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SOME AIETEOROLOQICXL RESULTS OF THE SCOTTlSII 
NATIOSXL ASTARCTIC 13SPEDITIOS. 

By R. C. lIOSSX:\S, F.R.S.E. 

( Il 'ifh Pl(tf@S.) 

IS previous papers published iii tlie Sco/fidr Cr'co!~rcyJricn/ i 1h~p: i~c~  I 
gave a general summary of the meteorological results of the Scottish 
Kational Antarctic Expedition viewed more particularly from a climato- 
logical standpoint. Since these mere issued, the observations h w e  been 
discussed in relation to the diurnal variation of tlie climatic elements, 
while thertnal, baric, and other windroses have been computed for that  
portion of the Seotids two siininier cruises lying south of 60" s. As 
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some mouths will yet elapse before the fiml report appears, i t  seems 
desirable to give the preliminary results of the above discussion, i n  order 
that  the data may be immediately available for comparison with the 
results obtained a t  the South Orkney Station during the year 1904, and 
with those of other Antarctic expeditions now in course of publication. 

It may be recalled that the meteorological and magnetical station at 
Omond House, Laurie Island, South Orkneys, was taken over by the 
Argentine Government in February 1904, and that observations have 
been carried on there since, in connection with the Argentine Meteoro- 
logical Office. Mr. Walter G. Davis, the able director of this department, 
has earned the grateful appreciation of all meteorologists by his successful 
efforts to extend our knowledge of the meteorology of the Antarctic and 
sub-Antarctic areas lying to  the south and west of Cape Horn. Not  
only are continuous hourly observations now available for the South 
Orkneys since March 1903, but this year Jias witnessed the establishment 
of a new station a t  South Georgia Island, n+ile the further installation 
of an observing station on one of the South Sandwich group and at 
Wandel Island i n  6.5' 04' S. is contemplated in the immediate future. 
The practical importaiice of this great work can hardly be overestimated, 
more particularly in relation to the maritime community, since i t  will result 
i n  the formulation of a system of rules which will doubtless enable the navi- 
gator bouud westward round Cape Horn to determine the most favourable 
Course for making this too often tedious and dangerous passage. It has 
been frequently observed that very good passages are made by standing 
well to  the southward even as  far as 6 1' S.; but until the accumulated 
data have been discussed and co-ordiriated, and the course of cyclonic 
storms soutli of 40" carefully studied in relation to the different winds 
and weather in the immediate vicinity of the Horn, i t  would be pre- 
mature to draw up a code of rules adopted to these different conditions. 
Hence the importance of this new network of stations in enabling a 
syriclirouous weather chart to he drawn for a wide area, extending as far 
as 65" S., between the meridians of 30" and 80" W. 

In any discussion dealing with the thermal and other conditions 
experieucecl with different winds, i t  is necessary to hare a knowledge of 
tire climatological cliaracteristics of the rrgions over which the winds blew 
before reaching the point of observation. The area dealt with in this 
inquiry being south of 60" S., and between the meridians of 10" and 49' 
W., refers almost wholly t o  a sea surfacc in which a uniform temperature 
obtained. Table I. shows the mean surface temperature of the sea south 
of 30" S., and i t  will be observed that in botli cruises the sea temperatures 
recorded over the area under discussion range from 31%" to  26.9" F., if 
we except the single reading of 3 3 9 "  recorded in lat. GI" 28's. long., 
41" 55' \Ir., during the second cruise. The period covered by the first 
summer cruise in 1903 extended over the fifty-three days ending with 
26th March, while the second embraced the thirty-eight days terminating 
on 31st March 1904, those periods corresponding to the late summer 
and early autumn of the southern hemisphere. The surface sea tempera- 
tures, as well as those taken a t  great depths, will be discussed in relation 
to  general hydrography in  the report dealing with oceanic circulation, and 
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TABLE I.-Shoming the Surface Sea 'I'emperature of the South 
Atlantic and Weddell Sea. 

Xok-The means are in most cases the aver.,ne of readings wide every - 
four hours. 
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they are only referred to here in so far as they have relation to the 
meteorological characteristics of the minds over the area under considera- 
tion. Attention may, however, be drawn to the rapid fall in surface sea 
temperatures which takes place between 54" 30' and 58" South latitude, 
between the meridians of 57" 30'and 45" West, and between 48" and 52" 30' 
S. lat. on the 10th meridian west of Greenwich, which have an intimate 
bearing on the course of cyclonic storms in those regions and the accom- 
panying strong winds, which attain their greatest strength and persistence 
from 40" to 60" S., or over that portion of the South Atlantic where the 
fall in both sea and air temperature proceeds a t  a rapid rate. 

CLINATIC FEATURES OF THE DIFFERENT WINDS IN THE 
WEDDELL SEA. 

Table 11. shows the mean barometric pressure, temperature, etc., 
experienced in the Weddell Sea with different winds during the two 
summer and early autumn cruises of the Scotia in the years 1903 and 
1904. Except for a few days in February 1903, when the track of the 
Scotia was sometimes a little to the north of 60" S., the data refer to  a region 
south of this latitude, between the meridians of 47' and 11" West. The 
windroses of the different elements are graphically shown in the plate, 
Figs. 1 to 7, the data being the mean of all the observations. It may be 
remarked that the columns headed "Mean" in Table 11. are not the 
averages of the values given in the columns for 1903 and 1904, but are 
the arithmetic means obtained by dividing the sums of the values for both 
periods by the total number of mind observations. The necessity of this 
is so obvious that further explanation is unnecessary. Table 111. shows 
the departure from the general mean of the values obtained with different 
winds during each of the cruises, aa well as for the whole period. In 
comparing the windroses of 1903 with those of 1904, it is necessary to 
bear in mind the difference between the extent and distributiou of the 
pack ice in the two seasons. I n  1903 the Scotia met the pack in 60" 20' 
S., long. 43'50' W., and, except for a few days when in the neighbourhood 
of the Antarctic Circle, was in the pack, which probably completely filled 
the south and west part of the Weddell Sea from Graham's Land to the 
point of observation. In  1904, on the other hand, an almost open sea 
prevailed, and no ohstacle in the shape of pack waa met with until off 
Coats Land in 72"18'S., long. 17"59'W. This doubtless had an impor- 
tant bearing on the track taken by depressions in the two seasone, which 
will be elucidated when the daily synoptic charts in course of preparation 
by the Deutsche Seewarte and the Meteorological Office are completed. 

The following are the more prominent features of the windroses in 
the two seasons :- 

Prwre.-In 1903 pressure waa highest with minds from the SSW., 
secondary maxima being shown with winds from the N., ENE., and 
NNE. ; on the other hand, the lowest mean pressures were with winds 
from the SSE. to E. In 1904 the maximum values were with S., SSE., 
and SE. winds, and lowest with EHE. winds. 

Tenverdure in both seasons was, as might be expected, lowest with 
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southerly and highest with northerly winds, there being, however, in 1904 
a very pronounced secondary minimum with easterly winds, due to  the 
prevalence of these winds when in the far south off Coats Land. 

fhmidity.-In 1903 the  values of relative humidity for different 
winds are somewhat irregular, the dampest being JTThT\V., which, blowing 
from relatively warm regions, bring masses of water vapour to  be chilled 
and condensed in the higher latitudes. The driest winds, on the other 
hand, were from the ENE, but winds from WNW. to S. were also 
characterised by lorn relative humidities, which is easily explained by the 
circumstance that there were no expanses of open water in these direc- 
tions, the  whole area being filled with pack ice. In the 1904 cruise 
winds from WSW. to SSW. were very dry, while those from E. round by 
N. to W. were damp, the excessive dryness of the former being due to 
the circumstance that  they blew off the extensive land surfaces to the 
south-west indicated by the discovery of Coats Land, while i n  other 
directions there was open sea. The values for vapuur pressure are much 
the same for both seasons, the greatest being with northerly and the 
least with southerly winds, while the amount of clmid shows substantially 
the same distribution. With regard to  the strength of the wind, the 
observations indicate that the lightest winds are from the south and the 
strongest from the east. Now i n  the southern hemisphere the wind 
circulation in  cyclonic systems is against the sun, so that  north of the 
centre the winds are westerly, while south of the centre they are easterly. 
It is therefore evident that the steepest barometric gradients were 
associated with the  passage of depressions whose centres were to  the 
northward of the Scotia's track. It is interesting to note that  practically 
all the east winds recorded during the t n o  cruises of the Scotia were 
experienced to the south of the Antarctic Circle, so that  the normal 
track of depressions in the Weddell Sea in summer was to  the north of 
this latitude. The observations thus point to the presence of a high- 
pressure area over the Autarctic Continent, of which Coats Land forms 
the northern exbremity, and to a comparatively steep barometric gradient 
between the anti-cyclone in the south and the cycionic area to  the north. 
The strength of the  east winds in the  Weddell Sea is no isolated 
feature in  Antarctic meteorology. At Cape Adair, tat. 71" 18'S., the 
heaviest galea were from the ESE. and SE, and these blew with 
a velocity above forty miles per hour on ninety-two days, forming 
% G  per cent. of the whole number of observations (see Antawt ic  illanuul, 
p. 5 4 ) .  At the winter station of the Gauss, lat. 66" 02' S., long. 89" 38' E., 
73 per cent. of the winds experienced were from the east, and 99 per cent. 
of the strong winds were from tliis quarter.' Frequent and strong 
winds from an easterly direction were also observed a t  the winter 
quarters of the Discovery and during the drift of the Belgica. The 
accumulated observstions thus go far to support the supposition advanced 
by Dr. Supan (see Metewologische i?e'eitschiff, vol. xvii. pf. 220-3) that the 
most northern extension as well as the greatest mass of the Antarctic 

. .___I- __I 



TABLE 111.-Showing the Departure from the Average of Mean Values of the Climatic Elements in the Weddell Sea, 
with different winds South of 60" S. during the cruises of the Scotia in 1903-1904. 
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Continent is in the eastern hemisphere, but probably extending much 
further west than he indicates. Indeed the discovery of Coats Land and 
the soundings taken by the Scotia further east affords proof of the exist- 
ence of land masses extending from Coats Land to Enderby Land. The 
remarkable peraistence of easterly winds a t  the winter quarters of the 
Gauc;s indicates that the centres of cyclonic systems are located several 
degrees further north on this meridian than in the Weddell Sea area. 
This point will doubtless be elucidated when the daily synoptic charts 
are completed. 

MEAN HOURLY VALDES. 

Tables IT. and V. show mean hourly values of pressure, temperature, 
cloud and wind force, recorded during &ch month from February 1903 
to January 1904, and in March and April 1904. For the ten months 
April 1903 to January 1904 the data refer to the observations taken a t  
Scotia Bay, Laurie Island, South Orkneys. The means for February 
1904 at this station, being incomplete, are not included, but a full report 
for the whole of 1904 is being published by the Argentine Meteorological 
Office. In February and March 1903 and in March 1904 the observa- 
tions mere taken on the Scotia during the cruise in the Weddell Sea, and 
in April 1904 in the South Atlantic. The mean hourly values given are 
the simple arithmetical means of the observations, to which is added a 
twenty-fifth hour, vie. (‘the previous midnight,” in order to eliminate 
any distortion of the curves due to a general rise or fall that may have 
taken place during the whole day. In  Tables VI. and VII., which show the 
departure of each hourly value from the mean of the whole day, the cor- 
rections thus introduced are given effect to, and the values have been 
smoothed by continuous three-hour groups. Thus the mean departure 
for 2 A.M. for any month is the mean of the departures a t  1,2, and 3 AX., 
that at 3 A.M. the mean of 2, 3, and 4 A.M., and so on for each hour of 
the day, 

DIURNAL RANGE IN THE WEDDELL SEA. 
The diurnal range of the climatic elements in the Weddell Sea, some 

of which are graphically shown in the plate, Figs. 8 to 11, is very 
small. Dealing first with the pressure, it will be seen that the chsracter- 
istic features of the diurnal pressure curve for February 1903 were a 
strongly pronounced morning minimum a t  5 A.M., and an irregularly 
defined maximum spread over the afternoon and early evening. In  
March 1903 we have the evening maximum emphasised and the after- 
noon minimum clearly defined, while the morning minimum is absent. 
In  March 1904 the morning minimum is clearly marked a t  5 A.M., but 
from 9 A.M. to 7 P.M. the values are above the mean of the day, although 
a very slight fall is apparent a t  3 and 4 P.X. It is evident from an 
examination of the hourly barometric observations for ten-day periods 
that, in order to get an approximation towards the true diurnal period in 
high southern latitudes, it will be necessary to eliminate all days con- 
taining a barometric minimum. Indeed, for short periods, the curves 



TABLE IV.-Sliowing Mean Hourly Values of Pressure, Temperature, Amount of Cloud and Wind Force at 
Laurie Islalid, S. Orltneys, Lat. 60" 44' S., Long. 44' 50' W. from April 1903 to January 1904. 
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TABLE V.-Showing Mean Hourly Values of Pressure, Temperature, Amount of Cloud, Wind Force, Relative Humidity, and 
Vapour Pressure in the Weddell Sea during February and March 1903 and March 1904, and in the South Atlantic 
in April 1904. 
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are so distorted that the adjustment for midnight differences utterly fails 
to get rid of the larger variations due to the irregular occurrence of 
barometric minima, which may take place a t  any hour of the day. 

TEMPERATURE 
The diurnal range of temperature in the three months under review 

is well marked, the values being above the mean from about 9 A.M. to 
9 P.X, and below the mean during the other half of the twenty-four 
hours. It is interesting to compare the curves during the very cloudy 
hlarch of 1903 and the relatively clear March of 1904. In March 1903 
the difference between the coldest and warmest hours was only 0*6", but 
in March 1904 the difference was lego, this comparatively large differ- 
ence being largely due to the Continental influence exerted by the 
proximity of Coats Land, especially during the ten days March 11 
to 20, when the difference between the coldest hour, 1 A.M., and the 
warmest, 1 P.M., was 4.5". The diurnal period in the amount of cloud 
for the three months is somewhat irregular, but there is a decided 
tendency for a maximum in the afternoon, which is well marked in the 
Marches of 1903 and 1904. In  February 1903, on the other hand, the 
minimum took place a t  this time, but in this month the diurnal period 
is very ill-defined. Of all the elements of climate in high southern 
latitudes the diurnal variation in the amount of cloud is the most 
irregular. 

The force of the mind show a distinct daily period in each of the 
three months under review, the values being below the mean during the 
time the sun was above the horizon, and above the mean when he was 
below the horizon, and the curves showing the mean relative humidity 
exhibit practically the same period. Vapour pressure, on the other hand, 
shows no de6ned variation through the hours of the day. For April 
1904, when the Scotia was in the South Atlantic between 60" and 40" 
South latitude, the diurnal period in most of the elements is well defined. 
As regards pressure, me have the double maximum and minimum well 
marked. The morning minimum occurs at 5 A.M., after which pressure 
increases till 11 A.X. The afternoon minimum is clearly seen a t  5 PM., 
and the evening maximum at 11 r.x. Temperature is above the mean 
from 10 AX. to 8 P.M. The difference between the warmest and coldest 
hours in this month mas only 1*2", being thus considerably smaller than 
that recorded in much higher latitudes during the previous month. The 
distribution of the amount of cloud through the hours of the day is 
again irregular, the most conspicuous features being a minimum in the 
early morning and a maximum in the afternoon. The force of the wind 
shows a minimum about 7 A.M. and a maximum a t  10 P.M., the period 
below the mean strength for the whole day being spread over the sixteen 
hours ending with 6 P.M., d i l e  there is a pronounced maximum from 
6 P.N. to 2 A.N. The curve of relative humidity shows a similar daily 
period, except that the minimum is recorded a t  11 AM. The vapour 
pressure shows a well-pronounced morning minimum, and a secondary 
very small minimum a t  about 6 PAL, while there are t w o  maxima, one 
about 3 P.M. and the other at 10 P,M. 
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SOUTH ORKNEYS. 
Figure 12 shows the diurnal period of pressure, temperature, cloud, 

and mind force at Laurie Island, South Orkneys, latitude 60" 44' S., 
long. 44" 50' W., for the ten months, April 1903 to January 1904. 
Details for each month in  this period will be found in  the tables. 

The pressure curve for the period under review shows a well-marked 
morning minimum at 5 A.M., and a very small afternoon minimum at 
3 P.N.; the principal maximum occurring at i3 P.N. Nom this closely 
approximates to  the typical curve for insular positions, such as the 
Helder in the north-west of Holland and Valentia in  Ireland,' the most 
conspicuous feature of which is the retardation of the morning maximum. 
During a t  least eight of the ten months discussed the South Orkneys, 
owing to  the freezing up  of the sea to  the south, mere virtually on the 
edge of a continent, and this preponderating influence might be expected 
to  strongly influence the diurnal period of pressure. A t  the South 
Orkneys the morning maximum (a very small one) is retarded till 1 P.M., 
while at the Helder it is reached hetween 10 and 11 A.N. The diurnal 
range of temperature is of a simple character, the maximum occurring a t  
1 P.N., and the minimum from 10 p.nr. to midnight. I t  will be observed, 
on looking at the tables, that the disturbing effect due to the passage of 
cyclones in winter is so great that during this season the nights were 
warme'r than the days. This must be looked upon as purely accidental, 
and will no doubt disappear when the three years' data (for two years of 
which we are indebted to  the energy of the Argentine Meteorological 
Office) are discussed. From September to January the solar effect is well 
marked, the morning minimum and the midday maximum being well 
pronounced. As regards cloud, the diurnal period shows a slight maximum 
spread over the twelve hours, 6 A.N. to 6 P.N., and a minimum during 
the other twelve hours which is most pronounced a t  about 3 A.N. The 
force of the wind is greatest from 4 to 8 A.M., and least from 4 to 11 P.N. 
As regards the daily period of relative humidity and vapour pressure, the 
valuesfor the minter have not yet been computed, but for the three summer 
months, November to January, both curves closely correspond to the 
temperature curve for this season, viz. the greatest relative humidity 
and the lowest vapour pressure occur in the early morning at the time of 
lowest mean temperature ; and the least humidity and greatest vapoiir 
pressure occur in the early afternoon during the warmest hours of the 
day. The difference between the hourly values of relative humidity 
show au extreme variation of only 3.5 i er cent., while in  the vapour 
pressuro the range is only 0.009 inch. 

FALKLAND ISLASDS. 

During the visit of the flcokk~ to Port  Stanley, Falklmd Islands, in 
January 1903, a barograph was left a t  Cape Pembroke Lighthouse, 

1 See Cldeirger Repm-ls. Physics ond Chemistry, vol. ii. : lieport 011 htmosplieric 
Circulation, by Dr. Buchan, pp. 12, 13. 



TABLE VI.-Showing the Smoothed Departure from the Mean of Hourly Values of Pressure, Temperature, Cloud, Wind 
Force, Relative Humidity, and Vapour Pressure in the Weddell Sea and South Atlantic. 
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TABLE VII.-showing the Smoothed Departure from the Mean of Hourly Values of Pressure, Temperature, Cloud, and 
Wind Force at the South Orkneys from April 1903 to January 1904. 
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where regular meteorological observations are taken every four hours by 
Mr. John Pearce, the principal keeper, and his assistant. Mr. Pearce 
having kindly forwarded the barograph sheets for the three years 1903- 
1905, I am nom able to give hourly values for the two years 1903 and 
1904. The third year's observations, those for 1905, are a t  present 
being reduced, but the broad features of the diurnal variation of pressure 
are apparent from the two years' observations. In  this connection I am 
indebted to Dr. IV. N. Shaw, F.R.S., Director of the Meteorological 
O5ce, for the loan of the barograph curves since May 1904, and to hlr. 
James Miller (late first assistant a t  the Ben Nevis Observatory), for 
measuring and tabulating the hourly values. In  the table given will be 
found the hourly departures of the barometric pressure for each month 
and the year, these values being graphically shown in the plate, Fig. 13. 
These values are corrected for midnight differences, but have not been 
smoothed in any way. The results of this inquiry have been given to 
afford data for study and comparison with those from the South Orkneys, 
Weddell Sea, and the South Atlantic, already referred to, and I propose 
at present merely to draw attention to some of the more pronounced 
features of the curves. It is seen that the morning maximum takes 
place at times varying from six to ten o'clock, the hour of earliest occur- 
rence being in summer, and the hour of latest occurrence in winter. The 
curves for these two seasons are quite distinct. Taking January as 
typical of the summer, and July as illustrative of the winter type, we 
note the following. In January the most pronounced feature is the large 
morning maximum and deep afternoon minimum, while the morning 
minimum all but vanishes, and the evening minimum is much reduced. 
In  July, on tlic other hand, the nioriiiiig maximum is so small as almost 
wholly to disappear, while the afteriioon minimum is still a salient 
feature of the curve, the larger maximum occurring in the evening. It 
is interesting to  note the pronounced character of the morning minimum 
during the six months April to  September, and how this is succeeded in 
summer by a decided maximum in these hours. It mill further be noted 
how the afternoon minimum deepens in the summer as compared with 
the winter months. Doubtless, as more years' observations are taken, 
the merging of the one type into the other will be shown in a less abrupt 
manner, while anomalies such as that presented by the month of Decem- 
ber will be eliminated. The smallest amplitude is in May, viz. 0.017 
inch, and the largest in October, 0.038 inch. With a view of seeing 
how far the geographical position of the station influenced the diurnal 
variation of the barometer in comparatively high southern latitudes, I 
have examined the mean annual values from South Georgia (lat. 54" 31' S., 
long. 36" 05' W.), Orange Bay near Cape Horn (fat. 55" 31's., long. G8" 5' 
W.), and during the drift of the Belgica between the latitudes of 69"60' and 
71" 30' S., and longitudes from 87" to 95" W., the data being obtained 
from the respective official accounts of the three expeditions, The 
results have been plotted along with those from Cape Pembroke and the 
South Orkneys (see plate, Fig. 14). With regard to the Bclgica, it may 
be said that the diurnal range all but disappear, there being a range of 
only 0.007 inch between the highest and lowest mean hourly values. 
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TABLE VIIL-Showing the Hourly Departure of Barometric' Pressure 
from the Mean of the Day at Cape Pembroke, Falkland Islands, 
for the years 1903 and 1904. 
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TABLE VIIL-Showing the Hourly Departure of Barometric' Pressure 
from the Mean of the Day at Cape Pembroke, Falkland Islands, 
for the years 1903 and 1904. 
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TABLE 1X.Showing the Departure from the Annual Mean of the 
Hourly Values of Barometric Pressure during the drift of the 
Belgicu, and a t  the South Orkneys, South Georgia, Orange Bay, 
and the Falkland Islands. 
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It is interesting to note that the curves for the South Orkneys and 
Orange Bay closely resemble each other, while those for South Georgia 
and the Falkland Islands also show many points in common, although 
differing markedly from the first pair. As regards the South Orkneys 
and Orange Bay, they may both be regarded as on the edge of a con- 
tinent, for, as already stated, during nearly the whole time covered by 
the observations a t  the Orkneys the Austral seas mere frozen over. In 
South Georgia and the Falklands the situation is essentially oceanic; 
hence are found marked differences in the diurnal range of pressure. 
The characteristic features of the daily period of pressure at the South 
Orkneys and Orange Bay are a long-drawn-out minimum and a pro- 
nounced evening maximum a t  both places. At Orange Bay there is an 
indication of the morning niaximum a t  about 7 and 8 A.M., and it is an 
open question whether the curve for this station is not more closely 
allied to that of South Georgia and the Falklands than to that of the 
South Orkneys. At the South Orkneys the morning minimum is 
relatively deep compared to the other three places. South Georgia and 
the Falklands possess a diurnal period of pressure essentially the same, 
the only pronounced difference being in the morning maximnm, which is 
much smaller a t  the Falklands thm at South Georgia. I t  will further 
be observed that the morning maximum and afternoon minimum occur 
about one and a half hours earlier at the Falklands than at South 
Georgia. 

I n  connection with the phases of the diurnal range of pressure in this 
region, much interest will attach to the publication of the results of the 
Swedish and French Antarctic Expeditions, as well as to the observa- 
tions made for some years by the Argentine naval officers at 'New Year's 
Island, in the proximity of Cape Horn, and those taken under the 
direction of the Argentine Meteorological Office. 
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