SUPERSONIC VELOCITY IN GASES AND
VAPOURS.

PART VIIl. SUPERSONIC VELOCITY IN AIR, STEAM,
CARBON DIOXIDE AND CARBON DISULPHIDE.

By S. K. Kulkarni Jatkar
INTRODUCTION.

Since the original work of Plerce (Proc. Amer. Acad. Arts Sci.
1923, 60, 271), a number of papers have appeared on the
velocity of sound in air at room temperature. [c¢f. Partington and
Shilling, 3 Khz (Phil. Mag. 1928, 6, 920); Cornish and Eastman
(Phys. Rev. 1929, 33, 90, 258); Hubbard, 218-476 Khz. (Phys. Rev.
1930, 36, 1668) ; Piclemeier, 1216 Khz. (Phys. Rev. 1930, 36, 1005 ;
1931, 38, 1236); Reid 42-140 Khz. (Phys. Rev. 1930, 35, 814 ; 1931,
37, 1147); Kao, 20-70 Khz. (Ann. Phys. Paris, 1932, 17, 315);
Hershberger, 20-70 Khz. (Physics 1932, 2, 269); Vance, 30-200 Khz,
(Phys. Rev. 1932, 39, 737); Grabau, 20-70 Khz. (Jour. Acoust. Soc.
1933, 5, 1); Kaye and Sherrat, 0.5 to 27 Khz. (Proc. Roy. Soc. 1934,
147, 292; 1936, 156, 504); Norton, 20-70 Khz. (Jour. Acoust. Soc,
1933, 1, 16); Ishi, 2000-2892 Khz. (Sct. Pap. Inst. Phys. Chem. Res.
Tokio, 1935, 26, 201); Pearson, 92-800 Khz. (Proc. Phys. Soc. 1933,
47, 136); Parker, (Proc. Phys. Soc. 193749, 95)]. Most of the
results point to an average velocity of 331.7 m./sec. at 0° from 20 to 1500
Kbz. The only results above room temperature are those by Kaye and
Sherrat, which are confined to 0.5-—27 Khz,, at 18° and 100°.

Air has been recommended as a standard material for measuring
the frequency of the oscillators and for the determination of the tube
constants., The author resorted to this method during the course of his
work on the supersonic velocity in organic vapours in narrow tubes.
The results with air were unfortunately not so accurate as in the case
of vapours, owing to smaller number of half wave lengths measured at
lower frequencies, and to uncertain tube corrections,
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In the present paper the author has given the results he obtain-
ed for supersonic velocity in air from 23.6 to 564 Khz. at room
temperature and between 49.5 to 127 Khz. up to 200°. The velocity of
sound in free air was found by carrying out experiments in tubes of
different diameters, The value at room temperature was in agree-
ment with the results of other worker. The supersonic velocity in
steam superheated to 134° at 685mm. was also measured from 49 to
126 Khz., and the specific heat deduced, is in good agreement with the
value obtained from spzctroscopic data.

In carhon dioxide and carbon disulphide, owing to con-
siderable absorption, measurements could be made only at 50 Khz.
at which the velocity observed, indicated the normal molecular heat for

both the gases.
EXPERIMENTAL.

The appéaratus used and the experimental method of procedure
was the same as that doscribed in the previous parts. The various quartz
oscillators us2d in this iavestigition were those described in Part IV

of this series.
(1) Velocity of Sound in Azr

A slow stream of air freed from carbon dioxide and moisture by
passing over soda lime and P,0; was passed into the apparatus
while makirg measurements, the results of which are given in the
following tables.
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TABLE |
Az,
Diameter 1:23 cm. Diameter 1 cm.
23.586 Khz 49.47 Khz, ; 49.42 Khz. 49.305 Khz,
i
21.2° | 24.2° 97.1° 134°
B W0AN/2 # 32N [2 l 30 {2 #n 30N f2
10 -0 73.33 33-1 111.45 31=-1 117-35 31-1 120-30
-1 73-05 34-2 111.65 32-2 117-02 32-2 119.50
12-2 7315 353 11168 33-3 116-80 33-3 119.63
13-3  72.85 36-4 111-63 344 117.15 34-4 120:32
7370 37-5 111-60 35-5 11710 35-5 119:88
A\ 12=7-310 ﬁs— 6 111-60 717.06 719.93
WO {2 171.60 \ /2= 3.902 ] \ /2= 3-095
10-0  73.00 A j2=3-490 RED N 300 /2
11-1  72-33 32Nz 35-40 133-65 31-1 120.10
13-2  73.00 331 11140 361 13365 32-2 119-80
133  73.00 34-2 111-48 133.65 33-3 120.30
4~4 7323 35-3 11163 A /2=3-90% 34~4 119.85
72.95 36-4 111-50 33N f2 120:01
A[2=7.205 37-5 111.55 25-0 9730 A f25=4.001
1W0N/2 38-6 11i-34 26-1 97-20 30N 12
10-0  72.92 111.52 27~2  97-45
30~0 120-10
13-1  73.33 A f2:=3.485 97.32 R
32-2 12030
12-2  73.38 A [27=3.895
34-4 12015
13~3  73.50 25N [2
720.18
14-4  73.43 25-0 97-45
A/ 2=4.006
73-17 26~1 9775
A [2=T-311 27-2  97.05
97.42
A j2=3.896
mean A\ ] 2=7-308 mm. [mean A / 2=3-4875mm.] mean \/2+3-90 mm.| mean )\ f2=4.((2mm,
V=2844.6 m.fsec. V=385.1 m.fsec. ’ V=2385.5 m.[sec, V =395.3 m./sec.
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TaBLE 2
Aer,

5 mum. deameter brass tube.

3-37 11783

fue47 Knz \ U4-453 Khe . 1‘ 03850 Khz
L 202°) | {1067) | ‘ f134
) ! \ !
\ 7
1 LEI | iz 340\,2 1 G4 N2 }
1-35 17.80 ‘ ) — 33 H7.50
2-36 11773 \‘ IR
|

i 97 .30 !
180 |

. \
A = 3.465 mnni
N2 = 3485 m‘ I 11809
34 N2
= | PN 2:108 mm
| 34-0
117.68 i 55 i
117 | H

RN

117.80

117+04

171768

, N2 = 1.804mam
N2 o= Jetolmem i
'\" ‘imeim \L2= 1.805mm.}
mean \ /2 = 3.{63mm ; H 117:84

¥ = 342.6 m gec. | ¥ = 331.0m sec. |
e e e s rarn

60— 4 .
Ll -3 118-0(

2106 mm.

54453 Kbr ! 94.483 Kha.

1107 mu
{19% | {23°)

v3-889 Kz

| 11347

116026
ah -0 07.20

| noo46\ 2 ’
! I
=1-817mm | ‘
a6 N2
OO- 0 11973
67-1 11979 |
G5-2  119:73

089-3 119.73
70-4  119.94

11627

179:76

776.23 |
2 o= stmmi N{2=2.113 mm.
reean\ 2 — 1.795mmmean N\ 2 = 1-8i6mm.'menn N2

1-815mm.

|
|
|

-113 mm.

V=339.2 m.sec. ' V=343.2 m.sec | ¥ =396-8 m sec, : V=395.7 m.sec
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TasLr 3
Air.

5 mun. diameter brass tube

95.93 Khz.

582 Khz

(284} (971"
" 3002 n 53A02
30-10 [R%:20) 55--0 110.53
36~ | 11055
R HUTS 572 110-00
58-3 110-35
-2 T 10 EREE
60—

689

A 2=1.702 mm

V = 343.8 m sec

43-23 Khz

F10.49

N\ 2=2-000 mm

(27%)
5 4002
43-3 72.08
ra 7200 mean A
453 7160 ¥ -:385.2 m. sec-
46~ 71-95 9582 Khz
7108 7%
A 2=1-800 mm »” HON 2
) 0= 60 120-95
Y = 343.3 m. sec 1-61 12072
N 902 12068
3-63 120-83
12079

A /2=2.013 mmn,

GO 2
60— 0 120-63
61-1 120-43
n2-4 120-48
63 -3 120-60
120-54

12=2-00% mm.
mean N J2=2.011 rom.

¥=385-4 m. sec-
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TABLE 4.
Air.
5 mm. diameter brass lube.
/
127-408 Khe. 127.408 Khz | 126-264 Kho.
{19% {23-8% J {134°)
» 80N {2 n 80\ [2 " 74N [2
0~74 116-53
80-0 10664 280~0 108:18 1-75  116.45
81-1 106 56 81-1 108-12 2-76  116-30
82-2  106.57 82-2  108-15
83-3 106.57 83-3  108-15 17643
84-4 106.58
85-5 1C6-53 708-15 N/2=1-373 mm.

106.57 Af2=1.352 mm. N
A\j2=1-332 mm. 84N [2 76~2  116-40
77-3 11647
0-84 113.75 78-4  116.47
¥ =529-4 m.sec. 1-85 113.75 79-5  136-32
127;1*3_353){11% 11375 11647
Aj2=1.354 mm, Af2=1.573 mm.
” TEINI2 . '
meat A [2=1.353 mm. mean A /2=1.573 mm.
100-45
]]%3;9 ¥ =344.5 m.[sec. ¥ =397.2 m [sec.
B 126-648 Kha. 126-264 Khz.
100-31 (97-1°) {134%)
N j2=1-340 mm. T
” san iz n TEN|2
TAIN2
$3-1  124.57 76-0 119.63
100-45 ! 84-2 124-68 77-1  119-82
1L6-50 85-3 12478 782  119-75
100.43 793 11071
124.68 804 119.58
700.48 81-5 119.40
A /2=1.520 mm.
N f2=1-340 wmm, 179.83

mean A /2=1.340 mm.

N J[2=1-574 wmm.

Af

AN
119-72
116.33
119-78
179.62

2=1-374 mm.

mean A f2=1-574 wmm.

¥ =341-5 m [sec.

¥ =285-0 m [sec.

¥ =397.8 m.[sec.




1.3 cm. Pythagoras tube.
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TasLE 3
Air.

4 .47 Khz 54,16 Kk
23° 83°
7 S0\ /2 ks 30N\ /{2
523 WS EENE T T
17414 700-04

N2 = 3.483 mm.

Y = 334.6 m [sec.

A2 = 2001 mm.

V¥ = 3758 m jsec.

94-483 Khz, 95-82 Khz,
22:3° 13590
» 71 N2
72-1 129-54 » 60N /2
73-2  12v-57
74-3 129-61 611 130-97
75-4 129-09 62~2 129:97
76-5 12956
787 129+57 73045
129.68

A2 =182 mm.

ANz = 2.173mm,

¥ = 345.1 m /sec.

¥ = 418.6 m (seq,

94483 Kha. 95-82 Khe.
23.7° 1¢2°
# 91N /2 .
91-0 16509 ” 30Nz
92-1 164.88 =1 105.74
03 -2 16524 52-2 939
94-3 165-21
16577 709.56
Af2 = 1-814 mm. Aj2 = 2.19mm.

Y = 342.8 m.[sec,

9593 Khz.

¥ = %19-8 m./seq.

95.82 Khuz
21-3°
189°
" 100\ /2 -

101-1 179-31
102-2 179.14 ” 100 /2
103-3 179-03
104 -4 179:07 -1 23.03
1066 179-66 12~2 23-34
107-7 179-34
108~-8 179.27 ) 2318

179.25 Nj2 = 2318

AjZ = 1.792 mm.

¥ = 343.8 m-[sec.

Y = 445-2 m.fsec.
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TABLE 6

Azr.
7.5 cmn. brass tube

396-3 Khz. 364+03 Khz.
W (9o 7% I (297} ' (2r 37 -
No  Serew reading,  No  Serew reading Nu. Screw reuding{ No  SHerew reading
mm b omm o> 1 nn.
i 0-00 2 & 36-03 : 0 423.43 l @ 451-58
1 015 ‘ 1 3z 1 429.15 J 1 28
o 000 ‘ 2 3665 2 428-85 i 2 430-98
3 1-30 3 37-00 3 428-55 l 3 430.68
17 743 + 37.25 ! F28-23 4 450-38
20-50 3 3760 24 418:03 11 416-53
fite 29-13 23 L, 480 44 $15. 80 134 410-38
3740 45 5000 G4 062 154 404120
103 +6-18 63 56-20 84 403-38 174 308.00
124 34-33 835 6242 104 397418 185 30403
144 B365 105 GB-02 Tk 394-03 186 394-32
138 6078 106 6895 113 303.75 187 394.00
154 70-20 107 £19.23 116 303.45 188 39U3.72
v 70-03 108 N9+33 ny 30303 189 393-40
$049 69-88 s 361.82
110 T0-18 '
158N 2 1052 {2 114N {2 185 A /2
153-0 6078 1053 —0 32.57 0~—114 3540 0—183 56-93
1301 09.75 100—1 32.63 1—115 35.40 1186 5606
10— 69-75 1072 3260 146 33-40 2187 5608
108—3 32.55 3117 35-42 3~18% 56-90
169—4 32.63 4—118 35.41 4—189 36-08
110—3 32-58
69-70 354 3696

0-3106 mm., ]‘ ,
|

> . 0.3079 mm.

¥ = 350 & m./sec Y =aM.3m | sec.
Yoy = 3877 m.{ see. | V., = 346.5m. sec.
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TaBLe 7.
Velocity of Sound wn Aw at 25°.
Tube Frequency | i
diameter f \ LN Tf i Velocity
cm. Khz. ; \
1.3 23.586 0.00283 346.9
P13 40.47 I (0.00195 345.8
" 94483 [‘ 0.001+41 346.6
" 495.93 0.00140 346.0
0.7 +0.47 0.00262 345.6
| o443 - ooiss, 345.1
. 127408 | 0.0016+ ’ 346.2
0.55 49.47 0.00461 ’ 344.9
., 94.483 0.00333 345.4
., 127.408 0.00289 { 345.2
7.5 396.3 0 | s
y 564.03 0 | 347.2
oo | eo 0 l 347.0
P=Pvthagoras.
' ) TABLE 8.
K Velocity of Sound in Aw al 97.1°
Tube Frequency | - ] )
Diameter 1/dN f i Velocity
cm. Khz. :
0.97 49.42 | 0.00262 | 385.5
0.55 os&2 | 000331 | 3852
» ” ' " 385.4
., 126,648 0.00289 385.0
oo o0 l 0 386.8
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The values at room temperature were reduced to 25° by applying
the temperature coefficient. The tube correction was applied by plot-
ting the factor 1/d A/ f where d is the diameter of the tube and 7 is the
frequency, against the observed velocity, and extrapolating for zero factor.
The extrapolated velocity of sound in air at 25° between 49 and 127
Khz was 347.0 m./sec. The narrow tube method could not be used for
higher frequencies. The measurements were therefore carried out in
a 7.5 cm. diameter tube and consequently there was no tube correction.
At 396.5 Khz. the velocity was 347.1m./sec., and at 564 Khz. 347 2m./
sec. At 23.5 Khz. the velocity was 347.5 m./sec. in a tube of 13 mm.,
diameter. There is obviously no dispersion in the velocity of sound
in air at room temperature. Most of the measurements at higher tempe-
ratures were confined to frequencies between 46 to 127 Khz. and were
carried out in two brass tubes of 9.7 mm. and 5.5 mm. The correctefl
value for the velocity of sound at 97.1° is 386.8m./sec., which is in
agreement with the value obtained by Kaye and Sherrat, at lower
frequencies. The values at 134° are summarised in Table 9. The line
passirg through tube factors at 94 and 126 Khz. gives 401.6 m./scc. as
the extrapolated value, the result at 49 Khz. in a 9.7 mm. dizmeter
tube beiag too low.

TARLE 9
Velocity of Sound in Air at 1347,

Tube Frequency
Diameter b YaN Tf Velocity
cm. Kbz,
0.97 49.395 0.00262 395.4
0.55 93.889 0.00333 396.8
» i 126.264 0.00289 397.2
» ‘ » » 397.5
o o0 0 401.6
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Expeniments were conducted in a Pythagorous tube of 13 mm,
diametet at various temperatures. The results are given in Table 5.
The values at room temperature are reduced to 25° and are given in
Table 7. It was found that the reduction factors for the diameters of the
tube, were nearly the same as for the brass tube owing to the compara-
tively large diameter, the velocity at 94.5 Khz being practically the
same as in free air. The velocity at 88% was 376.5 m./sec. which is in
agreement with the previous values. The values of velocity at 134°
159°-162° and 189° were on a regular curve but were different from the
value at 100°, and are therefore subjzct to correction for the effect of
tube. Experiments could not be carried at higher temperatures owing to
absorption.

(2) Steam.

The results for steam at 134° are given in Table 10, and
summarised in Table 11 along with the reduction factors for the effect
of the tube. The corrected value of the velocity is 496.3 m./sec. The
specific heat was calculated by using the Berthelot’s equation of state.
The various constants used for calculation are M =18.016, p,=194.6, t,

7

= 364.3, T=0.0046, T =1.566, ¢ = 1014, 57rT“———-0.097—V§§}/I— =1.3112,
¥ =1.3205, C,—C,=2.0487, and C,=8.26. The value calculated from
the expression which was deduced from spectroscopic data by Bryant
(Ind. Eng. Chem. 1933, 25, 822) and by Gordon (Jour. Chem. Phys.
1934, 2, 65), when reduced to atmospheric pressure, comes to 8.26
caloriss, in excellent agreement with the result obtained from supersonic
velocity.
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TapLe 10~

) a -
Steam. 134
49,395 Khz, \\ 93.889 Khz }J 120,204 Kbz,

w2002 o 25702 no 42 A2 n 4202 a 2N /2
21-1 100-05 261 12575 | 44--2 110.90 $5-3 11035 6z-0 121.35
22-2 100-20 27-2 12535 45-3 110:33 | 46—+ 110-28 631 1210
233 0910 28-3 12430
ot 9943 29-4 124 83
25~5 9995 30-~3 12480

266 100-25

27 -7 99.35

28-8 99.73

\
|
\
26-9 10040 ' ’

99.9¢ | 12507 710.38 770.32 12135
o
A /2= 4097 mm.| X\ '2=3.000mm. | \ /2= 2.629 mm, )\;’zz 2.627 mm. | A [2= 1957 mm
mean N2 = 4.9985 mm. mean A {2 = 2628 mm. ‘ Y = 3842/m. sec.
4938 m.! sec.
' [y corrected for
Y = 383.8 m.[sec B Y = 493 5 m,/sec.’ l expansion,

TaBLE 11.
Velocity of Sound in Steam at 134°

f
Dia;t[‘x;xfter Freq;ency 1 VN T Velocity
] Khz,
097 | 49.395 l 0.00262 493.8
0.55 126264 | 000289 493.8
., 03.889 1 0.00333 493.5
o | ] 496.3
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(3) Carbon Dioxide.

The velocity of sound in carbon dioxide was determined at room
lemperature at 23.58 Khz, and 4947 Khz, (Table 12). The average
value reduced to 25" is 269.6 m.jsec. as compared with 269.3 m./sec.
calculated from the values obtained by Kayve and Sherrat at 9 to 27
Khz. At 97.1" the average value 15 299.7 m./sec. at 49.42 Khs, This
value is higher than that given by Kave and Sherrat,

TaBLk 12.

Velocity of Sound in Carbon dioxide.

23 783 Khz. 23.-585 Khz. [ 4947 Khz ,[ 4942 Khe.
(25%) {269) ‘ k I {97-1°)
O ] . ) ] - -
i 2002 i Pi3 20N ,2 1 " 10N /2 | n 35N /2
R |
“0-20 114.10 20-0 114-75 1-10  27.45 ; 35-0 10640
1-21 11+4-10 21-1 115-03 1 o-Z20 27.10 1 36-1 10625
1
L2 113.90 24~3 11473 2130 2733 i 372 105-15
323 114.43 23-3 114-30

424 114.05

i
1408 11477 2730 “ 10626

N, 25704 A= 20T300 | A /2=3.036
20N.2 10N ;¢ [ 35N/2

20-0 114-40 I~ 10 27.30 1 35-0 106-10
201 114-05 120 ’ 36-1 105-90
2242 113.70 9130  wRI0 | 37-2 10600
11405 31-40  27:30 f 106.00
Niz=s5.702 ‘ 7.2 A\ [2=3-029

! N 2=2-722

[N

mean \ 735 mm. | mean N {22.726 mm, | mean A {27 3-032 mom.

170-5 m sec. i
268-4 m Jsec

i
i’ v =2299.7. m.fec.
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The specific heat C, of carbon dioxide calculated from the
supersonic velocity is 8.74 cal. at 25" and 8.94 at 97.1". The results of
calculation are given below :

M lp

o g
Temp. v g R
|

]

Lo
257 i44.01 73 131.1| 269.6 [1.2908 {1.0093 [1.3028 | 2.0309 | 8.74

97,1‘§ Lo b 2097 [1.9844 |1.0043(1.2899| 2.0099 | 8.94

| L

The value of molecular heat of carbon dioxide at 25° is in
agreement with the previous results obtained by the sound velocity
method both at audible frequencies by Partington and others, and by
Kaye and Sherrat, Kneser, Richards and others in the lower supersonic
range. This value is appreciably less than the results obtained by
continuous flow calorimeter by Scheele and Heuse, but appears to be in
agreement with the spectroscopic specific heat. The older values given
inliterature at 100" vary from 9.07 to 9.54 cals. It may therefore
appeay that there is a dropping out of a vibrational specific heat from
the acoustic cycle, even at audible frequencies.

The theoretical value of the specific heat C, for a linear tria-
tomic molecule, consists of, R (for C,—C,,} §R (translation}, #R
(votation), Jquul valence vibrations of 2 C—O bonds (=2 x 0.032 at

17°, 2 i119 at 97.1°) and the contrxbutlon of the deformation
{3n—6— Z'q,)

vibrations-- »»quw» TqEd: 13 (2x 147) at 17° and § (2 x 1.647) at
97.1°).  The calculated value comes to 8.68 at 25° and 8.93 at 97.1°,
which are in very good agreement with the values (8.74 and 8.94)
obtained in the present investigation. The results obtained by the
previous workers by the velocity of sound at lower frequencies at
room temperature are normal values, while those at higher temperatures
which are determined by the thermal methods are appreciably higher.
The discrepancy is not therefore due to the failure of any portion of
the specific heat from the sound waves even at audible frequencies as
suggested by Richards and by P.S.H. Henry.

i
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A knowledge of the various components of the specific heat
of carbon dioxide makes it possible to checlk the dispersion data ot tained
by previous workers. The square of velocity of sound at 400 Khz.
and above, is 77660, at room temperature. The value of C, calculated
therefrom, comes to 7.21 calories. The value calculated by the method
given above by dropping out the share of the deformation oscillation is,
(2.03 for C,—C,, 3R for translation, 4R for rotation and 0.064 for
vibrational energy, total along with 0.06 calorie for reduction to
atmospheric pressure)=7.15 calories, which i in satisfactory agree-
ment with the value determined from the supersonic velocity.

Kneser {Ann. d. Physik, 1931, 11, 761) explains the dispersion on
the assumption that there is an exchange of energy between the translatio-
nal and vibrational degrees of freedom in the carbon dioxide molzcule in-
volving a time lag of about 10—% seconds. ““ Roughly one may picture a
gas composed of complex molecules as being stiffer for vibrations above a
certain frequency range than for those below. If the vibrations are slow
enough, all the degrees of freedom will have their full share of energy.
As the frequency increases, the vibrational degrees of freedom, for which
there is a relatively slow rate of energy exchange, will fail to take up the
share of heat and the apparent ratio of specific heats and therefore the
velocity will be increased.”

(4) Carbon Disulphide

The results of the measarements in carbon disulphide are given
in Table 13. Owing to considerable, absorption the measurements could
be carried out with some difficulty only at 494 Khz. at 97.1". At other
temperatures and at higher frequencies, the absorption was significant.
The velocity is 220.1 m./sec. at 97.1°. This value is considerably
higher than that given by the formula given in I.C.T., which apparently’
holds good between 0°-70° for saturated vapours. It is interesting to
point out that W.T. Richards, who measured the velocity of sound in
carbon disulphide vapour at 9 Khz. and at 309.14 mm., pressure, also
observed that the values were higher than those given in literature,
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TaBLE 3 .
Carbon disulphide 97.1°.

Frequency 49 42 Khz
1 Screw T Screw ! Screw Screw
n “ reading - 12 reading n | reading | i reading
| mm. X mnl | mm, : H mn
. } . L _
0 1280 ¢ o 127.75 0 3275 |
| ; ;
. 1475 | 1oL a2sas 1] 3480 401 ‘
| | '
3 1930 | 4 | 12310 El 3720 | 411 |
i i
3 23,00 ‘ 10 ‘ 103 60 1| 3610 44—z ‘
|
e 4475 ! IER 9440 20 ‘ 77.10 et L §BA0
3 038 E 3335 30 100 45 433 ‘ 88,40
| | ! |
33 ‘ 56.90 i 25 | 7230 335 0 11120 ; L osya0
! I
300 113.35 ; 3¢ ‘ 3125 40 | 122,25 ‘ ne=
46 | 35 ‘ 50415 41 124 30 | 2.20% mum,
: : | I .
47 | 40| 3925 ! 2 1 12e70 |
i ! ! |25 N2
# 12005 ! 43 28.00 43 | 128,95
' 12 —0 1 5350
45 N\ /2 [meun ! Az ‘ 0N 2
R R - 33.43
: 100.55 10Nz 2212 40— 56,30
| . . AN 51
Al 10.80 ¢, 3 L 2216 1 41— | $030 |
! i ; i \ 1 o=
A3 W7z . 2223 “ S22 L EU S0
! . ; 2200
[ teoeo 2217 S0.50 | \
| i ‘ |
N\ 2= 22375mm N 2= 2217 mm. \ /2= 223735mm [mean \/2== 2214 muw

mean A\ {2 = 2.2265 mm.

Velocity = i)\
= 220.07 m. sec.

The specific heat C, of carbon disulphide calculated from the
supersonic velocity is 11.2 cal.at 97.1° at 494 Khz., The details of
calcnlations are given helow :

Tep. M v Vo pr 9 .k

97.1 7613 72.9 2730 220.1 1198 1.0809 1235 2123 11.2

—
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The calculated value of the molecular heat of carbon disulphide
compares favourably with the result 11.6, obtained by Bhagavantam
(Proc. Ind. Acad. Sci. 1938. 7A, 245-50) from spectroscopic data, and also
with the value (12.2) given in literature at 138°. Theresult showsthatat
49 Khz. the value of the observed velocity of sound isnormal, This obser-
vation is in agreement with the conclusion reached by W. T. Richards
(J. Chem. Phys. 1937, 2, 193) as a result of measurements of super-
sonic velocity in carbon disulphide vapour at low pressures and at lower
temperatures. Richards however remarks: “It is surprising to
find that although carbon dioxide and carbon disulphide so closely
resemble each other, that a part of the heat capacity fails to participate
in the velocity of sound at audible frequencies in the former, while in
the latter all the heat capacity remains fully active well in the ultrasonic

range . The results obtained by the author, however, show that both
carbon disulphide and carbon dioxide behave in the same way at 50 Khz.
SUMMARY

The velocities of sound in air, steam, carbon dioxide and carbon
disulphide have been measured at different frequencies in narrow tuhes,
at different temperatures and 685 mm. pressure,

The average value of velocity in air between 23.58 and 564 Khz.
when corrected for the effect of the tube, is 347.1 m./sec. at 25°, there
being no dispersion. At 97.1° the velocity is 386.8 m.fsec. and at
134°, 401.6 m./sec. between 49.5 and 126 Khz. The results at higher
temperatures, namely, 160° and 190° in .a Pythagoras tube were not
on the same curve as the values obtained between 25° and 100° owing
to uncertain tube corrections.

The supersonic velocity in steam at 134° is 496.3 m./sec., between
49.4 to 126.3 Khz. after correcting for the effect of the tube. The
value for specific heat calculated from the velocity is 8.26 cal., which
Is in exact agreement with the value derived from spectroscopic data.

The supersonic velocity in carbon dioxide was determined at
room temperature and 97.1° at 49.5 Khz., It was not possible to obtain
measurements at higher frequencies owing to absorption. The value
of velocity at 25°is 269.6 m./sec., which is in agreement with the
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previous results. At 97.1° the velocity increases to 299.7 m./sec. The
specific heats calculated from the supersonic velocities are, 8.74 cal,
at 25°, and 8.94 cal. at 97.1°. These results are in agreement with
the previous values obtained by the velocity of sound at lower frequen-
cies, and with those calculated from spectroscopic data, but are lower
than the results obtained by the calorimetric method.

In carbon disulphide the supersonic velocity is 220.1 m./ sec.
at 97.1°, at 40.4 Khz. The specific heat calculated from the supersonic
velocity comes to 11.2 cal., which is in agreement with the spectroscopic
value,

The results of the present investigation are summarised in the
following table :

vl G,
m./sec. { obs. | cal
Steam (134°) 496.3 } 1.3295 8.26 8.26
Carbon dioxide (25°) | 269.6 | 13028 . 8.74 8.68
(7.9 | 2007 i 1.2899 894 | 893
Carbon disulphide | 1
97.1) 1 220.1 f 1.2350 11.2 11.6
|
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