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IV. MAGNETIC OBSERVATIONS OF THE "SCOTIA," 1902- 1904. 

CONTENTS. 

Introductory remarks, by Dr. O. OURU, F.R.S •. 

Notes, by Mr. R. C. MOSSIIAN, F.R.B.E. . . 
Discussion of the observations, by Dr. CHREE 

§ 1. :Nature of observations. • • . . 
§ 2. Declination. Absolute observa.tions 
§ 3. Inclination. Absolute observations 
§ 4. Horizontal force. Absolute observations. 
§§ 5 and 6. Diurnal variation of declination 
§ 7. Fourier series. • • . • . . . . . 
§ 8. Comparison with Pawlowsk • • . . . 
§ 9. Absolute declination for epoch January 1, 1904 

INTRODUCTORY REMARKS. 

Pages 
181 
181 
184 
184 
184 
184 
184 
185 
186 
186 
186 

AN account of the site where the magnetic observations. were taken, and various historical details, will be 
found in the following notes by the observer, Mr. R. C. MOSSMAN, F.R.S.E. 

Accompanying the note is a Map of Laurie Island, showing the position of the magnetic hut 
(Copeland Observatory), also two Plates, of which Plate 20 shows the position of the hut in relation to the 
central cairn and house; Plate 21, fig. 1, shows the taking of preliminary observations on the site of the 
future hut, and, fig. 2, plan showing the positions of the magnetic instruments inside the hut when in use. 

The instrum"ents were compared with the standard instruments at Kew before the expedition set sail, 
and gave satisfactory results. 

c. C. 

NOTES ON THE MAGNETIC WORK OF THE EXPEDITION. 

BY 

R. C. MOSSMAN, F.R.S.E. 

The Scottish National Antarctic Expedition was equipped with the primary object of engaging in 
Hydrographical, Biological and Meteorological investigation in tke Antarctic area known as the Weddell 
Sea. The expedition was not fitted out to prosecute magnetic work, but oceanographical research on the 
lines of the" Challenger," "Valdivia" and other deep-sea expeditions, which work was to be carried on in 
high southern latitudes within the limits of floating ice. The ship was in no way suited for the taking of 
magnetic observations at sea, there being no specially constructed non-magnetic area, as in the case of the 
"Gauss" and the" Discovery." Besides this, the heavy trawling and other gear made it almost impossible 
that this should be the case. Further, it was foreseen at the outset that even if it had been possible to 

have a non-magnetic area, to carryon deep-sea work and magnetism was incompatible. Our magnetic 
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equipment was accordingly restricted to a portable Magnetometer of the Kew pattern, made by the 
Cambridge Scientific Instrument Company, and a Barrow Dip Circle No. 24, kindly lent by the National 
Physical Laboratory,· This circle was fitted with Lloyd needles for the taking of the Total Force, but at 
a very early stage the axle of the Statical needle was injured, putting a stop to further observations. No 
Variometers or systems of self-recording instruments were taken, as it was thought very unlikely that 
suitable winter quarters would be found in the far south. In July, 1902 (not having had any previous 
training in magnetic observations), I attended the usual three weeks' course of instruction at Kew 
Observatory, and in September, through the kindness of the late Professor COPELAND, Astronomer Royal 
for Scotland, engaged in a few days' practice at the Royal Observatory, Edinburgh. 

At Port Stanley, Falkland Islands, enough wood and copper nails were taken for the construction of a 
small hut, in the event of a wintering station being establishe~. The" Scotia" left Port Stanley on 
January 26, 1903, and after a cruise of 5364 miles, of which 4400 were in entirely unexplored seas, 
anchored in Scotia Bay, Laurie Island, South Orkneys, on March 25. 

Immediately after our arrival a site was picked out for a house, meteorological station and the magnetic 
hut. The position selected was on a narrow beach, about 300 yards across, that here divides the north 
from the south side of the island, the distance from the ship being about 500 yards. On the 30th a 
temporary tent was rigged up for the taking of some preliminary magnetic observations, and on this site 
the hut was erected, and was named Copeland Observatory. The dimensions of the hut were 7 feet long 
and 5 feet broad, while the height of the roof varied from 6 feet 6 inches to 7 feet. It was entirely 
covered with canvas and painted, and was supported for half its height by a wall composed of stones 
without mortar. The door was situated on the north side, and there were two windows, one towards the 
east, the other, for viewing the distant mark, facing south. These windows were protected by sliding 
shutters on the outside. 

The" distant mark," to which the declination observations were referred, was situated 300 yards south 
of the hut, and was a portion of the rocky face at the base of "Church Hill." It was painted red, with a 
white bull's-eye, but owing to the frequency with which it became snowed up, and the labour involved in 
digging it out, a stout post, about 8 feet high, was firmly fixed in· position and used during the greater 
part of the winter. In order to guard against the possibility of this post shifting, an occasional check 
observation was taken on a fine day, outside the hut, the equivalent of a mark being obtained by observing 
a sun transit. 

There was no concrete pillar for the instruments! which were placed on a brass triangle supported by a 
wooden tripod. Owing to the small size of the hut, it was necessary to change the position of the tripod 
so as to be able to make the various observations. Thus there was one position for the dip, another for 
the deflection series, and a third for the vibration and declination. The legs of the tripod, in the case of 
the dip observations, fitted into wooden V's screwed into the floor of the hut. In the other observations 
two of the three legs were kept in position by V's, while the place for the third, which rested against the side 
of the hut, was indicated by an arrow marked immediately in front of it (see Plate 21, fig. 2). In the 
declination observations the same leg of the tripod always pointed to the south. In the dip series the bar 
magnets were placed on the snow about 30 feet north of the hut. As far as possible all knives, keys, and 
other articles liable to invalidate the observations were removed from the hut. The chronometer, by 
HUGHES, was always kept in the hut, and its rate, which was remarkably steady, was checked as· often as 
possible by the method of "equal altitudes." The structll!e was heated by a small copper lamp, which was, 
however, not very effective, the temperature in winter rarely rising to zero Centigrade. In the taking of 
the observations the lamp was usually lit from one to two hours before the series were commenced, and 
the magnets, dip needles and chronometer freely exposed, so that they might have time to· get into thermic 
equilibrium with their surroundings before beginning the observations. During the first month or two 
little was done. the observations being prosecuted under many difficulties. A good deal of trouble was 
occasioned by the absence of a slow-motion screw in the vibration magnet, so that it was a troublesome 
matter to set the axis horizontal. In the preliminary adjustments the screws for clamping the magnet in 
its stiITUP got overwound, and for some time the magnet had to be balanced in its stirrup at practically 
every observation, while a further sOurce of annoyance was due to the frequent breaking of. the torsion 
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thread. Another disturbing effect was due to the unfavourable climatic conditions. On several occasions, 
for example after a silver thaw, i.e., rain falling with a temperature below the freezing-point and 
congealing as it fell, it would' take over an hour to get into the hut, which would be plastered on the 
weather side with solid ice over an inch thick. This had to be carefully cut away from the door and 
windows, so as to avoid injuring the woodwork. Inside the hut further difficulties had to be overcome. 
The instrument would often be found encrusted with ice spicules requiring thawing out. This effected, 
and everything in wo:r:king order, the rattling of torrents of drift on the roof and sides was at times so 
great that the beats of the chronometer about two feet off could not be heard, thus making the time of 
vibration unsatisfactory, while in the deflection series the mirrors would become covered with ice resulting 
from the freezing of the moisture generated by the observer's breath. Frequently from one of these 
causes the first or second portion of ,the observations could not be completed. 

During the winter Dr. W. S. BRUCE, leader of the expedition, gave me every opportunity for the 
prosecution of magnetic work, and that more was not effected was largely due to the causes already 
referred to. In September, October and November sledge parties were in the field, and a good deal of my 
time was occupied in the routine associated with the taking of the hourly meteorological observations, 
which precluded any systematic series of magnetic measurements. On November 27, immediately after 
the break-up of the ice, the" Scotia" left for Buenos Aires to refit, leaving a party of six to continue the 
work during the summer. The summer party were accommodated in a stone house, situated 140 yards 
west of ~he observatory, so that it was now possible, owing to its proximity and to the better weather, to 
make a more extended series of observations, which include hourly readings of declination on 20 days. 
In taking this set, I was ably assisted by Mr. WILLIAM MARTIN, General Scientific Assistant. On the 
return of the "Scotia," on F~bruaJ'y 14, the station was taken over by the Argentine Meteorological 
Office, and the meteorological and magnetic observations were carried on under my direction till the end 
of 1904, the work being still continued under the auspices of the Argentine Government. 

The South Orkneys are a small group of islands situated between 60° and 61 ° S., and 44° and 47° W., 
about 700 miles S.E. by E. of the Falkland Islands, and about 250 miles E. of the nearest islands of the 
South Shetlands. The group consists of two large islands-Coronation and Laurie Island-and numerous 
smaller ones. The two large islands are separated from one another by two small islands and Washington 
and Leethwaite Straits. Laurie Island, although its greatest length is in an KN.E. and W.S.W. direction, 
consists of numerous peninsulas and steep and lofty mountain ranges running in a general N. W. and S.E. 
direction. The length of this island is about 12 miles, its maximum breadth 6 miles, and its area fully 
30 square miles. Coronation Island is 35 miles long, but as no detailed survey has been made, particulars 
regarding its area cannot be given. The central cairn is approximately in latitude 60° 43' 42" S. and 
longitude 44° 38' 33" W., this cairn being 79 feet west of Copeland Observatory. 

The islands, it may be said, are largely composed of fine-grained greywacke of a bluish or greenish 
colour. Varieties of the weywacke are, found, such as conglomerates, slate, and patches showing gneissic 
banding and folding. In one situation regular beds of shale were found alternating with layers of grey­
wacke. The islands are thus composed of sedimentary rocks, and nothing was found to produce local 
disturbances in the magnetic elements through the presence of iron or other minerals. * It may be 
remarked that. the islands rise very suddenly out of deep water of about 2000 fathoms, and that the 
bathymetric gradient is steeper on the north than on the south side of the islands. (See W. S. BRUCE 
" Bathymetrical Survey of South Atlantic Ocean and Weddell Sea," 'Scot. Geog. Mag.,' August, 1905.) 

• See" On the Graptolite.bearing Rooks of the South Orkneys,"_ by J. H. HARVEY PIRIB, B.Sc., • Proc, Roy. Soc., Edin.,' 
vol. xxv., pp. 463-470. 
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DISCUSSION OF THE MAGNETIC OBSERVATIONS. 

BY 

DR. C. CHREE, F.R.S. 

§ 1. The observations taken by Mr. MOSSMAN in Laurie Island, South Orkneys, were reduced by the 
staff of the Observatory Department of the National Physical Laboratory. They consisted of. absolute 
observations of declination, inclination, and horizontal force, made between May, 1903, and February, 
1904, and of hourly readings of declination during ten days in December, 19.03, and ten days in 
January, 1904. 

§ 2. Declination.-The observations were taken with a Unifilar Magnetometer No.2, by the Cambridge' 
Instrument Company, the absolute observations being always made with the scale both erect and 
inverted. The readings were referred to a distant mark, described in Mr. MOSSMAN'S notes, whose 
azimuth relative to the geographical meridian was determined by a number of sun transit observations. 
The sun observations were reduced at the Argentine Magnetic Observatory at Pilar, the mean value 
obtained for the azimuth of the mark from ten observations being 90 15' west of north. The conditions 
under which the sun observations were taken were not very favourable, and individual determinations of 
the azimuth of the mark differed by a few minutes of arc; the mean result, however, should not possess a 
large probable error. 

Table I. gives the date and the mean (local) time of the individual observations, as well as the resulting 
values of the declination. The observations on June 15, and July 2,3 and 12, appear abnormal, and have 
been omitted in forming the monthly means. No attempt has been made to allow for the diurnal 
variation. The observations were made, with few exceptions, between 11 a.m. and 7 p.m.,. and, as we 
shall see later, easterly declination was above the mean during this portion of the day, at least near mid­
summer. Thus the correction to the mean value for the 24 hours would almost certainly cause a reduction 
of the figures in Table I. in the great majority of cases. The diurnal range, however, as we shall see 
later, is not large even at midsummer, when it is us~ally about its maximum, and the corrections that 
remain to be applied to the monthly means in Table I. would probably, in most cases, not exceed 2 or 3 
minutes of arc. The absolute observations themselves would suffice to show that the range of declination 
is not large, for, excluding the four observations already mentioned as doubtful, we have for the largest 
and smallest of 40 observed declinations 50 35" 6 and 50 24' . 4 respectively, the difference being 
only 11"2. 

If we assign to May 31 the mean 5° 33'· 6 of the monthly means for May and June, and to January 31 
the mean 50 29" 0 of the monthly means for January and February, we obtain a decrease of 4" 6 in eight 
months, i.e."of 6'· 9 in the year. There may, however, be a considerable annual period (i.e., a regular 
change whose period is 1 year), and there are other sources of uncertainty, so that much weight cannot be 
assigned to this estimate of the rate of secular change. 

§ 3. Inclination.-The observations of inclination were made with the Barrow Circle No. 24, having two 
needles, Nos. 1 and 2. On most occasions observations were made with both needles. The results from 
the two needles did not differ much, but on the average the inclination obtained with No. 2 exceeded that 
obtained with No. 1 by 0" 53. On the few occasions whe:n observations were made with No. 1 only, an 
imaginary mean for the two needles has been obtained by adding 0'· 3 to the result obtained. 

Table II. gives full particulars of the individual observations. The monthly means and the mean for 
the whole series are based on the mean results for the two needles. The mean values obtained for July 
and August are lower than those for either the earlier or the later months, and no deduction seems 
possible as to either the secular change or the diurnal variation. 

The difference 9" 7 between the extreme values 540 35" 3 and 540 25" 6 is, relatively considered, very 
considerably larger than the corresponding difference in the case of the declination. 

§ 4. Horizontal Force.-Table III. gives particulars of the observations of horizontal force H. On SODle 
occasions the interval elapsing between the vibration and deflection experiments was a little long. In 
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reducing the observations, a mean value was applied for P in the formula 2mr-s (1 + Pr-2 ••• ), expressing 
the deflecting force at distance r due to a magnet of moment m. In calculating this mean value, the 
observations of June 3, 9 and 15, July 4 and 22, and December 17, 1903, and that of January 26, 1904, 
were omitted, as the differences between the results from the two deflection distances (30 and 40,centims.) 
on these occasions were clearly abnormal. The table gives the values of H for each observation and the 
mean derived from the observations in each month; it also gives the values deduced ~rom the individual 
observations for the magnetic moment, m, of the collimator magnet at 0° C. The small variability in the 
values deduced for m is a marked tribute to the care with which the observations were taken. Another 
gratifying feature is the constancy of m from beginning to end of the observations. Though in regular 
use for eight months, the magnet shows no certain loss of magnetic moment. 

The observations were taken at somewhat variable hours. Afternoon hours prevailed, but the mean 
hour of observation would vary considerably for the different months. No direct observations were made 
of the diurnal change of horizonta.l force, and an attempt to get a general idea of its character by grouping 
the data according to the hour of observation led to results which were too irregular to inspire confidence. 
If the diurnal variation had been large, the method adopted could hardly have failed to ~ndicate it clearly. 
The fact that the variations, whether regular or irregular, were not very large is fairly obvious· from the 
observations themseJves. If we omit the observation of June 3, which presented some abnormal features, 
individual values of H varied only from O' 25655 to O· 25754. A range of 99)' from 36 observations is not 
compatible with numerous large disturbances. We may conclude that whilst appreciable corrections, 
differing slightly from month to month, are probably required to reduce the monthly means in Table III. 
to the mean value for the 24 hours, the uncertainties are still comparatively small. The monthly means 
suggest, on the whole, that the horizontal force is decreasing, but no great weight attaches to this 
conclusion. 

§ 5. Diur'fl4l Variation of Declination.-Hourly readings were taken of the collimator magnet of the 
Unifilar Magnetometer, with scale erect, throughout four periods each of five days. The periods 
commenced and ended with midnight, their dates being December, 1903, 6 to 10 and 21 to 25, and 
January, 1904, 4 to 8 and 19 to 23. Throughout each period the setting of the azimuth circle remained 
unaltered, the observer simply noting the scale division of the magnet. Table IV. gives the hourly 
readings as recorded in scale divisions, 1 scale division representing an angle of I" 80. The table also 
shows the ranges for each day, uncorrected for non-cyclic change, both in scale divisions and in minutes of 
arc, and, finally, the hours of occurrence of the principal maximum and minimum. There is one feature in 
Table IV. that wiII appeal to everyone familiar with magnetic data, and that is the remarkable absence of 
disturbance. During the whole twenty days the daily range did not fall below 5'· 9 nor rise above 11" 3, 
the arithmetic mean derived from all the days being 8" 7, and this mean value being exceeded on nine of 
the twenty days. The hour of the principal maximum occurred once at noon and four times at 1 p.m.; 
on the other fifteen days it occurred either at 2 p.m. or 3 p.m. The hour of minimum was more variable, 
this turning point being seldom very clearly marked. 

§ 6. Table V. shows the mean diurnal inequality derived from each five-day period, the results being 
uncorrected for non-cyclic change, and also the mean diurnal inequalities corrected for non-cyclic change 
for the ten December, the ten January, and the whole twenty days. The results are all in minutes of arc. 
The ranges and the hours of occurrence of the principal maximum and minimum are also recorded. The 
inequality for the whole twenty days was derived independently of those for the two ten-day periods, and 
the non-cyclic corrections to the three sets of figures were also applied independently. As the reductions 
were not carried beyond 0"01, there is naturally at some hourS'" a difference between the twenty-day 
inequality and the arithmetic mean of the ten-day inequalities in the last figure retained. 

The diurnal inequality for the whole twenty days is shown graphically in fig. 1, p. 187. For a curve 
based on only twenty days' observations it is, on the whole, extremely regular. There is clearly a little 
irregularity between 4 a.m. and 9 a.m. This arises from the variability in the hour of the minimum, which 
leads to the curve being abnormally flat. There is a nearly stationary part of the curve from 8 p.m. to 
11 p.m., and possibly observations for individual months derived from a series of years might show a 
poorly developed secondary maximum and minimum, an hour or two apart, in the late evening. 

2 B 
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§ 7. The" midsummer" diurnal inequality in Table V. was analysed in a Fourier series, the formula 
obtained being 

2'· 71 sin (t+ 213°· 3) + 1"51 sin (2t+ 451' '1) + 0' '55 sin (3t + 183°· 8) + 0" 30 sin (4t+ 4° '0): 

Here t denotes time counted from local midnight, an hour being taken as equivalent to 15°.' 
The corresponding formula for summer (May to August) at Kew {lat. 51 ° 28' N.)-from an eleven-year 

period for quiet days was 

3' '19 sin (t+ 214° '8) + 2' '50 sin (2t+ 52°'4) + l' '01 sin (3t+ 241 0. 4) + 0' '12 sin (4t+ 39° '9). , 

The phase angles in the two cases differ but little, except in the case of the eight-hour term, and even there 
the difference represents less than one and one-third hours of time. The twelve-hour and eight-hour terms 
are less important relatively to the twenty-four hour term at Laurie Island than at Kew. Absolutely 
considered, the twenty-four, twelve and eight-hour terms are all smaller than at Kew. 

§ 8. In considering the absolute size of the diurnal changes, it is fairer to compare Laurie Island -with 
some northern station nearer its own latitude. Pawlowsk (59° 41' N. lat.) seems- the most suitable. 
Taking arithmetic means from the" all" day results for June and July, 1903, at Pawlowsk, we have the 
following comparative data for midsummer :-

Range from Mean of daily 
mean ranges 

diurnal inequality, from hourly readings, 

, , 
Laurie Island 7'40 8'65 
Pawlowsk 10'98 12'21 

According to these figures Pawlowsk has a regular diurnal inequality range 48 per cent. larger than 
that at Laurie Island, and individual daily ranges (from hourly readings) at the former station are on the 
average 41 per cent. larger than at the latter. The magnetic force, however, to which diurna,l changes 
may be ascribed would seem to be fairly similar at the two places. The. force required to cause a 
declination movement of l' varies directly as the intensity of the horizontal force at the station, and the 
horizontal force at Laurie Island is about 55 per cent. larger than that at Pawlowsk. 

§ 9. On the days preceding and succeeding each of the five-day periods, observations were tak~n of the 
bearing of the distant mark, and 'also of the circle reading, when the centre or some definite division of the 
magnet scale coincided with the vertical wire in the telescope. Assuming the mean from the. two readings 
of the mark-allowance being made for its known azimuth-to represent the bearing of true north during 
the five-day period, and allowing for the difference between the centre (or other definite' division) of the 
scale and the mean scale reading derived from all the hourly observations of the period, one obtains what 
would be the mean value of the declination for the period if there were no difference between the readings 
of the magnet with scale erect and inverted. Allowing suitably for the difference between the erect and 
inverted readings, one obtains the true declination, the diurnal variation being eliminated. The values 
thus obtained for the declination during the four five-day periods were as follows ':-

Period, 
I 

Declination East. 

0 , 
December 6 to 10, 1903 5 27'7 

" 21 " 25, 1903 5 26'9 
January 4 " 8, 1904 5 26'5 

" 19 " 23, 1904 5 25'1 

The mean of the four, viz., 5° 26" 6, may be accepted as a close approximation to the true value of the 
declination at Laurie Island for the epoch January 1, 1904, always assuming that the value accepted for 
the azimnth of the distant mark was satisfactory. 



187 

+.5' +5 ...-. 
I ;" " / \ """E +4 

I / \ 
1~ +~ 

, / \ +z 
/ \ +z 

, / 1\ +1' I '\ 
+1 

o I ......., 
........ 

I 
0 

..,~ 

,""""'" "- / -I' ..... , ) 
-1 

, "- / 

" ,..-'" -2 
~ 

-2 

./ , 
5 

oHourI .Z 3 4- 5 6 1 8 9 10 II Noon I Z ~ 4 5 6 7 8 9 10 n Mid n't. 
Fig. 1. Easterly declination, midsummer, at Laurie Island,-Diurnal inequality, 

TABLE I.-Declination. 

Date. Hour. Declination Date. Hour. 
I 

Declination 
East. East. 

1903 h.m. 0 I 1903 h.m. 

I 
0 I 

May 23 3 12 p.m. 527'6 October 31 7 22 p.m. 5 33'1 

" 
28 3 14 

" 
5 34'1 

I 
29 1 51 5 33'9 1903 h.m. 0 I 

" " 
" 

29 2 35 
" 

5 33'1 November 2 443 p.m. 5 32'8 

" 
29 2 59 

" 
5 33'0 

" 
11 I 430" 

5 31'0 

" 
30 10 7 a.m. 035'6 --

-- Mean for November 5 31 '9 
Mean for May 5 32'9 

1903 h,m. 0 I 

11)03 h. m. 0 I December 1 3 51 p.m. 5 30'3 
June 4 11 46 a.m. 5 33'9 

" 
2 5 38 

" 
5 25'6 

" 
5 2 27 p:m. 5 34'9 

" 
4 3 3 

" 
5 32'0 

" 
10 " 12 10 

" 
5 34'2 

" 
11 240 

" 
5 29'3 

( 
" 

15 2 27 
" 

5 42 '6) 
" 

17 12 o noon 5 30'1 
--- " 

18 5 45 p.m. 5 27'8 
Mean for June 5 34'3 

" 
20 6 4 

" 
5 2\)'8 

" 
28 424 

" 
527'6 

1903 h.m. 0 I 

" 
30 11 55 a.m. 5 31'0 

(July 2 2 15 p.m. 5 13 '2) --
( 3 2 38 5 12'7) Mtan for December 529'3 

" " ( 
" 

12 2 43 543'8) 
'18 11 9 a.~. 531'4 1904 h. m. 0 I 

" 
" 

22 11 34 
" 

5 26'3 January 3 10 18 a.m. 5 24'4 

" 
23 3 9 p.m. 5 31'9 

" 
9 2 25 p.m. 5 33'7 

" 
25 2 43 5 27'8 

" 
18 3 14 

" 
5 28'1 

" 
26 9 43 a.~. 5 30'4 

" 
25 220 

" 
5 29'0 

" 
29 3 18 p.m. 5 33'6 --

-- Mean for January 5 28'8 
Mean for July 5 30'2 

--~ -------- 1904 h.m. 0 I 

1903 h.m. 0 I February 11 2 35 p.m. 5 29'7 
August 14 334 p.m. 5 28'5 

" 
13 11 35 a.m. 5 28'6 

" 
18 2 14 

" 
5 33'2 --

" 
26 11 52 a.m. 5 35'3 ~ Mean for February 5 29'2 

--
Mean for August 532'3 

1903 h.m. 0 I 

September 9 5 32 p.m.. 5 30'6 

" 
10 4 25 

" 
5 29'2 Mean of monthly means 5 31'2 

" 
22 5 14 

" 
5 32'0 

" 
24 3 12 

" 
5 30'3 

I 
--

I Mean for September 5 30'5 

2 B 2 



188 

TABLE H.-Inclination (South). 

Date. Mean time. Needle 1. Needle 2. Mean. Monthly mean. 

1903 h.m. 0 , 0 , 0 , 0 I 

May 1 3 56 p.m. 54 30·8 - 54 31·1 } 5432·1 

" 
3 11 18 a.m. 54 34·8 54 31·4 54 33·1 

June 6 2 48 p.m. 5433·2 - 5433·5 } " 
9 11 29 a.m. 54 36·7 54 33·8 5435·3 54 32·9 

" 
25 1 48 p.m. 54 28·4 54 31 .J. 54 29·8 

July 24 1 30 
" 

54 26·0 5430·1 5428·0 } " 
2S 11 55 a.m. 54 30·6 - 5430·9 5428·9 

" 
31 2 4S p.m. 5427·6 5427·S 54 27·7 

August 13 2 28 
" 

5427·9 5426·9 5427·4 } " 
14 11 35 a.m. 5427·0 54 24·9 5426·0 54 26·3 

" 
20 3 50 p.m. 5425·3 - 54 25·6 

September 6 3 25 
" 

5432·0 5431·S - 54 31 ·9 

November 9 5 46 " 
54 32·0 54 33·1 5432·5 } 54 30·7 

" 
17 4 25 

" 
542S·6 5429·5 54 29·0 

December 2 12 7 " 
542S·8 54 32·0 54 30·4 } " 

4 5 38 
" 

54 30·6 5432·9 5431·8 5431·5 

" 
18 3 6 

" 
54 eO·9 5429·S 54 30·3 

" 
30 5 22 

" 
54 31 ·9 54 35·1 5433·5 

1904 
Jo.nuary 1 2 25 

" 
54 32·S 5433·9 54 33·3 } " 

13 3 46 
" 

5432·1 54 30·3 54 31·2 5431·4 

" 
26 4 1 

" 
54 30·0 54 31·0 54 30·7 

" 
29 3 35 

" 
54 28·9 54 31·6 54 30·3 

February 6 3 58 
" 

54 30·0 54 29·5 54 29·8 } 5429·5 

" 
12 11 15 a.m. M 28·8 64 29·6 5429·2 

Mean of monthly means 54 80·6 

_.-
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TABLE III.-Horizontal Force. 

Mean time of 

Date. H. m. Monthly means, 
H. 

Vibration. Deflection. 

1903 h. m. h. m. 
Ma.y28 10 36 a.m. 11 46 a.m. 0'25i44 772'4 0'25744 

June 3 33"' p.m. 2 12 p.m. 0'25812 771'6 '\ 
I 

" 
4 2 7 " 

3 45 
" 

0'25715 771'5 

~ " 
5 2 4 

" 
11 50 a.m. 0'25677 771'3 

" 
9 3 37 

" 
2 54 p.m. 0'25728 773'3 0'25726 

" 
12 11 52 a.m. 2 55 

" 
0'25718 771'3 

" 
15 Not noted 12 11 

" 
0'25686 772'7 I " 

26 11 41 a.m. 2 23 
" 

0'25737 772'6 

" 
27 12 0 noon 2 21 

" 
0'25738 771'8 J 

July 4 11 55 a..m. 250 
" 

0'25706 771'3 

} " 
22 11 19 

" 
12 47 

" 
0'25744 772'6 0'25719 

26 { 10 42 
" } 2 16 0'25706 770'8 

" 11 3 " " 
August 15 2 35 p.m. 3 24 

" 
0'25686 771'8 "\ 

" 
17 3 49 

" 
3 7 " 

0'25725 771'& I 
" 

18 1 57 
" 

4 1 
" 

0'25698 771'0 

J 
0'25699 

" 
19 3 10 

" 
11 27 a.m. 0'25710 771 '9 

" 
26 2 14 

" 
3 22 p.m. 0'25674 770'8 

September 10 417 
" 

3 38 
" 

0'25689 771'0 } " 
12 344 

" 
2 69 

" 
0'25692 771 '4 0'25708 

" 
24 3 39 

" 
640 

" 
0'25754 773'3 

" 
24 4 36 

" 
540 

" 
0'25696 771'6 

November 2 646 
" 

8 13 
" 

0'25678 771'2 } " 
11 12 22 

" 
11 15 a.m. 0'25658 772'4 0'25672 

n 19 1044 a.m. 12 22 p.m. 0'25682 772'4 

" 
30 3 22 p.m. 3 50 

" 
0'25671 771'5 

December 2 5 20 
" 

4 12 
" 

0'25iOO 771'2 

1 " 
4 2 47 

" 
4 0 

" 
0'25710 772'0 

" 
17 3 26 

" 
4 49 

" 
0'25681 772'0 0'25699 

" 
18 5 31 

" 
4 55 

" 
0'25699 772'0 

" 
30 11 20 a.m. 2 18 

" 
0'25704 771'9 ) 

1904 
January 1 3 32 p.m. 4 69 

" 
0'25702 772 '0 

} " 
13 10 57 a.m. 12 12 

" 
0'25691 771 '9 0'25697 

" 
26 1 56 p.m. 12 14 

" 
0'25738 770'7 

" 
29 1046 a.m. 12 13 

" 
0'25655 771') 

February 6 7 7'p.m. 6 12 
" 

0'25668 772'0 } 0'25671 
" 

12 3 51 
" 

3 2 
" 

0'25673 771'2 

~ean of monthly means I 0'25704 I 
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INDEX. 

ARMlTAGB, Lieut. A. B. Magnetic observations, 133, &0 • 
.A,tmospheric electricity and aurora, 99. 

A. 

Aurora observations, 98; daily variation, 99, 126; forms, 99; direction, 1QO; monthly frequenoy, 126; speotrosoopic 

observations of, 99, 107. 

,B. 

BARNE, Lieut. M. Manner of taking tidal observations, 3. 
BERNACCHI, L. O. Introduotory not~s to seismio obsermtions, 39. 

" 
on pendulum observations, 19; introduction to. aurora observations, 99; introduotory statement to 

magnetic observations, 129. 

Bombay, term-day magnetic observations at, 170. 

c. 
Oape A<)are, magnetio results at, 142. 

" 
Orozier, magnetio resu;I.ts at, 142. 

OHETWYND, Oommander L. W. P. Discussion of magnetic observations, 133. 

CHR"EE, C. Discussion of pendulum results, 30. 

Christchurch, term-day magnetic observations at, 177. 

D. 

DARWIN, Sir G. n., on "Discovery" tidal observations, 3; on f' Scotia" tidal observations, 16. 

E. 

Earthquakes and earth movements, 37; earthquake register, 41; not recorded by" Discovery," 87; origins, 90; frequency, 90; 

forms of larger disturbed areas, 91; velooities, 92; reappearance at a.ntipodes, 93; relation to magnetio' 

disturbances, 94. 

Falkland :Islands, magnetic results at, 142, 143. 

Falmouth, term-day magnetic observations at, 165. 

F. 

FERRAR, H. T. Geologioal re~arks on neighbourhood of Winter Q,uarters, 129. 

Geology of Winter Quarters district, 24, 129. 

Gravity-values of 9, 34, 35, 95. 

Greenwich, term-day magnetic observations at, 160. 

G. 

H. 

Hourly values of ~agnetio declination, &0., on term.days 1902-1903, in connection with National Antarctic Expedition, 159. 

K. 
Kew, term.~a.y XIll.tgnetic observatiQns at, 163. 
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L. 

Laurie Island, South Orkneys, magnetic observations at, 182; tidal observatious at, 13. 

M. 

McMurdo Sound, in relation to magnetic observations, 131. 

Magnetic observations (absolute values), 127, 131; azimuth mark, 130, 139; at Christchurch, 129, 136; comparison- of results 
at Absolute Hut and Ice Station, 134; with those of Sabine, 156; declination results, 138, 150, and 154; 

diagrams, 137, 140; horizontal force results, 135; Ice Barrier sledge journey results, 141; inclination results, 135, 

144, 147; instruments described, 129, 133; local attraction, 131,134; observation houses, 130; observatory site, 

129; western sledge journey, 143. 

pole, south, position of, 155. 

Mauritius, term-day magnetic observations at, 173. 
MILNE, J. Introductory note on earthquake records, 40; register of records, 41; list of earthquakes not recorded by 

"Discovery," 87; conclusions-changes in vertical, 89; tremors and pulsations, 90; origins, 90; seasonal 
frequency, 90; forms of larger disturbed areas, 91; velocities, 92; "surviving phase," 92 ; quadrantal 

acceleration, 93; antipodean reappearances, 94; seismograms and value of 9, 94. 

MOSSMAN, R. C. "Scotia" magnetic observat.ions, 177. 

Mount Erebus, 130. 

P. 

Pendulum observations, 19; apparatus and reduction, 19; Melbourne and Christchurch observations, 20; method of 
observation at Winter Quarters, 21; rates in Antarctic, 23; observational data, 26; discussion of results, 30; 

values of 9,34-35; divergence of 1902 and 1903 results, 36. 

horizontal, described aolld figured, 39. 

Pola, term-day magnetic observations at, 167. 

s. 

,; Scotia" magnetic observations, 177; absolute declination, January 1, 1904, 182; comparison with Pawlowsk, 182; 

declination, absolute observations, 180, 183; diurnal variation of, 181, 186; Fourier series, 182; horizontal force, 
absolute observations, 180, 185; inclination, 180, 184; nature of observations, 180. 

ScOt'T, Capt. Magnetic observations on Western Sledge journey, 133. 

Seismograph, described and figured, 39-40. (See Earthquakes.) 

T. 
Term-days (magnetic), 159, 175. 

Tidal observations of the" Discovery," method of taking, 3; results of harmonic analyses, 7; value of constants, 8; singular 
inequality, 10; age of tide, 11; comparison with" Scotia" results, 12. 

observations of the "Scotia," 13; apparatus and analysis, 13; calculated and plotted curves, 14, 15; discussion of 
results, 16. 

Tides, mistake in article in ' Admiralty Scientific Manual,' 16. 

W. 
WILSON, Dr. E. A., drawings of aurora, 100. 

lIARRlSON AND SONS, PRINTERS IN ORDINARY TO HIS MAJESTY, ST. MARTIN'S LANE. 



National Antarctic Expedition, 1901-1904. Plate 20 (" Scotia" ~Magnetic Observations). 

View of Copeland Observatory, Central Cairn, and Omond House, Scotia Bay. 





National Antarctic Expedition, 1901-1904. Plate 21 (" Scotia '} Magnetic Observations). 

; . 

Fig. 1. Taking of preliminary observations on the site of the future observatory on the beach, Scotia Bay. 

Fig. 2. Plan showing positions of magnetic instruments inside Copeland Observatory when in use. 
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