


60

Communication No. 133d. H. Kanernisan Owsnes.

TABLE XIL
Potential difference in a lead wire carrying a current
with reduced external conduction of heat.
I =— 55.5 m. section = 0.014 mm?
T Current density in Potential difference
amp./mm?2, in microvolts.
4°.25 K. 33 0.03
36 0.65
38 1.75
40.2 7.35
41.3 22.0
1°.7 60 3.7

Judging by this we may perhaps estimate that the lower limit
of the threshold value at 4°.25 K given above cannot be raised
much, and that the vapishing point for lead lies at about
6° K.

Further, measurements were made with lead wires placed in
a vacuum, the object of which is obvious by § 12. The apparatus
which served for this consist (see fig. 10 and fig. 11, face view
and diagram of d with detail figures) of a glass reservoir immersed
in liquid helium, carried by a long narrow glass tube fixed into
the lid of the cryostat. The reservoir d can be evacuated through
the tube ¢ (the tap @ allows it then to be connected to a tube
filled with charcoal which is immersed in liquid air); through the
indicator gauge b we can make sare that the apparatus is not
eracked in cooling.

In the apparatus shown in the fig. there are two lead wires
(see diagram); we were only able to do the measurements with
one. Four short tubes are blown into the upper part of the reser-
voir to receive the lead wires (see detail figures); upon these tubes
after platinizing and copperplating caps are soldered with tin into
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which the thicker top ends of the wires are soldered with
Woob-metal 1.

Rolled out lead wires are fastened to the wires that project
from the covers, and run down along the reservoir, insulated
from each other with silk and then up again through the liquid
helium.

We found with a part of the wire of Table XI:

TABLE XIIL

Threshold value of current density of a
. lead wire in vacuo; section !/, mm?,

I

Current density in
amp./mm?.

4°,25 K. 1 = 270

The experiment is incomplete as the threshold value was not
reached.

We made similar apparatus with tin wire; the observations
with tin in vacuo have, however, not succeeded yet.

§ 16. Remarks in connection with the experiments with tin and lead.

2. Our results with tin and lead make it seem probable that
all metals, or at least a class of them, if they can be procured
sufficiently pure, pass into the super-conducting state when reduced
to a low enough temperature. Perhaps in all it would also be
suddenly. But the additive admixture-resistance which can be
caused by mere traces of admixtures, will in general make the
detection of the phenomena a difficult one.

B. A number of experiments with resistance-free conductors

1 It is not possible to solder tin wires into the covers with Woop-metal ;
as coming in contact with the tin the melted Woon-metal, as it seems, pene-
trates by capillary action amongst the tin crystals which makes the wire brittle
and Lreak in two. The tin wires must therefore be melted to the tinned covers,

which is possible, by them being provided like the lead wires with sealed on
thicker ends.

i
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of which several suggest themselves at once, now that we can
use the easily workable super-conductors tin and lead, can be
undertaken with good prospect of success?).

In this way the preparing of nonresisting coils of wire, with
a great number of windings in a small space, changes from a
theoretical possibility into a practical onme. We cowme to new
difficulties when we want not only to make a nonresisting coil
but to supply it as a magnetic coil with a strong current 2).

I have been engaged for some time making a preliminary
estimation of these difficultie

The coils mentioned in § 14 and § 15 were made chiefly for
this purpose. The first of tin wire insulated with picéin, contained
on 1 cm. length in a layer of 7 mm. thickness 300 windings of
1/, mmZ section (the resistance at ordinary temp. was 79 Q).
While a current of 8 amp. could be sent through the wire before
it was wound when immersed in liquid helium, without reaching
the threshold value of current density (see § 14) the coil came to

the threshold value at 1.0 amp. The number of ampere windings.

per emZ% of a section through the axis was about 400. The second
coil was wound of lead wire of /., mm?2. section, and contained in
a length of 1 em. 1000 windings in a layer of 1 cm. thickpess.
The resistance at ordinary temperature was 773 (). The insulation
of the wires in each layer was obtained by silk threads, between
the different layers a thin piece of silk was placed. 1 thought that
the liquid helium penetrating into the coil through this texture
would cause the heat to be given off more easily all over the coil,
while it was notcertain (comp. the remarks about mercury in glass in
§7and§ 11 Comm VII of this series) that the picdin remained adherent
to the tin wire everywhere. Through this coil a current of 0.8 amp.

1) In our first paper about the disappearance of the resistance of mercury we
mentioned that this opened a new field of experiment. That mercury isliquid at
ordinary temperature was, however, a serious hindrance to entering it.

3 A coil of this kind one would wish to place in the interferrum of 2 very
large electromagnet of WEIss, in the same way as the auxiliary coils contem-
plated by him, in order to further raise the field. The field that is added by
the coil would in that case have to be greater than what would be sacrified
by enlarging the interferrum to make room for the cooling appliances.

3) A possible difficulty was pointed out in note 2 § 4
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(see § 15) could be sent, without the threshold value being
reached. The number of ampere windings per cm2 was then about
800. If the disturbing potential phenomena had not been greater
than with the shorter wire of the same section which was washed
by liquid helium over its entire surface, and if the diffieulty
mentioned in note 2=§=4 does not come into play, it would have
been possible to supply this coil with up to 9000 ampere windings
per em?, If therefore, the potential phenomena which frustrated
this in the experiment reported, in accordance with the opinion
expressed in Comm. N° VIT of this series, particulary in § 11, may be
ascribed to ‘“bad places” in the wire, and if we may therefore be
confident that they can be removed (for instance by fractionising
the wire) and if moreover the magnetic field of the coil itself does

not produce any disturbance (note Eﬂ then this miniature coil
may be the prototype of magnetié coifs without iron, by which
in future wmuch stronger magnetic fields may be realised than

are at present reached in the interferrum of the strongest
electromagnets 1),

10(‘))0610 PERRIN (Sf)c. d. phys. 19 Avril 1907) made the suggestion of a field of

1 _gauss being produced over a fairly large space, by coils without iron

cooled in liquid air, Cu. Fapry (Journ. d. Phys. Febr. 1910) worked out this’

idea. He finds that the energy absorbed in such a coil, in watts is represented

by the formula '
W=pyaH2 K—2

where a is a length in centimetres, which determines the size of the coil, for
?, cylindrical one the radius of the internal space, ¥ the ratio of the metallic ;.rea
in 2 section through the coil at right angles to the windings to the area of
this section, A a purely numerical coefficient, which depends upon the form of
the coil, and which in cylindrical coils with wire of equal section does not differ
much. from 0,18, p the specific resistance of the metal of the windings in ohms,
centrimetre, A the magnetic field in gauss.

In order to get the desired field of 100000 gauss in a coil ‘with an internal
s;?aue of 1 c¢m. radius, with copper as metal, and cooling by liquid air 100
kllowat..t would be necessary, putting K at 0,20 and » at 1,5 (which last num-
ber might well be 6 times as large). The electric energy supply, as FaBry
remarks, would give no real difficulty, but it would arise from the development
of JO'ULE heat in the small volume of the coil to the amount of 25 kilogramme
calories per sec. which in order to be carried off by evaporation of liquid air
would require about 0,4 litre per second, let us say about 1500 litres per hour,

We may add to FaBry's objection that the preparation of 1 litre of liquid air

<
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v. Certainty that the potential phenomena observed are due to such
imperfections in the wire would be of no less value for another
tempting group of experiments. As soon as the super-conductivity
of mercury was established, the question forced itself upon me,
in connection with the great value which according to the electron
theory of metals is ascribed to the free path of the elecirons 1) (comp.

per hour is at present to be reckoned as requiring not much less thant/, K. W,
According to this standard, 7 times as much work would be necessary for the
cooling than for the current. By a judicious use of the cold of the vapours this
number can be reduced, but the proportion will remain unfavourable,

Moreover, as FaBry shows, the dimensions determined by a, to make it pos-
sible for the heat to be carried off, would need to be much larger, by which at
the same time the amount of liquid gas used becomes greater. The cost of
carrying out PERRIN's plan even with liquid air might be about comparable to
that of building a cruiser!

If we calculate in the same way the cooling with liquid hydrogen in the case

of silver and if we assume that the resistance of silver (according to KAMERLINGH
OxNEs and Cray) at the boiling point of hydrogen is 0,009 of that at the or-
dinary temperature, we arrive at a more favourable figure, namely, that at
a=1 cm, 700 liters of liquid hydrogen would be needed per hour, but the
ratio of cooling work and electric work becomes more unfavourable yet, putting
the preparation of a litre of liquid hydrogen in the same way as above at 1,
K. W. But the figure for liquid hydrogen would also on the ground mentioned
above have to be considerably increased. Although an installation which will
give as much liguid hydrogen as is necessary for the cooling could be made
after the pattern of the present Leiden plant, it would be of such an extraor-
dinary size that with liquid hydrogen also, the method described perhaps involves
more difficulties than a further increase of the size of the coil, in order to be
able to cool with rununing water (as introduced by Weiss) while this method
also has its advantages with a view to the use of the field.
- The possibility of using the super-conductors tin and lead, gives anew depar-
ture to the idea of PERRIN of procuring a stronger magnetic field by the use
of coils without iron. With super-conductors no JouLE heat needs to be carried
off (or at any rate only 10% times less than with ordinary conductors) and
thus with currents below the threshold value the difficulties mentioned above
disappear. If the conditions mentioned in the text can be fulfilled, then even
a coil of 25 cm. diameter of lead wire, constructed as the onein § 15, immersed
in helium, could give a field of 100000 gauss, without perceptible heat being
developed in the coil. Some such apparatus could be made at Leiden if a rela-
tively modest financial support were obtained. [n the mean time this remark
may serve to put the problem of very strong magnuetic fields which are becoming
indispensable for various investigations in a new form.

') Comp. note 3 p. 26. Leiden. Comm. No. 119, Febr. 1911.
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§ 12 @), whether electrons moving at speeds by which they cannot
penetrate a thin plate, e. g. a LENARD’s window of solid mercury,
at/ the ordinary temperature 1), or at least not without a
change of direction, would be able to do this better if the foil
were super-conductive. Now that super-conducting plates of tin
and lead can be made the experiments on this subject are made
practicable, and the plan of making these has assumed a promising
form, since I have obtained the prospect of doing it with LENARD him-
self, which Ihighly value. If the potential phenomena are caused by
local disturbances, we may expect that in experiments with thin
plates, by a correct choice of the places to be experimented upon,
they will be of little importance. If, as might be imagined according
to § 4, the potential phenomena are connected with peculiarities in
the movements of the electrons, then they would be of prime im-
portance in phenomena such as we have here under consideration.

3. The correspondence of the potential phenomena in tin and
lead to those in mercury is very striking. As regards fin, it was
remarked upon in § 13, and further investigation has confirmed
it and also extented to lead. All the considerations with regard to them
for the case of mercury can thus immediately be applied to tin and
lead. On the other band the latter may serve to elucidate the
doubtful points in mercury.

With the bare tin wires at 4°.25 K. measurements were made
which acquaint us with the amount of heat, given off to the
liquid helium above the vanishing point; whether it is proportional
to the surface of the wire, as is to be expected, when the heat
is mainly given off to the liquid, could not be settled yet. With
the rolled out tin wire, with which the various measurements
were successful, it was great, which corresponds to the fact that
here the ratio between the heat-conveying surface and the heat
developed is very favourable. It was estimated at 0.5 watt per
18 difference of temperature. Still at 1°.6 K., 1.4 microwatt caused
a local rise of temperature to the vanishing point. As in§ 11 we
deduce from this that the whole development of heat is local.

The hypothesis that in this way ,bad places” show themselves

1) Whether the same electron passes through, or whether the movement is
carried from the one to the other, does not affect the experimental question.

o
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is confirmed by the fact that through a wire like this at the
boiling point of helium, therefore above the vanishing point,
a ocurrent of 9 amp. could be sent, and all the Joule heat was
absorbed by the liquid helium, while with a current only a
little stronger the wire gave way (presumably by the forming
round the wire of a vapour bubble in the helium, which caused
calefaction in the wire).

The different threshold values for the bare lead wire and the
lead coil § 15, and for the bare tin wire and the tin coil § 14, may
throw light upon the influence of more or less easy conditions of
heat loss. The phenomena at the disappearance of the resistance
with the bare tin wire with sentinel wires make the hypothesis
followed out in § 12 improbable, namely that the mercury below
the vanishing point comes away from the glass or at least dees not
give off heat to it at a difference of temperature. The correspon-
dence of the disappearance of the resistance in the tin wire with
sentinel wires and in the mercury thread is explained most simply
by assuming a local rise of temperature in both, while for both
below the vanishing point the same opportunity remains for giving off
heat, but does not take place owing to absence of rise of temperature.

Here, therefore, the “‘bad places” mentionedin § 11 (comp. § 12¢,
note 1 p. 41) would again remain as the sole explanation. It is
however suspicious that in the coil of lead wire at 1°.6 K. 5‘6
amp./mm? was found as the threshold value, while with lead in
a vacuum 270 amp./mm? at 4°.26 K. was reached without a trace
of potential phenomena. .

Finally we point out that the threshold values of current density
far below the vanishing point in the wires of the three different
metals differ very little. We found for the highest limit of the
possible micro-residual resistance determined by the threshold value
in proportion to that at the ordinary temperature

. Wao 45K _
with mercury ———— < 2.107%
Wa33° K.

. Wieg K. _
tin 108K 61010
Wa13° K.

lead 28K 0.5 1010
W213° K.
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In view of so much correspondence and such regularity of the
character of all the potential phenomena, it still remains doubtful
whether besides the disturbances which we have adduced to ex-
plain them, there may not be at the bottom of them peculiarities in
the movement of the electrons, which may be more clearly
revealed by the experiments indicated in y.

Having completed the series H of my experiments with liquid
helium I wish to express my thank to Mr. G. HoLsT, assistant
at the Physical Laboratory, for the devotion with which he
has helped me, and to Mr. G. J. Friv, chief of the technical
department of the cryogenic laboratory, and Mr. O. KESSELRING,
glassblower to the laboratory, for their important help in the arran-
gement of the experiments and manufacturing of the apparatus.





