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exhibit a rather wide vm·iation, which, however, is 
believed to be fortuitous; so that the mean value 
should be much more accurate. The mean of the 
eight values gives R=3·72 x ro3

, whereas the number 
given by the gas equation is R=3·711 x I03 in the 
same units. 

The fact that the value of the gas constant can be 
deduced in this way from purely e lectrical measure
ments must be regarded as a remarkable confirmation 
of the general position. The results of these experi
ments, and of others of a similar na tUI·e which I have 
not time to describe, show not only that the velocities 
of the electrons are distributed . about the average 
value in accordance with Maxwell's Jaw, but also 
that the emitted electrons . are kinetically identical 
with the molecules of a hypothetical gas of equal 
molecular weight at the temperature of the hot metal. 
The experiments referred to formed the first direct 
experimental demonstration of the truth of Maxwell's 
law of distribution of velocities, and, although many 
of the consequences of this la w - have been made 
visible by the beautiful experiments of Perrin on the 
Brownian movement, I believe that they still furnish 
the most direct experimental verification of its truth. 

Quite recently a number of experimenters have 
called in question the general position which I have 

as to the nature of the process of electron 
emission from hot bodies, and have asserted that this 
effect is . caused· by chemical action between the hot 
solid and traces of contart1inants, usually supposed 
to be gaseous, which have access to it. 'Whilst I 
feel that the value of the evidence in favour of the 
latter hypothesis has, generally speaking, been greatly 
over-estimated, it would take too long to discuss this 
question with the compJ.eteness which it demands. I 
shall therefore content myself with directing your 
attention to some experiments with tungsten filaments 
which prove that only an insignifican t fraction, if any, 
of the emis_sion froin this substance can be attributed 
to chemical action. 

Tungsten is peculiarly suited to these experiments 
on account of its great refractorin ess. It can be 
heated in a vacuum for considerable periods at tem
p_eratures so high that all known impurities are vola
tilised out of it. The preliminary treatment of the 
experimental lamps furnishes some novel features 
which may prove of interest. The ductile · tungsten 
filaments are electrically welded to. the supporting 
leading wires in an atmosphere of hydrogen.· After 
mounting, the lamps are exhausted in a vacuum 
furnace (with an external air pressure of about r em.) 
a t .55o-6oo° C. for about twenty-four hours, until 
the evolution of gas becomes very small. A 'Gaede 
pump is used for the internal exha ust at first, and, 
la te r on, liquid air and charcoal in addition. In the 
final stages the tungsten is ·glowed a t about 3000° 
absolute, and, for the best results, the a node is heated 
by subjecting it to an intense electron bombardment 
from the hot wire. The conditions as to freedom 
from gaseous contamination which have been attained 
in this way are far superior to those which result 
from any other method of treatment. 

·with lamps thus prepared I have -carried out simul
ta'neous measurements· of the rate of emission of 
electrons on one hand, and either of the variation of 
the pressure of the gas present or of the rate of loss 
of matter by the fil:;tment on the other. Particular 
experiments have led to -the following numbers:-

(I) For each molecule of gas given -off the number 
of electrons emitted by the filament may be as hig-h 
as 26o,ooo,ooo. 

{2) At each impact of a J:(as molecule with the fila
ment IS,ooo electrons would have to be emitted, and 

{3) E ach atom of tungsten which disappears from 
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the filament would have to cause the emission of 
984,000 electrons. . 

The magnitude of these numbers entire ly 
the possibility that chemical action plays any Sigll!ti
cant part in this emission. Again, the mass of the 
electrons lost by a filament may exceed the mass of 
tungsten lost in the same interval, proving that the 
emitted electrons are 'not furnished at the expense of 
the tungsten. They must therefore flow in froi_TI out
side points of the circuit. Thus these expenments 
furnish a direct proof that the electric current in 
metals is carried by moving electrons. The mechan
ism of metallic · conduction ·becomes more mysterious 
every day, but this, at any 1·ate, is a fact which has 
to be reckoned with. 

P erhaps I ca n drive these matters home to you 
more effectually by means of a simple experiment 
which shows that these electron currents from tung
sten in high vacua are not minute affa irs requiring 
elaborate apparatus for their detection, but, at high 
temperatures , are of such magnitude as to be worthy 
of the consideration of the practical electrician. I 
have here a tungsten lamp, containing a filament 
14 mm. long and about 3 mils. in diarriete.r, in series 
with an ammeter, a resistance , a battery, and a 
second a mmeter. They are arranged in the ·order 
named, so that there is an ammeter at each end of 
the lamp. In addition there is a side line from the 
cylindrical electrode of the lamp· which can be switched 
through either a millammeter or an electric bell to 
the positive end of tr.e battery. There is no auxiliary 
voltage in this side line. \Vhen I turn the current on 
you observe that the ammeters read differently, show
ing . that more current is flowing into the filament at 
one end than out of it at the other. The difference 
is, in fact, equal to the electron current which :flows 
into the wire sideways, and is registered by the miJI
ammeter. Those of. you ·who cannot see the instru
ments will, at any rate, hear the electric bell_ when 
I switch the electron current through it. With a 
lamp which was somewhat better . designed for the 
purpose· than the present one, I have recorded a cur
rent of 0-7 ampere at one end, 0"45 at the other, and 
o-25 in the branch circuit. So far as my experience 
goes, the only limit to 'the size of these e lectron cur
rents is that which is set by the m agnitude of the 
current which fuses the filament, provided the requisite 
driving voltage is available. 

UNIVERSITY A.ND EDUCATIONAL 
INTELLIGENCE. 

CAMBRIDGE.- Mr. C. T. R. \Vilson, F.R.S., Univer
sity lecturer in experimental physics , has been elected 
to a fellowship in Sidney Sussex College for a period 
of five years. 

Messrs. C. C. Bissett, of Emmanuel College; H. B. 
Cronshaw, of Gonville and Caius College; H. Ogden, 
of Emmanuel College; and E. P. Farrow, of Trinity 
College, research students of the University, have 
qualified for the degree by the. presentation of theses, 
which have been approved, in chemistry, mineralogv, 
physics, and botany respectively. -

The Harkness Scholarship in geology and palceon
tolog y has been awarded to M.r . . \V. H. \Vilcockson, 
of Gonville and Caius College, and the \Viltshire prize 
in geology and · mineralogy to Mr. D. B. Briggs, of 
Jesus College. The Frank Smart prize in botany has 
been awarded to Mr. E. ]. Maskell, Emmanuel 
College, and that in zoology to Mr. L. T. Hogben, 
of Trinity College. 

The following lecturers· have been reappointed for 
five years from October I, 1915 :- Dr. Searle and Mr. 
C. T. · R. \Vii son, in experimental physics; Dr. Marr, 
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in geology; Dr. Shore, in physiology; and Mr. J. H. 
Grace, in mathematics. Mr. C. vVarburton has been 
reappointed demonstrator in medical entomology for 
a period of three years. 

GLASGOw.-On June 21 the honorary degree of 
Doctor of Laws (LL.D.) was conferred upon Prof. 
G. B. Mathews, F.R.S., formerly fellow of St. John's 
College, Cambridge, and Dr. G. S, Middleton, presi
dent of the Association of Physicians of Great Britain 
and Ireland. Other doctorates conferred on the same 
day were :-Doctor of Philosophy (D.Phil.), H. A. 
Reyburn; and Doctors of Science in Public Health 
(D.Sc. Pub. Health), A. A. Jubb and P. L. Suther
land. 

LONDON.-Sir Alfred Pearce Gould has been elected 
Vice-Chancellor in succession to Sir vVilmot Herring
ham. For several months past Sir Alfred has been 
acting Vice-Chancellor in view of Sir Wilmot's absence 
on active service. 

The Senate, at its meeting on June 16, appointed 
Dr. W. H. Bragg, F.R.S., to the Quain chair of 
physics, tenable at University College, in succession 
to Prof. F. T. Trouton. Dr. Bragg is at present 
Cavendish professor of physics in the University of 
Leeds. 

The D.Sc. degree in chemistry has been granted to 
Mr. H. V. A. Briscoe, Imperial College (Royal College 
of Science), and the D.Sc. degree in physics to Mr. 
Thomas Bal:'ratt, Imperial College (Royal College of 
Science) and East London College, and to Mr. A. E. 
Oxley, an external student. 

OxFORD.-The School of Geography has announced 
courses of lectures and practical instruction to be given 
next term on the following subjects :-Central Europe, 
physical and economic; geographical distribution of 
man and of rural occupations; form and movements of 
the earth {Prof. Herbertson); geography of Britain 
(Mr. Beckit and Miss MacMunn); land forms (Mr. 
Beckit); meteorology (Mr. Kendrew); surveying (Mr. 
MacKenzie). Lectures will be given on general 
geology and the geology of India by Prof. Sellas, and 
on the historical geography of Great Britain by Mr. 
C. Grant Robertson. 

The committee for anthropology announces lectures 
and informal instruction on physical anthropology, 
psychology, geographical distribution, prehistoric 
archreology and technology, social anthropology and 
philology. The lecturing staff .includes Prof. A. Thom
son, Mr. H. W. Blunt, Mr. H. Balfour, the Rector 
of Exeter College, Prof. J. L. Myres, Prof. Sallas, 
Mr. E. T. Leeds, Mr. E. F. Carritt, Mr. Griffith, Dr. 
Marett, Prof. Vinogradoff, Mr. C. Bailey, Prof. Mac
donell, Mr. V. A. Smith, Mr. S. Langdon, Mr. P. 
Manning, Pr.of. Wright the Principal of Jesus College, 
Prof. J. A. Smith, and Mr. A. C. Madan. Special 
lectures for Sudan probationers will be given by Mr. 
H. Balfour and Dr. R. R. Marett. 

MR. S. C. LAWS, principal of the Loughborough 
Technical Institute, has been appointed principal of 
the Wigan Mining and Technical College. 

IN its issue for June 4 Science announces the 
following gifts to American universities. Dr. L. D. 
Waterman, of Indianapolis, professor emeritus in the 
Indiana University School of Medicine, has made a 
gift to Indiana University amounting to 2o,oool., sub
ject to an annuity during his lifetime, on the condi
tion that the University devotes an amount equal to 
the income from this gift, the entire proceeds to be 
used for scientific research. The conditions and gift 
have been accepted by the University. Mr. A. Bonn
heim, of Sacramento, has given to the University of 
California an endowment of 6oool., with provision for 
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its subsequent increase to 32,oool., the income to pe 
devoted to the maintenance of scholarships. Another 
gift ofr7 ,oool. has been made for the erection of dorrT]i
tories at Cornell University. This gift comes from 
the same anonymous contributor of so,oool. some time 
ago. 

IN his last report to the Union Government of South 
Africa, the Secretary for Agriculture points out that 
the difficulty of procuring good men to fill the scien
tific and administrative posts in the Department, which 
has been commented on before, continues. Men of 
moderate attainments are plentiful and easy to obtain, 
but good men are more in request than ever. It also 
appears as if men who are really worth having, and 
therefore usually in a position to choose, prefer to work 
in universities and other learned institutions which 
are independent or semi-independent of Government 
control, or engage in business on their own account, 
rather than in Government Departments, as in the 
former they have more scope and freedom of action 
and have not to waste time by furnishing multitudes 
of returns and continually explaining and demon
strating the necessity for their existence. Seeing that 
the value of the Department to the country depends 
in the first instance entirely upon the quality of its 
professional and administrative officers, this is a very 
serious. matter. Efforts are being made to overcome 
the difficulty of obtaining professional and technical 
officers by giving scholarships to likely young men 
to study at institutions abroad, at which they can get 
the best training obtainable in their particular sub
jects. The course of study is usually .a. four years' 
one, and a numbe'r of scholars have already returned 
and been drafted into the Department. It is con
sidered that this is one of the best methods of. obtain
ing officers for the Department, but it may not entirely 
suffice, and from time to time officers will have to be 
appointed from wherever they are obtainable, as at 
present. 

-----·-· ·-·-·----

SOCIETIES AND ACADEMIES. 
LONDON. 

Linnean Society, June 3.-Prof. E. B. Poulton, presi
dent, in the chair.,.-The Misse'! Katherine Foot and 
E. C. Strobell: The results of crossing two Hemi
pterous species, with reference to the inheritance of two 
exclusively male characters. This may be considered 
as a continuation of the paper published in the 
Society's Journal (zoology), xxxii. ( 1914), pp. 337-373, 
on crossing Euschistus variolarius with E. servus, 
and the inheritance of a spot on the genital segment, 
which was an exclusively male character in the former 
species. The newly-discovered male character now 
investigated is the length of the intromittent organ, 
and is tabulated in the paper. The results of the 
crossing were not in accordance with Mendelian ratios 
as regards F, individuals. The authors further show 
that male characters can be transmitted without the 
Y chromosome. H. W. Monckton: Note on the·pJant
association at the foot of the Boium Glacier, Norway. 
The Boium is one of the larger glaciers which 
descends from the great Jostedals snow-field. It flows 
down into a head-valley of the fjaer!andsfjord, and 
the foot of the ice is 492 feet above the sea. The 
latitude is between 61° <J.nd 62°, that is a little north 
of the Shetlands. At the foot of the ice there is the 
usual des.olate space with fresh moraine, arid plants 
al"e gradually. finding their way on to. this ground. In 
places where the ice has advanced a little, plants may 
be found growing and flowering close to the glacier 
itself. Among the. plants thus creeping on to the 
moraine were noticed a combination of mountain and 
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