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Summary :—

Daily maximum and minimum temperatures of a rail laid horizontall y and "another fixed vertically
on the ground were taken at Agra during the period May 1927 to Janoary 1928 with a break in July
and part of Augmst, These temperatures are compared with each other and with those shown by
thermometers in a standard Stevenson screen, The minimum temperatures are also compared with
‘grass” minimum temperatures. Tables of mesn monthly temperatures, percentage frequencies of
different ranges of temperature, monthly mean dinrnal ranges of temperature, morning and afternoon
cloudiness and the highest and lowest temperatures observed in each month are given,

Curves of diurnal variation of rail and air temperatures based on observations made on 6th Febru-
ary 1927 are slso given.

A metal body exposed to the sky is ordinarily colder in the morning and
warmer in the afternoon than the surrounding air on account of the difference
between the radiative and absorptive properties of the metal and air. The tem-
peratures ot rails. exposed under Indian conditions are of interest to Engineers in
connection with the construction of railways, telegraph lines and bridges. As no
definite data ave available on the subject, a small investigation was undertaken to
find the maximum and minimum. temperatures of rails exposed (1) horizontally
on the ground as for railway lines and (2) vertically as for telegraph posts. Some
hourly observations of temperature were taken on a fow days in October 1926 and
February 1927, but the main series of observations discussed in the present note are
those of maximum and minimum temperatures extending over the period
13th May 1927 to 20th January 1928 with a break in July and partly in
August. '

The horizontal rail was 4 ft. 10 in. in length and was laid over broken stones
spread out to a height of 4 inches on the open grounds of the Upper Air Observa-
tory, Agra. A vertical hole about 1 inch deep was bored in the rail at a distance
of 15 inches from one end and half filled with mercury and the bulb of the
thermometer was inserted in the hole.

The vertical rail was 16 ft. in length and had a hole bored in its side at a
height of 4 £t. 2 in. from the ground for receiving the bulb of the thermometer
and a cork round the stem of the thermometer closed the mouth of the hole from
the outside when the thermometer was in position. Suitable supports were fixed
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38 K. R, RAMANATHAN,

to the two rails to keep the thermometers in position without risk of breakage. The
‘maximum thermometers were read at about 17 hrs. and replaced by minimum
thermometers after setting. The latter were read the next morning at about @
hrs. and replaced by maximum thermometers.

Table 1 gives the monthly means of the minimum temperatures recorded in
each month in the Stevenson sc¢reen and the differences between these and the means
of the minimum temperatures shown by the vertical rail, ground rail and grass
minimum thermometers. The number of observations on which the several
averages are based are given under 7. The “ grass” minimum thermometer
was supported horizontally on two wooden forks at a height of about two inches
from the earth, the ground underneath being kept free from growth of any kind
including grass. The early morning cloudiness expressed in tenth parts of the sky
are also given in the last column. The data ave represented graphically in Fig. 1.

TasLe 1.

Monthly mean minimum temperavures.

Stevenson Grass mini- Ground Vertical cfggy.ﬁ“g
Month. screen. mum, rail. rail. in te“;" 8
% t 1 nths
- 1 2 v 3 of sky.
n 8 | n t—1, n t—ty n t—ty
°F. ¥°, °F. °F.
May 1927 . .| 18 780 18 51 16 42 18 19 o1
Jume ,, . .| 80 | szl | 28 35 | 30 29 | 0 14 37
July o . .| 81 796 27 1'5 vee vee v 78
Aug., . . 26 78 26 06 22 09 25 08 86
Sept. 4, . .l 28 72°5 29 16 25 14 27 1-3 32
Oct. , . .| 81 | 641 | 24 28 | 31 29 | 80 19 26
Nov, 5 ' .| 30 526 30 40 29 34 29 18 Pz
Dec, s . ) 46'9 25 4°2 25 34 25 18 28
Jan. 1928 . .| 19 447 19 36 18 33 19 22 88
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Tt will be noticed that minimum thermometers in the different exposures give
readings in the following order :—Stevenson screen highest, then vertical rail,
ground. rail aud grass minimum. . The last two, however, differ by very little ; even -
the largest monthly difference does not exceed 1°F. and during the wet months, the
difference is practically nel. The vertical rail also shows the same monthly mini-
mum temperature as the ground rail in the monsoon months, but shows higher
values in other months, the largest excess 2°F. being in the dry, hot month May.

Table 2 gives the percentage frequencies of occurrence of different ranges of
minimum temperature in each of the months, As the ground rail and grass
minimum temperatures show very little systematic difference, only the average of
the frequencies of these two are given. \

The largest scatters of all the temperatures occur in June and November,
The former is the month of transition between the hot and monsoon seagons and
the latter when post monsoon conditions give place to those of the winter. The
figwres for November show two distinet maxima, one maximum correspending to
that for Oectober and the other to that for December. This double maximum
in November is not however shown in the data of every year. Examining the
Stevenson sereen minimum temperatare data of the years 1922—26, the double
maximum was evident in 1992 and 1925 but not in the other years or in the
mean. There are no minimum temperatures ahove 85° . in May, while there

is a considerable number in June. This is due to the rapid falling off of

“night radiation” consrquent on the increase of moisture-content of the
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TasLe 2.

Percentage frequencies of dufferent ranges of minvueum temperatures.

) May 1927. June 1927, July 1927. | August 1927. | September 1927.! October 1927. | November 1927, | December 1927 January 1928,
Rauges of
~temperature.
htty t o+t b+ 1y ty+ 6, by o i+ te b+ to b+t
°F. t t3 |t B3] 61t [ty |8 t3 | — t2 | & t2 | b | t3 | & 6 [t]——] t3
2 2 S 2 2 |- 2 2 2 2
30—34-2 " 5
35—399 - 17 3 121 4421 271 a2
40--44-9 17 241 91 | 24 68 | 52 |32] 511 27
45—49-9 33 15§ 27 1 64 12} 36 {37 17 | 28
80—54-9 . 8 3 7 13 | 14 8 8 4111 5
55599 4] 4116 41)23)25| 23|24] 4 4
80---64-9 4l . 8 18 43 | 41 | 45 31 33| 17 7110
65—69-9 19 3 8 7 ‘e g4 35137185 11 27 3 . e
70-749 . [33) 47 (50018 11]13| 3| 8 120 1516 18 12|18} 3 91 8 o
75—%99 .33 21| 28 113 27 120 | 55 |69 85, 85 84 -
80--849 (33| 10|22 (40| 27 {3035 19 2 .
85 —89-9 20 15| 238 6 4 o
50—94-9 10 41 7 o
t=Air in Stevenson screex. " t, = Grass. ty=Ground rail. t,=Vertical rail.
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TEMPERATURES OF EXPOSED RAILS AT AGRA. 41

atmosphere with the progress of monsoon conditions in the upper layer of the
atmosphere over Agra. The smallest soatter ocours in August, the month of
maximum humidity and cloudiness,

Table 3 gives the monthly mean maximum temperatures in the Stevenson
screen and the differences between these and the mean temperatures of the ground
and the vertical rails. The mean cloudiness between 12and 16 hrs, is also given.

As might be expected, the ground-rail monthly maxima are always highey
than the vertical rail maxima and the latter higher than the air maxima. The
difference between the temperatures of ground-rail and of air at 4 feet depends
primarily on the maximum intensity of sunlight and on the wind movement. The
former is a function of the altitude of the sun at noon and the transparency of the
atmosphere. It is interesting to note that the maximum monthly value of t',—t',
29°F., occurred in the cloudiest month August. This is because, in this month,
when the sky does clear, the intensity of sunlight is high, as the average maximum
altibude of the sun is about 77°, and the dust content of the atmosphere is small
owing to the monsoon rains. No observations ave available for July, but the
difference is expected to be large in this month also.

Tasre 3,

Monthly mean mazimum temperatures.

Stevenson screen.| Ground Rails Vertical Rails
t t'n s Cloudiness
Month. | bebween 12
e ; and 16 hvs,
n i " trget! ) 5t
°F, , o, °f,
May 1927. . . ) 18 106°6 6| 264 14 14:0 28
June: -y, . . . ,180 1058 25 24°5 30 121 87
-7!11.\;’ 3 . ° . . 28 943 . res s e 7'7
Aug. ' . . . 24 887 26 291 | ... 92
Sept. . . . . 30 932 50 280 29 14'8 35
Oct. . . . . 31 92y 31 25'4 31 158 %4
Nov. e .80 799 | 29 234 | 29 163 37
Dec. . . . . 24 770 24 27 24 189 4'6
Jan, 1928 . . Jd 19 70'8 19 227 | 18 178 | 41

271



42 K. R. RAMANATHAN,

T
ol
&
“1%‘
S Monthly Mear Maximum Itmperaliures
Ry
E;
N
130 =3
jzo ST v "’",‘\\‘.\N
; X \
o \
N
10 e
[ — B “‘ \\
N Neeod
100 - -
\ S N

~
N Ground Rail
90 ) \ /v ’ ‘n'

“Vertical Rail

o . — Sl el
' ]

\‘;:‘.r in Stevernson
reen ad 4%

70 ) . .
May (927 June July Aug. Sept. Oct. Nov Dec Jarn.l928.

Fig: 2

Another interesting feature shown by these data is that the difference between the
highest temperature attained by the horizontal and vertical rails is smaller during
the months November, December and January than during the other months.
The reason is fairly obvious. The maximum altitade of the sunis lowest during
the winter montls, the lowest value 40° occurring on December 21st (the latitude
of Agra being 27° N.). At noon in the winter months, the energy veceived in
unit time by a unit area either horizontal or vertical would be practically the same.
At other hours, the vertical surface would have the advantage. On the other hand,
in a month like June when the sun is uearly vertical, a horizontal surface would
receive much more energy than a vertical one, and the difference of tem perature
between the horizontal and vertical rails would therefore be greater. The fact
that one side of the horizontal rail is always in contact with the ground while
the vertical rail is surrounded on all sides by moving air would always make the
maximum temperature of the former higher.

Table 4 gives the percentage frequencies of occurrence of different maximum
temperatures.
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- TaBre 4.

Percentage frequencies of occurrence of different mazimum temperatures.

W | T | N | MR | g | Nommbe | Deember | oy
tem%e}asx‘-abure. .
AN EUET B /% IS B RN F A A 7 B IO I Vojta | Vel b [ttt/ |ty ts
) |
50—599 . . . 5
60—699 . .. i s 4 16
70—79:9 . . 4] 4} .. 3 3 43| .| sler| a| almof1|ay
80—899 . . . 3 58| 4 271 ... 8|18| 3| 3|50 1417 |20 12 11 | 28
90999 .. 3] 2] 433 8 70| 811084 8 10 | 41 21 | 58 68 | 56
100—109+9 . K so| 3| 8 23 10 | 49 6|54)..|48]38 75 | 25 1
110—1199 .| 28 26 {13| 3|44 42 23 | 38 42 186} ..128
1201299 251 71 27 | 44 15 :7 50
130—139-9 . . 75 60 | .. 4 17 . —
140 and above . o | aee [ sen 3 . . - .

t/=Air in Stevenson screen.

t’p=uround Rail.

t'g= Vertical Rail.
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The mean monthly diurnal ranges of temperature are given ia table 5.

Tasug 5.

Mean monthly diwrnal ranges of temperatures.

Diurnal Range.
Month, Cloudiness.
Stevenson Ground Vertical
screen, Rail. Rail.
°F. °F, B N

May 1927 . . . . 286 59.2 445 23
June ,, . . . . . 237 511 372 37
July . . . . : 147 ees 7
Aug. , . . . . 114 414 89
Sepb. 5 . . 9207 501 363 33
Oct. ,, .. 286 569 458 25
Nov. e e 274 54-2 454 31
Dec. . . . . 201 582 £0'8 a7
Jan. 1928 . . . 261 521 461 39

The diurnal ranges and cloudiness are shown graphically in figure 3.

The.

dependence of diwrnal ranges on cloudiness is clearly marked. The ranges are
least in the monsoon months at Agra, viz., July and August.

Considering monthly averages, the ground rail has a higher range than the
air, the excess varying from 26°I. to 31°F. while the corresponding excess for the
“yertical rail lies between 13°F. and 20°F, « ,

The highest maximum and minimum temperature and also the largest range
of temperature observed on any day during each month are given in table 6.

TABLE 6.
Air at 4 £t, Ground rail. Vertical rail,
Month,
Lowest | Highest | Largest | Lowest | Highest [ Liargest | Lowest | Highest [ Largest

min. max, range. min, max. | range, min, max. | range.

°P. °F. °F. °F. °F.. °B, °F, °F. °F,
Muy 1927 . 736 1132 35°3 683 1397 66'1 715 12404 480
June ,, . 697 1118 413 63:2 142:0 788 669 127'8 685
Jaly , o] 74 105'9 21-0 ‘s
Aug. P 979 189 716 1300 54-6 719 e
Sept. ,, .| 670 999 316 646 1337 691 641 119 547
Oct. 561 961 357 52:6 1275 69°9 536 1186 592
Nov. . 425 891 379 377 1173 707 390 1083 62'6
Dee. ,, o 419 82:6 376 37°9 1095 687 398 1044 604
Jan, 192 . 369 770 333 347 1057 60°8 350 987 59+0

274



TEMPERATURES OF EXPOSED RAILS AT AGRA, 45

&
a-
Q
g' Mearn - Monthly Cloudiness
3
'3.
Q
0} -
—_:Mfff:(; N
/ RN . Even:z:'?gy clowclinass
0 S - I _“"i"""""“ﬁ?;:—rnziny clondinass
& Méz\y!&Z? June Ju@ Aug. Sept. Oct. Nov. Dec. Jan.lI28.
Y
R
N Mear - Montzily 7 Z o bres
§\ ea/n. ontkty diurnal range y‘ emperature
3
N
60 N T
N //\"‘\\,_,»"/‘ ‘\\
\\\ /// \\( Ground Rail
50. ~ 4 T )
| s J EEE L NPertical Rail
40 ‘\‘\\ / /",a
a ]
30
\ / B \Aw <n Stevonse
_ L Scree 72 atéfﬁ
20 e —— \\ & ?
10 :
9

fﬂaylSZ TJune July Aug Se/zoé.a Oct.  Now. [Jee. Janl928.
Fég. 3. |

An attempt was mude to find the effect of morning wind on the difference
between Stevenson screen minimum and ground minimum temperatures and of
afternoon wind on the difference between Stevenson screen maximum and vertical
rall maximum temperatures. Wind measurements are available only at the Dines
head which is at a aeight of about 70 £t, above ground and these winds were therefore
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48 K. B. RAMANATHAN,

used. Owing to the small variance of the wind from day to day and the numbers
of controlling factors involved, the effect could not be brought out clearly.

As has been indicated in the introduction, some hourly observations of the
ground-rail, the surface of the ground, the vertical rail and of air in the Stevenson
sereen were t: keo on 5 days in October 1926 and in February 1927, The ground
temperatures were taken by means of a ¢ surface” thermometer¥ and air tempera-
tures by means of an Assmann. The surface thermometer (fig. 4) was made by
inserting the bulb of a small mercury thermometer in a properly shaped cylindrical
fold in a plate of copper about 1'6 cm. square and covering the non-plane side of
the plate with felt. -

Su{'f’a,ce 7T hermometer

Hole for thermometer bulb

\ Copper plate

T hermometer

P

Fig 4.

The copper plate was moved over the suiface whose temperature was to be
determined until the reading became constant. To show the nature of the diurnal
variation of the temperatures, the values obtained on the 6th February 1927 are
shown graphically in figure 5. The day was slightly clouded with cirrus and alto-
cumulus clouds, The lag of the air temperature behind those of the railsand
ground in the afternoon and the higher temperature of the vertical rail in the
morning are noteworthy features and their general explanation does not present

any difliculties. ‘
Some observations were also taken on a few clear days to see how the tem-

perature of the vertical rail varied with height. The rai’ temperatures were taken
with the surface thermometer described above. The values in the following table
show the nature of the results obtained.

Tarie 7.
Temperature of Vertical rail,
Air in Ground
Date and time, | Btevenson |bempera~ 5 [temarks.
_ screon. tare. | Ground ,4bft. 4 ft. 6 ft. 10 ft.
level, above | above above | above
ground. { ground. | ground. | ground,
°TF, °F. °F. P, °F, °F, °I,
261l Octioher 1926 880 1168 102+7 104-0 102'9 101°8
at about 14 h,
45 m,
5th February 1928 689 783 79'2 82:2 801 806 797 | Rain on pre-
at about 14 h, vious night
10 m. and ,  soil
moigt,

# The surface thermometer was designed by Mr, G. Che ttexji, Mateorologist,
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48 K. R. RAMANATHAN.

The temperature of the rail at 2 ft. above ground was higher than that at
ground level on both the occasions and is no doubt due to the conduction of heat
- from the rail into the soil, the lower end of the rail being at a depth of about 4 - ft.
within the earth. The decrease of temperature above 2 ft. is mainly due to

increased ventilation. It will be noticed that the temperature at 4 ft. may be taken
as a fair average for the temperature of the rail even during the hottest part of
the day. ‘

MGIPC—n§1mVI11-3-128—13-6-20—400.
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