
PART VIII. SUPERSONIC VELOCITY IN AlR, STEAM, 
CARBON DIOXIDE AND CARBON DISULPHIDE. 

INTRODUCTION. 
Since the orlgiilal wol-k of Pierce (Proc. *lmer. :\cad. ;Irk Sci. 

1925, 60, 271), a uumher of papers have appeared on the 
velocity of sound in air a t  room temperature. [cf. Partington and 
Shilling, 3 Khz. (Phil. Mag. 1928, 6, 920); Cornish and Easttnan 
(Phys  Re\-. 1929, 33, 90, 258) ; Hubhard, 218-476 Kllz. (Phys. Rev. 
1930, 36, 1668) ; Pielemeier, 1216 IChz. (Phys. R e v  1930, 36, 1005 ; 
1931, 38, 1236); Reid 42-140 Khz. (Phys. Iiec. 1930, 35, 814 ; 1931. 
37, 1147) ; ICao, 20-70 Iihz. (Ann. Phys. P;tris, 1932, 17, 315); 
Ilersl2berger, 20-70 Khz. (Physics 1932, 2, 269); Vance, 30-200 Iihz. 
(Phys. Rev. 1932, 39, 737) ; Guabau, 20-70 1<11z. (Jour. Xcoust. Soc. 
1933, 5, 1 ) ;  Iiaq-e and Sherrat, 0.5 to 27 Iihz. (Proc. Roy. Soc. 1934, 
147, 292 ; 1936, 156, 504) ; Norton, 20-70 I<hz. (Jour. -4coust. Soc, 
1035, 1, 16); Ishi, 2000-2892 IChz. (Sci. Pxp. Inst. I'hys. Chem. lies. 
Tokio, 1935, 26, 201); I'earson, 92-SO0 Iihz. (Pi-oc. Phys. Soc. 1935, 
47, 136); Parker, (Proc. Phys. Soc. 1937,49, %)I. Most of the 
results point to an average velocity of 331.7 rn./sec. at 0' from 20 to 150U 
lihz. The only results above room tempernture are those by Kaye arid 
Shermt, which are confined to 0.5--27 IC'hz., a t  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 unfortunate11 not so accurate as in the case 
of vapours, owing to smaller number of half wave lengths measured a t  
lower frequencies, and to uncertain tube corrections. 



in the present paper the author has given the results he obtain. 
ed for supersonic velocity in air from 23.6 to 564 Khz. a t  room 
temperature and between 49.5 to 127 Khz. up to 200'. The  velocity of 
sound in free air was found by carryirg out experiments in tubes of 
different diameters. The value a t  room temperature was in agree- 
ment with the results of other worker. The supersonic velocity in 
steam superheated to 1 3 4 O  a t  685mrn. was also measured from 49 to 
126 Khz., and the specific heat deduced, is in good agreement with the 
value obtained from sp~ctroscopic data. 

In carbon dioxide and carbon disu!pliide, owing to con- 
siderable absorption, measurements could be made only a t  50 Khz. 
a t  wl.ich the velocity observed, indicated the normal molecular heat for 
both the gases. 

EXPERIMENTAL. 

The apparatus used and the experimental method of procedure 
was the same as that d-sc~ibtd i n  the previous parts. The  various quartz 
oedlators us2d in tlili; investigition were those described in Part  IV 
of this series. 

( I )  Velocity o f  Sound irc Air 

A slow stream of air freed from carbon dioxide and moisture by 
passicg over soda lime and P,O,, was passcd into the apparatus 
while makirg measurements, the results of which are given in the 
following tables. 
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TABLE 4. 
Air. 

5 mm. danmeter brass tubs. - 
I 
I 

n 8 0 X / Z  

8 0 - 0  108.1s 
81- 1 108.12 
8 2 - 2  108-15 
53-3  108.15 

106'. 15 
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84 ), jl 
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1 -85  113.75 
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TABLE 6 

Air. 
7.5 cm. brass ttrbe 
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Velooly of Sou~zd cn A LT at 95'. - 
Tube F~equencr , 

cl~nlnete~ I 

cm. - -- 

I 
Velocity 

P= Ppthagoras. 
TAIIJ.I- 8. 

Velocity of Soulzd icz  Aw a/ 97.1' - 
Tube I Frequency 1 

Diameter ~ f 1 ~lw 3 Veiocit>- 
cm. K l i z  

0.97 1 49.42 1 0.00262 1 385.5 



The values a t  room temperature were reduced to 2 5 O  by applying 
the temperature coefficient. The tube correction was applied by plot- 
ting the factor l /d  .1/.Ifwhere d is the diameter of the tube and f i s  the 
frequency, ag~ins t  the observed velocity, and extrapolating for zero factor. 
The extrapolated velocity of sound in air a t  25' between 49 and 127 
I<l~z  n a s  347.0 m./sec. The narrow tube method could not be used for 
higher frequencis. The measurements were therefore carried out in 
a 7.5 cm. diameter tuhe and consequently there was no tuhe correction. 
At 396.5 Rhz. the \.elocity was 3-+7.lm./sec., and a t  564 Khz. 347.2m.l 
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 a t  higher tempe- 
ratures were confined to frequencies between 46 to 127 Khz. and werc 
carried out in two brass tubes of 9.7 mm. and 5.5 mm. The correct& 
value for the velocity of soucd a t  97.1' is 386.8m./sec., which is in 
agreement with the value obtained by Kaye and Sherrat, a t  lower 
irequencizs. The values a t  134O are summarised in Table 9. The  line 
pas&-g through tube factors at  94 and 126 Khz. gives 401.6 m.jscc. as 
the extrapolated value, the result a t  49 Khz. in a 9.7 mm. diameter 
tube bci.ig too low. 

TABLE 9 

Velozity of Sound in Air at 131'. 

Frequency 1 
Diameter 1 f j l / d v T  Velocity 

cm. Khz. I 

0.97 1 49.395 0.00262 395.4 
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397.2 
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401.6 
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Expenrnents mere conducted in a Pythagorous tube of 13 mm. 
d i a m e t e h t  various temperatures. The results are given in Table 5. 
The values at room temperature :ire reduced to 2 7  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 tuhe owing to the compara- 
tively iarge diameter, the velocity a t  94.5 Khz being practically the 
same as in free air. The xelocity a t  83" was 376.5 m./sec. which is in 
agreement with the previous values. The values of velocity a t  lWa, 
159"162" and 189' xirere on a regular curve but were different from the 
value a t  100°, and are therefore subject to correction for the effect of 
tube. Experiments could not be carried a t  higher temperatures owing to 
absorption. 

(2)  Steam. 

The results for steam a t  134" are given in Table 10, and 
summarised in Table 1 L 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 thc Berthelot's equation of state. 
The vr~rious constants used for calculation are M = 18.016, p,= 194.6, t, 

Y = 1.3295, C,-C, = 2.0987, 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 
calories, in excellent agreement with the result obtained from supersonic 
velocity. 
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TABLE 10 

Steam. 13.1" 

49.395 1'31% 1 
- 

I !  +n h .'Z 
t i -  3 llO.BJ 

46 - 4 110.26 
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mean XjIl = 4.iBSj nrm. 

Y = 493.8 m.jsec 

mean ),;a = 2,626 mm. 
- - - - .:,..<. . . , . 

Y z.493.5 m,jsec. 

TABLE 11. 
Velocity of Somd iiz Steam at 734" 

cm. 1 / d v x f  Velocity 

I I I 



The elocity of souilcl i11 carbon dioxide was determined at room 
temperature at 23.58 Khz. aucl 49.47 Khz. (Table 12). The average 
\ d u e  reduced to 25' is 269.6 m.isec. :is compared wit11 269.3 m./sec. 
cxlculated from the valucs ohbinecl hy Kaqc aiid Shcrrat at 9 to 27 
l i l~z .  .it 97.1' the average value 1s 299.7 m./sec. at 19.42 Kh%.  This 
\.slue i s  higher than that +.en I,!- Kaye a n d  Slirrrat. 

Velocity of Soumi in Carbo~t &oxide. 

mean \ 12=5.7ai mm. / mean ?, ;I?=5.:3.5 mm. 
-- -. -- -. . - - 

T F  P69.i N.'+%. 
\-,,'- 269.5 p. see. 



The specific heat C, of carbon dioxide calculated from tlx 
supersonic velocity is 8.74 cal. a t  25' and 8.94 at 97.1'. The results oi 
calculation are given below : 

The value of molecular heat of carbon dioxide s t  26' is in 
agreement with the previous results obtained by the sound velocity 
method both at audible frequencies by Pastington and othrrs, and bl 
Kaye 2nd Sherrat, Kneser, Richards and others in the lowci. supel-sonic 
range. This value is appreciably less than the results obtained by 
continuous flow calorimeter by Scheeie and Heuse, but appears to be iu 
lgreement qith the spectroscopic specific heat. The o!der values given 
inliterature a t  100" vary from 9.07 to 9.54 cals. It may therefore 
appear that there is a dropping out of a vibrational specific heat frorn 
i h ~  acoustic cycle, even a t  audible frequencies. 

The theoretical d u e  of the speclfic heat G, fol :i linear tria- 
tornic niolecule, consists of, R (for C,-C,,) $R (translation), 2R 
(rotation), Pq:Ev, %alence vihl-ations of 2 C -0 bonds (= 2 x 0.032 a t  

17". 2 \ i.119 at 97.1") md the contribution of the deformation 
(311 --6-Gqi) 

vibrations. ' CqiES, 1 (2 s 1.47) a t  1.7" and -$ (2 x 1.647) a t  
CY, , 

97.1°]. The calculated value comes to 8.68 a t  25' and 8.93 a t  97.1°, 
wh~ch are in {erp good agreement wlth the values (8.74 and 8.94) 
obtained In the present investigation. The results obtained by the 
previous workers by the velocity of sound a t  lower frequencies a t  
room temperature are norrnal values, while those a t  higher temperatures 
which are determined bv the thermal methods are appleciably higher. 
The discrepancy is not therefore due to the failure of any portion of 
the specific heat frorn the sound waves even a t  audible fcequencies as 
suggested by Richards and by P.S.H. Henry. 



h knowledge of the various componenrs ot the specific heat 
-A carbon dioxide makes it possible to check the dispersion data 01 taineii 
by previous workers. The square of velocity of sound a t  400 Khz. 
and above, is 77660, a t  room temperature. The -\-alue of C, calculated 
therefrom, comes to 7.21 calories. The value calculated by the metkod 
given above by dropping out the share of the deformation oscil!ation is, 
(2.03 for C, - C,, $R for translation, R for rotation and 0.064 for 
vibrational energy, total along with 0.06 calorie for reduction to 
atmospheric pressure)=7.15 calories, which is in sarisEactory agree- 
ment with the value determined from the supersonic velocity. 

Knes2r (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 dzgrees of freedom in the carbon dioxide molccu!e in- 
volving a time lag of about seconds. " Roughly one may picture a 
gns composed of complex molecules as being stiffer for vibrations above a 
certain frequency range than for those below. If the vibrations are sloa 
enough, all the degrees of freedom will ha\-c their full sharc of energy. 
As the frequency increases,the vibrational dt grees of freedom, for which 
there is a relatively slow rate of energy exchange, will fail to take up the 
share of beat and the apparent ratio of specific heats and therefore the 
velocity will be increased." 

The results of the measurements in carbon dijulphide are given 
in Table 13. Owing to considerable, absorption the measurements could 
be carried out with some difficulty only a t  49.4 Khz. a t  97.1'. A t  other 
temperatures and a t  higher frequencies, the absorption was significant. 
The velocity is 220.1 m./sec. a t  97.1'. This value is zonsidembly 
higher than that given by the formula given in I.C.T., which apparently ' 
holds good between OD-70" for saturated vapours. It is interesting to 
point out that W.T. Richards, who measured the velocity of sound in 
carbon disulphide vapour a t  9 Khz. and a t  309.14 mm., pressure, also 
observed that the values were higher than those given in literature. ' 
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The calculated value of the molecular heat of cztrhoil disulphide 
compares favourably with the result 11.6, obtained by Bhagavantam 
(Proc. Ind. Acad. Sci. k938. 7A, 245-50)from spectroscopic data, and also 
with the value (12.2) given in literature a t  138'. Theresult shows thata t  
40 Khz. the value ol the ohsenred velocity of sound is normal. This obser- 
vxtion is in agreement with the concl~sion 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 premurcs and a t  lower 
temperatures. Richards however rcmarks: " I t  is surprising to 
find that although carbon dioxide and carbon disulphide so closely 
reseinble each other, that a part of the heat capcity fails to participate 
in the velocity of sound a t  audible frequencies in the former, while in  
the latter all the heat capacity remains fully active well in thc ultrasonic 
range ". The results obtained hy the author, however, show that both 
carbon disulphide and carbon dioxide behave in the same way a t  50 Iihz. 

SUMMARY 
The velocities oT sound in air, st.e:i~n, carbon dioxide and carbon 

disulphide Imve been measured at  dilrerent frequencies in narrow tulies, 
: ~ t  different temperatures and 685 mm. presiure. 

The avesagc value ofvelocity ill air betwecn 23.58 and 564 Khz. 
when corrected for the effect of the tub?, is 347.1 m./sec. :lt 25", there 
being no dispersion. At 97.1" the veiociiy is 386.8 m./scc. and a t  
134O, 401.6 m./sec. between 49.5 and 126 Khz. The  r e s~~ l t s  a t  highcr 
temperatures, namely, 160" and 190" in a Pythagoras tuhe were not 
on the same curve as the values obtained hetwcen 25" and 100" owing 
to uncertain tube corseciions. 

The supersonic velocity in steam a t  134" is 496.3 m./sec., hetween 
49.4 to 126.3 Khz. after correcting for the effect of the txbe. 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°, a t  49.5 Iihz. It was not possible to obtain 
measurements a t  higher frequencies owing to absorption. The value 
of velocity a t  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. 
a t  25", and 8.94 cal. a t  97.1". These results are in agreement with 
the previous values obtained by the velocity of sound a t  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. 
a t  97.1°, a t  49.4 Khz. The specific heat calculated from the supersonic 
velocity comes to 11.2 cal., which is in  agreemsnt with the spectroscopic 
value. 

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

Steam (134") 496 3 

Carbon dioxide (25")69.6 

(97.1") , 299.7 

Carbon disulphide 
I 

(97.1') 1 220.1 

obs. cal 
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