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Liquefaction of Helium by an Adiabatic Method without Pre-cooling
with Liquid Hydrogen
By Pror. P. KariTza, F.R.S., Royal Society Mond Laboratory, Cambridge

’I‘HE methods for the continuous liquefaction

of hydrogen and helium at present in use
are essentially the same as those originally used
by Dewar and Kamerlingh Onnes when these
gases were first liquefied. These methods are
based on the use of the Joule-Thomson effect,
combined with a

culties, chiefly arising from the difficulty of finding
a lubricant which will make the piston tight in
the cylinder and retain its lubricating properties
at the very low temperatures. Claude, however,
managed to make such an expansion engine which
would work at the temperature of liquid air by
using the liquefied
gas as the lubricant.
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reversible, the
efficiency of the
method is very low :
for example,
Meissner’ calculates
that to produce
liquid helium, one
hundred times
more power is re-
quired than if the
process could be
d one reversibly.
The advantages to
be gained by using
adiabatic expansion
for the cooling of
liquefying gases
have long been
realised, but owing
to technical diffi-
culties this method
has only been used
up to the present
to liquefy small
amounts of gas by
a single expansion.
Thus in 1895,
Olszewski was the first to obtain a fog of liquid
hydrogen drops by a sudden expansion of com-
pressed hydrogen. Recently, Simon? has produced
appreciable quantities of liquid helium also by a
sudden expansion of highly compressed helium.
The technical difficulties in constructing an
apparatus for continuous liquefaction by adiabatic
expansion lie chiefly in the designing of a cooling
expansion engine which will work at low tem-
peratures. Two principal types of expansion
engine can be considered. The first is a turbine,
but this involves a number of technical difficulties
which have not yet been overcome. The second
type of machine is a reciprocating moving piston
expansion engine ; this also involves great diffi-
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Helium liquefaction apparatus at the Royal Society Mond Laboratory.

tory we have been
working on the
development of a
reciprocating  ex-
pansion engine
working on a
different  principle
which does not re-
quire any lubrica-
tion of the piston
at all, and which
will work at any
temperature. The
main feature of the
method is that the
piston is loosely
fitted in the cylinder
with a definite clear-
ance, and when the
gas is introduced in-
to the cylinder at
high pressure, it
is allowed to escape
freely through “the
gap between the
cylinder and the
piston.  The ex-
pansion engine is arranged in such a way that the
piston moves very rapidly on the expanding stroke,
and the expansion takes place in such a small
fraction of a second that the amount of gas escaping
through the gap is very small and does not appreci-
ably affect the efficiency of the machine.

The principal difficulty in constructing such a
machine was concerned with the valves in the
expansion engine, which had to let in a considerable
amount of gas in a small fraction of a second.
Another difficulty was to find metals with the
necessary mechanical properties for use at these
low temperatures. All these difficulties have now
been successfully overcome, and the liquefier is
shown in the accompanying photograph (Fig. 1).
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The expansion engine is placed in the middle of
the evacuated cylindrical copper casing, the
dimensions of which are 75 cm. long and 25 cm.
diameter. The casing also contains heat-exchanging
gpirals and a container of liquid air for the pre-
liminary cooling of the helium. Helium is com-
pressed to 25-30 atmospheres and is first cooled
to the temperature of liquid air and then cooled
by the expansion engine and regenerating
spiral to about 8° K.; the final liquefaction is
produced by making use of the Joule-Thomson
effect. This combination proves to be the most
efficient method of liquefaction. The liquid helium
is drawn off from the bottom of the liquefier by
means of a tap.

Following the preliminary cooling to the
temperature of liquid nitrogen, the liquefier starts
after 45 minutes to liquefy helium at a rate of
1 litre per hour, consuming about 3 litres of liquid
air per litre of liquid helium. This output we
hope will shortly be increased, but even now it

compares very favourably with the original
method of making lquid helium, in which,
according to Meissner (loc. cit.), the consumption
is 6 litres of liquid air plus 5 litres of liquid hydrogen
per litre-of liquid helium. It is also evidently a
considerable advantage to be able to dispense with
liquid hydrogen as a preliminary cooling agent.
Theoretically it would be possible in our case also
to dispense with liquid air, but the size of the
liquefier would then be impracticably large. Using
liquid hydrogen as a cooling agent, the output of
the liquefier could be increased about six
times.

The same liquefier has also been used for
liquefying hydrogen, which was passed through a
special circuit under a pressure of a few
atmospheres.

A detailed description of the apparatus will
shortly be published elsewhere.

1 ““Handbuch der Physik.”
* Z. Phys., 81, 816; 1933.

CGeiger and Scheel, vol. 11, p. 328,

Science and the Royal Academy

IF the art of the painter were to begin and end
in mere representation, the coloured photo-
graph would completely satisfy most people.
Indeed, science, by the invention of the stereo-
scope, has furnished a means of actual representa-
tion in three dimensions which far surpasses in
this respect even the greatest paintings that exist.
It is a commonplace to hear, in any gallery,
expressions of approval or otherwise based mainly
upon such considerations.

Sir Joshua Reynolds, in his sixth discourse
before the Royal Academy, says : ‘“When the arts
were in their infancy, the power of merely drawing
the likeness of any object was considered one of
its greatest efforts, The common people, ignorant
of the principles of art, talk the same language
even to this day.” On the other hand Carlyle,
quoting Goethe, points out that “In every object
there is inexhaustible meaning ; the eye sees in
it what the eye brings means of seeing”. The

colour, arrangement, style or texture, design and |

rhythm can only fully appeal to those who have
given the matter some thought, and who realise that
“Art is Nature expressed through a personality’’.

Yet there must be rules underlying the making
of a picture which give to it those fundamental
qualities that ensure its survival through the ages.
Although science has given the painter a wider
range of reliable pigments, and the oils and
mediums used by him are more refined and less
liable to change, it is interesting to notice that this
craft still employs identically the same kind of
tools and methods that have been in use for
centuries. The development of machinery, the
vast accumulation of knowledge in all branches
of human activity, the great advances in chemistry
and physics, leave the artist undisturbed with his
simple appliances. He still works in surroundings

very similar to those that could have been found
in the studios of Michael Angelo or Titian. The
artist is probably unique in this, and acquires
therefrom a peculiar position in the scheme of
things ; often being regarded by the ignorant as
a kind of magician, by the intelligentsia as a species
of poet, and sometimes by men of science as an
overrated member of society, who seems in fact
to have contributed nothing to the accumulations
of unsorted knowledge.

A possible remedy for this state of affairs lies
with the artists themselves. The old masters have
left us pictures of the alchemist in his laboratory.
Present-day artists have missed a great oppor-
tunity in not attempting to represent something
of the atmosphere in which modern scientific
experiments are frequently conducted. Surely
there is wide scope here for artistic adventure. It
is not merely a question of depicting some
distinguished individual before a background of
scientific apparatus. The figures, some in action
and others eagerly note-taking, should be sub-
sidiary to the general plan. There is often great
beauty of colour and composition to be found—
especially in a physics laboratory—where some
important work is afoot and being carried through,
in dim light stabbed only by beams reflected from
the instruments.

The one hundred and sixty-sixth annual ex-
hibition of the Royal Academy, which was opened
to the public on May 7, includes the famous bust
of Prof. Einstein (1593) by Mr. Jacob Epstein.
This has been purchased for the nation under the
terms of the Chantrey Bequest. There is also a
good portrait of Sir Robert Mond (146), painted
by Mr. F. O. Salisbury, and an excellent picture
of Prof. John Walton (with a microscope at his
elbow) (248) by Mr. W. O. Hutchison. An attempt
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