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trial chemistry? Are not such considerations as economy 
of epergy in its various forms, high yields, and the avoid
ing, or, if unavoidable, the utilisation of bye-products the 
fundamental principles which we try to instil into the 
mind of the young chemist about to begin his career as a 
manufacturer? The history of applied chemistry is teem
ing with examples where the survival of the fittest means 
neither more nor less than a victory of economy. 

We all know that that marvellous creation of human 
ingenuity, the closed ring of industrial chemical processes 
working in connection with Leblanc's method of pro
ducing soda, is practically extinct on the Continent and 
materially reduced in its importance in England. This 
fate it had to suffer, because it was a wasteful process
wasteful in its utilisation of material and wasteful in its 
consumption of energy. The skill and resource exerted 
in its. invention and constant improvement will for ever 
be gratefully remembered ; but were unable to check 
the progress of the Solvay process, which is more 
economical in its use of energy, and of the electrolytic 
methods for splitting up the alkaline chlorides, which pro
duce no bye-products. 

The progress of industrial chemistry does not always 
depend on the introduction of more perfect, but also more 
complicated, machinery and plant into the factories. Of 
course, every chemical process requires thorough working 
out from a mechanical point of view, and many of the 
most brilliant successes of our modern chemical industry 
are mainly due to a clever adaptation of mechanical means 
to a chemical end; but, taken as a whole, the real 
progress of the chemical industry does not so much consist 
in the improvement of the apparatus as in the simplifica
tion of the fundamental chemical reactions. More than 
once a seemingly insignificant chemical alteration of an 
industrial process has produced the same or a better effect 
than the introduction of the most ingenious and costly 
plant. 

That the great principle of economy is not only applic
able to the material necessary for carrying out chemical 
reactions, but perhaps even more to the energy consumed 
by them, is a distinctly modern idea. It is not so very 
long since we have begun to have, if I may say so, 
a conscience for fuel. Previous generations took it for 
granted .that industrial work consumed coal, and that 
the necessary coal had to be provided and to be paid for. 
We are now awake to the fact that the quantity of fuel 
required for an industrial process is very much dependent 
on the way in which it is made to do its work. 

Of course, the calorimetric effect of any given fuel is 
a constant, and it is also true that we can never utilise 
more than a certain proportion of it; but this· proportion 
may vary considerably. It was alarmingly small almost 
through the whole of the nineteenth century, and we may 
congratulate ourselves upon its present ascendent tendency. 
A striking example of the transformation of our views 
about fuel and its proper use is the history of the smoke 
question. There was a time, both in England and on 
the Continent, when smoke was considered a necessary 
evil which had to be suffered. After a while smoke began 
to be looked upon as a nuisance, and war was declared 
against it by those who suffered from its disagreeable 
properties ; but now we know that smoke is a waste and 
that nobody has better cause to wage war against it' than 
he who produces it. A smoking chimney does not only 

visible unburned carbon into the atmosphere, but in 
mne cases out of ten also invisible carbonic oxide and 

with all the latent energy they contain. Smoking 
ch1mneys are thieves, and their misdeeds should not rise 
unavenged to heaven. 

But even chimneys that are innocent of incomplete com
bustion may be guilty of stealing energy if they allow 
the gases of combustion to escape into the atmosphere 
with a higher temperature than is necessary to activate 
the draught. The lost energy of such gases may be 
trapped and recovered by the regenerating and recuperating 
apparatus now so largely used by many industries. Re
generative gas-heating is not only a sure prevention of 
smoke, but also th.e most powerful means of economising 
heat, and therefore one of the greatest acquisitions of 
modern industry. It is perhaps not saying too much that 
the saving of national wealth effected by it may amount 
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to a sum sufficient to pay the aggregate national debts 
of all the civilised nations. Unci vilised nations are blessed 
with neither national debts nor heat-regenerating appli
ances. 

My last comparison between biology and applied chem
istry I should like to choose from a chapter which one 
might call biological sociology, though I am not aware 
that that name is commonly given to it. It treats of the 
wonderful phenomena of symbiose and aggregation. 

Symbiosis is, as we now know, of very frequent occur-· 
renee. Plants or animals of totally different nature and 
organisation, or even plants and animals, may combine 
for joint life and activity with the object of helping and 
protecting each other in the great struggle for existence. 
What neither of them would be able to fulfil or obtain 
by its own strength and power they can do with ease 
and certainty in their faithful allegiance. Gregarious
ness-the flocking together of organisms of the same kind 
-arises from the same spirit of mutual help and protec
tion. 

There is a great deal in human life and institutions, in 
our morals, politics, and science, which reminds us that 
the human race, as an intrinsic part of animated nature, 
has also inherited its all-pervading_ tendency for combining 
forces ; and what is thus apparent in the doings of man
kind in general cannot be absent in the special field of 
activity which forms the object of our exertions. The 
various forms of chemical industry are essentially 
symbiotic. They depend upon each other for their success 
and progress. A solitary chemical factory in a country 
otherwise devoid of chemical industry is a practicai 
impossibility. Chemical works come in shoals if they 
come at all. The maker of acids and alkalis wants other 
chemical enterprises to use his products, and these, again, 
are constantly on the look-out for customers. The more 
varied and. numerous the factories are, the more they 
prosper, in spite of their complaints of growing com
petition. 

The chemists themselves· are gregarious. They form 
societies and academies and institutes and syndicates by 
the score and who can denv the fact that brilliant results 
have achieved by such combinations of forces? 
If we remember, in terms of unmeasured gratitude, the 
great originators of our science and its applications, we 
cannot forget the help rendered to its progress by s.uch 
institutions as the Royal Society and Royal Instltutwn, 
the French, Italian, and German academies, the leading 
chemical societies, and the innumerable universities in all 
parts of the world, the rapid growth and extension of 
which is the true gauge of our progress. 

Last, but I hope not least, in this list of brilliant aggre
gations stand our congresses as a new, but most 
creation. They represent a modern form of symbiOtic 
effort amongst chemists, which is the more remarkable 
because it is international. They proclaim the great truth 
that science knows no boundaries and frontiers, that it is 
the joint property of all humanity, and that its adherents 
are ready to flock together from all parts of the world 
for mutual help and progress. It is the great truth pro
claimed bv one of our past presidents, Marcellin Berthe
lot-" La 'science est Ia bienfaitrice de l'humanite entiere" 
-which our congresses might write on their banner, for 
it expresses the spirit which led to their foundation and 
ensures their success. 

UNIVERSITY AND EDUCATIONAL 
INTELLIGENCE. 

DR. H. KoBOLD, professor of astronomy at the· Kiel 
University, has been called to the similar post at Berlin. 

MR. J. E. BARNARD has been appointed lecturer on 
microscopy in the department of general pathology and 
bacteriology, King's College, London. 

DR. G. S. WEsT has been appointed to the chair of 
botany and vegetable physiology in the University of 
Birmingham, rendered vacant by the retirement of Prof. 
Hillhouse. 

PRoF. W. W. PAYNE has retired from the chair of 
astronomy at Goodsell Observatory, which he founded at 
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Carleton College, Northfield (Minn.), in 1877, but retains 
the co-editorship of Poptilar Astronomy. Dr. H. 'Nilson, 
his co-worker, has been appointed to the professorship. 

DR. C. GoRDON HEWITT has accepted the appointment 
as entomologist to the Dominion of Canada in succession 
to the late Dr. James Fletcher, and has resigned, in con
sequence, his post as lecturer in economic zoology in the 
University of Manchester. He will leave England in· 
September to take up his ,new duties at Ottawa. 

WE learn from the lV es tminster Gaze tte that the heirs 
of tha late H err Heinrich Lanz, head of the Mannheim 
engineering firm, have given a million marks for the 
establishment of an academy of sciences a t Heidelberg, 
which will stand in the same relation to the university 
as the similar institutions in Leipzig and Giittingen stand 
to the universities in those cities. 

LoRo STRATHCONA has just presented the sum of 
1oo,oooZ. to the McGill University, Montreal, of which 
he is Chancellor. Of this amount, go,oool. is needed to 
complete a nd equip the new medical buildings, the old 
buildings having been destroyed by fire in 1907. The 
remaining 10,oool. is intended as a subscription to the 
fund for increasing salaries throughout the University. 

AT the meeting on June 28 of the council of the Uni
versity of Paris, the rector, M. Liard, announced, we 
learn from the Revue scientifique, a gift by M. Henry 
Deutsch of soo,ooo francs, and an annual grant of 15,ooo 
francs, towards a scheme for the creation of an aero
technical institute. He also announced a donation from 
M. Basil Zakaroff of 70o,ooo francs for the foundation of 
a chair of aviation in the faculty of sciences of the 
University. 

THE Belfast U nivcrsity Commissioners have made the 
following, among other, appointments to professorships 
and lectureships in the Queen's University of Belfast :
professor of economics, Mr. Thomas Jones ; professor of 
botany, Mr. D. T. Gwynne-Vaughan; lecturer in organic 
chemistry, Dr. A. \V. Stewart; lecturer in physics, Dr. 
Robert Jack ; lecturer in bio-chemistry, Dr. J. A. Milroy ; 
lecturer in geology and. geography, Dr. A. R. Dwerry
house; lecturer on hygiene,. Dr. W. James Wilson. 

NEW buildings in <;:onnection with the Merchant 
Venturers' T echnical College, Bristol, were opened by 
Lord Reay on June 24. The college will, for the future, 
provide the faculty of engineering in the newly established 
University of Bristol, and in consequence of this arrange
ment certain changes in the curriculum and time-table. will 
in all probability come into effect at the beginning of 
next session. These probable modifications are outlined in 
a short illustrated prospectus of the day classes of the 
college which was published recently. There are depart
ments for the study of many branches of engineering, 
including civil, mechanical, electrical, mining, and motor
car engineering, the last-named subject being in charge of 
a special professor. 

A NEW departure has been made in connection with the 
faculty of engineering of the University of Liverpool. A 
'>\)ecial course on refrigeration has been introduced into 
the honours school of m echanical engineering. The 
general theory and actual testing of refrigerating machines 
is included in the course on heat engines, but, in the 
final year of an honours student's four years' work, a 
course of. lectures and laboratory work on heat engines 
and refrigerators is provided. In addition, a special 
optional course has been arranged on refrigeratin¢ 
machinery and cold storages, comprising the design of 
refrigerating machinery, the construction of cold storages, 
ice-making plants, and the general practice of refrigeration. 
This experiment, which constitutes, it is stated, the first 
attempt in this country to establish special instruction on 
refrigeration, will be watched with interest. 

THE programme of the Summer School of University 
Extension Students, which is to be held this year at 
Oxford from July 30 to August 23, covers a sufficient 
range of subjects to appeal to the most diverse tastes. 
Pure science scarcely takes the prominent place accorded 
to it in previous years; we notice, however, that one 
section of the work arranged is entitled " Italy's Contribu-
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tion to Science,." and will include lectures on Galileo, 
V esalius and others, by such . well-known authorities as 
Prof. Osler, Prof. A. Macalister, and Mr. Marconi. In 
addition to the general course on Italy, lectur<;!S and classes 
have been organised for economic and political science, and 
a special class on practical map-making will be conducted 
by Mr. N. F. MacKenzie. Application for tickets, and 
all inquiries in connection with the meeting, should be 
addressed to Mr. J. A. R. Marriott, University Extension 
Office, Examinat ion Schools, Oxford. 

WE learn from the Pioneer Mail that a vesting order 
relating to the Tata Research Institute has been issued. 
The order recapi tulates the bequests of the late Mr. Tata, 
and enumerates other gifts which have been made for the 
purposes of the institut" ; it th en proceeds to outline the 
scheme for the government of the institute. The Viceroy 
is to be an ex-officio patron, and the heads of local 
Governments of India are included as vice-patrons. There 
will be also a court of visitors, on which the Government 
of India and the Government of Mysore wi ll be repre
sented, and Messrs . Tata, the sons of the benefactor, will 
be members during their lives. The director-general of 
education, the directors of public instt'uction to local 
Governments, and professors of the institute will be ex
officio members . There will be a council of twelve, a 
senate, and a standing committee of the court of visitors. 
The council, on which four professors will serve, will be 
the executive body of the Lnstitute, its proceedings being 
subject, however, to review by the standing committee 
referred to. There are now, we learn from the same 
source, ample resources at the .disposal of the governing 
body of the institute. The sum available for initia l ex
penditure includes building grants of 5 lakhs and 2!; lakhs 
respectively from the Mysore Durbar and the Government 
of India respectively, with Ifr lakhs from the Madras 
Government to be spread over three years, and there are 
in all 13 lakhs practically in h-and. As the endowment 
is on a liberal scale, the financi al future of the institute 
is assured. It mav be added that the actual buildings arP 
estimated to cost Rs. 6,57,ooo. 

THE new buildings of the University of Birmingham 
were opened by the King and Queen yesterday as we went 
to press. The following message upon this development 
of university work has been sent by Mr. Ch amberlain to 
the Birmingham Gazette:-" The University formally 
opened by their Majesties in person to-day is the crown
ing point of the work undertaken by our city, a nd endows 
us with an institution we have long contemplated. .His 
Majesty's consent to perform the opening ceremony is one 
tnore example of his constant interest in all that concerns 
the weifare of his subjects; It si ngularly enhances the 
importance of the occasion and distinguish es wlth his 
Royal approval the work which has thus been accom
plished. Nothing in the history of education in this 
country is more surprising tha n the rece·nt growth of 
university institutions. Formerly our ances tors were 
satisfied with the three universities of Oxford, Cambridge, 
and Durham in the whole of England and \Vales; now 
in the last twenty years we have added to them other 
universities to provide for the wants of the towns and 
districts which are of provincial importance, a nd we have 
found that with the growth of these bodies has come the 
demand for instruction of the higher kind. Accordingly 
in many towns a fully equipped universitv has been 
established, and higher education has been placed within 
reach of all. By the generosity of our citizens and the 
munificence of some personal friends we in Birmingham 
have been enabled to provide and equip the principal 
technical departments of our university on a scale which 
previously has been unattempted in this country ; but what 
we have accomplished is only the beginning. Much still 
remains to be done. The buildings are complete, and the 
endowments are altogether inadequate; the foundations 
have been laid, but the building up of the structure lies 
with the citizens of Birmingham." 

A SCHEME is being developed to provide an interchange 
of University students between the United Kingdom, 
Canada, and the United States. · The object is to provide 
opportunities for as many as possible of the educated 
youth of these countries to obtain some real insight into 
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the life and customs of other nations at a time when their 
own opinions are forming, with a minimum of incon
venience to their academic work and the least possible 
expense, ":'ith the view of broadening their conceptiqns 
and rendenng them of greater economic and social value. 
Lord Strathcona has consented to become president for 
the United Kingdom. The list of vice-presidents includes 
the names of the Chancellors and Vice-Chancellors of 
many British universities, the Prime Minister, the Lord 
Chancellor, and other well-known men. A large and re
presentative committee has also been appointed. Additional 
objects of the movement are to increase the value and 
efficiency of present university training by the provision 
?f certain travelling scholarships for practical observation 
rn other countries under suitable guidance. In addition to 
academic qualifica'tions, the selected car. is what is 
popularly known as an " all-round " llUI !-Je selection to 
be along the lines of the Rhodes set ships. It is 
hoped to afford technical and industrial students faciliti es 
!o examine into questions of particular interest to them 
rn manufactures, &c., by observation in other countries 
and by providing them with introductions to leaders in 
industrial activity. It is proposed to establish two students' 
travelling bureaux, one in New York and one in London· 
to appoint an American secretary (resident in New York) 
and ·a British secretary (resident . in London), to afford 
every facility to any graduate who wishes to visit the 
United States, Canada, or the United Kingdom for the 
purpose of obtaining a n insight into the life of those 
countries.. It is hoped to provide twenty-eight travelling 
scholarshrps, fourteen- of these being available for universi
ties in the United Kingdom, ten for universities in America, 
and four for universities in Canada. The total cost of 
the scheme, inclusive of the maintenance of two travelling 
bureaux and the provision of twenty-eight scholarships per 
ann;rm, is estimated at I3,5oo!. for a period of three years, 
equrvalent to an annual expenditure of 45ool., the relative 
animal expenditure being estimated at 2400!. in the United 
Kingdom, 6ool. in Canada, and I sool. in the United States. 
Promises of support may be to the han. secretary, 
Mr. H enry vV. Crees, at the University Club, Birming
ham, and it is hoped that all interested in promotinj:( the 
success of an educational scheme of far-reaching sif.(nifi
cance in the English-speaking world will contribute 
financially. 

SOCIETIES AND ACADEMIES. 
LONDON. 

Royal Society, June 24.--Prof. J. lossar Ewart, vice
president, in the chair.-Pressure perpendicular to the 
shear. planes in finite pure shears, and on the lengthening 
of loaded wires when twisted: J. H. Po!fnting. When 
a solid is subjected to a finite pure shear the lines of 
greatest elongation and contraction are not the diagonals 
of the rhombus into which a square is sheared, but lines 
making, respectively, ± e/ 4 with the diagonals of the 
square, where e is the angle of shear, and these lines 
are at right ang·les to the order of e2

• If we assume that 
a pressure P is put on along the lin es of greatest con
traction, and a tension Q along the lines. of greatest 
elongation, we may put P=u•+P•2 0=u•-P•2 wher(: u 
is the rigidity and p is a constant td the second of e. 
For .equilibrium a pressure R=(!u+p)e2 is required per
pendrcular to the shear planes. This is zero only if 
P= -!u, a supposition for which there is no apparent 
reason. To keep constan t volume a stress may be needed 
S=qe• perpendicular to the plane containing P and Q, a 
pressure if q is positive. Suppose that a wire is twisted 
by a torque with axis a long the axis of the wire. To keep 
the volume constant at every point it would be necessary 
to apply the system of forces R and S from outside. If 
this system is not applied we may expect the wire to 
change in length and diameter by amounts calculable in 
terms of the elastic constants. The change in length 
should be an increase dl= Sa2 02 fl, where S is a function 
of. the given in the paper, a is the radius, and 
fJ rs the twrst m length l. Such a lengthening has been 
found to exist for piano-steel, copper, and brass wir-es 
when loaded enough to straighten out kinks. For the 
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piano wires tested S was of the order 1, and for the copper 
and brass wires of the order 1·5 · The lengthening of a 
steel wire 0·97 mm. diameter and 2·3 metres long for a 
twist of one turn in "the length was about · o·oor9 mm. 
This lengthening on twisting should be taken into account 
in accurate determinations o f the · rigidity.-The wave 
motion of a revolving shaft and a suggestion as to the 
angular momentum in a beam of circularly polarised 
light: J. H. Po!fntin&. When a shaft of circular section 
is revolving uniformly and is transmitting power uniformly, 
a row of particles originally in a line parallel to the axis 
will lie on a spiral of constan t pitch, and the position of 
the shaft at any instan t may be described by the position 
of this spiral. The motion of the spiral onwards may be 
regarded as a kind of wave motion. Its velocity with a 
given speed of revolution will only be the " natural " 
velocity ,.!(u/ p) of twist waves along the shaft for a 

·certain torque on the shaft. For any other torque the 
velocil v is " forced," and forces from outside must be 
applied to maintain it at every point where the twist is 
changing. The group velocity of waves of this kind is 
zero. Taking a uniformly revolving tube as a mechanical 
model of a beam of circularly polarised light, and assuming 
that the relation between torque and energy holding for 
the model holds also for the beam of light, the angular 
momentum delivered per second to unit area of an absorb
ing surface upon which the light falls normally is P"A/z1r, 
where P is the pressure of the light and "A is its wave
length. In light-pressure experiments P is detected by the 
t01·que produced on a disc -at the end of an arm abou t 
r em. The value is therefore about wo,ooo times as great 
as the torque on the same disc, due to the angu lar 
momentum. · If the angular momentum of circularly 
polarised light only has thi s value, there docs not appear 
to be much prospect of detecting it at present.-The effect 
of a magnetic field on the electrical conductivity of flame: 
Prof. H. A. Wilson. This paper contains an account of 
some experiments on the change in· the conductivity of a 
Bunsen flam e produ ced by a magnetic fi!"ld. The current 
through the flame was horizontal, and the magnetic field 
was also horizontal, but perpendicular to the current. The 
ratio of the potential gradient in the flame to the current 
was taken as a measure of its resistance. The results 
show that aR(R=.'\H2 +BH, where H denotes the mag
net ic field, R the resistance, and A a nd B are constants. 
The velocity of the negative ions can be calculated from 
the term AH 2

, and the result is g6oo cm./sec. for 1 volt 
per em ., which ag-rees with Mr. E. Gold's results obtained 
by an entirely differen t method. The term BH is pre
sumably due to the upward motion of the flame gases, but 
its value is about fifty times greater than the value calcu
lated from the ionic thcory.-Studi es of the processes 
operative in solutions; xi., the displacement of salts from 
solution by various precipitants: Prof. H. E. Armstrong 
and Dr. J, V. Eyre.-The thermal conductivity of air and 
other gases: G. vV . Todd. The paper gives an account 
of a determination of the thermal conductivities of air 
and other gases at atmospheric pressure. The conductivity ·' 
was obtained from observations of the steady flow of heat 
between two horizontal circular metal plates maintained 
at different temperatures, the upper one at the temperature 
of steam and the lower one at room temperature. The 
upper plate was fixed, and the lower one could be moved 
uo a nd down so as to varv the distance between them. 
If the temperatures of the ·plates are kept constant, the 
quantity of heat passing per second from the upper plate 
to the lower, when the distance between them is x, i5 
given by Q = K/ x + R +Ex, where the constant K is pro
portional to the thermal conductivity, R is the heat 
r adiated, and Ex is the effect due to the The latter 
is negligible when x is small compared with the radius of 
the plates, so that the relation between Q and x is given 
by a rectangular hyperbola . Hence· the relation between 
Q and r /x is a straight line the slope of which gives K, 
from which the conductivity is determined. The inter
secti(Jn of this line with the axis of Q gives the value R 
of the radiation. The value of the conductivity so obtainl'd 
was independent of the nature of the surfaces of the plates. 
and also independent of the dimensions of the plates, 
latter proving- that convection currents were absent 
negligible. The conductivities of some gases other than 
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