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LXII. On the Secondary Cathode Rays emitted by Substances
when exposed to the o4 Rays. By R. D. KLEEMAN, B.A.,
B.Se., 1851 Ezhibition Research Scholar of the University
of Adelaide; Emmanuel College, Cambridge*.

§ L.

IT was discovered by Evet that a substance exposed to the
« rays emits secondary cathode besides secondary « rays.
The object of this paper 1s to describe some experiments on
the amount of secondary cathode radiation from different
substances, as measured by the ionization these secondary
rays produce in air.
Fig. 1is a diagram of the apparatus used. The chamber
Fig. 1.

pwe - £BONITE

L8omiTE

To ErecTROMETER,

A is an ionization-chamber supported by means of a frame
arrangement, so that its distance from the table on which the
experiments were performed was about 18 em. Tt consisted
of an aluminium box 10 em. high, 12'5 c¢m. long, and 7 cm.
deep, with a wire gauze for its lower side. The chamber B
18 another ionization-chamber whose electrode was connected
with that of the chamber A. It consisted of a cylindrical-
shaped can 18 ¢m. in diameter and about 16 cm. high. The
source of & rays was 30 mgrm. of radium bromide contained
in a closed glass tube which was placed into the tubular
cavity of the lead cylinder C; a plate of lead 3 mm. thick
placed over the opening of the cavity served to cut off the
B rays. The position of the lead cylinder with respect to
the chamber A was as shown in the figure. The chamber A
was connected to a positive potential of 200 volts, and the
chamber B to a negative potential of 200 volts; and the

* Communicated by Prof. J. J. Thomson, F.R.S,
+ Phil. Mag. Dec. 1904,
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distance of the chamber B from the radium so arranged that
the leak in B partially compensated for that in A.

The substance under investigation, if in the form of
powder, was tightly packed into the little dish a, the upper
surface of the powder being made flush with the rim. The
dish was of a circular form and made of thin sheet zinc, its
diameter was 56 em. and its depth 4 mm. This dish was
then placed into another dish &, into which it fitted closely.
The dish & was then placed in the centre of the aluminium
plate ¢, and this placed on the table d, three strips of ebonite
tixed to the table serving to keep the aluminium plate in a
fixed position. By means of the screw e the table was then
raised till the ebonite blocks f, 7, attached to the aluminium
plate, touched the gauze, the distance of the aluminium plate
from the gauze in this position being 11 mm. The leak was
then taken. ‘ v

The aluminium plate ¢, when placed on the table d, made
contact with an earthed wire; an electric field therefore
existed between the gauze and plate, which prevented the
diffusion of ions through the gauze into the chamber.

By partially compensating For the leak in the chamber A
by means of the leak in the chamber B, the observed leak
was under control, and the radimm could be placed quite
near to the chamber A. The secondary radiation from the
substance in the dish a was thereby rendered intense, and
the change in the leak when a different substance was sub-
stituted for the one in the dish was therefore much greater
in comparison with the observed leak than would have been
the case with one chamber only. In fact, with one chamber
only, the change in the leak with change of substance would
be, in many cases, so small that it would be difficult to
measure.

The leak was allowed to run into the electrometer till the
deflexion was approximately equal to some fixed deflexion of
convenient magnitude, and the current then broken, and the
first and second swings of the needle read. The position of
vest of the needle was obtained by means of a formula given by
the writer *, and knowing the time of leak, the leak for any
given time could be calculated. The disturbing effect of the
change of capacity of the electrometer with deflexion was
avoided in this manner.

Since the leak due to the secondary radiation from a given
substance depended on the position of the radium, the sensi-
tiveness of the electrometer, &c., it became necessary to
devise a method of comparison of the secondary radiation

* Phil. Mag. Oct. 1906, p. 276.
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from the various substances, which would be independent of
the magnitude of these external quantities. It was also
necessary to elimininate the y secondary radiation. This
was obtained by the following process. After a reading had
been taken when the dish a contained the substance under
investigation, the dish with its contents was taken out of the
dish & and placed in the centre of the aluminium plate and
the dish b inverted and placed over it. A reading was then
taken with the bottom of the dish b as source of secondary
radiation. The bottom of the dish b consisted of sheet lead
3 mm. thick. A disk of aluminium of the same size as the
dish a was then placed into the dish 0, and a reading taken
with this aluminium disk as source of secondary radiation.
A reading with the bottom of the dish & was then taken in
the same manner as before. The whole process was repeated
several times. It will now be shown that the difference
between the first and second readings is a measure of the
difference between the amounts of secondary cathode radia-
tion from the substance under investigation and from lead,
and the difference between the third and fourth readings a
measure of the difference between the amounts of secondary
radiation from lead and aluminium. '

Let ne¢, me, uc, denote the secondary cathode radiations,
and ny, mey, wy, the secondary ¢ radiations, from the substance
under investigation and from lead and aluminium respec-
tively, as measured by their ionizing power. Let K denote
the leak that would be obtained if the snbstance in the dish a
and the lead bottom of the dish b did not emit either second-
ary  or secondary cathode radiation. Then, when the
substance n is in the dish a, the leak obtained is (K+ne¢
+ny+my). It is supposed that the v radiation from the
lead is not appreciably diminished by passing through the
substance in the dish. When the dish a is covered by the
dish b the leak obtained is (K +me¢+my+ny). The difference
between these two leaks is (mc—nc), which is a measure of
the difference between the amount of cathode radiation from
lead and the substance n. In the same way it can be shown
that the difference between the leaks obtained with the
substances m and u, that is lead and alumininm, is (me—uc).

The mean values of (m¢—nc) and (me—uc), found by the
above process, were multiplied by a number which made
(me—wuc) equal to 800. The values of (m¢—ne) for the
various substances were thus rendered comparable with
one another, being relatively independent of all external
quantities.

To give an idea of the magnitude of the ionizing effect
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produced by the secondary cathode rays in these experiments,
1t may be stated that in one experiment, when the radiating
substance was aluminium, a leak of 2319 divisions-in 40
seconds was obtained; and when the radiating substance was
lead, a leak of 2295 divisions in 30 seconds was obtained.
The value of (me—uc) corresponded, therefore, to a leak of
741 divisions in 40 seconds. The capacity of the whole
system was about 200 ®.s.U., and the electrometer gave a
deflexion of 4010 divisions for one volt *.

The secondary  radiation, which was approximately elimi-
nated in these experiments, was, with the thickness of the
layers of substances used, in most cases so small as to be
comparable with the experimental error, that is, equal to two
or three per cent. of the total leak obtained.

The amount of secondary cathode radiation from a
plate of a substance increases with the thickness of the
plate up to a certain thickness, beyond which there is no
increase of secondary radiation, the plate producing then the
maximum amount of secondary radiation. It is therefore
necessary to consider whether the thickness of substances
used in these experiments gave the maximum amount of
secondary radiation.

The secondary cathode rays from a substance exposed to
v rays are nearly, though not quite, so penetrating in cha-
racter as those obtained with the @B rays, according to S. J.
Allen (Phys. Review, vol. xxiii. p. 82, August 1906).
Therefore the thickness of a radiating plate of a given sub-
stance producing the maximum amount of secondary cathode
radiation must be about the same as is necessary with B rays,
that is a thickness of about 2 mm. in the case of lead. The
layers of substances in these experiments were “4 cm. thick,
and therefore gave approximately the maximum amount of
secondary radiation.

An experiment by Mackenziet ought to be mentioned in
this connexion. Mackenzie found that the maximum amount
of secondary cathode and « radiation from a lead plate
exposed to the 8 and o rays of a quantity of radium, was
obtained with a thickness of about 2 mm. of lead, while the
thickness of the plate which produced the maximum amount
of secondary radiation, when it was exposed to the « rays
alone, was about 7 mm. The explanation of this seems to
be that the secondary v radiation, when the plate is exposed
to the o rays alone, is larger in comparison with the total
radiation (which consists of secondary y and secondary

# 10 divisions correspond to 1 mm, on scale,
1 Phil, Mag. July 1907, p, 184.

Phil. Mag. S. 6. Vol. 14. No. 83. Noz. 1907. 2T
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cathode radiation), than when the plate is exposed to both
the B and y rays; and there would, therefore, be a greater
comparative increase in the radiation beyond a certain thick-
ness of substance with the ¢ rays, than with both the 8 and
v rays. It may be mentioned that according to the experi-
ments of Eve the v rays of radium produce about one-fifth
of the total radiation from a plate exposed to both the 8 and
o rays. It follows, therefore, that the ratio of the total
radiation to the o radiation, when a substance is exposed to the
7y rays, is about five times greater than when the substance is
exposed to both the 8 and « rays.

An unexpected difficulty encountered in these experiments
will now be described. It was found that a number of leaks
taken in succession with a single substance were subject to
gradual fluctuations in magnitude: in the course of an hour
a change of 5 or 10 per cent. in the value of the leaks might
take place. When one of the chambers was disconnected
from the electrometer, and the radium placed at such a
distance from the other chamber that a convenient leak was
obtained, these fluctuations were very small but still de-
tectable. It thusappears that the leak in a single chamber was
liable to fluctuations which were small in comparison with
the whole leak, and therefore when the difference between
two leaks was taken, both of which were large, the fluctua-
tion in the observed leak necessarily became much larger in
comparison with the whole leak., The fluctuations might
have been due to changes in the centre of the « radiation,
caused by some emanation coming off in gusts from the
radium, and the radium A thereby getting deposited on the
inside of the walls of the glass tube instead of in the radium
itself. By taking a large number of readings, alternately
with the two standard substances, and one of the standard
substances and the substance under investigation, and taking
in each case the mean of the differences obtained, the dis-
turbing effect of these fluctuations was rendered very small.
About sixty-four observations were, as a rule, taken in all
during the investigation of a single substance. It required
about one hour and a half to make such a set of observations.

The differences between the amounts of secondary cathode
radiation from a number of substances and the radiation
from aluminium, corresponding to a difference of 800 of the
standard pair of metals lead and aluminium, are given in
Table I. They were not determined in any definite order,
but as they came to hand; some of them are the mean of two
or three separate determinations made at different times. In
the case of those substances which were obtainable in the
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TaBLE T.
Differonces Diﬂ‘;ezence Diffie:ence Differences Diﬂ’eixl'lence Diﬁ'(ia;ence
of . of :
gecondar; atomic secondar, atomic
substances. radiatior{ weight. substances. radia.tiony., weight.
B-Al........ +12 —16 238 521
C—AlL....... —155 —15 205 637
Na—Al ...... —52 —4 207 689
Mg-—Al...... +13 —26 245 747
Si—Al ... —-27 +14 348 81
P—Al ... -1 4 373 85
S—Al........ +11 | 5) 401 91
Ca—Al ... 99 13 403 93
Mn—Al...... 151 28 441 100
Fe—Al ...... 166 29 552 157
Ni—Al...... 176 317 743 168
Co—Al ...... 181 31 794 173
Cu—Al 206 363 800 180
Zn—Al ... 215 385 1018 181
As—Al ...... 225 48
An approximate value of the radiation from aluminium, corresponding
to (Pb— Al)=800, is 330.
1

form of plates, little disks were turned by means of a lathe,
equal in dimensions to the little dish a. The substances used
in the form of filings or powder were: B, C (pure graphite),
Mg, Si, P (red), S, Mn, Se, As, Co, Zr, Mo, Ru, Sh, I, W,
Pt (black), Bi.

The radiating powers of the various elements, obtained
from the table by making aluminiam equal to 330, are
plotted against their atomic weights in fig. 2; and the
elements belonging to the same chemical period joined, in
each case, by a smooth curve. The method by means of
which the radiating power of aluminium was determined
will be described later. For our present purpose it does not
matter what value is assigned to aluminium, since the general
form of the curves will thereby not be altered.

It will be seen afterwards that the v rays from radium are
heterogeneous, and that the constituent rays possess different
powers of producing secondary radiation from a given sub-
stance. A partial separation of the rays can be effected,
since they are selectively absorbed, by means of metal screens.
Since the o rays in this experiment passed through a lead
screen only 3 mm. thick, the curves represent, at any rate
approximately, the general nature of the curves showing the
relation between the atomic weight of a substance and the
secondary cathode radiation with the heterogeneous ¥ rays
of radium.

2T2
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The curves obtained are quite distinct from one another
and resemble one another in some respects. Theyv show that
the elements fall into groups corresponding to the periodi¢
classification.

Fig. 2.
-5
7
B
V2
N
Xoal”
Ag
N NG
&2((:.; P2
% 4/4”&
Ca.
g o
|4:%
7]
c

o 14 23 42 (56 T0 84 98 112 126 140 134 168 is2 196
Atomic Weight.

The first sample of cobalt used in these experiments gave
98 for the value of (Co—Al), a value which did not make
cobalt fit in with the other elements. The explanation was
found to be that, since the cobalt was in the form of very
fine powder, it had become more or less oxydized, which
decreased the amount of radiation owing to the presence of
matter of much smaller atomic weight than that of the
cobalt. A determination with a fresh sample of cobalt of a
coarser nature gave 181 for the value of (Co—Al), and this
made cobalt fit in with the other elements.

The third and fourth curves in the figure, corresponding to
the first and second long periods of the elements, resemble
each the letter S in shape; while the second and fifth curves,
corresponding to the second short period and the fourth long
period, resemble each the letter S inverted.
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It will be seen that the curves representing the first and
second long periods are steepest in the middle ; they resemble
in this respect the curves obtained by Prof. J. J. Thomson*
with X rays.

There is a comparatively great difference in the radiating
powers of carbon and boron, and of lead and bismuth, although
in both cases the atomic weights differ little from one another.
Thus the addition of a few electrons to a boron or lead atom
seems to produce a considerable change in the grouping of
the electrons, whereby either the absorption of the primary
¢ rays, or the absorption of the secondary cathode rays, or
both, are affected to a considerable extent. It is interesting
that in the case of boron and carbon, the radiating power
decreases with increase of atomic weight, while it increases
with the atomic weight in the case of lead and bismuth.

Prof. Thomsont found that with X rays the radiating
powers of bismuth and lead did not differ much from one
another, and the same was found to be the case with boron
and carbon. It ought to be mentioned that the radiation
that Prof. Thomson measured consisted of secondary X rays
and secondary cathode rays of small penetrating power.

It will be observed that the radiating powers of silicon and
carbon are respectively smaller than those of aluminium and
boron.  According to the periodic -classification of the
elements, boron and carbon of the first short period corre-
spond to alaminium and silicon of the second short period,
boron and aluminium belonging to Group III. and silicon
and carbon to Group IV. Thus we might expect the
behaviour of aluminium and silicon to be similar to that of
boron and carbon.

The curves show, as a whole, that the increase of secondary
radiation with atomic weight is, on the average, greater the
higher the atomic weight; in other words, the average
steepness of the curves increases with the atomic weight.

MecClelland} has investigated the amount of secondary
radiation from various substances on which B and v rays of
radium were allowed to fall. The secondary radiation in his
experiments consisted principally of the secondary cathode
radiation due to the B rays, and a stream of reflected 8 rays
(these constituents amounting to about 80 per cent. of the
total radiation, according to the experiments of Eve). The
remainder consisted of secondary vy radiation, and secondary
cathode radiation due to the ¢ rays. His results, therefore,

* Proc. Camb. Phil. Soc. vol. xiv. pt. 1 (1906).

+ Loe, cit.
1 Trans. Roy. Soc. Dublin, vol. ix. p. 1 (1905), and p. 9 (1906).
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give approximately the secondary cathode radiation from
substances exposed only to B rays.

The curves which he obtains by plotting the secondary
radiation against the atomic weight, and joining the elements
of the same period by a smooth curve, differ in shape from
those obtained by the writer with ¢ rays; but still there are
points of resemblance. Both of his curves, representing the
first and second long periods of the elements, are concave
towards the atomic weight axis, at the extremities of the
curves corresponding to higher atomic weight, a result
obtained also by the writer in the case of y rays. But his
curves show that, on the whole, the change of secondary
radiation with atomic weight decreases with increase of
atomic weight; the opposite, we have seen, is the case with
v rays. Moreover, his curves approximate to a series of’
straight lines.

Also, he obtained with the B rays no such comparatively
large difference in the radiating powers of lead and bismuth
as the writer obtained with  rays.

A stream of B rays falling on a plate diminishes very
rapidly in intensity as it penetrates into the plate, and the
amount of secondary radiation must therefore depend to a
certain extent on the rate of absorption of the rays. In the
case of ¢ rays the decrease in the intensity of the rays is
small when they are passed through a thickness of matter
producing the maximum amount of secondary cathode radia~
tion. Therefore the difference ‘in the rate of absorption of
the B and « rays by a substance, is one of the factors which
tend to make the relative radiating powers of the various
substances different with B and v rays. We will now ex-
press the secondary radiation,from a thick layer of a substance
in terms of other quantities.

Let us suppose that the ¢ rays are not diminished in
intensity when passing through a layer of a substance of the
thickness necessary to produce the maximum amount of
radiation, and let K denote the number of electrons ejected
in each c.c. of the substance due to the action of the ¢ rays.
The moving electrons in the substance may be resolved into
two streams parallel to one another, but moving in opposite
directions and at right angles to the parallel surfaces of the
layer. Let » denote the intensity of the stream at a distance
« from one of the radiating surfaces, moving away from the
surface, and R the intensity of the stream approaching the
surface. Let u denote the coeflicient of absorption of the
electrons if there were no secondary radiation, and « the
ratio of the secondary to the absorbed radiation. Then we
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have
dR _ . wRe  pre Ky
& SRS - (D
and dr _ pre | pRe . K,

Pl R S el e ¢

when a steady state is reached.

The first term of the right-hand side of equation (1)
denotes the absorption of the stream R if there were no
secondary radiation; the second and third terms denote the
streams of secondary radiation moving in the same direction
as the stream R, due to the streams R and » respectively;
and the fourth term denotes the stream of radiation dne to
the action of the ¢ rays, moving in the same direction as the
stream R. The terms on the right-hand side of equation (2)
have similar meanings.

The equations may be written

dR .
Co=aR—lr=N) . .. L (3)
dr v.
%z—a7‘+bR+N,. N Y
S - K
where a=pu 9 , b= z,andN_— =

Eliminating » from these equations we get

&R

-da;‘ = (QQ ~b?) R— (a + L)N. . e e (5)
The general solution of this equation is
=A1 e—Z ‘V‘m‘-‘-f- Ag ex '\/mé-{" a—f?) . . (6)

The amount of radiation R, per em.? per second from the
surface of the layer is obtained by putting #=0 in the last
equation, this giving

N
R1=A1+A2+ ’a———l). . . . . . (7)

It remains to determine the arbitrary constants A, and A,.
Let n denote the thickness of the layer of substance. At
the surface where x=0 we have »=0, and therefore from
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equations (3) and (6) we have

dR T
T =aR—N=(A,—A)/a? =

at that surface, that is

. N 9 e
a(A1+A2+;7))~N=(A2-A,)\/a~—b~, . (®)

by equation (7). At the surface for which #=n we have
R =0, and thus

O=A;e—n Va0t L A, on N2=j5 (;% - (9
The values of A; and A, for a layer of thickness n are
given by equations (8) and (9). In the case of a layer of
thickness giving the maximum amount of radiation, we
require the values of A; and A, obtained when » is made
infinite.
It will be seen by inspection that if we substitute for A,
in equation (8), and » is made infinite, the equation becomes

a(A1+ ;§2)~N= —A,\/m;

and therefore
=N
17 (@t /a7 =b%) (a—b)"
From equation (9) it appears that when n becomes infinite,
A, becomes infinitely small, but the product A,e Va5 ig
always finite,
Substituting the above value for A, in equation (7) and
putting A, =0, we obtain
N a—b+ Aa2=22
Ri=" 53— —
a=b g4 Nai—p?
that is 7
_ Ky 1—k+vV1I—k

1 T =T

IR P Iy
subs.tituting for a, b, and N.
Since K, denotes the number of electrons ejected per c.c.

M,p . .
we may put K,= u}%"’ in this equation, where p is the

density of the substance, w the atomic weight, and M, the
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ratio of the number of electrons ejected per second per
atom.

The quantity M, is of theoretical interest and importance,
and it will therefore be profitable to see whether we can
obtain values of M; for some of the substances. It
will be seen that to calculate M, for a particular substance,
we must know the values of the quantities w, «, and K,,
relating to the substances. But the quantities wand « for the
electrons ejected by o rays in a substance have not yet been
experimentally determined. It appears very probable, how-
ever, from the experiments of Allen mentioned, that these
quantities have approximately the same values as found by
MecClelland and Hacket* for the secondary rays of the
B rays from radium. Table II. contains the values of K,

TasLE I1.
Substance. He K. X,. M.. K.. M,.
23 625 100 100 100 10-0
127 755 625 400 66-2 42:8
107 780 524 372 577 391
103 ‘785 504 437 559 497
203 825 1080 107 1160 115
160 830 862 107 91-8 115
133 835 733 113 767 119
479 870 333 288 289 235
Lead .oveevvvnenen. 268 883 182 315 164 286

and M, for a number of substances calculated by means of
the last two equations, using the values of 4 and & found by
MecClelland and Hacket, and the values of K; obtained from
Table I. by making aluminium equal to 330. The values of
M, and K, for aluminium have both been put equal to 10 in
the table.

It will be seen that the values K; and M, fall into groups
corresponding to the periodic classification of the elements.
The values of K, for the substances belonging to the same
group differ considerably from one another, and increase
with decrease of atomic weight. The values of M, for the
same group differ little from one another, but there is a
considerable change in the values from group to group. It
would be interesting to calculate the values of K, und M,
for all the elements, if the necessary data were known.

* Trans, Roy, Soc, Dublin, vcl. ix. p. 27 (1906), and p. 37 (1907).
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Let us now find values of the quantities for the B rays
corresponding to K; and M; for the ¢ rays. Let these
quantities be denoted by K, and M, respectively; they re-
present respectively the number of electrons ejected per c.c.
per second, and the number of electrons ejected per atom
per second in a substance exposed to the 8 rays.

The value of K, is given by K,=pu«, and the value of M,,

we

oM,
since 7 ?=K,, by M,=£ .

The values of M, and K, for the substances in Table II.,
calculated by means of these two equations, are given in the
sixth and seventh columns of the table. The values of K,
and M, for aluminium have been put, as before, equal
to 10.

It will be seen that the values of K; and M; are approxi-
mately the same as those of K, and M;. The values of M,
and M; measure the relative probabilities of the atoms of the:
various substances being ionized when subjected to B or &
rays. It is interesting that the relative chances in both
cases should be approximately the same when the nature of
the rays scems to be so entirely different. It will be seen
in the next section that the relative chances of ionization in
the case of the y rays depend to some extent on the nature
of the jonizing rays.

The quantities M; and M, must be related to the fonization
in a gas. If the above substances were in the form of, say,
monatomie gases at the same pressure, we should expect,
since these quantltles represent the relative number of pri-
mary electrons ejected per second, that the ionization per c.c.
in these gases would be the same with both 8 and « rays.
Now, the writer* has investigated the relative ionizations
per c.c. with 8 and « rays of a large number of complex
gases, and found the lonization very approximately the same
for both kind of rays. The results obtained are given in
Table III. The values of the ionization per c.c. with the
a particle for these gases have been placed in the table for
comparison, being taken from a table compiled by the writer
in the paper referred to. The larger number of the values
for the a particle are due to Prof. Bragg, whose experimental
resultst were incorporated in the table mentioned.

It was also found that the ionization in a gas is approxi-~
mately an additive property of the atoms of the molecule.
The atomie ionizations for the ry, B, and « rays are given in

# Proc. Roy. Soc. A. vol. lxxix. p. 220 (1907}.
+ Phil. Mag. March 1907, p. 333.
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the sixth, seventh, and eighth columns of the table respec-
tively. Hydrogen is the only gas showing a serious deviation
from the additive law. If the elements given in the fifth
column could exist as monatomic gases, the atomic ioniza-
tions would give their ionization per c.c. It will be seen
that the atomic ionizations for the B and « rays are also
approximately the same.

But if we compare the atomic ionizations with the values
of M, and M,, we see that the values of M; and M, increase
more rapidly with increase of atomic weight than the atomic
ionizations. et us examine these quantities more closely,
beginning with the ionization in a gas. The ionization in a
gas consists of the primarily ejected electrons, and the ions
that these electrons produce by collision. Since the primary
electrons are ejected with a considerable velocity, the former
quantity is probably small in comparison with the latter.
The ionization per c.c. in a gas may therefore be expressed
in terms of two factors, which are respectively proportional
to the primary and sccondary or collision ionization. This
product for any particular gas expressed in terms of that of
air must be the same for the B and ¥y rays, aceording to the
experiments of the writer in Table 11I. The velocity of the

Tasre I1T.

|
Gus Tonization |Ionization\ Ionization . Tonization ]‘Ionization Ionizution"
pere.c. | perc.e. | perc.c. vom. per atom. | per atom. | per atom.
yrays. | Brays. | arays. yrays. | Brays. | arays.
1-00 1-00 1-00 H.... ‘18 *18 175
1-16 1-17 1-15 Cnns -46 46 *51
1-58 1-60 1-59 N 45 475 47
.| 175 169 174 0.l *58 *58 *5d
CH,,0...] 429 4-39 4-40 S 1-60 1-60 124
CH;...| 894 395 4:30 Cl ... 144 144 1'16
OH, ..| 453 455 4-85 Br ... 2:81 267 172
cHO ...| 217 212 214 T ... 450 410 228
N,O ... 1-65 1-55 1-53
CN, ... 171 1-86 1:9%
CH,I...... 537 511 343
CHI ..| 647 590 400
CH, 01 ...| 493 494 4:08
CH/Cl .. 319 324 312
CcoL, ... 6:33 6-28 528
CS, ... 366 362 2-99
CH,Br ... 381 373 275
C,H.Br.., 458 4-41 —
80, ... 227 225 2:01
NH, ...... I 898 ‘888 09
PTG | 160 165 24
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primary electrons is probably in any particular gas approxi-
mately the same for the @ and y rays, since the velocities of
the secondary rays from a substance are approximately the
same; and the amount of secondary ionization produced by
the same number of primary electrons is therefore the same
for the 8 and ¢ rays. From this it follows that the ratio of the
secondary ionization per c.c. with the B rays to the secondary
ionization in the same gas with the ¢ rays, is the came for
all gases at the same pressure; and since the total ionization
per c.c. is the same for the B and y rays, this must also be
true for the ratio of the primary ionizations. If the primary
and secondary ionizations in a gas are each expressed in terms
of these quantities in air, these ratios are both equal to unity.
Thus the ionization by B or ¢ rays in a gas « in terms of
that in air, may in each case be denoted by ns m,, and in the
case of a gas b by n, ms, and so on, where n,, n;, &c. denote
the primary ionizations, and m,, m,;, &ec. the secondary
ionizations,

Now, if the primary ionizations are given by the values
of M;, or M, it follows that m,> my,> &e., since the atomic
ionizations increase less rapidly with the atomic weight than
the values of M, and M,. This means that the ionizing power
of an electron from an atom in a gas composed of the same

- kind of atoms, decreases with increase of atomic weight of the

atoms. This resultis very improbable : and it follows therefore
that the values found for M; and M, probably do not represent
the primary ionizations. This point will now be considered.

It the secondary cathode rays from the various substances
have not the same ionizing power in air, the values found
for M, and M, will not represent exactly the quantities M,
and M, dccording to the definition. If the ionizing power
of the secondary cathode rays increases with increase of
atomic weight, this would bave the tendency to give values
for M, and M, which increase too rapidly with the atomic
weight. Now, although the ionizing power of the secondary
cathode rays may vary to some extent with the nature of the
substance by which they are emitted, it is very improbable
that it varies to such an extent as to account for the above
discrepancy. It is more likely that, besides the penectrating
rays generated in a substance, more easily absorbable rays
are generated which do not get free of the layer, and are
therefore not taken into account in the measurements of
secondary radiation. If this is the correct explanation it
would follow, since the ionization in a gas does not increase
so rapidly with increase of atomic weight as the values of
M, and M,, that the amount of more easily absorbable radiation
produced decreases with increase of atomic weight.
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We have seen that if the average velocity of ejection of
an electron from a gaseous molecule ionized by 8 or v rays
is the same, the ratio of the primary ionization in any particular
gas ionized by B rays to the primary ionization when the gas
is ionized by vy rays is constant, and this constant is equal to
unity if the primary ionization in any gas is expressed in
terms of that in air at the same pressure. If the average
velocity of ejection of an eclectron from a molecule in a
substance ionized by 8 or v rays is the same, the ratio of the
values found for the quantities M; and M, for any particular
substance gives, whatever these values may represent, the
correct ratio of the quantities M, and M, according to the
definition. For, since the radiation from a substance is
measured by the ionization it produces in air, and the ionizing
power of the radiation is the same for both ionizing agents,
the ratio of the number of electrons radiated from the sub-
stance to the ionization they produce, is the same with both
lonizing agents for any particular substance, and the ratio
of the quantities M, and M, therefore in this case independent
of the ionizing power of the electrons. Also, the number of
electrons that do not get free from the layer of the substance
must be in both cases approximately the same fraction of
the number of electrons that do get free from the substance,
and therefore the ratio of M, and M, for any particular
substance also independent of the absorbable radiation pro-
duced. Now, the ratios of the values found for M; and. M,
are approximately equal to unity ; and we therefore conclude
that the average velocity of the electrons from molecules
ionized by B or « rays is approximately the same, and is not
influenced by the state of aggregation of the molecules.

It will be useful to collect the formule expressing the
relation between the various quantities involved in the
secondary radiation from a layer of a substance exposed to
B or ry rays.

McClelland has shown that the relative value p of the
radiation from a layer of a substance exposed to the B ray«
of radium is given by

K N
1-—- 3 \/ 1—g
K
2
It has been shown in this paper that the relative value R, of
the radiation with ¢ rays is given by
_ K1 1'—'IC+ N/l“'lc.
T a(l—e) 2—x+2/1—«"

r=

R
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The relative amount of radiation emitted per second per c.c. of a
substance when exposed to the vy rays is independent of w
and &, and therefore given by K, simply. The radiation
emitted per c.c. when the substance is exposed to the B rays
is given by Ky=p«x. The number of electrons ejected per
atom is given by

_Rpw(l—r)(2—c+2 \/l‘:;l
o p(l—k+,/1—x)

in the case of v rays, and by M,= ﬂ;f in the case of B rays.

The ratio of M, to M, is given by
M, _R(A—#)(2—k+2 ¥i—k)
Mg /c(l—lc—{—\/l_;c) ’

an equation which does not contain .

M,

It remains to describe the method by means of which the
radiating power of aluminium was determined corresponding
to a difference of 800 in the radiating powers of lead and
aluminium. The adjustable table was removed and also the
wire gauze from the bottom of the aluminium chamber. The
lead and aluminium plates used as radiators were each of the
same dimensions as the plate <. The radiating plate was
kept in contact with the edges of the opening of the aluminium
box. Fig. 3 shows the modified part of the apparatus.

Tig, 3.

N

.
-
| vrrsas GL7IIFEIIIRI I IEISETIILS A

Leaks were taken with the aluminium and the lead plate,
-and a sheet of thin tissue-paper, used successively as radiators,
the tissue-paper being stretched tightly over a metal frame
enclosing an area somewhat greater than that enclosed by the
edges of the aluminium box. All objects near the opening
.of the aluminium box were removed, in order to reduce to a
minimum (when the tissue-paper was used as radiator), the
amount of ionization caused by the secondary radiation
from surrounding objects penetrating the tissue-paper and
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entering the chamber. In this manner the value 330 was
obtained for (Al-tissue paper), corresponding to the value 800
for (Pb-Al). The radiation from the tissue-paper must be
small in comparison with that from the aluminium plate, and
therefore the radiation from aluminium is approximately equal
to 330, when the difference in radiation between lead and
aluminium is put equal to 800.

But some of the radiation from the air and surrounding
objects penetrates the tissue-paper and enters the chamber,
and therefore the true value for the radiating power of
aluminium is larger than the above value. Since the secondary
cathode rays possess considerable penetrating power (their
velocity being about half that of light), some of the rays that
penetrate the tissue-paper have passed over a considerable
distance in air, and the amount of radiation received from
neighbouring objects is therefore probably of such a magnitude
that the jonization produced cannot be neglected. The value
obtained for the radiating power of aluminium is therefore
only approximate, it may be said to be an inferior limit of
the radiating power.

Eve has determined the secondary radiation from a
number of substances when exposed to o rays. The values
that he obtained are given in Table IV. The y rays were
passed through a lead screen 6'3 mm. thick. Since the
ionizing power of the secondary ¢ rays is small in com-
parison with the secondary cathode radiation, the values
express the amounts of secondary cathode radiation from the
given substances.

TapLr IV.
Radiator. Secondary Radiation.
Lead .......... 100
Copper ........ 61
Brass .......... 59
Alaminiom ...... 30
Glass .......... 35
Parafin ........ 20
|

The relative values that he obtained for the metals copper,
lead, and aluminium, agree with those of the writer as well
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as can be expected, when it is remembered that the amount of
secondary radiation from a substance depends on the nature
of the screen placed in the path of the y rays (see mnext
section), and that the relative values of the radiating powers
are liable to greater uncertainty than the relative differences.

§ IL

It was found, as has already been mentioned, that the
« rays from radium are heterogeneous, and that the different
constituent rays give rise to different relative values for the
secondary radiation of a set of substances.

The constituent rays are selectively absorbed, and a partial
separation of different sets of rays from the original bundle
could therefore be effected by means of metal screens.

Some slight alterations were made in the apparatus to
make it more suitable for the investigation of this pheno-
menon. The gauze was removed, and the plate ¢ and the
dishes a and & were discarded. The substances which were
used as secondary radiators were in the form of plates equal
in dimensions to the plate e. The plate under investigation
and the plate with which it was compared were placed one
on top of the other on the table d, which was then raised by
means of the screw e till the top plate or radiator made con-
tact with the edges of the aluminium box forming one of its
sides (see fig. 3, § I.). The difference in the amount of
secondary radiation from a substance and a standard
substance was, as in the foregoing experiments, compared
with that of two standard substances.

The above modification of the apparatus increased its
sensiiiveness, by reason of the larger radiating surface
employed, but it restricted the number of substances that
could be used as radiators.

The substances used as radiators were: carbon (black
lead contained in a shallow dish), aluminium, sulphur (a plate
of sulphur, the surface of which was made a conductor of
electricity by covering it with a thin layer of black lead),
iron, copper, nickel, zine, tin, and lead.

Screens of various substances were placed in the path of
the ¢ rays. A screen was placed at N, and the differences
between the radiating powers of the above substances and
aluminium determined, the radiation from the substances
being produced by the « rays not absorbed by the screen. A
screen of some other substance was then placed at N, and
the process repeated, and so on.. The screens used were of
the following substances : iron, copper, zinc, tin, mercury
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lead, and bismuth. The mercury screen consisted of a little
box of thin sheet zine filled with mercury, the inside surface
of the box being covered with paraffin-wax to prevent the
mercury coming into contact with the zine. The dimensions
of the box were: 4'8 cm. long, 1'3 cm. broad, and 55 cm.
high.

gl‘hatﬂ the amount of secondary cathode radiation from a
substance depends on the nature of the y rays to which it is
exposed, can be conveniently demonstrated as follows :—The
difference in the amount of radiation from iron and aluminium,
and lead and aluminium, is determined with a screen of
copper, and the former difference divided by the latter. A
value of this ratio is then found, using a screen of lead. The
whole process may be ropeated several times and the means
taken. Each ratio can be obtained with ease correct to five
per cent. In this way, using screens of copper and lead
respectively, 1'8 and 24 cm. thick, the writer obtained the
corresponding ratios 64 and 4-2.

It will be well, before stating the principal experimental
results obtained, to give some numbers from which an idea
of the relative magnitude of the quantities measured, and
the probable accuracy of the determinations, can be obtained.
When a copper screen 1-8 cm. thick was used (see Table V.),
and the radiating substance was aluminium, a leak of 1792
divisions in 40 seconds was obtained, and with lead as the
radiating substance a leak of 1850 divisions in 10 seconds

TaBLE V,
- [ ‘
Lead | Bismuth| Tead | Mercury!| Tin Zine | Copper | Iron
sereen screen screen screen screen | screen | screen | screen
2 mm. 1'4 em. | 1'3 cm. 14cm. | 1'8cm. | 20cm. | 1'8 cm. | 2:5em.
thick. thick. thick. thick. thick. thick. thick. vhick,
C—-Al .. —135 —138 —126 —135 — 8 |[—64 | —62 | — 8
S—Al ..| 418 + 26 + 45 + 34 + 27 [+ 28 | 4+16 | 4 26
Fe—Al ... 158 189 131 188 160 127 125 122
Ni—Al ... 176 225 227 218 185 156 156 160
Cu—Al...[ 198 239 263 230 191 153 156 167
Zn—Al..| 216 271 272 270 222 189 185 202
Sn—Al..| 408 465 442 456 389 | 863 | 374 | 408
Pb—Al...l 800 800 800 800 800 800 800 800
Phil. Mag. 8. 6. Vol. 14, No. 83. Nowv. 1907, 20
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was obtained. The difference in the leaks is 5608 divisions
in 40 seconds, which is a measure of the difference of the
tonization produced by the secondary cathode rays from
aluminium and lead. And since an observation could be
repeated any desired number of times and the mean taken, a
considerable accuracy could be reached in the determination
of the difference in the amount of secondary radiation from
any two substances. As a rule, about 64 observations were
made in determining the difference in the radiating powers
of a given substance and aluminium, in comparison with that
of the two standard substances lead and aluminium.

The principal results obtained in these experiments are
given in Table V. The nature and thickness of the screen
used in a set of determinations are given at the top of the
column containing these determinations. The difference
between the radiating powers of lead and aluminium has in
each case been reduced to 800. The results will now be
discussed and an endeavour made to draw some conclusions
from them,

Since the difference in the amount of secondary radiation
from any two snbstances is independent of the intensity of
the primary y rays, if the difference of the two standard
substancesis always reduced to the same figure, the secondary
radiation from a given substance with the different screens
in the above table should be, obviously, the same if the
screens produced a change in intensity only of the « rays.
But the figures distinctly show that the o rays that penetrated
the various screens differed in their power of producing
secondary radiation from a given substance. Therefore the
relative differences in each column of the table depend on
the nature and thickness of the screen used in their
determination.

A beam of y rays will probably not change much in nature
when sifted through a screen of lead 2 mm. thick only, and
therefore the second column of the table gives approxi-
mately the differences in the radiating powers of the
substances under the influence of the full v radiation emitted
by radium in radioactive equilibrium. The screen of lead
placed in the path of the ¢ rays served to cut off the 8 rays.

In order to be able to draw any conclusions from the effect
of the various screens on the relative differences of the
radiating powers of the various substances, it is necessary to
compare these differences with those in the second column of
the table.

Thus, it will be seen that the difference (C— Al) is de-
creased with a screen of lead, mercury, or bismuth, while the
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differences (S —Al),(Fe—Al),(Ni—Al), (Cu—Al),(Zn—Al),
(Sn—Al), are increased with these screens. With a sereen
of iron, copper, zinc, or tin, the difference (C—Al) is very
much decreased, while the other differences are also nearly
always more or less decreased. Thus it seems that the
v rays from radium consist principally of two groups of
rays, the rays of one of the groups being much better
absorbed by a screen of lead, mercury, or bismuth than by
a screen of iron, copper, zinc, or tin, the opposite being the
case with the rays of the other group.

Let us examine more closely the values given in the table.
It will be convenient to express the radiation from a substance
in terms of that from aluminium, so that for (Pb—Al) we
may write (k;—1}Al, and in the case of any substance D write
(ke—1)Al for (D—AIl). Itwill also be convenient to denote
the group of substances sulphur, iron, nickel, copper, zine,
and tin, by the symbol N,, so that (N, —Al) stands for
(S —Al), (Fe—Al), &e.

Now, when the thin lead screen is replaced by the thick
screen of lead, we should expect, if we assume that the
o rays are heterogeneous, that the radiation from lead would
decrease in a greater proportion than that from aluminium,
and the value of (£)—1) therefore decrease. Further, if we
assume that the radiation from each of the substances N,.
is decreased in the same proportion as that from aluminium
each of the values of (k,—1) of the differences (N»—Al) will
remain unchanged. Therefore, if we multiply (4—1)Al
and the values of (£, —1)Al by a factor which brings (£, —1)Al
to its previous value, each of the values of (k,—1)Al will
become greater than its previous value. This result agrees
with that obtained by experiment with the differences
(Nsm—Al), when the thin lead screen was replaced by the
thick screen of lead (see table). The greater decrease of the
radiation from lead than that from aluminium and the
substances N,, with increase of thickness of lead screen,
shows that the rays that are most efficient in producing
secondary radiation from lead are more easily absorbed by
lead, than the rays that are respectively most efficient in
producing secondary radiation from aluminium and the
substances N,. It appears also that the rays that are
respectively most efficient in producing secondary radiation
from aluminium and the substances N, are absorbed to an
approximately equal though small extent by lead.

It will be seen in Table-V. that the value of the difference
(C—Al) is decreased instead of increased, as the other
differences, when the thin lead screen is replaced by the

202
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thick sereen of lead. This is explained if the radiation from
aluminium is decreased in a greater proportion than that
from carbon, an element of smalier atomic weight, when the
thin screen is replaced by the thick screen (a similar assump-
tion we have seen fits the facts for Pb and Al). For, the
numerical value of (£,—1) of (C— Al) is then decreased, since
it is negative ; and this decrease may be of sucha magnitude
that - the value of (k.—1)Al becomes less than its previous
value when multiplied by a factor which brings (£, —1)Al to
its previous value. It will be observed that it follows from the
investigation in the preceding paragraph that this factor
tends to increase the value of (C—Al). Thus the greater
decrease of the radiation from aluminium than that from
carbon, with increase of thickness of lead screen, shows that
the rays that are most efficient in producing secondary
radiation from carbon are less absorbed by a screen of lead
than the rays that are most efficient in producing secondary
radiation from aluminium.

Since the results obtained with a screen of mercury
or bismuth resemble those obtained with the lead screen,
the foregoing conclusions hold good for these screens
also.

Next, let us investigate the results obtained with the
screens of iron, copper, zinc, and tin. We should expect
from the foregoing results, and the fact that the differences
of the radiating powers obtained with these screens resemble
one another, that each of these screens would absorb
approximately to the same extent the rays that are respectively
most efficient in producing secondary radiation from aluminium
and the substances N, or (8, Fe, Ni, Cu, Zn, Sn). Also, we
should expect these rays to be more easily absorbed by these
screens than the rays that are most efficient in producing
secondary radiation from lead. In this case the radiation
from aluminium should decrease in a greater proportion than
that from lead, when the thin lead screen is replaced by one
of the above-mentioned screens, and the radiation from each
of the substances Nw and aluminium decrease in the same
proportion. Therefore the value of (£ —1) will be increased,
while each value of (ks—1) of the differences (N n—Al) will
remain approximately the same. Therefore, when (& —1)Al
or (Pb—Al) and the values of (k,—1)Al or (N,,—Al) are
each multiplied by a factor which reduces (Pb—Al) to its
previous value, the values of (N,,— Al) will become less than
their previous value. Now, this result is approximately
obtaiued by experiment with the differences (N,,—Al), when
the thin lead screen is replaced by a screen of iron, copper,
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zine, or tin, and the supposition made at the beginning of this
paragraph therefore true.

It will be seen that the differences (N,—Al) are least
affected when the thin screen of lead is replaced by a screen
of tin. This is probably due to the fact that the atomic
weight of tin lies between that of lead and =zine, and there-
fore partakes to a greater extent of the properties of lead
than the substances zine, copper, and iron. The effect of a
screen of lead, it will be remembered, is to increase these
differences.

It will also be seen that the difference in the radiating
power of aluminium and a substance, when the thin screen
of lead is replaced by a screen of this substance, is in nearly
all cases decreased to a greater extent than any of the other
differences. The magnitude of the decrease of the differences
becomes smaller as we pass progressively from this difference
to the neighbouring differences. Now, if the radiation from
a substance A is decreased in a greater proportion than that

from any one of a number of other substances B,,, when the

thin lead screen is roplaced by a screen of the substance A,
the value of (k,—1) of (A—Al) will decrease more than its
value for any of the differences (B,,— Al). Therefore we
conclude that the rays that are most efficient in producing
secondary radiation from a substance are most easily absorbed
by a screen of the same substance.

A forther examination of the differences obtained with
the screens of copper, iron, zine, and tin, shows that with
these screens the differences (Ni—Al) and (Cu— Al) become
approximately equal to one another. Now, if the radiation
from copper decreased in a greater proportion than that from
nickel, when the thin lead screen is replaced by one of these
screens, this would decrease the value of (k,—1) for the
difference (Ca—Al) more than its value for the difference
(Ni—Al). And since the value of (Cu— Al) is larger than
that of (Ni— Al) with the thin lead screen, this would have
the tendency of making the values of (k,—1) of these differ-
ences more nearly equal. Thus a screen of iron, copper,
zine, or tin, absorbs to a slightly greater extent the rays that
are most efficient in producing secondary radiation from
copper, than the rays that are most efficient in producing
seeondary radiation from nickel.

The large change in the value of the dlfference (C—Al),
when the thin lead screen is replaced by-a screen of iron, copper,
zine, or tin, remains to be examined. We have seen that
the decrease of the differences (Nm— Al), when the thin lead
screen is replaced by one of these screens, can be explained
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by assuming that the radiation from aluminium decreases in
a greater proportion than that from lead, and the radiation
from each of the substances N,, decreases in the same pro-
portion as that from aluminium. For in this case these
differences decrease when they are multiplied by a factor
which makes (Pb— Al) equal to its previous value. But it
will be seen that the decrease of the difference (C— Al) is
much greater than that of any of the other differences, and
cannot therefore be explained altogether in this manner. It
1s evident that the radiation from carbon does not decrease
in the same proportion as that from aluminium, when the
thin lead screen is replaced by one of the above-mentioned
screens. If we assume that the radiation from carbon
decreases in a less proportion than that from aluminium, the
value of (k,—1) of the difference (C—Al) is numerically
decreased, since it is negative. In this case the value of
(C—Al) or (k,—1)Al would be much more decreased than
that of any of the other differences when they are multiplied
by a factor which brings (Pb—Al) or (£, —1)Al equal to its
previous value. Thus the rays that are most efficient in
producing secondary radiation from carbon are less absorbed
by a screen of irom, copper, zinc, or tin, than the rays that
are most eflicient in producing secondary radiation from
aluminium and the substances N,,.

We have seen that the rays that are most efficient in pro-
ducing secondary radiation from carbon are also less absorbed
by a screen of lead, mercury, or bismuth than the rays that
are most efficient in producing secondary radiation from lead.

It will be profitable to place some of the foregoing con-
clusions side by side for comparison. We have seen that the
decrease of (C—Al), when the thin lead screen is replaced
by a screen of iron, copper, zine, or tin, is due, firstly, to the
radiation from carbon decreasing in a less proportion than
that from aluminium, and secondly, to the multiplying of
(C—Al) and (Pb—Al) by a factor which brings (Pb—Al)

“to its previous value. This factor gives rise to the decrease

of the other differences, since the radiation from lead is
decreased with any one of the above changes of screen, in
a less proportion than that from aluminium and the other
substances.

The decrease of the difference (C—Al), when the thin
lead screen is replaced by a screen of lead, mercury, or
bismuth, is due to the decrease of (C—Al), produced by the
radiation from carbon decreasing in a less proportion than
that from aluminium, being greater than the increase pro-

duced by multiplying (C—Al) and (Pb—Al) by a factor
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which increases (Pb—Al) to its previous value. This factor
gives rise to the increase of the other differences, since the
radiation from lead is decreased in a greater proportion than
that from aluminium and the other substances.

From the foregoing we see why the difference (C—Al),
when the thin screen of lead is replaced by a screen of iron,
copper, zinc, or tin, is more decreased than in the case when
the thin screen of lead is replaced by a screen of lead, mercury,
or bismuth.

To sum up, the experiments as far as they have gone
indicate that the rays from radium consist principally of two
groups of rays, the constituent rays of each group differing
not much from one another in their properties. The rays of
one of the groups are more efficient in producing secondary
cathode radiation from aluminium, sulphur, iron, nickel, zine,
and tin, than from lead, and are all more or less easily
absorbed by each of these substances excepting lead, the
absorption by lead being much less. The rays of the other
group are more efficient in producing secondary cathode
radiation from lead than fromthe other substances,and are more
easily absorbed by lead, mercury, and bismuth, than by any
of the other substances.

There is also a third—apparently weak group of rays
which is most eflicient in producing secondary radiation
from carbon. This group of rays is less easily absorbed
by the above-mentioned substances than either of the other
groups.

It may be pointed out in passing that according to the
foregoing, when it is required to shield a piece of apparatus
from the « rays of radium, it is better to use a combined
screen of lead and one of the metals iron, zine, or copper,
than a screen composed of one of these metals only.

The « rays of radium thus resemble X rays in the absorp-
tion by a substance depending on the nature of the rays and
that of the absorbing substance. Further, the amount of
secondary radiation from a substance exposed to g rays
depends on the nature of the rays, and this has been shown
to be also the case with X rays. These facts are additional
evidence that the general nature of the  and X rays is the
same. Both the y and X rays probably consist of electro-
magnetic pulses produced by the acceleration of electric
charges. Since the B ray activity due to radium K is small
in comparison with that due to radium C, in the case of
radium only a few years old, the v rays from radium are
principally produced by the acceleration of the electrons
ejected by radium C.
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Paschen * has found that the electrons ejected by radium
bromide (that is to say, by radium C) possess different
velocities, but may be divided into two groups, the average
velocity of the electrons of one of the groups being greater
than that of the other group. These two groups of electrons
might possibly correspond to the above two principal groups
of rays.

It }g;fives me much pleasnre to thank Prof. Thomson for his
inspiring interest and advice during these experiments,

Cavendish Laboratory, Aug. 14, 1907.

LXIIL. A Form of Cosine Flicker Photometer.
By J. 8. Dow, A.C.G.1., B.Sc. T
[Plate XVL]

*HE illumination of the white surface employed in any
Tcos@
@
intensity of the source illuminating the surface, d the
distance of this souree from the surface, and 6 the angle
between the rays of light striking the surface and a normal
to the surface]. :

Hence, when measuring the intensity of a source of light,
we may either vary “d,” in which case we utilize the inverse
square law, or €, in which case the cosine law is utilized.

While the inverse square law is almost invariably utilized
in photometric measurements, this method is inconvenient in
one respect. In order to vary “d”’ the photometer is usually
moved to and fro between the two sources of light to be
compared. The observer is therefore obliged to be continunally
moving his head in order to follow the motion of the photo-
metet,and this is particularly distracting when theeyeisapplied
to a telescope. In order to avoid this necessity, many workers
prefer to keep the photometer stationary and to move one of
the sources of light. But in the case of gas-lamps and many
other sources of light, this method is obviously unsatisfactory,
and, even in the case of glow-lamps, is sometimes inconvenient.

The utilization of the cosine law is advantageous in this
respect, for the photometer may then be kept stationary and
the illumination of the photometrical surfaces adjusted in the
photometer itself. The type of instrument about to be
described by the author, and shown in fig. 1 (PL. XV1.), has this
advantage. Indeed, while it is desirable thatsuck a photometer

* Paschen, Ann, der Phys. xiv, p, 389 (1904).
+ Communicated by the Physical Society: read June 28, 1907,

photometer is equal to , [where I ecquals the



