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size of the molecule of the normal substance has influence on the
course, has also lost its direct importance. For-mixtures of ethane
with an alcohol the separation between the two types lies between
methyl- and ethylalcohol; the question whether this separation takes
place between two higher terms of the alcohol series, if we take
instead of ethane a higher term of the series of carbonhydrogene
compounds, which seemed very important before is now no longer
of primary interest®). It seems {0 me that I have to return in many
respects to my original meaning, namely that we have to inquire
after the ecircumstance which causes the spinodal curve to show a
protuberance towards the side of the small volumes. In mixtures of
a normal substance with an associating one this cause can perhaps

0z
normous high values for such a mixture. As the equation:

Opo™p 6p)”'
T e \de

. . 0
applies to the spinodal curve, the value of —52—3 may also be abnor-
v

mously high in this case. If this is really the case an explanation
for the protuberance is given which is certainly satisfactory. Yet a great
dislance exists between this observation and an adequate calculation.

In any case these experiments of Kuenen, to which I hope that
Le will add many others, are an important contribution to our know-
ledge of the critical phenomena of not miscible substances.

0
be found in the circumstance that the quantity (—]3) can obtain ab-
v

Physics. — #The influence of wariation of the constant current
on the pitch of the singing arc” By J. K. A. WErRTHEM
SaromonsoN. (Communicated by Prof. P. ZpEMaN).

In the course of some experiments on the physiological action of
alternating currents of very high frequency, I tried the currents
generated by means of DupDELL's singing arc. A constant current
arc between solid carbons shunted by a self-inductive resistance and
a condenser ewmils a note, the pitch of which corresponds with the
frequency of the alternate current generated in the condenser-circuit.

1) An experiment in order to investigate whether for propane the limit lies between
ethyl- and propylalcohol was already in preparation for a long time in the laboratory
of Amsterdam. But other labour which could not be delayed prevented each time
those who would undertake the investigation.
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DupprrnL believed that the frequency’was determined. by the self-
induction and the capacity according the well-known formula :
p=2=ycL.

Pavr Janer thought the same and proposed, as DupprrL had
already done before, to wuse the singing arc for measuring small
coefficients of self-induction.

In the way proposed by Jawwr, this seems to be impossible as the
frequency depends not only on the self-induction and the capacity
but i.a. also on the strength of the constant current.

I have investigated the variation of the frequency caused by varying
the constant current, the results being stated in this paper.

The cxperiments were carried out after Prukirr’s method. The
P D at the solid carbons was measured by a Weston-instrument,
that showed the Volts of the constani current only, and at the same
time by a hot-wire Voltmeter. Lastly the current in the condenser-
circuit was measured by means of a hot-wire amperemeter. The
three readings being E,, L, and I,, the frequency may be cal-
culated by

I, "
p= S
2xcVE—E}®

¢ being the capacity of the condenser in farads. .

The necessary correction of the instruments was known and has
already been applied in the tables. The arc-lamp used was a small
shunt-regulator by Korring & MATTHILSEN. ,

Series 1. Capacity 2,68 mF. Selfinduction: bronze wire spival of
80 windings ; air isolation ; diameter 25 centimeter, height 50 centimeter.
The table contains in the

1st column: 7, the constant cwrrent through the are.

ond I, the constant eurvent PD of the carbons.
3a I, the hot-wire voltmeter reading.

4t -, B, the value of V'E'—E being the superposed
allernating volis.

5th -, I, the allernating current. st1'§ngth. )

6, p the number of complete alternations p. s. calculated

by Prukerr’s formula, ,

1
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TABLE 1.

[1 E]_ E2 Ea Iz p.

1.9 | 87.0 | 44.0 | 237 1.8 4520
2.9 | 37.0 | 46.0 | 27.4 24 5230
2.6 | 375 | 430 | 211 2.1 5960
9.8 | 37.5 | 44.0 | 23.0 | - 2.4 4450
3.2 | 38.0 | 42.7-| 196 2.5 8000
37 | 38.0 | 4.0 | 153 97 10390
4.1 | 38.0 | 40,0 | 128 3.0 13980

Series 2. The samc as in Series I. Capacity reduced to 1.68 mF.

TABLE II.
| 5 | B | B | L P
1.7 38 46 2 1.7 6200
2.4 39 46 2.5 2.4 8130
2.8 39 44 20.4 2.4 9820
3 38 427 19.6 2.3 11200
3.5 38.5 492 16.75 2.4 13590
3.7 38 49 18.3 217 13980

Series 3. Capacity 1 mF. Selfinduction: coil of 160 windings
in 4 layers; wire 2 millimeters. Length of coil 8 centimeters, external

diameter 3.5 centimeter.
TABLE III.

\ L n 7, By I '
Lo | s | 417 | 8.7 | 2.4 | 14950
2.3 | 38 | 41 26 2.6 | 17240
‘ 2.6 | 38 | 4 %5 | 2.9 | 18820
2.9 | 38 | 43 204 | 2.8 | 9292200
3.3 | 371 | 42 19.8 | 3.3 | 26600
3.6 | 37 | 4 19.8 | 3.5 | 98160
44 | 38 | 4l 154 | 34 | 35100

21%
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Series 4. The same as Series III. Capacily reduced to 0.5 mF.

TABLE IV.

I 5 /A A I P

1.9 35 | 47 31.3 9251 25200 -
2.4 36 49 21.6 92 51 36800

27 30 40 19 4 219 44300

3.1 35 39 17.2 3 55050

3.4 35 37 12 3.9 84700

3.7 35 36.5 10.36 | 3.3 97700

3.9 l 35 365 10.36 | 3.4 100500

Series 5. Capacity I mI. Selfinduction: coil of 40 windings in
2 layers; wire 3'/, mm. Length of coil 8 centimeter, external dia-
meter 3.5 centimeéter.

TABLE V.,

I B - B ) I 7

19 | 38 50.4 | 8392 | 4.68 | 292400
99 | 38 50.4 | 332 | 5.16 | 24700
2.6 | 38 50.4 | 33.9, | 555 | 26700
29 | 38 46 %0 | 3.20 | 31800
3.2 | 37.6 | 6 2.5 | 615 | 37000
36 | 37 7 23.8 | 6.15 | 41200
37 | 38 439 | 9.8 | 6924 | 43600
49 | 38 4l 15.4 | 5.70 | 59200

Series 6. The same conditions as in Series 5. The capacity reduced
to 0.3 mF.

TABLE VI
0 1 E]_ E.‘.’, Ea 1 9 .
21 35 50 3.7 41 61300
2.4 36 41.5 3l 4.2 71900
2.9 3 42 23.2 4 91600
36 30 40.2 179 1.4 130000
4.9 39 36.3 9.75 3.6 196000
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DupprLn attained frequencies of 500—10000 complete periods p. s.
Smmon  increased the number of allernations so much, that the mnote
emitted by the arce ceased to be andible. He speaks of a limit of
30000—40000 vibrations. From my tables will be seen that I have
attained much higher frequencies, so high that I first distrusted them.
But as yet I have not been able to find any inaccuracy either in
the principle of the method or in its application. So I must think
that my numbers are exact, the more so as they seem to be confirmed
by a physiological estimate. With small frequencies, say up to 10000,
the pitch of the note may be easily estimated by the ear when we
produce two notes in rapid succession. In Series 1 1 found that
increasing the cwrrent from 1.9 to 2.2 ampere caused the pitch to
rise about a “#second”. By increasing from 2.2 ampere to 3.2 ampere
the successive notes sounded as with a quint-interval. The later cal-
culation of the frequencies from the galvanometer readings agreed
fairly well with the estimated increase of pitch.

The limit of audibility as calculated from the readings agreed
equally with the limit as determined by the aid of a recently gradu-
ated GavroN-whistle by Prof. EperMany, the graduation-table being
verified on different points by myself. I found as a limit for the
audibility about 43500 d.v.p.s. My arclamp ceased 1o emit an
audible note when the frequency of 42000 was reached. In the 6th
series no sound was heard at all. In the series 1, 2 and 3 the sound
was lheard throughout. In the series 4 I heard the nole distinctly
at 2.4 ampere; at 2,7 ampere I did not always hear the sound;
only every now and then I got the impression of a very faint and
high whistling sound. At 3.1 ampere I did not hear the sound. In
the 5t Series the sound was always present ai 3.6 ampere and
sometimes af 3.7 ampere.

As these results agree, I think that the method is a correct one,
and that the higher nunbers may also be rclied upon.

The sound of the singing arc may prove perhaps valuable in
physiological researches on sound.

The highest frequency with my apparatus was attained with a
primary constant current of 4.2 ampere, /2, = 36 Voli, 5, = 37.3
Volt, [, = 0.49 ampere, C = 0.03 m.F., K, being 9.7 Volt and
p = 268000. Of course much higher frequencies may probably be
attained. But the resistance of my hot-wire amperemeter was rather
high, and I believe that therein lies an obstacle for my surpassing
this limit.

How are we to interpret the increase of the frequency caused by
an increase of the constant current? There is some analogy with
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the rise in pitch of electromagnetically driven tuningforks when the
intensity of the currents is increased; and also with the rise of the
pitch of harmoniumreeds when the air-pressure is increased: Yet
there is already some difference in the origin of these last two
phenomena, so as to forbid anything wmore than considering the
analogy. The only allowed consequence is, that the electrical sysiem
consisting of a capacity and a selfinduction does in this special case
not vibrate in its proper period and that this proper period might
only be expected to be brought about by a hypothetic infinilely
small constant current through the ave.

Increasing the P.D. at the carbons seems to lower the pitch and
at the same iime to increase the intensity of the sound; if the P.D.
rises too much the whistling ceases all at once. As I worked with
a constant E.M.F. of 110 Volts from an accumulator-battery, the
primary current strength was regulated Dby inserting resistance or
withdrawing it from the circuit. When without changing the resistance,
the P.D. at the carbons rises, the cwrrent falls off and so causes the
frequency to diminish at the same time. Yet by keeping the current
constant, by lengthening the arc and withdrawing resistance at the
same time an unmistakable lengthening of the period may be observed.

From the Tables I—VI curves have been plotted connecting the
frequency with the current-strength.

It is not impossible, that a simple relation might express this
connection. Yet an experimental formula as

p=a-+tbl4cl’

is only possible when 4 is negalive; as in this case there is a mini-
b . .
mum for /= 5 this formula does not seem to be very plausible.
¢
1 have also tried a guadratic expression connecting the steadying
resistance with the frequency, bul this did not give satistaction.
At last I found as the most simple formula and agreeing best
with the observed results:
\ logp—=a -+ 01, -
in which @ and » are constanis, p the frequeney and 7 the consiant
. . |
current inlensity.
I found for secvies 1:
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log p = 3.23592 -+ 0.2165 I. ,

I log /p (eale.) | log p (obs.) F- p {eale)) 1 p (obs.)

L9 | s.64751 | B GwAE | 400087 | 4432 | 50 . -
9.2 | 37152 | 3.71850 | . 0.00608 | 5147 | 5280 °
2.6 | 80812 | 37752 | —0.02287 | 6282 | 5000

2.8 | 3.8um | 3.8005 | —0.08186 | 004 | 0450

3.2 | 3.02800 | 3.90300 | —0.02403 | 873 | 000
3.7 | 4.03627 | 4.01662 | .—0.01965 | 1087 | 10390

44 | aa%esr | 4amh | 4 0.02077 | 13270 | 13090

The mean error of log p being: I/%E(g)ﬂ—_:'o,02272 the crror-
factor of p is 1.058 and the mean error of p is 5.3°/,. /

Considering that 3 galvanometer readings are mnecessary which
individually ought to have errors of much less than 0.5/, but
‘which are to be taken all at the sume timie and therefore ave’
more inaccurate, a mean crrov of 5.3 °/, in the result, repiesenting
an interval of less than a tone may not be called extravagant.

© For series 2. I find: log p = 3.47786 +- 0.18453 I.

7 log p (cale.) | fog o (obs.) s p (cale) | p (obs.)
’ 1.7 3.79156 | - 8.79239 | " 0.00083 6189 6200
2.4 3.92073 3.91009 — 0.0'4106/1‘ : 8332 - 8130
2.8 3.99454 3.99211 — 0.00243 9875 989:0

30 | 403145 | 4.049%2 | - 0.04777 | 0751 | 14200 .
£.19374 243992 | 4 0.00051 | 43206 | 13300

3.7 46062 | 414551 — 0.01544 14475 17980

om= [/ © X (o) = 0.01228

the mean error of one observation being 2.867 °/,.

)
o




Series 3. . - log p = 3.84563 + 0.17062
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I
- I log p (calc.} log p (0bs.) P p (cale) ‘ p (obs.)
1.9 | 410081 | 4 17464 0.00483 1478 | 14950
2.3 4.23806 4.923654 . 0.0b']:')‘l 17300 17240
2.6 4.28927 | 4.27402 *0.014065 19460 18820
9.9 | 4.36043 | - 4.34635 0.00592 21900 | 29900
3.3 4.40868 4. 42488 0.01620 25620 26600
8.6 | 445086 | 444063 | 0.01023 | 28831 .| 98160
Al %.54517 4.54534 0.00014 35089 ( 331C0

| | 5 (o = 0.01085

om= 5= (o)) = 0. 5

mean error of one observation 2.412°/,.

Serics 4. log p=3.80102 4 0.31641 1.
1 log p (cale.)| log p (obs.) K 1 pleale) | p (obs.)
1.9 4£.40220 4.40140 — 0.02080 25247 2?;2()0
9.4 | /450280 | 456585 |- 0.00305 | B0342 | 36800
27 4.65032 4. G4640 — 0.00892 45219 44300
3.1 4.78189 4. 74408 — 0.03721 6519 Hnh0
3.k 4.87681 4.92788 + 0.05107 . 75303 84700}
3.7 | 4.97Th | 498089 | 4 0.01815 | 93700 | 97700
3.9 5.0%02 | 5.0027 | — 0.03285 | 408400 | 400500

N . ':w"» 1 .
om= [/ & (o) = 002994

mean crror of one obscuvation 7.14°/,.
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Series 5. log p = 3.98960 4 0.17902 I.
I log p (calc.)| log p(obs.) e p (cale) | p(obs.

1.9 4 32974 4.35025 - 0.02051 21367 22400
2.2 4.38344 4.,39270 - 0.00926 24179 24700

2.6 4 45505 4 42651 — 0.02854 28513 26700
29 4 50876 4.50243 — 0.00633 32267 31800
3.2 4.56246 4.56820 - 0.00574 36514 37000
3.6 4.63407 4.,61490 — 0.01917 43060 41200
3.7 4.65197 4.63949 — 0.01248 44811 43600

42 4.74148 4.77232 -}~ 0 03084 H5141 59200

T
om= l/7 = (o) = 0.02024

mean error of one observation 4.77 °/,.

Series 6. log p=4.31949 4 0.22466 I.
I log p (calc.) | logp (obs.) P p (cale.) | p(obs.)
2.1 4.79128 4.78746 — 0.00382 61811 61300
2.4 4.85867 4.85673 — 0 00194 792222 719.0
2.9 4.97100 4.96190 — 0.00910 93540 91600
3.6 5 12827 5 11394 — 0.01433 134360 130000
4.2 5 26300 5.29296 -+ 0.02920 183257 196000

om= [/% = (o) = 0.01702

mean error of one observation 4.00°/,.

The empirical formula represents fairly well the observed results
in the range of the experiment. But it does not give more than that,
I do not think that it may be used for extrapolating. This will be
directly seen, when we extrapolate for the intensity — 0. We cal-
culate for the frequency at the intensity = 0 in the 4th series: 6324 d. v.
and in the 34 series: 7009 d.v. Theoretically the frequency in series
4 should be exactly /2 times higher than in series 3.
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A more exact method may perhaps give numbers from which a
better formula might be deduced, and which at the same time might
give us some insight in the phenomenon.

I have tried to get more exact numbers by means of the Kunpr
dust-figures but I did not succeed, thongh others might. Yet the
oscillatory discharge of a Leyden jar through an inductive resistance
easily gave vegular dust-figures. The reason why the KunpT-method
proved refractory with the singing are, is not easy to be understood:
I can only suppose that the intensily of the sound is not large enough.

Physics. — Dr. J. E. VerscHAFFELT. ¥ Contributions to the knowledge of
VAN DER Waars' w-surface. VIL. The equation of state and
the w-surface in the immediate neighbourhood of the critical
state  for binary mwiztures with a small proportion of one of
the components”. Communication n°. 81 from the Physical
Laboratory at Leiden, by Prof. H. KaMerLiNgH ONNES. ?)

(Communicated in the meeting of June 28, 1902).
Introduction.

In Communication n°. 65 from the Physical Laboratory at Leiden ?)
I have given the first results of a treatment of my measurements on
mixtures of carbon dioxide and hydrogen ®) by the method which
Kameruingt Onnes 1) alone and with REmweanum °) used for the
measurements of KUueNeN on mixtures of carbon dioxide and methyl
chloride ®). They confirm KamerringH ONNES’ Opinion that the isothermals
of mixtures of normal substances may be derived, by means of the
law of corresponding states, from the general empirical reduced
equation of statefor which he has given in communications nrs. 717)
and 74°% a development in series indicated in communication 59a.
In this empirical reduced equation of state

- ~

__‘Jl )
p_29—|—- P + .oy

1) The iranslation of the first and second part of this article are treated as a
whole, hence some minor changes in text will he found.

%) Arch. Néerl.,, (2), 5, 644, 1900; Comm. phys. lab. Leiden, n0. 65.

8) Thesis for the doctorate, Leiden, 1899.

4) Proc. Royal Acad., 29 Sept. 1900, p. 275; Comm. 59a.

8) Ibid. p. 289; Comm., n% 59b.

6) Thesis for the doctorate, Leiden, 1892,

7) Proc. Royal Acad., June 1901; Comm., n". 71.

8) Arch, Néerl, (2), 6, 874, 1901; Comm., n®. 74,
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