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PREFACE TO VOL. II. 

T t i e  astronomical, magnetic, and pendulum observations affording the 

material for the three important Memoirs contained in this volume, were nearly 

all of them, with the exception of the observations from the sledge-journey, 

made by Capt. SIGURD S C O T T - H A N S E N .  In my preface to Vol. I of this 

Report, I have gratefully acknowledged his impoi-tnrit share i n  the results 

of the expedition. The present volume containing sonie part of his work, will 

testify to the astonishing quantity of multifarious observations he has been 

able to accomplish, and to the intelligent care and accuracy with which he 

made them, notwithstanding the often trying circumstances. 

Memoir VI, containing the Astronomicnl Observations made during the 

expedition, and their Results, has been prepared by Prof. H. G E E L M U Y D E K .  
Before our start, Prof. G E E L M U Y D E N  gave the expedition his important 

assistance by aiding in our equipment with astronomical instruments and 

chronometers, and giving us instruction in the best methods of making 

observations for detcrmining our position in high latitudes. After our return, 

he had the great kindness to undertake the troublesome and slow work 

of arranging and supervising the computation of our numerous observations, 

and preparing the report for the press. He  has also constructed and drawn 

the two valuable charts accompariying this volume, of the Fmni’s route arid 
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the sledge-journey, in which he has set forth the results of his work that 

has been of such importance to the expedition. These charts give highly 

interesting information of the drift of the ice during the several seasons 

of the year. The relation of this drift to winds and currents will be 

discussed in a later Memoir on the Oceanography, which will shortly appear 

in Vol. 111. 

Memoir VII, on Terrestrial Magnetism, has been prepared by Mr. AKSEL 

S. STEEN, Suh-director of the Meteorological Institute of Christiania, and 

contains SCOTT-H A N S E N ’ S  Magnetic Observations and their results. As 

mentioned by Mr. S T E E N ,  Prof. G. N E U M A Y E R  gave the expedition his 

valuable assistance by taking charge of our magnetic equipment. He had 

the instruments niade according to his orders, and partly according to his 

spccial design; and hc also gave Capt. S C O T T - I I A N S E N  careful instruction 

i n  the use of the iiistruments, aiid i n  the methods of making observations. 

I hope it map give him some satisfaction to see how well his instruction 

has beeii utilized, and to sec the importarit results of S C O T T - H A N S E N ’ S  

ohservatioiis, which hnve becn so ably aiid carefully worked up by Mr. A K S E L  
s. STEEX. Prof. An. SCHMIDT of Gotha has niuch increased the scien- 

tific interest of these results by kindly calculating theoretically the values 

of the rnagrietic elements for all localities wliere magnetic observations were 

made during the expedition. 

Memoir VIIT, on the Results of S C o T T - I . i A N S E N ’ S  Pendulum Observations, 

has been prepared by Prof. 0. E. SCHIUTZ,  who has also added some 

interesting coiiclusio~is with regard to the constitution of the earth’s crust, 

which he thinks may he clrawri from these observations. When I planned 

thc cxpcdition, I considered it riot irripossible that we might meet with 

unkiiown larid i n  high latitrides; atid as iii such a case it would be of gred 

iniportarice to be able to take peiiduluni observations, Prof. 0. E. S C H I B T Z  

kindly undertook to equip us for this purpose. It was decided to order a 

pendulum apparatus of Colonel V O N  S T E R N E C K ’ S  pattern from Vienna, and 

Vox STERXECK hiniself lint1 the. grt:ut kindness to determine the constants 
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of the two pendulums. We  met with no laud i l l  the North Polnr Ihi11, 

and thus the ordinary conditions for making pendulum observations did not 

exist. But SCOTT-HAKSEN thought that the strong ship frozeii firmly irito 

the drifting ice, or the ice itself, might possibly afford a sufficiently solid 

base for the pendulum apparatus, and decided to iiiake solile observations 

as an  experiment. Thus the first series of pendulum observations, which, 

to my knowledge, have ever been made over the sea, were made over the 

deep North Polar Basin. W e  had some doubt as  to the value of the 

observations taken under such extraordinary circunistances; hut thanks to 

Prof. SCHIBTZ'S able elaboration and discussion of the materid, it now 

appears that these observations afford perhaps sonie of the most important 

results of the expedition. 

I desire here to convey my hearty thanks to the contributors to this 

volume, and to Prof. G. XEUYAYER, Prof. AD. SCHMIIIT, and Colonel 

VON STERNECK, for their valuable assistance and contributions. 

GOUTHAB, LYSAKER. January, 1901. 

FRIDTJOF NANSEN. 
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A D D  I TI 0 N S  A N  D CORRECT IONS. 

1893 Vertical Circle 

Aug. I Sun L. L. 

N I - - 270 m 41 18 28 32 I :: & Ten. Mark S 
N 1.2 S9.7 23 45 - 5 6 . 7  July29 - - 123 52 1 - 6 2.7 Aug. 2 

Page 
7. 
8. 

17. 
21. 

26. 
30. 

31. 
32. 
47. 
64. 
6. 
74. 
77. 
m. 

107. 
117. 
1 I!). 

1696 

May 8 Siin [U. L.] 
- 7 . -  

Oc. Watch 1 Vertical Circle Level 
h m s ,  c * 

S 19 1 0  44 / 289 53 45 
17 5 69 57 11 56 26.5 E 13.1 W 13.3 

I i x 

Among the days of determination of Index error is  to be inserted: 
September 28. 
The following observations are to be inserted: 

Remark: Ass. corr. + 10' to the fourth altitude. 

18% 

Nov. 22 

Hoi. Watch 1 Sextant Watch ! I i m  s I 0 I 11 ;/I m 
a Cygrii i h1:rc. 21 28 53.5 109 5% 35 19 36 
Jupiter L. L. 21 47 48 42 14 46 I 23 47 

I 

1% May 20. 

Hw-W 
m s  

+ 7 4.3 + 7 6.3 

March 30. 
April 2.3. Sextant for 2" 12' read 3' 12'. 
May 23. Col. Remarks, cancel [Omitted]. 
April 8. Col. A, for 268" 5' 11" read 268' 28' 45". 
August 2. 
November 1. M a p .  Decl. for D".Q read 26".65. 
Line 5 f'roni bottom. fw must read lied to. 
October 2. MT.-Hw fcw 44. read 4& ; N. Lot. for 78" 59Y.2 read 78" 51.% 
Aug. 8. N. Lat. for W" %.'O read 81" 5.'0. 
April 26, last observation, LT-1. for 4% read 5 3 8  (gives tlir E. Long. 1 '  greater). 
Junr 4, third lint,, for sonw read same. 

H w - W  for l m  399.2 read l m  398.7. 

Last obscnntion of C, for 182" read 181". 
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Astronomical and Nautical Instruments. 

The following is an enumeration and brief description of the instruments 

Altaaimuth by C. H. G. OLSEN in Christiania. The horizontal and vertical 
circles, of 21 cm. diameter, are graduated on platinum to 10' and read off 
by two microscopes placed diametrically reading to IO", the single seconds 
being easily estimated. The microscopes for the horizontal circle follow the 
instrument in the motion about the vertical axis, the horizontal circle being 
fixed, while the vertical circle follows the telescope in the motion about the 
horizontnl axis, the corresponding microscopes being fixed a t  the ends of the 
horizontal diameter. The alidade bearing these microscopes is provided with 
a fixed level, adjustable by screw and spring working on an arm going 
downwards from the centre. Both circles being graduated from left to right, 
as seen from the centre, the correction to the reading of the vertical circle 
is positive when the right end of the level is the higher. The level is divided 
from the middle and the angular value of a part was given by the maker as 
4", which was found to he sufficiently accurate; consequently the difference 
between the readings of the two ends of the bubble, multiplied by 2, gives 
the correction to the circle-reading i n  seconds. The degrees and tens of 
minutes are for both circles read off by an index, which is, for the vertical 
circle, placed at the top. 

The microscopes of both circles were always pointed to two adjacent 
division lines, one on each side of the central notch marking the zero of 
single minutes in the field of the microscope. Generally the two readings 
did not differ by more than the accidental error of pointing, a few seconds: 

used for astronomical observations. 
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during the last year (from the autumn of 1895) the right microscope for the 
vertical circle seems, however, to have got somewhat out of adjustment, the 
difference between the two readings being generally about 20” and in some 
cases reaching 3 0 .  As there are not sufficient data to take this difference 
into due consideratiou it has been necessary to take the simple mean in all 
cases. When it happened that a tlivision-line was near the middle of the 
field of the microscope, the observer often pointed the micrometer wires to a 
line on each side, and the mean of the three was then taken. 

The telescope has an aperture of about 5 an.  and 42 cm. focal length. 
It was provided with two eyepieces giving magnifying powers of about 30 
and 4.0. The optical axis is twoken by a reflecting prism and the eyepiece 
placed at one end of the horizontal axis. The illumiriatioii of the field comes 
from a lamp at the other end of the axis. The wires in the focus are fine 
lines engraved on glass. There was a set of 13 wires (vertical in the hori- 
zontal position of the telescope) but only tlie middle wire and the horizontal 
wire were used for the observations. 

The striding level of the horizontal axis is divided from the middle; one 
divisian = 4“. As this level must always he read off in  the two opposite 
positions, the sun1 of the two differelices will give the inclination of the axis 
in seconds. 

1896, May 6, i t  WRS noticed by Capt. SVERDRUP that the motion of the 
telescope about the horizontal axis was not quite independent of that of the 
alidade; when the screw working on the arm of the latter was turned (in 
order to get the bubble of the level i n  a convenient position) it had an effect 
of some seconds on the pointing of the telescope. Lieutenant S r m T - H A N s m  

took the instrument on hoard, loosened the parts and cleaned them, but the 
error was still perceptible i n  some positions of the instrument. It is of course 
only when the screw is touched between the pointing of the star and the 
reading of the microscopes and level, that this can introduce an error in the 
observation, but Mr. SCOTT-HAMEN is of opinion that such an error may occur 
in some of the observations from the winter 1895-96. Before the cleaning 
of the instrument he made some experiments in order to ascertain the amount, 
and found the maximum effect to be about 50”. 

This instrument is at present on board the F r m  on Capt. SVERDRUP’S 
expedition to Greenland, 
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A s m d  altazimuth by Olsen. The circles have diameters of 10 cm. 
and are graduated to half degrees, two opposite verniers giving the single 
minutes. The relative movement of circles and reading-apparatus is the same 
as in the larger instrument. A fixed level, placed parallel to the vertical 
circle, was read off on measuring altitudes, but its position was not such 
that it can be considered as an alidade-level. It is divided from the niiddle 
in parts of (Y.8. The telescope, whose axis is broken by a reflecting prism, 
has an aperture of 2 cm, a focal length of 16 cm., and a magnifying power 
of 12, The wires in the focus consist of one horizontal and two vertical 
lines (about 4' apart) engraved on glass. 

on his sledge expedition. 
This instrument was not much used on board but followed Mr. Nansen 

A s&nt by Hechelmann, of h e  usual construction, giving the angles 
to IO". Usually the altitudes were measured from the ice as a natural 
horizon or over a basin of mercury as an artificial horizoii. On some few 
occasions a glass horizon by Negretti & Zambra was used; lhe level which 
was read off in its two positions, when placed i n  the vertical plane of the 
celestial object, was divided to 9.6.  There was also another glass horizorl 
with aluminium mounting, by Porter, which was only med 3 893 September 
28 and October 2; its level was divided to 3'.9. Orcasionally a trough of 
tar or a pool of water on the ice was used as nil artificial horizon. 

The astronomical telescope was almost invariably used. 

A small pocket sextant by Cary, London, was used by Mr. Nansen 011 

his sledge expedition. The limb, of radius 4.5 cm., is divided to half degrees, 
the vernier giving single minutes. The instrument is made of alumiiiiuni 
which did not, however, prove to be a good metal for this purpose, the 
screws becoming immoveable from oxidation. 

Several compasses, among them an azimut.h-compass by Hechelrnanii 
with 8 small needles suspended by silk wires. The card, divided to degrees, 
has a diameter of 21 cm. The reading of the card was always made hotli 
ways, the eye being held in the plane through the vertical and the horizontal 
wire of the diopter-apparatus, either before the thread or before the slit. 

e 
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This compass was often used on the ice at  a convenient distance from the 
ship. It was provided with a mirror, placed before the wire-vane of the 
sight, and moveable about a horizoiital axis. 

- - 

Besides the steering compass, which was placed before the wheel, behind 
the mizzen mast, and which could be provided with sights, there was an  
azimuth dial on the bridge, suspended in gimbals; diameter 15.5 cm., distance 
between the sights 12.5 cm. This was often used to take the bearing of 
the S u n  or a star i n  order to determine tlie combined magnetic declination 
and deviation on board. 

Two small compasses by Olsen with sharp needles pointing to the rim 
which was divided into degrees. The suspension is by agate cups on steel 
pins. The one is mounted i n  a bmss box and has a needle of 64 mm. 
length, the other an aluminium box and needle of 59 mm. length. Both 
were used by Mr. Nansen on the sledge-expedition, and on some few occasions 
by Mr. Scott-Hansen before Nansen’s departure. 

A telescope hy Negretti and Zambra, with an aperture of 7.4 cm., the 
astronomical eyepiece giving a power of 6. The principal use of this 
instrument was the observation of eclipses of Jupiter’s Satellites. A smaller 
telescope of aluiniiiiiini was used by Mi.. Nansen on the sledge-expedition. 

The chrononzders arid their installation will be mentioned in another 
paragraph. 

Lieut. Scott-Hansen, who has made by far  the most of the observations, 
has expressed a desire to acknowledge, on this occasion, the good services of 

his assistants, Mr. J ~ H A N S E N  and Mr. NORDAHL, the latter after Johansen’s 
departure with Nansen on the sledge-expedition. 
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Determination of Latitude and Local Time. 

Latitude and local time were always determined by observation of alti- 
tudes. The altazimuths, especially the larger instrument, were almost inva- 
riably used for stars, i n  many cases also for the sun. They were theri mounted 
near the ship on an ice pillar, surmounted by a slab of slate. After levelling, 
the time of pointing on the star was noted by a watch (generally compared 
before and after with the standard chronometer) and then the vertical circle 
and its level read off. With few exceptions every star was observed in the 
two positions of the instrument, with the object glass to the right and to the 
left of the observer placed a t  the end of the horizontal axis. The general 
rule was to determine the latitude and local time simultaneously by taking 
two stars in azimuths differing about 90". 

As the zenith point for the vertical circle of the large altazimuth never 
differed more than sonie seconds from O", the circle-reading for a point above 
the horizon was either between 0" and go", when the object glass was to 
the left of the observer, or between 270" and 360", when it was to the right. 
For the sake of brevity these two cases shall be distinguished by tlie 
notation "small numbers" and "great iiumbers". Supposing the zenith point 
to be exactly 0" 0' O", the apparent altitude will be 

Circle-reading - 270" 0' 0" for great numbers 
and 90" 0' 0" - Circle-reading for small numbers, 

when the circle-reading includes the correction for level in the sense right- 
left. When the zenith point differs from 0" 0' O", the numbers W" 0' 0" and 
270" 0' 0" are subject to the same change. 

For the reduction to true altitude BESSEL'S rcfractioii was used, as given 
in ALBRECHT'S "Formeln und Hiilfstafeln fiir geographische Ortsbestimmungen", 
with an extension of the temperature table down to - 50" C., calculated by 
Bessel's formula. 

On taking the mean of the two altitudes of the same star, as shown 
above, the result is free from any error in the assumed zenith point; but as 
the mean of the altitudes does not always correspond, with sufficient accuracy, 
to the mean of clock-times, it is necessary to apply a correction on this 
account, when the observations are treated in this manner, 
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When one star was taken near the meridian, the other near the prime 
vertical, which was frequently the case, the first could be used for the 
latitude, the other for the clock error. In some cases the reduction was 
accordingly made in this manner. Rut as the calculation of one of these 
quantities requires the knowledge of the other, and the drift of the ship from 
the time of the last observation was unknown, it was always necessary 
to apply corrections afterwards by a differential formula. For the great mass 
of these observations of two stars it was therefore preferred to deduce the 
definitive latitude and clock error a t  once by means of the two given alti- 
tudes and declinations, the difference of right ascensions and the difference 
of clock times, reduced to sidereal time. It will not be necessary to repro- 
duce here the formulae used, the method being well known. As a control 
011 the computation as  well as on the observations, the computation was 
generally carried out in  duplicate, the two altitudes taken in the same position 
of the instrument (both with “great numbers” or both with “small numbers”) 
being combined together. Both results are then affected by a possible error 
of the assumed zenith point, but in  contrary directions, so that in the mean 
of the two the error will be very nearly eliminated, as may be seen from 
the following differential formultle, where h and h‘ are the altitudes of the 
two stars taken in the same position of the instrument, a and a’ the corres- 
ponding azimuths, q the latitude mid 8 the clock correction (i. e. local time 
minus clock time) : 

sit1 a . dh‘ - sin a‘ . dh 
sin (a‘ - a) dy  = 

cos a‘ dh - cos a dh’ 
sin (a’ - a) cos ~1 

de = 

When the altitudes are subject to no other errors than that of the 
assumed zenith point, dh = dh‘ for the one position of the instrunlent and 
likewise for the other, but then with opposite sign: and as the coefficients 
depending on the azimuths are nearly the same in both combinations, the 
errors of the two results are nearly equal and opposite. The same formula! 
may of course also serve to compute the correction to the zenith point when 
required. 

If one of the altitudes, or both, are the means of a series, and the mean 
of the clock times (T or !Z“) requires a sensible correction in order to corres- 
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pond to the mean of altitudes, the corrections to the latitude and hour angle, 
as computed by the original numbers, will be: 

d (T ' -  2') sin a sin a' cos 9 
sin (a' - a) dg, = 

sin a' cos a 
sin (a' - a) d t  =- - d ( T '  - T) and d e  = dl - d T  

It  happened sometimes that one star was observed in both positions of 
the instrument, but the other only in one. In order to utilise the latter it  
was necessary to deduce the zenith point from the first. If x is the correction 
to the assumed zenith point, hl and h2 the two altitudes of the saww star, 
as following from this assumption, 1,  and t ,  the corresponding hour angles 
(suffix 1 and 2 corresponding to small and great numbers) d the declination, 
the following exact formula 

t-2 + 4 .sin t 2  - 4 
2 " + " .s in (hl h2 + a) = cos g, cosd sin -- 2 2 cos 

may be safely replaced by 

h-2 + hl 1-2 + 4 t-2 - 4 
2 . 2 ,  h2 - h1 f cos 9 cos d sec -- 2 2 x =  

1, - 1, being the difference of clock times reduced to sidereal time, and of 
course expressed in the same units as h, - h, .  Wlien approximate values 
oI latitude and clock error have been computed from the altitudes of the two 
stars, measured in the same position of the instrument, x can be computed 
by this formula, after which the differential formulae above give the required 
corrections to the preliminary results. 

The few altitudes of stars taken with the small instrument have been 
treated in the same manner, only that the mean of altitudes and mean of 
clock times have been used without further correction. The zenith point of 
this instrument was generally 180" but was found on one occasion to be 
about 179" 30'. 

During the time of the year with no Sun or only a very low Sun, but 
no stars visible to the naked eye, which interval may be rather long in high 
latitudes, Lieut. SCOTT-HANSEN made preliminary calculations in order to find 
the stars i n  the telescope of the large altazimuth. 
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These 
altitudes were niostly taken with the sextant, but some also with the altazi- 
muth, The results of these observations, especially the clock error, are 
generally suhject to greater uncertairity than those of the winter ohservations, 
by reason of the interval of several hours between the determinations of 
latitude and time. While in many cases the time could be safely computed 
by means of the latitude deduced from the nearest meridian altitude, it was 
in other cases necessary to allow for the drift of the ice, and the interpolation 
necessary for this purpose is of course always somewhat uncertain. When 
the latitude was determined by extra-meridian altitudes the same remark 
applies, so that sometimes repeated corrections were necessary. Only in a 
few cases was the clock error determined by equal altitudes of the Sun, 
which were, for the same reason, generally treated as absolute altitudes. In 
some cases when a series of circum-meridian altitudes had been taken, the 
moment of apparent nooii could be deduced with sufficient approximation 
from the differences, arid thus the time be determined as well as the latitude. 
In some few cases, when two or more altitudes of the Sun had been taken 
near the prime vertical, oiie of the computers, Mr. ALEXANDER, has with 
advantage employed the differences for determination of latitude. 

In summer time only the Sun was available for observation. 

Some observations taken with the altazimuth during the last summer 
(1896) have been treated in the same manner as the star observations, thus 
iieglecting the drift in the interval. 

Occasionally altitudes of very low stars or a low Sun were measured 
i i i  coiinection with the ordinary determinalioii of time and latitude, especially 
during severe cold, i n  order to determine the refraction. 

For the reduction of altitudes measured with the sextant from the natural 
tiorizoii it was deemed most correct to form a table for the dip, adapted to 
the peculiar circumstances, though the difference from the values ordinarily 
used are not of importance. The expression for the dip of the horizon may 
be written 

2H 

where S = 206865". H is the height of the eye, e the average radiirs of 

curvature for the part of the earth under consideration, and k the constant 
of terrestrial refraction. The theoretical expression for this constant contains 
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the factor ~ 273 where t is the centrigrade temperature; consequently 

two values k and k' corresponding to the temperatures t and t' are connected 
by Ihe equation 

k 273 + t' 
k' 273 + t e 

273 + t ' 

-=- 

The tables in use among our sailors, which are adapted to a certain 
curvature 4' and a certain mean temperature t', give D = 600" for a height 
of 100 feet (norw.) = 31.37 metres; consequently k may be deduced froni 

the equation 
62.75 cioo = 8 /- (1 - k') . 

e' 

Supposing e' to give the average curvature for latitude 50" (log 4' = 

6.8049), this equation gives 

k' = 0.139, 

and supposing further this value to be adapted to a temperature t' = IO" C.. 
lhe value corresponding to t = - 20'. which may he lnken as a niem tem- 
perature in the polar regions, is 

283 k = - k' = 0.156. 2u 

Taking finally the curvature for 80" of latitude (log 4 = 6.8060) the 
expression for tlie normal dip of the horizon in the polar regions will be 

D = 1W.O f z s ,  

from which a table was formed. Casual irregularities may of course con- 
siderably surpass the difference between this and the mean value for tempe- 
rate regions. Observations of the midnight Sun in 1894, as compared with 
southern altitudes taken over an artificial horizon, seem to indicate (L smaller 
value of the dip. 

During the voyage along the coast of Siberia the Sun's altitude was 
sometimes measured from a coast line a t  a given or estimated distance. 
Supposing the depression of this coast line, as seen from the height H, to 
be the sum of the dip for an eye's height R having the coast line in the 
apparent horizon, and the angle between the two straight lines, issuing from 
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the points in  heights H and H' to the point in question, the expression 
will be 

where y is the given distance in miles (or minutes of arc) and C is the 
number of minutes in an arc of circle equal to the radius (3438). Using the 
above values of IC and e and multiplying by 60, this gives 

H 
Y 

0 = 110".8 - + 2P.3 y 

when H is expressed in metres. 

On taking the altitude of a star with an artificial horizon it happened 
twice that one star was combined with the reflected image of another nearly 
in the same vertical (a and y Cygni, Castor and Pollux). These observations 
were utilised in the following manner. As soon as it w&$ detected which 
stars had been observed, a preliminary calculation would give with sufficient 
accuracy their difference of azimuth. If H and h are the true altitudes of 
the two stars, D and d their declinations, R and r their right ascensions, 
A and a their azimuths, and P the measured angle diminished by Q quantity 
corresponding to the sum of refractions, which could be found by the same 
preliminary calculation, the true altitudes are given by the following equations: 

A - a  
cos (a+ h) = cos P + 2120s H cos h sin2 ___ 2 

H - h -  D- -d  R - T  A - a  -/- cos D cos d sin2 - - cos H cos h sin' -- - sin2 ___ sin2 ~ 2 2 2 2 

where approxiniate values of H and h will suffice on the right. 

The determinations of time and latitude near the observations of Lunar 
Distances and of Solar Eclipses, the observations taken a t  sea in 1893 and 
on the sledge expedition, and some few others, have been computed by the 
writer, all the others by Mr. A. ALEXANDER, teacher of mathematics at the 
Royal Military Academy, and Mr. A. GRAARUD, assistanf at the Norwegian 
Meteorological Institute, both in Christiania. 

The present volume contains all that is necessary for the reduction, 
An approximate value of the temperature except the meteorological data. 
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may be inferred from the length of the level-bubble for the vertical circle of 

the large altazimuth (List A of Observations) the length being about 20 for 
0" and about 38 for -50" C. 

Determination of Azimuth. 

The astronomical foundation for the determination of magnetic declination 
was furnished either by the altazimuth or by an azimuth-compass, or in 
some cases by a magnetic theodolite. 

In the first case the telescope was first pointed to the magnetic observa- 
tory (either a centered mark or the objective of the magnetic theodolite, illu- 
minated from behind) and the horizontal circle read off on hoth microscopes; 
then to the Sun or a star (either one of the stars whose altitudes were meas- 
ured for time and latitude, or, more frequently, a lower one) and the hori- 
zontal circle and striding level read off after the noting of the time. Sonie- 
times the observations were repeated i n  the other position of the instrument. 

If C, and CI are the circle readings for a terrestrial mark in or near the 
horizon, respectively with obj. right and obj. left, and the error of collimation 
(c)  is tlefiiied by the condition that Ihc objective end of the optical axis forms 
the angle 90" + c with the ocular end of the instrunient's liorizontal axis, then 

c = 3 (Cr -4) 

of course neglecting the difference of 180 '. 
If R and L are lhe readings of the right and left end of the striding 

level, as seen by a11 observer facing the same way as the object glass, and if 
further the inclination of the axis is defined as positive when the right end 
is the higher, then 

i = 3 p  ( R - L )  

p being the value of a division of the level. As remarked before, the sum 
of the two differences R- L, corresponding to the two positions of the level, 
will for this instrument give the inclination in seconds of arc. 

3 
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If a be the azimuth of the star a t  the moment of observation, reckoned 
froni south through west, as computed from the given declination, latitude 
and clock error, 

A = 180" + a + i tg h c sec h 

will be the azimuth, from north through east, corresponding to the circle rea- 
ding &' for the star; here h is the apparent altitude of the star, the double 
sign of c corresponding to obj. right and obj. left. 

It has not been necessary to take account of the collimation. For the 
high stars the effect is eliminated in the mean, as the observations were taken 
in both positions of the instrument and the altitudes were nearly the same 
011 both occasions. This is, however, not visible from the circle-readings, which 
ought to differ by about 180°, but do not do so, the observer having always 
ndded 180" to the second circle-reading. When the small altazimuth was used 
the difference of 180" has been retained. 

For some low stars, observed only in one position of the instrument, the 
effect of collimation will be very nearly the same as for the terrestrial mark, 
suppositig both to have been observed in the same position of the objective 
relative to the observer, which has not always been expressly stated. 

The accuracy of angle-measuring with the magnetic theodolite being infe- 
rior to that of the large altazimuth, a few seconds of arc are of no impor- 
tance in tlic determiriatioii of azimuth. 

The values of the iirtgie C - S + A ,  where C is the circle-reading for the 
mark in the magnetic observatory, were transmitted to Mr. STEEN for applica- 
tion i n  the reduction of the observations of declination. 

On several occasions the Sun was observed directly with the magnetic 

Lieut. SCOTT-HANSEN also made a great number of independent determi- 
nations of the niagnetic declination by means of the azimuth compass, which 
was for this purpose mounted on the ice at a distance of a t  least 60 paces 
from the ship. The observations then consisted in simply noting the time 
when the Sun or A star passed the plane of the sights, and reading off the 
card of the compass. The reduction of these observations does not call for 
ally further remark. 

Most of the azimuth-observations have been computed by Mr. ALEXANDER 

theodolite. 

and Mr. GHAARUD. 
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Longitude, and Rate of Chronometers. 
The expedition was equipped with 3 Mean Time chronometers: Kulter 

24, belonging to the ship, Hohrvu 639 lent by the University Observatory ill 
Christiania, and Iversm 961, lent by the maker, Mr. Iversen in Bergen. A 
fourth l o x  chronometer, Frodsham 3555, lent by the Norwegian Meteorologi- 
cal Institute, was regulated to Sidereal Time some time before the departure 
and began with a small losing rate, which, however, continually increased 
during the first winter, and reached the inconveniently large value of between 
5 and 7 seconds a day. It WAS not used for the observations of stars but 
only for some magnetical observations, and served for the daily comparisons 
by coincidences. These four chronometers will be designated in what follows 
by Kt, Hw, Iv and Fr respectively. 

There were also on board a number of pocket chronometers and watches, 
one of which was always used for the astrononiical observations and com- 
pared with Hw, generally before and after each observation. The observation 
watch was also compared daily with Hn; at the time of comparison for the 
box chronometers. 

The box chronometers were placed on two shelves in Lieut. SCOTT-HAN- 
SEN’S cabin, Hn, and Fr only 16 em., Kt and Iv 60 cm. above the deck. A 
thermometer which was placed in the lower shelf with the bulb 17 cni. above 
the deck, was read off at the time of the daily comparisons. In the same 
cabin was also a thermograph, 80 cm. above the deck, which was working 
almost continuously from 1893 July 5 to 1896 August IO. The thermograph 
was compared daily with a thennometer placed by its side and with the thermo- 
meter in the lower chronometer shelf. By means of this last comparison and 
the daily reading of the thermometer in the shelf, which can be compared 
with the thermograph-sheets for the same time, the mean temperature of the 
two lower chronometers can be determined with sufficient accuracy. 

Between the last Time Signal from the Christiania Observatory received 
a t  Vardii 1893 July 19 and the first after the return, received at Tronisiii 
1896 August 23, a good many observations were taker1 which can be used 



xx GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

to determine the Greenwich Time. It was necessary to utilise them all, not 
only for the sake of longitude, but also to get a sufficiently accurate deter- 
mination of the rate of the chronometers which were used for the pendulum 
observations with the Sterneck-apparatus. The ordinary determinations of local 
time are quite useless for this purpose, because the ship was continually drif- 
ting and even a small drift east or west will have a considerable influence 
on the Local 'rime in these high latitudes. 

very different in point of accuracy. They shall now be considered. 
The observations for the determination of Greenwich Time were, however. 

Solar Eclipses. 

1894 April 5 (April 6 on board). The greatest phase of this eclipse, 
which took place about 2 o'clock i n  the afternoon, was 0.58. The same 
evening, about 11 o'clock, altitudes of a Cassiopeiae and y Draconis gave the 
latitude 80" 13' 5" and the error of Hw 8h 18" g9 slow on Local M. T. As 
Mr. Scott-Hansen had made an approximate calculation of the moments of 
contact, 3 observers were ready with the telescope of Negretti and Zambru 
and the altazimuth, viz. NAMEN,  SCOTT-HANSEX and JOHANSEN. As they were 
of course on the look-out in good time before the calculated time of lat con- 
tact they shifted positions; a t  the time of observation Nansen happened to be 
at the clock, Scott-Hansen at the telescope and Johansen a t  the altazimuth. 
At first contact both observers called out at  the same moment, which was 

(reduced to Hw) 
April 5, 16h 35" Ma. 

As nothing is to be seen at  the moment of geometrical contact, this is 

of course some seconds late. At the second contact the observer a t  the alta- 
zimuth called out at 

1) 18h 31" 
when the little notch was estimated to be of the same size as a t  Iat contact. 
Scott-Hansen noted the time as 

2) 1 P  31" 368 
when the last trace vanished in the telescope. He adds the remark that the 
image was very sharp. 
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The observations have been calculated with the Besselian elements given 
in the Connccissance des Temps, and the results have been combined as 

follows : 

- INTRODUCTION. CHRONOMETERS. -- NO. 6.1 
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1 s t  contact, HW - Gr. M. T. = 4Zm 12a 
- >)- = 41 27 2nd - PI 

Mean . . . . . 41 49.5 

2nd - [Z] Hjv - Gr. M. T. = 41 38 

Definitive mean = 41 44 

On account of Mr. Scott-Hansen's remark about his ot)servation of thc 
Znd contact it was deemed reasonable to give it the same weight as the mean 
of the two others. If the two notches which were estimated alike had heeri 
exactly so, the first mean would be nearer the truth, but the difference is not 
of any importance. 

1895 March 25 (March 26 on hoard). The circumstances of this eclipse 
wliicli took place about 6 ill  the afternoon were much less favoral)lc than the 
former. The greatest pliase was only 0.045, aiid the limb of the very low 

sun was so boiling, especially a t  2nd contact, that the observations were very 
difficult. 

No stars were observed the same day, but altitudes of '7 U r s e  Majoris 
nnd a Cygni were taken the day before and tlie day alter; the mean of tlie 
~ ~ ~ l l s ,  which differ only 24" in latitude and W in time, was latitude 84" 8' 22" 
and HW 5h 58m 518 slow on Local Mean Time. 

The observers were SCOTT-HANSEN at the telescope and SVERDRUP a t  the 
altazimuth. At Znd contact both observers took care to note, as nearly as 

possible, the moment when the notch was apparently of the same magnitude 
as a t  let  contact. The moments, reduced to Hn;, were 

23" 36m 49s Hansen 
23 36 54 Sverdrup 

l a t  contact 

0 13 42 Sverdrup 
0 14 39 Hansen 

2 n d  - ( 
Last trace in the boiling limb 0 14 54 Sverdrup 
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The calculation by means of the Connaissance des Temps gave the results 

Iat contact, Hn, - Gr. M. T. = 4om 
2nd - ->- =38 48 

Ist contact, Hn, - Gr. M. T. = 41 } 39 27 

I Hansen 

2nd - -D- = 37 51 
Sverdrup 

Sverdrup, last trace . . . . . . , . . . . . . . . . . 39 3 

In this case it was not deemed safe to use the last as an independent 
observation, because it was made with the small instrument and a very boi- 
ling limb. The mean of the two others is 

Hn, - Gr. M. T. = 39" Ma. 

Preparations were also made for observing the Eclipse of 1895 Aug. 20 
which was calculated to have a duration of about 33". Three circumnieridian 
altitudes of the sun the same day (some 6 hours before) gave the latitude 
84" 17' 49" and the error of Hn, approximately 4" 3Im O8 late, but the ship 
had a considerable south-easterly drift in these days. There was, however, 
a gale blowing with snow almost the whole afternoon. A clear interval, begin- 
ning some minutes after 1 s t  contact, made it possible to follow the eclipse 
until a moment which was estimated to bc 4-6 minutes before Pd contact A 
calculation has shown that this estimate was a couple of minutes too small. 

Lunar Diatunces. 

On some occasions the Moon's distance was measured from the Sun (once), 
Jupiter (5 times), Mars or Pollux (once each). According to nautical usage 
the altitudes of tlie two objects were measured before and after the distances 
in order to get, by interpolation, the altitudes a t  the moment of the niean or 

the distances; it was, however, preferred to calculate these altitudes and to 
use the measured altitudes as (I means of completing the determinations of 
time and latitude. 111 most cases these altitudes were taken with the altazi- 
muth, but oiily in  one position of the instrument; the zenith point of the 
vertical circle was then deduced from neighbouring observations. 

The measured distances will be found among the other observations with 
the sextant. In the computation due regard was taken to the elliptical figure 
of the disc due to refraction and to the small effect of the Moon's parallax in 
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ozimuth. For the determination of the apparent altitudes the refraction corres- 
ponding to the meteorological conditions was of course used; wliile an error 
affecting the true and the apparent altitude alike has only an insensible effect 
011 the calculation of the true distance (being multiplied tiy the Sine of the 
difference between true and apparent altitude) an error in the refraction or 
parallax would affect the true distance by a quantity of the same order as 

the error itself. 
The results .are not satisfactory. In  some cases when the observations 

have been takeii with intervals of a few days or weeks, the chronometers are 
unanimous in protesting against the deduced Greenwich times. As the t e m p -  
rature during these observations was only once (1896 April 22) as trig11 a s  
-16" C., and on all the other occasions between -27' and --a", it is prob- 
able that the sextant was affected with errors that would not have beeii of 

great importance for ordinary altitudes of the Sun, but which proved fatal 
to the delicate operation of determining the longitude by Lunar Distances. It 
is also to be remarked that the index error was not determined on each occa- 
sion but for some time considered as constant, because a determination iii 

August 1893 in  the Barents Sea and another off the inoutli of Lena sliortly 
before the enclosure in the ice had given identical results. 

It would of course have been better to use the altazimuth for determiiiing 
the difference of azimuth between the Moon and a star or the Sun, and thence 
deduce the Moon's right ascension. But as it happened that. the planet .Jupiter 
was circumpolar during all the 3 years of enclosure in the ice and so was 

always a t  hand when the Sun was absent, it was found to be a much more 
ready means of getting an approximate longitude to observe the eclipses of 

Jupiter's Satellites and compare with the predicted times in the Nautical AI- 
manac. 

The results of the Lunar Distances are included in u table below (Tub. c) 

containing the results of these Eclipses. 

Ec2dpms of Jup-tsr'e Sateu.lt68. 

The observed moment of commencement or end of an eclipse of a Satel- 
lite is dependent on many circumstances, the aperture of the telescoyc being 
perhaps the most important. As the predicted times are sometimes seriously 
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in error, especially for the outer Satellites, it was thought a t  first that a suffi- 
cient number of the more than 80 phenomena observed on board the Fram 
would be found to have been observed also in other places with known longi- 
tudes, in which case the error of theory could be eliminated. But only a few 
such cases could be found, and in two of these is turned out that the same 
phenomenon had been observed in 2 or more places in Europe, but with such 
discordances that evidently no reliable result could be obtained in this way. 

But as a great number of observations made in Europe and Australia in 
the years 1893-96 have been published it was thought possible to utilise the 
whole mass as  a means of deducing empirical corrections to the predicted 
times for the periods of observation on board the Pram. This has been 
tried in the manner explained hereafter. 

It should he stated that the imperfection of prediction is not so much due 
to theory proper; for the theory of LAPLACE with the small additions of SOUIL- 
LART and ADAMS would certainly be amply sufficient; but the difficulty is with 
the determination of the numerous constants, required by theory, but neces- 
sarily deduced from observations. 10 this respect nothing has been done, so 

for as I know, since the times of DELAMBKE and DAMOISEAU; a t  all events the 
predictions of the Nauticnl Almanac are based oti the Tables of Darnoiseau, 
continued and corrected, for Tables I and 111, by Adams (Scientific P a p s ,  
Vol. I, p. 113). But the old determination of the constants is far from satis- 
factory. Thus Damoiseau states in  the introduction to his Tables that the 

adopted value of the inclination of Jupiter's equator to his orbit, 3" 4' 5", was 

determined froni observations of eclipses of Sat. 111, but that Sat. IV gave 
another value, smaller hy &' 47", and that this smaller value has been used 
for this Satellite. In this connection it may be remarked, that if the coeffi- 
cient of the equntiori tabulated in Damoiseau's Table XXIII for Sat. IV be 
multiplied by 1.015, corresponding to an augmentation by 2' 47" of the said 
angle, the eclipse of 1895 January 17, which was predicted to have a dura- 
tion of more than half ai1 hour, would disappear: and in point of fact the 
Satellite was observed by Mr. Scott-Hansen during a large part of the pre- 
dicted time of eclipse without any sensible diminution of its brightness. Of 
course I do not mean to say that Damoiseau's Tables can be corrected i n  
this rough iiianner; 1 1 1 ~  rwnnrk is made only to adduce an exninple of u 
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weak point in the numerical part of the foundations. It is also expressly 
stated by Damoiseau that some of tiis constants require further investigation. 

In order to deduce empirical corrections which can be used for the Fram- 

observations it was first necessary to reduce the continental observations to 
snme comnion standard in regard to extraneous circunistances. I t  is well 
known that the treatment of observatioiis of these eclipses is difficult. Some 
25 years ago Professor DE GLASENAPP of St. Petersburg made an elaborate 
investigation principally with the intention of deducing the light-equation from 
a large series of observations of Sat. I. By the courtesy of the author I am 
in possession of the original memoir, but as I a m  quite unacquainted with 
the Russian language, my knowledge of its contents rests on a very cicar 
abstract given by Mr. DOWNING in “The Observatory”, Vol. XII. It was 
necessary for the author’s purpose to takv into consideration : the aperture of 
the telescope, the absorption of light by the atmosphere and its dependence on 
the altitude, the Planet’s distance from the Earth, the excentricity of .Jupiter’s 
orbit, the phase, the Satellite’s angular dishlice from the Planet a t  the time 
of reappearance or disappearance, and the effect of the penumbra. The final 
result is not cncouraging for the treatment of such ohservations. After having 
deduced the light-equatioii and twn other quantities froni the observations, 
reduced to a common standard in regard to the circumstances named above, 
MI.. de Glnsenapp had the happy idea to solve his equations afresh, using the 
o1)served times as they stand. The probable errors in  this latter mse  are  not 
much greater than in the first, which means that tlie discordances bdween 
the predicted and the observed times of disappearance and reappearance of 

Sat. I may, to a large extent, be corisidered as accidental. 
For the purpose of utilising tho Pram-observations the case is so far 

different that there is no question about the absolute moment of the Stitellite’s 
centre being on the limb of the shadow, and that the outer Satellites are of 
the same importance as Sat. I. As the telescope used on board was consi- 
derably smaller than those generally used in observatories for the same ob- 
servations, it was necessary to tuke account of the aperture; and it must also 
be admitted that the Planet’s distance from the Earth may have a sensible 
effect on the magnitude of the “invisible segment”, i. e. the illuminated por- 
tion of the Satellite’s disc which is at thc limit of visibility for a given tele- 
scope. As to the absorption of light a t  different altitudes, the writer was in 

- __ - NO. 6.1 _-- 
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some doubt whether it would be safe to neglect it, but finally it was decided 
to put it in the great hag of accidental errors, the most important of which 
is, perhaps, the difference in the keenness of sight for the different observers. 
It is true that tlic difference of absoiptiori may have an effect of systematic 
character, hecause the Plailct’s altitude ill the high latitudes of the From 
wus of course on the average smaller than i n  Kurope arid Australia; but as 

this effect will be of contrary sign for disappearance and reappearance, i t  
might be expected to rnake itself manifest arid thus give the means for elimi- 
riation from the whole mass of observations. 

______ - .- ______ 

The prohlem to be solved is firstly to find, by pairs of observations of 

the same plienomenon, made with telescopes of differelit aperture, the breadth 
of the invisible segment corresponding to B stnodart1 aperture and an  arbitra- 
rily chosen distance; theri to apply tlie values found for disappearance (D) 
and reappearaiiw (R) of the different Satellites to all the continental observa- 
lions ttikeii during the period of polar observations, in order to deduce such 
corrections lo tlie predicted times tliut tliey will correspond to the telescope of 

the. Fram. A coiivenient form for thc colcrilntions has been found by the 
following coiisiderations. 

As the conriec-tioo bt!t\t.een tlie variatiori of the illuminated portion ol a 
SaIellite, crossing the surface of the :;hadow, ant1 the lime, depends on the 
position of tile cliord tlescri hed hy the Satellite’s centre during thc eclipse, 
cxrtaiii quantities must be takeii out of Ilamoiseau’s ‘I‘nhles, the foundation 
of whicli is the theory of Laplare contaiiied in Ndcu,nigue Ce‘leste, Livr. VIII. 
For tlic. quantities tnkeii from this theory thc notation of Laplace has been 
rcfained as  far tis convenient. 

Tlic .sigiiificatioii of the letters employed helow is : 

x t l i v  brendtti of tlie irivisible segment, as seen with u telescope of the 
stantlard aperture A ,  when .Jupiter is at the standard distance D from 
the Earlh. x: may he e x p r e s d  in parts of ttic Satellite’s radius or in 
some other convenieiit unit. 

tlic 1inle.s for thc. same phenomenon observed by means of tele- 
scopes of aperture A ,  arid A ,  but as far as possible in similar circum- 
stances i i i  other respects. 

TI and T, 
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B‘ Jupiter’s distance from the Earth at the time of observation ( k n o ~ i  from 

~- - . - . .- - . .. . . - - . 
NO. 6.1 

the ephemerides). 
e the ellipticity of the section of the shadow traversed hy the Satellite ( U  

little different for the different Satellites). 
a the semi major axis of the sanie section, corresponding to the nieari dis- 

tances of Satellite and Planet. 
p the jovicentric angular value of a. 

s the Satellite’s jovicentric latitude al)ove the @ne of Jupiter’s orhit a t  the 
moment of heliocentric conjunction. In the case of tlw shadow Laplace 
neglects the angle hetween Jupiter’s equator and the plane of his orhit, 
because its effect would be of the same order as the square of the ellip- 
ticity, which is also neglected. 

y the angle between the Satellite’s relative motion at conjunction arid the 
circle of latitude (towards the north). Owing to the small inclinations y 

is never much different from 90”. 
tu the Satellite’s jovicentric motion in one second of time, expressed in  some 

convenient unit. 
The quantities s arid y niay he calculated by means of Damoisenu’s 

Tables in the following nianner. According to Laplace 

where N is the nuniher so designated by Danioisenu arid lakeii o i t t  of his 
Tables by means of the ar~umeri ts  given i n  Adanis‘ contiiiuation ; 
sum of constants added in order to niake all t a h l a r  nunilws 
.W-K is the quantity called by Laplace. 

The angle y is given by the equation 

where d v  is the Satellite’s jovicentric molioii in its orbit. This can 
by means of the quantity culled “reductior~” in Danioiscart’s Tahlcs, 

h’ is lhv 

positive l .  

he found 
tw t niorp 

readily arid in some cases ~iiore accurately I y ttiv following consideration. 
M - K  is of the form 

In the case of Sat. lI, Ii is givcn by Damoiveaii as O.(i400. but has been here applied 
as 0.6415, because the numbers of his Table SXIV urv 0.0015 too grcot. 
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M-K= h sin H + i sin I + etc. 

where the rate of change of the argiiments H, I etc. is so little different from 
the rate of change of v that they may he considered as equal during a n  
eclipse. Consequently 

Or the arguments which have already served for finding s will, when 
they arel:all augmented 1)y W",  give cos y. 

In  the figure A is the centre of the elliptic shadow, AD = a, C the centre 

of the Satellite. CB the liric of its relative motion, AB= - . a ,  A B C  = y. 

The Satellite is supposed to be in such a position that a certain fraction u of 
its radius r is outside the shadow. The connection hetween the difference of 
ohserved times of a disappearance (or reappearance) and the variation of the 
hreadth of the inyisible segment depends on the angle D A C  = u. This of 
coursc varie:, during the observations, hut rriay here with sufficient accuracy 
be coilsidered ;is constant for a given phenonienori, corresponding to a given 
value of tlie fraction u. It would not he difficult to take account of the phase 
of the Satellite, whicli can never exceed 0.02 r ,  but it is also easily seen that 
it is of no importance in this connection. The angle u can be determined 
by tlie triangle ABC, where the angle ACB = 90" + u-y and 

S 

PI 

cos (y-u) - sin y 
A B  AC * 

-- 

Now as thc elliptic radius corresponding to the direction u is, neglecting the 
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square of the ellipticity, a (1-4 sin2 u) it follows that A C = a (1-e sin2 u) 
-(l--u)r = a [l-e sin2 u-(l--a)b], when b is the Satellite’s radius expres- 
sed as a fraction of a ;  from observations in recent years this is sufficiently 
well known. 

Here all 

Consequently 

s. sin y . . . (1) cos (7-24) = p [l-(l-u)b--q sin2 IC] 

quantities, except u, are known as soon as a convenient choice 
of the fraction u is made. The equation gives 2 values of y-U,  one for D, 
the other, with contrary sign, for R. The angle u is considered as negative 
on the south side of AD. 

It is seen from the same figure that if the breadth h of the segment 
outside the shadow is measured along the elliptic normal through C, and 
is the angle between this normal and A C, where, with the same accuracy 
as before, 

t g  5 = e sin 2u . . . (2) 

then the angle between the normal and the direction of relative motion is 
90°+u-y+C, and consequently, if d t  is the increment of time and d h =  
-k. dt ,  

k = w  . sin (7-IC-c) . . . (3) 

The same equation holds good for reappearance, where h increases with 
the time, for then y-u and k are negative. 

The quantity of light received from the Satellite at a given moment may 
be supposed to be proportional to the apparent size of the illuminated seg- 
ment. As the dimensions of the Satellites are between l/= and Vu of the 
dimensions of the shadow-section, the curvature of the small part of the cor]- 
tour intercepted by the satellite during the observations (which can easily be 
taken into consideration) has been neglected in the following, because its 
small influence is very nearly constant for each Satellite and will not disturb 
the final results. The most extreme eclipses of Sat. IV, where observations 
of the same D or R made with different instruments may extend over several 
minutes, the Satellite almost grazing the shadow, must be left out of con- 
sideration as unfit for our purpose, 

The segment 2 being thus considered as an ordinary segment of a circ e 

it can be expressed as a function of the breadth h by the series 
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the convergence of which will be sufficiently rapid for adniissible values of h. 
If Y und h correspond to an observation a t  the distance D, z' and h' 

to another distance D', then according to the above supposition 

from which i t  follows that 

and 

h'- h 
h 

or. if for a moment is called f ,  

h ' = f h ( l  f - 1  h 

Piow, wheri D is the iriemi distance of .Jupiter from the Sun, which is 
also a Inem distance from the Earth, the numerical value of the coefficient 

h of - can never exceed 0.04, niid ns h is certainly o d y  B fraction of r for 

all hiit the sn~nllest teIescoiw3, t h  second Ierm may safely be neglected. 
Consequently an ohserwtion at thc. disttiiicc I)' can he reduced to the dis- 

r 

tance U hy writin(. D ' . h for h'. 
( E )  

I f  a disappenrance or reapjwarance at the distance D is observed a t  the 
moment T Iby means of a telescrqw of aperture A (in which case h = z )  
and the same plienonlerion occurred at the: nionierit TI for an aperture A ,  
giving the iiivisihle wgnient Y l ,  i t  i> aswmed that the quantity of light is 
proportioiial to t h  q u a r e  of the aperture, or 

Z. A 2  = Zl . A 1 2 ,  

and further tliat the difference hetween the segments may be found with 
sufficient accuracy by a differential formula, or E ,  - 2 = d Z, where 

d V = P e hr (I - i) . dlr tint1 (Ih = - IC . dl = k (T- T,). 
_- 



NO. 6.1 INTRODIJCTIOX. CHHONOME'I'EHS. X S X I  
. ....... .. - .... - - . . .  - 

If this last supposition should in some cases prow iiisuffic:ic!n t, tlie serics 

(a) will give the means for further corrections. Tlir acmrncy airnc:O at i r l  t l l t !  

reduction depcwls of course on the accuracy of the ol~servtllio~~.+, l i u i  ns tllis 

is manifestly not great no siich rcfiried corrections tiavc heen foirnd nrwssnrg. 
Now 

- 

. , - .=[($)'-I]  L = 2  p rx( l - ; ) .k (T-  s;) 

and on division hy 

or, neglecting thc second leriii arid rniiltiplyiii~ I)! z 

[($)' -I]  x = 4 k ( T  - Yl). 

Siniilarly for another observation of the sanie ~~ l i e i ro i i i t~ i i c~n .  rnutle wit11 ii t e l ~  

swpe of ayerlure A ,  at thc inoiri(:r~t  T, 

[($)2-(i;)2] z = $  k ( T 2 - T l ) .  

If the two obscrvations 

I)' instead of I), 3c is to Le 

a = ( i i ) 2 - ( A j 2 . .  A2 . . . .  

then s may be found by the equation 

. . . . . . . .  az=c k (T, - T , )  (6) 

expressed in the same iiriits as w, T2 - T, heing given in  seconds. 
As soon as 3c has been determirietl in this manner Iiy pairs oE observo- 

tioris, every observed moment T' found by means of a11 apertirre A' at dis- 
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tance L)' may be reduced to the standard aperture and distance by the for- 
niula 

. - . - - - 

T - T ' = [ ( ; , ) ' - I ]  !!- ck' ' * " ' * *  (7) 

As to the application of the equations (1) . . . (6) only a few remarks 
are necessary. The slnndard distance Il wns taken as 5.20 and a sniall table 
formed for the function c (equation (4)) with the argument logD from 0.60 
to 0.80. The standard aperture was taken as that of the Fram telescope 

which is 7.4 cm., and the quantity (y)2 tabulated from A'= 6.0 to 26 cm., 

the last being the largest aperture employed for the present observations. 
The fraction c in equation (1) was taken as  0.2; evidently the choice is not 
of great importance, the function k having a period equal to the time of 
revolution of Jupiter. 

The ellipticity of the different sections of the shadow has been calculated 
by Laplace in the chapters of Livre VI11 containing the special theories for 
each Satellite, on the supposition that the ellipticity of Jupiter is 0.07130, the 
reciprocal of which is 14.0%; but as Damoiseau states in the introduction to 

his Tables that he has employed the value 13.492, the numbers of Laplace 
were multiplied hy 1.0395. More recent observations give a somewhat smaller 
ellipticity, but when using Damoiseau's Tables his values should clearly be 
retained. 

The diameters of the Satellites employed were those determined by Mr. 
BAWARD with the great Lick refractor (Monthly Notices of the R. A. S., 
Vol. 55) compared with his value of .Jupiter's equatorial diameter (Astronomi- 
cal .Journal, Vol. 14). As the values of a for the four satellites, the equatorial 
semidiameter of .Jupiter being taken as unity, are given by Damoiseau in the 
appendix to his Tables (p. 196), the fraction b could be calculated for the 
different Satellites. 

As it will be convenient to have x, the breadth of the standard invisible 
segment, expressed i n  terms of the Satellite's radius, w must be expressed 
in the same units. If t is the half duration of n central eclipse, as  given by 
Damoiseau, iind expressed i i)  seconds, 
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is the relative velocity of the Satellite, expressed in parts of U, and as r = b . a ,  
3 

b . t  
m=- 

will give w, k and 0 in parts of the Satellite's radius. 

the equation 
If S is the time of synodic revolution of the Satellite, p is determiaed by 

1 c p = - . 27c. s 
The following Table contains these several quantities which formed the 

hasis of the calculation; it gives 10 n: instead of n: because it was coiiveriient 
to multiply both sides of equation (6) by I O .  Barnard's value of dupitcr's 
equatorial diameter at the distance 5.20 is W.532. 

I '  

i' I 

4 

, 0 . m 1  
"2r * 1 " . W  
b 0.f32273 

log 10 w 1; 8.9533 
I 

11 j 
0.0747 
9.0217 
0 . ~ 2 3  j 
O'I.874 1 
0.0.BJ I 
89i?!j1 I 

0.07.51 0.07% 
8.8132 , 8.5701 
0.W77 I 0.9783 
1".521 I 1 " . W  
0.04oO I 0.0379 
8.6913 I 8 . W  

The projected velocity k was calculated for the three inner Satellites at 
intervals of about half a year (a whole number of synodical revolutions iii 

every case) from 1893.0 to 1898.5 ; for Sat. IV whose latest period of eclipses 
began in 1895 i t  was calculated with intervals of 67 days (4 synodical revolu- 
tions) from 1895.2 to 1897.1. The values which are given below were plotted 
on cross-ruled paper and curves drawn, from which the value could easily lje 
taken out for any giveii eclipse. The Table gives 10 k. 

II 

-- 
1fB3.00 

93.50 
94.00 
%.50 
95.00 
95.50 
96.00 
96.6.ri) 
97.00 
97.49 
97.9J 
98.49 

Sat. I. Sal. 11. 

D 

0.0678 
640 
64.1 
679 
738 
795 
835 
a!) 
836 
799 
747 

O.O(i!)5 

R 



X U I v  GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. ExP. 

1738 
2163 
2491 
2738 
2916 
m 
3077 
3063 
2987 

o.oe852 

Sat. 111. 

I D  

1751 
2180 
2 x 9  
2755 
2929 
3035 
3078 
3058 
2978 

--o.O28w 

- 

Ii 
1a3.0.2 

93.51 
92.00 
92.49 
94.98 
!EL47 
9596 
96.45 
96.92 
97.43 
97.92 
93.41 

0.01666 
I182 
1399 
2059 
2762 
3348 
3740 
3899 
3819 
3518 
.w% 

0.02429 

For the determination of the breadth of the invisible segment all obser- 
vatioris of disappearances and reappearances in the pears 1893-98, published 
in the Monthly Notices and in the Astronwtbische Ahchrichlien, were exami- 
ned, and those selected where the same phenomenon had been observed by 
means of two or more tclescopes of different aperture. Each pair of such 

observations gave air equation, which was retained in the form of equation 
(6) with a (which depends oii the apcrtures) as coefficient of rc, though it was 
a n  unfavorable circumstance that most of the observations had been taken 
with instruments so far superior to that of the Franc in regard of size, that 
the weight of a n  equation was often milch smaller than would have been 

the case with a somewhat larger standard aperture. Some few observations 
with largc apertures differing oiily 1 or 2 cm. have been omitted. 

In the second column of the followiiig ?'able a, containing the places of 

observation, the following abbreviations have been used : Bs Bermerside, Ch 
Christiania, Gr Greenwich. Gt Giittirigen, .In .Jena, Ks Kasan, Ly Lyons, Po 
Pola, Uc IJccle, Ut Utrecht. In some cases two observations with telescopes 
of nearly t.he same aperture have heen comhined into one, which is indicated 
hy aii added 2 or by a + between the places when they were different. Next 

follow the apertures A ,  and A ,  in centimetres. Owing to the not uncommon 
custom of giving, i n  astronomical publications, the aperture in inches of the 
differelit couiitries, cveii wlierc the nietrical system has been introduced, the 

last figure may iri some cases be inncciirat,e; the fraction of cm. has  been 
retained here only when certain. The  last column contains the quantity 

10 clc (T,-TI)  which is designated by z. 
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7.4 
7.4 
7.4 

N o  distinction has been made between observations designated by the 
observers as good or bad. 

TABLE a. 

/i A I  I AZ I c 1 10 k ITz-TII 10 a /  

I-------- 11 
18.8 
18.8 
18.8 

Sat. I D. 

Gr, U t  17. 
Ch, Ch 7.4 
Ch, Ch 11 7.4 

1893 Nov. G . . . . . I t  Gr, Gr 
l a 5  Nov. 14. . . . . 1; Gr, Ut  

Nov. 30. . . . . ji Gr, Bs 
18% Jan. W .  . . . . Ch, Ch 

Febr. 14 . . . . ' Ch, Ch 
March 9 . , . . 11 Ch, Ch 

5. 
18.8 
18.8 

1893 Febr. 5 .  . . . 
Febr. 9.8 . . . 
March 23 . . . 
Dee. IO. . , . 
Dec. I O .  . . . 

1894 Jun. 2 . . . . 
Jan. 23 . . . . 
Febr. 8 .  . . . 
Febr. 24 . . . 
March 12 . . . 
March 12 . . . , 

1895 Jan. 28 . . . . 
Febr. 13 . , . , 

Febr. 2U . . . 
blarch 1 . . . . 
March 1 . . . , 

March 1 . . . , 

Murch 31 . . . 
1896 Febr. 05 . . . . 

April 2 .  . . . . 
April 2 . . . . . 
M a y l l . .  . . . 
M a y l l .  . . . . 

1697 March 22 .  . . . 
18% May 19. . . . . 

1804. Febr. I8 . . . . 
Nov. 15 . . . . 

189.5 Nov. 23 . . . . 
I # ?  Jan.-27 . . . . . 

Febr. 3 .  . . . . 

Gr, Bs 
Gr, Gr 
Gr, Gr 

K s 2 ,  Ks  
Ks, Ks 
Jn, Bs 

Gr, Gr + Bs 
Jn, Bs 
Gr, Bs 

Ks2, lis 
Ks, Ks 
Gr, Bs 
Jn, Bs 
Ly, Bs 

Ks2, Bs 
Ks2, K s  
K S B ,  Iis 
lis, lis 
Gr, Ut 
Gr, Bs 
Po, Bs 

3c + Po, Gr 
Jc + Po, Bs 

Po, Gr 
Ch, Ch 

17. 

17. 
5 ?  

8.8 
8.1 

IO. 
17. 
IO. 
15. 
9.0 
8.4 

17. 
16. 
16. 
8.3 
83 
8.3 

10.8 
9. 

i 7. 
16. 
15. 
15. 
16. 
7.4 

24. 
25. 
2.5, 
24.4 
9.6 

24. 
24.5 
24. 
24. 
24.4 
91i 

24. 
?A. 
24, 
24. 
9.6 

24.4 
24.4 
26. 
21. 
24. 
17. 
*21. 
21. 
18.8 

1.45 
1 . X I  
1.29 
2.05 
2.05 
1.91 
1.74 
1.63 
1.52 
1.43 
I .4:3 
1.m 
1.78 
1.73 
1.66 

1 .Mi 
I .€a 
1.60 

1.37 

1.81 
I .65 

1.56 
131 
1 .a 
1.62 
1.G 

- . m 5  
- .m 
- .w33 
-.om 
-.w* 
-6337 
-.(K37 
-.is% 
- .M) 
- .MI  
-.Wl 
- .w72 
--.@E473 
- .w74 
-.oh375 

- .m77 
-.oti'3ci 
-.%Mi 

- .MI7 

-.mi 
---.w 

14 
-36 

16 
.-% 

15 
-20 
- 9.: 
-16 
-15 
-23 
- 4  

3 
13 
4 

-14 
-22 
-19 

-8.2 
-24 
-18 
-- 8 
4; 

7 
-20 

-- 
- I J  

1.05 
1 .M) 
0.93 
8.4.. 
8.45 
8.45 

0.92 
20.0 
I *o: 
6.25 
2:N 
4.E 
0.95 
4.cT; 
O X  
5.9:: 
1.89 
O.!! 
1.25 
1.12 
7.w 
2.11 
7.13 
3.78 
5.26 
0.93 
1.25 
0.43 
1.35 
0.93 
8.45 

0.93 
1.W 
I .m 
6.45 
8.45 

2.02 
0.14 

-1.W 
2.18 
1.78 
4.07 

- 1.72 
4.08 

-1.71 
G.59 

-2.58 
3.18 
1.8 
2.17 
1.922 
2.78 
0.48 

-0.50 
- 2.03 
4 . 6 0  

2.04 
3.21 
277 
9.68 

13.45 
3.4.5 
2.59 
0.w 
4.1.2 

-1.13 
2.82 

-0.91 
8.97 

-1.24 
2.97 
1.76 
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~ 

LO a 

Table a (continued). 

T 

-- 

Sat. 11 R. 

10 k 
~- 

T2-TI 

9.2 
1% March 12 .  . . 
1893 Nov. 10. . . 

March 12 . . . 
1895 Nov. I1 . . . 

Nov. 11. . . . 
N n v  1R Cr l i t  I! 17 

18% Dec. 9 . . . . . I1 Gr, Gr ! 17. 
Gr, Bs 

1804 Jan. 3 . . . . . Ks, K s  

Gr, Bs 

i 17: 8 1  

1 '  17. ' 

Dec. 16. . . . . 11 
I! Jan. 1 7 .  . . . . . I  Jn, Gr I 10. 

Febr. 18 . . . . ! I  
1895 Jan. I1 . . . . . Ks 2, K s  1; 8.0 

Febr. 12 . . . . Jn + Gt, Bs 16. 
March 16 .  . . . K s  2, Bs I 10.1 
March 16 . . . . j K s 2 ,  Jn 10.1 

8. 
March 16. . , . .Gr, Bs / i  17. 
March 16 . . , . Lc, Ut I /  15. 
April IO. . . . . I Po. Bs ;I 16. 

1696 Febr. 13 . . . , , Gt, Jn 

25. 
24. 
24.4 
17. 
24. 
24.4 
24.. 
%. 
16. 
16. 
24. 
26. 
24. 

Sat. 111 R. 
1694 Jan. 28 . . . . . 1, Jn, Gr2  i '  10. 20. 

!I 17. I 2.5. 
8.1 ! 10. 
8.4 j 10. I! 

18'96 Marc11 12 . . i Jn, Rs i j  16. , 21.. 

April 10 . . . . ; Jn + Po. Bs i 16. j "23. 

Jun.  28 . . . . 
March 12 . . . . !)  Ks, J n  + Ks 
March 12 . . . . 1: Ks, J n  + Ks ' 

I' Gr, Gr 

Octbr. i:3 . . . j l  KS, KS 9 . ~  24.4 

1897 Febr. 26 . . . . 1; PO, Ut / I  I(;. ~ e(;. 

-.0641 
-.0642 
-.w 
-.0646 
-.oGjl 
-.0749 
-.O7a7i8 
-.on0 

-.w 
-.W 

-.w5 

- 

- 

1.5. 
IO. 
24.4. 
10.6 
24.A 
26. 
24,. 

-12s 
-11 
-&2 
+ 4 
-14 
-52.5 
-30 
- 5.5 
+ 6.5 
-28.5 
-27 
-33.5 
+21 

2.m 
2.02 
1.90 
1.79 
1.56 
1% 
1.79 
1.56 

1.89 
1.72 

155 
1 . 3  
1.49 
1.46 

2.11 
1.43 

1.59 

1.63 
1.70 
1.49 

1.71 

1 .a 
1 .w 
1.74 
1.87 
1.71 

7.42 
3.16 
0.93 
7.71 
1.m 
4.35 
3.10 
6.78 
0.93 
1.62 
1.25 
0.w 
1.09 
1.w 

Sat. 11' D. 
IN5  Nov. 14. . . . . )I Gr, Ut Ji 17. ! 26. 1.W 
I896 April 13 . . . ~j Gr, Bs !: 17. ' 24. I 1.53 

April 13 . . . . j Jn + Uc, Ut 1 '  15. 1 26. I - 

7.56 
-0.46 

1.41 
7.77 
4.08 
0.66 

-0.78 
4.56 
3.92 
4.85 

- 2.75 
3.45 
1.6 
3.92 

Sot. IV R. 

18% Febr. 23 . . . Gt, Gr ' 8. 17. 1.&5 I! Felr. 23 . . . :!I Gt, Bs ;i 8. 1 24. 1 - 
!I 

April 17 . . . . Gr. Bs !I 17. I 24. 

0.0126 
.0162 

.Om 

.(I368 

.W 

.0290 

. I - - I  - -  il - . *  18% March 19 .  . . . I !  Gr, Bs 1, 17. 
-._.. --. . . , 

-.0147 

- - . O M  

.-.E251 

112 
-18 

14.5 
- 9(? 

20 
45 
42 
30 

-27.5 
-49 
-38 
- 69 
-52 , 

4.04. 
2.55 
7.13 
2.44 
6.22 
I .09 
OS3 
6.07 

3.69 
1 .e5 
2.M 
2.26 
5.02 

-.a385 1-29 1.25 

--.VB4 -44 
- /-I* 

297 
-0.42 

0.34 
- 0.52 

1.16 
2.72 
2.74 
1.30 

O.G!i!f 
1:B 
0.87 
1.59 
2.10 
1.95 

-1.10 
0.18 

1.09 0.00 
033 I -0.73 
1.52 I 1.86 

7.10 2.40 
8.03 5.66 
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5 16 ;I 0.4% 
8 8 iI 0 . W  

I 
3 2 ,I 0.45 

When the equations are solved according to the method of least squares, 
but separately for I D, I R, etc. they give the results contained in the following 
table, where n is the number of equations, the final columns giving x in  
seconds of arc for the distance 5.20, adopting Barnard's values of r as above. 

0.81.5 I 0. 218 0. 3% 
0.378 1' 0. 1% 1 0. 2fB 

Sat. I .  . . 
- 1 1 . .  . 
- 111 . . . - IV . . .  

An inspection of these numbers gives two results: 

1. For all Satellites the numbers are greater for R than for D. This is 
only what might be expected, bemuse it is quite natural that the quantity 
of light necessary for enabling the observer to catch the first glimpse of an 
emerging Satellite must be on the average greater than what is necessary 
when he is following a vanishing point of light. 

2. For the three inner Satellites the fraction of the radius that must 
be outside the shadow a t  the moment of observation is greater for a smaller 
Satellite than for a bigger one, which is also what might be expected when 
the albedo of their surfaces is not much different. 

If the albedo had been the same for all three, the product x f2m, with 
a expressed in seconds, should be nearly constant (but of course different for 
D and H). An inspection of the last two columns of Table a shows that the 
values of x are too uncertain to give any information on this delicate point, 
but it was desirable, in order to diminish the effect of accidental errors, to 
combine the equations for these three Satellites. The values of x expressed 
in seconds are not more different than is compatible with the assumption of 

their identity. For I and I1 this is not very different from supposing the same 
albedo, but for 111, which is the largest, it would imply the supposition of a 
somewhat inferior albedo. In this respect it is interesting to compare the rels- 
tive values of the diameters as found by PICKERINC by photometric measure- 
ments, on the supposition of the same albedo, with those of BARNARU and 
also with those of MICHELSON which were determined by an entirely different 
method. The table below contains these numbers. 

- 
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Pickering Barnard Michelson 

I. 1.00 1.00 1 .00 
11. 0% 0.8 0.92 

m. 1.18 1.4 1.34 
IV. 0.70 1.37 1.98 

It is apparent that the albedo of I11 is really somewhat smaller than that 
of I and 11. For IV the difference is very considerable; the above values of 
x point in the same direction, but by reason of the paucity of the observa- 
tions they me too uncertaiii to permit any comparison with Pickering's results. 

The solution of the equations for I, I1 and I11 on the supposilion named 
above gave the results: 

For I, 11, I11 D : a: = 0."178 f 0."038 
- I, 11, I11 R : x = 0."263 f O."O% 

For combination with the already calculated values of the velocity k 
they were agniri converted into parts of the Satellite's radius as follows: 

D R 
I. 0.340 0.501 

11. 0.408 0.601 
111. 0.234 0.345 

For Sal. IV the values of x must be retained as they stand. They are 
not of much importance for the present purpose. 

The next step was to apply the values of x to the observations of 1893 
-96 in order to reduce them to the aperture of the Irraw~-telescope by means 
of equation (7) nrid to compare the reduced times with the predictions of the 
Nuutical Almanac. The results are contained in Table b where A' is the 

aperture employed, a' means the function (y)  - I, F-"A is the diffe- 

rence Idween the observed and the predicted time, T- T' the reduction as 
calculated I)y equation (7), and T-NA the correction which must be applied 
on the times of the Nautitd Almanac in order to make them applicable to 
the Fram instrument. The list contains all the published observations exclu- 
ding only those in the years 1893 and 1896 which fall quite outside the arctic 
observations of the phenomenon in question. The remarks which in many 
cases are added to the original observations, were omitted; only a :  after 
the number indicates some source of uncertainty as haze, bad images, twi- 

2 
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+ 518 
+30 

+si: 
+31 
+32 
$36: 
$25: 

+17: 
+87: 

+:30 

$15 

+ 6 

light etc. The places of observation are the same as before with addition of 

Windsor in New South Wales. An asterisk indicates a phenomenon which 

-21 8 

-19 
-18 
-23 
-19 
-22 
-18 
420 
--I7 
-19 
- 8 
-16 

was also observed on the Pram. 

TABLE b. 

1 1 A’ IlOo’zl e 1 10 k 

r------ 
Sat. I D. 2 = 0.340. 

-3.07 
-3.07 
-3.07 
-2.76 
-3.13 

1892 Octbr. 
Nov. 
Dec. 

Nov. 
Nov. 
NOV. 
Nov. 
Dec. 
Dec. 

1896 Jan. 
Jan. 

16% Octbr. 

1893 Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Der, 

1894 Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Febr. 
Febr. 
Febr. 
Febr. 
March 
March 
March 
March 
March 

Dec. 
Dec. 

I& Jan. 
Jon. 
Jan. 
Jan. 
Jan. 

1.88 
2.02 
1.50 
1.60 
1.60 

1 2 . .  . 
1 1 . .  . 
2 0 . .  . 
99. . .  
1 4 . .  . 
1 4 . .  . 
30.. . 
30.. . 
7 . .  . 

16 . . . 
1 7 . .  . 
2 2 . .  . 

I O . .  . 
I O . .  . 
1 0 . .  . 
1 5 . .  . 
1 7 . .  . 
1 7 . .  . 
2 . .  . 
2 . .  . 

2 3 . .  . 
%?. . . 
2 3 . .  . 
2 5 . .  . 
8 . .  . 
8 . .  . 

2 4 . .  . 
2 4 . .  . 
3 . .  . 

1 2 . .  . 
12.. . 
1 2 . .  . 
1 9 . .  . 
27 . . .  
B . . .  
5 . .  . 

1 4 . .  . 
21 . . .  
28.. . 
e s . ,  . 

4.05 
-4 .52  
-2.48 

-248 
4.53 
-4.6 

-4.2, 

-4.52 
-2.48 
-4.52 
-2.48 
-4.05 
-4.52 
-2.48 
-4.55 
-2.04 
-1.13 
-2.48 

Kasnn 
Rermerside 
- 
- 

Greenwich 
Utrecht 

Greenwich 
Bermerside 
Greenwich 

Ut rech t 
Grernwich 

2.03 
2.01 
2.01 
1.91 
1.91 
1.74 
1.74 
1.74 
1.73 
1.63 
1.63 
1.52 
1.542 
1.48 
1.43 
1.43 
1.43 
1.39 

24.4 
24. 
24. 
22. 
17. 
26. 
17. 
24. 
17. 
9). 
IO. 
17. 

-4.52 
-4.39 
-3.95 
-4.52 
-4.05 
-459 

2.01 
2.00 
1.96 
1.93 
1.89 
1.89 

Set. I R. 2 = 0.501. 

Kasan - 
- 

Greenwich 
Bermerside 

Jena 
Berlnerside 

Jena 
Greenwich 

Bermerside 
Jenn 

Bermerside 
Jena 

Greenwich 
Bermerside 

Jena 
Kasnn 

- 

- 
- 

Jena 

Bermerside 
- 
- 

Got t ingen 
Bcrmerside 
Greenwich 
brmerside 

24.4 
8.1 
9.6 

17. 
24. 
10. 
24. 
10. 
25. 
17. 
24. 
IO. 
24. 
IO. 
17. 
24. 
IO. 
24.4 
9.6 
8.4 

IO. 

24. 
24. 
??A. 
16.1 
24. 
17. 
!&. 

-3% 
- 8  
+ 7  
-23 

-141 : 
-14 
-83: 

-63 
-14 
- 7 :  
-19 
-10 
-24 
- 8  
- 5  
-20: 
+24? 
- 5  
$16 
+m 
+40 

- 1  
-10 
-67 
+&2 : 
-24 
-18 
-15 

- S S  

12 
24 
27 
I5  
28 
I5 
32 
28 
31 
17 
33 
18 
32 
35 
20 
38 
17 
9 

21 

26 
26 
26 
23 
27 
24 
%l 

) 

+:30ofi 
+11 
-t 12 
- 3: 
t 12 
$10 
$18: + 5: 
- 2  
-- 2 
$71) : 
- --lo 

- 1 3 9  
- 3 
+ l!) 
+ I  
- 114 : 
+ I  

- 4 8  + 18 
+21: 
$12 
+ 7 *  
+ 9  + 10 
+ 27 
-t 1.5 : 
+44? 
$ ,33 + a3 
$29 
+61 

+% + 16 
4 1  
+16:* 
+ 3  
+ 6  + 1% 

-- -:x) 
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LOa'x 

-4.34 
-- 

-4.05 
1895 Febr. 8 . . 

Felr.  11 . . 
Frbr. 13 . . 
Febr. 13 . . . 
Febr. 20 . . . 
Febr. 20 . . . 
Febr. 23 . . . 
March 1 . . . 
March I . . . 
March 1 . . 
March 1 . . . 
Marcli I . . . 
March 8 . . . 
March 8 .  . . 
March 11 . . . 
March 18 . . . 
March 22 . . 
March 31 . . . 
March 31 . . . 
March 31 . . . 
April 3 . . . 
April 7 . . . 
April 7 . . . 
April 23 . . . 
April 26 . . 
Muy 12 . . . 

c 

1.81 
1.79 

1 H i  Jon. 
Jan. 
Febr. 
Feln 
Feh.  
Febr. 
Fvbr. 
Fck.  
Febr. 
MHrch 
Mardl 
hlurcli 
Murch 

-4.52 
3 . 9 7  
-4.34 
- 4.52 
-2.04 
4.55 
-0.83 
-1.13 
-3.90 
-3.79 

27 . . ' il 

16 . .I1 

31 . . . II 
4 . . . I !  

9 . . . ' I  

19 . . . II I/ 25 . . I I  

B . . . l i  

1.73 
1.73 
1.70 
1 . 6  
1.66 
1.M 
1.M 
I& 
1.62 
1.62 

27 . . . I( 
3 . .  . I  I ! 

(i . . . I; 
1 .  . . j j  

-4.w 
-4.60 
-4.60 
-4.8! 
-2.66 
-4.32, 
-4.52: 
-4.W 
-4.05 

13 . . . I ,  

1.54 
1.52 
1.46 
1.46 
1.46 
1.45 
1.42 
142 
1.35 

Table b (continued). 

-4-3 
-119 
- 9 :  
-35 

-112 
-44:: 

I! 
j j  A' 
I- 

Windsor i j  20. 
Greenwich ,'I 17. 
Bermerside ',' 24. 

Jena ii 16. 
Bernierside I; 24. 

Lyons ,: 16. 
Windsor I: 20. 

Berruerside ; 24. 

I 

Kasen jl !M 

- / I  8.1 
- ! I  24.4 

- i l  8.4 
Jena l i  16. 

Windsor 1, 20. 
I. 20. 

UtrecIit 1 1  N. 
- I I  26. 

Uccle I! 15. 

- 

Kusan i 24.4 
- 11 10.8 

Windsor 20. 
Bermcmide 24. 

Utrecht j 26. 
Greenwich / 17. 
Windsor i i  B. 

I (  20. - 

-1% 
-B 
-25 
-24 
-18 
-33 

Windsor 
P0la 

Windsor 
Bernlerside 

Jena 
Wind so r 

Greenwicli 
Utrecht 
Windsor 

Greenwicli 
Jena 

Windsor 
Greenwich 

Bt. I1 D. x = 0.408. 

1693 Aug. '24 . . . /I  Greenwich / i  10. 
Sept. 25 . . .  - ii ;;: 
NO\.. 14 . . . Lyons I I(;. 

1% dnr1. 24 . . . Jena 1. IO. 
Febr. 18 . . . Grwnwicli 17. 
Febr. 18 . . . ;i Bemersidt. I! 24. 

Oct. 27 . . . 11 - 

i 

-2.01; 1.74 
-3.xi 1.56 
--H.GR, I 1..M 

10 k 

-0.0872 
873 
873 
873 

874 
874 
875 
875 
875 
875 
875 
876 
876 
876 
876 
876 
877 
877 
877 
877 
877 
877 
878 
879 
880 

WJ 
896 
896 
896 
896 
896 
896 
896 
8% 
896 
6% 
896 

-0.0897 

874 

0.0637 
637 
637 
638 
645 
w 
fd9 

- - 
l"-NA 

4x9 
+ 4  
- 2: 
-15 
-16 
-20 
-27 
-11 : 
-19 
-16 
+ 2  
+ 4  
- 9  
-12 
-36 
-30 
-12 
-% 
- 7  
+a 
-24 
-12 
-20 
+ 3  
- 14 
- 18: 

- 

+24 
+ 4  
-10 
-29 
-15 
-19 
+ 61 
-21 
-1 I 

0 
-54 : 
-19 
+ I  

- - 
T-T'  
- 
tu0 

26 
29 
25 
30 
26 
29 
31 
14 
31 
6 
8 

27 
27 
31 
32 
35 
36 
36 
21 
34 
36 
37 
6 
37 
39 

17 
14 
2.5 
26 
23 
26 
12 
28 
26 
2;i 
24 
B 
26 

- 
T-  NA 

- 68 
+a 
+n : + 10 
+I4 * 
+ 6 *  
+ 2  
tm:  
- 5  
+ 15 
+ s  + 12 
+I8 
+ 15 
- 5  
+ e  
+23 + 12 
+B 
$89 
t 10 
+24 
+I7 += + % 
t 2 1 :  

4-41 
+ 18 
+I5 * 
- 3  
t 8.  
t 7  
+ 73 
t 7  
-I 15 
+% 
-30 : 
+ 9  
+27 

--m 
-147 
4: 
-59 * 
- 130 

-a: 
-n : 



XLI INTRODUCTION. CHRONOMETERS. 

-0 .w2 
GP2 
w 
643 
645 
645 
111.7 

1W Nov. 
Nov. 
Nov. 
Nov. 
Dee. 

1895 Oct. 
Nov. 
Nov. 
Nor. 

1W Jan 

1m3 DRC. 
Dec. 

18% Jan. 
Jan. 
Jan. 
Jan. 
Jan. 
Felir. 
Febr. 
Febr. 
Murch 
March 

1@!5 Jan. 
Jan. 
Jan. 
Jan 
Jan. 
Fehr. 
Eebr 
Febr. 
Febr. 
Febr. 
Febr. 
Febr. 
March 
March 
March 
March 
April 
April 
April 

1M Febr. 
Febr. 
Fehr. 
Febr. 
March 

0s 
-11 
-PJ 
+XI 
+ 8 
+ 4 
+I1 

Table b (continued). 

1 5 .  . .  

26 
45 
48 
i3 
"26 

29 . . . I! 
16 . . . j :  
23 . . . I! Greenwich 

Bermerside / /  22.. 1-3.681 1.51 
: 26. I -3.75j 1.62 
I' 17. 1 -:SSO/ 1.M 

: : : Windsor 1 '  11. 1-2.39 1.!)3 

Utrecht 

j Utrecht 1: 26. i -ml 1.6 

+37 
+ (i: 
+>2 
+43 
+si 

Sat. II R. z = 0.601. 

-0.0745 
748 
74.3 
748 
751 
Xi 
ra9 -- 

1 6 . .  . 
1 6 . .  . 
3 . .  . 
3 . .  . 

1 7 . .  . 
1 7 . .  . 
2 4 . .  . 
11 . . .  
1 8 . .  . 
1 8 . .  . 
15 . . .  
2 2 . .  . 
4 . .  . 

11 . . .  
11 . . .  
11 . . .  
18 . . 
5 . .  . 

1 2 . .  . 
1 2 . .  . 
1 2 . .  . 
1 2 . .  . 
1 5 . .  . 
1 9 . .  . 
I G . .  . 
I6 . . .  
1 6 . .  . 
1 6 . .  . 
1 7 . .  . 
2 0 . .  . 
2 4 . .  . 

-% 
--52 
- 7 
+ 8 
-44 
-43 
-76 

6 . .  . 
6 . .  . 
13.. . 
1 3 . .  . 
9 . .  . 

3; 
+37 
-10 
t 2 I  
33 
34 
40 
34 
;s 
3.5 
39 
37 
45 
3 

'& 
44 
49 
46 

Greenwicli 
Bermerside 

Kason 

Greenwich 
Jenu 

Poln 
Greenwich 
Bernwrside 

Kasan 
Uccle 

Bermersidt. 
Kasan 

- 

- 

- 
- 

Greenwich 
Jenu 

Bcrmerside 
Jenn 

Gtittingen 
Lyons 

Windsor 
Greenwich 
Bermerside 

Jena 
Kasan 

Jena 
Windsor 

Greenwich 

- 

+ 2 
-15 
-1i 
+29 
.-11 
- 9  
-35' 
.-E* 
+ :j * 
+41* 
-33. 
-B 
-12 
- 6  

2 7 - 3 9  
-17 
-20 
-22 
- 1  

Greenwich 
Bermerside 

Jenn 
Gettingen 
Bermerside 

+ 1.55 
-3.181. 
-4.87; 
-4.67 

543  

24. 
24.4 

t i  (i 
10.8 
17. 
16. 
2.1. 
1 (i 
16.1 
16. 
w. 
17. 
24. 
16. 
10.8 
9.6 

16. 
20. 
17. 

1% 
ILK 
I 95 
1.82- 
1.7!1 

759 
7(% 
760 
769 
769 
769 
769 
77'3 
780 
781 

+ 6 
-7 
4 5  
-57 
di? 
-66 
4 7  
-6% 
-71 
-47 

-4.67 
-520 
-4.87 

- - 
T-T'  

1.37 
1.36 
1.34 

-w 
-27 
-23 
- 23 
-21 

-30 
-!B 
-24 
- 27 
-15 

-0.w -26 
a 7  +la:  
844 -34 
844-5  
8 Q 6 4  

= 
T - " A  
- 
+52s 
+ 1 E :  
+ 33 
+ 7  
+ 3!) 
+ p2 
+37 :* 
-+El 
+71: 
+,a * 

34 
34 
29 
4 

36 

-5.43 
-4.67 
4.60 
-5.43 

1.91 
1.89 
1.89 
1.76 

$ 8  
+47 : 

5 
- 1  
+ 2  

- 
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i -1.22' 1.59 
-0.39 1.59 

-2.13 1.59 
-1.89 1.63 
--2.15 1.63 
-1.89 188 

I 
-0.951 1.59 

I '  

Table b (continued). 

0.01% +24ks 4 7 0  
1% I 1  +I%: -31 
It36 +163 -77 
137 +119:-70 
150 +I88 -45 
151 +I58 -76 
162 +I07 -50 
162 +IO6 -41 
162 +I22 -17 
162 +I27 -23 
162 $139 -%? 

0.0287 -48:-34 
-39 

2 9 9 + 7 4 - 4 . 2  
314 I.+ 77 - 4 8  

1893 Nov. 
Nor. 
Deo 
DCC. 

1894 Jan. 
Febr. 
March 
March 
March 
March 
March 

185 Jan. 
Febr. 
Fehr. 
April 

+in8 
+lo1 : 
+ 86 + 49: 
$143. 
+ 8 + 57 + 65 
+IO5 
+lM + 47 
- 8 2 :  
+57 
+ 3 2  + 29 

Nov. 
Nov. 
Nov. 
NO\.. 
Nov. 
NOT. 
Dec. 

1894 Jan. 
Jan. 
Jan. 
March 
March 
Murcli 
March 

Oct. 
Oct. 

1895 Febr. 
Fehr. 
F e h .  
April 

Nov. 
IMi  Jan. 

Jan. 
Febr. 
March 
March 
March 
April 

IO. 
17. 
IO. 
9.6 
8. I i 8.4 

I 24.4 

Y :  : I  

1 2 . .  . /  

1 2 . .  . I  
1 2 . .  . 
1 . 2 . . .  
1 2 . .  . 

11 . . .  
I1 . . .  
11 . . .  
11 . . .  
It). . . 
18.. . 
31 . . .  

-0.95 
4.39 
-0.52 

Sat. LII D. 2 = 0 . a .  

1.43 
1.48 
1.43 

Uccle 
Gnttingen 

Bermerside 
Greenwich 

Jena 
Greenwich 

Jena 
K a s n  - 
- 
- 

Greenwich 
Windsor 

Bermersidc 
- 

-0.0147 
147 
147 
162 
162 
162 
162 

Kasan 
- 
- 
- 

Greenwich 
IJtrecht 

Greenwich 

304r 
-353 
-301 
-%IO 
-103 
- &! 
- 72 

ti12 8 

I27 
68 
73 
25 
60 
33 

74 
33 
55 
54 
62 
67 

52 
38 
37 
43 
46 
40 
43 

-55 

10.8 
8.1 
9.6 
24.4 
17. 
26. 
17. 

-19% 
-2% 
--233 
-127 
- 78 
-29 
-39 

-107 
- %  
-87. 
- 81 
- 6 9 :  
-8% 

- 12 
ff69 
-1211 
+ I: 
+%I: 
+ M  
+ @  
+ioi: 

4.0252 
252 
294. 
2!8 
300 
331 

4.0370 
381 
381 
38% 
385 
m +  
886 

4.0388 

-181 
-1% 
-142 
-135 
-131 
-101 

-64 
+I31 
-1w 
-42 
-26  

3 
+ 21 
f 4 6  

Sat. Ill H. z = 0.315. 
28 . . ' Greenwich ' ,  17. ! -2.w) 1.71 

Jena ' IO. 1-1.70 1.71 

Kasan 11 8.1 -0.58: 1.43 1, 9.6 1-1.401 1.47 

28 . , :I - 1 25. 1-3.171 1.71 

1' IO. 1-1.70, I 1.43 

: 8.4 -0.77 1.43 

-2.99 
-3.12 
-269 
-2.80 
4 . 1 2  

13 . . . ;  Kasan 

4 . . . / j  
13 . . . j: - 

Windsor 
I9 . . . Greenwich 

Bermerside 2 : : : 1 Windsor 

1.83 
1.74 
1.74 
1.70 
1.46 

18.. . 
29.. . 
2 Y . .  . 
2 6 . .  
1 2 . .  . 
1 2 . .  . 
19.. . 
2 4 . .  . 

24.4 
9.6 

20. 
17. 
24. 
20. 

Utrecht ( (  5%. 
Greenwich 

Jena 
Windsor j J  20. 

Bermerside 1 24. 
I 16. 

0.0367 
367 
367 
367 
368 
36.3 
375 

+ 57 
+ G  + 67 
+86 
+a 
+I98 + 75 

-21 
- 7  
-16 
-36 
-3 I 
-36 
-27 

+ 36? 
+ %  + 51 
+ w  
+ *  
+48 

+ 52 
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0.008 \+-2;SmW 
0.010 i+l!l 9 

I 0.010 !+21 59 

Nov. 14 
Nov. 14 

1896 Jan. 20 
March 27 
April 13 
April 13 
April 13 
April 13 
April 13 
May 16 

-- 4 m m  
- 3 58 
- 3 51 

1895 March 8 
March 8 
April 10 

+ 5  
+ 5  
+ e  38:- 
+ l  
+ 2  
+ f  
+ 4  + 4 47:- 
+ 3  
+ 3  

Dec. I 
I= Febr. 6 

Febr. B 
Febr. 23 
Febr. 23 
March 11 

5 6 - 1  35 
. % - - I  48 

1 22 
% : - I  22 
5 8 - 1  27 
4 2 - 1  37 
1 8 - 1  23 

1 38 
5 5 - 1  21 
1 7 - 1  44 

Greenwich 
Utreeht 

Greenwich 

Bermerside 
Jena 

Utrecht 
Uccle 

Windsor 

- 
- 

17. 

26. 

17. 
*X. 
16. 
5%. 
15. 
w. 

26. 

17. 

Jcnti 
Uccle 

Windsor 

-3.971 1.60 

-4.51 1.93 

-3.971 1.53 
-4.43i 1.53 
-3.82! 1.53 
-4.50 1.53 
- 3 . 7 1  1.53 
-4.5 1.34 

-4.51 1.60 

-3.97, 1.M 

Bermerside 

Greenwich 
Bermerside 
GBttingen 
Windsor 

- 

16. 
15. 
m. 

-4.Z31 161 
-4.12, 1.61 
-4.701 1.41 

,293 

- o . m - - .  

Sat. IV R. x = 0.51.. 

- 3 35 
2 x 3 - 1 5 1  

3 46 

24. 
24. 
17. 
24. 
8. 
20. 

-4.911 1.72 
-4.91: 1.91 

-4.911 1.85 
-0.511 1.85 

-4.40: I.& 

-4.70/ 1.75 

+18m44.y * 
1.5 11 
18 7 

4 21 
4 8  
I 16: 
0 32: 
I 31 
1 5  
2 5 5  
3 9 :  
2 3 4  

+ I  33 

1 4 6  
1 2 9  
I 81 
1 31 
0 10 + 1 31 

- e  45: 
- 2  40* 
- 1  14 
- 2  4 
- 1 41 
- 2 15 

An inspection of the last column of Table b shows that it is no easy 
matter to deduce corrections to the predicted times. It is evident that the 
correction cannot be considered as constant for any length of time; it was 

therefore necessary to make some combination of the results surrounding the 
Frarrt-observations, but in making such combinations some arbitrariness is 
scarcely avoidable. In the few cases where the eclipses observed on board 
had also been observed elsewhere the deduced correction could, for some of 
them, be applied without alteration, but for others a combination was pre- 
ferred when sufficient surrounding material was a t  hand. The corrections 
deduced from such combinations were often rounded to the nearest 5 or 10 
seconds. 
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Nov. 27 
Dec. G I ,  

The adopted values are given in the column T - N A  of the following 
Table c, which contains the Fruwobservations. Only in some few cases the 
space for correction had to be left blank owing to want of material. After the 
date and the observed phenomenon comes the time of observation, reduced 
to chronometer Hohwu, and the difference between Hw and the predicted 
time. The correction T-NNA, applied with contrary sign, gives the error 
Hw-Gr. Mean Time (Hw-e.) .  Any special cause of uncertainty, mention- 
ried in Mr. Scott-Hansen's notes, has heen accentuated by a :  added to the 
numbers. The results of the Lunar Distances are included in the same Table, 
designated by (I. 

I R 20 5% 6 
1 R 17 18 49 

T A B L E  c. 

41 27 

42 5 
54 : 

I I High wind, telex.  tiemiding. 
[Clear, calm. Good obs. 

H?V--IVA 

t39W: 

41 .52 
42 8 
42 43 
41 46 
41 27 
40 54: 
42 5 

42 25 
41 44 
40 42: 
41 57 

43 17 
37 57: 
42 3 :  
41 40 
41 40 

43% 
41 41 
42 29 
40% 

41 22 

41 27 

41 50 
41 53: 
40 14: 
41.5 

#Difficult, see note 1. 
IBarely visible till now. 

T - hrd 

40 45 
- 
- 
- 

~ 

- l m  O s :  

0 0 
0 0  
0 0  
0 0  
0 0  
u o  
0 0  

+ 0 10 + 0 10 
- 1 3 0  
+ 0 3.5 

+ I  5l) 
- 3 44) 
+ 0 37 
+ 0 10 
+ 0 10 

t i 5 0  + 0 15 +- 1 20 
- 1  5 

I 
:See note 4. 
Note 5. I ,First glimpse. 

\See Note 6. 

+ 1 .i 
*? 
? 
? 

HTV-G%ll Remarks 

--ii 
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37 44: 
37 39: 
3730 
38 
38 3 
3743 

1892 
Nov. f 

Dec. 13 
1)ec. 1E 
h tc .  2i5 
Dec. 31 

Dec. 31 
Dec. 31 

1895 

+ o  5 
+ O  20 

o : + o  5 
+ o m  
+ o  5 

Jan. 10 
Jan. 14 
Jw. 14 
Jan. 14 
Jan. 15 
Jan. 17 
Jan. 17 
Jan. 19 
Jan. 24 

Jan. '28 
Jan. 28 

Fchr. 1 

Febr. 2 
Febr. 2 

Febr. 4 
Fcbr. 5 
Febr. 8 
Febr. 12 
Febr. 15 
Febr. 16 
Febr. 18 
Febr. 19 
Fehr. 19 

Febr. 20 
Febr. 22 
March 9 
March 27 

FChr. 4 

Oct. 15 
Oct. 15 
Oct. 19 

Oct. 19 
Oct. $29 

- - 
Sat. 
- 

I D  

I D  
1 D  
I R  
I R  

I11 R 
I1 R 

I R  
a 

1 R  
I1 R 
1 R  

IV D 
i V  R 
I R  
I R  

IIl D 
I11 R 

I1 R 

IV D 
IV R 
111 D 
II1 R 

a 
c 

U R  
I1 R 
I R  
I R  

LII D 
IV D 

1 R  
I R  
c 

111 R 

I D  
I1 D 
I D  

I1 D 
I D  

Hn, 

3h m 5 7 9  

7 22 8: 
24% 

14 47 31 
18 55 26 
2 21 29 

21 4 3  

17 37 25 

17 14 6:  
1 4 6  
6 11 24 
E24646 
z4 40 49: 

No eclipse 

13 38 32 
21 4 3 

4 4 3  
17 43 54 
20 31 8: 

31 13 
17 14 44 

15 24 
Probably 

no eclipse 
a1 44 20 
2 4 3 2  6 
2 2 3 3  
17 B 
9 8 2 4  

2 2 2 5 4 8  
El 19 22 
15 48 51; 
5 44 2fj: 

14 23.5 
30.2 

IO 17 28 
4 4 6 2 8  
1 3 5  
4 45.5 

4 26 ia: 

11 58 57 
12 1 12 
0 55 16 

55445 
1 5% 16 

13 51 59 

Table c (continued). 

= 
HW - hrA 

~ 4 l m  W 
40 35: 
40 11 
41 29 
41 19 

40 10: 
41 48 

41 22: 

41 5 
4 0 %  
41 4.5: 

41 48 
4046 

40 19 
3 9 5 3  

4 0 4  

4036 
3 9 2 4  

4040 
4 0 2 3  
40 35 
41 6 :  
40 26: 
59.4 
66.1 
40 52 
4 0 %  

41.9 : 

T- N A  

f omljs 
f O  15 
+ 0  15 
f 0 LW 
t o  20 

? 
0 0  

t o  20 

t o  20 
0 0  

t o  20 

t o  %) 
t o  20 

t o  4Q 
- I 25 

- 0 10 

t o  40 
- 1  5 

- 0 10 
- 0 15 
t o  10 
t o  10 
t o  40 
t 1 8  44 

t o  10 
t o  10 

> 

Hm- Gr 

-41m 2% 
40 20: 
39s 
41 9 
40 59 

41 48 

41 2 :  
385.3 
404'5 
4 0 2 8  
41 25: 

41 28 
4 0 %  

3939 
41 18: 

40 14 

3956 
40 49 
3 9 2 2  
39 57 
4050 
4 0 3 8  
4 0 5  
40 56: 
3!4 46: 
40.7 
47.4 
40 &2 
2043 
37 57 

37 39: 
37 19: 

31 55: 
3 7 4 3  
31 38 

Remarks 

Sanic br. as usual a t  R. 
[Lost glimpse?]. 
Some haze, not u. good obs. 
Good observation. 
First glimpse. Se  riott. 7. 
Hanscn. Very good obs. 
Nanscn. oluni. tel. (5.3 cml). 
See note 8. 

Some cirrostratus. Seenote9. 

Uncommonly clear. 
A very good obs. h'otc. 10. 
Telcsc. somewhot tremliling. 

t ~ e c  note 11. 
Good obs.; a little cirrostr. 
First glimpse? 
Briglit. Not. a good obs. 

Titlescope tremhling. 
Surely visible. 
First glimpse. 
r l l  brightness. 

See note 12. 
Last glimpse. 
First feeble glinipse. Note 13. 

A good obs. Note 14.. 
'ossibly UL 5s late. Note 15. 
A good observation. 
Some rime on the eyepiece. 
Ditto. Not D good obs. 
Brightness as usual at R. 
Barely vis. till now. Note 1G. 
A good observation. 
Very good observation. 

rwilight too strong. 

Except some cirrostr., tole- 
rably good obs. 

Some cirrostratus. 
Absolutely vanished. 
More merkod. 
A good observation. 
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1895 
Oet. 22 
Oct. 28 
Nov I 
Nov. I 
Nov. 4 
Nov. 16 
Npv. 16 
Nov. 9.5 
Dee. 1 

Dec. 4 
Dee. 5 
Dee. 7 
DPC. $29 

1896 
Jan. 10 
Jan. 11 
Jan. 22 
Febr. 4 
Febr. 5 
Febr. 6 
Febr. 7 
Febr. 16 
Febr. 19 
Febr. 19 
Febr. 23 
Febr. 97 
April 22 

1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

9. 

- - 
sat. 
- 

L I D  
Ill I 
I D  
I1 D 
(i 

I D  
LID 
Ill D 
IV D 

I I D  
I D  
LID 
I1 D 

I D  
I D  
11 D 
1 R  
I R  
[V R 
I R  
I R  

K I F  
c 

I R  
I1 A 
c 

,? Hm 

14.h 3 7 m S  
1 15.0 
4 41 4 :  
6 3 2 5 6  
0 %  
8 2 7 7 4 8  

11 45 923 
17 7 11 
8 2 2 3 0  

2335 
6 13 56 
19 38 50 
19 32 45 
3 19 49 

5 6 7  
2334B 
94 99 57: 
2 1 3 2  

90 30 16 
I2 52 13 
14 58 46 
11 22 16 
m 19 22 
22 17 
13 17 4 
16 11 56 
4 19 

Table c (concluded). 
= 
Km - NA 

-38m 9.: 
38.0 
37 12: 
38 21 

3 7 4 8  
3 8 4 2  
38 14 

41 50 
37 44 
3 7 4 0  
3 8 9  
37 50 

;n 14 
3 7 4  
36 el :  
37 3.2 
37 36 
3 4 5 1  
37 30 
37 sp 
37 27 

37 30 
37 28 

- 
T-NA 

t h m  
t o  50 
t o  5 
t o  30 

t o  5 
t o  35 
t l  0 

t 4  0 
t o  50 

0 0  
b o  50 
t o  50 

- 0  5 
- 0  5 
t o  20 
t 0 15 
t 0 15 
- 2  40 
f 0 15 
t 0 10 

0 

+ 0 10 
0 0  

- 
RW-& 

M m 4 9  
37.2 
37 7: 
37 51 
3 6 9  
31 44 
3 8 7  
37 14 

3750 
3654 
31 40 
37 19 
37 0 

37 19 
3 7 9  
36 I :  
37 17 
37 21 
37 34 
37 15 
3 7 %  
3 7 2 7  
3 8 6  
37 20 
3 7 8 8  
3623 

NOTES TO TABLE c. 

Remarks 

Some haze. 
Sat. gone ; earlier than exp. 
Sat. gone. 
Very good observation. 

A good observation. 
A good observation. 
f 5s. 
Very slow decrectse. 
S a t  seen till now. Note 17. 

Very good observation. 
Observer Mogstad 
Very good observation. 

Very good observation. 
Good observation. 
Sat. close to limb; not good. 
A good observation. 

Ditto. 
Ditto. 
Ditto. 

A good observation. 

Decrease of brightness very slow; took the moment when it was as usually 
at R. 
Was not prepared for so early a reappearance, but Sat. very feeble when the time 
was noted. 
Stit. now so feeble that I was not sure of its visibility. 
Sat. close to Planet’s limb, and some haze, perhaps l/4 or ‘/a minute late as com- 
pared with D. 
Sat. barely visible when I knew that it was there. Perhaps visible ‘/&4 min. 
longer. 
About sanie brightness as at D ;  R sharper than D, but, on the whole, obsena- 
tion of this Satellite uncertain, owing to the slow motion. 
Followed the Snt. further, ns I was uot quite sure; 308 later nearly of the Bame 
brightness os the other Satellites. 
Saw the Satellite very feeble in the moment I put the eye to the telescope. 
Could perhaps have seen it le before. 
Not a good observation; too late. 
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10. 
11. 

12. 

13 

14. 

15. 
16. 
11. 

Increase of brightness very slow. 1 . a  later Sat. tolerably bright. 
Calculated time for D 2h 17m4D. Observed continually till 2h %3m, but no de- 
crease of brightness perceptible. Ceased for a while, but between &h and 

45m Sat. as bright as before - afler which we haft the Satellite to its fate 
Calculated time for D HW 90011 G m B .  Observed til 2Ot1 I@, unchanged, some- 
what feebler than the other Satellites. Calculated time for H Hw 2111 1 G m B  ; 
observed 2 l h  IIm-Wm, but no increase of brightness. 
%P later brightness estimated as 40s before the moment noted for D. At 24W4.m 
27s the Sat. approached to the usual brightness. 
First glimpse. l m  33s later same brightness as the Satellite to the leff of Ju- 
piter [Sat. IVJ. 
Had just moved the telescope; as soon as it had come to rest, the Sat. was seen. 
Observation begun at 14b %. 
Waited for R till 12h  40m,  but Sat. not visible; cirrostratus. 

Influmace of Tempat.ure.  
As there were in each of the three years of the expedition periods of 

several months without any determination of the Greenwich Time, it was 

necessary to examine the general rate of the chronometer and its dependence 
on temperature. For this purpose the two other chronometers must also be 
taken into consideration. From the journal of daily comparisons the following 
Table d was formed, containing the difference Kt-Hnt and Iv-Hw together 
with the daily relative rate of each. The last column ( t )  gives the mean 
temperature (Centigrade) of the interval. From the curves registered by the 
thermograph in Mr. Scott-Hausen’s cabin the mean temperature for every day 
was taken out by inspection and reduced to the chronometer-shelf by means 
of the daily comparisons with the lower thermometer. The temperatures in 
Table d are means for 10 days (the intervals between the comparisons are 
in some few cases 9 or 11 days). As the thermograph was taken down 1896 
Aug. 10 the temperature for the last 11 days is more uncertain. 
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18% July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

18% Jan. 

Ftsbr. 

March 

April 

Mfly 

Junct 

J d y  

Aug. 

Sept. 

Oct. 

I( 
2( 

I’ 
24 

t 
I( 
24 

f 
I€ 
2f 

1: 
55 
r 

IE 
E 

4 
14 
24 

1: 

5 
15 
25 

4 
14 
24 

.5 
14 
21 
3 

13 
23 
3 

13 
23 
2 

I2 
22 
I 

11 
21 
1 

I1 
21 

r! 

Gr. T. 

1811 371 
23 :io 
22 13 
2 0 0  
19 48 
18 51 
19 7 
12 29 
12 33 
12 20 
12 10 
12 8 
12 9 
12 10 
12 9 
i p 9  
12 13 
14 12 
12 12 
iQ 11 
12 I1 
12 44. 
12 42 
12 40 
1.2 31 
12 19 
12 19 
12 38 
12 39 
18 :Kc 
12 36 
12 57 
le 58 
13 Id 
13 I4 
13 14 
13 15 
13 15 
13 12 
13 15 
13 13 
12 54 
13 14 
13 15 
13 13 
13  IC, 
13 50 

T A B L E  d. 

Kt-Hm 

L 
~1;; 
1-47 t ~ .  E 

-47 25. 6 
-47 HI Y 
-47 32. 2 
-47 32. 0 
-47 36. 0 
-47 36. 8 
-47 e%. 8 
-47 43. 0 
-47 48. 2 
-47 50. 3 
-47 46. 5 
-47 41. 9 
-47 33 7 
-47 16 8 
-44 5.5. 8 
-46 33. 9 
-43 11. 8 
-45 46. 7 
-45 20.3 
-44 53.8 
-4.2. 27.2 
-44 6 . 2  
-a 44. I 
-43 22.2 
-43 1. 8 
-42 42. 6 
-42 30.0.5 
-42 If. 2 
-41 51. 8 
-41 26. 6 
-40 58.6 
-40 37. 7 
-40 20 5 
-39 39. 0 
-3!! 42. 7 
-3 9 . 2  
-39 7. 6 
-39 2 2  
-39 0. 3 
-8 58. 1 
-3 58. 1 
-39 0. :3 
-39 9 . 0  

- 
Rei. 
Rate 

0.48 
0. 60 
0. 6.2 
0. 12 

-0. 57 
-0. 03 

0. 02 
-0. 40 
-0. 08 
-0 20 
-0. 42 
-0. 52 
- 0. 21 
0. 38 
0. 46 
0. 82 
1. 69 
2. 10 
2. 26 
2. 14 
9. 51 
2. 62 
2. ci5 
2. 66 
2. 10 
2. 21 
2 19 
2. 04 
1. 75 
1. :xi 
1. 83 
2. 04 
2. 52 
2. 80 
2. o!) 
I. 78 
2. 13 
1. 63 
I. 95 
1. 56 
0. 54 
0. 19 
0. 22 
0. 00 
0. 22 
0. 87 

Iu- HW 

+ 5m 16.82 
5 48. 6 
6 17. 7 
6 49. 1 
7 8. 6 
7 24. 0 
7 49. 5 
8 15. 3 
8 34. 3 
8 56. 4 
9 17. 9 
9 -34. 7 
9 48. 7 
9 55. 4 

10 0. 8 
9 ;i8. 8 
9 59. I 
10 5. 0 
10 9. 1 
10 13. 8 
10 17. I 
10 21). 9 
10 26. 6 
10 33. 9 
10 41. 8 
10 46. 7 
10 5 4 . 7  
11 4. 6 
11 16. 2 
11 25. 6 
11 33. 6 
11 47. 3 
12 IO. 6 
12 39. 4 
13 12. 1 
13 38. 1 
14 2. 4 
14 25.4 
14 53. 5 
15 19. 6 
15 48. 4 
16 6. 9 
16 21. 2 
16 47. 8 
17 11. 8 
17 33. 3 
17 55. 0 

= 
Rei. 
Rate 

3.8 18 
2. 91 
3. 14 
2. 17 
I. 40 
2. 55 
2. 65 
1. 90 
2 21 
2. 15 
1. 68 
I. 40 
0. 67 
0. M 

-0. 20 
0. 03 
0. 59 
0. 41 
0. 47 
0. 33 
0. 38 
0. 57 
0. 73 
0. 79 
0. 49 
0. 80 
0. !39 
1. 16 

0. 89 
1. 37 
I. 33 
2. 88 
3. 27 
260 
2. 43 
2. 30 
I. 81 
2 61 
2. 88 

e. 03 
2. 06 
2.40 
2 15 
2. 17 

0. a5 

I. a5 

t 
C. 

14.’ 7 3  
13. 77 
15. 42 
12. 67 
IO. 39 
13. 60 
14. 67 
IO. 80 
IO. I1 
8. 20 
7. 16 
7. 43 
6. 98 
6. e 3 0  
5. :if; 
5. 10 

6. .5 
6. 69 
5. 91 
6. 32 
6. 75 
7. 17 
7. 02 
6. 35 
6 9 6  
8. 23 
7. 28 
6. 60 
6. 39 
7. 30 

10. 02 
11. 51 
13. 00 
11. 33 
10. 44 
12. 02 
10. 61 
12. 41 
12. 11 
9. 50 
8. 70 

10. 09 
9. 23 
9. 60 

10. 00 

6. n 
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Table d (continued). 

1891. oct. 

Nov. 

Dec. 

1895 Jan. 

Febr. 

March 

April 

May 

June 

July 

Aug. 

S P t .  

Oct. 

Nov. 

Dec. 

1896 Jan. 

Febr. 

21 
31 
IC 
2c 
3c 

2c 
30 
9 

19 
29 
8 

18 
I 

10 
a 
30 
9 

19 
29 
9 

19 
29 
8 

18 
B 
8 

18 
28 
7 

17 
27 
6 

16 
% 
6 

16 
26 
5 

15 
25 
5 

15 
5 
4 

14 
24 
3 

ia  

Gr. T. 

13h 5 0 0  
13 50 
13 52 
13 49 
13 51 
13 52 
14 23 
14 25 
14 I 
I4 25 
14 26 
14 23 
14 26 
14 31 
14 24 
14 13 
I4 14 
14 54 
14 52 
14 55 
15 17 
15 29 
15 33 
15 33 
15 56 
15 53 
16 5 
16 18 
16 33 
16 17 
16 13 
15 56 
I5 57 
15 56 
15 55 
16 4 
15 55 
16 19 
16 28 
16 57 
16 57 
17 19 
17 33 
18 13 
17 57 
18 46 
18 39 
19 5 

Kt-Hm 

-3!+ 9.80 
-39 18. 0 
-39 27. 5 
-39 41. 3 
-39 46. I 
-39 55. I 
4 I. 9 
-40 7. 4 
-40 13. 4 
-40 17. 6 
4 SI. 9 
-40 26.8 
-40 29. 3 
-40 35. 1 
-40 37. 0 
-40 38.8 
4 48. 4 
-40 52. 6 
-40 56.2 
-41 5 . 6  
-41 IO. 3 
4 1  16. 7 
- 4 1  24.4 
- 4 4  31. 3 
-41 33. 0 
4 1  38.7 
- 4 1  3 . 8  
-41 44. 6 
-41 49. 1 
-41 54 .3  
- 4 2  0.8 
--42 5. 7 
4 IO. 9 
-42 15. 3 
-42 24.2 
-42 34.9 
- 4 2  44 .4  
-4.2 55.3 
-43 5. 0 
-43 16. 8 
-43 29. I 
-43 40.4 
-43 53.1 
-44 6. 0 
4 21. 8 
-44 41. 7 
-44 55.7 
-45 13. 0 

- 
Re]. 
Rate 

4 . s 9 0  
-0. 9.5 
-1. 38 
-0. 48 
-0 90 
-0. 69 
- 0 . 5 5  
-0. 60 
-0. 42 
-0. 4 3  
-0. 49 
-0. 25 
-0. s i 3  

-0. 21 
-0. 18 
-0. 96 
4 . 4 2  
-0. 36 
-0. 94 
-0. 47 
-0. 64 
-0. 77 
-0. 69 
-0. 17 
4. 57 
4. 11 
4 . 4 8  
-0. 45 
-0. 52 
-0. 65 
-0. 49 
-0. 52 
-0.44 
-0. 89 
-1. 07 
-0. 9.5 
- I. 09 
-0. 97 
-1. 18 
-1. 23 
-1. 13 
-1. 27 
-1. 29 
--I. 58 
-1. 99 
-1. 40 
-1. 73 

Iu- HW 

+17m 55.~0 
18 12 8 
18 30. 9 
18 39. 8 
19 I. I 
19 18. 4 
19 37. 8 
19 59. e 
20 19. 0 
20 4 4 4  
21 8. 8 
21 26.9 
21 46. 5 
22 2. 0 
22 18. 2 
2.2 37. 1 
22 53. 7 
23 16. 5 
23 44. 5 
24 IO. 9 
24 44. 9 

2.5 43. 9 
26 IO. 4 
26 43.2 
27 12. I 
27 46.4 
!A¶ 16. !I 
28 49. 4 
29 21. 9 
29 51. 3 
30 14. 4 
30 40. 1 
31 5. 7 
31 24. e 
31 42. 0 
31 59. G 
32 11. 4 
32 24. 0 
32 33. 6 
3.2 42. 3 
32 58. 5 
33 IO. 3 
33 2 2 8  
33 29. 0 
33 30. 2 
33 37. 8 
33 40. 7 

25 14. 3 

- 
Rei. 
Rate 

1.8 78 
1. 81 
0. 89 
2. 13 
I. 73 
I. 94 
2. I4 
1. 98 
e. 54 
9. 44. 
I. 81 
I. 96 
1. 41 
1. 80 
I. 89 
1. 66 
2. B 
2.80 
2 6 4  
3. 40 
2.94 
2. 96 
2. 65 
3. 28 
2. 69 
3. 43 
3. 05 
3. 2.5 
3. 2.5 
2. 94 
2. 31 
2. 57 
e. 56 
I. E5 
1. 78 
1. 76 
I. 18 
1. 26 
0. w 
0. 87 
I. 62 
I. 18 
1. 25 
0. 62 
0. 12 
0. 76 
0. e9 

- 
t 
C. 

t 8."47 
8. 65 
7. 00 
9. 89 
9. 03 
8. '33 
9. 82 
8. 56 

10. 79 
10. 22 
8. 75 

11. 24 
IO. 12 
IO. 78 
11- 41 
9. 89 

11. 72 
12. 91 
I 2  41 
13. 18 
13. 75 
13. 52 
13. 37 
14. 57 
13. 76 
15. rn 
14. 59 
14. 01 
14. 45 
14. 32 
14. 72 
14. 37 
14. 63 
13. 29 
11. 79 
11. 67 
10. 90 
11. 35 
IO. 95 
9. 76 

IO. 95 
9. 74 
8. 92 
7. 94 
6. 01 

10. 16 
9. 50 

7 
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Table d (concluded). 

19h 25m 
19 44 
19 44 
19 46 
19 43 
19 41 
19 43 
9x) 5 
20 23 
80 24 
20 22 
20 16 
20 16 
90 m 
20 37 

1896 Febr. 

March 

April 

MOY 

June 

July 

Aug. 

d6m 13.80 
4 33. 9 
-45 55. 0 
4 6  15. 7 
-46 a. 0 
-46 .To. 1 
-47 5. 7 
4 7  97. 0 
4 7  47. 8 
4 8  5.1 
4 22.0 
-48 39. 2 
4 8  47. 4 
-49 0. 0 
49 16. 7 

3 
13 
23 
4 
14 
w 
3 
13 
23 
3 
12 
23 
2 
12 
22 
2 
12 
2.3 
1 
11 
22 

3. 56 
3. le 
2. 97 
3. 39 
3. 03 
3. 55 
4. 12 
3. 68 
3. 40 
3.40 
3. 32 
3. 26 
2. 63 
2 77 
3. 75 

Gr. T. I) Kt-Hn, 

13. 46 
11. 92 
11. 34 
12. 40 
12 47 
12 95 
15. 72 
14. 22 
le 97 
12 &1 
12. 85 
12. 76 
12.96 
it. 78 
12. 9 

11 Iu-Hn, Rate 

--2 07 

-1. 61, 
-1.56 
-2. 13 
-2 08 

-1. a 5 6  

-1. 26 
-1. 6 7 ,  
-1. 71 I! li 

-1. 63;' 
-1. 5211 

-0. 3 

33m 
33 
34 
34 
35 
35 
36 
36 
37 
37 
38 
38 
a 
40 
40 
41 
41 
42 
42 
43 
43 

40.8 7 
45. 4 
2 9  
32. 4 
0. 2 
33. 1 
8. 7 
39. 9 
9. 6 
43. 5 
10. 8 
49. 8 
31. 0 
7. 8 
41. 8 
15. 8 
49. 0 
22.3 
46. 0 
13. 7 
57. 6 

Rate 1 6. 

The column of rates for Kt-Hn, shows some considerable irregularities 
which cannot be explained by any progressive term and which almost com- 
pletely mask the effect of temperature. In the rate of lv-Hw the effect of 
temperature is very prominent (between oB.2 and 08.3 per degree) and the 
casual irregularities are smaller and of a different character, from which it 
follows that the irregularities in the column Kt-Htv are due to Kutter. After 
the return of the expedition all the three chronometers were kept going for 
some time in the Christiania Observatory without being touched; for EIrv 
and Iv a series of comparisons were available also from the the time imme- 
diately preceding the departure in 1893. Kutter arrived from Germany only 
some few days before the departure, but by the courtesy of Professor NEU- 
MAYER the writer is in possession of a series of comparisons made from the 
beginning of 1893 in the Lkw%che Smarte. 
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This material was examined on the supposition that the rate could be 
represented in the form 

Daily rate = x + ty 

where t is the temperature. For Hw after the return an attempt was also 
made to introduce a term proportional to the time, but it was found quite 
insensible. The results are contained in the followiiig synopsis, where n is 
the number of equations employed. 

1893 16 

15 

Hohwa . . . . . 
Kutter . . . . . . 
Ivcrsen . . . . . 

I 14 

2 1 
CV2 j s i 2  

+ 2.821 f 0.8165 
4- 2 00 * 0.048 
- 0.88 f 0.194 
- I. 93 rt 0. 054 
-0.46 f 0.245 
- 0. 76 f 0. 445 

- 0.8172 f 0.~0127 
- 0.192 f 0.0056 
+ 0.056 & 0.0% 
+ 0.022 f 0.0062 
+ 0 "236 f 0.m 
+ 0.270 f 0.020 

0.053 
0.073 
0.100 
0.091 
0.400 

~ 0.157 

It will be seen that Kt has the smallest temperature-coefficient, but that 
its constant term has changed corisiderably more from 1893 to 1896 than the 
constant term for the other two. From Table d it is also apparent that a 
similar change in the opposite direction has taken place in the interval. The 
relatively large probable errors of the constant terms depend chiefly on the 
choice of 0" as the standard temperature, the mean temperature during the 
comparisons being of course considerably higher. The last column gives 
the mean of the squares of residuals (u) as a good means for comparing the 
qualities of the three chronometers. 

Hohwu is evidently the best of the three and it was deemed safest to 
rely solely upon it for the intervals without observations. A formula deduced 
from comparisons ashore is of course not immediately applicable on board, 
because the exterior conditions, especially the humidity, in a narrow ship's 

cabin are very different from those of an observatory room. That these 
different conditions affect not only the constant term but also the temperature 

' For Kt in 1893 it was found more convenient to count the temperatures from lo", 
and the constant term was found as -0.832 * 0.8194 for this temperature, so that 
the probable error for o" should have been considerably higher than thnt given 
shove: but as the mean temperature during the comparisons in Haniburg tiad been 
ligher thnn in Christiania. the value for IOo was retained in order not to prejudice 
the chronometer as compared with the other two. 
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9. 722 
I2 246 

coefficient, is apparent from the fact that the relative temperature coefficient 
of Iv-Hw on board is sensibly smaller than the difference between the above 
values of y for Iv  and Hw, both in 1893 and in 1896. 

Some trials were made in order to throw some light on this point. If 
the values of the clock error as determined 1) by the telegraphic signals be- 
fore and after the expedition, 2) by the two solar eclipses observed on board, 
and 3) by the eclipses of Jupiter’s Satellites and by Lunar Distances, are 
called 1) the signal points, 2) the solar points, and 3) the satellite points res- 
pectively, the problem to he solved may be expressed thus : To draw a curve 
going exactly through the signal points, through or very near the solar points 
and among the satellite points which are rather widely dispersed, especially 
during the two first winters; the whole time with due regard to temperature. 

As it happened that the mean temperature in the intervals between the 
signal and the solar points was somewhat different, an attempt was first made 
to determine the constant term o separately for the three intervals by intro- 
duction of the temperature coefficient -0.y189, the mean of the values found 
in Christiania with due regard to weight; that is to say 

o = daily rate +0.8189 t .  
The result was: 

1. 487 
I. 835 

1. 16% July 18. . . . 
2. 1894 April -5 . . . 
3.  18995 March 25 . . . 
4. 1896 Aug. 22. . . . 

Gr. T. 1 Hw-Gr. Mean Rate t I x  

It may have some interest to compare the mean rate of Hw with those 
of Kt and Iv for the same intervals: 

11 Kt-Gr. Rate 11 Iv-Gr. Rate 4 
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The increasing value of o for Eln, with increasing temperature seems to 
indicate that the temperature coefficient had a smaller numerical value on 
board than ashore. It was next tried to form some means of the satellite 
points, by which the number of intervals was increased from 3 to 7;  and by 
putting y = -O.@lO it was found that 3c could be made approximately con- 
stant for all the intervals except one (1894 November-1895 March) where it 
was sensibly (about 0.”4) smaller. No pendulum observations were made 
during this period, The means of the satellite points being, however, rather 
uncertain, these numbers are not reproduced here. 

As it was apparent from these trials that the second solar eclipse, whose 
conditions were much less favorable than those of the first, introduced some 
constraint if the satellite points of the preceding winter were not to be enti- 
rely neglected, it was lastly tried to leave it out and to use the two remai- 
ning equations for a direct determination of a: and y, viz: 

1893 July 1&1894 April 5, x + 8.8% ?/ = - O . B % 3  

1894 April 5-1896 Aug. 522, x + 11.2Q2 y = -0. 4 2 6  

which give x = 0.”390 and y = -0.e073 and would imply a correction of 
+ 128 to the result of the second solar eclipse, corresponding to a somewhat 
early observation of the second contact as compared with the first, parti- 
cularly for Sverdrup’s observation with the smaller instrument. 

By putting in round numbers 
y = -0.~080 

and determining 3c from the mean temperature of the whole time (10.065S C) 
and the mean rate (-0.83864) viz: 

II: = +0.8466, 
only 3 seconds were sacrificed from the first solar eclipse, which brings the 
result nearer to the mean of lat and 9d contact, estimated as corresponding. 

As these values seemed to be slightly more concordant with the satellite 
points, the formula 

Daily rate = 0.8466 - 0.~080 t 
was finally adopted. On this basis the first table of the llResults”, containing 
the error of chronometer Hohwu for every 10thday, bas been calculated. 

I t  may be noticed that the rate of Hw during the 11 series of pendulum 
observatiom, with temperatures between +5” and +15” C, as calculated by 
this formula, nowhere differs more than f O . a l  from the values obtained in 
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the manner mentioned above, with y = -O.a10 and o only approximately 
constant during the several intervals; in most cases the values obtained by 
both methods are practically identical. 

If the adopted values of the clock error Hw-Gr. are compared with the 
corresponding values following from the eclipses of Jupiter's Satellites (Table c), 
and the differences are grouped by D and R, the mean value, in the sense 
obs.-comp., is --14.a2 for D and +13.a4 for R, according well with the 
expectation that there would be a greater absorption of light in these high 
latitudes, where the planet's average altitude is smaller than in Europe and 
Australia. When the three periods of observation of Jupiter's Satellites are 

considered separately, the mean difference R- D is always positive; but it 
must be added that the synimetrical division holds good only for the whole 
mass of observations; if the same condition were to be fulfilled for each period 
separately, the curve ought to be shifted about 17@ downwards a t  the begin- 
ning of 1894 and 118 upwards a t  the beginning of 1895. But during both 
these winters the observations of D were so far less numerous than the ob- 
servations of R that no correction could safely be deduced from this consi- 
deration. For the last winter, where the observations of D are in excess and 
the satellite points are on the whole niuch less dispersed, the condition of 
symmetry is nearly fulfilled. 

The calculated values of Hn, - Gr. M. T. may of course be several 
seconds in error and i t  is possible that this error may in some places reach 
the amount of &2W. An error of 20s or 5' in longitude represents 1.6 km. 
in latitude 80" and 0.8 km. in 85". 

Voyage along the Coast of Siberia. 

The astronomical observations taken before the enclosure in the ice have 
all been reduced, not only bemuse the track of the ship in these difficult 
regions has an interest in itself, but also as forming the foundation for the 
determination, by compass hearings, of the situation of numerous islands and 
some points on the continent not to be found on previous maps. 
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The compass is, however, not a very trustworthy instrument in these 
high latitudes. Owing to the feeble intensity of the horizontal component of 

the earth's magnetism the local influence on board, as well as its variations, 
attain relatively greater importance than in lower latitudes. Between the de- 
parture from Varda 1893 July 21 and the enclosure in the ice on September 
22 Mr. SCOTT-HANSEN took in all 65 compass-bearings of the Sun or a star, 
giving the sum of magnetic declination and local deviation, and 4 direct deter- 
minations of the deviation by mutual settings between the compass on board 
and another compass placed at a convenient distance ashore or on the ice. 
In order to separate the declination and deviation it was necessary to examine 
the declination first. Professor NEUYAYER'S isogonic chart for 1895 extends 
to 75" of latitude, but by means of three determinations made by Mr. Scott- 
Hansen during the voyage, aitd a good many taken during the following years 
on the ice, it was possible to continue the curves and join the separated 
branches on a polar map. 

An inspection of the values of the deviation thus found showed that it 
could not be considered as constant for a given course during the whole 
voyage. On putting the deviation in the usual form 

A + B sin a + C cos a + D sin 2a + E cos 2a 

where a is the compass-course from north through east, the constants were 
determined separately for the following three periods, containing respectively 
20. 22 and 26 observations (one of the 69 being omitted) tnken between the 
limits given in the table below. 

I' 

II. 

II1* 

July 22 . . . . 6!#"37' 41"55'E 1O"E 
(Aug. 9 .  . . . 7190 6644 w, 

{ Aug. 88.. . . 7654. 9 5 2  29 

{E$ i: : : : 7850 137 8 7 

Aug. 11 . . . . 79 I1 688 23 

73 59 100 40 p8 
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1. 
11. 
UI. 

the fourth quadrant, but only 4 in the second and none in the third. On 
putting the constants D and E for this period equal to the mean of the values 
found for periods I and 111, the following values were calculated and tables 
formed from them: 

D E 
A B / C  

-1."72 -O."% + 5."M +3."46 -0." 10 
+ l .  16 -0. &I +lo. 40 +2. 90 -1. 13 
+3. 51 -3. 47 + l l .  13 +O. 96 -2. 15 

Another difficulty in the determination of the situation of new islands 
etc. arose from the necessity of using dead reckoning. Owing to the difficult 
navigation, frequently hindered by fog or ice and often conducted between 
unknown banks and islands and in strong currents, the dead reckoning waq 

often seriously in error, especially in longitude. The difference of east longi- 
tude found by dead reckoning being almost invariably too great, it was neces- 
sary to introduce a proportional reduction, which of course gives rise to some 
uncertainty when the interval from the nearest astronomical observation was 
considerable. Apart from some days spent in harbour there were, however, 
only few days without astronomical observations. 

On one occasion the difference of east longitude deduced from the astro- 
nomical observations was considerably in excess over that of the dead recko- 
ning, viz. on 1893 August 29 when the ship had encountered dead water in the 
afternoon and arrived in the evening a t  the ice border near Cape Laptev. 
This would seem to indicate an easterly motion of the fresh water forming 
the upper layer, relatively to the sea below through which the bulk of the ship 
was going, thus making the speed only apparently so small as given in the 
log book (for the last hours 1 or 2 knots with calm weather and the engine 
going full speed). In sailors' parlance it looks as if the ship was dragging 
some miles of sea with her. But other observations show that such a cur- 
rent would not suffke as a sole cause, and both Mr. Nansen and Mr. Scott- 
Hansen are of opinion that the dead reckoning under these circumstances is 
not sufficiently trustworthy to form the basis of an explanation of this curious 
phenomenon. 
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The present volume contains all astronomical observations made a t  sea 
between the departure from Vardii and the enclosure in the ice in  1893, but 
their application to the determination of the position of new islands etc. will 
be given in another volume. 

The Sledge Expedition. 

After a preliminary trial in the last days of February and the first days 
of March NANSEN and JOHANSEN started northwards 1895 March 14, turned 
southwestwards April 8, and got the fir+ glimpse of land on July 23. It is 
a matter of course that the observations during this expedition. where the 
principal work of the travellers was very often a struggle for life, and where 
the instruments had to be handled in temperatures down to -40" C with no 
other source of heat than the observer's own body, could not attoin any high 
degree of accuracy. The instrumental equipment for astronomical observations 
were the small altazimuth, the pocket sextant, and the two small compasses 
mentioned before; a glass horizon for the sextanl was only used once, the 
level having been found to be cracked later on. The altazimuth was mounted 
on three fixed brass plates with radial furrows on the upper side of its box, 
with the latter standing on the hard packed snow, which was found to give 
a sufficient stability. The observer had to lie on the ice. On comparing the 
readings of the vertical circle of the altazimuth during this expedition with 
those taken on board an apparent difference will be found; while Mr. Scott- 
Hansen always noted the degrees by the vernier to the left, Mr. Nansen used 
for the same purpose the vernier on the opposite side to the object glass. In 
this manner half the difference between the readings in the two positions of 
the instrument, the telescope being in both cases pointed to the same fixed 
object, will give the altitude. The horizontal point of the circle differed only 
some minutes from 90". It should be mentioned that the lines ruled on glass, 
forming the cross wires in the focus, are rather broad, between 1' and 2'; 
while this introduces no difficulty for the observation of stars which can 
easily be set between the borders of the line, the Sun's limb must be set 

8 
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tangent to one of them, and when the edge used is apparently the same (e. g. 
the upper) in both positions, they are really different; thus the horizontal 
poiiit of the circle will be different in the two positions, unless the semidia- 
meter is given a constant correction. In the mean the effect will of course 
be eliminated. 

Both the travellers carried pocket chronometers which will be designated 
in the following by I and 11. The first, carried by Nansen, was marked 
“Johannsen M5”, the other, carried by Johansen, was denoted in the jour- 
nals of the F r m  as ,,No. 19787”; it .was Mansen’s watch from the Green- 
land expedition. Both were carefully compared with chronometer H o h a  by 
Lieut. Scott-Hansen during several months before starting, and under varying 
conditions which differed, however, considerably from those of the sledge 
expedition. The mean daily rate of I on Mean Time during periods of a 
week or more varied between 3.89 and 5.82 fast, of I1 between 1.82 and 3.83 
slow. During the days February 26-March 6, including the first trial expedi- 
tion, the rate of I1 was -2.~42, and during the next eight days which were 
spent on board, it w8s -2.835. Watch I was not cornpared with Hw on 
returning to the ship (Nansen returned on March 3, Johansen on March 4) 
but the mean rate during Febr. 26-March 14 was +5.800. The relative rate 
of 1-11 was thus +7.s4. During the expedition it was more irregular, but 
on the average greater, about 10-13 seconds. Both watches appear to have 
been going faster, but I more than 11. 

Unfortu- 
nately it happened also once, when the working day of the men had been 
longer than that of the watches, that both ran down. The astronomical obser- 
vations between which the stopping occured (1895 April 12) were 5 days apart. 
As the weather was clear and the ice good, the dead reckoning for this inter- 
val will probably not be much in error; but the drift of the ice is of course 
unknown. 

There is, however, another difficulty which for a certain period of the 
expedition is more serious than the stopping of the watches. During the 
months of April and May all altitudes were measured with the sextant, and, 
with one exception, from the natural horizon. In the afternoon of April 2 
a series of 6 altitudes was taken, the first three with glass horizon, the rest 
with natural horizon. The two sets give u difference of riearly ten minutes 

It happened several times that one of the watches ran down. 
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in the clock error. It was first believed that the glass horizon had got out 
of adjustment after levelling; a comparison with the result of a series of 
5 altitudes taken in the morning of April 4 seems, however, to indicate another 
explanation, viz. a constant error in the altitudes measured from the natural 
horizon, evidently due to irregular terrestrial refraction causing the correction 
For dip to be nearly as large positive as it should be negative under ordinary 
circumstances for the given height of the eye. On both days the sky was 
clear, the Sun above the horizon ail day long, and the weather mostly calm, 
but the temperature of the air below -W C. There is some probability that 
a similar anomaly may have taken place also an other occasions under the 
same meteorological conditions; but the assumption that the horizon has on 
all occasions been elevated to the same amount must necessarily be aEfected 
by a considerable uncertainty. The same phenomenon (to a smaller extent) 
made itself manifest later on at  the winter hut though the temperature was 
then much higher. 

Considering that in the high latitudes reached during this expedition an 
error of 1‘ in an altitude measured near the prime vertical, that is to say 
under the most favorable conditions, gives an error of a minute of time in 
the clock correction, it will be understood that the determination of local time 
by the means a t  hand was no easy task. 

On two occasions Mr. Nansen took Lunar Distances, one on the ice, the 
other a t  the winter hut. After the stopping of the watches he was often on 
the look out for the Moon during the periods of her visibility, but could not 
perceive her with the naked eye on the pale sky with the strong reflection of 
light from the immense white surface of the ice, till August 10; and even 
then the Moon disappeared in the haze after the measuring of a single dis- 
tance. The cutting out of the tables of Lunar Distances from the English 
Nautical Almanac having been forgotten he had no other data for the Moon 
than the mean time and the declination for upper culmination a t  Greenwich, 
by which means the computation on the spot was of course rather difficult. 

The uncertainty of the Greenwich Time deduced from the Lunar Dis- 
tances is not much greater than that of the Local Time. An approximate 
determination of the longitude of the winter hut a t  Franz Joseph Land may 
also be obtained by a combination of Mr. Nansen’s observations in 1896 on 
the way to Mr. JACKSON’S station a t  Cape Flora. The writer does not know 
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the particulars of the determination of the longitude of this place; but in a 
letter from Professor SCHIAPARELLI he is kindly informed that according to a 
private letter from a member of the expedition of H. R. H. the DUKE OF THE 
ABRUZZI, which had an excellent equipment of instruments, Lieut. CAGNI had 
made a new determination of the longitude of Cape Flora and found a displace- 
ment of IO' towards the east, which is not of importance in this connection. 
The duke having left Arkhangel only 9 days before reaching Cape Flora, it 
is very likely that a good determination could be made by means of the 
chronometers. 

The two Charts, 

showing the track of the ship and of the sledge expedition, w e  con.s_:ucted 
on the stereographical projection. The scale indicated on the charts is valid 
for latitude 81" 17', but the difference for other latitudes is nearly insensible. 
The magnetic declination, which is indicated t)y arrows in some places where 
they could be inserted without inconvenience, is mostly taken from the observa- 
tions by compass on the ice, but some values have also been furnished by 
Mr. STEEN from observations in the magnetic observatory. 

The writer is under obligation to Professor H. H. TURNER of Oxford 
who has had the great kindness to read a proof of this Introduction. 

111 conclusion the writer cannot withhold an expression of admiration for 
the activity and ability with which the nien of the F r m  have - under most 
trying circumstances and in a great measure with instruments and by methods 
lying far outside their practice in former life - collected so many important 
scientific results. 
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A. Altitudes measured with the Altazimuths. 

Observer: Lieutenant Scott-Ha,csen, when not otherwise stated. 

The small instrument, which was but seldom used on Board, is indicated by the 
circle-reading only to tenths of a minute. 

The date here given is astronomical, the hours being counted from Noon of a meridian 
not very different from that of Greenwich (the chronometer H&mti being about 40 minutes 
in advance of Gr. M. T.). Owing to the great eastern longitude of the ship during the 
most part of the voyage the civil date on board was very oRen greater by 1 than that 
here given. 

The position of the observer before the ocular is as a rule not stated in the original, 
but may be inferred from other considerations and is added here in the column “Oc.” in 
order to facilitate the application of the level-correction. The level-reading is reproduced 
here as given in the original; the correction to the circle-reading is in the direction 
Right-Left, the sign of which may be concluded from the above remark. 

As to the approximate bearing of the star it may be remarked that when tlie circle- 
reading is between i770~ and 3600. the object glass was to the right of the observer, 
standing before the ocular; when between 0 0  and 900 to the l e k  (In the case of the 
Small instrument, whose. zenith-point is about 1800, the corresponding limits are S O e - l W  
for the right, and 18O’--e700 for the left). 

The two columns of circle-reading correspond to the two microscopes (or verniers for 
the small instrument). For the great instrument each number of seconds is the mean of 
two or sometimes three readings, corresponding to adjacent divisions of the circle. 

The two last columns before “Remurks” give the comparisons between the chrono- 
meter Hw and the observer’s watch, in some m s  supplemented from the Journal of daily 
comparisons. 

See also explanation to List B (sextanbobsemation). 
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N 0.35 S 1.8 
W 9.55 W 0.4 
W 1.0 E 1.9 
N 9.0 S m.6 
N 13.0 S 16.51 
W13.4 E 16.1 i 
W14.0 E 15.6i 

= 
oc  
- - 

N 
S 
E 
W 
N 
S 
W 
E 
S 
N 
N 
S w 
E 
E 
W 
S 
N 
E 
W 
N 
S 
E w 
N 
S 
E 
W 
N 
S 
W 
E 
N 
S 
S 
N 
E 
W 
W 
E 
S 
n' 
N 
S 
W 
E 
K 
S 
W 
E 
N 
S 
w 
E 

; 

0 51 

% 35 
23 45 

2 35 

Watch 

N 16.4 S i4.oj 
N 18.3 S IEIl 
W14.8 E 16.0: 
E 14.7 W16.1! 

ti m s 

3 4 4 5  
823 

I 24 58.5 
4.538 

1 56 27.5 
2 7 4 6  
El 54 11 
0 8 6 5  
0 19 11 

Pi 18 
0 59 7.3 
113 I 
1 27 10.3 

43 35.5 
1 2 4 2  

13 4-4 
I 40 49 
2 038 
1 16 41 
34 49% 

I48 378 
2 2 29.3 
w 9 34.0 

23 226 
E3 36 53.8 

50 51.9 o 7 27.8 
19 21.2 

0 32 7.7 
41 24 

21 17 37.8 
28 6.7 

11 45 22 
53 34.5 

$1 33338 
47 17.2 

11 59 57.5 
E2 9 2 7  
52 10 58.2 

2228 
E22368 
46 175 

N 69 148 
tt 7 47.0 
!1 20 477 

3 4 8  
!1 9 4 8 3  

4524 
!2 5 12.5 

17 :Jo 
!I 8 16.3 

27 215 
!1 43 24 
585-4 

!l I 3 
2!2 41.7 

B a 

24 15 

Verticnl Circle 

E 13.0 W19.0 
E 16.7 W15.2 
E 16.6 W 15.5 
W16.7 E 15.3 
N 16.0 S 16.0 
N 16.6 S 15.5 
E 18.0 W15.5 
W16.5 E 17.3. 
N 18.0 S 15.5 
S 19.6 N 14.0 
E 14.0 W15.9 
W13.5 E 16.5 
S 17.5 N 19.8 

E 15 W14 
E 14.5 W14.5 

s 13 N 17.2 

0 I ,, 
101 38.5 
25839 
169 32.5 
190 e3 
247 4.5 
113 28.0 
218 9k 
141 96.5 
108 20.0 
9.51 B O  
133 485 
25!6 56.2 
190 38.2 
I69 27.5 
140 34 
21s 26.5 
m9-5 
129 59.5 
320 44 1G.O 
39 8 41.C 
42 44 495 

317 57 05 
321 17 55.5 
:+3 %3 l1.C 
48 45 56c 

311 51 3G.c 
320 38 53s 
3n 22 4o.c 
45 34 17.: 

314 53 59: 
3262650: 
33 28 15C 
44 3 11.: 

316 20 9k.c 
329 40 33( 
2929 4c 
33 26 56.c 
3% 29 45( 
.% 31 I.! 

321 17 26.c 
310 20 2O.c 
40 14 54.C 
28 21 28.: 

332 3 13.: :a 50 59.f 
:%I 7 21.c 

334 23 0.5 
326 39 38.0 
33 31 41A1 

:w 5.5 12.5 
326 44 38.0 

334 10 30.5 
24 43 12.0 

27 5 3j.a 

2~ 5 49.a 

3.3 20 %.a 

I 23 26 
!20 26 

23 %? 
20s 

92 36 
%I I 

B eo 
1% 4.5 

I I ,  

368 
37 
32.3 
90 

G 
97.5 
24.5 
90.0 
18.5 
17.0 
45.0 
54.0 
34.5 
24.5 
33.5 
S.0 
4.0 

59.5 
43 54.5 
8 40.0 u 39.0 
56 %..i 
17 41.0 
52 51.0 
45 40.5 
51 28.5 
38 50.0 
22 23.5 
34 5.5 
53 34.5 
2.6 223.0 
27 5G5 
3 24.5 

20 18.0 
49 13.0 
29 15.5 
26 29.0 
30 8.0 
,30 4.i.5 
17 55.5 
20 43.0 
14 27.0 
21 55.5 
3 M.0 
50 27.0 
7 49.0 

26 13.5 
%3 30.0 
31) 10.0 
31 6.5 
5 0.*5 
x 23.0 
45 23.0 
30 32.0 
9 53.5 

22 28.0 

W16.5 E 15.011 
S 165 N 14.9 
N 15 S 16 55 

- 
Hw-W. 

m s  
- 0 33.9 
- 0 35.5 + 1 B.5  

+ 1223.7 + 1 86.5 

+ 137.7 
+I385 

+ 1393 + 2 6.5 

+ 2 7.1 + % 41.2 

+ 2 41.5 + e -53.6 

+ 2 51.5 + 3 11.1 

+ 3 11.5 + 3 23.5 

+ 3 e3.5 
+334.5 

+ 3 34.3 + 3 44.2 

+ 4 46.5 + 3 55.8 

+ 3 57.6 + 4 10.5 

+ 4 13.5 + 4 49.8 

+ 4 50.6 + 5 19.0 

1 )  Corn arison Aug. 5. 2) Level arsumed W.-0.2. 8 )  Lev. E.-0.2. 4) Lev. E.-0.4. 
Level a little uncertain, as there was some motion in the ice. 6 )  Comp. 8ct .  16. 

7) Assumed Hw- W. = 3 45.5. H, Observer Johunsen. 



4 ALTITUDES MEASURED WTI" THE ALTAZLMUTHS. 

Nov. 9 

Nov.12 

Nov. 16 

Nov90 

Dec 4 

Dee. 8 

Dec.11 

Dec.17 

Dec19 

Dec.21 

Dec. es 

Dec.96 

DecB 

Dec. 30 

I894 
Jan. 1 

a Cygni 

E Cess. 

a "cygni 

e "Cass. 

a Cygni 

eW&s. 

a k y p i  

e n b s .  

a frrsce Maj 

 en^. 
a irrm %j 

e n&ss 

W 

n 

a brse Maj. 

E Cms. 

a firm Maj 

K "b 

a firszx Maj 

~"Casa. 

5 Eygni 

e ncass. 

n 

a firm Maj 

a Persei 

a firs Maj 

n 

E " b s .  

a firs, Maj 

c "Caw. 

a frme Maj 

~ b .  

n 

I n  

oca 
- - 

E 
W 
S 
N 
E 
W 
N 
S 
W 
E 
N 
S 
W 
E 
N 
S 
E 
W 
N 
S 
E 
W 
S 
N 
E 
W 
S 
N 
W 
E 
S 
N 
W 
E 
N 
S 
W 
E 
S 
N 
W 
E 
S 
N 
W 
E 
N 
S 
E 
W 
S 
N 
W 
E 

N 
S 

S 15.5 N 13.5 s 13.5 N lG5l9l 
E 15.9 W 16.0 
E 16.3 W16.9 
S 15.5 N 15.5 
N 17.1 S 13.3 
E 15.4 W155 
E 17.0 W14 
S 17.9 N 18.9, 
S 15.7 N 15.2 
E 15.5 W17.4 
E 15.4 Wl7.5 
S 13.0 N 80.0 
SBDA N l % 7 ! 1 8 6  
E 17.0 W16.5'19 
E 16.5 W17.5 
N 14.7 S 19.5 
N 16.0 S la0 
E 18.0 W 14.9 
E 16.0 W 17.0 
S 19.1 N 13.5 
N 16.1 S 16.4 
E 16.9 W 16.0 
E 15.1 W17.2 
N 17.0 S 15.6 
N 169 S 15.5 

E 173 W13.5 
N 15.3 S 15.3 
N 15.0 S 15.6 
E 15.4 WLfi.1 
E 15.0 W17.5 
N 184 S lG8 
N 18.4 S 15.2 
E 17.0 W15.8 
E 18.0 W 14.5 
S 16.2 N 16.9 
N 15.0 S 17.6 
E 16.5 W15.0 
E 16.5 W i t 9  
N 150 S 18.6 
N 15.1 S 19.0 
E 18.8 W181 
E 17.0 W150 
N 15.9 S 16.8 
S 15.5 N 16.5'91 
E 15.0 WlB8 
E 144 W17.0 
N 11.9 S MI 
N 15.1 S 16.9 
E 189 W1G1 
E 16.0 W16.0 
N eO.0 S 13.7 
S 17% N 16.0 

wi6.0 E 13,s 

Watch I V e M  Circle 

59 
I 19 43 

1 
181 57 
119 a3 

2% 12 
19 56 

9 

21 46 
I 18 51 I 
1 
91 17 1 19 34 

91 34 
is ia 

$0 26 
18 17 

19 38 
19 17 

, 

SO 49 
18 e5 

19 44 
19 5E 

94 
18 % 

19 35 
18 44 

19 34 

el 10 4.3 I 33 E) %i 91 11.0 l8.O 

41 54.0 
91 4 6.0 

19 93.5 
20 5 55.0 

16 33.5 eo 31 81 
4.5 30 

8 0 1 0 1  
59 

2049s 
55 39.5 

19 5 18.5 

99.54 I 326 e1 la0 
e0 53 e8.8' fed. 97 9.0 
91 4 91.51 336 6 335 

321 19 31 
a8 48 30.5 

38 37 94.5 
3378515 
91 49 1 

9i 18 B 

m 54 10.9 

aj 5i -7.5 
27 10 I 24 19 96.0 

!23 33 59 

' 3ai 5 38.5 
38 39 59.5 

I E) 40 59.5 

2115 3 1me8e8 

19 5.i ale 
59 31.0 

18 44 17.5 

3s 14 .65 
Si 34 51 
335 3 0 

3% -5 50 
3;i 16 13 
83 15 17 
338 a5 45 

1 8 j s ~ ~  
19 7 59 
19 15 3 

93 I 1  41.- 
337 19 98.5 
321 PG L5.5 

3naen5 
93 I 40.5 
38 35 40 

9la6.5 

$6 18.0 
19 18 58 

14 1.91 93 55 14 

BlBl8.5 

21 6 51.5 
aa9 18 11 

55 4 I 9.5 95' 16.5 
19 5 .w.7 37 .5n (1.5 

w, 9 5.5 I 312 45 5.5 es $4.0 -47 G G:5 
18 48 9.4 I 335 .56 99 
19 9 90.0 38 I9 5 
j9 I 6  3.5 i .%I B m m  d? 4.5 

19 92.4 32129 e 
16 91.5 I 88 34 56.5 

, Y  

87 51.0 
94 11.0 
53 38.0 
23 31.0 
21 s o  a 0.0 
96 44.0 
5 46.0 

51 40.5 
18 51.0 
3444 s 57.5 
6 3 7  

15 25 
16 e 
3453 
1.3 95 
49 7.5 
12 fi5 
19 fi5 
m 3 3  
3754 
3 4 4 4  
49 34.5 
99 10 
a2 m.5 
40% 
!a 99.5 
15 38 
35 80.5 
2 31.3 

2636 
59 31 
5555 
11 59 
8 23.5 

45 3x5 
43 15.0 
55 57.5 
26 47.5 
le 36.5 
44 15 
8 51 
99 15 
30 5 L 5  
39 57 
59 87 
%? 18 
EBW 
34% 
34 51.5 
1 19 
3 5 3 J  ee 54.: 

6 l i b  
13 37 

E 18.7 W189 18 S 
E 16.0 W17.8 ll 

- 
HI-W. 

m s  

+- 5 14.6 
4-535.5 

+ 5 86.5 + 6 5.5 

f 6 6.1 + 6 46.5 

+ 6 48.2 + 8 57.9 

+ 8 57.8 + 0 14.0 

+ 0 14.5 
t o 3 7 5  

t o 3 8 . e  
f 130.0 

+ 130.6 + 1 51.5 

+- i 59.a + 4 10.9 

+ e 11.0 + 9 e4.5 

+ E 95.c 
- 1 113 

- 1 11.C 
- 0 54: 

- 0 .54.C 
- 0 3a€ 

- 0 36.; 

- 0 %c;( 

1) Observer Johansen. s) Ass. corr. to circle -10'. 
9 4 0 .  &)Hazy. 6)s ta raas .  ncygn;. 

8 )  Circle ass. 3350. 4) &de ass. 
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1894 
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Jan. 1 

Jan. 4 

Jan i 

Jan. 9 

Jan. le 

Jan. 15 

Jan. 18 

Jnn. 91 

Jan. % 

Jan. % 

Jan. n 

Jan. 99 

Fob. 1 

Fob. 4 

Feb. 8 
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oc 
- - 

E 
W 
S 
N 
W 
E 
S 
N 
W 
E 
W 
E 
N 
S 
N 
S 
W 
E 
E 
W 
S 
N 
N 
S 
E 
W 
N 
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W 
E 
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N 
E 
W 
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N 
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E 
N 
S 
E 
W 
S 
N 
N 
S 
E 
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GEELWYDEN. ASTRONOWCAL OBSERVATIONS. [RORW. POL. EXP. 

h m s  
19 46 
5443 

18 55 31 
19 4 19 
19 ie e8 

e1 0 
19 I1 17.7 

18 5x1 
19 e7 4.0 
38 19.0 

19 57 35.1 eo 19 37.5 
90B48 

38 53.5 

$0 I 81.6 
2011 4 5  

18 46 14.5 
53 *w 

18 59 585 
19 9 7 
18 59 30 
19 9 11 
I8 21 51 
8 e6.5 a 51 97.5 

2 3 0 4  
19 42 e1 

51 97 
w, 4 43.: 

13 46.5 
2 0 5 7  

14 38 
40!2925 

29 47.: 
18 49 51.: 
19 6 0 
19 13 59 
2346 

1840 6 
4.7 56 

18 57 12 
19 456 
14 392  

14 E3 47 
33 59 

18 36 48 
44 43.5 

18 51 33 
19 0 51 
19 33 19.5 
4039 

19 48 35 
!%!E 

19 54 iao 

eo 14 

9 37.5 

Star 

a Urste Ma. 

P "has. 

a firm M% 
L "Cass. 

a fr- Maj 

a f r r s l ~  Maj 

8 nDraconis 

y 'braconis 

a b m  Maj 

u br, Maj 
j. Draconis 

y Draconis 

1 frrwe Maj 

W 

W 

a "Cyglli 

a ncass. 

a nCephei 

6 brsee Ma. 

a "Cephei 

a brse Ma: 

7 3)raconis 

a frrse Mal 

7 'braconis 

VZga 

a  ass. 
brwe Muj 

y 'braconis 

Vega 

a cass. 

n 

n 

n 

- 
Hw-W. - 

m a  

- o Ha o w  

+ 0 0.5 + 0 93.5 

+ 0 9 M  + o s a i  

+ 0 89.0 + 1 0.9 

+ l  15 + 1 89.6 

+ 1 80.0 + 15s.o + 153.8 
+ e =  

+ e e9.E 
+!a%> 

+ e 37.c 
+ 3  5c 

+ 3  58 + il ek.9 

+ a M.5 +sa& 

+ a 45.0 + 4 115 

+ 4 le0 
+ 4 ~ a  

+ 4 46.7 + 5 91.5 

+ S a 0  

331 16 39.5 
38 43 39.5 

239 % 53.5 
e1 10 55 
38 41 37.5 

321 17 47 
33940% 
w) 3 0.5 
a8 35 16 

321 $7 0.5 
38 23 15 

381 44 53.5 
337 37 11 
Be50 
390 17 18.5 
40 9 4 3  
3760 3 

634 
331 86 93.5 
389440 
37 47 59 
391 46 15 
1 1  46 !?9 
38 40 17.5 

0 %  
38 0 la.!! 

81% 3 19.5 
88 17 11 
336 19 37.5 
=45m 
29 38 19.5 
336 59 3.5 
316 17 29.5 
43  43 15 
23 51 54.5 
335484% 
392 le 49 
37 40 5% 
40 440 

319 xl 545 
329 13 ee 
3744% 
39 43 45.5 

319 57 57.5 
318 1 35 
41 30 57.5 
3525053 

337 35 .%5 
3293354 
37 21 59.5 
40% 3 

319 11 4.5 
306 15 54 
54 e 1 0  
%!?!€I 4 
335 34 81 

Watch Vertical Circle - 
I #  

15 55.5 
43 4.5 
35 11 
10 -36 
41 11 
17 19 
40 6 5  
2 9 4  
34 35.5 
96 10.5 ee 41 
44 19.5 
36% 
4892 
17 50.5 
9 14 

59 85 
7 17.5 
35 82.5 
9355  
48 45.5 
47 e 
45 525 
40 43 
0 14 
0 0  
2 485 

16 31.5 
13 !XI 
4 4 4 8  
37 51 
59 31 
16 50.5 
4238 
'52 30.5 
49 135 
13 35 
4020 
3 %  

33 44.5 
12 53 
4350 
49 9.5 
58 30.5 
33 11 
31 !20 
51 eO.5 
5 I& 
34 49.5 
21 8 
26 50.5 
10 16 
15 17.5 
2 41 
90 34.5 
38% 

1) Observer Johunsen. 3) Cloudy. 



xo. 8.1 ALTITUDES MEASURED WITH THE ALTAZ1MU'I"S. 

O I L  

335 e? 5.5 
% 53 $0.5 
84488.5 

351 15 %8 
351 15 30 

8 4 5 1 5  
96 6 905 

3335518 
330933.5 
3 0 5 5 5  
3344890 
9 5 9 9 9  

I #  

I 19.5 
53 43 
4532 
14 45 
14 58.5 
4438 
5 415 

5 5 5 4  
9 9 
638.5 

4814.5 
9 7 

S 19.5 N 16.9 
N 18.0 S 16.6 
N 16.0 S 19.0 
W195 E 15.7 
W16.9 E 185 
W153 E 18.3 

S 19.5 N 145 
wi6.0 E 18.0 

N 16.0 s 18.8 

90 3 
18 !Z 

Be3 
w) 4 

BL 

Watch 

a i r m , f i j  

a b =  

y f i r s a e ~ a j .  

ancygni 

a'bersei 

a'bersei 

anCygni 

a'bemi 

ancygni 

ancyei 

u P e m i  

a'bersei 

h #n 's 
19 80 135 
3739 

19 49 47 
58s 

L9 35 48 
4 6  

19 59 41 
m B  7 
k l  3 3 5  

10 1.0 
si 19 5 
I 31.5 

!I 29 55 
41 485 

B 10 59, 
17 30 

0 5 3 9  
a 4 5  

!1 1 9, 
9 19 

!I 39 33 
49 e7 

B 010 
B 13 1.5 

19 41 
E 51 I3 

56395 
B 3 9  

9 3 9  
l3 10 31 

18 13 
M 31 54 
3996 

O B  5 
9399 

0 36 94.5 
4 3 9  

O B 3 6  
99 I1 

03999 
4638 

0 1 9  0 
96 59 

0 3 3 %  
4055 

11 51 1 
58 11.5 

E2 7 4 8  
17 7 

135840 
0 13 16 
0 31 47 
4096 

0 3 3  

35330 

8 %5 

W 

S 
N 

& 
N 
S w 
E 
N 
S 
s 
N 
E 
W 
N 
S w 
E 

W 

N 

E 
s 
N 

- 

Vert id  Circle 

Mar. 5 

Mar. 10 

Mar. 13 

Mar. 15 

Mar. 18 

Mar. 9? 
%3 

Mar. a 

38 58 14 
380 37 36.5 
319 38 37.5 
405085 
3748 1 
383 11 11 
390 19 395 
4 0 0 5 %  

813 55.0 1 53.0 

57 17 
36 41 
37 40.5 
49e 
4858 
10 11 
11 54.5 
1 3 8  

146 n.5 94.5 
e35 13 1 10 
1% 447 40.5 

wi7.6 E 183 
W18.7 E 17.0 
Wl80 E 1&0 
E 19.5 W14.4 
N 17-4 S 16.7 

9% 34 
93 94 

W1B4 E 90.9 19 € 
WB.1 E 15.5 
N 19.0 S 16.9 // 

u kephei 

aPersei 
n 

S 
W 
E 
N 
S 

S 17.4 N 130 23 48 

N 151 S 15.0 
S 16.0 N 143 

W155 E 18.0 
W16.0 E 16.6 I 1 3 

I -- 

N i5.4 S ias 
wm.4 E 14.6 
W19.0 E 15.7 

E 18.9 W16.5 9035 
WlkQ E 1R4 II 

1 B 
B tl 

S- iS.6 N i5%! 
N iae s 16.7 1 
N 15.0 S 157 B e3 
N 15.7 S 15.0 w iii.0 E 15.011 

II N 18.6 S 16.0 
WBO.4 E 143 
w5.o E iBo $3 ej 
N 1.0 S 20 13 ej 
N 0.7 S !M 
W 0.6 E 2.8 
W 0 3  E %6l% 15 

Hw-W. 

m s  
+ 5 50.0 

+ 5 50.5 + 6 11.5 

+ 6 13.0 + 7 10.7 

+ 7 11.5 + 7 93.7 

+ 7 $9.0 

+ 7 e9.9 
t 7 4 3 . 1  

+ 7 44.0 + 8 13.7 

+ 8 133 
- 0 3.5 

- 0 3.0 + 0 19.3 

+ 0 17.0 + 0 59.0 

+ 1 u  + 195.0 

+ I =  + 1 47.0 

+ 1 4 7 5  

t 1 s  35.0 
t 0 19.9 

+ 0 90.0 + 0 49.5 

'1 Some motion in the level. '21 Cloudv. stars often invisible. 9 Ass. eorr. to circle + 4) Zcnith-point about 179oW.' 6) Clbmp. March 9. 0) Comp b h c h  I t .  3 Corn 
Much 14. 9 Ass. mrr. to circle + 1010'. 9) Ass. mrr. to circle- 10. '0) a m p .  blar&& 



8 GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

- 
I 

Watch 1894 1 ster 

h m s  
0 1 5  0 

91 37.: 
0 036 

10 4 
256 01 
3 1 3 5  
3 8 1 4  

13 5 
21 58 14 
a 344s 
14 45 45 

51 489 
21 39 96 

4658 
13 14 94.7 

18 34 
le 37 99.5 

42 11.5 
11 9.5 23.5 
19 32 20.5 
22 31 56 

3736 
13 16 38 

21 30 
13 30 11 

35 15.5 
el 47 29 

5353  
Noon - 
- 

13 22 57 
27 46.5 

12 29 368 

12 37 13 

- 
- 

41 93.4 
1 28 15.6 
33 31.4 

21 35 47.5 
4045 

14 34 50 
40 155 

E l  2 5 4  
10 93.2 

12 46 48.8 
51 59 w 57 56 

11 3 17.6 
12 59 24.8 
13 7 93.4 
3 55 56.7 
4 3 36.4 
4 14 54 

el 28 
4 52.5 1.8  

Mar.% 

Mar. 31 
Apr. 6 

May 4 

May% 

June 3 

June 4 

June 6 

June 7 

June12 

u Cephei 

u Persei 

ybraconi! 

a Cess. 

S& U. L. 
Su"n L. L. 

n 

s:n u. L. 
su"n L. L. 
Sln L. L. 

s i n  L. L. 
su"n U. L. 

d n  L. L 
d n  L. L 

s i n  u. L. 
E 10.4 W 10.4 
S 10.8 N 9.9 
W 9.0 E 12.0 
"11.0 E 10.3 
N 11.0 S 8.1 
E 10.9 W 9.3 
E 10.5 W 9.1 
E 9.4 W 11.0 
E 13.8 W 6.9 
E 14.8 W 6.1 
E 15.6 W 6.5 
E 10.5 W 11.4 
E 8.7 W11.6 
E 9.9 W10.8 
E 4.6 W15.7' 

W 7.9 E 14.9 
W1U4 E 11.5 
E 13.5 W 9.7 
E 11.0 Wl2.0 
Wl%O E 11.0 
W 18.9 E 10.2 
E 16.3 W 7.3 
E 13.0 W11.4 
W11.7 E 19.1 
W1&0 E 11.3 
E 9.3 W14.8 
E 10.9 W103 
Y 19.8 S 13.1 
N 14.1 S 187 
W155 E 19.0 
W15.0 E 13.0 
W17.6 E 10.5 

w a 4  E 19.1 

13 46 

22 6 

11 54 
14 1 
11 57 

11 54 
13 55 
13 55 

91 13 
25 4 
13 56 
14 57 

29 38 
11 59 
13 34 

99 7 
19 81 
13 55 
13 56 

1 59 

5 4 

e3 

01 

- - 

W 
E 
N s s 
N 
W 
E 
N 
S 
W 
E 
N 
S 
S 
N 
N 
S 
S 
N 
N 
S 
S 
N 
S 
E 
N 
S 
W 
S 
N 
S 
N 
S 
N 
S 
S 
N 
N 
S 
N 
S 
S 
N 
N 
S 
S 
N 
N 
S 
S 
N 
W 
E 
N 
S 
S 

Ju. (16) S L  U L. 
Terr. Obj. 

July 5 

I I  

Sin L. L: 
Terr. obj. 

Vertical Circle 

July10 

July14 

July27 

Aug.% 

sep. 3 

sep. 19 

Sep. 15 

- 

O ' U  

374548! 
322 13 11 
319 24 511 
40 59 21 

331 2439 
382939 
4348% 

316 12 0 
2% 129.: 
74 12 0.f 

293 32 e 5 0  
61 21 39.: 

291 5 4 6  
69 9 55.7 

297 33 39.5 
62 19 15.5 
63 28 4.5 

296 40 52 
2% E2 31 
63% 0 

'292 46 17 
67 25 51 

B 8  4 5 8  
61 46 46.5 

23s 37 59 
61 13 57.5 

B 4  49 57 
65 93 54.5 

301 46 43.9 
270 17 G.3 

Wii 41 44.7 
2% 35 47.5 
61 16 5.5 
297 13 23 
2270 14 26.5 
8944.54 

296 31 48 
63 I9 51 

%!% 41 38 
7 4 8  2 

2% 34 34 
69 36 29 

2% 26 55.5 
71 27 16.5 
?% 13 9.5 
77 492.5 

&32 44 13 
77 8 18 
280 36 49.5 
79 34 50.5 

279 !20 5.7 
79 57 12.7 
36 20 
323 41 18.5 
391 44 5.5 
38 31 9.5 
49 52 15 

S& L. L. 

S& U. L. 
S& U. L. 

S& L. L. 

s:h u. L. 

S i n  u. L. 

s i n  U. L. 

SA u. L. 

a brse Maj 

7 'Draconis 

a Zyrse 
- .. - 

, u  

4642 
le 24.5 
9 4 7  
6 0 1  
9 5 3  
29 2.5 
48 3 2 5  
11 34 
1 31.5 

11 49.5 
391 22.5 
21 21 
5 19 
9 4i 

33 15.5 
18 59 
27 55.5 
4 0 5 3  
22 17.5 
2349 
46 31.5 
5 31.5 
4 3 0  
4.699 
37 45.5 
13 38.5 
49 49.5 
23 6 . 5  
46 1 . 5  
17 59 
41 42.3 
35 32.5 
15 .io 
13 1 
14 22, 
44 31; 
31 57.5 
19 48.5 
41 29.5 
24 45 
34 51 
36 7.5 
2625  
27 41 
12 45 
352. 

41 47.5 
7 5 5  
36 19 
34 19 
19 $25 
56 21 
19 .56 
40 196 
43 15.5 
33 0.5 
51 28 

I/ N 19.0 S 15.7 
N 17.5 S 17.1 0 X 
W18.0 E 15.2 93 3 1  
W14.3 E 19.0 13 4 
E 14.0 W19.7 II 19 39 

II E 18.0 W15.7 
N 18.0 S 15.6 

S 10.5 N 13.711 

W10.0 E 11.8 

E 5.0 W16.0 

= 
Hw-W 

m s  

+ 0 49.t + 1 39.: + 146.f + 9 37.: 
+ e 402 + 7 36.: + 7 4o.c + e 7.c 

+ 5o%i + X%.C 

- 0 17.E 
- o 9.a - 0 8.9 + 0 34.3 + o s a  
+03&7 

+ 0 44.2 

+ 1 s . 5  

f 1947.5 

+- e 42.5 + 242.5 + 4 38.1 

f 5 93.0 
f 5 94.0 
t 5 513 + 5 56.5 + 7 55.5 
t 7 57.7 
t 1 e59 + 1 z5.5 

+ S 51.3 + e 52.0 

+ 9 57.0 
t 4 3 3 . 5  
t 4 3 2 . 9  e o  7.5 

t 0 14.7 

*) Corn . Murch 30. 2) Cloudy. a) Conip. April 5. 4) Watch had sto ped shod be. 8 Comp. Ju& 1s. fore. 
7) Image not s iarp .  

*) fce- illar loosened, but instrument steady during the observation. 
8)  Comp. Scpt. 14. 9) Mrist be another star. 



No. 4 
= 
1894 

Sep. 17 

sep. eo 

sep. 24 

sep. 88 

Oct  I 

Oct. 3 

Oct. 7 

Oct. E 

oct. ia 

Oct. 1: 

Oct. 1: 

oct. It 
n 1' 

Oct. w 

Oct. E 

E 15.0 W 17.8 
E 14.9 W18.3 
3 14.0 N 16.0 
3 16.0 K 14.1 
E 15.5 W15.0 

Star 
-~ 

a Cephei 

? (Persei 

a "persei 
a Cephei 
a Persei 

'I firs= ~8 

p' nAurigte 

a 'Cephei 

a "Persei 

a nCephei 
a Cephei 

a 'kersei 

a "Cephei 

a "persei 

a 'Cephei 

a "Persei 

s:n L. L. 

a brse Mc 
a 'bersei 

a "Cygli 

a nAurige 

a nCephei 

a 'bersei 

a "Cephei 

doon U. 

pnAurigae 

a 3 - M  
J$piter U. 
u Cass. 

a lyre 
n 

, 
: 2 8 
: 0 53 
i 

ALTITUDES MEASURED WITH THE ALTAZIMUTHS. 

E 13.3 W 17.2 
E 17.6 W13.2 
S 13.8 N 16.0 
S 14.0 N 15.8 
E 16.3 W 13.4 

- - 
I C .  

- - 

& 
S 
N 
N 
W 
N 
S 
E 
W 
N 
S 
W 
E 
N 
S 
W 
W 
E 
N 
S 
W 
E 
N 
S 
W 
E 
N 
S 
W 
E 
E 
W 
N 
S 
W 
E 
N 
S 
W 
E 
N 
S 
W 
E 
N 
S 
W 
E 
N 
s 
W 
W 
E 
S 
N 

~ 

j 1 3 
i23 44 

I 

Watch 

S 16.0 N 14.0 
E 12.5 W17.5 
E 15.0 W15.4 
N 15.9 S 14.7 
S 14.0 N 16.0 
N 15.6 S 14.4 
W16.2 E 14.0 
E 17.2 W13.0 

b m s  
$2 13 51.4 
9029 

2 46 26.0 
53 18.5 

2 58 31.5 
2 3 4 9  
B B 48.6 

31 0 
4 59 57 
5 6 3 7  
5 17 32 

29 41 
0 59 27 
I 5 54.5 
I 18 47 
23 56.7 

I 55 49.5 
0 30 41.0 

37 0.5 
0 46 48.3 

5 3 2  
0 35 1 . 7  

41 44.0 
0 48 96 

55 1.5 
0 13 93.5 

18 1 

31 9.3 

17 0 43.7 

25 17.5 
13438 
4k2 34.: 

0 6 2 7  
I2 57.: 

0 %I 50.c 
e6 59s 

0 14 .53 
90 11.: 

0 97 58s 
34 18.: 

835839 
0 3 13L 
0 10 15 

16 %.i 
839 0 

41 50 
9 0 0  

9 3 4  
9 19 eo 
93450 
40 2l.l e 46 el 
51 17.( 

o 25 &.a 
16 a 4 . a  
I 19 %.a 

I 

I 
i 10 5 
' 2 19 

3 13 
I 

- 

Vertical Circle 
__- 

0 ' 8  

19 16 52 
W & %  
118 38 4.5 
41 9 %  
385330 
MOL5 I 
a48 4 
im 30 10 
111 27 34 
483648 
43 2 4 5  
117 25 W5 
m542.2 
19 5 :w.5 
41 15 10.5 
i18 57 92.5 
MO 45 .% 
MO 55 59 
19 2 5 3  
49 5 23.5 
118 12 20 
341 120.5 
18 58 5.5 
41 40 l1.t 

318 35 54.5 
340 42 50.: 
19 16 56.1 
42 6 20.5 

318 G 50 
272 29 0.: 
a7 34 40.: 
323 49 42 
36 13 41 
3!4 7 10.: 

391 11 40.: 
32322 0 
36 40 19 
48 52 2.1 

311 19 54.: 
340 31 21.! 
19 28 59 
41 19 40 

318 56 29.! 
340 21 26 

1938 5 
68 I3 9.! 

292 2 5.! 
3295536 
37 4 4 
96 B 21 
3335032. 
300 60 15 
333 45 58 
26 12 % 
50 49 15. 
309 131. 

, u  

15 3.5 
ll 46 n 12 
9 7  
i2 34.5 3% 
L6 .SI 
29 9.7 
I31 
I! 53.5 
2 4  
M U  
i3 34.5 
4 29.5 
14 13 
i t i  28 
I4 5: 
346 
I 5x5 
4 2 6  

11 22.5 
036 

57 (i 
39 5 . 5  
% 5 8  
41 53.5 
15 ,745 
7 24.5 
5 ,345 

28 13 
33 3 . 5  
48 49 
12 ,785 

G 4.5 
10 48 
21 7 
39 30.5 
51 18 
18 53.5 
30 23.5 
28 10 
It) .i7 
55 283 
W 43.5 
37 3 
11 30 
I 31.5 

.54 44 
3 6  
30 8.5 
49 47 
59 3.5.; 
4456 
I1 39 
48 42 
048 

' h  m 
I 14.0 N 13.5 1 50 
I IG.0 S 12.9 
1 15.7 W12.1 
: 14.0 W14.0 
: 13.2 W15.O , 13 W 
i 14G N 12.2 1 a 
: 15.0 W12.4 
: 15.0 W1R.O ' 3 13 
i 20.0 N 8.0 I 4 17 
i 13.5 N 14.2 
Y11.5 E 13.7 
V I 5 5  E 13.0 
i 17.1 N 12.6 
i 14.5 N i5.3 
: 13.8 W 16.3 

17.8 W 19.2 
i 15.5 N 14.5 

5 51 
0 10 

2 12 
0 10 ; 1F.O N 14.0 

- 
4w-w.  

- ___ 
m s  
- 0 33.8 

k 0 39.0 
k i 7.5 

I 8.5 
k I 55.5 

156.5 
t e .x.5 

+ 2 :s.5 
t 2 19.9 

+ ? " A )  + 2 43.5 

f 2 44.8 + 3 26.0 

+ 3 27.0 
f 3 46.2 

+ 3 57.7 

+ 4 2.: + 4 34.5 

+ 4 35.5 + 4 56.: 

+ 4 57S + 5 19.: 

+ 5 90.: + 5 59.4 

+ 6 O.( + G 50.1 

+ 6 50.' 

1) Probably u Persei. 9) Watch dropped on deck yesterda . 
6)  Comp. Oct  la: 

8) Comp. Oct. 6. 4) Cornp. 
Oct. 9. 6) Comp. probably an hour earher. 

2 



10 

- - 
1EM 

_ _ _  

Oct. 97 

Oct. 29 

Oct. 30 

N O P .  I 

Nov. 4 

Nov. 7 

Nov. 10 

N 18.0 S 15.6 
N 16.2 S 17.1 
E 16.8 W16.8 
E 17.6 W16.0 
N 15.0 S 16.2 
N 17.0 S 14.0 
W 16.0 E 15.9 
W16.5 E 15.0 
S 15.7 N 17.0 
S 16.4 N 16.3 
W15.7 E 17.3 
Wl6.9 E 16.9 

Nov. IO 

Nov. 17 

0 I 

1 44 
0 16 

I 39 
22 17 

193 14 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. mp. 

~ - - . . -. . - 
S 17.0 N 13.31 
S 14.3 N 15.7 
W15.8 E 17.0 
W17.5 E 15.3 
N 17.8 S 14.6 
N 16.7 S 15.5 
S 16.0 N 18.0 

Star 
___ - - . -. __ __ 

a Ursse Mal 

a "Persei 

a brse Maj 

a Lyre 
n 

a kygni  

E t * s .  

e Cuss. 

a "Cygni 

'1 ?,JI-SLE Maj 

a "Cygiii 

a nCggni 

n 

n 
P cays. 

y Draco& 

a Crsue Maj 

a "Cygni 

a hersei  

a Lyrrt: 

(1 Cnss. 

P 

n 

n 

5!2 39 
'21 27 

e2 55 
B 95 

I n  

S 17.7 N 16.6 
E 17.8 W16.6 
E 16.8 W17.4 
W17.0 E 17.7 
W17.2 E 17.2 

- - 
oc 
-. - 

E 
W 
N 
S 
E 
W 
S 
N 
W 
E 
N 
S 
S 
N 
E 
W 
N 
S 
E 
W 
W 
E 
N 
S 
N 
S w 
E 
W 
E 
N 
S 
S 
N 
W 
E 
W 
E 
N 
S 
W 
E 
N 
S 
S 
N 
E w 
S 
N 
W 
E 
E 
W 
S 
N 

23 37 
0 33 

Watch 
__-_ 
h m s  
0 51 18 

56 39.5 
1 17 55.5 

23 59.3 
03440 
40 26.5 

0 47 31.5 
51 44 

&!a40 
36 52.5 

E45 0 
52 18.5 

!l 57 41.3 
!2 G 45.7 
B 15 16.0 
92 13 

!1 48 28 
54 38.5 

E2 2 55.0 
843 

!2 49 49 
5555  

!3 6 4.5 
12 42.0 

0 53 2.5 
57 50.7 

1 6 34.0 
I 1  50.7 

!2 34 53.5 
40 42.5 

E 41 42.3 
L? .i!)..5 

1 45 43.5 
31 7.0 

I 36 39.5 
442 13.0 

16 4 0 
12 22 

16 21 51 
2758 

82555 
31 38 

!2 38 54 
45 13 

1 12 55.6 
17 8.2 

I 23 7.8 
2838 

2 57 20 
3 3 1 1  
3 8 1.5 
13 10 

12 45 28 
49 23.6 

12 55 0.4 
3 0 3 9  

N 18.7 S 15.; 
N 16.5 S 18.0 
S 16.5 N 16.4 

E 17.0 W18.4 
E 17.9 W17.6 
E 15.0 W14.6 
E 16.6 W12.6 
N 15.0 S 15.0 

s 17.2 N iao 

Vertical Circle 

I 5e 
22 9 

93 21 
0 55 

I 

0 ' "  

3aL 99 91.: 
3Fi 8 50.: 
38 4 38.: 

3922 8 8.: 
3% 40 53 
35 22 15.: 
47 17 18 

318 35 462 
322 44 36.5 
37 14 m.5 
26 45 36.5 

331 51 16.5 
27 51 9 . 5  
37 19 40.5 

32.2 43 5&5 
319 B 6 
40 51 11.5 
37 21 25.5 

323 &2 I5 
3.22 45 43.5 
37 16 45.5 
25 522.5 
335 8 30.5 
322 34 59.5 
3 7 %  5 
35 27 4.5 

324. 33 57.: 
322 46 24.5 
37 15 48 
4125 0 

318 48  19 
5048% 

309 1 2 1  
333 51 31 
26 8 i 6  

352 31 47 
7 32 25 

43 ,%i 45 
316 17 28 
340 7 59.5 
I9 54 21 
40 11 44 
320 2 3 9  
315 36 17.5 
44 15 27 
??5 59 56.5 
333 60 49 
321 4 29.5 
384423 
35 28 25 
324 30 46 
324 36 18 
3.5 25 51 
36 8 0.5 

323 41 52 

as 

3 16.0 N 15.6 
3 15.6 N 16.9 
E 17.0 W17.1 

, u  

2838 
31 5L.5 
3 44.5 
7 5.5 

40 8.5 
e1 29.5 
16 95 
34 50.5 
4336 
14 1.5 
44 43.5 
29 17 
50 2a.5 
50 45 
19 I 
43 5.5 
21 10.5 
51 57.5 
20 a 5  
41 15.5 
44 47.5 
15 43.5 
4 26.5 
7 37.5 
33 56.5 
37 11.5 
28 0.5 
3.2 59 
4520 
14 48 
2 4 5  
47 23.5 
47 43 
030 

5050 
7 3 0  

31 10.5 
31 415 
54 52 
16 34 
6 5 4  

53 14 
10 57.5 
I 45.5 

3525 
14 28.5 
59 1.5 
59 58,5 
3 3 5  

4335 
2924 
29 52.5 
35 8 
24 45 
7 3  
40 44.5 

1 56 
iB 17 

E 15.0 W15.0 81 11 
E 14.0 WIG.0 II 

wiao E 16.5 i~ w, ll N 17.9 S 16.7 
W17.7 E 16.8 

- 
Hw-W, 

m a  
+ 7 11 

+ 7 11.5 + 7 a6.c 

+ 7 36.9 + 8 1.5 

+ 8 9.2 + 8 97.3 

+ 8 % 5  
+ 9  3.5 

+ 9  rlz + 9 37.c 

+ 9 38.c 
+io 4.a 

+io 4.9 
+10 36.8 

+10 87.8 
+11 81.7 

+ f 1 2 2 5  
+I9 16.5 

+12 19.8 

+I9 91.7 
+I2 50.5 

+I2 51-5 
+13 M.5 

+13 53.6 
+l3 43.7 

+13 48.3 

1) Watcll assumed 25m. a) Two seta of observations, our ice-island having loosened. 
a) Comp. Nov. 27. 



No. 6 . ~  ALTITUDES MEASIJRED WITH THE ALTAZIMUTHS. 

W19.0 E 16.1 
W19.5 E 16.0 
N 15.6 S 16.5 

- - 
1894: 
- - 

Nov. 3( 

Dec. 

Dec. I 

Dec. 7 

Dec. 11 

Dec. 14 

Dec. l e  

Dec. 1E 

Dec. El 

Dcc. '24 

Dec. % 

Dec. 8 

Dee. 80 

193 16 
!B 10 

Star 

E 14.4 W17.6 
N 16.0 S 17.61 
N 15.0 S 18.6 
W15.4 E 18.3 

a Persei 

a bra  Maj 
a 'bersei 

a 'Cephei 

a brse Maj 

y 'braconis 

z firsee Maj 

y braconis 

z firs= Maj 

a "Aurigs? 

z brm Maj 

y braconis 

I brsae Maj 

y "Draconis 

I brsse Maj 

y "Draconis 

a Cas5 
n 

p 1,lrigre 
n 

y Draconis 
z Urse Maj 
Capella 

I firs, Maj 

y braeonis 

L brm Maj. 

v braconis 

L firs, Maj. 

i' braconis 

L brae! Maj, 

y braconis 
n 

93 $25 
912 13 

c 

oc 
- - 

S 
N 
W 
E 
S 
N 
E 
W 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
N 
S 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 
W 
E 
N 
S 
W 
N 
W 
E 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 

N 18.0 S 17.1 
W16.6 E 18.6 

Watch 

I 

h m s  
93 47 4% 

52 16 
22 56 41.4 
23 153.t 
923527 

4023 
22 47 47.: 

53 24 
2-2 52 40 
93 I 2.: 
E3 5 4.: 

10 a5 
E 39 47.5 

38 20.5 
E2 44 47 

51 46 
291 35 s.7 

42 17.2 
E 52 46 

59 19 
E3635 

41 96 
224624 

53 41 
223850 

44 38.4 
2250 9 

57 8 
23 '238 

8 8 4  
El 17 54.2 

23 15 
I 47 57.5 

53 11 
I 3 9 3  

9 0  
16 0 15 
16 59 20 
17 12 8 

18 Po 
%I 58 16 
2 2 5 9  
E2 I1 27.5 

18 47 
t218 8 
9x44 

E23333 
41 10 

E?, 46 16.4 
52 12 

B O B 1  
520 

E? 953 
14 53 

143 21 38 
sn 10 

E 17.0 W17.0 
N 15.0 S 17.0 

Vertical Circle 

123 I 15 9 

0 , I ,  

321 11 50 
38 40 I1 
35 28 54.5 

324 31 35 
321 5 13 
384346 
204052 
339 I t  I1 
3% 40 57.5 
35m58 
37 14 29 

322 35 33 
324 43 32.5 
35 18 52 
36 46 42 

3% 60 34.5 
39451 I 
35 10 11.5 
44 41 27.5 

315 32 53 
32454 2 
35 6 46.5 
37 38 50.5 

322 9 49.5 
3% 10 24.5 
34 50 45 
37 49 4.5 

391 59 16 
32.5 14 33.5 
344538 
338 47 46 
21 3 31.5 

332 53 54 
97 10 53 
491 19 2.5 

317 53 55.5 
327 29 14.5 
331 11 46.5 
50 39 40.5 
309 81 43 
3% 38 16.5 
34 13 52 
368633 
323 11 54.5 
3% 49 44 
34 19 7.5 
37339% 
3292444 
3954056 
34 18 42.5 
38 30 31.5 

E X 2 3  6 
325 41 7.5 
34 19 585 
3740% 
3s 10 44.5 

W15.0 E 17.0; 
N 15.0 S 21.1' 
S 19.0 N 17.01 
w i a 6  E 17.5 

I U  

10 45 
39 23.5 
27 54.5 
3030 
4 7  
4B 41 
39 48.5 
14 5.5 
3956 
19 4Y 
13 12.5 
3427 
49% 
17 34.5 45w 
59 31.5 
5 0 6  
9 19.5 

40 35.5 
31 55 
52 56.5 
5 4B.5 

37 57.5 
854 
9 10.5 

49 30 
48 8.5 
58 5.5 
13 21 
44% 
4648 
3 19 

52 46.5 
9 17.5 

18 0.5 
52 48 
5834 
I1 7 
39 11.5 
21 10 
37 31 
12 585 
35 26.5 
I1 5.5 
&I 41 
18 9.5 
32% 
E3 46.5 
CO 11.5 
17 54 
29 40.5 
E l  7.5 
40 90.5 
18 59.5 
3946 
9 44.5 

93 47 
15 9 

S 19.0 N 16.611 
wii.0 E if17 1 
E 16.5 W I S J ~ ~  I 35 
S 16.8 N 15.0 15 10 
E 17.0 W15.91 

N 15.6 S 16.6 17 -79 
N 17.4 S 15.5 \21 49 

Hw-W 

m s  
+14 9.( 

+I4 9.1 
$14 41.t 

+I4 49.C 
f15 2.9 

f15 3.0 
t i 6  e a  

+I5 94.9 
t i 6  3.5 

+I6 4.9 
t i 6  35.0 

t i 6  36.5 
+I6 56.7 

t i 6  58.0 
+I7 19.0 

f17 m.8 
f17 49.8 

f17 43.5 
- 2 0.5 

- I 59.0 
- I 57.5 

- I 57.5 
- 138.5 

- 137.7 
- I 17.8 

- 1 15.0 
- 0 *%.I 

- 0 54.0 

I) Corn Dec 4. 9) Cirrostratus, star invisible to the naked eye, but t? Ursa? Maj. found 
9 Circle ass. 380. 4) Circle ass. 8910. 5) Watch ass. Oh. 

7) Circle-correction + 10' ass. by the observer. 8j Con. 
in the fie$ 40-50 lower. 
9 Cloudy, observation very difficult. 
to cucle ass. - IO'. 
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Jan. S 

Jan. 5 

Jan. E 

Jan. 11 

Jan. 13 

Jau. 14 

Jan. 16 

Jan. 18 

Jan. 20 

Jan. 22 

Jan. 5 

Jan. e7 

Jan. 30 

Fcb. 1 

N 15.0 S 16.1 

N 15.6 S 16.0 
E 15.1 W17.5 

N 17.5 S 14.8 
N 16.9 S 16.0 
W19.4 E 90.6 
W19.6 E 13.6 
N 16.9 S 17.0 
N 17.0 S 17.5 
S 90.0 N 15.1 

W15.4 E 19.8 
W17.5 E 17.5 

s 14.6 N 15.6 

wia8 E 14.8 

s iao N 17.0 

E W.0 W15.2 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

99 9 
21 a 

~i 59 
111 7 

92 17 
$21 0 

9.9 41 
3 

Star 

Capella 

a brste Maq 

y 'broconis 

a f i r m  Ma. 

a frrse Ma: 

y Draconis 

a brsa: Ma; 

y Draconis 

a brse Mal 

"Pcgasi 

y Draconis 

d o o n  L. L 
Jupiter U. L 
Jupiter U. L 
Moon L. 1 
a Ursa: Ma; 

y Draconis 

a frrse M.; 

y Draconis 

PAaris 

a "Cygni 

Ponhris 

a "Cygni 

Ponloris 

a "Cygni 

d l u r i s  

a nCephei 

Alar is  

a Eygni 

Polaris 

n 

n 

n 

n 

n 

n 

n 

N 19.5 S 15.8 
N 17.7 S 17.6 
WB.5 E 14.6 
W 17.7 E 17.8 
N 16.0 S 18.0 

W20.5 E 14.0 
W 17.5 E 17.0 
N 16.7 S 19.0 
N 19.9 S 16.0 
W183 E 17.7 

N 18.0 S 17.5 

WlaO E 17.7 
E 180 W17.7 
N 16.7 S 16.0 
N 17.0 S 15.5 
W15.9 E 16.8 
E 16.5 W16.8 
N 16.1 S 15.Oiil!?52 
N B.1 S 8.0 
W14.7 E 16.8 

N iao s 16.6 

E 17.6 wia5 
N iao s 17.6 

E 16.0 wiu 
N iac s 160 
N iae s 161 

- - 
o c  
-. - - _  

N 
S 
E 
W 
N 
S 
W 
E 
E w 
S 
N 
E 
W 
S 
N 
E 
W 
W 
E 
N 
S 
S 
W 
W 
S 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 
S 
h: 
E 
W 
S 
N 
E 
W 
S 
N 
E 
W 

'9x) 29 

111 e8 
93 0 

23 59 
92 33 

B 49 
91 53 

1 a92 4Q 
9S 18 

93 88 
11 

$8 ia 
I 

Watch 
-- -- 

h m  s 

'22 4 1 3  
9 17 

e2 14 46 
20 11 

21 26 18 
33% 

21 40 21 
47 14 

21 14 13 
19 37 

21 25 34 
.32 4 

21 31 44.5 
35 42 

21 49 12.5 
46 39.c 

21 30 43 
37 96.5 

21 4i 7.5 
49 B.5 

252 0 2 9  
4 :w 

1 19 28 
I 25 37 
1 5 6  8 
2 2 0  

21 29 5 
33 59 

21 46 47.5 
58 18.4 

20 47 6.5 
51 7 

205823 
21 5 4.5 
2323 3 

26 32.5 
23 32 22 

37 2 
2254 9 

50 0 
23 6 5 1  

11 39 
22 IS 15.5 

17 52 
532 % 10 

30 28.5 
93 144 

5 31 
B 11 35 

15 51.5 
E2 27 29.5 

352 12 
92 38 45 

43 31 
22 ,35 31.5 
4 0 8  

V e r t i d  Circle 

o t u  

43 56 3.5 
316 13 28 
3% 50 4% 
34 630 

323 6 36.5 
37 5 145 
34 6 5 0  
ai54 6 
3% 134.5 
3360 11 
37 12 51.5 m 37 56.5 
326 2 9.5 
33 59 0.5 
37 58 39.5 

321 54 m.5 
3% 48 44 
34 11 26.5 

320 126  
.56 1 22 

321 12 54 
385.540 

275 11 58 
298 17 11.5 
2984940 
276 4 37.5 
3254640 
34 13 54 
38 44 45.5 

321 7 15 
39546 4 
-34 15 6.5 
31 9 1.5 

32221 3 
351. 37 59 

52338 
43 56 13 

315 57 8 
354 39 6.5 

5 92 5 
4327 0 

316 6 53 
354 rn 29.5 

5 21 37 
42 38 16.5 

317 14 18.5 
3544448 

5 16 34 
26 15 17.5 
333 38 41 
354 56 29.5 

5 5 1 1  
43 46 6.5 

316 7 12 
H582a 

5 3 1 2  

1 1 )  

55 15 
I 2  32 
49 54.5 
7 52.5 
5 5 6  
4 2 3  
5 57.5 

.53 15 
OW 

59 5.7 
I 1  41.5 
36 31.5 

1 6.5 
57 53.5 
57 31, 
53 15 
47 32.5 
10 19 
0 17 
0 29.5 

11 39 
54: 26.5 
10 55 
16 5.5 
48 a.5 
3 30.5 
45 90.5 
12 35.5 
4333 
5 51.5 

45 2 
13 57.5 
5% 55.5 
2 2 9  
36 55.5 
92 36.5 
55 11 
5545 
38 17.5 
21 27 
2346 
!a 35.5 
38% 
!too39 
37 14 
13 6.5 
43 43.5 
15 28 
14 10 
37 35 
55 B.5 
4 5  

4 5 2  
5 5 6  

57 33 
2 3.5 

Ib 
/I E 18.0 W14.5 

E 16.0 W16.4 
N 16.0 S 16.4 

- 1 7.c 
-om 

- 0 17.C + o 4.a 

+ o  e7 
+om 

+ 0 30.4 

+ O B 3  + 0 59.0 

+ 1 3.5 + 0 22.7 

+I= + 1 47.9 

+ 1 4 8 5  + 9 7.5 

+ 2  a4 
+ea95  

+ B M  
+ s  8 5  

+ 3 9.4 + 3 50.0 

+ 3 51.0 + 4 15.4 

1) Watch stopped shortly before. 2) Probabl Hw-W. = - f)m glr.0. 3 Robably mother 
star in this posilon of the instrument. 4) H w - 6 .  ass. lmm.7.  



NO. 6.1 ALTITUDES MEASURED WITH THE ALTAZIMUTHS. 

N 13.0 S 90.4 
N 182 S 15.1 
W16.2 E 17.3 
W16.5 E 17.1 
E 17.3 W17.0 

- 
1895 

Feb. 1 

Feb. 4 

Feb. 6 

Feb. 6 

Feb. 8 

Feb. 19 

Feb. 13 

Feb. 17 

Feb. 90 

Feb. I 

Feb. 24 

Feb. gf 

115 3 

I 

199 M :21 9 

Stsr 

~ 

W s 
N s w 

a CYgni 

P:laris 
n 

a Cygni 

R&plus 
Mars U. L 
Moon U. L 
Mars U. L 
Moon U. L 
Moon U. L 
Mars U. L 
a Cephei 

B firs= Min 

Jlpiter U. L 

Mton U. L 

M:on U. L 

Jlpiter U. L 

PI firsre Maj 

a "Persei 

u kephei 

d lar is  

a kygni 

e firm  in 

a Iephei 

anCephei 

8 firsre  in 

8 firsre biin 

u "Cephei 

u Eemin. 

a Persei 

t9 fi- Mir 

u kephei 

fi  frrsae fi 
n 

14 11.5 
9924365 

3056 
213239 
2138 0 

s I 4 6  23.5 
N /  5040 
E 2 9 9 9  

s 
S 

e1 42 47 
W B 2 7  

B 6 1 5  
S w 
N s w 
E 
S 
N 
E 
E w 
N s 
E w w 
E s 
N 
E w s 
N 
N s w 
E 
N s w 
E 
E 
W s 
N s 
N 
E w 
E w 
S 
N 
E w 

924154 
224336 
231840 

2.325 
99833 

32 99.5 
16 53 83.5 

57 24 
W 1 7 3 4  

8 6  
17 31 4.5 

3459 
173935 

4450 
17 48 14 

52 41 
0 9 0 1 5  
e548 

0 3!! 91 
43 18 

91 21 2 
2350 

E l % %  
31 56.5 

222093 
1 7 5  

B 3 2 1 0  
37 14 

991553 
2040 

29 %E, 57 
3952 

92 13 19 
19 6.0 

929738 
39 18 

994158 
45 19.5 

995038 
55 50 

99, 7 43.5 
I2 25 

2 9 1 6 9  
91 16 

2 2 5 9  
11 53 

~~ 

Vertical Circle 

W17.0 E 18.4: 
W17.0 E 18.4, 
W15.5 E 19.7i 

O l U  

4410 3 
315 44 59 
354 98 57.5 

5 I2 49.5 
43 51 17.5 

315 56 10.5 
%'7 51 17 
994 112  
299 36 18 
994 20 21 
300 13 16 
301 6 9 
994 45 15 
33223 2.5 
97 45 &rB 
21 .53 48 
338 7 58.5 
e88%% 
71 31 36.5 
76 47 5 
283 19 1.5 
eM 4 59.5 
76 57 0 
70 11 22 
289 5 10 
3% 21 545 
33 42 37 

a 5 4  6 
34 10 5.5 
30 98 19.5 
329 96 445 
354 41 59 

5 20 14.5 
4 3  e1 58.5 

316 33 49.5 
3% 41 49 
%7 29 17 
21 53 5% 
338 8 1.5 
332 98 53.5 
%7 40 47.5 
81 45 51.5 
338 I5 40.5 
3382.3 7 
e139 e 
9 5 5 1  

331 47 46 
30446 3 
55 824 
34 17 9.; 
3954344 
338 93 18.: 
91 38 14.E 
rn 53 46: 

331 59 13 
388 98 41.: 
e1 I 44.: 

I Y  

9 5.5 
43 9.5 
48 2.5 
I1 50 
.53 15.5 
5453 
50 16.5 
0 13 

a5 5.5 
19 12 
12 I 
6 1  

4 4 9  
21 45 
44 18.5 
52 B.5 
6 36.5 

24 13.5 
3024 
4546 
10 53.5 
346 

55 47.5 
10 13.5 
2 4 0  
2036 
41 14.5 
52 43.5 
8 57 
26 57.5 
925 %5 
40 48.5 
19 11 
20 49 
32 24.5 
40 30.5 
9 7  
5 9 0  
6 4 3  
27 44.5 
39 41.5 
4440 
14 91.5 
21 49 
37 53.5 
4 m.5 
463.3 
44 54.5 
7 5% 

15 5G.5 
44?B 
e1 55.5 
3 7 6  
59 31.5 
5 8 1  
93% 
31 30.5 

11 

II 

W16.9 E 17.7 

S 17.4 N 17.011 
E 17.2 W17.11! 
N 18.0 S 16.9'1 
W18.0 E 17.0!! 

E 19.4 wi53'/ 
S 17.8 N 17.91 
N 18.2 S 16.9!ID 42: 
N 19.0 S 16.5i19i Fi: 
N 19.0 S 16.9!1 

S 16.5 N -11 

Hw-W. 

m s  

+ 4 15.9 + 4 ma 

+ 4 5 6  + 5 11.0 

+ 5 13.5 + 5 97.0 

+ 5 98.0 + 5 52.0 

+ 5 54.0 + 6 37.9 

+ G 37.5 + 6 59.5 

+ 7 0.5 + 7 51.7 

+ 7 53.5 + 8 98.5 

+ 8 30.5 + 9 7.5 

+ 9 10 + 9 eo.: 

+ 9 81 + 9 46.4 

1) Circle-correction + a0, ass. by the obsemer. 8) Watch ass. 4W. 



14 

- 
1895 

Feb. e6 

Mur. 2 

Mar. 4 

Mar. 6 

Mur. 9 

Mar. 10 

Mar. 11 

Mar. 13 

Mar. t G  

Mxr. 19 

Mar. 21 

Mu. 23 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. FXP. 

Star 

a Cephei 

7 braconis 

a f i r m  Maj 

j. nDraconis 

a brse Maj 

y 'braconis 

n firs, Maj 

y Dmconis 

a f i r m  Maj, 

Junpiter U. L 
Moon U. L 
Moon U. L 
Jupiter U. L 
Sun U. L. 

n 

n 
n 
n 
n 
a 
n 

paise Hor. E 
hr izon Easi 
j. Draconis 

a b r s e  Maj 

7 'Droconis 

n b r s e  Maj 

7 hraconis 

n b r s a  Maj 

7 brse Maj 

a "Cygni 

'1 crstt. Maj 

a 'cygni 

'1 b r s e  Maj 

a "Cygni 
n 

- - 
oc. 
- - 

S 
N 
E 
W 
N 
S 
E 
W 
N 
S 
E 
W 
N 
S 
E 
W 
N 
S 
W 
S 
S 
W 
N 
S 
S 
N 
N 
S 
S 
N 
N 
N 
E 
W 
N 
S 
E 
W 
N 
S 
E 
W 
N 
S 
S 
N 
W 
E 
S 
N 
W 
E 
S 
N 
W 
E 

Watch 

h m s  
22 18 14 

2 4 5  
1 3 3 !  

8 13.5 
1 14 33.5 

2 0 0  
1 2 14.5 

6 31 
1 10 32.5 
15 5% 

1 2 2 5 %  
2692 

130 4 
33 53 

05823 
1 2 1 0  
1 5 5 7  

9 85 
1 92 I4 
1 %  85 
1 43 53 
1 47 35 
21 243 

9 6 
20 47 
2544 
q3.4 45 
4058 
Mi 0 

2 2 0 0  

0 47 3fi 
52 9 

0 59 41 
1 3 %  
0 46 49.5 

50 14 
0 56 15.5 
59 59.5 

0 51 44 
56 18 

1 3 51 
8 55 

231 9 
3.. 26 

241 3 
45 15.1 

2 16 47.5 
2030 

2 2 8  8 
32 I5 

218 9 
2232 

2 9 8 2 2  
32 31 

- 
- 

Vertical Circle 

0 I Id 

88 8 12.5 
331 44! 10 
315 35 11 
44 26 9.5 
% 41 37.5 
333 27 53.5 
315 36 15.5 
44 2;; 18.5 
% 3; 41 
333 32 8.5 
315 36 49 
44 23 52 
25.50 5x5 

3% 16 125 
315 31 21 
44 B 56.5 
96 5 57.5 
333 60 4r2 m 11 28.5 
288 21 12 
243.3 8 
599 5 40.5 
211 17 4 
88 49 59 

60 18.5 
2l0 !Ti 21 
270 46 58.5 
89 18 37.5 
89 23 20.5 
270 94 47.5 
8940 
8.J 47.5 

315 31 38 
442n44 
26 1 .51 
334 .5 21.5 
315 37 5.5 
44 94 3.5 
26 132  
334 513 
31.5 43 20 
4417 3 
5 37 40 
&%31 9 
:w 2.3 34 
3J 31 17.5 ;* 55 

309 5 0.5 
320 16 2.3 
:39 .39 3.5 
50 55 38.5 
W! .=I 1 ..=I 
3% 2.5 5Q.5 
39 25 59 
50 56 3.5 
m 4 3 8  

, Y  

7 3  a 56.5 
*34 5 
25 1.5 
4032 
26 35.5 
3452.5 
2 4 9  
31i tw 
30 57.5 
35 28.5 
2239 
43 55.5 
15 1 
30 15.5 
!B 59.5 
427 
59 39 
I6 13 
m 11 
*% 4 
4 30.5 
16 13 
49 7.5 
59 34 
ti& 28.5 
46 9.5 
17 46.5 
'22 18.5 
23 45.5 
39.5 
46.5 
30 a . 5  
29 34 
0 M.5 
4l2 
3.5 41 
22 ;it; 
0 22.5 
4 6.5 
41 59.5 
16 0 
3630 
29 59 
Pi 14.5 
30 125 
52 46.5 
3 50.5 

15 16.5 
33 8 
3 37.5 
3 59 
21 18.5 
"22 59.5 
5 5 3  
3 %  

- 
Hw-W. 

m s  

+ 9 55.9 
- 9 978 

- 2 27.1 
- 2 7.0 

- 2 6.5 
- I 41.5 

- 1 41.0 
- 1 43 

- 1 3.7 
- 0 38.5 

- 0 37.0 
- 036.0 

- 0 35.8 

- 2 15.0 
- 145.3 

- 140.5 
- J 105 

- 9 11.3 
- 0 90.5 

- 0 81.0 
- 0 32.5 

- 0 s  

1) Comp. Feb. $5'. 9) Level unsteady. 8 )  Limb very boilin and uneven. ') Between 
Comp March 15. (Watch these two observations the limb was hidden by a stratus-cloud. 

regulated several t i e s  March 16-24). 6) Comp. probably at 4 m. 



NO. 6.1 . ALTITUDES MEASURED WITH THE ALTAZLMUTHS. 

- 
18% 

Mar. 95 

Mar. 27 

Mar. 29 

Apr. 1 

Apr. 3 

Apr. 6 

Apr. 8 

Apr. 10 

Apr. 13 

Apr. 91 

May 11 

&Y% 
sep. 1 

sep. 1 
sep.  2 
sep. 3 

sep. 4 

sep. 4 

sep. 5 

sep. 10 

kkp. 14 
sep. 15 
Sep. 16 

St4U 

'1 Ursae Maj 

a "cygni 

7 fr- Maj 

a "Cygni 

a "Cygni 

'1 frrse Maj 

a "Cygni 

a Zyre  

y f irm &j 

a Lyre  

o1 l y r e  

a " ~ y m  

a Lyre 

SCn u. L. 
s:n U. L. 

s t n  U. L. 
d n  U. L. 
S:n U. L. 
Terr. Obj. 

SCn U. L. 
Sun U. L. 

s& u. L. 

sl;n U. L. 

s i n  U. L. 
S L l  u. L. 
su"n U. L. 

&n U. L. 
Sun U. L. 
sun u. L. 
Sun U. L. 

n 

n 

n 

n 

n 

- - 
Oe 
- - 

S 
N 
W 
E 
S 
N 
W 
E 
E 
W 
N 
S 
E 
W 
S 
N 
E 
W 
S 
N 
S 
N 
S 
N 
S 
N 
N 
S 
N 
S 
N 
S 
N 
S 
S 
S 
N 
N 
S 
N 
W 
W 
E 
N 
S 
N 
N 
S 
N 
S 
W 
E 
N 
W 
W 
S 
N 

Watch 

h m  s 
2 10 46 

14 49 
2 22 12.2 

5% 32 
2 8 49.2 

13 45 
2 18 31 
26B 

2 2 5.5 
6 3 0  

2 17 48 
93 49 

2 1 9  
720  

5 53 52 
(i 0 2 1  
5 40 41.5 
46% 

5 54 33.5 
59 19 

6 52 17.5 
35 25.5 

5 54 1 G  
s46 

52345 
n o  

!3 40 31 
4 6 8  

B 3 0  5 
35 33.5 

0 32 54 
36 49 

3 33 47 a 13 
15 44 Po 

16 2 10 
B 55 32.5 
0 0 5 4  
1'3 58 30 
tom30 
96630 

?3 59 45 
0 1 5  3 
0 8 5.5 
B O 1  

4 57 
E3 3.2 527 

L5 25 
HI5330 

57 13 
w4.940 
17 55 9A.5 
17 59 30 
LG 53 Bx) 

59 34 

- 
- 

Vertical Circle 

o l e  

m 87 30.5 
39 27 31.5 
50 56 16.5 
,309 4 19 
330 35 34.5 
39 18 31 
50 56 51 
309 4 6.5 
m 344  
50 57 33 
39 2 14.5 

321 7 59.5 
309 6 465  
50 54 5 s  

308 23 19 
51 e7 50 
30 2435 
329 56 34 
308 32 1.5 
51 22 43 

308 5 5 6  
5150 8 
3085045 
51 3 50.5 

308 IG 11 
51 38 3.5 

.%+O 31 11 
79 37 12 
m4029 
76 27 44.5 

PljB 12 3; 
71 53 $22 

287 52 51 
62 13 54 

!BO 52 50 
270 7 26 
8!l 52 4k.5 
78 46 40 

980 43 3t.5 

W2 41 17.3 
282 38 41.5 
77 2.3 15.5 

279 48 91.5 
803048.5 
m 5% 34.5 
9803046 

7!4 34 52.5 
979 7 56.5 

56 14 
279 A', 33.5 
t#) 17 11 

m7 11 59 
277 33 56.5 
217 43 42 
!?I76 48 12.5 
83 8 6.5 

79 23 30,Ut.g 

-. 

I U  

26 e1 
%39 
55 18.5 
3 17 
33 59.5 
17 38 
5550 
3 3  
2 31.5 

56 32.5 
1 17 
6 5 0  
5 4 3  

53 2.5 
B 19.5 
26 57.5 
I 49.5 

55% 
31 11 
21 47.5 
4 54.5 
49 15.5 
4+l M.5 
2 46.5 

15 10 
37 4.5 
30 26.5 
36 21.5 
39 50.5 
26 50.5 
12 12 
52 I 
.52 13 
13 16.5 
53 29.5 
8 15 
53 26.5 
47 7 
43 51 
21 .55 
41 49.5 
3 9 3  
23 5 . 5  
4 8 %  
31 17.5 
26 97.5 
31 18 
3455 
8 14.5 
56 18.5 
4539 
17 18 
18 30.5 
t33 3% 
43 47.5 
48 90.5 
8 %  

Wm.5 E 14.0 1 54 
E 18.0 Wl6.5 ll 
N 17.3 S 17.411 
N iS.0 S M i l l  2 :B 
E 16.0 W19.0i 15 2 
E 18.5 W16.91 I 
N 18.0 S 17.5! 
N 18.0 s i7.61i 2 a 
S 16.0 N 18.4 
N 19.4 S 15.0 
E 16.0 wmii 

= 
Hw-W. 
-- 

m s  
- 0 17.5 

- 0 17.5 
- 0 14.7 

- 0 14.0 

- 0 10.8 
-- 0 10.3 

- 0 9.8 
- 0 8.0 

- 0 6.2 
- 0 8.5 

- 0 6.8 

- 0 9.5 
- 0 17.5 
- 0 24.5 
+ l B  + 1 29.8 + 0 5.8 + 0 7.0 

+ 0 5.5 
-18 54.5 

-18 55.0 
-18 8 . 0  
-18 55.2 

- 0 as 

-18 57.0 

-18 56.7 

-18 53.5 
-18 M.0 

-18 47.5 
-18 48.0 
- 0 5.5 
- 0 9.0 
- 0 13.5 
- 0 13.5 

* Com . b k e h  96. 9) Comp. Biarch 3L a) Hour of comparison ass. b the observer to 
be &. 4 Comp. A ril 9. 8)  Comp. A e d  14. 6 Comp. May 10. T r  Circle ass. '720. 
6) Sept. 1-10 the c l o d  times have been dirmnished h k hours, the watch giving approximately 
local time. 9) Sun only visible in g i b  see, bo& observations not good. to) Cloudy. 
n) Lev. W. 18.51 (Rem. of the observer). E) Cloudy. ") Cloudy, obs. not good. '4) Obs. 
not good. 
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1895 

_ _  

sep. I8 

scp. I!) 

%}J. 31 

sep.  22 

Sep. 44 

Scp. 28 

Oct. 3 

Oct. G 

Oct. 7 

Oct. 6 

Oct. 11 

Oct. 14 

Oct. 16 

act. la 

GEELMLJYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Shr 
- 

Sun U. L. 

s i n  [J. L. 

u nAiirigte 

S:n U. L. 

u brse Muj 

(1 nAuriga: 

u Ursa: Maj. 
(t Auriga. 

a brsa, Muj. 
a Ursoe Mnj, 

CCpelln 

a "Cygni 

pbrste min 

d n  U. L. 
n 
n 

y braconis 

@ firs% Muj 

p firs= Min 

a Eygni  

u "~uripce 

a firs, Maj 

u brse Maj 

u nAurige 

a 'iicpliei 

u "Persei 

u frrse Muj 

a "Aurigse 

a 'Cnss. 

(I Lyre 
r 

W 

- - 
oc. 
- - 

N 
S 
W 
E 
S 
N 
W 
E 
E w 
N 
S 
E 
N 
S 
W 
E 
W 
N 
S 
W 
E 
N 
S 
W 
E 
E 
W 
W 
F: 
S 
N 
N 
S 
E 
W 
S 
N 
W 
E 
E 
W 
N 
S 
W 
E 
N 
S 
N 
S w 
E 
E 
W 
N 
S 

18 I4 7 
18 17 

18 23 34 
-27 41 

Vertical Circle 
- .. ___- 

0 , ,, 
272 9 5 
87 ;if; 33.5 

275 43 1.5 
84 21 18.5 

315 17 2A.5 
44 31 :* 

276 37 33 
84 2.; 46.5 

327 27 18.5 
32 3.3 53 
44 37 6.5 

315 30 tX.5 
327 27 44 
44. 19 43 

315 46 37.5 
32 33 5 

327 28 16.5 
32 x 3  x 
44 13 16.5 

, "  
9 3 0  

56 48 
43 12.5 
21 45.5 
17 35.5 
31 ,365 
37 28.5 
25 50 
27 38 
33 52 
37 33.5 .w .i(i.5 
27 29.5 
19 %XI 
46 44.5 
:+2 44.5 
27 51.5 
33 40 
13 2.5 

25 47.5 
3% 43 
57 0 
5 8 4  
8 2 4  

59 4.5 
10 19 
3 11 
3 5  34.5 
58 .il.S 
:-E 48.5 
27 37 
33 10.5 
27 3 . 5  
33 44.5 
31 14.5 
41.23. 
I5 12.5 
4!) 20.5 
16 *w 
48 31 
19 43.5 
27 s . 5  
:x3 !).5 

W 6.3 E 20.0;: 
W 10.7 E 16.0:: 2 50 

S 13.0 N 14.0 

S 15.0 N 14.4 

E 15.0 W 15.1 
E 15.0 W16.1 / I  6 &3 
N 16.2 S 14.2:' 5 33 
E 17.8 lV13.51 
E 17.6 W 13.71 
N li3.9 S 1 7 5 1  6 42 
N 15.3 S 14.3;; 5 16 
N 17.5 S 14.6 
E 13.0 W 17.3:. 
E 20.0 W 10.4': 6 40 
S 14.5 N 14.7. 3 3 
S 14.3 N 1.5.0;; 
W15.5 E 16.0jl 
W 19.5 E 9.8, 3 38 
S 13.1 N 16.3:1 16 53 
S 16.7 N 1:3.5!! 
S 18.7 N 12.0; 
S 18.5 N 143.3; 23 57 
S 15.6 N 16.0; 
S 19.3 N 12.01 
W 16.0 E 15.51 
E 17.0 W 14.1' I 4 
E 15.0 W16.5 
Wl5.7 E 16.0 
S 15.5 N 16.0 
S 15.0 N 16.5 ! 3 40 
E 14.8 Wl3.6 4 36 
E 14.5 W13.4 
N 15.6 S 12.1 
N 121 S 15.6!, 5 38 
N 15.5 S 12.41 4 39 
N 15.0 S 13.51 
E 13.0 W 15.4 j 
E 16.8 W13.01 5 40 
S 15.8 N 14.911 2 16 
S 15.5 N 15.5 
E 16.4 W 14.3 
E 15.5 W 15.4 3 21 
W13.8 E 16.0 22 24 
W14.0 E 15.71 
N 15.5 S 14.61 
S 13.0 N 16.5 23 28 
S 16.5 N 14.7 I6 48 
N 17.7 S 13.8 

i 

- 
Hw-W. 

m s  

- 0 155 
- 0 17.5 

- 0 18.5 
- 0 18.5 
- 0 18.5 

- 0 20.6 

- 0 m.0 
- 0 20.5 

- 0 m.0 
- 0 17.0 

- 0 16.5 
- 0 12.4 

-- 0 12.5 
- 0 9.5 

- 0 9.2 

- 0 9.5 

- 0 10.0 
- 0 8.0 

- 0 7.5 
- 0 6.0 

- 0 6.0 + 0 3.0 

+ 0 3.0 + 0 10.0 

+ 0 10.6 + 0 16.2 

+ 0 16.5 

1) Cirrostratus and hoar frost, u Ursa, Maj. invisible. 
8) Heavy hoar frost, circle wiped for every reading. 

2) Visible to the naked eye to day. 



No. 4 

1886 

Oct. 19 

Oct. 21 

Oct. a 

Oct. 94 

Oct. 28 

Oct. es 

oct. ai 

N ~ ~ .  a 

Nov. 4 

NOV. 5 

Nov. 7 

E 15.0 w17.0; 
E 16.7 W 16.41 
W17.0 E 16.11 
W 17.4 E 16.0: 
N 13.5 S 17.61 
N 16.1 S 15.9' 
N 18.7 S 12.9 
S 14.8 N 17.0 
E 18.4 W13.5 

Star 

19 X 
17 4 

ALTITUDES MEASURED WITH THE ALTAZIMUTHS. 

'1 Ursae Maj 

a "Cygni 

a Persei 

1 ETrsae Mnj 

e  cas^. 
a braconis 

a Lyre  

JU" iter CL 
e L s .  

a 'braconis 

b firs€? Maj 

a "cygni 

e Cass. 

n braconis 

a "Cygni 

q firsee &j 

a Eygni 

W 

n 

U 

E G u s .  

a Eygni 

1 fr- Me: 

e wb. 

a 'braconis 

a "Cygni 

4 b- Ma; 

J$piter U. L 
Moon U. L 
J$ iter U. L a6- MU 
a Eygni 

e  cas^. 
U 

- - 
IC. 

- - 

N 
S 
E 
W 
S 
N 
W 
E 
E 
W 
E 
W 
S 
N 
N 
E 
W 
W 
E 
S 
N 
N 
S 
S 
N 
S 
N 
W 
E 
W 
E 
N 
S 
E 
W 
N 
S 
S 
N 
E 
W 
W 
E 
N 
S 
S 
N 
E 
E 
E 
E 
W 
E 
N 
S 
E 
W 

Watch 

h m  s 

8 147 
446 

2 9 46.5 
14 29 

3 4 9  
12 52 

3 9 6 %  
3046 

19 7 5 
I1 34 

19 97 e8 
31 52 

19 38 17 
42 31 

19 49 I8 
1837 7 

41 B 
I8 XI 0.E 

53 51.5 
19 035  

5 97.: 
19 10 58 

13 48 
1 4 %  

8 41 
1B48 
35 13 

14,245 
46 18 

18 54 39 
5828 

19 429 
8 7  

18 59 10 
19 434 
19 7 31 

12 18 
19 16 39 

2QB 
18 T i  .% 

58 59 
19 555  

956 
19 13 3!j 

81 50 
19 186 34 

30 19 
0 541 
0 9 9  
034 0 
0 37 10 
90 352 

790 
!m 10 47 

14 97 
19 537 

9 18 

Vertical Circle 

0 , I, 

318 53 10.5 
41 11 33.5 
40 50 13.5 

319 10 52.5 
319 44 31 
40 13 18.5 
31 47 0 
rn 12 48.5 :m 57 9& 
31 3 23.5 
20 53 59.5 
339 6 57.5 
310 14 33.5 
49 41 46 

15 13 
329 044 
a1 I 15 
339 1 10.5 
2058% 
40 I1 32.5 

319 44 33 
46 17 50 

313 45 54 
332 54 429.5 
e7 3 36.5 
2540% 

334.15 I 
319 10 16.5 
40 51 41.5 

35544.20 
46 15 17.5 

313 51 1 
c 3 9 5  23 49 
34 37 45.: 
46 4 4.T 

314 I 14.2 
40 46 34.: 

319 10 31.: 
3% 53 43.: 
31 8 5: 
333 11 46.1 
m 50 44.; 
45 .io 24%: 

314 81 7 
41 7 4.; 

318 M 34 
m4a 2: 
292 9 33.F 
2% 32 3% 
91L16 r3.t 
3485434 
11 8 16 
44 44 27.: 

315 22 .53 
a88 53 IM 
31 10 18 

6 1l.E 

I ,, 
f 48.5 
L l  31 
io 17 
LO 48 
I4 b7.5 
13 3 
Uj 38.5 
I2 24 
i7 65  
3 G  
5.3 43 
6 $52.5 
14 12.5 
ll 41.5 
15 29.5 
0 39.5 
0 555 
I 8  

33 18 
I1 39 
24 12.5 
17 45 
45 29.5 
53 53.5 
2 59 

39 44.5 
14 22.5 
9 <% 

51 5.5 
.5 31.5 

53 46.5 
14 49.5 
50 41 
23 13.5 
37 5 
334 
0 47.5 
4558 
10 4 
52 53.5 
7 16.5 

10 36 
50 9.5 
4J 35.5 
90 9.5 
6 16.5 

49 39.5 
47 10 
8 59 

31 54 
.34 96.5 
5339.5 
7 12 
4 3 9  
el 47 
59 el 
8 17.5 

!I W14.9 E 17.0 
WlG.0 E 15.3 
3 17.0 N 15.0 
3 15.0 N 17.511 52 40 
E 10.2 W21.51' 2 

3 15.5 N 16.8 3 41 
Y 14.8 S lG.4 ! ! 16 41 

E 90.5 W 11.5 
9 16.0 S 16.3 

Y 12.5 S 19.0// 

il 3 i35 N if8 
5 15.0 N 16.3 
E 19.0 W 13.5 
E IG.0 W15.5 
E 16.0 W 1.~.51190 15 
N 15.5 S 17;O l l G  44 

5 17.8 N 14.51; 
N 19.0 s 13.3 I 
S 15.5 N 16.8 1 w iao E 14.4 I I 
w i5.e E i?iill 
E 18.8 W13.5 I 
E 16.5 W 16.0IIf20 15 
E 14.8 W 1G.2II 0 49 
E 16.5 W 14.0'1 
W 9.0 E 21.51! 
wi9.0 E iS.0 j 
S 13 N 18 I 
S 18.5 N 12.5 I 3 1 
N 17.4 S 13.311 17 11 

E 16.0 W14.9 I 
W 13.8 E 17.5'i 19 5% 
N 14.8 S 17.7d 17 1 

S 14.0 N 16.8:I 

N 91.5 S 11.9!/ 

E 15.6 Wlfrtll 
W%O E' 1kOlI 
W 16.2 E 1.5.6: 19 51 

N 15.0 S 17.5 

S iS.0 fi iiI5 j i XI 
S 16.3 N i5.0.o/i 17 10 
S 14.0 N 17.71; 

N 90.5 S 10.8 

Hw-W. 

m s  

+ 0 16.2 
t 0 22.0 

t 0 22.0 
t 0 245 

+- 0 24.5 
tO23.5 

+ 0 23.5 
f 0 31.51 

+ 0 31.5 + 0 31.5 

+ O S  + 0 36.c 

+ 0 .%.4 + 0 35.: 

+ 0 -36.5 

+ 0 x . 5  + 0 39.: 

+ 0 40.: + 0 40.5 

I) Watch aas. W. 3)  Ice somewhat unsteady during the first two observations. Ice in 
8) Firat microscope ass. 9' insteal of I O '  motion, level unsteady. 4) Star. ass. to the 8 Cass. 

3 
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= 
189c1 
- - 

Nov. ' E 13.0 W18.6 
E 12.8 Wl9.0 
W17.5 E 14.4 
E 17.5 W14.4 
N 17.0 S 17.6 
N 16.0 S 18.6 
W 16.0 E 19.0 
W173 E 17.6 
N 12.0 S 17.6 

W14.0 E 16.0 
W13.8 E 16.1 
E 14.0 W17.0 
E 16.0 W15.7 
W17.0 E 14.7 
N 16.0 S 15.7 

N iao s 11.5 

Nov. i 

h m  

91 90 
17 39 

4 54 
17 37 

7 43 
I 15 

Nov. 11 

Nov. 13 

Nov. 14 

Nov. I E  

Nov. 18 

Nov. l!) 

Nov.29 

Nov. 9& 

Nor. 97 

GEELMUYDEN. ASTRONOWCAL OBSERVATIONS. [NORW. POL. EIP. 

Star 

= 
Oc 
- - 

N 
S 
S 
N 
E 
W 
S 
N 
E 
W 
S 
N 
N 
S 
N 
W 
E 
E 
W 
E 
W 
W 
E 
N 
S 
W 
E 

S 
N 

E 
W 
Lv 
E 
W 
E 
S 
N 
S 
N 
W 
E 
W 
E 
S 
N 
W 

N 
E 
?? 
N 
S 

N S 

N S 

E S 

= 
Watch 

h m  a 
19 l9 46 

16 3 
19 eo 10 

93030 
4 035 

5 8  
4 11 43 

17 27.: 
7 4 m  

7 9 0  
7 10 15 

12 40 
1 31 54 
40 49 
440 
I 47 59 

61 3 
1 5 5  4 

58 41 
14042 

44 15 
1 53 12 

57 8 
9 0 4 7  

3 49 
1 21 54 

2527 
128442 
33 56 

0 52 M 
57 19 

I 4 1.5 
7 43 

I 11 49 
14 L5 

I 19 19 
2 2 8 '  

ll 18 1 
91 17 

11 24 24 
27 44.5 

2 2.70 
6 4 0  

2 957 
12 8 

0 .50 57 
5% 55 

0 57 53 
1 1 5 6  
0 30 17 
33 21 

0 37 13 
40 13 
I 42 47 

47 9 
1 53 *% 

57 34 

Vertical Circle 

0 ' "  

4651 4: 
314 12 72 
40 56 58: 

319 1 41L 
3% 3 91.: 
%I 59 48 
374846J 

329 733.1 

19 33 1% 
44 53 555 

315 5 41 
344 4 5 1  
16 7 4 5  
348 51 B 
318 60 26.5 
41 e 5% 

314 U. 42.5 
4!5 :a 19 
314 24 58.5 
45 36 59 

33615 0 
23 47 44.5 
40 32 31 

319 33 17.: 
318 GI 13 
41 1 51 
41 5 9 

319 2 35 
3x3 3; ri!! 
%j 81 3G.5 
3 3  57 w.5 
26 836 
40 33 56.5 

319 3 21.5 
4ii 39 31 

314 $23 15.5 
3% 31 10 
s w 5 6  
3; 7 24.5 

3% 51 30.5 
319 .54 :E# 
40 2 44.5 
31 46 1.5 
326 14 53 
3x5 57 45 
I 4 Mk5 
27 45 W.5 
3x2 11 43 
335 58 53.5 
24 3 3..i 
27 25 49.5 

33232 8 
3% 8 1.5 
31 55 92.5 
465356 
$14 I9 9 

320 31 ia: 

I I  

53 7f 
I1 13.: 
56 0.1 
0 46: 
1 53.: 

58 9L 
47 14.: 
5 5 3  
3096 
33 9J 
5 3 0  
4 %  
3 41 
6 3 4  

59 31 
59 6.5 
1 58.5 
2340 
3 6 5  
24%) 
35 442.5 
13 5'22 
46 9.8.: 
31 29 
.32 6.E 
59 &E 
0 40.5 
3 40 
120 

3 %  415 
20 33.5 
iti 6.5 
7 17.5 
i7 40 
8 5.5 
38 21.5 
a 1.5 
5 0 5  
B 26.5 
552. 
io 24.5 
334 
1 57 

L4 a 5 8  
13 57 
i6 44.5 
358 
cl: 39.5 
1 0  
8 17 
9 % )  
!4 58.5 
I1 98 
7 19 
d 40.5 
8 24.5 
.l 34.5 

= 
HI-W 

m a  

+ 0 40.: + 0 39.l 

+ 0 39.1 
+OW 

+om + 0 41.! 

+ 0 40.( 

+ 0 as.: + 0 39.: 

f 0 M.0 
f 0 47.0 

a 

+ 0 47.0 + 0 46.0 

4-046.5 + 0 51.5 

+ o 5 & t  
t o m  

+ 0 51.5 
+ O & O  

t066.6 
to55.8 

t o =  

1) Corn . Nov. 8 4) Corn . Nov. 10. 8) Comp. Nov. 14. 4) Camp. Nov. Si. s) Lev. 
S 14.01 (OEserver's remark). d m p .  Nov. %. 



RO. 0.1 

I* 

- 
Nov. %3 

Nov. 80 

Nov. 30 

Der 1 

D e c 3  

Der 4 

Dee. 6 

Dec 9 

Dfx. 11 

Dec. 14 

Dec. 17 

E 17.4 W13.5 

N 13.1 S 18.0 
W17.8 E 17.0 
W17.0 E 17.9 
N 17.0 S 17.5 
N 16.5 S 182 

s iao N iao 

3 16.1 N i a 4  
N iao s 16.5 
W17.6 E 17.4 
W16.8 E I R O  
E 181 W16.7 
E 17.5 W17.5 
W17.0 E 17.5 
E 17.5 W16.6 
5 14.0 N 19.5 

E 17.0 W16.0 
W19.0 E 14.7 

W18.0 E 16.5 
W16.6 E 173 
N 16.6 S 17.4 
N 17.0 S 16.9 
N 16.5 S 17.5 

N 18.3 S 17.0 
S 17.0 N 18.3 
W19.0 E 16.6 
W19.0 E 16.5 
S 15.6 N 19.0 
N 17.5 S 17.8 
E 17.5 W17.2, 
W16.0 E 18.8 
W16.3 E 185 
E 18.9 W16.51 

S 17.9 N 13.6 
W17.4 E 13.5 
W14.5 E 16.3 
N 15.0 S 15.9 
N 17.6 S 13.0 
E 17.6 W14.5 
E 16.8 W15.7 
N 16.0 S 16.7 
N 16.0 S 16.9 
E 15.6 W 17.5 
W17.1 E 16.0 

S 17.7 N 16.5 
E 185 W15.8 
E 16.8 W17.7 
N 16.0 S 188 

s iao N 15.7 

s 17.0 N 16.5 s 186 N 14.9 

N 16.9 s iao 

N 189 s is8 

s 16.0 N iao 

N iao s 17.0 

Shr 

3 9 
17 57 

3 29 

91 46 

18 0 
17 56 

9 35 
18 m 

B 31 
17 59 

I 
!B 0 

I I 

I 
I53 

18 96 

$21 39 
18 19 

I 0 5C 
o 31 

i IM 

a h i  

a b p h e i  

pbraconie 

z h i 3 8 a M a j  

a n ~ n r i v  

y fr- h j  

a "cae~. 
pbraconie 
y D m N s  
p Cephei 

a 'bersei 

t] 'brnmn;s 

y b- Mnj 

a 'Aurigae 

a t a u r i  

f? braconis 

y Pr- b4nj 

a 'Cephei 

a 'bemi 

t] braconis 

t] 'braconis 

y €J- b j  

dpella 

a "Pereei 

a 'Cephei 

9 h c o n i e  

a "Cepimi 

a P e m i  

a zeonis 
n 

ALTlTuDES bfEASURED WITH THE ALTAZIMUTHS. 

sc 
- - 

s 
N 
E 
W 
N 
s 
W 
E 
E 
W 
S 
N 
N 
s 
N 
N 
W 
E 
N 
s 
W 
E 
s 
N 
E 
W 
W 
E 
W 
E 
S 
N 
W 
E 
N 
S 
S 
N 
W 
E 
S 
N 
E 
W 
s 
N 
E 
W 
N 
s 
W 
E 
N 
s 
E 
W 

Wnt& 

h m  e 

1 e3 57 
27788 

1 31 I 
35 15 

9 1 3  9 
17 17 

9 9 1  4 
%I 18 

!I 437 
844 

!I 17 37 
a1 59 

11 39 34 
379.3 

E 345 e 811 
146 e sow 

5855 
19 53 4Q 

5 8 5  
i o 3 2  

7 18 
lo 10 59 

14 15 
io el z7 

98 14 
!I 80 w 
e540 

!I30 7 
3359 

1 1 5 8 3  
19 E9 

I % &  
98 31 

134 7 
3783 

# ) m a  
3 k 3  

t0 41 46 
48 10 

t059 E 
21 6 6 
0 18 18 a!%! 
0%45 
e955 

03344 
3 7 0  

049 4 
5954 

I O B  
5 a 9  

1 9 3 8  
13 37 

i s m  

Vertical Circle 

0 , u  

319 15 10 
m a 4 6  
%I 19 !34 
336 41 47.5 
393 44 17.5 
% e1 55.5 
3% 9 21.5 
W7 51 59.5 
311 9.4 19.5 
48 37 59.5 
35 19 I2 
mw84 
35a e 
3% 35 19 
3e3 53 37 
3P394a5.5 
344 37 35.5 
15 94 47 
39 55 10 
390 10 55 
33614 9.5 
83 46 zl.5 
33 59 143 
3% 57 10.5 
311 32 9.5 
4899345 
78 7 31.5 

e81 53 48 
3% 57 99 
3 3 4 3  
64h2B.5 
324 14 46 
3364492 
9317 7 
40m33 

319 46 P w a s 3  
332 629.5 
336 19 34.5 
23443 4 a 18 246 

3% 4 17 
311 Eo 39 
48 40 14.5 

810 93 46 
41 32 30 
93 19 176 
336 41 40.5 
333 19 12.5 
96 44 28.5 
336 47 38 
2313 5 
40 30 411 

319 27 441 
e78 l &  
01 !a rn 

I Y  

14 99 
49 19.5 
19 7 
41 18.5 
4890 
91 14 
896 

51 13 
2 3 1  
37 3 
I8 I 2  
36% 
31 10.5 
34 16 
51 99.5 
2331 
35 27.5 
9354 
5% 14.5 
9 3 8  

I 3 9  
45 B 5  
58 91.5 
56 11.5 
31 22.5 
e846 
6 3 5  
5 3 0  
56 14 e 55.5 
41 35 
13 30 
43 97.5 
16 3 
19 37.5 
4488 
4820 
5 19.5 

19 6.5 
41 47.5 
47 59.5 
346 

90 31 
3943 
2.3 15.5 
39 35.5 
18 47 
41 15.5 
18 40 
4354 
46& 
1% 94.5 
38 a 5  
96 51 
i l l  
5840 

W18.0 E i e8  / I h  
Hw-W. 

m s  

+ O X 5  
f 1 5.7 

f I 6.5 

f 1 6.0 

f 1 4.7 
f 1 5.5 

f I 4.7 
f 1 7.8 

+- I ao 
f I 7.3 

+- I 7.5 
f I 1.0 

+ 0 .59.5 + 0 56.5 

+ 0 56.: + o  2.9 

+ 0 3.c + 0 0.E 

+ 0 1.c 

1) Comp. Nor. 9. 8)  Corn: Dec 9. 8)  Observed for refraction. 4) Comp. Dee. 13 
The minnte-hand of the watch ba become loom the day before. 
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46 17 7.5 
3855% 

391 2 10.5 
313 46 43 
46 13 44.5 
S%e640 
8429946 

313 18 m 

I Y  

10 95 
4848 
15 9.5 
3755 
34 17.5 
37 58.5 
8239 
2658 
38 17.5 

81 e5 
8 8 7  
a1 38.5 
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4035 
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37 32 
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34 6.5 
b 15.5 
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23 m.5 
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55 38.5 
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46 e1 
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52 42.5 
15 52 
54 13 
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46% 
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f 0 5.0 
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+ 3 1 5 5  
+ o m  
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+ 0 8 G  

+088(1 
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1 Cirrostratus, stars difiicult to find. 9) Watch ass. W inatead of m. 3 Obserosr k, *) Watch 57m ass. by the observer. Watch probably et0 after tbe k- 
vation; gordahl Frried it in his fur pocket for some. 90 minutes .Am. 8) e br & a=: Sver 

second circle-reah 443' and Level S 17.0. I )  A dfierent wateb. 



- 
iesS 

Jan. ie 
Jan. 15 

Jan. 16 

Jm. 19 

Jan. 90 

Jan. 22 

Jan. 24 

Jan. Y 

Jan. I 

Jan. 8 

Feb. ! 

Feb. 1 

Feb. 

W17.7 E 19.61 
V 19.3 S 18.01 
Y 19.0 S 18.6 

= 
e. 
- - 

Q 
5 

b 
3 
; 
?4 

R 
; 
V 
Y 
5 
R 
N 
?i 
3 

5 
K 
E 
5 
N w 
E s 
N 
W 
E 
S 
N 
W 
E 
N 
S 
S 
N 
S 
N 
W 
E 
W 
E 
N 
S 
W 
E 
N 
S 
S 
N 
N 
S 

Y !I 

2 59 

h m  B 
0 57 43 
I 2 3 2  
42 455  

8 41 
42 12 53 

17 I1 
42 99 15 

26 31 
9 955 

12 e 
216 8 el 0 
137Z7 
4836 

I .55 30 
Q4450 

4839 
Q 53 33 

5555 
!l 0 19 

330 
lu 39 15 

Bo4837 
5349 

!OM 8 
3 5 3  

!O 39 51 
4448 

!O 37 31 
41 p8 

10 47 223 
552% 

Et43949 
59 31 

E3 755 
13 I 

I 442 81 
47 5% 

I5299 
57 19 

23 2 5 3  
7 10 

23 5 5 4  
9 4 0  

Z? 14 w) 
19 $7 

Z2 51 55 
5 5 %  

e 3 5 5  
10 56 

e1 49 39 
5 3 %  

SI 59 18 
39 9 %  

e m  

W17.4 E 18.81 
W186 E 17.71 
W16.4 E 14.5 

0 1 '  

Bl 8 15 
38 59 7.5 
319 9 48.5 
40 51 22.5 
3851 7 

321 4 35.5 
E76 41 19.5 
83 21 %3 

319 10 4.5 
40 51 5.5 
385825.5 

3!B 56 6.5 
309 53 26.5 
50 15 1.5 
40 45 97.5 

313 43 4.5 
46 17 45.5 
39 16 43 
3903932 
33 4.9 7.5 
3% 15 43 
513 44 !B.5 
46 16 30.5 
39 14 38 
3m 40 57 
313 46 38.5 
46 15 15 
38 53 45 
m6033 
314 2 4 
4!i58& 
38 60 29.5 

3205392 
390 13 21.: 
39 48 %.E 
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E 14.0 Wl6.8ll 

I1 
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- 0 0.5 
- 0 4.0 

- 0 4.2 
- 0 5.5 

- 0 10.5 
- 0 14.0 

- 0 14.0 
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- 0 0.5 

- 0 1.5 
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- o 7.a 
- 0 14.5 

- 0 it.( 
- o 185 

- o la: 
- 0 B.( 

- 0 %L 
- 0 w.: 

- 0 %.I 
- 0 35; 

') .Hw-W. ass. - Ie.0. 
Jan. I& 

atch ran down yestday. 

*) Comp Jan. 14. 9 Star as. e V i n i s  (observed for 
8) Cloudy, obs. nncertain, star and wire could not be seen at rehubon). 

7) Comp. Febr. 3. 
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Feb. 7 S 17.5 N 18.2 
S 17.4 N 18.4 
N 16.5 S 19.4 
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G E E W Y D E N .  ASTRONOMICAL OBSERVATIONS. [IPORW. POL. EXP. 
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1) Comp. Febr. 17. Watch regulated some days before. 3 Comp. Febr. B. 8 )  Comp. 
'3 Ass. 4(y for%& circlereading. ?%!$ Febr. at. 4) Comp. Febr. 26. 6)  Declining of the Sun just pen tible. Clear 8Ly. 

run down this afternoon before the observation. 
March 11. 



No. ALTITUDES MEASURED WITH THE ALTAZIMUTHS. 

= 
1 M  
- - 

Mar. 19 

Mar. 17 

Mar. 91 

Mar. 94 

Mar. R 

Mar. ?w 
Apr. 4 

Apr. 6 

Apr. 7 

Apr. 10 

Apr. 11 

Apr. 19 

Apr. 14 

Apr. 15 

Apr. 16 

Apr. 17 

Apr. 18 

Apr. 19 

Star 

r]  Ursae Ma; 
a 'kcygni 

r ]  b m  Ma; 

u 8rsee Maj 
a-Aurigaz 

u b- Maj 

a *Auriga? 

a 3- Maj 

a Lurigae 

a ir- Maj 

s&l u. L. 

sn"n U. L. 

S L  u. L. 

d n  U. L. 

Su"n U. L. 

sa u. L. 
s a  u. L. 

s:n u. L. 

S L  U. L. 

s a  u. L. 

s;n U. L. 

sn"n U. L. 

s a  u. L. 

&n U. L. 

d n  U. L. 

Su"" u. L. 

sn"n U. L. 

JU" iter Ct. 

n 

n 

n 

Oc. 
- - 

N 
S 
E 
W 
N 
S 
W 
W 
E 
S 
N 
W 
E 
S 
N 
W 
E 
S 
N 
W 
E 
S 
N 
W 
W 
E 
S 
N 
W 
E 
E 
W 
E 
E 
W 
N 
S 
S 
N 
W 
E 
S 
N 
W 
E 
S 
N 
S 
N 
W 
E 
E 
W 
N 
S 
W 
W 

Wateh 

h m  s 
814 9 
19 24 

8 1 4  
6 16 

813 6 
17 44 

890% 
10 9% 

13 7 
10 I6 -33 

21 a 
946% 
52 30 

955% 
59 16 

938 5.5 
41 5 

946 9 
5044 

9 24 49 
29 13 

3 14 35 
18 33 

2256 0 
e3 10 35 

16 5 
19 47 28 

5 3 2  
2.3 40 Xi 

46m 
22 40 19 
E3 318 

836 
B 59 44 
0 340 
32399 
2 7 6  

18 47 55 m i  
e327 
3445 

18 43 31 
4842 

2339055 
31.0 

3 51 52, 
58% 

19 245 
840 

B 90 10 
39 3.5 

B B m  
3 9 3  

418 9 
% %  

E32940 
m938 

Vertical Circle 

O l U  

39 18 245 
39051 3 
309 12 P5 
5046!%5 
38 35 39.5 

39133 I 
2964649 
338 14 %5 
21 47 45 
44. 36 56 
315 16 405 
*338 11 11.5 
21 XJ 17 
44 19 90 
315 36 7 
3 3 3 6 6  
21 54 32 
442755 
315 26 53 
338 4 125 
ei Tki -32 
8057 0 
278 57 m.5 
282 55 41 
282 57 8.5 

8 1  340.5 
78 51 

B3 16 Ti5 
76 44 13 
75 35 40.5 

284 3) 42.5 
752840 
75 29 7.5 
Isl. 29 53.5 si 53 58.5 
78 932 
28130 2 
78 90 
2235 27 18 
74 .33 2776 
m 439 
77 48 4-5 

9% 14 98.5 
73 46 19 

28946 3.5 
B3 8385 
76 42 47.5 

987 031 
72 60 3.5 
72 37 44 
e87 92 56.5 
ma744 
76 49 34 
289 416.5 
!@8 498.5 

n 3 s  

n 5 1.5 

, #  

17 27.5 
50 14 
11 11.5 
4549 
34 36.5 
31 57.5 
4539 
13 '23 
46 31 
35 51.5 
15 S.5 
10 25 
49 10 
18 31 
%4 51 
523 

5348 
Z7 14 
96 33 
3 37 
55 41.5 
56 21.5 
57 10.5 
54 59 
56 a 5  
2 27.5 
3 9.5 
49 e 3 0  
16 I25 
43 33 
34% 
30 22 
% 11 
9838 
2aW 
5398 
9 0.5 
9 20.5 
19 tB.5 
% 34.5 
32 41 
3 56.5 
48 1.5 
13 385 
4437 
4 7.5 
45% 
8 15 
42 m.5 
0 %Li 

59 31 
37% 
B 27 
2792 
e 7  
3 15 
350 

E 14.3 W 186 '20 21 
S 13.5 N 133 
N 14.0 S 13.0 %I 41 
S 13.3 N 15.4 20 37 
S 15.7 N 13.0 I 
S 15.7 N 1.221 
S 15.0 N i3.9,I 
W15.0 E 14.5'1 
s 11.0 N iaom1 

W 14.6 E 15.0'; 4 5 
E 15.6 W 16.0;, 18 32 
W 16.0 E 16.31'W 38 
S 17.0 N 15.0 I 

S 16.0 N 1.5.6!; 20 43 
E 15.9 W 16.0i: 18 .m I;: 16.1 Wi6.o;;G 38 
S 15.8 N 15.8ii 
S B.5 N 19.Ojl 

W16.0 E 16.1 11 
W16.9 E 15$:! 4 11 
WIG.O E 1.r 4:; I '  18 50 
E 13.8 W17.7 1 
S 15.6 h' 14.81; 

S 14.9 N 14.9!21 1 
S 155 N 13.9/1 

- 
Hw-W. 

m s  

- 140.3 
- 0 35.$ 

- 0 e 3 6 . 5  + 1 5.5 
+ 1 4.0 + 1 8.0 

+ 1 7.5 + 1 3.0 
+ I 0.5 + 0 46.5 + 0 41.3 + 0 18.0 + 0 13.5 + 0 16.5 

+ 0 24.5 

+OH322 + 0 B.0 

+ 0 27.0 
+ O X 5  + 0 25.8 

+ 0 27.0 + 0 27.5 + 0 27.5 

f 0 27.2 + 0 28.0 

+ 0 9.3 
+Om8 

+0!28.4 + o x o  

ass. to be b Cy i 4 Comp. March 90; waeh run d m  esterday. 8)  Comg 
4) Comp. M I U ~ ~ .  3 Cloudy, got onl a g b p s e  of 0)  Comp. April 

Comp. Apnl 8. Watch regula several times &ring these days. 9 Greatest althde. 
Comp. April IS. 19) O b m e r  Sverdrup. 



24 

1896 

Apr. 19 
Apr. e0 

Apr. 21 

Apr. 22 

Apr. 24 

Apr. 25 

Apr. 26 
Apr. 27 

Apr. 98 

Apr. El 

Apr. .70 

May I 

May 4 

May 5 
May G 

May E 

May 9 

May IO 

May 13 

S 14.4 N 14.4 
W13.4 E 15.3 
W14.8 E 13.9 
S 14.5 N 13.5, 

S 14.0 N 13.0 
S 13.0 N 14.0 
W14.5 E 1381 
S 13.5 N 13.5 
S 13.2 N 14.0 
E 12.8 W14.6 
W14.2 E 13.0 
S 12.4 N 14.9 
S Bt3 N 14.5 
S 18.0 N 8.4 
S 16.6 N 9.6 

s 148 N a2 

GEELMlfYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. W L .  m. 

6 15 
PI  0 

!a 58 
I 
3 33 

! 

5 11 

!$!O 59 

Star 

S 13.0 N l3.0.'21 
N 15.0 S 15.01 
N 150 S 15.1 
S 14.3 N 14.3 
S 14.2 N 14.8 
W14.8 E 14.5 
W14.5 E 15.0 
N 13.9 S 17.3, 
N 19.5 S 11.5 
S 13.5 N 14.0 
S 14.0 N 13.7 
W14.8 E 15.9 
W15.0 E 15.0 
S 14.8 N 14.2; 

Sun U. L. 
Sun U. L. 
su"n U. L. 
SCn U. L. 

su"n U. L. 
Moon U. L. 
Moon U. L. 
Sur1 u. L. 
s{n IU. L.] 

Su"l1 u. L. 

s& U. L. 

S ln  IJ. L. 

SCn U. L. 

sin U. L. 
Sun U. L. 

SCn U. L. 

SCn U. L. 

SCn U. L. 

s;n U. L. 

SGn U. L. 

S L  u. L. 

s i n  U. L. 

s i n  U. L. 

s i n  U. L. 

SA U. L. 

Sur1 I!. L. 
Sun U. L. 

s;u u. L. 

Si" u. L. 

SCn U. L. 

s i n  U. L. 
* 

2 

5 39 

e 

Oc. 
- - 

E 
N 
S 
W 
E 
E 
W 
N 
W 
W 
N 
S 
S 
N w 
E w 
E 
E 
W 
N 
S 
E 
E 
W 
E 
W 
N 
S 
E 
W 
W 
E 
N 
S w 
E 
N 
S 
W 
E 
S 
N 
W 
E 
W 
N 
S 
W 
E 
S 
N 
p: 
E 
W 
E 

wii.0 E i i i  
S 13.3 N 15.7 
S 15.0 N 14.0 
Wll.9 E 17.6 
W15.0 E 14.4 
S 14.2 N 138 
S 14.0 N 14.0 
S 15.5 N 13.0 
E 188 W 1 U  
E 13.5 Wi2.9 

Watch 

4 56 
21 8 

4 47 
6 8 

21 5 

0 46 
21 9 

h m  s 

9133428 
5 10 58 

14 % 
9.3 40 36.5 

47 5 
23 51 47 

58 48 
3 53 38 
3 57 93.5 
4 36 10.5 
4 41 92 
4554 

19 3 5 8  
9 .FA 

23 48 15 
56 :5 

9343 0 
532.3 

23 55 15 
0 0 0  
5 22 3.i 

5 8 0  
2.3 35 C l l .  

I1 43 18 
4 9 6  

23 18 e7 
l258 

4 51 55.5 
59 37 

11 44 18 
4 8  15 

6 2 3  46 25 
52 10 

4 46 13 
49 57 

23 54 37 
58w 

4 4 3  8 
47 w 

B 57 3.5 
0 1 1 2  
4.58 9 
5 2 1 3  

234658 
52 (3 

0 12 52 
19 25 62 

2932 
23 50 17 

55 43 
19 18 5 

29 391 
2334615 

54 .0  
0 99% 

12 10 

S 12.5 N 13.01 

Vertical Circle 

SI 7 

0 I I, 

71 55 8 5  
289 51 35.5 
74 14 9.5 

2882243 
71 37 46 
71 W, 49 

20% 39 14.5 
28530% 
2% 4.5 13  
$2337 29 42 

22 51 
75 44 18 

?a3535485 
74 15 w, 

2855 29 16 
70 30 47 
289 47 435 
70 12 52.5 
69 .% 9.4 

290 5 26.6.5 
2.84 5ti 23 
75 12 1:: 
fi9 a5 18 

279 11 4 
80 48 41 
69 14 15 

290 47 25 
2% 19 14 
73 50 43.5 
a79 96 16 
80 34 14.5 

991 7 8 5  
68 5.3 8.5 
286 45 M.5 
73 19 .56 

291 L5 33 
68 14 .M..i 

28lB50 
74 37 41 

292 59 10.5 
67 133.5 
71 42 14.5 
2€?8 12 !a 
%3 18 541 
66 41 52 

B 3 4 0  0 
69 45 27 

290 21 41.5 
294 15 14.5 
65 45 7.5 

290 38 44.5 
69 14 40.5 

294 31 44 
6.5 23 18.5 

!B4 59 51.5 
65 2 14.5 

S 13 N 188 
S 125 N 13 
S 6.6 N 16.6 
S 14 N 9.5 

, u  

54 47 
51 16.5 
1 3  37 
2 2 7  
36 58.5 
20 19.5 
38 36.5 
3327 
4446 
2 9 2  
22 18.5 
43 41.5 
35 15 
14 525 
2853 
30 45.5 
47 6 
12 4.5 
53 57.5 
4 5 5  

.% 50.5 
11 50 
34 lr', 
10 48.7 
4822 
13 7 
4549 
18 46.5 
50 18 
25 33 
33 34.5 
6 91.5 

52 4!2 
45 22 
19 27 
44 L3 
14 19.5 
28 15 
.% M 
58 48.5 
1 W  

41 42.5 
I1 47.5 
18 2 
41 16.5 
39% 
4448 
21 11.5 
14 55 
44 48.5 
38 33.5 
14 15 
32 13 

59 17 
I 4 9  

B 185 
41 0 

- 
II 

S 13.4 N 13.51 21 8 
S 13.5 N 13.5i 
S 14.2 N 12.81121 0 
S 13.4 N 13.6" 
Wv120 E lfL5II 

S 14.5 N 14.2'1 
W14.O E 14-01 

E 13.6 W13.4 
E 14.5 Wi&O ,SI 1 

Hn-W. 

m s  

+ o a o  + 0 35.0 

+ 0 35.0 

+ 0 34.5 

+ O M  

+ o m  

+ 0 41.0 

+ 0 & 7  

+ 0 43.0 + 0 40.8 

+04%0 

+ 0 61.5 
+055.0 

+ 0 M.0 + 0 56.9 + 0 m.6 
-19 46.0 

+ I  3.8 
+ I  3.5 

+ I ea 

+ I  5rs 

1) Circle ass. 770. 9) Observer Sverdrup. 
5) Level ass. E for S and W for N. 

E) Level ass. N 13.8 4) A m  m. to & d e -  
8)  Watch aieo noted M 9gh me. 

9) bbserver S v e r k p ;  :%e eSleeW8kh.S 

reading - IO. 
was absent on a tri southwards on the ice. 
usual. 10) Gmp. &y 12. 

1) Watch ass. E m .  8 )  Observer Sverdrup. Durin the days A nl 80 e Soott.BYlrsn 



NO. ALTITUDES MEASURED WITH THE ALTAZIMUTHS. 

Wl2.0 E 13.51 
E 16.0 W 11.0' 
E 13.5 Wl9.6 
N 14.0 S 11.0 
S 12.6 N 12.4 
S 8.2 N 18.0 
S 13.5 N 12.7 
S 19.5 N 13.01 
S '3.0 N 16.51 

25 

5 31 
18 56 
20 59 

21 I 
91 2 

20 59 

1896 

May 13 

May 15 

May 17 

May 18 

May 19 

May 99 

h Y B  

May 94 

May 97 

May 28 
June 9, 

June 3 

June 6 

Aug. 7 

+ I 5.2 + 0 59.7 + 0 59.0 

Star 

sun u. L 
s l n  U. L. 

s;Jn U. L. 

s i n  U. L. 

S l L  u. L. 

S L  u. L. 

SIL  u. L. 

SlL u. L. 

s l n  U. L. 

S L  u. L. 

s i n  U. L. 
Sun U. L. 

s l n  U. L. 
Sun U. L. 

s l n  U. L. 
Sun U. L. 

SIL  u. L'; 
s i n  U. L. 

. n  

.Sun U. L.] 

sun u. L. 

n 

l) 

- - 
Oc. 
- - 

N 
S 
S 
N 
E 
W 
W 
E 
E 
W 
N 
S 
E 
W 
W 
E 
S 
N 
W 
S 
N 
S 
N 
E 
E 
W 
W 
E 
W 
N 
N 
S 
S 
N 
S 
N 

+ 1 14.5 

+ I 16.7 + 1 13.0 

Watch 

h m  s 

5 16 19 
920 11 

19 15 47 
21 41.5 

B a 6 W  
4330 

9344 5 
48 15 

234635 
51 10 

6 1 5  
440 

9258 5 
933 315 
933945 

4450 
19 17 41 

23 B.5  
0 16 55 
5 850 

13 9.5 
19 18 5 

!E2223 
!B 35 

118  3 
28.26 

23 53 I5 
I 15 37 
IS 59 

539 A5 
73353 

37 47 
19 93 44 

2a 55.5 
17 14 39 

18 93 

4) 

6 )  

.- 

Vertical Circle 

- 0 90.5 
- 0 $22.5 + 0 15.5 + 0 14.5 

O t U  

289 32 14.5 
70 34 46 

291 53 53 
67 57 B.5 
6411 5 

295 49 5.2.5 
296 13 3.5 
63 48 10.5 
&3 34 14 

296 9% 38.5 
%I 23 25.5 
68 42 53 
6 3 4 7  
9% 57 eB.5 
997 3 34.5 
62 56 59 

%#3 33 31 
66 18 rfi 

!B7 6 5 4  
68 245 

291 51 18 
2% 15 9.5 
65 38 6.5 
61 52 54.5 
61 21 9 

298 31 32.5 
m 94 325 
61 7 I1 

29850 0 
29244 7 
B39 31 39.5 
70 34 11.5 

295 52 49 
63 .W 17.5 

884. 46 9.5 
75 352 8) 

-_ 
8 4 3  

31 42.5 
34 le 
53 17 
57 0.5 
10 50 
49 22 
18 18.5 
47 28 
3330 
9543 
2240 
42 10.5 
335 

5653 
3 5  

5620 
32 5.2 
18 17.5 
6 10.5 
I 24.5 

51 1 
15 0 
37 43.5 
52 38.5 
so 57 
31 18 
24 1 4 5  
6 515 

49 49 
43 44.5 
31 31 
3352 
M 92.5 
67 .50 
46 49 
336 

Level :Watct I 

W16.1 E 8.1 

S 11.9 N 9.5 
S 8.4 N 13.0 

Hw-W. Rem. 
-- 

S I  
+ O X 5  2) + I 0.5 1 
+ 1 0.5 

+ I 1.0 + I 9.5 

I + 1 13.0 

+ 0 48.0 6 )  
-- 0 4.5 I 7) 

1) Cirro-stratus; limb not sharp. 4 )  The funnel raieed, 
6) Watch rarried in the pocket during 

8) a a t r h  hung in the cabin during blasting in the ice about noon. ?) Watch 
down the day before. 8) Comp. Aug. 9. Level somewhat unsteady. Cloudy soon after. 

2) Corn . b y  16. 3) Cloncly. 
and the rudder hun in its pit, ready for the [inges. 
much activity. 
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o 1 

345330 
59 40 

35 6 1 0  

B. Observations with the Sextant. 

i i l h m  
231 

20% 

Observer: Lieutenant Scott-Hamen, when not otherwise stated. 

3858451 
1920 

The date is astronomical and the hours are counted from the same noon as in list A, 
except for the meridian-altitudes of the Sun, where “Noon” or “Midnight” are local, in which 
case the date of local noon, when different from that of the clock, is enclosed in brackets. 

U. L. and L. L. sign;fs upper and lower limb. 
The column “Hor.” either gives the height of the eye (in metres) when the natural horizon 

was used, or indicates the kind of artificial horizon (mercury, glass, tar, water) when double 
altitudes were measured. In the case of a glass-horizon the level reading is added in the 
column of Remarks. 

The index error was only rarely determined in the beginning (1893, August and September, 
l&, February 18, April 17 and July 23) but aRer 1895, February 5, very frequently. 

The comparisons between the chronometer Hohwa and the observer’s watch are either 
taken from the journal of observations, when there noted, or from the journal of daily comparisons. 

What is here called a mile is, in the original, after the custom of our sailors, called a 
quarter mile, and means 1‘ of great circle. 

0 ; 1 3 4  

- 
1893 

July 22 

July (24 
July 24 

July (W 
July 26 
July 27 

Aug. 5 

Aug. G 

Ang. 9 

Aug. 11 

Aug. (12) 
Aug. 11 

23 $24 15 
34 10 
41 46 

3 5 1 4 5  

Star 

- 

Srin L L. 

3010451  

Sun L. L. 
Sun L. L. 

7 2 0 / % ‘ @  

n w  

Sun L. L. 
Sun L. L. 
Sun U. L. 

sun u. L. 

SUI1 L. L. 

sun u. L. 

Sun L. L. 

d n  L L. 
n 

Sun L. L. 
Sun L. L. 

= 
Hor. 
- - 
met. 
3.5 

4.5 
4.9 

3.5 

4.5 
3.5 

Merc 

k c .  

h c .  

aerc  

3.6 

3.6 
3.6 
4. e 

4.9 
4.8 

Watch 

h m  s 
!?il %i 8.5 

97 105 
5B 15 

Noon 
16 26 35 

27 4 
2746 

19 6 39.5 
8 3 8  

10 88 
Noon 

18 I9 30.5 
18 21 32 
I 10 
9735 

!E2 19 58 
$22 18 

15 31 11 
3992 
3422 
37 18 

20 43 14.5 
44 9 . 5  
&iN 

16 9416 
11 15 
13 1 

2 0 6 0  
18 94 35 
19 18 48 

%I44 
I 14 

Noon 
$1 56 57.6 

.% 38.0 

69 11 
69 23 10 
683om 

17 40 
42 ZO ii 

3 2 0  
5 3 5  

43% 4 

- 
21 12 

Hw-W. 

m s  
- 43 49.6 

- 43 47.9 

- 43 45.3 

- 43 43.9 

- 0 41.4 

- o m  
- 033.9 

- 035 

- 0 35.5 

- 0 31.5 

- 0 29.5 

Remarks 

Index correction - !2’ 5”. 
assumed after concor- 
dant determinations in 
August and September. 

Observer Sverdrup. 

[Assumed + lo’]. 

[Ship stopped for fog]. 

[Aug. 6-9 the ship was 
fastened to an ice-floe 
aground off the west 
coast of Yalrnal]. 

A t  BB& 

Bad image. 



OBSERVATIONS WITH THE SEXTANT. 27 NO. 6.1 

= 
1893 

Aug. 18 

Aug. 14 

Aug. 15 
Aug. 16 

Aug. 17 

Aug. (18) 
Aug. 18 

Aug. (19) 
Aug. 19 

Aug. (a) 
Aug. 90 

Aug. (21) 
Aug. 24 

Aug. 95 

Star 

sun L. L. 

sun L. L. 

sun L. L. 

sun L. L. 
sun L. L. 

sun L. L. 

snn L. L. 
Sun L. L. 

Sun L. L. 
sun L. L. 

sun L. L. 

sun L. L. 
sun L. L. 
Sun L. L. 

sun L. L. 

sun L. L. 
sun L. L. 
sun L. L. 

Sun L. L. 
sun L. L. 

sun L. L. 

= 
Hor. 
- - 
met. 
42 

4.5 

3.6 

3.6 
4.5 

4.5 

4.4 

4.4 
3.6 

3.6 
3.6 

3.6 

3.6 
3.6 

4.2 

4.2 
3.6 
3.6 

3.6 
4.9 

4.9 

Watch 

h m  B 

1 39 51 
33 59.5 
35 5.5 

17 0 40.5 
e 19 
3 3 0  

%l a7 15.5 
9950 
3 0 5  

16 32 9% 
16 32 32 

34 37 
1 6 M  7 

5052 
51 53 

0 39 7.5 
3950 
4034 
41 5 

0 59 15 
15 1 3 9  

13 4+3 
15 2 

Noon 
13939 
4039 
42 11 
4 4 6  
4 5 0  
4554 

15 18 %5 
9055 
2244 

16 44 55 
52 35 

Noon 
05848 

59 46 
1 0 3 7  

138 
9 3 6  
3 .37 

14 19 38 
21 8 
2 2 7  
5339 
% 5  

14 lk2 55 
Noon 

1 3 5 0  
5 11 
6 7  
7 15 
755 

Noon 

59 9 
B l 5  
0 8 6 2 9  
37% 
38% 

ei 57 a5 

Sextent 

0 1 I, 

16 18 55 
13 0 
8 5  

94 16 13 
91 8 
85 10 

29 3 5 0  
2 2 0  
1 10 

2325 0 
932330 

B O  
2.4 850 

13 30 
16 !40 

15 48 B 
46 10 
4340 
41 15 

1439 0 
19% 0 

2630 
31 5 

28 24 10 
11 16 50 

11 30 
540 

10 57 15 
5540 
5 8 0  

e o 5 0  
13 15 
2030 

9A. 52 
95 15 
B38 0 
13 14 25 

10 25 
7 0  
245  

12 53 35 
5435 

16 18 10 
2340 
95’ 15 
3 3 0  
3846 

17 46 
%7 14 35 
1148 0 

37 30 
34 10 
2920 
a730 m 910 

m 4 7  0 
41 20 
3530 

l l &  0 
3845 
3540 

Hw-W. 

m a  
- 0 29.0 

- 096.5 

- 0 25.4 
- 0 23.3 

- O B 5  

- 0 21.8 

- 0 21.2 

- 0 20.2 

- 0 19.5 

- 0 18.4 

- 0 13.8 

+ 0 3.4 

Remarks 

Comparison Aug. 12 

Watch %+? [Adopted]. 

Bad image. 

Horizon dist. ea. 2 miles. 
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Star 

sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

sun L. L. 
sun L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 
sun L. L. 

S U I 1  L. L. 

Sun L. L. 

Sun L. L. 
sun L. L. 

sun L. L. 

- - 
Hor. 
- - 
met. 
3.6 

3.6 
3.6 

4.9 

3.6 

3.6 
4.8 

3.6 

Merc. 
3.6 

8.6 
3.6 
3.6 

3.6 
3.5 

Merc. 

Merc. 

4.2 
3.6 

? 

Watch 

h m  s 
14 46 54 

47 48 
49 0 

16 13 57 
1956 e 

57 59 
59 9 

0 31 41 
3938 
3335 
3436 
3 5 7  

14 10 585 
12 6 
13 17.5 
14 0.5 
14 59 

Noon 
21 14 16 

15 8 
16 14 
17 16 
18 47 

23 47 34 
48 ks5 
4?3@ 
5035 
51 31 
52 19 
53 10 

15 23 91.5 
16 0 14 

123.5 
8 13 

18 12 55 
Noon 

14 11 36 
12 53 
13 50 

18 15 95 
22 37 3&5 

a853 
39 41 
4049 
41 34 
42 96 

14 57 4?3 
59 16 

15 0 14 
0 5 8  
140 

17 53 
18 829 

Noon 
1842 6 
4323 
44 1.5 
44 47.5 
4538 

994855 
4 5 8  
45 .% 

Sextant 

0 1 I, 

16 50 45 
57 10 

17 0 5 0  
21 19 lo 
9 4 5 5  

340 
120 

10 57 9% 
5340 
5 0 0  
4635 
4840 

15 9 10 
13 10 
17 i i  
19 35 
9 5  

E24450 
19 57 %5 

5ii 35 
5225 
.50 5 
4690 

11 13 a0 
9 5 0  
6 15 
3 .?o 
0 %  

10 57 40 
5 5 5  

34% 
1743 0 

45 a 
4640 

90 15 3F, 
2 0 9 2 2 0  
12 47 30 

50 10 
5920 

19 19 30 
io 25 3o 

a1 5 
18 15 
14 15 
11 50 
9 10 

294850 
56 10 

30 030 
435 
825 

3746 0 
43 20 

18 ii % 
17 .50 0 
4850 
4820 
47 35 Si io 
84Qa 

- - 
?ateh 
- - 
h m  

10 13 

2w 

14 30 

M 12 

t3 57 
- 

L6 4 
19 18 

18 20 

E? 47 

15 9 

19 17 

Bo53 

Hw-W. 

m s  

+ 0 6.4 

+ 0 7.0 

+ 0 8.1 

+ 0 13.0 

+ 0 13.2 + 0 31.0 

+ 0 12.6 + 0 13.6 

+ 0 8.5 

+ 0 9.0 

+ 0 9.8 

+ 0 10.7 

+ 0 12.0 

Remarks 

Bad image, foggy. 

Watch 56m? [Rej.]. 

Bad horizon. 
[Assumed 1801. 

[The obs. of Sep. 1, taken 
when at anchor near 
Cape Laptev, was ori- 
ginally rejected in ex- 
pectation of a better 
one; the date, which 
was not noted, has 
been inferred from the 
clock-comp.]. 

Hor. did. ca. */ mile. 
[At anchor in & o h  Ar- 
Hor. dist. ca. mile. 
Hor: dist. ca. mile. 
Ice in horizon. 

cher’s Harbour]. 

[Ship fastened to the ice 
in v. Toll’s Bay]. 

[Height of eye a m  3.6). 



NO. 

w 

1893 

Sep. 8 

sep. 9 

SeP. (10) 
sep. I 1  

SeP. (1% 
Sep. 13 

Sep. 14 

Sep. 15 

SeP. (16) 
Sep. 16 

Sep. 17 

Sep. 18 

Star 

Sun L. L. 

lupiter L. L 
sun L. L. 

Sun L. L.] 
S u n  L. L. 

3un L. .L. 
sun L. L. 

Sun L. L. 

sun L. L. 

Sun L. L. 

sun L. L. 

sun L. L. 

sun L. L. 
Sun L. L. 
sun L. L. 
Sun L. L. 

sun L. L. 
sun L L 
sun L. L. 

Polaris 
sun L L. 

sun L. L. 

OBSERVATIONS WITH THE SEXTANT. 

- - 
Hor. 

met. 
__ - 

9.3 
3.6 

2.3 
3.6 

4.5 
2.3 

5.9 

8.7 

4.5 

3.8 
3.8 

3.8 

3.8 
? 
3.8 
3.8 

3.8 
4 6  
4.5 

3.8 
3.8 

3.8 

Watch 

h m  s 
$22 46 41 

47 I9  
47 46 

23 17 15 
848 7 

14 8 59.5 
10 6.5 
I 1  9 

14 24 16 
Noon 

14 97 54 
2950 
%I53 
3043 
31 2% 
352 I1  

14 44 32 
Noon 

12 17 38.5 
1 5 5  

I 2  39 20 
4027 

183720? 
3 8 3  
38371 
40 4.5 
41 3.5 
42 9.0 

21 46 3.5 
47 2.5 
4838 

22 030 
17 49 M.5 
18 17 34 

18 42 
19 30 
20% 

I& 48 43.5 
49 34 
5046 
5630 

16 7 4 6  
Noon 

13 35 31 
13 54 90 

5 5 5  
5554  
57 7 
57 45 

14 11 0 
1548 6 
19 85 34.5 
19 17 49 

18 35 
19 23 
90 18 
2053 

0 16 46 
15 51 47 

5344 
6460 

19 6 9  

= 
Sextant 

O l U  

8 31 10 
41945 
B O  

6 51 
3038 0 
12 13 30 

16 50 
19 30 

19 52 45 
17 830 
14 46 40 

4835 
5050 
5 3 5  
5445 
5630 

15 2.4 50 
17 58 5 
8 14 20 
400 

9 3 6 5 0  
41 10 

17 46 25 
4 5 0  
4 4 0  
41 0 
3935 
37 25 

8 355 
7 59 40 

53m 
7 6 0  

18 20 40 
17 41 40 

3930 
3830 
365a 

11 14 6 

40311 
17 58 55 

14 835 
14 591 30 

5345 
5535 
5 8 5  
5940 

1593 (I 
17 11 95 
11 9 a 
10 18 35 

15 50 
is 5% 
10 00 
8 15 

15 14 0 

13 0 
9 9 0  5 

17 a 
ii a 

18 i a 

75 ai io 

ia s 

- - 
Vfltcl 

h m  
- - 

1 w  

9 %  

!os 

14 48 

14 14 

a 11 

El 5( 

13 1; 

14 1 

19 at 

19 37 

16 0 

Hw-W. 

m s  

+ 0 125 

+ 0 14.8 

+ 0 18.0 

+ 0 8.2 

+ 0 11.3 

+ 0 11.8 

+ 0 15.2 

+ 0 16.3 

+ 0 17.5 

+ 0 18.5 

+ 0 183 

+ 0 193 

Remarks 

Hor. dist. 4 miles. 

Ice in horizon. 

Index corr. - 2' 5". 

Uncertain horizon. 

Index con. - $' 5". 

,Good obs. 



30 - 
1893 

sep. 18 

S P .  (W 
sep. 19 

sep. 21 

S P .  (W 
sep. 21 

S P .  (244.) 
sep. 9.4 
S P .  (a) 
sep. % 
sep. 26 

sep. 28 

Oct. e 

Oct. (5) 

Nov. 24 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

star 

Sun L. L. 

Sun L. L. 
Sun L L. 

Jupiter 

Polaris 
sun L. L. 

Sun L. L. 

sun L. L. 
sun L. L. 

Sun L. L. 
Sun L. L. 
Jupiter L. L 
sun L. L. 
Sun L. L. 
Jupiter L. I. 

Sun L. L. 

Sun L. L. 

Jupiter 

Sun L. L. 
Pollux 

Moon L. L. 

Moon and 
Pollux dis- 
m c e s  (in- 
uer limb) 
Moon L. L. 

Pollux 

a cygni 

a Lyre 

= 
Hor. 

met. 
_- __ 

3.8 
3.8 

4.5 

4.5 
3.8 

4.5 

4.5 
3.8 

3.8 
;lass 
kferc. 

n 
n 
n 

;lass 

9.0 

;lass 
n 

11.5 

rlerc. 
n 
n 
n 
n 
n 

derc. 
n 
n 
n 
n 
n 
n 
n 
n 

Watch 

h m  s 
19 7 7 

7 47 
17 95 

Noon 
19 27 47 
9 4 0  
2958 
31 4 
4334 

0 46 10 
48 12 
49 16 

I O 9 9  
12 3 %  

4 47 
534 

12 48 
13 41 18 
42 21 
4340 

Noon 
19 11 43 

12 32 
13 I1 

19 58 18 
Noon 

2 24 8.5 
Noon 

15 56 90 
I 51 6.5 

52 41 
54 3.5 

16 10 33 
I1 40 
12 55 

16 e4 31 

1 15 21.5 
19344.  
34 9.5 

Noon 

eo 30 6.5 
39 23.7 
3 5 1  

20 43 46.5 
47 27 
5 0 0  

21 3 0 
7 19.3 
it a 5  

21 17 48 
21 97.5 
23 33.7 

e139 9 
43 9.5 
47 4-5.5 

21 51 51.5 
55 6.7 
57 50 

Sextent 

0 1 0  

998311 
8630 

8 57 %I 

6 53 10 
5045 
47 30 
4-50 

6 10 30 
16 19 45 

2420 w45 
79 20 46 
6 41 35 
4435 
4 6 5  

7 245 
95050 

52 35 
54 15 

11 19 55 
6 57 20 

55 15 
5340 

5 130 
205655 
42 47 30 
19 26 50 
19 23 50 
40 19 40 

9,8820 
36 10 

1639 0 
37 30 
3630 

8 950 

04 110 
41 36 20 
42 150 

6 Q 55 

40w 5 
3 3 5  
4240 

41 55 15 
44 I1 50 

5 5 0  
21 50 
19 25 
15 5 

444435 
4 5 2 0  

15 0 
482345 

4030 
5845 

8536 0 
16 50 
I 10 

13 7.5 

- - 
Qatck 
- - 
h m  

19 91 

19 47 

1 7  

12 18 

13 48 

NOM 

2 41 

16 0 

2 2  
13 19 

IG 31 

14.5 

19 52 

B 18 

Hw-W. 

m s  

+ 0 19.8 

+ 022.5 

+ 0 95.6 

+ 0 26.0 

+ 0 N.0 

+ 027.8 

+ 0 42.0 

+ 0 52.7 

+ 0 s55.0 + I 5.8 

+ 1 6.3 

+ 1 15.5 

+ 7 23.3 

+ 7 24.0 

Remarks 

Hor. c8. 4 miles off. 

Level S 11.6 N 11.4. 

Level S 433 N 425. 
Ice- horimu, not a good 
obs. 

corr. - 2' 0". 
Ice horizon, somewhat 

uneven. 

bined]. 
[Castor and Pollux com- 

[Must be Castor]. 



NO. (.I - 
189 

Nov. 27 

Dec. 9: 

1894 
Jan. 90 
Feb. 15 
Feb. 17 
Feb. 18 

Mar. (8) 
Mer. 7 
Mar. (9) 
Mar. 18) 
Mar. 1%) 
Mar. (27 
Mor. (28 

Mar. (31 
Mar. 30 

Apr. c q  
Apr. 

APr. (3) 

Apr. (4) 

Apr. 3 

Apr. 3 

Apr. 8 

APr. 
Apr. 

Star 

L Cygni 
DL Aurige 

Ju iter 
a Eyre 

Moon U. L 
Jupiter 
Jupiter 
Jupiter 

Sun L. L. 
Vega 
sun L. L. 
sun L. L. 
s u n  L. L. 
sun L. L. 
Sun L. 1,. 
sun L. L. 
sun L. L. 
Sun L. L. 

s u u  L. L. 
Sun L. L. 

s u n  L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 
sun L. L. 

OBSERVATIONS WITH THE SEXTANT. 31 

- - 
ior. 
- - 
net. 
lerc. 

n 

derc. 
n 

derc. 
;lass 
;lass 
;lass 

5.0 
derc. 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.2 

5.0 
5.2 

5.0 
? 

5.0 
5.0 

bferc. 

5.0 
5.2 

Watch 

h m  s 
Meridian 
20 923 59 

3 2 s  
33 46.2 
3532 
37 11 
56 54.5 
59 6.5 

21 1 5.0 
Meridian 
2 45 51.5 
4934 
51 7.2 
52 47 
54 49.5 
57 9.5 

2 39 
Meridian 
Meridian 
2 7 7  
850 
10 41.5 

Noon 

Noon 
Noon 
Noon 
Noon 
Noon 
Noon 
Noon 

19 23 9% 
95 1% 
27 0 
9830 
30 23.5 

Noon 
20 033 

2 5  
32.3 
4 59.5 
7 4.5 

Noon 
13 56 53.5 
14 1 9 9  

5 31 
Noon 

17 21 125 
2530 
3040 

19 16 40 
19 14 
911 36.5 
9 4 0  
% 45.3 

Noon 
19 6 48.3 

7 a 5  
8 p5.5 

18 51 
15 10.4 

- ___- 

2322 

Sextant A 7 
12 3& 35 
31 30 40 
47 0 
55 15 

% 335 
11 45 

335535 
4 L 7 0  

15 55 
5821 0 
79 9 0 
78 51 51 
4040 
36 10 
24 10 
15 10 

74 .53 
55 38 15 
5 4 4 5 0  
lo 49 10 

4055 
31 35 

5 19 
57 3 
5 46.6 
990 
10 5% 
1224 5 
19: 48 
13 29 t 7 0  
13 56 
94530 

43 0 
37 50 
3430 
31 0 

14 34 30 
9 640 

9145 
8 59 35 

5630 
51 10 

15 1 3 0  
14%) 0 

2.50  
2940 

15 40 
14 29 40 

% O  
a 0  

140 0 
5 0 0  w o o  
10 0 
m o  

17 I 1  
13 D 30 
93730 
8 8 0  

13 16 50 
le 80 

- - 
7atch 
- - 
h m  
8x3 

!I 33 

3 4  
253 
9 %  

222 

13 29 

13 4 

t3 31 

w, 16 

18 1 

n 1  

13 % 

Hw-W. 

m s  
f 745.0 

f 7 47.0 

f 8 32.1 
f 2 5.5 
f 2 14.5 

+ 6 54.0 

+ 0 33.7 

+ 134.3 

+ 139.2 

+ 1 57.0 
+ 9 13.3 

+ 223.1 

+ 3 6.8 

Remarks 

Assumed L. L.]. ! Assumed a Cygni]. 

Comp. Januory 19. 
Clouds, not good o h .  
Level N 14.05 S 14.9. 
Level N 19.6 S 14.7. 

Index corr. - 2 30". 

Bad, rime on art. hor. 
Watch ass. Oh W 

Larch 81. 

Observer Johansen. 
- B -  

-,- 

Observer Johansen. 

Observer Johansen. 

Not a good observation. 

Bad observations, hori- 
zon foggy. 

Observer Johensen. 
-D- 



32 

1894: 

52 10 
57 10 
59 5 

34 290 
39 47 

Apr. 8 
Apr. (IO) 
Apr. 14 

Apr. 16 

Apr. 17 

Apr. (18) 
Apr. (19) 
Apr. 19 

Apr. 
Apr. 19 

Apr. !N 
Apr. (21) 
Apr. 20 

Apr. 21 

APT. (W 
Apr. 22 
Apr. (23) 
Apr. B 

Apr. 93 

Apr. 85 
APT. (94) 

1320 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. Em. 

Star 

Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 
S u n  L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

s u n  L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

- 
Hor. 
- - 
met. 

5.6 
? 

5.6 
Mere. 

Merc. 
? 

Mere. 

Merc. 
Merc. 
Merc 

Merc. 
Mere. 

5.6 
Merc 
Merc. 

5.6 

5.6 
? 

Merc. 
Merc. 

5.8 
Merc. 
Merc 

Watch 

h m  s 
19 16 31.8 

Noon 
12 8 27.5 

937 
10 20 
11 13.3 
12 0 

15 35 
12 42 7 
43 31 
44.27 
45 '25.3 
463.5 
47 22 
48 13 

15 48 
Midnight 
I158 6 
le 0 28.7 

2 495 
5 10 
735 
9 55 

Noon 
Noon 

12 5 10.3 
7 15.5 
9 35.0 
12 9.0 
14 1 . 0  

Noon 
19 27 16.3 

eS 15.7 
32 9.5 
34 5.0 
36 48.0 

3 47 
Noon 

203948 
4855 
4535 
48 49 
51 39 

Midnight 
353 

55 
Noon 

Midnight 
Noon 

20 17 8.3 
18 19 
19 48 
e0 41.5 
21 50.5 
2237 
24 15.5 

Midnight 
Noon 

I1 30 37.5 
32 46.0 
34 54.5 
37 120 

13 9 30 ;37 91 
17 31 20 /1 
15 15 40 

18 01 
20 !N ,I 
92 10 II 

44 O l i  

2 0 0  
N O  
4 0 0  
.io 0 

32 0 0 
40 21 15 
40 57 30 
3250 0 
3 3 0 0  

10 0 
2 0 0  
3 0 0  

41 33 35 
3330 0 

2 0 0  
10 0 

3 3 0 0  
3250 0 
2 16 20 
4218 0 
523 52 20 

3650 
9420 

28 13 40 
2756 0 
2 34 10 
3440 
3455 

21 34 
2 %  
433930 
31 41 0 

41 30 
3640 
N O  
2530 
21 40 

31 14 10 

44 16 10 
34w 0 

3 0 0  
4 0 0  
5 0 0  

2 I2 

1.2 16 

I1 44 

I2 25 

18 50 

19 52 

13 16 

9 2 3  

19 57 

m4Q 

11 e 

Hw-W. 

m s  + 3 18.8 

+ 4 9.0 

+ 4 29.2 

+ 4 38.0 

+ 4 38.2 

+ 4 59.8 

+ 4 0.2 
+ 5 3.0 

+ 5 3.5 
+ 5 10.1 

+ 5 14.5 

+ 5 39.0 

+ 5 82.5 

+ 5 58.1 

Remarks 

Observer Johansen. 

[Assumed 5.6 metr.]. 
-n- 

The three last obs. best. 

lndex con. - 2' 18", 
after a correction of the 
small mirror - I' %". 

[Hw-W. ass. 5mo9.21. 

2051'3 



NO. 6.1 

12 13 

19 F: 

119 5 

I 
13 11 

21 3! 
I 

11 3! 

12 l! 

Ol3SERVATIONS WITH THE SEXTANT. 33 

star 

sun L. L. 
Sun L. L. 
jun L. L. 

sun L. L. 
jun L. L. 
Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 
3un L. L. 
3, L. L. 

S u n  L. L. 
s u n  L. L. 

sun L. L. 
sun L. L. 
sun L. L. 
sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 
Sun L. L. 

s u n  L. L. 
s u n  L. L. 

- __ 

Hor. 
- - 
net. 

5.6 
lerc. 

5.8 
lerc, 
5.8 
lerc. 

? 

5.8 C 
derc 
5.8: 
dew 

derc 
&err 

5.8 

Men 
5.8 

Merc 
Mer( 

5.a 
Men 

5.8 
Men 

5.6 
Mer1 

Watch 

h m  s 
11 3992.0 

Noon 
19 57 6 
D O B  

2 38.5 
4 53.5 
7 5  

Midnight 
Noon 

Midnight 
Noon 

ti 21 44.3 
22 41.7 
23 36.0 
9h 96.0 
25 24.0 
27 15.5 
28 0.5 
98 44.7 
30 44.8 
31 47 
3246 

Midnight 
Noon ti&&jhh 
5 9 9  

12 1 98.5 
3 5 0  
6 22.3 

Noon 
19 28 12.0 
30 32.5 
33 1.c 
35 93.5 
37 6.5 

Midnight 
3 53.5 
Noon 

Midnight 
Noon 

21 1 36 
2 4 %  
3 41 
4 4 4  
6 5  
7 13.5 
7 50.5 

Midnight 
Noon 

lyd$i$;t 

5946 
19 e 9.: 

437  
7 3.E 

Noon 
19 33 15 a 40: 

3 7 7  
8997 
ei 58 

jextant 

1 , I 1  

5 0 0  
2 6 9 0  
5 0 0  
A 5 0  0 
400 
3 0 0  
2 0 0  

4 18 30 
t 59 30 
4 3 6 4 0  
628 
4 50 15 

4390 
4450 
4340 
41 30 
3 7 0  
35 m 
3330 
9850 
96 10 
24 10 

4 5 6 3 5  
L7 I 5 
517  5 
I840 0 

5 0 0  
B O O  

10 0 
2 0 0  

L734 0 
3920 c 

10 c 
O C  

3850 ( 
40( 

5 3 6  
536x 

48 7 %  
5 5 j x  

48 41 4E 
3340% 

8 5 5  
W %  
e531 
19 I( 
13 4E 
10 x 

615  ( 
49 16 l( 
6 3 3  ( 
4050 ( 
41 0 ( 

10 ( 
w,( 
30( 

9& 57 3I 
4130 ( 

90( 
10 ( 
O (  

4050 ( 

Hw-W. 

m s  
t 558.5 

t- 5 59.0 

1 6 2.3 

6 21.7 

+ 6 5 .0  

+- 6 41.0 

+ 6 44.1 

+ 6 44.f 

+ 7 3.f 

+ 7 7.f 

+ 7%.( 

+ 7%.( 

+ 7 B (  

+ 728.4 

Remarks 

Watch 58m? [Adopted]. 

Observer Johansen. 

Ibserver Johansen. 
lefr. variable. 
Ibserver Johansen. 
Eye's height ass. 5.8 

met.] 

lbeerver Johansen. 

k 0 d .  

-B- 
-B- 

Clear horizon. 

Very clear. 

Clear, horizon bright 
Observer Johamen. 
Cloudy. 

Observer Johansen. 

+&? 

5 



34. 

'Bad image. 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. =. 

Star 

Sun L. L. 

Sun 
Sun L. L. 

Sun L. L. 
Sun L. L. 
sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 
Stin L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

= 
Her. 

met. 
5.8 

Merc 
5.8 

Merc 
Merc 

- - 

Merc 
5.6 
5.6 
5.8 

Mere 

Merc. 
Merc. 

Mere 
6.0 

5.8 
Merc. 

5.8 
Merc. 

Merc. 

Merc. 

Merc. 
5.8 

Merc 

Watch 

h m  s 
Midnight 
Noon 

Midnight 
Noon 

l9 s!j3.5 
5 16.0 
7 49.7 

10 19.3 
12 47.0 

Noon 

Noon 
15 44 

E:?% 
N ao 
B 47.0 
%9 24.0 
39 6.3 
34 50.7 
3723.5 
40 13.0 
43 57.0 
45 37.0 
48 29.0 

Noon 
19 5 B 5  

8 3.0 
10 47.0 
13 17.7 
16 1.3 
18 27.0 

Noon 
21 12 51 

15 94 
16 42 
18 4 
19 21 

Midnight 
15 58 
16 4 
Midnight 

Noon 
12 I 2  30 
12 24 14.5 

2742 
8856 
9954 

21 15 40 
16 a .5  
17 8 
18 19.5 
19 8 
19 39.3 

8.7 
!XI 53.5 
Noon 

Midnight 
12 ,352 59.5 

% s.0 
59 55.7 
30 37.0 
33 15.3 

sextant 

0 1 "  

64935  
50BM 
7 610 
505635 
439 0 

3 0 0  
4 0 0  
5 0 0  

44 030 
51 55 10 
e617 0 
263330 
8 31 9U 
46 10 10 

2 0 0  
300 
400 
4946 

47 om 
10 0 
9 0 0  
3030 
4 0 0  
500 

533230 
47 0 0 
4650 0 

3945 
30% 
a 0  
10 10 

54 4 1 0  
19 39 !XI 

2630 
23340 m a  
17 20 

9 2 1 0  
543235 

3 2 . 5  
9 16 30 

51.5950 
545840 
47 15 45 

9 4 0  
3430 
t38 30 

4 2 5 0  
130 

4158 0 
52 30 
4050 
4690 
4350 
4040 

57 4 15 
11 13 9Q 
4850 0 
49 0 0 

10 0 
a 10 
3 0 0  

= 
Watt 

h m  

- - 

I1 54 

I223 

13 14 

B ia 

12 55 

15 11 

19 9s 

21 % 

13 26 

13 96 
12 4 

12 42 
21 4 

21 36 

I 2  11 

le 44 

Hw-W. 

m a  

+ 8 8 0  

+ 8 8.1 

+ 8 18.3 

+ 838.3 

+ 838.1 
+ 8 39.0 

+ 8 40.1 

+ 0 44.0 

- 0 7.9 

+ 0 2 7  + 0 18.1 

+ 0 13.2 + 0 37.1 

+ 0 37.5 

+ 113.5 

+ 1 13.5 

Remarks 

Very clear. 

Clear, temp. - 15O.9: 
measured from lowest 
horizon, faLse hor. ut 
50' above. 

Observer Johansen. 
Cloudy, bad image. 

Clear. hor. sharp. 

Observer Johansen. 

Observer Joheneen. 
-m- ; hazy. 

A different watch. 
Some clouds. 

The four laat obeema- 
tionr, befJL 

Some cum. clouds near 
horizon 

Good observations. 



star 

sun L. L. 
sun L L 

Sun L.L. 
sun L. L. 
Sun L. L. 
sun L. L. 
sun L. L. 

snn L. L. 
sun L. L. 
sun L. L. 
sun L. L. 

snn L. L 

sun L. L. 

sun L. L. 

sun L. L. 
sun L. L. 
sun L. L. 

sun L L 
sun L. L. 

SUnLL 

SUnLL 

sun L. L. 
sun L. L. 

OBSERVATIONS WITH THE SEXTANT. 35 

= 
Hor. 

met. 
5.6 
Mere. 

- - 

? 
5.6 

6.0 
Me= 
Mere. 

Merc. 
Mere, 

5.6 
Merc. 

Merc 

6.0 

G h  

Merc. 
5.6 
T4U 
58 
5.8 
Tar 
Tar 

TfU 

KO 

Tar 
MfSC 

Watch 

h m  s 
Noon 

19 54 94.0 
56 56,O 
59 320 

4 38.0 
Noon 

16 11(12?] 
19 

17 39 90 
3348 7 
10 993.5 

10 36.0 
iem 
13 11.0 
14 30.0 
15 57.5 
17 0 
18 I1 

m e 4.7 

19 m 
Noon 
Noon 
Noon 

1653 0 
5930 

17 1 19 ee 852.7 
5 n.5 
6 eS.0 

99% 
30 18 
31 14.5 
I 17 

4 18 24 
19 99 
9046 
P I  48 
2234 
93% 
9453 
96B 

Noon 
Noon 

4 14 32 
4 20 I1 
Midnight 
16 44 
19 9 5 9  

10 44.7 
11 a 7  

93 52 0.5 
54 15 
55 4B.7 
56w 
58 15.5 

23 s a 7  
' 9 55.0 

3 S.8 
16 aS ca. 
17 14 87.5 

15 17 

sextant 

0 "  

98 41 10 
4990 0 

10 0 
0 0  

4850 0 
e84950 
98 57 30 
5930 es a i 5  

3839 
40 11 50 

16 30 
3580 
9750 
34 10 
4050 
46 10 
50ao 
5540 

58 46 15 
59 350 
29 46 10 
59 15 46 

19 m 
10 50 

435950 
5 3 0  
47 50 

9 6 3 2 0  
130 

s 5 9 m  
5 8 0  
5640 

sa40 
51 40 
51 40 
51 0 
5040 
5040 
5030 
5030 

61 10 10 
304690 
973840 
13 52 10 
13 51 40 
61 38 40 
5734. 0 

31 0 es 10 
88 10 
3390 
s40 
eo0 

ei 9 6 0  
130 
080  

61 €23 40 
6155 0 

8490 

m o  

e 5 5 m  

= 
7atch 
- - 
3 m  

983  

0 %  

390  

3 4 0  
3- 42 
955  

037 

345 

l l  35 

9 41 
34!2 

445 

4 0  

359 

Hw-W. 

m s  

+ I 16.0 

+ 116.7 

+ 136.0 

+ 146.9 + 156.0 + 2 5.1 

+ E =  

- I 19.8 

- I 17.5 

- I 17.0 
- 0 46.0 

- 0 40.5 

- 0 8.9 

+ 0 0.5 

Remarks 

Observer Johansen; 
cloudy, not good. 

In& eorr. - 1'27"; Joh. 

Good observations. 
Johansen [ass. 5.6 met.]. 

Perhaps 30" too greet. 
Bad ima e. 
h m p .  &y N. 

Observer Johansen. 

Watch run down yester. 
b y .  

Hazy. 

->-  

PA 

Level N 11.3 S 10.05.. 
Glass horizon not p h n .  

Johansen. 

Watch also Pim I s .  

Mercury horizon in dis- 
order. 
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189k 

June 5 

June (7) 
June (8) 
June 7 

June 9 

June 10 

June 11 

June (13) 
June 15 

June (16) 
June 16 

June (181 
June 20 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. E=. 

Star 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Stin L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

= 
Hor. 
- - 

Mere. 

Merc. 
Merc. 
klerc. 

Slerc. 

Merc. 

Merc. 

Merc. 

Merc. 

Merc. 

Merc, 
Merc. 

Tur 

Wntei 
Tar 

Merc 
Merc 

Watch 

h m  s 
17 16 35 

19 6.5 
2020 

2345% 
49 28 
52 57 
54 15 
L5 17 
5625 

Noon 
Noon 

16 42.8 
46.0 

17 1.5 
16 43 
17 37 
18 46 
m 4  
21 51.5 

22 28 36.5 
"29 M 
31 5 
32 19 
33 47 

2.2 23 38.5 
2 5 4  
26 14.5 
27 21 
28 21 

4 14 16.5 
15 15.5 
15 525 
18 30 
19 34.5 

16 35 
16 52 56 

55 30 
57 27 
59 17 

17 0 42 
17 28 17.0 

32 8 0  
33 43.5 
35 39.0 

Noon 
12 13 52.5 
12 29 17.6 

31 328 
35 38.8 

13 50 30 
52 50 
53 52 
M50 

Noon 
2.2 38 52 

40 21.5 
442s 

Noon 
17 4 18 

550 
64Q 
745 

Sextant 

0 , 0 

61 33 10 
3030 
29 15 

39 140 
3846% 

37 10 
27 10 
23 25 
18 40 

62 7 .50 
6.1 18 40 

17 5 
15 46 

6158 5 
57 35 
56 45 
5530 
53 55 
51 30 

2.5 230 
57 -30 
52 20 
4640 
4 0 0  

45 40 15 
3 4 0  
B O  
23 50 
19 45 

28 58 I5 
5 8 5  
57 L5 
57 5 
5fiS 

6227 0 
62 22 10 

21 0 
19 25 
18 50 
17 45 

61 .54 35 
49 10 
47 0 
44 :?4) 

62 26 40 
52 44 20 
5344 0 
53 15 

51 17 45 
58 17 20 

24.0 
26 10 
30 10 

@2 32 45 
4542 0 

3630 
18 20 

6 2 3  0 
62 3J 40 

3 9 5  
3830 
380 

Hw-W. 

m s  

+ 0 32.0 

+ 0 44.2 

+ 0 53.0 
- 0 9.0 

- 0 9.7 + 1 1.0 

+ 1 4.0 

+ 1 6.0 + I 9.5 

+ 1 17.0 

+ 125.5 
+ 148.0 
+ 148.2 

+ 0 5.0 

+ 0 6.0 
+ 2 26.c + 2 26.2 

Remarks 

One of these alt. some- 
' wliat great. 

Watch run down since 
last comp. 

Comp. June 8. 
A different watch. 

Comp. June 12. 
Observer Johansen. 

Observer Johansen. 

A different watch. 
Johansen; hor. a pool of 

water on the ice. 

Observer Johansen. 
-B- 



NO. 4 - 
1894 

June 20 

June 21 

June (23) 
June 23 
June (24) 
June 23 

June 24 

June (25) 
June 25 
June 26 

June 27 

June 30 

July (1) 
June 30 

Star 

sun  L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

sun u. L. 

Sun U. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

sun L. L. 

Sun L. L. 

s u n  L. L. 

Sun u. L. 

Sun L. L. 
s u n  L. L. 

OBSERVATIONS WITH THE SEXTANT. 37 
- - 
Hor. 
- - 

Mere. 

Merc. 

Merc. 
Merc. 

Merc. 

Slerc. 

Merc. 
Merc. 
Merc. 

Herc. 

Herc. 

Merc. 

Merc. 

Merc. 
Merc. 

Watch 

h m  s 
17 9 2 0  

10 42.5 
11 50.5 

202948 
31 10 
3224 
32 56.7 
33 53.5 
%5 33.5 

2?2 27 52.5 
28 16 

Noon 
16 240 

Soon 
16 4-35 

46.0 
12 29 41.2 

31 31.6 
32 26.4 
35 9.0 
36 51.4 

13 4 4.6 
5 10 
6 18 
I 6  
824 

Noon 
17 7 22.2 
21 43 26.2 
44 32.6 
45 38.0 
46 26.2 
47 33 

21 52 32.8 
53 25.8 
54 23.4 
5.5 20.8 
56 1BO 

21 59 18.6 
92 0 16.0 
I 12.4 
2 9.2 
2 54.8 

4 5 4.0 
6 12.6 
7 10.0 
8 16.0 
9 5.1 

14 5 
16 6 
11 5.5 

10 7 46.5 
9 1.5 
950 

10 41 
16 33.5 
2 0 9  

Noon 
1645 8 

47 11 
4 8 9  
50 10.5 

62 O 37 ' 10 / I h r n  

62 49 lo?'( 
62 39 45 1.13 55 

38% 
3511 

Hw-W. 

m s  

+ 2 N.5 

+ 2 37.0 

+ 2 38.0 

+ 2 51.8 

+ 2 58.5 

+ 3 18.5 

+ 3 19.0 

+ 3 21.5 + 3 59.0 

+ 3 5 2 2  

+ 3 53.0 

Remarks 

)Very good. 
Jotiansen; good. 

+ lo '? [Adopted]. 

Observer Johansen. 
Perhaps too great. 

Observer Johansen. 

Sun-glass before the ocu- 
lar. 

Sun-glass before the mir- 
rors. 
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1894 

June 30 

July (e) 
July 2 

July 3 

July '4$ 
July 

July (5) 
July 4 

July (6) 
July 6 
July 7 

J d Y  (8) 
July 7 

Star 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
Sun U. L. 

sun L. L. 
Sun L. L. 

- - 
Hor. 
- - 

Mere, 

Merc. 
Merc. 

Merc. 

Merc. 

Merc. 
Merc. 

Merc. 

Herc. 

Merc. 

kferc. 
klerc. 
klerc 

blerc. 
blerc. 

Wtrtch 

h m  s 
16 51 1.5 

51 !X 
23 24 52 

55 40.5 
96 27.0 
27 13.5 
29 11 

Noon 
90 22 18.5 

23 26.0 
24 4.5 

23 50 10 
51 2 
51 37 
52 15.5 
52 55 

4 16 32 
17 14 
18 18 
2 0 0  
20 51 

I 41 0.8 
45 95.2 
47 5.6 
48 9.8 
49 44.8 

I 54 44.4 
55 53.4 
56 45.8 
57 42.4 
59 7.6 

2 12 12.8 
13 11.2 
14 40.6 
16 26 
17 1.2 

13 5 2.4 
9 43.8 
10 50.0 
11 522 
12 57.0 
14 5.2 

Noon 

Noon 
16 15.0 
16 34.0 
22 41 22.5 

42 15 
4256 

Noon 
1 15 14.2 
12 12 12.2 

13 34.8 
12 19 29.8 

m 40.4 
21 41 
92 57.2 
23 59 

Noon 
E? 25 17 

27 16 
29B 

sextant 

0 ' "  

62 37 15 
3 7 0  

41 13 30 
10 15 
645 
4 0  
0 0  

62 37 10 
534835 

44m 
42 10 

3 9 9 5  
6 5  
4 5  
I O  

38585% 
8842m 

42 90 
4420 
41 90 
41 15 

62 14 0 
3218 0 

14 30 
935 
7 5  
235 

31 49 45 
4630 
44 45 
42 10 
3 8 0  

31 655 
4 8  
I 5  

30 57 45 
5555 

464630 
47 3 5 

7 0  
10 95 
14 55 
18 30 

62 5 10 
62 230 
62 4 10 
4 3 5  5 

21 10 
18 90 

GI 57 5 
33 515 
53 435 

10 25 
5334 0 

3830 
4 3 5  
4 8 0  
52 15 

6149 5 
4.h 655 
4358 0 

52 15 

- - 
Vatcl 
- - 
h m  

t3 IE 

? 3 5 j  

13 54 

0 13 

13 56 

29.4 
12 55 

.3 M 

I 57 
132 
2 0  

354 

& L e o  

Hw-W. 

m s  

+ 3 56.5 

+ 3 56.7 
+ 4 11.0 

+ 4 15.0 

+ 4 21.0 

+ 4 25.5 + 4 30.0 

+ 4 30.5 

f 4 38.1 

+ 443.8 
f 4 57.5 

+ 4 58.0 

f 0 46.5 

Remarks 

rery good. 

[Ass. + 1001. 

:amp. Jul 5. 
lbserver Yoh~11~bn. 

lbserver Johnsen. 

lncertain; cloud . different w a d  



NO. 8.1 

= 
1&M - 

July (9) 
July 9 

.p$ (;;I 

July l9 

July 13 

July (14) 
July 14 
July (15) 
July 15 

July 16 
July (16) 

July (18) 
July 20 

July SI 

Star 

Sun L. L. 
Sun u. L. 

sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun U. L. 

sun u. L. 

sun L. L. 
Sun L. L. 

sun L. L. 

Sun U. L. 

Sun L. L. 
sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

OBSERVATIONS WITH THE SEXTANT. 

= 
Hor. 
- - 

Here. 
Herc. 

Uerc. 
Uerc. 
Herc. 

Herc 

Here. 

Uerc. 

Uerc. 
Slerc. 

klerc. 

Merc. 

Merc. 
Merc 
Merc. 
Merc. 

Merc 

Watch 

h m  s 
Noon 

13 9 15.2 
10 41.6 
16 12.0 
17 29.4 
18 58.6 

16 36 40 
Noon 

16 % 
16 39 54 

41 22 
4434 
4 6 4  
46 58.4 
4 8 0  

23 19 40.8 
90 39.8 
21 57.6 

23 24 47.6 
% 44.0 
9% 48.0 
27 42.2 
$23 39.0 

12 18 m.6 
19 42+.6 
2040 
21 49 
22 46.8 

12 G 6.8 
7 21.6 
8 39.6 
9 47.8 
10 59.6 

12 14 15.8 
15 19.6 
16 21.4 

Noon 
16 6 

Noon 
16 2.3 
16 5.0 

Noon 
12 18 33.2 

19 42.0 
20 37.4 
ti 39.2 ee 38.0 

16 92 
Noon 

17 44 18.6 
91 44 39.6 

48 28.0 
0 10 11.6 

11 21.0 
12 30.8 
13 31.8 
14 35.2 
15 462.6 

e1 3.4 
El 58.9 
93 9.0 

o m  9 

- 
Sextant 

0 ‘ ”  

61 40 35 
5622 0 

e 7 0  
46 I5 
50% 
55 45 

61 27 20 
61 11 % 
6049 0 
60 45 10 

4450 
43 15 
42 50 
42 15 
41 30 

38 47 15 
4845 
37 55 

393530 
SI 40 
17 0 
13 30 
940 

52 13 40 
19 5 
Et50 
2740 
32 10 

51 9 5 
14 e0 
19 10 
9 4 0  
9% 

51 41 50 
46 10 
50 10 

59 5% 10 
59 31 15 

3250 
59 14 15 

15 10 
17 25 

51 I1 20 
15 50 
19 35 
2350 
2 8 0  

59 830 
58 48 10 
56 18 90 
4 3 6 0  
42 48 55 
32 19 50 

15 35 
11 10 
655 
335 

31 59 10 
31 42 % 

39% 
3550 
3 2 0  

- - 
Yatcf 

h m  

- - 

13 54 
14 4 

13 59 

B I1 

12 11 

13 .rd 
11 51 

13 55 

13 56 

12 7 

13 55 

13 56 
14 6 
I4 5 

Hw-W. 

m a  

+ 5 16.0 + 0 49.7 
+ 5 33.5 

+ 5 37.0 

+ 5 41.8 

+ 542.0 + 5 51.0 

+ 5 51.2 

+ 6 8.8 
+ 6 17.7 

+ 6 189 
+ 6 52.5 + I 10.0 + 1 11.7 

39 

Remarks 

Observer Johansen. 

A different watch. 
Observer Johansen. 

Observer Johansen. 

Uncertain; no declining. 

Cloudy: a glimpse. 
Observer Johansen. 

A different watch. 
Comp. July 21. 

Too great? 

Too small? 



40 
- 

1894 

July 21 

July 22 

July (W 
July 22 

July 23 
July 24 

July 25 

July 26 

July %7 

July 2-9 

July (29 
July 29 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Star 

jun L. L. 
jun L. L. 

jun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun 1,. L. 

Sun L. L. 

Sun L. L. 

sun  L. L. 

Sun L. L. 

Sun L. L. 

- - 
Hor. 
-- _ _  

Here, 

Merc. 

Mere. 

Merc 

Merc 
Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Mer( 

Men 

-- 

Watch 

h m  s 
0 -23 58.2 

21 57 10.4 
S3 21.4 
59 18.4 

22 4 57.0 
5 44.8 
G 40.6 

13 31 43.4 
H2 52.4 
33 37.2 
:34 B.2 
:Ki 19.0 

15 53 52.4 
Noon 

21 35 46.3 
36 29.5 
37 14 
*% 8 
39 2.7 
39 112.0 
40 27.0 
41 14.7 

16 29 10 
16 48 4.2 

49 QB.4 
50 Xi.0 
51 48.6 
52 46.8 
53 57 

18 10 dB 
I1 10 
12 9 
12 44.3 
13 22.7 

2 2 3 2  
4 53.4 
7 5  
8 54.6 

10 33 
23 37 41.8 

38 %.ti 
40 13.0 
41 22.4 
42 32 
44 30.8 

15 18 55 
19 57 
20 29.7 

IG 20 40 
28 0 
3230 

15 56 45 
59 20 

Noon 
18 -34 *B.4 

3934 
44) 45 
41 56 

22 7 s5.2 
8 54.2 
9 47.4 

10 57.6 

,'I 
Sextant iwatct  

36 44) 0 21 s 

Hw-W. 

m s  
f G 55.5 + 7 3.0 

f 7 8.0 

+ 7 8.0 

+ 7 10.5 + 1 13.7 + 7 26.5 

+ 7 36.0 

+ 7 37.5 

+ 0 5..i + 7 40.5 

+ 7 47.0 + 7 %%? 

+ 0 10.5 

+ 8 3.C 

+ 8 18.C 

+ H 1Q.T + 8 1S.t 

+ 8 16.C 

Remarks 

Best. 

nd. corn'. - I' 29". 

A different watch ; Jo- 
hansen. 

' Best. 

A different watch: had 
run down since July 23. 

A different watch. 
Observer Johansen. 

} Best. 
Dew on the glass-roof of 

the horizon. 

Somewhat late. 
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July 30 

July 31 
Aug. 2 

Aug. (3) 
Aug. 2 

Aug. 3 

Aug. (4) 
Aug. 3 

Aug. (5) 
Aug. 5 

Aug. (6) 
Aug. 5 

Star 
. - -. - .- - 

3un u. L. 

Sun L. L. 

Sun L. L. 
Sun U. L. 

Sun L. L. sun L. L. 

Sun U. L. 

Stin L. I,. 
S u n  u. L. 

Sun L. L. 
Sun  U. L. 

Sun L. L. 

Sun  U. L. 

- 
~ 

Hor. 
_ _  - 

Merc. 

Merc. 

Merc. 
Merc. 

Merc. 
Merc. 

Merc 

Mcrc 
hicrc 

Merc 
Merc 

Merc 

Mere 

Watch 
.- - - - - - . - 

h m  s 
I1 59 15.8 
12 0 46.2 

2 7.2 
4 59.0 
5 56.4 
6 52.2 

19 32 12.6 
33 36.6 
35 8.8 
36 21.6 
37 49 

19 42 14.6 
43 4-4 
44 4x2 
4554 
47 41 

16 5 0 
1 4 2  0 s 2 o  

57 43.3 
58 21.5 
58 51.7 
59 31.0 

I5 0 7.0 
Noon 

22 57 15.6 
23 0 .io 

153 
2 57.6 
4 1.0 
5 1.8 
6 1.8 
7 7.2 
8 9.6 

14 31 5.6 
33 29.8 
36 14.8 
38 49.2 
41 24.6 
44 7.8 
44 51.0 

Koon 
19 3!5 32 

38 10 
4046 
43 97.3 

Noon 
I1 59 2.4 
12 1 24.8 

3 54.8 
6 21.0 
8 42.6 

I1 9.6 
13 38.4 

Noon 
16 15 0 
19 58 37.5 
20 I 6.3 

3 :no 
6 2.0 
8 96.3 

10 4a.5 

Sextcint ' k a t e t  
- -- 

h m  
I 4 8  

.!I 23 

! O G  
13 51 
13 xl 

I!) 2i 

122 
12 13 

19 57 

11 37 

19 e 3 4  

Hw-W. 
- -- -~ 

I n s  + 8 21.7 

+ 8 24.3 

+ 8 24.7 + 831.5 + 8 49.5 

+ H 51.5 

+ 8 .X.O + H 59.5 

+ 9 2.4 

+ !I 18.7 

+ 8 22.2 

Remarks 
- -  -_ . - -  ---- 

Dew on roof of liorizon. 

Limbs indistinrt. 

O l w r v e r  Joliunsrn. 

Good; Joliunsen. 

The  first altitudes pro. 
bably best. 

As a test. 
~H!~-W. 9m 99.21. 
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1892 

Aug. 5 
Aug. 7 

Aug. 
Aug. h 

Aug* (9) 
Aug. 8 

Aug. (IO) 
Aug. 9 

Aug. 10 

Aug. ( I  1) 
Aug. 10 

Aiig. (1.3) 
Aug. (1:i) 
Aug. I.< 

Aiig. 14 

Ails. 1f; 

A u ~ .  (17) 
AUK. 15 

Star 
..__- 

Sun U. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun U. L. 

sun L. L. 

Sun U. L. 

Sun I L 

sun U. L. 
Siin 11;: I.:] 

Sun L. L. 

Sun U. L. 

Sun L. L. 

Siin I,. L. 

- 
Hor. 
. .- -- 

Mere 

Merc 

Merc, 

Merc 

Merc. 

Mrrc. 

Merc. 

Merc. 
Merr. 
Merc. 

Merc. 

hlerc. 

klerc. 

Mcrc. 

Wntch 
- 

11 m s 
13 1.5.0 

15 .53 36.4 
5622 
59 m e  

Noon 
1.5 47 
46 
48.8 
53.7 

Noon 
20 21 50 

22 31.5 
2.3 12.8 
23 54.8 
%i 41.5 
25 27 
‘26 16 

Noon 
16 10.4 

11.5 
1:i5 
14.7 

11 L5 47.2 
5.3 13.8 

12 0 33.2 
2 58.2 
5 29.0 

16 1 3 0  
Noon 

20 129.8 
3 Ci.8 
6 19.2 
8 43.0 

11 5.6 
Noon 
Noon 

12 xi :5*8 
36 59 
38 7.6 
41 49 

16 26 5.4 
2748 
29 49.6 

11 36 39.2 
:It3 53.6 
41 21.0 
4’ 41.8 
46 1.4 
48 2‘2.4 
50 46.0 

18 r i  45.6 
5e rii.2 
5i %5.0 
58 51.8 

19 O 3.8 
1.5 41 2.0 

4.2 42.0 

i i 32 .%.4 
~ 

! : 2 31.4 i 

Hw-W. 

m s  
+ 9 23.3 + 9 42.9 

+ 9 50.5 

+ 9 52.0 

+ !j 33.4 

+ 1 0  7.2 

+ 10 9.0 

+ 10  9.5 

+ 10 32.0 

+ 1 0  3.2.3 

f 10 3 . 0  

f 10 41.5 
f 0 21.7 

+ 0 “20.0 

+ 0 16.4 

Remarks 

Observer Johansen. 

Uncertain. 

Olmrver  Jnhansen. 
- a -  

Cirro-stratus. 

Image indistinct. 
I~itlistinct limbs, snnw, 

glass-roof wiped be- 
twthen the  observations. 

A different watch. 
Observer Johansen. 

EkPL3L!!!sen. 
Watch run down yester. 

day. 



NO. 6.1 

1894 

Aug. 17 

Aug. (18) 
Aug. 17 

Aug. (19) 
Aug. Bl 

Aug. (21) 
Aug. 21 

Aug. 92 

Aug. (W 
Aug. $24 
Aug. 25 

Aug. (9 
Au g. 

Aug. (28) 
Aug. 29 

sep. 3 

sep. 5 

sep. 7 
Sep. 8 

Star 

sun u. L. 

Sun L. L. 
Sun L. L. 

sun L. L. 
sun u. L. 

Sun L. L. 
Sun L. L. 

sun u. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

sun L. L. 

sun L. L. 

sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

OBSERVATIONS WITH THE SEXTANT 

= 
Hor. 
__ - 

Mere 
Merc 

Mere 
Merc 

Merc 
Merc 

Merc 

Merc 

6.0 
Merc 

Merc 

Merc 

Merc 

Merc 

Mere. 

6.0 
Merc. 

Watch 

h m  s 
15 90 54 

21 53.8 
2 3 3  

Noon 
20 47 35 

4838 
49 28 

Noon 
1-2 51 37.2 

52 46 
53 53.8 

12 59 28.4 
13 4 40.6 

5 33.8 
6 36.0 

Noon 
I6 27 30 

30030 
32 0 

12 1 45.0 
2 49.4 
3 50.8 

12 8 47.8 
9 53.8 

15 59 30 
16 2 0 

10 30 
Noon 

222250 
15 58 
16 1 

6 
Noon 

13 33 37.0 
37 35.5 
40 15.0 

16 2 
Noon 

16 22 39 %xi 
2 6 7  
27 12 
28 14 

16 32 31 
36 3.5 
37 21 
3 8 4  
41 19 
42% 
43m 

17 5.5 
7.0 
10.4 

223645 
16 5p.6 

57 51 
59 24 

17 1 9 
8 %  
3 47 

17 20 54 
22 18 

= 
Sextant 

0 , $ 8  

4-4 19 30 
2040 
B O  

43 42 25 
31 54 10 

4920 
45 tw 

43 8 2 5  
36 22 10 

26 15 
w 15 

3650 0 
3 7 8 5  

11 25 
14 45 

4146 0 
41 8 30 

7 2 0  
5 5 0  

31 52 30 
.56 55 

32 115 
32 21 25 

2555 
4029 0 

9930 
3 0 0  :a 0 

10 140 
3827 15 

27 45 
28 15 
2835 

33 950 
21 10 
31 30 

37 19 
37 19.5 
35 25 10 

2&30 
2350  
2335 
$2320 

31 34 15 
3330 
.33 10 
3 3 0  
31 25 
31 0 
3040 

295446 
53 
52 20 

5 830 
28 330 

1 0  
0 5  

97 59 10 
5 8 5  
57 5 

27740 0 
88% 

- - 
Watcl 
- - 
h m  

21 36 

13 56 

13 !Xi 

14 2 

13 59 
11 45 

13 59 

14 0 

13 56 
14 57 

22% 

13 58 

13 39 

13 34 

19 58 
13 34 

2 2 7  
13 49 

14 5 
H45 
13 57 

-- 

Hw-W. 

m s  

+ 0 19.3 
+ 0 33.5 

+ 0 40.5 

+ 0 23.5 

+ 0 %.O + 0 59.2 

+ 0 26.0 

+ 0 28.0 

+ 1 16.7 + 1 25.5 

+ 128.3 
+ 0 3J.O 

+ 144.7 

+ 2 28 

+ 2 5.5 + 2 52.0 

+ 2 57.0 + 3 17.0 
+ 3 29.0 + 3 43.8 + 3 51.0 

43 

Remarks 

40'? [not adoptedl. 

A different wutch. 

Comp. Aug. 19. 

Observer Johausen. 
A different watch. 
Observer Johnnsen. 
Comp. Aug. 22. 

Glass-roof wiped for dew. 

A different watch. 
Observer Johmsen. 
Comp. Aug. 23. 

Bad circumstances. 

Observer Johansen. 
A different match. 
41m? [rej.]. Bad image. 
)Bad imagecirro-stratus. 

Name of watch riot given 
in the original. 

Conip. Sept. 6. 



Oct. 15 

Jan. 14 
16% 

Feb. 5 

Feb. 8 

Mar. 9 

Mar. (I I) 
Mar. (13) 
Apr. (6) 
Apr. G 
Apr. (8) 
Apr. (IO) 
Apr. 13 

Apr. (17) 
Apr. 16 

Apr. (19) 
Apr. 18 

Apr. 19 

E! 38 45 j 
3 8 5 x ) i  

31 47 45 I 
4720 
4645 

23 41 30 
3830 
36 15 
3350 
3125 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

1.5 38 

1536 

2349 

Star 

33 14 35 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Moon (LIK 

Jupiter dis 
knees (outei 
limbs) 

Moon and 
Mars, dis. 
tances(innei 
limbs) 

Moon and 
Jupiter dis  
tances(inne1 
limbs) 

Moon and 
Jupiter dis. 
tances (innei 
limbs) 

Sun 
Sun 
Sun L. L. 
Stin L. L. 
Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

,I 

- - 
Hor. 
- - 

met. 

? 

4.8 
- 

- 

- 

- 

- 
- 
6.0 

derc. 
derc. 
derc. 
dcrc. 

rlerc. 

lerc. 

lerc. 
lerc. 

Merc. 

Watch 

h m  s 
17 23 e 3 4  
1644 0 

4630 
48 30 

16 48 cn. 

I 31 43 
35 31 
:38 12 
40 22.5 
4a 33.5 
4436 
46 52 
49 7 
51 25 

22 15 15.5 
19 52 
2322 
2636 
3546 
3 3 5  
3 6 8  
38 24 

17 I6 6.5 
17 59 
19 50 
21 35 
6% 12 
a34 
2546 
e639 
27748 
29 3.5 

1 31 13 
3 3 9  
35 10 
3638 
,353 13 
t39 57 
41 21 
- 
- 

Noon 
18 20 

Noon 
Noon 

18 14 
25 

Noon 
18 27 46 
2945 

23 10 39 
I1 28.5 
12 21 
13 10.5 
14 3 

Noon 
235039 

51 35 
52 31 

0 150 
3 13 

53 10 I 1  

Hw-W. 

m s  
+ 4 2.3 

+ I z7.0 + 5 3.0 

+ 0 30.4 

+ 032.5 + 5 11.0 

+ 5 13.5 + 5 52.0 

+ 5 .%.O 
- 1 4.2 

- 1 3.7 

.- 0 8.7 

- 0 17.5 

- 0 28.0 

- 0 28.0 

-- 0 14.0 

Remarks 

Comp Sept. 9. 
Eyes tiel ht nss. 6m]. 

blserver fohansen. 
A different watch. 
Liml) strongly clliptical. 

Comp. Jan. 13. 
The first dishnce pos- 

sibly loo small [omit- 
ted]. The four last 
best [double weight]. 

21'? [not adopted]. 

[Watch ass. 300~11. 

Index corr. - 1' 25". 
Index corr. - $2' 13" de- 

termined by 6 point- 
ings of Jupiter and 3 
of Capella After this 
a small tilt of the 
mirror was corrected. 

Indcx corr. + 5 11". 
Index corr. + 5 20". 
1. C. + 1' 10" (Nordahl). 
1. C. + 1' IO"; bad image. 
Ind. corr. + 2 35". 

Bad image. 
hid. corr. + 1'46". 
Observer Nordahl. 

-n- 

Ind. con. + I' 43". 
Ind. corr. + 3 12". 



NO. 6.1 

- 
1895 

46 1 5 0 '  
38 33 10 
3690 
41 10 
4.250 
460 

Star 

sun L. L. 

Sun L. L. 
sun u. L. 
Sun L. L. 

Sun L. L. 

sun L. L. 

Sun L. L. 
Sun L. L. 

sun L. L. 
Sun L. L. 

Sun [L. L.] 

Sun U. I,. 
Sun L. L. 
Sun U. L. 

Sun L. L. 

sun L. L. 

sun L. L. 
Sun U. L. 
sun u. L. 15 44 

OBSERVATIONS WITH THE SEXTANT. 

- - 
Hor. 
- -- 

Mere 
Merc, 
Merc 

Merc. 

Merc, 

Merc. 
Merc. 

Merc. 
Merc. 

Merc. 

Merc 
Merc 
Merc 

Merc 

Merc 

Merc 

Merc 

Watch 

h m  s 
0 5 52.5 

7 9 9  
835 

Noon 
Noon 
Noon 

16 25 
Noon 

18 32.1 
35.9 
38.2 

21 49 57.5 
51 B.5 
52 28 
53B 
54 16 
5 3.5 
.% 3.5 

Noon 
233753 

3 9 1  
3953 
4040 
41 29.5 

23 47 17 
444 18 
51 0 

Noon 
23 40 15 

41 46 a56 
44 8.5 
4 5 8  

13 48 13 
51 30 
5 5 6  
5839 

14 2 17.5 
Noon ca 
Noon 

14 48 12.6 
52 46 

18 31 
35 
3 7 5  
40 15 
41 53.5 
4358 

e33035 
3322 
3437 
36 30.5 en 39 
39 47 
41 32 

Noon 
Noon 

14 a s  
4 %  
6 17 
6 54.5 
74tl 

2936 0 

36 39 IO 

% 57 40 l,20 35 

36 38 35 1 :  (Hw 
37 50 ' I  used) 
37 35 , 

5330 
50 20 1 '  

755 

4k O i i  
M 50 10 I: 

36 40 II 

Hw-W. 

m s  

- 0 13.8 

f 1 28.0 

0 0.0 

0 0.0 + 174 35 

f 174 35 

f 20 18.0 

f 20 11.5 

f 18 59.0 

f 19 58.8 
f 0 8.5 

+ 0 9.0 

+ 0 3.0 

+ 0 4.8 

+ 0 5.0 

- o ao 

Remarks 

hid. COIT. + 2 52". 
Cir. and Cirro-str. 
1. c. + 3'90". [Ass. 1SllI. 
Merc. sometimes tremb- 

ling slightly, hauling 
of lead-line some 300 
m. off. 

by the watch]. 
:Hour of obs. ass. as 20 

Ind. corr. + 2 54". 
1. C. + P 32" (Nordahl). 
Dr. Blessing's watch [6 

hours have been added 
in both col. Watch]. 

,Observer Nordahl. 
Ind. corr. + 3' 9". 

p r v e r  Nordahl. 
w-w. ass. 19m591i. 

r. Blessing's watch )as 
Apr. %I. 

Watch cleaned by M o p  
stad. 

Observer Nordahl. 
Ind. corr. - 1, 57". 
Ind. corr. + k' 5 " .  
Merc. tfembling. 
New mirrors. 

Ind. corr. + 0 47"; small 
mirror corrected. 

Ind. corr. + 1' 99''. 

Good. 

Good. 
Motion in the ice. 
[2 last obs. omitted]. 

Ind. corr. + 2' 32". 
Comp. May 6. 



46 

v 

1895 

May 7 

May (8 
May 10 

May (11; 
May 13 

May (14) 

May 13 

May 15 

May (16) 
May 16 

May (18) 
May 18 

May 19 

May (W 
May 21 

GEELMWDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Star 
-_____. 

sun u. L. 

S u n  L. L. 
Sun U. L. 

Sun L. L. 
Sun U. L. 

Sun L. L. 
Sun U. L. 
Sun L. L. 

Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun U. L. 

Sun L. L. 
Sun L. L. 

- - 
Hor. 
- - 

Merc 
Merc 

Merc 
Merc. 

Merc. 
Mer& 
Merc. 

Merc 

Merc. 
Merc. 

Mew. 
Merc. 

Merc. 

Merc. 
Merc. 

Watch 

h m  s 
14 840 

9 31 
10 19 

Noon 
14 11 35 

12 25.5 
13 7 
13 57 
14 46 

Noon 
14 30 31.5 

31 57 
33 19 
3 4 2  
36 10.5 

Noon 
Noon 

23 15 36 
16 31 
17 185 
17 43 
18 22 
19 0 
19 39 

I4 17 7.5 
17 56.5 
18 39.5 
19 26 
%I 17.5 
21 11.0 
el 58.5 

24 51.5 
25 37.5 
26 21.5 
e6 58.8 
27 31 
2 8 8  

Noon 
0 21 I9 

22 15 
22 57.5 
23 47 
9,428 
25 25.5 
26 7 

14 51 48.5 
5323 
.% 41 
56 58.5 
57 41.5 
58 25.5 

Noon 
21 I1 50 

13 1.5 
13 .58 
14 50 
15 39 
17 13 
19 I 
19 42.5 

Noon 
024 7 

Sextant 

0 I I, 

38 47 m 
4030 
52 (1 

442644 
40w 0 

92 10 
2344 
2 6 0  
27740 

45 52 30 
4221 0 

2 5 0  
9890 
3040 
3Fi 30 

47 21 0 
48NW 
40 34 10 

32 10 
3020 
9 9 0  
2 7 0  
5 3 5  
24 10 

42 40 50 
43 15 
a50 
47 10 
49 30 
51 50 
5340 

48 22 10 
38 31 35 

2940 
2740 
2535 
2 4 0  
2235 
21 0 

49 I G  20 
3!3 ki "20 

43 0 
40% 
3840 
3650 
e 3 4  20 
32 10 

$5 33 30 
3730 
4040 
4620 
4830 
5 0 5  

:&I 16 5 
$9 8 0 

6 0  
440 
240 
2 0  

4a 59 10 
5630 
5540 

- - 
Natc 

h m  

__ - 

15 34 

I5 5: 

14 X 

16 f 

15 5E 

B3t 
14 'i 

l f i  1 

0 1: 

0 4  

045 

iC 18 
I6 15 

Hw-W. 

m s  

- 0 10.5 

+ 0 3.0 

+ 0 5.5 
+ 0 13.8 

+ 0 8.7 

+ 0 8.2 
- 0 2.5 

- 0 3.0 

- 0 2.5 

- 0 2.5 

- 0 5.5 

- 0 1.0 

+ 0 0.5 

Remarks 

Ind. con. + 3 4". 
Ind. eon. + 2 56". 
Comp. May 9. 

Ind. corr. + 9. a". 
Ind. con. + 2 42". 
Com . May 12. 
Smoi mirror corrected. 

Ind. con. + 2 34". 

Ind. corr. + 2' 19". 

Ind. con. + 2' 17". 
Ind. corr. + 2 20". 

Ind. corr. + 2' 20' 

Ind. corr. + 2 IO". 
I Indistinct sun. I 

; Good. 
Ind. corr. + 2' 5". 
Cloudy, the last four ob. 

servations indicated as 
tolerably good. 



Na. 6.1 

_- 
1895 

May 21 

May 53 

May (941 
May 
May 97 

May 99 

May (*W 
May 31 

June (1) 
Mny 31 

June 3 

June (41 
June 6 

Star 

sun L. L. 
Sun L. L. 

sun u. L. 
Sun Cent. 

Sun U. L. 

Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun U. L. 
sun u. L. 

sun L. L. 
Siin L. L. 

Sun U. L. 

sun L. L. 
Sun U. L. 

Sun U. L. 

Sun L. L 
Sun u. L. 

OBSERVATIONS WITH THE SEXTANT. 47 

= 
Hor. 
- - 

Mere 

Merc. 

Merc 

Merc. 

Merc. 
Merc. 
Mere. 

Merc. 

Mere. 
Merc 

Merr. 
Merc. 

Merc. 

Merc. 
Merc. 

Merc 

Merc 
Merc 

Watch 

h m  s 
91 w 39 

2 2 1  
1 9 4  

10 0 
10 49.5 
11 38 
12 41 

6 4 5  
53 

6 5 5  
57 
58 

7 59.43 
8 0  

12 0 
13 45 
18 30 

Noon 
Noon 

0 13 44 
14 31 
15 I 
16 39.5 
!20 13 
m 49.5 
2233 

2 4 6 4 8  
51 42 
52 31 
5 3 9  
5344 
54 14 

6 8 0  
G 31 55 
33 6 
xi 30 

Noon 
I 32 47 

3332 
34 11 
.% 47 
35 19 

14 49, 29 
4630 
4824 
50 I1 
52 5 
53 59 
5 6 5  

Noon 
2 . 3 8 5  

9 57 
12 2 

14 41 49 
4229 
43 6.5 
4345 
44 37.5 

Noon 
14 30 2% 

31 I1 
31 55.5 

Sextant 

0 , I ,  

485330 
51 50 

40 14 30 
12 20 
10 15 
8 0  
5 2 0  

31 19 
31 17 
3045 

6.5 
45.5 

31 17 0 
17 0 
17 10 
17 30 
18 10 

51 35 40 
52 020 
442750 

25540 
ea30 
19 45 
9 %  
8 2 0  
330 

3 8 5 0  
37 52 10 

50 10 
4840 
47 0 
4550 

33 410  
33 830 

845 
9 3 0  

52 59. 50 
41 45 10 
48%) 
41 30 
3950 
3 8 0  

49 0 0 
10 0 
15 0 
2 0 0  
5 0  
3 0 0  
3 5 0  

S4 18 10 
4935 0 
3 0 0  
2 5 0  

49 51 10 
52 50 
5430 
56 10 
58 10 

5511 0 
50 om 

230 
4 3 0  

= 
Nlltcl 

h m 

16 16 

__ -- 

1 3 7  

16 14 

16 12 

055 
10 2 

16 14 

I6 8 

4 %  

23% 
16 12 

16 18 

16 9 

Hw-W. 

m s  

+ 0 eo 

+ 0 4.2 

+ 0 4.0 

+ 0 4.7 

+ 0 5.5 + 0 2.3 

- 0 1.0 

- 0 1.3 

- 0 3.0 

- 0 2 5  
- 0 5.8 

- 0 2 0  

- 0 7.5 

Remarks 

Comp. May 22. 

Cirro-stratus. 

1 Sun visible as a blur. 
[Omitted]. 

Observer Nordahl. 
hid. corr. + 2 2". 
Comp. May %. 

Ind. corr. + 2 5". 

kzt :iXFcorret:ted 
before obs. 

Bad image. 
[Hour of obs. ass. to 

be 71. 
Ind. corr. + I' P". 

Ind. corr. + 1' 17". 
Comp. May 30. 

Ind. corr. + I' 42" 

Ind. corr. + 1'50". 

Cloudy afterwards. 
Comp. June 3, 

Ind. corr. + 9' IO". 

Comp. June 5. 



443 - 
1895 

June 6 

June (7) 
June 7 

June (8) 
June 8 

June 10 

June 11 

June 12 

June (13) 
Junr 12 

June 15 

June 17 

June (18) 
June 18 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. ED. 

Star 

Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
sun  L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun Cent. 

Sun L. L. 

Sun L. L. 
Siin L. L. 

Sun U. L. 
Sun U. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

= 
Hor. 
- - 

Mere, 
Merc. 

Merc. 
Mere. 

Merc. 

Merc. 

Merc. 
Mere, 

Merc. 

Merc. 

Herc. 
Merc. 

Merr. 
Merc. 

Herc. 

Mere. 

Merc. 

Watch 

h m  s 
14 32 34 

3.390 
Noon 

0 52 12 
52 49 
5 3 %  
54 59.5 
5% 47 

Noon 
0 49 54 
51 3 
51 55 
52 37 
5330 

14 26 17.5 
26 51.5 
81 41 
2825 
30 31.5 

2 0 1 0  
20 713 

9 43 
11 19 

2 5 0  1 
19 ?6 30 

3540 
$23 51 49 

52 51 
5.3 30 

23353 
3 4 5  
35 30.5 
36 17.5 
36 53.5 

Noon 
23 4!) 67 

50 49 
51 54 
52 35 
53 26 

Midnight 
15 14 485 

15 22 
1G 0.5 
16 50 
17 e73.5 

14 41 11 
4.3 0 
4440 
47 22 

19 8 0 
12 10 

Noon 
042 6 
4242 
43 122 

= 
Sextant 

0 , ,, 
50 610 

8 10 
555320 
45 I1 55 

10 10 
830 
7 5  
5 0 

Fi6 3 5 
462930 

1 3 0  
a 0  
21 30 
19 50 

505030 
52 90 
54 10 
5 6 0  

51 0 -30 
5551 0 
5547 0 

45 0 
4330 

40 56 44 
56 I1 "20 

9 0  
49 28 

25 
PA 

4153 0 
51 0 
4850 
47 10 
45 40 

33 17 50 
48 67 20 

55 10 
52 20 
5030 
4820 

365530 
5145 0 

4640 
4 8 0  
5 0 0  
51 .io 

51 28 90 
32 45 
31 0 
4 4 0  

56 52 40 
5340 
!-A 10 

464340 
4.2 0 
40m 

= 
Vatcl 
- - 

h m  

16 17 

1 6  

1 7  
14 43 

15 5Y 
16 22 

1X 
18 R4 
m24 
t3 34 

2 2i 

2 41 

!3 31 

!4m 
5 2  

548 
424 

5 4  
838 
0 %  

0 2 8  

Hw-W. 

m s  

- 0 10.5 

- 0 13.3 

- 0 16.0 + 17 8.0 

+ 17 9.3 + 1 9.5 

+ 1 14.3 + 3 28.5 + 3 31.0 + 3 33.2 

+ 3 30.5 

f 3 t39.0 

f 9 28.5 

f 9 29.2 

- 6 30.5 

- 6 30.7 
f 15 17.5 

f 15 17.5 
- 6 44.5 
- 6 42.5 

f 2 5  35.8 

Ind. corr. + 2 IO". 
Observer Nordahl. 

Ass. -1. I nd. con. + 2 IO". 

[Omitted]. 

Observer Nordahl. 

Observer Nordahl. 
--D- 
-D- 

Foggy, no distinct limb. 
[Ind. corr. ass. 0' O"] .  

Ind. corr. - 3 50" 1). 
Watch out of order in 

these daysa). 

[nd. corr. + 0' 40". 
Ind. corr. + 6' 27". 
:4 hours added]. 

!nd. corr. + I'eO". 
3 hours subtracted]. 

[nd. corr. + 2' W"' 

lnd. corr. + 1. 45". 

1) A break was foiind in the holder of the small nlirror (possibly dating from May 3, when 
new mirrors were put in). 

3 As the watches used during the rest of tlre summer often differed by several hours from 
Hw, it was deemed convenient to change the hours of the watch by the same number in 
the column of observations and the columns of comparison. The change made is noted 
in every case. 

A cross piece was soldered on. 



OBSERVATIONS WITH THE SEXTANT 49 NO. 8.1 

= 
1895 

June 18 

June (9.0) 
June 21 

June (a) 
June 29 

June 23 

June 96 

June 98 

June 29 

June 30 

July 1 

July 9 

July 4 

July '4 
July 

Star 

Sun L. L. 
s u n  L. L. 
Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun U. L. 
Sun L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

sun L. L. 

Sun L. L. 

Sun U. L. 
sun u. L. 

sun L. L. 
Sun U. L. 

Sun L. L. 
Sun L. L. 

= 
Hor. 
- - 

Here. 
Merc 

Merc. 
Merc, 

Here. 

Merc. 

Merc. 

Cierc. 

Merc, 

Merc. 

Merc. 

Merc 

Merc 
Merc 

Merc 
Merc 

Merc 
Merc 

Watch 

h m  s 
0 43 42 
4492 

Noon 
14 93 58 

% Z Q  
2650 
28 10 
2992 

Noon 
044522 
45 10 
46 47 
46% 
47 3.5 

15 8 I 
929 

19 45 30 
47 40 
50 10 

15 18 43 
16 19 31 

2453 m w  
2 8 5 4  

20 16 53 
18 96 
sx) 41 
2427 
2633 

18 48 35 
505 
51 50 
5 3 % )  
5445 

34442 
46 el 
47 31 
4933 
5036 
51 47 

el 48 
W l  
27 46 
533 43.5 
9956 

1 15 !B 
16 12 
16 a . 6  
17 24.8 
17 59 
18 40 

Midnight 
15'23 0 

2425 
29 34.5 

3 57 11 
74420 
5430 

Noon 
1 51 41 

56 10 
57 e 

~- ___- 

I! Sextant !Watcl 

o 8 " i ~ h r n  
M 39 10 
3720 1 1  

57 19 o 1 1  
il 48 50 II 14 6 
52 10 1 1  
5 6 % ) ;  
59 40 I 

52 3 10 1'14 42 
57 20 40 
L7 51 40 0 32 
49 30 

4 6 0  
47 30 / I  
44 10 1 ;  I 19 

i Q  8 30 115 0 
7 20 I5 18 

57 19 0 19 32 
1820 a 

17 20 %I 19 
52 030 15 4 
i4 24 30 ,15 45 

41 0 iI 
44 20 IG 51 

2530 
2 3 # l  

20 10 I 
1740 

52 50 I 

53 50 ,I 
5440 19% 

38 54012 3 
230 
0 0 1  

37 .56 10 1 

54 30 
5.2 30 4 15 

Q 44 40 

3550 I 

56 27 10 i,20 0 

i6 51 50 18 8 

57 30 I; 

43% 
42 50 
41 40 
4035 

47 49 m 
47 a0 
4 6 0  
4346 
M30 
40% 

t36 0 0 
504640 

5050 
51 330 
39 51 4Q 
3545m 
44 10 

55 41 50 
452450 

12 40 
10 10 

21 3: 

134 

15 5 

15 4c 
34; 
4 12 
8 1E 

B354 
2 4  

Hw-W. 

m s  

f 9.5 36.0 

f 32 6.5 

f 32 7.91 

- 0 36.3 

- 0 36.5 
- 4 19.0 
- 4 19.0 
- 4 20.0 

- 4 19.5 
- 133.5 
- 133.5 

f 0 26.8 
f 25 16.0 

+ % 16.0 
4- 90 1 . 0  

t 20 27.5 
f 58 4.5 

f 5s 5.3 

- 19 53.0 

- 19 57.8 

+ 0 48.5 
+ 0 48.5 
- 13 35.0 
- 13 35.0 
- 13 32.5 
- '20 6.8 

-%I 85 

Remarks 

Ind. corn + $2'0". 
Ind. corr. + 1' 58". 
[2 hours added]. 

Merc. sometimes tremb- 
ling slight1 

Ind. corr. + $30". 
1. C. + 2'2"'; Nordahl. 
[4 hours subtracted]. 

Lnd. corr. + 2' 30". 
[6 hours added]. 

-B- 

lnd. corr. + $2' 5". 
[5 hours subtracted]. 

Hw- W. = - l m  33s.21. I 5 hours subtracted]. 

II ld .  corr. + 3 5". 
Cirro-stratus, no distinct 

[3 hours subtracted]. 
limb. 

Ind. cnrr. + 3 0". 
[4 hours subtracted]. 

Ind. corr. + 3' 15". 
[4 hours subtracted]. 

Ind. corr. + 3'5". 
Observer Nordahl. 

ours subtracted]. f5 nd. corr. + 3 15". 

Comp. July 4. 
[4 hours subtracted]. 

7 
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1895 

July 6 

J d Y  (7) 
July 7 

July 8 

July (9) 
July 11 

July 12 

July (13) 
July 13 

July 16 

July (17) 
July 18 

July (19) 
July 19 

GEELMLIYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. E&. 

Star 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun U. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun U. L. 

Sun U. L. 

Sun L. 1,. 
sun u. L. 

Sun L. L. 

Sun L. L. 

- - 
Hor. 
- - 

Mere. 

Merc. 

Merc 

Merc. 

Merc. 
Merc. 

Merc. 
Merc. 

Merc. 

Merc. 

Merc 
hlerc. 

Merc. 

Merc. 

Merc. 
Mcrc. 

Merc. 

Merc. 

Watch 

h m  s 
18 31 2.4 

3 3 5  
34 18 
3 5 7  
37 49 

Noon 
1 31 19 

3240 
34 16 
37 29 
3 8 5  
3946 

15 40 48.5 
4934 
U 18.5 
47 45.5 
48 59 
50 10.5 

Noon 
3 1 17 

4 3.5 
7 31 

Midnight 
20 15 46 

17 33 
18 38 

I 45 5.3 
47 3 
47 51 
4826 
49 5 

3 G 40.5 
8 4.5 
9 %.5 

19 48 

Noon 
2 50 37 

52 2 
.53 9.5 
.% B.5 
5528 

10 18 92 
27 0 

16 21 15 
222.a 
24 57 
27 42 
2848 
3053 
31 47 
32 52 

Noon 
1 G  56 8 

57 32 
17 0 1.5 

I 1.5 
2 8.5 

m 5 0  
Noon 

1 39 13 
40 27 
41 25.5 

Sextant 

0 , 14 

5518 0 
19 10 
21 0 
21 40 
2.440 

55 6 5 0  
8 4 0  

46 4 4 0  
I 10 

45 57 20 
4850 
4630 
442 10 

49 40 10 
U50 
49 10 
57 50 

50 030 
330 

544640 
40 45 10 

3620 
28 -50 

34 6.50 
5 4 8 0  

7 3 0  
7 5 

43 59 40 
5620 
% 10 
5230 
5030 

40 17 40 
13 50 
10 0 

53 52 15 
40 43 10 

3930 
3630 
33 0 
30020 

34 32 m 
4.5 50 

49 12 50 
15 30 
21 0 
27 15 
2930 
34m 
36 10 
N O  

.52 020 
49 10 20 

13 W,  
18 30 
m40 
23 10 

51 30 
5 6 0  

42 41 15 
37m 
35 10 

- - 
Vatc 
- - 
h m  
18 'E 

18 5: 

1 1 E  

2 1  
15 2& 

17 8 

3 14 

& a  

2 14 

3 2 2  

3 7  
7 3  
040 

7 4 6  

5 3 6  

.7 24 

130  

2 8  

Hw-W. 

m s  
- 20 40.3 

- 020 40.5 

- 90 45.0 

- 20 45.5 
- 17 33.0 

- 17 33.0 

- 20 20.5 

- 21 23.0 

- 21 23.0 

- 21 23.0 

- 21 22.0 
- 12 29.5 
- 12 29.5 

- 12 30.5 

- 25 32.3 

- 25 325 

- 25 34.0 

- 5 34.0 

Remarks 

[4 hours subtracted]. 

Ind. corr. + 3 15". 

Ind. corr. + 3' IS". 
[4 hours subtracted]. 

I Best. 

[3 hours added]. 

1 Best. 

Ind. corr. + 3' 15". 
rrro-stratus.  
'2 hours subtr~icted]. 
nd. corr. + 3' W'. 

Ind. corr. + 3' 50". 
[2 hours subtracted]. 

cor.  + 3 40". 
2 hours subtracted]. 

inute-hand not corres- 
ponding with second- 
land. Corrected. 

Ind. corr. + 3' 30". 
[9 hours subtracted]. 

Ind. con. + 3 52". 
Small mirror corrected. 

[2 hoiirs subtracted]. 

II ld .  corr. + 3' 46". 
ours subtr.b Best. 

ew on hor. 
lce in motion. 

Ind. con. + 3'45". 

1 hour subtracted]. b ew on horizon. 

Ind. corr. + 3' 46". 

[ 1 hour subtracted]. 

Ind. con. + 3'46". 



NO. 6.1 

1895 

July 21 

July (=I 
July 23 

July (W) 
July 24 

July 9% 

July 223 

July 29 

July 30 

July 31 

Aug. (9) 
Aug. 1 

Aug. 2 

Aug. (3) 
Aug. 3 

Aug. 5 

StAI 

Sun U. L 

Sun L. L. 
sun u. L. 

Sun L. L. 
sun L. L. 

sun u. L. 
Sun L. L. 

Sun Cent. 

sun u. L. 
sun L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
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c 

Hor 
- - 

Mer( 

Merc 
Merc 

Merc 
Merc 

Merc 
Merc 

Merc 

Merc 
Merc 

Herc. 

Herc. 

Uerc. 

rlerc. 

rlerc. 

Berc. 
derc. 

derc 

Watch 

h m  s 
14 40 50 

4 2 2  
43 4%; 
45 11 
46 20.: 

Noon 
14 58 13 

59 19 
15 5 1.: 

632  
7 8 9  

Noon 
1 20 19 

21 17 a 26.5 
15 13 25.5 
18 57 15 
19 11 50 
2 0 7 0  

9 0  
10 30 
12 15 

16 34 38 
19 -50 40 

5 5 0  

3340 
.n 30 

15 33 285 
39 15 
41 5.5 
44 16.5 
46% 
49 51.5 
50 57 

19 e8 31, 
4 0 0  
51 38 
5430 
57 30 
I 37 50.5 

38 41.5 
39 19 
3954 
40 25.5 

Noon 
19 39 

4530 
1 2 7 2 5  

2755 
98 49 
29 37 
30 13 

Noon 
I 27 59 
22353 
29 51 
3055 
31 54.5 

e2 47 25.5 
48 55.5 

% Z E  

= 
Sextant 

0 1 I ,  

45 23 l( 
9634 
303 
3434 
37% 

.50 56 l( 
44 el 44 

2 4 %  
4440 ( 
44 l( 
47 ( 

50 16 3( 
3935 c 

32% 
2 9 c  

M44% 
$9 24c 

3 %  
28 31 

31 5C 
30 1c 
295c 

i4 57 iic 
$7 31 30 

30% 

18 10 
15 10 
12 20 

l223 0 
3730 
424 
50 10 
5530 

ti3 410 
7 15 

L7 12 m 
13 0 
11 40 
11 20 
10 9xJ 

E5630 
5425 
5240 
5040 
49 10 

16 710 
6 5 0  
5 4 0  

5 650 
430 
1 5 0  

14. 59 40 
5 8 0  

69835 
14.31 10 
28885 
2545 
B50 
Bo 10 

B S 3 5  
BaO 

$7 21 a 

= 
Watt 

h m  
14 Y 

-- - 

16 lf 

14 44 

1 3 4  
15 5 
16 a 
2434 
19 56 

16 13 

15 21 

17 19 

2 9  

2 10 

1 13 

2 5  
B37 

Hw-W, 

m e  
+46 48.! 

+46 48.: 

+ 95 59.: 

+ 2.5 57.4 
+42 51.6 
+42 51.: + 42 50.5 + 2 8.5 

+ 2 4.a 

+ 2 0.3 

+ i 59.8 

+ 158.5 

+ 158.5 

+ 156.8 

+ 156.5 
- 12 45.5 

Remarks 

[4 hours added]. 

Ind. corr. + 3 30". 

[4 hours added]. 

~ ~ ~ ~ ~ ~ a d d e d ] .  

[4 hours subtr.]. 

60 distinct limb. 
4 hours subtracted]. 
ncertain. Sun visible 
in glimpses. 

Tolerable. 

[4 hours subtracted]. 

Ind. corr. + 3 40". 
[4 hours subtracted]. 

[4 hours subtracted]. 

Ind. corr. + 3 %". 

ours subtracted]. 

[4 hours subtracted]. 
P nd h corr. + 3' 50". 

Ind. corr. + 4' 0". 
Ind. corr. + 3 55". 
[4 hours subtracted]. 

[4 hours subtracted]. 
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1895 
-- 

Aug. 5 
Aug. 6 

Aug. 7 

Aug. (8) 
Aug. 8 

Aug. 9 

Aug. (10) 
Aug. 9 
Aug. 10 

Aug. 12 

Aug. 13 

Aug. 14 

Aug. (15) 
Aug. 16 

Aug. (17) 
Aug. 18 

Aug. 19 

Aug. 21 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Star 
-~ 

Sun L. L. 
Sun L. L. 
Sun U. L. 

sun L. L. 

Sun 1,. L. 

s u o  L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun U. L. 

Sun U. L. 

Sun L. L. 
sun u. L. 
Sun L. L. 

s u n  u. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

- - 
Hor. 
__ - 

Mere 
Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 

Merc 
Merc 
Mere 

Mere 

Uerc. 

Merr, 

5.9 

Watch 

h m  s 
225444 
3 3 0 3 2  

16 7 26.5 
837 

12 17 
13 19.5 
14 29 

23 9 53.5 
I 1  7 
le 5 

1 9 %  0 
3 6 0  

Noon 
1 42 81 
4539 
4635 
5 0 2  
50 31.5 

16 G 1.5 
7 8  
8 6  
9 7  

10 3.5 
Noon 

I9 B 10 
1 37 54 
38 59 
3946 

19 58 40 
90 3 2 0  

4 45 
6 A5 

13054 
42 21 
h1B 
4.935 
50 41 
51 41 

15 28 %J 
2927 
30 31.5 
31 32.5 
32 46.5 

Noon 
15 42 1 
18 .% (J 

Noon 
15 52 0 

5550 
57 12 

19 51 0 
5630 

20 10 50 
13 20 
2 0 0  

19 2 40 
20 9 1 0  

12 40 
3 16 18 

17 44 
23 12 

Sextant 

0 I I ,  

40 10 40 
28 7.5 
3941 0 

4330 
58 0 
urn 
5650 

39 7 4 0  
5 0  
3 0  

4238 0 
39 5 
3935 

31 56 90 
47 30 
4 5 0  
3 5 0  
34.0  

37 56 10 
5830 

3 8 1 0  
3 10 
5 3 0  

41 38 30 
37 45 

31 2 3 0  
30 59 40 

57 30 
395640 

.% 10 
5550 
L5 30 

294050 
30 12 30 

7 0  
29 51 40 

4820 
45 10 

33 19 40 
22 10 
2 . 5 0  
2730 
t30 50 

38 49 10 
3410 0 
37 37 40 

39 25 
31 40 20 

5030 
5340 

36 &3 55 
3430 
3 3 0  
32 10 
.30 20 

35 57 50 
5540 
Fi5 10 

9 4 0 3 0  
37 50 
3030 

- - 
Vatcl 

h m  

3 x  
I4 E 

- - 

E S  

I 21 

1 1; 

3 %  
15 51 

17 ec 

2 x  

ai : 
1 I F  

2 1  
15 15 

16 55 

14 46 
6 7  

15 28 

17 21 

0 47 
2 42 

Hw-W. 

m s  

- 12 45.7 
- 12 46.5 

- 12 46.5 

- I2 46.5 

- 12 46.5 

- 12 46.7 
- 12 50.5 

- 12 51.0 

- 12 520 

- l e  54.5 
- 12 52.6 

- 12 54.5 
- 13 1.0 

- 13 1.5 

+ 23 44.0 + 23 43.5 

- 21 20.8 

- 21 21.0 

- 21 20.5 
- 18 42.0 

Remarks 

[4 hours subtracted]. 
-B- 

Ind. corr. + 3' 50". 
[4 hours subtracted]. 

-s- 

-D- 

Tolerably good. I 
[4 hours subtracted]. 

Ind. corr. + 3' 40". 

Ind. corr. + 3' 55". 

[4 hours subtracted]. 
- * -  

Ind. con. + 3 55". 
[4 hours subtracted]. 

} Good. 

[4 hours subtracted]. 

Ind. corr. + 4' 0". 
Observer Nordahl. 
12 hours subtr.]. Cloudy. 

Ind. corr. + 3 50". 
14 hours subtr.]. Bad, 
cirro-stratus. 

} Tolerably good. 
[4 hours subtradsd]. 

Changing cirro-stratus. 
Ice in motion. 

14 hours subtracted]. 

Best. 

-- , - 
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1695 

Aug. 21 

Aug. 
Aug. 23 

Aug. (W 

Aug. (%I 

Aug. 24 

Aug. % 

sep. 1 

Nov. 4 

is96 
Feb. 19 

Mar. 10 
Mar. I1 
Mar. (18) 
?!48r. 28 

Star 

Sun L. L. 

sun u. L. 

Sun L. L. 

Sun L. L. 
sun L. L. 

sun L. L. 

sun L. L. 

sun u. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
Moon and 

lupiter dis- 
ancea (innel 
imbS) 

Moon and 
lupiter dis- 
ances (outel 
i m b S )  

S u n i .  L. 
sun L. L. 
Sun L. L. 

==!!!?! 

Nor. 
- - 

met. 
5.9 

derc. 

Aerc. 

derc. 
derc. 

derc. 

derc. 

Qerc 

derc. 

6erc. 
Qerc. 
- 

- 

- 
5.4 
5.4 
5.4 

Watch 

h m  s 
324 1 

% 49 
16 19 36 

B5G 
23 52 
25 17 
E7 52.5 
29 17 
31 0 

I924 0 
4630 
51 10 
54 15 
59 50 

1955 0 
19 21 0 
24 15 
B50 

Noon 
19 I4 0 

9 2 0  
a030 

Noon 
0 10 4.5 

I1 0 
12 0.5 
le 56 
13 55 
15 6 
16 I1 

0 17 44 
%)p8 
21 49 
B49 

1922 0 
2930 
3 7 0  

Noon 
Noon 
Noon 
0 13 49 
16 31 
19 92 
20 49 
Bz7 
9 4 7  
95530 
B646 
B l  

92 327 
7 0  
10 B 
i4 5 
17 17 
9 3 4  
9438 
B 2  
31 46 - 

0 5  
Noon 

9 8 3 0  

sextant 

0 1 ”  

9 99 10 
I O  

31 34 30 
42 10 
44%) 
47 30 
5330 
5640 

3 2 1 0  
345350 

5 6 0  
55 15 
5430 
5350 

34 11 50 
33 25 10 

2Fi ,50 
1 3 0  
2730 

32 31 40 
34 10 
3540 
36%) 

253330 
3046 
2750 
25 10 
2340 
19 30 
16 20 

96 15 40 
650 
4 0  
I 15 

5540 
57 0 
57 30 

9 3 6 5 0  
9252 0 
6441 0 

39 10 
38 10 
3730 
37 0 
36 10 
35% 
3440 
3350 

46% 
44 10 
4 2 0  
4 0 9  
3845 
3645 
3440 
3335 

3 12 
5 790 
9 90 $0 

%@eo 

76 47 

- 

- - 
Vatct 

11 Ill 

3 47 

- 
~ 

17 15 

m m  

B43 

123 
16 59 

17 4 

139 
20 31 

9311 

90 91 

90 l e  

Hw-W. 

m s  

- 18 42.0 

- 18 41.0 

- 18 41.0 

- 18 45.5 

- It) 46.0 
- 18 E O  

+ 0 36.5 

+ 0 36.5 
- 0 43.2 

- 048.0 
- 193.5 
+ 0 56.0 

Remarks 

Bad horizon. 
[4 hours subtracted]. 

Ind. corr. + 3 57”. 

14 hours subtracted]. 
- a -  
-n- 

- a -  

Ind. corr. + 4 IO“. 
[k hours subtracted]. 

Ind. corr. + 4 10”. 
[4 hours subtracted]. 

Ind. corr. + 4‘ 0”. 
Ind. corr. + 4 IO“. 
I. C. + 3 45“; Nordahl 

Comp. Nov. 3. 
)Less good [omitted]. 

Ind. con. + 3 37”. 

Ind. con. + 4’97”. 
I. C. - 0 13” (after corr.]. 
Comp. March IO. 
I. C. - 15”; obs. Bentsen. 
h d .  con. +OS”. 
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- 
1896 

Mar. 2 

Mar. (3 
Apr. (e 
Apr. L 

gy ; 

May I( 
May 2! 

June 4 

June i 
June 8 
June 9 

June 12 

June 13 
June 16 

GEELMUYDEN. ASTRONOWCAL OBSERVATIONS. [NORW. POL. EXP. 

Star 

Sun L. L. 

Sun L. L. 
Sun L. L. 
Moon an 

Sun, d i s h  
ces (innc 
limbs) 

Sun U. L. 
Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

sun L. L. 
Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

= 
HOI 

met 

- - 

5.4 
5.4 - 

Mere 
Merc 

5.4 
Merc 

Merc 
Merc 

Merc 
Merc 
Merc 
Merc 

Merc. 

klerc. 

derc. 

derc. 

Watch 

h m  s 
23 11 30 

17 0 
2 4 0  

Noon 
Noon 

4 8 5 0  
10 34 
11 37 
13 7 
14 53 
16 32 
18 1 
2 9 7  
31 40 
3336 

23 6 ea. 
0 28 11 

3 0 0  
31 46 
3254 
3456 

Noon 
G 47 49 

49 9 
49 48 
5036 
51 31 

Noon 
5 2 5  2 

% 2  
2648 
9332 
29 52 
3029 
31 6 
31 39 
32 28 

Noon 
Noon 
Noon 

5 10 32 
13 3 
14 27 
15 32 
16 26 

23 15 .W 
18 20 
2030 

Noon 
1 33 3) 
5 59 
3 9 0  
42 19 
4 3 4 3  
44 34.5 

44817  
49 26 

7 30 41 
31 40 
33 27.5 
33 22.5 
34 18 

Sextant 

0 ' "  

9 19 44 
19 44 
19 l( 

10 13( 
18 10 ( 
ill 36 ( 

37 I C  
3 3 c  
38% 
393c 
4036 
41 %I 
47 eo 
4830 
49 50 

4048 0 
41 44 30 
435% 
42% 
41 40 
40 10 

834540 
3 9 B 5 0  

2 - 5 0  
93 10 
2030 
17 30 

58 610  
4620 0 

16 30 
13 50 
10 50 
2 3 0  
035 

445840 
5630 
5350 

5 8 5 3 2 0  
59 10 40 
59 28 40 
$7 21 40 

12 -30 
7 4 0  
4 0  
0 0  

59 55 10 
5640 
57 40 

i o 4 6  
2349 0 

45 30 
4 0 0  
34 10 
31 50 
-30 10 

19 42 15 
37 40 

c 0 6 0  
2 % )  
0 10 

19 57 30 
5430 

- - 
Watt 
- - 
h u  

202 

3 8  

5 11 
21 4 
21 4 

ctl : 
6 3 :  

6 %  

20% 

6 U  

456 

G 9  
10 59 

!l 1 
I1 7 

4 ,7;i 
5 27 

8 2 5  

Hw-W. 

m s  

+ 0 46.: 

+ 0 34.: 

f 0 -34.5 
f 0 402 
t I 3.8 

f 1 3.5 

f 1 10.5 

f I 10.3 

- 0 12.5 

- 0 13.0 

- 0 24.0 

- 0 24.5 
- 0 41.5 

- 0 50.5 
- 1 8.0 

- 1 8.2 
- 1 8.0 

- 1 7.7 

~ ~~ 

Remarks 

Comp. March 29. 
Ind. corr. - 0' 2". 
Ind. corr. + 1' 0". 
Ind. corr. + 0 58". 

Observer Sverdrup for 
the last 3 obs. 

Ind. corr. + 1' 5". 

Comp. May 8. 

[nd. corr. + 1'5". 
Ind. corr. + 0 '  35". 

[nd. corr. + 1'0". 
Ind. corr. + 0 57". 
Comp. June 3. 

Ind. corr. + I' 2". 
Ind. corr. + 1' 10". 
I. C. + 1' 0"; Nordahl. 
I. C. + 1' 0"; Nordahl. 
Dbserver Nordahl. 

nd. corr. + 0' 55". 
;eon. 

rid. corr. + 1' 5". 
:amp. June 15. 
rhe first 3 obs. not ood, 

the last 3 t o l e d l e .  

nd. corr. + 1' 5". 
Good. 

Best. 



NO. 4 
= 

1896 

June 16 

June 17 

June 18 

June 19 

June 93 

June 24 

June 25 

June 97 

June 29 

July I 

July 4 

Star 

sun  L. L. 

sun  L. L. 

sun L. L. 

sun L. L. 

Sun L. L. 

sun L. L. 

Sun U. L. 

Sun L. L. 

sun L. L. sun L. L. 

Sun L. L. 
s u n  L. L. 

Sun L. L. 
Sun [L. L.] 

sun L. L. 
Sun L. L. 

s u n  L. L. 

s u n  L. L. 

sun L. L. 

OBSERVATIONS WITH THE SEXTANT. 55 

- - 
Hor. 
- - 

Mere. 

Merc 

Merc. 

Merc. 

Merc. 

Merc 

Merc 

Merc 

Mere 
Merc 

Merc 
Merc 

Mac 
Merc 

Merc 
Merc 

Merc 

Merc 

Merc 

Watch 

h m  s 
2335830 

5 0 0  
Noon 

6 15 12 
16 15 
17 9 

138% 
3 9 7  
39 44.5 

6 I1 14 
12 m.5 
12 5p.5 
13 31 
14 51 
15 36 
16 0 

23 17 10 
19 0 
e 2 5  

6 11 41.5 
I2 51 
17 44.5 
18 47.5 
19 44 

19 51 38 
52 53 
54 47 
5 6 3  
57 8 

1 %  0 
21 9x) 

Noon 
7 0 2 1  
I 17.5 
2 13 

Noon 
5 22 18 
B30 
24 37 
,2526 
!% 14.5 

Noon 
4 56 41 

5844 
59 43 

5 013 
044 

Noon 
4 41 8.5 

4240 
43 14 
4 3 4 6  
44% 

0 57 55 
59 12 

I 2 0  
8 14 
4 2 5  

7 0 4 1  
10 34.5 

232320 

Noon 

Sextant 

0 ‘ ”  

5021 0 
26 10 
EG 10 

l43340 
2950 
26 15 

335640 
5530 
54 10 

l4 51 10 
47 10 
4 6 0  
42 50 
3750 
3 5 0  
3 3 0  

joB25 
2425 
B O  
3345 

14.50 0 
4550 
e8 10 
24 10 
21 0 

51 14 30 
18 40 
24a 
!a350 
32 10 

59 12 0 
10 30 

602630 
4140 0 

3650 
3250 

60 18 10 
47 96 w, 

21 30 
17 40 
14 40 
I 1  50 

60 5 3 0  
4845 0 

3730 
3346 
81 55 
2955 

59 43 50 
4935 0 

3 3 0  
3040 w o  
2 7 0  

583350 
31 50 
9850 
5770 
25545 

40 34 10 
030 

S a m  

- - 
Vatct 
~ - 
h m  
!I 5 

6 6  

!I 8 

8 2 7  
!I 3 

63U 
19 14 

21 7 

21 I1 

7 9  

e1 4 

6 €  

4 &  

6 %  

t i  9 

4 s  

I 1: 
4 41 
7 I f  

a1 1: 

Hw-W. 

m s  
- I 11.7 

- 1 11.5 

- I 15.0 

- 1 16.5 
- I 19.5 

- 1 w.5 
- 1 21.5 

- 1 21.5 

- 196.5 

- 198.0 

- 155.7 

- 156.7 

+ 0 12.5 

+ 0 13.3 

+ 0 15.0 

+ 099.5 

+ 0 11.5 + 0 15.5 + 0 17.0 
- 0 15.0 

Remarks 

Ind. corr. + I‘ IO“. 

Ind. corr. + I‘ 5”. 

The last 3 observations 

Ind. corr. + 1‘0”. 
best. 

} Tolerable. 
Ind. corr. + 1’ I O ”  

Ind. corr. + 1‘ IO” 
Comp. June 96. 

Ind. corr. + 0 55”. 

Ind. corr. + I’ IO”. 
Comp. June 30; watch 

run down yesterday. 
The same thing occur- 
red several times dur- 
ing the days following. 



56 GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

1896 

July 5 

July 6 

July 7 
July 8 

July 9 
July 11 

July 12 

July 13 

July 14 

July 16 

July 17 
July 18 

July 19 

July 90 

Star 

Sun L. L. 
Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun U. L. 

Sun L. L. 
Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun [L. L.] 

Sun L. L. 

Sun U. L. 

Sun L. L. 

Sun U. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun L. L. 

Sun U. L. 

Hor. 
- _ _  

Merc. 
Merc. 
Merc. 

Mere. 

Merc. 

Merc. 
Merc, 

Merc. 
Merc. 

Merc. 

Merc. 

Merc. 

Merc. 

Merc. 

Merc. 

Merc. 

5.3 

Merc. 

Merc. 

Watch 

h m  s 
Noon 

23 31 45 
5 21 22 
22 19 
23 21 
25 12 
2 6 4  
n 2  

2.32825 
Noon 

19 9 5 
10 44 
12 8 
14 43.5 
15 43 
16 38 

Noon 
18 10 5.5 

10 52 
11 42 
12 24 
13 1.5 

11 54%) 
232540 

Noon 
5 23 59 

99920 :w 27 
31 4 

23 49 20 
51 50 
5430 

19 13 35 
15 33 
16 285 
17 13.5 

23 20 10 
2 5 0  

Noon 
19 56 17.5 

57 36 
!% 54.5 

5% 1 %  
238 
344 

27 18 20 
20 2i2 
21 18 

Noon 
8 ID 16 

20 33 
21 6 

20 ,34 57 
39 15 
42 1.5 

233345 
3445 
37 15 

Noon 
11 47 .50 

5 0 0  

v 

Sextant 

0 ' "  

59 10 10 
5846 0 
4 6 5 0  

130 
45 57 50 

51 0 
41 50 
44 15 

3.3 11 10 
15 30 

52 44 20 
4850 
5330 

53 1%) 
4 10 
7 10 

57 55 30 
45 18 40 

21 40 
2450 
27 30 
B30 

29 31 50 
5632 0 

Xi 50 
43 51 30 
383 
3430 
32 20 

55 51 10 
!% 45 
50%) 

47 49 30 553 
59 20 

48 130 
55 10 40 

12 10 
14 25 

49 27 5% 
31 0 
,35 20 
42 40 
46 15 
49 2Q 

54 27 10 
27750 
2820 
31 0 

3156 0 
52 30 
4830 

5 1 0  
14 0 
19 0 

52 51 2!j 
51 30 
51 40 
52 0 

% 51 :io 
51 2Q 

- - 
Watck 
- - 
h m  

23 51 
5 8  

624 
2322 

19 0 

19 23 

18 2 

18 29 
12 5 
21 19 

5 1  

Hw-W. 

m s  

+ 0 7.5 + 0 9.3 

+ 0 11.3 
- 0 23.5 

+ 51 91.5 

+ 57 21.8 
- I 20.0 

- I 18.8 
- I 31.5 
- 125.8 

- 1 21.0 

5 39: - I 18.5 
21 19 - 0 #.I 

21 I1 

19 26 
2 0 7  
el 12 

21 27 

20 10 

758 

828  
20 tw 
5 % %  

0 %  

- 0 30.0 

+ 132.0 + 1 31.5 + 130.0 
+ 1 k20 

+ 3 24.0 

+ 3 25.0 
+ 3 26.0 + 3 3 . 0  

+ 3 39.5 

+ 3 44.0 

Remarks 

Ind. corn. + I' IO". 

Ind. corr. + 1'0". 

Cloudy; tolerable. 

Ind. corr. + I' IO". 

Ind. corr. + 1' 25". 

$22 15* 

} Good. 

h d .  corr. + I'aO". 
Watch bad stopped 

shortly before the 
observation. 

Ind. corn. + 1'8". 
} and drizzle. 
Tolerable, cirro-stratus 

Ind. corr. + I' 30". 
}Not good. 



NO. 8.1 

1896 

July 90 

July 21 

July 83 

July 2& 

July 95 

July 96 

July 27 

July e8 

July 30 

July 31 

Aug. 1 

Star 

sun u. L. 

Sun U. L. 

Sun U. L. 

sun L. L. 
Sun L. L. 
Sun L. L. 

Sun U. L. 

sun L. L. 
sun L. L. 
Sun L. L. 

sun L. L. 

sun L. L. 
Sun L. L. 
sun u. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 
Sun L. L. 

Sun [L. L.] 

Sun L. L. 
Sun L. L. 
Sun [L. L.] 

Sun L. L. 
Sun L. I,. 

Sun L. L. 

Sun U. L. 

OBSERVATIONS WITH THE SEXTANT 

- - 
Hor. 
.- __ 
met. 

Merc. 

Merc. 

Merc. 
5.3 
-5.3 

Merc. 

Mere. 
Merc. 
Merc. 

? 

5.3 
Merc. 
Merc. 

Mcrc. 
[531 

[E] 

F.51 

4.5 
Merc. 
Mcrc. 

15.31 
5.3 

[5.3] 

Merc. 

Watch 

h m  s 
11 51 2 

52 20 
12 41 25 

4358 
45 10 
4635 
47 50 

m 039 
2 1  
3 10 

Noon 
Midnight 
16 15 32 

13.5 
18 '23 5 

2 3 %  
24 42 

222750 
Noon 
4 37 51.5 

3 3  
40 10 

7 4 4  4 
4455 
4526 
46 15 
46 57 

Midnight 
Noon 

17 46 12 
47 5 
47 50 

Noon 
6 1 0  8 

10 58 
I1 40 

15 .56 
17 4 
.I8 0 
19 0 
2 0 7  

0 47 43 
4833 
49 31 

Midnight 
Noon 
03646 
38%) 
3930 
4046 
4320 

Noon 
20 19 :<5 

20 16 
20% 
21 35 

045.30 
49 30 

20 41 48 
44230 

l y 3 f g t  

Sextant 
-- 
~ -. 

O ' U  

2652 0 
51 0 

27 17 40 
20 10 
21 40 
B40 
2,4 ,30 

49 23 45 
Zi 40 
31 25 

54 50 40 
is 38 50 
16 14 

22.9 
41 55 10 

5840 
a 2 0  
54 47 tw 
35340 
39226 0 

21 0 
16 0 

15 e1 20 
19 50 
19 0 
17 30 
16 20 

11 7 3 0  
.% 27 0 
3 8 7 0  

10 .50 
14 10 

;ik 7 5 0  
17 W 10 

5420 
53 !) 

10 20 40 
19 19 10 

9230 
9 . 5 0  
2650 
B 10 
32 0 

964630 
4 6 0  
45 10 

10 5 10 
53 3ca 
52 46 30 

4430 
4330 
32 rn 
3830 

26 98 ea. 
B 47 30 

4840 
50 10 
52 0 

2553 
50 

47 27 30 
293920 

~ ~~ 

I Vatchi Hw-W. 
-I 
11 m 1 

12 35 + 6 L5.5 

12 5 4  + G 56.0 
19 50 I + 7 3.5 

+ 7 4.0 

- 0 6.5 
- 0 4.5 + 0 2.5 

+ 39 .%.5 
+ -0 4.5 

4 is + 60 4.5 

5 G \ + M  6.3 
7 31 ~ - 1 45.5 

8 7  - 143.7 

17 35 I 0 1.5 

17 54 - 0 1.5 

6 I5 

18 2 

1 47 

2 5  

133 

- 0 0.5 

0 0.0 

- 0 1.5 

- 0 1.0 

+ 0 1.5 

57 

Remarks 
__ 

)Not good. 

Ind. cow. + 1'430''. 

Good. 
lnd. corr. + 0' 5.5". 
I d  corr. + 1' 30". 

Ind. eorr. + 1' 35". 

Ind. corr. + 1'40". 

[Height of eye ass. 5.31. 

Ind. cow. + 1' .mu. 
A different watch. 

Ind. corr. + 1' W. 
I. C. + 1' 15" ; obs. Bent- 

sen. 

Ind. corr. + 1' W'.  

Observer Bentsen. 

Observer Benben. 

[us. + 42'1. 

Bad. 

} Bad. 

8 
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1896 

Aug. 1 

Aug. 2 
Aug. 3 

Aug. I 
Aug. 8 
Aiig. 9 
Aug. 17 
Aug. 18 

Aug. 19 

GEELMITYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. NO. e.] 

Star 

Sun U. L. 

Sun L. L. 
Sun L. L. 

Sun L. L. 

Sun L. L. 
Sun L. L. 
Siin L. L. 
Sun L. L. 

Sun L. L. 

- - 
Hor. 
- - 
met. 

Merc. 

Merc 
15.31 

(5.31 

5.3 
5.3 

I::;] 
5.3 

Watch 

h m  s ,  
2043 11 

46 59 
47 36 
48 11 
4858 
49 46 

Noon 
1823 4 

2424 
2.5 15 

2316 0 
2430 

Noon 
Noon 
Noon 

4 29 47 
204027 

41 22 
41 55 

Noon 

-__ . 

47 32 30 
44 10 
47 10 ' 
51 0 I/ 
5430;i - 

51 51 c a i  

48 O I I  

16 4 5 0 :  3 1 6  
2 t i%40 , , l i i  

28 10 
30 *w 

31 16 50 

Hw-W. 
-- 

m s  

+ 0 2.5 

+ 0 3.5 

+ 0 12.6 
f 0 15.5 

f 0 14.5 

f 0 8.5 + 0 10.0 

Remarks 

Foggy limbs. 
Ind. corr. + 1' 15". 

Comp. Aug. 5. 

Ind. corr. + 1'46''. 

Ind. cow. + I' 30" 1). 

Iiid. con. - 0 5". 
lnd. corr. 0' 0". 

1) The instrument dropped on deck; the tangent screw somewhat bent, but no danioge of 
importance. Index error corrected. 
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RESULTS.  
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C. Determination of Azimuth. 
Observer: Lieutenant Scott-Hawen. 

The hours are counted from the same noon as in the preceding observations. The meas- 
urement of azimuth having usually been made in combinatioii with the determiniition of local 
time, the comparisons between the wutcli and chrononieter Hohwii are not given in the following 
list, except in the few cases when they are not to be found in List A or B. 

The position of the ocular is given only wheii notttd in the original. 
The two columns headed “Horizontal Circle” correspond to the readings of the two micro- 

scopes (or verniers) in the same manner as for the vertical circle in List A. 
The striding level of the horizontal axis of the great instrument was always read off in 

i ts  two positions, but here only the sztni of the niimbers is given. the two ends of the hubhle 
being indicated, us in the original, by N, S or E. W. The difference between these numbers 
will then give the inclination of the axis in seconds of are. 

In the column headed “Object”, C indicates tlre murk in thc. magnetic observatory. A s  
stated in the introduction, the purpose of these observations was to furnish a line of reference 
for the detenuination of magnetic declination. The results, as far us the astronomical part of 
the work is concerned, are therefore here given a t  once iii the colunin headed A, which is the 
azimuth of the celestial object, counted from north through east. and corrected for the inclinution 
of the uxis. The direction of the star being given hy this number, the sign of tlie inclination 
of the axis, as given by the level, is easily found. 

In some few cases the small altazimutlr has been used for these observations. 
The following list also contains some determinations of azimuth made directly with tlie 

niagnetic- theodolite which was provided, for this purpose, with a mirror, placed before the object 
glass of the horizontal telescope, and moveable about a horizontal axis; the position of its oxis 
is indicated by M. r. or M. t. (mirror right, or turned) which, in order to save room, is  inserted 
in the column “Level”. The mirror could be used with the eelestinl object in front or behind. 
When the object was sufficiently low. the telescope could be used without the mirror. AS a 
check ou the stnbility of the instrunrent, the telescxye HWS ulso in this case, before and after 
the ohservetions, pointed to a terrestrial mark, here called m, which gives a sufficient indication 
of the use of this instrument. While the observations of the magnet could be made without 
the telescope, this was always used for the celestial object and the terrestrial mark. 

Preceding arid following limb are indicated I)y P. L. and F. L. 
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- 
1893 

Aug. E 

Oct. 17 

Oct. 29 

Kov. 16 

Nov. 20 

Dec. 11 

1m 
Jan. 92 
____ 

Feb. 13 

h m s  

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

o t 11 

Object 

m 
Sun P. L. 

F. L. 
SGn P. L. 

F. L. 
m 

Sun P. L. 
F. L. 
m 

Sun P. L. 
Sun P. L. 

F. L. 
m 
m 

Jupiter 

Jupiter 

m 

m 
C 

Jupiter Ct. 
C 

a Ophiuclii 
C 

c <ass. 

e 
m 

Jupiter 

r 

m 
c 

r Cass. 

e 
m 

Venus 

Venus 

m 
C 

a Cephei 
n 

10 k3.3 
19 7 15 

9 25 

. __. . . 

_ . ~  

1% G.5 
149 18.5 
149 .Wb 

Watch I Horizontal Circle 

I 69 57.6 
j B 5  42.3 

* 2 /297 51.8 
I 69 52.8 
26G 48.2 

i2 Q.7 A.7R I I" "a I,." 

3.1. 52.8 ! 56.7 
1266 51.5 

15 52 5 1289 24.6 

' I266 450 
35.6 

16 8.8 j 169 38.5 I 19 6 i 170 21.0 
: 20 43 
I 46 50 j 191 26.6 
i 54 7 : 192 14.1 
! ~ 99 <%.G 
I 1,340 11 27 
123 7 5 I -Z IO 20 

I 75 44 45 
s ~ 21 45 57 ! 26 53 59.5 
N I 14.9 25 57 

I149 24 7 
20 52 10.2 ! 2% 48 65.5 

' 1.5 59 53 pJ1 

i 19 12 24 1 1 6 ~  44.6 

116 2 I 
! 

7.0 ~ 190 34.5 

21 15 3 j 2!l9 16 4,3 
~ 149 23 34 
I2G3 13.0 

15 6 39.5 i 170 6.0 
8 22.6 ! 170 30.7 

10 38.5 171 3.6 
16 18 56 I187 32.5 

21 31.5' 188 8.8 
24 14 I188 48.5 

' 263 1T.i 
I 347 44 32 

'20 10 1.0  3 4  14 25.5 
22 59 337 43 6 

947 46 24 
I 

2% 11.6 
18 5 34.5 I I33 3 . 0  

8 l!kO I 134 Xi.4 

, ,, 
56.6 
41.5 

51.7 
52.3 
46.8 
Li.4 
50.5 
24.2 
20.0 
44.0 
33.6 
40.2 
34.0 
17.2 
30.8 
2.2.6 
10.0 
33.5 
11 17 
10 0 
44 14.5 
54 115 
25 52 
24 11 
4 8 4 0  
16 37.5 
23 22.5 
8.5 
4.5 

B.5 
1.2 
29.0 
6.5 
45.5 
8 5  
44 31.5 
12 25 
d3 5 
46 27 

7.6 
52.5 

20.0 
b 7.5 I kf.ig.5 : 52 18.5 

19 59 41 I 34 24 52.5 24 57.5 
2022 7 i 395459 15510 

Level ' A 
~- 

Y :xi0 s 36.2 

3 33.2 N 35.0 

3 38.5 N 3.7 
Y 41.0 S 31.3 

I' 38.6 S :5!..i s 34.5 s 36.7 

3 37.7 N 38.3 
3 37.9 N 37.9 

0 4 I1 

279 0 5 8  

281 12 55 

154 1 8 

188 20 16 
190 15 38 

Mean: 
35 2 2 7  

Mean : 
.% 43 47 

904040 

253 47 51 

93 59 11 
99 23 31. 

Mean : 
23 14 53 

Mean : 
40 41 37 

1 0 2 %  0 
106 0 8 

Mean : 
184 31 I1 

Mean : 
m2346 

969 46 43 
275 13 53 

Rem. 

'1 
l) 

9) 

8) 

Magn. 
Theod. 
Altaz. 

9 

4, 

1) The watch in this case was the sidereal chronometer Frodsham, whose correction to Hw, 
witliout regard t o  the hours which are here altered. was + -1 486.5 and + 5om 43.9 resp. for 
the times of the two circle-readings. The obsemation was token on an ice-floe aground off the 
coast of Yalmal. 1,cvelling of the instrument (the magnetic theo- 
dolite) desi ated as  unsatisfactory. 2) M a p .  Th. on the ice 115 paces from the ship. Hoar- 
frost W 18W Hw- W = + 2m 449.6, U' l!th :* Hw- W = + 2m 488.9. a) Foggy, m indistinct. 
4) W 1411 

In was a mark on tho silore. 

Hw - W = + Om 33.4, W 1611 4Qm HW - W = + Om 36s..5. 



NO. 6.1 

I 
I894 1 Object 

1.- ~ .- 

I 
Feb. 13 c 
Feb.22 C 

u Coss. 

c 
Mar. 5 I m 

j S i n  P. L. 
! F. L. 

Sun P. L. 1 F. L. 
I m  

Mar.20 ' in 

Miir. 22 

Mar. ?3 

Mor. 31 

Apr. 15 

Apr. 20 

Apr. 25 

Sun P. L. 
F. I,. 
c 

u Persei 

e 
m 

Sun P. L. 
F. L. 

Sun P. L. 
E'. L. 

s i n  P. L. 
F. L. 

m 
m 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 
m 
m 

Sun P. L. 
F. L. 

Sun P. L. 
,. F. L. 

Sun P. L. 
F. L. 

d n  P. L. 
F. L. 
m 
m 

Sun 1'. L. 
F. L. 

Sun P. L. 
F. L. 

s i n  P. L. 
F. L. 

SA P. L. 
F. L. 

DETERMINATION OF AZIMUTH. 

. - 

A Watch Horizontal Circle i Level 
~. - 

h m s  

0 2.5 .w 
031. 5 

16 33 46 
34 53 

17 36 33.5 
38 43.0 

14 46 23 
48 3) 

. . 

4: 21.8 24.9 
264 ,320 

0 13 16 

2020 '37  
11 16 

W 14 18 
1ti N.5 

21 42 35 
4440 

19 5G 45 
55 57 

20 340 
5 53 

21 :i 56 
6 2 5  

21 20 50 
2 3 4  

2 0 0 3 8  

20 9 4 8  
12 1 

21 37 13 
39 30 

21 44 40 
47 0 

5 21.5 

Ma :u.3 
349 3 . 4  

11 8.0 
3 m.3 

112 61.7 
85 52.8 

87 45.4 

W2 53.7 

288 23.8 
112 6.2.0 
113 2.0 
87 46.5 

89 19.0 

9 2  403 

WA 8.5 
113 3.5 

32.0 
39 .%.5 
19 18.5 
;,7 4 3  
38 15.5 
325 
35.5 

rh3.5 

28.5 
32.4 
59.4 
51.2 

44.2 

55.0 

z4.7 
59.8 
0.0 

45.0 

17.0 

$2.5 

9.5 
0.5 
l6.0 
29.3 

20.0 

18.5 

18.0 

M. r. 

M. t. 

M. r. 

M. t. 

M. r. 

M. t. 
M. r, 

M. t. 

M. r. 
M. t. 
M. r. 
M. t. 

M. r. 

: 2 4 7 2 6 & ! 3  
!i 
li 6~ 43 

270 33 27 

245 7 18 

246 51 31 

%I 51 29 

266 3 22 

%it53250 

2.27 13 i?7 

269 59 5 

270 49 43 

250 41 23 

963 21 56 

264 58 I1 

%49W 

63 

Rem. 

9 
Sun in 
front. 

Sun 
back. 
Do. 

Sun in 
front. 

Sun 
beck. 
Do. 

9 
Sun in 
front. 
Sun 
back. 
Do. 

Do. 
-_ ___ ._ . . . . - - 

1) W 13h 5m Hw-W = - Om 73.7; March 21 W 13h 4m Hw- W = + Om 59.5. 9 Star oss. 
to lie 6 Persei. The corrections applied to the altitudc?s of the same star in List A (p. 7) are 
erroneous; the nltitudes huve been computed on the su position that the star wns 6 Persei and 
with o correction of + Io' to the circle-reodings Oc. $ 8)  W 13h 19m Hw-W = + 4m 1993. 
') Taken nearly 5 hours before the first obs. of the Sun and 8 hours before the last obs. 
of m. 
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1EM 

Apr. '25 

May 4 

May 10 

May 25 

June 3 

June 4 

June 6 

June 12 

June22 

July 5 

July 6 

29.2 47.5 

295 56.0 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. 

48.5 

57.0 

Object 

21 29 I8 
31 35.7 

Sun P. L. 
F. L. 

s i n  P. L. 
F. L. 

m 
C 

Sun P. L. 

Sun P. L. 

C 
SI111 P. L. 

C 
Sun P. L. 

C 
Sun P. L. 

Sun P. L. 

Sun P. L. 

Sun P. L. 

Sun P. L. 

Sun P. L. 

Sun P. L. 

F L .  
FL.  
T L .  
FL. 
FL.  
CF. L. 
CF. I,. 

CF. 
CF. 

Sun P. L. 
F. L. 

Srln P. L. 

I< 
Sun P. L. 

n I;F. L. 

Sun P. L. 

C 
;* L. 

87 37 19 1 %  15.3 
295 53 :)o , 5 4  4 

- - 
IC. 

- - 

S 
N 

s 

S 

s 
kv 

S 
N 

S 

N 

S 

N 

n 

n 

n 

5 

5 
n 

s 

N 

' 

Watch 

h m s  
21 31 0 

33 12 
21 49 8 

51 19 

22 10 42.3 
12 xi 

14 45 25.7 
47 48.5 

21 55 43.5 
.i7 B..i 

Iv 47.0 S 4.3 

S 44.9 N 12.4 

N 38.2 S 14.5 

S 24.7 N 22.9 

N "27.3 S 411.5 

s 20.4 h' 31.0 

S 45.0 N 4.0 

S 13.7 N 37.4 

S 29.0 N 19.0 

E E 

Level 
~ -.-_ 

M. t. 

M. r. 

N 28.6 s 27.9 

115 38 3.5 
178 4 8  41.5 

- ._" 

115 42 57.5 

13 I3 39.3 
15 55.0 57 14.5 

1% 14 11.5 

13 23 49.5 
26 8.0; 

i. 
12 4.j 
39 46 

j 145 15 37.5 

6 25.7 

I I24 11 19 

37 21 
4 8 %  
43 17.5 
49 12.5 
42 3.5 
40 21 
40 47.5 
1-2 40.5 
40 45.5 
I5 91 
13 24. 
;ic, 43.5 

B 31 
14 12.5 
I1 IG.5 
30 14 
31 4.2 
2 3 0  

31 59 
86 21 

N45 S 7 

N 24.9 S 28.4 

[NORW. POL. EXP. 

A 

0 , I ,  

24x4 5 11 

272 .56 59 

278 27 4% 

163 18 53 

n 2  49 4 

149 11 25 

271 52 0 

126 E! 49 

116 5 20 

113 27 49 

272 24. 14 

130 32 I 

2661 21. 8 

124 24 47 

1% 52 49 

276 15 56 

990 33 41 

Rem. 

1) Hw-W=+Om388.5 (a different watch). 
Hw-W = 5OmW.0. Watch stopped shortly before. 
obs. of thc Sun. 
during the observations. 
the ship during most of the drill) used here as  a check on the instrument. 
visible; dew on one of the microscopes. 

2) W2Oh55m Hw-W=%mW.5; WP2h3m 
8 )  Taken in combination with the following 

4) The pillar for the Altiuimiith loosened in the ice, but instrument steady 
6 )  P wus u mark on the "Storkoss" (a big hummock which followed 

6) Bad sun, just 



NO. 6.1 

- 
1894 

_- 

July I O  

July I4 

Jiily 27 

July 28 

Aug. 2 

Aug. 

Aiig. 11 

Object 
~~ 

C 
Siin P. L. 

C 
Sun P. L. 

C 
Sun P. L. 

C 
Sun P. L. 

TL.  
CF. I A .  

CF. L* 

c'. L. 
m 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

F. L. 
m 
C 

Sun P. L. 
F. L. 

F. L. 
Sun P. L. 

C 
Sun P. L. 

F. L. 
Sun P. L. 

F. L. 

s:rl P. L. 

SIL P. L. 

c? L. 

s& P. L. 

CF. 
C 

Sun P. L. 
F. L. 

Su"n P. L. 
F. L. 

d n  P. L. 

tL. 
C 

Sun P. L. 
F. L. 

s i n  P. L. 
F. L. 

S l n  P. L. 

cF* c 
Sun P. L. 

F. L. 
Sln P. L. 

F. L. 

- - IC. 

__ - 

Y 
5 

Y 

Y 
3 
Y 

I 

n 

N 
S 
n 
n 
n 
n 

JG 
E 
N 
n 
n 
n 
n 

E" 
E 
N 
n 
n 
n 
n 

8 
W 
S 
n 
n 
n 
n 

JG 
E 
N 
n 

n 
n 

DETERMINATfON OF AZIMUTH. 

Watch 

i m  s 

2 25 22.6 
27 37.6 

1 21 16.6 
23 32.4 

x)  59 38.5 
I1 1 53.3 

I1 % 37 
2650 

0 31 18.4 
33 34.2 

0 36 26.6 
38 41.9 

0 44 2 3 . F  
46 39.5 

!I 14 7 
16 BS 
17 51 
2 0 4  
21 22 
23 33s 

11 31 37 
33 49.t 
35 I l l  
37 23.d 
39 %A 
41 B.( 

0 30 l4.l 
32 rn 
3 4 . 4  
36 9.t 
36 56.t 
38 s3.t 

0 47 35 
49 39.t 
50 56.t 
53 2.l 
5L 42.! 
56 51.2 

20 28 58.8 
31 12.4 
33 29.2 
-75 41.6 

Horizontal Circle 
- . .- 

1 I ,  

- _- .- 
0 , I4 

118 8 0.5 
P24 56 20 
118 9 3.5 
146 18 52.5 
IW 9 26.5 
146 20 41 
140 49 47 
49 41 15.5 

140 47 98.5 
140 45 15.5 

140 44 B.5 
1.50 17.0 
111 14.0 

112 28.0 

114 22.5 
150 17.0 

1 35.3 
z74 "5.0 

275 21.0 

276 14.5 
I 38.5 

181 3J.O 
98 52.5 

99 445.0 

100 50.5 
184 42.5 
1&2 31.8 
143 -24.0 

I44 21.0 

144 62.5 
182 34.5 

2 tx.5 
327 34.5 

328 23.5 

'32J 19.5 
2 37.5 

m 26.0 
76 8.5 

77 16.4 

$2 ;io 

I 

A 
/ I  

Level 
--- - - ~ , - o -  1 

, ,, 
8 4 1  1 
17 1 1 5  N 43.0 S 5.0' 117 21 47 

I, 

I 9 44.5 
19 35.5 
8 37.5 ~ S 37.3 N 11.8'; 317 29 8 
!I) 59 I 
k3 51.5 
11 57 
I6 39 
ct 28.5 
i3 22.5 
i340 
12.5 
11.0 

5.0 

19.5 
12..5 
35.3 
23.0 

19.0 

13.0 
39.5 
38.5 
52.5 

2r7.0 

50.5 
41.5 
30.0 
21.0 

18.0 

59.5 
33.5 
35.3 
,375 

26.5 

22.5 
38.0 
25.0 
11.7 

19.7 

I, 
17.2 S 35.7 254 21 23 

; 21.5 s 31.5': 960 36 14 

P 

n 

The small 
altnz i m u t h 

used in 
August 

307 31 Li 

I 27 0 

259 n 3 
e60 23 "22 

261 I5 3 

2 6 3 4 8 %  

!264 41 44 

m 45 .w 

307 98 I2 

t#)6 24 9 

W 5 E  

311 39 4t 

312 28 E 

313 23 25 

2fM 58 4: 

250 6 3  

65 

= 
Rem. 
-__. 

9 
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- 
1894 

Aug. 14 

sep. 3 

sep. 24 

Sep. 28 

Oct. 26 

Nov. 10 

Nov. 21 

Nov. 26 

Dec. 5 

Dec. 14 

Dec. 18 

1895 

Jan. 16 

0 ' "  

51 9 %  

53 Fio 41 

29 2 1 9  

!FA40 6 

57 31 44 

GEELKCrYDEN. ASTRONOMICAL OBSERVATIONS. 

1) 

[NORW. POL. EXP. 

10 37 t34 

Mean: 
74 11 3G 

Object 

  ASS.+%^; 
see List A] 

a )  

Sun P. L. 

C 
Sun P. L. 

C 
C 

Sun P. L. 

C 
Sun P. L. 

F. L. 
Sun P. L. 

C 

CF. 

FL. 
Aurigae 

c! 
C 

Mars Ct. 
C 
m 

Mars Ct. 

Ma; Ct. 

m 
C 

a Tauri 
C 
C 

(L Pegnsi 
C 
C 

a Tauri 
C 
C 

a Tauri 
C 
C 

a Tauri 
C 
C 

a Tauri 
C 
C 

ta Tuuri 
C 

C 

.3 

W 

?l 

W 

n 

e 
a Orionis 

07 28 

70 44 53 

803940 

81 25 16 

88 32 B 

a221 0 

- - 
oc. 
- - 

N 

W 
S 
W 
W 
N 

W 
S 

8 

n 

n 

N 
N 
S 
S 

N 
S 
Ii 
S 
N 
S 

8) 

Watch 

h m  s 
eo 37 40.2 

39 54.8 

W,  48 22.6 

13 9 34.4 
4 42.6 

21 15 57 
18 7 

21 27 27.6 
B 37.0 

5 17 32 
29 41 

1 20 3 . 5  

21 5 57.6 
10 22.0 
14 0.6 

22 47 25.4 
53 44.6 

1 38 56.0 

16 44 30 

22 .55 51 

22 40 56.5 

22 40 59 

23 5 2 1  

23 36 14 

Horizontal Circle 

0 I (0 

78 19.7 
202 23.5 
22 24.3 

260 57.0 
22 23.6 

263 53 26 
21 el 7.6 

!263 52 14 
85 26 15.5 

328 37 18 

331 29 12 
85 26 11.5 

813 11 28.5 
m 37 34.5 
207 44 .i7 
213 13 22.5 
111 46 44 
114 .% 9.5 
111 46 9 
63 36.5 
m 10.5 
230 15.5 
231 10.0 
254 18.5 
255 53.0 
63 35.0 
334 61 29 

4 39 22.5 
334 til 13.5 
337 36 51 
3ki 20 48.5 
337 36 59.5 
337 34 48.5 

337 34 31 
337 44 ;io 
352 29 2.5 
3.37 44 41 
,337 53 11 

1 44 14 
33753 0 
337 52 37.5 

18 10 48 
337 22 31.5 
337 57 4.7.5 
29 44 31.5 

337 57 38 

3 4.3 
4 30 

356 G I  -5 

3 e 3 8  
i 4 30.6 
j 3 33.5 
i 4 2 8  
! a 7 4 3  5 

E! 8 48 170 3 29.5 

, ,, 
220 
23.0 
24.7 
M.8 
24.0 
51 34 
22 10 
51 14 
24 19.5 
3946 

31 34 
Z4 18 
13 21.5 
39 43.5 
$7 19.5 
1.5 22.5 
$7 53 
5 8 6  
2.7 59 
36.0 
8.0 

13.5 
7.5 

18.5 
53.0 
35.0 
j9 58.5 
27 52 
59 44.5 
35 13.5 
19 0 
% %  
33 21 
59 32.5 
33 22.5 
t3 29.5 
27 49.5 
M B  
51 57 
$2 45.5 
jl 38 
il 11 
9 1.5.5 

51 1.5 
3i 20.5 
i.3 17.5 
56 11.5 

5 3  
.i 59 
4 58.5 
5 5 4  
4 53.5 
5 5 0  

2.1 58 
3.3 28.5 

Level 
.- 

N 34.2 S 92 

S 29.3 N 92.7 

S 30.6 N 20.8 

S 37.4 N 25.5 
Fr' 24.3 s 40.4 

S 42.0 N 26.0 

Mngn. Theod. 
direct setting 

S 41.6 N 32.6 

S 33,5 N 36.3 

N 36.8 S 36.5 

N 35.7 S 38.6 

S 43.3 N 29.4 

S 38.5 N 35.5 

N 31.2 S 45.2 

Observations 
taken for deter- 

mination of 
collimation 

N 31.5 S 40.9 

I 9859 3 

I 
02 4 3 9 1  

I 

11 10 

93 41 45 

I )  Cloudy for F. L. and afterwards. W E h  3 3 m  Hw-W = + 1Om 42H.5. 2) W W)h 10m 
Hw-W = + 7m 78.3. a) Second circle-reading 37' ass. by tbe observer. 



NO. 4 
= 

1895 

Jan. 16 
Mar. 6 

Apr. 5 

Apr. E l  

May 11 

May 24 

July 5 

July 12 

July 1: 

Aug. 4 

Level I Object 

C 
C 

Arcturus 
C 
C 

Sun P. L. 

C 
Sun P. L. 

C 
Sun P. L. 

C 
Sun P. L. 

FL. 

c". 

TL. 
m 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

m 
m 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

m 
m 

s u n  P. L. 
,, F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 
m 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

sun P. L. 
F. L. 

m 
Sun P. L. 

F. L. 

DETERMlNATlON OF AZIMUTH. 

Watch 

h m  s 

- __ 

1 15 3 

74552 
4 8 0  

!3 20 30.5 
22 36.0 

0 5 49 
!?a 3.5 

324 2 
26 19 

02338 
2550 

09845 
3056 

1 6 2 3  
844 

1 10 9 
12 26 

024 7 
26% 

02945 
3 2 6  

1 2 5 6  
5 14.: 

1 6 5 1 .  
9 12 

0 T7 18 
29 27 

0 30 35.i 
32 46.1 

14697 
4844 

I 50 32 
52 47 

02040 
23 26: 

0 24 32 
e644 

02899  
30 4%! 

1 I l l  
322  

~ ~~ ~ 

Horizontal Circle 

0 ' * I  

8743 0 
25 0 13.5 
74 44 0.5 
25 Ole  
96 21 19 
93 I t  %.5 
96 21 21.5 
136 4!3 46.5 
2i 31 32 
36 49 45 
43 44 59 
49 '2.5 41.5 
43 43 36.5 
M 7 51.5 
!41 16 49 
M 8 1  .w 19.5 
24 55.0 

25 56.5 

35 26.0 

36 385 
50 20.0 
39 35.0 
21 94.0 

92 50.0 

31 19.0 

31 56.5 
39 33.5 
20 %.t 
12 52 

14 3.0 

33 li.5 

34 6.0 
112 58.5 
155 51 

156 37.5 

157 49.0 
112 36.5 
165 62.0 

- 
4 8 ,  

L.1 51 
140 
629 
I 35.5 
! 3 5  
17 0.5 
B 5  
il 27.5 
)3 5.5 
il 29.5 
c3 24.5 
!7 20 
I522 
6 I1 
14 47.5 
6 17.5 
11.0 
i7.5 

i9.0 

29.0 

40.5 
22.0 
37.0 
n.5 

53.0 

14.0 

58.5 
35.0 
59.5 
56 

6.0 

19.5 

8.5 
55.5 
Si 

.%.5 

44.5 
33.5 
57.5 

I 21.7 s 45.3 

- 

; 28.6 S 37.5 

I 36.7 s 22.7 

- 

M. r. 

M. t. 

M. t. 

M. r. 

M. r. 

M. t. 

M. 1.  

M. r. 

M. r. 

M. t. 
M. t. 

M. r. 

M. r.? 

M. t 

M. r. 

M. r. 

A 

O ' Y  

59 40 37 

26.3 27 

5 7  6 14 

m20 4 

306 I4 

948 14 

249 31 14 

259 0 53 

-259 57 3 

-248 15 47 

249 41 Y 

25!3 e 16 

25346% 

228 45 5: 

94936 ( 

m38: 

369 38 .51 

254 13 

255 9 %  

% 6 9 !  

%3 19 4' 

1)  W 1611 l&i Hw-W E - S.0. 2) Observation of C not sharp. Ice in motion. 
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= 
1895 

Aug. 4 

sep. f 

sep. % 

Oct. 14 

Oct. 24 

Oct. 2 

oct. z 

Nov. 5 

Nov. 19 

Nov. 22 

Nov. 30 

Dec. 6 

1696 
Jan.3 

Jan. 9 

M. t. ' 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

l o t  11 

5% 12 49 

Object 

Sun P. L. 
F. L. 

m 
m 

Sun P. L. 
F. L. 

s i n  P. L. 
,. F. L. 

Sun P. L. 
F. L. 

Sun P. L. 
F. L. 

m 
C 

Capella 

C 
Arctiirus 

C 
C 

Jupiter Ct. 

C 
Arcturus 

e 

e 

e 
d 

c: 

a Cygni 

C 
a Aquilac 

C 
a Leonis 

C 
C 

a Tauri 

C 

,8 G2min. 

C 
,8 Leonis 

C 
,8 Leonis 

C 

CI 

c 

e 

e 

Y 34.6 S 36.5; 

I 

I 17 49 
19 46.: 

1 m 4 2  
23 45 

6 3 %  
12 29 

2 3 9 3 8  

19 35 6 
51 .i9 

I 2 20.: 
10 11 

19 4 2 2  
8 7  

4 33 21 
36 41 

!o 59 44 

153 2 
5543 

5 556 
11 45 

1 9 5 5  
13 2 

0 45 20 
48 '24 

266 18 34 

Horizontal Circle 

33.5 S 43.3 

i 37.0 S 39.5 
i 35.9 S 41.4 

-____ 
0 8 ,# 

166 44.5 
I12 38.0 
89 18.5 

116 15.5 

117 16.5 

131 51.0 

132 31.5 
89 28.5 

1%) 26 24.5 
311 44 14.5 
313 57 29 
120 26 20.5 
120 32 44.5 
133 44 49 
1% 32 58.5 
120t78 2 
121 41 48.5 
I25 .Si 8.5 
I20 57 54.5 
120% 3 
121 6 22.5 
I23 4 11.5 
120 37 55 
114 30 
115 41 
,331) 32 
258 43 :30 
2a9 58 45.5 
290 49 18.5 
258 43 29.5 
82 -58 42.5 

154 36 55 
82 58 40.5 
81 49 4.5 

310 2.8 37 
311 8 28.6 
81 49 5.5 

2.6418 0 
264 17 56 
139 55 10.5 
141 21 44 
264 17 50 
a4 23 35.5 

142 !i5 17 
143 42 14 
84 23 e 3 4  
78 48 10.5 

154 50 -34 
155 36 B.5 
78 46 23.5 

t58 48 12 

279 18 35 

75 52 W, 
76 32 17 

8 ,I 

40.0 
35.0 
16.5 
11.5 

13.0 

47.5 

33.0 
27.0 
25 3.5 
4254 
59 3.5 
z748 
31. 14.5 
26 25.5 
:34 29 
36 12.5 
43 17.5 
5fi 48.5 
56 9.5 
:XI 52 
8 6.5 
548 

3!l 44.5 

$5 :* 
60 58.5 
51 24 
G36 
60 42.5 
38 45 
60 29 
50% 
30% 
10 28 
io43 
15 .a 
15 47.5 
3 49.5 
20 23.5 
15 44 
5 15.5 
!6 M.5 
K3 37 
!5 10 
623 
12 4.5 
18 21 
8 4.5 
lo27 

i 34.8 S 40.91 
i 34.1 S 41.6. 

i 36.5 S 39.6 
1 40.1 N 36.4 

T 36.0 S 41.0 

78 14 53 
79 41 25 

263 53 12 
264 40 2 

- 
- 237 2 6  

1) Ice in motion between the two sets of observations. I) Watch ass. 2W. 8) Circle 
4) D was an azimuth-compass on the ice, from which the bearing of the 

6) Collimation corrected: the box of the instni- 
ass. 37' and 36'. 
altazimuth WHS taken some minutes after. 
meiit had had a shock some time beforo. 8) Assumed 56' for second microscope. 



NO. 6.1 
= 
1896 

Jan. 9 

Jan. 48 

Feb. 4 

Feb. 19 

Feb. 25 

Mar. 7 

Apr. 2u 

June 19 

I 79 24 24.5 

Object 

B 34 39 

@ Leonis 

C 
Capella 

C 
a Persei 

C 
a Persei 

C 
a Cygni 

C 

E 

e 

c 

e 

e 
c: 

Sl t l  P. L. 

Arcturus 

C 
Sun P. L. 

F. L. 

FL* 
C 

Sun Ct. 
U 

e 
C 

Sun Ct. 
U 

e 

79 26 12 28 1.51 
792130 23 0 I 

,350 7 48 I 6 3.5 K 34.0 S 45.2 93 55 11 

- - . . . . . . ... __ 

318 18.5 
WB 56.5 
269 59.0 

- - 
De. 
- - 

E 

W 

W 

E 

w 
S 
N 
E 

19.5 .w.o 
60.0 

DETERMINATION OF AZIhlUTH. 69 

Watch I Horizontal Circle 
~- 

I U  

3033 
21 5 
41 53.5 
26 4.5 
5.2 46.5 

29 51.3 
% 5  
9 17.5 

3ti 57.5 

Level Ij A I Re: 

I o ' u l  I 
~- 

N M.0 S 34.81 276 30 34 
N 45.2 S 32.6' 5'7 25 5 

I '  
N 40.3 S 31.4 
N 40.0 S 30.7 57 6 2 

55 53 18 ~ 1) 

G I 8  0 
G 21 31 

5 22 25 
2.446 

5 2 8 3 4  
345 

4 38 18 
40 3.5 
4 . 2 4  

5 2 8 3 9  
3054  
3234 

,330 4.0 
330 34.0 
330 56.5 
268 57.5 

5.0 
35.5 
59.0 
59.5 

29.9 s t33.4 267 25 35 

34.0 S 99.3, 268 56 13 

Greenland Mean : 
Theodolite %3j 10.5 
(without 
t clescope) 

Mean : 
, 261 49.5 ;i 

I )  First circle reading 305" W abs. by tlic observer. 



70 GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

D. Determination of Magnetic Declination by Compass. 

Observer: Lieutenant Sd-Hammi ,  when not otherwise stated. 

Besides the regular observations taken in the magnetic observatory, the declination was 
frequently determined by the bearing of Uie Sun or a star, ttlken with a compass at a convenient 
distance from the ship. As these observations could not be made the subject of the -e dis- 
cussion as the other magnetical observations, which are contnined in another memoir, the 
results are given liere a t  once, together with the latitude employed for the calculation of the 
azimuth, and the longitude from the meridian of Greenwich. 

The comparisons between the watch and chronometer Hollwil are added only in the few 
cases when they are iiot to be found ill List A or B. The correction of Hw to local mean time, 
necessary for the calculation of azimuth, will Le fouud in a subsequent section. 

The observations of 1893, August e0 and 28, and the three first observations of 18% 
February 20, were taken by means of tl sniall compass by Olsen, divided into degrees on 
the rim from both ends of the diopter, and hoth ways to 900. As more than one observation 
w&Y always taken, the quadrant may be inferred from the increasing or decreasing of the UUIU- 

bers given in the column “Compass”. which are the means of the readings of both ends of the 
needle. Tbc conipass used 1fj%, September 21. wt~s graduated anti-clockwise from 00 (at the 
wire end of tlie diopter) to 3600; the degrees given in the column “Compass” correspond to the 
north end of the needle, but the fraction of degree is the mean for tlie two ends. 

All the other ohscrvations were takw with Hechelmann’s Azimuth C o m p s ,  divided into 
degrees on the card. With its gimbals it was suspended in a wooden box (spiked with copper 
nails) and mounted 011 the ice; after observation it was generally left there, covered with a 
canvass cap, unless cracking of the ice or other  circumstance^ made it necessary to remove it. 
Every number in the column “Compuss” is the nieaii of the readings both ways. The quadrant 
there given corresponds to the wire end of the diopter. When the Sun was too high for direct 
setting, the mirror was used, and then always in the two positions of the instrument, with the 
Sun in front or behind, which is indicated by “Front” or “Back” added in the column “Object”. 
When nothing is added, the bearing was taken directly. 
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1893 

Aug. 90 

Aug. 28 

Sep. 21 

1894 
Kiy-2- 

July 13 

July 92 

July !26 

27 

Oct. 17 

Object 

Sun Ct. 

Sun Ct. 

sun Ct. 

sun Ct. 
Front 

Sun Ct. 
Rack 

sun Ct. 
Front 

Sun Ct. 
Back 

sun Ct. 
Front 

Sun Ct. 
Back 

Sun Ct. 

Moon [Ass. 
Cent. with 
reduction 
for phase] 

Watch 

h m s  
493740 

2950 
31 3 
3 3 5  
3433  
41 45 
4330 

I 41 95 
4345 
4643 
47 30 
4855 
51 53 
52 50 
3% 

I 

19 34 43 
3623 
37 49 
33 49 
4055 
429.9 
43 59 

21 47 6.5 
4 9 0  
51 23.5 

21 55 16 
57 3.5 
58 49.5 

12% 0 
9 9  5.4 

12 33 m 
3 6 2  

21 44 13 
47 24 
49 12.3 

21 52 6 
5630 
57 42 

23 52 10 
54s 
57 4.5 

0 830 
4 %  

03653 
99 el 
31 14.7 

Compass 

0 

69.65 
62.25 
61.75 
61.6 
61.1 
59.E 
58.8 

83.5 
83.75 
84.25 
84.55 
85.0 
85.6 

86.3 
a5.s 

222.7 
222.7 
223.0 
224.0 
224.2 
S . 0  

s 50.2 w 
50.63 
51.25 

s 52.9 w 
52.7 
53.15 

N 79.65 E 
81.25 

N &2.2 E 
82.55 

S 50.8 W 
51.35 
51.65 

s 59.05w 
.5x 1 
53.3 

s 85.45w 
86.15. 
86.5 
87.3 
87.6 

N 43.3 E 
48.9 
44.35 

- 
Magn. 
Decl. 

0 

94.9 E 
5 . 0  
24.8 
94.9 
S . 0  
24.7 
94.9 

27.7 
28.0 
27.95 
28.1 
28.0 
28.0 
28.1 
28.05 

16.7 
16.9 
17.3 
17.2 
16.7 
16.9 
16.46 

Mean: 
33.8 

33.8 

37.9 

37.8 

33.7 

34.2 

31.0 

37.9 
37.9 
37.9 

Station 

Ashore on Reindeer Is- 
land one of the KW- 
mama Islands. 

N. Lat. 740 48 
E. Long. 85 45 
5 altitudes of the Sun 

(see List R) were taken 
half an hour before 
anchoring. 

On the ice ea 100 m. from 
the shi near the north 
end OF the Nwden- 
slciekz I6la9Uis. 

N. Lat. 760 54 
E. Long. 95 2 
7 altitudes of tlie Sun 

were taken 2 hours 
after mooring to the 
ice-border, 5 at  sea half 
an hour before. 

C+ 80 m. from the ship, 
ju s t  after the enclosure 
in the ice. 

N. Lat. 780 42 
E. Long. 133 35 
The hummock ap 

to be turning sK$ 
with the Sun. 

0 ,  

N. Lat. 81 33.7 
E. Long. 123 52 

N. Lat. 81 39.2 
E. Long. 125 0 

N. Lat. 81 26.2 
E. Long. 195 6 

N. Lat. 81 13 
E. Long. 1% E5 

N. Let. 81 43.5 
E. Long. 115 40 

Rem. 

800.35? 
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1894 

-- 

Oct. 20 

oct. 5% 

Nov. 4 

Dec. 11 

Dec. 28 

1895 
Z r - E i  

Jan. 22 

Jan. 30 

Feb. 6 

Feb. 13 

Feb. 17 

Feb. 20 

Feb. 23 

Mar. 11 

Mar. 19 

1 Rem. 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Jupiter 

Object Watch 

I h m  s 

I 23 18 51 
31 12 
3423 

Mars ' 9 3 4 0  I 3 8 0  ; 42 5 

i 21 0 

Jupiter ! 1 14 30 
I 18 30 

Arcturus 

Moon Ct. 

P2 28 55 
31 20 
3 4 3 8  

2.3 13 10 

Jupiter 

Jupiter 

Jupiter 

Jupiter 

Jupiter 

Jupiter 

Procyon 

Procyon 

Jupiter 

Venus 

Venus 

2227 17 
29 57 
32 44 

2327 3 
2926 
31 56 

22% 9 
59 36 

23 2 2 0  

234430 
47 25 
4 9 6  

21 41 58 
43 43 
4553 

22 242 
4 3 5  
6 18 

224655 
49 53 
52 14 

23 4 3 6  
6 2 0  
848 

G 3 G  
836 

10 45 

1 I 6 3 6  
18 22 
2020 

2 5 4  3 
5548 
55 15 

Compass 

0 

s 34.15w 
35.0 
35.9 

N 22.4 E 
23.55 
95.05 

s 56.35w 
56.75 
57.46 

N .%.85 E 

N 44.7 E 
47.45 
48.3 

N 50.45 E 
51.6 
51.75 

N E.35 E 
76.0 
7G.S 

N 76.9 E 
78.05 
78.85 

3 83.4 E 
8.2.3 
81.7 

V 73.3 E 
73.95 
74.55 

V 83.4 E 
84% 
84.75 

71.1 
71.85 
72.4 

IJ 75.75 E 
76.3.5 
76.85 

1 74.85 E 
73.9 
73.5 

; 44.85w 
45.15 
45.75 

; 66.45w 
66.8 

67*% Ij 

Magn. 
Decl. 

0 

Mean: 
39.9 E 

39.0 

38.7 
383 
39.0 

39.4 

41.1 
41.3 

42.3 
424 
42.4 

41.6 

42.3 

42L.5 
42.1 
p2.0 

42.0 

41.6 

42.6 

42.3 

42. I 

k2.0 
423 
42.1 

41.8 

Station 

0 1  

N. Lat. 82 0.2 
E. Long. 114 51 

N. Lat. 82 11.9, 
E. Long. 113 13 

N. Lat. &2 6.0 
E. Long. I10 59 

N. Lat. 82 30.7 
E. Long. 108 2.4 
N. L a t  83 18.8 
E. Long. 101 54 

N. Lat. 83 27.0 
E. Long. 103 25 

N. Lat. 83 23.6 
E. Long. 102 14 

N. Lat. 83 41.0 
E. Long. 103 17 

N. Let. 83 31.5 
E. Long. 102 33 

N. Lat. 83 26.0 
E. Long. 103 6 

N. Lat. 83 32.3 
E. Long. 102 57 

:a. 100 m from the shiF 
on the port bow. 

lrdinary place. 
!I. Lat. 83 40.0 
3. Long. 102 59 

q. Lat. 83 46.7 
3. Long. 102 7 

Y. Let. 83 59.0 
3. Long. 102 13 

Y. Lat. 84 8.9 
2. Long. loo 98 

Compass 
Olsen. 

mann. 
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1895 

Apr. 16 

May '27 

June 6 

June 13 

June 22 

July 19 

July 29 

July 31 

Aug. 8 

Aug. 10 

Aug. 14 

Aug. 25 

sep. 2 

Sep. 18 

Oct. 7 

Object 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

sun Ct. 

Arcturus 

Watch 

h m  s 
93 31 59 

33% 
3539 

0 34 10 
3546 
3790 

14 46 % 
4850 
5045 

0 4 3 3  
6 42 
8 2 0  

0 5 %  0 
5620 
5845 

1 5 3 0  
7 2 5  
9 5  

1 5 3 %  
5530 
5655 

17 45 55 
M 30 

15030  
5320 
5 5 5  

2 4 5 %  
4630 
47 50 

I 46 10 
51 0 
57 40 

15 41 50 
M40 
4655 

03540 
8390 
3945 

0 7 3 0  
9 2 0  

10 55 

B 17 40 
19 50 

3 %  5 
e a 0  
8040 

7- 
0 I O  

S 39.1 W I '  Mean: 
39.3 : 41.1 E 

i: 39.4 1: 

s 49.9 w a 

50.3 ' 33.75 
50.6 , I  

N 72.7 E 
73.95 41.2 
74.7 I 

S 52.1 W : '  

s 55.7 w 
52.45 ;I 34.0 
53.1 I; 

56. I 33.9 
56.6 ' 

s 58.65w ,: 
59.2 I! 27.9 
59.6 ~ 

S 60.6 E 
58.25 

s 64.55w 
65.8 
65.7 

S 76.2 W 
76.35 
76.G 

s 60.85w 
62.15 
63.4 

N 84.8 E 
85.4 
65.8 

S 41.55W 
42.45 
42.9 

s 33.9 w 
34.6 
34.8 

s 7%&W 
74.4 

s 73.2 w 
74.3 
75. I 

29.0 

30.1 

29.6 

30.0 

31.3 

32.3 

31.5 

32.15 

31.8 
31.6 
31.4 

Station i Rem. 

0 1  

N. Let. 84 16.6 
E, Long. % 50 

N. Lnt. 84 37 
E. Long. 62 1 

N. Lot. 84 32.6 
E. Long. 84 30 

N. Lot. 84 51.6 
E. Long. 81 57 

N. Lot. 81 31.7 
E. Long. % 

pu. Lot. 84 40.3 
E. Long. 73 49 

pu. Lat. 8433.7 
E. Long. 74 17 

N. Lat. 84 28.5 
E. Long. 75 56 

N. Lat. 84 37.9 
E. Long. 77 G 

N. Lat. 84: 34.0 
E. Long. 76 54 

N. Lat. 84 28.2 
E. Long. 75 52 

N. Lot. 84 17.9 
E. Long. 78 45 

N. Lat. 81. 47.6 
E. Long. 77 6 

N.Lut. 85 2 
E. Long. 79 3 7  

N. Lat. 85 L2 
E. Long. 78 31 

-- 

68 paces 
from the 

1)OW. 

Compass 
removed 

farther 
away. 

:a. 20 paces 

i 

Perho s 
somcwlat 
nenr the 

ship. 

10 
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1895 

Oct. 19 

Oct. 23 

Oct. 29 

Nov. I 

Nov. 5 

Nov. 7 

Nor. 13 

Nov. 15 

Nov. 24 

Nov. B 

Dec 3 

Dec. 15 

Dec. 17 

Dec. 22 

Dec. 29 

1% 
Jan. 7 

Jan. 15 

GEELMWDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Object 

Arcturus 

Arcturus 

Pillar of 
Altazimuth 

Arcturus 

Jupiter 

Jupiter 

a Tauri 

Arcturus 

Altair 

Arcturus 

Arcturus 

Arcturus 

Aldebarnn 

Arcturus 

Arctunis 

Arcturus 

a Orionis 

Watch 

h m  s 
2 27 10 
30 10 
3230 

3 245 
5 m  
8 0  

See 
List C 

22940 
31 10 
3230 

2024% 
5% 45 
29 10 

19 32 5 
3450 
3650 

2 9 1 5  
11 0 
13 10 

I 44 10 
45 40 
4 8 0  

205820 
21 0 %  

2 2 5  

236%) 
3950 
41 *30 

2 9 1 0  
10 45 
12 40 

21 28 40 

2 0 3 0  
9 0  

15 %o 
I 47 40 

5 5 0  
2 1 5  

21 47 40 
5 0 0  
52 5 

21 41 0 

2 41 31 
4630 
4658 

Compass 

0 

S 71.35W 
71.95 
72.4 

s 82.35w 
83.2 
83.85 

N 87.7 E 
87.6 

S 81.0 W 
81.4 
81.8 

s 75.75 w 
76.15 
76.7 

s 64.1 w 
64.5 
65.2 

N 50.2 E 
50.4 
49.9 

s 84.15w 

= 
M w .  
Decl. 

0 

30.7 E 

28.6 

29.4 

27.4 

24.4 
24.55 
24.6 

21.8 

23.9 

84.35 ,, 21.9 
84.9 / I  

S 65.95 E I! 
65.6 21.1 
65.0 II 

I 
N 73.05 W 

72.6 18.3 
72.15 

N 75.85 W 

75.4 
75.35 I 17.3 

s 41.75 w , 13.0 
/ I  

N 76.1 E ! 
78 I 9.8 
80.9 I 

:I 
N 6 .1  w ' !  

61.5 

s fx3.55 w j 
64-35 II 

6x1 ' 10.0 

63.85 : I  8.9 

s w.5 w . j  5.7 
I 

s 85.5 E I! 3.9 
84.55 :I 3.9 
84.15 ' I  3.9 

Station 

0 1  

N. Let 85 45.3 
E. Long. 77 56 

N. Lat. 85 46.3 
E. Long. 74 92 

N. Lat. 85 44.7 
E. Long. 70 30 

N. Lat  85 38.8 
E. Long. 70 19 

N. Lat. 85 41.6 
E. Long. 67 40 

N. Lat. 85 41.7 
E. Long. 64 32 

N. Lat. 85 54.5 
E. Long. 66 45 

N. Lat. 85 55.8 
E. Long. 66 8 

N. Lat. 85 47.5 
E. Long. 62 35 

N. Lot. 85 27.9 
E. Long. 59 22 

N. Lat. 85 B8 
E. Long. 57 27 

N. Lat. 85 23 
E. Long. 48 28 
N. Lat. 85 22.1 
E. Long. 48 22 

N. Lot 85 16 
E. Long. 48 2 

N. L a t  85 23.3 
E. Long. 47 10 

N. Lat. 85 11.9 
E. Long. 42 46 
N. Lat. 84 51.8 
E. Long. 40 53 

Rem. 

Needle 
unsteady. 

Nordahl; 
lw-W=O 
Observer 
Nordnhl. 

Nordahl : 
Hw-W = + Om 9. 

High wind. 
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1896 

Jan. 90 

Jan. 24 

Jan. !% 

Jan. 31 

Feb. 7 

Feb. 14 

Feb. 27 

Feb. 29 

Mar. 1% 

Mar. 91 

Apr. 4 

Apr. 11 

Apr. 24 

Apr. 29 

%Y 6 

May 19 

Object 

Arcturus 

Arcturus 

Arcturus 

a Orionis 

[Arcturus] 

Arcturus 

Jupiter 

Jupiter 

Arcturus 

Jupiter 

sun Ct. 

Sun Ct. 

sun ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Watch 

h m  s 
21 19 0 

21 20 
2 3 0  

205640 

21 7 0 
9 10 

11 25 

051 0 
5 3 0  
5 5 9  

2 2 2 a 4 5  
3040 
3 2 5  

2233330 
3 6 0  
37 50 

4 11 30 
14 0 

343 2 
4437 
4644 

8 31 10 
3 3 0  
e 3 5  40 

10 37 50 
3930 
41 0 

3 37 5 
3850 
4220 

3 3 8 3 5  
4235 
4630 

19 22 25 
24 le 
96%) 

5 13 15 
16 5 
18 15 

5 13 '20 
16 46 
18 55 

5 18 45 
e1 55 
9850 

Compass 

0 

s 75.9 W 
76.4 
76.9 

s 73 w 
s 77.%\V 

77.75 
78.3 

N 80.45 E 
80.85 
81.55 

N 71.9 W 
71.4 
71.25 

N 64.9 W 
64.25 
64.05 

S 60.9 E 
59.95 

S 65.6 E 
65.2 
64.75 

S 74.65 E 
14.4 
73.75 

s 63.5 w 
63.7 
63.95 

78.45 
79.35 

S 79.1 W 
80.05 
80.85 

S 49.2 E 
48.9 
48.35 

N 76.6 W 
75.85 
75.6 

N 75.85w 
74.85 
74.3 

N 73.25W 
785 
79.1 

s n.sw 

- 
Maw.  
Decl. 

0 

2.5 E 

1.3 W 
(1.1 ?) 

2.9 W 

5.3 

8.7 

9.2 

7.9 

7.4 

8.2 

8.1 

10.2 

15.8 

17.5 

19.5 
19.6 
19.3 

21.0 

21.4 

Station 

0 1  

N. Lat. 84 59.1 
E. Long. 38 44: 

N. La& 84 56.8 
E. Long. 33 39 
N. Lai. 84 40.4 
E. Long. 31 c35 

N. Lot. 84 51.5 
E. Long. 30 30 

N. Lat. 84 37.5 
E. Long. 94 31 

N. Lat. 84 20.7 
E. Long. 22 58 

N. Lat. &4 12.0 
E. Long. 25 43 

N. Lot. 84 6.3 
E. Long. 26 21 

N. Lat. €4" 57.2 
E. Long. 22 51 

N. Lat. 84 4.7 
E. Long. 2.4 13 

N. Lat. 84 25 
E. Long. !22 42 

N.Lat. 8422 
E. Long. 17 0 

N. Lat 84 15.3 
E. Long. 12 e8 

N. Lot. 84 12 
E. Long. 12 16 

N. Lai. 84 4 
E. Long. I1 8 

N. Lat. 83 48 
E. Long. 11 18 

75 

Rem. 

Watch 57m? 
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I I l l r n s  I 0 ( 0  

1896 1 Object 1 Watch 1 Compass 'j %% 1 Station 1 Rem. 

0 1  

June 3 

June 4 

June 9 

June 16 

June 25  

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 

I 

June 29 

July 6 

July 24 

Sun Ct. 

Sun Cr. 

Sun Ct. 

19.3 W 
72.0 'I 

10 50 

5 10 25 I N 78.Z5W I 
11 30 1 77.75 , 18.8 
13 5 I 77.5 1 0  

II 
71.45 16.9 
70.9 1, 4837 I 

I, 
5 10 50 I N 79.4 W :; 

16 28 1 78.1 ii 

I :I 

12 25 , 78.R5 : '  

14 30 i 78.4 i j  17.4 

17 50 1 77.8 

N. Lat. 82 2 
E. Long. 12 40 

N. Lat. 84 1 
E. Long. 12 50 

N. Lat. 83 16 
E. Long. 12 40 
N. Lat. 83 14 
E. Long. 13 4 

N. Lot. 83 1 
E. Long. 12 12 

N. Lat. 82 59 
E. Long. 11 51 

N.Lat. 82x5 
E. Long. 12 25 

N. Let. 82 55 
E. Long. 12 33 

N. Lat. 82 59 
E. Long. 12 49 

Obsemer 
Nordahl. 



No. 6.1 COIWASS ON BOARD. 77 

E. Determination of Declination and Deviation by Compass 
on Board. 

Observer: Lieutenant Scott-Hcunsen., when not otherwise stated. 

Some meteorological observations and observations of northern lights having been referred 
to the meridian of the compass on board, the following list will be of importance for reducing 
the directions to the true meridian. In some few cases the bearing of the celestial object was 
taken directly with the steering compass on deck which could, for this purpose, be provided 
with a diopter, but when the rigging was in the may, which was generally the case, the bearing 
was taken with the azimuth-dial on the bridge, the ship’s course being read off simultaneously 
on the compass. Af’ter the ship’s enclosure in the ice, the compass-box was generally tapped 
after the first reading: the numbers here given are the means of the readings uftcr tnpping 
when this produced a sensible difference. 

stem 

A or 

The abbreviations used in the colrinin “Bearing” are the following: 
S. B. Starboard Row. S. Q. Starboard Quarter. 
P. B. Port Bow. P. Q. Port Quarter. 

It will be remembered that the angles on the bow and the quarter are counted from the 
and the stern respectively. 
The correction of the watch to the chroiiometer will, in all cases, be found in List 

B. 
The resulting sum of magnetic declination and local deviation is given here a t  once, 

together with the latitude and longitude. Wlien the results of the regular magnetical observations 
are known, there will probably be no difficulty in separating the deviation, in which case these 
observations will furnish further material for the determination of the declination. They are 
also of interest in showing the gradual change in the ship’s direction. After the enclosure in 
the ice, the angles on the compass are counted continually from north through east. The same 
is also the case for the few hearings token directly by compass. 

After 1895, August 22, only one observation of this kind was taken, but a supplementing 
record of the ship’s course will be found in the following section. 

As to the observations taken a t  sea in 16% (before September B), they are of less interest, 
but are nevertheless reproduced herc as furnishing the malarial for the determination of deviation, 
mentioned in the introduction. The three divisions, marked by spaces between the lines, corres- 
pond to the three periods there mentioned. It should be observed that the latitudes and longi- 
tudes given for this part of the observations are only approximate; as  the definitive calculation 
of the astronomical observations taken at sea could not be effected without application of the 
dead-reckoning, which again required a knowledge of the deviation. preliminary values of latitude 
and clock error must be used for these observations by compass. The values here given arc 
those actually employed in the calculation. The inaccuracy thus introduced is smaller than the 
accidental errors necessarily inherent to observations of this kind in high latitudes, the results 
of which must in all cases be subject to an adjustment. 

Any case of special uncertainty is indirated by the sign : 
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1893 

July 25 

July 2.4 

July 2: 

July 28 
July 29 
Aug. 6 
Aug. 9 

Aug. 11 

Aug. 14 
Aug. 16 
Aug. 17 

Aug. 18 

Aug. 19 

Aup. 25 

Aug. 26 

Sep. 8 

Sep. 9 

sep. I1 

Sep. 13 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. 

Object 

Sun Ct. 

Sun Ct. 

Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 

Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 

Sun Ct. 

Sun Ct. 

sun Ct. 

Sun Ct. 
Sun Ct. 

Sun Ct. 

Sun Ct. 

Jupiter 
Sun Ct. 

Sun Ct. 

Sun Ct. 

Watch 

h m  s 
50 90 eo 
2035ca 
19 18 !X 

2 0 5  
3 57 15 

5 8 %  
4 1 %  

3 18 
9 4 0  

17 30 
18 12 
18 45 
19 15 

19 52 50 
1 2 4 5  
4 5 5 4 0  
4 5 3 6  

16 16 2 
21 7 
23 13 
2546 
B O  

17 11 30 
13 5 

17 5 cn 
1728 0 
046 5 

48B 
51 *34 

4 6 3 0  
845 

16 47 20 
4828 
5040 

14 26 ca 
3848 
3930 
4055 

2 0 5 5  
0 35 ca 
40 a, 

14 9 ea, 
16 ca. 

23 15 10 
19 .io 

8 50 ca. 
14 15 25 

2050 
1435 0 

37 25 
3927 
42 12 

18 21 40 
42 35 

Sun ~ t .  21 50 38 
1 52 31 1 57 20 

Bearing 

0 

78.2 P. B. 
79.1 
59.6 SnB. 
43 
46.7 S."B. 
63.0 
lB.5 
78.8 S."Q. 
@ i n  
a n  
27 n 
10.5 
5.5 P."Q. 

67 S. B. 
26 P. 0. 
33.5 S. B. 
24.5 S. B. 
24.8 S. Q. 
128 
47.5 n 
76 
73.5 S."B. 

80.5 S. Q. 
85 s. R. 
30.6 S. B. 
S 72 E 
71.5 S. Q. 
s r  
90 
70 P."Q. 
49 
76 SnQ. 
71.5 S. B. 
62.8 S. Q. 
57.3 S. B. 
74.6 S. 0. 
67.5 S. E. 
41.8 
'30 S.*B. 
29.8 S. Q. 
18 
55 S."B. 
60.5 n 

44.3 P. Q. 
!io 
69.6 S.*B. 
8.3 S. B. 

1.3 
19.3 
B.4 PrB. 
39.8 
GG, P."Q. 
60.3 r 
w.4 
5 

15 SnQ. 

22.3 1. 

Compass 
Course 

0 

s 32.8W 
S 32.8W 
N 4 9  E 
N 7 2  E s 35.5w s 21 w 
S 1.5 E 
S 12.5 E 
S 24.5 E 
S 43.0 E 
S 61.5 E 
S 78.5 E 
N 80.0 E 
N 76 E 
N 21 E s 77.5 w s 74 w 
N 5 l  W 
N 7 5  w 
N 3 7  W 
N 12 w 
N 14 E 

N 
N 10 E 
N 60.5 E 
N 13 E 
S 47 E 
S 6 4  E 
S 25.5 E 
N E 2  E 
N 4.2 E 
N 2.5 W 
N 87 E 
N 12 \v 
R' 11 E 
N 2 9  W 
N 6 E  
N 2 4  E 
K 7 8  E 
S 87 E 
N 76 E 
N 13 E 
N 13 E 

N l W  
N 4 W  
h: 39.3 E 
s s  E 
N 8 0  E 
S 5 0  E 
S 69 E 
S 2 4  E 
S 4.5 E 
s38 w s 45.5 w 
N 2 4  E 
N 47.5 E 
N 78.5 E 

Decl. + Dev. 

0 

5.2 E 
21.1 
15.0 
12.0 
10.6 
8.3 
7.0 
6.6 
7.0 
7.6 
8.3 

13.9 
18.6 
23.6 
20.2 
21.0 
7.1 

20.4 
17.6 
21.7 
26.8 

29.7 
34.6 
30.7 
37.5 
22.1 
9.0 
20.2 
39.8 
41.3 
36.4 
39.7 
33.6 
36.2 
31.6 
34.7 
49.7 
27.8 
53.2 
29.6 
41.6 
37.9 

38.8 
37.3 
43.8 
24.7 
27.1 
10.7 
12.3 
9.6 
8.3 
4.4 
7.6 

98.1 
92.5 
12.7 

N. Lat 

0 8  

71 9 

71 17 
71 %I 

69 50: 
69 ,551: 
69 37 
69 37 
69 4Ci 

72 11 

74 39 
75 12 
75 14 

75 9 

73 48 

74 53 
74 5+ 

74 58 
75 20 

75 57 

77 3.2 

77 48 
77 45 

76 11 

74 95 
74 25 
73 52 

[NORW. POL. EXP. - 
E. Long. 

0 8  

41 55 

49 54 
51 30 

59 0: 
59 30: 
6G43 
6643 
6 6 4  

68% 

71 1 
78 17 
7943 

80 10 

81 14 

€43 37 
8339 

8435 
8550 

91 19 

101 59 

104 0 
105 93 

114 15 

113 56 
I18 57 
114 43 

Rem. 

h. 34.8? 
[omitted]. 

: o u r s e m  

'1 

1) After obsemation, it was noticed that a small grindstone with an iron trou h had been placed 
on the skylight. Moving to and fro with steady course showed no effect on &e cornpaas. 



NO. 6.1 

- 
1893 

sep. 15 
sep. 16 
sep. 18 

sep. 19 

Sep. 21 

Oct. 17 
O c t  93 
Oct. 27 
Nov. 6 
Nov. 12 

Nov. 2'7 
Dec. 26 

1894 

Jan. 2'J 
Feb. 11 
A r  3 

rn 

$, 1 

May 23 
May 25 
Mny 27 
May '31 
June 6 

June 9 
June 21 
June 24 
June 26 
dune 30 

July 2 
July 7 

July 9 
July 11 
July 12 
July 16 
July 21 
July 25 
July 28 
July 29 
July 30 

Aug. 3 
Aug. 3 
Aug. 5 
Aug. 8 
Aug. 10 

Object 

Sun Ct. 
Sun Ct. 
Sun Ct. 

Siin Ct. 

Sun Ct. 

Vega 
Jupiter 
Jupiter 
Jupiter 
Jupiter 

Jupiter 
Jupiter 

Venus 
Jupiter 
Procyon 
sun Ct. 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Siin Ct. 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
s u n  Ct. 
Sun Ct. 
sun ct. 

Sun Ct. 
Sun Ct. 
Sun  Ct. sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 

Watch 

h m  s 
12 53 % 
14 7 17 
19 9 57 

14 5!5 
19 &3 53 

3643 
384a 
4053 

12 x 18 

2 24 37.5 
0 52 10 

22 18 51 
22 18 47 
21 49 53 

21 16 28 
21 4 9 

19 24 51 
I!) 10 52 
20 14 30 
14 8 14 
2125 0 

23 5 2 i i  
10 27 10 
2 2 3 3 %  
90 ai 24 
0 7 9  

223330 
2246 0 
13 15 5 
22 11 13 
1027 7 

203045 
1230 0 

31 30 
32 30 

13 27 15 
23 37 40 
le 30 20 
12 30 15 
0 3 2  4 

23 11 54 
0 59 50 

22 26 10 
12 33 
19 58 18 
1 1 3 3 0  

19 49 35 a 14 5 
90 32 40 
12 29 10 
202540 

COMPASS ON BOARD. 

.-____ 

Bearing 

0 

61.3 S. B. 
77.4 S. B. 
38.2 P. Q. 
18.1 
88.4 P.'B. 
69 P.Q. 
54 P. B. 
rn.6 P. 0. 
24.2 S. B. 

25.2 S. B. 
33.2 P. Q. 
39.6 P. v. 
L3.3 P. v. 
68.1 P. Q. 

74.7 P. 0. 
G.3 P. B. 

15.3 P. B. 
84.5 
63.2 P.'Q. 
41 P. B. 
74 S. B. 

81.4 S. Q. 
82.6 P. Q. 
90 s. H. 
62.7 S. B. 
f6.5 S. Q. 

939 S. B. 
83.3 s. 0. 
52.5 P. H. 
N.1 S. B. 
f5.2 P. Q. 
63.6 S. B. 
66.5 P. B. 
66.1 
6i.7 
50.9 P.'B. 
73.7 S. Q. 
riii.7 P. B. 
67.8 P. B. 
61.2 s. Q. 
93.3 S. B. 
58.5 S. Q. 
86.3 S. B. 
69.5 P. B. 
48.5 S. B. 
54.8 S. Q. 
46.2 S. B. 
55.4 S. B. 
56.9 S. B. 
69.9 P. B. 
54.1 S. B. 

Composs 1 '  Decl. 
Course +Dev. 

I s  - 

0 I! 0 

240.8 
240.3 
209.4 
201.7 
1'98.2 

193.5 
201.8 

B4.3 
201.3 
201.6 
IW! 
18t.8 

173.5 
170.4 
171 
166.5 
165.3 

167.2 
164.6 
161 
165.0 
166.1 

167.2 
110.7 
170.8 
170.7 
169.7 
171.3 
167.6 
171.6 
W.3 
171.5 

175.0 
173.5 
174.3 
174.4 
179.0 

178.8 
178.7 
178.6 
1794 
179.5 

N 4 0  E ! 22.6E 
N 63 E I 9.4 

N 24 W ,i 18.1 
N 90 W I 17.7 
N 47 W ' 21.6 
N 8G E I: 15.7 

i l  13.7 
.' 15.5 

8.0 

I 

!I 6.9 
I '  9.0 I j  
j 10.1 
j .  13.1 
/ '  9.7 
1. 7.8 
i :  8.2 
i' 
:. 11.2 
i /  14.8 
' i  13.8 
! !  15.3 
/ I  17.2 
/ I  
li 13.0 i i  15.3 
' 17.8 

16.3 
I 14.6 
jl 13.5 
j '  Mean: 

13.9 

143 
i /  14.2 

17.6 '1 15.5 

I 

I 

!I 17.2 

j/ 16.4 
14.7 
16.1 :I 15.9 

' / /  13.5 

I 12.9 
11 1.28 

' 14.1 !I 14.2 

!I 13.4 

N. Lot. 

0 1  

74 20 
74 50 
76 5%) 

77 53 

78 50 

78 19.2 
78 17.1 
78 20.0 
77 50.0 
78 2.1 

78 38.7 
79 1.0 

79 15.2 
79 45.2 
80 0.3 
w) 9.7 
80 47 

81 32.5 
81 31 
81 34 
81 31 
81 2!! 

81 36 
81 45 
81 :* 
81 35 
81 33 

81 35 
81 22 

81 18 
81 21 
81 25 
81 26: 
81 31 
81 17 
81 10 
81 4 
81 3 
81 3 
81 5 
81 6 
81 8 
81 5 
81 5 
81 5 

- 
E. Long. 
-. -. - .- 

0 1  

121 20 
PB 12 
135 4 

131 8 

132 5& 

136 15 
135 en 
135 46 
137 55 
138 ?I4 

1% 54 
137 24 

137 B 
134 45 
r34 32 
13.5 7 
131 3 

123 2 
1%3 20 
122 28 
122 14 
122 10 

122 8 
121 40 
1%) 59 
le1 11 
122 57 

123 %3 
1.24 24 

1% 32 
124 33 
1% 33 
1% 12 
125 7 
1% 1 

125 57 
1% 2 
1% 17 
126 7 
191 19 
127 22 
127 58 
127 19 
127 45 
127 50 

1) The zero of the azimuth-did stood 00.3 towards Port. 2) The funnel raised. a) Bearing taken 
directly G t h  shadow-pin on the circle of the compass-box. 4) The funnel raised since last observation. 



80 - 
1% 

Aug. 11 
Aug. 2 
Aug. 5 
sep. 1 

sep. 24 
sep. % 
Oct. 
OCt. 
Oct. l( 

Oct  1: 
Oct. 1: 
Oct  5% 
Oct. 52 
Oct. 2; 

Oct. x 
Nov. i 
Nov. 19 
Nov. 21 
Nov. 24 
Nov. % 
Dec 3 
Dec. 5 
Dee. I8 
Dec. 21 
Dec. 26 
Dec. 28 
Dee. 30 

1895 
Ziz-if2 
Jan. 6 
Jan. I1 
Jan. 18 
Jan. 20 

Jan. 22, 
Jan. 27 
Feb. 4 
Feb. 12 
Feb. 17 

Mar. 2 
Mar. 6 
Mar. 16 
Mar. 25 
Apr. 6 

n 

g: E 
89 3 

May 10 
May 13 

0 2 35 
15 7 0 
14 25 0 
!3 32 0 

GEELMWDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. Exp. 

8 s. 6. 
9.3 P. €3. 
2.3 P. B. 
i2.2 S. Q. 

Object 

Sun Ct. 
Sun Ct. 
Sun Ct. 

Mars 
n 

Mars 
Mars 
Mars 
Mars 
Mars 

Altair 

J u  iter 
a fouri 
Arcturus 
Jupiter 
Jupiter 

a Tauri 
Mars 
Mars 

Jupiter 
Jupiter 
Jupiter 
Jupiter 
Jupiter 
Jupiter 
Procyon 
Jupiter 
Jupiter 
Jupiter 

J u  iter 
&ars 

Jupiter 
J u  iter 
a Zemin. 

Jupiter 
Jupiter 

r Can. Min. 
Jupiter 
Jupiter 

Arcturus 
Arcturus 

Venus 
Sun Ct. 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 

Watch 

h m s  
12 2 %  
12 18 5(1 
21 32 20 
3 16 50 

18 42 

9 5 8 3 0  
2 2 4 5 0  
1 4 3 0  
0 42 30 
1 53 19 

55 51 

0 44 15 
0 47 30 
9 52 5 
3 2 0  
1 33 14 

2 3 5  
2 3 2 7 5 4  
2 3 9 0  
23 1.5 35 
1392.0 

23 11 35 
23 3 13 
23 2 5 0  
23 55.5 
1 2 2  0 

22 51 50 
23 43 52 
E 2 4 4 5 6  

223530 
19 53 30 
22 !) 10 
21 20 40 
23 47 35 

23 41 12 
23 2.5 16 
22 40 49 
0 52 2 

22 45 10 

I -73 5 
I 41 24 
4 12 15 
1 59 45 

14 12 45 

23 59 15 

Bearing 

0 

74.8 P. B 
66.7 P. B 
748 S. B 
66.7 P. B. 
66.3 

66.2 P. B, 
69.8 P. B. 
87.8 P. B. 
85.8 P. B. 
63.7 P. B. 
33.2 S. B. 

35.5 P. Q. 
69.5 P. Q. 
67.4 P. Q. 
84.1 P. Q. 
63.3 P. Q. 

66.3 P. Q. 
53.9 P. B. 
55.5 P. B. 
79.3 P. Q. 
64.7 P. B. 
N.3 P. Q. 
93.8 P. Q. 
39.5 P. v. 
64.7 P. 13. 
$0.3 P. B. 
7.5.6 P. B. 
i0.0 P. B. 
525 P. B. 

57.1 P. B. 
10.1 P. B. 
59.8 P. B. 
3.3 P. B. 
53.5 P. B. 

B.8 P. B. 
!1.3 P. B. 
L9.4 P. B. 
19.3 S. B. 
6.3 P. B. 

l . 2  P. B. 
'8.1 P. B. 
4.8 S. Q. 
!2 S. Q .  
2.0 P. B. 

4.9 s. 0. 

Compass 
Course 

0 

178 
174.0 
177.2 
177.9 
177.8 

180 
176.4 
177.9 
174.8 
174.8 

172.2 
169.5 
163.2 
163.9 
165.4 

157.9 
157.7 
159.8 
139.8 
146.5 
146.9 
146.0 
142.5 
136.5 
137.0 
131.8 
1W.5 
123.3 

123.2 
129.2 
130.6 
131 
132.5 

132.2 
I *w 
131 
1PJ.5 
129 

130.8 
128.7 
1% 
130 
124.3 

125.7 
126.5 
123.5 
119 
1% 

- 
Decl. + Dev 

0 

14.2 E 
12.9 
12.0 
12.9 
13.0 

8.5 
' 15.0 
15.1 
16.4 
15.8 
15.6 

15.7 
14.7 
17.7 
17.4 
16.9 

16.7 
16.7 
16.5 
18.2 
129 
15.8 
l5,8 
16.9 
19. I 
18.1 
21.1 
21.5 
19.2 

21.2 
16.2 
14.6 
12.7 
14.8 

122 
14.0 
14.2 
14.3 
13.6 

11.3 
15.5 
18.2 
12.2 
16.3 

14.7 
14.0 
15.6 
18.9 
11.4 

= 
N. Lat 

0 '  

81 7 
81 2 
81 1 
81 2% 

81 11.: 
81 12.t 
81 5.t 
81 18.: 
81 16.9 

81 3 2 9  
81 36.8 
82 0.2 
82 4.0 
8 4.0 

89 6.5 
82 9.0 
82 7.8 
82 0.1 
81 57.8 
82 9.7 
82 13.1 
82 20.8 
82 50.5 
82 51.5 

83 92.1 

83 20.9 

83 95.4 
63 35: 
63 41.5 
63 25.8 
63 92.6 

53 23.6 
% 30.0 
33 S3.2 
33 24.7 
33 32.3 

+t 3.7 
% 2.6 
34 7.8 
34 8.6 
34 18.5 

34 17 
34. 12 
# %  
a38 
a39 

83 188 

- 
E. Long 

0 1  

197 49 
i e s z  
127 29 
1% 2 

123 *% 
122 1 
19.9 2 
120 14 
119 53 

118 12 
116 28 
114 51 
114 38 
114 35 

112 92 
110 59 
110 6 
112 5 
111 59 

110 50 
109 56 
108 43 
loa 46 
lo4 3 
lo2 27 
101 5$ 
1w 23 

lo2 46 
103 6 
lo2 45 
102 0 
la2 7 

102 14 
102 34 
103 6 
103 94 1m 57 

101 32 
101 45 
100 51 
99 49 
9640 

9653 
9349 
'93 30 
8955 
88 16 

- 
Rem. 
- 

- 00.2 + 00.2 

Joh. 

8) 

1) If the assumed correction of - 10 to the second observation of y Drnconis (see List A) 
be applied instead to the first, the longitude would be 1010 1' and Decl. + Dev. 190.7 E. 
3) No altitudes measured the snme dnp. 



NO. 8.1 

- 
1895 

May 18 
May 97 
May 31 
June 3 
June 6 

June 10 
June 12 
June IS 
June 18 
June 21 

June 26 
July 2 
July 5 
July 8 
July I2 

July 18 
July 2.3 
July 9 

July 30 

July 31 
Aug. 1 

Aug. 2 
Aug. 6 
Aug. 22 
Dec. 3 

Object 

Sun C t  
Sun Ct 
S U I 1  Ct. 
Sun Ct, 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
sun ct. 
Sun Ct. 
sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 
Sun Ct. 

Sun Ct. 
s u n  Ct. 

Sunn Ct. 
Sun Ct. 

Sun Ct. 
Sun Ct. 
Sun Ct. 
Arcturus 

Watch 

h m  s 
0 40 10 
0 41 40 
1 42 10 
14 51 30 
14 55 35 

14 37 15 
0 19 0 

I5 41 45 
0 52 0 

1 4 3 9  0 

16 33 30 
15 34 25 
2 1 t30 

16 10 20 
2 7 4 5  

17 9 30 
15 26 20 
16 40 0 
204430 
16 8 0 

2 2 5 0  
$2 13 30 

17 30 
16 31 3 
rn 4 4 5  

1 41 35 
16 23 30 
6 7%) 
2 9 , 2 3 0  

COMPASS ON BOARD. 

Bearing 

0 

46.2 S. Q. 
45.4 S. Q. 
30 s. v. 
13.7 P. B. 
9.6 P. B. 

0.2 S. B. 
31.4 S. Q. 
11.4 S. B. 
19 S. Q. 
5.6 S. B. 

26.3 S. B. 
9 S. B. 

20.8 s. 0. 
10.7 S. B. 
23 s. v. 
6.7 S. B. 
I P. B. 
7.4 P. 0. 

21 P. B. 
106.2 

47.5 S. B. 
59 S. B. 
m65 
114.6 
168.6 

13.1 S. B. 
104.0 
315.8 

52 S. Q. 

Compass Decl. 
Course +Dev. 

0 

I25 
119.7 
116.5 
110.5 
9J 

82.7 
83.5 
79.5 
83 
80.5 

77 
55 
68 
59.5 
79 

91 
91.5 

272 
202 
2% 

214.5 
2(#1 
"7.7 
226 
235.5 

241.7 
229.5 
145.5 
173 

0 

10.9 E 
11.2 
15.6 
19.1 
27.4 

32.0 
28.7 
30.6 
25.6 
30.0 

30.6 
51.2 
45.3 
50.3 
37.7 

34.4 
32.4 
32s; 
14.1 
19.0 

15.7 
14.2 
13.5 
18.3 
19.9 

19.3 
23.13 
21.3 
3.ti 

- 
N. Lat. 

0 '  

84 37 
8437 
8436 
8434 
8433 

8445 
8448 
84 j.2 
8442 
8432 

8434 
84 41 
84 47 
8445 
84 41 

8440 
84 32 
8 4 3 4  
8 4 3 4  
8 4 2 8  

8 4 2 9  
a430 
84 31 
84 31 

a4 31 
M38 
84 10 
85 2 8 . E  

- 
I. Long. 

0 )  

E% 41 
8 2 1  
8340 a %  
8430 

8 3 5  
82 34: 
79 30 
79 54 
8043 

78 8 
74 15 
75 44 
75 16 
7ti 0 

73 57 
71 59 
74 17 
74 17 
75 35 

75 56 
76 .io 
7 7 2 0  

7740 
77 23 
79 6 
57 21 

n4o 



82 GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. NO. e.] 

F. Direct Determination of Deviation. 

Observer : Lieutenant SwttHamen. 

The following observations, though not strictly astronomical, are inserted here as a supple. 
ment to the preceding. They give the mutual bearings between the compass on the ice, nnd the 
azimuth dial on the bridge (or in some few cases the steering compass) on board. The abbre- 
viations are the samc as in List E. The resulting deviation of the steering compass is added, 
together with the latitude and longitude. 

In a journal kept by Lieut. Scott-Hansen, the followiug remnrk is made under October 5 
1693: Deviation for compass course SWiW wns changed 4 point more westerly. 

1893 

Aug. 28 
Sep. 8 
sep. 10 
sep. 22 
Oct. 7 

18% 
Aug. 15 

1695 
June 13 
Aug. 9 
Aug. 23 
Aug. 2.5 
Aug. 29 

Sep. 2 
sep. 3 
Oct. 31 
Nov. 12 
Dec. 30 

1896 
Jun. 21 
Feh. 15 
Feb. 27 
Mar. 11 
Apr. 4 

May 6 
May 24 
June 3 
Juriv 16 
June 27 

June 2iJ 
July 4 
July 10 
July 19 
July 24 

Bearing from 
Ice 

0 

s 3 . 6 W  
N 61.2 W 
N 51.2 W 

323.75 
91.2 

s 64.7w 

N 5 9  W 
N 8 7  E 
N 7.6 E 
N 13.9 E 
N18 E 

N 33.4 E 
S 73.4 E 
S 87.8 E 
N 8 7  E 
S 8 6  E 

S %.8 E 
S 79.2 E 
K 38.7 E 
N 27.8 E 
N 19.7 E 

N 34.9 E 
N 17 E 
N 7 E  
Ii 57.1 E 
N 63.5 E 

s a w  
N 9.2 1%' 
S 32.3 E 
K 67.8W 
S 28.5 E 

Ship 

0 

99.8 S. B. 
78.5 S. B. 
78.4 P. B. 
78.0 

40.2 S. B. 

842.4 P. Q. 

42.7 s. B. 
27.5 P. B. 

53.8 S. B. 

51.5 s. 0. 
7.2 s. Q. 
72 S. Q. 
72 S. Q. 

72 s. Q. 
66 s. 0. 
66 s. B. 
65.7 S. B. 
66 s. B. 

78.2 S. B. 
6O.G S. B. 
59 s. B. 
87.8 S. B. 
42.7 S. B. 

78.4 P. R. 
40.5 P. B. 
43 s. B. 
ti0 P. B. 
44.7 P. B. 

2 P."B. 

197.4 
206.0 

227.2 

s 325w I 5 . 7 w  
S 27 E 7.3 W s x w 3.ow 

179.3 1 ,  17.0 W 
' I  
I 

84.2 :. 5.9 w 
288 6.5 E 
130.5 I '  9.8W 
152 , 12.1W 
1S.7 ;, 11.5 W 

181.3 I! 13.8 W 

179 1 1  14.8W 
170.5 I 12.4 W 

176.7 ll.5w 
176.5 I 9.7 w 
163.4 10.7 W 
1.51 ' 8.9 w 
142.5 ~ 8.8 W 

144.8 8.1 W 
143.5 I 7.1 W 
137 o w  
157.5 I 8.2 W 

151 I 6.6W 
216.5 5.3 w 
279.8 , 4.9 E 
181.2 9.0 W 

3 , 13.2 E 

I 

209 I I  

K. Lat. E. Long. L 
0 1  

76 54 
76 32 
n M  
78 &2 
78 % 

81 6 

84 52 
8436 
84 11 
84 18 
8434 

fa48 
845Q 
8539 
6 5 3  
s23 

8 4 5 9  
84 21 
84 12 
83 57 
a4s 

8 4 4  
8 4 1  
83 16 
E259 
8 5 5  

855 
8 2 5 3  
B 6  
83 14 m e  

0 '  

95 e 
loo 40 
lo6 36 
1.33 35 
1% 2 

127 50 

81 57 
76 58 
79 1 
78 46 n m: 
n 6  
n2o 
70 19 
6 6 5  
47 10 

3844 
2258 
E44 
rn 10 
B4!2 

11 8 
1350 
I 2 4 0  
11 51 is 48 
I 2  33 
19 98 
13 7 
14 39 
1340 

Remarks 

From an island. 

M y p .  theod. on 
ice. 

Do. 

Shi turning 
sEghtly. 
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G. Greenwich Time. 
The following Table contains, for every 10th day. the error of chronometer Hohwo for 

Greenwich Mean Time. TIP daily rat(: is given to 9 places of decimals, as culculated by the 
formula given in the Introductioll. Thp clock error itself was originally computed for 8 an1 
Gr. T. but Leirig here given in whole seconds, it  may be considered a s  corresponding to  Noon 
of the same civil day eitlicr in Greenwich or on hoard. The uncertninty is generally grenter 
than the small error thus introduced. 
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H. Latitude, Local Time, and Longitude. 

The time of observation is gven by the hours and minutes of chronometer HohwIl and 
asCronomica1 date. The Greenwich astronomical date and time is obtained by subtraction of the 
corresponding hours and minutes of the preceding Table, and the local mean time by addition 
of the numbers in the next column of the present Table, containing the c ~ r e c t i o n  of Hw to 
local mean time. The sum of the numbers of this column and those of the preceding Table 
will then give the East Longitude in time. 

For the latitudes determined by meridian altitudes of the Sun at sea, the date of local 
Noon is enclosed in hracketa. 

When latitude and local time were determined simultaneously by means of the V t  Altnzi- 
muth, the latitude is generally given to seconds of arc, the clock correction to seconds of time, 
and the longitude to minutes of arc or sometimes half minutes. When two pairs of stars were 
observed, the degree of reliability mny be inferred from the concordance of the numbers. For 
observations with the Sextant or the small Altazimuth, the latitude is generally given to the 
nearest minute or tenth of n minute. 

When only one of the two elements was determined at a time, ns was always the case 
in summer, the assunied valiie of the other, as  used for the computation, is enclosed in square 
brackets. In this case there is also added R column of differentid coefficients, containing either 

dt 3 or -, where dg is the increment of latitude corresponding to an increment dt of hour angle 
dt dpl 
(or clock correction or east longitude). In order to have the change of clock correction, corres- 
ponding to a given change of latitilde, pxpressed at  once in seconds of time, when the change 
of latitude is given in seconds of arc, the differential coefficient in the last case is given in the 

dt form * -. 
dg, 

For the observations taken nt sea, these differential coefficients do not always correspond 
exactly to the coordinates her(! given, as they have in many cases already been used for the 
correction of preliminary values. 

When observations of the Sun have been treated in the same manner as observations of 
two stars, the result will be found between the lines containing the times of observation. 



NO. 6.1 

1893 

July 22 

24 
5% 

July 26 
27 

Aug. 1 
5 
6 
6 
6 

Aug. 9 
9 

11 
11 

(24 

(W 

(;;I 

Aiig. 13 
14 
14 
15 
16 
16 

Aug. 17 
17 
17 

18 

Aug. 18 
18 

19 
19 

(18) 

‘;;) 

A%. (y 
25 

Aug. 25 
5 
25 
L. 
26 

A%. (E) 
27 

sep. 1 
scp. 5 

5 
(6) 
(i 
6 

16 32 

- 
HW 

h m  
19 43 
Noon 
15 43 
18 25 
Noon 

148 12 
18 24 
21 59 
22 21 
3 6  

15 33 
2044 

16 11 
2 0 5  
18 424 
I!) 20 
Noon 
21 57 

- -__ 

4 18 16 

LATITUDE, LOCAL TIME. AND LONGITWE.  

-- 
M. T.-Hw 

-. 

h m s 
2 2 4 4  

2 34 51; 
2 37 8 

2 32 57 
3 5 45 

3 44 15 

3 44 17 

3 41 40 
[3 39 441 
3 X J  2 3  
[3 51 11 

[3 18 311 

[3 51 201 

16 33 
16 50 

0 4 0  
0 59 

15 13 
Noon 

1 4 3  

15 20 
16 48 
N ( J ~ I ~  
1 1  

14 2i2 
14 43 

Noon 
1 6  

Noon 
21 59 
O M  

14 48 
16 14 
19 58 
0 34 

14 13 
Nooii 
21 17 
23 51 
15 24 
16 1 
18 13 
Noon 
14 13 
18 16 

4 31 16 
4 31 52 

4 -36 2Q 
4 36 32 
4 3 8 2 9  

4 4 0  e 
4 4‘ 13 
4 41 47 

4 47 15 
4 32 7 
4 32 18 

5 0 2 0  

1; 5; 21 
5 8 3 1  
5 9 4 9  

5 12 I 
5 P2 53 

15 11 so] 

15 37 431 
5 87 44 
5 43 27 

5 .xi 9 :  
[5  35 9:] 

5 5 0 3 8  
[5 52 01 

N. Lat. 
- 

0 1  

[70 531 
71 11.1 

1;; Z:J 
169 24.51 

71 23.5 

6‘3 461 

69 41.3 
69 36.6 

69 36.9 

IC9 44.41 
70 1.5 
172 18) 
72 23.6 
72 28.4 
72 33.0 

1;: %!9] 
74 81.7 

75 13.51 
75 141 

75 15.3 

74 28.9 

74 X] t 
b; &5l 

$1 
[74 31 

1;; tg] 
73 55.6 

74 59.5 

74 46 
75 29.2 

174 .io] 

[75 553.91 

1;: 
12 E::] 

1;; gj”1 

73 98.0 

76 46.2 
76 51.9 

[76 8.6:] 
76 3.7: 
76 8.6: 

176 27.71 
76 31.7 

E. Long. 1 (!Y 
dt 

I--- 
--- 

O I  I 
41 23 j 
49 25 
5 0 6  

66 43.2 

66431; 
6 6 4  
[&i 351 
6822 
[6H 24 
La BI 
69 50 
70 57 

75 11 
78 27 
78 28 

79 44 
79 45 
80 14 

8038 

81 10 
81 4: 

82% 
8339 
834.2 

8542 

8529 
85 49 

87 44 
w 3  

91 19 

171 XI 

1: E1 

r99 21 
9d 2 
9627 
M 92:  

98 14 

[94 22:] 

[W 351 

+ 0.03; 

+ O.W? 

- 0.166 

- 0.03 

- 0.268 

- 0.w 

-- 0.232 

+ 0.01 1 

- 0.010 

- 
dt 

-- 

+ O.??? 

+ 0.011. + 0.1s  

+ 0.144; + o.ta.3 

f 0.070 

+ 0.363 

- 0.017 + 0.217 

+ 0.189 + 0 . m  + 0.w2 
- 0.036 
- 0.016 + 0.loY 

+ 0.035 

+ 0.113 + 0.26s 

- 0.005 + 0.wa + 0.m 

+ 0.017 

- 0.014 

+ 0.124 + 0.286 

- 0.008 + 0.104 

- 0.030 + 0.282 
+ 0.367 

+ 0.158 

87 

Remarks 
-. -- . .- -. 

Ashore ot Khuborowa. 
/ 1 Moored to the edge ’ of the ice off the 

coast of Yalmd. 

Horizon ca. 2 miles 
off, among the 
Kjellnian Islands. 

Horizon niile off. 
mile off. 

n I,’Q mile off. 
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78 49.4 
78 51.1 

88 

1893 

- 
Hw 

- 
at 

*G -- 

- 0.094 

- 0.084 
- 0.MO 

+ 0.234 + 0.266 

t 0.320 + 0.33  

+ 0.083 + 0.105 

.- 0.070 
- 0.0xi 

f 0.1fi;J 

+ 0.320 + 0.389 
f 0.4:i 

- 0.189 
- 0.lM 

- 0.m 
- 0.186 

- 0.173 
- 0.149 

+ 0.w + 0.m 

- 0.15: 

+ 0 .w 

Remarks M. T.-Hw N. Lat. 

h m  
2240 
15 0 
18 9 
17 54 
Noon 
18 44 

2 2 4 6  
23 17 
848 

14 10 
14 24 

Noon 
14 30 
14 hi 
Noon 
12 22 
12 40 

18 40 
e1 47 
“2.2 1 
17 50 
18 19 

12 52 
16 8 
Noon 
13 36 
13 56 
14 11 

15 48 
19 26 
19 20 
0 17 

15 54 

19 7 
19 18 
Noon 
19 30 
19 44 

h a s  
5 57 4 
6 0 2 2  

[G 0 221 

[6 0 541 

6 4 27 
6 5 42 
[6 13 581 
6 18 2.5 
G 18 48 

6 5 3 3 3  
6 5% 14 

6 5 3 2 9  

[6 54 481 
6 5 6 3 8  

0 ‘  

[76 e33.21 
76 32.3 
76 32.2 
76 55.8 n 0.4 

1:: E:?] 
1;; E]. 
[;: ::;I 

77 48.8 

77 S.8 

76 1.6 

Sep. 6 
7 
7 
7 

(;) 

Sep. 8 
8 
9 
9 
9 

seP. 
11 

13 

Sep. 13 
13 
13 
14 
14 

Sep. I5 
15 

(16) 
16 
16 
16 

Sap. 16 
16 
17 
18 
18 

Sep. 18 
18 

19 

21 
21 
21 

Sep. 21 
21 
23 
24 
25 
25 

(;;) 

‘2 
sep. 21 

(22) 

101 55 

105 11 
lo5 16 

113 58 
114 H 

113 Mi 
113 56 

[loa 41 + 0.109 

- 0.136 73 .i7.8 
73 51.8 

1114 1bJ 
114 43 
114 43 I 

117 01 - 0.079 
[I17 81 1 - 0.121 

.~ 7 23 7 j [74 go.31 
(7 26 221 74 ‘5.4 1122 91 j + O.W& I 74 27 i ! 

+ 0.016 

f O.m 
- 0.012 

f 0.113 

- 0.267 

- 0.033 
-- 0.034 

8 I 5  U. 

1: E $1 
8 18 11 
8 I8 24 

8 26 50 
8 26 26 

‘75 10.4’ 

135 6 
135 9 

137 1.5 
137 9 

I33 8 
132 3 
132 5.2 

[I32 531 

[ I 3  .75] 
133 35 

132 22 

19 13 
19 59 

[8 14 !#I 
8 12 9 

8 7 2 1  

[8 71 

78 41.9 

78 51.1 
[78 51.11 
78 50.1 
78 50.3 

178 41.91 
Hereafter enclosed 

in the ice. 
15 45 
2 “25 

15 45 
15 51 

+ 0.012 j 

[Ass. corr. + IO’ to 
u1 ti tud e]. 

16 I3 



No. 6.1 

1 W  
. .. -. - . 

Oet. 5 
6 
8 

12 
17 

Oct. 18 
23 

21 
!29 

Oct. 31 
Nor. 2 

6 
9 

12 

Nov. I6 
20 
22 
24 
27 

Dee. 2 
4 
8 

11 
17 

Dec. 19 
21 
23 
26 
28 
30 

18% 
Jan. 1 

4 
7 
9 

12 

Jan. 15 
18 
20 
21 
22 

Jan. 25 
27 
99 

Feb. I 
4 

Feb. 8 
11 
13 
15 
17 

- 
H W  

h m  
1 5 0  
0 14 
1 2 2  
1 3 2  
143  

2333 
0 2 8  

21 39 
21 56 
2233 

21 19 
21 5% 
21 39 
21 32 
21 10 

21 17 
21 30 
21 45 
91 23 
20 51 

3 0  w s  
20 625 
2 0 3 3  
19 28 

19 1 
% I 6  
19 6 
2 0 4 8  
19 4 
19 10 

19 36 
19 8 
19 24 
20 21 
W )  8 

18 3 
19 G 
2 41 

2 0 4 3  
m 1  

20 21 
19 12 
18 56 
14 2.2 
18 5% 

19 50 
19 .50 
W l  
21 25 
21 17 

- __. -- - 

LATITUDE, LOCAL TIME. AND LONGITUDE. 

1M. T.-Hw 
- . - 

h m s  
8 B 2 3  
8 21 55 
8 5 2  17 
8 21 44 
8 2 3  2 

8 23 10 
8 19 51 
8 22 51 
8 21 7 
8 19 L! 

8 17 27 
8 17 52 
82944 
8 29 19 
8 31 43 

835 8 
8 35 17 
8 3 6 2 2  
832 6 
8 33 41 

8 31 51 
8 $?LJ 26 
8 28 13 
8 2 8 4 6  
8 '28 :io 

8 21 53 
8 26 59 
8 % 4 4  
8 27 44 
8 2 7  2 
8 2i 8 

8 5 59 
8 2 7  4 
8 2 8 2 5  
8 2 6 4 8  
8 27 %I 

8 2 7 5 8  
8 25 32 

8 21 19 
8 20 18 

8 18 55 
8 17 3 
8 17 6 
8 15 0 
8 IC  40 

8 18 0 
8 16 15 
8 14 5 

N. Lat. 
.. 

0 I ,, 
78 35.6 
78 29.5 
78 P2.5 
78 13.5 
78 19 10 

78 19 29 
78 17 8 
78 32 23 
78 !a 0 
78 13 29 

78 2 4 8  
78 I 21 
77 ;io 1 
77 57 G 
78 2 4 

78 24 42 
78 24 0 
78 30 22 
78 38 0 
78 387 

78 43 57 
78 51 7 
78 57 33 
79 7 9 
79 5 18 

79 7 I4 
79 7 55 
79 7 9 
79 I 2 
78 56 41 
78 58 14 

78 3; 4 
I8 .% 57 
79 4 30 
I9 6 22 
79 16 1 

79 15 13 

79 3ii 
I9 39 22 
79 42 1s 

7 9 a  7 
79 44 47 
79 45 12 
79 59 20 
79 57 13 

79 54 32 
80 0 2 1  
8 0 0 5  
8 0 3 3  
80 1 42 

(7!) 251 

I. Long. 
~ -- 

0 8  

1% 6 
136 0 
136 6 
1.35 57 
1% 15 

136 17 
135 47 
IXi 14 
1% 46 
135 28 

134 51 
13% 57 
137 L5 
137 49 
L3n "24.5 

139 16 
1 3  18 
13 :+$ 
139 0 
138 54 

1% 26 
137 50 
137 31.5 
137 40 
137 36 

137 27 
137 13 
137 9.5 
137 "24.5 
137 14 
136 45.5 

136 58 
131 14 
137 34.5 
137 10 
131 18 

137 23 
1% 51 

135 48 
1,s 32.5 

1%5 12 
134 44 
1% 44.: 
134 13 
I34 38 

134 33 
134 32 
I33 59 

89 

Remarks 

Cloudy. 
Moon on meridian. 
4 hours ldwern tile 

stars. 

}Jupiter on nieridian. 

12 
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Mar. 8 I 15 56 I 79 44.0 
10 j 0 34 1 8 15 59 
13 0 36 8 I4 25 
15 0 32 8 18 51 

, 15 i 

' tu) 18.0 1 I 
8 17 27 I [W, 13.01 

I 
Apr. 1 I 15 4; 

I 1 i 'LO 6 
Q !  I 5 4 6  ero 9.2 I 

134 49 

- 0.m 

- 0.140 

- 0.94 
- 0.051 

- 0.175 

+ 0.314 

- 0.286 

+ 0.53 

+ 0.373 

+ 0.51 

+ 0.262 

- 0.254 

- 0.101 

- 0.147 

Cloudy, 2 hours be- 
tween the stars. 

Not II good obs. 

See Reiiitrrk2) p. 63. 



NO. 8.1 

I894 

Apr. 2.5 
25 
25 
26 
27 

Apr. 27 
5% 
29 
29 
2.9 

Apr. 29 
30 
30 

May 1 
1 

May I 
2 
2 
3 
3 

May 3 
3 
4 
4 
4 

May 5 
5 
7 
7 
8 

May 

10 
10 
10 

May I1 
11 
12 
12 
13 

May 13 
14 
16 
19 

May 20 
20 
20 
91 
29. 

Hw 

h m  
11 41 
15 53 
2 0 9  
15 53 
15 52 

21 33 
15 52 
3 52 

12 8 
15 53 

19 40 
3 5 6  

15 54 
3 5 4  

15 54 

21 12 
355  

15 55 
3 5 6  

12 10 

15 56 
19 45 
3 5 6  

15 56 
2 2 9  

3 57 
15 57 
12 16 
15 57 
15 52 

15 53 
3 .58 

12 44 
15 58 
19 21 

15 57 
21 17 
358  

16 1 
4 1  

16 7 
12 2.8 
21 19 
I6 15 
4 15 

12 29 
16 15 
9 0 1  
16 16 
16 17 

LATITUDE, LOCAL TIME, AND LONGITUDE. 

M. T.-Hw 

11 m s 
8 4 5 3  

8 4 13 

8 5 5 8  

8 4 4 0  

8 4 2 3  

8 2 2 9  

7 59 44 

8 1 59 

8 0 3 8  

7 59 23 

E7 591 

7 5 8 2 6  

7 5 8 4 2  

7 !j8 52 

[7 56 301 

[7 FA] 
7 51 56 
7 4 4 5 4  

743 9 

7 4 0  4 

[7 301 

~- 

N. Lat. 

0 1  

[80 34.81 
80 34.8 
[80 34.81 
80 35.6 
80 40.4 

[80 40.41 
80 42.6 
80 41.3 
[80 44.71 
80 44.7 

[So 44.71 
80 44.6 
80 46.2 
80 44.1 
80 47.1 

[80 47.11 
80 46.1 
m 47.7 
80 47.0 
[80 50.71 

80 50.7 
[80 50.71 
80 46.3 
W, 48.4. 
so 48.9 

80 46.0 
80 49.5 
[80 s1.11 
80 53.1 
80 54.8 

80 54.2 
80 50.9 
[so 52.11 
80 52.1 

[W 52.11 

80 51.6 
[W, 51.61 
80 51.5 
80 52.4 

51.1 

80 53.4 
[so 56 
I81 521 
81 12.5 
81 14.6 

[81 20.71 
81 20.7 

[81 90.71 
81 94.0 
81 26.8 

E. Long 

0 )  

131 39 

131 E3 

131 55.1 

131 36 

131 32 

131 3 

130 22 

130 M 

130 35.: 

it30 17 

111 

130 2.: 

130 6.i 

130 9 

1FJ 343 

128 561 
IB 25 
1% 39 

1% 13 

125 26 

:122 561 

d!T 
i t  

+ 0.007 

-- 
dt  f5 - dv 

+ 0.187 

- 0.180 

- 0.013 

+ 0.254 

- 0.247 

- 0.060 

+ ON7 

- 0.241 

+ 0.2G1 

+ 0.3% 

- 0.311 

- 0.0.50 

+ 0.268 
- 0.074 

+ 0.w 

- 0.26 

Midnight Sun. 

hlidnight Sun. 

Midnight Sun. 

Midnight Sun. 

Midnight SIIII. 

Midnight Sun. 

Midnight Sun. 

Midnighl Sun. 

Midnight Sun.  

Miduight Sun.  

Midnight Sun. 
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1894 

May 23 
23 
25 
25 
25 

May 25 
26 
27 
51 
27 

May 31 
June I 

2 
3 
3 

June 4 
4 
4 
4 
4 

June 4 
5 
5 
5 
6 

June 6 
6 
7 
7 
7 

June 7 
7 
9 

10 
10 

Jiine 10 
11 
12 
12 
If 

Jiinc- 15 
1 5 
15 
15 
16 

June 17 
20 
81 
21 
P2 

- 
HW 

h m  
17 41 
2 2 5 0  
10 17 
14 51 
16 27 

22 34 
I6 B 
16 29 
16 57 
2 2 4  

2030 
4 2 2  

16 31 
13 16 
16 31 

4 2 3  
12 40 
16 44 
19 11 
2.2 55 

2.3 3 
I6 39 
17 18 
2353 
12 2!! 

16 32 
22 3.. 
13 %I 
16 32 
16 44 

17 19 
22 31 
22 27 
4 18 

16 3G 

16 .58 
11 c 3 4  
13 3% 
11; 32 
21 52 

12 rn 
I 3  53 
I(; 35 
lti 35 
22 41 

1K 36 
17 11 
L& 

2.2 31 
13 28 

- -- 
M. T.-Ha 

- 

h m s 
[i 30 301 
7 :30 26 
7 ,30 57 
7 3 0 2 6  

7 30 13 

[i 28 201 
7 28 11 

7 e7 16 
(7 27 IO] 

7 2 7  1 

[7 26 401 
7 2 6 3 2  

[7 26 ,303 
7 2 6 2 8  
7 25 12 

I!] 

7 21 1 
7 21 1 

7 27 1 
7 26 53 

[7 %i 501 

[7 26 X ]  
1 26 44 
7 u i s  

[7 26 401 

1: E 
7 21 22 

7 27 17 

7 25 51 
1 25 38 

7 24 8: 

[7 24 301 
i %  8 
7 95 10 
1 24 32 

N. Lat. 

0 8 11 

81 32.6 

81 30.6 

I81 -30.61 
81 32.0 
81 34.6 
81 s3.4 

[Si 34.61 

[81 t30.81 
81 30.8 
81 20.2 
[81 31.11 
61 31.1 

81 28.3 
[81 29.31 
81 B.3 
[81 29.31 
[81 81.31 

[81 2!!.3] 
81 9.7 
81 28.6 
[Sl 28.6 
181 27.61 

81 27.6 
81 21.61 

81 28.1 
81 B.5 

81 28.2 
[81 28.11 
[81 35.91 
61 35.!) 
81 38.4 

81 3 . 6  
81 49.8 

81 46.2 
[a1 46.21 

:ti1 46.23 

'81 22.0 

81 52 3 
81 51.6 
81 52.01 

81 52.0 
81 46.6 
81 45.5) 
H I  45.5 
81 43.6.611 

'81 52.01 

= 
E. Long 
-- 

0 1  

[123 31 
123 2 
I23 10 
123 2 

I B  59 

;I 

I22 14 

122 10 

[ 122 121 

[in 51 
I22 3 

121 43 

122 14 

I22 10 
122 10 

[;g ;I 

[E :I 

122 10 
12.2 8 

1122 71 

71 
t22 5 
11.2 8 

[ I E  41 

[E :] 
122 14 

122 13 

121 51 
121 48 

121 25: 

[lei 311 
121 40 
191 40 
I21 30 

- 
d5f - 
at 

-_ 

- 0.054 

- 0.018 

+ 0.009 

- 0.008 

- 0.031 

- 0.008 

- 0.034 

-f.O.W! 

- 0.018 
- 0.w 

- 0.024. 

- 
dt 

*G 

+ 0.021 
- 0.044 + 0.944 

+ 0.041 

- 0.023 

- 0.229 

+ 0.356 

+ 0.246 

- 0.493 + 0.071 

+ 0.090 

+ 0.195 + 0.21'3 

f 0.0% + 0.362 

f 0.0.26 
4 0.018 

t 0.m 

- 0.053 

+ 0.223 + 0.501: 

+ 0.039 

- 0.233 + 0.018 
t 0.384 

Remarks 

Natural Horizon. 
Hazy. 

Midnight Sun. 

Midnight Sun. 

Natural Horizon. 

Midnight Sun. 

Altazimuth. 
Sextant. 



NO. 6.1 
__- 

189k 

June 22 
23 
23 
23 
24. 

June 24 
24 
25 
56 
26 

June 26 
27 
27 
30 
30 

June 30 
30 

July I 
2 
2 

July 3 
3 
4 
4 
4 

July 4 
4 
4 
4 
4 

July 5 
5 
6 
7 
7 

July 7 
7 
8 
9 
9 

July 9 
10 
10 
I1 
11 

July I1 
I1 
12 
13 
13 

81 22.3, 
81 223 
81 25.5 
81 32.2, 
81 32.2. 

- 
Hw 

h m  
I6 37 
16 27 
16 39 
16 48 
12 36 

13 9 
16 39 
17 11 
21 49 
21 58 

B 4  
4 11 
4 19 

10 IG 
16 33 

16 53 
23 30 
I6 32 
2 0 2 8  
2356 

4 2 3  
16 30 
1 51 
2 1  
2 19 

13 15 
16 90 
16 29 
16 39 
B 47 

12 34 
16 B 
120 
12 18 
12 97- 

16 B 
2228 
16 28 
13 15 
13 23 

16 37 
12 45 
16 9.8 
16 31 
16 50 

2 3 %  
2339 
12 26 
12 14 
le 21 

LATITUDE, LOCAL TIME, AND LONGITUDE. 

M. T.-Hw 

h m s  

(7 23 301 

I77 E 2 

1; g 
7 22 27 

7 B 2 3  

7 23 17 
17 23 20 
17 23 201 
7 30 23 

17 30 401 
7 31 0 

7 38 26 
7 31 57 

17 321 

7 3 4  5 
7 3 4  4 
7 3 4  7 

7 3 4 3 9  

[7 34 451 
7 34 59 

7 36 19 

7 37 36 
7 36 16 
7 36 10 

17 34 451 

7 3 6 3 9  

7364.5 
7 3 6 4 6  

[7 36 471 
7 37 10 

1; E :I 
7 37 5 
7 3 6 5 6  
7 36 52 
7 3 8 4 0  
7 3 8 3 8  

E. Long. 

u t  

[I21 151 

[I21 1.51 
1%) .5;i 

120 59 

121 I2 
121 1 3  

121 11 

1121 41 

dY 
dt 

+ 0.008 

- 0.006 

- 0.0.21 

123 28 
123 21 

(123 211 

123 52 
1% 52 
I23 *53 

124 I 
11% 21 

[;z ;J 
124 243 

124 45 
124 25 
124 23 

12.4 t30 

126. 32 
124 32 

[124 321 
124 38 

[E E] 
1% 37 
1.24 35 
1% 33 
125 0 
1% 0 

+ 0.007 

- 0.006 

- 0.016 

= 
dt * 

-- 

+ 0.219 
+ 0.310 

-- 0.072 
- 0.054 

- 0.040 

.- 0.062 

+ 0.145 
- 0.'B + 02" 

+ 0.592 + 0 . w  + 0.759 

+ 0.358 

+ 0.062 
+ 0.249 
+ 0.459 + 0.1% + 0.217 

+ 0.m 

+ 0.352 + 0.378 
+ 0.263 

+ 0.141 + 0.1 rs + 0.219 + 0.197 + 0.214 

93 

Remarks 

Cloltdy. 



94 

i -81 31.5 
'81 31.5 
'81 31.5 
'81 28.01 
:81 28.01 

GEELMWDEN. ASTRONOMICAL OBSERVATIONS. 

-81 3.51 

g: :] 
Ei; 3 

[NORW. POL. EXP. 

1 M  

July 13 
14 
14 
14 
15 

July 15 
16 
16 
17 
m 

July 10 
21 
21 
21 
21 

July 22 
22 
2!2 
22 
23 

July 24 
25 
25 
26 
27 

July 27 
27 
28 
28 
29 

July FJ 
30 
30 
30 
30 

July 31 
Aug. 2 

2 
2 
3 

Aug. 3 
3 
4 
5 
5 

Aug. 5 
5 
7 
7 
8 

Hw 
-- 

h m  
16 27 
1 37 

16 12 
16 21 
16 10 

16 e7 
12 97 
16 28 
16 27 
17 51 

21 48 
0 4 0  
0 %  

2 2 5  
22 13 

13 41 
16 1 
16 n 
21 46 
16 30 

16 59 
18 Po 
2 2 7  
23 49 
15 28 

16 28 
21 46 
16 6 
16 24 
I8 47 

23 18 
12 9 
12 14 
19 43 
19 53 

16 14 
15 7 
16 18 
23 13 
12 48 

I6 17 
19 49 
16 17 
12 16 
16 17 

16 24 
20 1.5 
16 6 
16 17 
15 58 

M. T.-Hw 

h m s  

7 3 8 3 4  
(7 391 

17 391 

17 39 291 

17 39 01 

7 3 9 2 9  

7 38 51 
7 39 12 
7 39 11 
7 3 8 4 6  
7 3 8 4 6  

7 38 49 
17 38 491 

7 3 9  9 
17 401 

1; El 461 

1; El 

7 42 48 
7 4 0 2 6  

17 42 301 

17 431 

17 MI 
7 42 54 
7 4 3 %  
7 44 3: 
7 43 14 
7 43 14 

1; 21 
7 4 8  5 
7 4!) 0 

7 48 17 

7 49 8 

17 48 ,551 
7 48 41 

17 48 51 
17 48 301 

N. Lot. E. Long. 

0 8  

124 59 
[I% 51 

51 

125 12 

[I25 51 

125 2 
125 7 
1% 7 
12"; 1 
125 I 

IS 1 

I25 6 
[I% 191 

[I% 121 

[t25 11 

12 
1% 1 
125 25 

[125 561 

[I25 561 
12.5 56 

(1% 31 

(1% 31 

126 2 
1%) 17 
1245 19: 
1% 7 
I26 7 

1;; E] 
I27 19 
127 33 

127 22 

127 35 

[le7 321 
127 28 

[I27  251 

- 
(9 
dt  

f 0.010 

f 0.012 

- 0.061 

+ 0.018 

- 0.w 
- 0.090 

+ 0.Ml 

+ 0.012 

- 0.122 

+ 0.053 

+ 0.008 

(127 191 I + 0.014 

dt 
1% - dF 

f 0.594 

f 0.927 

- 0.053 + 0.m + 0.2% 
- 0.018 
- 0.004 

+ 0.461 

- 0.0.56 

- 0.008 + 0.229 

- 0.017 

+ 0.012 + 0.188 
f 0.200 
- o.:a 
- 0.m 

+ 0.1% + 0.303 

- 0.- 

+ 0.921 

- 0.227 

Remarks 

Cloudy. 

Indistinct limbs. 



NO. 

189k 
-~ ___- 

Aug. 8 
8 
9 
9 

10 

Aug. 10 
10 
10 
11 
12 

Aug. 13 
13 
14 
It 
16 

Aug. 16 
17 
17 
17 
17 

Aug. 18 
20 
20 
21 
22 

Aug. 22 
2.2 
P2 
24 
25 

Aug. 25 
2.5 
25 
27 
27 

Aug. 27 
29 

3 
3 

Sep. 5 
7 
8 
8 

19 

Sep. 15 
17 
18 
90 
24 

sep. 3 

81 18 52 
81 22 18 
81 14.6 

Hw 
. . -- 

h m  
16 17 
2034  
16 16 
16 '22 
12 11 

16 12 
16 15 
20 16 
16 14 
16 14 

12 48 
16 39 
11 u 
19 9 
15 43 

16 13 
14 53 
15 22 
16 12 
2049 

16 12 
13 0 
16 12 
16 30 
12 4 

12 10 
16 3 
16 11 
2224 
14 39 

16 3 
16 12 
21 8 
13 36 
16 4 

16 12 
16 28 
1.2 52 
16 42 
21 4 

17 11 
2244) 
17 4 
17 26 
13 8 

4 13 
2 3 8  

16 48 
e 11 
5 15 

[123 431 

LATITUDE, LOCAL TIME, AND LONGITUDE. 95 

M. T.-Hw 
. .  - - 

11 m s 

7 4 8  7 

7 49 54 
[7 49 01 

[7 .io 01 

7 54) 13 

7 50 41 
[7 50 411 
7 50 11 

1:: : I:] 
7 51 36 

[7 51 361 

7 51 26 

7 51 21 

[7 51 01 
7 51 2 

7 51 6 
[7 51 01 

7 50 12: 
7 49 48 

[7 49 301 

7 AS 55 
7 49 3.3 
[7 49 331 

[7 451 r: 3% 
[; ;I 

7 3 2 4 2  

[7 26 581 
7 26 58 
7 23 19: 

7 3 7 %  
7 t35 15 

7 FJ 11 
[: E 2 

N. Lat. 
._ 

0 , I ,  

81 5.4 
[81 5.41 
81 3.6 
81 3.6 
[81 4.61 

81 4.8 
81 4.6 
[8l 4.61 
81 4.3 
81 4.3 

[;; ;::I 
[81 6.61 
81 6.G 
81 5.0 

81 6.3 
[81 4.91 
81 4.8 
81 5.0 
[81 4.91 

81 5.0 
[81 4.31 
81 4.3 
81 1.5 
[81 2.11 

[81 2.11 
81 2.1 
81 2.1 

E! !:;I 

A:;{ 
81 1.1 
81 1.1 

80 53.6 

80 53.6 
81 7.7 
[81 14.11 
81 14.0 
[81 14.11 

81 10.9 

81 3.8 
[si 51 

E. Long. 

0 3  

127 19 

[127 321 
127 45 

[I27 471 

127 50 

127 57 

127 49 
[127 571 

[I27 511 
[ l B  11 

1% 10 

1 9  7 

[ l B  IO] 

1% 6 

[;g ;I 
1% 2 

121 48: 
127 42 

(128 I1 

[in 381 

121 *! 
127 .% 

[I27 381 

[I'% .%I] 

[123 303 
123 38 

123 25 

[E 2 
[I91 591 
121 59 
121 4: 

1% 35 
1% 2 

- 0.1% 

+ 0.213 

- 0.241 

I + 0.318 
- 0.018 

- 0.157 + 0.wa 

+ 0.181 

+ 1.13; 
+0.w 1 

- 0.013 

- 0.WJ 

- 0.010 

- 0.030 

- 0.0.25 

- 0.019 

- 0.145 

+ 0.363 

+ 0.210 

+ 0.225 

+ 0.036 + 0.9.w 

- 0.109 + 0.493 

+ 0.312 

- 0.154 

+ 0.0.21 

- 1.602 + 0.343 

Remarks 

Cloudy. 

lndistinet image. 

Snow drift. 

Bud condilioiis. 
hiage riot sharp. 

Bad image. 
C 1 o u d y . 
Cloudy. 



96 - 
1891 

S p .  28 
58 

Oct. 1 
3 
7 

Ort. 10 
13 
15 
11 
9x) 

Oct. a 
25 
27 
29 
30 

Nov. 1 
4 
7 
10 
12 

Nov. 17 
21 
21 
24 
% 

Nov. 28 
30 

Dee. 3 
5 
I 

Dec. 11 
14 
16 
18 
21 

Dec. 24 
24 
24 
'26 
28 
30 

1895 
Jan. 2 

5 
8 
11 
13 

Jan. 14 
16 
18 a 
5% 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. 

Hw 

11 m 
1 15 
158 
044 
048 
0 %  

1 3 5  
0 21 
0 %  
0 12 
8 51 

9 5  
e 5 0  
1 15 
0 51 
22 Fio 

22 19 
B 8  
93 11 
1 12 

2 2 5 5  

145 
16 $29 
a48 
133 

23 19 

2 3 6  
2 3 0  
22 59 
23 17 
22 57 

2 3 4  
2 3 1  
B 5  
2330 
1 16 

15 58 
11 5 
2 2 6  
a s  
2 9 %  
22 17 

2234 
21 3ti 
81 22 
21 39 
21 49 

1 41 
21 42 
20 57 
2 3 3 9  
2 3 5  

M. T.-Hw 

h m s  
I 27 14 
[7 27 141 
I 2l 11 
1 2 7 %  
7 %  8 

I 18 43 
I 12 1 
7 5 7  
7 1 5 6  
6 5 8 3 9  

: E? 
6 57 37 
6 5 2  9 
64846 

6 46 16 
G 43 15 
6 43 16 
6 42 4 
6 39 4-4 

6 4 3  0 
6 4 8 2 3  
6 41 42 
6 41 15 
G 45 11 

6 42 42 
G 41 41 
6 39 12 
6 36 1G 
6 3& 17 

6 3 3  4 
630 0 
f i  23 2 
6 18 F> 
6 15 44 

1; ; =I 
6 6 31 
G 9 2 0 ?  
6 1 8  
6 9 5  

6 10 Xi 
6 12 27 
G 11 41 
6 10 43 
6 13 19 

6 14 11 
G 11 46 
G I 31 
6 8 9  
-6 8 35 

N. Lat. 

0 , ,I 

81 12 50 
81 12 22 
81 4 59 
81 4 39 
81 18 29 

81 16 14 
81 32 52 
81 36 51 
81 43 30 
82 0 14 

82 0 11 
82 4 e 
82 4 2 
8 11 13 
82 G 32 

&2 5 31 
8 2 6 1  
82 9 0 
82 11 30 
82 7 46 

82 535 
82 041 
82 0 5 
81 51 46 
82 9 11 

82 944 
82 10 8 
82 13 5 
8;2 20 8 
82 20 46 

823039 
8234% 
82 50 35 
82 .50 29 
8 2 M B  

83 23.5 
83 2.3 11 
k3 $23 46 
832.2 I 
w 18 50 

2Q 52 

8 3 2 5 2 5  
e3 33 58 
834029 
83 41 30 
83 27 0 

83% 4 
83 5% 12 
% % 4 8  
8 3 2 2 3 6  
8 3 2 3 1  

- 
C. Long. 

0 1  

129 1 

122 e 
122 4 
1% 14 

119 53 
118 12 
116 28 
115 40 
114 51 

114 511 
114 38 
114 35 
113 13 
112 22 

111 44 
110 59 
110 59 
110 41 
110 G 

110 55 
112 15 
114 5 
111 58 
t i l  27 

110 49.5 
110 34 
109 56.5 
109 12.5 
108 42.5 

IOH 24 
107 38 
loj 53 
lo4 4!! 
lo4 3.5 

101 571 
101 51 
101 45 
10.2 271 
101 5& 
lo2 23 

102 45 
103 13 
lo3 1.5 
1@2 47 
103 26 

103 38.: 
103 2 
101 59.: 
I W  I 
It72 14 

122 11 

* 
dt 

- 0.038 

+ 0.060 

[NORW. POL. ESP. 

Remarks 

Cirro-stratus. 

Cloudy. 

Long. 1010 l'? 



LATITUDE, LOCAL TIME, AND LONGITCJLlE. 97 

1895 

Jan. 9 5  
97 
30 

Feb. 1 
4 

Feb. 5 
6 
8 

1% 
13 

Feb. 17 
m 
43 

94 

Feb. % 
Mar. 2 

4 
6 
9 

Mar. 11 
13 
16 
19 
21 

Mar. 93 
25 
27 
99 

e Apr. 1 

Apr. 3 
5 
6 
6 
7 

Apr. 8 
9 

10 
13 
13 

Apr. 16 
16 
16 
18 
18 

Apr. 19 
m 
21 
21 
21 

- 
Hw 

h m  
92% 
B 19 
B39 
9% 47 
1% 

ee 10 
23 31 
17 35 
0 3 8  

e1 33 

a 37 
2232 
2232 
22 57 
229.4 

2 2 %  
1 9  
1 7  
1 9 3  
1 3  

0 5 5  
0 51 
0 5 9  
2 3 6  
2 %  

2 2 5  
2 18 
2 16 
2 14 
4 1  

5 5 0  
18 16 
5 3 4  

18 90 
18 15 

5 5 6  
18 15 
5 2 5  

18 19 
2343 

18 16 
18 28 
93 19 
18 21 
93 51 

0 5  
18 Si 
18 W 
18 26 
2334 

vl. T.--Hw 

h m s  
6 8 m  
6 9 59 
6 12 50 
6 I1 99 
6 12 10 

6 I1 30 
6 9 5 7  
6 11 8 
6 13 23 
6 12 13 

6 11 36 
6 11 46 
6 8 2 1  
6 8 2 0  
6 8 I1 

6 7 14 
6 6 2  
6 5 3  
6 6 5 5  
6 8 3 8  

6 8 51 
6 7 5  
6 3 B  
6 1 5 k  
6 1 52 

6 0.39 
5 59 18 
5 5 8 %  
5 XI 52 
5 5 7  2 

5 5 3 3 3  

5 46 47 
15 46 401 

5 4 6 5 3  

5 47 14 
15 47 441 
5 47 44 

[5 43 351 
5 4 3 3 5  

5 37 59 

5 37 57 

[5 38 411 
5 38 41 

N. Lat. 

O I U  

e395 I 
83 99 59 
83 41 3 
834396 
83 33 15 

8339 e 
83 31 31 
83 33 31 
83w44 
83 % 57 

83 32 16 
833959 
834654 
8 3 4 6 4 0  
83 47 % 

83 52 53 
84 3 4 0  
84 4 %  
84 e 3 6  
8 3 5 8 %  

8 3 5 8 5 8  
84 3 5 6  
84 7 5 0  
84 8 5 3  
84 8 5 1  

84 8 4 4  
84 8 3 4  
84 8 10 
8 4 7 9 . 4  
84 11 I 

84 15 14 
W. 17.9 
[84 17.81 
84 18.5 
84 17.5 

(84 17.41 
84 16.6 
[84 16.71 
84 16.9 
[M 17.01 

84 16.6 
84 16.6 
[84 16.61 
84 14.2 
[84 14.91 

[84 14.91 
84 185 
ti4 12.6 
84 127 
[fa 1e.q 

- 
,. Long. 
0 1  

&? 10 
0934 
03 17 
02 56.5 
03 6.5 

02 56.5 
0233 
02 51 
0324 
03 6.5 

02 57 
02 59 
02 7.5 
0 2 7  
0 2 5  

01 50.5 
01 32 
01 17 
,oi 45 
102 10.5 

102 13.5 
IO1 47 
100 51 
Loo 28 
100 e8 

100 9 
9949 
w 3 5  
99 I92 
99 15 

98 92.: 

9640 
196 381 

96 41 

9646 

96 -53 
[96 531 

[95 50.: 
!35 50.: 

94% 

94% 

1% SI 94 :16 

- 
dP 
E 

- 0.m 

- 0.06 

= 
dt 

*& 

- 0.03% 

- 0.m 

- 0.072 

- 0.075 

- 0.180 

- 0.073 

- 0.033 

- 0.117 

Remarks 
. -. __ 

4 lrours lietiweir the 
stars. 

13 



98 

1895 
. -- __ 

Apr. 93 
9.3 
23 
26 
27 

Apr. 27 
28 
29 
30 
30 

May 1 
3 
3 
3 
3 

May 6 
7 
7 
7 

10 

May 10 
11 
13 
1% 
13 

May 13.5 
15 
16 
17 
18 

May 19 
19 
21 
21 
23 

Mny 23 
23 
23 
2.3 
24. 

May 24 
27 
YJ 
29 
E) 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. 

- 
Hw 

___ 
h m  
18 21 
18 35 
2348 
18 n 
0 0  

0 9  
18 90 
0 3  

13 55 
18 24 

18 23 
14 51 
18 31 
18 40 
2 3 3 5  

18 31 
14 6 
14 9 
I 8  33 
14 13 

18 36 
0 3 5  

14 33 
18 43 
23 18 

14 19 
18 44 
0 2 6  

18 46 
0 2 4  

14 55 
18 55 
21 14 
el 20 
1 11 

ti 49 
6 57 
7 12 

19 G 
3 37 

19 I 
0 18 
2 52 
7 8  
7 34 

19 5 

31 ~ 14 50 
31 I 19 1 
31 : 2.3 10 

! 

M. T.- Ha 

h m s  

[5 33 61 
5 3 8 6  

5 3 5 1  

5 35 11 

5 37.0 
5 33.1 

{ ; 
5 33 53 

5 23 11 
5 23 13 

5 2 0  6 

5 19 31 
5 13 30 

5 13 32 

5 l e  0 
5 11 28 

5 7 17 

5 144 

[4 56 01 
4 55 59 
4 5 3 2 4  

[4 53 241 

4 50 11 

4 48 42 
4 50 10 

[4 50 101 

4 55 18 
4 5 6 2 4  

4 .% 44 

N. Let. 

0 ‘  

&4 13.4 
84 13.3 

[84 13.41 
84 123 

[84 1221 

[84 1221 
84 16 

84 13 

84 16.5 
[Sa 25.31 a 8.3 
84 8.4 

[84 55.41 

84 31.4 

a 33.5 

[E :t:3 

[% E] 

[E E] 

[ 8 ~ .  a 3 1  

84 38.3 

84 39.1 
[M 39.11 

[84 37.31 
84 37.3 

[84 37.31 
84 37.4 

[84 37.41 

[M 33.31 
84 33.3 
84 40.3 

[E E] 
84 41.8 
84 41.7 
W 41.6 
84 41.4 

[Sa 41.41 

84 40.1 
84 371 

184 33.3.51 
84 33.5 
84 33.6 

84 :338 
[84 361 
[Hk 38.01 
84 38.0 
[84 38.01 

E. Long 

0 ’  

[E El 

9344 

9 3 4 3  

I)4. 10 
93 12 

93 30 

9 3 8  

9043  
w42 

8955  

89 46 
88 15.5 

88 16 

1: E] 

87 s 
87 44.5 

€!G 41.5 

85 18 

83 51 
83 12.5 

83 12.5 

‘83 511 

82 24 

82 1 
w2 23 

82 231 

83 40 
&t’ 56 

8 2 1  

- 
dYj 
dt 

- 0.007 

- 0 . m  

- 0.064 

+ 0.006 

- 0.011 

c 
dt 

*& 

- 0.077 

- 0.046 

- 0.021 

- 0.033 + 0.2s 

+ 0.492 

- 0.129 

+ 0.275 + 0.m 

+ 0.2197 

+ 0.016 + 0.348 
- 0.252 

+ 0.w 

- 0.034 

- 0.055 

+ 0.380 

- 0.979 + 0.050 

+ 0.583 

- 0.132 + 0.375 

+ 0.1% + 0.335 

- 0.844 

[NOHW. POL. EXP. 

~~ 

Remarks 

Index error not 
determined. As- 
sumed 0 0”. 

Cloudy. 

Cirro-stratus. 
Bad image. 

Bad image. 
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1895 
--_ - -. 

June 3 
3 
G 
G 
7 

June 7 
8 

10. 
10 
11 

June 11 
11 
12 
12 
13 

June 15 
15 
17 
17 
17 

Jrinc: 18 
I9 
21 
21 
22 

June 23 
23 
26 
26 
26 

June 28 
TJ 
29 
30 

July I 

Jnly 2 
2 
4 
4 
4 

July 4 
5 
6 
6 
6 

Jrily 7 
8 
6 
8 

11 

Hw 

h m  
14 43 
19 0 
14 32 
19 0 
0 5 3  

19 0 
0 51 

14 45 
2 0 9  
2 51 

19 35 
23 .% 
2 3 9  

19 10 
0 1  

7 21 
I5 10 
14 59 
19 3 
19 22 

I 9  
19 19 
14 59 
19 15 
045 

15 4 
19 43 
15 17 
16 24 
2046 

l!) 19 
4 4 4  
4 49 

21 6 
0 57 

7 4 5  
15 26 
3 4 4  
7 31 
7 41 

19 40 
1 a5 

18 14 
19 27 
19 4.5 

I 15 
15 25 
1.5 31 
19 43 
2 4 4  

LAl’ITUI)E, LOChl ,  TIME, A S D  LONGITUDE. 

M. T.-Hw 

h m s  
4 58 25 

4 5 8 4 3  

4 58 41 

.- 

4 5 8 4 8  
4 5 3  5 
[4 53 51 
4 52 44 

[4 52 211 
4 51 7 
4 52 13 

4 4 8 3 6  

4 33 51 
4 38 18 
[4 3!! 81 

4 4 0 2 8  

4 4 3 4 6  

4 4 2 3 9  

4 49 27 
[4 42 271 
4 33 .w 
4 3 3 2 8  

[4 33 281 

[4 241 
4 22 13 
4 2 2  2 

[4 18 351 
4 18 35 

4 17 59 
4 19 43 
[4 !p 451 

4 “24 0 

[: ;q 
4 19 4 
4 B 12 
4 22 10 

4 25 10 

N. Lat 

0 1  

[84 34.41 
84 34.4 
[81, 32.71 
84 32.7 
[84 32.71 

64 33.4 

84 44.7 
[84 44.71 

84 47.5 
[sl. ,?7.51 

84 51.6 
[84 51.61 

[E E:;] 

84 52.3 

84 e . 3  
84 42.4 

[84 42.31 
84 323 
[Bc 31.71 
84 31.7 
[84 31.71 

[84 29.61 
84 29.6 
E84 34.0 

84 34.0 

8432 

84 39.3 
[W 39.31 

84 40.9 

84 42.9 
84 42.9 

84 43.0 
184 43.01 
82 47.5 
84 47.5 
81. 47.5 

p3 5 m i  

[84 34.01 

[84 , m ]  

[E E::] 

[% ,,E] 
84 45.1 

[82 40.81 

- 
E. Long 
-- 

0 ,  

8 4 2 6  

Ma0 

84 29.5 

84 31 
8 3 5  

E 2!5 
82 541 
82 35 
82 52 

81 57 

79 30 
i Y  22 
,79 341 

79 54 

eo43 

80% 

8 0 2 3  

78 8 
[78 81 

1% El 

‘75 461 
‘75 19 
75 16 
[;; El 
74 14.5 
72 41 
i74 411 

75 44 
74 291 

74 30 
75 17 
75 16 

76 I 

- 
dg; a -- 

- 0.026 

- 0.012 

+ 0.008 

- 0.011 

- 0.036 

+ 0.009 

- 0.037 

+ 0.m 

+ 0.020 + 0.m 

- 
dt  

- _. .- 

+ 0.310 

+ 0.266 

+ 0.008 

+ 0.m + 0.303 

+ 0.387 

- 0.Wl + 0.WJ 

-- 0.203 

+ 0.347 + 0.298 

- 0.m; 
+ 0.296 

- 0.074 

+ 0.309 

+ O..% + 0.6% 

+ 0.7655 + 0.167 

- O.lP2 

+ 0.m + 0.445 

+ 0.011 

- 0.071 + 0.317 + 0.349 

+ 0.234 

99 

Remarks 

Mercury trcxnbling 
somewhat. 

A single observation. 

No distinct limh. 

A single observation. 
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1895 
- 

July 11 
11 
12 
12 
12 

July 13 
16 
16 
16 
16 

July 16 
16 
18 
18 
18 

July 18 
19 
21 
21 
23 

July 23 
23 
5M 
% 
26 

July 26 
28 
2!l 
29 
B 

Ju ly  30 
30 
30 
30 
30 

July 31 
Aug. 1 

1 
2 
2 

Artg. 3 
5 
6 
6 
6 

Aug. (i 
7 
7 
8 
9 

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. [NORW. POL. EXP. 

Hw 

11 m 
7 4 0  

19 56 
1 2 6  
2 47 

19 40 

2 3 2  
10 10 
16 9 
16 12 
16 16 

16 19 
19 44 
16 31 
16 e 3 6  
19 3!! 

19 49 
1 15 

15 30 
19 54 
15 25 

15 32 
19 57 
1 47 

15 56 
19 40 

19 55 
20 12 
16 37 
19 54 
2 0 3 3  

I5  43 
15 52 
19 30 
19 42 
19 56 

1 41 
1'3 34 
19 44 
1 31 

19 32 

1 3 2  
2 2 3 8  
3 18 

15 5.. 
16 1 

2 2 5 9  
19 19 
19 35 
1.34 

15 L5 

M. T.-Hw 

h m s  

;I 

1; g ?I 

4 2 5  9 

4 25 12 

4 21 58 
4 21 59 

4 2 2  I 

4 17 3 
4 17 1 
[4 17 01 

4 16 30 
4 11 52 

4 9 9  

4 9 15 

4 8 37 
4 14 58 
[4 14 581 

[4 17 01 
4 18 27 
[4 18 n] 

4 2 3 3 6  
4 23 47 

[4 %I 
I4 211 

4 %  4 

[; g ;I 

4 .32 58 
14 31 151 
4 31 15 
4 30 59 
4 30 .5H 

1: 4 
4 2 9 a  
4 28 51 

N. Lat. 

0 '  

84 40.8 
84 40.6 
[84 40.61 

8k 40.6 

[84 40.61 
84 42.4 

[Sa 42.11 

(84 4211 
81: @.I 

84 40.4 

€a 40.3 

84 ,363 
[Sa 31.81 

[84 31.81 
84 31.8 

84 29.4 

84 29.3 
84 31.9 
184 33.71 
&4 33.4 
81: 33.7 

184 B.21 

84 28.1 
84 28.1 
84 28.2 

[E E] 

12 E::] 

[E E::] 

p4 28.21 

[Sa 31.0] 

[ti4 :L2.8] 

84 31.0 
ka 31.0 

84 34.8 

$4. 33.5 

[E ,,E] 
84 373 
84 3 7 3  
84 ,780 

E. Long. 

0 1  

75 591 
75 59 
76 0 

76 1 

75 12 
75 12 

75 12.5 

73 57.5 
73 57 
73 57) 

73 49 
72 39.5 

71 58 

73 0 

71 50 
73 25 

1;; 21 

'73 251 

1;; El 
[74 ~ 7 1  

75 :it 
75 3i 
[76 401 

75 56 

77 40 
77 401 

77 54 

77 w.5 
77 23.5 
77 23 

77 24 

77 6 
76 51 

77 2631 

'n 241 

dF - 
dt -- 

- 0.007 

- 0.067 

+ 0.m 

- 0.010 

- 0.020 

+ 0.06 

- 0.006 

- 0.004 

- 0.100 

- 0.121 + 0.006 

dt 
*dp, 

- 0.017 + 0.242 

+ 0.191 

+ 0.497 + O.Fif9 + 0.528 

+ 0.546 

+ 0.579 + 0.601 

- 0.083 + 0.288 

+ 0.25% 

+ 0.281 

+ 0.392 
- 0.007 

+ 0.602 

+ 0.373 + 0.412 

+ 0.022 
+ 0.012 

+ 0.017 

+ 0.366 + 0.475 + 0.500 

+ 0.015 + 0.463 

Remarks 

Dew on art. horizon. 
Ice in motion. 

Dew on art- horizon. 

No distinct limb. 

Sun visible in glimp- 
ses. 

5 altitudes. 
2 altitudes. 
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Aug. 9 
9 

10 
12 
12 

Aug. 13 
13 
13 
14 
14 

Aug. 16 
16 
16 
18 
18 

Aug. 19 
21 
21 
21 
22 

Aug. 23 
93 
94 
24 
24 

Aug. 5 
Sep. 1 

1 
1 
1 

Sep. 3 
3 
3 
3 
4 

s c p  4 
5 
5 

10 
10 

Sep. 14, 

15 
16 
18 

sep. 19 
21 
21 
912 
24 

- 
Hw 

h m  
19 36 
19 46 
1 %  

19 46 
19 52 

I 18 
1 3 0  
1 3 8  

15 18 
19 39 

16 6 
19 22 
19 41 
15 32 
19 45 

19 44 
3 3  

16 7 
19 s 
19 36 

19 6 
19 5 
19 3 
19 % 
2354 

0 2  
15 34 
19 11 
19 .XI 
2339 

19 40 
20 ,5 
23 41 
2 3 5 8  
19 25 

2244 
19 21 
2 3 3 5  
rn 37 
2330 

17 5.5 

17 59 
16 56 
1 %  

21 e6 
6 11 

m 4  
6 4  
G 19 

M. T.-Hw 

h m s  

2 5 
[4 331 

4 97 6:  
4 2 6 %  
4 26 37 
4 5 x 5 9  

4 93 17 
[4 23 171 

4 %  9 
[4 %i 91 

4 31 0 
4 35 12 
4 a; 47 
4 38 17 

14 381 

14 381 

14 36 371 

4 36 @2 

436632 
4 2 9  5 

[4 W 
4 N  7 

%I 
4 32 15 
4 32 26 

4 ai 0 

4 36 47 
[4 35 271 
4 35 27 

14 371 

14 “1 
E 23 

[4 41 *W] 
4 42 18 

[4 41 451 
4 41 17 
4 3 8  0 

N. Lat. 

0 , I ,  

84 34.0 
84 34.0 

[84 33.91 
84 31.1 
84 31.0 

[84 31.01 

~ 3 1  
84 28.3 

[84 25.41 
81: 25.4 
s4 25.4 
[M 19.41 
84 19.4 

€44 17.8 

84 9.2 
M 10.6 

84 iQ.6 
84 129 
84 17.6 
84 17.8 

[84 17.81 

1: E;] 

[E E::] 
81. 47.5 
84 47.6 

[€44 47.61 

84 53.8 
84 53.8 

[84 53.81 

82 Sf.!) 

[% 51.91 

8 4 5 8  
[ti4 .% 401 

[E 

85 6 4 4  

85 7 3  
&5 3 12 
1s; 31 

& 2 51 [E ; E: 
85 6 57 
8 5 7 9  

E. Long. 
-_ .- - .- 

0 ‘  

176 531 
76 54 

176 161 

76 24: 
76 15 
76 17 
75 52 

75 26 
[75 261 

76 9 
[76 91 

77 21.5 
78 24 
78 33 
79 10 
[B 61 

l7.J 61 

[78 451 

78 46 

78 43.5 
76 50 

176 jcl] 

77 t i  

[77 ,,MI 
n 37.5 
77 40 

78 34. 

78 4i 
[;; E1 

K I:] 

[78 471 

79 37 

179 5 4 -  80 5.3 
[79 571 
79 50 
7!4 0.5 

dT a - -- - _. 

- 0.006 

+ 0.008 

- 0.m 

+ 0.m 

+ 0.010 

+ 0.m 

- 0.m; 
- 0.015 

- 0.030 

+ 0.0% 

+ 0.030 + 0.061 

- 0.058 

- 0.m 

= 
dt h -  
dT 

.- ~ 

- 0.012 

- 0.M2 
- 0.00:; + 0.016 + 0.296 

+ u.481 

+ 0.355 

+ 0.320 + O.*J 

- 0.17 

- 0.2461 + 0.4% 

- 0.371 

- 0.33 
- O.%& 

- 0.607 

- 0.365 

- 0.396 

+ 0.053 

+ 0.119 

Hemarks 
-- - . . . .. . - - 

A single ohsc:rvatioir ; 
perhaps doubltr alti- 
iudt. l‘or2’toosmall. 

A sin& obs. Cloudy. 

Cloudy; ice in nrotion. 

Naturnl horizon. 

SIIII visiblc i n  glimp- 
ses. 

Cluudy. 

Cloudy. 

Not R good observe- 

Cloudy, not 11 good 
tion. 

obs. 

Cloudy and hoar frost. 
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1895 
- 

scp.  28 
Oct. 3 

7 
7 
8 

Oct. 11 
14 
1 f i  
18 
19 

Oct. 21 
22 
22 
22 
24 

Oct. 24 
28 
29 
3 1 

Nov. 3 

Nov. 3 
4 
5 
7 
!J 

pu'ov. 11 
13 
14 
15 
18 

Nov. l!) 
E 
22 
24 
47 

X O V .  28 tw 
30 
:x, 

Dcc. 1 

Dei:. 3 
4 
6 
!) 
9 

I h ! C *  11 
11 
14 
14 
17 

GEELMUYDEN. ASTRONOMICAI, OIISEHVATIONS. 

-- 

HW 

11 m 
5 Fi!) 
3 I!) 
0 YJ 
3 5 
4 s  

4 5 6  
3 1  

22 59 
18 21 
2 8  

3 19 
19 25 
19 35 
19 .w 
18 .il 

19 3 
1 2 8  

19 2 
l!) 11 
19 8 

19 19 
O B  

5% 10 
19 15 
4 9  

7 9  
1 49 
1 ,i4 
1 2 8  
1 10 

21 24 
2 9  

20 57 
$20 37 

I 51 

1 :a 
2 2 0  

21 14 
21 P2 
0 7  

1 .%I 
2 0 7  
21 28 

1 23 
1 6% 

m :rJ 

M.T.-Hv 

ti m s 
4 40 56 
4 37 52 
4 3 6  7 
4 36 11 
4 3 7 4 0  

4 38 10 
4x32 
4 3.5 46 
4 3 4 3 6  
4 3 3 %  

4 29 52 
4 19 58 
4 20 1 
4 19 45 
4 1 3  49 

4 13 41 
4 l(i 56 
4 4 15 
4 3 %  
3 58 4.8 

3 58 53 
3 58 20 
3 53 0 
3 4 0 %  
3 39 46 

3 45 39 
3 4!) ai 
8 49 39 

3 2 3  92 

3 3 9 3 8  
3 39 (i 
3 37 46 
3 :32 45 
3 23 13 

3 19 53 
3 17 10 
3 16 24 
3 16 6 
3 14 40 

3 12 17 
3 6 12 
2 59 48 
2 .57 50 
2 57 27 

2 43 .w 

:< 46 :hi 

8,  z ij :;o 
0 2 4  2 3 7  1 
0 32 I e 37 lfi 

O *i7 I 36 

N. Lat. E. Long 
-. -_ -. __ . 

0 '  

79 44 
78 57 
78 30.5 
78 31.5 
78 54 

79 1 
78 3(i 
78 21 
78 G.5 
77 56.5 

76 .55 
74 26.5 
74 27 
74 23 
72 54 

72 53 
73 40.5 
70 30 
70 19 
69 8 

(i!t !) 
69 1 
67 40.5 
G1 32 
til 22 

6.5 50 
M 45 
w 49.6 

INOHW. POL. E m .  

Remarks 

Thick hoar frost. 

J ~ u m c  star cast. 
4 single alt. ofJupiter. 
Cuss. and t Ursee Maj. 

I Drac. and a Cygni. 
i stars; ice in motion. 

i stars. 
Cuss. and a Cygni. 

Drac.and I Urswhiuj. 
Moon nntl Jupiter. 

3 stnrs. 

% stiirs. 

L stars. 

I stars. 

}Sonit: star south. 

Same star west. 

> Sanic: stnr soiitli. 
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1895 
- -. .- _. 

Dec.. I9 
20 
20 
24 

Drc. 27 
27 
29 

189G -- 
J M I I .  2 

3 
5 
5 
6 

Jon. 7 
9 

12 
12 
15 

Jan. 16 
19 
20 
m 
22 

Jan. 24 
26 
28 
30 
30 

Feb. 2 
4 
7 
7 

10 

F't-1, .  if 
14 
18 
19 
27 

Fel.  25 
"27 
2!! 

Mor. 4 
7 

Mor. 9 
12 
17 
17 
17 

. -_ 

H W  

ti m 
1 %  

21 50 
21 59 
2 2 5  

21 35 
21 43 
21 30 

- _ _ _  

1 3 6  
21 ci 
20 51 
20 57 

I Id. 

2 34 18 
2 :M 25 
2 3 1  I6 

2 11 

2 15 
1 4 8  

20050 
20 -51 
2 0 4 5  

4 f i  9 I 84 51 49 

2 4 4 0  
2 0 0 :  
I 57 %I 
1 57 47 
I 32 0 

20 37 j 1 37 I5 
st) 45 1 29 I 

22 55 1 ?A 23 
1 5  0 

2.3 01 1 84 52 

'21 5!) 
2 2 7  
21 49 

23 :HI 
22 3 
3 15 

92 13 
7 32 

4 10 
3 47 
3 %i 
5 58 
(i 2 

6 58 
8 10 
8 9  
8 19 

23 5 

1 0 52 
1 0 47 
1 2 4 0  

0 53 43 
0 3 37 
0 53 x5 
0 57 1 
1 1 4 0  

0 5!) 25 
1 .5 43 
1 H 16 
1 (i 46 
0 59 2.8 

0 57 96 
0 52 20 
1 3 9  
I 3 19 

84 51 56 
84 57 s. 
84 59 5 
K1. 59 3 
84 57 59 

M5648 
84 40 23 
84 &2 10 
w 51 34 
84 51 32 

84 47 23 
84 3!LO 10 
84 37 43 
84 37 11 
84 31 27 

81 17 33 
8 4 2 0 4 0  
x1. 10 16 
&& 2 47 
84 2 4 3  

8t 11 34 
84 I2 2 
84 (i 21 
84 840 
8 4 0 0  

87 57 14 
83 57 13 
84. 4 57 
84 4 54 
W 12.4 

48 0.5 

47 56 
47 57.5 
47 10 

45 P2 

44 32 
44 52 
44 4 3  

&2 44.5 
41 17 
do fA.5 
do 57 
u, .i3 

l0 31 
:B 20: 
w 4 0  
138 47 
137 rn 
33 39 
31 35 
31 48 
:lo %5 
30 3 . 5  

5 21 
%% 3.3 
24 32 
24 31 
$24 .i!j 

22 44.5 
P2 M 
!E2 42 
23x3 
2 4 4 3  

2 4 9  
25 43.5 
2t; 21.5 
2.5 58.5 
2 4 9  

23 38 
22 51 
6 3 
25 5 

44. e'h? 

Cirro-strotus. 
Sunie star south. 

Same stor south. 

Saine star south. 

Cloudy. obs. difiicuit. 
> Sornc~ atnr soutli. 

Cass. culd R Cygni. 
Drmoiid Ursz  h h j .  

MOOII o ~ d  Jupiter. 
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Mar. 21 
24 
27 
28 
30 

Mar. 30 
Apr. 4 

6 
7 
7 

Apr. 10 
10 
I1 
I1 

Apr. 12 
12 
14 
11- 
I5 

Apr. 16 
16 
17 
18 
19 

Apr. 20 
20 
21 
22 
24 

Aim. 5?A 
25 
26 
n 
27 

Apr. % 
28 
29 
PJ 
29 

Apr. :#) 

2 
t i  
6 

May t i  
7 
H 

Mlly 1 

- 
Hw 

h m  
10 16 
9 .% 
9 4 5  

23 14 
9 2 8  

2 3 9  
3 17 

5 3 8  
19 51 
2344 

22 41 
2 3 6  
0 2  
326  

18 92 
23 31 
18 41 
232a 
3 si 

19 6 
23 si 
23 35 
4 2 2  

2 3 3 0  

5 13 
2 3 4 4  
9.3 M 
4 18 

19 H 

2 3 5 3  
53 49 
!B 56 
5 %  
B .% 

11 47 
23 21 
4 54; 

11 47 
23 50 

4 49 
23 .57 
4 44; 
0 0  
5 1  

23 51 
23 3 
19 15 

M. T.-Hw 

h m s  
0 59 50 
0 57 50 
1 1 9  

1: E] 
0 53 57 
0 42 G 
0 41 .52 

[0 31 271 
0 31 27 
0 31 12 

0 30 8 

0 27 27 
0 26 I1 

0 FE2 17 

0 21 0 
(0 19 81 

0 19 6 

0 1:3 2 
0 13  11 

I:: ;; 21 

E :i: I 4  

1:; :9 251 
1:; E 

0 13 3 
[O 181 

0 12 2.5 

0 14 14 
0 10 13 

0 7 58 

1: :I 
0 7 35 
0 7 :a 

(0  7 &3J 

N. Lat. 
__- - 

0 , ,, 
84 4 4 4  
84 833 
81 13 8 
84 14.3 
84 15 17 

84 18.6 

[E 3 3 3  
F a 2 9 4 5  

84 22 P2 
8 4 2 2  G 

I& 22 61 

82. 11 43 

8 4 7 3  
84 G 57 

84 3 17 

84 1 %  
84 0 4 6  

[E 2 18 
84 t i  39 
8 4 6 5  
182. 15 181 

t 4  15 18 
84 16 :3G 
84 17 8 
8& 16 57 

84 IG 23 
M 11 54 

a 1.2 37 
84 11 51 

84 111 

Rz 11 511 
8 4 9 4  

8 4 4 5  

84 1 13 
8.3 :i;i .% 
83 53.71 

83 53.7 

= 
E. Long. 
___ - 

0 0  

24 185 
23 42 
24 31.5 

$22 42 
19 44 
19 40.5 

[I7 41 
17 4 
11 0 

I6 44 

I6 3 
15 44 

14 45.5 

14 !26 
[I8 581 

13 57.5 
,1:< 211 
I2 
12 % 
18 28 

112 28 
,12 271 
If W) 
12 2.51 

18 251 
1'2 161 
le  Iti  
12 1.5' 
18 141 

12 13 
11 47 

11 8.5 

11 2.5 
11 2 
11 21 

-- + z 
- - ___ 

- 0.w 

- 0.010 

+ 0.022 + 0.010 

- O.o(Yi 

+ 0.cnl 

- 0.005 

- O.m 

- 0.021 

- _- 
dt  

* &  
~- 

- 0.354 

+ 0.52? 

- 4.64 
- 0.394 

+ 0.232 

+ 0.204. 

- 0.283 

+ 0.2& 

- 0.205 

- o.(wic) 

+ 0.234 

- 0.037 

- 0.124 

- 0.145 

- 0.155 

- 0.114 

+ 0.214 + 0.259 

Remarks 

Cloudy. 

Sextant 8 4 0  7.8. 
Sun and Moon. 

Sextant 840 17l.0. 
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18% 
- 

Muy 9 
9 

10 
10 

hiuy 13 
1 3 
15 
15 
17 

Muy 18 
19 
22 
22 
23 

May 24 
24 
87 
2.3 
29 

JUIW 2 
2 
3 
3 
3 

June 3 
4 
4 
6 
6 

June 7 
8 
9 

12 
12 

June 16 
16 
16 
16 
16 

June I6 
16 
17 
18 
18 

June 18 
18 
18 
19 
19 

- -~ 

Hw 
.- - 

h m 
2 3 4 8  
2.354 
19 21 
23 51 

0 12 
5 19 

19 20 
23 41 
23 47 

23 .50 
5 4  

2 3 2  
2 3 4 3  
19 22 

0 18 
5 12 

19 E2 
2.336 
6 51 

1 2 4  
2.3 53 
5 3 9  
1 17 
7 3 6  

B m  
5 2 6  
5 31 

19 26 
23 43 

234-4 
2346 
5 14 

2.3 18 
23 48 

1 3 5  
1 42 
4 4 8  
7 N  
7 3 2  

23 27 
2.350 
6 15 
I 3 8  
6 11 

6 14 
23 18 
23 rfi 
6 11 
6 17 

M. T.-Hw 
__ -___ 

11 m s 

10 91 
0 9 2  

0 12 27 

0 1:' 10 

[0 101 

0 8 4 3  

0 I1 5.5 
0 15 39 

10 I5 161 
0 14 53 
0 15 44 
[0 13 301 
0 13 4 

1: E 
0 13 55 
0 14 23 

0 15 .5;i 
0 16 0 
0 15 47 

0 12 33 
[0 12 30J 

[O 11 291 

0 11 17 
0 11 27 
0 11 29 

[0 10 401 

[O 10 211 
0 10 2.3 

0 10 13 

0 10 21 

0 10 47 
0 10 A5 

[0 10 444 

N. Lat. 

0 , (1 

K3 53.3 
83 52 9 
&3 50 30 

83 50 51 

8345 2 
834840 

83 47 40 

83 57 55 

84 11 

8 4 1 9  

83 M.4 
[&I 52.41 

83 19 46 
83 17 ki 

83 16 18 

83 139 

E 5 2  a,] 

183 16 181 

1: 83 133 1:::1 
83 8.6 

83 5.3 
83 1.2 

82 59.0 
82 59.0 

R2 59.4 
L32 59.4 
82 594 

[83 1.21 

le ,x i41 

82 57.3 
82 57.0 
[R2 57.01 
82 55.5 
[82 55.51 

[82 55.51 
&2 55.4 
82 .%.3 
[a 55.3J 

- 
Z. Long. 

0 '  

'11 231 
11 24 

12 15 

12 10 

I 
11 18 1 

1 12 5 . 5 ,  
1 13 1.5 

112 281 

12 49.5 
13 2 

12 21 

le 33 
12 40 

13 3 
13 4 
13 1 

1.2 12 
[la Il l  

111 ,,55] 

11 515 
11 54 
11 54.5 

[ll 42J 

11 -3u 
[ll 371 
11 35 

11 37 

11 44 
11 4 3  

[11 431 

- 0.0% 

- 0.02  

+ 0.017 

- 0.065 
- 0.070 

- 0.013 

- 0.067 

+ 0.019 

d t  * -  
dY -_ - 

+ 0.244 

- 0.w + 0.245 

- 0.m 

+ 0.271 

- 0.057 + 0.%5 

+ 0.215 

+ 0.015 

+ 0.31 

- 0.012 
0.(nlo + 0.936 

- 0.w 

- 0.119 + o m  + 0.m 

+ O.(H7 

+ 0.077 

+ O.w 

+ 0.076 + 0.m 

Remarks 
- 

Cirro-strutus. 

cloucly. 

14 
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1896 
-- 

J u n e  23 
24 
24 
5 
26 

J u n e  27 
28 
29 
30 

Ju ly  1 

Ju ly  4 
4 
4 
4 
4 

Ju ly  4 
5 
G 

11 51 ' 
16 I8  i (0 I4 371 
18 24 I 0 14 37 

G 
7 

82 2.7 
(b9 2.71 

.I,,l" 7 

- 
Hw 

-. 

11 m 
19 .v 
1 %  

23 49 

B34E 

5 2 2  
23 49 
4 5!) 

23 .i3 
4 4 3  

0 59 
I 3  
7 1  
7 11 

2 3 %  

7 a  

23 49 
2.332 
5 2 3  
5 2 6  

2 3 %  

GEELMUYDEN. ASTRONOMICAL OBSERVATIONS. 

92 AQ 
~ I. ..-> a- 

8 ' w  8 
81 2 0 1 3  
8 1  2 3 4 9  

11 1 18 10 

Jrily I6 19 I7 

1 6 ' 2 3 4 3  
16 i 2.3 24 

181 20 I 
1 8 ' 2 0  G 

I 
Jiily I 8  23 2.3 

18 ! 23 4.3 
19 ~ H 24 I 0 21 51 
19 w 4 ? j  0 1 6 5 %  
19 23 39 (0 I G  541 

i 

M. T.-Hw 

h m s  
0 13 12 

0 13 35 

_. .- 

0 1.5 8 

0 14 11 

0 10 27 

[0 13 ,531 

0 13 54 
0 13 52 
(0 151 

10 15 191 
0 15 19 
0 15 19 
(0 15 301 

0 I5 5.5 
0 15 57 

0 17 13 

1: : :I 
0 20 15 
(0 21 01 

0 22 3!) 
[0 22 3'31 

0 P2 43 
O B 4 5  

(0 $E2 441 

Ju ly  19 
20 
20 
'20 
20 

July 21 
%3 
2.3 
23 
2.3 

20 9 I 0 15 39 
23 51 ' 

i 

N. Lat. 
-____ 

0 1  

82 55.3 
82 L5.0 

82 54.7 

(132 54.71 
82 55.0 

a2 57.8 
[&2 57.81 

82 58.5 
82 M.5 
182 58.51 

82 59.1 

82 59.2 
82 58.9 

[E2 5.01 

[E2 55.01 

[82 M Y ]  

83 2.5 

83 2.2 
'83 4.91 

83 4.9 
83 8.01 

83 8.9 
b3 11.8 
w 11.8 
183 11.8) 
&% 15.3 

[&I 13.51 
83 135 
83 13.5 
[83 13.81 

83 14.0 
83 13.8 
83 51 

82 51.7 

8.2 51.8 
e2 3.6 

8.2 40.8 

82 32.9 

182 51.81 

(62 40.81 

E. Long. 

0 1  

I2 19 

12 $25 

18 48 

12 33 

11 37 

[I2 281 

I2 28.5 
12 28 

[I2 45) 

12 49 
12 49 

[I2 521 

12 58 
12 58.51 

13 17 I 

1 

14 2 
[14 131 

14 38 
114 381 

14 3.5. 
I4 39 

(14 391 

14 21 
13 11 
13 111 

dF 
ai 

- O.K! 

- 0.044 
- 0.w 

+ 0.01; 

+ 0.0lC 

+ 0.019 

+ 0.012 

+ 0.010 

+ 0.011 

+ 0.WJ 

1 12 .%I : - 0.286 
12 36 ... . . ,1 I . 

d t  
1% 

+ 0.B 

+ 0 .H  

- 0.03: 

- 0.w 

- 0.14 

+ 0.201 + 0.2% 

- 0.w 
- 0.m 

+ 0.:* + 0.365 

+ 0.m 

- 0.029 

f 0.216 

+ 0.354 
f 0.372 

f 0.490 
f 0.4'32 

t 0.m 

I- 0.043 

[NORW. POL. EXP. 

Remarks 
-. 

Cloudy. 

Sleum up. 

Cloudy and drizzle. 
Foggy; naturul Iiori- 

2011. 

t Natural horizon. 



NO. 6.1 

1896 

July 24 
z.5 
25 
25 
e6 

July 26 
27 
27 w 
23 

July 28 
29 
30 
30 
31 

Aug. 1 
1 
1 
1 
3 

Aug. 7 
7 
7 
8 

Aug. 16 
18 
18 
18 

Hw 

h m  
539 
744 
I1 52 
B 51 
17 47 

23 51 
6 11 

11 51 
18 17 
0 49 

11 52 
23 51 
040 
23 49 
20 21 

048 
eo43 
2048 
23 47 
18 24 

17 17 
2 3 2 2  
23 51 
23 51 

23 51 
430 
20 41 
2324 

LATITUDE, LOCAL TIME, AND LONGITUDE. 

M. T.-Hw 

h m s  
0 14 51 
0 14 31 

0 15 48 

0 15 14 

0 14 20 
[0 14 201 

[o 151 
0 18 15 

0 19 25 
0 19 29 

[O 18 151 

o ia 48 

0 14 57 
[0 15 01 

040 4 
0 41 49 

N. Lat. 

0 1  

[E :::] 
81 51.6 
81 49.3 
[81 46.51 

81 46.5 

81 31.6 
[Si 33.51 
81 35.4 

81 30.5 
81 35.0 
81 32.4 
81 26.9 
[ai 29.61 
81 29.6 
[81 25.61 

81 25.6 

[81 4.61 
81 5.3 
81 4.6 
80 55.0 

75 36.6 

401 

201 

71 6.2 

E. Long. 

0 '  

12 40 
I t 3 5  

12 54 

12 45 

12 31 
[lZ 311 

[12 411 

13 30 

113 301 
13 47 
13 48 

12 23 

12 40 
[12 401 

18 55 
19 21 

- 
dg: - 
at 

- 0.039 

- 0.034 

- O M 1  

+ 0.021 

- 
dt *- 
dF 

- 0.002 + 0.221 

- 0.030 

+ 0.063 

f 0.m 

+ 0.324 
+ 0.397 + 0.419 
+ 0.041 

- 0.w2 

- 0.035 + 0.m 
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Remarks 

' Natural horizon. 

Natural horizon. 
- * -  -.- -.- 
- D -  

Bad. 

Bad. 

Foggy limbs. 

Altazimuth. 

Aug. 13 in o en sea  
Aug. 14 at $am! Is- 

land, Spitztmgen. 

Au . 20 at SkjervR, 
J o m a y .  
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Sun L. L. 
S u n  L. L. 

I. Refraction. 

80 38 1 
180 41 30 

The following list contains the observed altitudes of low stars or of the Sun's limb, and 
the true altitudes of the same objects as computed from the given latitude and clock correction, 
the difference being either the refraction, or, in sonie cams indicated by an asterisk, refraction + 
dip of the horizon. It should 
be remarked that in the case of the Sun, the latitude and clock error wu generally not immediately 
given for t h r  time of observation, but has been interpolated. 

For these the height of the eye is given among the observations. 

1894, April 27, the refraction seemed variable during the observation. 
1894, October 15, the Sun's lower limb was seen with the naked eye to touch the apparent 

Limb boiling, trembling liorizonhl stripes across the disc, upper I/, 

1895, March IO, the eltitude of the apparent horizon, measured with the altazimuth, was 

horizon shortly efttv noon. 
hidden in clouds. 

+ 00 13'. 

2 6 8 
- 0 47 16 

0 42 57 
0 '22 12 
0 4 m  

- 0 1 5  9 

- 0 14 57 
- 0 16 52 

I 1  47 49 
7 52 5# 

6 2 9 2 6  
- 0  1 4 8  

2 4 6 5 6  

~. . . . . . . . 

I 
m 5 9  
47 16 
30 30 
35 14 
3949 
4656 

42 13 
4B 11 
5 I 8  
8 17 

1033 
4056 
9449. 

1894 Apr. 17 
Apr. 20 
Apr. 21 

Apr. 22 
Apr. 23 
Apr. 26 
Apr. 27 
Apr. 28 

Oct. 8 
Oct. 15 

1805 hler. 10 

Oct. 6 

nec. 4 
Dt:c. 17 

lff'36 Jan. 15 
hlur. 3 
hlar. I1 

Assumed I /  Altitude II 
Object . l i  Refr. N. Lat. 
- . . . ... 

- ['- 
- 

- I! 1 15 17 
8 4 0 ! I 2 1 4 5 4  
8 2 5 2 ' : 2 3 2 4 4  

I! 2 33 14 

- , 2 5 0 3 4  
- 3 1 0 3 4  

- ;' 4 Xi I 4  
- i : 4 5 5  9 

- I 4 1 2  4 

7 19 21 !I 2 27 7 
7 4 I I I O  0 
6 8 51 I'  1 13 21 

I 0 5 7 1  
I 0 4 4  9 
i 0 3 0 4 7  
'i 

4 36 7 / I  0 27 16 
ii 0 2;i 19 

3 6 12 ILII 53 7 
236  2 j j  8 I I1  

2 6 9 i !  6 3 5 9  
I 6 4 6 i ' O : B  8 

I! 
0 5 4 0  i, 3 1 1 4 6  

comp. il 
____[re-= 

2 31 58 1 18 36 * 
3 57 45 I 14 19 * 
2 52 12 I 18 22 * 
4 19 41 1' 15 33 
4 42 3iI 13 6 * 

- - 
Bar. 
- - 
mm 
759.7 
767.2 
78.4 

767.5 
762.9 
768.4 
765.8 
769.8 

763.8 
753.9 
777.2 

764.5 

754.7 
763.3 

756.3 
760.3 
770.5 

Temp. 

0 

- 18.3 c 
- 23.3 
- 24.9 

- 23.9 
- 22.8 
- 220 
- 14.4 
- 17.2 

- 95.9 
- 16.4 
- 36.0 

- 21.5 

- 3X8 
- 36.8 
- 50.0 
- z5.0 
- 16.7 
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Observations 1896. 

h 
-0.2 am 
-0.9 am 
6.1 m 
0.5L] 

3.7 pm 
4.0 am 
1.9 am 
6.1 am 
1.1 Ipm] 

Civil date is employed in the following. In the table of compccrisorur between the watches 
I and I1 given below, the approximate Greenwich Time is given along with the time by Watch I. 
In some cases, when it is not stated in the original whether it was a m  or p.m, it could generally 
be inferred from other circumstances; a m  or p.m is then enclosed in square brackets. In order 
not to change the date for the column of Greenwich Time, the hour is in some few cases given 
as negative. 

h m s  
0 49 40 
0 50 14 
0 51 14 
0 51 32 

Mean 
LI eto ped 
3 if 6 
3 18 7 
3 18 37 
3 19 57 
3 21 42 

Mean 

- 
1895 

Mar. 14 
Apr. I 

1 
6 

” 12 
” 13 
” 19 
” 29 
” !E2 
” 25 
” 88 
” 29 

M Y  ; 
” 13 
” 14 

May 22 

5.8 am 
8.8[am] 

6.5 pm 
3.0 am 

Watch I 

h m  
3 7  

I 51 
J e 3 3  

2 2  
5 19 

I1 14 
939 
10 32 
7 15 

_- -- 

8 7  
10 8 
3 16 

I sto ped 
- 0  1832 
- 0  18% 
11 sto ped 
6 1x48 
6 15 24 

Gr. T. 
-- -- 

h 
2.3 am 

1.0 pm 
1.7 pm 

%I am 
5.4 [am 

1.6 am 
0.0 [pm 
0.9 am 
9.6 am 

4.8 am 
6.8 [am 
-0.1 am 

~~ 

,I 

$:%: Adopted Change of 1 
tel. rate ‘1 

S 

- 
%y +I1 
June 7 +I1 

S h m s  
1895 Apr. I +IO 

+I1 + 5 38 31 
+I4 -3 14 34 

1-11 

h m  s 
0 95L5 

35343 
I and II 

- 

113s2%d 

-23%.5 
-25222 
I sto ped 
- 5 11 52 
-510 4 
-5 936 
- 5 9 17.5 

Mean 

Change of I1 

h m s  

+ 5 5 0 1 2 - d  
-0 16 11 

-3 39 51 

-52 25 32 

1 stopped 
031 I 
0 31 452 
0 31 50 

Mean 
II stopped 

Rei. !I lm5 
rate /, 
- : i =  

jlMs~,y 23 
26 

” 30 +10.6 June e ’ j 
l i  

+13.4/i :: ; 

~~ +lo.Oil :: 
+l1.2 IiJUly 3 11 July 30 

Aug. 8 

- 
Natch I 

h m  
3 13 
2 %  
932 
353 

7 10 
736 
5 19 
9 3 2  
434 

1 16 

538 
839 

6 %  
2 57 

I sto ped 
1.Ooml 0 fez 

- 
Rei. 
rate 

-- - 
S 

+11.4 
+le5 + 8.0 

+l1.2 

+ 2  + 16 
+1%9 
+14.4 

+ 13.6 

+a 

+11.5 

Some more comparisons, made after June 30, but only d e r  a stopping of 11, while I was 
now going continually, are omitted as being of no use for the determination of relative rate. 

The following table contains the changes caused by the stoppings, as computed by means 
of tlie relative rate adopted according to the table above. When the loss was more than 6 hours, 
its complement to 143 hours has been taken as  a gaining. As to the change on April 13, when 
both watches had run down, the data for its calculation will appear turther on. J is a possible 
correction to an assumed change of longitude between April 8 and April 13. 

1895 Apr. 13 

June 94 
June 30 

2 y  ? 
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In order to obtain the longitude of the Winter Hut, which was most probable according to 
the Lunar Distances and the observations taken the next year, it has been supposed that the 
mean dgly rate of I during the whole summer was 1% fast. For the days April 8-13 the 
gain is included in the change by stopping given above. Applying also the other changes, 
the following table was formed, containing the computed error of I to Greenwich Mean Time 
for the times of observation, exclusive of the meridian altitudes. The value for Msrch 14 was 
found by comparison with chronometer Hohwa. 

1895 
-. _- 

Mar. 14 
!El 

Apr. 2 
4 
8 

Apr. 13 
18 

Apr. !% 
May 5 

May 9 
15 
at 

June 4 
14 

a 

Gr. T. 

h 
2.3 am 
6.2 am 

11.5 am 
1.0 am 
1.7 am 

21 am 
0.4 em 

20  pm 
25 am 

1.3 pm 
1.7 am 
0.5 pm 
2.0 am 
9.0 am 
2.0 pm 
3.1 pm 

I-Gr. 1; 1895 1 Gr. T. 

July 1 10.5 am 0 52 52 
0 53 11 2.3 pm 
0 53 59 3.5 am 

I-Gr. 

h m s  
0 16 2 3 - 4  

Aug. 1 2.6 pm 
- 0  3 31 - A  11 9 I 8.4 am 
- 0  2 3 1 - A  2.1 Dm 

I 
- 2  19 55 --d Ii 
- 2 18 13 - d j !  

19 2 4  pm 
3 21 12 --d I' I 20 I 10.0 am 
3 22 1 8 - 3  I 
3 24 12 --d i 
3 26 18 - A , I t  was not considered necessary to draw 
3 28 '22 - J up a similar table for Watch 11, for which 
3 24 - d 1 )  the difference I-IJ may be employed on 
3 30 1 - J I the few occasions on which it was used. 

93 I 8 8 a m  

- 0  11 3 - 4  
- 0 1 1  1 - d  
- 0  7 18--d 
- 0  4 48-4 
- 0  3 1 5 - - d  
- 0  3 1 2 - A  
- 0  e 57-A 
- 0  1 % - - 4  
- 0  1 4 0 - d  
- 0  1 1 2 - d  
- 0  1 e - d  

0 0 3 3 - 4  

The quantity A will in course of time include the accumulated errors of the assumed rate, 
but the numbers obtained on putting d = 0 may safely be employed for taking the coordinates 
out of the ephemeris. 

Among the observations given in the following pages are included the readings of barometer 
ond thermometer, necessary for refraction. They were often noted some hours before or after 
the astronomical observations, but the daily variation of temperature being slight, the difference 
is of no importance. The expedition had two aneroid barometers; one by Hicks, giving English 
inches, R ~ S  used in the beginning, the other by Cary, giving millimeters, after May 15, 1895. A 
series of comparisons with the normal barometer on board, made by Lieut. Scott-Hunsen in 
February, 1895, gave the following corrections : 

Correction to Hicks = - 0.07 in. = - 1.7 mm. 
Correction to Cary = + 5.3 mm. 

On the arrival at Cape Flora in I896 the comparisons with Mr. Jackson's barometer gave 
a somewhat greater correction to Cary, but the difference is of no importance for the present 
purpose. Hicks had then a very large correction, probably owing to a shock on May 30, 1895. 

The uncorrected numbers are given in the following pages. 
Loco1 Mean Time is abbreviated to LT. 
The point of departure on March 14 was N. L a t  8 4 0  4 and E. Long. 101" 33'; LT-I = 

511 57n1 19, LT-I1 = @1 7m 6s; Magnetic Declination 4k!O E. During the first days the course 
was set nearly due north, or sometimes a little easterly; even without this a deviation in that 
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March 22 
March 26 

direction might be expected by reason of the increasing easterly declination. On the other hand 
the Fram Lad a considerable westerly drift during the same days; but from Mr. Nansen's obser- 
vations of a different driR on both sides of an open channel, frequently made both before and 
later on, it follows that the driR of the travellers can not be supposed to be the same as that 
of the ship. For the observations taken by watch until the 6rst determination of LT on April 2, 
the effective course has been assumed as north. 

The index correction of the sextant was generally determined by means of the horizon; 
in some cases when it was not determined, the adopted value has been added by the obserwr 
as ( . . ?), where the dots stand for a number. 

All observations were taken by Nansen, Jolraiiscri noting the watch. 

0 in. mi feet I h m s 
- 3 9 5 C  30.22 1 1  17 
- 37 30.18 I ,  15 

I: 

1% 1 Temp. 1 Bar. !I Z:it 1 Watch I 1 Object 

,------r-- 
, ' O  I I 

i'8 1 + 3 85 10.6 1 
6 16 + 3 85 21.7? 
6 13 I " 8i 18.7 - 0.018 

For the last observation LT-I was assumed = 5h 5W; the first altitude of March %5 
appears to have been taken somewhat after the culmination, and it mas because the observer 
had the same impression that the second altitude was taken. 

1@5, March 29. Temperature - 3V.5, Bar. %.(xi inches. 
Near noon, the following 4 altitudes were tnken with the altazimuth, 2 in each position of 

the instrument: 
Sun U. L. Vertical Circle 8Io W.5, 980 Il.0, 970 59.0, 810 51'5; 

then with the sextant, ind. corr. + 3, height of eye 14 feet: 

Watch 11 6h 27m lIs.5, Sun L. L. 7" le'. 

The first two observations with the altazimuth would give the true altitude of the Sun's 
centre 70 44', the last two 7O 40'; but no times having been noted, they only give the limit: 

N. Lat. 2: 8 5 0  33'. 

Applying the correction + 7m to watch 11, whose rate seems to have been insignificant, 
the sextant observation would give 

N. Lat. 850 57' with 9 = - 0.009 
dt 

which is incompatible with the limit above. The difference seems too great to be explained by 
an irregular elevation of the horizon; but whether there is an error of observation, or some 
accident has occurred to watcli 11, cannot be settled, as I1 ran down two days after without any 
comparison before the stopping. The observation would require a correction to I1 more than an 
hour greater than that applied; the possibility of a change of longitude to this extent, is excluded 
by the following observations. 

1@6, April 2 and 3. 
The meridian altitude of the Sun L. L., measured on April 3 from the apparent horizon 

Bar. ,%.61 in., Therm. - 310.5 C. 

with height of eye 16 feet, index correction O', was 9O 4 ,  which gives 

N. Lat. 8 6 0  4. 

This observation was taken at the campinpplace afler a day's travelling, commencing 
April 2 about 3 p.m. and ending early in the morning of April 3, including a rest for dinner 

15 
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from 9 p.m. 
assumed v = 8 6 0  0. Ind. corr. ( 0  ?). 

For the following observations, taken about 6 in the afternoon of A p d  % was 

Hor. 

-~ 

1895 1 Watch I 

I h m s  

Object I Sextant 1 LT-I l 
I i h m  

April 2 I 11 51 45 
0 2 9 1  

G1y.s. 

feet 
15? 

0 16 30 

02423.5 
0 31 36 
0 35 37 

Sun L. L. 10 14.5 " 5 55 44 

9 9 2  55797 

Sun L. L. 4 29 6 5 24 
4 2 2  6 519  
4 16.5 ii 6 6 56 

9 %  1 5 x 5 4  

dt Watch 1 Object Sextant LT-I & - 
h m  5 

1 30 15 Sun L. L. 6 44 5 48 25 +0.3% 
42% 6 54 j 5 46 57 0.375 
4853 6 59 , 5 45 44 0.401 
5!51 7 7 5 48 13 0.445 

0 J i h m s  dv 

2 18 0 7 22 1, 5 47 37 0.533 

dt 

+1.@B 
1.046 
1.055 
1.073 
1.114 

- 
dt *a+ 

- 0.062 
- 0.m + 0.049 

+ 0.115 + 0.145 + 0.169 

= 
dt *ai 

- 0.957 
- 0.956 
- 0.957 

- 0.962 
- 0.967 
- 0.970 

To the second observation with the glass horizon has been applied the correction + W  
(the limb being divided to half degrees). 

Supposing that the altitudes measured from the apparent horizon require a correction Ah, 
owing to irregular terrestrial refraction, and that the assumed latitude is erroneous by the 
amount AT, the two sets of observations give the equation 

5h 56m 28 -O.O11Jp=6h5m SP+O.143dy-O0.966dlr, or0.966dlr-O0.154Ap,=9.J35, 

and supposing further that the meridian altitude of the next day, taken under the same meteoro- 
logical conditions, requires the same correction, which gives AT = - dh., the result will be: 

1.12Jh = 9'& or dh. = + 8.8 and dp, = - g.8, 

These three observations were very difficult. 

c 

and LT-I = jh 56m 8s. Combining this with I-Gr. = Oh 5% 59, given on p. 112, the result is 

April 2, 6 p.m., E. Long. = 6h 49m Os P 1020 15' 
and April 3, Noon, N. Lat. = 850 55'. 

1896, April 4. Bar. 30.58 in., Therm. - 31O.3 C. 
After leaving the camp of the preceding day at 3 o'clock in the morning the following 

observations were taken on the way, about four hours affer starting. Assumed Lat. M0 5'. 
Height of eye 16 feet, Ind. corr. 0. 

If the altitudes require the correction 4, and the latitude the correction dp,, the mean of 
the five altitudes will give: 

Watch 1 lh W m ,  LT-I = 511 47m 4f3e + 0.416dp, + 1.0634. 
A comparison of this number with those of April 2 gives a strong corroboration of the 

The meteorological conditions being nearly the same, the m e  value 
As to 9, the value assumed above would correspond to an advance 

assumption there made. 
of dk may be employed. 
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Watch I 

h m s 

northwards of 10 miles during the 4 hours of travelling, which is certainly too much considering 
that the ice was very rough; on putting ~p = 860 0 or AF = - 5'. the result is 

LT-I = 5h jzm 38a and E. Long. = 6h 47m 4.9s = 1010 .5i. 

The two observations by compass will then give: 

Magnetic Declination 47O.O and 460.6, Mean 460.8 E. 

As the course was laid considerably more westerly on one of the first days of April, and 
certainly not later than April 4, it  is, however, possible that the correction dh should haw 
been somewhat smaller than the day before, which would also give a smaller longitude. 

2@6, April 7. Bar. 30 in., Therm. - 39.5. Height of eye 24 feet, Ind. corr. 0. 

Meridian altitude of Sun L. L. 100 27', which gives N. L t .  = 860 12.3. 

This was the most northern place of observation. Mr. Nansen walked about 8 mile farther 
The meteorological conditions being north in order to get a view of the ice before returning. 

the stme as the days before, it is probable that the latitude has been some minutes less. 

feet, Ind. corr. (O?). 2896, April 8. 
The following 3 altitudes were taken on the same place as the day before, and were there- 

Bar. 30.48 in., Therm. - 360. Height of eye 

fore reduced with the latitude 860 12'. 

dt dt 
Sextant I LT-I f " d 7  & &  I 

0 1  l h m s  

dt 
*& Watch I Sextant LT-I 

h m  s U I  h m  s 
0 46 51 Sun L. L. 9 428 6 0 16 +O.lsS 
05637 9 4 0  6 2 3 3  0 . M  
I 0 9 3  9 43.51 6 2 27 0.459 
1 3 5 3 5  10 I9 6 4 9 0.437 

Noon 12 39 I 

2 33 45 Sun L. L. 5 2.3 58 + 0.546 + 1.145 
37 1 1 ; ; /1 27 14 1 1 l.lM 

2 41 22.5 5 16 1.182 

dt 
*& 

+O.W 
1.010 
1.015 
1.074 

Employing the same value of Ah as above, and assuming the elevation of the horizon to 
have been the same at noon as in the morning, or Ap = - Ah, the result is 

LT-I =5h W . 8 +  5m.l =5h 31m.9, and E. Long. = 6 h  %m.9=960.5. 

2&?5, April  23. Bar. 29.90 in., Therm. - 300. Height of eye 12 feet, Ind. corr. + 5'. 
The following observations were not taken exactly a t  the same place, the morning ob- 

servations with sextant and compass having been made at a camping-place reached the preceding 
day, while the meridian altitude was taken an hour or two after the departure therehorn. 

I eo 39 
1 9 4 8 0  
I P 17 

Compass Magn. Decl. 
S u n C t  690.0 I 420.7 E 

630.7 440.0 Magn. DecL Mean = 430.7 E 
690.56 440.4 
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The above values of LT-I have been computed with y =So Sl.2, which follows from the 
It is npparent from the increasing values of LT-I with increasing differential 

Introducing dh and Av as before, 
meridian altitude. 
quotients that  a diminution of p will give better agreement. 
the mean of the four observations givcs 

Watch 1 lh .im a.m., LT-I = 6h 2m 219 + 0.281 Ay + 1.Mdh. 
For Ah there is  no other choice than using the former value; - Jy at noon had perhaps 

the same value, but the latitude being n little higher in the morning before the departure, it 
has been assumed that wns 0 ,  or J y  = - G.2. The result is then: 

LT-I = 611 9m 37s. 

The bearings by compass have been calculated by means of these values. 
These observations were taken shortly after the stopping of both watches. If z is the 

diminution of east longitude from April 8, 8 a.m., until April 13, 7 a.m., and g the change of 
watch I caused by the stopping (including i ts  ncceleration during the time i t  was going), the com- 
bination of the two days gives the equntion 

5h 31m.9 - z - y = 6h 9m.6 or g = - 37m.7 - 2. 

The course set on April 8 and followed during the days following as nearly as hindrances 
permitted, was S 2 2 0  W by compass, or, with muguetic declination 4 6 O  E, S 670 W. The dis- 
tance made during the three days of trtlvrlling included in this interval, was estimated by 
Nansen to be 9 Norwegian sea-miles, or 36 minutes of a great circle, which would give 14 differ- 
ence of latitude, and nearly 80 difference of longitude. As the course was not, of course, recti- 
linear, a reduction is necessary, and the latitudes observed show that the reduction in this 
direction is so considerable that the drift of the ice must have had something to do with it. 
How the drift has worked in the other direction cannot be decided by  this consideration; the 
assumption of a considerable reduction, viz. from 8O to about 5O, for the longitude also, has been 
made mainly because the retaining of the 8O would imply a greater acceleration of watch I for 
the rest of the summer than seems likely from other observations. The value g = - 57m 3oa - A, 
given on p. 111, would correspond to the change of longitude 

z = 19m.8 + J or nearly 50 + J. 

The E. Long. on April 13 should then be 910.5 - d. 

Watch I 

h m s 
0 13 57 
0 22 11 

I, 

Ind. ' i  LT-1 dt dt *- T i s  
d P  Sextant corn. , /  Eye 

feet 
22 Sun L. L. 5 34 29 -0.055 +o.m 

10 29 5 36 50 - 0.015 0.883 

The morning observations were made during a journey commencing on April 17, at 7.5 p.m.. 
and ending on April 18, at 10 a.m., consequently about 4 hours before reaching the campingplace 
where the meridian altitude was taken. The course being 
now S by compass, thc: morning altitudes were reduced with p = 8 5 O  40'. The mean of the 
three results is 

The lntter gives the N. Let. 8 5 O  38'. 

Watch I oh 21m a.m., LT-I = 3 36m 4 - 0 .0Bdy  + 0.883dh. 

5 36 52 10 34 

1455 + 4  

+O.W O.@B 
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Watch 1 

h m s 
Noon 

The weather being still clear and calm with severe cold, the former value of Cnt may be 
assumed, and dp. = - dh for noon; the difference of 2 from morning to noon assumed above 
being perhaps somewhat small, the morning latitude has been taken as 85" W, or = - 6'. 
As the observations were taken very near the prime vertical, its influence is very small. The 
result is then : 

LT-I = S 44m 08 and E. Long, = 5 h  41m 29s -d=85'W - A .  

Eye 
feet 
12 

1895, April 26. Bar. 29.65 in., Therm. - 31O.5. 

Watch I Eye 

11 41 17.5 
43 4.2 
6 8.5 

h m s 
11 57 37 
0 2 9  
0 21 56 

Noon 

0 14 41.5 
16 14 
17 51.5 

Sun L. L. 
Sun L. L. 

feet 
16 

12 

Sun Ct. 

31O.1 E 
30O.9 
30O.8 

- 
Sextant 

18 28 
12 9 
12 6 
12 e 
11 37 
11 30 

0 ,  

Magn.Decl.Mean=30".9E 

Compass 
74O.55 
75 O . 2 5  

75O.65 

- - 
Ind. 
con. 

, 
+ 3  
+ I  7 !% 37 1 +0.187 

7 26 4.3 i +o.= 

7 26 49 +a199 

7 %3 11 +0.272 
7 27 2 1 +o.m 

dt 
l+ & 

- 0.746 
- 0.747 
- 0.750 
- 0.771 
- 0.775 

' M a e .  Decl. 

ii 3 4 O . 2  E 1 Magn. Decl. Mean =34".1 E 

The meridian altitude, which gives p = 84" 47, was taken at the camp of the preceding 
day, while the other observations were made nearly 4 hours after the departure from this place. 
Course nearly S by compass. The above values have been computed with p = 84' W ,  corres- 
ponding to 6 miles advance in the 4 hours. 

Though the temperature was still very low, the weather had changed since the last ob. 
servation. Assuming therefore 
dh = d y  = 0, the mean of the results is 

Some days before, snow had fallen, and the sky was now veiled. 

LT-I = 7h D 408 and E. Long. = 5h 6m 4ss - A =  76' 41' - 4 
The magnetic declination has been computed by means of these values. 

lest, Mag 6. Bar. 9.90 in., Therm. - 22'. 

Sun L. L. 

Sun Ct. 

- 
Sextant 

0 ,  

17 92 
17 99 
17 56.5 
21 30 

Compass 
770.15 
770.7 
78O.1 

- - 
Ind. 
corr. 

+ I  

+ l  

h m  s 
7 0 48 +0.173 + 0.793 
7 1 1 I 0.189 1 0.727 
7 142 0.m 0.747 

The meridian altitude, which gives a = 84" N', was taken an hour and a half after the 
departure from a resting-place at which all the other observations were taken. For the morning 
observations, 84" 33' was assumed. The mean of the above values of LT-I (which was used 
for the observations by compass), supposing the dip of the horizon to have been normal, is then 
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LT-I = 7h l m  10s and E. Long. = 4.h 42m 578 - d = 70" 44' - d. 

1896, May Q. Bar. 30.02 in., Therm. - 13O.3. 
Meridian altitude of Sun L. L. 23'4'; gives N. Lat. = 84'3. 

Height of eye 13 feet, Ind. corr. + 2'. 

The following observation was taken nearly three hours after the departure from this 
place. Course now nearly true S. Assumed latitude 84'0'. 

Bar. 30.03 in., Therm. - 11". Height of eye 11 feet, Ind. corr. (+ 2?).  

dt Watch I Sextant 11 N. Lat. 
h m  s 0 ,  

Noon Sun L. L. 27 41 + j/ 82 52 

LT-I 
3 47 35 Sun L. L. $22 51 i i  Oh 50m31e - 0.161 
3 5 4 2 0  ! 0 51 36 - 0.141 

' 0 
3 51 26 I( 0 51 43 - 0.148 

Mean;( 0 51 17 

Watch I1 
h m  s 

dt 

- 0.558 

-0.553 
- 0.555 

dt d t  
*& *a Sextant 1 LT-II 

4 10 36 Sun L. L. 17 13 1 1 40 54 + 0.007 - 0.638 

"Horizon not quite clear, Sun disappeared in clouds." 
The comparison between I and I1 given on p. Ill ,  which was made 8.6 hours before this 

observation, will give for the moment of observation 1-11 = Oh 3Om 579, consequently 
LT-I = l h  9m 578 and E. Long. = 4h 31m 9 - d = 67" 47' - J. 

1696, &fay 16. Bar. 30.17 in., Therm. - 12O.7. 

dt dt Watch I Eye 

4 9 8 3 8  
4 36 21 
44850 

Noon 

0.601 
0.602 

Compass 
4 41 58 Sun Ct. 
4428 
46 11 

M a p .  Decl. 
2 6 O . 8  E 
5!6".9 Magn.De~l.Mean=916~.8E 
%".8 



NO. 6.3 SLEDGE-EXPEDITION. OBSERVATIONS 16%. 119 

1695 Bar. Temp. Eye 

mm C feet 
Mag 27 7526 - 8' 1 18 Noon 
f i g 3 0  746 - 4 18 Noon 

Sextant i N. b t .  

O r  

Sun L. L. 
Sun L. L. 

1896, June 4. Bar. 754 mm, Temp. - 3'C. 
The following observations with the altazimuth were taken during a week's stay a t  the 

Horizontal point of the vertical circle about 69' 53'. 
some place, while making the kayaks ready for sea. 

Watch I 
h m s  
0 2 48 

11 4.5 
31 # 
3 5 2  
38% 

Watch 1 

h m s  
5 3 14 

13 59 
m4a 
2 7 3 9  
32 51 
4046 

Near 
noon 

SunL.L.  

Sun L. L. 

sun L. L. 

I 
Vert. Circle ~ LT-I dt 

* G  

- 0.008 

+ 0.027 

+ 0.052 

dt *a 
+ 0.497 

+ 0.498 
+ 0.500 

I t  has been assumed that the mean of the first two altitudes of the last series may be 

The mean result of the morning observations is 
considered as the meridian altitude. 

LT-I = o h  5W aS and E. Long. @ mOe -/=ao e0I-d.  

1896, June 14. Bar. 743 mm, Therm. - O O . 2  C. Hor. Point = 89' 59' + x, LT-I = 
Oh 4m + 8. 

Vert. Circle 

m a  
190 15 
59 44 
5949 
59 50 

o r  

N. Lat 

82 24.8 + 1.022 x - 0.098 8 In dl observa- 
82 25.7 + 1.082 x - 0.034 8 tions the Sun's 
ti2 29.8 - 1.069 x - 0.047 8 limb W B ~  not 
&2 324 - 1.068 x - 0.049 8 sharp. 

o r  

82 31.0 - 1.074 x - 0.052 8 

The mean of the fist two combined with the mean of the last three give: 

Watch I oh Slm pm., p = 82' W.16 - 0.018 x - 0.010 8. 

x is about 2' and Q may be determined by the following observations, which were taken 
about an hour after the departure from the former place, but only with very slow progress on 
the difficult ice. Assumed Lat. 82O B'. 
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Watch 1 I 
I .- - . . _ _  

h m  s 
4 57 6 
5 3 10 

8 5 5  
2 4 . 5 8  
34 43 
37 34 
41 27 
4650 
50 18 

Sun L. L. 

Vert. Circle / /  LT-I 

0 I h m s l  
66 24.5 i! 0 44 1 ' - 0.013 

6648 44 12 4-0.013 
6634 , 4 4 4 7  j -0.002 

0.068 
0.074 

111 53.3 I 43 49 0.% 
6 8 0  43 le  I 0.095 
68 6.7 j 43 18 . 0.104 

I 

-- 
at 

*z 
.-  

- 0.509 
- 0x3 
- 0.509 
- 0.511 
- 0.513 
- 0.514 
- 0.516 
- 0.517 
- 0.519 

The last three observations are den0tc.d as good, but for all the othws as well tis for the 

Combining the mean of the 5 and the 4 observations in the two positions of the instru- 
latltude observations, the Sun was veiled and not sharp. 

ment, by which the error of the assumed Hor. Point is  c.liminated, the result is: 

Watch I 5h W ,  LT-I = Oh 43m 3 S  + 0 . W J y  

from which it appears that  6, in the former equation is 24'. 

and " " 5 28 p.m., LT-I =0b43m329, E .Long .=4hl lm56h-d=G2°59 ' -d .  

Consequently: 

June 14. Watch 1 0'1 21m p.ni., N. Lat. = W2- 97' 

1895, June 17. Bar. 761.4 mm, T h c ~ m .  - OO.7. Eye 10 feet, Ind. corr. - 3'. 

Meridian altitude Sun L. L. Sextant 30" 57'; N. Lat. = 82' 18'. 

All the following ohservations till July 20 \\ere h k c n  during a long stay in the "Camp 
of Longing". The meridian altitudes will bc. give11 first. 

,.-A- 1 

1 II 
0 ,  

31 13 
31 12 
31 10.5 
3045 
2836 
a496 

1695 June 22. Bar. 745.8 mm, Therm. - 1O.0. Ind. corr. (- l'?). N. Let. 8" 4'4. 

Watch I 

h m  s 
6 31 44 
3553 
3820 
41 17 

Sextant i( LT-I 

0 8 )I h m  s 
2 0 3 5 ! i  04353 

20 17 4349 
Mean 1 1 - 6 x  

B O ! ! !  4351 
20oq 4336 

dt * -  
dg, 

+ 0.190 
0.196 
0.5206 
0.213 

- 0.530 
- 0.523 
- 0.5% 
- 0.528 
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I 

I " ,  
Sun L. L. I 59 L5 

I@%, June 27. Bar. 743.9 mm, Temp. - O O . 2 .  Hor. Point = 89" 52' + x, LT-I = 
a u l + + e .  

I 
l o ,  

I 82 9.7 - 1.16 x - 0.079 6, 

Watch I 

h m  s 
10 5 50 

9 0  
11 24 
17 E 
2 3 5 4  
2 6 5 8  
:#) 9 
3250  

z may lw nrgIt.ctrt1, but both the prcceding and following observations seem tcr indicate 
that LT-I was about 311 57m (neglccting the drift) or CI about 100'; the. result is then: 

N. Lnt. = 82" 1'. 

1896, July 1. Bar. 747 mm, Temp. + 0".5; height of eye 15 feet. 

I 
Watch I I 

A combination of thr  two sets gave 

N. Lat. = 8'2" 5'5. 

Watch I l O h W ,  L T - I = @ W % ,  

E. Long. = 411 14m b - A  = 63" 31' -A 
8 5 5  21 40 

ZM96, J d y  20. Bar. 750.7 mm, Temp. + 1O.8. Height of ryv 15 feet. Ind. corr. 0. 

Watch I 
ti m s 
3 17 50 

19 45 
33 9 

h m s  0 ,  

The latitude following from the meridian altitudes of this and the preceding day is 8-2" 7' 
which was adopted. The mean result of the three altitudes is 

Watch I 311 W am, LT-I = @ 19m %3 and E. Long. = 411 12m 178 - d =  63" 4' - A. 

The driR in longitude during the long stay in the "Camp of Longing", appears to have 
been small. 

From July 22 the triivellrrs were struggling towards land, which first became visible on July 23 
in S 10" W by compass, but afler some days of tolerable progress, which brought uew land into 

I C ,  
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view in S 60" W by compass iu tht. evening of July 8, it was evident on July 31 and August 1, 
wrhrn the weather cleared lip, that  the dr in  had been contrary. This is  also apparent from 
the following observations. 

189ci, Azcgust 1. 

- . . - . - -. 

Watch I ! Bar. I Temp. 1 E y l  
I Sextant 1 I ,  LT-I 1 I+: 

I L  -. .- . - - . - .- .. . .. . - - . -. . . .- 

33 18 

"Latitude p r l i a p s  H minute or two smaller, the midnighl altitutle having h e n  taken ti 

The first observations have been reduced witti Q = 81" S5'. 
little late." 

The result is 

LT-I = 4h 27m 24-q and E. Long. = 4h 2 2 m  36% - A = 6" 39' - d. 
On August 2, the north point of the land was in S 65" W by compass. 
An open channel d o n g  the islands of Hvidtenland, reached in the morning of August 6, 

was heretlfler used for rowing and sailing. 

1896, Auycst 9. On the south side of Adelaide Island. 
Bar. 756.0 mm, Therm. - 0 O . 6 .  Hor. Point = No 50' + x, LT-I = 4h 10m + & 6,. 

S u n  L. L. 

Watch 1 1 I Vert. Circle : !  N. ht. 
I '  

c ,  ! I c  1 

GF, 48 I 81 q 3 . 1  - 1.00 x - 0.010 6, 

- 

h m s  
8 10 14 

14 44 
17 39 
20 59 
2 7 7  
31 35 
3 3 4 4  

Watch I 
_ _ _ _  

dt dt  
*ti %iii Sextant ' LT-I 

The mean for the two positions of the instrument is = 81" 38:2 - 0.018 t). The data 
nertvmiry for thr  determination of W will be found below. 

From llie glacier covering tlw Adelaide Island, the bearing of the south point of Eua Island 
\vu5 neurly east (some fog in  tliis direction), Liv Island from N to NEb E, F r W  Island 
from S to SEI, E, all per conipuss. Tlie distance of the latter island was estimnted to be about 
4 miles. 

A f k r  tlirer Iioiirs of sailing, the tbllowing observations were taken the same day : 
Bur. 758 I I I I ~ ,  Temp. - 2". Height of eye 8 feet, Ind. corr. 0, Ass. Lot. 81" 35'. 

h m s  I v ,  " h m s  
1 58 4.5 I Sun L. L. +o.m - 0.456 

4 10 13 1 - 0.457 2 4 2  
2 7 3 8  - 0.457 1 

I I Mean ,; 4 IO 21 i +0.035 i -0.457 
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The sailing lasted from 3 p.m. to 8 p.m. and was followed hy dragging over a belt of ice; 
estimated distance about 10 miles. Assuming 
the distance hetween the two sets of ohservations to have heen 5 miles, the chwge  of latittide 
would be - 3:5, and of east longitude - 24'= - lm 366, which gives e = 30' neerly, and for 
the south side of Adelaide Island 

N. Lat. = 81" 37l.7. 

The course seems to have been nearly trttc! SW. 

For the afternoon observations (p would then he 81" 32' or Alp = - I; and 

LT-I = 4h 1Om 19,  E. Long. 4h 7m 78 - A =  61" 47' - A .  

1856, August 10. Bar. 758.4 mm, Temp. - 3'6. Height of eye 6 feet, Ind. corr. (O?) .  

Meridian altitude Sun L. L. 23" 56': N. Lat. = 81" 3)'. 

Aner rowing and dragging from 1 p.m. to 10 p.m. in a south-westerly direction (estimated 
distanct. 8 -  10 miles) the following Lunar D i d a w e  was taken: 

Watch 1 7h 25m B, Sun and Moon 122" 37'; Bar. 758.2 mni, Temp. - 5O.3. 

Assuming Ind. corr. 0 ns the dny before, N. Lat. 81" %', LT-I = 4h b, the result is  

I-Gr. = - Oh 11m.8 
while the table p. 112 has - Oh W.0 - A. As the Ind. corr. was not determined on the same 
occasion, and only a single distance was taken (the Moon disappeared during thc observation) 
the result wtLs not considered sufficiently accurate for a determination of A. An index correction 
of + 4' would give accordance, with d = 0. 

1696, August 16. On H m n  Island. Bar. 758.5 mm, Temp. - 1'5. 
Hor. Point of Circle = 89" 51' + X ,  LT-I = 3h 5om + 8. 

I 
dt Vert. Circle , LT-I A -  
dT 

Watch I 

Watch 1 1 ~ 1 Vert. Circle ' N. Lat. 
_- -__ 7 9 15 90 Sun L. L. ,d,., 68 10.2 I 81 35.5 35.5 +1.05x - 1.04 x -0.0486, - 0.W 8 

Mean 81 35.5 - 0.045 e 
whrrr e may probahly he neglected. 

1#6, Augu& 17. On the ice 05 Cape Briigller. Bar. 753.5 nini, Temp. - 1'. Hor. Point 
ass. 89" 51'. 

dt *a 
h m s  
5 40 3 
43 15 
4 5 3  
4883  

h m s  I 0 ,  

Sun L. L. 109 39 :' 3 46 3!2 +0.519 + 0.687 
10949 i 3 4 5 3 2  0.529 0.695 
69 57 1 3 45 51 0.540 0.703 
69 62.5 3 45 kk 0.565 0.793 

8 -  

Mean ,I 3 45 55 I 
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trended more south-west The longitude is given below on the two suppositions of latitude 
81' 30' and 81' 34'. 

With p = 81" 30', LT-I = 3h 45m 55s and E. Long. = 311 44sl 15s - A =  56" 4' - d. 
" ~ = 8 1  3 4 , L T - I = 3  48 4 a n d E . L o n g . = 3  46 24 - d = % % - d .  

After some hours of rowing from midnight Aug. 17-18 (rstiniated distance 6-8 miles), 
towards Cape Clements Markham, about SSW by compass, this travellc-rs mrt  the drifting ice 
and turnvd more eastwards to the firm ice. A s  the south-westerly wind fresheiied up, and the 
ice closed in, they wrre detaint.d for srveral days on thv icc, off Cape Helland, where the 
following observations werr taken. 

1896, August 1Q. Bar. 741 mm, Temp. - 0 O . 9 .  Height of eye' I8 fed,  Ind. corr. + 4'. 

Watch 1 

19 15 12 13.5 49 33 
21 39 12 7 
24 1 '  12 1 

11 .i9 

The assumed latitude was 81" 8'. Applying the correction ./p: = - 1'5, according to the 
following observations, the rt:sult is 

Watch 1 9 21m, LT-I = 3 h  4 W  4& arid E. Long, = 3h 48m 31s  - d = 57" 8' - 4. 
As the dead reckoning gives u somewhat smaller longitude, and the bearing of the two 

ramps of August 17 and 19 had b w n  rstiniatcd as rirurly true north and south, it is possible 
that the apparent horizon has b r rn  clcvatrd, as was manifest some days later on (see below). 
Assuming the same value of d h  = + 5' as then (though the meteorological conditions were 
not quit(> tlie samr, tlir soritlirrly wind being considrrobly stronger during this stay), the result 
would be 

LT-I = 3 h  47m !BJ and E. Long. = 311 449 17s - d = 56' 34 - 4. 

1895, August 20. 

Watch I 
. . __ - . . 

h ni s 
9 5 6 2 5  

10 0 25 
10 4 4 5  
10 7 18 

Same place. Bar. 743.5 mni, Temp. - 2 O . l .  Ass. Hor. Point 89" 51'. 

N. Lat. 9 
dt 

Sun L. L. 109 50.2 81 23.3 - 0.076 
109 46 - 0.079 1 70 0.9 11 2; 1 - 0.088 
70 4.7 11 24.8 I - 0.085 

Mean 1181 23.6 I -0.081 

- dB 
dh 
- 

- 1.12 
- 1.13 
- 1.14 
- 1.15 

Thest: values wvrr calculalrd with thv msumod LT-I = ah 5om. If the second result 
for August 19 hts adopted, LT-I would be 3 h  47m 19, or dt = - 2m 418 = - 40' and 

N. Lat. = 81" 26'.8 

or nearly the sanic (u originally assumad on August 19. 
insignificant. 

The influence on the longitude is 
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1896, AIlgust 28. At  the place that was chosen for winter quarters. 
Bar. 749.7 mm, Trmp. - 1O.O C, Ind. corr. + 6'. 

h m s 
8 3 6 %  
844.40 
8 49 50 

Watch 1 I Eye 

feet 
4 

0 ,  

18 11 
18 8 
18 6 

12555 7 
l B N  j 

I The two sets combined givt:: 

j , 
I 

N. Lot. = 81" 17'.5 
Sun L. L. 

~~ 

3 &tun 56 :XI 

1896, A u g d  30. Same place. Bar. 742 mm, Temp. - 2" C., height of cyv 6 fed .  

Meridian altitudc Sun L. L. Sextant 17" 30': Ind. corr. + 6'. 
Result: N. Lat. 81" 17'.3. 

Though the two determinations of latitude of August 28 and 30 ucrord well, it must hr 
remarked that a svries of altitudes taken th r  next year with the altcizimuth on thr  Mmc place, 
gives the latitudr nearly 5' smaller, which can only be exp1ainc.d by an elevation of the apparent 
horizon on Aug. % and 30, similar to that found during thr  spring of thv 5amcs year. A+- 
suming a correction of + j. for both sets of altitiidvs o f  August 28. the. rrsult will h- for 
the Winter Hut: 

N. Lat. 81" 13'. 

and LT-I = 3h 4om 476, E. Long. = 3h 41m WWS - d = 55' 20' - 3. 

Observations taken at the Winter Hut. 

CompcM.Csotts between the watches I and 11. 

1896 
-- 

April 18 
19 
W 
92 
93 
24 
25 
96 

April 97 
29 
33 

May I 
2 

I 

h m  
10 15 pin 
9 43 " 

10 54 " 

3 46 " 

7 % " 

10 14 " 

I1 stopped 

7 15 pm 

:;a!? 

5 Slam1 
11 w, am 

1-11 

h m s  
0 3 5 8  

4 17 
4 3 9  
4 57 
5 91 
5 5 3  
6 W  
64!2 
Metln 

1 49 23 
49 54 
50 17 
5 0 3 4  
50 57 

Rel. ! lM; 
ratr j 

II- -- 

15 
17 

l!) 18 
9 6 ,  

I 

h m  
10 37 pm 
1 M a ?  
5 12 
9 1s " 

10 56 
7 '23 am 

10 46 " 

I1 19 " 

- 

1 BPF 

; 4 P F  

I 
I Rel. 

1-11 ! rak 

11 m s 
1 51 36 
52 3 
52 31 
52 58 
5330 
2 3  
5133 
55 10 
5537 
55 57 
56 13 

i Mran 
! 

__ -- 

S 

i -m 
24.5 
23 
'21 
9rz 
22 
31 
90 
18 
15 
14.4 
24 
16 

+ '21.8 
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Ass. 1896, April 18. Bsr. 759.0 mm, Temp. - 23”.5C. Circle Hor. Point 89” 51’ + x. 
Lat. 81” 13‘. 

0 ,  m s  
89 4.9, /I - 52 21 - 0.473 x 
97 33.7 - 52 36 +0.489 2 

- 5 1  55 -0.532~ 2 i, - 55 37 + 0.513 x 

Watch I 

+ 0.162 
0.922 
0.966 
0.W 

h m s  
8 15 10 p,m 

3245 
55 15 ” 

9 4 51 ” 

Sun L. L. 
” u. L. 
” u. L. 
” L. L. 

Hor. Circle / /  LT-I I *E 

“Sun’s limbs indistinct. Observation interrupted in the middle hy a bear looking on.” 
Thrre seems to hc an error in the second or third observation, but as a correction cannot 

be made withoiit arbitrariness, and the limbs of the low Sun were indistinct, the numbers have 
heen retained as they stand. The result is then: 

Watch I Bh 4Om pm LT-I = - 52m 8s - 0.502 x 
” 8 44 ” ” - - - 5 4  6 +0.501 X ,  

Mean ” 8h m p m  ” _ -  - 53m 76 

I M ,  April 20. A series of 9 altitudes were hken  of the Sun. and are used below for 
determination o f  local time, 6 altitndes of tlw Moon, uscd for latitude, 4 lunar distances, and 
2 bearings of the Sun by compass. 

Bar. 756.4 mm, Temp. - 22” C. 

Altitudes of ule Sun. Circle Hor. Point 89” 52’ + x ,  Sun’s Semidiameter = Tabular 
Value + 21. Ass. LaL 81“ 13’. 

Watch I 

h m  s 
4 59 8 pm 
5 6 4 0 ”  
64646’’ 
7 26 10 ” 

32 31 ” 

39 a5 ” 

8 9 10 ” 

18 13 ” 

2.3 58 ” 

Vert. Circle, II 
I - 
I, 

105 28.5 , 
74 30 , 
78 11.2 

O ‘ I  

100 4.2 I 
79 53.5 I ’  
79 31.7 1 
81 12 1 1  
98 10 ’ 

98 33*2 II 

LT-I 

r n s  
- 52 53 
- 5 3  23 
- 52 47 
- 52 39 
- 52 52 
-55  33 
- 5 3  11 
- 51 41 
-53  26 

m s  
+0.488(x-g) = - 5 4  a 

dt 
*& 

- 0.219 
- 0.902 + 0.005 

0.081 
0.093 
0.1m 
0.169 
0.192 
0.m 

Combinations of thc 6th and 9th ohsewations with the others give x = - 1’5 and 
= + 1’.9, by which the values in thc. last row have been deduced. The mean is: 

Watch I 7h 9m pm, LT-I = - 53m 35s. 

ABt2ude.s of f i e  Moon. Circle Hor. Point = 8!l” 52’ + x. For the coordinates of the Moon 
assumed Watch 4h 35m in advancc. o f  Gr. M. Time, corresponding to East Long. 55” 90’. As for 
the Sun, the Stmidiameter was put = Tabular Value + y; but as the upper and lower limb were 
not equally suitable for observation, c*sprcially for the first two altitudes, during which the lower 
limb must have been some 15” oiit of I h r  vrrtital (as memured fiom the Moon’s Centre) only 
the last four observations were used for the determination of x and w. 
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ti m s 
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j j  
Vert. Circle 1 

It 0 ‘  

127 

$ pm I Mppn L;L. 

6 57 43 ” 

7 4 3 0 ”  ” U. L. 
” L. L. 7 l e  0 ” 

7 17 15 ” 

9, .* le0 19 I! 
1W 23,2 i l  
5 8 2 4  ! 
57 52 
121 16.5 I! 
121 16 11 

s i  

6 3 6  0 ”  85 0 112 7 1 5  

N. Lat. I 

2845 

0 ,  0 ,  

81 8.1 + 1.91 (X - 9) =81 7.5 + 0.lW + 0.096 
- 0 . w  
- 0.008 
- 0.013 
- 0.015 

“Horns of the Moon indistinct in the telescope, observations therefow Ivss accurate.” 

The last four observations give x + y = + 1’.4 and x - y = - 0‘5. 
The mean result is  81” lot6 or, wit11 omission of tlw first, 81” 11’. I f  the longitude 

following from the lunar distances below be used, which would g i w  Grernwich Tinie 5 niinutc.s 
prater tlian that used above, the changta in the Moon’s coordinates would give the lotitude OI.8 
smaller. 

The mean is 4.h 5W W ,  which, with the correction to local time found above, - 53m355, 
gives the East Longitude S 36m 98 = 54” 2’, but this result is rather uncertoiii. as will be seen 
from the numbers in the last column. In order to get tlie longitudr assumed above. it must 
however be supposed that all the distances have been measured too small. 

Watch I 
h m s  

59 16 
7 51 50 pm Sun Centre 

“Needle very unsteady.” 
If the declination had been constant during the observations, the decreasing numbers oil 

the compass would show that the angle between the north end of tlie needle and the Sun’s 
vertical plane had been less than Yo”, which would give the dt4iiiation li2°.0 E und 13O.2 E 
respectively (see explanation p. 70). But it is  apparent, from a computation mud(. by the observer, 
that  the reading on the compass has been on the other side of W”, which gives the values in 
the last columa The result is at all events uncertain, owing to the unsteadiness of the needle. 

1896, April 27. Bar. 7511.5 mm, Temp. - 13O.8 C. 

Assumed Hor. Point 89” 53’, including the correction to the Sun’s semidiameter, which is 
in advancc. of apparent time (deduced 

Circum-meridian altitudes of the Sun. 

eliminated from the mean result. 
from ttir preceding and the following determination of local time). 

Watch assumed 5% 
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Watch 1 
.. - . . - . ___ 

11 m s 
0 27 42 pni 
34 20 
41 39 
49 *55 

I 4 5  
8 %  

23 0 
2 8 8  
39 15 

vert. Circle 11 N. Lat. 

67 20 13.8 
112 59 I 13.7 
11.2 59.5 , 13.9 
112 59.5 13.3 
67 16.8 11.2 

11.3 

Resid t : 
Sun L. L. (4 o h . )  81" 12l.6 
" U. L. (5 obs.) 81" W.9 

Mean 81' 12l.R 

The ol)sc*rvutions tl~emsrlves seem to require a somewhat greater correction to the watch, 
but as thv altitudes were token on both sidvs of the meridian, the result would be essentially 
the some. Thi5 result tins Iwm ndopttvl for tlir latitude of the Wintclr Hut. 

1896, April 29. Bor. 722 mm, Temp. - 11".5 C. Ass. Hor. Point 89" 52' + x. 

" u. L. 
1, 7. :% 13 

41 14 I " L. L. 

dt I 
m s  

-0.451 x = - 5 4  56 
-0.438x=-55 0 
+0.437~ = - 5 4  46 
+0.437~ = - X i  0 
-0.437~ = - 5 4  43 

- 0.059 
- 0.033 
- 0.m 
- 0.013 
- 0.002 

Thr mean result is  z = + 0'.6 and 

1b96, May 16. 
Circlt. Hor. Point = 89" 51' + 5, Sun's Semidiomcter = Tatmlar Value + y. 

Bar. 758.5 mm, Temp. - 6" C. 

i Vert. Circle 
-. _- 

73 55.5 
104 56.5 
104 45 
I4 32 ' 

LT-I 

m s  m s  
- 57 43 = - 58 n 
- 57 ;i3 -0.487 I X - V  I =-  5 7 7  
- 56 43 = - 57 29 
- 56 31 + O . W  x - 11 = - 57 18 
- 58 28 - 0.508 [x - t/) = - 57 41 

+ 0.474 (5 - 2/ 
-56 le -0.481 x+r =-57 2.4 

+ 0.497 (X - 

149" and z - w = - !a'' were determined with omi 

dt A -  dg, 

+ 0.1tkt 
0.m 
0.915 
0.987 
0.%1 
0.59 

lion of tlie 
t i r 4  ~~l s~~rva t i t r t i .  If it i4  u l w  omitted for the clock correction. the result is  

Watcli I t3 36m, LT-I = - 57m W .  

Iniiiirdiotvly atlrr t h t w  otmtwotions, tlit. bearing of the Sun and of a terrestrial murk 
were token witti 1)w tiir.odolitr., arid 1ht.n a 9~rir5  f J f  bearings by compass of the same terrestrial 
mark and somc. otlrr-r points, wluch were useful for the reduction of the observations taken on 
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thr way southwards. 
in the original journal. 

Ttw nanies of thr different points and island, arc rrtainrd lirre a5 givrri 

Watch 1 Hor. Circle Azimuth 

Yb Im :i3 Snn Centrv If& 40 S 124 14 \Y 
- Needle on the "Slotsberg" 6" S' s 37" 31' E 

Compass 
Needle on the Slotsberg . . . . . . . . .  S 5 5 O . 7  E 

Hope Island, inner point . . . . . . . . .  S 39 W 
Cape of Good Hope . . . . . . . . . .  S 37 \V 

miter point . . . . . . . . .  S 46 W 
Black-spotted Island . . . . . .  between S 74 W and S 78- U' 
White Island . . . . . . . . .  between S Ki W nnd S !)i \V 
"Stabben" (called "Steinen" 011 ?r'anwn's map) N 70 \V 
Northern Island . . . . . . . .  Iwt\veen N 59 W and K 51 \V 
Needle Cape . . . . . . . . . . . . .  h' 41 W 
Roiind mountuiii further in tlic rjortt . . . .  N Si E 

The first three observations givc-: 
Magnetic Declinutioii 111 t lw Wiiiter H i i t  = 18".2 E. 

whicli value is certainly preferable to  11l:lt I'ocintl on April S) tliiring a period 111 rviilent Inagnetic 
pert iirbations. 

Tlic points ; I t J O W  art' prohably to I)r identified wit11 the follniviiig points named by 
Mr. Jackson: 

Slotsberg . . . . . . . .  Cupc Brice. 
Cape of Good Hop" 
Hope lslnntl . . . . . .  Mury Eliznbetli I s l i r i i ~ l .  

Black-spotted lslariil . . .  IViii. Nvale Miiid. 

Nortliern Island . . . . .  Erasinus Oniiuaiiey Island. 

. . .  A little t(i t l ie  iiortli 1 1 1  Ctiiic A l l . .  Clintocti. 

White Island . . . . . .  Gcw. Harley Is l i l i i~ l .  

Needle Cape . . . . . .  Cape Hugh Mill. 

Tlie Jetrrniinations of Local Timi. give the following vulues iif tlir (-1iwk error aiid 
daily rate. 

I 

L W a t c l i  1 
. . . .  . 

I-M.T. Daily Rate 
. . . . .  - ~ -  I I 

m s i  S 

aud th r  mran acceleration during the whole period = + W.2. 
The comparisons with Watch 11 during the smile period gi\e for this a daily retardatiori 

of 129.6. 

- 

17 



On the way southwards from the Winter Hut. 

1-11 
-. . . 

t i  I l l  5 

2 0 16 
2 0 2 8  
a 0 57 
2 1 16 
2 I 3 9  
2 2  0 
2 220 
2 e 49 
2 3 16 

Meon 
-219 50 

Ret. 
ratv 

S 

+ :: 
15 
15 
15 
13 
19 
16 

+ 14.6 - 

Tiit. runiiiiig tlowii of’ I took placc. the doy ofler a striigglv with u wulrns which had 
On applying tlit. mean relative uceelrrntioii of‘ 14-q.6, attucked and dumogcd one of ttw kayaks. 

the rednrtioii to the fornwr stat(* will be: 

June 13. 211 40m am 1-11 = + 2h 3n: 168 
Ri*l. Ace. iii 4.1 days 4- 1 0 

June 17, 1-11 should Iiuve becw + 2 4 16 
” was -219 50 

I lost throngli stopping 42.4 6 

It will 1w seen that the rc*lativv ncceleration during tlie tr:ivclling was ill the mean 
7 si~conds less tliun during ttw last month a t  t l i r ,  Wintrr Hut. A s  to tlw acceleration of I, wliicli 
was f o l d  to bt. + 9s.2 during thv saint’ nwnfti, it niny Iw inrntioned tliut a series of comparisons 
witli Mr. Jockson’s clirunonieter in Julie and July gave an acceleration of 103 relutiw to this 
eliroiionieter, which was said to lose 0*.5 doily, ronsequently 1 acceleruting 98.5 daily. SOIIII. 
olsrrvatioiiw on the may soiitti\vards wtiidi will IJV f o i l l i t 1  below semi, however, to illdieate that 
the acrclcratiori tlnring tlir trawlling wus i i i  tlit! ineaii soniewliut greater, nbout 15P.5. This 
valne I I U S  Lwn used for computing the longitutle West of the meridian of the Winter Hiit, 
dt.signatetI below by 1. 

I n  ortlcr to utilise the hearings hy compass it was necessary to know the niagrietic 
tlerlinntion. For tlic Wintvr Hut tlw vttlnc 18O.2 E, found on May 16, was adopted. In Jackson’s 
A Thcncsrmd Days in the R d i c  is givm a t h l e  of ningnetic declinations at Cape Flora ah 
tleterniined by Mr. Artwitnoe. The isogones 
in this regions rnnning nearly north and south, tliih would correspond neurly to O”.C decreasing 
( 1 1  inicgiietie tlrclinatioll pvr tlt*gri*t* o f  wvst loiigitutlt*. 

lit sioiiie (!uses t l iv pos i t i o~~  at t lw tinw of o1)servation has been determined by the crossing 
of’ such H line 01’ bearing with tlie line of equul altitudt-s. 

The mean value for the siimnier 1896 was 15O.l E. 



NO. 6.1 SOUI'IIWARDS FRON I'IIE WIN1'EH HLT. 131 
.. ... _ _  . . . . .  ~ - -  - ._ 

ARrr short w d k s  on the irt: nit the rveuings of Miiy 19 nnil Io tlir Follo~viliy: Ilhsrrvutiott. 
wcre trrken during a rest oti the following day. 

1896, M a g  21. 
Hor. Point 88" 3)' + x. 

Bar. 751.9 nitti, Teiitp. - 5'.3 C. 
A ~ S I I I I I V ~  LT-I = - i l l  Om ;$01. 

.. 

I i '  j Vert. CircIr " 1 :  Watch 1 j N. I a t ,  
-.. ~ - -  ~- ... ._, - ._ - . . ! 

ii m - s  I 0 ,  

} - 1 0 M 

} - I 0 n 
- 0.157 

- 0.143 

61 8.6 + x - 0.M5 Moaii: 
:36 57 " , 81 9.6 - a- ! - 0.M 81" 9'.5 

- 0.61 

- 0.4% 
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This mran - l h  Om 385 corrrsponds to 1 = 0" 32'. 
Latr in thv evrninp thv tent \viis raiscd near the Ctlpe of Good Hope. From this point 

the bvaring was h k o n  of two snow-covered islands. a largv one (niiddle) in S 40" W, another 
not much snialler in S 85" W hy romposs. 

A sketch whieli wus taken in tlie uftwiiooli of  hfay 21, possibly on the station for thr  
last altitudes of the Suli, has the bcnring of a line poiliting to the micldlc of thc fjord norlh 
0 1  t lw  Slotsl)c.rg (Jacksori's Gore Booth Fjord) N .  72" E, and a nioiintniii somewhat south-east of 
the Slotsberg N MO.5 E by composs. 

Aner LI t hy  of rest during II sriow-storm and i i  short trip soutli\wrds to "Thc Castlr" 
(Jackson's C. N c .  Clidock) froiii wliiclt they rc*turiied, tlie travellers went over tn the island. 
Brfore Irnving tltc following bearings \vert' takeii from the ice off the Cape of Good Hope: 

Most sc~utlic~rly point (Jackson's Cape Fi8her) 
Point at Cape Atlios (C. Clenreds i i a r k h ~ z )  N 9 E 

S 8" W by Cornpuss 

I&?%, - 3 2 ~ ~  26. From the riorlli si&* ol' Hope Isluiitl: 

White. lslniid . . . . . . . .  N 8' W hy Compass 
Black-spotted Island . . . . . .  N 2 E 
Cape of Good Hope . . . . . .  N 65 E 

l 'hr position IJf tlic IWJ ishiids being de!crmiiied by previoiis rross-bcorings, and assuming 
tlir mugnc4ir dccliiiatioii to hr 17'5 E, thc. first two h i r i n g s  give tlie position of thcr station at 
a distiuiw of' 12- 13 rnilcs I'roni tlii, Win1i.r Hut. Tlioiigli the angle of intersortion is only 10". 
this rc-siilt is prohubly to be pref(wc.d to thcs approximate value found abovc, the linrs crossing 
vrry ricarly in tile line giving tlic dirc&ni of' tlic tiortlirrn horder of the islund (LS  seen from 
the \Vintiar Hut and the rieurly roiitcid(wt tlircdioii from tht: ice May 21. The coordinates of the 
stution would then he Q = 81" 7' niitl 1 = I".?. The third ohservation then gives the Cape of 
Goocl Hope !I- 10 t ides from tlic Winter Hut  and y = 81" 7'.5, 1 = O O . 8 .  

I&,%, June 1. Froiu tlie soutli sitlr 0 1  Hop.  Islalid tlir most soutiierly Iond point \\-as 
Two larger islands in v i m  about SW ahriiii S 2' W; ic ma11 isluiid was sccii outsiclr nf i t .  

and ont' W or soint~wliat niorcs nortlirrlg. 

A skt.lcli ltus the following bvarings, icpparentlg from tliv same station : 

Auk berg (Jacksoit's Cape Fisher) 
I'oirit on thv south side of tlir fjord (C.  IlkJdhufen?) S 3 E 

. . . . . . .  S 38" E by Conipass. 

Tlir suiiie sketcli has the following bearings frorii il point on the ice so mtirh south.east 
i i f  the islatid tliut tlic: Winter Hnt  \viis jus t  clvar of its vast point: 

Winter Hut  . . . . . . . . . . .  N 
Cape of Good Hopt. . . . . . . . .  N 46" E 
Tliv Castle (J. C. Mc. Clht tock) .  . . .  N 52 E 

T l ~ r  hraring of Capv Fisher coinlinecl with t l i v  beuriiig of the same point from thc: icv off 
Capv of G o ~ d  Hopi- g h s  its position y = 81" 3; i = l".l and distance from the Cepe of 
Good Hopi- 5-6 inilvs. 

The bearing of the Wintrr  Hut is civideiitly erroneous; the observer s e e m  to liavc writlvn 
N 011 t l i v  l ir iv  iritlicutiiig tlir d i r td io~ i  011 tlie skt*tch, I d  forgotten to add thv degrees east. As 
i t  is, Iiowcwr, npparent from tlic- Yketch, that  tlie station is on the line from the Winter Hilt 
through thv inner point of Hope Island, thr  bearing of which was determined on May 16, this 
dircdioli comhiiic.d with tlie h a r i n g  of the Cupe of Good Hope (magnetic declination ass. 17'5 E) 
giws for tlie slntioii y = 81' 5', 1. = l O . 1  or 1O.2 and distance from the Cape of Good Hope 4 miles. 
Tlir bearing of the Castle will theii give this point 0.4 mile south of the Cape of Good Hope. 
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1896, Jum3. Sailing on the ice towards Cape Fisher. I t  is not statid when tlw drparturr 

Bar. 751.5 nim, Temp. - 1 O . 5  C. 
Circle Hor. Point 89" 51' + x. 

186.5 daily acceleration and 1 = 1 O . l .  

took place. 

Assumed clock corwction - l h  5m 3orr. corrt*sponding to 

I! 

dt 
Watch I 

... 

24 5 
2754  

Tlic t rnt  wtis raised in thc crrniiig sonicwliat pus1 Cnpc Fisher. The travvllcrs wimt on 
the riext day at 6 p m ,  first sailing on thr icv. tlien rowing in thv kayaks round Capv Riclilliofrn 
ti l l  7 a.m June 5. 

1896, Julie 6. Before learing tlie tent-place near Capc Richthofcri thc  twaring KRS ttlkclii 

of "most rnsterly point of  nt:w land" (on the other sidv i j f  Jncksm's MarkhEhatrL Sound) in 
S 68'' E ;  open sca visible in S 75" W, both by coinpuss. 

Aftchr some six hours of sailing oil the icv tlw fnllo\ving obwrrations w ( w ~  takrn with t l i v  

.wxtant. Index corr. + 5', twiglit of eyv 4 feet. 

Watch I 

Bar. 750.5 mm, Temp. - 3" C. 

oh %9 Os pm Sun L. L. 31" 31' 
NOOII " '* 31 42 

'1'tiv nwridian altitudr gives y = 8c," 44'. If tlic first altitudc Iw used to seck t1iv  hoiir 
Icnglr corresponding to 11' reduction to tht- nieridiaii, it would girts t l i r  wntch l h  Gm 56% i i i  
Rtlvance of apparrnt timi, or 1h 8m 255 in advance. of incnn tiniv; of coursv with considcrablp 
uncrrtaint y. 

From thc sanit: station the following bearings wi*rt. tokcii (iioted on a sketch) : 

West point of island in the north (Jackson's Cccye Hichthofe~) . N 
Most southern visible point of the saiiw islniicl . . . . . . .  S (30 E 
North point of another island in ilio sound (J. Brorrtioich Islaid?) S 70 E " 

A small islund far east is indicated between the lust two bmrings. 
North point of a third island (J. Fridtjof Xatwen Is lad?)  . . S 62 E 
West  point of the samc island . . . . . . . .  , . . . .  S 23 E " 

East point of ti fourth island (J. Reyirtdd Koetuilz Iskcrul?) . . S 15 E 
North-west point of the stme . . . . . . . . . . . . . .  S 6 W " 

Thv tent was raised in the evening near tlw point of the. last bearing. 

As the two bearings of C. Rirhthofeii (supposing that this \vas tliv point observed from 
thr  south sidr of the Hop(. Island on Jnn i~  1) cut undvr a too small angle, thc last n a n d  
hearing was combined with the parallel of 80" 47'.5, which appears f [ i  be the latitude of this 
poiiit according to an obscrvation of Mr. Armitage taken in tlie ncighboiirhood I895 April 27 
during Jackson's rxpedition. This gives for C. Richthofm 1. = 1 41 ' and for the present station, 
by inpans of the bearing above, 1 = l o  52'. Applying the daily acceleration of lB.5 from May 16, 
this would give the watch l h  9m 1Ok in advance of Local Mean Time on June 6, Noon, not morr 
different from the above approximate value, tlinn could be expectrd. 

7" E by Compass 

The following observations wrre taken before tearing the point near Koettlitz Island, 
where the travellers stopped on the evening of June 6. 
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I&%, JUM 7. Bar. 746.9 mm, Temp. - 2O.4 C. 
Circlr Hor. Point 89” 53’ + 5, assumed latitude 80” 40‘. 

4 !% 45 pni Sun L. L. G l  25.7 I - I 10 10 - 0.513% 
h m s 

0 1 i i  ~ i m s  39 I5 ” U. L. 118 28.0 / .  - 1 10 36 + 0.497 2 

~ 

Watch I 

- 0.307 
- 0.219 

I’ 

vert. Circle I /  LT-I 

ltM, Juue 9. Bar. 747 i i i in,  Temp. cn. 0”. l id.  corr. (+ SI?), height of eye 4 feel. 

Watch 1 

ti m s 

Sextant I N. Lat. 
0 , ‘ I o  I 

“1,and atmiit 2 niiles off.” 
The latitiidc is calculated with tlii, iissumcd c l ~ c l i  correction - l h  13m, corresponding to 

1. =- 2‘.7. whrn thv same nccclcrcitiori is applied as lwf’orc~. 
Thi. sailing on t h i ~  ice contintiid t i l l  6 p.iii.  Ri*fnrc- stopping in the neighbourhood of the 

wvst point of IIookw Island the trnvellers had to make a long circuit westwards, the ice he- 
pinning to givr wiiy under t h i s  slcdgrs. Aftcr stopping, the following observations wcrc taken : 

Bar. 749.5 mni, T4.q. + lC.O C. Ind. corr. (+ 5 ?), height of eye 7 feet. 

Watch 1 

7 28 15 pm [Sun I,. I,.] 

38 10 ” 21 20 - 1 13 a2 0.07% - 0.400 
33 30 ” 

41 45 ” 21 13.5 - 1 14 98 I 0.076 -0.401 

t i  ni s 
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The assumed latitude is 80" 17' (see June 12). 
of the clock error is 111 14m $23, corresponding to I. = 3 O . 0 .  

The mean of thr rat1ir.r discortlunt V U I U ~ . S  

Atter a very good sailing on the ice during the wholv night from 7 p.ni June 10 till 6 0.111 

June 11 (distance. sailed c4iniated to be 12 miles a t  least) Llie teiit was roisvd brforr reaching 
lund on the otlwr side of tlw sound (J. De BruHne  SOU^). Here thr following o l ~ s r r ~ a t i o ~ l  
was taken: 

11 I11 s 

2 2 %  - 1  17 33 

11 111 s o r  

7 10 19 am (Sun L. L.] B IG - I 17 19 

$22 'D I - 1 17 23 
22 33 ' 1  - 1 16 42 

12 52 ;; 
14 37 
16 14 " 

1896, June 11. Bar. 753.8 nim, l'emp. - 2".Y. Ind. corr. (+ 5'?). Iic,iglit of vyc. ti frrt. 

Midnight [Sun L. L.], Sextant leo 58: which gives tlw latitude 80" 9'. 

From the samt. station thv following bearings w ~ r e  taken, notrd o n  a skvtcli : 

Tent place of June 9-10 (near Hooker Island) . . . . . N 13L \1: by Compass 
South point of n small island (J. EtheMge Idartd?) . . . N 62 E 
South-east point of  anothcbr island (J. Cupe Bare&) . . . S 23 W " 

More northern point of tlie samr island (J. Xoorthbrook I.) . N 81 W 

Applying the magnetic decliiiution 16O.5 E t lw lirst bearing gives 1 = Y'.1. 
After continuing the sailing on the ice from 4 till G in the niorniiig of th<. ti,llo\ving day, 

now in a more westerly direction than before, the follou.ing ol)servatioiis were tnkeii : 

it+%, June 12. Bar. 754.0 nini, Tenip. - 1".8 C. Ind. corr. (+ 5'?), height ol vyt. 9 I'rvt. 

' I  
-~.040 I +;:E) -0.W 
-0.033 I K3.S 
- OM9 1 0.385 

Watch I 

No. Watch 1 Sextant I No. Watch 1 St*xta11t 
h m 5 0 ,  

2459 
24.50 
9443 

11 m s 

2 47 22 '* 
3 51 40 ', 
4 56 2 .' 

1 1 40 15 pi11 [Sun L. L.] [Sun L. L.] 25 7 

These obsrrvations having brrn taken nt thr sunit' place they were combined two aiid 
two, with due regard to the acxeleratioii of the wotcli und the change of the equation of time 
h t w e r n  thv two series, and gave the following r i d t s  : 
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N. Lat. 
c ,  

1 and 5 79 -52.7 
2 aid f i  79 M.1 
3 ant1 7 79 53.2 
4 and 8 79 52.4 

Mixan 79 53.1 

LT-1 

h ni s 
- 1  22 :I4 
- 1  2.3 u. 
- 1  52 20 
- 1  22 I G  

- 1  22 43 

Assiiming tlie nit~aii accrleration 129.5 this clock 
error woiild correspoiid to i = 4" 50'; an accclv. 
ration o f  99.5 ivi)uId giw 1 = 5" 12'. 

This mas the last observation. Afler sonic. hours of rnwing on thr nioriiing of J i i r i t .  15 
and a necessary repairing of one of the kayaks tliv following day, t l i c s  travellers nirl MI.. Jucksoii 
oii Junv 17. 

On Junv I8 a cimparison witli Jacksoii's clironoiwter gave : 

Watch I 211 10m ani I-Gr. = 011 'Bm 40q.7. 

Applying LII this the loss tlirough stopping 411 2 4 m  0 ,  irirntii~ni*tl abow, and accelrratiuii 
16q.5 doily iri 3.7 clays, the result will IC,: 

June 14, Watch 1 111 49m y m  I-Gr. = 411 Is 

n4iicIi cornbiii14 with the above correction ti) Local Time will give: 

Longitude O f  Station Jiinv 14 = 311 2 l m  1 8  = 50" 20' E 
Applying further 1 =  4 50 

tIw longitude or t t r c t  Winter Hut  will he  55" IO' E, or 55' 20' by application of t h  corrrctioii 
( t l '  -1. IO' to tlw longitude of Cape Flora iiirntioned in tlic. i i i t roddion .  

On coniparing this r iwi l t  with t l i v  longitridv of the Winter Hut given on p. 1% as 
l'i)llitwiiig I'roiii 1 1 1 1 .  tJbuervatioiis of tlie prvcding  year, it  will I N *  s w n  t l int  if  tht. niruii ratt. uf 
\vatcl i  I Iias not diffvrrtl sensibly froiii t l i o  f l i (* i i  usstuiit~tf v u l w  123 u day, wliicli was vciry 
nearly tlic. suiiw us  t l i t i t  t i ~ i i t l  diiriiig t lw tra\-t.lliiig i n  IW, the quantity J of the prrceding 
yvar 11iuy Iir iii~gli~clt~d. 
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CORRIGENDA. 

Page 30. 1894. May 26. Lat. N. 81" 30' 
34. 1694. June 23. 4.h 45m p. m. iW. 106' 420' 

D. 37" 198' 
Mean 37" 54' 

83. 1894. July 6. Long. E. 124" 33' 
95. 1896. March 7. Long. E. 24" 9' 

,, 115. 1896. March 19. Long. E. 9%" 40' 
126. 1%. Murch 7. Long. E. 24" 9' 

16%. March 19. Long. E. 24" 4@ 

rend 81" 31' 
- 106" 46.9' 
- 37" Wi' 
- 37" 56' 
- 124"3!.Y 
- 24" 11' 
- 21" 39' 
- 24." 11' 
- a" s 



A. INTRODUCTION. 

Attempts are continually being made to extend the knowledge we possess 
regarding the magnetic conditions of our globe, both by regular observations 
with fixed instruments in observatories specially arranged for that purpose, 
and by occasional, but systematically prepared observations during scientific 
journeys. It is of especial importance to obtain determinations of the magnetic 
elements from the polar regions, because the observations have naturally 
hitherto been rather scarce from these deserted wastes, containing large tracts 
where the foot of man has never yet trod, and whose physical conditions 
place all kinds of difficulties in the way of delicate scientific investigations. 
They are also important because the action of the earth’s magnetic forces in 
these very regions, judging from the observations that have been obtained, 
presents peculiarities to which there is no parallel in the temperate and 
torrid zones. 

I t  was therefore reasonable that investigations of terrestrial magnetism 
should form an important part of Dr. NANSEN’S plan for the scientific work 
of the Norwegian Polar Expedition. 

The member of the expedition who was appointed to conduct these 
investigations was Lieutenant, now Captain R. N. SIGUFUI SCOTT-HANSEN, 
who, all through the three years in the ice, made all the observations be- 
longing to this subject with unabated interest and great skill. 

During the preparations for the expedition, Professor Mom applied to 
the director of ‘Deutsche Seewarte’ in Hamburg, the famous magnetician, 
Professor Dr. G. NEUYAYER, with a request that he would give his valuable 

1 
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assistance in the arrangement of the magnetic part of the expedition’s 
equipment, a request to which Professor NEUMAYER acceded in the most 
obliging manner. Among other things, he constructed a magnetic apparatus 
especially adapted to the conditions under which it was to be expected that 
the observations would have to be carried out, and made under his special 
supervision by Herr E. A. Z m n ,  the mechanician of the ‘Deutsche Seewarte’. 

In a manuscript document’ also sent to the expedition, containing a de- 
scription of the several parts of the apparatus, and an account of the deter- 
minations of the constants of the instrument made in Hamburg before its 
despatch, Dr. NEIJMAYER expresses himself at some length introductorily as to 
the fundamental principles followed in the design and construction of the 
apparatus. 

These remarks, comprising 10 separate points, are as follows: 
“I. Die astronomischen Bevtimrnungen sind durch den magnetischen 

Apparat nicht auszufahren. Die Kollimation des Kreises wird durch ein, von 
dem Apparate ganz getrenntes Instrument auf den Kreis desselben ilbertragen. 
Nur in Fdlen, wenn die Beobachtungen eines Gestirnes nahe aber dem Hori- 
zonte ausgefahrt werden kannen, kann auch mit demselben eine Bestimmung 
der Kollimation des Kreises erfolgen. Bei der Durchfilhrung astronomischer 
Beobachtungen sind die von Prof. MOHN in einem besonderen Memoire niedrr- 
gelegten Ansichten als maassgebend zu erachten. 

2. Wenn es auch unwahrscheinlich ist, dass der Gebrauch des Fox’schen 
Instrumentes an Bord des Expeditionsschiffes ,,Fram‘ immer maglich sein 
wird, so schien es doch zweckmtlssig, dieses werthvolle Instrument zu Zwecken 
der relativen Werthbestirnmung der Inclination und der Total-IntensitBt bei 
der Expedition zu verwenden. Die Bestimmung der Horizontal-Komponente 
wird selbst bei Anwendung der griissten Umsicht bei dem kleinen Werthe 
dieses magnetischen Elementes auf erhebliche Schwierigkeiten stosaen. 

Es schien wichtig, im allgemeinen die Form des NEUYAYER-BAYBERG- 
schen Deklinatoriums beizubehalten, da sich dasselbe in jeder h i e h u n g  
bewahrt hat und im abrigen gestattete, dass ein Apparat zu Horizontal- 
Intensit&.-Bestimmungen damit verbunden wurde. Sonach konnte die auseere 
Form und Aufstellung - wie dieselbe im Handbuche f(ir Instrumentenkunde 

3. 

I Designated in this paper as Dr. NEUMAYER’Y manuscript. 
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dargelegt ist - beibehalten werden. Es kann der Apparat entweder arretirt, 
oder in der cardanischen Aufhhgung schwingend - je nach Umsthden - 
benutzt werden. 

4. Zur €Mbmnmg der ma;gnetiechen M W w n  wird eine Nadel 
mit Spiegel von nur 29 Gramm Gewicht, auf Spitzen schwingend, angewendet. 
Da die Nadel zum Umlegen eingerichtet ist, so kann die Kollimation des 
Spiegels jedeneit ermittelt, beziehungsweise eliminirt werden. Fur den Gebrauch 
auf einer Expedition, wie der bevorstehenden Dr. NANSEN'S, kann man nur 
von der Anwendung einer Spitzen-Aufhbgung Molg erwarten ; Coconfaden 
werden f i r  einen solchen Zweck nie genugen kbnnen, es sei denn, dass es 
sich um die Beobachtung von Schwingungsdauern handelt. Wichtig ist es 
bei dem Gebrauche von Spitzen, dass der Beobachter unablbsig das korrekte 
Funktioniren derselben beobachtet, eine schadhaft gewordene Spitze durch eine 
andere ersetzt, oder zu repariren vermag. Zu diesem Behufe ist ein Spitzen- 
Schtkfungs-Apparat, aber dessen Gebrauch sich der Beobachter genauestens 
zu informieren hat, der Expedition mitgegeben. Es kann die magnetische 
Deklination mit diesem Apparate in absoluter Weise bestimmt werden. 

5. Die mqpd&& IddWliors  wird mit einern, dem Gehliuse des 
Fox'schen Apparates &nlichen in relativer Weise bestimmt. Da ntlmlich die 
Nadeln dieses Theiles des Apparates auch zu IntensiUrts-Bestimmungen be- 
nutzt werden mtissen, so darfen dieselben unter keinen U m s b d e n  umrnag- 
netisirt werden. Man hat also an  einem Orte, an welchem die Inklination 
genau bekannt ist, den Indexfehler einer Nadel zu bestimmen und bei der 
Ableitung des Endresultates in Rechnung zu ziehen. Zu empfehlen ist es 
auch, ausser den i ,,Wild's Anleitung zu magnetischen Beobachtungen' ge- 

gebenen Winken' olber die Bestimmung der Inklination - abgesehen von 
der Urnmagnetisirung - noch die Methode der Beobachtung in gleichen 
Intervallen, wodurch die Lage des magnetischen Meridians eliminirt wird, zur 
Anwendung zu bringena. 

6. Die Beethmamg der e r d m c J c e n  Kraft bietet in den von der 
Expedition zu bereisenden Gegenden ganz erhebliche Schwierigkeiten. Wenn 
die Expedition - wie man hoffen muss - ihren Plan, von der s ibirkhen 

1 Siehe Dr. N J S U M A ~ :  .Anleitung zu wissenschattliohea Beobschtungen auf Reisen"; 
Bd.Lse i teBocu.& 

* Siehe &r Eompase an Bod", Site  44 u. ff. 



4 AKSEL s. STUN. TERRESTRIAL MAGNETISM. [NORW. POL. EXP. 

K b t e  Uber den Pol nach der Franklin-Bay durchzudringen, zu realisiren 
vermag, so wird die horizontale Komponente bis zu 0.36 der Gmss’schen 
Einheit abnehmen, wodurch die Schwierigkeit der Bestimmung derselben 
erheblich erhsht wird. Es muss aus diesem Grunde Bedacht darauf ge- 
nommen werden, die Totalintensitat bestimmen zu kbnnen, so dass man 
jederzeit die Horizontal-Komponente oder die Totalkraft zu bestimmen vermag. 
Fur den lefzten Zweck bietet der Fox’sche Apparat die beste Gewahr. Denn 
wenn auch zugegeben werden muss, dass an  Bord dieser Apparat wegen der 
anzubringenden Deviationen nicht fur alle Falle geniigen kann, so ist doch 
auf dem Eise jederzeit mit demselben - sei es unter Anwendung der car- 
danischen Aufhangung, oder bei fester Aufstellung - ein gutes Resultat zu 
erlangen; vorausgesetzt, dass die Untersuchung desselhen an einer Basis- 
Station entsprechend ausgefuhrt worden ist. Es wird daher von der Vor- 
aussetzung auszugehen sein, dass - wenn immer es moglich ist - die 
Horizontal-Komponente mittels Ablenkungen und Schwingungen bestimmt 
und mit ihr zugleich die Totalkraft mittels Deflektoren ermittelt wird. Beide 
Manipulationen lassen sich mit Leichtigkeit in kurzer Zeit selbst unter den 
schwierigen Verhtiltnissen, wie sie bei einer Expedition von der Art der 
bevorstehenden nicht selten eintreten werden, aushhren. Letzteres gilt be- 
sonders for die Ermittelung der Horizontal-Komponente mittels Ablenkung 
allein, zu welchem Zwecke die Enffernung des ablenkenden Magnets - wie 
wir spater sehen werden - eine den Verhliltnissen entsprechende fest be- 
stimmte sein muss. 

7. Da es haufig nicht moglich sein durfte, die genaue Einstellung der 
freien Nadel rnit Spiegel und Telescop zu bewirken, so ist durch ent- 
sprechende Marken auf dem Gehtluse des Deklinations-Apparates darauf 
Bedacht genommen, dass die Einstellung rnit freiem Auge rnit einiger Sicher. 
heit bewirkt werden kann. Es sind dem Apparate in einem Etui zwei Naddn 
beigegeben, welche zur Bestimmung der Lage des magnetischen Meridians in 
Ermangelung besserer Gelegenheit benutzt werden ksnnen. Dass die Kolli- 
mation dieser Nadeln, da sie nicht umgelegt werden k6nnen. durch Ver- 
gleichen rnit der umlegbaren Deklinationsnadel zu ermitteln ist, bedarf wohl 
kaum erst der Erwthnung. 

8. Es wurde bei der Anfertigung des NmaYER-Fox’schen Apparates 
die griisste Sorgfalt darauf verwendet, dass des zur Anwendung gelangende 
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Material vollkommen eisenfrei war. In dem magnetischen Pavillon der 
Deutschen Seewarte wurde behufs der Untersuchung auf Eisenfreiheit eines 
@en SMckes Metall ein magnetisches Variometer aufgestellt, mittels dessen 
leicht und rasch die Untersuchung ausgehhrt werden konnte. Die nacht rw 
liche grtkndliche P d u n g  des fertiggestellten Apparates hat denn auch er- 
geben, dass derselbe in der bezeichneten Hinsicht als vollkommen einwurfsfrei 
anzusehen ist. 

9. Bevor an die Bestimmung der Konstanten des Apparates geschritten 
wurde, ist wtlhrend einer Reihe von Tagen eine eingehende Untersuchung 
desselben ausgefuhrt worden, bei welcher Gelegenheit Herr Lieutenant SCOTT- 
HANSEN, Mitglied der Expedition, zugegen war und sich unter Leitung des 
Dr. NEUMAYER an den Untersuchungen betheiligte. Die letzteren wurden in 
dem magnetischen Pavilion an der Nordost-Seite des Dienstgebtiudes der See- 
wade und in dessen N&e nusgefuhrt. Erst nachdem diese Untersuchungen 
beendet und mannigfache Vertinderungen an dem Apparate bewirkt worden 
waren, schj t t  man zur Bestimmung der Konstanten des Apparates im 
Kompass-Observatorium der Deutschen Seewarte. Diese letzteren Unter- 
suchungen wurden in der Zeit vom 3. bis 9. Juni 1893 von dem Direktor 
der Seewarte und H e m  Lieutenant SCOTT-HANSEN von der Expedition aus- 
gefahrt. 

10. Es ist nur gerecht und den Verhliltnissen entsprechend zu konsta- 
then, dass - bevor die Konstruktion des Apparates in Angriff genomnien 
worden ist - ein Versuchs-Apparat konstruiert wurde; erst nachdem die 
Beobachtungen mittels desselben entsprachen, entschied man sich fur den 
Plan, welcher bei Herstellung des NaNsEN’schen Apparates zu befolgen war. 
Der leitende Gesichtspunkt dabei war, die Beobachtungen so rasch als miiglich 
ausfuhren zu klinnen, ohne die Zuverlbuigkeit derselben zu geftlhrden. Zu 
einem Urtheile dartiber konnte man aber begreiflicherweise erst auf dem 
Wege des Experiments gelangen, daher denn auch das so eben geschilderte 
Verfahren eingeschlagen wurde.” 

As indicated in the above-quoted extract from Dr. NEUMAYER’S manuscript, 
the magnetic apparatus E. A. ZSCHAU No. 289, employed during the expe- 
dition, was a combination of the well-known NEmAYER-Declinatorium l and 

* Handbuoh der nautischen lnstrumeate. Zweite Auflagc. Berlin, 1890, p. WE 
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a Fox apparatus1 for the determination of inclination and intensity, accom- 
panied by A vibration-box with suspension-tube for observations of vibration. 
On the alhidade of the horizontal circle of the declinatorium, a horizontal 
brass rod is fixed on each side, for the application of the vibrating magnet 
as deflector. 

The apparatus is thus adapted for the observation of declination, hori- 
zontal intensity, inclination and total intensity. The horizontal circle is fur- 
nished with two verniers, which allow of direct reading to 0.5'; increasing 
readings correspond to increasing easterly declination. 

As already mentioned, the constants of the apparatus were determined 
in Hamburg, before its despatch, by a series of observations taken between 
the 3rd and the 9th June, 1893, in the Compass observatory of the 'Deutsche 
Seewarte' by Dr. NFXTMAYER and Captain SCOTT-HANSEN together. Six months 
after the return of the expedition, between the 2nd and 7th March, 1897, a 
new set of constant-determinations was made by Captain SCOTT-HANSEN at 
the same place; but as electricity had been introduced on the neighbouring 
tram-line in the mean time, the value of the results of these observations is 
somewhat doubtful. For the sake of certainty, therefore, the instrument was 
taken to the Imperial Marine Observatory a t  Wilhelmshaven, where the 
observatory assistant, Herr E. STUCK made R number of observations betwoen 
the 17th and 20th April, 1897. These observations show that the constants 
of the apparatus were in the main unchanged from what they had been four 
years before. 

The thermometers belonging to the apparatus were tested during the 
expedition for the position of their zero, and occasionally also, for other 
temperatures, compared with the other verified thermometers of the expedition, 
some of which also were employed in the magnetic observations. All the 
temperatures quoted in this paper we given in centigrade degrees, and cor- 
rected for the error of the instrument; and they may be presumed to be 
correct to within 0.10 or 0 2 0  C. 

An ordinary anchor escapement watch by Haagensen was generally used 
in making the magnetic observations, and was constantly compared with the 
standard watch of the expedition, the Hohwu chronometer. In determining the 

time of oscillation of the magnetic needle, a Frodsham chronometer was 

1 Handbuch der nautischen Instrumente. Zweite Auilage. Berlin, Is90, p. 95'5. 
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employed in addition to the above-named watches. The error and rate of 

the watches used have been kindly communicated to me by Professor GEEL- 
-EN who has also given me a table of the latitude and longitude of the 
places on the route where the magnetic observations were taken. In every 
m e  the hour is given according to local time, and to the nearest whole 
minute. 

After a few preliminary determinations of the terrestrial magnetic elements 
on the north coast of Siberia, in the beginning of August, 1893, the regular 
magnetic observations made during the drift in the ice, were commenced on 

October 7th, 1893, and were continued until July 8th, 1896. During this 
period, which comprises 33 months, magnetic observations were taken on 194 
different days, thus on an average every 5th day. As will be seen from the 
following tables, however, the observations fall somewhat irregularly, more 
than a month occasionally elapsing between two determinations, e. g. from 

December 12th, 1893, to January B r d ,  1894, from January 19th to March 
5th, 1895, and from May 24th to July 2nd, 1895, while a t  other times the 
observations were made on several successive days. The three above- 
mentioned periods of cessation in the work of magnetic observation were due 
to the following circumstances. On the 26th November, 1893, the appa- 
ratus was accidentally upset, as it stood upon its stand on deck. The 
pivot of the horizontal circle was thereby bent a little, and it was not until 
the middle of January, 1894, after repeated attempts to take out the pivot 
and place tin foil under it, that everything was brought into such constant 
order again, that the observations could be continued without any further 
fear of any inconvenience from the above-named accident. 

From the end of January and all through February, 1895, it was the 
preparations for Dr. NANSEN and JOUSEN’S sledge-expedition, and in June, 
1895, pendulum observations, and sharing in the work of fitting out the 
kajaks, e tc ,  that prevented SCOTT-HANSEN from making magnetic observations. 

On the 4th October, 1893, the work of setting up a tent on the ice was 
completed, and the magnetic observations were made in it; but no later than 
the 11th October, the instrument had to be taken on board on account of 
movement in the ice; and on the 15th, the tent also had to be brought on 
board, as the ship was getting under way in readiness for pushing farther 
northwards. The ice, however, did not relax, so the Fram remained where 
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she was, and the following day, the 16th October, an  inclination determi- 
nation was taken out on the ice under the open sky. On account of the 
screwing, the tent could not be put up again until February loth, 1894, and 
therefore all magnetic observations in the interval were made under the open 
sky on the ice, a t  a distance of about 80 metres from the ship. After this 
the tent was used from the 10th February until the 9th November, 1894, when 
the apparatus was transported into a snow hut erected for the purpose, and 
situated on the port side, about 100 paces from the vessel. In June, 1895, 
the tent was again taken into use to escape from the effect of the  sun'^ 
rays. Later on - September 26th, 1895 - a new observatory was erected, 
this time of blocks of ice, on the starboard side of the ship, a t  a distance of 
135 paces straight out from her. On June a n d ,  1896, this ice observatory 
fell down, and the last two series of observations, the 7th and 8th July, 
1896, were therefore taken under the open sky. The distance of the obser- 
vation-place from the ship was always so great that its iron could not be 
supposed to have exerted any disturbing influence upon the magnets of the 
apparatus. 

From the 12th January to June, 1895, an ice house, erected between 
the vessel and the magnetic snow hut, was employed as a smithy; the 
distance between the outer walls of the ice house and the snow hut was 
55 paces. There wa$ a forge in the smithy and an anvil, and now and then 
there were other iron things, but never in large quantities, as the store of 
materials was always on board, and only what was being worked upon was 
taken to the smithy. It may therefore be assumed that also the proximity 
of the smithy had no disturbing effect upon the magnetic observations. 

The wooden stand belonging to the apparatus was employed as a pedestal 
for the magnetic instrument until the ice observatory was taken into use on 
September 26th, 1895. The vibration-box, however, was placed, until May 
Uth,  1895, upon a stone slab frozen into the ice. The Cardan suspending 
apparatus of the stand with counter-balance was of course not employed, 
but was kept screwed fast all the time. The stand was therefore quite 
firm, as the points oi its legs rested immediately on the ice. It some- 
times happened, however, that the effect of the sun was so great, that 
the ice melted a little, so that the stand became a little oblique. This was 
overcome by placing pieces of board under the legs. When the ice obser- 

- - .~ 
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vatory was completed, an ice pillar was introduced into it, 1.4 metres 
high; and on the top of the pillar a block of wood was frozen fast, and the 

instrument screwed to it. 
As a defence against bears during the taking of observations, a weapon 

was always at hand, generally a revolver, which was either stuck vertically 
into a hole in the ice between the legs of the stand, perpendicularly below 

the centre of the instrument, or lay horizontally in the same place with its 
butt-end pointing westwards. Several observations were made with the re- 
volver in various positions, without any proof being obtained of any decided 
influence on the readings. When the ice observatory was taken into use, 
the revolver was laid 011 the ice lo  the north, at a distance of 3 metres from 

the instrument, on a level with the foot of the pillar, and, as before, with 
the butt-end towards the west. When Lielit. SCOTT-HANSEN had a different 
weapon with him, it lay 011 the ice a t  a distance of about 30 or 40 paces 

from the instrument. 

2 



B. DECLINATION. 

The determination of the magnetic declination was made by the aid of 
two declination needles belonging to the apparatus, and furnished with mirrors, 
in a manner similar to that with an ordinary NEUMAYER-Declinatorium. After 
the instrument had been duly levelled, the telescope was pointed first at a 
mark, with subsequent reading of both verniers of the horizontal circle; and 
then a coincidence was effected, during the constant employment of the ivory 
disc, between the wire of the telescope and its reflected image in the mirror 
of the declination needle. Froin October 20th, 1893, to February Bnd ,  1894, 
and on subsequent rare occasions, the telescope could not be used on account 
of fog, hoar-frost or unfavorable conditions of light. ?'he setting was then 
done with the naked eye, a vertical line introduced in the middle of the 
glass of the magnet box, being employe das wire. The pin on which the de- 

clination needle rested, was renewed several times, as there was a reserve 
supply of pins, and also a special apparatus sent with the instrument, for 
grinding arid polishing the point of the pin, if any injury should befall it. 

THE NEEDLES. 

THE DOUBLE DECLINATION NEEDLE. 

The needle intended for the declination observations proper, was a double 
one, that is to say, it consisted of two laminae, between which the mirror was 
fired. Its weight was ouly 29.05 grammes, and as it \\'as made to reverse, 
there was always an opportunity of determining, or eventually eliminating, 
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its error of collimation. Its two positions, which, during the observations, 
were noted by the expressions ,,Skr. op" (Heads of the screws up) and ,,Skr. 
ned" (Heads of the screws down) will be indicated in the following pages by 
P, and P, respectively. 

By the determination of the constants of the instrument in Hamburg, 
in 1893, the needle's total error of collimation (niirror and magnetic axis) was 
found to equal & 30.!", so that the correction - 30.90' would be employed 
for readings in the position P,, wich gave too great an east declination, 
and +30.90' for readings in position P,,  which gave too small an east 

declination. 
After the return of the expedition, a value of k 37.74' for the error of 

collimation was deduced by the observations in Wilhelmshaven, in 1897. It 
appears from this that the Ibosition of the mirror, and the direction of the 
magnetic axis of lhe needle, have remained relatively almost unchanged; and 
thus the following constant correction of the error of collimation may be em- 
ployed for all the observations made with this needle during the expedition: 

There is also, however, a considerable amount of material for the veri- 
fication of the error of collimation by the aid of these very series of observations 
made during the expedition; and I have tried to utilise this material in the 
following manner. The observations of the declination were generally made by 
taking a longer or shorter series of readings with the needle alternately in 
position PI, and in position Pa. The hour was rioted by the watch to tenths 
of a minute; and after each reading, if the needle was not specially restless, 
there was an interval of only a few minutes for reversing and resetting. 

If the readings in the two positions of the needle, P, and P, are called 

respectively 

a, a, a3 . . . . . ccr 
and b, b, b, . . . . . b". 

and the corresponding times by the watch, 



12 AKSEL s. STEEN. TERRESTRIAL MAGNETISM. [NORW. POL. EXP. 

then approximately, provided the intervals are of about equal length, 

and the circle readings 

may be considered to be simultaneous for both positions of the needle. For 

each such combination, a value is obtained for. the error of collimation, 
2(r. -1) values in all. If these values be indicated by cI, c, ,  c,, etc. 
we have 

a1 ~- + a, b, 
- 2 - - 

2 Cl 

and the mean error of collimation 

c, + c, + c, + . . . . . . + C * ( l l - - 1 )  

2(n -I)  c =  

By this formula I have calcrilated the error of collimation from the series 

of observations (noted when the disturbance was not very great) for cases 
in which the difference in time 

was less than I minute. 
table. 

The results obtained are given in the following 



NO. 7.1 DECLINATION. 13 

Date 

1693. Aug. 1 
8 

Oct. 7 
14 
18 
30 

Nov. 9 
17 
18 
21 
25 

Dee. 12 
1894. Jan. 23 

Febr. 14 
17 
22 
21 

March 6 
21 
23 
30 
31 

April 14 
16 

- 21 
26 
27 

May 5 
10 
11 
26 
31 

June 4 
I 

12 
13 
!El 

2a 
July 6 

11 

- 

- 
- 
- 

- 
- 
- 
- 

- 
- 
- 

- 
- 
- 
- 

- 

- 
- 

- 
- 
- 
- 

- 
- 
- 
- 
- 

n 

- 

- 
- 

n 

- 
C - 

f m  
30.0 
35.9 
34.5 
36.9 
32.8 
27.9 
330 
329 
28.3 
B 9  
5 7  
31.6 
32.6 
26.5 
343 
39.4 
!&.s 
34.8 
34.4 
22.2 
39’9 
236 
W8 
26.5 
23.8 
24.8 
2 5  I 
21.1 
256 
2 3  1 
32 1 
2&9 
21.7 

[ 1681 
29.9 
31.3 
31.4 

21.4 
23.8 
%?3 

w 7 1  

- 

Error of Collimation. 

Dute 

1894. July 14 
25 
28 

Aug. 3 
15 
18 

5 
21 
24 

act. $N 
27 

Nov. 10 
24 
n 

Dee. 6 
I 

14 
15 
19 
21 

1895. Jan. 12 
- 17 

18 
March 6 

7 
10 

April 5 
6 

-_ ?A) 
22 

May 9 
11 
22 
24 

July 3 
5 

12 
13 
26 

Aug. 2 
2.3 

- 
- 

- 
- 

Sept. 4 
- 
- 
- 

- 

- 
- 

- 
- 
- 
- 
- 

. .  

- 
- 

- 

- 

- 
_ _  
- 

- 
- 
- 
- 

- 

Dnte 

1895. Sept. 6 
7 

- 21 
28 

act. 3 
- 4  

14 
17 

- 2.4. 
25 

Nov. 8 
9 
BJ 
2.2 

- 30 
Dee. 5 

I 
12 

18%. Jan. 4 
- 10 

18 
“28 
29 

Feh.  4 
5 

13 
25 

March 6 
7 

19 
April 9 

20 
21 

May 8 
June 3 

18 
- 19 

July 8 

- 

- 

- 
- 

- 

- 
- 
- 

- 
- 

- 
- 
- 

- 
- 
- 

- 
- 

- 
- 

-. 

C 

f 23.5 
253 
2 3  1 
29.5 
3@5 
w41 
303 
FJ8 
31.4 
39.3 
34.0 
339 
308 
38% 
36.0 
36.2 
37Q 
343 
345 
31’4 
ts.4 
33.2 
40.0 
338 
31.9 

l41.71 
[4@331 
[4+2] 
~ 3 1  
“mo 
28.1 
30.4 
28.9 
329 
29.2 
33.6 
28.6 
394 

Mean k3W1 
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It will be seen from this table, which contains 122 different determinations, 
that the values found vary from & 44..4' to & 11*6', without its being possible 
to find any decided change with time, if thc values are plotted graphically. 
W e  may therefore certainly assume that the error of collimation has in re- 
ality remained constant all the time, and its most probable value will thus 
he the mean of the 122 determinations, i. e. f 301', which accords fairly 
well with the value found in Hamburg in 1893. If we omit from the table 
all the values whose difference from the mean is greater than k IO', and 
which are indicated by brackets [ 1, this has no effect upon the result, as the 
mean remains the same, & 30.1'; and if  the values obtained by the deter- 
minations in Hamburg in 1893, and in Wilhelmshaven in 1897, be added, 
f 30.9' and & 37.7' respectively, the mean still remains unchanged. I have 
therefore deemed it advisable to take this mean, & 30.1', as the constant value 
of the error of collimation. The sometimes great deviation shown by a few 
of the figures in the table, may be easily explained by the nlohility of the 
needle owing to the low force of direction, and the magnetic disturbance which 
constantly prevails in the polar regions. Captain SCOTT-HANSEN has informed 
me that the needle was always oscillating more or less widely and quickly; 
and if we moreover consider that the needle WAS not suspended by a thread, 
but rested upon a pivot, the results here given may well be deemed as satis- 
factory as it was possible, under the circunistances, to have them. 

THE SMALL NEEDLE. 

In the passage from point 7 in Dr. NEUMAYEH'S manuscript quoted in 
the introduction, a u s e  is mentioned containiiig two reserve needles for de- 
clination observations. Only one such rieedle accompanied the apparatus, and 
it was moreover intended more especiallv t.o act as the deflected magnet in 
deflection observations for the determination of the horizontal intensity. This 
needle is a little shorter than the declination needle proper, having a length 
of 70 mm.; and it weighs 21.2 grammes. As it cannot be reversed, its error 
of collimation was found during the determination of constants in Hamburg 
in 1893, by several series of comparative observations with this and the true 
declination needle (double needle), the result heing that a declination deter- 
mination with the small needle gave n declination that was 8.6' more easterly 
than the true one. A correction of - 86' must therefore be added to all 
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readings with this needle, as increasing numbers on the horizontal circle cor- 
respond to increasing east declination. There has been no subsequent veri- 
fication of this determination, and I have therefore been obliged to take 
- 8.6' all through as the constant value of the small needle's error of collimation. 
In these pages, the small needle will be indicated by L. 

THE MARK.  

AI1 through the time that the vessel was drifting with the ice, the mark 
used was the objective of the astronomical altazimuth instrument, which was 
set up on the ice a t  some distance, or, after the 26th Sept. 1895, when the 
ice observatory was taken into use, its pillar. As already mentioned, the 
setting at the mark was always the first step to be taken after the instrument 
was levelled, whereupon followed a longer or shorter series of settings of the 
magnetic needle, and finally a sight was once more taken of the mark. In 
most cases, the first and last mark-readings agree within less than 1'; but. 
sometimes i t  happened that the relative position of the two instrunients changed 
somewhat during the observation, either because of the movement in the ice, 
or when the sun had acted up011 the ice under the legs of the stand, so that 
they had been a little displaced. Captain SCOTT-HANSEN was always observant 
of this, however, and in such circum! 
settings a t  the mark. 

THE A Z  

ances often made supplementary test- 

MUTH. 

The azimuth determinations necessary for the calculation of the absolute 
declination, were generally made with the astronomical altazimuth, the mag. 
netic apparatus serving as mark. In the accompanying figure (Fig. I), the 
relative position of the two instruments is shown. T is the centre of the 
magnetic apparatus, and U the centre of the astronomical altazimuth. The 
arrow N gives the direction of the astronomical meridian, and the arrow n 
the direction of the magnetic meridian. If the east declination be indicated 
by D, then, as will be seen from the figure, we have 

D = Y - - x .  
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If the reading (corrected for the needle’s error of collimation) on the 

magnetic apparatus, with the telescope directed towards the mirror of the 
declination needle, he ternied M, and the reading on the same apparatus, 
with [he telescope directed towards the mark (U) ,  m, the angle 

-. -- 
16 

upon the stability of the instrument, while the 

n 

/z 
?I 

\ 

i 
the data for the present observatiorls will be found. 

Fig. I. 

‘ S  

y=M--m.  
If, in the next place, the reading on 
the astronomical instrument, with 
the telescope directed towards a star 
s, be indicated by S, the reading 
with the telescope directed towards 
the mark (T) by C, and the azi- 
mutli of the star, calculated from 
N through E, by A.  the angle 

x=(S-  C ) -  A,  
and we obtain 

B = M + ( C . -  S + A ) - w  
(1) = M + B .  

Occnsiorially the azimuth deter- 

minations were made directly with 

the magnetic apparatus by obser- 
vation of the sun or a planet. In 
such a case, retaining the same 

signs as above (see Fig. 2), 
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T H E  OBSERVATIONS.  

In addition to the direct readings of the position of the free declination 
needle, the deflection observations taken for the determination of the Iiorizontal 
intensity, afford an opportunity for the calculation of the declination. The 

two magnets belonging to the apparatus, which are indicated hy the Roman 
numerals V and VI, were employed as deflectors a t  two distances marked ( H I  

the deflection-rod, E = 39.638 cm. and e = 29.840 cm. By the four known 
positions of the deflecting-magnet perpendicular to the deflected declination 

needle, the meridian position of the needle is obtained, in addition to the 
angle of deflection, as the mean of the four readings. These declination 
determinations, which are not isolated, as readings of the position of the free 
needle were always taken both before and after the observations for deflection, 

I have included and duly entered in the series of observations. 
The following list conlains in chronological order all the declination ob- 

servations taken during the expedition, with a statement of the manner in  
which they were mnde, and the addition of the hour of each single reading, 
by local time, to the nearest entire minute. In the column headed “Needle”, 
P,, P,, and L indicate that the observation was made respectively with the 
double declination needle in position PI,  or with the same needle in position 
P,, or with the small declination-magnet. In the column headed M, will be 
found the mean of the two vernier readings, corrected for the error of colli- 
molioii, for which, as  previously mentioned, the following values are employed : 

for PI -30.1‘ 
P, +30*1’ 

When the figure in  column M i s  the result of the calculation of deflection 
observations, a statement is added in the column “Needle” as to the kind of 

deflector that has been employed, and the distance. For instance, L .  V, in- 
dicates that the small declination needle has been used as deflected magnet 

together with deflector V at the shorter distance; P,.V&, that the double 
declination needle has been employed as deflected magnet together will1 de- 
flector I% a l  Ihe longer distance. ‘I’lie double needle, 8s will he nientioiretf 

n L -88.6‘ 

3 
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presently a t  greater length, was also employed as deflected magnet in 
intensity determinations instead of the small declination needle, as the mirror 
of the latter frequently gave an unsatisfactorily indistinct image of the 
telescope’s wire. 

All the settings at the mark done before and after the declination readings, 
are entered under the heading “Mark”, with figures that are the mean of 
the two vernier readings. When azimuth observations are taken with the 
nstronomical altazimuth, the value of the angle C - S + A  is given, and B 
calculated, the mean of the figures entered under the heading “Mark”, before 
arid after the declination readings, being employed as the value of m. If, on 
the other hand, direct azimuth determinations are made with the magnetic 
apparatus itself, only the angle A - 180” - S is specified. Lastly, in the 
column headed D, are placed the values of the absolute declination calculated 
according to formula (I) or (2), which mean may then approximately be re- 
garded a$ the mean east declination for that day, a t  the place indicated by 

latitude and longitude. 
As will be seen from the list, there is a consideraLle number of days 

in which the statement of the angle C - S + A, or A - 16W” - S, is wanting. 
On this account, i t  has also been impossible to calulate a value for the ab- 
solute declination. The reason of the omission is naturally that it has not 
always been possible to obtain an azimuth determination in immediate con- 
nection with the readings of the position of the declination needle. Nor is 
this necessary on terra firma, as, with a fixed mark, it is only needful now 
and again to check the azimuth of the mark by astronomical observations. 
This tiowever, it will be easily understood, is not sufficient when the instru- 
ments and mark are set up on drifting ice; for even if the same reading were 
obkilied several days running, by setting a t  the mark, as the list shows was 
not unfrequently the case during the Fram expedition, there is no guarantee 
that the very floe on which the instruments are set up, has not shifted a 

little, thus causing the connecting-line between the declinatorium and the mark 
(the astronomical altazimuth) to change its azimuth. 

I have thought that in addition to their utilisation in the determination 
of the double needle’s error of collimation, these imperfect declination obser- 
vations might l e  employed in judging of the daily variations of the declination 
iieedle, a d  I have therefore represented all the observations graphically on 

- .- 
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PI. I-XVII. In the case of every series of observations, I have placed the 
deviations from the lowest value of the day in column D, or in column M, 
as ordinates according to the s a l e  lo= 10 mm., so that every niillimetre is 
equal to 6‘, while the hours are marked as abscissee according to the scale 
1” = 10 m.m. As the observations were only taken in the daytime, the time- 
scale extends only from 9 a. m. to 9 p. m. 
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OBSERVATIONS OF DECLINATION. 

1. 1893. August 1. Khaharova. 
Mark - an indentation in the mountain 
on the east coast of Yugor Schar. 

Lat. N. 69" 41' 
Long. E. 60" 20' 

Mark: 18" 496' 

Local time Needlt. M 
11 m 

3 l op .  m. PI 137" 27.0' 
17 p, 27.9 
24 PI W1 
al p, 28.7 
39 PI 279 
50 Po 26.7 

4 3  L W 8  
I5 L.VI, 31.6 
35 L.VIE 31.2 
47 L 32.5 

After thr  observation the mark WHS 

hidden by the mist. 

2. 1893. August 8. On a groun- 
ded ice-floe, to which the F r a m  was moored. 
Place of observation about 100 metres from 
the ship. The fixed mark on the shore 
was not very distinct. 

Lat. N. 60" 54' 
Long. E. 66" 43' 

A - 180" - S =  - 196" 399' 

bfark:  69" 5 2 5  

Local time Needle M D 
A m  

7 1p.m.  PI 217" P2 '  20" W3'E 
10 p* 5 3  2.94 
14 PI 5 9  26.0 
20 p, 7.7 W8 
27 PI &5 28% 
35 Po 9 2  29.3 

8 1  L 8 1  282 
19 L.Vl, 125 32.6 

Mean %In D 9 ' E  
Mark: 69' 524' 

3. 1893. October  7. In the tent 
on the ice. 

Lat. N. 78" 25' 
Long. E. 136" 2' 

Mark: 139" 00' 

Local time Needle M 
h m 

3 12 p. m. PI 219" 2.7' 
P2 Pr 218 %5 

PI 219 30 33 
54 p, 6 9  

29 p2 124 
4 8  PI 1'9 

Mark: 138" 592' 

4. 1893. October  10. In the tent 
on the icc.. Ice to sonie extent in motion, 
so that the azimuth-observations could not 
br  talien. Thr determination of the hori- 
zontal iiitensity \vas attempted by defler- 
tions with thc double needle as deflected 
mngnet. Thv ileedlc disturbed. 

Lat. N. 78" 10 
Long. E. 136" 2' 

Mark: 230" l f i l '  

Local time Needle M 
h m  

10 56 a.m. 
11 28 

59 
12 21 p. m. 
1 9  

32 
2 3  

34 

PI 266" 12.7' 
Po 265 47.7 
PI m a 5  

PI. V, 48'7 
PI 1.5 

P l . V I ~  189 
p* 3 7  

PI * VE 529 

Mark: ? 

During the observations, a revolver, 
taken as a defence against bears, was 
stuck vertically into a hole in the ice just  
heneath the instrument. No deviation in 
the position of the free needle WIW ob- 
served, whether the revolver was there, or 
whether i t  was removed. 



5. 1893. October 14. Revolver 
in the Same place as before. Thick, damp 
mist, so thtit the telescope could not be 
used; all pointings were therefore made 
by the aid of the line on the window af 
the magnet-box. 

Let. N. 78" 15' 
Long. E. 136" 1' 

Mark: 357" 81' 

Localtime Needlc M 

12 23 p. m. Pl 319" 165' 

59 P,.V, 318 54.5 

h ni 

32 PY 4?) 

1 $6 Po 581 
40 Pl 319 3.9 

Mark: &57" 7 3  

6. 1893. October 18. On tlw ice, 
115 paces from the vessel. Hoar-frost all 
over tlie instrument, so that the telescope 
could not be used. 

Lat. N. 78" 19' 
Long. E. 1%" 15' 

A-l&l)"--S=-2$Jy56'1' 

Xark: 966" 47.5' 

Local time Needle M D 

11 2a.m.  Pl '2%" 16.4 14" W3'E 

a P I  9 7  136 
e8 pe 7'8 11.7 

40 Pa 294 334 13 37.3 
46 PI 57-8 14 1.1 
52 p, 3% 13 38.7 

h ni 

7 p* 193 23.2 

34 P I  186 1.5 

Meon 14" 60'E 

Mark: 266" 44'5' 

Thc ninrk scarrely visible OH account 
of the misL 

7. 1893. October 20. 11.5 paces 
froni thv vessel. Telescape could not he 
used on account of the mist and Iionr-frosl. 
No azimuth. 

Lat. N. 78" 19' 
Long. E. 136" 5' 

Mark: 178" 19' 

Local time Needle Y 

11 31a.m. Pl 54" 81' 

3 L 15.4 
12 %!)p.m. L.V, %I 
1 4  L 26.1 

h ni 

k2 p, 109 

Xark: 17Uc 403' 

3 0p .m.  L 54 51.4 
21 L . V ,  48.3 
43 L 563 

Xark: 178" 385' 

8. 1893. October 30. 

Lnt. N. 78" 135' 
Long. E. 135' 28 

C -. S +- A = 145" 419 
m =  99" 36.w 
B =  6" 7.3' 

Mark: !IS" 34%' 

Lociil time Needle M u 

Mark: 99" 34%' 

329" 7.4' 
3.7 

17.4 
3 7  
3 4  

1&3 
26.4 
12'8 

Mean 

14" 147, E 
11% 
24.7 
11.0 
107 
23% 
33.7 
201 

14" 187' E 
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9. 1893. November 3. 

Lat. N. 78" 1' 
Long. E. 134" 57' 

Mark: 316" 44%' 

Local time 

11 3 1 a m .  

12 9p. m. 

h m  

44 

43 
59 

1 5  
16 

Needle 111 

PI 2001" 9?@9?' 
p2 410.3 

L. v* 59.3 
L.  v, 4Q.3 
L 1.7 
P, WW, 51.4 
p* 50.1 

Mark: 316" 469' 

10. 1893. November 9. 

Lat. N. 77'51.' 
Long. E. 137" 52 

Mark: %No W5' 

Localthe Needle M 

11 46a.m. Pl 270" 46.4' 
54 PP 48.1 

12 14p.m. P 2 . V ~  
58 PP * V* 43.3 

1%)  P, 271 04 
31 r, 270 54.0 

h m  

Mark: m"25.5' 

11. 1893. November 17. 

Lat. N. 78" 25' 
Long. E. 139" 16' 

Mark: 985" 39' 

Local time 

12 45 p. m. 
h m  

54 
1 4  

11 
18 
29 

Needle M D 

pl 356" 21% 13" W7'E 
p, XY9 14 6 9  
Pl 369 11'3 

31.7 13 W8 
319, 14 6'3 

p2 
Pl 
p9 34.3 9 4  

Mean 14" 44'E 

Mark: 285" 80' 

12. 1893, November 18. 

Lat. N. 78" 25' 
Long. E. 139" 16' 

Mark: 289" 4-33 

Local time 

12 9p .m.  
it m 

16 
33 
37 
56 

1 14 
w, 
%3 
35 

Needle 

p2 

Pl 
L 
L 
L.V* 

L 
L 
PI 
p* 

Mark: 989" 40.1' 

Y 

0" 18'7' 
93-94 
MY2 
45.8 
51'8 
472 
495 
18.5 
18'7 
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15. 1893. December 12. I 13. 1893. November 21. 

Lat. N. 78" 24' 
Long. E. 139" 18' 

C - S + A = 3 0 9 "  m4'  
m= 115" %9 
B=194" 75' 

Mark: 115" 25%' 

Localtime Needle M 

12 mp. m. PI 1w)" 195' 

45 PI 148 
52 P" 127 

I 1  PI 179 575 

A m  

37 p* 148 

I )  Py 180 5 9  
Mean 

MQrk: 115" 969' 

D 

14" 27.o' E 
22.3 
W 8  
20.2 
50 

125 
14" I8P'E 

14. 1893. November 25. 

LaL N. 78" 37' 
Long. E. 139' 4 

Mark: 352" W8' 

Local time Needle 

10 59a.m. PI 
I1 5 P Y  

17 L 
85 L. v, 

I2 9p.m. L.VB 
5% L 
35 p* 
41 Pl 

It m 

Mark: 352" 41.6 

M 

58" 30.1' 
163 

.59 31.4 
159 
133 

58 597 
56 &6 

931) 

Lat. N. 79" 7' 
Long. E. 137" 40' 

C - - S + A =  116" 0.8 
m =  'Bo 1 0 6  
B=--147" 9%' 

Mark: 263" 1075 

Local time Needle M 

11 54 a. m. Pl 164" 57.7' 
12 1 p.m. Pp 165 0 9  

k m 

8 PI I64 57.2 
15 P* 165 3.4 
22 PI I64 57.2 
27 P* IC6 218 
35 Pl 10.1 
40 P Y  '3-8 

Mean 

D 

17" 419  E 
w 4  
47.4 
536 
47.4 

18 11.8 
0.3 
0.0 

17" W 8 E  

Mark: 953" 105' 

16. 1894. January 23. 

Lat. N. 79" W 
Long. E. 135" 32' 

Mark: 233" 9%' 

Localtime Needle A2 D 
h m  
245p .m.  PI 153'391' B " W 4 E  

56 P I  139 319 
50 p* 237 439 

3 0  p, 15.6 32.9 
8 Pl e7.4 44.7 

13 PP 151 32.4 
18 p* 11.4 !288 

Mean 83" B 5 ' E  

Mark: 2%" 9.5' 
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17. 1894. February 14. 

Lot. N. 80" 0' 
Long. E. lay" 59 

C -  S + A =  98'134' 
m= 110" 46.3 
B = -  12'329' 

Mark: 110' 465' 

Mark: 110" 469' 

18. 1894. February 17. 

Lot. N. 80" 2' 
Long. E. 133' 4!V 

X a r k :  1-25' 39' 

Local tinw Nwdlt. M 

12 4r3 p. m. PI 45" 487' 
b nr 

59 PY 41 '7 
1 15 Py . 43 1 

31 p r  395 
37 Pl 31'6 

Murk: 125" :?5' 

19. 1894. February 22. 

Lat. N. EO" 10' 
Long. E. 133" 49' 

C - S +  A =  98' 21.3' 
m =  124'28.2' 
B = -  so 6 9  

Mark: 124" B 3 '  

Locnl time Needle 

11 41a.m. P, 
h ni 

48 p r  
51 PI 

12 2p. ni. P# 
16 L 
21 L 
31 L .  v, 

1 7  L. v, 
21 L 
25 L 
29 L 
32 L 
34 L 
40 p, 
44 PI 
47 p* 
52 p r  

57 PI 

dl D 

50" 34' 24" W 9 ' E  
W d  31.4 
574 50.5 
48.5 41.6 

51 17.7 25 108 
194 125 

50 41.7 5% 34.8 
51 148 25 7 9  
Fio 12.6 24 5-1 

48.0 41'1 
51 7 1  5 02 

!it0 24 55.1 
a 40.6 33.7 
49 51.3 23 444 

59.0 591 
494 a 5  

50 6.5 59.6 
7.6 24 1.1 
Mean 24" W7'E 

Mark: 124" 282' 

Telescope employed for the pointing 
of' the needle, except for the last two 
readings of the double needle, as it had 
alrc.ady become too dark. 

After February 22, 1894, the telescope. 
is always employed, when not stated other- 
wise. 
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20. 1894. February 27. 

Lnt. N. 80" 4' 
Long. E. 135" 2'7' 

M a r k :  59" 158' 

Local time Needle 
/I n 

le 5p.m. Po 
18 PI 

24 p* 
31 PI 
52 P1.VIE 

2 9 P1.V, 
33 P I  

48 P. 

1 .% Pl.vE 

M 

175" 95.6'') 
149 1) 

176 197 1) 

175 W 2  2) 

158 *) 
83 2) 

79 
174 W 5  

174 38'7 1) 

55 pi "29.4 
a PP 96.1 

3 3 PI 21.4 

M a r k :  52" 168' 

The needle still very difficult to point; 
it may be quite properly pointed, when i t  
suddenly begins to move, and then stops 
for a little in (i new position; and wlieii 
this is  gning to be read off, there is  fresh 
disturbance. 

21. 1894. March 0. 

Lat. N. 79" 51' 
Long. E. 135" 0 

A - 180" - S= - 158" 51.1' 

M a r k :  240" 8% 

Local time Needha M n 
h m  

1 1p .m.  P2 182" 7.9' 23" 168'E 

B p8 2-9 11.8 
35 P I  7.7 16% 
41 P8 181 53.9 98 

14 PI 133 922 

48 P, 182 164 95.3 
Mean 23" 159'E 

iuark: No &3' 

1) Tho needle much disturbed. 2, The 
needle noticeably quieter. 

22. 1894. March 21. 

Lat. N. 79" 48' 
Long. E. 135" 0' 

A ..- 1800 - S= - 980" 155' 

Mark: 4" 934' 

Local time Needle M 

11 %a.ni. PI 303" 522 

I 

h *,I 

x5 p* 565 
42 PI 329 
51 Po 24.7 
57 PI w 7  

12 6 p. 111. P, 269 
16 P, 33.3 

D 

Bo 36'7'E 
41.0 
17.4 
92 

132 
11'4 
17.8 

Lat. PU. 79" 49 
Long. E. 1%" 58' 

A -1E@"-S=-W" 15F 

Local time Needle M 
h m  
3 13p.m. P* 303" 28.9 
30 PI 137 
40 Pp m 54-4 
48 PI 303 07 

4 19 P1.V. 535 
5 a Pl.vE 4-2 
51 PI 302 90.7 

6 1  p* 94.4 
9 PI 303 46.2 
17 p* 35.9 

Mean 

D 

23' 13.4'E 
952 589 

36.9 
456 

23 3f3Q 
22 43.7 

52 
8-9 

23 30.7 
90.4 

22' W8'E 

M a r k :  4" B8 

The revolver lay. during the entire 
series of observations, horizontally upon 
the ice, below the instrument, across the 
magnetic meridian. 

Needle disturbed and difficult to point. 
4 
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23. 1894. March 23. 

Lot. N. 80" I' 
Long. E. 134" 41' 

c - S + A =  83" 30.0' 
m =  40 wi, 
B =  79" 49' 

.~ 

M a r k :  4" 9515' 

Local tinit. Necdle Y D 

5 40p.m. P, 303' 62' 22" 11.1'E 

56 P* 304 26.4 31.3 

h ni 

49 PI 67'8 83 2.7 

6 4  PI 303 7.2 22 12.1 
Mean 29" 443 E 

M a r k :  4" S I '  

The revolver ns usual. Needle much 
disturhed and difficult to point. 

24. 1894. March 30. New pin 

25. 1894. March 31. 

Lat. N. 80" 6' 
Long. E. 135" 0 

A - It@" - S= - 9 1 "  79'  

M a r k :  3" 31.0' 

Y D 

304" W 3 '  23" 184'E 
2559 182) 
239 16d) 

3% 4 9  57-0 
m 48.5 50.6 

405 3% 
47.9 400 
B 6  15'7 

:KE 6 7  58.8 
Mean 23" :*1'E 

M a r k :  3" 30-8' 

26. 1894. April 14. The instru. 
put in the box. ~ ment received n blow in the tent on 

' April 14, whicli bent the arm supporting 
Lnt. N. 80" 8' I the telescope urd Lhe counterpoise weight. 
Long. E. 13.5' 0' ! This is now repaired. Revolver as usiial. 

Ma&: 3" 305' 

Local time Needle M 
h ?it 

5 9p.m.  PI :M" 1-3 
15 1'* 23.7 

46 p* :Be3 

6 10 r* .w3 

21 PI 144 
37 p* 146 

51 p* 196 

M a r k :  3" 31.1' 

Lat. N. 80" I 2  
Loug. E. 133" 43' 

I M w k :  149" 47.3' 
1 
I Local time Needle 1 4 g p . n i .  PI 

1 6 2  

h m  

p* 
47 P B  

54 PI 

PI 
7 I'* 

; 17 p* 
i B  P, 

! 
i 

i 4 5  PI * VE 
I 5 11 PI. VIL 

i 13 I: 

i Mark: 149" 473' 

M 

41" W3 
42 6 4  
41 55.4 

87.9 
41.5 

49, 93 
41 593 

52.1 
92.4 
48% 
55.4 
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27. 1894. April 16. 

Lat. N. 80" 18' 
Long. E. 133" 5 

A -  1eO" - S =  - 21' 141' 

Mark: 113" 05' 

Localtime Needle Y D 
h m  
4 3 0 p . n ~  I', 46"*0 25'39-9'E 
36 p* 44.3 30-2 
44 Pl 47 96  55.5 
53 P, 46 44.1 30.0 

5 1  Pl 47 0 7 ' )  46-6 
11 P8 3 2  4 9  1 

Mean 5 "  419' E 

M a r k :  113" 0 9  

28. 1894. April 21. 

Lat. N. 80" 'W 
Long. E. 131" 8 

A - 1&)" - S =  -Bo W8 

Mark: 113" 1.0' 

Localtime Needle Y D 
h m  
4 41p.m. 1; 48' 11%' 25" MO'E 

57 p, 279 59.4 
5 10 1'1 17.7 &4 

223 p* W8 59% 
37 p1 31.1 56'3 

23 ps 977.0 521 

Mean 95" &%E 

M a r k :  113" 99 

The revolver was placed vertically In 
the ice with the butt-end up, alternately 
E and W of the stand. No difference wns 
observed in the readings. 

29. 1894. April 26. 

Lat. N. 80" 35' 
Long. E. 131" 2!3' 

A - 180" - S =  - 23" 141' 

M a r k :  114" 47.4' 

Local time Needle M D 

11 58a.m. Pa 50" 57'1' 27" 43<)'E 
h m  

12 5p.m. PI 30-9 16.8 

17 1'1 597 456 
10 r e  44.2 30.1 

30 I', 51 0 5  46.4 
38 r, 50 8.2 26 5P1 
46 P¶ 

40 r, 49 437 26 29.6 

13 PI 49 301 26 161 
23 p, 37'3 232 
30 Pl 33.4 193 

298 27 I 3 7  

3 %  P, 50 ,307 21 IC6 

7 0  Pa 48 468 5 3.27 

8 0  Pl 49 194 26 03 
4 p* 41-1 27 0 
9 p* 17'9 38 

13 Pl 34.3 w2 
Mean *E" 47.1' E 

M a r k :  114" 4.79, 

Needle very much disturbed. 

1) Needle much disturbed; oscillating 
about 30'. 
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30. 1894. April 27. 

Lat. N. 80'36' 
Long. E. 131" 40' 

M a r k :  114" 47.5' 

Local time Needle 211 

10 43a.m. P, 51" 136' 
52 PI 50 491 

11 0 P. 51 93 
4 Pl a 5 0  529 
6 PI 75 

10 Pl m 

h ni 

I2 9p. m. PI 50 2.7 
14 ps 6 3  
33 P,.VIE 29.7 

58 PI 49 54.5 

3 3  PI 50 222.8 

98 P,.Vg 53.3 
4 5  P, . v* 47.3 

31 PI 1' 1 

53 p* 6 9  

9 P, 49 51-3 

I Ps 3 197 

M a r k :  114" 47.8' 

Needle on the whole distrrrbed. 

31. 1894. May 5. 

Let. N. 80" 49  
Long. E. 130" 35' 

C - S + A =  64"W8' 
m= 86"12.7' 
B =  - 21" 459 

M a r k :  86" 14'8' 

Local time Needle M D 
h n  
4 0p.m. PI 50" 47.6' bo 1*7'E 

5 Po 
13 PI 
18 p* 

42 L.V* 
5 9 L.V, 

23 L 
!26 L 
31 Po 
35 PI 

740 p,  
44 PI 
49 p* 
56 PI 

26 L 
29 L 

389 98 53Q 
IO3 84'4 
W6 36.7 
397 53.8 
46.4 29 05 
269 28 419 

W5 28 42.6 
46.7 99 08 
w 4  28 595 
391 46.2 

536 99 9 7  
53.7 78 
50.0 4 1  
wo 28 44.1 

ma 29 29 

Mean 28" 531'E 
M a r k :  So 126' 

32. 1894. IMay 10. 

Lat. N. 8U" 54' 
Long. E. 130" .i' 

M a r k :  86' 12Q' 

Local time Needle 
h m  
4 9p.m. PI 

15 P8 
20 I ;  
97 p, 
37 L 
40 L 

5 12 L.V, 
6 17 L.V. 
50 L 
54 L 

7 1  f 
7 PI 

12 I'* 
19 Ul 
22 1'1 

M a r k :  86" 1 3 4  

Y 

48" a79 
49 4 3  

219 
9 6  
30.7 
998 
B-0 
104 
62 

19% 
l t 9  

48 49.1 
49 58 
480.8 

7.3 
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33. 1894. May 11. 

Lat. N. 80" 53' 
Long. E. IaO" 6 

C - S + A =  66'40.4' 
m= 86'134' 
B =  - 19" B O '  

Mark: 86" la5 

Local time Needle 

I1 29a.a. PI 
h m  

34 Pl 
41 P l  

45 PI 
49 PI 
55 ye 

Noon P Y  

1% PI 
16 PI 

19 PI 
94 PP 
z7 PY 

1 2  P l  

10 p, 
14 P l  

e 5 0  PI 
55 Ib 

3 1  PI 
5 p* 

4 2  PI 

17 PI 

19 4p.  m. I', 

le 56 p8 

355 ' 8  

7 ' 8  

M 

48" 42.3' 
49 24.1 

361 
8.7 

48 579 
49 96 

lo3 
12.8 

48 56.8 
4 9 2 9  

1 -4 
90.5 
30 

49 149 
oe 

48 48.7 
47Q 

48 190 
23.1 
28.1 
30-0 

49 38 
48 4438 

42.8 
36.0 

48m 
34.0 
49 
e6.8 
30-5 

I) 

!Bo 9 3 E  
51.1 

30 32 
29 W7 

249 
:it36 
37.3 
393 
23.8 
999 
28.4 
475 
57.0 

99 41Q 
27.9 
15.7 
140 

28 46.0 
50.1 
55.1 
579 

29 W8 
138 
98 
3-0 

S 56.8 
9 19 
28 319 

53% 
575 

Mean 29' 18Q'E 

Mark: 86' 133' 

34. 1894. May 22. 

Let. N. 81" 24' 
Long. E. 194" 38' 

Mark: 86" 145' 

L o d  time 

10 47 a. m. 
52 

11 I 
9 

19 
25 
36 

A3 
55 
5tl 

1 6  
11 
17 
20 

A m  

I2 10 p. In. 

Needle 

PI 
p* 
PI 
p* 
L 
L 

L . VIx 
L . V ,  
L . V .  

L 
L 
P I  

p* 
P l  

p* 

M 

69" 17'8' 1) 

63 3Q I) 

62 572 1) 

64 92.32) 
63 53 
62 498 3) 
632.9 
62 423 

32.4 
23.0 
312 

ti1 38.4 
37.8 
196 

62 58 

Mark: 86" 11.9' 

') Needle quiet. 2) Needle very much 
disturbed. 3, The revolver moved in a ver- 
tical position alternately E and W of the 
foot, down upon the ire. No alteration in 
the readings. 
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35. 1894. May 20. 

Lat. N. 81" 30' 
Long. E. 1 B 0  2' 

A - 180" - S= - 31" 184' 

Mark: 87" 42' 

Local time Needle M D 

10 51 a.m. P, 66" 34-5") 35" l & l ' E  
h tn 

A -  l W " - S =  

Mark: 87" 4.2' 

Mark: 87" 29' 

488 2) 30.4 
41.1 5) 22.7 
43-54 2) 29% 
159 @) 34 575 
18.0 2, 596 
136 a) 552 
Wl 3 35 19'7 
529 K, 33.6 
163 2) 34 519 

- 31" 179' 

G O  S8.2 )  34" 37.9. 
66 27% 1) &5 99 

7.5 I )  34 49.6 
26.5 35 8 6  

65 5 4 . 1 8 )  34. 36-2 
66 1P2 2) 54.3 

Mean 35' 6 2 ' E  

Lat. N. 81" 30' 
Long. E. 129" 59' 

A-1180"-S=-3lo594'  

Mark: 87" 40'0'7) 

Local time Needle Bf D 
h m 

3 24p.m. Pp 66'29.5'2) 34'30'1'E 

36 P P  37.0 4) 376 
31 Pl 9229 4) 23.5 

43 Pl 2 4 8  9)  25.4 

Mark: 87" 434'8) 

Mark: 87" 44.6' 

4 36p.m. P, 66"919'6) 34" 195' 
42 p2 34.3 9) 319 
47 Pl 45.3 1) 4.99 
53 p* 491 46'7 
33 p, 27.9 a)  95.5 

5 3  p* 38.6 8) 36.9 
Mean 34'319'E 

Mark: 81' 44.8' 

- 

1) Disturbed. 2) Quiet. 3) Quiet. Pre- 
vious easterly movement. 4) Quiet aRer a 
rather disturbed period. 6) Somewhat dis- 
turbed. 6) Fairly quiet. 7) Tbe instru- 
ment re-levelled ; the foot untouched. 
8) The displacement is due to the sinking 
of the foot us the ice thawed beneath it. 
I t  was then shaded from the sun. 9) Some- 

i what disturbed. Possibly uncertain read- 
iiig; found ahoir upon the needle. 
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36. 1894. May 31. 1 37. 1894. June 4. 

Lat. N. 81" 32' 
Long. E. 122' 18' 

Mark: 87" 463' 
Local time Needle M 

11 1 l a . m .  PI 78" 23.0'1) 
15 P* 74 58.4 2) 

18 P, 75 178 2) 

23 PI 76 37'0 2) 

30 PI 74 491 9 )  

8 PI 159 2) 

h m  

37 PI 73 532 8 )  

44 PI 30.3 2) 
47 PI 108 2) 

50 PY 11.5 9 )  

55 pe 14.8 4 )  
12 lp .m.  L 359 

4 L 26.5 
95 L.VIE 74 2% 
46 L 72 4.0 
50 L 37.6 6 )  

56 p* 84.6 2) 

I O  PI e89 2) 

a p2 90 2) 
7 PI 71 56.3 2 )  

Mark: 87'449 
Hark: 87"&0 
8 53p.m. PI 71 597 

56 PI 419 
4 0  PP 57.8 

3 P, 72 33 
IO L 43.0 
12 L 73 1.2 6) 

33 L .VE 73 B 6  
5 14 L.V ,  W8 

t34 L 40.4 
36 L W8 
48 P8 71 a.0 
50 P P  44.7 
!x PI 51.8 
59 PI 37.7 

Mark: 87" 449' 

1) Fairly quiet. 2) Quiet. 8 )  Disturbed : 
reading not exceedingly exact. ') Quiet. 
After this reading the revolver was placed 
alternately E and W of the foot in a ver- 
tical position with the butt-end down, 
without producing any change in the 
readings. The needle trembled consider- 
ubly. 6) The mirror dipping during this 
reading. 

Lat. N. 81" 31' 
Long. E. 122" 8' 

C - S + A =  a%" 8 9  
m =  87"&7' 
B =  - a" :*7' 

Mark: 87" 42.5' 

Local time Needle M 
h m  

12 8 p .  m. PI 78" 40-0' 1) 

14 P* 72 1P4 1) 

24) PI 71 289 1) 

24 Po 50.5 1) 

30 PI 36.2 1) 

35 P, 72 90.8 1) 

41 PI -279 1) 

46 P, 624.7 1)  
49 PI 22.5 1) 

31 

Mark: 87' 495' 
Mark: 87" 429' 

8 33p. in. P, 71 6.0'2) 36 313 

47 P, 70 343 J) 6 59.6 
52 P, 71 47  5) 36 WO 

38 pe 21.1 5) 464 

si p* 11.0 8 )  36.3 
58 p* 6.7 3)  ,320 

7 PI 468 1t1 
9 PI 480 8 )  133 

4 3 PI 70 W3 15% 

5 0  PI 69 3 0  35 21.3 
4 P I  46.0 11'3 
7 PI 46.0 11.3 

11 P, 70 162 415 
15 p ,  150 40.3 
19 Po 22.1 6) 47.4 

.30 PI W52) 36 08 
31 p ,  46'6 119 
41 PI 27'72) 35 53.0 
44 PI a o ' )  36 e3.3 

23 p r  325 578 

Mean 36 B 4 ' E  
Mark: 87" 42% 

1) The needle quiet a t  the moment of 
setting. a )  Somewhat disturbed. 6) Quiet. 
4 )  Quiet; a t  first disturbed with about 45' 
higher reading. 5) Fairly quiet. 0) The 
needle first madr a somewhat marked 
movement eastwards. then returned, and 
the setting was made. 7) Disturbed. 
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iron wire. The readings are taken with 
the right rye, but on trying, i t  proved 
that the position of the needle remained 
unaltered, whether the reading was taken 
with the right or the left eye: thus no 

. 

38. 1894. June 7. 

Lat N. 81" p8' 
Long. E. 122" 1 0  

C - - S + A =  53"%Q 
m= 87" 47'7' 
B =  -31." 23.7' 

M a r k :  87" 47.5' 
Local time Needle M D 

10 30a. m. PI 69" 5 1 ' 1 )  31." 41'4'E 
h m  

35 P, 70 32 2) 35 ,395 
39 PI 69 27.9 s, 4 2  
42 p, 598 36.1 

11 5 P, 70 452 ') 40.5 
9 PI 69 485 9 )  24% 

18 PI 69 46'7 6, 23.0 
12 P, 70 5 5  2) 41.8 

30 L 58.5 W8 
34 L 593 35'6 
54 L . V .  70 4 9  412 

12 33p.m.  L.VE 69 'cB4 157 
53 L 44.2 90.5 
58 L 499 26.2 

1 3  PI 70 17% 53.9 
6 PP 21% 57'9 
9 P I  30.4 36 6 7  
13 p, 38.6 149 

M a r k :  87" 479  
M a r k :  87" 479' 
4 1 p. m. P, 69 137 31. 52.0 

5 PI 7.2 43.5 
15 p, N 7  35 110 
19 PI 9 0 ' 5 6 )  34 56.8 
31 L ,W6 35 149 
35 L 189 34 532 
61 L.VIL. 345 35 108 

5 8  L 531 3 1.4 
12 L 70 40 403 
92 PI 69 485 W8 
26 iJ* 57'2 33.5 
30 p, 42.9 19.2 
34 p ,  .792 7) 155 

Mean a!" %4 E 
M a r k :  87" 41.3 

39. 1894. June 12. 

Lat. N. 81" 43' 
Long. E. 1 1 "  13' 

M a r k :  87" 444' 

Load time Needle 
h m  
3 19p.m. Pp 

23 PI 
2a P P  

33 P I  
39 1 
43 1 
46 1 

4 18 L . V E  

M a r k :  87" 43.4' 

4 50p.m. L 
FA 1 

M a r k :  87" 43.6' 

5 16p.m.  L 
19 1 
41 L .vx 

6 3  1 
5 1 

10 PI 
13 PI 

16 PI 
19 p* 

M a r k :  87" W2' 

i 

bf 

71" W P  
70 58.7 
71 433 

73 18% 9) 

166 0) 

72 37% 9) 

33.9 8)  

100 0) 

72 44.7 10) 
IT7 11) 

72 e6.9 10) 

ee.9 10) 

73 462 10) 
189 10) 

141 10) 

71 35.9 **) 
72 L.1 1s) 

71 Wl I*) 
72 4 1  12) 

1) Somewhat disturbed. 2) Quiet. 
9 Quiet. After this reading the observer 
cut the smnll steel buckles from his trow 
sers, arid placed OIW of them upon the 
foot of the iustrument. The needle did 
not move. The huckles had been one 011 

c-ach knee, arid one 011 the strap a t  , < .  . 
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40. 1894. June 13. 

Lat. N. 81" 46' 
Long. E. 122" 14  

C - S + A =  M " a 6  
m =  87O35.0' 
B r  - 36" 40.4 

Mark: 87" 35.1' 

Loco1 time Needle M 

11 7a.m. Pe 73" 36'1) 
h m  

12 Pl 74 22.9 2) 

17 re 72 44.6 3) 
522 Pl 16.9 
24 1'1 9.2 
30 P I  27% 
33 PP .W6 
-35 p, 473 
33 p, 467 
41 Pl 359 
44 I'e 37.7 
49 Pl 9 4  4 )  

59 Pp 72 28.2 *) 
P* 73 9.7 5 )  , 

I2 3p.m. I', 154 

D 

36" 252' E 
37 42.5 
36 4.2 
.% ,365 

47.8 
4438 
592 

36 6.9 
6'3 

35 Li.5 
57.3 
29-0 

36 523 
35 47.8 

35.0 

12 38p.m. Pl 72 104 3F5 WQ 
42 Pe 25'1 44.7 
46 P, 71 549 7) 145 
49 Pp 72 51 w7 
!i& PI 8.2 7) 27.8 
57 Pt 40.2 1 )  598 

1 0  PI 30.9 w5 
3 576 36 17.2 

Mark: 87" W9' 

I )  Quiet. 2)  The nc.edle oscillated ra- 
pidly hackwards and forwards about the 
position read. 3) The needle returning 
from a westerly movement. ') First mov- 
ing towards the W, then towards the E, 
then towards the W again, and oscillating 
restlessly hackwards and forwards about 
the position read. 5 ,  Eastward motion; 
t l i ~  rrading takcm at the ruost easterly 
position. G, The needle quiet; apparently 
its most westerly position. 7, Disturbed. 

Mark: 87" W4' 

4 14p. m. I; 
18 p, 
21 PI 
24 ]'e 

28 Pl 
8 1 Pe 
34 PP 

M a r k :  87" &I' 

M a r k :  87" .3j.5' 

71" 121' 34'31.7' 

72 1.6 y, 35 21.2 
28.4 H )  430 

71 589 7, 185 
72 4 1  10) 237 

164 10) 36-0 

5 49 p. m. I'p 71' 57.1.' I )  35" 170' 
498 I )  9 4  
53.3 1) 12-9 

G O  Pl 56.9 166 

.53 1'1 

5G p, 

3 pt WB 104 
7 Pl 142 34 33.8 

Mean 35" 392' E 
Mark: 87" 359' 

R, Moving eastwards. Somewhat 
disturbed. 10) Fairly quiet. 11) The most 
westerly position; moving eastwards after 
tlir readiug. 

5 
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41. 1894. June 23. 

Lot. N. 81" 44' 
Long. E. 121" 28' 

C - -  S + A =  41.1' 
m= 3 3 5 O  6 2  
B = -  69" 25.1' 

M a r k :  335" 6'7' 

Local time Needle M 

11 24u.m. PI 107"7'4") 
29 Pp 106 le8 1) 

k WI 

34 PI 37.8 1 )  

37 Po 21.1 2 )  

42 PI 101, 594 1) 

45 P I  4 9  3) 

50 P P  17'6 3) 

53 P? 23.1 4 )  

p* 24.3 5) 

58 Pl 4 2  3) 

12 2p.m. Pr P2.1 1;) 

9 PI 0 2  7 )  

12 p* 8.8 7 )  

44 PI 106 11.4 I )  

D -  

38" 2 3 ' E  
36 53.7 
31 12.7 
!&j 3 9  

343 
46.3 
39.8 
,525 
58.0 
59.2 
39 1 
57.0 
35.1 
437 

M a r k :  335" 57 '  

1 )  1)isturbi.d. 2) Disturbed. Laid the 
rwolvrr osidi.. 3) Fairly quiet. ') The 
ni*i.dlt. in niotion eastwards. 5 ,  ARw this 
r d i n g ,  put the revolver in  i t s  plurc ngain. 
I* )  Qiiii-t. - )  Sonii~wl~at disturlwd. ") Alte- 
roiioii i i i  t l i i .  le \d,  on nreount of' the 
nirltiiig of  tlic- ice. Corrected thc. Iulonct. 
o f  thi. nwdlc.. 11s i t4  nortli twd hllIig 

do\vri a litllr during the first readings. 

Lat. N. 81" 43' 
Long. E. 121" 24' 

C-S+ A =  265" 41.1' 
m= 335" 33' 
B = -  69" 229 

M a r k :  335" 3.8' 

Local time Needle 111 D 
h m 
3 4p.m. P, 106"259, 37' 3 9 ' E  

8 p* B 8  6 6  
13 PI 108 199 9 )  33 57.7 
IG PI 106 25.4 37 3.2 
20 p, 233 1) 1'1 

28 P, 106 56 3) 434 
32 p* le 1 )  39.0 

24 PI 105 519 1) 36 2 9 7  

58 L 104 39910)  35 107 
4 1  L 103 339 1) 10) 34 11.7 

u L 101. 89 1)m)  W7 
7 L 69 1)10) &7 
9 L 101, 1.4 1) 10) 35 B 2  

16 L 107 3 7  3)9 37 41-5 
13 L 106 189 *)IO) 36 56.7 

19 L 31.7 10) 59.5 
21 L 5 2  ' 0 )  43.0 
45 L.V*: 106 42.u 19.8 

5 8  L 107 35-211) 38 13.0 
11 L 36-2 1') 14.0 
13 I, 36-2 11) 140 
20 PI 7.8 G, 37 46.6 
2.3 PiJ 133 e) 51.1 
27 PI 17.812)  W6 
30 p r  27.6 6 )  38 5 4  
3.5 P I  119 7 )  37 497 
38 p* 2.3.3 3) 38 1.1 

Mean 37" 54 'E  

Mark: 3%" 2.8' 

9 )  Thv riwdli~ moving mstwnrds, but s t o p  
p id  niiilcltwly and went back ngain. The 
magnet-box F a s  examined, but nothing 
was found tho1 could prevent the free 
movenivnt i ~ f  1111. needle. 10) The needle 
Irenilled all tlw time. 11) The needle 
danced up  ond dinvn. 12) Sudden move- 
ments \vest-\varcls. 
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42. 1894. June 28. 

Lat. N. 81" 35' 
LOIlg.  E. 121" 37' 

Xark: 359" 8.8' 

Localtime Needle Y 
h m  

4 46p.m. P8 105' 5%' I 
I 

I 

51 Pl 106 W4') 
x P, io5 496 
57 Pl 106 9 4  

5 3  L lo5 532 
6 I, 407 

19 L.VE 4 2  
43 I , .  v, 26.4 
56 L 102 52.4 
59 L 105 9.4. 

6 9  Pl 40.3 
12 P, 1u1, :wi 
i5 Pl 249 
17 p2 19.h 

i 
Mark: 359' 8.8' 

43. 1894. July 6. 

Lot. N. 81' 30' 
Long. E. 124" XI' 

G - S+ A = 92" 3.5'' 
?n= 291" 37.1' 
B =  - 199' 32.4 

Mark: m l "  <W7' 

Local time Needle M I )  

11 38a.m. Po Z34"Wl' 35' 9 7 ' E  

52 P, 2 3  1432) 33 41.9 

12 3p.m. PI 2% 11*24) W8 

/ I  n: 

4.2 Pl 236 7.4 36 35.0 

.59 Pl 234 54.4 .3)  35 22.0 

6 Pl 5 9 7 b )  36 27.3 

1 )  Tlie needle moving westwards; 
othrrwisc fairly q u i d  during thr pointing. 

2 )  The needle aflcr being reverscd, in 
constant motion westwards; this wading is 
tlir most arstrrly position. 3) The  needle 
moving r u t w a r d >  during the pointing. 
') First N slight niovement towards the W, 
then towards the E ;  fairly q u i d  during 
the pointing. 5 )  Somewhat disturbed. 

12 lop. Ill. P.  234" 47.7' 6 1  

12 
14 
16 
19 
21 
24 
26 
2.8 
30 
33 
3.5 
38 
' U J  
43 
35 
47 
49 
52 
54 
57 
5! 1 

1 1  
8 
5 
8 
!I 

Mark: 

Xark: 

Mean 34" 17.2'E 
Mark: 317" 36'2'11) 

6 )  Tlie needle lively. :) Fairly quirt. 
") Quiet. ' I )  Apparently most westerly 
position; the needle seemed inclined to 
stop and go eastwards again. 10) Thv 
needle quiet diiring each separate pointing. 
11) A mark on the ,,Storkoss" (a big hum- 
mock whirh followed tht. ship during most 
of tlic- drift) used here as a check on t lw 
instrument. 
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44. 1894. July 11. 

Lot. N. 81" 19' 
Long. E. 124" 38' 

C -  S+ A =  270" B 9 '  
7n= 327" 528' 
B =  - 57" la!)' 

Mark: 327" D 4 '  

Local time Needlr M D 

11 42a.m. PI 90" 08'l) 32"41*9'E 
46 ?* 329 1 )  33 140 

h m  

50 1'1 16.5 1 )  32 57.6 
.54 P Y  5.0 1) 46.1 
53 PI 4.4 1 )  455 

12 2p. ni. E', 146 1 )  55.7 
G PZ a 4  1 )  495 
!) pz 281 1 )  33 9.2 

14 1; 89 56'9 I )  32 380 
17 P, 90 'BY3 I )  33 1.4 
21 1'1 2 9  I )  32 &O 
26 PY 22.6 1 )  33 5 7  
29 P* 09 I )  32 420 
32 1: 281 1 )  33 9.2 
36 PI N.0 1) 5 1  
40 PP 213 1 )  2.4 
44 Pf 89 .w2 1 )  32 36.3 
47 P2 571 I )  38.2 
51 r; 47.3 2)  28.4 
54 p* 37.8 3, 18B 
59 PZ 27.9 1 )  9 0  

1 2  P* 51% d ,  32.9 
5 Ib 48'8 >) 29.9 

Mark: 327" 521' 

I )  Quirt. ?)  Sonicwhal tlisturbrd. 
.'I Quirt. Balanced the needle. Quirt. 
llalanrcd the nrrdlr; thv north end too 
low. ') The Iwel chaitgcd. ") This 

Local time Needle M 
h m  
3 41 p.m. 1: kXl"428' 

45 I', 31.4 
48 p* 333 
51 Pf 2 7  
54 1 ' 2  40.4 
5.s 1; 27.6 

4 1  1'1 233 
11 L 23.7 
14 I, 32'3 
3G L.VE 3.3 

5 20 L.V# t?8 XPIy 
@2 L 32.7 
4 i i  L 27*!) 
47 L 29.2 
54 PI 18?J 
57 29- 1 

6 I', 52.1 
G l  PI 2471 

!j 1'2 44.4 
12 PZ 8) 5% 

C- S+ A =  210" 339' 
m =  327"W6 
B = -  57" 167' 

Mark: 327" 490' 

D 

32" 26.1' 
147 
17.1 

31 &O 
32 23.7 

109 
6 6  
7 9  

156 
22% 

31 22.4 
16Q 
11.2 
125 
2.2 

12'4 
9.4 

35.4 
27.7 
48.9 

Mean 32" 188 E 

Mark: 337" 522' 

changes in the level and in the setting 
of the mark arc due to the melting of 
1 1 1 ~  irv, dttring which the fwt of the 
stand slowly yink into another position. 
:) Disturbrd. 
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45. 1894. July 14. In the morn- 
ing, pieces of board were laid under the 
feet of the stand. 

Lat. N. 81" 32' 
Long. E. 12.4" 58' 

Mark: 360" 90' 

Local time 
h m  
4 23p.m. 

29 
33 
36 
52 

5 17 
42 

Needle 

l', 

M 

110" 46.9' 
W 6  
46.4 
53.3 
51.4 
377 
47.4 

48 i l l  46 
52 1; 110 53.4 
56 rp i l l  191 

6 1  PI 110 54.4 

8 PI 7.4 
4 P, I l l  196 

I2 P P  7.6 

h f m k :  I )  

C- S+ A =  273" WO' 
m =  :m0 20.9' 
B = -  76" 40.9' 

L) 

Mark: 350" 198' 

8 12p.m. PI 110" 52.2' 34" 11*3'E 
16 p* 42.1 1 9 
19 PI 48'4 7.5 

25 Pl 499 90 
28 p* 57.8 169 
31 p* 6% 33 25'8 
34. Pl 48'9 34 8.0 
36 P, 111 15'8 34.4 
38 P, 2.1 21% 

29 P8 586 17.7 

Mean 34" 9.3 E 

Mark: 350" WO' 

46. 1894. July 25. 

Lat. N. 81" 20' 
Long. E. 125" 47' 

X a r k :  32" 16'5' 

Low1 time Needle M 
h W I  

4 7p.m. 
13 
%J 
25 
26% 
:E 
35 
41 

Nark: 32" 135' 

Xark: 32' 135 4,  

4 5 4  
58 

5 15 
50 

6 7  
11 
18 
22 

Mark: 32" 68' 

I )  The mark could not he seen for 1 )  Disturlwd. 2 )  Disturbed. Balanced 
fog. Thc. stand not quite steady. i the needle. 2 )  Quiet. A )  1,evelled afresh. 
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47. 1894. July 28. New pin put 
in the box. 

Lat. N. 81" 10' 
Long. E. 125" 57' 

C - S+ A =  165" W7' 
m =  150" 150' 
B =  15" 127' 

Mark: 150" 154' 

Local tinic Needle M D 
h m  
6 59 p. m. P, 14" 30%' 1) 2)" 433' E 
7 3 PI 13 53.4 2 )  61 

(i p* 596 3) 12.3 
10 PI 14 194 4 ,  32-1 
14 P, 13 56% * )  9.5 
18 P1 27.4 3) B 40.1 
23 p2 41.6 5 )  54.3 
27 PI I5 26.4 6 )  30 m 1  
B p1 13 4942 2) 29 1 4 ~  
32 P P  59.1 3, 11.8 
37 PI 15 51.9 7, 31 4 6  
42 P, 16 103 237) 
47 PI 48.4 32 1.1 
49 PI 17 119 u, 24% 
52 PI 16 45.4 31 Bl 
55 PI 18 219 33 W 6  
59 PI 17 43.4 32 W 1  

8 0  P I  539 33 6 6  
4 P P  15% 3, 32 28.3 
6 p* 131 3) 25% 
9 P, IG 48'3 3, I *o 

I1 P Y  48'3 a) 1.0 
M a n  30" W I ' E  

Xark: 150" 148' 

I )  Moving westwards. 2, Fairly quiet. 
3, Quiet. i, Disturbed. ") First movc- 
nient eastwards, t h m  westwards. ti) Dis- 
turbed. Most castt.rly position; wcnt sud- 
denly westwards ngnin. T, Ralnnced thr 
needle. Disturbed; wvnt w\.cdwarcts 
crgain. 

48. 1894. August 3. 

Lat. N. 81" 5' 
Long. E. 197" 19' 

C- S+ A =  166" 3&4' 
m =  *36" 304' 
B =  130" 81' 

Mark: 36" 304' 

Local time Needle M D 
h m  
7 333. m. P, 25'3'46.4' I )  W"53'6'E 

36 P I  589 4) 30 7.1 
40 P Y  53.1 2)  1 *3 
43 p, 458 3, 29 547) 

4!) PI 5 9  186 4 )  29 26.8 

56 131 x, 21.3 

8 1  P I  334 2, 41.4 

7 p* 3&6O) 4p.8 

4ci PI %io 7 9  4 )  30 161 

54 p2 24-36) 39.5 

59 PI 28.72) 369 

5 p, 3 0 . 3 2 )  38.5 

Mean 99'462'E 

Mark: 3;" W.2' (?) 

1) Soniewliat disturbed. 2 )  Quiet. 
a) Sonicwhat distiirhed. The image has 
sunk in t h r  field. ') In steady motion 
westwards. >)  Moving eastwards. *) Fairly 
quiet. 



NO. 7.1 DECLINATION. 39 

49. 1894. August 4. 

Lat. N. 81" 6' 
Long. E. 127" 9.5' 

M w k :  34" la8 

Local time Needle 

11 38a.m. L 
43 L 
45 L 

12 12p.m. L.V& 
39 L 
42 L 
44 L 
46 L 
47 L 

h n  
111 

9.7' 
02 
3.7 
422 

258 419 
259 449 

23.2 
55.7 
53-2 

Mark: 34" 142' 

Mark:  34" 195' 

2 38p.m. L %9" 2-2' 
40 L 07 
42 L 9.7 

3 15 L 259 137 
17 L 14.9 
18 L 15.7 

58 L.V ,  2% 52.8 

Mark: 34" 11.5' 

The needle disturbed all the time; 
a better substratuni has  beeu urrangrd 
for the feet of the stand. 

50. 1894. August 15. 

Lat. N. 81" 7' 
Long. E. 127O 52' 

C - S f  A =  15" 160' 
m= Wi"34a.O' 
B =  - '20" 18a' 

M a r k :  %" 35'7' 

Local time Needle M 1) 
h ?II 

5 lfip. m. Pp 2.51" 238' l )  31" 68'E 
20 P2 2ri 403 1) :w 223 
24 Pl 22-7 2)  47 
z7 PI 30.2 3) 12.2 
30 p* 3V1 3, 17'1 
32 p* 31.6 4 ,  136 
33 PI 269 5 )  89 
39 Pl W 4  3, 194 
44 P2 249 41.8 e )  29 23% 

!3 Pl 248 412 ") '93 232 
47 PY 24% 7 )  6.6 

56 P I  54.29) 36.2 
G O  P P  498 3) 316 

9 PI 251 38.4 1) 31 90.4 

16 P, 250 21.2 3) 30 3.2 

4 P* 539 6 - 6 9  48% 

12 PI '2% 14911) 33 56.9 

p, 1.3 3, 29 4-33 
Mean 30" 15"E 

M a r k :  235" 39% 

1) Disturbed. *) First 150'42'; quiet. 
3) Quiet. 4 )  First very slight movement 
eastwards, then westwards; quiet. 5 ,  Mo- 
ving rastwards; quiet. 6 ,  In steady motion 
westwards; somewhat disturbed. :) First 
very slight movement eastwards, then 
westwards; disturbed. b )  Fairly quiet. 
9) At  first somewhat more easterly; fairly 

~ quiet. 10) At  first rapid motion eastwards, 
, then slowly westwards: tlw ncvtlli. quiest 

'1) The nredlr darting 
I backwards and forwards. 

during tlir pointing. 



51. 1894. August 18. 

Lat, N. 81" 5' 
Long. E. 1B" 7' 

M a r k :  41" 33.5' 

Lomltime Needle M 
h ni 

3 19p. m. P, 2ii" 45.1' 
21 Fl 34.9 
24 I'P m3 
27 ps 26-8 
38 L 42.7 
41 L 46.2 
43 L 46.7 

4 .i Pl.Ve 44.8 
83 Pl.l'X 57.2 
49 PI 252 6.2 

PI 55.2 

53 p* 38% 

52 PI 251 55.2 

56 pe *3&8 

59 pe 41.1 

M a r k :  41" s 3 '  

52. 1894. September 4. 

Lat. N. 81" 1 4  
Long. E. 123" '26' 

C - S + A =  11" 29%' 
m= 174" 48.0' 
B =  - 163" 18'4' 

M a r k :  174" 482' 

53. 1894. September 5. 

Lat. N. 81" 12' 
Long. E. 123' 8' 

M a r k :  62" 37'7' 
Local time Needle 

55 PI 
59 p2 

4 2  pe 
24 L 
26 L 
29 L 
51 L . V ,  

5 14 L 
17 L 
20 L 
28 Po 
32 P P  

36 Pf 
B PI 

h ni 

3 53p.m. PI 

M a r k :  62" 31.3' 

M 

58.2' 
-27 18.2 

18.3 
17'6 
592 1 )  

47.9 1) 

424 1 )  

38% 1 )  

201 1) 

31.7 I )  

287 1) 

26 33.1 
223 
21.2 
119 

54. 1894. September 21. 

Lat. N. 81' 12' 
Long. E. 123" 22' 

M a r k :  1%" W8' 
Local time Needle 

4 19p.m. P, 
23 PI 
ui 1: 
29 P P  
33 PI 
36 p* 
39 p.? 
42 Po 

5 0  p, 
14 r, . V&! 
42 PP. v, 

58 p* 
6 2  P I  

5 PI 
9 p2 

10 p, 
16 PI 
17 p r  

/ I  *I 

57 

M a r k :  155" 57.2' 

M 

83" 2 8 - 9 ' 2 )  
439 2)  

181 2 )  

17.1 2)  

299 3 )  

82 529 2, 

35.6 2) 

32.1 2) 

81 51-8 
89, e 8  
85 2.0 
83 81 

11.3 
€44 9 2  
83 381 
04 S 8  

37.8 
119 

83 a9 

1 )  The teltwope l i d  aside, as the re- 

2 )  Quiet. .') Somewhat disturbed. 
flertion of thi. wirr was indistinct. 



41 NO. 7.1 DECLINAI'IOS. -- .. - 

55. 1894. Septcinber 24. 

Lut. N. 81" w 
Lollg. E. 1 9 2 O  rn 

C--S+ A =  107" 398 
m =  155" 57.7' 
B =  - 48" *9' 

Murk:  1%' 58.0' 
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58. 1894. October 27. The telc- 
scope not used. 

Lat. N. 8% 4' 
Long. E. 114" 35' 

Ma&: &3" 36.2' 

Low1 time Needle M n 
Q m  
4 .%p. m. P, 14" 51.6' 33' W 3 ' E  
5 G  P I  34.9 36.6 
13 P* 498 51.5 
19 PI 58.4 3 0 1  

40 PI 119 
32 P* 15 11'8 135 

138 ~- 

Mean 38" .W6 E 
M a r k :  (3' 35fY 

59. 1894. Novcmbcr 10. 

Lut. N. 82" 11' 
Long. E. 110" 42' 

C - S + A =  77"500' 
m =  214" 3.5' 
B =  - I:%' 135' 

M u r k :  214" 35' 

Loco1 time Needle iM 
k ni 

4 2 3 p . m .  PI 175'- 9'4' 
33 Ib 48.1 
38 PI 3 7  
43 p* 46.3 

26 p, 124 
i1.2 p* 43.8 
36 PI 132 

43 PI 8.4 
48 p* 19 1 
51 0 4  

48 P, 174 57.52 
5 7 P1.V~ 175 11.6 

39 Px 496 

M a r k :  214' 35' 

60. 1894. November 16. 

Lat. N. 82" 6' 
Long. E. 110" M' 

M 

153" 11.4' 
1.52 10.1 
I53 22.9 
154 1 3 1  
152 32.7 

24.4 
120 
88 

47.1 
1W7 

1ci3 21 

61. 1894. November 22. 

Lat. N. 82" I '  
Long. E. 112" 15' 

c- s+ A =  63" 1.1' 
m =  201"W5 
B = - l % v  W4' 

M u r k :  201" W7' 

Local time Nt:edlf* M D 

12 39 p. 111. P, 178" 38.8' 40" 9.4' E 

47 P, 179 178 40 48.4 

56 Pa 179 464 41 167 

h m  

43 PI 202 39 50.8 

51 P, I78 50'4 21.0 

i o  PI 5 7  40 86.3 
Mean 40 W4'E 

M a r k :  BI" W3' 



NO. 7.1 DECLINATION. 4 3  

Lat. N. 82" 0' 
Long. E. 112" 5' 

C - S + A =  61" 134' 
m= 201"333' 

Mark: eOl"301' 

Loealtime Needle M D 
h m  

4 12p.m. PI 178'51.7 38'34% E 
16 Po 179 W8 39 197 
20 PI 178 W 7  38 W 8  

30 PI 178 D 9  38 17.0 
-35 P, 179 '27'3 39 104 
40 PI 178 299 38 139 

5 P, 17I1 19.8 1 )  31) 29 

44 Pp 179 148 57.7 
48 PI 178 24.2 7.3 
54 P, 179 143 57.4 

Mean 38" 480 E 

Mark: eOlo30.4 

I ) Movement eastwards. 

62. 1894. November 24. 

Lot. N. 81" 58' 
Long. E. Illo 58' 

Mark: 201" 30.7' 

Local time Needle 
k ni 

4 38p. m. PI 
42 PY 
46 p* 

5 0  p* 
5 PI 

8 p* 
12 PI 
28 P,.VE 
44 r: 
Fio p, 
59 p, 

6 2  p* 
5 Po 
9 p2 
11 p* 
13 yo 
15 Po 

Y 

176" @2' 
177 9.3 
176 30.2 

4.38 
57.1 
27.1 

176 47.7 
390 

173 394 
175 0 1  1 )  

1'39 41.6 
186 396 
189 -36.1 
184 48.1 
181 5 6  

176 9.6 *) 
in 47.6 

7 21p.m.  Po 176 W8 
27 PI 175 349 
31 P, 176 61 
34 PI 175 297 

Mark: 201"30.7' 

1)  While the observer was screwing 
westwards to get the ncrdlv pointed, it 
suddenly began to go rather qiiickly 
eastwards. The above-quoted approximate 
valur. for the pointing WUY noted, where- 
upon the screw was loosenrd to fnllnw the 
nerdle; but un attempt at pointing by 
the aid of the telescope failed in the 
rapid motion. The telescopv was therefore 
cluiekly laid uside, und the following 
pointings niudv as nwrly as possible coin- 
riding with the linv on the window nf the 
box. ?) As the I m p  had gone out, and thc 
needle seemed to huw conit. hark almost 
to its originid position, and Hppthared to 
he fuirly quiet, the observations were dis- 
cnntiniied, and not recommenced until after 
supper. The sky was ovcwast, hut illu- 
minated as if ttw moon werv shining behind 
the clouds; so there must have been n 
considerublr amount of aurnru borealis. 
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63. 1894. November 27. 

Lat. N. 82" 9' 
Long. E. i l l"  27' 

C - S + A =  66'&8' 
m =  201" 31'4 
B =  - 134" W6' 

Mark: 201" 313' 

Local time Needlt: M 
h m  
3 54p.m. Pi 113"51*& 

59 P, 174 20.1 
4 2  Pl 173 W 2  

6 P, 174 138 
10 Pi 173 492 
15 Po 114 191 
19 Pi 173 592 
23 Po 174 303 
2t3 PI 173 3 4  
33 P, 114 41.8 

44 Po 3%8 
49 Pi 173 5!32 
59 P, 114 W 1  

5 0  P, 114 17'6 

38 PI 2 7  

w Pi 113 449 

D 

39" 08'E 
2?!5 

38 436 
39 232 
38 586 
39 28.5 

1% 
391 

38 598 
39 51.2 

12.1 
&22 
46 

33.5 
33 54.3 
3 27'0 

Mean 39" 18.4'E 
Mark: 201" 31'5' 

64. 1894. h'ovcmber 29. 

Lut. N. 82" 10' 
Long. E. 110" 50' 

 LOCO^ time Needle M 
h m  
4 1Hp. ni. P, 175" 471' 

17 PI 114 1&4 
3) p.. 47.1 
24 p, :*7 
42 P,.V&- 113 w 7  

5 1  p, W!)  
5 r, 115 1.1 
8 Pi 174 @9 

19 Pp 175 17.3 

Mark: 201" 3 2 3  

65. 1894. Deccrnber 6. 

Lat. N. 82" 20' 
Long. E. 109" 12' 

C -  S+ A =  64" 41.4' 
m =  201" 32%' 
B =  - 1%" 51.2' 

Mark: 201" 395' 

Local time Needle M 
h ni 

4 16 p. m. P, 177" 57.8' 1 )  

22 PI 27.2 I )  

26 p ,  9.8 I )  

30 PI 297 z, 
35 p* 30.5 
38 Pl 339 
46 P, 179 231 3 )  

48 P, 173 331 :I)  

52 P* 41.1 .') 
51 Pi 111 21.6 z, 

5 8  P, 11'3 121 3) 

Mark: 20lo 327' 

7 B p .  m. PI 177O 21.4' 
32 p2 27.6 
37 PI %-4  
41 p, 34% 
44 pi 31.7 
47 P2 146 
51 PI 164 
M p, 29.1 

Mean 

Mark: 201" 8.5' 

1 )  Somewhot tlisturbad. 1 )  Quiet. 
I )  The great variations in the readings 
were at first supposed to be due to actual 
magnetic p-turbcitionu. Subsequently, 
howc.ver, a fvw hairs from the observer's 
gloves were discovered upon the needle, 
which might huve influenced tlir pointings 
i n  thc- position P2 of the needle; on the  
other hand, they can have had no effect 
in position P,. 



NO. 7.1 DECLINATION. 44 

66. 1894. December 7. 

Let. N. 82" 20' 
Long. E. 108" 58' 

Mark: 201" 32.3 

L d t i m c  Needle M 
It (I) 

5 20p.m.  P, 177" 366' 
23 PI 51.2 
26 p* W 6  
29 PI 499 
44 PI * VE S O  

6 0  P I  37.7 
3 P* 36.1 
7 P I  37.2 
9 p* 37.8 

Mark: 201" 32.5 

67. 1894. December 14. 

Lot. N. 82" 33' 
Long. E, 107' 53' 

Mark: 201" 32.3' 

Local time Needle M 
k ni 

Mark: 201" 3% 

179" 35%' 
30.9 
9 6  

394 
.w2 
:*5 
29.9 
27.3 
32.7 
31.3 

68. 1894. December 15. 

Lat. N. 82"W 
Long. E. 107" 38' 

C -  S + A =  62" 2.8' 

Mark: 201" B3 

L o 4  tilut. Needle M 
/ I  rn 
3 3iip.m. P, 181" 53 '  
40 PI 1'2 
44 P, 9.3 
48 PI 6 9  
51 P2 180 596 
aa PI 
59 p2 443 

4 4  p, 57.7 
9 P, 181 5.3 

14 P, 180 519 
19 p2 59'3 
23 PI 53.2 

31 P, 7.4 

.i1.7 -- 

26 P2 181 20% 

Mean 41 O 3123'E 

Mark: 201" 323' 

69. 1894. December 19. 

Lat. N. 82" 51' 
Long. E. 104" 45' 

C - S + A =  59" 41.2' 
m= 201" 34.7' 
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70. 1894. Decembcr 21. 

Lat. N. 82" .54' 
Long. E. 1M" 6 

Mark:  201" 238' 

Locul time Nerdle M 
h n6 

3 377. ni. P, IB"331 '  1 )  

42 1: 404 1) 

46 I b  18.1 1 )  

49 1'1 w 4  '1 
4 6 Pi.vE I@? w0 
53 PI.VI, If38 

8 I'e 25'6 

16 I '? 15'6 

5 4  p, 25.4 

13 1; 192 

Mark:  201" 260' 

71. 1895. January 12. 

Lid. N. 83" 41' 
Long. E. 102" 47' 

Mark:  2 

Idocal time N e d e  M 
h m  

4 57p .m.  U, 208" 82' 
.i 1 p, 5 . 3  

5 1; 104 
9 UP 41.1 

pt.vE 59.1 
35 1; 2N3 156 
39 P, 2w 54.9 
44 r2 WJ 51 
4.3 Pi 208 48.7 

Mark:  .s 

1 )  Tliv rcvolver was inadvertently lefl 
on  on(. of tlir. shelvc~s o i i  t h v  wall; during 
t h v  okiscrvutioiis for dc:flc!ctiori, i t  was put 
in  it.; tisiiiil place. uiidor thr stand. Expr- 
rirnents wew afterwards niudc, hy moving 
tlw rrvolvvr from tlw shc:lf t i i  t l i c ,  placv 
b ~ w c i t h  thv stuntl, twice backwards and 
forwards, without any cliangc! being ohser- 
vable in tlic positiou of thv rieedlv. 

72. 1895. January 17. 

Lat. N. 83" 23' 
Long. E. lo,," 2' 

C - S + A =  10"509 
tn= 9" 30' 
B =  1" 472' 

Mark:  9" 30' 

Local time Needle Y D 
I1 Ill 

5 2 8 p . m .  PI 40'229' 42" 101 E 

37 pi 4442 31.4 
33 P? XY3 37.5 

41 p2 40.1 27'3 
45 p* 22.2 9 4  
49 U? W6 31.8 
53 P, :*4 17.6 
56 Pi 376 W8 

Mean 42" 8.6' E 
Mark:  9" 3.0' 

73. 1895. January 18. 

Lnt. N. 63" e5' 
Long. E. 102" 30' 

Mark:  :3.0 

Local tinic Needlc M 
It m 
4 1 1'. 111. Pp 43" 121' 

> I', 42 489 
14 p* 593 
l!, pi 
xi Pi, v, 43 ,287 

5 7 Pl.vIj: 1 .o 

224 Ib 21.8 
:N 1: 4.1 409 
37 1: 473 

-23 P, 4'2 185 

Mark:  9' 4.5' 
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NO. 7.1 DECLINATION. 

74. 1895. M a r c h  6. 

Lat N. 84" 3' 
Long. E. 10l.O 46' 

c -s+a=  9 O 5 6 . 8 '  
m= 951'' 236' 
B =  - %I" 288' 

Mark:  %I" 257'  

Local time Needle M 

42.6 
Mean 44" 17.3' E 

Mark: 251" 25.5' 

75. 1895. M a r c h  7. 

Lot. N. 84" 1 '  
Long. E. 101" 53' 

Mark: 251" 2550' 

Local time Needle M 
h m  
5 9 p . m .  P, 283" 181' 

14 Pl 5152 
18 p* 523 
23 Pl B 9  

59 PI 37 9 
6 4  P8 53.6 

9 Pl 33'7 
152 PX 54.6 

41 P l . V s  409 

Mark: 951" ' B 5  

76. 1895. March 10. 

Lot. N. 83' 59, 
Long. E. 102," 10. 

Mark: 251" 25-2' 

77. 1895. April 5. 

Lat. N. 84" 17' 
Long. E. 97" 23' 

Hark:  251" 5.5' 

Lord time Nec:dlc M 
k m 

4 14p. ni. lJ1 285" 364' 
17 p 2  49  1 
w, Pl 439 
25 PY 53.6 :* P*.VE 21.3 

23 Py m 36.8 
26 Pl 9 2  
30 pa 90.1 
33 p* 1 0 9  

5 9 U2.VIE 107 

Mark;  %I" 247' 
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78. 1895. April 6. 

Lat. N. 84' 18' 
Long. E. 96" 47' 

C - S + A =  6'33' 
m= 251" 248' 

,Mwk: 251" 50' 

Local time Needle M 
A 0 1  

4 11 p. rn. Ul %021*9' 

19 Pl 1W7 I 

' 14 P2 46% 

2.3 p* 131 
28 Pl 2$4 58.7 
32 P* 235 198 
39 PI 922.7 
43 1; 51.3 

n 
40" 30.1' E 

54.8 
189 
21.3 
69 
e80 
30-9 
595 

54 Pp 2% 24.8 41 33.0 
48 PI 3 5 9 2 )  444 

58 Pl 142 22.4 
5 3  PI 4 4  12% 

Mark: 251" W5' 

Mark: "251" W8' 

7 31 p. m. PI 186" f34' 41' 14.6' 
35 px 22% 30.8 
t% P I  99  181 

46 Pl 8.7 169 
50 P, 2% 57% 5 8  
57 PI 48.7 40 33'3 

42 p* 196 27.8 

52% 41 08 -. .- 
8 2  I >  

Misun 40"5&7'E 
Murk: 251' 24%' 

79. 1895. April 20. 

Lat. N. 82" 13 
Long. E. 94" 30' 

Mark: 249" 54Q 

Local timc Needle M 
h ni 
5 17p.m. Py 282" b.3 
20 Pl 269 
23 p* 6 1  
27 Pl . 122 
37 P1.VIE n o  

10 P* 24.3 
12 PI 264 
15 P Y  1.51 

57 Pl.Vx 9 1  W8 
t i 6  Pl 282 l o 4  

Murk: 24-9" W2' 

80. 1895. April 22. 

Lut. N. 8k" 13' 
Long. E. M" 

C - S + A =  8 " W V  
m =  249"WB 
B =  - 24-1" '223' 
-- 

M w k :  249" 47.5 

D Loud time Needle M 
h nt 
3 43 11. m. Pl 281" 55.2' 40" 329' E 
46 p* 591 36.8 
49 P I  33.9 11% 
53 P P  55.6 33.3 

4 . 1  PI W9 4.6 
5 p* W6 73 

10 p, 926 03 

20 P* 52.1 29% 

13 P Y  46.1 238 
17 Pl 37.9 156 

Mean 40" 19.6 E 

Murk: 249" 46.0' 



DECLINATION. 49 NO. 7.1 
- 

81. 1895. M a y  9. 

Lat. N. 82' 3.5' 
Long. E. 90" 21' 

M a r k :  248" 37' 

Local time Needlt. 

5 23p.m. Pl 
h m  

26 p,  
29 Pl 
32 p r  
45 P*.Vr; 
59 Po 

6 2  Pl 
4 PY 
I PI 

M n r k :  218" 3'3' 

M 

rn" 31.2' 
9.8 
4.4 

1 9 1  
235 
133 

283 527 
2&2 133 

17.4 

82. 1895. M a y  11. 

Lnl. N. M" 38' 
Long. E. SY" 46' 

M a r k :  247" =I1 

Locul time Ncedlv M 
h nb 

4 -78p.m. Pl 281°%59' 
41 P? 282 38 
44 Pl 281 57.9 
47 P, 2132 6% 

si P, 282 8 5  
59 Pl 57 

7 Pl 281 5211 
11 P:, 282 6 1  

51 PI 281 51.7 

5 I p* 1 *3 

Mean 

M a r k :  L247' 57.5 

n 
31" 11.2'E 

4.5.1 
3P2 
47.9 
XKl 
498 
47.0 
426 
34.2 
47.4 

31" W3'E 

83. 1895. M a y  22. 

Lat. N. 86" 40' 
Long. E. 83" 51' 

M a r k :  245' WO' 

Local time Needle 111 
h m  
4 46p.m. P, 280'35.4.' 

51 P, 281 188 
PI 222 

58 P2 182 3 8  
5 1  PI 11.3 

(i Pl 39.9 

12 Pl 29.4 

18 Pl 48.7 
21 p, 333 
21. Pl 9 1  37.2 
27 p, 26.8 

3 p* 41.6 

8 p, 41.1 

15 p, 273 

M a r k :  245" .%Q' 

84. 1895. M a y  24. 

Lat. N. 84" 41' 
Long. E. 82" 31' 

c - s + = &rjy- 30' 
m =  248'- 1-31' 
B =  110" 1'3.9' 

I )  The revolver laid usitfe. -') 1'11~ 
rrvulvrr in its plucv aguin. 

7 
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Xark: IOo 190' 

85. 1895. July 3. 

Lat. N. 84." 42' 
Long. E. 74" 20' 

A - 180" - S= 46" 4.96' 

87. 1895. July 12. 

Lot. N. 81." 41' 
Long. E. 76" 0' 

Local h e  Needlr hf 
1, I,, 

3 23p.m. P2 931" 31' 
27 p* 12.1 
29 p* 04 

41 P e . V ~  20.0 
59 P*.V, 51.0 

4 16 P2.V18 30.5 
34 P,.VIE 40'3 
43 p, W 6  
47 PI 52.9 
49 Px 2x2 88 
52 P I  134 

32 p, 9.8 

Mark: 11" 3Q' ') 

Mwk: 39"WO 

Local time Needlib M D 
h ni 

4 42p.m.  Pl 349' 32' 28"528' E 
45 y e  26.3 29 15.9 
51 PI 52 28 54.8 
54 P, 341 58.8 e 4  
57 Pl 44.4 340 

20% 10.2 5 0  px 
Mean B" 46.0' E 

,Vurk: 3J" 52.3' 

86. 1895. July 5. 
88. 1895. July 13. 

Murk: 50' W2' 

1) Ice in motiou. 

Lot. N. 84' 41' 
Long. E. 76" 1' 

1 
A - 180" - S= 55' 33.4' 

Xark: !Bc 58.0' 

Local time Nec:dlt* M D 
h 111 

4 45 p. ru. P2 33'' 48.3' 29 ." $1.7' E 
47 Pl 44.7 181 
51 P, 234" 1.6 350 
52 Pl 107 44'1 

5 5 P l . V ~  333 2 5 7  p8 591 
25 Pl.V, 332 425 159 
35 PI 333 494 29 2%8 
38 P, 332. 1% 35% 
42 Pl 333 57'4 30.8 
46 P, 331 101 51'5 

Mean 29'21.4' E 
Nurk: 21" 1%' 



89. 1895. July 26. 

Lat. N. 84" 30' 
Long. E. 73" 1' 

M a r k :  134" 17.2' 

Localtime Needlc bI 
h nr 

4 45p.m. PI 283'337' 
49 p* 436 
52 PI 29.7 
55 p ,  423 

5 4 P,.V, 38.9 
22 PY.V, 408 
40 P2.VI,y 33.4. 
58 P2.VI' 98 

6 6  p* 14.6 
10 PI 282 m 7  
12 P* 283 0 1  
15 PI w2 N.2 

M a r k :  134' 1 7 0  

90. 1895. August 2. 

Lat. N. 81." :32' 
Long. E. 17" 40' 

A - 180" - S= 278' 267' 

M a r k :  112' 330' 

Local tinic: Needle 

5 14p.m. PI 
I! I11 

18 P? 
20 PI 
24 PY 
26 PI 
30 p2 

M D 

113' 7.7' 31'W4'E 
22% 495 
147 41.4 
333 32 09 
12.2 31 389 
126 393 

Mean 31" 43.9' E 

Mark: 112" 36.5' 

91. 1895. August 23. 

Lnt. N. &to 11' 
Long. E. 79' 1' 

M u r k :  2%" 25' 

Lord time Needle 
It ni 

4 12p. m. P, 
16 PI 
19 p, 
23 PI 
3 Pl.V, 

5 0 P,.V,y 
13 PI 
18 Pz 
222 PI 
27 p* 

M a r k :  257' 5 Y 1 )  

M 

lTC 11%' 
176 59.2 
177 21% 

1'32 
178 3&2 

45.0 
31.2 
9 6  

177 507 
178 1.1 

92. 1895. September 6. 

Lat. N. 82" 53' 
Long. E. 78" 4.5' 

A - 180" - S = 318" 493' 

M a r k :  89' 175' 

Local tinit Ncwllr M 
6 111 

4 4.5 p. 111. I-', 77- 59.4 
49 P2 78 1.5.1 
51 PI 147 
54 p* 9.1 

A - 180" - S= 313" :%2' 

5 8p.m. P,.VE l7'56-7' 

A - 180' - S= 313" 41.1' 

5 22p. ni. P2 78" 17.8' 
96 P, 77 &9?) 
%J P, 78 32% 
:E PI .i97 

Mrnn 

M a r k :  8'9' 27.7' 

I) Dull \veatlic,r. Thc- iw in motion. 
?) The ice packing. 
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93. 1895. September 7. 

Lat. N. 84" 54' 
Long. E. 78" 42' 

Mark: 293'39'0' 

Local t h e  

10 44u.m. 
h m  

48 
54 
56 

11 6 
26 
36 
41 
44 
48 

M 

n o  1.4' 
193 
179 
198 
29.7 
93.0 
213 
2 9  

141 
76 549 

Mark: 293'395' 

94. 1895. September 27. The 
ice-hut on tlie floe, 135 paces to starhoard 
of the vessel, was taken into use oii tliv 
26th Sept. l'hr instrument is  plnced on o 
ice-pillar. The revolvw now lies to the 
N of the instrument, 3 metres from it, on 
the ice at thc: Ic~vel of tlie font of the 
pillar, with the butt-end pointing westwords. 
The height of the instrument ubove the 
floor is  1.4 metres. 

Lot. 11'. 85" 8' 
Long. E. 79" 28 

Murk: 99" 24%' 
Low1 time Needle M 

11 6 o. ni. PI ZRJ" 47'4' 
k m 

10 P2 240 16.1 
14 PI 239 fx-7 
18 P, -210 6% 
28 P*.V* 239 55.9 

12 11 p. ni. P2. VIE 7 1  
22 P* 239 571 
26 PI 47'9 
2!J P? 598 
32 PI 59.4 

50 pa.vE 240 21.5 

Zark:  99" 168") 

1) The ice in motion. The mark has 
heen displaced on thv other side of a 
choniid in tlie ice, wliile the instrument 
l i t u  stood still. 

95. 1895. September 28. 

Lat. N. 85" 8' 
Long. E. 79" 48 

C- S +  A =  2%" 41.5' 
m =  100" 29.3' 
n= 1%" 1 ~ 2 '  

Mark: 100" 29.3' 

Local time Needle M D 
h m  
5 7 p .  ni. PI 230" 37.7' 33'499'E 

13 p* g..3 %.5 
17 PI 459 58.1 
21 P Y  343 46.5 

32 PI 387 50.9 
3F, p z  31.3 435 

42 r, 

24 p* 134 25.6 
"27 P? i9.6 41.8 

39 P I  11-4 936 
40.0 27% -- 

Mean 33' 41.6' E 

Murk: 100' '29.3' 

96. 1895. October 3. 

Lat. N. 85" 12' 
Long. E. 78" 59' 

Xark: 100" 3OV 

Locxil timc N e t d e  M 
h ni 

11 @a.m. PI 240" 49 '  
45 P, 93J -6 
48 PI IAO 11.8 
51 P, 239 50.8 

12 2p.m. P,.V, 35.2 
23 PY.V6 37.7 
33 PY 57.8 
33 PI 244 334 
41 P? 8 1  
44 PI 239 38.2 
4.7 P, 240 7 7  

Nark:  100" 3oi' 



NO. 'I.] DECLINATION. 53 

97. 1895. October 4. 

Lat. N. 85" 11' 
Long. E. 78" 53' 

Mwk:  101" 495' 

Local time Needle 

10 51 a.m. P, 
h WI 

52 1; 
59 Ul 

11 3 p2 
14 I'*.V# 
36 P, . VE 
4.7 UY 
51 P I  

,554 1', 
Noon p, 

5 p, 
7 p, 

10 p2 

12 3p.m. P, 

N w k :  101" 50'3' 

hi 

244)" 1.2' 
239 51.3 

519 
128 
235 
.w4 

240 7.3 
239 589 
237 41.6 
239 6 1  
240 398 

469 
26.7 

2x4 45.1 

98. 1895. October 14. 

LRL N. 85" 24' 
Long. E. 78" 37' 

C - S + A = % B "  35.7' 
W =  101" 98' 
B =  161" 259' 

Nark: 101" 98' 

Local time Needle M 
h m  
4 47p.m. 1: 230°47*31 

54 lJl 231 29.4 
58 P, 37.6 

5 3  p1 10.4 

I1 Pi 4.7 

20 P I  43.4 

28 p, 599 
33 IJ* 56.1 
36 1; 2.31 0 2  

7 P* 15'8 

16 P, 230 398 

23 p* 52 I 

D 

3 2 O  132' E 
55.3 

33 3.5 
32 36.3 

41.7 
30.6 
4.7 
9.3 

180 
%8 
22.0 
26.1 

Mean 32"%9 'E  
W w k :  101" 9.8' 

99. 1895. October 17. 

LaL N. &5' 36' 
Long. E. 78" 6' 

Mark: 101" 98'  

100. 1895. October 24. 

LaL N. 85" 46' 
Long. E. 73" 40' 

Mark: 101" 3.3'3' 

Lord timr Needle 

10 38a.m. P, 
h m  

42 Pl 
46 I'* 
49 p* 

11 2 Pl . V ,  
27 p, * v c  

40 Pi 
49 I', 
54 Ul 
58 P, 

Mark: 101" 33.3' 

M 

229" 39'8' 
38.7 
w3 
429 
54.5 
40.5 

230 2?4 
229 42'8 

41 9 
383 

I )  Thc needle suddtwly moved from 
this position eastwards. *) Aftctr ti& 
reading, the rieedlc moved westwnrds 
again. 
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101. 1895. October 25. 

Lat. N. €5" W 
Long. E. 72" 51;' 

C-  S+ A =  261" 46' 
m = 101" 42.3 
B =  159'223' 

Mark: 101" 423' 

Local time Neetllc M 
h ni 

Mark: 101" 423' 

226 
43.4 
32 1 
4.4 

!&.G 
36.7 
W 6  
41.7 
50.1 
18.2 
30% 

D 

29" W E  
28 44.9 
30 5.7 
2.8 54.4 
29 m7 
2.8 579 

590 
58.9 

29 40  
12.4 

18 40.5 
521) 

Mean Bo 5 3 ' E  

102. 1895. ;ovember 2. l'hr 
ire litis cracked I w l w w I i  the 01~st~rvutioi1- 
hu t  tirid thc  ship, and has shifted. 

Lat. N. Si" 40' 
Long. E. 69" W 

Mark: 69" 145' 

1,ocnl tinw Needle Y 

103. 1895. November 9. 

h i .  N. 8;s" p2' 
Long. E. 64" B' 

C - S+ A =  204" eW8' 
?n= 60" 4.2.3' 
B =  144" 145' 

Mark: 60" 425' 

Local tiruc: Nerdlc M 
h m  

4 32p. m. 1; 238" 3.9' 
40 I; 2-37 181 

47 ?* 21.8 
51 Pl 56.4 

5 3 P1.VE 52.0 

4.2 1'1 B 7  
46 rb 1'3.3 
51 1'1 32.2 

43 PI 12.7 

29 P,.V, 40.8 

54 1 ' 2  133 

D 

2.2" 18.4' E 
21 32.6 

2752 
35.8 

22 109 
6.5 

21 55.3 
532 
,73.8 
46.7 
27.8 

Meon 21" 48.0' E 
Mark: tiOO 420' 

104. 1895. November 20. 

Lot. N. 85" 51' 
Long. E. 64" 20' 

C -  S+ A =  207" 404' 
m =  fh?" ao' 
B =  144" 8'4' 

Mark: 6.3" 32.3' 

Local time Needle M D 

11 loa. m. l', 238' 124' B"ZO%'E 
h V I  

15 P, 237 44.3 ti 52.7 
19 Pl 41.2 49.6 
24 1's 496 58.0 

.id. p2.vj; 46.5 21 54.9 
12 4p.m. Pa 513 597 

9 1'1 479 56.3 
16 I '* 47.3 557 
21 I', 46.9 55.3 

31- I',.Ve 51-7 22 0 1  

Mean $21" 58.3 E 
Mark: &?' 31.7' 



DECLINATION. 55 NO. 7.1 

105. 1895. November 22. 

Lat. N. 85" 47' 
Long. E. 61" 11' 

C -  S + A =  207" 13.7' 
m =  til" 5.4' 
B =  146" 7.3' 

Mark: 61" 5.3' 

Local time Needle M D 
A m 
3 58p. ni. PI 
4 3  ps 

6 Pl 
10 U s  

41 ps 
46 Pl 
50 Ps 
53 Pl 

25 P,.VIE 

mn1Pct B O W ~ E  
7.1 144 

24.9 322 
91 1G.4 

48 57.5 
591 21 594 

2.36 89 22 16.2 
2% 41.3 21 48% 

43.9 51 -2 
Mean 22" 95'E 

Mark: 61" 55' 

106. 1895. November 30. 

Lat. fu'. 85" 2%' 
Long. E. 58' 41' 

C - S +  A =  202" 372' 
m =  G l "  29.8' 
B =  141" 7.4 

Mark: 61" 98' 

Local time Needle M D 
h ni 

3 54p.m. Ps 237'35%' 18'43.0'E 
5!4 Pl 52.2 596 

6 Pl S34 19 3.8 
4 2  f, 37.1 44.5 

18 P1.V# M.5 1.9 
41 P 1 . V ~  238 146 222.0 
53 PI 9.4 16'8 

5 0  Pl 489 56.3 
4 us 48.2 55% 

57 Ps 237 463 18 53.7 

Mean 18"597'E 

Mark: GI" 9 8 '  

107. 1895. December 5. 

Lat. N. 85. 29' 
Long. E. 55" 52' 

biark:  G l "  33.0' 

Local time Needle M 
h m 

3 26p.m.  Ps 233" M.8' 
31 Pl 2% 7.2 
35 Ps 233 52.6 
3!4 1: 234 6.7 
49 P1.Vs. 233 m 4  

4 15 Pl.V,, 40'8 
40 P1.VIE s o  

55 P# d 2 3 4  0.8 

4 Pg 233 54.6 

50 1'1 M.7 

5 0  1'1 147 

.+lurk: 61" 339' 

108. 1895. December 7. 

Lat. N. 85" 27' 
Long. E. 54" W' 

C - S+ A 205" 21.5' 
m =  61" 32.5' 
B =  143" 490' 

Mark: til" 330' 

Local time Needle M D 

10 52 a. rn. Pp 2-32' 391' 16' 281' E 
h m  

57 Pl 419 30.9 
11 0 Pa 231 59% 15 48-6 

4 P1 232 10.4 59.4 
9 rs 231 34.1 23.1 

13 Pl 46.7 35.7 

21 Pl 54.4 43.4 
96 P P  51.1 40.1 
30 Pl 232 4.2 53.2 
34 P, 5.3 54.3 

17 Ps 44% 338 

39 PI %P4 16 9 4  
Mean 15" 53.3' E 

Mark:  GI" 32%' 
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109. 1895. December 12. 

Lat. N. 85" 25' 
Long. E. 50" 7' 

Mark: 61" 3%0' 

Local time Needle 

8 58p.m. PI 
4 3  P P  

8 PI 
12 P P  

40 p* 
43 PI 
47 p* 
61 PI 

h m  

26 Ps.vE 

Mark: GI" 31'8' 

M 

2%'" 519' 
21.1 
30.7 
186 
194 
161 
22.2 
17'1 
6.7 

110. 1896. January 4. 

Lnt. N. 85" 17' 
Long. E. 44" 55' 

C-S+A=199"39.7 '  
m =  57" 57.8 
B = 141" 419' 

Mark: 57" 589' 

Local time Needle 

10 5a.m. P, 
k m 

9 pa 
12 PI 
17 P P  

B P I  

27 p* 
31 PI 
36 p, 

Mark: 57" 57.5' 

Mark: 57" WO' 

4 5 p. m. P8 
10 Pl 
13 p2 
17 PI 
B P1.Vx 
53 Pl .v, 

5 5  PI 
10 p* 
14 Pl 
17 p* 

Mark:  3 

M 

22G" 169' 
16.3 
:w4 
17.8 
20.2 
198 
419 
33'8 

226," m.3' 
31 -2 
236 
167 
2-9 

230 
379 
31.5 
50.8 
393 

Mean 

D 

7"5&8 E 
58.2 

8 123 
7 597 
8 21 

1-7 
23.1 
197 

8 O  22' 
131 
7.5 

7 5&6 
44.8 

8 4.9 
1'31 
139 
.w 1 
m2 

8" &2'E 

111. 1896. January 10. 

Lat. N. 84'58' 
Long. E. 41" 17' 

C- S+ A =  199" 48'3' 
m= 57" 58.0' 
B =  141" W3' 

H a r k :  57" 581)' 

Local time Needle BT 
h ni 

9 58a.m. P, 
10 3 Pl 

I PR 
10 pz 
15 p, 
19 1'1 
B pa 
27 PI 

Mark: 57" 58.0' 

Mark: 57" 58.0' 

2 2 3 O  21.8' 
22.7 
W8 
w-2 
168 
89 

222 
223 161 

3 38p.m. PI 223' 79' 
41 p* 196 
45 Pl 26.7 
4Q P I  18.6 
59 P1.V, 105 

4 30 P,.VR 222 229 
5 1 I',.VI,q &28 

11 I', 51.6 
14 PI 293 159 

22 Pl 14'7 
17 P* 66 

D 

5" 121' E 
139 
26.1 
17.5 
7'1 

4 592 
46.1 

5 71) 

4" 57.5' 
5 9 9  

17.0 
89 
0.8 

4 195 
33.1 
41.9 

5 6-2 
4 56.6 
5 5 0  

Mean 5" 09' E 

Mark: 57" B O '  



NO. 7.1 DECLINATION. 57 

112. 1896. January 18. 

Lat N. % $ O S '  

Long. E. 39" 47' 

Mark: 57" 58%' 

Localtime Needle M 

I1 = a m .  P, 2%" %?I' 
43 PI 31 9 
47 p a  146 

b m  

51 PI 30.2 
12 3p.m. Pl.V~ 44.8 

es P1.V, 2% 0 1  
40 PI 6 9  
44 p, 2.6 
48 PI 15.7 
59 PI 173 

Mark: 57" 581' 

113. 1896. January 28. 

Lnt. N. 84" 41' 
Long. E. 81 " 41' 

Mark: 58" 52%' 

Localtime Needle M 

11 4a.m. PB 2W" 55.3' 
9 PI 58'4 

13 PP 53.3 
16 PI 54.7 
27 PI * V, *w4 
52 P1.V# 2% 9.3 

9 P, 227 46'1 
12 PI 499 
17 Po 45.1 

h ni 

I2 5p.m. PI 104 

Mark: 58'598' 

114. 1896. January 29. 

Lat. N. 84" 43' 
Long. E. 31 " 43' 

C - S+ A = 189' 51.7' 
m= 52'35% 
B =  135" 161' 

Mark: 54'35.7' 

Local t,ime Needle 111 D 
h m  
2 Mp. m. Po 222" 196' 357" 285" E 

59 PI 382 54.3 
3 3  PP 106 w 7  

I2 PP 11% w7 
16 PI w 2  55.3 
21 p* 6 1  22.2 
?& PI 129 B-0 
p8 PP 8.8 a9 
32 PI 109 !27Q 

6 PI 33.7 498 

Mean 357" 34%' E 
Mark: 5 4 " 3 3 5  

115. 1896. February 4. 

Let. N. 84'43' 
Long. E. 24" 59' 

Mark: 54"368' 

Localtime Needle Y 

11 4 1 a n i .  PI 219" 134' 
h m  

46 PP 35.3 
47 PI 42-9 
50 P I  49.1 

12 6p.m. P,.VIB 25.1 

% PI 56-3 
48 p, 38.6 
81 PI 463 

B PP 318 

Mark: 54" 36%' 
8 
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116. 1896. February 5. 

Lat. N. 84" 39' 
Long. E. 24" 38' 

C - S + A =  187'22.7' 
m =  54" W5' 
B =  132" 462' 

Mark:  54" 377' 
Local time Needle M D 

10 1 4 a  in. Pl $219" 18.2' 352" 44' E 
18 188 50 

It ni 

22 Pl 21.7 7 9  
26 PY 23.3 9 5  
37 Ps.V.y 189 5-1 
59 P,.V, 182 4 4  

11 10 PP 136 1.8 
15 Pl 124 351 B-6 
'90 Py 218 51-6 I )  37.8 

30 P, 219 1.6 9 47% 
25 Pl w 7  2) 369 

33 Pl 2a.3 s 2  145 
Mean 351 " 5'3.5' E 

Mark: 54' W3' 

117. 1896. February 13. 
Lat. N. 84' 18' 
Long. E. 22" 45' 

C - S + A =  183" 9.8' 
m= So 11.6' 
B =  126" 58.2' 

Mark: 56" 120' 
Local time Needle M D 

10 %'a.m. I-', B 0 4 & 2 '  W " W 4 ' E  
32 p, 1'39 180 
36 PI 51.9 mi 
4u px 281 263 
52 P*.V, 32.9 31.1 

11 17 P p . V ~  31.8 36.0 
29 Ps 27.3 5 . 5  
34 PI 4 3 7  43'3 
38 PY 31.3 29.5 
43 Pl w2 524 

h m  

M a n  350" 359'E 
Mark: 56" 11.2' 

* )  Disturbed. 2 )  The needle much 
disturbed, It first moved towurds the E, 
remnined there a moment quietly, and then 
moved towards the W, became quiet aguiri, 
whcrc.ripoii thc srtting w a s  madr. 3, Quiet. 

118. 1896. February 25. 

Lot. N. 84" 12 
Long. E. 24" 11' 

C - S+ A = 173" IlQ' 
m =  64" 574' 
B =  108" 136' 

Mark: 64" 575' 

Local time Needle M D 

10 54 a. m. I:, 243" 37.1' 351 " 50.7' E 

11 1 21.3 351 349 
4 P I  52.4 352 6.0 

14 P l . V I ~  435 351 57.1 

h m  

57 1: 56'4 352 10.0 

37 P,.V, 35.1 48.7 
It 1p.m. PI.Ve 41.0 54-6 

14 p, 168 30.1: 
18 Pl 3EP7 523 

11 Yl 402 S 8  

24 P P  1T6 31'2 

Mark: 64" 57.25' 

Mark: 64" 57.5' 

5 32p.m. P, 243"W3' &51"39P 
36 Pl 369 m5 
39 P P  24'3 379 
42 PI 30.2 43% 

48 Pl 28.4 42-0 
46 PP 5 8  194 

Mean 351" 443l'E 

Mark: Cd." 575' 

No revolver. 



NO. 7.1 DECLINATION. 59 

119. 1896. March 6. 

Let. N. 84" 4' 
Long. E. a" 56' 

Mark: ? 

Localtime Needle M 

10 5 7 a m .  PI %9" 181' 
h m  

11 1 P, Ma 43'1 
5 PI 249 11.2 

10 Pa 248 w 3  
23 P#.V, 32.3 
51 Pn.Vz 79 

12 4p.m. Pa 46 
10 PI 30.2 
16 PI 4 1  
19 P I  17.7 

Mark: ? 

The mark could not be seen for the 
falling snow. 

120. 1896. March 7. 

Lat. N. 84" 0' 
Long. E. 24" 11' 

C- S+ A =  16%" 38'8' 
m =  63" 41.3' 
B =  loo" 57.5' 

Mark: 63" 41.3' 

Localtime Needle M D 
h m  
4 48p.m. Pl 251"219' 352'194'E 

53 P, 250 46.3 8 1  43.8 
57 Pl 48.7 46.2 

5 1  p s  529.3 268 
14 P a . V ~  7 9  5 4  
98 p* 17.3 148 
32 P I  409 38.4 
36 P, '249 57.3 350 a 8  
40 Pl %o 409 351 37'7 

Mean Xil"319'E 
Ma&: 63" 41.3' 

121. 1896. March 19. 

Lat. N. 84" 5' 
Long. E. 94" 43' 

Ma&: 63"395' 

Localtime Needle 

11 5a.m. Pn 
9 Pl 

14 P B  

17 Pl 
z7 P1.VIE 
56 P1.V, 

12 24 p. m. P I .  V' 
34 Pl 

40 pa 
44 p* 
47 p* 

h tn 

Mark: B"39.3' 

&f 

260" 52.3' 
34.9 
526 
494 
W6 
40.3 
26.7 
w4 
19.8 
119 
0 6  

122. 1896. April 9. 

Lnt. N. 84" 27' 
Long. E. 18" 33' 

Mark: 55" 168 

Local time Needle 

4 40p.m. P, 
h m 

43 Pl 
46 PB 
50 P I  

5 1  Pl * V, 

36 Pl 
40 p, 
43 Pl 
46 ps 

a PI. V E  

Mark: 55" 168 

M 

253" 103' 
24 

252 57.8 
519 

953 43 
119 
9.9 

22.1 
13'4 
8.3 
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123. 1896. April 20. 

Lat. N. 84" 1' 
Long. E. 13" 5 8  

C- S+ A =  145" W7' 
m= 57" 34.4' 
B =  87"W8' 

Mark: 57" 34.3 

Local time Needle Y D 
h m  

4 =p.m. P1 2%" 46' 3&2"529'E 
43 Pl !24 537 
46 pa 3 3  53% 
50 PI 6 4  56'7 
53 p* 73 57'6 

109 343 le 57 PI 
5 0  pa 8.6 349 589 

4 PI 4.4 54.7 
Mean 34!2"56'3E 

Mark: 57" W3' 

124. 1896. April 21. 

Lot. N. 84" 4 
Long. E. 13" 12' 

Mark: 57" 57'8' 

Local time Needle Y 
h a ,  
4 17 p. m. PI %5" 151 

421 p8 3 1  
24 PI 12 

p* 26 
38 P8.VI~ 155 

5 1 Pp.vE 21.5 
24 PS.V# 17.4 
34 p* Wl 
37 p* 19 
41 ps 35'1, 
44 Pl 242 

Mark: 57" 37%' 

The needle lively. 

125. 1896. May 8. 

Lat. N. 83" 56' 
Long. E. 11" 4' 

Mark:  55" 168' 

Localtime Needle 

11 4 a m .  PI 
8 pa 

11 p* 
14 ps 
23 P,.V, 

51 p* 
54 PI 
57 pa 

12 1p.m. PI 

Mark: 55" 195") 

h m  

41 p8 * v# 

Y 

253" 44' 
$52 50.3 

559 
50.3 

251 51.5 
%2 18'2 

41'8 
19.7 
4.3 
8.9 

126. 1896. June 3. Some move- 
ment in the ice. No revolver. The obser- 
vations ore made in the tent, 160paws in 
front of the vessel's bow. 

Lat. N. 83" 16' 
Long. E. Bo 83' 

Mark: 178" 593' 

Localtime Needle hf 
h m  
3 4Qp.m. Pl 
4 3  p, 

6 Pl 
9 p1 

18 P1.V~ 
36 PP.V, 
45 Po 
49 PI 

56 PI 
52 p8 

Mark: 178'54'0' 

277" W7' 
66 

344 
496 
552 
18'7 
146 
129 
81.6 

276 56.2 

I )  The channel between the obeervation- 
hut and the mark had opened somewhat 
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127. 1896. June 18. No revolver. 

Lat. N. 82'56' 
Long. E. 11' 35' 

M w k :  1%' 16'0' 

Localtime Needle M 

11 5a.m. PI %Bo 419' 
9 p8 43.6 

11 PI m 

I pm Va 5.1 

57 P8.VIz 7.5 

8 PI 55.4 

14 PI 509 

b n  

14 P8 W 1-6 

40 P,.VZ 107 

12 5p.m. PI 283 591 

12 PI W 8  

=ark: le5'18.5' 

128. 1896. June 19. 

Lat N. &2"55' 
Long. E. 11" 44.' 

G -  S+ A =  %M" 17.4' 
m= lao 59-0' 
B= 63'184' 

Mark: 142°59Q' 

Locattime Needle M D 
h m  
5 4p. m. PI mo 599' 343' 17.6'E 

6 Pm 57'3 157 
8 PI 589 17.3 

11 PI 53'3 11.7 
14 PI 59.9 1&3 
16 P, 980 4.6 BQ 
19 p* 9.2 eO.6 
91 p8 148 330 
e3 PI m 57% 15% 
n P, EBO 0.8 19.8: 

Mean 348"lWE 
Mtwk: lUo59.0' 

129. 1896. July 8. 

Lat. N. 83" 3' 
Long. E. eo !i6' 

Mark: 33"!543' 

Localtime Needle M 
h m  
4 19p. m. P, 238' 101' 

24 P I  1'4 
27 Pm 3.6 

56 P1.VE 937 39.7 
5 10 P1.V* 127.3 

25 P, 236 59% 

33 P, 236 556 

33 PI 197 
41 P,.VIE 15.6 

20 PI 197 

B PI e37 149 

nfwk 5 ' 5 3 9  



C. HORIZONTAL INTENSITY. 

As already mentioned in the introduction, the magnetic apparatus 
E. A. ZSCHAU No. 289 was arranged for the taking of both deflection obser- 
vations a t  two different distances, and observations of the deflectors' time 
of vibration, whereby the absolute value of the horizontal intensity may be 
determined when the constants of the instrument are known. 

If the following signs are employed: 
R = absolute horizontal intensity 
Q, = angle of deflection 
e = distance of the deflector 
k = a constant depending upon the distribution of magnetism in 

the deflecting and deflected magnets 
k' = induction coefficient 
K = moment of inertia of the magnet 
T = time of vibration, corrected for rate of chroiiometer, arc of 

vibration and torsion force of the suspending thread. 
a = temperature coefficient 

6 = coefficient of dilatation for brass (0*000180) 
p' = coefficient of dilatation for steel (0*000124) 
t = temperature of magnet during the vibrations 
t' = temperature of magnet during the deflections, 

we have 
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where C is a constant quantity of the following form: 

As already mentioned, there are two magnets belonging to the apparatus, 
designated V and VI, respectively 99.0 mm. and 98.0 mm. in length. 

The temperature coefficient a was determined for both of them in Hamburg 
on June 8th, 1893, by a long series of observations, after they had been 
placed, on June 3rd and 4th, in steam of 100" C., and kept there for 12 
consecutive hours, in order to ensure them against loss of permanent mag- 
netism afterwards. 

The following values were found : 
a 

For magnet V . . . . 0000307 

n . . . o*oO0638 (?)# - 

The moment of inertia of the magnets, K, was also determined 011 

June 9th, 1893, from several series of vibration observations, alternately 
with and without the addition to the magnet of a ring of known weight 
and dimensions, with the following result, which, however, does not lay 
claim to any great accuracy: 

K 
For magnet V . . . . 99.47 

n VI . . . . 200.22 - 

The induction coeficient cannot be directly determined with this in- 

The total constant, C, in which both the moment of inertia and the 
induction coefficient are included, may, however, be inferred by means of 

equation (l), if combined vibration and deflection observations are taken with 
the instrument, in a place where the horizontal intensity is known, as the 
following equation is then obtained: 

log C = log H + log T + 3 log sin 9 - log [I + P't  - 4 Pt' + a (t - t')] 

strument. 

(3) 

The observations for the calculation of the constant C were made in 
Hamburg before the departure of the expedition, and in Wilhelmshaven after 
its return. 

As it was to be expected that there might often be occasions during the 
Fram Expedition, when there was no opportunity of observing simultaneous 
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vibrations and deflections, Dr. NEUMAYER also considered it necessary to 
introduce a new constant, p, which is proportional to the magnetic moment 
of the magnet in question, and by the aid of which the absolute horizontal 
intensity may be deduced from deflection observations alone, or from vibration 
observations alone, according to the following formulae : 

From deflection observations, 

From vibration observations, 

The constant p, of which the form is 

may of course be calculated, like the conslalit C, from the observations taken 
in Hamburg arid Wilhelmshaven. 

T H E  MAKING OF T H E  OBSERVATIONS. 

OBSERVATIONS OF DEFLECTION. 

The brass rod intended for the deflection-observations, was divided into 
two parts to facilitate transport, one half being affixed to each side of the 
alhidade of the horizontal circle. On each half of the rod, a t  definite 
distances from the centre of the horizontal circle, are placed two low uprights, 
between which a carriage may be inserted for the support of one of the 
magnets V and VI as deflector. The carriage may be screwed to the rod. 
Above the deflector is placed a box in which there is a thermometer. The 
arrangement of the rod only permits of deflections with the deflector placed 
E and W, not N and S. 

Not only was the small needle used as deflected magnet, being specially 
intended for this, but also the double needle, when, as frequently happened, 
the mirror of the small needle gave a rather indistirlct reflection. 
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H 

0'1800 
01616 
01228 
005oo 

The two distances a t  which the deflectors can be placed, are, as  pre- 
viously stated, 

e = 29.840 cm. 
E = 39.638 ,, 

so that the proportion between e and E is as 1 : 1.33. By experimeiits in 
Hamburg during the construction of thc instrument, the distances were 
chosen with a view to giving the deflection angles in  the polar regions, where 
the horizontal intensity is very small, a suitable, not too great, value. 

- 
Mttgn. V Magn. VI 

e l E  e l E  

103 O I & 16.75 
11.4 I 435 187 
152 66 %Q I IO:; 
40.0 I 159 - 

According to the formula 
H ,  sin q,, 

H '  SlIl 4p = 

where H,  indicates the horizontal intensity in  Hamburg, and pu the angle 
of deflection found during the experiments there with the apparatus, Dr. 
NEUMAYER calculated the angle of deflectioii for Kristiania. Tromsij, and the 
polar regions, assuming for these loalities a horizontal intensity of respec- 
tively 0.1616, 0.1228, and 0.0500 (C. G .  S.), with the following result: 

Hamburg. . . . 
Kristiania . . . 
Tromsil . . . . 
Polar Regions. . 

After this, it would always be possible in the regions which the Fram 
might traverse, to obtain efficient deflection-observatioris with magnet V at 
both distances, while magnet VI would in most cases probably only be capable 
of being employed at  the greater distance E. It is also probable that it 
would be more advantageous 011 the whole for magnet V to use the greater 
distance. These hints were followed. During the expedition, there were, on 
the whole, 163 angles of deflection determined, 132 of then1 being with 
magnet V,  and 31 with magnet VI. In  the 132 cases in which magnet V 
has been used, y was determined 79 times with the deflector a t  the distance 
E, arid 5.3 times with the deflector at  the distance e, both distances being of 
course employed simultaneously when opportunity offered. Out of the 31 
determinations of the angle of deflection with magnet VI, the short distance e 
has been used i n  only 4 cases. 

9 
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The deflection-observations were made in the usual manner, the deflector 
being placed successively in the well-known 4 positiotis. In each of these, 
the telescope was pointed towards the mirror of the deflected needle, where- 
upon the two verniers of the horizontal circle were read off, and also a 
reading was taken each tirne of the thermometer placed above the deflector. 

If we call the two circle-readings (mean of the two verniers) with the 
N-end of the declination-needle deflected in an easterly direction, a, and u2, 
and the readings with the N-end deflected in a westerly direction, u3 and u,, 

we obtain 

where 

y = q ' + d ,  

while d is the correction for angular inequality expressed in minutes. 

If we put u, - u2 = d,, and u3 - u4 = d,, and express d, and d 2  

in degrees, then 
d = - A [A: + 6.3 . 

As we know, the factor A has the following form: 

A = 05236 [6 tan y + 4 cot 91, 

and according to this formula, I have drawn up a hh. ,  for A for each 
single degree from y = 3" to 9 = 70', in  order to simplify the calcu- 

lation of 6. 
The hour was unfortunately not noted for the separate settings of the 

needle during the actual deflections. but was noted at  the setting of the free 
declination-iieedlc before and after the cleflections, and I have tlierefore tried 

hy interpolation to fix tlie hour corresponding to the angle of deflection found. 
This interpolated hour is also assumed to be applicable to the reading of 

the nr:edle's positiori in  the magiictic nieridian, calculated by the deflection- 
readings. this calculuted readiitg being eiitcred, RS mentiorled on page 17, 
i l l  the series of directly observed decliiiatioii-readings. 

1 LAMUST. Handburh des Erdmtlgnetisnius, 1). 31. 
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OBSERVATIONS OF VIBRATION. 

The vibration-box belonging to the apparatus is fui*iiished with suspension- 
tube and cocoon-thread, by which each of the two magnets, V and VI, may 
be suspended. The magnets have pointed ends, a i d  the vihrntions are oh- 

sewed with the naked eye. For the reading of the amplitudes, two different 
scales are placed at the bottom of the box, one a ciide divisioii, by the aid 
of which degrees and fractions of degrees may be read off directly, and the 
other a linear scale, of which the advantage is that the divisioo-marks are 
farther apart. On this account, the Intter scale was constantly employed. 
By a series of measurements taken in Hamburg, June 6th, 1893, one scale- 
division was found to equal 1.91 mm., and as the lerigtli of the magnets V 
and VI is respectively 99.0 nim. arid 98.0 mm., the arc-value of one division 
on the linear scale is respectively 2.21" and 2-23", mean 2.92". 

The way in which the vibration observations were made was that the 
time was noted to tenths of a secoiid every third time the point of the 
magnet passed the middle division of the scale (zero) from the 1st passage 
to the 31st inclusive, and subsequently from the IOlst to the 131st inclusive. 
Immediately before and after each series of vibrations, the magnitude of the 
ariiplitude to each side was read off on the scale to tenths of a division, 
with the hour beloiiging to it; while at the same time the teniperature WRS 

read off on the thermometer placed with its bulb i n  the vibration-box. If 
the time of vibration directly deduced from each series of vibrations is called 
T', we obtain the actual time of vibration, T, from the formula 

l o g T = l o g T ' - l o g y + :  l o g e ,  

where y is the correction for arc of vibration, and e is the correction for 
rate of chronometer, the sign + being used when the chronometer loses, 
the sign - when it gains. 

I have calculated y by the formula 

where ho and h, indicate the amplitude of the needle from the middle 
division in scale divisions, respectively for the beginning of the vibration 
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observations, and  after their termination. By the aid of this formula, I have 

drawn up a tabla of log y with 

ment. 

expressed in scale divisions as argu- 

T h e  tahle contains the value of log y to 5 places of decimals, for 
2 

ho + h ,  
2 .  every tenth of 

T h e  correction for rate of chronometer is calculated accordiiig to the 
usual formula: 

where s is thc number ol seconds gained or  lost hy the chronometer in 

T h e  chronometer used as observation-chronometel. on the 1st  August, 

1893, was the Kutter;  afterwards, until the end of 1894, the Hangensen 
watch was used, being compared before and after the series of observations 
with the Hohwii chronometer. In 
1895 and 1896, the Frodsham chronometer was  constantly used, being regu- 

lated according to sidereal time. Its daily acceleration in relation to meaii 
solar time, which varied between 231.7 arid 228.8 seconds. and its error on 

local time for the observation-days in question, hiive been given rne 1)y 
Professor GEELMUYDEN. 

hours. Log e has been placed in a table with s as ai*gument. 

It lost daily between 9 and 15 seconds. 

As the time for the value of the horizontal intensity corresponding to 

each separate calculated time of vibration. I have taken the mean of the 
hour iiotetf at the needle’s first and last passnge over the middle division of 

the scale, reduced to local time. 
I have heen unable tc introduce tuiy correctioii for the torsion force of 

the suspending thread, as no ot~serva t io~is  for its determination were made. 
After three series of vibratiori-observatioiis with magnet VI on August 

Ist ,  1893, a t  Khabarova, none were made until August 18th. 1894, when 
magnet V was used. After this the vibration time was  determined regularly, 
most frequently for magnet V, now and then for magnet, VI. There are 
altogether 82 series of vibrations for magnet I.! and 19 for magnet VI. 
A few of the series, however, were made during such great disturbance, that 
the valrie of the time of vibratioii found 111114 he considered very uncertain. 
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C Hamburg 

L.V 027225 0.17735 

Mean 011799 I0076800 

June 5 0146% 109!35074 
- 6 014616' 0.095178 

Mean 014634 I Of@5234 

L.VI - 9 O.lm I O@)%S 03.1069 02216'3 
~~ 

DETERMINATION OF THE CONSTANTS. 

DIRECT DETERMINATIONS. 

a 

o m 7  

o m ( ? )  

The constants employed in the calculation of the horizontal intensity. 
according to the formule given on page 64, are the temperature coefficient Q, 

and the quantities C and p. 

These constants, as already mentioned, were determined by observations 
in Hamburg, between the 3rd and the 9th dune, 1893, with the following 
results, given in Dr. NEUMAYER'S manuscript: 

P Wilhelnis- 
Map.  haven 

1697 6 I E- 

April 18 011761 10-076503 
L.V - 19 011753 , 0076366 

Mean 011757 I 0 0 7 W  

C 

e l E  
027148 017658 
027157 0 1 7 W  
0271L3 017651 

In order in the first place to get an idea as to how the constants C 
and I( had remained during the expedition, I first deduced their value from 
the complete series of observations taken after the return in Wilhelnishaven, 
in  April, 1897, employing the value of the temperature coefficient a, found 
in Hamburg in 1893, as no later direct determination of it has been made. 

The calculations gave the following result: 

April 18 
L.VI - 19 

Mean 

0 1 W  
014218 
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All these determinations of p and Crefer to cases in which the small needle 
has been used as deflected magnet, and may therefore be directly compared. 

It will he seen from the two tables that in the case of magnet V, the 
values found for , ~ i ,  which is proportional to the magnetic moment of the 
deflector, exhibit such slight differences, that. the moment of this magnet 
may be assumed to have remained unchanged throughout the expedition. 
On the other hand. i t  appears as if the moment of magnet VI has undergone 
a weakening, which cannot be left altogether out of consideration. On Sep- 
tember N t h ,  1893, Capt. SCOTT-HANSEN makes the following remark in his 
magnetic journal: “Inadvertently allowed a steel kriife to come near magnet VI”. 
This may perhaps explain the above-mentioned weakening of the moment of 
the magnet, and in the absence of other particulars, there may be reason 
to suppose that as regards magnet VIalso,  u has remained constant in each 
of the two periods market1 by the above-meiitioned contact, arid that thus 
the value found in Haniburp in 1893 may be considered as applicable for 
the time before the 30th September, 1893, and the value found in Wilhelms- 

haven in 1897, for the time after the 30th September, 1893. 
As both p and C, as formula: (6) and (2) show, are determined 

separately by a cumbination of the time of vibration aiid the angle of 
deflection, nrid the double needle was also used during the expedition as 
deflected magnet for the determination of the angle of deflection, the value 
of the two constants i i i  qiwjtion musI be known in this case also. With 

this object, a series of deflection observat.ions were taken in Wilhelms- 
haveii, with the double needle both in position P, and i n  position P, as 
deflected magnet.. If p and C are  calculated liy these ohservations combined 

with the corresponding determinations of the magnets’ time of vibration, the 
following values a re  obtained: 
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This hhle shows that the values found for [i and C agree so well for 
the two positions of the double iieedle, PI and P,, that it may be considered 
immaterial in which position the double needle is used as deflected magnet. 

As mentioned in the introduction, determinations of constants were also 
attempted after the return, in Hamburg, in March, 189’7; h i t  as there are 
no simultaneous observations of absolute delerminutions, with any other 
instrunient, of the value of the horizontal intensity, I haw only been d)le 

to calculate p, with the following result: 

P.V Morch 2 011573 0.075845 
014007 0.091993 I 0.11753 1007681~ I z:y  I 7 

On the 7th March, orily a series of deflections were taken, with detlector V 
and the small needle, aiid no vibration observations. I have therefore eni- 
ployed for the calculation of p the time of vibration of magnet V, found oii 

the 2nd March. In spite of the urifortuiiate circunislniices under wliicli these 
observations were niade, the results, as it will be seen, agree fairly well with 

the values subsequently found i n  Wilhelmshaveii. 

EMPLOYMENT OF THE OBSERVATIONS FOR THE VERIFICATION OF THE 

CONSTANTS. 

Although, as will be understood from thc? above, it may with tolerable 
certainty be taken for granted that the constants ,LL and C’, a t  any rate as 

far as magnet V is concerned, have reniuined uiicliaiiged througliout the 
expedition, I have considered it worth while to attempt, as far as possible, 
to make use of the observations made during the expedition itself as a 
further check, the more so LIS it will also afford an opportuiiity for a more 
careful study of the ternperature-coefficieiit a, whose deteruiiiiation in Hamburg, 
in 1893, was the result of observations made withill coniparatively narrow 

temperature limits. It is also expressly stated in Dr. NEUMAYER’S manuscript, 
that there is reasoil to suppose that the temperature-coefficient has a different 
value in extreme temperatures such as those in which it is often necessary 
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to take observations in the polar regions. He therefore recommends the 
making, if possible, of a direct determinatioii of this coefficient upon the field 
of observation itself. There was no opportunity, however, of making such 
delicate investigations in the difficult natural conditions with which the 
expedition had to contend; aiid it is thus only H question of deducing indirectly 
from the series of observations a reasonable value for a, and this only for 
magnet V ,  which was the one most fiequently employed. 

With this object in view, I first took all the cases in which both the 
vibrations and the deflections had been observed with magnet Ir on the 
same day, and the double needle had been employed as deflected magnet. 
Assuming for the time being that the horizontal intensity on the above- 
mentioned days had been the same during both the deflections arid the 
vibrations, I was able, for the determination of a, to draw up by forniula (6), 
39 eauations in the form 39 equations in the form 

[ T 
. a = =  . p -  ~ + [ $ ‘ t - j / ~ ] ,  

2 f sin q~ 

which fall into two grnups, 15 with the deflector at  the distance e, and 24 
with the deflector at the distance E. As the coristant value of p,  I employed 
the mean of the values found in Hamburg and Wilhelmshavcn, ill 1897. 
The mean value of a from the first group of equations was 

a = 0 ~ ~ 1 ,  

a = 0~000567. 

a = 0000514. 

from the second 

and from the entire 39 

With this value for a, and the mean values for ,u arid C, found by the 
determinations ill Hamburg aiid Wilhelmshaven in 1897, a temporary value 
for H was calculated by formulee (4) and (5) (page 64) separately by 
vibrations and deflections in the above-mentioned 39 cases. It then appeared 
that i n  only 7 of these cases did the values for the horizontul inteiisity 
deduced from the vibration and deflection observations inade on the same 
day, agree so far that there could he any question of using the observations 
for determinations of constants. These 7 days were: 

in 1894, December 7th, 
,, 1895, May %th, 
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in 1895, October 17th, 
December 12th, 

,, 1896, January 28th, 
March 19th, 
June 18th. 

If to these are added the observtition-days after the return of the expe- 
dition - March 2nd, 1897, in Hamburg, a d  April 17th arid Igth, 1897, i n  
Wilhelmshaven - we have IO, what I will call normal, days on which 
determinations of the horizontal intensity have been made with the apparatus 
mounted in the same way, under comparatively quiet magnetic. conditions, in  

temperatures varying from - 28" C. on thc 28th January, 1S96, to + 11".6 C. 
on the 17th April, 1897. 

THE FINAL VALUES OF THE TEMPERATURECOEFFICIENT. 

In order to study the temperature-coefficient more carefully. I calculated 
p from the observations on the 10 riormal days. by formula (ti), both with 
the value a = 0*000307 (Hbg.) found i n  Hamburg in 1893, and with the 
mean value, a = 0*000514 (Ex), found in the above-described manner by 
the observations during the expedition. The result was as follows: 

Dnte 

1 M .  Dec. 7 
18%. May 24 

Oct. 10 
Dec. 12 

1%. Jan. B 
March 19 
Julie 18 

1697. March 2 
April 17 
- 18 

- 
t + t' 
2 

__ 
- 

- 15-7 

- 138 
3.4 
6 5  
11-5 
106 - 

r.v* 

0.11637 

011637 
0.11587 
011573 
011617 
011618 

0.11599 

0.116oL 
0.1 15% 
011.w 
0llGdS 
011644 

- 
t+t 
2 

- 27.4 
- 7.9 
- 157 
-226 
- sa  
- 138 

6.4 
11.6 
105 

- 

- 

1'. V, 
a = 0000307 

( H b d  

0076470 
O W M  
0.076140 
0076347 
0076443 
0076170 

0'075843 
007w32 
0.075932 

tt = OW0514 
(Ex.) 

@076033 
0.075932 
09758% 
0.075987 
0.076017 
0075952 

OQ75945 
0976% 
0.076098 

If the 4 series of values of ,u in  the table are plotted graphically as a 

function of '3, 4 fairly uniform curves are produced, which distinctly 2 
10 
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show that a cannot be constant, but, as we have already supposed, must 
depend upon the temperature. If we call this 2, we may put 

a = a, + a2z, 
and equation (6) becomes 

if t and t' have anything like the Same value. This equation affords an 
opportunity for the dctermiiintion of a, and  u2 by the method of least 
squares, as we obtain a series of equations ill the form 

B 
a1 + Aa, = - A' 

where 

After a careful study of the forthcoming observation-data, which deter- 
mined me in excluding two of the above-mentioned normal days, namely 
June ISth, 1896, and March 2nd, 1897 (Hamburg) - it being likely that the 
observations on these days were more affected by disturbiiig forces than on 
the other normal days - I filially retailled 12 corresponding valucs of A and 
B, employing the mean value of the coilstant p used in the provisional 
calculation of a. By the aid of these 12 values of A and B, I have 1)eeii 
able to draw up the following normal equations: 

12a ,  - 9 9 9  a2 = OW43426 
- 99.9 a1 + 3462.95 a2 = - 0.045605, 

which give 
a ,  = 0*00033198 
a2 = - 0.00000359, 

and thus a = 0.0033198 - 0.00000359 2. 

By this formola, which I consider to be the final one, I huve calculated 
a table for U ,  for magnet V,  with the temperature as argument, for every 
degree from -4.4)" to +20° C. 

I have heen compelled to abandon LI similar examination of the tempe- 
rature-coefficieiit for magnet VI, that magiid having, as previously stated, 
been comparatively so seldom used. that the obscrvatio~is that we have do 
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not give sufficiently serviceable material for investigation. For the m e s  in 
which niagriet VI  has been used, therefore, I have simply had to take the 
value found in Hamburg in 1893 for the temperature-coefficient : 

a = O*OOO638.  

THE FINAL VALUES OF THE CONSTANTS p AND C. 

The assumptioii that the magnetic moment of magnet V, and thus the 
factor p also, have remained constant throughout the expedition, is made, as 
already mentioned, the basis of the final calculation of the temperature- 

coefficient of the magnet. As a check on the correctness of this assumption, 

I have again calculated CL with the final value of a foi* each of the 8 certain 
normal days with the following result: 

Date 

18%. Dec. 7 
1EMi. May 21. 

OcL 17 
Dec. 12 

1896. Jan. 28 
March 19 

1897. April 17 

Mean 
- 18 

P 

P. V, 

011615 

011619 
011620 
011622 

1'. V,  

0.076127 
0075% 
0-075996 
@076094 
0076105 
0076048 
0-076100 
0075952 

011619 1 0076052 

The values found agree, as the table shows, very well with one anoher, 
and J have therefore assumed the mean of all the determinations as the 
filial value of p for the respective distances e and E. 

No observations permitting of the determination of p were made with 

the small declination-needle as deflected magnet during the expedition. For 
this mounting of the apparatus, I have therefore kept to the determinations 
in Hamburg in 1893, and in Wilhelmshaven in 1897. I have recalculated 

the latter, introducing the improved ultimate value of a and obtained: 
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1897. April 18 . 
n 19 . 

According to the table given 
mean found in Hamburg 

I1 
e E 

, . . . . . 0-11764 0.076523 
. . . , . . 0.11756 0.076385 

Mean 0*11760 0.076454 
on page 69, the 
in 1893, is . . 0.11799 0.076800 

Mean 0.1 i780 0.076627 

As regards the values of ,u for magnet VI, I will refer the reader to 
what is said or1 this subject on page 70, merely adding that this magnet 
was not used for deflections with the double needle as deflected magnet 
hefore September 30tt1, 1893, and therefore the values of ,ti found for 
this mounting of the apparatus in Wilhelmshaven i n  1897, have been exclu- 
sively used. 

It was not possible to check the constant C during the expedition, 
a knowledge of the horizontal intensity determined hy the aid of another 
instrument being required for such a check. I have therefore taken the 
mean of the values found in Hamburg ill 1893 and in Wilhelmshaven in 
1897, in the cases i i i  which the small declinatioli-needle has been used as 

deflected magnet, while we have only the determinations in Urilhelmshaven 
iii 1897, in the cases in  which the douhlc needle has beell used as deflected 
niagnet. 

p and C. used in every case for the reduction of the observations: 
The following table gives a summary of the filial values of the constants 

When the expressioris for direct employment in the formulae, log Cp and 

log c,  are calculated by the values in the above table, it will be found that 
P 
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C 
P 

log - has not exactly the same value when calculated by C arid ,ti for 

distance e, as for distance E. The differences are, however, very small. 
C 
CC 

Calling -, calculated for distance e, 7lS, and for distance E, T ~ ,  I have put: 

c ? e +  ?E 

P 2 
-=- 

With this mean value, and the values of p found in  the above table, I have 

then calculated log Cp according to the forniula 

THE OBSERVATIONS AND THEIR REDUCTION. 

The following tables give. in  chronological order, all the series of deflec- 
tion and vibration observations made during the expedition, and the calcu- 
lation, according to the formulae on p a g ~  64. of the absolute value of the 
horizontal intensity from each separate series. 

OBSERVATIONS OF DEFLECTION. 

Under the date of each observation, the latitude and longitude of the 

place is given, the designation of the magnets used, and an iiidication of the 
distance e or E, a t  which the deflector was pl xed. These arc followed by 
the readings on the horizontal circle, corresponding to the 4 positions of the 
deflector, each value of u,, u,, u3 and u, being the meaii of the reading5 
on the two verniers. In several cases, 2. 3, or even 4 arid 5 settings have 

h e n  niade, and readings taken, with the position of the deflector unaltered. 
A statement of this is niade every time i11 the notes below the table. The 

small letters, a, b, c, d, placed before each value of u indicate the order in 
which the settings were made. 



OBSERVATIONS OF DEFLECTION. 

Date 

Lat. IT. 
Long. E. 

Deflected n w d k  
Deflector 

MI 

U P  

u3 

u 4  

Mean 

P' 
6 

I 

t' 

log H 

Local timr. 

H 

~ ~~ 

1893. August 1. 
- -. - 

69" 41' 
a)" 20' 

Khabnrova 

1893. October 10. I 1893. Aug. 8. 

-- ---I -_ . 

78" 19  
1:36" 2' 

1893. Oct. 14, 

' 78" 1% 
1:x0 I '  

.. - - 

w35238 
999%5 
8%9731 
9w34 

~~ ~ 

p2 
v* 

8357" 1285' 
b357 31.5 
cW9 21.5 
d 279 31.75 

318" 22.4 
15" 193' 38" 20.W 5%" 18.53' 38" 57.78' 

0.0 - 031 - 002 - 002 
15" 193' :Bo Wl' 24" 185' 38" 578' 

- 1300 - 136" - 1&7O - 1940 

0 5 7 m  020742 038518 002147 
0oo??A4 0 m 5 7  0ao439 0O&w 

84,9327 8'12515 849397 8.30497 
870559 8.%326 86948% 86Y857 

. -. - 

8" lgrn p. m. leh el"' p. m. lh !)"' p. m. 3 3rnp. m. 13 59"' p. m. 

(J11177 - I -  oei076 QO5O:io 004.953 - I -  0.02995 3 )  

1893. October 20. 

78" 19 
1.36" 5' 

40"51*82' 16" 00' 
- 018 0 0  

40'51%' 16" 00' 

- 183O - 15.p 

018428 0%W 
om om 
850571 8.13217 
869357 869473 

1) After the deflection observations, it  was discovered that an iron foot to which the thermometer was fixed had been placed between the 
The position of the needle did not change, however, whether the thermometer-stand was taken away or left in its place. 

*) As it was difficult, on account of the light, to set the small declination needle, the double needle was 
legs of the stand. 
It was of course not used again. 
used. s, See the notes to the declination observations of this date on page 21. 



1893. November 3. 1893. November 9. 1893. Nov. 18. 1893. November 26. 1894. Feb. 17. Date 

Lat. N. 
Long. E. 

Deflected needle 
Deflector 

U1 

4 
14 3 

U& 

Mean 

!T' 
8 

P 
t '  

cpl. log sin Q 
log [I-@!+ .)tal 

log CP 
log H 

Locnl time 

H 

78" 1' 
134" 57' 

77" M.' 
137" 5 2  

78" 5%' 
139" 16' 

78" 37' 
139" 4' 

80" 2' 
133" 49' 

L 

v, 
c 41" 51.15' 
d 40 494 
I3320 4'5.65 
b 3 2 0  35-2 

59013.9 
. 

59" 23% 
40" 18.67' 15" 5986' 

-037 -0.02 

40" 183' 15" 59%' 

-26.10 - 26.50 

-____-__ 

I "  04' 

40" 19'93' 
-0.17 

40" 19.8' 

-29.30 

~~ 

48" 23.38' 
-0.09 

40" 1.56' 15"%?4' 
-019 -04 

40" 1-4' 15'290' 

- ~ 3 0  -33.10 

- 
15" 516' 37'37.75' 

-Om -014 

16" 51' 37" 37.6' 

- ao.90 -21.00 

48" 8 3 '  

- 4260 

0 . 1 m  
000621 
850571 

tl.70089 
___--- 

0.12630 
0.009Wj 
8.49327 

862943 
~ _ _ _ _  

01891!1 055975 
O W 5 4 0  wOoj50 

813217 850571 

8 7 W  869742 
-- 

019172 057676 
OT0726 om20 
850571 813217 

8 7 W  871618 

0.33460 0.21430 
0002.16 OW18 
tl.12515 84!hY27 
8713J1 871175 

19 v p. m. 19 &P p. ni. 

0.05066 0.Q5202 

lz" 14m p. In. lzh SIrn p. m. 

W05149 0 ~ 1 7 5  - 



Date 

Lat. N. 
Long. E. 

Deflected nredle 
Deflector 

U l  

u2 

u3 

w 4  

Mean 

_- 

cpl. log sin y 
log [1-(3p+ a)t' 

Local time I-- 

1894. February 22. 

80" 10' 
133" 49' 

48" 43.92' 18" 390' 
-080 00 

48" 43.1 ' 18" 3!PO 

- 17.9' - 17.9'' 

Ole409 049514 
000349 000349 
8.50571 813217 
8633% 863080 
- 

I@ 3 r  p. m. ih 7m p. m. 

004298 0044274 - - 

1894. February 27. 

80' 4' 
135" 27' 

Bo 3825' 18" 2779' 48" 14.25' 
- 0's 

29" 38.0' 18'278' 48" 133' 
-- -022 0 0  

- 1360 - 1370 - 139' 

030588 049735 0142742 
o.Oo403 oflo253 0.00263 
830497 81615 849327 

861488 862508 86233'2 

izh srn p. m. ih 32" p. in. 

004120 1 )  OW218 l )  O.oC%H l )  

3 9" p. m. 

- - 
l )  !he the notes to  the declination observations of this date. 

1894. March 21. 

79" 49' 
1*%O 

45" 1P19' 17"B.O' 
-031 0.0 

46'149' 17'23-V 

-31.8' - ae.00 

014864. 052467 
0.00685 0'00690 
8.49327 812515 
864876 865672 

kh 1 9 ~  p. m. sh 20" p. m. 

001454- 1 )  o w 1 3  - 

1894. April 14. 

80" 12' 
135" 43' 

P I  

VIE vi? 
c 71 " 21.25' s 60" 48'7' 
d70 44% b 6 1  6 0  
a13 a 6  094 85  
b 1 3  12% d %  6 %  

42" 11.6 42" 394' 
28"51'16' 18" 25Q 

-010 0 

B051*1' 18" %Q' 

- 17Q - 17Q0 

031fik7 050042 
000499 OQO329 
830497 813515 
862643 861886 

sh ilm p. m. sh 46m p. E 

0042311) 0042551 - - 



1894. May 22. 1894. April 27. 1894. May 10. 1894. May 5. 

80" 49' 
130" 35' 

80" 36' 80" 36' 
131" 39' 131" 42' 

80" 54' 
130" 5' 

81" 9%' 
lao 38' 

L 

clM" 6'82' 1169'46.72' 
d l 0 0  1.3 b70 1.0 
a 0 1'18 c 3 2  1.89 
b 0 12.58 d%! 1-18 

vo V E  

63" 11.5' 62" 509' 62" 41.0' 49" 596' 49" 232' 49" 17.2' 

30":w24' 19'37'3' 52" 29% 
-094 00  -066 

30"31.2' 19" 37'3' 52' 29.0' 

- 1450 - 13.9' - 1370 

- _ _  __ -- 

- -. - - - - - - 

490306' 49" 190' 

20" 8%' .54"1829' 
- 005 -0.65 

M"Xl-5' 50"514' 
50 " 28'59 18" 5593' 

- 0 6 5  - 0'02 

... 

32" 0.1' 20"299' 56" 03' 

- 1.60 - 19" - 1.4' 

029363 0.47391 010063 
of0483 om3 of0259 
830497 8'12i15 8'493!5' 

027577 0.46570 oQ3140 
o m  W r n B  0ooo24 
831151 813217 850571 

011281 o w 7  
0.ooog8 0300!47 
850571 813217 

8.60393 860169 859648 861'340 862201 858776 858819 858735 

13m p.m. 3h~'"p.m. 35mp.m. kh 42'" p. m. 5* gm p. m. SA 152m p. m. 6' 17m p. m. 

h- c 

1) Needle on the whole disturbed. 
2)  The mean of 2 separate settings and readings. 



Date 

Lnt. N. 
Long. E. 

Deflected nrcdle 
Deflrctor 

1' 1 

u2 

M 3 

u 4  

Meail 

? I  

d 

T 

t '  

cpl. log sin 91 

-- 

- 

log [ I - (M+ a) t' 
1% c, _.__ 
log H 

Local time 
H 

oam7 04WB 0294.19 

6595%7 8.e 8.6646 

13 33" 1). m. 

99!!r.r95 ~ P O o O  9WJ76 
85057 1 813217 831151 __ 

iih urn a. ni. 4h sirn p. m. 

1894. May 31. 

048251 047007 
9.99948 9m1 
813217 813217 
861416 860185 

4' igm p. m. 5' M~ p. m. 

81" 32' 
122" 18 

om 0.47W 0.09 176 
000015 0OOO15 0.m 
831151 813217 850571 

19 21"' p. m. 4h 30"' 11. in. sh tirn p. m. 

0.o4008 0~~ - 003!+47 003944 5) 0Q39836) 004113 7) 0 o m  ?) - 
1) The mean of 2 separate settings and rectdings. 2, The mean of 3 separate settings and readings. 8) The mirror rising. 4) The 

7) The needle much needle trembled. 
disturbed. 

6) See the notes to the declination observations of this date. The mirror danced up and down. 
See the notes to the declination observations of this date. 



Lat. N. r Long. E. 

Deflected needle 
Deflector 

Ul 

a1 

Us 

U, 

Mean 

T' 
S 

B 
t' 

cpl. log sin p 
log[1-(3p+ .)t'] 

log c, _______ 
log H 

Local time 

H 

1894. June 23. 

81" 43' 
121" 24' 

L 
VE 

a 127" 1.17' I )  

ti127 W17 ') 
c 86 31.25 1) 

d t36 41.42 I )  
.- 

106" 555' 
20" 1917' 

-006 

20" 191' 

e.3" 

0'45938 
9 W 6 2  
813217 

b5Y 117 

...__ 

-- 

1894. June 28. 

81' 35' 
121" 37' 

L 
V E  vt 

a 125" 2,595' 
b 1%i cl 1% z3.5 
c 85 20.5 a 51 48% 
d 84 43'0 

c 160" 1287' 3, 

h 51 .%5 
_. .- _. .. . . 

10!5" X!Q 

20" 119' 53"4316' 
-010 -0.51 

.- 
lo!!" 1275 

20" 109' 53" 42.6' 

1.70 1 *:30 

0462 18 009.365 
9 m 7 3  94!7!) 

85057 1 813217 

8.59107 859915 
_- ___ 

1894. July 6. 

81" 30' 
1%" w 

.50" 3390' 19" 18%' 
-0.9 -0.02 

M" W6' 19" 188' 

1.20 1.20 

1894. July 11. 

81' 19' 
124" 38' 

- 

L 

VK ve 
a IiO" i ~ % '  c 144" 20.55' ") 
b110 W8 d142 0.76 ') 
c 69 175 a 33 5% 
d 69 13.0 b e% 51.1 ') _- _.- 

89 " 479' €8" 47.7' 

20" 3%6' 52" 22.1' 

3 1 0  2.80 

1) The mean of 3 scpnrnte settings and readings. 2) The needle mudl disturbed. See ttw notes to the declination ohservntions of this 
n, The menn of 4 settings 

7) Tlie 

1 ' 
date. 
and readings varying between 3" 40' and 36" 13'. 
mean of 3 settings and reudings varying between 141" 27' and 142" 59'. 

3, The mean of 2 separate settings and readings. 4 )  "lie needle disturbed; it. danced rip nnd down. 
8) The mean of 3 settings and readings varying between 143" 0 and 146" 9'. 

8 )  The needle in coritinunl motion. 



Date 

Lat N. 
Long. E. 

Deflected needle 
Deflector 

UI 

Ul 

' 4  3 

u, 
Menn 

r' 
(7 

9- 

t 

epl. log sin 9; 

. .. 

-. ___ 

!OR [1-(38+ .)t'] 
log c p  

.- .- . . __ 
log li 

Loc.cil tirite 

H 

1894. July 14. 

81" 32' 
124" 58' 

I!) " .io?) * 

41" 

1894. July 25. 

81" 20' 
125" 47' 

1894. August 4. 

81" 6' 
lwo 25' 

20" 10-9' 20" 22'  

!KP 7-90 

11" 1lrn p. m. 2" 57"' p. in. 

@am6 3 )  0.OXMG 

1894. August 18. 

81" 5' 
1%" 7' 

4h Srn p. 111. 4h 33"' p. 111. 

-. .. . . .. . . .- 

1 )  The mean of 4 settings and readings. * )  The mean of 3 st4tings and recidings. ') The needle somswliat disturbed. * )  The mean 
of 2 settings and readings. 5 ,  The mean of 5 settings atid readings varying lwtwt.cn 278 " 5' urd 2%" 17'. 



Dnte 

Lat. N. 
Long. E. 

Deflected needle 
Deflector 

U l  

u2 

u3 

u 4  

Mean 

!f 
8 

9 

t '  

cpl. log sin y 

~ - -  

log [I - (38+ a) i!. 
1% c, 

___. 

log H 

Local time 

H 

1894. Sept. 5. 1894. September 21. 1894. October 20. 1894. Nov. 10. 1894. Nov. 16. 

81" 12' 
1%" 8' 

81" 12, 
123" 

83" 6 
110" 42' 

81" 57' 
115" 0' 

Pl 

ve v x  
a147" 8'25 3, cIlfi"XV6' 3, 

b149 21'75 3 ,  dl15 27.5 ') 
d 45 '3.5 3) 1% 76 41'75 ') 
c 44. 47.0 3) b 76 $3.5 3) 

96" 7.8, %io 31'6' 
51 " .W37' 1'3" 5.19' 

-0'77 - 0.01 

51 " 37%' 19" 25.2' 

. 

. ... 

-- 

- C&.l -- 26'0" 

82" 11' 
110" 43' 

Pl 
VE 

R 194" 270' 
I1 194 4275 
c i 5 6  4875 
d m  4825 

175" 41.7' 

0.00 

18" SV2' 

- 22.70 

__- -- 

- 1fj;5.&)- - -  

__._ 

18".50'W 
000 

18" 500'4' 

-21.60 

19" 43.7' 

- 19" 

243 " :%yo ' 57" 480' 

- 13.20 - 137" 

0.471M 
0fJoo32 
8.132 17 

04!xH!l 
000432 
812515 

8620.36 

4h urn p. 111. 

0041Ci9 - 
5h 4"' p. 111. 

0.041 72 - 
ah 51"' p. m. 

w04019 - 
5h 14m p. m. Fib 42" p. In. 

0'03816 0.03702 

l )  The: mean of 3 settings and readings. 
3, The telc*scope lnid aside. 

The telescope laid aside, at, the reflection of the win. wos indistinct. 2, The mean of 2 settings 
airid readings. 4 )  The mean of 2 wttings and readings. 



1894. Nov. 24. 1894. Nov. 29. 1894. Dec. 7. 1894. December 14. 1894. December 21. Date 

Lat. N. 
Long. E 

Deflected needle 
Deflector 

U1 

'C 2 

u3 

24 d 

Mean 

T '  
S 

F 
t' 

cpl. log sin p 

-_______ 

log [ 1 - (M+ .)ti] 
log c, 

.. 

log H 

Local time 

I r  

81" 58' 
i l l "  58' 

82" 10' 
110" ,50' 

8.2" Nr 
108" 58' 

89" 33' 
107" 53' 

8 P  5c' 
IOZ" 6 

Pl 
VU VIR 

c 2ooo 22.0' 11 211 " 21.0' 
d200 938 a210 B O  
a165 *w5 CIM 27.5 
b165 180 d 1 5 4  21% 

182" 469' 
28" 22.56' 

0.00 000 

___ 182" 54.1' 
-.. . .- 

17" 29.82' 19" 23.12' 
0.00 

19" 231' 

- 25.70 

~ .~ 

19" 494.' 18" 58.50' 
-002 0.00 

19" 49' 18" ! B 5  

- 2690 -24.30 

-~ -_ 
18" ,5819' 

-001 

18" B 2 '  

- 26.00 

-.__ 

17" 29.8 28" 22.6' 

- 27.70 - 27.00 

045764 
0.00389 
812;i15 

047m7 
0.00530 
8 1 2 m  
8 r n 9  

-. . . . . ___ 

048802 
0ooff l  
812515 

861854 

052194 0 . 3 m  
OW573 ow€w 
812,515 830497 

048557 048791 
000513 OW496 
81515 819515 

861535 861- 
- 

8.65% 8.63607 8.58668 

ZB" p. m. 

0cR861') 

~ 

4'l 6m p. N. 4'l !Zlm J). m. 

0044% 1 )  o w 2 6  1) 

4h 42"' p. m. 

0040GB 
sh urn p. N. 

0041L5 

l )  See the notes to the declination observations of this date. 2, The mean of 9 settings and readings. 



1895. Jan. 12. 1895. January 18. 1895. March 7. 1895. March 10. Date 

Lat. N. 
Long. E 

Deflected needle 
Deflector 

u1 

u-2 

us 
U d  

Mean 

!TI 

d 

Q 

t' 

cpl. log sin 
106 [1- (3~+ a) t'i 

log c,t 
log H 

Local time 

H 

1895. April 5. 

84" 17' 
97" 23' 

88" 41' 
102" 47' 

83" 95' 
102" 30' 

€44" I' 
101" Fk3' 

83" 59' 
102" le' 

PI VIB 
c3O2O590' VE 1 )  b313"51*75' I )  

dm 9.75 1 )  11313 11.87 ') 
S s 7  52.6 * )  d257 20.75 I )  

t,m 17.5 1 )  c2.57 369 ') 
-~ _. 

za5" 2.25' 

17" 1468' 28" 930' 
-010 

17" 144' 28" 92l  

-21Q0 -21'5O 

- -- 285" 19.7' 

-026 

- 

- .- -- 

18" 5213' 
- 0'03 

18'521' 

-WOO 

18" 13.00' 
-0.01 

18" 130' 

- 2500 

17" 1570' 26"5195 
-005 -OW 

17" 15.7, 26" 519' 

-90.50 - %I40 

0 . 4 w  0*318cN 
000702 0.00951 

8 W 9 7  812.515 
86257 I 863145 

_ _  -- 

052818 032621 
000418 o*oo643 
&12515 8.30497 

052763 0.34496 
0.00407 o m  
812515 830497 
&65G€ri 865Gi02 

. .. . -~ ... . 

049026 
o m 2  
812515 
861993 

- 

0505oO 
0.00514 
81615  
8W529 

sh B~ p. m. 

004167 - 
5h 41"' p. m. 

0.0%318 - 
d 38m p. m. 5* 8m p. ni 

004638 OM529 - - 
1) The mean of 2 settings and readings. 



Date 

Lat. N. 
Long. E. 

Deflected Needle 
Deflector 

U l  

u2 

u3 

?( I 

Mran 

Io 
8 

F 
t' 

cpl. log sin I 

______ 

~ _ _ _  

1% [1-(38+ 4t.. 
1% c ,  
log H 

Local time 

H 

1895. April 20. 

84" 13' 
94" 30' 

26" 1.56' 16"W12 
-027 -0.10 

26' 1.3' 16n480' 

-200.00 -%HO 

0,35782 o w l  

000597 o w 1  
830497 812515 

866876 866821 

sh 37" p. in. !jh 57m p. m 

004664 0.04658 - 

895. May 9, 

84" w 
90" 21' 

- -. . - -- . 

PI 
VE 

a 300" 214' 1 )  

IIW 34.5 1 )  

c267 196 l )  

d 2 6 7  186 I )  

283" 53,4' 
16" ,We%' 
- 0.02 

16" ,213' 

- 10.10 

. . . . . .  

-_ . . . . .  - ... 

-. .... 

0 w 3  
000184 
812515 
867 182 

. .- 

sh 4srn p. m. 

OM97 - 

1895. May 24. 

84" 41' 
82" 31' 

1895. July 3. 

84" 42 
74" 2(y 

230'499' ~ l " 2 0 9  231" 04' 231"102' 
14" 37.W 36" ,5037' 64" 3496' 22"51*03 

-014 -0.98 -002 
15"4248' 

-0.02 
ISo 4 2 5  15" :W2' 14" 372' 36" W2' 64" =I'  22" 51.0' 

- 7.00 -6'90 26" 200 1.40 08O 

059814 022219 006272 041081 
0001% 000123 999!l58 999967 9WJ58 9.99976 
812515 812515 8 1 5 1 5  843.727 867389 830497 
869384 86W.57 87B87 871513 871779 871554 

4h 9" p.m. 40m p.m. $42'" p.m. 3h 59" p. m. 4h 16m p. m. 4* 33" p.m 

005194 - 094981.2) 005283 005190 005291 004941 - - l -  - 
I )  The mean of 2 settings and readings. *) Thr revolver laid aside. 



Date 

Lat. N. 
Long. E. 

Deflected needle 
Deflector 

Ul 

u2 
u3 

u, 
Mean 

97' 
8 

97 

t' 

cpl. log sin 97 
log [i-(sb'+ a)t l  

log c, 
log H 

Local time 

H 

--____ 

1895. July 13. 

81." 41' 
76" 1' 

333 " 5V8' 333" 126' 
15" 044' 37" 20.63i 

-002 -040 
15" 04 37" 20.2' 

6 1 0  6'00 

058681 021717 
9.m !l*99905 
812515 849a27 

871099 870949 

sh 4" p. in. sh srn p. m. 

OQ5123 - 0%140 

Y 

1) A little earlier, the reading was 162". ED 

!2%" 88' 283"107' 283" 33' 282"B7' 
36" 494' 14"SW'  22'43.18' 63'47.69' 

-0.07 -0-02 - 0.03 -076 
36" 49 '  14" 37.4' 22" 43.1' 63" 46.9' 

1.4O 1'10 1.50 1.6O 

- . 

022993 0.59780 041319 0.01715 
999977 9.99982 !).9995!5 999952 
849397 812515 am97 867389 
8 7 m 7  872277 871771 87x66 

5* 4" p. in. . sh B~ p. in. 5* W p. m. sh srn p. m. 

0.0525!5 - 005221 - 005282 - 0Q5m 

1895. August 23. 

a&" 11 
79" 1' 

p* 
b 217" v* 675' o 194" VE 17.65' 

2!:*. e 216 , 97.5 d 193 W5 

dl41 389 al&5 6Q 
el41 130 b163 46.25' 

179' 63 '  179" 151' 
37" 4075, 14" 4898' 

-010 -068 
37 " 40.6' 14" 483' 

- 440 - 440 

-- 

021381 0592.56 
000076 000076 
849327 812515 
870782 871821 

4h 3 ~ "  p. m. sh 0" p. m. 

09505103 005m - 



Date 

Lot. N. 
Long. E. 

Deflected needle 
Deflector 

u, I 

u2 

u3 

u 4  

M i m i  

I' 
d 

T 

t' 

cpl. log sin y 
log [ i - @ p + a ) t ' ]  

log H 

Local time 

H 

log C,' 

1895. Sept. 6. 

820 z.0 
78" 45' 

p* 
v ,  

a 93" 3%' 
h 93 2.7.5 
c 61 3!P5 
(1 62 0.75 

77" 266' 
15" 3344' 

- 0.04 
15" 36.4' 

1'00 

~. 

0 5 7 m  
999984 
812515 
869519 

-___ 

jh am p. m. 

ON957 

I )  Movement in the ice. 

1895. September 7. 

&I." 54' 
78" 41' 

~ 

p* 
VE v* 

b%"2!F.5' c 115"*0' 
a 92 17.0 d 114 47.25 
c( i1  42.25 b 38 416 
d61 31.75 R 38 %PO 

76 " 5!F6' 76" 529' 
--- 

15' 2W3' 38" 17.69' 
-011 

15" 23.1' 38" 17.6' 

-550 - 550 

- - 0a-I 

057625 020782 
0000!)7 000097 

849327 812515 
870237 870106 

-- 

ilk 6"' n. m. lih 26" ti. ni. 

0*05039 00Ti36 - 

1895.  September 27. 

85" 8 
79" 28' 

15" 2.31' 23"5@13' 38" 4975' 
-013 -003 - 0-05 

38" 49.6' 1.5" 2.3' 23" 5 0  1' 

- 137" - 1380 - 14'00 

09020275 0.5%!)2 0.39351 
O W 2 5 8  0oouio 0.00419 
849327 812515 8.30497 
8.69860 871367 870267 

ilh 28"' R.  ni. i ih  urn a. m. 

@M9!3G I )  005172 1) 005013 1 )  

19 11"' p. m. 

- 

1895.  October 3. 

85" le' 
78" 59 

15" 2195, I 38"41*56' 
- OQ7 -016 

15" 21.9' 38"41*4' 

- 13Q0 - 18'40 

-- 

057713 0ma5 
O W 3 4 4  Of)O232 
812515 849327 
870472 869964 

19' 2"' p. m. 19 p. m 
OQ5067 0ojoos - 

3 



Date 

Lat. N. 
Long. E. 

Deflected needle 
Deflector 

M I  

UP 

u3 

u 4  

Mean 

IF' 
8 

P 

t' 

cpl. log sin y 

-' 

log [I 438 + 4 PI 
log c, 
log H 

Local time 

H 

1895. October 17. 1895. October 24. 1895. November 2. 1895. October 4. 

85" 11' 
78" 53' 

85" 36' 
78" 25' 

85" 46' 
73" 40' 

85" 4w 
69" 54' 

938" 55.4' 239" 24.3' 
38" 3050' 15" 2313' 

-015 -0.09 

_- Bo" 54.6' 230" 499' 231" 46.5 

16" 2394' 41" 21.69' 25" 28.95' 
-0% -0.05 -005 

-___.. 
?BO"W6 230"106' 
16" 9.94' 4 0 O 1 4 6 9 '  

-001 -0% 
38" W4' 15" 25-0' 

- 13Q0 -1310 

16" 25.9' 41" 21.6' 25" 282' 

- 1510 -1510 - 1520 

if;" 9 9  40" 14'6' 

- 1940 - 1870 

020579 057539 
000244 000246 
8rL9327 812516 

O W 1  e17994 O:w 
0002@3 oWB3 wQ4b4 
812515 8 4 m  8mY7 

- ~~ 

om 057083 
ow 0004m 
849327 812515 

018974 
000383 om 
812515 849327 

870150 870300 867644 867609 8.67601 868430 868667 869998 870026 

[Ih 14"' a. IU. llh 36'" a. m. llh 41m a. m. Noon lp 19" p. m iih 2"' H. in. iih B~ a. m 

004743 - 0.04743 - 0.02741 - 



Date 

Lat. N. 
Long. E. 

Deflected needle 
Di4cctar 

U l  

u2 

u3 

u 4  

Mean 

9.' 
8 

Y 

t '  

.- 

cpl. log sin 9. 
log [1-(3,8+ a)t '  

-- ... - .- - 

Local t imv 

238" 109' 
15" W81' :Bo 956' 

-0'03 - 0.45 

15" 26.8' :Bo 91' 

- 2.5'30 -2a.60 

- 
2%" 22.1' 

_- . . . -. .. . 

057456 QWJ19 
000.',2 1 o m 3  
819515 e49327 

8.702.'38 8.70749 

:in' p. ni. sh mrn p. m. 

1895. November 20. 

85" 51' 
64" 20 

237 " 21.6 237 " 164' 
37" 1:vw 15" 031' 

-0.04. - 001 

___ 

37" 136' 15" 08' 

- 26-20 - 26?i0 

021827 0 F W ) l  
ooord3 0'00550 
849327 81515  

&71697 871726 

iih 34''' a. nr. 11' srn u. m. 

0052 10 ow215 - 

1895. Nov. 22. 

&so 47' 
64" 11' 

23" 233' 

-31.20 

040067 
0'00928 
8.:30497 

871492 

1895. November 30. 

85" 28' 
Fis" 41' 

.36"31*94' 14" 4931' 
--om -ow 

.36"319 14" 49.3' 

- ~ 7 1 1  - 2330 

O.%B 0'59208 
O W 1  000474 
8.49327 812515 
8.72337 872197 

____ -. 

4h 18"' p. m. 
005WJ 

4' 41"' p. m. 

0Q5??2 - - 



Lat. N. 
Long. E. 

Deflected needle 
Deflector 

1895. December 5. 

85" 29' 
55" 52' 

2%" w5' 234" 105Y 

14" 2275' 35"4356' 
- 0.01 --015 

L895. Dec. 12. 

85" 2 3  
50" I' 

- 2240 

p. 111. 
4h S I I I  

(POL599 - 

1896. January 4. 

85" 17' 
44" 55' 

1896. January 10. 

81" 58' 
41" 16' 

d 59"' p. m. 4h N~ p. m. 

0'05'374 006017 005778 

sh i m  p. m. 

- - 



1896. January 18. 1896. January 28. 1896. Feb. 4. 

84" 43' 
N4." 59 

1896. February 5. 1896. February 13. Dfltr 

LaL N. 
Long. E. 

Deflected needle 
Deflector 

UI 

U Z  

u :I 
us 

Mean 

9;' 
d 

Y 

t '  

cpl. log sin p 

-__..- 

- 

log [l - (3@+ a) t'] 
log c p  

. - 
log H 

Local time 

H 

84" w 
39" 47' 

8t" 41' 
:<lo 41' 

8 4 O  18' 
92" 45' 

2%" 129 226" 330'2' 
13" 0.18' 32"1194' 

-0.01 --(PO% 

.- . . - 218" 488' 218" 48.1' 

12'2832' 30"28*31 
-0.02 - 00s  

047919 
o.oo8oI) 
8.30497 

0.31808 OW51 
000760 000733 
8493rn 812515 

029677 06W1 
WOO531 0- 
8.49327 812515 
&795&5 879052 87W25 879717 8 7 W )  881895 881724 8.78018 877,381 

12" Y' p. m. 13 28'" p. In. 

006098 0%!!)40 - 
1 I* 27"' a. m. llh 52"' a. m. 

0.06250 0%173 - 
1 9  6"' p. ni. 

006198 - 
lo" 52"' a. m. 11" 17m a. tu. 



Lat. N. 
Long. E. 

Deflected needle 
Deflector 

1896. February 25. 

a" 11' 
24" 13' 

18" WO' 11 O W 3  28" k31' 

-20'6' - m.7" -%W 

0 4 Y m  06831:1 031831 
o m 1 5  om1 1 O m 7  
830497 812515 8 4 9 W  
881040 88123  881% 

_- 

I I* 14"' 11. TIL 

006463 

llh 37"' a. in. I!$ 1'" p. m. 
0064% 006541 - 

1896. March 6. 

&Lo 4' 
24" 56' 

Po 
v* VE 

c 278 315' b 259 " 47.0' 
1,277 199 8259 4?0 
b218 315 0235 36% 
0218 14.5 d %  24% 
-. -. 

24f" M' 247037.8'- 
.. 

29039.19 12" 7-25 
-012 - 002 

oam 067786 
o m 3 7  o m 2 1  
849337 812515 
8805% 8.80922 

~- ... . - 

1896. March 7. 

84" 0' 
24" 9 

12" 1423 
- 001 

12" 14% 

- 25.50 

067376 
000526 
812515 

8 W 1 7  
_ _ . _ ~  

5* 14"' p. nl. 

006370 

1896. March 19. 

84" 5' 
24" 4a 

18"41*19' 12" 850' 29"WW 
-003 - 007 -019 

18'41.2' 12" 84' 29'28.2' 

- 138" - 1390 - 13W 

049432 067716 0308(% 
OW13 000.263 000257 

812515 849327 8.304!)7 
8.80349 880494 8'80") 

__ ..... ~ . 

.. - - 

1 l h  27"' u. m. llh 56"' n. m. 1 3  24"' p. m. 
o m 5 9  006383 006367 - 



Date 

Lat. N. 
Long. E. 

Deflected needle 
Drflector 

24 I 

2 

u3 

'6 1 

Mean 

Yt  
R 

IF 
t '  

cpl. log sin IF 

.- 

log [1 - (3~+  WI 
log c, 
log A 

Lord time 

H 

1896. April 9. 

82" 27' 
18" 33' 

29" 12.69' 12" 11.25' 
-0.11 -0m 

29" 12.6' 12" 11.2' 

- 11.8U - 1190 

~ 

031157 067551 
000219 ow223 

812515 8.49327 

88cno3 880289 
- _ _ _  

1896. April 21. 

84" 4' 
13" 12' 

- 16*2" - 16.20 - 1610 

0.49807 068m 031647 
0~002&1. 00031 I 0003crj 

849327 8*.30197 812515 
880788 881&72 8.81283 

_~ 

4h 3"' p. m. sh im p. m. sh p. m. 

006499 - 006461 - 0%4% 

1896. May 8. 

83" 56' 
11" 4' 

29" 12%1' 12" 1406' 
-004 -005 

29" 12.8' 12" 14w 

-15.00 - 1490 

. 

031153 067388 
0.00286 000284 
849327 812515 
8807% 880187 

llh Bm u. m. llh 41"' u. m. 

006422 006387 - 



1)Rb 

Let. N. 
Long. E 

Deflected needle 
Deflector 

Ul  

U2 

U : l  

U4 

Mean 

v' 
8 

P 
t' 

cpl. log sin ~p 

log[l-(3,8+a)t': 

log H 

Local I.ime 

H 

-. . . __ - 

.. . 

. . . -. . . . .- . 

log c u  
.. .. . . . . . .. 

1896. June 3. 

isrn p. m. 36'" p. in. 

0'06861') OOs8a3') - 

1896. June 18. 

eo 56' 
11" 35' 

26".Wo(Y 11" 4 1 9  17" 1Q6' 
.. 0 %  woo -Ow 

%io 540 11" 4.2' 11" 1.v 
31" 3.60 50 

- . 

0.w 0,71668 053365 
999950 9 ' m 2  !P99850 
849.327 8'1515 830197 
883721 8'aik 883712 

i i h  B~ a. m. lih urn a. m. iih 5 r  u. m. 

00fX3742) 0'06!XB2) 006873*) 

1896. July 8. 

83" 3' 
12" 56' 

052743 0.70534 033985 
9.w 999967 9?+9971 
8-70697 812515 849tt 
883184 883016 883283 

kh 41'" 1). m. 

OQ6700 
4? S"' p. ni. Sh 10'" p. m. 

006763 006805 - - 

2 
I C  
I .  

I 
I 
I 
i 

! 

c 
I I  Sorile movement in ltie ice. Nu revolver. ?) No revolver. 
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OBSERVATIONS OF VIBRATION. 

The manner, mentioned on page 67, in  which the time of vibration 
for magnet V or VI was determined, gives, as will be understood, 11 separate 
determinations for each series of vibrations, of the time for 100 vibrations, 
all of which are given in the table. On rare occasions, the attempt to note 
the moment of an expected passage of the magnet over the middle line of 

the scale, has failed, and only 10, instead of 11, determinations of the time for 

100 vibrations have been obtained. Once a series of observations of the 
time for 101 vibrations has been made, twice of the time for 130, and once 
of the time for 160 vibrations. Investigations as to the extent of the effect 
produced by the proximity of the revolver upon the values for the hori- 
zontal intensity deduced from the vibration observations, were made 011 the 
'20th April, 24th May, 4th and '26th July, and 20th August, 1895. On April 
Mth, the vibratioii box stood ripon a stone slab frozen firmly into the ice. 
During two series of vibrations with magnet V,  and two with magnet VI, the 
revolver lay east and west, 4 paces directly north of the magnet; while during 
one series of vibrations with magnet V, and two with magnet VI, it was 
laid aside. The values for the horizontal intensity, H, calculated from these 
I series of vibrations, are as follows: c 



w __ NO. 7.1 HORlZONTAL INTENSITY. - 

According to this, we obtain the difference of the means: 
a-b 

For magnet V . . . +OoooS2 
n n V I . .  . -00.00056 

From the '24th May to the 26th September, 1895, the vibration box was 

placed upon the ordinary stand of the apparatus, and the revolver, as usual, 
between the legs of the stand. The following determinations of H, for the 
purpose of wcertaining the influence of the revolver in this position, were 
made : 

M a p .  V 
U 

rhe revolver 
in its place 

0051% ' 

b 
The revolver 

laid aside 

005133 

Magn. VI 
U 

rhe revolver 
in its place 

O%!B7 
@05%76 

00525.3 

b 
The revolvex 

laid aside 

According l o  this, we obtain: 
a-b 

For magnet V . . . -0*00008 

n n V I .  . . -0~Ooo31 

When the ice hut was taken into use on the 26th September, 1895, the 
revolver, as stated in the introduction on page 9, was placed on the ice at  
a distance of 3 metres to the north of the stand of the instrument. From 
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this time until October 3rd, the double declination needle was used for 
quieting the magilet during the vibration observations: arid during the vibra- 
tions themselves, it was standing in a vertical position in the revolver's 
place. On the 4th and 17th October, 1895, several series of vibration obser- 
vations were made with magiiet V, to ascertain the influerice of the decli- 
iiation needle, when placed in the above positioii, 

I895 

Oct. 4. 9 3.i p. m. 
3 52 
4 14 
4 3 8  
5 0  
5 2 2  

Mean 

Oct. 17. 4' Zr" p. m. 
4 5 8  
5 %  
5 47 

Mean 

H 
The declination-magnet in 

the revolver's place 

a 
With the north 
end upwards 

0.04846 

0.04830 
0.04896 

_- 
0'04854 

C 

With the south 
end upwards 

b 
rhe declinatioi 
magnet laid 

aside 

004719 
0.04763 
@(I4741 

- - . -. . . -. . 

The differences of the niearis are: 
a-b c-b 

OCt. 4th . . . . - o*m)52 + o'oooo9 
,, 17th . . . . +O.t)0002 -0-OOOiI 

As will he seen from the results here given of the oltservatioiih, no 
decided effect upon the vibration observations, either from the revolver or 
from the declination niagriet in the above-mentioned positions, can be proved. 
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OBSERVATIONS OF VIBRATION. 

~~ 

Date 
~~ 

1894. August 18. 1893. August 1. 

Let. N. 
Long. E. 

Khabarova 
81' 5' 
lBO 7' 

Clock 
Daily rate 

Chon. Kutter 
- 0.3 I 

Haagensen 
-9$ 

V V 

100 100 

l S m  453' 12"' 43.2' 
44.4 43.4 
44.4 428 
44.2 43.4 
443 42.2 
44.6 422 
d7.8 42-8 
44.0 490 
43.6 424 
434 42.0 
44.0 41'4 

Magnet 

Numb. of vibr. 

VI VI VI  

100 100 100 

7m32QS 
322 
31.9 
32.0 
32 1 
320 
319 
323 
32.1 
32.0 
319 

7 n~ 31.5 s 7 m 31.6 I 
31.7 31.6 
31.4 31.5 
31'4 31'5 
31.2 81.7 
31% 31.4 
338 31.3 
W 9  31'6 
30'7 31.5 
31.0 31.7 

31'8 

7 31'29' 7 "' 31'56 I 
_ -  

Mean 

T' 
ho + h . 1  

2 
t 

45m' 451B * 45156 * 
54 Q 3 9 P  46P 

450 450 450 
~ ~~ 

06517 0.65139 065471 
-om119 - 0 O m 1  -00.00087 

000000 o.oocQo 0'00000 

log T 0'65398 065378 065384. 

cpl. log T 2  
log I1 + (28' + 4 tl 

log - C 
P 

86- 8'69.44 8'69232 
0'00129 oQo129 W00129 

036659 036659 0.36659 

823640 823636 
9*9!B97 999998 

036317 036317 

8'59951. 8'59951 log H 
~ ~ ~~ 

6h 6"' p. m. 9 11'" p. m. Lood time 

H 

8" 4"' p. m. @ iim p. m. s" 25"' p. m. 

011479 I )  011490 I )  011487 l )  - - - 
I )  Constantly disturbed by Samoyeds. 
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1891. September 21. 1894. Oct. 20. 1894. 

81" 14 
123" 23 

81" 12' 
123" 8' 

81" 58' 
114" 58' 

mo 6' 
110" w 

Haagensen 
- 12' 

Haagensen 
- llE 

Haagensen 
- l e 8  

V 

100 

12m 34.0' 

~ ~ 

V V V 
100 100 100 

12"' 47.2' 12m 463& 12 456 E 
46.2 45.6 47.5 
47.0 458 47.4 
46.0 463 &8 
46.6 &8 47.5 
46.2 46.2 471 
46.4 45.8 47.2 
46.8 45.8 47Q 
47.4 463 47.2 
46.4 46.0 47% 
46.8 46.3 473 

V 

100 

12"' B8.2' 
273 
27'8 
27.6 
96.4 
w78 
277.0 
B.5 
97.4 
26.0 

. 26'6 

34.0 
333 
33.8 
33.4 
33.2 
33.6 
32'8 
33.6 
39.8 

12 46.55 12 45% 12 "I 47.20 12m 33aS 12m W13' 
~~~~ ~ 

7%5 7.6594 ' 7.6720 

573 673 p 4 3 j p  

- 13350 - -  1380 - 1375' 

7.5344 ' 
G a p  

- 1830 

087705 
- 000180 +- 

087340 
- m 1 9 1  +- 

088327 088241 0881.19 0.67531 087155 

825690 
999484 

0'36317 

861441 
~- 

827316 833518 823163 
9.99765 9'997.56 9.99756 

OS317 03317 036317 

859128 859591 8592% 
_ _  - -. 

824939 
999662 
036317 

860917 

13 wm p. m. 

m i 1 5  - 

* )  Snow-storm. Difficult to make observations. 2, As the divisions on the thermometer in the 
vibration-box do not 'po lower than - 21" C.. another thermometw is used for lower temperatures, hung 
outside the apparatus along the suspension-tube. 
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November 16. 

82" 6' 
110" 39' 

Haagensen 
-les 

V 

100 

lem 588' 
29.4 
29.0 
28.4 
299.0 
9 . 4  
586 
w.4 
$27.4 
27-6 

lem 28.30' 

087408 
-- 0001545 
+O-00006 

087258 

861241 

19 sm p. m. 

0.04097 - 

1894. November 24. 

81" 58' 81" 58' 
111" 59  Il l" jg' 

Hugensen 
-14' 

V 

100 

12"' 318" 
32.0 
30.6 
32.2 
W8 
31.4 
32.4 
31.8 
32.2 
33.4 
31.0 

V 

160 

mm HS 
4 8  
4.0 
4 4  
38 
3 6  
3-0 
2.6 
1.4 
1.8 
1.2 

V 

100 

12 "' 42.5 * 
428 
43.0 
43.0 
4Q.5 
422 
41.9 
e 6  
41.5 
423 
41-6 

12 n' 31-76' 20 "' 3% ' I2 42%; ' 
7.5176 * 7.5% 7'6235 

3 5 p  563p 5 9 p  

- 21.7' - 21.60 - 21.6' 

omm 087626 088213 

+0.00007 to00007 tOQOO07 
-00.00050 --OW199 -0QUl41 

087565 W87504 088079 

824870 82499.2 823842 
9.99588 9%9 1 999591 

036317 036317 036317 

860775 8%0900 859750 
- 

llh Mm a. m. leh 38"' p. in. 3" 4Im p. m. 

1894. November 29. 
- 

82" IO' 
110" 52' 

Haagensen 
- l l 5 *  

V 

100 

12"' 22.2' 
22.2 
228 
21.6 
232 
21.8 
21.2 
224 
21'6 
21.8 
W 6  

V 

100 

I2 "' 148 E 
14Q 
138 
136 
130 
138 
137 
124 
144 
13Q 
138 

V 

100 

I2 ''I 20.1 
211 
W 6  
W 6  
21.4 
w 4  
20.0 
21Q 
198 
20.6 
19.4 

12m 22.22' 12m 13%' 12M m46s 

087053 086550 086951 
-0.00111 -00012G -0Q0160 
+0.00006 + O w o o 6  +m 

w86948 0.06430 086797 
~~ ~ 

8 B I M  837140 8.26406 
999434. S?%Ei !m9395 

036317 036317 036317 

8.61855 8.62852 8%2118 

iih .Vi a. m. 19 XP p. ni. ish W' p. m. 

004180 - ow251 0.04155 - - 
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104. 

log T' 
log j .  
log ? 

log T 

cpl. log T2 
og [ I  + (2P' + 4 4 

log - 

- 

C 

log H 

Date I 1894. December 7. 

086784 v86897 087073 
- WOO157 - 0 ~ 1 3 0  -0W1W 
+om + o m  +om 
ow33 os6773 0 m  

8.26733 826453 8.96221 
9WI( i  9 W 1 8  9.99423 
036317 036317 036317 

8'62466 863188 8*61961 

-- 

--___-. 

Lut. N. 82" "W 
Long. E. 108" 58' 

Clock 
Daily rate 

Huugensen 
- 125 ' 

I - 

Magnet V V 
Numb. of vibr. 130 100 

12"' 17.6' leni 3 * O S  12m 22.8' 
19.0 2.6 WO 
17.4 2.0 W6 
17.8 20 22.7 
182 1'0 230 
17.4 1 *6 232 
17.6 1 .e 22.2 
174 I *4 298 
168 08 215 
175 0% 21-2 
172 222 

h, + h,  
2 6.2 p 565 p 

4h 4"' p. m. ah sni 1). In. ah p. m. I Local Linie 

001.165 - 001187 - 0'04214 

1895. April 6. 

84" 18 
so 5% 

Chon.  Frodsham 
+ 231'7' 

V V V 

100 100 100 

11 n, r&! E l im 54.0' 11 m 54.4 b 
54-2 54.3 B 8  
54.3 54.1 53.6 
54.1 54.2 53.5 
54.3 53.8 53.5 
54.2 54.1 53.5 
54.0 54.0 53.1 
52'1 53.8 53.1 
54.0 54.0 59.8 
538 536 m 
53.7 538 53.7 

11 '" W10 ' I1 WOO I1 53.41 
~~ ~ ~ 

7'1410 7'1400 7.1341 

6 5 8 P  375p 5-58' 

- 55-50 - 2 5 - 6 0  - 25.6' 

085376 085370 0.85334 
-OW177 -OW135 -OW127 
-0Q0117 -0Q0117 -OW117 

085082 @%I18 08M)90 

@ Bm p .  m. 9 51"' p. m. 3h 13"' p. m. 
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1895. April 20. 

84" 13 
94" 3(y 

Chron. Frodsham 
+ 230.9' 

V V 

1000 100 

11"'4&8' 11"' 49.6' 
491.6 49.1 
423 49.9 
494 498 
425 498 
424 498 
41.8 50.0 
42-2 497 
41.7 49-7 
M-0 498 
418 498 

V 

100 

11 470' 
46.8 
47.2 
46.6 
47.2 
47.0 
495 
47.3 
48.0 
47.4 
48.4 

VI 

100 

12"' 75' 
7.3 
7.2 
7.2 
65 
67 
67 
5.9 
55 
57 
58 

VI 

100 

12 n' 60 E 

59 
52 
53 
51 
30 
45 
45 
38 
43 
35 

VI 

100 

12 "' 27 

2.9 
26 
22 
22 
25 
25 
25 
24 
2.2 

VI 

100 

l p m  1%' 
1 *5 
1.9 
1 *7 
1.2 
1 *3 
I *3 
1.2 
1.0 
1.0 
05 

I1 42-21 ' 11 "' 4973' 11 "' 4731 12"' 7.55' l e m  k83' 12m 247 12"' 134' 

7VB1' 7.0973 I 7.0731 ' 79755 a 7.2483 ' 7.2247 I 7.2134' 

4.63p 585p 513P 5 0 8 p  6'3p 643P 563p 

-15.0"') - 19.90 - 20.40 -WlO .- 20-20 - -  20.30 - 20.40 
~~ ~~ 

084647 W85109 084961 WW186 0.86024. 0-m 085814 
--0088 -00.00139 -000108 --000lcmj -OW162 -000169 -000129 
-- 00.00116 -000116 -0000116 -00.00llG -000116 -00.00116 -000116 
084443 084854 Of&737 0.85964 085746 085597 085569 

831114 8.30292 8305% 888072 8.28508 8.m 8.98862 
999731 9-99627 999618 999418 99999215 999412 994109 

036317 036317 036317 037859 037859 037859 037859 

887162 8f62-36 866461 865349 8.65782 866077 866130 

llh 8 7  a. m. I@ 18"' p. m. 19 39"' p. m. 3 23"' p. m. 3h 46" p. m. 4' IOm p. m. 4h 3F p. m. 

0 0 2 6 9 5 2 )  0-046963) o s a s a o 2 )  0 W 2 )  0016482) 0046799)') 0.01685')' - - - 

') The thermometer belonging to the vibration-box was taken out, and another thermometer, on which 
z, The revolver lay east and 

') Thp magnet moving rather 
the divisions went considerably lower was put  into the box through a hole. 
\vert, 4 paws directly north of the magnet. 
irregularly. 

3 )  The revolver laid aside. 
This is  perhaps due to movement in the ice? 5 ,  The mqpiet quieter. 
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Date 

L a t  N. 
Long. E. 

Clock 
Daily rate 

Magnet 

Numb. of vibr. 

- 

Main 

T' 

e 
t 

log T' 

h O + h  

log 
1% 4 

log T 

h 3  I1 + (ea' + 4 tl 
log - 

- 

cyl. log T 2  

C 
P 

log H 

Local time 

H 

1895. May 9. 

84" w 
90" 21' 

Chron. Frodsham 
+ 231.2' 

V V V 
100 100 100 

I l r n  54.5s 11"' i i m  55.5' 
54.5 560 56.0 
54.5 379 55.8 
54.7 5.53 55.9 
54.5 .wt3 56.0 
54.5 55.7 56-1 
54-6 53.5 56.0 
54.6 56.0 56-4 
54.5 56.0 56.1 
54.5 56.2 56.5 
549 Yi.0 56Q 

1895. 

8 4 O  as 
ao 36' 

Chron. Frodsham 
+ 230.4' 

V V 
100 100 

11"' 999' 
23.8 
2%6 
23.0 
291.6 
23.0 
92.4 
!?28 
921 
%?8 
229 

l lrn B7OS 

083559 0.83423 
-mi12  -000115 
- Woo1 16 -0QO116 

W83331 083192 

8.m 8.33616 
999878 9.99880 
036317 036317 

869533 M 8 1 3  

') The revolver not there, but while noting tlic. l0lst to the 13ist passage of the central division lty 
the magnet, the observer had a pocket chronometer in his pocket at a distance of about half a metre from 
the north end of the magnet. This series of tibrations is characterised in the journal as 
"very good". : I )  'l'hv revolver under the ntund us usuul. The vibration-box plamd on the stand. The 
vibration-box lins previously stood upon a YIOUC duL, fwzen firmly into the ice. 4,  The revolver laid aside. 

2) N o  revolver. 
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May 24. 

84" 41' 
€Bo 36' 

Chron. Frodsham 
+ 5304' 

V V 

100 100 

11'" 21.9' l lm 235' 
22.1 234 

93.3 
21.7 235 
91.8 93.1 
21.4 23.0 
21-1 2352 
21.2 23.1 
50.7 233.0 
21.0 22-9 
W 6  22.6 

l l m  9135' 11'" W15' 

68135' 68315 ' 
478P 5 3 5 p  

- 710 - 720 

083337 083461 
- o m  -0'00117 
-0.001 16 -0'00116 

083127 083218 

8337443 833564 
9.99880 9?mW 
036317 036317 

8.69943 8.69761 
-.___ 

IP T p. m. I% w p. m. 

Chron. Frodsham 

V I  V I  V I  

100 100 100 

l l m  1Y2 '  l l m  17.5' 11'" 169' 
m!i 175 166 
20.1 173 168 

17'4 167 
w2 173 165 
20.4 169 168 
mi 17'4 16.7 
%I-1 17.2 16.7 
196 167 167 
198 17.1 17.1 
19'6 169 164 

V 

100 

11 "I 5 8 8  
5 7  
5.4 
5 5  
5.4 
5.2 
53 
50 
51 
50  
49  

V 

100 

11 "' 5.0' 
5 1  
4.9 
4.9 
59 
5.2 
53 

5-2 
5 1  
59 

11" 2006' 11'" 17%' 11'" 1672' l l m  530s l l m  507' 

~ 

0.83255 0830742 O W 1  082302 00B.87 
- 0.00078 -0-00114 -OW106 -000116 - O W 7  
-OW116 -000116 -000116 -0.00116 -OW116 

0€!306l 0 . m 2  082819 089070 082074 
- .  

8 M 7 8  8,34316 834362 835860 83.5352 
000087 0.00075 000072 0.00039 00004.2 

0.37859 017859 0.37859 036317 036317 

13'71894 8.79250 8.72293 87B16 872211 

4' w p. m. 4h am p. m. sh srn p. m. 5' XP p. m. 5h 5 P  p. m. 

'1 The revolver in its place. 
of the tent.. 

6) During this series of vibrations the revolver was laid aside in one cornor 
7 )  The revolver under the stand again. 
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1895. July 26. Date 1895. 

Let. N. 
Long. E. 

€44" w 
7 P  56' 

84" s 
T I o  7' 

Clock 
Daily rate 

Magnet 

Numb. of vibr. 

Chron. Frodsham 
+ 230.3' 

Chron. Frodeham 
+ W 6 '  

V 

100 

11" 7.68 
7.8 
7% 
7.1 
7.0 
7.1 
7 0  
69 
6 9  
6 9  
6 9  

V 

100 

11'" 68' 
63 
6 7  
6 4  
6 2  
6 0  
Gl 
6 9  
63 

63 

VI 
100 

I1 '" 167' 
163 

164 
157 
161 
16.0 
160 
158 
16Q 
161 

VI 
100 

I1 156' 
15% 
149 
148 
146 
143 
141 
138 
138 
135 
139 

V 

100 

I1 "' 145' 
147 

147 
145 
149 
145 
144 
14% 
149 
142 

V 

100 

11 '" 159 ' 
15% 
155 
157 
155 
153 
159 
15% 
151 
150 
148 

11" 7.13' l I m 6 3 1 '  11'" 1611' l l m  1435' 11m 1439' 11'" 15%' Mean 

66713 ' 66631 ' 67611' 67435 ' 
5 B P  4%P 473p 458p 

4-50 250 200 1'80 

67439 67536 ' 
5 8 8 p  5%P 

630 5'40 

T 

2 
t 

ho + h,  

082891 0.69954 
-0wlll8 -0Wll2 
-OW116 -0.00116 

0.824.21 082368 08300.2 0t3%3&3 
-000114 -000074 -0Qo92 -0QOW 
-0W116 -090116 -0'00116 -OW116 

log T 082191 V82178 082794 0'82mt3 0.62657 089796 

cpl. log TI 
O B  (1 + (W' + a) tl 

C log - 
CI 

835618 8.35644 834412 834624 
0.m woo037 000057 @00@51 
036317 O B 1 7  037859 037859 

8'M 634648 
0.00091 ofloo79 
036317 036317 

8'71094. 87c#l4 log R 8.72001 871998 872328 87,2534 

Local time 

H 

1Ih 52m a.m. 13 11"' p. m. lz" 36'" p. m. lh F p. m. 

095948 l )  0%24kJ2) 0f62€B2) OQ5313') - - - - 
I )  The revolver in its pluc*r*. 2) The rrvolver h i d  aside. 
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NO. 7.3 HORIZONTAL INTENSITY. - - .. 

August 8. 

84" 3Er 
77" 7' 

Chron. Frodsham 
+ rn-6' 

V V 

100 100 

11'" 14.0' 11"' 148' 
137 14% 
139 14% 
137 144 
138 145 
136 14Q 
136 14.0 
134 143 
133 141 

139 
13.2 14.0 

11'" 1361' 11" 14%' 

67361' 674%* 

378P 61' 

4-90 500 

@a!B41 0-&2&32 
-0.00133 - m 1 5 8  
-0.00116 -OW116 

0.82592 O m 1 4  

8.34816 834772 
OW72 000073 
036317 036317 

8.71% 871162 

1895. September 7. 

Chron. Frodsham 
+2308* 

V V 

100 I01 

11'" 165' I l m 2 E 3 E  
168 92.4 
169 22.0 
166 B.0 
162 21.8 
168 21.8 
164 22.0 
164 22.2 
163 21 9 
164 21.8 
16.0 219 

~ 

11 '" 1647' 11 '" 9201 ' 
67647 ' 6.75% ' 
515P 545p 

- 5 1 0  -510 

083025 0.8m.7 
-~00109 - 0 1 2 1  
-OM116 -OM116 

08!2800 omto- 
834400 8- 
999917 999917 

036317 036317 

870631 8.70814 

9 21'" p. m. d W p. m. 

0.05086 05107 - 

1895. September 27. 

85" 8' 
79" w 

Chron. Frodsham 
f259.8' 

V I  V I  V V 
100 100 100 100 

11'" li"' 375' Il '"94Q' 11"' 22.6s 
357 37.5 23.9 243 
S 8  37.2 23.9 24-52 
35.5 371 23.6 
35-52 37.1 23.5 24.3 
35.1 368 23.5 94-52 
35.2 338 23.4 24.0 
35% 36.7 23.6 53% 
35'1 36.5 23.4 93.5 
6.0 36.4 23.5 523.5 
34.8 36.3 23.2 23% 

69531 ' 6'3691' 6*8359g 68398' 

7.15 P 7 . 5 3 p  535p 63 p 

- 15.3' - 1510 - 159' - 1500 

084218 VW18 Ot33479 0f33xEl 
,-OW209 -0-00231 -OW115 -0QO162 
-Om116 -000116 - 0 1 1 6  -0-00116 

V83693 . 083971 083246 w83227 
-_-___ 

632214 8.39fm 8B% 833546 
999557 9?M64 9?M744 999748 
037859 037859 @a317 0.3631 7 

8.69630 8%W1 869569 8.69611 

Sh 13'" p. m. 5' 34"' p. m. d 54"' p. m. 

0.04969 

7* 1 6  p. m. 

m 9 6 7  - O M 9 5 2  ow962 - - 
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1895. October 3. 

&io 12' 
78" .59 

Ctiron. Frodslinru 
+ ? m a s  

V 

100 

11 'I' 21.2 
213 
21.2 
21.1 
81.2 
200 
10.8 

21'1 
m.9 
20.7 

-_  
11 " I  21." 

V V 

100 100 

11 'I' 199 ,' 
19.8 
19% 
194 
19.8 
19.2 
19.2 
19.4 
190 
1 9.2 
18% 

11 l!K% * 

V 

100 

11 tn 20.2 
199 
19.6 
19.7 
1'3'5 
193 
193 
19.1 

192 
18.9 

- __ 
11 1947' 

1895. 

85" 10' 
78' 51' 

Ctiron. Frodshani 
+ m 7 *  

V 

100 

11 32.6 
32.7 
32.5 
32.4 
32.7 
32.5 
322 
32.4 
32.3 
322 
32 1 

V 
100 

11 27.6 ' 
27.9 
27.5 
27.4 
27.3 
97.3 

W 8  
96.7 
27.0 

l l r n  3 2 M S  11"' 27*%38E 

6.9242 68728 ' 
623P 585 p 

- 1*4O - 14Q0 

W M K 3 7  W83714 
--o'ol)1.',9 -om139 
--WOO116 -0QO116 

083762 0.83459 

8eW76 833082 
9w743  95752 

036317 036317 

8-66536 869151 

$ zrn 1'. m. * FP p. ni. 

- .  . 

l )  The observtsr had previously IISPCI ~ m r  of' tlic: declinatiiiri mugnets for quieting the needle, and had it 
staiidiiig Ii~:rpi.ndicularly, north of t h ~  vitirating needle. I t  does lint appear to have had any perceptible 
influerwe. Xfler ttiia, however, only u very small magnet was used for quieting, which had absolutely no 
influence. l )  0 1 1  this day no less than !J series of vibrutioris \veri% t.alieri for the purpose of finding out what 
influence the declination iiiugnet had w h i  iiluced perpendicuhrly in the revolver's place ane r  having been 
used fur quieting. & )  Thv .') Ttie tfecliiitltiuri iuugiiel in  the revolver's place with the north end upwards. 



NO. 7.1 HORIZONTAL INTENSITY. 11 1 
-____-._- ~ 

October 4.2) 

Chron. Frodshmu 
+ Em-7' 

V V V 

100 100 100 

11'" 98.9' 11"' 33.3' I l m  29.6' 
28.6 33.4 999 
28.4 33.0 2!N 
28.4 33.2 295 
B 4  33.2 29.5 
w3 33.9 m 5  
28.3 33.0 28.8 
B3.3 Wo 
B 1  3%6 %8 
28.3 33.5 286 
T7.8 33.3 28.7 

V V V 

100 100 100 

11"' '? .5 11"'37.1' 11"'Ffl5S 
28.5 31% 51-0 
28.0 37.6 
98.1 379 52.0 
28.4 37.8 52.7 
2 8  1 51.3 
27.8 53.2 
27.6 53.7 

2 0  
21.3 54.5 
27.6 54.7 

V 

100 

ISrn ? 
109 
107 
9.6 
9.2 
8.5 
7.8 
6.5 
6 2  
59 
5.8 

68935' 69317 E 68923' 68793 69764 * 7.1276 ' 79311 

585' 5 6 P  5 6 3 p  623P 6.0P 5 g s p  5 4 3 p  

- 13.6O - 13'50 - 134O - 13.20 - 132' - Il*ko - 19.5' 

083781 084084 083837 083755 0- 0 S B 5  0X6m 
-m1;39 -m128 -000129 -000159 -000146 -000106 -000lzO 
-000116 -000116 -OW116 - OQOI 16 -0'00116 -WOO116 -0Ooll(; 

0=% v m  083592 083480 084101 0 m 7 3  0&iW 
--- 

N 3 W  8 32.320 8.32816 W & W  f93179t1 8.29354 8%3031 
999759 99!)76l 999764 9.99767 999767 9%7W 
03317 03317 036317 036317 036317 036317 036317 

8.690% 8-69393 & W 7  869124 867f32 8.65973 864129 

4" 14m 1). m. 4? 38"' p. m. 5" 0"' p. m. j h  22"' p. m. Sh 43" p. m. 7h 1"' p. m. 7" Bm p. m. 

004830 3 )  0 )  0.m 3 )  - OM912 5 ,  - 094773 3, 0.04568 3 )  7 )  - 
declination magnet in the revolver's place with the south end upwards. 
nsidi.. The mugnet somewlitit disturbed. - )  T l i t .  magiicL riiucli disturlird. 

>)  The declination magnet laid 
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1895. October 17. 

85" 37' 
78" 23' 

Chron. Frodshanr 
+ 229.7' 

V 
1OU 

11 m s 

44.8 
44.5 
44.6 
44.4 
44.4 
44.3 
44.4 
438 
448 
43% 

V 
100 

1 1  "' 41.0' 
40.9 

40.8 
40-9 
40.6 
405 
40.3 
40.3 
40-5 
40.0 

V 
100 

11 *' 379 
376 
377 
374 
377 
37.4 
375 
37.0 
37.2 
370 
37.0 

ni &a I 11 nL 40.58 11 "' 37.40 

831j82 830904 8.31362 8'31766 
999707 999707 !)*99707 9'39707 
036317 036317 036317 036317 

8.67606 a66m 867386 &677!M 

w04.763 3 )  - 004743 1 )  0.04.670 '1 004719 3 ,  - 

1895. 

85" 46' 
73" 3cr 

Chron. Frodsham 
+ 229.4' 

V 
100 

11 "I 32-8 * 
32.4 
32.5 
39.2 
32.5 
32.1 
33.1 
31.8 
39.2 
31.8 
33.3 

1lrn 32.25' 

O t W i %  
-0ooo9(i 
-0QO116 

832372 
9.99754 
036317 

I )  The declirration magnet in the revolver's placv with the north end upwards. z, The declination 
nitrgnal in thr rrvolver's place with the south r i d  upwards. ' 1  The declinatiori magnet laid aside. 
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~ 

October 24. 

E" 46' 
73" 3(y 

Chron. Froduharu 
-+ 229.4y 

V V 

100 130 

1lrn 329# i s m  0 3 s  
33.0 14 599 
38.7 599 
32G 59-7 
B 5  598 
326 59.6 
*32.2 59.7 
32.3 595 
32. I 59.3 
339 59.3 
32.1 590 

11 "' :*47 * 14 na 5964 

6.9247 69203 

568 Q 5.3 I' 

- 17.20 - I860 

0.m @&MI3 
- 0.00131 - 0.001 15 
- OW11(i - OO(fll(i 

p. m. 411 j8ni 4' 31"' p. m. 

1895. November 20. 

85" 51' 
64" 18' 

Chron. Frodsham 
+ W8' 

V V V 

100 100 la, 

11 17.8 
17.7 
17.8 
I 7 5  
17.4 
17 ' 3  
17.4 
17 2 
173 
171 
17.2 

11 "' 1AO 
18'2 
18'0 
17.7 
17% 
17.5 
175 
17.2 
173 
17.4 
173 

11 'I' 17.1 ' 
17.2 
17.2 
17.1 
17'0 
170 
17.0 
17.0 
168 
168 
16.6 

11 nr 17.41 ' 11 ni 17'61 11 ni lfi98 ' 

0.83087 083098 08;w 
- 000162 - 000118 - oOO117 
- 0001 15 - 0.00115 - ow115 

0.8810 082865 0828% 
. _ _  

870118 t970010 8.70090 

p. m. sh 31m 11. in.  S/I 8n1 p. 111. 4h G n i  

15 
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I log T 

1895. December 12. 1896. 

84" 41' 
Long. E. 31" 43' 

- 

o m 3  O . r n G 9  w m 7 a  0'807U1 
--000124 -000148 -000136 -0.Otm 
-000116 -0.00116 -000116 -00011G 

I Clock 
Daily rate 

078513 078579 
- 0001 12 - o.001912 
-0.00116 -00116 

Chron. Frodsham 
+ 2295' 

om2 0,bMKi 0'W98 O.w)495 

8,38756 838790 am 839010 
999570 9'9936 9Wk% 9*WF5 
0.36317 0,36317 0'36317 03G317 

874641 874653 8.74879 8748% 
_- 

- 

Magnet -I V V V 

078285 078341 

843130 843318 
999438 999440 

036317 036317 

879185 8 7 W 5  

Chron. Frodsham 
+ 229'6' 

V V 
Numb. of vibr. 100 100 100 

10 n' 438 * 10 "I  &4 10 424 10 41.3 ' 
439 44.1 42.3 41.3 
43.6 44.1 42.1 41.4 
43.5 43.7 41 9 41.4 
43.8 435 &2 1 409 
43.6 43.8 42.1 41.4 
43% 437 41.8 41.3 
43 5 43.3 41.9 41.2 
43.6 43.5 41.8 40.9 
43.7 433 413 41.3 
43.4 43.4 41.7 41.1 

10"' 101 ' lom 11.1' 
9 9  
9 9  109 
98 108 
9 6  108 
9 7  106 
'3'7 107 
9.4 10.6 
9 6  103 
9.5 103 
9.7 10-4 

log T' 
log j .  

log e 

log H 



January 28. 

84' 41' 
31" 43' 

Chron. Frodshan 
+ 2 9 6 '  

1' 
100 

I O m  103' 
1 0  1 
9 9  

101 
9 9  

101 
9.9 

10.0 
98 
9 9  
9 6  

lom 9%' 

69996' 

543 p 

- B O O  

078530 
-000120 
-0.00116 

0 7 m  

843412 
999440 
036317 

879169 

1896. March 19. 

8%" 5' 
24" 40' 

- 

Chron. Frodshnni 
+ 231.4 ' 

V V V VI VI VI 
100 100 100 100 100 lO(3 

10"' 2.7s lom 3.7 .' 10"' 4 7  ' 10"' 146' lom 15.9 10'" 16.0 
26 3 5  4'6 l e 7  15.9 162 
20 3 2  4.6 143 136 161 
28 3 6  4 8  145 139 161 
2.1 3.6 4' 143 136 160 
2 7  36 4-0 145 16.4 139 
20 3.5 4 2  14'3 155 
2.3 3.5 4 2  143 15-6 15.7 
1 *2 33 4.3 141 15'4 15.4 
9% 31 40 140 15.4 1.55 
1 -8 3.2 4.1 143 15% 152 

077973 078064 078128 0-7w 1 078935 078945 
-0.00076 -000127 -0.00127 -0001% -0001.53 -OW197 
-WOO117 -000117 -0f@117 -OW117 -000117 -OW117 

077780 0.77820 (P77881. 078600 0 7 M i  0.78631 

4h om p. m. 4'' E"' p. in. 4h 42"' p. In. j h  21m p. m. j h  40" p. m. ch 49"' p. m. 

0.06332 - ow326 - 0'06346 - Orn352 - O W 7  1 - wo63BEi - 
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~~~~ 

1896. May 8. 

Bo 56' 
1l0 3 

Chron. Frodshani 
+ 231.0 * 

V V V V 

100 100 100 100 

grn 55.4s 9" 55.76 9 n' 57.4 grn 58.1 * 
3 . 5  536 57.3 58.2 
.%2 55.5 57.2 579 
55.4 55.7 57.0 57.7 
.%4 556 57.1 57.8 

55.5 57.5 57.7 
S 6  55.2 57.3 57.7 
55.5 55'1 57.4 57.8 
55.6 54.5 56.9 57.4 
55.6 55.0 57.1 57.4 
yJ5 55.2 57.1 57.4 

9 'n 57.21 ' 9 "' .57.74 E 9ni  =.as grn 55.47& 

59547 5.9533 * 59721 59774 

4 0 3 p  .5%p 38 p 558 p 

- 9 . 6 O  - 12.50 - 1370 - 143O 

0.77386 077476 077613 on651 
- omJ66 -W001U!l -OW137 - 0 1 2 7  
-OW117 -000117 -000117 - 0 1 1 7  

84.5392 845x0 845282 845186 
9.99838 999782 999758 999746 
036317 036317 036317 036317 

881549 881599 881357 881249 



NO. 7.1 HORIZONTAL IN1'EKSI'l'Y. --- - ~~ ~ 

117 
. .  

1896. June 18. 

62" 56' 
11" 33 

Chron. Frodsham 
+ 231.0 

V V V VI  VI 

100 100 100 100 100 
' ~ t n  ;3jga grn 45.7s grn 42,7s grn 47.3s 9 57.2 

46'2 43.3 47.1 57.1 55% 
46.8 4 7 6  5 7  1 55.8 
458 436 4&8 572 55-7 
&-!2 42.7 47.4 w9 55.3 
46.9 434 408 56.8 ,534 
45.1 42.6 47.3 57.0 553 
45'7 434 46.7 56.7 532 
449 42.9 4 7 1  56% 55.1 
434 43.4 46.7 56.8 51.8 

47.4 569 ;ij1 44.5 4!&8 

9 "  45.47' grn k3.@S8 grn 47*1?tb 9 '" 5695 I) !)m W4oS 

58517 5 8 3 0 8 s  58712 5.9695 * 5-9540' 

595p 485p 548p 3 5 3 p  478 

390 340 3.70 480 4.40 

076751 076573 076873 0.77594 077481 
-om143 -000097 -000122 - O W 1  - ow094 
-0QO117 -090117 -0.0117 -WOO117 -0fM117 

076491 0.76359 076634 0771% 0.77210 
~ .- ~ 

~ 

847018 8.47282 846T&2 845148 8.4360 
O W 3 5 8  000050 O f l W A  0.001:38 000127 

0.36317 036317 036217 0.37859 w z m g  

4h 9"' p. m. 4h B~ p. m. 4h 50"' p. m. Lh 15"' p. m. sh 3ijrn p. m. 

0.06777 O W 3 3 1  - 096783 - - 0.06863 - 0-06822 - 
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SUMMARY O F  THE RESULTS. 

In the subjoined table will be found all the values of the horizontal 
intensity deduced either from deflection or vibration observatioiis, and the 
nieaii value for every place of observation indicated by latitude and longi- 
tude. In the calculalioris of the means, I have given only half the weight 
to the determiiintions made with magnet V .  as, from what has beer1 showit 
above, the values employed for the constants of this magnet cannot be 
assumed to be nearly so accurately determined as those of magnet V. 

In calculating the means for the 4th October, 1895, I have not included 
the results of the last 3 series of vibrations, one of theni being incomplete, 
and the other two taken during quite exceptionally violent magnetic 
disturbance. 
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NO. 7.1 HORIZONTAL INTENSITY. 

HORIZONTAL INTENSITY. 

Date 

1693. Aug. 1 

Aug. 8 

Oct. 10 

Oct. 14 

Oct. a 

Nov. 3 

Nov. 9 

Nov. 18 

Nov. 25 

1W. Feb. 17 

Feb. 22 

Feh. %7 

March 21 

April 14 

April 27 

Local time 

15m p. m 
35 

8 4  
I1 
25 

8 19 p.m. 

12 21 p.m 
I 9  
2 3  

12 59 p.m. 

12 29 p.m. 
3 21 

12 9 p.m. 
43 

I2 14 p.m. 
58 

12 56 p.m 

11 35 a.m 
I 2  9 p.m 

1 15 p.ni 

12 37 p.m 
1 7  

12 !X p.m 
1 32 
2 9  

4 19 p.m 
5 %  

5 11 p .m 
45 

I2 33 p.m. 
3 5% 
4 5  

H 
deduced from 

Deflection! 

011386 
01 1401 

0111n 

O W 7 6  
ojgjg 
O W 5 3  

001.995 

0-04936 
004951 

0ojo66 
0.05202 

005175 
0.05149 

0.05022 

0.05015 
004982 

0.04260 

004298 
o m 7 4  

004120 
0.01218 
004201 

004454 
0.04536 

004231 
0.04255 

0.o4001 
003997 
0.03919 

Vibration! 

Oil479 
011m 
011487 

- 
Lat. N. 

- 

69" 41' 

69 54 

78 19 

78 15 

78 19 

78 1 

77 52 

78 25 

78 37 

8 0 2  

Ro 10 

8 0 4  

79 49 

80 l e  

8036 

8036 

- 
Long. E 

- 

60" 20 

6643 

I36 2 

136 1 

1:s 5 

131 57 

137 52 

139 16 

139 4 

133 49 

133 49 

I35 27 

134 58 

I&.' 43 

131 39 

131 49 

- 
H 

Mean 

0.1 145 

0.1118 

ow 

O . o j 0 0  

0.(MH 

0.0513 

0'0516 

00502 

0.05oO 

m26 

m29 

0.0419 

O W  

064% 

O . O I ( W ~  

00397 

Remarks 

Disturbance 

Disturhanee 

Disturbance 

Disturbance 
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Date Local tiin 

1M94. May 5 

May 10 

4h 42" P.' 
5 9  

5 12 p.n 
6 17 

May 22 ! 11 36 a.n 
i 12 10 p.m 
i 43 
1 

May 31 

June 7 

June 12 

June '23 

June 2E 

July G 

July 11 

July 14 

July 5 

Aug. 4 

Aug. 18 

S q l .  5 

0 21 p.m 
4 3 0  
5 1 1  

1 54 a . m  
2 33 p.m 
4 51 

4 19 p r n  
5 42 

4 45 p.m 

5 19 p." 
4 3  

4 B p.n 
5 3 

4 p.ir 
5 2 0  

5 17 p.m 

5 IS p." 
50 

E 11 p.m 
E 51 

2 5 p.m 
3 

li t i  
7 11 

4 51 1'. I l l  

H 
dednced from 

Deflection Magi 
~- 
Vibration 

- 
Lot. N. 

- 
80" 49 

8 0 5 4  

81 24 

81 32 

81 28 

81 4.3 

81 43 

81 35 

81 t30 

81 19 

81 32 

31 *%I 

31 6 

31 5 

- 
Long. E 

- 
130" 3.5 

130 E 

124 38 

1% 18 

122 10 

122 13 

121 24 

121 37 

124 39 

124 t38 

l u x  33 

1% 47 

127 25 

1.75 7 

31 12 ~ 1% H 
I 

Remorks 

Dishrbance 

Disturbance 

Great distnrbanct 

Great disturbance 

Disturhonce 

Disturbance 

Disturbance 

Disturbance 
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Date 

1694. sept. e1 

Oct. 20 

Nov. 10 

Nov. 16 

Nov. %4 

Nov. 29 

Dec. 7 

Doc. 14 

Dec. 91 

1895. Jan. 12 

Jan. 18 

March 7 

Local time 

3 UP p.m 
3 6  
30 

5 14 
49 

.2 3 p.m, 
24 

4 m  

4 54 p.m 

Le 34 p.m 
56 

5 4  

11 44 a . m  
12 38 p.m 
3 41 
5 9  

L l  37 a m  
19 33 p.m 

51 
4 4 2  

4 4 p.m 
25 
52 

5 4 4  

4 55 p.m 
5 2 3  

4 6 p.m 
53 

5 22 p.m 

4 35 p.m 
5 7  

5 41 p.m 

H 
deduced from 

Ieflectionr 

(Lo3816 
0037m 

(n#o21 
001063 

002169 

m i 7 2  

083861 

04068 

0.04155 

0.0419 
@CWiO 

O W 9 6  
0043% 

0.04167 

CwMB4 
004mO 

0.04318 

- 
Iagn. _. 

; ibrationr 

0.03929 
0.03944 
0.03912 

001066 

004115 
004097 

o-04053 
0.04065 
003958 

0.04155 
004251 
001180 

004214 
002187 
Of&165 

- 
s t .  N. 

91° 12 

81 12 

81 57 

81 58 

82 11 

8 2 6  

€ 3 2 6  

81 58 

81 58 

a 10 

82 10 

8220 

8 2 3 3  

8254 

83 41 

8 3 %  

8 4 1  

- 
,ong. E. 

- 
Bow 

123 22 

115 0 
114 58 

110 42 

LIO 39 

110 42 

L l l  59 

111 .% 

110 54 

110 50 

108 53 

107 53 

Lo4 6 

102 47 

109 30 

io1 53 

- 
H 

Mean 

- 
00393 

m 

O W  
0w7 

00617 

0.0111 

(Loz17 

00206 

0-0391 

OMW 

0w7 

00418 

0m14 

0.0443 

0q417 

0q4h 

(H#39 

Remarks 

Great disturbance 

16 
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Date 

1895. March1 

April 

April 

April 2 

May ! 

May 21 

July 3 

July 4 

Local tin: 

3 5m p.1 
43 

4 38 p.1 
5 8  

2 % p.1 
51 

3 13 

. l  37 a n  

.2 18 p.n 
39 

3 2 3  
46 

4 10 
37 

5 3 7  
57 

3 18 p.n 
4 0  

32 
5 4 5  

I 1 7  a m  
48 

33 
: 9  
'40 

e 7 p.m 

142 p.m. 
59 

' 16 
33 

29 p.m. 
44 
5 

33 
52 

H 
deduced &om 
- 
Mal 

VE 
VI 

VE 
VI 

V 
V 
V 

V 
V 
V 
VI 
VI 
VI 
VI 
VI1 
VE 

V 
V 
V 
VE 

V 
V 
V 
v 
VE 
VE 

VI? 
v, 
VI* 
VIE 

VI 
VI 
VI  
V 
V 

- 
Lat. 1 

- 

8 3 O  5 

8 4 1  

8 4 1  

84 1: 

344.3: 

54 41 

4 41 

$42 

1. 43 

- 
Long. 

102" : 

9 7 1  

96: 

9 4 3  

823 

B 31 

14 %I 

74 38 

Remarks 
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Date 

1895. July 13 

July 26 

Aug. 8 

Aug. B 

Sept. 6 

sept. 7 

sept. 27 

Oct. 3 

Local timc 

5A 4?" p.n 
5% 

11 52 an: 
12 11 p.m 

36 
1 2  
5 4  
92 
40 
58 

4 7 p.m 
88 
49 

5 10 

4 37 p.m 
5 0  

5 8 p.m 

11 6 n.m 

3 91 p.m 
I 

40 

I1 B n.m 
50 

12 11 p.m 
5 13 
3& 

6 5 4  
7 15 

12 2 p.m 
23 

3 2 0  
42 

4 2  
?& 

H 
dedncod from 

Deflection 

0.05140 
0.0505123 

06284 
0052232 
0.05251 
0.05255 

0.05103 
0.05230 

004957 

005039 
0 m  

004996 
005172 
005023 

0.05067 
O.OO5008 

Vibration 

0.05248 
09524a 
0-05288 
W 1 3  

005140 
of6125 
005153 
0-05148 

0%@36 
0.05107 

0.04969 
oa952 
004962 
004967 

0.04996 
0.04995 
ow399 
o.050%9 

- 
Lat. N 

- 
84" 41 

8430 

8430 

8438 

84 11 

8 4 5 3  

8 4 5 4  

8 5 8  

8 5 8  

85 1% 

- 
Long. I 

- 
76" 1 

72 5€ 

73 1 

7 7 7  

7 9 1  

78 46 

78 41 

79 e8 

7930 

78 59 

- 
H 

Mean 

- 
0.051: 

m21 

0621 

09514 

00517 

00496 

0.0507 

00508 

00296 

09502 

Remarks 

Disturbance 

Uyement in the 
ice. 



12-4 AKSEL S. STEEN. TERRESTRIAL MAGNETISM. [NORW. POL. EXP. 

Date 

1895. Oct. 4 

Oct. 17 

Oct. 94 

Nov. 2 

Nov. 9 

Nov. 20 

Nov. 22 

Nov. 30 

- 
Local tim 

tih 14m a. n 
36 

3 32, p.n 
52 

4 14 
38 

5 0  
22 
43 

7 1  
23 

ll 41 a u  
Noon 

12 19 p . u  
4 2 7  

58 
5 2 5  

47 

. l  2 a m  

4 8 p.m 
!B 

31 
58 

2 10 p.m 
29 

5 3 p.m 
29 

1 3 4  a m  
54 

4 46 p.m 
5 8  

31 

4 % p.m 

L 18 p.m. 
41 

H 
deduced from 

Deflectior 

0- 
o m 7  

0.04747 
004743 
0.04743 

0.044334 
001860 

005012 
0.05015 

o m 9  
005099 

005912 
005215 

(Lo5187 

cram 
0.05272 

Vibratior 

ow 
004915 
oaw1 
004830 
004886 
OQ4912 
[004773. 
[ O W .  
[0W78: 

Oa743 
001670 
0'02719 
04763 

004835 
ow432 
O W 3 3 2  

0twx 
OW13 
005022 

- 
Lat. N 

8 5 O  11 

85 I O  

8536 

85 37 

8546 

8546 

8540 

35 42 

35 51 

35 51 

35 47 

3528 

- 
.ong. 1 

- 
78" 5: 

78 5: 

78 L 

78 Z 

73 4c 

73 3c 

69 54 

6 4 1  

5420 

i4 18 

i4: 11 

23 41 

- 
H 

Mean 
Remarks 

Disturbance 



NO. 7.1 HORIZONTAL INTENSITY. 125 

Date 

1895. Dee. 5 

Dec. 12 

1896. Jan. 4 

Jan. 10 

Jan. 18 

Jan. 28 

Feb. 4 

Feb. 5 

Feb. 13 

Fel .  25 

Mnrcli G 

Local time 

3" 4.9" p.m. 
4 15 
40 

4 % p.m. 
5 27 
7 3  

22 
43 

4 29 p.m 
53 

3 59 p.m 
4 3 0  
5 1  

12 3 p.m 
223 

11 27 a.m 
52 

4 18 p.m 
39 

5 3  

12 6 p.m 

10 37 a m  
59 

10 52 a.m 
11 17 

11 14 a m  

12 1 p.m 
37 

I1 23 a m  
51 

H 
deduced from 

Ieflections 

OW5447 
ow 
005377 

005599 

OQX% 
005460 

005974 
0.06017 
095778 

096029 
005910 

006250 
0.06173 

006198 

006269 
006231 

006591 

006263 
0064% 
006541 

006387 
006445 

0.05577 
005579 
0 0 W  
OGXCQ 

006192 
006177 
0.06190 

- 
Lat. N. 

- 

85"W 

85% 

85 17 

8 1 5 8  

a456 

84 41 

84 41 

8443 

8 4 3 9  

81 18 

84 11 

8 2 4  

- 
m g .  E, 

55" 52' 

5 0 7  

44. rhs 

41 16 

39 47 

31 41 

31 43 

24 59 

944.36 

2245 

94 13 

2456  

- 
H 

Mean 

00542 

0.0559 

00544 

0.0595 

0698 

ow21 

0 0619 

006m 

0065 

O W  

0.0651 

0.0642 

Remarks 
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Date 

1896. March 7 

March 19 

April 9 

April 21 

May 8 

June 3 

Jurie 18 

July 8 

Local time 

5' 14" p.m 

1 27 a.m 
56 

2 24 p.m, 
4 0  

22 
49 

5 21 
40 

6 49 

5 I p.m, 
22 

4 38 p.m 
5 1  

24 

1 !23 a.m. 

4 1 p.m 
41 

23 
44 

5 5  

4 18 p.m 
36 

. l  22 a. in 

40 
57 

29 
50 

5 15 
35 

4 0 p.m 

1 41 p.ni 
FiG 

5 10 

~~ 

H 
deduced from 

)eflections 

006370 

006359 
0.06383 
006367 

006413 
0.06352 

OW25 
006461 
006299 

006222 
006337 

0oC&!G1 
O W 3 4 3  

006874 
006938 
006873 

wM7%-l 
0067&3 
O W 3 0 5  

Tibration: 

- 
,st. N. 

84" (r 

8 4 5  

8 4 5  

E t 2 7  

E t 4  

83% 

8 3 5 6  

83 16 

8 2 5 6  

8 3 3  

- 
,ong. E, 

24" 9 

2443 

2 4 4 0  

18 33 

13 12 

I 1  4 

I 1  3 

12 33 

11 35 

12 56 

- 
H 

Mean 

- 
0f637 

0.0637 

00636 

00638 

0.0647 

0.0638 

0.0652 

0.0685 

0.0685 

00679 

Remarks 

Some niovement 
in the ice 



D. I N C L I N A T I O N .  

When the NEUMAYER magnetometer is to be employed for the determi- 
nation of inclination and total intensity, the magnet box, and the telescope, 
as indicated in the introduction, are renioved, and upoil the alhidado of the 
horizontal circle is fixed a vertical circle, intended for this purpose, and con- 

structed like a Fox apparatus. For the I)ur‘pose of deflecting the inclination- 
needle, two cylindrical magnets are to be screwed into the alhidade on the 
back of the circle as deflectors. There are two inclination-needles belonging 
to the instrument designated as B and I?‘. Of these two, the needle B 
is stated in Dr. NEUMAYER’S manuscript to be the most reliable, and it has 
therefore been used in the great majority of cases. There are in all 92 
series of observations for the determination of the inclination, only 4 of 

these being with needle B‘.  The observations were made in the usual 
manner, care being taken to observe the prescribed precautions, namely, 
constant rubbing with the ivory disc, turning the bracket by means of the 
screw-head a t  the back of the circle, cleaning the pivots with elder pith, 
and the cleaning of the needle itself and the pivot-holes. 

The meridian reading was first determined on the horizontal circle by 
four settings in the magnetic prime vertical, both the north and the south 
end of the needle being brought into coincidence with the circle’s vertical 
points, W”, in both positions of the instrument designated as “Circle N” and 
“Circle S”. In the next place, B series of inclination-readings were taken in 
the two positions of the instrument designated as “Circle E” and “Circle W”. 
As the needles were always used in the same position, with the marked 
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side of the needle outwards, and as naturally no inversion oi the poles could 
be performed, since the needle was also to be employed for determinations 
of the intensity, the mean value of the inclination found by the method 
described above is only relative, and must be corrected for the index-error 
of the needle in question. 

DETERMINATION OF THE INDEX-ERROR. 

If the inclination observed with the apparatus is called I’, the actual 

inclination I, and the index-error of the needle used d, we have 
I = I / + d .  

This index-error is due to two different sources, namely, first, the cir- 
cumstance that the magnetic axis of the needle does not coincide with its 
geometrical axis, and secondly, that the needle’s axis of rotation does not 

pass exactly through its centre of gravity. 

Fig. 3. 

In fig. 3, NS indicates the needle’s geometrical axis, ITS’ its magnetic 
axis, the angle between them heing called c. Q is the needle’s centre of 
gravity, and 0 the point of intersection of the axis of rotation with the 
vertical plane. The line connecting these two points, r, then makes with 
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Needle B 
W I 

I' 1 3 

Hamburg, June, 1E93 . . . 047M2 67'42' 68'27' -20.7' 

Mean 04774 67044-8' moi~a' , -170 

Wilhelmshaven, April !B, 1897 0.47630 67 475 68 0 8  -13'3 
~~~~~ 

the geometrical axis of the needle, an angle NO&, which we will call a, and 
which is reckoned as positive from the north end of the needle through the 
nadir from 0" to 360". Let the weight of the needle be indicated by P. This, 
acting in the centre of gravity &, will divert the needle from its position 
with its magnetic axis in the direction of the total intensity, indicated in the 
figure by the arrow A B. Calling the total intensity IV, and the magnetic 
moment of the needle m, the following condition for equilibrium is obtained', 
the line L M  indicating the horizon: 

m W sin (AON') = P. r . cos (LO&). 
Now the angle of deflection 

AOW= LON-  c - LOA= F - c - I = -  c - A ,  

and the angle LO& = I' + a.  W e  then get 

Needle B' 

I' I d 

68" 5' -23' 

cos (I' + a)  , P .  r sin (c + A )  = - ~ m.1Y 
and when we put sin (c + 3) = (c + A )  sin l', and the constant quantity 

P .  r is signified by p ,  - m.sin 1' 

1 Liznar. Anleitung zur Messung und Berechnung der Elemente des Erdmognetismus, 
Vienuti, 1883, p. M. 

17 
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The material is thus insufficient for a direct calculation of the three 
constants, and 1 therefore hesitated a t  first in considering the entire index- 
error as approximately constant, with the mean value - 17' for needle B, 
and -23' for needle B'. This is a serious matter, however, when it 
is a question of observations in the polar regions where the inclination is 
not far from W", and the total intensity, or the horizontal intensity, has to 
be calculated by the formula 

H W = -  
cos 1 

It therefore occurred to me that it ought perhaps to be possible to make 
w e  of sonie of the observations made during the expedition with the Fox 
apparatus for the determination of the total intensity, as a check upon, or 
for the eventual improvement of, the value of the index-error, if we had 
simultaneous, reliable determinations of the horizontal intensity. 

The apparatus was accompanied by the two already-mentioned cylin- 
drical deflectors for the determination of the total intensity, as also by a set 
of accurately corrected weights. On only one occasion, however, was an 
attempt made to use these weights: and the observation-result obtained does 
iiot admit of criticism, as there is no material for the calculation of a table 
for equivalent weights. The ernploymerit of weights, moreover, is iiot very 
practical in the severe cold of the polar regions, oil account of the repeated 
opening ol the door of the apparatus. The deflectors, on the contrary, were 
regularly used for i n  tensity determiiiations in connection with the inclination 
observations, gencrally, however, only one deflector, both deflectors together 
having been used only 5 times. 

If we call the inclination-needle's angle of deflection produced by the 
enlployment of both deflectors simultaneously, q2, and the total intensity W, 
we have the following condition for equilihrium : 

Wsin q2 = R, (1 + C t ) ,  (3) 

where H, is a constant quantity dependent upon the magnetic moment of 
both deflectors arid the needle employed, < is the temperature-coefficient, and 
t the tenipcralure observed during the deflection-observations. R, and 5 may 
then l e  determined hy taking a series of observations of under the 
greatest possible differences of temperature, a t  one or more places where 
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the total intensity is known. Deflection observations with the employment 
of both deflectors together were taken before leaving, in Hamburg, with both 
needles, and after the return, a t  Wilhelmshaven, with needle B, although in 
both places in a rather uniform temperature. The observations gave the 
following results: 

1893. Oct. 16 

Dec. 2 

18%. Feb. 10 

March30 

The two values of R, (1 + c t )  for needle B indicate that the aggregate 
magnetic moment of the deflectors has become weaker in the course of the 
4 years, if the decrease in the value of R2 (1 + z t )  is not assumed to be 
due exclusively to the higher temperature noted dtiring the experiment at  
Wilhelmshaven, which would give for ( a value of - 0.00258. 

The observations from the expedition, Iiowever, afford an opportunity for 
the calculation of an approximate value for c. As already mentioned, deflec- 
tion observations with the employment of both deflectors were made 5 times, 
4 times with needle B, and once with needle R'. The results of the obser- 
vations on the days on which needle B was used, arc, placed in the following 
table, which also contains the assumed value of the horizontal intensity, H ,  
for the places of observation concerned, found by graphic interpolation by 
the aid of the direct determinations of H, made in adjacent places. 

t q* H I I' 

-179" 52" 404' ON97 85" 31.3' 

-93.7 52 461 0.0500 85 m 3  

-31% 53 1.2 0.043.2 86 70 
-24Q 51 4P.l 0.0131 86 130 

As shown by the table, the total intensity of the 16th October- and the 
2nd December, 1893, may be assumed to have been very nearly the same, 
as both H and I' - the uncorrected value of the inclination observed directly 
with the apparatus, siniultaneously with the deflection observations - exhibit 
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about the same value on both the days mentioned. The same assumption 
is also possible in the case of the last two observation-days, February 10th 
nnd March 30th, 1894. There are thus two groups of observation-data, from 
which 5: may be calculated, supposing that R, has remained constant during 
the period of a few weeks which each group embraces. W e  then obtain 

sin tp, - sin tp2' 
t sin v,' - t' sin 3, ' 5:= 

when tp2 and q,', t and t' indicate the angle of deflection and the tempe- 
rature observed respectively on the first and the second of the two days of 
the groups in question. The calculation gave the two following values 
for 5:: 

5: 
1893. Oct. 16 and Dec. 2 . . . . -O*OOO1979 
1894. Feb. 10 and March 30 . . . -0902435 

Mean -Oo.00132 

Although this result cannot naturally lay claim to any great degree of 
accuracy, I have thought it possible, in the absence of anything better, to 
make use of it, and have therefore, with 5 = - 0*00132, calculated R2 by 
the observations in Hamburg in 1893, and in Wilhelmshaven in 1897, and 
have found, 

R2 
for June 9, 1893 . . . 0.41198 
,, April 20, 1897. . . 0*41054. 

Starting with the supposition that R, has decreased proportionally with 
time, I have been able, by graphic interpolation, to deduce the following 
values for the above-mentioned 4 days, viz. 

R2 
in 1893, Oct. 16 . . . . 04118 

Dec. 2 . . . . 04118 
in 1894, Feb. I O .  . . . 0.4117 

March 30 . . . 0.4117. 

By substituting these values in formula (3), we obtain the total intensity 
W, which, together with the corresponding values of the horizontal intensity 
specified on page 131, give the actual inclination I, according to fornlula (2). 
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Date 

~ ~~ 

The difference between this and the inclination I' observed with the appa- 
ratus, will then be the index-error of B. The result of the calculations is 
given in the following table. 

W I I' A 

1893. Oct 16 

Dec. 2 
1694. Feb. 10 

March 30 

Mean 

05295 82'369' 85'31.3' -544' 
05334 &1. 37.3 85 W 3  -520 
05369 85 -1 Mi 7.0 -439 

054.10 85 238 86 132 -474 
~~~~ 

05352 85' 08 I&-" 7 502 -494 

The mean value of the index-error found in this manner a t  an inclination 
of about 85', differs so considerably from that found in Hamburg and 
Wilhelmshaven at an inclination of about 67". that d can hardly be regarded 
as constant. Now if we had also had a determination of d a t  a place where 
the inclination is about 75", we should, as already mentioned, have been 
able to determine all three constants, c, p ,  and a, in equation (1). As this 
is not the case, our only alternative is to put c = 0,  if any regard at all is 
to be paid to the variableness of the index-error with inclination a n d  total 
intensity. An assumption such as  that the angle between the magnetic and 
the geometrical axes of the needle is infinitesimally small in proportion to 
the error in the inclination-determinations caused by the eccentricity of the 
centre of gravity, will also usually be perfectly justifiable, and upon this 
hypothesis equation (1) becomes 

P A = -- cos (I' + a ) .  W (4) 

W e  then have the following corresponding data for the determination 
of the constants p and a:  

A W I' 
Hamburg 1893 f Wilhelmshaven 1897 

2 - 17.0, o.4774 680 

Fram Expedition 1893-94 , . . . - 49.4' 0.5352 85" 50.2' 

If we substitute these values in formula (4), to which is given the form 

WLI = a: cos I * -  y sin l', 

where o = p  cos a, and y = p  sin a ,  
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we obtain 
a = 209" 33' 
p = - 61.5' 

In order now to be able to calculate by formula (4) the d corresponding 
to any inclination-determination, it will clearly be necessary to know the 
total intensity. It is true that during the expedition, observations with the 
Fox apparatus for the calculation of the total intensity were also generally 
made simultaneously with the inclination determinations; but since the result 
of these - as will presently be more fully explained - can hardly be 
regarded otherwise than as a failure, the horizontal intensity may be intro- 
duced into formula (4) instead of the total intensity - the former having 
been determined by separate observations independent of the Fox appa- 
ratus -, arid we may put __  H 

cos (I' + A)  ' W =  

whereby we obtain 
P cos (I' + 4 cos (I' + .), 

H A =  

an equation which may easily be solved with regard to d,  when that quantity 
is assumed to he sufficiently small to allow of putting cos d = 1, and 
sin A = d sin 1'. The final formula for d then becomes 

p . cos (I' + a)  cos I' 
H + p cos (I' + a) sin I' sin 1' A =  (5) 

By the aid of this formula, I have calculated the following table, which 
gives d for needle B, in minutes, for every degree of I' from 83" to 87", 
and for every 5th unit in the 3rd decimal place of the horizontal intensity 
from H = 0.035 to H = 0.070. 

H 

0070 
0065 
O W  
0oFi5 
0.050 

OW 
1 o w  

- 435' 
-494 
-54.1 
- 50'7 
-666 
- 753 
-86% 
- 1mo 

- 40.9' 
-44.4 
-48.6 
-537 
- 599 
- 678 
-781 
-W1 

-%6 
-38.7 
- 42.4 
-46.8 
- 53.3 
- 593 
-68.4 
-80.8 

-297' 
-39.3 
-35.4 
-39.1 
-438 
- 496 
- 513 
- 67.8 

-23% 
-259 
-277 
-30.6 
-34'3 
-389 
-45.0 
- 53.3 
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I have finally represented graphically the values of d contained in the 
table, as a function of I' and H, and have drawn curves through the points 
corresponding to the same value of d for every 5th minute. I was hereby 
enabled to take out without difficulty the value of d applicable to the case, 
in whole minutes, for every observation of I', when I had either directly or 

by interpolation found the value of H corresponding to the place of obser- 
vation. 

As already mentioned, deflection observations with the employment of 
both deflectors were only taken once with needle B' during the expedition, 
namely on May 4th, 1894. Altogether this needle has only been used 4 times 
during the voyage, and no observations were made with it a t  Wilhelmshaven 
after the return. There is thus no niaterial upon which to base even a 
roughly approximate determination of the temperature-coefficient 5 for this 
needle, but I have nevertheless thought it feasible to make use of the deflec- 
tion observations of May 4th, 1894, for the calculation of the constants of 

the index-correction in the same manner as for needle B, taking for granted 
that also in the case of needle B' the magnetic axis coincides with the 
geometrical axis. For the calculation of the total intensity, I have simply 
employed the value of Ra (1 + 51) that was found in Hamburg in 1893, 
supposing a possible weakening of the magnetic moment of the magnets to 
be approximately compenso ted by the considerably lower temperature. This, 
during the observations in Hamburg, was 13" C., whereas on May 4th, 1894, 
it was -8" C. 

Thus, if we put R (1 + 51) = 0*440%, we obtain, with the angle of 

deflection observed va = 50" W ,  according to formula (3), 
W = 0.5186. 

As the value for the horizontal intensity, I have employed the mean of 
the values found on April 27th and May 6th, 1894, and have put H = 0041. 
The true inclination, calculated by W and H, thus becomes I= 85" 28'; and 
as the inclination observed with the Fox apparatus is I'=86" I@, we 
obtain d = - 48'. Thus we have for the determination of the constants p 
and a for needle B I ,  

A W I' 
Hamburg, June, 1893 . . . . . -B' 0.4748 68" 5' 
Fram Exp., May 4th, 1894, . , -48' 05186 86"16', 



AKSEL s. STEEN. TERRESTRIAL MAGNETISM. [NORW. POL. EXP. - 136 

whence we obtain a = 215" 8' 
p =  -47.8'. 

With these values substituted in formula (5) I have calculated d for the 
The 4 cases in  which the inclination has been determined with needle B'. 

calculation gave the following result: 

Date 

I 
1&3. Aug. 8 01118 I 78'56' -35' j 78'21' 
1894. May 4 

00408 1 86 16 -48 1 85 28 
May 23 00395 86 18 -50 85 28 
June 1 W39k3 86 17 -50 i €5 27 

1894. May 

June 

The value of H for Aug. 8th, 1893, was determined directly by obser- 
I have determined the horizontal intensity for the remaining 3 days vation. 

by graphic interpolation. 

T H E 0 B S E R V A T  IO  N S. 

Eo advatitage was taken duriiig the expedition of the opportunity afforded 

by the Fox apparatus of also determilling the inclination indirectly by the 
aid of deflectors. 

The following list contains in  chronological order all the inclination obser- 
vations taken, with a statement of the assrimed value of the horizontal 
iriteiisity for the place of obkervation, fourid by graphic interpolation from 
direct determinations of this element made a t  neighbouring places. As pre- 
viously mentioned, no note was made of the time at the setting of the incli- 
nation-needle, and therefore no exact time can be given for the calculated 
mean value of the inclination. On a few occasions, however, a statement 
has been added in the observation-journal as to whether the inclination deter- 
mination was made in tlie morning or the afteriioon, this being indicated in 
the list with a. m. and p. m. respectively. When 110 time of day is stated, 
the given latitude and longitude apply to about midday, while a. m. is con- 
sidered as  about 10 a.m., arid p. m. as ahoul 4 p. m. The mean of the 
meridian readings is entered under the heading "Mer." and the readings of 
the north and south ends of the rieedle are indicated with N. and S. 
respectively. 



No. 1.1 INCLINATION. 137 

OBSERVATIONS OF INCLINATION. 

1893. August 1. Khabarova. 

Lot. N. 69" 41' 
Long. E. 60' e(y 

Needle B H = 0115 
Mer. 227" 44' 

Circle E. Circle W. 
N S N S 

7 8 0 w  7 8 0 ~  now now 
Mean 78'31.0' noae 

I' = 78'18 
d = -35 
I = n x  

1803. August 8. On a grounded 
ice-floe to which the Fram was moored. 
Place of observation about 100 metres 
from the ship. 

Lat. N.69'54' 
Long. E. 66" 43' 

Needle B' a = 0.118 
Mer. *) 

Circle E. Circle W. 
N S N S 

78'W 78'50' 79'15' 79"W 
Mean 78'45Q 79" 7.5' 

I' = 78OW *) 
d = -35 
I = 78"eI' 
- - 

1) The mean of the declination read- 
ings. *) Fresh breeze from ESE. Obliged 
to discontinue. as the waves broke upon 
the ice-floe, and we had to get ready to 
leovo it with the vessel, in case the floe 
should break up. 

1893. October 16. On the ice, 
160 paces &om the vessel. 

Lat. N. 78" 17' 
Long. E. 136" 9 

Needle B H = m  
Mer. !&lo 34' 

Circle E. Circle W. 
N S N S 

85'20' 85'15' 85'40' 85'45' 
15 ie 45 53 
18 15 48 55 
15 10 46 59! 

Mean 85"159' 85" 47.1' 
I' = a5"31' 

1893. October 21. On the ice, 
160 paces from the vessel. 

LaL N. 78" 18' 
Long. E. 135' 50' 

Needle B R = W  
Mer. 170"B' 

Circle E. 
N s 

85"W 85"%' 
38 e7 
e5 w, 
35 9s 
38 80 
% 1% 
55 97 
35 eo 

Circle W. 
N S 
85"s 85"W 

33 a9 
80 80 
98 40 
eo n 
m % 
90 8e 
m a! 

A = --5o 
I = 84"W - 

18 
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1893. December 2. 

Lat N. 78" 43' 
Long. E. 138" 30' 

Needle B H=0.050 
Mer. 2.59" 2.6' 

a. m. 
Circle W. Circle E. 

N S N S 
& O W  85"W 85"B' 8 5 O W  

35 31 98 18 
50 40 25 w, 
30 30 m 18 

Menn 85'349 85O22.3 
I' = 85"W 
d = -49 
I = M O W  

p. m. 
Circle E. Circle W. 

N S N S 
so% 85"W €sow 85O38' 

18 %I 50 48 
18 18 50 50 
18 18 35 40 
B b 30 32 

I' = 85"3I' 
d = -48 
I = MO&' 

1894. January 26. 

Lot. N. 19" W 
Long. E. 153" 1%' 

Needle B H=OW 
Mer. M " 4 1 '  

Circle E. Circle W. 
N S N S 

86'10' 86'15' 86'35' 86'33 
8 5 5 8  8 5 5 5  35 38 
8615 8G%o 30 33 

5 10 50 40 
5 0 45 38 

10 3 35 40 
Menn 86'72' 86 o 31.84 

I' = 860233' 
A = -45 

1894. February 10. 

Lat N. 79" 56' 
Long. E. 134" 51' 

Needle B H = m  
Mer. !ZE0l8' 

Circle W. Circle E. 
N S N S 

% O W  86" 2' 8c," (Y 86" (Y 

58 12 8 12 
8 6 5  14 5 10 

5 10 8 0 
2 9 5 IS 
15 2.5 5 15 ~- 

Menn 86'73 86" 67' 
I' = 86" I' 
d = -51 
I =85"16' 

1894. March 17. 

Lot. N. 79'87' 
Long. E. 135" 10' 

Needle B H=0045  
Mer. 212O54' 

Circle E. 
N S 

85"43' 85"W 
52 48 
55 45 
55 52 
55 48 
55 8 6 2  
58 0 
57 0 
50 8 5 5 8  
58 58 
51 55 

Circle W. 
N S 

86" 2 86" Y 
5 8 5 5 8  
e 8 6 0  
I 85 59 
0 a 6 5  
5 e 
0 I 
0 0 
0 0 
0 85 59 

8 5 5 8  59 
48 50 56 57 

Mean 85"5" €6" 0.5' 
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1894. March 30, a. m. The re- 
volver in its usual place. 

Lat. N. 80' 8' 
Long. E. 135" (Y 

Needle B R=@W 
Mer. 215" 23' 

Circle E. 
N S 

Circle W. 
N S 

86'W 86'13' 86" 7' 86'18 
14 10 14 520 
17 11 10 17 
9x) 13 6 18 
10 1 18 31 
8 4 13 20 

10 6 14 18 
2 2 15 16 

90 15 15 17 
13 5 13 18 

Mean 86"lO-7' 86" 157' 
I' = 86'13' 
d = -50 
I 
- 

1894. April 19. 
Let. N. 80'27' 
Long. E. 131" 50' 

Needle B H = W  
Mer. 140" 14' I )  

Circle E. 
N S 

%" 13' 
18 
17 
12 
14 
13 
9 

13 
13 
12 
16 
14 
17 
16 
13 

86" Y 
13 
13 
18 
6 

10 
10 
9 

12 
9 

13 
lr2 
8 
5 
9 

Circle W. 
N S 

86" 13 
14 
12 
10 
13 
10 
10 
13 
14 
19: 
10 
10 
10 
16 
16 

86" 1% 
17 
18 
15 
w, 
m 
18 
18 

15 
13 
i!2 
19 
18 
%? 

eo 

13 18 
Mean 86"11*7' 86" 14%' 

I' = 86'13' 
d = - 5 1  
I = s o w  - 

I )  The needle somewhat disturbed. 

1894. May 4, p. m. 

Lat. N. 80" 51' 
Long. E. 130" 56' 

Needle B1 H = OM1 
Mer. 140"W 

Circle E. Circle W. 
N S N S 

86"W 87" s' %" 9 85"57' 
40 8 6 5 0  8 5 4 5  8 6 0  
35 45 8 6 1  0 
35 428 I 85 51 
31 38 0 54 
30 48 8 5 5 9  50 
42 55 59 50 
31 50 8 6 0  59 
31 45 0 57 
29 37 0 47 
!m 35 85 59 46 
%o 26 58 42 
19 30 59 41 

5s 45 .- 

Mean 86'37.8' 85" 54.8' 
I' = 86" 16' 
3 = -48 
I = 85'B - 
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1894. May 12. 

Lat. N. 80" 52' 
Long. E. 130" IO' 

Needle B H=o.O40 
Mer. 138" 4% 

Circle E 
N S 

86O34' a"@ 
33 43 
45 36 
48 43 
33 48 
30 a 
26 36 
30 42 
31 45 
B a 
19 33 
14 33 
13 27 
3 ee 
6 17 

15 27 
5 I )  16 
35 50 
39 35 
E4 34 
5% 35 

Circle W. 
N S 

86" w 8 5 O 5 9  
8 5 5 5  45 

50 38 
46 50 
52 4.5 
58 46 

8 6 0  48 
8 5 5 0  37 

44 44 
47 33 
45 31 
47 34 
57 4i.l 
55 46 

8 6 0  46 
0 442 

8 5 5 7  47 
8 6 0  43 
8 5 5 9  52 

58 52 

~~ 

D 30 
Moan % O W 3  85"&B 

I' = 86"iO' 
d = -55 
I = 85'15' 

I )  Found here that the screw of the 
brackot had loosened; screwed it up again. 

1894. May 23. 

Lat. N. 81' 27' 
Long. E. 123" 55' 

Needle B' H = o 3 9  
Mer. 153" 5%' 

Circle E. 
N S 

86"W 86"s' 
31 35 
35 46 
35 44 
29 38 
36 54 
36 52 
36 57 
30 40 

Circle W. 
N S 

86" 8' 85"s 
5 52 
8 57 
10 58 
13 59 
7 59 
3 48 

8 5 5 5  42 
M 38 

36 4Q 8 6 0  47 
Mean 86"388 85" 58e 
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1894. June 1. 

Lat. N. 81" 31' 
Long. E. 1%" 15' 

Needle B R = O O Q O  
Mer. 160" 30' 

Circle E. 
N S 

86" 6 06" 3' 
6 2 
s 85 57 
5 8 6 3  
5 5 
5 4 

85 57 85 57 
€469 8610 

6 12 
7 13 

Circle W. 
N S 

&"W 86"21' 
27 23 
26 I 
23 2.4 
18 2Q 
30 98 
27 28 
25 3!2 
27 29 
29 95 

Mean 86"kk' 86" 25.3 
I' = 86"15' 

I = 85"21' - 

Needle B' I )  

Circle W. 
N S 

85"W 85"W 
57 52 
59 48 
58 50 
49 46 
57 48 
48 42 
46 35 
44? 2.5 
32 18 
35 20 

Mean 8 5 O k 3 ' 5 '  

Circle E. 
N S 

86"B 87" w 
48 5 
44 8656 
43 55 
4.5 55 
38 54 
40 48 
50 58 
59 59 
44 50 
46 51 
86" 50.6' 

d = -50  
I = 85"W 
- 

1) Had to turn the bracket towards 
the right in order to d e  the needle 
oscillate easily, 

1894. June 8. 

Let. N. 81" 28' 
Long. E. 192" 6' 

Needle B H=OOU) 
Mer. 158'55' f )  

Circle E. 
N 5 

86Olw 86" 4' 
10 5 
12 6 
10 6 
12 4 
13 8 
13 9 
13 10 
8 10 
7 12 
6 12 
4 8 
2 5 
4 6 

Circle W. 
N 5 

06' 4' 8 6 " l O '  
5 12 
5 10 
5 10 

12 15 
13 15 
12 16 
13 13 
12 14 
13 13 
15 16 
15 17 
14 15 
16 17 

Mean 86'82' 86" 194' 
I' = 86'lw 
J = -55 
I = 85" 15' 

1) Experimented with two buckles in 
the uppermost strap between the legs of 
the stand placing them successively on 
each side of the north end of the needle. 
No alteration observable is the position 
of the needle. 
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1894. June 14. 

Lat. N. 81' 48' 
Long. E. 192' 5' 

N d e  B H = r n  
Mer. 161"W 

Circle E. 
N S 

8 6 O  17' 86" 13' 
18 12 
20 14 
w, 15 
e8 23 
95 18 
19 14 
18 13 
16 11 
15 9 
10 6 
5 3 
5 I 
5 I 
8 7 

12 u 
12 1% 
10 12 
14 16 
15 17 

Circle W. 
N S 
86"s 86'35' 

33 33 
I 34 
33 33 
32 34 
33 35 
31 34 
30 33 
30 37 
31 38 
34 38 
30 38 
33 4!2 
33 46 
1 44 
31 44 
38 41 
95 31 
59 37 
22 30 
34 46 
30 42 -- 

Mean 86'13V 136'34.5' 
I' = &j"" 
A = - 5 3  
I = 85'31' 
- 

1894. June 27. 

Lat. N. 81' 36' 
Long. E. iel" 1%' 

Needle B Ii=m 
Mer. 196'43' 

Circle E. 
N S 

86" v 86'55' 
2 8 6 1  

8555 855% 
40 39 
43 36 
43 36 
40 36 
40 40 
40 46 
43 48 

0 6 9  8 6 2  
8 5 5 5  8 5 5 0  

57 56 
8 6 2  8 6 2  

15 10 
0 8 5 5 3  

13 86 10 
25 20 
9.4 m 
28 24 

Circle W. 
N S 

86"lV 86"15' 
b 94 

8555 s 5 7  
8 6 1 6  8 6 1  

18 27 
13 eo 
11 18 
12 18 
16l) 28 
29 34 
a7 33 
30 35 
33 5 )  38 
43 40 
38 36 a) 
% 35 
33 34 
31 30 
30 !a9 
ae 33 
33 31 

Mean 85'57.9' 86' BV 
Id = 86"1% - 

A = -57 
I = 85'15' 

1) Oscill. between 86' 6' and 86'18' 
2) - - 86"W &lo&' 
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1894. June 28, a. m. 
Lat N. 81" 35' 
Long. E. 121" 30' 

Needle B R=OW 
Mer. 195"W 

Circle E. 
N S 

Circle W. 
N S 

a6"& sow 86"13 86"16' 
33 26 14 19 
4%2 32 9 16 
30 m 25 33 
35 31 3 8 
48 18 38 43 
3 9 46 48 
94 14 43 52 
12 2 48 48 
10 8 46 48 
1 0 44 47 

85 59 0 41 46 
8 6 2  0 43 47 

3 1 44 46 
4 3 43 41 
6 5 43 42 
3 e 43 43 
5 8 44 43 
1 6 46 44 
0 5 44 45 

Mean S"13.7' 86 O 37.3 
I' = 8608' 
d = -52.  
I = 85"31' 1 )  - 

Circle W. 
N S 

Circle E. 
N S 

86"lW 86"14' 8 " l T  86"lT 
9 13 9 10 
12 15 16 13 
13 17 14 13 
13 18 15 13 
14 16 12 7 
16 18 12 8 
18 19 12 3 
w, 91 13 8 
18 18 12 6 
93 $2 

Mean 86'169 86" 11V 
I' = %"le 
A = -56 
I 30 8S0l& 
- 
- 

1) AB the aeedk was O a c i h t i n g  so 
irregularly, the bracket was moved over 
so as to come to the left of the needle, 
whereupon tbe following observations were 
token. 

1894. July 10. 

Lat. N. 81" 18' 
Long. E. 1%" 32' 

Needle B H = m  
Mer. 185"12 

Circle E. Circle W. 
N s N S 

86'18' 86"14' 86"14 86'16' 
16 12 10 15 
15 12 10 17 
14 12 18 17 
15 12 14 18 
17 17 19 18 
17 16 14 16 
16 14 15 18 
17 14 16 18 
12 13 17 19 
13 13 18 19 
16 14 17 18 
17 16 15 17 
18 17 15 17 
13 I1 16 18 
12 8 16 a 
12 7 16 19 
12 8 !E 9A 
13 10 90 !a 

94 20 
Mean 86'138' 86" 17Q' 

I' = 86O15' 
d = -56 
I = 85"lY 
- 
- 

Circle W. Circle E. 
N S N S 

86'97' 86"W 86"18' 86"13 
z7 25 16 12 
a 22 15 14 
13 a 12 13 
12 17 12 1s 

Mean %"W8' 86" 138' 
I' = 86'17' 
d = -56 - 
I = 85"21' 1 )  

l )  With the bracket near the needle, 
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1894. July 14, a. m. 

Lat. N. 81" 32' 
Long. E. 124" 59 

Needle B H = 0039 
Mer. "O"3 

Circle E. 
N S 

Wi"22' %"l3 
20 16 
18 16 
17 13 
17 15 
18 13 
17 13 
15 12 
16 13 
20 IG 
18 17 
16 15 
17 17 
18 16 
15 16 
15 15 
18 16 
14 15 
15 14 
13 14 

Circle W. 
N S 

86"W 86"W 
29 27 
27 25 
24 24 
25 24 
20 22 
92 22 
23 26 
20 21 
18 22 
11 19 
16 18 
15 18 
14 19 
14 17 
12 I4 
10 14 
7 12 
8 14 
18 16 -___ 

Mcaii t(6" 138' 86" 1'3.0' 
I' = 86" 17' 
A = - 5 5  
I =E 

Hod laid pieces of board under the 
f w t  of tlie stand. The instriinient has not 
hitherto been quitc accurately levelled. 
It is  only Intely, however, since the setting 
up of the instrumelit began to be insecure, 
that  i t  has two or three timrs lioppened 
that the bubble of tile lcvel hus gone quite 
out to one side. Since then the screws 
linve been adjusted all through the series 
of observations, so us to ketap the bubble 
c.xactly in tlie middle. 

1894. July 20. 

Lot. N. 81" 30' 
Long. E. 1%" 5' 

Needle B H=OQ39 
Mer. 17'2"30' 1 )  

Circle E. 
N S 

e6"k.S 86"47' 
54 
48 
46 
43 
40 
38 
39 
34 
34 

34 
31 
30 
Is 
32 
32 
31 
33 

33 2)  

4t 
44 
42 
40 
38 
35 
35 
33 
32 
30 
31 
27 
30 
27 

32 
32 
33 

33 4,  

Circle W. 
N S 

87'12' 87" 8' 
10 5 
6 1 
2 0 
0 0 

86 59 I 
8 7 1  8658 
86 59 81 0 

58 0 
58 8 6 5 8  
57 58 
59 58 
51 56 
55 54 
54 56 
52 56 
54 56 
51 81 0 
59 2 

87 2 5 
86" 59.6' 

I = tci059 

Mer. 171"ICY 

* )  Nee-dle restless. z, Oscillated a little 
btttween 86'45' and 86"W. 3, Sudden 
dip of the north end. 4,  Jerk to 86'45'. 
s, All through the settings "Circle E" tlie 
needle was lively, as also during tlie first 
two or three settings of "Circle W'; uner- 
wards quiet. 

Meridian setting uncertain. The ice 
possibly in vibratory motion. Once or 
twice during the observations heard a 
rumbling sound resembling distant thunder 
to the SSE, very unlike the ordinary sound 
of screwing. Heard also a little slight 
screwing in tht: cast. A fresh meridian 
setting was taken after the observations 
were concluded. 
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1894. July 26, a. m. 

Lat. N. 81' 17' 
Long. E. 125' 57' 

Needle B H = 0 0 3 9  
Mer. 169'30' 

Circle E. Circlv W. 
N S N S 

% " I 8  86'1.i' 86"2!Y %"n' 
20 
18 
24 
18 
18 
20 
17 
19 
25 
21 
18 
20 
20 
18 
18 I )  

20 
15 
12 
14 

17 
15 
17 
17 
16 
18 
18 
18 
20 
21 
19 
19 
19 
21 
20 
19 
17 
13 
14 

30 27 
26 2.3 
23 24 
2.2 21 
21 20 
23 21 
23 22 
24 "23 
20 FJ 
17 20 
I9 20 
19 21 
17 22 
15 19 
12 15 
13 16 
10 15 
7 11 
f i  13 -- 

Mean 86'18.1' 86" 19.5' 
I' = 8G01Y 

= -j;i 

' )  Oscillating between 86' 15' and 
86'30'. z, During the observations, the 
doublv declination needle was lying in a 
box with requisites, ut a distance of 15 
paces about ENE of the instrument, with 
its south end pointing almost south. 

1894. July 26, p. m. 

Lat. N. 81' 17' 
Long. E. 125" 57' 

Needle B H=O039 
Mer. 168'24' 

Circle E. 
N S 

86'18' 86"lt' 
19 16 
17 15 
18 17 
21 23 
20 22 
16 17 
16 18 
14 16 
13 15 

Circle W. 
N S 

8 6 " l Y  86'18' 
13 17 
14 18 
14 19 
17 20 
19 21 
22 25 
27 27 
28 26 
33 33 

Mcnn No 1 7 3  86" 21.1' 
I' = 86'1y' 

19 
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1894. August 2, a. m. 

Lat. N. 81" 4' 
Long. E. 127" 0' 

Needle B n=ww 
Mer. %"44' 

Circle E. * )  
N S 

S"17'  86"lY 
17 16 
18 14 
18 15 
18 15 
18 I6 
19 11 
18 15 
17 14 
17 13 

Circle W. * )  
N S 

M"18 
19 17 
21 18 
19 16 
18 16 
19 15 
21 I6 
19 17 
21 16 
19 17 

Mean %"163 

Circle E. 3, 

N S 
86'17' 86"13' 

19 18 
18 16 
11 15 
17 17 
18 18 
99 19 1. 

86" 18.1' 

Means 
Circle E. CircleW. 
Mi" 163 86" 181' 

15 20 
Mean 86" 19'3' 

Investigation of the influence of inaccu- 
rate levelling upon the position of the 
needle. 

I )  The bubble of the level quite at 
the south end by the frame, t h r  bracket 
rrmuinirrg in the sanw position. z, TIw 
bubble of the level quite a t  the north end 
by the frame. The bracket not touclietl. 
3 ,  Accurate levelling. The bracket moved 
over ns usunl. 

1894. August 2, p. m. 

Lat. N. 81" 4' 
Long. E. 127" 0' 

Needle B H=O.O39 
Mer. 227"W 

Circle E. 
N S 

86" 16' 86" 13' 
16 12 
18 16 
I 5 13 
18 15 
11 15 
18 17 
18 19 
I) 20 
19 21 
17 19 
40 22 
I6 20 
17 19 
13 15 
17 18 
12 15 
12 13 
8 12 

Circle W. 
N S 

% O W  86"27' 
e6 25 
25 23 
25 22 
22 21 
20 20 ' 1  
11 18 
11 18 
15 16 
16 17 
15 18 
14 19 
12 16 
11 16 
5 I1 
8 12 
6 12 
5 11 
3 10 

5 13 5 11 ___-__- 
Meun wi' 16.0' 86" 1 5 9  

Mer. 229'19' 

I )  Osrillating between 86'28' and 1 86"15'. 
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1894. Aujpst 17, a. m. 

Lat. N. 81" 6' 
Long. E. 128" 4' 

Needle B H = O W  
Mer. 159OW 

Circle E. Circle W. 
N S N S 

%"I9 8 6 O 1 6 '  S O 1 7  86"W 
17 12 17 21 
17 15 17 22 
18 15 15 19 
17 14 15 20 
11 14 18 21 
19 18 20 22 
23 19 5 23 
22 22 25 28 
26 22 B 25 
20 20 23 25 
20 22 1 )  25 26 
24 23 2.5 24 
23 22 B 27 
18 19 27 27 
19 20 32 29 
18 18a) 30 28 
22 19 29 29 
11 18 32 31 
15 17 33 34 
12 17 
13 15 

~ 

Mean 86'18.5' 86" 24.4 
I' = 86"21' 

I = 85"W 
A = - g j  - - 

1 )  Oscill. between 86'32' and 86O18'. 
2)  - - 86"W nnd 86"lT. 

1894. August 17, p. m. 

Lat. N. 81" 6' 
Long. E. 1%' 4' 

Needle B H = r n  
Mer. 159" 1' 

Circle E. 
N S 

wi"l(Y 86" 6' 
14 10 
13 10 
I1 7 
13 10 
9 9 
15 12 
1 4. 15 
15 16 
18 17 
17 20 
20 21 
18 21 
19 19 
18 19 
17 18 
18 20 
14 17 
15 15 
12 13 

Circle W. 
N S 

86"% 86"W 
24 26 
27 29 
26 25 
963 26 
22 22 
24 23 
21 21 
20 21 
17 18 
15 18 
11 18 
14 16 
15 18 
12 14 
12 16 
10 13 
10 14 
9 13 
11 14 

Mean 86'14.8' 86" 189' 
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1894. September 7. 

Lat. X. 81" 9' 
Long. E. 1B" 40' 

i Xredle B H=O039 
Mer. 1 6 8 " s  

1 
Circle E. Circle W. 

N s N S 
86013'') 86" 7' 86"27' 86"W 

10 5 27 24 
8 9 30 24 

lo2)  6 30') 24 I 

6 5 0 0 29 28 2 1  
2 85 59 26 22 
1 58 27 
0 8 6 0  27 
2 3 22 21 ") 
6 7 25 28 
4 6 2 5 0 )  28 
5 ) )  8 23 25 

0 4 5 )  15 

: j  

5 5 25 26 
5') 5 20 23 I 

4 7 I2 15 I 
Z i  3 5 16 

3 7 14 18 1 
8 10 6 )  14 19 I 

' ! 

Mean 86'4.8' #Bo 233' I 
I' = 86"14' 

Touched the iieedlr with a small screw- 
driver while lubricating with vaselint.. The 
contuct. however, was very slight nnd ' 

hrief. 

') Oscill. between 8c)" 8' and 86'16 
2, - - 86 8 . 8618 
3) - -- 85 59 86 15 

as XI . 86 IQ 4) - - 
5 ,  - - 86 0 . 8615 
G, - - 86 6 . 8 6 1 5  
7) - - 8 6 2 7  8640 
') The needle a little disturbrd. 

Oscill. between 86" 13' and 86'2.8' 

! 

1894. September 20. 

Lac N. 81" 12 
Long. E. 1%" 39' 

Needle B N=W039 
a. m. Mer. 174'6' 

Circle E. Circle W. 
N S N S 

ac26' s o w  86"47' 86"& 
28 22 48 48 
28 18 47 47 
23 18 44') 38 
141) 12 43 43 
13 7 42 40 
13 9 46 40 
152) 10 45 42 
8 10 43 45 
8 6 8) 38 40 
74) 10 42 38 
8 9 41 40 
4 3 42 43 
0 2 43 47 
1 2 44 47 
10 17 40 41 
13 18 37 41 
145) 176) 36 41 
14 18 36 40 
19 20 41 44 

~ 

hl(.an Mi" 12.7' 86 O 42.4' 
I'  = S'2.8' 
d = - 5 3  
I = Ei035' 
- - 

1 )  Oscill. between 86" 6' and %"2# 
2) Disturlied. 

I ") OsciI1. brtwrtm 86" 0' and 86" 15' 
86 3 . 8 6 1 8  4) - 

' ) -  - 8 6 3 . 8 6 1 5 ;  
- 

disturbed. 
6) - - 86" 5' and 86"W 
7 - - 8 6 3 3 , 8 6 5 5  

i 
I 
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p. m. Mer. 174'2.4' 
Circle E. Circlc W. 

N S N S 
8 6 " s  86"W 87" 0 87" 0 

30 25 8 6 5 5  86656 
26 24 45 47 
25 25 45 4.3 6 )  

2.8 26 42 45 
361) 36 43 42 
33 37 45 48 
32*) 33 44 41 
313) 404)  41 47 
3 8 5 )  45 42 44 
405) 42 - 

Mean 86".WO' 86"W8' 
I' = M03Y 
A = -51  - 
I = E l 3  

1894. October 3. 

Lot. N, 81" 5' 
Long. E. 122" 3 

Needle B H = 0&79 
Mer. 169O.34' 

Circle E. Circle W. 
N S N S 

86" 9' 86" 5' 86"W 86"s 
8 6 29 32 

I1  6 
16 12 
15 13 
13 I2  
12 I1 
9 12 
7 11 
5 10 

30 32 
28 31 
29 31 
30 30 
2a 30 
31 28 
.% 3.5 
33 38 

Mean 

I = 8 5 3 5  

Oscill. bctwwn %" 30' 86' 42' 
- - 86 ,70 86 45; 

rather quickly. 
- - 86'28' and 86'47' 
- -. 8629 8 6 4 5  

- 8 6 2 7  87 0 ._ 

- - 8 6 3 0 "  86650 

1894. October 11. 
Lat. N. 81" 19' 
Long. E. 119" W 

Needle B H =  0(M 
Mer. 173'56' 

Circle E. 
N S 

Circle W. 
N S 

so 6 86" 6 %"4P 86"W 
8 5 44 37 
2 0 33 33 
1 0 34 30 
I 5 30 31 

10 10 :w 33 
1.31) 121) 28 30 
12 10 29 B 
6 8 28 28 

10 12 "29 30 ____- 
Mcon N"72' No 32.0 

Circle E. rz S 
86" 12' aio 7' Means 

8 2 Circle E. CircleW. 
3 2 1. %07.2 86"32Q 
0 85 56 2. 86 40 
0 59 Mvun & O X '  M"320' 
4 86 G I' = a a 1 9  
5 > d = -57 

I = gj"26' 5 8 
32) 42) 
5 2 )  5 

Mean 86'40' 

- 

1894. October. 19. 
Lat. N. &lo  52' 
Long. E. 115" 15' 

Nredle B H=0011 
Mer. 184'9 

Circle E. 
N S 

86" 0' Sjc.i7' 
I 59 
1 56 
3 86 0 
0 8553 
1 8 6 1  
1 1 

4 3 
23) 2 

Circle W. 
N S 

M C . W  86"35' 
30 32 
26 29 
30 30 
27 29 
29 32 
17 29 
30 30 
32 33 

5 3 33 36 - 
Mean 8G3 09' 86":We 

I' = %"I6 
d = - 5 2  
I = & O W  

___ - - 

1) Somewhat disturbed. 2, Disturlwd. 
3) Oscill. between 86' 0 and'%" 10'. 
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1894. October 27. 
Lat. N. 82" 4' 
Long. N. 114" 35' 

Needle B R=0041 
Mer. 104"lY 

Circle E. Circle W. 
N S x S 

86" 0' 8 5 O . 5 8 '  86'34' 86'31' 
a58 59 30 2a 

57 57 29 2G 
59 86 0 30 21 

8 6 2  3 30 33 
1 3 30 29 
01) 02) 6 37 
0 3 )  85 59 26 25 

a 5 8 4 )  5 4 4 )  23 24 
n 23 8 6 0  8 6 0  - 

Mean 85"59*4' 86"%6 
I' = %014' 
d = -53  
I = 8j021' 
- 

1894. November 9, p. m. 
Lat. IC 82" 10' 
Long. E. 110" 50' 

Needle B H =  0.042 
Mer. 265'5' 

Circle E. 
N S 

ENj"1.2' f f i " 1 2  
19 13 
13 10 
7 3 
13 12 
15 14 
17 13 
14 12 
12 10 
12 12 

Mean 86" 123' 

Circle W. 
N S 

86"14' %"I7 
6 7 
3 7 
3 8 
3 G 
5 7 
9 12 
8 8 
3 5 
3 4 
86" 6 9  

I' = &GG"1v 
A = - 5 2  
I = 8 5 O 1 8 '  
- 

Used a copper lamp during the obser- 
vations, which, however, had some iron 
in the burner. The lamp stood upon a 
foot to the east of the instrument arid 
I metre distant from it. Presumably no 
influence. 

Oscill. between 85" 55' and 86" 15' 
- - 8567 .Mi20 

3) - - a5 6 8fi 15 
') Disturlwd. 

1894. November 15. 

Lat. N. 8 2 O  7' 
Long. E. 110" 30' 

Needle B H=0041 
Mer. 262"2' 

Circle E. 
N S 

85" 57' 85" 55' 
52 50 
50 49 
56 55 
58 57 

& I  8 6 2  
8 5 5 8  0 
8 6 2  1 
8558 0 

58 85 57 

Circle W. 
N S 

86"W 86"W 
31 30 
21 20 
19 18 
15 13 
25 24 
27 27 
20 22 
20 22 
19 23 

Mean 85"56%' 86O23.W 
I' = 86"1(Y 
A = -53  - 
I = &@5 

1894. Kovember 23, p. m. 

Lat. N. 81" 59' 
Long. E. 112" 2' 

Needle B El = 0'04.1 
Mer. 87'45' 

Circle E. 
N S 

86"IV 86" 7' 
5 3 
3 4 
0 1 
2 7 ' 1  
12 16 
2 6 
12 13 
10 15 
11 13 
10 11 2) ~- 

Circle W. 
N S 

86" 38' 86" 37' 
30 30 
a 29 
29 a 
29 29 
30 31 
%3 31 
23 31 
30 a0 
31 33 

Mean %'7'9' 86O30.3' 
I' = 86"lY 
d = -52 
I = 8 5 2  

1 )  Oscillated out to  86'24'. 
2 )  Oscillatrd hetween 86"4' and 86" 17'. 
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1894. November 28. 

Lat. N. 82" 9' 
Long. E. 111' 13' 

Needle B H = 0042 
Mer. 263'32' 

Circle E. 
N S 

86" 3' 86' 3 
I I 
2 3 
0 85 59 
3 8 6 5  
3 4 
0 1 
0 5 
3 5 
4 4 

Circle W. 
N S 

N O 3 3  86'31)' 
26 %3 
23 23 
22 20 
23 23 
25 27 
26 
27 26 
28 27 
29 28 

Mean 86'23 so 96.1' 
I' = 86'15' 
it = -51 
I = 85"" 

1894. December 5. 

Lat. N. 82" 11' 
Long. E. 109" 30' 

Needle B H = V M  

Circle E. Circle W. 
N S N S 

86" 4' 86" 8' S O 3 7  86"W 
0 85 57 29 28 

8 5 5 9  58 24 23 
56 51 % 27 
55 52 5% 243 

8 6 0  8 6 0  29 31 
1 0 23 a 
0 0 e3 I 
3 4 23 25 
4 0 a 27 

Mean 85'592' so 27.1' 
I' = S O 1 3  

A = -53 

1894. December 14, a. m. 

Lat. N. 82" 33' 
Long. E. 107" 53' 

Needle B H = 0.041 
Mer. 89'26' 

Circle E. 
N S 

&5'4Y 85O51' 
54 51 
55 56 
56 55 
53 54 
54 55 
58 58 
55 58 
51 % 0 
T i  0 :* 0 

H51 0 
85% 8559 

59 86 3 
8 6 0  2 
85 59 4 
8 6 1  3 

0 2 
85 51 0 

53 85 59 

Circle W. 
Err S 

wo13 86'11' 
9 8 
10 I 
6 3 
4 4 
3 3 
2 3 
2 3 
3 4 
2 3 
4 5 
4 6 
I 8 
5 6 
5 5 
1 3 

85% 2 
59 3 

€ 3 6 0  2 
0 2 
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1894. December 20. 
Lat. N. 82" 5'2 
Long. E. 104" 30' 

Needle B H = O W  
Mer. 99'22' 

Circle E. Circle W. 
N S N S 

& O W  & O X ,  & O l S  86017' 
52 51 12 14 
44 45 11 15 
43 47 12 12 
40 44 10 13 
36 36 12 14 
33 35 10 10 
36 38 11 12 
40 41 11 12 
40 42 11 15 ~ _ _  

Mean 85'439 wi" 18'8' 
I' = &io.W 
d = - 5 2  - 
I = sg!5 

During the observations, the doublc 
declination needle was inadvertently left 
upon the table by the lamp. Distance 
between the stand and the magnet, 1 3 m .  
The latter lay with its north end pointihg 
almost due north, in a horizontal plane 
about 0-3 m. below the centre of the in- 
clination needle. A fresh inclination-deter- 
mination wa9 therefore made on Dec. P2nd. 

1894. December 22. 

Lat. N. 83" (Y 
Long. E. 103" W 

Needle B H = m  
Mer. 92' 11' 

Circle W. 
E. S N S 

85049' 85"5c?' 8 6 " l W  86" 11' 
48 48 8 7 
48 41 I 0 
49 50 0 1 
58 55 8558 0 
56 51 51 85 58 
Fi8 58 58 8 6 1  
52 55 56 0 
50 55 51 0 
48 51 56 8550 

Mean 85'523' 86"W 
1' = 85057' 
A = -52 
I = €45" 5' - 

1895. January 12. 

Lat. N. 83" 41' 
Long. E. 101" 47' * 

Needle B a = 0.049 
Mer. 118°17' 

Circle E. 
ls S 

85"47' 05"43' 
46 43 
48 48 
.il 48 
57 56 
51 .58 
58 51 
55 59 
51 55 
45 50 

Circle W. 
N S 

86" 0' 86" Y 
1 I 

8557 13558 
58 58 
51 86 0 
59 0 
56 85 59 
55 56 
54 58 
50 !3 

Mean 85" 51%' 85 O 577' 
I' = fjfB"55' 

1895. January 19. 

Lat. N. 83" 26' 
Long. E. 102" 0' 

Needle B H = m  
Mer. 131'35' 

Circle E. Circle W. 

N S N S 
€Go&? 85"38' 86"W 86"W 

40 36 I !a 
41 36 90 18 
33 37 B 19 
36 40 53 19 
40 46 a 21 
42 45 9x) 24 
40 4!2 19 19 
38 40 19 20 
40 49 !a 23 - 

Mean 85"*B' 86"2P7' 
I' = 86" I' 
A = - 5 4  
I = 85" I' 
- 
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I' = & O W  

A = - 51' 

1895. March 5. 

Lat. N. 84" 4' 
Long. E. 101" 97' 

Needle B l?=W 
Mer. lM'41' 

Circle E. Circle W. 
N S N S 

85'55' E'!%' 86'12' 86'15' 
57 52 14 17 
57 54 12 13 

8 6 3  8 6 0  10 12 
8 4 8 I1 
3 0 7 12 
0 85 59 6 8 
1 8 6 0  1 5 
0 w 59 0 1 

85 59 58 8558 0 
Mean 85'599' 8 6 O 8 . 1 '  

I' = 6" 4' 
d = -50 - 
I = 8 5 3  

- - 

1895. March 21. 

Lat. N. 84' 9' 
Long. E. 100' 98' 

Needle B H = ( H # 5  
Mer. 191'17' 

Circle E. 
N S 

85"W 85"37' 
43 38 
47 41 
45 40 
48 45 
47 46 

Circle W. 
N S 

85"M' 85"53' 
48 52 
50 54 
54 57 
54 56 
57 E% 0 

48 48 58 9 
47 44 8 6 7  6 
40 41 5 4 
38 41 5 4 

Mean €25'439 85' 577' 

1895. April 3. 

Lat N. 84' 14' 
Long. E. 98' 35' 

Needle B w = w  
Mer. 195'4 

Circle E. Circle W. 
N S N S 

85'37' 85'33 86'W % O W  

35 33 16 18 
34 31 3 5 
33 30 6 8 
33 5% 7 7 
35 37 8 10 
37 37 10 11 
45 45 6 6 
44 42 10 19 
44 42 14 16 

Mean 85'369 86' 107' 
I' = 85'51' 
A = -51 - 
I = 8 5 2  

1895. April 19. 

Lat. N. 84' 14' 
Long. E. 94'86' 

Needle B R = m  
Mer. 1!32'5c' 

Circle E. Circle W. 
N S N S 

85'31' 85'30' 86'10' 86" 8 
35 32 8 6 
32 33 85 57 0 
31 a0 57 85 59 
89 93 58 8 6 0  

:a 
35 34 8 6 9  
33 33 0 
37 37 0 e 
38') 381) 85 59 0 

I' = 65'47' 
d = - 5 0  
I = 84"57' 
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1895. May 8. 

Let. N. 84'33' 
Long. E. W" 40' 

Needle B H=@M 
Mer. 192'35' 

Circle E. 
N S 

85"W 85"W 
30 25 
31 30 
32 99 
35 33 
39 35 
41 37 
38 37 
33 31 
30 28 

Circle W. 
N S 

85"# 85"W 
43 45 
41 43 
35 36 
37 40 
32 36 
33 36 
30 33 
30 33 
29 39 

1895. May 22. 

Let. N. €44' 40' 
Long. E. 83" 51' 

Needle B H=o-o49 
Mer. 189"l' 

Circle E. 
N S 
85"W 85" lB  

25 20 
22 18 
2Q 16 
18 18 
19 19 
22 80 
n 25 
27') 24 

Circle W. 
N S 

&5"W 65"5(y 
54 50 
45 44 
46 44 
40 42 
38 42 
41 43 
40 45 
42 48 

1895. July 2. In the tent on the 
port bow. 

Lat. N. 84" # 
Long. E. 74" 1Y 

Needle B H=@o52 
Mer. 141 " 49' 

Circle E. Circle W. 
N S N S 

84"W e4"W 85" 7' 85"1@ 
55 53 6 5 
55 53 5 7 
58 56 5 7 
59 55 6 10 
59 59 0 8 4 5 7  ' 

57 57 84 59 57 
54 57 8 5 2 8 5 4  
50 53 a458 2 
50 53 59 4 

Mean fH"5.W 85" 3 Y  
I' = NO59 
d = -50 
I = a 0 9  
- 
- 

1895. July 11. 

Lnt. N. 8k' 4& 
Long. E. 75" 55' 

Needle B a=o-o52 
Mer. %'3!Y 

Circle E. Circle W. 
N S N S 

86" 3' 85" 5' 85"46' &"fa 
B 0 38 40 

8458 8 4 5 5  33 33 
56 55 a2 35 
55 58 32 35 
57 85 0 31 33 
55 8 4 5 8  35 36 

8 5 0  8 5 0  40 40 
01) 0')  41 %? 
0 2 46 46 

tu." 59@ 85"38'1' 
25 25 48 

I Mean I' = 85"IlY 
M e a  85'21'6' 85'46.3' 

p = 85"33' 

1) Oscill. between 85'15' and &"& 1 1) Disturbed. 
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1895. July 25. 

Lat. N. 84" 31' 
Long. E. 72" W 

Needle B I?=m 
Mer. 192'30' 

Circle E. Circle W. 
N s N S 

a4O58' &"E' 850%' 85"W 
58 55 m E2 
55 56 14 17 
53 50 14 17 
48 50 10 14 
51 55 14 15 
52 56 16 14 
54 59 17 15 
53 53 w, 22 
58 59 N 5% 

Mean 85" 1a.4' 
I' = &j" 6' 
A = -48 
I = &L"18'1) 
- - 

Circle W. 
N s 

85"W & O W  

23 27 
16 18 
15 18 
11 15 
15 15 
15 15 
18 19 
19 at 
25 30 

Circle E. 
N s 

% & O W  85" 0' 
57 84 58 
59 €G 0 
55 8 4 5 8  
55 57 
50 50 
59 51 
54 53 
55 53 
55 50 

1) The revolver in its place. 
*) The revolver laid aside. 

1896. August 7. 

Lat. N. 84" w 
Long. E. 77" W 

Needle B H=W1 
Mer. 912"W 

Circle E. 
N S 

85" 4' 85" 5' 
6 6 
4 3 
0 84 59 
5 8 5 6  
4 5 
3 3 
5' )  3') 
11 I )  8') 
7 10 

Circle W. 
N s 

85"W 85"s' 
25 29 
20 23 
m 21 
17 18 
16 18 
17 17 
9% 2a 
85 28 
31 32 

Mean 85'48' 85" 23.4' 
I' = 85"14? 
A = - 5 0  
I = 84"24") - 

Circle E. 
N S 

85" 5' 85" % 
4 3 
0 0 4 5 8  
0 57 
2 8 5 4  
4 5 
4 4 
7 7 

10 10 

Circle W. 
N S 

85"W 85"W 
m a 
18 18 
17 18 
18 90 
16 90 
19 I 
19 ee 
85 31 

9 10 30 35 
Mean 85"43' 85"a.a' 

I' = 85" 13' 
A = - 5 0  

i )  Disturbed. 
*) The revolver in its place. 
s) The revolver laid aside. 
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1896. August 13. 

Lat. N. 84" 31' 
Long. E. 76" 1Y 

Needle B H=0%1 
Mer. 219'37' 

Circle E. Circle W. 
N S N S 

85" (Y 84"W 85"33' 85"35' 
1 8 5 0  5% 27 

84 57 84 57 18 XI 
0 5 0  58 18 19 

0 58 12 14 
0 € 5 0  15 18 

8 4 5 9  0 17 19 
57 0 a HI 
59 1 m 25 

8 5 3  3 30 58 - . ._ - - - - - _- . 
Mean 84O59.3' 85" 21d' 

I' = 85" 10' 
A = - 5 0  
I = 84"m - 

1895. August 23, a. m. 

Lat. N. 84" 11' 
Long. E. 79" 4' 

Needle B H =  0052 
Mer. 88'46' 

Circle E. Circle W. 
N S N S 

& O l e '  85" 7' 8 5 O 3 8 '  85O30' 
15 12 37 36 
13 8 324 30 
5 5 27 27 
13 15 96 28 
eo 18 B 5% 
17 18 27 9 
181) 18 30 30 
17 17 33 36 

43 16 15 37 

I' = 85"s 
A = -47 
I = 84"86' 

- 
Mean 85'139 85O31.6' 

- 
- 

l )  Disturbed. Oscill. between 85'5' 
and 85'25'. 

1895. September 5, p. m. 
Lat. N. 84" 59 
Long. E. 78" 34.' 

Mer. 168" 59 
Needle B H =:0.050 

Circle E. Circle W. 
N S N S 

85"lY 85OlV 85"55' ao5%' 
15 12 25 24 
15 12 % 22 
15 14 22 m 
17 15 21 a0 
15 16 18 w, 
15 14 19 19 
13 12 15 17 
8 10 16 a 
12 13 15 18 _ _  

8ii O 20.3' Mean 85"-133' 
I' = 85"17' 
d = - 5 0  
I = 84"27' 

Discovered, after the conclusion of the 
ohsemations, that the firing-screws on the 
base of the instrument were loose. A 
fresh inclination-determination was there- 
fore made the following morning. 

- 

1895. September 6, a. m. 
Lat. N. 84" 53' 
Long. E. 78" 49' 

Needle B H = r n  
Mer. 167'40' 

Circle E. 
N S 

85"Ia' 85"lV 
19 13 
17 12 
10 10 
15 16 
24 25 
90 23 
30 98 
30 30 

Circle W. 
" S 
85"W s o w  

33 a5 
96 m 
29 30 
m e5 
90 19 
ea I 
88 80 
81 a5 

1 )  The needle somewhat disturbed; 
the readings were taken when the needle 
was most quiet. 



NO. 7.1 INCLINATION. 157 

1895. September 6, p. m. 

Let. N. 84' 53' 
Long. E. 78' 45' 

Needle B H = m  
Mer. 168'13' 

Circle E. 
N S 

85'11' 85" 5' 
11 7 
11 11 
8 6 

11 10 
15 12 
18 13 
18 17 
18 18 
17 14 

Mean 85"1%3' 

Circle W. 
N S 

85"% 85"W 
90 B 
21 98 
17 18 
19 m 
18 
523 a 
18 90 
25 33 
32 34 
85" 2" 

_ _ _  - 

I' = 85'18' 
d = --5o 
I = 84"2a' 
- 
- 

1895. September 26. 

Lat. N. 85" 7' 
Long. E. 79' 17' 

Needle B H = O W  
Mer. 148'56' 

Circle E. 
N S 

85'18' 85'15' 
17 14 
16 13 
14 12 
15 13 
14 14 
14 15 
5% 25 
90 18 

Circle W. 
N S 

85"W 85"38' 
33 30 
99 29 
29 2a 
n n 
53 $34 
93 % 
24 99 
95 27 

18 18 a2 35 
Mean 85'164' 85' 99 

1895. October 2, p. m. 

Lat. N. 85" 11' 
Long. E. 79" 9' 

Needle B H = m  
Mer. 148'W 

Circle E. Circle W. 
N S N S 

85'17' 85"15' 85'43' 85'48' 
16 13 36 42 
18 14 35 37 
19 15 30 99 
18 15 29 32 
93 17 34 40 
18 90 36 36 
25 27 35 40 
2 5 1 )  941) 48 47 
24') 20 46 48 
19 23 48 47 
18 eo 47 48 
24 25 40 41 
18 17 35 35 
17 18 36 33 
16 16 SI 30 
w) 17 35 38 
18 16 40 41 
13 19 42 4k2 

43 45 13 l o  ~- 
Mean 85" 183' EJ"  ml' 

I' = 85"s 
4 = -48 
I = 84'41' - 

I )  Disturbed. 
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1895. October 15, p. m. 

Lat. N. 85" 28' 
Long. E. 78" 33' 

Needle B I€=ools 
Mer. 139'54' 

Circle W. Circle E. 
N s N s 
43 
43 
40 
40 
40 
38 
42 

48 
52 
50 
4.2 
41 
42 
43 
37 
38 
41 
45 

54 l )  

45 
43 
38 
40 
37 
40 
43 
50 
48 
48 
49 
43 
40 
42 
42 
38 
41 
43 
47 

27 
27 
30 
39 
34 
30 

41 
38 
34 
40 
30 
30 
94 
23 
30 
a 
20 

48 I )  

Mean 85'&4' 85'30.3 
I' = 850374 
d = -50 
I = 84'47' - 

I )  Disturbed. 

1895. October 16, p. m. 

Lat. N. 85" 3 2  
Long. E. 78" B' 

Needle B R = m  
Mer. 142'13 

Circle W. 
E; S 

85"W 85'51.' 
54 8 6 0  
48 85 51 
47 49 
43 46 
44 43 
44 46 
47 49 

8 6 3  6 
5E! 86 01) 

Circle E. 
N s 

85"U 85"23' 
30 24 
%7 25 
30 I 
39 2a 
31 30 
36 33 
36 35 
37 33 
35 35 

Mean 85'50'8' 85"W7' 
I' = 85'41' 

1 )  Disturbed. Oscill. out to 86' 15' 
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1895. October 22, p. m. 

Lat. N. &"46' 
Long. E. 75" 40' 

Needle B H = O W  
Mer. 138'21' 

Circle E. Circle W. 
N S N S 

85'15' 85'12' 85'15' 85'18' 
14 12 15 13 
16 13 17 20 
22 19 19 19 
2.5 223 18 22 
30 30 22 23 
e8 27 18 17 
31 31 23 20 
94 % 30 28 
19 17 28 25 
18 18 28 24 
24 27 2.8 22 
25 e8 24 22 
28 w 9A 18 
30 27 23 23 
SS 24 22 24 
m 19 18 20 
17 15 19 90 
18 13 15 18 
16 14 15 18 

Mean 85'21%' 85'909 
I' = 85'21' 
d = -52  
I = 84 'W - 

1895. November 2, p. m. 

Lat. N. 85' 4(Y 
Long. E. 69" 50' 

Needle B H=O.UXl 
Mer. 143'4' 

Circle E. Circle W. 
N S N S 

& O W  Ei02s 850342' s o 3 3 5 '  

32 35 24 29 
30 32 29 27 
30 32 2.3 23 
32 29 20 20 
30 29 18 18 
28 24 17 17 
442 36 15 17 
43  40 I5 16 
48 45 1G 13 ~- 

Mean t3;i0343 & O W &  

I' = 85027' 
d = -49 
I = 84"W - 

1895. November 9, a. m. 

Lot. N. Go 42' 
Long. E. 64' 25' 

Needle B H=O%l 
Mer. 147'40' 

Circle E. 
N S 

M0L5' 84"49' 
50 48 
53 50 
58 55 

8 5 0  8 5 0  
8 4 5 7  8 4 5 5  
8 5 0  8 5 0  
8 4 5 7  8 4 5 8  

58 55 
55 58 

Circle W. 
N S 

& O W  1) 85'40' 
37 33 
50 30 
35 31 
88 31 
98 p8 
27 29 
31 30 
30 33 
37 38 

Meon 84'55%' 85" 33%' 
I' = 85" 14' 
d = --5o 
I = 8 4 O "  - 
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1895. November 19, p. m. 

Lat. N. 85" 52' 
Long. E. 64" 47' 

Needle B ET= 0.051 
Mer. 147" 17' 

Circle E. Circle W. 
N S N S 

Ea0%' 84"s €6" 17' 85" 15' 
55 54 20 19 
59 56 13 10 

€ G o  59 121) 16 1) 

4')s 21) 10 11 
5 3 3 0 
0 1 6 6 
0 3 5 5 
0 3 0 0 

2 6 
_ _ _ ~ .  fa58 8459 -. 

Mean $4'597' so 8 8  
I ' = & O &  

J = -50 
I = 84'14' 

1895. November 30, a. m. 

Lat. N. 85" 28' 
Long. E. 58" 41' 

Needle B H=O053 
Mer. 147' 23' 

Circle E. Circle W. 
N S N S 

&&og, 840%' s o 3 3 '  8j038' 
59 57 2 8 1 )  33 

€ 6 1  59 18 17 
M58 58 12 15 
8 5 0  8 5 2  13 16 

3 5 5 10 
3 6 13 17 
3 3 7 14 

84% 0 13 17 
8 5 0  2 90 90 ______ 

Mean 85'02' 85" 18V 
I' = 85" 9' 
A = -43 
I = 84."21' 
- 

The lmacket t u n e d  180" out from its 
former position. 

1) Disturbed 

1895. December 4. 

Lat. N. 85' 99' 
Long. E. 56" 46' 

Needle B H=O.O52. 
Mer. lM"2.3' 

Circle W. 
N S 

85'14' 85'16' 
12 12 
17 15 
10 8 
6 6 
15 13 
2.3 18 
30 31 
33 27 l )  

Circle E. 
N S 

84"57' 85" w 
8 5 0  84.58 

0 8 5 4  
84 57 84. 59 

59 56 
8 5 0  57 
8 4 5 3  55 

49 46 
46 4!2 

32 B 45 43 
Mean 85'183' 84" 54e 

I' = 85" 6' 
A = -47 
I = 

The bracket turned 180" out from the 
position it had on Nov. mh. 

1895. December 13. 

Lat. N. €5" 25' 
Long. E. 49" 32' 

Needle B H = O W  
Mer. 136'46' 

Circle E. 
N S 

84."45' 84"W 
45 44! 
45 44 
40 40 
42 38 
40 43 
43 42 
48 48 
45 45 

Circle W. 
N S 

85" 5' 85" 5' 
0 3 

8456 8457 
58 8 5 2  
57 0 

8 6 0  0 
0 2 

84 59 0 
86 15 12 

45 45 ie 10 
Mean 84'43.4' 85" 26' 

I' = 84"W 
A = -47  
I = 84' 6' 
- 

I )  Disturbed. 
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1896. January 3. 

Lat. N. 85" 17' 
Long. E. 45" 10' 

Needle B H = O W  
Mer. 136'6' 

Circle W. Circle E. 
N S N S 
84"s 84'43' 84'17' 84."" 

36 38 24 27 
40 41 27 28 
42 40 30 32 
42 42 33 35 
48 45 30 30 
50 1 )  50') .?o 26 
53 48 2a 23 
57 50 24 19 

48 22 19 _- 54 
Mean 84'463 84" 264' 

I' = 84"W 
d = -50 - 
I = 83"46' 

1896. January 11, a. m. 

Lat. N. 84" 56' 
Long. E. 41" 10' 

Needle B H = O W  
Mer. 138'54' 

Circle W. 
N S 

84' 18' 84.' 20' 
18 16 
13 15 
24 eo 
24 20 
19 18 
9 3 1 )  201) 
23 24 
30 30 
27 27 

Circle E. 
N S 

83"W 83'48' 
57 52 

8 4 . 2  57 
8 8 4 . 2  
8 5 

10 3 
0 6 
1 8 
0 2 

8 3 5 8  0 
Mean 84"2,1'5' 84" @6' 

I' = 84" l l '  
A = -47 
I = 83OW' - 

l )  Disturbed. 

1896. January 17. 

Lat. N. 84" 53' 
Lone. E. 40" 13' - 

Needle B H = O W  
Mer. 135'31' 

Circle E. Circle W. 
N S N S 

64'16' 84'13' 84'38' 84'35' 
15 13 33 34 
12 12 43 40 
26 20 43 45 
21 27 42 40 
30 33 43 40 
82 35 42 38 
32 30 46 41 
2a 2a 57 57 
30 36 59 58 

Menn 82'24%' 82'43.0' 
1' = MOW 
A = -45 
I = 83"49' - 

1896. January 27, p. m. 

Let. N. 84' 40' 
Long. E. 31" 36' 

Needle B H = 0.062 
Mer. 136'40' 

Circle E. 
N S 

83'53' 83"W 
50 54 
50 53 
58 8 4 0  

8 4 2  0 
2 5 
2 0 
0 3 

8 3 5 8  1 

Circle W. 
N S 

84' 23' 8 4 . O  18' 
17 18 
15 17 
14 14 
13 12 
16 16 
8 8 
8 10 
5 5 

58 2 4 8 
Mean E 3 O B 1 '  84." 123 

I' = 84.' 5' 
A = -47 
I = 83'18' 

21 
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1896. February 3, p. m. 

Lat. N. 84" 41' 
Long. E. 25' 18' 

Needle B H = 0062 
Mer. 129'2i' 

Circle E. Circle W. 
N S N S 

83"W 83"47' 84'15' 84'13' 
55 50 20 17 
55 55 15 14 
51 59 16 12 

84 41) 84 3') 13 10 
5 6 8 8 
0 0 5 3 

8 3 5 0  8 3 5 5  E 2 
48 52 83 59 0 
50 54 8 4 0  2 

Mean 83'5j.8' 84" 8.7' 
I' = 84" 2' 
A = -41 - 
I = 8 3 2  

1896. February 11, p. m. 

Lat. N. 84" 30' 
Long. E. 24" 4 3  

Needle B H=006 
Mer. 132'46' 

Circle E. Circle W. 
N S N S 

83"4T 83"W 84"15' 8 4 " I O '  
40 35 15 12 
42 40 14 10 
45 40 15 12 
45 48 13 10 
45 43 3 3 
45 45 4 0 
45 46 8 3 5 8  8358 
42 42 58 8 4 0  
44 47 55 8 3 5 8  -- 

Mean 83'439' 84" 64 

A = -46 
I = B " Y  

1) Disturbed. 

1896. February 12, a. m. 

Lat. N. 84" 25' 
Long. E. 23" 56' 

Needle B E=o65 
Mer. 133"17' 

Circle W. 
N S 

83"W 83"W 
45 48 
48 50 
52 55 
56 84 0 

8 4 5  5 
1 1 
8 6 
12 I 
10 5 

~~ 

Mean B O 5 8 9  

Circle E. 
N S 

83"W 83'35' 
32 33 
36 38 
32 32 
35 37 
33 30 
35 33 
33 30 
31 30 
<70 27 
83 " 3'26' 
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1896. February 24, p. m. 

Lat. N. 84" 7' 
Long. E. $24' 98' 

Needle B ~ = 0 . 0 6 5  
Mer. 151'55' 

1896. March 5, p. m. 

Lat. N. 84" 6' 
Long. E. 95" 97' 

Needle B H = O W  
Mer. 157'51' 

Circle W. 
N S 

84" I W  84" 14 
10 10 
2 2 
8 10 

10 6 
10 8 
10 5 
I 2  6 
18 17 
16 12 
16 13 
13 12 
5 2 
3 2 
1 2 
1 0 

Circle E. 
N S 

83" 47' 83" 47' 
55 55 

8 4 0  58 
0 8 4 0  
0 83 59 
1 8 4 . 2  

83 59 0 
8 4 5  8 
83 59 1 

58 3 
59 1 
57 3 

8 4 1  2 
83 59 4 
8 4 0  0 
83 59 83 57 

8 3 5 8  1 57 55 
M I  2 59 57 

0 0 57 57 
5 5 58 57 

Mean M"6.9' 8 3 O 5 8 9  
I' = 84" 3' 
A = -45 
I =83"18' 

The bracket frozen fast. 

Circle E. 
N S 

83"W 83"W 
33 35 
45 47 
46 47 
50 52 
552 55 
57 57 
50 54 
44 48 

Circle W. 
N S 

Bow 83"W 
50 53 
50 56 
56 53 
52 53 
57 57 

8 4 0  8 4 . 0  
3 3 
5 3 

42l 45 7 5 
Mean 83"466' 83 " 57.4I 

I' = B " 5 T  
A = -46 
I = 8 3 2  

1896. March 18, a. m. 

Lat. N. 84" 5' 
Long. E. 14." 56' 

Needle B H = O W  
Mer. 169'56' 

Circle E. 
N S 

83"B 84" 0' 
8 p o  0 

1 0 
8 3 5 9  8 3 5 8  

58 8 4 1  
58 3 
57 0 
57 0 
53 8 3 5 1  
57 59 

Circle W. *) 
N S 

84'90' 84" 18 
18 15 
0 2 

8 3 5 8  8 3 5 7  
57 57 
59 59 

8 4 2  8 4 2  
I 2 
5 7 

13 17 
Mean B"58.7' 84" 55' 

I' =. 84" 9 

I = 83'17' - 
1) The needle disturbed during the 

fist E or 3 settings. 
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1896. April 9, a. m. 

Lat. N. 8a' 27' 
Long. E. 18' 48' 

Needle B H - 0 9 M  
Mer. 163'13' 

Circle E. Circle W. 
N S N S 

83'48' 83'48' €44"18' 84"18' 
50 50 15 13 
53 55 5 2 
56 55 2 83 59 
50 50 0 8 4 0  
48 48 8 3 5 4  8 3 5 4  
46 50 8 4 0  2 
45 50 I 3 
41 48 10 15 
41 48 13 15 

Mean 83'496' 84" 6V 
I' = 830%' 
A = -45 
I = m 8 3  

1896. April 21, a. m. 

Lat. N. 8Q' 3' 
Long. E. 13" 25' 

Needle B " z o o 6 5  
Mer. 164'54' 

Circle E. Circle W. 
N S N S 

83'48' 83'47 €ae17' 84"17' 
41 45 12 10 
41 45 2 0 
45 46 8356 8 3 5 0  
43 45 sa 50 
41 48 53 50 
44 41 55 51 
48 43 58 51 
40 42 58 8 4 0  
42 44 52 0 

Mean 83"449' 83 " 59.4' 
I' = 83'52' 
d = -45 
I = 8 3 " 7 '  

1896. May 7, p. m. 

Lat. N. €44' 0' 
Long. E. 11' 6' 

Needle B H=0.065 
Mer. 162'8' 

Circle W. Circle E. 
N S N S 

€44"16' 84'1.5' 83"s 84' 9 
3 5 53 8 3 5 5  

8 3 5 5  8 3 5 5  53 50 
0 4 6  8410  46 48 
83 59 0 42 46 
8 4 8  4 46 50 

8') 10 4 8 2 )  48 
10 4 412) 41 
8 25 1 )  41 53 

153) !20 5Fi 84 2 ~- --___ 
Mean 84"1*8' 83" .w6' 

I' = BO59 
A = -45 
I = 83'1Q 
- 

1896. June 4, p. m. No revolver. 

Lat. N. 83' 14' 
Long. E. 13' 3' 

Needle B a=ow 
bler. 116'89' 

Circle W. Circle E. 
N S N S 

83044)' f33'4.3' 83"W 83'n' 
32 33 32 98 
30 30 34 36 
33 34 35 33 
24 $21 30 a0 
21 30 30 32 
30 33 so a3 
31 38 33 36 
43 45 33 36 
43 44 39 37 

Mean 83'34% moaai 
1' = 830%' 
A = -4.5 
I = 89'49 

I )  Oscill. between 83'50' and 84'30'. 
2, Disturbed. 3, Much disturbed. Oscill. 
between 84'5' and 84'40'. 4 )  Disturbed. 
Oscili. between 83'45' and a"%'. 
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1896. June 17, p. m. 

Let. N. 82' 51' 
Long. E. 11' 38' 

Needle B H=O068 
Mer. 193'20' 

Circle E. Circle W. 
N s N S 
83's 83'33' 83'45' 83'43 

31 33 42 42 
32 31 37 36 
30 53 33 36 
30 30 30 31 
33 33 30 30 
33 36 35 38 
35 36 36 42 
36 40 45 48 
38 43 50 52 

Mean 83'33.7' 83'392' 
I' = 83"W 
J = -44. 
I = 82'52 - 

1896. July 7, p. m. 

Lat. N. 83' 1' 
Long. E. 12' 52' 

Needle B R = O W  
Mer. 146'31' 

Circle E. Circle W. 
N S N S 

Bow 83"W 83"W 83'48' 
35 33 44 46 
34 28 38 40 
30 30 36 36 
%3 27 32 39 
30 35 30 30 
32 33 36 31 
32 33 35 40 
35 38 42 48 
40 42 46 48 

Mean 87"32%' 83'B6' 
I' = 8 3 0 % '  
A = -44 
I = 82'52' 



E. T O T A L  I N T E N S I T Y .  

As we have already m e n t h e d .  deflection observations were frequently 
made i n  connection with the iiicliriatioii deterniiiiations, for the deterniination 
of the total intensity. T h e  alhidade on the hack of the vertical circle with 
one or hot11 deflectors screwed in. was set with its zero exactly a t  the division 
of the Iinib that indicated the mean of thc iriclinatiori readings obtained 
iinmediately before, with the sanie position of the instrument, “Circle E” or 
“Circle JV”. A series of reading- of h t h  ends of the needle were then 
taken, first with the iieedie deflected within one qiiadrant, arid next a cor- 

respoiidiiig wries with tlie needle deflected pnst the vertical. The  thermo- 
meter helongiii;: to the Fox apparatus proved several times to he out of 
order. arid iri these caws another tliermonielw wa,5 introduced into the box 
of the iriclination-nerdle. 

Only i n  five cases were both thc deflectors used together; on all other 
occasions only the one deflector marked K was employed. 

expression for the total intensity W, 
In arialogy with the formuln given on page 130, we obtain, as a n  

where R,,  c ,  and q, are substituted for R,,  c, and q,, and indicate the 
corresporiding qiiantities applicable i n  the case of only the one deflector 
lieing employed. No determination of the coIi&uits R,  nnd [, were made 

either liefore the v o y n ~ v .  i i i  ~ l u i i i b r i i ~ ~ .  or after tlie rdiirii. at Wilhelmshaveii. 
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It is true that in Hamburg, after the return, on March 6th, 1897, a series 
of observations were also made by Captain SCOTT-HANSEN with needle B de- 
flected by means of only the one deflector N, the result yielded being 

a t  a temperature of 6.6" C. Assuming, for the place of observation in Ham- 
burg on that day, an inclination of 67" 21' arid a horizontal intensity of 
0.1812, we obtain 

q, = 31" 43.5' 

R ,  (1 + c ,  t )  = 0.2474. 

I have already pointed out, however, that the constant-determinations made 
in Hamburg after the return, cannot br! corisidered thoroughly reliable, owing 
to the proximity of the electric trarnway. Considering also the uncertainty 
prevailing with regard to thc changes that the magnetic moment of the 
magnets may have undergone: during the voyage, i t  seems to me hardly fair 
to make this one: uncertain constant-determiriatioil the basis for a talculation 

of the absolute value of the total intensity, the more so as the determinations 
of the angle of deflection q, with the one deflector, were made in tempera- 
tures varying between + 6%" arid - 36'/2", while no notice can be taken of 
this fact, there being 110 inaterial forthcoming for the determination of the 

temperature-coefficient. 
It might perhaps be thought that out of the values of the angle of 

deflection q, found when drifting with the ice, a few data might be picked 
out, to which there were corresponding values of the horizontal intensity and 
inclination sufficiently well determined to justify an attempt at  an approxi- 
mate calculation of R, and c,, according to formula (l), by the method of 
least squares, when the formula will become 

1 cos I cos I 
R, - H sin 3, = H sin 3, * 

But to this it must be remarked that the observation-material that would 
then be employed, would have to be selected within sufficiently narrow time- 
limits for R, to be supposed to have remained constant, which, in its turn, 
would occasion the risk of there being too little variation in the temperature 
in which the observations were made. 

I have nevertheless made some experiments in this direction, but unfortu- 
nately without success. I am therefore convinced that it is best to make 
direct use of the determinations of horizontal intensity and inclination made 
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during the expedition for the calculation of the total intensity, and leave the 
deflection observations made with the Fox apparatus as a check oil the 
intensity determinations, altogether out of consideration. I have, however, 

as demonstrated above, found employment for the deflection-observations with 
both deflectors, in the determination of the index-error of the inclination- 
needle. 

In the following list, however, I have entered all the deflection obser- 
vations, partly for possible future utilisation, and partly, too, to show what 
might have been done iri this dirwtion with the instrument, if the necessary 
determinations of the constants had been forthconling. 

The  temperature given in the list is tlie nieari of all the temperatures 
taken during both the simultaneous incliiiation determinations, a d  the deflection 
observations, corrected for the error of the therinonictw used. In the column 

containing the readings of the needle’s position, when it was deflected “directly” 
(within one quadrant), and  when *‘past the vertical”, the figures given are 
the mean of the readings of the north and south ends of the needle. T h e  
angle of deflection + is calculated in the following manner. If we call the 
mean of all readings with the iieedle deflected directly a, and the mean of 
all readings with the needle deflected past the vertical b, we have 

a + b  q) = go” - -. 
2 
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OBSERVATIONS OF DEFLECTION. 

Date 

1893. 

Aug. 1. 

Oct. 16. 

Dec. 2, p. m 

1894. 

Feb. 10. 

March 30, a. m 

May 4, p.m 

May 23. 

- 
Lat. pi 

- 

69" 41 

78 li 

78 43 

7956 

8 0 8  

80 51 

61 27 

- 
Long. 

60" 4 

1% ! 

138 3 

134 51 

135 ( 

130 56 

2355 

- 
Need 

B 

B 

B 

B 

B 

BI 

B' 

- 
Nun 

of 
Defle 
tors - 
1 

2 

2 

2 

2 

2 

1 

- 
t 

4 4  

- 17.0 

-23.7 

-31.6 

-949 

- 8.0 

' 2 1  

~ ~~~ 

Circle E 
Needle deflected 

Directl: - 
50" 29' 

32 56 
51.: 

32 39 
35 

3 3 0  
32 57.5 
3 3 2  

3430 
w 
30 
30 
w 5  
30 
w.5 

35 595 
3 6 1  

4 
105 
7.5 

58 m5 
7.5 

$1 
155 
185 
23 
93 
25 
31.5 
43-5 
44.5 

Past 
the ver - 
72" 44' 

41 57.5 
42 O E  

41 57.5 
57.5 

41 1 
1 
3 5  

42 2 5  
2 
5 5  
65 
6 

11 
6 5  

42 50 
54 
57 
55 

43 0 5  

6 5  
64 58.5 
65 2 5  
64 59-5 
6 5 4  

7 
15 
20 
955 
35.5 

Circle W 
Needle deflected 

Directl! - 
49" 4T 

33 49 
45 

32 43.5 
45 

3 2 5 4  
58 

33 0 5  

34 17'5 
e1 
185 
18 
94 
24.5 
m 5  

35 19 
165 
29 
B.5  
38 

58 5 5  
0 

57 43 
41.5 
37 
36.5 
35.5 
38 
40 
43-5 

Paat 
the ven - 
73'51' 

41 WE 
41 

41 38 
35 

41 0 
0 

1056 
47.5 

wd 9 5  

a 5  
65 
5 
7.5 
5 5  

14 

I3 36.5 
38 
455 
455 
e 5  

5 58.5 
44 
43 
54 

i6 145 
B 
105 

5 51.5 
46 
44 
53'5 

- 
VJ 

- 
Bo 181 

52" 40r 

5 P  46.4 

53" 1.5 

51 " 44-1 

50" 28.4 

Bo 107 
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Date 

1694. 

June 8. 

July 26, p. m. 

Aug. 2, p.m. 

Aug. 17, a. m. 

- 
Let. N. 

- 
81 O 28' 

81 17 

81 4 

81 6 

- 
,ong. E 

- 
Po 6' 

25 57 

I27 0 

9 4  

- 
?eedle 

- 
B 

B 

B 

B 

- 
iumb. 

of 
leflec- 
tors 

- 
t 

- 
5.22' 

3 0  

4Q 

52 

Circle E 
Needle deflected 

I)irectly 

58' 145' 
165 
17.5 
eo 
24.5 
23.5 
19 
16 
I55 
I1 

5 8 2 6  
31 
33.5 
33 
36.5 
355 
325 
31 
30 
28.5 

58 15.5 
99 
315 
36.5 
37 
39.5 
34 
34 
2Y 
26.5 

58 26.5 
32 
36 
395 
45 
435 
43 
345 
40 
34 
9 

PMt 
the vert. 

65034.51 
37 
47 
52 
56.5 

6 6 1  
35 
0 5  

65 58.5 
6 6 2  

6524 
29 
34.5 
45 
485 
52 
55 
55 
53 
51.5 

65 27.5 
30.5 
40 
45 
51.5 
56 
59 
59 
57 
57'5 

6523 
223.5 
a5 
45 
53.5 
58.5 
59.5 
575 
565 
54.5 

Circle W 
Needle deflected 

Directly 

57"W 
47 
50.5 
59 

58 35 
65 
13 
15 
15 
9.5 

5 8 2  

10 
17 
18 
26.5 
29 
30 
29 
2a 

25 

57 56.5 
56.5 
59 

58 65 
16 
25 
96.5 
9 
98 
94 

59 1.5 
4 
I1 
15 
90.5 
27 
31-5 
33.5 
80 
27 

Pest 
the vert. 

6 6 O  7' 
9 
17.5 
18 
185 
21.5 
16 
11 
11 
55 

65 56.5 
595 

66 1-5 
13 
135 
135 
11 
85 
55 
0 

65 57.5 
6 6 2  

13 
13 
14 
155 
165 
15 
11 
75 

6 5 5 6  
6 6 1  

4 
11.5 
11-5 
1% 
10 
2 

65 59.5 
555 
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Date 

18%. 

Aug. 17, p.m 

Sept. 20, p .m 

Oct. 19. 

Nov. 9, p. m 

Lat. N. 

- 
81" 6' 

81 12 

81 52 

82 10 

Long. E 

I_ 

1%" 4 

123 39 

115 15 

110 50 

- 
Need]' 

- 
B 

B 

B 

B 

- 
Numb 

of 
Deflec 
tors - 
1 

1 

1 

1 

- 
t 

- 
450 

- 84 

- 169 

-5-5 

Circle E 
Needle deflected 

Directly - 
53" w5' 

31.5 
38.5 
38.5 
38 
38.5 
36'5 
335 
29 
2!? 

s3B 
24.5 
5.5 
!B 
29 
305 
ss.5 
26.5 
20.5 
18 

57 5&5 
595 

s 3 3  
3 
7 
7.5 
7.5 
4.5 
1.5 

57 58.5 

57 55 
58 

3 3 2  
4.5 
4 
2 
05 
05 

57 59.5 
59 

Psst 
the vert - 
65" 43' 

33.5 
39 
54.5 

6 6 0  
2 
4 
0 
05 
0 

65 26-5 
29 
28.5 
32 
32.5 
36 
36.5 
35 
335 
35 

65 57.5 
53.5 

6 6 1  
45 
7 
10 
12 
11.5 
95 
105 

65w 
28.5 
34 
35.5 
35.5 
41 
43-5 
44-5 
37.5 
88-5 

Circle W 
Needle deflected 

Directly - 
.%" w 

0 
2 
8 
12 
14 
w 5  
24 
2.5 
26 
24 
e 5  

S I  
4 
7 
135 
17-5 
93 
55 
w5 
23 

58 11 
11 
13 
11 
65 
5 
35 
1.5 

58.5 
57 59 

57 26 
27 
El 
3!&5 
33 
37 
37 
36 
w 5  
35 

Pert 
the vert - 
66" (Y 

25 
35 
9.5 
145 
145 
165 
175 
11.5 
7.5 
6 

65 36.5 
38 
40-5 
43.5 
44 
455 
44 
38 
36 
32.5 

6546 
49 
515 
53 
55 
57 
54 
47.5 
435 
46.5 

65 58.5 
6 6 0  

1 
1.5 
4 
5 
4 
1 

6 5 5 9  
57.5 
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Date 

1694. 
Nov. 23, 

Nov. B. 

Dec. 910. 

Dec. 22. 

- 
Lat. N. 

- 
81'59 

8 2 9  

82 52 

8 3 0  

- 
>ong. E 

- 
l l 2 O  2 

lll 13 

104. 30 

.03 40 

- 
Yeedl 

- 
R 

B 

B 

B 

- 
Vumb 

of 
leflec 
tors - 

1 

1 

1 

1 

- 
t 

- 

-5.7' 

-26.7 

-239 

-25.5 

Circle E Circle W 
Needle deflected 

Directly 

57 "55' 
575 
58 

5 8 0  
1 
0 5  
1 '5 

51 51 
555 
54 

51 a 
40.5 
42 
45 
495 
495 
46.5 
42 
36 
34 

51 W5 
s . 5  
275 
27.5 
29'5 
30.5 
28.5 
28 
25 
24 

51 345 
36 
36.5 
41 
44.5 
46 
42.5 
3!P5 
37 
35 

Past 
the vert. 

65 "38' 
41 
42 
435 
48 
51.5 
53 
54.5 
51.5 
50 

6532 
35 
37 
39 
44 
47.5 
485 
51.5 
50.5 
50 

550 
51 
535 
56 
59 

x 1  
2 
1 
0 

i5 595 

i5 25.5 
31 
m 5  
40 
46.5 
46 
51 
48'5 
41 
46.5 

Needle deflected 

Directly - 
57 "44.5' 

43.5 
51.5 
53 
55 

s o  
05  
0 
05  

i7 595 

S l  31.5 
34 
39 
43 
43.5 
44.5 
49 
51 
50.5 
48 

57 29'5 
31.5 
32 
31 
9% 
26 
24 
21'5 
165 
145 

i7 11.5 
10 
14 
21.5 
30.5 
33.5 
355 
37 
34.5 
33 

Pest 
tho vert. - 
65" 43.5' 

495 
43.5 
46.5 
48 
48 
44 
41 
365 
34 

6540 
42.5 
495 
4!2 
43 
45.5 
41.5 
40.5 
36 
35.5 

65 525 
53.5 
54 
54.5 
54.5 
54 
595 
495 
46.5 
46 

25 49 
52 
51 
54.5 
56'5 
54.5 
53.5 
48.5 
44 
44.5 

- 
- 

98" 9.2 

28' 17'3 

98" 196 

28" 90.6' 
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Date 

1895. 

Jan. 19. 

March 31. 

April 3. 

April 19. 

- 
Let. N 

83" 26 

8 4 9  

84 14 

84 14 

- 
Long. E 

1m0 0 

Loo 28 

9835 

9436 

- 
Needli 

- 
B 

B 

B 

B 

- 
Nirmh 

of 
Deflec 
tors - 

1 

1 

1 

1 

- 
t 

26.8' 

23.4 

31.3 

20.4 

Circle E 
Needle deflected 

Directly - 
57" 5 5  

7 
9.5 

10 
135 
13 
12 
7 5  
4 
25 

57 21'5 
%3 
25.5 
5% 
32 
34.5 
34.5 
%i 
29 
25 

57 55 
8 

11 
11.5 
155 
145 
12.5 
7.5 
5 
35 

57 05  
0 

i6 59 
595 

57 2 
3 
95 
0 

i6 59 
57.5 

Past 
the vort 

65" 333 
3f, 
38'5 
44 
48 
56 
58 
57.5 

6 6 0  
6 5 %  

6 6 0  
0 
1 
95 

&5 595 
58 
49 
44.5 
42 
31 

65 53 
53.5 
59 

6 6 0  
25 
55 
85 
7 
9 
7.5 

65 55.5 
56 

6 6 0  
e 
65 

11.5 
11 
105 
11'5 
105 

Circle W 
Needle deflected 

Directly - 
57" 135 

165 
19 
D 5  
26 
28 
30 
27.5 
28 
27 

57 185 
m 
19 
185 
16 
13 
135 
4 
35 
1 5 

57 2 
5 
G5 

11 
12 
14.5 
1G5 
135 
126 
i t 5  

56 495 
52 
57.5 
58.5 

55 
75 
5 
1.5 
9 

57 2 

Pant 
the vert. 

6.5" 29.3 
31 
31 
32 
31-5 
33 
31 
27.5 
97.5 
26.5 

65 52 
56 
555 
5!3-5 
595 

66 05 
65 595 

54.5 
51.5 
495 

6.5 49 
50 
53.5 
53.5 
55 
5G 
53 
46 
46 
46 

65 58.5 
57.5 
59 

6 6 1  
1.5 
1 *5 

65 59.5 
58.5 
56 
58 
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Date 

1895. 

May $22. 

July 2. 

July 11. 

Aug. 13 

- 
Lot. r( 

84" 44 

84g  

84 44 

?4 31 

- 
Long. I 

83" 5: 

74 I< 

7.5 Z 

76 19 

- 
Nredl 

B 

B 

B 

B 

- 
Nund 

of 
Deflec 

tors 

- 
t 

- 
- 5 3  

6.5 

64 

09 

Circle E i circle w 
Needle deflected 

56" 53' 
56 
53.5 
595 

57 1.5 
0 

56 57 
55 
51'5 
47 

56 *% 
36.5 
38.5 
46.5 
46 
48.5 
45.5 
44.5 
41 
35.5 

56 32 
34 
34-6 
36 
335 
355 
36 
335 
315 
315 

i6 25 
29 
2!! 
.w 
32 
30-5 
30.5 
29 
28 
26.5 

M0 1(Y 
1 4 5  
I55 
20 
27 
30 
31.5 
30 
30 
31.5 

66 17 
27.5 
37 
48 
,535 
57'5 

67 0 
66 595 

59 
59 

66 42 
4.1. 
46 
44.5 
41.5 
375 
35 
29'5 
285 
27.5 

6650  
52 
50 
48 
495 
@5 
425 
37 
35.5 

___-- 
Needle deflected 

Directlg - 
so 35.5 

365 
42 
45 
48 
51.5 
54.5 
53 
50.5 
52 

56 1 2 5  
13 
8 5  
30 
33.5 
36.5 
4.2 
415 
40 
38.5 

56 275 
3Q 
3 3 5  
36.5 
3Y 
41 
49.5 
42'5 
442 
41 

627 
27.5 
28 
27.5 
25 
23 
18 
16 
13 
135 

Past 
the vert - 
fj6" 15' 

16: 
17.5 
195 
20.5 
24.5 
23.5 
19 
IT5 
IT5 

66 46.6 
48 
52 
59 

67 I 
1.5 
0 
2 

6 6 5 5  
52 

6626 
28.5 
27.5 
26.5 
58 
29 
28.5 
24 
23.5 
5% 

i6 38'5 
39 
41 
45.5 
45 
45.5 
44.5 
41.5 
40'5 
34 



NO. 7.1 TOTAL INTENSITY. I75 

- 
Lat. N. 

a" 52 

8 4 5 3  

85 32 

85 42 

- 
.ong. E 

78" 34 

78 42 

78 28 

G I . %  

- 
Numb 

of 
Deflec 
tors - 
I 

1 

I 

1 

- 
t 

- 
- 2 4  

- 03 

- 17.3 

- 233.6 

Circle E 
Needle deflected 
- ___ 

Dirwtly 

56" 44.' 
49 
46.5 
53 
55 
53.5 
.% 
5.2 
52 
50 

56 46' 
49 
49 
53 
50 
53.5 
48 
47 
45 
41.5 

56 46.5 
485 
49 
54.5 
56 
595 
50 
515 
45.5 
435 

35 11 
15 
165 
24 
26 
30 
%3 
25.5 
195 
135 

Past 
the vert 

1.5 
85 
165 
20.5 
235 
29 
30.5 
30 
28.5 
29 

66 345 
33 
325 
37 
35 
26.5 
23 
145 
14 
135 

65 55.5 
59.5 

66 7.5 
I1 
13 
125 
12.5 
145 
15 
14 

66 I 5  
196 
19 
30 
27.5 
35 
34.5 
33 
31.5 
39 

Circle W 
Needle deflected 

Directly 1 Past I tho wrt 

I 
.56"29' ' 66"17' 

245 15 

34 , 25 
43 26.5 

33.51 el 

46.5 
435 
475 
47.5 
44! 

56 31.5 
34.5 
35 
36 
34 
30 
27 
215 
18 
185 

e 5 6  417.5 
35 
36.5 
45 
44 
47 
45 
45 
47.5 
46 

55 59 
5 6 1  

13 
16 
185 
21 
92.5 
Et2 
18 

a5 

2a 
23.5 
23.5 
22 
92 

6639' 
365 
37.5 
39 
38.5 
40 
35.5 
32 
*w5 
31'5 

65 57 
59 

66 05 
2.5 
25 
8 
2.5 

65 595 
59 
55 

6 6 9  
155 
16 
17.5 
20 
195 
16 
15 
13.5 
19 

2 8 O 2 & 3  

Bo 25.9 

28" 34.4' 

48" 410 
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Date 

1895. 
Nov. 19, p. m. 

Nov. 30, u.m. 

Dec. 4. 

Dec. 13. 

- 
Lot. N. 

- 
85" 52 

8 5 2 8  

8 5 2 9  

8 5 %  

- 
Long. E 

64"47' 

53 41 

5ti 46 

49 32 

- 
Numb 

O f  

Deflec 
tors - 

1 

1 

1 

1 

- 
t 

- 
- 2320 

-23.8 

.. 2!P4 

-21'0 

Circle E 
Needle deflected 

Directly 

No 17' 
"20 
245 
29 
30.5 
33 
3 1 
2!P5 
26.5 
19 

55 56.5 
59 

5 6 0  
1 5 
4 5  
5 5  
3 5  
1 

55 595 
58.5 

5546 
51.5 
!j3.5 
59 
595 
59 
,565 
565 
55 
-52 

5 5 %  
425 
45.5 
485 
485 
50 
46 
4.2 
425 
38.5 

Past 
the vort - 
66" 1.5 

a 5  
135 
195 
30 
315 
33.5 
295 
33 
34 

titi 11 
15 
16 
24 
21.5 
305 
99 
30 
29.5 
31-5 

G6 10 
13.5 
165 
23.5 
245 
30 
28.5 
99 
31 
30 

66 49 
49 
49 
52 
495 
43.5 
41 
33 
31 
275 

Circle W 
Needle deflected -- 
Directly 

so 59' 
5 6 4  

6 
18 
215 
22 
27 
29 
26.5 
5'5 

55w 
45.5 
49 
58.5 
555 
59 

56 1.5 
05 
0 
05 

5 5 3 6  
t38.5 
&ti 
43.5 
51 
.53 
57 
56.5 
56 
535 

55 41 
44.5 
46 
455 
4.6 
41 
36.5 
30 
30 
w5 

-- 
Past 

tho vert 

66" 23' 
26.5 
30'5 
395 
425 
42 
39 
33.5 
315 
26.5 

66 235 
23 
21'5 
25 
25-5 
24 
23.5 
165 
195 
16 

66 14 
155 
165 
205 
20-5 
20 
155 
14 
11.5 
8 5  

66 31 
31.5 
395 
45.5 
&5 
49 
36 
m 
31 
28.5 
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Date 

1896. 
Jan. 11, a.m. 

Jan. 17, a.m. 

Jan. 27, p.m. 

Feb. 3, p. m. 

at. N. 

- 
&2"56' 

84 .53  

8140 

84. 47 

.ong. E 

- 
41 10 

40 13 

31 36 

$25 18 

- 
V'eedle 

- 
B 

B 

B 

B 

- 
c'umb. 

of 
)eflec- 
tors - 
I 

I 

I 

I 

Circle E 
Needlo deflected 

Directly - 
54 0 ,%.',I 

57 
95: 0 

0 
2.5 
4 

54 59 
545 
,545 
50 

2 5  
10 
12 
13 
145 
11.5 
11 
2.5 

54 59 
59 

5% 41 
49 
56 
57 

2 
0 

52 55.5 
45 
45.5 

55 0 5  

54 49 
51 5 
58 

s o  
3 
6 5  
4 

54 59 
58 
552.5 

Past 
tho vert. 

6 " M '  
67 0 
6 %  

595 
67 9 

10 
9 
45 
6 
65 

66 575 
59 

67 I 
2 

66 59 
53 
49 
45 
425 
36 

c i  42 
47 
55 

67 I 
125 
16 
135 
14 
11 
I1 

66 e 5  

67 05 
51 

11 
20 
25 
e6 
22.5 
21 
19 

Circle W 
Needle deflected 

Dirortly 

5s" 4' 
8 
105 
57 
4 
I 5 

358 
415 
44x5 
;i85 

55 4 5  
6 5  
6 5  
6 
5 
1 

54 59 
53 
48 
46 

54 375 
355 
36 
47 
56.5 

jy, 0.5 
1.5 
0 

54 57.5 
56.5 

54 32.5 
38 
445 
525 

55 05 
25 
3.5 
1 
1.5 
0 

Pant 
the vert. - 
66" 51.5 

575 
67 0 

I 
6 
2 

5.2 
5.3 

66 51.5 

66 44.5 
4-95 
50 
,534.5 
59 
65 
52 
475 
44 
40 

66 595 
67 6 

10 
1-2.5 
165 
15 
12 
6 

66 59 
67 0.5 

67 3 
6.5 
175 
17 
25 
b 
20 
16 
11.: 
4 

$ 
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Date 

1896. 

Feb. 12, a.u 

March 5, p . m  

March 18, a. m 

April 9, a. m 

- 
Lat. N 

- 
&Lo E 

8 4 6  

a 5  

a 27 

- 
,ong. E 

- 
so 5f 

2 5 %  

2 4 5 6  

18 48 

- 
Yeedl 

- 
B 

B 

R 

B 

- 
Xumh 

of 
Ieflec 
tors - 
I 

1 

1 

1 

- 
t 

-33.1 

-28.0 

- 130 

17.4 

Circle E 
Needle deflected 

Diroctly - 
54" 16' 

19 
I 
31 
335 
32.5 
30 
30 
29 
25 

52 46.5 
49 
525  
565 

5 5 2  
2 
0 5  
0 5  

54 575 
55.5 

E& 59 
5 5 0  

2 
4 
11 
11.5 
10 
6 5  
05 

M 59 

5450 
56 
57.5 
57.5 

3 5 2  
3 
2 
05 

x.33 
,595 

Pest 
the vert - 
66" 5Y 
67 1 

135 
21.5 
31 
33.5 
38.5 
443.5 
39'5 
39 

67 46' 
48 
50 
46 
45 
44 
41 
33 
30 
18 

67 W5 
23.5 
29.5 
35 
36 
36.5 
37 
38.5 
42 
41 

67 9 5  
39 
33 
885 
B 5  
43.5 
47 
49 
47.5 
48 

Circle W 
Needle deflected 

Directly - 
54" 16' 

17.5 
235 
30 
39 
43.5 
44.5 
44.5 
46 
43 

55 1.5 
2 
4 
4 
3 
05 

5453 
43 
38.5 
37'5 

54 33.5 
34.5 
43.5 
50 
57 
59-5 

5 5 0  
0 

5p 59 
58 

Fd 37.5 
38 
435  
47 
51.5 
56 

5 5 0  
2 
45 
2.5 

Past 
the vert 

67" 13'5 
165 
185 
21.5 
25 
w 
21 
16 
15 
125 

67 28.5 
31 
36 
m5 
45 
45 
39 
373 
32 
80.5 

57 32 
31'5 
35 
45 
47.5 
50 
48.5 
48.5 
40 
36 

11 81.5 
99.5 
31.5 
34 
41.5 
42 
4a.5 
41 
86.5 
32 
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Date 

1896. 

April 21, a.m. 

May 7, p.m. 

June 4, p.m 

June 17, p.m 

- 
,st. N. 

54" 3 

8 4 0  

83 14 

82 57 

- 
0ng.E. 

- 
13" 25' 

11 6 

13 3 

11 38 

- 
eedlc 

B 

B 

B 

B 

- 
'umb 
of 

eflec 
tors - 
I 

1 

1 

1 

- 
t 

.17.4' 

,153 

3 9  

58  

Circle E 
Needle deflected 

lirectly - 
iko 41' 

44.5 
45 
43.5 
49 
49 
50.5 
43 
47.5 
46'5 

ik 36.5 
41.5 
41'5 
45.5 
46 
46 
44.5 
42.5 
44 
41 

54 32.5 
34 
35.5 
37 
40 
39 
40'5 
57'5 
w5 
33 

51 30'5 
31.5 
39.5 
34.5 
S5.e 
35 
36.5 
34 
! B E  
! B E  

Pset 
he vert. - 
i7" w 

44 
46.5 
49 
525 
52.5 
57 
595 

i8 $2.5 
2 

i7 34 
37 
43.5 
48 
48.5 
53.5 
55.5 
58-5 
59.5 
58 

67 55 
57 

6 8 1  
3 
8 

10 
135 
145 
1% 
13 

67 53 
53.5 
58'5 

&E 
4 e  

1%: 
11.f 
10.: 
9 

6 8 1  

Circle W 
Needle deflected 

Iirectly - 
i4" 31' 

37 
405 
49 
46.5 
50 
52.5 
56.5 
58 
56.5 

i4 31.5 
34 
38 
41.5 
4E.5 
47 
475 
48.5 
49 
52 

3 2 7  
26.5 
25 
19 
17 
14 
11 
6 5  
7.5 
8 

54 55 
10 
15 
19 
91 
BE 
24.5 
WE 
s4-t 
El? 

Pest 
he vert. 

i7 O 98' 
w 5  
29.5 
395 
40.5 
43.5 
44 
44 
40 
33'5 

i7 30.5 
29 
37 
36 
36.5 
3!!5 
37.5 
40 
35 
31'5 

68 11.5 
135 
145 
195 
16 
1 5 5  
15 
15 
11 
it.5 

68 135 
13 
135 
1%: 
15.: 
14 
14 
1St 
1% 
8.: 
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46O 

- 
L0ng.E 

- 
12" 52' 54'3' 

31 
33.5 
33 
34.5 
36 
36.5 
365 
29.5 
285 

- 
?eedle 

- 
B 

- 
Numb 

of 
Deflec 

tors - 
1 

1 Circle E I Circle w 
t Needle deflected Needle deflected 

~~ 

67 O B 5 '  
6 8 0  

6 5  
10 
12 
12 
15 
16 
15 
125 

~ 

53" 57.5' 
54 14 

16.5 
IT5  
24.5 
29 
32 
315 
35.5 
34 
3P5 

Peat 
the vert. - 
68" 2 5  

I1  
15 
15 
18 
16 
185 
135 
11.5 
9 

- 
3 

28" ecm 



F. G E N E R A L  R E S U L T S .  

In a treatise Weber die Dnrstellung der Ergebnisse erdmagnetischer Be- 
obachtungeii im Anschluss an die Theorie” l), as also on several previous 
occasions, Professor Dr. AD. SCHMIDT of Gotha lias strongly advocated the 
desirability, in the publication of terrestrial-magnetic investigations from 
various quarters of the globe, of giving not only the directly observed values 
of the three magnetic elements, but also the difference between them and 
the theoretically calculated values for the points of observation in question, 
as  in this way the material for a more and more wide-spread improvement 
of the theory of terrestrial magnetism would be collected. 

Dr. AD. SCHMIDT has paid the Norwegian Polar Expedition the marked 
attention of offering to perform the arduous labour of calculating theoretically 
the value of the magnetic elements for all the points at  which magnetic 
observations were made during the expedition, an offer which I have of 
course accepted with very great gratitude. I am therefore enabled, in the 
following list of all the results of the observations in chronological order, 
to append the deviation of every single result from the corresponding theo- 
retically calculated value. These differences (observed value minus calculated 
value), indicated in the table as 0-C, are not, however, really strictly correct, 
as they contain the influence of the secular variation of the magnetic elements 
for a period of about 10 years, the values calculated theoretically by Dr. 
AD. SCHMIDT having reference to 1885.0, while the observations of the 

* )  Annalen der Hydrographie und Maritimen Meteorologie. Jahrg. XXVI, Berlin 
1898, p. SI. 
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Norwegian Polar Expedition were made during the period from 1893.6, to 
18965. Finally, it should also be remarked that in the calculation of the 
results of the observations, no regard has been paid to the more or less 
considerable magnetic disturbances that may have prevailed during the actual 
making of the observations. 

Each separate point of observation (station) is designated with a number, 
the numbers running continuously from 1 to 225. 
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Station 
No. 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
I1 
I9 
12 
13 
14 
15 
16 
17 
18 
19 
90 
21 
ea 
23 
5% 
25 
26 
27 
28 
99 
30 
31 
32 
33 
34 
35 
36 
37 
a8 
a9 

Date 

1893. Aug. I 
- 8  

OCL 10 
- 14 
- 16 
- 18 
- 2 0  
- 21 
- 3 0  

Nov. 3 
- 9  
- 17 
- 18 
- 21 
- 5  

Dec 2 
- 12 

1694. Jan. 23 
- 2 6  

Feb. 10 
- 14 
- 17 
- 2 2  
- 2 7  

March 6 
- 17 
- 2t 

- e 3  
- 3 0  
- 31 

April 14 
- 16 
- 19 
- El 
- I  
- 2 7  

May 4 
- 5  

- n 

- 

Lat. N. 

69" 41' 
69 54 
78 19 
78 15 
78 17 
78 19 
78 19 
78 18 
78 13 
78 1 
7 7 5 4  
78 25 
78 25 
78 % 
78 37 
78 43 
79 7 
7942 
79 44 
79 56 
8 0 0  
8 0 8  
80 10 
8 0 4  
79 51 
79 37 
79 48 
79 49 
8 0 1  
8 0 8  
8 0 6  
80 12 
80 18 
8027 
80% 
8 0 3 5  
8036 
8036 
80 51 
8048 

Long. E. 

60" 2w 
6643 
136 2 
136 I 
136 9 
136 15 
136 5 
135 50 
135 28 
I34 57 
137 52 
139 I6 
139 16 
139 18 
139 4 
138 30 
137 40 
135 32 
135 12 
134 51 
133 59 
I33 49 
133 49 
135 27 
1.35 0 
135 10 
135 0 
134 58 
I34 41 
135 0 
135 0 
133 43 
133 5 
131 50 
131 8 
131 29 
131 39 
131 42 
130 56 
130 a5 

Obs. 

D 

0- c 

%lo 98' 
.. 
.. 
.. 

14 6 
.. 
.. 

14 19 
.. 
.. 

14 4. 

14 18 
.. 

.. 
17 !XI 
23 3J 

.. 

.. 
2234 

24 SI 

93 16 

93 18 
2255 
$244 

9334 

542 

5 49 
26 47 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
8 8 5 3  

+I"% 
.. 
.. 
.. 

-4 54 
.. 
.. 

-4 24 
.. 
.. 

-5 15 

-4 58 
.. 

.. 

.. 
-4 2 
-0 37 

.. 

.. 
-2 57 

-1 42 

- 1  37 

-1 23 
-1 50 
- 9  52 

-2 29 

-1 5 

-1 40 
-1 le 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
- 0  4 

H 

Obs. 

01145 
01 118 
m 
005oo 

.. 

.. 
0.0494 

.. 

.. 
Oft513 
0%16 

0-0502 

o m  

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
0.0426 
0.0429 
0.0419 
.. 
.. 
.. 

09450 
.. 
.. 
.. 

ow 
.. 
.. 
.. 
.. 

004oO 
00397 

OM18 
.. 

0-c  

-00026 
-0-0025 
-0-0121 
-0-018 

.. 

.. 
-00131 

.. 

-00122 
-00130 

- 0 0 1 1  

-00119 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
-0Q138 
-09131 
-00144 

.. 

.. 

.. 
-00181 

.. 

.. 

.. 
-00134 

.. 

.. 

.. 

.. 
-09147 
-0QIX 

.. 
-00124 

Obs. 

no 38' 
78 21 

.. 

.. 
8443 

.. 

.. 
8439 
.. 
.. 
.. 
.. 
.. 
.. 
.. 

84 41 
.. 
.. 

8538 
85 16 

.. 

.. 

.. 

.. 

.. 
8 5 7  

.. 

.. 

.. 
8 5 2 3  

.. 

.. 
* .  
85a 

.. 

.. 

.. 

.. 
& %  

a .  

I 

0 -c  

+ 15' 
+ 18 
.. 
.. 

+ 49 
.. 
.. 

+ M  
. .  
. .  
.. 
.. 
.. 
.. 
.. 
+a 
.. 
.. 

+73  + 47 
.. 
.. 
.. 
.. 
.. 

+a 
.. 
.. 
.. 

+ 51 
.. 
.. 
.. 

+G 
.. 
.. 
.. 
.. 
+a 
.. 
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-0.0144 
.. 
.. 

-0-0148 
.. 
.. 
.. 

-00138 
.. 
.. 

-0.0139 
.. 

-0.0117 
.. 
.. 
.. 

-0.0144 
.. 
.. 

-00141 
-0.0130 

-00146 

-00140 

-0.0141 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
-00145 

.. 

.. 
-0.0145 

-06189 
.. 
.. 

-09143 

.. 

Station 
No. 

- 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
6% 
65 
66 
67 
69 
69 
70 
71 
72 
73 
74 
75 
76 
TI 
78 
79 

.. 

. .  
85'15' 

.. 
85 2a 

* .  
.. 
.. 

85 24 
.. 
.. 

85 15 
.. 
.. 

85 31 
.. 
.. 

85 15 
85 525 

. . 
85 20 

85 22 

85 59 
.. 

85 24 

85 22 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
8c, 24 

.. 

.. 

.. 
85 18 
85 41 

.. 

Date 

189k. May 10 
- 11 
- 12 
- 2 9  
- 2 3  
- ! E  

- 31 
June 1 
- 4  
- 7  
- 8  
- 12 
- 13 
- 14 
- 9 3  

- e7 
- 2 8  

July 6 
- 10 
- I1 
- 14 

- 2 0  
- 2 5  
- 5 %  
- 2 8  

Aug. 2 
- 3  
- 4  
- 15 
- 17 
- 18 

Sept. 4 
- 5  
- 7  
- 2 0  
- 21 

- 

- 

- 
0 

- 
0 

- 
Lat. N. 

80" 51' 
80 52 
80 52 
81 24 
81 27 
81 31 
81 31 
81 32 
81 31 
81 31 
81 9.8 
81 28 
81 43 
81 46 
81 48 
81 44 
81 43 
81 36 
81 35 
81 35 
81 30 
81 18 
81 19 
81 32 
81 .32 
81 30 
81 20 
81 17 
81 10 
81 4 
81 5 
81 6 
81 7 
81 6 
81 5 
81 14 
81 19 
81 9 
81 12 
81 12 

- 
Long. E. 

130" 5' 
130 6 
130 10 
1% 38 
123 % 
123 2 
192 59 
122 18 
122 I5 
122 8 
1% 10 
I22 6 
122 13 
122 14 
I!% 5 
121 28 
121 24 
121 12 
121 30 
191 37 
124 39 
I24 32 
I24 38 
124 59 
1% 58 
125 5 
1 S  47 
1% 57 
125 57 
127 0 
127 19 
127 5 
137 52 
128 4 
1 9  7 
l!B 2G 
1% 8 
122 40 
123 39 
123 25 

D 

Obs. 

99' 18' 
.. 
. .  
.. 

3 5 6  
3432 

.. 

.. 
36 33 
35% 

.. 

. .  
35 39 

36 58 
37 6 

.. 

.. 

.. 

.. 
35 17 

3.2 19 

3 4 9  

.. 

.. 

.. 

.. 

.. 
3 0 5 6  

2946 

3 0 9  

.. 

.. 

.. 

.. 
-32 9 
.. 
.. 
.. 
.. 

0-c 

.. 
+ O "  7' 

.. 

.. 

.. 
+3 28 
+ 2  !a 

.. 

.. 
+4 56 
+3 59 

.. 

.. 
+3 7 

+4 30 
+4 49 

.. 

.. 

.. 

.. 
+2 39 

+ i  23 

+2 23 

.. 

.. 

.. 

.. 

.. 
+ o  34. 

--0 16 
.. 
.. 

-0 8 
.. 
.. 

+I 34 
.. 
.. 
.. 
.. 

H I I 

00396 
.. 
,.  

00387 
.. 
.. 
.. 

00.399 
.. 
.. 

om 

o-0406 
.. 

.. 

.. 

.. 
00390 

.. 

.. 
00395 
0.0103 

0&W 

0-0392 

0.0394. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
(Lo393 

.. 

.. 
00393 

00409 
.. 
.. 
.. 

00393 

0-c 

.. 

.. 
+= 
+ 42 
.. 

.. 

., 

.. 
+= 
.. 
.. 

+ 31 
.. 
.. 

+ @  
.. 
.. 

+ 81 + 41 
.. 
.. 
+= 

+34 

+ 72 
+38 

+a8 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
+39 
.. 
,. 
.. 

+37 
+% 
.. 
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I 
I 

Station No. I 
80 
81 
82 
83 
84 
85 
86 
87 
€!a 
89 
90 
91 
92 
93 
9k 
95 
96 
97 
98 
99 

100 
101 
102 
103 
I04 
1% 
106 
107 
108 
109 
110 
ill 
112 
113 
114 
115 
116 
117 
118 
119 

Date 

1894. Sept. 21 
- 2 4  
- 2 8  

Oct. 3 
- 11 
- 19 
- 2 0  

- 2 7  
Nov. 9 
- 10 
- 15 
- 16 

- 2 2  

- 2 3  
- 2 4  

- 27 
- 2 8  
- 2 s  

Dee. 5 
- 6  
- 7  
- 14 
- 15 
- 19 
- 2 0  
- 21 
- 2 2  

1895. Jnn. 12 
- 17 
- 18 
- 19 

March 5 
- 6  
- 7  
- 10 

- n 

- 

- 

- 

- 

- 
Lat. N. 

- 
81" 12' 
81 20 
81 13 
81 5 
81 19 
81 52 
81 57 
81 59 
82 4 
82 10 
82 I1 
a 2 7  
82 6 
8 2 6  
8 2 1  
82 0 
81 59 
81 58 
81 58 
82 9 
8 2 9  
82 10 
82 10 
E42 17 
82 20 
8220 
82 33 
8234 
82 51 
82 52 
8254 
8 3 0  
83 41 
8353 
8 3 %  
e326 
8 4 4  
8 4 3  
8 4 1  
83 59 

- 
.ong. E. 

- 
153O w 
122 35 
122 2 
122 3 
119 30 
115 15 
115 0 
114 58 
114 35 
110 50 
110 42 
110 30 
110 39 
110 42 
112 15 
112 5 
112 2 
111 59 
Ill 58 
111 27 
111 13 
110 54 
110 50 
109 30 
109 12 
108 59 
107 53 
107 38 
lei. 45 
I04 30 
104 6 
103 40 
102 47 
103 2 
1@2 x 
102 c 
I01 E 
101 K 
101 s 
109 15 

Obs. - 
.. 

34" 27' 
3 5 4  

.. 

.. 

.. 

.. 

.. 
38 59 

3 9 8  
.. 

.. 

.. 

.. 
4030 
3844 

.. 

.. 

.. 
39 18 

.. 
e .  

.. 

.. 
4038 

.. 

.. 
41 32 
4058 

.. 

.. 

.. 

.. 
4994 

.. 

.. 

.. 
17 

.. 

.. 

D 

0- c - 
.. 

+ 3" 31' 
+4 32 

.. 

.. 

.. 

.. 

.. 
+6 4 

+ G  22 
.. 
.. 
,. 
.. 

+ 7  57 
+1; 15 

.. 

.. 

.. 
+ 6  30 

.. 

.. 

.. 

.. 
+7 45 

. .  

.. 
+8 24 
+7 54 

.. 

.. 

.. 

. .  
+8 52 

.. 

.. 

.. 
+ i o  L 

.. 

.. 

Obs. 

0.0384 
,. 
.. 
.. 
.. 
.. 

00404 
0.0207 

.. 

.. 
09417 

OM11 
OM17 

.. 

.. 

.. 

.. 
00406 
0.0391 

.. 

.. 
OM20 
00407 

,. 
.. 

09418 
00414 

.. 

.. 

.. 
w 

Oa17 

ow24 

.. 

.. 

.. 

.. 

.. 
00932 
OQ4& 

~~ 

H 

0- c - 
-09157 

.. 

.. 

.. 

.. 

.. 
-00140 
-00137 

.. 

.. 
-0.0136 

-0.0143 
-0.0137 

.. 

.. 

.. 

.. 
-0.0146 
-0.0161 

.. 

.. 
-0.0134 
-0.0145 

.. 

.. 
-00136 
-00142 

.. 

.. 

.. 
-0.01% 

-@OM 

--0013: 

.. 

.. 

.. 

.. 

.. 

-0Ol(Y 

Obs. - 
.. 
.. 
.. 

850 26' 
8 5 2 6  
8 5 %  

.. 

.. 
85 21 
85 18 

85 17 
.. 

.. 

.. 

.. 

.. 
85 27 

.. 

.. 

.. 
8 5 2 4  

.. 

.. 
85 21 

.. 

.. 
8 5 6  

.. 

.. 
8 5 6  

8 5 5  
8 5 0  

.. 

.. 

.. 
8 5 7  
85 14 

.. 

.. 

.. 

1 

0-c - 
.. 
.. 
. .  

+46' + 47 +& 
.. 
.. 

+ 42 
+& 

+& 
.. 

.. 

.. 

.. 

.. 
+= 
.. 
.. 
.. 
+a 
.. 
.. 

+ 49 
.. 
.. 

+% 
.. 
.. 

+40 

$39 + 31 

.. 

e .  

.. 
+ 41 
+a 
.. 
.. 
.. 
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~ 

I 
Statioii j 

1)atc NO. 

- 
Lat. N. 

- 
Long. E 

Obs. 

.. 

.. 

.. 

.. 
40" 57 

. .  

. .  
40 20 

. .  

. .  
37 40 

. .  

. .  
3 4 6  

. .  

. .  

.. 
:!4l 39 

48 443 
8) 21 

.. 

.. 

.. 

. .  
31 44 

. .  

.. 

.. 

. .  

.. 

. .  
31 ;io 

.. 

.. 

.. 

.. 
:w .12 

I .  

.. 

D 

.. 

. .  

. .  

.. 
+ 8"82 

. .  

. .  
+ 8  59 

. .  

.. 
$8 21 

. .  

. .  
$ 8  41 

.. 

. .  

.. 
+ n  11 

+ 7  7 
+ 7  42 

.. 

. .  

. .  

.. 
+ 9  1 

. .  

.. 

.. 

.. 

.. 

.. 

. .  
4-8 38 

.. 

.. 

.. 

.. 
4-10 1 

.. 

.. 

Obs. 

.. 

. _  
0ol;iz 
004.3 

* .  

.. 
0044x2 

.. 

. .  
O.Ot;i8 

.. 

. .  
0'04!!18 
O O l ! U i  

0.0523 
09527 

.. 

.. 

. .  

.. 
0.05 13 

09507 
0.0227 

. .  

. .  
. .  

00514 
. .  
. .  

0&17 
.. 

00696 
00507 

0.m 
0.01.96 

.. 

.. 

.. 
m 

H 

0- c 

. .  

.. 
-0011 
-0.011 

.. 

.. 
-0.011 

. .  
-0012 

.. 

. .  
-0010 
-0010 

-0010 
-0010 

* .  

. .  

. .  

. .  
-0011 

-0.011 
- 001 11 

. .  

. .  

. . 
-0Olol 

.. 

.. 
-0010! 

.. 

.. 
-0011! 
-001@ 

-om! 
-0010' 

. .  

.. 

.. 
- 0.010: 

Obs. 

84" 59 
€45 3 

.. 

.. 

.. 
84 57 

. .  

.. 
84 41 

.. 

.. 
a44 

. .  
W 9  

.. 

.. 
W 31 

. .  
84 19 

* .  
. .  
.. 

84 24 

8 4 2 0  
84 3; 

84 27 
84 35 
N2.9 

84 :$4. 

.. 

.. 

.. 

.. 

. .  

.. 
84 41 

a .  

I 

0- c 

+ 31' 
+% 

.. 

.. 

.. 
+ M  
.. 
.. 

$211 
.. 
.. 

+44- 
.. 
.. 

+ 27 
.. 
.. 
.. 

$46 
.. 
.. 

+44. 
.. 
.. 
.. 

+ 37 
+ 37 
+ 52 

+% + 42 
+xi 

+% 

.. 

.. 

.. 

.. 

.. 

.. 
+ 42 

* I  
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Station 
No. 

160 
161 
162 
1fA 
164 
1 &i 
166 
167 
168 
169 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 
187 
183 
189 
190 
I91 
192 
I!@ 
194 
195 
196 
197 
193 
199 

Date Lat. N. 

so 11' 
85 10 
8 5 2 4  
&i Is 
85 32 
85 3; 
& 37 
8 5 %  
8546 
8546 
85 46 
8540 
8540 
85 &2 
83 42 
85 52 
85 51 
85 51 
85 47 
85 "28 
8 5 2 9  
8 5 2 9  
85 27 
8 5 2 5  
8 5 5  

85 17 
8 4 %  
84 58 
8 4 5 6  
8 4 5 3  
84% 
8440 
84 41 
84 41 
8443 
84 47 
8443 
8439 
8430 

a5 17 

- 
Long. E 

78" ;-*?' 

78 51 
78 37 
78 33 
78 28 
78 25 
78 23 
75 40 
73 40 
73 30 
72 56 
Q 54. 
69 50 
6425 
G 4 2 2  
62 47 
6420 
64 18 
64 11 
58 41 
5646 
55 52 
5 4 2 0  
a 7  
49 32 
45 10 
44% 
41 17 
41 16 
41 10 
40 13 
39 47 
31 36 
31 41 
31 43 
31 43 
'35 18 
24 59 
2 4 3 8  
2445 

Ohs. 

. .  

. .  
32" 2% 

. .  

.. 
* .  
.. 
.. 
.. 

2 9 5  

.. 

.. 
21 48 

21 58 

"22 10 
19 0 

.. 

.. 

.. 

.. 
15 53 

.. 

.. 

.. 
8 8  
5 1  
.. 
e .  

.. 

.. 

.. 

.. 

.. 
-a 25 

.. 

.. 
-8 0 

.. 

D 
-- 

0- c 

. .  

.. 
+ 90.35 

. .  

. .  

. .  

. .  

. .  

. .  

.. 
+IO 9 

.. 

.. 

.. 
+ 8  43 

+ n  7 

+!t 21 
+9 43 

.. 

.. 

.. 

. .  
+ 9  47 

. .  

.. 

.. 
+8 59 
+ 8  8 

.. 

.. 

.. 

. .  

.. 

.. 

.. 
+8 2 

.. 

.. 
+8 20 

.. 

Obs. 

00504 
00489 

.. 

. .  
OM75 
004.72 

O W  
0.0483 

0.0501 

.. 

.. 

.. 

.. 
090508 

00521 
0 0 3 2  
00519 
00528 

00542 

00559 

.. 

.. 

.. 

. .  
00544 

00595 
.. 

.. 

.. 
00598 

00621 
00619 

.. 

.. 

.. 
0.06% 
0-0625 

.. 

H 
-__ 
0- c 

-00100 
-001 16 

. .  

. .  

. .  
-0.0121 
-00123 

- 001 18 
-00121 

-00113 

. .  

. .  

. .  

.. 
-00118 

-00100 
-0011'3 
-00105 
-09117 

.. 

.. 
-0.0108 

-00102 
.. 

.. 

.. 
-00133 

-09100 
.. 

.. 

.. 
-00101 

-0.0098 
-00100 

.. 

.. 

.. 
-00103 
-00101 

.. 

I 

I Obs. , 0 - C  

. .  
. .  . .  1 

84" 47' 
84 52 

8 4 2 9  
.. 
. .  
. .  
.. 

8438 
8 4 2 4  

84 14 
. .  
.. 
.. 

84 21 
84 19 

.. 

.. 

.. 
8 4 6  
8346 

.. 

.. 

.. 
8324 
83 49 

83 18 
.. 

.. 

.. 

.. 
83 15 

.. 

.. 
8 3 9  

+ 45' 
+50 

+% 
.. 
.. 
. .  
.. 

+ 47 
+a0 
.. 

+ 27 
.. 
.. 

+a 
+50  
.. 
.. 
.. 

$48 
$36 
.. 
.. 
.. 

+ 97 
+M 

+ 37 
.. 
.. 
.. 
.. 
+a 
.. 
.. 

+36 
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- 
Station 
No. 

200 
W1 
202 
m 
204 
205 
206 
m 
208 
909 
210 
e11 
212 
213 
214 
215 
216 
217 
818 
219 
290 
221 
222 
223 
224 
2% 

Date 

1696. Feb. 12 
- 13 

94 
2.5 

March 5 
- 6  

7 
18 
19 

April 9 

20 
21 

May 7 
8 

n 

June 3 
4 

- 17 
18 

- 19 
July 7 

8 

- 
- 
- n 

- 
- 
- 
- 

n 

- n 
- 
- 
- n 

- 
- 

- 

- 

- 

- 
Lat. N. 

84" 25' 
84 18 
8 4 7  
84 11 
84 12 
8 4 6  
8 4 4  
8 4 0  
8 4 5  
8 4 5  
8 4 5  
8 4 2 7  
8 4 2 7  
8 4 1  
81.3 
8 4 4  
8 4 0  
0 3 5 6  
8356  
83 16 
83 14 
82 57 
8256 
&2 55 
8 3 1  
8 3 3  

- 
Long. E. 

23" w 
2 2 4 5  
2 4 %  
24 13 
21. 11 
25w 
24 56 
24 11 
2456 
2443 
2439 
18 43 
18 33 
13 58 
13 25 
13 12 
11 6 
11 4 
11 3 
12 33 
13 3 
11 38 
11 35 
11 44 
12 52 
12 56 

Obs. 

. .  
-9" 24' 

.. 

. .  
-8 14 

.. 

.. 
-8 28 

.. 

.. 

.. 

.. 

.. 
-17 4 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

.. 
-16 41 

.. 

.. 

D 
-- 

0- C 

.. 
+ 7' 51' 

.. 

.. 
+ 7  35 

.. 

.. 
+6 58 

.. 

.. 

.. 

.. 

.. 
+-7 2.5 

.. 

.. 

.. 
e .  

.. 

.. 

.. 

.. 

.. 
+ 7  51 

.. 

.. 

Obs. 

.. 
006% 

0.0651 
.. 

.. 

. .  
00642 
OK37 

00637 
0.0636 

00638 

. .  

.. 

.. 

.. 
O W 7  

00638 
00652 
0.0685 

.. 

.. 

.. 
00685 

.. 
OQ679 

H 
-- 

0- c 

. .  
-0w 

-0.m 
.. 

.. 

.. 
-001a 
-00111 

-0011~ 
--oil! 

-0.009 

.. 

. .  

.. 

.. 
--0.010 

-0.012 
- 0.010' 
-0010 

.. 

.. 

.. 
-0.011r 

e .  

.. 
-0Oli! 

-- 

Obs. 

8 3 O  v 

83 18 
.. 

. .  

. .  
8 3 6  

.. 

. .  
83 17 

.. 

.. 
83 13 

.. 

.. 
8 3 7  

83 14 
.. 

.. 

. .  

.. 
82 49 
62 52 

.. 

.. 
€42 52 

.. 

I 

0- c 

+ w  

+ 57 

.. 

.. 

.. 
+a 
.. 
.. 
+= 
.. 
.. 
+43 
.. 
.. 

+ m  

+ 57 
.. 

e .  

.. 

.. 
+55 
+a 
.. 
.. 

+& .. 
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ARRANGEMENT O F  T H E  RESULTS IN GROUPS. 

As a determination of all three elements was made a t  only three stations, 
namely, Nos. 2, 152, and 179, it becomes necessary, if the total magnetic 
force, or its three orthogonal components, X, Y, 2, are to be calculated, to 
gather the stations into groups, and calculate the mean of the observation- 
results belonging to each group. This mode of procedure may be considered 
quite justifiable when we remember that the position of the F r m  often 
changed only very slightly during long periods, and that the drift of the ice 
often carried the vessel back again to points in the neighbourhood of which 
observations had already been taken. By a calculation such as this of the 
mean values, we also obtain the advantage of being able to reduce to some 
extent the influence upon the results, of the magnetic disturbances that may 
be present. The area for each separate group, however, must of course 
not be made too large, as there would then be a risk of the variation of the 
magnetic elements with latitude and longitude not standing out with sufficient 
distinctness. As an experiment, I have taken as the greatest extent for a 
group, half a degree in latitude, and a number of degrees of longitude to 
correspond, which makes an area of about 3100 sq. kilometres. The number of 

degrees of longitude corresponding to a change of half a degree of latitude is 
2.4" in 78" of latitude 
2% ,, 79 - 
2.8 ,, 80 - 
3.2 ,, 81 
3.6 ,, 82 - 

- 

41,B - 
4 7 , 8 4  - 

5.7 85 - 
7.2 ,, 86 - 

From the observation-results falling within each of the groups thus 
defined, I have calculated a mean declination, horizontal intensity, and incli- 
nation, with corresponding mean geographic cdrdinates, and thence again 

a mean value for the total intensity, W, and its three components, X, Y, 
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and 2, which may then approximately be assumed to be applicable to the 
latitude and longitude obtained as the average of the mean geographic co8rdi- 
nates calculated for the declination, horizontal intensity, and inclination of 
the group. The results thus deduced are given in the following concluding 
table, which also contains an enumeration of the stations that are employed 
in the making-up of each separate group of the 33, the groups being num- 
bered with Roman numerals. 

No. 2 is therefore entered 
separately; but it has been impossible to include No. 1, as there was no 
opportunity of making any determination of declination at  this station. 
Statio11 15 has been employed in two groups, I11 and IV. 

Stations 1 and 2 do not fit into any group. 
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NO. 7.3 GENERAL RESULTS. 
~ _ _ _ -  

L0ng.E. 

66'43' 

D I H I I W 

50'28' 01118 78'21' 0L5% 01017 O W 1  0.M 

Group Station No. Lot. N. 

I1 i 
! 

78'19 1%"15' 
78 18 136 3 
78 17 1.36 9 
78'18' 136" 9' 

I 3-7 
__- 

14" 6' 
00499 

$4" 43' 
05419 I 00182. 

! 

I 

00129; 0-5396 

14" 19' I 
i 00514 

84" 39' I 
0.3513 i 

I 178'31' 

001% 0.0127 0389 

139" 17' 
1.39 16 
1-33 tu) 

13J0 I' 

78"14' 
77 58 
78 18 8-11 
_ _ _ ~  

14'11' 
w 

&1' 41' 

135O28' 
136 24 
1.35 Fio 

18 37 I139 4 
78 43 1138 30 IV 1 14-16 1 

I11 

I I p / T i i F G  

78" 25' 
I 7 8  24 

13, 78 47 
.- 

093% 

VI  I 31-37 

0.0171 0-5!299 

80" 27' 
80% 
80 27 

80 I 
79 51 
79" 56' 

v j 17-30 

I 

80" 27' 

134 31 
135 3 
134'46' 

131" 54.' 
132 21 
131 50 
I:%$!" Y 

OW18 

I 

! 
j 

00487 j OOI !B  ; 05394 

%3' 19 
0.0231 

85" 21 

1' 6' 

0-531 7 

I 
0-0365 j M I 7 9  
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Lot. N.1Long.E 

80 51 130 !20 
80 51 130 33 
80" 51' 130' 25' 

D 1 H 1 I 
w 

05038 -- 0.0356 0.01% 0m i 
81'26' I l%"W 
81 95 1% 56 
81 95 1% 54 

I 81'38' 121'53' 36'19' 
81 36 121 56 0.0397 

81'37' I131'53' 
47 -59 81 36 121 50 85'W ~ _ _ _ _  

IX 

81'25' 1122'43' 

-- 

0k915 

I I l o =  05019 

-- 
I 81' 16' ' 122'41' I 81 12 1123 18 

81 11 ,121 58 75 -84 I I 
I I I 81' 13' i 1%"39'I I I I 04972 I l l u l  I-'-l I I I 

I 1- ' I I I I I 
I I ! I I 

82" 13 ' 110' 
82 11 '110 29 
62 11 ! 110 31 *-% 99-105 

~~ 

82' 1F \ 110. w 1/11 
- 
27' 39' 41' 

I 

W 1 5  
85'98 

' _  
05101 0319 



NO. 7.3 GENERAL RESULTS. 193 
- - 

Group Station No. Let. N. L0ng.E. 

82'43' 106'1% 
82 M 106 0 

I 82'45' , 105" 51' 
I 

~~ 

XIV 106-lll 82 48 '1% 21 

D 1 H 1 I W 

41'15' 
o-o42!l I 

0 5 m  o.m'o .0283 0joo2 1 6' 

~ _ _ _  ~ _ . 

- . - _ _  __ - 
I I 83'23' ! 103" 2'1 42'24'! I I I I 

101 ' 45' 
lo2 8 
loo 58 
101 " 35' 

I 
XVI 1 116-120 

I 

44' 17' 
O W  ! 85' I' 

I 05169 i ! 184" 3' 00315 

i 
! 

i 

0.0307 105150 

I 

O W  0.0297 

- 
i 

84 16 96 15 

84" 15' 96" 11' 
I 

XVII 

-- 

05212 

12a-130 XVIII 

__ 

84'38' 09"M 31"W 
8435 9021 0.0468, 
84 33 190 40 

~ 84041' 04M3 
-- 
84'35' I 90' 16' om/ O.oQ80,04922 

84'41' 89'31' 
8441 6934 c 84" 41' 8" 59' 

131-133 84 40 83 51 

i 

34' 6' i 
O W  

j 84"44' 
i 05115 V0412iOW79 053% 

I I84"W 75" 55' 
74 11 
74 I1 
74' 46' I= wow 

xx 
BQ 35' 

05997 0.0465 
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Group 

XXI 

Station No. 

144- 149 

o w  

00516 ! 
j &&ow 
i 

I 

i 
om71 I05310 

- 
W 

- 

84"W, 77'40' 
8 5 %  7 8 4  
~ _ _ _  6 4 2 7 1 7 7 3 4  
84"B' I77"46' 0.5335 

31"W 

I 
XXV I 179-162 

I 

85" I' 1 79'14' 32'46'I i 

i ! I 

85'B' I 56'31' 17'27' I I 
______ 

OS18 09510 i 00160 053% 

85 85 B 51 57 43 17 : w s a 6 j 8 4 " w  
I -- i 85'28' , 67" 10' 

0.5264 

85'17' 44'55' 
85 21 47 31 
85 21 47 21 ___ -- 
85"W I 4 6 " C W  

~- 

85 41 76 0 

8" 8'1 

j -!2 ~ 83'56' 

I 

i 
00413 00245 j 05180 

~~ 

64'58' 141'17' 
84 51 40 32 
84 55 140 49 
84" 51' 40'50' 
_ _ _ ~  

I- 

5" I' 
00597 

85" 47' 64" 18' 
85 46 ' 6 5  25 
85 45 66 21 

I 
21 " 59' I i 

j 09510 j 
j 64'95 

I 05242 

I 

Bo 87' 

- 

05293 

05370 - 
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D H i  I W X 
Y I Z  

I 

XXVlIl 192-193 

Lat. N. L0ng.E Group 

~~ 

Station No. 

I -2'9s ; ! 00620 I 
i I 83' 18' 

05314 I I 

i 
00619 -OW26 0521 

84'43' 
84 41 
8440 
84'41' 

' I  

31'43 
31 42 
3 1 3 6  
31 ' 40' 

-__- 

i I 

xxx 

0.0617 ,-00087 05'2% 

m, 201, 211. 212 

~ ~~ 

%&" 6' ! 24'11' 
84 5 ' 2 4 3 2  XXXI 

184' 1' ' 13'58' 1-17'4' ' ! I I I I 

202-210 

83 59 11 46 0.0646 I i 
213--e18 I 84 2 ' 12 16 I ' 83' 11' XXXIl 

219-225 XXm 

I 

i 
83 5 12 e1 0.0683 I 

83' 1' , 12'12' 05487 0-0654 -(Yo196pl4 

82'55' 11'44' -16'41' 

83 4 12 31 82' 51' ~ _ _ _  
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The principle here followed for the grouping of the observations is, as 

I have already said, arbitrarily chosen, and I have therefore not considered 
it necessary to deduce and put down the difference between the mean values 
belonging to each group, and the corresponding theoretically calculated values, 
as I have thought it possible that others might find a better mode of group- 
ing than the one here adopted. Moreover, for the sake of conciseness, I have 
given all single observation-results the same weight in the formation of the 
mean values, without regard to the circumstances under which they were 
produced. Thus, side by side with all the detailed data previously given in 
the present paper, the foregoing table on pages 183-188 will become the 
natural basis for the employment of the magnetic observations of Dr. NANSEN’S 
Norwegian Polar Expedition, in a closer inquiry into the general theory of 
terrestrial magnetism. 

CHRISTIANIA. December, 1900. 
AKSEL S. STEEN. 
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THE NORWEGIAN POLAR EXPEDITION 1893-90. NO 7. 
1 

Lat. N. 81"' 6' 
L-. E. 127' 2 5  I 

1894. August 15 
h t .  h? 81' 7' 
Lorrg. E. 127' 62' 

1894. August 18 
Lat, N. 81" 6' 
Long. E. 1 2 8 O  7' 

1894. September 4 
Lat. N. 81' 14' 
Long. E. 123" 26' 



THE NORWEGIAN POLAR EXPEDITION 1893-98. N07. P1.W. 

1894. September 5 
Ld. N. 81' 12' 
Long. E. 123' 8' 

1894. September 21, 
Lat. N. 81" 12' 
r-.g. E. 123" 231 

1894. September 24 
Lat. N. 81" 20' 
Long. E. 122' 35' 

1894. September 28. 
Ld. N. 81" 13' 
Long. E 122" 2 

1894. October. 20. 
Ld. N. 81' 67' 
Long. E. 115' 0' 

1894. October 2'7. 
Lai?. N. 82" 4' 
Long. E. 114' 35' 

894. November 10. 
Lat. N. 82" ll' 
Long. E. 110" 42' 

._ . , _. - 
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1894. November 16 
Lat. N. 82" d 
Long. E. 110" 4 2  

1894. November 22 
Lat. N. 82' 1' 
Long. E. 112" 16' 

1894. November 22 
Lat. A? 82' 0' 
Long. E. 112" 6' 

1894. November 27 
Lat. N. 82" 9' 
Long. E. 111" 27" 

1894. November. 29, 
Lat. N. 82" 10' 
Long. E. 110" 60' 

1894. December 6. 
Lat. K. 82" 20' 
L o w  E. 109" 12 

1894. December 7. 
Lat. N. 82" 20 
Long. E. 108" 68 

1894. December 14. 
Lat. N. 82" 3Y 
Lony. E. 107" 63' 

1894. December 15. 
Lnt. N. 822" 3Z 
Lomu. E. 107" 3g 

Qh 10 1 1 N o o n  1 2  3 4 5 6 ? 8 9 

'47' 

,377 

. o  

'00 

.w 

0 

. ,I , . 
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1894. November 24 
Lat. N. 81" 58 
Long. E. 111" 58' 
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1894. December I! 
Lat. N. 82" 51' 
l h g .  E. 1M" 45' 

1894. December 81 
Lot. N. 82" 54' 
Long. E. l M o  6' 

1895. January 19 
Lat. IV. 83" 41 
Long. E 102" 47' 

1895. January 17 
La,t. N. 83' 23' 
L 0 n y . E .  103' 2 

1895. January I? 
Lat. iv. 83" 26' 
Long. E. 102" 30' 

1895. March 6. 
Lat. N. 84" 3' 
Long. E. 101" 4' 

1895. March 7. 
Lat. N. 84" 1' 
Long. E. 101' 6 3  

3895. March 10. 
Ld .  N. 8.3' 59 
Low. E. 102" 12' 

. .  - ~ , ~ :  ..' . . -, .. P 
. j .  > ..,.. . ..... .... 
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1895. July 12. 
Ld. N. @" 41' 
Long. E. 76" 0' 

1895. July 13. 
Lat. N. 84' 41' 
Long. E. 76" I' 

1895. July 26. 
Lat. N. 84' 30' 
Long. E. 73" 1' 

1895. August 2. 
Ld.  N. 84'32 
L0ltg.E. 77' 41y 

1895. August. 23 
Lat. N. 84' 11' 
L0ng.E. 79" 1' 

895. September 6. 
L d .  N. go 
L0lzg.E. 7 8 O  45' 

896. September 7. 
Lat. N. 84" 54'. 
Long. E. 78' 42' 

895. September 27. 
Lat. N. &5O 8 
Long. E. 79" 28' 

895. September 28. 

Lmg.33. 79" 4 2  
Ld. AV. Eo @ 

gh 10 11 Noon 1 2 3 4 j 6 7 S 9' 

2%' 

2 "0 



1895. October 14. 
Lat. N .  85' 24' 
Lowg. E. 78' 37' 

1895. October 17. 
La$. N. 85" 3@ 
Long. E. 78' 25' 

1895. October 24. 
Id. N. 85" 4@ 
Lrmg.E. 73" 40' 

1895. Octchr 95. 
Lat. N. 85' 46' 
-.E. 72" 56' 

1895. November 2 
Lat. N. 85" 4@ 
Limg. E. 69" M' 

1895. November 
Lat, N. 85" 42' 
Limg.E. 64"Z 
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1896. April 9. 
Lat. N. 84'27' 
M g .  E. 18' 38 

1896. April 20. 
L d .  N. 84' I' 
Long. E. 13' 68' 

1896. April 21. 
Lat. *V. 84' 4' 
Ltmg. E. 13' 12 

1896. May 8. 
Lat. N. 83' 5@ 
W g .  E. 11' 4' 

1896. June 3. 
Lat. N. 8 3 O  16' 
Long. E. 12O 33' 

1896. June 18. 
Ld. N. 82' LW 
Long. E. 11' 36' 

1896, June 19. 
Ld. N. 82' 66' 
Long.  E. 11' 44' 

1896. July 8. 
Lat. N. 83' 3' 
h g .  E. 12O 56' 



VIII. 

RESULTS OF THE PENDULUM OBSERVATIONS 

AND 

SOME REMARKS ON THE CONSTITUTION 

OF THE EARTH’S CRUST 

BY 

0. E. SCHIBTZ. 
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1 
i patched from Vienna, so that it was possible to refer the observations a t  each 

place to the actual determination of the acceleration of gravity in Vienna, 
made by VON OPPOLZER. As soon as I received the apparatus, I determined 
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During the expedition, the observations were made by Lieut. Scott- 
Hansen. Only one determination was made on shore, namely at Khabarova, 
at the mouth of the Kara Sea, all other observations being carried out 
while drifting with the ice. With the exception of the summer of 1895, when 
on the 8th, 10th and 11th dune, the pendulum apparatus was set up on the 
ice near the vessel, all the observations were taken on board in the winter. 
The pendulum apparatus was set up on the iron cross belonging to it, with 
nothing between it and the solid floor of the saloon, near one long wall; 
while the coincidence apparatus was placed opposite to it, near the opposite wall, 
with an underlayer of folios. During the experiments, the observer had to 

lie upon the floor parallel with the wall, and observe the greatest caution all 
the time in his movements; but the floor was so steady, that the level on the 
pendulum apparatus moved only very slightly when any one went close up 
to the apparatus. The observatiolls were taken in the middle of the night, 
when no one but the observer was up, so that the apparatus was not exposed 
to any chance of disturbance. All the apparatuses were invanably set up very 
nearly on the same spots. Their situatioii will be seen from the accompa- 
nying sketch. 



No. PENDULUM OBSERVATIONS. 5 

In aU the observations except the first, the half-seconds pendulum clock, 
HAWELK No. 3, which worked the coincidence apparatus, was compared with the 
mean-time chronometer, H o H w ~ ~ ,  either directly or indirectly by means of the 
sidereal chronometer; FRODSHAM. In the first observation, at Khabarova, the 
mean-time chronometer KUTTER was used instead of the H o r n .  The Hawelk 
was compared with the chronometer every time before and after the observations. 

Professor GEELYUYDEN, who has worked out the time observations taken 
during the expedition, has stated that the rate of HOHWU may be calculated 
according to the formula 

6. 6. 

Daily acceleration = 0.446 - 0980 t ,  

where t is the temperature. 

From this we obtain the following values for the rate of HomU on the 
days on which observations were made: 

1893 
18% 

1895 

a 

a 

a 

1896 
a 

a 

July 30 
January 16 
March 16 
June 6 

a 10 
a 11 

November 14 
a 2 3  

January 16 
April 99 

a 3 0  

- 
t o  

12 
6 
5 

15 
15 
13 
9 

11 
10 
12 
12 

Rnte 

6. 

- 049 
- 0 0 1  
+ 007 
- 073 
- 073 
- 057 
- 0% 
- @41 
- 033 
- 0119 
- 0119 

Professor Geelmuyden remarks that the above temperatures are taken 
from registered curves for the time of observation; but as the thermograph 
stood somewhat higher than the chronometer, and the comparison between 
it and the thermometer on the chronometer-shelf was made only once a day, 
the temperature cannot be given more accurately than to the nearest whole 
degree. He considers, however, that the actual rate cannot have varied more 

than f 08.1 from the above. 

ceived the following comparisons between it and the chnometer ,  Hohwu. 
As regards the chronometer, Kutter, used on July 30, 1893, 1 have re- 
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1893 July 29 
D B 30 

D 31 

Hohwu Rutter-HohwP t o  Rete o f H o h d  Rate of gutter 

In interval In intend 
h. m. m. 6. 6. 8. 

0 32 p.m. -47  3880 14.1 - 0-64 -0Q3 
- 059 - ole 11 PI  a m .  - 47 3919 11.7 

5 46 p m .  - 47 37.72 

There were two thermometers belonging to the pendulum apparatus of 
the expedition, marked 23 and 24. Thermometer 23 was used in all the 
observations carried out during the time of drifting, except the one observa- 
tion on the ice on June 81h, 1895, when another thermometer, S~DERBERG 
No. 114, was employed, because the temperature was too low for the pendulum 
thermometers. 

The correction for Soderberg No. 114 was zero between - 7” and+5“. 

Colonel von Sterneck has supplied the following reduction-formula for the 
pendulum thermometers. 

Thermometer 23 to  C. = 1.988 (reading - 2.66) 
- 24 t o  C. = 1.903 (reading - 2.16) 

After the return of the expedition, thermometer 93 was accidentally 
broken while I was comparing it with a thermometer Tonnelot 4519, of which 
the correction was determined by the “Bureau International des Poids et 
Mesures” a t  Breteuil. Both thermometers, as well as a pendulum thermo- 
meter 20, belonging to the Norwegian “Gradmaalings Kommission”, were 
hanging side by side in a vessel full of water. 
following readings before the accident occurred. 

Jdg 29th, 1897. 

Tonnelot 4519 Pendulum therm. 90 
1 5 O . 8 6  
1Y.W 

11.915 

16”.015 1199 

I had fortunately taken the 

Pendulum them. 23 

1073  

10.80 
Meaii 1F.947 11.953 10.765 

According to Colonel von Sterneck, the reduction-formula for themo- 
meter 20 is: 

t o  C. = 1.863 (reading - 3.41). 



servations made during the expedhon were begun on July 30th. 1893. 
According to the above observation, I have assumed a rise of V.25 in the 
following calculations, and in so doing will remark that a more exact agree- 
ment between the indications of the pendulum thermometers than within a 
few hundredth of a degree cannot be expected, as one division on them 

’ 

I 

! 

\ 
I 
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where r = f for p even, and =*A for p odd. The sign p indicates the e 
number of observations in each of the two series that are taken, and n the 
number of coincidences between the times, aq and bq, of two corresponding 
observations in the two series. The second term on the right will generally 
be exceedingly small in proportion to the first, if rc is not too small; this term 
can therefore be left out of consideration, and notice is only taken of it in 
two or three observations made in Christiania (added as uCorr.’’ in the last 
column of the following tables). On one or two occasions during the expe- 
dition, three series of observations were taken, the following formula, in 
which the correction terms are left out of consideration, being employed for 
their calculation : 

p [m2 + m2 + (m- n ) 2  + + (p’ - I)] c = 

a,, b,, c,, are corresponding observations in the 3 series; n is the number 
of coincidences between the first and the second series, m between the first 
and the third. If m=2n, the formula is reduced to 

so that the second series will be of no importance. 
The constants necessary for the reduction of the observed periods of 

oscillation, have been determined, as already mentioned, by Colonel VON 
STERKECK. Expressed in units of the 7th decimal place of the period of OS- 

d a t i o n  (in mean time), the correction for the temperature, c, is 44% for 
every degree Celsius, and the correction for the resistance of the atmosphere, d, 
553 for every per cent of the relative density, the density of the atmosphere 
at zero, and a pressure of 76 cm. being taken as unity. If the rate of the 
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watch is given for 24 hrs., the correction, u, is 58.6 units in the 7th decimal 
place for every second. The correction for the amplitude, a, is 

where s is the observed amplitude, and I the distance in millimetres between 
the coincidence apparatus and the pendulum mirror, while S is the period of 
the pendulum. Each division on the scale is equal to 3 mm. 

For the thermometers before the journey, we have, according to the 
above, 

Thermometer 20 t o  C. = 1.863 (reading-3.41) (in 1892) 
- 23 to  C. = 1.988 (reading- 966) 
- 24 t o  C. = 1.903 (reading-9-16); 

during and after the expedition, 
Thermometer 20 t o  C. = 1,863 (reading - 3.41) - V.09 (in 1893and 

subsequently) 
- 23 t o  C. = 1988 (reading-2%6)-V0".% 
- 24 t o  C. = 1.903 (reading- 2.16) -0O.375. 

e 
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E .$ s O Q ,  - P Time of Coin- 
E 0 cidencc 
s E z  
2 g u  
5 

i .- Observed Dura. I s Time of Coin- 

d U  
z I 

I 

tion of ! Calculation ofperiod c - 0 ,  

0 Z cidence Coincidences I , 

Vienna (TUrkenschanze) Observer, Colonel VON STERNECR. 

Distance I = 3180 mm., thermometer 23, barometer No. 22. 

k m  s 
10 13 115 

13 50.3 
14 315 
15 103 
15 51.3 
1630'3 
17 11.8 
1 7 m 1  
18 31.5 
19 102 
19 51'3 

Mag 27, 1@2, forenoon. 

51 
52 
53 
51 
55 
56 
57 
58 
59 
60 

Before After 
Bar. 74.32 14O.4 = 7444 i45'3 14O.5 = 7445 

4 
5 
6 

8 
9 

10 
I1 

I 

t o  
a 

SI 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

918 9 B  
7.1 -7.1 56-54 

h m  s 
10 46 30-6 

47 9 0  
47 50.3 
48 w2 
49 10'3 
49 490 
50 301 
51 8'3 
51 W2 
52 W 3  

m s  
50c=33 190 

18'7 
188 
189 
190 
18'7 
18'4 
18.2 
18'7 
181 

ac== 1861 

May 27, 1892, forenoon. 

'3.923 
7.2 - 7.0 

h m  s 
11 28 29.8 

29 11.0 
2950-0 
30 31.0 
31 98 
31 51% 
33 299 
33 108 
33 49.8 
34 314 
35 98  

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

924 
5 4  - 34 
h m s  
12 1484 

4 30.0 
3 82 
3 499 
4 B.2 
5 9 9  
5 48'2 
6 29.8 
I 8.1 
7 4@8 

m s  
% c = 3 3  18% 

19.0 
189 
189 
184 
159 
18.3 
19.0 
IS.3 
18.4 

50c=33 18% 

Mean 
7445 

919 = w.98 
6 3  

c = w.973 

logc = la17667 
2c-1 = 78% 

log(2c-l) = 1*8973301 
log s = 97044866 

M W  
7440 
9-26 = 1r.12 
6% 

c = 398.m 

logc = 1W17559 
9 ~ - I  = 78.944 

log (3c- 1) = IfB73191 
log s = 9- 

S=05063336 
a = -  e; 
c = -  5 8 0 5  
a =  - 5166 
m = -  266 
s, = 05061970 
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5 = 
4 
g a 

Cdcidntion of Period I .- 6 Observed Durn- .3 

g v  2; 

u Timc of Coin- s $ Time of Coin- 
( r o 1  L r Q  tion of 
0 2 cidence 0 71 cidence 

6 *a Coincidences 

May 27, 1892, a m o n .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Before After Mean 
Bar. 744% 14O.O = 7449 743.8 14O.2 = 7430 7435 

t o  9% 927 9.25 = 1r.10 
a 7 4 - 7 5  53 - 6.0 655 

h m  s 
2 37 32.0 
389.2 
38 48.6 
39 26.6 
40 6 9  
40 439 
41 22% 
42 19 
42 40Q 
43 179 
43 57Q 

3 4 1  
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

53 
54 
55 
56 
57 
58 
69 
60 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

h m  6 

3 9373  
10 148 
10 54.5 
11 32.3 
12 11.8 
l2 49-2 
13 w5 
14 @3 
14 0 5  
15 935 

m s  
5oc = 32 53 

56 
59 
37 
5.8 
33 
5.7 
5.3 
5.5 
5-6 

5oc = 32 5'55 

c = 3a6.5114 
2 ~ - 1  = 764B8 
log c = 1*5!3558% 

log(2c-1) = 1.- 
log s = 9704WA 

S = OX5769 
a = -  30 
7 = -  5794 
C Y = -  5160 
u = -  24% 

Mag 27,1892, aflemoun. 

Bofore After Mean 
743.5 14O.4 = 749-7 743.8 14O.5 = 7439 7M9 

437 
7.7 - 77 

h m  6 

4 1190-2 
11 589 
12 37.5 
13 149 
13 54.5 
14 32-0 
15 11.5 
15 49.0 
16 98% 
17 6.0 
17 45'8 

933 
6Q- 6Q 

h m  8 

4 43935 
44 47 
44 4&5 
43 19.0 
45 58% 
46 36'3 
41 161 
47 53.7 
48 33.2 
49 104 

935 = 13O.30 
685 
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A 

-$ I 8 3 
m I %.$j E ,  c : P  

_. - 

t: Observed Dura- I 
'8 r~ 0, Time of Coin- Time of Coin- 
r-0,  tion of Calculation of Period 

cidence 0 cidence 
Coincidences I 

I 6 0  z 

83 

34 

186 

Bar. 
t o  
a 

m 8  h m  s 
io 59 3%4 1 50c = I 44 

47 
0 e 8  48 

5.1 126.3 
2 6% 4% 
2 449 50 
3 WO 5.7 
4 09 47 
4 40.9 54 
5 180 50 

11 010.0 , 

, 5 o c  = 39 496 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

c = 3 w m  
ec-i = 75- 
logc = I5854517 

log(2t-1) = I.€b90@% 
log S = 87046&'72 

s = o?io66791 
a e -  3' 
z = -  5996 
a = -  5148 
w e -  w 4  

S , = o f i a a 9 9  

Bar. 
t o  
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

May 28, 1892, forenoon. 

Before After 
744.2 14O.2 = 743.4 743.8 14O.5 = 7439 
930 
7a - 7.5 
h m  8 
8 46 51.5 
46 31.2 
47 115 
47 51% 
48 31.2 
4Q 109 
49 510 
50 30'3 
51 I 1 9  
51 503 

51 
52 
Fi3 
54 
55 
56 
57 
58 
59 
ti0 

533M I I 

Before 
7442 14'9 = 743.4 
9.47 
7.5 - 7'4 
h m  s 
10 27 280 

2a 53 
25; 45.0 
29 21-2 
30 29 
30 39.0 
31 183 
31 562 
32 35.5 
33 160 
.33 52% 

938 
59 - 5'8 
h m  s 
9 19 9.9 

19 4B.5 
w 29.5 
21 90 
21 495 
22 29.0 
$23 9 0  
2349-0 
24 29.5 
25 89 

m s  
5Oc=33 184 

183 
180 
17% 
183 
181 
180 
187 
185 

my 28, 1892, forenoon. 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 

743% 
934 = 1r.9 
633 

2c-1 = 7f3.93u8 
c = s.9654 

logc = 1.60168a 
og(2~-1 )  = 1.897s 

log s = 9.704477 

s = 0506334.7 
a = -  2s 
7 = -  5873 
8 1 -  5154 
u = -  974 
s, = CFmgm- 
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6 0 .i Q) '6 0) 

2 8 c - 0 )  
Time of Coin- u 2 

0 3 5 9 d V  
'Q cidence 
a g  z 

..- - 

Observed Dura- 
Time of Coin- 

cidence 
tion of Calculation of Period 

Coincidences 

Christiania (the Observatory). Observer, Professor SCHIBTZ. 

t 
a 

1 
e 
3 
4 
5 
6 
7 
8 
9 

10 

a 
t 

Distance Z = 1691 mm., thermometer 20, barometer Adie 1504. 

13-32 
48--11.8 

h m  8 
10 636'5 

8 8.2 
9 383 

11 10.2 
191 40.0 
14 11-7 
15 40.8 
17 135 
18 48-2 
90 155 

3.95-4r105 
la85 

July 21, 1892. 

1396 
38 -38 
L m  8 m e  
10 36 533.6 W c = 3 0  17.1 

38 e5.2 17-52 
39 55.3 17-3 
41 D 5  17.3 

Comparison of Clocks. 

Bar. = 755.5 
t = 1335 = 1F.52 
a = 393 

c = w.8635 
2c-1=180687 

log c = 1*958&939 

Pendulum H o h d  Error of Pendulum 
h m  s h m  s s 
5 11 32 9 1% 26 July 21, 3h a. m. 52.94 log 1s H o h d  = -35.10-7 

104446 2 4 4 6 . 5  D I, -D- !%% 

42 57-1 
44 98.5 
46 5852 
47 mi 

H o h e  Hawelk HohwU Hawelk 
h n r s  h m  6 hrn s h m 8  log H o h d  = 2845W4 
124039.5 9 5 5 9 0  23798 11 51 23 log Hawclk = " 7 5 6  

41 57 5637 38 45.5 52 40 cromzB 
113 155 57 55 53 57 log ISHohwU = - 35 

1 9 4 1 5 7 3 3  9563733 93846.5  I1 52 40 log 18 Hawelk = OW28253 
___- 4 0 3  __ -. . . . 

97013670 

168 l o g s  = 9.7041933 

Bar. 12w 758 190.1 = 755.7. 3 w 757'5 1Y.3 = 7559 

BB 594 
50 3152 

3% - 39 
1337 

s=o.5060487 
a = -  38 

!ZOc=aO 16%7 r = -  8191 
4 = -  51c4 

162 
157 

s, = 0.5069150 
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Time of Coin- 
cidence 

1338 
4 2  - 41, 

h m  s 
10 58 414 

0 107 
142.8 
3 193 
4 442 
6 135 
7 453 
9 151 

10 47.0 
12 163 
13 482 

3.8 - 3.9 
1340 

Pendulum 
h m  s 
5 L5 44 

10 42 56 

Howclk 
h m s  
12 16 ,565 

Time of Coin- 
cidence 

1341 
33 - 3 4  

h m  s 
11 B 55'7 

30 25-2 
31 57.0 
33 w3 
34 58'2 
36 27.4 
37 59.4 
39 w 5  
41 0 4  
42 295 
44 1-5 

29.5 - 3'05 
1341 

Observed Dura. 
tion of 

Coincidences 

n a s  
90c=30143 

145 
143 
14Q 
14Q 
139 
141 
134 
134 
13.2 
133 

mc=3013&15 

J d y  22, 1892. 

Comparison of Clocks. 

Calculation of Period 

Bar. = 755.3 
t = 1340 = 18O.61 
a= 3.6 

c = 908.m 
Cor. = - 60 

c = 908.6863 
2c-1=180.371 

logc = 1'9575446 

9.7013711 
oglsHaw.= %3%3 

log S = 97Oa196k 

S=Q5060535 
a = -  3 2  

r = -  m= 
a = -  514' 

s, = 05059194 

log(2~-1) = 92561705 

Hohwti Error of Pendulum 
h m  s S 
9 52 -5 .July e2, 3h a. rn. L55.25 log 1s Hoh& = - 90.10 --7 

231) 0 D %$ --B- 55.58 

Hohwfi Hawelk Hohw 
h m  s h m  s h m  u 
1 16 33 1 31 27.5 2 31 25 log lsHawelk = O t K B % 3  

18 395 18 75 33 1.5 32 59.5 
12 17 4Ei.5 1 17 1 3 2  145 2 33 19-25 

Bar 12h l lm 758'5 180.9 = 7B2.  2h W 7589 19'3 = 755.7 
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31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 

- - 
c: .- 6 %  
bo) 
3 2  
6 ..5 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

a 
t 

z 
~ - 

3 4  - 35 
h m  s 
1 3 1'72 

4 w 7  
5 3332 
6400 
7 48.6 
8 566.0 

10 4.6 
I1 12.0 
12 198 
13 87% 
14 356 
15 43.7 
16 51'5 
17 58% 
19 7.4 

3.05 - 3% 
1352 

Time of Coin- 
cidence 

135 
4 3  - 4.3 

h m  s 
12 99 195 

30 26.1 
31 3.55 
32 41.8 
33 51'5 
34 58.7 
36 68 
37 13.5 
38 22.7 
39 m-2 
40 .w7 
41 46.0 
42 52.3 
44 1.7 
45 9.8 

3% - 4 0  
1351 

Observed Dura. 
tion of 

Coincidences 
Calculation of Period 

I 

I 

m s  
3oc = 33 57.7 

59.6 
57.7 
592 
57.1 
57.3 
57.8 
s . 5  
57.1 
576 
56.9 
577 
57.2 
56.9 

1 Bar. = 7538 
t = I351 = W.82 
a= 8.68 

c = 678.9193 
2c-1 = 1 w m  

I logc = 1.m1996Q 1 log(9c-1) = 21293174 
970.2 1790 

I log 1SHaw. = '22263 
l o g s  = 9.7- 

J% 25, 1892. 

Comparison of Clocks. 

Pendulum H o h w  Error of Pendulum 
h m  s h m  s 8 
6 23 55 10 8 W5 July 25, 3k a. m. 564.0 log 18 Hohm = - 41 . 10-7 

10 13 14 1 57 36.0 w 96, - w -  56.80 

Hawelk Hohwa Hawelk Hohm Hawelk Hohwti 
& m S  & . W E 8  h m s  h m s  h m  8 h u t  s 
10 38 22.5 11 59 46 112856.5 1950335  1230585  15256-5 
40 05 12 124.5 30 35.5 52 15 a936.5 s35 

10 39 11.5 12 0 35% 11 B 46 I2 51 255% l2 81 475 153 46.75 

log 18Hawek = OQM2066, log PHawelk = OW%!O% 

Bar. I lk  58m 7fi6.1 190.3 = 7s3a (dr lyn 7653 1Y.6 = 7629 
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Ibserved Durn- 
tion of 

Coincidences 

34 

Calculation of Period 

= 
2 

02 
d *  z 

1 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

a 
t 

.- 
5 ;  
b o  

- - 

t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

a 
t 

rime of Coin- 
cidence 

1370 
1.5- 16 

h m  s 
10 47 185 

48 24.7 
49 33.7 
50 m 7  
51 50.5 
52 5f38 
jq: 4 9  
55 11.5 
56m 
57 27.3 
58 36.5 

1.3 - 1.3 
13.71 

i3n 
3.05 - 3 1  

h m  B 
11 43 19% 
44 26.3 
45 35.0 
46 41.5 
47 e 8  
48 55.4 
50 4 3  
51 11Q 
52 19.4 
53 %9 
5L 339 

es-9-95 
1377 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Time of Coin- 
cidence 

__ 
1371 
I 9  - 1.2 

h m  s 
11 9 w 7  

10 56.4 
12 59 
13 129 
14 21.5 
1.5 27.9 
16 368 
17 42.i 
18 51-6 
19 57.7 
21 6 7  

1.2 - 1.2 
1372 

1379 
2 5  - 2.5 

h m  s 
12 17 1.0 

18 86 
19 168 
20 23.2 

29 38.0 
23 46'5 
24 53.0 
% 1.2 
n 7'5 
!B 162 

21 D 

2 9  - 1.2 
13795 

- 
I 

m s  
fOc=2232-2 

31.7 
32.2 
31.3 
31Q 
31'1 
31'9 
31.2 
31 0 
30.4 

~ - c  = - ~ - 3 ~ ~  m 2  

r n 8  
M e = %  41.4 

4B.3 

41'7 

42% 
49-9 
m 
41.8 
41 .6 

30c=33 419 

41.8 

e a  

Bar. = 763.5 
t = 13.71 = 19.19 
a= 1.31 

c = 67S.5646 
Cor. = + 132 

c = 678.5771 
2c-1 =la1554 

logc = l-€m!M34 
log(2c-1, = %1276061 

9.7091953 
IoglSHaw. = 290% 

l o g s  = 97044039 

S = 0.5062953 
a = -  0 4  
7 = -  8 4 8 7  
8 = -  518' 
s, = 0.5061585 i 

Bar. = 7639 
t = 1378 = 190.32 
5= 8.67 

0 = 67s.m 
ec-1=135798 

logc = 1.- 
og(8c-I) = %1%4486 

97oe&o39 
ogl*Hnw. = 2W76 

logs = 97M115 

S, = 05081667 



No. e.] PENDULUM OBSERVATIONS. 17 

9 
3 
g 
a 

a 

CI Observed Dura- 
a n Q  tion of Calculation of Period 
0 ; cidencc 
6 0  Coincidences 

.- tr 
' B Q  u Time of Coin- s Time of Coin- 
0 2 cidence 
g o  2 

Christiania. The Observatory. 

Jwne llth, 1@3. 

Comparison of Clocks. 

8 
Michelet l@ a. m. 

I@ p. m. 
Error 40.48 

41m log 18 Michelet = - 59.10-7 

Hawelk Michelet Hawelk Michelet Hawelk Michelet 
k m  s h m  8 h m  s h m  8 h m  8 h m  6 

1 19 23.0 10 44 185 946305 1211B5 4 1 7 S 5  14398.5 
es 39.5 45 35.5 47 51 13 195 18 48 44 505 

1 90 l.% 10 44 57 2 47 le75 12 ie 39 4 1 8  735 1 4 4  9.5 

log 18 Hawelk = 0-7 log 18 Hawelk = OQWi918 

33 Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

a 
t 

Bar. 

764.9 w.1  
iese 
39 - 41 
h m  B 

19839.1 
a0 55 
31 m 
3256.3 
34 918 
3 5 w  
37 135 
88 398 
40 5.4 
41 3lQ 
42 57Q 

84  - 88 
iese 

31 
39 
33 
34 
a5 
36 
37 
38 
39 
40 
41 

19975 
&.8 - 3 1  
h m  8 
2 11 316 

19 578 
14 925 
15 49.0 
17 140 
18 40.8 
90 59 
ai 381 
B 579 
!a 253 
e5 505 

9 5  - 9 8  
1806 

76445 1897 

Bar. = 7695 
t = l H 7  = 170.7% 
a= 83 

c = 858.759 

logc = 1?mEm7 
londc-1) = 93317709, 

2 ~ - 1  =1m518 

97015095 
log PHnw.= 968.7 

log s = m1w 
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34 Bar. 
t 
a 

1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
11 

a 
t 

Bar. 

Time of Coin- 
c i d e n c e 

43.5 
44.1 
44-2 
44% 
443 
44.4 

~- _-- 
764.5 180.5 

3.0 - 32 
h m  s 
3 1928.5 

20 48.2 
22 7.4 
23 26.5 
24 46.0 
!26 55 
27 s o  
28 445 
30 4.0 
31 Bd 
32 4% 

1396 

8.7 - 29 
1308 

logc = 1.9Cm294 
log(2c-1) = Bl98jl85 

97017109 
log IsHaw.= %SI8 

log s = 97044037 

Observed Dura- 
tion of Calculation of Period cidence 

Coincidences 

22 - 25 a= 260 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

h m  s 
3 59 120 

0 31.8 
1509  
3 106 
4 W2 
5 3 1  
7 9.3 
8 289 
9 48.5 
11 8.2 
iB 27.8 

20 - 9.2 

7W1 18O.4 
1311 I I &=050616% 

Comparison of Clocks. 

Hawelk Michelet Hawelk Michelet Hawelk Michalet 
h m  6 h m  s h m  s hmc s h m  s h m  8 
7 59 41 5 27 435 9 4 0 2 4 5  7 9 1.5 1048M 81751'5 

1 6.5 29 9.5 41 S4 10 31.5 50 195 19 W5 
8 O W 7 5  5 28 26.5 941 925 7 9435 10 49 36.75 8 18 37.5 

log 1s Hawelk = OW24655  log 1s Hawelk = 0 ~ 7 1 7  

BlU. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

a 
t 

Bar. 

763.4 180.7 

69 - 7.1 
13385 

h m  s 
8 16 lG5 

17 593 
19 183 
20 25% 
41 39.3 
22 52.7 
24 64 
5 196 
26 3.9 
27 46.5 
28 596 

6% - 6 5  
1:3.36 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

13-35 
5.4 - 5.7 
h m  s 
8 5326.0 

54 44)s 
.x 530 
57 G.5 
58 19.5 
59 326 
0 4GQ 
1 59.6 
3 123 
4 1.3 
5 39.3 

4 9  - 5 1  
136 
7635 18O.75 

m s  
30c=36 39.5 

41 2 
40.7 
409 
402 
399 
39-8 
40.0 
39.4 
B 8  
39.7 

3oc=36 401 

&. = 761.1 
t = 13.36 = 1EP.44 
a=5.97 

c = 738.3367 
2,-1=145.6734 

Iogc = 1'8653fzl3 
log (9 e- I) = ti633802 

9?01941l 
loglsHaw.= 2A4j55 

log s = 91044066- 
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= 
c 
,d 3 5  
bo) 
0-0 
6 ' 5  
z 

Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

a 
t 

Bar. 

- - 

Time of Coin- 
cidence 

763.55 18O.7 
1361 
49  - 5.0 
h m  s 
9 48457 

50 4.3 
51 Wl 
52 419 
54 Dl 
55 198 
56 385 
57 57.5 
59 167 
0 358 
I 54.7 

43 - 45 
1365 

Time of Coin- 
cidence 

~~ 

13 65 
3 7  - 3 9  
h m  s 
10 28 192 

29 383 
a 578 
32 l a 5  
33 c&.5 
34 5.3% 
36 14.7 
37 333 
38 528 
40 115 
41 31.2 

3-2 - 3 3  

7635 17O.8 
13.59 

~~ 

3bserved Dura- 
tion of - 1  Calculation of Period 

Coincidences 
- _ _  

Bar. = 7612 

a=41 
t = 13 f3 = W.95 

c = W.1709 
2 C- 1 =1573418 

33.9 
logc = IfREi656 

334 97017215 

I s,=omg138 

Christiania. The PendzcEum-house (in the garden of the Observatory). 

Distance 1 = 1930 mm.. thermometer %I, barometer, an aneroid, Cary 623, of which 
the correction was daily determined by the aid of a hypsometer, Tonnelot 11364, with 
divisions of fiftieths of a degree. 

M q j  3&h, 1897. 

Comparison of Clocks. 

Pendulum Michelet Pendulum Michelet 
h m 8  h m 8  h m s  h m  s Error of Pendulum 
BIB48 61128.5 3 47 52 11 35 395 May 30, Midnight - 44.75 

212 24 19 6 12 59.5 3 49 245 11 37 11'75 
2550 1430 50 57 3844 31, -D- - 44% 

log 18 Michelet = - 56.10-7 

Hawelk Michelet Hawelk Michelet Hawelk Michelet 
& I n s  h m n s  
4 18 51.5 6 45 235 53055  7 5 7 4 9 5  . 6 2 8 8 5  856 9 5  

4 19 &275 6 46 17 5 31 4T5 I 5 8  42% 6 29 495 8 57 @76 

hnr 8 h m  s k m  s k m m s  

2084 41 8.5 3940 5935 30 40.5 57 

log 18 Hawelk = O f l O K M 2  log 1s Hawelk = O m 7 5  



0. E. SCHIBTZ. [NORW. POL. EXP. 20 

4 I f 1 Time of Coin- 
cidence 

k r 

33 

34 

s 3 Time of Coin- : 2 1 cidence 
0 'G 

Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

a 
t 

Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

a 
t 

Hawelk Michelet 
h m  8 h m  s 
744.36'5 1012 9 
445 19 10 13 525 

7 46 98 10 13 075 

Observed Dura- 

Coincidences 

Hawelk Michelet 
h c n  s h m  s 

84035 1 1 1 7 1  

8 50 27 
51 19 19 105 

11 18 18.5 

log 1s Hawelk = O W B W  log 1s Hawelk = OQCBOW2 

763Q = 763.6 
11.34 
4Q - 4 0  
h m  s 
4 96 5 9  

145 
Is 23.7 
29 31.5 
30 41.0 
31 494 
32 59.4 
34 6 7  
35 157 
36 240 

8.8 - 38 
11.37 

7633 = 763.8 

4-1 - 4 1  
h m  s 
5 3 5 3 5  

Xi 560 
37 596 
39 5 0  
40 8.6 
41 141 
4!2 11.1 
43 93.4 
44 427.2 
46 33.0 

11-49 

39  - a 9  
11.49 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

11.41 
3 1  -31 

h m  s 
5 0310 

139.4 
2 s  
8 56.8 
5 6 6  
6 146 
7 24.1 
8 395 
9 49-4 

10 50% 

29-29 
1 1 -42 

11.48 
3 3  - 33 

h m s  
6 8 8 7  

9 145 
10 183 
11 239 
12 275 
13 330 
14 36.4 
15 422.0 
16 46.8 
17 510 

8.1 - 3 1  
11.49 

m s  
3 o c = 3 4 5 1  

249 

$25.3 
236 
9592 
e57 
2.5-8 
96.7 
966.6 

s 

30c=34%5.65( 

m s  
iOc=32189 

185 
187 
189 
189 
18.9 
187 
18.6 
l&6 
18.0 

#)c= 3% 18.60 

Bar. = 763'7 
t = 11.39 = 14O.76 
a= 8.15 

e = 688.0552 
2c-1 =1%?7104 

logc = 1sm368 
log(e&l) = 2%358016 

970e13!52 
logPHaw.= mla2 

log S = 97041834. 

S=050603&1 
(I = -- 98 

7 7 -  .653' 
a = -  596' 

Bar. = 761.0 
t = 11-49 = 14O.96 
a= 3% 

2-1 =m94 

'og (9 e-1) = e.1- 

log 1 S H a W .  = 90275 
log s = wOp3910 

c = w.69 

logc = 1%103670 

97013435 

S, = 05061611 
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.- 
2 2 Time of Coin. 
r - 0 )  
0 2 cidenee 

33 

Observed Dura- 
tion of 

Coincidences. 

- - 
t: 

02 6' 
z 

BIU. 
t 
a 

l 
e 
3 
4 
5 
6 
7 
8 
9 

10 

a 
t 

.I 

2 :  
r - 0 )  

- - 

Bar. 
t 
a 

I 
E 
3 
4 
5 
6 
7 
8 
9 

10 

a 
f 

Bar. 

T m e  of Coin- 
cidence 

763 7 = 764.3 

6 4  - 6 4  
h m  s 
6 4246'7 
43 51.0 
44 54.8 
46 0.0 
47 4Q 
48 89 
49 13Q 
50 182 
51 92.5 
52 274 

11-51 

6Q - 6.0 
11.52 

763.9 = 764.4 

4.8 - 4.8 
h m  s 
7 51466 

59 55.4 
51. 5.0 
55 131 
56 19 
57 30-7 
58 40.8 
59 48.5 
0 58-4 
e 6 4  

11.71 

4.3 - 4.3 
1V71 

31 
39 
33 
34 
35 
36 
37 
39 
39 
40 

31 
32 
33 
34 
35 
36 
37 
39 
39 
40 

I 
T 
11-58 
5 2  - 52 

h m  s 
7 15 44 

16 9.9 
17 14Q 
18 192 
19 23.4 
9x) 28% 
21 395 
22 379 
2.3 49.1 
9.4 47.3 

49 - 49 
11.61 

11.74 
3-7 - 3.7 
h m  s 
8 I 1 5 9  

97937 
B 33.4 
99 41'8 
30 51.6 
31 59.5 
33 9 2  
34 17.0 
35 270 
% W 8  

3.1 - 34 
11.76 

761-'1= 7M6 

30c=32 187 
189 
191 
19.2 
194 
197 
19-5 
197 
19% 
19 9 

3oc=32 19% 

Calculation of Period 

Bar. = W 3  
t = 11'57 = 15O.11 
a= 563 

2c-1 =1%3992 

log (2 c-1) = ti061996 

c = w.646 

logc = 1810!5417 

97UB421 
lop 1s Haw. = eo169 

log s = 97013890 

S = 0506m 
a = -  60 
z = -  6f.W 
8 = -  5965 

S,, = 05061578 

Ber. = 764.5 
t = 11.73 = 15O.41 
a= 446 

9-1 =1B!Wl4 
c = 6843.9537 

logc = 1*@385576 
og (2 c-1) = %1364&9 

9.7Oela7 

log s = 9704lB09 

S=0.5060354 
a = -  3 2  

r = -  ea1 5 

a = -  596' 
SI, = 0.5059148 
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e - 
.u 
e 

n" 

2 .- Observed Dura- 
2 
* g a l  

3 3 cidence c 3 cideiice g u  d *  Coincidences 

u 2 Time of Coin- 6 Time of Coin- tion of Calculation of Period 

2 

Jam I s h ,  1897. 

m 8  
3oc=3246'1 

466 
44.9 
443 
45.0 

Comparison of Clocks. 

Bar. = 7M9 
t = 152 06 = 1 6 O . 0 2  
a= 5.63 

e = 656.4861 
2c-1 =lW9722 

logc = 18161492 

9 7 m  
log(2c-1) = %li%km 

Pendulum Michelet Pendulum Michelet Error of Pendulum 
h m  s h m s  h m s  h m s  6 

0 10 47 7 4 22.5 5 16 59 12 9 435 June 13th, 3h a. m. - W81 
13 50 7 B O  19 57 12 42 s 14th, -D- - 44% 

0 185 7 5 D 7 5  5 18 27.5 12 11 1275 

Bar. 
t 
0 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

a 
t 

log 1s Michelet = - 31 .10 -7  

Hawelk Michelet Hawelk Michelet Hawelk Michelet 
h m  s h m  s h m s  h m s  h m  s h m  s 
4 3 1 3 8  7 3 3 2 9  5 38 41 8 40 51.5 64858.5 951%5 

33 21 35 125 4025 42236 5045 53 165 
43229.5 734.75- 5 39 33 8 41 43.75 6 49 5175 9 52 %3 

- 

7669 
11.983 
64 -64  
k m  s 
4 41 994 

42 s4: 
43 3!Y7 
44 46.2 
4.5 504 
46 56% 
48 1-7 
49 76 
50 12% 
51 19.1 
52 W3 

60-60 
l%o07 

log 1s Hawelk = OWN966 

Hawelk Michelet Hawelk Michelet 
h m  s h m s  h m  s h m  a 
7 5 1 4 2  10 57 32 8 58 51 12 1 5 9 5  

log 1s Hawelk = 

Fi6 5x5 59 17 Go 37.5 3 465 
7 5 5 w 2 5  10 58 W5 85944% 1 2 2 5 3  

log 1s Hawelk = OCKEXSN log 1s Hawelk = OQWY763 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

12993 
5 2  - 5.2 

h m  s 
5 14 14.5 

15 20.0 
16 24.6 
17 W5 
18 354 
19 41.5 
20 464 
21 520 
22 j68 
24 2% 
525 7.3 

4 9  - 4.9 
1916 
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33 

- - 
Bar. 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

a 
I t  

Bar. 
t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

a 
t 

Time of Coin- 
cidence 

767.0 
1335 
5 1  - 59 
h m  s 
5 45.4 

46 49.1 
47 598 
49 89 
50 18.4 
a1 29.5 
52 39.4 
53 p9.6 
54 598 
56 9.5 
57 192 

4 8  - 4 8  
18’38 

766.7 
18725 
5.3 - 53 
h m  s 
6 636.8 

56 47.1 
57 56.0 
59 6 1  
60 145 

1244.9 
2 B 4  
3 44.0 
4 59.5 
6 %  
7 11.4 

4 9  - 49 
19745 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

31 
32 
33 
34 
35 
33 
37 
38 
39 
40 

Time of Coin- 
cidence 

12-45 
4 1  -41  

h m  8 

6 2038.8 
I1 495 
22 58.3 
24 8.5 
5 17.4 
% 28.0 
z7 3 . 5  
28 480 
29 57.1 
31 7-2 

3 7  - 3 7  
1251 

12.86!j 
4 9  - 4 3  

h m  s 
7 3090.3 

31 30.6 
32 w 4  
33 50.0 
34 5888 
36 8.9 
37 17’4 
38 58.0 
39 36.5 
40 47.0 

3.9-89 
iQ.93 

Observed Dura- 
tion of 

Coincidences 

m s  
30c=.% 60.4 

60.4 
595 
596 
59.0 
585 
58.1 
w 4  
58.3 
57.7 

30c=34 !a% 

m s  
3oc=34  43.5 

43.5 
43.4 
439 
4.1.1 
44Q 
44.0 
N.0 
44% 
44.2 

3Oc=3& 43% 

Calculation of Period 

Bar. = 7668 
t = 1942 = 16O.70 

c = w.9663 
a= 4.45 

2 c-1 433.93% 

logc = l*fM8&39 
(log e c-1) = 2.14%3041 

9.7cvX84a 
log 1s Haw. = 21022 

log S = 97M1870 

S=05060&26 
a = -  38 
7 s -  7 3 8 5  
8 = -  5249 

S, = 05059159 

Bar. = 766.5 
t = 1l83 = 17O.43 
a= 4.57 

c = w.462 
2-1 =137924 

logc = 1.8417473 
oErec-1, = 21396396 

97021075 
oglsHaw.= XEM-9 

log S = 9.7041!%!4 

& = 05059190 
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13346 
34 - 34 
h m  8 
8 4037.0 
41 41.0 
4!2 47.0 
43 51.4 
44 57.3 
46 1.6 
47 7.0 
48 11.2 
4.9 171 

= 
h 

o z  
O Q  
2 

Bar. 
t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

a 
t 

Bar. 

82  
co) 

- - 

m s  
32c=34..39.7 

388 
39-0 
390 
39.4 
39.6 
39.1 
38.8 
39.5 

Time of Coin- 
cidence 

766'3 
1315 
49 - 42 
k m  8 

8 5 57.3 
72-2 
8 8.0 
9 194 

10 179 
I1 22.0 
12 e79 
13 3%4 
I4 376 
15 4-29 
16 4'75 

4.0 - 4.0 
13.m 

Observed Dura- 
tion of 

Coincidences 

Time of Coin- 
cidence 

I 

7 

39.2 
I 3 2 c = 3 4  39% 

3.2 - 39 
13418 
766'1 

Calculation of Period 

Bar. = 7669 
t = 1m= 180.30 
a= 37 

c = w.9753 
ec-1=1989506 
logc = 1'81%74@3 

9- 
log (2 c-I) = 8.1104B3 

log ISHew.= WEB 
log s = 97oLu)38 

s = 0.506s9 
a = -  2' 
r = -  809' 
8 = -  52P 

S, = 0.5061618 



25 NO. e.] PENDULUM OBSERVATIONS. 

Observer, Lieutenant SCOTT-HANSEN. 

Khabarova. 

July 3Oth, 1893; afternoon. 

The place of observation was situated about 500 metres WNW by com- 
pass of the Russian church, whose latitude was determined by Nordenskiald 
to be 69" 38' 50" N., and longitude 60" 19' 49" E. of Greenwich. 

The apparatus was set up on a crag of slate on the shore to the north 
of Sibiriakoffs warehouse. The pendulum clock was hung up on a packing- 
m e  of which one end was sunk into the tundra, and partly filled with 
shingle. The lower edge of the glass case that was put over the pendulum 
apparatus was lined with asbestos packing, and during the observations, 
water was placed round the foot, and Lieut. Scott-Hansen further laid his 
cloak over it. The wind was south-westerly, and the sky half overcast. 
There was no opportunity of determining the rate of the chronometer by 
time observations. The barometer-readings were taken by an aneroid Perkins- 
Rayment 1298, which was compared before and after with a mercurial 
barometer, Adie 764. Scott-Hansen is uncertain whether thermometer 23 or 
24 was used for the observations. The difference between the two thermo. 
meters in the same reading is, as we have seen on page9, 

e3 - !24 = reading X V.085 - 1".053; 

so that the temperature corresponding to a given reading, may differ between 
V.10 and O O . 6 7 ,  according to which of the two thermometers was used. 
I have supposed that thermometer 23 was used in this case as subse- 
quently. The observations, however, are not very trustworthy, on account 
of the rapid rise in temperature that took place. 

4 
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Observed Dura- 
tion of 

Coincidences 

6 

0 3 cidence 
6 "  a 

.I 
L i  g ' s a  3 u 2 Time of Coin- 8 Time of Coin- 

71 * Q  8 0 2 cidence 
a 

S I Q  Calculation of Period 

Comparison of Clocks. 

I 
33 Bar. 7794 I 780'3 

t 446 I 452 
a 5 5 - 3 4  3 9  - 4Q 

h m  s h m  s 
3 5840 1 3 16 43.3 31 

e 18 3 5  39 0 1.8 
8 19 31.8 33 1 .wo 
4 a0 515 34 e m  
5 22 18Q - 35 4 17.5 
6 2336.0 36 5 370 
7 25 6.5 37 7 2.5 

%6Q 38 8 2626.0 
2755.3 39 9 53a 9 

10 29 14.8 40 11 13-0 
11 41 l e  a8.s 

t 450 457 

1 8  

Bar. 3043Q 1 780.0 

a 4 5 - 4 3  I 3'4 - 3'5 

Hawelk Kutter Hawelk Kutter 
h m s  h m s  h m  s h m  s The rate of Kutter at the 
3 7 5  9 5 7 5 2  8 54 18 3 4 7  2 time of observation may be 

836.5 5924 55 45.5 4830 assumed (see p. 6) to be 
10 5 6053 - 57 I1 4946 -e.& in M 

3 8 3 5 5  9 5 9 2 3  85544-83 34829.33 

Bar. 7'797 = W 8  
t = 451 = 30.43 
u = 431 

m s  c = 838.9306 30c=41S?7 
57.8 
582 

58.5 
61.0 

Sc- I  =I66.a61$ 

logc = 1.g2392m 
58.5 log(!2c-l) = %2B35Fi? 

91015650 
SQ logiB&w.= 914339 
58.0 log s = 87039!mJ 
57.7 

S=O- 
a = -  3' 

589 

I=- 15Ie 
55'5 

a = -  5478 30 c = 41 57W8 

& = 0.5061519 

From this we obtain log IS Hnwek = OQO243B 

d 
July 30; ufternoon : Barometer, Perkins-Rayment 1938, 778-5 - 167 -.- - Adie 7% 7698 g.0  = 761% 

July 51 ; morning : Barometer. Perkins-Rayment I=, 7@7 -.- - Adie 764, 766'3 P.4 = 765.1 
- 176 

Distance 1 = 2065 mm. 
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780.35 
4.66 
63 - 64 
k m  s 
4 34 59 

3622 
3746 
3 9 9  

= 
2 

o z  
3 i  
r - 
L O )  

__ 

Bar. 
t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

!O 
I1 

Bar. 
t 
a 

Tht 

41 
42 
43 
4k 

cidence 

4444.0 
46 96 
47 &T8 
4858.0 

48 
49 
50 
51 

~~ 

Time of Coin- 
cidence 

Bar. 
t 
5 

7804 
5-07 
45-41 
h m  s 
5 3050 

32 13.2 
33 37.01 
35 I 5  
36("20) ? 
37 46.7 
39 *5? 
40 338 
41 57.3 
43927 
44 W8 

780.7 
599 
73-49 

34 

Observed Dura 
tion of 

Coincidences 

m s  
Loc=55 51.0 

51.2 

%5 

49'7 

51.8 
477 
489 
46% 

8 

8 

8 

c o c = 5 5  49% 

ibservations marked With a note of interrogation are entered as unreliable, and 

Bar. 
t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

Calculation of Period 

Bar. 78035 = 7633 
t = 4% = 40.23 
a = 597 

c = 838.7488 
2-1 =1W4976 

logc = 1'!42297% 

9.7015706 
log (2 c-1) = 2%214Ow) 

loglaHaw.= 943% 
l o g s  = 9.7040035 

am therefore not used in the computations. 

7 m  
5-63 
80 - 54 
bwt  s 
6 2337-4 

% 4Q 
26 13Q 
97 38.8 
52.3 473 
30 137 
31 !BO 
I4Q5 
33 57-8 
35 %Q 
36 39.5 

51 
59 
53 
M 
55 
56 
57 
58 
59 
60 
61 

7€08 
680 
53 - 3-4 
h m  s 
7 PS 6-0 

577.5 
30 530 
39 19Q 
33 9.0 
34 48.5 
35 570 
37 233.0 
38m 
39 58.7 
41 8.0 

781 1 
699 
48 - S O  

Bar. 7 W 8  = 763.6 
t = 6'35 = 70.09 
5 = 5% 

c = 778.489 
90-1 =153978 

logc = 1.8692401 
log(ec-1) = 91874687 

97017814 
IosrPHaw.= M 

l o g s  = 97042143 

S = 05060743 
a = -  46 
T = -  3136 
a = -  511% 

&=0506888k 

The 6rst 5 obsewations in the second series must be inaccurate, aa there is far too 
great a difference between them and the suoceeding obaervationa. They are therefore not 
taken into consideration. 
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m s  
W C = = 3 8  453 

458 
48.0 
44.5 

425 
4.59 
435 
430 
485 

43.6 

) o c = 3 8  45.17 

- - 
2 .- 6 ;  
c.01 
0-8 
6 ‘3 
z 

Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Bar. 
t 
a 

- - 
Bar. 781.4 = 7WO 
t = 7-67 = 9O.70 
a = 517 

= 778.5057 

logc = 1+3!%336 

2 ~ - 1  =152..0114 

’ log (2 C- 1) = 918755% 
97017808 

log18Haw.= 2.4329 
l o g s  = 9.7042137 

s = om36 
a = -  46 
z = -  4290 
8 = -  5 3 6 4  

Time of Coin- 
cidence 

7811 
7’0 
6 3  - 6.2 
h m  s 
7 5839.7 

59 FjGo 
1 15.0 
2 32.5 
3 48.9 
5 70 
6 25.0 
7 41.0 
8 59% 

10 16.5 

781.2 
7.75 
57  - 57 

Time of Coin. 
cidencc 

- 

781.5 
804 
49  - 49 
h m  s 
8 37 25.0 

38 41.8 
40 3.0 
41 17Q 
4.2 32.5 
43 495 
45 10.0 
46 26.5 
47 42.0 
49 5.0 

781-6 
7.87 
4 2  - 43 s, = 0.5059766 I 

Saloon of the Fram. 

The ohservations wcre made between midnight on the 15th January. and 5 o’clock 
the following morning. nccording to the ship’s time. 

Comparison of Clocks. 

Hawelk Hohwti Hawelk H o h M  Hawelk Hohwa 
h m  s h m  s h m s  h m 8  h m s  h m  8 
10 19 a 3 32 29 I 3 3 5 0  6 4 1 5 9  3 1 1 8  8 1 5 5 4  

2236 3546 37 4 51 14 4 3 5  19 12 
2.5556 3 9 7  4020 54 31 750  2229 

10 22 3733 3 +35 4733 I 37 467 f i  51 I467 3 4 31.33 8 19 11-33 

log 1s Hawelk = OOOBZ78 log I S  Hawelk = OCKBB31 

Distance 1 = 2075 mm., thermometer 23, barometer Adie 76i) 
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6 '  
0 8 :  9 Time of Coin- 

b o ,  02 
d V  z - - 
Bar. 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

BlU. 
t 
a 

Bar. 
t 
a 

1 
2 
3 
4 
5 

7 
8 

10 

6 

~9 

I 11 

cidence 

7695 1 5 O . O  
7.75 
4Q - 39 
h m  s 
11 3 9 m 4  

41 0.0 
42 20.9 
43 394 
45 05 
46 175 
47 39.0 
48 56.4 
50 17.8 
51 S O  
52 56'4 

noi w . 4  
7 9  
6 3  - 6Q 
h m  8 

2 O B 7  
1 4 9 1  
3 7.8 
4 Wl 
5 468 
7 7.0 
8 257 
9 46.9 

11 48 
12 9.5.1 
13 43.8 

7-17 
55 - 32 

31 
33 
33 
34 
35 
36 
37 
38 
39 
40 
41 

rime of Coin- 
cidence 

7.69 
3 1  -3Q 
h m  s 
0 G 9 7  

7 w 2  
8 48.1 

10 50 
11 %6? 
12 43.2 
I4 6.1 
15 23.0 
16 442 

19 wo 
D 

7'10 
4 8  - 4.0 
h m  s 

2 41 34% 
42 5%8 
44 134 
46 32.0 
46 53.1 
48 110 
49 31.9 
50 50.1 
52 11'0 
53 99.0 

B D  D 

770.15 1T.O 
7-06 
4 6  - 3.8 

t: 
go: 
J 2  
97: 
rf:  

o c  
4 - - 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

Time of Coin- 
cidence 

__-- 

756 
2 4  - 21 
h m  s 
032% ? 

33 53.6 
35 17.4 
36 :m 
37 560 
39 11'0 
40 350 
41 500 
43 13.1 
44 B O  
45 54.0 

77QQ 13O.9 
7.50 
1.9 - 2Q 

Observed Dura. 
tion of 

Coincidences 
--- 

m s  
4Oc=52 53% 

56.5 
52.6 
Ly5 
53.5 
56.0 
53% 
.%3 
54-0 
576 

4Oc=52 54% 

~~ ~ 

Calculation of Period 

Bar. = 7W1 
t = 763 = 9O.63 
a = 295 

c = W.370;i 
2 ~ - 1  =I57741 

logc = 1*8996592 
log(2c-I) = 2 1 9 M  

97017146 
loa IsHaw. = *B37'8 

l o g s  = 97039424 

S = 05057576 
a = -  1 4  
7 = -  &!? 

a = -  5.395 
S, = 0.5056609 

Bar. = 768.6 
t = 713 = 8 O . 6 4  
a = 488 

c = 796.516 
30c=39 46.5 Be-1 =l;i8.Q32 

45.3 ' logc = 19oc&%5 
&2 log(2c-1) = 4.1987450 
46.1 97017Wi 
433 logiSHaw.= B%l 

45.3 I 

46.0, l o g s  = 0'7039376 

s = 0.5057520 
a = -  3 9  

5418 

45.9 I 
-31 30c=39 45.48 3 8 2 2  

I s5=0.jo56592 
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11 : 8 

:5 
0 a 

~ 6 'G 

Observed Dura- Time of Coin. $ 2 ! Time of Coin- 
Calculation of Period - @  tion of 

6 '3 Coincidences z 
cidence 0 cidonce 

Saloon of the Fram. 

Night of the 15th March, 1 M .  

Comparison of Clocks. 

Hawelk H o h d  Hawelk Hohwn 
h m s  h m  s h m  s h m  s 
9 11 3 6 52 185 11 51 56 9 3 2 4 5  HohwU's rate in !@ 

14 3 55 18 54 41 35 %5 + @in 
17 2 58 165 57 40 38% 

9 14 867 6 55 17.67 11 54 46'67 9 35 W17 

Distance Z = 2215 mm. 

x Bar. 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

Bar. 
f 
a 

7W7 lF.4 
706 
4 7  - 48 
h m  s 
9 (27 4365 

28 2'2 
e8 375 
29 13.4 
29 48.7 
30 24.4 
30 596 
31 S 6  
32 11-3 
32 411 
33 22.1 

7.01 
4 4  - 4 3  

31 
:j2 
33 
84 
35 
33 
37 
38 
39 
40 
41 

6M 
40 -- 4.0 
h m  s 
0 45 14.4 

45 w3 
46 u B 5  
47 1.0 
47 369 
48 12.3 
48 48.2 
49 B 4  
49 59.1 
50 34..8 
51 104 

756.4 14.0 

39 - 38 
687 

m s  
30 c = 17 47.9 

48.1 
480 
47.6 
489 
47.9 
488 
47.8 
47.8 
478 
48.3 

30 c = 17 47% 

Bar. = 7559 
t = 6'97 = 8'32 
a = 4% 

c = B.59% 
2 ~ - 1  = 701988 

logc = 1.5514497 
log(ec-1) - = 98463997 

97051 130 
log 1sHew. = - 11955 

l o g s  = 47039175 



NO. e.] PENDULUM OBSERVATIONS. 31 

33 

- - 
6 

' B  8 
2 e  
0 -  *c 
z 

Bar. 
t 
a 

1 
9, 
3 
4 
5 
6 
7 
8 
9 
10 
11 

Bar. 
t 
a 

- - 

Bar. 
t 
a 

l 
e 
3 
e 
5 
6 
7 
8 
9 
10 
11 

Bar. 
t 
a 

Time of Coin- 
cidence 

679 
e2 - 8'1 
h m  8 
10 333.6 

4 89 
4 66 
5 199 
5 56.4 
G 31.4 
7 7.5 
7 493 
8 185 
8 536 
9 30.0 

670 
1.9 - 26 

7568 i l O . 2  
6.02 
3.0 - 2.9 
h m  8 
10 57 99.3 

58 49 
58 40-4 
59 154 
59 513 
0 1'7 
1 9.9 
137% 
8 146 
e 496 
3 256 

5.95 
9.8-2.8 

31 
3% 
33 
34 
35 
36 
31 
38 
39 
40 
41 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

rime of Coin- 
cidence 

6.61 
1'8 - 1.8 
h m  s 
10 21 21.6 

el 579 
a 32.3 
B 94 
23 439 
94 w3 
94 55.2 
25 31.8 
26 6 1  
26 4% 
2l 17.4 

75635 11O.5 
6.a 
1.7 - 1.7 

! 610 
2.5 - t4 
h m  8 
11 27 99 

sn 45.1 
es 91-2 
es 559 
29 39.3 
3l 6.7 
30 48.4 
31 185 
31 54.6 
3% 33.7 
33 6.0 

755.7 100.9 
6-05 
w-2.0 

Ibserved Dura- 
tion of 

Coincidences 

m s  
#)c=17486 

49.0 
47-3 
49.5 
47.5 
489 
47.7 
489 
47.6 
496 
414 -___ 

#)c=17482% 

m s  
jOc=2940.6 

40.9 
40.8 
405 
41.1 
40.0 
40.5 
407 
40-6 
41.7 
41 9 

ioc=29407& 

Calculation of Period 

Bar. = 755.1 
t = 6.66 = T.70 
a = 19 

c = 39.6085 
2 ~ - I  = 70917 

logc = 1.5515537 
log (2 c-1) = %.8464r193 

97051114 
loglsHaw.= - 11955 

l o g s  = 9.7039159 

s = 0.%7%7 
a = -  05 
7 = -  3406 
a = -  a s  

Bar. = 7 W 8  

a = 957 
t = 603 = 6O.4 

c = W.6153 
ec--I = 702306 

logc = 15516366 
og (2 c-1) = 2.8465%4 

97051102 
log lsHaw.= - 11955 

l o g s  = 97039147 
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On the Ice Near the Ship. 

The oscillations were performed in the snow-hut in which the magnetic 
observations had been carried out. The iron cross for the pendulum appa- 
ratus was placed on the ice itself, to which it froze so firmly, that the bubble 
of the level did not move as much as one division. The penduluni oscillated 
from about NW to SE, the direction being determined by the compass on board 
and the bearings of the stand. The angle made by the plane of oscillation 
with the diametral plane of the vessel measured 39" f 2". The position was 
the same on the three days, the 8th, 10th and 11th June. The pendulum 
clock Hawelk was compared with the chronometer Frodsham. 

Jlcne 8, 1895; aftermom. 

Comparison of Clocks. 

Frodsham Hohwu 
h m  8 h m  R 

June 8, p.m. 8 1 515 3 43 23 
9, a .m 8 t 2 4 8 5  4 12 20 

Huwelk Frodsham Hawelk Frodsham 
h m s  h m s  h m  s h m  8 

0 4!4 12 11 41 43 
47 47 47 TLI.5 3 u, 5 c&?j 

1 1 4 4 4 5  84448% 0 5 2 2 0  

9 49 20.5 8 41 46 

0 

Hohwti's rate in 24h = - 073 9 ;5-2 37.75 

log is Hawelk = - 0ooojG71 

Mean Time 
on Board 
h m  
9 * p. in. 
930 

10 30 
10 D 

Distance E = 23% mni. 

log 1s Frodsham = -mlltdir, 

Burometer Adie 763 
in Saloon 

16.4 758Q ~ 7 5 6 . 1  
16.0 58.0 = 564 
16.0 57.8 = W 9  
1fW5 57'7 = 55% 

0 

Thermometer Sderberg 114. 
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* I  

Time of Coin- 
cidence 

6 
~ _ _ ~  

I 

* I  

Time of Coin- 
cidence 

6 
~ _ _ ~  

I 

h nt s 

2 9 %*I 
10 5’0 
10 43.5 4 

5 I I1  216 
ti 12 09 
7 12 40.0 

3 ,  

8 
9 

10 
11 

t 
a 

Hohwti 
h n z  9 

9 4 3 3 6  
7 24 35 

Hawelk 
h m  s 
6 2 2  9 

13 184 
13 573 
14 357 
15 14.6 

- 50.15 
6.9 - ti9 

Frodshani 
It m s 
2 8 4 9  

11 51 21.5 

Frodsham 
h m  s 
3 YJ 21.5 

32 41 

41 
42 
4 3  
44 
45 
46 
47 
48 
49 
50 
51 

- 6O.15 
6.2 -&I 
h m  s 
0 :a 31.8 
35 12.9 

36 30-3 
37 91 

<38 25.9 
39 4 4  
39 43.6 
40 22.0 
41 0 7  

3 

m 

- .ia.15 
.59 - 58 

Ihserved Durn- 
tiori of 

Coincidences 

l)t s 
10 c = 25 47.1 

468 

46.8 
47.5 

45.9 
445.0 
463 
463 
46.1 

. 
n 

- 
U)c=25,46.53; 

On the Ice Near the Ship. 

Calculation of Period 

9 7 w o  
log 19Haw. = - 5671 

l o g s  = 97010jj9 

s=Q- 
5 0  

7 = +  2 2 8 2  
a = -  560’; 

- 

a = -  

s, = 0505&w 

Comparison of Clocks. 

Hohm’s rate in  24h 
- 09.73 log 1s Frodullmi = - OW11597 

Hawelk Frodsham Hawelk Frodshani 
h m  s h m  s h m  s h m s  
8 7 1 6  5 1 4 W 5  0 14 2 9 22 7.5 

10 31 18 0 1 7 B  2528 2.528 - 
6 2 3 4 8 5  331 1% 8 8 j 3 5  516W2.5 0 15 k2 9 23 47.75 

log IS Hawelk = -0MKK590 log 18 Hawelk = -0oooO760 

Nean Time Barometer Adie 7G3 
on Board in Saloon 

h m  0 

4 .  160 756.5 = 7*7 
8 .  156 56.7 = 55.0 

10 13 157 569= 55.2 

Distance 1 = rnru., thermometer 3. 
5 
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34 

A 

o.T! 
0 0  
2 

1- 

8 2  
* w  

- - 
t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

t 
a 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

rime of Coin- 
cidence 

- - 
1.73 

h m  s 
6 48 6.0 
48 483 
49 309 
*-io 13.2 
50 S 6  
51 379 
52 20.5 
53 2.7 
53 45.5 
54 276 

6 1  - 6.0 

1.63 
58 - 3 7  

1.55 
6 3  - 6.0 
h m  8 

7 31 17.3 
32 0 4  
32 42.2 
33 25.4 
34 7.1 
34 50.3 
35 31.9 
36 151 
36 56.6 
37 399 
38 21.5 

1.51 
6.0 - 58 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Time of Coin- 
cidence 

1.58 
5Q - 5.0 
h m  8 

7 16245  

17 495 
18 315 
19 146 
19 56.7 
20 39'4 
21 21.6 

22 46.7 

S B  

S 

1-55 
4 9  - 47  

1-51 
55 - 53 
h m  s 
7 52,230.7 

53 148 
53 538 
54 tB6 
F*i 40.7 
56 4.4 
56 467 
57 29.6 
58 105 
58 52.4 

S 

1-48 
5 2  - 4 9  

I Ibserved Dura- ~ 

Coincidences 
tion of ' Calculation of Period 

m s  
cOc=9  18.5 

18.6 
18.3 
19.0 
188 
189 
189 

19'1 

S 

S 

~ 

Oc=%!3187G 

m s  
3Qc = 91 134 

142 
13.6 
142 
136 
141 
138 
145 
139 
14.5 

W C  = e1 134 
a -- 

Bar. = IN8 

a = 5 4  
t = 1.62 = -2O.31 

c = 498.4691 
2c-I =8393&2 

logc = 1~62W730 

97041134 
log (2c-1) = 29239596 

log 18 Haw.= - 590 
l o g s  = 97040514 

S=05068880 
a = -  3 8  

7 =  + 1m3 
8 = -  5536 

Bar. = 7549 

a = 561 
t = 1.52 = -2O.52 

c = w.466 
2 c - I  = 83% 

logc = 1 .6W14  
log (2~-1) = 99%%'6 

97041 138 
log1SHtiW. = - 590 

l o g s  = 9.704#w 

6=0.5058885 
a = -  40 
7 = + 1113 
8 = -  5540 

& = 0 . m  
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2 
3 
-u 
2 

c: 0 8  .- Observed Dura- 
c: 

o w  u a Time of Coin- u 2 Time of Coin- 
ce, tion of Calculation of Period 
0 S cidence x ; ciderice 

Coincidences 6 "  

.- 

a z  z 

Distance 2 = 234B mm. 

31 
32 
3 3 ,  

! *77 
6.0 - 6 1  
h 9n s 
11 11 29% 

12 13.5 
12 57.7 

3 3 . 9  
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 1.76 
6 7  - 66 

~ 1.74 
' 7Q-77.0 

h m  s 
10 49 31.6 

50 152 
50 596 
51 k3.2 
52 27% 
53 11.2 
53 55.4 
54 389 
55 231 
56 6% 
56 51.0 

t36 
37 
38 
39 
40 
41 

15 92 
15 54.0 
16 37.2 
17 22.0 
18 33 
I8 W1 

1.76 
58 - 5 7  

31 
32 
33 
34 
,35 
36 
37 
38 
39 
40 
41 

591 
30c = 21 5839 

1.m 
55 - 58 
h m  s 
11 57 m7 

58 26.0 
59 11.1 
59 W l  
60 39'4 
122% 
2 7.6 
2 a9 

. 3  36.1 
4 19.0 
5 45 

S = 0.5056657 
5 4  a = -  

8 = +  9 0 6  

5530 7 = -  

178 
53 - 5Q 

t 
Q 

I 
a 
3 
4 
5 
6 
7 
8 
9 

10 
I1 

t 
a 

m s  
30c=2158.0 

588.0 
58.1 

. I  

182 
64-6.5 
h m  s 
113539Q 
36 22% 
37 7.2 
37 50.7 
38 356 
39 190 
40 3 7  
40 471 
41 33.0 
43 150 
43 00 

1'81 
6-0-63 

Bar. = 7530 

a = 636 
t = 1.76 = - P.05 

c = 438.9463 
2c-I = 868% 

58.3 log 1 S I I a W .  = - 760 
589 Ions = 97038635 
58.7 I - 

m s  
3oc =22 3 7  

3 4  
3 9  
3 4  
38 
36 
39 
38 
4 1  
4Q 

I s, = 05E6189 

Bar. = 755.1 
t = 180 = -I0.% 
a = 5s 

c = 448.1936 
2 ~ - 1  = 87.3552 

logc = 1.6427103 
log (2 c - 1) = EM07913 

9-7039190 
760 

l o g s  = 9.70.38430 
log I S H a W .  = - 
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tion of 
Coincidences 

Calculation of Period 

- -  

On the Ice Near the Ship. 

Jzc.ne 11, 1895. 

Comparison of Clocks. 

Frodsham Hohwu Hohwil's Rate in 24h 
- w.57 h m  s h m  s 

June 11. a. m. 8 4 0 2 7  4 12 16 
- D- p. m. 10 46 7 5  6 14 41 log 1s Frodsham = - 0.00115!4!3 

Hawelk Frodshani Hawelk Frodsham ' 

t 

h m  s h m  s h *c s h m  s 
5 15 12 2 25 z2 0 18 16 9.30 0 

log 1s Hawelk = - OQOOM65 18 19 28 59.5 21 3.. 33 195 

2.07 

Mean Time Barometer Adie 763 Mean T h e  Barometer Adie 763 

34 

ou Board 
h m  0 

3 30 21.2 
4 1 20.2 
4 W 184 
.i D 17.0 

t 
U 

1 
2 
3 
4 
5 
6 
7 
8 
0 

10 
11 

206 
30 - 30 
h tu. Y 

5 33 319 
32 146 
34 56.9 
%5 39.4 
36 21.9 
37 4.4 
37 46.6 
38 W 6  
39 11.8 
39 2 3  
40 364 

in Saloon on Board 
h m  0 

75965 = 757.2 8 n 21.0 
596 = 57.3 8 3 0  209 
59.4 = 57.3 9 s 20.8 
5915 = 57.9 9 3 0  203 

Distance 1 = 2336 mm. 

31 
:+2 
33 
34 
35 
:j(j 

37 
38 
3 
40 
41 

5(i 109 
.% w 3  
57 330 
3 19.2 
59 1.0 
59 443 
0 WO 
1 9 2  

a 

140 
149 
141 
148 
144 
147 
142 
149 

n 

4.0-41 I 
I 

in Saloon 

7599 = 757.5 
60.0 = 576 
599 = 515 
599 = 57.6 

Bar. = 757.1: 

a = 460 
t = 905 -1".47 

c = 4P.w 
2c-1 = 83% 

log c = 1*6282152 

9'7021 117 
665 

l ogs  = 9 7 W 2  

s = 05058773 
a = -  2' 
7 = +  6 5 2  

8 = -  5 5 3 6  
s,= 05058282 

log (2 c-1) = 2.9241035 

-. . 
log 18Haw. = - 

I During the first comparison between Frodsham and Hawelk, some rumbling was 
heard in the ice. 
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a 

1 
2 

4 
5 
6 
7 

1 3  

- - 
.- o s  
" z  
= z  
3 0  z 

hi )  

__ __ 

t 
a 

1 
2 
3 
4 
5 
G 
7 
8 
9 
10 
I1 

t 
a 

194 
192 
193 
189 
191 

147 
146 

D 

14.4 
145 

Time of Coin- 
cidence 

_ _  __ __-- 

2-01 
63 - 64 
h m  8 
ti 12 1 2 1  

12 L5.3 
13 37.1 
I4 201 
15 23 
15 433 
16 274 
17 104 
17 52.5 
18 336 
19 17.6 

294 
6 1  - &O 

2.01 
+7--$7 
h m  s 
6 52 13% 

52 56.0 
53 389 
54 214 
55 4.0 
55 463 
56 29.0 
57 11.4 
57 53% 
58 36.1 
59 19.0 

2.03 
4 4  - 4 4  

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 

Time of Coin- 
cidence 

- .- 

2.02 
57  - 5 6  
h m  s 
6 3 3 B 8  
34 11.9 
34 53.9 
x5 36.7 
36 189 
37 1'9 
37 4.39 
38 27.1 
:m 89 
39 32.2 

Ibserved Dura. 
tion of 

Coincidences 
__-- --__ 

m s 
iOc=21 16.7 

16'6 
168 
16'6 
166 
16'6 
16.5 
167 
164 
16% 

4034.0 : 164 

em 
53 - *31 

Bar. = 757.3 
t = 201 = - 10.54 
a = 42 

c = 49.4801 
ec-1 = 839602 

! 2.001 
4 2  - 41 
k m  s 
7 13 28% ' 41 

I4 107 ! 42 
14 535 4t7 

IG 184 / 45 
17 08 ~ 46 

D 144' 

17 W3 ' 4.7 
18 237 
19 8'2 
19 a4 

D 

18 
49 
50 
51 

3 c = 21 16591 

Calculation of Period 

~ - -- ____ 

Bar. = 757.3 
t = 2.0.2 = - 10.53 
a = 583 

c = 42S.5530 
Pc-1  = Ei4.1060 

log c = 1 6 m B  
log (2 c-1) = 1'!i248270 -~~ 

9.701.1WZ 
log1sHnw. = - 665 

l o g s  = 9*70103(i7 

s = 05059674 
44 

r = + G75 a = -  553: 

a = -  

s,= 0w581&3 

M c = W  1 9 1 8 ~ 3 0 c = 2 1  14478 

log c = 1%98185j 
loe12c-1) = 1*9240734 

S = 03358778 
a = -  29 

97oPll2i 7 = +  6 8 0  

log IsHaw. - 665 8 r -  5 5 3 7  

l o g s  = 9'702016ti s,=o5oj82t)o 
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I 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

t 
a 

1 
3 2 

4 
5 
6 
7 
8 
9 

10 

t 
a 

Time of Coin- 
cidence 

202 
6 8  - 6'9 
h m  s 
10 16 47% 

17 321 
18 160 
19 0 4  
19 446 
20 28.8 
21 129 
21 57.2 
22 41.6 
2.3 25.7 
24 97 

2.07 
63 - 64 

2.10 
5.0 - 5 0  
h m  s 
11 2 104 

2 .WG 
3 398 
4 U B . 8  
5 7.2 
5 51.1 
6 338 
1 1 9 6  
8 40 
8 48.0 

212 
4.6 - 4 6  

Observed Dura- 
tion of Calculation of Period 

Coincidences 

Distance I = 2342 mm. 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 

2-07 
j.8 .- 5 9  
h m  6 
10 46 178 

47 2 3  
41 W 4  
48 31.0 
49 1.5.0 
49 59% 
50 436 
51 9.0 
52 11.9 
52 56% 
53 40.6 

208 
5 0  - 52 

2.13 
4 3  - 4.3 
h m  s 
11 22 l&O 

2.5 8'0 
5 46.1 
"26 30.6 
27 149 
zi 59-2 
28 43.6 
29 27.8 
30 12.1 
80 568 

2 14 
4 0  - 4.0 

m s  
KIc=29290  

30% 
30.4 
30.6 
30.4 
30.8 
,307 
30.8 
30.3 
30.9 
309 

9n 8 

3Oc=22 76 
7-4 
7.6 
78  
7'7 
8.1 
7.8 
8 2  
8'1 
8.6 

B c = l  7-59 

Bar. = 757.5 
t = m = - 1Q.M 
a = 603 

c = W . ~  
2c-1 = 87.5272 

logc = 1*64fio167 
og(2c-1) = 1.9221430 

97039037 
0 ~ 1 s H a w .  = - 665 

l o g s  = 97035372 

s = @5O!x351 
a = -  47 
z = +  6 3 9  
8 = -  553s 

&=05055857 

Bar. = 7576 
t = 212 = - l O . 3 2  
a = 447 

c = W.%3 

log c = 1*6&xl408 

2c-1 = 88526 

og (9 e l )  = 1.94E&1371 
97039037 

oe l sHaw.=  - 665 
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- _-- 

The light burnt out. 

3 0 c = 9 2  9833 
9 13 

Time of Coin- 
cidence 

s = 05056m 
a = -  30 
7 = +  5 6 4  

215 
53 - 5 4  
h m  8 

11 41 41.8 
42 WO 
43 106 
43 548 
44! 394 
45 53.1 
46 7.7 
46 53.0 
47 36.3 
48 205 
49 5.0 

215 
30 - 30 

Time of Coin. 
cidence 

2.15 
46 - 4.6 
h m  s 
0 3 51.9 

4 3% 
5 20.0 
(i 44 
649-0 
7 33.3 

Ibserved Duro- 
tion of Calculation of Period 

Coincidences 

m s  
W c = B  101 

96 
9 4  

Bar. = 7575 

a = 48 
t = 915 2 - 1 0 . 8  

The Saloon of the Fram. 

Night of November 13, 1895. 

Comparison of Clocks. 

Hawelk Hohwti Hawelk Hohwii 
h m  s h m  s h m s  h m  s 
6 0 9  10!2225  1 0 3 0 4  2 5 1 3  

6 1 21 10 23 18% 10 31 43 2 52 31-75 
2 19 24 16 32u 53 305 

log 18 Hawelk = - 0.0018361. 

Distance 1 = 1987 mm.. thermometer 23, barometer Adie 763 
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Tiine of Coin- 
cidenco 

3: 

Observed Dura, 
tion of 

, Coincidences 

= 
2 

= 3  
5 0  z 

Bar. 
t 
a 

1 
2 
3 
4 
.5 
6 
7 
8 
9 

10 
11 

t 
a 

Bnr. 

.- s i  
c . 0 )  

- - 

Bnr. 
t 
U 

1 
2 
3 
4 
5 
(i 
7 
8 
9 

10 
11 

t 
a 

Bar. ! 

Timr of Coin- 
cidcnce 

---^___ 

7 S l  160.9 
895 
6-0 - 6 3  
h m  s 
G 18 51.6 

19 23.7 
19 56.3 
20 285 
21 1.0 
21 331 
2.2 5.7 
22 37.7 
23 10.2 
“23 42.4 
24. 131 

8% 
(i.0 - 98 

840 

h m  s 
7 12 11.4 

12 44.0 
13 16.1 
13 48.7 
14 21.0 
14 5?5 
15 25.3 

8 0  - 83 

s 

w 

17 2 9  
17 332 

844 
7 9  - 7.6 

61 
6.2 
e3 
64 
65 
66 
67 
68 
G9 
70 
71 

__ .___ __ 

--I---- 8 5.0-44.8 70 / 
h m s  m s 
G 51 11.7 )fiOc=3220*1 

19.8 
1‘3‘9 

61 43.5 

$2-23 ; 19.8 
53 21.0 ! 20.0 

i 52 162 ; 

836 
6.2 - 6.4 
k m s 
7 44mo 

45 6.8 
4.5 38% 
443 11-3 
46 434 
47 16.0 
47 48.2 
48 209 
48 53.0 
49 25.4 
49 57.6 

8.32 
58 - 60 

f57.25 IP.0 

196 
195’ 
195 
19.8 
19% 
194 -~ 

fi0 c = 8.2 l!P74E 

m s  
Nc=3222.6 

22.8 
22.5 
a 6  
22.4 
22.5 
22-9 

D 

%5 
w 4  

io c = 39: %578 

Calculation of Period 

Bur. = 7 B 1  
t = 880 : llO.% 
a = 531 

c - 32.9.32991 
2c-1 = f53.&9 

log c = 15095936 
log (2 c-1) = 1.- 

97057392 
log IS Haw.= - 

l o g s  = 9.7039(M8 

Bar. = 755.7 
t = 8.38 = 110.13 
a = 7.03 

c = 32S.3763 
2 ~ - 1  = W75’% 

loge = 1.5102272 
oc (2c-I) = 1.W979 

97057293 
ogisHaw.= - 18362 

l o g s  = 9703%29 

& = 05055970 
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29 100 

- - 
I+ 

ocb 
i v  z 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

g g  
* a  

- 
~ 

t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

62 

Time of Coin- 
cidence 

14 
8 7  - 90 
h m s  
8 2838Q 61 

29 429 
30 149 
30 47.8 
31 196 
31 523 
32 2k.4 
32 571 
33 29.1 
34 1.9 

817 
8 4  - 8.1 

898 
6.0 - 6 3  
h m  s 
9 %3 63 

29 11'1 
9s 43.9 
30 159 
30 489 
31 20% 
31 53.6 
32 %.6 
32 582 
-33 304 

D 

8.06 
59 - 5.6 

cfi 
a 
65 
66 
67 
68 
69 
70 
71 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

I Observed Dura- I 
Time of Coin- 

tion of ' Calculation 01 
cidence 

8.17 
6 8  - 65 
h m s  
9 1 1.0 

133.0 
2 38 
2 377 
3 10.2 
3 42.1 
4 148 
4 46.7 
5 194 
5 51.4 
6 W 4  

8 16 
6 1 -  6 4  

7.95 
48 - 4 5  
h m s  
10 0288.0 

1 05 
132.6 
2 5.3 
2 370 
3 10-0 
3 41.5 
4 143 
4 46Q 
5 190 
5 50.6 

7.w 
4 9  - 4 2  

Coincidences 

m s  
ac=3223Q 

239 
229 
228 

* Pi24 
22.5 
22.5 
223 
22.3 
22.3 
22.5 -~ 

io c = 32 22591 

m s  
60 c = 32 21'7 

21.5 
21.4 
21.1 
21.1 
20.7 
w.7 
m 4  
208 
20-2 

3 

jOc=32XK% 

F Period 

-~ 

Bar. = 755.5 
t = 716 = 10O.69 
a = 7.5 

c = 3F.3765 
2c-1 = 63.730 

logc = 1.51WEB 
log (2c -1) = I*- 

97057993 
log IS Haw. = - 18364 

log = 97&36?329 

s = 05%69!+9 
a = -  10, 
7 = -  472 > 
8 = -  528s 

Bar. = 755'6 
t = 8.00 = 100.36 
a = 5-23 

c 3 3w.3493 
2 ~ - 1  = 63.61L86 

logc = 1 * m J  
log (2 c-1) = 1w41m 

97057350 
IoglSHaw.= - 18%& 

Hawelk ldr 17m 15O.O Bar. 757.3 = 7556 

log S = 9.7038?%36 

s = 0.5057066 
a = -  4' 
T = -  4 6 8 3  
6 = -  529' 

&= ( L r n 4 '  

' In the middle of this observation, two melt turned out and walked soRly acrnss 
the floor. causing a movement in the level as they passed near the apparatus. To 
this observation, therefore, only half the weight can be given as compared witti the. 
other 3. 

t i  
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A A 5 .gtv Observed Dura- - ' 5 6 'G cidence 2 1 cidence Coincidences 
tion of 

" Time of Coin- " 1 Time of Coin- 5 5  
h z  z 

Calculation of Period 

The Saloon of the Fram. 

Night of November 22, 1896. 

Comparison of Clocks. 

Hawelk Hohwo Hawelk Hohwfi 
h m  s h m s  h m  s h m s  
7 M 5 9  9 6 5  1 1 4 0 5 4  1 3 1  

744  3 5  9 7  925 11 41 54.5 1 4 125 
5 1.4 

^ _ _ _ _  

4 5 8  8 135 42 55 ~- 

Hohwa's rate io .%?Ah 
- OS.41 

log 1s Hawelk = - @0017Y71 

Distance I = 2268 mm., thermometer 23, barometer Adie 763. 

3 
I 

Bar. 771.15 16O.2 

a 5 1 - 5 1  
I h m s  

1 8 1 0 3 6  
2 '  I 1  26.6 
3 11  581 
4 12 298 
5 I 13 1.0 

13 31-8 
14 44  
14 36.2 

10 15 395 
11 16 1@8 

t I 7.96 

6 ,' 

7 ,  

9 , 15 7'7 
S I  

t I 7% 
a I 4 9 - 4 9  

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

775 
40-39 
h m  s 
8 42 %*6? 
43 08 
43 32.2 
44 4 2  
'I4 35.4 
45 7.4 
45 386 
46 107 
46 41.6 
47 13.6 
47 44.8 

1.70 
V7 - 3.8 

m s  
60 =31 ? 

342 
34.1 
34.4 
34.4 
34.6 
34.2 
34.5 
389 
34.1 
34.0 

Wc=3134% 

Bar. = 7692 
t = 7-84 = 1w.05 
a = 443 

c = 318.5707 
2 ~ - I  = 621414 

log c = 1.49!3%342 
OR (9 C-1) = 1.7933810 

l o g s  = 97059032 
og18Haw.= - 17971 

log S = 97ok1061 

S=OW5!+W 
a = -  2' 
7 = -  444' 
8 = -  5X-P 

s, = 050574% 
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34 

- - 
c: 
o w  

.d 

:i 
o w  
6 '5 
z 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

- - 

t 
a 

I 
2 
3 
4 
5 

, 6  
' 7  
' 8  

9 
10 ; 11 

I t  
l a  I Bar. 

Time of Coin- 
cidence 

7.47 
7'1 - 7.0 
h m  s 
9 1 6 S 8  
17 5 P 1  
17 W 8  
18 30.2 
19 2Q 
19 33.3 
20 51 
20 36.6 
21 85 
21 39.9 
22 11.7 

7.41 
67 - 66 

7.06 
69 - 68 
h m  s 
10 19 38.9 

20 10.0 
20 41.4 
21 130 
21 
22 166 
2% 48.0 
93 188 
23 50'9 
%%% 
24 w1 

7.03 
64 - 6.3 

61 
62 
63 
64 
(i5 
cfi 
67 
68 
69 
70 
71 

1 Observed Dura 

1 Coincidences 

Time of Coin- ; 
cidence 

tion of 

7% 
54 - 53 
h m  s 
9 48 29.5 
49 0.2 
49 32.6 
50 34 
50 356 
51 65 
51 38.6 
52 9.6 
52 416 
.% 12.8 
53 M 9  

7.21 
51 - 5 9  

691 

h m  8 
10 51 13'4 

51 453 
52 164 
59: 48.5 
53 197 
53 519 
54 93-0 
*% 530 
5s 26.3 
55 58.5 
56 29.5 

53 - 5.2 

6-83 
38 - 49 

7709 15O.O 

m s  
60c=31352 

353 
35.0 
355 
35'0 
35-3 
35.0 
369 
35.4 
359 
35.4 

ioc=3135.W 

Calculation of Period 

Bar. = 76952 

a = 6 W  
t = 734 = 9O.15 

c = 318.Fi55 
2 ~ -  1 = 62.11 

log c = 1.4%0682 
log (2 C-1) = 15'!X31615 

97059067 
og 18Haw. = - 17971 

l o g s  = 97041096 

s = ow9593 
a = -  5' 
7 = -  koo' 
a = -  5410 
s, = 0x58577 

Bar. = 7699 
t = 696 =@.B 
a = 583 

c = 318.5897 
20-1 = 6917% 

log c = 14895455 
og (2 e-1) = 17936465 

9.705mO 
ogl8Haw.= - 17971 

log s = 97oplO19 

S=05059434 
a = -  4' 
7 = -  3688 
a = -  5 4 2 6  
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11 M 27.7 

t 7% 
a 4 9  - 4 0  

Observed Dura- 
tiori of 

Coincidences 
Calculation of Period 

- z 

41 

The Saloon of the Fram. 

Night of January 15, 1896. 

Comparison of Clocks. 

Hawelk HohM Hawelk Hohwo 
h m s  h m s  h m  s h m s  
11 22 49 10 41 51 2 3 0 0  I4815 

11 23 44. 10 42 45.75 2 30 57.5 I 49 12% 

Hohwn's rate in 2& 
31 55 50 9'5 - w.33 
~~- 2439 43 m 5  

log IS Hawelk = - (Loo18192 
Distance 1 = 1932 mm., thermometer 23, barometer Adic 763, 

h m  
Hawelk 11 45 15O.3 Bar. 7621 = 760.4 

2 4 6  14O.9 - 7633 = 761'6 - 

33 t 
a 

I 

7.60 
52--31 I 

h m s  I 
11 49 2.9 31 

m I3 
50 m 0  
51 129 
51 4k.6 

7.70 ! i 7.75 
4 5 - 4 5  , 3.8 - 4 0  

1 
2 
3 
4 
5 
6 
7 
8 
9 53226 1 3 9 '  9 36.1 

52 17.7 37 8 309 
52 495 ! 38 9 2 9  

h m  s 
0 5 16.4 

5 480 
t i  21.2 ? 
6 530 
7 26Q 
7 58.0 

10 7 9  
10 41.0 

7'72 
4.2 - 4.0 

h p n  LT 

61 1 0 21 31.3 
62 ~ 22m 
63 22 364 
64 23 8.0 
65 23 416 
C 6  24 130 
67 
68 
69 
70 
71 

%i 46.0 
25 18.0 
25 51.2 
26 %7 
26 56.0 

7.80 
38 - 3.5 

Bsr. = 7605 
1 = 7'70 = 9O.78 
a=k.36 

c = 32s.4732 

logc = l?ill5%51 

ec-I = 63.9464 

OR IS c-ll = 1*8058161 
97057090 

oplSfIBw.= - 18192 
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Time of Coin- 
cidenee 

t 
a 

1 
e 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

i .- 
6 2 
:? !z 

L - w  

7.81 
5 0  - 50 
h m  s 
0 561.9 

57 0.0 
57 32.0 
58 5.0 
s3 369 
59 10.0 
59 41.9 
0 149 
0 4770 
19000 
1 51.7 

7.B 
47 -4% 

7.85 
5.0 - 570 
IL m 8 

14848.4 
49 20-7 
49 53.4 
50 955.6 
50 58.1 
51 30.4 
52 3.0 
52 35'1 
53 80 
53 40.1 
51 186 

7.85 
4 7  - 4.6 

61 
62 
63 
64 
65 
66 
67 
69 
69 
70 
71 

61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

Time of Coin- 
cidence 

7.85 
3.9 - 8.7 
h m  8 
1 9 8 8 6  

29 W6 

34.7 
31 5 6  
31 39.6 
32 10.6 
32 44.5 
33 155 
33 490 
34 W6 

3 

785 
34 - 38 

7 . a  
3 7  - 38 
h m  s 
2 21 17.0 

91 &6 
22m 
e2 54.5 
23 97.1 
B 596 
%rn 
25 4.6 
% 371 
26 9 5  
26420 

I& 
3.6- 36 

Dbserved Dura. 
tion of 

Coincidences 

m s  
i o c = 3 2 9 . 7  

W6 

29.7 
9.7 
999.6 
28.7 
W 6  
33.5 
2900 
289 

i oc=32294  

D 

Calculation of Period 

Bar. = 761.0 
t = 7.a4 = l O O . 0 4  
0 = & 3  

c = w.485 
2c-1 = 63970 

log (2 c-1) = 1*8059764 
logc = 1.51168919 

9.7057065 
I o g i ~ H a w  = - 18192 

l o g s  = 9.7038873 

Bar. = 761.3 
t = 7.85 = l O O . 0 6  
a=4% 

c = 3P.w 
ec--i = 6336% 

log c = 1*51167B 

97057m 
lonlsHaw. = - 18199 

log (2 c-1) = 1 ~ ~ 5  

l o g s  = 97038875 

S=05056936 
a = -  36 
7 = -  4440 
a = -  5 3 4 3  
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Observed Dura- 
tion of 

Coincidonces 
0 '3 cidence 
z 

Calculation of Period 

The Saloon of the Fram. 

Night of April 28, 1896. 

Comparison of Clocks. 

Hawelk Hohwu Hawelk Hohwfl 
h m  s hnz s h m s  h m s  
3 2 6 2 3  1 3 5 5 3  7 4 6 1 1  6 4 4 2 0  
38 19 37 43.5 48 9 46 17.5 

2 37 21 1 36 50.75 7 47 10 6 45 18.75 
~ _ _ _ _ _ _ _  - 

Hohwfl's rate in %lh 
- 08.M 

log 18 Hawelk = - 0018940 

Distance I = 2130 mm., thermometer 23, barometer Adie 763. 

h m  
Hawelk 2 4-5 16O.1 Bar. 761.8 = 7599 
- 4 47 16O.9 625 = 60.5 

Hohwij 7 4 0  16O.7 D 63.5 = 61.5 

34 t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

8.70 
5 4  - 5.4 
h m s 
2 55 l a 9  

31, 47.6 
56 19'1 
56 50.2 
57 216 
57 594 
58 23% 
53 54.4 
59 238 
59 56.4 
0 278 

8.74 
5Q - 50 

41 
42 
43 
44 
4.5 

8.77 
4.4 - 4.5 
h m  s 
3 16 

16 322 
17 2 9  
17 34.5 
18 4.9 

46 I 1836.6 
47 j 19 7-0 
48 19 389 

50 2 0 0 8  
51 I 21 11.4 

a79 
4Q - 4 2  

49 I 20 9 3  

m 8 

-0 c = rn - c  
43.8 
44.3 
43.3 
u.2 
43.4 
44.5 
43.5 
44.4 
43'5 

4oc=eo 43.95 

Bar. = 760.0 
t = 8'75 = i l O . 8 6  
a = 474 

c = 318.0988 
2 ~ - 1  6P1976 . 

loge = 14927486 
log(2c-1) = 1'7867W 

9.7060092 
log 18 Haw. = - 18940 

log S = 9704.1152 

s = 05059588 
a = -  3 6  

T = -  5%' 
85- 5996 
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!i 
s 5 
0 

6 0  z 

.- 
G o )  

34 

Time of Coin- 
cidence 

- - 
l5 

0'3 
d V  z 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

.- s."  
G o )  

- - 

t 
a 

1 
2 
3 
4 

6 
7 
8 
9 

10 
11 

t 
a 

c 
:B 

Time of Coin- 
cidence 

881 
5 6  - 5.6 
h m  s 
3 42349 
43 6.0 
43 36.9 
44 8.1 
44.39.1 
45 104 
46 41.3 
46 125 
46 43.4 
47 146 
47 45% 

883 
5.2 - 6.2 

h m  s 
5 3 13.0 

3 &O 
4 149 
4 46.3 
5 17.1 
5 48.4 
6 19.2 
6 504 
7 21'3 
7 528 
8 23% 

8-66 
5.5 - 5.6 

41 
42 
43 
4.4 
46 
46 
47 
48 
49 
50 
51 

41 
49 
43 
44 
45 
46 
47 
48 
49 
50 
51 

8.a 
4 8  - 48 
h m  8 
4 3 187 

3 &6 
4 W6 
4 518 
5 230 
5 54.0 
6 25.0 
6 564 
7 27.3 
7 583 
8 W 4  

8.84 
45 - 4.5 

886 
5.0 - 4 9  
h m  s 
5 2.333 

94 955.6 
% 569 
25 979 
25 58.4 
26 30.0 
m 0-5 
2732.0 
B 2.7 
2a 24.3 
% 5.0 

8% 
48 - 4.7 

Ohserved Dura- 

Coincidences 

Bar. = 7W3 
t = 883 = 1T.02 
a = 5-03 

c = 31S.0934 

m s  
1Oc=20438 I 

43% i 

43.7 I l o g l ~ H ~ ~ w .  = - 18940 
43-9 ' l o g s  = 9.7021164 

S = 05059602 
43.7 I 
m8 i 40 a = -  

r =  - 5 3 1 4  

__. 
10 c = 3) 48.736 

m s  
lo c = YiO 41.3 

41% 
41.3 
41% 
41.3 
41.6 
41.3 
41% 
41.4 
41'5 
41.4 

iOc = 90 41446 

Bar. = 760% 
t = 8.86 = 1 2 O . 0 8  
a = 5% 

c = 315.0361 
2 ~ - 1  = 61.0722 

logc = 14018671 
og(2c-1) = 1*78!58435 

9.7060836 
oelSHaw.= - 18940 

_ _ _ ~ . _ .  - 
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33 

33 

t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
0 

t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

I 

I 

Time of Coin- I 8 4 I Time of Coin- 
cidence ' 1  c .= cidence 

-~ 

8-77 
9.5 - 95 
h nt s 
6 13539 

14 %9 
14 576 
15 -9 
16 1.3 
16 WO 
17 5 3  
17 389 
18 9 3  
18 B O  
19 13-4 

8.79 
a 5  - 89 

8.78 
6 6  - 6 6  
h m  s 
7 538.0 

6 I09 
6 421 
7 I41 
7 46.3 
8 18.1 
8 50.2 
9 %?I 
9 54.4 

io 26.0 
10 583 

876 
62 - 6 1  

Observed Dura-,  i 
tion of Calculation of Period 

Coincidences I 

Remounted. Distance 1 = 2110 mm. 

41 
42 
43 
44 
45 
46 
47 
48 
41) 
50 
51 

41 
42 
43 
44 
45 
46 
47 
'la 
49 
50 
51 

8.79 
7'3 - 7 8  
h m  s 
6 3  1 

35 4437 
36 18.0 
36 50.3 
37 22.3 
37 w 2  
38 26.5 
38 58'4' 
39 30.3' 
40 $61 
40 34.5' 

a78 
6 9  - 7.3 

; Bnr. = 7609 
t = 8-78 = ll0.I)2 

m s  i , a = 8 5 ?  
40c=21 

20.7 
204 

c = 328.0175 
2c-I = 63m 

9.7Ckim6 
loglsHaw.= - 18940 

log S = 97039116 

S = 0.5057217 
a = -  io* 
I = -  ma 

21.0 

21.1 
40c=21HY70 ' I a = -  5aoo 

5 4  - 5.5 

7 26 590 140c=21219 
2730.9 ! eo9 
2a 3 1  219 
28349 1 908 
29 7.2 m 
29 39.0 (389) 909 
3) 11.2 21.0 

31 153 
31 479 

h m s  : m 6  

32 194 I 21.1 

8% 
51 - 5.0 

4oc=2190964 

s, = o m 1 4 9  
I 

Bar. = 761'1 
t = 8.75 = 11O.86 
a = 583 

c = W.Wl 
2c-1 = 630482 

logc = 1 . m 7 7 0  
IOg(2~-1) 1*79%727 

9.7058043 
log18Haw.= - 18940 

log S = 97039103 

s = 0.5057102 
a = -  54 
r = -  5 9 4 6  
8 -  - a 3  

1 These 4 observations are entered as I d ,  but as they give the same result as the 
others, they are included ill the t.alculat.ion. 



NO. 8.3 PENDULUM OBSERVATIONS 49 
- - ~ 

e, 
'= 
5 
- 

- 

1 Observed Dura- 1 c: .- .- k 
$ Time of Coin- I 6 2 I Time of Coin- 

tion of Calculation of Period % s" 
6 'C Coincidences cidencc 1 2 ' cidencr 

b z  I 

The Saloon of the Fram. 

Night of April 29, 1896. 

Comparison of Clocks. 

Hawelk Hohwn Hawelk Hohwil 
h m  s h m s  h m  s h m  6 
1 36 14 03548 71033 6 8 4 1  
38 19 37 525 12 30 10 375 
402.3 3956 14 27 12 34 

139 1833 0 37 5217 7 12 30 6 10 37.5 

Hohwii's rate in 24h 
- w.49 

log IS Hawelk = -0QO18641 

hns Barometer Adie 763 
Hohwii 0 12 Midnight 766.0 
Hawelk 4 8 169 7 W 8 = 7 W 8  
- 443 164 689 = 669 

168 69.6 = 67% - 64.B 

Distance I = 4160 mm.. thennometer 23. 

t 
a 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

t 
a 

890 
6 0  - 6.0 
h m  s 
I 59 139 
59 465 
0 181 
0 50-6 
122.4 
1 55-0 
4 26.8 
2 59'6 
3 31.1 
4 4.0 
4 35.6 

895 
55 - 57 

41 
42 
43 
44 
46 
46 
47 
48 
29 
50 
51 

9-00 
48 - 50 
h m  6 

2 20405 
21 138 
81 &Q 
22 180 
22 494 
23 22.3 
23 53.9 

!&38 
24 58% 
25 31'1 
26 '2.6 

8% 
40 - 44 

m s  
COc=21 W 6  

27.1 . 
26.9 
27.4 
27'0 
273 
97.1 
97-52 
27.1 
'27.1 
27.0 

COc=ei 27-07: 

Bar. = 766.2 
t = 896 = 1F.W 
a = 5% 

c = 328.1768 
2 c - l =  633536 

logc = 1*50754% 
og (2 c-1) = 1%017713 

9767716 
OR Is Haw. = - 18641 

log s = 97039075 

S = 05057170 
a = -  4' 
7 = -  5421 
% = -  5331 
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33 

- - 
2 ' 8  Q 

o z  
d Q  
Z 

s 
- - 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

t 
a 

1 
3 2 

4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

Time of Coin- 
cidence 

870 
6 4  - 6 4  
h m  s 
3 1 198 

1 51'8 
2 24.1 
2 561 
3 28.3 
4 05 
4 3%6 
5 4 6  
5 369 
6 9.0 
6 41 I 

8.80 
5 9  - 5 9  

8.84. 
4 9  - 4.9 
h m  s 
3 3850.7 
39 22.4 
39 54.9 
40 26.7 
40 59.0 
41 309 
p2 3 1  
44 35.1 
43 7 6  
43 89.4 
44 119 

884 
4 5  - 4.5 

41 
42 
43 
44 
46 
46 
47 
43 
49 
50 
51 

Time uf Coin. 
cidence 

-~ -~ 

8.84 
552 - 5 2  
h m  s 
3 22 476 

23 19.7 
23 51.9 
24 241 
24 56.4 
25 285 
9% 06 
26 33Q 
27 51 
27 37'5 
28 9.4 

884. 
4 9  -49  

881 
41-40  
h m  8 
4 0 157 

0 480 
1 90-0 
1 523 
2 w 4  
2 56.6 
3 98.6 
4 0 . 9  
4 33Q 
5 5.0 
5 37.3 

881 
38 - 343 

3bserved Dura- 
tion of Calculation of Period 

Coincidences 

Bar. = 766.6 
t = 880 = 1P.95 
a = 56 

@c=21B.0  
27.9 
W.8 
280 
28.1 
28.0 
28Q 
28.4 
9883 

I c = 3v.m 1 2c-l = 63.4054 

logc = 1*50789e3 

9.7057660 
log 18Haw. = - 18641 

log S = 97039019 

log(2c-1) = 

Bar. = 7667 
t = 8S3 = iP.01 
a = 43 

c = w.1366 
ec-1 = 63932 

logc = 15069999 
og(tc-1) = 1.8012198 

97057801 
og 18Haw. = - 18641 

log s = 97m160 

s = 05057269 
u = -  2 8  

t = -  531' 
8 = -  5 3 6 1  
s, = 0 ~ 9 0 1  
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479 
48.0 
47.8 
48.1 
482' 
47% 
48.0 
48.0 

coc= $0 47% 

34 

logc = 1.4941504. 
log(2~-I) = 1.788164.1 

97o593a 
log 18Haw. = - 1W1 

logS=97041ee& 

s = 05059670 
a = -- 40 
T = -  5106 
a = -  
s, = 060586m 

- - 
9 

03 
d *  

3 g  

z - 
ko) 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

t 
a 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

~~~~~ ~ 

Time of Coin- 
cidence 

879 
5 7  - 5.8 
h m  8 
4 13 18Q 

13 499 
14 e 3  
14 54.6 
15 1% 
15 596 
16 31.0 
17 3 1  
17 35.4 
18 76 
18 w 7  

878 
5 3  - 5 4  

8.54 
58 - 5 7  
h m  s 
5 825-5 

8 56% 
9 B8.0 
9 5w 

10 m3 
11 1.6 
11 3%7 
12 3 7  
12 35.9 
13 6 9  
13 37.1. 

8.58 
5 2  - 5 3  

41 
4B 
43 
44 
45 
k6 
47 
48 
49 
50 
51 

Time of Coin- 
cidenoe 

8.74 
4 7  - 4.8 
h n s  
4 3445'0 
35 16.9 
XJ 49.2 
36 21.1 
36 53.4 
tn 2!?5 
31 57.7 
38 298 
3 2.0 
39 34.1 
40 6 2  

872 
44  -4.5 

)bserved Dura- 
tion of 

Coincidences 

m s  
coc=21%7.0 

27-0 
26.9 
1.5 
1.8 
1.9 
26.7 
96.7 
s.6 
26-5 
1.5 - 

LOc=212673( 

8.63 
4 8  - 4.9 
h m  8 
5 29 135 

99 44.7 

30 471 
31 183 
31 e 4  

30. 

32 90.8 
32 519 
33 B.0 
33 543 
34 25.4 

863 
4 5  - 4 8  

Calculation of Period 

Ber. = 766% 
t = 876 = 1 1 O . 8 8  
a = 5.07 

c = 328.1W 
2 c - l =  63.3368 

logc = 15074!295 
log(2c-l) = 1.8016561 

97057734 
log 1sHaw. = - 1-1 - 

log s = 97039093 

I 

Bar. = 767.1 
t = 8.59 = 11O.55 

cot= 20 480 
48.1 

c = 318.1997 
2 ~ - 1  = 61.3996 
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34 t 
a 

1 
e 
3 
4 
5 
6 
7 
8 
9 

10 
11 

t 
a 

Time of Coin- 
cidence 

863 
7 9  - 7 8  
h m  s 
5 40 56.2 

41 274 
41 58.4 
&2 9 6  
43 0 7  
43 31.9 
44 3.0 
44 34.4 
45 5 4  
45 366 
46 7 8  

862 
7'3 - 7.2 

8.59 
70 - 7.0 
h m  s 
6 13 4.6 

13 358 
14 7.0 
14 38.3 
15 9 5  
15 40.8 
16 12.1 
16 4352 
17 144 
17 k6.6 
18 1&8 

861 
65-65  

41 
42 
43 
44 
45 
46 
47 
'la 
49 
50 
51 

41 
42 
&3 
44 
45 
46 
47 
48 
49 
50 
51 

cidence 

8G? 
6-5 - 6 5  
h m  s 
6 143% 

2 148 
2 460 
3 173 
3 48.5 
4 195 
4 50% 
5 22.0 
5 53.2 
6 W4 
6 W6 

8.60 
6 1  - 6 1  

3 bserved Dura- 
tion of 

Coincidences. 

m s  
u) c = 20 474 

474 
476 
4.7.7 
47.8 . 
47.6 
478 
47.6 
478 
47.8 
47.8 

u) = XI 477& 

m s  
u)c=20494 

494 
m 2  
49.2 
49.1 
492 
49.1 
491 
499 
m 4  
49?2 

u)c= 20 4 9 1  

Calculation of Period 

Bar. = 767.3 
t = 8%2 = llo.60 
a = 693 

c = 31S.1916 
2-1 = 61.3832 

log c -= 1.4940376 
IOQ (2 c-1) = 1*7@3@495 

9.7059881 
logisHaw.= - 18641 

log S = 9 7 M I M  

S = 05059691 
a = -  7' 
z = -  513' 
a = -  5%' 

s3, = 05058635 

Bar. = 7675 
t = 862 = 11O.59 
a = 63 

c = 318.2307 
2 ~ - 1  = 614614 

logc = 1*4925817 
o g ( 2 ~ - I )  = 1*7&36W% 

97059793 
.oglSHaw. = - 18641 

log S = 97041152 

s,, = 0505853& 
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According to the above, the following periods of oscillation for the pen- 
dulums have been found for the various places : 

Pendulum 33 Pendulum 34 Pendulum 33 Pendulum 34 

Vienna, 1892 Christiania, 1897 
05061974 0.506444E om9202 0.506161 I 

1970 44m 9143 1578 
1967 4399 9159 1613 

blean 05061970 0506441 I 9190 1618 
Mean 0.5059174 0.5061605 

Khabaroua, 1893 
Christimia, 1892 
0.5059150 050616W 

9192 1585 05057519 05059384 

Mean 0.5059172 05061624 Mean 0.5057528 05C69€!84 
1667 7517 (4, 9760 2 

Chrktiania, 1893 January 16, 1894 
W5069202 0.5061625 05056609 

9138 1641 6592 
Mean 05059170 05061633 ' Mean 0.5056601 

1 0. E. Scnierz, , , R M a t e  der am Sommw 1893 in dam wdlidukm T W e  Nor- 
wegens auagefdhrter, Pen&&-en", etc. (Kristiania, J. Dybwad, lm), p. 7. 
these periods of oscillation are given as, 

In 1892, 05059169 and 05061591; 
a 1893, 916k P 1618. 

The difference chiefly arises from my having chanced, in the previous calcula- 
tion, to use a slightly incorrect reduction-formula for the thermometer W that 
was used, and from not having taken into consideration the fact that from 1892 to 
1893, the zero had risen 0 O . i .  With regard to pendulum 34, moreover, an error had 
found its way, in 1892, into the time determination, which had previously been 
overlooked. 
During the experiments with pendulum 34, the temperature of the air rose with 
remarkable rapidity. The correction for the temperature is therefore presumably 
too great, as the pendulum has not kept pace with the rise in the temperature. 
Both the values found for the period of oscillation appear small in proportion to 
that of pendulum 83, especially as regards the second value, which I have therefore 
thought it best to leave out of consideration. 

* 
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Pendulum 33 Pendulum 34 Pendulum 33 Pendulum 34 

March 16, 1894 

June 8, 1895 
0505&60 

N o v h  23,1896 
0- 

8517 
85tEo 

Mean 05058531 

J m a r y  16, 1896 
0505ii994 

June IO, 1896 5952 
5953 

Mean 05955966 
0.50584% 

5948 8438 
05056139 ' 

June 11, 1695 
050558i7 0.!%8282 

5853 8183 
5766 (41 8290 

Mean 05055837 0.5058252 

November 14, 1895 
05056051 

5970 
5988 
w74 (1) 

Mean 05056014 

April 29,1896 
05056149 

614!2 8537 
8688 

Mean 0.5056146 0505&586 

__ - .__ 6128 
Mean 0.5056114 05058596 

The o1)servations to which (4) is appended have been accorded half the weight 
givon to the others. 

1 This value is far too high in comparison with the other determinntions made on 
the same day. I have therefore left it out of consideration. 
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Station 

Vienna, Tnrkenschanze . . . . . . 
Christiania, Observatory . . . . . . 
Christiania, Observatory . . . . . . 
Christiania, Pendulumhouse . . . . 
Khabarova . . . . . . . . . . 
79" 15'2 N. Lat 137' 2EY E Long. 
79" 3Y.5 rn D 135" IO' D D 

84' i 3 4 I . l  D n 84" W.3 D D 

84" W.4 D D 83" 1 4  D D 

84" 44l.7 D 83" V.5 * 3 

85" 59.3 D D 66" 48' D D 

85" 4T.7 D D 64" 1' J D 

84" 51'9 D 40" m.6 D M 

84" 1C.7 m rn 12" 21I.G D 

84" 19.4 D iP 14.1 D 8 

The observations taken thus give the following mean value for the 

Date Pendulum 33 

May 27, 28, I&Bl  05061970 
July 21- 25, 16%i 05059172 
June 0 5059170 
IiIay30,Jun~~3,:1 05059174 
July 30. 18931 05057528 
January 16, l a /  05056601 
March 16, 1894 0-2 
June 
June 10, 1895 0-5055948 
June 
November ii: ~.i056014 
November 23, 18951 
January 16, I896 0355% 
April 29, 1896 0jgj6146 
April 30, 1896 05056114 

I 

periods of the pendulums: 

Mean 
_ _  ~ _- . 

05063191 
05060398 
O.jo60402 

0.5060389 
OX68721 

05ofi7190 
05057045 

05057365 
050fi7355 

If we take the difference between the periods of the two pendulums, we 
obtain : 

From the observations in Vienna, 1892, sS4 - s3 = 2441 X 10 - 
- D- D Christiania, 1892, )I n = 2452 H 

-n- 1D - 1893, 3) D )) = 2463 11 

- n -  )5 - 1897, u )) =%&I1 u , 
or as a mean rn = 2447 R 

The following are the results of the observations made during the 
expedition : 

The observations of June 10, 1895, s34 - s33 = 2484 X 10- 
-n- 11, 1895, B m )) = 2445 u 

-n- B April 29, 1896, n )) B = 2439 1) 

-B- a 30,1896, =2482 I) , 

these values agreeing satisfactorily with the above-determined mean values. 
If the two observations made with separate pendulums on the 14th 
and 23rd November, are reduced to the same latitude, they will give a diffe- 
rence of 2513 X IO-' ,  a value which is not too far removed from the above 
mean. 



56 0. E. SCIIIOTZ. [NORW. POL. EXP. 

At Khabarova, where the observations as a whole were not so successful, 
the period for pendulum 34, as has been already mentioned, was found too 
small, on account of the rapid rise in the temperature during the experiments. 
Even with the highest value, which is the only one retained above, the dif- 
ference in question is only 2356X IO-’. For this reason, I have thought it 
best to give the period of oscillation for pendulum 34, half the weight of that 
for pendulum 33. If we suppose, moreover, that the difference between the 
periods of oscillation is 214’7 X I O p i ,  we find the mean period of oscillation 
of the two pendulums to be 0*5058721, the value given in the table. 

What distinguishes the above observations of the Fram expedition from 
others that have hitherto been made, is that they have been made upon the 
open sea, over depths of water of more tbari 2000 metres. They were rendered 
possible by the fact that the vessel was frozen into the sea-ice, and drifted 
with it. The great pressure, however, to which the ship was exposed, even 
in the middle of winter, shows that this mass of ice cannot be regarded 
a t  all times as one coherent layer, drifting along with one motion for the 
whole. The various parts of the ice-covering may be moving at variance 
with one another, and this movement may be carried so far as to cause the 
ice-covering to burst a t  such places where the compression or distention be- 
comes too great. If this be the case, it is to be feared that even if the ice 
is apparently motionless, there may be imperceptible movements and trem- 
blings in the covering that may affect the oscillations of the pendulum. 
The influence that the motion of the ice may have upon the pendulum’s 
period of oscillation ought therefore to be more carefully investigated. It is 
easy to show that a siniple motion of translation, even if not uniform, but 
uniformly accelerated or retarded, will produce no change in the period of 
oscillation; the motion need not, I presume, be imagined to be more com- 
plicated than this in the comparativeJy short time that each observation lasts, if 
it is possible a t  all to consider the motion of the ice to be regular, The case 
would be different with the irregular movements and tremors of the ice. As 
I have attempted to demonstrate in a previous work1, these tremors of the 

1 0. E. Scnimz, Resultate der iwz Sommer 1893 in dtm rrsZdlich8kn ThMe Nwwegetis 
ausgefiihrhn. Pendelbeubachtungen d s l  einer Untereuclruw ilber den Einpuss vim 
Bodmrschiitterccngen. auf die Schmi%gungaceit (Kristiania, J. Dybwnd 1894.) 11. 15 
et seq. 
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substratum will always cause a diminution in the pendulum's period of oscillation. 
It is there stated that I have observed this actually to be the case in 
experiments carried out in the Christiania Observatory'; and I have also 
since had an opportunity of making a similar observation in Trondhjem. 
From these it is clear that the experiments made on the Fram when she 
was drifting with the ice, can never give too low values for the acceleration; 
it would be more reasonable to expect the values to be too high, if the ice- 
covering was in irregular, trembling motion during the observations. 

In order to obtain some idea of the motion of the ice, I have made an 
examination as to the condition of the wind on the days of observation, and 
immediately before them, as the motion will depend chiefly upon the wind. I 
find the following statements : 

January, 
March, 

1894, slight wind on the 15th and 16th. 
1894, calm on the 15th, but rather windy on the 16th, 

continuing so during the night. 
1895, rather strong wind on the 7th and the morning of 

the 8th, the rest of the latter day being calm; strong 
ESE wind on the 9th; blowing fresh on the loth, 
but less on the 11th. 

June, 

November, 1895, no wind from the 14th to the 24th; had been a 
breeze on the 11th. 

1896, calm all the month, no screwing and little wind. 
1896, little wind from the 26th to the 30th, no screwing. 

It will been seen from this that the masses of ice ought to have been 
in the greatest state of disturbance in June, 1895. If we examine the drift, 
we find that the ship has drifted as much as 19.9 km. in the two civil days 
from the 8th to the 10th June, and that the distance drifted diminishes to 
4-8 km. in the following 24 hours (10th and 11th June). If we now consider 
the above given values for the periods of oscillation, we find that the lowest 
values are found just on the 10th and 11th June, 1895, although the latitude 
is more than 1" lower than that reached on the 14th and B r d  November, 
1895. That this cannot be due to a greater local value of gravity is a p  
parent from the fact that the mean period of oscillation observed on the 11th 

January, 

April, 

1 1. c. p. 8. 
8 
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June is as much as 145 units in the seventh decimal-place less than that 
found on the IOth, although the two points of observation lay no more than 
about 5 km. apart, above a depth of over 3OOO metres. Lf we especially exa- 
mine the peiiod for pendulum 34, with which experiments on the 8th, 
10th and 11th June were made, we find that the period decreases regularly 
from the 8th - when, as we shall subsequently see, it was about normal - to 
the 11th. W e  must suppose that after the violent wind of the 9th June, 
internal tremblings have commenced in the ice-masses, and have increased in 
strength on the 10th and l l t h ,  as the force of the wind diminished, and the 
rate of the drift became slower. I think we may conclude that this has really 
been the case, from the fact that Lieut. Scott-Hansen, on the l l t h ,  expressly 
mentions that he heard rumblings in the ice during the first comparison of 
clocks, previous to the commencement of the pendulum observations. These 
observations are thus easily explained by the influence - already pointed 
out by me - of hperceptible tremblings upon a pendulum's period of 
oscillation. 

As the observations show, the pendulums have only altered in a very 
slight degree during the expedition. The mean period of oscillation before 
the departure of the expedition was O * m  in the Observatory, and after 
its return, 05060389 in the new pendulum-house in the Observatory Garden. 
The difference only amounts to 11 units in the last decimal-place, and 4 or 
5 of these may be attributed to the difference in elevation - 5.6 m. - between 
the two points of observation', thus leaving a difference of only 7 units 
due to an alteration of the pendulums during the expedition. This alteration 
is so small that the pendulums may safely be considered as unchanged during 
the expedition, with a mean period of oscillation in the Observatory equal to 
05060397, corresponding to the mean of the period of oscillation in the same 
place before and after the journey. 

If we start with the value found by VON OPPOLZER for the acceleration 
of gravity in Vienna (Ttkkenschanze), viz. 

g = 9-80866 ni., 

1 When the new pendulum-house was tnken into use., an att.empt waa made to deter- 
mine directly the difference between the periods at the two places. No certain diffe- 
rence was obtained. 
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we obtain for the Observatory in Christiania, 
by the observations in 1892, g=9.81949 m. 
n n  - 1893, g=9.81948 m. 

With the pendulum apparatus belonging to the Norwegian “Gradmaalings 
Kommission”, I have found a t  the same place, 

in 1892, g=9*81949 m. 
1893, g=9.81952 m. 

These, when regard is paid to the weight of the various values, give as 

mean for the acceleration in the Christiania observatory’, 
g=9%1949 m. 

For the calculation of the experiments in which only one pendulum has been 
employed, I have taken S, = 0.5059175 as the value for the period of oscilla- 
tion of pendulum 33 in the Observatory, assuming S, = 0.5059174 + 4 X 10 - 
to be the period of oscillation at the same place in 1897. The period of oscilla- 
tion of pendulum 34 will then be 8, = 05061619. 

In the column 
headed ‘Calculated Acceleration’, are given the values found by the aid of 

Helmed’s formula. 
yo  = 9.780 (1 + 0.005310 sin2 q) m. 

The following table gives the result of the calculation. 

tt will be seen that the gravity was found a little too great at the only 
land-station that was investigated; but the numerical value obtained must, for 
reasons already given, be considered as only approximate. As regards the 
other values found for the acceleration, they do not indicate that the gravity 
over the ocean is greater than on land, when the observations of the 10th 
and 11th June, 1895, are left out of consideration, it having been shown above 
that they must give too high values. One observation - that of the 16th 
January, 1894 - gives somewhat too low a value, and one -. that of the 
16th January, 1896 - too high a value by not quite so much; otherwise the 
observed values accord very well with the calculated values. If we now con- 

1 In (‘- & im SOnrnurr 1893”, etc, p. 8, the following values are given respec. 
tively for Q, instead of those mentioned above: 

g=9%1957 m. 

g=981950 m. 1 determined with the apparatus of the Norwegian “Grad- 
and g=981953 .I 

determined with the Frani expedition apparatus; 

and Q=P81!W ,, manlings Kommisaion.” 
The reason of this difference has already been given in the note on -53. 



Station 

__ 

Christiania Observatory . . 
Khabarova . . . . . . . 
January 16, 1894 . . . 
March 16, 1894 . . . 
June 8, 1895 . . . 
- IO, 1895 . . . 
- 11, 1895 . . . 

November 14, 1895 . . . 
- 23, 1895 . . . 

January 16, 1896 . . . 
April 29, 1896 . . . 
- 30, 1896 . . . 

Height above 
Sea-level 

~~ 

27.7 m. 

? 

On board 
- 

On the ice 
- 

- 

On board 
- 

- 

- 

- 

N. Lat. 

o /  

59 54.7 

69 39 

79 15.2 

79 38.5 

84 34-1 

84 42.4 

84 4'4.7 

85 553 

85 47.7 

84 51.9 

84 147 

84 12.4 

E. Long. 

- 

0 1  

10 4.3.5 

60 20 

137 28 

135 10 

84 25.3 

83 14 

83 0.5 

6648 

64 1 

40 43.6 

12 21.6 

12 147 

Observed " \  
icceleratior 

9;94iQ 

2599 

2949 

3026 

3136 

3195 

3251 

3177 

3148 

3196 

3127 

3131 

Y o  

Calculated 
icceleratior 
--___ 

m. 
9.81888 

2565 

301 3 

3025 

3147 

3149 

3150 

3167 

3165 

3152 

3141 

3140 

S-Yo 
Difference 

m. + 000061 

34 

64 

01 

11 

46 

101 

10 

17 

44 

14 

9 

I 

Remarks 

Only pendulum 33 

- 33 

- - 34 

- 

Both pendulums 

Only pendulum 33 

- - 3 

- 33 - 

Both pendulums 
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aider that the irregular movements which could be imparted to the ship, through 
her drifting with the ice, would cause an increase in the observed value for 
the acceleration at  each separate place, we may conclude from the above re- 
sults, that the force of gravity over the polar basin cannot be greater than 
the normal. On account of the close agreement between the observed and 
the calculated values, it seems to me reasonable to assume that the force of 
gravity over the polar basin is normal. The circumstance that on January 
16th, 1894, the acceleration was found too small, will be more fully dis- 
cussed later on. 

At the two stations on the 14th and 23rd November, separate pendulums 
were fortunately employed: and as the stations are only about 26 km. distant 
from one another, and very nearly in the same latitude, we may consider a 
combination of these two observations to be equal to a complete observation 
with both pendulums a t  the same station. As the latitude is not far off 86", 
the period of the oscillation may be reduced so as to apply to that latitude. 
The reduction-formula that may be employed is 

b sin 2 sinl '  
~ S = + S ( % - d  l+b; inaBo I 

where q 0  and ty are the latitude at the two places, and b the constant in 
the formula 

g = k (1 + b sinzq). 

As the gravity may be considered normal, we may take for b the 

By this means we find that the correction to a latitude of 86" 

for the period of pendulum 33, Nov. 14, = - 3 X 

value in Helmed's formula, and put b = 000531. 

n n  - n - 34, Nov. 8,=-7X10-7;  
and the period in a latitude of 86" thus becomes, 

Mean, 05057268. 
n 

for pendulum 33, KS, = 05056011 
- 34, S,=050685% 

If the observations of the 2!3th and 30th April, 1896, are reduced in a 

similar way to one latitude, namely W, the reduction 

for April W ,  = + 12 X 

3oth,=+iox10-~ 
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N. Lat 

The mean period of oscillation for the two pendulums in a latitude of W 
should thus be, 

Acceleration 
E. Long. 1 Difference 

g observed [yo calculated, 

Mean 0.5057371 
according to the observations of April 29, 05057377 
- n n  - ,, ,, 30, 05057365 

If the acceleration is calculated from this, we obtain 

84" ' 12" 18' ' 9.83124 9.83136 -0OQOl3 
86" ' 65" 25' i ' 3165 3168 1 -  3 

The above values for the acceleration in 84" and 86" latitude may be 
regarded as the main result of the pendulum observations of the Fram expe- 
dition, and these values are to be regarded as normal. From these obser- 
vations, by combination, the value for the acceleratioii in a latitude of 85" may be 
deduced; for if we put 

g= k (1 + b sinzg.), we obtain g ,  - g, = k b sin(ql - q2)  sin(q, + F ~ ) ,  
and hence 

gee - gsr = k b sin 2"sin IO", and ggg - gsr = k b sin losin 11". 

gggO = 9.83147 m., 
a value which thus contains the combined results of the observations of the 
expedition. 

As I have already shown, my observations with the apparatus of the 
Norwegian "Gradmaalings Kommission" a t  the coast-stations in northern and 
southern Norway lead to the result that 

in 70" 15' N. Lat., we have g=982644) m. 
,, 59" 15' N. Lat., ,, g=981878 m., 

By eliminating lcb, these give 

if we start with Von Oppolzer's value in Vienna'. 
As these values refer to coast-stations, they are presumably somewhat 

higher than the normal values for the same latitudes. We will assume that 
they are a mm. too great, and combine them with the above value found 

1 CE 0. E. Scaien "Rest&& der am Sommer 1894 in dem 8Wlkhh8 Tksilc Nw- 
megens awgefiihrtm Pendelbeobachtuw" (Kristinnia, J. Dybwad, I@%), p. 18, where 
these values are given respectively as g = 9896413 m. and 9.818810 m. The difference 
is accounted for in the reasons given in the note on pge 58 



- Reeults of The Pendulum Observations and Some 
Remarks on The Ccmsti tutfon of The Earthls  Crus t .  

BY 

0. E.  Schio te  

(The Norwegian North Po la r  Expedit ion - lg93-lt396. 
Results edited by F r i d t j o f  Nansen- Vol.  11.) 

S c i e n t  if i c  

(Page 6 3 )  A6 dl1 be s e e n  from t h e  foregoing ,  Nm66en1c: Y ex- 

p e d i t i o n  has fu rn i shed  t h e  f i r s t  answer t o  the  ques t ion  as t o  what 

a r e  t h e  facts wi th  regard  t o  t h e  f o r c e  of g r a v i t y  over great ocean 

depths.. The obrcrervations show t h a t  the g r a v i t y  ma e regarded a6 

normal over t h e  polar bas in ;  and a6 it  i s l o t  probable t h a t  t h i e  is a 

p e c u l i a r i t y  of the  Polar S e a ,  we a r e  l e d  to\the asei?mption t h a t  the  

f o r c e  of g r a v i t d i s  normal a l l o v e r  the great oceans. The increased 

+ 
a t t r a c t i o n  obeersed on oceanic  islaids must t h e r e f o r e  only be due 

the  l o c a l  a t t r a c t i o n  of t h e  heaped-up masses at the bottom of t h e  

ocean, t h a t  form t h e  islcnrds. 

We w i l l  a t tempt  t o  draw from t h e  r e s u l t  a r r i v e d  at above, some 

c o n c k ~ s i o n s  r e s p e c t i n g  t h e  c o n s t i t u t i o n  of t h e  e a r t h ' s  crust .  We 

w e r e  l e d  t o  assume t h a t  t h e  g r a v i t y  over t h e  6ea has t h e  same value 

a8 on the cont inent8  i n  t h e  Bitme l a t i t u d e s ,  a t  t h e  l e v e l  of t h e  s e a ,  

if a t  EL s u f f i c i e n t  d i s t a n c e  from t h e  c o a s t .  I n  t h o  first place, 

t h e r e f s r n ,  vue w i l l  only cons ide r  thcs'e F d r t s  of t h e  c o n t i n e n t s  mtcich 

form ex tens ive  lowlgnds, where t h e  r educ t ion  t o  se&-leve l  w i l l  play  

no importm't part .  

average d e n s i t y  beneath the  c o n t i n e n t s  rmSt d i f f e r  f rom the  d e n s i t y  

beneath t h e  oceans; but t h e  farther down we go, .the l e 8 8  w i l l  t h i s  

A t  - t h e  same depth  below t h e  stlt ' thls s U r f € ~ c X ,  t he  

difference be, s o  t h a t  a f te r  a c e r t a i n  depth i t  may be a6smpd that 

t h e  d e n s i t y  is t h e  8me,  on a a v e r a g e ,  &over t h e  e a r t h .  



* * * * * 

In the  following pages we shall  assume, f o r  the sake of 

s impl i c i ty ,  t h a t  t he re  is on an average t he  6aJne quant i ty  of 

matter over every surface unit of &he inner  nucleue. If w e  then 

imagine all t h e  de f i c i enc ie s  of matter i n  t h e  depths compensated 

by f i l l i n g  up from the  corresponding accumulations above sect-level, 

t h e  sur face  of all cont inents  would i n  the main coincide with the  

spherical surface through sea- level .  
* *  * * * 

(Pages 72-73) 
If this idithe caw, it 8eems to,me reasonable t o  uppose tha t  'e 

t h o e e f p a r t s  of t he  ea r th ' s  c r u s t  containing the boundaries of the 

cont inents ,  which we have h i t h e r t o  not considered, do not d i f fe r  

i n  aw e s s e n t i a l  degree i n  t h e i r  c o n s t i t u t i o n  from t h e  other  p a t s ,  

but t ha t  i n  t h e i r  case a180 we may supppse that on an,average there  

is the same quant i ty  of matter above every un i t  element of t he  6ur- 

f ace  of t he  inner nucleus its in the  r e s t  of the e a r t h ' s  cruet, o r ,  

wh& iS almost the  6&me t h ing ,  t h a t  these par-ts a r e  also,  on an 

average, i n  an equilibrium of pre8RUe upon t h e  inner nucleus. 
* * * * . 

The Frw expedi t ion has been the first t o  give information as 

t o  w h a t  are the circumstances w i t h  regard t o  g r a v i t y  out on the 

ocean. me have seen that the grav i ty  is normal over t h e  Polar  Basin. 
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for the acceleration in 85" N. Lat. W e  then find that these 3 values, each 
of which represents the combined results of observations a t  several stations, 
satisfy the following equation: 

g = 9.78011 (1 + 0905292 sin2 y )  m., 
a = 045 mm. toget her with 

This value for a is probably somewhat high, brit i t  does not differ too 
much from the value deduced by HELMERT from 37 coast-stations, namely, 

a = 0.30 f 0.05 mm. * 
The above formula, on the other hand, differs only very slightly from 

Helmert's well-known formula, 
g = 9.780 (1 + 0*005310 sin2 y )  m., 

which has been employed above for calculating the acceleration at  the various 
places. 

(Oil - 0.177 sin2 9) mm. 
The difference between thern, expressed in millimetres, is only 

As will be seen from the foregoing, Nansen's expedition has furnished 
the first answer to the question as to what are the facts with regard to the 
force of gravity over great ocean depths. The observations show that the 
gravity may be regarded as normal over the polar basin; and as it is not 
probable that this is a peculiarity of the Polar Sea, we are led to the as- 
sumption that the force of gravity is normal all over the great oceans. The 
increased attraction observed on oceanic islands must therefore only be due 
the local attraction of the heaped-up masses a t  the bottom of the ocean, that 
form the islands. 

We will attempt to draw from the result arrived a t  above, some con- 
clusions respecting the constitution of the earth's crust. We were led to 
assume that the gravity over the sea has the same value as on the contiiierita 
in the same latitudes, a t  the level of the sea, if a t  a sufficient distance from 
the coast. In the first place, therefore, we will only consider those parts of 

the continents which form extensive lowlands, where the reduction to sea-level 
will play no important part. At the same depth below the earth's surface, 
the average density beneath the continents inust differ from the density 

I beneath the oceans; but the farther down we go, the less will this difference 
be, so that after a certain depth it may be assumed that the density is the 
same, on an average, all over the earth. 

' 

1 F. R. "ERT, DM Sdttverloraft am Hochgebisye, Berliu, 1890. y. 49. 
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In the following pages, we will consider the earth to be spherical, and 
pay no regard to i t s  rotation. Thus on a spherical surface concentric with 
the earth’s surface, at a sufficient depth, the density must be regarded as constant; 
and as the density, starting from this surface, may be considered on the 
whole to change in one and the same manner inwards towards the centre, the 
acceleration a t  the depth in question must have the same value over the whole 
earth, a t  any rate beneath that portion of the earth’s surface, which we are 
here considering. Let the radius of this spherical surface he R,, and that of 
the earth’s surface Bo.  

According to the potential theory, the flux of force from a closed surface 
is equal to 47r times the sum of the active masses in the same. This can 
be immediately employed upon the gravity, only taking the inward flux instead 
of the outward flux through the surface, as the force between two ponderable 
masses is in the opposite direction to the force between two similar electric 
or magnetic masses. W e  will consider a portion of the shell outside the 
spherical surface with radius R , ,  which is cut off by a conical surface with 
its vertex a t  the centre of the earth, and subtending a solid angle d w .  W e  
may consider the force of gravity dong the sides of the cone, a t  any rate at 
a sufficient distance from the boundary between land and sea, as running 
parallel to those sides. The flux of force through the boundary of this part 
of the cone will thus be liniited to the two end surfaces, one of which is in 
the open surface of the earth, the other on the spherical surface farther in. 
If the acceleration at the earth’s surface equals go,  and below a t  the spherical 
surface with radius IZ,, g,, the flux of force, K,  will be 

where f is the gravitation constant. Thus this expression gives the entire 
mass that is found in the part considered, multiplied by 472. It follows from 
this, since go according to the above, has the same value over the oceans 
as in the lowlands of the continents, that over each surface unit of the inner 
spherical surface with radius R ,  , beneath such portions of the earth’s surface, 
there must be the same quantity of mass, whether it is beneath land or sea. 
If this be so, we can, in the following pages, when we leave out of conside- 
ration those parts of the earth’s crust that contain the boundary between land 
arid sea, regard the depths of the ocean as constant, equal to h2, and assume 



NO. 8.1 REMARKS ON THE EARTH’S CRUST. 65 

that the density, e ,  in the firm earth’s crust beneath, changes on an  average 
in one and the same manner downwards. We may assume that the case is similar 
with regard to the density, e , ,  heneath the portions of continent considered. 
e and e l  are  functions of the distance from the earth’s surface, and according to 

the above, the average value along a vertical must he greater for e than for 

e,  in the outer spherical shell, of which we will call the thickness h , ,  when 
we have h, = R, - R , .  If we now compare a portion of the earth’s crus1 
helonging to the coiitinerital lowlands with a piece belonging to the ocean, 
the result of the equation for the flux of force is that 

(e, - e )  dh + 4m dw (e, - 1) dh = 0,  
0 hi --S 

which means that the difference between the mass of the two pieces a h o w  
equal elements of the inner spherical surface equals zero. 

Here R = R, + h = R, - h, + h :  sribstituting this and expanding, we 

obtain, after division by 4 m  Ri dw , 

The  radius of the earth must here be regarded as great, not only in 
proportion to the depth of the sea, h,, which we may take on an  average 
as 3.5 km., but also in proportion to the thicknes of the shell, h , .  The  fourtli 
term in the above equation must therefore be exceedingly small, and even 

the third term can only have a small value, as the two integrals in it have 
opposite signs. The  first two terms can consequently only have a value that 
scarcely differs from 0;  moreover it is easy to show that their sun1 must be 
less than 0. If we inquire into the pressure that the separate parts of the 
earth’s crust each exert upon the interior nucleus on accoiint of the attraction 

of the latter, we shall find that, taking M, as the mass of the interior nucleus. 
it will amount for every surface element, R: do), beneath the continents, to 

9 
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i' Afl 

Rl 
0 

kt Jf3 R 2 d o  el d h = f M ,  do  7 R: d o  e, dh= 
0 n 

ht 

= g ,  R: d o l e ,  dh, 
0 

and under the oceans to 

g, R: d o  (lei; + r d h ) .  

These two pressures are not equally great, and their difference A, 

n hi - L 

11. f h-b  

= g,  R: dto [/(el - e) dh + (e1 - 1) dh I, 
0 h t  -- 1t.A 

must, as we shall immediately see, be negative. In order to produce the 
distribution of matter in the earth's crust, that is found beneath the portions 
of continent under consideration, from the distribution of matter that exists 

beneath the oceans. masscs must he removed from the deeper strata, and 
added above, where the sea is found; and in this way the attraction exerted 
by the interior nucleus upon the masses, and consequently their pressure 
iipon it, are diminished. The sum of the two integrals in 11, must thus, as 

already mentioned, be negative. 
It is easy to find an approximate value for this sum, and thus for the 

difference in pressure, d, even if nothing more is known as to how the 
density changes down a vertical line from the surface. If we call the sum 
of the integrals 6, we may put 

I" I , ,  - ib 

d = ( e ,  - e )  dh + (al - I) dh =e' (h, - h,)+ (e,' - 1) h, , 111. 
h ,  - 5  

I 0 

where e' indicates the difference between the mean values of the densities 
e ,  and e in the crust reaching from h = 0 to h = h, - h, and Q~' is the 
average density in the uppermost stratum of continent of thickness h,. 
According to equation I., we now have, neglecting quantities of the second 
order, 
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If the integration in this equation is effected in the same way, we obtain: 

where e'' is the difference between two densities, which may be considered 
as a kind of mean value of e ,  and e,  between h = 0 and h = h, - h,, 
differing from e', although the difference cannot be great, as in any case 
e l  - e is only very small. e,'  may be straightway put down as equal to e,' 
in equation 111. According to this equation, 

(e1' - I )  h, = 6 - e' (h, - I t , ) ,  

'which, substituted in the previous equation, gives 

d [ i  - '1 h = ( h ,  - h2) [ e " - - e  hl + h ,  t -1. h2 
Ro RO RO 

As already mentioned, there can only he a slight difference between e'' 
and e'. The numerical value of e" is probably less than that of e', as the 
difference in density is least, and the densities themselves greatest, in the 
lowest strata, where the factor ( h -  h,) in the first integral IV. has i ts  
greatest value. Recollecting that 6, e'' and e' are negative. we may write, 
if we substitute e' for e" 

- 6 ( I - & ) s  - ( h ,  - h , ) p ' ~ , .  h, 
RO 

If now equation 111. is employed 
finally obtain 

h,  +h2 
RO 

- d ( l -  

for the elimination of e' (h, - h,) ,we 

or 

If, as previously stated, we assume that h, equals 3.5 km., and that the 
average density in the uppermost 3.5 km. of the continents is 2.7, then, with 
a suHicient degree of accuracy, 

- d 6 4 km. of density one. 
Rll 

V b. 

Even if the exterior spherical shell has a thickness corresponding to 002 
of the earth's radius, or h, = circ. 126 km., 

- d 5 120 m. of density one. 



68 0. E. SCHIPITZ. [NORW. POL. EXP. 

W e  thus find that the difference A between the pressures exerted by 
the external shell upon the internal nucleus beneath the oceans and beneath 
the continents, cannot be greater under the conditions we have considered, 
than the pressure that a volume of water of a depth of 1%) m., or a slab of 
rock of 4.8 In., with specific gravity 2.5, will exert upon their substratum. 

A slab of rock such as this, by its attraction, will only alter the accele- 
ration at one point on its surface by 005 mm. If it be considered that the 
various points on the lowlands where the force of gravity has been determined, 
are not on the sea-level, but a t  a greater or less, though slight, height above 
it, making it necessary to reduce the observations to sea-level, it will be seen 
that the observations in the lowlands could be as well satisfied by assuming 
that equally large areas of the surface of the internal nucleus are exposed on 
the average to an equal pressure from the external shell, as by supposing 
that the quantities of mass above it are on an average equally large. 

In the calculation of the flus of force above, we have started with the 
supposition that the lines of force follow the normals of the limiting spherical 
surface. Strictly speaking we cannot generally assume this to be the m e ,  
on account of the uneven distributioii of the masses in the external shell. 
-4s experience shows, the deviation of the vertical line in  the lowlands is slight 
on the whole, and this deviation will not therefore produce any change in the 
general result a t  which we have arrived. 

Before proceeding further, however, we will consider what conclusion may 
he drawn, with regard to the acceleration, from the fact that the lines of force 
ore deflected from their normal straight course, supposing that this is not 
due to any special accumulation or deficiency of masses in the depths. W e  
will imagine a tube of force passing through the boundary of a surface-element, 
R: d w ,  upon the surface of the inner nucleus. Owing to local irregularities 
in the distribution of matter, the walls of the tube, during its passage through 
the earth's crust, will not follow the normals through the boundary of the 
element, and the tube will cut. off from the free surface of the earth a surface- 
element, 23; dw', which will generally differ somewhat from the normal, 
Ri d w ,  which would have been cut off if the lines of force had had a normal, 
straight course. dw and d d  are, as above, the solid angle under which the 
elements are seen from the centre. 
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The equation for the flux of force now gives 

where d(o under the integral sign, is to he considered as a function of h. 
If we call the normal acceleration upon the earth's surface g , ,  the mass 
of the earth M, and its average density go, then 

putting this in  the above equation, we obtain 

VI. 

As the thickness of the earth's crust must always be considered a small 
quantity in proportion to the earth's radius, Bo,  it will be seen that the 
integral on the right will have to be regarded as a quantity of the third 
order, if the quantities on the left are of the second. If therefore the 
density, Q , does not undergo finite changes, an alteration in the course of the 
lines of force in the interior of the earth's crust will have no perceptible 
influence upon the magnitude of the acceleration, 8, as  the change undergone 
by the integral will have to be regarded as a quantity of the fourth order. 
If, however, the surface-element, IC: dw', cut off by the tube of force, differs 
from the normal, the acceleration will prove to be changed - augmented, as 
equation VI shows, where the element cut off is less than normal, and dimi- 
nished where the element is greater than normal. It will generally be difficult 
to express an opinion as to the manner in which the transverse section of A 
tube of force will change in its course through the earth's crust to the external 
surface: but I think it will be clear from the above that we cannot straight- 
way conclude that there is an accumulation of niass deep down below a 
place, because the acceleration there appears to be somewhat too pea t ,  or 
a deficiency of mass if it is rather too small. If the tube of force meets the 
surface of the earth near the coast-line of a continent, we may infer, as we 
shall also see subsequently, that its transverse section a t  the free surface 
is smaller than normal if the tube of force intersects that surface in the conti- 
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nent, but greater than normal if it is beyond the coast-line, out on the ocean: 
and this is on the very assumption that there is an equal amount of matter under 
surface-elements of equal size, in both places. 

If, however. the density undergoes finite changes from one place to another, 
the change in the integral on the right side of equation VI may be of the 
same order as the integral itself, and the acceleration may then show an increase, 
even if the element, Rt dw',  cut off by the tube of force, is greater than 
normal, and a decrease if it is snialler than normal. 

W e  have, in the above, only considered the lowlands on the continents. 
Experience seenis to show with regard to the mountain regions and the elevated 
plateaus, that this accumulation of matter above the level of the sea is compen- 
sated on the whole by deficiency of matter in the depths. If this be so, there 
should also, on an average, be the same quantity of matter above every unit 
element of the surface of the inner nucleus beneath these portions of the con- 
tinents as beneath the remainder of the earth's surface.' I t  has been to 
some extent supposed that this compensation depends upon an equilibrium of 
pressure of dl parts of the earth's crust upon the inner nucleus. I t  is easy 

to show that in  this Case too, the two suppositions are almost equally good. 
If the mean elevation of the plateaus is h', and if their density is assumed 
to be e l  as in the upper part of the continents, we have only to add el'h' 

to the right side of equation (III), and the integral - e l  h dh to the left side 

of equation (IV). 

RO Zi 0 

Equation (V) will then become 

- - 6  5 [ ( c l ' - l )  h2+q, 'h ' ] - - .  h, 
RO 

h. Thus the term e l '  h' 2 has been added here. If we assume the same 
Rll 

quantity of matter over every element of the surface of the inner nucleus, 
then, in order to obtain an equilibrium of pressure upon the latter as regards 
the continents, we must add, at sea-level. a layer of rock of a thickness 
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if, as previously, we assume that h, = 002 R, ,  and h2 = 3.5 km. ; for every 
additional lo00 m. in the height of the plateau, the thickness of the added 
mass must consequently be increased by 24) m. 

In the following pages we shall assume, for the sake of simplicity, that 
there is OII an average the same quantity of matter over every surface unit 
of the inner nucleus. If we then imagine all the deficiencies of matter in the 
depths compensated by filling up from the corresponding accumulatioris above 
sea-level, the surface of all continents would in the niain coincide with the 
spherical surface through sea-level. 

I have above taken the thickness of the earth’s crust to be 0.02 of the 
earth’s radius. How far down we must go before we reach a depth where 
we may assume that the density is constant all over the earth, will depend 
upon the manner in which the density on an average alters downwards from 
the surface of the continents and from the bottom of the oceans. By the 
inequality in the moon’s motion, dependent on the ellipticity of the 
earth, we may now infer how the density on the whole ought to change 
inwards towards the interior of the earth. Helmert gives the following 
formula : 1 

,! 

8=11*3[1-1.04 - +0275 - 1, 
(:n)l (:n)’ 

where 8 is the density, a, the equatorial radius of the earth, and a the 
equatorial radius of the equipotential surface through the point under con- 
sideration. When a = a,, i. e. at the surface of the earth, the density becomes 
2.66. If a denotes the density at  the surface of the inner nucleus, and the 
same symbols are employed as before, we obtain for the density, e , ,  h km. 
above this surface, since a = B o  - h, + h, and a, = Bo,  

e = a - 000177 h.  

This gives a very trifling change of density in the external strata of the 
earth. In the earth’s crust, however, which has been subject to a inore 
rapid cooling and less pressure than the interior of the earth, we iriay possibly 

- 

* F. R. HELMERT. H&wc Q t u m .  Bd. 11, p. 487. 
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assunie a somewhat more rapid decrease than the above equation gives. In 
any case, I assume that it follows from this equation that the difference 
between the densities in the firm crust beneath the continents and beneath 
the ocenns can be only slight, so that the earth’s crust must have a com- 
paratively considerable thickness, if equation (I) is to be satisfied. 

It appears to me that with regard to the density nearest the surface at  
the bottom of the ocean, there is no reason for supposing that it is per- 
ceptibly different from that a t  the surface of the continents. The oceans in 
all probability have not always been so deep as they are now; the depth has 
increased little by little, as the earth’s outer shell has shrunk more and more 
together with the cooling down and contraction of the inner nucleus. If we 
look back in time, we must therefore suppose the oceans shallower and shal- 
lower the further back we go, taking for granted that on the whole they have 
always occupied the same places on the earth’s surface. When the firm 
t:arth’s crust was formed, there is 110 reason therefore to suppose it otherwise 
where the continents happened to lie than in the other places where the 
oceans subsequently came to be. It is true that the surface of the continents, 
after the latter had risen out of the sea, was exposed to continual denudation; 
hut as the eroded masses were once more deposited upon areas belonging to the 
continents, this denudation has principally brought about a re-adjustment of 
the masses at  the surface of the continents, and presumably cannot, to any 
perceptible extent, have produced any alteration in the average density at the 
surface, if, as previously mentioned. we imagine the continents to have been 
reduced to the level of the sea by the employment of the accumulated masses 
to compensate for deficiency of mass below. By thus sinking deeper and 
deeper during the shrinkage, those parts of the firm earth’s crust upon which 
the ocean would rest were brought into contact with denser masses than those 
parts of which the continents were formed. On this account, I imagine, the 
density beneath the oceans came to increase more rapidly with the depth, 
than beneath the continents. 

.’ If this is the case, it seems to me reasonable to suppose that those parts 

, of the earth’s crust. containing the boundaries of the continents, and which 
: we have hitherto not considered, do not differ in any essential degree in their 
i constitutioii from the other parts, but that in their case also we may suppose 
’ that on an average there is the same quantity of matter above every unit 

- - .. -. -. - 
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element of the surface of the inner nucleus as in the rest of the earth’s crust, 

-- 
A I 

I 
I 

or, what is almost the same thing, that these parts are also, on an average, 
in an equilibrium of pressure upon the inner nucleus. If this supposition is 
coITect, we must %e able to infer from it the peculiarity that appears to 
characterise the coast-stations, namely, that the gravity increases a little with 
an approach towards the coast-margin of the continents. It has been stated 
above that for 37 coast-stations on various continents, HELMERT found 
the difference between the observed and the normal acceleration to be 

-. 

O*O0030 f 0%0005 m. 
According to PUTNAM, the coast-stations in North America along the Atlantic 
exhibit positive, or very small negative, differences, while the stations in the 
interior show much larger negative differences. 

The relative determinations made by the Austrian Navy during the years 
18’32-1898, also always give positive differences at the coast-stations examined, 
these being situated on various continents - Australia, Asia, Africa and 
South America - along the Indian, Atlantic and Pacific Oceans2 

The incline of submarine parts of the continents towards the ocean depths 
outside differs in different places. It is generally somewhat less nearest land 
(about 1 in 250 for a distance of 50 krn.), and increases farther out to 
about 1 in 100. The incline is steeper, however, a t  several places, e. g. 
along the west coast of North and South America, where it amounts to 
I in ML9 

If, as before, e stands for the density in the firm mass under the oceans, 
and for that under the continents, we may imagine the crust of the earth 
to be formed of a sea, of depth h,, extending over the whole earth, and resting 
upon a shell of thickness (hi - h,) and a density e, when we add, as regards 
the continents, a mass of which the sum total is zero, but distributed in such a 
manner that above there will be a covering of thickness h, and density 

1 U d e d  States @I& cmd Geodetic S w ,  Appendix No. I. Report for 18% p. 28. 
Relative dettmwn ’ diorrS of wa&g raifh ha.lf-sec#ld.s pendulums, and o&er pendulum 
hv&igdiorps. G. R F”u. Washington, 1%. 

8 Bd&tm 6VchverM- durch €bnd&wbacktlcngen. AusgefQhrt durch die 
k. und k. Eriegs-Marine in den Jahren 1893-1894. Herausgegeben vom k. und k. Reichs- 
Eriegs-bhbtarium, Marine-Section. Vienna, 1895. 

lMat+w S d w u e r W ~ ~ m  d d  P6ndelbeobachlungen, Heft 11. Verbffent- 
lichungen des hydrografischen Amtes der k. nnd k. Eriegs-Marine in Pola. Pola 1898. 

a F. R. HELUERT. €€&we Geodasie Bd. 11, p. 345. 
10 
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(el - I), and under it a base of thickness (72, - h,) and density (e1 - e) ,  which 
on the whole is negative. Along the coast margin, we must imagine this 
covering with density ( e ,  - I), decreasing in thickness outwards towards the 
bottom of the ocean, following the slope of the continents down to the depths 
the covering here too, resting upon a substratum of thickness (hl - h,), whose 
density, however, is not constant at the same depth, but decreases in an 
outward direction as the thickness of the covering diminishes, and becomes 0 
where the covering ceases. We thus suppose that the sum of the added masses 
above every element of the surface of the inner nucleus, everywhere equals 0. 

If we now consider a point on the surface of a continent, we shall find 
that the attraction exerted upon it will depend not only upon the masses 
that determine the attraction out on the ocean, but also upon the above- 
mentioned added masses. If the point is sufficiently €ar from the coast, 
these will very nearly neutralise one another’s effect, as their sum is zero. 
If the point approaches the coast, the effect arising from the fact that the 
added masses do not form a continuous shell all round the earth, will become 
more and more apparent; and as the positive masses lie nearer to the point 
acted upon than the negative, the result will be, as we shall see, a slight increase 

of attraction towards the coast-margin. In order to have a clearer view of 
this, we will first calculate the effect of a conical section of a spherical shell 
with constant density a t  a point situated at the pole of the zone; the vertex 
of the cone must be imagined in the centre of the sphere. If the external 
and internal radii of the shell are Ro and R2, and half the aperture of the 
cone 8, the attraction will be B’e 

- (22: + Ri + R, R2 cos e - 3Bi  sin2 0)dR; +R: - 2 R 0  R, COS e] + VII. 

e e  BR, (I-sin-)sin- 2 2  + 2 TC g f .  R ,  sin2 e cos e log. nat. ___ V R ;  + R; -213, R, COS e - (12, -13, COS e), 

where f ,  as before, indicates the constant of gravity. 

The first term is independent of the aperture, and represents half the 
The two other attraction of the entire shell at the point under consideration. 
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terms, on the other hand, vary with 6; for a certain value of the latter, their 
sum equals 0. For smaller values their sum is negative, and its numerical 
value becomes greater and greater the nearer 8 approaches 0, in which case 
the numerical value becomes equal to the first term. For greater values of 
6, the sum becomes positive, and increases continually with 8, until for 8 ==a 
it beconies equal to the first term. An idea of the value of 8 for which the 
sum of the two terms equals 0 may be obtained by the aid of the following 
proposition, which is easily proved. If a point P is situated outside a spherical 
shell with constant density and its centre at 0, a spherical surface with the 
line OP as its diameter will divide the shell into two parts, which will each 
exert an equal influence upon P, and thus an influence equal to half that 
of the entire shell. Thus the thinner the shell, the smaller will be the angular 
radius, 8, of the conical section, which will exert nn influence equal to half 
that of the entire shell upon a point in the centre of the limiting zone. 

By the aid of the above expression, we will try to determine the influence 
of a similar conical section of the above-mentioned continental added masses 
upon a point on the earth’s surface in the centre of the limiting zone. We will, 
as before, assume the thickness of the earth’s crust to be h, = 0.02 R,, and 

For the sake of simplicity 1 
the depth of the sea, h, = 3.5 km. = - 1800 
we will assume the densities, (el - 1) and (el - e), to be constant in both 
layers. This will make no perceptible change, as the numerical value of 

(e ,  - e), according to what we have said above with regard to the con- 
stitution of the ocean-bed. is probably smallest not only deepest down in the 
base, but also above just below the covering. The following diagram 
represents graphically the result of the calculation. The angular radius of the 
zone is the abscissa, and the ordinate gives the alteration in the acceleration of 
gravity dependent upon the section, Each division indicates 0.02 mm. It 
will be seen that even for an angular radius of 2O0, which will correspond 
to a radius of about 2200 km., the interior negative masses will not altogether 
succeed in neutralising the attraction of the external positive shell. The aggre- 
gate effect of the section, however, is only about 0.07 mm. 

1 

1 The numerical values here chosen are of no importance for the following investigation. 
only supposing that the thickness of the crust is considerable in relation to the depth 
of the ocean, and very small in comparision to the earth’s radius. 
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When the angle is reduced, the influence of the section hecomes greater, 
and with small values of 8, the influence increases very rapidly when 8 dimini- 
shes. For e = 3", which will give a radius of 330 km. for the limiting zone, the 
increase in the acceleration will be 0.44 mm., and for e = W.25 as much as 

1.85 mni. The influence will still increase a little, if e decreases yet more; 
but a decrease soon commences, and the influence then sinks with extreme 
rapidity towards zero, when e approaches that value. 

By the aid of this curve, we can now easily obtain an idea of the 
influence of the added masses here treated of, disregarding for the present 
those that correspond to the incline of the continents towards the ocean 
depths. W e  will consider a circular continent, say as large as South America, 
with a radius equal to ahout 0.37 R,, or an  angular radius of rather more 
than W.' In the centre of the continent, or about 2200 km. from the coast, 
the added masses, as we have seen, will produce an increase in the acceleration 
of about 0.07 mm. When we approach the coast. the influence will at first 
increase exceedingly slowly: at a point about IO00 km. from the nearest 
coast, the increase in the acceleration will be only about 0085 mm. 

If we divide the continent by a great circle through the point under con- 
sideration parallel to the nearest portion of the const-line, the influence of the 
greater part will diminish quite slowly when the point approaches the coast- 
line, and will produce an increase in the acceleration of about 0.03 mm. As 
the angular radius of the continent is less than W", the effect, however, of this 
part will again increase a little, when the point comes very close to the coast- 
margin, so that the acceleration in the coastmargin itself will have an in- 
crease of about 006 mm. The influence of the other part, on the other hand, 
will increase as the distance from the coast-line diminishes. In order to make 
a more exact calculation of this influence, we may imagine the part divided 
up into wedge-shaped sectors radiating from the point under consideration, and 
so small that the angular radius of the sector may be regarded as constant. 
The result given by this calculation is that at R distalice of 3", or about 330 km.. 

from the coast, the influence will be about 0.17 nim., so that the added masses 
for the whole continent at this point will produce an increase in the acceleration 
of about 0.20 mm., or only 0.13 mni. more than in the middle of the continent; 
a t  a distance of OO.5 ,  or about 55 km., from the coast, the influence will be 
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much greater, and the increase in the acceleration will amount on the whole 
to about 065 mm. or 0.58 mm. more than in the middle of the Continent. 
The influence will continue to increase until a distance of about 20 km. from 
the coast-line is reached. If, as mentioned above, we disregard the slope of 
the continents towards the ocean depths, and imagine them abruptly cut off, 
the influence of the added masses will diminish rapidly towards zero with a 
still nearer approach to the coast-line. 011 the very boundary between land 
and sea therefore, the acceleration in this case, as indicated ahove, will be 
about normal. 

If we go out upon the sea, it is easy to see that the acceleration must 
show a decrease as the distance from the coast-line increases, so that a t  the 
same distance from the margin out there, the acceleration will prove to be about 
tis much diminished as it was increased upon the continent. For if we imagine 
the land spread over the whole earth. the influence of the added masses on 
every external point will be zero. If, therefore, we add to the given masses 
the added masses of a continent such as this, extending over the whole earth, 
the irifluence on external points will not be altered. If we now assume that 
the density of the added masses of this continent is equal and opposite to 
the density of the added masses in the given continent, it is evident that the 
influence of our continent upon external points is equal to the influence of 
a continent occupying the place of the ocean, but with added masses whose 
density is equal and opposite to the density in the added masses of the 
continent. Out on the sea, we can consequently consider ourselves as being 
near the margin of this negative continent, and therefore the influence upon 
the acceleration will be the reverse of the influence on the actual continent, 
and about as great, if the radius of the circumscribing coast-line is not 
too short. 

The added masses 
on the slope and in the base beneath it will somewhat modify the change of 
the acceleration. When the slope nearest land is very gentle, as is generally 
the case, it will have very much the same effect as a continuation of the 
continent itself, and therefore in the above deduction we must reckon the 
coast margin from the place where the rapid incline towards the ocean depths 
commences. The added masses on this incline will act as a check upon the 
above-~netitioaetl decrease in the vdue of the acceleration when the land- 

The continents, however, do not terminate abruptly. 



NO. 8.1 REMARKS ON THE EARTHS CRUST. 79 

point under consideration advances quite up to the coast-margin, so that instead 
of becoming normal again along the coastmargin, the acceleration will show 
somewhat of an increase. The increase will depend upon the steepness of 
the incline, there being thus a maximum for a certain slope, the increase 
becoming less both for steeper and gentler inclines. 

It is easy to see that the effect resulting from these added masses upon 
a point on the coast-margin itself will be an attraction. If we imagine a 

sphere with the surface passing through the centre of the earth, and the 
earth's radius as diameter, this, as already mentioned, will cut off from the 
added masses a portion whose influence upon that point on the surface through 
which this sphere passes, will be the half of the influence of an entire 
spherical shell with thickness and density like those of the added masses. If 
a sphere such as this is made to pass through a point in the coast-rnar@n, 
it will cut the spherical surface going through the ocean-bed in a small circle 
with a radius of about 200 km. If the slope of the continent is 1 in W 
- which is not unusual (see page 73) - the base of the continent will lie a t  a 
distance of about 210 km. from the coast-line, assuming the depth of the 
ocean to be 3.5 km. It will then be seen that the incline encloses almost 
completely that part of the sphere which falls within the outermost shell 
of the earth, which has a thickness of 35 km. The added masses on the 
incline will consequently, a t  one point in the coast-line, exert an influence 
about equal to a fourth part of that of a spherical shell having a thickness 
of 3.5 km., and the same density as that of the added masses, and will thus 
effect an increase of about 1-2 mm. in the acceleration. The subjaceiit nega- 
tive added masses will not nearly be able to compensate this influence, as 
they only contain a portion of the masses that the spherical surface in 
question would cut off from a spherical shell of the same thickness (h, - h,) 
as theirs. A more minute determination of the effect of these added masses 
upon a point on the surface requires a somewhat complicated calculation, 
as the integrations can only be approximately performed. 1 have obtained a t  
one point in the coast-line the following expression for the attraction, assum- 
ixig that the slope is constant. 
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For the positive masses on the slope itself: 

for the negative masses beneath: 

2 2 l - 8 1 C O t ~ l + ~  
log. riat. a1 - - log.nat.a, + ___ ---- a1 a2  1-8, cotql  - -- 

a1 -a2 B *  a1 - 0 2  81 

Here e = el  - 1, where e ,  is the density in the upper part of the solid 
earth's crust, qo the angular radius of the circular coast-line, ql = qo + /?, 
the angular radius of the line parallel to the tatter along the base of the 

h, 
BO 

h 2 ,  and a, = -. slope a t  the bottom of the sea, a, = - all 
If we assume the slope to be as steep as that on the west coast of North 

and South America, namely 1 in 40, the result is found to be 

F o - F F , , = f ( q l  - l ) B o  a2  1.163, 

where , f l  = 1" 16'.4; i f  we make I,O" = W ,  as in the case of South 
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America, and e ,  = 266, we obtain for the increase in the acceleration which 
this force will produce, 

0.46 mm. 

The effect will probably be somewhat greater if the incline is supposed 
to be rather less; for very gentle inclines, the effect will, as previously men- 
tioned, again decrease. 

For points farther in on the continent, the increase in the acceleration, 
on account of the slope, will take place rather more slowly as we approach 
the coast-line, than if the continent were cut off abruptly, as the slope will 
act very much as an extension of the continent seawards. In other respects, 
the course of the phenomenon will be on the whole as we have shown it above. 
W e  thus se ethat upon the above-mentioned supposition concerning the compo- 
sition of the earth’s crust, it is easy to explain the fact that gravity generally in- 
creases somewhat on an approach to the coast-margin. Our deduction, however, 
leads moreover to a result with which we have hitherto been unacquainted. 
If we imagined ourselves going out to sea from the coast-margin, we found, 
in the case of the continent falling abruptly off towards the bottom of the ocean, 
that the acceleration out a t  sea will prove to be about as much diminished as it 
was increased a t  the same distance landwards. If we take into consideration 
the more or less steep incline of the continents towards the ocean depths, i t  
must still appear, as we go out farther from the coast, that the acceleration 
first decreases and falls below the normal, and then once more rises and 
approaches it farther out from land. The change upon land and out at  sea, 
however, will no longer taka place almost symmetrically in relation to the 
coast-line, as the slope of the negative land-masses by which, in the case of 
the sea, we can replace the continent in question, is in an opposite direction 
to that of the latter, since both land-masses together are to form a continuous 
shell all over the earth. 

The Fram expedition has been the first to give information as to what 
are the circumstances with regard to gravity out on the ocean. W e  have 
seen that the gravity is normal over the Polar Basin.: As already mentioned, the 
irregular, trembling motion in which the ice-masses might possibly have been 
during the observations, would only cause a shortening of the period of the pen- 
dulum employed, so that we may assume that the values found for the ac- 
celeration have not come out too small. In spite of this, however, one obser- 

11 
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vation, made on the 16th January, 1894, gives a noticeably too small value 
for the acceleration, the difference amounting to as much as 64 units in the 
5th decimal place. I assume therefore, that we may certainly take for granted 
that the acceleration a t  this place of observation is somewhat smaller than 
normal. I t  is true that only one pendulum was used: but the two observations 
taken accord very well. The Fram was then already out in the Polar Basin, 
as a little farther south, on the 21.4 December, 1893, the bottoni had not been 
reached at 2100 metres. But the vessel was not far from the coast-margin 
of the continent, for on November B th ,  1893, in 78" 39'. 7 N. Lat. and 138" 4Y 
E. Long., and on Pu'ovember 30th, 1893, in  78"41'.9 N. Lat. and 138'37' 
E. Long., the bottom was reached at  respectively 143 and 170 metres, while 
it was not reached at 250 m. on December 3rd, 1893, in 78"47'.3 N. Lat. 
and 138'8' E. Long. As the place of observation on January 16th, 1894, 
was in latitude 79"15'.2 N. and longitude 137'28' E., it will be seen that 
it was not farther from the coast of the Asiatic continent than about 60 km., 
the line where the rapid incline towards the ocean depths commences being 
considered as the coast-line. The incline here appears to be particularly steep, 
as the depth shows an increase of a t  least 2000 m. in a distance of 60 km. 
The incline would thus be 1 in 30 or thereabouts. The smaller value for the 
acceleration observed a t  the above-mentioned place seems therefore to accord 
well with the result a t  which we arrived above. It must be remarked that the 
acceleration was found normal on the following 16th March, 1894, in latitude 
79" 38'. 5 N. and longitude 135" IO' E. This place of observation, however, 
is fully 60 km. from the former one, and in such a direction that its distance 
from the coastmargin is about double. The difference, therefore, according 
to our explanation, should here be much less than a t  the first place. At all 
events, the acceleration in this case was found greater than it should have 
been according to the distance of the place from the coast-margin; but this 
cannot be brought forward as any incontestable objection to the correctness 
of the above result, since we cannot, as already stated, draw any certain 
conclusion from the fact that the acceleration has been found too great. I 
believe, therefore, that we may take it for granted that the observations in 
question are not a t  variance with the theory expounded above, but that this 
theory is directly supported by the observation of the 16th January, 1894. 
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We may convince ourselves of the correctness of the result arrived at  
above, by examining the course of the lines of force through the earth’s crust. 
If the masses in the earth’s crust had been so distributed that the density 
at equal distances from the surface had been constant, the lines of force 
would simply have run straight in along the radii to the places in question. 
This, however, is not the case, even under the simplified conditions under 
which we are here considering the matter. The density at a certain depth is 
not the same beneath ‘the continents as beneath the oceans. The lines of 
force, in consequence of this, will be deflected from their straight course 
during their passage inwards towards the inner nucleus. This deflection will 
take place, as we may easily convince ourselves, when the lines pass through 
a space in which the masses are unevenly distributed in directions at  right 
angles to them, and in such a manner that they will turn aside from those 
places where the density of mass is least, towards those where it is greatest. 
Instead of following the lines of force on their inward course from the surface 
of the earth through the earth’s crust to the inner nucleus, it will be pre- 
ferable to follow them in the opposite direction, as we may assume that the 
lines of force that reach the surface of the nucleus, are evenly distributed over 
it. W e  must recollect, however, in thus following the lines of force backwards 
in the opposite direction to their course, that their deflection will also be in 
the opposite direction to that mentioned above, so that the lines we are follow- 
ing d l  turn away from the places where the density is greatest towards 
those where it is least. 

We will now assume the surface of the inner nucleus to be divided into 
a number of equal surface-elements, and that through each element there 
runs a line of force. If the masses had been evenly distributed throughout the 
earth’s crust, these lines, as already mentioned, would have been produced 
through it as right lines, so that equal surfaces of the outer surface would 
be intersected by an equal number of lines of force all over the earth. The 
masses, however, as we know, are unevenly distributed, and on an average 
the density a t  greater depths than that of‘the bottom of the ocean is somewhat 
less beneath the continents than beneath the oceans. The consequence of 
this is that the lines of force rising from the surface of the inner nucleus along 
the border of the base of the continents, must converge under the latter, so that 
the space under the continents will be more and more filled with tines of 
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LINES OF FORCE 
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force the higher they rise, while on the other hand, the lines of force in the 
space beyond, under the ocean, will be thinned out \(see fig.). This holds 
good until the level of the ocean bottom is reached, when the density 
becomes greatest on the side of the continents, and the difference of density 
is considerably greater than below. As a consequence of this, the lines 
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of force are obliged to turn back towards the oceans again, und that 
more rapidly than they had turned in under the continent. On account of 
the inconsiderable depth of the oceans as compared with the thickness of the 
earth’s crust, however, this turning back is not so complete as to cause a 
regular distribution of the lines of force over the outer surface of the earth. 
The lines of force will therefore be crowded rather more closely together on 
the continents, along their boundary or towards the coast-line; while immedi- 
ately outside this, on the ocean, they will lie farther from one another than 
the normal distance. An endeavour to illustrate these conditions is made in 
the accompanying figure. 

If we now consider a tube of force issuing from the outer surface, and 
terminating in one of the surface-elements into which we have imagined the 
surface of the inner nucleus to be divided, it is evident, since the lines of 
force, according to the above, lie somewhat closer together than normally 
just within the coast-line of a continent, that this tube of force will cut 
off from the free surface an element somewhat smaller than it would have 
been had the lines of force been normally distributed over the free surface, 
arid the acceleration been normal in consequence. The reverse will be the 
case if the tube of force intersects the free surface somewhat beyond the 
coast-line out on the ocean. According to our explanation on page 69, the direct 
consequence of this will be that the acceleration must be rather greater than 
normal on the continents in the neighbourhood of the coast-line, and somewhat 
less than normal out on the ocean a little beyond the shore, as we have 
demonstrated above. 

We have assumed above that on an average there are equally large 
masses over equal elements of the surface of the inner nucleus. If we imagine 
that there is an equilibrium of pressure upon this from the outer crust, the 
result arrived at  above will not be altered in any degree worth mentioning. 
In order to satisfy this new condition, we need only, as regards the continents, 
add a t  sea-level a stratum of rock about 50 m. thick, to the masses we have 
considered above. 

As regards the oceanic islands, the increased attraction on them is easily 
explained, whether we imagine the masses of which they are formed to repre- 
sent actual surplus mass, or assume - which seems the more reasonable - 
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that in this case also, the masses are to a greater or less extent compensated 
by deficiencies of mass in the depths below. On account of the small extent 
of the islands, the acceleration must nevertheless show a considerably greater 
increase here than along the continental coastmargin. 

CHRISTIANIA. July 1900. 

0. E. SCHIQTZ. 



SUPPLE M E N T. 

On page 58, mention was omitted of the fact, that the period of the pen- 
dulum may be somewhat altered by an imparted oscillation of the support. 
As this was of course not forgotten in treating of the observations, the fol- 
lowing considerations may be inserted here. 

W e  will first consider the observations that were made out on the ice 
between the 8th and the 11th June, 1895. As mentioned on page 32, the iron 
cross on which the pendulum apparatus was placed, was in immediate contact 
with the ice. This was effected by scraping away the snow from the floor 
of the snow hut in which the observations were made, until homogeneous, solid 
ice was reached, when the iron cross was laid upon it. The cross became 
h l y  attached to the ice, and was so steady that the position of the level 
of the pendulum apparatus remained almost unchanged from day to day 
during the time that the observations were being made. Lieut. Scott-Hansen 
also \notes it as his impression that this setting up of the instrument was 
the steadiest during the whole expedition. As the pendulum apparatus stood 
immediately upon the floor of the hut, Scott-Hansen had here, too, to carry 

out his observations in a recumbent position. The ice at that time being 
depressed by the surrounding snow-drifts, water continually penetrated in to 

the hut, and kept the floor wet, so that it was necessary now and then to 
remove the water by throwing dry snow into it, and then shovelling away the 
slush. It afterwards appeared that the floor of the snow-hut was rather below 
the level of the sea; for immediately after the observations were terminated, 
the ice cracked right across it, and the water rose to such a height, that if 
the apparatus had been in position, the bob of the pendulum would have 
been a few centimetres below the surface of the water. 
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I assume from the foregoing, that as far as these obseivations are con- 
cerned, there is no fear of any simultaneous movement other than those 
imparted to the pendulum-stand itself, and these will increase the pendulum’s 
period of oscillation in the same manner wherever the apparatus is set up. 
These observations may therefore safely be compared with those made in 
the observatory in Christiania, where the pendulum apparatus was set up on 
the iron cross in a window-recess in the thick brick wall. 

This I also assume must be the case with the observations taken in the 
saloon of the Fram. In the first place, it may be remarked that the ship 
a t  that time was frozen into the ice, and may thus be considered as 
forming a part of the ice-covering.! In the saloon, the apparatus, as 
the drawing on page 4 shows, was set up in such a manner that the 
pendulum swung across the ship, and consequently at right angles to the 
planks of the floor, but parallel with the beams beneath them. As may be 
seen from the plates accompanying Colin Archer’s description of the Fram I, 

there is a beam beneath the floor between the doors of the doctor’s and 
Sco tt-Hansen’s cabins. According to the above-mentioned drawing on page 4, 
the apparatus has stood above this beam during the observations. In 
order to give the ship the necessary strength to resist the pressure of the ice 
from the side, there were fitted under every beam in both decks, strong diagonal 
stays, placed nearly a t  right angles to the side of the ship, and securely fastened 
to the side and to the beam with wooden knees. The subjoined drawing 
from Archer’s description2, shows the relative position of the parts in a 
section through the ship a little in front of the saloon. 

The width of the saloon between the two cabins mentioned above, accor- 
ding to Archer’s drawing, is 3.4 metres. The distance between the pendulum 
apparatus and the coincidence apparatus differed a little in the different 
observations, varying from 1932 to 2268 mm. The centre of the pendulum 
apparatus was therefore between 60 and 70 cm. from the nearest wall, which 
connected the upper and middle decks, and separated the cabins from the saloon. 
If we take into consideration this fact, and also that the pendulum apparatus 
was in direct contact with the floor, and immediately over one of the beams, 

The Norwegian North Polar Eqedi twn 1893-1896, Scicrrtipc BeeuUs, &ited by 
F. Namen. Vol. I. I, COLIN ARCHER, The Fram; PI. 11, figs. 1 & 2 

a 1. c., P1. 11, fig. 4. 
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so that the plane of oscillation was parallel with the longitudinal direction of 
the beam, and further, the solid construction of the ship, I take it that the 
simultaneous movement of the substratum may he assumed to have been 

trifling, and mainly confined to oscillations of the pendulum apparatus itself. 
It is true that Scott-Hansen remarks that the level moved when he ap- 
proached the apparatus from various sides, but only very slightly; and he 
also states that from the coincidence apparatus, he could approach sufficiently 
near to observe the level, and see that it did not move at his approach.’ 

I t  seems to me that the correctness of the above assumption is corrolo- 
rated by the observation made on the ice on June 8th, 1895, for this, as the 
table on page 60 shows, leads to a result exactly similar to that of the 
observations made in the saloon, if we except those of January 16th, 1894 
and 1896. I t  is true that on the day in question (June 8th, 1895) only one 
observation was made with the one pendulum 34; but nevertheless it seems 
unlikely that the accordance should be due to chance. It may also he men- 
tioned that among the observations made on the loth,  June-following, out 
on the ice, there is one with pendulum Ba, that gives far too large a period 

1 On page 41 an error has slipped in, where, instead of “two men . , walked . . across 
the floor, causing a movement in the level as they passed near the apparatus”. it should 
read ’ . . ~ 0 8 s  the floor. &&-Hamen 8tccfss thd movement is percept& in the 
Zed when ha wosm ule floor in tha mighbourhood of the appcrrobue”. 

9 On page 54, the period is wrongly given as 0.5056139. It should be 0.5056189, as 
calculated on page 35. 
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- more than 200 units in the 7th decimal place - as compared with the 
others determined on that day. The observation in question was the first 
made in the evening when the observations were resumed after an interval 
of about 3 hours. The disagreement may therefore possibly be explained 
by assuming that the imperceptible trembling movements in the ice-covering 
had gradually subsided during the time of repose, but that the motion recom- 
menced when this observation was completed, and continued with increasing 
violence through the night and day following. If this explanation is correct, 
this observation with pendulum 33 should about correspond with the obser- 
vation made on June 8th with pendulum 34, as the results also seem to 
indicate; for if these two observations are combined, they give as the 
value for the acceleration, 983131, while the second observation alone gives 
9.83136 (see p. 60). 

In accordance with the above, I have, in the preceding calculations, started 
with the assumption that no appreciable error will be committed by leaving 
out of consideration possible simultaneous movement in the substratum of 
the pendulum apparatus. 
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