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included, especially at times of the day when convection 
currents are not in evidence in the lower atmosphere, 
otherwise double observations by day and by night were 
obtained with different base-lines of approximately half 
a mile" one mile, and one and a half miles in length. 
Some hundreds of ascents were observed, of which a 
fair proportion reached a he ight between 9 and II km., 
onll' 30 per cen t. failing.to reach the 4-km. level. 

1 he data a re admittedly insufficient to determine a 
diurnal oscillation, but Dr. van Bemmelen is fairly 
satisfied with the result for the semi-diurnal one. The 

and north components are treated separately, and 
It IS found that the former has a greater amplitude 
than the latter, and a lso a better determined phase. 
Gold's theoretical results for the lower layers are con
firmed (Phil. Mag., vol. xix.). The phase of the east 
component diminishes up to 4km., and probably in
creases above that height, showing a fairly close 
<lnalogy with the vertical oscillations. W. W. B. 

RECONSTRUCTION IN FRANCE. 
THE of. the Revue Scientifique for April 13 

con tams eVidence that our French neighbours are 
discussing the problems of reconstruction on much the 
same lines as we are. In an article on agriculture in 
1917, M. Albin Haller, president of the Academie d'Agri
culture, deals with the present effects of the war on 
agriculture and the outlook after the w ar, particularly 
in regard to the supply of artificial manures. He 
points out that have 'led to a diversion 
of the supply oJ nitrogenous manures to the manu
faoture of eXiIJlosives, <and that a fter the war it will be 
necessary Ito Imake up for the lost fel'tility of the soil 
by State efforts ,in the direction of stimulating the 
home supply of nMrogenous fertilisers ,from such 
sources as the by-products of gas- and coke-making, or 
even from special !plants devoted to niltrogen fixation. 
In 'l'egardto ,the 'latter, ihe ,rightly out ,that the 
feasibility may depend u.p:on the harness'ing of the 
waterfalls o f the country- a Ipoint ·that we might 'Well 
take to heart when 'We consider the immense possibili
ties' of Illhe Highlands of Scotland in this ,direction. 
M. Haller a lso throws out suggestions in a-egal'd to 
the future supply af.,phosphatic {fertilisers, again touch
ing a pro'blem whidhis engaging here., The 
faot that fbe State flOW controls tihe production of 
sulphuric acid, and tthat, owing to its' command over 
Australian zinc" concentrates," it may be able to market 
the acid as 'a waslte product, inevitably suggests State 
enterprise in the ,£uture production of fertilisers as an 
adjunct to its ,food.production ,campaign. 

An a'l'ticle ,in the same iss'ue by M. Brucker, 
Principal of the Lycee de Cherbourg, entitled 
., L'Educaotion ,de :I'esprit scientifique,'" m 'ay be paral
leled by the Report of the Committee appointed by 
the Prime Minister to inquire into the position of 
natural science in the educational system of Great 
Britain. It is perhaps characteristic of the two 
nations that, whereas the former is de
voted to a discussion of the abstract and logical 
principles o f !Scientific for exoample, 
the methods should besynthevic or analytic-the latter 
concerns Jtself largely ,with the concrete problems of 
curricula, supply and training of teachers, etc. One 
rarely 'reads the wriltings of a n edumted Frenchman 
without having some cause to envy his possession of 
a language which is such an elegant vehicle for the 
picturesque, and, at the same time, precise expression 
of ide<as. Such an instanoe oan (be oited in M. 
Brucker's characteriSialtion of ,soientific definition as 
"une IUltteoontre le ps,jttacisme," or, when quoting 
another writer, he speaks of "battant la pa ille des mots 
pour en faire tomber Ie wain des chases." May we com-
mend the latter operation to our politicia ns? B. 
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RADIA nON AND THE ELECTRON.l 
II. 

I N spite of which have just been pre-
. sen ted for Einstein s equation, we are confronted 

With the extraordinary situation that the semi-corpus
cular theory out of which Einstein got his equat10n 
seems to be wholly untenable, and has, in fact, been 
pretty senerally abandoned, though Sir J. J . Thomson 2 

and a tew others" seem still to adhere to some form 
?f is, to some form of theory 
11l which the energy remains localised in space instead 
of spreading over the entire wave front. 

T.wo very potent objections, however, may be urged 
of of whichhin

stein s IS a p articular modd'lcatlOn . 1 he first is that 
no one has ever yet been able to show tha t s uch a 
theory can predict anyone of the facts of interference. 
The second is that there is direct positive evidence 
against the view that the rether possesses a fibrous 
structure. For ' if a static electrical field h as a fibrous 

as by. form .o! rether-string 
each of posl.hve being the 

and each umt of negative electriCity the termina
of a Faraday tube,"· then the force acting on one 

Single electron between the plates of an air condenser 
c;;nnot possibly vary continuously with the potential 
dlff.erence between the plates. N ow in the oil-drop ex
penments (Phys .. Rev.: vol. ii.[ 19I3J, p. 109) we actua]iy 
study the behaVIOur 111 such an electric field of one 
single, isolated electron, and we find over the widest 
limits, exact proportionality between the field strength 
a nd the force acting on the electron as measured bv 
the veloc.ity with which the oil drop to which it (s 
attached IS dragged through the air. 

When we mai'ltain the field constant and varv the 
. on the drop, the granular structure of - elec

tnclty IS proved , by the discontinuous changes in the 
velOCity, ,but when we maintain the charde constant 
a nd vary. the .field the lack of change in 
the velocity disproves the contention of a fibrous struc
ture in the field, unless the assumption be made that 

are an enormous number of rether strings ending 
If.! one electron. Such a n assumption takes all the 
virtue out of an rether-strin d th eory . 

pesJ?ite, the,?, the complete success of the 
Emstell1 equatIOn, the phySica l theory of which it was 
designed to be the symbolic expression is found so un
ten.able that himsel!,.l believe, no longer holds 
to It, and we are 111 the posItion of having built a very 
perfect. st;uctur.e and thef.! knocked out entirely the 
underpmmng Without causmg the building to fall. It 
sta nds complete a nd apparently well tested but without 
a ny. visible means of support. These must 
obViously exist, a nd the most fascinating problem of 
modern physics is to find them. Experiment has out
run theory, or, better, guided by erroneous theory it 
has discovered relationships which seem to be of 'the 
greatest interest a nd but the reasons for 
them are as yet not at all understood. 

It is possible , however, to go a certain distance to
wards a solution and to indicate some conditions which 
must be satisfied by the solution when it is found. For 
the energy hv with which the electron is found by ex
periment to escape from the a tom must have come 
either from the energy stored up iinside the atom 
or else from the light. There is no third possibility. 

1 .he ,Se-ction of Ph\'sics anti Chemistry of the F'rankJin 
InstltutfO, 0\1 ]ar:llary 4 .. 1917, by Prof. R. A. Millikan, pro
fessor of physIcs 10 the UniVerSIty ofChlcago. -The substance of this lecture 

since heen incoroorated into a book recently issued by the University of 
Pres!", entitled II The Electron." Continued from p. 

Proc. Phys. Soc. of London, vol. xxvii. (December IS, 19I4)' p. ros. 
3 "lLHodern Electrical Theory" (Cambridge University Press! 1"913), 

P.248. 
" J. J. Thomson, " Electricity and 1\-fatteT, " p. 9. 
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Now the fact that the energy of emission is the same, 
whether the body from which it is emitted is 
held within an inch of the source, where the light is 
very intense,or a mile away, where it is very weak, 
would seem to indicate that the lig!It simply pulls a 
trigger in the atom, which itself furnIshes all tne energy 
with which the electron escapes, as was originally 
suggested by Lenard in 1902 (Ann. d. Phys. l4J, vol. 
viii; [1902], p. 149), or else, if the light furnishes the 
energy, that light itself must consist of bundles of 
energy which keep together as they travel through 
space, as suggested in the Thomson-Einstein theory. 

Yet the fact that the 'energy of emission is directly 
proportional to the frequency v of the incident light 
spoils Lenard's form of trigger theory, since, if the 
atom furnishes the energy, it ought to make no differ
ence what kind of wave-length pulls the trigger, while 
it ought to make a difference what kind of gun-that 
is, what kind of atom-is shot off. But both 
these expectations are the exact opposite of the observed 
facts. The energy of the escaping corpuscle must 
come then, in some way or other, from the incident 
light. 

When, however, we attempt to compute on the basis 
of a spreading-wave theory how much energy a cor
puscle can receive from a given source of light, we find 
it difficult to find anything more than a very minute 
fraction of the amount which the corpuscle actually 
acquires. 

Thus, the total luminous energy falling per second 
from a standard candle on' a square oentimetre at a 
distance of 3 m. is I erg." Hence the amount falling 
per second on a body of the size of an atom, i.e. of 
cross-section IO- '5 cm., is IO- '5 ergs, but the energy hv 
with which a corpuscle is ejected by light of wave
length 500 p.p. (millionths millimetre) is 4 x IO- '2 ergs, 
or 4000 times as much. Since not a third of the inci
dent energy is in wave-lengths shorter than 500 p.p., a 
surface of sodium or lithium which is sensitive up to 
500 p.p. should require, even if all this energy were in 
one wave-length-which it is not-at least 12,000 
seconds, or four hours, of illumination by a candle 3 m. 
away before any of its atoms could have received, all 
told, enough energy to discharge a corpuscle. Yet the 
corpuscle is observed to shoot out the instant the light 
is turned on. It is true that Lord Rayleigh has re
cently shown (Phil. Mag., vol. xxxii. [1916], p. 188) 
that an atom may conceivably absorb wave-energy 
from a region of the order of magnitude of the square 
of a wave-length of the incident light rather than of 
the order of its own cross-section. This in no way 
weakens, howev,er, the cogency of the type of argument 
just presented, for It is only necessary to apply the same 
sort of analysis to the case of "I rays, the wave-length 
of which is of the order of magnitude of an atomic 

diameter (IO- 8 em.), and the difficulty is found still 
more pronounced. Thus Rutherford 6 estimates that 
the total "I-ray energy radiated per second by one 
gram of radium cannot possibly be more than 4'7 x IO' 
ergs. Hence at a distance of IOO m., where the "I rays 
from a gram of radium would be easily detectable, thetotal 
"I-ray energy falling per second on a square millimetre 
of surface, the area of which is ten-thousand billion 
times greater than that either of an atom or of a disc 
the radius of which is a wave-length, would be 
4'7 x IO'+47r x I010=4 x IO:- 1 ergs. This is very close to 
the energy with which f3rays are actually observed to 
be ejected by these "I rays, the velocity of ejection 
being about nine-tenths that of light. Although, then, 
it should take ten thousand billion seconds for the atom 
to gather in this much energy from the "I rays, on 
the basis of classical theon' the f3 ray is observed to be 

5 Drude, "Lehrbnch dPT Optik " (Iqo6), p. 472. 
6 "Radioactive Substances and their Radiations," p. 288. 
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I ejected with this energy as soon as the radium is put 
in place. This shows that if we are going to abandon 
the Thomson-Einstein hypothesis of localIsed energy, 
which is, of course, competent to satisfy these energy 
relations, there is no alternative but to assume that at 
some previous time the corpuscle had absorbed and 
stored up from light of this or other wave-length 
enough energy so that it needed only a minute addition 
at the time of the expeI'iment to be able to be ejected 

. from the atom with the energy hv. 

I 
Now the corpuscle which is thus ejected by the 

light cannot possibly be one of the free corpuscles of 

I 
the metal, for such a corpuscle; when set in motion 
within a metal, constitutes an electric current; and we 

I 
know that such a current at once dissipates its energy 
into heat. In other words, a free corpuscle can have 
no mechanism for storing up energy and then jerking 
itse1.f up "by its boot straps" until it has the huge 
speed of emission observed. 

The ejected corpuscle must then have come from the 
inside of the atom, in which case it is necessary to 
assume, if the Thomson-Einstein theory is rejected, 
that within the atom there exists some mechanism 
which will permit a corpuscle continually to absorb 
and load itself up with .energy of a given frequency 
until a value at least as large as hv is reached. What 
sort of a mechanism this is we have at present no idea. 
Further, if the absorption is due to resonance-and we 
have as yet no other way in which to conceive it-it is 
difficult to see how there can be, in the atoms of a 
solid body, corpuscles all kinds of natural fre
quencies so that some are always found to absorb and 
ultimately to be rejected by impressed light of any par
ticular frequency. But apart from these difficulties, the 

: thing itself is impossible if these absorbing corpuscles, 

I 
when not exposed to radiation, are emitting any energy 
at all; for if they did so, they would in time lose all 
their store, and we should be able, by keeping bodies in 
the dark, to put them into a condition in which they 
should show no emission of corpuscles whatever until 
after hours, or years, of illumination with a given 
wave-Ienj:!th. Since this is contrary to experiment, we 
are forced, even when we discard the Thomson-Einstein 
theory of localispd energy, to postulate electronic ab
sorbers which, during the process of absorbing, do not 
radiate at all until the absorbed energy has reached 
a certain critical value when explosive emission occurs. 

However, then, we may interpret the phenomenon of 
the emission of corpuscles unaer the influence of rether 
waVes, whether. upon the basis of the Thomson
Einstein assumption of bundles of localised energy 
travelling through the rether, or upon the basis of a 
peculiar property of the inside of an atom which 
enables it· to absorb continuously, incident energy and 
emit only explosively, the observed characteristics of 

the effect seem to furnish proof that the emission of 
energy by an atom is a discontinuous or explosive pru
cesS'. This was the fundamental assumption of 
Planck's so-called quantum theory of radiation. The 
Thomson-Einstein theory makes both the absorption 
and the emission sudden or explosive, while the loading 
theory, first suggested bv Planck, though from another 
viewpoint. makes the absorption continuous and only 
the emission explosive. 

The h determined above with not more than one
half of I per cent. of uncertainty is the explosive con
stant, i.e. it is the unchanging ratio between the 
energy of emission and the frequency of the incident 
lig-ht. It is a constant the existence of which was first 
discovered by Planck by an analysis of the facts of black
body radiation, though the physical assumptions under
lying Planck's analysis do not seem to be tenable any 
long-er. For the American physicists Duane and Hunt 
(Phys. Rev., vol. vi. [1915J, p. 166) and Hull (ibid., 
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v.01. vii. .[I9iI6], p 157) have recently shown that the 
same quantity h appears in connection with the impact 
of. ;COt:puscles against any kind of target, the observa
ti(ln ;herebeing that the highest frequency in the 
general or white-light X-radiation emitted when cor
puscles impinge upon a target is found by dividing the 
kinetic energy of the impinging corpuscle by h. Since 

F\nus'QI\. o{W ',( 

I\bro,,:)\.t 

.... -
..... 

exhibited in De Brcglie's photographs here shown 
(Figs. 6 and 7).7 I t will be seen from these photo
graphs that the atoms of each particular substance 
transmit ,the general X-radiation up to a certain critical 
frequency and t4en absorb all radiations of higher fre
quency than this critical value. The extraordinary 
significance of this discovery lies in the fact that it 

W 
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N""ll 

i"f\. 

19> 

4-- ..... 
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indicates that there - is a 
type of absorption which is 
not due either to resonance 
or to free electrons. But 
these are the only types of 
absorption which are recogc 

nised irithe structure of 
modern optics. We have 
as yet no way of conceiv
ing of this new type of 
absorption in terms ofa 
mechanical model. 

FIG. 6.-Ahsorption of certain substances in region of K·radiations. 

There is one result, 
however, which seems to 
be definitely established 
by all this experimental 
work. Whether the radia
tion is produced by the 
stopping of a free elec
trim as in Duane and 
Hunt's experiment" and 
presumably also in black
body experiments, or by 
the absorption and re-emis
sion of energy by bound 
electrons, as in photo
electric and spectroscopic 
work, Planck's h seems to 
be always tied up in some 

black-body radiation is presumably due to the impact 
of the free corpuscles within a metal upon the atoms, 
it is probable that the appearance of h in black-body 
radiation and in general X"1"adiation is due to the 
same cause, so that,contrary to Planck's assumption, 
there need not be, in either of these cases, any coin
cidence between -natural and impressed periods at .all. 
The hv which here appears is not a characteristic of 

way with the emission and absorption of energy by the 
electron.h may, therefore, be considered as one of 
the properties of the electron. 

The new facts in the field .of radiation which have 
been discovered through the study of the properties of 
the electron seem, then, to require in any case a 
fundamental. revision or extension ··of classical theories 
of absorption and emission -of radiant energy. The 

: t r .. 

Al>so+tion.in 

the atom, but merely a 
property of the Gether pulse 
which is -generated by the 
stopping of a moving elec
tron. Why this Gether paIse 
should be resolvable into 
a continuous or white-light 
spectrum, which, however, 
has the .peculiar property of 
being chqpped off sharply 
at a particular limiting fre
quency given by hv= PD x e 
is thus far a (Complete mys
tery. AlI that we can say 
is that experiment seems to 
demand a sufficient modi
fication of the Gether-pulse 
theory of white-light and 
of general X-radiation to 
take this experimental fact 
into account. 

On the other hand, the ap- FlG. of uranium and thorium in region of L·radiations. 

pearance of h in connection . 
with the absorption and emission of monochromatIc 
light (photo-electric effect and Bohr atom) to 
demand some hitherto unkn )wn type of absorbIng and 
emitting mechan;sm within the atom. This is 
strikingly emphasised by the remarkable absorbmg 
property of matter for X-rays discovered by B?-rkla 
(Phil. Mag., yo\. xvii. [1909J, p. 749) and beautlfully 
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Thomson-Einstein theory throws the whole burden of 
accounting for the new facts upon the unknown nature 
of the Gether and makes radical assumptions about its 
structure. The loading theory leaves the Gether as it 

7 The<;e photoo:raphs will he found also in the August, 19I7, number oflhe 
Physical Revic'W(see presidential address of the president of the Physical 
Society). 
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was and puts the burden of an explanation upon the 
unknown conditions and la,ws which exist inside the 
atom. I have already given reasons for , discrediting 
the first. type of theory. The second type, though as 
yet very IDcomplete, seems to me to be the only possible 
one, and it has already met with some notable suc
cesses, as in the case of the Bohr atom. Yet the 
theory is a t present woefully incomplete and hazy. 
About all that we can say now is that we seem to be 
driven by newly discovered relations in the field of 
radiation either: to the Thomson-Einste in semi-corpus
cular theory, or else t() a theory which· .is equally 
subversive of the established order of things in physics. 
For either one of these alternatives brings us to a 
revolutionary quantum theory of ,radiation-that 
is, a theory which calls for an explosive emission of 
energy in units and has therefore ,SQmething akin 
to . atomism abom it. To be Hving in a period 
which faces such a complete ' reconstruction of our 
notions as to the way in which rether waves are 
absorbed and emitted by m,atter is an inspiring pros
pect. The atomic and electronic worlds have revealed 
themselves with beautiful definiteness and wonderful 
consistency to the eye of the modern physi'cist, ' but 
their relation to the world of refher waves is' still to 
him a profound mystery for which the coming-genera
tion has the incomparable opportunity of finding a 
solution. 

GEOLOGICAL STRUCTURE IN REL4TlON 
TO MAGNETIC DISTURBANCE. 

A LECTURE on the rela tionship between geological 
structure and magnetic disturbance, with especial 

reference to Leicestershire and the concealed coalfield 
of Nottinghamshire, was delivered be fore the Geo_ 
logical Society on May I by Dr. A. Hubert Cox. 

Before the lecture, at the request of the president, 
Dr-. A. Strahan, director of the 'Geological Survey, 
brieflv outlined the circumstances that had led to an 
irivestigatioI1 into a possible connedionbetween geo
logical structure and magnetic distUl·bances. The 
magnetic surveys conducted by Rucker and Thorpe 
in I886 and, I89I had proved the existence of certain 
lines and centres of disturbance, but those authors 
observed that " the magnetic indications appear to be 
quite independent of the disposition of tHe newer 
strata," and Dr. Strahan had not been able to detect 
any obvious connection. with 'the form and structure 
of the Palreozoic rocks below. In, I9I4-I5 a new 
magnetic survey was made by Mr. G. W.Walker, 
who confirmed' the existence ,of certain areas of dis
turbance. It was suggested that the effects mi'ght be 
due to concealed masses of iron ore, and, the matter 
was referred to the Conjoint Board of Scientific Socie
ties, which appointed an Iron, Ores Committee to con
sider what further steps should be taken. The com
mittee recommended that attention"'should be concen
trated on certain areas of marked magnetic disturb
ance, and that .a more detailed magnetic survey of 
these areas, accompanied by a petrological survey and 
an examination of the 'magnetic ,properties of the 
rocks of' the neighbourhood', should be made. Dr. 
Strahan had been approached with a view to the petro
logical work being undertaken by the Geological 
Survey, and it had been arranged by the Board of 
Education, with the consent of H.M. Treasury, that 
a geologist should be temporarily appointed as a 
t;1ember of the staff for .the purposes .af the 
tlOn. Dr. Cox ' had received the appoll1tment, and hiS 
lecture would show that results of great significance 
had qbtained by him. The new magneticob
servations had been made bv Mr. Walker, and the 
examination of the specimens collected, in regard to 
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their magnetic susceptibility, had been conducted lly 
Prof. Ernest Wilson. 

Dr. Cox then described the selected areas, which 
lay on Lias and Keupel' Marl between Melton Mow
bray and Nottingham,and in the neighbourhood of 
Irthlingborough, where the ' Northamplon Sands are 
being worked as iron ores. The Middle Lias iron 
ores, consisting essentially of limonite, which crop 
out near Melton have been proved in
capable, by reason :of their low: magnetic suscepti
bility,of causing disturbances of the magnitudes 
observed, wIJi1e the, distribution of the disturbances 
showed no, ' COfl]eSpondence withl theoutcrap of the 
iron 01'e5. Nor W:3Sarry other furmation among the 
Secondary rockS.faund capable of'exertiog any apr 
preciable influem:e.lt :appeared, therefore, that the 
origin 'of the magnetFc' disturbances· mu'stbe ' deep
seated. 

In:vestigatron show,cd that the disturbances, were 
?-rran.ged the lines of a system of' faults rang'
mg In directIOn, ft:om north-west to nearly, west. 
The faults , riear Melton 'Mowbray havenoi' been 
proved in the PalreDwla rocks, and, so tar as their 
eff'ectson the Secondary rocks are concerned" they 
would appear to 'be only minordislocalions. But 
farther north, near Nottingham, faults which take a 
parallel course, and probably belong to' the same 
system of faulting as those near Melton Mowbray, 
are known from evidence obtained in underground 
workings to have a much greater throw in the Coal 
Measures than in the Permian and, Triassic rocks 
at the surface .- It appears,' therefore, thaf movement 
took the same lines, 'at more than one 
period; the earlier ' and more' powedur movemeITt' being 
of post-Carboniferous, but pre-Permian the later 
movement being post-Triassic. AccordinglY, it is 
probable that th e small dislocations in the Mesozoic 
rocks indicate the presence of important faults in the 
underlying Palreozoic. 

The faults can give rise to magnetic disturbances 
only if they are associated with rocks of high mag
netic susceptibiHty. It is known from deep' lJodngs 
that the concealed coalfield of Nottinghamshire ex
tends into Leicestershire, but how far is not known. 
Deep borings have proved that intrusions of dolerite 
occur in the Coal Measures at several localities in 
the portion of the concealed coalfield, 
and always, so far as observed, in, the immediate 
vicinity of . It has been established that 
dolerites may exert a considerable magnetic effect; 
and the susceptibility of those that occu r in the Coal 
M'easures is above "the general average. Fur'ther, no 
other rocks that are known to occur, or are likely 
to occur under the ,area, have susceptibilities so high 
as the dolerites found' in the Coal Measures . These 
facts suggest the possibility of the occurrence of 
dolerites intrusive into Coa l Measures beneath the 
MesQzoic rocks of the Melton Mowbray district. 

The distribution of the dolerites actually proved, 
and of those the presence of which is suspected by 
reason of the magnetic, disturbances, appears to be 
controlled by the faulting . Moreover, whereas the 
character of the magnetic disturbances is such that it 
would not be explained by a sill or laccolite faulted 
down to the north, in the ma nner demanded by the 
observed thro'>.' , of the principal' fault, it would be 
explained by an intrusion that' had arisen along the 
fault-plane. The faulting itself is connected with a 
change of strike in the concealed Coal ' Measures, and 
the incoming of doleritic intrusions in the concealed 
coalfield, in contrast with their absence from the 
exposed coalfield, appears to depend upon the chal)ged 
tectonic features. The change ,of strike is apparent, 
but to a less degree, in the Mesozoic rocks, which, in 
the neighbourhood of Melton Mowbray, have suffered 


	RADIA nON AND THE ELECTRON.1

