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engaged on problems of economic importance. As an 
example of such work one may mention a recent 
publication on the geochemistry of gold by Zviagin
zev11. In this book the author gives an account of 
the distribution and migration of gold in geospheres, 
and traces the history of gold from its concentration 
in hydrothermal veins 'to its renewed concentration 
in placers. Several interesting problems are discussed, 
such, for example, as the occurrence of gold in meteor
ites, in water, in plants and in coal. The concentra
tion of gold in the hands of man (anthroposphere) is 
estimated to be of the order of 0·001 per cent of the 
total amount in the earth. 

It is difficult to avoid the impression that geo
chemistry in the U.S.S.R. tends to the fanciful, and 
the criticism so implied is not altogether unjustified. 
It must, however, be noted that Russian geochemists 
have done and are doing much spadework, and that 
ideas and theories, which may have seemed extrava
gant, have proved valuable both in the co-ordination 
of knowledge already acquired and in the search for 
knowledge as yet .unrevealed. In this branch of 
science, as in others, progress depends on daring 
thrusts into the unknown, on the blazing of new 
trails which must later be consolidated by patient 
experimental and observational work. 
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CRYSTAL DYNAMICS 

T HE subject of crystal dynamics, which is con
cerned with the vibrational movement of atoms 

in the solid state, is now of respectable antiquity. 
The classic papers are perhaps those of Einstein>, 
Debye• and Born and v. Karman3, which deduce the 
specific heat of metals from the vibrational energy 
of the crystal lattice. The whole subject has recently 
received a new interest and stimulus by the discovery 
that the thermal vibrations of the atoms of a crystal 
produce measurable effects in the background of 
X-ray diffraction patterns. The normal Bragg-Laue 
diffraction pattern of a crystal is characteristic of 
its geometry : the thermal motion of the atoms 
appears as a pattern in the background of the diffrac
tion photographs. This is a subject which evidently 
has wide ramifications, and in fact must ultimately 
affect every branch of physics concerned with the 
solid state of matter. The experimental and theor
etical development of the subject have been ably 
summarized by Lonsdale• and Born5• 

That ideas concerning the vibrations of so complex 
a system as a crystal lattice should depend to some 
extent on the mode of approach to the problem is 
perhaps to be expected, but the extent to which they 
diverge llm"prming. Sir C. V. Raman !1-pproaches 

the matter, naturally, by a road leading from the 
optical characteristics of transparent crystals : such 
phenomena as the Raman effect, luminescence and 
absorption spectra ,should throw light on the nature 
of vibrations in the crystal lattice. Recently there has 
appeared "A Symposium of Papers on the Dynamics 
of Crystal Lattices"6 , in which Raman develops his 
ideas about the atomic vibrations in a crystal, while 
his collaborators extend his ideas in several directions. 

The basic fact which the theory seeks to explain 
is that the Raman spectra and luminescent spectra 
of crystals consist of a number of discrete monochrom
atic lines. That these lines are superimposed on 
a continuous background of intensity is ignored. To 
provide an explanation for the discrete lines in the 
spectra Ramari seeks to endow the crystal lattice 
with a limited number of discrete modes of vibration. 
The absorption of energy from the incident beam by 
one of these modes would give an absorption line, 
while the communication of energy from one of the 
modes would give an emission line in the emission 
spectrum. 

Raman's argument seems to run as follows. Direct
ing our attention to a particular atom in a particular 
crystal cell, we see that the restoring force which 
'Operates when it is displaced from its position of 
equilibrium is the same as that which acts on any 
crystallographically equivalent atom in any other 
cell of the crystal, because all these equivalent atoms 
have the same kind of neighbours arranged in the 
same pattern. This identity of the force constants 
suggests that the displacements of equivalent atoms 
in a normal mode of vibration are related in a simple 
way. Raman is then led to the result that equivalent 
atoms in the crystal have all the same amplitude of 
vibration, their phases being either the same or 
opposite in neighbouring cells along the three crystal 
axes. This means that the atomic vibrations repeat 
themselves in a space pattern of which the unit has 
twice the linear dimensions, and therefore eight times 
the volume, of the unit cell of the crystal lattice. 
If there are p atoms in the unit cell of the crystal, 
there are 8p atoms in the superlattice cell into which 
the vibrations divide the lattice. Each of these 8p 
atoms has three degrees of freedom, so the total number 
of normal modes is 24p, three of which correspond 
to translations of the crystal as a whole and do not 
rank as modes of vibration of the lattice. The total 
number of frequencies so enumerated will also be 
reduced by the symmetry of the crystql structure. 

The foregoing argument thus leads to the result 
that the vibrational spectrum of the crystal consist.s 
of a small number of discrete (monochromatic) 
frequencies. The result is founded on an arbitrary 
assumption and is quite at variance with all other 
work on the subject. Raman concludes his paper 
with some (unfortunate) remarks about Born's 
"postulate of the cyclic lattice", an idea which both 
Born and Lederman 7 have re-examined and found 
to be justifiable. . 

The remainder of the symposium consists, on the 
theoretical side, of four papers by E. V. Chelam on 
the enumeration of the normal modes of vibration 
of several type111 of cubic lattice, and two papers by 
G. N. Ramachandran on the vibrations of the four
teen Bravais lattices. The experimental background, 
which the theory is designed to explain, is reviewed 
by R. S. Krishnan, who deals with the Raman 
effect in crystals, and by D. 0. Pant, who surveys 
the experimental data concerning the lUlllinescent 
.spectra of crystals. It is unfortJmate that theBEl 
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authors and their eminent leader have not given their 
careful attention to the X-ray evidence which has been 
so well described by Dr. Kathleen Lonsdale. This de
mands a nearly continuous spectrum of vibrational 
frequencies in the crystal quite contrary to Raman's 
theory. Krishnan, moreover, ignores the continuous 
background to the Raman spectrum of sodium chloride 
observed by Fermi and Rasetti 8 and stresses only the 
lines which are superimposed on the background. The 
lattice theory developed by Born (loc. cit., p. 309)·pro
vides an explanation of the X-ray results and also of 
the small number of lines in the Raman and absorption 
spectra of crystals. There does not, therefore, seem 
to be any necessity for introducing arbitrary assump
tions, into the dynamical theory in order to reduce 
the number of normal modes of vibration to a few 
discrete frequencies. G. D .. PRESTON. 
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OBITUARIES 
Sir Joseph Arkwright, F.R.S. 

JOSEPH ARTHUR ARKWRIGHT, an honorary member 
of the staff of the Lister Institute of Preventive 
Medicine and a former member of the Medical 
Research Cmmcil and of the Agricultural Research 
Council, died on November 22 after a short illness, 
a few weeks after the death of his friend and 
colleague, Sir John Ledingham. He was the son of 
the late Arthur William Arkwright, of Broughton 
Astley, Leicestershire, and was born on March 22, 
1864. He was educated at Wellington College, and 
Trinity College, Cambridge, and pursued his medical 
studies at St. Bartholomew's Hospital, London, 
qualifying in 1889 and graduating M.D. in 1895. 

Arkwright had a many-sided and distinguished 
career. Mter postgraduate work at St .. Bartholo
mew's, the Victoria Hospital for Children, Chelsea, 
and the West London Hospital, he engaged for some 
years in general practice, chiefly at Hales Owen, 
Worcestershire; but in 1905 he renounced this work 
to join the staff of the Lister Institute, first as a 
voluntary research worker and from 1909 onwards 
as assistant bacteriologist. He retired from active 
duty in 1927, but continued to work at Chelsea as an 
honorary member of the staff. He was elected a 
member of the governing body of the Institute in 
1932 as the representative of the Royal Society and 
served until January 1 of this year, when the Board 
recorded its high appreciation of the value of his 
wise counsel during the period of his service. 

Arkwright's work at Chelsea was interrupted by 
the War of 1914-18 when, after investigating an 
epidemic of cerebro-spinal meningitis among troops 
encamped on Salisbury Plain in 1915 and recording 
his observations on the grouping of meningococcus 
strains that were isolated, he served in the R.A.M.C. 
with the rank of major as pathologist at St. George's 
Hospital, ·Malta, where with Dr. E. A. Lepper he 
investigated the occurrence of blackwater fever in 
the Eastern Mediterranean area. In 1918 he ,was 
appointed a member of the War Office Committee on 

Trench Fever, and with his colleagues, Bacot and 
Duncan, demonstrated the constant association of 
the virus of trench fever with Rickettsia quintana in 
lice. In 1922 he accompanied Bacot to Egypt at the 
request of the Egyptian Government, to investigate 
the etiology of typhus fever. After two months work 
in Cairo, both contracted the disease, to which Bacot 
unfortunately succumbed ; Arkwright recovered from 
a severe and hazardous illness. Previously, in 1920, 
he had carried out a series of investigations on foot
and-mouth disease under the auspices of a committee 
appointed by the Ministry of Agriculture and 
Fisheries and later became chairman of this com
mittee, as also of the Agricultural Research Council's 
Brucella abortus Committe!J and the joint committee 
with the Medical Research Council on tuberculosis. 

The subject, however, with which Arkwright's name 
will always be associated is that of bacterial variation, 
and his fundamental and luminous researches on the 
forms of bacteria that he named the "S" and "R" 
variants, embodied in an outstanding communication 
to the Journal of Pathology and Bacteriology in 1921, 
gave a new impetus to research in this direction, He 
was also deeply interested in the carrier problem, 
and his book, "The Carrier Problem in Disease", pub
lished in collaboration with the late Sir John Leding
ham, was an important contribution to this subject. 
He also contributed freely to the Medical Research 
Council's "System of Bacteriology" and to numerous 
scientific journals. . 

Arkwright's active and versatile mmd found many 
channels for its expression. He was appointed ·.a 
member of the Medical Research Council in 1930 and 
of the Agricultural Research Council on its inception 
in 1931. His public-spirited and useful work in these 
directions only terminated in 1940, when in his 
seventy-sixth year he retired from the latter of these 
offices. He was made a fellow of the Royal College 
of Physicians in 1916 and served on the Council 
during 1929-31. He was elected a fellow of the Royal 
Society in 1926, and the honour of knighthood was 
bestowed on him in 1937 for his outstanding scientific 
achievements. 

Arkwright had a charming personality and ex
tended an ever-helping hand to the younger workers 
at the Lister Institute, to whom he was a source of 
encouragement and inspiration. Apart · from his 
special studies he had a broad cultm·al and scientific 
background and was a field naturalist of no mean 
ability, possessing an exceptional knowledge of field 
botany and of horticulture, and a good working 
knowledge of other branches of natural science. He 
married in 1893 Ruth, daughter of the late Joseph 
W. Wilson, who, with their three daughters, survives 
him. R. ST. JOHN-BROOKS. 

Dr. G. A. Tomlinson 
WE regret to record the death of Dr. George 

Arthur Tomlinson, a principal scientific officer at the 
National Physical Laboratory, on December 1, after 
a short illness. · 

Tomlinson was born on January 7, 1885, and 
educated at Nottingham High School, passing on to 
University College, Nottingham, where he took the 
degree of B.Sc. (London) in engineering, with first
class honours. He then spent two years as a research 
student at St. John's College, Cambridge, on post
graduate research. He also gained honours in electrical 
engineering in the City and Guilds (London) exam-
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