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25°, the inverse of the conductance of the test condenser, R, the dielectric
constant ¢, given by
(C"s — C'shigua + Ca

(€"s — C')air + Cp
and the specific conductivity, 5. Each value in the third and fourth columns
is the mean of two, generally concordant, determinations.

At the time that the determinations were made the importance of knowing
the value of Cy, was not realised, and measurements of this quantity were not
made. It has been derived, approximately, by calculating the mutual
capacity of the two mercury cups in paraffin wax, S, by means of which the
connection from the bridge point C to the inner coating of the test condenser
was made (¢f. fig. 4). The value thus obtained, 0-6 puF., has been used
to derive the values of the dielectric constant from the data of the second and
third columns. It should be noted that this correcting term is of the same
order as the probable error in reading the standard condenser, 0-6 wuF.

In the case of benzene, ether, methylated ether, and chloroform, the con-
ductivity of the liquid was so low that it was not measurable on the bridge.
It was therefore not greater than that of the liquid resistance unit when filled
with distilled water, as in the determination of the self-capacity of this unit.
By taking 10° ohms as the specific resistance of the water it can easily be
shown that the maximum conductivity of the liquid resistance (plunger out,
of. fig. 3) cannot have exceeded 10~7 ohms. From this figure the upper limits
for the conductivities have been calculated.

g =

Frequency. | C’s — C’g | C"s — C’s R € [
Liquid. air liquid
ke. puF. puF. ohms. 25° ohms-1,
Benzene ................ 1-14 46-6 107-0 — 2-28 —
29 e 11-5 46-6 107-6 —_ 2-29 —
39 eeeenes 427 46-6 107-4 — 2-29 —_
5y e 123 46-6 107-4 — 2-29 —
53 e 461 46:6 107-2 — 2-28 —
33 e 903 46-6 106-8 >10¢ 2-28 <56 x 107
Mean 2-28; —
’ 334-0 — — 2:272,1 | <6 X 10-%
»» — — — 22712 —
133-3 — — 22848 —
» 133-3 —_ —_ 2-2778 —
" — — — 2.282¢ —
» — —_ — 22838 —
’» — — — 2-276% | 1-5 x 10-1*
. —_ — — 2.2527 —
» — — — 2-274 4 —
0-0028
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Frequency. | C’s — C’s | C"s — C's R € o
Liquid. air liquid
ke. wpF. puF. ohms. 25° ohms-1,
Ethyl ether ........ 1-14 46-6 197-7 — 4-20 —_
vr e 11-4 466 197-7 — 4-20 —
25 e 42-4 46-6 197-5 — 4-20 =
5y e 121 46-6 197-5 o 4-20 —
2y e 448 46-6 197-4 —_ 4-20 —
5s e 898 46-6 1970 >108 4-19 <5 x 10—
Mean 4-20
sy e 60 — — — 4.239 —
»s 600 — — — 4.-2410 —
9 eeeeeen 1000 —_— R —_— 4-19 —
25 e 1000 —_ — 4-2654 —_
55 P —_ — — — 4-2401 —
v e audio — —_ —_— 4240 4 —_
00058
Methylated ether 1-14 46-6 199-8 — 4-25 -
5s 11-2 46-6 1997 — 4-24 —_
v 424 46-6 1997 — 4-24 —
’s 122 46-6 2002 — 4-25 —_
s 466 46-6 199-7 — 4-24 —_
’s 893 46-6 199-1 >10¢ 4-23 <5 x 10~
Mean 4-24 —
Chloroform ........ 11-7 86-2 405-7 — 4-68 —_
9y eeeeeens 12-1 86-2 404-7 — 4-67 - —_—
55 eeeeeen 42-2 86-2 404-8 —— 4-67 —
v 42.6 86-2 405-6 — 4-68 —
99 e 121 86-2 4050 —_— 4-67 —
s e 122 86-2 405-2 — 4-68 —_
. 441 86-2 405-5 — 4-68 —
sy e 445 86-2 405-3 —_ 4-68 —
55 e 898 86-2 406-3 — 4-69 —_
U 914 86-2 406-1 >108 469 | <5 x 10-10
Mean 4-68
vs e 500 — — — 4-69914 —
v e ca. 500 —_— — — 4-98116 —
sy e 600 — — — 4-7018 —_
vy e 1000 — — —_ 4-77¢ —
sy e audio — —_ —_ 4-96 4+ —_
0-058
Nitrobenzene . 1-14 466 16090 38 x 103 34-1 1:5 x 107
., . 11-6 46-6 16140 — 34-2 —
vs . 11-9 46-6 1610-0 38 x 103 341 1-5 x 107
’s . 434 46-6 16080 37 x 108 34-1 1-5 x 107
', . 43:9 46-6 1611-0 — 34-1 —_
’s 1129 46-6 1609-0 38 x 103 34-1 1-5 x 10~7
. 1 135 46-6 1612-0 — 342 —
', | 460 466 1622-0 39 x 102 34-4 1-4 x 10~7
s . 476 46-6 1625-0 — 34-4 —
s . 718 46-6 1642-0 — 34-8 —
. ol 926 46-6 1659-0 40 x 102 35-2 1-4 x 107
. . 962 466 1670-0 |, — 354 —
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Frequeney. | C"s — C’s | C"s — C’s R € o
Liquid. air liquid
ke. upF. puF. ohms. 25° ohms-2,
Nitrobenzene ..., 300 — — — 35-412 —
» o] 630 — — — 35-512 —
»s | 800 —_ — — 35612 —
» .| 1120 — — — 35712 ——
’9 T e — — — — 36-421 —
»» ... 600 _ — — 34.518 —
s ...| 1000 — — — 36-15 —-
” cone audio — —_— — 34-8 + .
. 0-38
Aniline 1-14 46-6 317-0 75 x 10% 6-73 7:5 X 10-%
» 11-5- 46-6 316-0 83 x 10® 6-71 6-7 X 10-8
» 39-5 46-6 316-3 83 x 102 6-71 6-7 X 10-%
»» 120 46-6 313-3 —_ 6-66 o —
’s 122 46-6 314-3 91 x 108 6-67 6-0 x 10-8
s 448 46-6 315-8 | 172 x 103 6-70 3:3 x 10-#¢
” 900 46-6 324-6 — 6-90 —
»s 908 46-6 324-6 >108 6-90 <5 x 10-%
9 — —_ —_ — 7.281 -
s 1000 — — — 7-0518 —
»» audio —_ — — 7-13 & —
0-058
Acetone 42-9 46-6 951-0 |ca. 5 X 102 20-2 1-1 x 10-%
e 43-3 46-6 951-0 |ca. b5 X 102 20-2 1-1 x 10-%
2 127 46-6 951-6 |ca.b X 102 202 1-1 x 10-%
’ 130 46-6 9584 |ca. 5 X 102 20-3 1-1 x 10-%
» 445 46-6 953-0 |ca. 5 X 102 20-2 1.1 x 10-8
»» 448 46-6 961-5 |ca.b5 X 102 20-4 1-1 x 10-%
»» 872 46-6 973-0 |ca. 5 X 102 20-6 1-1 x 108
» 883 46-6 963-0 [ca. 5 X 102 20-4 1-1 x 10-%
2 1000 — — — 21-30¢ —
s 1000 — — — 21-18¢ 7:3 X 10-¢
I 1000 _ _ — 2] - 425,17 —
,, audio —_ —_ — 20-9 + —_—
0-18
Ethyl alcohol ... 11-2 46-6 1124-0 - |ca. 23 x 102 | 23-8 2-4 X 10-%
9 43-3 46-6 1123-0 |ca. 23 X 102 23-8 2:4 X 10-¢
» 44 46-6 1121-0 — 23-8 —
s 60-5 46-6 1123-0 — 23-8 —_
2 123 46-6 1121-0 |ca. 23 X 102 23-8 2:4 X 10~¢
» | 125 46-6 1121-0 — 23-8 —
»» el 174 46-6 1122-0 — 23-8 —
s 448 46-6 1124-0 |ca. 23 x 102 23-8 2-4 X 10-¢
55 .| 895 46-6 1138-0 |ca.23 x 102 | 24-1 2-4 X 10-¢
,, 899 46-6 1140-0 — — -
’s ....| 1000 46-6 — — 25-204 —
- .| 1000 — — — 22417 —_—
. ... audio — — — 24-940-28 —_
! Hartshorn and Oliver, loc. cit. 2 QGrenacher, ¢ Ann. Physik,’ vol. 77, p. 138 (1925).
3 Watson, loc. cit. 4 Williams and Krchma, loc. cit. 5 Williams and Ogg, loc. cit.
¢ Graffunder, ¢ Ann. Physik,” vol. 70, p. 225 (1923). . 7 Sayce and Briscoe, loc. cit.
8 Int. Crt. Tables, vol. vi (1929). }
® Hyslop and Carman, ¢ Phys. Rev.,” vol. 15, p. 243 (1922).
10 Tsnardi, loc. cit. 11 Turner, loc. cit. 12 Bryan, loc. cit.
18 Jezewski, <J. physique rad.,” vol. 3, p. 293 (1922). 14 Smyth and Morgan, loc. cit.
15 Jachim, ¢ Ann. Physik,” vol. 60, p. 670 (1919). 16 Grutzmacher, loc. cit.

17 Matsurka, ¢ Sei. Rep. T6kohu Imp. Univ.,” vol. 14, p. 445 (1925).
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The results show that within the limits of experimental error, 0-5 per cent.,
there is no change in the dielectric constant of benzene, ether, methylated ether
and chloroform in the frequency range 1 to 10° ke. The same conclusion is
to be drawn for aniline, nitrobenzene, ethyl alcohol and acetone for frequencies
below 102ke. ; at higher frequencies the constant increases slightly, the increase
at 103 ke. being approximately 2, 3+5, 1-5 and 1-5 per cent. respectively, of the
value below 102 ke. The possibility that the discrepancies in the earlier data
for the dielectric constants of liquids, particularly those of low conductivity, can
be attributed to the use of widely differing frequencies by the several observers
is thus not supported by the experiments now described. The origin of the
discrepancies must therefore be sought in errors of calibration of the test con-
denser. A comparison of the value obtained for the dielectric constant of
" benzene, 2-28;, with the recent determination by Hartshorn and Oliver, 2-272;,
indicates that the calculated value of Cy cannot be greatly in error, and that
the probable error in the values in column 6 above does not exceed 0+5 per cent.

Before considering the values of the dielectric constants now reported in
relation to existing data, it must be recalled that those lying within the
prescribed frequency range are alone available for review, and that those
derived from measurements at a single frequency are to be preferred.
Consonant with the results for benzene, it will be seen that the mean value
for chloroform, 4-68, also differs by less than 0-5 per cent. from that of Smyth
and Morgan, 4-699, who derived their value by adopting the value 2-273 for
benzene. If this value, 4-699, be adopted as correct for chloroform it would
appear that the value of Williams and Krchma is too high by 1-5 per cent.
The mean value for ethyl ether is 4-20 ; the same value is obtained if it is
assumed that the determination of Williams and Krchma is, as in the case
of chloroform, 1-5 per cent. too high, and is therefore subject to this correction.
Despite the above-mentioned agreement between the values reported in
recent years, some uncertainty remains about the absolute values for
chloroform and ethyl ether, since serious discrepancies of the order of

<

1 to 2 per cent. occur between these recent values and the  preferred ”
values given in the International Critical Tables, vol. vi, 1929. Amongst
the liquids of appreciable conductivity, it is to be noticed that the change
in the constant for nitrobenzene is in the same sense and of approximately
the same magnitude as that described in the preliminary experiments of Bryan
(loc. cit.) ; the value at 962 ke., 35'6, is the same as that of Williams and
Ogg (loc. cit.) at 10% ke, if it be assumed, as before, that their value is too

high by 1'5 per cent. For the remaining liquids few data are available for
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comparison, the values now given lie slightly below those of recent years :
possibly this is due to the use of more carefully dehydrated material since
1t is known that the presence of water even in small amounts increases the
constant for these substances. The evidence for the change of the constant
with frequency suggests that nitrobenzene, aniline, and acetone are
definitely unsuitable as “ standard liquids for calibrating ”” in the sense used
in the International Critical Tables, vol. vi; for the same reason attempts
%o make comparisons with the  preferred” values of these tables are
unsatisfactory. »

Apart from their value in removing the possibility of frequency anomalies
below 102 ke. the chief interest of the present experiments lies in their con-
firmation of Bryan’s work on nitrobenzene and the accumulation of similar
evidence for the increase of the dielectric constant with frequency in the range
102 to 103 ke. in the case of aniline and possibly also of acetone and ethyl
alcohol, if the values of Williams and Krchma at 103 ke. are as previously
mentioned, 1-5 per cent. too high. Such an increase is not predicted by
existing theory and indicates the necessity of extending the measurements
to a frequency of about 5 X 10* kc. where, as Mizuchima has shown, the
constant begins to diminish in accordance with the theory of Debye.

The conductivity data for aniline are particularly interesting and show that
the conductivity diminishes slowly up to 10 ke. and then more rapidly so that
at 10® ke. it became unmeasurable on the bridge available. The incipient
stage of the same phenomenon is to be found in the data for nitrobenzene.
No change was observed in the conductivity of ethyl alcohol or of acetone
within the limits of experimental error which was high, particularly for acetone,
10 per cent. With these two liquids, due to the excessive power consumption
in the liquid resistance, R, when balancing the bridge, it was difficult to avoid
changes in the temperature of R before its value was determined on the com-
mutator bridge. At first sight the data for aniline suggest that at frequencies
greater than 103 ke. the ions responsible for the conductivity cease to respond
to the electric field on account of their low mobility ; simple calculation shows,
however, even for a large cluster ion of ten molecules moving in a liquid of
the viscosity of aniline, the time in which the velocity given by Stoke’s law
would be attained corresponds with a much higher order of frequency than
103 ke. It is therefore improbable that the observed diminution in conduc-
tivity can be accounted for in this way. It is possible that the degree of
dehydration of aniline determines the conductivity : experiments to test this
suggestion are in progress. An important consequence of the high con-
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ductivity of acetone and ethyl alcohol is that it was not possible to make

measurements of the dielectric constant at frequencies less than 40 ke., since
at lower frequencies no appreciable amount of current is carried by the
dielectric and the bridge becomes virtually a resistance bridge.

Summary.

The dielectric constant of benZene, ether, methylated ether, chloroform,
ethyl alcohol, acetone, aniline and nitrobenzene, and the conductivity of the
four last mentioned substances has been determined in the frequency range
1 to 10 ke. No variation of the constant has been observed for benzene,
ether and chloroform, whilst for the remaining liquids a slight increase takes
place in the range 102 to 10® ke. In this range the conductivity of aniline
diminishes rapidly as the frequency is increased, that of nitrobenzene diminishes
slightly, whilst that of ethyl alcohol and of acetone does not vary.
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