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P R E F A C E .

T h b  following pages will be found to be a continuation o f  a Meteorological Register commenced in 

the year 1796 by my predecessor Mr. J ohn G oldingham, and by him continued and printed down to the end 

o f 1822 in a volume entitled “  Madras Observatory Papers,”  Since this date— or, commencing with the 

present volume, the Observations had been continued by Mr. G oldingham and his Assistants, until the 15th 

September 1830, when I arrived at Madras and was appointed to succeed him in the charge o f the Observatory.

It seemed, from the commencement, to be the main object o f  my predecessor,— to furnish a popular 

analysis o f  the climate o f Madras, which, in those early days of our knowledge with regard to the climate o f 

India formed a subject o f deep interest, hence the Observations— commencing at Sun-rise, were repeated at 

10 A. M., Noon, 2 p. M,, and at Sun-set:— these on being cjmpared with the hourly Observations made on 

every tenth day o f  the year 1823, gave no doubt a tolerably correct idea o f the mean temperature and mean

pressure,- &c. &c., but as far as regards other enquiries o f  interest, the early portion o f the Madras Register
* • #does not furnish us with the needful information.

On taking charge o f the Observatory, the respect universally entertained for my predecessor, induced 

me to hesitate to introduce changes without having a very sufficient cause for so doing, this reason added to 

the fact o f  my time being particularly engaged in erecting the new Astronomical Instruments lately added 

to the Observatory, mduced me to continue the Observations without alteration in any respect; matters thus 

stood until towards the end o f the year 1832 ; about this tijne, I had noticed the extreme regularity with 

which the Barometer marked the superior maximum pressure to be at 9h. 50m. a . m. ; and from other obser­

vations— too loose to be here recorded,— had noticed the same regularity with regard to the inferior maximum 

— which took place at 9A. 50m. p. m . ;— hence it appeared to be a matter o f enquiry, if  the breadth o f  the 

wave, for so it may be termed,— continued invariable during the several months o f the year, or what was 

the law o f its variation ? another reason too for observing at 10 a . m ., was, that the mean temperature o f  the 

day is very nearly indicated by the mean o f the observed timperatures at 10 a . m. and JO p . m. Hence on 

the 1st January 1833 the observations at 10 p. m. were added to those which had already obtained.
'  \ ;

In the year 1837, I had been comparing the Meteorological Observations at the times o f maximum 

pressure, when I found myself stopped in my enquiry for the want o f the observations at 4/i. p . m.— the time 

of the minimum pressure ; this led me to consider the matter more carefully than I had hitherto done, when it 

appeared, that for any enquiry— vrith regard to diurnal variation or annual changes,— for Solar influence or for 

Lunar disturbances,— in the absence o f hourly observations— the only useful times were— 4h. p. m ., lOh. a . m., 

4h. p. M. and lOh. p. m. : it appeared on examination, that the observations at “  Sun-rise”  and “  Sun-set” —  

particularly the form er, were, by reason o f the ever varying times of observation, the least entitled to credit; and 

that the observations at Noon and 2 p. m . were really but of|little value. Having arrived at this conclusion, 

— the observations since 1st July 1837 have been confined t(j the hours 10 a . m. and p . m . and 4 p. m.

The Barometers and Thermometers employed, talking into consideration the interval o f time, have 

unfortunately been numerous, but from the pains I have invariably bestowed upon the determination o f  the 

Z ero  errors, I venture to believe that a more than ordinary degree o f accuracy has nevertheless been attained.

T h e  aUempts at an estimation o f  the amount o f  clouds has not, on the whole, been so successful as I 

had anticipated, since, the month o f  March— it would appear by the table o f means, is the least cloudy month in 

the year, whereas the month of February is without doubt more justly entitled to that distinction:— the numbers 

representing the strength o f the wind too, are I fear likewise less precise than could be vvished; but the obser­

vations having been entered in the register, I have not thought them wholly undeserving o f  credit, or myself at 
liberty to repress them.

M adras O bservatory, ^

2d M ay  1844. i
T . G . T A Y L O R ,

I I . C. Asti 'onomtr.

    
 



N . B .— The Longitude o f  the Observatory, is, for the present presumed to be bh, 21m. 3.77^ East of 

Greenwich, and the Latitude may be stated to be 13° 4 ' 9,2' N . I 'h e  cistern o f the Barometer and the 

Thermometers, are situated at about 27 feet above the mean level o f  the Sea, and the site o f the Observatory 

is rather above 3 miles in a direct line from the sea shore.

    
 



M A D R A S  M E T E O R O L O G IC A L  O B S E R V A T IO N S .

A t a late meeting o f the British Association, it seemed to be the general opinion with regard to Meteorological Observations,— tAe wlwk o f  

the details should be given in the exact order in which the readings were made, leaving the nature and extent o f the corrections to be discussed afterwards. 

■\Vith a view to render the Madras Meteorological Observations as acceptable and useful as possible, I  have not hesitated to adopt this opinion, and 

accordingly in the pages which follow, tlie mere indications o f the Instruments have becH given as immediately read off and entered in the rough journal; 

and it now becomes my duty to explain, as far as circumstances will admit, the claims whicli the several instruments employed have to credit, and then 

. to state the nature and extent of the corrections which have eventually been employed in obtaining the mean results thus

Barometers:
Vroin (he year 1822 up to my arrival at Madras in 1830, the Barometer emplc^ed in the Meteorological Observations was one by Tagliahue; 

it consisted of an ordinary wooden frame, with brass plate for the divisions and vernier, and a boxwood cistern with leather bottom and screw after the 

usual manner to render it portable. On removing the cap o f the cistern, no means was afforded for the examination or adjustment o f  the surface o f  the 

Mercury to the Zero point o f  tlie scale, and by reason o f a singularly ill divided vernier, the readings were sometimes erroneous to the amount o f two or 

three hundredths o f an inch ! To reme<ly the first o f  these defects, or rather to ascertain what Zero correction applied to the observations since 1822, I  

availed myself o f a hole on the top of the box which was closed with an ivory plug—to lower a light substance to the surface of the IMerctiry, and then 

with the aid of a pair o f beam compasses, measured the length of the mercurial column :* this agreeing with the indications of the scale, led me to suppose, 

that notwithstanding its badly divided vernier, it was entitled to some degree o f credit. Besides the Barometer by ragliabue, there was another B'trome- 

ter, with aglass cistern— a new one by Dolloml*, to which I  felt at first much inclined to give credit, but as it stood regularly ,072 lower than Tagliabue,

I  was led to conclude that air had got in, .and that it stood at least thus much too low. In this dilemma I  set to work to fill a spare tube, when, after 

numerous trials, and not a few breakages in boiling the quicksilver in the tube, I  produce<^a Barometer whicli stood still higher than Tagliabue (about 2 or 

3 hundredths of an inch) ; I  now applied to the Surveyor General at Calcutta (ColoneljEverest), and was most readily and Ub(ually allowed to choose 

two out of six standard Barometers which had lately been supplied to his office, these were No. 3 and No, fi by Gilbert; on comparing them with the 

Barometer of my own construction, it appeared that my Barometer stood too high by .Oilo inches, confirming the result before arrived at,— that Taglia­

bue without correction or DoIIoiul 4“0-072 inches, exhibited very nearly the true amount of atmospheric pressure. Since this date, J liave had several 

opportunities of comparing the Barometer Tagliabue with others, and have invariably jfound tiiat its indications without any allowance for capilliary 

action agreed with those best entitled to credit. On the 1st October 1830, to avoid the errors arising from'the ill divided vernier of Tagliabue above 

alluded to, I  commenced using tlie Barometer by Dollond:— this Barometer continued in ŝe until the 24th November 1831, when, ^  I  am informed— for 

I  was engaged then in the measurement of a base line at Calcutta,— the doors o f the Observatoiy were blowm open by the violence o f the wind and the 

Barometer— which was supported on a tripod of ordinary construction, throvvn down and broken; from some cause or other which I  am unable to explain, 

the Barometer selected by my Assistant to supply the place of the one now broken was oneby Cary. On my return to Madras on 20tli February 1832, I  

compared the Barometer Cary with Tagliabue and with Nos. 3 and 6 by Gilbert, which 1 had brought with me from Calcutta : the result showed, that 

the indications o f Cary were too low 0.152 Inches ; consequently, the numbers set down in the register between 25th November 1831 and 20th February 

1832, require to be increased by this amount. On the 21st February 1832,1 commenced,using the Barometer No. 3 by Gilbert, and from this date up 

to 14th August 1835, the small difference always noticed between this and N o. 6 by the same maker, induces me to believe that the indications when cor­

rected for capilliary action (-{-*027 inches^ may strictly be relied upon. About this time, viz. on 15th August, I  found an air bubble had insinuated itself 

into this Barometer, and on my inclining it a little more than usual out of the perpendiculai^, it made its way up to the top of the tube, thereby rendering 

the readings less than heretofore, by .10 inch. To meet this difficulty, I now commenceji (on August 15th 1835) employing the Barometer N o. 6 by 

Gilbert; I  had noticed that N o. 6— N o. 3 when corrected ,006 inches, and the capilliary action due to a tube of 0.22 inches bore =  - f  ,051 : hence the 

correction due to the indications o f  N o. 6 =  — .006 o r -f-.045 inches. This Barometer continued in use up to the 31st October 1836, when, in

the midst o f a hurricane which then raged, the doors o f the Observatory were blown in,-t-a part of the roof carried away, and almost all the Meteorolo­

gical instruments damaged or broken. On the 1st November,the Barometer Tagliabue, jvhich alone had remained unbroken, was again brought into use, 

and so continued till the 11 th December, when, having filled two tubes with every po^ible care and finding them to agree to something below one 

hundredth of an inch, I  concluded that eitlier o f them might lay claim to the title o f a Stan<jard Barometer. Having selected one of these for t h e  Standard,

I  commenced its use with every feeling o f confidence, and, with the exception of noticing that Tagliabue without allowance for capilliary action required 

a correction— ,002 to reduce its indications to those o f  the present standard, nothing further in the way o f precaution seemed necessary.

The Storm had passed away, and its effects had been forgotten in the busy mornings and evenings o f the fine months of January and February, 

and, frith the exception of an occasional glance at the twp Barometers and a feeling of pleasure at their coincidence— no further thought o f them was 

given until the 10th o f  May. On this day, to oblige a friend, I  had undertaken— after purifying the Mercury in his Barometer,— to boil it in the tube; 

(a precaution I had feared to undertake with my own, having no spare tubes). On comf«,riag the Barometer thus constructed with the two “  Standards” ; 

to my utter astonishment, a correction 0,125 inches additive to both o f  mine, appeared necessary. A t first I felt convinced that the error lay with the newly 

constructed Barometer, but after boiling the mercury in the tubes of the two hitherto supposed Standards, they both exhibited increased readings to the above 

amount. Since this time I  have frequently filled Barometer tubes, and have found a coincidence between them and the noin considered “ Standards” 

which leaves me confident of not being above 0,01 inches in error. To ascertain at what date this correction ought to commence, or if  its progress had 

been gradual, I  compared the Meteorological Observations o f November 1836 with those of former yearsf w h ^  it was at once evident that the correction 

was due to all Observations since the Storm. Hence, in the Observations o f November 1836, and up to 10th May 1837, the correction -f- ,125 is necessary

* Two Barometers had been supplied but one only arrived sound.

t  The regularity of the Barometer in iiitertropieal climates will permit this mode of procedure, whereas in a high Latitude; one, or even two-tenths of an inch 
might be lost sight of in the varied amount of atmospheric pressure which is experienced.

    
 



F rom ................ 1 January

^  ................ 1 October

2 Madras Meteorological Observations.
for Zero error, and +  ,051 for capilliary action, and for mbsequent Observations, the latte, correctim mly should be employed. This Barometer con- 

tinned to be compared with its fellow, and was found steadily to maintain a small difference only until the morning of the 5th June 1842, when the 

difference had suddenly increased to ,2 o f an inch; and in the course o f the day had further increased. This on investigation turned' out to arise from a 

crack having taken place in the glass cistern,* whereby the Mercury had made its way out. On the succeeding day the glass cistern of the other Baro­

meter sprang a leak, thus rendering it necessary to have recourse to another Barometer. The Barometer employed on the 7th June and up to the 16th 

o f the same month, was a good mountain Barometer hy Cary, which required a correction— ,040 to reduce it to the standard which was being employed 

by lieutenant Ludlow at the Magnectic Observatory. On the 17th June, a Standard Barometer by Newman,— diameter of tube 0.53 with glass cistern, 

& c. & c. was kindly to lent the Observatory by Lieutenant Ludlow, and has up to the present time continued to be employed. This Barometer was 

precisely o f  the samh construction as the Standard employed in the Magnetic Observatory just alluded to, but stood rather more than ,01 inch lower; 

having recently received from Mr. Newman another Barometer o f the above description, which likewise shews the readings of the Observatory Barometer 

to be in defect to nearly this amount, I  have allowed for the' whole interval, viz. from 17th June 1842 up to the present time, a correction -f  .012 for 

Zero error in addition to that for capilliarity (only ,003 in this case) or altogether + ,0 1 5  : recapitulating, the corrections due are as follows:

Interval during which each Barometer was used. Correction.

Inches.

1822 ................ to ................  30 September 1830 ................ 0.000

1830 . . . . . . . .  —     24 November 1831 ...............  -f. 0.072

__   25 November 1831 .................  —    20 February 1832 ...............  4 . 0.152

_  ................  21 February 1832 ................  —  ................  14 August 1835 ...............  0.027

....   15 August 1835 .................. —    31 October 1836 ...............  4  0.045

....   1 J^ovember 1836   —    11 Dceember 1836 ..................... — 0.002

_    11  December 1836   —    10 May 1837 .....................  +  0.176

....   11  May 1837   —    4 June 1842 .....................  4  0.051

....   7 June 1842 . . . . . . . . .  •—   16 June 1842 ............... — 0.040

...............  17 June 1842   —    31 December 1843 .....................  4  0.015

In addition to the above, it now becomes necessary to divest the Observations o f the every varying length of the scale which has been empioyed on 

account of the changes o f temperature, and furthermore, to make an allowance for the variations in the specific gravity of Mercury consequent upon its 

own temperature; for the former purpose, the temperature o f  the verandah in which the Barometer was placed would be proper, whereas for the latter 

purpose, the temperature o f the Mercury in the tube and cistern o f the Barometer itself should be employed :— as the Barometere used at Madras, how­

ever have not been supplied with a Thermometer immersed in the cistern, we must content ourselves, and it will not be far wrong— to employ the tem­

perature as set down in the register. In the case o f  the Barometer by Tagliabue, the frame being of well-seasoned wood, no alteration in the length of 

the scale need be supposed to occur, or, the correction for the specific gravity o f the Mercury is alone due : but for the other Barometers, each being fur­

nished with a scale made of brass extending from the Zero point to the top o f the column, the variations o f its length due to the temperature must be 

taken into account; employing the values for the purpose given at page 182 o f Mi'. Baily’s Tables, the corrections proper to reduce the observations to 

a temperature of 80° are as follows:-—

Barometer with frame o f  Wood. ^ Barometer with frame o f Brass.

Temperature, Barometer 30. Inches.
1

Temperature. Temperature. Barometer 30. Inches. Temperature.

0 Inches. •> ■> Inches. ■>

60 4  .060 — 100 ' 60 4 - .053 — 100

61 ,057 99 61 .050 99

62 .054 98 62 .048 98

63 .051 07 83 ,045 97

64 .048 96 64 .043 66

65 .045 95 65 .040 95

66 .042 94 1 66 .037 94

67 .039 93 67 .035 93

68 .036 92 68 .032 92

69 .033 91 69 .030 91

70 .030 90 70 .027 90

71 .027 89 71 .024 89

72 .024 88 72 .022 88
73 .021 87 73 .019 87
74 .018 86 74 .016 86
75 .015 85 75 .013 85
76 .012 84 76 .010 84
77 .009 83 77 .008 83
78 .006 82 78 .005 82
79 .003 81 79 .003 81
80 .000 80 80 .000 80

In consequence I presume (for I was ât Madras at the time) of the hot wind being allowed to blow upon it.

    
 



Madras Meteorological Observations. 3

Thermometers employed.
In the journal containing the Madras Meteorological Observations made previously to 1830, it is not stated what Thermometers had been 

employed, nor is it mentioned that any particular pains had been bestowed in the way of examination of their errors at 32® or 212° : hence I  am 

enabled to state, that for some time previously to 1st October 1830, a Thermometer by Troughton was employed. On comparing this Thermometer with 

two Thermometers by Jones which had been constructed for Pendulum experiments the following was the result

Thermometers used in Pendulum expcvimenis.

1830.. Troughton. B T rrA T— B

October 3 0 .....................  88.28   86.75   86.58   1.53   1.70

Sept. 1 .....................  89.28   87.58   87.63   1.70   1.65

2 ........................  88.00   86.50   86.40   1.50   1.60

From the known care with which every instrument intended for Pendulum experiments had been examined under the direction o f Captain Kater, I  

did not hesitate to give the preference to the two Thermometers by Jones, which conset ĵuently were employed from 1st October 1830. On proceeding 

to Calcutta in the following year, I took Troughton’s Thermometer (above alluded to) with me, when, on comparing it with Standard A* the difference 

came.out 2.12° that is, the indication of Troughton’ s Thermometer were too large by this amount : hence it would appear that the Thermometers A  and 

B by Jones above alluded to, required the correction— 0.5° : this correction applies up to the end o f 1833, when the Thermometer A  (out door) hav­

ing been found broken, I  employed in its place a Standard Thermometer by Troughton. This Thermometer whose Zero error I had found when in Cal­

cutta to be insensible, continued to be employed up to 31st October 1836— the date of the Storm, when, with several other instruments is was unfortu­

nately broken. A  few days previous to the Storm, I  had received two Thermometers of ordinary construction by Bate, which I  fortunately had com­

pared and found to agree to identity with this Standard ; these having escaped destruction, have been employed up to the present time,— hence the indi­

cations o f the Thermometer since 1st January 1833, require no correction— and, with reference to the correction— 0,5° which then appeared to be 

necessary, I may mention that having an apportunity in the year 1838, of comparing the Thermometer by Troughton first spoken o f with a Standard 

by Newman, its error came out -f. 1.5*, which if allowed, would shew that the errors of the Thermometers A  and B by Jones was about ,2 o f  a 

degree additive, with this degree o f uncertainty attending; I  have come to the conclusion that the Thermometrical indications since 1st October 1830 

cannot with any certainty be amended, and that previously to this date, a correction o f — 1.7® ought to be applied, but as the date at which Trough- 

ton’s Thermometer was first employed is not stated, it becomes necessary to give the mean results as they stand.

Wet Bulb Thermometer.
The Observations o f the W et Bulb Thermometer was first commenced in 1833, but was interrupted on the 1st November 1836 by the fracture 

of the Thermometer. M y  attention on the commencement o f these observations and again on their being resumed in 1838, was particularly directed to 

the agreement o f  the Thermorneter employed with that shewing the temperature o f  the air, which was placed in ite immediate vicinity : hence it is only 

necessary for me to observe, that the numbers set down in the register stand in need o f no correction.

Pluviometers.
, Tlie Rain Guage employed since 1822, and up to 1st October 1830, was one constructed at Madras ; itconsisted of a tin or iron cylinder 36 

inches in length by 6 inches diameter, surmounted by a funnel which spread out to a diameter of 12 inches into which the rain fell. To ascertain the 

quantity o f  rain fallen, the funnel was unshipped, and a tin float with a 36 inch guage rod graduated to inches, was lowered into the cylinder, when, the 

depth o f water in the cylinder was shewn by the length o f rod remaining above its upper edge ; this being divided by 4 gave the depth o f rain :— hence 

the numbers set down in the register, being the actual reading of the guage rod— the depth o f water in the cylinder in fact— require to be divided by 4 

to give the true depth o f  rain.

On the 1st October 1830, I  removed this cylinder and substituted a new copper rain guage by Dollond, which had lately been supplied to 

the Observatory. This instrument offered a surface o f 12 X  12 or 144 square inches, and was furnished with a glass vessel o f 3 inches diameter, by

which the exact depth o f rain fallen could be read o f f : hence the numbers set down in flie register,since 1st October 1830, represent the actual depth 
o f rain.

Evaporater.
M ith the copper rain guage above alluded to, an Evaporater o f the same surface and nine inches deep was likewise supplied, and has con­

tinued to be used up to the present time : the mode o f using it has been, to put 6 measures o f water, corresponding to as many inches of depth into 

the Evaporater every Wednesday morning, and on the succeeding Wednesday, after adding the quantity o f rain which had fallen in the interval and 

subtracting the quantity remaining in the Evaporater, the amount o f evaporation was obtained. One objection, however, seems to offer to this sort of 

measure, namely, that the action of the Sun on the sides o f the copper vessel tending to raise the temperature o f the water, must much increase the 

quantity of evaporation, and as a set off against this, the surface o f the water being some inches below the edge o f the box, is greatly protected from 

the action of tlie wind. W ith a view to ascertain what relation exists between the measures given in the register and the actual evaporation on the sur­

face of a tank. Lieutenant Ludlow of the. Madras Corps of Engineers has lately made some interesting experiments on the edge and in the tank at the 

Red Hills, and I  am permitted by him to state, that the evaporation from the surface of the tank is to that observed in the usual way on s P ^ b y  the
Evaporater, as 10 to 14.

I had compared this Standard two years previously with the Royal Society’s Standard of which it professed to he a copy, and from a very careful exami­
nation I can fully certify the fact of its being so.

    
 



4 Madras Meteorological Observations.

Streng^tli of Wind, Clouds and Weather
The numbers expressing the strength of the wind, -were intended to exhibit the average strength o f the wind during the day only, witij reference 

to a maximum of 10 (which would indicate s violent hurricane), hut the scale, is evidently too limited, and the ideas of observers too indistinct on this

head to render the observations o f much value : the numbers in the column Clouds,”  in a similar manner represent with reference to the number 10__

which indicates it to be quite cloudy, (he average amount o f  cloudy weather during the day ; although more deserving of attention and credit than the 

estimations o f the force o f the wind, still these indications are not so specific as on their commencement 1 had anticipated ; indeed, nothing short of 

hourly observations for this purpose can be much entitled to consideration or credit.

The column entitled “  Weather”  was intended to represent progressively the day only ; but occasionally remarks as to the state of the even­

ing and night occur. These on a few occasions when entered by the native assistant in the absence o f the Astronomer, are somewhat indirectly ex 

pressed: thus, the expression «  Clear, but heavy rain in the morning”  is meant, that it rained heavily in the morning, but afterwards turned out a clear 

day : whereas from— “  Hazy, lightning'to the S. W . witli some rain before day-light”  it is t&be understood thatthe “  before day-light”  is not here 

retrospective, but refers to the succeeding morning :* at other places it will be noted that “  Showers”  or “  some Rain”  had been experienced, w'hereas 

on referring to the column “  Rain” , no entry has been made, which leads me to notice— as being peculiar to the dry state of the air which is occasionallv 

experienced in India, that it will sometimes appear to be raining, and fain will in fact continually be deposited on the sides of the rain guage or the clotlies 

o f the observer who may happen to be exposed to it, witliout either ever becoming wet, the progress o f evaporation being at the time more rapid than 

that o f the fall o f rain.

* To prevent any future misunderstanding on this head, I have lately caused the entries for the particular hours of observation to be made in separate columns
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; <-5 C  J9 '?  55 •5' <.5 t© .0  q  *© q 55 q 1-5 c  o  o  
ci w e© o' e© »  -f' 't o  
5 5 C C M C 5 0 D C ; K C C 5 : cO

0 ‘0 0 ' ^ o o t > 5 5 o e ©  0 ,0  o  51 o  -f o o o  o  51 o  q  q  o o o  q > ©  o  o  o  55 ©  c  O'! 55 q  q
r^ c »  e© »-© o  o  o  o  o  e©
CC CO CO o  CO o  »  *> «o *>

q  *-5 q  CO 5« 51 ©  1-5 55 q  
’̂ * ! '̂ '^ O  {^ ©  ©■ C5 CO* ©3

O  O  5J 55 : o  55 ©  1.5 'T* 
i d © *

' 51 O  55 O  O  51 ©  l>» © O O O O O 5 5 O O C 0 . o  © o  q  51 © q  q  q  q  
d d  co’ — O'! 51 d d  d

•̂  © 55 o  © 51 o  q  q  q  q
d 50 d CO d d o' 55 cd d
O  O  CO 0  CO CO C3 CO CO i-^

q  0  1.5 O  1-5 O  O  CO 0  
55 C5 C5 -H 1/5 d  d  55 d  »5 
COCOC50COOCCCCCOCO

I'* CO q  o  'll >0 © 51 © 51 51 O  51 O  ©  ' ©  51 q  i -o q  o  q  ©  51 51
co’ d  51* lA d  c  cd 51 d  51
CO o  o  o  ^ 0  ©  o  0  0

q 51 © © q © q q q q q 
CO 51 — i« d d  d d  o* d  d  
© © © © © © © © © © • >

55 q q q q q q o © 55 
d  d  d  d d  d  
© o c o © © © © © © ©

q q q q q q q q q o  o © o © 5 i © q © q ©  q q q q q q q q q q
d d  i> C3 © d ©’ «* d 
© © » » © © © © © ©

© © q © q q  © 1-5 q  51 q  
©' ©‘ d  d  f ' d  t> d  d  d  d  
© © © © © © © © © ! >

q  q  q  »o 51 51 o  o  o  o
CO d  d  - i  «  M c i
« > © © © © © 0 5 © » ©

©  55 *!f 51 ©  O  ©  51 O  © 0  0  0  0 ^ 0 0 0 0 0  
d  -H w  d  50 d  d  ‘5  d  d  
© © © © © ■ © © © © ©

! > q  q  55 q  ©  q  ©  q  q  51 q  55 q  q  q  q  ©  q  q  0 0  q  q  ©  q  q  q  q  q  q
‘5 d  d  d  55 d d d  d  d  
© © © © © © © © © ©

S S H 5 ' i ? § - ; E S S.CO q  ©  q  q  q  o  CO C3 - o
o © i > o » c o © o o
© © o o o o o o o ©© © © © © © o © © ©

o  © © o  o  © © o  o  ©
51 51 51 O  ©  o  ©  ©  pH Cl© © © © © © © © © ©

©  51 »  ©  ©  ©  o  O  ©  O  -Tl -^©©«5t^©00' *3<© © © © © q  q  © © ©
© ........................d  * d
55 , n  51

O O O O © O O O 55 o
© © 0 p h 5 I 0 © ' ' 5 0 ©
© © 0 © © 0 © © 0 ©

O  O  O  O  ©  O  51 O  O  51 51
' > 1 ' r f ' 0 © © ' - t ‘ 5 1 0 © © ' T *
© o o . - ^ o o o o © © ©

.5 *t q  o  © o  0 , 0  © © © I"* © O © o  d^© ic cs 
© © © © © © © c o a i ‘ ©

O  O  ©  ©  O  ©  ©  l> o  oPH CO ©  O  ©  C«* o  U5 51 PH
© © © © © © o © © ©

o 0 0 0 0 © © © ©  oO O 51 W PH I'. © 51 rH
© © © © © © © © © ©

O O O O © © O O © o
0  0 0 © © C " O p h p h ©
© © © © © © c o o ©

© © 0 © © © 0  0  0 1 >© © P H P H T h t ^ e O ' I J i p H O
© © 0 0 © © © © © ©

o  o  1-5 o  o  o  o  o  o  r» >5
© r ^ o i - H j > © c i © t ^ t ^ ( i ,
© 0 0 p h 0 0 © 0 © © C .

| 3 | § | 2 § 2 5 S
. . ^ ^ P i c : © © © ©

o  © q o  o o ' t  o o o 
C 5 © 0 © © 0 0 © © ©

© O O © O © © o  © o  
— PH -H Cl  51 W o  O  r-

O  O  O  ©  O  O  O  l > o  ©
5 1 0 0 © - } < C I ' ' ^ © © 0  p H P H r t i - T ' 5 1 5 1 W O O p Hq q q © © © © © © ©  o o o o o o o o o o
d  d  d d
©  51 W «

0 © 0 © © 0  0 © 0 «p H 5 i ' r ' ^ © T f ' i < o o ©
© © 0 0 © © © © © ©

© w o  o  o  o  © o  o  © or - w o T ^ w c i O T f O p H T i *
© © f H p H O p - l C O O © ©

»0 O *-P 9'* *-P © 0 0 ©— o  ©  1-5 55 ©  ©  ©  ©C ; © © 0 © 0 © 0 © ©
5 1 5 1 © © © 0 © 0 0 0
2 2 5 3 S * : r 2 ‘ ' ' 9 > o 5 iq q q q © © Q o c i { 5
< * ^ * " ' # ^ * * » E ’ *

© • 5 0 0  1-5 O  O  >5 ©  ©  
M ' 5  ©  O  ©  *5 *!f t>» ©  ©0 0 0 © 0 0 © O C O

51 O  ©  ©  0  ‘P W 5]  O  O  5 l d - T " ' V © © © W l ' - 0  © © © O phO Q O O ph
©  O  51 O  O  55 ©  O  ©  ©  Oo o © o  © •ir o  »5 -?i -̂  ©^■-|-H*-i|pHfHt^0©0©

“ « § § § «  ■-T« t -  o  © O C O ^ S S ^ ' P I — o  2  • • . ^ “  a © Oi
©  ©  O  55 ©  1-5 51 O  ©  ©  
i - ( © 0 0 © P H C l p H © C 5  
© © O © © © © © © ©

O  O  ©  O  ©  o  ©  1.5 51 ©  
' ^ O O T f P H P H p H 5 1 0  0
q © © © © © © © © ©  

* * d  ©  * " ©
©  51 ©

O t - 0 0 0  5 1 0 T ! ‘ © 0  t ^ O O  51 O O O C O  51 rH 
© © 0 0 © © 0 ® 0 0

r- o  © o  o  o  © o  o  ©© 0 0  5 1 5 1 5 5 0 0 © ©© o o o © o c © o o
o o  c  © o  © o  o  © o  o
t ^ O ' T i © 0 © O p H © 0  0
0 0 0 0 p h © © 0 © C 3 ©

 ̂ C5 «  ^  tij ^ t > © ® o  p « i 5 i © ' ^ o o r * © © © pH55©’f O © r » © © 0  S ' ^ 5 1 © ^ O O t H i « a f t ©51 51 51 55 51 55 51 51 51 ©  O ’if O  w  D* »  ©  O I 5 1 © ' ^ 0 © t ' © © © p - c i w - f o o r - a a ^ U51 Cl 51 51 51 51 51 51 51 ©  C5

    
 



    
 



>
X

ps
oi
a *S)

2  I

c5 ^
S S ?

>> '  . - jj'
"S 3 '^s'csSd 5o J  o 5 ̂  -Ji -2 -

S u S S O v U C / t

5 0N , <3ci ^

O'**' C CS

3  ■'

^  fee bC ^

H3

6C.̂ ®
I ?
^  .s
-£ r  ̂ fl
a -2  c

Gj O -  O _
S O Q .^ c f j Q -

~ N 5 »► M —is O *73 .S
J S f i f i  5 ^  
« 1 1 ' s 3 ' g>» a rt a be «Ui W z  ̂«  «S •- cd fSV <i‘ ji

K | W  -s
. "2 g ■§ E

CB g a - 
tft O «  >» Srs 0) ^
§ 1 5  ®  ft

O «^Q ' i ’s

S»̂ .̂ WW O w l ' l i '  M •-• j;- q; o;

f t Q

<i> o o ri ^
S y 'C ft Q i

*. >>> N> cd

^  N
"a So
O  £
fee "= . :' - '  

rt 5 5 5> G,’ <0 o c

% o

'x ^

■ cd 5 «5 »  c: >.<->e;woOG=a)0

fee
fco

bO -g
•| g M '
O

ft aBS^
S-<u

o a 
3 ® t>-»

ft o O ^ >w w 5 p3
5 '^

a >> cd cd a
3

ir. cn
® «>, >, >-i >-.«l̂  >-»

S o ' ^ S f e S ’̂ S S  o
 ̂ 3̂ S M

0 0 ' ^ 0 0 0 " 3  0 0 0  0

w
C«  ~

r'_b
S I

idft
5 0 0 ft

| - «  , i  S5 g  

M H i  5
^  ft -S 3 ' ® lJ Id cd ”3 

^ u  w  o ;

O jS j3
-- o o

il l  s J
11? ^

ft ' ft 'ft '
© _S
s ^f t s : a

-a -r: -o s e ecd rf a
ft J J"cd "a ”3

ft

1 1 ^  cd -—

ft 'ft 'f t 'f t
^  5 _S _o
cd ^  ̂ cd

o o o o

>% >> >9 ft^ft
ft ft ft ft'ft ft ft ft ft

» sv S
4 ft f tf t f t j

s   ̂ a a a a  ̂y  u  ĥ  ^  ft
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•s T3 »- Jŝ -SS -SI -3 "3 -3 >> 
« 5 « e 3 N W 3 3 3 3 3 N  
0 0 4 > r t O O O O C { 8

S S 3 K S 3 o 5 « S

, • a
C  Q  ”  tiJ S

• 2 ^  S • 3
|2; I  P^q !z; 3
QJ ® •s' ^  o H

X  (A X

s i ^ ^ a i
^ ■ ^ 5 x x  y>

•- ^  3 TS ^ -3  *j *j «  X  
® 3  >3 O 5  X  'SeX X  

X  3 fe >  X  bC fcf)^

r |  o - ^ f r 1 3 ! l 3 ^  2

• -2 SP bcX J » 3  S I  cS
M -i

■ w c X n S  • ' 3 = e 3 2 N
> ;3  § 3  | a

•I.SpW "p^ S w
/ 5 w «  „ P x a > > ^ < a t r a r

= 1  H i l  i J |  
i i a i  1=1" .® ” " 3

g = 5 § 3  Jf f l  O ' ^
Ph ^ - U O

c 3
. Q

" " ,^  bAi^ b c ^  Sn. >>^ c “  a '3
S o S Q iS § o _g% 0 S

K S ^ S S S u E u S S

t
&

^  Zi  
-

fe
"cS
is
o

n

bo
c

'S
>

w

w s
«  2

■5
'— '35 

a  
3 
o

2 :3 3

1 ®l
3 bo S

J - = i ^

g) {S 3
§ -S

1^ -3  JO ^
2 *3 33 3 c 2

2 ^ J H  
-3
B | > >

M f | |

► 2 -S i> >n S ca 3 3

>»>^>>>^>>>-»
' 3 ' 3 ’3 ' 3 ' 3 ' 3 ' 3 ' d3 3 3 3 3 3 3 3

- a  J 5
S Mcc g

0 ' =  J  '3
§ . » S  >.

M  -M >

« I  2 
’“  ° f e x  
0 s

.S .^ i3  ® S 
a  °“ 3 “ bo 
M  -3 3 .3 3

a  ^ r s  .2f>"§) =
“ l - s p a s

s i  .2 .5 : 2  !
X  3 ri 3 > ^

2

faoi:

■§ “
P o
3 O

f i g

i|• CA ^
3 3 M
O 5 X  
O S to -4

^  -2 z., -s ^  bl

fe ■?=^  oD 
"XSi^

§ 5
-3  3  
a  ^  
k V

tf O -3
T c *  I,•— Oi fe
f e : S ^

bo

; .2®x

' 3  bO
! bo.2

' Tc
ns

C2 = -I a  -I ^  '3
> ^ - ^ 0 ) ^ 4 ) 3  3 3 ®
3 '5  «  S 3 S '2  3 '5  S 

x f ^ - K  S x  s

sA !;A iA tn. bA sA
ns-^ns-^-rI'^ns-dnS’S- - - - 3 3 3 3 3 3

o o o S o o ^ o o o  O -  -

w

^  j j  «  ro
1g S§Wf? .rt O I—4 a  -  X  *j
M  r/3 . '^  73 ^  Mt—  X  3 3 3
X  ^  fe ■fj 2 ,2 W

o o ^  -w -H

r r 1

■ f -g  B « 3 5 - 3  =  .

S3*
w  >■

■'2? “

0 fes’ s  w W W
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O O O 0 - 5  ©
□ p o E h 3 5 u P3S3

P3
■g J i 3  1 ’̂
c  © © * 3

I I  H I
-:S

5 S Sd <d <d ^
>» ’•’̂M fc. f>̂■s P 3 3 © 3 w d d N t f i  ^ C O — 0 0 © © d 0

o w 5 h 3 S 3 w B S

r 1
be*

;2 i
■» aI 5? J .230

5  i | B  I

d ^■« fee 
3 r3
d d

N N N N 
c3 d  d  d

S K K f f i l

bo
3
1
S3, be

'd M 'd

2  s d d a a a « a B  a oO "  I*" ^  o  M--r -©! -©
5  a  5 "® 5a d d d a d 

 ̂ >» >»©: -© ©3 >>'©5 N 3 3 3 N 3

b|}

' ' ,2 ® -! 3 o 3 B 5

■£

1 : 1 ^ 1

rSrS-fid
• g l ^ P S

' i  ' 1 '
f 2 « ' ? £ 2
© © s  ©
a s ’d a 
g gp5 S 

-rs "O *©3
S  3  S  S d d d d 

^  J>>*©3 ©3 ©: fc-  3 3 -  -o o.

•B

ns «s
(u n
§  I

O 0_OOOrtOOM_OCO
~ 3 u 3 3 B 5 S B b 53

fi
l2i

w
>>

>> •B

CO CC © © "d
© © © 

3  3  S

c e m w  COCO c o c o w© © ©  © ©  © © ©

S5 -® . ^  ^  ^
,d  *» - * g ^ . ^ ^ . d _ d  ,2
} 3 © © 3 S ' ^ i 3 i - ‘3 3  3 3 3 3 S S 3 3 S 3j ^ l ^ l ^ o o  o o o ^ ^ o o j ® c o o

^  CO CO OC ^  ^  CO CO CO CO ^  CO CO ^  CO 02 CO

^  j=  S3 d  J= S3 '

1  = «  -B
s ' S I ’i  I  $ « I  l $ ® |

-C -S s: x: _d ^  ,d _d j3 _d .d <5 ,d _d X _d s: -S '5
§ § § § a g f e s § ^  ^ g ^ d f e § a | | S |

cocococoJ^cor^e^-co^^’ t>COj>>-COJ>p*(«^CO

© © © ©

X ’ d  _d _d X  X  _d .X  X  •« -w 
3 !S ’0 ’2 3 3 'S '3 a © © 

(0»>>̂ J>-C0C0>>C0C0i?̂

.
■ 6

- s  • - ,  Hs • • © . • WO . W5
• • . © pH , ,  , • 0 07 W5 . . I t  . © n ©

.5  :  =  ®  : : o i d

wo t -  l>  ©  Tf* © © 07 WO TJ* |> kO w5 07 0  07 t -  0 ph.O no 0  © 0 07 0 07 © 07 07 0  © © © wo ©  no © «5 l>  ©  © 07 *0 © kO O'! Tj* ©
0 © r - © i > t - « o 7 ©  PH 07 p  ̂ ©  ©  t -  0 © 0  ©  07 PH r -  © d  © © © ®  t -  r -  © PH 07 01 no .PS

© ©  ®  a  © ©  © ® ®  © © ©  © © © ©  © . ©  © © © ©  ©  ©  © ©  d  ©  q © © © © © ©  ©

PS
HPS
SO
S
pp
PhH

P5
PS

PS

o
p i

p i

©

^ l o o d o o c o c - i k a o OTjJWflC>MC<lT}'0*0 
o  w  fh -m’  «  pS c i  «  n  

...̂  C5L.a Ci «  C i-^ -

O M O O O O d J i C T ^ f y i  © l O O O f f l t O  '9i'''co *P C3
”  !©..© c?i-Ct -- ■“’ -̂ " 2? <?i © <M* e-t C.-<M cm' 'O ei■3 ® 05 CO • '© Ci-w/’CO'vi C> Ci 0 C3 Ci

0 0 © 0 « O C O ' ^ O N © © O O W O O C M O O ' ^  
co-ci 1-5 d  d  rH 35 ci *H fS 
© 0 5 © C » © 0 3 ' C O C O © ©

r  c  C7 *0 o  o  ©  ©  ©  o  •© 
d —’ d d  05 ,pS pH d  p-5 it* i::̂  
C I O © © © © © © © © ©

© d © ‘C © © ’ o 7 ‘O u ? q  q t ^ © q © © « 7 ® q q
d  05 d d  CO d PH PH d  07 c4 ph d  d  ph d  -h pS ri ph 
© © © © © © © © © ©  © © © © © © © © © ©

q  O © wo O © O O © ©
© d c d c o c o d c d d d d d
© » © © « c o c o © © © ®

q © C 7 © © q © f ? 7 © q  
t> 05 cd d  t- d  d  07 d d 
C O © © © © © © © © ©

p̂  ̂© ©  C  *0 w5 M o  rlj q  
d  d d  © rS cj r4 00 d © © © © © © © © » ©

W5 01 07 O  C-  t> O  1-0 ©  M 01 07 ©  *C ©  Tp Tf  O'! ©  © © © • ^ © w f - ^ r i * © © © * ^  
© r- d  t- d  d  © r- r- d  ©©©©©©©©©CO®

PH t> M 07 07 */? q  ^7 t -  qd d d d d d tS ^ d i > c - o 7 * O i . - i O T * 't ^ © r »  
d  d  07* d  *0 d  01 d© © © © © © © © © ©  © » © » © © © © © ©

« q q q w r H q o i > q
d d d d  <0 d d  d J ' 
© © « © © © © © <

© © « p H © ' ^ © q o 7 q
d d d  d  d  d  d d  d  >i 
© © © » © © © ® ® ®

r » « q i > © q © P H © C ' » ? '  
d d o 7  0 7d o 7 0 7 d ^ d < * ' l  
© © © © © © © © c o c o ©

© © O © »0 *0 © o.wo -f 
S O p h O - - p h « © © " 0 07 

- g © © © © © © © © © ©
‘■ 0 © © « 0  0 7 © 0 © t - 0  OlrtrJ^WWOlOWptpH 
© © © © © © © © © ©

= © )—I 01

© wO ».0 ©  o  o  © •'5 © ©  wo *-0 Q uo 1(0 «5 © © O O
® 0 1 © © © 0  01 0 7 i > ©  i O W © W 5 © © « © 0 ©
© © © © © © » © © ©  © © » © © © © © © ! >

WJ © © © © lO to ./» CO © 
© • 0 ® © T f ' 0 7 « © ? C C 0 O  © © © Q © q q c 5 © © ^

. © «0 O © *0 t-O O -  M *0 W 07 rf •O *1* © O W5
" o © © © © ® © © © © ®

© tO C © «<5 »0 iC 1.0 © >‘0 w »-or-© T?<i/5~H C0©w  ©©©©©©CO©©©
O uo © 07 WS © *0 O © O « « © 0 7 © © ‘? : r ' © p H  
© © © © © © C 5 © © ©

© 'O o  o  o ,  r- «-o ©  woi *-0 ©  o  © kiO © ©  o  *0 lO © 07© © p H O t - t - © © 0 1 0 l  © © • ^ P f © i . 0 © 0 - H 0 r t© © © © » © © © © ©  ®©©©©C5©C©C5©

cat-«0©©'0©©OW5
• © t ^ O ’^ © © © © ' - ' * - '

-“ © © © » © © © © © ©
‘5 2 9 ^ f ' © ‘^ © © ‘-®
© © © © © © c o c o © ©

»0 '(J‘ o  >0 *0 no © 07 © cO«o -» © © <0 *0 © r- © 07
® © o © © © © © © ©

07

© © *o O O C »0 O © T#< 
© © 0 1 0 0 © i O © © T t <  
© © © © © © © © © ©

© o  o  p  e  6  ko c> o  1-0 o
© 0 © t ^ © © p - 0 k 0 p - » o« © © © 0 © 0 0 © © - 0

. © *0 © '-O © © © © wO k-0 
• © © k 0 ' 0 © 0 0 © - ^ ^  
! » © © © © © © © © ©

3
S S J5 2 2 <»k O © 0 7  0 0 p H i 0  0 0 7 ©  
© © © q q C 5 ® © ' © ©

© • O © » O k O k O O t . .C 0 0 7
© © © © © © © © C 5 ©
© .........................................................07

© © © 0 © t - © C 7 0 p
o t - 0 7 0 o k 0 t ^ » ^ £ r© © © © © © © © q « 3 § g 5 S I 5 § g ® s ® oc  C3 o  a  O §  §  3  §  g  g

n .§ m M

. » 0 » © 0 7 © © - f © © ©
s : © O 7 O 7 0 7 - I < r f © « ' - © ©< y ® ® © © © © © © . © ©

©  ©  «0  '-O k-0 O  «5  ©  07 ©  •o ”T ©  »o ©  ©  ko ©  i-H r»  
© © © © © © © C O © ® 3 ^ M © C 5 * 0 'P f M r ? l ' - ©

C O ® ® ® © © © © © ©
©  .................................................oi

r- 07 © "̂  *2 *2 ® 2 '12 i2m r . » O r - * - 0  0 ® ^ ' 0 ' T® © © © ® q q ® . © ©
©  07 C  07 «0  k/5 O  '.O 11*1 M  ^«  2 © 3; kO Id ”  © ^ © ©
© » © © © © © C 5 © © © -

- M0 1 W* 3 < « 5 e i > » C
©  '

HOlW’Tl 'k.Ottt^©©©kPHpHpHpHPHpHpHpHM pH07« ’! f ‘0 © d - © C i O p k  
07 0 !  07 07 07 01 CM 07 07 ®  3

    
 



    
 



    
 



    
 



    
 



:a
'p i

<u
n -

U

e s  sQJ «  _
P Q O

' -SJ'■ - Q
£.....

^ >5 ^ ( - ’Sw iS  w cd «  
** ^ — ®

■ ' «  o _
i S  I

«  ^  -  -
■“ S?'S‘S

£  ®  3  ' i-V O ^« fc-, ^3  5̂  N >  ̂ N O •

^  ^   ̂ r. ^  ^  ^  ^  ^
*3 H *3 fc. ~  >>'C "OMrtcocj c f tNaasss 0 ^ 0 _ O J  o o o ^ o _ o

.5 ^

)-]

>> = 
S 2 CO

o o o
S S S i

H
8so£

• I -5
,S
.m .2  
£  5 
^  cu

s
«, ^ ^ - 5 5
C6 <D H R  ̂ d 

W Q  J- J* t^ G  
. s  oT «  ® s  ^  
■B

^  ^  ^  ^-S ~  ~  'O«J «  S W M W 5s O -2 o o o o
S S h S S E o

s
s

I  •

"3 i
3  S?>t»

bO*̂
R  “

■C'o

be a,

s  » be

4

= -^ -3̂ rt ID <ii
f ^ w K  § . S  

S
«  «  "m C CO O O ‘5  •;:

s  S  S P h

fc g^  o —
:

5 5 p  
. >»

>■•- 3 i  -•N n  ̂ = Nce o «  o <s
B S w u S

be
R

o
p£f
’S ^
« - H

^ .SPOJ J  -73
*> fc." C3 9 ^

I J  ^ J;2 ^  ^  e- .S2 

>»

■' = 3 ?  - 3
C j 3 bC c6 so bX)

0) ■« ^ rt
I  J  > 2 ^ ^S «  o S 0) aj^ ; g  f l  o Q  n

fcT tT fcT ■ ̂  uT 
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I  1i  .2 -£
w XJ .«

 ̂ ..-O
>>>^ •' U -  ^ ^
5 3 N _ ^ Q« i ua ; ( j j  r>

is is is ~  ™ ~  ~  "3 ^e S C O O S O O O A c O M r A y j f i jH J i U ^ O O O O O O r t '
S w o S S S g g S B

g M'S ^
o ^  3 «

2 u ® i

i f l s - a  

■ i :» a > 5  £>
Hi’̂ J 3  ^ s

,« 0

€ 1
co^
cj 2
£■3

^ ' io c.S'S 

rs -0
5 5 ^

n 3 ^ X ! 2 ' 2 2
3 = 3 3 2 3 2  i:s -̂'< o_2  o o o  o = _ 2 ^ c s

Q  Q  o  O  O  V  ^  ^ 53

N N N N N N ’otflaia{ a < a c a 3 3 3 0 o o a
S S S = 3 K K S S 5 §

0  r2 -® :S  . ̂ ”  -5 3sr ^ -  tS O
“ «  "5 3 O ^
= iS §  I  *  "“  02 « !  r $  „  
3 -a  ̂ "3
? = « $ ’' ' '
2 011§ ^  02 ^

§ w

■ S ^  §
S i ®(5 02 »r 

& > !  ife

aJ 3  ^

>% >» S 3  ^ ^ jS p g p g  W

to «  pq 
33HH pq 

’-d^  _  — 
-5  02

■5
3 3  ^  ^.? o 5 § OCC

^  -5 '

CO CO (/;• CO '■

i g 5 “ g S |  • g
JCZ2CO|-JCOC»/<(^CO

^  ® o <U . -
.

^  ^  ^  ^  ^  ^

■5 “5 ̂ 3 3O o © 
WCCCZ2

«  ■«V Oi

3= .3 ^  ^

W M  a

.

^  o 
2: ĉo
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T , g g i ? ; g g ! a g g g

S ' S ' g ' i ’S ' S ' S ' S ' S ' ®

f-ieSee«««SceeSc5ei
^ - . P P P P P P P P P

C S O V Q O Q Q U S

O O O O O O O O O O

o
P  ^
i>
«  Z

- - a *i

:a»«.  3 y-

fe
oft

<v
^ f t . ^ .

-  ■? "Sd̂

O Cl

O g

M lf io z ;
' S ' S ‘ «  

5  2 2 S
3 1*^ ^v» — t- I* ̂

. M ) j ! 2 i ^ - a s s ^ Z f e

fe

P

^ ?  f4) <a >
P f t  s 
^ - ^ ' ‘ '® -S ti 

a ’S j'Sd̂

cS eS *0
s  > -  -  a 
5̂  2? ,s .5 a

-

D O I D O O S O W ' - ' W  O O W W W W O O O O
o S S g a H s a s a  a a a a a a a a s a

' 2 ' ^  ■ • - > > _  B<e .s .2

S-S-fi S’-.psrt|’P «  
P  P  >~-Q ^  t̂ > pS'-S’
S j a l S s I S S S ^ g
0 0 0 0 ^ 0 0 ® ® ®

3 5 3 5 w “."“. « S o

o o c o o o o S c o
g g g g g o o a g a

■o-g g ^ ; ?

S' rt'P ® 1  J  S-. S' i  a s 

m f t f t f t  «5 w ®  >>>*
' 3 ^ ' r s  J- u u - d ' o  u ^ * 3  SSs c s nc s a ar t aa
_ o ^ o « ® ® o o ' ^ ® ®

,q o 5 5 p 5 5 5 5 5 5
be b c ^ ^ ^

^  W W 'S? *M .£ 0̂ Sft
^  hS -^hS hS ® ® ® ®
^  ^  f a ^ ^ S f a f a S S S

C0l>f i0f i3 C 0C 0« 0» O M ^ W e 0 M ® l > C 5 « ® i > C 0 1 ^  O O C O T f ' ^ ' ^ C O W C O W  O ^ T j u O ' ^ O O C J i O C ' W b

fa!
f a . fa
OD fa ^

.fa

fa fa

W fa

f c i ' « ' g M ? q | i g | | ^
. , d d | __

w w p i ^ i  g p w w w  i  

!alz;!z;w'piz;i2i^fei2;

^  fa* fa

w 1 =1iw iaP4risi
: W W W

P  W Iz; P  1^ ^

!5 pq M P“ P'
g ' ^ i ? f c ^ ; z ; “ ; ? ; g ' ! z ; ^

S M ' S  !z
. eS ^  a ^  d “

w p p p i 2 ;pip"gpj 5 
*̂3 ^  -T3 "5
S e g P  = f e p h .cS a -vd d ^ ' ^ Z

^  ^  ^  ^  ^  CO

!g P h ^ *

1 c . S
pT =* P  jz; ^  a  S3P  sc ,. ^  S P  H

p

p p

P  P 1  

p';?; ;s m W

!^ P  1  ^ . p ' p  p  P  P  P  g ' te  ^  <2 "g ^

^ > V p  p  p  f=

ao 1 ? > a  5̂ ® p' 'g‘>^t?>J?.pi2p!a|z;^

I P S ^ I i I p I z *
fa

Jj.'fafafa^zifa”

« I—I (?̂  OI 51

*UQH

^JO(I«A3‘ OOO'I 0 0 9' I E96 I  , eoo'E o e i ' i T o e ' i ieo 'E IOE ’5

o

O  -H o  CO , 
O  C5 *0 05 ®l . 
I-H o  Tj* © O  .
O* o'  ©’ O o'  !

O

r»  W l> O  51 C5 
C  —  05 to ®1 

M O  O  O  O  *>
ci © o* o'  6  o'

05 to 
o  t> 
O  t '

. 05

. o

. ©

1> o  ©
O  © 51 
© d  lO

I I I I  I ©  *0 1> 05 O  © 51 O  O
I j I j j O O O O  lOOujOTf III iiiini I I

I I

i H f H © © © i - 4 C 5 i > « o q  q q 4 o q w o 5 i O T ) ; 5 i  
r f c o c o T f o i o o i r ^ o c d  c d © * T f j > © * i o o r » o o

, 5 1 © © t ^ i - H W C 7 © © 5 1  
CO t »  *0 U5 i d O* l >  ©'

© q  © © lO 'Tf © O  l> 51 
©' »  so »d rp ^  CO *o’ id o'

© i ^ q « © q i - H © M 5 i ©
• Tp o' r>̂  *d Tj<’ i> cd t»  © ©* o

© r H i > T ) ^ c o q © M T j | T p  5 i o q ^ i > « i - H i - 4 q T j j
O ■̂* C9 af id i '  so l> ©' ©* ©* 05 o ’ o ’ to 51 !>©*©’ ©

thi FH © 511> © w © Tf !> ^  q  i> © c  q  ©
cd l> ©’ 1> t»  l> C  t> ©’ © • 51 05 w  *d © o  o  o’

I—I w

©iH©i >j >q5i 5i q«q
o* i> © i> *d ©* cd ©' o’ 51 fa

! I © i> q J> pH q Tij © q q q © i> i> q q 51
fa I fa fa fa o’ fa fa ©’ fa o ©* fa o’ fa «d ©* ©* o'

© w o
fa 05 05

q  q  © © © 51 
o  o' d  o  ©’ o*

q r - 5i i > © ' - j © o w ©  
fa o' fa o’ d  o' fa d d o'

Tj< w i> q  pH q o  w q  q  
dfai>fafacd 9 5 cd©o'fa

q  i-j w 51 PH 
cd 51 fa fa fa fa

i> o  «  
d  f a  ©‘

q © q  q q q o q q
d  ©  ©’  fa 51 d  f a  f a  d

q q q i > q © « q p H
d  f a f a f a d  d  d  f a  ©’

o q o ' t  [ooTf i oo  
cd 05 d d ■ fa cd fa ud fa

q q © o © q 
fa fa d d cd ©'MSI

© t', i> q  q  w q  q  q  q  © q  © q  i> © i> q  t}< co
51 fa 51 cd 5i’ cd 5i’ fa d  cd cd fa 51 cd fa cd 51 d  d  d

f5q©5i©©r9Wi>i>
w' fa cd 51 51 cd 51 fa 5i‘ cd

q  q  q  © 51 i> W 5i w i> 
cd o' w’ fa fa cd cd w ci fa

o  51 PH © o  © o  o  i> © q  
51 fa fa ■̂ ' cd cd 51 fa d  d  d

o o o 51 o I ®55©©5iqqpHq  
I ©’ ©* ©' ©' fa fa d  05 fa I i>i>i>t»©©©i>t'

q q © q I J 
fa cd fa ©' 1 I i> i> i> i> I 1

C5WOWOWOC5©pH

©i >qq©^«5©c. 5o
^  £f S? 2  2  2  ©' © o' © t»i>r-©c*©t'©©co

© C 5 0 0 0 0 5 1 0 5 1 5 1 q q w o p H o q o r ; ©
©" ©’ ©' © fa 51 fa fa d  di > r » i > © © © © « © »

o w q q o o © w o q  
C5 d d d ©' d ©' fa fa fai > » i > © ©© i > ©© ©

w o © q © q q t ^ q i - ; q .  
fa fa d d d 51 © © ©’ cd fa©©©©©©©t^i>i >i >

q  q  © q  PH q  q  w  lo ;o
■H d  05 fa fa 51 fa 51 51 51©©t>©©©co©co©

© c o o c o i > © © © o o ! > © © 0 0 © 0 p H t p . © C 5 » > © © © © ' ^ © H f - H r » p H © M t » © © © © o q  
fa fa w* cd w cd 51 51 PH o
© © © © © © © © © © w

O  ©  ©  ©  ©  CO f © © 0  5 1 © i : J i © © 0 © © © O  O  © 51 q © p H r « c o q © T j ; q q  
fa 51 d  fa 51 d  o  51 w* cd 
© © © © © © © © © ©

■ > ! f © ' ^ 5 i o © o q ® w q  
51 fa fa fa fa 51 51 pH 51 © o
o © © M O © © c o c o © o

q  © 51 © o  o
fa 05 05 d  © d  © tp l> © © ©

51 q  ©
fa 51 fa
©  ©  w

i >  o  '?*' o  ©  o ! © © © q  o  © © © 
■ ©' ©' d  fa fa cd cd fa fa 
, i > t > © © © © © c o ©

t - r - o o  | c5 5 1 p h © © I o  tp i> q  w  © 
fa fa  © ’  fa  fa,PH 

l o o t ' © © ©
Io  ©

© 05 © t'

© t ' C l O O O O W O O q q q q c i O O O C O p H
f a d f a c d o 5 c d © ' f a c d o 5
t ' t ' C ' t ' t ' C ' t ' C ' t ' C '

© q q q q o o o q q
d f a f a f a © ' 0 5 l > © f a c d
t ' t ' t ' t ' t ' t ' t ' t ' t ' C '

5 ! © © W © i > C 0 © © O © 51 © © o  t  ̂q  q  q  q  ofa © d d cd d fa fa i> 51 
C ' t ' C ' t ' C ' t ' t ' t ' t ' t ' C '

51

CO

_ c o

| t ) < ^ © ©  © 5 1 0 5 1 0
I © C O O ©  o o o o o
j j p H p H p H p H  p p r t ^ p H p H

d
________________w______________________________________________ _
5 » 5 1 0 5 1 © 0 © ^ 0  O O O O O O O O O O
l > ' ^ - ^ C 1 0 l ^ 0 H f 0  W5IC0W'TfTnc051pH51
q q q q q q q p H p H  p H i - j r H r H p H p N r H p p p H P H

0  5 1 5 1 © 1 } ' © 0 5 1 ©  5 1 © © 0 ' « t 0 r j < 0 © 5 1
0  51 C5p *«Ti '00 Wrl<  W 5 I O ' ^ W W ’T f C 5 r - W© q  q  © © © © q  pH q  q  q  q  p.< q p̂  p̂  fh q

© © O O O O O  © » 0 ' - f 0  5 1 5 1 © 5 1 0
t ' » 5 i 5 © M t ' l >  0 ^ O O > 5 i . 5 O H t C 5 i . 5
q  © q  q  q  q  q  ” 't 'Tl

© ^  ©51 © I 51 O  © 0  51© | : J 0 0 5 1 © 5 1
■ ^ ■ ^ © I 'p ©  l » 5 © ©  © O ©  0 0 l ' ' 0 > 5  0q q q o o  Ipi.tpp5i

0  5 1 r i i © 0 © 0 0 ©  0 p f 0 © 0 ^ © © 0  51
• | P W ^ i - 5 W C 5 ^ W ? —<C0 

q q O O O O O f i i H  r H ' - ^ q q q q q q q q

© 51 0>fM O  lf3
pH ©  ©

Ht O  © O  51 Tf »c »5 i> © © r* 
©  ©  ©  ©  o  o

© O © 51 1-5 W 51 rfi 
O  ©  ©  ©

I T f 0 0  5 1 ' P f 5 1 i 5 0 © 0  © >5 1.5 t '  i5 O  W 51 25 ^
o - H q o q q q q ' ^ ' T J

© © 51 o
5J T-H 1̂ ' W
PH PH ©  ©

O  ■rf r f  W  O  CO 
Tf W W ^  *5 "i? © © O O o  o

^ S 2 2 ® o ® i o o c i
2 £ J 2 ! S ' ^ ® i M 5 i c d f a

© © 51 o  o ^ 5  2  2© O phC0 5I5Iph^ O © ^© o p - . o q q q O ' - i q q

O  Tf  ©  I f  
«  51 © 2
pp pH pH ©

© o  © o  o  ©«  W (rt © ■̂  »5
O  ©  ©  PH O  O

2 £ { ® ® ® o o ' ^ T f o  O phphcOWW ®. 2  ® ® o o o © o ©
© 0 © t O '^ '^ 5 l T ( 'T } '0
^©"HpH©©qqpHpHpH

51 © © •
*5 O  51 5
O  ©  PH t

W O O 0 5 I O C 0 0 ©  *®^51C5(WtTP»5 0 0© © © © © © © o o o
0 0 0 © © t K © 5 1 0  51 0  
"  i © i 5 l > t ' ' ^ W W T f ' < C

PHpH O O pH - H pH P H pH

) O  0> 51 ©  O  Tj* 
) O  i >  C5 Tf PH
> ©  ©  PH PH PH PH

51 O O O  5 1 5 1 0 5 1 0
© © > 5  01 O C ' © © ©
© O O ©  I. © O O O ©

i ■pf © © 51 51 O  
I © i> © © l> <5

I Tt* 51 51 " t  O  ■?)'
< Hji I t  Cl PT l>  O
) O  ©  ©  ©  ©  ©

© © © o c i d o c a ^ o
■ ^ p c p H P H C i d C J ' p t w w
© © © © © © © © © ©

o o o d O o o H f o c i o  
CO ‘5  t'* 51 3 -  3  tH PH o  ^  q  
© 0 © p h O © © p h © p hp -

I  PH 51 CO Ht ‘ 0  O  tH CO ©  O  
W - ^ p ^ p p p p c p h p h p H p h p h CI < W C 0 H t » 5 O t > © © ©  p H 5 1 ( W H t * 5 0 r p © © © p H C l W H t ' C O t ' O f t O P H  

51 51 51 51 51 51 51 Cl  51 CO W

    
 



    
 



    
 



    
 



    
 



    
 



X
X
X

w

C O
GO

o

a

t
a
m

_ a

C

1

0 )

Oi

e
-t—
03

T ii
o

C 5

1
T e

' 3

o
q ;

<u

5
H
"tj

is

•spnolo

l i
r :
«  -3

I
n i JltJJIIiliil
| p ^ ~ l : l i l  1 1 1 1 1 1 1 1 1 1 1

filfllllll IMIIIIIIII

i J ,

;  S' z  12 Z ;

l l l l f

Jtllii
G c  ~  ^

i
X
«

■ i «  
— "2

II,

2
■Jf
12
a

2

! i lit 
lAili
! | | | i j i

1 1 1 ?
a i f  i  m m i  i

c  C5 c  c: c: «  CO ct cc co ?? oi ‘O co m «  oi oj o  *c ..■5 o  *-o CO oj cr «  CO cc cc •o ci cj n Tt* cc c* co c  o  o  co co -c co

Iz
!/j

^ *  s ' s ' “  is s  . • "
1  “ ■ S  ? « *  ^ - ‘ * - ■  *  ^ f "

a ; " s ' Z 1 2*  S e c  S 1 &  Z Z ^ ^ s J ^ ' - S ^ e x - S :  S z ' Z >

s  '

^^■^V'K'a

.  .  -  . ' . . .  s  s i i  s a - / ;  B
s ' S i f 5 K , ^ g : < c ^ | S :  s s s s s  E S - ' S  Z Z : - ‘ ; ^ . - ' S z a s a
l 2 ^ ' ? > E ' ^ ' * V ' s ; i S  ^ - ^ y z z Z J 5 ^ _ - ^ ^ _  Z Z . Z Z Z e Z z z ?  ̂ a ' a ' X ^ I Z s ' ^ f ^ i ' ^
Z 'x Z Z Z x ^ x x l 2 Z Z Z ^ z 'Z Z 'J 3 l2 x 2  x a c Z B f iz z 'z 'z 'z '  z 'z 'z 'z 'z 'z z ’ a s 'z “ ' ' -  ' ■ -  ■'■ '  '

» 01 01 05 F- 01 ^ 1 01 01 01 01 01 01 01 01 01 CO S'l C l 01 CO CO 01 01 01 01 01 OJ CO CO 01 CO CO 01 01 1-̂  01 01 01 0» O'!

•UOIJ
T090 CKO-1 00?’ r. l i iT 00? T. tOU'o . 605‘ 1

I  s

•j .  CJ *C rx CO -0 pi
PH ■ ;  q  o i  ^  r t  o  q

d  c  o i  o d d

d  -(  d  d

CO - q q o  i i - c o - t o o i ' ^ q c o n q  
01 I CO CO o i o i  d  CO d  o i  S  o i 01 o i CO

C5 q  I q  PH OI q  01 q  q  oi © q  q  q  c- 
o ®  I coph« co® « c  -T'Orj<Ticio

® ® 01 ® ® OI ® O  01 O  OI OI liO »1 >0 OI «> CO © I/O CJ
i-I CO* d  PI PI CO d  d  d  >-0 >0 ®  d  -d d  d  d  d  d  co oi

i> q  - j  >.o q  q  q  >0 ©  01 o  !> oi >o © q  oi pi i> *.0 ®  q  q  ®  pi i> c: q  *c rf
p-i oi PI d  d  d  d  d  d  ri d  i> d  d .d  d  co* co d  d  r-I 01 d  p-i oi d  d  co co

® © i O u o - f c o q ® ® c  ■pi j^' /^ 'pf ' .O'Oqqq© q i > q q f ^ © c o ® * o » - o  © q q c o © ® ® T j > © p i  ^ q r ) / o i i - ® o ! > o ®
» d c o d c o p - i d i o d d c o  d d c o d d c o d d d o i  p i * o i o i d d c o d d d i >  d d d d d d d d d d  c o d d d d d i o d d d

q  q  q  q  q  q  q  q  01 q  ©  q  i> q  q  q  © q  q  o  ®  oi ©  ©  ©  ©  ©  q  q  01 q  q  pi q  q  q  q  ©  01 q  q  *o *q o  •r(. t}« © t> ©
o oi d  d  d  CO d  ©  ©  ©  d  d  d  oi ®  ©  d  d  ©, t> d  ci oi co oi d  d  ©* d  c i d  d  d  d  d  d  d  d  ©* d  d  d  d  d  d  d  d  d  d  d  d  01'

q  O q  q  {7 Tj pH 01 q  q  01 *-0 p-. ©  --, - ;  i': © q  01 ©  oi ®  O q  q  q  o  q  ©  ©  ©  q  q
01 ©  O 01 ©  ©  -^ ©  ■̂  O »0 ©  ©  II- ©  ©  -~ 11. >0 ©  01 ©  01 © '©  ®  ®  ®  If ©  'O ©  O «-0

q q q ©  - © r ^ q o i q o o
t i © i i ©  Hj<01000

q  o  01 r x
Cl ©  ©  oooi

OI © © q q q q  q  q ^ q ^ © '?» 01 © i> oi © © -̂  © *>• q ph q  q  q q  q  q  ®. q  t> © q © © © pi © '
o oi d  d d d d oi d oi 04 oi d  «  d  oi d  oi oi d oi d  d  d  d  d  d  ® oi oi oi ^  oi d oi oi oi d co co d oi oi d  d d d d oi d  d r

?:
Xs IllSi iliillHiil iiisilKe! IsiHHlIs lllll|5 3j|

c a j i n o r i m o c - i o  « » i t - r . i - . c i - « o i q q  t - a O M o c o s j e - J t ^  . q t ^ C T M n c q c i q m  » « q n n i - . q M « q .5gi;sgs§sgB sgssggisss.g 'ssg§g§g§§“
T f O i O ® © © ® © © ®  { ® © ® ' t 0 © ® 0 ® 0 1  ,ot-.

° S S g g S i g i g g  I s g i g g B i S B S I 2 2 3 2 2 § ; 1 S S '  S § ' § § S § 5 § § 3} © © © © © © © i > ©  © © © 1 1  !> © »• >  II- l>

© q q q q q ^ o q q  * « ® o ^ i > q q q © q q  o i ^ i > o © © o q q q  q q © p - q q q r f q o i  © q q q q ® ^ © r ; q
g g g s s s g i g g  B g g S S g g S B g g  - g g s g g s s s g s  g i 3 . g 5 S S 5 g g  g s s g g g g s g g

iiiiiiiilii s m u i s i i

Io
I

2 5 2 § S § § § p  S S 3 S 2 S " S S S 3  S S § S 5 5 S § . 1 3  5 5 S p | | | | §  | S 3 | S s g S 2 3© © © t ' i t ' - i > t ' - © © ©  © t ' » © © © i > i ' * © © © c i  i>i>i>i>i>t« i>{>f i t>

H i i s  i i i i i i i i i i l  - i i | | | | § s 3 s  j i f ' s i g i  
• ' 0  • ‘ ^ ..................... • • • • \  L l

I I

i  m m i m  i m m i m  s m i m i i  m m w t  i m m m
, : i _ ? ________________________ :_________________ g  - i  '  '  ■_________________________________________________________  ̂ L

® T! -  S

iliiiilllil liiliiiiili i||«pi|il
s. _ s ________ i_-  g g

I iililiiiii. iiiiiiiilii Iilsl2sl§̂
^ g ? i __________________ _____________________________ ; ________ j _ _ ..................__________________ ;_______ . __ ______________ _________________

I i i i i i i i l i i  i i i i i p p i i  | § p i i i | s |  i s s p p p i  2|||||||||
____ ___________ __________ ” ---- ?!------------ S-I!___S____________ § _________ _______________________________________ ______________________ ____—

• I
I  3 | - f > « x ; 2 S i ; g g ? i  g " ? i « x , o c t > « r . =  p 2 2 2 S g p g g g

    
 



    
 



    
 



    
 



    
 



    
 



X

t o
w
c c

0
o

OQ

cc
03

n s
cS

<v

a

■*■>
P h
o

<v

m• )«̂

S3
. 2
bi)

_ o
3
o
0)

' W
a;

s he = ^

'5

he
A c

01,.rs <t -S
zD B

’5 hc^

H

•spnojo

so
ŷ  hr he g
c  5 5 *2 ■
'Sd'Sc'^  s3 ;

3  3  = ^  -
5 rt 5 | o

«  g

sso
Q

be' o3

3  ohe
k;

B he so~5

n i l
'g h/jTe’’ ^
< = 3 3 3

he sjD c3 — ^
J  J  “ s r > ,► = ^

he"
>>.SP3d ^  5 ?«-. 5

^  Q "Sd̂  "heH . - - q
rt 3

B c3C B

3  >.|= -3 3 « ^3 c  o s? 3

*3 -3 '“ "l.S 3  i  2

>nM

Q -S i- t- ^  -3S eu = -B

se fcfi_ — ^  «3^  C 3  3 ^ 3 - 3
'c 5 5 s Q  5

3  ^  •'̂  "i

O O 3 ^   ̂ ^ “ * — 3  ^

Inw'cn sto « « « « ' »0 3 0 _ o o ;2 ® ® ® ®

■ fS K 5 S?o o 3 o o '“'_2 3 ' 3  S
Q o G 5 : ; ) 5 ^ - o c ; u - g

aStoMWo? W M ^ g . S i  0 0 0 0 0 0 0 0 3 B

§ 3  ^  I  3)3  ® 4 1
“  § 3 ;^"f = = i  
g H t - ' Q  g f - H c - Q  ^

£ 3 3 3 3 3  ® ^ 3  V•£ O C) C» ^ Q ^  O ^  Q
^  >-> >̂  >> >̂  >» 
S ' w W j W M W K ' t f i M ^o o o o c o o o o . o

S;s ii--fiQ  
^  ^  •S'.s?̂ "§).sf'!B>)» ti M 
^  j  J! »; 55 .S .3

u-J •= =tf tf .3 •̂' £ ^ 4* O 3 ~ -B IjP ;5 Q ^ -3:.^_ . . . fcê  -q = fcrf) he hit- ' ^3
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cliv Madras Meteorological Observations,
1 8 2 2 -1 8 4 3 .

January. 'EBRUARY. March. April. May. June. July. A ugust. Septem­
ber. October. Novem- I 

BER. Iecember. Total.

Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches, Inches. Inches.

1823 1.87 0.00 0.00 0.62 0.00 1.77 0.55 6.70 2.37 20.57 21.37 3.27 59.09

1823 1.45 0.00 0.92 0.00 0.27 2.05 2.87 3.15 4.40 10.40 0.90 0.20 26.61

1824 1.27 0.00 0.00 0.00 0.05 0.45 0.25 2.65 0.47 14.25 10.27 3.93 33.61

1823 0.17 0.00 0.00 0.00 4.25 1.50 3.07 7.67 3.50 15.70 9.96 7.35 53.17

1820 0.00 0.00 0.00 0.00 1.05 8.52 2.10 9.57 2.10 0.82 26.04 11.06 61.23

1827 8.60 0.07 0.00 0.00 *23.30 3.02 4.90 2.52 4.44 13.71 22.12 5.98 88.66

1828 1.62 0.00 4.31 0.72 0.40 0.13 3.37 7.30 5.72 9.20 2.61 2.46 37.84

1829 0.27 3.16 0.89 0.05 1.42 2.75 1.52 2.94 2.99 6.15 B.99- 5.49 36.62

1830 0.00 0.00 0.20 0.31 0.29 2.89 7.20 2.73 4.27 6.22 3.87 4.45 32.43

1831 0.04 0.00 0.17 0.00 0.94 3.90 3.13 9.50 7.20 9.35 7.93 2.19 44.35

1832 0.00 0.10 0.00 0.00 0.63 0.51 1.55 2.26 7.71 5.28 0,41 0.00 18.45

1833 0.18 0.00 0.00 0.00 0.33 1.46 1.07 7.11 3.93 9.69 9.97 3.27 37.01

1834 0.06 0.00 0.00 3.65 0.20 2.43 7.08 4.10 ' 4.87 8.01 7.32 1.29 39.01

1835 0.06 0.00 0.00 3.37 1.75 0.73 5.31 3.01 3.26 11.17 10.96 1.57 41.19

1836 0.00 0.32 0.15 0.00 0.00 0.50 6.68 . 9.00 1.14 8.51 18.04 2.02 46.96

1837 0.00 0.00 0.00 2.23 2.56 0.11 2.65 1.69 3.80 13.79 17.17 3.19 47.19y
1838 0.00 1.33 0.59 0.77 0.54 0.88 2.37 4.69 8.78 6.27 21.89 4.22 52.33

183D 3.34 0.00 0.00 1.62 0.99 2.46 4.61 6.83 11.14 0.99 21.27 0.00 53.25

1840 0.00 0.00 0 00 0.03 0.00 0.48 4.36 7.82 8.36 10.16 27.25 0.12 58.58

1841 1.99 0.00 0.00 0.47 4.54 5.03 1.33 8.53 4.31 27.38 6.13 1.31 61.02

1842 1.78 0.00 0.04 0.00 0.31 1.31 3.17 3.18 5.65 7.82 12.87 0.16 36.29

. 1843 6.61 0 00 0.69 0.00 *14.16 1.88 1.35 2.36 4.25 6.37 5.28 7.93 50.88

Mean 1.33 0.23 0.36 0.63 1.03 2.03 3.20 5.24 4.76 1 10.09 12.42 3.25 44.57

* These are omitted in taking the Mean.

Mean of the estimations of the amount of Clouds in each month.
Maximum = 1 0 .

January. February. March. A pril. May. June. July. A ugust. September. October. November. December.

3.4 2.1 2.0 2.6 3.7 5.1 6.7 6.6 5.5 5.1 5.6 4.3

Mean diurnal evaporation for each month in the Years 1 8 30 -1843 .

J an uary . F ebruary . M ar ch . A pril, May, J une. J uly . A ugust. Septem ­
ber . O ctober. Novem­

ber . D ecember

Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches. Inches.

1830 — — — — — ■— — — ■— ■ 0.194 0.182 0.183

1831 0.233 0.237 0.305 0.414 0.373 0.391 0.218 0.206 0.206 .330 .147 ,164

1832 .217 .217 .320 ,349 .3(i2 .500 .293 .411 .314 .205 .218 ■—

1833 .200 .269 .287 .347 .478 .500 .435 .384 .307 .225 .206 ,297

1834 .290 .320 .343 .357 .560 .408 .234 .291 .292 .211 .296 .317

1835 .300 .293 .355 .293 .419 .408 .371 .320 .254 .248 .221 .213

1836 .288 .263 .307 .376 .517 .506 .355 .327 .425 .34.9 .284 .192

1837 .240 .250 .527 .403 .415 .592 .509 .420 .463 .346 ,213 .296

1838 .345 .333 .364 ,443 .496 .413 .589 .426 .450 .287 .214 .231

1839 ,302 .321 .381 407 .554 .520 .452 .267 .341 .386 .298 .390

1840 .423 .336 .364 .434 .514 .536 .308 .364 .247 .328 .286 .184

1841 .346 .389 .325 .444 .480 .506 .513 .345 .312 .250 .265 .308

1842 j .322 .364 .380 .394 .392 .538 .532 .410 .298 .332 .273 .371 '

1843 .328 .358 .409 .437 1 *^25 .475 .470 .416 .427 .334 .349 .311

Mtun.j .300 -.305 .359 .392 .460 .484 :413 .334 .334 j .288 .247 .266

    
 



civ
Madras Meteorological Observations.

Supplementary Observations during Stormy Weather.
In addition to the above, on occasions o f high wind or threatening weather, the following additional remarks ajyl observations have been entered in

the register.

1827 M ay  7th.' Morning and early part o f the day Cloudy and threatening appearance, heavy rain with strong wind from the S. E, 

at 4 P. M. afterwards sc[ually with heavy rain at intervals during the night.

8th»— Almost continued heavy rain during the day with strong gusts of wind at intervals. The rain fell in torrents during the 

night accompanied by Thunder and Lightning with strong gale from the N . E. particularly strong towuds day-break! 

several native vessels have been driven on shore during this boisterous weather, and the “  David Scotf* parted from 
her chain cables.

9th.— A t Sun-rise, the rain continued falling in heavy torrents with variable strong gusts of wind from East to South, which 

continued till 10 o’clock a. m ., when the storm nearly ceased and during which 6.75 inches of rain fell ; a quantity 

which much exceeds what fell in any o f the recorded preceding great storms within an, equal space o f time, 
and although the wind has never been at any time nearly so strong during the late boisterous toeaiher as in any o f the 

former storms,— yet it has surpassed them in duration, and the great quantity o f water that has fallen since the 

commencment of such an unusual state of weather, and which may more properly be termed, a storm of rain than of 

wind, the former having been the most predominant. The tanks were all filled, the rivers overflowed their banks in 

 ̂ many places, the whole of the lower situations are left completely covered with water, and some of the public*roads

rendered almost impassable if not quite so. By sun-set, the wind came round to W . N . W . and during the night it 

blew a strong gale from the N . W . accompanied by rain.

10th.— The wind which was blowing a gale from the N . W . during the night, abated at day-break, and by 11 A. M„ all appre­

hension had ceased.

1830 D ecember 2d.— «* The evening of this day was very stormy, the wind approaching to a gale between 8 or 9 P. M., accompanied by 

thunder and vivid lightning.”  This is all that is recorded to have taken place at Madras; but it appears that at Pon­

dicherry and Cuddalore (at 100 miles to the south of Madras), a gale of the most violent description was experienced, 

whereby the stoutest trees were laid low, houses unroofed, and very many lives lost.

1836 O ctober 30th.— A  gale o f wind or rather a hurricane was experienced on this day, which probably was equal in force to any similar 

event yet recorded, the wind commenced blowing from the North, and although continuing lo increase in strength, 

never varied perceptibly in direction until it had attained its greatest force, when, suddenly a dead calm ensued, which 

— no doubt from contrast— appreared awfully appaling; a quarter of an hour, however, had scarcely elapsed, when the 

sighings o f the returning storm now from due South, gave notice that it was at hand, and in another ten minutes 

it had burst forth with an energy and fury which must be experienced to be duly appreciated. A  few 

hours o f such wind must have laid low every habitation in Madras, but in one hour or perhaps less, during which its 

strength continued so destructively violent, more than half of tlie trees in Madras were up-rooted, several houses in­

jured and destroyed and many lives lost. I liad given early intimation to the Master Attendant that the Barometor 

indicated bad weather, in consequence of which, all the shipping in the Madras Roads put to sea, and with the excep­

tion o f two ships which left the Roads rather late being dismasted, no serious sea damage was experienced. The follow-

ing were the indications of the Barometer :—

1836. Barometer. W ind. Remarks.

Oct. 30 6 A. M. 29.940 ------ N Brisk breeze

7 .880 ___ N Do. do.

7.30 .864 ------ N , N  W Strong wind at intervals

8 .852 . . N  W  by N Do. do. rain

9 .850 ------ N  by W Do. do. heavy rain

10 ,795 ------ N  by W Do, do. rain

11 .750 ------ N Do. do. rain

Noon ,707 . . . . N Approaching to a gale

1 P. M. .686 ------ N Brisk gale

2 .321 ------ N Do. do.

3 .269 ----- N A t times a violent gale

4 .111 ----- N Very violent gale

5 28.891 ___ N Approaching to a hurricane

G .625 ___ N Do. do.

7 .285 N Approaching to a calm

7.45 m. .285 . . . . N From 7.15 to 7.46 an awful

8.30 m. .725 . . . m rn * A  furious hurricane

9 29.027 . . . s ' A  very strong gale

■ 10 .258 . . . s A  strong gale

11 ,415 . . . s Very strong wind, which, in

    
 



clvi Madras Meteorological Observations.

1841 M a t  I flth .-A  gale of wind of extreme violence was experienced at Madras as exhibited by the following observations which stand 

recorded in the register.

Datb.

1841 
ay 16—A t

17

l. Barometer. Thermome­
ter. W ind.

Inches. 0
9 A. M. 29.750 N  N  E

10 .728 78.8 North
11 .696 D o.
Noon .648 Do.

1 P. M. .600 80.0 Do.
H .470 Do.
4 .465 Do.
4 i .428 Do.
4.37 .408 D o.
4.43 .384 81.0 D o.
5.0 .398 D o.
Si .372 N  to N  E
u .364 N  N  W
5.50 .352 N b y W
6.0 .310 82.0 from N W  to N E
6.20 .250 N
6.35 .212 N  by E
6.44 .180 83.0 from W  to N
7.0 .164 from W ly . to N
7.30 .233 Westerly
7| .263 S W ly .
8 .290 82.5 from S W  to N W
8 i .332 S to S W
8J .370 D o. Do.
8.50 .400
9.0 .428 81.0 D o. Do.
H .473
H .498 D o. Do.
94 .520 81.0

10 ,550 D o . Do.
12 ,600

2 A. M, .585 D o. Do.
4 .610 80.5 D o. to S W ly

Remarks (by Anuntacharyer.)

Gale o f wind began 

Do« Do.

D o. Do.
Very violent gale

Wind approaching to a hurricane

Do. Do.
Wind became very moderate 

Do, Do.
W ind set in Westerly, a violent Gale

I
> Approaching to a hurricane

Very strong wind D o.

> Wind became moderate

i  Very strong wind until 7 A.M., afterwards became Calm

1843 M ay 21st and 22d.— The weather assumed a threatening appearance, which led to the following additional observations.

T im e . Barom eter . T hermome­
ter , W in d . R em arks.

Inches. o

1843 May 21 7 A. M. 29.700 79.1 N ., N . by E. Moderate wind, drizzling Rain
8 .690 793 N . W . by N. Moderate wind
9 .686 79.1 N . E. Moderate wind, heavy Rain

10 .669 79.4 N . bv W . and N ., N . W . ____  —  —  —
11 .644 79.9 N ., N . W . -  , —  drizzling Rain
12 .610 79,8 N ., N . W . Strong wind - —
1 P. M. ' .584 79.8 N ., N . W . _  —  —
2 .560 79.0 N . —  —  heavy Rain
8 .526 79.0 N ., N . W . _  ^  drizzling Rain
4 .500 79.4 N . by W . and N ., N . W . __ —1 - — . —
5 ,518 79.6 N ., N . W . __ __ _____ .—
6 .514 79.0 N . by W . —  —  heavy Rain
7 .512 79.6 N . W . __ __
8 .516 79.6 N . and W . Very strong wind, Rain
9 .524 79.2 N . __ __  —  —

10 .518 79.8 N ., N .W . __ __  —  —
11 .502 79.8 N „  N . W . __ __ .— —
12 .464 79.6 J f., N . W . __ __ ■—  —

22 1 A. M. .420 79.7 N . W . __ __  —  —
2 .410 79.6 N ., N . W . —  —  —  —
3 .400 78.3 N . W . ___ __ —
6 .436 77.8 N . W . —  —  —  heavy Rain
7 .480 77.9 S. W ., N .W .* Strong wind. Rain
8 .520 77.9 w . __ __  __
9 .538 77.5 W .b y  ]M .,W . by S. __ __  ■ __

10 .542 77.1 w „ s w . __
11 .549 76.6 W . bv N . __ __ __
12 .531 77.5 W ., S. W „  W ., N . W . —  —  drizzling Rain

1 P. M, .610 77.9 W ., S .W . —  —  heavy Rain
,478 77.1 W Moderate wind, overcast

3 .465 77.8 w ., s. w. Gentle wind . —
, 4 .473 78.8 s„ s w. Fresh breeze —

5 .465 78.1 W . by S. 
t

Gentle breeze

W ind continually shifting.

    
 



Madras Meteorological Observations. 

Conclusion.

clvii

In the volume entitled Madras* OKcfir -o
« , va ry apers, Mr. Goldingham has given the hourly obs^valions fur the 10th, 20th and last day

o f  each month for the year 1823. On consulting these observations it s
may be found by applying the following corrections.

t appears that the mean state of Uie liaruuieter aud 'Hunnouieter fur the 24 hours

B a r o m e t e r .

January... 
February..,
March........
A pril.........
M ay...........
June...........
J u ly ...........
August . . . .  
September., 
October —  
Kovember. 
December..

Mean..

10 A. M. Noon. 2 P. M. 4 P . M , 10 P. M . 10 A. M. Noon. 2 P. M. 4 P. M. 10 P . M .

Inches, Inches. Inches. Inches. Inches. o 0 « 0 o

—  .041 —  .029 + .015 + .020 —  .018 —  2.34 —  6.00 _ 6.14 —  5.20 + 1.40■— .UStJ — .021 + .009 + ,032 —  .013 —  3.05 —  5.41 ___ 4 45 —  3.81 -H■— .043 —  .035 — .002 4- .024 —  .011 —  2.07 —  5.30 ___ 3.16 — ' 2.90 1.07—  .029 + .010 + .043 —  .019 —  3.32 —  6.19 — 4.76 —  5.12 + 0.71—  .036 —  .026 + .016 + .033 —  .031 —  4.33 —  5.87 __ 4.43 —  2.93 + 1.00—  .041 —- .030 + .010 + .035 —  .013 —  2.25 —  4.62 — 4.72 —  4.02 + 1.68
—  .046 —  .027 + .007 + .033 —  .003 —  0.68 —  3.37 — 5.64 —  4.64 + 1.79
—  .042 —  .033 + .015 + .042 —  .026 —  0.77 — 2.8 4 __ 3.70 ^  3.64 0.10
—  .042 —  .014 + .030 + .049 —  .021 —  2.36 —  6.06 —, 6.86 —  1.60 + 0.70
—  .026 —  .021 + .023 + .035 —  .030 —  2.90 6.14 — 4.20 —  2.67 -f 0-50
—  .038 —  .027 + .014 + .016 —  .009 —  3.48 —  2.88 —. 6.01 —  3.61 + 0.96
—  .032 —  .018 + .013 + .022 —  .025 —  2.01 —  6.61 — 5.61 —  4.17 1.39

—  .038 —  .026 + .013 .032 —  ,018 —  2.46 —  4.81 - 4.01 —  3.08 + 1.05

T l lt R M O M K T E U .

Although it will not be doing justice to the mean of several years observations to apply corrections derived from the observations o f a single 

year only, still, on inspecting the above table it is evident from the small variations there met with, that a tolerable approach to mean pressure aud moan 

temperature may be obtained by its use ;— taking the means then of the several tables which precede, in connection with the above we get.

Barometek. Thermometer.

Correction. Mean Pressure. Correction. Mean Temperature.

Inches. Inches. Inches. e o ■>

Mean o f daily observation at 10 A. M. 30.042 —  .038 30.004 84.51 —  2.46 82.05

_____ ____  —  —  Noon. ,024 —  .026 29.998 86.94 —  4.81 82.13

________  — — 2 p. m. 29.984 +  .013 .997 87.20 — 4.81 82.39

__________  — — 4 P. M. .916 +  .032 .948 85.37 —  3.68 81.69

_____ _ —  — 10 P. M. 30.018 —  .018 30.000 81.48 +  1.05 82.53

Or, the general means are.

These numbers however can only be looked \

29.989 and 02.16

These numbers however can only be looKed upon as merely an approximation, beyond which at present it is inconvenient to push tlie enquiry , 

but I  may be allowed to remark by way o f conclusion, that other scries of observations at different stations in India, as well as hourly observations 

made at Madras, aU bearing very closely upon matters of Meteorological enquiry, wiU shortly (when completed) be added to the present volume, 

when, the nature and qualities o f the observations now given, can better be discussed than at the present moment.
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