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from the Stratosphere -

o

Reflection of sound waves ’.
over India in Different Seasons of the Year;;

—

L. S. MATHUR.
‘ (Recoived 9th Angnst, 1949)

a series of observations ig

1o Introduction.
Depastment arranged

HE India Mcteorological -
different seasons of the year to study the phenomenon of propagation of sound]
plosions. Full details of these investiga. |

in the stratosphere over India from ex i
tions have been given in three separate papcts relating to the three trials held from
30th May to 2nd Juae!l, 16th to 20th October?, and 29th January to 1st Februarys

- during the year 1946-47. It is, therefore, not proposed to describe here in detai]
- arrangements made for explosions and the equipment used for the observations.
The general set up for the three trials was more
or less the same. Explosions were made from two — EXPLOSON CENTRES & RECORDING STATKNS
centres located in reserved forests in the Central ~— DURNG THE SUMMER FOST fonSace. 0
proviaces. Seven tecording stations were established WNTER TRALS DURNG ©407R%7
along the line joining the two explosion centres and
~two along the line almost at right angles fo it & pona
During the fisst trial in summez 1946, one explosion ' _®
centte .was at. Ponia (Lat. 23°40.5'N; Long. 80° E EEALPORE
23'E) and the otherat Pulgaon (Lat. 20° 42'N ; Long. i e
78° 27'E).,. During the post-monsoon and winter LAHERADON
- trials the second explosion centre was shifted from 9SEON
- Pulgaon to 8iadi (Lat.  20°52’'N; Long. 78°51’E). voria € SUGTTARA
The recording stations remained located at the Gonow
: :Z::;(ﬁl““ td“lfiﬂg'?}fthe tll{lree trials except that the onaG *
1 ng station gt Sukhtara (Lat. 21° 56'N; ;
 Long, 79°31.5'E) was shifted to S (Lat. 21° SroEaon
47'N ; Long 797 29°E) during the second and the © YEOTMAL
- third ttials, The focations of the stations men-
. tioned above are shown in Fig, 1. 14
o 'V'An, the stations given in Fig. 1 were manned |
- by the ‘I, Met. D, personnel except Kamareddi
s areddi
- Whete thearmy officess of the 1st. Indian Sur
=i '-gﬁﬁis’?‘?n‘?'_v;: alfkquly agreed to ta]cc: obscr‘izcz:lSi
B M ohtt, Mgl | o
recording station from the S ar
Poula: bofioat o A1 explosion centre a, @EXPOSON cENTRES SCALE :
nia,bemgatadj nce of 638 kms, from it, ' enmomons swions 400 20 4080 |
e E?P--.:app_am!#& employed for 1
Founa. Wav o fmm hese cxplosions
des SR,

recotding  the
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1. Records of Sound Waves.

In the summer of 1946, the explosions from Ponia gave better records at statlons
to the south whereas Pulgaon explosions were not recorded at most of the stations
to the north, A few typical recotds of the explosions on first June, at 1800 hrs.
are given in Plare I. This explosion was fecorded at Seoni, Sukhtara, Pipatiya,
Nagpur and Yeotmal.

In the post-monsoon and winter trials the position was revetsed and the records
of explosion waves from Sindi to the stations north of it were bettes recorded than the
explosion waves from Ponia to the stations south of it. A few typical tecords of the
explosions at Sindi during the post-monsoon and winter teials are given in plases IT and
III. This preferted propagation of sound in a particular digection is attributable to
the upper wind system that prevailed during the trial concerned. The extent to which
the opposi g wind can obstruct the propagation of sound in a particular direction can be
judged from the fact that during the post-monsoon trial even some of the explosions
from Ponia were mot recorded at Jubbulpore which was at a distance of 68 kms. from

tte explosion centre located there,

Another integesting featute brought out by these observations is that there is no
particular limit to the distance to which ground wave can travel from an explosion
centre. In fact the ground wave, in many cases, reached the second zone of
audibility where sound is suppased to arrive only after a detour through the uppes
atmosphere. In other WOIEiS, tl}c ground wave traversec_l the_ so-called ““Zon: of
silence,” though with feeble intensity. In the “Zone of silence ” sound though not
audible was at least recotdable. The propagation of ground wave appears to be
dependant to a considerable extent on the quantity of the exzplosives used, During the
ost-monsoon and wiates trials the ground wave reached as far as Jubbulpore and
Gondia being 294 kms. and 240 kms. from the explosion centres at Sindi and Ponla
respectively. As expected the intensity of the ground wave decreased with increasing

distance.

III. Time— Distance Graphs.

The average times of atrival of sound waves from the explosionicentres to the
recording stations during three trials are given in table L.
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FOST-MONSOON TRIAL. - PLATE II |

REGOREIS OF SOUND WAVES
£ SINDI EXPLOSON 7086.

I54

- =R BBULPORE FRST FEFLEDTED—WNE

~06-12-40

ARRIVAL

PPARYA-FIRST REFLECTED-WAE.

- 8 09+~42'7
. MHWAI.

BONDIA FIRST REF LEDTED WQ/E
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These times are averages of a number of observations which have been grouped
together as corresponding to certain definite pulses. The number of observations from
which each of the average values have been worked out is given by the figures within
brackets. The time-distance graphs of the three trials are given in Fig. 2.

The grapbs relating to
the three trials are shown
separately by continuous,
i broken and dot-dash lines.
1 It will be interesting to
|
|

TVE-DISTANCE GRAPH FOR SUAMVER, POST-A4 NSOON aND WINTER
TRALS

mention here that during all
the trials the time-distance
; graphs corresponding to the
s ~ ground wave remained the
/ " same as shown by the con-
| tinuous line OA in Fig. 2.
This line corresponding to
the ground wave extends
well into the region where
the graph corresponding to
the reflected wave appears,
At good number of stations
both the ground and the
«-  reflected waves wete record-
ed. For each trial we got
mote than one graph cor-
b= responding to the reflected
waves. It is, however, in-
teresting to note that a
.. good number of poiats in
all the three trials fall on
one common time-distance
L - = - - - _ J graph indicated by the line
e T N o BC in Fig. 2. This shows
Bt s iy that though there were
several layers from which
Fig. 2. tke sound got reflected, yet
there was one particular
:ayer  which formed a predominant stratum in the stratosphere from where
sound waves got reflected in all the seasons of the year, The observations duting the
summer trials appeared to be most successful in as much as sound waves after suffering
two reflections between grounl and the stcatosphere were ecorded at Yeotmal and
Kamareddi from explosions at Ponia. The time-distance graphs relating to the third
zone of audibility are shown by the line MN in Fig, 2,

N OSECONDS

TME

IV. Trafectories of sound waves.

The general method of building up the sound trajectories has already been
described in the three papers already meantioned. The combined trajectories for all the
three trials for explosions from Ponia are shown in Fig, 3,
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Fig. 3.

All the trajectories of the sound wav:s for explosions from Sindi are shown in

Fig. 4.

S0UND TRAECTORES FOR NOVIDUML STTONS DURING SUMMER, POST NONSOON  AND

WNTER TRALS (FROM Sl

3
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It may be pointed
rout that no reflected
'wave corresponding to
the explosions from
Pulgaon during the sum.
mer trial, could be re-
corded at any of the
nine recording stations
shown in Fig. 1. At
Yeotmal and Kamared.
di, during the summer

i EECOEN IR0 N Y : — . trial, more than one
. T SR

—— DSWNE NS reflected wave was re-

corded and their times

Fig. 4, of arriva] correspond to

two or three different

paths of the sound wave through the upper atmosphere. The subject is discussed
in some detail in the following paragraph This phenomenon of the sound wave
taking two or three different paths is confirmed in subsequent trils also. As an

illustration, during the post-monsoon trial,
two sound waves were recorded at Nagpur
with times of atrival of 1142 secs. and
1185 secs. and these correspond to the two
paths shown in Fig. 3. The first sound
wave teavelled a long horizontal distance
in the stratosphere and then reached the
ground and the second one suﬂ'_cred two
reflections as shown by broken-line trajec-
tories at Nagpur in Fig. 3. Similarly,
during the winter trials, the fecords at
Jubbulpore for explosions from Ponia gave
two times of arrival of 930 secs and 977
secs, which correspond to the two paths
shown by the broken-line in Fig. 4,
Coming back to the trajectories of
sound waves for explosion from Ponia
during the summer trials as recorded at
Yeotmal and Kamareddi, it may be

J =g - T Hmg.~ === c - —m==oros g
PONIA YEOTMAL
Casxe J
» .
/\ :/\l
i G Sokirara T GroTMAL
Case I
PATHS CORRESPONDING 7o REFLECTED WAVES
AT YEOTMAL
Fig. §.
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mentioned that at Yeotmal two sound pulses were recorded with times of arrival of
1,350 and 1,476 secs. The time interval of 1,476 secs. correspond to two successive
reflections of the sound wave as shown in case Il Fig. 5 in which the path of the sound
wave is indicated by the curve ABCDE. The second time of arrival of 1,350 secs.
corresponds to the path ABDE showa in case I of Fig. 5.

Similarly, at Kamareddi during the summer trial three reflected waves were
recorded at intervals of 1,994 ; 2,066 and 2,173 secs., after the explosion at Ponia. The
first one corresponds to the path shown in case I, second to the path shown in case IT
and the third to the path shown in case III of Fig. 6.

’/ e — ___-—————"_1\
/ \
- e _ ¢
T - - —&dd Ama— - - - - = S
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s ° 248 Ko v
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’ N\ \,
4 N &
et == e — = - 3
PON/A SUNHTARA NAMAR EDDi
Case II.
- pu B L
TN /
/
/ \ y AN
as b N\, i
L —— N A 1
P iR - - - 223 kme— - — — & ==~ 30/ imr )
PONIA SUKHNTARA YEOTMAL XAMAREDN

Case W/

PATHS CORRESPONDING T0 THREE REFLEGTED WAVES
AT KAMAREDDI

Fig. 6.

V. Temperatures in the warm layer.

The velocity of sound at the top of the trajectory that is the critical veloctiy V°
can be found out from the f>rmula V=V, Sec @ where V is the velocity of the wave
and @ the angle of descent. Knowiag the critical velocity the correspoading tempera-
ture at the highest point on the trajectory is obtainable. From the observations made
during the three trials it has been possible to get temperatures at different heights within
the warm layer as the angle of descent and the height of the trajectories for individual
stations ar> known. The temperatares of the warm layer and the corresponding heights
during the three seasons are given in tible Il bzlow : —
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From tbis table it has been possible to plot the temperature in lht warm Jayer from
40-60 kms. The lapse rate corresponding to the three seasons in the warm liyer is
given in Fig, 7.

It will be observed that the lapse
3 rate during'the summer season is very
steep which may also mean that the
watm Jayer becomes less deep. The
5 - lapse rate for the post-monsoon and
- o | winter trials appear more or less to be
g : the same. From these observations it
would appear that tkere is no marked
seasonal variation of the height of the
: B temperature inversion layer, although
i S ! its depth miy be assumed to vary in
. different seasons being the thinnest

during the summer,
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