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use are being studied, and the results will shortly 
be experimentally applied m the works of 
members., 

A number of improvements and inventions, 
for some of which applications have been 
made for patents, are being completed, and 
will in due course be placed in operation. 
These improvements and inventions include a 
method of cooling tank-furnace walls, an 
instrument for indicating and recording vis
cosity of glasses under practical working con
ditions, temperature-control apparatus, furnace
controlling instruments, paste for moulds, etching 
and acid polishing solutions, instruments for 
classification of colour values of glasses, and 
others of minor importance. 

It has been the policy of the association so far 
as possible to utilise existing facilities in scientific 
institutions, and in accordance with this policy 
National Physical Laboratory is proceeding with 
researches on behalf of the association, and it is 
contemplated that during the corning year the 
volume of researches at this institution will be 
considerably increased, Investigations are also pro
ceeding at the Department of Glass Technology, 
University of Sheffield. Negotiations are pro
pressing with universities and institutions which 
are specially equipped and adapted to investigate 
specific problems on behalf of the association. 

The· association is completing a working agree
ment with the British Refractories Research Asso 
ciation whereby large-scale researches into ti-)C 

fundamental principles underlying the manufac
ture of refractories for the glass industry and their 
industrial application will be carried out by the 
British Refractories Research Association working 
in consultation with a joint committee formed ot 
members of both associations and the Directors 
of Research. 

Working arrangements have been made· with 
the British Scientific Instrument Research Associa
tion whereby problems common to both associa
tions will be investigated jointly, this association 

co-operating with the British Scientific instrument 
Research Association to the fullest possible extent. 

The council has considered the advisability of 
conducting research investigations into psycho
logical and physiological problems affecting organ
isation and productive operations of the industry, 
and, believing that such investigations will be of 
great benefit both to the operatives and to the 
manufacturers, has referred this matter to the 
appropriate research committee for action. 

Apart from work to be undertaken by associa
tions and scientific institutions and at factories of 
members on behalf of the association, arrange
ments have been made for men of science who 
have specialised in certain branches of scientific 
investigation as applied to this industry to under
take researches. 

Extensive investigations on "The. Bloom and 
Dimming Effect upon Lamp-working Glass" have 
been made on behalf of the association by Mr. 
J. H. Gardiner. A first report has been received 
which has led to fruitful suggestions for further 
investigations, which are proceeding. A valuable 
contribution has been made to the association bv 
Messrs. F. Twyman and A. J. Dalladay upon 
"Methods of Differentiating Cords in Glass," and 
fur ther work is b eing done on this subject in the 
laboratories of the association. 

A vast amount of work lies before the 
association , arid, while realising the limitations 
of universities in their relation to industrial 
research and appreciating their services tci 
industry . in furnishing both ideas and trained 
investigators, the council is, in its en
deavours to solve such of those problems 
of the glass industry as lend themselves to in
vestigations along academic lines anxious for the 
close co-operation of those universiti es and scien
tific institutions having equipment and facilities 
available, and it is hoped that as its work pro
gresses the association may become the centre of 
scientific and industrial research into problems of 
tht· glass industry for the Empire. 

/?u , / , .,!· ,,\),.,. -"3 /-• ,t;'.?8 

The Quantum Theory. 

pROF. MAX PLANCK was awarded the Nobel 
prize for physics this year, and his address 1 

on the occasion of receiving it makes extra
ordinarily interesting reading. He describes in 
some detail the way in which he was led to the 
discovery of the quantum, and to anyone engaged 
in research the description will be very encourag
ing, for it shows through what darkness the mind 
of a great discoverer must grope, and what false 
tracks he will follow, before he sees the light of 
the truth. At the time of his discovery few 
physicists would seem to have appreciated the 
fundamental importance of the unknown relation 
connecting the energy of radiation with its wave
length and temperature, perhaps because this rela-

1 "Die Entstehung und bisherige Entwicklung der Quantentheorie. '' 
Von Max Planck. Pp. 32. (Leipzig : J A. Barth, 1120.) Price 4 marks. 
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tion can be obtained only by a denial of some of 
the chief articles of their scientific creed. Thus 
the late Lord Rayleigh had already stated cor" 
reedy the radiation formula as it ought to be
and as it is for the longer wave-lengths; but he 
does not appear to have attempted to explain its 
hopeless fa ilure in the region of the visible spec, 
trum and bevond. The rival formula was that 
of Wien, far' less s.ound but 
good agreement wtth observation m the v1s1ble 
spectrum. 

Planck started on Kirchhoff's idea that if he 
could find the emission and absorption for a single 
ioeal radiating substance, the true radiation 
formula wouid result. He naturally worked on 
dynamical principles, and inevitably got a result 
equivalent to no result at all, for it led to the 
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impossibilities of formula. He next 
turned his attentiOn to the thermodynamical 
aspect, and this illustrates at its best the groping 
process, for in fact thermodynamics does not 
contain the answer at all; and yet this track 
guided him to the right solution. lie was led to 
study a certain thermodynamic function (the re· 
ciprocal of the second differential of the entropy 
with regard to the energy!), and was struck by 
the fact that, with \Vien's formula, it was propor
tional to the energy itself-a fact that is really 
quite accidental. For Rayleigh's formula it was 
proportional to the square of the energy, and 
Planck was happily inspired to combine the two 
fcrms into one. The result gave him the true 
formula. It remained to find a theory to account 
for it. 

In the course of his efforts to get this theory, 
Planck turned to the deeper meaning that is 
attributed to entropy on the kinetic theory, which 
connects it with probability, and once this was 
tried it gave the result more simply than might 
be expected. For in considerations of probability 
one is bound to work with discrete quantities, <tlld 
not with continuous; and so one must adopt the 
idea of atoms of energy for the calculations, 
though with the ultimate intention of making 
them infinitely small. But this intention is 
trated, because the formula is obtained without 
going to the limit at all. This was how Planck 
<trrived at his theoretical explanation of the radia
tion formula. and hy comparison "·ith cxperimcnt 

he was enabled to deduce two universal constants. 
From the tirst were obtained the earliest reallv 
good values for the charge of the electron and 
associated constants. '1 he second, he confesses, 
pt'rplexed him a good deal, and indeed it would 
have been surprising if it had not. It was the 
quantum. 

The remainde1· of the address is occupied with 
the later history of the quantum, and \t is scarcely 
too much to say that this is simply the history of 
modern physics. Of all ib applications, photo
electric effect, specific heats of solids at low tem
peratures, specific heats of gases, etc., he not un
naturally g·ivcs pride of place to Bohr's spectrum 
theory. The address concludes with some specula
tions as to what may be the solution of the almost 
impossible difliculties with which we are faced. 
The success of the quantum theory has been, and 
continues to be, so enormous that it often appears 
as if writers had forgotten that the whole present 
system of physics is based on a perfectly definite 
set of mutually contradictory axioms. So it is 
particularly interesting to hear some Yiews on this 
question by one of the great authorities . Unfor
tunately, Planck docs not seem nearer the solu
tion than arc the rest of us, for in one place he 
throws out the discouraging- suggestion that the 
quantum theory is now in the state in which 
Romer left the theory of light, so that we may 
expect to have to wait a long time for the Maxwell 
of the subject to appear :tnd reconcile seem
ingly irreconcilable. 

0 bit u a ry. 

Sl'I-XCEH PICKERil'\G, F.I-\.S. 

] 1\. the death of Percival Spencer Umfrevillc 
.J Pickering at Harpenden on December .=; 

English sci('ncc loses one of its most original 
and attractive personalities. His death was not 
unexpected; for more than a year his friends 
had known that Pickering \\·as in a precarious 
condition, holding on to life by little more than 
his courage. 

Pickering was horn in 1H.'iH of good family. 
and educated at Eton and Balliol. His earliest 
paper was published \Yhile still an undergraduate, 
and it is not uncharacteristic that it \\·as polem 
ical, directed against one of his dons, and con
cerned with a basic compound. But his real 
a.-tivity began with his appointment as professor 
of chemistry at Bedford College in 1881. He 
began to work upon the constitution of double 
and basic salts, and passed on to determinations 
of thermal phenomena accompanying- the 
tion and solution of salts. ::\aturally enough, 
this work led to a general consideration of the 
process of solution, especially as it was about 
this time that the Yan't Hoff theory of o"motic 
pressure and the dissociation into ions of salts 
in aqueous solutions was beginning to revolu
tionise the conceptions of chemists. Pickering
would have none of this theory; his work lay at 
the other end of the scale among solu-
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tions and pm' erf ul electrolytes, and he saw solu
tion as a process of association with formation 
of hydrates. In a voluminous paper published 
hy the Chemical Society in 188g he examined with 
an extraordinary wealth of detail the density, 
conductivity, heat of dissolution, heat capacity, 
and expansion of mixtures of sulphuric acid and 
water, demonstrated breaks of continuity in the 
graphs representing these properties, and isolated 
definite hvdratcs to match the breaks. 

with the supporters of tht: ionic 
hypothesis grew intense, for Pickering was turn
ing out an enormous volume of experimental work, 
and was standing for his hydrate theory almost 
Athanasius contra mu11dum. Between 1889 and 
1896 he printed no fewer than fifty-six papers on 
solution with the Chemical Society alone, many 
of them of great length, and involving a vast 
number of exact determinations, all of which 
were done single-hamkd and without 
The tide was, however, running against Picker
ing; he and Ostwald were looking at different sides 
of the shield; but, though Pickering's work has 
since fallen into its proper place, at the time it 
lacked that pragmatic justification of leading to 
discovery which made the dissociation hypothesis 
so gerwrally acceptable to the chemists of the 
day. In disgust Pickering forsook chemistry, 
the rapid flm,· of papers cnding abruptly in 18gfi . 
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