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KODAIKANAL AND ~fADRAS OBSERVATORIES. 

I.-REPORT OF THE KODAIKANAL OBSERV ArrORY 
FOR 'l'HE YEAR 1916. 

Staiff.--The staff of the Observatory on December 31, 1916, was as follows:-
Directot' 
Assistant Director 
First Assistant 
Second Assistant 
Third Assistant 
Fourth Assistant 
Writer 
Photographic AElsistant 

Magnetic Observer .. . 
Magnetio Reoorder .. . 

J. E,,~ershed, F.R.s. 

T. Ro} ds, D.Se. 
8. Sitarama Ayyar, B.A. 

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

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

11{ oWN E'I' 10 SECTION-

... S. S. Raruaswami Ayyangar, B.A. 

... S. S. Hanga Acharya. 

The Director was on special duty in Kashmir until November 23. The 
Assistant Director was granted a month's privilege leave from December 4, 1916. 
The First Assistant was on privilege leave from April 26 to May 20, the Second 
Assistant from December 6, 1915 to January 15, 1916, the Writer from May 15 to 
June 15, and the Photographic Assistant from June 13 to August! 13. The Book. 
binder retired on September 10 after a service of 15 years in this observatory. 

The Magnetic Observatory which was working under the Survey of India 
Department since 1904 was transferred to the M~teorologjcal Department on 
August 1, 1916. 

The First Assistant and Photographic Assistant returned from special duty in 
Kashmir on March 28. 

The subordinate staff consists of a book-binder, an assistant book-binder, a 
mechanic, six peons (including the peon of the Magnetio Observatory recently 
transferred from the Survey of India to the Meteorological Department), a boy 
peon for the dark room and two lascars. 

2. Distribution of ~oork.-The special distribution of work arranged in the 
latter half of last year continued till the end of March 1916. The Assistant Direc­
tor had charge of the two spectroheliographs and of the grating spectrograph 
until December when the Director took charge of these instruments. The First, 
Second and Thlrd Assistants were in charge of the work with the Cooke and the 
Lerebour and Secretan equa.torials anet also of all astronomical compnting, the 
preparation of the observations for the press and the measurement of spectrum 
plates. The Third Assistant had charge of the seismometer and clock oompari. 
sons, and the meteorological work was done by the Fourth Assistant and th.e 
Writer. The Writer vras responsible for the acoounts, correspondence and all office 
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records. The Photographic Assistant had charge of the photographio developing, 
printing, etc. 

3. Building.'I and grounds.-The buildings and grounds and fire lines have been 
kept in good order. '£he lathe room was re-roofed during the year. 

4. Instl·ument8.-The following are the principal instruments belonging to the 
Observatory, or in use, at the present time :-

Six-inoh Cooke equatorial. . 
Six-inoh Lerebour and Secreta.n equatorial remounted by Grubb, with a. five·inch Grubb 

portrait lens attached. The Lerehour a.nd Secret an object glass has been replaoed by 
a Oooke photo-visual lens of the same aperture and the instrument has been adapted 
for direct solar photogra.phy in addition to visual work. 

Spectrograph I.-This with the ll-in,oh polar siderostat has been dismounted. 
Speotrograph II-cons;sting or a collimator of 7 feet focus and camera of 14 feet foous 

pla.ced 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 sources, and for rotating the solar image. 

Spectroheliograph-with IS-inch siderostat and 12-inch Cooke photo.viauallens of 20 feet 
rocus, by the Cambridge Scientific Instrument Oompany. 

A.n auxiliary spectroheliograph attached to the above, made in the observatory workshop. 
Six-inch tl'ansit instrument and barrel chronograph, formerly the property of the Survey 

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

DQ. Shelton. 
Mean time chronometer, Kullberg 6299. 
Sidereal chronometer, Kullberg 6134. 
Ta.pe chronograph, Fuess. 
Two micrometers for measuring spectrum photographs, Hilger. 
Hartmann photometer. 
Dividing engine, Cambridge Scientific Instrument Oompany, Limited. 
Milne horizontal pendulum seismograph. 
Induotion ooil with necessary adjuncts. 
Small polar siderostat. 
Universal instrument. 
Oomplete set of meteorological instruments, including a. Richard thermograph and 

barograph and a nephoscope. 
A high class screw cutting turning lathE\, by Messrs. Cooke & Sons. 
Angstroffi pyrheliometer_ 
.An 18-inoh concave mirror by Henry of Paris belonging to the Direotor is mounted in 

iihe speotroheliograph room for genera.l spectrum work. 

The instrumen.ts received from the Takhtasinghji Observatory at Poona 
inolude the following :-

Twenty-inch reflecting telesoope, by Common. 
Six-inch Cooke photo-visual telescope with equatorial mounting. 
Two prisms of 6 inohes aperture for use with the above. 
Twelve-inch Cooke siderostat. 
Eight-inch horizontal telescope. 
Large grating spectrosoope, by HiIg£'r. 
A 0. ultra-violet spectrograph, by Grubb. 
Sidereal clock, Cooke. 
Mean time chronometer, Frodsham No_ 3476. 
One micrometer for measuring spectrum photographs, Hilger. 

The Observatory is greatly indebted to His Highnes~ the Nizam's Government 
and to the Direotor of the Nizamiah Observatory for the loan of the following 
lenses received in January 1915 :-

A IS-inch lens, a 12-inch lens, a. 7-inch lens, all by Grubb, and a 4-inch photo-visual 
lens by Oooke. 

The large spectroheliograph for photographing solar images up to 4i inches 
diameter ereoted at Srinagar in 1915 was dismantled in October and the optica.l 
parts returned to Kodaikana1. 
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OBSERVA'rrONS. 

(a) SOLAR PHYSICS, 

5. S'ummary (if 80lr&?' ubse1'vali'Jns.-The following table gives the number of 
observations made at Kodaikanal during eacb month of the year:-
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I I 
A. = spots acd faculat> observpd. B = spot srectrum observed. 0 = visual srectro.copio observations ma<le. 

D = pi otoheliogI'flDls taken. I:!l '" spel·troheliogl"ams ta.ken. 

The y(~ar was rather more favourable than usual for spectroscopic obser~ 
vations and prominence records. 

At Srinagar 725 Spectroheliograms were obtained on 223 days from January 
1st to October 25th, when the instruments were dismantled. The conditions 
here were extremely favourable from the beginning of May to the end of October. 
(See section 11). 

6. Photoheliog'raplz.--·This was dismantled in 1915 for work in Kashmir and 
no direct solar photographs were obtained at Kodaika,nal in 1916. The series of 
daily photographs on a scale of 8 incl1es to the sun's d.iameter will be resumed in 
1917. A.t Srinagar 8·inch photographs were obtained on 72 days between January 
1 and May 5. .After that date the instrument 'Was modi£ed to give a much larger 
Bcale, and. during the succeeding montbs special regions of the sun's disc includ­
ing sunspots were photographed on a scale of 15 inches to the sun's diameter. 
These plates were obtained 'on 47 days. 

7. Gambridge spedroheliograph.;-Very satisfactory photographs WE're obtain­
ed with this instrument throughout the year when the definition wa,s good. 
This is commonly the case between 7-30 and 8- 30 a.m. but later in the day good 
results can very seldom be obtained. Photographs of the sun's disc in" K " 
light were taken on 329 days and prominence plates on 310 days. Duplicates of 
the disc plates have been sent to the Cambridge Observatory for measurement. 

S. G1'ating spectroheliograph.-Photographs of the sun in Ha light were obtain­
ed on 2bS days. The plates for this work are now sensitized at the observatory 
by the Photographic Assistant and are superior to the commercial red sensitive 
plates. A special apparatus has been constructed for drying the plates after 
sensitizing. The number or absorption markings due to dense prominences on the 
sun's disc has increased largely and some very remarkable forms were photo..: 
graphed in April. 

9. Grating spectrog1·aph.--Dr. Royns has employed this instrument for study~ 
ing the solar displacements, at the cent.re of the disc and at the limb, of the nickel 
and titanium Jines, using these metals ill. the electric arc for comparison with the 
solar lines. The plates obtained have all been measured and reduced and the 
results were ready for pUblication at the c10se of the rear. In general these results 
confirm those obtained with iron, and indicate a low pressure in the reversing 
layer, and a descending movement of.the gases at the centre of the disc. Spectrum 
plates were also obtained in continuation of the research on the displacements in 
the sun of lines which are greatly shifted at tbe llegative "pole of the arc. 

i-A 
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])uring Deoember the spectrograph was modified for the purpose of photo­
graphing the spectrum of Venus. In this work the 15-inch Hyderabad lens 
after its return from Kashmir, was used to great advantage, and spectra were 
secured of the planet having a dispersion of 1'4 A per millimeter. Measures of 
the plates by the positive on negative method will probably yield a fair value of 
the solar parallax, but the main purpose is the determination of the wave-lengths 
of some of the solar lines on the side of the sun turned 90 degrees or more from 
the direction of the earth. 

The research on the change of wave-length of the iron lines between the 
centre of the Bun's disc and the limb has been completed and published (Kodai­
kanaI Observatory Bulletin No. XLlX), and the sunspot radial motion plates 
obtained in 1915 have been measured and the results published in Kodaikanal 
Observatory Bulletin No. LI. 

A number of measures of Bolar and arc spectra has also been accomplished for 
the purpose of testing the' anomalous dispersion theory. The results show fairly 
conclusively that anomalous dispersion is not an effective agent in displacing solar 
lines (' Observatory' Vol. XXXIX, 432). 

10. Sire-inch Oooke equatot'ial and spetJt1'oscope.-This has been employed exclu­
sively for spectrum observations, attention being concentrated on phenomena 
which cannot readily be photographed, 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 com put-ed from the hour 
angle of the sun at the time a photograph is taken, and errors which would other­
wise pass unuoticed ma.y arise in the computation or in the entry of the time. 

11. Kashrruir ealpedition.-The purpose of this expedition not having been 
fully accomplished by March 1916 owing to very abnormal weather conditions, 
the Government of India sanct.ioned an extension of the work for a further period of 
seven months at the request of Dr. Walker. The two assistants Messrs. Sitarama 
.A.yyar and Krishna Ayyar who had rendered excellent service during the 
earlier period returned to Kodaikanal in March, and the Director and Mrs. Evershed 
continued the work at Srinagar until N ov.ember 1. 

The results obtained during the summer of 1916 amply confirm the original 
estimates of the general excellence of the climate for Mlar work. Olear and brilli­
ant skies are the rule during the summer months and the clearness is maintained 
t,hroughout the day in a large proportion of days, in strong oontrast to the 
conditions prevailing at mountain stations. In more cloudy weather there is a 
distinct tendency to clear sky along the central axis of the valley while the 
surrounding hills are thickly covered by clouds. 

As regards the winter months the Iresults anticipated in Kodaikanal Observ­
atory Bulletin No. XLII, page 104, were not realized, and during the six months 
November to Aprilinclusive the conditions as to definition do not appear to differ 
materially from those found in other localities, that is to say, the definition gene­
rally is good in the morning and evening and poor near midday. The fOllr months 
December to March inclusive must be considered to be considerably less favour­
able in Kashmir than at Kodaikanal because of the greater prevalence of cloud 
in Kashmir at that season. 

In the month of May in Kashmir a marked improvement occurs in the 
midday seeing. This appears to coincide wit,h the flooding of the paddy fields, and 
may also be connected with the growth of crops which then cover the fields and 
protect the soil from the heating effects of the sun. In the summer months good 
definition throughout the day is the rule, and superlative definition is of quite 
~requent occurrence. Very beautif~~ solar pho.tographB were secured in July and 
III August under temperature conditIOns rangmg from 80° to 900 in the shade, 
and good rflsults were also the rule in September and October. 

Considerable difficulty wag experienced in adapting the instrumental outfit to 
the high temperature conditions, which produced distortion of the heliostat m.irror 
and large ~nd rapid changes of focus in the lenses. In addition to this, irregular 
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refraction in the horizontal beam of light between the lenses and the speotl>ohelio* 
graph caused bad definition of the photographs when long exposures were neces~ 
sary. These troubles were ver.y largely overcome by erecting a movable wet 
shield over the mirror and a tube of white calico open along the top to protect the 
beam of light from irregular air currents. This tube was itself protected from the 
direct sun by a high screen of the same material. 

The two principal factors which it is believed conduoe to the good definition 
in Kashmir are the absence of disturbing winds, excluded by the surrounding wall 
<>f high mountains; and the very large areas of wet cultivation whioh in summer 
greatly reduce the heating effect of the sun on the soil. 

Summary of Sunspot and Prorn,inence Observations. 

12. Sunspots.-The following table shows the monthly numbers of new groups 
observed at Kodaikanal, the mean daily numbers of spots visible and the distri­
bution between the northern and southern hemispheres:-
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The increase in the number of new groups amounts to 40 per cent compared 
with the previous year but the rate of increase has diminished. 

There were ten days in 1915 and five in 1916 on which no spots were 
recorded. 

There was a preponderance of spots in the northern hemisphere as in 1915, 
and the mean latitude was 16°'0 for northern spots and 18°'4 for southern. 

Disturbances in the spot spectrum have been recorded in a larg.e number of 
cases, as was to be expected in this part of the solar cyole. There were in the 
whole year 489 cases of 0 reversals, 51 of Ds darkenings and 145 displacements of 
the 0 line. 

13. Prominences,-The mean daily areas of prominences in square minutes of 
;are, derived from photographic records made at Kodaikanal and at Srinagar, are 
.as follows :-

-- I Nllrth. I South. I 'l'otal. 

---
1916-Ja.nuary to June 2'06 }'77 3'83 

July to Decem bel' 1'98 1-65 358 

The corresponding totals for the year 1915 were, for the first six months 
5'27, and for the seoond six months 5'29. A reduction of area amonnting to about 
~O per cent is thus shown. 

Th.e mean daily number of prominences recorded during the year is 18'9, a 
'reduction compared with 1915 of under 1 per cent. 

The distribution east and west of the sun's axis is interesting as indicating a 
return to the condition of eastern preponderance. There is only a slight excess 
of east over west in prominence areas and numbers, the percentage east being 50-6 
.and ~O'5 respeotively derived from a total of 6129 prominences. Prominences 
projeoted on the disc as absorption markings give percentages east of the central 
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meridian as 52'2 for areas and 51'.; for numbers, de~ived from 2618 prominence­
markings. D3 darkenings also preponderate east of the oentral meridian and of 
489 bright reversals of Ha on the disc 54'8 per oent were east. Onl) fifty-eight 
metallic prominences were recorded during the year and these were more frequent 
on the west limb than on the east. 438 displacements of Ha were observed in the 
chromosphere and prominences and of these 55 per cent were on the east limb. 

On May 26 a very complete record was obtained at Kodaikanal and at Srinagar 
of an eruptive prominence which rose to the extraordinary beight of over 18', or 
about half a million miles above the sun-a description of tbis prominence will be 
given in Bulletin No. LV. 

14. Solar radiaiion.- Observations with the Angstrom pyrheliometer were 
made near noon in February and March whenever the conditions appeared 
favourable. 

(b) OT BER 0 BSERV A '1'10 NS. 

15. Time.-The error of the standard clock is usually determined by refereuce­
to the Hi·hour signal from the Madras Observatory, This is rendered possible by 
the courtesy of the Telegraph Department which permits the Madras wire to be 
joined through to this Observatory. The signal is received witb accurac yon most 
days a~~ ~l failures are at once reported to the offioer in charge of the Trichjno­
poly dIVISIOn. 

16. Meteorology.-Eye observations are made at 8\ lOb and 16h local mean 
time as in former years. 'l'he Richard thermograph (wet and dry bulb) and baro. 
graph, the Beckley anemograph and the sunshine recorder also continue in use. 
The hourly readings .from the barographs, tbermographs, and sunshine records 
are now tabulated at the Calcutta Meteorological Office and the anemograms at 
the Madras Observatory which also prepares the 8h registers from readings taken 
here. The preparation of the 10h and l6b registers is done in the Calcutta 
Meteorological Office. The wind velocity and direction are observed at 8\ lOh 
and 16h as usual from the Robinson anemometer and a wind vane. 

Cloud observations with the nephoscope have been made three times a day 
and the results transmitted monthly to the .Agl'a Aerological Observatory. 

P'l'88sure.-There was a slight excess of preseure in the months of J annary, 
March and April and a defect in all other months, compared with the average for 
the 11 years 1900-1910. The mean pressure for June was nearly 0'05 inch below 
the average for that month and for September it was 0-04 inch below normal. 

Tempe'l'atu'l'e.-The mean temperature for the year was 2° above normal, and 
an excess over normal is shown in the means for each month. The greatest 
excess was in March with a mean temperature 3°'2 above normal. The mean sun.. 
maximum for tbe year is also above normal. 

Humidity.-'rhe mean annual humidity was 70 per cent against a normal of 
74 per cellt. The greatest defect was in January when tbe humidity was 44 per­
cent, the normal value for that, month being 64 per cent. 

Rainfall.-Tbere was a large deficiency in rainfall in the months January to­
April inclusive and in December. In July there was a very large excess amount­
ing to 7'33 inc.hes, but the year as a whole was in defect by 4'13 inches. 

Wind.-The average wind velocity for the year was in defect of normal, the' 
mean daily movement being 36 miles less than normal. The defect was found in 
every month except jn May and June w ben there was a very slight excess. '1:ha­
greatest ddect was in July in which month the daily movement was 226 miles 
against a normal of 427 miles. The greatest deviation from normal in wind direo­
tion was in December wben the mean direction was south-east by east the normal 
being north-east. 

Transparenoy of the atmo8phere.-The transparency of the lower atmos'Pbere' 
as judged by the visibility of the Nilgiris, about 100 miles distant was slightly 
above normal. 1'he Nilgiris were'more or less visible on 112 days. 
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Oloud and sunshine.-The mean amount or clear sky was not very different 
from the normal except ill January when it was 85 per cent against a normal of 64 
per cent. There was a large excess in the number of hours of bright sunshine 
and the excess occurred in every month except June when there was a slight 
defect. Even in July when the ra:infall was unusually heavy there was an excess 
of 61'6 hours. 

17. Seismology.-Eighty-one earthquakes were recorded on the Milne hori­
zontal pendulum, as against seventyytwo last year. Details of the records are 
given in Appendix I. 

18. Library • ..-:.One hundred and twenty-four volumes were bound during the 
year. 

19. Publicabions.-Four Bulletins, with the following titles were published 
during the year:- -

No. XLIX.-On the cha.nge of wa.ve-length of the iron lines in passing from the centre 
of the sun's diso to the limb, by J. Evershed, F.R.S., a.nd T . .Royds, D.Se. 

No. L.-Summary of prominence observations for the sQeond half of the year 1915, 
by T. Royds, D.Se. 

No. LI.-New measnreS of radial motion in snnspots, by J. Evershed, F.R s. 
No. LlI.-Summary of prominence observations for the first half of the year 1916, by 

T. Royds l D.Se. 

In addition the following contributions were made to "The Observatory" by 
the Director ;-

Anoma.lous dispersion in the snn XXXIX. 59. 
Do. do. XXXIX. 432. 

Large prominences XXXIX. 392. 

THE OBSERVATORY, KODAIKANAL, 

6th February 1917. 
J. EVERSHED, 

Director, Kodaikanal and Madras Observatories. 



n.-REPORT OF THE MADRAS OBSERVATORY FOR THE 
YEAR 1916. 

Stqff.-The staff at the Observatory on December 31, 1916, was as follows:-
Deputy Direct or R. Ll. Jones. 
Computer S. Solomon Pillai. 
First Assistant ... ... O. Ohengalvaraya Mudaliyar. 
Second Assistant ... ,E. Ramanujam Pillai. 

Mr. R. Ll. Jones was absent on leave from 22nd May to 26th June 1916, and 
Mr. James Angus of the Madras Chri~tian College aoted for him during his absence. 
Mr. S. Solomon Pillai was absent on privilege leave from 15th August to 28th 
October 1916 during which perjod Mr. C. Ohengalvaraya Mudaliya.r acted as 
CO'mputer and Mr. R. K. Sangameswara Ayyar as First Assistant. 

2. Time 8~rviGe.-The time gun at Fort St. George failed on 30 occasions out 
of 732, giving a percentage of success of 96. Owing to the shifting of the instru­
ments from the old Port Office to the new Signal Station the dropping of the 
Semaphore was suspended from 1st January to 22nd February. During the 
remaining part of the year the Semaphore failed on thirteen occasions; on ten of 
these it was dropped correctly at 2 P.M:. The 4 P.M. roll of signals was sent and 
received at the Oentral Telegraph Office, for distribution over India, correctly on 
every day. 

3. Meteorolog1:cal obse1'vations.-Meteorological observations were carried on 
as in former years, and the registers are kept posted up to date. Extra obser:va­
tions were taken for storm warning purposes and telegrams sent to Oalcutta on 
37 occasions. 

4. Buililings.-Repairs to the office and quarters were carried out during the 
year. The construction of the subsoil drain round the Observatory which was­
undertaken at the end of the previous year was complAted during the earlier 
part of the year. It is too early as yet to say how far it will be effective in 
stopping the variations in level; but the changes thjs year have not been so large· 
as in previons years. 

5. Instruments.-The following is a list of the instruments at the Observa­
tory on 31st December 1916:-

(a) Astronomical. 

Eight-inch Equatorial Telescope-Troughton & Simms. 
Sidereal clock-Haswall. 

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

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

Meridian circle-Troughton & Simms. 
Portable transit instl'ument-Dolland. . 
Portable telescope with stand. 
Tape chl·onograph-R. Fuess. 
Relay for use with the Ohronograph-Siemens. 

(b) Meteorological. 

Richard's Barograph-No', 10, L. Oasella. 
Do. Thermograph-No. 29637, L. Casella. 

Pea.ndel"s Self.recording Rain-gaoge-No. 116, Lawrenre & Mayo. 
Beckley's Anemograph-Adie. 
Sunshine Recorder-No. 149, L. Oasella. 
Nephoscope-Mons Jules Daboscq & Ph. Pellin. 
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Barometer, Fortin's-No. 1771, L. Oasella.. 
Do. do. lio. 725, L. Oasella (spare). 
Do. do. No. 1420, L. Casella. 

Dry bulb thermometer-No. 94221, L. Casella.. 
Do. do. No. S8na7, Negretti and Zambra (spare). 

Wet do. No. 9421~, L. Oasella. 
Do. . do. No. 38()37, Neg-retti and Zambra (spare). 

Dry MaxImum thermometer-No. 858], Negretti and Zambra. 
Dry Minimum thermometer-No. 69017, L. Casella. 
Wet do. No. 91753, Negretti and Zambra. 
Sun Maximum thermometer-No. 127618, Negl'ettl and Zambra. 
Grass Minimum thermometer-No. 3377, Negretti and Zambra. 
Rain.gauge (8" diamet!:'r) -No. 1042, Negretti and Zambra. 
Measure glass ror above. 
ltain-gauge (5" diameter). 
Measure glass for above. 
Stop watch-No. A-3. 

The Mean' Time Clock by Shepherd & Sons and the Sidereal clock by 
Haswall were cleaned. The Riefler clock was overhauled and eleaned during the 
year. 

6. Weather 8ummary.-The following is a summary or the meteorological 
conditions at Madras during 1916:-

Pressure.-Pressure was below normal in all other months of the year except 
in January when the excess was 0'024. inch and the greate~t defect was 0'0~6 
inch in September. The highest pressure recorded was 30'149 inches on January 
11 and the 10weAt 29'436 inches on June 13. 

Tempemtll're.-The mean temperature or the air was above normal through­
out the year except in July. The maximum shade temperature was normal in 
October, below normal in May, July and November and above in all other months. 
11he minimum in shade was below normal in. January, March, May, July and Decem­
ber and above normal in the remaining months. The highest shade temperature 
recorded was 104°'5 on June 7 and the lowest 62°'6 on January 19. The 
highest sun maximum was 169°'4 on October 3 and the lowest on grass was 58°'4 
on January 19. 

Humidity.-The percentage of humidity was above normal in all months 
except January, June and December. Ill: these months it WaS almost normal. 

Wind.-'j'he wind velo0ity was in defect almost throughout the year. The 
highest wind velocity was 369 miles on November 22. The wind direction was 
nearly normal in all months except October when it was 10 pointa towards west. 

Oloud.-· The percentage of cloud was above normal in June and below in 
all other months. 

Suns/iine..-The percentage of bright Bunshine was below normal in June,. 
Augu~t, September, October an.d November and above normal in the remaining 
months. The total number of hours of sunshine during the year was 2,37~'1 
against 2,4-44'9 in the previous year, 

Rainfall.-The rainfall in the year was above normal in June, October' 
and November, and below in all the other months. The greatest excess was 4:,30 
incheA in October and the greatest defect was 2'36 inches in August. The total 
faIt for the year was 46'47 inches on ~2 days against an average of 49'02 inches. 
The greatest fall in. the year was 5'09 inches on October 15. '1'he mom;oon rainfall 
from October 15 to the end of the year was 31'62 inches against an average of 
26'00 inches. 

Storm.-A storm of great severity formed in or entered the south-east of the 
Bay on November 19th and moving slowly westwards crossed the Coromandel 
Coast to' the south of Madras early on the morning of the 23rd. It caused great 
loss in life and property in the South Arcot District and Pondicherry. 

THE OBSERVATORY, MADRAS, 
4th FebnJ,ary1917. 

2 

R. LL. JON ES, 
Deputy Direotor. 



11 

APPENDIX I. 

STATION-KODAIKANAL OBSERVATORY. 

SEISM!C RECORDS. 

q, =- 10· 18' 50" A = 77" 28' 00" h = 2,34!l metres. Subsoil-Rock. 
Appa.ratus-Milne's Horizonta.l Pendulum Seismograph. 

1916. T. r 1916. T. r 
-:z '1? To 

January 17'9 2';1 Jo1y 18'2 2'3 
Febrnary 178 2'5 Augnst 18'0 2'4 
March J 7'1:) 2':11 September ... IS'O 2'G 
April 18'2 2'6 Ot'tober 18'0 26 
May 17'9 2'5 November 17'8 25 
June 1h'1 2'4 December 18'0 2'6 

AIIIPLITUl>E (u). I 
Time Period. I 

Distance 
No. Date. Phase. G.M.T. (Sec.) 

I 
.6. REMARKS. 

AN. AE. Az. 

I 
(Km.) 

1916. H. M. 8. 
1 January· 1 ... ." ... ... ... ... . .. . .. No P. Te • 

iL 13 32 36 ... ... ... '" M 14 13 12 ... ... 830 '" .. 
F 17 26 00 ... ... '" '" ... 

2 13 ... eP 6 2!l 48 ... ... .. . .. . .. ') 
iL 6 48 06 ... ... ... .. . . .. 

loverlapPing • 

M 6 49 42 ... '" 50 .. .. 
F ? . . ... . .. 

'3 13 ... iP S 30 48 ... ... .. '" .. I iL 8 38 42 ... ... . .. '" I M 8 55 00 .. .. R5 '" ... 
F 12 21 48 ... ... ... ... J 4 19 ... eP 19 18 42 ... ... .. 

'" Widening of line • F 20 29 30 ... ... I . .. ... 
I) 24 ... iP 7 09 36 ... ... \ .. . '" iL 7 13 48 ... ... 

M 7 35 64 .. ... 490 ... . .. 
F 8 55 30 ... .. '" ... ... 

6 26 ... eP 8 13 18 ... . .. .. . ... W ideIling of line • F 8 38 12 ... ... ... . .. ... 
7 26 .. eP 13 23 00 ... .. . ... . .. Widening of line • F 14 00 54 ... .. , -. .. . . .. 
8 30 ... eP 21 311 4~ .. . . .. Widening of line • F 22 04 00 ... ... .. . 
9 31 -. eP 18 40 18 .. ... '" .. . . .. 

L ... ... ... 
M 19 29 12 50 ... . .. 
F 20 10 54 ... ... .. .. . . .. 

10 Febroary 1 eP 7 46 12 ... .. '" ... .' 

iL 7 57 4.-8 '" j ... ... 
M 8 12 4-8 ... I ... 65(1 . .. 

'" F )0 45 24 ... ... '" . .. .. . 
11 6 ... iP 22 15 48 ... .. .. 

iL 22 43 06 .. .. . .. 
M 22 51 54 ... .. 250 .. . .. 
F 23 38 48 ... ... ... . .. 

12 10 ... eP 2 15 36 .. ... . .. .. 
iL 2 18 240 ... .. ... ." 
M 2 21 48 ... 40 . .. ... 
F 2 36 24 . . ... 

i 18 141 ... iP 10 17 54 I ... . . . .. . .. 
I eL 10 20 00 ... ... .. . . .. 

M 10 24 06 I 50 .. . .. ... .. . I 

F 11 13 18 ... ... ... ... ... I 14 14 ... eP 17 49 4S , ... ... . .. '" .. . 
iL 17 54 4S ... ... .- ... i 
11 17 57 18 ... ... 150 ... i 
F 18 29 36 ... . " ... ... I 

15 15 ... eP 12 31 48 ... ... . .. I .., I iL 12 39 00 ... ... ." . . . .. i M 12 41 06 ... ... SO ... .. I 
F 13 13 00 ... I ... '" I 

• The instrnment was not working satisfa.ctorily d1lring the month. From Jannary 13th to Febrnary 5th itwaB 
under repairs and during this period record was obtained only on Janua.ry 17th. 
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RO'l 
Date. 

I 

! 
-'--.. 

1916. 

16 February 20 

17 21 ... 
18 28 ... 

19 March 4 ... 
20 26 ... 
21 l:l6 ... 

~2 April 5 ... 

~3 7 .. 

24 7 '" 

:25 14 ... 
26 15 

27 15 .. 

28 15 . " 

:29 18 

80 21 ... 

:81 :n ... 

'82 24 ... 

24 ... 

i6 ... 

86 May 9 .. 

15 ... 

12 

Kodaikanal Observatory, Seismio Records-oant. 

Phase. 

iP 
iL 
M 
F 

iP 
l!' 

eP 
iL 
M 
F 

eP 
F 

eP 
F 
P 

iL 
111 
F 

eP 
eL 
M 
F 
IP 
iL 
lit 
F 

eP 
eL 
lit 
F 

eP 
F 
P 

eL 
M 
F 

eP 
iL 
M 
11' 

AP 
iL 
!II 
F 

eP 
iL 
M 
F 

ElP 
iL 
M 
F 

eP 
iL 
M 
F 

e1' 
iL 
M 
F 
P 

iL 
M 
F 
P 

L 
M 
F 
P 

iL 
JIll 
F 

eP 
F 

I 
I 

Time 
G.M.T. 

B. 1IiI. B. 

18 12 2.J. 
18 44 24 
18 53 42 
20 88 00 
14 02 86 
U 19 42 
20 45 24 
21 '" 42 
22 01 42 
28 20 SO 
7 48 ao 
t; 89 48 
0 08 00 
0 46 24-... 
2 19 24 
2 20 80 
2 28 12 

21 20 30 
21 25 S6 
21 31 SO 
21 51 00 
9 41 86 
9 41 48 
9 51 86 

11 58 S6 l' 48 12 
14 56 540 
14 58 42 
15 06 64 
17 60 00 
18 06 24 

P 

9 84 36 
9 85 30 
9 56 48 

12 88 SO 
12 42 24 
12 47 80 
14 23 86 
15 08 36 
III 4 19 2 
III 20 00 
15 52 42 
.. 26 06 
4 26 42 
'" 27 24 
5 37 12 

11 44 48 
11 46.. 80 
11 47 30 
18 09 54 
14 05 5' 
14 11 00 
14 12 18 
14 87 42 

8 25 24 
8 47 00 
8 47 SO 

p 
P 

9 86 42 
9 41 30 

10 80 24 
p 

P 
40 01 24 
4 85 42 

14 40 18 
14 48 18 
15 22 18 
!t2 ·88··-4B 
22 4f1 SO 

t ....... "m(.). 
Period I --.. ---
(Sec.). 

A:<I. 'AE. Az. 

I 
I 
I 

I .. ... 
I .. ... ... 

... 160 ... .. .. .. 

... '" ... . " ... .. . 
.. '" ... 
.. ... .. .. 850 .. 

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

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

I '" 50 ... I .. .. . .. 

I 
'" " .. ... 50 .. 

.. 
... ... I 

I ... o. I ... 1,120 ... I ... ... ... " ... ... ... .. I 
I .. ... I .. , 40 ... 
I ... ... ... .. .. I ... I ... .. . . 

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

... ... ... '" ... .. 60 .. 
, .. ... ... ... ... .. , ... ... '" ... ... ... 420 ... ... ... ... ... ... .. . 

60 

60 

100 

.. 
50 

50 

200 

.. 
120 

680 

Dista.nce 

(~.). 

'" 

... 

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

... 

... 
... 
.. 

... 

. .. .. 

.. 
.. ... 

.. 

. . 

" . ... 
.. 
.. .. 

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

REMARKS. 

Widening of line. 

Widening of line. 

Widening of line. 

WideuiJlg of line. 

Beginning lost 
honr mark at 
80m• 

1OverlapPillg. 
I 
J 

m 
9h 

Instrument exam­
ined at Sh 38m• 

No P. Ta. 

. . Widening of line. . 
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Kodaikanal Observatory, Seismic Records-cont. 

A.M:PL ITt! DE (,,). 
--- Dista.noe 

No. Date. Phue. Time Period 

I I 
Ll REJU.BB:8. GM.r (Seo.). 

AN. AR. Az. (Km.). 

J -\ I 1916. H. M. s. 

37 Ma.y 23 ... eI' 22 54 86 ... ... ... '" . .. WidelliDg of line. 
F 23· 06 54 ... ... .. 

I 

. .. 
88 June 140 .. , eF 14 19 24 ... ... .. , .. .. . 

eL 14 20 12 ... ... ... .. . 
M 14 21 12 ... ... 50 .. . '" 
F 14 89 18 ... ... ... '" .. 

89 15 ... oP 11 82 00 ... ... ... '" 
eL 11 89 48 .. . ... .. 
M IJ 43 540 ... ... 110 . .. '" 
F 12 40 00 ., ... '" '" ... 

40 21 ... eP 20 09 86 ... '" ... .. . 
iL 20 09 48 ... . .. .. '" 
M 20 10 86 ... ... 110 
F 20 23 36 

I 
... . .. . .. 

4Il. 21 ... sP 21 53 86 .. ... . .. . . 
eL 22 03 48 .. .. , 

'" 
M 22 10 00 .. .. 60 .. . . .. 
F 23 57 42 ... .. , .. , ... ... 

·42 30 '" eP 4 20 12? . . .. '" .. Confused by a.ir 
tremors. 

eL 4 82 48 .. ... ... .. . ... 
M 4 88 48 ... '" 120 ... ... 
F 5 22 48? .. , '" ... ... ... 

48 July 13 ... eP 15 26 12 ... . .. . .. ... Widening of llne. 
F 15 42 42 .. ... . .. . .. .. 

44 27 ... eP 11 57 06 ... ... ... . .. .. . 
iL 11 58 06 ... ... .. . ... . .. 
M 12 07 00 ... ... 80 . .. ... 
F 12 24 06 ... .. .. , ... '" 45 August 8 .. eP 1 42 06 ... ... ... ... '" 

iL 1 51 00 ... .. , ... .. . 
M 1 52 12 ... .. , 100 ... ... 
F .2 55 42 ... ... .. . .. '" 

·46 8 ... eP 5 04 86 ... ... ... .. . .. . Widening of line. 
F 6 20 18 ... ... ... . .. '" 

47 25 ... eP 10 15 80 ... ... ... . .. '" 
eL 11 02 18 ... ... ... ... . .. 
M 11 13 18 .. .. , 110 ... ... 
F 11 55 06 ... ... ... .. . 

f 

48 28 ... iP 6 44 86 ... ... ... .. . ... 
if, 6 47 86 ... ... ... '" ... 
M 6 52 00 ... 900 

'" ... 
F ." ... ... .. . .. ... 

-419 28 ... P ... ... ." '" 
.., 

iL '1 55 48 ... . .. ... 
M '1 57 18 ... .. , 22~ 

'" ... 
F 8 52 00 . ... ... . .. 

'" ... 
.50 t3eptember 11 ... eP 9 3n 06 ... ... .. . .., 

iL 9 414- 00 ... ... ... .. ... 
M 9 415 06 ... .. , 100 ... 
1l' 11 07 00 ... ... .. , ... '" .51 15 ... eP 7 12 00 ... ... ... .. . 

iL 'l 20 00 ... ... .. . .. 
M 'l 21 48 .. ... 50 ." ... 
F 8 19 42 ... '" ... 

'" . .. 
52 29 ... eP 20 24 06 ... ... ... .. . .. Widening of line. 

F 20 41 80 .. ... . .. . " 
.58 Ootober 3 ... eF 1 4:1 54 ... '" .. . 

eL 1 59 36 ... ... ... '" 
M 2 12 12 ... 50 ... '" ") 
F ... ... .. ... ... t Overlapping. 54 3 ... P ... .. , ... .. . 

iL 2 48 36 ... .. ... ... ... 
:M. 2 54 18 ... 150 .., .. 
F 3 49 OO? ... ... ... ... '" 

56 14 ... F .. '" ... ... No P. Ts. 
iL 19 57 B6 

I 
... .. , ... ... 

I 
. .. 

M i9 58 18 ... ... 200 .. . ... 
F 21) 18 80 .. .. , .. ... I ... 

56 20 ... eP 17 24 54 .. , .. , .. , ... Widening of line. 
F 19 40 12 '" ... ... . .. . .. 

.li7 21 '" eP 19 80 OOP ... ... '" .., ., . Hour mark at 
19h 30m. 

it 19 34 36 ... .. ... . .. 
1.1 19 36 54 .. , ... 190 . .. .~ 

F 20 IS 48 ... ... . .. . .. . .. 



No. 

58 

59 

00 

61 

62 

8S 

64 

65 

66 

6 7 

6 8 

6 g 

7 0 

7 1 

7 2 

'7 3 

4 7 

'1 5 

76 

77 

'78 

'19 

SO 

81 

, 

Da.te 

1916. 

I Oo~ober 81 .. 

31 ... 

Novemb!lr 4 ... 

11 

11 ... 

13 ... 

14 .. 

18 \ ... 
21 ... 

22 ... 

24 ... 

24 .. 

80" . 

Deoember 1 .. 

2 .. 

S .. 

5 00 

9 ... 
14 ... 
28 ... 

24 

26 ... 
26 00' 

27 ... 

]4 

Kodalkanal Observatory, Seismio Records-cont. 

AMPLlTUDll (1.1.). 
Distanoe 

Phase. 'l'imo Period 

I 

.6. REMARKS • 
G.M.T. (Seo.). AN. A Ill. Az. (Km.). 

H. M. s. 

eP 1 09 42 ... .. ... .. .. . 
eL 1 15 48 ... ... . 
]\1 1 18 00 50 .. '" 
F 1 35 36 ... .. .. '" ... 

oP 15 43 18 ... ... 
iL 15 62 42 ... ... ... ... 
M 16 18 48 ... 270 .. 
F 18 26 12 ... .. .. ... .. 

oP 2 36 0i1 .. . .. ... 
oL 2 40 00 ... .. ... ... .. 
M 2 48 00 ... .. 40 ... -
F 2 50 O~ ... .. .. 

eP 14 16 05 ... .. , 
eL 14 20 ()O 

'" ... .. 
]Ii 14 23 Or:; .. ... 80 .. , .. 
F 14 36 £l9 ... .. ... ... 

oP 16 03 ()7 .. .. , .. ... .. . 
eL 16 07 03 ... ... .., 

'" 
M 16 11 09 

'" ... 70 ... ... 
F 1(3 24 01 '" 

... ... ... .. . 
eP 12 44 54 ... .. , ... .. Widening of line. 
F 12 55 86 ... ... .. 

~ '" 

eP 22 51 12 ... ... ... .. . 
eL 22 59 24 ... ... ... ... .. . 
M 28 00 54 ... 80 ... .. . 
F 23 16 80 ... ... ... ... " . 

eP 

I 
12 40 30 ... ... ... Widening of line. 

F 12 f6 86 ... ... ... '" ... 
eP 7 58 12 ... ... ... .. .. . 
at 8 04 42 ... ... ... .... 
M 8 18 48 ... 50 ... .. 
F 8 26 24 ... ... .. .. ... 

eP 20 U3 18 ... ... ... .. . ... 
eL 20 06 64 ... ... .. , 
M 20 09 12 ... 40 
F 20 20 48 ... ... ... .. ... 

eP 4 47 36 ... Widening of line. 
F' 4 49 42 ... ... .. .. .. , 

eP 12 57 30 .. ... ... '" Widening of line: 
F 18 08 36 .. ... . .. ... ... 

eP 4 40 18 ... ... .. ... Widening of lin e.-
F 5 09 30 .. ... .. . ... ... 

eP 21 46 00 ... ... ... ... .. . Widening of line. 
F - 21 57 24 ... ... .. ... 

eP 18 11 54 ... .. . ... .. . eL 13 14 24 
.. .. .. ... ... .. . M 18 17 30 ... ... 30 ... .. F 13 24 06 .. ... ... ... ..-P . ... .. ... ... .. , 

iL 8 47 24 ... .. . .. ... 
M 8 47 24 ... ... 40 ... '" F 8 51 80 

'" .. ... eP 21 44 80 ... .. .. . Widening of line. 
.'!!' 21 56 24 ... ... ' .. eP 0 44 30 ... .. . Widening of line. F 0 48 aa ... .. ... ... 

"" eP 17 41 00 ... 00 .. ... .. . Widening of liuev F 18 08 00 ... ... ... .., 
eP 10 05 42 ... . .. .. . eL 10 43 00 ... ... ... ' .. ... M 10 55 42 ... 60 F 11 20 30 

... ... .. 
P ... .. ." ... .. .. 

eL 8 OS 24 ." .. , 
'" ... ... :M 8 04 54 ... ... 50 .. . F 8 12 24 

... 
sP 4 

... .. . .. . . .. . 08 06 ... . .. ". Widening of line . F 4 38 06 ... .. . 
eP 20 54 18 

... . .. ... .. . ... Widening of line. F 21 05 06 

.. , ... ... .. . 
€OP 22 08 

00. ... . .. ... .. . 36 ... . .. . .. Widening of liIle • F 22 29 
... 

'" 00 ... .. ... . .. ... 
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APPENDIX IV, 

KODAIKANAL mean houdy bright sunshine for the year 1916, 

Hours, 

Mo nth, 

6-7 I 7-8 I 8-9 \ 9-10 110-11\11-] 2 \ 12-1S\ 13-14j 14t-15 : 16-16 16-17117-18 

Ja.nuary 0'39 0'95 0'97 0'97 0'98 0'99 1)'99 O'91l 0'96 I 0'96 I 
I 

0'85 0'2'7 

February '50 '91 '93 '90 '89 '84 '7fl '65 

::; I 

'59 '51 '32 

Mo.rch '24 'l:l9 '93 '97 '97 'fI'7 '91 '82 '75 76 '87 

April 1'00 '86 'IHI '93 '92 '93 '93 '83 I '63 I -54 '39 '23 
I 

Mo.y 0'38 '70 ''79 '87 '88 '84 '86 '79 1 '72 1 '64 '46 '18 

June '14 '36 '45 '44 '48 47 '38 '28 
'
16

1 

'21 '15 '07 

Jnly '24 '49 ::\ ''73 '72 64 '54. '36 '23 '29 25 '13 

August '24 '52 '68 '62 '54 '46 '37 '2H I '27 -26 '10 
I 

September '29 '55 '58 I '59 '64 '58 '46 '27 '21 1 '20 '12 '07 
I 

October '24 '55 '60 '51 '61 '50 '43 '45 '27 '21 '18 '02 

November 'S2 '65 '75 ''76 '76 '72 '61 '49 '44 '40 '31 '09 

December I -" '72 ~ _'~2 ~ __ '77 ~ ~ ~58 \~~I~~ 
Mean O'S7 0'71 0'79 \ 0'80 I 0'80 .~'75_ 0'G9 0'59 0'50 \ 0'48 0'39 I 0'1'1 

1 

APPENDIX V, 

NUl'.rBER of days in each month on whiuh the Nilgiris were visible in 1916. 

Month, I VAry clear'l Vjsible, IJ~'~bl'l Tops only 

I 

Total. visjble. 

Jo.nuary ... I 7 5 2 14 

l!'ebruary ' .. 1 1 1 3 

March , .. 1 ... 
I 

.. 1 

April 1 .. , .. , 1 

Mo.y 1 1 .. ' .. 2 

June '" 3 , .. .. 3 

July 16 8 ", ' .. 24 

Augusb 2 2 1 1 6 

September 2 12 2 ... 16 

October 3 12 .. , .. , 15 

November 1 9 4 ... 14 . . 
December .. , 9 4 .. , 13 

---- ---------
Total 

\ 
25 - 66 17 4 112 

3 
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APPENDIX VfI. 

ABSTRACT of the Mean Meteorological Oondition of Madras in the yea;r 1916 
compared with the average of past yea.rs. 

Mean values of 1916. I Difference from I A.verage. 

Reduced atmospheric pressure 
I 

I 
29'836 0'028 below. i 29'864 

I 

Temperature of ail" ••• Sl'9 O'S abt,vo. I 81"1 

... I 
I 

Do. of evaporation '75'8 l'S ) 74'6 " 
Peroentage of humidity 75 8 72 

Greatest solal" heat in va.cuo 149'7 10'0 
" 

189''1 

Maldmum in shade ... flI'l O'S 
" 90'S 

Minimum in shade ••• 74'9 0'2 " 74'7 

Do. on grass ... 72'9 1'0 71'9 

Rainfall in inches sinoe January 1st on 92 days oJJ!'!7 2'05 below. 49'02 

General directiotl of wind .. S.E.by S. 1 point S. S.E . 

Daily velocity in miles 146 25 below 171 

Percentage of Cloudy sky 
." f 

40 9 
" 49 

Do. of bright sunshine ... 5S'S 4'6 
" 5S'4 

----
DURATION and. Quantity of the Wind. from different Points. 

From From IHours.1 Miles. \ FrolIl Inours. i Miles. I 
I I 

From Inours.1 Miles. 

North UiS 1,062 East ... / 305 1,494 South . I 187 1,112 ! West ... 800 2,880 

N. by E. 163 9!1S E. by S. 866 1,800 S. byW. 
I 

210 1,298 W.byN. 183 1,051 

N. N. E. 362/ 2,996 E. S. E .... 3840 1,561 S.S. W .... ; ll42 1,381 W.N.W. 95 604 
I 

N.E. by N. 443 2,819 S.E. by E. 484
1 

2,748 S.W. by8. i :110 1,862 N.W.bYW,[ 76 362 

N.E. 

I 
218 1,518 8. E. ... 566 : 8,774 I S.W. ... 19::' l,lS0 N. W .... 41 267 

N.E. by E. 185 702 S.E. by 8. 1.119 7,800 S.W.byW. 220 I 1,305 N.W.byN. 64 8400 

E.N. E. 228 1,054 S. S. E .... 475 3,416 W.S.W ... 250 1,737 N.N.W .... 60 391 , 
E. by~. 258 1,044 S. byE. 280 1,688 W. byS. 393] 2,907 N.by W. 55 368 

There were 186 calm hours during the yea.r. The resultant oorresponding to the ~bove 
numbers is repre.sented by a S.E. wind, blowing with a uniform daily velocity of 20 miles. 
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APPENDIX XI. 

MADRAS OBSERVATORY-Wind, cloud and bright sunshine, 1916. 

Wind resulta.nt. Oloud (0-10), I "Bright stlnshine, 

- ---- -------Month, 
\ \ 

i Greabellt 

I 
! Average number 

Velooity, Direotion. 8 H. lOH. 16H. 
i 

20H, Mean, I per of hours 
r I day,- in 110 

I I da.y. 
I I 

I \ 
, 

1 
i 

MILES, POIN'1B. ! 

I I HOURS, HOURS. 

I 
, 

I 
I 

I I I I January 97 I E,N,E. 

I 
2'3 I 2'7 2'1 1'2 2'1 , 8'0 9'2 

I 

I I 
Febrna.ry 101 S,]], by E, 1'1 2'0 1'7 1'2 1'5 S'O 10'8 

! 
Ma.rch 117 S,E. i 0'9 1'5 

I 
0'8 0'5 0'9 S'9 10'7 

I 

I 
I 

AP1'fl 171 S,S.E, 2'6 2'3 2'3 1'1, 2'2 8'S 10'7 
I i 

May 155 S,E, by S, 
I 

S,] 2'5 I 1'7 2'1 2'4 S'O 10'5 
I 

June 111 S,W,byW. I 5'8 0'3 S'2 ! 7-5 6'7 3'9 7'4 
I 

I 
July 69 S, byE, I 

6'7 6-2 5'7 6'6 6'1 4'6 9'0 1 
I 

August 97 I S,W, I 5'4 6'0 7'2 5'6 S'l 4'9 10'8 

September 70 I S,W, by W, 
I' 

5'1 5'7 5'3 11'5 
I 

I 5'S 5'6 6'1 

October 115 S.W, 
i 

5'7 5'9 6'5 4'9 o'S 4'9 10'3 I 
I 

November 66 

I 
N,E, 4'6 5'7 5'S 3'5 4'9 0'2 9'7 

I Deoember 128 N,E. by N. 4'0 4'8 S'9 3'6 4'1 6'2 8'S 
! ----1-------------------------
I 

I Annua.l 20 I B.E. 4'1) 4'2 4'3 S'o 4'0 S'5 ... 
I 
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