SUPERSONIC VELOCITY IN GASES AND VAPOURS.

PART li. SUPERSONIC SATELLITES IN VAPOURS.
By S. K. Kulkarni Jatkar.

INTRODUCTION,

) In Part T (This Journal, 1938, 21A, 245-71) the major satellites
n a supersonic interferometer have been shown to be due to the inter-
ference between the main sound beam and the diffracted waves which
are _rchutcd by the VyﬂHs of the tube. In fact, the phenomena is very
similar 1o the wave interference which is observed in connection with
radio signal Tading. It is well known that fading of the wireless
signals is due to interference between the direct ‘ray’ and that reflected
from the Heaviside layer, or between two reflected rays coming from
difterent parts of the Heaviside layer. The different reflections
reach the receiver by different paths with phase shifts among them-
selves, the resulting signal being zero or very strong according to
the difference in phase. The striking resemblance between the curves
for radio signal fading and those which are obtained in the supersonic
interferometer has already been pointed out by the author, which led
him to suggest that the periodic signal fading, its dependance on wave-
length and its pronounced peakiness with associated “satellites’ depend
upon the regular movement of the Heaviside layer alone (Proc. Ind.
Sci. Congress, 1930, p. 104) (Electrotechnics, 1938, No. 11. 84-6).

I'he use of screens suggested by Fucken and Becker (Z. Phys.
Chem., 1934, Abt. B., 27, 219) is only a partial remedy as shown in
Part 1. Lining the walls of the tube with sound-absorbing material,
it such a material could be found for high frequencies, may also
siniplify the interference curves.

A far mote serious complication, however, is due to shift
of phase in front of the oscillator, in the main sound beam. The wave
theory shows that the region near the radiator, is full of changes of
phasé and jntensity, which may prodice complicated reactions of the
waves returned by the reflector, on the oscillator which is used to
detect the phase of the reflected waves.

T'he apparatus used and the experimental procedure foltowed by
Grabau, Kneser, Eucken and Becker, Zilkhe, Richards and several
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others, are not calculated to overcome the various complications.
W. T. Richards reports having encountered startling irregularities,
which he ascribes to the fact that the waves generated by piezoelectric
or magnetostriction oscillators, are not plain or purely sinusoidal to any
high degree 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 damping of the quartz plate which should
otherwise oscillate as a whole, although the sensitivity of different
portions of the radiating face to the pressurc changes may vary, as
found by the author.

As shown in Part I the ‘satellites’ observed in the supersonic
interferometer in air and other gases were only apparatus cffects, and
disappeared when experiments were made using a resonance method
in narrow tubes. T'wo difficulties arise in regard to the use 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 the decreased sensitiveness of the
quartz oscillator to the reaction of the resonating tube, and the con-
sequent difficnlty in carrying out measurements in gases and vapours
which showed strong absorption. It was found by the author that,
in the case of carbon disulphide, in spite of the increased density, the
absorption was so proneunced that, measurements could not be taken
for more than a few wave-lengths near the crystal at 50 Khz., and
no measurements whatever could be made at 100 Khz. and above, even
near the source. In the case of vapours of niethylene dichloride and
ethyl acetate, measurements could not be obtained above 126 Khz.
It was, therefore, necessary to examine the ‘wave form’ obtained
in various vapours in wide tubes. to find out if reliable measurements
could be obtained from the position of the major peaks, on the
assumption that they correspond to integral number of half wave-
lengths. Tt was found, however, that these peaks showed variation
of phase and intensity at different positions of the reflector on the
axis of the crystal oscillator, which made the observed values of wave-
lengths unreliable. It has been shown in this paper, by reproductions
of the numerous records, that only narrow tube method can he used
for accurate determinations of velocity. ‘The 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 Part T

(loc. cit.). In Fig.1, curves 1 and 2 represent the variation of the
anode current of the valve oscillator for different positions of the
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reflector in et‘hyl ether vapour, at 95 Khz. Curve 1 was produced
when the osmﬂathns were Weakband. the curve 2, when oscillations
were strong, the increased reaction in curve 1 being due to more
favourable valve characteristic, as explained in Part I. Tube diameter
was 7.5 cms. and reflector, 5 cms. in all the curves.

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

Curve 4 shows the same variation in steam at 110°.

Curve 5 shows the interferometer curve for ethyl alcohol vapour.

Curve 6 shows the record of the interferometer for ethyl ether.

Curve 7 shows the record of the interferometer for methyl alco-
hol vapour.

The following tables give the results of some of the typical
measurements at 50 Khz.

Fig. 1, Curve 4. Fig. 1, Curve 5,

Steamn. Ethyl alcohol.

S sy | Colemied | Ditonce || Obersea | alutten E Difterence
1 5B0O 490 l — 090 . T . ‘%Sm‘oo v—_—o o
3 1340 1470 ! 4 1-30 . s s e
5 24.50 24-50 | +0-20 " o w00 i
¢ B0 2040 ‘ s 21 65-60 63-00 —2.60
8 4005 39-20 —0-85 - oot .00 e

12 7888 -8 . —oes 34 104-40 102-00 — 2.40

H 0589 6860 —o 35 106-00 105-00 —1-00

16 7850 78-40 } —g-10 s l om0 10500 oo

17 83-20 §3.30 | 4+ 0-10

20 97-05 98-00 1095

23 112.25 132-70 4045

24 115-65 117-60 +1-95

26 126 -40 32740 % 4 100
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Fig. 1, Curve 6. Fig. 1, Curve 7.
Eihyl ether. Methyl aleohol.

n 01;5:11“1‘;9d Ca‘iiﬂ]:; ed Difference % 0 ]‘);eﬁl‘: 4 Gal‘iﬁl‘;h:cd Difference
1 2.60 92.29 — 038 1 360 3-30 ~ Q-30
2 4-90 444 — 046 2 570 6-60 4~ 0-90

12 26-90 26-04 — 026 3 10-00 9-90 ~0-10

22 48-60 48-84 -+ 024 4 13.85 13-20 ~ 065

23 5195 51-06 —0-89 5 17-50 1650 ~ 1.00

24 53-30 53:28 —0.02 6 21-10 19-80 ~—1.30

29 6420 64-38 4+ 0.18 7 2475 23:10 — 1-85

30 67:45 66-60 —0-85 10 31-60 33-00 -~ 1.40

32 71.80 71.04 — 076 11 34+70 36-30 4 1.60
33 T4.05 73-2G — 079 12 38-25 30-60 = 135
38 84:70 84-36 — 0.34 13 40-95 4290 ~- 1.95
40 89.40 88-80 — 0-60 15 48430 4950 - 1-20
42 93.23 93.24 -+ 0-01 17 55-05 5610 ~+ 1.03
49 10765 108-78 + 113 20 65-10 66-00 ~+ 0-90
51 114-30 113.22 — 1.08 21 67-95 6930 - 1-38
53 117.95 117.66 —0.29 22 71-10 72.60 ~+ 1-50
55 122-45 122.10 —0-35 23 T4 50 7590 <+ 1.40

25 82-50 82-50 0

26 8G-30 83-80 — 050
29 93-60 95-70 -+ 0-10
30 99-15 99-00 —0-15
31 101-10 102-30 +0-60
33 109.40 108-90 ~ Q.50

The ahove tables show the screw readings for the principal peaks
obtained in Tig. 1, along with the calculated values given in the second
column on the assumption of an average wavelength. 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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distance, abundantly prove that the principal peaks shown in the
Pierce interferometer are not integral numbers of half wave-
lengths apart. Any simplification of the resonance curves ob-
tained by change in the valve circuits, which has been advocated
by many workers in this field, can only be due to decreased sensitivity.

At 95 Khz. the use of 4 cm. tube with a reflector of the same
size gave better results than a tube of &8 cm. and a reflector of 5 em.
(see Figs. 2 and 4, Part I). The following table shows some of the
typical results for the average half wave-length in air at 95 Khz.

Temp., M2 Temp. A2
C.° mm, c.° mm,
18.5 1.858 99.5 2.104
22.0 1-860 »s 2-100
23.5 1.853 . 2.0985
24.5 1.871 . 2.094

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

Temp, 3 Khz. 95 Kbz,
c.° meters meters

Steam - 110 497
Ethyl alcohol - 90 266
Rthyl ether . 90 222
Methyl alcohol . 80 3435
Air - 25 345 345
Carbon dioxide . 25 270 268
Methyl ether - 25 255 256

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,

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 succession, the third curve
being reproduced only for the corresponding middle portion, to show
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that the results are reproducible. Curve B represents ‘the standing
wave system’ in acetone vapour under the same circumstances. Curve
C shows the same phenomena in benzene vapour. Curve D is for
chloroform vapour.  Curve E shows two repeated patterns for methyl
alcohol. Curve T shows duplicate sets of resalts obtained for air.

The slip produced in the records in the duplicate curves is due to
the recording paper, the corresponding screw readings having shown
reproducibility within 0.05 of a mm.

In the following tables are given, the results of measurements
of wave-lengths of some typical vapours at 97.1° in a tube 1 cm.
in diamcter at 49,42 Khz. The measurements were done by recording
the screw readings for the maximum anode current for individual
peaks, the results being given for equal number (2A/2) of successive
intervals of half wave-lengths.

Temp. 97-1°.
Methyl Alcohol Ethyl Alcohol Etbyl Ether

302 40 A[2 60 Aj2
355 10105 411 108.95 62—2 124.55
36—6 101-05 422 108-85 63-3 12440
377 100-80 43-3 1087 -4 124-60
35—8  100-80 et 10810 65—5  124-40
399 10140 45—8 . 108:25 66—6 12450
4010 10105 46—6 10835 61—7  124-20

100-96 108-53 18444
AjZ = 3-363 mm. Aj2 = 2713 mm. ‘ A2 = 2074mm.
v = 3324 m.jsoc. 1 == 204-0 m. sec.
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Methyl cther.

Acetone.

Temp, 25°

50 A2
51—1 12325
522 12305
53—3 123405
54—d 12303
555 12530
56—6 123-20
571 123-10
58—8 12301

123412

A2 = 2-462

51 A2
51—0 12615
52—1 126-53
55—4 126445

126+38

A2 = 2-478

Menn 8 /2

1--8 20-08
9-16 19.75
17-24 19-80
25-32 19-40
3340 19-90
19-77

A2 = 2477

Temp, §7.5°

40 A/2
44—4 11020
45—5 110-65
46—6 109-95
477 110.25
48—8 10925

110-06

49242 Khz,
Terap. 97.1°

94..57 Kha.
Temp. 97-1°

10 \/2

11 24-55
12-—2 24480
133 24.60
14— 2450
155 2495
166 24-30
—1 24-35
188 24-25
19--9 2435
20-10 24450
24+45

A2 = 2445

Mean 20 A/2
1--20 48442
2140 48-628
41—60 48:450
61--80 48.273
43-448

Mean A/2

100 Aj2
1011 127-25
102—2 127-12
1033 126-98
1044 127.06
1055 126-98

127-08

A2 = 1271

Mean 20 A2
1—-20 25496
2]—40 25.602
4160 25-458
61—80 25.128
81-100 25-390
25419
N2 =1-271

Moean Aj2 = 1271 mm.

Velocity = A
= 240 -5 m.jsec.

Velocity = nA
== 240 «4 1./sec.

45 A2
1 -46 12365
g1 123-70
348 12360
449 123-80
550 123-40
125-63

Aj2 = 2.747
50 Af2
50--0 13695
511 137-03
522 136-80
136-93

A2 =2.138

Mean \j2 = 2-472 mn1.

Mean Aj2 = 2-745 mm.

Velocity = nA
== 245-1m.[sec,

Velocity = =)
= 2713 m. fsec)
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Benzene 97-1°

60 A/2

65—5 121.75
66—6 121.55
677 12140
68--8 12140
699 121-30
70-10 121-35
121-46

A/2 == 2024 nm.

Chloroform 97-1°

v = 2001 m.[see,

2 = 1703 m.fsec.

3d—d £1-70
35—5 5175
36—6 51-70
3117 5170
58— 51-70
39—9 51-65
5170 )

A2 = 1.723 mm.

Acctone Temp, 134°

50 0/2
5l—1 127-53
52—2 127.33
53—3 127-10
54—q 127.25
55—5 12747
56-—6 127.62
5717 127.40
58—8 127.68

127-42

Aj2 = 2-548 mm .

Velooity = n}

== 2505 m.fsec.

Benzene Temp. 134°
60 A2
61—1 128.62
62—2 128-72
633 129.05
G4 128.97
655 128-80
66—6 12950
6717 128.00
6838 129.12
128-92

A2 = 2149 mm,

Veloeity = n)
= 213-9m.fsec.

Temp. 97:1° C,

Air.
50 Khz.
Temp, 24-2 °C Temp, 23-8°C.

272 322

33—1 111+45 33—1 111-40
34—2 111.63 34—2 11148
353 111-65 35—3 111-63
36—4 111-63 36—4 111.50
37—5 111-60 375 111-55
386 111-60 38-6 11154
111-52

A2 = 3485 wm,

» = 344-8 m.fsec. [

32 )/2

390 12635

33—1 125.90

342 12600

353 125.98

364 12615

375 19615
126-088

3940 mm.,

3894 m.fsec.
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Carhon tetrachloride Propyl ether Steam
Temp. §7-1° Terap, 97:1° | 134°
80 A2 70 A2 20 Aj2
91—11 116-60 0—0 131.05 20—0 10005
9212 116.55 711 130-85 211 106-20
93—13 11655 72—2 131-45 22-~2 99-10
9414 11860 T3—3 131-20 23—3 9945
95—15 116-50 24— 9995
9618 116-50 25—5 100-25
9717 116+45 26—6 99.35
93—18 116-42 271 99.75
288 10040
116-32 131-14 99-944
A2 = 1-4565 mm, A/2 = 1-8734 mum, Aj2 = 4-0972 mm.,

v

14440 m.jsec. v = 1852 m, [sce. 2 == 402+0 1. Jucc,

Tt will be seen from curve A that the portion, where there is
slight irregularity, shows an inverted peak. But there is apparently
no phase shift. The wave-length is 5.42 mm. in ethyl alcohol.

In curve B for acetone, the wave-length is 4.89 mm., and there
are three inverted peaks.

In curve C for benzene, where the wave-length is 4.05 mm.
there are at least two regions of complicated wave form. The
measurements, however, show that there is no phase shift, as could be
found by noting the differences between the calculated and observed
reaclings.

In the curve D for chloroform vapour, in which the wave-length
is 3.4 mm., the tendency to show complexity is apparent with diminish-
ed wave-length.

In curve E for methyl alcohol, the improvement of the wave-form
is due to the increased wave-length which is 6.72 mm.

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

It will be shown in a subsequent communication that at higher
temperatures, when the wave-length becomes 8 mm. the correction for
the diameter of the tube is appreciable, as the wave-length is com-
parable with the diameter of the tube,
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As the wave-lengths in vapours are lower and as further
experiments were done at higher frequencies, a tibe of 5 mm. dia-
meter was used for subsequent experiments, Although the reaction
was cnormously decreased, there was no difficulty in getting reliable
measurements by adjusting the power in the oscillator and the position”
of the valve characteristic, so as to get maximum anode reaction.

SUMMARY.

Further evidence regarding the complexity of the wave-form
in the Pierce interferometer in vapours, has been brought forth by
reproduction of the typical records, which show variations of intensity
and phasc, due to diffraction effects. The anomalous results obtained
are thus due to experimental method, rather than to any characteristic
of the phvsical situation, such as complexity of the molecule and its
structure, and the attendant absorption and dispersion.

As a result of many experiments, only the narrow tube method
has been found to be satisfactory for accurate determination of
velocity. The following table shows the values of the velocity of sound
in meters/scc. at 49.42 Khz. in a few typical gases and vapours in
1 cm. brass tube, at 685 mm.

25° ‘ 97-1° 1 134°
! !
Steam .. . .. . . . 4920
Air . . .. .. 34540 389+4
Methyl aloohol .. .. . . 3324
Methyl ether . N .. 245-1 2713
Tithyl aleohol .. . o - 2682
Acetone .. . i . { - 2405 2505
Tthylcther ", o o .. 2049
Denzene .. .. .. . .- 200-1 214-0
Propy! ether 1850
Chleroform 1703
C'arbon tetrachloride 144.0
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