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A

TREATISE

ON

TOPOGRAPHY:

——— e

PART THE THIRD.

——

On the Triangles of the sccond order, or Secondary Triangles,
~On the:method of forming Triangles on the greund, and of
resolving them by plane Trigonometry.— Important remarks.
—Problems.—On the various manners of performing minor
Surveys, and {ransferring them to paper.—On some practi-
cul means used in Levelling.

The theory, relative. to the triangles of the first order,
has been explained in the first part of this Treatise. The
reader, therefore, possesses all the elements requisite for
determining the outlines of a Trigonometrical Map, and
disposing of the principal masses of the country which it
is to represent ; but it will not suffice to have thus erected
the frame work of the edifice ; all its parts must still be
arranged in such a manner as to render it more easy to
give it afterwards the form which it must have : such is
the object which the secondary triangles are to accom-
plish.

The theory applied to the principal triangles, is also
applicable to those of the second order. The same

VoL. II. B



2 A TREATISE

method, the same operations, and strictly speaking, the
same instruments are used for both ;¥ and the ouly opera-
tions which secondary triangles do not require are, on
the onc hand, the determination of azimuths, as those
which were obfained in forming the principal triangles
are sufficient; and, on the other, the mecasure of any
particular basc, since such or such computed side of a
principal triangle will furnish one at pleasure.

‘We shall not dwell any longer on the subject of secon-
dary triangles ; and we only observe, that, asthey do not
indispensibly require the same precision as those of the
first order, (See Part I. p.6.) an error of a few seconds, in
measuring the angles, is nothing in comparison with the
advantage of dispatch in the operation ; wherefore the
scxtant may be recommended for common observations
applicable to secondary triangles, unless they are made
at the same time as those which relate to the principal
triangles, and with the same instrument, Indeed, the
sextant has the defect of requiring the parallelism of the
mirrors to be verified at almost every station, and this
cannot be done under a certain time. But, on the other
side, the observer, who holds it in his hand, can handle it
in almost the same space, and with nearly the same fa-
cility as a common felescope ; he may use it in a tree; in
a window, on the top of a house, and even on horseback ;
wherefore the observations can be made with as much
ease as expedition.

* The triangles of the second order are very frequently formed at
the same time as those of the first, the angles being taken with the
same instrument.,
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On the method of forming Triangles on the ground, and of
resolving them by plane Trigonometry.

‘WeErefer the reader to what has been said in the first
part of this Treatise, (p. 90,) respecting the spherical
excess of the three angles of a triangle, and shall now ex-
Plain the method of forming triangles on the ground, arul
of resolving them by plane Trigonometry.

Let G, D, E,F,G, H,I,K, L, pl. I. fig. I, be re-
markable objects, as towers, steeples, mills, &c. the re-
spective positions of which we are to determine.

First, an clevated situation is to be chosen, as a tower,
asteeple, &c. from which the greater number of those ob-
Jects can be seen ; we ought then to repair to all places
where we may obtain a general knowledge of them, in or-
der to make a rough sketch which will afterwaids serve
to indicate the measures to be taken in the counrse of the
operation. 'The names of the objects C, D, E, &c. should
be written upon this sketch, and notes be made of the
most remarkable particulars by which they may after-
wards be distinguished from each other, as, by this means,
mistakes in their respect will be avoided. In short, it is
proper, for greater certainty, to design the distance ncar-
Iy at which we judge them to be, that we may not con-
found them with other objects which may have a resem-
blance to them, or be situated in their directions.

This being done, a base A B, chosen on a convenient
spot, and as much as possible in a central position with
respect {o the objects C, D, E, &c. is to be carefully mca-
sured, as described in the first part of this T'rentise. The
Instrument with which it is proposed fo take the angles,
suppose a Theodolite, is then to be transported to the ex-
tremity A of that base, and so disposed that its centre
will exactly correspond with the point A, and the fixed
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index be directed along the line A B, to a signal placed at
the point B ; care should also be taken to render the in-
strument perfectly horizontal, according to the indications
of the spirit levels which are generally attached to it.
Next, the fixed index remaining in the direction A B,
ihe moveable one is to be pointed successively to all the
objects that are conveniently situated, and can be seen
from the point A, as C, D, E, F, G, H, in ordertomca-
sure the angles BAE, BAD, BAC, BAH, BAG,
B AT, which the visual ray, directed from the point A
upon cach of these objects, makes with the base A B.
After cach observation, the measure of the angle should
be writien in a register, which ought to be headed with
the name of the place where it is taken. The objects to
which the moveable index is directed should also be en-
tered in this register.

The observations to be made at the extremity A of the
base being completed, the Theodolite is to be placed at
the other extremity B, in the same manner as at A, and the
angless ABC, ABD, ABE, ABT, ABG, ABH,
made by the visual rays dirccted from this station to the
objects C, D, I, &c. are to be measured. The distances
of these objects to the points A and B, arc then to be found
by calculation from the triangles AEB, ADB, ACB,
&c. in each of which there will evidently be known one
side, which is the base A B, and the two adjacent angles.

‘With regard to the two objects K, L, which could not
betaken from the extremities of A B, it will be necessary
to remove to the points C, D, which have already been
determined, and from which the objects can be conve.-
niently perceived ; then, considering CD as a base, the
angles LCD, KCD, LDC, KD C, which the visual
rays drawn from the extremities C and D to the objects
L and K make with it, are to be measured ; and the tri-
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angles C L D, and C K D, are then to be resolved ; but, as
the angles only are known, it will first be requisite to cal-
culate the side C D, which is easily done by means of the
triangle A C D, in which we know the angle C A D, the
difference between the iwo angles CA B, D A B, and the
sides A C, and A D, which are given by the preceding
calculatioa.

Let I be one other object, which has not been taken
neither from the extremities of the base A B, nor from
thosc of CD. Here the side C L of the triangle C L. D,
the length of which has previously been determined, is to
be taken {or a base ; and after having observed the two
angles 1 C L, 1 L C, the other parts of the triangle may
be rcadily found from having one side, and the two ad-
Jacent angles given,

Itis by such proccedings as these, that those points of a
map which appear doubtful are verified, and new ones
introduced. The secondary triangles are also formed in
the same manner ; for, if we suppose that the point m,
inside of the principal triangle C L D, istobe taken, itis
evident, that,by observing from C and D the anglesm C D
andm D C, we shall have the triangle Cm D, in which
we know the side C D, and the two observed angles,

This example has been limited to a small number of
objects, in order to simplify both the explanation and
the figure, as, without it, they would have become confu-
sed and embarrassing to beginners. But what has been
said will doubtless be sufficient to show in what manner
a survey may be extended at pleasure, by means of a se-
ries of triangles commencing at a measured base, and
conveniently carried on according to the position of the
objects to be taken, and the localities of the situation.
‘We shall, therefore, only add, that, inextensive surveys
which require great accuracy, the most certain method



o A TREATISE

is to measure from one base to another by different series
of triangles leading to the same two objects, and then
to take the-mean of the results.

e ——

Important Remarls.

Ist. When two angles of a plane triangle are known,
it will suffice, in theory, to subtract their sum from 1807,
in order to ohtain the third angle ; but this method is not
always suflicient in practical surveying ; and when the
map of a counlry is tobc made with great accuracy, the
three angles of cach triangle should be measured when-
ever it can be done.

2nd. Should we be compelled to observe a very acute
angle, we ought not only to measure it with great care,
but also to consider the result as doubtful.

Srd. It is likewise essential not to employ in the calcu-
latxon of distances any angle whlch is either very acute
or very obtuse.

4ih. At the same time that the angles formed by the
objects which have not yet been surveyed, are measured,
we should avail ourselves of all suitable stations, in order
io connect with new triangles points alrcady determined,
especially if we consider them as doubtful ; and by rc-
solving these triangles, it will be seen whether the calcu-
lation assigns the same situations to those points as they
were previously made to occupy.

For example ; suppose the point I, pl. 1. fig. I, had
been determincd by means of the triangle CI L, and that
on account of the situation of this point being considered
as doubtful, we wish to verify it from the station D:,
where we are placed inthe course of the observations ; if
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the two points I and D be conceived to be joined by the
line 1D, and the angle CD I to be measured, we shall
have the triangle CID, in which, besides this angle;
there are known the side C D previously determined,
and the angle I C D equal to the sum of the two angles
LC D, 1C L, which have also been observed. Then the
triangle C 1 D may beresolved, and it will be seen if this
new calculation gives the same length for Cl, as had
been previously assigned to it.

bth. The reader has been informed, in the first part of
this Treatise, page 5, that it is castomary in Frigonome-
trical surveys, to measure bases called dases of verifica~
tion; by which it was meant, that the distance between
two objects, which had been already determined by cal.
culation, is actually mcasured ; and if the two results are
found to agree, itisa proof that the operations made be-
fore the base of verification was measured, are correct ;
but, if these results are sensibly difterent from each other,
it ought to be concluded that some error has been com-
mitted, and the work must be revised.®

* In proof of the great correctness of the English survey, which
is now carrying on under the direction of Colonel Mudge, we shall
state the following particulars, extracted from Dr. Hutton’s mathe-
matical course, vol. iii. p. 120.

General Roy, who first measured the base on Hounslow Heath,
measured another on the flat ground of Romney-marsh, in Kent,
near the southern extremity of the first series of triangles; and at the
distance of more than sixty miles from the first base. The length of
this base of verification, as actually measured, compared with that
resulting from the computation through the whole series of triangles,
differed only by twenty-eight inches,

Colonel Mudge measured another base of verification on Salisbury
Plain: its lengtli was 36574.4 feet, or more than seven miles. The
measurement did not difter more than oue inck from the computation
carried through ihe series of triangles, from Hounslow Heath 10 Sa.



] A TREATISE

6th. 'We should never leave a station before we have
resolved all the triangles which can be calculated there,
as, by delaying the work till another time, errors may be
discovered which will oblige us to return t{o a place from
which we may be very distant.

7th. Whenever it can be done, the base must be taken
in the direction of two fixed and very visible objects;
as, by this means, it will be more easy for us to follow it
exactly in measuring it, than if we were guided by two
signals which could only be seen with difficulty, or which
the wind or other causes might derange. 1In order toen-
sure accuracy in this measurement, a sufficient number
of persons should be employed and divided into several
companics, independent from one another; which, after
measuring the base separately, communicate to each
other the results of their respective operations. If each
company has found the same length, the measurement is
undoubtedly exact ; nay, it may be considered as such,
if the differences of the several measures are very slight ;
it will be sufficient in this case, to takc a meanof the
results, which will still diminish the small crror that has
been committed ; but, if the differences be great, the
base must be measured again. .

The following works will furnish the reader with ex-
cellent precepts relative to the measurement of bases
which require greataccuracy in the operation. ¢ La Fi-
gure de la Terre, par Bouguer; Le Yoyage Astronomique

lisbury Plain,—a most remarkable proof of the accuracy with which
all the angles, as well as the two bascs, were measured!

The distance- between Beachy-Head, in Sussex, and Dunnose, in
the Isle of Wight, as deduced from a mcan of four series of triangles,
is 330397 feet, or more than 641 miles. The extremes of the four
determinations do not differ more than seven feet, which is less than
1% inches in a mile. Instances of this kind frequently vccur in the

y : i rvpy P
English survey.
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et Géographique du ﬁére Boscovich : Méridicnne de
L’Observatoire de. Paris, par Cassini: Mesure d’un arc
du Méridien, par Delambre. An account of the mea-
surcment of a base on Hounslow Heath, in 1784, by

General Roy. The account of the Trigonometrical sur-
vey of England and Wales; by Colonel Mudge.

e —
Problems.

PROB. I. ,

As we were measuring with rods one side of a triangle,
we met a sloping ground, and measured along the decli-
vity, in -order to avoid the inconvenience of holding the
rods in a horizontal direction. Now, as the inclined
line, thus measured, is greater, of course, than ifs cor-
responding horizontal line; it is required to reduce the
Iength of the former to that of the Iatter.

SOLUTION.

LetA B, fig. 3, e the inclined line which has been
measured, and A F a staff of the same length as the in-
strument BD, (supposc a Tlleodohte) which has been
used for taking the angle of depression ED F=B A C, of
the top of the staff below the horizontal line E D. If we
suppose CD to be perpendicular to E D, it is evident,
first, that the line A C, parallel to E D; will be the hori-
zontal line corresponding to AB. Secondly, that the
triangle ACB=DETF, will be a right angled triangle ;
we have, therefore, as Rad.: A B:: €os. BA C = cos.
EDF:AC; that is, AC= ABX00 BAC

Rad,
But, asthe angle of depression E D F, and consequent-
ly its equal B A C; are almost always very small, - it will

generally be the most convenient to calculate the excess
VoL, 11.° c
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of AB above AC in the following manner: A B—
A C=AB (1—~cos. EDF)=2 A Bsin.*%{ EDI'; that is,
the quantity to be subtracted from the length of the in-
clinedline AB, in order lo reduce it o ils corresponding
horigontal line A C, is equal to twice that length multi-
plied by the square of the sine of half the angle of de-
pression. '

This last formula is cmployed for reducing the lengths
of the rods uscd in measuring bases, to their correspond-
ing horizontal lines ; but this correction is seldom requi-
red in Geodesic operations applied to minor purposes.

‘ PROB. I1.
Suppose that it is required to determine the triangle
- ABG, fig. 4, the side A B, and the angle A BC, only
being given ; and that a wood, or some other obstacle
situated in the direction AC, does not allow any of the
other angles to be observed : suppose also, that, on ac-
count of a pond, or a morass, &c. the whole length of

B C cannot be actually measured.

SOLUTION.

Measure on the side B C, or on that side produced, the
greatest possible length C D), so that the object A may be
seen from the point D ; then, if the angle A BD be ob-
served at B, and the angle ADBatD, one side and
two angles will be known in the triangle ADB.  There-
fore, B D may be found by calculation ; and, if the length

€ D be added to it, or subtracted from it, according as

this length was mecasured on the side B C, or on its pro-
longation, the side B C will be obtained ; but the angle
A B Cis known by hypothesis; the triangle A B C may
therefore be resolved, since the two sides A B, B C, and
the contained angle, are known.

Now, let us suppose that the length CD cannot be
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measured, ncither upon the side B C, nor its prolonga-
tion ; or, that B C cannot be sufficiently extended in that
divection to allow the point A to be seen. . In this case,
@ right line C E is to be measured in any direction, either
10 the right or left of the point C. Then, if we observe
at B, {he angles CBE, EBA, and at E, the angles
AEB, and AEC, these angles, and the side A B which
Is known, will furnish sufficient data for computing the
lines B E, B C, and then resolving the triangle ABC in
the manner above stated ; thus, the line B C-will be con-
nected with the preceding triangles, and may be uscd as
2 base in the series of operations.

PROB. 1II.

Let AB, fig. 5, be any known distance, at the extremi-
ties of which the necessary observations cannot be made
for determining the right line CD, from which it is requi-
red to form a series of triangles connected with those by
which A B has been found. Suppose also, that it is im-
possible to measure C D, cither wholly orin part, or even
any other line of which CorD is one of its extremities;
wherefore, nothing more can be done than to observe the
angles ACB, BCD, at the point C, and the angles
CDA, and A D B, at the point D.

SOLUTION,

As the line C D cannot be measured, any length Cd
must be assumed for it, and whatever that length may be,
it" will not change the values of the angles taken at the
points C aid D. These angles remaining the same, the
sides of the triangles which result from the assumed
length of CD, will be proportional to the homologous.
sides of those which the true length of that line would

give, since the former triangles are similar to the.
latter.
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This being premised, if the angles ACB, BCD, are
observed at the point C, and the angles CDA,AD B, at
the point D, two angles and the side Cd, the assumed
length of CD, will be known in the triangle @ C d, which
is similar to the triangle A C D ; therefore, the sides C g
and da may be calculated. And as two angles and
the side Cd are also known in the triangle b d C, the sides
G and d) may likewise be computed.  Lastly, in the
triangle adb the two sides da, d b, and the contained
angle a db, are known, from which a b will be found ; we
shall then have the true distances by making the follow-
ing proportions; viz. '

Cd:CD
ac : AC

Asab: AB:: \44. AD ) Thereqnired lines. -
bc: BC '
bd : BD
PROB. 1V.

To find the position of a place from which three points,
previously determined, can be seen; but such, that from
these points the place cannot be perceived,

SOLUTION,

Let A, B, C, fig. G, be the three points, the positions of
which are given, so that all the parts of the triangle
A B C are known ; and let D be the point to be determin-
ed., It is required to find the distances BD, A D, and
C D, by observing the angles m and # at the point D,

In the triangles ABD, BC D, which have the side
' ABiin-(L‘_BCsin,z

sin. m.  sin. (m+n)*
But 1 =180°—=n—y =180°~n=—(180°~=B—2z) = & + B~n;

B D common, we have BD=
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therefore, sin. ¥ =sin. «, cos. (B—n) + cos. « sin. (B—n)
_ ABsin. (m4n
= —B—G}%—”—T—l x sin. 2.

By dividing the last equation by thesin. », we obtain -
cot. g — "A B sin. (m + n)

' B C sin. m sin. (B—n)
for the sake of greater convenience in the calculation,

sin C sin. (m + n) N:
cot.z=cot. (B — ”)( . B A C sin. m cos.(B-—n) —l )’
from this equation we shall have the segment z of the
angle B A C; consequently, the other segment CA D,
will be known, and the resolution of the triangles AB D,
A CD, will give the required distances,

This solution possesses the advantage, that the equa-
tion, from which it is obtained, holds good in all cases,
as appears from the following observations.

In fact, if we had B < n, cot. (B—n) would be nega-
tive, which is the only change in the equation. Now,

- supposing the point D to be within the triangle A B C,
we shall have (m 4+ n) > 180°% and then the sin, (m + n)
willlikewise be negative. Besides, although one of the
angles A, B, C, may be obtuse, yet the segment of one of
theacute angles is to be sought, in orderto ayoid any em-

barrdssment and uncertamty respcctmg the species of the
angle 2.

— cot. (B —a) or,

1f B were equal to =ero, w'nch happens when the
three points A, B,C, are in the same right line, (the
point A must then be supposed at y, and the angle &
changes into B y D), ‘we. should have, cot: z = cot. 7
(1_ -A B sin. (;m +n)) AC cot.n—A B cot. m Fi-

- iBUsin. mcos.n BC o
nally, when B is equal to 2, the problem isindeterminate,
as in this case, cot, (B—n) is infinite, and the point D
may have number]ess positions, all of which will satisfy
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the conditions of the question. The following construction,
if used, will make it evident,

Should we not wish to determine the distances A D,
BD, and C D, but only the proper position of the point
D in the map, it will be more readily found by this con-
struction.

1f a circle be supposed to pass through the points A,
B, D, we shallhave 1 A B = sin. m ; and as this sine is
proportional to the radius of the circle, it will be easy to
find the radius by dividing £ A B by the sin. m, taken

from the tables. In the same manner, will be

AC

. 2sin. n _
the radius of the circle which would pass through the
points A, C, D. Thercfore, if these two circles be de-
scribed with their respective radius, such as found by the
calculation, they will intersect each other in the point
A, and also in another point, which will determine the
posilion of the point D on the map.

PROB. V.
From the top of an eminence, the height of which is
given, to determine the horizontal distance between two
objects situated below, ) '

SOLUTYON.

Let R, fig. 7, be the elevated point, the height of
which above the common horizoutal plane of the objects
A, P,isequal toRE; the distance A P may be detcrmin-
ed from R, in the following manner :—

Take the angle AR P, and the angles of depression,
or the complements of PRE, and AR E; the angle
ARP is then to be reduced to A EP,* and the two

* Cagnoli gives the following formula for making this reduction,
independently of the two otherangles,
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others, with the side R E, will serve to calculate A Eand
PE. Thus we shall have all the requisite data for find-
ing the distance A P.

In order to give an idca of the practical utility of this
problem, it will be sufficient to observe, ‘that, as itis casy
tomeasure an altitude with great accuracy by the barom-
eter, we may determine, from a projecting part of astecep
Mmountain, the positions of the towns and other objects
situated in the valleys which it overlooks, without the
Recessity of measuring a base.

In the triangles AP R, A PE, which have 2 common side A P, we -

have AP = AR*4+PR*—2AR x PR.cos. ARP ’
= AE*+PE*— 2AEX PE.cos. AEP,

from the last equation we obtain

cos.AEP_—;—_ AR xPR.cos. ARP -—REz

AE X PE » which gives
cos. ARP—sin.RAE.sin.RPE
€0s. AEP = cos RALcos. RPE > or for increasing

the facnhty of the numerical calculation, cos., AEP=tang. RAE
cos. ARP
tang R P E( s RALSDRPE — ) From the former of these

two formula, which is the easier to enunciate, Cagnoli deduced the
following rule for reducing the angle having its vertex out of the
plane of reduction. Tke co-sine of the reduced angle is equal to the co-
sine of the observed angle, minus the rectangle of the sitnes of the angles
of elevation, the remainder being divided by 1he rectangle of the co.
sinesof the same angles, )

The following expression, which Delambre has given, is more
convenient for calculation than the preceding: sin. 1 AEP =

‘/sin.-%(ARP—i-RAE—RPE)sin.{,—(ARP-}-RP E—RAE)
cos. RAE. cos. RPE." °
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On the varioiis Manners of performing Minor Surveys,
transferring them to Paper.

Al surveys do not indispensably require the great ac-
curacy which the Geodesic operations, already explain-
ed, are intended to afford, as in many circumstances a
smaller degree of precision will sufficiently answer the
purpose; for instance, if we are to survey an estate, a
Iordship, or any ether moderate extent of a country ; to
take the plan of a camp, a position, a town, a fortifica-
tion, &c. or if it be required to survey the country
along a road, or the banks of a river, to fill up a map,
the principal points of which have been previously de-
termined, we may, in these cases, undoubtedly dispense -
" with the greater number of the above-mentioned Geode-
. sic opcrations; nay, with any kind of calculation, at
least in ‘most circumsiances. All those minor sunas®
will be treated of in this part of the work, but itisrequi-
site that we should premise a description of the Imple-
ments employed for Surveying, and explain the methods
of making Scales, tracing a right Line on the ground be-

tween two objects, and measuring it with a Chain, or
with Rods.

b ]

A Description of the ImpLEMENTS employed for
Surveying.

Banorovs. A Bandrol, pl. 2, fig. 8, isaround pole,
about 9 feet long, and 11 inch in diameter at its lower
extremity ; it is tapered towards the top, where a white
flag, about 18 inches long and 12 inches wide, is faslened ;
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and it is shod at foot with a pointed cap of iron, that it
may be easily fixed into the ground. Bandrols are usf:d
in tracing long lines, as they are seen from a greater dis
tance than staves. )

Staves, The height of a staff, fig. 9. is from
four to five feet; staves are made square and tapered
towards the top, which is split in the middle, in ?rder to
¥eceive a small square piece of white paper, which ren-
ders them more conspicuous : each face of a staff is about
4 of an inch broad at botlom, and % an inch at top 3 alzd
the lower extremity isshod with a pointed ferrule of }ron,

_ for the same reason as Bandrols. Stavesserve for tracing a
line which is of no great length.

Pivs, or Anrows. Pins, or Arrows, fig. 10, are
made’ of strong iron wire, about 15 inches long, and -%
of an inch in diameter ; they are pointed at one end, and -
the other is bent in the shape of a ring, to which a small
Piece of white or red cloth is fastened, that they may be
better scen. Arrows are used in measuring a line with a
chain, as will be explained.

A Cualv, fig. 11, serves particularly for measuring
long lines; it is composed of several pieces of strong
iron wire forming as many links, one foot long,* including
the small rings which join them together, The chain
is terminated at each end by a larger ring, which serves
for taking hold of it, and for stretching it with greatet
facility ; and, in order that the odd links may be more
quickly counted off, a brass plate is fastened to every
tenth link. '

A Row, such as is used for measuring distances, is &

* In land-surveying, 2 Gunter’s chain is used; it contains 66 fe?t,
or 4 poles, and is divided into 100 links, each 7.92 inches long, in-
cluding the rings betwixt them.

YOL. ll- D
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kind of ruler, generally 10 fect long, and one inch and
a quarter square, the ends of which are shod with brass
or iron ferrules. It is divided into feet, and the first foot
at each end is divided into inches. Rods arc usually
painted black, and the divisions are marked in white on
both sides, with the numbers 1, 2, 3, &c. butina con-
tiary direction. -

. Measuring Tares have various lengths. They are
divided into feet, which are marked with the numbers
1, 2, 8, &c. and the first foot at each end is divided
into inches.

e

On the methods of making Scales.

Scales serve for constructing maps in an assumed ratio
with a determinate extent of ground : for iustance, it is
said that a scale is one inch for 500 yards, for a mile, &c.
when such division of it as is equal {o one inch, is the
assumed length for a distance of 500 yards, one mile, &c.
on the ground.

. Diagonal scales are very convenient for transferring a
mmor survey to paper. They are constructed as follows :

~ Let'it be required to make a scale of half an inch for
100 fathoms, the smallest division being one fathom.

Draw a right line A B, fig. 12, on which set off halfan
inch any number of times. At the extremities A and C
of the first division, ercct the indefinite perpendiculars
A E, CD, and set off on cach of them ten equal parts of
any length. Then conucct the opposite divisions by
lines - which will be parallel to A C. Lastly, divide A G
and ED each into ten equal parts; aund, after drawing
transversal or diagonal lines through the points of divi.
sion, as the figure shows, the scale will be completed.
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- For grealer conveniency in taking dimensions, number
the divisions along A C and CD, asis shown by the
figure. Then, if you want the length of 30 fathoms, for
instance, open the compasses from C to $0: and should
37 fathoms be required, follow the diagonal line drawn
to 30, till you come to the point ¢ opposite the division
Bumbered 7 along CD, and extend the compasses, in
the direction ¢ 7, from ¢ to the perpendicular C D; any
other dimension which does not exceed 100 fathoms, is
to be taken in the same manner.

‘When it is proposed to construct a figure similar to
another, and to make a scale for it which bears a pro-
portion, expressed in numbers, to the scale of the latter
figure, this operation may evidently be performed with
the greatest ease ; since it will suffice to multiply or
divide by 2, 3, &c. the lengih of any division of the
given scale, according as the scale required is to be
greater or smaller. But, if the surfaces of two similar
figures are to be in a given ratio, the terms of which are
not perfect squares, the required scale must be found, in
this case, by a particular method, such as the following :

Draw a right line A E, fig. 13, on which set off A K
and K E which are to each other in the givenratio. Bisect
AE, and from the point of bisection as centre, with half
A E as a radius, describe a semi-circumference ; erect at
K the perpendicular KD o A E, and draw the chords
AD and DE. Then set off on A D, after producing it,
if nccessary, the scale A B of the given figure, and if-
B C be drawn, from {lie extremity B, in a direction pa-
rallel to the chord D E,, it will give the length of the re-
quired scale. .

The same operalion may also be performed instru-

mentally by means of the sector, the use of which is
generally kiiown.
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To trace @ Right Line onthe ground, between two objects.

Unless the distance from one point to another be small,
it is proper, in order to measure it with greater accuracy,
to trace a line between those points in the following
manner: i

Let it be required to trace a right line on the ground
between two points A and B, fig 14.

Fix a staff at A, (or a Bandrol, should the distance A B
require it,) and another staff at B. Then place suc-
cessively several other staves e, f, between A and B, in
such a2 manner, that your eye being as close as possible to
the staff A, each intermediate staff as placed may appear
but one with the staff B.

‘Whenever staves (or bandrols) are used, either for
tracing a line on the ground, as has been explained, or
for marking any point, they must be vertical, which may
be easily ascertained as follows :

Suspend a plumb-line along two sides of each staff as
it is planted, and if it hang olose to them, the staff is
vertical ; if nat, the position of the latter must be rectified,

R

- To measurc a Right Line A B on the ground, fig. 14.

‘Wita A Cuaix. The chain is used by two men, one,
of whom is called the leader, and the other the follower.
The leader is supplied with a certain number of arrows,
commonly with ten, when the length of the line to be
measured requires so many; and after siretching the
chain in the direction A B, while the follower keeps one
end of it close to A, he thrusts an arrow into the groynd
at the point where the chain terminates ; then he stretches
it again from this peint towards B, and fixes another
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arrow in the same manner as before, and so on, till the
‘whole line is measured. ;

Should it happen that the leader deviates, in stretching
the chain, from the direction A B, the follower must warn
and rectify him,

It is to be observed, that, as the follower advances, he
must take up the arrows which the leader has left ; where.
fore they serve, not only for showing the successive points
from which the chain is to be stretched, but also for
counting off the number of chains which have been mea-~
sured, since this number is equal to that of the arrows.*

When no arrow remains to the leader, and the whole
line is not yet measured, he ought to wait for those which
the follower lLias taken up ; and a memorandum must be
carefully kept of the number of times they have been thus
exchanged, It is proper, likewise, that the leader should

. count off the arrows as the follower returas them, in order
to ascertain that their number is right.

Care must be taken, when measuring with a chain, that
it should lie horizontally, in a proper direction, and be
well streiched ; and also, that none of the links should be
bent, nor any of the small rings which join them together
entangled. The leader and the follower are commonly
supplied with a piquet, 3 feet long, which is shod with a
Pointed cap of iron, and run through by a wooden pin,
6 or 7 inches from its foot. These piquets being passed
through the large rings at both ends of the chain, the
wooden pin keeps it above the ground,+ whilst the

* Any other account of the nymber of chains measured ay also be
kept as an additional precaution, For instance, the leader and the
follower may put a small stone in their pockets for every chain, or
make a knot in a string fastened to one of their button-holes.

+ 1t ‘is here supposed that the ground is nearly level ; wherefore it
will suffice that the ¢hain should be raised above the small irregu-
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piquets serve as levers in stretching the chain, without
any fatigning exertions.

Wit Rops. This operation requires two men, sup-
plied each with a rod. One lays his red on the ground,
from the beginning A of {he line, in the direction AB ;
and he keeps it in that situation till the other man has
laid his in such a manner that the ends of both rods coin.
cide exactly with one another ; now the first man lifts up
his rod, and after counting one aloud, he lays it close to
the other end of the second man’s rod, taking care, like-
wise, that the extremitics of both rods agrec well toge-
ther ; then the second man counts fwo, and lifts up his
rod, which ke lays at the other end of that of the first man,
with the same precaution as before ; and so on till the
whole line is measured.

Rods, like chains, must be laid as horizontally as pos-
sible; wherefore they require the same precautions when
the ground to be measured is not level.

e ——

Examples of @ Minor Survey.—It is supposed, in the first
example, that the triangles are to be computed in a manner
analogous to the method wsed in Trigonometrical Surveying ;

- and, in the second, that the survey is to be performed mevely
with instruments, without any calculation.

Exampere 1. Measure a base A B, pl. 1. fig. 1. and
take the angles CA B, D A B, &c. as has been explained
in the Example page 3; but, instead of correcting those
angles for the spherical excess, as is done in Trigonome-
trical Surveys, (See Vol 1. p. 90,) consider the triangles
at once as plane triangles, and resolve them accordingly.

Yarities which may occur, With regard to sloping ground see Prob. I.
Pags 9.
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Indecd, the only corrections which a minor survey of this
kind may occasionally require, are the reductions of the
angles to the centres of their respective stations, (see
Vol. 1. p. 70.)and to the horizon. (See Vol. 1. B 77)
Nay, these reductions are scldom requisite. -

After the points have ‘béen taken, they may. be trans-
ferred at once: to paper, by the:- followmg stmple
method ; ' st o

Draw.a lme ab _ﬁg 2, on whxch set oﬁ‘ as many- 5ards,
fathoms, &c. taken from the scale of the proposed;map,
as are contained in the base AB, fig 1. Theny from'a
and b as centres, with an opening- in the compasses're-
spectively equal fo the computed -lengths: of: ihe: sides
AC and BC, describe arcs cutting’ each..othér, and
the intersection ¢ of those arcs will give the position of
the object C. Proceed in the same manider with regatd
to the objects D, E, F, G, and H.

From c and d, with the lengths of the computed sules
CK, CL, DK, DL, describe arcs cutting each other,

the mtersectlons of which will determine the pomts wlhiere
the objects K, L., are to be Pplaced. .- .. 4 o

Lastly, from the extremities ¢ and < of theside cl w1th
the respective lengihs of the sides C1 and L 1, such a5
they ‘were found by calculation; describe arcs intersecting
each other at 7, and the object I is 1o be placed at tlus
Ppoint. .

N
Examrre II. Measure a base A B,ﬁg. 1, as’in ﬂle
preceding example, and take the angles C AB;, DA B,
&c. in the same manner: then transfer the survey to
paper, as follows : * A
Draw a line a b, fig. 2, and set off on it, as before, as
many yards, fathoms, &c. taken from the scale of the pro-
posed map, as are contained in the base A B, fig-1.. Then
describe at a, with a protractor, or preferably with a
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line of chords,* the angle ¢ a 8, equal to the angle CA B
and at b, the angle ¢ b a, equalto C B A. The sides a¢
and b c of these angles being made sufficiently long to
neet each other at ¢, this point will give the positibn of
the object C. Determine in the same manner the positions
of the objects D, E, F, G, and H.

Conceive ihe points ¢ and d tobe connected by a line,
and, after describing on this line the angles kcd, lcd,
kdc, ldc; respectively equal to the angles KCD, L CD,
&se. place the objects K, L, at k and /, where the sides
of those angles meet.

Lastly, describe on ¢/ the angles ic/ and ilc, re-
spectively equal to LC L, and I L. C, and the intersection
i of the sides ¢i and /i, will be the position of the
object I. :

This - method of transferring a minor survey to paper
will not afford as much acturacy as' the former ; but the
degree of precision obtained from it will suflice in most
of the circumstances in which such surveys are carried on.

It is customary to delineatethe four cardinal points in
a map, and the indication of thém may be referred to any
line.. However, the best method is to refer it to the first
base ; for this purpose, measure the angle which the mag-
netic needle makes with ihis: base on the ground,+ and
take into the aecount the variation of the needle in such
year and such place. Then, after having thus corrected
that angle, describe it on the map by drawing to the base
a pencil line, which will indicate North, Now, if this
line, or any other, parallel to it, which may be drawn in
the most convenient part of the paper, be ¢ut by a per-

* The use of the protractor and line of chords is so generully
known, that we think it useless to explain it in this place.

+ The use of the compass, for taking angles, will be hercafter ex-
plained.
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pendicular extending on both sides ; the cross thus formed
will show the four cardinal points.

Agreeable to custom, the northern part of a map should
gccupy the top of it.

. R
General Description of the Plane-'Tuble.

(OF all the instruments that may be used in surveying
the details of a country, there is none more useful nor
more expeditious than the Plane-table. Thisinstrument,
fig. 15, is composed of a small square table, of greater
or less extent, moving in all directions on a support to
which a stand with three legs is adapted. The con-
- struction of this support should be such thata slow and
gentle rotary motion can be given to the table, without
deranging it from the horizontal position which it ought
indispensably to preserve during the observations ; and
this position of the table is ascertained by means of a
spirit level, successively placed upon two of its sides that
are perpendicular to each other.

_ la the direction of two opposite sides of the table are
placed outwardly two rollers, the axis of which is sup-
ported by two pieces of brass, or iron, and carries a
toothed pinion at one of its ends; these rollers serve
gradually to stretch and to roll up a piece of paper which
islaid on thetable, to trace the operations upon ; and, that
it may not be damaged during the work or soon after, it
should first be pasted or glued upon a piece of muslin,
or fine cloth. It is proper, likewise, in order to pre.
serve the eyes from too vivid a reflection of the light,
which the whiteness of the paper produces when ex-
posed to the sun, to cover with a green paper all the parts
of the table upon which the work is not immediately
carrying on,

VOL. 11, F
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In {aking angles with the Plane-lable, a brass raler,
fig. 16,is used, at the extremities of which two perpendi-
cular sights a, b, are fixed ; the middle of the opening
of cach sight is in the same vertical plane with one of
the cdges of the ruler, and forms a line with it, which
is called the line of collimation. The visual rays are
directed through the sights from the points of station
to any object, and the ruler serves for drawing right
lines upon the paper, which correspond to those rays.

This kind of ruler is called an ¢ndex, and is very
common, wherefore we have noticed it. Howcver, as
it is only proper for small distances, and does not suit
for directing the sights to objects that are much cither
above or below the horizontal plane of the station,
indexes, which carry a telescope supported in the mid-
dle by a small brass stem fixed to the ruler, should be
preferred.  The telescope and the ruler being thus
insulated from each other, the tube of the telescope
may be inclined at pleasure for pointing to objects above
or below the horizontal plane of the station, and the
line of collimation represents preciscly the orthogonal
projection of the visual rays.

If it happen that the wires of the telescope present a
parallaz, in which case their image is less distinct than
that of the objects,* it will be necessary to increase or
diminish the distance between the wires and the object-
glass, which latter is gencrally fixed to a small moveable
cylindrical piece joined to the body of the telescope.
The optic axis must then be rendered parallel to the

* This circumstance generally happens from the wires being nat
placed exactly in the focus of the telescope; and it is also known to
subsist when, by removing the eye farther from the optic axis, the-
1nage of the object changes its pluce.
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plane of the table, by means of a proof telescope, as
Already explained in the description of the Repeating
Circle, vol. i, p.2l. ,

It is important thateach point of station on the ground
should agree precisely with that which represents it upon
the paper on the table; and, in order to dispose the
instrument conformably to this principle, compasses are
used, the legs of which are curved and of sufficient
length to reach nearly to the centre of the table. At
the extremity of the lower leg a plumb line is suspended,
which, the end of the upper leg resting upon the point
marked on the paper, indicates the direction of the
vertical line passing through this point, and consequent-
ly shows when the Plane-table is properly placed.

Otherwise. Suppose it were required to make the
point of station A, on the ground, fig, 15,agree with the
point a, which represents it upon the paper.

Place across the table, cither parallel to one of its
edges or very nearly so, a pack-thread, passing over
the point @, and of such a length that its two ends, to
each of which a plumb is attached, may nearly reach
to the surface of the ground. Then measure the dis-
tance a b or ac from the point ato onc of the edges of
the table, and lay this distance down horizontally on
the ground, between the two plumbs, on the same side
of the point @, as jt was measured on the table. It will
thus be seen in what way the position of the instrument
is to be changed, and after a few trials the two points

~ A and a will correspond to each other. ,

As the planc-table is much used on the Continent in
minor surveys, different persons have lately sought for
means of improving it. We cannot, however, enter
into details relative to the improvements that have been
made in this instrument, as onr object is not 50 much
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~

to explain the construction of it, as to show its use ; and
we shall therefore limit ourselves to recommending, as
preferable to all others, the Plane-table proposed by
M. TepeENaAT, Provisor of the Lyceum of Nimes, and
Corresponding Member of the French National Institute,
in his work, entitled Précis des Lecons de Geomelrie
appliguée & UArpentage; or else, that which was
invented .by M. SavarTt, an artist attached to the
school of Artillery and Engineers at Metz, and which
is 1o be had at all the principal instrument-makers in
Paris.

N. B. When the planetable is removed from one
slation to another, it must be placed, before we com-
mence the observations at the station arrived at, in a
position parallel to that  which it occupied at the former
station ; and the reader is informed, that, in the subse-
quent pages, the expression, o rectify the Plane—Table,
will be employed to denote this operation.

e —

On the various methods of Survcying with the Plane-Table.

FIRST METHOD.

Let it be required to take, with the Plane-table, a plan
of the wood ABCDEF, pl. 3. fig. 17, the skirls of
which form straight lines, or very nearly so; it is sup-
posed that the instrument can be placed at all the princi-
pal angular points A, B, C, &c: of the wood, and thatno
obstacles prevent the measuring of the distances, A B,
B C, &c. between those points, with a chain, or with
rods.

After choosing a pomt A on the ground for the first
station, and staves being planted at the other principal
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angular poinis B, C, D, E, F, place the Plane-table ho-
rizontally at A, and dispose it, as ncar as you can judge,
in the direction of the ground which is to be taken : then
mark a point @, fig. 18, in any convenient part of the
paper laid on the table, by fixing vertically at that point
a very fine ncedle, headed with sealing wax, and alter
the position of the instrument as may be required, in
oxder that the point ¢ may precisely correspond with' the
point of station A, which it represents.

Next, lay the index on the table, applying that edge of
it against the peedle which answers to the sights, and
turn it gently round this needle, from which it ought not
o depart during the motion, till you perceive, through
the sights, the staff placed at the point B ; or, if you use
a telescope, till this staff appears at the intersection of the
wires. Then draw along the edge of the index, either
with a thin pencil, fincly cut, or a steel pricker, the in-
definite right line ab, which will correspond with the
visual ray directed from the point of station A to thestaff
B. Let the right line af, representing the visual ray
A'F, be also indefinitely drawn in the same mannu, from
the first station.

This done, remove the Plane-table, and fix a staff at
A. Then measure A B, with a chain or with rods, and,
after taking its corresponding length from the scale of
the plan, st it off from @ to 5. Remove the staff which
is planted at B, and dispose the Plane-table horizontally
at that point, the pomt b corresponding with it. Now
lay exactly on the line a b, the same edge of the index as
before; and, in order to rectxfy the table, turn it on its
support, till you perceive the staff A through the sights.
Then, the table remaining in this position, turn the index
gently round a needle vertically fixed at b, till you see
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ibe staff C, and draw the indefinite line &c.* Measure
B C, and after ils corresponding length has been set off
from & to ¢, place a staff again at B, and remove the
Plane-table to C, where you are to proceed as you did
at B; and so on, till the whole contour of the wood is
described. : :

The accaracy of the work will be doubtless, if the
Planec-table being rectified at I, and the index laid on
the line ¢ f, the staff I’ is seen through the sights.

With regard to the roads a, b, c, d, fig. 17, they are
to be taken as follows :

‘W hilst you are measuring the side A B, take a particu-
lar account of the distance A a, from the point of station
A to a staff, or any other mark, placed opposite the middle
of the road a, and sct off on a b, fig. 18, the correspond-
ing length of that distance. Then dispose the Plane-table
horizontally at a, and make this point agree with that
which represents it on the paper. Also, rectify the in-
strument by laying the index on the line a &, and turning
the table, uniil the staff A appears through the sights.
Next direct a visual ray to a staff placed at the point of
weeting c of the roads; and, aftcr drawing the line which
represents it in the plan, measure ae, and set off its cor-
responding length on this line. Lastly, plant a staff at
a, and remove the instrument to e, from which point you
are to direct visual rays along the roads b, ¢, d, in the

* It is material to ascertain, after drawing 4c, that ¢4 and AB
agree precisely with each other, as they did before; as, in case they
should not, the direction of &¢, and, therefore, the remainder of the
work, will be wrong; for this purpose, lay the index on a4, and see
whether the staff A still appears through the sights; if it does not,
the table has moved during the preceding operation; wherefore it
must be rectified again, and the line ¢ drawn a-new. The same
precaution ought to be taken in all circumstances similar to this.
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manner already explained, and to draw the lines which
Tepresent them on the paper; the table being previously
disposed as required, and rectified by means of tle direcs
tion ae, and its corresponding line in the plan.

Should not the roads be straight, slight alterations, in
the metliod of taking them which has been explained,
will be requisite.  For instance, suppose the road b,
/ig 17, has the direction represented by bfc: in this case,
a staff must be planted in the road, at a point f so situated
that the points b and ¢ can be seen from it. Then, after
directing from e a visual ray to thisstaff, ¢ f is to be mea-
sured, and its corresponding length set off in the plan:
after which, the table is to be removed to f, and rectified
at this point by means of the direction e f, and the line
answering to it on the paper, in order to draw the visual
ray fb; or else, should we wish {o avoid measuring e f,
we may prolong indefinitely the line which represents its
direction in the plan, and cut this line from b, by a visual
ray drawn to the staff f in the same manner which was
explained respecting the visual ray aec.

Should the road b fe form several bendings, instead of
being crooked only at one point f, plant a staff at each of
them; and, after drawing successively a visual ray from
each of these staves to the next, measure their respective
distances, and transfer them to the paper, conformably to
the directions already given.

his scarcely requisite to observe, that the breadth of
the roads is to be obtained from actual measurement, and
carried (o the plan from the scale belonging to it.

We have supposed in this example, that the ground
to be taken being occupied by a wood, the points
A, B, C, &c. could not be seen from cach other; but
should a survey be carricd on in an open couniry, the
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operation will be performed with greater case and expe-
tion by the following method ; provided, however, the
desirable points of station are accessible.

' $ECOND METHOD,

To take a plan, with the Plane-table, of the open
gronnd ABCDEF, jfig. 19, the principal surrounding
points A, B, C, &c. of which are accessible, and can be
seen from each other. It is supposed also, that the boun-
daries of this ground are rcctilinear.

Measure the distance D E between any two of the
principal surrounding points which are conveniently
situated for the operations you are about to carry on, and
plant staves at A, B, C, D, and F. Dispose the Plane-
table horizontally at E, nearly in the direction of the
ground to be surveyed, as has been explained, and make
the point e, fig. 20, which you may take at pleasure on
the paper, agree with that point. Then place the index
in the direction ED, and after drawing e d in the plan,
set off on this line, from the scale, ithe corresponding
length of D E ; from the point of station E, draw also the
line e f, answering to E F, and indefinitely prolonged.

These preliminary operations being performed, plant
a staff at E, and remove the Planc-table to F. Then, in

_order to rectify it, lay the index on fe, and turn the
table on its support, till the staff E is seen through the
sights. This done, fix a needle at d, and, after applying
the index against it, turn the latter round, till you per-
ceive the staff D. The index, in this situation, will meet .
the indefinite line ¢ f in a point f corresponding with the
point F on the ground ; wherefore, if € f be cut at that
point with a pencil-stroke, its length will be thus deter-
mined without measuring EF ; from f, draw the line fa,



ON TOPOGRAPHY. as

in the direction of FA. Then fix a staff at F, and re-
move the Plane-table to A. -

The Plane-table being properly. disposed at A, and
rectified by means of the direction A F and its cor-
responding line af in the plan, lay the index, as before,
against the needle’fixed at d, and tarn it round, till you
see the staff D ; then cut fa at the point @ where the ins
dex meets it, and frora the same point draw @ b, in the
directionof AB. : o

Now fix a staff at B, and after removing the plane-
table to C, . proveed at this point as you did at A and B
Thé outlines of the plan will thus be completely descri-
bed, without measuring any other distance but D E; and
With respeet to the ‘methods of filling them up, by taking
the particulars of the ground, they will be explained in
the subsequent pages.

1t'is of material importance, when we are sutveying
with @ Plane-table, to ascertain theaccuracy of the work
ds féquiently as possible, if this cannot be done at every
station ; and the Plane-table affords the means of perform-
ing that operation: with the greatest ease ; for-instance,
suppose the instrument 4o be placed at the station C, and
that after determining the point ¢, we lay the index
in the’ direction of this point, and of any other point
@ which was previously taken; the staff A, in this
case, should undoubtedly appear through the sights,
since- it lies in the ditection C A, which corresponds to
cea; and if -it be rot seen, the work is soméwhere wrong,
As a further precaution, we may also, when closing the
work,  avail ourselves of the method of proving it ex-
plained in page $0.

The Reader-has scen that, in the two methods already
explained, a polygon was first traced round the ground

to be surveyed, by planting staves at the principal sur-
VOL. 11, F
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rounding points; then the angles of that polygon were
taken, and the lengths of its sides determined. We
shall now exhibit another method, which is particularly
useful when the surrounding points are not accessible.

THIRD METHOD.

To take a plan, with the Plane-table, of the ground
ABCDEFG, Jfig. 21, the principal surrounding points
B,C,D,F, G, of which are inaccessible; -wherefore
ihe table can only be placed at A and E. Itissup-
posed, besides, that the boundaries of that ground. are
rectilineal, and that the distance A I can be measured.

Dispose the plane-table at A, as in. the preceding:
methods, and take also a point @ at pleasure on the
paper, fig. 22, to represent the point of station A on
the ground ; make these two points coincide with each
other, and draw the line ¢ein the direction of AE;
then, turn the index successively round the needle
fixed at g, till you perceive the objects B, C, D, F, G,
through the sights, and draw the lines a b, a ¢, &c. in
the direction of the visual rays with which they re-
spectively correspond ; taking care to ascertain, after
drawing each of these lines, that @ e still coincides with
A E; if it does not, it-must be brought again into that
direction, and the line be drawn anew.

This done, measure A E, and set off on ae its cor-
responding length from the scale; then remove the
table (o E, where it is to be disposed as it was at A, the
point ¢ coinciding with E, and the line ea with EA ;
Lastly, draw from E the visual rays EB, EC, &c.
and the intersections of the lines ¢b, ec, &c, which
represent these rays in the plan, with the lines 6, ac,
‘&c. previously drawn from the station A, will give the
positions of the objects, B, G, &c.
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Without altering the position of the table, direct a
visual ray E1 to a staff planted at any point I, and
draw the indefinite line ei corresponding with EI;
place a staff at E, and after removing the plane-table to
I, rectify it by making efand E1 coincide again with
¢ach other : then, fix a needle at any 'of the points
b, ey d, at the point b for instance, and turn the index
round it till you sce the object B through the sights
cut e7 at the point ¢, where the index meets it, and
this point will thus be determined in a manner analogous
tothe second method. Now, if the survey be right, and
the index successively placed in the dircctionsic, id, if,
&c. the objects C, D, F, &c. will appear throngh the
sights.

Had a visual ray E H been previously directed from E
to tlie object H, and its corresponding line e’ indefi-
nitely drawn, the position of this object in the plan
might evidently be determined from the station I, the
table remaining rectificd, by turning the index round

-the point  till the object H is seen through the sights,
and then cuiting e’ at %, where the index meets it.

By applying the third method of surveying with the
Planestable, to the determination of the fundamental
Points of an exfensive country, this operation could be
Performed with great ease and expedition, as no calcu-
ation would be required ; in fact, the objects C,D, L,
F,G,H, pl. 1, Jig. 1, might, first, be taken from the
extremities A and B of the base AB, conformably to
that method ; as well as the objects K, Li, from C and D,
the table being successively removed to each of these
points, and rectified by means-of the direction C D and

 its corresponding line in the plan. The object I might
also be determined from Cand L by the same method,
and the survey be extended at pleasure in a similar
manner; but, without specifying the defects of the
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Planc-table; with regard to surveys of this kind, we
shall say, in a general way, that the accuracy it gives
is not adequate to that which is obtained from the in-
struments usually employed for the geometrical deter-
mination of the pringipal points of a map. which. com-
prebends a vast extent of territory, and that its great
utility is limited to minor surveys. )

. Observations.—1It is material, when the third method
of surveying with the Plane-table is used, that not only
the objects pointed to from the first station should be
carefully observed, but also that particular part of
them to which the index is directed ; as, without it,
mistakes might be made respecting the proper direction
of the visual rays tobe drawn to the same part from the
second station. '
. Whenever the position of.an object is to be determined
by the intersection of two vigual rays drawn to it, as in
second and third method for instance, the angle which
they form should not be very acute nor very obtuse, as,
in both cases, the intersecting point of the lines, which
tepresent those rays in the plan, will be doubtful, as
well as the position of the object; however, as that
inconvenience.is sometimes unavoidable, it is necessary,
in such circumstances, that more than. two visual rays
should be directed to the object, in order that its posi-
tion in the plan may be regulated by the intersection of
more than two lines. It is proper to take this precau-
tion, likewise, when a survey is to be transferred to
paper by oneof the methods explained in pages 23 & 24.
. As the table.is dispased horizontally at every station, all
the lines drawn on. the paper are horizontal, and the
plan only represents the horizontal projection of the
sloping parts -of the ground; it is therefore necessary,
© in measuring distances, that the chain should be
stretched, or the rods held, as horizontally as possible.
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Description and Use of the Declinatoire.

It is generally known that a magnetic needle, in a
state of equilibrium on a pivot, always points to the
north pole, and this property of the magnetic needl®
_has suggested the idea of an instrument which is fre-
quently used for rectifying the Plane-table.¥ The
French call it a Declinatoire.

A Declinatoire is a small rectangular box g, such as
represented in pl, 3, fig. 18, the breadth of which is
about one half of its length ; it contains a magnetic
needle resting in a state of equilibrium on a pivot gene-
rally made of steel, although agate seems o be prefer-
able 5 this pivot stands perpendicular to the botfom of
the box, at the centre of it; in such a manner, that,
when the box is laid horizontally, and both ends of the
needle respectively correspond with a point or a thin
line placed in the middle of each of the shorter sides of
the instrument, its longer sides are parallel to the needle,
and give, therefore, the direction of the magnetic meri-
dian ; the needle of the Déclinatoire is not surrounded
by a circle of metal divided into degrees as that of a
‘surveying compass, but only indicates north and south.

The use of the Declinatoire, for rectifying the Plane-
table, undoubtedly enables us to survey with greater
case and expeditjon. than the method of rectifying it
previously explained, and such advantage is very im-

* Itis scarcely requisite to observe that, after rectifying the table,
either by means of the Declinatoire, or by the method hefore ex-
plained, it oughy to be steadily fixed; as, without it, the weight and

motion of the index, ar some othex causes, might derange the table
from its position.
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portant is many circumstances: but it ought not to
be dissembled that, in point of precision, the Declina-
toire is not without defects ; first, although the great
distance of the north pole, in our latitude, allows us to
regard without sensible error the positions of the needle,
at the different poiuts of the ground to be surveyed, as
parallcl to each other, yet this supposition is not strictly
true, sincc the magnetic meridians are converging to
each other towards the pole. Secondly, the declination
of the ncedle frequently varies at different places, and
sometimes on the same spot, according to the hour.
Lastly, the proximity of ferruginous matters will also
affect the direction of the necdle; without speaking
of the difliculty which it occasionally has in becoming
stcady, on account of its being agitated by the wind.
That the reader may more easily compare the two
metlods of rectifying the Plane-table above cited, we
shall nowapply the.use of the Declinatoire to tlie solution
of the following problem, which was previously resolved
without employing it. (See the first method, page 28.)
Let it- be required to take, with the Planc-table, a
plan of the wood ABCDEF, pl. 3, fig. 17, the skirts
of which form straight lincs, or very nearly so, &c.
Dispose the Plane-table at the first station A, fig. 17,
as in the first method, and make also any point a,
Sfig. 18, correspond with the point A of the ground
whicl it represents; then, the table being fixed, lay
the Declinatoire on any convenient part of the paper,
and turn it till the extremities of the needle exactly
correspond with the points or thin lines traced in the
middle of its shorter sides ; draw a pencil line along one
of the longer sides, and this line will give the direction
of the magnetic meridian : draw also'a b and a f, as has
been explained in page 29, and, after measuring A B,
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sct off from a to b its corresponding length, taken from
the scale of the required plan. '

This dome, remove the Planesable to C, without
making any station at B, and dispose it horizontally ;
then place the Declinatoire as it was at A, that is to say,
lay one of its Jonger sides precisely on the pencil line
which was drawn at this station in order to represent the
direction of the magnetic meridian; and turn the
table, until the needle corresponds with the. points
or thin lines before-mentioned.- The table being
thus rectified, turn ihe index round a needle fixed
at b, till you perceive the object B through the sides ;
and draw the line ¢ &, the direction of which shall
be exactly the same, asif this line had been drawn
from B ;* measure CB, and, after setting off ifs
corresponding length from 4 to ¢, draw ¢ d, which is
also to be made equal to the number of -measures found
in CD ; the table being next removed to L, and recti-
ficd as has been cxplained, fix a needle at d, and turn
the index round it till the object D appears through the
sights. Lastly, if the -corresponding length of ED
be set-off from d to ¢, and the line e f drawn, the outhine
of the plan will be completed, and the two stations B
and D avoided.

It has hereto been supposed that the ground {o be

* The truth of this assertion is evident; for, let us suppose a
station to have taken place at B, in order to draw b¢, and that after
determining the pointc, it has been made to correspand.with C, and
theline cd to C D; the direction of the table, in this case, will be pa-
rallel to that which it had at B; then reciprocally, when the table
is rectified at C, and thus placed in a direction parallel to that whick
it: would have had at B, had a station taken place at this point,

the line ¢ 2, drawn from the station C, exactly corresponds with C B,
and is but one with 3¢,
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surveyed was not connccted with any other previously
taken ; wherefore the point a, fig. 18, which represents
the first station A, fig. 17, might be chosen at pleasure ;
and also, that the boundaries A B, BC, Sc. of that ground
formed straight lines; now, we shall explain the me-
thod of proceeding when the required plan is connected
with points already determined; and the boundaries do
not form straight lines.

Let A ond H, fig. 23, be the eztremztzes of one
side of a secondary lriangle, and respectively repres
sented on-the table by the points a and h, fig. 24 ; it-is
required to'take a plan of the accessible ground 4 B C
D E, the boundaries of which are not rectilineal, and
to rectify the table with respect to the given side 4 H.

"Plant staves, or bandrols, at the principal points
A, B, G, D, E, of the ground, so as to trace such po-
lygon as the dotted straight lines AB, BC, CD, &o.
vepresent ; and dispose the Plane-table hor—izontally at
A, the poinis A and @ corresponding exactly with each
other § then, lay the index on the line @, and turn the
table until this line precisely coincides with the side
‘A H ; the table will thus be rectified with respect to that
side, and should you propgse to use the Declinatoire for
rectifying it at the other stations, the direction of the
magnelic meridian must be traced, (see page 38) unless
it is already represented on the paper.

From the same station A draw the line a §, the direc-
tion of which will be found, as usual, by turning the -
index round a needle fixed at g, till you percecive the
staff B through the sights, and, after measuring A B, set
off from a to  its corresponding length taken from the
Scale ; likewise, measure the partial distances A z, 2y,
y 3, between the perpendiculars z #', ¥ ', 2 2/, let fall
from the most convenient points of the boundaries to
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A B*, a5 well as the lengths of those perpendiculars
and transfer to the plan, both the distances and perpens
diculars, as ab was transferred ; that is, with their cor-
responding dimensions taken also from the scale ; now,
if the points ¢, b, and the ends 2/, y', 2’ of the perpen-
diculars be connccted by one or several lines, according:
to the figure of the boundaries, the outline of the ground
which answers to A B will be described. It is undoubt-
edly useless that we should dwell any longer upon this
subject, as the explanations already given will enable
the reader to conceive easily in what manner the re-
maining part of the survey is to be carried on, in order
to complete the outline of the plan; and we shall only
observe, that it is immaterial whether the polygon and
perpendiculars are traced inside or outside of the
boundaries, since the outline will be the same in. botk
cases, as a mere inspection of the figs. 23 and 24 will:
show ; wherefore this method is applicable to all kinds
of grounds, such as woods, marshes, morasses, &c.
provided their contour is accessible. The periphery of
a town or a village, &c. may also be taken by the
same method ; as well as the windings. of a road, the.
course of a river, and the sinuosities formed Ly fields,
gardens, hedges, &c. since it will suffice to draw straight.
lines along the sides, and to let fall perpendiculars to
these_ lines from all the points where it may be deemed
requisite, _ -

The required number of the perpendiculars of which
we have been speaking, depends, as well as their posi-
tions, on the configuration of the boundaries, and it

* If these distances are accurately measured, their sum will evi-
dently be equal to the lepgth of A B.
YoL. 11, c
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should be so much greater, as the ground forms more
windings and turnitigs., It is customary to direct them
to the principal angular points, but intermediary ones
may also be used whenever it is thought that a more
accuraie declineation of the boundaries will be obtained
by that means. The reader will find, in another
Section of this work, some easy and expeditious
methods of letting fall those perpendiculars; besides,
their direction may be very nearly determined by
the eye alone, where they are very short; and should
the points 2/, y' &', lie at a great distance from A B, this
line may be used asa base, in order to take those points
from A and B with the Plane-table, according to the
3d method, page 34.

- 'We shall now give the solutions of two other im-
porfant problems, which will be found very useful in
taking the details of a country, after the principal
points have been determined.

PROBLEM 1.

The principal points A, B, C, D, &e. of -the
yround represented by fig. 25, being transferred from
a map to the paper of the table, or determined upon
it by actual surveying, it is required lo fiz lhe posi-
tion of any point G within that ground, supposing
ihat two of the principal points, at least, can be seen
from G, and that the direction of the magnetic me-~
ridian is given on the paper.

‘Let B and C be the two points which are seen from
G ; if the table be rectified at G, by means of the De-
clinatoire, in the manner explained in page 39, and
the indcx successively laid in the direction b B and ¢ C,
the intersection of the lines & G and ¢ G, drawn in those
dircctions, will give the position g, of the point G,
on the table. '
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Should not the direction of the magnetic meridian be
given, it must be first traced as follows :—Dispose the
table horizoutally at auy of the principal poinisA, B, C,
&c. at B for instance, and make this point correspond
with the point &, which represents it on the paper ; then,
the index being laid on & ¢, and the table turned till the
object C appears through the sights, place the Declina-
toire on the paper, and tuin it, &c. as has been said in
page 38.

The above method of taking intermediary points is
as simple as convenient ; wherefore, it is very frequent-
ly used; however, the rcader has been made aware of
the defects of the Declinatoire in point of precision, and,
should greater accuracy be wished for than that which it
generally gives, the following method may be employed.

PROBLEM I1.

Three points A, B, C, (fig.26,) being given, and
represented on the table by a, b, c, (fig. 27) it is required

to place the point d in the plan conformably to the
position of the point D on the ground.

The table being horizontally disposed at D, lay a var-
nished and very transparent piece of paper upon it,
taking care that it is well strelched, and cannot

move about. Fix a ncedle at any point d on this
- piece of paper, and, after making that point cor-
respond with D, turn the index round the needle, in
order to dircct it successively to the points A, B, and
C; draw in the same directions, on the varnished paper,
the indefinite lines de, df, dg, which will evidently
form the same angles as the visual raysDA, DB, DC,
which they represent.

This done, remove the transparent paper, and lay it
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again on the plan, taking care, as before, that it is well
stretched ; but this time, the indefinite lines de, df,
and d g, must respectively and very accurately pass
through the points a, b, and ¢; in which case, the
point d will be situated in the same manrer, respecting
these points, as D with regard to A, B, C; thus it will
suffice to prick d from the transparent paper.

This operation is sometimes performed by means of a
kind of compasses with threc legs and various additions,
the construction and use of which can scarcely be clearly
understood from a written description alone ; wherefore
we shall not attempt to give any ; besides, it seems that
the other method has several advantages over this instru-
ment.

e

Application of the two lust qreceding  Problems to an
Erammple. :

Suprose the principal points A, B, C, D, &c. of a
country, pl. 4, fig. 28, to be already described on the
table, and that, in order to fill up the plan, it is pro-
posed to take intermediary noints, such as H, for in-
stance ; the table being properly disposed at H, this
point may be taken by either of the methods explained
in the two preceding problems, and be used afterwards
for determining others ; the same may also be done with
regard to any other point, and the plan be thus filled
up. We shall observe, however, that principal points
should, as much as poussible, be employed for this
purpose, in preference to intermediary ones; the
reason is that those points indispensably require to be
be very carefully laid on the table, wherefore the
accuracy of their respective positions may be particu-
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larly depended upon 5 besides, even supposing that an
error was committed in placing one or iwo of them,
this error will only affect the operations performed by
means of these few wrong points; whereas, on the
contrary, if an intermediary point, inaccurately de-
termined, is used afterwards for determining one or
several others, not only the latter will be affected by
the inaccuracy of the former, but also every other

Point which they may subsequenily serve in taking;
and so on.

In order to describe the course of the river a,0,¢,d,
&c. the table should be successively placed at the prin-
cipal windings b, ¢,d, &c. and these points be taken;
then, visual rays may be directed from the same points
along the bank, and the lines b ¢, ¢ d, &c. , which repre-
sent them, being drawn in the plan, these lines will give
the course of the river ;* with regard to its breadth, some
remarkable objects in those parts of the opposite bank,
where the breadth varies the most, may be casily taken

by intersection from such of the stations b, ¢, d, &c. as
are the best situated for that purpose.

et

Further Nlustration of the Use of the Plane Table.
Tue various methods of surveying with the Plane-
table, which are generally used, have been separately
illustrated in the preceding pages, and it now remains to
explain in what manner they may be alternately em-

* The particular formation of the bank is generally described as
it appears to the eye, but should greater precision  be required,
the perpendicular distances of the lines b ¢, c d, &c. to the bank

must be measured, and transferred to the plan as has been explained
in page 41, : :
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ployed in the same survey, according as circumstances
render onc of them more convenient than the others.

Suppose ibat the positions of the principal points
A, B, C, D, (let us say four steenles) of the country
xepresented in pl. V. fiz. 34, are given on the paper of
the table, as well as the direction of the magnetic meri.
dian ; and that it is required to throw in the details of
the ground between the villages C and ).

The table being horizontally disposed at E, and rec-
tified, deteimine this point by one of the two problems,
at pages 42, and 43 ;* then, direct the visuul rays E F,
EG, EH, along the roads which meet each otherat E, and
after drawing the lines ¢ f, e g, and e &, which repre-
sent those rays in the plan, fig. 35, measure E H, and
set off from e fo & its corresponding length taken from
the scale ; place the table at H, according to the dircc-
tions already given, and draw the visual rays H L and
HL :

This done, the point I might be determined by mea.
suring H 1, and then setting off its corresponding length
from % to 7, conformably to the first method, page 28;
but the operation will be performed with greater expedi-
tion by means of the second method, page 32 ; that is,
by rectifying the table at I, and turning the index round
a needle fixed at e, until the staff, or any other signal
placed at E, is scen through the sights; from I draw
the visual rays 1 K and I L, the latter of which will cut

# Should not the direction of the magnetic meridian he traced on
the paper, the point E must be determined by the problem at page
43, as the other is not suitable to this case; we may also, if we
prefer it, take that direction, by means of the given principal poiats,
before we begin the operation, See page 43,
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the visual ray H L previously drawn, and give, there-
fore, the position of the point L by the third methed,
page 34, without any measurement being requisite.

The table being removed to K, and rectified, the point
L, or rather its corresponding point I in the plan, may
be used in order to determine the distance 1K by the
second method, and, consequently, the measuring of this
distance will also be avoided; then visualrays should be
directed from the same point K, along the roads M, N,
and K O ; and if the table be next rectified at L, and
the visual ray L O drawn, the interscction of the latter

with the visual ray KQ will give the point O ; and
£0 on,

The general features of the ground, such as they
appear to the eyc, are to be described in the plan, as
the survey is carrying on ; but, should we wish to deters
mine the position of any particular point mere accu=
rately than by the eye alone, this may be done, ac-
cording to circumstances, either by meaus of one of the
two problems given at pages 42 and 43, or by any
other convenient method.

For example, suppose we wish to fix the position of
the bridge F, in the direction of which the visual ray
E F was drawn in the beginning of the swvey ; if, after
determining the point I, and rectifying the table at that
point, we draw the visual ray HF, the intersection of
this ray with E T will give the position of the bridge by
the third method ; the eminence R may also be taken
from L and O by the same method, as well as the
farmhouse S from K and Q. lastly, should an object
T be conveniently scen only from R and O, we may,
likewise, takeit by intersection from thesc points.

Should an accurate description of the villages C and
D be required, the table must be successively placed
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at such points of station within them, as will allow
visual rays to be drawn in the directions of the streets,
which ought t'ht;n to be measured, and their dimensions
set off in the plan, the buildings on both sides being
represented, With regard to the gardens, orchards, fields,
bedges, &c. adjacent lo the villages, a slation may be
made at cach corner of the ground, as in thejirst ne=
thod, or any convement polygon may be traced round
each village, and the process explained in the problem
given at page 40 be used. Towns may evidently be
surveyed in the same manner.

1t is by using alternate]y, as circumstances may
require, all the methods of surveying with the Plane-
table which have been explained, that the details of a
country are taken; every point, as it is determined,
affords new means, and therefore greater facility for
determining others. Thus the work becomes less and
less embarrassing as the survey advances, and a com-
plete topographical . description of Lhe country is at
last obtained.

In order not to omit any particulars which may be
conducive toa full illustration of the use of the Plane-
table, practical means of supplying the magnetic needle,
in such circumstances as will not allow us to employ it
for rectifyingthe table, shall now be.pointed out.

Suppose that the principal points of the country where
the survey is carrying on, arc given on the paper of the
table, and that we are placed at, one of those points;
suppose also, that we see several other principal points
from this station,, or,.at least, one of them.

The index being laid on the. paper, in the direction
of the point of station and one of the other given points,
the table isito be rectified by turning it about until the
object, which corresponds to.the latter point is seen
through the sights ; a visual ray is thento be directed
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to any object we may wish to take, and the distance of
this object measured in order to set it off from the scale
on theline which represents itin the plan. After which,
the table may be removed to the object, and rectified by
means of the aforesaid line and distance, or rather by
using for this purpose the last point which was deter-
mined, and such principal point as is seen from the
station, in order to take another object, and so on.
This method of rectifying the table is evidently founded
upon the same principles as that explained at page 43,
and it is equally obvious, that the necessity of mea-
suring distances may also be occasionally avoided in
this case, by taking some of the points by intersection,
conformably to the second and third methods of survey-
ing with th¢ Plane-table ; or by the problem given at
page 43.

e

Description and Use of the Compuss.

The Compass, pl.V. fig. 29 is an instrument consisting,
like the Declinatoire, of a magnetic needle placed in equis
librio upon a véry fine point, and enclosed in a square box
on the interior of which a circle is described and divided
into 360 degrees; it is even useful to have the circle
divided into half degrces. The four cardinal points are
marked at the bottom of the Compass, in such a manner
that the north and south line, which is numbered 0°and
180°, is parallel to one of the sides of the box. To one
of these sides, an index with sights or a telescope is
adapted, which is capable of taking any inclination to
the horizon, without, however, moving in any other
plane but that which is perpendicular to the graduated
circle. The compass is moveable on a support, fixed
to a foot with three branches, and may be detached from

voL. II. o
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it, in order to make it serve for the same purpose as the
Declinatoire, - The Compass affords the surveyor more
advantages than any other instrument, for expeditiously
surveying all the objects destined to fill up and ornament
the small tracts taken with the Plane-table, or for military
reconnoiliring. :

In observing with this instrument, it must be brought
to'the horizontal position, and constantly pointed from
the same side, in order to avoid mistakes; that is, the
index must always be brought to the right or to the left.
Then the degrees are reckoned consccutively from 0*
to 360°.

Little need be said relative to the use of the Compass,
as the principles previously explained here find their
application, and it would be suflicient, strictly speaking,
to shew the method of measuring the inclination which
any line on the ground ha$ to the magnetic meridian ;
but, as this work is designed to be useful to those who
are unacquainted with the art of taking plans, we shall
resolve the following important preblems.

s ——

To take the Plan of a Poiygon ABCDET, pl. IV.
Jigi 30, all the points of whick are accessible.

Place the Compass l:orizontally at the point A, and
_turn it on its pivot until the point B is in the direction
of the sights or of the oplic axis of thetclescope. After
the oscillations of the needle have ceased, it will take its
northerly direction. Thus, by reckoning, according to
the natural order of the numbers of the division, the
number of degrees from the visual ray A B, or, which is
the same, from thezero on the north and south line, to
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the northern point of the ncedle, the measure of the
observed angle will -be obtained. The contour of a
wood, a marsh, a morass, &c. may evidently be sur-
veyed inthe same manner.

Unless we propose to transfer immediately to the plan,
the series of measures taken on the ground, the number
of degrees found at the point A, ought to be written on
a rough sketch, asin fig. 31 ; and, supposing the line
ab, in the same Jigure, to represent the direction ADB
on the .ground, the number of yards contained in A B
should also be written along that line. The Compass is
then to be placed horizontally at the point B, and the
inclination of the line B C observed, taking care to write
the measure of this inclination at the point b on the
sketch. The work is to be continued in the same man-
ner until we return to the first station A.

One method of proving ®hat no material error has
been committed in measuring the angles, isto ascertain if
the sum of all the interior angles of the polygon is equal
to twice as many right angles, wanting four, as the
polygon has sides; but, how are these angles to be
known, since they have net been immediately observed 2
The answer to this question is casy. The dircctions of
the magnetic needle being considered as parallel for all
points of the plan, the angle ab c, for example, will be

equal to nad 4 s'bc; but nad = 360° — 319° 30'=
40°30'yand s' b ¢=278°6' — 180°=98° G’ ; therefore a b c
=40° 80’ +98°6'=138" 86’ ; and the same for the other
angles.

‘With respect to the verification of the sides, it cannot
be accomplished until the polygon is constructed by
means of a scale and a protractor. Tt will then De seen
if the figure has been well formed. :

The Compass is also used to advantage, as will be seen,
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for suvveying the course of rivers, as well as the
turnings of roads, and, in short, all the minute
details of the same description; but, when we employ
this instrument, joinily with the Plane-table, the de-
tails taken with the former’ should be instantly trans-
ferred to'the latter, as by this means the requjsite rec-
tifications will be perceived and made with greater
facility. - Besides, the form of tlie ground, which we
have within view, or of which we have a perfect recol-
lection, will be better-expressed-; il is proper, also, that
the work at large should bé penned in every evening, that
“it may not be defaced by the proceedings. of the sub-
sequent day;

Since, in a small space, all the magnetic meridians
may be regarded as parallel to each other, it follows that
it is not absolutely necessary to make a station at the
vertex of every angle of The polygon. For example,
the observation at B- may be dispensed with, because,
from knowing the -inclination of B C to the meridian
s''n", that of the same side with respect to the meridian
at B will also be known. In fact, siuce' the interior
angles on the same side are supplements to each other,
the number of degrees found ‘at the point C exceeds
that which would have been obtained at the point B by
180°. Thus, when, in the construction of the figure, we
wish, at the point &, to determine the direction of & ¢
by means of the observation made at C, the number on
the protractor must be taken that is diameirically op:
posite to that which has been found at the point C:
in this manner tbe number of stations is greatly di-
minished.
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+ Two Points A, B, on the ground, fig. 32, being givemn
upon the Map in.a and b, fig. 33, besides the direction of
the magnetic needle relatively to the right line ab, to deter-
mine the station M upon the same Map.

Measure the inclinations of the visual rays M A,
M B,. at the point M, with respect to the magnetic-
meridian, and draw upon the map the meridional
lines s #, s'n'. This being done, in order to fix the
inclination of a m with respect to s n, the number diame-
trically opposite to that found at the point M is to be
taken. The same is to be done with respect to the line
m b,y and the intersection m of the two lines will be the
point required. .

If more than two pomts were known, it would be
proper to verify the operation, by drawing other visual
rays, and determining in like manner their directions
on the map. These new rays would also pass through
the point m ; at least, if no error had been committed
in either the former or the lafter operation. -

- Among other methods, that which is here explained
may serve to fix several points of the crests of mountains,
the positions of elevated planes, the commencement and
termination of declivities, Sc.

To take the Course of & River with the Compass.

Suppose it is required to take with the Compass the
course of the river represented in pl. V. fig. 36.

Staves being planted at the principal windings A, B,
C,D, E, F, G, H, of the river, and the Compass suc-
cessively placed at each of those points, the angles a AB,
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5B C, &c. which the lines AB, B C,* form with the direc-
tiona A, b B, &c. of the magnetic meridian, are to be ob-
served in the manner already explained, and those lines
be measured.  All the angles and distances being thus
known, the plan is to be made as follows :—

Draw any line a’ @, fig. 37, representing the direction
of the magnetic meridian, and after taking any point o'
in this line, to represent the point A on the ground,
describe at @’ the angle aa' b equal to the observed
angle ¢ A B; set off from a' to ' the number of mea-
sures, taken from the scalé of the plan, which 4 B con-
tains, and draw &’ & parallel to ¢/« ; then describe the
angle b b'c equal to its corresponding angle b BC, and
b' ¢' being wade equal to the number of measures found
in B C, proceed at ¢! as you did at a’ and 6’, and so on;
the lines a’ b’y &' ¢/, &c. will give the course of the
river, and with regard to the particular delineation of
the bank, see the note at page 45.

‘What has been said respecting the method of taking
the course of a river, is evidently apphcable to the
turnings of a road.

- Should you wish to determine the breadth of tha
river facing the point M which is close to the opposite
bank, or should this point be a remarkable object which
you propose to take ; draw to it from A and B the visnal
rays A M, BM, and observe the angles ¢ AM, 5 BM,
which those rays make with the directionseA and 0 B
of the magnetic meridian; then describe these angles
in the plan, and the intersection m of the sides @' m and

* It is scarcely requisite to observe that the lines A B, B-C, &c.,
represent the directions of the visual rays drawn from each station
along the bank of the river.
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&' m will give the position of the point M ; the small
island N may also be taken from A and B in thé
Same manner, '

et
Description and Use of the Cross-Staff.

Laxp Surveyors commonly use a Cross-staff for de-
termining offsets, and even for taking plans of small
estates, and insulated pieces of ground of moderate ex-
tent; this instrament is very simple, and generally con-
sists of two brass rulers, pl. V1. fig. 38, cutting cach
other at right angles in the centre, the extremities of
which carry four sights perpendicular to the rulers:
*or of a brass circle divided into four cqual parts by
two lines crossing also cach other at right angles in the
centre, at the ends of which the sights arc placed in a
direction perpendicular to the plane of the circle.
Sometimes too, the sights are pierced out in theé cir-
cumference of a thick tube of brass, about 2} inches
diameter, and in this case the instrument is called a
Box Cross-Staff. ,

The cross is frequently screwed on a single staff,
which has a sharp point at bottom, that it may be stuck
in the ground ; but it is preferable to have it supported
by a stand with three legs, upon which it hasa rotary
motion.

The accuracy of the Cross-staff depends on the sights
being exactly at right angles to each other, and in order
to ascertain that they are so placed, look at onc object
through two corresponding sights, observing at the same
time, without moving the instrument, another object
through the other two sights ; then, turn the cross upon
the stand, and look at the same objects through the
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opposite sights ; if the former are exactly in the direc-
tions of the latter, the instrument is correct, and may
be used as follows,

Suppose you wish to take a plan of the field or any
other piece of ground A, B, C, D, &c. fig. 39, the in-
side. of which is accessible ; draw the base A X across
the field in the direction of its length, and let fall the
perpendiculars B B!, CC/, D D', &c. to this base, from
the angles of the perimeter. Then measure these per-
pendiculars, either with a chain or with rods, as well
as the distances AB‘, B'C’, &c. between them, and
write down in a rough sketch all the lengths thus found,
as is shewn by the figure. It is to be observed, that,
as the base and perpendiculars divide the field into
triangles, trapeziums, or rectangles, its area may be
easily computed according to the principles of the
mensuration of superficies. \

To draw the plan, fig. 40, take from the scale, and
set off from ato &', from &' to ¢/, &c. on any line a x
the corresponding lengths to the distances A B/, B’ C/,
&c. fig. 39; then erect at &' and ¢/, &c. the perpen-
diculars 4’6 ¢'c to ax, and make them equal to the
number of chains or rods, taken also from the scale,
which B’B, C’C, were found to contain ; lastly, con-
nect the points @, 5, ¢, &c. in the plan, in the same
manner as the points A, B, C, &c. which they repre-
sent, are connected on the ground.

‘When the ground to be surveyed has a certain ex-
tent, and the boundaries are very crooked, the above
method requires a great number of partial measures to
be taken, which operation is sometimes attended with
Uifficulties, particularly if the perpendiculars are let
fall from points which cannot be easily approached in
their directions ; but thisinconveniency ‘may be frequent.
ly removed in the following mannper :—
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Should it be required to take a plan of the ground
Z,8, Y, N, P, &c. fig. 41, draw at any convenient
place within it the two bases B Z and X Y, culting
each other at right aingles Then -walk along one of
them, the base B Z, for instance, and let fall the per-
pendiculars G Q, I'P, EQ, DN, &c. to this base from the
angles of the perimeter ; measurethe distances of these per-
pendiculars from the point of intersection A of the bases,
and write them down in a rough sketch. This done,
walk along the other base X Y, and after letting fall
the perpendiculars PP, Q Q’, NN' 00/, &c. from
the same angles as before, measurc also their distances
from the intersecting point A. Now, it is evident that
the distances in one base are respectively equal to the
perpendiculars let fall to the other; for instance, A P/
isequal to PF, and'A Q' to G Q; and.so on..  Thus it
is not requisite that any perpendicular should be ac-
tually measured; wherefore, even inaccessible points
may be taken, and the formation of the plan will
only require the constructlon of rectangles

Nay, itis not ahsolutely necessary that the two bases
should cut each other at right angles, although it is
proper that the angles which they make should not
widely differ from nght anglés ; care must only be taken,
in describing the plan, that the lines representing the
bases form exactly the same angles as in the operation.
Fig.42 shows the method of proceeding in this case,
which is particularly convement when we are obliged to
trace the bases on roads, dxkes, &c. that are inclined to
each other,*

* The methods of surveying with the Cross-staff, here explained,
give by construction the values of the lines which connect the ob-
Jects, and . of the triangles which they form; but it is easy to obtain

VOL. I1I. I
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Should not the inside of the ground to be surveyed be
accessible, but anly its contour, a triangle, a rectangle,
ora trapezium, in short, any figure which is reducible to
a triangle, ought to be traced round it, and perpendi-
culars Iet fall from all the angles of this figure to the
station lines, considered as bases. See fig. 43, 44, 45,
and 46.

This is the method of letting fall perpendiculars with
the Cross-staff. Suppose it is required to determine the
point BY, fig. 89, where the perpendicular let fall from
the vertex of the angle B to the base A X will meet it ;
place the centre of the instrument as near the point B’
as youn can judge by the eye, two of the sights being
in the direction A X, and see whether the vertex B is
in the direction of the other two sights:; should it hap-

by calculation the values of the sides in the same measures as the
co-ordinates, which latter the survey immediately gives.

In fact, let 1he three sides NP, N Q, PQ, of a triangle PN Q,
_ﬁg 41, be denoted hy X,Y,Z, and the three angles Q, P, N, oppo-
site those sides, by x, v, z; let also the co-ordinates, AD, AF, AG,
be called 4, 4,¢, and the co- ordmates AN, AP, AQ, 2, &, aud ¢.

Then we shal] have

Xt= (0 —d)2 J (& — D)
Yi=(c—a)s 4 (@ — &)z
L Zre(c— 8)2 (¢ — )2

In order "to obtain the angles, the values of X,Y, Z, drawn from
the above equaticus, must ‘be substituted for thase quantities in the
lhree fullowing equations. _

+ Yo+ Z° +,>‘-."

COS r——‘_:.L—-

2YZ
4z X2 T Ye
e y=22 F
2 ZX
+ X2 +Y2 422
_ 2XY
In these cquauoné the lower signs are to be used for obtuss

angles,
These formule may eesily he applied to the triangle PNQ,

Jig.a

€O0Ss, 2 =
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pen to be either to the right ot left of this direction, to
the left for instance, move back the Cross-staff towards
A, as far as you think it requisite, and recommence the
observation, taking ‘care that two of the sights are still
in the direction AX ; after a few trials, the centre-of the
instrument will correspond with the point B’, and this
operation will take so much less time as you are more
used to it.

Land surveyors sometimes use a pocket-sextant, in
order to erect and let fall perpendiculars; for this pur-
pose, they adjust it, and, after selting the index to 907,
they walk along the station line with the instrument in
their hand, always directing the sight to the further
station-staff' ; then, if they wish fo erect a perpendicular
at a given point in the station-line, they stop at that
point until they see by reflection their assistant, who is
walking along the boundary line, and is then atthe point
through which the perpendicular must pass; should
they propose, on the contrary, tolet falla perpendicular
to the station-line from a given point in the boundary,
they let their assistant stop at this point, and walk on in
the station-line till they see him by reflection; the place
where they at that moment stand, is the point of in~
tersection of the perpendicular with the station-line.

. e
DESCRIPTION AND USE OF THE WATER-LEVEL, AND

OTHER SIMPLE INSTRUMENTS THAT MAY BE
EMPLOYED IN LEVELLING.

Description and Use of the Water.Level.

THE object of levélling is to determine how much
one point is nearer to or farther from the centre of the
earth than another.  'We shall, in this section, explain
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some practical methods of performing this operation,
with the simplest instruments, and in the most common
cases. ‘ o

The most simple instrument that can be employed
for levelling is the Water-level, pl. VII. fig. 47. It
consists of a cylindrical tube A B, the extremities of
which are bent, and support two phials, or small glass
cylinders C, D, open at both ends: this tube is mounted
on a foot with three branches, in such a manner, that
the instrument may be inclined, elevated, depressed,
or {urned horizontally at pleasure. Water levels are
generally made of tin, butthose of brassare the strongest
and most commodious.

‘When this instrument is to be used, the water is
poured into one of the phials, and immediately commu-
nicates with the other by means of the tube AB; and a
sufficient quantity is to be poured in to fill the two
phials about two-thirds full. 'When the waler ceases to
be agilaled, the two surfaces may be considered as
being level ; provided there are not any bubbles of air
in the interior of the tube. In order to expel these
bubbles, one of the phials is to be stopped, and the
instrument inclined until the column of fluid becomes
nearly vertical; by which means, all the air it may
contain will escape through the other phial. The
instrument does not require any other verification.

It is important that the phials should be of very
transparent glass, and have the same dimensions; and
also that the water should not escape from the level
during the operation, through the places where its
component parts arc united. Finally, it is necessary,
especially during great heats or heavy rains, that the
time of observation at each station should be short,
in order that the water may not be diminished by evapo-
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Tation in the one case, or increased by the rain in the
other. The water is often coloured to render it more
apparent.

When the level is to be removed from one station'
to another, one of the phials must bestopped, and the
instrument inclined, to prevent the water from being
spilt ; for, if we are obliged to renew it frequently,. the
operation of levelling takes a much longer time, on ac-
count of the necessity of ascertaining that the tube does
not contain bubbles of air. It is also by stopping at
intervals one of the phials with the finger, and after-
wards taking it gently away, that we gradually dimi-
nish the oscillations of the aqueous column, occasioned
by the motion imparted to the instrument in directing
it to the vane.

With the Water-level, a very straight'rectangular staff
EF,fig. A8, called a Levelling-staff, is used, along which
a rectangular piece of wood G slides at pleasure, which
is called a vane, having each half differently coloured.
The Levelling-staff' is so graduated as to give feet and
inches upon onc of its faces, and tenths of inches upon
the collateral faces.

The Water-level is used in the following manner :—

To determine the difference of Level of two points, A and B,
Jig. 49, with the Water-level.

The level C P being placed ncarly at equal distances

from A and B*, and the assistant holding the levelling-

staff vertically at A, place yourself at a small distance

* The level is placed nearly at equal distances from A and B, in
order to avoid the corrections arising from refraction and the diffe-
Tence between the apparent and true level ; but the staticn-point C
may, without inconvenience, be out of the right line a5, which
Tepresents the horizontal distance from A to B. '
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from the instrument. In this situation, the lateral sur-
facesof the onglets, (orupper horizontal sections,) formed
by the water in the phials, will appear like dark lines
drawn horizontally upon the glass. Direct along these
lines the visual rzy, which will, consequently, be a tan-
gent to the exterior surfaces of the phials ; and make the
proper signs to your assistant, for raising or depressing
the vane, until the visual ray fallsupon its middle. Then
read on the staff the number of fect, &c. contained in the
height Aa, and write it upon the rough skeich of the le-
“velling. '

‘Without deranging the foot of the instrument or losing
any time, remove the levelling-staff to the point B, and
proceed as before, in determining the height Bb. Now,
it is evident, that, if the heights Ae and Bb be equal,

“the poinis A and Barelevel ; but if the height A a, for ex-
ample, = 3" 7™ .3, and that of B 5=2% 5" .2, the point
A will be loweg than the point B by the quantity A a—
B b= 8% 7" .3-2%5 2 = I“2™ 1.

!
R

To take the Profile of a Ground.

WHEN the ground between the points A and B, fig. 50,
is uneven, and the profile of it to be taken, the levelling
staff must be placed successively at the points A, C, D,
E, B, for the purpose of obtaining their respective al-
titudes ; and we likewise measure the height Po of the
instrument, supposed to be placed upon the right line
ab. Lastly, we determine the horizontal distances ac,
cd, do, oe, eb. 1t is customary to make these distances
equal to cach other, when the ground is only slightly
undulated, and the bendings of the different slopes are
but little sensible.
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If we have an intelligent assistant, he may be entrusted
with writing the resulls of the -different measurements.
himself upon a register. Nay, it is requisite that he
should write them, when we can correspond with him
only by siges. Nevertheless, the leveller should not
neglect, on his part, to collect all the measures, and
even, if he hastime, to make a figure of the profile, in
order o ascertain that his notes, and those of his assistant,
agree perfectly together.

The survey of a profile being made, it is {o be laid
down according to the adopted scale ; but, when the dif-
ferent heights are very small in comparison with the ho-
rizontal distances by which they are separated, they are
all to be increased by the same quantity, in order that
the space between the horizontal line which indicates
these distances, and that which represents the surface of
the ground, may more casily admit the respective heights.
to be inserted upon the profile. For the same reason,
the heights are often laid down from a larger scale than
that used for the horizontal lengths ; generally, the scale
for the heights is a multiple of that employed for the
lengths,

Description of a very simple Instrument, resembling a mason's
level, by means of which the inclination of a line, or of a sur-
face, may be casily determined in taking the details of a
country, and zenith distances be measured. On the methods
of using this instrument for the above-mentioned purposes.

The reader knows, that the level, fig. 51, which is
used by masons for placing free stones or bricks in
horizontal layers, is composed of three principal rulers,
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AC, CB, DE, the first two of which are equal to each
other; and he is aware, likewise, that the surface upon
which this level is placed is horizontal, when the plumb
line CP, suspended from the vertex C of the triangle
ACB, corresponds to a bole cut exactly in the middle of
the horizontal ruler DE.

The instrument ACB, fig. 52, the construction and
use of which are now to be explained, resembles a ma-
son’s level and is used, in taking details, not only for
ascertaining the inclination of a line or a surface, but
also for measuring zenith distances. When it is used for
the first of these operations, it has two sights at its extre-
mities A and B, or else a telescope is adapted to it, simi-
lar to that of the compass, page 49, and the line AB
is divided into parts equal {o those on the perpendi-
cular CD. 'We generally conceive CD=1000 parts,
which are carricd to the right and left of the middle
point D of the ruler AB, and numbered as represented in
the figure. '

Yor measuring zenith distances, a graduated arch of
metal, having 180" of amplitude, and the point C for its
centre, fig. 58, must be adapted to the instrument instead
of the graduated line AB, above mentioned. The gra-
duation of this arch is numbered so as immediately {o give

+the zenith distances. In fact, suppose the index placed
along AB, tobe directed to the object H, and the plumb.
line to fall upon the number 75, the divisions being on the
right of the observer; in this case, the apparent zenith
distauce of the object H, or the angle HAZ, will be
75°, since itis the complement of HAK, or of mCD,=90°
—15"=75" 1t is, therefore, evident, that the object H
would appear to be in the horizon of the place of obser-
vation, if the plumb-line fell upon the division numbered
90, and that it would be below this plane, if this line
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passed through a division comprised between 90 and
105 ; but it is not nécessary, in this case; io mark whe«
ther the object is above or below the horizon, because
the mcasure of the zenith distance always shows this.*

The manner of usirig this instrument in performing
cach of the above-specified operations shall now be ex-
plained.

First, suppose it were required to determine the differs
ence of level of the two points X, Y, fig. 52,

The instrument being placed upon its stand, and fixed at
X, theindex AB,turned to the right of the observer, is to
be directed to the levelling staff placed at Y ; thena visual
ray AH is to be drawn to the middle of the vane, and
when the plumb line has ceased to oscillate, the number
of parts marked by this line is to be reckoned. This
number diminished by 1000 will give the distance ED;
50, in this example, the point H will be higher than the
point D. But, should the plumb line fall between B and
D, as the number marked by this line would then be

* Rods, that are placed end to end for measuring bases, arealmost
always inclined to the horizon, and in order to reduce their lengths
ta the level of one of their extremities, the inclination of each must
be ascertained. The instrument above described gives the inclina-
tion immediately, but then, the divisions are numbered from 0 to 36°, -
so that the middle point of the arc answers to 18°; anrd instead of a
plumb line, a small air level is adapted to a branch meveable about
the centre C, in such a manner, that, when the bubble of air is in the
middle of the tube, the ruler may be vertical. When the level is
Placed upon the ruler, the degrees marked by the index of the move-
able branch are observed. The level is then reversed, in order to ob-
Scrve again the degrees indicated by the index, and half the differ-
ence of the two observed numbers is the measure of the ruler’s incli-
bation. By this method the error which affects the result is less than
If we had observed the angle only once, Care should be taken to
Indicate by the sign - or — the angle of elevation or depression of
the point B,

VoL. 11, ' K
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negative, it would indicate a depression; that is, the
point 11 would be lower than the point D. This
shews the advantage of numbering the divisions as repre-
sented in the figure. '

The height H m above theé horizontal line Dm yet
remains to bé determined. For example, let E D=380
parts, and the measured horizontal distance D m=150
yds.  The triangles ECD, m D H are similar, for they
are both right-angled, the one at D and the other at m ;
b("sides,'the angles F ED, DIIm, are equal to each
other, on account of the parallels CF, HY : therefore,
by comparing the homologons sides, we have given

CD:DE::Dm:mH,

and by substituting the numerical values,

1000 : 380 : : 150v4: £=150 x 0.38=57 yds.

The two lines CF, HY are the respective verticals
of two different stations; so that, strictly speaking,
thesé lines cannot at the same time be perpendicular to
the horizontal line Fm drawn through the point D ; but
the length of the visual ray AH is always so small in
respect to the radius of the earth, that CF and HY may
be considered-as being parallel to each other. In the
casé where the distance D m would exceed 830 yards, and
it is requisite to take the effect of refraction into the ac.
count,* we must proceed according to the methods ex-
plaincd in the first volume of this work.

The use of this instrument is equally easy, when emy
ployed to measure zenith distances.

Suppose, for example, that we had found 86° 10' for
the zenith distance Z A B, fig. 54, of the point of direction

« The effect of refraction is scarcely to be considered for a'smaller
distange than 330 yards,
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B, observed at the point A ; and that the horizontal dis.
tance A D=325 yds.=K; the angle B being equal to the
zenith distance, which is denoted by 3, and the triangle
A B D being very nearly right angled at D, we have

Sin. 3: K :: cos. 3 DB_—-.——a—-K =K cot. 3.

sin..¢

When a‘ls lcss than a quadrant, BD is positive, and
consequently the point B is above the horizontal line A D.
This point, on the contrary, is below the horizon of A
when J is greater than a quadrant. :

Tlus formula shews that the elevation or doprcssmn is
'oery neurly equal to the honzonhl distance multiplicd by
the co-hnﬂ'cut of the observed zenith distance ; we say
'Dery near(/ Lqual because grcat accuracy would re qmre
lhat the, eﬂ'cct of rcfrachon should be taken mtu the ac-
count bul, As was alrea(ly sa:d this effect may be negq
lected whenevger the dlatance of the ob_]ect docs not exceed
380 yards, and especna[ly 1f the mstrument above dei-
scribed be used ; for the zenith distances measured b,y it
will not be strictly true, however precautious the observer
may be in taking them, and consequently it ought fo
be employed for this operation only in cases where great
. Precision is not absolutely requisite.  One of the circum-
stances in which it will be found very useful is that
where, in taking the details. Qf a country, we wish to
know nearly the heights of several surrounding points
near the stations, in order to be able to form the relief of
the ground which has been surveyed with the assistance
of the plane-table, of the _compass, of of any other in-
strument.

We shall terminate this section with an example of
the calculation of the preceding formula.

Let K=246 yds. 3=86° 30'; then using logarithms,

K2
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and taking only five decimals, which are sufficient, we
shall have
Log 246=2.59093
Log. cot. (3=86" 80)=9.33962
1.75055 =53.77 yds.
Thus the relative height found is equal to 53.77 yards,
which gives the elevation of the point of direction B
above thelevel of A. In orderto have the real height of
the ground above the point of station, B D must be dimi-
nished by the height of the point of direction, and the
height of the instrument be added to the remainder. Pre«
cisely the reverse takes place when B D is a depression.
It should be remarked, that, by the height of the point
of direction is to be understood, that from the extremity
of the visual ray to the level of the ground ; and by the
height of the instrument, that from the point'D, 7g. 52,
to the line X Y. Ifasignal werc placed at the point Y,
the height of the signal would represent that of the point
of direction,
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PART 1V.

AN ESSAY

ON

MILITARY RECONNOITRING.

—————

MY endeavour is to present military reconnoitring, its
objecis and applications, in the most general point of
view ; and especially to unfold and promote a method
which, as well as the means of observation connected
with it, is simple, abundant in resolts, and worthy, 1
trust, to fix the attention of officers.

This method requires somc elementary knowledge of
several sciences which have only an indirect relation to
war; but, instead of supposing the reader to possess
that knowledge already, I shall explain the subjects which
it embraces, and reduce them to what a military man
ought indispensably to know: whatever requires any
particular study is thrown into notes, and even these
notes are so conceived, that a little judgement will be
sufficient to peruse them to advantage.

.Indeed, theory alone will not supply the place of prac-
tice ; coup d'ceil in war, quickness of perception in ad-
ministration, and taste in the fine arts, cannot be impart-
ed. Bautin war, asin othier things, theoretical instruc-
tion abridges the time of trials, quickens the acquirement
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of praclice, developes the coup d’il, and furnishes, so
to speak, a premature experience.

The object of military rcconnoitring is only to afford
such information as ought to precede thc execution of
operations in war; and it is in the deeds and writings of
great commanders that we must study the art of embra-
cing all the relations which the ground and the operations
have with each other, of combining a thousand data,
and of drawing instantly means of victory from those
combinations.

/.

_ARTICLE T.
On the Information which War requires.

Tue milifary relation of nations is one of the elements
of their political relation ; itinfluences their pretensions,
their quarrels, their neutralities, and their alliances.~—
Government should therefore know all the particulars
relative to the military force of the neighbouring powers ;
that is, ifs actual state, the changes which it-undergoes,
‘its organization, sub-division, and discipline, as well as
the spirit of the standing and temporary troops; and
also, how far the population, prosperity, ard laws of the
respective countries, the manners, customs, and national
character of the inhabitanis, allow the number of their
troops to be augmented, and their energy stimulated in
a war occasioned by common motives, or. by religious
dissentions, political opinions, and in those critical oc-
currences, lasting for a short time, on the results of which
the salvation of nations, or their ruin, frequently de-
pends. .

To these documents, which are derived from policy
and from the known population of a state, a knowledge
of the ground must be subjoined ; government should ‘be
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able to see, at one view, the general configuration of the
varions couniries where war may be carried on; the di-
rections of the principal and secondary valleys which
intersect them, the chains of mountains or considerable
hills which form the lateral boundaries of those valleys,
the streams and rivers flowing within them, the commu-
nications by land and water which traverse the countries,
the points where they meet, as well as those in which
they join our boundaries ; moreover, the lines of depar-
ture, operations, and communications of the armies, and
the means of inroad, diversion, and retreat, that they
offer ; the number and nature of the troops that may be
employed in those countries, and the kind of.obstacles
they are to meet ; and amongst those obstacles, it is re-
quisite that government may distinguish the inaccessible
parts of the countries, the considerable necks of land,
the defiles, the passages easy to be defended, the positions
which the armies may successively occupy, and the as-
sistance that art may give to nature : ‘also the system of
the strong places, entrenched camps, defensive lines and
canals, the manner in which the fortresses command the
waters, the roads, even the country itself, and favour
or impede the movements of the troops; which are the
fortresses we must besiege, or only blockade ; and those
we may turn or despise, carry easily by storm, and im-
prove afterwards by temporary works. Lastly, which
fortresses may become our depbts and centres of action,
receive our magazines and convoys, shorten our lines of
opcrations, and afford us points of support against the
enemy’s army, and of security from the inhabitants.
These considerations are relative to actual military
operations ; but government ought also to be correctly
informed of the resourees in general which the cnemy’s
couatry presents ; such as the objects of subsistence it
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produces, and their quality ; the contributions which it
can furnish ; the materials and number of hands it can
afford for sieges and other requisite military employments.
In short, govermment must know the best means, not only
of taking those resources from the enemy, but also of
collecting and even augmenting them without bearing
too much upon the inhabitants, and thus causing them to
revolt: proper information on this point may be obtained
from the administrative system of the country, and from
all the documents collected either by the inhabitants or
by others, upon the sources and extent of national riches.

In order to obtain success in war, we sometimes have
recourse to politics, and benefit by the hatred, factions,
civil dissentions, ambition of individuals, and such dif-
ferences with regard to customs, religion, and opinions of
all kinds, as may be found among the same people ; the
conquest of a country may also be consolidated, and the
securily of the victorious army established, by taking
advantage of the disaffection of the inhabitants to their
government, of their love to the new laws, and of their
fear of returning to the former order of things.

War is still connccted by other links with the secret
views of government, as wo proper stipulations for the
lines of boundary and ncutrality can be made in treatics
or conventions of any kind, without attending to all mili-.
tary considerations. Is a neighbouring people our natu-
ral ally, or enemy ? will he not beone or the other ac-
cording to circumstances, and as his interest may re-
quire 2 have we only to defend ourselves, or is it proper
that we should wage an offensive war ? are the aforesaid
lines to follow the ridges of mountains, so that we may
remain in possession of the declivities on our side? or,
may particular considerations lead us to give up the sum-
mits of the beights opposite to us ? when may we salisfy
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ourselves with occupying the banks of the great rivers
and canals, and in what circumstances should we ade
vance beyond them? Finally; what is the -suitable
direction of the lines of boundary and neutrality towards
the points where frontiers of a different nature meet ?

If government must have such a knowledge of the
enemy’s country, it is still more requisite that it should
know its own. Both a defensive and an offensive war re-
quire the same kind of information, and, also, that it
should be applied in a similar manner :—¢ Do,” said a
great general, ¢ all that your enemy fears; not what he
desires.” But how extensive this precept is, and how
difficult the application of it appears, although the pre-
cept itself may be so easily remembered !

Other important objects also demand the consideration
of government : 1 allude to those permanent and long-con-
tinued works which a state may execute, at least upon its
frontiers, with a view to. favouring its future defensive
and even offensive operations; the relations which for-
tresscs, already constructed, have with the movements
of armies, have been previously mentioned. But,in the
case now before us, government is to cxamine at what
points those in contemplation should be erected, accord-
ing to the purpose which they are intended to answer, as
defensive and offensive operations may require different
combinations on-this subject ; for instance, strong places,
which are to serve for dep6ts, ought, in a defensive war,
to be situated at a certain distance behind the frontier,
whilst, on the contrary, in an offensive war, they should

"be placed upon the extreme frontier, so as to occupy the
line of departure of the invading army, favour it in pass-
ing the rivers, protect the debouchés of every descrip-
tion, shorten' the lines of operations, and extend their
radius of activity far into the enemy’s country-.

VoL, II. L
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But strong places alone are pot 1o be considered ; and
ecomprehensive military views should also embrace the
disposition of the roads and canals near the froniiers;
the works to be executed in order to render rivers naviga-
ble, the propriety of draining the ground in one spot, and
clearing it in another. It is important, likewise, that the '
crossings of the roads, the points of separation of the
eanals, the principal bridges and sluices, should be pro-
perly adapted to the positions which the armies may oc-
oupy, as well as to the fortresses and camps; in short,
to all the points of support which protect movcable
troops. The frontiers of all states offer contrary exam-
ples of dangerous and wise dispositions in this respect ;

~ here a simple fortress, and even a simple position for an
army, commands the roads and waters; there the impro-
per direction of a road emables the enemy to turn and
avoid our posifions and strong places; in another in.
stance, impassable morasses have been inconsiderately
drained, whilst a sluice, insufficiently protected, allows
an inundation to be dricd which supports a camp, a
fortress, and perhaps a whole line of operations; like-
wise, swampy and thick forests Rave disappeared, which
straitened defiles, and facilitated the meansof defending
them. Natural obstacles to the enemy being thus re.
moved by imprudent alteratiang, and the territory unco-
vered on that account, artificin] ones must be used, and
a vast expence incurred. In what instances will such
inconveniences be compensated by advantagesrelativeto
agriculture, manufactures, and commerce? When may
we overlook the injury which these important branches of
national wealth are exposed. to sustain, in time of war,
from the ravages of the encmy being facilitated by the
preceding ill-calculated dispositions? Is it of no im-
port that we should deprive our armies of such positions
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as cover opulent cities, and a great extent of rich and

fruitful country ? May we not, in many circumstances,

reconcile our means of defence with all these important

civil considerations? Nay, did it not frequently happen

that both purposes were fully attained, by the combina-

tions which they required being made at one time 2 How

many different notions is, then, govefnment to collect in

those cases where eivil and military views ought to be.
connected together !

The military system of a country will require further
considerations, if the inhabitants of some of her provinces,
adjacent to the frontier, have lived under a foreign do-
minion ; and also, when it it is thouglht that the popula-
tion cannot be safely relied upon, on account of their
religion and customs being different, and of that restless
spirit among them, arising from the old impression which
the revolt of their fathers has left in the minds of their
children. In a circumstance like this, the fortresses,
places of garrison, citadels, and communications, in
short, all the works which may be undertaken, are to
answer a double purpose; namely, the defence of\the
country against foreign cnemies, and the preservation of
interior tranquillity.

We have hitherto noticed only the Continental fron.
tiers ; but the maritime frontiers, the islands bordering
upon the coast, and those which are more distant from it,
render necessary other dispositions peculiarly admpted
to them; the principal of which are the economy of
troops, numerous points of secueity, and great precau-
tions in rendering safe from, conflagration the military
and commercial ports, as well as those where ships are
built. Long-continued operations of the encmy are less
to be feared, in those places, than a coup de main, or a
surprise ; the relations which the Continental colonies
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have with the countries surrounding them, are analogous
to those of the metropolis; but their distance, the ob-
stacles arising from the nature of the territory, and the
difficulty with which such colonies can receive any kind
of succours, frequenily augment the importance of those
relations, and render the measures which should be em-
ployed more difficult tp take. Whereas, on the con-
trary, the insulated situation of an island allows the
system of its defence to be modified, and all the proper
maxims for maritime frontiers to be applied to its whole
circumference, by choosing one or several central points,
according to the extent of theisland, from which defen-
sive or offensive operations are to be carried op, as cir-
cumstances may require; for, the defenders not only
can act offensively, but should attack the invaders as
soon as they set their foot on the shores.

The military problems, relative to the various situations
of which we have been just now speaking, become more
complicated from the addition of naval considerations ;
wherefore, the number of data, which government has
need to collect in order to resolve them, is greater.

Thus, all the branches of the administrative system of
a country are connected with each other; and when
cvery department exerts itself in ameliorating that part
of the public service which is particularly intrusted to
its care, the head of the State, who is to direct the whole
machine of government, unites those separate results to-
gether, and considers not only their direct effect, but

their mutual effect also.
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ARTICLE II.
Continuation of the same Subject.

Notuine has been said of government which is not
applicable to the War Minister ;* placed near the chief
of the state, and being the first depositary of his thoughts,
he puts his wishes in action, and watches their execution.

The commander of an army should possess more or
less of the above-stated particulars, according to the
object of the campaign, and the country where he is to
act; nay, his information ought to be still more precise,
and especially to embrace a greater number of details.
Indeed, government has composed the army according
to the country which is to be the theatre of war, and se-
cured the mecans of supplying it with provisions; it
also has rendered itself certain that this army will not
meel any very great obstacles, or, at least, that it will be
able to overcome them. But general, and sometimes in-
complete notions may have appeared sufficient for regu-
lating the dispositions of government to that effect, and
actual operations require a more accurate information, as
well as details far more comprehensive : it will not suffice
that one thing be possible, but it must be done ; the army
every day must be fed, must encamp, march, or fight;
the sick and wounded must have an asylum and receive
assistance ; the army must be recruited, and its clothing
renewed at certain times; all this must be done, let the
circumstances at large be what they may ; and govern-
ment cannot foresece every thing; nor is it requisite that

——

* The author alludes to the War Minister in France, the functions
of whom are much more extensive than in several other countries,
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it should : the object of war is known, the lines of de-
parture and operations are determined, and the subse-

quent events will depend on talent or fortune. Besides,

some deviation from the original plan will always be

found requisite in its execution. How can we foresee

every movement which the enemy may make? such

great ideas as an adversary, who possesses considerable

genius, may suddenly conceive? the unexpected faunlts

that may be committed, and those fortuitous events in -
which chance seems to defeat all combinations ?

War is declared, and the armies assemble ; but what
position does the enemy occupy ? How are we to judge
of his designs? Where are his magazines? -~ Whence
come his convoys, and what roads do they follow? = At
what points is he forming his depdts? And if, in order
to keep us uncertain of his views, he makes similar dise
positions on two different lines, if be threatens several
points of our frontier at once, by what signs are his true
projects to be discovered? On the other hand, what
movements, what preparations, and what demonstrations
does the nature of our country allow us to make, as well
as our fortresses and other cstablishments, in order to
persuade him that we are ready at all points? How can
we deceive him, or, at least, cause that uncertainty in
his miad which he wished to create in ours?

It was said that the army must be fed, and clothed.
Now, if the enemy’s territory be invaded, what resources
will it afford?2 A general information upon this head
will not be sufficient, as we must know distinctly the na-
ture and quantity of the different produces ; where they
are to be found, and what are the proper places for col-
lecting, preparing, and distributing them to the troops.
“"What establishments, maonufactories, workshops, and
machines, every province, every town, and even
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every village, contains. Lastly, what is the quantity of
military stores of all kinds, of beverage, and other arti-
cles of subsistence, which, in case of need, may be in~
stantly provided for the army ?

Sometimes even, when war is carried on in a country
which is poor and without industry, they are the elements
constituting the manufactures that should be known, as
well as the materials, means, and number of hands requi-
site to create them, to put them in a state of activity,
and to maintain them.

It is not suflicient that magazines are or can be formed
‘at intervals upon the line of operations, as the army must
be supplied with provisions and ammunition in all its
movements ; means of conveyance will also be required
for other branches of the service, such as the equipages
belonging to the troops, the train of artillery for sieges,
the apparatus for bridges, the parks and moveable hos-
Ppitals ; and, as it rarcly happens that the army itself is
sufficiently provided with those means, the country must
supply the deficiency, and sometimes afford the whole.

The roads, canals, and rivers, which the convoys are
to follow, are known beforehand, as well as the points
Where they may arrive by sea with the swmallest diffi-
culty; but it is important to ascertain exactly the quane
tity of boats and vessels of every description which may
be collected ; or, if the convoys are to go by land, the
humber of carts, horses, and other beasts of burthen;
also the breadth of the roads, and the width of the
bridges and sluices. Lastly, we ought to be acquainted
with the parts of the country where carriages can travel,
those where mules only can becmployed, and with the
Passages in traversing which we cannot transport any
thing except by the hands of men: all these details
should be accurately known.
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Such are the principal subjects of information relative
to the army itself, which the general who commands it
must possess. But actual military operations require
a great many more considerations.

The army is to be put in motion, and the Pprincipal
roads which will favour its advancing are known ; but
it still remains to regulate the order of march, the forma-
tion of the various columns, and to.assign to each of
them the road which it must follow. The choice of
roads requires a great many considerations : here every
thing favours the army ; a country easy to march in,
excellent roads, cenvenient bridges, ferry-boats, fords,
&c.; there, on the contrary, obstacles of every descrip-
tion are accumulaied : a wet, slippery, or a mountainous
ground, ravines, thick woods, morasses, roads cut up,
bridges and fords destroyed, a neck of land, or a defile
which the enemy occupies, will impéde, and perhapsen-
tirely stop, the march of the troops; which of these ob-
stacles can besurmounted ?  Can we not repair the roads
in haste, rc-cstablish the bridges, or cross a stream by
other means, force a neck of land in the possession of the
enemy, turn a defile, and even cut a road through a
mountain, if circumstances indispensably require it ?

Besides eluding or surmounting the obstacles which
the enemy has thrown in the way of the army, his attacks
during the march arealso to be apprehended. W hen will
thearmy be able to advance with security ? in what man-
ner is it to be directed so as to be, at any time, ready to
form in order of battle? what is the enemy doing 2 what
can he do? Not only the roads which the army follows
should be considered, but thoselikewise which the enemy
may take; a wood, a long intervening elevation, or a
chain of heights, may enable or prevent him from sur-
prising the army in its march, coming upon its flanks,
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and even routing it, according as they are occupied and
properly defended by the latter, or were neglected and
badly watchied. The enemy will also secure himself by
taking the same precautions, or be exposed o destruc-
tion if he commits the same faults. D

The army balts, encamps; or bivouacs; but ‘whatever
may be the position which it occupies, the proper choice
of it requires that ihe commander should . previously
foresce and actually kndw many pnrtiélflats ;- the nature,
configuration, and extent, of the ground where the army
is placed, must suit at all points, the number, wants,
service, and manceuvres of the corps which compose it,
as well as theimmcense quantity of equipages, stores, &c.
which unavoidably follow it. Besides, even supposing
that the camp is to break up almost instantly, and thatno
attacks are to be feared, yet itis requisite to ascertain be-
fore-hand, that the troops will be sufficiently supplied
with wood, water, and forage; and should they makea .
longer stay, that no unhealthy air may occasion sickness
in the army, nor implant the germ of any epidemical
disorder, which fatigue mightafterwards develope, among
the soldiers. Buf, how rarely doesit happen that an en-
camped army is not liable to be attacked openly, or sur-
prised? The enemy is frequently not far distant; somec-
times he is superior in numbers, audacious, and enter-
prising ; the camp, therefore, should be so situated as
not to be exposed to be turned, and the ground should
not render it difficult, beyond measure, to keep proper
watch ; the country in the rear of the army must be free,
and the access to the camp well defended, although with-
out any obstacles which may impede the movements-of
the troops, should a favourable opportunity of attacking
the enemy offer itself. So many conditions to be ful-
filled, undoubtedly require numberless consxdernhons.

VOL. iI. M
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twenty different positions may be taken within a circum-
ference of no considcerable extent, and the same position
will allow the army to be disposed in many different
ways ; theground at large, and the particulars of it, the
artificial obstacles which may be used to advantage, the
towns, the villages, the castles, the roads, inshortevery
detail of this kind should be carefully examined ; even
circumstances apparently trifling may become very im-
portant : ‘s ford inaccurately sounded, a by-path which
ascends a mountain, or winds under the grass in a wood
oramarsh, alow ground which is not scen, a bedge or
a corp-field which may hide the movements of the
enemy, all these particulars will endanger the security
of the camnp, and therefore of the army, if sufficient at.
tention is not paid to them ; whilst, on the contrary, the
encamped troops will derive means of victory from them,
if it be the enemy who has committed the fault ‘of ob.
serving the country slightly, and thus acquiring only an
imperfect knowledge of it.

In general and partial actions, success is frequently
owing to the proper information which a commander has
of the above-cited details, as it enableés him to march
unexpectedly upon the flanks and on the rear of the
‘enciny, to place him between two fires, to cut off his re-
treat, or lead bim into ambuscades. On a knowledge of
ihe ground most commonly depend likewise all unfore-
teen deployments, and those rapid movements by means
of which a General surpriscs the wing which the enemy
has weakened, and refuses, breaks his line of battle, and
thus insures victory, although he may have been defeat-
ed at some points.

The data which the commander of an army ought to
collect are different, according to the nature of the ope-
ration to be performed.
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Suppose it is required to effect the crossing of a river
by surprise, by mainforce, orto prevent the encmy from
passing it; in these cases, what bendings will favourus?
If their convexity is opposite us, the spot within them,
which the enemy defends, would be swept by batteries
constructed on our side; but will the nature of the
ground allow us to construct batteries? what bank com-
mands the other? does any navigable stream, or any
canal, run into the river, where we may collect and con-
ceal our boats ? or will the branchesof the river, and the
islands which they form, answer the same purpose? and
in case there should be any towing paths on the side of
the enemy, or any parallel roads which may favour our
movemerts, can we take them from him before he is
aware of our design, or, at least, before he can secure
them to himself? what time does he want, inorder to
bring down to the spot, first, such of his troops as are
the nearest to it, and then his whole army ? what is the
state of the river at different seasons of the year? how
does the water run? what is the velocity of it? in what
directions will the men and horses lose ground in the
river, and where will they find it again? what method
of crossing the river should be preferred 2 shall we pass
it in boats, upon rafts, with leather bags, or swim across
it? can we use all these means, or only some of them?
what are the enemy’s posilions, and our own, near the
point of landing, in the plain, and upon the neighbour-
ing bills? how can we defend and secure the communi-
tion from one bank to the other? what kind of bridges
does the river admit of, and what dispositions will its
breadth allow ns to make, as well as the nature of its bot-
tom and banks, the occasional increase and overflowing
of the water, in short, the means, suited to the purpose,
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whith the army carries with it, and those supplied by
the countries near the banks ?

Moreover, is it requisite that the spot where we cross
the river should be fortified, in case our troops should
fallback against parties, or against a corps which, after
turning those troops, would attempt to cut off their re-
treat? and if so, can we fortify and defend that spot ? is
there, onthe bank o be defended, a fortress, a town, ora
castle, which, with a little expence, will afford us an in-
trenched camp, atéte-de-pont sufficient for our purpose,
or which may be easily improved 2

The information which the commander of the army is
to procure, and the combinations he ought to form with
regard to these works, the temporary places, the posts to
be intrenched, and all the field fortifications to be thrown
up, are analogous to those which must guide government
in its estimation of the system of defence that the fronticr
requires; it is his concern to decide upon the garrisons
and detachments at large which the army can furnish ;
and also, to determine in what circumstances the ground,
the nature of the war, and the movemeants of the enemy,
will allow defensive works to be constructed, and render
them useful or disadvantageous. The commander of the
army should fix, likewise, the nature and situation of
these works, the strength of their respective garrisons,
the number of guns, and quantity of ammunition to be
appropriated to their defence, so as to secure every ad-
vantage, avoid all inconveniences, and strengihen the
army in one way, without. weakenin'g it in another.

A'single fortified town can seldom stop the progress of
an army. However, ifit be so situated as.to serve as a
pivot, round which the enemy is manceuvring, what
means does the ground offer, in order to drive him away
to a distance from it? how can the theatre of war be re-
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moved from the neighbourhood of a fortress, the numer-
ous garrison of which makes a powerful diversion in
favour of the army which keeps the field ? what posi-
tions, near or remote, will enable us to place ourselves
between this fortress and the enemy, so as to prevent
them from communicating and acting in concert with
cach other? what operations do the ground and fortifica-
tions allow usto undertake ? will they admit of a sudden
attack, require a siege easy to carry on, or reduce us to
the necessity of only blockading the place? what roads
is the investing corps to follow, and what points must it
occupy round the fortress ? what cordon is it {o form that
merely a few troops may be wanted for the investiture,
and the quarters be, however, properly connected to-
gether, supported by each other, and able to resist the
enterprises of an active governor ?
‘When it is- wished to take a fortress by surprise, or by
a ‘sudden attlack, great precautions are required, and
considerable obstacles encountered ; the principal of
which are the difficulty of approaching and the secrecy
to be indispensably observed, as without it the .enter-
prise will ‘miscarry ; indeed, every circumstance con-
curs in preventing the assailants from gaining such pre-
Cise iuformation -as they should possess. = Besides, the
cordon formed by the in'vesting corps is far distant from
the centre of the town, and the only roads to it; which
the troops can follow, consist of walls to be climbed over
or descended from : finally, any error committed in the
estimation of the obstacles, and even a deficiency in the
" explanation of the direction in which the assailants are to
advance, may put them at the mercy of the garrison.
All ‘the: details which, in a siege, ought to be recon~
Noitred:subscquently to the opening of the trenches, re-
- Quire the application of fixed rules as well as regular
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proceedings, which allow the commander of the besieging
army not to attend personally to those details; but his
own particular attention is requisite with regard to the
camp which the troops are to occupy. Besides, is it
proper that the army should be enclosed by lines? for,
the strength of the garrigon, and the position of the
enemy, may render them indispensable or useless, with-
out speaking of the facility or difficulty with which they
may be thrown up, according to the ground. Lastly,
the number of the points of attack, as well as the nature
of the approaches, should bear a relation to the strength
of thearmy, and the number of troops that are required
for the various operations connected with the siege.

The vicinity, or the approach of the enemy, may re-
quire thatthe principal army should cover the besieging
troops, and intercept the convoys and succours of every
kind which are sent to the garrison; in which case, the
proper choice of positions, the movements to be per-
formed, and the actions to be brought on, do not any
longerdepend upon considerations relative to the enemy
alone, but are connected, likewise, with the besieging
army, the garrison, and the relation which the fortress
and the country have with eachother. A siege frequent-
ly occasions a batéla, the favourable result of which may,
in some instances, be decided by the taking of the
place ; whilst, in other circumstances, we shall insure
victory by giving up the siege, withdrawing our troops,
abandoning our works and equipages, and allowing the
besieged 2 temporary possession of this booty, which a
glorious triumph on our side will soon compel them to
surrender.

A frontier, protected by many fortresses, retards the
oparations of an invading army, or renders them wore
hazardous. Places connected with each other by wa-
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ters, roads, or by the inaccessible crests of mountains and
their counterforts, afford a considerable number of lines
and positions, either parallel, perpendicular, or ob-
lique to the frontier, the comprehensive properties of
which should be carefully considered. At what point
shall we break through the frontier, and in whbat di-
rection ? what extent of it shall we occupy? in what
manner are we to secure our flanks and rear, as we ad-
vance into the enemy’s territory ? what are the fortresses
to be besieged, and those to be only blockaded ? in what
order shall we proceed in order to diminish the resources
of the enemy, augment those which the country affords
us, and obtain possession of a greater number of roads
and navigable courses of water ?

Success renders every thing easy, whilst, in reverses,
obstacles rise on obstacles; in this case, our attention
must be incessantly directed not only to the enemy in
front, but also to our flanks and rear ; we are then fre-
quently to traverse a country which is new and unknown
to us, or, at least, to see it with other eyes than when we
traversed it before. Difficulties increase, and our means
diminish ; it becomes more important and difficult to in-
sure subsistence, and provide for all other necessities;
every thing must be foreseen, even the smallest passage
explored, and the most trifling accident valued; very
little may favour our movements, or delay and perha'ps _
entirely stop them, force us to fight contrary to our
wishes, or afford us a favourable opportunity for attack-
ing the enemy, raise the spirits of our army, ot depress
them.

To the difficulties which an unsuccessful army ususally
encounters, may be added those arising from unexpected
circumstances; such as the population rising in arms
against it; the inhabitants who become assassins, if not
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soldiers ; the peasants flying with their.caltle; the.enemy:
ravaging. the -country, in order to starve the army; in
short, the necessity for the army to traverse a desert,
either natural or artificial, in the midst of swarms of light
troops, and sometimes of those armed brigands who are
always ready to join the congueror, in order to share in
the spoils of the vanquished.

Had an invading army, which is afterwards compel-
led to fall back, advanced beyond large rivers, or be-
yond chains of mountains, or should the frontier in its
possession be covered. by lines of fortresses, its retreat
may termninate at tuosc great barriers, as they will stop
the parsuits of the encmy; but, if the country is open,
what will be the limits of his progress? what position is
the army to occupy in order to cover its own mectropolis,
prevent the enemy from advancing further, -wait in safety
for reinforcements, ‘and then resume the offensive 2

W hat the enemy has done, or should bave done when .
his territory was invaded, points out to the invading
army, now on the defensive, the obscrvations it ought
to make, and the measures which it must take ; for, as
it is in the same situation as the enemy, was, the line of
conduct which it shonld pursue ought to be the same
also. T : . :

Sometimes hostil_itie-s continue during the winter, in:
which case, the rivers, strcams, and canals, which are
frozen, the deprivation.of grass for the horses, the clo-
thing and subsistence of the army, the parli(;.ular precan-
tions which the scason renders necessary, the extraordi-
nary fatigues, and the necessity of proceeding in tlie
operations with celerity, influence the combinations of a
commander, and oblige him to consider the configuration
aud resources of the country under other points of view.

Even supposing that the seasan is to suspend hostili-
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ties, the cantonning of the troops, and the establishing
of the winter quariers, require the most extensive infor.
mation respecting the configuration and resources of the
coﬁntry,l as it is in these quarters that the army ought to
refresh, and to repair its losses. DBesides, however dis-
tant the enemy may be, and although chains of moun-
tains may intervene between the two armies, yet surprise
is 1o be apprehended; indeed, great examples have
proved that a man of genius may surmount, in the exe-
cutionof his plans, the difficulties arising from distance, as
well as any other obstacles; in what manner, therefore,
are the movements of the enemy to be watched, as is indis-
Pensably requisite? what chains of posts and reserves
should be established ? at what points shall such or such
troops assemble in case of an attack ? what are the means
of communication, and the central position where the
army is to form ? -

Lastly, it sometimes happens that two armies actually
agrec upon a suspension of hostilities, and only draw up
a line to separate their quarters, instead of falling back
toadistance from each other, and establishing themselves,
as by a kind of tacit convention, in the hearts of the
countries which they respectively possess ; but,even inthis
Case, the enemy should be watched, and parucularly if he
has not given sure pledges of his good laith. Tt is espe-
cially in seltling the conditions of such an agreement,
that a knowledge of the opposite countries, of their
Yelations with the war, and of the strength and views of
the enemy, i8 requisite; as the commander, who pos-
Sesses (he best information in that respect, may profit by
his advantages, cramp his adversary, render the trace
fatal (o him, and place himself, on the contrary, in a
rich country, which facilitates, and therefore favours,
the future operations which he has in contempplation.

YoL, 11, : N
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The various subjccts of information which war in
general, and the particular operations relative to it, re-
quire, have been explained in this -article. Bat in
what manner will the commander of the army, the minis-
ter at war, and the head of the state, become possessed
of such an immense number of -details? what eyes are
to observe, and what hands are to collect, them? what
known method, what certain means of observation and
reseéarch, may guarantee their trath ? In short, how can
these details be brought together, reduced toa conve
nientcompass, and so arranged, that a glance will suffice
to erabrace and combine them all? These matters shall
now be investigated.

ARTICLE III.

On the sources in general from which the preceding subjects of
information may be obtained, and particularly on Recon-
noitrings.

Witnour considering the means that politics render
excusable, and diplomacy authorizes, we shall investi-
gate those which a military man may use.

Engineers, sdpplied with the necessary instrumen.ts,
repair to different parts of the country, and connect its
principal points by imaginary lines which they calcu-
late, making such astronomical observations as the na-
ture of their operations requires; whilst others inscribe
within the large triangles, or trianglesof the first order,
which the former engineers have formed, smaller trian-
gles, cons_tituling those of the second order; and, guided
by the numerous. points already determined, they pro-
ject on a plane the outline of the ground, and that of
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the objects which- are on its surface; the precise situa-
tion of the various important points of the country being
thus determined, drawing, and even painting lend their
assistance to geometry, in order to form 2 map in which
the objects are represented exactly as they appear in na-
ture, although with smaller dimensions.

Such is the result of a survey performed with particu-
lar care and great precision ; in short, of a survey which
has all the perfection tobe attained by means of geodesic
and astronomical observations, combined with apaccurate
representation of the details of the ground. Govern.
ment, the minister al war, and the commander of the
army, may thus view the whole country in a map, the
moderate . size of which enables them to embrace it at a
glance ; and as this map speaks to their imagination as
awell as to their judgment, it answers the same purpose
as a sight of the country itsclf, by giving them ideas, and
guiding them in the formation of their combinations and
projects.

In order to complete the information thus obtained,
written memoirs should be subjoined, which contain ob-
servations carefully made respecting the influence of the
climate, the nature of the soil, the state of the roads, the.
extent of the population, the dispositions of the inhabi-
tants, and the resources of the country; in short, re-
specting every particular which cannot be expressed in
a drawing. -

But surveys and, memoirs of this kind require much
arl, time,and expence ; and particularly, that we should
be masters of the country where the operation is carried
on ; as, without these conditions, the results will be im-
:pérfect, and only approximation -obtained ; mere
sketches must supply the place of accurate drawings,
-and descriptions become simple reconnoitrings.
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Besides, the expence attending "precise descriptions
may be such as (o exceed the means of a poor country;
‘and nations, which have not yet attained a high state of
civilization, do not possess the degree of knowledge
which they require ; nay, even in states, where arts have
made the greatest progress, stronger interests, or more’
pressing necessities, have diverted the attention of
government from these purposes, required another use
of the funds which might have been appropriated to
them, or prevented the men qualified for such opera-
tions from taking them under their direction. -+

Although a state may be tranquil, and the world at
peace, yet government, if it be wise, will anticipate
war, and foresee the return of those periodical fevers
‘which come upon nations and burry them to arms ; -it
will lay out the defensive system of its frontier, and pre-
‘pare in silence those establishments which the offensive
opcrations it may carry on at a future time will require.
Peace favours regular undertakings of this kind, but its
presumed ‘duration, and political or economical motives,
may force government (o have recourse to reconnoitrings,
and these will frequeritly be sufficient: The frontier was
‘previously described, wherefore it is only requisite that
some parts of the territory, which are less known, should
be added to the description, and such changes observed
in other parts, as were «ffected by nature or by men ;- or,
perhaps, that the ground should be considcred under a
particular point of view, on account of some intended
works. :

Common interests with our ally will allow us to make
the same opera ions during peace in his country ;- but it
is only in time of war that we may perform them on the
territory of our natural enemy. Besides, the researches
and obscrvations of a military foreigner raise suspicion
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and alarm among,several nations where the number and
repartition of the troops, the works belonging to fortresses,
and all military details are considered as secrets which
the state alone should know ; therefore let our govern-
ment penetrate into them by using those means which
policy approves. With regard to a military man, he
surveys such countries as a traveller, and satisfics himself
with observing all the particulars which even the strictest
distrust cannot conceal from any person. Like a natue
ralist, anagriculturist, or a man simply curious, he exa-
mines the general configuration of the country, the na.
ture of the roads, their directions, the situations of the
towns, the details relative to agriculture and commerce,
the manufactories, ina word, the statistics of. the country.
Finally, he studies, on the spots where battles were fought,
those great lessons which a comparison of the manceu-
vres of the victor, with the faults of the vanquished, puts
it in his power to learn. Travels -of this kind have con-
siderably improved the military art in several nations,
and the applications which ofticers may make in time of
War, of the knowledge they have acquired by that means,
are very numerous. Who is not aware of the lively in-
terest with which the commander of an army questions
any person who has travelled over the theatre of war?
Indeed, nothing is equal to the advantage of having seen
a country, and no erudition adequate to the short and
precise answers of a military man who hus seen it. Go-
vernments know this truth, wherefore they favour in
time of peace the excursions of officers in the adjacent
countries ; and war, like the sciences and fine aris, has
its travellers,

Such are the yeconnoitrings which peace admits; but
the approach of war limits their object as well as the



9% ‘A TREATISE

ground upon which they are to be made, the length of
time that may be applied to them, and the degree
of perfection which they can have ; itis particularly im-
portant in this case that the insufficient information
which government may -possess respecting the extreme
frontier, the lines of departure, operations, and.commu-
nications, the debouchés, the inroads, and thc means of
diversions, should be instantly completed, in.order that
not even a single moment may be lostin forming the plans
of campaign, assembling the troops, ordering the neces-
sary preparations, and. beginning the works which are
suitable to the present circumstances.

‘War is declared, and-the officer, escorted by detach-
ments or by parties, already penetrates into the enemy’s
territory, with his sword and pencil in his hand ; he ob-
serves, and is at the same time ready to fight, using all
the means which war authorizes, in order to procure the
information it requires.

The operations commence, .and until the campaign is
at an end, the immediate or more distant wants of the
army will render a great number of reconnoitrings requi-
site. The staff-officers and the engincers, at the heads
of the columns, in the vanguards, with the parties, the
detached corps,.the troops intended to explore the coun-
try, those which are to flank the various sub-divisions of
the army, and most frequently under the immediate pro-
tection of escorts, follow the movements of the enemy,
study the ground which he occupies, and collect all the
particulars relative to marches, encampments, actions,
sicges, quarters, lines of neutrality, and military works of
every description; taking into consideration the pecu-
liar situation of the army, according as it is advancing,
stationary, or retreating; in the mean time, and until
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the army falls back, engineers-geographers* Survey
and describe, with greater precision than the former
officers, the ground which it has passed over, the camps,
positions, and fields of battles, and collect very useful
materials applicable either to retreats or to a renewal of
offensive operations, as well as to the history of the pre-
sent war, and the combinations which future campaigns
may require.

It is also during prosperity ihat the staff-officers and
the engineers may reconnoitre the relations which the
country, the fortresses taken from the enemy, and the
positions, either in their natural state or fortified, have
with the operations to be carried on in case the army,
which may meet alternately with success and misfor-
tunes, should be compelled to defend the ground it has
conquered. This the proper time, likewise, for laying
before-hand, after preliminary reconnoitrings, the plang
adapted to the various circumstances which may occur,
regulating the camps and positions to be occasionally
occupied, establishing the tétes-de-pont, the military
roads, and preparing those extensive inundations, of
which Ilolland and Flanders afford examgles, by means
of which the fortresses may be connected on a sudden as
well as the positions, and the flanks or the front of a cone
siderable retreating army, be covered. ., _

Such are the modifications which peace or war, the
presence or the absence of an enemy, may introduce into
military reconnoitrings.

The staff-officers, the engineers, and the engineers-
geographers, are not the only persons concerned in these
reconnoitrings, as the officers of all arms, who are station-

* The engineers-geographers -in France are particularly employed
 surveys and other operations relative to topography.
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ed at the out posts, or employed in operations relative to
the petty-war, and those who accompany patroles, are
to follow.the enemy step by step, and to transmit inces-
santly information respecting the changes which they
perceive in the number and position of the troops oppo-
site them ; ina word, every individual belonging to the
army, who is so situated as to be able to observe the
enemy, should observe him. '

I shall not enter into any particulars with respect to
the reconnoitrings which general officers make either in
the field or in time of peace; these serve in verifying,
connecting, and reducing the others, as well as in com-
bining the elements which they affotd ; and it is incum-
bent upon our leaders only, to acquaint us with the secret
of their art ; admitting that this secret does not cntirely
reside in the coup d' @il which is the fruit of experience,
or in those still more sublime qualifications which nature
alone gives,

ARTICLE 1V.
On Instructions.

THE circumstances we have noticed, besides many
others which were not mentioned, some particular pur-
poses, secret views, and, finally, time, which it is very
important to consider in war, limit in a great number of
cases the extent and precision which reconnoitrings may
have.

Instructions are sometimes subjoined to the orders
which an officer receives; they elucidate those orders,
and enable him to seize the spirit of them, tracing out at
the same time the limits of his work, and the method
which he is to pursue in accomplishing it.

Even supposing that these instructions may not remove
all doubts, yet they will be very useful; but the urgency
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of the operations, and the secrecy to be nhserved, do not
always allow an officer to be supplied with detailed in.
structions, as it most frequently happens, on the contrary,
that an order, which was given to him with the rapidity of
an arrow, admits of no questions to the general who gave
it, although the latter might be willing to answer them.
“Then, what must an officer do in such circumstances ?
Hecought to conjecture what is required of him from .his
knowledge of the state of things, the expressions add
tone of voice of the general, as well as from other in-
dices, and to execute with every- possible celerity the
order he has received : indeed, in reconnoitrings which
are madein the field, nothing perhaps requires so much
dintelligence, military knowledge, and particular fitness for
the operation, as the art of livining a general, under-
standing his orders from half a word, estimating the sup-
‘posed time which is granted for their exécution, pere
ceiving at a glance what can bedone, and seizing the
most important parts of the general purpose of the récon-
noitring which is to be made, without attending to uscless
details, or aiming at an unseasonable perfection in the
results, as is but too frequently the case. :
Xt ought to be added, that it is not an officer’s business
to decide whether the work which he is ordered to
‘perform is requisite or useless; nor to exiend it beyond
the limits that have been prescribed to him, and embrace
objects which in his opinion were overlooked ; in short,
he should not suffer himself to be inconsiderately hurried
on by the impulse of his imagination, and thus exposed
to the sad displeasure of having done harm by taking
steps of his own, which he thought would render him
highly useful. Therefore, his knowledge ought not to
serve him in amending or rectifying the instructions of
VOL. 1I. )
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his general, butl in understanding them, and seizing the
spirit of them without being a slave to the letter.

An officer, whose conception is slow, should be diffi-
dent of himself; indeed he may prove useful in opera.
tions which require more care than quickness, and
greater judgment than perspicacity; but in war, all will
be lost through his tardiness, if he is unseasonably re-
flecting, when time, the general, and the enemy, require
that a reconnoitring should be made at a glance; the
favorable moment for acting will be over becfore he
bas done deliberating.

If, on the contrary, his genius prompts him to this
kind of service, and should he wish that even the
shortest instructions, an order given in haste, a word,
a gesture, or a sign, may always sufficiently inform
.and direct him, let him study his general, and observe
that striking correspondence which we perceive, par-
ticularly in men who have charge of very important
matters, between their thoughts and the exterior signs
which manifest them ; nothing is more disagreeable to
men of this description than the necessity of explaining
things fully ; unconnected words slip from their mouth,
and they do not appear to pass distinctly from one
subject to another; the orders they give, and their
successive recommendations, seem, at first sight, to
belong to different combinalions, but if we approach
these orders and recommendations to each other, and
compare them with the objects that strike our eyes,
they will unite together, and actually guide us,

The talent of understanding orders and instructions
given in the manner above stated, is the first which the
co-operators of tbe head of the state should have, as
well as those of the war-minister and general; but an
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ordinary man will not have it, and particularly if there
be no mutual confidence between him and his employer ;
for such confidence may supply the place of talent to
a certain degree, and even the men who actually pos-
sess the latter will derive from the former more com-
prehensive means of rendering themselves useful; in-
timacy still augments these means, 'What will not
Polybius do for his friend Scipio ?

ARTICLE V.

Onr the Materials which may serve in forming the Qutlines of
Military Reconnoitrings.

SHouLDp war be carried on in an unknown country,
against a savage people who are strangers to arts and
have no relation with civilized nations, the officers
ordered to reconnoilre such country would not be sup-
plied with any other materials but those which they
might derive from their own observations, and from
questiening the inbabitants ; happy indeed should
they frequently deem themselves, at not being deceived
by the tales of some romantic travellers.

But a multiplicity of useful materials can be found in
.almost all the countries which most commonly become
the theatre of war ; a great number of determined points,
some from their latitude and longitude, and others by

 .means of more or less precise geodesic operations,

-'gives the general outlines of the territory ; wherefore,
it is only requisite to ascertain their accuracy, fill up
the vacancies, and connect the boundaries with those
parts of our own couniry which are the nearest to them ;
these outlines constitute the general maps, in which
the courses of water, and the directions of the princi-
pal chains of mountains, are almost always expressed ;
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besides, a vast quantity of special maps, more or less
detailed, affords topographical sketches, which are,
therefore, more or less finished, of many parts of the
country, if not of the whole territory; such are the
maps of provinces, and those of civil, military, and
ccclesiastical divisions ; also, the maps relative to the
general registering of lands, some particular spots,
the assessments on landed property, the forests, and to
the roads and canals; such are, likewise, the maps
and plans of the battles fought in the country, and of
the marches of the armics; as well as those which
represent the encampments, fortresses, and lines, their
environs and attacks, or which are connccted with any
other military establishment. Other mateyials, such as
the writings of geographers, the annals of past wars,
those of the country, the registers of lands, the collec-
tions of statistics, even the accounts of travellers, elu-
cidated by each other, and especially the memoirs
rclative to former reconnoitrings in the same country,
may supply an officer with a rough sketch of the de-
scriptive memoirs which he is to write, and almost with
the outline of them.

But how greatly cmbarrassed officers would be if
they were to search for these documents, and to inves-
tigate their accuracy! what amazing cxpence and ex-
treme labour would be requisite, in order to collect
them privately! Besides, what would become of these
private collections in the hands of the families which
possess them, as children seldom inherit the talents and
inclination of their father, and frequently do not follow
the same profession !

The French government foresaw these difficulties a
long while ago; wherefore, it has been collecting in
the Depdt de la Guerre, ever since that time, all the
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important documents connected with military operations
in gencral; and in the Depét des Fortifications, the
immense details, particularly relative to the site, con-
struction, and means of defence of the French and
other fortresses. These depdts derive their origin from
that famous age during which a sovercign, always
ready to favor great and useful undertakings, and
assisted by an able minister, founded so many
nilitary institutions in France, which render the suc-
cess and glory of the French armies less dependent
_upon the chance of fortune; and the intended purposes
of both establishments were, to collect all the most
valuable maps, plans, drawings, memoirs, and works,
relative to sicges and otber military operations; to
prevent their being lost, and the state being thus
obliged not only to wake the same collection again,
but also to incur a double expence in procuring the
same results. Finally, it was in contemplation, to
secure to France alone the posscssion of the principal
documents collected in these depbts, without any rival
country having it in its power to use against the French
the product of their own labour. -

In order to obtain a greater quantity of materials
applicable to war, and to bring the whole to a com-
mon centre, the Depét de la Guerre and the Depét
des Fortifications incessantly correspond with each
" other, and with the establishments analogous to them,
which have been formed for the other branches of the
‘public service. The materials of every description are
examined and elaborated in these depé's, where, after
a severe criticism has appreciated them at their just
valae, they are arranged according to their respective
destination, and consistently with an invariable me-
thod ; it is in these depdis, likewise, that a work, the
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intended purposcs of which are immense, although its
gradual execution does not exceed the power and dignity
of the state, subjects to uniformity that comprehensive
number of maps, memoirs, national and foreign docu-
ments, which are the separate productions of a thousand
different hands, and thus incessantly tends to procure a
detailed, uniform, and complete description of all the
countries which may become the theatre of war.

1t is also the Depét de la Guerre and the Depét des
Fortifications which acquaintthe officers who have charge
of reconnoitrings and surveys, with the limits of the
work performed by their predecessors ; they trace, so to
speak, the line of departure of their operations, and sup-
ply them with every document which may guide them ;
in this manner, resulis obtained for a long series of years
unite into a single continued result which possesses the
advantage of uniformity, without any vacancies being
left, or any useless repetitions faking place.

However, there is a vast number of materials, relative
to foreign countries, which the aforesaid depdts cannot
collect, in spite of every rescarch and sacrifice. Such
are the maps and memoirs in hand-writing which are
kept in the archives either of the government of those
countrics, or of the general and particular administrations,
without any access to them being permitted ; whercfore,
an officer should exert himself in procuring these docu-
ments, as soon as he has set his foot upon the territory of
the encruy : indeed, they are the first thing to be conquer-
ed. Local magistracics seldom resist openly the orders of
a commander ; but most of them are very expert in elu-
ding them, and an officer will frequently obtain nothing,
unless he employs some art in collecting the indices and
proofs of the existence of such materials, in tracing
them, and defeating the deceptive expedients ingeniously
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contrived, which the weakest, instructed as he is by ne--
cessity, always knows how to oppose to the strongest.

The partial and temporary depdts, instituted particularly
for theservice of thearmies, may serve in directing these
researches and collecting the materials which they will
procure : the engineers who have charge of these depbts,
are to compare instantly the new documents with the
old ones, to verify their accuracy, and to point out their
Jjust value to the officers éngaged in reconnoitrings.

But it sometimes happens that an officer, being at a
distance from these partial depdts, and left to himselfy
is obliged to use instantly the materials he nas discover-
ed, and therefore, to judge from his own notions alone
of the degree of confidence which they deserve; in this
case, it is important that he should ascertain it before he
sels to work, without waiting until he has acquired-in-
formation on this subject from the success of his operation,
or from some crrors which he may detect in operating :
let him not be seduced by the finc execution of a draw-
ing, or discouraged by the coarse appearance of another,
as he might be thus exposed fo neglect a sure guide, and
follow a deceitful document.

The merits of a document may frequently be estima-
ted from several indices.

We can undoubtedly not require of military men in
~ general that habit in discussing a subject of this kind
which exercised gcographers possess, or the erudition
that a recondite analysis supposes; even a knowledge of
the methods and ingenious trials by means of which
several determined places may serve in finding or correct-
ing the positions of another place, cannot be expected
of them. But the rcader will sce in the subsequent
Pages, what easier methods an officer may employ, and
also, what more important applications, and what induc-
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tions and analogies may furnish him with general ideas
respecting the configuration of the ground, the laws of
nature, and the means which industry affords; nay,
even supposing that an officer is unwilling or incapable of
acquiring these notions, yet, thatkind of coup d’ il which
arises from practice, and that acute discernment which
the mere habit of szeing and observing gives, without
scarcely any excrtions, will serve him in estimating the
accoracy of the maps he has collected ; similar, in this
respect, to the huntsman of the Alpsand the Pjrenees,
who wanders in those mountains and never loses his
way ; or (o an artist, whose exquisite feelingf enables
him to know an antique statue from the most resembling
and perfect copy.

-1f an officer possess that instinct, it will guide him,
wilhout any exertions, and never deceive him: ncither
science nor study is requisite in order to acquire it. Let
him frequently observe from the tops of mountains, or
from other elevated points, the directions of the heights,
waters, and roads, as well as the situations of the towns,
villages, and hamlets, in short, of cvery object placed on
the surface of the ground : let him compare these objects
at the same time, from the same spots, with their projections
and figures traced on inaps which have been executed with
care and accuracy, and he will soon perccive a general
order amidst this apparent confusion ; he will be struck
with the symmetry that distinguishes the works of man,
and with the irregularity which those of nature present ;
but he will also be soon convinced that nature herselt is
subject to laws, even in her aberrations, and although
he may not be acquainted with those laws, yet he will
observe that she has her peculiar forms, features, and
figure,

These characteristics of nature are particularly remarke
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-able and striking in the coursesof water; their contours
‘have inflexions solely their own ; the most ably-conduct-
ed pencil, and the best imitation, cannot represent in a
map, which is drawn from imagination or recollection,
that continuity of grace and variety which rivers,the innu-
merable streams which fall into them, lakes, and even
sea-coasts, exhibit in their numberless bendings, wherever
insuperable obstacles, some overturnings of ground, and
other accidents which may form an excephon, ‘have not
opposed the oscillations of the waters, as well as their
slow and progresswe actlon along the banks which they
wash. o

T'his deviation from naturc, inihe description of waters,
is especially sensible, when, the outlines only being ré-
presenied, we compare an accurate map with one which
was drawn from fancy ; as, cven supposing that the emi-
ment talent of the draftman may have enabled him to di-
vine nature in some degree, yet he could not preserve
that measure and that economy which we ohserve even
in her irregularities ; indeed, draftmen almost always
make her more rich than she is, as they cannot faith-
fully imitate her beauty.

Although the laws which the solid parts of the globe
follow, with respect to their forms and directions, are
less simple and regular than those relative to waters, yet
their general configuration has features peculiar to them ;
for instance, the eminences on each side of a valley fre-
quently make corresponding, parallel, and alternate sinu-
osities, as if.a river, which runs with'in it, had formerly
filled up the whole valley, the botiom of which it now
only occupies; even the whole masses which mountains
form, and the several parts of them, their rents, deﬁleS,
depressions, and anfractuosities, offer numberless re-
semblances which similar circumstances produce in

VOL. II. P
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places distant from each other, and separated by rivers,
Jakes, and even by the sea. In short, all those details,
which we do not conceive before sceing them, have a
peculiar character that can only be seized upon the spot,
and our imagination alone alters instcad of imitating
them; but, upon this point, experience will alsoteach
us bow to distinguish, in a seducing map, the cir-
cumstances of the ground that are accurately represent-
ed, from those which are not ; indeed, a draftman vainly
attempts to heap, like the giants, Pelionupon Ossa ; these
accumulated mountains and this chaos, which .other cyes
may consider with rapture, only appear, to an experienced
officer, as the performance of a draftman who wishes to
please at the expence of truth.

The roads, canals, and communications of cvery de-
scription, as well as the sitnations of the towns, villages,
and establishments, either connected with them or insula-
ted in the midst of woods and in the gorges of mountains
for the sake of convenicnce, bave necessary relations with
the waters, soil, and with nature and its productions,
which are the same at all places, and may be easily dis-
cerned and scized from cxperlencc, observations, and
travels.

A traveller, who is incessantly comparing maps with the
ground which they represent, will find out, in an incor.
rect map, 1 will not say the faults which the inhabitants
have committed in choosing such and such positions in
preference to others, but those which they sarely could
not commit, and inconsistencies that testify the igno-
rance, carclessness, or caprice of ihe author; in this
manner, be detects from the outlines of a map, that the
objects which they encompass are not accurately repre-
sented, and reciprocally; likewise, if he lovks at the
description of a canal, it will strike him that its direc-
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tion is defective, or that important running and stagnant
waters have becn omitted, or, in fine, that the sinuosities
of the ground which the canal traverses, are not such as
the draftman has represented them : in this manner, too,
a comparison of the roads with the ground will serve him
in ascertaining how far he may depend upon the exaciness
of theirdirections, and the positions of the placesthrough
which they pass; nay, he may frequently conclude,
from the places and roads indicated, that some interme-
diary roads, which actually exist, have been omitted in
the map, and find, within a near approximation, their
directions and positions, as well as the situations of the
paths, bridges, ferries, fords, and other meansof passage.
Such are the advantages which may be derived from
the mere habit of seeing, observing, and comparing a
ground with the map of it; and this kind of practice,
even supposing it independent of theory, is a surer guide
than speculative science alone ; but the reader will soon
see what more powerful means theoretical instruction,
united with practice, affords to those who possessiit.
Although memoirs, tables, and other materials of the
same description, whether printed or manuscript, are
more difficult to appreciate than the preceding docu-
meats, yet reflection, and the habit of consulting them,
may help an officer in estimating their merits: those
. which belonged to local administrations gencrally deserve
his confidence more than any other, and especially if
they served as basesto the operations of these administra-
tions. Let him endeavour to learn the names of the au-
thors, and whatever relates to them personally, such as
their rank, their profegsion, and their reputation. A
writer does not acquire a renown for accaracy and vera-
city without deserving it, especially when he treats of
Lis own country, and of objects which every inhabitant
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has under his eyes. The justice which is done to his dis-
positions and probity gives an additional weight to
these first testimonies; the situation in which he was
when he wrote his work will show, as well as his connec-
tions and cmployment, if he had the means of making
correct observations, or, at least, of consulting accurate
materials. His profession also offers other indices: for
example, we may expect from a military man valuable
details relative to war, and from an admiaistrator, certain
documents upon the resources of the country, provided
however these men confine themselves to matters which
they fully understand, as is not alwaysthe case. 1nshort,
the general tonc of the work, the simplicity of the au-
thor in expressing himsclf, and the particular care he
takes, notonly to justify the facts that are advanced, but
also to indicate the sources from which the documents he
furnishes are drawn, ought to excite confidence ; whilst
a contrary tone and opposite qualities should remove it. .
But, whatever may be the degrec of confidence which
materials appear to deserve, time may have modified the
places and circumstances. Routine, a bad administra-
tion, the difliculty of making innovatiens, and the deep
root which abuses may have taken, commounly cause old
or defective documents to be used by the public autho-
rities, as the basis of their-operations in regulating the
repartition of the men to be drafted for the militia, of the
contributions and statute work, in short, of all the charges
laid upon the inhabitants. Culture may change in a
-country, commerce diminish or improve, and industry
be active or languishing. The political institutions,
national spirit, and even the manners, which time alone
alters only at a slow pace, receive sudden and striking
modifications from a great event ; a general and continual
movement animalcs nature; the action of the waters
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some subierraneous fire, and the influences of the atmos-
phere, occasion alterations’ in the soil, change after ten
years the aspect of the mountains and sea coasts, deface
whole grounds, or conquer from the sca a new soil.
Thus, even the materials, which are the most entitled to
credit, do not dispense with fresh observations when they
areold ; and, with regard to incomplete materials, they
undoubledly require more precise observations, if time
permits to make them, :

‘We shall now examine what assistance the arts and
sciences offer to an observer who calls them to his aid.

ARTICLE Vl1.

On the Instruments and approvimate Processes which may be
used in Military Reconnoitrings, for forming the principal
Triangles, determining the Positions of Places, and taking
Distances and Allitudes.

Frou the most rigorous observations, to a simple
glance thrown over a country, a series of approximations
may be conceived, the terms of which are determined
according to time and circumstances. We shall now
examine what use may be made, in certain cases, of
some expeditious means, and how far imperfection in
the instruments and the methods employed may be over-.
looked, in order to conform to the shorteess of time, and
satisfy necessities which admit of no delay.

The Menorial Topographique et Mililaire contains
detailed instructions upon geodesic operations, which
leave nothing to be wished for.*  They embrace, unfold,

* The instructions, to which the author alludes, are those contained
in the first volumae of this treatjse,
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and rightly recommend all the precautions which regular
surveys require; and any officer, who is able to attend
to those precautions, will also know what attentions mere
reconnoitrings allow him to neglect in measuring angles,
bases, and in the accessory operations. He will treat
the triangles of the first order as he would those of the
second in regular surveys, and employ smaller insiru-
ments ; he will, likewise, take objects from a greater dis-
tance, and use graphical consiructions instead of calcu-
Iations ; provided, however, he is accustomed to these
constructions, as, without it, the errors committed in the
survey would be augmented by those arising from the
use of the ruler and compasses.

The Memorial Topographique et Militaire contains
also, in the third number, a notice upon Hadley’s sex-
tant, the principle of its construction, and the incon-
veniences and advantages arising from the use of it; as
this memorial expresses in a few words, Tobias Mayer
altered the sextant to a whole circle which was after-
wards perfected by Borda, like every other instrument,
usually employed in geodesic operations, which this
illustrious man undertook to improve.

This essay scarcely admits of a detatled description of
Borda’s reflecting circle,* and we shall only observe
that its construction is founded upon the following opti-
cal principle, that a ray, which is reflected, makes in its
first and new directions equal angles with the surface
upon which it falls; or, which amounts to the same
thing, with a perpendicular to this surface at the point
where the ray mecets it, This instrument carries an in.

®* A minute description of Borda's reflecting circle, with appro-
priated figures, is inserted in the first volume of this Treatise,
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dex with a telescope, besides a common index ; a mirror,
adapted to the laiter, follows its movements, and reflectg
one of the objects to be compared together, in another mir-
ror posited in the direction of the telescope, but which is
transparent in a place that allows the observer to perceive
ihe second object to which the telescope was first direct-
ed. The component parts of the refiecting circle are so
disposed, that, when the images of two ohbserved objects
appear exactly over each other, the common index has
described, upon the graduated limbof the instrument, an
angle equal to half that which the visual rays directed to
the objects make at the point where theeye of the observer
is placed ; wherefore, the observer has only to ascertain
the instant at which the objects coincide in the aforesaid
manner.

One of the advantages of this circle is, therefore, that
‘of giving at once the directions of two objects which can
only be determined successively with other instruments.
Besides, it does not require, like them, that one of the
directions should be verified before and after taking the
other, which renders the observations longer, and gives
rise to various inconveniences.

Contrary to the sextant, Borda’s circle gives multiple
angles like the repeating circle, and thus substitutes for
‘one positive or negalive error, which would otherwise
remain in its full extent, the very small difference occae
sioned hy errors in opposite directions, which, therefore,
materially compensate and may even destroy each other
entirely, if we choose.* Lastly, we are indebted to
Borda alone for the advantage of being able to observe

# See the description of the repeating circle, in the first part of
this Treatise, Vol. 1.
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with thé circle, without being compelled to turn it, or
change our position, any object situated cither to the
right or Jeft of the station : in a word, his circle is so su-
perior -to the sextant, that the respective accuracy of
these two 'instruments bears no comparison, when their
radii are equal ; and a circle, the radius of which is much
smatller than that of a sextant, will afford the same pre-
cision as this last. -

Borda’s reflecting circle is sufficient for determining
the secondary triangles in a rigoroussurvey ; and it may
be used in reconnoitrings, for-verifying or completing
those of the first order,.in maps drawn from surveys in
which extreme precision was not aimed at.

The dispositions and concert which a series of con-
nected tlriangles require, are prequently prevented by
the shortness of time:and the nature of the country,
some peculiar circumstances which intervene, and by the
unavoidable dispersion of the observers; while each of
them, although he is alone and far distant from the others,
may determine, by means of astronomical observations,
the position of the places which he only traverses, or where
he resides for some time.. Borda’s circle is particularly
uscful for this purpose, and common observations will
not require a radius greater than three or four inches;
an artificial horizon, which may be carried with as much
ease as the instrument itself, is adapted to it, and serves
in taking altitudes and zenith distances.

Instrument makers construct circles still smaller than
the preceding, which have the form and size of a com-
moun watch, and may therefore be conveniently carried
in the pocket. Such ones are particularly useful to en-
gincers, orother officers, who iravel by order of govern-
ment in a foreign country little known, the maps of
which are cither incomplete, with regard {o certain
parts, or affected with great errors.
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The construction of Borda’s Circle allows the obser-
ver to hold it in his hand during the observation, and
he takes the angle with great facility, in whatever posia-
tion he may be; it was tried to use this circle in areostatic
machines, and the experiment suggesied ideas which
tend to multiply the results of a single measure, and to
furnish the means of accomplishing, almost at a glance,
what cannot be done with other instruments without a
scries of operations.

As the continual balancings of a vessel, in which
observations are made, require that the insirument used
for that purpose should give two directions at once,
this condition appeared still more requisite in areostatic
machines, wherefore the circle was adopted; besides,
the elevation of the observer rendered it necessary that
the observed angles should be rcduced to the horizon ;
and, on account of ihe movements of the machine, that the
elements of this reduction should be determined at the
same time as the directions to the points of view ; in a word,
three angles were to be taken at once, namely, the prin-
cipal angle, and those which its sides respectively form
with the horizon; this was effected by adding to the
circle a fausse equerre,* two plumb-lines, two new
limbs, and a kind of trigger. This apparatus may be
still improved, and some engineers are exerting them-
selves in improving it; indeed, such an undertaking
fully descrves their attention, as the result may furnish
the means of performing rapidly Geodesic operations,
and reconnoitrings in particular.

The experiments which served in determining the

* The French call fausse equerre an instrument composed of two
tulers, which are joined togetber, and form an oblique angle.
Translater,
YOL, 11, Q
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the additions to be made to the Reflecting Circle, were
also intended to show how far azeostatic machines may be
serviceable in surveys ; and it was found that, on account
of their mobility, they should not be used when great
precision is required ; but it was ascertained, on the
other hand, that they may be employed to advantage
in forming sccondary triangles, filling up outlines, and
in reconnoitrings performed by the eye alone.

In fact, it may be easily conceived that the use of
these machines, in Geodesic operations, makes all the
obstacles on the surface of the ground disappear, which
limit, impede, and slacken the observations; and also,
that it is very advantageous, in representing the ground,
to yicw all the asperities of it from a height, which,
instead of alteripg its various forms, tints, and colours,
present them, on the contrary, according to their ge-
neral effect ; without speaking of the great advantage,

-particularly in a mountainous country, of discovering

an immense space of ground at a glance, and seeing
nz{ture as it is required to represent it.

The use of areostatic machines may be applied, like,
wise, to other purposes, apd if Meunier and Conté have
not yet sufficiently impraved them, in order that the in.
conveniency'of conveying them with an army may be com-
pensated by great advantages derived from them for milis
tary operations, at least, what was already done evincesa
proof that further improvements may be contrived ; it is
undoubtedly not impossible to simplify stillmore the appa-~
ratus of these machines, and to render the manceuvres
relative to them sufficiently easy that their utility, on a

. day of action, will overbalance every inconveniency.

Even at this time, their construction, the means of
conveying them, the materials which they consume, and
the apparatus requisite for them, do not occasion
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larger éxpence or greater difficulty than the fabrication,
conveyance, use, and consumption of the machines of
war employed in sieges; nothing prevents advantages
being already derived from them, in attacking places,
and particularly in defending extensive fortresses: in
these slow and methodical military operations, the fields
of battle arc kunown beforehand, and always limited ;
itis casy to conceive how useful areostatic machines
may be for reconnoitring the works and trenches, the
progress of the attacks, and the disposition of the
artillery and troops; also, for being informed that
sallies are preparing; and, perhaps, for corresponding
with distant armies which keep the field, since experi-
ments have proved that thicse machines may furnish
methods of holding & telegraphic correspondence, either
in themselves, or by means of the apparatus they may
carry. '

It is in vain to object that our enemies will use the
same means, and thus re-establish the equilibriam 3
for, of what import is this to us, if we do not remain
slationary while they are exeriing themselves in discos
vering those meaus, and if we improve a method which
they only attempt to imitate?

Repeating circles, reflecting circles, and areostatic
machines, are not the only means of observation which
may be employed in extensive operations.

'The conveniency of chronometers for estimating the
longitude is such, that geograpby ought, perhaps, to
borrow this ingenions machine from navigation,

Other purposcs may interest military geography in the
perfecting of the instruments intended to measure time,
and the reader will soon be- shown the use which may
be continually made of them in taking the details of a
country. But, in order to confine ourselves al present
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to the formation of the outlines, we shall only say that
the measurcof time is also one ofthe elements of a simple
and ingenious method of determining them, which is,
pechaps, the most expeditious that can be employed.

Before we explain this method, we shall first observe
that the velocity of light is not infinite ; it requires more
than cight minutes to come from the sun, and sceveral
years from the stars ; but it passes over 192623 English
miles per sccond, and the duration of its vibration can.
not be estimated when it proceeds from an object within
the circle of the terrestrial borizon. .

- It is not so with sound ; its velocity is very limited ;
obscrvations and calculation have given different resul(s
respecting the space which it passes.over in a second,
but, according to experiments, this space is about
1106.508 feet. By a singular property, which can
scarcely be accounted for, sound, whether loud orlow,
grave or acute, and whether it can be appreciated or not,
passes over equal spacesin an equal time ; in fairand rainy
wealher, and whatever may be the elevation of the sonoe
yous body ; in short, in whatever direction -the air mdy
be first struck, the wind alone will modify the velocity
of sound, which increasesor diminishes about thirty-three
feet in a common wind, and ninety-eight feet in hgrri.
canes, Nay, sound is so much accelerated or retarded

only when it follows a direction which is nearly the same -

-~

as that of the wind, or contrary lo it ; for, shounld these

directions cut each other almost at right angles, the wind
will scarcely affect the velocity of sound.

These propertics of light and sound have suggested
the idea of applying them to the measuring of distances ;
for example, ifa gun, orany other picce of ordnance,
be fired, and we see the flash from the place where we
stand, the distance of the gun from the place may evia
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dently be ascertained by counting on a clock or a watch
the number of seconds clapsed between the flash and the
report, and multiplying it by 1106.508 feet, plus or mi-
nus the modification occasioned by the wind, if it should
be necessary to take it into the account.

This method is undoubtedly subject to errors, but the
approximation it gives is very frequently suflicient for
military purposes, and we have at hand, in fortresses
and camps, the means which it requires; besides, the
application of these means is extremely easy, and by
combining the method with observations of another kind,
it will incessantly tend to perfection ; the errors and the
discordances in the observations will gradually dimi-
nish, and disappear at last ; wherefore, geography may
derive new resources from this expedient, and from the
remarkable property which it possesses of giving imme-
diately the sides of triangles, without it being requisite
that the angles should be measured.®

» The experiments made:in 1738, in the environs of Paris, by
M. M. Cassini, Maraldi, de Ia Caille,and which M. M. Bouguer and De
la Condamine repeated in Peru at about 546.8 English yardsabove the
level of the sea, also give 1106.508 English feet for the velocity of
sound per second.

Those which were made in England and Italy give 1141.686 and
1148.082 English feet. Some learned men, such,as Doctor Youug,
- adopt the number 1180.172 English feet as a mean; but the extreme
care with which the French Academicians attended to their experi-
ments, the various stations where they performed them, the consi-
derable distances between ‘several of those stations, and the coinci-
dence in the results, although they were ubtained in different
climates, and in situations differently elevated above the sea, in
short, every circumstance leads us to prefer the observations of the
aforesaid Academicians to the others,

"We are justified in concluding from all the results, that night or
day, a calm or a rainy weather, occasion no difference in the ,w.slocity
of sound ; and that it is the same, whatever may be the direction of
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The proceedings which we have noticed may serve
in completing the general outlines of a map, thatis, in
forming the triangles of the second order and deters
mining the position of a place; in short, they may afe
ford, in taking the details of a country, as accurate bases
as fime permifs,

But, hefore we enfer into any explanation respecting
the methods of surveying these details, it is important
that the reader should be reminded of an accessory
means which, in the formation of the outlines, may be
employed in order to establish a correspondence be.
tween the observers, and thus save time; this means
may also be used in {ransmitting rvapidly the ob-
servations made in presence of the enemy, and particu-
larly in conveying in the twinkling of an eye, from
one wing of an army to the other, the oiders which the
commander gives, '

1 allude to military telegraphs. It has beensaid that
areostatic machines may servc as tclegraphs, and that
this assertion is founded upon experiments,

Several engineers have proposed more or less portable
telegraphs for the use of armies, but this branch of ser-
vice requires, like reconnoitrings, means which are
simple and easy to unite ; it is not so much the number
of the secondary agents employed in working the telee
graph which ought to be diminished, as that of the va-

a gun'which is fired, the undulations of the soil, the respective
heights of the stations, and the variations of the barometer and ther-
mometer. It might be useful to repeat the experiments in stations
which chaius of mountains separate from each other, as well as in
Places where thr ground has strong features; also, by different
rhombs of wind, violently blowing, and in directions inclined to the
lines which join the stations, &c.
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rious things which constitute the apparafus, or are ac-
cessory fo it ; for, we must he a_bl_e to set up, tahe down,
and remove the telegraph from one place to another in
an instant.

Among the methods which answer this purpose the
nearest, the telegraph contrived by Madier is remarke
able for its simplicity, and may be easily applicd to ree
connoitrings ; a few men carry bandrols, and furm,
by inclining them in different manners, a series of com-
binations which are sufficient for the usual correspone
dence of armies ; the requisite correspundence between
officers who are to follow the enemy, or to reconnoitre a
country in order to make a map of it, is wmuch less ex-
tensive than the preceding ; wherefore the phrases and
signs relative to it may be so limited as to cnable these
officers and their assistants to learn and e¢xplain them
easily, without the help of a dictionary ; similar in thig
respect to the pilots and coast-guards, who instantly une
derstand naval signals. But this work remains w0 be
exccuted, and the Depdt de la Guerre would render a
new and important service to Tupograpliy by attending
to ils execution.®

# As it is important that an officer shouid Lealle, in case of emer-
gency, to construct 2 telegraph with any materials he has at hand, we
shall explain in this place a few general principles which may guide
him in cheosing and employing the telegiaphic signs, aud thus pre-
vent mistakes.

Objects seen from a distance appear smaller than they actually
are; and, according as this distance augments, po'vaens assume the
form of triangles, rcctangles, circles, or of curve Lines ot every de-
scription : polyedrous lcok like cones, cylinders, sprares; in short,
like solids with curve suriaces, and hoth the Joiygons an’ pulyedrons
resolve themselves into points, or 1o lines, as 1hey are nearer o, or
farther fr.m, being regular.

The positions of the vbjects with regard to each v:hier, or in re-
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ARTICLE VII.

Continuation of the same subject.

THE positions of the principal places of the country
to be reconnoitred being determined by astronomical
and geodesic operations, these places, as well as the lines
which connect them, are traced on a paper, and remitted
to the officer who has charge of the reconnoitring ; where-
fore, it only remains to inscribe other triangles within
the former, so as to obtain numerous points which be-
come as many guides in representing the ground.

spect to points, lines, and plans of comparison, are perceptible only
when the intervals between them can be very easily distinguished,
either in all points of view, or in some that are determined; where-
fore, the signs which may be used in a telegrapbic system, as well
as the variations applicable to it, or to the elements of it, are limited
by the distances, and by the number of positigns in which it must
present itself; besides, this system resolves 1tse1f into a Jine or a
point, similarly to each of its elements.

This being premised, if we suppose that a vertical plane, upon
which any number of lines are traced, is perpendicular io a visual
ray drawn to it, and moves round a vertical axis while the eye of
the Observer retains its position, all these lines will approach each
other, and all the figures will change their form, as the plane is ad-
vancing; in such a manner, that they will resolve themselves into'
one single line, when the plane and the visual ray are in the same
direction. It follows from this eircumstance, that, if a telegraph is
to present itself in different positions, and to be understood from all
the points of the horizon when placed in the centre of a besieged
fortress, for instance, such solids only as spheres, cones, and cylin-
ders should be employed, and they should be united together in such
a manner as to present the same appearances in all poitits of view ;
or, if the sigos are situated in the same plane, the whole systera
ought to move round a vertical axis, and to make, for each sign,
one or several revolutions with a greater or less degree of slowness
according te circumstances, and the presumed distance of the observer,
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It is scarcely possible to commit any material error in
taking a moderate extent of ground, where many direca
tions are already given; at all events, the facility with
which the observer may return to the point whence he
set off, enables him to prove his work frequently; be-
sides, as the distances from the stations to the objects
are short, the inflection of the visual rays in the air is
small, and the errors from refraction, which increase as

It has been already said, that an object, which is seen from a dis-
tance, appears smaller than it is, and this apparent diminution is
simply proportional to-the distance; but <distances also change the
figures of the objects, weaken the colours, blend and deface the
tints, and this effect increases as the squares of the distances, as
will be demonstrated in a subsequent note; this being, in truth, the
case’ with the planes on which the objects are apparently projected,
regarding them as sections (of a solid) at different distances from its
vertex (the eye ;) depending, however, on the nature and modifica-

- tions either of the beds of air in which the objects stand, or of those
which the luminous rays, emanating from them, are to traverse in
order to reach the eye of the observer, - o

Lastly, the light of the Sun traces upon the objects a line, either
straight or curved, according to the nature of their surfuces, which se-
parates the enlightened part from that in the shade; these phases
change the figures of the objects, and give them appearances which
vary as the position of the Juminous body, and that of the eye of the
observer, - B ol

These observations, which may be easily verified, are sufficient for
guiding an officer- in'the choicé of the objects which should be used,
according to the ground, the' distances, and the televcopes at hand,
&c.; and also, for enabling him to detérmine in what manner these
objects ought to be united-togethg'r; theY'posi_tions that should be given
to them, &c. : et '

It is not useless to remark, that luminous badies, port-fires, rockets,
and other fire works, or guns fired in numbers, and at intervals
previously determined, form, during the night, telegraphs so much
better, as the light and sound strike the eyes and ears from a great
distance in the obscurity and silence, '

VOL. II, R
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the distances, require no correction. Lastly, such in-
struments as are used generally dispense with reducing
the observed angles to their ¢orresponding horizontal
angles, and should a point of observation render this
reduction indispensable, that point may be avoided.

Therefore, it is only requisite, in taking the particu-
lars of a country, to describe on paper triangles similar
to those which we observe on the ground.

Without investigating the easy iheory of thls cona
struction, or explaining the common use of the plane-
table and the compass, I shall acquaint the reader that
the former instrument is better adapted to regular sur-
veys than the latter, and that the precision it gives may
be more safely relied upon; but the compass is more
expeditious, and, as it may be used in all places, posi-
tions, and even on horseback, it is commonly employed
in reconnoitrings.

The number of the objects, and that of the positions which may
be given to them, being determined by the construction of the tele-
graph, an easy calculation will indicate all the combinations which
can be made; andit is only requisite, that the term peyond which
they would become too much complicated, should not be exceeded ;
but in practice, these combinations must be arranged, and tele.
graphic tables made; which may be easily done by representing,
each sign by a letter, and jcomparing them two by two, three by
three, &c. (See the various works in which the elements of arithme-
tic and algebra are explained.)

After arranging the combinations and making the tables, such or
such values must be affixed to cach sign, or combination of signs, and
these values are, first, the most usual phrases relative to the particular
purpose which the telegraph is intended to answer; with respect to
the eventual phrases, a certain number of simple sigus may be ap-
plied to expressing the cases of nouns, and the tenses of verbs, the
punctuation, and the other elements of the phrase, while the remain-
der of the simple or combined signs will indicate the syllables, or the
letters of the words.



ON TOPOGRAPHY. 128

I shall observe, likewise, that in this last branch of
service, time commands every thing ; we cannot con-
veniently use different instruments or divide the work ;
besides, we are subject to unforescen wants, and must
have numerous esources at hand, without being, how-
ever, encumbered on that account; therefore, an officer
who orders instruments for his own use, should have
them constructed in such a manner as to be fit for all
purposcs ; they must serve him in taking angles situated
in planes either parallel or inclined to the horizon; in
determining the distances of inaccessible points that are
not included in the outlines with which he is supplied,
and in observing relative or absolute heights, which it
is frequently necessary, and always useful, to write down
in amap. Lastly, he should not be compelled to make
many stations, or subject to such attentions, in choosing
those which he fixes upon, as confine or slacken his
work. : .

The instruments generally used are far from uniting
these propertics.

A common plane.table, for example, is troublesome
and inconvenient to carry ; hut this defect may be easily
rectified by diminishing the dimensions of the table,
and making it into a kiod of box, or case, in which
all the requisite implements for the survey, and the
drawing of it, may be enclosed. The number, weight,
and dimensions of these implements being reduced to
what is strictly necessary, a graduated staff, shod at
the foot with a pointed cap of iron, may serve in supe
porting the table, and in taking measures on the
ground, :

Besides, this plane-table affords Dut little scope in the
choice of stations, and docs not allow us to observe objects
which are elevated or depressed by a certain quantity,
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with respect to the plane of the horizon ; indeed, the
index being fixed in any direction, the telescope may
move in a vertical plane along an arc of some degrees;
wherefore, we may project on the plan every object
which the visual ray meets in this motion; but the
small elevation of the telescope above the table, and the
distance of the centre of motion from the edge of the
frame, leave only a little field for the visual ray, since
this edge stops and confines it.

The field of observation is still more limited, when, in-
stead of a telescope, a common index with sights is
used ; for the visual ray must graze the wires, and it
cannot be raised or depressed without passing soon above
or below them ; even supposing the index to be so dis-
posed, that this ray shall not meet the edge of the table
before. Therefore, if an ofticer orders a common index
to be made, he ought to direct the maker, in order to
be less confined in the choice of his siations, to raise
the sights 3s much as possible above the ruler; or, in
case there should be a telescope adapted to the index,
to elevate the axis of rotation of the former in the same
manner. He may recommend, likewise, with respect to
a common index, that, instead of the sights being fixed
to the extremities of the ruler, they should be placed at
those of a rod of metal raised and supported as a teles
scope, and which moves in a vertical plane, similarly
to it.

But these modifications shonld not exceed proper
bouuds, as without it the index will become unsteady,
inconvenient, and will take too much room in the afore-
said box; a good workman will remove these difficul-
ties, by making the ruler wider, and causing it to fold
upon hinges on the mounting of the telescope, or of the
rod of metal befoxre mentioned ; nay, the disposition of
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the telescope and moveable index may be such as o al-
low them to be separated at pleasure from the ruler,
or to move upon it in such a manner, that they may
be brought, in every position, to the edge of the table.
A triangle, or any limb, fixed perpendicularly upon the
ruler, would answer the same purpose, and the observer
would be able to point along this plane to the objects ele-
vated or depressed with regard to the horizon, as long as
the visual ray is not intercepted by the table. Additions,
easy to make, would render the observations more accu-
rate. In short, any other means may be contrived in or-
der to attain the same desirable purpose, which is, to in-
crease as much as possible the field of the visual ray,
in the vertical plane raised upon the ruler:

The numerical values ot the angles and sides of the
horizontal triangles described on a common plane-table,
may always be easily determined by means of a protrac~
tor, a pair of compasses, and a scale ; but it has been at-
templed to obtain immediately these results, by improv-
ing the construction of the instrument; Ozanam and
others have proposed small tables, three sides of which
serve as a protractor, the degrees being described on
three rectangular chords, instead of a semi-circumfed
rence ; the fourth side, which forms the base, and the
index, are divided into equal parts, and give the linear
values; recipiangles are also used for the same purpose,
and these instruments have been indefinitely varied. The
most simple of them have a dial placed in the com-
mon centre of the two rulers which compose them, and
the index of this dial indicates the number of degrees
passed over ; but the most ingenious carry at the end of
one of their branches another dial so disposed, that, while
the rulers move the space of one degree along the circums
ference which passes through their extremities, the index
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of this dial describes either a whole circle, or an arc of a
circle, according to the ratio of the respective radii; in
this manner, the minutes, or at least the fractions of a
degree, arc obdained ; the index of a plane-table will
serve as a recipiangle, by adding a similar branch to it.
Altitudes cannot be taken with a common plane-table
and a common index ; indeed, some composite plane-
tables offer the mecans of supporting the index, the sur-
face of the table being placed in a dircction either pa.
rallel or inclined to the horizon, and even in a vertical
plane ; nay, the triangles observed in this planc may
be described or estimaled ; but, in using these instru-
ments, the position of the table must be changed for every
altitude which we are to take ; whereas, onthe contrary,
almost all angles can be obscrved, the table remaining
horizontal, when the telescope, or such moveable in-
dex as was previously described, is properly elevated
above the ruler; it is only requisite that a dial, ora
graduated limb, should surround the ring inside of which
the kind of trunnion, that is, the cylindrical piece of
brass which supports the telescope or the moveable index,
revolves on its axis; and that an index, or a vernier,
fixed to this trunnion, should follow its motion. In order
to obtain the linear values of the small similar triangles,
and to avoid the nccessity of having recourse to tables of
tangents for the angles, the above-mentioned dial may be
inscribed in a rectangle, the sides of which, being made
equal {o the diameter of the dial, and divided into nine-
hundred or nincty cqual parts, will represent all the tan-
gents from 45° to 0°.  These constructions may be inde-
finitely varied without any difliculty, and it is undoubt-
edly right todisregard them in general circumstunces, as
then nothing prevents us from employing the best cal-
culated instrument for the operation which weare to per-
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form; but 1 shall say it again, it is material, in recon-
noitrings, that the same instrument may answer several
purposes. '

It has hitherto been supposed, that an officer was able
to have a planc-iable constructed at leisure; but cir-
cumstances may require that he should make one him-
self, with any kind of materials which be has at hand ;
in this case, he may form the table with any piece of
board, and the stand with his cane, or three sticks; he
may also make an index with a common ruler for draw-
ing lines, a level with a plumb-line and an angular ruler,
and a plumb-line with a musket ball and a piece of
twine, or a slip of grass ; two rulers, fastened together at
one end, will supply him with a recipiangle, and if they
are joined by means of a hinge made with any flexible
substance, in such manner that, being laid over cach
other, and the hinge close to the edge of the table,
onc of these rulers can be raised while the other rea
mains flat on the table, they will form an index, the
field of which, in a vertical plane, is very cxiensive;
this index may be graduated, and, in order to malke it
serve in taking vertical angles, it willbe sufficient to place
a support underneath the ruler which raises, and to ap-
ply a protractor, to one side of the other, in such a man-
ner that its centre corresponds with the end of the hinge;
this end being considered as the vertex of the observed
vertical angle, the division onthe protractor, through
which the elevated ruler passes, will give, by approxi-
mation, the number of degrees it contains :* should no
ruler be at hand, an index may be formed with needles,
which will prove even more convenient than rulers in

* This process is eviden'ly founded upon the methed of measuring
an angle on paper, with a protractor,— Transiator.
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taking directions in a vertical plane; in fact, two needles
will determine one direction, and a third needle will give
the other ; in short, we do with needles, on the table, all
that may be done with staves on the ground. They
may be used in all circumstances, and will afford botk
expedition and conveniency, if the table be made of soft
wood, or its surface covered with pasteboard or cork.

Fig. 55, 56, and 57, pl. 7, are intended to illustrate
what has been said respecting the methods of increasing,
on a plane-table, the field of the visual ray in a vertical
plane.

Fig. 55 shows in what manner this result may be ob-
tained by means of needles of unequal height ; the rays
projected in AC and BAM in the plan, may be raised to
the positions A’C’ and B‘M! in the profile, which are de-
termined by the heights of the needles, and the edges of
the table.

Fig. 56 exhibits one of the several methods which
may be used, in order to raise a vertical plane A’B‘C, or
A'B'C’, upon the index A'B’ represented by AB in the
plan; by means of this plane, which admits of being
graduated, we may satisfy ourselves with simply aug-
menting the field of the visual ray, or estimate the angle
which it makes with the horizon, either by observing the
point where this ray cuts the limb, or by using a move-
able sight M, which may slide from B’to C; and also
by means of an index A'M’ which turns round the point
A, It is supposed, in this figure, that the table of the
Instrament is circular.

Fig. b7 indicates one of the methods of raising the
index, or the telescope C D above the ruler, the degrees
being read on a dial P, and the tangents on the
sides of a rectangle Q RST; the ruler is supposed to be
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equal to ihé dingonal of the table, and the dotted lines
in the profile show the limits of the vertical angles which
may be taken with such an apparatus as is given in the
figcure; but these angles may be increased by raising
the apparatus higlrer,

A small dial, similar to the axis upon which the index
of a surveying compass revolves, may be adapted

The plan in fig. b7 represents also two methods of di-
viding the sides of the table into degrees, the circumfe-
rences drawn for this purpose being described either
from the centre of the table, or from the middle of one
of its sides. ‘

If a surveying compass be used, the magnetic needle
(or rather the limb, when -the needle is fixed in the di-
rection north and south) describes the observed -angle,
and indicates its quantily ; indeed the index moves freely
in a vertical plane, but it dees not show the number of
degrees which it has passed over; however, if a limb,
with its own index or a vernier, be adapted to the ring
through which the index of the compass passes, this in-
strument may also serve in faking relative and absolute
heights, afterthe box has been placed in a horizontal
position by means of a small mason’s level, or of a spirit
level, either fastened to the box, or detached from it.

Should not a surveying compass be at hand, but only
_ asimple compass, it will be easy to render this last fit

for surveying, by tracing the degrees on the limb, or
measuring them with a protractor; and by fixing to the
box a ruler, or a stem, which may supply the place
of an index. Indeed, it is. adcsn'able thing -that an
officer should know how to make a compass himself,
by means of any piece of iron he may find, and
-which has the property of a magnetic needle ; and also,
VOL. IIL ]
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that ke should be acquainted with the mcthod of giving
it that property. ¥
It is scarcely requisite to observe that, in recommend-
ing these expedients, we suppose an officer to be cn-
tirely destitute of the means of procuring instruments,
as these last should undoubtedly be used in preference ;
a number of them may be found, between the most per-
fect and the less accurate, which will prove highly use-
ful in reconnoitring ; although regular surveys would
not admit of their being used. Therefore, an officer
' should search for instruments as soon as he enters the
cnemy's country, and particularly it he is to perform
any survey which indispensably requires their use; an
observatory, and even the cabinet of a person who is
fond of making collections of this kind, will supply
him with that variety of insiruments which, from the
arbalestrillet to the quadrant, have preceded the re-

* The French Encyclopedia and other works explain the method
of making artificial magnets.

+ The arbalestrille, or Jacol's staff, fig. 58, notwithstanding ts
imperfections, deserves particular notice; as, with some modifications,
it may be easily constructed aud applied to the measurement of
heights.

Suppose that A B'is a stick which ‘may bhe placed ina vertjical
position by means of a plumb-line, and that DE represents a ruler,
screwed to the stick A B, and which invariably makes 2 right angle
with the vertical. Suppose, likewise, that BC is another ruler,
carrying a telescope, or which is fitted with sights or with needles,
and moves round the point B; if one face of BC and DE be divi-
ded into equal parts, and the opposite fuce of D E.into degrees
traced from B as centre, a kind of arbalestrille will be constructed,
by means of which we may instantly obtain and value the small
right-angled triangle which! is. reqmslte in-detennining a distance
or a height, one of the two heing given.

For further lHustrauon, see the subsequent pages in this and the
next articles, where several methods of tuking heights aud distance
shail be explained.
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peating and the reflecting circles. He will likely find a
sextant at a mariner’s house, and a theodolite, a graphga
meter, or a cross-staff, in the office of a land-sur-
veyor.

This last instrument, which is very convenient in the
narrow passages of mountains, in marshes and in woody
and intersected countries, answers also useful purposes
in every other kind of ground ; it may supply the place
of other means, js very common, and easily ysed: the
precision it gives is suflicient for reconnoitrings, and,
although it may not allow the work to proceed quickly
when the ground is measured with a chain or with rods,
yet it admits of expedition when this measurement is
cffected by pacing. A rectangular piece of wood, a
book, a right-angled triangle, in short, any surface.
having two of its sides perpendicular to each other, or
where two lines, forming a right angle, can be traced,
may, with three needles, compase a cross-staff, if no
other be at hand ; in this case, the stand may be formed
of a stick, pointed at the foot, and to the top of which
the instrument ig nailed ; see fig. 59, in which the three
needles A, B, C, placed in two lines parallel to the
smaller sides of a right-angled triangle, exhibit g speci.
men of a cross-staff of this kind,

The modifications we have suggested relatively to in-
dexes, as affording the means of perceiving the ob-
jects clevated or depressed with regard ta the horizon,
as well as a greater scope in the choice of the stations,
may also be applied to the sights of a cross-staff’; and,
if necdles be used for want of other sights, the field of
the visual ray will be augmented, likewise, by increas-
ing their length. Finally, when the base-line ascends
or descends a sloping ground, or should we only wish
to avoid tedious trials, we may incline the axis of the



132 A TREATISE

instrument in the vertical plane which passes through
this line ; no doubt, it is somewbat more difficult to
erect a perpendicular when the sights are inclined ; but
this operation will be sufliciently accurate if a plumb-
line be fixed to the céntre of the instrument, which de-
termines the point of meeting of the base and perpen-
dicular.

A pocket-sextant will also be found a useful instru-
ment in reconnoifring. In short, this operation requires
the easiest and most convenient methods, in preference
to those which are more elegant and precise, but have
not the above qualifications.

It frequently happens that an officer has no plan to
take, but only a height which commandsa camp; or,
perhaps, the breadth of a river, the declivities of the
roads which an army is to follow, &c.

A niveau : a perpendicule* will give the declivities of
a road, and may also serve in taking zenith distances.

The following method of measuring the elevation of
an object, when its foot can be approached, is as simplc
as expeditious.

Suppose it were required to determine the height of
the object B A, fig. 60 ; mcasure the length of its sha-
dow B G, as also the shadow & ¢ of a pole, a stick, or
of any other object, the height & @ of which is knows;
then make this proportion: -

asbc:ba:: BC:BA

Should the height BA be given, and the distance

B C be required, it may be found - without any actual

% This is the instrument, resembling 2 Mason’s level, the de-
scription of which has been given, and its use explained, in Ar
ticle VII. pages 63 and following.—Transiator,
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measurement, by substituting the following proportion
for the former.
asba:bc:.BA:BC.

This method is evidently founded upon the property
of similar triangles ; from which it is known that the
heights of the objects B A and b a are in proportion to
each other as the lengths of their shadows.

In order to value the height of an object B A, fig. 61,
place horizontally at C, upon the ground, a mirror or
any other smooth surface, such as a vessel of water, &c.
in such a manner, that you may view the 'image of the
top of the object BA reflected from the mirror; then
measure the distance EC at which you stand from it,
as well as its distance C B from the bottom of the object ;
and, after ascertaining the height ED of your eye above
the ground, make this proportion :

asEC: LD :: CB:BA;
or should the height BA be given, and the distance
B C required,

asED:EC::BA:BC.

This method is derived from the principle of optics
previously mentioned, that the angle of incidencc AC B
and the angle of reflection D C E, which are in the same
plane, are equal to cach other.

"We shall observe that a vessel of waler, or a piece of
glass, the plane surfaces of which are exactly parallel,
and which floats upon mercury contained in a box
larger than the glass, should be employed, for this
operation, in preference 1o common mirrors ; as it fre«
quently happens that the surfaces and frames of the
latter are not accurately adjusted, wherefore the use of
a level is requisite in order to place these mirrors hori-
zontally.

The kind of mirror which the above-stated picce of
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glass forms, may also serve in verifying the others, and
will suffice, in many cases, for determining the altitudes
of the stars, which it reflects with accuracy.

Other applications of optics to l‘oporrraphy may be
made.

Plane mirrors, for instance, will be found useful, in
many circumstances, for reflecting a luminous point
from one direction into another ; and by means of con-
yex and concave mirrors, objects,  whose natural magni-
tude would not allow them to be properly observed,
may be made to appear nearey and wider, or conversely
to be concentrated.

These mirrors in reflecting telescopes, and the lenses
in refracting. ones or prospective glasses, afford  the
means of -making new combinations, which increase
their. utility ; a portable prospective glass is particularly
necessary to an officer. He may adapt it to his instru-

~ments, or use it without them in observing distant ob-
jects, in order to extend his sight, diminish his fatigue,
and avoid, in pressing instances, not only the errors
which he might otherwise commit, but also such delays
as might prove equally fatal.

It has been attempted to extend these properues, dnd
to make prospective glasses serve in measuring imme-
diately, by a simple glance of the eye, a height, the
interval between two objects, and the front of a troop or
of a work ;- in short, all the kmds of magnitude whlch
it is the .most important to asccrtam in war.

Such is the object of micrometers. '

The reader knows that the telescopes adapted to in-
struments have reticles at the focus, that is, cross
wires which cut each other at right angles, and the in-
tersection of which ought to be in the axis of the te-
lescope, as otherwise the observation would not be
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made in the vertical plane which determines the number
of degrees. An inclination of 45°is sometimes given to
these wires, in order to prevent their covering the hori-
zontal and ‘vertical dimensions, but they are most fre-
quently parallel or perpendicular to the horizon. Sup-
pose that a moveable reticle follows in its motion either
a horizontal or a vertical direction, the fixed reticles
being in any of the three positions in which they may
be placed ; it is evident, in this case, that the deviation
of the moveable and fixed wires will give the base of a
horizontal or a vertieal triangle, the vertex of whichis
at the centre of the object-glass ; and also, that, if the
fixed reticles be inclined 45° the moveable reticle will
form the hypothenuse of a small right-angled triangle
which is the base of a pyramid having its vertex, like~
wise, at the centire of the objcci-glass ; it is not less ob-
vious that these triangles, or this pyramid - which is
formed upon the image, is similar to that which the
respective dimensions of the observed object make with
the centre of the object-glass; thus it will be sufficient,
in order to determine the several dimensions of this ob-
ject, to know its distance, which . may be .valued from
onc of those dimensions being known. For example, if
we are acquainted with: the mean height of a foot or a
horse-soldier, or with the space which a battalion or a
troop usually occupies,. we shall be able to determine
its distance from us with as much precision as war re-
quires. .

This supposes that we know cvery. thing inthe image ;
in fact, its distance from the object-glass is known,
and the place of the focus may be easily found. We
may measure the deviation of the reticles by means of di-
visions or of a net-work traced upon a planc glass, which,
according to circumstances, may be polished, unpo-
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lished, or coloured ; we may also value this deviation,
as astronomers do with A4uzoul’s micrometer, by count-
ing on a limb the number of turns of the screw which
occasions tlre motion of the moveable reticles. When
we are obliged to use any micrometer which we have
at hand, vne or iwo obscrvations, upon objects of known
magnitude and positions, will give the ratio of the turng
of the screw to thé deviation of. the reticles; but should
we order an instrument to be pu'rhoscly made, it is
proper and easy to determine this ratio before the in-
strument is constructed, in such a manner that it may
serve in forming simple and commodious tables.

The mechanism by which the wires are moved is
simple, and docs not dif'I'cr from that which is almost
always used in order to ‘procure that gentle and insen-
sible motion which opticdl instruments require ; it only
consists of a screw, a f¢Ww springs, and of one or two
wheels which communicafe the motion of the reticles to
the hand that indicates the turns of the screw.

This mechanism, however, notwithstanding its sim-
plicity, can scarcely be adapted to prospective glasses
intended for reconnoitring, as it would render them
stitl too complicated, but it may be used to advantage
for dclicate astronomical operations.

Various methods of supplying the place of ﬁ.\'e(l\ and
moveable reticles in these glasses iave been contrived;
some substitate for them a plane-glass, upon which de-
grees or aliquot parts of the distance from the focus o
the centre of the object-glass are traced : these divisions
are frequently drawn on the horizontal diameter, and
somctimes also upon the vertical diameter; finally, a
net-work only may be used, and the magnitude of the
objects determined by the number of squares which
their image covers ; such is the micrometer of Brander,
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an optician of Augsbourg,* and such is, likewise, or
nearly so, that of Mr. Schamhorst, a Hanoverian officer 3
this last was used in the present war, with some modifia
cations adapted to it by Soukait, a chicf of battalion in.
the corps of engineers.

. Asa description of Brander’s micrometic prospective-glass may
be acceptable to some readers, we shall give it in this note.

This instrument consists of a small tube CDE T, fig. 62, con~
taining two convex lenses C D and E F, the focal distances tband né
of which are equal, and so disposed as to correspond with the mid-
dle of the distance between the lenses; in this point, or common
fucus, a micrometer G H is placed, and very delicately traced on a
plane.glass, upon which the object-glass E F transmits the image ofa
distant ohject A B;this image appears likewise at the focus of the eye-
glass C D, wherefore it ought to be distinctly seen when the eye of
the observer corresponds with the other focus in m, for since the
rays 4/ and b & are parallel, and 2 b is equel to £/, it follows that we
havethe angle km /== 67 a—=A i B; thus the object must appear
exactly of the same dimensions as if it were observed by the
naked eye, : .

The micrometer G H is a glass of which the two opposite surfaces
are plane; two parallel lines are traced on one of them with a
diamond, and divided into intervals which are exactly equal each
to i.th ofaninch; they ought to be very delicately expressed, and
this is the most difficalt ‘part of the instrument to execute. Should
the distance from the focus to the object-glass' be made one inch,
one interval of 1-in. will be the chord of 1° 26"; .2; - will give the
chord of 20 52, and -3; in. that of 4° 18, &c. But, should this dis-
tance be 2 inches, one interval of .3; in. would, in this case, be only
the chord of 43, and if the same distance were three inches, the
are corresponding to -1:in. would not exceed 283, &c. the reason is
that in this instance, the angles and their chords preserve the same
ratio, so long as the former are very small; wherefore, the visual
angle at which the object appears to the eye may be instantly ob-
served and indicated, let the distance be what it will.

Itis to be observed, however, that this kind of rectilineal grapho-
meter ought not to be continued further than 4 or 5 degrees on each

side of the diameter, as a greater distance would occasion errors in
YOL, 1I. ! T
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The divisions are traced upon the glass with the
point of a diamond, or else with fluoric acid ; and for
the metal wires that werc sometimes used, silk-worm or
spider’s web is now substituted, and fixed on the glass

the measure of the angles, on account of the distortion of the parts
towards the edge, and particularly if the focus of the lenses were
small; wherefore it is preferable to trace the scale according to the
following table, by carrying the chords for each halfdegree on each
side of the diameter, and assuming the distance from the focus as
the radius; in this manner, the measurement may be extended te
angles of 18 and even 20 deg. This is the table:

Angles. chords in 1000.0 ' Augles. chords in 1000.0
deg. ~ minparts of the radius,| deg. minparts of the radius,
0. 30. 8. 7. 5. 30. 95. 3.
1. 0. 17. 4. 6. 0. 103. 9.
1. 30. 26. 1. 6. 30. 112. .
Q. 0. 34. 8. 7. 0. 120. 9.
2. 30. 43. 5 7. 30. 129. 4.
3. 0. 52. 2. 8. 0. 137. 8.
3. 30. 60. 9. 8. 30. 146. 3.
4. .0. 69. 3. 9. 0. 154. &
4. 30. 78. 1. 9. 30. 162. 7.
5. 0. 86. 7. 10. 0. 170. 9.

The apparent magnitude of the objects may, therefore, be easily
estimated and compared by this means, since the image, which
shows itself in the micrometer, indicates its comparative magnitude
by the number of intervals that it fills; thus we may conclude that
the magnitude of an object, the image of which occupies twa in-
tervals, is double that of another object which ouly occupies one,
both objects being seen from the same place. Likewise, if we suc-
cessively ohserve an object from two different points, and find that
its image occupies twice as many intervals in the second observation
as it did in the first, it is certain that its distance from us, atihe
time of that ubservation, is only half of what it was when the first
was made; we may determine, in the same manner, either the
height or the breadth of objects, when we know their distance ; and
reciprocally, this distance may be estimated from the height
ur the breadth of the objects being known; in the first case we haves
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with an imperceptible quantity of gum or of varnish,
Our opticians make these divisions much finer than is
required even for the most diflicult operations relative
to reconnoitrings.

as the distance from the focus to the object- glass is to the length
or height of thei image in the micrometer, sois the known distance
of the object to its height or breadth,

Fig. 65, asae:fg::ad: be.
and in the second case

as fgrae:: beiad

Brander constructs two different kinds of tubes; those A, fig. 63,
are vertical, and the i images of the objects are conveyed within them
by means of the mirror C, which the screw 4 serves to incline ac-
cording to the positionsof the objects; the other kind of tubes, fig. 64,
are the same as the former, except, however, that they gre horizon-
tal, and may be directed straight to the object, whlch appears to the
eye in @ by means of an inclined mirror; in both tubes, the

cylinder D or & may be lengthened or shortened so as to suit the

sight of the observer. Plane-mirrors are adapted to these tubes,
not only for gwmg the objects the erect instead of the inverted
position, but also in order to distinguish by the eye, with greatér
facility, the number of intervals or chords which each object occu-
pies on the micrometer, as with other glasses the motion of the
hand whlch holds the instrument would render this observation
dlfﬁcult

The other component parts of Brander’s micrometic prospective
glass, which the plate represents, are a small shade O, containing
a black-coloured glass which is used and placed before the eye- -glass
D _/tg 63, when luminous bodies are to be observed.

A’ cover P, which is pierced with a small orifice, in order to be
posited befure the object-glass in observing luminous bodies.

The micrometer Q; the distance fromn the focus to the object-glass,
which serves in regulating the divisions of the micrometer, should
be marked on this tube. '

The net-work R, traced on a plane-glass, and each side of which
measures 2 degrees; this net-woik may serve for taking plans, by
being substituted for the micrometer.

" § is an unpolished plane-glass, which, if it be also substituted for the

-micrometer, will gwe a camera oscura for observing luminous bodies.
Translator.
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. In case of necessity, astronomy might supply us with
other instruments useful in war; Bouguer’s heliometer,
for instance, may be rendercd portable. The construc-
tion of this instrument is very simple, and the use of
it presents no difficulty ; a telescope, with a single eyc-
glass, carries two object-glasses, or two half object-
glasses, which are moveable, and give a double image
of the observed terrestrial abject or heavenly body;
of the sun, for instance ; if ihe object-glasses, or one
of them be moved until the images touch each other,
the interval between the centres of these glasses will
give the diameter of the sun, as measured by the inclina-
tion of the two rays which scparate them. The dimen-
sions of the objects which may appear at once at the
focus of a telescope, or the intervals betwixt them,
might be measured in the same manner. Finally, no-
thing would be more easy than to combine the idea of a
double object-glass with ihat of a micrometer, and to
apply the result of this combination to estimating the
distances of objects comprised’ in a more extensive field
of view, or the intervals between them, taking two di-
rections at once, and, in short, to procuring a substi-
tute for reflecting instruments; at least, within certain
limits.

We should, thercfore, continue Rochon’s ingenious
experiments on acromatic prisms, as well as on prisms,
or object-glasses, formed of substances which give a
double refraction ; and on the means of applying this
property, the deviation of the images, and the distance
between the two foci, to the measurement of the angles
which any objects make with each other, and cven of
the angle formed by two objects, one of which is very
near us, and the other very distant.

Perhaps means will also be found for determining
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distances from the guantity which the tube that carries
the eye-glass is drawn out. Several officers and opti-
cians have already applied this idea to common pro-
spective-glasses, and atteropted to estimale the distance
of two objects placed cither very near toor very far from
the eye, from the necessity of increasing or diminishing
the distance between the eye-glass and the object-glass ; a
kind of approximate scale of distances being traced upon
the tube of the instrument.* -

The resources which optics afford, and the multipli-
city of instruments which we may combine in various
ways for the purpese of rendering their use applicable
to necessities of all kinds, are undoubtedly affected
with a great number of errors resulting from the diffi-
culty of working the glasses accurately, and, as is the
case with lenses, from the figure we are obliged to give
them ; the smallness of the ficld, in common prospective
glasses, limits the extent of the visual ray, and dimi-
nishes the clearness of the observed abjects, while a
large ficld affords the contrary properties, but bends the

# This process requires that during the motion of the ohject-glass
the instantat which the image is the most distinct should be seized, and
it can only serve when the distances of the objects from the eye are
sufficiently great to require the eye-glass to be drawn out an ob.
servable quantity ; t,l‘le approximation will never be rigorous, and
this means would not deserve to be noticed were 1t not fur the means
which every officer pussesses of determining for himself the divisions
of his own prospective-glass from a series of experiments, and of
marking them for 2 time, with the point of a needle, upon the
tube which carries the eye-glass, until habit and successive corree-
tions have rendered Lis scale sumewhat more accurate; when he
may have them, at Jast, permanently traced upon this tube,

Many ingenious contrivances, for analogous purposes, are given
by Dr. Brewster in his Treatise on philosophical iustruments.

e Translafor,
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images. On all sides, the applications are confined,
when precision in the results is indispensably required ;
but as accuracy beyond a certain degrec is not the first
condition to be fulfilled in reconnoitrings, the use of
optical instruments is less limited in this respect. Such
is the motive which leads nie to notice the various means
to be derived from optics, and which are found at all
places, as, in casc of need, they may serve an officer in
extricating himself from embarrassment; under this
point of view, they all should be known to him, but it
is perhaps desirable, for the good of the service, that
comparative experiments should determinc the instru-
ments to be preferred, in reconnoitring, as being the most
simple and convenient, and also the most expeditious
for obscrvation ; without their want of accuracy, how-
ever, exeseeding proper bounds.

I could easily indicate other and numberless applica-
tions of the science of optics, and show in what manner
a portable camera oscura, or other apparatus of the same
kind, may serve, in cerfain cases and positions, for
taking speedily a view of a country, copying or reducing
a drawing, and for reconnoitring, from a besieged placc,
what is passing in distant parts of the country leading
to this place, or the dispositions of the enemy against a
front of attack ; butany officer who wishes to meditate
on this subject will himself find out these applications,
which are almost infinite.

There arc other instruments, which it is likewise suf-
ficient to call to mind ; such is the odometer, for in-
stance ; this simple and ingenious instrument’ gwes thc
distances passed over by the observer, cither on foot,
or on horseback, and in any kind of carriage.

'The mechanism of odometers is easily conceived.—
Suppose this instrument to be adapted either to the
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thigh of the observer, or to the hip of his horse, or,
also, to a wheel of his carriage; at each step, or at
each turn of the wheel, a spring, ora first wheel belong-
ing to the odometer, will receive from the motion of the
muscles, or of the carriage, an impulsion which it
communicates to a hand turning round a dial-plate, by
the common means used for imparting a movement of
this kind ; this hand describes as many degrees as the
observer or his horse have made steps, or, as the wheel
has made revolutions ; therefore, the mean value of these
steps being known, as well as the distance passed over
by the wheel in each revolution,* a second, and even a
third wheel may be adapted to the odometer, and so
disposed that other hands will mark on other dial-plates,
these being concentric or not, a number of degrees equal
to the number of miles, or of leagues, which have been
passed over.

This last instrument has been brought to such perfec-
tion in some respects, as to indicate or deduct the retro-
gade steps ; but its use supposes that we know all the
changes of direction from a map already drawn, or that
we actually measure them with a compass or any other in.
strument ; besides, the odometer gives the lengths of the
roads according to their surfaces, but not the horizontal
distances, and it is requisite, inorder to have the latter, that
the ground should be level, or the errors, which arise
from its undulations, compensated by each other; or in
fine, that the heights and declivities of the roads should
be determined by means of the barometer or of a
level.

* This distance is evidently equal to the circumference of the
wheel supposed to be stretched in a strajght line.— Translafer,
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Therefore, the odometer alone is of very limited
utility ; itcompletes, soto speak, the number of expe-
ditious instruments, when its use. is combined -with that
of the compass and the barometer.

The barometer is the or)ly instrument with which
allitudes may be taken with. suﬂiuent expedition, and
in suflicient numbers, to allow the. rcspectxve elevations
of places to be indicated .on a map ; an important im-
provement, which is unattainable by the other instru-
nments generally employed ; Dbesides, its use. affords a
means of taking from the summit of a mountain, the
map of all the. accessible innts'_,(")f:. its counterforts, or
of the plain, which may be discovered, and where ba-
rometrical observations have been made... The barome-
trical observation at the summit of the mountain, ulti
mately gives the absolate and relative heights of .all the
points that are scen, thesc -being compared with each
other, and with the principil summit. These heights
are so many vertical bases or known sides in the triangles
which the differeunt. points form with, the central station
and the .plumb-line ; wherefore it is only further requi-
site, that the necessary angles for determining the py-
ramid, or the irigunometrica_l”‘p'rism,v should be taken
from this station. with a repeating circle, or any other
instrument.® '

* Suppose that’ the’ dx("'erences of level AN lM of the three
points A, B, C, fig. 66, are known.

If in addition 1o these (l)ﬁ'erencts, we take from the points A, B, C,
the angles which the vicual rays muke with the plumb-line, we may
easily determine the vertical triangles A A’B, A C M, and BCC.

The three sides A’ C', BC, A’ B, of the horizuntal triangle being
thus known, 1ts angles may be calculated without any difliculty, or
olnaiued by construction.  (See, for the calculation, the last for-
mule in the vote?, page §7.) -
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Two material imperfections limit the use of the baro-
meter in taking altitudes.

First, the little sensibility of this instrument allows it
to be applied to the above purpose only when the dif-
ferences of level are rather great; this defect arises
from the density of mercury. Thermometers may be-
rendered sensible, at the will of the observer, by varying
the liquids intercepted in the tubes; but even supposing
that we might succeed in finding or in composing for
the barometer a liquid less dense than mercury, although
sufficiently fixed not to be converted into vapour in a
vacuum, yet there would remain a condition to be ful-

By this method, the survey of a country of which the level was
taken, only requires, that the angles of inclination, or the inclination
of the lines which connect the stations, should be measured.

But if the station C cannot be seen from a station B, or should we
wish to refer the measures of all the anglesto a single station A, we
must also observe the angles which, like BAC, are comprised be-
tween the lines directed from the point A to such other stations as
B and C. On the other hand, we may dispense with taking the an-
gles of inclination like BC C, and determine them without repair-
ing to the lower points, such as C.

Supposing a single station A, the sides A Band A'B, CM and
C A, of the vertical triangles A B A’ and A C M, dre to be calculated
as above; these triangles will give AB and AC, and the angle
B A C being determined by observation, B C will be obtained.

Having BC, and C C' being also known in the vertical triangle
C B C’, the third side B C’, which is common to this triangle and the
horizontal triangle B A’ C', is to be determined ; this last may then
be easily constructed, since A'Band A’ C'are already known,

Lastly, BC and C C’ may serve for calculating the angle of ineli-
nation B C C', if required.

This last method affords the means of surveying mountains, by
levelling with the barometer and making a single trigonometrical
Station at one point of the summit whence all the objects. of which
the level was taken can be seen.

VoL, 1. u



146 A TREATISE

filled, which is the portableness of .this new instrument ;
inclined tubes have been proposed, where the mercury.
follows the diagonals of rectangles having their base so
much longer as the tube is more inclined, and their
heights indicated by the . variations of the mercury in
the vertical tube, but this construction renders the instru-~
ment inconvenient, and, what is worse, much lesscer-
tain, as the friction of the mercury against the interior
surface of the tube ought {o be taken into the account.

The delicacy of the mechanism by means of which
the motion of the mercury is communicaled; to a hand,
or to a vernier, which moves upon a dial plate, makes
it liable to be deranged, while its weight and friction
still diminish the sensibility of the-instrument; however,
the best barometers.are made according to this method,
and they ought to be preferred to any other, unless no
inconveniences are found, in practice, in applying the
ingenious scheme which Conté proposed to use for
taking heights, barometers with tubes inclined but cut,
and to- measure theif altitudes by the quantity of mercu-~
ry which overflows.

The second source of the errors which may be com-
mitted in using the barometer, is. our uncertainty re-
specting the causes of ‘the variations of the mercury, and
the naturc.of the corrections which the observations re-
quire ; we ought to recur to the works of the most dis-
tinguished gcometers and meteorologists for an illustration
of the calculations, hypothesis,’and observations upon
which their formule are founded ; time may remove our
doubts and enable us to know the respective influences
which the temperature, the winds, the vapours, the
gasses, and other fluids mixed with the air, exercise
upon the oscillations .of mercury; and also, in what
manper these influcnces, which, tuken.sepﬁrately, are
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insufficient for explaining the problem, actail together,
and give rise to a multiplicity of partial .and sometimes
simultaneous modifications in the atmosphere ;* in short,
it belongs to learned bodies, encouraged by governments,
{o form a plan of observations and experiments relative
to this phenomenon; to render the instruments and me-
thods uniform ; to entrust the work to distinguished
pbservers, and to give them the necessary assistance in
a series of operations which will require courses, a choice
of insiruments, and perhaps the use of machines, such
as the arcostatic machines.

]t follows from what has been said respcctmg the baro-
meter, that the instruments particularly adapted to
geodesic operations are-as yet preferable to it for taking"
the exact altitnde of heights; and even that levels,
which are constrpcted ‘and used with -care, have some
advantage over it for this purpose ; indeed, the precision
which" the barometer gives is sufficient in a reconnoi-
tring when the differences of levelare rather great ; but,
should they be small, levels ought to be employed in
preference, if these dxﬂ‘erences are to be accurately de-
termined and we have time to value .them so.

Levels have been indefinitely varied, and one of the
simplest is the water level ;+ by using them successively

* Since the publication of this Essay, Biot has investigated the
mﬂuences of these causes, and solved the problem ia 2 manner that
leaves but little to be- desued He has also computed tables for facili-
tdung the calculauons, which render them extremely simple anq :
easy. His investigations and tables will be found in the first volume
of this work.

The ‘works of Saussure, Deluc, and the more recent Memgirs of
Kirwan, Dalton, Leslie, and Ramond,-a member of the Freuch
Institute, may also be consulted.—Translator.

" % See the description and use of this level in page 59, Vol. IL.
Transiator.



148 A TREATISE

at the requisite stations, we obtain the. heights of the
summits of all the angles ‘which a series of triangles, or.
the lines drawn in any map; form on the ground.

‘When the levélling to be carried on embraces a great
extent of groundy the curvature of the earth must be
considered ; and should the stations be very distant from
one another, the “errors of refraction, which increase as
the distances, ‘and vary ‘according to the state of the at-
mosphcre, ought to be taken into the account. Tables,
which it may be useful to perfect, in order to use them in
rigorous operations, offer every requisite means of cor-
rection applicable to reconnoitrings, when these last re-
quire some levellings which timeallows to be performed.*

‘We havetaken a view, in the two preceeding articles,
of the principal-instruments that may be used in recon-
noitring. 'T'he modifications they require, and the rough
constructions which may- sixppl_y their place; or -extend
their use, and afford immediate resources in-unforeseen
circumstances, have also been considered.

But even the miost fertite mind'in expedients cannot
alone suggestmeans for all ‘circumstances, and -the re~
sources which we may derive from our imagination do not
supply the . place_of positive knowledge, since, on the
contrary, this knowledgc ought to direct our combina.
tions and contnvances.l Thcrefore an_cfficer should not.
neglect to acquire. it,,; and rely solcly upou lus own. expe-
rience : the informationwhich he.must -have: .may he ea-

sily obtamed and Wl“ doubie hlsmcans H and if lle also

BN NE TR

o Ta,bles of tlus dzsc,np#.\on well be fouml in the works .of several
‘authors. ... Lt 4 N

What has been said in the note"‘ pane 144, of thls volume, respect-
ing the Rarometrical Lievelling, .is .also applicable to the other me-
thods of performing thiy observation.
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possess the spirit of his profession, the ground, and the
circumstances in which he may. be placed, will teach him
therest. Let him attend in his studies to. both Ihcor y and.
practice; for, if muchart and mtelh«rcnce be. requlme in
using the most delicate mstrur_x_lents an.d;pro,qc_ss, coayser
instruments and methods require a mare c;ipci}ence(l ob-
server : similar, in this respect; to ﬁn.qblk?_\:s;orkman, who
alone can make a skilful uge of.an imperfect tool.*

In general, there is scarcely any means which may not
be applicable, in one circumstance or the other, to a
branch of service in which nothing is preciscly deter-
mioed, but every rcsult an approximation ; and where an
order which is given; admlts of no answer,. but requires
acting,  without the want of {llc usual dnstruments being
any excuse.. In short, no contrivances should be de-
spised, as even the smallest assistance may facilifate the
business. Imagination creales means, whllc erudition
reminds_an officer. of all {he resources . which time and
previous operations have suagcsled his intelligence ena-
bles bim to select such of them as are the most suitable
for his purposes, and the practice he has acquired teaches
him the best method of applying them,

*A nouce in which all the instruments known would be compared,
and a historical account given ofthe gradual improvements relative to
them, would facilitate their use; and guard the observer against the
.errorsof their previous application, It would particoiarly. servein per-
fecting those iustruments by each other, as the means of transferring
from one to another, the ingenious dispositions which some of them
exhibit, would thus become more conspicuous ;- hesides, a notice of
this kind would leave in the mind of an officer the remembrance of a
numberof different combinations; by means of which he might con-
trive instruments adapted to reconnonrmgs, and ha.ve them executed
in haste. '

This article is mtended to convey such notice, but the limits of this
Essay did not allow the subject to be treated of at fulllength,
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ARTICLE ViiI.

On the Surveys performed with rods, chains, measuring tapes,
or onlty by pacing ; ‘and on several other operations where
we may also dispense with the use of instruments.

ArtHougH the instruments adapted to Geodesic ope~
rations and levelling should be employed whenever the
nature of a reconnoitring allows it, yet it very frequently
happens that none can be conveyed to the spot, or found
at hand ; and that-difficuliies intervene in forming occa-
sional ones of any kind of materials which can be pro-
cured: nay, even supposing that we are supplied with
instraments, time may not permit us to use them.

But, in circumstances of this kind, many operations
may be performed, with tolerable expedition and accu-
racy, by means of staves or poles, measuring tapes,

chains; rods, and of sticks graduated either before hand,
‘or in haste upon the spot.

This subJect wxll be illustrated in the following exam.
Pples :

Suppose it is reqmred to determine the dlstance AB,

fig. 67.

MakeB C perpendlcular to A B and of anyconvement
Yength ; then let CD be an aliquot part of C B, such as
1 % 1,&c. and plant astaffat D ; and after having traced
the line C E perpendicular to C B, walk along -that line
until you cometo a point E in the direction of Dand A ;
measure C E and make this proportion,

asCD:CE::BD:AB.

Should any ‘bstacle prevent you from tracing the per-
pendlcular CE below the line C B, proceed asin fig. 68,
that is, make the line A B, which may be of any conve-
nient length, pérpéndicular to the required distance BC,
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and measure also any convenient part A M of that line ;
erect at M the perpendicular M N.to A M, and observe
the point N where this perpendicular is cut by the line
A C, which passesthrough the object C and the end A of
A B; then measure M N, and malke (his proportion,
asAM:MN::AB: BC.

These methods may be used in: measuring the breadth
of ariver, our distance from the enemy, or, in short, that
of any point of station where we stand, from aninaccessi=
ble object. .

The same purposes may be attained as follows, although
the operation is, perhaps, not quite.so simple as the pres
ecding s o .

Suppose the distance A B, fig.- 69, to be required =

Plant a staff C,,in a line with- A B, at a distance BC
apparently equal to one third, at least, of. the length of
A B, asestimated by the eye; measure B C,.andy either on
the right or lefl af this lines measure also any distance C E
(the longer the better) in whatever direction you may
choose ; fix the middle point. D of C E,. and after baving
determined the peint F, which should be at the. same
time in both the directions B Eand A D, measure B Fand
F E ; then the required distance A B will be found by
this proportion, e A

~as}BE~BF:3BC::BF:AB.
Now, let us suppose that the, inaccessible distance A B,
between twa objects A and B, fig, 70, is required :

Take any point C, from which you perceive the ob-
jects A and B, and can measure such distances as C D
and CE, in the directions C A and C B it is proper
that those distances should.be made as long as possible,
although, strictly speaking, they may be small compas
ratively to CA and C B. -

This.done, find the lengths of C A and C B by the me-
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thods just explained, or by any otker, and plant 2 staff I,
in the direction C A, at any proper distance from C;
place also a staff E, in the direction C B, but at such
point that C Il is to CD as CB to C A; then measure
D E, and make this proportion,
asCDorCE:DE::CAorCB:AB.

The ratio of CE to €D may evidently be determined
without any difficulty, since CD may be made of any
length, and CA and C B were measured.

Altitudes may be measured by means equally easy.

First, should it be required to mecasure the height of
the object C A, fig. 71, the foot of which is accessible.

Two poles ¢d, fg, of unequal lengths, being set up
parallel to the object, in such a manner that the visual
ray d A, directed to the top A, grazes thetops 4 and f of
the poles, measure the distances ¢ gand ¢ C; then make
this proportion,

asdh =eg:hf::dK=¢eC: KA.
K A being thus determined, it only remains to add CK
to it, which is equal to the length e & of the shorter pole.

The same operation may be done with one pole, asfol-
lows, see fig. 72, in which B A represents the required
height.

After the observer has fixed a pole D C upright in the
gl"Oﬂnd, by trials, sothat, having laid himself on his back;
with his feet against the bottom of that pole, he may see
the top of it, and the top A of the object B A in the same
right line F A, the distance F D, from the eye of the ob-
server to the foot D of the pole,will evidently be in propor-
tion to the length D C of this last, as the whole distance
F B is to the height of the object B A, which will consc-
.quently be obtained by making this proportion,

asFD:DC::FB:BA.

Secondly, should any obstacle prevent the obscrver
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from approaching the foot of the vertical axis that passes
throughthe summit of the object the height of which is
required, the inaccessible distance may, first, be deter-
mined by one of the methods just explained, and the
remainder of the operatlou be made accordmg to the two
last problems.

Or else, suppose the hexght of the maccess1ble object
B Gto be required, fig. 73.

A pole 1K being set up at-any point I of the ground,
another pole M N;:longer than. the preceeding, is also to
be fixed, in such a manner, thatthe tops K and N of these
polesare in the same right line K C as the top C of theob-
Ject; this done, the observer is to.place himself behind
the pole. M.N, and o direct:a visual.xay N A along the
tops of the poles;in order to determine the point A where
the line N Kor C K produced meets the ground ;. next, an-
other point M’ being taken in the prolongation. of the line
A 1 M, and the triangle;Ax M4 N'.determined -by the same
method as the triangle A M N, the distances AM,AA,
and A' M’ should be mea,sumd Naow,. itjste be observed,
that, should-the triangle:d- M, Ni he apphed to the trian-
gle AMN,as: shewn by the triangle.A N--D,athis Jast will
be similar to the larger triangle A C A'; therefore,-

asAM AB..MN BC
and . Tt % FR A PRI
a8’ AN A‘CE ‘CAM‘NA Be =JA’D~ AA‘
Hence, because of the common raticA M : A B, we have

as’AD : AA' : MN‘ BC
or, ‘asd D 'ﬁ' D
d
In this formula, d and D aré the dlﬁ"erencc of the bases of
the smaller and larger trmngles, the respective heights of
which are expressed by % and H.
YoL. II, x
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It is evident that the process represented by fig. 73 is
also applicable, as well as the formula H = Qd_h. to the
case of the Jacob’s staff, the niveau d perpendicule, &c.
and other instruments being used. ‘

More rough means may give the heights and distances
when it is only wished to estimate them with liftle pre-
cision,

For instance, instead of poles, in the preceding exam-
ples, a graduated staff may be substituted, which is held
in the hand ; the hand of the observer being al the height
of hiseye, lie examines at what point the visual ray which
grazes the summit of the object, cuts the divisions of the
staff ; rulers, forming a right-angled triangle, which we
apply to the eye, offer another method of approximation ;
a thousand different ones may be contrived, all of which
consist in forming small triangles similar to those which
the eye makes, at one or various stations, with several ob-
jects, or with one object and the horizon. The remainder
of the operation isreduced to the measuring of abase which
determines, or scrves in determining, one side of a larger
triangle, and easy analogies give afterwards the required
dimensions.

Another method, which differs from the preceding,
but may be applied with as much facility, is that inge-
n'ous artifice, by means of which peasants take the dis-
tances of inaccessible objects: they place the end of the
corner of their hat, their eye, and the object, in the same
rightline, then turn upon one of their heels,* without al-

# The error which undoubtedly aflects this approximate measure-
ment will be smaller, ifthe observer can perceive an accessible object
by ‘simply moving his head round, instead of turning upon one of hie
heelse—Transiator,



ON TOPOGRAPHY. 155

tering the vertical position of their body, and observe an

accessible object which is situated, like the former, in the

direction of the eye and the corner of the hat; they mea-
sure its.distance from the point of observation, and con-

clude that it is equal to that of the inaccessible object.—

Instinct and experience have taught them, that, by using

this process, they transfer a line, which cannot be passed
over, to an accessible ground, and that the length of this
line will not change, provided the positions of the hat
and the eyc remain the same with regardto cach other and
. to the ground. In fact, it may be casily seen that, in this
operation, the eye, the feet of the observer, and the cor-

ner of his hat, determine the generating (riangle of a
cone, having % vertex at the eye, and the base of which
remains the game if the other two sides do not vary
durthg the rotary motion of the observer.

Fig. T4 shews the generation of the cone formed by
the visual ray A C’ which the observer dirccts, by turn-
ing upon himself as round an axis A B, from the inac-
cessible point C to the point C’ which can be approached.
It is evident that the distance B C' is equal to B C, as
they both are radii of the circular base of the conc;
wherefore B € will be obtained by measuring B C'.

This method, as well as those which are founded upon
a position of the arm, or a motion of the body, in any
direction, are gencrally affected with errors of a certain
magnitude ; but these errors may be diminished by sup-
porting those parts of the body which ought not to move ;
forinstance, instead of using the corner of a hat as a point
of direction, in the operation just explained, we may
prefer a cane supported against the knee, or any other
means of the same description. In short, whether these
processes or instruments are used, previous experiments,
repeated observations, and a great practice, will allow
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the operations to be performed with such expedition and
precision as appear scarcely possible at first sight.

In the same manner, we may also measure all distances’
by pacing, without any great error; this expeditious
means is most frequently suflicient, and nearly the only
one which may be used in the field. In a word, an
officer’s own person, aswell as his assistants and horse,
are, if I am allowed to employ this expression, the first
instruments which he should study and regulate.

The natural step of a horse which was properly broken
will also serve an officer in taking distances with as
.much expedition as circumstances may require; and
particularly if he be master of the horse. The head of
this animal gives the first point of a dirpagtion which is
to be determined, and its height and otaer dimensions
may afford the means of estimating the breadth of a road,
a bridge, a defile, as well as the depth ofa ford, a shoal

and of wet and marshy places.

It is especially requisite that an officer shoq]d be ac-
quainted with his own dimensions ; indeed, the names of
measures in use among all nations, such as, pace, foot,
&c. sufliciently indicate that measures were originally
taken from the dimensions of the human body. There.
fore, an officer ought to know the proportion that the
natural measures he may employ bear to those which
were agreed upon, and arc used, either in his own
country, or in those where war may be carried on;
his stature, the height of his eyes above the ground
where he stands, and particularly the space which he
passes over in a second at a slow step, quick step, and
presscd time, are quantities which he must ascertain from
a series of experiments, as they will supply him with
useful data, _

No general resulis can be pointed out respecling exs
periments of this kind, as each horse and each observer
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require particular trials; an officer should make his
horses go, at .all kinds of steps, and for a given time,
over a space which he may afterwards actually measure
with precision ; or else, over a space which is ‘known,
but an account being taken, by means of a good and
well-regulated watch, of the time the horses were in
going over this space ; the officer himself should do the
same. Let him repeat thosc experiments on different
kinds of ground, and estimate on roads, the declivities
of which he knows or can measure, the influence which
these declivities have upon the pace of bis horse, or upon
his own ; in this manner he will accustom himself to va-
Iuethe steepness and length of a declivity from the length
of time employed in ascending or descending it. It
is important, likewise, that he should consider every
circumstance relating to these experiments, such as
the fatigue of his horse, or his own, and repeat his
trials at different times. Lastly, it is proper that he
should reduce his observations into tables, and com-
prehend in these tables, in their respective classes,
not only the mean which the same series of ex-
periments has given; byt also the extreme tferms;
for, it is a negligence but too common, respect-
ing sciences founded upon observation, to consider the
means only, and not to pay suafficient attention to the
extremes, which alone can explain extraordinary cases,
or serve in resolving them,
It is casy to perceiye what advantageous use an officer

may make, in pressing circumstances, of his guides, the
- men who form his escort, and particularly of his perma-
nent assistants, in order totake a direction in haste, and
approximate measures. His previous labour ought not
to discourage him, as he will be indemnified for it when
he is actually practising ; the habit of measuring dis-
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tances rapidly, allows a great extent of ground to be
described, in war, within a short time ; it quickens the
work, and multiply the results: but it particularly
forms the coup d'eil, and is therefore the best prepa~
vatory qualification for surveying by the eye alone.

ARTICLE IX.
On Surveying by the eye alone.

The last kind of reconnoitrings remains to be consi-
dered ; in which, instruments cannot be used, nor the
distances measured even by the pace of man or horse;
to this kind belong the observations made for the purpose
of reconnoitring, in a short time, a country where an
officer is compelled to proceed with ithe same expedition
in his operation asif he only was a traveller ; such are
the circumstances in which it is required to take in
great haste the environs, the site, and, if possible, the
general configuration of a fortress, the investiture of
which is to take place without the garrison suspecting
it: the position occupied by the cncmy, before we
attack him ; his movements; marches, the line of his
outposts and quarters: the banks of a river, or of a
stream, where he has thrown up tétes de pont: the de-
files of marshesand mountains, which he is watching,
and proposes to defend : in short, the aforesaid kind of
reconnoitrings comprehends the observing of all the
particulars that, in maps, are relative to the representa-
tion of the ground, and in the field, to the movements
and operations of every description.

First, let us"examine what means of assistance may
be found, as well as the signs, or the indices and analo-
gies which may serve as guides in completing outlines,
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determining distances and' other principal dimensions
of the ground, and afford a base for the representation
of this last. :

The outlines, printed maps, and other materials of
every description, with which an officer may be sup-
plied, will be found particularly useful in this circum-
stance. : : .

Material advantages would be derived for this branch
of service from the execution of the excellent idea which
L’ Espinasse has suggested, of having slightly engraved
beforehand, according to the scale adopted for maps rela-
tive to reconnoitrings, the outlines of the places, roads,
and.courses of water of all the countries where war may be
carried on; these outlines being taken from accurate
maps either drawn by hand or printed.¥

But, however useful all these means of assistance may
be, they will prove insufficient, and we shall now in-

# This excellent scheme might be executed as follows, and the appli
cation of it extended. )

Government might collect, in a series of copper-plates, all the
triangles or points previously determined by meauos of Geodesic ope-
rations, or astronomical observations. In proportion as an error
might be discovered, it should be rectified, and the results of all new
operations be added to those of the preceding ones. In this manner,
correct outlines should be permanently at hand, and by working off
gradually as many copies of them as circumstances might require,
and distributing them to the engineers or other oflicers engaged in
surveys, they would serve them as guides and points of dephrture in
their operations. : e ) :
Tt would be further requisite, with regard to reconnoitrings, to add
to these outlines in another collection of copper-plates, and accord-
ing to a convenient scale, all the topographical details the accuracy
of which may be relied upon to a certain degree, and to correct and
augment themn as new reconnoitrings will afford the means of
doing 30,
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vestigate the manner in which the most treacherous of
our senses may supply them.

‘We do not see objects as they. actually are, and be-
sides the errors arising from this circamstance, our eye,
which judges with accuracy of colours only, and cannot es-
timate extent without the assistance of another sense, ceases
to perceive, beyond a certain distance, a clear and dis-
tinct image of extent, and even of colours. Bodies are
then obliterated, their colours appear confused and
faded, and the luminous rays which they convey to the
eye are rarified and dispersed in a progression which
follows the squarcs of the distances."

Even the idea of extension is formed in our mind
only from the succession of bodies which we consider,
as we know time from the succession of our ideas;
hence it follows that we cannot estimate distances with
certainty, 'but by means of the interposed objects, and
that we augment or diminish them in our imagination,
according to the number and position of these objects,
and to the space which they occupy. -

Other errors arise from the little habit we have to
consider things in the point of view in which they offer
themselves; accustomed as we are to see from a small
distance all the objects that environ us, and to observe
constantly round us triangles, the sides and angles of
which have only differences, with regard to each other,
. which our mind easily estimates with accuracy, we
give ourselves up to all kinds of illusions, when the
objects are strange to us or ill defined by our judge-
ment, and also when they form with our eye triangles
of which the sides and angles are very unequal.

Thus we exaggerate,in all ways, objects that are very
near us, but which a fog or obscurity makes us belicve
10 be further distant ; in (his manner, likewise, our eye
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confounds and reduces to nothing the dimensions of very
remote parts of the country which it perceives, creates
giants, forms phantoms, and dissipates them. Through si-
milar illusions, tvo, mountains appear nearer to us than
they actually are, upright towers seem to be inclined, and
crooked roads to be straight : in fine, we mistake the face
of a distant pyramid, which rises above the verdure of a
forest, for a road passing across it.

The most common illusions only have been pointed
out, and others present phenomena which are still
more remarkable, and capable of startling and deceiving
us; such asthe appearances arising from atmospherical
refraction. Mirage seemingly rises towns and villages
above ground, and makes them appear as if they were
encompassed by a vast sea; if at night, in clear wea-
ther, we descend a mountain, or follow the edge of
a valley, the low grounds on both sides of the road,
as well as the valley, have the appearance of lakes or
of an indefinite deep sca ; the summits of steeples, and
the tops of trees, scarcely dispel this illusion, although
they inform us that the pretended waters, which we
believe we see, are only a thick and white fog forming
a scparation with the pure and serene air in which we
are placed.

However, reconneitrings may be made during the
night. Twilight is the most favourable moment for ob-
servations made in presence of the enemy ; but, even by
day-time, the obliteration of contours, thegradual weak-
ening of tints, the effect of light and sl;ade, and particu-
larly the novelty of the objects which we are observing,
will deccive our eyes. In what manner, then, shail we be
able to guard ourselves against such deception, and avoid
the consequences of it?  The answer is, by habit.

Itis from habit that even a child -acquires the idga of

YOL. 1L, Y



162 A TREATISE

extension and measures : we owe 1o the same cause that
facility which we possess of estimating the most common
dimensions, as they are those which we the most frequently
have before our eyes ; and it is for want of habit in ob-
serving distances, or any other kind of magnitude, which
we seldom have the opportunity of examining, that we
find it so difficult to determine them. Therefore, an offi
cer should accustom himself to Geodesic operations and
meusurements of every description, and particularly to
those which, as the surveys performed with the compass
and .by pacing, are carried on rapidly ; as his sight,
which the practice of these operations incessantly recti-
fies, will acquire precision by degrees.

The habit of surveying, but particularly the formation
of triangles, still teaches us how to refer all forms of the
ground to other forms which are more simple and more
casily defined. This ingenious art, which painters them-
selves sometimes employ, consists in inscribing mentally
regular figures in all compound ones; the connection of
the principal figures forms imaginary outlines which
guide us in our observations. o

Another advantage which an officer derives from being
accystomed to Geodesic operations is that of choosing
proper stations, and of considering objects in such points
of view as are the most favorable for obtaining a know-
ledge of them: he also acquires information by their
means, respecting the method of producing lines of di.
rection on the ground; and these lines, being skilfully
produced, give new intersections, and allow the ratios of
the lengths and inclinations of the various lines to be es-
timated at sight.

It is not 1o De expected, liowever, that the habit of
measuring will alone be sufficient to prevent mistakes in
this cstimation ; but the principles of optics afford us the
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means of detecting and rectifying our errors, by pointing
out their sources.

We learn from lineal perspective the method of trans-
forming geometrical magnitudes into apparent ones ; and
this science may also teach us how to deduce the former
from the latter. The same object gradually appears
smaller asit becomes more distant ; the optic angle, that
is, the angle formed at the eye by the luminous rays from
the extremities of the object, diminishes as the distance
from this last to the eye increases ; wherefore an observer
may conclude the distances of known objects from the
opening of the optic angle. According to the same law,
phrallel lines seem lo be converging, prisms appear like
pyramids, cylinders like cones, and spheres as ovals. In
short, this law uniformly alters every kind of magnitude ;
but these alterations arc only perceptible when the objects .
are placedat a certain distance, and our judgement will ra-
pidly dissipate the illusion, after daily practice has ren-
dered it more quick and more certain, The knowledge
we possess of the causes and effects of this illusion will
cnable us to determine the true forms of the most remote
objects, and thus remove all impediments, arising from
distance, to the accuracy of our observations.

- The position of objects cannot be estimated from lin«
cal perspective alone, as, amongst many other errors, all
kinds of magnitude observed under the same optic angle
would appear equal, and convergent lines could not be
distinguished from others which are parallel, should not
aérial perspective acquaint us with the method of dis-
cerning, by means of the shadows, the enlightened parts,
and the differences in the brightness of the tints and co-
Jours, the unequal magnitude of objects secen under the
same angle, as well as the different situations of other ob-
jects which have similar optic dimensions. Lineal per-
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spective allows only lines to be seen, and angles to beess
timated, while a€rial perspective gives bodies to the ob-
jects: the natural philosopher learns from it in what man-
ner all kinds of illusions and cffects of optics may be pro-
duced by weakening the light, the tints, and the colours.
It also constitutes the only means which draftmen and
painters have of making objects appear distant, and pla-
cing them inany plane they choose.  This multiplicity of
ingenious processes ts founded upon the weaknessand im-
pertection of oursight, which affect the appearance of the
objects that we are considering ; whetefore the alterations
thus produced in this respect may also serve in estimating
distances. 1f an officer is not sufliciently acquainted with
the rules observed in drawing and painting, and with the
method of applying them properly, he ought to make up
this deficiency by habit, and compose for himself, as pain-
ters ‘do, a scale of the different tints and colours: he
should also, similarly to them, accustom himself to divide
a space into scveral imaginary planes connected together,
and refer all the objects to the planes which are respec-
tively the nearest,so as to distinguish, and thus determine,
a succession of scusible terms in thisinfinitesimal series of
the diminution of light. In fine, he should particularly
learn to distinguish the natural effects of light from those
which occasional canses may produce, as well as the in-
fluence that shadows, and all kindsof reflexes, thrown by
some objects upon others, may have on the enlightened
parts of thelatter. -
The errors to which our eyesare sul)Ject vary with the
places, the seasons, and the hours of the day; therefore,
an officer should observe similar objects in different places,
and at diffcrent seasons and hours’: he should examine
them alternately in flat and hilly countries, and endea-
vour to obtain true results, notwithstanding the singular
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mistakes which are to be apprehended, for want of inter-
posed objects, in open plains, chains of mountains, and
upon lakes and seas: he ought to consider attentively,
likewise, in what manner stronger refractions obliterate
the features of ohjects, and apparently magnify their di-
mensions, during rain, mist, and fog; and how the ex-
treme whiteness of snow, on the contrary, by its contrast
with all other colours, renders more perceptible the
tints of the ohjects it does riot caver, and diminishes seem-
ingly the dimensions of these last, which it enlightens and
makes appear nearer, Other ' cbservations will enable
him to perceive the modifications in optical phenomena,
arising from the different brightness of the celestial bodies,
of the sun and moon, in the zenith, at the horizon, near
the time of their rising and of their setting; also the va-
rious effects produced by accidental lights, such as the
aurora borealis, and any other light; as well as the
changes which these lights occasion in the colour of the
clouds, and the azure of the atmospheric vault ; lastly,
he will sec in what manner these changes in their turn
uffect bodics and our organs, alter the forms of objects,
transform one colour into another, and create illusions in-
definitely varied.

Natural philosophy, and occasionally Geometry, may
also gnide an officer in his practical studies, asthese inte-
resting branches of sciencé will first disclose to him the
facts, illusions, and phenomena previously remarked.—
But, similar in this respect to a painter, nothing will be
équivalent to observation and practice, which sometimes
even supply the place of scientific knowledge.*

* The two following simultaneons effects of perspective require par-
Yicular consideration, and can be observed and verified at every in-
stant, '
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In this manner, the inhabitant of mountains discerns
their actual forms in their appearances, concludes their
distances from their tints, and distinguishes those parts
of the chain to which the different summits belong, by

1. The dimensions of objects decrease as their distances from the
eye of the observer augment.

2. The intensity of light diminishes in the ratio of the square of the
distance from the observed object to the eye of the observer.

Demonsirations—1. The eye of the observer being placed in a point
0, fig. 75, is, with regard to the dimensions of the observed objects,
asif it were in the centre of concentric spheres, upon the surfaces of
which the objects, or their parts, are posited. If we suppose that two
lines AB, A’'B, which are equal, and situated in the same plane,
form the chords of two great circles belonging to two of the concentric
spheres, the radii A O, B 0, A’ O, B'O, comprehend two optical an=
gles, the sines of half which are to each other reciprocally as the radii.
Should the angles be equal, on the contrary, the chords A'B' and A D
would be to each other as the radii.

2. With regard to the intensity of light, each point A, B, B, B, of
any object, ought to be considered as 2 luminous body, (whetherit is
such from its nature, or only by reflection,) and, consequently, as the
centre of a luminous sphere formed by a great number of divergent
radii. The eye O is placed either at the point of contingency, or of
intersection, of these spheres, which are osculatory when their cen.
tres lie in the same right line, and cut each other in the contrary
case; the number of the divergent radii emanating from the luminous
points, is in the inverse ratio of thesurfaces of lhe spheres which they.
form ; the quantity of light they project on these spheres, and there-
fore, that which is conveyed to the eye O placed at the point of contin-
sency, or of intersection, of all the spheres, are in the ratio of the sur-
faces of these last, orof the squares of their radii; or, in fine, what
comes to the same thing, in the ratio of the squares of the distances
from the luminous points to the eye, since the surfaces of similar so-
lids are to each other as the squares of their homologus sides: and as
the dimensions of objects decrease in the same ratio as their distances
from the eye augment, their surfaces diminish in the proportion of the
squares of these distances ; that is,in the same ratioas the intensity of
light. Wherefore the surfaces and the intensity of light would have
gonstant ratios, did not the density of air, and the variations in this
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considering the intersection of the planes forming these
summits, the azure of the glaciers, the whiteness of the
snow, and the grayish colour of the rocks.*

In the same manner, although an observer may not be
acquainted with the laws of sound and light, and able to
calculate their velocities, yet he will, asthe artillery-man,
estimate the latter from habit. The intensity of the noise
produced by a known cause will afford him the means of
determining the distance of the object from which it arises,
and hearing will sometimes serve him in rectifying the er-
rors of his sight.

Lastly, halit enables us 1o estimate time, to find out the
bearings of the. place where we are, to determine our po-
sition on different spots, as well as the'approximate situa-~
tion of two distant places, without applying to these pur-
poses the calculations and complicated observations rela-
tive to astronomy ; but, merely by a simple knowledge of
the principal constellations, and of the course of the sun
and moon. Habit alone instructs the peasant in finding,
at all seasons, the hour of the day fromthe altitude of the
sun; a view of the constellations serves the shepherd du-
ring the night as a clock and a calendar, while he is in
the fold in the middle of his flock : the Bear was for a
long time the only guide of the first navigators : the inha-

respect, disperse the radii of the luminous spheres, and weaken the
light of the observed objects in a very complicated ratio.

These elementary notions may be extended from the perusal of the
known Treatises on Optics and Perspective. T wish I could refer the
reader to the Lectures on Lineal Perspective and Aé&rial Perspective
delivered by Monge in the Polytechnic School; but these lectures are
not yet published, although their publication is very much desired.

* For the particulars relative to mountainous countries, see the tra-
Vels of Saussure and Ramond in the Alps und the Pyrenecs, those of
Pallas, 4. '
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bitant of extensive heaths, and the Arabian, wandering in
the depth of night in their sandy plains, sit down and
wait for the moon, or the stars, before they proceed fur-
ther in their journey.

ARTICLE X.

Continuation of the same subject.

WraATEVER may be the forms of the various objects
placed on the surface of the earth, Geometry values their
dimensions, and enables us to conclude shem from the
very appearances which alter them: but have we no
means of discovering these forms, except our instroments
and our eyes? are they always different? do they not
follow any law, and is there no analogy between them ?

Let us examine if physical geography may be of any
assistance to us, as other sciences are: let us investigate
also the inductions which may supply us with general
and simple notions, such as are consistent with the nature
of this essay, upon the structure of the earth, and with re-
gard to some atmospheric phenomena, '

To him who contemplates the whole system of the uni-
verse, the earth, like the other planets, isa sphere which
revolves round the sun, and turns on its own axis. Drawn
towards that body by the attraction which it exercises,
the laws of motion give it, on the contrary, a tendency to
go from it ; and as these two forces arein equilibrio, they
retain the earth in the orbit which it describes: even the
highest mountains are only incqualities hardly percepti-
ble, when we compare them with the whole globe; they
arescarcely to it what an asperity of a hundredih part of
an inch would be toa globe of ten inches radius ; but, if
the earth be considered with respect to man, all its cles
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ments assume a much greater comparative magnitude 3
the ocean encompasses, as a vast girdle, the solid parts
of the globe: these parts risc above the scas, and form
continents, islands, and rocks; chains of mountains
traverse each continent, and their summits rcsemble, at
first sight, islands clevated above the plains; buta com-
mon and continued ridge connects their apparently insu~
lated masses together; the principal chains throw out
counterforts, that is, branches from- which secondary
chains proceed that produce other branches, and thus
ramify ad infinitum.

These last branches, and the counterforts, frequently
+ extend to sea-coasts; they become lower towards the
isthmuses, rise again, form the ridges of peninsulas, and
the projections of promontorics, pass under the waters,
show themselves by making islands, rocks level with the
sea, shoalsin the straits, and by rendering the structures
of two opposite coasts similar. In this manner the rami-
fications of the contincnls are continued across the ocean
itself.

These ramifications form a multiplicity of basins, which
contain the courses of water of every description: the
principal chains of mountains, and the great counterforts
which separate the largest rivers, encompass, as a vast
circular enclosure, the chief basins, which risc from the
bottom as amphitheatres ; a number of sccondary chains
and counterforts spring out from all parts of this enclo-
sure,and prolong themselves by follo wing directions lead-
ing nearly to the same point ; torrents, rivulets, and other
minor streams, run belwixt these chains and counterforts,
which, after uniting two by two in common beds, flow
into the sea through a single channel: thus the running

voL. II. 2
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waters offer, between the solid ramifications of the globe,
other corresponding and intermediary, but more regular
ramifications, of which the great rivers are the trunks;
their branches spreading over the surfaces of the conti-
nents, and re-producing, but with varieties peculiar to
them, the multifarious forms of vegetative substances.

Amphitheatres, similar to those previously described,
encompass the gulfs and inland seas, as well as the lakes
which have no outlet ; gnd they discharge their waters
immediately into them.

Continents are every where opposed by the ocean,
straits by isthmuses, gulfs and inland seas by peninsulas;
at all places, the general level of the seas presents forms
full of resemblances, and announees an entire correspon-
dence between the cavities and elevations of the solid part
of the globe; analogies with islands are even perceived
in lakes, and in the seas insulated in the middle of the
continents. -

In short, all the general forms of the globe display the
effect of a single or principal cause.

'We shall soon discover this cause, if we study by what
admirable mechanism and continual circulation the wa~
ters drawn up from the vast extent of the seas, and either
dissolved or suspended in the air, sometimes invisible,
and sometimes forming clouds of all shapes in the vault of
Hecaven, come down afterwards in rain, dew, fog, and
meteors of every description ; and thus return, by follow- -
ing the caurses of the principal rivers, into the seas from
which the atmosphere bad drawnthem up. These rivers,
the stagnant waters, and the wet ground, are alse tributa~
rics to the air, and restore to it part of the waters which
they had received from it.

The sun, the wind, in short, every cause which may
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raise the temperature, or augment the pressure of the beds
of the atmosphere, increases the property it has of draws
ing up the waters and holding them dissolved or suse
pended ; all that cools the air, or diminishes its compress
sing force, prevents it from retaining the vapours.

Peaks, as well as the needles which form the summits of
high mountains, powerfully and continually atiract the
clouds : the cold in these elevated regions throws them
down in hail, snow, and heavy rain, and its infensily is
increased by the glaciers and the accumulation of the
snow ¢ this last heaps up in the scason when the sun is
less powerful; and, although it afterwards acquires
strength, yet the melling snow becomes hard, at a great
height, from its contact with the glaciers, and thus adds
new beds to their masses ; wherefore the glaciers, as they
are extended, encroach npon the lower ground, and un
common heat only can bring them back to their former lis
mits ; but below this zone of ice, and even in the zone ite
self, the sun causes the waters to gush out ; they descend
in all parts from stage to stage, and form, as far as the
plains, a continuation of lakes, cascades, and torrenfs.

A thousand accidents at once increase the quantity of
waters, and multiply their ravages; vast heaps of snow,
detached from the mountain by the heat and filtrations,
slide or roll down its inclined sides, carrying with them
fragments of rocks which stop the torrents : the snow, by
melting in these last, aygments the mass and the fury of
the waters, which then break off all the obstacles ops
posed to them, and roll into the plain enormous wrecks,
ravaging the meadows, and destroying the fields, plan-
tations, and cotlages.

Sometimesthe waters of a lake suddenly burst the bank
or the rock that separates them from the valley, andwhich
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they were undermining for a long time ; their mdss preci-
pitates itself as a cataract into the adjoining torrent, and
carries away every thing which the usual coursc of the
latter could not draw along. This mass, augmented by
all those which it envelopes, commuhnicates to them itsra-
pidity, and overflows the lower ground, where it washes
away all the objects raised above its surface.

In high mountains, either old or recent traces of such
ravages are every where found ; analogous vestiges ‘even
announce irruplions still more dreadful, the remembrance
of which is lost, in consequence of the long time elapsed
since they took place, although the effects are yet seen.
By considering the secondary chains and greatly depress-
ed parts, which the summits of the principal counterforts
offer to our sight in directions parallel to the axis ofthe
primary chain, and if we also examine the considerable
number of streams which flow across the parallel chains,
between the vertical banks which their waters have ‘worn
in the rocks, it scems that masses of water and great lakes
oscillated formerly at different heights in these primitive
valleys, and only took their present course towards the
plains, after breaking through the obstacles which formed
their barriers. P '

Thus it appears, that, at that time, these masses of wa-
ter forced themselves ithrough the ‘counterforts in' some
places, and carried away their summits in others, asis
now seen ; then, taking their course towards such ‘parts
of the ground as opposed to them a smaller resistance, they
made their way into the lower valleys, which, at present,
lead them (o the sea. Their bedsin these valleys becomo
less broken, and form a greater number of windings,
which testifies the slackening of the action of the waters,
occasioned by their first efforts, a thousand successive ob--
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slacles, and by the facility with which they penetrated into
‘grounds of a less hard nature.

‘We may attribute to this more regular action of the
waters, and fo their great masses in the first currents, the
actual form of the extensive valicys where they remained
for along time; also the width of the secondary valleys,
which now appears to have no relation with the waters
flowing within them. Hence arises, likewise, the corres-
pondence of the angles and windings which the sides of a
valley and the banks of a stream inside of it, respectively
form, as well as those smaller beds which a more feeble
current has worn in the vast beds of the primitive ones.

The highest mountains have not, exclusively of the
olhers, the power of attracting the clouds, and supplying
the great rivers with waters, as heights of every descrip-
tion, forests, and plantations, exercise a similar attraction,
which is the source of all fertility. Butthe waters in their.
more tranquil action filter through the ground ; beds of
clay stop them ; they open subterrancous channels, form
caverns, descend, risc again, and sometimes spout from
the surface of the ground, being pressed by other waters
descended from distantspots higher than the level of this
last. Inthis manner they form sources, or fountains, that
are wet permanently, or only at intervals, according to the
abundance of the water filtering into them; and the na-
. tare of the beds which this water has traversed, renders
it either cold or warm, pure, or charged with salts, or
with gasses.

The clay land generally found upon the flat ridges of
counterforts of an inferior order stops, even at the surface
of the ground, the waters which the rain and the fogs have
deposited there. Ponds, morasses, miry woods, and wet
mecadows, are thus formed, the waters of which, in en-
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deavouring to run off, follow in small quantities even the
least sinuosities of the ground, reach the edges of its flat
parts, descend along the declivities, and unite themselves
with the rivnlets and other streams in the valleys, being
sometimestinged with a black or a blucish colour.

In fine, the waters arising from the rain which falls upon
the declivities, run down along them, collect together,
form ravins, which they gradually make deeper, and
create permanent beds for these temporary torrents. The
earth and sand that they carry away roll down suspended
in the streams, augment them in their whole course, ard
trouble and tinge their walter.

In addition to the rain which falls in the spring, dan«
gerous occurrences are o be apprehended in many large
streams from the effects of thaw, and of thc breaking up
of theice : the meltedsnow comes dewn the hills, and in-
creases the transient currents which spread about the
country ; the water runs underthe ice of the streams, and,
by swelling, raises it up with force ¢ the ice breaks with
great crashes ; the fragments strike onc against another,
break and press each other: even the smallest obstacle,
which stops their progress, causes them to rise; their
sharp edges stand above the water, and as these fragments
rest against each other, in an inclined position, they form
a compact mass which exerts an enormous pressure ; una
Iess the inhabitants instantly open them a passage, or
throw them into the meadows and marshes, nothing can
resist them : dikes, bridges, sluices, give way, and their
wrecks unite with the broken pieces of ice, which, as
they float down the stream, menace other more distant
works of man, the plantations, the villages, and cven the
towns on the banks.

Such are the periodic increases, on account of which
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even the most gentle streams, flowing along luxuriant
valleys, may produce the disastrous effects of torrents.

Large rivers, the basins of which embrace several ems
pires, change direction several times in their course, as
if impenetrable mountains had originally compelled them
to run back, and to seek for less powerful barriers.

A remarkable phenomenon takes place alternately upon
each bank of these rivers, and upon those of their numes
rous tributary streams; they very frequently do not run
in the middle of their basin, but follow, coast along, and
even press against one of the sides: this side, which
commands them, only pours torrents into them, or riva-
lets of which the course is very limited ; the opposite
side is far distant, and long branches project from it to-
wards the river, which collect the waters of the principal
streams, and convey them into this last.

The observation just made respecting the whole basin
of a'river is also applicable to its bed; the current fol-
Jows the steepest bank, and keeps more close to it than to
the other : flat banksindicate a gentle slope, and shallow
water. :

The opposite coasts of continents and islands exhibit
similar effects also. The steepest coast, that which the
current beats and undermines, generally affords the deep-
est ancharage : a coast which is flat, or gently inclined to-
wards the sea, warns the pilot to sheer off; or to approach
the shore only in small vessels.

We may easily represent to oursclves this general law,
by referring the different declivities to planes differently
inclined, and by determining mentally the positions and
directions of the lines which are the intersections of these
planes. With regard to the explanation of the effect, it
is to be conceived that the waters were primitively con-
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tained between banks, which had not the same inclina-
tion ; or, that one of the sides of the basin baving origi-
nally opposed a smaller resistance to the waters than the
other, the currents directed their first efforts against the
masses on that eide, which impeded theiradvancing ; and
as the declivity of the opposite side became more and
more gentle as the former side gave way, the current was
ever since thrown, with increasing force, against the steep-
est bank, which it still follows and undermines.

Where both sides of the basin opposed the same de-
gree of resistance to the primitive currents, the course of
the river follows the middle of it. Here this course is
confined between vertical rocks, as between walls, and in-
tersected by athousand shelves, against which the waters
dash : these last form whirlpools and abysses in the bed
of the river, precipilate themselves from it in the smallest
particles: this bed instantancously disappears, gets in-
gulted, and hides itself under natural vaalts, or under
blocks detached from the flanks of the adjoining moun-
tain ; further on, the river re-appears, in order to pursue
its course tranquilly between hills which insensibly be-
come lower ; and sometimes, also, in the middle of a vast,
low, and marshy plain, where it forms islands and penin-
sulas indefinitely varied : whilst the boundaries of its ba-
sin run a great way off, in parallel directions, the chaing
of high mountains which rise above them terminating the
perspective view of the horizon.

Gradually as theriver collects the waters of the streams
which fall into it, and advances towards its mouth, the
width of the valley augments, the ground on both sides
becomes less inclined, and the heights which terminate it
are depressed : extensive plains occupy the bottom of the
basin, and elevated ones extend between the valleysin
which other principal rivers are flowing ; towards the
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points where the counterforts of high mountains meet the
plains, other running waters take rise between the rivers,
which have their particular bed and basin : similar cur-
1ents flow into gulfs, orfrom the periphery of peninsulas,
and form between the mouths of each two rivers a number
of small basins, close to and independent of cach other,
which convey their waters directly into the sea.

These numberless currents, which, after originating in
mountains, fall into the sca, follow declivitics of which
we may represent to ourselves the general curvature, by
referring the bottorus of the various basins to a series of
inclined planes, and simultaneously considering the ac-
tion of gravity which carries away the waters, the resist-
ance opposed tothem by the ground, and ihe quantity of
them which the upper currents convey, as well as their
rapidity :- if all these declivities be compared together, it
will be secn that the whole system of the aforesaid waters
descends from the highest parts of continents, by follow-
ing a general and meandeclivity,the inclination of which
diminishes rapidly in ithe mountains, but becomes more
progressive and uniform in the plains.

‘Wereall the cavities of the globe filled up, a gentle
and regular declivity would lead from the summits of the
most elevated spots to the shores of the oc.can; on the
contr;xfy, we remark in those parts of the ground which
the action of the waters seems {o have shaped, that origi~
‘pally rapid and then gentle and scarcely-perceptible
curvature which characterises the gencral declivity of ba-
sins : we observe it on the declivities of small hills, in the
traces and undulations which time, rain waier, or tran-
quil overflowings have formed on the ground; and, in
short, at all places where the waters had a moderate im-
pulsion, and no great rapidity.

Bat, in high mountains, where torrents and snow even

¥OL, 11, 2 a
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now direct incalculable forces against the rocks, we see
the broken flanks of these last forming the sides of the
valleys and gorges; and thesame circumstance happens
at all the pointsin which the hardest soil could only op-
pose an impofent resistance to the impetuosity of the wa-
ters. .

Here no declivity is observed ; but in this general con-
£ usion, the rocks of a different nature still assume forms
peculiar to them, have their own physiognomy, andserve
in characterising the ground. In chains of high moun-
tains, granite almost every where pierces through the more
tender vocks which it supports, and surmounts them ; its
needles and pyramids are distinguished by the sharp an-
gles of their inclined planes, and by the form and bright-
ness of the chrystals that compose it. These last some«
times are equally mixed, and sometimes varied; at othex
times they appear as if they were incrusted in one of the
predominating substances ¢ marbles and calcareous stones
rise in steps over each other, in an amphitheatre, or re=
zemble towers and steep walls: the beds or courses which
form the elements of their whole mass are sometimes
thick, and sometimes thin aud leafy ; in one place they
lay in a direction parallel to the horizon, and in another
they are perpendicular to ity or inclined in its respect.—
In this manner they attest, so to speak, the successive
disruptions which either sunk them, or heaved them up,
during or after their formation: sometimes, instead of
chrystals, we perceive an uniform and less brilliant sub-
stance, which has greater purity in the vicinity of gra«
nites, and is intermixed and almost entirely covered with
shells as the rocks approach the plains. This substance
cvidently appears different from granite in its nature and
the way it was formed; in short, every thing indicates
that its formation arosc from different circumstances oc-
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curred at different times, and is the result of new and se-
condary masses gradually applied to the primitive ones.-

No doubt can beentertained of these aggregations having
been successively produced by the waters, which, it
seems, have several times mew covered nearly the whole
globe 5 but in other mountains, revolutions of a different
kind are indicated : for instance, the smoke, the fire, and
the torrents of lava, which gush through a crater, arise
from a subterraneous fire which isnot yet extinct ; moun-
tains that have the shape of a cone, the conoidical de-
pressions of their summits, the scoria that is found about
them, the lava which along their declivities rises in solid
hillocks above the vegetable earth; all these circumstances
announce extinct volcanos formerly the domain of fire,
and ancient disasters frequently unknown to the cultivator
himself, who gets in without fear his vintage and his
harvest upon the same lavas which perhaps buried his
forefathers.

The nature of the ground changes as we descend to-
wards the plains ; aggregations more rough than the pre-
ceding, impertect rocks, brown frec stones, howuilles,*
chalk, sand stones, and sometimes whole banks of peb-
bles, of gravel, or of shells, form the top of the ground,
being only covered by an envelope of vegetable earth,

This envelope is the work of time. 'The wrecks of the
three kingdoms, sand, silex, the detritus of vegetable
substances, and even the remnants of some animals, com=
posed the mixture of which it consists, and the hand of
nature kneaded it by mingling together all the materials
collected on the spot. These were scarcely sufficient in
the elevated plains, where, for this cause, a single and
shallow layer of this mixture frequently covers the sandy
or stony ground,

* A sort of coal.
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On sloping grounds, this layer is gradually earried
away by rain, and thus incessantly tends to disappear:
the destruction of forests, the pasturing of herbs, and
even culture, accelerate and favour the ravages of the
waters: in high mountains the soil is washed away as the
vegetables are removed ; wherefore the rocks remain un=
covered as far as the plains, and the bottom of the valleys;
pizces of wreck descended from the mountains and fo-
rests, pebbles rolled down, gravel, trees, and the soil
washed down, form a thick layer in the bottom of the ba-
sins, which covers the tore solid base that supports its
a series of siliccous or calcareous beds, separated by beds
of clay, organic remains, and vegetable earth, sometimes
allow us to count the number of successive layers which
formed them, and how many times new surfaces have
exercised the vegetative power of nature which altcrn'\tcl y
repaired and buried her work. ' :

The same cffect continues as we descend towards the
plains, but it is less rapid and terrifying than in the
mountains, although equally constant. The rain and
melted snow wash the hills, and deposit in the river the
soil which they carried away ; the river swells and over«
flows ; its rapidity diminishes as its bed extends ; the mud
which it held suspended subsides, and these periodic al-
luvie continually raise its bottom and its banks,

This movement, which precipitates into the valleys the
wrecks of the elevated parts of the globe, cilher in a state
of dissolution, or rolled down by the waters, forces the
sca itself to recede from its shores, and to contract ifs li.
mits, The natural or the accidental currents of it, the
action of thefluxand reflux of the tide, alternately slacken
and acceleraic the courses of the rivers and streams which
flow into it, make their waters recoil, draw them forwards,
stop them again, and, in the short duration of the equilia
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brium produced by the destruction of the forces acting
against cach other, compel these waters to deposit the so-
lid particles which they are conveying ; thesz particles,
in virtuc of their gravity, and even of the portion of wa-
ter which unites them, resist the efforts of the other por-
tion in order to disperse or dissolve them ; and they form
in the sea vast sandy banks, which successively rise above
the mean level of - the inland scas, and the various sub-
stances that the ocean casts upon its shores.

The inhabitant of the coast remarks this effect, and,
trusting to his sole industry, dares to finish what nature
has begun: he throws up dikes round these strands, from
which the sca recedes for some instants ; and although he
is threatened within this enclosure by the water that sur-
rounds it, yet he cultivates, with that idea of security
which habit gives, a new and fertile ground soon covered
with an abundant harvest; the rain water, and that of
the rivulets, collect in the channel which he has made
to receive them, and remain there until the reflux of the
sea allows them to run off through the sluices which his
foresight led him to place in the dikes, at suitable dis-
tances from each other..

Nature, assisted by time, entirely effects on some of
the shores of the ocean and inland seas, what human in-
dustry only accelerates on others ; it extends every day
the Delta, which even the smallest currents form at their
mouth, similarly to the largest rivers ; and in order (o de-
fend its conquests, it calls the winds to its assistance, rai-
sing with sand boomsand moveable hills which follow the
contours of the sea, stop it, and protect against its fury
the new border that nature has thus added to the conti-
aent. o

In this manner, downs arc the dikes of nalure, and,
like those elevated by men, indicate a territory which



182 A TREATISE

is aggrandizing itself at the expence of mountains and
seas.

Forests which disappear, an alteration in the general
directions of the winds, and other causes, sometimes mo=
dify this first order : the downs extend farinto the coune
try, cover the plains between the seas and the valleys in
which great rivers are flowing, and present only vast
sandy plains and arid deserts, where a few habitations,
encompassed with some cultivated spots and plantations
which defend them, rise like islands in the midst of the
ocean. :

The sea, which recedes from some points, resists and
re-acts upon others, wearing away at these last the shores
of the continents; steep beaches, perpendicular rocks,
and shelves on a level with the water, attest ravages still
more dreadful than those occasioned by torrents in moun-
tains ; we also observe on the coasts, in the straits of in-

" land seas, and in the channels which scparate continents
and islands, traces of the.irruptions which have burst
the isthmus or the chain connecting the adjoining land in
former times, and perhaps swallowed up vast countries
and whole nations in those parts of the continent which
were below the general level of the sea; the actual in-
habitants of a territory conquered from the sea would pe-
rish, in the same manner, if the ocean wereto burst the
feeble dikes which are opposed to it in that country.

Such isthe general structure of the globe; such are
the principal characters and the most remarkable laws of
nature which may guide an officer in reconnoitring a coun-
try, and enable him o conclude the principal forms of
the ground from the courses of water represented in a
map, as well asits most characteristic accidents from some
rapid observations.*

* For more comprehensive notions on these matters, see the works
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This study teaches an officer in what directions the se=
ries of natural positions ought to be found, according as
the country is flat, aquatic, or hilly ; and it also conveys
to his mind a notion of the kinds of accidentsof the ground
which defend the access to these positions, may support .
their flanks, render their rears more or less secure, and
either prevent an army from being turned in its move-
ments, or cut off in its retreat, or allow these disasters lo
take place. The same study teaches him, likewise,
where he is to look for the point of separation of the wa«
ters in mountains, as well as for the fords and proper
places for crossing rivers, establishing entrenched camps,
and throwing up lines, or other obstacles, either perma-
nent or temporary, which art may sometimes add to those
afforded by nature. '

Besides, if an officer, who possesses the above knowa
ledge, survey a country, and particularly if he draw a
map.of it, the features of the ground will appear to his
eyes merely as general forms with which he is acquaint-
ed ; he is every where at home, while on the contrary,
less-informed officers ouly see accidents always new and
confused, which they have as much difficulty in dis-
cerning as in representing ; wherefore, they are not
directed by any remembrance or other guides; ‘nothing
surprises, stops, or misleads the former officer. He re-
presents at all places, with that facility which habit
gives, accidents familiar to him ; he knows their cha-
racteristics as well as their peculiar physiognomy, and
frequently foresees their existence before he actually

on Physical and Geological Geography, as well as the general and to-

pographical maps of chains of mountains, great basins, low countries,
c,
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perceives .them; thus he concludes’ from the objects
within his view and reach, those which he cannot ap-
proach, .and sometimes not even see. In this manner;
for instance, he infers from a sight of the ground ad-
joining the banks of a stream,, the declivity of these
banks, the depth of the water, and in navigable rivers
‘the road which boats or vessels ought to keep; in this
manner, likewise, .the sand and pebbles cast-on the
banks, the‘aliuvm}, and other indices, make him aware
that he is not to trust to the present calm state of the
stream, or of the river, as they exercise periodical ra-
vages, and may alternately suspend or favour the opes
rations of armies. -

These analogies guide an officer even in . the details.
relative to his operation; they abridge his actual re~
searches, and serve.him as a compass to a navigator,
in directing his course. In short, if they do not supply
him with positive documents, they, at least, consider-
ably increase his means of attaining them. .

ARTICLE XI.

Last Remarks on the Method of Surveying by the eye alone.

THr reader has been shewn in what manser the courses
of water offer, on the surfacg of the globe, a natural
outlme to which the forms of the ground may be referr-

; the wants of man have forced him to extend over
that surface a net-work of communications, if I am al-
Towed to use this expression, which intersect in all
directions, the chains of heights, the p\ams, the valleys,
and the waters.

"The principal roads connect the capxtals of states to-
gether, and also with the most considerable cities in the
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interior of the country, on the:frontiers, and on the
coasts ; thése.roads proceed, as so many radii, from the
centre of each state to its circumference. Other roads,
like as many concentric circles, cut these radii, and
formi new communications between the cities traversed
by the principal roads.

Each city, town, or borough, bécomes in i{s turn.the
centre of other roads, which are divected to the villages
and hamlets ; ‘a multiplicity of waysand paths commence
from these roads, and serve in connecting them, or in
affording convenient communications with the fields,
pasture-grounds, forests, coal-pits, clay-pits, quarries,
mines &c. as well as with insulated manufactories.

In high ‘mountains, paths wind along-the elevated
parts ‘on both: sides of the valleys which they contain,
run overthe steps and ledges of the rocks, pass between
the glaciers, and even in - the midst of the snows, and
reach :the cols’ and depressed- parts of the chains and
counterforts, thus- connecling the valleys contiguous to
each face§ most of these paths can be used only during
some ‘months, and they are:frequently cffaced by heavy
masscs -of snow rolling down the ‘mountains, or cut by
torrents which are crossed upon a plank, a trunk of a
tree, or upon rocks or stones that rise.above the water,

Communications less numerous and direct, but wider,
connect, acrossthe counterforts and chains, the populous
valleys where industry is carried on; or else, the neigh-
bouring states : in some of them, mules only cau be
used, and in others sledges, or carriages may be em-
ployed : while the paths ascend or descend rapidly,
these communications form such windings as render
their declivity less abrapt; they sometimes follow the
borders of torrents, and are cut through a rock that

traverses the valley, or pass under an arch whichit
VoL, 1. " BE
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forms ; somelimes.too, parts of them are secured, under.
a ledge of granite, from the action of the falls of snow
which destroy other parts, carry them away, or fill
them with long trenches difficult to efface.

Roads in mountains sometimes commence only below
the manufactories, and serve in conveying their products
as well as the materials which they consume; stone,
flint, the refuse of mines and forges, and.even iron,
are laid on these roads in order to make them firm, as.
the heavily-loaded carts, going along them without.
scarcely any interruption, incessantly tend to impair
them. :

As we descend. towards the plains the principal roads
become wider ; they follow in thejr direction the elevated
flat grounds, the bottoms of .the valleys, and the decli-
vities of the hills, traversing the basins aud -courses of -
waler ;. rivulets are commonly ' forded, or passed upon
planks, but larger strcams require ferries, or either
stone or wooden bridges; bridges of.boats, flying bridges,
end launches, are requisite for great rivers.

Most of these roads are stoned, or paved; but the
materials used for making them firm, vary like the
ground, and indicate the mature of the soily which, in
ils turn, furnishes inductions relative to the degree of
firmness of the roads,

The fascines and wooden rollers, which, in certain
parts, line the sides and sometimes even the middle of
a road, indicate woody marshes and humid forests; a
soil that the summer sun has cleft, and stones, placed
from distance to distance along the sides of the road,.
warn the traveller not to advance after rain in a clay-
land,. the apparent firmness of which will deceive him
the chains and stone posts, which he remarks in some
cauatries on the sides of the causeways, warn him likee
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wise, not to pass them after a heavy rain, or at ledst
while it thaws; chalk, ditches sideways of the road
which are filled with water, deep ruts, and othersigns,
furnish similar inductions. In the grounds conquered
from the water upon sea-coasts, in clay-pits, and salt
marshes, the dykesthemselves are used as causeways,
and only serve for that purpose in fine weather; in
heaths and downs, roads which are not lined can only
be distinguished from their surface being more trod-
den than that of the lateral ground; nay, the sand,
which the wind carries from this last upon the roads,
sometimesmakes them disappear, or intercepts the com-
munication along them; but upon the shores of the
ocean, as the beach is hardened by the waves, it offers
at low water, between the tides, a smooth and firm
road practicable even for carts.

A cause-way elevated above the valley which it fol-
lows or traverses, planks laid down here and there, small
sluices, and a series of arches apparently useless in com-
mon limes, indicate that this communication is occa-
sionally threatened by the swelling of the waters ; where
fore we should observe, if the aforesaid openings are
sufficient for their flowing out, or if it appears from the
decayed state of the tops of the arches, of the supporting
walls and the foot-paths, and from other indices, that the
waters sometimes overflow the cause-way.

Cross-ways and by-ways, although less firm than the
main roads, have characters analogous to them. It is
particularly important to examine whether they serve as
communications between these last, or between inhabited
places; or, if they lead, on the contrary, to fields, woods?
or marshes ; their directions and smaller degree of firm-
ness, the bridges across them, the ditches sideways of
them, their ruts which are less decp and rumerous, still
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offer indices in their respect, which may serve in recon-
noitring them. These ways frequently cross a multipli-
city of fords where the water scarcely rises above the feet
of a horse, but a ferry-boat, or a bark near a cottage, the
elevated spot upon which this cottage siands, a bridge, a
plank laid over tressels, or tressels ready to receive it,
indicate a temporary ford whioh the swelling of the water
changes intoa deep and frequently-dangerous bed.

Foot-paths, less. fatiguing and perilous than those of
the mountains, wind, as by chance, in the valleys, on the
sides of the hills, and on the flat elevated parts of the
ground; they connect the cross-ways, and intersect the
country in all directions, several of them extending to
marshes, woeds, and thickets. Foot-paths are very fre-
quently known to the inhabitants only ; whercfore a tra-
veller, who is not acquainted with them, finds it difficult
to follow their dircctions: they cross each other, and of-
ten disappear ; but houses, a plank laid acruss a ditch, or
a pole which serves in leaping over it, a bush stripped of
its leaves or broken, the grass which is pressed down or
discoloured, the corn which is slightly laid, and a thou-
sand signs imperceptible to other eyes, will point out
the way to an observer who attentively considers all these
particulars,

The various courses of water, the navigable canals, and
those intended for irrigation and drainage, trace additional -
lines onthe surface of the ground, which guide us in
observing and describing it, and form, so to speak,
new connecting points in the outlines of the roads and
walers. :

Even upon the tops of mountains, the shepherd draws
from the torrent a small stream which he conveysthrough
his pasture grounds by more gentle declivitics: this new
rivulet forms a thousand windings; a slate, or a piece of
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board, serves for a sluice; and the shepherd stops at
:pleasure the course of the rivulet which thusswells, over-
flows, and fallsagain, in a shcct of water, intothe branch
of the torrent below it.

Other places may not admit of this ingenious contri-
-vance for want of a proper declivity ; but then the rivua-
let is divided into several branches, and small trenches
.conduct it, in all directions, tothe foot of the hill. Such
is, for instance, the method used in certain countries for
‘walering and bleaching linen cloth and some other ma-
nufactured goods.

Sometimes a small stream, drawn from a torrent or a
rivulet, and commencing a great way off, follows in a
bed purposely dug, or contained in a wooden trough,
the side of 2 mountain or of a hill, while the torrent, or
the rivulet, from which it is derived, flows at the bottom
of the contiguous valley. This small stream conveys
to manufactories the motive force which sets in action
the machines appropriated to them ; and then it returns»
by a small channel, to the natural bed which it had been
made to quit. o
. When the fall of the water is small, and the original
stream of a certain magnitude, whole branches must be
drawn from this last, for the convenience of manufacto-
ries. These branches continue to flow inside of the val-
ley, but generally close to the ‘hills which terminate its
-breadth ; wherefore, a single dyke is requisite in order
to retain the water.

At other times, these branches flow between several
dykes, along the natural bed of the current ; this bed
is. also often cut in two, ordivided by a dyke parallel
-toone of its banks: a separate column of water is thus
.contained between the dyke and the bank; which runs
-less rapidly, and imparts motion to the machines of the
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manufactory situated lower down, at a point where the
difference of thisartificial and the natural declivity affords
a sufficient fall.

More frequently a dyke is thrown across the stream,
which causes the water above it to re-flow and swell :
dykes of this kind augment the falls, and allow the manu-
factories to be nearer to each other, but they render the
valleys subject to be inundated, whenever the water is
somewhat increased. Sometimes the multiplicity of ma-
nufactories induces the inhabitants o confine the stream
between dykes, in such a manner that the water rises over
the bottom of the valley; and similar dykes have also
been constructed in some countries, in order to prevent
inundations. Towards all the points where streams begih
1o be navigable, and to allow the timber cut down in
mountains to be conveyed to the plains by water, as well
as the products of the manufactories established in the
upper valleys, dykes and pentroughs of this description
«cross their beds, and support the water at such height 3s
navigation requires.

In these rude works, such as they were originally con-
structed, man has consulted his wants more than natare ;
almost always a single channel opens to boats and floats
of timber an insufficient passage for the eflux of the wa-
ters in floods. 'The manufactories, while standing still,
only afford a similar passage, and the waters flow in a
thin sheet over the remainder of the pentrough; their
velocity varies from the bottom to the surface ; the mud
and rubbish accumulate along that side of the dyke which
faces the current ; while, on the other side, the fall of the
waters deepens the bed, which thus has a constant ten-
dency to changeits natural declivity from one pentrough
to another, and the deposit to form interposing banks in
contrary directions, The mud which the current car-
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ries along, at the time of the waters increasing, 3ubsides
between the dykes thrown across the stream, when their.
impetuosity is abated : the bed thus rises, and the dykes
must be made higher: besides, the waters, particularly
when they. are much increased, accidents, moles, and
insects, impair the dykes, which, therefore, fall to pieces,
or, at least, allow part of the current to filtrate through:
them ; and asthe waters arising from these filtrations and:
overflowings are slackened in their course, as well as the
tributary rivulets and the rain water descended from the
hills, by the greater elevation of the bed which ought to
receive them, they. change the meadows on the banks
into marshes, where a multiplicity of very small streams
are seen, which have no apparent counrse, or which slowly.
descend.along the main stream until they find an outlet,
In summer time, the inhabitants seek for fuel in these
marshes, make turfs of the upper part of the ground,
dig clay-pits at random, and render the valley complete-
ly impracticable.- :

But & more eautious industry sometimes prevents these
disasters, and provides for.every thing ; it-abandons the
bed of the stream to navigation, substitutes for dykes
bridges withsluices, and constructs reservoirs along the
bed, or digs particular channels, for the overflowing wa-
ters, at.all. the places where the sluices require that the-
xpace between the banks should be contracted. In these
sluices, flood-gates and locks afford a wide and deep
passage to the waters, which extends to the bottom of the
stream : clay pits are regularly formed on both sides; a
multiplicity of channels, crossing each other at right an«
gles, drain the marshes, and convey the waters of the
tributary rivulets, as ‘well as the rain water descended
from the hills, into ditches which follow the dircction of
the principal bed, -and receive also the superabundant wa-:
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ter of this last. Every year, when the water increases,
the inhabitants throw the stream into these marshes,
channels, and ditches, where it deposits the mud which
it conveys ; they then cleanse it, as well as the tributary
rivulefs, cut.the reeds, remove the slime, and use it ei-
ther in rising the soil, or-in fertilising it : at other places
they apply the same process to natural marshes, and con-
struct basins wherever channels are insufficient; they
change the pools formed by clay pits into ponds and pro-
ductive fish-keeps. These pouds and fish-keeps, the
stream and..its. tributary: rivulets, -as well as the chan-
nels and ditches, mcet and inicrsect each other; thus di-
viding the ground into a variety of mcadows, culuvatcd.
fields, and gardens. C T
Such arc the modifications, respectmg thc natural
course of the waters, which manufactories, drainings, and
navigation, require at many points. T
Canals serve in connecting basins, rivers, and even
seas ; here they ascend and come down, hills, between
locks frequently close to one:another; there they cross
ravins and rivulets, in the shape.of aqueducts; further
on, streams and canals of: a different . level traverse them,
and intersect each other between iwo locks: in this space,
the depih of the water changes, Llie water is thrown from
one bed into another, and ‘a passage alternately afforded
for the currenis and boats, by means of four slnices which
may be shut two by two, and opened at pleasure: ba~
sins, placed on clevated flat parts of the ground, collect
the waters which navigation, the manceuvre of the Jocks,
and the incessant filtrations and evnporation_s-;rqquire_ ;a
rivalet, the bed of which is higher than that of the canal,
a lake, or a pond, situated on an elevated spot, supply
these waters ; channels convey them down from various
distant sources, and sometimes, 0o, the bed of ariver,
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standing higher than that of another, the former supplies
alone the canal which connects it with the latter.

Hailing ways frequently form a double communication
upon the dykes and banks of the canals and streams;
wherefore the vessels that carry troops and ammunition,
and those which it may be requisite to collect for some mi-
litary operations, may be rapidly drawn by men, or by
horses cither walking or trotting.

Such are the works in which art frequently struggles
with nature, modifies, transforms, and bends her to our
wants : somctimes impotent in its means, blind in its pur-
pose, and fatal in its results; but sometimes, too, supe-
rior to all obstacles, preventing every accident, and
sporting, so to say, with the elements, of which itis the
master. A knowledge of these works not only furnishes
a maultiplicity of inductions respecting the nature and
form of the ground, but the communications by land
and water, which it is so important to consider in military
operations, have infinite relations with the situations of
the following objects that still remain to be treated of.

The courses of water, as well as the navigable streams
and the roads, determine the situations not only of the
insulated manufactories, but also of the villages, manu-
facturing and commercial towns, and particularly of the
fortified places and posts : besides, there is frequently a
remarkable analogy between the form of the ground and
the inhabited places; near a stream, the villages extend
along its bauks, and are divided by streets, parallel to
the current, which smaller streets leading to the stream
intersect ; while upon the hills and the flat clevated parts
of the country, the villages are placed at the crossing of
theroads, and the streetsformed by these last: the houses
line each side of the streets, and narrow lanes, distant

from each other, separate them. If the village have a
VOL, II. ccC
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certain breadth, the main streets are frequently parallel
to the roads. An analogous distribution is observed at
all places where a road orosses a stream: if the former
be the chief communication, it determines the disposi-
tion of the principal streets, which, on the contrary, fol-
1ow the banks of canalsand navigable streams : the houses
face these streams and canals, and gardens enclosed with
walls, or more frequently with hedges, separate them
from 'the country in their rear. These gardens have, in
general, an irregular form, but their size is almost al-
ways ‘proportionate to the extent of the habitation to
which they respectively belong. The same causes infiu-
ence the plan after which towns and cities are built; they
chiefly occupy the points where several streams meet, or
those where & stream divides itself into branches. We
particularly observe in the contours and streets of old
towns and fortresses, turnings and angles which corres-
pond to the windings of adjacent sireams, and to the an-
gles formed by those which fall into each other: and
this correspondence is even seen, to some degree, in mo-
dern towns, where ‘art has subjected the ground to a more
symmetrical arrangement.

- ‘Other yelations may be easily perceived between the
positions of the villages and towns placed upon the de-
clivities of hills, and .the depth of the inundations to
which the lower ground is subject ; and also, between
the tides and-the elevation of the spots where the vil-
lages and towns along sea-coasts are built : on all sides,
relations.of -anether order strike our eyes, and enable us
to conclude, either the ground from the constructions
raised upon ity or these constructions from the ground ;
nature ¢very wheremarks out the limits which man ought
notto.overpass, and supplics him with the materials re-
quisite for his works.
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Vegetation and natural products, as well as those of
agriculiure, clothe, colour, diversify, and ultimately
characterise the surface of the earth. Maps only distin-
guish the principal woods, meadows, and cultivated
lands ; wherefore reconnoitrings, the sole object of which
is the construction of maps, require but a small number
of details that a glance over the country will give, We
shall have an opportunity, when we treat .f Descriptive
Memoirs, of considering the aforesaid brilliant dress of
the surface of the earth in another point of view, and ob-
serving the analogies which it every where has with the
nature of the ground, the waters, the roads, and the inha-
bited places.

Thus all the objects which require observation are
connected with each other ; a thousand relations assist the
observer in seizing and finding out a multiplicity of these
objects, one by means of another, and therefore guide
bis steps, his eye, and his pencil.

ARTICLE XII.
On the drawing of Maps velative to Reconnoitrings.

‘W E have treated of the instruments, processes, induc-
tions, and general means of observation, which may
assist an officer in reconnoitring a country ; in determi-
ning, verifying, and comparing together the triple out-
lines of the triangles, waters, and roads; and in referring
to these outlines the works of man, as well as the general
forms of the ground, and every remarkable object which
the surface of this last presents. But, gradually as the
observations are made, the results should be transferred
toa map, and fixedly expressed by a graphic description
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of the ground, combined with a drawing at sight of the
particulars of it, and with the hand printing and signs
generally adopted.

A Committee, composed of engineers, and other officers
interested in the progress of Topography, has lately de-
termined the means of drawing maps with as much per-
fection and uniformity as can be attained ;* and the
results of these officers’ labours are found in the 5th num-
ber of the Memorial Topogrephique et Mililaire, where
the Committee unfolds, in a more extensive manner than
this essay admits of, the principles to be followed in the
projections, the representation of the ground, the con-
ventional signs, the hand printing, and even in the size
of the maps.t Maps and other specimen of all kinds,
excculed by our most eminent Topographers, connect
example and precept ; I shall, therefore, refer the reader
to that important work, and satisfy myself with making
in this place some observations peculiarly applicable to
the method of sketching ground on the spot, it being the.
only one which in many cases may be used for maps rela-
tive to reconnoitrings.

Even in this method, time and the means which we
can command {requently allow us only.to represent, by a
singleline, the courses of water and the roads, as well as
the most remarkable forms and principal accidents of the
ground ; the delincation of the objects terminated by

* Government had appointed the author a member of that com-
mittee.— Transiator,

+ I begleave to refer the reader to my Work entitled, INsTrucTIONS
ron OFFICERS IN MiLiTary Pran-Drawing, where he will find a
variety of specimens relative to the description ofthe different parts of
the ground, the methods of enlarging and reducing maps, &e—
Translator, ' .
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planes or other surfaces cutting each other, is' given by
the projections of their edges, and with regard {o the un-
dulations of the ground, (the surface of which is a conti-
nued curve,) their representation consists in the projec-
tions of certain lines supposed to be drawn on their sur-
faces. The Committee previously mentioned has ex-
plained in the Memorial Topographique et Militaire the
reasons which render preferable to all other lines those in-
dicating the curves which a drop of water would describe
in coming down the various declivities.* At all cvents,
the projections of these lines, as well as those of the appa-
rent contours, or of the edges, most frequently give
curves which cannot be valued, or that we can only refer
‘to other curves the laws of which are very complicated :
few of the determinable curves admit of being described
by a continual motion, according to methods more or less
simple ; the circle is the only one that can be speedily
traced by ar easy and convenieut process, and even this
figure will not afford such advantage, if an arc is re~
quired the radius of which is very great with respect to
the plane where it is to be described : every other curve
can only be determined by means of points which equa-
tions give in geomelry, and are obtained in surveys from
-the summits of the triangles, and from the intersections or
the prolongations of the outlines which guide the observer.

» Most of the present Geographers and Engineers follow this sys-
tem, and, in order to apply it, we ought to represent mentally to our-
:selves the curves which drops of water or other heavy bodies would
.describe, by virtue of gravity, in coming down the various surfaces
_which the undulations of the ground present: we should also deter-
mine by sight the projections of those curves, and use them in design-
ing the various curves of the heights, of which they represent, in all
directions, the steepest declivities.—7ranslator.
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But these points, which in theory are supposed to be suf.
ficiently numerous, that the lines which connect them
may not differ from the corresponding portions of the
curve, are limited in practice, with respect to their num-
ber and positions ; they do nol actually give the curve,
but only a series of right lines, or, which comes to the
same thing, the sides of an inscribed polygon : therefore,
it still remains to draw the curve through the vertices of
the angles formed by these sides, and to describe it
in such a manner, eilther by trials or otherwise, as to be
free from indentures or breaks in the curvature : thus the
tracing of curves, ia this instance, is connected with the
method of sketching ground on the spot, and its analogy
with it is so much greater as the guiding points are less
numerous and more irregularly situated. These points
undoubtedly assist the Draftinan, but it is not less re-
quisite that his eye and hand should be accustomed to
the process : indeed, habit in this respect may nol be so
much wanted in operations which are performed at ease,
as the observer, it he have paticnce, can multiply the
guiding points at pleasure ; but great facility in imitating
all kinds of curves is no where more indispensable than
in maps relative to reconnoitrings, as the guiding points
are generally in small numbers and inconveniently sis
tuated. Besides, the projected curves are frequently to
be determined and described from sight aloné¢, and the
observer, who almost always can only represent the ob-
jects by their outlines, must find all the means of expres=
sion in these lines.

It follows from what has been said, that an officer, who
wishes to be employed in reconnoitrings, should studi-
ously apply himself to figure drawing, and particularly
to the drawing of antique statues, as, by that means, he
will work afier specimens of the most graceful and difficult
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outlines which it may be attempted to imitate. Experi-
ence hasshewn that this kind of drawing is the founda-
tion of all others, and that a Draftman, who is properly
acquainted with it, has no difficulties to apprehend in any
other kind.

The striking analogy which the drawing of maps has
with figure drawing, is not confined to the various and
sometimes so graceful curves which the courses of water
and the undulations of the soil describe, as it extends
even to the methods used in both these kinds of drawing.
The reader knows that masters who teach the rudiments
of drawing refer to known curves, or to given right lines,
theprojections and contours of the human figure, of the
head and all parts of the body.” By measuring antique
statues, Audran, Le Poussin, and others, have regulated
the proportions of that figure, and derived, from one
sole module, or from its divisions, the dimensions and re-
lations of the axes and other right lines which serve in
determining the contours: painters, in short, similarly to
geometers, have sought the co-ordinates of the curves of
the human body ; but these lines, which greatly assist
beginners, are for the consummate artist only means of ve-
rification, and cannot supply the place of taste and coup
d'eil, which alone should guide him. Time, if not
taste, prescribes laws nearly similar in the drawing of
maps; every thing must be sketched at sight in recon-
noitrings, and regular surveys terminate in the represen-
tation of the ground : in all cases, imitation is the ulti-
mate purpose, and then Geometry forsakes the observer,
who, therefore, no longer finds resources except in draw-
ing. Thus, in this kind of work, as in all thosc of man,
arts, apparently unconnected together, assist cach other,
and realize that allegory of the ancients who made the
muses sisters and companions.
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The art of sketching outlines properly should be the
first study of an officer ; next, he ought to draw and shade
from a bust, or auy other modelof this kind, as his know«
ledge of the effects of light and shade, and his practice in
that respect, will prave of great utility to him in repre-
senting correctly, over the outlines, the relief and forms
of the ground. The Committee for the improvement of
Topography, of which I have previously been speaking,
has unflolded these views, and decided that perspective,
the laying.of tints .and shadowing, shall form part of the
applications. of physics and: descriptive geometry tanght
in the Ecole Poly'echnique; and. that the instruction .
given to the students in this fine establishment shall com-
prchend figure-drawing, and drawing from a bust, or
any other model of the same description, as aforesaid.—
Indecd, it is not so much requisite that an officer upon
the staff should be a proficient in these two kinds of
drawing as an.cngineer, since he may perform his duty
with credit to himself without such a knowledge, But
he will undoubtedly reap great -advantages from possess-
ing it: the habit of handling his pencil with ease and
lightness will enable him {o express quickly that multi-
plicity of - windings, contours, and curves, indefinitely
varied, which the courses of watler and the undulations
of the soil present; he will also have many opportuni-
tics of congratulating himself on being able to impart to
hasty projections. the accuracy of more deliberate opera-
tions, and in simple sketches, to observe that correctness
of form and expression which preserves the physiognomy
of the objectsyand helps the general officer in distinguish-
ing them on the ground. Besides, Ishall remind the
reader of the assistance which a knowledge of drawing
gives to an observer, in appreciating the merits of the
maps from which he derives the outlines of his work ; in
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rectifying the judgments of his sight, when he surveys
by the eye alone : and in concluding, from the tints and
optical magnitudes, the distances, forms, and even the
colours of the objects. .In short, although this know-
ledge may, strictly speaking, be considered as a secon-
dary acquirement which is not indispensable for recon-
noitring, and cannot supply the place of the other quali-
fications required in that branch of service, yet if one of
two officers, who are equally qualified in other respects,
is properly acquainted with drawing while the other is
not, the former will undoubtedly surpass the latter inm
point of accuracy and expedition.

ARTICLE XIII.

On Descriptive Memoirs.

Drscriprive Memoirs may answer various pur-
poses. _

They sometimes supply the place of maps, by giving
merely a written description of the objects which maps
should actually represent : this happens whenevertime is
wanting, as, for instance, when a short reconnoitring,
rapidly performed, does not allow any sketch to be
drawn; and also, when it is deemed sufficient to describe
in writing such particulars as would take too long in
drawing. 'What has been said respecting the surveys
performed by the eye alone, is equally applicable to the
reconnoitrings made for the purpose of laying down de-
scriptions of this kind, the proper digesting of which is
perhaps more difficult than drawing : it requires at once,
from the author, imagination, coup d’eil, and memory ;
and the style should be such as to exhibit to the mind a
picture, as it were, of the objects described. -

vouL, 11, D
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Officers mhy consult in this respect approved memoits,
but disctiminately ; atid they should also be aware, with
Yegard Yo the drawing of maps, that war requifes iio
landscapes : the éountry is not to be described under
one point of vigw ‘only; ‘but under all aspects; it being
represented such as it would appear to an observer ho-
vering overit, and in réference to war, which is the sole
object of his Yabouts.

The purpose of a Descriptive Memoir may also be to
exhibit, in a different poiiit of view, or in a more come
modions form, some of the particulars which a map re-
presents.

An account of a country, written in a general way,
may, if it be well executed give additional clearness
even to the best map ; it elumdates the most important
patticulars of the ground, and shows; at one view, the
‘obstacles and the conveniencies which the soil, the wa-
lers, and the roads offer.

It is highly useful to mdncate summanly in separate
sheets, corresponding to the taps, the mannet in which
the rivers are intersected by their prmclpal and secon-
dary tributary sticams, as well as thé dispesition of the
principal and secondary branches of the mountains with
regard to the chams. "By this means, the connection and
velation of those numerous ramxﬂcauons are sheWn under
a new form and a nearer point of view. -

It is not less important that the communications by
land and water should be described in similar sheets, as
well as the defiles, bndges, ferries, and fords, situated in
their directions ; and that the dlstances between all these
points should be marked. '

Even supposmg ‘ihat these sheets do not contain any
other objects but thos¢ which are expressed in the maps,
yet they facilitate researches, arid form a kind of separate
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legend.. They may.also answer another purpose, name-
Iy, that of presenting under the heads of ¢olumus of ob-
servations the remagks made during the survey, but which
cannot be explained ina map, respecting t_h'e;nature and
particular accidents of the chains of mountains, courses
of water, and of the communications.

The sheet in which the roads are descnbcd may also
contain such notions respecting the distances, as a map
cannot convey : even supposing a country 1o be accu-
rately surveyed, and the distances marked with as much
exactness as circumstances permit, time may be wanted
inorder to calculate them. Indeed, maps are frequently
far from possessing such a degree of perfection and cor-
rectness ; an officer cannot measure gll the roads, and, in
many cases, he ig obhged to trust {o. the mhabxtants, orto
the gmdes whom he t,akes in the couniry : nay, in order
to proﬁt by the information which he dcnves from them,
he must know the values and relatipns of the itinerary
measures used in the country where he operates. Com-
parative tables of these measures are absoltutely necessary
for him ; but, .;lthough he may have some, y¢t he ought
not, to dlspmac with questioning the inbabitants, or his
guides, on the values which they ascribe to the measures
of all depominations: these values and denommatmns
often differ from the legal values and true names, and
sometimes present, under the same name, quantities
which have no relation with each other : in certain coun~
tnes, the cxtent of a league changes as we pass from a
pravince, a district, and even from one vulagc lo another,
while one hour’'s walk expresses, in different places, diss
tances which vary as the character of the inhabitants and
the nature of the ground ; iu short, as the space waich in
a given time may be passed over with different velogis'

ies depending on the kind of ground.
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Comparative tables of itinerary distances are thé‘n ma-
terials which officers should "consultand complete ;' this
is what the pcrfo‘tmérs of the best military reconnoitrings
have done : it is highly important that the Depbt de la
Guerre shouid “tollect these résults; and publish succes-
sively, in the Memorialy’ tables of itinerary distances which
may guide the officers, diminish' their-labours, and' turn
their own reéseatches to' the' good of the service. ' These
tables would- also sérve ‘as models for those which officérs
may be obhged tb ctmstruct when ‘war*'is’ carried on in a
'HeWcoumry B N AL N

. There are still other notions which ‘'maps cannot give,
and which constitute the chief object of Descriptive Me-
moirs; I nean those which relate tothe climate, resources,
'populauon, castoms, and to the admimstratlon of a country,
considered 'in theit - Yelation' to “war. Here descnptlve
memboirs ‘are no longer supplenerits'to ‘maps,” but’ have
their own independent character ; if ‘the reconnoitrings
performed for the purpose of constructing maps may aléo
serve in dlgestmv memoirs, and- the ‘observations be’si-
multancous, the officer must follow otlher rules, em-
brace a more extensive plan, and resott to new means” of
observation. - . '

From the most elevated parts of the vontinents to the
sea, -the relative heights of the ground influence its pro-
ductions, and, under the same latitude, transform, as it
were, the same climafe, into a series of different ones ;
mosses and lichens live under the glaciers, and alone re-
sist, towards the pole, .the rigours of perpetual winter ;
lower downy-a few.shrubs continue the chain which, in
the vegetable scale, connectsthe mosses and the resinous
-trees. The forests of . the north cover the flanks of the
mountains, and protect them from the torrents, as well as
from the rolling down masses of snow : the hunter pur-
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sues ithé chamois -among the rocks; ‘the. gorges which
these last encompass, and the ridges ofsome chains of
mountains, produce a short but exeellent grass, upon
which the flocks feed during summer. Goats climbing
the rocks in'quest of pasture, and a few wooder build-
ings where cheese is made, indicate the temporary abode
ofshepherds = apon the borders of the lakes below, and to-
wards the points where the rapidity of- the torrents dimi-
nishes, the meadows commence under the protection of the
forests; the waters flow amidst a more fresh and' vivid
verdure, and the shepherds reap on these spots, which
are not far distant from-.the hamlets and'villages, the re-
quisite forage for their flocks in winter. -Such are the
mountains inhabited' by a pastoral people, the ‘natural
state of which has not yet ‘been changed by clearing- the
‘ground, or on account of the greéat consumption of wood
‘which some manufactories require. The pastures, flocks,
and population, frequently bear such proportion to each
other, as- scarcely allows the inhabitants to derive suffi-
cient ‘'means of subsistence from -the produce of their
flocks, while, in -other places, this produce exceeds
their wants. In these places, a less wretched life, even a
kind of luxury relative to their situation, and-a few males
or other beasts of'burthen; indicate the beginning of a
-commercial intercourse between them and ‘the inhabitants
of the pldins : from these indications; an army may rely
upon finding some resources on the spot; with regard to
provisions and mcans of conveyande ;: but prudence re-
quires that the-supplies should fist be.drawn from the
-depdts, and that the: provisions which the' country can
afford should be preserved :for:the frequent cases where
-ithe communication in mountains is suddenly interrupted :
it is particularly proper that the soldiers should spare the
flocks, as, without it, they would deprive themselves in
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one day of a constant resource, and reduce to despair a
population which is almost always.courageous. - In couns
ries of this description, another care ought also to en-
gage the attention of the heads of-the army, as the fuel
for the troops requires a great quantity of wood, and it is
material to coansider what are those parts of the forests
which admit of being cut down. . Indeed, a cluster of
trees frequently protects a road, a meadow, and even a
village, from the heavy masses of snow rolling down a
mountain.

Sometimes. the inhabitants denve thejr easy circume
stances from a source of indusiry unconnected with the
keeping of flocks, and apply themselves to it during win-
ter. This industry ought not to be overlooked .in. the
reckoning of the resources which the country can afford
at all events, the difficulty of finding sufficient provisions
and means of conveyance is the greatest obstacle to the
stay and movements of troops in these high valleys,
where a pure air, a salubrious climate, the impossibility
of living to excess, and the exercise which even short
marches afford, keep the soldier in an habitual state of
good health and vigour.

A total change takes place when, instead of ﬂocks,
manufactories. are -established in mountains, and the al«
lurement of -gain precipitates into. mines the inhabitants
of the high valleys ; particularly if the forests.are ruined
on account of the great consumption of wood which iron~
works, glass-houses, &c. require.- Iadeed, a fow more
animals and means of conveyance are found- in the. coun-
try, but it only affords a scanty quantity of provisions,
and sometimes nane atall, as the inhabitants themselves
are supplied in this respect. by those of the plains.—
Here pits, rubbish, and a small number of badly-culti-
vated gardens and ragged meadows, announce a people
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who seek their livelihood in the bowels of the earth ; fur.
ther on, charcoal is bronght down the mountains, as well
as timber, rough or squared, cut for burning, or worked
into beams, planks, and light vessels. By degrees ve-
getation disappears, and fuel becomes very scarce ; the
naked rocks reflect the rays of the sun, and the valleys
are open to all winds ; the marches of the army are more
fatiguing, the bivouacs more bard, and the war is carried
on with greater difficulty. . -

But if it be perceived, on the contrary, that the fo-
rests in the vicinity of the manufactories are spared, the
meadows more rich, and that the ground at large 1s better
cultivated, this circumstance indicates: that pits of
houille* are not far distant, which supply the manufac-
toriey ‘with fuel, and thesoil with manure,

* Vegetation, which is at all places relative to the cli-
mate, ¢hanges, in high mountains, according to the va~
rious aspects, the directions of the different valleys, and
is also affected by the directions of the heights en both
sides of the same valley ; the periphery of a mountain of
this kind, the opposite sides of a chain, and even the de-
clivities which face each other, present the contrast that
we observe in the climates of the north-and south coun-
tries ; while one’of the opposite sides abounds in rich
pastures, the caitle find no food on the other, and are
‘therefore compelled to seck their nourishment beyond the
cols and the snowy spots. In the depressed parts of the
Alps, and in those where the climate .is warm, we fre-
.quently see vine and orange trees follow immediately the
forests, or cover:the opposite side to that which these last
occupy. Thus such or such position, and someiimes
only thebreadth of an intervening torrent, ducides whe-
ther an army will live in plenty, or be subject to want.

* The reader has been told that nouille is a sort of coal.
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Below the summits of high mountains, a vast number of
counterforts and elévated flat spots is occuplcd by forests,
heaths, morasses, and half-barren patches of tillage ; the
valleys which divide these spots and counterforts, are nar-
yow, uncultivated, and 1mpalred in consequence of an ill-
established navigation, or of the manufactories situated
within them ; wherefore, they often pre_sent only meadows
or marshy grounds, which are little productive ; the
country is destitute of resources, easy communications,
and nearly of all means of conveyance; it is also un
healthy, and, should an army traverse it, the troops will
not be able to resist the infiuence of the climate, unless
they frequently march and encamp, and have numerous
fires lighted up in the bivouacs, in order to counteract
the dampuess of the air and soil ; it is requisite, like-
wise, that the soldiets should be supplied with restora-
tive food and beverage.

As the flai spots just mentioned become less clevated
and the width of the valleys augments, the population,
inhabited places, industry, and the resources of all kmds,
increase in rapid progression; the banks of the streams
and rivers, those of the canals and the sea coasts, favour
not only agriculture, but also manufactories and com-
merce ; the climate is more salubrious, 11kew1se, on ac-
count of the ground bem"' better cu[twated 3 only, near
such coasts as form the boundaries of a terntory con-
quered from the sea, the frequent interruptions in the ef-
flux of the waters, the mud of the ditches which is left
uncovered after the sluices have been opened, in slmrt :
a low and. damp soil covered with fogs, nge rise to ep1-
demic dlsenses, from which the inhabitants themselves
are not frec; ~ theéir paleness ‘and whole habit of body
testify their weakness and'sickly state. Indeed, even
the higher parts of the ‘countries Just descrlbed_{eqmre,
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similarly to any other country, and particularly during
the heat of summer, that ‘the spots where the troops are
to encamp should be chosen with precaution, as well as
the water for their use, and that means should be sought
for purifying the water, ifit be unwholesome ; or at least,
for counteracting the effects of its insalabrity ; the rains
of autumn, and the proximity of vineyardsin the vin-
tage season, also préscribc peculiar dispositions for pre«
serving the health of the soldier, and maintaining strict
discipline among the troops, when they are either march-
ing or halting ; the choice of the roads and bivouacs re-
quires consideration likewise ; but, with the exception
of these precautions, ‘every thing favours war in those
countries, and the principal object there, .is not so much
to seck resources, as to use with prudence those actually
at hand, ' :

In countries, overrun with heaths, as wellas in dowus and
sandy plains, the army will meet the same difficulties as in
high mountains, with respect to provisions and means of
conveyance ; besides, it will suffer from the want of wood
and water, and from ‘the insalubrity . of the stagnated
pools ; witheut speaking of the heat in day time, and of
the dampish and ‘unwholesome vapours of the night;
the inhabitants, who.are elther shepherds or ramblers, and
live, the former on the ploduce of small flocks, and the
latter by the chace or, rapine, will supply the army with
but few provisions, while they will frequently oblige it
{o march in order of battle, and to secure the camps and
quarters by numerous posts or by defenswe works., Thus
in a country, pm\usnops, the means of conveyance, and
all other resources, have ‘remarkable relations to the na-
ture of the territory.

But it is not sufficient that these analogies should be

known, as the quantities of the various objects which the
yoL , 11, FE
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country affords must be computed, and that part of them
determined which may be properly applied to the wants
of the army.

In our own country, these documents may be collect-
¢d beforehand,; and ought to be the subject of military
statistics which,. in a defensive war, would prove highly
useful by aﬂbrdi-ng the means of levying all kinds: of con-
tributions in & more just proportion.

But these. documents are at on¢e more requisite and
less casily procured, when the:army is actually upon the
offensive; or preparing for it. " T'he first fruit of victory
is to throw the whole burthen of the war uponthe ene-
my, and to live at his expence. ' In our own country, a
regular administration and some fixed regulations direct
and facilitate the. collection and distribution of the provi-
sions, means of conveyance, and of the supplies of all
kinds which an army requires’; ‘but, in the enemy’s ter-
ritory, a-thousand circumstances occasionally prescribe
to modify the established Tules; to give to the 'soldier
provisions different from those which he usually reccives,
or to alter the quantity of these last; finally, to assimi-

“late his food to ‘that of the ‘inhabitant who lodges ‘him,
and substitute certain catables for others. ‘It somelimes
‘becomes requisite likewise; to consume the whole of the
provisions, to put‘all the ‘means of ¢onveyance ‘in mo-
tion, to employ u great number of inhabitants, “and, in
short, to use every resource ; wherefore, none should be
unknown. e ' o e

It is.scarcely possible that an accurate' estimation
should be made - of the resources whi¢h either’ our own
territory or that of the enemy presents, except from do-
cuments previously collected under the direction of
government, or of the local authorities; such are the
registers of lands, and the statistics of the country, In-



ON TOPOGRAPIY. 211

decd it frequently happens, that a province, or a dis-
trict, having made an arrangement with the sovereign
for the taxes, has its own register accurately drawn up,
while the remaiuder of the state has no basis upon which
the assessments may be laid. The first proceedings of
an officer should, therefore, be to ascertain if there is
such register, or if, at least, materials have been pre-
pared for the purpose of making one; and, after pro-
curing these documents, he ought to consult them, to
make extracts, and to insert the results of his investiga-
tions in the Descriptive Memoir which he is about.
Should no register of lands be at hand, the lists for
the assessment of taxes, the records. of the Cusiom-
houses, some statistical memoirs, and other documents,
may give -information, or, at least, furnish indications,
respecting the provisions, sums of moncy, means of
conveyance, and other resources, which the country
can afford. ‘lmperfect as these. documents may be sup-
posed to be, they will at least answer the same purpose
with regard to Descriptive Memoirs as is attained in
maps relative lo military reconncitrings by supplying
with outlines the officer engaged in the operatwn, be-
fore he bas begun it. :

‘When the above means of investigation cannot he
procured, the magistrates on the spot, the well-inform-
ed people, and particularly the old men who have been
witnesses of former wars, will supply the place of them,
and give a multiplicity of details which may be relied
upon. But there is much art wanted in collecting do-
cuments ini this manner ; authority, fear, and violence,
with difficulty draw forth unconnected confessions which
perfidy or fright may render unfounded. Indeed, this
wethod of obtaining the information wished for, is
sometimes requisite because every other. has failed ; butit
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should be employed only in such circumstances. An offi-
cer will succeed best, if he appear not to demand any
thing in his official character, but conlrives, under va-
rious prefences, to ‘introduce himself naturally to the
persons who are able to instruct him, and {o learn from
them, by way of conversation, the particulars which
he wishes to know, without putting to them any explicit
questions which might betray his scheme ; with a view to
holding up the conversation, and in order to show him-
self a well-informed and entertaining man, the person
whom he visits will enter into details which he would re-
fuse to give, should it seem that the officer requires
them. But be sure to remember what this person said,
and endeavour, during the conversation, not only to
follow the chain of ideas, but to make them arise from
cach other in a manner suitable to your purpose. Be par-
ticularly careful not to make yonr appearance in a magis-
terial attitude, with a pencil in one hand, and a book. of
memoranda in the other, and avoid studiously, likewise,
assuming an air of mystery and importance, and that look
of a man who seems to meditate great designs ; as with~
out it, you will render yourself suspicious, and people
will believe that it may be proper to deceive you ; then,
either an absolute silence on their side will defeat your
views, or they will attempt to mislead you by means of
erroneous statements, apparently given in a confidential
manner, the consequences of which may prove very fatal
to the army,

Should the information which the officer has derived
from the archives of the country and the inhabitants be
insufficient, the elements of political economy and mili«
tary administration may supply him with useful means of
analogy and induction.

Forinstance : if he have expressed the nature of the
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ground in the map drawn from his reconnoitring, he may
easily  compute, with near approximation, the number
of acres, or of any other measures, which both the cul-
tivated and laid-up lands, the meadows, the untilled
fields, and the plantations occupy ; the ground itself, or
the inhabitants, will afford him the requisite data for di-
viding the.land into some principal. classes, according to
its nature and fertility ; and, by examining the cultivated
spots, he will be able to ascertain the manner in which
the husbandman alternates his crops; the mean quantity
of grain, forage, and other produce, which is reaped in
one acre of land, according to the soil, is known ; and, if
an officer possess these elementary notions, he may ea-
sily calculate, with sufficient precision, the agricultural
product. This product has necessary relations with the
buildings which belong to the farms; and should it be
deemed expedient to ascertain the contents of. the stacks,
granaries, and barns, simple and easy measurements will
give it. In all cases, an exercised eye is sufficient for
estimating or verifying the resources of a district with
rapidity. :

The stables, ox-stalls, &c. afford indices, likewise,
respecting the number of cattle and beasts of burthen ;
other inductions may be drawn from the nature of the
country and crops, the meadows, the quantity of manure
and number of conveyances which the cultivated grounds
require, and from the more or less careful mannerin which
they are attended to. More positive notions upon the
number and nature of animals of all kinds may be easily
collected in reconnoitring, and the means of conveyance
immediately concluded from them ; the daily product of
cattle, the food and materials obtained from it, and the

relation in price, quantity, and nutritive quality, that this
' .bra_ncl_l of resources has with vegetable productions, are
also data which political economy affords.
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‘With regard to othet.productions, we know the mean
produce of one acre of land, either planted with lofty
trees of such or such kind, or forming only a coppice ;
that of coal and clay-pits is not so easily ascertained,
but may be concluded from the quantity of fuel which is’
heaped up near them, or from the account of the work-
people.  The daily produce of these people’s labour
may also be measured, and the same method employed
for estimating all other articles of consumption, either
dry or liquid, and whatever the size and figure may be
of the magazines, sacks, casks, and other capacities,
which contain them ; nay, the habit of cubing all kinds
of solids, and an accurate.-knowledge of the measures
and gaging of the country, will enable an officer to esti-
mate the volume with sufficient accuracy by the eye
alone, and to conclude the weight from it.

It is still more casy to take an account, in reconnoi-
tring, of the manufactories of some importance, to make
enquiries respecting their product, or to estimate it from
the number of hands and working. machines which they
employ : finally, by means of the general notions which
we possess on the mean product of manufactories of the
same kind.

Thus it is not more difficult to estimate the resources of
a country with regard to the clothing of the troops, their
equipment, the supplying of the dep6ts and fortresses,
and to military works in general, than with respect to
subsistence. -

The nature of the habitations and their number have a
multiplicity of relations with the population and chief
employment of the inhabitants, which are easily per-
ceived : the general results furnished by ‘the tables of
mortality, or collected in reconnoitring, and all those
which we have enumerated, will give, without any dife
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ficulty, the natural and civil divisions of the population,
as wcll as those relative to industry; the numbher of
hands and professional workmen who may be employed
in military works will be known, and particularly the
proportion which the consumption of the country bears
to ifs resources ;- and, consequently, the quantity of these
resources which we can properly apply to'the wants of
the army will be ascertained. ‘

On the other hand, we learn from:the elements of mili-
tary administration what quantity of food, either for the
men or horses, what establishments and means of con-
veyance, what kind and quality of materials, in short,
what number of hands are requisite, for the subsistance of
anarmy at large, its clothing, equipment, and fuel, and
for military operations ‘and “works, according to the
strength of the army, the nature of the war, the country
where it is carried on, and to other circumstances,—
‘Wherefore an officer who possesses a knowledge of these
bases, may casily present general results in his Descrip-
tive Memoir, respecting the means of attending to the
wants of the'army, and thus enable the commander, as
well as government, to determine ‘the quantity of sup-
plies to be added to those which the country can afford,
or toregulate after these last the strength, direction, and
the operations of thearmy. ' '

Time, and the limits of this essay, do not allow me to
investigate the numerous, but simple and casy elcments
of the above computations: they should be the subject
of a special memioir, comprehending a collection of pre-
cepts relative to military statistics. The ulility of such
collection for officers will undoubtedly not escape the en-
lightened zeal which directs the labours of the General

“Depbt de la Guerre.
Any officer, Who wishes to acquire the necessary quas
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lifications for reconnoitring, should exercise himself in-
writing and speaking the languages of the countries where
he may be employed for that purposc, as such know-
ledge will be particularly uscful to him with respect to
Descriptive Memoirs.* If he do not possess it, he will
derive great advantages from being sufficiently acquaint-
ed with Latin, toconverse in this language with the ec-
clesiastics, monks, and learned men, of the country, and,
in some states, with the peasants, as they speak it in a
manner more or less perfect. Indeed, this means has
proved most beneficial to some officers, but he who em-
ploys it should accustom himself to imitate the pronun-
ciation of the inhabitants, so as to be understood by them,
and himself compreliend such words as a difference in
this respect may first render strange to his car. :
Next tothe language of the country, nothing brings an
officer so much into favour with the inhabitants as his
knowledge of the religion, laws, cusioms, and manners,
there observed, and the respect which he testifies for
them : information relative to the governmentand public
administration of the state, and to the civil and political
situation of it, utterly removes from him the appearance
of being a stranger ; he is able to collect, and, therefore,
to insertin his Memoir notes relative to the dispositions of
the inhabitants; and to point out, in case of agitation
among them, the means which should be employed in or-
der to pacify them, or to keep* them down. He has it
" particularly in his power to explain the most simple me-
thod of using to advantage, with as few altcrations as pos-

# Tn almost all countries, the inhabitants do notso much consider
as strangers people who speak the language of the place, and they
are more sociable with them. '
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sible, the measures successfully adopted by the adminis-
tration of the country, for the maintenance of public
tranquillity ; as well as those which will cause the con-
tributions in money or otherwise to be equitably divided,
and for this reason levied with greater facility : finally,
he is enabled to indicate in what manner the product of
these contributlions, the means of conveyance, and the
required workmen for sieges and military works in gene-
ral, may be forwarded to the army without confusion
from all parts of the country.

The particular abilities which an officer should possess
in order to describe a country properly in a memoir,
have been pointed out at the beginning of this article : it
was supposed that the ramifications ofthe ground and wa-
ters would be thrown together, in separate sheets, at the end
of the memoir, and we shall now add that this process is
not less adviseable with respect to the population, esta-
blishments, and various resources of the couniry. Some
statistical works contain specimens of most of these sheets,
which may be easily completed, modified, adapted to
reconnoitrings, and subjoined to special instructions in
military statistics.

In general it is proper, in a Descriptive Memoir, that
all kinds of details should be thrown at the end, in sepa-
rate sheets, as aforesaid, so that the body of the memoit
may only contain a general view of the country, the com-
prehensive descriptions, principal observations, and most
striking remarks; in a word, those most important ob-
jects of information which require illustrations, suppose
some discussions, and suggest highly useful observations :
in this manner, the memoir will have that kind of preci-
sion which is so requisite in writings intended for the pe-
* rusal of men entrusted with the direction of great con-

cerns, that perspicuity which only requires a glance over
" YoL. Il FF
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it, and, in short, that arrangement, pleasing to the
rcader, which relieves his attention and diminishes his
fatiguc. Every officer may show his particular abilities
in this respect ; Buffon is ecloquent, and Fontenelle inge-
nious, even in treating of subjects which least favour a
display of these qualiﬁéations. Indeed, it is not given to
all men to possess them, but every one may employ a
clear, simple, and concise, style, which, particularly in
writings of this kind, is the most approved, as being the
most useful ; nay, any other style may give rise to dan-
gerous consequences, and therefore the author of a De-
scriptive Memoir should not use forced expressions.—
Besides, emphasis borders upon ill-suited cloquence, re-
finement uponaflectation, and pretensions most commonly
lead to ridicule.

ARTICLE XIV.
On Mditary Memoirs.

MivritarY Memoirs differ from those which are only
descriplive, as the writer docs not confine himself in the
former to describing in a general way the nature of the
country, its resources, and the obstacles which it opposes
to the operations of armies, but makes applications of
these data as he collects them. He supposes, for in-
stance, that armies are acting upon the ground which he
passes over, and that their respective strength, some mis-
fortunes, or their successes, place them in such or such
a situation ; and upon each hypothesis, he considers, ana-
lyses, and discusses the measures which they ought to
take, in order to recover their dicasters, or profit by
their victories, These suppositions are frequently less
vague, and have for their object to investigate the means
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of attaining a fixed purpose. - Such are the circumstances
in which an oflicer is to indicate the roads which the dif-
ferent colamns may follow 3 to choose a camp ; to observe
the'posilion and movements of the cnemy ; 1o reconnoitre
the defensiveor other works, the new roads, the intrench-
ments, blockades, surprises, and sieges, which the ope-
rations of an army may require, and to lay the plan of
their exccution ; to propose means for defending a great
extent of country, while the armies are acting offensively
at remote points: in short, to dectermine the actual rela-
tions of thearmies, ground, fortresses, and posts, in de-
fensive or offensive operations, and either upon our fron-
tiers, or inthe country of the enemy.

The rules and processes applicable to Military Me-
moirs, as well as the means of analogy, induction, and
approximation, do not differ from those which are ap-
plicd to Descriptive Memoirs in reconnoitring and sur-
veying the country, and in making a plan or a written
description of it ; but the former Memoirs demand a more
extensive and precise knowledge of war than the latter,
and, in many circumstances, of military works. Theenu-
meration made in the Articles I. and 11. of this essay, of
the subjects of information which war requires, will re-
mind the reader of the principal considerations which the
various military operations oblige us fo embrace, where-
fore I will refer him to those articles ; and, with regard to
such investigations as they did not admit of, he may
consult the most esteemed military publications. 1 only
propose, in this place, to offer some remarks upon the
means of exccution with which an officer ought to render
himsclf familiar, in order to digest and.form a Military
Memoir with the promptitude and degree of precision re-
quisite in war,

The first of these means is the great practice which he
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ought to have in estimating at sight the space which an
army, or a dctachment of a given strength, their equi-
pages, and a park of artillery, require in camps, posi-
tions, and quarters; and when time permits, in verifying
this space by the paces of his horse: an officer should
also be acquainted with the different methods of arrang-
ing the troops, waggons, guns, &c. and know the limits
within which the surfaces where they are placed may be
extended or contracted, according to the ground and the
greater or smaller distance of the enemy. In fact, if the
rcader only apply these assertions to the most frequent
occurrence, he will perceive that an officer, who is to
reconnoitre the spot for a camp, has no other means of
ascertaining that it will fulfil the first requisite condition 3
namely, that it will be suitable to the strength of the
army, and suchas to be wholly occupied, as wellas sup-
ported and defended at all points, without the troops be-
ing too much weakened.

It is not less necessary that an officer should cexercise
himself in estimating the space which, in marches, an
army of a given strength, a certain body of troops, their
artillery and equipages, shall occupy ; as wellas the
distance which they can pass over, and the possible ar-
rangements in their respect, according to the roads, the
particulars of these last, and to the nature of the proposed
operations. Istimations of this kind are incessantly re-
quisite, cither in reconnoitrings relative to the directions
which columns and convoys are to follow, and to the
places of halting and sojourning, orin indicating the ob-
stacles opposed by the required dispositions and measures
for the passage or the defence of cols, deflles, bridges,
streams, and rivers, and for atlacking or defending
camps, positions, quarters, columns in their march, and
convoys ; similar estimations are also made in examining
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the rclations of an army with the detached corps, garri-
sons, and parties, composed either of our own troops,
or of those of thcenemy.

But, in order to make the above valuations, an officer
should, first, know the space which a foot and a horse-
soldier, a gun, and an equipage-waggon, occupies in the
rank, ina column, in a march, and in camps and quar-
ters, as well as the intervals to be left between the divi-
sions and sub-divisions of a troop, a park, and of a convoy;
and also the modifications to the general rules which such
or such circumstances may allow,and even require. Expe-
rience and observation give these elementary notions; and,
besides, most of them are found inthe regulations relative
to the service, manccuvres, and administration of the
troops ; wherefore they may be extracted from them, and
collected 'togclhcr in the form of convenient portable ta-
bles. But itis not sufficient that an officer should kave
the means of referring to these tables ; he ought to verify
them frequently on the ground, to exercise his eye to the
valuations which they suppose, and must be able to ap-
ply them, in all cases, without any calculations or mea-
surements. At all events, if circumstances permit mea-
surements and calculations to be made in this instance,
they will appear very simple and easy to an officer who
understands the method of taking up ground in re-
connoitring. Next to the means of observation previ-
ously mentioned, an officer should avail himself of all
those which may assist him in reconnoitring the position,
following the movements, and detecting the projects of
the enemy : the habit of estimating distances at sight,
from sound, and of mecasuring them by other rapid me-
thods, may be as useful to him in this branch of service
as in surveying : his knowledge of manceuvres will ena-
ble him to conclude the views of the enemy from some
of his movements ; finally, if he be also acquainted to a
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certain degree with military administration, this kind of
information will frequently afford him indices respecting

“the purposc of the enemy in making such or such es-
tablishments and preparations, and in collecting such or
such meansrelative to work and conveyance. This officer
will see, likewise, what relations the enemy’s dispositions
may have with the respective situation of the armies,
and whether they are sufficient to insure him success in
his apparent scheme, or i1l combined ; in short, whether
they are real or only feigned, and what measures must
be opposed to them, in order either to stop the encmy,
or to let him follow his designs with a confidence which
will ultimately turn o our own advantage.

Officers, ordercd to observe or follow the movements of
the enemy, are not uncommonly obliged fo trust entire=
ly to their guides, or to employ spics/, although most
frequently the information obtained from these last is
transmitied to them by the general staff; but these of-
ficers sometimes are instructed to receive their reports,
and, in all cascs, to verify them ; the guides are clesely
watched; mildness, threats, and \promisos of reward,
their property and families which are kept as hostages,
in short, a multiplicity of other means and pledges, may
stimulate their zeal and secure their fidelity. With re-
gard to spies, it is sufficient to observe, that gold, and
religious or political fanaticism, may equally remove
from their thoughts the shame of their infamous traffic
and the fear of punishment, but ‘are the only means
which can be successfully employed in their xespect:
that spies are found in every profession, and even in
those which are considered as respectable: that the
spirit of sect, or of party, causes the men whom it
blinds to forget the laws of probity and honour: that
these men, although they attend to the said laws in
every other respect, believe no transaction dishonest
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which serves their religious or political opinions ; that
they consequently are the most zealous and trusty spics;
that they ought to be treated differently from the others :
besides, that whoever spies may be, we cannot possess
too many pledges of their good faith: that one shounld
not know another: that they may treacherously sell
themseclves to both parties, or be detected, and give
false and dangcrous advice, either unknowingly, or in
order to avoid death : that their ignorance and zeal are
to be provided against as much as their perfidy : Jastly,
that their reports, and particularly the letters which they
write from the enemy’s camp and country, ought to be
verified one by another, and compared with the reports
of the patroles, van-guards, and parties, the declara.
tions made by deserters, and with the information given
by some inhabitants and travellers respecting the move-
ments, preparations, and establishments of the enemy.

The rules to be followed, in the digesting of Military
Memoirs, are the same as those which relateto Descrip-
tive Memoirs; only, the writer should not introduce an
inconsiderate number of suppositions, as they might lead
him tofuseless discussions fatiguing to his gencral. Every
thing cannot be foreseen in war ; events, as well as the
respective strength of the armies, mulliply the combi-
nations which may be made upon a given spot, and were
all of them to be analysed, Military Memoirs, drawn up
even from the least comprehensive reconnoitrings, would
form large volumes; consequently these combinations,
when it is requisite to investigate them, should be refer-
red to some principal suppositions in whichall the others
meet. It is still better, and such is perhaps the best
method of all, although the most difficult, only to insert
in the Memoir the elements which may serve in solving
all problems, and to leave to the general the care of sc-
Yecting and resolving these last.
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In recommending this methed, we undoubtedly except
the case in which an officer knows the purpose of the re-
connoitring, is in the confidence of his general, and re-
ceives directions from him lo prepare or propose a plan
for the exccution of such or such defermined operation ;
but then he cvidently has no suppositions to make ; he is
no longer to discover the views of the general, since he
isacquainted with them, and his only duty is to investi-
gate thc most proper means of carrying them into ef-
fect.

The above officer has frequently occasion fo mark the
position and movements of the troops, upon the map of
the reconnoitring, and to subjoin in the same manner, but
from a larger scale, the defensive and other works: at all
events, this kind of drawing will not appear difficult to
him if he beacquainted with plan-drawing, and possesses
also the necessary information to project the movements
and works which he is to represent. ' ; .

Finally, it often happens that circumstances do not
allow an officer {o write down his observations, but only
to give a verbal account of them fo his general, and to
make what is called a Military Report. Thistakes place
whenever the object of the reconnoitring is a pressing ope-
ration, in the execution of which great promptitude is
requisite. It is important in this case that the officer
should possess, besides the other qualifications which the
peculiar nature of his service requires, a sure and rapid
coup d’ceil, an imagination ready to scize all particulars,
" much coolness, a strong memory, and the rare faculty of
expressing clearly, in a few words, every thing essential
to be remarked in the series of objects and events which
have struck him. '
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ARTICLE XV. AND THE LAST.
Conclusion. -

TuE various kinds of information which war requires
have been briefly enumerated in the leading articles of
tkis essay ; they are the intended object of military recon-
noitrings, wherefore we have, first, treated of them.

The different means of observation have then been i m-
‘vestigated ; such investigation was the principal obJeqt
of this work. The instruments, processes, rules, and
‘analogies, which may be successfully used either for
‘abridging the operations or multiplying the results, have
been particularly pointed out, and the description of all
these resources will enable officers to know the proper li-
mits of their undertakings, according to the time which,
they can command, the country where they operate, and
‘consistently with other given data: it will assist, per-
haps, in preventing iwo opposite faults; namely, that
‘of doing less than can be done, and that of attempting im-
possibilities.

We shall observe, however, that the methods whlch
have been explained are not all applicable to every place,
in every case, or suitable to all military men; where-
fore, each officer should endeavour to select and use such
of them as are adapted io his personal means, the opera«
tion with which heis entrusted, and to the degree of pre-
-cision that it requires. ’

Indced, the information which the use of these me-
thods supposes is very elementary : the instruments and
Pprocesses relative to the rapid formation of the outlines of
triangles, and to comprehensive levellings, are the only
ones of which the application requires that kind of know-

VOL. IL. ' €G
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ledge which the peculiar duty of an engineer renders ne-
cessary fo him, and the general notions contained in this
essay, upon those two aperations, present no diffificulty
in being understood ; while they will prove useful to offi~
cérs engaged either in taking the details of a survey, or
in Ievdhngs of no great extent. These operations, the
méthods of taking heights and distances which are re-
commended. and those of performing surveys in which
chains, rods, or only pacing, are used for measuring,
‘merely require a knowledge of the first rudiments of geo-
métry, and aré as little complicated as the clementary
problems of tactics; on the other hand, any man of com-
mon information may easily comprehend, with -a little
attention, most of the experiments and observations re-
lative to optics, perspective, and physical geography,
and find in them facts which he has previously witness-
ed : he also may verify them in‘maps, in his travels, and
in considering the objects about him, by using for this
purposc obscivations suitable to himself. Here it is not
required to explain phenoména, but merely to observe
them ; and, instead of theoretical studics, only a few sim-
ple, positive, and practical, notions are to be acquired :
nor is it requisite for reconnoitring, thatan officer should
possess a deep knowledge of the sciences connected with
this branch of service, as it is sufficient for him to be ac-
quainted with the results, and to apply them to war.—
There is not any thing in these applications, of whieh
war in its turn does not give an cxample: for, all
branches of knowledge are connected with each other,
although they ‘may relate fo different subjects ; cach
derives assistance from the others, and if we con-
sider the military art in all its ramifications, we slhall
perceive that it hasrelations with every other art.
The ¢asicst niethods are also the most usual in reconnoi-
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iring, as the application of those which present some
difficulties is less frequently requisite : it is thesame thing
for all branches of practical knowledge ; wherefore im-
provement in their respect does not consist in contriving all
kinds of processes, but only such as may be conveniently
employed, and are simple and rapid. This assertion will
account for the particular attention bestowed in this essay,
upon the investigation of the means which every military
man may use, _

In this multiplicity of means, all are not equally good,
although all may be useful; consequently, an officer
should knaw the whole of them, not in order to employ
them indiscriminatcly, but for the purpose either of sc»
lecting them when he may take his choice, or of being
able to use such of them as he has at hand, were he des-
titute of other respurces, Indeed, some of those means
are very imperfect, but they sometimes are the ouly
ones to which recourse can be had; and if, on the one
hand, they only give rough approximations, it may
happen, on the other, that the circumstances in which
they are employed, does not require greater precision :
{hus the variety in the degree of approximation which
may be requisite, compensates for the imperfection of
some means,and justifies the multiplicity of those which
we have pointed out in this work.

In general we have been guided in our researches by
the sawme principle that ought to guide an officer in re-
connoitrings ; namely, the necessity of having regard to
time, which fixes the limits of possibility, decides every
thing in war as well as in politics, and bas no less influ-
ence on events, determinations, and passions, than it has
wpon matter itself.

THE END.,
| ————— ]
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Page 49, Line 15 from bottom, for the compass pl F. fig. 29, read, the
compass @l IV, fig. 29.




Works published by the same Author.

INSTRUCTIONS FOR OFFICERS

IN

MILITARY PLAN-DRAWING ;

Shewing how to draw Plans,either with a pen or abrush ;
and also, how to make Scales,to copy, enlarge, and re-
duce Plans, &c.—In oblong quarto, with five plates.

Tue three first plates of this work are intended to represent, iz a fi-
nished style, the different parts of a country, such as rivers, woods,
hills, meadows, marshes, morasses, rocks, &c. ; the fourth plate is pro-
posed as the manner of sketching ground, when expedition in the
drawing of a map is required, as it frequently happens in the field;
and the fifth plate shows the method of representing in a plan, infan-
try and cavalry drawn up, or encamped, a parkvfartillery, the evolu-
tions of troops,&c. In this plate are also contained the figures which
relate to several practical operations explainedin the work, and re:
quisite in drawing plans,

The various specimens in these plates being drawn with a pen, the
requisite directions for drawing plans with a brush have been given in
writing.

THE SPIRIT

OF THE

MODERN SYSTEM OF WAR.

BY A PRUSSIAN GENERAL OFFICER.

Translated, with the addition of a Commentary,
BY C. S. DE MALORTIE.
In 8vo. with Five Plates.

Tre Adthor of the original work (which the French have translated
into their own language) explains, first, the principle on which the
modern system of war is founded, as well as the alterations which it
has produced in the old system ; and he supports by demonstrations
the theory which he unfolds respecting Zines of operations and mili-
tary bases: next, he takes 2 view of the various modes of effecting a
setreat, analyses the defects of some methods, and points out the best.
He also proposes a system of his own respecting Tirailleurs, makes
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remarks on the most important objects of Tactics, such as the changing
of front, \he deploying of columns, the oblique order of battle, the order
of battle by echelons, the attuck in centre, Q. ; and, from his investiga-
tion of the subjects of which he has previously treated, he deduces
rules applicable to sérategics and tactics : lastly, he adverts to the con-
scquences of the modern system of war in a political and in a military
point of view; he applies to past military eveats, and to those which
may take place in future, the principle which he has stated, with re.
‘gard to the necessity of having a proper dase of operations : and, after
inquiring into the natural bounds of the great Eurvpean States, and
into the inference, which, in respect to future wars, may be drawn
from the determination of those bounds, he proposes what he calls =
military problem, and concludes his work. '

Although the Commentator occasionally presumes to expressan opis
nion different from that of the author, as will appear from the com-
mentary, yet he asserts that the General’s work contains a greatnum-
Ber of very instructive lessons, which render it most interesting ; and
much more so, as he elucidates, by a method entirely new, the prin-
ciples which he lays down; namely. he refers the reader to simple
geometrical figures, which enable even the youngest officers to un-
derstand his demonstrations with uncommon facility.

In the commentary will also be found the fundamental principles
which ought to regulate the formation of plansof campaigns; some
yemarks o diversions, marches, and positions; a dissertation on the
origin and use of Tirailleurs and columns of altack in the French ar-
mies, &c.; as well as other subjects, which cannot be enumerated in

-a prospectus of this kind,

THE THEORY
OF

FIELD-FORTIFICATION.

In 8ro. with 31 Plates.

Tk object of the Author was, ia writing this work, not only to lay"
down proper rules for constructing 2nd disposing FreLp-wenks, but
alsn to explain the reasons upon which those rules are founded, as an
officer can only attain a very superficial information when, in the.
course of his studies, he is reduced to the necessity of taking for
granted principles, the propriety of which is not demonstrated,

The work is divided into three parts:

Pant TiE F1RsT containg, besides notions and rules applicable to
field-worksin peneral, the construction of the outlines of REDANS, RE-
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DOUATS, FIELD-FORTS, TETES DE PONT,2hd dfixrrENCHRESTS OF dr-
M1ES, either coNNECTED, OF wItn INTERVALS., The requisite theore-
tical explanations respecting all these works are subjoined.

Part THE SECOND comprehends an investigation of the principles
which onght to guide an. officer in determining the proper height and
thicknéss of the PaRaseT, accotding 'to circuthstanees, as well as the
SUPERIOR, INTERICR, and the £xTrR10R, sLOPE of it; the BERy, the
breadth and depth of'the pritu, the slope of the tountrrscanre, the
BaNQUETTE and its slope, the various methods of forming the rever-
mENT Of fleld-works, the aRTIFICIAL OBsTAGLES which may be em-
ployed, such as PALISADES, FRAISES, PALISADE-CAPONTERES, ABATIS,
CHEVAUX DE FRISE, HARROWS, CROWS FEET, PICKETS, TROUS DL LQUP,
1xunparioNs, &c. and Fovexssed; are also treated of in the same
part; lastly, it contains a dissertation on SIMPLE GLACIS, COVERT=
WAYS, AVANT-GLACIS, REDOUBTS INSIDL OF OTHER WORKS, and oa
SREMAILLERES; as well as the proper methods of periLive fields
works, and constructing such TravERsES as are adapted to this pur-
pose.

The explanation given in Pakr Tee FéurTa contains further consi-
derations on INTRENCHMENTS OF ARMIES, hesides an illustration of the
general principles applicable to LINES OF FRONTICRS, POSTS OF FRON-
TrERS, ahd other Posts, INTRENCHED caMPs OF FRONTIERS, aid (o
GRAND TETES DE PONT.

PRACTICAL FIELD-FORTIFICATION.
In 8vo, with five Plutcs.

Turs work is intended as a supplement to the preceding, “ Tus
Tueory oF Firip ForTrricatron,” for the use of such young officers
‘as have ho knewledge of geometry and fortification in general, and of
those who may not besufficiently acquainted with the methods of per-
forming, either the calculations or the practical operations on the
ground, which the tracing of field-works and their construction de.
mand.

The methods of making saucrssons, PASCINES, GABIONS, HURDLES,
TROUS DE LUUP, [UOP-HOLES, CHEVAUX DE FRISK, PALISADES, SAND-
Bacs, &c. and of constructing BaTTenIrs and pLaTFORMS, have also
been explained, as well as other useful operarions; and the author has
been particularly attenttve to that conciseness and perspicuity iB the
explanations, which the 1atended purpose of the work indispensbaly
required,
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AT

MR. C. S. DE MALORTIE’S,
.~ SHOOTER's HILL, KENT.

—_go—

Two young Gentlemen are boarded and qualified for
the ArmY, and the Honourable East INp1A-CompANY’s
SERVICE.

They are taught Mathematics; Permanent and Field-
Fortification, (including the practical method of traéz'rzg
works ov the ground, and of constructing them ;) the
art of attacking and defending fortresses, posts, intrench-
ments, &c. ; mililary plan-drawing ; the proper method
to reconnoitre and survey -in the field, both with instru-
ments and by the eye alone ; levelling ; castrametation,
tactics, perspective, and the Fremch language. The
Gentlemen may be attended too, 'if required, by classical,
fehcz'ng, dancing, drilly and drawing, maslers, on mo-
derate terms. ' ’

N.B. Frenchis spoken in the Family.

|

*,% All Letters addressed to Mr.C. S, DE MALORTIE,
Shooter’s-Hill, Kent, respecting further particulars, will
be duly attended to, ' B



Ne s Smend



,/"1(}/. .

)
~

S
Fig. 1z,

!

E.Trnn

12

I

i
R TS

*&v.w-;nm C 200 300

Eig. 1.

400 boo

.-
| | |
. € 7"’ l

I ;

R R R A AT T o A AR A T e T A ek T e T R i s me b TRACG T e T i

3

|

L ] . e R ]




W /RNUR

Faels s erun.



= =

Llecte o4




IR

\ "i\’l)’lla’»)l)x’l
1

RS YRS

o

o é&ﬂf-ﬁf“- %
Al yga, &!&

4 .:3&\/3
AR b Al 35T

e
b
P

|

+E

R o~




T

Llate 0.

RYTETE

23 rodsare T

Fig. e




2. 2.

£ig. 48

Teale s Foand




T T, e e e e RETaa B T feppetpmsnpagen T e —

/1.8,

./"1;([, (8

Fig. 6.

o r

1
il

. Fig. 67,

'\ JIURAIU IR AMKN

S~

T

Fig. 72

C

IR,

4]

£y, 08.

..N

.




