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FOREWORD

This departmental hand-book, prepared by Dr. S. C. Roy

is intended for use by the Observers at second and third class
observatories in India. The first four chapters should be very

carefully read by each Observer and the instructions contained
therein should be followed strictly in the daily observational
‘work. The Meteorological Department will be glad to ex-
plain to the Observer any instructions that are not clear to
him. He should also take every opportunity to discuss all
doubtful points in the book with an Inspector when one visits
his station.

This hand-book and the departmental cloud atlas to-
gether replace the old “Instructions to Observers” which is now
out of print.

PooNA P C. W. B. NORMAND
May, 1930 Director General of Observatories

FOREWORD TO THE SECOND EDITION

A new edition of this hand-book is needed to meet
demands from outside the department and the opportunity
has been taken departmentally to revise several portions of the
text and to bring the Instructions generally up-to-date.

" PooNa, C. W. B. NORMAND
DECEMBER, 1933, Director General of Observarories

FOREWORD TO THE THIRD EDITION

The second edition of this hand-book is now out of
print. In this third edition some portions of the text have been
revised and the instructions brought up-to-date.

Poona, C. W. B. NORMAND
SEPTEMBER, 1941. Director General of Observatories
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FOREWORD TO THE FOURTH EDITION

The third edition of the hand-book, which was printed
in 1942, is now out of print. In the present edition the text
has been revised where necessary and the instructions brought
up-to-date.

New DEeLHI,
19TH DECEMBER, 1953. S. C. ROY
Director General of Observatories

£

FOREWORD TO THE FIFTH EDITION

The First edition of the hand-book “Instructions 1o
Observers” was brought .out by Meteorological Department of

India in 1930. Since then this publication has been reprinted
three times, the last edition was printed in 1954.

The present Fifth edition is a revised version of Fourth
edition and additional information on some mOIC instruments
namely Evaporimeter, Soil Thermometers for different depths
have been included. Instructions on exposure conditions and
installation of meteorological instruments have been made
more comprehensive and updated.

The present edition is being brought out in diglot form
(Hindi/English) in accordance with general policy of Govt.
of India. The publication has been prepared in the Office of
the Additional Director General of Meteorology (Research)
Pune. S/Shri A. K. Banerjee, M. C. Sharma, K. Krishna-
moorty, T. R. Natrajan and M. R. Khan were associated with

the preparation Of manuscript and its layout.

I hope the publication will be found useful by depart-
mental as well as non-departmental personnel engaged in re-
cording of Meteorological Observations.

29TH JUNE, 1987

3 AsaDHA 1909 SAKA

New DEeLHI-110 003. R. P. SARKAR
Director General of Meteorology
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CHAPTER 1
1.1 Imtroduction

In a meteorological observatory, measurement of one or
~ more of several meteorological elements is carried out by an
observer. These observations are needed for weather forecast-
ing and also for other branches of study and application like
- Climatology, Agricultural Meteorology and Hydrometeorology.
f The usefulness of the observations will depend upon the care
and accuracy with which the observations are recorded by the
Observer. The routine reporting of weather by our Observer
is a part of a World-wide collection of data and is therefore
an important and valuable service. Meteorological observa-
tions are taken regularly and simultaneously at standard hours
of observations all over the World. A point worth remember-
ing by each Observer as he sets out to take an observation, is
that, thousands of Observers not only in his country but all
over the World, are also taking similar observations at the
same time and that his observation has to compare in quality
with the observations taken by this large international family
of Observers.

Classification of Surface Observatories :

Surface meteorological observatories of the India Meteoro-
logical Department are divided into six classes :—

(a) CLASS-I: These are observaiories squipped with
both eye-reading and self-recording instruments.

(b) CLASS-II: Most of these observatories are equipped
N only with eye-reading instruments. Regular observa- |
tions are taken atleast twice daily. |

(¢) CLASS-III: These observatorics have the samc in-
- strumental equipment as Class-11 observatories but
observations are recorded only vnce a day.

(d) CLASS-IV, V and VI: These observatories have
a lJesser number of instrumental equipment or take
non-instrumental observations oniy.

1
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The details of the different classes of observatories are
given in Appendix-I.

A large majority of the observatories of this Department
belongs to Class-11.

1.2 Imstrumental Equipment

The basic instrumental equipment at observatories of the
Class-III and higher categories is :(—

(i) Mercury Barometer.*

(it) Four thermometers—Dry Bulb, Wet bulb, Maximum
and Minimum fixed inside the Thermometer Screen.

(tii) Raingauge and Measure Glass.
(iv) Wind instruments—Windvane and Anemometer.

(v) A watch or similar regulated time-keeping device.

1.3 Mieteorological Elements

The following meteorological elements are generally ob-
served at the observatories of the Class-III and higher cate-
gories :—

(i) Barometric pressure : the pressure of the air that is

measured with the barometer.

(ii) Dry bulb temperature : the temperature of the air
as measured by the dry bulb thermometer in the
Thermometer Screen at the time of observation.

(iii) Wet bulb temperature : which gives in conjunction
with the dry bulb temperature, the humidity of the
air inside the Thermometer Screen and its dew point
temperature.

(ivy Maximum temperature : the highest temperature of
the air indicated by the maximum thermometer in the
Thermometer Screen since its last setting.

(v) Minimum temperature : the lowest temperature of
the air indicated by the minimum thermometer in the
Thermometer Screen since its last setting.

(vi) Amount of rain fallen between successive observa-
tions.

*Second Class observatories on the coast are also equipped with a barograph
for recording barometric tendency.
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(vii) Direction and speed of wind given by the Windvane
and the Anemometer respectively.

(viii) Visibility : as judged by the observation of the
‘visibility land marks’,

(ix) Amount, form and direction of movement of Cloud
and height of base of low cloud above station level.

b (x) Character of the Weather since the Iast observation
and at the time of observation,

(xi) Wave observations (at coastal stations only).

1.4 Hours of Observation

_ (i) At the meteorological observatorics, time is expressed

|48 according to the 24-hour clock. The 24 hours from mid-night

g to the next mid-night are numbered consecutively as 00, 01,
7 24. The time commonly known as 5-30 P.M. is
-expressed as 1730 hours. The Indian Standard Time (L.S.T.*)
should alone be used for observational work,

(ii) The regular hours of observation at most of the Class
II observatories are 0830 hours LS.T. and 1730 hours I.S.T,
corresponding to 0300 and 1200 hours G.M.T. respectively.
At Class IIT stations regular observations are taken only at one
of these hours daily.

NOTE ;—Regular observations are also taken at 0530,
1130, 1430, 2030, 2330 and 0230 hours I.S.T. (0000, 0600,
0900, 1500, 1800 and 2100 hours GM.T. respectively) at
Class I observatories and some Class I1 observatories manned
by Departmental Observers.

The expressions ‘morning observations’ and ‘afternoon
observations’ refer to the observations taken at 0830 hrs, 1.S.T.

-) (0300 G.M.T.)) and 1730 hrs. I.S.T. (1200 hrs G.M.T.) respec-
tively,

(iii) Extra observations may be requisitioned at any hour
by various forecasting centres. The standard of time adopted
for reporting these special observations s always the Greenwich
Mean Time (G.M.T.) which is 51 hours less than the corres-
ponding Indian Standard Time (I,S.T.).

*Indiap Standard Time (I,S.'l'_‘.}is the tim= corresponding to Longitude
821 °E and is 5% hours ahead of the ‘Greenwich Mean Time’ (GM.T.)
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1.5 Oxder of Observations =

The observation of the various meteorological elements
for composing a weather report cannot all be made at once,
but according to a certain sequence. The reading of the baro-
meter is to be made at the exact hour concerned. The instru-

ments at the observatory should be read in the following order

3 commencing from 10 minutes preceding the hour :—(1) Wind
P! instruments (2) Raingauge (3) Thermometers and (4) Baro-

] meter.  Non-instrumental observations (e.g. Clouds, visibility
g ete.) should be taken in the interval of 5 minutes between the

first and the second readings of the anemometer or if that is
not possible before commencing the instrumental observations.
It should be ensured that all the elements are observed within
the 10 minutes before the preseribed time of observation. All
the instruments should, therefore, be read as quickly as pos-
sible, consistent with accuracy and there should be no delay
in moving from one insirument to another,

The procedure to be followed for recording observations
and completing the weather telegrams without delay and pre-
senting the letter at the Telegraph Office as speedily as practi-
cable is given in Chapter 7 (Page 123),

1.6. Observer’s Duties :

The routine duties of the Observer are «

(i) To make regular and careful observations punctually
at the prescribed hours of observations including
setting of maximum and minimum thermometer,

(i) To note the general character of the weather not only
at the fixed hours of observations, but throughout the
day and to record any unusual or remarkable weather
phenomenon, noting its time of commencement, dura-
tion and cessation.

(iii) To prepare and despatch the Weather telegram marked ‘
XW’ or ‘XXW’ according to the instructions given, to

the different forecasting centres, immediately after the
observations are taken. ?
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_ (iv) To send out, promptly, heavy rainfall telegrams to the
i various addresses on the warning list.

i (v) To record extra observations whenever requisitioned by
| any forecasting centre and despatch them by landline
| telegram classed ‘XW” or ‘XXW’, as desired.

|'§ (vi) To enter immediately after each observation the values
' of each observed meteorological clements in the Meteo-
rological Register neatly and legibly. Weather remarks
with appropriate symbols should also be entered
promptly in the Meteorological Register giving the

times of commencement and cessation.

(vii) To post Meteorological Registers (perforated sheets)
in weekly batches to the Controlling M.C./R.C.

(viii) To post pad containing carbon copies of Meteorologi-
cal Registers to Controlling R.C./M.C. ten days after
the despatch of the last weckly batch of perforated
sheets of Meteorological Registers.

(ix) To post, the carbon copies of weather telegrams of each
week to the Controlling Meteorological Office imme-
b diately after the end of the week.

(x) To prepare annual returns of the stock of instruments
and forward them to the Controlling Meteorological
Office, during the first week of April every year.

(xi) To keep the instruments clean and free from dust.

(xii) To change the charts of the self-recording instruments,
if any, regularly.

d (xiii) To arrange for a competent Deputy Observer to take
- charge of the observatory work in his absence.

4 (xiv) To notify to the Controlling Meteorological Office
5 permanent charges of observerships together with the
i ‘Charge List’ of instruments, etc. on prescribed forms.

vl (xv) To send voluntary reports to the Controlling Meteoro-
logical Office regarding special phenomena like hail-
storms, earthquakes etc. soon after their occurrence,
in accordance with instructions given in Chapter 5.

NOTE :—The regular Observer should train the Deputy Ob-
server thoroughly. If the Deputy Observer is not efficient,
the chances are that his mistakes will be counted against the
regular Observer,
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1.7 General Instructions Regarding Observations :

(i) Punctuality : Punctuality is a matter of prime impor-
tance in recording meteorological obscrvations. The Observer
should take great care to ensure that the clock or the watch by
which he is guided keeps correct Indian Standard Time,

3 To avoid delay and irregularity he should be ready near
the barometer a few minutes before the prescribed time of obser-
vation.

*

(ii) Faithful Recording: Every observation should be re-
corded faithfully as read. In cases of doubt the observations
should be repeated until the Observer is satisfied. If any
observation is not taken, the space in the Meteorological Register
allotted for it should be left blank. The reason for the omis-
sion must, however, be clearly stated. In no case should false
figures be inserted subsequently.

(iii) Immediate Entry of Observations : Each observation
must be written down in the Meteorological Register imme-
diately after it is taken. The readings should never be jotted
down on scraps of paper with the intention of copying them
in the Pocket Register later on.

(iv) Check on Entry : Each observation must be checked
after it is noted down in the Meteorological Register to make
sure that no mistake has been made.

1.8 General Instructions for the care of the Instruments :

(i) The positions of the instruments must never be changed,
except under orders from the Controlling Meteorological Office

(i) When an instrument is out of order and the Observer
g is unable to remedy its defect, the Controlling Meteorological
Office should be informed immediately.

(iii) Unserviceable instruments should in no case be thrown
» away by the Observer without the previous approval of the
Controlling Meteorological Office.

(iv) The barometer is a very delicate instrument and must
be handled with great care. The Observer should under no
circumstances try to remedy any defect found in a barometer
without previous instructions from the Controlling Meteorologi-
cal Office. (Also see item iii, page 17).

" , SR
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(v) The bottle attached to the wet bulb thermometer must
always be filled with rain water or distilled water or well water.
Under exceptional circumstances when ordinary well water has
to be used, it must be boiled, allowed to settle overnight and
filtered before use. The muslip and thread should be renewed
once in a fortnight in fine weather, once a week in dusty weather
and immediately after every duststorm that occurs. (Also see

item (iil) ; page 26).

(vi) Wind instruments should be cleaned and oiled at least
once a fortnight in dusty weather and once a month in the rainy
season.

(vii) Tall grass or shrubs should not be allowed to grow
round the raingauge as these would vitiate its exposure,

3—383 A.D.G. Met./Pune/88
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CHAPTER 2

INSTRUMENTAL OBSERVATIONS (EXPOSURE,
ERECTION AND THE CARE OF INSTRUMENTS)

2.1.Pressure :

The pressure of the atmosphere at any point is the weight of
® the air column which stands vertically above unit area with
the point as its centre. For meteorological purposes, atmosphe-
ric pressure is usually measured by means of a mercury baro-
meter where the height of the mercury column represents the
atmospheric pressure. The C.G.S. unit of pressure is the dyne
per square centimetre but this is inconveniently small. The unit
employed for reporting pressure for meteorological purposes, is,
therefore, the millibar which is defined as equal to 1000 dynes/

Sq. Cm.

2.1.1 Barometer : The barometer used at the observatories
of the India Meteorological Department is the Kew Pattern Baro-
meter illustrated in figure 1. Its essential parts are (1) a glass
tube about 90 cm. long closed at the top and open below (2)
a cup or cistern and (3) a brass scale. The glass tube is filled
with mercury and its open end is dipped in the mercury in the
cistern, which prevents air from entering the tube. “Above the
mercury column in the tube is an empty space and great care
is taken to remove all air from this space as its presence even
in very minute quantities, will vitiate the readings of the instru-
ment. The mercury column in the tube is supported by the
pressure of the air on the surface of the mercury in the cistern.
This forms the basic principle on which a barometer is con-
5 structed. As the mercury in the barometer tube rises or falls

due to changes in the atmospheric pressure, the mercury level
in the cistern changes in the opposite direction. This change
of level in the cistern is taken into account in the graduation of
the scale itself.
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2.1.2 Setting and Reading the Baromefer : Detailed instruc-
tions constituting the standard procedure for reading the baro-
meter are given below. These must be carefully followed in the
order in which they are given :—

(i) Read the Attached Thermometer: Every barometer

»
(ii)
(iii)
@iv)

[

has a thermometer attached to it. This may be gra-
duated in Absolute, Fahrenheit or Celsius scale. The
attached thermometer must be read to the nearest tenth
of a degree (by mentally dividing one degree into ten
equal parts) (Fig. 1) and the reading entered in the ap-
propriate column in the Meteorological Register. Al-
ways use the graduations etched on the glass stem of
thermometer. Changes in temperature caused by the
Observer's presence are likely to affect the thin mer-
cury thread in the thermometer more quickly than the
larger volume mercury in the barometer. It is,
therefore, important that the attached thermometer is
read first before setting and reading the barometer.

TAP the Instrument gently two or three times with
the pads of the fingers, to prevent the miercury from
adhering to the sides of the glass tube.

Tlluminate the White Screen fixed behind the mercury
tube, by means of a torch, holding it in the left hand
in front and slightly to the left of the barometer.
Never use a lighted match or other naked light for
this purpose as this warms the instrument and leads
to inaccurate setting.

Setting the Vernier Scale: There is a milled head
screw at the side of a barometer for operating a small
moveable scale known as the vernier. There is a
sliding piece alongwith the vernier at the back of the
instrument. Its object is to ensure that the Observer’s

Fig. 1—KEW PATTERN BAROMETER
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eye is at the same level as the top of the mercury
column to avoid errors due to parallex while reading
the observation.

A good plan for setting the vernier is as follows :(—
First place the vernier high as in Fig. 3 so that a
little white space can be seen between the vernier
and the domed mercury surface. Then lower the
vernier very slowly till the lower edge just apparently
touches the highest point of the mercury surface. No
white space must be visible (from any position of
the eye) between the lower edge of the vernier and
the top of the mercury surface. At this position, the
Observer’s eye, the bottom edge of the vernier and
the sliding piece moving along with the vernier at
the back of the instrument will be in the same straight
line. If the vernier is set correctly the white back-
ground will be visible only at the sides as two
triangles of equal area. A diagram depicting correct
setting of the vernier scale may be seen at Fig. (3).

Read the Scale: This operation consists of two
parts. First, note between which two divisions of
the fixed millibar scale, the base of the vernier (i.e.
zero division marked O) (touching the top of the
mercury column) lies and note the lower reading. In
Fig. 2(b) this reading is 1002 millibars. Secondly
look upon the vernier scale for a division which is

- S

oy g

=3
=]

- N W swR T8O

990 —

980 —

970
L® a1 -3 )

S A
Fig. 2 _READING THE KEW PATTERN BARO METER
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Fig. 3—CORRECT ADJUSTMENT OF VERNIER

in line with a division on the fixed main scale. The
value of this division on the vernier scale gives the
decimal place. Referring to Fig. 2 (b) it is seen that
the division of the vernier which coincides with a
division on the fixed main scale, is 7. Therefore,
the two readings together give the barometer reading
as 1002.7 millibars, Similarly, the barometer reading
for Fig. 2 (a) is 984.9 millibars. Enter this reading
in the Meteorological Register, under the column
“Bar as read”.

(vi) Always check the Reading :—After cntering it in the
Meteorological Register. Be very careful to avoid
errors of 5 or 10 millibars. When no vernier division

is in exact coincidence with a division,on the fixed
scale, the wvernier divison nearest to coincidence
should be taken.

i 2.1.3 Correction and Reduction of Barometer Reading.—
The pressure values to be recorded in the registers and reported
in the weather telegram are obtained by applying the following
corrections to the barometer reading taken as above.

(i) Corrections for Index error and for reducing the pres-
sure to the standard temperature of 0°C or 285°A
and to standard gravity of 980.665 cm/sec?. The
resultant value denotes the pressure at the station level
(reduced to the standard temperature and standard
gravity) at the time of observation and is to be entered
in the appropriate column of Meteorological Register.
This value is not to be reported in the telegram.

e
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(ii) Correction for reducing the station level pressuse to
the mean sea level for station whose elevation is less
than 800 gpm* or to the geo-potential of the nearest
standard pressure level (850, 700 or 500mb) if the
station elevation is 800 gpm or above. This value
is to be entered in the Meteorological Register and
reported in the Weather Telegram under “PPP”.

A set of Tables (Table I and Table 1I) called “Bar Reduc-
tion Tables” are supplied to each observatory to enablc the
Observer to apply the corrections described above. The use of
these Tables is illustrated in the examples that follow. It should
be specially noted that temperature read from the Attached
Thermometer is to be used in Table I and the Dry Bulb Tempe-
rature (from the Thermometer Screen) in Table II.

Cantionary Notes :

(1) Avoid wrong reading of the vernier on the main baro-
meter scale by 1 mb. or 5 mb or 10 mb. This is
possible when the observer is in a hurry and there is
confusion in the reading of the markings. A compa-
rison of the reading of the previous day will easily
help detection of errors in reading of 5 or 10 mb.

(2) Leave the setting of the vernier scale of the barometer
undisturbed after the observation to facilitaie check
when called upon by the weather office until the next
observation.

(3) Avoid incorrect setting by following guidelines set
forth in diagram Fig. 3 on pp. (11) and sighting errors
as depicted in Fig. 6 on pp. (23). The correct eye level
will be the position when the front vernier bottom
edge, the bottom edge of the sliding piece at back and
the eye are in the same level.

(4) Always use an eyepiece for adjusting and taking
readings.

#gpm’ stands for *‘Geopotential metre” which is equal to 0.98
metre approxXimately.
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EXAMPLE 1
REDUCTION OF PRESSURE READINGS TO M. S. L.

Station—X
*Hy 1473 ft. (448 -97 m )
Barometer No. Correction for barometer . . -10+1 mb.
OBSERVED READINGS :

Barometer reading, correct to 0+1 mb . z ¢ . 9507 mb.

Attached thermometer reading, correct to 0-1° (Absolute )
(0°C=273°A) . § . . i k . . 2973°A

Dry Bulb temperature corrected for index error and cor-
rect to 0-1°C . . . ' ‘ . o 217G

REpDuUCTION :

Barometer as read . " . . - i . 950-7 mb.

Correction for index error . g . " : . +0-1 mb.
—— e

Barometer reading corrected for index error . ; . 950-8 mb.

Barometer convention correction (if any) i . 0:0 mb.

Correction for standard temperature and gravity from7_
Table I (value corresponding to 960 mb. and 297 5°A) f —4:3 mb,

———

Station Level Pressure (Barometer reading corrected }
for index error etc.) & - - . ‘ 946 -5 mb.

(Card  Codv
14-18 in MR)
Correction for reduction of station level pressure to
Mean sea level from Table II (value corresponding to

9465 mb. and 21-7°C by (x) ‘interpolation of pressure, f""49 9 mb.
Barometer reading reduced to M.S.L. (PPP) . . « J

996 -4 mb.
- (Card  Code
19-23 in MR )

* Hp=Height of barometer Cistern atove mean sea level.
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woa X &fag afawr I & &€

Zra fredro
CE i 940 960 980 1000 1020
e | "ERI w
297.0 o 4.1 4.2 4.3 4.4 4.5
297.5 : 4.2 4.3 4.4 4.4 4.5 e
298.0 ; 4.3 4,4 4.5 4.5 4.6
960 ffoaTo #< 297, 5° To ¥ ATEAHYFG = ~-4. 3 oo
e X7 e mfam 11 saw
arg fgodro
TEw qamdr 944 946 948 950 952
°Fo - CAEil
20.1—21,0 49.9 50.0 50.1 50.2 50.3
21.1—22.0 49,7 49.8 50.0 50.1 50.2
22,12—3.0 49.26 49.7 49,8 49.9 50.0
(X)
(%) 946,091 21, 7° Yy wafhg smaws =49.8 "
(@) 94s.031T 21, 7° 9T HTITT =50.0
(;t) 946.581T 21, 7° G U simduA =(b-a) X 0.5

a-

9

49,.8+(50.0-49.8) X 0.5

—_2
=49.8}0.05

=49, 8531 49, 9 fwodlo
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Extract from Table I for Station X

Pressure (Mb.)
Attached
Thermo-
meter 940 960 980 1000 1020
% fei2
°A Substract
2970 4.1 42 4-3 4-4 4-5
- 297 -5 42 43 44 4-4 4.5
298 -0 4-3 4-4 4-5 4-5 46
Correction corresponding to 960 mb and 279.5° A=—4-3mb
Extract fram Table Il for Station X
Attached
Thermo-
meter 944 946 948 950 952
°C
201210 49.9 500 50-1 50-2 50 -3
21-:1-22-0 49 -7 49 -8 500 50 -1 50-2
221230 49 -6 497 498 499 500
(x)
(a) Interpolation corresponding 9460 and 21 -7 °C—49 -8
3 (b) Interpolation corrssponding 948 <0 and 21 +7 °C=500
(c) Interpolation corresponding 946 -5 and 21 ot BF
(b—a) x 05
3 A ——

2
= 49 -8 -;‘—

(500 — 49-8) x 05

2

C .= 498 4+ 005
= 4985 or 499 mb,
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EXAMPLE II
(REDUCTION OF STATION LEVEL PRESSURE TO THE GEO-

POTENTIAL OF THE NEAREST STRNDARD PRESSURE LEVEL
WHEN THE STATION ELEVATION IS 800 GPM AND ABOVE)

Station—X

Hb—2942 ft. (896 :7,) gpm *Hb—895-0 gpm
Barometer No. Correction for index error +0+1 mb.

OBSERVED READINGS :
Barometer reading correct to 01 mb. . . ; . 908-6 mb.

Attached thermometer reading correct to 0 -1°A

(0° C—273°A) : : : : 3 . . 291-1°0A

D.B. temperature corrected for index error and correct

to1 01 °C = 2 £ z = < . 2046 °C
REDUCTION &

Barometer as read , - . . ; b . 908+6 mb,

Correction for index error . . ! . s : 0+1 mb.

Baromeater reading corrected for index error . ! ! 908 -7 mb.

Baro neter convention correction (if any) . . ! 0+0 mb.

Correction for standard temperature and Gravity from

Table I (Value corresponding to 900 mb. and 291 -0°A) . —3:2 mb.

St =yvel pressure  (Barometer reading corrected for

error ete.) ® . . 3 = & s 905: 5mb.
(Card Code
14-18 in MR.)

ential of the nearest standard pressure level i.e. 850
able II (The value corresponding to 905 -5 mb.
6°C by interpolation of pressure (x) . . 14403 gpm
: (Card Code
1923 in MR)

4383 A.D.G. Met./Pune/88
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2.1.4 Care of the Barometer :

() Great care must be exercised in handling the barometer.
Care should be taken not to displace it from the vertical.

(i) The instrument should be lightly dusted every day with
a small soft brush. It should never be rubbed with cloth.

(iii) The chief defects to which mercury barometers are
subject to (1) the entry of air into the space above the mercury
and (2) some mechanical defect of the vernier-head. If the
barometer is found defective, the Controlling Meteorological
Office should be immediately informed by telegram. The
Observer should in no case fty to remedy the defect himself
unless specifically instructed to do so.

(iv) A barometer is so placed that there is always enough
of natural light available for setting and reading the instrument.
The sun should not shine on it directly during any part or time
of year. If the instrument is found to be exposed to the direct
rays of the sun at any hour of the day or season the Controlling
Meteorological Office should be informed.

2.1.5 Installation.—A barometer should be mounted in a
room which is not subject to sudden or great changes of tempe-
rature or vibration. A position mear a window, against a wall
of an unheated and little used room having a north aspact is
very suitable.

A backboard of wood is used for the suspension of a baro-
meter. To facilitate readings, a piece of opal glass or white
perspex is fixed immediately behind that part of the tube where
the readings are taken. It is desirable to erect the instrument
at such a height that the Observer can read the vernier comfor-
tably when standing upright. The following instructions should
be observed in mounting a barometer i—

(i) Select a suitable place on the wall of a room which
satisfies all the necessary conditions of exposurc of a
barometer.
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2.1.6 Shifting of Barometer.—Barometer
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Draw a horizontal pencil line on the wall about 1.8
metres above the floor and another line below, the
distance between the two lines being equal to the length
of the barometer backboard.

Insert three wall-plugs about 15 cm apart on each line
and fix on to them two wooden planks approximately
90 em > 7.5 ecmx2.5 cm suitably by means of screws.
See that the wooden planks are parallel and horizon.-
tal and that the lower one is fixed vertically below the
upper one.

Fix six 2.5 cm. screws on the upper plank, 15 cm.
apart, leaving 7.5 cm space on each side of the plank

and mount the backboard of the station barometer on
the third screw.

Verify with a plumb line whether the backboard is
hanging vertically, Then screw it tight to the lower
plank.

Now mount the barometer on the peg attached to the
backboard and see that the cistern of the barometer
hangs freely inside the ring attached to the backboard.

Then tighten the screw of the peg and gently adjust
the three radial screws R, R: & R, of the ring until

they just touch the cistern of the barometer and clamp
is in a truly vertical position.

If the mercury sticks to the top of the barometer tube,
give fairly sharp taps to the cistern with the pads of
your fingers.

If the station has a spare barometer, it can be mounted on
another screw of the upper plank. The other three SCrews are
meant for hanging inspection barometers.

_ must be very
handled so as to avoid breakage or admission of ajr
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i tube. A BAROMETER MUST NEVER BE SHIF1 LD

E&’O t']i"‘;{E OBSERVER UNLESS AUTHORITY AND IN-

STRUCTIONS FOR DOING SO HAVE PREVIOUSLY BEEN

RECEIVED FROM THE CONTROLLING METEOROLQ-

GICAL OFFICE. Usually an Inspector is sent by the Cont;ql—

ling Meteorological Office to install a new baron:gclcrlor‘ to shift

s the barometer to another position. The following instructions

' should be strictly followed in the order in which they have been

given in case the Observer is asked to shift the barometer in
extraordinary circumstances—

& (1) Unscrew the three radial screws R, R, and R; of the
' lower ring A (Fig. 1).

(2) Remove the locking screw L from the

g from which
the barometer is suspended.

(3) Hold the barometer firmly in the right hand just below
the attached thermometer and lift it clear of t

he peg
and the lower ring with your left hand.

(4) Gradually tilt the barometer holding it in both the
hands._ The tilting must be very slow and gentle;

v in the glass

it. Slow down the tilting more and more a5
cury rises in the tube until a click is heard. It is very
important to note whether the barometer makes a
‘click’ when it is being inverted because this sharp
Sound indicates that the vacuum (empty space at the
top of the mercury column) is free from air. When
the mercury has completely filled the glass tube, invert
the barometer completely  with the cistern end up-
wards. The barometer can now be carried about
safely in this inverted position. Keep the barometer
3 caretully in this inverted position in some safe corner,
taking care that the instrument does not fall down on
account of its lower end slipping away, on the floor.

(5) Remove the backboard from the wall.

3 (6) Select a suitable plac
: satisfies all the neces

¢ on the wall of g room which
e of g

sary conditions of exposur
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barometer. Fix the two wooden planks on this wall
as was done in the old site by first fixing wall plugs
and insert six 2.5 cm screws in the upper plank as per
instructions (ii) to (iv) under Section 2.1.5 ‘Installa-
tion”. Mount the backboard of the barometer on the
third screw. Verify with a plumb line whether the

backboard is hanging vertically. Then screw it tight
to the lower plank,

(7) Carry the barometer to the new site, in the inverted
position (i.e., with the cistern end upwards) as gently
and carefully as possible. Jerks should be avoided,

(8) Then holding the barometer firmly in both hands, the
right hand being just below the attached thermometer,
tilt the barometer very very gradually into the vertical
upright position again, so that its cistern is at the
lower end. Be very careful that the instrument gets
no jerks in this operation as otherwise the mercury
may rise suddenly in the glass tube and may hit its
closed end so hard as to smash it.

Holding the barometer firml
meter back on the peg so t
is within the ring A

y in hand, mount the baro-
hat the cistern of barometer
and screw in the locking screw L.

(10) Carefully screw in the three radial screws (R,, Rs, R,)
of the bottom ring until they just touch the barometer

when hanging freely and clamp it in this vertical
position.

2.2 Temperature :

The temperature of a body is the condition which deter-
mines its ability to communicate heat to other bodies or to
receive heat from them. Heat energy appeals to the sense of
touch and the degree of hotness or coldness of a body is known
as its temperature. In a system of two bodies, that which loses
heat to the other is said fo be at a higher temperature and is
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Meteorologists are interested in ih., tempera-
of the soil and of water bodies. I'emperature
means of a thermometer. A thermometer con-
bulb containing mercury/ spirit connected with
very small bore closed at the t top. The rise or
‘spirit in the tube due to expansion/contrac-

. /spirit is measured by calibrating the tube with
raturcs. Thermometers are graduated in diffe-
The scale accepted for use in the India Meteoro-
ment is the Celsius scale giving temperature in
3
2.2.1 Thermometers.—The thermometers to be read are :—
ry=I Thermometer.—For obt: lining temperature of the
ounding
er.—This helps to find out the rela
ne surrounding air,
ter.—To indicate the highest tempera-
: since the time of its Iiw. setting.
i n Therme —To indicate the lowest tempera-
iched, since the time of its last setting.
OVE 1h¢ |
of | the 1
in d . 4
thern
] s of 1g and Setting.—The d; y and wet bulb
~Tiometers are to be read at each obserys ation imme
il s F e Finno 41 -
L itely before ng the barometer readi ng.

1m lh'.'F'J". ometers are b« oth to be

., at the time of the E'if”[!]h morning

rnoon (1730 hrs.) obseryat ions. As

the maximum and minimum
to be set after the routine morni 1
observation. w f"r-\- the minimum th crmometer alone is
to be set after the routine afternoon obsery afnm also.

rmometers




22

Frammar wenm Fa=F Javi & (@ww, sfuwaw
AR F TEF A qE<or F F g g fae
& g |IfEw |

(il) g% ® TR~ F AT F g A AT F G
qTS qOF Ao AT AR a0F AOHIGAT F7 2ot dfremr &
Tt iRy, fomdr f grart vl ar atg % it @ T
TLOATHFL INTE T FLRZ | qA AT O AAH
qwTat #1 g =lRe

(iil) #n¥@—qF T, 9 7e7 Afrraw a@ TR
F AT A Ok A @ F I ol & arzwiw w1 9gy §
(feat Fo 4) foorg e qmowTdt & worer § svAde WY
A AT G I fR & qrgats w1 95 § 9 90w 3R
g g

= 4—as T aOmgy §1 54 937 S

faa s—itaz TR B FF @ IH

(iv) z== srafg :—eremaw w70 oo 72 ffesw == & 5
M| (a1 Faw qaoETh ¥ §aT § AT guw)
& ¥ a2 grTd A1E aT FY TaT AT TIF T AR ST
2 | T & 7 3@ W aufant afuw ¥ afaw 0.5 ol
T g owwdr £ (3 fawo6)

<




22

It should also be noted that at the time of the routine
afternoon observations, the maximum thermometer is
only to be read without disturbing it in any way from
its position in the Thermometer Screen.

(i}) Order of Reading.—Having let down the door of the
Thermometer Screen, first read the dry bulb and wet
bulb thermometers as quickly as is consistent with
accuracy, so that they may not be heated by the pre-
sence of your body or your breathing directly on the
bulbs. Then read the maximum and the minimum
thermometers.

(iii) What to Observe.—In the case of the dry bulb, the
wet bulb and the maximum thermometers, observe the
position of the end of the mercury column (Fig. 4)
but in the case of the minimum thermometer note the
position of the end of the dumb-bell shaped index
farthest from the bulb (Fig. 5).

ra HEAD HERE
'N!?C\"l 5.8
A 1 I
/l'ft! FRARIEIANAENRRARERN
“ 3 . { L] O
EArEe o 2 | s
Fiz. 4 —How to Read Mercury Thermometers
e 7 READ HERE
= = 4 Sohit 4.2 <
; V4 3 i
i T TTTTTITTTT T
TE g
o 15 20 7

Fig. 5—How to Read Spirit Thermometers

(iv) Sighting Error.—While taking a reading make sure
that the straight line joining your eye to the end of
the mercury column (or index in the case of minimum
thermometer) is at right angles to the length of the
column. Errors due to wrong sighting may easily
amount to as much as 0.5 of a degree (See Fig. 6).
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(v) Degree of Accuracy.—Read all the thermometers to
the nearest tenth of a degree (Fig. 7). Always use
the graduations etched on the glass stem of the ther-
mometer and not the bold graduations on the porce-
lain scale on the thermometer mount.

Fiz 6 -SIGHTING ERROR Fig 7—SUBDIVISIONS OF A iLEGREE

(vi) Entry.—Enter each reading in the appropriate column
of the Meteorological Register immediately after it is
taken.

(vii) Check.—After making the entry, verify if the whele
number of degrees has been read correctly. Mistakes

» of ten or five whole degrees are thus avoided. The

bold graduations on the thermometer mount are of
help in this connection.

(viii) Setting.—As soon as the readings of the maximum and
b the minimum thermometers have been noted and
checked at the time of routine morning observation,
set the thermometers ready for the next observation.
Similarly after noting and checking the reading of the
minimum thermometer at the time of the routine after-
noon observation, the minimum thermometar alone
is set.

Detailed instructions for setting are given in Sections 2.2.3
and 2.2.4.

5—383 A.D.G. Met./Pune/88
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(ix) Test Readings.—When sct, the end of the mercury

thread of the maximum thermometer and the end of
the index of the minimum thermometer farthest from
the bulb should indicate the same temperature as
indicated by the dry bulb thermometer correctad for
instrumental error. This check (See Section 2.2.6)
must be applied daily for both the maximum and
minimum thermometers at the times of their setting.
After checking, the morning test readings of the maxi-
mum, minimum and dry bulb thermometers and the
afternoon test readings of the minimum and dry bulb
thermometers are to be entred in the appropriate
columns of the Meteorological Register.

Examination of Wet Bulb.—After setting the maxi-
mum and the minimum thermometers and noting down
the test readings, examine the muslin and the wick
of the wet bulb thermometer and fill its bottle with
water, if necessary. Then close the door of the Ther-
mometer Screen. The muslin and the wick may be
renewed if found necessary, as per instructions in
para (ii) of Section 2.2.2.

NOTE :—When observing by artificial light, take care not
to heat the thermometer bulb with the lamp.

2.2.2. Mounting of the Wet Bulb Thermometer and its
care.—The dry bulb and the wet bulb thermometers are pre-
cisely alike and have usually small bulbs which may be round
or cylindrical. The bulb of the latter is always kept wet by
means of a muslim sheath fed by water from a bottle through a
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(i) Mounting of the Wet Bulb Ther-
mometer.—The general arrangement of the
thermometer, wick and the water bottle is
shown in Fig. 8. r i

The bulb of the thermometer should L'

s be covered with only one single layer of 8 i

thin and soft musiin supplied by the Me- | A ] |
teorological Department. The muslin ) o0

should first be washed in boiling water to Hi I
aremove all the starch. Before wrapping it 5 B

round the thermometer bulb, it should o R

again be washed thoroughly in pure soap 2 l
and water and rinsed several times in dis- 10|

tilled water. Great care should be taken - f

in handling the muslin and the thread to H -5 |
prevent contamination from the hand. Un- 2| | @ 1
less the muslin and thread are completely b T B
free from grease, they will not keep moist, |o ’t e |
If the bulb is round, cut a circular piece [ Fa, B

of muslin about 3 cm. in diameter and (@  Hf—25 |
make a suitable bag of it to be tied round |&5 {| ;'

the bulb. For a cylindrical bulb, a rec- {@ {ir_ 30 | 5

tangular piece of muslin may be sewn to
form a close fitting jacket round the bulb.
Next tie the muslin sheath round the neck
of the bulb by a piece of thread. See that ]
the muslin  (only one fold) is stretched i 4{1
smoothly over the bulb. After fixing the
muslin, trim its edges carefully with a pair
of scissors so that all the superfluous mus-
lin with its loose ends is cut off, but take
care that the muslin extends just a little
_up the stem above the bulb.

e —

For the wick, take four strands of
darning cotton supplied by the Meteoro-
logical Department and loop them round
the neck of the bulb over the muslin in the :
form of a noose. (See Fig. 8) so that &
eight ends bang down into the bottle of — "
water.

=

Fiz 8—MOUNTING OF WET
BULB THERMOMETERS
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Take care not to fasten the wick too tight round the neck of
the bulb, or otherwise the circulation of the water along the
strands will be checked at this point. The bottle must have
a small neck so that the air inside the screen may not be
moistened by evaporation of water in it; alternately it should
have a cover with a small hole through which the cotton strands
pass.

The bottle must not be placed directly below the wet bulb
but a little on one side of it away from the dry bulb; otherwise
the thermometer may read too high. The part of the wick
exposed to the air should be about 10 to 15 em in length and
must dip into the bottle without forming loops. If the wick
is allowed to hang in a loop, water will drip down from the
lowest point of the loop and the bottle will soon be emptied.
In no circumstances should the strands of the wick cover the
bulb, for there should be nothing else touching the bulb but
muslin,

(ii) Care of the Wet Bulb Thermometer.—The bottle must
always be kept free from dirt and filled with clean water. The
water supply should be frequently checked and renewed. For
this purpose the Observer should store up rain-water in well
corked bottles. If for any reason the stock of rain-water is
exhausted and ordinary water has to be used, it must be boiled
well and then left for a few days to allow all the impurities
to settle down. The use of ordinary water unless distilled or
boiled causes a coating of hard crust on the bulb of the thermo-
meter, thus making its readings entirely unreliable. If a white
deposit appears on the bulb of the thermometer, it should be
removed by rubbing the bulb with vinegar or lemon juice, if
the crust is thick, dilute nitric acid should be used.

Both muslin and the wick must always be kept clean and
free from dust and grease. Any visible contamination shouid be
considered an absolute indication of the necessity of replace-
ment. They should, therefore, be renewed at least once a fort-
night in fine weather, once a week in dusty weather and imme-
diately after a dust-storm.

(iii) Management of Wet Bulb during Frost.—The manage-
ment of the wet bulb thermometer during frost or at times when
the wet bulb reading is below 0°C requires considerable care and
attention, as the supply of liquid water to the bulb may be cut
off due to freezing of the water on the threads of the wick. It is.
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therefore, necessary that when the wet bulb temperature is ex-
pected to reach a temperature of 0°C and below, the Observer
should make it a point to visit the Thermometer Screen at least
half an hour before the hour of observation to e¢xamine the
wet bulb thermometer. If he finds little or no difference between
the readings of the dry and wet bulb thermometers, it is probable
that the supply of liquid water to the bulb of the wet bulb
thermometer has been cut off and there is no water or ice
covering it. This is likely to happen particularly in dry windy
weather. In such circumstances, the wet bulb thermometer
should not be read until a new thin film of ice or supercooled
water has been formed on the muslin as described below, and
until the reading has fallen below that of the dry bulb thermo-
meter and remained steady there.

The following procedure should be followed :—

Remove the wick and if there is a button of thick ice at
the lowest part of the bulb, immerse it in water long
enough to melt the ice. Moisten the muslin slightly
with the ice cold water by means of a feather or a
brush. Excessive amount of water should not be
used for moistening the muslin. An unventilated
thermometer usually takes from a quarter to three
quarters of an hour to reach a steady reading after
the muslin is moistened, depending on the ventila-
tion and the actual wet bulb temperature. If more
than the minimum amount of water is used it will
take quite some time for the thermometer to attain
a steady reading. Further a thick layer of ice may
form over the bulb, preventing the mercury inside it
from responding to the thermal changes in the air and
thus introducing serious error in wet bulb readings.

After the muslin is moistened, the temperature may (1)
either remain steady at 0°C, till all the water on the
muslin has frozen to ice and then fall gradually to
the true wet bulb reading; or (2) fall below freezing
point but without the formation of ice the water
being super-cooled. In the former case, the wet bulb

coating of ice and in

will be covered with a thin
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the latter by a layer of supercooled water. In either
case the Observer should read the dry and wet bulb
thermometers only when the readings have reached
steady values. To determine whether the bulb was
covered with ice or supercooled water, the wet bulb
must be touched with a snow crystal, a pencil or
other object, just after the observation is completed.
If the temperature rises to 0°C and then commences
to fall again, it can be assumed that the water on
the wet bulb was supercooled at the time of obser-
vation; in that case, the dew point should be calcu-
lated from the Tables for use when the wet bulb is
covered with ‘Water’ in the I.M.D. Hygrometric
Tables. If, however, the temperature does not go
up, it means that the bulb had a coating of ice at
the time of observation and the dew point should
then be calculated from the Tables for use when

the wet bulb is covered with ‘Ice’ in the Hygrometric
Tables.

NOTE :—(i) In warm dry weather water evaporates rapidly
from the wick and there is danger of the muslin being left dry.
On the other hand in damp cold weather, too much water may
collect on the muslin and even drip down from the bulb. Both
these defects tend to a high reading of the wet bulb thermometer;
they should be avoided by adjusting the length of the wick ex-
posed to air. Therefore make it a point always to examine the
muslin before reading the wet bulb thermometer,

(i) The reading of the wet bulb thermometer should be
taken as accurately as possible, as mistakes of a fraction of
a degree in the wet bulb reading when it is below 0°C would

introduce a large error in the calculation of the relative humi-
dity values.

2.2.3 How to Set the Maximum Thermometer.—The bore
in the stem of the Maximum Thermometer is made extremely
fine near the neck of the bulb. When the temperature of the
air rises, the mercury in the thermometer expands and forces
its way into the stem past this constriction; but when the bulb
cools, none of the mercury above the constriction can get back
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into the bulb and the length of the mercury thread remains just
the same as it was when the bulb was the warmest. The end
of the mercury thread farthest from the bulb thus registers the
maximum temperature reached.

To set the thermometer, remove it from its supports and
grasp the upper end of the wooden mount, keeping the bulb
end downwards and taking care not to bring any pressure on
the thermometer stem so as to break it. Then stretch out the
arm and swing it brickly from the shoulder, beginning the swing
with the right arm raised more than 45 degrees above the hori-
zontal and ending about 30 degrees beyond the vertically down-
ward position (Sec Fig. 9). The swing must be vigorous but
smooth.

Fig 9—SETTING OF MAXIMUM THERMOMETER

While swinging the thermometer, stand in a clear space
and take great care to sec that the instrument does not strike
anything (including your own person and clothing) and get
damaged. It is advisable to hold one’s clothes with the left hand.
Repeat the swinging till the thermometer bore on both sides
of the constriction is completely filled with mercury. Then
replace the instrument on its supports in the Thermometer
Screen keeping the bulb end about quarter of an inch lower
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than the other end. Verify if the thermometer reads nearly the
same as the dry bulb. The maximum thermometer after setting
should register the same temperature within .3° to .6°C as the
dry bulb temperature when the temperature recorded by both
the thermometers are corrected for respective index corrections.
If not, the instrument must be reset.

NOTE :—Bcfore reading a maximum thermometer it is
advisable to make sure that the end of the mercury thread nearest
to the bulb has not run away from the point of constriction,
through vibration or otherwise; if it has, the thermometer should
be tilted very gently, until the end of the detached thread comes
in contact with the constriction in the tube.

2.2.4 How to Set the Minimum Thermometer.—The liquid
inside the Minimum Thermometer is spirit in which is immersed
a dumb-bell shaped index. When the temperature falls, the
spirit drags the index along with it towards the bulb end; but
when the temperature rises the spirit expands and runs past the
index without disturbing it. Thus the end of the index farthest
from the bulb gives the lowest temperature attained by the
instrument.

To set the minimum thermometer, remove it from its sup-
ports and tilt it slowly, bulb upwards, until the index touches
the end of the spirit column (See Fig. 10). Tap the instrument
gently if necessary. Now mount it horizontally in the Thermo-
meter Screen, and verify that it reads nearly the same as the
dry bulb thermometer as in the case of maximum thermometer
mentioned earlier. See that the instrument is fixed properly to
its supports so that the position of the index may not be dis-
turbed by the vibration of the screen in strong winds.

N0 SPiflIT ¢
A

Y

Fig 10 —MINIMUM THERMOMETER, CORRECTLY SET

NOTE :—Before reading the minimum thermometer always
examine the spirit column and make sure that there are no
drops of spirit in the upper end of the tube and no ajr bubbles
in the spirit column or in the bulb. If the spirit column is
broken or drops of spirit are lodged in the upper end of the
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stem, restore the column at once in accordance with the instruc-
tions given in Section 2.2.5. In such cases the remarks ‘thermo-
meter out of order’ should be entered in the Meteorological
Register.

2.2.5 Defects in Thermometers and How to Remove them 2

(i) Graduation Marks not Distinct.—The thermometer
graduations often become indistinct by use. To restore the
graduations rub lamp black and oil or a black lead pencil on
the thermometer stem, which should be dry. Remove the super-
fluous black paint from the stem by gently wiping it with a
piece of cloth or paper.

(ii) Break in the Mercury Thread.—A mercury thermo-
meter, dry, wet or maximum, is considered defective if the
mercury thread is broken anywhere. It is repaired simply by
swinging the thermometer briskly at arm’s length in the manner
shown in Fig. 9, until the mercury thread is continuous.

A maximum thermometer is liable to go out of order and
cease to be self-registering. The mercury may recede from
its maximum position when the temperature falls below the
maximum to a greater or lesser extent. This generally happens
when, after use for some time, the constriction near the bulb is
not sufficiently fine to prevent the mercury above it falling back
into the bulb when the latter cools. The Observer should ac-
cordingly test the instrument occasionally by gently warming it
by holding it in his palm and noting whether the mercury
column retains its position in the tube, when the hand is re-
moved from the bulb. The test should be made with the stem
nearly horizontal. In the vertical position, if the column falls
bac(li; into the bulb, the thermometer may still continue to be
used.

If a maximum thermometer shows the above defect or
reads about the same as the dry bulb thermometer, especially
at the time of the routine morning observation for a few days
in succession, it should be replaced by the spare thermometer
and the fact should be reported to the Controlling Meteorolo-
gical Office for replacement of the defective instrument,

If at the time of the routine morning observations, the
maximum thermometer reads less than its reading at the time of
the routine afternoon observation on the previous day by 0.5°C

6—383 A.D.G. Met./Pune/88
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or more, for 3 days in succession it should be replaced by the

spare

thermometer available and the fact should be reported

to the Controlling Meteorological Office for necessary action.

(iii) Defects in the Minimuom Thermometer :

(@)

(®)

Drops of Spirit Lodged at the Top.—A portion of the
spirit column may evaporate and condense in drops
at the end of the thermometer farthest from the bulb.
Unless the Observer regularly inspects the minimum
thermometer, a length of spirit column covering 5 to
10 degrees may be lodged in this way at the top of
the thermometer. To remove this defect, immerse
the bulb and the whole of the spirit column of the
thermometer, with the bulb end downwards, in a
vessel of cold water; if necessary, add some powdered
ice to the water bath. Allow the sun to shine* on
the upper part of the thermometer in which the spirit
drops are lodged but not on the water bath which
should be screened from the sun’s rays. Leave the
thermometer immersed in the water bath in this
upright position for about an hour to allow all spirit
to run down the tube.

If the bulb end of the minimum thermometer is
even only very slightly higher than the farther end,
it may cause break in the spirit column in the upper
part of the tube. If drops of spirit frequently appear
in the upper end of the tube, the bulb end of the
thermometer should be lowered slightly, say, by 0.3
cm. in order to prevent the same.

Break in the Spirit Column.—The spirit column of
a minimum thermometer is sometimes broken into
several fragments. To remedy this fault, swing the
instrument briskly at arm’s length in the manner
shown in Fig. 9 and stop it with a gentle jerk. It will
sometimes be necessary to repeat the operation a
number of times to unite the detached column en-
tirely. After reuniting the broken columns by swing-
ing, keep the thermometer immersed in cold water for
at least an hour, exactly as in (a).

#*0n a cloudy day the upper part of the stem should be heated by
applying a piece of cloth soaked in hot water.
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(¢) Index Profruding out of the Spirit.—The index is

sometimes thrown out of the spirit and may stick in
the upper part of the thermometer stem. In this
case hold the instrument vertically in the right hand
with the bulb end lowest and gently tap the lower
end of the thermometer mount against the palm of
the left hand, as shown in Fig. 11.

If several gentle taps fail to move the index,
increase the force, a little at a time, until the index
starts; then allow the index to fall of its own accord
within the continuous column of spirit. Give gentle
taps if necessary. Generally this will be all that is
necessary to set the index in the right place. Some-
times broken columns of spirit can also be united
partly or wholly by this process. If, however, re-
peated tappings do not succeed in displacing the
index, turn the thermometer upside down so as to
transfer the greater portion of the spirit column to
the end farthest from the bulb. Then reverse the
instrument and allow the index. to fall to the lower
end of the transferred column of spirit.

Fig. 11—REPAIRING MINIMUM THERMOMETERS
Restore the spirit column by repeated swingings

and finally keep the thermometer immersed in cold

water for about an hour,
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(d) Index gone into the Bulb or Stuck in the Bend abeve
the Bulb.—If the bulb and the stem are in the same
straight line simply raise the bulb until the thermo-
meter is vertical. Then gently tap the imstrument
and the index will slide down into the tube,

3 If the thermometer is bent above the bulb, hold
it horizontally with the bulb pointing upwards. Tap
the bulb end of the thermometer sharply against the
fleshy portion of your palm and then raise it upwards.

- The index will slide forward into the spirit column.
Finally, leave the thermometer immersed in a cold
bath as in (a).

(¢) Bubble in the Bulb.—In this case hold the thermo-
meter horizontally so that the bubble is against the
cntrance of the tube, then warm the bulb by grasping
it with your palm until the bubble raises in the tube.
Now shake out the bubble by swinging and finally
leave the thermometer immsersed in cold water,

NOTE :—The minimum thermometer is liable to the
above faults during transit. Always examine the thermometer
after taking delivery and remove any defects found in the ther-
mometer in accordance with the foregoing instructions before
bringing it into use.

2.2.6 Test Readings.—In order to detect any of the above
defects, which would result in the instruments not recording
correcily, both the maximum and minimam thermometers
should be compared daily with the dry bulb thermometer at

. the times of their setting. These comparative readings are
known as Test readings and are to be taken as follows :—

imediately on setting the maximum and minimum ther-
mometer after the routine morning observations, read
the maximum, the minimum and the dry bulb thermo
meters quickly, one after the other in the order given.
Make sure first, that the mercury column of the maxi-
mum thermometer and the spirit column of the mini-
mum thermometer are both continuous, (i.e., there is
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no break in them), and be sure to record the readings
of the index of the minimum thermometer, farthest
from the bulb. This will be in flush with end of
the spirit column. The time taken to read these
thermometers should not exceed a minute or so. The
actual readings should be enfered without applying
the index correction. Similarly on setting the mini-
mum thermometer after the routine afternoon obser-
vations, read the minimum and the dry bulb thermo-
meters quickly one after the other, and enter both the
actual readings.

The difference between the readings of the maximum and
minimum thermometers and the readings of the dry bulb ther-
mometer in the test observations after applying their respective
corrections, should not exceed 0.3° and 0.6°C respectively. If
the difference exceeds this limit (i.e., 0.3°C for maximum and
0.6°C for minimum), it is probable that the thermometer has
become defective. The Observer should then carefully examine
the maximum or the minimum thermometer, as the case may

be, and remove the defect according to the instructions given
above.

Care of the Thermometers :

(i) The thermometers should be kept clean and the bulbs
bright. If water has condensed on any of the ther-
mometers it should be wiped off and several minutes
allowed to lapse before the readings are taken.

(i) Care should be taken to see that the ten-degree divi-

sions marked on the thermometer porcelain mount

agree with the corresponding graduations on the stem.,

After a period of use, the stem of the thermometer

may become loose and slip relatively to the mount,

thus introducing a possibility of error in reading,

Under no circumstances should a thermometer after
repairs or adjustments, be

fitted to a mount belonging
to another thermometer.,
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2.2.7 Exposure of Thermometers and Erection of Ther-
mometer :

() The essential conditions for the exposure of thermo-
meters, are that air should have free access to the bulbs of
the thermometers and neither the sun should shine nor rain fall
on them. Tt is also important for purposes of comparison that
the thermometers are exposed under similar conditions at all

3 stations. These conditions are fulfilled by mounting the ther-
mometers in a screen of the approved pattern called the Ther-
mometer Screen (Fig. 12)

Fiz. 12— THERMOMETER SCREEN
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It is a rectangular box with its sides and door double
louvered and with a double layered roof with air space in
between. The upper roof projects 5 cms beyond the sides of the
screen and slopes from front to back. Its internal dimensions
are, length 56 cms, width 31.5 cms, height 41.2 cms. The front
of the screen is hinged as a door and can be opened downwards

The screen is mounted on four wooden posts.

(ii) Choice of Site for the Thermometer Screen.—The site

should be on a fairly large and open plot of level ground at

least 30 m. in diameter; any site on a steep slope or in a

hollow is subject to exceptional meteorological conditions and

should therefore be avoided. The thermometer screen and the

raingauge should preferably be on the same plot and be en-

closed by a rectangular fence 10 m. by 5 m. (See plan in Fig,

, 13). The screen should be as far away as possible from large

trees, buildings and other obstructions to prevailing winds.
" The space set apart for the screen should be maintained,
as far as possible in the same state, no shrubs or trees being
planted within the area, nor changes made in the cultivation of

the ground immediately surrounding the fence, particularly such

as require a large amount of additional irrigation.
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(iii) Erection of the Thermometer Screen.—The Thermo-
meter Screen is to be erected on four stout wooden posts (See
Fig. 12) with its door opening to the morth and at such a height
that the bulbs of the wet and dry bulb thermometer shall be
between 1.30 and 1.40 metres above the ground.

The four ends of the wooden posts should be coated with
coaltar and buried vertically in concrete under the surface of
A the ground so that the tops of the posts are 1.25 m. above the
ground level. While erecting the Thermometer Screen, the
concrete platform should be sunk 5 ¢cm. below the ground level
and the space above filled with earth to make it flush with the
surrounding ground. An open concrete surface beneath the box
is liable to result in erroneous readings of the thermometers
inside the screen owing to the effect of radiation from such a
surface. The distance between the posts (marked 1, 2, 3 and
4) should be such that the corner legs of the screen (also marked
1, 2, 3 and 4) fit in easily in the sockets at the top of the
corresponding posts. The number of a leg of the screen and
the corresponding number on the post should face in the same
direction,

Before fixing the posts permanently by ramming the con-
crete, make sure that they are perfectly vertical and their tops
are 1.25 m. above the ground and that the door of the Screen
mounted on the posts faces morth. Then fix the legs of the
Screen in the sockets by means of 7.5 cm. screws.

Cautionary Note :

(1) Always use the graduations marked on the stem of the
» thermometer itself to avoid errors due to improper
alignment of the stem and the mount.

(2) Ensure that the bulb of the wet bulb thermometer is
free fr]om encrustation and that the muslin and wick
are clean.

7—383 A. D. G. Met./Pune/88
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(3) Do not pour water on the wet bulb or the bottle just
before the observation finding the bulb dry.

(4) Before closing the door of the screen after an observa-
tion ensure that the maximum and minimum thermo-

meters are kept on their supports firmly after setting.

(5) The Door of the screen should not be closed with a
bang so as to jerk the thermometers inside.

2.3 Precipitation :

ther it is rain or snow is expressed as
the depth to which it would cover a horizontal projection of
the earth’s surface, if there were no loss by evaporation, run-off
or infiltration and if any part of the precipitation falling as snow

or ice were melted.

Precipitation, whe

2.3 (a) Rainfall :

est method of measuring precipitation is by
setting up gauges with a horizontal circular aperture of known
area, collecting and measuring at regular intervals the precipi-
tation collected in them. It is assumed that the amount of pre-
cipitation collected in the gauge is representative of a certain
area around the point where the measurement is made. The
choice of the instrument and the site itself, the form and expo-
sure of the measuring gauge, the prevention of loss of precipita-
tion by evaporation and the effects of wind and splashing are
some of the important points to be considered in the correct

measurement of precipitation.

The simpl

at of Rainfall.—The amount of rainfall

at a station is measured by 2 raingauge. The standard rain-
gauge of the India Meteorological Department was the Symon’s

attern raingauge used with specially graduated measure glasses.
In 1969, the India Meteorological Department accepted the re-
commendations of the World Meteorological Organisation for
the use of Fibre Glass Reinforced Polyster (FRP) Raingauges as
the standard instruments at all raingauge stations in the

country.

2.3.1 Measureme
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Fig. 14(i) — FRP RAINGAUGE
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F1G.19 (a) - MEASURE GLASS FOR 100 sq. cm. RAINGAUGE

-

{20 mm. OF RAIN)
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The essential parts of a raingauge are : (1) a collector with

a gun metal rim of truly circular shape 100 or 200 5q. cm.

area (2) a base, (3) a polythene bottle and (4) a measure glass,

Both the collector and the base are made of fibre glass reinforced

" polyster., [Fig. 14 (a) and (0)]. The collector has a deepset
‘unnel and the complete raingauge has a slight taper with the

A narrower portion at the top. The collectors have thejr aper-
tures so designed that the 100 and 200 sq. cm. area ones are
interchangeable. The smaller collector has g diameter of
112.9 mm corresponding to 100 sq. cm. and the bigger one is
of 159.6 mm diameter corresponding to 200 sq. cm. There
are also two types of interchangeable bases, the smaller base
being used for all types of receivers except the largest. The
rain falling into the funnel collects in the bottle kept inside the
base and is measured by means of special measure glass which
iS appropriate to the area of the aperture and which is gra-
duated in tenths of millimeter, This has usually a capacity of

20 mm of rain.
(i) How to Measure the Rainfall.—Remove the funnel of
the raingauge and take out the polythene bottle. Place the

measure glass [Fig. 14(a) and (b)] in an empty basin and

slowly pour the contents of the receiver into the glass taking
carc to avoid spilling. If however, any water is spilled inty
the basin, add it to the water in the measure glass before arriv-
ing at the total amount collected. While reading the amount
of rain in the measure glass, hold it upright between the thumb
and the first finger or place it on a table or other horizontal
surface. Bring the eye to the level of the water in the glass
and take the reading of the bottom of the meniscus or curved

*
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surface of the water. The amount. of rain should be read in
millimetres and tenths. It is extremely important to note that
the correet type of measure glass appropriate to the type of
rain-gauge funnel in use should be used for measuring the
amount of rain; otherwise completely wrong results will be
obtained.

(i) Measurement by Instalments.—If the receiver contains
more than 20 mm of rain, measure it in two or more instal-
ments and add the amounts together. For instance if the rain-
water fills 20 mm glass to the top mark twice and the remainder
measures 9 mm at the third filling, the total amount of rainfall
is (20420+9) 49 mm. In actual practice the glass need not
be filled exactly to the 20 mm mark as this can be done only
by trials which require time. It is much quicker to fill the
glass very near to the top graduation and note the actual read-
ing at each filling, For cxample 49 mm of rain may be measur-
ed in 3 or 4 instalments as indicated below :

15+14+10410=49 mm.

(1)) Remeasurement for Check.—To avoid error the rain
water should not be thrown away after the first measurement,
but should be poured into a vessel and remeasured. The
amount should always be written down in the Meteorological

Register and checked by remeasurement before the water s
thrown away.*

(iv) Overflow of Ihlinuater.—-During heavy rain inspect
the raingauge at frequent intervals and measure out the rainfall
or keep it in a bottle (if provided) securely corked for measur-
ing at the time of observation, lest the receiver which can
normally hold 400 mm of rainwater, should overflow. If how-
ever, rain water has overflown into the additional cylinder, this
should be taken out carefully and its contents measured and
added to the amount of water in the receiver. If there are g

« N.B. (—If your stock of rain water for the wet bulb s not sufficient, store
up more water in well-corked bottles (See Section 2.2.2).
8—383 A.D. G. Mef./Pune/88




48

g W« & g faar 1 afr a3t @ aewie qge wg WA
A Iaw gEar frias, Wew vt @ 3 ok gl st
AR/ W 70 T ACAw W R N @

(V) fmar sl —femame v siverafiz % fedi &, st
'Wﬁtﬁﬁ‘ﬂ‘ﬁgamwamr%ﬂﬁqwa’mﬁﬁm
A aRT e o a9 a1 few v fomenr & feo IqH
AC B S AT W qw T O =g ¥ freed
T A HOFA S A WET #Y 909 9gd =0y TT M
Wﬁwwr%rwfaa&wfﬁmaﬁﬁqﬁﬁfgw% w7 ¥
g o, gaF ¥ wu ¥ faw W e & fae 5T sarew §
a0 T W T e A v fafy ¥ faw ay fegmm sz o
THR FATE ML T F INEC T A H@v AT 5L e F
Qﬁ%gﬁaiw?ﬂwarﬁaﬁgq%q%wﬁwﬁﬁGm
A A@ &R wwr wifgw | W@ G foam B 2 At o
TN F AR FTL AGT A FET Frose AWE aow &
gﬁw%rfgqﬁaaaﬁqzarmmrfgq‘aﬁm%%aﬁ
Faearst # awtaelt grw e v oeaim st g |

afk 5T fr o fgwaw & IO AT QO &7 ¥ 29 570 ar
m’?%m%:r%ﬁrq’aﬁmfammmfmmﬁr
mgﬁw?qma@aaa‘f-eﬁ#wﬁwamﬁﬁn%g%
@%w%ﬁméﬁﬁaﬁfﬂtﬁaﬁrﬁgamzmﬁ
TEWE AT AT | §F W@ F CAIT TEAT Fifgr Twmdt 5 wm
wEhE Foave S fow A g N wqy fafaw o
wﬁqu@ﬁm#m”f%wmﬂﬁ%mar%mfgﬂﬁwré
# aqw & frodto & fafe w74 & fw, w100 firo
#Yo fgw #1 10 Wodte auf & Feraw

feau.—few #w & fau frqa a@w wve 2.3.5 ¥ fo
Lt

(vi) wrr-frena s SeRiews T8 W i e
wuT F & 7t e w3 fee Sy #0oow oy B fore
A gou Afafem ) afk waw ¥ amr 9§ g freog o
g &7 e fram & o fear s 1 froes i




number of occasions when it has over flown the Controlling
Meteorological Office has to be informed and a receiver of
larger capacity asked for.

(v) Smow or Hail.—On days of snowfall or hail or when
the water coliected in the gauge is frozen, remove the botile
with the collector and pour into it a measured amount of warm
water (as measured with the measure glass) to melt the ice ot
snow. After it has completely melted, measure out the total
amount of water in the bottle and subtract from it the amount
of warm water added. When the precipitation is in the form
of sleet or snow, any snow immediately above the collector
should be separated and pressed into the collector. This snow
should be melted as described above and the water equivalent
obtained. The amount of water (actual rain or thawed snow)
already in the bottle shall also be measured. The sum of these
two in mm gives the amount of precipitation when the snowfall
is heavy. The readings of the raingauge will be unreliable in
the event of the gauge being entirely buried in smow or the
snow being blown away by wind.

If however, the fall of snow is so great as to bury the
gauge completely, or snow appears to have been blown out of
the gauge by wind, the depth of fresh undrifted snow must be
measured by plunging vertically a rod or stick into the snow
at two or three places over any fairly level plot of ground. Care
should be taken fo measure only the depth of snow fallen during
the interval since the gauge was last read. The mean of several
measurements made in different places should be taken. To
convert depth of snow into mm of rainfall 100 mm of snow
may be taken as roughly equivalent to 10 mm. of rain.

NOTE.—Detailed instructions for measurement of snow
are given in Section 2.3.5.

(vi) Accidental Breakage of the Measure Glass.—Two
measure glasses are usually supplied to each station, one for
use and one to be kept as spare. In case the glass in use is
broken, the spare one should be brought into use and a replace-
ment obtained, for the broken one through the Controlling
Meteorological Office. If it should so happen that the glass is
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accidentally broken and there is no spare, borrow an ordinary
compounder’s measure glass and record the rainfall in milli-
litres (i.e. cc) until a new glass is received. In such cases,
take care to note in the Meteorological Register the word ‘Milli-
metres/cc’ against the rainfall entry. Do not, on any account,
borrow a rain measuring glass belonging to another raingauge.
If a compounder’s measure glass is not available, store up in
separate bottles, the rain-water collected at different hours of
obscrvation. Keep the bottles well corked and place a label
on each indicating the date and hour of collection of the rain-
water. On the receipt of a new glass, measure these amounts
and enter them in the Meteorological Register as usual.

(vii) Hours of Measurement and Entry of Railfall in the
Meteorological Register ;—

(1) Examine the raingauge receiver for rain daily at every
hour of observation. FEnter the amount of rainfall
mecasured at each observation in the appropriate
column of the Meteorological Register. This indi-
cates the amount of rain which actually fell during
the period between the last observation (regular or
special) and the present observation. The rainfall is
to be entered in millimetres and tenths of millimetres.
Enter 0.0 for no rain and a ‘t (Meaning trace) for
rainfall below 0.1 mm.

If during heavy rain it is found necessary to measure out
the rain several times between any two observa-
tions, take the last measurement at the exact hour of
the second observation and enter in the appropriate
column the total of all the measurements made during
the intervening period.

(2) There is one column of the Meteorological Register
that is to be filled in only at the time of routine morn-
ing observations. It gives the total amount of rain
which fell during the preceding 24 hours (i.e. from

0830 hrs. IST of the previous day till 0830 hrs, IST
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of the present day) and is obtained by adding all the
measurements made during this period.

NOTE.—In case of snow or hail, the solid precipitate
should be melted and resulting water measured as rain.

(viiiy Care of the Raingauge and Rain Measures ;:—

(1) It should be ensured that the collector of the raingaug:
does not get choked with dirt and that the receiving
bottle and additional cylinder, if any, are always
clean. They should be emptied regularly of sediment
or other material that may have fallen inlo them and
cleaned periodically.

The outer surface of the visible portion of the rain-
gauge should also be kept clean by wiping it occa-
sionally with a wet cloth. The raingauge does not
need any painting and this should not be attempted
at any time.

(3) The collector, receiving bottle (and additional cylinder,
if provided) and the base should be examined for
leaks regularly. If found to be leaking, they should
be repaired either locally if possible with the aid .of
the repair kit or replaced by fresh components.

" (4) While replacing the collector on the base it should be
ensured that the two locking rings have engaged pro-
perly. The locking ring fixed to the collector and

8 base arc delicate and should not be handled roughly.

(5) Care should be taken not to dent or deform the gun
metal rim of the collector by rough handling.

(6) The raingauge should always be kept locked for safety,
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. “(7) THE grass round the gauge should be kept short. Ne
. shrubs or plants should be allowed to grow round the

gauge.,
| ;
(8) Both the rain measure glasses should be kept spot-
[£ lessly clean. They should be handled gently to avoid
breakages and stored dry in a safe place when not in
use. Always wipe it dry before leaving it in the
2 - 3 . . p .
Thermometer Screen after use. This is very impor-
. tant in freezing weather when there is a risk that it
i may become frozen to the wood by any residual water
& left adhering to the base.

2.3.2 Repair Kit for Minor Repairs to the Raingauges :
(1) Each station shall have a small repair kit io carry out minor
repairs. The repair kit consists of two soiuiions A and B,
solution A being the Get coat and solution B the Hardener, a
-small quantity of chopped strand mat and a little bit of surface
mat. The kit is useful in patching up external cracks and cre-
i vices of the fibre glass material and for atlaching any broken
pieces like the funnel outlet tube and for covering up any
external portions which have chipped off. The use of the repair
| kit is not recommended for any patchwork in the internal surfaces
' which may spoil its smooth finish and prevent the smooth
i flow of the water. The repair may be done according to the
i procedure given below :—

e L

(a) Clean and file, if necessary, the portions where repairs
are mnecessary.

(b) Mix solutions A and B in the proposriion of 100: 3
using a spatula or a metal or glass rod. (Note: Only
small quantities of the mixture shall be prepared at

; a time as the mixture hardens very quickly. About
4 50 to 100 gms at a time should be adequate.)
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(¢) Apply a small quantity of the mixtsie ovei and around
the required place and allow it to barden. Cut small
bits of the chopped strand mat and place them over
the spot, using a 1” brush, Apply by dabbing the pre-
pared mixture of the solutions A and B over the
chopped strand mat, till it is completely wet. Allow
this to harden.

(d) For obtaining a finer-finish, the surface mat may be
used and wetted by dabbing it with the prepared
mixture as was done for the chopped strand mat.

(¢) Now clean the container, the spatula and the glass or
metal rod, used for preparing the mixturc of the two
solutions. The brush may also be cicancd. These
can be cleaned with water, dried and kept aside for
use once again when necessary. The boilies contain-
ing solutions A and B should be kept tightly closed
to avoid hardening and evaporation respectively.

Caution.—Avoid the solutions from getting in contact with
the eyes and do not allow the chopped strand mat or surface
mat from coming into contact unnecessatily with the body. They
cause irritation to the skin.

2.3.3 Exposure of Raingauge.—The amount of precipita-
tion collected in a raingauge depends to a considerable extent
on its exposure and great care must be exercised in selecting
a suitable site. The raingauge should be set on a level ground
away from trees, buildings and other obstructions and not upon
a slope or terrace. The distance between raingange and ob-
stacles should be as far as possible 4 times the height of
the obstacle. In amy case, the distance between the rainguage
and the nearest object should not be less than twice the height
of the object above the rim of gawge. Subject to the above
conditions a position sheltered from wind is preferable to an

exposed one,
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in order that observations at different stations are com-
parable, the exposure must be as uniform as possible at all
stations. The rim of the raingauge should be exactly horizon-
tal and remain at a height of 30 cm. above the ground level.
This rule must be strictly adhered to in the erection of the
instrument. The site of the Thermomeier Screen sheuld be so
chosen that the raingauge can be placed on that plot of ground
at a distance of 3.6 m. from the screen to its south. See plan
of observatory enclosure Fig., 13.

2.5.4 Erection of Rainguage.—The rainguage should be
fixed on a masonry or concrete foundation 60x60X60 cm sunk
into the ground. (Fig. 13). The base of the gauge sbould
be embedded in the foundation as shown in the figire, so that
the rim of the gauge is exactly 30 cm. above the surrounding
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Fig. 15—INSTALLATION OF RAINGAUGE
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ground level. This height is necessary to preveni more than a
negligible amount of rain splashing jnio the gauge from the
surrounding ground. If the height exceeds the 30 cm limit, a
positive correction to the catch of the raingauge will be reces-
sary, since the catch decreases owing to wind eddies set up by
the gauge itself.

The rim of the gauge should b: kept perfectly level. The
horizontality should be checked with a spirit level laid across
the rim.

2.3.5 Measurement of Snowfall :

2.3.5.1 General.—Snowfall is measuced either as the depth
of snow which has fallen in a stated period, or melted and
measured as water. The depth of snow is usually 1azasured in
millimetres and its water equivalent in millimetres and tenths
obtained by dividing the snow depth by 10, assuming the den-
sity of snow as 0.1. This value is however, only a rough ap-
proximation and varies very much with the depth and texture
of the snow. For accuratc measurement of precipitation at
stations where snowfall is likely, special snowgauges are used.
A snowgauge consists of u cylindrical receiver 205 aim or 127
mm in diameter, mounted on an iron stand at such a height
as to be weli above the average snow level at the station and
provided with wind shields. Unshiclded gauges are quite un-
reliable in strong winds because their catch may either be in-
creased by drifting snow or blown oft by the wind eddies around
the mouth of the gauges. At stations where snowgauges are
not available, the snow is measured with the ordinary raingauges
if the snowfall is light. In heavy snowlalls, the depth of snow
is measured with snow poles and the water equivalent of snow
determined; or cut samples of snow taken, melted and measured
as water in the ordinarv 127 mm measure glass.
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2.3.5.2 Measurement of Smowfall at Observatories Pro-
vided with LM.D. 203 mm or 127 mm Snowgauges.—Detailed
instructions for the installation and us¢ of the LM.D. _510W-
gauges are given in a separate circular supplied along with the
suowgauge. The following general instructions should be fol-
lowed for the measurement of snowfall :

Remove the receiver from the wind-skield and pour into it
2 measured amount of very warm water. Since a
large excess of water increases the error arising from
the decrease in the volume of water with fall of tem-
peraturs, only sulficient water 10 melt the snew in the
receiver should be added. The warm water when
first measured into the measure glass, should be
poured slow'y so as not to crack the glass.  When
the snow is completely melted, measure out the total
amouant of water in the receiver into the empty me:-
sure glass. Subtract from it the amount of warm
water added. This gives the amount of precipitation
in millimetres and show'd ke entered in the Meteorg-
logical Register. Whether the precipitation thus re-
cordzd consists of snow or izin or doth, should be
made clzar by a suitable entry in the remarks column,

2.3.5.3 Measurement of Snowfall at Observatories which
have only a 100 Sq. Cm. Raingauge.—(1) During light snowfalls
the amount of snow collected in the raingauge should be melted
by adding warm water and the quantity of water measured and
recorded as described in the previous paragraph,

(2) During heavy falls the readings from the raingauges will
be unreliable because the gauge may be entirely buried in snow,
or on the other hand, the snow may have been blown out by
wind or eddies generated by winds. During periods of heavy
9—383 A.D.G. Met./Pune/88
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snowfall, the Observer should make one of the following three
separate measurements :—

(a) With the 100 sq. cm. Raingauge.—When the precipita-
tion is in the form of sleet or snow :—

(i) Any snow immediately above the funnel should be
separated and pressed into the funnel. This snow
should be melted as described above and the
water equivalent obtained.

(ii) Measure the amount of water (actual rain or
thawed snow) already in the receiver. The sum
of these two in millimetres and tenths will give

the amount of precipitation and should be entered
in the register,

rhe usual remarks about the snow or rain or both
should be given in the remarks column of the
register.

(b) Depth of fresh Undrifted Snow, when the Precipitation
has occurred as Smow.—The depth of snow may be
obtained by taking a mean of several vertical measure-
ments in places where there is no drifting of snow,
using a graduated ruler or scale. Care should be taken
to measure only the depth of snow which has fallen,
since the previous hour observation. Special precautions
should be taken not to measure any old snow. This can
be done by sclecting a suitable material (wooden
boards or white painted metal sheets about 1 metre
square) and placing it on top of the snow surface after
taking the earlier observation and measuring the depth
down to this material at present. On a sloping surface,
measurements should still be made with the measuring
rod verticals. Divide the depth of snow thus obtained

by ten and enter this amount in millimetres and tenths
in the register.
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(c) Cut Sample Method.—To be used only when there has
been no sleet or rain and the snow has not melted :—

A cut sample of snow is obtained by inverting the
body of the raingauge over the snow where its
depth appears to be uniform and about the ave-
rage amount, To avoid collecting old snow, small
wooden or stone floors may be used and the body
of the raingauge pressed down into the snow tiil

» its edge touches that floor. Slip a thin plate under

the body, remove the cylinder of snow thus cut
out, melt it by adding a measured quantity of
warm water from the measure glass and record
the water equivalent as described earlier. This
method can be adopted only when all the precipi-
tation has occurred in the solid form.

2.3.5.4 At Observatories, where there is an LM.D. Snow-
gauge as well as a Raingauge.—Precipitation should be measur-
ed only in the snowgauge on days of snowfall or when there
is both rain and snow,

NOTE.—Special care should be taken to use the proper
measure glass for measuring the precipitation. At stations pro-
vided with both the 203 mm snowgauge and 127 mm raingauge
two different measure glasses will be available for use with each
of the instruments. The appropriate measuie glass should be
used with each instrument,

% WIND

> 2.4 General:

Wind is defined as air in motion and is expressed in terms
of direction and speed. Wind direction is regarded as the direc-
tion from which it blows and speed as the rate of movement of
air in its instantaneous direction.
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Wind direction is determined with reference to true north
and is expressed to the nearest 10 degrees or to 16 points of
the compass (Fig. 16). Wind speed is measured in knots
(nautical miles per hour) or in kilometres per hour.
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Fig. 16—POINTS OF THE COMPASS

2.4.1 Wind Direction.—The wind direction is given by an
instrument called the Windvane (Fig. 17). It is a balanced lever
which turns freely about a vertical axis. In the most common
type, one end of the lever exposes a broad surface to the wind,
whilst the other end is narrow and points to the direction from
which the wind blows. Under this moveable system, is fixed a
i'igjd cross, the arms of which are set to the four cardinal direc-
tions—North, East, South and West. Some windvanes are
provided with eight direction indicators, N, NE, E. etc.



-

Fig, 17=WINDVANE MEK-II
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WINDVANE MK-II (Fig-17)

Direction Code Figures Direction Code Figures:
North ; . N 36 South . i N 18
North-north-east . NNE 02 Southsouth-west . SSW 20
North-east , » NE 05  South-west . SW 23
East-north-east . ENE 07 West-south-west WSW 25
East . ¢« E 09 West . = . W 27
East-gouth-east . ESE 11  West-north-west . WNW 29
South-east . » SE 14  North-west . NW 32
South-south-east . SSE 16 North-north-west , NNW 34

Calm . . . 00
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2.42 Windvane—Mk IL.—The windvane (Fig. 18) con-
sists of a horizontal aluminium arm (1) carrying a fin (2)
at one end and counter balanced about its axis of rotation by
means of cylindrical mild steel balance weight (3) having
much smaller surface. The vane consists of a flat plate and
exposes a broad surface to the wind whilst the other end is nar-
row and points to the direction from which the wind is blowing,.
The rotating arm is supported by an arm support (4) The
entire assembly being mounted over a cap (5) housing a ball
bearing. The horizontal arm is firmly attached to the bearing
housing cap (35) by means of a guide pin (6) so that there is
no relative movement between the two. Below the bearing
housing cap is the top ball bearing (7) housed within the sup-
port tube (9). The spindle (10) is a brass rod freely rotating in
the ball bearing (7) at top and another lower ball bearing (8)
below, with the top end projecting out through the arm support.
It carries at its top extreme a top nut (11). The spindle is firmly
fixed to the bearing housing cap by means of a brass by-retaining
screw (12) so that when the horizontal arm moves the spindle
also rotates alongwith it in the ball bearings. The support tube
(9) is attached below to a mounting ring (13) which carries the
four cardinal direction arms (14) and the four inter cardinal
arms (15). The mounting ring rests on a collar (16) at the
top of the main support (17) and can be rotated and fixed on
it in any desired direction by means of four sct screws (18). At
the lower end the main support tube is attached to an aluminium
base casting (19) provided with three holes for taking the
foundation bolts.

The entire windvane can be installed in the beginning
irrespective of its orientation with respect to the true north. The
correct orientation of the direction arms with respect to the
Geographic North is done by loosening the four set screws (18)
on the mounting ring, rotating the ring suitably and refixing it
correctly by tightening the screws. It is not necessary to grout
the foundation bolts themselves very accurately in order to
achieve proper orientation of the instrument.
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(2) - Exposure.—The windvane must be freely exposed and
be high uiough above buildings and trees so as not to be
affected by the eddies created by them. In a very open site
the vanc can be installed on a steel or wooden lattice tower
or mast 6 metres high and weéll guyed, within the observatory

& enclosure. - Where the site is obstructed by trees efc., it may
be erecied on a building or a high mast so that it. is higher
by at least 3 metres than the highest obstacle in the immediate

) vicinity. If this requirement would necessitate a very high
mast in the observatory enclosure, a separate site for the mast
should be selected, such as the roof of a building; When both
the anemometer and the windvane are fixed on the same platform
they should be at least 2 metres apart.

(b) Imstallation.—The windvané is dismantled for despatch
and has to be assembled before installation. Wipe all the
parts clean, check that no part is damaged and. then assemble
the instrument in the following order : Screw the four lettered
and the four unlettered direction arms into the mounting ring
(13) beginning with the N direction rod. Screw them as far
as possible into the threaded holes of the ring in the correct
order, hold the letiers in a vertical position and then tighten
the ‘checknuts so that they press against the ring. - Ensure that
all the four letters arc vertical after the checknuts are tightened.

Take out the horizontal arm and loosen the two retaining screws:

(20) at the end of the fin boss (21). Introduce the fin in the slot

of the fin boss and fix it in position by tightening the screws.

o Make sure that the fin is quite -vertical. The complete arm
with fin and balance weight should now be placed over the

spindle . projecting. out at the top after removing the top nut.

- Replace and tighten the fop nut. The windvane ijs now fully
assemb! j g

The base of the windvane should now' be fixed to- the

parapet wdll of the roof or to the cross rail of the wind tower

at the site selected. For this, three 9.5 mm (3/8 inch) diameter

10—383 A. D.G. Met./Pune/88
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standard bolts should be grouted into the masonry of the parapet
wall with cement, using the base of the windvane itself as the
tamplate. Allow the cement to set.

The most important points in the installation of a wind
vane are (1) the spindle about which the vane turns must be
truly vertical (2) the direction rods indicating the cardinal points
must be correctly oriented to true direction North, South, East
and West. The setting of the direction indicators may be done
by means of a magnetic compass, which gives the magnetic
north. In India the magnetic north lies to the east or west of
the true north at an angle of the order of 3°. This angle varies
from place to place and should be accurately determined from
a map showing lines of equal magnetic declination.

To determine the magnetic north, fix a pin vertically very
close to the place where the windvane is to be installed. Stand-
ing at a distance of about a metre from the place, approximately
to the south of it, at the farther end of the roof or tower, sight
the pin through the prismatic compass. Move slightly till the
0° mark on the floating dial of the compass coincides with the
pin. Remaining in the same position and still sighting the pin
through the compass, ask an Assistant to fix another pin behind
or in front of the first pin at a distance of about 30 cm. so
that both lie in the same line of sight. Draw a straight line
indicating the direction of the magnetic north. To obtain the
direction of the true north, read off the declina*sy of the place
from the map showing lines of equal magnet¥ Jeclination and
mark the true north to the ecast or wesi of the magnetic north
as the case may be. Now draw ¢ crue north-south line indicating
its direction towards the morth by an arrow head.

Having determined the true north, place the assembled
windvane on the three bolts and tighten with nuts and washers
taking care to see that the main support is vertical. Where the
windvane is to be installed on the cross rail of the wind tower,
a teakwood plank 250 mm %250 mm square and atleast 35 mm
thick should first be fixed to the cross rail by means of suitable
standard mild steel bolts and nuts. The base of the windvane
should then be fixed over the wooden plank by means of three
suitable steel bolts and nuts. Now loosen the four screws (18)
on the mounting ring for direction arms and rotate the ring
till the N rod is practically over the N-S line. Holding two
plumb lines against the N and S direction rods, rotate the mount-
ing ring until the tips of the two plumb bobs rest on the N-§
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line. In this position tighten the four screws on the mounting
ring. Test again with the Plumb line held against the N and S
direction rods to see that the tips of the plumb bobs rest on
the N-S line. The instrument is now correctly oriented and
ready for use.

Operation.—The Observer should stand as close as possible
to the base of the support of the vane, to avoid parallax errors
and note carefully the direction in which the counter-weight

" points i.e. the direction from which the wind is blowing. The
windvane should be watched for a few minutes to obtain the
mean direction of the wind. Before taking a reading make sure
that the windvane moves freely. As ordinary windvanes often
fail to respond to light winds, ‘give a tum to the vane by hand
and allow it to take up the direction of the wind. Always
verify that the wind direction given by the vane agrees with
that estimated.

2.4.3 Maintenance of Windvane.—The instrument is
despatched from Pune suitably lubricated and no lubrication is
needed soon after installation, Every fortnight lubricate the
ball bearings with a few drops of spindle oil. For this, remove
the horizontal arm after taking out the top nut. Take out the
oil hole screw (22), put a few drops of oil into the hole and
replace the screw.

Keep the instrument clean. Examine the four set screws
(18) once a month and tighten them, if necessary.

Once every six months examine carefully all the parts of
the instrument and wash them thoroughly in kerosene ojl. clean

? and lubricate them.
» Proceed as follows :—Take out the top nut and lift off the

horizontal arm with the fin and balance weight. Unscrew the long
brass retaining screw (12) and remove the hc:‘n‘ing hnusin__ cap
(5). The top ball bearing will now be visible,

Unscrew the four serews (23) which fix the support tube (9)
over the main support, Lift off the support tube,
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Keeping the support tube vertical, pour kerosene oil into
it from top, rotatc the spindle and let the oil drain freely out
from below. Now invert the support tube and pour kerosene oil
into it rotating the spindle to andp?ro. Repeat the process three
or four times until the ball bearings are well cleaned.

When the bearings have become dry, put a few drops of
lubricating oil on to the two ball bearings. Twirl the spindle
backwards and forwards a number of times so as to get the oil
well distributed inside the bearings.

Now reassemble the instrument in the following order: (a)
Fix the support tube over the main support (b) Slide the bearing
housing cap over the spindle and fix it to the latter by means
of the long brass screw (c) Place the horizontal arm assembly
(d) Finally, screw the top nut.

[f the vane becomes unbalanced or is stiff even after lubri-

cation, it should be returned to the Instruments Division, Pune
for repair.

Whenever the defective part is returned, the complete vane
assembly with the support tube should be sent after detaching
it by unscrewing the four screws (23) which fix it to the main
support.

Packing :

The windvane with its direction rods and main support is
supplied in a special box and should be packed in the same box
in which it is reccived while returning the complete instrument
to Pune for replacement and repair. To pack, detach the fin
from the fin boss of the horizontal arm and unscrew all the
cight direction rods after loosening the checknuts. Fix the fin
plate to the basec of the box over the flet lining with a small
screw. Place the direction rods in their places on the sides of
the box and clamp them with the wooden clamps provided. Place
the main support with the support tube in position in the centre
of the box horizontally and clamp it with the wooden blocks
provided. Screw the lid down. The case is now ready for

despatch.
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- 2.44 Wind Speed.—The wind speed is measured -by am
instrument called the Anemometer. Fig. 19 shows the Cup-
Anemometer used in the observatories of the India Meteoro-
logical Department. T ' 3 ' '

% A -

Fig. 19— CUP COUNTER ANEMOMETER MK i1 e o
(a) Principle : ; : . '
- The instrument consists of three large semi-conical cups
‘with beaded edges fixed at the ends of three rods.
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The cups are mounted symmetrically about a vertical axis so
that the diametral plane of each cup is vertical. As the force
on the concave side of any cup, due to the wind is greater
than that on a convex side in a similar position, the cup wheel
rotates. For any given anemometer, the dimensions and design
are such that the speed at which the cup wheel rotates depends
to a goed approximation, solely on the wind speed, provided

e the wind speed is steady and is greater than the minimum
required to set the cups in motion; the lower limit is due to the
effect of friction on the bearings of the cup wheel. The rate
of rotation does not depend on the direction of the wind nor
to any appreciable extent, on the density of the air.

The cups are attached to a central spider which is mounted
on a spindle carrying a worm. The worm engages with a gear
wheel and drives a revolution counter mounted in a waterproof
aluminium housing. The gear ratio between the cup and
counter spindle is so chosen, in relation to the factor of the
anemometer, that the counter indicates directly the run of wind
in kilometres and tenths, when the instrument is suitably
exposed.

To obtain the run of the wind in kilometres and tenths
over a given period, the counter is read at the beginning and
end of a period and the difference noted. The mean wind
speed during this given period is obtained by dividing the
difference in counter readings by the time invertal in minutes,

(b) Description :

The MK II-cup anemometer (Fig. 20) consists of a
cup wheel with three semi-conical cups having beaded
edges made from thin copper sheet, 127 mm in diameter
and mounted symmetrically about a vertical axis so that the
diametral planc of each cup is vertical. The cups are attached
to a central spider by means of three arms made of brass. The
spider is pivoted at its central point to a vertical steel spindle
passing through an aluminium tube attached to the lid of the
anemometer housing, also made of aluminium. The top of the
spindle moves in a small ball bearing while the bottom rests on
a thrust bearing. The lower tip of the spindle is enclosed inside

- a bushing which allows free rotation of the spindle. The
rotation of the upright spindle is transferred by means of a
worm and gear to a counter having bold figures with a range
from 00000 to 99999. The four white figures to the left give the
whole number of kilometres and the last figure which js red
gives tenths of kilometre. The counter mechanism thus reads
upto 9999.9 km before repeating itself. The housing s pr(_;.
vided at its base with a threaded socket for mounting the
instrument on a 13 mm (1,2 inch) gas pipe. The ball b

earing-
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at“top i protected from rain and dust by means of a rain
guard. The window through which the figures of the counter
can be seen is also similarly protected by means of a glass plate
with a gasket. The lid of the housing can be lifted off by un-
screwing the five screws from below the flange of the housing.
A gasket i¢ provided between the housing and the lid to protect

2 the interior of the housing from rain and dust.
' '(c) Exposure ;

F'he wind velocity near the surface of the earth varies rapidly
with ‘height and is also greatly affected by the presence: of irre-
gularities in the ground or ncarby obstacles such, as trees and
buildings. For synoptic reports of the surface wind and for
gencral climatological records. it is therefore necessary to define
the height and conditions under which the measurement should
be made. The standard exposure of wind instruments over level,
open terram is 10 metres above the ground., Open terrain is

L

Ribaly ST

_T..-—-""-' HiuC PLaTE

-
e T TPy

“" ' Fjs. 20— CUP COUNTER ANEMOMETER MK- IT DETAILS

I as an area where the distance between the anemometer
* and any obstruction is atleast 10 times the height of the: obstruc-
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tion. The adoption of the standard exposure is especially impor-
tant at airports. This ideal exposure will rarely be obtainable
in practice, but great care should be taken to ensure that the
site actually chosen is the best possible.

Where a standard ¢xposure is unobtainable, the anemometer
should be installed at such a height that its indications are rea-
3 sonably unaffected by local obstructions and represent as far as
possible what the wind at 10 m would be, if there were no ob-
structions in the vicinity. This will usually necessitate placing
the anemometer at a height exceeding 10 m by an amount depend-
ing on the extent, height and distance of the obstructions but it
is impracticable to lay down any precise rules for determining
this, since local conditions differ so widely. A site on a steep
hill or on the edge of a cliff will be unrepresentative of the gene-
ral wind flow and should not be used. Besides giving incorrect
values of the mean wind speed, an obstructed exposure often
has excessively high values of gustiness.

In a perfectly open and flat situation, a wooden lattice tower
or mast 10 m high affords an excellent eéxposure. Where the
situation is obstructed by trees etc, the instrument may be erected
on a building or high mast so that it is higher by at least 3
metres than the highest obstacle in the immediate vicinity, [f
this requirement would necessitate a very high mast in the obser-
vatory enclosure, a separate site should be selected, such as the
roof of a building. When both the anemometer and windyane
are installed side by side, they should be separated by a mini-

' mum distance of at least 2 metres.

» (d) Installation :

The anemometer is despatched from Pune in » specially
designed case, in which the cup frame assembly is removed from
the main body of the instrument. Before installation, the instry.

then assembled by unscrewing the cap nut of the spindle fitting
the cap when assembly on the spindle and replacin

e




71

S B eI staawa s feafant s S -3
AT AT A F GO oF gwme g7or grEam gea=a o we-
Tt @) s e ¥ WA T 13%vo e (34w)
% 2w #0 wEF T ar qcEE *!Wﬂ‘fﬁ” 13 fgedro (1
) T OWAF T O FW A g 2 g | 997 I 79T qi+i—fem
T qT & ATOEA E | WA E A 30 Ho Hro & mwfae
T T HT T FifET S qmr s =few | iy g B A
TURTE HAE I T F UG =HE ¥ wAfAw w4y (38 fwo o
T 14 T A0 50 frorfrosrata 2 2 a1v) Frrv;rrwzrrr\w T
A= F qE A AR | wwaT 30 7, q TFars gfaw g
77 13 fFerie (3 'ﬁr) T VT AT AT qTr B wrarfor we
F form et @ & | 9w B eqrfue wey F fao @7 oiz0
T BT & AT EFI‘II'E’?‘ T a7 o ofag faaid v &
- e 3 9T 33 REmAr wifgw ar W faAd v F
T F GAT T T wwLT AR A o i ooz T wfew

W AT TR ST T Em fear s £ oar dwowiew

T AT T g Aifew fF ovmm amowmdy wr sr—sw e
TET F AT X BT F AT 1. 2970 I ar |

(=) ‘s=wer
SETOT o WA AT [l

iz IWRAT & a0 mad qu9w wfq w5 TFT( I
#iar wadr wdlr &1 TAw FEwwr waw Al wraes gy faro
3 fa Femaus ¥ waw IR F & g Afer o TEE
ten 1 gwd Gfsv & =21 § Sficamae =5 20 7 e
T U:'srfr-ra‘a fa 0¥t o¥f it el & wwrm = misw aww whr o
TAA N HET OFT A AT GG AAr F oo w3 & fqu =h
0.54 (1 FoH(o Ho Ho=0, a4a§mmﬁ) g 0T &YX | gy
FamFET 1 e e afmt & o 3 g | T o wig-
farfu Fadr w8 & TR AT RS ek mmmawm"rmfmr
5w IAT T AT TS OF WA WU AR AT FA I o 2
AET AW &, gwr A e A 5 G e dF | S




R  EE————SSSS

71

As local needs and conditions vary greatly, it has not been
practical to provide uniform mounting arrangements for the ane-
mometer. The instrument has a socket in its base with 13 mm
(1/2 inch) British Standard pipe thread tapped, into which can
be screwed a 13 mm, (1/2 inch) standard gas pipe. The ane-
mometer is locked to the gas pipe by a locknut.” A short length

ip say 30 cm of appropriately threaded gas pipe should be screwed
and locked into this and if necessary, a length of larger diameter
piping (38 mm. i.e. 14 inch or 50 mm. i.e. 2 inch bore) should
, be attached to the end of the first piece of piping through a
reducing socket. The 13 mm (4 inch) pipe is not sufficiently
rigid to support the anemometer when used in lengths greater
than about 30 cm. To instal the instrument, the gas pipe should
be rigidly embedded in the parapet wall of the roof or any other
suitable masonry structure selected or securely fixed to the side
of the tower or masonry structure by means of strong iron clips.
The length of the gas pipe should be such that the cup wheel
of the anemometer is at least 1.2 m. above the supporting wall
when the instrument is screwed to the gas pipe.

(¢) Operation :
Wind Speed at the hour of Observation

Surface wind speed for synoptic purposes is reported in
knots. To determine the wind speed at the time of observation,
take two successive readings of the anemometer at an interval
of 3 minutes. Subtract the first reading from the second one

| R and multiply the difference by 20. This gives the mean wind
speed over a period of three minutes in kilometres per hour.
To obtain the mean wind speed in knots multiply this by 0.54
(1 km. p.h.=0.54 knots). Special Conversion Tables are sup-
» plied to all observatories.

The detailed procedure is described below. Watch the
counter and as soon as the last figure in red moves up and the
next one appears exactly in line with the Black ones, note down
the time and the counter reading. Take a second counter read-
ing exactly three minutes later, subtract the first reading from

11383 A.D. G. Met./Pune/88
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the second and multiply the result by 20. This gives the mean
wind speed during the three minutes of observation.

Example :
Counterreading at the bzginning of the observation . 20909 km.
Counter reading after 2 minutes . : : . . 20931 km.
Difference in km. . . . - 4 . o
Wind speed in km. p.h. " . . ‘ : . 2:2x 20=44
Wind speed in knots . . - : . 3 . 44x0-54=24

After computing the wind speed from the anemometer
readings, compare it with the estimation of the wind force based
on the observation of the effect of the wind on the surrounding
objects in order to defect serious errors if any, in the calculation
of the wind speed. The Table of Beaufort Scale given on page
75 should be used for the purpose.

Average Wind Speed during the Day

The average wind speed during the day in km. p.h. is ob-
tained by dividing by 24, the difference in the counter readings
in kilometres at 0830 IST on two successive days and roundin
off the quotient to the nearest whole number, The average win
speed in knots is obtained by multiplying before approximation,
the wind speed in km. p.h. by 0.54.

Example :
Counter reading at 0830 hours on 20-7-1972 ; . 997445 km.
Counter reading at 0830 hours on 21-7-1972 » . 0083 7 km.
Difference in kilometers . . . : : . 1092
The average wind speed on 20-7-1972 in km.p.h. . . 1092
—_— =45
24
Average wind speed on 20-7-1972 in knots : . 45%054 =24

(Code 10 pp 75-76)
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2.4.5 Care of the Anemometer —

(a) Maintenance

The instrument when despatched from Pune is suitably

lubricated and no lubrication is required soon after installation.

o However, the instrument should be inspected, cleaned and lubri-
cated at intervals of three months according to the following

routine :

6]

(ii)

(iii)

(iv)

)

(vi)

Place the instrument on a clear bench, remove the cap
nut (Fig. 20) and lift the cup wheel with spider off the
spindle. If the cup wheel is stuck to the spindle, loosen
the cap nut but do not remove it; support the cup
wheel in one hand and strike the cap nut smartly with
a mallet or the wooden handle of a screw driver.

Clean the cup wheel thoroughly checking that cup re-
taining nuts are tight and that the cups are not loose
in their arms.

Clean thoroughly the exterior of the housing and the
spindle tube.

Undo the five screws which hold the lid of the housing
and lift the lid and spindle assembly off the housing.
Clean the inside of the housing and dry it thoroughly,
if damp. Clean the glass cover of the window. Grease
the threaded socket at bottom, which goes over the
13 mm pipe.

Put a drop one or two of clock oil in the worm and
over the teeth of the gear wheel.

Similarly, put a drop of spindle oil down the side of
the spindle, projecting out at top. The oil will go
down the spindle through the top bushing and will
lubricate the ball bearing below it.

(vii) Apply a drop of clock oil below the worm and gear

where the lower thrust bearing is just visible in the slot
of the tube. This will lubricate the lower thrust

bearing.

(viii) Now reassemble the anemometer.
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Dust and other foreign matter may get into the instrument
case and seitle on the revolving parts.” The bearings and gear
also require thorough cleaning and lubrication once in a while,
The instrument should therefore be carefully inspected and all
the bearings thoroughly washed, cleaned and lubricated at inter-
vals of six months (and specially after every dust storm) accord-
ing to the following routine :

(i) Follow the steps (i) to (iv) given above.

(i) Remove the three screws that fix the top bushing to
the spindle tube and pull of the bushing.

(iii) Take out the screws that fix the bushing at the lower
end of the spindle tube and remove the lower bushing.
It will come off with the lower disc of the thrust
bearing.

(iv) Remove the remaining parts of the thrust bearing.

(v) The spindle with top ball bearing can now be pulled
off its tube from the top.

(vi) Clean both the top ball bearing and the lower thrust
bearing with its discs in clean kerosene oil and remove
all traces of grease and dirt.

Clean the spindle, worm and gear thoroughly with a
soft camel hair brush soaked in kerosene oil and lubri-
cate the worm and gear with a little thin clock oil.
The top ball bearing may be Jubricutcc_l with a drop
of spindle oil and the lower thrust bearing with clock
oil.

(vii

(viii) Now reassemble the anemometer in the followir}g order:

' Spindle, lower thrust bearing, lower bushing, top
bushing, housing lid, cup wheel assembly and finally
cap nut. While reassembling make sure that the mesh-
ing of the worm and gear is proper and not too tight
or too loose.
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(ix) If either of the bearings shows deterioration or are
found to be in bad condition, the whole instrument
should be returned to the Instruments Division, Pune
for replacement and repair.

(b) Accuracy :

The anemometer is checked against a standard instrument
in a wind tunnel or in the open and is expected to have frictio-
nal and other errors less than 10%.

The anemometer normally begins to rotate at wind
speeds of the order of 14-2 knots and between 2-5
knots. Its indications depend to a large extent on the
bearing friction and the state in which the instrument is
maintained. If the friction seems excessive, the anemometer
should be tested as follows. Place the anemometer on a hori-
zontal surface indoors at a place free from draughts and rotate
the cups for 30 seconds at a rate of 1 revolution per second
in the same direction as the wind would turn them. The time
taken for the cups to come to rest after being released should
exceed 60 seconds.

(c) Packing :

The anemometer is supplied in a special box and should
be packed in the same box and in the same manner in which
it is received while returning the instrument to Pune for replace-
ment and repair.

To pack the anemometer, remove the cap nut and lift off
the cup wheel assembly. After screwing back the cap nut,
place the counter housing with the spindle tube in the box with
the glass window at the top. Place the cup frame in position
with packing material. Screw down the cover of the box. The
instrument is now ready for despatch.




- = £S -
1123 b pebe Bapy 1BB2) 1318 kb
6 ] L2 Llih % kle Lk hlalb Lok Lk Sk be helblb IRIER 1SH 1%
[l--9 9 =——F hiklekplebib] (oo (1L 216 |kBlh (182 bhble 2h 326 1k bk 2k |desB z
Lbjitkie bbb hp
g z |t bk bth L) Jub) Do) bbb (2 1026 BB hIB § bkk
S ==1 € -- 1 (2|bbk DDk bl ¢ [s58 0L Xl 3 100k 5 LIEY MBkas B © hlklw®
0 0
B R T e R shis bl t lohd 2ILQE s llkb) 2Rlkes LB ¢ bl Bl 0
& L S I I e = ERE i e e U e
k= 9 S ¥ £ z 1
ok ok ok oK bali ok
olitel® bk xha (leiple) ghe 1fh, dilldbb]  Plhle
Ot 01 2h t halfs ol 001
Dl 1t bbh 3h 28 ©§ lazbib)

o215 1k Ladkib) i) @ Petiable % Blle bk 2h b ik Bk
(2h®d) b kebh \Zob
01 2%




76

6 g
H el 9 9 = 4
£ 4
= I £ — I
0 0
[ uey} ssof [ uey; ssa
9 S

oy Jad ‘swyy slouy

PunoIs aaoqe (wgr)
‘1] €€ 18 pUIM Jo pasd

VAS ¥O ANVT ¥4dA0 a3dds aNIM INILVINIISH 304 SNOLLVDT:

yealq
jou op pue souereadde
Assel8 ®© oAmy s)s010
‘paounouord  arow ng
110y I1is ‘s19poAeml|pmg

"§]5aI1d weoy noyyM nqg au

Puim g parowr
suLA Areumipio ‘spsng

SOABD] JA0BJ U0 319) PuIp

‘Pajoage jou

BAPUIM  TpuIm a3 y3im

'PAULIO] 0T S3[BOS JO 20UE  A[MO]S §) JIIP PUE [eo1)IaA

-1eadde oy ynm sopddryy a

Joumu v ayieog

} WoIy| sptaq  oxowg

e

(B) ALIDOTHA ANIM FOVAANS

0I 30D

toemdagy§Sy g

AV sy 1
wpenH 0
[ |
"ON
ULID] 110§

]

(=

JTEVL




||‘

(R 122 3By} bR nadik
1 2lbhle  blakbk) W2 bk
s¢ 08 ‘lBej 13k lklob3Biehk L) | L2k piehie 1k IRk 1 b
19 —— 09 €6 — 82 i kbb ‘Jebb2plbblsbesp2he  Bbbjwbby BRI EIRE D ¢ lmg ehe £

(bpe DRERE _Ewww_mﬁwﬁ@mmkﬁuﬁ

¥p ye BeR) LR lb BURR RS U006 3B 1 bibs ko e
6% — 6€ LZ— 5T Lk Rl Jah ‘L@ I>b 1k Lpn b2 RID£2BE {1pd) ¢ eipin b2k - 2kb BEE 9
(klsh Lo DRE BF)
Ve 81 kb 1k 128 hibale Dbk 3k (U0 “HEEE%E
8¢ — 62 12 —L1 12k ha 2k L% oL Jptk bebde b bis ¢ iz Cuwwhe ke ¢ apbuan s
vz er | Lg LlBb) Lk 2B odbue U LB1B2) L Ibb22 Jo1a
82=~ 02 91 — IT  pex iRBe ‘L2 13k 1% Unb j21e | 188 150 1% 1803 & 2bh 2o b - 2 >
| Lz
21k 2D2DR) it 12162 2IG-2IQ Lk kb

91 6 REIE U a5 JAEID 1tk bth Bl Eﬁ%@wﬁgquﬁ
61 — 21 01 — L hd % mi% 1 hjanb JEnDD 1Pk bkl 1b lpw2o B8 e biyh c aphak ¢

9 § 4 € z I
- M ==Y Sy . e




*(u2as aq 03 suiSaq
}JHIpulds) PUIM 313 JO UOT)
-021Ip 91) Suoe sywvays
ur umo[q 2q 03 uwdaq

“puIm ot} Jsurede Sunjjem

(4 0€ SoABM SUD[BAIq  (WEOJ UIYM J[] QOUAUATOIUL
19 — 0S €€ — 8C ouys pue dn sdesy eog {UONOW Ul 53313 JOYA\ 3D ) RIPO 7!
"(Avads awos Ajqeq A3
-01d) oIOUYMAIOAD  BAIS -[NOIIP Y31 PAsn se[eIq
-U2)X9 2I0WL 2JB §)5910 -lUn {sonm ydeiSo) ur
b v WEBOJ oyM 9yl ‘wWI0j piwdy Sulpsigm  fuoy
& — 6€ LZ —- 77 01 wgoq soABM QRIE] -OW Ul sayouwiq ofie] * ozodlg Suong 9
~ ‘(feads awos
-~ JO S20UEYD) poWI0] I8
SOSI0N AIYM AUBW SULIOJ *SI9JBM PUR|ST UO WI0J
¥E 81 Suo[ paounouold a1omI B S)S[PABM PRJSaI0  fABMs
8¢ —) 65 1T = L1 SubD[E] SIABM 9JEISPOJ 0] WISdQ Sdam B - 0ZddIg UsAl ¢
*§38I0Y YA *paAol
VT £1 juanbazy pney f1s8uo] soyouelq qews fiaded
8T = 0z 9] = [1 SUlN0oaq SAABM [[BWIS 9SOO] PUB 3SNp SISIBY -~ 9ZdaIg 9JBIPOIN &
*§a8107
ongm  parapeos  sdey
-13d foouereadde Assej  SegigSi spuojxa puim
91 6 J0 weoj jeaiq 0) uwifoq {UOnOW JUBSTOD ul
61 . cl 01 s L S1SAXD) CspopeAeM  A8ae  SSUIM) [[EWUS pue SdAvY] dRNGINUID ¢

b4

4 I




78

-
1B2 BRjiiek 1BhaE | R bkl 220
Ade LoD 1pikk Lnb B IR0 12 ke
53k 1ol ph 1oA ik 2he Lk Bk
12 19> 3imb) be 200 1 5BB b ha
1B ¢ 2 pop 2D 1k D21 Apk DED 1t
1a3) 1@ bbb ‘R b2 3iB2) it Lah L2E
96 4 L bith b3 habdklloyfh | 2202 b

(w2
bitkie 152 16K BE b 1P RiBbadbue
RlbS-lht) Lblis M 1% b hetk
‘pUDRe  ‘ued3h BB 1e 2Rl

ZOT == B8 S§ —— 87 hiB b LB} 35 (DE2b 2P k2l Ik lbki 2k 1Bl SBS B 5o & b 1215 1B 01
1 1. DhlI Lt 10kx D 1218
% 22E (e 2l 1o ik 2he 1( 12 122 1% 155
78 37 ‘1833 b BU-bab 1 D21 flbbE 1B 203 2k |bkk) ik bbb] ek 3h
89 == CL L¥ ~— 17 liblelthik kIRd|IEBEhIRR IS  G) 2 IDIR BlIS SIS Ipifl LB bR 6
112k k ha 2lkB lk bh b
LixB) gk blh £ 1bls 23 b 2ibhie kilak | L2 bRk b DIk 1% bbbk 3
39 L8 -hELeDW) e nUioR (0RLe 1D kBl 1310 b bbkBas)
YL — 9 0% —- ¥€ U0b ke \plbbbbile \e3ibR2B2E & bbb | lkd BIPIGERB2 )% sE ¢ Bl 8

9 g 4

€




Pajo3pe sT KJIqIsIA a1
=015 pue KA 59W092q
B35 o1 JO Burqunn
sy ‘eouerwadde oyym
S9yB} IS 21 JO 20BIMNS
oY) ‘2[oyM ayj uQ -puim
a1} JO uonoIp Ay Suoje
SUIBAI)S UM SSUSD Ul
umo[q st sayojed jeois
ur ‘weoj Sunmsal Ayl
'818210 SmISULYISA0 Fuoj
Qi sasem ysng A1ap

“(pueju pasusiradxa
WOop[as) umop umo[q
835N0Y  ®YUYMINY Q0uw)S
-Ul 10 sInoo0 oSewep
[eInjons Jlqerapls
U0 pue pajooidn g291],

y eD oYM 0

*KI[qisia
103e Avw Aeids
:I9A0 [[O1 pue dqun)
‘oiddoy 0y ui8aq  soAem
30515310 IpuIim 2y Jo uon
=2211p U} Suoje weoj jo
SYBANS IsUp [soaem YSIH

"(pasow
-2l JOOI U0 sajes pue
sjod Ksuwing)y) sinooso
ofewep |RINONS JYSHg

D FuoNg ¢

9% s
COTige == 68 59 = 8¥
oo
H-j‘
8 144
88 = SL Ly = |84
89 LE

9 4

¥L

“PUIA 213 jo wOTy
“02JIp o) Suoje sywANS
PajIew [am w umolq
S weoy oy {syurpurds
AU} 0) Ul YBAIq §]5AI0 JO
$98pa {)Suay Jayea1s jo
SOABM  ySny A[ajeIopopy

puis jsurese
Suryjem m  poouarradxo
Ajnoip 03 onp ssaxd
-01d sopadwi Ajpessuss
{5201} Yo sSmy syealg

" T oEDuysaly g




12 1Bsh
BIRE LUt 13k 2h kb | 2 1w
a SRl {2 Bkt B o 1o 5B b DI2E wie
e 81T whperers -yn | 21010 2k Bl b btk 210e 12128 s bz g

| 2 4LLR ik s 1brad 1 By
B3} Ued e bl 2h Dlew) @
LBy pB ek bk BB | Lkl b3 312
Heb Lkt a2 & bh 12 b o 1 2o
£ L) b bh 1 (Ll bey Qip &
011 09 ._.EmEmefswwEwa%mﬁ | 2 1bps
LI1 -- €01 €9 ~- gg ERJ bl 2lk) 1nb pap I IBBE e (Enbi ke 53p) Dy Bbsk) Llthp I

4

S [
||I||||I||||r||[|r|[||rllrl|||||lll[ll|llllllllllillillllllul||

= T




‘PI0ape A[snorias A1oa
ANpIqisip Avids Suiarap
P M Apjepdwoo
Bag ., “Avids pue weo]

=) 1370 pum g J240°PUBTEY YNM DAY SI ae oy, 5 . ' QUBDIMNE 7]
~ e T e S el i SR T
'PRI03PE AIqISIA )
Ti0d)  OJul uMOfq oae i
$]S9I0 DABM. A1) jo saSpa [
1 IMATAAH  puim =]
Jo uonoanp a1y suope -,
SUIL] weoy jo soyoyed o
AIYM FUOf (M PaIdA0D =
APlodwos sp gas oy "
“(SeABM Y3 pumgsq jsof (&)
aq awn © 10} Jysiw sdiys, ‘(pa -
ol 09 PAZIS WP PUB |[PUIS) -0UDLIddXS Ajores £33p) iz
LII a £01 €9 < 0< SIAEM _.—w.q._.w. %——d.ﬂﬁ-ﬁﬁ_skm Om__u._._..:w._._ “uﬂ_ﬂ.ﬁnmh‘ﬁ.—_}/ 2 . unoig i <
by SR —— s e e
o
) S b ¢ I q.._y




HEAT 3
wed, JAeatan J dfw @ fag wEew
3.1 TTTET ITETI FY ST HTAS

3.1.1 FANF MR~FAIT TR TF AT AL ITHEW S
e TeTF FT SAG  SHH A6 A g FE B AT A8 woar TR
o7 a7 fe GarrQ & fag faaw gqRw 7 fawr 9o (RS oo 2. 1. 2)
afz aggEsdr frdr o gz HegER Qo S v frdas, wte
fostrr Fatera o1 v & ar g giaa v Tz

3.1.2 FQAE =7 #r§ oo A9 & S 7 qqETr 2.2, 5
¥ fro o HRA & T F @ wtaw Goar o wwar g1/ Saw
FY QrEAAHITAS TR TAW FAr Afgw | afk 3 q A w0 @
g2 7 e 0 7% A frdas, wiaw fam safar @ aww i
Lira (I il

3. 1.3 o+ famga®, 9o« a0 Wy q@we dwad o
TR wEEAAt grer S g fpe st wwan & O Saw B qae
Tefrear & A a a0 97 gl frdes, waw faaw watar 59z
gfea Fear =gy fe Sud o T w0 A & @ aTwa § frad
Qe wrATHT g | et Wt ST w0 s v ¥ (Mg Avwa &
RSl & 04 AHIEA AW AT ®T A A 1 AR
siferrdr geft Fa ST AR qew faEt i ity a3 aged & o
SAEAT FT | TV FT FICST HIHA A1 T97 FTR(AT 10 9frerr azery
§Y O Aeewa foaEr wwd 2 To ¥ i gl g g, §,
JamEEl ¥ qedvers A SFfe ¥ At ¥ fRgst gwy £
wmad & fau frdaw wtew faw sataa & 9F sSEres so sa
T FEATFA T8 |

3,2 NUTEX ITHTAL H1 AT

3.2.1 W2 Ieew ¥ afafers s gumwsy 37 - —afz sy =
FETTLRT TTHI AT AL T Y g% AR AfqfwT w0 ITeve @ )
80




CHAPTER 3

INSTRUCTIONS FOR REPAIRS, REPLACEMENTS AND
PACKING

3.1 Local Repairs of Defective Instruments :

3.1.1 Barometer :—The barometer is a very delicate instru-
ment and the Observer should in no case try to remedy its defect
himself unless specially instructed to do so (See Section 2.1.2).
If the barometer is found in any way defective, the Controlling

Meteorological Office should be informed immediately by
telegram.

3.1.2 Thermometers :—If the defect is such that it can be
rectified by following the instructions given in Section 2.2.5,
this should be done by the Observer using proper care. If the
defect cannot be remedied locally, the Controlling Meteorological
Office should be informed immediately.

3.1.3 Windvane, Anemometer, Raingauge and Watch :—If
the defect can be removed by local repairs, the Observer should
inform the Controlling Meteorological Office by telegram or letter
according to the urgency of the matter, stating briefly the nature
of the defect and the estimated cost of repairs. Previous sanction
for repairs must in all cases be obtained before any expenditure
is incurred. The sanctioning authority will arrange for payment
on receipt of relevant vouchers and bill of charges. Petty repairs
costing not more than Rs. 2 such as soldering a raingauge
or replacing the glass of the anemometer may be done locally
with the sanction of the Superintendent of the Observatory
without obtaining the previous sanction of the Controlling Meteo-
rological Office.

3.2 Replacement of Defective Instruments :

3.2.1 When spare is available :—If a defective instrument
cannot be repaired locally and a spare is available, the Observer
should bring the spare one into use and inform the Controlling
Meteorological Office by letter about the change, stating the

g0
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time from which the change is effected and the nature of the
defect of the original instrument. He should also request the
Controlling Meteorological Office to send another instrument to
be kept as spare.

3.2.2 When spare is not available :—If a spare is not avail-
able, the Observer should report by telegram* or by letter,
according to the urgency of the case to the Controlling Meteoro-
logical Office and request for replacement.

3.3 How to pack Thermometers, Measure Glasses and Watches :

Place the instrument in its box with plenty of cotton wool
on all sides, so that no portion of the instrument touches any
portion of the box, or is likely to do so during transit. Then
put this box inside a much larger deal-wood box, placing plenty
of cotton wool above, below and on all sides of the inner box,
so that the inner and the outer boxes do not touch each other
anywhere and are not likely to do so during transit. If enough
cotton-wool is not available, other suitable packing material,
such as waste paper or wood shavings, may be used for the

lattsr purpose.

3.4 Maintenance :

Meteorological instruments at Observatories should be
painted periodically at least once in two years. At coastal
stations it would be advisable to repaint them more frequently.
The old paint should be completely removed by means of emery
paper before the new paint is applied.

*Examples :(—
(1) Minimum thermometer broken stop despatch replace-
ment.

(2) Minimum spirit column broken stop attempted restora-
tions unsuccessful stop despatch replacement. ;
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CHAPTER 4
SPECIAL INSTRUMENTS AND OBSERVATIONS
41 Assmann Psychrometer :

4.1.1 General :—If the air

is not saturated with moisture, / \

the wet bulb thermometer will N
A always read less than the dry [ -
' bulb thermometer. This is due ' f

to evaporation of water from the i\ [
muslin round the wet bulb and S — 1
the consequent cooling. The wet TR
bulb temperature depends not : o
only on the amount of water Wemt
vapour in the air surrounding it oo
but also on the speed with which 2
the air is passing over it. For - -
ordinary thermometers, the for- |
mula for calculating the relative i
humidity from the dry and wet

1 ;
bulb readings is correct only for W =T q:h_ﬁ E!‘ £
wind speeds between 4 and 10 3=——= _ )

metres per second (i.e. between '

8 and 20 kts.). This condition
is not always obtained in a Ther-
mometer Screen.  Moreover,
readings of a dry bulb thermo- &
meter in the screen are not
always unaffected by radiation
and do not then indicate the
truc temperature of the air.
These drawbacks are overcome
in the Assmann Psychrometer
(Fig. 21) which is a portable ins-
trument designed to give more
» accurate readings of the wet and
' dry bulb temperatures of the air.
In this instrument air is drawn
"“ past the dry and wet bulbs by
1 means of a clock-work exhaust
motor. Each bulb is protected
from external radiation by two
highly polished coaxial tubes so
that the instrument can be held

Fiz. 21—ASSMANN PSYCHROMETE
83
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even in strong sunshine without risk of solar radiation affecting

the readings. Detail description of the instrument and ins-
fructions for its use are given below :—

4.1.2 Description :—The Assmann psychrometer (Fig. 21)
consists of two sensitive mercury-in-glass thermometers A, Al
mounted side by side in a nickel-plated, highly polished frame D.
The thermometers have a range of —10° to +60°C and can be
read correct to 0.1°C. The bulb of one of the thermometers is
covered with thin muslin which is moistened with distilled water
before use. The thermometers are suspended in the frame with
their bulbs surrounded by two thin coaxial metal tubes B, B*
which are nickel plated and highly polished; they are thermally
insulated from the rest of the frame by tufnol retaining pieces E,
E' and protect the bulbs from the effects of exposure to solar
radiation. The tubes can be removed from the frame by unscrew-
ing the tufnol pieces. Ventilation of the bulbs is effected by
the fan F, driven by the clock-work motor encashed in the
housing H, air being drawn past the bulbs and up the hollow
central column C. The clock-work motor runs for about 7-8
minutes on one winding and provides adequate ventilation of
the bulbs for about 5 minutes. The frame complete with thermo-
meters can be unscrewed from the motor housing when it is
required to replace a thermometer. A suspension ring “R” pro-
vided at the top of the housing enables the instrument to be
hung with the thermometers vertical either from a metal support
fitting, provided with the instrument as an accessory, or from
one’s hand. The instrument is supplicd with muslin for the wet
bulb, a container for distilled water, the metal support fitting and
an injector for moistening the wet bulb.
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4.1.3 Expesure :—Observations should be made in an open
place with the instrument either suspended from a clamp or
bracket attached to a thin post, with the ducts about 1.2 m. from
the ground, or held by one hand at arm’s length, with the inlets
slightly inclined into the wind.

For comparison with temperatures indicated by thermo-
meters in the Thermometer Screen it should be huug inside the
screen by means of a hook or held in the hand out-side, as des-
cribed above.

4.1.4 Operation :

4.1.4.1 Moisten the wet bulb. To do this, the injector is
filled with distilled water and the bulb is pressed until water
rises to the top of the glass tube. The tube is then pushed up
the right hand inlet of the psychrometer until the muslin surroun-
ding the wet bulb is fully immersed in water and the injector is
then withdrawn. The wet bulb should never be moistened by
using the injector as a squirt. Do not spill any water in and
around the metal tubes. Shake the instrument gently to throw
out excess water, if any, round the wet bulb.

4.1.4.2 Wind the clock-work motor; do not overwind it.

4.1.4,3 Wait for about two minutes until the wet bulb
reading has become steady. If during observation, the wet bulb
temperature shows a sudden rise, it is very likely that the muslin
has become dry. The muslin should then be moistened again
and the reading repeated.

4.1.4.4 Read the Wet Bulb.
4.1.4.5 Read the Dry Bulb.

4.1.5 Precautions :

4.1.5.1 Only distilled or rain water should be used for
moistening the wet bulb.

4.1.5.2 The thermometers should be read correct to 0.1°C
and the index corrections of the thermometers applied before
the humidity calculations are made.
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4.1.5.3 Special humidity tables should be used to obtain
the relative humidity, dew point and vapour pressure of the air.
These are different from the tables used to determine relative
humidity etc., from dry and wet bulb reading of Thermometers
kept inside a Thermometer Screen.

4.1.5.4 Keep the muslin clean and change it as frequently
as required. The thermometers can be withdrawn by unscrew-
ing the clock-work dome which holds them in position in the
frame of the instrument. Any visible contamination should be
considered an absolute indication of the necessity of replace-
ment. Only one layer of muslin should be used and the bag
should fit snugly on the bulb. Long tubes of wicking are some-
times supplied for wet bulb. When these are used, it is only
necessary to cut off the proper length and tie it above and below
the bulb. This wicking is not as satisfactory as the flat piece
of muslin if it does not fit as snugly to the bulb as desired.

The muslin, should be washed thoroughly in pure soap and
water and rinsed several times in distilled water before fixing it
round the wet bulb. Care should be taken in handling the
muslin or wick to prevent contamination from the hand,

4.2 Whirling Psychrometer :

4.2.1 Description :—In the whirling or sling psychrometer,
the aspiration is provided by whirling or rotating the thermo-
meters, which are mounted side by side on suitable wooden
frame for that purpose (Fig. 22). To obtain the desirable air
speed of about five metres per second past the thermometer
bulbs, about four revolutions per second are sufficient for a 30 ecm
long psychrometer.
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4.2.2 Operation : ) i

42.2.1 Ilzluistr:n the wet bulb, using the minimum .amouuf
of water to wet the wick completely and without spiling any
water on the frame.

Fig. 22—WHIRLING PSYCHROMETER

4.2.2.2 Whirl the instrument, standing with the back to the -
Sun to avoid direct sunlight falling on the instrument, or in a
place sheltered from direct solar radiation.

4.2.2.3 Read the wet bulb thermometer after about 15
seconds of whirling and take care to hold the instrument in
the shade of the body, but not so close as to allow body heat
to affect the reading. Note this reading but do not record it

4.2.2.4 Continue whirling and read after about 10 seconds.
If the reading is still dropping rapidly, continue reading at inter-
vals of ten seconds. When succeeding readings become sepa-
rated by only one degree or less, they should be made at intervals
not longer than 5 seconds.

4.22.5 Finally, when continued ventilation causes no
further lowering of indicated temperature from the wet bulb

thermometer, note and record the lowest reading correct to.
0.1°C.

4.2.2.6 Read the dry bulb thermometer at the same time,
13—383 A.D. G. Met./Pune/88
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4.2.3 Precautions :

4.2.3.1 Since the bulbs are not protected against radiation,
the psychrometer should always be used only in the shade,
sheltered from direct sun.

4.2.3.2 Special humidity tables should be used to obtain
relative humidity, dew point” or vapour pressure of the air by
means of the whirling psychrometer. These are different from
the tables used for determining humidity from the readings in a
Thermometer Screen.

4.2.3.3 Thermometers may easily be broken as a result of
lack of proper care in the operation and storage of whirling
psychrometer.

4.2.3.4 Only distilled or rain water should be used for
moistening the wet bulb.

4.2.3.5 The wick or muslin should be replaced as often as
necessary to maintain a covering that is free from dust and other
foreign matter. The muslin or wick should be thoroughly washed
in" pure soap and water and rinsed several times in, distilled
water before it is used. Care should be taken in handling the
muslin to prevent contamination from the hand.

s

4.3 Grass Minimum Thermometer :

4.3.1 Description :—The grass minimum or terrestrial radia-
tion thermometer is used mainly to obtain information aboul
‘ground frost’ at night. It is a sheathed minimum thermometer -
in which the graduations of the stem are protected by an outer
9 glass jacket. The bulb is link-shaped and provides a larger
surface for exposure than a spherical bulb.

43.2 Exposure :—The instrument is exposed in the
Thermometer Screen enclosure on a plot covered with short
grass 2.5 to 5.0 cm. high. It is kept on two Y-shaped wooden
supports fixed in the ground to a depth of 12 cm. with the bulb
just touching the tips of the blades of grass. Care should be
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faken to see that the bulb does not touch the wooden supports.

When the ground is snow-covered, the thermometer should be

supported immediately above the snow without actually touch-

ing it. The proximity of walls, trees, branches ete., should be

avoided and it should be noted that the use of any protecting
" cage for the thermometer would vitiate the readings,

4.3.3 Precautions :—In order to avoid condensation of
spirit in the thermometer, it is advisable not to leave the grass
minimum thermometer exposed in the open during day time.
It should be kept in the screen in a vertical position, bulb down-
wards. It is convenient to fix in the floor near a back corner
of the screen a small pill box, in which the bulb of the thermo-
meter can rest, the stem being supported in the corner of the

screen.

4.3.4 Reading and Setting :—The instrument should be
read at the hour of the routine morning observation, viz., 0830
hours I.S.T. After the reading is taken, the thermometer
should be kept in the screen, bulb downwards, until the evening,
when it should be reset (like the ordinary minimum thermo-
meter) and placed out on the wooden supports,

4.4 Evaporimeter :

Water is continuously lost from the carth’s surface by
evaporation. The rate of evaporation depends on many factors

®  such as the nature of soil and vegetation, the temperature and
humidity of the air, wind speed etc. For practical purposes,
however, it can be expressed as the volume of liquid water
evaporated from unit arca in unit time. Over a given area this

is proportional to the depth of liquid water lost in unit time.
Accordingly evaporation is generally measured, as millimetres of
water lost per day. The instrument used for measuring evapo-
ration iy called ‘Evaporimeter’. The most common evaporimeter




I T S S RN A T e S IR e T e

90
ST OE | W wew famm fwm & 27 F gmire o
arwmtﬁ g famr s g fa¥r 3 7 gzm myrer e
& (3@ Foqowe fad QAT 9T areosmt o wEr snar o )

ke__1

7 25—aq “y e amtrnﬂ

4.4.1 aqarwaaartwq‘r——i‘aa-w =S8 TS oty g
T W At e g% dar a BT &1 TW 5% &7 anre
miﬁwm_ﬁmagvmﬂr%rf{mmwr
TEHE | gF (ﬁ'ﬁ'—23) F fag & ooy GRS T I
Wwﬁwﬂ?ﬂﬁ?f'ﬂr‘r&rm g%T  §z fau g
H-ﬁ m. q87 9% =TS %l Q:FIT zafeo fa=r STar ? far
ER I “‘mrr,mqrrﬁ'%ﬁrrmvﬂﬁ-jw

Ao

Ii‘{r

ie |
A
N’
Q.
«

g

s E*“"'@'tf A ST grer avr far s
R s = S S g oS At e §
WW'W%WH?WFWaﬁm.MmW.ﬁﬁ
ﬁﬁ""}‘ TC W E S F o s g, foww & oawa o

- W R ww b e o s § oo
T LW G W e w swife fefrex (e 24) ©
mmqmmﬁ#mﬁw FL TTAF [T
wmgmmﬁwmmﬁ?%‘lﬁ‘fjﬁl“ﬁﬁ

g Wi .‘ﬁ- Hi=T, Q{:rfl"‘."\ fTiT T S #
T e BT ;’mmTaWWq?_attqf
TV EC HT AT iy AETR @ FRU GF § 4% gw o




90

in use at India Meteorological Department's station is the Class-

A Pan Evaporimeter (also called US.A. pattern open pan
evaporimeter).

Fig. 23—CLASS A OPEN PAN EVAPORIMETER

4.4.1 Class A Pan Evaporimeter—Description :—This eva-
porimeter consists of a large circular pan with a stilling well to
provide an undisturbed water surface around the point of a hook
gauge (Fig. 23) by breaking any ripple caused by wind that may
be present in the main part of the pan. The pan rests over a
white painted wooden stand which ensures that the bottom of
the pan is above the level of surface water in rainy weather.

The pan is covered with wire-netting of standard mesh to
avoid loss of water by extraneous agencies such as birds and
animals. A thermometer to measure the surface temperature
of the water is fixed with a brass clamp to the side of the pan
so that the bulb just dips in the water. The amount of water

lost by evaporation from the pan during any given interval of
time is measured by adding known quantitie
pan from a graduated cylinder (Fig. 24)

touches the reference point. The amount of

s of water to the
till the water level
water added equals
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sthe amount of water lost by evaporation from the pan and this
divided by the time interval gives the rate of evaporation.
Rain falling into the pan is accounted for by assuming that the
catch of a nearby raingauge represents the added depth of water
due to the rain,

.. Evaporation from the pan can also be obtained with the
aid of a moving point hook-gauge (Fig. 25).

Exposure :—The pan  should be exposed in a relatively
sheltered position in order to prevent out splashing caused by
high winds. 1t is generally installed in the Observatory enclosure
by the side of the raingauge, so that the cxposures of the two
instruments are identical and the amount of precipitation caught
by the pan is represented by the amount caught by the rain-

gauge,

Place the wooden stand on hard soil so that it does not get
tilted even after heavy rains. No cement or brick platform
should be used for the stand, since this will effect the evapora-
tion loss from the pan. The ground should be filled sufficiently
to level the stand and to keep the bottom of the pan above
the level of surface water in rainy weather. Keep the pan on
the support and make sure the bottom of the pan is in level.
The rim of the pan should be exactly 36.5 cm. above ground
level.

Place the stilling well in the pan about 30 cm. from the
north edge of the pan so that the gauge can be conveniently
observed. Check the level of the top rim of the stilling well
with a spirit level. Add water to the pan till the level reaches
: the tip of the reference point. Place the wire mesh cover ovor
. the pan and make sure it fits tightly over the rim all round,
- Clamp the thermometer stand to the side of the pan and fix
| the thermometer to the clamp so that the bulb is just dipping in
: water. The instrument is now ready for use.
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Operation :—Readings should be taken twice daily at 0830
and 1730 IST.

A —

H-Scale brazed
fo cylinder
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iz. 24 —MEASURING CYLINDER Fig. 25—MOVING POINT

HOOK-GAUGE
The observation is made as follows. At the prescribed
time read the thermometer, then add water to the pan using
the measuring cylinder, (as explained below) until the tip of the
fixed point coincides with the surface of the water in the well.
The measuring cylinder is so graduated that the graduations
run from the top to the bottom. Fill the cylinder so that the
water comes to the zero line on the top of the scale. Add water
carefully from the cylinder to the pan till the water rises to
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the tip of the gauge. Usually more than one filling of the
cylinder will be necessary to bring the water level to the standard
beight. Reflection of the sky in the water will assist in deter-
mining when the point first touches the surface. As the water
approaches the tip of the point, pour slowly to prevent overfilling
as some time is required for water to flow from the pan into
the stilling well. Read the level of the water remaining in the
cylinder. Suppose two full cylinders of water and 11 em., LiEs
o1 em. of water from the cylinder have been added to the pan.
Since the radius of the bucket is ten times that of the pan, the
reading divided by 100 viz., 5.1 mm. is the amount of water
lost by evaporation from the pan, if no precipitation has occurred
since the previous hour of observation.

If precipitation has occurred during the interval between
the two observations and exceeds the water lost by evaporation,
water has to be removed from the pan, instead of being added.
The wire mesh cover has to be removed before taking water
out of pan. Water added to the pan is marked positive (+) and
water removed from the pan as negative (—). Record the amount
of water added or removed to the nearest cm. If the amount
of water removed is 58 cm. and the precipitation (since last obser-
vation) is 6.7 mm. the water lost by evaporation is given by
6.7—5.8=0.9 mm. Detailed examples are given below :—

EXAMPLE | " ™ % EXAMPLE 2 |
Comm—ou—ou¢C a — A&

A A Cc c
8 — 8 B =T B

Fig. 26_MOVING POINT OF HOOK-GAUGE

Example 1:—AA in Fig. 26 indicates the level of water
in the pan when it is set, say at 1730 hours IST. and CC the
level the next morning at 0830 hours IST. If the amount of
water removed from the pan to bring the level to AA is 58 ciil,,
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the level BB, one has only to imagine level CC to be lowered
by the depth of precipitation. If 6.7 mm, is the amount of
rainfall during the interval CB=6.7 mm, the evaporation is
then given by AB=6.7-5.8=0.9 mm.

Example I :—If there is only light rain the water Ievel
may not rise above AA the setting level, as in the previous case,
. but may be say at CC below AA, but above BB, the level of
water, if no rain had fallen into the pan. If 37 cm. of water
has been added to the pan (AC=3.7 mm.) and rainfall is 1.2 mm.
then actual evaporation since 1730 hours is 3.7 mm.+1.2 mm.=
4.9 mm,

When due to heavy rain the level of water in the tank has
risen to such a height that it is less than 12 mm. from ijts rim,
1o evaporation readings will be recorded.

In case the pan evaporimeter is equipped with a moving
point hook-gauge, proceed as follows :—

Place the hook-gauge (Fig. 25) on the stilling well and turn
the head of the gauge, so that the tip of the hook-gauge
goes below the water surface, Then reverse the mo-
tion of the head so that the point of the hook just
touches and slightly deforms the water surface from
below (but without actually piercing through the syr-
face). Note the readings of the vertical scale and the
head,

y If the water freezes, all jce should be broken away from
the sides of the pan and the water level brought back to the
fixed point while the ice is floating. Provided this is carried out,
the fact that some of the water is frozen does not affect the level.
f the ice is too thick for this to be done, the measurement
should be held over till the subsequent observation hour and
the evaporation over the extended period determined,

Precautions :

Inspect the Pan carefully for leaks at least once a month,
since any leaks will render the measurement valuelegs, Report
the finding of any leaks in the observation form for the month.

*
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Separate Report should also be sent to the Controlling Meteo-
rological Office, about the date on which the leak was dis-
covered and the date on which jt was repaired.

Clean the pan as frequently as niecessary, about once g
fortnight or more often, to keep it free from sediments, scum
and oil films, The cleaning should be done just after a routine
observation so that no obscrvations are lost as far as possible,
An oil film will materially reduce the rate of cvaporation. A
small amount of copper sulphate may be added to the water to
discourage the growth of algae,

Clean the stilling well occasionally and remove any sedi-
ment in it. Clean the centre point rod with soft cloth and water.
The three side holes must be free from dirt or any sediment.

Check that the measuring cylinder is kept clean and the
graduations are clear, Check it for leaks frequently,

When heavy rains threaten to overflow the pan, remove
enough water to lower the level to about 100 mm. below the rim.
The quantity of water removed must be carefully measured and
noted. This should be done immediately after “an observation.
Keep water level in the tank always between 2.5 to 5.0 cml,
below the rim, by adding or removing water if necessary. When-
ever water is added or removed, record the reading before and
after a brief interval of, say. 5 minutes, and enter these in appro-
priate columns.

Once every year, the pam should be painted after scraping
the surface carefully and the inner surface tinned if necessary,
Chlorinated white rubber paint with appropriate thinner should
be used.

Check periodically (especially after heavy rains) and ensure
that the wooden platform and the bottom of the tank are per-
fectly horizontal,

14—383 A.D.G. Met./Pune/88

g
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While recording the temperature of the water, ensure that
the bulb of the thermometer is kept below the level of water.

4.5 Soil Thermometers :

The surface of the earth plays an important part in meteo-
rology, by absorbing solar radiation and warming the air as well
as the soil layers adjacent to it. About 40 per cent of the incom-
ing solar radiation is absorbed by earth’s surface. The heat
absorbed from the sun, is however, accumulated in the upper
few centimeters of the earth’s surface owing to its very low
conducting power. As a result of this, the diurnal variation of
temperature is maximum at the surface of the earth and decreases
rapidly downwards becoming almost negligible at a depth of 30
cms. This, however, is not true of the annual or seasonal
variation, which does not decrease so rapidly with depth.
Consequently, for studying the thermal structure of the soil, two
types of thermometers are used, one for shallow depths upto
30 cms. to study diurnal variations and the other for greater
depths, for the study of annual changes.

4.5.1 Soil Thermometers for Shallow Depths :
Description :

The shallow-depth soil thermometer is illustrated in Hig: 27,

It is a mercury-in-glass thermometer with a bend of 120 degrees

in the stem just above the bulb B. The thermometer has a range

from —5°C to +70°C and can be read to an accuracy of

0.1°C. It is provided with a triangular iron stand DEFG bent

at 60 degrees so that the thermometer when mounted, makes an

inclination of 120° with the ground. The sloping side of the

stand has two clips to hold the stem of the thermometer, while

9 its lower end is so shaped that it can be easily- inserted into
the soil.

'Exposure and Installation :

A small plot of land measuring 2.5 meters by 1.5 meters
is enclosed by wire stretched between four short wooden posts
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30 cms. high fixed at the four corners. This is done to protect
the thermometers against any accidental damage. No permanent
fencing should be put up as it will vitiate the temperature
readings.

Four thermometers to measure the soil temperature on the
surface and at depths of 5, 15 and 30 cms. are installed in this
plot along a line running East-West at a distance of 60 cms.
from the southern side, as shown in Fig. 28. The iron stands
DEFG of the four thermometers should be fixed into the ground
45 cms. apart so that the side DF of each stand is just level
with the ground and the arm DE is inclined towards North.
While fixing the stands, care should be taken to see that the
soil is disturbed as little as possible.

4.5.2 Soil Thermometers for Depth Exceeding 30 cms. :

Description :

Fig. 29 shows the Symon’s pattern earth thermometer used
for measuring soil temperature at depths exceeding 30 cms. It
is_mercury-in-glass thermometer enclosed in a snout glass tube
with jts bulb embedded in a layer of parafin wax which ex-
tends to a distance of 38 mms. above the base of the tube. The
whole thing is suspended in a steel tube with a cone fitted to
the lower end, so that it can be driven into the ground with
as little disturbance of the soil as possible. Tubes of varying
lengths are used for measuring temperature at different depths
(Readings are generally taken at depths of 50, 100 and 150 cms.).

A rubber disc is cemented into a recess in the top of the
steel cone and a circular steel flange is fixed to the outside of
the tube, in such a position that the distance between the base
of the flange and the top of the rubber disc is 51, 101 or 151
cms. depending upon whether the thermometer is used to measure
the temperature at depth of 50, 100 or 150 cms. respectively.
The thermometer is suspended by means of a combination of
brass rod chain and metallic cap fitted on to the top of the
outer tube.
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Exposure and Installation :

The three thermometers for measuring temperature at
depths of 50, 100 and 150 cms. are exposed by the side of
the shallow-depth thermometers — about 60 cms. to the North
(See Fig. 29). The metal tubes in which the thermometers are
to be suspended, are to be driven into the ground until the
flange on the outside of each tube is level with the ground. A
hole should first be made in the ground to facilitate insertion
of the tube. If necessary a hammer or wooden mallet may be
used to drive the tube to the required depth. A block of
wood should, however, be placed over top of the tube to take
blows of the hammer or mallet and care should be taken to
see that the tube is vertical. Now suspend the thermometer
from the brass rod and chain, within the steel tube. Having
done this, the top of the soil should be adjusted so as to be
flush with the undisturbed surface of the plot.

peration :

The thermometers at depths of 5, 15 and 30 cms. are to
be read four times a day at 0700 hrs. LM.T. (Local Mean
Time), 0830 hrs. 1.S.T., 1400 hrs. L.M.T. and 1730 hrs. I.S.T.
They should be read, as they are, without removing them from
their stands or disturbing them in any other way.

The other thermometers at 50, 100 and 150 cms. depths
are to be read only once a day at 0830 hrs. 1.S.T. For reading
the thermometer, remove the metal cap, draw out the thermo-
meter raising it to the same level as your eye and read quickly
to the nearest 0.1°C. While taking reading, care should be
taken to screen the thermometer from direct sunshine.

Precautions :

If it is found that there is a tendency for rain water to
collect and stand over the plot, a channel 15 cms. wide and
5 to 8 cms. deep should be dug all round the plot and connected
to some main drainage channel, so that the water 1n the plot
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will drain out as it collects, The plot should be kept free from
weeds and grass, They should be removed by hand as soon as
they appear.

Some types of soil develop cracks in dry weather and it
may some times happen that the vertical section of the thermo-
neter is situated in a crack. Such a Situation must be prevented
by light raking of the surface soil when the warm dry weather

IS approaching instead of keeping the surface smooth and
hard.
Any water collecting in the tube of the deep earth thermo-

meters during the time the cap is off should be immediately
removed with a sponge or other absorbent material tied to the
end of a stick. Water must not be allowed to collect in the tube
al any time. If found, the cause should be investigated and
action taken to prevent its recurrences,
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CHAPTER 5
VOLUNTARY OBSERVATIONS

In addition to the regular observations taken daily at fixed
hours, the Observer is also required to report about special
phenomena like lightning strikes, hailstorms and earthquakes,

as and when they occur in accordance with the instructions given
below :—

5.1 Lightning Strikes :

All accidents caused by lightning strikes resulting in loss
of life or damage to buildings and other structures should be
reported to the Controlling Meteorological Office at the end of
every month. If there has been no such accident during a month
a ‘Nil’ report should be sent. The report is to be sent in the
form prescribed by the Controlling Meteorological office.

5.2 Hailstorms :

Occasionally a station may get showers of hailstones
(small pieces of ice) in association with a thunderstorm. It is
then called a ‘hailstorm’. Any such phenomenon must be care-
fully observed and immediately reported to the Controlling
Meteorological Office in the form prescribed for this purpose.

5.3 Earthquakes : :

Information about earthquakes is utilised for planning the
location and designing of buildings and other structures like
dams, reservoirs, bridges etc. It is, therefore important that
whenever an earthquake shock is felt, even though it may be
slight, the Observer should invariably send a report about it in
the prescribed form and in accordance with the instructions
received from his Controlling Meteorological Office.

If some new phenomenon is observed during an earth-
quake which is not provided for in the prescribed form, the
Observer should nevertheless make a detailed report about it at
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the bottom of the form, or by attaching a separate sheet of paper
if necessary.

A plain language message giving the intensity (slight, mode-
rate, great, very great, or destructive etc.) and the time (I.S.T.)
at which the shock was felt, should be added at the end of the
routine weather telegram immediately following the occurrence
of the earthquake. If this cannot be done on the same day the
date of the earthquake should also be given as in the following
sample message :—

‘Moderate earthquake felt 2130 hours L.S.T. yesterday.’

If an carthquake is not felt by the Observer but by others
in his locality, he should collect as much correct information as
he can and incorporate it in his report mentioning the source of
his information. Similarly although no damage may have been
caused to the Observers’ building but damage has been reported
elsewhere in the neighbourhood due to an earthquake, the Ob-
server should collect relevant particulars about the damage and

include them in his report, mentioning the sources from where
the details were obtained.

Sometimes separate earthquake shocks may occur at short
intervals. The Observer should keep a careful watch for such
occurrences and make every attempt to give separate reports.
for each shock.

5.4. Reporting of Locust Sightings :

Locust is a grass-hopper like insect. Swarms of locusts
invade India periodically. Three species of locusts are found in
India. Of them, the desert locust is the most destructive to
crops. The desert locust affects about 65 countries from Mo-
rocco in the west to India in the east. Locust is thus an inter-
national pest. Rajasthan and adjoining areas are the most
affected parts in India. The desert locust is found in two
phases—(i) isolated or scattered and (ii) swarm.

Weather has an intimate relation with every phase of locust.
The movements of locusts depend on the prevailing meteoro-
logical conditions. The I.M.D. is working in close collaboration
15—383 A.D. G. Met./Pune/88
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with the Directorate of Plant Protection in locust control activi-
ties. In order to render effective meteorological support to anti-
locust measures, the full-time and part-time observatories in
Rajasthan, Gujarat, Punjab, ¥aryana, West Uttar Pradesh,
Madhya Pradesh and Vidarbha are specially requested to be on
the look-out for the appearance of locusts and report locust sight-
ings telegraphically to the Additional Director General of Agri-
cultural Meteorology, Pune and to the Plant Protection Adviser
and Director, Locust Control, Faridabad.
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CHAPTER 6
NON-INSTRUMENTAL OBSERVATIONS

Observations of clouds, visibility and weather (and wave
observations at coastal stations) come under this category.

6.1 Clouds:

No meteorological observation is so interesting as that of
the growth and dissipation of clouds in the sky. A cloud obser-
vation consists of (1) identifying the form of cloud (2) estimat-
ing its amount (3) estimating the height of its base above the
station level and (4) determining the direction of its movement.

6.1.1 Cloud Forms: Clouds are continuously in a pro-
cess of formation or dissipation and appear therefore in an in-
finite variety of forms. There are, however, some characteris-
tic forms frequently observed all over the world; and these form
the basis for the classification of clouds into 10 main groups
called genera. They are (1) Cirrus (2) Cirrostratus (3) Cirro-
cumulus (4) Altocumulus (5) Altostratus (6) Nimbostratus
(7) Stratocumulus (8) Stratus (9) Cumulus (10) Cumulonimbus.

Observations have shown that in the tropical latitudes,
clouds are generally encountered over a range of heights vary-
ing from the ground to 18 km. Based on this, the ten genera
described above have been grouped into four families enumerated
in the Table below :(—

Family Genera Heights at which commonly
found
High clouds . » Cirrus DUp Ik

Cirrostratus
Cirrocumulus

Middle or Medium clouds Altocumulus 2 to 8 Kms.
Altostratus
Nimbostratus

105




sfeanz g0 @ F=nd ¥ ararooren Mo
BIG
frmas . . T FIEr wiw & 2 fFdr o
T
swigfasm | s frer W & o
T AT Ay T e} g el aff & st

18t aF drogw andi &

fafew 7w &t & fawqe Pracw ot gemar qEw TEE
% fae foell afer ‘o amfe ” & fear & St |l Fawee
F1 & 1 § | AT Saw B zaw FIADMATEF Aeqae F TR |

6.1.2. AWM maAT —— A A war w g F forg seaiedig
OFE AT A1 FW w1/ 8 AT W wRA € | S W i
Fercfe g & &1 AT g & w9 SERC IR Tt R
& QU Freew g A mar s afwafen St € Tw g
T e <@ wifen 5 @ Re—man w9 @ o war st
FFAT T WO |

Sevit % gwa fafaw Aw ot @ wifgw war T ATT T
WA NEE TG AT W A A Tifer f& wdw we-w
amw & fEaw st eveife s tafk g aww ¥y
sufeafe & | 5 5% W wgwe iy T TWF IAT a7 A
TGN F qEi F aREr w7 T TR | wawak
WA & M dqa qow ¥ A w0 w0 7O S (-
T 3mA) F fowit ¥ a7 A war 39 v v foyd T =g

HEw W 8
ErEwa § % wenad w0 3o s e ava o gefafy & q
frad T 1 wo¥ag &= W 2 fF i F a1 W F onwwie

AFAH ARG T AT CF T Feqor g AR 77 namm
T ag i @ 9 A AT o memt & T




1C6

Family Genera Heights at which Commonly
A I found
Low clouds . I . Strarocumulus Ground to 2 Kms.
Stratus
Clouds with vertical . Cumulus Same as low clouds ;
development Cumulonimbus

buit ops of Cumuloni mbus
may exlend even upto 18
Kms.

Detailed descriptions of the various cloud forms with their
photographs to facilitate easy identification, are given in the
Cloud Atlas supplied to all observatories. This should be studied
carefully by every Observer.

6.1.2 Cloud Amount:—The International Unit for reporting
cloud amount is ‘okta’ or 1/8th of the sky. When the sky is
completely cloudless, the cloud amount is 0 and when it is com-
pletely overcast, without any openings or gaps, the amount is
recorded as 8. Special care should be taken to avoid over
estimation specially when cloud amounts are small.

In estimating the partial amounts of the different cloud
forms present at the time of observations, the Observer should
cstimate how many oktas of the sky would be covered by each
form if it alone were present, disregarding the other forms
below or above it. Thus if detached fragments of Stratocumulus
(about 3 oktas) are observed beneath a continuous sheet of
Altostratus, the cloud amounts should be reported as :

Altostratus 8

Stratocumulus 3

cven though the Altostratus is partially obscured by Stratocu-
mulus below it. It will be seen from this, that the estimation
of the total amount of sky covered with clouds of all forms is
as independent observation and may not necessarily be equal to
the sum of the separate amounts of clouds at different levels.
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The former may be considerably less and can never exceed 8
while the sum of the separate amounts at different levels may
do so.

6.1.3 Cloud Height *—By cloud height is meant the vertical
distance of the base of cloud from the ground level. If the cloud
base is diffuse and irregular as in the case of ragged low clouds

‘of bad weather, the height of the lowest patch of such clouds
should be reported. Cloud height can be measured with the
help of balloons or by cloud search-light at night. At stations
where these facilities are not provided, cloud height can only
be estimated. In hilly or mountainous areas this may be done
fairly accurately by comparing the level of the cloud base with
the heights of ‘well marked topographical features but in level
country the Observer should use his judgement taking into con-
sideration the form and general appearance of the cloud.

6.1.3.1 Measurement of Cloud Height by Balloons :— At
departmental observatories taking Pilot Balloon ascents for
measuring upper winds, the height of basc of low cloud is some-
times measured by means of balloons (called ‘ceiling balloons’)
which are filled with hydrogen and released with a known rate
of ascent. The time of travel between release of the balloon
and its disappearance into the cloud is measured by means of a
stop watch. If the rate at which the balloon is ascending is ‘n’
metres per minute and it takes ‘' minutes to enter the cloud,
the height of the cloud base is ‘nt’ metres above ground. It
should, however, be kept in mind that the height of cloud ob-
tained by this method is atleast an estimation though compara-
tively more reliable than cye estimation. This is because the
balloon does not go up vertically into the clouds layer but takes
a slant course on account of the drift of wind within the sub-
cloud layer.

Releasing of ceiling balloon as often as practicable  will
give the Observer an opportunity to check his estimation and is
likely to improve his ability to estimate cloud height correctly.
The method has its own limitations but as a guide line, the fol-
lowing may be kept in view :—

(@ As far as possible the balloon should be released at
such a time when it is most likely to enter the lowest
cloud layer.
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(b) The Observer should be able to determine by some
practice when the balloon enters cloud specially when
thin shreds of Stratus are present,

(¢) Ceiling balloon should not be released during rain or

drizzle as the constant rate of ascent may not hold
good under such circumstances,

6.1.3.2 Measurement of Cloud Height by Searchlight :—In
; this method the an gle of elevation ‘E’ of the patch of light form-
i ed on the base of the cloud by a vertically ‘directed searchlight
beam is measured by means of an alidade from a point at a

distance ‘s’ from the searchlight. The height ‘b’ of the cloud

base is then given by the formula h=$ tan E (Fig. 30). It may

¢ necessary for the Observer to wait for sometime till the lowest

paich of the cloud is illuminated by the searchlight. This method

is used at a few departmental observatories mostly situated at
acrodromes.
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6.1.3.3 Direction of Movement of Cloud :—A few depart-
mental observatories have been provided with an instrument
called “Néphoscope’ for measuring the direction of movement of
cloud. Instructions for its use are supplied along with the
instrument, At other observatories, the direction of movement
of cloud is visually estimated nearest to the eight points of the
compass (i.c. N, NE, E, SE, S, SW, W and NW) from which
the predominant low cloud and the predominant medium or
high cloud are coming. This is done best by observing the
movement of the cloud against a fixed point like a pole erected
in an open space, corner of a building or stars at night time.

To determine the direction of the movement of cloud, the
Observer should select an identifiable part of a cloud like a
small gap or well marked feature and keep it in line with a
fixed reference point like the top of a pole or the corner of a
building. After a few minutes when the cloud patch has moved,
the Observer should move his eye to bring the patch against the
reference point. The direction in  which the eye has to be
moved is the direction from which the cloud is moving. It may
be mentioned that estimate of direction of movement of cloud
by this method should not be relied upon when the clouds are
at low angles. The Observer should, however, be able to report
the direction in such cases with sufficient practice and experience.

Particular Care should be taken to avoid the following :

I. Wrong identification of clouds.—Since cloud observa-
tions are taken every day, there is a danger of repeating only
particular types of clouds from day to day as a habit. It is to
be realised that the sky can never be exactly the same on any
two occasions. It is constantly changing. ~ Every observation
should therefore, be considered as an entirely new effort to
locate cloud types and amounts. Identification of individual
cloud types can become easier if the Cloud Atlas is consulted.
There are however, some misinterpretations which could be
avoided if proper care is taken. For example,

() Stratocumulus clouds could be mistaken for Altoctu-
mulus clouds and Cirrostratus for Altostratus. In the
former if the formation and growth of cloud has been
followed from casual observations of the sky from a
few hours prior to the observation time it will be easy
to identify the correct type. In the latter case, clear
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instructions for differentiating one cloud from the other
namely - Altostratus from Cirrostratus have been given.
If these are followed no confusion need arise.

(ii) Mistaking an overhead Cumulonimbus for Stratus :
When the zenith of sky is covered to a major extent
with Cumulonimbus clouds and it is raining at the
station there is a tendency to report it wrongly as
Stratus. This wrong interpretation arises from the fact
that the top of the cloud decks cannot be seen and the
bottom gives an illusion of Stratus formation. This
can be avoided if the sky has been observed for a few
hours before the time of observation and the growth
of the cloud watched.

2. Incorrect reporting of cloud amounts.—While estimating
the cloud amount for a particular type of cloud, imagine that this
type is the only one present in the sky and leave the other types
of clouds out of consideration. Moreover, if the sky can be
mentally divided into 4 or 8 parts it will help correct estimation.
A common mistake is to exaggerate the amount when the clouds
are overhead and to underestimate it when the clouds are in
the horizon. This is due to optional illusion and allowance has
to be made for this factor when estimations of cloud amount
are made.

3. Reporting of high clouds when the sky is overcast with
low clounds.—It is clear that when the sky is overcast with low
clouds, high clouds cannot be observed. It is wrong to report
high clouds under such circumstances even if it, cloud be gues-
sed from the development and trend of clouding, that they exist,

4. Wrong reporting of height of base of clouds : There is
often a tendency to associate a particular type of cloud with a
certain height. This may not be always correct. Observations
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of the movement of clouds would give a fairly clear idea of their
height as very low clouds would appear moving faster than
those above them.

¥ 6.2 Visibility :

- For meteorological purposes visibility is defined as the
farthest horizontal distance at which a person with normal vision
can ses an object under normal day light condition (such as a
tree or 2 building) distinctly enough to recognise it. Visibility
during night may be defined as the longest distance upto which
lights of moderate intensity can be identified as such. The
criterian used for day light visibility cannot, therefore, be used
for night measurements. It is often possible to see that there
is ‘something’ without being able to distinguish what it is, in
such cascs the object is not visible according to the above defini-
tion. The first step in estimating visibility is to choose some
prominent objects (called visibility landmarks) situated at stan-
dard distances as laid down in the visibility code (See Table
below) or as near to them as possible, preferably within 10
per cent margin.  An ideal visibility landmark should be an
object intrinsically dark in colour and so placed that it can be
viewed against the horizon sky or other light background.
Minarets, towers, factory chimneys and like objects can serve as
good landmarks for shorter distances, while for longer distances.
larger objects like hills and large buildings would be better, as
they can be easily seen without straining the eye.

- Next, a list of visibility landmarks showing their respective
distances and directions from the place of observation and the
corresponding code figures for the reporting of visibility should
be prepared and kept at a place where it can be made readily
available for constant reference. It may, however, not always
be possible to fix visibility landmarks corresponding to all the
code figures with the result that certain amount of visual inter-
polation or extrapolation may be necessary depending upon the
location of each observatory with respect to its surrounding.

16383 A.D. G. Met./Pune/88
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Visibility observation then consists in seeing which is the farthest
object that is visible and the nearest object that is not visible,
The distance of the latter (and the corresponding code figure) give
the range of visibility at the time of observation, as shown in
the Table below :—

3 Table 6.2.1—Visibility Code for Daylight Observations

Land- Distance from Direc- Observation as to which land- Code figure
mark place of obser- tion mark is visible and which is not to be re-

vation ported for
visibility
e S 2 T !
A S0 metres s } A not visible 90
B 200 metres oo ) A visible but B not visible 91
C 500 metres S ) B visible but C not visible 92
D 1000 metres o R ) Cvisible but D not visible 23
E 2000 metres ) D visible but E not visible o4
(1-1/4 miles)
F 4000 metres e ) E visible but F not visible 95
(2-1/2 miles)
G 10000metres . ( ) F visible but G not visible 95
(6-1/4 miles)
H 20000 metres . ( ) G vigible but H not visible 97
(12-1/2 miles)
) I 50000 metres . ( ) H visible but I not visible 98
(31 miles)
Objects visible at ( ) I or further objects visible 99
" 50000 metres or
more

6.2.2 Determination of Visibility at night :—Visibility at
night may be determined jn the same manner as during day
time provided some sujtable lights to serve as landmark can
be found at distances corresponding to different code figures
Specified in Table 6.2.2 below :—
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Table 6.2.2—Visibility Code for Night Observations

Land- Distangc from Direc- Observation 2s to which land- Code figure
mark place of observa- tion mark is visible and which is to be re-
tion not ported for
visibility

» ——

A—100 WATT’S

) LAMP
A 100 metres Rl ) A not visible 90
B 330 metres o ) A visible but B not visible 91
C 740 metres P ¢ ) B visible but C not visible 92
D 1340 metres A | } C visible but D not visible 93
E 2300 metres il ) D visible but E not visible 94
F 4000 metres < ) E visible but F not visible 935
G 7500 metres  , ) F visible but G not visible 96
H 12000 metres ., ( ) G visible but H not visible 97

NoTE : At greater distances 100 watts lamp is not suitable.

In practice it is seldom possible to find suitable landmark
satisfying the above conditions, in the night. All that can be
done is to select as many of the existing lights (street lamps,
tower lights, aerodrome boundary lights etc.) round about the
observatory as are visible to the Observer from the wind tower
or the platform on which the wind instruments are erected.

At many observatories it will not perhaps be possible to
get landmark lights for code figures above 95. In such cases,
the Observer should try to estimate the visibility by noting the
brightness of the light corresponding to the last code figure, and
making use of his personal knowledge of any fixed lights in his
locality, whose distances are known to him for higher code
figures. Apart from the use of lights, a careful Observer can
make a fairly good assessment of visibility from a general inspec-
tion of the clearness of the atmosphere and his surroundings.
For example, even on a fairly dark night one may spot a distant
tower, a range of hills or a long road indicating that in daylight
an object at that distance would be clearly visible.
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6.2.3 Visibility in different directions.—When visibility is
different in different directions, the lowest figure should be
reported in the weather telegram but in the registers visibilities
in the different dircctions should be entered as under :—

5B

This means that the visibility is represented by code figure 95
towards East, 96 towards North-West and 98 in other directions.
As 95 is the lowest code figure, this will be reported in the
telegram.

Note ;—In thc case of passing showers or other passing
phenomena not occuring at the place of observation but within
sight of it, the visibility observations (whether during day or
night) should be made, as far as possible, when the passing
showers or other phenomena are not between the Observer and
the visibility landmark temporarily obscuring the latter from his
Vision.

6.3 Weather :

Observations of ‘Weather’” are recorded under the headings
‘Present Weather” and ‘Past Weather’ and the phenomena observ-
ed are those specified in the codes for ww and W/WI1 in the
Weather Code. In addition fo reporting them in the weather
telegrams, the Observer is required to keep a detailed record
of weather in the registers maintained by him, giving the times
of commencement and cessation of each phenomenon. Explana-
tions of some important phenomena are given in Section 6.3.3.
To facilitate their entry in the registers each phenomenon is
represented by a symbol. A list of these Symbols is given in
Table 6.3.

6.3.1 Present Weather (ww).—The observation of Present
Weather is actually noting the state of the sky, and the pheno-
mena occuring at the station or within sight of the station at
the time of observation or during the hour immediately preced-

ing it.
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‘At the time of observation’ means during the period occu-
pied in taking and recording the observation for a given hour,
namely ten minutes ending at the scheduled hour of observation.

6.3.2 Past Weather (W and W1).—The period covered by
‘Past Weather® is different for different hours of observation and
18 governed by special rules which are given in the Weather

ode.

6.3.3 Some Important Weather Phenomena :

1. Unusual Gustiness :—The motion of air is never per-
fectly uniform but is subject to incessant changes in direction
and speed. These changes are called turbulence or ‘gustiness’
of wind. When the gustiness is of such magnitude that the
difference between the velocity in gusts and lulls is much greater
than usually experienced at the station for winds from that
direction, it is called ‘unusual gustiness’,

2. Squall :—A sudden increase of wind speed by at least

three stages on the Beaufort scale, the speed reaching B.F. 6 or
more and lasting for at least one minute. Example :—Wind
speed suddenly increases from 16 Km/hr. (B.F. 3) to 40

Km/hr. (B.F. 6) and remains at 40 Km/hr. for at

_ least one
minute.

3. Gust :—A sudden brief increase in wind speed of more
transient nature than a squall, followed quickly by a lull or
slackening of the wind. The increase in the case of a gust is
not as large or as much prolonged as in the case of a squall.

4. Line Squall :—A violent squall, associated with the
passing of a long line or arch of dark cloud and accompanied
by thund§r and lightning, rain or hail and a sudden cooling
With a shift in wind direction. A line squall although of short
duration may blow off trees and houses.
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3. Gale :—Wind of B.F. 8 or more, blowing continuously
and doing damage to trees, houses etc.

6. Dust or Sand-Storm :—A dust or sand-storm occurs
when owing to the action of a strong continuous wind or a
squall, sand or dust is raised in the atmosphere in sufficient
quantity to reduce the horizontal visibility to less than 1000
metres. Classification of a dust or sand storm as ‘slight’,
‘Moderate’ or ‘Severe’ may be done on the basis of wind speed
and visibility according to the specifications given below :—

Slight Dust-Storm :—Wind speed 20 to 49 Km./hr. and
Visibility less than 1000 metres.

Moderate Dust-Storm :—Wind speed 39 to 74 Km./hr. and
Visibility less than 500 metres.

Severe Dust-Storm :—Wind speed 75 Km,/hr. or more and
Visibility less than 200 metres.

7. Dust Raising Winds :—Winds of unusual gustiness rais-
ing dust or sand in the atmosphere. These should be carefully
distinguished from dust-storm which is a more violent pheno-
menon and usually associated with Cb clouds.

8. Dust Whirls or Sand Whirls :—Narrow columns of whirl-
ing dust or sand going up in a spiral form.

9. Drizzle :—Liquid precipitation in the form of very fine
droplets, so small that their individual impact on water surface
is imperceptible.

10. Rain :—Liquid precipitation of water of appreciable
size, thercby differing from drizzle.

11. Shower :—Liquid precipitation of water of big size
usually marked with sudden onset, The falling drops are more
widely scattered than in rain. Showers generally fall from con-
vective clouds (Cumulus or Cumulonimbus).
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12. Thunderstorm i—Thunderstorm is reported as  soon
as thunder is first heard whether or not lightning is seen or pre-
cipitation is occuring. Thunderstorm is classed ‘slight’, ‘mode-
rate’ or ‘heavy’ according to the following specifications :—

Light Thunderstorm *—Light peals of thunder, lightning at
fairly long intervals.

Mloderate Thunderstorm :—Ioud peals of thunder and fre-
quent flashes of lightning.

Heavy Thunderstorm :—AImost continuous thunder and
lightning

13. Smow :—Precipitation of crystal of white ice, gene-
rally in flakes of light feathery structure,

Sleet :—Rain and snow falling together, or snow melting as
it falls,

Drifting Snow :—Snow blown off the ground into the air
after it has already fallen.

14. Hail :—Precipitation of small balls or

pieces of ice.
Hail generally falls during thunderstorms.

15. Fog or Ice Fog i—Extremely small water droplets or
ice crystals suspended in the atmosphere, reducing horizontal
visibility 1o code figure 93 or less. When fog or ice fog occurs,

the wind is usually calm or very light and the relative humidity
is at least 75 per cent. It is termed as :—

Very Thick Fog :—If the horizontal visibility = corresponds
to code Fig. 90.
Thick Fog :—If the horizontal visibility corresponds to code
Fig. 91

Moderate Fog :—If the horizontal visibility corresponds to
code Fig. 92,

Slight Feg :—If the horizontal visibility corresponds to code
Fig. 93.

16. Mist :—If horizontal visibility
Figure 94 or 95 and relative humidity is at
phenomenon is reported as Mist,

corresponds to code
least 75 per cent the
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17. Dust Haze :—Extremely fine particles of dust or sand
suspended in the atmosphere, reducing horizontal visibility to
code Figure 94 to 96, Relative humidity is less than 75 per cent. |

18. Dust Fog ‘—Suspension in the air of small dust parti-
cles reducing horizontal visibility to code Figure 93 or less.
Relative humidity should be less than 75 per cent.

19. Dew :—Moisture condensed from atmosphere on ex-
posed surfaces. It is a common phenomena of night or early
morning with calm air and clear sky.

20. Frost :—Crystalline ice deposit, formed in the same
manner as dew, when the temperature is below freezing point.

21. Solar Halo :—A ring of light round the sun caused by
a thin veil of Cirrus cloud. It is often white but sometimes red
near the sun, then orange then yellow. In most cases the ring
has a radius of 22° surrounding the sun.

22. Solar Corona:—A ring of light round the sun, much
smaller than a halo. Tts inner edge is brownish red while the
sky between the ring and the sun has a distinct bluish white
colour. The radius of the ring varies from 5° to 8°.

23. Lunar Halo :—A circle round the moon similar to the
Solar Halo.

24. Lunar Corona :—A ring round the moon similar to the
Solar Corono.

25. Fine Weather :—Sky cloudless or with isolated Cirrys
floating in the blue sky and showing signs of dissolving, or with
a small amount of pure stratiform cloud at a fixed level, but
with no clouds having vertical development.

26. Fair Weather *—Thin Cirrus covering a considerable
part of the sky but not increasing or forming a continuous layer
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or sky with ‘Fajr Weather - Cumulus’ or Altocumulus  with
characteristic changes in the courses of the day.

Note :—Fair Weather Cumulus’ a
aftemoon and instead of developing fur
disappears in the evening.

6.3.4 Symbols for Weather Phenomena :—Symbols of a few
important phenomena of common occurrence, are given in
Table 6.3, below. Detailed Symbolic Code for all the weather
pPhenomena covered by the Codes for

ppears in patches in the
ther into Cumulonimbus.

Ww and ‘W’ is given in
Table 6.4.
TABLE 6.3
Symbols for recording Weather Phenomena in the Meteorological
Register
Symbol - v _E;)I;n:t?o-n_-_ SRR

Squali

Line Squall

Gale

Dust-Storm

Dust Raising Winds

Dust Whirl or Sand Whirl

[

¥ @ oz dod M ™ 5 (‘P Ar

Light or moderate Thund: rstorm butno Precipitation
Heavy Thunderstorm without Precipitation
Thunderstorm (light or moderate) with Rain
I'hunderstorm (light or moderate) with snow
Thunderstorm (light or moderate) with Dust-storm
Light Intermittent Drizzle

Light Intermittent Rain

Light Intermittent Snow

Fog or Ice Fog, sky discernible

Fog or Ice Fog, sky not discerniblie

Mist

Dust Haze

Solar Halo

® 8 Il

17—383 ADG Met/Pune/88
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TABLE 6.3= Cond.

Symbol Explanation

Solar Corona
Lunar Halo

Lunar Corona

2€4d o

Rainbow

6.4 Wave Observations :

Waves are produced by the action of wind over sea surface.
Observations of waves are of practical importance in detecting
the approach of a storm and locating the approximate position
of its centre, when other observations are lacking. Hence Ob-
servers at coastal stations are required to record and report
observations of waves, in addition to other elements like pres-
sure. temperature etc.

6.4.1 Definition of a Simple Wave:—A simple wave is
defined by the following characteristics ;—

(i) Speed (Cw) :—Speed at which individual waves travel.
It is usually expressed in knots.

(1i) Length (Lw) :—Horizontal distance between successive
cresis or successive troughs—usually expressed in
metres.

(iii) Direction (ddw) :—Direction from which the waves
are coming, measured in 16 points of the compass.

(iv) Period (Pw) —Time interval required for the passage
of successive crests (or successive troughs) past a given
point usually expressed in seconds.
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(v) Height (H ) :—Vertical distance between the top of a
crest and the bottom of a trough, expressed in metres.
Fig. 31 illustrates what has been stated above,

L 4

—— e o e — - —

FIG. 31 — PROFILE OF A SIMPLE WAVE

6.4.2 What Constitutes a Wave Observation :—Wave ob-
servation consists in measurement or estimation of three charac-
teristics out of the five listed in 6.4.1 namely direction, period
and height.

Direction :—The direction from which the waves are com-
ing can be obtained by sighting along with wave crests (i.e. bring-
ing the line of sight parallel to the crests) and then turning

Period :—For measuring this element all that js required
is a stop watch, though even an ordinary watch with a second
hand can serve the purpose. A simple method consists in timing
the movements of a floating object, A stop watch is started when
the object appears at the crest of the wave. As the crest passes
on the object disappears into the trough, then reappears on the
next crest. The time at which the object appears at the top of
each crest is noted. The average period is then worked out by
dividing the total time taken by the number of waves given by
the number of times the object Iecappeared on a crest.

It is also possible to obtain accurate wave periods by timing
the breakers (Waves that break on the beach). Ag the period
of a wave does not change when the wave is approaching the
coast, the period of the breakers would be the same as that of
the waves in the deep water beyond.
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Height :—For accurate observation of this element it is
desirable to have a fixed vertical graduated line against which
the movement of the water surface can be measured. If a
convenient pier exists, a pile at its seaward end, suitably
painted with alternate black and white bands will be most
suitable.  Alternatively a spar may be mounted vertically and
well stayed (in low water). This can be used for observations
when the tide is up sufficiently to bring it beyond the breaker
ZOHE: o \os i \

If the arrangement mentioned above are not possible,
the height of the waves may be estimated by one of the fol-
lowing methods :—

(1) The Observer, by stationing himself at a convenient
and suitable distance from a anchored ship, can
observe the approaching waves that strike the bow
or stern part of the ship, and- with reference to the

. painted marks on the ship can make fairly accurate
estimate of the height. ;

(ii) Wave heights may also be estimated by observing the

maximum and minimum water surface level against

- a steep -coast; as: for- example, when waves strike

against a hill. jutting into the sea or .a rocky coral
reef in the sea. i B

(iii) The up and down movement of a floating buoy may
also be useful for estimating wave heights:” “The
‘nearest buoy is chosen for observation so -that the
vertical .height through which the buoy is carried up
and down by the ' waves can be -observed ' and
“estimated. & 19 TR TR

6.4.3 Selection of the Observation Spot:—The = waves
should be observed at a'spot * where = they are not deformed
cither by the water being very shallow or by the phenomena
of reflection, refraction of diffraction. This means that the
spot chosen for observations should be well outside the breaker
zone, not on a shoal or in an area where there is steep bottom
gradient, nor in the immediate vicinity of a jetty or steep rocks
which could reflect waves back to the observation point. The
observation spot should be fully exposed to the sea i.e. not
sheltered by head lands or shoal.
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CHAPTER 7

MAINTENANCE OF REGISTERS AND PREPARING
WEATHER TELEGRAMS

7.1 Meteorological Register :

All observations are to be entered in the Meterological
'3 Register [Met-T-186(R)], in accordance with the instructions
contained in the pamphlet ‘Instructions for making entries in
the Meteorological Register’ supplied to surface observatories.
The instructions should be read and followed carefully.

Observations recorded at Class V observatories are to be
entered in the ‘Monthly Weather Diary for use at 5th Class

observatories (OBS-198)" in accordance with the instructions
printed thereon.

Evaporation and soil temperature readings are to be

entered in separate registers specially supplied to the stations
where these observations are regularly taken.

Punctuality is of the greatest importance in Meteorological
Observations and must be striven for at any cost. If, how-
ever, an observation is taken earlier or later than the fixed
hour, the actual time when the observation was taken is to be
indicated against TIME.

7.2 Preparation of Weather Telegrams :

Complete instructions for preparing  weather telegrams
from the observations recorded in the Meteorological Register,

A are given in the pamphlet on Weather Codes, supplied to all
observatories. The Observer must prepare and despatch the
- telegram immediately after he has finished taking the com-

Plete set of observations. The telegrams should be sent classed
XW (or XXW if specially instructed) to one or more of the
forecasting offices of the India Meteorological Department or
to other addresses as instructed by the ontrolling Meteoro-
logical Office. A carbon copy of each telegram should be kept
by the Observer and forwarded to the Controlling Meteoro-
logical Office at the end of every week or as directed.

123




124

AT HT ArwAfES w7 F e a0 Aaw 919 11 70 Y
ST AT e g AN o vl T & wefr fadi, <P st 3o
T glezdl & faF o, e aatadt £ a5 3 wifee | (Zefr-

WIS ARG R AT 0 A9 SATE T Bl § o, wrgw g

(T Tl T ® TaqT 72 & fora i qug & 10 fagz oF Seo

AT T AT

w1 wfasras s wfge (sitw oty dfew

ST 9T ARG U BY) AT qean] a6
Tife snsars v & <for &7 @gaa ¥ drgis QT F Tor

waAT Fifgu |

(4) za% @iz 39 wow @ afed § fag wo ad Saoi (T
& srfafean o seori) @& 9w wifge | 6 8% am-
Fwdr wAT § A TR # fww geEmmd @ dfea
% fere Seror ¥ fataiges gag § ux faas oF o §aiz <@
=7I{gw |

(5) fev 9@ Saw & gifrag qmg g0 aggiandr # Gfsr
AT Iifgu |




124

It i1s of utmost importance that weather telegrams are pre-
pared immediately after the observations have been recorded
and sent off to the Telegraph Office without delay, on all days
including Sundays and Telegraph Holidays. (The Telegraph
Offices have to accept weather telegrams on Sundays and other
Telegraph Holidays).

is essential that the weather telegrams should reach
ing Offices in time, the Observer should ca
I ic re for recording ¢
preparing wcather telegrams so that the
may be lered at the Telegraph Office as soon afte:
of observations as possible :(—

the
follow the
tions and

The Observer should start the observations about ten
minutes before the hour fixed for each set of observations.

should start with the wind instruments, first the

windvane and then the anemometer.

(2) In the three minutes interval between the first and
second anemometer readings, he should record all
the non-instrumental observations, viz; clouds, visi-
bility etc.

(3) He should then record rainfall (and evaporation read-
ings where evaporimeters are provided) and next
read the thermometers, after which he should calcu-
late the dew point temperature with the help of the

Hygrometric Tables,

(4) Next he should fill in all the observations taken (i.e.
all observations other than pressure) in the weather
telegram form after which he should proceed to the
barometer room and be ready there about a minute
before the specified hour of observation for reading
the barometer.

(5) He should then read the barometer, exactly at the
scheduled time of observation.
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(6) Within about three minutes after reading the baro-
meter, he should complete the reduction of the baro-
meter reading and enter PPP in the Weather tele-
gram, after which he should hand over the telegram
without delay to the Messenger who should be kept
in readiness to take it to the Telegraph Office without
any loss of time. If the Messenger is not available
for any reason, the Observer should himself take the

telegram and tender it at the Telegraph Office in
proper time.
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APPENDIX T

CLASSIFICATION OF SURFACE OBSERVATORIES

The surface observatories of this department are divided into the following

gix classes - —

CLASS I
(Special
autogr:

stations with
hic instruments)

CLASS 11
{Ai[’\'\""_‘
stations
partmen

imd  Synoptic
nned by De-
Dbservers)

CLASS IT
(Synoptic Stations mann-
ed by Part-time Observers)

CLASS Il
(Synoptic stations mann-
ed by Part-time Observers)

CLASS 1V
(Climatological stations
manned by Part-time Ob-
servers)

Observatories taking three or more observation:
per day at fixed times, having autographic instru-
ecording at least three of the elements,
emperature, wind and rainfall and com-

I £
M

'ing (by telegram, telephone, teleprinter
or W/T) atleast two sets of observations daily.,

(a) Stations manned by departmental staff (com-
bined surface and pibal and aviation siations)
taking and communicating (by l\:icgrelm, tele
telepriz or W/T) atleast two sets of obser
daily.

(b) Part-time observer stations taking and com-
(by telegram, telephone, or W/T) at-
sets of observations daily.

ime Observer sfations taking atleast two
ervations daily but communicating (by
lephone, or W/T) only one set of ob-

servations.

(d) Part-time Observer stations taking atleast two
sets of observations daily and reporting them by
monthly registers only.

(a) Observatories taking and communicating (by
telegram, telephone or W/T) only one set of ob-
servations daily.

(b) Observatories taking only one set of observa-
tions daily and reporting the same by monthly
registers only.

(a) Observatories not equipped with barometers
but taking two sets of all or most of the remaining
observations daily and reporting them by monthly
registers.
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CLASS V
(Rainfall stations manned
by Part-time Observers)

CLASS VI

(Miscellaneous non-instru-
mental stations and also
those with a few instrume
nts which do not come

127

(b) Observatories not equipped with barometers
but taking all or most of the remaining observa-
tions once daily and reporting the same by monthly
registers only.

(a) Observatories taking once daily instrumentat
observations of rainfall only and communicating
(by telegram, telephone or W/T) the same along
with non-instrumental observations in the brief
code.

(b) Observatories recording only rainfall once,
daily and communicating the same (by telegram,
telephone or W/T) during certain seasons and by
monthly or weekly registers during the rest of the
year.

(c) Observatories recording only rainfall once daily
and reporting the same by montlhly or weekly
registers.

(a) Non-instrumental stations recording clouds,
wind directions and speed and visibility without
any instrument and reporting the same by monthly
registers.

under any of the above (b) Stations recording observations with a few in-

classes)

struments and which cannot be shown under
class IV or V.

(c) Stations recording observations with a few
instruments, and communicating (by telegram,
telephone or W/T) the same throughout the year,
or part of the year and reporting the same by
monthly Registers during rest of the year, and
which cannot be shown under class IV or V.
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APPENDIX II

USE OF _\HNI-TI-iERI\-IOM]i.'l'i'-.R SCREEN

It is designed for use at urban climatological stations for measurement
of air temperature.

It is essentially a portable thermometer screen, designed for housing three
thermometers (namely maximum, minimum and ordinary dry bulb) having ¢
internal dimensions of 400 mm x 200 mm and 377 mm high and supported
central G.I. column 110 mm long, 30 mm in diameter with suitable fi;
tachments for installation with foundation bolts.

Essential features like slant double roof,
of a standard screen have been ret
it compact and portable,

louvred sides, hinged door etc,
ained while reducing the overall size 10 make

The support is erected by fixing the base flange by means of four found
tion bolis grouted the cement-concrete platform sank into the ground
that, the mini-screen when installed, 5 to the north with D.B. thermomet.
bove ground level,

bulb at a height of about 13 meters

The usua u ns of site selection :
to, be relaxed to c erable extent dep
ipeciiic requirements of urban climatolog

1d exposure conditions
; on the local environn
studies.
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