
SUPERSONIC VELOCITY IN GASES AND VAPOURS. 

PART 11. SUPERSONIC SATELLITES IN VAPOURS. 

Hj, S. K. K~ilkanli  ia tkar .  

INTRODUCTION. 

I n  P a r t  I i7'hi.i !o:i,;ial, 1938: 21A. 235-71 1 the major sate~jites 
in a sul'crsonic interferometer h;w been j h o \ ~ ~ ~  to be due to tile inter- 
ference between the main sound beam and the diffracted waves which 
arc  reflected by the walls oi the tube. In  fact, the phenomena is very 
himilar to  the  wive interiere~lce which is observed in connection \?-ith 
radio signal fading. I t  is well known that fading of the \,-ireless 
signals is due to interierence between the direct 'ray' and that reflected 
frcmi the 1-lenviside layer. ur between two reflected rays coming from 
ditierrnt !,arts uf the Heavisicie layer. The different reflections 
reach the rccciver bj- different paths with phase shifts among them- 
selves, the resulting signal being zero ur very strong according to 
the tiiffrrcncc in phasc. The srriking resemblance between the curves 
for  ratlicr signal fatiing and those which are obtained in the supersonic 
jntcrfer~mctci-  11:ii; ;ilre:dj- been pointed out by the author. which led 
him to s u x r c t  that the periodic signal fading, its depe~lclance on \yaw- 
Ien~-:-th m t l  its ~)ronuunced peakiness with associated 'satellites' depend 
upin the regular mrxemei:t c d  the Heaaisicle layer alone ( P ~ o r .  I~rd .  
Sri .  C'~iic/i.!,.r.~, 1930, 1). 101) (Eiecf~otec!inics, 1938, No. 11. 84-6). 

, , 1 hc use of screens suggested by Eucken and Becker (Z. Plzys. 
C~LCIII.. 1031, Abt. U.! 27, 219j is only a partial remedy as shown in 
P a r t  I. Lining the walls of the tube with sound-absorbing material, 
if sucIl a m:ttcrial could be found for high frequencies: may also 
simplify thc interference cul-ires. 

A far  tliote serious conlplication, hov.-ever. is due to shift 
of phase ill f ron t  of the oscillator, in the main sound beam. The 
tl?col.v s1lo\v-, that the reg-ion near the-radiator. is full of chawes of 
pllasc allt] j , l~e, is i t~.  which 'may produce complicated reactions of the 
\Laye-; returtlcd by the reflector, on the oscillator which is used to 
cletcct the pl?nse of the reflected waves. 

'j'hc ;l,,p:lratus used and the experimental procedure f o l h w d  
Grallau. Kneser, Eucken and Becker, Zulkhe, Richards several 



others, are not calculated to overcome the various conl$ications. 
\V. T. Richards reports having encountered startling irreplari t ies,  
which he ascribes to the fact that the waves generated by piezoelectric 
or magnetostriction oscilIators, are not or purely sinusoidal to  any 
high deg-see of approximation, due to the various parts of the surface 
of the oscillator not vibrating in phase with each other. This factor 
may, however, produce only da~nping of the quartz platc nhich should 
otherwise oscillate as  a whole, although the sensitivity of  different 
purtions of the racliating face to the prcssurc changch may vary, as 
found by the author. 

As shown in Pa r t  I the 'satellites' observed in the supersonic 
interferolneter in air  and other gases were only apparatus effects, and 
disappeared when experiments were made using a resonance method 
in narrow tubes. Two  difficulties arisc in regard to the lise of narrow 
tubes. One is the somewhat uncertain correction for  the effect of 
viscosity and heat conduction by the walls of the tube for different 
gases and vapours, and the other is thc decreased sensitiveness of the 
quartz oscillator to the reaction of the resonating- tube, and the con- 
sequent clifficulty in carrying out measurements in Kases and vapours 
\vhich showed strong absorption. It was Iountl by thc author that, 
in the case of carbon disulphide, in spite of the increased density, the 
absorption was so pronounced that, mcasuretnents could not be taken 
for  more than a few wave-1eng.ths near thc crystal at  50 Rliz., and 
no measurements whatever could be tnacle at  100 Khz. and above, even 
near the source. In the case of vapnurs i ) C  mrthylene dicliloridc and 
ethyl acetate. measurements could lint I)c obtained above 126 IClm 
It was, therefore, necessary to  examine thc 'wave form' obtained 
in various vapours in wide tubes, to find out if reliable nleasurements 
could be obtained fronl the position of the major peaks, on the 
assumption that they correspond to integral nun~ber  of half wave- 
lengths. I t  was found, however, that these peaks showed variation 
of phase and intensity a t  different positions of the reflector on the 
axis of the crystal oscillator, which made the observed values of wave- 
lengths unreliable. I t  has been shown in this papcr, by rcl~roductions 
of the numerous records, that only narrow,tubc method can 11c used 
fo r  accurate cleterlninations of velocity. r h e  decreased sensitivity 
is offset to some extent by the increased reaction due to higher density 
of the vapours. 

EXPERIMENTAL. 

The apparatus used has already been described in Pa r t  T 
(loc. cit.). In  Fig. 1, curves 1 and 2 represent the \.ariation of the 
anode current of thc valve oscillator for different positions of the 



reflector in ethyl ether vapuur, at 95 Khz. Curve 1 was procll~ced 
when thc oscilkdions were weak and the curve 2, when oscillations 
were strong, the increased reaction in curve 1 b e i ~ ~ g  :due to more 
Favc~urable \-ahe characteristic, as explainpd in Part  I. Tube diametcr 
was 7.5 cms. and reflector, 5 cliis. in all the curves. 

Curve 3 represents two records (slightly displaced from each 
other otl purpose), showing the anode current variation in air at 
50 Khz. in the same tube, with two clifierent mode cnuplings. 

Curve 4 shows the same variation in steam at  110". 
Curve .5 sllows the intex-ierometer curve for ethyl alcohol vapour. 
Curve 6 ihows the record of the interferometer f u r  ethyl ether 
Cui-vr 7 shows the record of the lnterierometer for methyl alco- 

hol v n ~ o ~ r .  
T h e  follow in^ tables Eive the results of some of the typical 



Pig. 1, Curve 6. 

Ethyl ether. 

Observed 
value 

8.80 

4.90 

26.90 

48.60 

51.95 

53.30 

04.20 

67.45 

71.50 

74.06 

84.70 

8 9 4 0  

93.23 

107.65 

114~30 

117.95 

122.45 

T h e  ahove tables show the screw readings For the principal peaks 
obtained in Fig. 1, along with the calculatecl values given in the second 
coluinn on the assumption of an averag-e wave-length. The last 
column shows the deviations of the observed from the calculated 
values. The values obtained for the deviations, if plotted against 
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FIG. 2. 



distance, abundantly prove that the principal peaks shown in the 
Pierce interferometer are not integral numbers of half wave- 
lengths apart. Any simpliiication of the resonance curves ob- 
tained by change in the valve circuits, which has been advocated 
by many workers in this field, caJ1 only be clue to decreased sensitivity. 

At 95 Khz. the use of 4- cm. tube with a reflector of the s a n e  
size cave better results than a tube of 8 cm. and a reflector oE 5 cm. 
(see Figs. 2 and 4, Par t  I ) .  The following table shows some of the 
typical results for the averag-e half wave-length in air at 95 I<hz. 

The following table gives typical values of the velocity of sound 
in gases and vapours as determined by the Pierce interferometer. 

The values are appreciably different from those found in 1 cm. 
tube given at  the end of the paper. It is evident that no reliance can 
be placed on these measurements. 

Steam . . 
Ethylivloahol . . 

Ethyl ether . . 
Methyl alcohol . . 
Air . . 

Carbon dioxide . . 
Methyl ether . . 

In  Fig. 2; curve A shows the reaction-distance pattern obtained 
for ethyl alcohol vapour in a tube 1 cm. diameter at  50 Khz. The 
experiment has been repeated thrice in s~iccession, the third curve 
being reproduced only for the corresponcling miclclle portion, to show 
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that the results are reproducible. G u v e  13 reIirescnts 'the s t a~~di l lg  
wavc system' in acetone vapour ~ulder thc same circutrlstances. Curvc 
C sliows thc same phcnolncna in benzene vapour. Curve D is fur 
chlorolol-m \ . : L ~ L I T .  Curve I2 shows Lwo repeated patterns for tncthyl 
alcohol. Cxrve 1: shows iluplicate sets oi results obtained for air. 

* ( 1 hc slip produced in the records in the duplicate curves is due to 
the recording paper, the corresponding screw readings having shown 
rcl)~-o~lucibility within 0.05 of a mm. 

I n  thc following- tables are given, the results of n~easuren~ents 
of wavc-leng-lhs of some typical vapours at 97. l o  in a tube 1 cm. 
in diameter at  49.42 Khz. The ~neasuretnents were done by recording 
thc screw readings for the maximluin anode current for iridividual 
I>ealcs, the results being given for  eclual number ( l lA12) of successive 
intervals of half wave-lengths. 

Temp. 97.1" 
- 

Mrlhyl Alcohol 
- - - -- - - -- 

30 A12 

36-6 101.05 
36-8 101.05 
37-7 100.80 

38-8 100.80 

38-9 101.00 

40-10 101.05 

700.96 

Ethyl Ncohul Ethyl Ether 



Methyl dim 

Temp. 35" 
-- - -- 

50 Xi2 

51--1 123.25 

2 - 2  12345 

53-3 123.05 

51-4 123.03 

5s-5 123.20 

56--6 123.20 

57-7 123.10 

56-8 120.01 

123.12 

,),I" 2 . 4 E  

51 XI2 

5 1 4  126.15 

52-1 126.55 

5 126.45 

mean hlr = 2.4:? m. 

Velocity = nA 
= 215.1 m.lsec 

----- 
elocity = nX Velocity - lu\ 

= 140.6 m./se, = 240.4m.!sec. 



Chloroform 9 i . l o  

- -- - 

30 h 2  

31-4 51.70 

35-6 51.75 

30-6 51.70 

37-7 51.70 

"-8 51.70 

39-9 51.65 

51.70 

h12 = 1.723 mm. 
- -- .. - -- 

1. = 170.3 m./wo. 

Air 

50 Khz. 



Carbon tetrnehlor~de 
Temp. 9i.l" 

Prapyl ether 
Temp. 97.1' 

i t  uill be seen from curve A that the pol-tion, where there is 
slight irre:iularity, shows an inverted ~ ~ e a k .  but  there is apparently 
no phase sh i f t .  'The wave-length is 5.32 mm. in ethyl alcohol. 

In curve B f o r  acetone, the wave-length is 3.89 mm.. ant1 there 
are three il~verterl peaks. 

In curve C [or benzene, where the u~ave-length is 4.05 Inin. 
thct-e are at least two regions of complicated wave form. The 
measurements. however, show that there is no phase shift, as  c(~uld be 
fomd by noting the differences between the calculated and observed 
readings. 

111 the curve 1) for chloroform vapour, in which the wave-length 
is 3.4- m n . ,  the tendency to show complesity is apparent with diminish- 
ed wave-length. 

11-1 curve E for methyl alcohol, thc improvement of the wave-form 
is  due to the increased wave-lcngth which is 6.72 mm. 

In curve F for air, the wavc-length is 7.0 mm. at 25" C. The 
further improvement in the wave-form with the increased wave- 
length is quite clearly shown. 

I t  will be shown in a subsequent communication that at  higher 
temperatures, when the wave-length becomes 8 n m .  the correction for 
the diameter of the tube is appreciable, as the wave-length is com- 
parable with the diameter of the tubc. 



A s  the wave-lengths in vaponrs arr  lower and as further 
experimciits west: done a t  higher fret~uencies, a tube of 5 Inm. dia- 
meter was used fo r  subsec~ueat experiments. Al thnu~h  the rmrticm ~- ~ -- ---- 
was cnormuusly decreased, there mas no difficulty in getting reliable 
n~easurernents by adjusting the power in the oscillator and the position' 
01 the valve charactcristic, so as to get maximum anode reaction. 

SUMMARY. 
1:urther evidence regarding the con~plexity uf the \\-ave-fornl 

i l l  thc I'icrcc interferometer in val)ours, has beell brought forth by 
re1)rotluctiot~ o f  the typical recorcls, which show variatiotls of intetlsity 
and phase, clue to diffraction effects. The anon~alous results obtained 
a rc  thus clue to csperimental method, rather than to any charactcristic 
of the phrsical situation, such as complexity of the niolecule and its 
structure, ;end the attendant absorptio~i and dispersion. 

As a rcsult of many experiments, only the narrow tube methud 
has been found to be satisfactory for  accurate determination of 
relocity. 'I'hr frdlowing table shows the values of the ~elocity of sound 
j11 metcrdscc. a t  49.42 Khz. in a fern typical gases and vapours in 
1 cm. brass tube, a t  685 n m .  


