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tion of the great Tata hydro-electric power project at 
Bombay, which has recently been completed. The 
country. is known to abound in hydraulic possibilities, 
~ut, o':ing to the paucity of important manufacturing 
mdustnes, no serious attempt has been made to 
exploit these possibilities, except in a few rare 
instances. · 

The difficulty in regard to the promotion of power
development schemes is the erratic incidence of the 
rainfall. India differs very greatly in this respect from 
other countries. · The rainfall is seasonal, often tre
mendously heavy, follO\ved by protracted spells of 
?rought. In amount it ranges from 500 to a few 
mches. 

Apart from canals, the mountainous regions, where 
the rainfall is a maximum, are the natural sources 
of water-power, but here there is a certain disabilitv 
in that they lie largely in unsettled districts in the 
north inhabited bv uncivilised tribes. "Exceot in 
localities where storage on a large scale is possible, 
such as the \,Vestern Gha ts ~nd possibly the uplands 
of the Central Provinces, the greater part of the mon
soon rainfall of India must necessarily pass to the 
great rivers and canals undeveloped for · power pur
poses." The Jaldaka River in the Benga l Duars is 
instanced as a case in POint. The catchment area is 
250 square miles, and the a nnual rainfall not less than 
150 in.-probably 200. in. as an average. In the seven 
months from April to October the total fall amounts 
to some 75 ,000,000,000 cubic ft., giving an average 
flow of nearly 4000 cubic ft. oer second, yet the flow 
gauged in April this year was only 170 cubic ft. per 
second. Add to this that a single day's rainfall may 
reach, and even exceed , ro· in., and the difficultv of 
controlling such extremes becomes at c,nce apparent. 

In cons()quence of the prevalence of conditions such 
as these. many Indian rivers during the dry season 
sink to insignificant streamlets. Storage, therefore, 
during the monsoon period is the only possible means 
of obtaining continuous supplies of wa ter. But in 
most localities this is not ec0nomically possible. Cer
tain seasonal industries, such as tea-drying and 
kindred processes, might be served by intermittent 
supplies, but the cost \\'Ould be relatively higher than 
by a continuous supply. 

As indicating the backward state of electrical 
development in India, the following figures are 
interestinit. The number of watts installed per head 
of population in Canada is r48, in Australasia 62, in 
South Africa 57, in the British Isles 33, and in India 
less than r. 

The total brake-horse-oower of all kinds is set 
down approximately as follows :-

Assam... 22,550 
Bengal... 201,518 
Bihar ... 2,325 (apart from collieries) 
Bombay 782,g72 
Burma 17,750 (exclusive of rice mills, etc.) 
Central Provinces 32.77 
Madras 39,568 
Punjab ... r 5,734 (steam only) 
United Provinces 38,548 

Grand Total ... 1,r53,638 

No estimate of the tota1 water-power available for 
development is given or attempted.· Mr. Meares states 
that it would take several years to ascertain it, even 
approximately. A statement is set out of existing 
hydro-electric plants and a number of possible sites 
for developin~ water-power are discussed. The 
report concludes with a series of practical notes and 
suggestions on methods of collecting and tabulating 
the necessary data, with a view to the future work of 
the survev. . BRYSSON CUNNINGHAM. 
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CAMBRIDGE.-.'\ further benefaction of 1oool. has 
been received by Prof.. 1\'uttall on behalf of the institute 
for parasitology from the executors of the late Lord 
Strathcona and Mount Royal, in fulfilment of a 
promise made in 1910 to contribute that sum when 
the sum of 6oool. had been collected from other 
sources. 

Dr. F. H . A. :Marshall, fellow of Christ's College, 
has been appointed reader in agricultural physiology. 

Mr. P. Lake, of St. John's College, has been ap
pointed reader in geography. 

Mr. W. B. R. King, of Jesus College, has been 
appointed assistant to the professor of geology, and 
Mr. T. C. Nicholas, fellow of Trinity College, to be 
demonstrator in geology. 

OxFORo. - On November 2 an amendment to the 
Responsions statute was moved in Congregation by 
Prof. Gilbert Murray. This, if carried, would have 
had the effect of restricting the exemption from com
pulsory Greek to candidates in the pass schools and 
in the honour schools of na tural science and mathe
matics. The amendment was lost on a division bv 
!04 votes to r23. This decision will, no doubt , lead 
to a reopening of the question of exemption before 
Congregation, with a possible appeal to Convocation 
before a final settlement can be reached. 

ON Friday, D ecember 5, the Marquess of Northamp
ton will distribute prizes and certificates at the 
Northampton Polytechnic Institute, Clerkenwell, 
E.C.r. 

OWING to the lack of fuel for heating purposes, the 
University of Budapest has been unable to resume its 
activities this session. If is not anticipated that the 
resumption of \\·ork will be possible until niext spring. 

THE RrGHT HoN. Vrscou;-;r HALDANE O-F CLOAN, 

president of Birkbeck College , will receive the college 
graduates and deliver an addres,;; on "What is 
Truth?" at the celebration oi the ninety-sixth anni
versary of founder's day of the college on Friday, 
D ecember 12. The chair will be taken at 8 p.m. 

THE Dean of the facultv of medicine of the Uni
versity of Paris has directed our attention to the re
organisation of the courses of · instruction and the re
opening of the laboratories and clinics iri this faculty. 
A booklet has been published bv Messrs. Masson 
(price r franc) giving a faluable and interesting 
historical account of the school, together with com
plete information with respect to the various courses. 
The booklet is admirably produced, and illustrated 
,vith tv.renty-one well-executed photographic plates. 
It should be in the hands of all those who wish to 
make use of the great resources now open to them. 
There should be manv of these. Some of the clinical 
courses are given in vacation time-a fact which 
makes them available to those who might otherwi.sc 
find it impossible to make a visit to Paris. 

THE Prime Minister has appointed a Committee "to 
inquire into the position to be assigned to the classics 
(i.e. to the language. literature, and history of ancient 
Greece and Rome) in the . !?ducational svstem of the 
United Kingdom, and to advise as to the mea,ns by 
which the proper studv of thes.e subjects may be main
tained and imoroved." Thi, constitution of the Com
mittee is as follows :--The ]Vl,arouess .of Crewe (chair
man). Sir Geor>(e Adam Smith, the Rev. C. A. Alinq
ton, l\Ir. S. 0 . Andre,Y. Miss ~I. D. Brock, Prof. 
H. J. Bro\,·ne , Prof. l. Burnet. l\lr. T. R. Glover. Sir 
H enry Hada\\', Miss K. Jex-Blake, Prof. \V . P. Ker, 
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Mr. J. G. Legge, Mr. R. W. Livingstone, Mr. G. A. 
Macmillan, Prof. Gilbert Murray, Mr: Cyril Norwood, 
Prof. vV. Rhys Robierts, Mr. C. E. Robinson, Prof. 
A. N. Whitehead, and Mr. C. Cookson (secretary). 
Communications intended for the Committee should 
be addressed to Mr. C. Cookson at the offices of the 
Board of Education, Victoria and Albert Museum, 
Exhibition Road, South Kensington, S.W.7. 

THE eighth annual Conference of Educational Asso
ciations will be held in University College, Gower 
Street, London, vV.C.1, from Wednesday, Decem
ber 31, 1919, to Saturday, January 10, 1920. Mr. 
H. A. L. Fisher, President of the Board of Education, 
will give an address at the inaugural meeting, and the 
following are among the subjects to be discussed at 
meetings of some of the associations :-National Asso
ciation of Manual Training Teachers and Educational 
Handwork Association: (a) The Measurement of 
Practical Ability and (b) Handwork and Science. 
British Psychological Society-Education Section : 
The Deve_lopment of :'dental Tests. Association of 
Science Teachers : Anti-gas Fans-with Experiments. 
Geographical Association : The Present Position of 
Geography in the Upper Forms-Some Causes and 
Possible Remedies; Spitsbergen; Islands, Peninsulas, 
and Empires; and Rainfall Considered as a Geo
graphical Function. The Association of Science 
Teachers has arranged for a demonstration of Dr. 
vVilson 's astronomical model at intervals throughout 
Monday, January 5. 

THE inauguration of the University of Strasbourg 
under the new regime, which took place on Novem
ber 22, was naturally an event of importance. The 
position of Strasbourg as the eastern outpost of French 
culture gives to its University a position of outstand
ing prestige. The authorities responsible for its "re
construction " under the tricolour intend to maintain 
a very high standard of studies, and are especially 
anxious to attract students from this countrv. There 
are six faculties (law, sciences, letters, medicine, and 
Protestant and Catholic theology) and a personnel 
enseignant of 170 professors and maitres de conference. 
A well-endowed Societe des Amis de l 'U niversite 
(2 rue Geiler, Strasbourg) has just been founded, and 
one of its chief objects will be that 0f welcoming ,tude.1~s 
(of either sex) from abroad and of making life attrac
tive to them. Inquiries should be addressed to the 
society. The cost of living is much to the advantage 
of British residents on account of the verv favourable 
rate of exchange. The imposing university buildings 
(opened in 1884 at a cost of 2 ,ooo,oool.) stand in the 
centre of the city, and close at hand is the magnificent 
library of 1,200,000 volumes, so rich in German litera
ture. Strasbourg itself is, without doubt, one of the 
most attractive and well-governed cities in \,V estern 
Europe, and its close proximity to the beautiful forests 
of the Vosges gives it a further advantage as a place 
of ·residence for British students. 

SOCIETIES AND ACADElJJES. 
LOKDOK. 

lloyal Society, November 20.-Sir- J. J. Thomson, 
president, in the chair.-vV. J. Johnston : A linear 
associative algebra suitable for electro-magnetic rela
tions and the theory of relativity. The algebra is 
based on four fundamental units i, j, k. o. The 
square of each unit is - 1, while the other binary 
products are polar (ij = -- ji, io = -oi, etc.). This 
algebra is associative. i, j, k are interpreted as 
mutually rectangular unit vectors in Euclidean space, 
while o is a unit vector in the fourth dimension per
pendicular to the other three. Let w be . the pure 
imaginary scalar ct./-I and W==c-'if,./-1, where 
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q, is the scalar potential, then if (F, G, H) is the 
ordinary vector potential the vector 

U=iF+jG+kH+oW 
is the fourfold vector potential. If v 1 is the operator 

i~ + j O +k~-+ o~, ox ay oz ow 
then the electric and magnetic forces are the six 
components of cv1 U, the scalar part of which 
vanishes; and the eight scalar equations of the electro
dynamic field which connect these forces are expressed 
by the single equation Vi(v1U)=o. This equation in 
the equivalent form v?U =o, when interpreted in 
terms of ordinary space, expresses that all the dis
turbances are propagated from their point-sources v,ith 
uniform velocity c. Sir Joseph Larmor: Generalised 
relativity, in connection with Mr. W. J. Johnston's 
symbolic · calculus. If ijk are polar units, so that 
i'=-l, ij=-ji, then ik+jy+kz is a binary form 
involving the position of a point xyz and that of a 
trihedron ijk. So far as regards relative position, a 
displacement of the one is the same thing as a dis
placement of the other. A vector iF + jG + kH repre
sents an entity independent of the trihedron of refer
ence, so is invariant for changes of the latter. Opera
tions of addition and multiplication of vectors give 
resuhs ,vhich are also invariant. Similar statements 
apply in geometric algebras of higher dimensions, and 
the scalars involved may be ordinary imaginaries. 
\,Vith the four dimensions x, y, z, ct,/ - I of Min
kowski, Mr. Johnston has sho,vn that the vector 
forces of the electro-dynamic field are specified by 
v 1 U, where U is the fourfold vector potential, and 
the eight equations of the field are sum1;1ed up in 
vi2U =o. But a source, naturally conceived as a 
singular point in ordinary space, complicates now 
into a Minkowski line. Again, all the geometric 
quantities natural to any Eudidean hyperspace are 
those which are evolved immediately from the addition 
and multiplication of vectors in it. It is proved that 
the possible ~ypes of disturbance ~ropagated thr?\'gh 
an ~ther, which conform to the pnnc1ple of relativity, 
are restricted to the single one specified by Maxwell's 
electro-dvnamic scheme. In an appendix the Einstein 
idea of gravitation is develc_iped as a the~ry of corre
spondence of modes of act10;1 o! a physic.al system; 
it appears, at any rate on this view, that 1t dc:es not 
involve displacement of the solar spectral lmes.
G. E. Bairsto : The variation v-:ith fregueiicy of the 
conductivitv and dielectric constant of dielectrics for 
high-frequency oscillations.-F. _J. W. ~hippie: Equal 
parallel cvlindrical conductors m electrical problems. 
Dr. Alexci:nder Russell has recently directed. attention 
to the practical importance of de_termining the mut~al 
induction between currents of high frequency earned 
by parallel cylindrical con~uctors, an_d pointed out tfi:1t 
the problem is mathematically_ eqmvalent to that of 
finding the distribution of static charge on two elec
trified- conductors. The first part of the present paper 
is devoted to the solution of this problem. The co
efficients of mutual and self-induction and the force 
between the cylinders, regarded as carriers of high
frequency currents, concentrated on .the surfac~s, are 
also investigated.-G. A. Schott : 1 he scattering of 
X- and -y-rays by rings of electrons_. A cru.cial test 
of the electron-ring theory of atoms. ~his paper 
investigates the effect of the regular spacmg of the 
electrons of a ring on t_he scattering ?f X- and r:-rays, 
treated as undamped simple harmomc wave-trams of 
high frequency. The r\ng, ;Vhe~her at rest or 
revolving uniformlv about its axis, diffracts the waves 
incident on it in all directions, but not equally. For 
a single electron the law of distribution i_s tha_t of 
Sir J. J. Thomson's simple-pulse theory, but 1t deviates 
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