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atmosphere. The separation of ethylene from coke 
oven gas and from the gases obtained by the cracking 
of oil is another field in which low-temperature gas 
separation is now widely practised. 

A further contribution to this session was an 
account of the work pioneered by Sir Alfred Egerton 
at the Imperial College of Science and Technology, 
London, into the utilization of liquid methane. 
Trials with motor vehicles adapted for running on 
liquid methane, carried in a. vacuum-jacketed tank, 
have now totalled about 25,000 miles, of which the 
greater part has been ma.de with buses in full 
passenger service. It is considered that sufficient 
knowledge now exists for the use of liquid methane 
as an automotive fuel to be considered for certain 
types of vehicles where methane is available. The 
use of stored liquid methane to meet peak loads at 
gas works was also discussed. 

Commission III of the Congress was concerned 
with fundamental biochemical and biophysical studies 
related to refrigeration. Dr. P. Becquerel reported 
on experiments in which dehydrated organisms such 
as Protozoa, seeds, and spores of bacteria and fungi 
were mixed with iron alum powder and cooled by the 
magnetic method to within 0·2° C. of absolute zero. 
All the organisms frozen in this way recovered their 
full vital activity when thawed. It is thus shown 
that by the action of dehydration, vacuum, and 
extremely low temperatures it is possible to suppress 
the colloidal state of protoplasm necessary for 
biological changes without affecting its power to 
recover. 

In organisms having a higher water content, the 
chance of survival decreases, although it was shown 
by Dr. L. Geneves in experiments in which micro
scope observations were made of cooling thin sections 
from the roots of the chicory plant that the dis
turbance of the cell structure by cooling was often 
reversible on_ thawing. Similar work was reported by 
Miss I. Modlibowska, East Malling Research Station, 
who directed attention to the causes of frost injury 
to fruit trees, relating it to the water content.of the 
affected cells. The effect of low temperatures on the 
survival of animal cells was discussed by Dr. L. 
Bucciante. The usefulness of these researches was 
instanced by the present use of the low-temperature 
preservation of animal spermatozoa and of insulin in 
frozen pancreatic glands. 

A novel approach to these problems described by 
Dr. W. H. Cook, National Research Council of 
Canada, involves the study of freezing processes in 
artificial cells constructed from 'Cellophane' or 
rubber. Films produced from these materials exhibit 
high resistance to penetration by ice crystals. 

The effect of low temperatures on enzyme activity 
was discussed by Prof. M. A. Joslyn (California) and 
others. While this field is still only partially explored, 
it appears that the concentration of the substrate 
by freezing of some of the water may protect the 
onzyme and allow the continuance of its activity 
at lower temperatures than would otherwiso be 
possible. 

A further biological problem which a.rises in 
refrigerated food storage is the shrinkage and loss of 
weight of meat and fish which can occur on thawing, 
due to the extrusion of fluids from muscle. In this 
field a most valuable paper was presented by J. R. 
Bendall (Department of Scientific and Industrial 
Research) and Dr. B. B. Marsh, of New Zealand. 
They have been able to relato the shortening of 
muscle fibres and the consequent extrusion of liquid 

to the decline in the concentration of adenosine 
triphosphate in the muscle. The reversibility of the 
process has been demonstrated, and also its 
dependence on the pH value. 

The present state of gas storage for apple and 
pears was outlined by Dr. C. West, of the Low 
Temperature Research Station, Cambridge. Wide 
experience has now been gained in the optimum 
refrigeration temperature and composition of atmo
sphere required for different varieties, and the 
importance of this method is such that it already 
provides storage for 80,000 tons of fruit in Great 
Brita.in alone. Other speakers reported its use 
overseas. 

The work of other commissions covered the purely 
technical and engineering questions involved in the 
design of refrigerating machines and insulated 
chambers of all types. Facilities were also provided 
for members of the Congress to visit research 
laboratories and industrial installations in many 
parts of England and Scotland. 

The occasion of the Congress was made the oppor
tunity for drawing up and sanctioning extensive 
measures for the reorganization of the International 
Institute of Refrigeration under its new director, 
M. C. David. It is a matter of the greatest satisfaction 
to scientific men and refrigeration engineers in Great 
Britain that Dr. Ezer Griffiths was elected as the 
new president of the General Conference of the 
International Institute of Refrigeration ; he is 
succeeded in his post as head of the Technical Board 
of the Institute by Prof. C. J. Gorter, of the University 
of Leyden. G. G. HASELDEN 

LOW-TEMPERATURE PHYSICS 

T HE conference on low-temperature physics, held 
at Oxford during August 22-28, constituted the 

second meeting of the Commission for Very Low 
Temperatures of the Union de Physique Pure et 
Appliquee, the first having been held at the Massa
chusetts Institute of Technology in 1949; and at the 
same time it formed part of the first post-war meeting 
of the Institut International du Froid, which has a 
Commission primarily interested in the pure physics 
of low temperatures. A conference on the technical 
and industrial aspects was held in London (p. 806) 
immediately after that at Oxford. Visitors were 
invited to the Royal Society Mond Laboratory at 
Cambridge on August 21. 

A feature of the Oxford conference was the presence 
of a large number of younger research workers who, the 
organizing committee felt, had in general insufficient 
opportunities of attending international meetings 
of this kind. They were able to be there through 
the generosity of the Royal Society and a number 
of industrial organizations, the contributions-of which 
substantially augmented the grant made by the 
Union de Physique from Unesco funds. The presence 
of a large number of delegates from the United States 
was ensured through tho continued support of the 
Office of Naval Research. 

Except for three introductory papers, contributions 
were limited in duration to ten, fifteen or twenty 
minutes. The total number was about a hundred and 
ten. A reporting system similar to that of the 
Harwell conference on nuclear physics (1950) we..,:; 
used, with the aid of fifty of the junior research 
workers, to make the report available in a few weeks. 
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In the following account, papers are grouped under 
the same four headings as at the conference. 

Thermal Properties 

A noticeable feature of this section was the general 
attempt to measure quantities such as specific heat, 
thermal conductivity and electrical conductivity over 
a continuous temperature range, where previously 
considerable gaps had existed. A number of workers 
have pushed these measurements below l ° K., and 
some private discussion took place on the tem
perature scale in this region. Discrepancies still 
exist between different laboratories even above 
0·2° K.; below this temperature the discrepancies 
become considerable, but, until the problem of heat 
transfer to and from the paramagnetic salts used as 
cooling agent is solved, this does not seriously affect 
work except on the properties of the salts themselves. 

Work on the specific heat anomaly in solid 
deuterium was reported by H. L. Johnston, and in 
solid hydrogen by R. W. Hill. It seems probable 
that the origin of the anomaly is splitting of the 
rotational degeneracy by the crystal field. Hill also 
reported that pure germanium shows no anomaly, 
and E. Estermann showed that the anomaly pre
viously found is connected with the presence of 
impurity. Measurements on neptunium and thorium 
oxides (NpO 2 and ThO2 ) (E. F. Westrum) showed 
that the anomaly in the former is magnetic in 
origin, like that of uranium oxide (UO 2). 

Work on solid helium at high temperatures was 
concerned with the possibility of a critical point in 
the solid-fluid equilibrium. J. S. Dugdale reported 
that entropy measurements give no indication of 
approach to such a point, and that two phases have 
been found in the solid state, with a latent heat of 
transition. F. E. Simon suggested that these represent 
close-packed hexagonal and cubic states. The 
melting curve below 4° K. has been further investi
gated by C. A. Swenson. The melting curve of the 
light isotope, helium-3 (B. M. Abraham), has been 
measured between 1·5 and 0 ·16° K. Above 0·5° K. 
the melting pressure is p = 26 · 8 + 13 · l 'I 2 atmo. 
spheres, while below it approaches a constant value 
of29·3 atmospheres; this may be due to a transition 
in the liquid, or to the experimental difficulty of 
lack of heat contact with the paramagnetic cooling 
salt. 

R. Berman reported that work on the thermal 
conductivity of dielectrics gives general confirmation 
of theory. The maximum in the thermal conductivity 
occurs at about a twentieth of the Debye temperature 
and amounts to 60 watts/cm. for sapphire. Work on 
solid helium (,J. Wilks) is of interest because of its 
large change of density under pressure. The low 
thermal resistance of some crystals raises the pos
sibility of observing 'second' sound in them. Work 
on the thermal conductivity of metals at Oxford and 
Ohio State University is concerned with the question 
of the minimum which, according to E. H. Sond
heimer, is a rigorous consequence of the Bloch
Nordheim theory. 

A considerable amount of work was reported on 
the electrical resistance of both pure metals and 
alloys, partly directed towards the discovery of suit
able secondary thermometers and partly for com
parison with theory. Hitherto, it has been generally 
accepted that the 'resistance reaches a constant value 
at low temperatures, but a number of metals show 
a minimum of resistance. E. Mendoza ha,s investigated 

specimens of silver, gold and copper below l ° K. and 
finds a sharp increase in the resistance at the lowest 
temperatures. There seems to be no explanation for 
this at present. 

Liquid Helium 
In an introductory lecture, F. London surveyed 

the present position in the theory of liquid helium. 
Further work has revealed some of the limitations of 
the two-fluid model, though there is no doubt that 
this is basically coITect. These limitations are con
nected with the existence of a limiting velocity in the 
rate of transfer, and the presence of dissipative forces 
at high rates of transfer. A more fundamental 
difficulty is the lack of a satisfactory molecular 
theory, although considerable progress has been made 
in the molecular theory of ordinary liquids. The 
fact that the light isotope, helium-3, shows no super
fluid characteristics down to 0 ·25° K. suggests that 
the nature of the statistics, Bose-Einstein or Fermi
Dirac, must play an important part. 

Measurements on liquid helium at Cambridge were 
reviewed by K. R. Atkins. Below l ·6° K. the velocity 
of 'first' sound approaches asymptotically the value 
237 ± 2 m./sec., while previously the velocity of 
'second' sound has been found to tend towards 152 ± 
5 m./sec. at 0·2° K. The ratio of these velocities 
departs slightly from the simple Landau theory value 
of y3, but this may be due to dispersion. 

Experiments on the flow of liquid helium II were 
mainly concerned with evalµating the nature of the 
frictional forces. The theory of Gorter and Mellink 
postulates a frictional force proportional to the cube 
of the difference of the velocities of the normal and 
superfluid. Measurements at Leyden, described by 
P. Winkel, have been designed to determine the 
proportionality constant and its variation with 
t emperature ; it seems possible that some interaction 
between the superfluid and the walls may have been 
present. Such an effect is suggested also by experi
ments of B. S. Chandrasekhar and K. Mendelssohn. 
Work at Cambridge, including a modified form of 
the Andronikashvili experiment, suggests that fric
tional terms involving only the velocities of the 
individual components may be present. R. Bowers 
discussed experiments in which the pressure at an 
intermediate point in the flow was measured, which 
indicated that frictional terms may only be required 
to explain flow above a certain critical rate. 

Measurements down to 0·25° K. on the specific 
heat of liquid helium were described by H. C. 
Kramers. Above 0·7° K. the specific heat diminishes 
with a power of the temperature between 6 and 7, 
in agreement with previous work, but then changes 
rather abruptly to follow a third-power law at lower 
temperatures, with an absolute magnitude not in 
serious disagreement with that predicted by the 
theory of Landau. 

A number of papers were presented on measure
ments of dilute solutions of helium-3 in helium-4. 
J. G. Daunt and C. V. Heer showed that a quasi
gaseous model of a Bose-Einstein liquid can be used 
to explain the properties of such solutions, without 
assuming that helium-3 dissolves only in the normal 
component of the fluid, as has been suggested by 
K. W. Taconis. 

An interesting experiment of a novel kind was 
discussed by J. R. Pellam. He showed that a 
Rayleigh disk can be used for investigating 'second' 
sound ; the use of a disk permeable only to the 
superfluid will give results on the densities of the 
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normal and superfluid components, the entropy and 
the specific heat. 

Papers on theoretical aspects ranged from the 
viscosity of gaseous helium-3 and helium-4 (J. H. 
de Boer) to the hydrodynamics of superfluids (I. 
Prigogine); the resurgence of physics in Japan was 
emphasized by a number of papers, read by M. 
Kotani. 

Superconductivity 

The session opened with a review by H. Frohlich 
of his new theory of superconductivity. The problem 
of finding an interaction mechanism leading to a new 
electronic state different from" the usual state by a 
small enough energy has been solved, but it has not 
yet been possible to show that this will lead to 
superconductivity. The interaction is between the 
electrons and lattice vibrations through spontaneous 
emission and absorption. This differs from that in 
electromagnetic theory in that the velocity of the 
particles (electrons) is much greater than that of the 
waves (phonons). The interaction depends on the 
ionic mass, and so gives rise to the isotope effect ; 
on the simple theory the transition temperature 
should vary with the inverse one-half power of the 
isotopic mass. A new fundamental length of the 
order of 10-s cm. appears, which may be connected 
with long-range order effects. M. R. Schafroth 
described an attempt to show that the theory leads 
to the London equations, but A. B. Pippard suggested 
that the true equations might be integral equations 
with the Meissner effect not implicit but imposed as 
a condition of the solution. On the expel'imental 
side, Pippard pointed out that the sharpness of the 
transition temperature with a mixture of isotopes 
implies that groups of at least two thousand atoms 
be involved simultaneously to avoid a spread due to 
random variations in the isotopic distribution, while 
groups of 1010 atoms are required to avoid a spread 
du~ to temperature fluctuations. This, and the 
smallness of variations in the penetration depth with 
magnetic field at constant temperature, suggest that 
the interactions have a range of the order of 10-4 cm. 
This range might be affected by impurities. 

Experimental work on the isotope effect was 
reported by E. Maxwell, who finds that in tin the 
transition temperature varies with the power 
(-0·486 ± 0·031) of the isotopic mass, while in lead 
the power is -0·73 (Mrs. M. Olsen-Baer). A striking 
result in work on thin films by R. Hilsch is that 
bismuth condensed from the vapour at 4·2° K. is 
superconducting, but, after annealing at room tem
perature, it is not. Among many other papers on 
superconductivity, mention should be made of a 
superconducting galvanometer (F. T. Pullan), with a 
voltage sensitivity of 10-10 volt. It is being used to 
measure the thermoelectric e.m.f. around a tin~lead 
circuit the junctions of which differ in temperature 
by only 0·01°. Experimental and theoretical work 
on the de Haas-van Alphen effect was reported from 
Cambridge. 

Magnetism 

In a review of recent advances in paramagnetism, 
B. Bleaney showed how the use of paramagnetic 
resonance has made possible the investigation of the 
behaviour of the ionic energy levels in a. magnetic 
field in a detail which could not be achieved by 
previous methods. This is particularly valuable in 
the study of hyperfine structure, since in dilute salts 

the position of levels as close as O ·001 ° K. can be 
determined. This has made possible the analysis of 
the degree of nuclear alignment by methods such as 
have been suggested by Gorter and Rose. The 
information obtained has given impetus to new 
theoretical work : in the iron group, by Abraham 
and Pryce, and in the rare earths, by Elliott and 
Stevens. In the latter case, the use of a crvstalline 
electric field of axial rather than cubic symmetry 
accords well with the experimental results on the 
ethyl sulphates. A. H. Cooke described the para
m8:gnetic properties of cerium ethylsulphate, the high 
arueotropy and low susceptibility of which normal to 
the crystal axis suggest its use for measurements 
below 1 ° K. A ma:gne~ic field could then be applied 
normal to the axis without producing appreciable 
heating of the salt. 

A concentrated attack on the antiferromagnetic 
state below 4·5° K. in copper chloride was reported 
from Leyden, measurements having been made on 
the susceptibility, the paramagnetic resonance spec
trum and the nuclea~ resonance spectrum in a single 
crystal. The behav10ur of the magnetization is in 
accordance with the theory of Neel, and the effective 
moment of the cupric ion can be calculated from the 
nuclear resonance spectrum. 

Fur:th~r measurements on remanence, hysteresis 
and similar effects in paramagnetic salts at tempera
tures of the order of 0·01° K. were described by D. 
de Klerk and M. J. Steenland. It seems that the 
behaviour observed resembles that of more concen
trated ~alt_s at higher temperature, being antiferro
magnetw m nature. Lack of dependence on the 
Curie point on shape suggests that it is due to 
exchange forces rather than magnetic dipole-dipole 
forces. 

After a review of possible experiments with 
oriented nuclei by M. H. L. Pryce, C. J . Gorter gave 
a short account of work at Leyden. Thie has included 
experiments with gamma-ray emission and the 
absorption of unpolarized neutrons ; one somewhat 
doubtful positive result has been obtained, the rest 
being negative. J. M. Daniels reported on work in 
progress at Oxford. 

Two-stage . dema:gnetization ex:periments using a 
superconductmg wire as a heat-switch were described 
by J. Hatton. With a starting field of only 9 kilo
gauss, a temperature of 0·0011 ° K. has been reached 
and the sample remained below 0 ·01° K. for forty 
minutes. B. V. Rollin showed that nuclear resonance 
experiments on a natural crystal of beryl have con
firmed the value of 3/2 for the nuclear spin of 
bei:yl~ium-9 from o?servation of the quadrupole 
sphttmg, and a prev10usly unobserved line has been 
ascribed to silicon-29, with a gyromagnetic ratio of 
l ·11. B. BLEANEY 

R. BOWERS 

OBITUARY 
Prof. F. W. Oliver, F.R.S. 

FB;ANCIS WALL OLIVER was born on May 10, 1864, 
at Richmond, Surrey. On the paternal side he came 
of a Northumbrian Quaker stock; his great-grand
father, Daniel Oliver (1771-1848), was well known as 
a preacher among Friends in the North of England. 
Though F. W. Oliver did not remain a member of 
the Society,. certain traits in his character, such as 
his unyielding individualism, may perhaps be associ-
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