ; and in like mnnner for low water. 

6.  But the following is a better mode of dealing 
with observations thus made every five or ten minutes. 
Let a number of parallel lines (ordinates) be drawn a t  
intervals corresponding to the intervals of observations, 
and bounded by a line perpendicular to them on one 
side (the alrscissu), and on these lines (the ordinates) 
let the observed heights of the surface be set off (f;orn 
the abscissa) and let a line be drawn through the ex- 
tremities (of the ordinates). This line, if it be tole- 
rably regular, will give the time of high water ; and 
if it  be somewhat irregular, it can be smoothed into a 
curve, and then the time and height of high water 
read off. And in like manner for low water. 

Suppose, for example, that we havc the following 
observations of the height of the water made every five 
minutes for an hour :- 

h. 
Times of Ob- 0 

servntion .( m. m. 
0 5 

Heighhtsob- ft. G G 
eerved . ]in. 0 G 

-_---- 
m. m. m. m. m. m. m. m. m. m. m. 
10 15 20 25 30 35 40 45 50 55 GO 

6 G G G 7 6 G G G G 5 
G 9 10 11 0 11 11 9 5 2 10 

-------- -___ 

The selection of the greatest height (as in Art. 5 )  
would give high water a t  Oh. 30m. ; but the general 
run of the height (Art. 6) would give the high water 
two or tphree minutes later, aa appears by drawing the 
dotted curve in Fig. 1. 

This way of finding the exact time of high water (or 
low water) from observations made every five or every 
ten minutes, between some of which the highest water 



Time. 
h. m. 

P.H. G 20 
6 SO 
6 40 
G 50 
7 00 1 

Height. 
It. in. 
44 3 
45 2 
45 2 
44 8 
44 0 
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8. I t  is well to begin a series of tide observations a t  
any place by observing the height of the water during 
the wlwle of’the day and nigiit every half-hour or every 

For if the rise and fall be very 
irregular, or have any features which make it differ 
inuch from the common rule, it  will, by this means, be 
seen that tlie case is a peculiar one, and that peculiar 
methods must be used : but if there is nothing peculiar 
in the case, the common methods may be used. 

For instance, if, instead of there being two tides in 
every (lunar) day, there be one only, or four (both 
which cases occur at several places), these peculiarities 
will be discovered by observations continued during 
the day and night, in the way just recommended. If 
thew be a periodical rise and fall of the sca’s surface 
not depending in any obvious way upon the moon, t.he 
periods of maximum and minimum should be carehlly 
and exactly observed, in order to determine upon what 
the rise and fall does depend. This is the case in 
some parts of the Pacific, the rise and fall a t  those 
places being small. 

9. If tile tides are tolerably regular, it will not be 
necessary to observe, except for every five (or ten) 
minutes near the time of high water and low water; say 
for an hour, so as to include the exact time near the. 
middle of the hour. From these observations, by lay- 
ing down the heights as ordinates, and drawing curves, 
as directed in Art. 6 ,  the height and time of high 
water and of low water will be deduced. 

10. It is desirable to compare the observations of 
the timc of high water and low water with the time 
of the moon’s transit (see Art. 1) while the observa- 
tions are 9oiy on : for if the ti.’? follow this transit at 

. quarter of an hour. 
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very irregular intervals, the common modes of observa- 
tion will probably be of no use, and the time and 
trouble employed in making them will be lost. 

11. The time of high water at  any place pn the day 
of new or full moon is commonly called the establish- 
ment of the place ; because, this being established, the 
time of high water on any other day may, in most 
cases, be known. 
. 12. But if thc tides are very irregular, this is not 
the case; and then the establishment of the place is 
of no use ; or, rather, there is no proper establishment. 
And if the tides be regular, the establishmcnt may be 
got from observations made on other days, just as well 
as from those made on the day of new or full moon. 
See Note A. 

13. To compare the times of high water with the 
times of the inoon’s transit (sce Art. lo), we must take 
the moon’s transit from the tables (see Art. l), and 
reckon liow much the timc of high water is after the 
time of the moon’s transit, and put down these inter 
vals, which are callcd th$ lunitidal intervals.* 

Suppose, for example, that we have obtaincd, as in 
Art. 4, 5, or 6, the observations of high water coil- 

tained in the following table: we add to them thc 
other columns, containing the moon’s transit and the 
lunitidal interval calculated therefrom. Tlic alternute 

* It is not necesmry, for the purposes considered in these directions, 
to calculnte the time of the moods transit at the place ofobsetvatio,g 
by differences of dnys. It is sp5cient to tfke the time of the moon’s 
transit at Greenwich, and to-add two minutes for every hour of vest 
longitude of the place. For the moon (on the nvernge) moves away 
from the 6110. SO thnt her distance from the sun is increased 48 minutes 
in time for every 24 hours, nnd tlierufore the transit of the moon is 
later at every other plnce by two minutes for every hour. 

llcI 

I 
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transits are interpolated midway betwecn the others, 
which are given by the table in the Nautical Almanac. 
The A.M. transit which happens ad Oh. 32m. on the 
14th is given in that table as 12h. 32m. P.M. on the 13th, 
the hour of the table being reckoned from noon in the 
Nautical Almanac. - 
1847. 
JILU. -- 

11 A.M. 
P.ni. 

12 A.m. 
P . I .  

13 A.m. 
P.H. 

14 am. 
P.H. 

15 A.M. 
P.M. - 

- 
rime8 

of 
H.W. 

ti. m. 

1 7  
1 29 
1 51 
2 11  
2 29 
2 48 
3 3  
3 11 
3 36 
- 

Tim- of 
Moun'8 
Transit. 

11. m. 
[lo 331 
10 57 

11 45 

-- 

[I1 211 

10 91 
0 32 

c; ;;I 
r1 421 

- 
Luni- 
tidal 

ntems 

h. m. 

2 34 
2 32 
2 30 
2 26 
2 20 
2 16 
2 8  
2 2  
1 54 

- 

- 

- 
1847. 
Jan. -- 

16 A.M. 
r.ni. 

17 A . 1 .  
P.X. 

18 A.M. 

19 A.M. 
P.M. 

20 A.M.  
P.31. 

P.ni. 

11. m. 
3 54 
4 9  
4 26 
4 43 
5 s  
5 23 
5 46 
G 9  
G 34 
7 1  

- 
Times or 
hloo11'a 

l'rnnait. 

li. m. 
2 G  

-- 

12 291 

c4 31 

[4 511 

[E 
3 39 

4 27 

5 16 
[5 411 - 

- 
1,oni- 
(Ida1 

ntemd. 

h. m. 
1 48 
1 40 
1 34 
1 28 
1 24 
1 20 
1 19 
1 18 
1 18 
1 20 

- 

- 
In this table, by subtracting jlOh. 33m.l the time 

of the [interpolated] moon'8 transit from lh .  7m., or, 
rather, 1311. 7m., the observed time of high water, we 
get 2h. 24m., the lunitidal interval ; and so on for the 
rest. 
14. T o  see whether the lunitidal intervals follow the 

regular law, the best way is to put t,hcm into a curve, 
setting off the lunitidal interval belonging to each tide 
as an ordinate, 8s in fig. 2.* If the curve drawn 
through the extremity of the ordinates bc tolerably 
regular, the tides may be presumed to be EO. 

Fig. 2 represents the lunitidul intervals given in 
Art. 13. 

u. I 

* In nctual practice it will be better to draw the figure8 on n larger 
scala than those here given. 
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)b 
so= 

2r 

90- 

1b 

Timer H. W. Fig. 2. 

Jan. 11, 12, 13, 14, 13, 16, 1:. 18, 19,110. 

Pull &n. 

15. In the observations given in Art. 13 we may see 
how loose a term the “establishment” is. The 13th 
is thc day of full moon, for in the course of that day 
the moon is 12 hours from the sun, as appears by the 
times of her transit. ‘l’he time of high watcr on the 
13th is--A.M., 211. I lm.  ; P.N., 2h. 29m. ; m d  either Of 

these might, in the common use of the term, be called 
“the establishment.” 

16. I f  the lunitidal intervals be set off for u fort- 
night or more, the curve (Art. 14) will descend and 
ascend alternately every fortnight, as in fig. 3. 

This curve ie the curve of the semi-mensual inequa- 
Zz’ty; and when this curve has been determined by 
observations at any place, the hour of high water at 
any time at that place may be predicted. 
17. But the curve ‘will be better determined if, in- 

stead of taking for the abscissa the day of the month, 
I 2  
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as in fig. 2, we take for the abscissa the time of the 
moon’s transit, as in fig.. 3.* 

In  this case the establishment is the ordinate of this 
curve which corresponds to the time of moon’s transit 
Oh. or 12h. I n  the figure it is 2h. 16m. 

The mode of calculating the hour of high water on 
any day, when the establishment of the place is known, 
as in Art. 17, is given in Note A. 

The establishment of the place may be known by 
observations made at any age of the moon, as well as 
by observations at new and full moon, by the same 
kind of calculation. 

18. In order to determine the law of the heights of 
high water during the period from springs to neaps, wc 

* Since the mwn’6 transit is about 48 minntes later every day. 
thore will be along the abscissa five days of the month for every four 
hours of moon’s transit. 
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must set off the heights of high water as ordinates, and 
draw a curve [through the extremities. This curve 
also will ascend and descend every fortnight {ascending 
a t  spring tides and descending at  neap tides). 

The Iicights may be set off as ordinates, taking for 
the abscissas equal intervals to represent successive 
half-days, as in Art. 16. 

But the curve will be better determined if we take 
for the abscissas the hour of the moon's transit, as in 
Art. 17. 

19. The niaximuni or greatest ordinate of this curve 
of heights (that i$, the springtide height) follows the 
day of new and the day of full mooii, by one, two, or 
three days; and ai3 the new or ful l  moon is supposed 
to produce the spring tide, this interval of one, two, or 
three days is called the age of t?u tide. 

20. If the heights be set off from an abscissa which 
is the hour of' the moon's transit (see Art. 18), the 
distance of the maximum ordinate from the hour of 
transit, Oh. or 12h. {which are the same thing), will 
give the age of the  tide more exactly than Art. 19. 
21. The lunitidal intervals and heights of low water 

may be laid down in curves in the same manner as 
those of high water. 

22. The curve of the semi-mensual inequality of' 
times and heights should be determined, when oppor- 
tunity allows, for several weeks or months in succes- 
sion: for from such observations we can obtain other 
scientific results {the effect of the sun, the effect of 
the moon's parallax, and the like). 
23. Besides the changes which are produced froln 

day to day by the semi-mensual inequality of times 
and heights, there are a t  many places other consider- 
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able changes produced between the two tides of the 
same day by the diurnal inequality. 

For example, there are many cases in which the 
height of high water is alternately lower and higher in 
successive tides. 
24. In  this case, if we set off the successive heights 

of high water as ordinates at equal intervals, and 
draw a line through their extremities (as directed in 
Art. IS), this line will have a zigzag form, as in fig. 4. 

IIetghta If. W. Pig. 4. 

Jan. 1, 9 ,  3, 4, b, 6,  7 ,  8,  9, 10, 11. 12, 13, 14, 15, 16, 17. 

The width of the zigzag increases from nothing to 
a maximum, and then diminishes to nothing again, 
generally in the course of a fortnight; and 60 on 
perpetually. 

25. In consequence of the diurnal inequality, it 
sometimcs happens that the afternoon tides are higher 
than the forenoon tides, or the reverse, for many weeks 
together. And hence it has sometimes been stated as 
a Rule at such places, that the afternoon tides are 
always the highest, or the reverse. But this is not the 
Rule. If the afternoon tides are the highest at one 
time of the year, they are the lowest a t  mother. 

The Rule of the ’ diurnal inequality depends on the 
moon’s declination, and will be given in Note B. , . 

4 
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2G. There is often a diurnal inequality of the height 
of low water, and a t  some places it is greater than the 
diurnal inequality of high water (as a t  Sincapore, and 
at Port Essington in Australia). 

27. Also there is often a diurnal inequality in the 
times. 

When this is the case, if we set off the lunitidal 
intervals m ordinates (see Art. 14), the line drawn 
through their extremities will have a zigzag form, like 
that of the heights in fig. 4. 

28. When this is the casc, we cannot determine the 
establishment (see .Art. 17) wi tliout making allowance 
for the diurnal inequality. 

We make allowance for the diurnal inequality by 
drawing a curve, cutting off from the zigzags equal 
portions above and below. (See fig. 4.) This mean 
line will be of a wavy form in consequence of the semi- 
mensual inequality ; and the ordinate corresponding to 
the new or full moon, or to the hour 0 or 12 of moon's 
transit, will give thc establishment. 

But if we apply this establishment to predict the 
time of tide on any day, we must a180 apply the diurnal 
inequality predicted according to its rule. (See Art. 
25, and Note B.) 

29. The diurnal inequality sometimes 'becomes so 
large that there is only one tide in 24 Iiours (and then 
we have single-day tides). But this does not generally 
happen through a whole lunation ; it happens only for 
a few days in each semi-lunation ; and at  other times 
there are two tides as usual. Cases of one tide in 24 
hours should be particularly observed, making the 
observations every half-hour, or, if possible, oftener- 
say every 5 minutes. 
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30. In some places the tide rises and falls four times 
in the 24 hours. The cases where this occurs are to 
be particularly observed. 

They may be observed, as in Art. 29, by making 
observations every half-hour, 10 minutes, or 5 minutes. 

These may be called doouhle haljdday tides. 
31. Where double half-day tidcs exist, they do not 

commonly extend over any consideriltle length of 
coast. If there be time and opportunity, i t  wilt be 
well to examine, by observation, how far tliey do ex- 
tend. But if the object be to determine the laws of 
tlie tides in a larger area, it is better to make the 
observations out of the region of these anomalies. 

32. I t  is well to observe the direction of the stream of 
flood and of ebb, and tlie time at which the stream turns. 

We must take care not to confound the time of the 
turn of the tide-stream with the time o f  high water. 
Mistakes and errors have often been produced in tide 
observations by supposing that the turn of the tidc- 
stream is the time of high water. But this is not so. 
The turn of the stream generally takes place at  a dif- 
ferent time from high water, except at  the head of a 
bay or creek. The stream of flood coinmonly runs for 
some time, often for hours, after the time of high water. 
I n  the same way, the stream of ebb runs for some time 
after low water. 

33. The time at which the stream turns is often dif- 
ferent a t  different distances from thc shore ; but the 
time of high water is not necessarily different at  these 
points. The time of slack water is dot wanted for a 
theory of tides, though its knowledge is otherwise of 
considerable importance to the seaman. 

With regard to the streams of flow and ebb, they 
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are often not merely two streams in opposite directions 
at different times of the tide ; they generally turn suc- 
cessively into several directions, so as to go quite round 
the compass in one complete tide, either in the direc- 
tion N. E. S. W. (with the sun), or N. W. S. E. 
(against the sun). It is desirable to note which of 
these ways the tide-stream goes round, as thia fact 
may help to determine which side the tide-wave comes 
from. 

34. One important ol)jcct to be answered by means 
of tide observations is to trace the progress of the tide 
from one place to another. 

This may be done in somc measure by dctermining 
the establishments of a series of plnces in the region 
which we have to consider. For these cstablishnicnts, 
reduced to Greenwich time by allowing for the long- 
tude, give the time at  which the tide is at each place, 
and hence its progress. 
35. The progress of the tide may be. conceived as 

the progress of a very wide wave which brings the high 
water to each place in succession. 

But the motion of this tide-wave is not t h t  motion 
of the water which makes the stream of flood. Nor 
does the motion of the wave coincide with any motion 
of the parts of the water. The tide-wavc may be 
going one way when the water is going another, 
happens in some rivers when the tide is travelling up- 
wards in them. 

86. The estallishmnt, which is wanted in order to 
determine one. progress of the tide-wave (see Art. 34 
and 35), may be known from observatioiis made a t  any 
age of the moon, us well as at new or full moon, (See 
Art. 1 7  and Note A.) 
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37. In tracing the progress of the tide-wave, instead 
of using the vulgar establishment hitherto spokeii of, it 
is better to use the m a n  establishment, namely, the 
mean of all the lunitidal intervals. 

For the vulgar establishment is affected by the age 
of the tide (Art. 20), which the mean establishment 
is not. 

The mean establishment is (say) lorn., 20m., 30m., 
or 40m. less than the vuIgar establishment, according 
to the age of the tide. 

38. When the tides are regular, good observations, 
made for a few days or a week at each place, may 
give the establishment (either vulgar or mean) with 
sufficient exactness to determine the progress of the 
tide-wave. 

39. But the progress of the tide-wave may be much 
better determined by means of simultaneous olserva- 
l~OTZs,  namely, observations made at different places on 
the same days for a few days or a week. 

For such a purpose persons must be posted a t  dif- 
ferent points of the shore or shores where the motion 
of the tide-wave is to be traced ; say 10, or 20, or 40, 
or 80 miles from ewh other, as may be convenient. 
They must observe the tides at these places on the 
same days, morning and evening, by the methods 
already described. The times oE high water at the 
different places on cach half-day, being compared, will 
give the progress of the tide-wave. 

40. I n  order to trace the progress of the tide-wave 
still more widely, the observers described in the last 
Article, after having made the observations there spoken 
of, may be removed to new positions of the same kind, 
and thus trace the tide farther. 

(See Note A.) 
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When this course is adopted, it will be well to have 
one (or more) fixed or standard station, at which tide 
observations are constantly made ; and the observa- 
tions made at any time at any other place may be 
compared with those made a t  the standard station. 
41. The tides which take place far up deep bays,. 

sounds, and rivers, are later than the tides a t  the 
entrance of such inlets, but they are not more irre- 
gular ; on the contrary, the tides in such situations arc 
often remarkably regular. 

42. The progress of the tide-wave up inlets may be 
determined by the mctliod described in Art. 39. 

43. The tide in its progress up inlets and rivers is 
often much magnified and modified by local circum- 
stances. 

Sometimes it is magnified so that the wave which 
brings the tide, at one period of its rise advances with 
an abrupt front of broken water. This is called a bore 
(as in the Scvern, the Garonne, the Amazons River). 

Sometimes the tide is divided into two half-day 
tides in its progress up ;1 river (as in thc Forth in 
Scotland). 

In  all cases, after a certain point, tlie tide dies away 
in ascending a river. 

44. The tide observations made at any place, when 
the times and heights of high water (and of low water) 
have been deduced in the way directed in Articles 2, 
3, 4, 5, 6, may be entered in a table of which the form 
will be given (Note C), and must then be sent to the 
Hydrographer’s O5ce in the Admiralty. 

45. I t  is to be remarked that, though there is gene- 
rally an AN. and a P.N. tide, there is one day in every 
half-lunation on wliicli there is only one tide. 
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(Because the interval of the two tides is, on the 
average, about 12h. 24m. ; so that if there be a tide at  
l l h .  50m. A.M., there will be no other tide till 1211. 
14m. P.M., that is Oh. 14m. A.M. of the next day.) 

46. Self-registering tide-machines are used in several 
places, and may be constructed a t  no great expense. 
(They are made by Mr. Newman, of Regent Street, 
for about 301.: they are constructed so a6 to work 
with a tube and float, iis described in Art. 3.) 

Thcsc machines give the whole course of rise and 
fall of the tide ; and record several successive tides on 
the same paper. 

47. The wind often produces a considerable effect 
upon the tides, especially upon the height, and should 
be noted, although it is difficult to give any general 
rule for the effect. 

48. The surface of the sea rises and falls as the 
barometer falls and rises ; namely, about 1 inch for 
every & inch of mercury. This may be applied ;18 tl 
correction when very exact observations are made. 
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A P P E  N D  I X. 

NOTE (A.) 

NOTE TO ARTICLES 17, 19, AND 37. 

Tofitld tlle Hour of High 1Vafer 011 any day, at aag place, wheir t i c  
BPlallishrneiit gtkeplace is knowtr. 

The rule is different (as to amount) nccording to the tidal force of 
the sun ; for though the tidal force of the sun in theory is the snmu 
at nll places, it is found by observation to be different ot different 
places. 
This difference appears i, the differmt ratio of the rise of spring. 

tides to the rise of nenp-tides : (this difference i s  the semimensual 
inequality of heights.) In  general the rise of springtide (above 
mew wnter) is about double that of nenpdde, which gives the solar 
tide one.tliird of the lunnr tide. But in some cues the epring-tide 
exceeds the neap-tide only by one-tKird, whlch gives the solar tide 
only one-seventh of the lunnr  tide. 

Also the diffcrence of the greatest and least luuitidal intervals 
(that is, the semimeusunl inequality of times : seo Art. 13 and 16) 
Show8 the difference of the solar tid8l force at different places. ThC 
difference of the greatest nnd least intervals is 1 h. 28 m. nt London 
and Liverpool, hut at Plymouth it is 1 h. 36 m.. and at Portsmouth 
1 h. 21 m. On the const of North Americn it is genernlly less than 
I h. zo m., while at mme plncea on the coast8 of France and Ireland 
i t  is above 2 h. 

We may take 1 h. 2s m. as the menn value of this difference, which 
%res  with the supposition that the solar tide is about one-third the 
luuar tide. 

I n  finding the hour of hi& mfpr on any day when the vulgur 
establishment &known, the rule will also be different necording to 
the age of the tide. We shall give the rule when the tide is a day 
and a quarter old, and 8160  ha the tide i# two days and n half old. 
In general, the tides will be between these limits. 

(1.) T i d e  a dny anda quarter old. Minutes to be added to Or sub- 
trncted from the estab~ishments, according to the hour of the 
transit on the half-day in question:- 



Hour hIoon.s h. 11. h. h. 11. h. h. h. 
Transit. . . . . } 0 1 2 3 4 1 6  6 7 

m. m. m. m. m. I m. m. m. 
(nbliahment.. . 1 -15 -31  -49 -62 - i 2  -75 -62 

--------------- 
Co,rectionoftheEs. U 

I I  

"jJla/h 
m. m. I m. 1 m. 
-81 0 +I3 +I0  

! I  
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This table may be used when we know the age of the tide. Thus 

let the %e of the tide be a day and a quarter, and the mean lunitidal 
interval 2 h, 11 m. ; let the moon’s transit take place at 4 h. : then at 
the birth of the tide, n day and n quarter earlier, the trnnsit took 
place at 3 11. ; therefore the correction of the lunitidal interval is, by 
the table, - 41 m., and the interval 60 corrected is 1 h. 30 m., which, 
added to 4 h., the time of moon’s transit, gives 5 h. 30 m. 88 the time 
of high water. 

Tofind tho Establishment at any phce  when the Hour .f High Water 
on u given day is obsmved. 

On the given clay, the time of moon’s trnnsit is known, and hence 
the lunitidd interval; and, by the above tnbles, the correction by 
which this diffcrs from the estnblishment is known. 

Thus, if high wntq occur at 5 o’clock when the time of moon’s 
transit is 3 h., the lunitidal interval is 2 h.; and the correc$ion (if 
the first table be applieable) is - 47 m. ; hence the estnblishment is 
2 h. 47 m. 

NOTE (B). 
NOTE TO ARTICLE 25. 

Tile Rule Ofthe Dittrrial Inequality. 
The Diurnnl Iuequnlity depends upon the moon’s declination, n~ 

has been wid already. It increnscs from 0 up to its mnximum, and 
decrenses to 0 again, as the declination docs so; followjng these 
changes at an interval of one, two, or three days, according to the 
age of the tide. The rule is expressed in this way :- 

Add to the tide following moon’s 80tlth transit ; 
&/&act from the tidu followiug moon’@ 7 1 0 t f h  trImSiL 

Subtract from the tide following moon’s soath transit ; 
Add to the tide following moon’s north trausit. 

For north declination of moon, 

For south declination of mwn, 

The south trnnsit is the superior trnnsit in the northern hemisphere, 
and the north transit the inferior. The contrary is the case in the 
southern hemisphere. 
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IW. 

Month. Day. 

1 A.M. 
P.,X 

2 A.M. 
P.X.  

3 A.M. 
P.M. 

TIDES. 

High Water. L o w  Water. Lunitidal' 
Wind. Uarom. Moon's* ~ ~ ~ ~ ~ , , l ,  

Height. Time. Height. Time. Trnnsit. H .  \y. ------- ------- 

[sect. IV. 

NOTE (C). 

FOBBI FOR TIDE OUSERVATIONJ. 
Tides obserced at , f i t .  , L o n g .  . By 

Fixed s a l e  in open water ? 

Self-registering gauge ? 
Mere looking? 

Mode ofobservation. . , . . 
& d e  ofdeducin6 13. w- and L- w.( ordinates every 6m. neDr max.? 

ADDITIONAL REXARK~.  
The general progress of the tide-wnve (Art. 35) dong even the 

most frequented shores is still imperfectly known; and about the 
annexion of the tides over the general nrew of large ocenns, we 
are as yet entirely in the dark: there is therefore an ample field of 
important and useful discovery in this subject, even by means of 
brief and scattered series of observations : still more is this the m e  

' if simultaneous or connected observations can be made, such as are 
described in Articles 39 and 40. 

The mnin general fentures of the progress of the tides, ns hitherto 
ascertained, are the following :- 

The tide-wnve which brings the tides to the C0n~t.s of Europe comes 
from the Atlantic, and brings high water to the western coast of 
Spain and Portugal about 2 hours after the moon's transit; to the 
western coast of Frnnee about 3 hours ; to the western eoust of Ire- 
land and to the Land's End about 4 hours. The tide-wave then 
runs along the south coast of England, and the north coast of France, 
to the Straits of Dover, which it renches about 11 h. nfter the moon's 
transit. I t  run6 also along the west coast of Ireland and Scotlnnd, 
and reaches the Orkneys about 9 hours after the moon's transit. 
From hence it euter8 the Germnn Ocean, and runs along the east 

These columni to be fllled at lelaure (lee AN. is, 41). 
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coast of Britain so as to reach Peterhead about twelve hours after the 
moon’s transit, and Harwich in about 12 houls more; where i t  
meek the tide-wave which had come throogh the Straits of Dover 
derived from the same Atlantic wnve about 12 hours earlier. The 
tides of the Germnn Ocean are produced by the mixture of these 
two tide-waves, and hence fohW COqliCatcd lnws: as for the 
same reason do tllose of the Irish Channel. 

The tidowave which brings the tides 10 the eastern coast of Nodi 
America appears to rench the southern parts about 7 hoors, nod the 
northern parts of the Uuited Stntes tibout 11 hours nfter the moon’s 
transit ; but its course has not yet been distinctly tmced. 

HOW the tides on the enstern and on the western shores of the 
Atlantic are connected, has not yet k e n  clearly shown. I t  is diffi- 
cult to explain the tides of the Atlnntic Islnnds (Madeirn, Teueriffe, 
&c.) by nny simple form of a tide-save. 

It is remarkable that the Europenn tide-wave, though following 
the moon’s transit at a definite interval (nearly), inoves (nt first) in 
a direction opposite to the moon ; namc.ly, from west to east. 

If we go to the Pacific, we find the snme phenomenon. -The 
tides on the western shore of South America, near Cnye Horn, also 
lnove from west to east. They nre simultnueous with the inoon’s 
transit at Chiloe ; 1 hour nfter nt Cape Pillar ; aud at Cnpe Horn 
i t  is 34 hours later than this. 

Aloug n l e g e  portion of the west coast of the Pacific, it seems 
difficult to say whether the tide-wnve travels northward or southward. 
From the Isthmus of Pannmh, however, it npprnrs pluiuly to trove1 
to the northward, occupying about 12 hours to run from Realejo to 
Nootka Sound. 

IU the western parts of the Pacific. the tide-rare runs to the west- 
ward, a8 we learn by its progess along the consts of New Zealand 
and Australia, where the movement is better known than on auy 
coasts out of Europe. I t  visit6 New Zealnnd nhout G hours, and 
Australia about 10 hours after the moon’s transit at Greeiiwicli. 

I n  the central parts of the Pacific the tides are smnll nnd nnomn- 
10~s (for they do not clenrly depend on the moon), and lienee it is 
still more diflcult to connect the littoral tides thnn in the Atlantic 
Ocenn. 

The outer regions of the Pnciiic, broken by Inrge islands, and the 
Indian Owan, have tides, of which the lnws of progress are more 
complex, and have not yet been disentangled. 

The Diuron1 Inequality (Art. 23, &c.) adds to the complexity of 
the tidea. This inequnlity nppenrs very conspicuously in the tides 
on the west consts of Europe aud the enst coasts of North America 
but its maximum in those two regions docs not appcar to be simul- 

K 
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tnneous. I t  is very large in the Indian Ocean and on the c o s t  ot 
Australia, having ditferent phenomena nt different places, as noted 
in Art. 2G and 27. 

The movement of the tide along the surface of the ocean may be 
in some measure represented in the following manner :-Draw l b e s  
through all the places where it is high water at tbe same time ; thnt 
is, one line (generally it will be a curved line) through a11 the placcs 
where it is high water at One o’clock ; another line through nll the 
places where it is high water at Two o’clock ; and so on. These lines, 
being the lines at which the tide is contemporaneous, are called cotidal 
lines. l h e y  represent the form of the fide-wave which carries the 
tide from one point of the shore to another. 

Such cotidal lines have been drawn (in the Phil. Tmns. for 1633 
and 1836, by Dr. Whewell) for those shores on which the tides are 
best known, and especially for the coasfs of Europe. 

But it appears that we cannot, by means of such cotidal lines, ex- 
press the movement of the tides in oceanic spaces. The cotidal lines 
can only he drawn in the neighhourhood of consfs.-(Phil. Trans., 
1848; Part I.) 

*** The best way to disentangle the phenomena of the tides when 
we are observing them at any plnce, is to refer the time of high water 
and low water to the time of moon’s transit ; and to do this at once, 
while thc series of observations is goiiig on. For want of following 
this rule, it has very often happened that long series of tide obser- 
vations have been made, which could not be turned to any use nfter- 
wards; a i d  in almost every case, the usefulness of such observations 
is by this method much iricreascd, and the labour much diminished. 
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SECTION V. 

G E 0 G R A  P H Y .  

BY W. J. HAMILTON, ESP., Pnm. R.G.S., 184S-49, 

IN drawing up the following remarks for the use of 
those requiring information as to the principal points 
to which, in respect of geographical investigations, 
their attention should be mainly directed, the first 
thing which strikes us is the greater consideration now 
bestowed' on. this sciepce than was the case not very 
long ago. As the study of the science of geography 
has of late years rapidly advanced, it has also risen in 
public estimation. Nor when we considcr the nature 
of the subject, and our own national position, with our 
colonies extending to every quarter of the globe, o w  
ships navigating every sea, and OUT travellels ex- 
ploring every country, is there any reason to be sur- 
prised at such a result. Jt is no longer considered 
8~5c ien t  to possess correct maps of every state, with 
their political fiubdivisions and boundaries carefully 
laid down ; it is no longer enough to have attained a 
perfect delineation of all the continents and oceans of 
the globe, with their bays and islets, their rivers and 
their mountains, and to luive correctly fixed the posi- 
tion of all those physical features which constitute the 
surface of our earth. This is but the commencement 
of our science. The most perfect maps are but the 

K 2  
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skeleton or groundwork of geography, taken in the 
higher and more extended sense in which it should be 
cultivated. I ts  application to the progress and deve- 
lopment of civiliz;ition, and to the knowledge of the 
animal and vegetable productions of the earth, of the 
distribution of the diflerent races of the human family, 
and the various combinations which have arisen from 
their repeated intercourse, are subjects of the highest 
consequeme, and to the clear understanding of which 
our maps and charts can only serve as the foundation 
stone. No doubt, the commercial intercourse of man- 
kind is facilitated and kept up by these maps and 
charts; but we should aim at a higher object in the 
study of geograpliy, viz., the iinprovcment of man’s 
moral culture by a more extended knowledge of the 
productions of different climw, and by bringing before 
him, on a large tabular scale, the moral and physicul 
conditions of his race.* 

With this view of the importance of the subject he- 
fore us  the followjng instructions have been prepared ; 
but before attempting to point out the particular ob- 
jects to which, in reference to geographical obseira- 
tions, the attention of travellers should be morL 1 Imme- * 

diately directed, it is, perhaps, advisable to mention a 
few general points which should be constantly borne 
in mind as the basis of all observations, inasmuch as 
without them, all individual remarks, however mrefully 
made st the monient, will ever be desultory in their 
character and unsatisfactory in their results. 

Most prominent amongst these general points is the 

* See conclusian of the Address to the Anuiversary Meeting of 
the Hoyal Geographical Society, 22nd of May, 1848, by W. J.  
Hamilton, Esq., President. 
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necessity of acquiring a habit of writing down in a 
note-book, either immediately or a t  the earliest oppor- 
tunity, the observations made and information obtained. 
Where numbers are concerned, the wllble value of' the 
inforination is lost, unless the greatest accuracy is ob- 
served ; and amidst the hurry of business or profes- 
sional duties tlie memory is not a l ~ a y s  to be trusted. 
1his liiibit. cannot be carried too far. A thousand cir- 
cumstanccs occur daily to a traveller in distant regions 
urhich from repeated observation may appear insig- 
llificnnt to himself, but which, wlien brought home in 
the pages of liis note-book, may bc of the greatest 
importance to others, either as affording new informa- 
tion to the scientific inquirer, or as corroborating the 
observations of otliers, or as afFordiug the means of 
judging between the conflicting testimonies of former 
travellers. 

I t  is also important, in order to secure accuracy, 
that the observations should be noted down on the 
spot. It is dangerous to trust much to the memory on 
such subjects ; and if the observation be worth miking, 
it is cssential that it be correct. And here it mily not 
be iiiappropriatc to hold out a caution against too 
hasty gc!neralization. A traveller is not justified in 
concluding that because the portion of a district, or 
continent, or island which he has visited is wooded or 
rocky, or otherwise remarkable, the whole district may 
be set down as airnilarly formed. I-Ie must carefully 
confine himself' to the description of what hc has him- 
self well, or what he lius learned on undoubted au- 
thority. 

Again, to the geographer, the constant use of the 
compiiss is of the greatest consequence. No ollc at. 

r .  
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tempting to give gcographical information should ever 
be without an instrument, of this kind, as portable as 
is consistent with correctness. The bearings of distant 
points, the direction of the course of a river, however 
they may be guessed at by the eye, can never be uccu- 
rately laid down without the compass; and these ob- 
servations should be immediatcly transferred to the 
note-book. This and his compass should on all occa- 
sions be his constant and inseparable companions. In 
using the former, he should not forget that slight 
sketches of the country, and of the peculiar forms of 
hills, however hastily and roughly made, will often be 
of more assistance in recalling to his own mind, or in 
making intelligible to others, the features of the dis- 
trict he has visited, than long and elaborate descrip- 
tions. Lct him then acquire the habit of never quitting 
his ship without his note-book and pencil and his 
pocket-compass, and although a t  times it may seem 
irksome to have to remember and to fetch these mate- 
rials, the traveller, if he acquires tllc habit of con- 
stantly using thein with readiness, will never havc 
reason to regret the dclay or the inconvenience, which 
may have temporarily arisen in providing himself be- 
fore starting with such useful companions. 

Having made these few introductory remarks, equally 
applicable to most othcr branches of science, I shall 
proceed to describe as briefly and succinctly as possible 
some of the principal features to which the attention 
. and the inquiries of the young geographer should be 
chiefly directed. For this purpose I propose dividing 
the subject of the present memoir into two heads, 
which, without straining the use of words, may be not 
inappropriately .called Physical and Political Geo- 
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graphy. By physical geography I mean everything 
relating to the form and configuration of the earth’s 
surface as it issues from the hand of nature, or as it  is 
modified by the combined effects of time and weather, 
and atmospheric influences. By political geography I 
would wish to imply all those facts which are the im- 
mediate consequences of tlie operations of man, exer- 
cised either on the rliw materials of the earth, or on 
the means of his intercourse with his fellow creatures.* 

I. PHYSICAL GEOGRAPHY. 

The study of physical geography has of late years 
made considerable progress. I n  proportion as the 
more extensive and careful observations of geologists 
have led to a clearer conception of the principles and 
details of that science, the importance of more correct 
information respecting tlie physical features and out- 
ward forms of the component parts of the earth’s sur- 
face has been recognised even in a geographical point 
of view. For without invading the province of geology, 
it is evident that many modifications of the surface of 
our planet are constantly, indeed almost daily, taking 
place, which m y  be distinctly traced to the peculiar 
conformation of some of its phy&al features. A lofty 
mountain or a projecting headland may be the indirect 
cause of a distant sandbank or a shoal. Thc effect 
produced by these features in modifying either a gust 

* An Iulian vriter of considerable eminence, Count Annibnle. 
lhnuzzi, in a fitt e work published at Uolognn, 1840, entitled ’ Saggio 
di Geoyrafia Pura,’ divides geogrnphy into two bmnches, which Ilc 

pure and statistical geography : the former professes to describe 
the rimlts of physical forces, the lntter the effects of moral force ; tile 
former M expressed by rneamremcnt, the latter by numbers. 
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of wind or the set of a current is enough in the lapse 
of ages to cause such an accumulation of materials in 
particular spots as will occasion these phenomena. 
Thus it bcconies important, with reference to the mere 
geographical outline of a country liable to sucli modi- 
fications, independently of pure geological causes, to 
ascertain and describe d l  such features, by some of 
which such important changes may be effected. 

But independently of tiicsc direct changes, the phy- 
sical outliries and fcqtures of a country exercise a great 
influence in modifying its meteorological character, as 
well as tlie social, political, and comrnercial position of its 
inhabitants. I n  vain should \vc look for much commerce 
amongst a pcoplc whose country possessed no navigable 
rivers; in such a case the sea coast alone, if easily 
accessible, might d e r  a few points where trade or 
barter could be carried on. A sea beset with cord 
reefs and rocky islets will offer to  the observation of 
the naturalist il series of phenonicna entirely diffcrcnt 
from those offcrcd by one free from these obstacles to 
navigation. Again, the climate of a country will in 
many respects be regulated by its physical character. 
The nature of the soil and the form of country will 
mainly determine the amount and cllaractcr of its 
vcgetation. Tile retentive qualities of clay forming 
the basis of ;I low plain will support a rank and 
marshy vegetation vcry different froin that wiiich will 
prevail in R hilly or mountainous district : all these 
various qualitics of vegetation will in their degrees 
exercise considerable influcnce on tlie climate, parti- 
cularly when taken in conjunction with its greater or 
less proximity to the equator. The climate, again, 
cannot fail to influence the habits, social development, 
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and civilization of the inhabitants, as well as tho Na- 
tural Mistory of each particular country. Tlius we 
trace ti  close connection between its physical configura- 
tion and those questions which have to be disrussed in 
considering, in its most extended sense, the geogra- 
phical features of different dirtricts. 

In  order to bring together the various points to 
which ttic foregoing observations refer, they may be 
arranged under the following lieads, which will be 
found to embrace most if not all the important fea- 
turcs of the subject, and respecting cncli of which it 
will be necessary b say a few words. 

I. Form of country j whether consisting of hills, 
valleys, or plains. 

2. Mountain ranges ; their direction, height, spurs, 
~ o o d s ,  and forests. 

3. Rivers ; their sources, obstacles, sizc, affluents, 

4. Springs; whcther hat or cold or mineral, their 

5. Lakes, maishes, lagoons ; how swrounded, bc. 
6. Coast line, mouths of rivers, their beds and banks, 

7. Oceans ; their depth and currents ; islands, rocks, 

and conflucnts. 

localities, temperature, &e. 

harLours, nature of shore ; sandy, rocky, or muddy. 

shoals, &c. 

1. Form of cou&y; whether consisting Of hills, Val- 

leys, or plains.-'rlic physical configiircition of a coun- 
try is tile first object which engages the attention of a 
traveller on entering a new locality, and this may be 
described in genernl ternis BS flat, undulating, Idly,  or 
mountainous ; or the country niay be divided into dis- 
tricts, to each of which one of the above terms of con- 
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figuration may be applied. Each of these, however, 
is susceptible of great modification. A $at coiintry 
m y  be a sandy desert, a rich alluvial plain, or a 
marshy, boggy tract ; it may be well watered by rivers 
and streams, or arid and pnrched up ; it may contain 
numerous lakes ; it  may be barren or wooded, or cul- 
tivated as arable or grass land ; each of these features 
may be of importance, or at least of interest: nor 
must the nature of its soil be omitted, whetlier sand, 
or marl, or day, as the appearance of the country will 
often depend greatly on this circumstance. Other 
important characteristics are its form, extent, and the 
natural features by which it is bounded, whether moun- 
tains, rivers, or seas ; how many miles wide, and how 
many long ; whether extending parallel with the coast, 
or running up between hills into the interior. 

Many of these characteristics, it will be observed, 
belong equally to the other forms which constitute the 
character of the district. An undulating country may 
be barren, wooded, or cultivated; it may be arid, or 
watered by streams, &c. The undulations may 1)e 
abrupt, or only gently swelling, and this may be in a 
great measure owing to the nature of the subsoil, 
whether it consists of gravel, or sand, or rock ; but a 
country of this description is easily described. A 
hilly country, on the other hand, is more complicated. 
Not only is the term vague and uncertain, but other 
features have to be considered in reference to it. 
Neither hills nor mountains can exist without valleys, 
and these must also be corisidercd and described at 
the same time. Then, again, the ldls themselves may 
be of various forms and characters ; do they extend in 
long parallel chains or ranges, or are they detached 
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and isolated? Do these ranges of hills radiate or 
converge ? Do they rise abruptly or gradually from 
the low country ? and how are they wooded ? What 
do the rocks which constitute their nucleus consist of? 
If possible, it is desirable to ascertain their height, 
which, in the absence of complicated instruments and 
barorncters, may be obtained approximatively by 
marking the exact point a t  which pure fresh water 
boils. It is a well-known fact that water, when 
heated in an open vessel, boils at  a lower temperature 
in proportion as we ascend to a higher elevation above 
the level of the sea. It is hardly necessary to observe 
that the same accuracy cannot be obtained as with the 
barometer, but much may be done with the help of 
\vell-graduated thermometers. The apparatus for this 
purpose is very simple, and not liable to the same de- 
rangements ns the barometer. On a limited scale, 
and where the means of comparison are at hand, the 
aneroid barometer may be used for this purpose with 
great advantage. 

2. Mountain ranges.-The most important features 
in the configuration of a country are the mountain 
ranges by which it is traversed. The exact point of 
distinction between a hill and a mountain is difficult to 
describe ; in some cases it will be purely comparative, 
in others it will depend on the general character of the 
country, and in some i t  will be arbitrary. But in all 
cases it  will be desirable to endeavour to ascertain the 
hei& of the principal points, the direction of the 
main ranges or chains, and whether they are parallel 
or not. The ridges also may be serrated (jugged like 

eaw), or smooth and even, and the summits them- 
selves will be either pointed, or dome-shaped, or flat. 
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Is tlie mountain insulated or not? and if so, is it 
conical and sloping on all sides to tlie surrounding 
plains, or does i t  consist of a detached ridge ? Many 
of these points will be found to depend on the geolo- 
gical formation of the country, and, as we have 
observed, this branch of our subject is very closely 
connected with that science. I t  is also desirable to 
ascertain how far the mountain tops are covered with 
perpetual snow, and how far down their sides snow lies 
during the whole or any considerable portion of the 
year. Is there any mnrkcd dificrencc in the slope on 
the otic side or on the other ? Does vegetation abound 
more on one side than on the other? e. 9. in Asia 
Minor all the mountain ranges wliich extend from E. 
to W. (and this is their principail direction), are co- 
vered on their northern flilnks with luxuriant vegeta- 
tion and magnificent forests ; while the soutliern fluiiks, 
exposed to the rays of an almost tropical Bun, are void 
of vegetation, barren, aiid generally rocky. ‘l’his 
superior vegetaition on the northern flanks is probably 
owing to the less rapid melting of the snows or drying 
up of rain there than on tlie soutliern flanks ; conse- 
quently, S. of tlie Equator, the phenomena \vould Le 
reversed. I t  may also sometimes be owiiig to tlic fogs 
and vapours driven up by the sea breezes, condensed 
on coming i n  contact with a colder body, or attracted 
and rctaiued Ly the hills themsclves. But here, 
again, wc trench on the provincc of the botanist ; and 
yet the geographer stiould inquire how far vegetation 
extends up tlie mountain side, and what are the 
changes wliich it undergoes. H o w  far is i t  infliienced 
by tlie change of mil, or the abundance or absence of 
springs? Nor can wc cornplete our information re- 
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specting a mountain chain, unless we know the length 
to which it extends, and the breadth of country which 
i t  covers. 

Valleys are a necessary complenient to mountain 
masses, and there iirc many peculiarities cnnnected 
with them xell deserving observation. Are the sides 
precipitous or sloping ? are they wide or narrow ? 
well watered or arid? wooded or barren? Do the 
rocky sides correspond with each otlicr in their salient 
and re-entering angles? I-Tow far do they extend into 
the bosom of tlic mountains? and how are tlie subordi- 
nate valleys connected with the principal one ? But 
there is another peculiarity of valleys not to be lost 
sight of. Tllcre are some which convey to the traveller 
the impression that he is passing through a moun- 
tainous or IiiIIy country, so steep, rugged, and lofty 
are thc hills by which he is surrounded. I t  is only on 
reachiiig tlreir summit that he becomes aware that the 
country through which he  has been passing is an ex- 
tensive plain, or tablc-land, intersected by deep chasme 
and valleys, opened out by volcanic action, or Cut 
through the soft Soil by the constant efforts Of the 
streams by which it is traversed ; such valleys of exca- 
vation a3 these have been sometimes not unaptly called 
negative valleys. 

3. Rivers.-Scarcely less important than that of 
mountains is the effect of rivers in modifying the geo- 
graphical configuration of R country. From their 
sources in the mountain recesses to their final disem- 
boguing in the ocean, their course, their currents, and 
their 6h0re~ afford an endless variety of remarks and 
observations. The depth and colour of the water, the 
rate at which it flows, the cataracts it forms with the 
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rocks over which its waters are precipitated, the eddies 
and currents by which its course is marked, are all 
deserving of notice, as are also the rocks and shoals 
which obstruct its uniform progress, either interfering 
with its navigation, or, by projecting beyond ita ordi- 
nary banks, throwing back the rushing torrent on the 
opposite shores, as has been so graphically described by 
the Latin poet :- 

Vidimus flnvum Tiherim, retortis 
Littore Etrusco violenter undis, 
Ire dejecturn monunienta regis, 

Templaque Vesk- 

thus causing the gradual fall of the cliffs by under- 
mining their precarious foundation. Nor in noting 
the size or extent of rivers should we neglect to state 
how far up they arc navigable, for what vessels, and 
by what means j whether the mouth is constantly free, 
or whether closed by a bar, and how much water there 
generally is over it. Some rivers, however, are not 
only closed by a bar, but, as in the case of Western 
Australia, are, during periods uhen the water is low, 
completely masked by the sand-hills or dunes which 
are blown up, forming a continuous bank with the hills 
which skirt the shores, and only when freshets of more 
than ordinary force come down are these sandy bar- 
riers overthrown, and the rivers enabled to find an 
uninterrupted outlet. In  other cases the effect of 
beaches thrown up by the constant set of currents in 
one direction is not so absolutely insurmountable, the 
streams are only partidly deflected from their proper 
course, and, instead of flowing into the sea in a con- 
tinued line, are compelled to run for some distance 
parallel to the coast, until the accumulated backwater 
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has acquired sufficient power to overcome the dimi- 
nished resistance of the sea-beach : this, however, 
more properly belongs to the consideration of the 
coast line. 

But the description of a river will be imperfect, 
unless we also state the number and character of the 
streams which fall into it. And here we have to con- 
sider the angle at which the rivers join each other, 
whether the direction of the main stream is altered or 
not by the junction, the relative size of two confluent 
streams, and which of them may be said to preserve its 
former course with the smallest deviation. On the 
true description of these details must depend the ques- 
tion as to which of two confluent rivers should be con- 
sidered aa the main or parent stream, Rivers are said 
to be confluent when both branches arc nearly equally 
deflected from their former direction, and that of the 
united streams may be said to he the resultant of two 
contrary forces. An affluent is a stream which falls 
into another, called the recipient, without changing the 
direction of the latter, and entirely losing its own. 

nand b me confluent ntroams. d ia nn ufluent falling into c, tho rectpient. 

An affluent, too, may generally be said to be smaller 
than its recipient, and may often be more correctly 
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callcd a rivulet or n torrent : and here it may be re- 
marked that there is great advantage in attending to 
the true and proper use of these relative terms, rivers, 
torrents, rivulets, or brooks, the two latter being more 
or less synonymous, and a torrent being generally 
applied to a rapid mountain stream ; all these, more 
or less, bring down detritus from the hills, which is 
deposited at  the mouths of the stream, or wherever 
other natural causes retard the rapid flow of water. 
In these cases deltas are formed, which deserve exami- 
nation, and are either fluviatile, lacustrine, or marine, 
according as the river empties itself into imother river, 
a lake, or the sca.* 

But there are other important characters which 
deserve attention in the description of a river; and 
chiefly the name is to be considered. Does it change 
during its course, and where and when ? How far up 
from the mouth is the same name preserved ? and is it 
the same on both banks ? What is its origin, and by 
whom was it first given ? Then we must inquire what 
islands arc met with in its course? Where are they 
situated? Arc they low? subject to inundation? 
marshy or rocky? or do they s a n d  high above the 
levcl of the stream? Are they cultivated or not? 
What  are their natural productions ? By what ani- 
mals are thcy inhabited ? Again, is the river at all 
affected by rapids, or shoals, or cataracts ? and what 
are the peculiar characteristics of these impediments 
to navigation ? Does the tide flow in them, and how 
far up is it felt ? Does the river abound with eddies 
or whirlpools, and how are they occasioned ? Do thcy 

1 

* See Col. J. J. Jacksou's work, 'What to Observe.' London, 
12mO., 1841. 
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interfere 'with navigation or not ? Are they accom- 
panied by rocks or shoals? Again, we must ascertain 
what fords a river offers, and what depth of water is 
generally found over them: the nature of the bcd of 
the river, particularly in the C ~ W  of a ford, should also 
be carefully ascertained. 

In  addition to these remarks, many other important 
peculiarities will often be discovered by the careful 
observer. I n  some countries, particularly in secondary 
limestonc districts, the rivers are reinarkable for their 
subterranean coiirses.* Suddenly emerging in large 
volunics from the h e  of a lofty mountain, they flow 
across rich alluvial plains, and are then as suddenly 
lost in the cavities of another mountain, again to issue 
forth to the light of day in a distant region, after their 
subterranean course. Nor should the traveller omit to 
notice, when crossing a river, the direction in which it 
flows as regards his own course, whether to thc right 
or to the left. Several diktingoished travellers have 
been unable to connect their nbseirations from not 
having sufficiently attended to this point. 

4. S p r i n p  -The plienomenn connected with the 
outbursts of water from the surface of the earth are 
not only of the greatest interest, but a correct observa- 
tion of them is attended with the greatest pri1ctical 
advantugc. The traveller should state, upproxima- 
tively a t  l e s t ,  their size or volume, and the nature of 
the rock or soil out of wliich they rise ; also whether 
thry ape pure or mineral, and what deposits are 
forrnetl about the orifices through which they issue ; 
how they are affected by different seasons; tyhether 
they are of ordinary temperature or thermal, and if 

* Styria and the neighbourhood of Triestc. 
L 



146 GEOGRAPHY. ' [Sect. V. 

the latter, it is desirable to ascertain the degree of 
heat by means of a thermometer : the touch alone is u 
very vague and uncertain test. I t  is also dcsirablc, 
when it can be done conveniently, to procure speci- 
mens, in closely sealed bottles, of the water of such 
springs as appear to possess mineral properties, or to 
contain saltj in soIution, for the purpose of analysis a t  
home. Naval officers whose ships are at  hand have in 
this respect great advantages over those whose only 
mode of transport is on horseback or on camels. 

5. Lakes.--Thesc sheets of water, varying greatly 
in size, form very important features in the gcogra- 
phical description of a country, and the traveller should 
carefully remark their connexion with thc other hydro- 
graphical characters of the district. Whether they 
constitute the sources of rivers, or are their ultimate 
recipients ; whether they are or tire not connected with 
the ocean or other great seas ; their levels with regard 
to tlie ocean, particularly when ut a lower level ; what 
rivers flow into or out of them, and whether they con- 
tain fresh water or salt. 

I cannot here do better than quote the following re- 
marks from Colonel Jackson's work, who says, '' With 
regard to lakes in general, the observations to bc made 
upon them may be comprehended under tlie following 
heads :- 

'6 Name ; geographical and topographical situation ; 
height above the level of the sea, and as compared to 
other neighbouring lakes ; subterranean communica- 
tion ; form, length, breadth, circumference, surface, 
and depth ; the nature of the bed and of. the borders ; 
the transparency,'colour, temperature, and quality of 
the water ; the affluent strFams and springs ; the out- 
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lets, the currents ; the climate, soil, and vegetation of 
the basins ; the height and nature of the surrounding 
hills when there are any; the prevailing winds; the 
mean ratio of evaporation compared with the quantity 
of water supplied ; and any particular phenomena; the 
navigation and fisheries of the lake; formation and 
desiccation of lakes.” Tliis latter point, depending as 
it mainly does on the relative elevation or subsidence 
of the country, may indeed be said almost to belong to 
the kindred science of geology, and yet it bears so 
immediately on the physical configuration and geogra- 
phical features of the country, that it may fairly be 
mentioned in this place. 

Connected with the question of lakes are the scarcely 
less important features of lagoons and marshes, and 
smaller hollows called ponds; the extent of these 
marshes and lagoons should be ascertained, also whe- 
ther connected with the sea or not, and what portions 
Of them become dry and passable during the summer 
or other pcrjods of the year. Peat bogs, in many 
cases the remains of former lakes, may also be classed 
amongst these features, and their extent and depth 
and qualities should be ascertained. 

6. Lip20 of coast, &,--This may be indeed said to 
be the peculiar province of the naval officer; but as 
forming one of the chief boundaries of those great 
geographical subdivisions, the details of which we have 
been here alluding to, we must not omit a brief allu- 
sion to some of its most important features. And lst, 
with regard to the actual line of coast itself, the tra- 
veller should remark the various headlands jutting out 
into the sea, as well as the deep bays and recesses 
running up into the land, and affording refuge from 

L 2  
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the dangers occasioned by the neighbouring headlands ; 
all gtps and breaks in the continuity of hills or cliffi, 
or mountain ranges, the occurrence and nature of 
rivers and streams emptying themselves into the sea, 
the character and extent of their mouths, the nature of 
the detritus and alluvial matter brought down by 
them, and whether or not deltas are fornied near their 
mouths. I n  another aspect he sliould inform us whe- 
ther the coast is bold or flat, whetlier formed by cliffs 
or by sloping plains, and whetlier tlie rivers enter the 
sea hy one or by nuinerous channels; whether the 
coast is clear from danger, or whether sunken rocks 
and reefs render more than usual precaution necessary 
in approaching it ; whether the sea deepens gradually 
or suddenly, and whether there are any extensive 
shoals or sand-bilnks. Soundings also may be given 
when practicable, as well as the nature and eolour of 
the sand, clay, or other substances brouglit up from 
the bottom by the lead. Do tlicse appear to belong to 
the xime formation us the adjacent mountains, or to 
have been carried thither by tides or currents, &c. 

It is also desirable to obtain the fullest informatior1 
respecting the changes which take place from time to 
tiine either in the h i e  of coast or in shoals and sand- 
banks. The latter, particularly when occurring near 
the mouths of large rivers, or of such as bring down 
much detritus from the interior, like the Mississippi or 
the Ganges, or even the Herinus in the Gulf of 
Smyrna, are liable to shift, according to thc prevailing 
winds and currents a t  diflerent periods. The line of 
coast is also often subject to considcrable changes, in 
some places gradually extending out to sca, in others 
eating its way as gradually back inland ; and it ie 
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remarkable that it is preciseIy the bold and rocky cliff, 
which appears to offer such an insuperable barrier to 
the ocean waves, that crumbles away under their never- 
ceasing attacks, particularly when ^unprotected by a 
sloping talus of shingle; while the low, flat, marshy 
Coast, ofiering no visible resistance to the advancing 
waves, and constantly covcred Iby the muddy waters, 
is that which, owing to the deposits of inud and silt 
left by each succeeding tide, is gradually raised above 
its former level until it  forms a real Larricr to the 
waves, wliilc it is slowly extended by the same process 
far beyond the spot which the sea formerly reached. 

The natnre of tire shore ~ilso should bc carefully 
ascertained, whctfier it coiisists generally of sand or 
mud, or rocks, either in the shape of reefs, ur occurring 
as detached blocks, also whether the landing is easy or 
not on the beach, and whether this co~is~sts of sand or 
shingle. IVhat bays or coves OCCIIY dong the line of 
coust to serve as Iiarbours of refuge? W i a t  is the 
nature of the anchorage? Are tlierc any harbours 
along the coast ? and liow far have natural harbours 
been rendered more available and safe by the erection 
of breakwaters or piers? 

7. Oceans, their depths aid currcnts ; f i h l d s ,  Rocks, 
Slwals, kc.-I-laving completed the enumeration of the 
principal featurcs to be noticed on S ~ O I V ,  KC must now 
point out some of those wliich  all for tllc notice of the 
geographer a t  sea. W'ith regard to  thc occm itself, 
many of the objects of jnqujry are the same as those 
we have &cady mentioned xith vespect to lakes. Its 
depth and its colour, as well as other peculinritics, 
lnust be noted. Thc nature of the bottom should 
*nore especially he ascertained, wlictlier consisting of' 
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mud or sand, or rock ; when varied, the extent of each 
should be noticed. Not only is the important question 
of a good holding ground or anchorage connected wit11 
these facts, but t h  natural productions to be found in 
different seas depend chiefly on the character of the 
bottoms, and the alg8c and other marine plants wliicli 
grow on them. The direction and strength of currents 
must also be observed, as well as their prevalence or 
usual duration, where liable to change. Prevailing 
winds should also be noticed. The great irnprovernents 
introduced into Atlantic navigation, particularly 
amongst the Americans, since the publication of Lieu- 
tenant Maury’s charts of the winds and currents of 
the North Atlantic, afford the best proof of the value 
of these observations. Tides also must not be for- 
gotten ; their amounts as well as their periods and 
durations are important. I n  some inland seas they 
appear to be rather influenced by meteorological than 
astronomical causes, to he dependent on the force of 
regular winds rathcr than on the attraction of heavenly 
bodies. But other incidental peculiarities also require 
notice, such as storms and tempests, hurricanes and 
tornadoes, particularly when of frequent occurrence, or 
when recurring a t  regular intervals or a t  certain 
periods of the year. The permanent effects produced 
by them (if any) should also be registered, such as 
surfs, breakers, rollers, &c. 

I n  the next place the geographer must direct his 
attention to the islands, rocks, or shoals which occur 
in different seas ; their extent and position should be 
carefully noted, as well as the depth of water round 
them ; their harbours and facilities for landing ; what 
supply of water can be had ; whether near the shore 
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or not, or whether convenient for watering ships, &c. ; 
what rivers or streams (if any) are met with, as well 
as their natural productions. Reefs and rocks, whether 
visible or sunken, and constantly below the surface of 
the water, as well as shoals, should be examiiied and 
described, and the depth of water over them carefully 
ascertained. 

In  concluding this first division of the subject, I 
would also mention B few points connected with the 
physical features of the country, which, being of an 
accidental rather than of a norinal character, did not 
easily find a place in the more obvious snbdivisions of 
the subject. Thh travcllcr should pay particular 
attention to those phenomena in the physical struc- 
ture of the country whlcli are called by some persons 
natural curiosities. Amongst the principal of these 
are grottoes, caves, and caverns ; some of them are 
not only strikingly beautiful, but of great scientific 
interest. They are more usually met with in lime- 
stone districts than in any other ; it is interesting to 
ascertain tlieir size and extent, and thc distance to 
which they have been traced. Are they traversed by 
subterranean streams, and if EO, do these streams enter 
or escape by known channels or mouths, as is fre- 
quently the case in Istria and Carniola, and jn the 
west of IreImd ? Natural bridges present another 
instance of this kind of pbcnomentl. How have they 
been formed, and what is the nature of the rock of 
which they consist ? Are they stalactitic, or of a more 
compact nature? Mines are also to be noticed, al- 
though they come more directly under the head of 
geological observation. ,411 volcanic pIienomena and 
eartllquakee are also deserving of notice. f3pi1iiigs of 
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fresh water rising up in the sea are not of unusual 
occurrence ; and any information respecting them is 
always desirable, such as the depth of water, anti the 
effect of the fresh water on the surrounding ocean. 
Within the last few ycars several ancient sites on the 
coast of Grccce have been satisfactorily identified by 
the discovery of these interesting spriiigs. Any in- 
stances of that remarkable phenomenon observed in 
Cephalonia, where thc sea-water constantly flows inland 
into i i  hollow in the rocks, should also be carefully 
described. I n  short, it may be safely asserted that 
there is no single fact connected with the pliysical 
structure of the earth, fallirig under the notice of an 
intelligent observer, which may not be of valiic or 
importaricc either to himself or oihers, if hc will only 
give hiinself the trouble of carefully noting it down on 
the spot, with as much accuracy and detail as circum- 
stances will permit. With this view we must again 
urgc what was stated at the beginning, and would add, 
in tlic words of Mr. Darwin, “ Trust nothing to the 
Lb memory ; for the memory becomes a fickle guardian 
(‘ when one interesting object is succeeded by another 
b b  still more intercsting.” 

11. ~’OL~TICAL GEOGRAPHY. 

W e  now proceed to notice some of thc principal 
features to which attcntion should be directed on the 
subject of political or statistical geography. In many 
respccts this branch of our subject approaches very 
closely to that of statistics, to the consideration of 
which n distinct and separate article will be devoted ; 
we will however endeavour to steer clear of collision, 
by confining ourselves to the definition already given, 
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and by avoiding those questions of detail which are 
more pcculiarly the province of the stai3st. Nor can 
it be expected that the caua l  visitor should devote to 
the examination of documents and books the time that 
is necessary to arrive at any important results in refer- 
ence to these questions, or to make niucli progress in 
the investigation of a subject, however importaut, wheu 
the whole valiie of the information depends on the 
cxtent and minute accuracy of its details; but yet 
there are many matters connected with man’s social 
state, wliich the traveller inay easily elucidate by avail- 
ing himself of the opportunities thrown in his way, and 
carefully preservini tile information he obtains. 

This brunch of our subject may properly bt? divided 
into the following Iicads : 

1. Population ; different races of inhabitants. 
2. Language ; words and voc;ibularics. 
3. Government ; ceremonies and forms. 
4. Buildings ; towns, villagcs, houses. 
5 .  Agriculture ; implements of labour and peculiar- 

6. Trade and Commerce. Roads, and other incans 

1. PopuZation..-One of the most interesting in- 
quiries on visiting new countries relates to the people 
by whom they are inhabited. It is not enough to 
ascertain the mere amount of poldiltion, altliough 
even this is by no means easy ; and statement, unless 
obtained from official documents, cannot Le relied on. 
Thc oral information first obtaiiied by a stranger is 
almost invilrialdy incorrect, and particularly so it1 bar- 
barous countries and amongst an ignorant population, 

ities of soil, 

of communication. 
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where truth and accuracy are equally disregarded. 
Various sources must be referred to before we can 
venture in such cases to place confidence in our in- 
formation. Another and more interesting question, 
as regards the population of a country, is the nature 
and character of the races by which it is inhabited ; we 
wish to know whether they all belong to one of the 
great races of the human family, or to a mixture of 
several ; how far the national character has been affected 
or modified by such mixture ; whether such changes 
took placc long ago, or are of recent occurrence. In  
many instances, casual intercourse with the natives 
will lead to information on this subject ; local tradi- 
tions will be found to have been preserved, which, 
after making due allowance for exaggeration and pre- 
judice, will generally give a clue to the details re- 
quired. I t  is also worth noticing, when the population 

. consists of various races, whether one race or nation is 
more confined to a rural or a town life than thc other ; 
whether there exists any feeling of hostility or Jealousy 
between them ; whether any particular trades or occu- 
pations are more exclusively practised or followed by 
one race than the otlicr; whether one race is kept 
down or oppressed by the other, or whether they enjoy 
a state of comparativc equality. 

When the population of a country has up to a cer- 
tain period consisted of one race, and a mixture has 
subsequently taken place, this clltinge may have been 
occasioned in three different ways. The new race may 
have come down with forcc and violence on the original 
inhabitants, and having gained possession by right of 
conquest, may have constituted themselves the masters 
of the country; or, secondly, they may have been 
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introduced as slaves in the first instance, captured in 
war or taken by stratagem by their more successful 
neighbours; or, thirdly, they may have come gra- 
dually, few at a time, with the free consent of the 
inhabitants, seeking to mRke their fortunes in a new 
country as settlers or as colonists. Any information 
on these points, where a mixture of races does exist, 
will be interesting. Not only wilI the moral character 
of the united people be differently influenced, but even 
their political rights, their institutions, and form of 
government, will have been greatly modified according 
to the different modes by which the union of the two 
people was effectea. 

In many cases, too, the traveller may have opportn- 
nities of making useful ohscrvations respecting the 
general character and disposition of a people. Are 
they of a warlike or a peaceful disposition? Nave 
they made any progrcss in the arts of civilization or of 
commerce ? Do they possess any and what extent of 
literature ? Are they remarkable for their honesty, 
or for contrary propensities? Are they open and 
frank towards strangers, or the reverse? DO they 
make any distinction in their dealings between natives 
and foreipers ? HOW do they dress and live ? What 
are their domestic habits and relations? DO they 
encourage or prohibit polygamy, and are wornen 
treated with respect and consideration ? Without 
going profoundly into the study of these questions, the 
attentive observer cannot fail to pick up many interest- 
ing details and facts on these subjects, all of which 
may hereafter be of use to himself or to others. 

2. Layuage.-The traveller will have many oppor- 
tunities of collecting much interesting information 
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respecting the languages of those conntries which he 
visits, by taking notes of all the peculiarities lie may 
observe respecting them, when he feels confidence in 
tlle accuracy of his information. These observiitions 
do not of course apply to the languages of' Europe, 
and to those of the more civilized nations of the East, 
viz. the Arabic, the Persian, or Blahratta, &c., but arc 
rather intended for the guidance of those who visit 
the islands of tlie Pacific, or the Indian Archipelago, 
Australia, Africa, and other lands, of which the 
languages are still nnknown. 

In  this respect there will in all probability be great 
analogy with the previous subject. Where a nation 
has sprung up from the fusion of two races, it will 
generally, if not universally, be found that the lan- 
guage bears traces of the same admixture. Thc 
various elements of combination will Iiave produced an 
analogous result in a language partaking of the essen- 
tial characters of those of which it was composed. Any 
information, therefore, showing how far the pimnia- 
tical construction of the resulting language or particular 
words are derived from one or the other of the parent 
tongues, will be important. Nor sllould these observa- 
tions be confined to inere words, and tlieir affinities in 
different languages. I t  is equally desirable to obtain 
information rcspecting the genius and character of 
languages ; to reinark how far the idioms of one cor- 
respond with those of another ; and whether the resem- 
blances observed between the languages of various 
nations can in any wag be traccd to any original con- 
nexion between the nations themselves, or to political 
or cominercial relations existing between them at  a 
former period. 
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But it is not alone with reference to the comparisons 
to be made betwcen different languages that it is de- 
sirable to obtain correct information. Even when the 
traveller has no opportunity of comparing sevcral lan- 
guages, lie niay collect much valuable matter by 
attention to any one in particular. Above all things 
let him endeavour to make as complete a vocaldary 
as possible of all those words, of which he can depend 
on obtaining the true and precise meaning. \Ye 
would recomrnend for imitation the example of a 
gallant officer, to whose exertions wc are indebted for 
the discovery of traces of a writteri language amongst 
the ncgroes 011 the west coast of Africa. Nor arc 
words alone to be attended to: all peculiarities of 
diction, all idiomatical expressions and phrases ought 
to be remarked and carefully written down. With 
respect to the languages of many barbarous yct in- 
teresting people, it is only by the repeated observations 
of successive travellers, and by the comparison of such 
observations with those of others in ditferent regions, 
thilt we can at last obtain any idea of their nature, 
their genins, and their origin. It may also be useful 
to ascertain 11ow far foreign words have been introduced 
into the language, and to what extent they are used- 
whethcr confined to  one 01’ more ckisrs of the popula- 
tion-whettier they are more parFicularly used by the 
military, the commercjal, or the manufacturing classes. 

3. Goventment.-lt is hardly to be expected that 
those for whom these remarks arc principally iiitcndcd 
will have the time or opportunity to make many in- 
quiries, or to collect niuch correct information on the 
dctids of government in its various branches, in the 
countries they may visit. Many of these details, even 
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if they could be obtained, would be more appropriately 
noticed under the head of Statistics. There are, how- 
ever, several points connected with this subject on 
which an intelligent traveller can hardly fail to 
useful and interesting observations. Amongst these we 
may mention all kinds of forms, ceremonies, arld pro- 
cessions, whether of a religious or civil nature ; the 
observance of religious rites, where strangers are not 
superstitiously excluded ; thc ceremonies and proces- 
sions which are generally a part of such rites, and 
which for the most part take place in the open air, 
afford many opportunities for remarks. It would be 
desirable to know how far the mass of the people parti- 
cipate or are interested in these proceedings,  SO what 
effect is produced by them on the morals and habits of 
the people. Royal pageants and processions, military 
manoeuvres and encampments, the dress and bearing 
of the troops, are all worthy of notice. Many lnuni- 
cipal institutions necessarily come under the obscrva- 
tion of travellers, as matters of police and surveillance, 
passports and other document3 required by the autho- 
rities, as well as any other regulations necessary, op 
supposed to be so, for the maintenance of peace and 
order. What are the principal taxes, how are they 
levied, and on what articles are they imposed ? What 
is the principle of taxption-direct or indirect ? Public 
institutions, also, in those countries where the state of 
society warrants their existence, and can secure their 
continuance, whether maintained by the liberality of 
the state or supported by the zeal and resources of 
individuals, may well deserve a passing notice, even if 
more detailed information is not accessible. These, 
too, may be of very different characters, and may have 



sect. V.] QEOQRAPHY. 159 

various objects in view : they may be intended for the 
promotion of literature amongst the old, or of educa- 
tion amongst the young ; they may tend to the further- 
ance of trade and commerce, or they may only look to 
affording amusement and relaxation. Something at 
least on .all thcse subjects will not escape the eye or 
ear of the most casual observer. 
4. Buildings.--In considering the buildings of a 

people, they present themselves to our notice under 
several points of view. We may, in the first place, 
consider them as public or private. Amongst the 
former we shall find such as belong to the nation gene- 
rally, either as thd residence of the sovereign, or as 
belonging to the different departments of the executive 
government, or to the legislature, or as devoted to the 
alleviation of suffering or to tlie maintenance of health, 
as poorhouses, hospitals, and infirmaries of various 
kinds. ?hey may be devoted to the service of God, 
or to the deities worshipped by uncivilized nations, as 
churches, temples, mosques, and otlier similar cdifices ; 
or they may be intended for the advancement of lite- 
rature and science, such as colleges and university 
buildings, museums, picture galleries, &. ; or erected 
for the amusement and recreation of the people, or for 
the furtherance of public business, as market-places, 
town-halls, theatres, &c. With regard to private resi- 
dences, the different purposcs are not so numerous ; 
but even here we may distinguish the habitations 01 

the rich and of the poor, and those intended for town 
or country residences ; the different styles of villages 
in the country, and the character of streets and houses 
in the towns ; villas, farm-I~ouses, &c., and, in Some 
cuses, tlie different dwellings of different tribes. This, 
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in the case of those nomadic people who still dwell in 
tents, or of savages who live in huts, is vcry re- 
markable. 

Again, we may consider the buildings of a Iieople 
eithcr with regard to the degree of civilizatioil of which 
they may be considered as the evidence, or in  reference 
to the progress in art  and architecture which t h y  may 
be held to indicate. For this purpose, not only is it 
desirable to point out the style in which they are 
erected, but also thc materials which have been used, 
and the mechanical contrivances by which they have 
been assisted. I n  this case slight sketches will often 
convey a clearer idea of the object than long and minute 
description. Nor should we neglect altogcthcr another 
class of buildings, partly private and partly public in 
tlicir nat,ure, which often convey much information with 
respect to the character and progress of :L people : I 
mean their tombs and other sepulcliral monuments 
erected to the memory of the dead, or for the purpose 
of preserving their bodies. It miiy be observed that 
few things indicate more directly the progress of a 
people through diferent stages and degrees of civiliza- 
tion tlian the successive changes which have taken 
place in the style and character of their buildings, and 
of the arts by which thesc have becn embellished, from 
the first rude attempts of Druidical and Cyclopean 
structure to the more elaborate and symmetrical pro- 
portions of' what may be called the Palladian style. 
Any information of this description which falls under 
the notice even of the most hurried traveller cannot 
fail to be productive of great interest. 

5. Ag~*icuZture.-The geographer will have numerous 
opportunitiw, in his examination of a new country, of 
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obtaining much valuable information on this and its 
collateral subjects, by a little attentive observation and 
a few concise inquiries. Amongst the chief points to 
which his attention should be direct,ed, we may mention 
the use of tools and agricultural implements, for the 
purpose either of cultivating tlie soil or of transporting 
its produce from one locality to another, the mode of 
ploughing and preparing the land for different crops, 
the manner of raising the crops themselves, of sowing, 
planting, and transplanting, of reaping and gathering 
in, of threshing, and other similar occupations, the 
rotation of crops, and whether, and under what cir- 
cumstances, more than one crop is raised in the year. 

Other inquiries may be usefully directed towards the 
animals used for agricultural purposes or domestic 
economy, in the field or in the farm-yard ; whether 
they ore indigenous, or brought from distant or neigh- 
bouring countries; to what uses they are applied, 
whether for draught, for food, or for clothing. H o w  
are they fed? Are they of a hardy or delicate con- 
stitution? Have any changes taken place of late 
yeam in the state of agriculture and tillage ’? Is it in 
a course of p r o p s  or decay ? What is the feeling 
of the !inhabitants towards it ? Is it practised by tlie 
majority, or only by a small portion of the population ? 
%vhat buildings form a part of agricultural Capital ? 
farm-houses, barns, and cottages ? All these depend 
on the social state of the inhabitants. IS the pursuit of. 
agriculture esteemed or despised ? What ure the usual 
prices of provisions-animal and vegetable ? T o  which 
do the inhabitants give a preference? What is the 
principal produce of tlie country-vegetables, fruits, 
cerealia, meat, or poultry? What is the tenure of 

I 
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land ? Is it distributed in large estates, or subdivided 
into small properties ? Is it chiefly in fee, or held on 
long or short leases from year to year? What is its 
chicf feature-arable, meadow, grass, or woodland ? 
What are the respective quantities of each? What is 
the nature of the soil, and what distinctions are there 
i n i t ?  I s  one kind iiiore adapted for one species of 
cultivation than another, and whence is this difference 
derived, and by what natural causes has it been occa- 
sioned or modified ? 

6. B a d e  and Commerce.-Our information respect- 
ing a country cannot be complete without some know- 
ledge of its trade and commerce, and the manner and 
the means by which they are carried on. In this 
respect, also, without stopping to inquire very minutely 
into the statistical details of the resources and means 
of a country, the travellers for whom we write can add' 
much to our information by the mere record of the facts 
which come under their own observation. What is the 
nature of the trades cliiefly exercised by the different 
classes of the population, and by different tribes, when 
such exist ? Are they principally employed in working 
up the raw materials produced in their own country, or 
those imported from other quarters ? Are they workers 
in metal, and whence are the metals obtained? Or are 
they workers in leather and similar materials? Or do 
they spin and weave, and what are the materials worked 
up in their looms-whether wool, cotton, flax, or silk- 
and which of them, if any, are raised in their own 
country, and from what other districts do they draw 
their supplies when requisite ? Ia their commerce 
chiefly domestic, foreign, or transit, and by whom is it 
carried on?  What are the principal articles of im- 



sect. V.] OEOGRAPR Y. 163 

port and export? Where do they come from, and 
whither are they sent? What is the medium of ex- 
change ? What progress have they made beyond the 
mere principle of barter ? IS money used as a medium 
of exchange ? What coins are known ? Of what ma- 
terials do they consist? Have the inhabitants any 
kEowledge of bullion, paper, or bills of exchange? 
Have they any system of credit or bill-discounting? 
H o w  is commerce conducted ? What are the menns 
of communication-water or land ? If thc former, what 
is the nature of their ships and vessels? Are they 
employed at sea, 0.r on rivers or canals? What is the 
character of their sailors? I f  land, have they yet 
learnt the use of railroads? What is the nature of 
the roads and other tracks? Are they available for 
carts and waggoris, or only for beasts of burden? 
What beasts are used-horses, mules, asses, bullocks, 
or camels? Which are most usefid? How are the 
roads kept up? Arc they in good or Isd condition? 
Are the bridges well built and kept in repair ? What is 
the ordinary rate of travelling, and the expense of carry- 
ing goods ? What are the weights and measures used 
in the country? Are they the same in trade or com- 
merce as in private life ? Many of these questions are 
easily answered, and all will be found useful for one 
purpose or another. 

I'iaving thus gone through the different heads above 
alluded to, there only remains one subject on which it 
may not be irrelevant to make u few remarks, although 
there may be some question as to whether this is the 
proper place for its introduction. Our information 
respecting distant lands and their inhabitants cannot 
be said to be complete without some knowlcdgc of their 

31 2 
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past history and of the remains of antiquities stilI left 
to attest their former condition ; and we therefore pro- 
pose briefly pointing out to the traveller a few of the 
points to which his attention may be advantageously di- 
rected. In  the first place, in his excursions in the country, 
let him carefully examine the sites and remainsof ancient 
buildings. This identifying of ancient positions, and fix- 
ing theiiames of ancient cities, has not unfrequently been 
called comparative geography, as establishing a compa- 
rison between the ancient and modern state of thinge. 
Where the remains appear to indicate the site of a 
ruined city, let him carefully trace the line of the ancient 
walls, ascertain the position of the gates, describe or 
sketch their style of architecture, and state the mate- 
rials of which they have been built. If the fallen 
fragments indicate the site of a temple or analogous 
building, let the traveller endeavour to obtiin precise 
measurements of its different component parts, the 
length and diameter of the columns, the details of ar- 
chitraves, capitals, and cornices, and of whatever other 
features may attract his attention. Above all things, 
let him diligently search for inscriptions, and then care- 
fully copy all that he may find, endeavouring as much 
as possible to preserve the arrangement of lines, and 
the precise form of the characters in which tliey are 
written. 

But other evidences of ancient art or history remain 
to be noticed-coins and manuscripts, and works of art. 
With respect to tlie former, the traveller cannot be too 
industrious in collecting all that his means allow him to 
procure of those which come in his way-taking care, 
of course, in those countries where such practices ob- 
tain, that he ia not imposed upon by forgeries. Manu- 
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scripts are of more rare occurrence, but even these may 
safely be collected when possible, and there j3 here less 
danger of deception than in the case of coins. With 
regard to works of art it is more difficult to lay down 
any precise rule, on account of their greater variety, as 
wcll as'a certain degree of vagueness attaching to the 
term, and also on account of their bulk and cost. Two 
classes, however, may be mentioned which particularly 
deserve attention-statues and gems. Of the former 
of these, the traveller will generally be enabled only to 
make drawings: their size will in most cases prevent 
their being easily moved. Gems, on the other hand, 
whether cameos or intaglios, are amongst the most 
valuable and portable works of art  which a traveller 
can collect. But let him beware of imposition: it  
is frequently and notoriously practised. With due 
attention to these hints, the traveller whose fate or 
duty may lead him to the shores of classic Iand, can- 
not fail to obtain much information which will prove 
not only a source of interest to himself, but will be 
received with satisfaction and delight by every culti- 
vated mind on his return to his native shores, as tend- 
ing to elucidate many obscure points in the history of 
ancient na ti ons. 
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SECTION VI. 

G E O L O G Y .  

A PERSON embarked on a naval expedition, who wishes 
to attend to Geology, is placed in a position in some 
respects highly advantageous, and in others as much to 
the contrary. He can l~ardly expect during his com- 
paratively short visits at one place, to map out the area 
and sequence of widely extended formations : and the 
most important deductions in geology must ever de- 
pend on this having been carefully executed ; he must 
generally confine himself to isolated sections and small 
areas, in which, however, there can be no doubt many 
interesting facts may be collected. On the other hand, 
he is admirably situated for st,udying the still active 
causes of those changes, which, accumulated during 
long-continued agcs, it is the object of geology to 
record and explain. H e  is borne on the ocean, from 
which most sedimentary formations have been depo- 
sited. During the soundings which are so frequently 
carried on, he is excellently placed for studying the 
nature of the bottom, and the distribution of the living 
organisms and dead remains strewed over it. Again, 
on sea-ehores, he can watch the breakers dowly eating 
into the coast-cliffs, and he can examine their action 
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under various circumstances : he here sees that going 
on in an infinitesimally small scale, which has planed 
down whole continents, levelled mountain-ranges, hol- 
lowed out great valleys, and exposed over wide areas 
rocks, which must have been formed or modified whilst 
heated under an enormous pressure. Again, aa almost 
every active volcano is situated close to, or within a 
few leagues of the sea, he is admirably situated for 
investigating volwiiic phenomena, which in their 
striking aspect and simplicity, are well adapted to 
encourage him in his studies. 

In the present state of the science, it may be 
doubted whether the mere collection of fragments of 
rock without some detailed observations on the district 
whence they are brought, is worthy of the time con- 
surned and the carriage of the specimens. The simple 
statement that one part of a coast consists of granite, 
and another of sandstone or clay-slate, can hardly be 
considered of any service to geology ; and the labour 
thus thrown away might have been more profitably 
spent, and thus saved the collector much ultimate dis- 
appointment. It is now generally recognized that both 
the sedinientary rocks, and those which have come 
from bclow in a softened state, are nearly the same 
over the whole world. A mere fragment, with no 
othcr iiiforniation than the name of the place where 
collected, tells little more than this fact. Thcse re- 
marks do not a t  all apply to the collection of fossil 
remains, on which subject some remarks will presently 
be made ; nor do they apply to an observer collecting 
suites of rock-specimens, with the intention of Iijm~elf 
subsequently drawing up an account of the structure 
and succession of the strata in the countries visited. 
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For this end, he can hardly collect too copiously, for 
errors in tlie naming of the rocks may thus be cor- 
rected, and the careful comparison of such specimens 
will often reveal to him curious rclations which at  the 
time he did not suspect. 

I n  order to make observations of value, some readiiig 
and much careful thought are necessary ; but perhaps 
no science requires so little preparatory study as geo- 
logy, and none so readily yields, especially in foreign 
countries, new and striking points of interest. Some 
of the highest problcms in geology wait on the observer 
in distant regions for explanation ; such a, whether 
the successive formations, as judged of by the character 
of their fossil remains, correspond in distant parts of 
the world to tliosc of Europe and North America, or 
whether some of them may not correspond to blank 
epochs of the north, when sedimentary beds either were 
not there accumulated, or have been subsequently 
destroyed. Again, whether the lowest formation every- 
where is the same with that in which living beings arc 
first present in the countries best known to geologists. 
These and many other such wide views in the history 
of the world arc open to any one, who, applying 
thought and labour to his subject, has tlie good for- 
tune to geologise in little frequented countries. 

A person wishing to commence geology is often de- 
terred by not knowing the names of the rocks; but 
this is a knowledge, he may rely on it, easily acquired. 
With half a dozen named crystalline rocks, or even by 
patiently familiarizing his eye (aided by a lens) to the 
aspect of the feldspar and quartz in granite, he will 
know the two most essential ingredients in most igneous 
rocks ; and in granite he will often find the glittering 
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scales of mica replaced by a dark green mineral, less 
hard than the feldspar and quartz ; and then he will 
know the third most important mineral, hornblende. 
The sedimentary rocks can hardly be described, except 
by the terms in common use : impure limestone, which 
cannot be readily recognized by the eye, can be distin- 
guished by its effervescence with acids. By the re- 
peated comparison of freshly fractured sedimentary 
and igneous rocks, such as sandstone and clay-slate on 
the one hand, und granite and lava an the other, he 
will lean the difference between crysblline and me- 
chanical structure ; and this is a very necessary point. 
Let no one be deterred from geology by the want of 
mineralogical knowledge ; many excellent geoIogist.9 
have known but little ; and from this reason its value 
has perhaps sometimes been underrated, for many of 
the obscurer points in geology, such as the nature of 
t h e  metamorphic changes in rocks, and all the phcno- 
mena of metallic and othcr veins, almost require E U C ~  

knowledge. The appearances presented by the dif- 
ferent forms of strati6cation (that is, the o i i g i d  
planes of deposition) may be soon learnt in the field ; 
though no doubt the beginner would be aided by the 
diagrams given in many elementary works. 

The two ,most useful works which the geologist can 
carry with him, are without doubt the ‘ Principles’ 
and the ‘ Manual of Geology,’ by Sir Charles Lyell. 
He should procure a treatise on mineralogy, for in- 
stance, ‘ Phillips’s Mineralogy,’ by Allnn. If he has 
the opportunity to procure others, Sir 11. Delabeche’s 
‘ Researches in TIieoreticaI Geology ’ would be parti- 
cularly desirable from discussing many of the questions 
which ought especially to engage the attention of a 
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sea voyager. As he will probably visit many volcanic 
regions, Dr. Daubeny’s Treatise on Volcanos ’ would 
be extremely useful ; and a list is there given of special 
treatises on the volcanic countries likely to be visited 
by him. The Description Physique des Isles Cana- 
ries,’ by Von Buch, may be cited as a model of de- 
scriptive powers. The voyager in the Temperate and 
Polar regions ought to have Agassiz’ work on Glaciers. 

The geologist fortunately requires but little appa- 
ratus; a heavy hammer, with its two ends wedge- 
formed and truncated ; a light hammer for trimming 
specimens; some chisels and a pickaxe for fossils ; a 
pocket-lens with three glasses (to be incessantly used) ; 
a compass and a clinometer, compose his essential 
tools. One of the simplest clinometers is that con- 
structed by the Rev. Prof. Nenslow : it consists of a 
compass and jpirit-level, fitted in a small square box ; 
in the lid there is a brass plate, graduated in a 
quadrant of 90 degrees, with a little plumb-line to be 
suspended from a milled hcad at thc apex of the 

The linc of intersection of the ~ d g c  of the 
clinometer, when held IiorizonLilly, with the plane of 
the stratum, gives its strike, range, 01’ direction ; and 
its dip or inclination, taken at  right angles to the strike, 
can be measured by the plumb-line. In an uneven 
country it is not easy without the clinometer to judge 
which is the line of greatest inclination of B stratum ; 
and it is always more satisfactory to be certain of the 
angle than to estimate it. A flat piece of rock repre- 
senting the general slope can usually be found, and by 
placing a note-book on it, thc measurement can be 
made very accurately. In  studying the cleavage or 
slaty structure of rocks, accurate observations are in- 

I quadrant. 
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dispensable. A mouth blow-pipe with its appbatus, 
and a book with instructions for its use (Phillips’s 
Mineralogy contains brief directions), teaches a little 
mineralogy in a pleasant manner. Besides the above 
instruments, a mountain barometer is often very neces- - 
sary : a .portable level would, in the case of raised 
sea-beaches and terraces, be useful. Messrs. Adie 
and Son, of Edinburgh, seII a hand-level, a foot in 
length, wiiich is fitted with a little mirror on a hinge, 
SO that the observer, whilst looking along the level, can 
see when the bubble of air is central, and thus in- 
stantly find his level in the surrounding district. This 
is a very valuable instrument. Mr. R. Chambers, 
moreover, and others have found, that an observer 
having previously ascertained the exact height of his 
eye when standing upriglit, can measure ’the altitude 
Of any point with some degree of accuracy ; he has 
only to mark by the level a recognizable stone or 
plant, and then to walk to’ it, repeat the process, and 
kecp an account how many times thc levelling has 
been repeated in ascending to the point, the height of 
which he wishes to ascertain. 

A few cautions may be here inserted on the method 
of collecting. Every single specimen ougllt to be 
numbered with u printed iiumber (those which can be 
read 2qside down having a stop after them) and a book 
kept exclusively for their entry. AS the value of many 
specimens entirely depends on the stratum or locality 
whence they were procured being known, it is highly 
necessary that every specimen should be ticketed on 
the same day when collected. I f  this be not done, in 
after ycars the collector will never feel an absolute 
certainty that his tickets and references are correct. It 
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is very troublesome ticketing every separate fossil from 
the same stratum, yet it is particularly desirable that 
this should be done ; for when the species are subse- 
quently compared by naturalists, mistakes are ex- 
tremely liable to occur ; and it should always be borne 
in mind, that misplaced fossils are far worse than none 
at all. Pill-boxes are very useful for packing fossils. 
Masses of clay or any soft rock may be brought home, 
if small fossil shells are abundant in them. Rock- 
specimens should be about two or three inches square, 
and half an inch thick ; they should be folded up in 
paper. T o  save subsequent trouble, it will be found 
convenient to pack up and mark outside, sets of speci- 
mens from different localities. These dctails may 
appear trifling; but few are aware of the labour of 
opening and arranging a large collection, and such 
have seldom been brought home without .some errors 
and confusion having crept in. 

To a person not familiar with geological inquiry, on 
first landing on a new coast, probably thc simplest way 
of setting to work, is for him to imagine a great trench 
cut across the country in a straight line, and that he 
has to describe the position (that is, the angle of the 
dip and direction) and nature of the different strata or 
masses of rock on either side. AS, however, he has 
not this trench or section, he must observe the dip and 
nature of the rocks on the surface, and take advantage 
of every river-bank or cliff where the land is broken, 
and of every quarry or well, always carrying the beds 
and masses in his mind’s eye to his imaginary section. 
I n  every case this section ought to be laid down on 
paper, in as nearly as possible the real proportional 
scale, copious notes should be made, and a large suite 
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of specimens collected for his own future examination. 
The value of sections, with their horizontal and vertical 
scales true to nature, cannot be exaggerated, and their 
importance has only lately been appreciated to the full 
extent. The habit of making even in the rudest man- 
ner sectional diagrams is of great importance, and 
ought never to be omitted : it often shows the observer 
palpably and before it is too late (a grief to which 
every sea-voyager is particularly liable), where his 
knowledge is defective. Partly for the same reason, 
and partly from never knowing, when first examining 
a district, what points will turn out the most important, 
he ought to acquifc the habit of writing very copious 
notes, not all for publication, but as a guide for him- 
self H e  ought to remember Bacon's aphorism, that 
" Reading maketh a full man, conference a ready man, 
and writiilg an exact man;" and no follower of science 
haa greater need of taking precautions to attain accu- 
racy ; for the imagination is apt to run riot when deal- 
ing with masses of vast dimensions and with time 
during almost infinity. After the observer has made a 
few traverses of the country, and drawn his sections 
(and the coast-cliffs often afford him an invaluable 
one), he will be himself astonished, in the most 
troubled country, oyer which the surface 11as been 
broken up and re-cemented, almost like the fragments 
of ice on a great river, how all the parts fall into intel- 
ligible order. He will in his mind see the beds first 
hofuontally stretched out one over the other in a fixed 
order, and he will then perceive that a11 the disturb 
ance has arisen from a few nearly straight cracks, on 
the edges of' which the beds have becii upturned, and 
between which he will sometimes find grcut wedges of 
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once heat-softened, but now crystalline rocks. H e  
will find that large masses of strata have been removed 
and denuded, that is ground down into pebbles and 
mud, and long ago drifted away to form in some other 
area newer strata. H e  will now have a good idea of 
the physical structure of his district; and this much 
can be acquired with much greater facility than he 
will at first readily anticipate. 

In  examining a district to make a section, many 
minor points of detail will occur for Observation, which 
can hardly be specified ; such as the nature and came 
of the transitions and alterations of the different strata, 
the source of the sediment and pebbles, the alterations 
in chemical nature, cithcr of the whole mass, or of 
parts, as in concretions; the presence, and grouping 
and state of the fossil remains ; the depth and condi- 
tion of the old sea-bottom, when the beds were dcpo- 
sited, and an infinity of similar points. Probably the 
best method of obtaining this power of observation, is 
to acquire the habit of always seeking an explanation 
of every geological point met with; for one mental 
query leads on to another, and this will at the same 
time give intercst to his researches, and mill lead him 
to compare what is before his eyes, with all that he has 
read of or seen. With his increasing kllowlcdge he 
will daily find his powers of observation, his very vision, 
beconie deeper and clearer. No one, however, must 
expect to solve the many difficulties which will be en- 
countered, and which for a long time will remain to 
perplex geologists ; but a ray of light will occasionally 
be his reward, and the reward is ample. 

Organic Remains.--In the sectional diagram which 
we have supposed to be made, the simple superposition 
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of the beds gives their relative antiquity ; but the best 
section which a sea-voyager can hope to make, will sel- 
dom include but a small portion of the long sequence 

.of known geological formations. And aa the voyager 
seldom passes over large districts, he wi l l  rarely suc- 
ceed in placing in proper order, by the aid of super- 
position alone, the formations which he successively 
meets with even in the same country. Hence he must, 
more than any other geologist, rely on the cliaracters 
of the embedded organic remains, and must sedulously 
collect every specimen and fragment of a specimen. 
By the means of fossil remains, not only will he be 
enabled to arrange' (with the help of naturalists on his 
return home) the formations in the same country accord- 
ing to their age, but their contemporaneity with the 
deposits of the most distant parts of the world can thuv 
and by no other method be ascertained ; for it is now 
known that at each geological epoch the marine ani- 
mals partook in the most distant quarters of a general 
similarity, even when none of the species were identi- 
cally the same: thus beds have been recognized in 
North and South America, and in India, which must 
have been deposited when the chalk in Europe was 
accumulating beneath the sea. 

It is highly necessary most carefully to keep the 
fossils found in different strata separate ; it will often 
occur in passing upwards from one bed to another, and 
occasionally even without any great change in the cha- 
racter of the rock, that the fossils will be wholly dif- 
ferent ; and if such distinct sets of fossils are mingled 
together, as if found together, undoubtedly it would 
have been better for the progress of science that they 
had never becii collected. As therc is some inconve- 



176 GEOLOGY. [Sect. VI. 

nience in keeping the fossils collected on the Same day 
separate, this caution is the more requisite. The col- 
lector, if he be not an experienced naturalist, should 
be very cautious in rejecting specimens, from thiuk- 
ing them the same with what he has already got; 
for it requires years of practice to perceive at once the 
small, but constant, distinctions which often separate 
species : the same species, moreover, if collected in 
digcrent localities, or in beds one placed far above the 
other, are generally more valuable to the geologist 
than new species. 

I n  formations from a few hundred to a thousand feet 
and upwards in thickness, the whole of which does 
actually belong to the same geological age, and is 
therefore characterized by the same fossils, most curi- 
ous and important results may be sometimes deduced, 
if the position or relative heights at which the groups 
of fossils are embedded be noted ; and this is a point 
usually neglected. For, thanks to the researches of 
Professor E. Forbes, the depth of water under which a 
collection of shells lived can now be approximately 
told ; and thus the movement of the crust of the earth, 
whilst the strata including the shells were accumulating, 
can be inferred. For instance, if at the bottom of a 
cliff, say 800 feet in height, a set of shells arc buried, 
which must have lived under water only 50 or 100 feet 
in depth ; it is clear that the bottom of the sea must 
have sunk to have allowed of the deposition of the 700 
feet of superincumbent submarine strata ; subsequently 
the whole 800 feet must have been upraised. For this 
same purpose, and for other ends, i t  is desirable that it 
should be noted which species are the most numerous, 
and whether layers are composed exclusively of siogle 
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kinds. It should be also remarked, whether the more 
delicate bivalve shells retain their two valves united, 
and whether the burrowing kinds are embedded in their 
natural positions, as these facta show that the shells 
have not been drifted froin afar. Where there are 
fossil corals, it should be observed whether the greater 
number of specimens arc upright, in the positions in 
which they grew. The remark formerly made that the 
collection of mere fragments of rock is of little or no 
use to geology, is far from applicable to fossil rcmains. 
Every single fossil species, bones, shells, crustacea, 
corals, impressions of leaves, petrified wood, &c., should 
be collected, and' it  is scarcely possible to collect too 
many specimens. Even a single species without any 
information of any kind, if it prove a quite new form, 
will be valuable to the zoologist; if it prove identical 
with, or closely allied to a known species, it may interest 
the geologist. A set of fossils, however, and still more 
several sets, with their superposition known, cannot fail 
to be of the highest value ; they will tell the age of the 
deposit, and perhaps give the key to the whole geology 
of the country : some of the most interesting problems 
in this science will be solved only when large collec- 
tions have been mefully made in distant regions of the 
world. 

A collection of recent shells (both those living on 
the coast and those to be procured by the dredge off 
it) from the same country or island at  which a collec- 
tioil of tertiary fossil shells is madc, is generally of very 
great service to the palaebntologkt, who undcrtakcs the 
description of the fossils. The collccting recent shells 
will, moreover, with the aid of a little study, teach the 
geologist some conchology, and this is an acquirement 

N 
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yearly becoming more necessary : the geologist should 
exert himself to learq some general zoology. 

The bones of vertebrated animals are much mure 
rarely found than the remains of the lower marine ani- 
mals, and they are almost in proportion more valuable. 
A person not acquainted with the science will hardly 
be able to imagine the deep interest which the discovery 
of a skeleton, if of higher organization than a fish, in 
any of the oldest formations would most justly create. 
The age of such a formation would have to be judged 
of by the co-embedded shells, and therefore, if possible, 
part of the slab containing the bones should include 
one or two shells to demonstrate their contemporaneity. 
Bones, however, from any formation are sure to be 
valuable ; even a single tooth, in the hands of a Cuvier 
or Owen, will unfold a whole history; the heads, jaws, 
and articular surfaces are the most valuable ; but every 
fragment should be brought home. Where bones are 
found close together, and especially if some of the parts 
lie in their natural positions, they should be packed 
together. Every bone, if found even six inches beneath 
the black vegetable mould, should be collected ; there 
can be no doubt that many most valuable relics have 
been neglected, from the supposition that they belonged 
to still living animals. Low cliffs of mnd, gavel, and 
clay on the banks of streams and on sea-shores (as well 
as in bared reefs extending from them), are the most 
likely places for the discovery of the remains of qua- 
drupeds. Gravel beds under streams of lava ; fissures 
in volcanic rocks; peat beds, and the clay or marl 
underlying peat, are all favourable places. Fishes’ 
bones are found omional ly  in all sedimentary strata, 
and are highly interesting. 
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Cuverns.-These most frequently occur in limestone 
rocks, and they have yielded a truly wonderful harvest 
of remains in Europe, South America, and Australia. 
The bones generally occur in mud, under a stahgmitic 
crust produced by the dripping of the lime-charged 
water, which requires being broken up by a pickaxe. 
AS caverns have often been used by wild races of man 
as places of habitation and burial, a most careful ex- 
amination should be made to detect any signs of the 
surface having been anciently broken up near where 
the hones are found. Even small islands, not now 
inhabited by any land quadruped, if not very distant 
from a continent, are almost as likely to contain 
osseous remains as larger tracts of land. The interest 
of the discovery of the remains of lqnd quadrupeds in 
an oceanic island would be extreme: for instance, 
it ha3 been stated that the tooth of a mastodon has 
been found in one of the Azores ; if this were confirmed, 
few geologists would doubt that these islands had once 
been united to Europe, thus enlarging wonderfully our 
ideas of the ancient geography of the Atlantic : SO aIso 
the remains of a mastodon are said to have been 
brought from Tinlor, thus perhaps indicating the road 
by which tliis great quadruped formerIy reached Aus- 
tralia. 

Fossil Footsteps.-As allied to organic remains, fossil 
footsteps may be here referred to. They have been 
observed in Europe and North America, but hitherto 
in no other part of the world. These curious vestiges 
not only proclaim the former existence of reptiles and 
birds a t  very remote periods, and in rocks often not con- 
taining a fragment of bone, but they generally prove 
that the level of the land subsided after the animal had 

N 2  
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left ita impress on the ancient sea-beach, thus allowing 
thousands of feet of strata to be thrown down over them. 
The best place for searching for footsteps is in quarries 
of sandstone, in which the strata are separated by 
seams of shale. Tlie best indication of their probable 
occurrence is the rock being ‘‘ rippled,” that is marked 
with narrow little wavy ridges, such occur on most 
sandy shores whcn the tide is down, and which indicate 
that the now rocky surface was once either a tidal beach 
or a shallow surface, over which the ancient animals 
walked. In the case of fossil footsteps being found, 
the largest slab which could possibly be removed ought 
to be brought away, and accurate drawings, or still 
better, casts, made of several of the footsteps. A plan 
from accurate measurement ought to be taken of any 
row of steps. Tlie value of such fossil footsteps would 
be in a manifold degree increased, if the age of the 
deposit could be determined by shells found in the same 
stratum, or above it. 

Coal Deposits.-The origin of coal presents a most 
curious and difficult problem in geology, and though a 
vast amount of information has been accumulated on 
the subject, yet good observations in distant countries 
would be of the highcst value. A very brief statrment of 
the most prominent difficulties in the theory of its 
origin will, perhaps, be the best guide for further 
inquiries. If we look first to the coal itself, the fre- 
quency with which, both in Europe and North America, 
upright vegetables have been found in and on the coal, 
and the curious relation between the presence of coal, 
and the nature of the clayey bed (abounding with roots) 
on which it rests, can leave no doubt that in these so 
frequent instances the vegetation, whence the coal has 
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been derived, grew on the spot where now embedded. 
The regularity and wide extent of the beds of coal, and 
especially of certain subordinate seams in them, the stra- 
tification and fineness of the deposits alternating with 
the coal, and the rarity of channels (such as would 
have been formed by a stream or river) cutting through 
the associated strata, all seem pretty clearly to indicate 
that the coal was not formed on the surface, liEe a mass 
of peat, but under water. What, then, WDS the nature 
of those vast expanses of shallow water under which 
the coal was accumulated? The character of the 
upright fossil plants, according to our present knowledge, 
absolutely contradicts the idea of their liaving lived 
in the sea;  yet occasionally strata, containing un- 
doubted marine remains, are associated with the car- 
boniferous series. On the other hand, how can we 
believe that lakes, allowing of course their beds slowly 
to sink, could contain the enormous thickness, amount- 
ing in  some instanccs to several thousand yards, of the 
coal-bearing strata ? Or are we to suppose that, whilst 
a broad belt of low land with extensive lagoons, near 
tho mouth of some great river, very gradually ah- 
sided, mud and sand was deposited a t  such a rate on 
the surface as t.0 keep up the level, SO that the waters 
of thc sea were prevented, excepting in rare in- 
stances, breaking into the lagoons with their luxuriant 
vegetation ? On this view, or indeed on any such view, 
after long-continued subsidence, sutEcient to bury even 
a lofty mountain-chain, whence, it may be asked, was 
derived the sediment which formed the great pile of 
strata alternating with the coal ?-Must not an adjoin- 
ing area have gone on rising, whilst thc coal-bearing 
strata continued to sink ? From these few remarks it 
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will be seen how many points deserve careful examina- 
tion in any new coal district ; the chief points being, the 
presence of upright vegetables and trunks of trees (of 
the position of which careful drawings should be made), 
and whether furnished with roots,-the nature of the 
beds on which the coal rests, and generally of all the 
strata ; the continuoueness and form of the strata, and 
whether ripple-marked ; the existence of marine animal 
remains, and whether such lived on the spot, or were 
drified into their present positions, and many other 
similar points. I t  is superfluous to observe that all 
fossil plants should be collected ; those found upright 
should be carefully distinguished from those embedded 
horizontally. The contents of any upright stems and 
of the roots should be examined; as it appears they 
have generally first become hollow from decay, and 
then been filled up with mud, which in some instances 
is charged with seeds and leaves. 

Salt Dt.//osits.-Information is much required on this 
subject ; and this is a case in which good suites of spe- 
cimens, illustrating the nature of the rocks beneath and 
above tlie salt, would possess much interest. Do they 
contain any organic remains? Did such live on the 
spot where now buiied? Do the rocks show signs of 
having iindergone in any degree the action of heat? 
Are thc strata regular, or are they crossed by oblique 
layers, showing the probable action of currents ? Are 
there ripple-marks, or beds of coarse pebbles, or other 
indications of the strata having been deposited in 
shallow water? What is the thickness, form, and 
dimensions of the beds of salt ? Specimens of the salt, 
and of any associated saline substances, ought to be 
brought home in bottles for analysis. ‘h origin of 
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beds of salt, found in formations of very different ages 
in different parts of the world, is at  present quite ob- 
scure; some authors attribute it to the sinking of 
superficial sea-water, rendered more saline by evapora- 
tion ; others to the evaporation of sea-water periodi- 
cally overflowing extensive low sandy tracts, like parts 
of the Run of Cutch ; others suspect that its deposition 
is in some unknown way connected with the sea’s bottom 
having been heated by volcanic action. In some 
countries there are large lakes of brine, often covering 
thick beds of salt ; these deserve examination : on 
what does such salt or brine rest, whether on the bared 
underlying strata; or on sand or gravel, such as cover 
the surrounding country? Docs the salt contain the 
remains of animals OF plants? Specimens of the salt 
ought to be brought home in bottles, and attention 
paid, whether beneath it there is any thin layer of other 
saline substances. 

Cleavage.-The slaty structure of rocks will at first 
perplex the young geologist ; for in proportion as it  
becomes well developed, the planes of stratification or 
of original deposition become obscure, and are often 
quite obliterated. As the sea-voyager, and esPecia$’ 
the surveyor, often visits numerous points on the =me 
line of coast, he possesses some great advantages for 
studying this subject, and numerous observations made 
with a r e  would probably give striking results. The 
range or strike of the cleavage is uniform over sur- 
prisingly large areas; whereas both the angle and 
point of dip varies much; but there is reason to be- 
lieve that the planes of inclination, examined across a 
wide tract transversely to the range, will fall into order 
and show that they are the truncated edges of a few 
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great curves or domes. The relation of the cleavage- 
planes to those of the stratification, or axes of elevation, 
should be carefully noted, and likewise to the general 
outline of the whole country. Long sections, at  right 
angles to the strike of the cleavage, with the dip care- 
fully protracted on paper, would be highly interesting. 
When two chains of hills, each having its independent 
cleavage, cross each other, careful observations should 
be made. In  all cases, any mineralogical difference, 
however slight, in the parallel cleavage-layers, deserves 
attention ; but observations on this head would be hardly 
trustworthy, without the planes of stratification were so 
distinct that there could be no possibility of confounding 
(as has often happened) cleavage and stratification. 
Where a stratum of sandstone, or of any other rock 
without cleavage, is interstratified with a slaty rock, 
the surface of junction ought to be minutely examined, 
to see if the slate has slipped along the planes of 
cleavage, or whether again the mass has not been 
either stretched or compressed at right angles to these 
same planes. Fossil shells have been found by &. 
Sharpc in slaty rocks, which have had their shapes 
greatly altered, and all in the same direction ; here 
then we have a guide to judge of the amount and 
direction of the mechanical displacement which the 
surrounding slate-rocks have undergone." Observa- 
tions on cleavage, to be useful, must be numerous and 
very accurately madc. 

* With respect to further observations OR this important point, 
Mr. Hopkins remarks, in his paper '' On the Internal Pressure of 
flock Masses " (Cambridge Philosoph. Transact., vol. vi:.), that " the 
observer should direct his attention especially to those w e 6  in which 
the inclination of the cleavage planes to the beddhg is either small, 
or nearly 450." 
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The foliation of the metamorphic schists, that is, the 
origin of the layers of quartz, mica, feldspar, and other 
minerals, of which gneiss, micaceous, chloritic, and 
hornblendic schists are composed, is intimately con- 
nected with the cleavage of homogeneous slaty rocks. 
Nearly all the proposed observations on cleavage are 
applicable to foliation. Wherever large districts of 
foliated and ordinary slaty rocks unite, observations 
would be most desirable. These foliated rocks have all 
undergone metamorphic action, that is, they have been 
mineralogically a1 tered and rendered crystalline by 
chemical attraction, aided by heat; but this latter is a 
most obscure subject, one on which it would appcar that 
much further light will not be thrown without the aid 
of a profound knowledge of mineralogy or chemistry. 
It is now known that granitic rocks, which have been 
fluidified (as may be told by their sending great veins 
into, and including fragments of, the overlying rocks), 
are foliated in a more or less perfect degree : in these 
cases the relation of the planes of foliation with those 
of the adjoining rocks, which have been metamorphosed 
but not fluidified, would be e.minently curious. 

Nature of the Sea-bottom.-As every sedimentary 
stratum has once existed as the bed of the sea or 
of a lake, the importance of observations on this head 
is obvious ; and no one is so favourtLbly circumstanced 
for making them as a naval officer OD a surveying 
expedition. Tlie limits of depth under different lati- 
tudes at  which the various marine animals live or are 
found strewed dead, is perhaps the most important 
point for further investigation which can be suggested 
in the science of geology : scarcely any observations 
with the dredge have been made within the tropics. 
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Not only the shells, corals, sea-urchins, crabs, &c., 
brought up from different stated depths, should be 
preserved, but the proportionate numbers of each 
kind be carefully noted, as well as the nature of the 
sea-bottom. An observer could not labour too much 
in this line, and especially if he would subsequently 
himself undertake to tabulate and work out the 

There is another point of view under which the bed 
of the sea would amply repay long-continued observa- 
tions. It is well known that the nature of the bottom 
often changes very regularly in approaching a coast ; 
the pebbles, for instance, increasing in size in a sur- 
prisingly steady ratio with the decreasing depth. But 
the means by which the pebbles are thus sorted is not 
known : is it by the oscillation of the waves at  ordinary 
periods, or only during gales ; or is it by the action of 
currents? A chart, with the nature of the bottom 
carefully noted on it and the currents laid down, would 
by itself throw some light on this question. The na- 
ture of the pebbles being observed, perhaps a poillt 
would he found whence they radiated. Excellent 
observations have been made by engineers on thc tra- 
velling of shingle-bcaches, but scarcely anything is 
known of their movement under water. In what con- 
dition are the pebbles?-arc they encrusted (as often 
happens) with delicate corallines-after a heavy gale 
‘are the spines of such corallines found broken? In 
narrow channels where there are rapid currents, and 
in the open sea in front of straits, where the water 
often suddenly deepens, what is the bature of the 

under the zoologicnl Section. 

results.* 

* The best kind of dredge, and the manner of using it, ore described 



Sect. VI.] QEOLOQT. 187 

bottom? To what depth does the sea in a storm 
render the water muddy? How far from the beach, 
and to what depth, does the recoil of the waves, or the 
“ undertow,” act, for instance, on light anchors ? A t  
what depth can the sea wear solid rock? This may 
sometimes be judged of by the nature of the bottom ; 
thus, when soft mud overlies, a t  all times, even 
after gales of wind, a submarine rocky surface, which 
from the nature of the adjoining coast-strata we may 
feel sure has been worn down, we may infer that the 
aea at  its present level, and under cxisting circurn- 
stances, is not a destroying but a depositing and pro- 
tecting agent. Is‘it a t  the line of high or low water, 
or between them, that the breakers most vigorously 
eat into coast-cliffs ? Gigantic fragments of rock, 
much too large to be themselves rolled about, may be 
seen at the foot of allnost every line of high cliffs ; by 
what means in the course of time will these be re- 
moved, as must have happened with their innumerable 
predecessors? Are they slowly worn away or broken 
up?  I t  may be well to recollect that in the tropics 
the powerful action of frost in splitting stones is 
entirely eliminated. Our observations, moreover, on 
the alIuvial and sub-littoral deposits of these latitudes 
are not perplexed by the ancient effects of floating 
ice. The spray of salt-water, above the line of 
breakem, corrodes by chemical decomposition cal- 
careous rocks ; does this play any important part on 
other rocks? Most bold coasts are fronted by sharp 
promontories and even isolated pinnacles ; are these 
ezclusively due to the greater hardness of the rocks 
composing them, or do not the breakers act more 
efficiently when eddying round any slight projcction ? 
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Rocks rising steeply out of the open ocean, and ex- 
posed to the incessant wash of the heaviest surf, are 
often thickly coated over with various marine animals, 
and this would seem to indicate that pure water has 
not the power of gradually wearing away hard rocks, 
though the waves may occasionally tear off large 
fragments. Is the washing to and fro of pebbles, or 
of sand, a necessary element in the corroding power 
of waves on hard rocks ? but how comes it that small 
land-locked harbours, where the waves can hardly 
have force to movc the shingle, should ever be sur- 
rounded by cliffs, which, in most cases, clearly prove 
that considerable masses of rock have been worn down 
into mud and removed? Again, at a moderate depth, 
where the bottom is covered with shingle, does the 
rolling to and fro of the pebbles wear away solid rock ? 
if so, the pebbles would be clean, and the submarine 
rocky surface probably worn into furrows or channels 
at right anglcs to the beach. Where there are violent 
currents and eddies, are deep round holes worn in the 
bottom, like those produced by eddies at the foot of 
cascades ? This, perhaps, might be ascertained by a 
long pole a t  the turn of the tide : deep round holes 
have been observed on rocks formerly covered by the 
sea, and their origin has perplexed geologists. Any 
person steadily attending to these subjects will ocm- 
sionally be enabled to form an opinion 011 points a t  
first appearing hopelessly obscure to him. The com- 
mon deep-sea lead, cspecially if made a little bell- 
shaped and, well armed, gives a surprisingly good 
picture of the bottom. There can be no doubt that 
whoever will for a long period collect and compare 
observations, made over wide areas and under differ- 



Sect; VI.] GEOMQY. 189 

ent circumstances, will arrive at many curious, novel, 
and important results. 

An observer occasionally may arrive at a district 
wllcre lately some great aqueous catastrophe has 
Occurred, such as the bursting of a lake temporarily 
formed by a slip, or the rush of a p e a t  earthquake- 
wave over low land. In  such cases all the effects pro- 
duced, such as the thickness and nature of any deposit 
kft-whether stratified irregularly or continuously- 
whether any rocky surface, over which the debacle has 
passed, be scored or smooth ; all such points should 
be minutely described, and measurements taken of any 
great blocks which may have been transported: the 
great desideratum is accuracy and minuteness. 

Ice Action.-The voyager in the Polar Seas would 
render an excellent service to geology by observing all 
the effects which icebergs produce in rounding, polish- 
ing, scoring, and shattering solid rocks, and likewise 
in transporting gravel and boulders. Floating icc 
under two forms is known to transport fragments; 
namely, coast-ice, in which the stranded boulders are 
frozen, and icebergs formed by glaciers entering the 
sea, on the surface of whicli mnsses of rock had pre- 
viously fallen from the surrounding precipices. It is 
obvious that in the latter case the fragments would 
gencrally be quite angular, and they could not be 
landed in water shallower than the thickness of the 
submerged ice, requisite to float the berg. On the 
other hand, the boulders frown in coast-ice would 
generally be prcviously water-worn, and they could 
be landed on an ordinary beach, and might be chiven 
by the force of the pack high and dry, and perhaps left 
piled in strange positions. AI1 facts illustrating the 
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difference in the results produced by coast-ice and 
true icebergs would be very valuable. Do the boulders 
fixed on coast-ice, when driven Over rocky shoals, 
become themselves scored 7 Tfierever there w a ~  
reason to believe that a surface had been scored by 
recent ice-action, a minute description and drawings 
ought to be made of the depth, length, width, and 
direction of the grooves ; and even large slabs brought 
home. On true icebergs, are tho fragments of rock 
generally fixed or loose ; when icebergs turn over, are 
fragments frequently seen embedded in that part which 
wap under water ; and how were they fixed there 7 
The nature, number, size, form, and frequency of 
occurrence of all fragments of rock seen on floating ice 
ought to be recorded, and the distance from their 
probable source. A polar shore, known from upraised 
organic remains to have been lately elevated, would 
be eminently instructive. Do great icebergs force up 
the mud and gravel at the bottom of the sea in ridges 
like the moraines of glaciers ? Can shells, or other 
marine animals, live in a shallow sea, often ploughed 
up and rendered turbid by the stranding of icebergs ? 
The dredge alone could answer this. “lie rnetllls to 
distinguish the effects of ancient floating ice from those 
produced by ancient glaciers is, at present, a great 
desidcratum in geology. M. Agassiz’ work on Gla- 
ciers, with its admirable plates, ought to be procured 
by any one going to the colder regions of the north or 
south. 

Erratic boulders occur in Europe, N. America, and 
in the southern parts of S. America, which, it is be- 
lieved by most geologists, were transported by ice ; 
those near mountains, by ancient glaciers ; and those- 
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on the lowlands, by floating ice. Erratic boulders, 
when not of gigantic size, may be confounded with 
rounded stones, transported by occilsional great floods 
or by the coast-action of the surf dnring slow changes 
of level of the land. Masses of granite, from often 
disintegrating into large, apparently water-worn boul- 
ders, and then rolling downwards, have several times 
been erroneously described as belonging to the erratic 
class. TYhere the nature of all the rocks in the vicinity 
is not perfectly known, great size and the angularity 
of the fragments (though by no means a constant con- 
comitant) are thc most obvious distinctive characters; 
but even when tlre surrounding country is not at all 
known, the composition of a single isolated hill or small 
island may easily be ascertained, and if large fragments 
of foreign rock lie strewed on its surface, these may 
be assumed almost certainly to be erratic boulders. 
%re, however, a caution has been found necessary ; 
for in the case of fragments of sedimentary rocks, they 
may be the last remnant of a denuded overlying for- 
mation. Wherever ersatic boulders are found, their 
composition, form - especially attending to whether 
they are angular, watvr-worn, or scored, and their size, 
from uctual, though rude rnesuremenh should be 
given. 

Both in the north and south a peculiar formation 
called 6‘ till ” has been found connected with erratic 
boulders ; it consists generally of mud, containing 
angular and rounded stones of all sizes UP to the Iargest 
boulders, mingled in ytter confusion, and genera]Iy 
without any stratification. Sucli deposits should be 
examined. Sometimes When they are stsatified, the 
upper beds have been found violently contorted, whilst 
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the lower ones are undisturbed, showing that the vio- 
lence has not proceeddd from below, as in ordinary 
geological cases. - Sir C. Lye11 has suggested that this 
effect has be& produced by the stranding of great 
icebergs. 

As far as PI$ present knowledge goes, the above 
enumerated phenomena-such as scored, mamillated, 
and polished rocks, moraines, erratic boulders, and 
beds of till, though occurring in latitudes where 
glaciers do not now occur, where the sea is never frozen, 
and where icebergs are never drifted, yet have not 
been observed in cither hemisphere higher than about 
latitude 40’. Hence, on whatever coast ancient ice- 
action might be discovered; the limit of latitude towards 
the tropics a t  which it ceases ought to be carefully 
investigated. Observations are much wanted on thc 
west coast of N. America and the east coast of Asia ; 
and again in New Zealand and other islands of the 
Soutlicrn Ocean. The period of the ice-action is pretty 
well astertained in Europe and North America, and 
a very great service would be rendered to geology if 
the same point could be clearly made out in the 
southern hemisphere ; for it might greatly influence our 
ideas ’on the climate of the world during the late ter- 
Gary $riods. Any shells embcdded in “till” (though, 
unfortunately, of very rare occurrence) would decide 
this point, and it might probably be closely judged of, 
if ,tHP br boulders were found resting on, or covered by, 
shell deposits. 

Distribution of Orgunic Beinp.-As geology in- 
cludes the history of the organic inhabitants, as well as 
of the inorganic materials, of the world, facts on dis- 
tribution come under its scope. Earth has been ob- 
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served 011 icebergs in the open ocean ; portions of such 
earth ought to be collected, dashed d , h  fresh water, 
filtered, gently dried, wrapped UP insrown paper, and 
sent home by the first opyortu&$y to &ked, with due 
precautions, whether any seeds still ali e are included 

island in the open ocean should be split 'open, to see if 
any enrth or stones are in'cluded (as often happens), 
and this earth ought to be treatcd likc that from ice- 
bergs : it is truly surprising how niariy seeds arc often 
contained in extremely small portions of earth. Any 
graminivorous bird, caught far out",at sea, ought to 
have the contents 6f its inteStines dbied for the same 
object. The zoologist who, with a towing-net, fislics 
for floating minute animals, ought to observe whether 
seeds are thus taken. These experiments, though 
troublesome, undoubtedly, would be well worthtrying. 
A11 facta or traditional statements by the inhabitants 
of any island or coral-reef, 0x1 the first arrival of any 
bird, reptile, insect, or remarkable plant, ought' to l e  
collected. I n  those rare cases in wliicll s h o w p  of 

in it. Again, the roots of any,tree P o  & g t  up on an 

I 

I 

'. 

fish, reptiles, shells, earth, seeds, 
fallcn from thc sky, every fact should be recor 

Volcanic Phenumena.-The voyager Will 
have ample opportunities of examining 

the latter, he ought to record all 

Spc?CiCnenS collected. 

and perhaps volcanoes in eruption. 

the exact position of the orifice be known, he might, 
perhaps, by observing some point in a cloud, measure 
with a sextant to what height the fragments were shot 
forth, and the height of the ofteii flat-topped column 
of ashes. Having surveying instruments, he ought to 

0 
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map, aa carefully as time will permit, any crater re- 
markable for its size, depth, or peculiar form. M. glie 
de Beaumont has found that, owing to the fluidity 
of lava, streams never consolidate into a thick, mode- 
rately-compact mass, except on a surprisingly gentle 
inclination. On a slope of above 2” or 3”, the stream 
consists of extremeiy irregular masses, often forming a 
hollow vault within. Fresh observations on this point 
are much wanted in regard to lavas of different corn- 
position. The measurements can easily be made by 
a sextant and artificial horizon.* I n  making suctl 
observations, comparatively recent streams. must be 
chosen, so that there can be no doubt that the whole 
consists of a single stream : this cannot be judged of 

* M. klic de Beaumont gives the following directions (MBmoires 
pORr servir, &c., tom. iv. p. 1’13) :- 

( I  The method I Din in the habit of crnpl@yi~lg for these kinds of 
measurements is simple arid easy, and a description of it may save 
useless trouble to others. I place on the edge Of the sextant, and 
behind the fixed mirror, a small piece Of white paper, in which there 
is a narrow opening (ouvenure Qtroite) corresponding to the axis of 
the telescope. On the exterior surface of the paper u black line is 
drawn, perpendicular to the plan of the graduated circle, nnd passing 
tlirouyh the centre of the opening above mentioned. A quantity of 
mercury is poured into u vessel suficicnt to  form D plane Iiorizontal 
surfnce of a certain extent. The telescope of the sextant is then 
directed verticnlly over the mercury, and the image of the black line 
sought for. When this i6 found, 1 am certnin that the visunl my 
from the image in the mercury can only deviate from tlic perpendi- 
cular, iu so far as the line is not without breadth, aud the opening 
has a sensible size. These two wurces of error can be diminished 80 
that the maximum of crror shall not exceed a miuute. Being once 
certain of the verticality of the visual ray from the image of the 
black line, I have only to make the image of any object reflected 
from the moveable mirror coincide with that of the black line, to 
have the angle between the vertical, and the line drawn from tile 
centre of the instrument to the object in qumtiou, which may be nny 
distant poiut on the surface of a bed of lava, a glacier, a road, a 
river, &c.” 
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without examining the whole line between the two 
points of measurement, for soxiie liquid lavns thin out 
to a very fine edge; and two streams, one over the 
other, may be thus very easily mistaken for a single 
one. The composition, thickness, and degree of cellu- 
larity of any lava-stream, of which the slope is mea- 
sured, ought to be described as seen on the sides of 
fisures, and wherever its internal structure can be 
made out. 

Round many active and extinct volcanoes, both on 
continents and on islands, there is a circlc of mouii- 
tains, steep on their inner, and gently incliocd on their 
outer flanks. The volcanic strata, of which they m e  
composed, everywhere dip away from the central space, 
but at a considerably higher angle than it is believed 
lava can consolidate into such thick and compact 
masses. These mountains form the so-called “ craters 
of elevation,” the origin of which has excited much 
controversy, and which lleniand further cxaniination. 
Tllcre is a grand range of mountains of this class at 
the Mauritius and at St. Jago in the Cape de Verdes, 
parts only of which have been described. The chief 
points to attend to are, the inclination of the streams 
by actual measurement, their thickness, compactness, 
and composition; the form and height of the moun- 
tains, and whether they have suffered much wear and 
tear from the ancient action of the sea wheu tlic lalid 
stood a t  a lower Ievel, for Sir c. Lye11 has lately nttri- 
butcd their origin almost exclusively to this agency ; 
and whether they are traversed by very m;my dikes, of 
which the common direction ouglit to be ~ e c o r d ~ d  ; 
how far tlic mountains stand upart, culd tlle dialllcicr 
and outlinc of tlic rudc circle \vhich tlicy togctIier form. 

0 2  



196 GEOLOQY. [Sect. VI. 

In  fact, a most useful service would bt! rendered by 
mapping any of these ‘‘ craters of elevation,” or, what 
would be more feasible, drawing from actual measure- 
ments two sections at right angles to each other, across 
the circle. 

Some streams of lava, especially those belonging to 
the trachytic series (harsh, generally rather pale- 
coloured lavas, with crystals of glassy feldspar), are 
laminated. The course of the layers with respect to 
the course of the stream ought to be minutely studied, 
both on the surface, at the termination, and flanks of 
the stream ; and, if hp a most fortunate chance there 
should have been formed a transverse section, through- 
out its entire thickness: this would be a very inte- 
resting subject for investigation. A series of specimens 
ought to be brought away to illustrate the nature of 
the lamination. . 

Aerial Dust.-Fine brown-coloured dust has often 
fallen on vessels far out a t  sea, more especially in the 
middle of the Atlantic. This should be collected ; 
the direction and force of the wind (and the course of 
any upper current, as shown by the movement of the 
clouds) on the same day, and for some previous days, 
ought to be recorded, as well the date, and the 
position of the ship. Such dust has been shown by 
Ehrenberg to consist, in many cases, almost entirely of 
the siliceous envelopes of infusoria. The distance to 
which real volcanic dust is blown is, likewise, in some 
respects well worth determining. 

Xlecation of the Land.-The changes of level, often 
accompanying earthquakes, will be treated of by Mr. 
Mallet, but a few remarks on the nature of the evi- 
.dence to be sought, ‘on changes of level not actually 
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witnessed by man, may be here inserted. Many ap- 
pearances, such as lines of inland cliffs, of sand- 
hillocks, eroded rocks, and banks of shin& oftcn 
indicate the former effects of the sea on the land when 
the latter stood at a lower level. But the best evi- 
dence, and the only kind Ey which the period can be 
asecrtained (for the appearances above enumerated, 
though well preserved, may somctimes be of consider- 
able antiquity), is the presence of upraised recent 
marine remains. On land which has been elevated 
Within a geologically recent time, sea shells arc often 
found, either embedded in thin layers of sand and 
mould, or scattere'd on the bare surface. In  these 
cases, and especially in the latter case, great caution 
is requisite in testing the evidence ; for man, birds, 
and hermit-crabs often transport, in the course of ages, 
an extraordinary number of shells. I n  the case of 
man, the shells gencrally occur in heaps, and there is 
reason to believe. that this character is long preserved. 
'l'o distinguish the shells transported by anirnals from 
those uplifted by the movement of the earth, the fd- 
lowing characters may be used :-Whether the shells 
had long Inin dead under water, as indicated I)y bar- 
nacles, serpulae, corallines adhering to their insides; 
whether the shells, either from not being full groJt'l1 Or 
from their kind, are too small for food ; remembering 
that certain shells, as mussels, may be unintentionally 
transported by man or other animals in their young 
State adhering to larger shells ; and lastly, whether 
all the specimens have the' same appearance of anti- 
quity. Some shells, which have been exposed for 
many ages, yet retain their colours in a surprising 
manner. The very best evidence is afforded by bar- 
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nacles and boring shells being found atbclied to or 
buricd in the rock, in the same positions in whicli they 
had lived ; these may be sometimes found by removing 
the earth or birds’ dung covering points of rock. 
Where shells are embedded in a superficial layer of 
soil, though it  may appear exactly like vegetable 
mould, specimens of i t  sliould be preserved, for the 
microscope will sometimes reveal minute fragments of 
Imrinc animals. In  all these cases, specimens of the 
shells, though brokan and weathered, and having a 
wretched appearance, must carefully be preserved ; 
for a mere statement that such upraised shells resem- 
bled those still living on the beach is aLsolutely of 110 

value. It should be noticed whether t h  proportional 
numbers between the different kinds appcar to be 
nearly the same in the upraised shells and in those 
now cast on the beach. The height a t  wliicli the 
marine remains occur above the level of the sea should 
be measured. In  confined situations where the change 
of level appears to have been small, much caution 
must Le exercised in recciving any evidence; a8 a 
change in the direction of the currents (resulting froin 
alterations in neighbouring submarine banks) may 
cause the tide to flow to a somewhat less height, and 
thus give the appearance of tlle land having been up- 
raised. 

Wherever a tract of country can be proved to have 
been recently elevated, its surface, as exhibiting tlic 
late action of the sca, ie a fertile field for observation. 
On such coasts, terraces rising like steps, one above 
another, often occur. Their outline and ColIlposition 
should bc studied, diagrams made of tlicIn, and their 
height measured at many and distant parts of the 
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coast. There is reason to believe that in some in- 
stances such tcrraces range for surprisingly long dis- 
tances at the same height. Where several occur on 
opposite sides of a valley a spirit level is almost indis- 
pensable, in order to recognize the corresponding 
stages. IVhere ranges of cliffs exist, the marks of the 
erosion of the waves may sometiuies be expected to 
occur, and as these generally present a defined line, i t  
is particularly desirable that their horizontality should 
be ascertained by good levelling instruments, and if 
not horizontal, that their inclination should be mea- 
sured. Where more than one zone of erosion can be 
detected all should be levelled, for i t  does not neces’ 
sarily follow that the several lines are parallel. Along 
extensive coasts, and round islands which have been 
uplifted to a considerable height, and where we now 
walk over what was, within a late geological pcriod, 
the bed of the sea, it would be well to observe whether 
extensive sedimentary deposits have beell upraised ; 
for i t  l ias often been tacitly assumed that sedimeiitary 
deposits are in process of formation on 1111 coasts. 

Subsidence of the Land.-This movement is more 
difficult t.0 detect than elevation, for i t  tends to hide 
under water the surface thus affected. Evidence, there- 
fore, of subsidence is very valuable ; and this I U O V ~ -  

ment, moreover, has probably played a more important 
part in the history of the world thau elevation, for therc 
is reasou to believe that most great formations have 
been accumulated whilst the bed of the sea was sink- 
ing. Subsidcnce, may sometimes be inferred from the 
form of thc coast-land; for instance, where a line of 
cliffs, too irregular to have been formed by clevatioll 
alone, plunges precipitously into a sea so profoundly 
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deep that it cannot be supposed that the now deeply 
submerged portions of the cliff have been simply worn 
away by the currents. The direct evidence of sub- 
sidence, if not witnessed by man, is almost confined to 
the presence of stumps of trees, peat-beds, and ruins 
of ancient buildings, partly submerged on tidal beaches. 
Ancient buildings may sometiines afford such evidence 
in unlikely situations : it has been asserted, that, in one 
of the volcanic islands in the Caroline archipelego there 
are ruins with the steps covered by the sea. Again, 
a t  Terceira, at the Azores, there is an old church or 
monastery said to be similarly circumstanced. 

Coral Beefs.*-The most important point with E- 
spect to coral reefs, which can be invstignted, is, the 
depth at which the bottom of the sea, outside the reeft 
ceases to be covered with a continuous bed of living 
corals. This can be ascertained by repeated sound- 
ings with a heavy and very broad bell-shaped lead, 
armed with tallow, which will break off minute portions 
of thc corals or take an exact impression of them : it 
can tlius also instantly be seen how so011 the bottom 
becomes covered with sand. This limit of depth ought 
to be ascertained in different seas, under different lati- 
tudes, and under different exposures. For collecting 
specimens of the corals, it is to be feared that thc dredge 
would become entangled, but chains and hooks may bc 
lowered for this purpose. There is reason to suspect 
that different species of corals grow in different zones 
of depth ; so that in collecting specimens, the depth at 
which each kind is found, and at which i t  is most 
abundant, should be carefully noted. It ought always 

* The only work specially written on this subject is ‘ The Structure 
and Distribution of Coral lleefs,’hy Mr. Darwin. 
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to be recorded whether the specimen came from the 
tranquil waters of a lagoon or protccted channel, or 
from the exposed outside of the reef. The small reefs 
within the lagoons of certain atolls (or lagoon-islands) 
in the Indiau Ocean a11 rise to the surface ; wlicreas in 
other atolls not a single reef rises withiii several fathoms 
of' the same level. It would be a curious point to 
ascertain whether tlie corals in these wscs consisted of 
the same species ; and if SO, on what possibIe circum- 
stance this singuIar difference in thc moun t  of tbcir 
upward growth has depended. 

Any facts which can elucidate the rate at  which 
corals can grow 'under favourable circurnstandes, will 
ever be interesting : nor sliould negative facts, showing 
that w i t h  a given period reefs have not ini:rcased 
either laterally or vertically upwards, be niyglected. In  
a full-grown forest, to judge of its rate of growth, a 
part must bc first cut down ; so is it probably with reefs 
of corals. The aborigines of sonic of thc many coral 
islands in the great oceans rniglit perhaps adduce posi- 
tive facts on this head ; for instance, the date might be 
known when a channel had been cut to float out u. large 
canoe, and which had since grown up. 

For the classification of coral reefs, the most impor- 
tant point to be attended to, is the inclination of thc 
bed of the adjoining sea ; and, secondly, the depth of 
tlie interior lagoon in tlie case of atolls, and of tlic 
channel between the land and the reef, in Encircling 
or Barrier, and in Fringing reefs. MThencver i t  is 
practicable, soundings ought to be taken at short aster- 
tnined dishiices, from dose to  the breakers in il straight 
line out to sea, so that a sectional outline might bc pro- 
tracted on paper. I n  thosc cases in which the bottom 
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descends by a set of ledges or steps, tlieir form ought 
to be particularly attended to ; and whether they are co- 
vered with sand or by dead or living coral ; and whctlier 
the corals differ on the different ledges : the saine points 
should be attended to within the lagoon, wherever its 
bed or shore is step-formed : the origin of these steps 
or ledges is a t  present obscure. In the Indian und 
Pacific Oceans there are entire reef*, Laving the out- 
line of atolls or lagoon-islands lying several fathoms 
submerged ; there are likewise defined portions of reefs 
both in atolls and in encirclixig reefs similarly sub- 
merged. It would be particularly desirable to ascer- 
tain what is the nature of these submerged surfaces, 
whether formed of sand or rock or living or dead corals. 
I n  some eases two or more atolls are united by a linear 
reef; the form of thc bottom on each side of this coli- 
necting h e  ought to be examined. Where two atolls 
or reef-encircled islands stand very near each other, 
the depth bctweeri them might bc attcrnptcd by deep 
soundiogs : the bottom has been struck between some 
of the Mnldiva atolls. Gcnerally the form and nature 
of the reefs encircling islands ought to be comparcd in 
every respect with the annular reefs forming atolls. 

On the shores of every kind of reef, especially of 
atolls and of land encircled hy barrier reefs, evidence 
of the slow sinking of the land s l d d  be particularly 
sought for ; for inshncc, by stumps of trees, the foun- 
dation-posts of sheds, by \vclls or graves or othcr works 
of art, now standing beneath the level of high-water 
mark, and which tlicrc was good reason to believe must 
liave once stood abovc its level. The observer must 
bear in mind that cocoa-nut trees and mangroves will 
grow In salt-water. I f  such cvidence 1 ) ~  found, inquiry 
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ought to be made whether earthquakes have been felt. 
On tlie other hand, all masses of coral standing so 
mucli above the level of the sea that they could not 
have been tlirown up by tlie breakers during gales of 
wind, a t  ;L period when the reef had not grown so far 
out seaward, should Le investigated and their height 
measured. Tliere is reason to believe that some coral- 
reefs have been thought to have bcen upraised, owing 
to the effect of the lateral or horizontal extension of tlic 
reefs having been overlooked ; for the necessary rcsult 
of this outward growth is gradually to break the force 
of the waves, so that the rocks, now further removed 
from the outer breakers, become worn to a less liciglit 
than formerly, and the more iiiland corals not being 
any longer coristantly washed by the surf, cease to live 
a t  8 level at which they once flourishcd. It is indis- 
pensable that specimens of all upraised corals, and es- 
pecially of the shells generally associated with them, 
should be collected; for there can be no doubt that 
uncicnt strata containing corals, havo in some instances 
bcen confounded with recent coral-rock. The import- 
ance of ascertaining w]lether coral-recfs liave under- 
gone, or are undergoing, any chtirige of level, depends 
on tlie belief that all the characteristic differences be- 
tween Atolls and Encircling reefs on the one hand, and 
Fringing reefs 011 the other, depend on the effect pro- 
duced on the upwardly-growing corals by the slow sink- 
ing or rising of their foundations. 

A thick and widely-extended mass of upraised recent 
coral rock has never yet been accurately exatiiined, and 
a careful description of such a mass-cspccially if the 
area included a central depression, showing tllat it, 
originally existed as an atoll-is a grclat desidcyatunl. 
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OF mliat nature is the coral-rock ; is it regularly stra- 
tified or crossed by oblique layers ; does it consist of 
consolidated finc detritus or of coarse fragments, or is 
i t  formed of upright corals embedded as thcy grew? 
Are many shells or the bones of fish and turtle included 
in the mass, and are the boring kinds still in their pro- 
per positions? The thickness of the entire mass and 
of the principal strata should be measured, and a large 
suite of specimens collected. 

In  conclusion, it may be re-urgecl that the young 
geologist must bear in mind, that to collect specimens 
is the least part of his labour. If he collect fossils, he 
cannot go wrong ; if he be so fortunate as to find the 
bones of any of the higher animals, he will, in all pro- 
bability, make an imporhnt discovery. Let him, how- 
ever, remember that lie will add greatly to the value 
of his fossils by labelling every single specimen, by 
never mingling those from two formations, and by de- 
scribing thc succession of the strata whence they are 
disinterred. But let liis aim he higher: by inakjng 
sectional diagrams as accuratcly as possiblc of every 
district which he visits (nor let him suppose that accu- 
racy is a quality to be acquired at will), by collecting 
for his own use, and carefully examining nunierous rock- 
specimens, and hy acquiring the habit of patiently seek- 
ing the G W S ~  of evcrq.thing which mccts his eyc, and 
by comparing it with all th i~ t  hc has hinisclf seen or 
read of, he will, even if without any previous h o w -  
ledge, in a short time infallibly become a good geo- 
logist, and as certainly will  he enjoy the high satisfac- 
tion of contributing to the perfection of the history of 
tliis wonderful world. 
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SECTlON VII. 

ON OBSERVATION OP 

E A R T H  Q U A E  E P H E N 0 M E N  A. 

WHENEVER a blow or pressure of any sort is suddenly 
applied, or the passive force of a previously steady 01' 
slowly variable pressure is suddenly eitlier increased 
or diminished, as these affect material substances, all 
of which, whether solid, liquid, or gtiseoug are more 
or less elastic, then a pulse or wave of force, originated 
by such an itnpulse, is transfcrred, through the mate- 
rids acted on, in all directions from the centre of h- 
pulse, or in such directions ;1s the limits of the rnate- 
rials permit. The  transfer of such an e?astic wave is 
mercly the continuous forward movement, of a cbange 
in the relative positions, of the iategrant molecules or 
particles, of a determinate volume, affectiiig in suc- 
cesion tlie w ~ e  m m  of matwid. 

The 
shaking of the pound felt at the passage of a neigh- 
bouring railway-train is an instance of such waves in 
solid ground or rock. A sound heard by a person 
under water, or the shock felt in a boat lying near 5 

blast exploded under water, are cxclruples of an elastic 
wave in a liquid. 

Ordinary sounds are waves of this sort in air. 
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The velocity with which such a wave traverses, 
varies in different materials, and depends principally 
in any given one upon the degree of elasticity, and 
upon the density. This transit period is constant for 
the same homogeneous material, and j s  irrespective of 
the aniount or kind of original impulse : for example, 
in air its velocity is about 1140-in water about 4700 
-and in iron probably about 11,100 feet per second 
-all in round numbers. In  crystallised or pseudo- 
crystalline bodies, such as laminated slate or other 
rocks, the transit period may vary in three different 
directions. A very great retardation of this pcriod is 
produced in solids whose mass is shattered or broken, 
even when the fissures appear perfectly close. 

Thus, if onc stand upon a line Of ra i lwy near the 
rail, and a heavy blow be delivered at a few hundred 
feet distant upon the iron rail, lie mill almost instantly 
hear the wave through the iron rail-directly after he 
wilt feel another wave through the ground an which 
he stands-and, lastly, he will again hear another 
wave through the air ; and if thcrc were a deep side- 
drain to tlie railway, a person immersed in the water 
would hear a uave of sound tlirough it, the rate of 
transit of which would be different from any of the 
others-all these stiirting from the same point a t  the 
same moment. 

The size of such a wave-that is, the volume of the 
displaced particles of thc material in motion a t  once, 
depends upon the elastic limits of the given substance, 
and upon thc amount or powcr of the original impulse. 
By the elastic limit in solids is meant the extent to 
which the particles may be relatively displaced without 
fracture or othcr permanent alteration : thus glass, 
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akhough much more perfectly elastic than India 
rubber, has a much smaller clastic limit. 

Nearly all such elastic waves as we can usually 
observe originate in impulscs so comparatively small 
that we are only conscious of them by sounds or vibra- 
tions of various sorts, the advancing forms of whose 
waves are imperceptible to the eye; but when the 
originating impulse is very violent, and the mass of 
material suddenly acted on very ,great, as in an earth- 
quake, the size of the wave may become so great as to 
produce a pcrceptibIe undulation of the sirrface of the 
ground, often visible to the eye ; and by wltose transit 
bodies upon the. earth are disturbed (chicfly tlrough 
their own inertia), thrown down, &c. 

There is every rcnson to believe that an earthquake 
is simply ‘( the transit of a %ace of elastic compression 
i?i ail?/ direction, from vet.tical/y upwu r ds to horizontu~?y 
in any azimuth, through the suifuce and ccust .f the 
earth, from any centre of impulse or from more than 
one, and tviric?r may be attended with tidal a d  sOU1id 

waves, dcpondmt upon tlrc iinpulse and upon circum- 
stances of position as to sea and land.” Tliia truth has 
not yet been fully and experimentally demonstrated. 
It is of the highest importance to a wide region of 
science that observations should be made, enabling it 
to be so. 

Observers in en~tliqualrc countrics should make 
themselves familiar, with the usual features, succession 
of events, and concomitants which with a certain sort 
of regularity apply to d l  earthquakes. Mr. R. Ma]- 
let’s ‘ First Report upon the Facts of Earthqu&s,’ 
Trans. Brit. Ass. for 1850, gives these in a condensed 
and systematic form. The greatest shocks ave not the 



208 EAnTHQUARE PEESOMENA. [Sect. VII. 

most instructive, except as to secondary effects ; but 
every great shock is usually followed by several smaller 
-the first sliould therefore be viewed 8s a “ notice to 
observe ” the latter carefully. Earthquakes must not 
be confounded, either with the forces producing per- 
manent elevations of thc land, or with these elevations 
themselves. (( An earthquake, however great, is h a -  
pable of producing any permanent elevation or depres- 
sion of the land whatever (unless as secondary effects) ; 
its functions of elevation and depression are limited 
solely to the sudden rise and as immediate fall of that. 
limited portion of the surface througll which the great 
wave is actually passing momentarily.” The one 
class of phenomena must be held US distinct from the 
other, as the rise and fall of the tide is ‘distinct from 
the momentary and local change of sea-level produced 
by the waves of ita surface. 

The phenomena. of every earthquake may be divided 
into-lst, Primary, or those which properly belong to 
the transit of the wave or waves through the solid or 
watery crust of the earth, the air, &e. ; 2, Secondary, 
or the effects produced by this transit-and both must 
be kept distinct from co-existent forces, such as t h e  
of volcanic eruption, permanent elevation or depression 
of land, $c., which, however closely they may be con- 
nected with the originating imIdse of thc earthquake, 
form no true part of it-they merely complicate its 
phenomena. 

Tlie centre of impulse, or origin of earthquakes, is 
generally conceived, to be a t  and due to, a sudden vol- 
canic outburst, or sudden upheaval or depression of a 
limited urea, or sudden fracture of bent and strained 
strata, or probably to ‘( the suddcn formation Of steam 
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from water previously in a stnte of repulsion from 
highly heated surfaces (spheroidal state), and which 
may or may not be agnin suddenly condensed undcr 
pressure of sea-water, or possibly to the evolution of 
steam through fissures and its irregular arid per saltum 
condensation under prcssure of sea-water. This origin 
should be carefully sought for, to its nature and 
position. 

An earthquake may have its o r i ~ i n  either inlund or 
at sea ; and 8s this muy be, u. dis'erent set of pheno- 
mena will present themselves. In  the former case we 
may expect, in the following order-lst, Thc Great 
E a d - w a v e ,  or true sItock, a real roll or undulation of 
the surface travelling with immense velgity outwards 
in cvery direction from the centre of impulse. If  this 
be at  u small depth below the surface, the shock will 
be felt principally horizontally ; but if the origin be 
profound, the sliock which is propagated from it in 
every direction in spherical shells will be felt more or 
less vertically ; and in this case also we may be able 
to notice two distinct waves, a grcatcr and u. less, fol- 
lowing each other almost instaiitaneously ; the first 
due to the originating norinal wave, the second to the 
transversal wave vibrating at  riglit angles to it. If wc 
can find t l ~ e  point of the surface vertically over the 
origin, and the direction of emergence of the shock at 
n distant point, or the angles of emcrgencc at  two dis- 
tant poinb, neither of which is vcrtically over the 
origin, we can find the depth of the origin from the 
surface. 

There are, therefore, certain lines a t  points in \\f]lich 
the shock, in passing outwards from tlic origin, is sirnul- 

P 
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taneously felt on tlic earth’s surface. These may bc 
callcd Cvseismal lines. 

An erroneous notion, of the dinlensions of the great 
earth-wave, iiiust not be formed from its being called 
an undulation --its velocity of translation appears to be 
frequently as much as thirty miles pcr minute, and the 
wave or shock moving at this rate has beell said to take 
some seconds to pass a given point ; if SO its Zenyth or 
anllplitudc is often several miles. 

During or immediately after the passage of the 
great earth-wavc or main undulation, a continuous 
violent tremor or short quick undulation (like a short 
chopping sea) is often felt. This m y  arise from 
secoiidary elnotic waves, upon the surface of the great 
cnrth-wave, likc the small curling or capillary waves 
on the surface of the ocean swll ,  produced probably 
by comparatively ininutc or secondary impulses, acting 
with the great one in other directions. Sometimes, 
however, a number of shocks occur SO rapidly as to 
convey the iinpression of a continuous jar or tremor. 
It is very desirable that the interval in time between 
these minor oscillations should he observcd by a 
seconds watch, and also their total duration at each 
epoch of motion. Former narrators oftcn confound 
the whole of each epoch of such rapidly recurrent 
shocks with one shock supposed to last a considerable 
time. 

2nd. N7hen tlic roll or nndulation of the earth-wave, 
coming from inland, reaches tlic shores of the sea 
(unless thcsc be precipitous, with deep water), i t  may 
lift the water of tlic sea up, and carry it along on its 
back, as i t  wcre, as it  goes out into deep wiiter ; for 
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the rate of transit of the shock is so imineiisc that the 
elongated heap of water lifted up has not time to sub- 
side laterally. This may be called tlie forced sea- 
wave; its elevation will be comparatively small, and 
nearly the Same as that of the earth-wave, when close 
to the shore on a sloping beach ; and \~llere tlie water 
is still, any observations that can be made as to the 
height of this fluid ridge will afford rudc indications of 
the height of the earth-wave or shock. 

Earthquakes, whether a t  sea or on land, seem to be 
orily accompanied with subterranean iioiscs irlicn strata 
are fractured or masses of matter blown away at  vol- 
canic origins. Where such is not the case, thc two 
preceding are the only waves to be expectcd from ai1 
earthquake of inland origin ; but when fracture occurs, 
then at tbc moment of thc shock, or very slightly before 
or after it, we shall hear, 3rd, the Soun&tcace tl~rough 
the earth ; and a t  an interval longer or shorter after 
this, 4th, the Sound-wave through the air. 

Again, when the origin of the earthquake is under 
the sea (and such seems to be the case with m s t  
p e n t  earthquakes), we may expect in the following 
order-1. The great earth-wave or shock; 2. 'l'he 
forced sea-wave, which is formed as soon 21s the true 
shock or uiidulation of the bottom of thc sea gets into 
shallow water, and forces up a ridge of water directly 
above itself, which it brings in to shorc, and which 
seems to be the cause of that slight disturbance of the 
margin of the sea often noticed as occurring a t  the 
inoment of the shock being felt ; 3. The sou&wavc 
through the earth (as in the former case); 4. The 
sound-wave through tlic sea, wl~ich arrives after that 
through the earth, But prior to 5. Tlie sound-wave 

P B  
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through the air. Where the original impulse ie not a 
single impulse, but a quick succession of these, or a 
single impulse extending along R considerable line of 
operation, passing away from the observer, the sound- 
waves will be rumbling noises, and may be confounded 
in each medium more or less ; and where no fractures 
or explosions occur, the sound-waves may be wholly 
wanting. 

Lastly, and usually a considerable time after the 
shock, the great sea wave rolls in  to land. This is a 
wave oftransZation : a heap of sea water is thrown up  
at or over the origin of the earthquakc by tllc actuul 
disturbance of thc sea-bottom, or in the dircction and 
by the emergence, of the earth ) w e  beneath the 
sea at  a large angle to the horizon, and begins to 
move off in waves like t h  circles on pond into which 
a pebble is dropped ; and its phenomena depend upon 
laws different from any of the other (elastic) waves of 
earthquakes. 

The original altitude (above the plane of repose of 
the fluid) and volumc of this wave dcpcnd upon the 
suddenness and extent of the originating disturbance, 
and upon the depth of watcr at its origin. I ts  velocity 
of translation on the surface of the sea varies with the 
depth of the sea at any given point, and its forin and 
dimensions depend upon tliis also, as well as upon 
the sort of sea-room it 1 1 s  to move in. I n  deep-ocean 
water one of tliese waves may be so long and low as to 
pass under a ship without being observed; but as it 
approaches a sloping shore its advancing slope becomes 
steeper, and when the depth of water becomes less thun 
the altitude of the' wave, it topples over, and comes 
ashore a8 a great breaker. Sometimes, liowever, its 
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volume, height, and velocity, are so great that it comes 
ashore bodily and breaks far inland. The direction 
from which it arrives, at any given point of land does 
not necessarily infer that in which the origin may be ; 
as this wave may change its direction of motion greatly, 
or become brokcn up into several miiior waves in 
passing over water varying much and suddenly in depth, 
or in following the lines of iz highly-indented or island- 
girt shore. 

Observations of each of t h e  classes of waves which 
w e  have thus briefly described may bc made cithcr 
directly by the ajd of instruments, specially provided 
or extemporaneously formed, or indirectly by proper 
llotice of certain effects which thcy produce, on objects 
upon the earth's surface. 

Direct observations by complctc self-registering 
Seismometers do not come within our preseiit scope. 
We, therefore, proceed to direct observations with cx- 
temporancous instruments on the earth-wave or sllock. 
The elements necessary to be recorded arc such a8 will 
enable us to calculate-1. The direction in azimuth of 
the wave's motiori ; and (if it have an upward motion) 
also its direction of emergence at the points of obser- 
vation. 2. Its velocity of transit. 3. Its form-i. e. 
its amplitude and altitude. 

If  a COmlnOn barometer be movcd a few inches up 
and down by the hand, the column of mercury will be 
found to oscillate up and down in the: tube with tlic 
motions of the instrument and in opposite dircctiolis, 
the range of the niercury depending upon the velocity 
and range of motion of the wholc instrulncnt. A 
baromcter fixed to the earth, therefore, i f  we c o u l ~ ~  
unceasingly watch it, would give the mealls of 
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measuring the vertical element of the shock-wave ; 
and if we could lay it down horizontally, it would do 
the same by the amplitude or liorizontal element. 
This we cannot do;  but the same principle may be 
put, into use by having a few pounds of mcrcury, alld 
some glass tubes bent into the form of L, scaled close 
at one end, and open at the other; the bore hinsg 
about three-eighths of an inch in diameter, and each 
limb about eighteen inches long. We shdl also re- 
quire sume common barometer tubes of the same 
calibre : the open end being turned UP like an inverted 
syphon, and equal in bore to the rest of the tube. (See 
FQ. 4.) The L tubes are used for the horizontal, the 
others for the vertical elements. 

' To fit the L tubes for use, fill each partly with mer- 
cury, and so adjust it that a column of six i n c h  in 
length shall be in each limb of each tube, wlien held 

in P@. 1; the limb a b horizontal, 
and the vertical column being sup- 
ported a8 in a barorncter. Tie four 
of thcse tubes so prepared together, 
back to back, SO that if one horizontal 
limb face the north, the otliers Shall 

fncc cast, south, and west respectively, as in F$. 2. 
In  this position secure 
them all down upon a 
broad stout board, that 
can be itself fixed to a 
surface of rock, or other 
fixed surface of the 
earth. 

An index or marker must now be prepared for each 
tube ; for one of these cut a comnion piece of card two 

w E 
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inclics long by rather more than five-eighths of an inch 
wide, and double it down the long way, so that the two 
segments shall stand at rather less than riglit angles 
to each othcr ; cut a cylindrical slice of cork one-eighth 
of an inch thick, of five-sixteenths of an inch diameter, 
SO that it will go easily into the tubes (these being all 
three-eighths of an inch in diameter) : attach the bit 
of cork with glue or sealing wax to the end of one wing 
or segment of the folded card, leaving the other free, 
and thrust the whole into the horizontnl limb of the 
tube until tlie cork just touches the mercury, and so 
for the others. This marker is shown at full size 
(about) in 

Cork. Preo aide. 

Fig. 3. 

The edges of thc card having a certain amount 
of elastic extension, must slightly grip tlie inside of the 
tube. 

I t  will now be found, if horizontal motion be given 
to the system of four tubes-say, from south to north 
-that the marker in the southern tube will be pushed 
southwards a certain space by the movenlent of the 
mercury, and will remain to point out the space when 
the mercury has returned to rest. If the motion be 
in some direction between two adjacent tubes-say, 
from south-east to north-west,-the markers in the 
soutll and cast tubes will both &ow a certain motion, 
equul in this case, but in others with a certain ratio to 
each other, by which the direction between the cardinal 
points may be calculatcd. 

For the vertical clement : lct the barometer-tubc 



216 EARTIIQUARE PIIXXOMENA. (scct. VII. 

Fig. 4, be filled with mercury, so that about 
six inches shall stand in the open end a, into 
wliich thrust a marker, as hi R 7 .  3, atid 

4. about twelve inclics in the sealed lirnb; place 
this vertically, and sccure it to a fixed m a s  
of rock, a heavy low building, or large tree ; 

+ the aniount to which the marker is found 
1 moved up in the tube will give the altitude 
b of the wave ; and it  is obvious, that by the 

conjoint indications of the four horizontal 
i tube-marliers and tliis vertical one, the 

direction of emergence of 'tlie wave is 
de terminabl c. 

These instrumcnts are of the nature of fluid pendu- 
lums. They i r e  much superior to colllmon solid pen- 
dulums, for these uses, where the dimensions of the 
shocks are moderate ; but where tl!ese arc great and 
very violent, heavy solid suspendcd pendulums, with ti 

quick time of vibration, will be found done ap1)licable : 
the seconds pendulum for lat. Grccnwich will always 
be desirable. Where fluid penduluriis are not attain- 
able a solid pendulum to ~ I I S W W  some of the purposps 
inay be thus preparcd :-Fix a heavy ball, sucli as a 
four-pound shot, a t  one end of an elastic stick, wliose 
direction passes tlirough tlic centre of gravity of tlie 
ball: a stout rattan will do. Fix the stick vertically 
in a socket in a heavy block of wood or stone, and 
adjust the length above tlie block as near as miiy bc 
to that of the seconds pendulum for Greenwich. Pre- 
pare a hoop of wood, or other convenient material, of 
about eight inches diametcr ; bore four sniootli holes 
through the hoop in the planc of its circlc, and a t  points 
ninety degrees distant froin each other : adjust through 
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each of these a smooth round rod of wood (an uncut 
pencil will do well), and make them, by greasing, &c., 
slide freely, but with slight friction through the holes. 

Secure thc hoop liorizontally a t  the level of the 
centre of the ball by struts from the block, and the 
ball being in tlie middle of the hoop, slide in the four 
rods tlirough the hoop until just in contact with tlie ball. 

It is now obvious that a shock, causing the ball to 
oscillate in any direction, will move one or   no re of tlie 
rods through tlie holes in tlie hoop, and that they will 
reinain to mark the amount of oscillation. 

A siniilar upparatus, with tlic pciidulum-rod sccured 
Ilorizontally (weiged into the facc of a stout low wall, 
for example), will givc the vertical clcnierit of' the wave. 
T w o  of these should be arranged, one n o d i  aid south : 
the other east and wcst. The objection to this and all 
apparatus iq)on the same principle is, that as tlic centre 
of elastic effort of the pendulum rod never can be had 
perfectly in the plane passing tlirougli the ccutre of 
gravity of tlic ball, for every possiblc plane of vibration, 
SO an impulse in a single plane produces a c o n i d  
vibration of the pcnduluin, and hence tlie ball deranges 
the position, lnorc or less, of the index rods out of the 
true direction of shock. Moving the apparatus by 
hand, and a little practice in observation of its action, 
will, howevcr, soon enable a pretty accurate conclusion 
as to the true line of shock to be deduced from it. 

It will be munifest that the observer must recoid 
minutely the dimensions and other conditions of sucll 
apparatus, where i t  is not permanently kept, to eiiablc 
calculations of scientific value as to thc wave to bc 
made from his obscrvations of the range of either fluid 
or solid pendulums. 
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A common bowl partly filled with a viscid fluid, such 
as molasses, which, on being thrown by oscillation up 
the sidc of the bowl, shall leave a trace of the outline 
of its surface, has been often proposed as a Seismo- 
meter. This mcthod has many objections : it can only 
give a rude approximation to the direction of the hori- 
zontal element ; but as it is easily used, should never 
be ncglected as a check on other instruments. A corn- 
mon wooden tub, with the sides rubbcd with dry chalk 
and thcn carefully half filled with watcr or dye stuff, 
would probably be the best modification. 

Anotticr extemporaneous instrument for measure- 
ment of vertical motion in the wave may be sometimes 
useful. Make a spiral spring of eighteen inches or so 
in length by twisting an iron wire of onc-eighth of an 
nch dianietcr round a rod of about 1) inch diameter 
(the staff of a boarding-pike); suspe11d it  by one end 
vertically from a fixed point, and fix 3 weight (a twelve- 
pound shot will do) to the lower end, and below and in 
a line passing vertically through the centre of gravity 
of thc weight fix the stern of a common tobacco-pipe ; 
let thc lower cncl of this stcm just dip into a deep cup 
filied with prctty thick coinmon ink or other coloured 
fluid : thc action of this necds 110 tlescription. 

The preceding instruments suffice a t  once to give 
the direction of transit of the earth-wvc and its dimen- 
sions ; its ratc of progress or transit ovcr the shaken 
country remains to be observed. 

Sevcral distant observcrs, with clironouieters, will of 
course best observe this, but such observations cannot 
be very numcrous or extend over a large tract of 
country; yet it is most desirable that a network of 
such ohserving points should be strctchcd over the 
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shaken country. For this purpose common housc- 
clocks, situated a t  several distant points, may be easily 
arranged, so that t.he pendulum shall be brought to 
rest and the clock stopped at  the moment that thc 
shock passes. 

Fig. 5. 

Pi’. 5 shows part of thc case and pendulum of a 
common clock, , To fit it for this purpose bore two 
holes of a quarter of an inch diameter, one throIlgh 
either side of the c1o&-cose, a t  a b, at thc level of the 
lowest point of the pendulum-bob and in the plane of 
its vibration ; round off the edges of these holes, and 
grease them. 

In  the centre of a piece of fishing-line or stretched 
whipcord, make a loop and pass it round the scrcw or 
other lower projection of the pendulum-bob ; pass the 
two free ends of the cord out, onc through cacli of the 
holes in the sides of the clock-case ; provide a squared 
log of heavy wood of about five or six inclies thick 
cach way, and from four to five fcet in licigllt; cut 
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both ends off square, and stand the log upright on one 
cnd directly opposite the dial of the clock. 

Measure off equal lengths of the cord at  each side 
of the 1)endulum, and make fast their extremities to 
the two opposite sides of the upright log, c d, close to 
the top ; bring thc log backwards from the clock now, 
until the pendulum being a t  rest, bot11 cords are drawn 
tight ; and then advance the log two 01' three inches 
towards the clock, so that the cords may be slacked 
down into a festoon or bend at  each side of the pen- 
dulum, and withiti the cZocIr-case, SO tliat the pentlulurn 
may liavc room to swing freely ; and very slightly 
wedge the cord to keep it so, through the ides in the 
clock-case, and from the outside ; see that the log rests 
firmly and upright upon a firm floor ; and now set the 
clock a-going. The ler~gth of the cords, or the dis- 
tance of the log from the clock in rchtion to its Iieight, 
must be such tliat if it fall t o x a d s '  the clock it shall 
bring the cords up tight bcfore the upper part of the 
log touches the ground. It is now obvious that in 
whatever direction the log may fall, it Will arrest the 
motion of the pendulum aid stop the clock within legs 
than a second of the true tiine of tran4t of the wave 
a t  the spot. 

If  the adjustments are similar for all thc clocks this 
error will be coristant for them dl ; and if the true 
time be noted at the principal station it can be got for 
the rest. 

Clocks with seconds pendulums only should Le 
chosen for this use. 'l'liey s h u l d  be all set by one 
chronometer, and tlicir errors afterwards taken. 

Where convenient, the pendulums should be all 
placed to swing north and south, or cast and west ; and 
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in  this case the sides of the logs will face the cardinal 
points, and the directions of tlieir fall (rvliere not en- 
tangled) be a rude index of that of the wave. It will 
be also desirable to place a bowl of fluid to mark 
direction with each clock. 

The positions chosen for thc clocks must vary with 
circumstances, but they should, as far as possible, 
surround the principal station ; their distances apart 
must be considerable, as the s p e d  of the wave or 
shock is immense-probably five miles is the ordinary 
minimum, and thirty to  fifty miles a convctiicnt max- 
imuin distance. Such arrangements sliould be made 
I S  rapidly as poksible after the first shock has given 
the expcctatiori of others in succession. 

When practicable, the following method of fitting 
common clocks may be adopted advantageously.-Let 

a, 39. 6, be the pendulum-bob; fix a pin of stou 
wire into a hole in the centre of it, b, a t  right angles 
to the plane of vibration; cut two small mortices 
through the sides of the clock-case, so that a lath of 
deal or other light wood, of about an inch and a half 
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widc by a quarter of an inch thick, may be passed 
through from c to d, just in front of the bob and clear 
of it. 

Mark the length of the arc of vibration on the lower 
edge of the lath, and cut this length into nicks or teeth 
like a rack, of about threc-eighths of an inch in depth 
and breadth each. Place the lower cdge of the lath 
horizonhlly, and just abovc and clear of thc pin b ;  
secure the end of the lath d by il wire pin or stud, as i i  

fixed poiiit, so that the end c is free to  move in an arc 
of a few i n c h  up and down round d as a centrc. 
Prepare a rcrtical log of wood5 of the size and form 
already tlcscribed, but cut its upper end to a square 
pyramid, thc flat surface at  the top being rcduccd to 
about a quarter of an inch square ; adjust the length 
and position of the log, so that it shall form a support 
for the end of the lath c, as in thc figure. 

It is obvious that the moment‘ the logf is over- 
thrown by a shock thc lath will drop at  the end c 
(wliich should be slightly weighted), and the teeth or 
rack nicks catching the pin I ,  of the pexldulum-bob 
will stop the clock ; on examining which, the dial will 
show thc time to ;I secoid when the shock took place, 
and the tooth in the rack will show at  what part of thc 
arc of vibration the pendulum was arrested, which will 
obviously give the time of the shock to a fraction of a 
second. 

This mcthod may be applied to any form of clock, 
and with any Icngth of pendulum. Observation should 
be accurately made by a seconds watch of the total 
duration of the shock in passing tlic observer’s station, 
or of the number of small, rapidly recurrent shocks 
and total duration of each epoch. 
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Returning now to observations to be made indirectly 
Upor1 the earth-wave, or by its effceta, consisting prin- 
cipally of-1. 0bserv;itions on buildings and other 
objects thro\vn down; 2. On bodies projected, dis- 
pIaced, or inverted; 3. Bodies twisted on a vcrtical 
axis, with more or less displacement. 

Tlie observer must bear in mind that all these mo- 
tions are clue to the inertia of the bodies a t  tlie moinent 
of tlie wave tranFit. The first tendency, thcrefore, of 
every body is to fall in a direction contniry to that of 
tlic wayc’s motion ; but this is oftcn per’.plcscd by 
mutually-supporting bodies, as cross walls-by the 
direction of the Gave being one, in wliicli a fall is im- 
possible, as when passing very diagonally tlirougli a 
long line of wall--by disintegration from the first 
wave, so altering the conditions of tlic bodies (walls, 
towers, &c.), though short of producing a fall, as that 
the dislocation and fall produced by a succeeding o m  
is not contrary, but in thc same direction as the wave 
motion. Long walls, in or nearly in tlic line of wave 
motion, are often split vertically, but not overthrown. 
l ’ h m  the shock emerges at  a largc angle to the hori- 
zon bodies are often projected, as stones out of or from 
the coping of Iva11s : the size, weight, form, cement, 
sort of stone, distance thrown, and all otlier conditions 
of projection sllould then be carefully notiecd. Bodies 
twisted on a vertical axis (such as the Calabrian obe- 
lisks, see Lycll, ‘ Geology’) were fornierly supposed 
due to a vorticose motion of the ciirth. This motioil 
arises from tlie centre of gravity of the body lying to 
one side of a vcrtical plane in thc line of shock, 1yhic11 
~ L S S ~ S  through that point in the base on whicll tile 
body rests, in which the whole adhcrencc of tlie body 
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to its support, by friction or cement, may be supposed 
to unite, and which may be called the centre of adhe- 
sion. The observer who fully masters these mecha- 
nical conditions of motion will see what elements he 
must collect,, so that the niotion impressed on bodies 
thus twisted may be used to calculate the velocity, $c. 
of the wave. A11 observations of this class, to be of 
scicntific value, must comprise the materials, size, 
form, weight, sort of cement, base 01’ foundation of the 
bodies disturbed, and measurcmcnts of the amount, 
&c. of disturbance, with any other special Conditions 
which occur ; and these will always be very numerous, 
and demand the utmost alertness and scrutiny of the: 
observer. Whatever difference in destructive effect 
may be due to formation or accident, i t  must bc borne 
in mind that in  every shock transmitted from a deep 
centre of impulse, and passing outwards in all direc- 
tions in ephericd shells, there will be a circle upon the 
earth’s surface somewhere a t  a detcrminate horizontal 
distance from the central point vcrticdly over the 
centre of impulse, in which the upsetting or otx?rtnrniny 
power will be a maximum, and pester, czteris pari- 
bus, than at  any point within 01’ without this circle: 
within, because here the direction of shock is more 
vertical, and therefore less calculated to overturn 
buildings ; and without, because, though morc hori- 
zontal, the power of the shock hiLs become weakened 
by distance of transmission. 

Amongst thddoubtful phenomena on record of this 
class are inversions of bodies, such as pavements turned 
upside down, &c. : any such cases deserve special at- 
tention. (See Rep. Facts of Earthquakes, section 6, 
Secondary Effects.) 
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I n  traversing an extensive city, or thickly built-over 
country, to observe the shattered buildings-having 
first known the general line of motion of the wave- 
the observer should remark if ita direction of inotion 
has appeared to change as it passed along, and obtain 
decisive evidence of its actual transit, for sonietimes 
the wave seems ts emerge all but simultaneously over 

vast tract of country, where the origin is deep-seated, 
and nearly vertically below. Changes in the rate of 
transit horizontally, or in the force of the wave, should 
be noted by its effects on similar objects at distant 
spots. Thew changes may be expected at the lines of 
junction of differeht rocks or other formations. Evi- 
dence should also, if possible, be got of any breaking 
up of the primary wave into secondary waves, as of 
several shocks being felt wlicre only one has occurred 
further back. 

All evidence should, as far as possible, bc circum- 
stantid Nature rightly questioned never lies ; men 
are prone to exaggerate, at the least, where novel and 
startling events are in question. 

Various local conditioiu must be recorded :-the 
nature of the geological formations at the spot, not 
merely the underlying rock, with the directions of its 
bedding, lamination, joints, &c. ; but the character of 
surface, tlle depth and description, of its loose mate- 
rials, their variations and extent, the geological forma- 
tions of tile surrounding districts from wlience and 
towards which tlie earth-wave travels especially. The 
deeper s knowledge can be got by exposed sections, 
&e. of the rocks of the shaken district tlic better, the 
proximity or otherwise to volcanic vents, active or 
passive, tlic character of surface of the country s l ~ a l ; ~ ~  

Q 
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mountain or plain, even or broken, solid or fissured ; 
if the latter, their general directions, dip, &c., whether 
dry or flooded, and the erects on the elements of the 
wave, of changes in any or all of these conditions. 
Places least and most affected by the shock, and those 
free from any, and their local conditions, to be parti- 
cularly noted, and as far as possible the circle of maxi- 
mum disturbance upon the surface of the country 
traced out. 

Referring now to secondary pldmomena, or effects 
resulting from the transit of the earth-wave (other than 
merely measures of it), we should observe falls of rock, 
or land-slips, to which most of the conditions of shat- 
tered buildings apply. Land-slips change their dire* 
tions frequently, in consequence of moving over curved 
or twisted surfaces of rock : t lJUs the previously straight 
furrows of a field may be found twisted after an earth- 
quake. Scratches or fUrrOW8 enflaven on rocky Bur- 
faces by such land-slips should be looked for. 

Sometimes great sea-waves are produced by the fall 
into the sea of rock or land-slips, which need to be 
carefully distinguished from the true great sea-wave 
produced by an original impulse of the sea-bottom. 
Land-slips often dam rivers, fill up lakes ; and various 
changes of surface again produce basins for new lakes, 
to be filled by the changed river-courses. The cir- 
cumstances, as far as possible, should be accurately 
observed, and the chain of events unwound, and all 
such phenomena cautiously separated from actual ejec- 
tions of water (temperature to be ascertained), which are 
said sometimes to havc happened on an immense scale. 

Fissures containing water often spout it up a t  the 
moment of shock. Wells alter their water-level, and 
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sometimes the nature of their contents. The directions 
of the fissures, and the relations of such directions to 
that of the shock, should be ascertained, and any 
changes in the temperature of wells noted. Eject,ions 
from holes or fissures of strange liquid or solid matters, 
sometimes of dry ashes or dust, are recorded, and occa- 
sionally fiery eructations or smoke are said to have 
occurred, especiaI1y near volcanic centres, and blasts of 
steam-vapours, or gases, whose chemical characters 
should be in all the above cases observed, as far as 
possible. Tile dust of overthrown buildings, or that 
produced by the rending of rocky or other masses, must 
not bc confounded'with these. Fissures, often of pro- 
found depth, open and remain so, or close again : their 
directions, dimensions, time and order of production, 
and closing up, and the formations in which they occur, 
to be noted ; bodies engulplied to be detailed, us future 
organic remains. Fissures in solid rock most probably 
arise from the range of displacement of molecules by 
the passing wave, exceeding the elastic limit of the 
materials disturbed ; but fissures in earth or other 
discontinuous and very imperfectly elastic masses seem 
due only to the secondary effects of the shock, pro- 
ducing land-slips, subsidations, &c. (see ' b p .  Facts 
of Earthquakes,' sec. 6, Secondary Effects). Perma- 
nent elevations and depressions of the land usually 
accompany earthquakes, and are of much importance 
to science, but, as already remarked, must be held in 
view clearly distinct from the earthquake itself. 
The modes of observing these should never be neglected, 
but these rather belong to geology proper. The half- 
tide level must in all cases be takcn as the datum- 
line, and opportunities along beaches, quays, wharfs, 

Q 2  
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or inland along mill-streams or irrigating channels, &c., 
diligently sought for, where evidence may be trust- 
worthily collectcd of changes of depth of water. Occa- 
sionally local but widely-extended permanent eleva- 
tions or depressions accompany earthquakes, which 
seem to result from lateral conlpression, and not from 

. direct elevatory forces. These should be distinguished 
from the preceding. 

Rivers are stated to have sometimes run dry during 
earthquakes, and again begun to flow after the shock. 
This is presumed to arise either from the transit of an 
earth-wave dong their courses up stream, thus dam- 
ming off their sources, or from sudden elevation of the 
land, and as sudden depression. 

Observations of the forced ~ e a - t ~ d u ~ ,  whether pro- 
duced by the earth-wave going out to sea or coming in 
from it, will be nearly the same. It is desirable to 
find its height above the surface of repose referred to 
half-tidc level, and its length or amplitude ; but from 
thc extreme rapidity of its production and cessation, or 
conversion into small oscillatory waves lapping on the 
beach, and its generally small altitude, observations 
are extremely difficdt-tl1Cy are Only possible when 
the surface of the sea is perfectly calm, and then must 
be left to the skill of thc observcr in taking advantage 
of local circumstances, and of evidence as to the visible 
circumstances of this wave, which occurs at  the instant 
the shock is felt. 

Observations of the zcaves of sound through the earth, 
the sea, or fresh water and the air, are indicatcd pretty 
fully by the description of these waves already given. 
The sound-wave through the earth travels at, the same 
sate as the shock, or carth-wave ; it  is in fact the shoclt 
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(or its fractares) heard. Notice if the sound is heard 
before, along with, or after the shock is felt. Au ob- 
server, putting one ear in close contact with the earth, 
and closing the other, will hear the sound-wave through 
the earth separate from that through the air. So also 
an observer immersed in the sea will hear the sound- 
wave through it sometimes without any complication 
of that through the earth. 

The character and loudness of the sound through 
each medium, and the places in an extensive district 
where each was heard loudest and faintest, with the 
nature of the rock formations at these spots, should be 
noted. The duration of the sound from first to last, 
through either medium, accompanying each shock, is 
important. 

Observations on the great sea-wave should embrace, 
for each waye, its height, its amplitude or length, its 
velocity and direction of translation. The height to 
be taken above the plane of repose of the fluid, and re- 
ferred to half-tide level. These waves, when on their 
grandest scale, defy any methods of direct admeasure- 
ment. But observations of their results, such as the 
height to which they have reached on mural faces of 
rock, or on such buildings, &c. as may withstand them, 
or eye-sight observations made at the moment of transit 
of the crest of the wave, cutting distant objects, should 
not be omitted when of a manageable size ; the height 
of the crest may be pretty closely obtained by the traces 
on wharfs, buildings, &c., or on posts or piles driven 
into the littoral bottom. This may be taken from any 
convenient fixed points of level, and all ult.imately re- 
ferred to half-tide level &s the datum for all earthquake 
observations as to level. 
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The sextant may be occasionally used to get the ele- 
vation of the crest of the passing wave, several ob- 
servers making a simultaneous observation of an 
expected wave. The velocity of the wave may be got 
by noticing from a suitable position, by a seconds 
watch, the time of its transit inwards between two dis- 
tant points which should have an interval of water 
whose depth is or may be known. Islands off the land 
are advantageous posts for this purpose- 

The length of the wave (while entire) should be 
sought for by a similar method; a knowledge of its 
length and of the depth of water infers its height. 
There are two indirect methods by which the di- 
mensions of the great sea wave may be pretty accu- 
rately determined :-1st. The distance to which solid 
bodies before at rest are translated by the passage of the 
wave over them is about equal to its length or ampli- 
tude; 80 that when we can obtain evidence of the 
distance to which a large loose rock, for example, 
whose precise position was before known, has been car- 
ried, we approximate to one dimension of the wave ; 
2ndly. the depth of water a t  the point where the wave 
is first observed to break, when capable of being accu- 
rately found, gives the height of the wave, which is 
here equal to the depth of the soundings. This 
breaking point and depth should always be anxiously 
tried for. Besides the dimensions of the wave, ob- 
servations should be made on the interval of time 
after the great earth-wavc, or shock, before the great 
aea-wave comes in, reckoning from the commencement 
of the shock; how many such waves in succession; 
what is the period between each ; what are their rela- 
tive dimensions ; what changes are observable in the 
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directions whence they arrive at the same point of 
Coast, and what are the several in-coming directions 
a t  various points along a great stretch of coast (the 
latter must be had usually from collected testimony) ; 
What reflux from the beach before or after the coming 
in of the wave ; after the wave has come in and broken, 
what oscillatory waves are produced, their character 
and dimensions ; is the level of the surface of the sea 
in repose, the same before and after the subsidence 
of the great sea-wave and its secondary or oscillatory 
Waves ; what the state of tide above or below half-tide 
level at the moment of shock and of great sea-wave. 

As accurate a geetion as poesibIe of the form of the 
littoral bottom, beach, offing, and out to deep water, 
&odd be got by soundings in the line of the comiug 
in of the wave, and laid down on paper; and, where 
possible, a cruise should be made out to sea in the 
direction whence the waves came, to look for pumice, 
dead fish, volcanic ash-, or other indications of the 
distant origin or centre of disturbance. 

The secondary effects of the great sea-wave most 
worthy of remark are the materials, if any, carried in 
from deep sea, such as loose mineral matter, new 
animal or vegetable forms, or the substances swept 
from off the land, and sunk in the depths of the sca. 
As the range of transferring power of a great sea-wave 
(wave of translation) is only equal to the length of the 
wave itself, but little matter will be carried inland from 
the sea bottom, unless where the depth is great close 
to shore. 

If fish or testacen are thrown inland into fresh water, 
the effects on them should be noticed. Lastly, the 
effects of the passage of the wave over the land and all 
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that stands upon it are to be observed. In  recording 
the transporting power of the Wave (i. e. its absolute 
transferring power, without refercnce to distance), the 
size, form, spccific gravity, and lithological character of 
rocks or boulders moved, the distance moved, and 
height lifted are to be givcn. The base on ~~VhicIi 
movcd, and if rock, the scratches or furrows produced. 
Thc mode of motion ; if swept or rolled along. Ob- 
stacles ovcrcomc in their progress. Where gravel 01' 

loose materials are moved, an estimate of the mass 
moved, and to what distance ; thc character, exterilal 
and internal, of its deposition ; the mutual relatiom, 
or sorting, of its fine and coarse parts. The effects on 
buildings variously exposed ; on vertical and sloping 
sea-walls ; on steep faces of cliffs, and on the averns 
excavated in them. The &nuding effects of the wave 
in sweeping off sand, gravel, trees, animals, &c. The 
disruption and abrasion of stratified rocks, especially 
of nearly level and acarly vcrticd beds. EfYects of 
vertical sea-walls or cliff's in tlie reflection or extinction 
of the wave. 

Specimens should be taken of the rock of which very 
remarkable boulders or arcliitcctural fragments moved 
by the wave consist ; of any new or strange matters 
cast up, or gases or vapours evolved from the sea, or 
ejected from fiesures, cavities, wells, &c., on land ; of' 
mineralized or suddenly fouled water found in fissures 
or wells. Of these, where possible, immediate chemical 
qualitative examination should be made. 

Such specimens in particular should be brought home 
of the rocks or other mineral masses through which 
the speed of transit of the earth-wave has been care- 
fully observed, a8 will enable the modulus of elasticity 
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of the mass to be determined. Where this is rock, 
three specimens should be taken of maximum, mini- 
mum, and average hardness, density, and compactness, 
as representatives of the whole shaken district, noticiiig 
especially in stratified rock the depth fisom surface of 
ground and from top of the formation at  which taken : 
each specimen to be of a size enabling a block to be 
sawn out of it of at least three feet in length by four 
inches square. IVhere convenient, this operation may 
be done on the spot. Where the district is a deep 
detrital nr alluvial one, the depth and characters of the 
loose materials should be carefully observed, and il- 
lustrative specimens, as far as possible, brought home. 
It is in the highest degree important that the degree 
of shatteryness or compactness of the rock formations, 
the nature, directions, closeness, or openness, and con- 
tiguity of the fissures be remarked, as this condition 
of comparative discontinuity materially affects the 
transii, period of the shock in every formation. 

Collateral conditions to be observed are-barometer 
before, during, and after the earthquake ; thermometer, 
rain-gauge ; hydrometer and electrical state of the air  
during the phenomena ; magnetometrical observations 
where these are practicable ; all unusual meteorolo- 
gical appearances to be noted ; the state of tide at time 
of each shock ; the rise and fall of tide a t  the place ; 
and any tidal anomalies occurring just before or pro- 
duced after the earthquake. Active volcanic pheno- 
mena occurring before, during, or after the earth- 
quake, in adjacent or distant regions, to be recorded. 

Records or trustworthy traditions are to be sought 
for, in volcanic countries or those neighbouring to them, 
as to the state of activity or repose of these vents for O. 
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long period prior to and during the earthquake ; a180 

as to their state before and during any previous earth- 
quakes-all remarkable facts as to which should be 
collected. Where meteorological or tidal tables exist, 
they should be transcribed for the times, correlative to 
the above records. The opinions of old observers as to 
changes of climate or season ; the occurrence of pes- 
tilences, failure of crops, &,, in relation to earth- 
quakes, while they must be received with caution, 
should not be disregarded. 

Any changes of permanent level of sea and land that 
accompanied former earthquakes that are on record 
should be obtained, with their particulars ; whether the 
same points have been affected in successive earth- 
quakes, and by successive upheavals ; whether the 
8ame or different volcanoes were in action during me- 
cessive earthquakes. 

Maps may be advantageously made of the lines of 
direction through the country in which the shock was 
simdtancously felt ; coseismal lines : also of the line or 
lines of maximum disturbance of objects on the 6urface. 
This we may call the meizoseismal circle. In addition 
to which approximate charts may be laid down, show- 
ing the incoming directions of the great sea-waves on 
a long coastrline, showing origin where possible. Maps 
of fissures formed in relation to the coseismal lines, 
and generally sketches of all visible remarkable effects 
of the earthquake on natural or artificial objects. The 
effects of earthquakes on the lives of men and animals ; 
statistics of mortality; modes of entombment by the 
convulsion, as bearing on future organic remains; bury- 
ing of objects of human art  ; presumed production of 
epidemics or pestilences, &c. are all worthy of notice. 
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Observers will do well to consult at  least the follow- 
ing works, to enable them the better to grasp before- 
hand the subject of earthquakes :-Lyell’s ‘ Geology,’ 
passim ; Hamilton and Dolomieu’s ‘ Accounts of the 
Great Earthquake in Calabria,’ neglecting their theo- 
retic views ; Herschel’s Art. ‘ Sound,’ Airy’s Art. 
‘ Tides’ ( 6  Encyclopaedia Metropolitana’) ; Russel’s 
‘ Report on Waves,’ Brit. ASSO., 1844; Mallet’s 
‘ Dynamics of Earthquakes,’ Trans. Royal Irish h a d . ,  
1846; Mallet’s ‘First Report on Facts of Earth- 
quakes,’ Trans. Brit. Ass. for 1850 ; Hopkins’s ‘ Re- 
port,’ Trans. Brit. Ass., 1847-48, and the sevcral nar- 
ratives of earthquakes. 

I t  sometimes happens that a shock of earthquake is 
felt at  sea, at  great distances from land, and over pro- 
found depths ; a sudden blow is felt, as if the ship had 
struck a rock. 

The earth-wave coming from an origin probably in 
most cases nearly vertically beneath, is here transferred 
to the ocean, through which it passes upwards &B an 
elastic wave, with the same speed as the sound-wave 
through the sea. When such an event occurs in a 
smooth sea, and circumstances are favourable, we 
should look out for and note the direction of the pas- 
sage almost immediately in form of a single, low 
swell, of the great sea-wave, which may be formed 
directly over the origin, at  no very great distance off. 
Immediate attention should be given to the particulars 
of any objecte that may have been displaced on board. 
Compasses are thrown out of the gimbals, shot dig- 
lodged from their seats, round the hatchway coamings, 
or other places ; a mast has even been unsteppcd. The 



relation observed between the cxtent of lateral and of 
vertical displacement will give some notion of the de- 
viation of the line of shock from the vertical, and of its 
slope in azimuth, This found, a cruise about may be 
made in search of pumice or other indications upon the 
surface of the sea, &c. of the origin under the sea 
bottom. Where the depth of water is peat ,  however, 
it is improbable that any indications of the convulsion 
below will reach the surface. The origin when 
reached may be found a newly-emerging volcano, an 
object always of intense interest, the observation of 
which, however, belongs to Geology. 
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SECTION VIII. 

M I N E R A L O G Y .  

BY SIR IIENRY DE LA BECHE, C.B., F.B.S., &c. 

A GLANCE at the best treatises on mincralogy, even 
those wherein the matter is most condensed, is sufficient 
to show that a profound acquaintance with this science 
can only be acquired by longcontinued study, and by 
means of a competent knowledge of certain other 
sciences, the aid of which must be obtained properly 
to comprehend the internal and external structure and 
chemical composition of minerals. The naval man 
may nevcrtlieless accomplish much, more especially 
respccting the mode of Occurrence and probable origin 
of minerals under certain conditions, and he may also 
add by his researches to the catalogue of known sub- 
stances of this class. 

T n e n  we see a diamond, we consider that we lisve 
before us an arrangement of the particles of carbon in 
t.he most perfect manner, that is, thcsc particles have 
been enabled freely to adjust themselvcs, so that they 
have finally been aggregated in a definite form. 80 
also a ruby or a sapphire presents us with the particles 
of alumina (with usually some slight admixture of 
other substances, such as oxide of iron, silica, &c.> 
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arranged in a definite and most perfect manner, the 
conditions having been such that they also could freely 
adjust themselves ; with this difference, however, in 
the case of alumina, that it is not one of the simple 
substances which chemists consider carbon to be, but a 
compound of a metal (aluminium) and of oxygen. The 
ruby and sapphire are well-known transparent minerals, 
but it is not neccssary that the particles of even a 
simple substance should be arranged in what, in com- 
mon language, may be termed a perfect manner to 
make the mineral transparent. W e  may take as fami- 
liar examples of the contrary cryshls of gold, silver, 
and copper. 

As the knowledge of mineralogy advanced, it wa8 
discovcred that there existed an intimate connexion 
between the chemical composition and physical struc- 
ture of minerals when thcir constituent substances 
could form those arrangements of their particles known 
to us as crystals. This led to the view that when 
minerals possess the same chemical composition, they 
also always present the same crystalline system, 

This is now known not to be strictly true. The 
same bodies have been found to  occur under two dif- 
ferent and incompatible forms, and to this the term 
dimorphism has been applied. Certain substances have 
also been discovered to replace others, without altering 
the form of a mineral, and to this the name iso- 
morphism has been given. The known dimorphous 
bodies are very few, not more than about 10 in 350 
crystallized minerals. The  substances which are iso- 
niorphous being ascertained, no very great difficulty is 
experienced on this head. M. Dufrdnoy has well 
remarked that " it is not necessary, in order to pre- 
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sent the same composition, that minerals should exactly 
contain the same weight of their simple constituent 
substances ; it is sufficient that there is an exact rela- 
tion between the bases and the acids they contain, or 
between their isoinorphous substances.” * 

The external geometric forms of minerals were, as 
far back as 1784, discovered by Bergiuan and I3aiiy 
not always to be those which might be considered 
fundamental or primury, since many were found 
capable of being split or divided into other forms, re- 
presenting the solid arising from the frce adjustment 
of the component particles, the body of the crystal and 
external form being made up of an aggregation of 
many primary crystals, or of some modification of a 
primary crystal. Of tlie aggregation of primary crys- 
tals the common mineral, calcureous spar, affords a 
familiar example. The’ fundamental crystal of car- 
bonate of lime is a given rhombohedron, yet the exter- 
nal forms of this mineral are very varied, so much so 
that the Comte de Bournon was enabled to describe 
nearly 800 modifications of them. The primary form 
alone, a external, is much more rare. 

The crystallization of carbonate of lime also well 
illustrates diniqdisrn. The common kind, as we have 

* Dufrdnoy, (TmitB de Mindralogie,’ tome i. p. 19. This is a 
most excellent work, and should be in the hands of those who desire 
an extended knowledge of mineralogy. we may also mention 
Pllillips’s Elementnry Treatise on Miuernlogy,’ an English edition 
by Allan, and an Americnn edition by Alger ; Dana’s ‘ System of 
Mineralogy ’ (New York aud London) ; Beudant’s ‘ Trait6 ElBmen- 
taire de Min6ralogie j’ ltammelsberg’6 ‘ Hnndworterbuch des 
scheu Theils des Minerdogie ( nhm’s ‘ Die Pseudomorphen des 
Minernlreichs { Rose’s ‘ Elements der Krystnllographic j’ Dr. Knr- 
sten’s ‘ System der Mincralogie’ (Berlin) ; and others. 
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seen, has a fundamental crystal of a given rhombohe- 
dral form, but there is another kind, named arra- 
gonite, wherein, though the proportions of carbonic 
acid and lime are precisely the same, the crystals are 
hexagonal prisms. A t  one time this very different 
crystalline structure was attributed to the presence of 
a small per centage of carbonate of strontia (from 0.7 
to 4.1) ; but as arragonite has been found solely com- 
posed of carbonate of lime, this opinion seems ahan- 
doncd. It has been lately stated that when carbonate 
of lime is crystallized from a warm solution it takes 
the form of arragonite, and when from a cold one that 
of common calcareous spar. It should be added, that 
the packing of the particles of arragonite is such that 
the specific gravity of this minerd is peater than that 
of common carbonate of lime. 

At one time, though crystals of definite forms, con- 
stant internal structure, and chemical composition, 
allowing for isomorphous substitutions, were being 
&hitied in a multitude of chemical processes carried 
on upon the grcnt scale, as well as in the laboratory, 
much stress was laid upon distinctions between art& 
cial and natural products. Now, however, that bodies, 
once only discovered in various p i t i o n s  among rocks, 
have been formed artificially, sometimes by accident, 
a t  others by design, there app6al.s a disposition to look 
a t  inorganic matter more generally, however convenient 
it may be to describe those bodies by themselves which 
have been found in some natural position. 

Among the researches which have tended to break 
down the barriers once thought to exist between 
natural and artificial minerals, the recent labours of 
M. Ebelmen may be menlioned as the most remark- 
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able, since among the minerals produced are some 
commonly considered as insoluble by our processes and 
infusible in our furnaces, and some of them moreover 
belong to the class of gems. M. Ebelmen inferred 
that, inasmucli as many substances in solution in water 
crystallize when the water is evaporated, he would 
obtain cerhin minerals if he dissolved their elementary 
substances in some body (in a state of igneous fusion) 
capable of SO doing, and which at a still higher tem- 
perature would evaporate and leave the elementary 
substances to adjust themselves in a crystalline form. 
&st pcrfect success attended the labours foundcd on 
this view, and in this manner he obtained crystals 
identical with rubies, spinels of various colours, chryso- 
beryl, chrysolite, and otliers. Crystals of emerald 
\irere also formed from pounded emerald. The crystals 
of chrysoberyl were of sufficient size to have their 
optical properties tried, and were found identical with 
those of the natural mineral. 

To classify the natural substances described under 
the head of mineralogy, very various methods have 
been adopted, chiefly, however, divisible into those 
based upon their external characters or chemical corn- 
position. The following is that adopted by h- 
fre'noy in 1845, founded on chemical CoinpOSition. 

~ 
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F m  CLass.-Simple substancea, each being one of the eesmtial prin-  
ciples of compound minerals. 

a base with the bodies of 
other classes, and always forming a constituent part of binary 

Electro-negative bodies ; never acting 

compounds. 
Genus. 

I. Oxygen. 
11. Hydrogen. 
1x1. Nitrogen. 
IV. Chlorine. 
v. Bromine. 
VI. Iodine. 

VII. Fluorine. 
VIII. Carbon. 
xx. Boron. 

Qenus. 
x. Silicium. 
XI. Titnnium. 
XII. Columbium. 
XIII. Sulphur. 
XIV. Selenium. 
xv. Arsenic. 
xvx. Phosphorus. 

XVII.. Vanadium. 
XVIII. Antimony. 

Qenus. 
XIX. Tellurium. 
XX. Mercury. 

XXI. Molybdenum. 
XXII. Tungsten. 
XXIII. Chromium. 
XXIV. Osmium. 

1 XXV. Rhodium. 

SECOND CLiss.-A/huline salts. 
The different salts composing this class are soluble in water, and 

possess a marked taste. 
Genua. Qenus. Qenua. 

xxn.  Ammonia. I XXVIX. Potash. I XXVIII. Soda. 

THInD CLAEs.-A~ha~ille f i r t h s  and Earths. 
The substances composing this class have a stony aspect; pure, 

they nre without colour or of a milky white ; they are not gene- 
rally hard. With the cxccption of corundum, noue =rat& 
glass; their specific gravity is between 2.7 and 4.6 ; tungetate 
oflime alone forma an exception to this general rule. 

Genus. 
XXIX. Barytn. 
xxx. Strontia. 

Genus. 
XXXIII. Yttria. I Genus. 

xxxx. Lime. 
XXXII. Magnesia. XXXIV. Alumina. 

FOURTH Cuss.-&feta/s. 
Thi class comprise8 two divisions, each distinct in aspect :- 

1. Native metals, and the combination ofmany metnls with each 

2. Combinations of metals with oxygen or with acids. 
The minerals of the first division have generally a metallic lustre, 

which gives them a remarkable external character, distinguish. 
ing them from other minerals. 

The combinations of the metals with oxygen or with acids rarely 
present this lustre; in this respect thcy range among the 
minerals of the class silicates. They nevertheless, for the most 
part, possess a peculiar colour, guiding w in their study ; their 

other in a metallic state. 
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XXXV. Cerium. XLI. Cndmiam. 
-VI. Manganese. XLII. Lend. 

XXXVII. Iron. x m r .  Tin. 
xX-11. Cobalt. XLIV. Bismuth. 

Uurlx.  Nickel. XLV. Urnnium. 
u. Zinc. XLVI. Copper. 

XLVII. Silver. 
XLYIII. Gold. 
XLIX. Platinum. 

L. Iridium. 
LT. Palladium. 

Genus. 

LIII. Hydrated aluminous sili- 
CateS.  

UV. Silicates of alumina, of 
lime, or their isomorphic 
substances. 

Lv. Aluminous and alkaline 
silicates, and their iso- 
morphic substances. 

LVI. Aluminous hydrnted sili- 
cotes, with alkaliee, lime, 

LII. Aluminous silicates. 
Genus. 

and their isomorphic 6ub- 
stnnces. 

LVII. Non-aluminous silicates. 
LVIII. Silico-aluminates. 

LIX. Silico-fluates. 
LX. Silico-borates. 

LXI. Silimtitanates. 
LXII. Siico-sulphurets. ' 

LXIII. Aluminntes. 

composition. 
LXIV. substauces of unknown 

SIXTH CLASS.- Codustib2es. 
The minernls constitutiug this class for the mast part still present 

traces of their organic origin ; when crystnllizntion has, 8s in  
mellite, effaced this essential character, we are reminded of it by 
thc nature of the elemente which enter into the composition of 
the mineral. 

The combustibles of organic origin generally burn with flamc nt a 
moderate temperature, giving out a marked odour. They are soft ; 
their specific pnvity, generally very low, does not exceed 1.6. 

I ,  Resins. 2. Bitumens. 3. Fossil combustibles, comprising 

Resius. I =VI. Bitumene. I LXYII. Fossil combwtibles. 

They may be divided into the following:- 

anthracite, coal, lignite, and peat. 
Qenui. Genus. Genus. 

n 2  
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Under these 67 heads are now classed more than 
500 minerals, supposed realIy to differ sufficiently to 
be so separated, independently of many merely consi- 
dered as varietics, or accidental. 

It will be obvious that a voyager, especially when 
his general tirue may be occupied with other duties 
(only a portion of it applicablc to mineralogy, and that 
irregularly), cannot expect to make himself familiar 
with all these substances. With many of those more 
commonly found he will have little difficulty, and by 
practice he will readily detect them when presented to 
his attention. Those which form the constituents of 
rocks it is especially necessary to learn and distinguish, 
since so much of geological importance often turns 
upon their proper determination. ‘rhose wliicli are 
referable to the useful class should engage his atten- 
tion, since while, on the onc hand, valuablc ores of the 
useful metals and other important substances are often 
neglected (even in our mining districts unusual though 
valuable ores have been thrown away a t  no remote 
times) ; on the other, many a mineral, commercially 
worthless, is treasured up, often even to the neglcct of 
those of high value, some particular brilliancy of 
appearance or fancied resemblance to precious or 
metallic substances having misled tllc collector. 

I-Iowever desirable it may be to consider inorganic 
matter as B whole, the conditions under which its parts 
have been found to combine either naturally or artifi- 
cially being only regarded with reference to the 
general subject, so that the natural bodies, commonly 
termed minerals, merely constitute a portion of this 
whole, it is important that the voyager be enabled to 
distinguish natural minerals, both tis respects science 
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and its applications. The foregoing classification being 
founded on chemical composition, if he possessed no 
other means of distinguishing minerals from each other 
than chemistry afforded him, he would in many in- 
stances, from the want of the needful space and appli- 
ances on board ship, have the extent of his mineralo- 
gical labours greatly abridged. At the same time, 
with a box containing certain chemical substances, a 
slight apparatus, and a blowpipe, he will, after a little 
practice, find liis power to distinguish minerals che- 
mically far greater than he might ut first anticipate. 

Postponing for the present the assistance which these 
means of distinguishing minerals chemically, by the 
wet or dry methods, may afford, it  may IC convenient 
to refer to the mode of aggregation of the particles of 
minerals internally, as also to their external characters, 
without entering upon those wfinemcnts wliicli require 
the application of a high order of investigation. For 
this reason wc puss by those properties of minerals 
which are termed optical, beautiful and important as 
they are, and so valuable with reference to a know- 
ledge of the arrangement of the component particles of 
minerals. So also with regard to their electrical pro- 
perties and the effects of heat upon them. Sliould the 
voyager eventually find himself sufficiently interested 
in the study of minerals, he must COJlSU~t works and 
memoirs dedicated especially to these researclies. 

With respect to the characters of minerals, they 
have been arranged under the following heads by M, 
Dufre'noy :- 

1. State of Aggregation.--While minerals arc commollly solid, 
some, like untive mercury nnd certain bitumens, are liquid ; so tilat 
thcy may be distinguished 88 l i q i i i d , j~ab le ,  and 602id. 
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2. Cofour.-Colours are either constant or accidentnl ; when the 
former, and connected with chemical composition, they are import 
ant ; thus peroxide of iron is red, sulphuret of lead a peculiar bluc- 
grey, and so on. Accidental colours are chiefly due to the mixtures 
of mineral substances. The peculiar appearance known DS chatoyailt 
depends upon the structure, and i s  referred to the cleavage-planes, 
the reflected light from which changes according to their position. 
Labradorite is a good example of this property. 
3. Form.-This term is not intended to include the geometric form 

of a mineral, which is considered under the head of ita cl+ptallographic 
characters, but comprises only common, imitative, pseudo-morphous, 
and pseudo-regulnr forms. The first term is applied to the mode of 
occurrence of the mineral in mass, fragments, plates, or in an amor- 
phous condition. The second to its occurmee in gaitis, nodules, 
&e. The third, when a mineral takes the form of a pre-existing 
body, whether organic or inorganic. The term pseudo-regakur is 
applied to suck arrangements of parts 0s are presented by basaltic 
columns a i d  other prismatic forms of igneous rocks, apparently also 
extending to the parnllelopipeds arising from the intersection of 
the divisional planes, commonly termed the joints and cleuuage of 
rocks. 

4. Lus!re.--Such as vitreous, waxy, silky, nacreous, adamnntine, 
semimetallic, and metnllic. 

5. Trati~urency.-Varyin~ from dinphnnous through semi-diapha- 
nous, trauslucent, and translucent at the edges, to opaque. Ikxk 
crystal is diaphanous, chalcedony translucentboth different aggre- 
gations of the particles Of Silica. 

6. I;racture.--This is distinguished 0s lamellar, gPDIIU]llr, fibrous, 
radiated-fibrous, schistose, and ComPact. 

7. Har&ss.--?'his character is relative. The following is a scale 
of hardness proposed by M o b ,  and somewhat commody adopted :- 

1. Lamellar Talc. 2. Selenite (cryslallizd sulphate of lime). 
3. Iceland spar (carbonate of lime). 4. Fluor spar (fluate 
of lime). 5. Phosphate of lime. 6. Lamellar felspar. 
7. liock crystal. 8. Topu. 9. Ruby or Sapphire. 10. 
Diamond. 

8. Toqhiiess.-This character consists iu the resistance which a 
substance offem to be broken or torn. A soft mineral may be very 
tough, such ns sulphate of linle; a hard onc readily fractured, 88 
flint; and Borne are both hard and tough, IIS jade. 

9. T l e  &rulc/r.-Trinlfi for hardness give a scratcll and powder, 
which are useful in the determination of miuerals. Thus the ores of 
iron, named hematitee, give a red or yellow ochre powder, which at 
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Once distinguishes this mineral from the concretionary ores of mnn- 
ganese, the powder of which is black. 

10. Tlte Staiw-This character is only applicable to afen minerals, 
and those soft. It consists in marking paper or linen with the 
mineral-chnlk and plumbago thus leave marks. Plumbago may be 
thus distinguished from sulphuret of molybdenum, which it otherwise 
much resembles. 

11. Uncfuosity.-Many minerals are soft and soapy to the touch, 
such as talc and serpentine, magnesian minerals. 

12. Fle.&ility.-Several are flexible, 6uch n6 native silver and 
Copper. Some are both flexible and elastic, 86 mica 
13. Ducfility.-PrincipaIly applicable to native metals. Though 

sulphuret of silver and halloysite cannot be lengthened under the 
hammer, they are nevertheless termed ductile by the mineralogist. 

14. Tasfe.-Only applicable to certain substances, distinguished 
a6 bitter, sweet, d t ,  8;c. 

15. Adhesion to tAe tongue.4enernlly sufficient for distinguishing 
argillaceous from pure limestones. 

16. 0dour.-Such as of the bituniens and other similar substances, 
Or by means of breathing on or rubbing a mineral, when n peculiar 
smell is perceived. 
17. Cold-The fccling of cold when a mineral is placed in the 

hand. In  this manner rock crystals and gems can be distinguished 
from glass and ennmel, which otherwise may be made closely to 
imitate them. 

18. Soirtd-This property must be taken in its ordinary neccpta- 
tion, nnd not with regard to the motion given to the molecola by 
percussion. Some substnncea are very sonorous; phonolite is M) 

named from this property. 
1% Weiyht.-This property also to be tnken in ita common 8C-  

wptation, the mineral being only 6UppOSed to be weighed roughly in  
the hand. In this mmner carbonate of lime, sulphate of bnrytn, m d  
arbonnte of lend may be easily distinguished. 

These characterg may be regarded as aids towards 
the approximate knowledge of a mineral, and as such 
may be useful, more especially to one d m  may in the 
first instance be desirous of availing himself, with as 
little loss of time os possible, of the differences or re- 
semblances of any minerals he may have collected, 
endeavouring to refer them to known substances, so 
that while opportunities may continue to be afforded 
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he might institute still further search for any minerals 
respecting which it may be desirable to collect addi- 
tional information. 

Supposing the voyager in possession of minerals col- 
lected on some excursion, he will find it useful to try 
their specific gravity when in harbour, or the weather 
may be sufficiently calm for the purpose. This is no 
difficult task, and the use of the xieedf'ul apparatus for 
the purpose is soon acquired.* As the spccific gravity 
of minerals, when these are pure, is considered to be 
intimately connected with their chemical composition, 
8 knowledge of it becomes a useful preliminary inquiry. 
It may be almost unnecessary to remark that the spe- 

* Much may be done with the common balance made for the pur- 
pose, whereby, nfter weighing the body in the air, it  is weighed in 
the water, which should be distilled Water, and enough cnn b got 
by dexterously condensing the steam coniing O u t  of n common tea- 
kettle. 

For very exact determinations n flask of the kind lierewith repre- 
sented is used. c d is a ground-glnss Etopper 
mnde BO exactly to fit, t h t  its bottom coin- 
cides w i t h  the line a b, SO that the volume 
of the interior of the Ansk is constnnt. A i.i-..'; ,,,,,......' .... ... nny its length, excess f i ~  of that water when escapes the flask through is filled this 

'': tube. The flask full of water is first weighed, 
i and then the weight of the minernl is taken 
' in the air. The mineral is then placed in :,..4 v' the flask, SO that it remains full, nfter the ,<" volunie of Water equal to that of the 6ub- 

stnnce inserted has escaped, If now the 
flask, with tho mineral in it, be weighed, the differcnce of weight 
gives that of the volume of water displaced, and by finding the rela- 
tion of the weight of the mineral to thnt of the water, the specific 
gravity is obtained. If the substance tried be in powder, it  is im- 
portnnt that all air-bubbles be removed, and if porous, that the air 
in the pores be replaced by water, 

c 

a ,,.:..:$>. i !.: ' G cnpillary tube tmerEe6 the stopper through 

i 
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cific gravity of a mineral is obtained by first weighing 
it in air, then in water, that the loss it sustaiiis in 
water gives the weight of the displaced water, and 
that, by dividing the weight in air by the loss, or the 
weight of an equal bulk of water, the specific gravity 
is obtained. Thus if W be t.he weight of a sub- 
stance in the air, T V  its weight in water, TV - W' 
will be that of the displaced volume of water, and 

TV - the specific gravity. 

It has been above stated that with the exceptions 
arising from dimorphism and isomorpliism, the chemical 
composition and crystallization of mineral substances 
bear a marked relation to each other. Whatever the 
forms of the ultimate atoms of matter or those of the 
integrant molecules * of the substances of the minerals 
may be, very definite and consLint fundamental poly- 
hcdral solids are generally found accompanying definite 
chemical compositions (with the exceptions mentioned), 
and the study of these forms has led to the science of 
cystaUograpIy. It would be out of place here to 
attempt to enter upon this highly interesting branch of 
knowledge ; it  will be found sketched in most treatises 
on mineralogy, and works have been dedicated solely 
to it. 

Experiments in the laboratory have pointed out, 
what the mode of occurrence of natural minerals would 

W -wl 

* It has been considered that nll crystnls may be derived from a 
priam, and thus that nll minernls might be couiposed of prismatic 
particles closely joined to each other without void spnces. On the 
other hnnd polyhedml forms have been thought most probable, yoid 
Space6 being interposed between the molecules, and this the re- 
searches of M. Biot on lamellar polnrizntion are cousidered to have 
proved. 
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have led us to expect, that the multiplied modifications 
of some primary or fundamental form observed, much 
depends upon the conditions under which inorganic sub- 
stances may have crystallized. s o  long ago as 1788 
the experiments of Leblanc showed this, and the every- 
day experience in laboratories and chemical manufac- 
tories proves it. I f  by accident or design a solution of 
some &en substance be added to another, the crystals 
of that which would be otherwise formed from the first 
solution become modified in shape ; all the crystals so 
produced being generally similar. Thus also in 
nature, a11 collectors of minerals know that certain 
localities, in other words, given conditions arising from 
the combination of rocks and other circumstances 
where the mincrals are found, produce crystals of some 
substance with a marked crystalline exterior, so that 
not unfrequently it is not difficult for a mineralogist, 
when differently modified crystals of the same substance 
are before him, to point out from whence each may 
have been obtained. Again, mineralogists are we]] 
aware that some mine, or, in other w d s ,  some mineral 
vein, or part of a mineral vein, will afford a modifica- 
tion of a known mineral most abundantly for a time, 
and no similar modification be afterwards discovered 
in it. This is but the result of certain conditions, 
which have obtained in the particular cavity of the 
crack in the enclosing rocks, and which otherwise 
variously filled constitutes the vein. 

Although thus liable to be modified by the condi- 
tions under which they may be formed, it is found that 
many substances will bear an admixture, sometimes 
considerable, of other substances, without having their 
power to crystallize in certain fundamental forms pre- 
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vented, the particles of the one substance, as it were, 
compelling those of the other to adjust themselves in a 
subordinate manner to them. This is more especially 
the case where the admixture is clearly mechanical, as 
regards the substance so compelled to adjust its par- 
ticles that they do not interfere with the fundamental 
or primary form of crystal of the more powerful body. 
Of this one of the most marked is the well-known crys- 
tallized sandstone, as it is often termed, of Fontaine- 
bleau, where grains of siliceous sand are gathcrcd up 
by crystals of carbonate of lime, and do not injure the 
form of the latter. It is not improbable that the 
matter found in many minerals, and considered ex- 
traneous, may often thus be mechanically mixed. 
However this may be, the proportions in which one 
substance may be sometimes mingled with another, the 
crystallization obtained being that proper to the minor 
quantity (as if though less in that respect it waa 
greater in crystalline power), are very remarkable. 
Thus M. Beudant was enabled to produce crystals of 
the form of sulphate of iron which contained 85 per 
cent. of sulphate of zinc, the remainder only (15 per 
cent.) being composed of the substance which gave the 
form to the crystals.' 

With regard to dimoTliism, or the crystallization of 
the same chemically composed substance in two dis- 
tinct forms, considered fundamentally different, we 
have already remarked that carbonate of lime has this 
property, and that a difference in the heat of the solu- 
tion wllence it may be formed is found to accompany 
this variation of shape. This apparent influence of 
difference in temperature upon the arrangement of the 

* Budant, 6 Annales des Mines' (1817), tome ii. p. 10. 
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component particles becomes the more interesting when 
we couple it with the experiments of Mitscherlich.* 
Right rhomboidal crystals of sulphate of nickel exposed 
in a vase to the sun, were found changed in the inte- 
rior, without passing througli the liquid state, into 
octahedrons with a square base, the exterior crust of 
the original crystals retaining its first form. As pre- 
viously observed, the natural inincrds hitherto ascer- 
tained to have two different primitive forms amount to 
so few as scarcely to iiiterfere materitLlly with the 
determination of minerals by their crystalline f0rm.t 

With isomorpliism, or the replacernent of one suh- 
stance by another, so that the resulting crystals are 
not altered, as before stated, the voyager will not be 
embarrassed when he becomes familiar with such sub- 
stances. Magnesia, lime, protoxide of iron, and pro- 
toxide of manganese thus replace each other in any 
proportion. With the crystals termed pseudomorphous, 
or those which do not belong to the chemical character 
of the substancc thus presenting thcm, the MSC is diffe- 
rent. There would appear two classes of these bodies ; 
at least it is convenient in our present state of know- 
ledge so to divide them. ‘& first class shows the 
mere filling of a mould, left by the disappearance of 
one mineral, with the matter of another of dissimilar 
chemical composition, and which, if it could have 
crystallized out freely in a cavity, or amid yielding 

* Mitscherlich, ‘Annales de Chimic et de Physique,’ tome xxxvii, 
t M. Dufrhoy points out that the two forms of carbonate of lime, 

carbonate of iron, and carbonate of lead are of the enme nature, all 
occurring both as rhombohedrons and as right rhomboidal prisms, 
and adverts to the probability of the carbonates of baryta and of 
strontia being dimorphous also. ‘ Trait6 de Min6ralogie: tome i. 
p. 204. 
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particles of matter, would also have had a dissimilar 
external form. Tlie study of the minerals forming the 
substances which have filled UP the cracks or disloca- 
tions in rocks, commonly known as mineral veins, or 
faults, as they may or may not contain ores of the 
useful metals, abundantly shows US that, after the for- 
mation in them of some crystallized minerals, and the 
envelopment of these by another mineral substance, a 
change of conditions took place in the crack or fissure, 
i n  such eases only partially filled with solid matter, so 
that the origina1,crystals were removed. It is again 
obvious that while the cavities left by these crystals 
continued empty, or formed little hollows in which 
liiinerals of various kinds havc merely covered the 
sides, partly filling these hollows, a t  others some given 
mineral has completely occupied the cavities, so that 
while interrwlly keeping the structure peculiar to it, 
the exterior form corresponds exactly with that of the 
original and removed crystal. Further observation 
shows us that wliile in the greater number of iustances 
the mineral substance forming the mould has remained 
firm, frequently covered over by other mirieral sub- 
stances, deposited from variable solutions in the crack 
or fissure until this be finally and completely filled with 
solid matter ; sometimes the mould has been dissolved 
and removed, the pseudomorphous or externally false- 
shaped crystals appearing uncovered and by themselves. 
At least they so remain, if not again covered in conse- 
quence of any of those changes which may have take11 
place in the mineral vein, and by which new mineral 
matter may be thrown down, being of course liable, 
like any other of the pre-existing minerals, to he 
covered up by deposits of this kind. As might be 
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expected, the minerals thus, as it  were, cast in a mould, 
vary considerably ; silica, often as chalcedony, being 
in some districts frequent. 

When we find the hollows that have been left in 
rocks by the disappearance of the original substances 
of shells, and other organic remains which have been 
entombed in them, filled by various mineral substa,nces, 
some totally different from the original matter of the 
organic remain, such as silica, and the sulphurets of 
iron, copper, and lead, we are not surprised at finding 
pseudomorphous crystals of minerals in the body of a 
rock itself. In  spring waters, those clearly derived 
from rain percolating through rocks, and thrown out on 
the sides of hills by some bed called impervious, a term 
which should be only regarded comparative, we find 
abundant evidence of the chemical solution of some 
parts of the beds which the water has passed through. 
In all kinds of springs, including those which in volca- 
nic countries may be regarded as water formed by the 
condensation of steam, we still find the same thing, SO 

that we are prepared for the filling up of hollows and 
cavities, no matter how formed, by matter brought in 
solution into them, and partly or wholly left there, 
according to circumstances. Of this kind of filling up, 
the vesicles and gas, vapour, or air-cavities of igneous 
rocks of different geological ages afford us excellent 
examples, more particularly when it is seen, as it  often 
can be, that a t  one time the elements of some mineral 
substances have succeeded to others in percolating into, 
and being deposited in these hollows or cavities. If a 
crystal of any substance, such as felspar, disappears in 
the body of a rock, leaving its mould, any mineral 
substance entering the hollow may take its form, as is 
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the case with the well-known pseudomorphous crystals 
of peroxide of tin from St. Agnes, Cornwall, the per- 
oxide of tin having thus filled cavities left by felspar 
crystals. The other class of pseudomorphous minerals 
Would appear to have been formed in a different man- 
ner, there being little reason to suppose that like the 
pseudoniorphous ininerals before mentioned they have 
mereIy filled up moulds left by the disappearance of 
the original minerals. On the contrary, the elements 
of the new mineral seem gradually, molecule by mole- 
cule, to have replaced the old mineral, so that the 
original form is always retained. A t  first sight, perhaps, 
this kind of replacement may be difficult to conceive, 
but when we learn that a plate of steel was found in 
part replaced by silver, having been Ieft eight years in 
a case at  the mint in Paris, in contact, by one of its 
ends, with a solution of nitrate of silver, which reached 
it slowly from a fissure in the vessel containing the 
solution, this difficulty vanishes. Now' and theii spe- 
cimens are found wherein the parts of the original 
crystals still occur, the remainder replaced by another 
substance. 

By a careful consideration of these exceptions to the 
agreement between the external forms of mineraIs 
with their composjtion, which are by no means so for- 
midable when we regard the subject as a whole, the 
voyager may derive most important aid in the determi- 
nation of the crystallized minerals he may collect from 
their crystalline forms. 

To cleave minerals, so as to acquire a knowlcdge of 
any form made thereby apparent, thus exposing 
structure aiding in the determination of the mineral, 
I'equires both dexterity and a fair knowledge of the 
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probable planes of cleavage. While some minerals, 
like selenite, cleave most readily, in others it is only by 
a smart blow upon a chisel, placed in the supposed 
lines of cleavage, that this i3 effected. In  others, again, 
cleavage is more to be traced by lines observed on the 
.faces of the crystals than to he obtained mechanically. 
I n  some again the structure can only be traced by 
means of optical researches. It is found that in the 
same mineral the cleavages are always disposed in the 
same manner, forming constant angles with each other, 
and with the faces of the crystal. When there are 
three directions of the cleavage planes, the resulting 
solid always presents the same angles for the same kind 
of mineral. 'CVhen the planes of cleavage are in more 
than three directions, one set is termed princ+al, the 
otlier supplementary cleacages. 

The crystalline types, as they have been termed, 
those under which the different forms can be classified, 
have been variously treated by crystallographers. The 
following is the arrangement adopted by Dufrt!noy, 
founded on that of Haiiy :- 

With perpendicular axes :- 
I. Cube.-The modifications of which are the octnhedron, the 

regular rhomboidnl dodecahedron, the hexatetrahedron, the 
trupezoihedron, the octotritlhedron, and some other forms. 

n. Right prism with a ryuare base.-The modifirations of which are 
the octahedron with a square base, the diochhedron, and 
others. 

111. Right rectanyular prism.-The modifications of which nrc the 
right rhomboidal prism, the rcctongular octahedron, the 
rhomboidal octahedron, &C. 

With oblique axes :- 
IV, R/tombohedron.-Including equiaxial rhombohedrons, scalene 

triangular dodecahedrons, two rcgulnr prisms with six faces, 
and isosceles, triangular dodecahedrons. 
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v. Oblique rlroniboidal p&t.-With its modifications. 
VI. Non-symnietrical obliqueprisa.-With its modifications. 

Instruments, named goniometers, have been invented 
to measure the angles made by the different planes of 
the crystals, as well those considered primary ;is their 
lnodifications. The most simple is that of Haiiy, con- 
sisting of graduated semicircle, with metallic adjust- 
ments, so that by applying these adjustments the angle 
sought is read off upon the graduated semicircle. This 
W a s  found a somewhat rough process in many cases, 
and IVollaston invented his reflective goniometcr, by 
means of which adjustments are applied so that the 
bright surfaces of the crystalline planes are made to 
coincide with them, and the angles are thus closely 
read off. This goniometer being inapplicable to crys- 
tals, the surfaces of which are not sufficiently bright, 
a goniometer has becn constructed by M. Adelmann, 
by which both methods can be employed, as the cases 
for their use in preference may arise. WolIaston's 
@niometer is a very valuable instrument, and its use 
is not difficult to acquire." A very simple goniometer 
has also been constructed by Dr. Lees0n.f 

It is probable that to chemical composition the' 
voyager will chiefly look for aid, more especially if he 
be a medical officer, and therefore likely to have be- 
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come sufficiently acquainted with chemistry for the 
purpose. The modes of investigation will readily pre- 
sent themselves to one so qualified,* and we would 
suggest that no surveying voyage should be sent, more 
particularly to distant countries, without one of those 
little chests of needful things for chemical research 
which are prepared for the purpose.? For those not 
sufficiently versed in chemistry it might be hazardous 
to attempt the wet method of investigation, but by a 
little practice, much knowledge may be acquired by 
the blowpipe, or what may he termed the dry method. 
Works are especially dedicated to this mode of inves- 
tigation. As these may not be at hand, Mr. Warin& 

* The following works will be found Useful :-Will’s 6 Outlines 
of Qualitative Analysis,’ Fresenius’s ‘ Qualitative and Quantiutive 
Analysis,’ Pnrnell’s 6 Qualitative nnd Quantitative Analysis,’ and 
ROW’S ‘ Annlysis,’ translated by Normandy. 

f Gri5n (of Glasgow, and of Baker Streef London) and others fit 
up very compact and useful chests of this kind. They necessarily 
vary in price according to their contents. For about 81., a cheat of 
about 14 cubic feet, not a cumbrous Size for a cabin, may be ob- 
tained. It would contain apparatus and substances :sufficient for 
discriminating dl well-known ores and minerals, including a blow- 
pipe apparatus with the necessary fluxes and re-agents, as also a 
selection of the most useful instmments for testing in the wet way, 
‘with a collection of test6 in the dry sute, and stoppered bottles to 
oontain solutions; also .B Set of bottles with pure acids. 

More complete chests may be obtahed for about 151. or 162. --far 
more valuable for long voyage, during which deficiencies cannot be 
expected to be supplied. These are divided into two chests, one con- 
taining the things needful for more constant, the other large articles 
for occasional use, as well n~ duplicates of apparatus liable to be 
broken, with an extra stock of chemicals. These chests usually 
occupy nbout 4 cubic feet, and contain apparatus and chemicals suff17 
cient for the complete quantitative analyses of minerals, or the sepa- 
ration of the component parts of a minernl, in quantities Wfficient 
for an accurate analysis. They include platinum crucibles, RohemiRn 
test tubes, Berlin porcelain crucibles and capsules, complete blowpipe 
apparatus, &c. &c. 
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ton Smyth, Mining Geologist of the Geological Survey 
of the United Kingdom, and who has long employed 
the blowpipe in his researches, has prepared the follow- 
ing short notice of the mode in which this instrument 
may be rendered useful :- 

The ordinnry blowpipe is M) well known ~IS scarcely to need de- 
scription. Various forms have been recommended by their inventors, 
but for common purposes i t  is only important that the orifice be not 

lnrge, and thnt the tube be provided with a reservoir for the re. 
ception of the moisture which is carried into i t  with the breath. The 
flame of a neatly trimmed lnmp is undoubtedly the most convenient, 
but that of a common candle is quite applicable to the qualitntive tests 
with which we sbnll have occasion to deal. 

In  looking nt the flame of n candle, we may observe two principal 
dbkions, which i t  is necessary by the nssistaiice of the blowpipe to 
n6o scpnrskly, since their action on the snmc substnnces is so differ- 
ent, as on the one hand gently to facilitate certain processes of 
analysis, nnd on the other to cause much perplexity unless clenrlp 
understood. 
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stance upon vhich it is directed. TO produce the latter, the point or 
jet of the blowpipe should be inserted into about a third of the flame, 
and the assay is then to be held at the extremity of the cone of blue 
flame. For reduction the point of the tube should scarcely penetrate 
the flame, and the nssay should be SO placed as to be completely 
enveloped in it, and thus preventcd from receiving oxygen. 

A little practice is sumcient to overcome the slight difficulty which 
at first is felt in keeping up a continual and even stream of air. 
The tyro may begin by accustoming himself to breathe through the 
nostrils whilst his cheeks are inflated, aud will soon find it easy to 
maintain an uninterrupted supply for several minutes. 

Of the instrumcuts used in experimenting by the blowpipe, thefol- 
lowing are the most necessary:-1st. A pair of fine-pointed forceps, 
tipped with platinum. 3rd. A11 
agate pestle and mortnr. 4th. Thin platinum wire and holder. 5th. 
A magnet. Gth. A fcw small tubes of thin glass. 7th. Some small 
porcelain capsules or saucei'li. Charcoal is required as a support in 
many cases, particularly in the reduction of Ores ; and the folloiviiig 
re-agents are also indispeusable, the three first being fluxes applicable 
under different circumstances :- 

1st. Soda, or carbonate of soda. 
2nd. Borax, or borate of soda. 

I 3rd. Microcosmic salt, or phosphate of soda nnd ammonia. 
4th. Saltpetre, to increase the degree of oxidation of cerhill 

metallic oxides. 
9th. Borax-glms, for the determination of phosphoric acid, and of 

small quantities of lead in copper. 
6th. Nitrate of cobalt, in solution, to distinguish ahmino, mngnesin, 

and oxide of zinc. 
7th. Oxide of copper, for determining Small quantities of chlorine 

in compounds. 
8th. Fluor-spar, for the recognition of lithia, boracic acid, and 

gypsum. 
9th. Lend in a pure metallic state. 
10th. Bone-ashes (9th and 10th are used for separnting the silver 

I l th ,  ~ z t h ,  and 13th. Hydrochloric, sulphuric, nnd nitric acids. 
14th. Litmus-paper, blue and red, for detecting the presence of 

acids and alkalies. 
The experiments on an unknown mineral must be made EYE- 

kmatically, and referred for comparison to some list or tablc of 
minerals in which their behaviour before the blowpipe is described, 
8s Von Kobell's tables.. 

* Von Kobell, ' Tafeln zur Bestimmung der Minemlien, hlunehen,' 
and the same translated into English by 11. Campbell. 

2nd. A small spoon of platinum. 

from certain argentiferous ores). 
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The first point to examine is, whether it be fusible; and if so, in 
What degree. The various grades of fusibility mny be conveniently 
divided into six ; a8 representatives of which it is convenient to take 
the following minerals, species which are everywhere easy to obtain, 
and which may therefore be often practised upou :- 

1. Alltimony-glnnce, or sulphuret Of antimony, which melts a t  

2. Natrolite or mesotype, fine splinters of which may be rounded 

3. Almaudine, or precious garnet, which fuses in large pieces 

4. Actinolite (hornblende), fusible only in smaller portions. 
5. Orthoclase (felspar) offers some difficulty ; nnd 
G. Bronzite mu only be rounded by tlie flame in the finest 

the candle. 

by the candle-flame. 

before the blow-pipe. 

splinters. 

According to this scnle, the mineral in question may be referred 
to either of the above numbers, or plnced half-way between any two 
Ofthem ; as for instance, apophyllite, being more ensily fused than 
natrolite, and yet more refractory than autimony-glance, will have 

comparative fusibility represeutcd by 1.5. 
The fragment to be experimented upou iri generally held in the 

Platinum forceps, but it is necessary to guard against the melting of 
the test upon the points, since tlie platinum, though infusible, is by 
that means rendered brittle. 

In other enses the mineral may be supported upon chnrcoal : but 
Whatever be the means of holding it, the phenomena exhibited by 
the action of the flame must be noted, as 

1st. The manner in  which it fuses, whether quietly, or with de- 
crepitation, exfoliation, intumescence, or phosphorescence ; whether 
it loses 01' retains colour and trunsparency. 

2nd. The appearance of the product, whether nglWs, an enumel, Or 

a 8hy; or, Bs in tile case of ores reduced upon charcoal, n metallic 
bead or teyulus.  

3rd. The separntion of volntile substances, and the c o h r  of the 
deposit on the charcoal, by which we may recognis~ 

a. Lead, giving a greenish yellow deposit. 
b. Zinc, having a white crust, which when heated becomes yel- 

lowish and difficult to volatilize. 
C. Antimony, a white deposit, easy to volntilize. 
d. Bismuth, a Crust partly white, partly ornnge-yellow, without 

e. Sulphur, with 
Colouring the flame. 

well-known d o u r  of sulyhuric acid. 
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f. Selenium, in an opeu glm tube, gives a red deposit of 

9. Tellurinm, in a similar glass hbe, gives a greyish-white 

h. Arseuic gives off a greyish-white vapour, which smells like 

i. Quicksilver, in a glass tube, will be precipitated in  minute 

R .  Water, from hydrous miuenls, deposited by condensation in 

4th. The colour of the flnme when the tip ofrhe blue part is neatly 

a. Red tint, given by several minerals mtnining strontin and 

ZI. Green, prodiiced by some phosphates and borates, sulphate of 

E .  Blue, given by chloride of copper, cbloride of lend, &c. 

selenium. 

crust of its oxide, 

garlic. 

metallic globules. 

the same manner. 

directed upon the mineral ; whence may be distinguished 

(1) lithinm. 

baryta, some copper ores and tellarium wes. 

5th. The development of mnpetic Properties after treatment in 
the reducing-flame, a8 in ores of iron, nickel, and cobalt. 

So far the assay has been considered by itself, but i t  is frequently 
necessary to mix it with fluxes, either to render it frcsible or to pro- 
duce a glassy compound of a characterisfie colour. 

Thus if bornx or microcosmic salt be fused info a glm at the end of 
a platinum wire bent into an eye, and a little powder of the mkno+n 
mineral be added to it, we shall obtain by the use of the oxidizing 
flame the following results :- 

BIanganeec, in all its compounds, giyes a beautiful violet or ame- 
thyst colour. 

Cobalt cause8 a snpphire-blue COlOUr; chromium an emerald- 
green. 

Oside of iron produces a yellowish-red glass, which becomes paler 
as it cools, and at length grows yellow or disappears. 

Oxide of cerium gives a red or dark-yellow colour, which also 
grows paler as i t  cools. 

Oxide of nickel renders the glass (1 brown or violet tint, which 
nfter cooling becomes reddish-brown. 

Oxide of copper in very small quantity gives a green tint, which 
grows blue in cooling. 

Oxide of uranium renders the glass bright yellow’, which in cool- 
ing tnkes a greenish tint. 

Oxide of antimony give8 a pale yellow colour, which MMn disap. 
pears. 
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When soda is used as a flux, it is generally upon charcoal, and by 
this aid the metals may be obtained from most of their combinations 
in a pure state. For this purpose the powdered ore is either mixed 
with the moistened soda in a paste, or is enveloped in a piece of thin 
Paper which has been dipped in a solution of soda. After fusion, 
that portion of the charcoal which has abSOr1wl any of the fluid sub- 
stance is to be cut off and ground down with it in the mortar, when 
the metal, if malleable, will at once be recognised. If several metals 
are combined, of \vliic11 01le is more easily oxidized than another, as 
for instance lead when combined with silver or copper, thc latter 
may be separated by adding metallic lead or boracic acid, according 
to circumstances, and maintaining a continued oxidizing flame, till 
the whole of the lead has passed into the state of litharge.* 

We will now suppose the voyager landing upon 
Some coast, and desirous, among other things, either 
of adding to our knowledge of minerals or their lo- 
calities, or of discovering ores of the useful metals or 
'coal. With respect to many minerals and the ores 
of the metals, it fortunately so happens that precisely 
the same places may be searched, and these are cracks 
and fissures, or those dislocations of rocks known as 
faults, either partially or wholly filled with inineral 
matter. Should he see before him such veins as CE 
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and b traversing the rocks of a cliff, he should not 
neglect to land therc. I f  any hollow spaces present 
themselves, let him there search for the crystalline 
minerals. The vein a is represented as filling a fault, 
the dislocation having brought different rocks into 
contact ; and we may supposc, for illustration, that c is 
porphyry, and d some schistose rock. The fissure b is 
intended to be a mere crack. Often when dissimilar 
rocks are brought into contact, mineral substances are 
found in the fissures, and this is a point which the 
voyager should not neglect. I n  certain countrics the 
occurrence of the ores of the useful metals is not un- 
frequent under such conditions. On tidal coasts, 
should a vein of this kind be found productive, it may 
be desirable to wait for low water to trace the direction 
of the vein among any ledges or rocks which niay be 
then laid bare. This may give the run of the vein 
inland, but not with certainty ; for though fissures or 
faults may take general lines on the large scale, they, 
as would be expected, are very irregular for minor 
distances. 

Should crystals be found in any such vein, it is often 
desirable to ascertain how they occur relatively to 
other bodies, crystalline or otherwise. Whole groups 
of crystals are thus frequently seen placed on certain 
projecting surfaces, facing one direction, and this as 
well on surfaces of crystals of other substances, as upon 
the sides of the vein, or zoalls, as they are teclinically 
termed. Such modes of occurrence are found as well 
in what, in common terms, may be called a horizontal 
as a vertical manner. They are not due to the drip- 
pings of water charged with the niatter of the minerals 
in solution, such as are often seen in fissures, the re- 
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suiting deposits being more or less crystalline according 
to conditions ; on the contrary, the particular modes of 
Occurrence to which we allude, seem more the result 
of crystalline deposits from solutions (filling the whole 
or a large part of the fissure), SO acted upon, that pro- 
jections in a given line, more especially if composed of 
certain substances, received these deposits -in fact 
much in the same manner as substances in solution may 
be thrown down by well-known methods whcn galvanic 
action is employed. W e  have before us an illustrative 
specimcn from the Consols Minc, Gwennap, Cornwall, 
in which large crystals of quartz are on the one side 
covered by crystals of sulpliuret of iron, and on the 
other by crystals of copper pyrites. Cases where crys- 
tals of one substance abundantly occur on one side of 
prior-formed crystals of another substance, and not on 
the reverse or opposite sides, are sufficiently common, 
and best seen in the fissures or mineral veins themselves. 

Although when exposed to the action of weather, the 
minerals which may be found in veins or fissures, open 
on the faces of cliffs, are not very often (except when 
of substances not easily injured) in a good state of pre- 
servation, they show tbat such minerals are found 
in the vein, so that if time and opportunity permit, some 
Unexposed part of the vein may be broken into. SUC- 
cess may not, certainly, always attend such a search, 
for it is curious to observe how very local, even in the 
same vein, the OCCumence of a particular mineral 
may be. 

In collecting minerds in a vein, should a boat be a t  
hand, so that they may be readily taken to the ship, it 
is better not to limit the specimen to some mere crystal 
itself, but to break off some of the body (either part of 
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the vein or of the rock, as the case may be) upon which 
it has been formed, so that when more leisure may be 
obtained, any illustration the whole specimen may 
afford of the manner in which the mineral may have 
been formed, should be preserved. By such specimens 
we often learn the history, as it were, of the mineral 
accumulations which, taken together, may, wholly or in 
part, have filled up a fissure. In this way it may often 
be seen that crystalline coatings Of many substances 
have successively covered each other up towards the 
centre of the fissures. 

The contents of veins are far often from being de- 
finitely crystalline ; thus quartz and other mineral sub- 
stances, such as the ores of many metals, have an amor- 
phous appearance, their deposit huving been effected 
under conditions which did not permit their particles to 
adjust themselvcs in definite crystalline forms, Again 
we find that, during the filling up of veins, fragments of 
rocks from the sides or upper parts of the fissure have 
dropped in ; by their want of contact and by their is0- 
lation in many parts of the vein showing that this hap- 
pened when the mineral or minerds thrown down from 
solutions were accumulating. A mineral vein some- 
times forms a complete breccia, and this as well from 
the cause just assigned 8s from the mere filling up of 
the chinks left by fragments from the adjoining rocks, 
accumulated in the fissure before any deposit of mine- 
ral matter from solutions was effected. As might be 
expected, both varieties are to be sometimes ~ e e n  in 
the smile vein. Ores of the useful metals, such ~ u l -  
phuret of lead, copper pyrites, and peroxide of tin, 
may, and do, as well form the cementing matter of 
such fragments, aa coinmon quartz, carbonate of lime, 
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or other minerals. In collecting some minerals which 
have covered others, it  may be frequently desirable to 
obtain enough of the first to show how the latter may 
have occurred. Rock crystals are thus often seen in- 
vesting other minerals, the most delicate threads of the 
latter being preserved in them. By a little care we 
may take out enough of the crystals to show completely 
how these threads may have radiated from u centre or 
have been otherwise disposed. 
Q As with other mineral substances, we find that ores 
of the useful metals have been sometimes thrown down 
in a fissure at  one time and not a t  another, the deposit 
of one ore sometimes repeated, at  others not. Thus 
there may have been a coating of a zinc ore at one 
time, of copper ore a t  another, and a covering of tin 
ore upon these, sometimes separated by other mineral 
substances, at  others in deposits one above the other. 
Again, we find, in the successive dislocations which are 
sometimes seen to have effected the lines of fissures, 
that while the lines of least resistance to the applied 
force have been chiefly through the contents of the 
original fissure, occasionally a new fiseure hm been 
made through portions of the adjoining rock ; so that 
the minerals which may have been subsequently depo- 
sited in the new crack or fissure will be partly in the 
old line, and partly amid the newly-broken and adja- 
cent rocks. 

It would be out of place to attempt a general notice 
of those veins which, because they contain the ores of 
the useful mehls, &re commonly termed minerul: it  
will be sufficient to observe that from decomposition the 
upper or exposed parts of many do not show the ores 
in the manner they occur beneath. Thus, above veins 
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wherein the ore from which the largest amount of cop- 
per is produced, namely, the compourid of copper, iron, 
and sulphur known as copperpyrites, a m w  of ferru- 
ginous matter is often found, known by many of our 
miners as gossan, and by the French mincrs as chapeau 
defer. This is the result of il decomposition arising 
from exposure to atmospheric influences of various 
kinds, and occasionally from other influences. I t  is 
probable that the sulphur by a union with thc needful 
oxygen became sulphui*ic acid, and that, this form.?j, 
the copper was attacked and removed, to be dealt with 
like any other solution of sulphate of copper. And 
beneath this gossan, or the back of the lode, a3 it is 
often termed, we observc appearances strongly remind- 
ing us of the common electrotype process for procuring 
copper from a similar solution. The pure metal is 
gathered together in chinks and cavities betwecn the 
main mass of gossan and the body of the undecom- 
posed copper pyrites, mingling, perhaps, occasionally 
with thc lower part of tlie former. Sometimes this 
native copper, as it  is called, may retain its metallic 
character, but at others it becomes convert.ed illto an 
oxide, and this again into a carbonate by the percola- 
tion of waters containing common air and carbonic 
acid. The iron seems in a great measure to have been 
left behind, and this forms the rusty substance above 
mentioned. I t  will be readily understood that, the 
needful conditions obtaining, other parts of a mine- 
ral vein than the mere upper portion may become de- 
composed in the same manner. In  fact, the changes 
which have been cffected in the fissures containing 
mineral veins, thc mode of throwing down mineral 
substance, ita subsequent removal, its reappearance, or 
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apparent transport elsewhere, the pseudomorphous 
filling up of crystalline cavities, the substitution of par-' 
ticlcs of one substance for another, the evident altera- 
tions produced by new fissures, particularly when these 
have traversed the original fissures at  right angles, the 
differences of contents of fissures when they take dif- 
ferent directions traversing the same country and asso- 
ciation of rocks, are objects of high interest; and 
though no doubt best studied in mining countries, where 
opportunities are so numcrous, and veins are EO exten- 
sively laid open, a voyager, with some little time on a 
favourable portion of coast, may oftcn ncverthelesa ac- 
quire much information on thcse heads. T o  do so, and 
procure illustrative specimens and u. highly valuable 
collection, interesting in many respects, it is not neces- 
sary that the vein should be one containing the ores of 
the useful metals-the contents of those fissures and 
dislocations, termcd common faults, are often in a 
scientific point of view equally important. 

The  cavities of many igneous rocks, and indeed holes 
and cavities in all, afford good places wherein to search 
for minerals. They are often found in such situations 
well crystallized and in good condition, from not having 
been exposed to destructive influences until the con- 
taining rock be broken-always, it  being understood, 
a t  distances or depths from the surface where the 
atmospheric action may not have been much felt, or 
matters have entered the cavities that have decomposed 
or injured the mineral substances in them. This has 
sometimes happened not only to the depth of a few 
inches, but to many feet : the vesicles of some igneous 
rocks, for example, having been completely emptied, 
llear the surface, of the minerd matter which Once 
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filled the cavitia, and which still fllls those beneath, 
so that externally the rocks present mueh the same 
vesicular aspect as when they flowed in a molten and 
viscous state. 

Minerals of the zeolite family are very common in 
the vesicular cavities of some igneous rocks ; and at 
one time, before their mode of occurrence was properly 
understood, the quantity of water found in many of 
them was thought to militate against the igneous origin 
of the containing rock. They form an interesting class 
of minerals, and, opportunities offering, should always 
be collected. They come under the head of hydrated 
aluminous silicates, with potash, Soda, lime, and their 
isomorphous substances. The p e a t  proportion of them 
contain from 8 to 18 per cent. Of water in combination. 
I n  the same kind of vesicles, siliceous deposits in the 
form of agates are not uncommon. In  these and ill 

cavities of various rocks, even those of aqueous origin, 
Such, for example, as the dolomitic rocks of the new red 
sandstone serics, in Somerset and Gloucestershire, the 
agate linings of the cavities have continued only for 
certain distances, after which the elements of other 
minerals have entered the hollo\vs, and various crystal- 
lized substances have been the result. Cavities, there- 
fore, in all rocks may be searched. With respect 
to the successive siliceous coatings forming agates, 
while some kinds of coatings show an adjustment to the 
walls of the cavity, others have accumulated in flat 
layers, generally considered to have been formed hori- 
zontally. Sometimes part of a cavity has been filled in 
one way, and the remaining portion in the other. 
Occasionally, from cavities left after a part of the hol- 
low ha8 been filled horizontally, stalactites of the mat- 
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ter of the agate have descended from above, as in the 
annexed figure. I t  is desirable always to ascertain 
how far such flat layers corre- 
spond with the present horizon ; 
and, if the vesicles or hollows 
are almond-shaped (elongated 
more in one direction than 
another), how far these are 
constant in the same direc- 
tion, thus pointing out that in which the molten 
viscous rock moved. 

Many nodules in rocks, those which have clearly not 
been formed as gravel or boulders by attrition, afford 
examples of the aggregation of similar matter from a 
mass, such as one of clay, in  which that matter has 
once been more generally diffused. In  this way we 
have siliceous nodules, calcareous nodulcs, and those 
valuable nodules, the clay ironstones. These last are 
fundamentally carbonates of iron, with a variable addi- 
tion of the matter of the mud or silt amid which the 
carbonate of iron has once heen more generally diffused. 
I n  many such nodules there 
has been a shrinking from 
the centre to the sides, caus- 
ing cracks, that have been 
Variously filled with mineral 
matter, as in the subjoined 
figure. OccasionaIIy in the cracks SO formed, and not 
quite filled up, various mineral substances arc obtained 
well crystallized. It may be here observed, as regards 
the metallic titanium frequently discovered in iron fur- 
naces when blown out, that we have found the oxide of 
titanium crysta1lized in the cavities of clay ironstones. 
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Taken as a whole, the observer will do well to look 
into any cavities or cracks lie may discover in rocks, 
even in the hollows among organic remains, for various 
mineral substances. Many a crystallized body will 
thus be frequently found, and the replacement of one 
substance by another be well seen. 

Not only in cracks or hollows, but in the body of the 
rocks themselves, minerals may be observed well crys- 
tallized, their componcnt molccules having had free 
power to adjust themselves according to the affinities 
and forms proper to them. This is well seen in the 
class of igneous rocks known as porphyries-that is 
where a general paste or base, confusedly crystalline, 
compact or earthy, may happen to contain isolated and 
well-formed minerals of different kinds. From experi- 
ments in the laljoratory, and the results of mctallurgid 
and chemical operations carried on upon the large 
scale, we know that this isolation of crystals may readily 
be obtained, it being merely needful that the condi- 
tions for their production should be such that their 
component particles could freely adjust themselves first 
in the cooling mass. In the igneous dykes, as they arc 
termed-that is, where igneous matter in fusion has 
been forced up, filling cracks formed in the rocks wliicli 
they traverse-we sometimes see good illustrations of 
the mode in which isolated mineral crystals may be 
produced. Let us take as an example some of the 
granitic dykes, known as eluans by the miners of Corn- 
wall, and let the annexed figure represent a section of 
one of them, a a being some schistose rock broken 
through or fractured (it may be any rock previously 
consolidated ; granitc is thus frequently fractured, and 
the fissure filled by an elvan). W e  find that wllile the 
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central portion d may be a granite, the parts c c arc 
porphyritic, and b 7, some compact rock. Upon invcsti- 
gation, wc sec that all parts are chemically the same, 
and that these various characters arc due to differences 
in cooling. The central portion retained its heat 
longest, while the portions adjoining the bounding and 
fractured rocks wcre more speedily cooled. I n  such 
porphyries various minerals are found, those of the fel- 

r”. spar family being very common. Such results from 
diffcrcnces of cooling can he imitatcd artificially with 
substances under our control. I n  this way crystals of 
&ate of Iimc may bc beautifully obtaincd, isolated in 
transparent glass. 

Whole mountain mmscs are occasionaIIy composed 
of porphyritic rocks, including thc porphyritic ganites 
among them ; and it is desirable to obtain specimciis of 
these, selecting portions where the crystals may be 
well formecl, and observing, slionlcl more than onc kind 
of isolated mineral bc prcscnt, how f i ~  wlicn OIIC Bind 
becomes common another may disappear, and if dif- 
ferent lrinds continue mixed through the general mass, 
or only in patches. I t  is equally desirable to obtain 
good characteristic sliccirncns of the base or paste, and 
from situations .where they havc been uninjured by 
exposure to tllc weather, and havc lost little of the 
soluble substances which may havc once been contained 

r 



274 MINERALOGY. [Sect. VIII. 

in the rock. The chemical study of the whole of such 
igneous rocks is every day becoming more interesting. 

It is not only among the igneous rocks which have 
once been in a molten state that the observer should 
look for minerals, but also, in volcanic regions, for those 
evidently sublimed upon the'faces of craters, or in 
cracks or chinks of their sides, or of lava currents. 
Xany of the substances thus obtained are di5cult of 
preservation ; but by putting them away in bottles, 
well stopped, much may be accomplished. 

Tlic minerals often seen isolated in those rocks which 
have been termed metamorphic, or altered, in conse- 
quence of the upburst or protrusion of some rock in  a 
state of igneous fusion near them, constitute a class of 
much interest. Here again we see conditions well 
fitted to the adjustment of the integrant molecules of 
minerals ; but this case SO far differs from that of the 
porphyries, that whereas in the latter the whole mass 
llas evidently been in a fluid or viscous state, in the 
former the stratified character of the rocks of that class 
is preserved. The inanner of observing this order of 
rocks belongs to geology. I t  is only necessary here to 
call attention to the kind of isolated minerals found. 
Among them staurolites, andalusites, and garnets are 
frequent under certain conditions, which it may be 
advisable to guard the observer from supposing merely 
those of temperature. The freedom with which the 
particles of the isolated minerals thus formed could 
often adjust themselves, the main mass retaining its 
general structure, is highly interesting. W e  have seen 
crystals of garnet, perfectly formed, amid the grains of a 
sandstone, close in contact with granite, the beds of the 
sandstone retaining their original shape, and the 
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mechanically-produced grains well distinguishable. 
The component parts of andalusite have often been 
gathered together in such a manner to form that 
mineral in altered rocks, that the resulting crysttllg 
have pushed aside mica and other substances. 

W e  have chiefly referred hitherto to minerals found 
crystallized, or produced under the conditions proper 
for the best arrangement of their constituent molecules, 
either alone 01: enangling some other substances. 
Many important mineral substances occur, SO that, 
whatever xnay be the form of their ultimate molecules, 
they appear to us in mass, sometimes forming beds 
mingling with others, or occupying clefts in rocks; 
occasionally constituting portions which have septrated 
out froin the body of the rock, as in the instances of 
the nodules previously mentioned. In these various 
forms many minerals are found, some being ores of the 
useful metals, such as iron ores, including bog-iron 
among them, and iron pyrites, valuable for the sulphur 
in it. As filling clefts in rocks, mingled with other 
matter, many ores of lead, tin, copper, &c. Other 
substances, also employed for various purposes, are 
obtained in the massive state, such rock-dt,  gypsum, 
and coal. For these minerals qualitative chemical 
researches will be found valuable, it being desirable to 
test the composition of many substances, which may 
ofer certain general resemblances in appearance, before 
some given locality may be quitted. 
' Among the minerals occurring in beds, we should 
mope particularly notice coal and other substances of 
that class, which have of late become so important for 
the extension of steam navigation. Our shipping daily 
bring home specimens of coal or lignite from localities 

T 2  
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where they were not previously known to occur. And 
it may be here needful to state, a8 now well known to 
geologists, that good coal is not confined to rocks of a 
particular geological date, but that, the needful phy- 
sical conditions having obt,ained, it has been produced 
from vegetable matter accuinulated at  different geo- 
logica1,times. When we have a cliff before us, there 
is little difficulty in seeing that a coal-bed occurs 
among others of sandstone, shale, or other substances. 
Not unfiequently coal-beds are based upon clays, *or 
argillaceous strata which have a clayey character from 
exposure, and then it sometimes happens, from the 
slipping and falling of the general mass, that the real 
thickness and importance of coal-bed may not appear 
on a cliff, Thus it was a t  Labuan, where now a valu- 
able coal-bed about nine feet thick is worked : when 
first seen on the coast it did not appear more than 
eighteen inches thick. 

Of whatever geological age an accumulation of 
mud, silts, sands, and gravels, now more or less ~011- 

solidated as shales, sandstones, and conglomeratcs, and 
containing intcrstratified coal, may happen to ]lave 
been, it rarely occurs that the bed upon which the coal 
itself reposes has not some peculiar character, easily 
observed. In many cases we feel assured that this 
has arisen from these beds having formed the ground, 
often perhaps marshy or with a slight covering of water, 
on which the plants, now converted into coal, have 
grown. Should these marked deposits be found, they 
often form valuable aids in tracing coal-beds, where 
the outcrop of the latter may not be very apparent, 
and they are especially serviceable, as in many of the 
hilly coal-measure districts of the British Islands, 
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where these beds throw out springs of water. Whole 
lines of such springs coinciding with the bottom of coal- 
beds can be traced in the hilly coal districts of South 
Wales anJ Monmouthshire, and often on a hill side 
faults traversing the general mass can be u well seen, 
where these lines are interrupted, as if a diagram sec- 
tion were before us. 

In some of the beds immediately subjacent to the 
coal peculiar fossil plants are found. In  the palaozoic 
coal of the British Islands a fossil plant, named Stig- 
~m?Gz Jicoides, is very characteristic. Peculiar fossil 
plants, not the one mentioned, are discovered, it is 
thought, well marking the beds on which the coal-beds 
pest in the Burdwan coal district in India, and other 
instances of a similar kind are recorded. It will be 
obvious that, although the conditions for the produc- 
tion OF marked accumulations may have preceded the 
growth of most of the coal-vegetables themselves, the 
latter may not have sometimes grown, so that no coal 
rests upon such beds, a fact observed, and according 
to conditions more in one part of a coal district than 
in another. Still these beds, when any such occur, are 
useful to trace, since while we find in one locality no 
vegetable accumulation to have taken place upon them, 
or if effected the vegetable matter to have been sub- 
sequently removed, upon an extension of the same 
beds we may often see good workable coal. 

Though in  cliffs, either on the shore or on the sides 
of rivers, hills, and mountains, we commonly find the 
most direct evidence of the existence of coal, it may be 
often traced to its beds, where such occur, by means of 
the detritus brought down by brooks and rivers. By 
following rolled pebbles up such water-courses they 



278 MINERALOGY. [Sect. VIII. 

may be often seen to end near some bed or beds whence 
they have been derived. If these cross the stream, a 
good opportunity may be afforded for examining their 
quality and thickness. The pebbles may, however, 
come from the sides of some adjacent hills sloping 
towards the streams, the beds of coal not crossing 
them, fragments only of their outcrop being mingled 
with any others of associated beds. The thickness of 
such coal-beds may be thus concealed, as will be 
readily seen by the annexed section, in which a repre- 
sents the river course, up which pebbles of coal may be 
traced ; 6 6 beds of coal, the out-crops of which, c c, 
may be much concealed by fragments of rock descended 

from above and mingled in a fragmentary covering dd. 
The best should be donc to obtain a knowledge of' the 
associated beds by tracing up t,he rills of water descend- 
ing the sides of the hills. Excellent evidence may thus 
be often obtained, and the true position of the coal- 
beds found. I n  selecting specimens of coal in such 
cases, it rarely happens that a portion of' it can be 
procured fairly exliibiting its qualities, injury having 
arisen from atmospheric influences. If  the out crop of 
the coal can be attained, it is always desirable to pene- 
trate as far as circumstances will permit into the body of 
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the bed, thence selecting a fair specimen. When this 
cannot be done, and a voyager often has but little time 
for his researches, fragments lying about should be 
selected which may appear the least decomposed, and 
if these be different qualities, as if of portions of dif- 
ferent beds, they also should receive attention. In all 
cases where fossil plants are mingled with the coal or 
associated beds, specimens as various as can be 
obtained should be secured. These have a gcolo~ca l  
bearing which may often turn out of great practical 
importance in some given region. 

It scarcely requires remark that the foregoing 
observations are but hints which it is hoped may be 
useful to those engaged in voyages of discovery and 
SUrvey, or who, on more general service, may feel 
inclined, whenever fitting opportunities may present 
themselves, to devote some portion of the time not 
occupied by their professional duties to the study of 
minerals, either for purely scientific purposes, for their 
Ueful employment, or for both combined. That these 
opportunities do present themselves we well know, or 
rather if sought will be found more frequently than 
might be imagined. Many a walk along a coast may 
thus be advantageously turned to account, and an 
interest be excited not at first thought probable. Not 
only n i y  a naval man thus add to his own stock of 
knowledge, but he may most materially by his exer- 
tions promote the advance of science and its applica- 
tions generally, minerals being objects of great interest, 
Whether we regard them with reference to their 
importance to man, and the aid many of them afford to 
the spread of civilization, or as connected with several 
sciences, even those of the highest order. 



SECTION IX. 

M E T E"0 R 0 L 0 G Y, 

THGRE is no branch-'of physical science which can be 
dvanced more mat6rially by observations made during 
sea voyages than meteorology, and that for several 
distinct reasons. 1st. That the number and variety 
of the disturbing influences at sea are much less than 
on land, by reason of the uniform level and homogeneous 
iiature of its surface. Zndly. Because, owing to the 
penetrability of water by radiant heat, and the per- 
petual agitation and intermixture of its superficial 
strata, its changes of temperature are neither so 
extensive nor so sudden as those of the land. 3rdIy. 
Because the ?rea of the sea so far exceeds that of the 
land, and is so infinitely more accessible in every part, 
that a much wider field of observation is laid open, 
calculated thereby to afford a far more extensive basis 
for the deduction of general conclusions. 4thly. The 
sea being the origin from which all land waters are 
derived, in studying the hygrometrical conditions of 
the sea atmosphere, we approach the chief problems of 
hygrology in their least involved and complicated form, 
unmixed with those considerations which the per- 
petually varying state of the land (as the recipient at 
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uncertain intervals of moisture) forces on 
the notice of the continents. Nor 
ought it to be left out of consideration that this, of all 
branches’of physical knowledge, being that on which 
the success of voyages and the &fety of voyagers are 
most immediately and dependent, a per- 
sonal interest of the is infused into 
its pursuit a t  sea, greatly tendindto relieve the irk- 
someness of continued 
ih their registry, and to make 
reduction during the voyage 
is a desirable object. 

It happens fortunately, that &most every datum 
Which the scientific meteorologist can require is fur- 
nished in its best and most available state by that defi- 
nite, systematic process, known as the (‘ Aeeping a 
tnetcorological register,” which consists in noting at 
stated hours of every day the readings of all the me- 
teorological instruments at cominand, as well as all 
such facts or indications of wind and weather a8 are 
susceptible of being definitely described and estimated 
Without instrumental aid. Occasional observations 
apply to occaiional and remarkable phenomena, and 
are by no means to be neglected ; but it is  to the regu- 
lar meteorologicaE register, steadily and pcrscvcringly 
h p t  throu,qhout the whole of e v e y  voyage, that 208 

k ~ k  for  tile development of the great Zaros of this scimice. 
The following general rules and precautions are ne- 

cessary to be observed in keeping such a regktcr :- 
1. Interruptions in the continuity of observations by 

changes of the illstruments themselves, or of their ad- 
justments, places, exposure, mode of fixing, reading, 
and registering, &c., are exceedingly objectionable, 
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and ought to be sedulously avoided. Whenever an 
alteration in any of these particulars is indispensably 
necessary, it  should be done as a thing of moment, 
with all deliberation, scrupulously noted in the register, 
and the exact amount of change tl~ence arising in the 
reading of the instrument (whether by alteration in its 
zero point., or otherwise) ascertained. 

2. As far as possible, registers should be complete : 
but if, from unavoidahle causes, blanks occur, no at- 
tempt to fill them up subsequently from general recol- 
lection, or (which is worse, and amounts to a falsifica- 
tion) from the apparent coursc of the numbers before, 
and after, should ever be made. The entries in the 
register made at the time of observation should involve 
no reduction or correction of any kind, but should state 
the simple readings off of the several instruments, and 
other particulars, just as observed. This does not of 
course prevent that blank coluinns left for reduced and 
corrected observations should be filled up at any con- 
venieut time. On the contrary, it is very desirable 
that such should be the case-the sooner after the ob- 
servation, consistent with due deliberation, the better, 
on every account, unless some datum be involved re- 
quiring subsequent discussion for its determination. 

3. "he observations of each kind should, if possible, 
all be made by one person; but as this is often im- 
practicable, the deputy should be carefully instructed 
by his principal to observe in the same manner, and 
the latter should satisfy himself by comparative trials 
that they observe alike. 
4. If copies be taken of registers, they should be 

care€ully compared with the originals by two persolls 
-one reading aloud from the original, and the other 
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attending to the copy, and then exchanging parts-a 
Process always advisable when great masses of figures 
are required to be correctly copied. 

5. The registers should be regarded (if kept in pur- 
suance of orders, or under official recommendation) as 
official documents, and dealt with accordingly. If 
otherwise, a verified copy, or the original (the latter 
being preferred), signed by the observer, should be 
transmitted to gome public body interested in the pro- 
gress of meteorological science, through some official 
channel, and under address ‘( To the Secretary of, &c., 
&.” Circuitous transnlission hazards loss or neglect, 
and entails expense oh parties not interested. 

6. The register of every instrument should be kept 
in parts of ita own scale as read off; no reduction of 
foreign measures or degrees to British being made. 
But i t  should of course he stated what scale is used in 
each. British observers, however, will do well to u8e 
instruments graduated according to British units. 

7. The regular meteorological hours are 3 A.M., 9 
A.M., 3 P.M., and 9 P.M., mean time at the place. Irk- 
some as it may be to landsmen to observe at 3 A.% 
the habits of life on shipboard render it much less difi- 
cult to secure this hour in a trustworthy manner ; and 
the value of a register in which it is deficient is so 
utterly crippled, that whatcver care be bestowed on 
the other hours, it must on that account hold u secon- 
dary rank. The above hours, it must be borne in 
mind, are the fewest which any meteorologiccil register 
Pretending to completeness can embrace. By any one, 
however, d&rous of paying such particular attention 
to this branch of science as to entitle him to the name 
of a meteorologist, a three-hourly register-viz., for 
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the hours 3, 6, 9, A.M., noon; 8, 6,  9, P.M., midnight 
-ought to be kept; and in voyages of discovery, 
where scientific observation is a prominent feature, the 
register ought to be enlarged, SO as to take in every 
odd hour of the twenty-four ; thus including, without 
interpolation, the six-hourly or standard series. 

8. Hourly observations should be made throughout 
the twenty-four hours on the 21st of each month (ex- 
cept when that day falls on a Sunday, and then on the 
Monday following), commencing with 6 A.M., and end- 
ing at 6 A.M. on the subsequent day, SO as to make a 
series of twenty-five observations. At all events, if 
this cannot be done monthly, it ought not to be omitted 
in March, June, September, and December. These 
are called c c  term observations.” If any remarkable 
progressive rise or fall of the barometer be observed to 
pervade this series, it will be well to continue it until 
the rnaximum or minimum is clearly attained, with a 
view to comparison with other similar series elsewhere 
othined, and thus to mark the progress of the aerial 
wave effective in producing the change. These term 
observations should be separately registered under that 
head. 

9. Occasional hourly series of observations may be 
made with advantage under several circumstances, as, 
for instance-lstly. Wlien becalmed for any length of 
time, especially when near the Equator, with a view to 
determining the laws and epochal hours of diurnal 
periodicity. 2ndly. When a party leaves the ship, 
furnished with a portable barometer or other instru- 
ments,* for the rneusurement of heights of mountains, 

* The nncroid, if used iii excursions of this kind, should be flrst 
nccurately compared with the standard barometer-nfter which its 
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or with other objects. 3rdly. During threatening 
weather, and especially during the continuancc of 
gales, and for some time after their subsidence, as will 
be more particularly specified under the head of 
“ Storm Observations.” 4thly. In certain specified 
lodi t ies  mentioned in a subsequent article by Mr. 
Birt. 5thly. Tvhenever a continued r ise or fall of the 
barometer h w  been noticed as a t  all rcmarkable, it  
should be pursued up to and past the turn, so as to 
Secure the maximum elevation or depression, and the 
precise time of its occurrence ; and a register of such 
maxima or minima should be kept distinct from the 
regular entries. 

Of Meteorological Instruments ; andjmt,  of the Baro- 
meter and its attached Thermometer. 

The barometer on shipboard should be suspended 
on a gimbal frame, which ought not to swing too 
freely, but rather so as to deaden oscillations by some 
degrce of friction. Before suspending it, it should be 
carefully esamined for air-bubbles in the tube and for 
air in the upper part above the mercury, by inspection, 
and by inclining the instrument from the vertical posi- 
tion rather suddenly till the mercury rises to the top 
with a slight jerk, when, if it do not tap sliaip, the 
vacuum is imperfect; and if the sound be puffy and 
dead, or is not heard at all, air exists to an objection- 
able extent, and must be got rid of by inversion and 
gently striking with the hand to drive the bubble up 

iudications would acem, from recorded trials, to be tolerably depend- 
able as far s 2000 feet in altitude. Tho comparison should be re- 
peated on returning. 
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into the cistern. The lower end of the tube, which 
plunges into the cistern in wel1-constructed marine ba- 
rometers, is contracted so as to diminish the amount of 
oscillation produced by the ship’s motion. The instru- 
ment should be suspended out of the reach of sun- 
shine, but in a good light for reading, 9s near midships, 
and in a place as little liable to sudden changes of 
temperature and gusts of wind as possible. The light 
should have access to the back of the tube, so as to 
allow of setting the index to have ita lower edge 3 
tangent to the convex surface of the mercury. In 
well-constructed barometers the slider has its lower 
part tubular, embracing the tube, and can be made to 
descend by the rack-motion of the vernier till it  be- 
comes an upper tangent to the mercury: the eye 
being on its exact level, a reflected light by day, or 
white paper strongly illuminated from behind at night, 
will throw the light properly for setting the vernier 
correctly. The exact height of the cistern above the 
ship’s water-line should be ascertained and entered 011 

the register. 
The attached thermometer ought to indicate a tern- 

perature the exact mean of that of the whole barome- 
tric column. Its bulb, therefore, ought to be (though 
it seldom is) so situated as to afford the best chance of 
its doing so, that is to say, fifteen inches above the 
cistern, enclosed within the wooden case of the baro- 
meter, nearly in contact with its tube, and with a stem 
60 long as to be read off at the upper level. To ensure 
a fair average and steady temperature, it were well to 
enclose the whole instrument, thermometer and all, in 
an outer case of leathcr, over EL wrapper of flame], 
leaving only the setting and reading parts above and 
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below accessible, and that no more than is absolutely 
necessary.* 

In choosing a barometer, select one in preference in 
which the lower level (of the mercury in the cistern) 

adjustable to contact with a steel or ivory fiducial 
point, and titat not by altering the height of the mer- 
curial surface, but by depressing the steel point carry- 
ing down with it the whole divided scale, the zero-point 
of which is of course the apex of the point itself. 
There should be a provision for clamping the scale in 
this position, to secure it from change while setting the 
Upper index. Care should be taken that air have free 
but safe access to the lower surface. 

In  transporting a compared barometer to its place 
of destination great care is necessary. Carry it up- 
right, or considerably inclined, and inverted; and over 
all rough roads in the hand, to break the shocks it 
Would otherwise receive. A ‘‘ portable barometer ” 
strapped obliquely across the shoulders of a horseman 
travels securely and well; and with common care in 
this mode of transport its zero runs no risk of change. 
If merely fastened to any kind of carriage, and aban- 
doned to its fate, it is almost sure to be broken. 
To make a1ld reduce an Ohemation Of t?le BarOmeteT. 

--First read off and write down the reading of tho 
attached thermometer. Then give a few gentle taps 
on the instrument to free the mercury from adhesion 

* For a permanently suspended or fixed barometer, the best ther- 
mometer would be one with a tubular bulb of equal bore and thick- 
ne86 of glass with the barometer tube, and extending in leu@ from 
tho cistern to the expos4 faw of the instrument, and a6 chc?  to the 
barometric column 08 is consistent with tho structure of the upper 
works. Immemion of the ball of tho attached thermometer in the 
cistern is the wont arrmiement of any. 
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to the glass, avoiding to give it any violent oscillation. 
Adjust thc lower level to the fiducial point,, and clamp 
the scale, if such be the construction of the instrument. 
Then set thc index to the uppcr surface of the mer- 
curial column, placing the eye SO as to bring its back 
and front lower edges to coincidence, and to form a 
tangent to the convcxity of the quicksilver. If the 
instrument have no tubular or double-edged index, 
the eye must be carefully placed at the level of the 
upper surface to destroy parallax. Whatever mode of 
reading is adopted should be always adhered to. A 
magnifier should be used to make the contact and to 
read the vernier, and the reading immediately written 
down and carefully entered on the register. 

As soon after tlic observations have been made as 
circumstances will permit, the reading of the barometer 
should be corrected for thc relation existing between 
the capacities of the tube and cistern (if its construc- 
tion be such as to require that correction), and for the 
capillary action of the tube; and then reduced to the 
standard temperature of 32" Fahr., and to tha sea- 
level, if on shipboard. For the first correction the 
neutral point should be marked upon each instrument. 
It is that particular hcight which, in its construction, 
has bcen actually measurcd from the surface of the 
mercury in the cistern, arid indicated by the scale. In 
general the mercury will stand either above or below 
thc neutral point; if above, a portion of the mercury 
must have lcft the cistern, and consequently must have 
Zowered the surface in the cistern: in this case the 
altitude as measured by the scale will be too short- 
vice versci, if below. Thc relation of the capacities of 
the tube and cistern should be experimentally ascer- 
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bined, and marked upon the instrument by the maker. 
Suppose the capacity to be 5t, marked thus on the in- 
strument, ‘‘ Capacity & :” this indicates that for every 
inch of variation of the mercury in the tube, that in 
the cistern will vary contrariwise A t h  of an inch. 
When the mercury in the tube is above the neutral 
point, the differeiice between it and the neutral point 
is to be reduced in the proportion expressed by the 

capacity” (in the case supposed, divided by 50), and 
the quotient added to the observed height ; if below, 
subtracted from it. In barometers furnished with a 
fiducial point for adjusting the lower level, this correc- 
tion is S U ~ ~ ~ ~ U O U S ,  and must not be applied. 

The second correction required is for the capillary 
action of the tube, the effect of wliich is always to de- 
Press the mercury in the tube by a certain quantity 
inversely proportioned to the diameter of the tube. 
This quantity should be experimentally determined 
during the construction of the instrument, and its 
amount marked upon it by the maker, and is always 
to be added to the height of the mercurial column, 
Previously corrected as before. For the ~onvenience 
of those who may have barometers, the capillary action 
of which has not been determined, a table of correc- 
tions for tubes of different diameters is placed in the 
Appendix, Table I. 

The next correction, and in some respects the most 
irnportant of all, is that due to the temperature of the 
mercury in the buronieter tube at the time of observa- 
tion, and to the expansion of the scale. Table 11. of 
the Appendix gives for every degree of the thermometer 
and every half&& of the barometer, the proper quan- 
tity to be added or subtracted for the reduction of the 

‘6 

U 
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observed height to the standard temperature of the 
mercury at 32" Fahr. 

After these the index correction should be applied. 
This is the amount of difference between the particular 
instrument and the readings of the Royid Society's 
flint-glass baromcter when properly corrected, and is 
generally known as the zero. I t  is impossible to pay 
too much attention to the determination of this point. 
For this purpose, when practicable, the instrument 
should be immediately compared with the Royal So- 
ciety's standard, and the difference of the readings of 
both instruments, when corrected as above, carefully 
noted and preserved. ll'here, ]lowever, this is imprac- 
ticable, the comparison should be effected by means 
either of some other standard previously so compared, 
or of an intermediate portable barometer, the zero- 
point of which has been well determined. Suspend the 
portable barometer as near as convenient to the ship's 
barometer, and after at least an hour's quict CxposUre, 
take as many readings of both instruments us may be 
necessary to reduce the probable error of the mean of 
tlie differences below 0901 inch. Under these cir- 
cumstances tlie mean difference of all the readings will 
be tlic relative zero or index error, whence, if that of 
the intermediate barometer be known, that of the other 
may be found. As such comparisons will always be 
made when the vessel is in port, sufficient time can be 
allowed for making tlie requisite number of observa- 
tions: hourly readings would perhaps be best, and 
they would have the advantage of forming part of the 
system wlicn in operation, and might be accordingly 
used as such. 

It is not only desirable that the zero-point of the 
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barometer should be well determined in the first in- 
stance; it should also bc carefully verified on every 
opportunity which presents itself. And in the first in- 
stance, previous to sailing, after suspending the baro- 
meter on shipboard, it should be re-compared with the 
standard on shore by the intcrvention of a portable 
barometer, and 110 opportunity should be lost of com- 
paring it on the voyage by means of sech an intermc- 
diate instrument with the standard baromctcrs at St. 
Ifelena, the Cape of Good Igope, Bombay, Madras, 
Paramtitta, Van Diemcn’s Island, and with any otlier 
instruments likely to be referrcd to as standards, or 
employed in research elsewhere. Any vcssel having a 
Portable barometer 011 board, the zero of which lius 
been well determined, would do well on touching at 
any of the ports above named to take comparative 
readings with the standards at those ports, and record 
the differences between the standard, the portable, and 
the ship-barometers. By such means the zero of one 
standard may be transported over the whole world, and 
t h e  of others compared with it ascertained. To do 
So, however, with perfect efect, will require that the 
utmost care sllould be taken of the portable barometer ; 
it should be p a r d c d  as much as possible from all 
accident, and should be kept safely in the ‘‘ portable ” 
state when not ilnmediately used for comparison. T o  
tl’ansport a well-authenticated zero from place to place 
is by no means a point of trifling importance. Neither 
s h l d  it be executed hurriedly nor negligently. Some 
of the greatest questions in meteorology depend on its 
due execution, and tile objects for which these instruc- 
tions have been prepared will be greatly advanced by 
the zero points of all barometers being referred to one 

u 2  
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common standard. Upon the arrival of the vessel in 
England, a t  the termination of the voyage, the ship's 
barometer should be again compared with the same 
standard with which it was compared previous to sail- 
ing ; and should any difference be found, it should be 
most carefully recorded. 

The correction for the height of the cistern above or 
below the water-line is additive in the former case, sub- 
tractive in the latter. Its amount may be taken, nearly 
enough, by allowing 0.001 in. of the barometer for 
each foot of difference of level. 

An example of tile application of these several cor- 
rections is subjoined :- 

Attached T h m .  5 4 O - 9 .  

Barometer reading . 29'409 
Corr.for capacity . - -017 

29.992 
Corr. for cnpillarity + '032 

29.424 
Corr. for temperature - '068 

Corr. for zero and water- 

- 
- 

- 
29'356 

line . . . . + -040 - 
Aggregate = pressure nt 

sea-level . . . , 29,396 - 

Datafor the Correction o f t h e  
Instrument. 

Neutrnl point. . . . 30.123 
Capacity a$ 
Capillary action . . + '032 
Zero to Royal Society + -036 
Corr. for altitude above 

w a t e r h e  , . . + ~ 0 1  

Thermometers.-The observer should be furnished 
with a delicate and accurate thermometer, most care- 
fully compared with a perfectly authentic standard, at 
several temperatures, differing considerably, and of 
which the freezing point has been most scrupulously 
verified. This he should keep solely as a thermometer 
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of reference, and every thermometer he employs should 
be compared with it, so as not to leave a doubt as to 
the amount of their constant difference, exceeding a 
tenth of a degree. T o  make such comparisons, long 
rest, in contact, in a box stuffed with cotton, allowing 
only the portions of the scales where read off to be 
from time to time uncovered for that purpose, is the 
best mode of insuring their perfect identity of tcmpe- 
rature. If, in any insbnce, the zeros diffcr in different 
parts of the scales, a table of reduction to the standard 
will require to be constructed. The comparisons 
8hould be repeated at  not very distant intervals of 
time, especially in the case of self-registering thcrmo- 
meters, whose index-error is constantly changing, and 
requires p e a t  watchfulncss. In registcring thermo- 
meters record but do not apply their zeros. 

In pliicing the External Tliermometer, an exposure 
should be chosen perfectly shaded both froin direct 
sunshine, and that reflected from the sea, or radiated 
from any hot object. It should be especially guarded 
from rain and from spray, so that the bulb should never 
be wetted, also from wiirm currents of air and from 
local radiation ; completely detached from contact with 
the ship’s side, and fully exposed to the external air. 
In reading it the observer should avoid touching, 
breathing on, or in any way warming it by the near 
approach of his person ; and in night-observations 
Particular care should be taken not to heat it by 
approach of the light. The quicker the reading is 
done the better. A t  night it should be completely 
screened from the sky, so as to annihilate all loss 
of heat by upward radiation; a light frame-case of 
double wire-gauze will perhaps be found a secure and 
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efficient protection both from injury and obnoxious 
in flu ences. 

The Sey-repktering Thermometers should be placed 
with the same precautions as the external thermometer, 
and in similar exposures, and so fastened as to allow 
one end to be detached and lifted ; so that the indices 
within the tubes may slide down to the ends of the 
fluid columns, which they will readily do on gentle 
tapping. They are apt to get out of order by the in- 
dices becoming entangled, or by the breaking of the 
column of fluid. When this happcns to the spirit- 
thermometer, i t  is easily rectified by jerking the index 
down to the junction of the bulb and tube; then, by 
cautiously heating and cooling alternatcly the bulb, 
tube, and air-vesscl a t  the top, the disunited parts of the 
spirit may be distilled from phce to place till the whole is 
collected into one coliimn in union with that in the bulb. 

When the steel index of the mcrcurial thermometer 
becomes immersed in the mercury, first cool the bulb 
(by evaporation of ether, if necessary) till the mercury 
is either fairly drawn below the index, or the column 
separates, leaving the indcx with mercury above it. 
Loosen the index 1)y tapping, by a magnet, or by heat- 
ing the tube, thcn apply heat to the bulb, and drive 
the index with its supcrincunibcnt mercury up into thc 
air-vessel. When there, hold the instrumcnt bulb 
downwards, and, suspending the index by R magnet, 
effect an union between the globule of mercury and the 
column below, by continuing to apply the heat till the 
latter rises into the air-vessel. AS the bulb cools, the 
whole mercury should dcsccnd in an unbroken column, 
after which the index may be restored to its place. 
Much patience and many trials are often required for 
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success, An oil-lamp with a very sinall clear flame 
should be used. 

Both the self-registering thcrniometers should be 
read off a t  the time of the 9 h. A.M. observation, as it is 
very improbable that the temperature at that hour 
should be such as to obliterate either record of the pre- 
ceding 24 hours. Double maxima and minima, when 
they occw, if remarkable, should be recorded as su- 
pernumerary and separately in a diary, and their 
accompiinying circumstances noted. 

The observer should be furnished with several other 
thermometers, all of sufficient delicacy to allow of es- 
timating tenths of dcgees,  for observation of the tem- 
perature of thc sea, or of the earth (whcn on shore), 
of falling rain, &c., and for a reserve in case of acci- 
dent. All should be compared, with the standard. 
That in habitual use for the sea temperature should 
be defended from accident in the act of immersion by 
a wire guard. 

The thermometer for solar radiation should have its 
bulb blackened with a coat of Indian ink. It should 
be defended from currents of air by cnclosure in a glas 
tube ; and it would add infinitely to the value of a 
series of observations made with it if this tube werc 
exhausted and herinctically sealed. Its cxposurc to the 
sun should be perfectly free and full, and it should bc 
Suspended in free air, quite out of reach of any support 
Or object heated by the sun's rays. 

CYgrometers are of very various constructions, and 
depend on very different principles. 'That which INIS 

been recommended in preference to, and has almost 
universally superseded in practice every other,* consists 

* The hair hygrometer is delicate, exceedingly linble to dernnge- 
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of two thermometers, the bulb of the one being dry and 
of the other wet ; being kept so by a covering of muslin, 
connected by a wet roll of cotton (lamp wick) with a 
small cup of distilled or rain-water placed close beneath 
it, so as to absorb and communicate water by capillary 
attraction. In frosts this arrangement is unavailing, 
and water must be poured on the muslin envelope, and 
allowed to freeze into a coat of ice, from which eva- 
poration will still go on and depress the temperature, 
as if still liquid. They should be placed and observed 
in such locality as shall afford the best chance for pro- 
curing a fair indication of the moisture of the general 
atmosphere, and by no means in any confined or ill- 
ventilated situation between decks, where many per- 
sons habitually congregate, or which, from any other 
cause, is usually or periodically damp. The whole 
instrument should be protected with a cap of wirework 
to defend it from injury : this, if it interfere with the 
readings, should Le removed a quarter of an hour 
before the observation. In  reading the tliermometers 
begin with the dry one, and use all the precautions 
recommended with respect to the “ external” thermo- 
meter. Enter the simple readings, but at the head of 
each column place the zero correction (with its proper 
sign) required for its thermometer (a general rule for 
all thermometric entries), and leave a blank column 
for the “ liygrometric depression,” in calculating which 
subsequently tlie zeros must be applied. The reduction 
of the observationu to derive the elastic force ofvapour 

rnent, and, except prepared with extraordinary care, uncertain. 
Daniell’s dew-point hygrometer, excelleut iu theory, is very costly 
on account of ita great consumption of ether, and scarcely usenble in 
hot climates, owing to the difficulty of preserving that liquid. 
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at the dew-point is effected by the formulae of Dr. 
Apjohn :- 

(a) to be used when the reading of the wet thermo- 
meter is above 32, and ( b )  when below. I n  these d is 
the hygrometric depression, A the height of the baro- 
meter,f the elastic force of vapour for the temperature 
shown by the wet thermometer, to be taken from 
Table III., Appendix, and F the elastic force oi'vnpour 
at the dew-point, which (all the other quantities being 
known) these formula: enable us to calculatc. With F 
80 calculated enter the samc table under the column of 
Force of Vapour, and the corresponding temperature 
is the dew-point, which, however, is not wanted to be 
known but as a matter of curiosity.* 

The Rain- Gauge.-This may be of very simple con- 
struction. A cubical box of tin or zinc, exactly ten 
inches by the side, open above, receives at an inch 
below its edge a square funnel, sloping to a small central 
hole. On one of the lateral edges of the box, close to 
the top of the cavity, is soldered a short pipc, in which 
a cork is loosely fit.ted ; the whole should be well painted. 
The water which enters the reservoir through the funnel 
hole is poured through the short tube into a cylindrical 

* The discussion respecting the formuloo and coefficients of reduc- 
tion of observations of this nature can hnrdly be regarded as antis- 
fnctorily terminated ; and it cannot be denied thnt grent difficulty still 
subsists in determining, by any mere rending Of jnsfinments, the 
exact hygrometric state of the air, In the absence Of direct obbervn- 
tion of the Dew Point, the actual absorption and weighing of the 
Water conained in 8 given volume of air seems to be thc only methot1 
free from theoretical objection, and it might not be very difficult to 
contrive a portable apparatus for this purpose. 
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glass vessel graduated to cubic inches and fifths of cubic 
inches. Hence, one inch in depth of rain in the gauge 
will be measured by 100 inclics of the graduated 
vessel, and a thousandth of an inch may easily be read 
OK It is very difficult to place the rain-gauge properly 
on shipboard, and its entries therefore require constant 
explanatory notes, pointing out causes tending to dis- 
turb its influence. In  fact, excepting the mast-head 
(arid there upon a gimbal), it seems hardly possible to 
devise a tolerably permaiieiit situation for it. On land, 
a perfectly open exposure on the ground, or very little 
elevated above it, should be chosen. Tlie quantity of 
water should be daily measured and registered at 9 ~x,, 
nnlcss the fall of rain bo SO heilvy ils to cndanger filling 
the instrument within the 24 hours, when this oper a t' ion 
should be performed as often as needed. Snow col- 
lected or water frozen in the reservoir should be 
me1 ted. 

The Anemometer.-Lind's would appear to be the 
only anemometer which can conveniently be used on 
shitiboard. I t  is adjusted by filling it with water till 
the liquid in both legs of the syphon corresponds with 
zero of the scale. I t  is to be held perpendicularly 
with the mouth of the krieed tube turned towards the 
wind, and the amount of depression in the one leg and 
of elevation in the other are to be noted. The sum of 
tlic two is the height of the column of water which the 
pressure of the wind is able to support : and the force 
of the wind on a squar'e foot is obtained from this height 
by Table IV. of tlie Appendix. In great degrees of 
cold a saturatcd brine may be used which does not 
freeze, and whose specific gravity being 1.244, the 
force given by the table must be multiplied by this 
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factor. In  addition to the regular hours of observation 
this instrument should be observed in storms, white 
squalls, or other circumstances of interest ; the direc- 
tiori of the wind as well as its force shonld be registered 
at  each observation ; and for this it is well to have a 
small compnss with a vane of card, or thin and very 
moveable sheet brass, which may be fastened 011 the 
top of the anemometer, and which will  indicate the 
direction in which its opening should be turned. In 
concluding the direction and the forcc of the wind from 
the vane and aneniorneter readings, a correction dc- 
pending on the dircction and velocity of the ship’s 
motion is required in strictncas. But such corrections 
are not 71~11a~~y applied, and i t  may bc doubted whether 
the observations can be accurately enough made to 
render i t  worth while to apply them. 

The Actinometcr.-This consists of a largc hollow 
cylinder of glass, soldered at  one end to a thcrmo- 
meter-tube, terminated a t  the upper end by a bull 
drawn out to a point, and broltcn off, so as to leavc 
the end open. The other end of the cylinder is closed 
by a silver or silver-plated cap, cemented 011 it, and 
furnished with rz screw, also of silver, passing tlirough 
a collar of waxed Icathcr, which is prcssccl into forcible 
contact wit11 its thread, by a tigliteniiig scrcw of largc 
dianleter ellclosing it, and working into the silvcr cup, 
and driven honie by the aid of ;1 strong steel key or 
Wrencli, which accompnnies thc instrument. 

The axis of this screw is pierced to d l o w  the stem 
of a spirit thermometer to pass out through it, the bulb 
(a very long one) being within the cylinder, to take the 
temperature of the enclosed liquid. ‘h graduation is 
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in the stem of the screw, which is prolonged to receive 
and defend it. 

The cylinder is filled with a deep blue liquid (am- 
monio-sulphate of copper), and the ball at  the top 
being purposely left full of air, and the point closed 
with melted wax, it becomes, in any given position of 
the screw, a thermometer of great delicacy, capable of 
being read off on a divided scale attached. The cy- 
linder is encloscd in a chamber blackened on three 
sides, and on the fourth, or face, defended from cur- 
rents of air by a thick glass, removable at  pleasure. 

The action of the screw is to diminish or increase a t  
pleasure the capacity of the hollow of the cylinder, and 
thus to drive, if necessary, a portion of the liquid up 
into the ball, which acts as a reservoir, or, if necessary, 
to draw back from the reservoir such a quimtity as 
shall just fill it, leaving no bubble of air in the cylinder. 
The interior thermometer indicates the temperature of 
the blue liquid approximately for the subsequent re- 
duction of the observation. 
Tu use the instrumenf, examine first whether there 

be any air in thc cylinder, which is casily sccn by hold- 
ing it level, and tilting it, when the air, if any, will be 
seen to run along it. If there be any, hold it upright 
in the left hand, and the air will ascend to the root of 
the thermometer-tube. Then, by alteriiate screwing 
and unscrewing the screw with the right hand, as the 
case may require, it will always be practicable to drive 
the air out of the cylinder into the ball, and suck down 
the liquid, if any, from the ball, to supply its place, 
till the air is entirely evacuated from the cylinder, and 
the latter, as well as the whole stem of the thermo- 
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meter-tube, is full of the liquid in an unbroken column. 
Then, holding it horizontally, face upwards, slowly and 
cautiously unscrew the screw till the liquid retreats to 
the zero of the scale. 

The upper bulb is drawn out into a fine tube, which 
is stopped with wax. When it is needed to empty, 
cleanse, and refill the instrument, liquid must be first 
forced up into the ball, so as to compress the air in it. 
On warming the end, the wax will be forced out, and 
the screw being then totally unscrewed, and the liquid 
poured out, the interior of the instrument may be 
washed with water slightly acidulated, and the tube, 
ball, &c., cleansed, in the same way, after wliich the 
wax must be replaced, and tlic instrument refilled. 

To nuke an ohemution with tho actinometer, the 
observer must station himself in the sunshine, or in 
some sharply terminated shadow, so that without in- 
convenience, or materially altering his situation, or the 
exposure of the instrument in other respects, he can 
hold it at  pleasure, either in full sun or total shadow. 
If placed in the sun, he must provide himseIf with a 
screen of pasteboard or tin plate, large enough to shade 
the whole of the lower part or chamber of the instru- 
ment, which should be placed not less than two feet 
from the instrument, and should be removable in an 
instant of time. The best station is a room with closed 
doors, before an open window, or under 311 opening in 
the roof into which the sun shines freely. Drauglits of 
air should be prevented as much as possible. If the 
observations be made out of doors, shelter from gusts 
of wind, and freedom from all penumbral shadows, as 
of ropes, rigging, branches, &c., should be sought. 
Generally, the more the observer is at  his ease, with 
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his watch and writing-table beside him, the better. 
H e  should have a watch or chronorneter beating at 
least twice in a second, and provided with a second 
hand ; also il pencil and paper, ruled according to the 
form subjoined, for registering the observations. Let 
him 'then grasp the instrument in his left hand, or, if 
he have a proper stand (which is preferable on shore 
or in a building*), otherwise firmly support it, so as to 
exposc its face perpendicularly to the direct rays of the 
sun, as exactly as may be. 

The liquid, as soon as exposed, will mount rapidly 
in the stem. It should be allowed to do so for a 
minute before the obscrvation begins, taking care, how- 
ever, not to let it mount into the bulb by a proper use 
of the screw. At the saine time the tube should be 
carefully cleared (by the same action) of all small 
broken portions of liquid remaining in it, which should 
all be drawn down into the bulb. When all is ready 
for observation, draw the liquid down to zero of its 
ScaIc, gcntly and steadily ; place it on its stand, with 
its Screen before it, and procced as follows, first reading 
off the internal thermometer. 

Having previously ascertained how many times (sup- 
pose 20) the watch beats in five seconds, let the screen 
be withdrawn at  ten scconds before it complete minutc 
shown by the watch, suppose at 2h 14" 50". From 508 
to 5 9 ,  say 0, 0, 0, . , , . at each beat of the watch, 
looking meanwhile that all is right. At 5 5 O  complete, 
count 0, 1, 2, . . . . up to 20 bcats, or to the whole 

* T h i s  mny consist of two dcdl boards, eighteen inches long, con- 
nected by n hinge, and kept nt any required angle by nn iron, pointed 
at each end. The upper should have a little rabatc or moulding 5t- 
ting loosely round the nctinometer, to prevent its slipping off. 
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minute, 2 h  15" o", keeping the eye not on the watcli, 
but on the end of the rising column of liquid. At thc 
20th beat read off, and register the reading (12'.0), 
as in column 3 A, of the annexed form. Then wnit, 
~atcl i ing the column of air above the liquid, to see that 
no blebs of liquid are in it, or at the opening of the 
lipper bulb (which will cause the movement of the 
ascending column to be performed by starts), till tllc 
minute is nearly elapsed. At the 50th second bcgin 
to watcli the liquid rising ; at 5 5 O  begin to count 0, 1, 
2, up to 20 beats, as before, attentively watching the 
rise of the liquid ; and at the 20th beat, or complete 
minute (2" 16" Os), read off, and instantly shade the 

- - __ 
m. 8.  

16  0 0 +1!2.0 +43*3 +31*3 

19 0 0 14.8 4 8 ' 9  +33'4 
17 30 X 4 5 ' 2  42'8 - 2 '4  

20 30 x 28'0 26 .8  - 1'4 75.5 

23 30 x 46.6 45'5 - 1'1 22 0 0 9 ' 4  13'9 +33'b 

25 0 Q 9-0 43'2 $34.2 

Remarks. 

I 

Tile t h e n  aro IO- 
d u d  to oppa- 
rmf time, or LO 
the sirn'r hour 
uoule from tho 
mrridino. 

,Zero withdrawn. 
Ulackened 

Therm. 106's. 

instrument, or withdraw it just out of the sun and 
penumbra. Then register the reading off (43O.3) in 
column 3,,B, and prepare for the slinde observation. 
All this may be done without hurry in 20 seconds, 
with time also to withdraw the screw if tlie end of the 
column be inconveniently high in the scale, which is 
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often required. A t  the 20th second prepare to observe ; 
at the 25th begin to count beats, 0, 1, 2, . . . . 20; 
and a t  the 20th beat, i. e. at 2b 16" 309 read 06 and 
enter the reading in column 3, A, as the initial shade 
reading (45O.2). Then wait, as before, till nearly a 
minute has elapsed, and at  2" 17m 20° again prepare. 
A t  17" 25" begin to count beats ; at 1 7 m  30" read off, 
and enter this terniinal shadc reading ( 4 2 O . 8 )  in column 
3, B, and if needed, withdraw the zero. 

Again wait 20B, jn which interval there is time for 
the entry, &e. At 17" 503 remove the screen, or 
expose the instrument in the sun; at  550 begin to 
count beats ; ant1 a t  the coinpletc minute, 18" @, read 
off (140q8), and so on for sevcral alternations, tulling 
care to beyin and end each series with a sun observation, 
and to read off the internal thermometer a t  the end of 
each set, or, if the ubservations be continuous, at  every 
fifth sun observation. If the instrument be held in tlic 
liand, care should be taken not to change the inclina- 
tion of its axis to the horizon between tlrc readings, or 
the compressibility of the liquid by its own weight will 
produce a very perceptible amount of error. 

In the annexed form column 1 contains the times, 
initial and terminal, of cach sun and shade observation. 
Column 2 expresses by an appropriate mark, @ and 
x ,  the exposure, whether in sun or shade. Column 
3 contains the readings, initial and terminal (A and B). 
Column 4 gives the values of B -A, with its alge- 
brttical sign expressing the rise and fall. per minute. 
And here it may be observcd, that if by forgetfulness 
the exact minute be passed, thc reading off may be 
made at the next lo8, an3 in that case the entry in 
column 4 must be not the whole amount of B-A, but 
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Only +ths of that amount. so as to reduce it to an 
interval of 608 precise. Column 5 contains readings 
of the internal thermometer ; column 6 is left blank 
for the results when reduced; and in column 7 are 
entered remarks, such as the state of the sky, wind, 
&.; as also (when taken) the sun's altitude, baro- 
meter, thermometer, and other readings, &c. 

A complete actinometer observation cannot consist of 
less than three sun and two shade observations inter- 
mediate ; but five sun and four shade are much bctter. 
In a vary clear sunny day it is highly desirable to con- 
tinue the alternate observations for a long time, even 
from sunrise to sunset, so as to deduce by a graphical 
Projection the law of diurnal increase and diminution 
of the solar radiation, which will thus readily become 
apparent, provided the perfect clearness of the sky con- 
tinuc,-an indispensable condition in these obscrva- 
tions, the slightest cloud or haze over the sun being 
at Once marked by a diminution of resulting radiation. 
To detect such haze or cirrus, a brown glass applied 
before the eye is useful, and by the help of such a 
@:lass it may here be noticed that solar halos are very 
frequently to be seen when the glare of light is such 
as to allow nothing of the sort to be perceived by the 
unguarded eye. 

Wllen a series is long continued in a good sun, the 
illstrument F o a s  very hot,* and the rise of the liquid 
in the sun observation decreases, while the fall in the 
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shade increases : nay, towards sunset it will fall even 
in the sun. This phenomenon (which is at  first 
startling, and seeming to impeach tIie fidelity of the 
instrument) is, in fact, perfectly in order, and produces 
absolutely no irregularity in the resulting march of 
the radiation. Only it is necessary in the reduction 
of such observations to attend carefully to the alge- 
braic signs of the differences in columii 4. 

Every series of actinometer observations should be 
accompanied with notices in the column of remarks of 
the state of the wind and sky generally, the approach 
of any cloud (as seen in the coloured glass) near to 
the sun ; the barometer and thermometers, dry and 
wet, should especially be read off more than once 
during the series, if a long one, and, if kept up during 
several hours, hourly. The  blackened thermometer 
for solar radiation should also be read off a t  tlie 
middle of every set, so as to accumulate a mass of 
comparative observations of the two instruinents. The 
times should be correct to the nearest minute at least, 
as serving to calculate the sun’s altitude ; but if this 
be taken (to tlie nearest minute or two) with a pocket 
sextant, or even by a style and shadow, frequently (at 
intervals of an hour or less) when the sun is rising or 
setting, jt will add much to the immediate interest of 
the observations. When the Bun is near the horizon, 
its reflection from the sea, or any neighbouring water, 
must be prevented from striking on the instrument ; 
aiid similarly of snow in cold regions, or on great 
elevations in alpine countries. 

Every actinometer should be provided with a spare 
glass, and all the glasses should be marked with a 
diamond ; and jt should always be noted at  the head 
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of the column of remarks which glass is used, as the 
eo-efficient of reduction from the parts of the scale 
(which are arbitrary) to parts of the unit of ~adiation 
vanes with the glass used. 

To reduce provisionally a set of actinometer observa- 
tions.-If the set consist of only four or five sun obser- 
vations, with intermediate shades, take the mean of 
the " changes per minute " in column 4, for all the sun 
and for all the shade observations separately, attend- 
ing duly to the signs. Change the sign of thc latter 
mean, and add it to the former. The aggregate will 
be the uncorrected radiation in parts of the SG&. To 
correct it for thc unequal dilatability of the liquid, take 
the mean of the temperatures shown by the internal 
thermometer nt the beginning and end of the set, and 
with it enter the wble Appendix, Table V., which con- 
tains the factor by which the uncorrected radiation is 
to be multiplied. If the series consist of more than a 
quadruple or sextuple observation, it must be broken 
into quadruplets or quintuplets, and each reduced 
separately as above. 

The abstract unit of solar radiation to be adopted 
in the ultimate reduction of the actinonietric obser- 
vations is the mtim, by which is understood that 
intensity of solar radiation which at a vertical inci- 
dence, and supposing it wholly absorbed, would suffice 
to melt one millionth part of a metre in thickness from 
the surface of a sheet of ice horizontally exposed to its 
action per minute of mean solar time ; but it will be 
well to reserve the reduction of the radiations as ex- 
pressed in parte of the scale to their values in terms of 
their unit until some future and final discussion of the 
Observations, 

x 2  
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Meanwhile no opportunities should be lost of coni- 
paring together the indications of different actinometers 
under similar and favourable circumstances, so as to 
establish a eorrespondeIice of scales, which in ease of 
accident happening to one of the instruments will 
preserve its registered observations from loss. The 
comparison of two actinometers may be executed by 
one observer using alternately each of the two instru- 
ments, beginning and ending with the same ; though 
it would be more conveiiiently done by two observers 
observing simultaneously at  the same place, and each 
registering his own instrument. An hour or two thus 
devoted to comparisons in a calm clear day, and under 
easy circumstances, will in all cases be extremely well 
bestowed. In frosty or very cold weather the instru- 
ment should be exposed, for some time previous to 
commencing the observations, to thc Bun, which, by 
warming the liquid, increases its dilatability, which at 
low temperatures is inconveniently small, 

Neither should each observer neglect to determine 
for himself tlic heat stopped by each of his glasses. 
This may be done also by alternating quadruplet ob- 
servations made w i t h  the glass on and 06 beginning 
and ending with the glass off, and (as in a11 cases) 
beginning and ending each quadruplet with a sun 
observation. For the purpose now in question a very 
calm day must be chosen, and a great many quad- 
ruplets must be taken in succession. 

The actinometer is well calculated for 'measuring the 
defalcation of heat during any considerable eclipse of 
the sun. The observations should commence an hour 
at least before thc eclipse begins, and be coiitinued an 
hour beyond its termination, and the series should be 
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uninterrupted, leaving to others to watch the phases of 
the eclipse. The atmospheric circumstances should 
be most carefully noted during the whole series. 

Thermometers for Terrestrial Radiation.--The mea- 
Sure of terrestrial radiation is of no less importance to 
the science of meteorology than that of solar radiation, 
but no perfect instruiiient has yet been contrived for. 
its determination. Valuable information, however, 
may be derived from the daily register of the minimum 
nocturnal temperature of a. register spirit-therrno- 
meter, the bulb of which is placed in the focus of a 
Concave metallic mirror, turned towards the clear 
aspect of the sky, and screened from currents. Such 
a thermometer may be read off and registered at  thc 
reguIar hours by day as well as by night, but it must 
be screened from sunshine, and a thermometer beside 
it also read off at  the same times. 

Registers. 

T o  keep a meteoro1oe;ical register with due regu- 
larity, a skeleton form (No. 1) should be prepared, by 
ruling broad sheets of paper into columns destined for 
the reception of the daily and hourly entrics in their 
uncorrected sbte, as read off or otherwise noted. This 
form may be most advantageously arranged in groups 
of columns, with general heading (A ,  B, C, Qc.), and 
Particular sub-headings (u, b, c, &.), SO 8s to class 
the entries in an order favourable to subsequent com- 
Parison and reduction. Thus, the group A s21ould 
carry tlie general heading Date; B, Pt.essure; C, 
Temperature of air ; D, Moisture ; 3, Radiation ; E; 
Temperuture of water; G, Wind; H. Cloud; 4 
Weather; K, &in; L, Reference; and opposite to 
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every page ruled for entries should stand a blank 
page for remarks. 

Under the general heading A, the sub-heading Aa 
will indicate the day of the month (marking the Sun- 
days with s, and the days of new, full, and quarters of 
the moon with their appropriate marks 0 ,  II , 0, < ) ; 
and Ab will contain the hours of observation in each 
day, following the civil reckoning of time. 

B will contain two sub-headinge, Ba, Bh, corre- 
sponding to columns in which are entered respectively 
the readings of the barometer and its attached ther- 
mometer. 

C will contain three : viz. Cu for ent,ries of the 
exteimal thermometer ; Cb, the daily maxima ; and 
Cc, the daily minima, placed opposite to the hours at 
which they are read off on the self-registering tlier- 
mometer. 
D will have two, Da and Db : viz. the readings of 

the dry and wet bulbs of the hygrometer. 
Under E will stand three sub-cohrnns, Ea for solar, 

and Eb, Ec, for terrestrial radiation. &z will contain 
the readings of the black-bulb thermometer exposed 
in the exhausted tube to the sun at such of the regular 
hours when it can be observed; Eb, those of the 
thermometer exposed to clear sky in the mctallic 
reflector; atid Ec, those of a similar thermometer 
placed close beside it, and in all other respects siuii- 
larly exposed. In these columns may also be elitered 
the observed maxima of these elements, whether 
obtained by watching the instruments or by self- 
registering ones ; and these observations should be 
distinguished from the others by enclosing them in 
parentheses, or underlining them, &c. 
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3 will contain the tempeiztture of the surface-water, 
under the first sub-heading, F a ;  and under the 
second, 23, that at two fathoms depth : the latter not 
being taken more tlian once L day, except when Ra 
indicates some sudden change. 

Q will contain the direction of the wind, per vane 
and compass, in its firat column, Ga ; and its force, as 
read off on the anemometer, in G6. If there be an 
Upper and under current of wind, both their directions 
should be sct don7.n above and below a line, like a 
fraction. 

€2 should have three sub-columns : viz. Ha for the 
amount of cloud in the region from the zenith down 
to 30’ of altitude, arid 13j for the amount below that 
altitude, each estimated in eighth parts of the whole 
respective areas of sky included in the two regions 
(which arc equal), according to the best of the ob- 
server’s judgment. Hc will contain the prcvnlent 
character of cloud, according to the nomenclaturc of 
‘Howard; denoting by C cirrus, by K cumulus,* by 
s stratus, and by N nimbus, by double letters thcir 
coldination in transition from one to the other form 
(as CS cirro-stratus), and by letters with interposed 
commas (thus, K, 8) the prevalence of one species of 
cloud in O I I ~  m d  another in the other region. ‘I’wo 

layers of cloud, one above the other, may be denoted 
by placing their cllaracteristic letters above and below 
a line in the manner of a fraction. These forms of 
cloud are thus characterized :-Cirrus expresses a 
cloud resembling a lock of hair, or a. feather, con- 
sisting of streah, wisps, and fibres, vulgarly known 
as mares’ taih. Cumulus denotes s cloud in dense 

* TO ovoid the otherwise inevitable confusion of C ud c in MS. 
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convex heaps or rounded forms, definitely terminated 
above, indicating saturation in the upper clear region 
of the air, and a rising supply of vapour from below. 
Stratus is an extended continuous level sheet, which 
must not be confounded with the flat base of the 
cumulus, where it simply rcposes on the vapour plane. 
The cumulo-stratus, or a?mil-sliaped cloud, is said to 
forerun heavy gales of wind. Peculiar aspects of 
cloud, preceding gales, squalls, or hurricanes, should 
be specially described in the sheet of remarks or in a 
journal. Nimbus is a dense cloud, spreading out into 
a crown of cirrus above, and passing beneath into B 
shower. 

Under thc heading Iwill  stand a note' of the general 
state of the weather, according to Admiral Beaufort's 
system of abbreviations, which is as follows :-Num- 
bers from 1 to 12 denote the force of the wind : thus, 
0 denotes calm ; 1, light air, just perceptible ; 2, Zight 
bmeze, in which a ship, clean full, in smooth water, 
would go from one to two knots; 3,pnt le  breeze (from 
two to four knots); 4, moderate breeze (from four to 
six knots) j 5, fresh breeze, in which a ship could just 
carry on a wind royals, &c. ; 6, stormy breeze (single- 
reefed topsails and topgallant-sails) ; 7, moderate gale 
(double-reefed, &c.) ; 8, fresh gale (triple-reefed and 
courses) ; 9, storm9 gale (close-reefed, &e.) ; 10, whole 
gale (close-reefed maintopsail and reefed foresail) ; 
11, s t m i  (storm-staysails) ; 12, iiurricane (no canvas 
can stand). Ttiese numbers, in the absence of an 
anemometer, may be entered in column G6. The 
following abbreviations denote the state of the 
weather :- 
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b. Bluesky, be the atmosphere 

C. clouds. Detached passing 

d. Drizztiny rain. 
f. Foggy. 
9. Glooiicy dark weather. 
h a  Nail. 
1. LigIgktniiig. 
m. Misty hazy atmosphere. 

clenr or heavy. 

clouds. 

0. Overcast. The whole sky 
covered with thick clouds. 

p .  Passing, tempornry showers. 

r. Ruin. Continued rain. 
s. Snow. 
t .  Thunder. 
u. Uyly threatening appearance. 
v. Visibility of objects ; clenr at- 

mosphere. 
w. Wet. (Dew.) 

q. squallav. 

o under any letter denotes a great degree. 
K contains only a column, Ka, for the quantity of 

rain, melted snow or hail, collected in the rain-gauge 
at  the regular hour. One entry a day will suffice, 
except in rains of unusual lieaviness or in paroxysmal 
discharges, which will require special note. There will 
always be room in this column to note the teniperaturc 
of the falling rain, if remarkable. 

Finally, L is a small column a t  the edge of the page, 
containing merely numbers of reference, from 1 to the 
number of lines of entry in the page, to connect each 
entry with the remarhs on it, or on any phenomenon 
which may have occurred in the interval since t h ~  last 
entry, which it will be probably necessary to enter on 
another sheet or interleaved page (carrying a t  its left- 
hand edge a similar reference column), or wit11 any 
Inore extended notes which may form part of a diary 
such as every observant traveller or voysger ougllt to 
keep, and of which a summary for the month, so far as 
relates to metcorologicaI subjects, should be appended 
to each monthly register. 

Another skeleton form, NO. II., should be prepared 
and ruled in corresponding columns, to reccivc tlie 
corrected atid reduced results of the raw observations 
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in Form I. This should have the column A, as in 
Form I. ; B will consist of a single column : viz. the 
barometer, reduced to 32O ; C, of the same number as in 
Form I., containing the corrected thermometer readings ; 
under D will come two columns, Da and DB, of which 
the former will contain the corrected difference of the 
dry aid wet bulb readings, and the latter the value of 
F, tlie elastic force of vapour at  the dew-point by the 
formula already given. E and P will merely contain 
the corwcled valucs of the corresponding entries in 
Form I. ; and if there be anything in the remaining 
columns requiring correction or reduction, it will here, 
of course, bc done; if not, those columns muat be 
either carefully copied or simply referred to. I n  this 
form should l e  entered, w h l  meded, the monthly 
means of the several columns (in calculating which 
care should be taken to verify the results by repeti- 
tion): aiid it is recommended, before adding up the 
columns, to look down each to see that no obvious error 
of entry (as of an inch in the barometer, a very corn- 
mon error) may remain to vitiate the mcan result. 
The precaution should also be taken of' counting the 
entries in each column, SO as to make no mistake in the 
divisor. The monthly maxima, niiiiiiiia, and ranges 
of the instruments should also be entered. Except, 
however, the ship has been nearly stationary during 
the month, tliesc cillculatioiis and their results are of 
little utility. 

Both forins should be headed with the year and 
month on every page, and should bear the name of the 
ship and observer. 

The obscrvcr will find it both interesting and in- 
structive in a high degree to project the reduced 
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Observations (as fast as reduced, or monthly) of the 
barometric pressure, vapour tension (the value of F 
above mentioned), and temperature, in curves, by the 
aid of a paper of engraved squares, divided into iiichcs 
and tenths by vertical and horizontal lines.* The 
comparison of tlie curses so projected in the case of the 
Pressure and vapour tension is of especial interest, 
Since there is reason to bclieve that the diurnal 
fluctuation of the barometer is partly, if not cntirely, 
a hygrometric phenomenon arising from the superad- 
dition of a variable hygrometric pressure to the other- 
wise uniform pressure of the dry atmosphere. The 
COurBe of the barometric curve too will show far better 
than simple observation the chief maxima and minima 
which indicutc the passage of the crests and troughs of 
atmospheric waves. And its continuance a t  a high or 
]OW level, or its gradual change, corresponding over 
long intervals of time wit11 progressive changes of 
latitude and longitude, will enable the observer to 

trace out the limits of those deviations from the simple 
law of statical equilibrium which the researches of 
Schouw, I-Iumboldt, and otliers have proved to exist 
more or less over the whole globe, and wliich those of 
Ermalln in the Arctic, and King and Ross in tlie An- 
tarctic regions llave shown to rcsult in permanent local 
depressions to the enormous amount of a whole inch in 
the mercurial column. 

Occasional Observations. 
There is much and most valuable matter for meteor- 

Ological observation and remark which cannot find a 
* such papers may be obtained from Messrs. W. H. AIleu and 

CO., Booksellers to the Honourable h t  India Compouy, No. 7, 
Leadenhall-street, London. 
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place in the regular entries of a register, either from 
its occasional nature, or from its statement requiring 
more detail than is Consistent with the brevity of such 
entries. Observations of the Actinometer are of this 
kind, and require a separate register. Such also are 
all meteorological phenomena of n transitory nature, 
as hurricanes, thunderstorm, waterspouts, auroras, 
kc . ,  of all which special and connected statements 
should be drawn up (embodying all notes made at the 
time) as soon after their occurreiice as possible, and 
entered in a diary, carefully noting all circumshnces 
connecting them with the state of the atmosphere pre- 
ceding and subsequent, and especially every precursory 
appearance or fact which may have left on the observer’s 
mind the impression of a prognostic. Such also arc 
those occasions of which the attentive observer will 
not fail to take advantage, when particular meteorolo- 
gical sequences of cause and effect stand out in un- 
usual prominence, or when opportunity is offered for 
the exact or approximate determination of some datum 
of scientific interest. The following hints respecting 
observations coming under these descriptions will be 
worth attending to. 

Squalls, Storms, and liurricanes or Cyclones.--It is 
hardly necessary to impress on the nautical observer 
the extreme importance of a minute attention to every 
adjunct of these formidable plienomens. From their 
first indications they should be attentively watched in 
all tlieir phases, with a vigilance proportioned to their 
actual or expected intensity. Nothing in tlie way of 
propostic should be left unnoticed. The “ ugly threat- 
ening appearance” (u) should be analysed into its 
elements-atmospheric, celestial, oceanic, and (if in 
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Port) terrestrial signs of all kinds noted-such as the 
small white advancing cloud expanding into an arch, or 
the little white spot](lulZ's-eye) suddenly appearing in the 
zenith-lurid sky-remarkitble red colour of clouds 
and of other objects-bands of light, and distant ad- 
vancing walls of darkness-portions of cloud driven 
rapidly and irregularly - appearance of ascendizg 
lightning-peculiar aspect of stars or planets at  night, 
or of tile Slln 01: moon at rising or setting, and in ruliat 
that peculiarity consists-whirlwinds, waterspouts (and 
the direction in which they turn, whether 0 or fi  ), 
and peculiar veerings of wind with them, and alteriia- 
tions of ~iIm-singular rises and lulls of wind and moan- 
ing or roaring noises, and whether these are certainly 
in the atmospliere-phosphorescent sea-flight of birds, 
hneasiiicss of animals-unusual abundancc of certain 
fish. Meanwhile the movements of the barometer and 
the direction and force of the wind should be watched 
with unceasing vigilance. Hourly observations sIioulcl 
be at once commenced, and the intervals diminished as 
it becomes more and morc certain that u storm is in 
progress. When fairly established, they cannot be 
read too frequently, and cvery sudden rise or fall of 

. the one, every lull or SJL@ of the other (as distinguished 
from veef iy ,  whicli is a yradual change of direction), 
should be noted to the miiiutc of its occzlrrme, or 
rather the watch should be read and noted to the 
minute, a t  every entry made. 

During the continuance of the storm, and especially - 
if there be reason (from its characters, and its occur- 
rence in the hurricane regions) to consider it as a re- 
volving hurricane, or '' cyclone," in the sense insisted 
on by Mr. Redfield, Colonel Reid, and Mr. Piddington, 
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all the atmospheric appearances and changes should be 
noted as frequently as possible, particularly at changes 
of the wind and in the calm centre of the vortex, should 
this unfortunately reach the ship. Flashes of light ap- 
pearing in the barometer tube (not simply arising from 
oscillation)-thunder and lightning, particularly a t  
shifts of the wind, and their relation to sudden dis- 
charges of hail or rain-temperature of rain and of 
the sea-form and size of hailstones-whirlwinds or 
waterspouts occurring in the cyclone, their appearance, 
whirlings, tracks, size, &e.--circles of light overhead 
in the centre of the gale, to be estimated or measured 
as to their angular diameter-sun, moon, or stars if 
seen;and if of peculiar brilliancy or eolours-state of 
the sea as to regularity, rising, falling, breaking, &c., 
particularly at the centre-werings or oscillations of 
wind, and the exact intervals in which they occur- 
moderating of the wind for an hour or two or more 
after the gale has appeared to commence, and the s h t e  
of the instruments and sky at  the time. An exact account 
should be kept of the vessel's coming up or falling off, 
and the log hove, if possible, to ascertain with the 
utmost care the ship's drift in lying to. Blasts of hot 
and cold air-extraordinary light and darkness. When- . 
ever partial clearing of the sky affords an opportunity, 
pay particular attention to the direction of the upper 
scud. A t  the going off of the gale the same attention 
to all the phenomena as at  its coming on. Observa- 
tions of barometer, kc., to be continued at gradually 
increasing intervals, and at length hourly till the usual 
state of things' is fully restored-gradual rising of 
clouds at horizon or zenith and banks forming to be 
noted, and their altitudes measured. Thc precise 
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Position of the ship before arid after the gale to be 
carefully indicated, and all possible information to be 
collected of thc manner, exact times, &c., in which 
otlier ships have been affected by it, and every endea- 
vour used to trace out the path of thc centre, the 
diameter of tlic vortex, and the direction of its re- 
volution, by subsequent inquiry whenever opportunity 
may occur. 

Nurricanes, revolving storms, or “ cycloncs,” ac- 
cording to the meteorologists abovc named (now fd ly  
established as true representations of fact), differ from 
mew local and temporary exaggcrations of tlic regular 
titinospheric currents in this-that they arc in the nature 
of vortices, or circulating movcments participated in by 
masses of air of from 50 to 500 miles in diameter, re- 
volving the more rapidly thc nearer the centre, up to B 

certain distance, or radius, witliin which there is a calm. 
The place of this centre of rotation meanwhile advances 
steadily along a definite line upon the globe, with a 
velocity varying from 2 to 30 or 40 miles per hour, 
and pursuing a track which in some of the hurricane 
regions, as in the West Indies, has a singular fixity of 
geographical situation and geomctriral form. But the 
character which it is of most importance to a seaman 
to know, and the knowledge of which may often mve 
his ship from disaster, as ignorance of it  US repeatedly 
been the cause of catastrophes which might have been 
avoided, is this, viz. :--that in the same hemisphere 
great cyclones always revolve the s a m  way (SO far at 
least as our present inforination c s t d s ) ,  but that this 
direction is opposite in opposite hemisphcres. 111 the 
northern hemisphere their rotatiou is retropade, i. e., 
contrary to the motion of the hands of a watch laid face 
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upwards, or in conformity with the motion of the hand 
in unscrewing a screw. I n  the southern, their rotation 
is direct, conformable to the hands of a watch, or to the 
motion of the hand screwing in a screw into a horizontal 
board ; and this general fact affords the following simple 
rule by wliich to know a t  any given moment t h  bearing 
of the centre of the vortex, which is the point of extreme 
danger, by reason of the fury of the wind in its vicinity, 
ib sudden reversal, and the terrible sea wliich prevails 
there :-When sure that you are within the limits of a 
cyclone, stand erect and look full in the wind‘s eye, 
then, if in the northern hemisphere, turn yourself 90° 
or one quarter of the circle round to your Tljht (if in 
the southern, as much to your left), and you will have 
the centre of the hurricane facing you. Thus, if in 
the northern hemisphere the wind at the ship be due 
north (blowfrom the north), the centre bears due east 
from the ship’s place. 

The liabitual tracks of hurricanes are but imper- 
fectly known, and all which tcnds to throw light up011 
this part of the subject is of the last importance to 
navigation. The rcader may consult the worlrs of Mr. 
Rcdfield, Colonel Reid on the ‘ Law of Storms’ (2nd 
edition), and 6 The Sailor’s Hornbook for the Law of 
Storms,’ by Mr. Piddington, a work full of interest 
and inforrnation on the subject, and which no navigator 
should go to sea unprovided with. The direction of 
the wind after the complete passage of the hurricane is 
a point of interest, as indicating whether the “ cyclone ” 
consist in the bodily transfer of a given mass of rotating 
air, or in the successive transmission of a rotary move- 
ment from air to air in situ, the air in each point of itu 
track being only transiently agitated. 
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Winds. 

The points most important to remark respecting the 
wind are- 

1st. Its average intensity and general direction 
during the several portions of the day devoted to ob- 
servation. 

2ndly. The hours of the day or night when it com- 
mences to blow from a calm, or subsides into one from 
a breeze. 

3rdly. The hours a t  which any remarkable changes 
of its direction take place. 

4thly. The course which it takes in veering, and the 
quarter in which it ultimately settles. 

5thly. The usual course ofperiodical winds, or such 
as remarkably prevail during certain seasons, with the 
law of their diurnal progress, both as to direction and 
intensity; at what hours and by what degrees they 
commence, attain their maximum, and subside ; and 
through what points of the compass they run in so 
doing. 

Gthly. The existence of crossing currents a t  different 
heights in the atmosphere, as indicated by the courses 
of the clouds in different strata. 

7tbly. The times of setting-in of remarkably hot or 
cold winds, the quartera from which they come, and 
thek Coursed, as connected with the progressive changes 
in their temperature. 

8thly. The connexion of rainy, cloudy, or fair weather 
With the quarter from which the wind blows, or has 
blown for some time previously. 

Several of these points of inquiry have especial re- 
ference to land winds, and can only be duly studied in 

Y 
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port or during residenccs on shore. In cruises along 
shore, or on arrival or departure, observe how far the 
influence of the land extends, and by what gradations 
the character of the winds changes from terrestrial to 
oceanic, especially with reference to the difference be- 
tween the hours when the sun is above and when below 
the horizon. 

Clouds and Fogs.-The dissipation of cloud under 
the apparent influcnce of the full moon is a point to 
which attention has lately been called ; the state of the 
sky on the days and nights of the full moon, and those 
immediately preceding and following it,' should be 
noted with a view to confirming or refuting this con- 
nexion. Hourly observations, commencing before sun- 
set, of the relative proportion of clear and clouded sky 
would be desirable. 

The  height of the vapour plane is a datum of im- 
portance, especially in tropical regions. At sea it is 
not easy to determine ; but when near a mountainous 
coast, where the clouds repose at definite levels on the 
hills, many opportunities may Occur to ascertain it with 
precjsion, The lower level of unmelted snow may in 
such localities also be madc a subject of inquiry. The 
average height of the vapour plane at sea under the 
equator is a meteorolo&xl element of much interest. 
Opportunities of determining it by measuring the ap- 
parent altitude of the flat bases of cumular clouds from 
two ships whose distance is known, or otherwise, should 
be seized when they offer. 

Whcn the fiky suddenly clouds over, or when fogs 
form unexpectedly, the barometer and thermometer 
should be noted minutely, as such appearances often 
result from a rapid diminution of atmospheric pressure 
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and consequent absorption of heat by the rarefaction 
of the air. Fogs prevailing at definite localities ixidi- 
a t e  a temperature of the sea habitually exceeding that 
of the air. They often also indicate the vicinity of ice. 
Jvhenever fogs are met with at sea, the temperature of 
the air aud of the surface-water should be recorded 
With more than usual a r e .  

Temperature of the Sea.-Shoals cast up water from 
a hwer level to the surface where any current exists, 
and therefore a sudden change of temperature of the 
Surface may indicate a shoal. In crossing currents 
coming from warmer or colder latitudcs, the surface 
temperature sbould be especially attended to, and the 
maximum of irregularity due to the current watched 

Should opportunities offer of obtaining deep-sea 
t,emperatures, they should be eagerly seized. 

Observations in Port or in Temporary Residences on 
Shore.-Opportunities sliould not be lost of ascending 
lofty eminences, and noting thereon the hygrometric 
and thermometric conditions corresponding to altitudes 
measured by the portable barometer, or otherwise 
known. 

T ~ Q  temperature ofdeep wells should be ascertained 
and that of the soil at different depths, which if made 
with duc a r e  and under favourable circumstances, is 
an observation of very great interest. ExmVation9 
should be made in dry soil, and under f a i r  exposure to 
Sun and raind, in which should be buried, a t  depths of 
three, ~k, and nine feet, thermometers well wrapped 
in woollen cloth, or in pots of pounded charcoal 01- wen 
of dry sand, enclosed in strong vessels to defend them 
from damage, and to prevent the possibility of change 
of temperatwe in extracting and reading them. The 

a for. 

Y 2  
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zero points of the thermometers should be most scru- 
pulously ascertained, and their errors ut the. tempera- 
tures registered made a subject of special inquiry. The 
readings should be exact to tenths of degrees. Ob- 
servations thus made under the equator in various 
longitudes, with scient$% precision, might furnish data 
of the utmost value towards determining the constancy 
or variability of the sun’s radiation from year to year. 
I f  the thermometers cannot be spared, bottles of water 
similarly defended may be buried (or of brandy, if in 
frozen soil), and the temperature of the liquid taken 
immediately on raising them. I n  case of prolonged 
sojourn this should be repeated monthly. 

Some localities are remarkable for enormous falls of 
rain. Tlius it is stated, on the authority of Captain 
Roussin, that between the 1st and 24th of February, 
1820, there fell twelve feet seven inches of rain in the 
Isle of Cayenne.* I n  all such localities great attention 
should be paid to the rain-gauge, and pains taken to 
procure extracts from perfectly authentic registers con- 
taining instances of the kind, and information respect- 
ing their attendant circumstances. I n  some geogra- 
phical localities it is said never to cease raining-in 
others, that rain never falls. Local inquiry and con- 
sultation of records must here stand in lieu of peisonal 
observation, due care being taken to rely on none but 
unexceptionable evidence. 

The phenomena of dew are of more interest, and can 
be better studied on shore than at  ea. The amount 
of dew collected by a given surface of any bibulous 

* Ed. Phil. Journ., viii, 18G, from Silliman’s American Jourunl of 
Science, iv. p. 875. 
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radiant, as cotton, &c,, in clear nights, in exposures 
Pevectly open to the sky, and on the level of the soil, 
should be registered. If accompanied with observa- 
tions of the depression of the terrestrial radiant ther- 
mometer, and also of the hygrometer, such observations 
Would acquire additional value. 

The temperature of the soil under the direct influ- 
ence of the sun as indicated by a thermometer barely 
covered with dry earth, is an element of importance to 
the botanist, and may be recommended as an apt ac- 
companiment to actinometric observations. The ther- 
mometer used should have a scale reading at  least to 
180' Fahr. 

Meteorological registers kept by persons of credit a t  
Places where the ship may remain or touch, should be 
ioquired for and copied, or the originals procured, and 
the instruments with which they have been made care- 
fully compared, and the height of their stations above 
the sea-level ascertained. 

Waterspouts, Bull's-eye Squalls, WhiThoinds.-The 
t r a i t i o n  from the mere eddy to t.he whirlwind, and 
from the whirlwind to the waterfpout (Trombe), should 
be traced if possible. All circumstmces froin the first 
trace or prognostic to their final dissipation should be 
minutely noticed, especially the movements of the sea 
under their influence, and the direction of their rotation. 
At what distance is the whirling motion of the air per- 
ceptible ? What  are the indications of the barometer 
during their approach and recess ? Do any and what 
electrical phenomena accompany them ? DOCS the 
water really ascend along their axis, and to what 
height ? IS tho water they discharge in " bursting " 
fresh or salt ? Note itij temperature. 
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Showers af Dust or Ashes.-W'hen they fall, preserve 
spccirnens and examine them microscopically, whether 
consisting of organized or mineral matter. Note every 
circumstance, especially the direction of the wind, and 
whether an upper current differing in direction from 
the lower, exist. Geographical situation of the ship 
especially to be exactly ascertained. Inquire for vol- 
canic eruptions within D, thousand miles of thc place of 
their occurrence. 

Thunderstorms, Li+biiny, Fireballs, &.--Note the 
quarter of the horizon where distant lightning unac- 
companied with thunder appears, and the extent it 
embraces. Especially notice any appearance of forked 
lightning striking upwards. I n  a n  actual thunder- 
storm, especially attend to the quantity of rain or hail 
that falls-its intcrmittenees, and its correspondence or 
the contrary with great bursts of lightning near at  hand. 
Notice the apparent direction taken by the storm, with 
or against the wind. Attend to the remarkable reverml 
in tlie direction of the wind which often immediately fol- 
lows the cessation of a tliunderstorm. Violent thunder 
and lightning in thc immediate vicinity of the place of 
observation sometimes, though very rarely, take place 
without rain, or with very little. In  such cases, notice 
every particular with tlie utmost minuteness, and ascer- 
tain, if possible, whether the storm has been elsewicere 
attended with rain. Fireballs ure stated to have been 
oceasionally seen running along thc surface of the sea, 
and so reaching, striking and '' bursting " on sliips- 
appearances which have been supposed analogous to 
the electrical phenomenon termed the glow discharge. 
Attend to every circumstance which may favour or 
oppose this idea, especially the height of the clouds at 
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the time, and whether or no remarkably depressed 
dong the line taken by the fireball. 

Should the ship be struck by lightning, if furnished 
with Sir Snow Harris’s conductors (which appear to 
afford almost complete security against serious damage), 
examine the magnetism communicated to small steel 
bars originally non-magnetic) fixed transversely across 
the copper conducting platcs. Note any luminous 
appearance seen along the line of conduction. Imme- 
diately on the stroke, ascertain, by placing the hand on 
the conducting plate, whether it is i n  any degree 
heated. Notice peculiar noises, and endeavour to 
trace their origin, also the mode in which the lightning 
escapes from the ship, and the phenomeiia attending its 
escape.’ If damage be done, describe minutely the 
sort of effects produced, and endeavour to trace the 
airection and character of the forces immediately pro- 
ductive of such as are purely mechanical. 

Atmospheric Electricity can hardly be well studied 
at  sea, the masts, sails, and rigging acting as perpetu- 
ally interfering conductors. lndeed it is said that, 
except in actual thunderstorms, no indications what- 
ever of atmospheric electricity can be detected in the 
open ocean. This, however, should not be taken for 
@tinted, By going aloft the observer may put himself 
out of the reach of much of the interfering influence, 
taking with Iiim an electroscope and a common jointed 
fishing-rod, having a glass stick well varnished with 
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shellac substituted for its smallest joint to project into 
the atmosphere. To the end of the glass must be 
fixed a metallic rod terminating in a point, or carrying 
a small b r a s  lantern, i n  which a lamp is burning, and 
connected with the electroscope by means of a fine 
copper wire. The electroscope may be either Saus- 
sure’s pith ball, or Singer’s gold leaf electrometer, and 
when charged the nature of the electricity may be 
tested by excited glass or sealing wax. 

Auroral Pfmomena.-All such should be minutely 
registered, and all their phases, especially the forma- 
tion, extent, situation, movement, and disappearance 
of arches, or any definite patches or banks of light. 
An acquaintance with the principal stars of the con- 
stellations is necessary to observe such phenomena with 
effect, and the observer will do well to provide himself 
for the purpose with planispheres, on which only the 
more conspicuous stars are indicated, with their alli- 
neations. The exact time (true a t  least to the nearest 
minute) of any such definite body of light being cen- 
trally on any known star should be observed, as a 
means (by the aid of corresponding observations) of 
determining its real situation and altitude. ‘I’he slow 
drifting motion of such masses (in north latitudes 
generally southward-query if the reverse in south ?) 
should be specially attended to. Pulsations, like 
waves of light, rushing up from tlle Iioiizon, should be 
also particularly remarked, and any appearance of 
patches of dejinite forms rendered visible by such pulsa- 
tion as it traverses them, but not otherwise appearing 
as luminous masses, particularly noticed. When 
arches or any considerable well-defined cloud-like 
m u m  are formed, mark on the chart their situation 
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and extent among the stars at several noted epochs of 
time, particularizing the brightest portions ; observe 
also the point of convergence of streamers and the 
formation of the corona, the central point or focus of 
which should be projected on the chart with allpossihle 
exactmss, and the time of so doing exactly taken, so as 
to determine by subsequent calculation its altitude and 
azimuth. Any indication of thc near vicinity of auroral 
phenomena, or of their existence at a level below that 
of ordinary clouds, should be most minutely investi- 
gated a t  the moment, and carefully and circumstan- 
tially recorded. -The connexion, if any, between 
auroral masses and cirrous clouds should be traced if 
opportunity occur. Note also the meteors if remark- 
able within the auroral region. 

.Halos, padiclia, mock sum, and other luminous phe- 
nomcna of the kind, should be noted, delineated with 
care if complicated, and their dimensions measured 
with a sextant, or otherwise, by bringing the limb of 
the sun or moon (noting which limb) in contact with 
the two edges of the phenomenon in succession. Their 
Wlours also and their order should be described. 
Light cirro-stratus cloud in the neighbourhood of the 
sun has been observed to be bordered wit11 three 
fringes of pink and green coloui.9 following the outline 
of the cloud. This rare and beautiful phenomenon if 
seen should be most particularly and carefully de- 
scribed. Perhaps in some climates it may be of not 
unfrequent occurrence. Unusual tints observed in the 
sky should be noted, and should that extremely rare 
Phenomenon-the sun’s disc appearing of a pale tlue 
CoIour, so little luminous as to allow of being gazed ut 



330 XETEOROLOQY. [sect. IX. 

with impunity *-occur,  the atmospheric circumstances 
should be carefully recorded. 

The polarization of the light of the sky should be 
examined iubitually with a polariscope, and the rela- 
tion of the points of maximum polarization to the sun, 
and the observer's zenith, noticed in every variety of 
climate, and in various states of the sky, and anything 
apparently abnormal recorded. 

Zodiacal light.-In the seasons of its appearance 
take every opportunity in tropical climates to ascertain 
with precision the place of its apex among the stars, its 
breadth and degree of brightness, and whether variable 
or not. 

MeteOrS.-see 9 1. Astronomy-Appendix. 

A P P E N D  I X. 

TABLE I.-Correction to be added to Barornetern for 
Capillary Action. 

Diameter of Tubo. 

Inch. 
0'60 
0.50 
0 . 4 5  
0.40 
0 ' 3 5  
0 . 3 0  
0 . 2 5  
0.20 
0 . 1 5  
0 ' 1 0  

Inch. 
0'004 
0.007 
0'010 
0'014 
0.020 
0.038 
0 '040  
0-060 
0.088 
0 . 1 4 2  

Inch. 
0'002 
0 ' 0 0 3  
0-005 
0-007 
0'010 
0'014 
0,020 
0-029 
0 ' 0 4 4  
0.070 

* It occurred at Bermuda on the 12th and 13th of August, 1831, 
two days after the great Barbadoes hurricane of that year. 
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ABLE lI.-Comwtion to be applied to Bnrometers. with Brass Scafes, extending ?m the Ci6te.m to the top of the Mercurinl Column, to reduce the observation 
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TABLE 11.-Confinucd. 

0 

61 
52 
63 
51 
55 
56 
67 
68 
69 
GO 

GI 
62 
63 
6.1 
G5 
GG 
67 
ti8 
(io 
i o  
71 
72 
i3 
i4 

76 

i 8  
79 
no 
el 
82 
m 
Y4 
85 
YG 
87 
SY 
n9 
90 

c- ,a 

*" 
d l  

- - - -  
-054 -055 I*E6 .0j7 '058 '039 *OM)  *061 
'055 .059 1.059 'OGO '061 -062 '063 -064  
'059 '060 '061 '063 'OM '065 '066 .067 
-062 *OG? '064 '065 '066 '067 '068 'OTO 
'069 *Mi6 '066 '068 '069 'OiO '071 '052 
'066 '068 '069 '070 '071 '073 '074 'Oi5 
,069 '070 '071 '073 '074 'Oi5 '076 'Oi8 
'Oil '073 '074 '075 '077 '0% '079 '081 
'074 *0;5 -076 '078 '079 '080 '082 -083 
.OiG 'Oi7 '079 ('080 -082 '083 '086 .08ti 

- 
,052 
'055 
'057 
'059 
-062 
-064 
'066 
'069 
'071 
'Oi3 

*075 
.078 
'080 
'082 
'005 
'067 
'OY9 
*092 
-094 
'096 

.099 
'101 
'103 
* 106 . I08 
'110 
'112 

'119 

- 
'053 
'056 
'058 
'060 
'063 
'065 
'068 
' O i O  
'072 
'075 

'054 
-0% 
. O S  
'060 
'063 
'065 
'067 
'070 
-072 

-074 
'OS6 
'Oi9 
'081 
'083 

'Oe8 
'090 
.092 
'099 

'OB7 
'099 
a101 
'lo4 
'106 
.lo8 
-110 
'113 
-115 
.I17 

-on5 

'057 '058 *059 
-059 '060 1.061 
'061 '062 '064 

'079 '080 1.081 
.on1 ,082 'OY~ 
'UM3 *Om '086 
'086 '0117 'OD 
* o m  'OLIO '091 
'090 ,092 '094 
.093 .095 .09G 
'095 '097 '099 
a098 '100 '101 
'100 a102 'lo4 

*oio " o i l  '073 
'072 '073 l*Ui5 
'074 ' O i G  *On 
* O X  '07Y '079 
-058 '080 '092 
'080 '082 ' O n 4  
'083 '094 '086 

' O i 7  
'079 
'082 
.OM 
'086 
'089 
'091 
'094 
1096 
osn 

-083 
'085 
'088 
*UY0 
'093 
'096 

'101 
'103 
'106 

.oga 

'084 
'087 
. O S  
'U92 
'095 
.097 
'100 

'105 
.loa 

ion 

* 0 8 i  
'090 
'093 
a095 
'088 
'101 
'103 
'106 
.IO9 
'111 

* 086 
* O e a  
a091 
'094 
'096 
.099 
'102 
'104 
.lo7 
* 109 

'089 
'091 
'094 
'097 
'100 
'102 
'105 
'108 
110 

'113 

'110 
'113 
'116 
'118 
* 120 
-123 
'126 
*I28 
'131 
'133 

'112 
'115 
'117 
'120 
'122 
'125 
'128 
'130 
* 133 
.136 

'114 
'117 
'119 
'122 
'125 
'127 
'130 
'13.3 
. I 3 5  'ut) 

'116 
'119 
.121 
'124 
'127 
-129 
.132 
.135 
*137 
'140 

'116 *117 
.I17 '119 
-119 '121 
.I21 '124 
*I% '126 
'1% '128 
'198 '130 
'130 '133 
-132 . I35  
*134 '137 

,129 
-131 
. I34  
'136 
'139 
'141 
'143 
'14ti 
'148 
151 

'112 
*I14 
* I  17 
'119 
'121 
'123 
'125 
'I27 
* 129 
'131 

'119 
,122 
*I24 
-126 
-128 
'131 
- 1 8  
'I35 
,137 
*140 

'124 
'126 
. I29 
'131 
* 133 
.I36 
'138 
'141 

'145 
'143 

* 134 
.136 
.I39 
'141 
'144 
'14ti 
-149 
'151 
*I64 
'156 

'136 
* 1313 
'141 
'144 : 146 
149 

'161 
'154 
-1% 
'159 

'138 
'141 
-143 
'146 
'149 
'161 
-154 
'157 
,159 
* 162 

.141 
'143 
-146 
a149 
-151 
.I54 
-157 
*159 
'162 
'164 

-143 
'146 
-148 
a151 
a154 
,156 
*169 
* 162 
'165 
*167 

'183 
'141 
'144 
'146 
'149 
'151 
.1SJ 

81 '134 1.136 ,139 

8'2 
'136 1.139 -141 

')J .las a141 '144 
94 ,'140 *I43 :I46 
95 '142 -145 148 
96 '144 '147 '160 
9; '146 -149 '152 
98 '148 -162 '165 

100 *153 '*I56 -159 
99 '151 :'I54 '157 

I 

'142 
.I44 
* 147 
.I49 
'151 
'163 
'156 
'168 
'160 
'162 

'145 
'147 
'14'3 
'152 
'154 
*I56 
*I59 
e l t i 1  
'163 
'165 

* 162 
* 164 
'167 
.169 
'172 
'174 
' li7 
'179 
'111-2 
'184 
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TAIILE 111.-Elastic Force of Aqueous Vnpour for every Degree of 
Tempernture, from Oo to 103O Fahrenheit. 

-- 
0.051 
0,053 
0.056 
0.058 
0.060 
0.063 
0.066 
0,069 
0.071 
0.074 
0'078 
0.081 
0.084 
0.088 
0.092 
0.095 
os099 
0'103 
0.107 
0.112 
0-116 
0'121 
0.126 
0'131 
0,136 
0.142 

- 
pP 

Ilhr. - 
0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 : 11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

+ 

0 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
.50 
51 

Iociies o~ 
Mercury. 

-'- 

0'147 
0.153 
0.159 
0.165 
0.172 
0.179 
0'186 
0.193 
0.200 
0.208 
0'216 
0'224 
0.233 
0-242 
0.251 
0.260 
0'270 
0'280 
0.291 
0.302 
0.313 
0.324 
0.356 
0-349 
0'361 
0.375 I 

0 

52 
53 
94 
55 
56 
57 
58 
69 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

0.432 
0-447 
0.463 
0.480 
0'497 
0.514 
0.532 
0.551 
0.570 
0'590 
0.611 
0.632 
0.654 
0'676 
0'699 
0.723 
0.748 
0.773 
0-799 
0'826 
0.854 
0.882 
0.911 

Force. 
Inch- of j/ yz:: 
Mercury. 

81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 

100 
101 
102 
103 

31.75 

Form 
Inrhcr of 
mercury. 

0.1 0'52 
0.05 0'26 

0.942 
0-973 
1'005 
1'036 
1 '072 
1'106 
1'142 
1.179 
1.217 
1.256 
1'296 
1'337 
1'380 
1'423 
1'468 
1.514 
1.562 
1'610 
1.660 
1.712 
1.764 ' 

1.819 
1'874 
1.931 
1'990 
2.050 

IIelRllt of 
the Column 
of Wnter. 

Inches. 
12 

l 6  
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TABLE V.-Showing the Fnctnrs by mhich the Results of 'Actinometer 
Observntions have to be multiplied, to reduce them to n constant dilntn- 
bility of the enclosed Blue Liquid, viz. that at 603 Fahr. - 

Interno 
Ther. 

0 

30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
GI 
62 - 

Redlicing 
Factor. 

2.888 
2.719 
2.862 
2'450 
2'312 
2'205 
2.106 
2.014 
1.930 
1.853 
1.781 
1.715 
1'654 
1.597 
1'543 
1.492 
1.443 
1'397 
1.353 
1'312 
1.274 
1 * 239 
1.206 
1.175 
1'147 
1'120 
1'086 
1 *069 
1-045 
1'022 
1'000 
0.980 
0.961 

,term 
Ther 

0 

63 
64 
65 
66 
67 
G8 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 - 

Reducing 
Faswr. 

0.943 
0.925 
0'908 
0.892 
0.877 
0.862 
0.849 
0-837 
0.826 
0.815 
0-805 

0.785 
0.775 
0.766 
0.757 
0.748 
0.739 
0.731 
0.723 
0.716 
0.709 
0*702 
0.695 
0.G89 
0.683 
0.677 
0.671 
0.666 
0-661 
0.656 
0.651 
0.646 

O'i95 

- 

ntem 
Ther - 

0 

96 
97 
98 
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 
1 1 Y  
120 
121 
122 
123 
124 
125 
126 
127 
128 - 

Red~cl~rg  
Factor. 

0-642 
0'638 
0.634 
0'630 
O*c12G 
0'622 
0-618 
0'615 
0'612 
0.609 
0.606 
0.603 
0.600 
0'597 
0.594 
0-591 
0,585 
0.586 
0.583 
0'581 
0.578 
0.576 
0.573 
0.571 
0.568 
0'566 
0.564 
0'562 
0-560 
0.558 
0 '556 
0.594 
0.552 

nterna 
Ther. 

0 

129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
I39 
140 
141 
142 
143 
144 
145 
146 
147 
148 
149 
150 
151 
152 
153 
154 
155 
15G 
157 
158 
159 
1GO 

- 

Rod~lcing 
Foctor. - 
0.550 
0.549 
0.547 
0'645 
0.543 
0.541 
0.540 
0' 538 
0.536 
0.535 
0.533 
0.532 
0.530 
0.528 
0,527 
0.525 
0 * 524 
0.522 
0'521 
0.519 
0.518 
0.517 
0.515 
0.514 
0.513 . 
0.512 
0.511 
O *  509 
0 -508  
0.507 
0.506 
0.505 

J 



Appendix.] -METEOROLOGY. 335 

TABLE VI.-For determining Altitudes with the Barometer (from Bdy'6 
' Astronomical Tables end Formulm'). 

N.B. B, B' represent the height of the barometer as read off at the lowm 
and upper stations reRpectively in parts of any one scale. 

t ,  t' the temperature in degrees of Fahrenheit's thermometer, at the 
samc respective stations, of the air, p9 shown by the detached 
thermometer. 

7, T' the tempernture (also in degrees Fahrenheit) of the mercury at 
the =me stations as shown by the attached thermometer. 

' 

I- 

Thcrmomotem in oppn air. 
Argumuut =t+t'. 

2_ 

t+t'. 

40 
42 
44 
46 
48 
50 
52 
54 
56 
68 
60 
62 
64 
66 
68 
70 
72 
74 
76 
78 
80 
82 
84 
86 
88 
90 
92 
94 
96 
98 
100 

- 
0 

- 

A. - 
4'76891 
4' 76989 
4-77089 
4'77187 
4.77186 
4'77383 
4077482 
4'77579 
4'77677 
4.17774 
4.73871 
4.77968 
4.78065 
4*781Gl 
4.78257 
4- 78353 
4.78449 
4.78844 
4.78640 
4.78135 
4.78830 
4.78925 
4,79019 
4.79113 

4' 7930 1 
4.79395 
4.79488 
4.79582 
4.79675 
4.79768 

4.79907 

- 

- 
t + t'. 

102 
104 
1OG 
108 
110 
112 
114 
116 
118 
120 
122 
124 
126 
128 
130 
132 
134 
136 

140 
142 
144 
146 
148 
1 SO 
152 
154 
156 
158 
160 
162 

-- 
0 

138 

- 

A. 

4'79860 
4.79953 
4,80045 
4'80137 
4- PO229 
4.80321 
4' 8041 2 
4'00504 
4'80595 
4.80687 
4'80777 
4 80869 
4'80958 
4.81048 
4'81138 
4.81218 
4'81317 
4.81407 
4.81496 
4'81545 
4.81675 
WE1763 
4'81851 
4'81940 
4.82027 
4'82116 
4.82204 
4'82291 
4.82379 
4,82466 
4'82553 

Thormomclcra 
nttaclied tu 

(lie Uarumeter. 
Argument =7-7. 

7-7' 

0 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
19 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

Lnliludo of Place. 
Argument =+. 

D. 

0'00000 
0'00004 
0'00009 
0.0001 3 
0*00017 
0~00022 
0-00026 
0*00030 
0.00035 
0*00039 
0*00043 
0*00048 
0'00082 
0*00056 
O*OOOG1 
0'00065 
0'00069 
0*00074 
0'00078 
0*00083 
0*00087 
u -00091 
0.00096 
0*00100 
0*00104 
0.001 09 
0*00113 
0-00117 
0.001 22 
0'00126 
0.00130 

d 
0 

0 
5 

10 
15 
20 
25 
30 
35 
40 
45 
50 
65 
GO 
65 
70 
75 
80 
85 
90 
- 

C. 

0'00117 
0'00115 
0'00110 
o*ooino 
0'00090 
0*00076 
0.00058 
0'00040 
0'00020 
0'00000 
9.99980 
9'09960 
9'93942 
9'99925 
9.99910 
9.99900 
9'99890 
9.99885 
9.99883 

Take D equal to 

B) : then will the 
logarithm of the 
difference of alti- 
tudes in English 
feet be equql to 
A+C+log. D. 

106. B - (log. r+ 
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Exnmple :-In Latitude 2 1 O  on the mountain of Guanaxato, in 
Mexico, Baron von Humboldt ohserved as follows:- 

h w e r  Stntion. Upper Stntion. 
Therm. inopenair. . . . 1 ~ 7 7 . 6  1' = 70-4 
Therm. attached to Barom. . r - 77.6 r' = 70.4 
Barometer . . . . . . @=30*05 @'=23*66 

what wns the difference of level between the stations ? 

Lag B'= 1'37401 
B =  0-00031 

1.37432 
he;@ 1'47784 -- 

D= 0,10352 logD=9*01502 
C = 0'00087 
A = 4.81940 

Log 6843'7 = 3.83529 
consequently the difference required = 6843'7 English feet. 
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SECTION X. 

ON ATMOSPHERIC WAVES AND 
BAROMETRIC CURVES. 

B Y  W I L L I A M  I l A D C L I F F  BIRT, E ~ Q .  

IN skctchiiig out a system of barometric observation 
having especial reference to the acquisition of data 
from wliicli the barometric character of certain large 
areas of the surface of the globe may be dctermined- 
inasmuch as sucl~ areas are distinguished from each 
Other, on the one hand, by consisting of extensive 
spaces of the oceanic surface unbroken, or scarcely 
broken, by land ; on the otlier, by the proximity of 
such oceanic surface to largc masses of land, and these 
masses presenting two essentially different features, 
the 011e consisting of land particularly characterized 3s 
continental, the other as insular, regard has been ac- 
cordingly had to sucll distribution of land and water. 

Her 
Majesty’s and tlle mercantile service, ObSCrvatiOns on 
land have not been alluded to ; but in order that the 
data. accumulated may posess that value which is 
essential for carrying on tho inquiry in reference to 
atmospheric waves and barometric curves with SUCccss, 
Provision is made to mark out more distinctly the 
barometric effects of the junction of large m a w s  of 

As tllese insti*uctions arc intended for officers 

2 
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land and water. I t  is well known that the oceanic 
surface, and even the smalIer surfaces of inland seas, 
produce decided inflexions of the isothermal lines. 
They exercise an important influence on temperature. 
It has also been shown that the ncighbourhood of 
water has a very considerable infIuence in increasing 
the oscillations of the mercurial column in the baro- 
meter, and in the great systems of European undula- 
tions it is well known that these oscillations increase, 
especially towards the north-wcst. The converse of 
this, however, has not yet been subjected to observa- 
tion; there has been no systematic co-operation of 
observers for the purpose of determining the baro- 
metric affections of large masses of water, such as the 
central portion of the basin of the northern Atlantic, 
the portion of oceanic surface between the Cape of Good 
Hope and Cape Horn, the Indian and Southern oceans, 
and the vast basin of the Pacific. Nor are we yet ac- 
quainted with the character of the oscillations, whether 
increasing or decrcaaing, as we recede from the central 
portions of the oceanic surfaces we have mentioned 
towards the land which forms their eastern, western, 
or northern boundaries. This influence of the junction 
line of land and water, so far as it is yet known, has 
been kept in view in framing these instructions, and, 
as it appears so prominently in Europe, it is hoped 
that additional observations between the four daily 
readings* to which probably many observers may 
habitually restrict themselves, making on certain oca -  
sions and in particular localities a series of observa- 
tions at intervals of three hours, will not be considered 
too frequent when the great importance of the problem 

Seep. 283. 
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to be solved is fully apprehended. It need scarcely 
be said that the value of these observations a t  three- 
hourly intervals will be greatly increased by the 
number of observers co-operating in them. Upon 
such an extensive system of co-operation a large space 
04 the earth's surface, possessing peculiarities which 
distinguish it from others extremely unlike it in their 
general character, or assimilate it to such as possess 
with it many features in common, is marked out below 
for particular observation, occupying more than two- 
thirds of a zone in the northern hemisphere, having a 
breadth of 40°, and including every possible variety of 
terrestrial and aqueous surface, from the burning sands 
of the great African desert, situated about the centre, 
to the narrow strip of land connecting the two Ame- 
rica~ on the one side, and the chain of islands connect- 
ing China and Hindostan with Australin on the other. 
On each side of the African continent we have spaces 
of open sea between 30" and 40' west longitude north 
Of the equator, and between 60" and 80" east longi- 
tude, in or to the south of the equator, admirably 
suited for contrasting the barometric affections, as 
manifested in these spaces of open water, with those 
Occurring in situations where the influence of the ter- 
restrial surface comes into more active operation. 

The localities where three-hourly readings are 
chiefly desirable may be specified under the heads of 
Northem Atlantic, SoutJiern Atlantic, Indian and . 
Southern Occam, and Pacijic Ocean. 

Northern Atlantic. Homeward-bound Voyqes.- , 
The discussion of observations made in the United 
b g d o m  and the western border of ce,ntral Europe, 

2 2  
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has indicated that off the north-west of Scotland 8 

centre of great barometric disturbance exists. This 
centre of disturbance appears to be considerably re- 
moved from the usual tracks of vessels crossing the 
Atlantic ; nevertheless, some light may be thrown on 
the barometric phenomena resulting from this disturb- 
ance by observations during homeward-bound voyages, 
especially after the vessels have passed the meridian 
of 50Owest longitudc. Voyagers to or from Baffin and 
Hudson’s bays would do well, during the whole of the 
voyage, to read off the barometer every tlirec hours, as 
their tracks would approach nearest the centre of dis- 
turbance in question. Before crossing the 50th meri- 
dian, tlie undulations arising from the distribution of 
Iand and water in the neighbourliood of thesc vast 
inland seas would receive considerable elucidatio~~ 
from the shorter intervals of obscrvation, and after 
passing the 50th meridian, thc cxtcnt of undulation, as 
compared with that observed by tlie more southerly 
vessels, would be more distinctly marked by the 
three-l~ourly series. Surveying vessels stationed on 
the northwestern coasts of Ireland and Scotland may 
contribute most important information on this head by 
a regular, and, as far as circumstances will allow, an 
uninterrupted series cither of six-hourly or three- 
hourly observations. I b c  intervals of observation on 
hoard vessels stationed at the Westcrn Isles, the Ork- 
neys, and the Shetland Isles, ought not to be longer 
than three hours, ~~rincipally on account of the great 
extent of oscillation observed in . those localities. 
Vesscls arriving from all parts of the world, as the1 
approach the United Kingdom, should observe at  
shortcr intervals than six hours. As a general instruc- 
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tion on this head, the series of three-hourly observa- 
tions may be commenced on board vessels from Ame- 
&a and the Pacific by the way of Cape Horn on their 

, passing the 20th meridian, such three-hourly observa- 
tions to be coiitinued until the arrival of the vessels in 
Port. Ships by the way of the Cape of Good Hope 
should conimence the three-hourly series either on 
having or passing the colony, in order that the phcno- 
mens of the tropical depression hereafter to be noticed 
may be well observed. 

Nort1m-n A t  lantic. Outwadbound Voyages.-Ves- 
Eels sailing to the United States, Mexico, and the West 
Indies, should observe at  three hours' interval upon 
Passing the 60th meridian. Observations a t  this inter- 
val, on board vessels navigating the Gulf of Mexico 
and the Caribbean Sea, will be particularly valuable 
in determining the extent of oscillation as influenced 
by the masses of land and water in this portion of the 
torrid zone, as compared with the oscillation noticed 
Off the western coast of Africa, hereafter to be re- 
ferred to. 

Sout1w-n Atlantic. Outward and Iumeward b 0 ~ d . -  
\.lrithout doubt, the most interesting phenomenon, and 
aue that lies at  the root of the great atmospheric move- 
ments, especially those proceeding northwards in the 
Qorthcrn hemisphere and southwards in the southern, 
is the equatorial depression, first noticed by Von Hum- 
boldt, and confirmed by many observers since. 77'~ 

find the general expression of this most important 
meteorological fact in the Report of the Committee of 
Physics and Meteoi*ology, appointed by the Royal 
Society in 1840, follows :-'' The barometer, at  tlic 
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level of the sea, does not indicate a mean atmospheric 
pressure of equal amount in all parts of the earth; 
but, on the contrary, the equatorial pressure is uni- 
formly less in its mean amount than at  and beyond the 
tropics." Vessels that are outward bound should, upon 
passing 40" north latitude, commence the series of 
three-hourly observations, with an especial reference to 
the equatorial depression. These three-hourly observa- 
tions should be continued until the latitude of 40" 
south has been passed ; the whole series will then in- 
clude the minimum of the depression and the two 
maxima or apices forming its boundaries (see Daniell's 
' Meteorological Essays,' 3rd edition). In passages 
across the equator, should the ships be delayed by 
calms, opportunities should be embraced for observing 
this depression with greater precision by means of 
hourly readings ; and thcse readings will not only be 
valuable as respects the depression here spoken of, but 
will go far to indieate the character of any disturbance 
that may arise, and point out, as nearly as such ob- 
servations will allow, the precise time when such dis- 
turbance produced its effects in the neighbourliood of 
the ships. In point of fact they will clearly illustrate 
the diversion of the tendency to rise, spoken of in the 
Report before alluded to, as resulting in ascending 
columns and sheets, between which wind-flaws, Capri- 
cious in their direction and intensity, and often 
amounting to sharp squalls, mark out the course of 
their feeders and the indraft of cooler air from a dis- 
tance to Supply their void, Hourly observations, with 
especial reference to this and the following head of 
inquiry, should also be made off the western coast of 
Africa during the homeward-bound voyage. 
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Immediately connected with this part of the out- 
ward-bound voyage, hourly observations, as often as 
circumstances will permit, while the ships are sailing 
from the Madeiras to the equator, will be extremely 
valuable in elucidating the origin of the great system. 
of south-westerly atmospheric waves that traverse 
Europe, and in furnishing data for comparison with tho 
amount of oscillation and other barometric phenomena 
in the Gulf of Mexico and the Caribbean Sea, a portion 
of the torrid zone essentially different in its configura- 
tion and in the relations of its area to land and water, 
as contradistinguished to the northern portion of the 
African continent ; and these hourly ob- acrvations are 
the more desirable as the vesscls may approach the 
land. They may be discontinued on passing the equa- 
tor, and the three-hourly series resumed. 

There are two points in the southern hemisphere, 
htween 800 west longitude and 30" east longitude, 
that claim particular attention in a barometric point of 
Vifiew-viz., Cape Horn and tlie Cape of Good Hope ; 
the latter is within the area marked out for the three- 
hourly observations, and too much attention cannot be 
Paid to the indimtiom of the barometer as vessels are 
approaching or leaving the Cape. The northern part 
of the South Atlantic Ocean has been tcrmed the true 

Ocean of the world; and at St. Helena a gale 
Scarcely ever known; it is also said to be entirely 

free from actual storms (Col. Reid's ' L a w  of Storms,' 
1st edition, p. 415). It may therefore be expected 
that the barometer will present in this locality but a 
small oscillation, and ships in sailing from St. Helena 
to the Cape will do well to ascertain, by means of thc 
three-hourly observations, the increase of oscillation as 
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they approach the Cape. The same thing will hold' 
good with regard to Cape Horn : it  appears, from pre- 
vious observation, that a permanent barometric depres- 
sion exists in this locality, most probably in some way 
connected with the immense depression noticed by 
Captain Sir James Clark Ross, towards the Antarctic 
Circle. The general character of the atmosphere off 
Cape Horn is also extremely different from its cha- 
racter a t  St. Helena. I t  would therefore be well for 
vessels sailing into the Pacific by Cape Horn to con- 
tinue the three-hourly observations until the 90th 
meridian is passed. 

Before quitting the Atlantic Ocean it may be well 
to notice the marine statioris mentioned in my Third 
Report on Atmospheric Waves,* as being particularly 
suitable for testing the views advanced in that report, 
and for tracing a wave of the south-westerly system 
from the most western point of Africa to the extreme 
north of Europe. A seric% of hourly observations off 
the western coast of Africa has already been suggested. 
Vessels staying a t  Cape Verd Islands should not omit 
to make observations a t  three hours' interval d u k g  the 
whole of their stay, and whcn circumstances will allow, 
hourly readings. At the Canaries, Madeiras, and the 
Azores, similar observations should be made. Vessels 
touching at Cape Cantin, Tangier, Gibraltar, Cadiz, 
Lisbon, Oporto, Corunna, and Brest, should also make 
these observations while they are in the localities of 
these ports. A t  the h i l l y  Isles we have six-hourly 
observations, made under the superintendence of the 
Honourable the Corporation of the Trinity Home. 

* Reports of the British Association for the Advancement of 
kiencc, 1846, p. 139. 
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ships, in nearing these islands, and making the ob- 
servations already pointed out, will greatly assist in 
determining the increase of oscillation proceeding west- 
Ward from the nodal point of the two great European 
systems. We have already mentioned the service sur- 
veying vessels employed on the coasts of Ireland and 
Scotland may render, and the remaining portion of the 
area marked out in the report may be occupied by 
vessels navigating the North Sea and the coast of Nor- 
way, as far as Hammerfest. 

In  connexion with these observations, having espe- 
cial reference to the European system of south-westerly 
atmospheric waves, the Mediterranean presents a sur- 
face of considerable interest both as regards these 
particular waves and the influence its waters exert in 
modifying the two great systems of central Europe. 
The  late Professor Daniel1 has shown from the Mann- 
heim observations, that small midulations, having their 
Origin on the northern borders of the Mediterranean, 
have propagated themselves northward, and in this 
manner, but in a smaller degree, the waters of the 
Mediterranean have contributed to increme the oscil- 
kition as well as the larger surface of the northern 
Atlantic. In most of the localities of this great inland 
Sea six-hourly observations may suffice for this imme- 
diate purpose ; but, in sailing from Lisbon through the 
Straits of Gibralhr, in the neighbourhood of Sicily and 
Italy, and in the Grecian Archipelago, we should 
recommend the tl~ree-hourly series, as marlting more 
distinctly the eflecb resulting from the proximity of 
land; this remark has especial reference to the pas- 
sage through the Straits of Gibraltar, where, if possible, 
hourly observations should hc made. 
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The Indian and Southern Oceans. Outward and 
homeward bound.-On miling from the Cape of Good 
Hope to the East Indies, China, or Australia, observa- 
tions at  intervals of three hours should be made until 
the 40th meridian east is passed (homeward-bound 
vessels should commence tlie three-hourly readings on 
arriving at  this meridian). Upon leaving the 40th 
meridian the six-hourly observations may be resumed 
on board vessels bound for the Indies and China until 
they arrive at  the equator, when the readings should 
again be made at intervals of three hours, and con- 
tinued until the arrival of the vessels in port. With 
regard to vessels bound for Australia and New Zea- 
land, the six-hourly readings may be continued from 
the 40th to the 100th meridian ; and upon the vessels 
passing the latter, the three-hourly readings should be 
commenced and continued until the vessels arrive in 
port. Vessels navigating the Archipelago, between 
China and New Zealand, should make observations 
every three hours, in order that the undulations arising 
from the configuration of the terrestrial and oceanic 
surfaces may be more distinctly marked, and more 
advantageously compared with the Gulf of Mexico, 
the Caribbean Sea, and the northern portion of the 
African continent. 

The P a n z c  Ocean.-As this ocean presents so vast 
an aqueoull surface, generally speaking, observations 
a t  intervals of six hours will be amply sufficient to 
ascertain its leading barometric phenomena. Vessels, 
however, on approaching the continents of North and 
South America, or sailing across the equator, should 
resort to the three-hourly readings, in order to ascerr 
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tain more distinctly the effect of the neighbourhood of 
land on the oscillations of the barometer, as generally 
observed, over so immense a surface of water in the 
one case, and the phenomena of the equatorial depres- 
sion in the other: the Eame remarks relative to the 
latter subject, which we offered under the head of 
South Atlantic, will equally apply in the present in- 
stance. The configuration of the western shores of 
North America renders it diEcult to determine the 
precise boundary where the three-hourly series should 
commence ; the 90th meridian is recommended for the 
boundary as regards South Amcrica, and from this a 
judgment may be formed as to where the three-hourly 
observations should commence in reference to North 
America. 

In  the previous sketch of the Iocalities for the more 
important observations, it will be wen that within the 
tropics there are three which demand the greatest 
regard. 

I. The Archipelago between the two Americas, more 
Particularly comprised within the 40th and 120th meri- 
dians west longitude, and the equator and the 40th 
degrec of north latitude. As a general principle, we 
should say that vessels within this area should observe. 
the barometer every three hours. Its eastern portion 
includes the lower branches of the storm paths, and on 
this account is peculiarly interesting, especiaIIy in a 
barometric poiut of view. 

11. The No~thcrn pOTtiO?Z of the African Continent, 
snchding the Sahara or Great Desert.-This vast ra- 
diating surface must exert considerable influence on 
the waters on each side northern Africa. Vessels 
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sailing within the area comprised between 40' west 
and 70' east and the equator and 40th parallel, should 
also make observations at intervals of three hours. 

111. The great Bustern Arcliiyelago.-This presents 
a somewhat similar character to the western ; like that, 
it is the region of terrific hurricanes, and it becomes a 
most interesting object to determine its barometric 
phenomena ; the three-hourly system of observation 
may therefore be resorted to within an area comprised 
between the 70th and 140th meridians, and the equator 
and the 40th degree of north latitude. 

The southern hemisphere also presents three impor- 
tant localities, the prolongations of the three tropical 
areas. It is unnecessary to enlarge upon these, as 
ample instructions have been already given. We may 
however remark, with regard to Australia, that three- 
hourly observations should be made within the area 
comprised between the 100th and 190th meridians east, 
and the equator and the 50th parallel south, and hourly 
ones in the immediate neighbourhood of all its coasts. 

STORMS, IIURRICAXES, AND TYPHOONS. 
The solution of the question-How far and in what 

manner are storms connected with atmospheric waves ? 
-must be extremely interesting to every one engaged 
in either the naval or merchant service. It is foreign 
to the purpose of thcsc instructions to enter into any 
examination of the views that exist on this head. Our 
great object here will be to endeavour to mark out such 
a line of observation as appears most capable of throw- 
ing light, not only on the most important desiderata, as 
coniiected with storms, but also their connexion Or 
non-connexion with atmospheric waves. We shall 
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accordingly arrange this I portion of the instructions 
under the following heads :-Desiderata ; Localities ; 
Margins ; Preceding and Succeedin9 Accumulations of 
Pressure. 

Besiderata.-'I'he most important desiderata apper- 
taining to the subject of storms are, certainly, their 
origin and termination. Of these initial and terminal 
points in the coui-se of great stornis we absolutcIy know 
nothing, unless the white appearance of a round form 
observed by Mr, Seymour on board the .Judith and 
h the r ,  jn lat. 17O 19' north and long. 52" 10' west 
(see Col. Reid's ' Law of Storms,' 1st edit. p. 65), niay 
be regarded as the commencement of tile Antigua hnr- 
picane of August 2, 1837. This vessel was the most 
eastern of those from which observations had been 
obtained; and it is the absence of contemporaneous 
observations to the eastward of the 50th meridian that 
leaves the question as to the origin of the Wcst Indian 
Wvolving storms unsolved. Not one of Mr. Redfield's 
etorm-routes extends eastward of the 50th meridian ; 
this at  Once marks out, so fur as storms are concerned, 
the entire space included between the 20th and 50th 
meridians, the equator, and the 60th parallel, as a most 
Suitable area. for observations, under particular circum- 
Stances hereafter to bc noticed, with especial reference 
either to the commencement or termination of storms, 
or &e prolongation of Mr. Redfield's storm-paths. 

Local&es.-The three principal ]oCalities Of storms 
are as follows:-I. The western portion of the baain 
of the Nortll Atlantic ; 11. The China Sea and Bay of 
Bengal ; and, 111. The Indian Ocean, more particu- 
larly in the neighbourhood of Rfauritius. ' n e  first 
two have already been marked out. as areas for tlie 
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three-hourly observations ; to the latter, the remark a? 
to extra observations under the head of Desiderata 
will apply. 

Margins.-Mr. Redfield has shown that on some 
occasions storms have been preceded by an unusual 
pressure of the atmosphere ; the barometer has stood 
remarkably J1{9Ji, and it has hence been inferred that 
there has existed around the gale an accumulation of 
air forming a margin; barometers placed under this 
margin indicating a much greater pressure than the 
mean of the respective localities. With regard to the 
West Indian and American hurricanes-any consider- 
able increase of pressure, especially within the space 
marked out to the eastward of the 50th meridian, will 
demand immediate attention. Upon the barometer 
ranging very high within this space, three-hourly ob. 
servations should be immediately resorted to ; and, if 
possible, Iroudy readings taken, and this is the more 
important the nearer the vessel may be to the 50th 
meridian. Each ObSCNatiOn of the barometer should 
be accompanied by an observation of the wind-its 
direction should be most carefully noted, and the force 
estimated according to the scale in p. 312, or by the 
anemometer. It would be as well at the time to pro- 
ject the barometric reading8 in a curve even of a rough 
character, that the extent of fall after the mercury had 
passed its maximum might be readily discernible by 
the eye. A p q e r  ruled in squares, the vertical lines 
representing the commencement of hours, and the 
horizontal tenths of an inch, would be quite sufficient 
for this purpose. The force of the wind should be 
noted at, or as near to the time of the passage of the 
maximum as possible. During the fall of the mercury 
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Particular attention should be paid to the manner in 
Which the wind changes, should any change be observed ; 
and should the wind continue blowing steadily in one 
direction, but gradually increasing in forcc, tlicn such 
increments of force should be carefully noted. 'During 
the fall of the barometer, should the changes of the 
Wind and its increasing force indicate the neighbour- 
hood of a revolving storm (independent of the obvious 
reasons for avoiding the focus of the storm), it would 
contribute w much to increase our knowledge of these 
dangerous vortices to keep as near as possible to their 
Qurgina as to approach thcir centres. The recess from 
the centre towards the margin of the storm, will pro- 
bably be rendered apparent by the rising of the mer- 
cury, and so far as the observations may be considered 
valuable for elucidating the connexion of atmospheric 
Waves with rotatory storms (other motives being ba- 
lanced), it  might bc desirable to keep the ship near the 
margin-provided she is not carried beyond the influ- 

of the winds which charactcrise the fatter half of 
the storm-until the barometer has nearly attained its 
Usual elevation, By this mcans some notion might be 
formed of the genera] direction of thc line of barome- 
tric pressure preceding or succeeding a storm. 

Should a gale be observed commencing without its 
having been preceded by an unusual elevation of the 
mercurial column, and coMnsequently no additional ob- 
servation have heen niade ; when the forcc of the wind 

noted in the usuul observations at or above 5, then 
the three-hourly series should be resorted to, and the 
same care taken in noting the direction, changes, and 
force of tile wind &S pointed out in the preceding para- 
graph. 
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The foregoing remarks relate especially to the cen- 
tral and western portions of tlie North Atlantic ; they 
will however equally apply to the remaining localities 
of storms. Under any circumstances, and in any 
locality, a liigh barometer not less than a low one 
should demand particular attention, and, if possible, 
hourly readings taken some time before and after the 
passage of the maximum : this will be referred to more 
particularly under the next head. 

Preceding a id  Succeeding Accumulations of Pressure. 
--Mr. Redfield has shown, in his Memoir of the Cuba 
Hurricane of October, 1844, that two associated storiils 
were immediately preceded by a barometric wave, or 
accumulation of pressure, the barometer rising above 
the usual or annual mean. W e  have just referred to 
the importance of hourly observations on occasions of 
the readings being hiyh as capable of illustrating the 
marginal phenomena of storms, and in coxinexion with 
these accurnulations of pressure in advance of stornis 
we would reiterate the suggestion. These strips of ac- 
cumulated pressurc are doubtless crests of atmosplieric 
waves rolling forwards. In  some eases a ship in its 
progress may cut them transversely in a direction at 
right angles to their length, in others very obliqueljr ; 
but in all cases, what,ever section may be given by the 
curve representing the obserptions, too much attention 
cannot be bestowed on the barometer, the wet and dry 
bulb thermometer, the direction and force of the wind, 
the state of the sky, and the appearance of thc ocean 
during the ship’s passage through such an accumulation 
of pressure. TV11en the barometer attains its mean 
altitude, and is rapidly rising above it in any locality, 
then hourly observations of the instruments and pheno- 
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mens above noticed should be commenced and conti- 
nued until after the mercury has attained its highest 
Point and has sunk again to its mean state. In  such 
Observations particular atteiition should be paid to the 
direction and force of the wind preceding the barometric 
maximurn, and the same phenomena succeeding it ; 
and particular notice shonld be taken of the time when, 
and amount of, any change cither in the dircction or 
force of the wind. It is by such observations as these, 
carried on wit11 great care, and made at every acces- 
sible portion of the oceanic surface, that we may be 
able to ascertain the continuity of these atmospheric 
Waves, to determine somewhat respccting their length, 
to show the character of their conncxion with the rota- 
tory storm, and to deduce the direction and rate of 
their progress. 

SEASOSS FOR EXTRA OBSERVATIONS. 

In reference to ccrtain desiderata that have presented 
thelnselvcs in thc course of my researches on this sub- 
ject (see Report of the British Association for tlie Ad- 
Qncement of Science, 1846, p. 163), the phases of the 
larger barometric undulations, and the types of the 
vmious scaso11s of the ycar, demand particular atten- 
tion and call for extra observations at  ccrtain seasons : 
of these, tllrce only have yet  been ascertained-the 

for the middle of November-the annual depres- 
sion on or about the 28th of Novembcr-and t h  an- 
nual elevation on or about the 25th of December. The 
enunciation of the first is as under: “That  during 

days in November, more or less cqually dis- 
Posed about the middle of the month, the oscillations 
Of the barometer cxliibit a remarkably syniinctrical 

2 A  
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character, that is to say, the fall succeeding the transit 
of the maximum or the liighcst reading is to a great 
extent similar to the preceding rise. This rise a d  
fall is not continuous or unbroken; in some cases it 
consists of Jive, in others of three, distinct elevations. 
The complete rise and fall has been termed the great 
symmetrical barometric wave of November. At its 
setting in, the barometer is generally low, sometimes 
below twenty-nine inches. This depression is generally 
succeeded by two well-marked undulations, varying 
from one to two days in duration. The central undu- 
lation, which also forms the apex of the great wave, is 
of larger extent, occupying from three to five days; 
when this has passcd, two smaller undulations corre- 
sponding to those at the commenccment of the wave 
make their appearance, and a t  the close of the last the 
wave terminates.” With but  slight exceptions, the 
observations of ten successive years have confirmed 
the general correctness of this type. On two occmions 
the central apex has not been thc highest, and these 
deviations, with otliers of a minor character, form the 
cxccptions alluded to. This type only has reference 
to London and the south-eastern parts of England ; 
proceeding westward, north-westward, and northward, 
the symmetrical character of this type is coasiderably 
departed fr0M ; each locality posscssing its own type 
of the barometric movem&t during November. The 
desiderata in immediate connexion with the November 
movements, as observed in the southern and south- 
eastern parts of England, that present themselves, an? 
-the determination of tlie types for November, espe- 
cially its middle portion, as exhibited on the oceanic 
surface within an area comprised between the 30th and 
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60th pa~allels, and the 1st and 40th meridians west. 
Vessels sailing within this area may contribute greatly 
to the determination of these types by making observa- 
tions a t  intervals of three hours from the 1st of No- 
vember to the 7th or 8th of December. The entire 
Period of the great synimetrical wave of November 
Will most probably be embraced by such a series, of 
Observations, as well as the annual depression of the 
28th. For the elevation of the 25th of December the 
three-hourly observations should be commenced on 
the 21st, and continued until the 3rd or 4th of the 
succeeding January. 

With respect to the great wave of November, our 
knowledge of it  would be much increased by such a 
series of observations RS mentioned above being made 
On board surveying and other vessels employed off 
Scotland and Ireland ; vessels navigating the North 
Sea ; vessels stationed off the coasts of France, Spain, 
Portugal, and the northern parts of Africa ; and at all 
our stations in the Mediterranean. In  this way the 
area of examination would be greatly enlarged, and 
the di$ere)zccs of the curvcs more fully elucidated; 
and this extended area of observation is the more de- 
sirable, as there is gome reason to believe that the line 
of greabst symmetry revoZves around a fixed point, 
most. probably the nodal point of the great European 

* I t  is highly probable that movements of a m m ~ ~ h a t  
similar character, although presenting very different 

The NO- 
vembcr Wave is more or less associated with storms. 
It has been generally preceded by a high barometer 

low one, and this low state of the 

exist in the southern hemisphere. 

succeeded by 
2 A 2  
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barometer has been accompanied by stormy weather. 
W e  are therefore prepared to seek for similar pheno- 
mena in the southern hemisphere, in those localities 
which present similar states of weather, and at  seasons 
when such weather predominates. We have aIrend~ 
marked out the two capes in the southern hemisphere 
for three-hourly observations : they must doubtless 
possess very peculiar barometric characters, stretching 
as they do into the vast area of ,  the Southern Ocean. 
It is highly probable that the oscillations, especially at 
some seasons, are very considerable, and vessels visiting 
them at such seasons, would do well to record with 
especial care the indications of the instruments already 
dluded to. At  present we know but little of the 
barometric movemcnts in the southern hemisphere, and 
every addition to our knowledge in this respect will 
open the way to more important conclusions.* 

* Since the above article was written i t  has been considerably en- 
larged and especially adapted to the theory of revolving storms, 1” 
the article so enlarged, tables are given showing the changes of tbe 

The two important portions of the storm giving rise to critical phcnp 
mena are pointed out, ns well a8 the most dangerous portions, and 
directions are given for avoiding t h s e  portions nnd taking a d v a ~ t % ~  
of such winds as may be of iniportance in prosecuting the voyZbe* 
It is ~iublislrcd by Mr. Murray as a scpmte  work, under the title Of 

the ‘ Hurricane Guide.’ 

wind nnd the rise and fall of the baronwter during a robtirig gale* 
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SECTION XI. 

Z O O L O G Y .  

BY RICHARD OWEN, E89. 

Instructions for Collectiilg and Preserviny Animals. 

As water is the clement in which the greater number 
of the classes of animals exist, and as the sea is the 
Scene of such existcnce and the field of rescarcli which 
Will be most commonly presented to those for whom 
the following instructions for collecting and prescrving 
animals have been drawn up, thcy will comniencc with 
the marine species and the lowest forms of animal life. 

ALOB, SPONQES, CORALLINES, and CORALS. 
The line of demarcation between the vegehble and 

animal kingdoms is so obscurely marked in the lowly 
Organized marine species, and the modes of collecting 
and preserving tllese are so similar, that the kindred 
Groups above-named are associated together a~ the 
subjects of the following remarks. 

AZjpx, commonly called sea-weeds, may be divided, 
for the convenience of the collector, into three kinds, 

1. Olive-coloured (Fuci) j gcncrally of large size 
and leathery texture, rarely gelatinous ; usually lami- 

to their colour :- 

or leafy, rarely fihmeritous 01' thready. 
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2. Red-coloured (FZoridee) ; firm, fleshy, or gela- 
tinous ; usually filamentous, sometimes membranace- 

3. Green (Chlorosperms) ; membranaceous or fila- 
mentous; rarely horny. 

Sponges are bodies usually adherent in irregular or 
amorphous masses, rarely in the form of hollow reti- 
culate cones; composed of a soft, jelly-like tique, 
supported by siliccous or caIcareous spiculae, or by 
horny filamcnts. They are divided accordingly into 
horny, or “ keratose,” “ siliccous,’’ and ‘‘ calcareous” 
spongcs. Their soft organic substance is commonly 
diffluent, and drops from the firmer basis when re- 
moved from the water, or it is easily washed away. It 
exhibits no sign of sensibility; no contraction or 
retraction when touched or otherwise stimulated. 
The evidence of life is afforded by the flow of cur- 
rents of water through canals, entering by pores and 
escaping by larger orifices : an appearance of animal 
life is given to both algie and sponges by the loco- 
motion of the sporulcs or gemmules. 

CoTalliws are plants coated with a calcareous covei’ 
ing, either red or green when fresh, becoming white 
and brittle on exposure to the air. 

Corals, though culled “ zoophytes,” are true ani- 
mals; the currents which permeate them enter by 
“ mouths,” always provided with a crown of feelers Or 
seizers, called tentacles, and communicating with diges- 
tive sacs or “ stomachs,” into which the pores of the 
nutrient canals open. The tentachated mouths are 
called “ polypes.” Their fleshy tissue, as well as that 
which connects them together into an organic whole 
when the coral is compound or has more than one 

ous. 
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mouth, is ‘‘ sensitive,” or retracts and shrinks when 
touched. For the purposes of the collector corals may 
be divided into the “ fleshy” (Polypi carnosi), in 
Which the flesh has no firm supporting part; the 

horny” or 6‘ flexible,” usually having this support- 
ing substance as an external tube ; and the ‘< calcare- 
OU,” in which the supporting substance is usually 
covered by the animal matter or flesh, forming 
an internal skeleton, usually of one piece, rarely 
jointed. 

The above-defined classes of organizcd beings, 
which 311 present, more or less, the “ habit” or out- 
ward form of plants, are found from the extreme of 
high-water mark to the depth of from 50 to 100 
fathoms. Living alga? rarely descend below 50 fa- 
thoms, but corals of the genera Lepralia, Retepora, and 

‘ aornera have been dredged up from 270 fathoins, and 
frqrnents of dead coral from 400 fathoms.* Speci- 
mens within the reach of the tide are to be collected a t  
low water, especially of spring tides : the most interest- 
ing spccies occur a t  the verge of low-water mark. 
Those that dwell at greater depths must be sought by 
dredging, or by dragging after a boat an iron cross 
furnished with numerous strong hooks. One or more 
strong g1:lass bottles with wide mouthe, or 8 hand- 
basket lined with japanned tin, should be provided for 
the purpose of briiqring on board the smaller and more 
delicate species in sea-water, and they should bc kept 
in it, the ‘6 Floridem’’ more especially, until tlley can 
be arranged for drying, or other modes of permanent 
Pr@ervcttion can Le attended to. 

No. 1v. 

<< 

* Captain Sir Jam= c. Iloes, ‘Antarctic Voyage,’ Appendix, 
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I n  collecting algae, corallines, or the branched, 
horny, or calcareous corals, care should be taken to 
bring the entire specimen with its lase or root. With 
respect to the coarser a l p ,  i t  is merely requisite, for 
the purpose of transmission, to spread the specimens 
immediately on being brought fresh from the sea, 
without previous washing, .in an airy situation to dry, 
but not to expose them to too powcrful a sun : if turned 
over a few times they will dry very rapidly. When 
thoroughly dried they may be packed loosely in paper 
bags or boxes, and will require only to be rc-moistened 
and properly pressed, in order to make cabinet speci- 
mens. For thc purpose of transmission it is better izot 
to wash the specimens in fresh-water previous to dry- 
ing, as the salt tticy contain tends both to preserve 
them and to keep them pliable, ant1 more .ready to 
imbibe water on re-immersion. With respect to the 
delicate a l p  :-" Thc collector should have two or 
three flat dishes, one of which is to he filled with salt 
water and two with frcsh; in the first of these the 
specimens are to be rinsed aiid pruned, to get rid of 
any dirt or parasites, or other extraneous matter ; they 
are then to be floated in onc of the dishes of fresh water 
for a few minutes, care being taken not to leave them 
too long in this medium, and then onc by one removed 
to the third dish, and a piecc of white paper, of the 
size suited to that of each specimen, is to be introduced 
underneath it. The paper is to be carefully brought 
to the surface of the water, thc specimen remaining 
displayed upon it, with the help o f a  pair of forceps 01. 
a porcupine's quill, or any fine pointed instrument ; 
and it is then to be gently drawn out of the water, 
keeping the specimen displayed. These wet papers, 
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With their specimens, are then placed between sheets of 
Soft soaking-paper, and put under pressure, and in 
most cases the specimen adheres in drying to the paper 
011 which it is laid out. Care must be taken to prevent 
the blotting-paper sticking to the specimens and de- 
stroying them. Frequent changes of drying-paper 
(once in six hours), and cotton rags laid over the spe- 
cimens, are the best preservatives. The collector 
f h d d  have a t  hand four or five dozen pieces of un- 
glazed thin calico (such as sells for 2d. or 3d. per 
Yard), each piece about eighteen inches long and twelve 
inches wide, one of which, with two or three slieets of 
Paper, should be laid over every shcct of speciineiis as . 
it is put in tlie press. T I ~ ~ C  clotlis arc only required 
in the first two or tlirce changes of drying-papers ; for, 
Once the specimen has begun to dry, it will adhere to 
the paper on’wvhich it has been floated in prefcrence to 
the blotting-paper laid over it.”* 

For dried specimens of corallines, corals, and 
Sponges, it is advisable to soak the specimen for a time 
in fresh water before drying. They may then be 
Packed among the rough-dried sea-weeds in boxes ; 
but the more delicate specimens should be placed in 
Separate chip-boxes with cotton. 

Wit11 regard to corals, &c., it must be remembered 
that dried specimens are but the skeletons of those 
animals, and tllat only the ‘‘ horny” and “ ca~careous” 
8Pecies can be SO preserved. Tlie “ fleshy” kinds, 
commonly known as ‘6 polypes,” “ sea-anemones,” 
or “ animal-flowers,” must be preserved entire in 
alcoIl01 or saline solution, and of the latter the follow- 

* Dr. Harvey, in Mr. Dall’s ‘ Report on the Dublin Univcrsity 
M - w  p. 3. 
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ing (No. I. of Goadby’s recipes) has been found SUC- 

cessh1:- 
SOLUTIO~ No. I. 

Bay salt . . . . . . . .  4 02. 

Alum . . . . . . . .  202. 
Corrosive sublimate . . . .  3 grains. 
Rain-water . . . . . . .  1 qunrt. 

In  order to preserve the specimens expanded they 
should be removed and placed alive in a dish of sca- 
water; and when they have protruded and expanded 
their tentacles, the solution should be slowly and 
quietly added to the sea-water, when the animal may 
be killed and fixed in its expanded state. So pre- 
pared, the specimens should be transferred to a bottle 
of fresh solution. 

In like manner the minute polypes of the flexible or 
horny corals may be preserved protruded from their 
cells and expanded. If a small piece of corrosive sub- 
limate is put into the vessel of sea-water containing 
such living polypes, it will kill or paralyse them ahen 
protruded, as it slowly dissolves; but they must be 
removcd as soon as they have lost their power of re- 
traction, otherwise their tissue is rendered fragile or is 
decomposed. The polypes or animal part of the cal- 
careous kinds, called “ madrepores,” ‘‘ ~nillepores~’) 
“ fungiiae,” ‘‘ red coral,’’ “ gorgonia?,” &e., require for 
tlieir preservation, in connexion with their supporting 
basis, the following solution (No. 11.) :- 

SOLUT~ON No. XI. 
Baypalt. . . . . . . . . . .  +lb .  
Arsenious ncid, or white oxide of arsenic . 20 grains. 
Corrosive subliirinte . . . . . . .  3 p i n s .  
Boiling rain-water . . . . . . . .  1 quart. 
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All the polypes concerned in the formation of coral- 
reefs, atolls, or coral-islands, may be preserved in the 
above solution, provided they be killed by its gradual 
application as above described, and be afterwards 
transferred into fresh solution. With regard to the 
structure and formation and mode of observation of 
Coral islands and reefs, the work by Charles Darwin, 
%., On the structure and Distributioiz of Coral Reefs 
(bo., 1842), should be consulted.* Never fail to 
ascertain, if possible, to what depth below the surface 
of the sea the corals descend, and on what basis they 
rest ; and for parti’cuhr instructions with reference to 
coral reefs, see Mr. Darwin’s remarks under the head 
of ‘ Geology.’ 

INFuson IA L ANIMALCULES (Poly,pstria, PoIyt Jia Ia- 
mia, Phytolitharia). 

Some idea of the value and importance of attending 
to the collection of these microscopical organized 
beings may be had by reference to Ehrenberg’s Obser- 
vations forming Appendix No. V. of Captain Sir James 
Q. Ross’s Antarctic Voyage,’ vol. i. p. 339 ; a better 
idea by the perusal of Ehrenberg’s numerous commu- 
nications to scientific journals, some of which have been 
translated in Taylor’s ‘Annals of Science j’ and the 
best idea by the study of Ehrenberg’s great work, 
‘ Entwickelung, Lebensduuer und Struktur der Ma- 
Genthiere und Riidertliierc,’ &., fol., 1832. The 
‘&portant relations of these minutest forms of animal 
life to great questions in gcology, to the alteration of 

&e also, on tliis subject, Lieut. Nelson’s PnPw ‘On the Geology 
Of the Ihrmudw { Geologicnl Trnosnctions, 2ud SWieS, Vd. v. pp. 
’03-123, 
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coast-lines, and to the phenomena of oceanic luminosity, 
make it indispensable to include them in directions for 
collecting facts in natural history. 

M'henever the surface of the sea presents a differ- 
ence of colour and density, in the form of pellicles, 
streaks, or shining oil-like spots, lift up portions by 
dipping in thin plates of mica or stout paper, and 
raising them horizontally : dry these and prcserve 
them in a book, noting the latitude and longitude, the 
time of day, and the temperature of the sea. The 
animalcules remain attached to the pieces of paper or 
mica employed in their capture, and may Lc d e t e r m i d  
by subsequent microscopical obscrvation. 

Where the sea secms pure and colourless a bucket- 
ful may be raised and strained through fine linen; by 
repeating this act a portion will commonly rehain on 
the filter, which is tlien generally rich in invisible ani- 
malcules, and should be preserved in small glass 
bottlcs or tubes, with a bubble of air between the cork 
or stopper and the water. Any visible gelatinous aca- 
lephs should be removed and placed in spirit of wine, 
or the solution No. I. Specinlens of sea-water t l ~  
saturated with animalcules should Le prepared at  eacll 
degree of latitude and longitude traversed on the 
voyage, by which means the geographical distribution 
of thesc minute organisms may be ascertained, when 
the species so collectcd are determined, after the voyage, 
by microscopic observation. 

Small bottles or tubcs of the water of each mineral 
spring or hot-spring should be preserved for tlie same 
purpose. In  a deposit from melted pancake ice from 
the Barrier, in 78" 10' S. lat., 162" W. long., brought 
home in Ross's Antarctic voyage, Ehreuberg detected 
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of siliceous-shclled Polygstria fifty-one species, in- 
cluding four new genera ; -SiliCeOUS Phytolitharis 
twenty-four species ; and of ~ilcareous-shelled Poly- 
thalamia four spwies. Small packets of the sand of 
each coast that may be visited, and of the sand or mud 
brougllt up with the anchor or the sounding-line, 
should bc preserved ; the localities, or latitude and 
hg i tude ,  being precisely noted in each case. 

ACALEPII.E (Sea-HuMer or M e d u s ~ ,  Portuguese Men- 
of-zoar, Jell-pjish, and otherjoating marine gelatinous 
animals). 
The brilliant but evanescent hues of many of this 

class of animals can only be preserved by colourcd 
drawings executed at  the time of capture. The solu- 
tion No. 1. will suffice for the preservation of the 
animals themselvcs, provided it be changed after they 
have remained in it about twenty-four hours, for most 
of thc gelatinous animals, especially the medum, con- 
tain a great quantity of fluid, which, mixing with the 
preserving liquid, dilutes it, and renders it unfit for 
long-continucd preservation. The bcst preserved spe- 
cimens of these delicate animals are those that have 
been placeci immediately aftcr capture in the solution 
No. 1, diluted wit11 an additional pint of rain-water, 
and which have been afterwards transferred to frcsh 
solution of the proper strengtli. Glass-stoppered 
bottles with wide moutlis ace the bcst adapted for thc 
larger Acalephe. 

Ec~moDEnMs (S targsA [ ~ s t e r i u s l ,  Sea-urciiiiu ~ 1 ~ c l r i -  
nida!], Ti*epapang or Sea-cucumBers [Elolothurz'~]). 
For the preservation of the cntirc animal with the 
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soft parts of a star-fish (Asterias), or a sea-urchin 
(Echhus), the arsenical solution (No. 11.) is prefer- 
able: the softer trepangs (Holotliuria) may be pre- 
served in either solution. It should be gradually 
added to the vessel of water in which the living speci- 
men is a t  rest, in order to kill it, with the soft append- 
ages protruded or elongated. This is particularly 
requisite in the case of the Holotliurh, which, if 
plunged suddenly in solution, are apt to squeeze out 
and rupture their viscera. With regard, however, to 
long and slender star-fishes ( Ophiura), sometimes 
called " brittle stars," from their habit of breaking 
themselves into pieces when captured, these should be 
instantly plunged into a large basin of cold fresh water, 
when they die in a state of expansion, and too quickly 
for the acts of contraction by which the rays are broken 
off. After lying for an hour or SO in the frcsh water 
they may be transferred to the solution : if preserved 
dry they should be dipped for a moment in boiling 
water, then dried in the sun or in a current of air, and 
packed in paper. Wlicn the specimens have soaked in 
solution one or two days, according to the temperature, 
they should bc removed into fresh ~olution. The 
Echini should be sewed up each in a separate bag of 
muslin, and not be crowdcd so as to press upon each 
other in the samc bottle. The star-fish and sea-urchins 
that are preserved dry should be emptied of their 
viscera or soft contents by the mouth or larger (lower) 
aperture, and should then be soaked in fresh water, 
changed two or three times, for so many hours, or 
until the saline particles of their native element have 
bcen extracted, before they are dried. The Echini 
should be wrapped up in cotton and sewed up, each in 
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ita separate bag, in order to preserve the spines, which 
may become detachcd in the course of a voyage, and 
are apt to become so if the precaution of soaking away 
the saline particles be not previously taken. All 
Echini and star-fish should be examined for small 
shells (Styli$er of Broderip, for example), which nestle 
in and among the rays and at  the roots of the spines, 
and for other parasites. 

Recent Pentacrini (Lily-stars), especially their bases, 
will be valuable acquisitions. They may be dredged 
up of large size in tropical seas, as those of Guadaloupe, 
for example. 

ENTOZOA (intestinal w o r n  and other internal 
parasites). 

These are to be preserved either in solution No. I. 
or in colourless proof-spirit. This class of animals 
h a  been too much neglected by collectors. Every 
animal that is opened and dissected, especially fishes, 
may present rare or undescribcd species of Entozoa. 
The eyes of fishcs are often the scat of such: the 
noses of sharks are frcquently infested by them. They 
may be found not only in the alimentary canal, but in 
the tissues of lnost of the organs. When the parasite 
is adherent, the part to which it adhcres should be 
removed with it, a r e  being taken to secure the whole 
mouth or proboscis of the parasite. When it is 
encysted in an organ, the cyst is to be removed entire 
pvith the surrounding tissue of the organ. Portions of 
muscle or other tissue which appear speckled with 
ainute white spots should bc preserved, as these may 
be occasioned by the cysts of Tricltim, or allied 
microscopic Entozoa. The number attached to the 
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specimen should correspond with that in the list having 
reference to the animal and part or organ infested by 
the parasite. 

EPIZOA (Leriiea or Fish-lice, and other external para- 
sites) ; ASSELIDES (Leeches, Worms, Nereids, or 
Sea-centipedes, Tube-worms, kc.). 
The exterior surface, the mouth, and the gills of a11 

fishes should be examined for parasitic animals, Some 
of which exhibit the most extraordinary forms and 
combinations of structure, as, e. g., the D~$ozoon of 
NORDMANN, a genus of Entozoa, from the gills of the 
bream. When the parasites adhere firmly to the part 
they should be cut out with the adhering organ entire, 
which sometimes penetrates to a great depth in the 
flesh. The exterior surface of porpoises, grampuses, 
and thc larger specios of the w h l c  tribe should he 
scrutinized for adlicrcnt parasitic animals. Rare kinds 
of leechcs may be found on fishes, as, for example, the 
Bra~ichcllion of thc Torpedo. A epccics of leech with 
external tufted gills, IIirudo branchiuta, has been 
detected on a marine tortoise or turtle in the l’acific, 
the anatorriical examination of wliicli is espcciaIIy rc- 
commended by Cuvicr. Leeches and all the various 
kinds of sea-worms comprcl~ended under the class 
name “ Annclides,” and including the Nereids, or sea- 
centipedes, usually found amongst sea-weed or under 
stones, sometimes attaining the length of twelve feet ;* 
and the tube-worms usually crowned with brilliant 
coloured tentacles, may be preserved in the solution 

* See the specimen, from Bermuda, of Leodice gigantea, NO. 25s 
a, Museum, College of Surgeons, London. 
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No. I. or ii1 colourless spirit. Those, however, as the 
Sel.PuZide, that form calcareous tubes, should be pre- 
served in the solution No. 11. 111 all cases it is de- 
sirable that tlie specimens s h d d  be allowed to die 
gradually in the water they inhabit, when tliey com- 
monly display their natural external form and appen- 
dages in a relaxed state ; tlicy sliould tlieil be imme- 
diately put into tlie solution or spirit to prevent putre- 
fation, which otherwise takes place rapidly. 

C I R ~ I ~ E D I A  (Barnacles and Acorn-sliells or 
Crown-shells). 

The Barnaclcs or pedunculated Cirripcds, with soft 
Stalks, should be preserved in the solution No. 11. or 
in spirit; tliey are commonly attached to floating 

and tlic smaller spccics to seaweed, shells, &c. 
sessile kinds (acorn-shells, &c.), wliicli encrust the 

CoW-ro&s all O v C r  the world, and arc found parasitic 
pn turtles, \vliaIcs, &c., should likewise be preserved 
In spirit or soIiition NO. II., as tIie included animal is 
necessary in Some genera for tlic recognition of the 

The coI0m.s of tllc pedunculated kinds sliould 
be noted wliilst fresh. If  the sessile kinds arc pre- 
'QVcd dry, the included ;~nimal  ought never to be 
taken out. In  removillg tlic kinds from their points 
of attacllment, care lnust bc taltcn tliat, in some speci- 
mens at ]cast, tile base, wllicll is either rncmbranous or 
calGlreous, be preserved. It is par ticulurly deSiI'able 
t'lat some young as well as large specinicns slloulci be 
Colhtcd. I n  tropical Seas certain corals and sIie11s 

cmbcdded in them singular forms Of ChipCds, 
which, presenting externally little more tlian a simple 

arc easily overlooked ; sucli kinds 11ad better 
2 B  
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be preserved in the coral. Others live embedded in 
sponges; two genera live on whaIe’s skin (Coronula 
and Tubicinella), the development of which needs to 
be studied by specimens of the ova and young ; another 
less known genus (C/~eZonobiu) lives partly embedded 
in the skin of turtles; a third attaches itself to the 
manatee or sea-cow ; and soim small and interesting 
species of barnacle are parasitic on sca-snakes. Lob- 
sters, crabs, bivalve and other shells, as well as floating 
pieces of wood, or even net-corks, become the habitat 
of animals of thc class Cirripediu. It should always 
be noted to what animals these parasitic cirripcdes are 
attached, as well as any circumstances that may deter- 
mine the period during which they have remained 
attached. 

CRUSTACEA (S?wimps, Sea-mantises, Cray-jsh, 
Lobsters, Crabs, and King-mahs). 

All the aninials of this class are most profihbly pre- 
served in spirit or solution. I f  they be defended by 
a soft, flexible, or horny covering, the solution No. 1. 
answers wcll ; if by hard, calcareous plates, thc sola- 
tion No. 11. is preferable. ,They vary in size from 
microscopic minuteness to upwards of a yard in length. 
The larger and middle-sized specimens should be kept 
by themselves, or sewed up in a bag if placed with 
others in the same jar or bottle. Rare and beautiful 
kinds, with transparent glass-like shells, may be cap- 
tured by the towing-net in tropical seas. The minuter 
kinds have been commonly neglected, especially those 
of fresh water: any such species observed darting 
about in the fresh water of foreign countries should be 
preserved in tubes, in spirit or solution No. I. The 
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larger kinds of marine crustacea should be suffered to 
die in fresh water before immersion in the preserving 
liquor. The different kinds of king-crab (Limuhu), 
Qually found on sandy or muddy coasts, are pnrticu- 
larly worthy of preservation, in spirits or solution, with 
the ova or young. 

In preparing crustacea for drying, care is to be 
taken to preserve all their external parts as perfect 
and as expressive of the natural progressive action as 
Possible. Crabs and lobsters should be cleaned out as 
Soon as practiwble-i. e., the soft internal parts and 
the flesh should be removed; and they should be 
soaked in fresh water previous to drying. The clams 
When large require to be separated at each joint for 
the purpose, and then refixed, or a small piece may be 
neatly removed and afterwards replaced. When dried, 
the Specimens should be wrapped in very soft paper 
and then packed in cotton, so as not to allow of their 
being displaced in the case nor to touch one another. 
It is desirable, with regard to brilliantly-coloured 
crabs, to wash them over, after they are dried, with a 
thin coat of the following varnish :- 

VARNISH FOR cum, EGG~, &c. No.  I. 
Commongum . . 402- 
Gum trngocanth . . 4 02. 

Dk6olve these in three pints of wnter, odd to the solution 20 61Qil1S 
Of Wmosive sublimate, and 20 drops of oil of thyme, dissolved h t  

02. of spirit of wino ; mix it well, and let it stand for B few days to 
Beparate : the clearer part is to be used 88 vnrnish j the thicker part 

A very important subject of investigation is the de- 
"elopment of the crustacea from the earliest period at 
which they can be observed to the assumption of the 

an excellent cement. 

2 E 2  
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mature or parent form. The eggs, usually of some 
bright colour, attached beneath the tail of the female 
crab, lobster, or shrimp, should be examined for this 
purpose : the embryo, if in course of dcvelopment, may 
be readily seen by opening the egg under a modcrate])' 
magnifying power (see thc note on Microscopes). 
Drawings of tlie different forms or stages of the 
embryo should be made, if possible, and the eggs and 
embryos preserved in spirit or solution in small glass 
tubes. 

IRSECTA. 
Some spccimew of all kinds of inaecti should be 

preserved for anatomical examination in spirit or the 
solution No. I. Many of the softer kinds of insects and 
spiders can only be profitalily so preserved. Care 
must be taken that the softer kinds of insects are not 
put into the same bottle with the harder kinds. Gauze 
nets must be used for catching the Lepidopteru (butter- 
flies and moths) on the ving, and a fine muslin net, 
like a landing-net, for tlle water insects. Many species 
may be taken by spreading a cloak, or placing an open 
umbrella reversed under trecs or buslles, and shaking 
or beating the latter. Caterpillars should be carefully 
placed in a perforated box with the leaves of the plants 
on which they arc found feeding : they will often 
undergo their metamorphosis in this captivity, and no 
Zepidoptcra are more perfect than those thus bred, 
i t  is termed, if carefully watched. The perfect insect 
should be accompanied, if possible, by its larva (cater- 
pillar) and pupa (chrysalis or cocoon), together with 
a specimen of the plant on which it is found feeding. 
The latter should be kept in an herbarium set apart 
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for ihe purpose, and should have a number correspond- 
ing with thttt of the insect. Larva! and pupa! may be 
Preserved in spirit or solution, as well as a specimen of 
every perfect insect that can be spared, with a view 
to  anatomical investigation. It must be remembered 
that tlie ~a7va! will very soon lose their colours when so 
treated, and, in order to retain these, a specimen or two 
of the larger ones and of their p u p  may be opcned, 
the viscera removed, and the inside, after it has been 
h ~ l i e d  with arseniatc soap, stuffed with cotton. Boxes 
lined wit11 cork are the best conveyances for dried 
butterflies, moths, and indeed for insects in general; 
or they may he pinned in  the crown of the hat uiitil 
they can be transferred to a place of safety. The more 
delicate insects, such as butterflies, moths, sphinxes, 
the different species of mantis, the locusts, dragonflies, 
&e., after bcing killcd by pressure on the thorax, 
should be pinned down while in a relaxed state, with 
the wings and legs kept close to tlic body, to save 
space and prevent collision. The pin should be 
Greased or oiled to  prevent rust, and if pointed at  both 
cads the specimen more readily admits of bcing turned. 
The pin should be made fast so as to allow of the mo- 
tion of tllc box in all directions, and the fastening must 
be adjusted to the wciglit of the insect. The harder 
winged insects may be killed ‘by immersion in hot water, 
and after having been dried on blotting-paper niay be 
laid carefully in boxes upon cotton, so as not to inter- 
fere wit11 or injure each other. A ready mode of pre- 
serving beetles (CoZeoptera), when found in abundance 
011 any foreign coast, is to put tl~eni, when dried, in a box, 
on the bottom of w!iich ;I layer of fine dry sand has been 

m e n  the layer is overspread with beetles 
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they must be covered with another layer of sand, and 
the packer must proceed with layers of,beetles and 
sand alternately, till the box, which should be water- 
tight, is quite full, when i t  should be screwed down 
and pitched a t  the seams. Mr. Darwin preserved all 
his dry spcciinens of inse.cts, excepting the lepidoptera, 
between layers of rag in pill-boxes, placing a t  the bot- 
tom a bit of camphor, and they arrived in an excellent 
state. 

MOLLUSCA (Cuttles, S p i d s ,  Snails (land and sea), 
Slugs (land and sea), Shell-jish, Cowries, Limpets, 
and Bivalves, as Mussels, Oysters, kc.). 

ii A superficial towing-net, another so constructed 
as to be kept a fathom or two below the surface, and 
the deep-sea trawl, arc the principal agents for cap- 
turing these animals. But when the tide js a t  the 
lowest, the collector should wade among the rocks and 
pools near the shore, and search under overhanging 
ledges of rock as far as his arms can reach. An iron 
rake, with long close-set teeth, will be a useful i m p k  
menton such occasions. H e  should turn  over all loose 
stones and growing sea-weeds, taking care to protect 
his hands with gloves, and his feet with shoes* and 
stockings, against the sharp spines of echini, the back 
fins of weevers (sting-fishes), and the stings of medus@ 
(sea-nettles). I n  detaching chitons and putellcz (lim- 
pets), which are all to be sought for on rocky coast% 
the surgeon's spatula? will prove a valuable assistant, 

* Leather sonks, becomes softened, and nffords n very poor Pro- 
tection to the feet. A pair of wooden shoes, such 88 those used 
dyers, might be kept expressly for wnding about reefs. 

f A c u e  kuife, in experienced bands, is even n better instrumen* ' 
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Those who have paid particular attention to preserving 
chitons have found it necessary to suffer them to die 
under pressure betwben two boards. Haliotidcs (sea- 
ears) may be removed from the rocks to which tliey 
adhere by throwing a little warm water over them, 
and then giving them a sharp push with the foot side- 
w a y ~ ,  when mere violence would be of no avail with- 
out injuring the shell. Rollcd madrepores and loose 
fragments of rock should be turned over. .Cyprcea! 
(cowries) and other testacea are frequently harboured 
under them. Numbers of mollusca, conchfern, and 
Padiata are generally to be found about coral reefs.”- 
BTOdcr+. 

Iloles in the coral roclis should be narrowly searched 
for Cephalopods, wliich frequently lurk in them, and 
are often betrayed by the little heaps of shells about the 
entrance of their dens. 

Among the floating mollusca likely to be met with 
in the tropical latitudes is the spirula, a small cephalo 
Pod with a chambered cell. An entire specimen of this 
rare mollusk is a great desideratuin ; and if it should 
be captured alive, its movements should be wntcbed in 
a vessel of sea water, with reference more especially to 
tbe power of rising and sinking at  will, and the position 
of the sllell during those actions. The chambered part 
of the shell should be opened under water, iii order to 
determine if i t  contain a gas; tlie nature of this gas 
should likewise, if possible, be ascertained. AS a p a t  
of tho sliell of the .yiruZa projects externally a t  the 
Posterior part of the anima], this part ~ h o d d  be laid 
open in the living spirula, in order to ascertain how far 
but great cnre must be taken not to wound the ligamentous border of 
the shell of the chitons, and uot to injure the edges of the limpets. 
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such mutilation would affect its power of rising or 
sinking in the water. 

In  the event of a living pearly nautilus (Nautilus 
Poqd ius )  being captured, the same observations and 
experiments should be made 0x1 that species, in which 
they would be attended wit11 more precision and facility, 
as the species is much larger than the spirula, and 
shell external. 

The towing-net should be kept overboard at all prac- 
ticable periods, and drawn up and examined at  stated 
intervals, as some of the rarest marine animals have 
been taken by thus sweeping the surface of the sea; 
but unless the towing-net be carefully watched and 
manaeuvred, i t  will become filled with every description 
of filth from the vessel. 

A sketch or drawing of molluscous and radiate ani- 
mals, of which the form and colour are liable to be 
altered by death, or when put in spirit, will aid mate- 
rially in reiidering the description of the species useful 
and intelligible. 

Some of each spccies should be preserved in spirit or 
the solution No. 11. If they llave died with their soft 
parts protruded, they should bc suspended so as to 
prevent distortion from pressure. I f  the shell be of the 
spiral form, the whorls should be perforated with a fine 
awl SO as to allow the spirit or solution to enter; other- 
wise, as the main body of the animal fills up the whole 
mouth of the shell, the deeper-seated and softer parts 
would become putrid before the preserving liquor could 
get to them. 

Where the animal has been dctachcd from its shell, 
the soft parts and the shell sliould be marked with cor- 
responding numbers. When the animal is furnished 
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~ t h  an operculum (the little door which closes the 
mouth of many turbinated shells), it should be care- 
fully preserved; and, if detached from the animal, 

be so numbered as to prevent the possibility of 
ig being attributed to the wrong species. Shells should 
never be cleaned, but should be preserved as they come 
from the sea, taking care only to fill the mouths of 
those which are turbinated with tow or cotton to pre- 
vent fracture. I t  may be sometimes requisite to put a 
live shell into hot water, and boil it a minute or two, 
in order to dislodge the animal, wbkh may then be re- 
moved with a crooked pin. 

The land-shells are found in various situations, as in 
humid spots covered by herbage, rank grass, &e. ; 
beneath the bark or within the hollows of old trees, 
crevices of rocks, walls, bones, &c. ; about the drainage 
of houses, or in the ‘dry season by digging near the 
roots of trees. Early in the morning, especially in 
rainy weather, is the best time for taking them. The 
fresh-water kinds may be sought for in quict inlets, on 
the sides of lakes, rivers, and brooks. The greater 
number of univalves occur at  or near the surface, under 
the leaves of aquatic plants and among decayed vege- 
tables ; while the bivalves and certain univalves keep 

.at the bottom, and are often niore or less imbedded in 
the sand or mud, from which they may bc raked into 
a landing-net. 

wit11 regard to the marine bivalves, rocks, subma- 
rine clay-banks, piles, stones, and indurated sand, 
should be carefully inspected for Photades, Lithodomi, 

other borillg species. If the collector should find 
of these perforators in the ruins of an ancient 

temple, or in the relnains of any ancient works of art, 
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or any adhering shells (serpula? for instance) attached 
to the surface of such works, the specimens become 
doubly interesting, especially in a geological point of 
view. In such cases, the situation should be accurately 
noted, as well as the distance of the perforations from 
the surface of the sea, either above or below. 

By digging with a wide-pronged fork in sand-banks, 
at low water, many bivalves, such as /Mens, Cardia, 
Tellim, &c., will be procured alive ; and if the inhw 
bitants of the coast be accustomed to diving, their ser- 
vices should he secured for deeper water. Care must 
be taken not to separate the ligament which binds the 
hinge. When the animal is dead the shell will gape, 
and the soft parts may then be removed without injury. 
Attempts to open bivalves, while the animals are alive, 
generally terminate in great injury to the shells. 

Natica, Terebra, and various other arenicolous mol- 
lusks, may be discovered by the curious and charac- 
tcristic tracks which they leave visible upon tlie smooth 
surface of the sand at low water. Various &hinode?W 
may be detected in the same manner. 

For deep-sea shells the dredge is indispensable. 
Dredging requires expericnce to judge of the length of 
rope to be used; if there be too much on a sandy 
bottom, the dredge will bury itself; if too little, it 411 
not scrape properly ; on rocky bottoms the rope must 
be kcpt as short as possible ; in deep water the dredge 
can only be made to act effectually by placing a weight 
on the line, which, as a rule, may be about one-tbird 
of the weight of the dredge, and placed on the line at 
about two-thirds of the depth of the water ; the object 
is to sink the rope, and counteract the tendency it has 
to float the dredge. The contents of the dredge are 



Sect. XI.] zooLooY. 379 

best examined by means of sieves, of which three should 
be used, one over the other-first a riddle, next a 
wheat-sieve, and third an oat-sieve :* these may be 
fastened together, the contents of the dredge being 
emptied into the riddle, and water being poured upon 
them, the mud, &c., will be washed off, and the con- 
tents separated, so as to be very easily examined. By 
this plan a hundred-fold more will be discovered than 
can be found by searching in mud or sand in the usual 
manner. Besidcs shells, numbers of crabs, star-fishes, 
sea-urchins, worms, corals, zoophytes, alga?, kc., are 
Procured by the dredge. 

I 

VERTEBRATA. 

FISIIES. 

All specimens, not too large to be preserved entire, 
should be imniediate~y plunged into spirit or solution. 
Iw the case of cartilaginous or soft-spined fishes, the 
Bolution should be No. I. Fishes with hard spincs 
Should be preserved in the solution NO. II. It will he 
found to be convenient to havc a common rcceptacle 
for the fresh-caught spccimcns ; and to transfer them, 
after soaking a day or two, into the vessel, with fresh 
spirit or solution, in which they arc to be sent home. 
AS the colours are more or less evanescent, it is de- 
Grthtble that they should be accurately noted before 
death. 

With r e p d  to large spccimens of the shark or ray 
kind, John Hunter recommended that " the abdomen 
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should be first opened, then the head taken off by di- 
viding the fish below the heart across the upper part of 
the liver, by which means tlie mouths of the oviducts, 
if it be a female, tlic hcart, and liead arc all preserved 
together. 

" The tail, if a thick one, as that of il shark, may be 
taken OR a little below tlic anus, and the trunk alone 
preserved for examination. If the trunk be too large, 
it should be cut tlirougli nbovc thc pelvis, and the 
pmts contained in the hinder portion, as tlie claspers of 
the male, should be prescrvcd in spirit. 
' " If  a female, separate the two oviducts through 
their ~ h o k  length, where they run along the abdomeh 
on cach side of the spine ; but kccp tlicm attached to 
the cloaca and surrounding parts, and preserve the 
whole. 

" If with young, or eggs, take tlie wholc out i n  the 
same way, without opening thc oviducts. 

" The pcculiarities of the fmtus in thcsc animals 
slioulcl be attended to. 

'' It' not of the ray or shark kind, takc out such parts 
from the abdomen as arc uncommon or singular. 

'' If  fish of the roe kind (i. e.  osseous and cycles- 
tomous fishes), then cut transvcrscly through the fisll 
near the lower part of the roe, some way above the 
anus. This saves part of the roe, with the connexion 
between it and the anus, thc principal parts concerned 
in generation. 

" The tail may bc cut off some inches below the 
anus. 

" Tlie stomach and intestincs may be savcd, if any 
thing particular is obscrvcd in them. They should be 
exauiined for the presence of entozoa, which, if ad- 
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berent to the coats of the intestine, should be preserved 
With the part to which they are attached. 

Eyes of fishes are proper objects of preservation. 
Separate and preserve the heads of such fislies as 
anything singular about the teeth or gills, and arc 

too large to be preserved entire.” 
preserve the jaws ui~d teeth, together with the back- 

bone, or some of the vertebrz, of every sliark or large 
’a] which is not otherwise preserved, being careful to 
keep the teeth and vertebrz of each individual attached 

Such specirnens would bc of great service 
in the determination of fossil teeth and vertebrz. A 
section of the j;lffs and teeth, with part ofthe vertebral 
Q h n n ,  sllou~d bc prcscrved in spirits or the solution 

Amongst the more intcresting fiAcs of thc Southern 
OCea, is the Port Jackson shark (Ccstracion PIiillippi). 
Moderatesized specimens of this species should be pre- 
served entire ; and the head, vertcbrz, with tlic dorsal 
spines, viscera, and especially the imprcgnnatcd oviduct, 
should be placed in spirit or solution. The Soutlicrn 
Qhirnzrs ( ~ a ~ ~ o r h y l z c ~ m s  antmctictis) merits also the 

( 6  

( 6  

No. 11. 

attention of tIie naturalist. 
Certain rivers of Africa, C. 9. the Gambia, and of 

South America, contaiii ii pcculiar eel-likc fish, the 
Le~&fosiren, yith filaments for fins, which burrows and 
becomes torpid in the miid during tlic dry season. 
The male and fcnialc of this fish, and the OW and 
!oullg in different grades of development, preserved 
’II spirits or tile solution NO. I., are much wnntcd, in 
Order to complete its anatomical and phgsio~ogica~ 

w i t h  regard to most fislics preserved in spirit or 
history. 
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solution, it is desirable to inject some of the preserving 
liquor into the alimentary canal, and, if the fish be 
large, to wake a small opening into the belly. The 
more delicate specimens should be sewed or wrapped 
in linen, in order to preserve the scales. 

For dry specimens the larger kinds may be skinned, 
and the skin should be washed on the inner side with 
the arsenical soap, and then loosely filled with Cotton, 
WOO], or tow. With regard to the smaller or mode- 
rate-sized specimens, the Curator of the Dublin Uni- 
versity Museum states :-" An excellent mode of pre- 
serving fishes, easily accomplished, may be thus de- 
scribed: Lay the fish on a table, with the side up 
which you wish to preserve, then with scissors cut it, 
so as to separate the fins, skin of one side, mouth and 
tail, from the body and viscera; spread the skin SO 

obtained on a linen cloth, fold it over it, and subject it 
to some small pressure; remove tlie cloth, and take 
away any portions of flesh which may appear easily 
removeable ; then fold it in a dry cloth and subject it 
again to pressure-a board and a few weights or stones 
will do if no other press be a t  hand ; repeat the opera- 
tion a t  intervals, until the skin becomes quite dry, then 
wash it well a t  both sides with the varnish No. 1. 
When dry, sew i t  on strong paper, and you will have 
a8 it were a coloureddrawing of your fish. The great 
advantages of this plan are the ease with which it is 
done, and the small space specimens occupy when 
finished ; a large collection does not require more room 
than so many dried plants." 
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R E P T ~ ~ ~ ~  ( Crocodiles, Tortoises, and Turtles, Lizards, 
Snahes, Toads, Frogs, Salamanders, and Newts). 
All these animals are best preserved, particularly 

the ~ ~ n a l l e r  kinds, in spirit or solution No. 11. Both 
Preserving liquors require to be changed once a t  least, 
lf not twice; a piece of linen being wrapped round 
each specimen preserves the scales ; this is requisite at 
leu t  for the smaller lizards and snakes. In  skinning 
lizards the Operator must be very careful not to break 
the tail. The larger snakes may require to be skinncd, 
when care should be taken to preserve the head attached 
to the skin, and the skins with the hcads attached 
5h0~1d be put into spirits. In  flaying serpents great 
Qre must be taken not to damage the scales ; and the 

. Operator should be cautious, for his own sake, when 
employed about the head of the poisonous species: a 
scratch from a fang of a rattle-snake or of a colra di 
apello soon after death may be fatal. The heads of 
both poisonous and innocuous species should be pre- 
served for the examination of their teeth. 

Tortoises and turtle8 may be prepared in a dry state, 
the breastplate being separated by a knife or saw from 
the back, and, when the viscera and fleshy parts have 
been removed, restored to its position. Thc skin of the 
head and neck must be turned inside out as far as the 
head, and the vertebra: and flesh of the neck should be 
detached from the head, which, aftcr being freed from 
the flesh, the brain, and the tongue, may be preserved 
pvith the skin of the neck. In  skinning the lege and 
the tail, the skin must be turned inside out, and the 
flesh having been removed from the bones, they are to 

returned to their places by re-drawing the skin 

. 
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over them, first winding a little cotton or tow round 
the bones to prevent the skin adhering to them wlien it 
dries. 

When turtles, tortoises, crocodiles, or alligators, are 
too large to be preserved whole in liquor, some parts, 
as the head, the whole viscera stripped down from the 
neck to the vent, and the cloaca, sliould be put into 
spirit or solution. The  bones of such specimens are 
especially desirable : they may be separated and scr;Lped 
clean : all those of the same individual should be 
packed in a bag or box with bran, paper-cuttings, hay 
or dried seaweed. The bones of tlic spaller species 
need not be separated. After detaching as much of 
the flesh as is practicable, tlie entire skeleton may be 
suffered to dry in a naturally connected state, and the11 
may be laid in a box on cotton, tow, or otlier soft 
material, and covered with the same, 

The eggs, at different stages of development, of cro- 
codiles, turtles, and tortoises, and also of the larger 
snakcs, should be preserved in spirit or solution, as also 
the young animals. As tlic colours of most reptiles 
arc much altered by spirit, a coloured sketch s11011ld be 
made, when practicable, of them ciiher dunng life or 
immediately after death. 

?‘he batrachia or amphibia sliould be obtained in 
the different stages of their metamorphoses. The dif- 
ferent species of the burrowing snake-like genus called 
Cecilia arc cspccially desirable in  the young state. 
The gravid oviducts of tliesc and of the viviparous 
kinds of salamander should be preserved in spirits O r  

the solution No. I., together with the young of the 
perennibranchiate amphibia of the United States, called 
menopoma, amphiuma, menobranchus, siren. 
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BIRDS. 

All the rarer kinds, especially the smaller species, 
should be preserved in spirits or the solution NO. 11. for 
anatomical examination. Of such as are too large to 

preserved entire, the gullet, stomach, or gizzard, 
liver, intestines, ovary, oviduct, or the male organs, 
should a11 be taken out 11s low as the anus, and with 
the cloaca should be preserved in spirit or the solution 
No. 1. The tongue and trachea with the lower larynx 
should be preserved wet by thernselvcs; and if more 
than two specimens of a rare bird are captured, the 
head of one ~ h o ~ d d  bc preservcd in strong spirit, a 
small portion of the cranium being rcmovcd to allow 
the spirit to get to the brain. 

The most common as wcll as convenient mode of 
Preserving birds for zoological purposes is by removing 
and preparing the dry skin, with the head and feet 
atkclied, and a, few words on tlie mode of performing 

First put some 
‘Won or bib of blotting-paper into thc mouth of the 
bird to absorb tlie blood that may be there, and then 
tie the bill close by passing a thread with a needle 
through the nostril, and round the lower mandible ; 

after parting the breast-fcathers, the incision for 
skhning should bc made from thc lower point of the 

or breast-bone, to the tail, care being tnkcn 
not to cut into the body. Whilst removing the skin, 
thrW cotton-wool between it aud the body, a t  the 
Parts not being operated upon, to keep the feathers 

and prevent them from coming in contact with 
Having detached the skin of those 

operation may be found of use. 

moist park. 
2 c  
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parts on each side, the legs are next to be pushed 
through and cut off at  the joint that protrudes ; and 
then follows the more difficult process of separating 
the vertebra near the tail, Having detached, how- 
ever, the legs, and leaving thc flesh upon them for the 
present, the operator must continue to separate the 
skin from the hind part of the body as wcll as he can, 
and then very carefully cut through tlic vertebral 
column near the tail, witliout injuring the skin above 
i t  ; that'of tlie back is then detached with much ease, 
and a little practice is now necessary to keep back the 
feathers of the breast while the skin is drawn over the 
shoulders ; the wings should then be separated at the 
shoulder joint, and the skin pulled over the neck, and 
very gciitly and carefully over the head. talting especid 
caution not to enlarge tlic auditory orifices or those of 
the eyes. Wi th  the majority of birds the skin may be 
drawn back over and from the head witllout m u d  
difficulty; hiit there arc some, as woodpeckers and 
ducks, in wlhh the head is larger than thc neck, a d  
consequently could not be drawn through that p d  
without strctching the skin : it  is advisable to make an 
incision in tlic skin at  one side of the head, and thus 
uncover the skull to remove the fleshy parts, not for. 
getting the tongue, cycs, and brain. I n  small birds 
LL quill cut in a slanting manner will be found US- 
ful to scoop out the brain; a little wool may after- 
wards be wound round it to remove any moisture 
that may remain in the hollow parts of the skull, 
Whilst skinning the head, upon reaching the eye 
it will be necessary to cut the tough membrane that 
surrounds that part. The brain and flesh being 
thoroughly removed, and the skin anointed with the 
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soap,* the limbs are easily drawn back, a 
little cotton or tow being previously wrapped round 
the thigh-bones, and care being takcn that no feathers 
adhere to the interior of the skin of them and are 

in with it, and then (after putting some cotton 
iQto thc cavities of the orbits) the head must be 
Pulled forth by means of the bill, an operation requir- 
Ing much caution, so as not to tear the very tender 
akin of thc sides of the neck; this is frequently a 
W e r  difficult matter with beginners, and may be 
foUch facilitated by partially crushing the skull, which 
IS easily put back into shape when the skin is again 
over i t ;  bits of cotton should also be freely used to 
Prevent the fmtliers being anywhere soiled by adhering 
to the skinned body, as they are extremely apt to do, 

* Receipt for Arsenical Soap. 
Cnmpbor . . . . . . 5.02. 
Arsenicin powder , . . 2 Ibs. 
White sonp . . . . . 2 1bs. 
Snltsoftnrtar . . . 12 oz. 
Limeinpowder . , . . 40z. 

Cut the soap in thin smnll Slices, os thin as possible, Put them in n 
Pot O w  n gentle fire, wid1 very little wnter, taking care to stir it 
“en with a wooden spoon : when it is well melted, put in the snlts of 
fartar nnd powdered chalk. Take it off the fire, add the arsenic, and 
‘iturnte the wllole gently. Lastly, put in the camphor, which must 
fiQt be reduced to powder in a mortnr by the help of n little spirits 
o f w h o ;  mix the whole well together. This paste ought then to 

Put it into china or glazed 
eB-‘theu pots, taking Care to put n ticket on ench. 

it is to be used, put &e ncccssnyy qunntity into n preserve- 
’Or, dilute it with little cold water until it hns the consistence of 

cover this pot with n lid of pnstebonrd, in the middle of 
which borc n hole for the handle of the brush. 

The three first ingredients in the above receipt may be used, if the 
-“le annot be readily obtained. 

the cousisknce of flour paste. 

2 c 2  
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despite all care, unless some such precaution be re- 
sorted to. Having now returned the skull within the 
skin, a little art is necessary in arranging the feathers 
of the head properly, which is best done with a large 
needlc ; the eyelids shouId be neatly placed, and not 
stretched too large, the feathers covering the ears dis- 
posed as they or~ginally were, and the orifice of the 
ears contracted to its proper form ; the feathers before 
and over tlic eye should also bc set naturally; and 
lastly, the skin of the crown and occiput should be 
loosened or lifted from the skull, and not pulled 
too tightly backward. The arsenical soap is to be 
sparingly applied to the inside of the skin, and the legs 
and beak brushed with a solution of corrosive subli- 
mate. As regards the rest, it  is as well to tie to- 
gether, but not too closely, tIie bones of the t1vo wings, 
to put a little cotton around these and tile bones of the 
legs, and, in stuffing the bird, to avoid stretclling the 
skin by putting in too much cotton, especially to avoid 
puffing out the neck, in which it is cnougll to prevent 
the skin of its two sides adhering together ; and, lastly, 
to mind that the bird is rcstorcd to its original length 
and proportions, and that the feathers are laid down 8s 

smooth as possible. I n  large birds, more espcciallj’, it 
will be found useful to put a reed. or thin bit of stick 
up the neck, around which the stuffing of the neck may 
be wound, for this will prevent the tender skin of the 
neck bursting, when dry, upon the specimen not being 
handled with sufficient care : arid in large birds, it is 
also necessary to make an incision above the elbow- 
joint of the wings extending along their under surface, 
and to remove from thence the muscles of that part- 
In  general, it will be found more easy to skin birds* 
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after one or two trials, to the complete satisfaction of 
the operator, than to put them nicely into shape after- 
Wards, in the form they are to take on drying: and 
upon being dried thoroughly, they are to be rolled up 
in paper and tied round with a string. 

Birds should be skinned as soon as they are cold; 
they cannot be kept solongas quadrupeds, and as soon 
as decomposition begins the feathers are affected, and, 
if the operation of skinning be deferred till it take 
place, they will drop off. The os coccygis, or rump- 
bone, should be left with the skin, otherwise the tail- 
feathem will be liable to fall out. 

'I'hc nest, eggs, and young should be procured if 
Possible. 

T o  preserve the eggs of birds with tlieir nests, cadi 
nest should be put into (L round box just large enough 
to contain it. After having made a small perforation 
at  each end of the eggs, and expelled their contents, 
Some cotton should be laid upon them to keep them 
from being moved about, and the whole covered with 
the lid. . 

Large eggs, as those of the ostrich and cassowary, 
a t  different periods of incubation, should be preserved 
in spirit. 

T o  each bird attach a notc-1. The colour of the 
eyes, bill, and legs, before they fade. 2. The season 
of the year when killed, and in what locality. 3. I f  
known, state whether male or female. 

The skins of the domestic breeds of poultry and 
Pigeons should be obtained from nll parts of the world. 
A good collection of the races of our domestic birds 
might prove of more value than new or rare species. 

The skeletons of birds mny be prepared in a sliort 
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time for sending home by removing the viscera, cutting 
away all the soft parts, breaking down the brain with 
a probe or stick and washing it out by the 6‘ foramen 
magnum,” or hole for the exit of the spinal marrow, 
and drying the skeleton with its parts naturally con- 
nected, except the head, which Ixiay be packed in the 
thorax ; and the whole, when dry, packed in bran or 
sawdust. Admit the bones of only one individual into 
each bag or box, taking care to label it with the saae  
number as that attached to the skin. The viscera a d  
any other soft part which appears curious should be 
preserved in spirit or the solution No. I. 

MAMMAIS (Hairy Quadrupeds, Seals, Porpoises, 
Grampuses, Wha Ics) . 

The smaller l h d s ,  as bats, shrews, mice, may be 
preserved entire, in spirit or the solution No. II., an 
opening being made in the skin of the belly to give the 
preserving liquor access to the viscera, and care beii~g 
taken not to crowd too many specimens in the mlOe 
vessel. In  all cases, since the preserving liquor be- 
comes diluted and deterioratcd by the blood and other 
fluids of tlic recent specimen, such specimen should be 
removed after a few days, according to the temperature, 
into fresh spirit or solution. 

The larger mammals must be skinned, taking W e  
that the liead and feet remain attached to the skill 
according to the directions subsequently given. Such 
skins, if transmitted either in spirits or the arsenical BO- 

lution NO. IL, usually arrive in excellent condition, and 
may Le mounted as well as if recently taken off the 
animal, which is never the case with such as have been 
dried. If the circurnstances under which the a n i d  
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taken will admit of preserving the skeleton, that 
ought to be done ; for its importance is of great mo- 
ment in a physioIogica1 point of view, not only as re- 
lating to the organization of the animal, but as a 
measure of comparison with other living species, and 
With those wliich are extinct and only found in a fossil 

Tlic natural skeleton of the domestic quad- 
'upeds from different parts of the world are highly 
desirable. If want of space or other circumstances 
forbid tlie preservation of the entire skeleton, the skull 

the most valuable part to Eelect, and it should be 
Preserved whenever the opportunity occurs. 

The mode of preparing the skull of ;I mammal for 
the museum is to place the head in a jar of water until 
the soft parts become detached by maceration and putre- 
faction ; being tlicn waslied clean, care being taken to 
Prevent the loss of the sinal1 ear-bones, tongue-bone, 
Or hose teeth, it should be placed in fresh water, and 
the water frequently changed, until the skull becomes 

from offineive smell : it should then be exposed to 
the sun and air, and will in a few days become beauti- 
fully white. But this process is not requisite for the 
mere preservation and transmission of skulls: if the 
brain be broken down and extracted by means of a 

flattened stick through the " foramen magnum," 
the soft parts cut away, it may Le simply dried, 

with the lower jaw and hyoid bone attached, and 
Packed in bran, sawdust, or dried seaw~ed. 

When the entire head of a duplicate mammal is pre- 
served in strong spirit, for the examination of the brain 

organs of sense, a small portion of the cranium 
should be removed, and the membranes of the brain 
arefully cut to give the alcohol access to that organ. 
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The mophagus and stomach should be preserved in 
spirit or the solution No. I., with a portion of the 
duodenum ; and the czecum, if any, with a small per- 
tion of the ileum and colon. If the animal be not too 
large, it  will be preferable to cut off from the mesen- 
tery the jejunum and ileum, which (after their length 
and circumference and the nature of tlieir contents 
have been ascertained and noted) may be thrown awaY.y, 
and then to strip down from the spine the contents of 
the abdomen, beginning a t  the diaphragm, so as to 
have the liver, stomach, Bpleen, pancrcas, colon, &C., 

all with their attachments, taken out together as low 
as the rectum, where it lies in the pelvis, and, after 
being cleansed and the contcnts examined, put into 
spirits or solution No. I. 

The heart and lungs may be preserved together, Or7 
if too large, the heart alonc with the large blood- 
vessels. 

The contents of tlie pelvis, viz. the bladder and 
rectum, with the internal parts of generation, both 
male and fernale ; also the external parts, not sepa- 
rated from the internal, with a large portion of the 
surrounding skin, should be left attached in their 
natural state, and preserved in spirit or solution. 

If the female parts are in a state of impregnation, 
the whole arc to be taken out as before described, 
without opening the uterus, unless for- tlie purpose Of 
admitting the spirit for the preservation of its conten*, 
where of large size. 

The young of very large animals, as whales, seals, 
the walrus, elephants, $c., and all fetuses or abor- 
tions, should be preserved entire : but if a young ceta- 
ceous animal be too large, the tail may be cut Off 
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below the anus, and the body put into spirit; and if 
this should be'too big for one cask, the head may be 
taken off and preserred in another. 

Of a full-grown whale, or other large animal, the 
following parts should be preserved :- 

The eyes, with the surrounding extcrnal skin, their 
QUscles and fat, in an entire mass. The organs of 
hearing. The brain. Sections of the spinal chord. 
The supra-renal glands. The ganglions of the sym- 
Pathetic nerve. ?'he beginning of the aortu and pul- 
monary artery, for the valves. 

The mammae of the female, with part of the sur- 
rounding skin ; also the ovaria and uterus. The fmtus, 
When found in the belly, to be taken out with the 
Whole of the uterus, vagina, ovaria, Stc. 

The penis of the male taken off as far back as to 
include the anus with it. 

I n  skinning quadrupeds the skull and leg bones 
should always be retained. The first incision should 
be made from the breast along the middle of the ab- 
domen; the skin is then easily separated from the 
body by the finger, occasionally helped with the knife. 
upon  reaching the legs, they should be cut through, 
the fore Icgs by the shoulder bone, and the hind legs 
by the base of the thigli bone. The whole of the leg 
bones arc to be left in their places, until the operation 
\pith the other part of the body is completed. In  skin- 
ning the neck and head, the skin must be turned inside 
Out, great care being taken, in separating thc skin from 
&e head, that the earn and eyelids be not cut. The 

being drawn off the head as far as the ears, the 
head should be separated from the neck, and then freed 
from every particle of flesh, such as the tongue, &c. ; 
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and the brain taken out by making an opening at  the 
back of the skull. * The next thing is to skin the legs 
and the tail. I n  these parts, as in the neck, the skin 
must be turned inside out;  all the flcsh then being 
removed from the bones, they are to be returned to 
their places by rc-drawing the skin over them, first 
winding a little cotton or tow round the bones to pre- 
vent the skin adheriug to them when it dries. 

In animals of moderate or large size it will be 
necessary to skin the face upwards, commencing from 
the lips, in order that all the flesh may be removed 
from the bones of the face. 

I n  most colonies native assistants may be soon 
taught this process, and nothing more is necc,sary 
beyond washing and then wiping' thc skin tolerably 
dry, if it is to  be put into spirit or solution: but if 
intended to be sent homc dry, then the interior surface, 
with the bones, must be anointcd with arsenical soap, 
and likewise the nostrils, ears, and lips, internally; 
and the liair or fur ought to be wetted with a weak 
solution of corrosive sublimate. The skin should then 
be stuffed with tow or cotton, but not tigiltly so as to 
stretch it. 

I n  warm climates of course it is necessary to skin 
the animal immediately after death, and it is very de- 
sirable that the skin be kept in the shade. Large 
quadruped skins should be immersed in a strong s O ~ U -  

tion of alum, in which they may remain three or four 
days, and when taken out of the dum-water they 
should be washed on the inner side with arseniml 
soap,* especially about the skull and bones of the feet i 
a puinting-brush may bc used for this purpose, and the 

Seep. 387. 
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soap should be mixed with water until it has the con- 
sistence of cream: a very small quantity of soap is 
suacient ; it should not be used too freely. When it 

inconvenient to use alum-water, the powdered alum 
may be used in a dry state, and should be well rubbed 
Over the whole of the inner side of the skin. 

Packing.-Great care should be taken in packing 
skins that they be thoroughly dry. They should be 
Packed in wooden boxes, and some pieces of camphor 
must be placed with them in order to prcvent the 
attacks of moths. Tobacco is often used, but does not 

When soldered 
up in tin boxes, specimens often become mouldy, and 
are sometimes perfectly destroyed by the damp. 

Lahelliy specimens.-The labels or numbers should 
1Wer be placed on the paper or wrapper in which a 
Specimen is enclosed ; in this case they often become 
aCcidentttlly transferred, especially in the examination 
Which the specimens undergo at  the custom-house, &c. 
Small parchment labels, with the locality of the speci- 
mens, should be securely tied to the legs or some othcr 
COQvenicnt part ; a number corresponding with the COL 
lector's note-book should also be attached ; this number 
may be stamped on a small piece of sheet-lead or 
trebly thick tin foil ; when specimens are preserved in 
spirit the latter nlust be used, since the former will 
'Orrode and injure the specimens. A set of steel dies, 

0 to 9, with a small punch, should be got, when 
the numbers may at  any time be stamped in a line, 
with a hole punched in front of each, and then cut off 
"ith a pair of scissors as wanted. 

Notes.-'rhe collector should note down the colour 
Of the eyes or irides, and the form of the pupil, and 

' always answer the intended purpose. 
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the C O ~ ~ S  of those parts, the naked parts, e.g. which 
are likely to be altered in drying : also the form of the 
head and muzzle, the habitual position of the ears and 
tail. The exact locality in which the several specimens 
were procured is of great importance in the determina- 
tion of the l a w  of geographical distribution of maw- 
malia: and not only the country, but the nature of 
the country, its elevation and geological character, as 
ncarly as can be ascertained. Also the degree of 
commonness of the animal and any of its known habib, 
and the native name. 

Neither shape nor colour can be preserved in the 
dried skins of whales, porpoiscs, &c., nor can they be 
ascertained from skins alone, without the aid of dras- 
ings taken from the specimens in a fresh state. Skins 
of the cetaceans (whale and porpoise tribe), arid of 
seals, are, nevertheless, @'Cat desiderata for public 
museums, and with the addition of sketches and notes 
of the recent animal, are especially recommended to 
thdattention of the naturalist voyager. The skulls Or 
skeletons of all the species of the southern cetaceans 
and seals should be preserved, thc scx being noted- 

As the greater portion of the smaller mammals are 
of nocturnal habits, they can seldom be procured with- 
out the aid of traps, which must be baited, some Tith 
flesh, or a dead bird, sorne with cheese, bread, fruits, 
&. : small pits, widest at the bottom, and baited, 
often serve to entrap small quadrupeds. 

almost all cases the zoologist is desirous of examining 
more than one specimen-in fact, of having before him 
at least a specimen of the male, female, and young 
animal, and also one or two skulls, before he can give 

Necessary materials for determining 
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a satisfactory description of a new species, that is, such 
a description that the animal may be with tolerable 
certainty identified through its means. When one 
specimen only can be procured, the skull should not 
be injured; a little extra time is well spent in re- 
moving the brain through the occipitd opening, the 
back part of the skull being of great importance. 
when the spccies are small, and several specimens 
Can be procured, one at lcast should always be pre- 
served in spirit or solution. 

THE HUNAN RACE. 
The chicf points to which the attention of the philo- 

sophic and zoological voyager should be directed 
towards the advancement of this most important 
>anch of Natural History are included in the follow- 
1 Q  queries :- 

' i d ~ f i ,  nnd the extrema cafies P 

the upper or loiver extremities ? 

what  is the average or genernl stature and weight of the indi- 

IS there any prevailing disprnportion in the size of the hcad? of 

whnt is the prevniliug complexion, and the c o h r  ofthe eyes 
What is the colouP of the hair, and ite character, as fine or coarsc, 

IS the ]lend round or elongated in either direction ? IS the face 
broad, oval, lozenge-shaped, or of nny other marked form 'd (A pro- 
*le and also n front view should be given.) 

Are 
'h@rc any circumstnilccg connected with it tending to modify the 

curled, or woolly P 

Does infauticide occiir, and to whui eanses is it to be referred 
What is the practice ~8 to dressing nnd cradling children? 

of pnrticulnr pnrts, e. g., the hend or feet? 
Are the children ensily reared 7 
At whnt age does puberty tnke place 
Are births of more than one child common 7 Whnt is the proportion 

To what age do the females continue to bear children 7 And for 
Of Rexes at birth and among n d u h  7 

what period ore they in the habit of suckling them 
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What is the menstrual period, and what the time of utero-gesa- 

What are the ceremonies and practices connected with marriage ? 
Is polygamy practised, and to what extent ? 
Is divorce tolerated, or frequent ? 
How are widows treated ? 
What is the prevniling food of the people? Describe their modes 

What number of meals do they make, nnd what is their capaCitY 
for abstinence, and for temporary or sustained exertion? 

Describe the kind and materials of dress; and any practice of 
tattooing or otherwise modifying the person for the sake of ornament 
or distinction. 

Do the people appear to be loug or short lived ? State the aSWr’ 
tained eases of extreme old age. 

What is the general treatment of the sick, and the superstition, if 
any, connected with i t?  

What are the prevailing forme of disease? 
Do  Entozoa prevail, and of what kind ? . 
H o w  nre the dead disposed of? 
What is the received idea respecting n future state p 
What are the kinds of habitations in use amongst the pple 
Have they any monuments; and of what kind, nnd for what 

object ? 
What arc the domestic animals, if any?  Whence derived, i d  

whether degenerated or modified ? 
Note down any illustrative particulars of the government, policy, 

religion, superstitions, or sciences of the people; their mode Of 
noting or dividing time; their mode of carrying on war, a d  
favouritc weapons. 

In  these researches collect and preserve the skeletons, both humon 
and of other animals, that may be buried or preserved with man: 
with any works of nrt or implements. 

Besides the 8kelCtO)l8, or, at least, the shulls of aborigines of fore@ 
countries, plaster cnsts of the head, the hands, and the feet should be 
taken ; and wlicrever the opportunity may occur, the brain should be 
preserved in strong alcohol. 

tion ? 

of cooking. 

Important aids to the advancement of zoology may 
be rendered by the transport of living animals, and 
more especially their transmission to the Menagerie of 
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the Zoological Society of London, for which purpose 
the following remarks have becn contributed by a 
former Vice-president of the Society, William John 
Broderip, Esq., F.R.S. :- 

I n  the endeavour to bring a captured animal home 
alive, it will be well to remember that the younger 
quadrupeds and birds are-provided tlicy are of an 
age to bc separated from the mother witli safcty-the 
@eater will be the chance of success in bringing them 
home in a thriving state. Therc is hardly any young 
Vertebrated aniinal which judicious kindness will not 
render familiar. The captive should bc kept clean, 
and shouId be fed sparingly ; that is, it should have 
only sufficient to sustain it in hcalth ; all trash should 
be kept out of its reach, and it shoultl not be sub- 
jected to the capricious kindness or ill-treatment of 
Strangers. - 

Herbivorous quadrupeds, and hard-billed or seed- 
eating birds, are obviously most easily accommodated 
during .Z voyage ; but carnivorous animals and insecti- 
vorous birds may be transported without much difficulty 
by payjng attention to their food and habits. 

" I t  would bc far from impracticable for ingenuity 
to devise a mode of introducing even hummingbirds 
alive into this country. A strict attcntion to tempera- 
ture, and the aid of an artificial florist, might effect 

If it be found that the birds will not feed out of 
little troughs, quills, or tubes of colourcd paper," the 

* Captain Lyon, in his 'Journal of n Residence, kc., in the Re- 
Public of Mexico,' p. 212, states tbnt he kept a hummin,- m bird for 

n month on q n r  and wntcr, Slightly impregnakd msiLh saffron. 
It greedily sucked tliis mixture from n smnll quill ; and the Captain 
'dd% thnt he is that, with constant attention, thse  littlc creatures 
%ht bo kept for G long time. 

( 6  

< <  
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flowers which are observed to be their favourites might 
be imitated, and liquefied honey, or even sugar and 
water, might be placed in a little reservoir in the site 
of the ncctarium. T o  take these brilliant creatures 
alive is not difficult, if the tollowing method be adopted. 
Some plant (thc aloe for instance), the flowers of which 
are particularly attractive to the humming-birds, being 
selected, all the bunches of blossom, save one or tW, 
should be broken off in the evening, after the. birds 
liave retired. These bunches should be enclosed in 
light bamboo trap-cages, wit11 large open falling doors 
kept up by st,rings, to be held by a person in conceal- 
ment. A littlc before the usual time of the appear- 
ance of the humming-birds, the bird-catcher must be 
in his hiding-place with the door-strings in his hand, 
and when hc finds his prize busily employed about the 
cncIosed flower, he must drop the door a?d secure his 
prey. Mr. Bullock tried this plan witli great success i 
and, while on this subject, it rnay not bc irrelevant (as 
conncctcd with tlieir diet) to state, that he saw these 
birds frequently take insects out of the spiders' webs, 
where thcy lay entangled, and swallow them ; and that 
Mr. George Loddigcs has observed the remains of 
insects in the crops of some of tliose species wliich he 
has opened. 

" Rcptiles are so tolerant of hunger, and are gifted 
with such tenacity of life, that thcy bear a voyage 
extremely acll. Turtles ( CheZottes) and alligators are 
brought over without difficulty, and tortoises and terra- 
penes (Teestitdines) may be imported almost without 
trouble. It is not uncommon for those who touch at 
the Gallapagos, where great land-tortoises abound, to 
put them into dry casks, one dver the other, without 
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provision ; and, after many weeks, they are found 
not only alive but in excellent condition for the table, 
where they are said to exceed turtle in delicacy of 
flavour. 

Guanas, chamzlcons, together with others' of the 
lizard tribe, and all serpents, bear abstinencc from food 
for a long time, and are brought from their native 

Insects may be taken in the caterpillar stage when 
to enter the chrysalis state, and in this manner 

may attain their imago, or perfect development, either 
O n  the voyage or after their arrival, by attention to 
their habits, and to the temperature of their natural 
l o ~ ~ ~ i t y .  

rhe  terrestrial or pulmoniferous Mollusca (land- 
may be brought over alive with ease. TVhen 

show a disposition to hybcmatc, by sticking 
f i h l y  to the side of tlie box or vessel wtierciii tliey 

be, and at the same time throwing out the thick 
parchrricnt-like secretion, which serves many of the 

instead of a true operculum, they should not be 
disturbed, but must be kept dry, and, if possible, 

from the air. Many species have bccn thus 
accidentally imported. BziZinzis undutus was brought 
sticking to timber from the West-India islands into 
Liverpool, and is now naturalized in the woods near 

The author possessed liviug specimens of 
R~linus ~osuccus, which had been brought to England 

Captain Icing and Lieutenant Graves, R.N., from 
(!hihe, and were in full vigour, though the animals 
had been packed up in cotton, with the collection of 

one for eigliteen months and another for two 
years. H e  now possesses onc in good health, brought 

<; 

with little trouble. 
46 

6 6  r 

town. 

2 D  
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home by Mr. Cuming, which had been packed up for a 
longer time. Testacellus and other species had been 
imported previously. 

‘‘ By strict attention to changing the sea-watert 
which very soon becomes unfit for respiration when put 
into a vessel, marine conchzyera, mollusca, and crus- 
tacea might bc brought home alive, and an opportunity 
given of studying their organization much more satis- 
factorily than can bc done by a mere post-mortea 
examination. 

“The  land-crab of the West Indies has been 
brought over with success. A pair of them were exhi- 

summer, in one of tlic enclosures open to t l ~ e  air, at the 
Zoologicd Gardens.” 
Specimens of Fossils should always be accompanied 

with part of the rock in which they occur, wilcther 
stonc, clay, or sand, &c. 

All fossils, without cxccption, may be brought home, 
in large ~iumber  and quantity. 

Wlien fossils occur in sand or gavel, note their con- 
dition as to frcshness or dceomposition ; whether they 
resemble those of the adjacent coast or seas ; tlie mode 
of their occurrcncc ; wlietlier regularly interstratified 
with clay or stone ; in  patches, or continuously, on the 
sides of hills, or of cliffs, and at what altitudes above 
the sea. 

State whetlicr the fossils found in any given situa’ 
tion are all marine, terrestrial, or fluviatile ; mixed, Or 

in distinct groups ; and, if mixed, in what proportions* 
Observe whether therc be any intermixture of fresh- 

water and marine shells in bodies of water’ near 
shore, or in lakes at a distance from it. 

bitcd, in full vigour, for a few weeks a t  the end 0 f 
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Inquire whether bones of mamrnalia occur among 
them, 

Note the brackishness of the water ; whether it com- 
municates or not wit11 the sea. State any tlifferences 
Of the animals from those of purely fresh, and of salt 
water. 

Observe carefully thc positiojr of fossils in the beds 
'hioh afford them. I f  corals, whether vertical or in- 
'lined ? I f  shells, are they disposed in layers parallel 
to the strata ? 

Notice, wlietlier testaces are carricd up to cliffs by 
birds; the quantity of shells thus accumulated, and 
their state of preservation. 

Notice the relative number of sliells of tlic same 
'pecks on the shores. 

Seek for and preserve all traces of fossil bones. 
Be careful to ascertain that tliey are imbedded in 

the alluvium, not loose or intermixed with the recent 
detritus, 

If any bones should be dredged up, note the place 
Of their occurrence, latitude, arid longitude, its dis- 
'Q* from any great rivers, wlietlicr witllin currents. 

Bones in caves.-Examine the materials forming the 
bottom of caves for bones. 

Bom-bi-eccia.-Search for this in  crevices. 
Observe a11 indications of coal, and collect speci- 

~ n s  ; note any traccs of vegetable impressions in t ~ l e  
rock% and preserve them carefully. 
. Seek with the microscope for infusorial animals, both 
l4 a and recent state. 

2 D 2  
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On the Use of the Microscope on board Ship. 
The following remarks embody the experience of 

Charlei Darwin, Esq., F.R.S., and of Mr. I-Iux~Y, 
Aest.-Sqcon, R.N., on this subject, the importance 
of which increases as the science of zoology advances. 

The facility in examining the smaller invertebrate 
animals, either alive or dead, depends much more on 
the form of the microscope used than would be at  first 
expected. The observer should possess two micro- 
scopes, a simple and a compound one; so that an 
object may be transferred from a low to a high power 
without delay. I t  frequently happens that a s r d  
transparent anirnal remains in otic position for only a 
very short time ; and in the interval required for the 
screwing and unscrewing of Icnses, a favourable opp01.- 
tunity may be lost not to return again. The chief 
requisite of a simple microscope for this is 
strength, firmness, and especially a large stage ; the 
instruments generally sold in this country are much 
too small and weak. The stage ought to be firmly 
soldered to the upright column, and have no movement; 
besides the strength thus gained, thc stagc is always 
at exactly the same height, which aids practice in the 
delicate movements of the hand. T h e  stage should 
consist merely of a roughcned brass-plate with a cir- 
cular aperture and diaphragm; and as it is a @‘eat 
matter to place objects under the microscope with llS 
little disturbance as possible, the object-holders should 
not drop or fit into anything. The  best receptacles 
for the objects are glass-cells (such as ore used for the 
preservation of specimens) of various sizes and depths) 
cemented to oblong pieces of plate-glass of unifor*a 
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81ze- These are not readily broken, and are easily and 
slid by the fingers (after a little practice) to 

A disc of blackened wood, with 
a Piece of cork inlaid in the centre, is useful for opaque 
and dry objects : there should also be a disc of metal 
Of the same size, with a hole and rim in the centre to 
'@wive plates of glass, both flat and concave, in 

one inch and ;t half, for dissecting minute 
pljects ; a plate of glass of three inches diameter lets 
"to0 much light, and is otherwise inconvenient. Close 
under the stage there should be a blackened dia- 
phragm, to slip easily in and out, in order to shut off 
the light completely ; in this diaphragm there may be 
a orifice with a slide, to lct in a pencil of light 
for Small objects. The wholc microscope should be 
8CreWd into a solid block of oak, and not into the lid 
Of the box as is usual. The microscope is most con- 
?enielItly fixed by making its base to drop into a cavity 
In. a broad thin block of wood, which shodd be loaded 
'lth lead and covcred with green baize or felt below. 
If the wooden block be broad enough, the instrument 

The mirror should be capable of movement in every 
direction, and of sliding up and down the column ; on 
One side there must be a large concave mirror, and on 
the other a small flat one ; these mirrors oug1:ht to be 
fitkd water tight in caps, made to screw OR and on ; 
and two or three spare mirrors ought undoubtedly to b: taken on a long voyage, as salt water spilt on the 
lhlrr0r easily deadens the quicksilver. A small cap is 
veg convenient to cover the mirror when not in use, 
and often saves it from being wet. The vertical shaft 

"hi& the lenses are moved up and down should be 

required position. 

not fetcli away in the heaviest rolling. 
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triangular (as these work much better than those of a 
cylindrical form), and there should be on both sides 
large milled heads ; with such there is no occasion for 
fine movements of adjustment, which always tend to 
weaken the instrument. The ho r i zon~ l  shaft s h o d  
be capable of revolving, and should be moved to ad 
fro by two milled heads (for the right and left hands)? 
but the Ieft milled head must be quite small, to allow 
of the cheek and eye approaching close to the lenses of 
high power. The horizontal shaft must come down to 
the stage. 

The most useful lenses are douilets of 1 inch and 
6-10th~ of an inch (mecisured from the lower glass of 
the doublet) in focal distance ; a simple lens of 4 Of 
5-10th~ of an inch is a very valuable power; and, 
lastly, Codrington lenses (of the kind sold by Adie of 
Edinburgh), of 1-loth, 1-15th, and 1-20th focal dis- 
tances, have been found most useful by two of the most 
eminent naturalists in England. With a little practice 
it is not difficult to dissect under the 1-10th lens, and 
some succeed under the 1-20th. A person not having 
a compound microscope might procure a 1-30th of an 
inch Codrington lens. All the lenses (except the 
largest doublet) should be made to drop, not scr@j 
into the same ring ; the large doublet may slip off md 
on the opposite end of the horizontal shaft. The best 

sides (silvered within) ; there should be at least four Of 
them, being in depth (inside measure) 3-l0ths, 5-10ths? 
7-lOths, and a whole inch. Circular discs of fine- 
textured cork, of the size of the saucers, either per- 
manently loaded with lead or kept down by little 
leaden weights, serve for fixing objects to be dissected 

saucers have a flat glass bottom, with the upright me@ 1 
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For this end 
short fine pins and lace-needles should be procured; 
wherever it is possible, the animal ought to be fixed 
to the cork under water. Common sewingneedles 

every purpose both for fixing and dissecting. 
If for the former end, they should be fine and their 
YYe-ends should be covered with a little liead of seal- 
‘%-wax. If for the latter purpose, they may be ground 
on a hone, and bent to any shape. As to handles, 
glW-tubes are too frangible for a ship, and too smooth 
and too small to give good hold to the fingers. Thc 
ends of used-up pencils, the thicker the better, do 
admirably well. Of the smaller plates of glass of an 
inch and a half in diameter, some should be flat and 
some slightly concave ; the latter are very useful- 

of this small diameter are inconvenient. 
The simplest and most useful instruments for minute 

are the triangular glove-needles, which with 
p little cotton-wool and sealing-wax can be easily fixed 
Into pieces of large-bored thermometer tubes ; a stock 
Of tubes and needles should be taken on a voyage. 
.v\7ith these needles (by keeping the object only just 
‘mmersed in a drop of water, which can be regulated 

the suction of blotting-paper), wonderfully minuti! 
can be dissected ; needles bcnt a t  their tips are 

‘Onvenient for some purposes. Arm supports are 
yeful in minute dissections ; two blocks of wood with 
inclined surfaces, coming up a little below the level of 
the Stage, and resting partly on the stand of the mi- 
croscope, can be made by a common carpenter. & 
It often rather &irk in the cabins of ships, a large 
bUtg-eye glass on a stand (such zu are sold with most 
Compound microscopes) would be most useful to .con- 

direct instead of transmitted light. 
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dense the light from a lamp on an opaque object, or t0- 
increase it when transmitted. Besides the needles, 
fine pointed forceps, pointed scissors, and eye scalpels 
are requisite. A French instrument, called a micro- 
tome, is very uscful, as it may be made to perform the 
part of knife, scissors, and forceps; and thus render 
any change of position of the hand unnecessary. Finely 
pointed scissors, with onc leg long and thick, to be held 
like a pen, and the other quite short, to be pressed bY 
the fore-finger, and kept open by a spring, are preferred 
by some, but arc awkward to use, and very liable 
beconie spoilt in consequence of capillary attraction of 
the sea water into the hinge. They must be very 
carefully cleaned and oiled after use. A live-box to 
act as a compressor, or, still better, a propel. compressor 
closed by a screw, and both made to drop into the rim 
of the stage, are valuable aids for making out the 
structure of transparent animals or organs. The ob- 
server should be provided with three slips of gles, or, 
still better, with tlirce circular plates, made to drop 
into the stage of his microscope, and graduated into 
tenths, hundredths, and thousandths of an inch, to 
serve as micrometers, on which to pIace and rneaswe 
ahy object he is examining. Some watch-glasses are 
very useful as temporary receptacles for small sea- 
animals. Minute parts after dissection can be pre-, 
served for years in very weak spirits of wine, by cover- 
ing them, when placed on slips of glass, by small 
portions of very thin glass (both sold for this purpose), 
and cementing the edges with gold-size.* 

* A microscope such i18 here described, and most of the apparamer 
can be seen at Messrs. Smith and Beck’s, opticians, of Colman Street, 
London. 
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w i t h  many delicate animals, particularly acalephz, 
Which would be injured by the pressure of their own 
Weight, and for which, therefore, the compressor is inap- 
plicable, but which must, nevertheless, be covered with 
glass in order to their examination under a high 
power, a good plan is, to take a glass cell, just largc 
enough to coritain the animal, fill it quite full of water, 
then transfer the animal with a glass tube, or by other 
means, to the cell, and cover the top over the cell with 
a piece of thin glass, so as to exclude all air-bubbles. 
The animal will adhere to, and become slightly flat- 
hlled against, the thin glass, and may bc examined 
%til great facility. 

The observer cannot be too careful in ascertaining 
that both good workmanship and good matcrial have 
beell employed upon the mechanical details of his in- 
strumen t. 

Defects, such u R worn out rack, or a spoilt screw 
Of object glm, are not to be replaced on board ship 
Or in any country he is likely to visit. 

When time and opportunity concur for the amtomi- 
'4 examination of an animal, the following notes or 
heads of observation will guide the dissector to the 

\vllich it is most desirable to determine and note 
down. 

NO. Date 
Notes of Dissections performed at 

Animal's Name 
Age %x 

Gn@h of body, from extremity of jnwa to mot of tnil 
of head of tail 

Situation of testes - of preputial orifice -- of vaginal orifice -- of muB 

18 

Weight 
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Situation and number of mamma 
Abdominal muscles 
-- ring 

greatest circumfereuce simple { length 
Olb-eruat ions. 

Stomach , 
number of sacs relative size I { Obs. 

Omentum 
Mesentery 

length greatest circumferenc - of small - of small 
- of c a c c d  

of large - of h'ge 

Anus glnnds 
Cloaca 

I situation 
number of lobe6 
weight 

Gall-bladder, size situntion -- structurc 
Bile, enters intestine 

ita secretion, enters intestine 
situation 

weight 
situation 
length brendth, right 
weight 
number of lobes, right 
structure, nir-cells, &c. 

situation 

Spleen { form 

Branchia: 

weight 
"ea* { length ' breadth 

shape and structure 
Vena cnvtc 
Aorta, primary branches 
Trachea, number of r i n g  
Larynx 

structure 

let1 

left 
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Pharynx 
Epiglottis 
Thyroid g1ands 
salivary glnnds 
Tongue, length 
Nostrils 
Eye-lids 
4 e  
Pupil, form 
Lachrymal gland 
Ear 
Bmin, weight 
Spinal cord, length 
SUpra-renal 51nnd6 

I situntion 
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form, &c. 

length 

papilla, number nnd form 
Ureters terminate 

situation 

shnpe 

'6'8 { :Lure 
Vasa deferentia terminate 

size 

terminate 
size 

terniinate 
size 

Qwpe,*s glnnds structure 
tcrminnw 

length musclc 
1 

1 filoation, 
size 
shnpe 
Observations 
length of cornun -- of Pnllopian tubes - ofbody 
position 

brendth 
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length 
Oviduct form 

termination 

of air-sacs 
Peculiarities of muscles 

of glandular organs 

i 
Morbid appearances 

Calculi 
Entozoa 
Epizoa 

General Directions to be observed during a Voyage." 

The towingnets should be kept overboard whenever 
it is practicable, and the dredgc should be used perse- 
veringly in soundings. 

The anchor should be inspected as soon as it arrives 
at the surface, especially if the holding ground be 
mud. The finest shells have been lifted on the flukes 
of anchors. The cable should also undergo an exami- 
nation. 

Let the arming of the lead be narrowly observed, 
and let the men have orders to preserve anything that 
may be sticking to the arming, the lead itself, or the 
lead line. 

Floating masses of sea-weed, especially surg'gdSs6 
should be carefully searched; and if one of those 
tangled natural rafts, which are often carried adrift from 
p e a t  rivers, should be seen, it should be examined 
minutely, and the animals, plants, and seeds which it 
may be transporting to colonize some newly- formed 
island, should be preserved, if possible, or, at  all even@ 
accurately noted. 

Whenever a new marine species, or one whose habits 

* From 'Hints for Collecting,' &c., by Wm. John Broderip, 
F.R.S. 
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are unknown, is obtained, it should be placed in sea- 
water, and, if practicrtbl'e, a drawing should be made 
of it while yet alive, with a note stating whether it is 
gregarious or solitary-phosphorescent or not-and 
Giving the locality, the temperature, thc state of the 
weather, the depth of water, and the time where and 
when it was captiwed. The sea-water in which living 
marine animals are confined should be often clianged ; 
for it speedily becomes unfit for life. 

If a turtle (C/ieZone) bc takcn, the sliell should be 
examined for parasitic barnacles (C/ielonobia) and other 
adhesions. The specimens ought not to be scraped off, 
but the platc of shell to which they are affiscd should 
be taken out, and thc whole should be preserved to- 
gether. Whales should he searched for CO~O~~UZCL', 
%biciilelle, &c.: they should be left, as they are 
found, in the skin and blubber of the animal, and thc 
piece with its contents should bc plunged in spirits. 

The stomach and intestines of those fishes and birds 
which are killed during the voyage should bc inspected 
before they are thrown away;not only for the purpose 
of noting their food, but for the chalice of finding un- 
digested shells, &c., and in search of Entozoa. Thc 
feathe13 of birds should be examined with a view to 
ascertain whether any parasitic insects, any ova of fish 
or testacea, or any seeds of plants, adliere to their 
Plumage. Their crops will often be found stored with 
fruits and seeds, which they disseminate in their flight. 

Particular attention sliould be paid to the appear- 
ance of birds or insects, as well as to the directiori 
whence they Seem to come, with a view to the eluci- 
dation of their migration. 

By placing in the sea clean planks of wood, the rate 
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of growth of Teredo iiavalis, and of the Cirripedia, to- 
gether with the ravages made by the former in a given 
time, may be ascertained. Serpuke will probably be 
found on the board also, and perhaps other shells. 
This experiment should be repeated whenever ail op- 
portunity occurs, and in different localities and climates. 
Some of tlie planks should be painted, others covered 
with pitch, others studded closely with copper a d  
other nails, and some should be in their natural state. 

When on shore in search of tcrresbrial mozlusca 
(land-shells), the collector must not be content with 3 
close examination of the trunks, leaves, and sterns of 
trees and other plants, but must turn up all decayed 
vegetable substances, especially in nioist places, and 
there dig into tlic earth, more particularly about the 
roots of trees, and under overshadowing bushes and 
shrubs. Stones must be lifted, herbaceous plants 
must be pulled up and their roots inspected, and, if 
the boat’s crew bc at  hand, fallen trunks of trecs should 
be turned ovcr with handspikes. All ova milst be 
preserved ; and the height above the level of the sea 
at which the specimens were taken, and the plants OD 
which any of them wcre feeding, must be noted. 
the latter case thc plants should be prescrvcd in aa 
herbarium, and numbered as directed under the head 
of insects. 

Out, should be passed without examining the rushes 
and other plants therc growing, for fresh-water testace@. 
At the proper season their ova may be found adherind 
to living and dead stcms of plants, leayea, &c. 

No bird, insect, shell, or any other zoologica1 speci- 
men, should be neglected because i t  clocs not strike 

No boggy placcs, especially where streamlcts 
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the eye as beautiful, or because it is small and appears 
to be insignificant. Such objects are often the most 
illteresting. 

When a box or barrel of specimens is once securely 
Packed, it should nevcr be opened till it arrives at the 
Place of its destination. If it is wished to have a few 
duplicates at hand, for the purpose of exchange with 
o t h r  coIlectors who may be met during the voyage, 

specimens should be set aside for that purpose. 
All observations should be noted down whilc the im- 
Pression is warm; and, if possible, with the subjccts 
actually Lcforc the observer. 

When an animal is seen afloat, and is remarkablc for 
its tnagnitude or othcr peculiarity, and is not captured, 
Its nearest approach to the ship, its mode, coursc, and 
rate of progression, and the parts actually visible, 
should Lc noted a t  the time with the utmost accuracy. 
If the obscrver fecl conscious that he has not the zoo- 
l%cal knowledge requisite for determining the species 

the phenomena, he should abstain from giving thc 
animal any special name. A shot fired, if it do not hit, 
may so alarm the creature as to cause Some sudden 
movement wliich may reveal more of ita true nature. 
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SECTION XII. 

B O T A N Y .  
BY SIR WILLIAM HOOKER, K.H., D.C.L., F.R.S., &c. kC.9 

A S D  D r n E c T o n  OF TIIE ROYAL GARDENS OF KEW. 

BOTANY is n science which requires to be studied at 
home as well as in the field. 
highly desirable that persons visiting fore& countries 
should not orily obtain information on the spot respect- 
ing the plants and their iiscs and properties, but that 
they should transmit to this country ample collections 
of well-dricd specimens, with the rarer frui ts  and seeoh 

and all sorts of interesting vegetable products. By the 
latter expression we mean not only gums and resifl, 
hugs and dyestufs, but whatever may be remarkable 
of vegetable origin in food and clothing, f& building 
(the various kinds of wood), utensils, &e. We there- 
fore, first, offer n few plain instructions for collecti% 
and transporting plants in foreign lands. 

L i v i f y  Plants f o r  C'ultivation. 

Plants for cultivation in our European gardens may 
be introduced either as seeds, bulbs, tubers, cuttings, Or 

rooted plants. 
Seeds, bulbs, and tubers are easily collected, and 

as easily transmitted to Europe from very distant 
countries. The first (seeds) require to be gathered 

For this reason it 
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Quite ripe ; to be wrapped, a quantity of each, in dry 
and not absorbent paper, done up in a parcel, and kept 
if possible, wliile on board ship, in an airy part of the 
cabin. Bulbs and tubers should be taken up when the 
foliage has withered, and, if well dried, they may be 
Packed in the same way as seeds. 

C~ttin,p.-Generally speaking it is vain to attempt 
sending cutt ins  of plants to a distance : they soon 
Perish ; but this is not the case with the greater number 
Of succulent plants-those with thick and firm fleshy 
Stems and leaves. Such are many of the Cactus tribe 
in h u t h  Amerim; the various succulents of South 
Africa, u Aloes, Euphorbias, Stapelias, Mesembry- 
ualternums or Fig-Marygolds, the Houseleek kind, &. 
Many of the .Bromelia, or Pine-apple tribe, and the 
AYaves, or Am-yican Aloes, will survive a long time 
Q cuttings. The cuttings should be taken off, if pos- 
sible, where there is a contraction or articulation of 

stem, or at the setting on of il branch. The wound 
Ought to be dried by exposure to the sun ; aud all such 

lnay be packed in a Lox, with paper wrapped 
abollt them, or any dry elastic substance to keep them 

Rooted Plants.-Some few of these, namely, such 
are of a succulent nature, small Cactuses, Aloes, 

BrOmelias, Tillandsias, and Zamias, &c., and (which 
are now highly valued in European stoves) the various 
'P$hytes or Air-plants, those numerous orchideous 
P'WS and otllers of the Arum trzhe, which clothe the 

and branches of trees in tropical countries :- 
all these will bear a long voyage if removed with their 

and stowed in a box, like the cuttings above de- 
scribed, the larger kinds surrounded with dry straw, 

atead y. 

2 E  



418 BOTANY. [Sect. XI10 

But plants, in general, when taken up with their 
roots (and young ones should be preferred), can o d y  
be xxurely transported, placed in earth, in Ward's 
plant-cases, now generally known and most deservedly 
esteemed : these eases are glazed a t  the top or rod 
so as to  be in fact srnall portable gret?nhouses. The 
plants should be established in thc cases a few day6 
before sending them 0% secured by splines, so as to 
confine the roots in the soil in thc event of tlle bo% 
being overturned, and moderately watered. The lid 
is then fastened with putty and screws, and tIle c a e  
being placed on the deck of a vessel SQ a to be ex' 
posed to the light, which is an indispensable requisih 
will require no watering nor any attention (unless the 
glass happens to be broken) during the entire ~?oyage- 

On preserving Plants for the He&rium. 

This is by no means the difficult process which many 
have imagined. The object is to prepare specimenS 
in such a manner that their moisture may be quickly 
absorbed, the colours, so far as possible, preserved, @ d 
such a degree of pressure iniparted that they may Dot 
curl in drying. 

For these purposes provide a quantity of paper Of 

moderate folio size and rather absorbent quality-' 
brown or stout grey paper answers the purpose exceed' 
ingly well. The best of all, and it is not expensive' 
is Bentall's botanical paper, 16 inches by 10, which 
costs (folded) 15s. a ream ; or, if required Iarger, a8y 
be had, 20 inches by 12, at 21s.'per ream. It is sold 
by Newman, Great Devonshirc Street, 
Street, London. Two boards are requisite, of the 



bet. x11.1 BOTANY. 419 

size as the paper, one for the top, the other for 
the bottom of the mass of papers. Some pieces of 
Pasteboard (or millboard) placed between the speei- 
mens, if these are numerous or particularly thick and 
‘OQdy, are very useful. For pressure nothing is better 
than a hcavy weight on the topmost board, or, while 
% e h g ,  three leathern straps and buclrlcs, two to 
bind the boards transversely, and one longitudinally. 

provided, gather your specimens, if the plant be 
root and stem ; if large, take off portions of the 

branches, a foot or ratlicr more in length, always 6e- 
letting tliose which are slender and in flower, or in a 
more or less advanced state of fruit. Long slender 
p’anh, as ~russcs ,  sedges, and many ferns, may be 
doubled once or twice. Place them, as quickly after 

gathered as you can, side by side, but never one 
‘PoQ the other, on the same sheet of paper, taking 
care that one part of the bundle be not materially 
thicker than the other ; and lay over the spccimens one, 

three, or more sheeta of paper, according to the 
thickness of your paper and of your plants ; and SO on, 

above layer of paper and specimens, subjecting 1 
to pressure. In il day or two, according to ha 

‘Or@ or less succulent nature of the plants and the 
and dryness ofthe climate, remove them into fresh 

twice or oftener, til] the moisture be absorbed, “‘ dry the spare papers in the sun or by il fire for 
future use. 

If the specimens cannot be laid down as soon as 
gathered, they should be deposited in a tin box, which 
‘“deed is essential to the botanist when travelling; 
there they will remain uninjured for a day and night, 
8’p@abg the box to be well filled and securely closed 

2 E 2  
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to prevent evaporation. Some very succulent plants, 
and others with fine but rigid leaves-the heath and 
pine tribe, for example-require to be plul~ged for an 
instant into boiling water ere they are pressed. In 
this case the superabundant moisture must be absorbed 
by a cloth or by blotting-paper. 

When sufficiently dry the specimens should be put 
into dry papers, one sheet or folio between each Iayer 
of plants, except they be unusually woody (which is 
the case with oaks and pines), and then more papar 
must be employed, care being used to distribute the 
specimens pretty equally over the sheets, and thus 8 

great many may be safely arranged in a small corn* 
pass. They are now ready for transport, either packe d 
in boxes or covered with oil-cloth. 

Mosses and cryptogamous plants may be generdb’ 
dried in the common way: those whic]~ grow in tuft5 
should be separated by the hand to form neat speci- 
mens. Sea-weeds require a slight wahing in fresh 
water, and common blotting-paper is the best for re- 
moving the moisture from this tribe of plants. 

I t  is almost needless to add that all plants, whether 
living or dried, ought to be transmitted to Europe with 
the least poasible delay : the latter, especially in hot Or 
moist climates, are often soon destroyed by the depre- 
dations of insects. 

The above short instructions refer solely to the cole 
lecting and despatching living pkunts, and to dried,qe” 
cimens ; in other words, the means of furnishing OUT 

gardens and the herbarium. Another important branch 
of the science comes to Le mentioned, hitherto Wch 
neglected, but towards which travellers will do well to 
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Contribute-we mean tlie Museum of vegetable pro- 
ducts, or it may be called the ‘‘ Museum of Economic 
Bohy .”  Its design is to bring together in one spot 
and to exhibit those interesting vegetable products 

all parts of the world which cannot be shown in 
living plants of a garden or the preserved ones of 

an herbarium. The public may now see growing in 
Our Botanic Girdens tlic rare Lace-tree of Jamdca, 
the yet rarer Ivory Palm-nut of the Magdallena, and 

Cow-tree from tlie Caraccas. Tlie interest of tliese 
is greatly enhanced when, in the same establishment, the curious and beautiful lace of the first, the fruit and 
lvorY-like seeds of tlie second, and the cream-like sub- 
stance of the third, used us nourishment by tlie Indians, 
ciln be inspected. 

b o n g  the objects, therefore, which are to be c01- 
leckd for the museum are- 

1. ~ r u i t s  and seeds, especially those which are of 
large size and possess any peculiarity of form and ’ 

structure entitling them to notice, such as Pinecones, 
the vtirious fruits of palms, &c. &c. nlany of tllem 
are naturally dry, and require little care (except to be 
freed from moisture) previous to packing. Those which 
“@ about to burst open into valves, or to separate by 
their scales (Pine-cones and Aruuca~*ias), should be 
bound round with a little packthread. The soft and 

kinds can only be preserved in wide-mouthed 
or jam, or casks (according to size), in alcohol, 

’urn, arrack, or in diluted pyroligneous acid. 
2p PZowers which are very large or particularly 

‘@‘by, and therefore unsuited to the Hortus Siccus. 
should be preserved in dcohol or pyroligneous 

?‘ld- Among those which would be much prized are, 
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for instance, portions of the flowering branches Of 
Palms, &c., and the larger kinds of Orcltidmem. 

Many have a very 

or portions of the stem and branches, according to their 
size, with flower and fruit; such are the rare kinds Of 
Stapelias, Orcliidacea?, Misseltoe, Raf i s ia ,  Mesem- 
lyantliemum, Cactus, Apliyteia, Ba&yfrot.a, 8 8  

Parasites, and others of a similar sort. 
4. Trunks of trees, portions and sections, particuld'  

when they exhibit any remarkable structure, as Palms9 
iind many other monocotyledonous plants, Tree-ffls' 
Zamias, Cycas, and parasitical stems, when these latter 
display tlieir union with the tree whcreon they grow*, 

5.  Woods.- Specimens of the kinds employed la 

3. E?zti?-eplants, or parts of them. 
fleshy nature, and must be preserved whole in alcoho I 1 

commerce, for veneering, cabinet-work, or other Use ful , 
purposes ; or such as recommend themselves by 
I)eaut,y, Iiordness, or any other valuable quality. Spec'' 
inens of wood should be truncheons, five or six inches 
long, and of such diameter as the plant allows. Gene* 
rally speaking, it is advisable that asmall branch &le * d  
and pressed, with leaves, flowers (and fruit, if COD' 

proof of the precise tree or plant from which the ]atter 
is derived, and if not the scientific, the native name 
should be wri ttcn. 

6. G u 7 ~  and resins, crninently those employed in the 
arts or in domestic economy. 

7. Dye-stufs of various kinds. 
8. Medicinal substances. These are of vast 

l venicnt), should accompany the specinien of wood, 

portancc, and merit the attention of travellers in every 
country. With respect to many, it is not yct known' 
except to the natives who collect and prepare ttledly 
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I t  is 
hoped the present application may be the means of dis- 
Pelling this ignorance among scientific Europeans ; and 
that travellers will endeavour to procure the substances 
and well-dn’ed J&.wering specimens of the plants from 

. General products of veptables. It is extremely 
‘16Cu1t, perliaps impossible, to enumerate a11 of these 

a museum ought to contain, but the enliglitened 
baVeller will form a tolerably correct judgment. Such 
Os useful to mankind cannot fail to be interesting. 
It of course idle to exhibit cvery well-known ob- 
’% of this description, tea, sugar, cofec,  cocoa, chocolate, 
Paper, clot]&y, &c. ; but thcrc are states wen of these 
familiar substances whicli would prove both useful a d  
1n8trWive. The cane $ding sugar, for instance, is 

exhibited. Paper, again, is made from 
an infinite variety of vegetabIe substances ; and the 
‘lfepent sorts are we11 wort11 collecting, from that 

by tIie papyrus Of the ancielits (which gives 
the name) to  wllat is manufactured of the inner bark 
Of an East Indian Daphne (or Spitye-laurel), and 

from the pit11 of an unknown plant in China 
(the so-called lice-paper), or the leaves of a Palm in 
“&a, or straw in North Ameyica. Of all Such, the 

stages of preparation should be collected, not 
W objects of curiosity, but because they exemplify 

are the particular plants that yield them. 

they are obtained. 

the Progress of art and science. 

i~ question will naturally suggest itself to tra- 
veller not previously versed in the vegebble produc- 
tions of different parts of the globe, “ In  what regions 
can 1 most effectually serve the cause of botany ?” The 
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answer is ready : In almost every portion of our world 
the inquiring mind will find objects for study ; though 
assuredly the less the country has been tracked by 
Europeans and men of science, the more fertile it may 
be expected to prove in novelty. But even where the 
coast has been visited and tolerably accurately investi- 
gated, the interior, especially if mountainous (and the 
loftier the mountains tlie more varied tlie vegetation), 
will afford an ample field for research. Even wit11 
regard to many frequented spots it lias been truly oh- 
served that few persons visit them “with their eyes 
open.” Thus, while some travellers boldly assert that 
the vicinity of Aden is utterly destitute of vegetation, 
others have detected plants of very peculiar structure, 
and iidniirably adapted to such a locality.; and 
estimablc naturalist, Pakenham Edgewortli, Esq., 
actually published a F/oruZu entitled 6 Naif an IIour’s 
Botanizing Excursion at  Aden,’ giving an account of 
forty species gathered during that brief timc, eleven of 
which are considered new to science ! 

One has only to glance at a mnp of the world, and it 
will be instantly seen that much of it is unknown alike 
to the botanist and the geographer. The extensive 
interior of South America, particularly towards the 
sources of the great rivers, the deserts and mounta;n- 
chains of Africa, the table-lands of Thibet, with the 
northern declivities of the I-Iirnalayan Mountains, the 
Chinese dominions, and many of the numerous islands 
of the Mulayan Archipelago, are still a tcrru iwWlita 
to the naturalist. But it is iiot to such little traversed 
realms alone that we need look for new and interest@ 
vegetable productions, particularly of the more usefu’ 

d kinds. The remainder of this article shall be devote 
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to a inention of some of the many plants, or peculiari- 
ties relating to the substames* derived from them, 
which are yet unknown, or very imperfectly known to 
US, albeit they come from frequented lands. W e  shall 
arrange them, according to their countries, as follows : 

ASIA (includin.9 Australia). 

[N.B. Being sent by way of the Red Sen, it may be remarked that 
some of the products, enumerated under this head, are derived 
from Abjssinia, Arabin, or the Enst const of Africa.] 

Ammoniacum.-Determine the true origin of this 
Gum-resin by specimens of the plant yielding it in 
Persia, forty-two miles south of Ispahan. Another 
kind is equally worthy of inquiry from Xorocco in 
Africa, with the gum-resin and exact locality. 

Snyapenum.-A gum-resin : its source ? It is said 
to come from Persia, and to be derived from a Ferula. 
Specimens of the plant with the gum-resin which it 
affords are desirable. 

Galbanum.-Whence obtained ? I t  is brought to US 

fiom Singapore and Persia. 
Gamboge.-Specimens in flower, and fruit of the 

Plant afiording the gamboge of Siam, and the mode of 
extracting this and other kinds of gamboge, such as 
that of Ceylon, k c .  

Ammi Gum, or Pi~iey Varnish, said to be produced 
Vateria Indica. 

Copal.--The origin of this gum-resin in India ? 
Bdellium.-The source of the Persian and African 

false mywJts of this name, the localities producing 

. ' For much of this Cntnlogue of Desidernta nnd Inquirendn I am 
'Pdebt@d to notes from Dr. Roylc, Dr. Pereirn, und Dr. R. D. 
Thornson. 
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them, the native names, and specimens bot11 of the 
products and the plants. 

Olibanum.-The above remarks apply to Oliba- 
num. 

Elemi.-The source of the five varieties of Elemi, 
viz. :--1. I-Iolland Elemi. 2. Brazilian Elemi. 3. 
East Indian Elemi, in bamboos. 4. Manilla Elemi ; 
and 5. Mexican Elemi. Samples from the various 
countries, with the plants and native appellations, 
should be transmitted for verification. Is any EZed 
procured from Ceylon ? 

Tragacant?L.-The tragacanths of Mount Ida and 
Mount Libanus have never been correctly traced to 
the plants which yield them, nor has Tournefort’s 
relation of the formation of this substance in the bark 
been confirmed. It is still more important to ascer- 
tain if the tragacanth of Erzeroom is brought 
British commerce, and whether it is yielded by the 
A~tra~galus stroliliferus. 

Xenna.--The source of the East Indian or Mocha 
Senna. 

Catechu.-To observe the processes by which the 
various kinds of Catechu, Cutch, Terra Jaiionica, and 
Gambir are obtained ; and if from trees, whether from 
others besides Acacia Catechu, Areca Catechu, and 
Uncaria Gambir. We want to identify the trees with 
the respective extracts. 

Cubebs.-Does Piper Cubeba or P+er caninum in 
Java yield cubebs 1 

Cassia.-Botanical specimens of the plants see* to 
yield Cassia barh in Kwagse, China, Malabar, Egypt 
(and Brazil). 

Cassia-buds of the grocers’ shops.-To procure SPe- 

If both, which gives the best? 
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CiQens of the bark in Cochin-China and Japan, and 
*Owering specimens for the Herbarium. 

fikbarb.-The true source of the various sorts of 
medicinal rhubarb, especially of the Chinese rhubarb 
'old a t  Kiachta to the Russians, and of that exported 

Strange to say, we are still in the 
dark respecting the real origin of this most valuable 
drug! In  this and all such cases the drug should 
be procured by one who is an eye-witness to its being 
gathered, and specimens of the foliage and fruit 
should accompany it, and be carefully dried for the 
Berbarium on the spot. 

Arrow-root.--The sources of the East Indian arrow- 
root. 

8aZep.-The different plants which yield salep in 
Asia Minor, Persia, and Cashmere, and especially the 
\lest kinds. 

Aloes.-The true sources of the Socotrine, Bom- 
bay, Ncpatic, East Indian, and Mocha Aloes. 
, Minia Batta, or Stone Oil, from Borneo.-Whence 
Is this solid oil or fat obtained? Is it abundant or 
fare ? 

Gutta Perc/~a.-That of Singapore is ascertained to 
the product of a new plant, Isonandra Gutta of 

Rooker, in the 6 London Journal of Botany,' V O ~ .  vi. p. 
331, 463, tab. 17. The appearance of the inspissated 
6um which is imported from Borneo under that name 
indicates a different 8ource. Other Malay islands are 

to afford Gutta PercAa, but probably from yet 
other plants, This should be iuquired into : the che- 
mical charactera of the juice in a fresh state should be 

Green Tea.-Is indigo or any other vegetable dye 

Canton. 

It is made largely at  Travancore. 

and compared with those of caoutchouc. 
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actually used to eolour the green tea in the northern 
provinces of China ? Specimens of the plant and dye 
SO employed are desiderata. Is turmeric or any yellow 
vegetable dye used in conjunction with it, or wid1 
Prussian blue ? 

Japan Wax.-The true source cif this wax. 
AssdEtida.--From what umbelliferous species is 

this extracted, and how ? Does the same species yield 
the Tear Assajktida and the lump ? Specimens of the 
one or several assafatida plants should Le procured, 
with the gum-resin produced by each species. 

Patcliuouli, or PuchCi PLit.-A well-known perfume, 
of comparatively recent introduction to Europe. I t  is 
referred to a plant now described by botanists under 
the name of Pogostemon Putclcaouli; but we are ig- 
norant of the mode of its preparation and the exact 
locality wliere it is produced. 

Sago.-Is Japan Sago from a Cycas, and what 
species? Also specimens of sago in direrent stages of 
manufacture, with the trees yielding them, from the 
various parts of the Indian Archipelago ; so that we 
may identify thc particular kinds of sago yielded by 
the several sago-palms. Is the Ceylon sago the gra- 
nulated pith of the talipot-palm ( ConJpha umbram- 
lifera) 3 

Scunimotiy.-Particulars of the manufacture-or, to 
speak more correctly-the adulterution of ScanirnonY, 
carried on at  Smyrnii. Wliat is the purgative resin 01' 
gum-rcsin (if any) which is added, with the view Of 

increasing the bulk and the medicinal activity of the 
mixture ? 

Camphor Oils.-There are two sorts : one, brought 
from the East, does not deposit crystals by keeping; 
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the other does. Is the former the produce of Dryoba- 
'anops camphors? I€ so, what is the source of the 
latter? Is it obtained from the foliage of Laurus 
campJlora ( Campiiota oficinarum, Nees), or is i t  an 
artificially manufactured article ? The camphor which 
It deposits is common camphor. 

&o.-All particulars of details about the manu- 
facture of East Indian Kino (Pterocarpus Marsupium) 
are desirable. 

Turmeric.-The several commercial sorts of tur- 
meric differ so much in external character as to throw 
doubt on the identity of their origin. Are they not 
the produce of several species of Curcuma? JVell- 
dried specimens, accompanying the root, should be 
Iransmitted from different parts of India. 

The Grass-Oils.-The grasses used in India for 
a@ording the oils importcd as grass-oils, lemon-grass 
Oil, and essence of verbena, or verbena-oil, to be ascer- 
tained, and samples sent home, with details of the 
manufacture. 

8toraz.--The source of liquid Storax is doubtful. 
By some it is said to be the produce of a species of 
tiquidambar, which grows in Cobross, an island of 
the Upper end of the Red Sea ; by others it is referred 
to S t p a x  o$icinale. Is it identical with the Buclmri- 
Jag ( f i o o x o ~ e l )  obtained a t  Cos and Rhodes from 
Styrax officinale ? 13oiv is styrax calamita prepared ? 
All the cominercial sorts of Storax are imported into 

Adelaide Re,yin.-JVhat is the source of the red 

(N.B. The  various gums yielded by many trees and 
barks affording tannin in Australia require carefd in- 
"estigation.) 

by way of Trieste. 

from this colony of South Australia? 
, 
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Is the true cinnamon of Ceylon the production of 
one species, or are other kinds employed? 
occasions the red colour of the oil of cinnamon from 
Ceylon ? 

Tacamaliaca of Ceylon.-Specimens obtained from 
Calopliyllum Inopltyllum are desirable, in order to aid 
pharmacologists in accurately determining tlie Tarn- 
mahaca of European commerce. 

Ceylon (Loy or Wild) Cardamom.-What is the 
plant so called in Ceylon, and named by Mr. Moon 
Abin ia  Giqanum Paradisi ? 

Rice-paper of China.-This has been incorrectly re- 
ferred to tlic Shola (Bschynomme asperata) ; but We 

are still quite ignorant of the origin of this familiar 
and exquisitely delicatc substance. It is the pith of 
some plant, but what? It has lately been stated to be 
prepared only in t,he island of Formosa. 

AFRICA (including Arabia and Ahyssinia). 

Cape Aloes.-What is the particular species of Aloe 
affording the drug of this name? JVhat is the kind 
used at Bethelsdorp, near Rlgoa Bay ? 

Madagascar Cardamom.--Is it Amomum angust@- 
Zium 1 Is it the Korarima 1 Specimens of the plant 
and fruit should be sent home. 

Korarima.-A large kind of cardamom, or aromatic 
fruit (an Amomum ?), found in the markets OfSlloa but 
probably the produce of a country farther to the West* 

Scitamineous Fruits of Western Africa.-A full 
collection of these (comprising the various kinds of 
cardamom), the plants, with roots and fruit, should be 
transmitted home, with the native names appended to 
them. 
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&~rrI~.-1s the myrrh of commerce produced by 
‘ne vegetable species? or several? I f  by several, 

of each kind and of the plant affording it are 
desirable, accompanied by the native appellations. It 
is particularly important to know whether the myrrh 
Of commerce be the growth of Arabia or of Abyssinia 
‘&l the adjacent parts of Africa. 

Euphorbiurn Gurn.--What is tlie species of Eu- 
Phmbia affording the substance thus called in com- 
merce, and which comcs from Mogadore ? The stems 
found in the commercial Euphorbium are not those of 
the plant figured in Jackson’s ‘ Morocco,’ nor those 
Of Euptiorbia ofleinurum. 

8f ioa Butter.-Living plants and spechens in flower 
and fruit are required. 

Galam Butter.-Is this identical with the Shoa 
butter of Park ? 

Can~wood.-The source of tlie dye-wood so called, 
from the Gold Coast, with specimens of the trec, are a 

Buck?‘ of the South-.African I-Iottentots.-To deter- 
mine the different kinds collected by the natives. 

8enm.-Wat  plant yiclds the African Senna? 
Richardson says it is brought from Ghat, in the 
Sahara. 

African oak,  or African Teak-This Wood, though 
largely imported by our royal dock-yards from the 

coast of Africa, is but imperfectly known bOtR- 
ni%lly, and well-dried flowering specimens are much 

Ichaboc &&.-The Tchaboc ships did, on more 
than one occasion, bring from the adjacent shores of 
Africa a pm-resin, constituted of the dead stems of a 
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Gmanium, allied to, if not identical with, the South 
African Geranium spinosum * of Linnzus  momo on^ 
Burmanni, D. C.). An account of this substan@ 
appeared in ‘ Eden’s Voyage in search for Nitre and 
the true nature of Guano. London, 1846.’ None is 
now to be procured in England, and it is believed that 
the nature and property of this singular gum-resi” 
were not examined. Perfect specimens of the gum- 
resin and the plant are desired. 

N.B. Much information remains to be obtained re- 
specting the useful woods, gums, dye-stuffs, &c., Of 
western Africa. 

AMERICA. 
Sar.raparillu.--To ascertain the plants yielding the 

several sorts of commerce, especially those called JamsiCa 
Sarsaparilla (said to be the produce of the sliores of the 
lagoon Chiriqui in Costa Rica, and to be brought to Eng 
land vi6 Jamaica.), L ima Sarsaparilla, which co1nes to us 
from Costa K c a  and othcr places (can this be extracted 
from the plant which yields tlie Jamaica Sarsaparilla ?>, 
Honduras Sarsaparilla, and the Brazilian Sarsaparillu* 

Balsam o f  Copaiva is imported from several parts Of 
Brazil : it varies somewhat in properties, and is COD- 
sidered to be the produce of several species of the 
genus Copaijb-a. 
of each species, with a specimen in flower and leaf’ 
and, if possible, in fruit, of the tree affording it, 
the namc of the district where the tree grows, and Its 

native appellation there. 
Balsam o f  Tolu.-It may be said of this balsam, ’’ 

It is desirable to obtain the 

* Dr. Pereira states that the resin he has examined from 
country is from the stems of Ceradia furcnta. See Phe~Rceu6ca’ 
Journal, v01. v. p. 366. 
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Colioon Oil.-The source is unknown of this solid 
oil, which resenibles that from the cocoa-nut: it js 
said to be extracted from an Attalea (a kind of Palm) 
in Mexico. 

Many gums and drugs are said, in ‘Edward” 
Voyage up the Amazon River,’ to be exported frora 
Pard in B r a d .  Whither are they sent P TVhat are 
they ? 

By this list of Inquircnda it will be seen that they 
principally refer to the productions of warm and dry 
climates, where indeed the most valuable vegetable 
substances are found. Temperate regions, 11o~eV~~’ 
afford ample scope for the rcsearches of an intelligen t 

naturalist. I n  every couiitry, too, certain localities 
offer peculiar facilities for tracing t11e articles of corn’ 
merce to their sources. Such are the CapitaIs aad 
principal sea-ports : ~ t i o  Janeiro, for example, for the 

North-IVcstern Africa : and s i n p a  for Asia. Mjnor’ 
‘rhe rich products of Eastern India find theit* Way to 
Europe by various channels, especially Calcutta 

Levant or Trieste, but much the greater quantity by 
Aden, Mocha, and, above all, Madras. The latter 
places arc also frequently the outlets for the pro(luc’ 
tions of Persia, Arabia, Abyssinia, and the east cosst 
of Africa. Again, at Kurrachce, aiid probably better 

the articles brought down that river, and whic11 
highly important to be ascertained, may probablY be 
had. Travellers, who visit the localities where any 
interesting vegetable substances abound, will confef ’ 
great service upon science by procuring not only these 

And what are the plants which yield them ’? 

products of Brazil; Senegambia for the interior Of 

Ceylon ; those of North-Western India, some bY tb* 

a t  Hyderabad, Dr. Royle states tllat a detailed ]ist of 
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but the identical plants from which they see 
And it is desirable to do this, even in 

t’le %e of common and well-known productions, for 
of them need to be verified, and to have the 

‘Pinion of preceding observers confirmed. I t  is only 
this means that wc shall become acquainted with 

the African Oak or Teak, and with the various kinds 
Of Cinchonas or Medicinal Barks of Peru. Of the 

affording the latter, we are as ignorant as when 
invaluable medicine was first introduced into 

‘Europe by the Jesuits in 1G32. It is a frequent and 
subject of regrct, that naturalists who make col- 

lections in remote and little frequented countries, are 
apt to neglect the procuring of authentic spccimens of 
the more useful plants for the Arts, Medicine, and 
’Omcstic Economy. 

It is difficult to recommend botanical books, useful to 
an Universal traveller, and which sliall form a portable 
’lbrQy. Many of the best collcctions of plants have 

made without books ; and, unfortuntltely, there is 
De Candolle’s ‘Pro- 

d ’ ~ ~ u s  Systemat is Naturalis Regiii viyetabilis ’ is tlie 
best, and it is advancing towards a termination ; ana 
‘Qlpers’ 6 Rv;pertot.iuni k?otanices &stematiCcc,’ toge- 
tllep with ]lis Annales Botaniccs Systematics,' consti- 
tute a valuable supplement to it. ~011’s  Dictionary 

Botany ’ is useful, SO far as it goes : 
, It is in 4 vols., 4to., publisl~ed at  141. Ss., but now 
’‘:red by many booksellers a t  11. 8s. ! Dr. Lindley’s 
varWs introductory works on Botany ought to be in 
the hand of every student, and, above all, his ‘ nge- 
table .&&$om,’ 6 Loudon’s Zmyclopccdia of Plants,’ 
’it6 its numerous woocl- cuts, is an excellent travcl~ing 

collected. 

Complete work published. 

‘%rde&y 

2 P 2  



436 BOTANY. [Sect. %II# 

companion. And for any particular country it is de 
sirable to ascertain the books that may happen to 
describe the vegetation of it. They are too numerous 
to allow of a list being here given. 

A P P E N D I X .  

Q x t m t  of a Letter to Capt. W. A. B. HAMILTON, R.N., ScretaW to 
the Admiralty, on the collection of information respecting Fore@ 
Timber useful for Naval and other purposes, from A. P. 
CREUZE, Esq. (I’riucipnl Surveyor at ~loyd‘s), dated ~ l o j r d ’ ~ ,  2, 
White Lion Court, 26th January, 1848. 

A QOOD account of the timber-produce of the world, or nt.leSt ofou r 
own possessions, j s  greatly wanted. Timber for masting and ship- 
building purposes is nnnually becoming more smrce. ~n proof ’‘ 
this assertion, compare the ease with wliich large topmasts could be 

to 35 yenm ago, with the preseut difficulty ; or, compare the present 
~ ~ p p l y  of trees, which will convert for maill piems of rudder, SW”’  
posts, stems, floors, second futtocks, &c. of large ships, with tbnt Of 

those years. I might multiply instances, but these will suffice 
illustration. 

The “Memorandum” should, I submit, cull the attention ofnsvd 
officers, especially those of surveying ships, to the timber of 
country which they visit. They should be instructed that whenever 
they meet with timber which they consider available for the Dsvnl 

service, or generally for ship-building purposes, they nre to Procure 
information upon it ; to the nature of wkicll information the fO1loW* 
ing heads may serve as some &uide :- 

The average contents per tree, oiltained by measuring, say ten trees 
which have apparently attained the perfection of their growth* 
is, are of the average size, without evident dewy in the trunk 
main limbs, and of which the foliage exhibits in every part 
freshness. 
called ‘ IIoppus’s Measurer.’ 

- 

got at the time of my early service in Iler fifnjesty’s Yards, Say 25 

The method of measuring msy be obtained from 

The average distauce from the ground to the lowest branch. 
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The diameter of the trunk below and clear of the insertion of this 

rough sketch of the growth of the main stem, and of ten or 
feet in length of the principal limb's. The example selected 

for the sketch should be the tree which will give the best idea of the 
gcnera2 growth of the timber. 

A 'Pecimen of the flower and of the foliage. The first may be 
by placing it stem downwards in a jar partially filled with 
(not from salt water, unless, previously to being dried, it 

has been thorotighly cleansed from salt), and then gently filling UP 
the jar with fine dried sand till the specimen is completely covered ; the 

. The fruit, or seed-vessel, which may be preserved according to 

from the trunk of a tree, say six inches in thickness (like 

If ~ o ~ i b l e  tile specific gravity or Weight of a very exnctly cut 
foot of the peflect wood of the tree tnken from the butt end, 

Of mother cubic foot taken from the top end of the trunk, when 
felled; these weights marked upon the specimens, and the 

*ci'%8 brought home to be ngnin weighed nnd measured when 

nature of the soil in which the trees apparently flourish most, :" be ascertained, are such as grow 

ohservntions ns to the appearance of the d e a y  in any 
Ofthe species which may have $Allen, and may be lying about 

(learing ; also, if the country be inhabited, the low1 uses to which the is put, and the state of any of it which Can be ascertained lo hen in long use for any purpose mliicli is in  its nature 
to the durabilityof timber, as alternations Of exposure 10 wet 

as to the probable supply, and Of the facilities Or 

o'berwise afforded by the nature of the country for conveying the 
lo@ to water-carriage. 

of the particulars required under these lieads would 
a correct judgment to be formed of the nature of the timber, 

%d Of tbc purposes for which it might be available, and therefore, 
it would be advmugeou6 to import any for Her bfnjesty'e 

@rviw. 

branch, and the diameter above and clenr of the swell of the roots. 

niny be placed between the leaves of a blotting-book. 

aature. 

a Cbecse), with the bark and all perfect. 

'@sDoed. 

the weeds, so faras 
or dry localities. 

dry. 

A 

1 am, my dear Sir, 
Yours very sincerely, 

AUOU~TIN P. U. CREUZE. 
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SECTION SIII. 

E T H N O L O G Y .  
IJs the lnte J. C. PRICHABD, EsQ., M.D. 

THERE are few subjects that can engage the &dot’ 

which any additions to our previous stock of inform” 
tian will be more generally appreciated, than ethnolo@ 
Under that term is comprised all tllat relates to humen 
beings, whether regarded as individuals or as m e d e f l  
of fmiliCS or communities. Thc former head in- 

’ of the peculiarities of his bodily form and constitution’ 
as h e y  are displayed in differcnt tribes, and under 
different circumstances of climate, local situation’ 
clothing, nutrition, and under the various conditio?s 
which are supposed to occasion diversities of orean’ 
developmcnt. 
wide sense, comprehend all observations tending to 

and moral faculties, the sentiments, feelings, acquired 
habits, and natural propensities. To the second 
division of this general subject, viz., to the history Of 

man as a social being, must be referred all ob@‘:’‘ 
tions as to the p r o p s  of men in arb and civilizatJon . 
in different countries, their laws and customs, institu- 
tions-civil and rcligious, their acquirements and tr’’ 

of intelligent t r a v c h s ,  more wortliy of interest, or on 

cludcs the physical history of man ; that is, an B C C O ~ ~  t 

C 

The same expression may also, In 

illustrate psychology, or the history of the intellect“ d 
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‘‘ions, literature, poetry, niusic, agriculture, trade 
and commerce, navigation ; and, which of all things 
“o& the most important aids in all researches as to 

origin and affinities of different tribes or races, 
their languages and dialects. 

On almost every topic now enumerated our ac- 
quaintance with remote nations is a t  prcserlt much 
‘ore extensive than it was a quarter of a century ago ; 
but on a11 it is still very defective. We shall toucl1 
upon the different subjects of this investigatiol~ in a 

brief manner, with a view to point out what 
to be done in each particular, and to offer 

suggestions as to the best method of proceeding. 

I. Of the Physical Ciiaractars of Nations. 
The physical description of any tribe or race rnust 

“rnmence with an account of the more striking and 
o b v i o ~ ~  characteristics of complexion, features, figure, 

reference to the complexion or colour, it is not 
to know generally whether i t  is black or white, 

Or brown. The exact shade of colour should be de- 
scribed as it prevails in the majority of pcrsons in any 
tribe, and all the variations should be noted whicli 
occur in individuals, I f  a great difference of colour 

be observed in the people of thc same com- 
care should be taken, by repeated inquiries, 

to ascertain, if possible, whcther such diversities are 
merely accidental varieties, or are connected with any 
Qtinction of tribe or caste. In many countries tribes 
e% Who, while they preserve their stock distinct, by 
avoihg intermarriages, continue to differ from each 
Other in colour and other particulars ; though in other. 

stature. 
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instances great varieties are observed witl~in the limits 
of the same race, which appear as if  they were caPr” 
cious and accidental deviations, analogous to those 
varieties wliich appcar in cattle and other domest1‘ 
animals. A carcful inquiry as to the history of indi- 
viduals and families will sometimes determine 110s far 
the phenomena alluded to may be referable to either 
of these observations. 

The shape of the fcatures and the form and ex- 
For 

this purpose words afford but very imperfect means Of 

communicating correct ideas. It will be advisable 
all instances to obtain, if possible, correct portraits Of 

persons of both sexes, and these should be coloured 

the countenance. If no artist silould be present who 
is capable of taking a likeness, the form of the features 
may at  least be describcd by a profile or shaded out’ 
line. 

The colour of the eyes should be noted, as well 
the direction of the cycbrows ; whether oblique, a9 in 
the Chinese and some Tartar races, and standing 
wards towards the temples, or straight and parallel to 
the margins of the orbits, as in most European heads* 

‘rhe hair, whether woolly and crisp, or curled and 
wavy, or straight and flowing, should be described, and 

any varieties of the hair which O C C ~ I ~  in any particular 
tribe, thcre being great varieties in the nature of the 
hair in  some races, while in others it is nearly unifora’ 
Its colour should also be remarked. 

An account should be taken of the average sbtfle 
and weight in both sexes. Thb can only be o b i n e d  

Pression of the countenance should be described. 

as to reprcscnt the complexion as well as the form of 

specimens obtaincd of it. Notice should be take” of 
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b ? the actual measurement and weighing of a COD- 

'lderable number of individuals, and the number and 
@'tent of the measurements should be mentioned. 
The Proportional stature of the diff'erent sexes differing 
ln di&ent races, an account should be taken of this 
fact* 

%e proportion between the length of the limbs and 
the sternum, and the height of the body and the 
breadth of the pelvis, should be ascertained, and the 
""6th of the fort-arm in proportion to the stature of 1 

the body. This is known to be much greater in some 
races than in others. 

Particular attention should be paid to the shape 
and relative size of the head, since this forms one of 
the principal characters distinguishing the several 
tPjbes of' the human family from each other. The 
roost authentic testimony in regard to this particular, 
?d one which will be very acceptable to scientific men 
ln country, will be afforded by bringing home a 
mllection of skulls, if they mi1 be procured. In  that 
case it would be necessary to select those skulls for 
specimens which afford the best idea of the prevailing 
fob of the head in the particular tribes; and if 

fornis are observed in any race of people, 
"ich is the case in Some islands of the Pacific Ocean, 
specimens should be sought which serve to identify 

leading variety. If skulls cannot be procured, 
the b a t  substitute will be casts of heads. Failing 

it will be requisite to take measurements. Such 
'@&urernents should state the proportion betwcen the 
10n&tudinal and transverse diameters of the skull, 
''& will show whether the skulls of the tribe belong to elongated form or to a rounder one. The facial 

Extreme cases should be noticed. 
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angle may also be taken, formed by two lines, one Of 

which falls from the forehead slanting over the edge Of 
the upper jaw-bone, and the other passing from the 
meatus auditorius to the basis of the nose. The 
breadth of the face should also be taken by measwin6 
the space between the zygomatic arches. In  well- 
formed heads of the European type, the lateral surfaces 
of the zygomatic arches are parallel to the temples Or 
the lateral surface of the frontal bone; so that the 
breadth of the forehead above the eyes is equal to the 
breadth of the face froin cheek-bone to eheek-bonet 
measured by a line passing across the bridge of 
Dose. But in the Turanian type, common to  the 
Chinese, Mongolians, and other nations of I-Iigh Asia, 
the forehead is so much more narrow than the face as 
to &e the upper part of the head almost a pyramide1 
form. An account should be hken of these chorec’ 
teristics, which most obviously distinguish the High 
Asiatic from the European type, and likewise of the 
extent of the upper and lower jaws, an excess of d l c  ‘ h  
is the chief peculiarity in the head of the Negro, and 
of other races approaching the Negro type. The Ova*, 

pyramidal, and prognathous types, as above describe d ’ 

the human head, but, together with the description Of 

these characters, notice should be taken of every Pecu- 
liarity that can be detected on a careful inspection Of 

the cranium, or of the heads of living persolJs) When 

skulls cannot be obtained. 
Observations on the form and structure of the body 

should be followed by inquiries which belong to the 
department of physiology, which includes all that 
relates to the functions of life. 

constitute the three leading varieties in the form of 

Under t l k  head 
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'ut mention inquiries respecting the senses or sen- 
faculties. It is well known that there are 

'lff'rences between the different tribes of men in 
to the perfection of these faculties, and that 

of the nomadic nations of High Asia, for ex- 
ample, have a remarkably acute sight and hearing, 

other nations are equally noted for the perfection 
Of and smell. Observations on these particulars 

Attempts should likewise be made to obtain in- 
formation as to the relative degrees of muscular 
strength in various races. An instrument invented 
for this pnrpose ha3 been termed the dynamometer. 
If it should not be at hand, the same purpose may be 

by experiments showing what weights a 
given nurnber of men can raise by their individual 
efforts. 

Other physiologicaI characteristics should l e  in- 
?tigated when opportunity can be found of obtaining 
lnforrnation that may be satisfactory respecting them : 

are the average length of life in any tribe ; the 
'6eS of puberty and of the cessation of child-bearing, 
abd all other facts connected with the animal economy, 
such 89 the number of children in families. lTarious 

questions have been raised by physiologists a~ to the 
Phenomena connected with the functions of the female, 
whether they are subject to similar laws in tho dif- 
ferent races of human beings ; and althongh, gel~erully 
'Peaking, tjlc result of such inquiries has been to show 
that no important difference exists, it  is still right to 
?r5ue the inquiry in regard to newly discovered 
"bes, Whenever opportunity is afforded by t h  acci- 
dental residence of medical persons in any place, or 

to t,he physical character of each tribe. 
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other contingent causes may promise to afford accurate 
results. 

Pathological observations are nearly connected wit]’ 
physiology. I t  behoves the traveIIcr to collect what- 
ever information he can acquirc as to the diseases 
prevalent in any tribe of people, or among the in- 
habitants of any country which i t  is his fortune to 
explore. 

11. Characteristics of the State of Society, @c. 
Questions which have regard to men in their social 

state, or as members of tribes or communities, 
much wider scope than the personal history of indlvl’ 
duals. The ordinary habits of life, and the modes Of 

obtaining subsistence, are thc first topics that present 
themselves when we proceed to this branch of the sub- 
ject. The rudest or most simple stnge of human 
society is not without its appropriate arts. Some of 
these indicate as much enterprise and ingenuity, and 
88 great activity of tlie intellectual faculties, as the 
practices of more civilized men. People who subsist 
on the sponbncous fruits of the earth, without pasture 
of cattle or cultivation of the soil, must exercise great 
ability in merely obtaining the means of subsistence. 
This is called the hunting state. It is not always& 
primitive condition of men. The history of the South 
African nations proves that tribes of people may sink 
into i t  from a higher st&. The Bushmen Once 

resembled the pastoral Hottentots : and even the 
African bushmen, xj well as the Australian savages 
and the most destitute of the Esquimaux and other 
American tribes, display a8 much ingenuity in follow- 
ing their respective pursuits as nations of much more 
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refined and artificial habits of life. The arts and 
of nations in this state form an'intercsting 
in the history of mankind, and in the ethno- 

Races inhabiting high steppes and open plaius, such 
Great Ta rh ry  and the plateau of Southern Africa, 

are geiierally nomadic herdsmen. Their habits of life 
8pe very different from those of the hunting tribes, 
and many of them differ from the latter in physical 
Organization. The postoral nations, wandcring through 
'Pen plaiiis and enjoying a life of leisure and contem- 
plation, have cultivated astronomy arid a siriiplc kind 
pf Poetry. Their history presents features of great 
interest to those who have opportunities of observing 

Some of the rude and hunting nations have prac- 
tised agriculture to s limited extent, but this pursuit 

Precluded by the locomotive habits of the nomadic 
The indolence of savages generally throws 

this labour, as is well known, on the females of the 
tribe. In tliis state of things hunting continues to be 
the main occupation, and the habits of the tribe are 
not greatly changed by the introduction of a scanty 

But \ylien the cultivation of the soil becomes 
chief means of subsistence, the people must cease 

to be hunters or wandering herdsmen; t h y  become 
on particular spots, and sepnrated into small 

''rnmunities. Hence agricultural tribes differ from 
each othcr in larlguage, and likewise in physical cha- 
racters, more than the nomadic races. It iS highly 
desirable to inquire in every country into tlie facts 

wit11 tllis transition, and to observe how far 
the introduction of agricultural habits has beeii con- 

graphy of particular branches of the human family. 

them. 
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nected with agrcstic slavcry. Tlie c]lange from the 
free and wandering lifc of pastoral nomadcs to the 
toilsoiiie drudgery of the agriculturist is so p e a t  a 
change, that it has probably never taken place except 
under circumstances of peculiar kind. The earliest 
agriculture of most countries appears to ]lave beeD 
conncctcd with slavcry. In  many places t11ere were 
6‘ ahtricti glebac;’ w~io performed tile laborious part’ 
In  many instances these wcre a conquered people 
reduced to the condition of serfs. Such were the 
Sudras of India, conqucred by the tdce-born clmeS* 
7’he Helots of the Spartans, and perhaps the ~EWPY’ ’  
of the Egyptians, were thc descendants of captives. In 
every country where the soil is cultivated, &s it OfED 

is, by a particular tribe, it will be advisable to make 

these the traveller will often find itlc descendante Of 
aboriginal inhabitants, the genuine people of the laud, 
and among them he will discover t l ~ e  allcient a i d  Pn7’ 
mitive language of the country, while the lords Or 

feudal masters of the soil, the doininant people, will be 
found to be merely late immigrallts froin some forei@ 
country. 

‘The methods of agriculture anywhere practised 
should be noted, as well as the kinds of grain dJiCh 
are found to be in use. The whole of the esculent 
plants used by any tribe of people should be described* 
Few races of men, however rudc and i n s u l d d  
the rest, of mankind, have been found without SolDe 

exotic vegetables. It has heen observed that the*’e is 
scarccly a hamlet in tlie most inclement parts of Lap- 
land where some garden-plant may not be discover: d 
which has been imported from places of more PJd 

wxurate inquiries into the history of such races. l o  
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The esculent plants in the possession of any 
and secluded people may often afford a clue as 

also has been thrown on this subject by the 
of instruments used in agricultural works. 

Notice should be taken of the forms of the plough and 
Of the different instruments used in tillage, and of the 
,peculiar methods of cultivation anywhere found to be 
‘n use, 

‘The mechanical arts practised by various nations 
are to be carefully observed, such as their preparation 
Of Clothing, their architecture, or the manner in which 
t’leY construct their dwellings and their household 
furniture. 

A subject worthy of particular inquiry is their 
Qehllurgy, and the degrees of skill displayed in the 
‘Q of mining and making metallic implements. Many 

nations are known to have lrad 6omc kiiowledge 
Of the preciom metals, of gold and silver, and even to 
“k smelted copper long before they learned to know 
the Use of iron, Various ornaments of silver and gold 
“e found in the tombs of many northern nations, who 
’ere far too rude to invent the manufacture of steel, 
and who never dug the iron ore which abounded in 
their own mountains. The western nations of Europe 
ape supposed to have made hatchets and Celts and 
8\yords of copper, long before they made a similar use 
Of iron. I n  most countries we trace tlie remains o f a  
barbarous age, when cutting implements of various 
kinds were made of flint or stone, and when even orna- 
?ents were manufactured from bone, or amber, or 
lvoPy, before tile use of metals was discovered. The 
names given to metals should be noted, since these 

to the origin and family relations of the tribe. 
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names will often afford a clue as to the countries from 
which they were imported.* 

The art  of war, as practised by various nations, 
affords a wide field of observation. The weapons used, 
whether bows and arrows, spears, or clubs, or swords, 
are often common to scattered tribes of the s o e  
kindred, and will serve to identify nations, or a t  least 
to suggest,inquiries as to the probability of their rela- 
tionship. The ancient Gauls were known by their 
gaesa or javelins, the Germans by their saga or military 
cassocks, and the Australians by tlieir woomeran$ Or 

throwing-sticks, and the poisoned arrows of the Bush' 
men are noted among the South Afrimn nations. 

The sort of clothing used by simple nations, @ 

as that of the inore cultivated, should be described' 
whether made of the skins of animals, as among 

countries ; or of cloth pyeparcd by weaving ; or other- 
wise preparing the fibrous parts of plallk, as cottoof 
flax, or other vegetable productions. Attention should 
be paid to the modes of cultivating such plants as con- 
tribute the material of clothing.? 

most savage nations, and especially those of arct' c 

* Thus it has been observed, that the Greek name f i r  tin ' X& 

eiryov,' resenibles the Indian (Snnscrit) name Kast'liered of the Bnmc 
metal, and it ha8 h e n  inferred t11nt tin wtls first brouglit to Europe 
from India before the British mines were explored. The tin-mioes 
of Tania-Malaga, or Mnlucca, were celebrated at a 
period. 

t A curious mistake was mndc by the ancients in regard to silk' 
They imgin td  it was prepared from beautiful flowers. 

' For clothes the barbarous tribes of Sere6 use, 
Nor oxen hides, nor wool of fatted ewes ; 
They weave sweet flow'rets of the desert earth 
Of finest texture and of riellest worth- 
Robes bright of hue as flowers which deck the mead9 
Of filer texture t h  the spider's thread.' 

Dionys. Perieg. 755. 
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1x1 every newly discovered country it will be an in- 
teresting subject of inquiry, what domesticated animals “e in the possession of the natives-where they ob- 
‘lned such as they are found to possess-whether they 
are known 89 wild animals of the same regiou, or were 

bqUiry should be made as to the art of navigation 
Practised by different races. Some nations appear to 

a greater aptitude for maritime pursuits than 
Others. The Polynesians in some places are almost 

while the American natives and the AUS- 
tralians rarely venture upon the sea. Several South 
American nations are, however, expert navigators in 
their inland lakes and vast rivers. 

The crude notions entertained by uncivilized nations 
On Subjects within the scope of physical science are 
a;ttters wort11y of inquiry. Science they can be hardly 

to possess, though this was scarcely true with the 
ancient Nexicans. All nations observe the changes of ‘@ moon, and measure the lapse of time with u (Teatel- 
Or d eece  of accuracy by the movements of some 
Of heavenly bodies. Inquiry should be made 

the motions of the planets are observed, and 
’heth their bodies are distinguished from fixed 

Whet[ler attempts are made to ascertain the 
of the solar ye *, and whether there are d 

for the constellations, and what they are if they 
ex1st. 

thb every nation, however barbarous, it is probable 
at some sort of morality exists in t\ie sentiments of 

Qen,some notions of right and wrong ; and that some 
Prachces are considered lawful and praiseworthy, while 
Others are forbidden, The Same religious impressions 

from some f k e i p  land. 

2 G  
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the numbers of the sexes. This should, indeed, be a 
of inquiry in every tribe where statistical in- 

formation can be procured, as a matter connected with 
"@ Physical history of the people ; but it has a parti- 
' ' 1 ~  relation to the prevalence of polygamy. 

n e  mode of civil government should everywhere be 
a subject of inquiry. The more simple nations are 

without any common and central government, 
and are in the habit of only appointing a leader in time 
Of Bar, when they select for some temporary enterprise 
as their chieftain some individual whose fame and 
Pfoweas inspire them with confidence in his guidance. 

nations have been entirely without the idea of 
?bidng for mutual aid, and the Finnish races are 

to have been conquered by the Germanic nations 
one family after another falling under the rke) till all were subdued. The Polynesian nations 

Princes or chieftains, according to some well- 
2dePgtOod laws. We are not yet acquainted with the 

clal institutions of the Papuas, if they have any such 
aQQbP them, which is probable. It is very desirable 
that the fact &Odd be ascertained by inquiry. 

'he religiow impressiom and the superstitious 
of every tribe of men should be carefully in- 

vestigated, as forming a remarkable part of the history 
'! the Particular people, and an item in the psycholo- 

btory of mankind. It is probable that no human '% * 
'8 destitute of some belief, more or less explicit or 

in the existence of supernatural powers, good 
:a @p;l, and likewise of a future and invisible state. 
* '!' there are nations who scarcely recoghe  in the 
'9P18ible being anything like will or power to punish 

h i l t ]  or reward the good, and who do not suppose the 

2 0 2  



452 ETIINOLOOY. [sect. XIII. 

the future state to be a scene of retribution. This is 
the a c m n t  which missionaries and other persons have 
given of the Polynesian superstitions. 

The adoration of rude nutions is generally directed 
towards visible objects. From this remark we must 
except most of the American nations, who are said to 
believe in the existence of a spiritual ruler of the 
universe. By one class of rude nations the heavenly 
bodies are worshipped, and the Polynesians connect 
this superstition with a mythology which is poetical 
and not devoid of ingenuity. Others, like the African 
nations, worship fetiches, or visible objects, in which 
they suppose some magical or supernatural power tu 
be concealed, capable of exercising an influence OD 
their destiny, and of ensuring success in any under- 
taking-a superstition of which traces are to be dis- 
covered among the vulgar in many countries. 

In  every tribe of people among whom intelligent 
travellers inay hereafter be thrown, it should bc s 
subject of inquiry how far any of these observations 
may be confirmed and extended by the history of their 
superstitious belief and practices, arid to whet division 
of nations they am by such traits associated. 

111. Language, Poetry, Literature. 
As no other means have contributed so much to the 

increase of ethnology, and to the ascertaining of the 
connexions and relationship of different nations, as a 
comparison of languages, great care should be taken 
in every newly discovered country, and among tribes 
whose history is. not perfectly known, to collect the 
most correct information as to the language of the 
people. 
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Among tribes of people who have any poeby or 
other literature, pains should be taken to obtain the 
best specimens of composition in their languages. 
Manuscripta in their languages should be procured if 
it  can possibly be done; and it would be worth while 
to incur even a considerable expense rather than forego 
such an opportunity. 

In  countries where the inhabitants have no know- 
ledge of letters, it may sometimes be found that they 
have preserved oral compositions, generally in some 
sort of verse, which they have recorded in their 
memory, and handed down from one generation to 
another. It would be ’very desirable in such a case to 
write down the most complete speciinen of any such 
pieces, aiid to select any which relate to the ancient 
and primeval history of the people. 

If no literature or compositions of any kind have 
been preserved, the best things that can be done will 
be the following :- 

I. To get some intelligent person to translate into 
the prevailing language some continuous composition, 
and to copy it from his mouth with the greatest care. 
Get in the first place the Lord’s Prayer, since this surne 
composition has been most frequently collected already, 
and exists in a much greater number of languages than 
any other. Next to the Lord’s Prayer, which does 
not contain a sufficient quantity of words, the Gospel 
of St. Luke probably exists in a greater number of 
languages than any other composition. The skth, and 
perhap also the seventh chapter, may be selected horn 
this Gospel, A good translation of these two chapters 
will enable a person skilled in philology to furnish a 
tolerably complete analysis of almost any language. 
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11. A vocabulary should also be taken down from 
the mouths of intelligent natives. Care should be 
taken to compare the words given by one person with 
the testimony of others, in order to correct any defect 
or peculiarity of pronunciation. 

It is very important to select properly the classes of 
words. 

1. The numerals up to a hundred, or more. Ascer- 
tain how far the people of each tribe can reckon. 

2. Words denoting family relations, such as father, 
mother, brother, sister, &c. 

3. Names of the different parts of the body,-head, 
arm, foot, &e. 
4. Names of visible natural objects, elements, &e., 

-sun, moon, fire, water, &c. 
5. Names of animals, especially domestic animals. 
6. Verbs expressive of universal bodily acts, such as 

7. Personal pronouns,-I, thou, he, &c. 
8. Prepositions-in, from, to, &c.-if tbey can be 

obtained. 
111. It would be useful, in the third place, to 

observe some of the grammatical rules of the language, 
if opportunity exists of becoming acquainted with 
them ; though if any composition of some length shall 
have been obtained, the grammatical analysis may be 
furnished afterwards. It will not, however, be amiss 
to make the following observations :- 

One great feature in the grammatical structure of 
different languages, which distinguishes several classes 
of languages from each other, is the peculiar position 
given to auxiliary words in sentences. By auxiliary 
words axe meant such words as have no proper meaning 

The foilowing should be chosen :- 

eat, drink, walk, sleep, see, hear, &c. 
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of their own, but tend to explain the relation of nouns 
and verbs. Such are prepositions in our language- 
upon, in, through, &c. It should be observed what 
position such words hold with relation to nouns. It is 
a character of one p e a t  clam of languages-viz., the 
Tartar dialect, or the languages of High Asia-to 
place all such particles a t  the end of nouns : thus pre- 
positions become postposition!. In  most African lan- 
guages, as yet known, particles Lire placed a t  the 
beginnings of words; and that is the case not only 
with prepositions, but with particles of all kinds, such 
as syllables which change the singular into the plural 
number, as Anakosah becomes the plural of Kosah. 
Again, in the American language, particles are as it 
were swallowed up by the principal words, or are 
inserted in the middle of them. 

I t  may be right to observe also whether languages 
admit the composition of words making compound 
epithets by amalgamating two or more simple words. 

Observe also whether the words, such as names of 
objects, are monosyllables, or consist of fieverd 
syllables. 
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A P P E N D I  X. 

BY TIIE EDITOR. 

IN compiling vocabularies from the mouths of natives, whether 
of written or unwritten languages, but especially of the latter, and 
of languages which, though reduced to writing, are in characters 
(like the Chinese, &c.) illegible to Europeans, it  is of the utmost 
importance to secure tho possibility of a reasonably faithful repro- 
duction of the sounds from the writing when read by a third party 
having no personal communication with either the speaker or writer. 
This can only, of coune, be accomplished by the adoption of n 
system of writing very different indeed from our ordinary English 
practice of spelling (which is utterly inapplicable to the purpose) ; 
fixing upon a set of letters, each of which shall express a distinct, 
recopised, and as nearly as possible invariable sound, and regulating 
their combination by simple and fixed rules. 

Pending the introduction of a Phonetic character free from ob- 
jection, and bc-ring in mind that, aftec all, it  is only very imperfect 
representation of the nai.fe pronunciation which cnn be so conveyed 
(although amply sufficient, if due care be taken, to render the speech 
of a foreigner intelligible among them), the voyager or traveller will 
find in the ' Ethnical Alphabet' of hlr. Ellis* a stock of characters 
prepared to his hand capable of accomplishing to a considerable 
extent the object proposed;t or he may adopt the following a6 a 
conventional system, in which only Roman, Greek, and Itnlic 
charncters are employed, and which therefore can be at once trans- 
ferred from MS. into print at any ordinary printing office. In the 
examples annexed the letters printed in Ifnlic are those whose sounds 
are intended to be exemplified. 

9 The Etlioicnl Alphabet. or Alplinbet of Nations, tubulurly arranged for the 
me of Trnvellers nod Misaivnaries, with Examples to Ten Luoguoges.' 
t In thus directing attentloo Lu tho ' Ethnical Alpliubet ' of hlr. Ellis for this 

special purpose, tha Editor must be uuderstood emphntically to protent npaln8t 
being considrretl an advocate of the " rprliing rrform" of the Engllrh language 
fur th us8 uf Englishmen, M proposed and urged by either that gontlemnn, Mr. 
Pitlman, or hlr. Faulder. 
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Vowels. 
1. 

2. 

3. 

4. 
5. 
G. 

7. 

8. 

9. 
10. 

11. 

12. 
IS. 

14. 

it long (uu) as in Engl. boot; Germ. Bruder; Itnl. verdrirn; 
Fr. oiivrir ;--short(u) as in Eng. foot; Germ. rund; Ital. 
brutto :-very short or conlescent as inEngl. wig; Germ. 
quer ; Itnl. qtmle. 

o long (OD) as in E@. ghost; Germ. Schoos ; Itnl. corn; Fr. 
Or :--short ( 0 )  as in Engl. resolute ; Germ. hold; Ital. 
dolente ; Fr. Nnpoleon. 

u long (uu as in Engl. purse; Fr. letir 7 Gael. 1ugh:-short, nnd 
very short (v) ,  or in Mr. Ellis’s nornenclnture stopped, OB 

in 1’:ngl. pert, cut; Germ.Yersuch. 
i as in Germ. Giite ; Fr. Augttste. 
6 as in Germ. L6we j Fr. Ieur ? connue. 
6 long (66)  as iu Engl. low :--short ns in Engl. hot; Germ. 

Gott ? kommen. 
n long (nn) as in Engl. hard ; Germ. Hum; Itd. andar ; Fr. 

char :-short (u) ns in Engl. America; Germ. Burg. 
schaft ; Ital. audnr ; Fr. chnrlatan. 

a long (aa) as in  Engl. waft, 1aitgh:-short (a) as in EngI. 
have; quaff. 

a as in EngL Bank, hag; Fr. Prince; ainsi; Vin (7) 
OE long ( & A )  ns in Engl. hail ; Germ. See, studtchen; Itnl. 

lieta ; Fr. mime, fuit :-fihort ( 6 )  OB in Engl. nccurate. 
e long (ee) as in En& Heir, Hare, Hair, were; Germ. Berg, 

’ Stiirke; Itnl. lumiera; Fr. 1umiere:-short (e) as in 
Engl. men, lemon, every; Germ. bcsser, empor ; Itd. 
cnstello ; Fr. dnugereux, effort, eloigner. 

i as in Engl. hill, bit; Germ. gin, gitter ; Itnl. cinque. 
i’ OB in Engl. peel, leave, believe ; Germ. Liebe ; Ital. vino ; 

. ns in Ungl. people ; Germ. l iebn (pip.1,lib.n). 
Fr. qui. 

Diphthongs. 
15. j as in Eo& bite ; Germ. beissen. 
16. Y ns in En@. brown, bound; Germ. bruun ; ‘Fr. saoul. 

’ Consonants, 4c. 
17. s ns in Engl. soft ; Germ. mnft ; Ital. solo ; Fr. snlle. 
18. z as in 1hig.l. zinc ; Germ. rose ; Ital. rosa; Fr. ntur. 
19. sh as in Engl. sharp ; Germ. schnrf; Itnl. lascinre ; Fr. chien. 
20. zh 0s in Engl. plensure ; Fr. jnrdin. 
21. th as in ~ 4 .  thing; Spnn. znpnto, nncion. 
22. dh ns in Engl. &hut. 
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23-31. t, d, p, b, f, v, m, n, 1, as in the English, German, Italian, 

32. n as in Engl. prny ; Germ. Rabe; Ital. rosa ; Fr. errcur. 
33. r as in Eng.). smaller. 
34. p or rh aa in Engl. Rhatany, Rhubarb. 
35. Y 

36. i as in Fr. ainsi, rim 
37. I The nnsal sound in Etna, Dnieper. 
38. h as in English, halt ; Germ. Hexe ; Fr. Hnlte I 
39. x as in Germ. lachen ; Span. Ximenes, reloj ; Gael. cruaclran. 
40. y as in Germ. gelten ; Gael. Lugh. 

Any supplemental letters may be used, if exactly exemplified and 
identified, for souuds peculiar to certain languages, as the C d e r  and 
Hottentot clicks, &c. 

Rules to be ob8mved. 
1. Do not use a running hand in writing from pronunciation, but 

form each letter separately ; take a r e  not to confound a, u, and a. 
2. For cnpitals use the small characters enlarged. 
3. A vowel sound is understood to be prolonged by repeating its 

character according to the analogy of the German and Dutch. 
I f  the sound be really repeated, as in Oolite, insert a hyphen 0-0 
thus 0-0, or an apostrophe 0’0. If the vowel be simply once 
written, it  expresses the shortest sound conveying tho fuU vowel 
oound. If intended to be very short, or to have that abruptness 
which has been called the stopped souud before n consonant, 
double the consoaunt, especially if the ‘‘ stopped sound ” be really 
perceptibly different as a true vowel sound from the “open,” 
which in  the English is romelimeu the case. 

4. Two different vowels coming together, when the first is intended 
to be shortened to the utmost possible degree consistent with the 
distinct audibility of its vowel chnrncter, it is to be prefixed 
singly to the other; as in the so-called English diphthongs of eu 
(6i, iuu), or, as in such words as wet, ye, qwff (ueft, ii, k w . .  
But if the vowels are intended to be separately and distinctly 
pronounced, as in the Italian paum, an apostrophe must be in- 
terposed, ns pa’uura, or, if still more completely separated, n 
hyphen. 

5. h means always a true aspiration, except in the combinations sh, 
zh, th, dh-for which, if any one should prefer to write f, & 0, 
and 9 respectively, he may do so with much advantage, and with 
our entire approbation. The ineertion of h in ita true place 
among other consonants is a matter of much nicety, and requires 
an exact and discriminating ear. 

and French. 

as in Engl. hang ; Germ. klingen; Ital. lingua franoa. 
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6. The obscure vowel,” Xo. 14, represented by a large unmistake- 
able fullpoint, occurs only in such words ae people, lieben 
(Germ.), &c Its nearest representative 88 a prolonged sound is 
u (in the above nomenclature) ; but it is a great fault to use this 
character, or any equivalent one, in casea where a real, dis- 
tinguishable, nnd particularly an essential etymological vowel 
is slurred over and obliterated by negligent and vulgar usage, 
as for in6hnW, if we were to write the words America (Eng.), 
Stufe (Germ.), ventura (Ibl.), Je (F.), or the Indian name 
Benares, all indiscriminately with the character (u )  appropriated 
to the vowel sound in the Enghh word car If, therefore, the 
necessity of imitating a well-educated nsnge require us to in- 
dicate ( a ~  no doubt it often docs) a certain approach to this 
obscure u, it should Le done by subscribing the point beneath the 
appropriate representation of the true vowel thus, Amerika, 
atnufy, ventuur+, zh?, Upnares, 

7. Compound consonants, 08 in church, journal, may be resolved into 
their elements (tsh and dzh). 

8. Particular attention should be pnid to the accentuation by a single 
mark (3 of that syllable in each word where the prominent 
stress is laid in pronunciation, nor should the intonation of the 
voice be altogether neglected, though very difficult to reduce to 
any regular system of rules or s i p s ,  and rather a matter of 
description or m u s i d  notation thnn of alphabetic registry. 
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SECTION XIV. 

M E D I C I N E  A N D  M E D I C A L  
STATISTICS. 

BY BI.EXANDER BRYSON, EsQ., M.D. 

IT will nccessnrily happen, from the great proportion 
of the naval force employed on foreign stations, that 
amongst the first things which will attract the attention 
of a medical officer, arc the effects produced on the 
constitution by a change of climate ; and the question 
of the necessity or non-necessity of meeting this change 
by an alteratinn of person91 habits or modes of living ; 
whether on entering the tropics it will be prudent to 
continue the use of the same daily amount of food, to 
lessen ita quantity, or to adopt a diet less stimulant as 
regards fluids, and more farinaceous as regards solids. 
Different views have been adopted on this subject, some 
of them erroneous, others extravagant, or only feasible 
were the human body a mere machine ; while there is 
a third class founded on practical experience, and 
which is deserving of the most respectful consideration. 
Opportunities to simplify and reduce these into a more 
intelligible form will not be found wanting in the naval 
service. 

In  noting the meteoric changes which are likely to 
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affect health, there are not, it may be assumed, any 
great difficulties to be encountered as regards instru- 
mental observation ; mathematical precision, at all 
events, is not so essential as it wuuld be, were the 
results aimed at depending on the truth of a series 
of arithmetical sums. There is, nevertheles8, a proper 
degree of accuracy required in the mere registration 
of this kind of formula, as one omission may invalidate 
a whole set of observations-such for example as the 
geographical position of the ship at  the time the 
observations were made. 

With regard to the atmosphere, the principal things 
to be observed are its heat, degree of humidity, and 
weight. That the two first greatly influence health 
there is not any reason to doubt; but with regard to 
the third, it would be hazardous to offer any decided 
opinion. Amongst men who have devoted much of 
their time and attention to the subject, there are per- 
hapa a few who consider that it has a t  least some 
influence in disturbing occasionally the equanimity of 
the mental functions. Thermometrical observations 
with the view of noticing the influence of atmospherieal 
heat on health, should be made several times a day, in 
order that the minimum, medium, and muximum in 
the shade may be ascertained ; or even more frequently 
sllould there be a sudden rise or fall of the mercury. 
On board a ship under way, it is hardly possible, in 
consequence of the great variety of aspects in which 
she may be placed with respect to the sun, and thc 
various currents of air rushing from her lower deck, to 
find a suitable place for the instrument; the black 
bulwarks and hammock-cloths rapidly absorb the heat 
of the sun’s rays, and again throw it out by radiation 

I 
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for a considerable time even after the sun has gone 
down. Should the instrument therefore be placed, as 
has sometimes happened, contiguous to these, it will 
give an exaggerated view of the temperature. The 
under surface of the deck planks also radiates heat 
abundantly after the upper surface has been long 
exposed to the rays of the sun, consequently the 
temperature of the cabins and between the decks of a 
ship is sometimes greatly increased ; this, however, if 
continuous in apposition with the heat in the sun’s 
rays, and in the shade, it would be desirable to place 
on record, and also to state the influence it may be 
supposed to have on the general health of a ship’a 
company, whether the inference drawn be of a prac- 
tical or a theoretical nature. In  connexion with 
accumulated heat from these or other causes, it would 
also be proper to state the space allowed to each 
hammock ; the number of hammocks berthed on one 
deck, and in a general way the dimensions of the 
deck, together with the size .and disposition of the 
scuttles, ports, and windsails. 

Acute intlammatory diseases and fevers have most 
unquestionably been induced by a current of external 
air rushing in through a scuttle or from the lower 
orifice of a windsail on men while asleep. Are we 
then to suppose, in the absence of all terrestrial 
miasmata, that these diseases are the result of the 
sudden abstraction of heat from the system 3 Simple 
immersion in the sea, or exposure to the external air 
in a state of nudity, has not, generally speaking, to the 
same extent, an equally deleterious effect. 

These, and subjects of a like nature, are well de- 
serving the attention of every medical inquirer; as 
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there are few of the doctrines respecting the origin of 
disease, or the manner in which the different forms of 
morbid action (when once established) progress, cul- 
minate, and decline, that are yet so clearly demon- 
strable as could be wished. 

As a humid state of the atmosphere, particularly 
within the tropics, seems to exercise a considerable in- 
fluence over the health of Europeans, hygrometrical 
observations are not less essential than thermometrical, 
to a full investigation into the causes and nature of 
any of those diseases usually denominated climatorial. 
Various instruments have been used for these purposes; 
but those which denote with ordinary accuracy the 
state of the atmosphere, and are the least liable to get 
out of repair, are the best. The appearance of SUP- 

rounding objects and our ordinary sensations may be 
even trusted where there are no better means at hand. 
It will naturally occur to the observer to guard against 
confounding the moisture arising from any local cause, 
such as damp decks, or the halitus from the breath of 
a large body of men confined in a mal l  space, with the 
natural moisture of the external air.' Should the dis- 
parity, however, between the latter and the air of the 
deck on which the men generally congregate and sleep, 
be great, it will be incumbent on him when he uses an 
instrument to note the difference. From these data, 
viewed in connexion with the results of the thermo- 
meter, the necessity of a more free ventilation in all 
vessels of war destined to remain for years within the 
humid regions of the tropics may thus be made 
apparent. 

T o  a dry air we are accustomed to attribute a brace 
ing effect, to a moist air a relaxing; and there Seems 
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to be little reason to doubt the general truth of the 
postulate ; the first increases, and the second diminishes 
the amount of watery fluid in the system ; the one as a 
general rule conduces to health, the other to disease. 
How far these conditions modify morbid action, it 
would be desirable to ascertain. That intermittent 
and remittent fevers are the peculiar product of moist 
localities, experience amply proves ; and although €he 
subject yet requires to be more fully examined, facts 
are not wanting to lead to the supposition that dysen- 
tery, and diarrhuca approaching to dysentery, are more 
frequently the result of atmospheric changes in certain 
dry localities within the tropics, than they are in moist 
localities in similar parallels of latitude. 

The relative degees of health enjoyed in vessels 
differing in the hygrometrical condition of tlie air be- 
tween decks, from wliatever cause (exclusive of exter- 
nal causcs) such differciices may arise, is a subject 
which has long engaged the attention of all classes of 
naval officers ; and although the majority arc of opi- 
nion that a dry condition is the more healthy, still there 
are others practically acquainted with the subject, who 
do not admit that the difference is appreciable, or who 
altogether repudiate the idea of damp decks having 
anything whatever to do with the health of a ship’s 
company. As these conditions greatly depend on tile 
modes of cleaning the lower decks, it more especially 
belongs to the medical officers to watch with vigilance, 
and report (but not without due and ample experience) 
the effects of dampness, whether arising from accident, 
stress of weather ;-or, artificially produced ; as well as 
the effects of dryness artificially maintained by swinging 
stoves or other contrivances. 
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The great difference between the appearance of men 
employed in the bread-room and hold, and those who 
are freely exposed on deck, or in open boats, at all 
hours of the day, cannot escape the notice of the most 
superficial observer. It is therefore of importance to 
ascertain whether exclusion from the solar rays be not, 
to a greater extent than is generally believed, one 
reason why those men who have acquired a pale waxy 
look from confinement below, are more susceptible 
of disease, and less capable of sustaining its shocks, 
than are those whose blood is enriched and strength- 
ened by the free exposure to light, heat, and air, 
which their different avocations ensure. The force 
of these remarks, however, will be best understood by 
those who have had opportunities of witnessing the . 
rapid change which takes place in the human constitu- 
tion by exposure for only a sbort time to the direct rays 
of a tropical sun. Why, in a state of perfect repose, 
the blood should acquire a brighter tinge, and an in- 
creased force of circulation, are inquiries, the vnlue of 
which the observant physiologist will not fail justly to 
appreciate ; neither will he fail, as often BS opportunities 
occur, to follow up these plienomena, should they ter- 
minate i n  disease, or unhappily produce death. 

Tvliether the stationary population at great eleva- 
tions above the sea-level, differ from those habitually 
resident at the sea-level in rapidity of pulse and respi- 
ration, are questions respecting which there is still but 
little known. In  connexion with this subject the fol- 
lowing ape the psincipal objects deserving the attention 
of medical or other travellers, particularly when oppor- 
tunities Occur of visiting places of great altitude :-the 
number of pulsations of the heart, the number of respi- 

2 H  
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rations per minute, and the circumference of the chest 
at several places. It will also be necessary to note the 
height, age, sex, and colour of the person examined, 
and whether in a standing or sitting posture a t  the time 
of examination. 

The extent to which terrestrial miasmata may be 
conveyed by the atmosphere has been so variously esti- 
mated, that correct information on the subject would 
tend not only to the benefit of the public service, but 
also to the credit of the medical profession. I n  select- 
ing a proper position for an encampment, or for the 
anchorage of vessels of war, the greatest discretion and 
judgment are requircd, particularly in those oountries 
which abound in the aerial or telluric agencies inimical 
to man; and although it may appear that these are 
matters with which the medical officer has little to do, 
and although necessity and the exigencies of the ser- 
vice may render, the selection of any spot but that which 
is the best suited in a healthy point of view inevitable, 
still, dreading the suffering,.losa of life, and the ineffi- 
ciency that may accrue to  the force from a position 
badly chosen, the external geological features of any 
coast or island off which a squadron may require to be 
concentrated cannot fail to attract his attention. 

connexion with terrestrial emanations, atmosphe- 
rim1 currents, depending on 10~al causes, together with 
a description of land and sea breezes, are also subjects 
deeply interesting to all classes of men, whether em- 
ployed in Her Majesty’s naval service, or otherwise en- 
gaged in maritime pursuits. It is, therefore, much to be 
desired that the country contjguous to any unfrequented 
creek or bay, or the embouchures of tidal rivers which 
=e likely to become the resort of shipping, ‘ should be 
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examined, and, if found to contain lagoons or marshes 
mapped in such a way that the spots which are most 
exposed to the malaria coming from these localities 
may be known, and if possible avoided as an anchorage. 
The nature of the soil in the immediate neighbourhood, 
the kind and the depth of water in lagoons, the charac- 
ter, depth, and consistence of swamp, bog, or marsh 
land, the description of plants which surround or grow 

'from them, would greatly enhance the value of such 
information. These being the acknowledged sources 
of fever and ague, it would not escape the zeal of the 
inquirer to ascertain whether they were liable to imp 
tions from the sea, or floods from the interior ; whether 
fogs arose from them, and if so, at what time of the day 
or year they were most observable ; and also whether 
they emitted noxious effluvia. It has sometimes oc- 
curred that officers and men employed on boat service, 
particularly on the coast of Africa, have been rendered 
conscious of the fact, that certain particular spots emit 
noxious effluviit more perceptibly than others. 

The tides, by occasionally washing over or breaking 
down the banks of low alluvial lands, and by spreading 
over the adjacent country, form extensive brackish 
lagoons and marshes, wLicli geat ly  impsir the m i b y  
condition of a counh~'. T'hese circumstances, there- 
fore, and their influence on health, should invariably 
be noticed under the head of topographical 'information. 

There are few things of more importance to the 
naval medical officer than the origin and character of 
febrile diseases : as a knowledge of the facts connected 
with the former may greatly bias.his judgment with 
regard to the latter, and as the expression of his pro- 
fessional opinion thus influenced or formed, particular1 Y 2 H 2  
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with regard to their being of an infectious or of a non- 
infectious character, may involve not only the safety of 
the greater part of the men in his own vessel, but that 
of the crews belonging to other ships, or even of com- 
munities residing on shore, it will be admitted that these 
tire not subjects, when opportunities occur, that ought 
to be superficially examined or inattentively reported. 

Besides endemic and epidemic diseases arising from 
general or terrestrial sources extraneous to a ship, 
there are others which originate in local or personal 
causes existing on board. T o  distinguish between 
these is a matter of greater difficulty than seems to be 
generally apprehended. For instance, it has frequently 
occurrcd that fever has broken out in a single vessel 
of a squadron, and attacked not only the whole or the 
greater part of her crew, but all visitors who ventured 
on board, although they remained in her only a few 
hours. If these latter, after returning to their own 
ship or home, passed through the disease without com- 
municating it to any other person, the opinion gene- 
rally formed has been, that the fever was the result of 
exposure to some local came unconnected with the per- 
sonal emanations of the sick ; but if in either case the 
attendants or immediate neighbours of the visitors were 
subsequently, that is, within two or three weeks, seized 
with fever similar to that of the latter and of the pa- 
tients in the ship, and again other persons who had been 
in close communication with them were attacked, then 
the conclusion arrived at  has been (as indeed it could 
not be otherwise) that the disease, if not originally 
derived from an infectious source, had, in the course 
of its progress, acquired the power of propagating 
itself, and that in all probability it would through 
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a series of subjects retain that power for an inde- 
finite time. Still, notwithstanding the most care- 
ful sifting of every circumstance connected with the 
first cases (it having been also ascertained that no 
disease of the same character had existed for several 
months previously in or near tlie locality, and that the 
men had not been on shore or absent in boats) may 
render it necessary to conclude that it originated from 
some cause within the ship ; it  will yet remain to be 
determined whether that was of a local or of a personal 
nature, or some peculiar combination of the two, 
either with or without adjunctive predisposition. In  a 
large majority of instances it most unquestionably will 
be difficult, if not impossible, to decide ; nevertlieless, 
a concise narrative of the events as they occur should 
be committed to paper, in order that it may be made 
available, should it be required for any investigation in 
connexion with the reappearance of the fever at a 
future period either in the same or in a different locality. 

When o. fever has broken out in a vessel at  sea, from 
a foul state of her holds, and, without her having any 
subsequcnt communication with the shore, continues to 
make progress, attacking man after man, how, it may 
be asked, is it possible to ascertain whether, 11s is some- 
times the case, it has acquired an infectious clitlracter ? 
The space'is small, and the whole of tlie men being 
equally exposed to the original exciting cause, and, if 
such have been generated, to the personal, are there 
any means of distinguishing tlic effects of the one from 
those of the other, with that degree of certainty which 
would warrant the medical officer in giving a decided 
opinion as to the propriety of communicating with a 
healthy port ? T h e  great similarity of all continued aud 
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remittent fevers, but more particularly of t,he fevers of 
the tropics, from whatever source they may have sprung, 
together with predisposition from fear, fatigue, or de- 
rangement of the digestive organs, and the utter impos- 
sibility of complete segregation, even in the most roomy 
vessel, will, it is apprehended, render it extremely dif- 
ficult to make such a distinction ; and the delivery of 
any opinion beyond that which may be hypothetically 
formed impracticable. Still experience, undoubtedly, 
in so critical a juncture, will greatly assist those who 
have had the benefit of its teaching ; hence the value 
to be attached to well-authenticated truthful data, and 
the suspicion with which imperfect, speculative, or 
garbled accounts should be received. 

I f  we were desired to write down ‘‘ what to observe ” 
with respect to tropical fever, the subject might be ex- 
panded into a volume, or compressed into a few words ; 
for the occasion it may suffice to mention those things 
which would facilitate any inquiry for which it might 
be necessary to consult the medical returns of the Navy. 
One of the first objects of thk medical officer, when an 
irruption of fever occurs in a ship of war, will be to 
ascertain, if possible, whether it arises from causes in- 
ternal or external to the ship ; for on this will depend 
the propriety of removing the cause, or removing from 
the cause, viz., clearing out the vessel, or quitting the 
locality. If it  arise from causes within the vessel, 
these should be stated, and also the means taken to 
remove them; if from causes extraneous to the ship, 
they also, if possible, should be described, a~ well a~ 
the manner in which the men were exposed to their in- 
fluence. The treatment of the disease will naturally 
rivet the attention to the symptoms ; these again should 
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lead to u more practically useful nosography than is 
generally adopted ; the disease being placed under one 
of the three following distinctive heads, viz., continued, 
remittent, or intermittent. This, however, should it be 
deemed of importance, need not prevent the annexa- 
tion of any other qualifying distinction, such as bilious, 
ardent, or yellow ; but to reconcile the contlicting opi- 
nions which the writings of discrepant authors have 
called into existence respecting tropical fever, proof of 
the absence or presence of remissions, in some of its 
worst forms, may still be considered necessary. 

As long as there is a British squadron on the sea, 
yellow fever, as it is called, must claim a large share 
of attention ; and as it is seldom brought to these shores, 
he who encounters it on its own domain, profiting by 
the occasion, will do well, while it is under his eye, to 
examine carefully into its origin and character. When 
it occurs as an epidemic its source should be looked for, 
its cour~e traced, and its disappearance noted ; and whe- 
ther yellow suffusion be present in all the cases, or only 
in part of them, whether, when black vomit occurs, the 
disease seems to acquire generally a greater degree of 
virulence, and whether, in consequence of such aggra- 
vation, marked by deep yellow suffusion, dark-coloured 
blood, htxmorrhage, and, in the fatal cases, black vomit, 
it has assumed infectious properties. If the fever has 
commenced in a ship at sea, it will he in vain, g~ already 
noticed, to attempt coming. to any decision as to the 
question of infection, until it has been communicated 
to Some person who had not been on board, from him 
to a second, and perhaps from the second to a third. 
Second attacks of t.his disease should invariably be 
noted in the returns. 
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In  the treatment of yellow-fever there is most 
assuredly much to observe, and much to learn. The 
effects of the most vaunted remedies should be com- 
pared, without losing sight of the natural resiliency of 
the vital functions towards a state of health : this is a 
rule so essentially necessary, that not to apply it would 
vitiate the inferences. Blood-letting, and the nature 
of the blood allstracted, offer a fair field for observa- 
tion, whilst the empirical modes in which we have been 
taught to exhibit mercury will perhaps, after some ex- 
perience, induce the younger physician to reinvestigate 
the grounds on which his seniors recommended these 
questionable practices, and to compare them with the 
results obtained by different modes of procedure in 
the present day. The stage of the disease when 
quinine, the most valuable of all our remedies, should 
be commenced, and the extent to which it may be 
administered, are questions that have not yet been 
settled. 

Pathological investigations have thrown but little 
light on the nature of simple idiopathic fever. To de- 
tect the seat of the disease, or to ascertain the cause of 
death, the solids have been explored in vain ; the vital 
organs of the head, the thorax, arid the abdomen, have 
each refused to reveal why they gave up their functions : 
to the fluids, therefore, armed with the additional ap- 
pliances which the science of optics affords, and with a 
better knowledge of animal chemistry, we must resort. 
The blood, in connexion with respiration, will require 
to be examined to ascertain whether the functional 
derangement which exists in the .organs of sanguifica- 
tion and respiration, in the first instance, be the effect 
of a chemical change in the blood, or whether it be the 
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result of an impremion made on the nervous system by 
some power or agent exterior to the body; and whe- 
ther such derangement of action interrupts the normal 
transfer of elementary principles between the external 
air and the blood, thereby leaving the latter so greatly 
altered and deteriorated as to be chemically defective 
in those constituents requisite for the repair of the 
organic structures, while it abounds in the lethal effete 
matters that are constantly received into it from the 
decay of the latter. 

I n  the Naval service, more pcrliaps tlil~n in any 
other, there are frequent opportunities of ascertaining 
to a day, and even to an hour, the exact period of incu- 
bation in certain febrile and eruptive diseases : although 
this will also greatly depend on the disease being 
gradually or suddenly developed. A party of men, a 
boat’s crew for instance, may enter a vessel, a house, 
or a village in which disease is raging; or they may 
land, expose themselves to the influence of a 66 homi- 
cidal marsh,” and then return on board their own ves- 
sel, having inhaled a sufficiency of the poison to esta- 
blish a certain specific morbid action, bearing, if of a 
personal nature, the exact similitude of ita parent ; and 
if of a terrestrial, that type of fever diich is peculiar to 
the climate or locality, or to the prevailing epidemic. 
I t  will of course follow tlint in proportion to the length 
of time the patients have been exposed to the exciting 
miasm, so in an inverse degree will be the value of tlic 
infomation, as during a protracted exposure there is 
not any means of even approxiniately ascertaining when 
the system ]lad acquired the requisite charge neces- 
m y  to the evolutioil of the disease. Althuugh the 
latent period of endemic and epidemic diseases is a 
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subject which is both curious and interesting, still 89 

regards infectious diseases it is infinitely more so, as 
it  is principally on a correct knowledge of these pe- 
riods that the quarantine laws can be efficiently 
administered. 

With a knowledge of these facts it will not be say- 
ing too much to affirm, that it greatly behoves the 
medical officer of the naval service to lose no oppor- 
tunity of placing on record a succinct history of every 
case of disease which has been contracted by exposure 
to any specific exciting cause for so short R period as 
will serve to 'mark the stage of incubation to a single 
day. There may by this means be such a mass of 
evidence brought to bear on the subject as will greatly 
simplify our views with respect to the propagation of 
infectious or contagious diseases, and a t  the same time 
disembarrass the laws of quarantine of many restrictive 
formalities, that are not only useless in a sanitary point 
of view, but injurious to commerce, and personally 
vexatious. 

As the preceding observatiohs are applicable more 
or less in a general Fay to other endemic, epidemic, or 
contagious diseases, it will be unnecessary to go over 
the same ground with respect to them. The incubative 
period of plague, and, if it  ragc epidemically, proof of 
its having acquired infectious or contagious properties 
which have been transmitted from one person to 
another, either simply through the medium of the 
atmosphere, or by means of fomites, are still questions 
of paramount interest to every nation which has com- 
munication with the shores of the Mediterranean. 
With respect to cholera, it would be difficult to say in 
what particiilar it is most deserving attention ; the 
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causes essential to its production in the first instance, 
its modes of propagation or extension from one com- 
munity to another-whether by an infectious personal 
virus, or by some peculiar condition of the atmosphere 
-are questions which, unfortunately, are but little 
better understood than they were the first day the 
malady came under the observation of the European 
physician. This disease, therefore, together with the 
modes of treating it, offers a wide field for medical 
inquiry. 

Some curious information may be occasionally ob- 
tained in distant countries relative to the modes of 

.treating diseases amongst uncivilized tribes ; not that 
it is likely to prove of much value, but as a matter of 
history it may be w0rt.h recording. It would even be 
interesting to know the virtues attached to charms 
and amulets, as well as the manner in which they are 
obtained, of what they consist, and how they are worn ; 
nor would the met.bods of performing surgical opera- 
tions be of less interest. The Albanians, it is reported, 
without, the slightest knowledge of anatomy, perform 
the operation of lithotomy with as much dexterity and 
success as has ever yet been reached in this country. 
The Marabouts of Africa, with a fallen tree for their 
table, may be found, with little display, performing 
the initiatory rites of Mahornedanism ou the assembled 
youtlls of an entire village ; while the Fetish man, on 
another part of the continent, ministering to the pride 
of mste, makes such fearful gashes on the faces of his 
patients 88 would astonish our boldest practitioner. 
HOW these wounds are cured might be worth knowing, 
as the 8~81'9 sufficiently attest the excellence of the 
surgery. 
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In  the central parts of Africa, and in some of the 
islands of the Indian Archipelago, there is reason to 
believe that the natives are in possession of narcotic 
poisons with which we are still unacquainted. An 
account of these, and of their modes of preparing 
them, would be interesting. And on all occasions tho 
diseases most prevalent in the various foreign countries 
visited, and the most approved methods of treating 
them, together with an account of the medicinal plants, 
and other means in general use as remedies, should in 
conformity with the public instructions be invariably 
reported. 

In preserving medical plants or seeds, and other pe- 
rishable objects of natural history, for the purpose of 
bringing them to this country, it will be found no easy 
matter to protect them from the ravages of insects, and 
in damp countries from the effects of mildew. The tin 
cases now used for certain articles of dress are well 
adapted for the safe keeping of vegetable or animal 
substances ; but when they cannot hc procured, a deal 
box, of a form such as will kt snugly between the 
beams of the small cabins allotted to gun-room officers, 
with its seams closed up by pasting paper inside, is 
the best substitute. From this insects may be com- 
pletely excluded by scattering loosely among its 
contents a few pieces of camphor, and rags sprinkled 
with turpentine : the latter will require to  be rernoist- 
ened now and then ; and a few drops of the oil of petro- 
leum will be found to be a very useful addition. Into 
a box so protected neither ants nor cockroaches will 
enter ; and without some contrivance of the kind it will 
be in vain to attempt to preserve almost any object of 
natural history of an animal or vegetable substance ; 
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unless it be placed in spirits or dilute solution of the 
chloride of zinc. The latter, as it is now generally 
employed in ships-of-war for the destruction of vermin 
and fetid exhalations, is not only the most available, 
but in other respects it is the best, the cheapest, and 
the most generally useful. Its preservative powers are 
equal to spirits, while even when the most putrid sub- 
stances have been immersed in it, it  remains perfectly 
free from the noisome odour which animal matters im- 
part to the latter, and which renders the opening of 
any jar in wIdch preparations are kept a nuisance, 
which few men would venture to inflict on their ship- 
mates. The strength used by the curator of the 
Museum a t  Haslar, for fish and reptiles, is in the pro- 
portion of one part of the concentrated solution to 
twenty of water; but when they are very putrid the); 
require at first a stronger mixture, namely, about 
equal parts of each. I n  this the preparation is allowed 
to remain until the smell is quite subdued, when it 
may be finally put up in a solution of the first- 
mentioned strength. For the temporary preservation 
of animals for dissection, but more especially birds for 
skinning, the solution should be injectcd into the intes- 
tines through the anal aperture. 

It would greatly enhance the value of the medical 
returns if, in addition to those now required by the 
printed instructions, there were an additional noso- 
logical return sent in annually, commencing on the 
1st of Januwy, or on the day the ship was commis- 
sioned, and ending invariably on the 31st of Decem- 
ber, or, in  the event of her being paid off, 011 the day 
she was put out of commission. In  this the mean 
numerical strength of the ship’s company should be 
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noticed, together with a list of men dead, specifying 
their names and the causes of death, whether from 
accident, disease, or suicide ; whether occurring on 
board, on detached service, on shore, on leave, or in 
hospital. The name of each person dead is essentially 
necessary, to prevent one death being twice noticed, an 
error which, were it reported bcth from a hospital and 
the ship to which the man belonged, it would otherwise 
be difficult to avoid. By following out these plans the 
exact mortality of the service could be ascertained, 
without any great di5culty or much trouble. At pre- 
sent this cannot be accomplished without a long and 
patient examination of various data, involving an un- 
necessary waste of time and much labour, which in the 
end is unsatisfactory, inasmuch as it is impossible to 
arrive at anything like the correctness which ought to 
stamp the character of all statistical details, as arith- 
metical facts. 

Moreover, at present there is not any means of 
forming even the most distant conception of the relative 
loss of service per man from' sickness in any given 
force, in the course of a year ; nor of the number of 
days' sickness attributable per man to each disease 
separately ; or, in either case, of the mean loss of ser- 
vice in comparison with the number of attacks. These 
are points of considerable importance in a statistical 
point of view, and unless they can be ascertained, it will 
be impossible to form any correct estimate of the health 
of the navy in comparison with other bodies of men. 

The additional information required to carry out 
these calculations being in the hands of the medical 
oficen of the navy, it is to be hoped the time is not far 
,distant when it will be generally furnished. For the 
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sake of system it will be necessary to add an additional 
column to the sick list, in which to state the number of 
days each case was under treatment. Adding these 
together at the close of the year, and dividing the 
aggregate sum by the mean numerical strength, will of 
C O U ~ S ~  give the proportional number of days’ sickness 
per man for the year. The relative proportion of 
sickness, with respect to different diseases, may also be 
ascertained. The additional trouble (if indeed it 
should be so considered) which these details would 
impose, divided amongst so many, would not be great, 
while the facilities they would afford, and the correct- 
ness they would insure in the compilation of the gene- 
ral detaiIs for the whole service, would be of the utmost 
importance. 

There is still another object which would add’ 
greatly to the interest and value of the vital .and 
medical statistics of the navy, and this cannot be 
effected at head-quarters unless by the employment of 
an extensive staff of clerks, namely, to cIass the whole 
of a ship’s company by their ages into decennial 
periods, beginning a t  fifteen and terminating a t  fifty- 
five, in order to ascertain the relative degrees of sick- 
ness and mortality in each of these stages of life. By 
a proper arrangement of these and the preceding data, 
in tabular forms, the relative amount of sickness a t  
certain ages, and from every, or, at all. events, from 
the most important diseaees, might be deduced, and 
the relative degrees of health enjoyed not only in 
different squadrons, but in different ships, ascertained 
by a single glance, and with a depee  of accuracy 
which it is impossible to arrive at by the present 
system. 



SECTION XV. 

S T A T  I S  T I C S. 

BY G. R. PORTER, EEQ. 

[Sect. xv. 

THE population of any place or country must be con- 
sidered as the groundwork of all statistical inquiry 
concerning it. W e  cannot form a correct judgment 
concerning any community until we shall have become 
acquainted with the number of human beings of which 
it is chmposed, nor until we shall have acerbined 
many points that indicate their condition, not only as 
they exist at the time of inquiry, but comparatively also 
with former periods. 

In  the section of this volume which is devoted to 
geographical observations, directions are given for 
collecting the actual numbers of the population, a 
branch of inquiry which properly falls within the pro- 
vince both of political geography and of statistics. The 
division of the inhabitants of any country into races, 
using different languages or dialects, belongs to the 
first named of the two sections, and need be no further 
noticed here. 

The actual numbers of any population can never be 
so satisfactorily ascertained as by the interference of 
the Government, and the first inquiries upon the subject 
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should be for official enumerations. Where such do 
not exist, it may still be possible to procure data for 
satisfactory computations from governmental depart- 
ments, and especially those connected with the taxation 
of the country ; but it must be evident tliiit, to render 
such data available, the circumstances under which it 
has been collected must, as far as possible, be ascer- 
tained aud recorded. Wherc no o5cial accounts can 
be made available, recourse should be had to private 
channels, giving the preference to such statements (if 
they exist) as may have been published in the country, 
and may thereby have been subjected to criticism and 
correction on the part of persons best qualified to form 
a judgment on the subject. Local registers of births 
and deaths are sometimes to be met with, where the 
central government has not interfered. Such were 
carefully kept in many parishes in England before any 
government census was undertaken. From such’regis- 
ters, comparing births with deaths, at various ages, 
through a series of years, the population of a country 
may be estimated with some approach to accuracy. 
The ‘rate of mortality is a fact of much importance 
towards any useful knowledge of a country, and is 
naturally among the subjects of inquiry that should 
earliest command attention. If registers of burials, 
which record the ages at which the deaths occur, can 
be obtained, they would elucidate many points of great 
interest as to the condition of the people and the effect 
of the climate, and would besides afford means, in con- 
nexion with the number of births and marriages, for 
more nearly approximating towards an accurate esti- 
mate of the population. Where a census has been 
taken, a distinction will doubtless have been made 

2 1  
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between the sexes; and if the ages also have been 
recorded, the tables will themselves afford means for 
testing their general accuracy, as it may be assumed 
that the proportion of adult males-twenty years of 
age and upwards-are about one-fourth of the whole 
population. Where no census has been triken, it may 
be possible to ascertain the number of 3yJdiny men, 
that is, of males between given ages. Should all other 
sources of information be wanting, it will then be ne- 
cessary to have recourse to oral information, in esti- 
mating the correctness of which the observer must avail 
himself of such aids as present themselves. The ques- 
tion whether a community is increasing, stationary, or 
diminishing in number, may be judged froni the amount 
of buildings in progress, or of houses untenanted or in 
a state of decay. If any account is taken, for purposes 
of taxation or otherwise, of the number of irkhtibited 
houses, and especially if these dlould he divided into 
different scales, a littlc personal observation as to the 
average number of inhabitants to be found in each 
will furnish valuable information concerning the popu- 
lation; but to do this, the inquirer must inform him- 
self concerning the domestic habits of various classes of 
t.he people; the necessity for which caution will be 
made apparent by the fuct, that while in all England 
the average number of inhabitants to each house is 
under 54, the average number in the metropolitan 
county exceeds 73 ; while the number to each house in 
Dublin is 129, which is double the average number in 
all Ireland, where the house accommodation is gene- 
rally of the most wretched description. 

Having ascertained, as well as circumstances allow, 
the numbers of the people, it becomes of importance to 
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know how they are employed. It cannot be expected 
that any one, who is without the authority of the go- 
vernment for the purpose, can succeed in ascertaiiiing 
with minuteness the numbers occupied in each of the 
various branches of employment, but opportunity may 
probably be found for ascertaining those numbers in 
certain great leading divisions, following in  this respect 
the more usual course of inquiry in tbis country, and 
distinguishing individuals as employed, first, in agri- 
culture ; secondly, in trade and manufactures ; and, 
thirdly, in all other pursuits. By knowing the propor- 
tionate number of any people who are employed in 
raising food for themselves and the remainder of the 
community, we possess a very important element 
towards estimating the social condition of tlie people. 
The truth of this remark is made apparent by the fact 
shown at  the census of 1841, that while in Great Rri- 
tain 251 persons raised the food cpnsumcd by them- 
selves and 749 other persons, or while 1000 persons 
engaged in agricultural labour supplied the wants of 
3984 persons, including their own ; in Ireland, in the 
same year, the labour of 662 persons was required to 
supply food for themselves and 338 others, so that 
1000 persons supplied food for only 1511 persons, 
themselves included. The deductions to be drawn 
from the like facts in other countries are liable to mo- 
dification, and particularly if it shall appear that fami- 
lies, op any portion of them, which draw their chief 
support from agriculture, employ any portion of their 
time in domestic manufactures. Previous to the in- 
ventions of Arkwright and Hargreaves, the spinning-, 
wheel wag in general operution in cottages throughout 
a great part of England; and the time is yet more 

2 1 2  



484 GTATIBTICS. [Sect. XV. 

recent a t  which the sliuttle might be heard in those 
cottages during the long evenings of winter, and at  
seasons when out-of-door labour was prevented by bad 
weather. Hand-loom weaving, except as the substan- 
tive occupation of the family, may now be said to have 
ceased in this country, and the spinning-wheel has 
long been wholly superseded; but this is far from 
being the case in many, or perhaps in most, other 
countries, where the females of a family are a t  times 
employed in spinning and weaving, at least for the 
supply of their own household, if they do not provide a 
further quantity of fabrics for sale to others. 

Where manufactures are carried on in factories or 
large establishments, it  will not be very difficult to 
obtain a tolerably accurate estitnat.e of the number of 
such establishments, and of the hands employed in 
them. In some countries, the Government requires 
that a patent or licence shall be taken out yearly by 
the proprietors of manufactories, and by this means a 
correct account of their number might be obtained. In 
the same way, the number of dealers may sometimes 
be ascertained, and probably classified as being whole- 
sale or retail traders, ils well as distinguished accord- 
ing to the branches of business pursued by them. 

It is desirable to know the usual and average size 
of farms or holdings of land, and the system under 
which they are cultivated, whether by the proprietor of 
the soil or by tenants ; and if by the latter, then upon 
what terms, whether hy payment of an annual rent, 
and at what rate usually for u. @en measure ; or by a 
division of the gross produce, and tlien in what pro- 
portion the Iandlord participates for the mere use of 
the land and farm-buildings, or whether he furnishes 
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the stock or any proportion of it. Inquiry should be 
made as to the existence of what is understood by 
" tenant-right ;" whether by law or by custom the 
farmer is entitled to compensaticin for such improve- 
ments as he may have made in thc condition of the land. 
The number and kinds of live animals that are bred 
and kept upon farms should if possible be ascertained, 
as well as the number of labourers usually employed 
upon a given extent of land ; the rate of wages which 
they receive; whether those wages are lessened by 
reason of their being boarded by the farmer, or 
whether they live and board themselves in separate 
cottages; and also whether there is employment, 
either permanent or temporary, on the farms €or 
women or children, with the rates of wages paid t o t  
them; and further, if the labourers have any other 
advantages in aid of wages. 

If it be important to know how the people of any 
country lire employed, it cannot be less so to ascertain 
the result of their labour. It is especially desirable to 
know the proportionate quantity of each kind of food 
raised upon farms of a givcn size, or upon any known 
measure of land of the average degree of fertility ; the 
quality of such of the cereal griiins as may be raised 
will best be ascertained by learning tlie weight of a 
given quantity by measurement. While making in- 
quiries concerning the supply of food of home growth, 
it must be essential to ascertain whether, in seasons of 
average productiveness, that supply is equal to or 
greuter than the ordinary consumption of the country. 
Should it fall short of the requirements of the people, 
inquiries should be made concerning the quantity de- 
ficient, and the sources whence tlic same is ordinarily 
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made good. On the other hand, should the home pro- 
duce exceed the consumption, the amount of that 
excess, and the usual channels employed for disposing 
of it. should be ascertained. 

Similar inquiries snouiil likewise be made concerning 
the mineral productions of the country. It will not be 
enough to know only the number of persons employed 
in mining operations, since the value of such labour 
varies exceedingly in different countries. It was stated 
at the meeting of the British Association in 1844, that, 
according to the official reports of the French govern- 
ment, each workman employed in the coal-mines of 
France raised no more on the average than 116 tons 
in the year, while the average quantity raised by 
English miners in that time was 253 tons. Nor is this 
discrepancy confined to coal-mining. The quantity of 
iron made in Great Britain is four times that made in 
France, while the number of persons employed for the 
purpose is actually greater in France than in England : 
the numbers EO employed in 1841 were, in France, 
47,830, who made 377,142 ions of pig-iron ; and in 
England 42,418, who produced 1,500,000 tons of that 
metal ; so that the labour of each man in France pro- 
duced barely 8 tons, while in Great Britain it sufficed 
to produce more than 35 tons. 

The like inquiries should be made with reference to 
every branch of occupation, as occasion offers or may 
be found. Upon this subject it is essential to know the 
number of hours in the day during which, at various 
seasons of the year, workmen me ordinarily employed, 
whether the routine of their occupations is disturbed 
by the intervention of Iiolidays, and to what extent 
euch interruptions are carried iu different branches of 
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industry. Also, whether any and what restrictions 
are placed by law or custom against the employment of 
women or children in any branch of trade or manufac-, 
ture. Naturally connected with these inquiries is the 
share which the workpeople obtain of tho vuluc 01 the 
objects upon which their industry is employed. To  
ascertain this it is not only necessary to learn the usual 
rates of daily, or weekly, or yearly wages paid, but also 
the amount which a family of average industry, con- 
sisting of a man, his wife, and say four children, are 
ordinarily able to earn in the course of the year, in- 
cluding such perquisites as custom provides in aid of 
the ordinary wages, the nature as well as the value of 
which it must be interesting to know. It liardly needs 
to be said that a distinction must be drawn between the. 
earnings of the skilled and those who are unskilled, 
those whose qualifications are the result of a previoua 
expenditure of time and money, that is, of education, 
and those who bring little more than their bodily 
strength to the performance of their task. Neither 
does it need to be pointed out, that however numeri- 
cally important are the classes usually understood bf 
the term workmen, their condition does not comprise 
the whole of what it i3 desirable to know in forming an 
estimate of a community; the circumstances of the 
better educated portion of the people, including those 
who by their studies and acquired skill' influence SO 

greatly the general well-being, and upon whom mainly 
depends the progress of civilization, are to the full as 
necessary to be known. It will probably not be diffi- 
cult to leiirn, as respects these, the fees paid to pro- 
fessional men, such as physicians and tldvocatee, the 
salaries of schoolmasters and mistresses, as well as the 
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salaries and other emoluments of men employed in the 
higher as well as in the more subordinate offices of the 
Government. Coupled with these particulars we should 
endeavour to ascertain the necessary expenditure of 
families in the various walks of life. This is a more 
di5cult task, and it requires much knowledge of the 
various conditions of the community to estimate the 
correctness of such statements as may be gathered, 
especially as regards the expenditure of the poorer 
classes. It is a curious fact, that in almost every case 
where details of this nature were offered to the Com- 
missioners of Poor Law Inquiry in England, the ex- 
penditure, as stated, was found upon examination to 
exceed in no small degree the income of the family, 
although the parties a5rmed that they did not run in 
debt. It would greatly help towards forming a correct 
estimate, if the retail prices were ascertained of different 
qualities of the various articles used and consumed in 
families holding different ranks in the scale of society. 
The incomes of a very important class of public 
functionaries, the clergy, it may be more difficult to 
ascertain, especially in lands which have made a com- 
paratively small progress in civilization, and where it 
is understood the priest often avails hiinself of the super- 
stitious terrors of the ill-informed people to advance 
his own personal interest. In other countries, com- 
paratively free from this evil, it is, however, not easy 
to ascertain the average rate of incomes of the clergy, 
which may be derived partly from one source and 
partly from another-sometimes from the State, by 
a direct payment ; sometimes from land, the profit of 
which will vary from year to year; sometimes from 
fees given for the performance of certain religious 
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offices-such as marriage, baptism, and buriaI ; and 
sometimes also from voluntary payments, or offerings, 
in acknowledgment for the instruction and coilsolation 
imparted. Nor will the cases be rare in which several 
of these sources are combined, in order to make up the 
income. I t  will be more easy to learn the number of 
the clergy, and to nsccrtain the manner of their appoint- 
ment, whether by election on the part of the people, or 
by nomination on the part of the Government or of in- 
dividuals ; and an estimate may be made of their general 
incomes by observing the class of the community among 
whom they usually live upon a footing of equality. 

There is no subject which will so we11 enable us to 
judge concerning the progress and probable future con- 
dition of any people, as the state and degree of instruc- 
tion which is provided for the youthful among them. 
The inquirer will therefore endeavour to learn, not 
only the number of educational establishments and of 
students attending them, but also the nature and 
quality of the instruction imparted ; the proportion of 
schools connected in any way with the State, and of 
those established and supported by private means. It 
will not be difficult to judge from observation, and also 
through conversation with the inhabitants, how far the 
means provided have been effectual in former times in 
rendering the people intelhgent, and in furming their cha- 
racters. The cost of insti*uction should also be learned, 
and whether any and in what degree that cost is borne by 
the Government ; also whether any and what degree of 
proficiency in the usual branches of knowledge is requisite 
to enable any person to take upon himself any official 
duties, or to authorise him to assume certain responsi- 
bilities in society, where the fortunes, the huppincas, 
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and it may be the lives of others, will be intrusted to 
his charge. 

Closely connected with this subject is the state of 
crime in every country. The number of prisons, the 
amount of accommodation which they afford, and the 
number of inmates usually to be found within them, 
should, if possible, be obtained, as well as some ac- 
quaintance with the system of punishments pursued 
and the treatment of the prisoners. The number of 
executions that have taken place within a given number 
of years, and the nature of the crimes for which that 
extreme punishment has been inflicted, should be ascer- 
tained. If any more general record of offenders can 
be had, it would be well to inquire the prices of food 
during the particular years to which those records 
relate, in order to judge correctly conceming the mora1 
character of the people under one of its most important 
aspects -its tendency towards criminal courses. To 
know the nature, generally, of the offencea committed 
Will give us an insight into many subjects of interest, 
provided ‘the people have made any considerable ad- 
vances in civilization; but if the country should be 
very backward in this respect, many crimes will go 
“ unwhipt of justice.” If the criminal records of Eng- 
land existed for any period further back than half B 
century, we should probably search them in vain in 
order to learn the number of pickpockets; not that the 
offence of picking pockets w a s  unknown, but that when 
the offender was detected the mob took his punishment 
into their own hands, and by pumping upon him, or 
dragging hilp through a horsepond, or by some other 
more convenient summary proceeding, satisfied their 
views of justice, and let the culprit go. It i very de- 
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sirable to know among what classes of people offenders 
are chiefly found; whether among labourers in agri- 
culture, or handicraftsmen, or others ; and also whether 
educated persons add in any, and in what degree, to 
the list of culprits. It is highly important to draw a 
distinction between male and female offenders, since 
their proportionate numbers will throw light upon the 
general character of the community in some of its 
features. In the early part of the present century 
there were 40 females to each 100 males committed 
for trial in England and Wales; but during the 
10 years from 1840 to 1849 inclusive, the average pro- 
portion has been little morethan 19 in each 100, indicat- 
ing a change in condition, manners, and morals highly 
favourable to the present day. It is equally desirable 
to know the proportionate numbers of juvenile offenders, 
classing under that head all under 15 years of age, or 
such other period of life as, under the influence of 
climate or any other cause, may determine the date at 
which the youtlis of the country generally w u m e  an 
independelit position, and provide for their own support. 
It will be well also to distinguish the sexes of these 
young offenders. 

By making inquiries of intelligent residents it may 
be learned whether, with the progress of time, crimi- 
nality has increased or diminished in the country. The 
criminal records, if such exist, will by no means furnish 
data upon which reliance can be placed for judging 
upon this point, since it often, or it might be said, most 
frequently happens, that with advancing civilization the 
$lice regulations of a country are more strict ; besides 
which, increasing population, and increasing wealth, 
may lead to a greater number of offenders, without 
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really adding to  the criminality of the community, 
since the nature and quality of the crimes committed 
may have become less serious. The number registered 
in the calendars will be increased if two cases of petty 
larceny shall have taken the place of one murder, and 
yet no one would thence affirm that crime has increased 
in the country. 

The provision made for the indigent generally, and 
especially for the sick and the aged among them, will 
naturally call for inquiry. The number and extent of 
establishments answering to our union-houses, alms- 
houses, hospitals, dispensaries, and lunatic asylums, 
should be bought for, with every particular that can bo 
gathered concerning the manner in which they have 
been established and are supported, and the number of 
persons succoured. It would be a service rendered to 
an important branch of science if the numbers, in pro- 
portion to population, were ascertained of lunatics, of 
blind persons, and of the deaf and dumb. 

The length and condition of the public roads should 
be inquired into, as well as ;he system under which 
their repair is provided for, whether by the State, or 
by tolls collected from passengers, or by the money or 
labour contributed by residents in the districts ttvough 
which the roads are carried. The modes of travelling, 
as well as the nature and number of public carriages ; 
and whether, as in some countries, they are the pro- 
perty of the Government, or, as in England, the result 
of' private enterprise, should also be ascertained, 88 
they easily may be. The means for internal naviga- 
tion, whether by rivers or by artificial canals, it may 
not be difficult to learn ; recording tlic direction and 
the length of each, mid the size of vessels in which tho 
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traffic can he conveyed. In the w e  of canals, it will 
be interesting to know the date of their construction, 
and, if possible, their cost, as well as thc nature and 
amount of goods conveyed upon them (and upon the 
rivers also), the rate of toll, and the degree in which 
their construction has promoted both the advantage of 
the community and the profit of the owners. The in- 
terest which attaches to railroads, in most places where 
they have been introduced, has been such ns to cause 
every publicity to be given to tlieir statistical condi- 
tions, and printed accounts, in which every question 
that it may be necessary to ask concerning them, may 
be easily procurable, and should be secured. 

The manufacturing industry of a country will na- 
turally claim attention from every inquirer, who, in  the 
probable absence of all precise information concerning 
its extent, will endeavour to supply its place by means 
of euch circumstantial information as he can bring to 
bear upon the subject. With respect to such branches 
of manufacture as depend for their raw material upon 
foreign supply, it will not be very difficult tosaxrive at 
a tolerably closc approximation to the truth, in regard 
to the quantity of such material used. Such cases are 
comparatively few, however ; and with regard to those 
branches of industry which derive tlieir material partly 
or wholly from the native soil, the person who visits 
any 'country must usually content himself with such 
stritements as he can draw from trustworthy persons, 
preferring those accounts, if any such there be, which, 
having been published to the world, have stood the test 
of local criticism. The cotton and silk manufactures 
of England are examples of the first-mentioned of tliese 
conditions, while oiir linen and woollen manufactures 
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sufliciently explain the other class. T o  ascertain merely 
the quantity of raw material used would go but a little 
way towards determining the value of any manufacture 
to a country. This will be plainly seen if we call to 
mind the fnmiliar instance of the chain-cable and the 
watch-spring, both of which are products of the same 
material ; while one, by reason of the amount of labour 
bestowed upon it, is many thousand fold more valuable, 
weight for weight, than the other. The cotton manu- 
facture is open to the like difficulty, although in a 
minor degree : even the yarn, which is the result of a 
preliminary procecs, sells according to its degree of 
fineness, from a few pence to as many shillings per 
pound. The inquirer will therefore feel it  necessary 
to ascertain the increased value that is ordinarily im- 
parted by proceeses of manufacture to the materials 
used, and whether any and what changes me going 
forward in  this respect. The information here sug- 
gested may partly l e  gathered by comparing the prices 
of given weights and mcasurcs of the materials with 
those of the average qualities bf finished goods ; but it 
must be evident that little more can be done in this 
branch thun to apply to men of intelligence and re- 
spectability for such information and opinions as they 
may be able to impart. It need hardly be pointed out 
as desirable to know in what degree the general popu- 
lation shares in the use or consumption of home-manu- 
factured articles-whether any part of them falls to the 
lot of the working C~ASSCS, or whether they are wh’olly 
engrossed by the highborn and wealthy. It is desir- 
able to know whether any and what branches of manu- 
factures are carried on by foreigners, to the exclusion 
of native workmen ; also, if women and children find 
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employment in manufactures ; and further, if the de- 
g e e  of comfort in which the various classes of the 
manufacturing population live, is greater or otherwise 
than the comfort enjoyed by those who follow ot,her 
occupations. It is of importance to learn whether any 
manufactories are maintained or assisted by the Govern- 
ment, and in what form that assistance is given ; whether 
by direct money-payment or by the grant of privileges 
OF monopolies ; and in case any such system is followed, 
then whether, in the branches thus favoured, there is 
found a greriter amount of success than ordinarily 
attends the employment of capital and skill in the 
country. The seats of the several manufactures should 
be indicated ; and where any mechanical power is em- 
ployed, the nature of the same should be explained ; 
and also the degrec of proficiency attained in the pro- 
duction of machinery, when it is made in the country ; 
and if it is brouelit from abroad, then the places whence 
such machinery is derived. 

The foreign commerce of a country is matter of 
especial interest to every other country, and more par- 
ticularly to England, 80 much of whose prosperity &- 
pends upon its commercial relations. Among the earliest 
inquiries to be made on this head will be the amount 
and description of shipping under the national flag, 
and whether the same be increasing or otherwise; 
Whether any and what privileges are accorded to the 
native marine. Then, what other flags frequent the 
ports, distinguishing those which participato most 
largely in the trade, and whether they mostly or en- 
tirely trade with their own ports, or engage in the car- 
rying trade from foreign countries. 

The description and quantities of goods imported 

9 
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and exported may usually be learnt without much dif- 
ficulty from intelligent merchants, or, what is better, 
from the accounts of custom-houses. Distinction should, 
as far as possible, be drawn between goods imported for 
use and those brought in transit, dividing them, in both 
cases, into raw materials and finiahed articles, and 
classifying them according to their nature, distinguish- 
ing food, clothing, metals, &c. The like statements 
should be obtained, and dietinctions made, in r e g d  
to exports. It is desirable to know whether goods are 
imported directly from the various countries of their 
production, or indirectly from third markets ; and in 
this latter case the reasons should be sought why the 
apparently less desirable course is followed. The rate 
of customs-duties can always be procured, and in most 
cases in a printed form. This will serve to show 
whether any differential or preferential duties are 
levied, to the hurt or advantage of pzrticular countries. 
In  regard to duties upon exports, their amount and 
nature should be sought equally with those charged 
upon imports and consumptioh. 

The home trade of countriee, unless they be of such 
extent as to include different climates, and conse- 
quently to yield different products, is usually com- 
prised in transmitting imported articles from the POI* 

to towns in the interior and to country districts, or in 
transferring articles of home growth from the country 
districts to the different towns and ports. Besides this 
there will be, in manufacturing countries, the trans- 
mission of goods from the seats of manufacture to the 
towns and villages, for the supply of their inhabitants 
and of the neighbouring districts. A traffic of this kind 
it muat be a t  all timcs difficult to register, and the most 
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that can be done by a stranger or visitor is to learn the 
general nature and course of the trade, and to collect 
opinions as to its amount and condition at various 
periods of time. If any internal duties, answering to 
our excise-duties, are charged upon home productions 
brought into consumption, their nature and amount 
should be ascertained. 

The subject of currency and banking is of very high 
importance, and every information concerning it that 
can possibly be had sliould be carefully obtained. The 
nature and value of coins in use, their weight and de- 
nominations, should be noted ; and whether means are 
used to prevent their exportation by laws passed for 
that purpose, or by the coins being made to contain 
any considerable portion of baser metal. If any auxi- 
liaries to thc use of coin should be established, such 
as bauk or government notes, or transfers in books of 
public account, as practised in soine trading cities in 
Europe (Hamburg, for instance), the nature of such 
ghould be described. Until a rccent period, the chief, 
if not the only method used for making payments in 
France was by the transmission of‘ silver coin ; and it 
often happened that public carriages, passing between 
two places in opposite directions, conveyed a t  the same 
time tons weight of five-franc pieces. This incon- 
venient and expensive practice has of late years been 
in some degree remedied by the more general esta- 
blishing of banks of issue, whose notes are transmitted 
by post, as well as by the extended use of bills of 
exchange. 

The weights and measures in use shoulfl be stutcd, 
wit11 the proportions which they bear to those in this 
Wuntry, or to other well-known standtlrds ; and, c m -  

2 K  
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nected with this subject, it is well to know what articles 
of general use are sold by weight and what by measure, 
and whether different weights or measures, or different 
usages in regard to them, are adopted in  different 
parts of the =me country, as was at one time the case 
in different parts of England. 

I f  any joint-stock associations are in operation for 
trading purposes, their nature and the extent of their 
capital, the peculiar privileges, if any, that they enjoy, 
and the effect they are judged to h;ve upon the 
general interests of tlie community, should be carefully 
gathered. There may be other associations not strictly 
trading, and yet closely allied to trading interests 
which should equally be the objects of inquiry : such 
as docks, insurance offices, and tile like. 

The public revenue and expenditure of countries, 
when published at  all, are put forth by the Govern- 
ment ; and all statements of this kind should be made 
objects of inquiry, with a view to obtaining the same. 
I f  the Government should not think fit to publish in- 
formation of this kind, it will seldom be of any use to 
seek for it in any other quarter. 

In every country, having any claim to civilization, it 
will be possible to procure maps, and by conversation 
with men of intelligence the visitor may get to know 
the degree of reliance that is to be placed upon their 
accuracy. 

The limited space that can be given in this volume 
to the subject of statistical inquiries has n e c e ~ r i l y  con- 
fined the recommendations which have here been offered 
to  the'more leading or important objects, which are apO 
noticed with the utmost brevity. To persons of intel- 
ligence who visit other lands, many peculiarities will 
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present themselves which they will think worth re- 
cording, although nothing should have been said con- 
cerning them in these pages. One caution i t  appears 
desirable to offer: it is, that no fact shall be disre- 
garded as without value by reason of the incomplete- 
ness of the information it yields, since it may well be 
that this very fact may supply a link in the chain that 
will give value and completeness to former or to future 
ohaervations. 

2 K 2  



A P P  E N D  I X .  

PIAN and REGULATIONS of the Establishnient and Adjudication 
of Two PEIZE MEDALS for the Encouragement of the Medical 
Officers of the Royal Navy, and the Improvement of Physic and 
Surgery in that Depnrtnicnt of the Public Service. Founded 
by Sir GJLDERT RLAXE, Baronet, First Phyeician to the King, 
F.R.SS., Lond., Edin., Gott., Member of the Impcrial Am- 
demy of Sciences of Russia, of the Institute of France, &c. 

1. T ~ E  Founder-coiisidering how much i t  will conduce to the 
advancement of the Public Service that emulation should be ex- 
cited among the Medical Officers of the Royal Navy by honorary. 
distiiictions for professional merit-hns vested the 8uin of three 
hundred pounds in the Three per Cent. Consolidated Bank An- 
nuities, in the corporation of' the Royal College of Surgeons of 
London, in trust, with the dividends which shall be fiom time to 
tiiiie receivable, for the purpose of conferring, once in two 
years, Two  Gold Medals of cqunl value on two medical officers, 
surgeons of ships of war in commission, or assistant-surgeons of 
King's ships in commission not bearing surgeons, who, in the 
time required, shall have delivered into the pro1)cr office, Jour- 
nals, eviricing the most distinguished proofs of skill, diligencer 
humanity, and learning in the cxercise of their professional 
duties : these Journals to be delivered in the form in which they 
have been kept from day to day, stating the symptoms as they 
shall have occurred at  the time ; but without prejudice or hin- 
drance to their making such observations, practical or theoretical, 
as they may judge proper to annex to them. 

2. Tbe first selection to be made by tlw Mcdical Comnlission- 
era on the 12th of August, 1831, fronl tho Jolirllals delivered be- 
tween the 12th of July, 1827, and the 12th of July, 1831. A]] 
future selections to be made on the 12th of August, a t  the inter- 
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~ n l  of two years from euch other, from the Journals delivered in 
the two preceding years, up  to the 12th of July immediately 
preceding such selection. 

3. I n  the selection of these Journals the Foundcr proposes that 
the Medical Commissioners of the Navy shall, out of the whole 
Journals delivered to them in the course of the intervals above 
specified, make choice of such as in their judgment possess the 
highest degree of merit, in number not more than ten or less 
than fivc, which shall be transmitted to the Foundcr during his 
lifetime, for his selection out of the number SO sent of two, or 
ono in case there shonld not be another of sufficient merit, the 
outhonor author of which, in his judgment, may be most deserv- 
ing of the prizcs. And after his dcccnse the said Jourrials to be 
conveyed to the President of the College of Physicuns, who, after 
ditc examination, is to communicate thcm to the President of the 
College of Surgeons, nnd after proper deliberation the said Pre- 
sidents arc to call to their assistance the Senior Medical Com- 
rniesioner of thc Royal Navy, and jointly with him sclcct from 
the said Journals onc or two, the author or authors of which, in 
theopinion of the mnjority, possess the highest merit, and hcomo 
thereby entitled to tile Medal or Medals. The Medal or Medals, 
when adjudgcd, arc to bc put into the hands of the attcnding Mc- 
died Cornmissioner, to be by him presented to thc successful 
candidate or candidates. All the Journals of the first selection to 
Le returned into the custody of thc Medical Commissioners, 

4. I n  casc of thc impossibility of' pcrlbrming the beforc-men. 
tioned duties, through the illness or unavoidable absence of the 
parties describcd, the duty is to devolve on the next in rank ; 
that is, on the Senior Ccnsor of thc Collcgc of Physicians, tho 
Vice-Prcsidcnt of the College of Surgeons, or the Junior Medical 
Commissioner. 

6. I n  casc it should happen at any of the periods of adjudica- 
tion that in tho opinion of tho Founder, or of tho two Presidents 
after his dcccaso, there shall not be found a Journal or Journals 
of udequatc mcrit to entitle any candidate to the prize, the Medul 
or Medals shall be withheld until the next period of adjudication, 
and the unudjudicatcd Medals arc to be confcrrcd on such as may 
possess sufficient merit over and above those subject to djudira. 
tion at  that period. l lut this regulation is SO to be construed ond 
limited that no more than four prizcs sltall bc adjudicated at any 
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one period; and if the unndjudged Medals shall exceed this 
number, their value in money is to be given to the Supplemend 
Fund for the Children of Medical Officers. 

6. I n  cnse nt any time the Founder or the two Presidents shall 
omit to make the adjudication for a longer period than three 
months, they shall be considered as having forfeited tlreir right, 
nnd the ultimate selection shall devolve on the Medical Commis- 
sioners, who, in case of diffcrcnce of opinion, may call in such 
referee as they may judge necessary or advisable. 

7. T h e  Founder ahall provide and deposit with the Royal (201- 
leg0 of Surgeons the Die engraved for the Medal, from which 
they will cause the Dlcdds to be struck at the prescribed periods, 
and to be delivered to the Medical Commissioners to be presented 
hy them to the successful candidates. 

8. No successful carididate to be ndmittcd as a competitor n 
second time. 

9. T h e  Presidents of the Royal College of’ Physicians and 
Surgeons, and the Sciiior Medical Comniisaioner, to be considcrcd 
ns guardians of the Fund and its equitable administration. 

10. 111 casc of’ any of‘ those surgeons whose Journals have been 
given in, should have been paid off previous to adjudication, or 
should they have been nppointcd to ai1 hospitnl, or any other 
situation on shore except that ot‘ Medical Commissioner, such 
surgeons shall still bc deemed eligible candidates for the Medals 
in case of adequate merit. 

11. After n lapse of not less than ten years from the decease 
of the Founder it shall be competent for the I’resideritsof the two 
Royal Colleges and the Medical Commissioners of the Navy to 
hold an interview for the purpose of consulting whether any nnd 
what additions or alterations would be advisable in the precedjrrg 
plan and regulations, and to adopt them in ease of their being 
unanimous for the adoption : subject, nevertheless, to the nppro. 
bation of the Lord High Admiral, or the Commissioners for exe- 
cuting the office of the Lord High Admiral. 
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R E C O M M E N D A T I O N S  A N D  SUGGESTIONS.  

THE Founder, with all deference to the high professional autho- 
pities who are to adjudge the Medals, begs to suggest and recom- 
mend as follows :- 

1. That  a book bo kept in the custody of the Medical Comniis- 
sioners of the Royal Navy, wherein ia to be transcribed the plan 
and regulations, and to serve also na a record of the periodical ad- 
judications, and wherein not only the names of thc successful can- 
didates may be inscribed, but also ofall those of the first selection ; 
among whom it cannot be doubted that there will bo found tokens 
of merit which may go without their due reward, from the limited 
number of Medals, and all of whom will, of course, possess acon- 
siderable share of merit above the unselected, and be deserving of 
considoration. 

2. That  there be transcribed into this book of record such re- 
inarks as may have arisen out of the examinations, deliberations, 
aut\ discussions of those appointed to adjudge the Medals, and 
which may prove a source of much valuable information, not 
ouly for the Navy, but of the community at large, while it will 
open a source of liberal and useful intercourse between the mem- 
bers of the different public professional institutions of tho empire, 
provided some degree of publicity should be given to thorn. 

THE END. 

PIUNTED B Y  W. CLOWEO ANU Soh's, ITAMPOILU 8TXEET. 
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and Reeollootions of a Heaidonce in various Parts of tho Continent, and 
England. 2 Vols. POSt avo. (Ncorly i?m@,) - Tmlation of Rsnb's P o l i t i d  and Eccleeiaetical 

Fifftmth Edition. \Yowlouts. 18mo. 28.M. 

U b t q  of tbe Popca of Rome. Thinl Biition. a 'Volr. 8ro. U s .  
n 2  



4 LIST OF WORKS 

BABBAOE’S (CEARLEB) With Bddgewater Treatise. Gcc~nd 

’ Economy of Machinery and Manufactures. Fourllc 
Edifion. Fcap. 8vo. 6a. 

Table of tho Logarithms of tho Natural Numbers 
fmm 1 to 108000. Fourth lZditm. Royal 8vO. 68. 

Reffections on the Decline of Science in England, 
and on nome of its Cnusoa. 8vo. 78. W. 

BARROWS (SIR Jonr) Autobiographical Memoir, including 
ReflcctIons Observations and Romlulseeoccs a t  Homo and Abroad. 
Prom Earl; Life to Advancad Age. Portrait. 8vo. 168. -- Voyages of  Discovery nnd Research within the 
Arctic Regions, from 1818 to the pmsent Ume. Under the Command 
of the several Naval OfBcars, employed by Ben and Land, In march of 
n North-west Passage from the Atlantic to tho Paciflc: with Two 
Attem ts to rench tho North Polo. Abridged and nrrangca from the 
Ofliclaf Narratives, with Oocasionnl Remarks. Maps. 8vo. 1b. 

-- (JOHN) Memoirs of the Naval Worthies of Queen 
GliZabetl1’8 Ilelgn their Gallnnt Deeds Darlng Adventuloa and hrviceS 
in tho Infant statelof the British Navy: with brief BlogmplIcnl Notlcee 
of the respective Commanders. avo. 148. 

-c 

~ i f b l .  8vo. 98. 6d. 

- Life and Vovsrree of Sir Francis Drake. With nume- 
Admiral to the Queen, 

- -- Tour in Austrian Lombardy, tho Northern Tyrol, 

BASSOMPIERRE’S Memoirs of his Embnsey to the Court of 
England in 1626. Translntcd With Notes. 8VO. DS. od. 

BELISARIUS (LIPS OF). By LOBD MABOX Second &lition. 
Pout 8vo. 101. cd 

BELL’S (SIR CIIARLES) Anntomy nnd Philosophy of Expreenion a8 
connected with the Fino Arts. Fourth Edifiun. l’lates. Imperial 8vo. 218. 

BEREDICTS (JULES) Sketch of the Life and works of Felix 
Mendolssobn Dartholdy. Svo. 26. &I. 

BERTHA’S JOURNAL during a Vieit to her Uncle in England. 
Containing aVariety of Intamsting and Instrnctivo Informntlon, adnptod 
for Young Persons. Seventh Edicia. Woodcuts. 121110. 78. M. - The Heireea in hor Ninority ; or, the Progress of aha- 
racter. By Author of BERTIIA’~ JOIJIIXAL!’ 2 Vola. 12mo. la. 

BETHUNE’S (J. E. D.) Specimens of Swedish and German Poetry. 
Part I. Poems of balas Tegner. Part 11. SchlUor’a Mald of OrleanS- 
Crown8vo. 1%. 

BIRCH’S (SAMUEL) History of Ancient Pottery : Egyptian, Asiatic, 
Greek, Roman, Etruscan, and Celtic. With Illiatrntlons. avo. ( N d Y  
RCUlfy). 

and BovarJa. Woodcuts. Poit 8vo. 10s. &1. 
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BIRPS (W. B) Hurricane Qnide. Being nn Attompt to connect 
tho Robtory Qalo or Revolving Stom with Atmospheric Wavoa. 
Inoludlug Instructions for ohnerving the khonomona of tho Wavon and 
Btonnn; with l'ractlcal DirocUona for avoiding tho Centres of tho latter. 
Wlth Cimles on Cards. Post avo. &. 

BIOSUOPE (TEE); or, the Dial of Life explained. To which is 
added a Translation of St. Paullnus' Epistlo to ColanUa on tho Rulo of 
Christian Lifo and nn Elementary Viow of gonoral Chronology. By 
GMNVXLLB PLNN. Second E d i t h  With Plata 1Pmo. 1%. 

BLUNTS (REV. J. J.) Undesigned Coincidencos in the Writings 
of tho Old and Now Toatamont, an Armmont of their Vornci * MU1 
nn Appondlx containin Undoaiped Coinoldoumn betwoon thotgdspols, 
Aota, and Jomphw. h i r d  E d i t t a  Llvo. 08. 

- Principles for the proper understanding of the Moeaic 
statod and appllcd togethcr with an incldontal nrgument for 

Z't3 i?of t ,m Ronumtion ;four Lord. Being Uio XuLsun Lxarmuca 
for 1892. Post 8vo. 68. Bd. 

BOOK OF COMMON PRAYER Illuminated with 1000 Illns- 
trnhons of Borders Inltinls, and Vignottos. Ycdlum 8vo. 218. cloth, 
818. &1. calf, or 4%. koroeeo. 

BORROW'S (QEOEOE) Lavengro ; The Scholar-the Qipsy-tmd 
the PriosL W i t h P o r t d t .  8 Vob. Pwt 8vo. 801. 

Bible in Spain; Or the Journoya, Adventures, and 
Im riwnmenta of nu Englishman in an Attompt to clrculate tho 
Ser!pturoa In the Poninsuln. 8 Vola.. Post Svo. 27r., or C / m p  ifdUiGI+ 
lOmo, 6a. 

Zincnli, or the Qipsiee of Spain; their Xanners, 
Cuitoms, Rellglon, and Lnnguogo. 2 Vole. Post avo, 1% or Chap 
Gdltwn, lOmo, L. 

Including thc 
Tourto the Hobddos with Notus by Blr W. km. Editod by tho Rlght 
1100 Jam Wn.aorr'CnoKKn. A New and C h  er E&tion UIoroughli 
rovb'ed, (1646 with mlLdi&iliad Natlcr. With eortralta. bomplota i l l  
one Volumo k0ya.l avo. 16% 

**' Be porticular in ordering CnoKsu's BosirsLq in ONE VOLUUE. 

BRACEBRIDGE HALL ; or, the Humouriste. By WASHIKCIFON 

BRAY'S (Mns.) Life and Pereon81 Reminiicencee of Thomrm 

BREWSTER'S (SIR DAVID) M w t p  of Science, or the Lives of 
(fJil00, Tyoho Brshe, and Kopler. Second Edition. Fcap. 8vo. 48. BJ 

BRITISH ASSOOIATION REPORTS. York and Oxford 1831- 
81) 1%. &1. Camhrldg la99, 12r Edinburgh, 1834 168. Dublln 
I& 19s. Bb Drlabl, lh, 1%. &orpool 1W7 16% & Ne-tlO: 
If& 1&. BlrmIngham, 1639 188. W. (flas(gorr iM0 158. Plp8Outll 
1 8 ~ 1  iu. &I. Mau&heater I&, 10. w Cor ias, i z ~ .  Yorh 
MI ' C&mbrldge, 1M6, Id. Sautharhpt& I d ,  188. Oxford, 1847,lBs. 
B W ~ W E ~ ,  IS@, DI. Blrmlngham, le(e,lO.: Bw. 

BOSWELL'S (JAMES) Life of Dr. Samuel Johnson. 

InVINO. POat8VO. 6.9. 

Btothmd, R A. With Portnlt  and Woodcnts. 4to. IvcurrN Rad#. 



6 LIBT OF WOEKS 
~ 

BROQDENS (REV. JAE.) Illuatratione of the Liturgy and B i t d  
of the United Church of England and Ireland. Bcing Sermons and 
D ~ o u i n e s  Selected ftom the Worka of eminent Dlvinee of the 17th 
Century. 8 vols. Post SVO. n s .  

Catholic Ssfogunrds againet the Errors, Corrnptione, 
an8 Novelties of the Churah of Rome. Being Bermom and Tractn E e l F k d  
from tho Works of eminent Divines of the 17th Century. . 8 d  .?id&twn. 
With Profrce and Indox. 8 Vole. 6vo. 86s. 

*,a Tho Third VoIuma may be had rcpwutdy to compkte as&. 6 v O .  148. 

BROOKE’S (Sra JAXEE) J o d s  of Events in Borneo, including 
tho Occupation of Labuan and a Visit to the Celebes. Together with 
the Expoditton of 1I.Y.b. I r i s .  By CAW. RODNBY MUNDY, R.N. 

BUBBLES FROM THE BRUNNEN OF NASSAU. By an OLD 
Mu. SiztAEdi(ion. 16mo. 6s. 

BUNBURYS (C. J. F.) Journal of a Reeidence at  the Cape of Qood 
Ifope. with Exmrsions into the Intorlor And Notes on the Natural 
Hist& and SaUve Tribes of the Country. ’Wdcuts.  Post 8vo. 9s. 

BUNYAN (Jonr) and Oliver Cromwell. Select Biographies. By 

BURGHERSHS (Lorn) Memoir of tho Operations of the Allied 

Early Campaigns of the Duke of Wellington in 

BURKS’ (RODERT), Life. BY JOHN Qr~soa ~ O K I T A U T .  & 3 ] b  

BURNEB’ (Sm ALEXAITDER) Journey to and Residence in the City 

BURR’S (a. D.) Instructions in Practical Surveying, T~pogre- 
phieai Plondmwing, and on sketching groiind withoot Imtrnmonts. 
B e d  Edition. Wdcutn. Pout 8vo. 78.65. 

BUTTMANS LEXILOQUS; or, a Critical Examination of the 
Meanln and Etymology of numarow (imk Words and Pslup%ea, 
intendeaf princi ally for Homer and Hssiod. T ~ ~ ~ l a t e  and edited with 
Erplanatory &tes, and wpioun Indexes, by REV. 3. R. FIEIILAKE. 
Thud Mihon. Bvo. 148. 

Catalogue of Irregular Qreek Verba; With all the 
Tensos extant-their Formation Meaning, and Usn aceompanid by 
an  Index. Trsndated, with Idtos, by Brv. J.H.f%a-. S d  
lUitm. 8vo. 7s. Bd. 

BUXTOh”f3 (SIR FowmL) Memoirs. With Soleotione from hie 
Correspondence. By hi8 Son. Fourth Mition. Portrait. 8vol lb. ; Or 

I ’ lat fE.  2VOb.8VO. 828. 

RODBBT SOIIT~IBY. Post 8vo. 2a.M. 

Armies under Prinoe Schwanenberg and Marshal Bluchor during the 
latter ond of 1m8-14. 8v? 21s. 

Portugal and Spain. SVD. I. 6d 

Sdition. Fcup. 8vo. 3s. 

ofcabool. SccadEditia. Platon. Svo. 1&. 

Oheup &fition, 10mol L. 8d. 



PUBLISftblD BY XIli YURRAY. 

gEWF6 ( h a p )  Lifq wd Lettm. By THWAE Mdo0~11. C0~~4@ted. 

C O Y P ~  IN om 

I 
d 

and A m n  ed with all tho Notes and Illustmtlaonu. d New mr4W 
ludion. Pt&. 6Vob. Fqap.8hx 188. 

Y o L ~ .  A New wjd Cheaper Gdi(i0n. Portralb. Royal @yo. 12a. - Poetical Worke. Collected and Arranged, with all the 
Notea and Illustrations. A N4w Librasy hli~tion. Platen. 10 Vols. 
Fcap.8~0. 808. 

Complete in One Volume. A New 
and Cheaper Edition. Portrait. Royal 8vo. 12s. 

A Neca a& bemtifUyprintccE Edition. 
With Vignettes. 8 Vole. 1Bmo. Zn ub Rem. 

Childe Harold. A New E d i t h .  Illpetrated with a 
Portrslt and 00 Vlgnottaa. 8vo. 2b. 

Vignette. 24mo. 28. 6d. 
Tdae and Poeme. Vignette. 2 Vola 24mo. 68.1 
Dramae. Vignette. 2 Vols.24mo. 68. 
Mleeellaniea. Vignette. 3 Vols. 24mo. 78. 6d. I 

- Don Jum. Vignette. 2 Vole. 24mo. 6u. 

CALVIN'S (JOHN) Life. With Extracta from his CorreepondencB. 

BALLCOTTS (LADY) Little Arthur's Hietory of Pngland. w b  

CAMPBELL'S (Lorn) Livee gf the Lord ohancellom and Keepera 

By Tuov~a 11. DYER. Portrait. 8vo. 168. 

E d r l h  woodcuts. 18mo. 9r .M.  

of (he 0-t of Bn and. From the Earliest Times to tho death of 
Lord~Jdonhieu8. -. r ~ o l s . 8 ~ 0 .  1 0 ~ 8 .  

[The W o r k  may abo be had as follows.] 
1st SERIES. Fmm the Earliest TImes to the Revolution 

of 1688. 8 vole. avo. 4%. 
2nd SERIES. From the Rovolutlon of 1888 to tho h t h  

of Lord Thurlow in 1806. 1 Vols. 8vo. 80.. 
3rd SERIES. From the Birth of Lord Lon hbomugh, in 
1789, to the h t l i  of Lord Eldon, in 1898. 2 $ole. 8vo. 308. 

Liven of the Chief Jueticea of EngJnnd &om the 

("HOB.) Speoimom of the Britieh Foe& With Bb- 
Norman Conqnert till tho DWth Of Lord Nawflold. 1 Vals. 879, 

and CdUcal~NotIau, urd UI on Engllnh PwW. Third 
f $ 8 p . v b e d  by B T W  CUrratitw-voortrPltsnd Yippelte. 
8ro. 16a. 

Short Live8 of the British Poets. With sm b y  
anEllgllrhBoetrv. R o l t b o .  a. 
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CAREMES FRENCH ‘ COOKERY. 
Bamndmion. Plates. 8vo. Ibs. 

CAILMICHAEL’S (A. N.) Greek Yerba Thoir For1~8tbW 
Irreylarltios, and Dcfecta. scoad Edifion. Poet 800. 8s. Bd. 

CARNARVON’S (LOBD) PortugaI, Qallicia, and the Basque 
Provinoee. From Notea m d e  during a Journey to thoae ConnU*o%* 
Thud Edition. Post 8vo. 68. 

CATHCARTS (COL. THE HOR. GEOROE) Commentaries on the 
W u  In Runsin and Qermany, 1812-18. With 28 Diagrams and Plsns* 
ETO. 148. 

CHARMED ROE (TEE) ; or, The Story of the Little Brother a d  
Sister. With Illustrntioun. By ORO SPBCKTBB. 1Bmo. 68. 

CLARENDON GALLERY (THE); or, Lives of tho Friends and 
Contemporarlea .of the Lord Chancellor Clarendon illustrative of POP 
traits In hls Gallery. WIth en Introduction conthnln n Descriptive 
C a b b y  of the Plctums and an Account of de Origin ofthe ColleoUOn. 
By La y TI~EREEA LBWI~.  2 Vola. 8vo. 

CLARK (SIB JAMIKI) On tho Sanative Influence of Climate, with gn 
Account of the Beat l’laeoe for lnvallds in the Booth of Europe, &e. l h r B  
Isdih. Post avo. loa. W. 

CLAUSEWITZS (QENXEAL Cnnt VOW) Campaign of 1811, 
Rusela. Tranulated from tho German. With a Mnp. avo. loa. W. 

OLIVES (Lorn) Life. BYREV. G. R. Gmra, M.A., Chaplain Uened 
toiheFolr~s. Post8vo. 68. 

COLERIDQE’S (SAWEL TAYLOB) Specimens of Table-Talk. n?rid 
Edith. Portrait. F u p . 8 ~ 0 .  Br. 

(HENBY NELSON) Introductions to the Study.of 
the Greek Classic Poets. Third Edith. Fcap. avo. 6s. w. 

Translated by W. 

COLONIAL LIBRARY. [See Home and Colonial Libnuy.] 
COLQUHOUN’S (JOHN) Rocks and Rivcm of Scotland ; containin6 

Angling Trolling Eagle Shootlng, WildGoat Stalking, Natural HisOrY, 
&a. Po;t8vo. e;. w. 

COLUMBUS, (CnaxsToPmm) Hie Life and Voyages ; together wifh 
the Voysgcs of bls Companions. By W~eu~womon IBVINO. TlhiZU@* 
Map. 8 vola. 800. 318.6d. 

COMBER8 (DEAN) Friendly and Sensonable Advice to the 
Roman Cathollca of England. Edited, alth D Pmfsce and Nom, bY Bev. 
Dr.Hwx. Fcap.8~0. 8s. 

CONDES (Lours PRINOE) Life, surnamed the Great. 

CRABBE’S (REV. GEOBQE) Life and Lettcra. By his SON. Portreit. 

Life and Poetioal Works. Collected and 

By 
f i I I O N .  POOt8VO. 68. 

Fcap.8~0. 8r. 

*th 811 the N o h  and Xl~UEtratioM. Nnr, Library Edition. Pb&@. ~vO’s‘ 

COYPLB- ?N 0 x 1  voLmIB. 
. Fcup.8~0. Nr. 

A New MJ Ohcaper hilllla. Portrait and Ylgnette. Royal 8*0* io’a 
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CBOKER'S (RXOS~ BOX. J. W.) Progressive Geography for Children. 

Btories for Children Selected from the Hietory .of 

B08vcll'a'Life of Johnson. Including the Tour to the 
Hebrlden With Noten by 61r W. B m .  Gdition, 
Reviscd (1648) with much additional Hatter. Portralts%plete In 
One volume. ' R O ~ U I  avo. irw. 

accssdon to the death of Queen Camllne. 
Portrait. 2 Vols. Bvo. 90s. (Nowfirat Addbhed.) 

EburlhGditkm. 1-0. 1a.W. 

h g h d .  FoMtenUIhWtion. Woodcuts. 1h0. 6s. 

A New and 0 

Memoirs of the Reign of Ueorge the Second, from hie 
By JORX Lorn Hanvsu. 

CROMWELL (OLrvsn) and John Bnnyan. Select Biographies. 

CUMMINQ'S (R aomoN) Five Yeare of a Hnnter'e Life In the Far 
Intorlor of South AMm. With Anecdotes of the Chase In hunting the 
Wlld Beasts of the Deserts and Foreat.. &cond mition. Witb Woodcut+. 
2Vols. Post6vo. 24a. 

Jonrnsls Toan, and Critlcal Remarka on Works of Art, and a Beleetion 
fmmhls'Correnpondenca. Portraft. 8Vols. avo. 428. 

Poems and Bong. Now flret collected and 
nrranged wlUi an Introduction and Blogrsphlcal Notice of the Author, 

BY ROBXBT SOUTREK root Bvo. 2s. w. 

CUNNINUHAM'S (ALLAN) Life of Sir David Wilkie. With bis 

by his SdU, PETEB CLlNNINGIIAM. 2 h O .  26. Bd. 

- (UAPT. J. D.) Hietory of the Sikha From 
the Orlgin of the Nation to the Bnttle of the Butla. Maw. 8vo. 16s. 

(hrm) London-Past and Present. A Hand- 
book to the AntiqulUes, Curlodtiea Chmh@d, Work8 of A% Public 
BuUdingr, and PI.tes aonneotad wl& lnterestlng and hlstorfeal us+ 
datlons. sacond Milia. Post 8vo. 168. 

London as it ia ; a Pocket Uuidc for Strangers 
to the Slghta Plsoca of Amusement, Pub110 Bulldlngn, with WOW Hlnta 

Environs of London. A Handbook for Travellers 
regarding I i O t C I R ,  Inna, Lodging& &, &. t h o .  

i 

and Renldente. Wlth Hhta for Excurdono hy B.U, Road, and River. 
Post 8vo. 

Weetminster Abbey. Its Art, Architecture, 

CUMON'S (Hos. ROBXRT) Vieits to the Monasterics of the Levant. 

DUWIN'S  (CEARLBB) Journal of Researches into the Natural 

and Aesoclations. 'Woodcuts. Fmp. avo. 21. Bd. 

!PhirdhWtion. Woodcnts. Poat8vo. 16s. 

HlstorJr and Qeolom ofthe Countries Vi.lted dw&g a Vo)r@ m n d  thr 
World. Poit8vO. &.&L 
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D U R U M S  (ADHIRAL 6m PHIUP) N8vd Lie and Servicee. By 

DYERS (TEOMAS H.) Life and Lettem of John Calvin. Compiled 

EASTLAKE (SIR CRARLES) On the Schools of Painting in Italy. 

his Nophew, CAFT. ALEXANDPB MVBBAY. 8vo. &. W. 

from anthonth Souroes. Portrait. e o .  16.. 

From the Qerman of KWOLRO. Edi With Notes. second m i o n  
Illustrated with 100 Engraving# h% Old Masters. 0 Vola. Post 
8vo. 248. 

8VO. 12s. 

visit to ram. 1’0s: 8vo. !2& elf. 

tlons from his Correupondenco and Diarios. By IioRhorr Twxsa. TAird 
milia. PortrnIt. 2 Vola. Post 8vo. 218. 

Uontributiom to the Literature of the Fine Arb. 

EDWARDS’ (W. IJ.) Voyage up the Ever Amazon, Inoluding m 

ELDON’S (LonD CHANOBLMB) Public and Private Life, with 8elec- 

ESKIMAUX and Engliah Vocabulary, for the uw of. Travellers 

ELLBSM$RE’S (LORD) Two Sieges of Vienna by the Turb. 

Military Events in Italy, 184.8-9. Tranelated 

Gecond Campaign of Radctzky in Piedmont, 

ELFBINSTONEB (HoN. MomrrervanT) Histov of India-the 
Hindoo and Mahommedan Potlob. l’hirdsdirion. Yap. 8vO. 1&. 

EXETER’G (BIBHOP 01) Lettar to the Arohbfshop of Uanterbury on 
the Gorhsm C u e .  SOU) EdWon. 800. 80. Bd. 

FAIRY RING (TEB), A Colleation of TALES and STORW for Young 
Pomne. Prom the Gernian of Grimm now b t  rondered Into Engllsh. 
By J .  X .  TAYLOR. lllustrated by R I ~ R D  DOYLE. S d  Gdition. 

BALKNER’S (FRED.) Muck Manual for the Use of Fanners A 
Treatlae on the Nature and Value of Manures. 
Qlosaary of Tows and an Indox. Foap. 8vo. 68. 

FAMILY RECEIPT-BOOK. A Collection of  a Thousand Valuable 
and Useful Becalpts. Pcap. Bvo. L. W. 

FARADAY% (MIOEA~L) Chemical Manipulmtion ; Being Instruc- 
tions to Students in Chemistry on the Methods of perlbmlng 
monU of DomonstraUon or Res&rab, with Aoouraoy and Bucooss.%% 

in the Arctlo €&@OM. 18mo. 95.M. 

Translated horn &e German. Post 8vo. 2a. W. 

h m  the German. With n Map. Post 810. 08. 

1849. The Defence of Temeswar and the Camp of the Dun. From the 
ooman. Post8vo. &,W. 

FWP, 8VO. 78.M. 

S d  mdh, wlth e 

1Fdtlirm. avo. ILL. 

of North Amerioa, from the rivor Potom- to ~ p r ~  md the FmnUem of 
~IPdTHERSTONHAUQH’8 (a. W.) Tour thwugh the Slave Ste ta  

~ierlc~. Platcs. 2Vole. 8vo. a&. 
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FELLOWS' (SIR CHARLES) Excursion in  A& Minor. Inoludlng 
a Visit to several nnknown and undescrfbed Cities. B d  EdilblI- 
Plates. ImperlalBvo. 2&. 

Account of Discoveries in Lycia made during a 
Beoond Excarslon in Asia Minor. I'lntea. Imperial avo. 21. a. 

Xanthian Marbles now in the British 
Maseum; their Acquisition and Transmission to England. Plates. 8vO. 6.9. 

Account of tho Ionic Trophy Monument excavated at 
Xanthw. Imperial. 8vo. Gs. 

FERGUSON'S (ROBERT, M.D.) Eesays on the Diseases of Womcn. 
Part I. Puerporal Fever. Post Bvo. Qs. 6d. 

FERGUSSON'S (JAXE~I) Palaces of Nineveh and Permpolis 
Restored : nn Essay on Ancient Aaayrion and Porslm Architeaturn. 
WIth 46 W ~ d ~ t . 9 .  8vo. 101. 

FEUERBACH'S Remarkable Qerman Crimes and Tllela. 'Trans- 
lated from the GOrlIlan by Lady Dum QoWN. BVO. 1%. 

FISHER'S (REV. GEOROE) Elementa of Geometry, for the Use of 
f3choole. ThirdGdition. 18mo. Sa. (Fubltshed by order oft& ddmirdY.) 

First Principles of Algebra, for the Uee of SchoolS. 
TAird Edition. 18mo. 8s. 

FISHLAKE'S (REV. J. R Translation of Buttman's Lexilogus : A 
c r i t i u l  EramiPrnon o)the Meanin and mymology of numemu 
Wordu and Paasngeu, intended prine?pf~ll.lly for Homer aud Heiiod. Will, 
~ r p l a n a t o r p  NOW and Copious Indexer. Thlrd &lition. 8v0. I&. 

Tramlation of Buttman's Catalogue of Irregulu 
Greek Verbs. with all the T e n w  extant-their Formation Mennln& 
and Usage. With Explnnntory Notas, and accompanied b< an IndOx. 

FORBES' (JOHN, 3f.D.) Physician'e Holiday, or a Month in Switzef- 

FORDS (RIOEARD) Handbook for Spain, Andalusia, Ronda, Valcn- 
oln, Catolonla, Qranadq Gallicia, Amgun, Navarre, &e. Post 8w. I@. 

FORSYTHB (WxLLrar) Horteneius, or the Advocate : an Hietorid 
Eosay on the Omm nnd Duties of an Advoute. Pout 8vo. 128. 

FORTUNE'S (ROBERT) Three Yenra' Wanderings in the Northern 
P ~ ~ v h c a s  of Chinn. WIth a Viait to the Tea and Cotton C ~ ~ c a '  
scMdEdi!ion. W d c u t a .  avo. 16.. 

.FRENCH (TEE) inblgiers; 'The Soldier of the Foreign w o n d  
and the Prlsonora uf Ahd-el-ICadir. T ~ ~ ~ l a t e d  by Lady D W  aono0'* 
POlt BVO. 28. M. 

a d  milia.  avo. rr. M. 

landdurlng the Summerof 1648. ScConJEdition. Plat&. Poat8vo. &.M. 

Gatherings from Spain. Post 8vo. g6. 
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QEOQRAPHICAL (TEE) Journal. Published (occasionally) by the 
R0p.l Qeogmpl~Ld Booety of London. C o .  28. Od. 

QIBBON'S (EDWARD) Decline and Fall of the Roman Empire. 
Edited wlth Notoe. By REP. n. 11. YILHAN Dean of St. l'nul'n, and 
Y. GUIZOT. S c c o n d ~ t i m i .  Ynps. 8 Vola.' 8vo. 81.h. 

Life and Correepondence. Edited, with Notcs, by Rev. 

GJBFARDS (EDWARD) Short Visit to  the Ionian Ielands, Athom, 

QILLY'S (Rev. Dr.) Rornaunt Version of the Gospel of St. John, 

11. . MILUAX, Dean of St. Paul's. Portratt. Pvo. ea. 

and the Mom.  Plates. Post e o .  1%. 

origliially In use among tho old Waldonses. From tho MBB. existing 
at Dubltn I'nrls Granoble Zurlah and Lyons. Edited 4th Noton, 
nnd au Inhoduct&y Hbto&' of tho kernlou. 8Yo. 6r. 8d.' 

GLADSTONES (RIQIIT HON. W. E.) Prayers arrnnged from tho 
Liturgy for h m l l y  Uso. GLcadEddrtion. 12mo. 28. 53. 

GLEIQB (REV. a. R) Story of tho Battle of Waterloo. Cornpiled 
from Publia and Authentio Soi~reos. Post 8vo. 6.9. 

-- Campaignn of the Britieh Army at Waehingtonand Ncw 
Orleans. Post 8vo. b. W. 

Narrative of Sir Robert Sale's Brigade in Afghanisinn, 
rltb an Aemunt of the S e h m  and Dofence of Jollolabad. Poat avo. 9a.W 

-- L i e  of Robert Lord Clive. Post avo. 68. 

--Life and Lettore of General Sir Thomas Munro. Post 

QODLEY'S (J. R.) Lotters from America. 2 Vols. Post avo. 168. 
GOLDSMITHS (Ouvna) Life. By Washington Irving. Post 

QOOCEl (ROBERT, M.D.), On the most Important Diseases peculiar to 

GORDON'S (SIR ALEX. DUFF) Sketchcs of German Life, and Scenes 

avo. 03. 

&o. 08. 

Women. SeumdEdtlion. C o .  1%. 

h m  tho War of Libemtion. Translated Itom tho Gormnn of Vamhagen 
Von Enso. Post 8vo. Os. 

Trial for Witclinaft over known. Translated from tho G m n n  of 
MSXNUOLD. Yost avo. 2r.W. 

- French in Algiers. 1. The Soldier of the Foreign 
w o n .  2. Tho Prisoners of Abd-01-Itsdlr. Tmiulntcrd from the 
Frcwh. Poat(hro. 2r.W. - Remarkable Uerman Crimes and Trials. Translated 
from the Qorman of Fenerbacli. 8vo. 12s. 

COBPEL STORIEB FOR CHILDBBN. An Attempt to ronder the 
chiel Event8 of the Life of Oar Bavlour intelll&blo and proflt8ble. 
S C C ~ ~  Gditbn. 18m0. 8s- od. 

- (LADY DUFF), Ambor-Witch : the most interesting 
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GRANT'S (AfldExL), Neatorians, or the Lost Tribes ; containing 
Evfdenca of their Identity thelr Mumern Customs, and Ceremonlee.; 
with Bketchesof Travel In kncient Aesyri 'Armenia, and M~sopot.mLs; 
and IIlnstraUona of Bariptw Pmphecy. 8.nW gdition. Fcap. avo. 68. 

GROTES (OEORQE) History of Greece. From the Earliest Period 
to the End of the Peloponnesiau War. Vob. I. to VIII. scmnd Edb 
tion. Maps. 8vo. 168.eadh. 

OUIZOT (M.), On thc Causes of the Snccese of the Englieh l2ev0- 
lution of 1640-1888. 8vo. 0s. ; or Chaap Edition, llmo, Is. - On Democracy in France. Si.& E d i t h .  8vo. 9e.6d. 

HA$TD-BOOK O F  TRAVELTALK ; or, Conversations in English, 
Goman, French, and Itallan. 18mo. %. 

NOBTH GERMANY-Holland, Belgium, Prnnd8, 
and the Rhlno. Mep. Post 8vo. 126. 

SOUTH GERMANY-Bavaria, Anstria, Salzberg, 
the Anatrian and Bnvnrian Alps, the Tyrol, and tho Danubo, from Ulm 
to the Black Sea. Map. Post 8vo. 128. 

PAINTINQ--the German, Flemish, and Dutch 
Schools. 

SWITZERLAND-the Alps of Savoy, and Piedmont. 

FRANCE-N6mandy, Biittany the French Alps, 

SPAIN-Andslusin, Ronda, Orannda, Valencl& 

PAINTINU-the Spanish and French Sohoolfl. 

NORTH ITALY-Florence,. Sardinia, Qenos, the 

CENTRAL ITALY-Rome, tho Pnpal Stah,  m d  

SOUTHERN ITALY-Sioily, and Naplea Map* 

From the German of KUOLKH Edlted, with Notoe, by SIR 
EDWU HEAD. PoL(t8vo. 12s. 

Map. Post BVO. ion. 

the Rivers Lolre Belne Rhone and Garonno, Dn)uphlnb, Pmvence, and 
tlie lp?enees. Naps. Post d o .  la, 

Catalonia, Qallicia, Arrngon, nud Navnrrc. Mnps. Post 6vo. 168. 

By SIB EDXUXD 1IEAD. 1'08t 8VO. 12s. 

Riviera, Venice, Lombardy, and Tummy. Map. Post8vo. 1'23. 

Cities of Emula. Mapa. Post avo. 168. 

Post 8VO. hkZTly Tcady. 

~ MALTA-the Ionian Inlands, Turkey, A h  N ~ O * J  

EQYPT-Thebee, the Nile, Alexmdrh  C&OJ 
and Constantlnople. Maps. Post  YO. 1%. 

the Pyramids, Mount Blnai, &c. Map. Post Bvo. 16#. 
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HANDBOOKOF 'NOETH EUROPE-Denmark, Norway, Sweden, 

ENGLAND AND WALES. Giving an socount 
of the most remarkablo Pima and most frequented Roads and Ballwags 
in England-dencribin the ohjeata caloulatod to infereat atran era and 
p w i n g  &a&e shodug how they ma he ac.mu8ihle VIth &e leaat 
arpendture ofti;ne and money. ~ a p .  Jost 8vo. ~ m r ~ y  ss~ay. 

a 

Rnsslq and Finland. Map and Plans. S Vole. Pont 8po. aB1. 

DEVON and CORNWALL. &pa Post8vo. 6s. 
LONDON-Peat and Present. Being an Account of 

all the Anti ultlea Curiositlea Chumbes Worh of Art, Placos, and S h e t .  
co~eoted 4th I&m.Ung add Hlatorih AaaooIatim. Post e o .  I&, 

LONDON-AB IT IS. A Pocket Quide for 
Strangers to the Slghtn, Publlc Buildings, Pima of Amusement, Xootele, 
&ae.,&. i0mo. 

ENVIRONS OB LONDON. Alphabetically 
anan ed with hintn for Excursions by W, Rod,  and River. Maps. 
post %vo: Nearly ready. 

'Narorreownn~. With Hintorid, Blognpbicd, and OritiW Notloea. 
Post8v0. loa. 

PICTURE GALLERIES IN LONDON AND xrs 

WINDSOR CASTLE AND ETON. 16mo. 28.6d. 

WESTMINSTER ABBEY, ita Art, Architecture, 

CHRONOLOGY, Alphabetically arranged ne D Book 
or easy refsrence. two. (In ptsp.*J 

OFFICIAL (TIW), for the  Year 1861. Giving 
a detalld and Ristorloal Aeoount of the Duties atkcbedto tho V ~ O U ~  
Dcpnrtmenteof Government, Includlnl: tho Queen and her Nounehold the 
Royal FamUy Lcdelature Cabinet Ministars Pnblio 01%- Law Codrts- 
with the If ends of Departdsntn Mombcrn of 60th H o w  d Parllamen{ 
&c, &c. Post k o .  (Inprepardtia.) 

ULFORD'S (the late SIR HENRY) Popular Eaeap and Omtiom. 

c N n p  Mctrim. 12mo. Q6. Od. 

and Associations. Woodoute. 16mo. 2.. 0d. 

TnirdEdition. Fwp. avo. 0S.W. 

u L L e 0  (HBKBY) Constitutional History of England, from the 
Aooesslon of Henrythe bventh to the Death ofGeorge,+ Beoond. Sizrn 
mition. 2 Vols. evo. %. - View of the &ate of %rope during the Middle Agee. 
Ninth Edition. 2 VOh 8vO. 06.-Noter Addltlom~l. &9. loa. &L 

the 10th,l7th, and 18th Centnriee. TMrdGdilbn. 3 Vola. %vo. 98s. 
2-_- Introduction to the Library Hietory of Europe, during 
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HAMILTON’S (WALTER) Facta to  Assist the Memory in various 
Saimoe~. 8mdGdi t ion .  Fcap. 8vo. @. 8d. 

Hindostan, Geographically, S b ~ i s t i ~ l l ~ ,  nnd His- 
tofieally. Mnp. 2 Vols. 4to. 42. 14s. Rf. 

(W. 3.) Reaearehea in Asin Minor, Pontue, and 
Armenia. wlth 8omo Account of tho Antlquitiw nnd Geology of tho30 

HAHIPDEN’S (B~sno~),  Eaeay on tho Philosophical Evidence Of 
obtnined to n Scripture RovolstlOn, 

. 
countrid. Plates. 2 VOlS. BVO. 98s. 

Chfietlmlt , or the Credlblll 
from ftS Corncldenca wlth the l%Aa of Nature. 8vo. 9s. 6d. 

HART’S ARXY LIST. (Publbhed Quarterly.) avo. 68. 

~- ANNUAL ARMY LIST. 8vo. 208. 

HASES ANCIENT GREEKS; their Public and Privatc Life, 
MannOr8, nnd Customs. Tmnslnted fmm tho  German. By Mm. AuS‘Z1K. 

HAWKSTONE; a Tale of England in the Year 1 8 4 ,  T l ~ i ~ d  
Edition. 2 Vols. Fcap. 8vo. 12s. 

IIAY’S (J. H. DRUXXOND) Weetern Barbary, its wild Tr ibe  nnd 
BaVftga Anirnnls, wlth Adventures in M o m  and among tho M o O ~ .  

HIAD’S (SIR FsARoIs) Rough Notee of some Rapid Journcp ncrO@ 
the P8mP.s and ovor tho Andes. Pout Llvo. 26. GJ. 

- Bubbles from the Brunnen of Nassau. By an OLD Ib% 
Sulh Editioa. 16mo. 6s. 
- Stokers and Pokers, or tho London and North-western 

Rnilway, tho Electrla Talcgraph, and the Ddtsnnia and Conwny Tub&r 
Bridges. Post avo. 28. GJ. 

Fcsp. 8vo. fie. 6d. 

PO& 8vo. 26. I%. 

- Emigrant. P $ ~ L  E&ion. Post 8vo. 128. 

Defencclese Stat0 of arcat  Britain. A eeries of D o d P .  
ttvo Sketches, contnlning-1. Militnry Warfarc. 2 Nnvnl warfare. 
3. The Invasion of England. 4. Tho Ca tun? of London by a Frend 
Army. 6. Tho Trontment of Women In \tar. 0. Uoa to Dofund Omat 
Britoln. PoetBvo. 1%. 

(SIR GEOROE) Forest Scencs and Incidents in Canah. 
S e d  Edition. Post 8vo. 10s. 

-I_ Home Tour through tho Mnnufncturing Districts Of 
lhgland, Swtlnnd, and !relnnd, fncliidtng tho Channol Ialende, and the 
Inlo of Man. Third Edrlion. 2 Vole. Poet 8vo. 1% - (SIR EDWJND Hnndbook of Painting-tho Sposish 

__ Handbook of hinting-tho aerman, 
und Frcnch Bchoole. k ost 8vo. 1%. 

Flomlsh, and Dutch, f3chool~. 
with Noten. Post 8vo. 12s. 

Fmm tho Qorman of K u a L E D .  Edltedl 
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HEBERS (Brsno~) Parish Bermone; on the Leasone, tho Gospel, 
or tho E Intlo for ovory Biinday In tlro Yoar, and for Wcekday Fostivalr. 
6 u t h  dth.' 2 Vob. Post Svo. loa. - Bermone Preached in England. Swnd Editwn. 'Svo. 
ea. 6d. - Hymns written and A p t e d  for the weckly Church 
Serplco of tho Yosr. !7ice~lh Gditiun. 10mo. IS. - Poetical Worke. J'ouourlh Edifion. Portrait. Fcp. 8vo. 
l a .  Od. - Journey through the Upper Provinces of India. From 
Calcutta to Bombay, with a Journoy to Madm and tho Sonthem Pro- 

HEIRESS (TDE) in Hor Minority ; or, The Progrens of Character. 
2VoL. 12mo. 185. 

IIERSCHEL'S (SIR J. W. F.) Manual of Scientific Enquiry, for tho 
Une of Trnvellcrn. By vorlous Writers. S d  Gdilion. Post 8vo. 
(Puhlwhed by Aullmfly 01th LonLt of lhe Admirally.) 

HERVEY'S @om) Memoirs of tho h i p  of Qcorgo tho Second, 
ftom hie Amusion to tho Doath of Quocn Camllrio. Edlted, with Notea, 
by Right IIon. J. W. Cnosss .  Portmit. 2 Vols. 8vo. 888. 

HICKMAN'S vu.) Trcatise on the Lam and P m t i c e  of .Nuvnl 
Courts Yortlal. e o .  106. Od. 

HILL'S (LORD) Life. By REV. EDWIN SIDNEY. Second Edilwn. 
Portrait. 6x0. 128. 

HISTORY OF THE LATE WAR: With Sketches of Nelson, 

HOLLAND'S (REV. W. B.) Psalms and Hymns, selected and 
adapted to the varlous 8010mnltics of tho Chnmb. 241110. 1s. Bd. 

HOLMES' @fm. DALKEITII) Rido on Horsobnck through France 
and Brpitzorlnnd to Florenw. 2 Vole. Post avo. lat. 

HOOKS (REV. DR.) Means of rendering more effectual ,the 
Ednoation of tho Pmplo. !&nth Edition. 8vo. 28.W. 

-DEAN COXDER'S Friendly and Scsaonable Advice to thc 
Roman Catholics of England. A New &Won. Edlted with Sotea and a 
Pmfaco. P a p .  8vo. 8r. - Three Reformetione ; Lutheran, Roman, and knglilicnn. 
ThirdJi iZi lh.  avo. 8s. 

-Nonentity of Romiah Snints, and Inanity of Roman 
Ordlnonws. Third hilition. 8vo. 28. &1. 

BORBCE A New Edition ofthe T&. Edited with Notee and a 
Llfe, by tho Rov. H. H. XIWAN, Dern of at. Panl'n. IlIustraW with 
vtawa, ylgnettas, &c. taken ohletly from the Antique. -900 WoodFuta. 
Crorm8vo. 428. 

vlnc~a. 2 ~ 0 1 8 .  Poatsvo. 12s. 

A Work for Young Polnons. By tho Author of " ~mT1IA's JOWAL.' 

WoUington, ond Napola011. By J. GI. b O K W n T .  1 8 m O .  %. 6d 

a 
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HOME AND COLOKIAL LIBRARY. 76 Parts. 28. ad. each, 
sewed; or 87 Volumes, post SVO, 8.9. each, 010th. Vols. i2 and 80 are 
Ba. 6d. each. Contnlning- 

1. T H E  BIBLE IN SYAIN. By QEOROB BOBUOW. ( n o  Purls.) 
2. JOURNALS I N  INDIA. By BISAOP HEBER. (Awr Etrrlb.) 
a. TRAVELS IN THE IIOLY LAND. B~ CAFTAINS IUBY and HANOLE~.  
4. T H E  SIEQE O F  QIBRALTAR. By J o m  DRINKWATEB. 
6. MOROCCO AND T U E  XOORS. By J. DUUUOND HAY. 
6. LETTERS FROM T H E  BALTIC. By a Lmy.  
7. T U E  AMBER WITCH. By LADY D m  QOIIDON. 

9. N E W  SOUTH WALES. By Mm. MEBEDITII. 
a OLIVER CROXWELL BS JOHN UNYAN. BY ROBBBT ~omnme 

10. L I F E  O F  SIR FRANCIS DRAKE. By JOAN BARROW. 
11. FATIIER RIPA’S MEMOIRS OF T H E  COURT O F  CHINA. 
12. A RESIDENCE I N  THE WEST INDIES. By M. 0 .  LEWI~. 
18. SKETCHES OF PERSIA. By Sm J o m  MALCOLX. (!Two Rarlb.) 
14. T H E  FRENCH I N  ALGIERS. 
16. BRACEBRIDQE HALL. By WASARIOTON I~VXNO. ( n o  Arlr.) 
16. VOYAGE OF A NATURALIST. By CAAELE~ DABWIN. 
l?. HISTORY OF T H E  FALL O F  TI-IE JESUITS. 
18. LIFE OF LOUIB PRINCE CONDE. By LOBD MUON. (1b0 EbruJ 
19. QIPSIES OF SPAIN. By QEOBOE BOBBOW. ( Z b o  thrts.) 
X X T W E E ;  OR THE MARQUEEAS IELANDERB. Uy IIlrWx 

91. LIVONIAN TALEB. By a Lady. 

29. SALES BRIQADE I N  AFFQHANIBTAN. By RSV. Q. B. &ma. 

By LADY DVIs GOBDON. 

MELVILLB. (!&o Itrro.) 

2% MISSIONARY LIFE IN OANADk 

!& LETTERS FllObI MADRAS. 
25. HIQEILAKD SPORTS, By CAhaLB0 6T. JOBN. ( ! h O  hb.) 
26. JOURNEY8 ACIiO88 TIiE I’AMUI’AB. Dg 8m F. B. JIEAD, 
‘27. QATLIERINOS FROM SPAIN. Dy &canno Fono. ( n D o  Par&.) 

99. BKETCHES OF GERMAN LIFE. BY SIB ALEXUOILB l)m 

By R n .  J. Aworr. 

By 8 L4DY. 

28. SIEQES OF VIENNA BY THE TURKB. np Lono ELLERHEU. 

QOUDON. (Ill00 fir&.) 

. MELVILLE. (h Arb.) 
So. OMOO; OR T H E  SOUTH BEA ISLANDERS. By 

81. STORY OF THE BATTLE OF WATERLOO. BY REV. 0. 
’ GLEIO. (lpwo Pula.) 

89. A VOYAQE UP T H E  RIVER AMAZON. 
98. T I i E  WAYSIDE CROSS. By Cam. MI-. 

85. CAMPAIGNS AT WABHINQTON. By H w .  Q. E Q-0. 
88. ADVENTURES I N  MEXICO. By 0. F. RUXTON. (nP0 

88. L I F E  O F  LORD CLIVE. By RKV. 0. R. QLEIO. (%bo Srrb.) 
88. TALES O F  A TRAVELLER. By WASIMOIW~ IsVmO. (m 2‘ar@*) 

By W. 11 EOWAlUJn. 

84. MANNERS & CUSTOMS OF INDIA. By RSV. C. boLun. 

w. PORTUGAL AND QALLICLA. BYLOW C A ~ A U Y O N .  ( w ~ J  

(D. BHORT LIVEB OF THE WETS. BY TEW CWELL P B W ~ J  
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aollarr AND COLONIAL LIBBAEY-~&W~. 
a. HISTORICAL ESSAYS. By I;oaa Nnnox. (Two pats.) 
4% LONDON &NORTH WESTEEN BAILWAY. BpBru F. B. XlllD. 
43. ADVENTURES IN 'PEE LYBIAN DESERT. By BAYLU Sr. Jonx. 
44. A HESIDENCU AT BWtR.4 LEONE. By a LADY. (Two &U.) 
a. LIFE OF QENEHAL MUNRO. By h v .  Q. R. QLEIO. (W Aat.9.) 
40, MENOIHB OF 81R FOWELL BUXTON. ( T h m R w h )  
47. OLIVER GOLDBMITH. BpV~erenx~om~ IMNO. ( T u r o m )  

HOSEUNQ'S (Wr.) Guide to the Regulation of Buildinga in T o m  

HOUSTOUN'S (Mas.) Yacht T o p @  to Tarae and the Gulf of 

HUMoBOLDl"S~ (ALEX.) Cosmoe ; or, a Phyaical Deacription of the 
World. Trandatod by COL. snd Mw. SOINS. Scvcnth 2Uitiaa. SVols. 
Poet 8vo. 

Aspects of Natura in different Land8 and in 
different Climstee. Trannlatcd bp COL. end b l ~ 8 .  SABIW~. 2 Vols. 
PostBvo. 58. 

HUTCHINSON (LxEoT.-COL.) on Dog-Breaking ; tho moat -6. 

IhERSLEY'S (THos.) QothIo Arohitecture in Franco; Being an 
Inquiry into the Chronological Sucoessioii of the Ilommerque and 
Pointed B t y l e ~ ;  with NoMcos of nome of the prlnaipal Unfldlnga, and 
anIndez. 8vo. i%. 

IRBY AKD MANQLES' (CAPTJIHB) Travels in Egypt, Nubis, 
Byrla, and the Roly Land jnolbdla n Journey rouDd the Dmd BW, and 
thmngh the Oount3. dut bithe Jo&. Polt 8vo. Ir. Bd. 

1RVIWG%.(W~rtnrnrn~) Btncobridge Hall; or, The Hwnouriets. 
P O S t 8 r O .  66. 

LifO and Voyngee of Columbus ; Tdgetker with the 
Voyages 9f 1Ue Companions. ThW Uhliua. Map. II\Volr. Wo. 
81r.M. 

Tales of a Traveller. Port avo. tb. 
Life of Oliver Qoldmith. Post 8vo. 68. 

OB s M e ~ n e  of Beuving the Health of the Inhnbltante. 86aDnd mhk. 
PostfH0. &. 63. 

M ~ W .  PIS-. 2 ~ 0 1 8 .  Pwt8v0. 218, 

dltlous, m N l n  end easy Method whether great GmellwOe Or Only 
Y@brlty be &Wed. &mid sditcar. Woodcute. P a p .  k o .  7s. 6d. 

- Liveeof Mahornet aud his Sncoeeeore. 2 YoL 8vo. 218. 
Life of Qeneral Washington. 8vo. 

JAMEB' (RSY. TEOXAS) of &p. A N ~ W  Vedon, chiefly 
fmm 014 nal Soumas. With Orlglnal Daelgos, by J O H ~  TWIKL. 

~XM33SOK'S (MB~.) Handbook to, the Piaturn W e r i e a  in and 
With ~~tOricd;Biogrsph(cd, urd O r i t i d  Notices 

100 wc.&!uuta. c m w n & o .  166. 

nenr London. 
Post 870. lo#* 

0 2  
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JAPAN AND THE JAPANESE. Described from the AcCOWU 
of %cent Dutch Travellem. Post Svo. 9.M. 

JESSE’S (EDWAED) Visits to Spots of Interest in the Vicinity Of 
Windsor and Eton. Woodcuts. Post 8vo. 12s. 

Gleanings in Natural History, for School& 
WIth Anecdote8 of the SagacIty and Instinct of Anlmala. Sirlh Editiofi. 
Fcap. 8vo. &. 6d. 

JOCELYN’S (L~RD) Six Months with the Chinese Expedition; or, 
h v e e  from n Bolder‘s Note-Book. Sevmlh midilion. Ffap. Svo. 6s. 66 

JOHNSON’S (DR SAWEL) Life : By James Boewell. Including 
the Tour to the Hebrfdes. with N o m  by BIB W. 8 m .  EdIted by 
the Right €Ion. J o m  WILWN CBOKBR. A Nm a7d U h a p e r  Editimp 
revised (lw), with much additional matter. Complete in One Volnma 

‘JOHNSTON’S (Wx.) England as it is : Social, Political, and 
Indutrlal, in the Middlo of the 19th Century. 2 Vols. Post 8vo. I&. 

JONES’S (REV. RXCEARD) &my on the Distribution of Wealth, 
and on tho 8ourees of Tarstlon. Part I.-RENT. Second Edition. Post 
8 ~ 0 .  ?a. &1. 

JOURNAL OF A NATURALIST. FourU1 Edilion. Woodcub. 
Post 8vo. 08.W. 

JuK.ES’ (J. B.) Excursions in and about Newfoundland during the 
Y c ~ a  185940. Bfnp. 2 Vols. PostBvo. 218. 

POrtreItn. Hoyel8Yo. 168. 

KING EDWABD VInr’s Latin Grammar; or an Introduction 
to the LntIn Tongue, for the Use of Schools. B w U  mia. 12mo. 
5. Gd. 

-- Latin Accidence ; or Elementa of the 
L o t h  Tongno, for the Use of Junlor Clnssce. 12mo. 2s. 

KINNEAR’S ( J o n ~  G.) Cairo, Pctrs, and Damascus, deacribed 
from Noton mado daring a Tour In those Couutries : wllh Romarks on 
the Govornmoot of Alohemet All, and on tho present pmepeota of Sp’b  
Poet 8vo. 00. 6d. 

KUOLERB o r .  FRARZ Handbook to The Italian Schools of 
Painting. Trnnslate h *om the Gorman By a Lndy Edlted, Wifl* 
N o h ,  by SIR CRAULEB EABTLAKE. S& E f d w n .  Ill&trated wItb 100 
Woodcur from the Old Maatera. 2 Vole. Post 8vo. 14s. 

Banabook to the Glerman, Flemhh, and Dutch School8 

Handbook to the Spanish and French Echools of 
h Paintlog. lly 8iB EDWD HEAD, Bart. %n tho Plan of Kngler. Pout 
8p0. 128. 

LABORDE’B (Lmx DE) Journey through Arabia Pctrma, to I~foUnt 
Sinai, and the Excnvated City of Pebm,--tlie Edom of tho P ~ p h ~ ~ .  
BCcadiWition. WlthPlates: 8vo. 1Bs. 

of Painting. Translated from tho German. By a Lady. Fdited, with 
N O b ,  by BIR EDllUNB HEAD, Bart. Post e o .  128. 
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LAMBERTS, (maim) Church Needlework. With Practical Remarb 
on Ita Prepantion and Anmgemont. WIth Numomus Engravfngs. 
I'OBt 8VO. B8. &1. 

. Knit t inghok.  Woodcuts. 2 Toh. 16mo. 38. 
Crochet f3ampler. Woodcuts. Two Pa&. Mmo. 48. 

Practical Hints on Decorative Needlework, containing 
Minnte DlrectIons sa to the Choice of Materlals, and the best Moth& of 
wploying them for Canvos or Tapestry Work. Woodcut#. lbo. 18. &1. 

LAYARD'S (AUETER H.) Nineveh and ita Remains. Being a 
Narrative of Reseorebor and DhCOTefieB amidst the llulns of Assyrla. 
Wltb an Acaount of B o  Chrldew ChristIansof Kurdlstan; the Yozedis 
or Devll-worshippers. and an Enqulry into the Manners and Arts of thi 
Anclant Amyrfura. h t h  A3&m. Plates. 2 Vols. 8vo. 36% 

Monuments of Nineveh. Illustrated in a Portfolio -~~ of One Hundred Engravlngs, h m  Drawing made on tho Spot. 
Imperlal FoUo, 101. 108. : or Large Paper, Colomblor folio, 144. 14s. 

LETTERS FROM THE SHORES OF THE BALTIC. By a 
LADY. Post 8vo. 2s. 6d. 

MADRAS; or, First Impreeeione of Life and 
Manners in Indla By e. LADY Post Llvo. 2s. a. 

SIERRA LEONE, written to Friende at  Homc. 
By s LADY. Edlted by Mbra NORTON. Post 8ro. b. 

LEWIS (a. CORKBWALL) Eaeay on the Qovernment of Depcndenciw. 
8VO. 12s. 

.- Qlossary of Provincial Words used in Hcrefordshirc and 
some of tho dJotning Countlea. 121~0. Sa. Bd. 

--- Esanv on the Oriniu and Formation of t h e  Romanco 

sdcond&lif(a. avo. 198. -- - (M. (3.) Journal of a Rceidenco among the Negroes in the 

LEXINGTON (THE) PAPERS; or, Some Accouut of the Conrta 
West Indies. Post e o .  Is. &1. 

-~ 
of Losdon'and Vionnt-. at the bnd of the 17th Century. Extnated Prom 
tllo ofloid and Private COI'IXIE ondence of HoasnT SOrrON (hBD 
LEXINGTON) whlle Mlnlator at Vknna, 1694-1898. Edited by Ilon. €1. 

' 

&~ANNW~ITITOX. Svo. 14s. 
LINDSAY6 (LOBD) Sketchee of the History of Christian Art. 

8 Vola. avo. 81s. 6d. 
Liven of the Lindsnys; or, a Memoir of the Houses 

of Crnwford and B a l m ~ ~ t ~ .  To whtch are added, Extract9 h m  the 
OBdU Uomapondence of Alerandor, sklh Earl of Balooms during 
the Maroon War. to thor wlth Personal Namtlves by hla Ijmthers, 
the €Ion. Robert, 'COIR Jamen, John, and Hugh L i h b y  ; and by his 
Slstor, Lady Anne Banrard. 8 Vols. 8vo. &?a. 

A Theory, invol*g Progredon by Antagonism. 
conridaratlonr touoh~ng a e  Pwsent position, DU~IW, ana DerrUq or 
QmtBrltaln. 8 v O .  68. 
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LINDSAY'S (Rav. HPNBY) Praotical Leeturee on the Hht~fical 

LITTLE ARTHUR'S HISTORY OF ENGLAND. By LADY 
CALLCOIT. Pifccath Bition. 18mo. 2a.W. 

&IVONIAN TALES. -The Disponent.-The Wolvea-The J e m s  
By the Anthor of "Letters fmm the Baltlc:' Poat 8vo. 21.u.  

LLANDkFPS (!The late BIBHOP 01') Lottern with the late E d  of 
Dudley. Bccond Edition. Portrslt. 8v0. dos. OJ. 

LOCH'S (CAPT. Q. 0.) Events of the Closing Campaign in Chm8, 
With Oparatlona fn Ymg-tze-glang, m d  Treaty of Nanking. %V* 
Post Bvo. Ea. Bd. 

LOOWARTS (J. (3.) History of the Late War : with Sketches of 
Nelson, Welliqgton, and Napoleon. 1Smo. %. W. 

Life of Robert B u m .  F@h Bdi4ion. FWP. 
BVO. an. 

Anoienf Spanish Dallndo, Hieforid and Romantic, 
Translated Kith Notse 
and Illumihated, with "kles, Borders, &. 4to. 12a. 

LONG'S @znnoE) Essays on the Conduct of Life, Poet 8vo. 68. - Ewys on the Moral Nature of Nan. Post Svo. 68. 

Doolu of the Old Tmtament 2 Vob. l6mo. 101. 

Third &lilion, with ]Hornemus Illustratio~r 

. I  

. LOUDON'S (XIW.) htrnctlons 'in Gardening for kdies.  With 
Dlrcctlons for Every Month in the Year and a C d d u  of Operstio~M. 
BgMA Edition. Woodcub. Fcnp. 8vo. '60. 

Modern Botany for Ladies ; or, a Popular Introduction 
to the Natural System of manta acoordlng to tho Claesifloation of De 
Candolle. 8eumdEdilwn. Woo&utn. Fcap. 8vo. Br. 

LOeE'S (QERERAL SIR HUDSON) Lettera nnd Journals. revealing 
th true Hlatory of Napoleon during hls Cqptivlty at St. Helena P o d L  

LUSKILGTON'S (MRB.) Narrative of a Journey from C d d U  

LYELL'S (SIR - G ~ A B L E ~ )  Pficiplcs of Qeology; or, the Modern 
illnatrSM* Of 

cI_ Uand of Elementary Qeology ; or, the h o i e n t  C h W P  

Travels in North America, 1641.2, with Obaer(afi0nS on - Beoond Vi& to the United 13- of North Ameriw, 

8 40l...BVO. Jjl BqJltWion. 

to Enrope, by WW Of Egypt. 6'-d mi&. P W  ~ V O .  8s. Bd. , 

Changes of tho4hrth end Its Inhabftadts constdoretl 
GWlOgY. WhUIEdl(ia.  Wwdcuts. avo. 188. 

of the Esrtb and ftsInhrrbltPnblllu6trated bylta QwIogfcdldOn~ents' 
!Chid g d i t i a .  Woodcnta. 8vo. 128. 

the UnfLed StPtea, Canada, and No*s 8~0tis. hates. 
218. 

1846-8. &condJLditia. 2 Vole. Post b o ,  1Br. 

9 VOh Poet wO* 
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u(JP'BRLAWE'S (CEAXLEE) Trsvele in Tnrley during the Y e w  
16474, made on purpose to c x b i n e  into the TNe Btab of that Country. 

MAHOMET (Life of) and His Succeaeom. By WASHINWIOH IBVINQ. 
2 Vols. 8vo. 218. 

MANNING (AROHDEAKIN) On the Unity of the Church. Second 
mition. 8vo. 101.W. 

MANTELL (QIDEOX A.) On the Invisible World, as revealed by 
the MIcnsc4pe; or, Thoughta on bnimaloulee. Eccond datlion. Pb*. 
16mo. B1. 

U H O N B  (LORD) History of England, from the Peace of Utrecht 
(1718) to the Po%% oll'aris (1763). Sucond Edition. 4 Vols. 8vo. 52r. 

The I' Forty-Five ; " or, a Narrative of tho Rebellion in 

History of the War of the Succeaaion in Spain. Semd 

Spain under Charlee the Second ; or, Extrncta from the 
ondence of th Hon. ALEXANDEB STANUOPE Uritlub Mlnlstet at 

Life of Louk Pthce of Cond6, eornkimed the Great. 

Lifo 6f Belisarius. Second Edition. Post 81.0. lOe.68. 
MALOOLM'S (SIR JOHN) Sketohes of Persia. Third Z&h. 

Poat&o. 68. 
MANUAL OF SCIBNTIFIC ENQUIRY, Prepared for the IJeb af 

W W U M .  3y variotu Writers. Edited by Sm J. Us~eonsr,, Bart. 
a)aond Aiitbn. Yaps. Psst 8m. (Ad l iahd  by or& of the Lords of 
ih4 Admiralty.) 

MABKHAM'B (hz~s.) History of England. From the First Inva. 
don by the Romans, down to the fourtoenth yenr of Qnwn Viotorla'd 
Reign. New hiiition. Woodouta. 1 2 ~ 0 .  78. tld. 

Hktorg of France. From the Conquast by the Qauk 
' to tho Death of Louie PMippe. New Bhtion. WoodoutE. IlmO. 78.M. 

Hietorg of Gormany. From the Inraeion by Ndu8, 

Uhhry of Rome and Greece. 12mo. I n  p r e p a ~ d h .  
SermonatorUhUdren. SecOndEdtXMn. Fcap. 8vo. 38. 

NARKLAND'S (J. H.) Remarks on English Churoliee, and on 
rendering Sepulohral Memorlali subaolstent t6 plous an8 ChrlOth 
Urn. E'ourthEdilh. Woodauta. Foop.8~0. op. Bd. 

nurd Edition, 
Woodcuts. Fcap.8~0. 2s. 

avols.mo. 3~a. 

'.* Pob. 6-6. n s j r a t  gmfa o f t k  AmniamWar, 1705--80, &o , me N w l y  R d y  

Scotland of 17%. with Extracts from tho 1' Rtuart Papei.s" nt Windnor 
Castle. P o s t ~ v d .  BS. 

Edition. YOp. 8vo. 158. 

%EZtrom 1m to P,oo. s e d  mition. Poat 8bo. (Lt. w. 

Post avo. 6s. 

to tho Battlo of Zolpsfc. WOOdcUtB. 1 b O .  78.Bd. 

- Reverenm, due to Holy Places. 
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YARRYATS (JOBEFH) Collections towards a History of Pottery 
and Porcelain, In the Flneantb Sirtoonth Seventeenth, and Eighteenth 
Centuries. With n Deserlptdn of the hhnufaeture, a Ololiaarp, and 8 
List oP Monograms. With Coloured Platea and WdcUte. 8VO.  
818. a. 

*.* A jclo c q h  on India R&, mounfed on Laroe mpa. 4b. 61.56. 
- ANCIENT POTTERY ; Egyptian, Asintic, Greek, 

Roman, Etruscan, and Celtlc. By SAWEL BIRCH. Woodcuts. 8VO. 

MATTHIB'S (Anonsme) Qreek Grnmmar for Schools. Abrid& 
h m  the Lnrger Grammar. By the Bisnop OB L~NDON. Gcvcnth Edilbnt 
r e v h d  by Rev. J. EDWARDS. 12mo. &. 

Greek Accidence for Schools. Abridged by tho 
B X ~ H O P  OB LONDON. Fourfh Edition, revised by Rev. J. EDWARD& 1 2 m O .  t. 

Index of Quotations from Greek Authors contained 
In Matthhb'e Creak Grammar. Sccond BU'on. 8vo. 78. Bd. 

MAWE'S (H. L.) Journal of a Pnssage from tho Pacific to the 
Atlantlr, cmealng the Andes In the Northern Provinces of Peru, and 
dencanding the gront Rlver Mnranon. 8vo. 12s. 

JIAXIMS AND HINTS for an Anglcr, and tho Miseriee Of 

MAYO'S (DB.) Elementa of the Pathology of the Human Mind. 

MELVILLE'S (HPEXANN) %eo and Omoo; or, AdvonturW 

MENDELSSOHN'S (FELIX BABTHOLDX) Life. By J n w  ~ ~ - 1 o r .  
8vo. 28.M. 

MERRIFIELDS (MRs.) Original Trcntises on the Arta of Painting 
In 011, Minlaturr, Mosnic, and on Glnlce; of Giidlng, D eing, and the 
I % p a ~ H o n  of Colours and Artidcial Gem8 described several on- 
publinhed Manuorlpts dating from tho Thlfth to the Eighteenth 
Centurles. Preceded by a Qenornl Introduction, with TrnnslatlOW, 
Pmfaco, nnd Notcs. 2 Vols. 81-0. 24s. (Publi8ht-d by Aufhority.) 

MEREDITH'S (Mw. C~AIILE~)  Notes and Sketchoe of New Sonh 
Wales, dining a Realdonca f h m  1898 to 1844. Poet 8vo. 28. Bd. 

MILFORD'S (JOHN) Norway and her Laplanders in 1841 ; wit& 8 
Few IIinta to the Salmon Fisher. 8vo. 108. Bd. 

MITCHELL'S (THOYAB) Plays of Ariatophanee. With Engbl' 

MODERN DOMESTIC COOKERY. Bnsed on the woll-knoffn 
Work by Mrn. Rundell, but ontirely rcvleed nnd brought down to tlie 
gmnent time, and adapted for Privata FamllIes. By A LADY. WdCO@* 

MOORE'S (THOMAS) Life and Lettcrs of Lord' Byron. COlleObd 
nnd arrnnged with all the Notes nnd Illnntratlons. A NsoD UhW 
Gdilion. Plates. 6 Vols. Fcap.8~0. 16s. 

Complete in One Volume. 
A Xe'cta and ClLcnprr FAiilkm. Portrait. Roynl avo. 1%. 

Ncmly Reudy. 
*.' A companion Volume lo Harryat's Hodem Ibtltry. 

Flsblng. To wbich Is added, Mnxlms nnd Hlnta for n Chcss-Plapr. 
By RICIIABD PSNN. Gecond Edilion. M'godcuts. 12mo. b. 

Fcnp.av0. 6a.Bd. 

amongst the MamuMsr and South 808 Islanders. 2 Vola. Past 8vo. 108. 

NO~OS. BVO.-I. CLOUDS, 10s.-2. WASPS, ioa.-tx FROGS, 16s. 

cap.8vo. 68. 
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MILMAN'S (Hsv. H.H., DFAN OF ST.  PAUL'^) Hietory of Christianity, 
h m  the Birth of Christ to the Extinction of Paganlem in the Hornan 
E m p h .  8Vols. 8vo. 868. 

Decline and Fall of tho Roman Empire. By EDWARD 

Lifo and Correspondence of Edward Qibbon.. Portrait. 

GIDBON. Edltsd with Nom. SLead Bition. blnpa. 6 Vola. BVO. 82. L. 

8VO. 98. 

' Life and Worka of Horace. Illuetrated with Statucp, 
Colns, Viem, &a, mefly  fmm the Antlque. With 800 Woodcuts. 
Crown8vo. Ma. 

-~ Poetical Worke. Including the Fall of Jerusalem- 
Samor, Martyr of Anttoch-and other Poems. Second Ni l ion .  Platen. 
8 Vols. Fcap. avo. 18s. 

Bampton Lecture, 1827. The Clinracter and Conduct 
of tho Apostlen C o M i d c d  88 nn Evidenoe of Clirlstlanlty. 8vo. loa. od. 

(CAPT. E. A.) Wayside Crow ; or, tho Raid of Qomez. 
A Tale of the Carllst vu. Pmt 8vo. h. W. 

MUCK MANUAL (Tho)for the Use of Farmera A Practical Treatbe 
on the Chemical Proportlea Mnnn ment, and Application of Manum. 
By FREDERIOK FugNaR. hwnd %ition, alth a Gloaeary and Indox. 
Fcap.8~0. 6% 

bIULLER'S DORIANS ; The Hhtory and Antiquitia of the Doric 
Rncc. Translated by IIESIIY TUFNBLL and Oao~tar Co8nswAL.L LEWIS. 
Second Edition. Mepr. 2 Vols. ~ V O .  108. 

MUNDY'S (CAW. RoDRBY) Evonta in Borneo, including the 
Ocenpntion of Labnan and a Ylslt to the Cclohs. From tho Joumaln 
of Bir Jamos B m o d  With a Narrative of the Expedition of H.M.S. 
Inis. Plates. 2 Vols. 8vo. 326. 

BIUNROS (QENBRAL SIR TIIOU) Lifo and Lettom. By REV. Q. R 

MURCHISON'S (SIR RODERIOX) Rumin in Europe and the Urn1 
Mountains ; Geolo@mlly nlustrnted. With Coloumd Mnps, Plates, 
Bootlone, &c. 2 Vols. Royal 410. 81.8s. 

UURRAY'S (Cam. A,) Naval Life and Services of Adnliral Sir 
Philip Durham. 8vo. 68. W. 

NAUTIOAL ALNANACK (The). (Published by order qf the 
Lor& Commiasioncrr qf thr  Admiralty.) Royal 8vo. 66. 

XAYY LIST (The Ryal). (Publieha3 Quarter&, fiyr AucJwrily 
o / : S L o n f ~  Cmmirnonerr vfuh Admiralty.) 19mo. Xu. 6d.. 

OLBIO.. Post 8VO. 01. 
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NEALES (E. V.) Feaste and Faeta: an k y  on the Hise, PW 
and Preaont State of the Laws relating to Gundays and other 

=days and Days of Fasting. with Notices of tho Origln of thWe 
Days add of tho Slttingi and $acations of tho Courte. Feap. 8 v O .  

NEW€KKB’S (LXEOT.) Straits of Malacca l’enang, Malacca, and 
SlnKapore. 2 Vols. avo. 286. 

NIMROD On the Chase-the Turf-and the Road. G e d  Edilion. 
Plates. Post8vo. a. 

O’BYRNES (W. E.) Naval Biographical Dictionary, comprising 
tho Lifo and Services of every Living OBlcer h n. M. Navy fmm the 
Rank of Admlral of tho Fleet to that of Lientenant. Comilled from 
Authentlc and Family Documents. Royal 8vo. 42s. 

OCONNOB’S (R) Field Sporta of France ; or, Hunting, Shooting, 
and Fishing on tho Contlnont. Woodcuts. 12mo. 78. &f. 

OXENHAWS (REV. W.) English Notes for Latin Elegiacs ; designed 
for early Proficients In the Art of Latin VeinUeatlon, with PrefatW’ 
Rules of Composition hi Elegiac Metre. Berund Mition. 12mo. 4r. 

PAGET’S (JOHN) Hungary and Transylvania With Remarks pn 
thelr Condition, fhlal,  Political, and Economical. Gocad W m .  
Woodcute. 2 Vols. 8vo. 24.9. 

PARIS’S (T. C.) Letters from the Pyreneee during Three Monthe’ 
Pedeatrinn Wanderhas amldst tho Wildest Bcenen of tho Frendh and 
8P.nlsh Pyrenew. Woodcote. Post 8vo. 108. Bd. 

PARKYNG’ (MANBOIXLD) Personal Narrative of an &glishm@ 
Domostfated In Ahpsinfa. Wltb Woodcuts. 8vo. In Repordimr. 

PEILEB (REV. DR) A p e m n o n  of h h y l u e .  A New Edition 
of the Toxt, with Notes, Critical. Explanatory, and Phtlological, ibr 
the Use of Students. Seund E d i t h .  8 ~ 0 .  98. 

- Choephorm of 1Eschylus. A New Edition of the Text, 
wlth Notee, Critical, Explanatory, and Philosophical, for tho UW Of 
Btudenb. 8vo. 98. 

Bermone on many of the w i n  Doctrine* and &ties Taught in 
Chumh of England. Preached In 8athedre.l Chmhea. 2 Vob. 8vo. 218. 

Life of Lord Sidmouth, with his Correspondence. 
Portmite. 3 Vols. avo. 428. 

PENN’S (RIOEABD) Maxims and Hinta for an Angler, and tho 
Missrlw of Fishing. To whioh in  added Maxlms and Hlnte for’ 
Chewplayor. Bemnd G d i l i a  Woodcute. P a p .  8vo. b. 

(GR~RVILLE) Bioacope; or, Dial of Life Explained. “0 
whlcb 1s added a Translation of St Panlinnn’ E l o t h  to Celantf O’ 
tho Rulo of Chrhtian Lifo: and an Elementary Vrew of Qcnerd A* 
nology. Bwnd Gdition. Wlth Dial Plate. 12mo. 128. 

PENROSE’S (Rm. Jom) Livee of Vice-Admiral Sir C. V. Penrm‘% 
and OapWn Jamos Ikeoenen. Portrslu. 8vo. 1W. Bd. 

Sr. 6d. 

PELLEW’B (TEE RON. AND REV. GEORGE, DEAN 08 NORWICB*) 
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PENNINWON (U. JJ On the Pronunciation of the Greek L8h- 

PHIZLIPS' (JOE*) Yemoira of William Smith, LL.D., (the Qeo- 
bgUt). Portdt. EVO. 7s. Bd. 

PHILLI~B''(JoER) Gleology OfYorkehire. The YorkeMre Conat, and 
the Mountain-Limeatone Dfstrlct. Pert I., Blr. Bd. Pert 11, 62r. 63. 
Phtan. dto. 

PHILOSOPHY IN SPORT MADE BCmNOE TN EAIWEST; 
or the First k i n o i  lea of N a t n d  Philosoph inoulcatad by dd of the 
Tiys and Bporta o?Youth. Si& Milion. k'&~urS. Fcsp. 8vo. &. 

PHIPPS' (HoN. EDYUND) Memoir, Correspondeaae, Library and 
Unpublished Didan of Robert Plumor Ward. Portnlt. B Vole. mo. 2%. 

POOLE'B (R. 8.) Horn Egyptiacm : or the Chronology of Ancient 
Egypt, dkovered from Astronomical end Hloroglyphlo Recorda upon 
tbMonnmants., PlstsS. 8vo. 

POPE'S (ALEXANDER) Works. A New Edition, containing nume- 
mas ~lll nblishdd Lettars, &a. Edlted wlth Notes and aL&. By the 

,PORTER'S (Q. R.) PMgreea of the Nation, in ita V ~ ~ ~ O U E  Social and 
ftom the b@mh$ d the Nlnetesnth CenW. 

POWELL'S (REV. w. P.) Latin Grammareimplified. 12mo. 38. 6d. 
PUYERBOOR (Trig), Illuminated with 1000 Illnetratione of Bor- 

Yoroao, 12r. 
PUi3EY (PE. MB.) On ImpvebMY6 in Fenning ; or What o n a t  

~.ndtordo Snd Pumern to do? Bvo. la. (Rwfnidd flom the Royal 
d#rialarr+ol J-.) 

m s  IN BOOTS. Suited to the Tneb of Little and Qmwn 

QOARThRLY REVIEW (TEE). avo. 6s. 
&&Nm'fl ('Lmpo~~) Political and Eooleeiaetiwl aHllrtorg of the 

kted h m  the Germen by M B ~ .  Avmm. !77hi Milion. 9 Yols. 8vo. 24.9. - Hietory of Proeeia; or, Memoire of the House of Bran- 
danbagh. 
GODON, BART. 8 Vola. 8vo. &la. - Hietory of Servia, and the  Servias Revolution. Tranalated 
5um the Qerman by Mm. AmxAnoan KERB. Second ZXi2lirion. Map. 
8vo. lcw. 

REW~TEII A ' D D ~ S I X 4 .  By JAXE6 SYITE AND Homos 8xITH. 
!&mty+xmd Editlrm. With BMgnphier of tha Anthorn, maddltlOnrl 
Notas. P~rtrafts. FWP. 8 v O .  

@lege. e o .  70, ed. 

mght A n .  John Wflaon Groker. Portnlta. EVO. 

E~~omiaal m t i o  
m+aGdu(a. (iw3 two. %. 

dern, Initials, Vignettes, &a. Yodlum &a. Cloth, 21s.; C U ,  81s. &L; 

Chtldren. By O m  SracrTsn. Sccotul &lition. Plates. 18mo. 6s. 

Popes oflbmq dnrlng the 8ixtsenth.and Beventeeath Oenhuiea. Trnne- 

Tmuolated from the QBI%ISU by SIR ALEIARDEn D m  
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BIC!AItDO’S @AVID) Political Works. With a Notice of hi8 

RIDE on Horsebark to Florence through France and Switzerland. 
Doscribed fn a Berten of httera. By A LADY. 2 Vols. Poet 8v0. 

RIpA’s P A T H E R )  Memoira during Thirteen Years’ Reddence at  the 
Court of Poklng, in tho lervlca of the Emperor of Chlnn. Transht@d 
from the Itallan. By F O B ~ A T O  PXANDL Poat 8vo. 2s. Bd. 

ROBERTSON‘S (LORD) Lenvee from a Journal, and other F w e n b  
in Verso. Crown 8vo. 78. W. 

RIDDLE’S (REV. J. E.) Copious and Critical Latin-English Lesicoh 
founded on tho German-Lath Diotlonaries of William Fread. 
Post 4to. a. 

Copious and Critical English-Latin Lexicon. Founded 
on the Qerman-Lotln Dlctlonary of Dr. Charles Ernest Georges. 8 ~ 0 .  ** 

Complete Latin-English and English-Latin DictiontW> 
for tho Use of Collegsa and Schoob. Chiefly h m  the German. A’@ 
rnlllon. avo. 318. W. 

Tho two Dictlonarlos regmlcly,  -The EngllRh-Lath D I c l l d +  
108. We; tho Latln-English Ictlonary, ?la. 

..-- Young Scholar’s Latin-English and E n g l i e h - h a  
Dlctlonarq.. being an Abridgment of “Tho Complete Lath DlctlOnW:’ 
.vna Edit&. knare 1 h o .  1%. 

Tho two DlctioMrlos sep2r&ly -Tho Lath-English Dlctlonlry, 7a.i 
tho Engllah-Lntln Dlctlonary, 68. &l. 

Diamond hth-Engl i sh  Dictionary. A Quide to 
Meaning, Quallty, and Accontustlon of Latin Ckdacal  wads. NcV 
Ed~tlon. 32mo. 4.9. 

ROMILLY’S (SIB SAMUEL) Memoirs, Correepondence, and Dia@ 
By hie BONE. Tl,ird Edition. Portrait. 2 Vole. Fcnp. 8vo. 128, 

ROSS% (SIR JAMES) Voyage of Discovery nnd Reeearch in the 
Southern and Antarctic Eeglona during the years 168948. Plat@- 
2Vob .8~0 .  &. 

COYAL BOCIETY OF LITERATURE TRANSAUTIONS. 
Plates. Vols. I. to 111. avo. 128. each. 

RUNDELL‘S (MRB.) Modern Domeetic Cookery, founded onPrinciP1@ 
of Economy and practice ana adaptod for ~’rlvato FemiUes ~ntffrelg 
b a a e d  and cofiected io tho Prcsent Time, by A LADY. ’WMd’’au’ 
Fesp.8vo. os. 
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