
ANNUAL REPORT 

OF THE 

DIRECTOR 

KODAIKANAL AND MADRAS 

OBSERV ATORIES 

FOR 1914 . 

. 0 I 

MADRAS: 

PRINTED BY THE SUPERINTENDENT. HOV.FlRNMENT PRESS. 

1915. 



KODAlKAN.A.L AND MADRAS OBSERV.A.TORIES. 

REPORT FOR THE YEAR 1914. 

CONTENTS. 

1.-KoDAIKANAL OBSERVA.TORY. 

1. Staff 
2. DiEtribution of work 
3. Buildings and grounds 
4. Instrumen'iis 
5. Summary of solar observations .•• 
6. Photoheliograph ... 
7. Speotroheliograph 
8. Grating spectrograph 
9. 6-inoh Cooke Equatoria.l and Spectroscope 

10. Sunspots 
11. Prominenoes 
12. Solar Radiation 
13. Time 
14. Meteorology 
15. Seismology 
16. Library 
17. Publications 
18. General 

H.-MADRAS OBSERVA.TORY. 

1. Staff 
2. Time service 
3. Meteorologioal observations 
4. Buildings ." 
5. Instruments 
6. Weather summary .. , 

ApPENDIX I.-Seismometer reoords, Kodaikanal 
" II.-ExtreD:\e and mean monthly and annual meteorological 

Kodaikanal. 

" 
" 
" 
" 
" 
" 
" 
" 
" 
" 

IlI.-Mean hoorly wind velocity, Kodaikanal 
IV.-Mean hourly bright suushine, Kodaikanal 
V.-Visibility of Nilgiris-for clearness of atmosphere 
VI.-.A.bnormals from the monthly means, Madras 

VII.-.A.hstl·act of the mean meteorological condition of Madras 
VIII.-Number of hours of wind from each point, Madras 

r:X:.-Number of miles of wind from each point, 'Madras 
X.-Number of inohes of rain from each point, Madras 
XI.-Wind, cloud, and bright sunshine, Madras 
XII.-Extreme and mean monthly and a.nnual meteorologioal 

Madras. 

I-A 

.. ~ 

results, 

.,. 

Pa,g~ 

1 
I 
2 
2 
3 
3 
3 

3 
4 
4 
5 
5 
5 
5 
6 
6 
6· 
f 

8 
8 
8 
8 
8 
9 

11 
14 

15 
16 
Itl 
17 
18 
19 
20 
21 
22 

results, 23 



KODAIK!NAL AND ·MADRAS OBSERVATORIES. 

I.-REPORT OF THE KODAIKANAL OBSERVATORY 
FOR 'l'HE YEAR ] 914. 

Staff.-The staff of the observatory on December 31, 1914, was as follows:-
Direc~or 

Assistant Director ... 

First Assistant (Acting Assistant Director). 
Second Assistant (Acting First Assistant). 
Third Assistant (Acting Second Assistant). 
Fourth Assiiltan~ . 
Writer 
Photographic Assistant 

J. Evershed.. 
T. R;oyds, D.So. (on combined privilege' 

and special leave). S. Sitara.ma AY'1ar~. 
acting. 

S. Sitarama Ayyar, B.A. 

G. Nagaraja Ayyar. 
A. A. Narayana Ayyar, B.A. 

S. Balasundaram Ayyar. 
L. N. Krishnaswami Ayyar. 
R. Krishna Ayyar. 

The Director was away on deputation to New Zealand during January and 
February, Dr. Royds officiating until his return on March 6. 

Early in the year the sanction of Government was obtained for an expedition 
to Kashmir to test the suitability of the cli:mate for solar research, and on April 
21 the Director again left Kodaikanal to take up this work. The very remarkable 
conditions which had. been observed during a holiday toor in Kashmir in August 
and October 1913 were found to hold also in the months of May, June and July 
1914. The definition of the sun was found to be almost invariably good not only 
0:::1 every day that. observations were mad.e but also during all hours of the day, 
and, contrary to all previQus experience, the definition was observed to improve 
during the morning hours reaching the best quality shortly after midday. The 
detailed report of this expedition in which valuable assistance was given by 
Mrs. Evershed has been published as Bulletin No. XLII. 

The Assistant Direotor was granted combined leave for six months from 
November 30, 1914. The Writer was on privilege leave for three months from July 
10 and the Second Assistant for one month and eight days from November 16. 
The Fourth Assistant returned from furlough on August 1, J 914. 

The subordinate staff consists of a book-binder, an assistant book~binder, a 
mechanic, five peons, a boy peon for the dark room and two lascars. 

2. Distribution of work.-The Director and the Assistant Director have­
charge of the two spectroheliographs and thE large grating spectrograph. The 
First, Second and Thlrd Assistants are in cbarge of the work with the Cooke 
equatorial (spectroscopic), the Lerebour and Secretan equatorial (Visual and 
photographic), and the ~ransit instrument,. They have also to do the astronomical 
computing, the preparation of the observatlOns for the press and the measurement 
of spectrum plates. The Third ..A.ssista.nt has charge of the seismometer and clock 
comparisons. The meteo!-,ological work is ?one by the F.ou:-th A.ssistant and .the­
Wl'iter. The Fourth ASSIstant also has asslsted Mr. C. Mlchle SmIth; C LE., retIred 
Director of the Observatory, in the preparation of a memoir on th~ meteorology of 
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'Periyakulam and Kodaikanal. The Writer is responsible for the acoounts, corres. 
pondenoe, and aU office records. The Photographio Assistant has oharge of most 
of th.€ photograpbic developing, printing, etc. 

3. Building.'! and grounds.-The buildings, gronnds, and fire lines have been 
.kept in good order. 

The roof of the spectroheliograph building has given much trouble during 
wet weather from leakage, and part of the roof of the main building also is in a 
'very bad condition. Reconstruction with impervious roofing material is urgently 
required. 

4. Instruments.--The following are the prinoipal instruments belonging to 
-the observatory, or in use, at the present time :-

Six-inoh Cooke equatorial. 
Six-inch Lerebour and Seoretftn equatorial remounted by Grubb, mth a five·inch Grubb 

portrait lens attaohed. The Lerebour a,Dd Secretan object glass has been replaced by a Cooke 
photo-visualleus of the same aperture and the instrument has been adapted for direct solar 
-photography in addition to visual work. . 

Spectrograph I.-This with the ll-inch polar siderostat has been dismounted and a llew 
'spectrograph fed by the 12·inch FOlJcault siderostat from Poona is under construction. 

Spectrograph II-consisting of a collimator of 7 feet foous and camera of 14 feet foous 
placed at an angle of 60° with the former. Plane gratings of 31 inches or 5 inches ruled 
surface are used, and the slit is provided with various devices for the direct comparison of' 
spectra from different sonroes, and for rotating the solar image. 

Spectroheliograph-with 18-inch sid eros tat and 12-inch Cooke photo-visual lens of 20 feet 
focus, by the Cambridge Scientifio Instrument Company. 

An auriliary speotroheliograph attached to the above, made in the observatory workshop. 
Six-inch transit instrument and barrel chronograph, formerly the .property of the Survey 

of India. 
Theodolite, 6-inch-Oooke. 
Sextant. 
Evershed. speotroscope with three prisms, for prominence and sunspot work, by Hilger. 
Mean time clock, Kullburg 6326. 

Do. Shelton. 
Mean time chronometer, Kullberg 6299. 
Sidereal chronometer, Kullberg 6134. 
Tape chronograph, Fuess. 
Two miorometers for measuring spectrum photographs, Hilger. 
Hartmann Photometer. 
Dividing engine, Cambridge Scientific Instrument Compa.ny, Limited. 
Milne horizontal pendulum. seismograph. 
Induotion coil with necessary adjuncts. 
Small polar siderostat. 
Universal instrument. 
Oomplete set of meteorological instruments, including a Richard thermograph and 

barogra.ph and a nephoscope. 
A high class screw cutting turning lathe by Messrs. Cooke & Sons. 
Angstrom Pyrheliometer . 
.An l8-inch concave mirror by Henry of Paris belonging to the Director is mounted in 

-the spel3troheliograph room for general spectrum work. , 

.The instruments received from the Takhtasinghji Observatory at Poona 
inolude th.e following :-

Twenty-inoh reflecting telesoope, by Common. 
Six-inch Cooke photo-visua.l telescope with equatorial mounting. 
Two prisms of 6 inches aperture for use with the above. 
Twelve-inch Cooke siderostai. 
Eight-inch horizonta.l telescope. 
Large grating spectroscope by Hi1g~r. 
An ultra-violet speotrograph by Grllbb. 
Sidereal clock, Cooke. 
Mean time chronometer, Frodsham No. 3476. 
One miorometer for measuring spectrum photographs, Hilger. 

The following instruments were received da:ring the year ]914:-
(1) Positive on negative spectrum comparator. Constructed by A. Hilger, 

Limited, from designs by the ,Director. 
(2) Diffraction grating ruled by Anderson with ruled surfaoe 9'7 X 12'8 cm. 

:and total number of lines 75,085. 
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OBSERV ATIONS. 

(a) SOLAR PHYSICS~ 

5. The following table gives the number of tlbservations made during each 
"month of the year :-

\ I 

"' i I I t-
o:. .. Ii '" t? .s:> '" I C8 a ... ,.Q I ,.Q -

I 
,.d ~ '" ~ S To~l. 0:1 ~ '" ..c 

\ 

~ 0 

1 ~ '" ,i. '" .. !>O .... .E c:: .g IS § j;l., " 0 
</I I r.:: I:l '" 0 ~ '" ., i!<I ::a ~ ~ ~ ! <! I 00 0 ~ 

I I 
! I I I r 

I I I 

A 31 28 31 30 31 I 29 ! 25 I 29 30 28 26 
I 

21> 343 
I 

I 

I 

;';! I R .. ... I 
'" f) \ ... 2 I I> 1 . .. 1 1 19 

I 
I 

0 28 28 30 I I 
I 

28 25 24 22 26 11 24 i 21 2'TR 

D 30 28 I 31 80 I 80 29 23 29 30 26 2~ 24 336 
I J I E 31 28 I 31 80 I 31 28 20 28 80 23 22 22 :129 

I I I 
c 

.!. = disc exa.mined. B = spot spectrum observed. C = prominences observed. 
D = photoheliograms taken. E = spectroheliogramll ta.ken. 

A comparison of this table with those in previous reports shows that about 
th~ normal number of routine observations were made and photographs taken. 
The prominence observations were, however, rather Q.elow the average owing 
to the unusually wet and cloudy period from August to the middle of December. 

6. Photokeliograph.-Photographs of the sun were obtained on )336 days'. A 
large proportion of the plates are of poor quality owing to unsteadiness of seeing, 
The 6-inch photovisual telescope and enlarging camera was used throughout and 
gives excellent definition on the rare occasions when the seeing is good. Eight 
-solar negatives were sent to the Greenwich observatory to complete their series in 
the period July 1913 to August 1914. 

7, Spectrohelif)graph.-Monochromatic photographs of the sun's disc in " K" 
light wen taken on 329 days and prominence plates on 287 days. The autocolli­
'mating.spectroneliograph was not in use for practically the whole year as the large 
Michelson grating was required for other work. After installing the new Anderson 
. grating in the spectrograph the Michelson grating was provided with a new 
mounting and replaced in the spectroheliograph in December. The series of Ha 
spectroheliograms will be continu.ed during 1915. 

A new instrument has been constructed in the observatory workshop for the 
·accurate measurement of position angles, heights, and areas of the prominences 
shown on the Rpectroheliograms and this was brrmght into use on October 1st. 
From this date detailed observation at the telescope of t.he position angles and 
heights of the prominences was discontinued as all the required data can be much 
'better determined f.roID the photographs. 

Duplicates of the disc photographs in "K" light have been sent to the 
Cambridge Observatory for measurement •. 

8. Grating Spe(Jtrograph.-With this instrument Dr. Royds has continued 
·his researches on the displacements of unsymm~tricallines in the electric arc, and 
'he has succeeded in explaining the anomalous shifts of many of the solar lines as 
due to density conditions in the arc which are not present in the sun. Although 
the discovery of this density effect in the arc has complicated the whole subject of 
-the shifts of the arc lines under pressure, and the comparison of arc and solar wave 
"lengths, it leads to a distinct gain in our knowledge of ·solar conditions not only by 
-explaining the apparently anomalous shifts of some of the solar lines when compared 
with the arc but also by indicating the extreme tenuity of the solar gases, the 
combined partial pressures of which appear from independent considerations to be 
1).ess than one atmosphere. ' 

_ In Bulletin No. XXXIX the displacements of the spectrum Jines at the sun's 
limb are disc.ussed and the reasons given for the con.clusion that the line shift is 
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not due to a pressure difference between the effective regions of absorption at the­
limb and at the centre of the disc. In continuatIOn of this research the displace­
ments are now being measured not only at the limb but at numerous points between 
the limb and centre. With a E:?mall solar image on the slit plate spectra 28 mm. in 
width are obtained representing sections of the entire disc from limb to limb._ 
Many of these plates have been measured and the results so far promise very-
interesting results. .' 

An important addition to the equipment of the observatory is the new grating 
of 75,085 lines, ruled by Prof. Anderson on Rowland's Enginf'. This was received 
in September and no trime was lost in mounting it in the large spectrograph. This 
grating, is the most perfect the observatory possesses and it is now used in aU 
researches where high resolving power is required. . 

, 9. 6 .. inoh OO(l/ee Equator ial and SpectrosoJpe.-This has been employed 
ex.clusively for spectrum observations, attention being concentrated on phenomena 
which cannot readily be photograph~d, such as metallic prominences, temporary 
eruptions, and displacements of the hydrogen lines both on the sun's disc and at 
the limb. The position angles of a few definitely marked prominences are also 
determined for the purpose of checking the correctness of the angles measured on 
the photographs; these depend on a fundamental angle computed ftom the hour­
angle of the sun at the time a photograph is taken, and errors which would otherwise 
pass unnoticed may arise in the computation or in the entry of the time . 

.A. large increase in the number of metallic prominences and disturbances 
showing motion in the line of sight has taken place during 1914 as compared wit.h 
the previous year. 

Summary of Swn,spot and !?'rominence 'Observations. 

10. Sunspot$ .-The following table shows the monthly numbers of new groups 
observed, the mean daily numbers of spots visible and the distribution between 
the northern and southern hemispheres :-

t- I '" ~ ~ ~ 
CI) 

..; "" .: .c 'S - .. e ~ s 0) 13 Year. ell '" s:s '" ... 
~ 

.; k j 
CD "" ., 

0) 

I "'" 0 s:I .D :e .;:: 
>l ~ ... I> 0 

ell CD ::i!l ~ ~ " r;l CI) 0 ~ 
CI) 

~ J!o;, ... ~ l'll 0 r:l 
I 

1 New groups ... ... 1 2 6 7 7 4 5 5 4 5 11 14 71 

Daily number ." ... O'S 0'2 0'4 1'2 O·~ 0'8 0'5 0'6 1'3 0'6 1'7 2'5 o·\} 

North ... .. ... .., ." 3 3 4 1 . .. 2 2 3 4 6 28 

South .. ... 1 21 3 4 3 8 IS 3 It 2 7 8 43 

Equator ... .", '" ... I . .. ... .. . .. ... . .. . .. .. , .. . 

The increase of activity compared with the year 1913 is very marked and 
indicates that the actual minimum of spot activity occurred during 1913. 

The steady fall of activity during the years 1910 to 1913 and the sudden rise 
in 1914 is shown in the table below :-

1912. 1913. 1914. I 1910. 1911. 

---------------------'----------.--------.---~----

N um bar of new groups ... 
Mea.n daily numbel's 
Number of da.ys on which no spot 

was seen. 

152 
1'8 

56 

56 
0'7 

158 

22 
0'3 

240 

16 
0'2 

288 

71 
0'9 

153 

Throughout the~e years there was a marked preponderance of southern over 
nort~ern spots; and It mlly be noted that the minimum activity for the uorthern 
hemIsphere occur~ed as earl~ as the year 1912 in which year no northern spots' 
were recorded durlDg the penod January to November inclusive with only two in, 
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December. In the southern hemisphere a similar period of complete quiescence 
occurred during 1918 in the months May to October inclusive. '1'he first appear­
ance of the new cycle ot spots in high latitudes occurred in December 1912 after 
the close of the northern qui@scent period aud these spots were in the northern 
hemisphere. With one insignificant exception the southern high latitude spots 
:first appeared in :November 1913 immediately following the southerD. quiescent 
period. 

11. Prominences.-The observations indicate a minimum of prominence 
activity in the year 1918 a notable inorease both in numbers and areas having 
taken place during 1914. 

If the two hemispheres of the sun are considered separately the mean areas 
for the northern hemisphere have their smallest values during the years 1912 and 
1913 and remain sensibly constant during those years. In the south there is a 
steady diminution of prominence area durjng 1911 and 1912 reaohing a minimum 
value in the second half of 1913. 

The mean areas obtaiued from the photographic and visual records for the 
years 1913 and 1914 are as follows:-

Mean daily Profile areas of Prominences in square m'inutes of arc. 

1913. 1914. 

----
North , 1·08 1·50 ••• I 

South , 1·11 1·00 ••• j 

I 
1------

Total 2·19 3·10 

It is of interest to note that the time of minimum prominence area for each 
hemisphere of the Run coincides approximately with the sunspot minimum for the 
same hemisphere. The great majority of prominences are however not directly 
associated with sunspots, the zones of greatest activity being III higher latit.urles 
than the spot zones; and the prominences found in the spot latitudes usually 
occur in the areas between the spot disturbances. 

The class of prominence directly connected with spots is distinct and forms a 
very small proportion of the whole; these' prominences naturally follow the· 
sunspot numbers very closely. 

Metallic prominences have been more frequently observed during 1914 than 
during the previous year, altogether seventeen were recorded as against five only 
in 1913. The increased activity of the Sun during 1914 is also shown by the large 
number of prominences recorded showing displaced lines due to violent movement, 
both at the limb and near to spot disturbances on the disc. The greatest dis­
placement observed was 5 A towards red in the hydrogen line a corresponding 
to a velocity of about 230 kilometers per second away from the observer. This 
was observed on August 26 in a prominence situated at latitude-82° ea.st. 

12. Solar Ra.diafzon.-Observations with the Angstrom Pyrheliqmeter were 
()btained from 9th February to 1st May. Later in the year the meteorologioal 
conditions were unfavourable for this work. 

(b) OTHER OIlSERVATIONS. 

13. Tzme.-'rbe error of the standard clock is usually determined by 
reference to the 16-hour signal from the Madras Observatory. This is rendered 
possible by.t~e courtesy of the T?legraph Department w~ich p~rmits t?e Mad~as 
wire to be JOlDed through to thIS observatory. The SIgnal IS receIved WIth 
accuraoy on most days and aU failures are at once reported to the officer in charge 
of the Trichinopoly division. Independent time determinations ha·ve been made 
with the tl'ansit instrument using the Sidereal chronometer K. 6134. 

14. Meteorology.-Eye observations are made at 8\ 10\ and 16h local mean 
time as in former years. The Richard thermograph (wet and dry bulb) and 
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barograph, the Beckley anemograph and t,he snn!hin8 recorder also o?ntinue in 
use, The hourly readings from the barograms, thermograms, and sunshme reoords 
are now tabulat"ed at, the Calcutta Meteorologioal Office and the anemograms at 
the Madras Observatory which also prepares the 8h register from readings taken 
here. The preparation of the 10 and 16h registers is done in the Calcutta 
Meteorological Office. '£he wind velocity is obtained as usual from the Robinson 
anemometer a,nd f~ wind vane. 

Cloud observations with the nephoscope have been made three times a day 
since March I, 1914. 

Pre88ure.-Except in July and November when there was a defect of 0'0]8 
inch and 0'004 inch respectively the mean monthly pressure was higher than the 
normal throughout the year; the greatest exoess was 0'044 inoh in January and 
October. On the other hand the mean daily range was smaller than the normal 
practioally throughout the year, the only exception being thf slight exoess of 
0'001 inch in September. 

Tempe?'ature.-There was a defect of 1°'6, 1n the mean maximum for July, but 
otherwise the temperature was higher than the normal throughout tht:l year whether 
judged by the mean dry bulb or the mean wet bulb thermometer readings. 
Excepting July the mean monthly dry bulb maxima were all above normal whilst 
the mean monthly minima did not show any striking deviations except, in December 
when there wa~ an excess of 2°'·0. The meau daily range was consequently 
higher on t.he whole than usual. 

Humidity.-The relative humidity was not very different fl'om the normal the 
only noticeablp. deviations being· a defect of 14 cents in January and 13 in 
February. 

Rai'l~fall.-The rainfall in tbe year was very abnormally high, the excess being 
20'11 inches or 34 per cent. over the normal. 'Phe increase in the number of 
.rainy days was only 6 per cent. The rainiest months were Ootober with 15'89 
inches, September had 13'60 inches, Deoember 11'78 and May 11'27 inohes. 
The distribution was rather uneven sinCj there was an actual defect of S'ld inohes 
in the six mouths-January, February, April, June, July and August. T'lle 
later monsoon months far more than made up for the defect in the eadier part of 
the sOllth-west monsoon. 

Wind.-The wind velocity was in defect by 6 per cent. It was in defect in 
,every month except July, August and December. The highe~t velocity was 735 
miles on the 9th July. 'rhe most noticeable deviations in direction were in 
.January, February, and October when they were east, east and east-north-east, 
whereas normally the directions in those months are north-east, north by east 
.and north by west. 

There is some doubt as to whether the anemograph was recording correctly 
.ou some days during the mouths of May and September as the velocity on those 
,days is not consistent with the readings of the Robinson anemometer. 

Transparl.,ney of the atmo8phe'1'e.-The transparency of the lower atmos-phere 
as judged by the visibility of the Nilgiris, about 100 miles distant, was praotically 
the same as 1n 1913. . 

aloud and Sunshi'll.e.-The mean clea.r sky was 38 per cent. whi~h was 6 less 
than the normal, but the percentage of exoess of cloud was less than the percentage 
of excess of rain. The'amount of bright sunshine shows curiously enough an 
.excess of 14 per cent over the normal. 

15. 8eismology.-The milne horizontal pendulum recorded sixty earthquakes 
against sixty-one in 1913. 

16. Library.-One hundred and sixty volumes were bonnd during the year. 

, 17. Publications.-Eleven Bulletins, Nos. XXXIV to XLIV were published 
.during the year. Their titles are as follows :-

No. XXXIV.-A comparison of the periodioities in prominences and snnspots, by 
'T. Boyds, D.Se. 
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No. ~XXV.-The apparent effect of planets on the distribution of prominences, by 
T. Royds, D.Se., and S. Sitarama Ayyar, B.A. 

No. XXXVI.-A new interpretation of tbe general displacement of the lines of the 
solar spectrum towards the red, by J. Evershed. 

No. XXXVII.-Summary of prominence observations for the second half of the year 
1913, by J. Evershed. 

No. XXX VUI.-A preliminary note on the displacement to the violet of some lines in 
the solar spect£um, by T. Royds, D.Se. 

No. XXXIX.-On the displacements of the spectrum lines a.t the sun's limb, by 
J. Evershed a.nd T. Royds, D.Se. 

No. XJ.J.-All investigation of the di3placement of unsymmetrical lines under different 
conditions of the electric arc, by T. Royds, D.Se. 

No. XLI.-Summary of prominence observations for the first half of the year 1914, 
by J. Evershed. 

No. XIJII.-Report Oil the conditions for astronomical work in Kashmir, by J. Evershed. 
No. XLIII.-The diffel'ent character of spectrum lines belonging to the same series, by 

T. Royds, D.Se. 
No. XLIV.-On the displacement at the sun's limb of lines sensitive to pressure and 

density" by A. A. Narayana Ayyar, B.A. 

The following contri'i?ution was made in addition to the above ~-
The displacement of the lines of the solar spectrum towards the rtOd, by J. Everdheds 

~'The Observatory" Ma.rch 1914. 

No. XLIII had not been distributed at the close of the year. 

18. General.-The Director-General of Observatories inspeoted the Kodaika­
nal Observatory in Februa;ry. 

Professor IT. B. Turner, Direotor of uhe Oxford University Observatory, paid 
a visit to the observatory in September on his r~turn from the British Association 
meeting in Australia. 

The staff of the observatory worked well during the year not only in the­
routine work but also in connection with the measurement and reduction of the 
spectrum plates required for special researches. 

THE OBSERVATORY, KODAIKANAL, J. EV ERSHED, 
17th Februa1'Y 1915. Dzreoior, Kodaikanal and Maa1'as Observatories. 
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n.-REPORT OF THE MADRAS OBSERVATORY FOR THE 
YEAR 1914. 

Stall-The staff at the Observatory on December 31, 1 !H4, was as follows :-
Deputy Direct.or R. LI. Jones. 
Computer ~. Solomon PiJlai. 
First Assistant ... ... C. Chengalvaraya Mudaliyar. 
Seoond Assistant ... E. RauJanujam Piliai. 

Mr. S. Solomon Pillai was absent on privilege leave for two months from 10th 
March 1914. 

2. Time Se1'vil;e.-N 0 change has been made in the methods of determining 
time. In the time service the 8 A.M. signals to Oolombo were discontinued on 
the 1st November, arrangements having been made there to determine time 
locally, 

The Fort gun failed on 28 occasions out of 730, giving 96'2 as the percentage 
of success. From 1st January to 7th August there were no failures. Then there 
followed a series of failures, the cituse of which-a contact on the line-was not 
discovered until as many as 23 had occurred. None of the failures were due to 
faults at the Observatory. 

The semaphore at the Port office failed on six occasions. On three of these 
days it was correctly dropped at 2 P.M. It was dropped correctly at 1 P.M. on all 
other days. None of the failures were due to faults at the Observatory. 

3. Meteorolog1:caZ Ubs81·'Vation8.-In addition to the ordinary meteorological 
.observations, extra observations were taken for storm warning purpose3 and 
telegrams sent to Simla on two occasions an.d to Oalcutta on 34 occasions. A new 
.Bolar radiation thermometer was rel)eived from Calcutta and brought into use 
from 12th January 1914. 

4. Buildinys.-Some repairs to the office an.d quarters were carried out 
during the year. 

With a view to increasing tbe steadiness of the transit circle, the Chief 
Engineer cam.e and illf-ipected ~he ~bservatory: and the compound in February. 
He finally adVIsed that a subSOIl dram should be construoted round the building. 
Plans and estim~tes for this constr~ction were acc?rdingly drawn up, the 
estimates amountIng to Re. 2,880. ThIS has been sanctIOned by the Government 
of India; the work had not been commenoed at the end of the year. 

5. Instruments.-The following is a list of the instruments at the Observa­
-tory on the 31st December 1914:-

(a) .A8tronomical. 
Eight-inch Equatorial Telescope-Troughton & Simms. 
Siderealolock-Haswall. 

Do. Dent, No. 1408. 
Do. S. RieBer, No. 61. 

Mean Time olook-J. R. Agar Baugh, No. 105. 
Do. with galvanometer-Shepherd & Sons 

Meridian circle-Tronghton & Simms. 
Portable transit instrument-Dolland. 
Portable telesoope with stand. 
Tape ohl'onograph-R. Fuess. 
Relay for use with the Ohronograph-Siemens. 

(b) Meteorological. 
Richard's barograph-No, 10, L. Oasella. 

Do. Thermograph-No. 29637, L. Oasella. 
Beckley1s Anemograph-A.die. 
Sunshine Recorder-No. 149, L. Oasella. 
Nephosoope-Mons Jules Daboseq & Ph. Pellin. 

Barometer, Fortin's-No. 1771, L. Oasella. 
Do. do. No. 725, L. Oasella (spare). 
Do. do. No. 1420, L. Casella (spare). 
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Dry bulb thermometer-No. 94221, L. Casella. 
Do. No. 38()37~ Negretti and Zamhra (spare). 

Wet do. do. No. 94219, L. Casella. 
Do. do. No. 38037, Negretti aud Zambra (spa.re). 

Dry Max.imum thermometer-No. 8581, Negretti and Zambra. 
Dry Minimum thermometer-No. 69017, L. Oasella.. 
Wet Do. do. No. 91753, Negretti and Zambra. 
Sun Maximum thermometer-No. 127618, Negretti and Zambra. 
Grass Minirllum thermometer-No. 3877, Negretlii and Zambra. 
Raia-gauge (8" diamett'r) ·No. 1042, Negrettt and Zambra. 
Meal'lure glass for above. 
Raingauge (5" diameter). 
Measure glass for above. 

The Haswall an.d Agar Baugh clocks werB cleaned during the year. 
A new eyepiece for the Transit Instrument WitS received from Messrsr 

T. Cooke & Sons and was brought into use on the 29th July 1914. 
The level of the Transit has during the yoar undergone large changes as 

usual. With the heavy rain in October and November a very rapid change 
occurred in the reverse dll'ection to that which had taken place during the 
previous dry months. 

6. Weather Su?nmary.-The following is a summary of the meteorological 
conditiolls at Madras during 1914:-

Pr~ssure.-Pressure was above normal in January, February, April, May, 
September and October and below normal during the other months. The greatest 
excess was 0'081 inch in October and the greatest defect 0'042 inch in July. 
The highest pressure recorded was 30-216 inches on January 9, and the lowest 
29'511 inches on June 25. 

Temperat7tre.-The mean temperature of air was above normal in all months 
except April, September and October. The maximum shade temperature was &lso 
above normal in all months except January, February, April, August, September 
and October. The minimum in the shade was below normal in April, August, 
September and October and above normal in the remaining months. The highest 
shade temperature recorded was 110°'3 on June 1, and the lowest 60o'6'on Decem­
ber 24. The hig'hest reading of the black bulb thermometer was 168°'6 on 
October 5 and the lowest on grass 56°'9 on December 24. 

Humidity.-The percentage of humidity was normal in March, nearly normal 
in January, June and December and above normal in the remaining months. 

Wind.-fl.'he wind direction was normal or nearly normal in all months except 
in February when it was two points more southerly, in Julyand August when it 
was two points more westerly and in October when it was two points more 
northerly. The amount of air movement was beloN normal in all months except 
January. This is undoubtedly largely due to change in exposure. 

Oloud.-The percentage of cloud was above normal in April, May, July and 
October and below in the remaining months. 

Sunshine.-Tbe percentage of bright sunshine was above normal in February, 
April and September and below in the other months. There were 2207'0 hour's­
of bright sunshine during the year. 

Rairtjall.-The rainfall WflS above the average in January, April and from 
August to November and below for the other months. '1'he greatest excess was 
8'22 inches in October and the greatest defect 4'51 inches in December. The 
totnl rainfall for the year was 56'63 inches against an average of 49'02 inches. 
The monsoon rainfall from October 15 to the end of the year was 31-74 inche~ 
against .an average of 26'00 inches. The greatest fall on any day was 7'46 inches 
on November 1. 

Btorm.-A storm formed in the south-west of the bay on the Ist:November-
1914, moved in a westerly direction and passed inland to the south of Madras. 

TIlE OBSERVATORY. MADRAS; R; LL. JONES, 

27th JanutZ1'y 1915. Deputy Di'l'6CtO'l'. 
4 



No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

18 

14 

15 

16 

11 

APPENDIX I. 

STATION-KODAIKANAL OBSERVATORY. 

SEISMIC RECORDS . 

." - 10° 18' 50" N. A = 77° 28' 00" E. h = 2348 metres. Subsoil-Rook. 
APPada.tl£.9-Milne's HorizoIlta.l Pendulum Seismograph. 

DatE\. 

1914. 

January 12 

15 

20 

80 

February 4 

6 

13 

22 

Ma.rch 2 

2 

6 

6 

14 

. 27 

28 

30 

4-A 

1914. 

January 
Febmary 
March 
April 
May 
June 

Phe.se. 

... eP 
eL 
M 
F .. , eP 
F ... eP 

iL 
M 
F 

'" eP 
\L 

M. 

F .. , eP 
F ... iP 
iL 
M 
F ... eP 
F ... eP 

eL 
M 
F 

... eF 
F ... aP 
F ... eP 
F ... eP 
L 

M 
F ... aP 

eL 
M 
F ... eP 

aL 
M 
F ... iP 

eL 
M 
F 

". iP 
iL 
M 
F 

To r I 1914. To r 
T2 TT 

16'0 
160 
16'0 
16'S 
16,6 
16'4 

Time 
G.Y.T. 

H. M. S. 

9 49 18 
9 59 30 

10 5 12 
10 23 6 
20 3 12 
20 39 18 
12 22 18 
12 48 I) 

12 51 42 
13 9 48 

3 56 0 
4 49 48 

{5 1 12 
8 24 

P 
21 ()2 48 
22 ]6 12 
12 50 30 
12 53 36 
12 58 42 
IS 11 54 
1 47 24 
2 10 18 

23 20 54 
23 31 00 
23 33 a6 
23 58 48 
0 41 ]8 
1 12 00 
1 30 30 
1 .53 86 

19 49 0 
20 23 18 
20 49 48 
20 51 80 
20 58 42 
20 59 !I. 2 
20 19 30 
20 20 54 
20 44 36 
21 24 24 
1 40 6 
1 43 24 
1 49 30 
2 00 6 

10 53 48 
10 57 42 
11 8 24 
11 36 6 
1 2 54 
1 12 54 
1 25 80 

... 

3~5 Jnly 16'7 2'8 
3'2 Angnst 16'S 2'9 
8'4 September 16'13 3'2 
a·O October 16'1 3'3 
3'2 November ... 15'3 3'4 
2'9 December... U,'7 3'S 

I AMPLITUDE (u). 

Period. 

I I 
Distatlce 

(Sec.) .6. RIIIMARKIi. AN. Am. Az. (Km.) 

i I I 

I ... ... I ... I ... .. . ... ... .. ... .. . ... 50 ... . .. 
I Widening of line. 

... '" ... ... . .. 

... ... ... ... .., ... ... ... ... " . ... ... ... ... . .. 
'" ... .. ... .. 
'" ... 40 ... .., ... ... ... ... . .. I 

I 
... ... ... .. ... 
'" 

I 
.. ... ... 

I ... '" 260} 
250 

.., ... ... ... 
... ... ... ... ... ... 

I 
... ... 

'" Widening of liner ... ... .. , ... ... ... ... ... . .. 
'" .. ... ... .. . ... ... 35 .. . .. ... ... ... ... .. . ... ... ... ... . .. Widening of line. ... ... ... . .. 
... '" '" ... .,. ... ... ... ... .. . I 

40 ... , ... ... .. . 
I ... ... ... ... .. 

I 
.. ... .. , ... . Widening of line. .. ... '" ... ." ... .. ... ... . .. Widening of line. ... ... ... ... .. 

'" ... ... ., . .. : Widening of liner ... .. .. .. .. . 
.. ... ... . .. ... ... . .. .. , ... 
... 50 '" '" ... ... ... . .. ... ... . .. ... .. . ... ... ... 50 ... .. . 

... I '" ... ... ... . .. ", '" .. '" ... ... .. . ... ... 20 ... . .. ... ... ... .. . ... ... ... ... ... ... .. . .. ... .. '" 60 ... ... ... '" ... '" .. •.. ... ... ... ... 
. . ... 

.:~O I 
'" ... .. ... ... . .. 

, .. ... '" ... 
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Kodaikanal Observa.tory Seismio Records-cont. 

I AMPLITUDE (II). 
Distanoe 

Phase. Time Period. 

A>'I~h ~ REMARKS. N°'l 
Date. 

a.M.T. (Sec.) (Km.) 

-! 
1914- E. !d. s. 

17 March 30 P 
eL 2 1 6 
M 2 88 0 60 
F 8 24 24 

J8 April 11 eP 16 41 30 
iL 16 52 00 
]I! 17 24 00 1-10 
F 19 19 24 

(19 20 eP 14 55 64 
eL 15 00 12 ... 
M: 15 08 36 60 
F 15 45 6 

.20 May 21 ... eP 8 85 24 
L 8 88 42 ' 
~{ 8 39 12 60 
F 8 59 1~ 

21 26 eP 1 12 00 Widening of line. E 1 83 42 i 
22 26 iL 2 52 18 I No~ P. Te. M: .2 58 18 .. I 70 

F 3 2 48 
.2lJ --- 26 eP 14 29 6 

iL 141 86 0 

M:{ 
14 46 00 1,070 } ... 14 59 36 1,500 

F 18 19 48 
241 29 ... eP 4 46 P 

L P 
M 5 1 48 850 Instrllment exa· F 6 46 12 mined at 4 h. 4'lm. 25 JUlie 20 eP 7 43 36 
iL 8 9 6 
M 8 23 86 270 
F 9 59 42 

26 20 ... eP 11 20 18 
eL 11 26 54 
M 11 26 54 50 
F II 54 6 

27 25 iL 19 ll! 42 ,No. P. Te. M 19 21) 12 900 
F jl Elld lost in air .28 lI6 eF 5 14 48 tremors. eL 5 38 86 '0' 

M: 5 53 48 160 
F jl 

29 26 .0. P P 
eL 6 52 0 
M 6 56 86 40 
F 7 15 24 

30 July 4 ... eF 17 00 12 
iL 17 01 48 
M 17 10 24 60 
F 17 35 813 

31 4 eF 22 4/l 24 Widening of line. 

82
1 

F 23 89 12 
6 (op 6 52 ()6 

eL 7 0& 80 
III 7 08 00 30 
'F '1 15 86 

33 14 ... eP 3 16 54 I 

iL 8 22 42 
M 8 30 48 2'10 

I ]\' 4 28 86 
84 ' 17 ... I eP '1 S3 06 

eL 7 59 42 
AI 8 08 42 80 
F 8 38 42 

85 25 ... eF 21 46 54 
iL 21 51 SO 
M 21 54 06 170 
F ·22 17 42 

1i6 AugTlRt 4 ... 'aF 4t 28 18 
eL 4 30 06 
M 4 32 06 70 
F 4 S8 18 

87 4-5 ... eP 22 58 48 
eL 22 64 36 
M 28 01. 18 1,800 
F 0 58 42 



No. 

38 

39 

40 

41 

i 

·42 

48 

44 

45 

46 

47 

.48 

49 

50 
51 

·52 

58 

:54 

·05 

56 

.li7 

58 

59 

60 

13 

Kodaikanal Observatory Seismic Reoords-concld. 

Date. Phase. 

1914. 

August 5 '" eP 
eL 
M 
F 

6 ... eP 
F 

16-17 ... eP 
F 

28 ... eP 
eL 
M 
F 

September 23 ... eP 
F 

26 ... eP 
iL 
M 
F 

October 8 ... eP 
iL 
M 

F 
3 '" eP 

iL 
iiI 
F 

6 ... eP 
F 

9 ... P 
iL 
M 
F 

11 .. , eP 
efJ 
M 
F 

28 '" eP 
iL 
M 
F 

November 4 ... eF 
4 ... eF 

F 
4 ... eF 

eL 
M 
F 

10 ... eP 
eL 
~1 
F 

18 ... eF 
eL 
M 
F 

24 ... P 
iL 
M 
F 

27 . " eP 
F 

28 ... eP 
iL 
M 
F 

29 ... P 
F 

December 9 ... sJ> 
ll' 

20 .... eP 
iL 
.M 
l!' 

i 

Time 
G.M.T 

H. Y. S. 

10 58 48 
10 5,~ 86 
10 56 06 
11 14 36 

4 14 64 
5 04 24 
~3 35 54 
0 2() J2 
6 42 00 
6 44 42 
6 53 24 
7 18 36 
2 1'1 42 
2 29 OJ 
5 1'1 42 
5 18 30 
5 20 30 

P 

17 44 06 
18 30 CO 
18 40 48 

43 48 
19 34 48 
22 18 42 
22 27 18 
22 40 48 
23 50 12 
20 02 54 
9.0 38 42 

2 4S 36 
2 51 42 
3 46 48 

16 24 48 
16 at III 
16 27 54, 
16 35 48 
6 28 18 
6 34 42 
6 40 t8 
7 38 18 
8 30 OOp· 
9 01 3D 
9 ,s 06 

11 01 00 
11 16 51-
11 22 48 
11 46 24 

6 54 SO 
7 27 54. 
7 45 00 
8 01 00 

10 41 4'1 
11 08 30 
11 20 30 
11 44 5.J. 

I 12 04 12 
12 82 18 
18 44 54 

I 15 14 30 
15 21 12 
10 58 12 
11 19 18 
11 28 12 
11 52 54 

5 12 24 
5 30 

OO? I 
6 05 86 
6 09 42 

14 84 24 
14 88 DO 
14 38 54 
16 34 86 

, 

I Period. I 
AMPLITUDE (u) 

I I (Sec.) 
I 

I I AN. AE. Az. 

I i 

i 
I ... '" ... ... 

.. ... ... . .. 
... '" '10 '" ... ... . .. .. 
.. ... '" ... ... ... . .. ... 

... ... ... . .. 

... ... '" ... 

... ... . .. . .. ... ... . .. 
.. ... 40 '" .. ... ... ! ... 

... ... '" 
i ... 

... '" ... ! . . 

... ... . .. .. 
.. ... ... ... 
.. 40 ... 
.. .. ... .. 
. .. .. .. . ." ... ... ... . .. ... ... 70 . .. ... ... 70 ... 
... .. ... .. , 

... '" . .. 
.. .. ... ... 
'" ... 500 ... 
... ... . .. ... 
... ... ... 
.. , ... ... . .. ... ... ." ... .. ... . .. 
... ... 1,OllO .. . ... ... ... . .. 
... ... .. ... 
... ." ... '" ... ... 50 . .. ... ... ... .. . 
... I ... '" ... ... ... 
... .. , 600 ... 
... ... . .. ... ... ... ... 
." ... ... '" 
... .. , ... ... 
... ... . . ... 
... .. , ... ... 
... .. 50 ... ... ... '" ... .. . '" ... 
... ... ... . .. 
... ." I 80 ... 
'" ." I .. .. 
. .. . " ... ... 
.. ... ... 

'" ... 50 ... 
... .. , '" ... 
... ... ... '" 
... . , . ... '" ... ... 80 ... 
... .. ... . , 
.. ... ... .. 
... ... ... ... ... ... '" ... .. , ... ... 
.. ... 70 ... ... .. ... ... ... .., ... ... ... ... .. . 
. .. ... '" ... 
... ... ... '" 

60 

.. Merged in hour mark. Lasted a.bout two minutes. 

~ Distance 
6. 

(Km.) 

... 

... 

.., . .. 
'" 
.. . .. . 
'" ... .. . 
'" ... 
. .. 
" 
'" ... 
'" 

... 

. .. 
'" .. . ... 
'" .. . . .. 
.. . .. . . .. 
.. . ... ... ... ... .. , 
.. . .. . ... ... ... ... ... ... .. . ... . .. ... 
... .. ... ... 
... .. . ... 
. .. . .. ... ... ... .. . .. . .. . 
.. . ... .. . ... 
... 
... 

. .. . .. 

REMARKS. 

Instrument ex&-
mined at 4h 16m. 

Widening af line. 

, Wid ..... '" lin., 

Instrument exa.. 
mined at 5h 34m. 

Widening of line. 

No. P. Ta. 

l 

Widening of lille. 
Do. 

NaP. Ts. 

Widening of line. 

Widening of line. 
End lost in hour 

mark. 
Widening OJ' line. 
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APPENDIX IV, 

KODAIKANAL mean houdy bright sunshine for the year 191,4l, 

Hours, 

Month, 

6-7 I 7-8 I 8-9 \ .\l-10 110-n \ 11-]2 \ 12-13113-14114-15115-16116-17117-1&, 

.. , '" .. 0'31 0'77 0'82 0'86 0'86 0'86/ 0'89 O'g5 0'86 0'86 0'78 0'33 
, 

.. , ... .. , '51 '95 '9'7 '99 '99 1'00 '!l4 '93 '84 '75 ''73 '39 

.. , '" .., 'S3 '98 '9'7 '95 '92 0'83 '75 '69 '56 '53 '50 '42 -
, .. .. .. '67 '94 '96 '97 '95 '89 '72 '47 '50 '40 ,29 '28, 

... '" .. '37 '70 '78 ''78 -'87 '80 '61 '55 '39 '28 '25 '14 

.. , .. . ... '23 '50 '58 '65 '68 62 I '56 '43 '36 '22 ',20 '12 

'32 f 
r 

.. , '" '10 '26 '38 '36 '37 i '33 '27 '22 '12 '04 '" I 

... , .. .., '19 '44 'S8 I '77 '78 '63 '53 '48 '37 '24 '08 02 

.. , .. ' ... '21 '56 '74 I '79 '77 'so '58 '42 '39 '34 '15 '04 

... , .. '" '17 '3:7 '42 '38 '41 '35 '23 '2g '25 '19 '16 '02 

, .. .. , '14 '53 '75 '79 '77 '74. 'tl6 '58 '47 '51 '32 '05 

, .. .. , ·'·I~ '54 '66 '67 '64 '611 '59 '60 '63 '51 '39 '04 

0'75\ 0'75 
,------- -- --- _ .... ---

Melhn .. I O'SO 0'63 0''71 0'71 0'62 0'55 0'49 0'41 0'32 0'17 
I 

.APP ENDIX V, 

NUMBER of days in each month on which the Nilgiris were -visible in 1914, 

Month, .1 Very olear. 1 Visibl",, 1 J nat visible,l 
Tops only Total, visible, 

-
January 

I 
\ ... '" .,' 15 7 3 25 

February , .. .., .2 5 5 1 I '13 

:March ... .., .. , 3 1 , .. 4 

.April ' .. .. ... .. , 3 , .. a 
May .. ' .. , .. , ... 3 ' .. 3 

June ... ... 1 4 2 ..' 7 

July , .. ... ... 1 2 3 

Auguat .. , .. , .2 1 ... ... 3 

September ... 3 6 ... '" 9 

Octc.ber ," ... 1 .2 .., ... 3 

November ... 3 2 2 1 8 

December '" ... 1 12 1 ... 14 

, .. I - - --------Tot.al 13 50 25 7 95 
, 

.' 
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APPENDIX VII. 

ABSTRACT of the mean meteorological condition ef Madras in the year 1914 
compared with the ave1'8ge of past years. 

Mean values of 1914. I Differenoe from I Average. 

R,~duced atmospheric pressure 29'S79 0'015 above. 29'864 

Temperature of air ••• Sl'Q O'S 
" 81'1 

Do. of evaporation '76'7 1'2 
" 74'5 

PNcent.age of humidity 74 2 " 72 

Great~~t solar heat in vac,J.O 148'1 84 
" 

139'7 

MaxiRJt:m in shade ... !l1'1 0'3 
" 90'8 

:Minimum in shade ... 75'& O'S " 74'7 

Do. on grass .•. 73'4 1'5 71'9 

R,ainfall since January 1st on 95 days 56'63 7'61 .. 49'02 

G~neral (lil'e(ltio~ of wind .. S.E. Same as a.E . 

D~ily velocity in miles 153 18 below 171 

P~rcentage of cloudy sky ... 44 6 above. 49 

Do. of bright Sunshine 50'0 8'4 
" 5S'4 

DURATION and Quantity of th~ Wind from different Points. 

IHours·1 Miles. I From IHours·1 Miles. I From jHours·1 Miles, I From iHours.1 Miles. 

- i 

i From• 

160 I 
, 

Nqrth ... 1,244 East ... 181 806 South ... ISO 1,368 West .. . 241 1,916 

N:byE. ... 299 1,833 E. by B .... 186 949 S. byW. 216 1,423 W. by N. 222. 1,636 
i 

N;N.E. ... 399 2,245 E.S.E. ... 201 970 S.S.W. .. IP9 1,402 W.N.W .... 120 885 

N,E. llyN .... 819 4,887 A.E. by"E. 272 1,514 
I . 

S.W. byS. 274. 1,889 N.W.by W. 74 607 

N:E., .. , 419 2,814 S.E. ". 495 3,084 S.W. 242 1,525 N.W. ... 59· 302 

N.;E. by E .... . ·337 2,115 S.E • .by S .. 885 6,419, S.W.hyW • 216 1,399 N.W. byN. 29 104 

EoN.]]. ... 
149 \ 

834 S.S.E. ... 
497

1 

4,115 W.S.W .... 181 1,344 N.N.W .... 7 48 

E.ibyN, ... 303 1,392 S. by E .... 314 2,1961 W. by S. 309 2.279) N. by W. 117 708 

There were 158 calm hours during the year. The resultant corresponding to the above­
numbers is represented by a. S.E. wind, blowing with a uniform da.ily velocity of 33 miles. 
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APPENDIX XI. 

MADRAS OBSERVATORY-Wind, cloud and bright snnshine, 1914. 

i 
Wind resultaut. Olouds {0-1O). Bdght sllllshine. 

---- ~ - ---- - ------~ "-Months. I 

I 
! Grea~e8t 

Average number 
I Velooity. Direction. 8B:. lOB. 16 H. ! 20H. Mea,n. per of hours 

I 
i 

I 
day. in a. 

I 
I day. 
! .. 

MILES. I POINTS. [ HOURS. , H°tlRS. 

January ... ... 152 N.E, 3'0 3'2 S'4 1'9 .2'9 7'2 9'3 

Februa.ry ". ... 87 E.S.E, 1'5 2'4 ]'3 0·1) 1'6 9'1 10'2 

Ma.rch ". ,,' 133 S.E. 1'9 2'1 0'6 0'5 I'S 8'4 10'2 

Apl'il .. , ,., 15S S.E. by S, 4'4 3'7 1'6 J'l'i 2'8 9'0 10'9 

May, '" .. , 144 S, byE, 3'7 S'S 4.'2 4'Q S'g 6'4 9'6, 

June ", .. ' 102 S,W, by S, 4'6 4'2 5'9 : 4'S 4'0 4'9 7'9' 

July ,,, ". 130 W,S.W. S'O 7'7 S'S 8'6 8'2 2'4 7'6 

August .. ' .. , 90 S.W. byW. 6'6 6'2 6'9 6'1 6'5 40'S 10-6 

Septemb~r , .. , .. 87 S,byW, 5'1 4'9 5'1 4'2 4'9 5'7 10'7 

Ootober .. , .. , 85 N,E. 5'7 6'S 7'S 6'0 6'6 4'1 9'3 

November .. , ... 15:7 N,N.E, 5'2 5'7 6'1 4'4 .5'4 5'S 9'0 

Deoember ... ... 145 N.E, byN. 4'0 4'8 4'7, g'3 4'2 5'8 S'G 

--,-- ---------------
Annna,) .. , \33 S.E. 4'5 4'5 4'7 S'S 4'4 6'1 ... 

I 
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