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H. Konen, “das Leuchten der Gase und Diimpfe,” Braun-

schweig, 1913, pp. 302 ff.  DBesides many papers by other

authors not mentioned in Mr. Jolly’s summary.

- From the experience gained in our Miinster Laboratory
1t Seems necessary :

(1) to make use of tubes with a continuous flow of gas;

- (2) to make use of continuous electric current in all mea-

surements of Intensity or energy of spectral lines in order
to avoud complications that make it impossible to draw any
reliable conclusions either from radiometric or photometric
measurements, That 16 13 possible to fulfil both conditions,
by means of special tubes described in the first of the papers
mentioned above, i3, in my opinion, conclusively shown by
Mr. J. Schwedes,
Yours very truly,
H. KoNEN.
Miunster 1/W, physikalisches Institut
der Universitiit, Jan. 25, 1914,

.~

LVI. The Theory of Photoelectric and Photochemical Action.
By 0. W. Rreuarnsox, FLLR.S., Wheatstone Professor of
Physics, University of London, King’s College*.

OR ~many reasons and especially on account of the
complexity which recent experimental investigations T

have shown to characterize the relation between the number
of electrons emitted by bodiesand the intensity and frequency
of the radiation used to stimulate them, it seems desgirable to
consider the theory of these effects from as many points of
view as possible. 1 have therefore amplified the discussion
of some of the points raised in my previous papers dealing
with these questions. I shall consider first the amount of
energy which is abstracted from the radiation when one
electron or atom 1s liberated. 'In what follows immediately
I shall use the term atom to include electrically charged
particles, z. e. 1ons and electrons, since the argument is exactly

the samo whether the particles are supposed electrically
charged or not.

* Communicated by the Author. A paper read before the American
Physical Bociety at the Chicago Meeting, Nov. 28, 1915,

T T’ohl and Pringsheim, numerous papers in recent volumes of the
Ferhandlungen der Deutschen IDhysik. Gesellschaft.. Compton and
IRlichardson Phil, Mag. vol. xxvi. p. 549 (1913).
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The Fnergy abstracted per Atom hberated. .
Consider any condensed form of any substance, bounded

by a surface, which emits any monatomic gas under the
influence of illumination.

Let £=the mean internal kinetic energy of these atoms,

i, e. the kinetic energy they possess when in the
| condenged form. ,
W =the average work done by each atom in escaping
from the substance. |
w=the average change of total energy which accom-
panies the escape of a single atom,
:

-
T

Then - RT is the mean external kinetic energy (i. e. after

-

escaping) of an atom at temperature T and
w=2RT—E+W. . . . . . (1)

Let ¢(v) denote the mean encrgy which each ﬂ,tmn,.liber—.
ated under the influence of monochromatic radiation of

frequency v, has acquired from the radiation at the moment

of liberation. The kinetic energy of each atom immediately
hefore emission is thus ¢(v) + &, 1f the contribution to £ arising
from the radiation is treated as negligible (see last paragraph),
and the mean kinetic energy each atom carries away from
the surface of the substance 13

T, =d(v)+5—W = ¢(F)+—§RT—ZU. .. (2)

If the substance is enclosed by an isolating boundary, so
that the space bhetween the substance and the boundary is
initially vacuous, there will nltimately be equilibrium cha-
racterized by some constant temperatuare, let us say 1. The
body will be emitting atoms under the influence of the
complete radiation characteristic of T, and these will be
returning to the body on account of their kinetic motions.
The two processes balance, so that the state is invariable.
By moving a piston transparent to radiation, the quantity of
emitted gas can be varied without changing the quantity of
radiation, so that, as before™, if n is the number of liberated

atoms per unit volume,

T

n=Aye’ * . . . . . (@)

where A, is a quantity which 18 characteristic for t*he s h-
stance hlgt is independent of 1. The number N; of liberated

% (O, W, Richardson, Phil. Mag. vol. XXill. p. 61':';}‘ (1912).
Phil. Mag. 8. 6. Vol. 27. No. 159, March 1914. 2K
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atoms which are returned to each anit arca of the substance
in unit time is

T *© oo

N, = n 8TE=ATied ¥ , 0 . . . . (4)

?

where 8 is a constant readily calgulz}ted from the li:rinatic
theory of gases and A is thus still independent of T and
characteristic for the substance. _ _

Let eF(v) be the number ot atoms emitted from unit area
of the substance in unit time in the presence of unit energy
density of frequency between v and v-+dv, and assume that
the number of atoms emitted in the presence of the whole

a - . . - 3 .
spectrum characteristic of T 1s, using Planck’s formula,

| V() 2

3 H
Rfl__l

This equation contains the important assumption, which does
not yet seem to have tested experimentally, that the numbeor
of atoms emitted by a given amount of light is the same
whether the light is undecomposed or is broken up, without
loss of energy, into its spectral constituents. In other words,
it assumes that tho photochemical substance acts as 1ts own
grating. This may be justified as being the simplest as-
sumption which is consistent with the conclusions drawn
from experiments on photoelectric action, that the number
of emitted electrons is simply proportional to the intensity of
light of definite spectral mni?asitiml but varies greatly when
equal energies of light of different frequencies are compared.
In (5) we have taken the lower limit of the integral to be
finite and equal to v, This is to cover the possibility, which
appears to bo demanded by the results of photoelectric
experiments, that e'(v) is a tunction which takes the value
zero when v=v, and does not exist for values of v between
0 and v, If eF(v) is a function which extends over the
whole spectrum the case can be provided for by simply
utting v,=0. . _
' Nm% consider the kinetic energy which is carried away
from the substance by the atoms liberated under the in-
fluence of the radiation. If ¢F(¥) has the properties we have
attributed to it, this amount of kinetic energy is, by virtue
of (2) and (9),
o 2mi” 3 n hv? 2 (6)
Eﬂ — — {¢(P) N § RT""’EU}E (F) v V .

¥ ERT — ]_

=277 4(1)eF () et dv=Ny(w 5RT). (7

mentally) independent of tem
then ¢F(v) and ¢(v) will be
will net involve T. . In that cuse either el (v)
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We have also from (5)
”
e ONg 27 (7 ( hweBT e 0 log eF'(») ) eF(»)h? -
R _'B_T='.::ﬂj {T_F - RS BT(—)} _,,(p) dv, (8)
o U RT, 1 BT __1

since €l (v) =0 when v=y,.

Differentiating (4) by T, we have

JtTEaN1 =N1(ET+MT),

oT ~ 2
N 3 om
=L1+N1(WT.—§111), . (9)

where E;=2N;RT is the kinetic energy returned to the

substance by the motion of thermal agitation of the oas,
In the steady state B;=E, and N,=N,. This is true, so
tar as the present use of these equations is concerned, even
if there iy scattering

or reflexion of atoms at the sarface of
. % | L * . &
tho substance. For by a well-known principle in atomic

statistics thore ave as many deflexions of returning atoms
outwards, of a given class, as there are deflexions inwards
oL escaping atoms of the same elass. Substituting for E,
and N, in (9) the values given by (7) and (8) we get

hy

e P ) I )R |
j e "{ $(¥) — ——— — RT? Bﬁg_frF(v)}m,:o . (10)
vg eRT —1 Hiﬁj_l B

"This equation is true for all values of », and T and for all the
admissible forms of eF(v) characteristic of different sub-
stances. In genmeral it appears from (10) that ¢(v) may be
dependent not only on » but may also involve the properties

:ﬂ' the substance, through eF (v) ‘and », and the temperature
I'. The experimental evidence all goes to show that at

sufficiently low temperatures photoslectric action is aApproxi-
mately independent of the temperature of the substance for

light of a given intensity ; sothat at low temperatures (such

tor example as are employed in ordinar laboratory experi-
ments on these effects) equation (10) recﬁmes to

JA EF(II)]LPEE.-% {¢p(v)—lw}dp=0. . . (11)

L)

It photlochemical and photoelectri¢ actions are (funda-

perature at low temperatures
functions of v and v, only and

9 K2 = or t,b(v = Jip»
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for every value of », For it is easy to show that the only
regular function of » not involving T which satisfies the
equation

o Y
’/‘ x(v)e ¥rdpy=0, . . . . . (12)
1f v, 1s also independent of T, 15 4(v)=0. For let
v(v) = a,+ > Ay by’
s=1

over the range vy<v<<{ . By repeated integration of (12)
with respect to T from 0 to T or repcated differentia~
tion with respect to T, we sec that for every integer p

o) —E
f P y(v)e Bdy=0. . . . . (13)

Multiplying the integrals (13) by the corresponding con-
stants ap ay @y . i o . by by . ... and adding we get

(ra) h]_,
5 [x(v) |*e RTdv=0.
3% o '

Since ¢ RT and v, are always posifive 1t follows that 4 (v) =0
for vy<v<w. Applying this result to (11) it follows that

d(v)y=hv. . . . . . . . (14)

Thus the quantity of energy which an atom ahstracts {rom
the radiation before it is liberated, under the influence of
light of frequency », is hv. ,

This result hag only been shown to be valid at low tem-
peratures. It appears to follow from the following
assumptions :—- a | |

(1) That the distribution of energy in the radiation is

given by Planck’s formula.

(2) That such a Function as €F'(v) exists and the effects of

the spectral components of mixed light are additive.

(3) That photochemical actions are fundamentally inde-
pendent of temperature at low temperatures and that
they do not contravene the second law of thermo-
dynamies. |

(4) That tho part of £ which comes from the radiation is
negligible. .

This demonstration shows that the considerations about

the specific heat of electricity and electron reflexion which

entered into proofs * I have given of this and related formulse

* Phys. lev. vol. xxxiv. p. 146 (1912); Phil. Mag. vol, xxiii. p. 624
(1912), vol. xxiv. p. 670 (1912),
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were not really essential, Equation (14) has also béen ob-
tained by Binstein *, who bases his demonstration on the
assumption that radiation of the same frequency and equal
amount as that absorbed during cmission is given out on
recombination. This hypothesis seems to be ot a restrictive
character ‘and results in the existence of states of radiation
In equilibrium with matter which are different from the
complete radiation characteristic of that temperature. The
Justification urged for the existence of such states of equi-
librium between matter and radiation is that they would not
violate the second law of thermodynamics. It appears, how-
ever, from the foregoing considerations that the particular
limitation set up by Einstein is not really essential,

In a recent paper Planck T has considered the equilibrinm
between radiation and matter which liberates electrons under
1ts influence. He arrives thus at a consistent system which
mcludes Planck’s law of distribution for the radiant encrgy
and Maxwell’s Jaw for the energy of the electrons. Thelaw
which Planck finds to govern the amount of enorgy ab-
stracted from the radiation by the liberated electrons agrees
with that found above in that it approaches hv as the tem-
perature approaches zero. This follows from equations (12)
and (28) of Planck’s paper.

Kinstein’s demonstration leads to (14) as a limit which is
true for small radiation densities. This may bé regarded as
analogous to the result obtained above, according to which
(14)is necessarily valid only at low temperatures : since low
temperatures correspond to small radiation densities,

It is evident from what has been said that-the {unctions
X (¥, vo, T) which satisfy the equation

3

‘1 N hup X (P] s Vs T) fh" e 0 . . . (_15)
RI[ 1

R ¥ E

are of great interest in the theory of photochemical
action,

It will be observed that we have not proved that (14) is
not true at all temperatures, All we have proved is that if
photochemical action is fundamentally independent of
temperature at low temperatures, then at such temperatures
(14) is true. 1 shall show in 2 moment that a consistent

¥ dAnn. der Physik, vol. xxxvii, p. 832 (1912) ; Journ, de Physique, 1913,
T Sutxungsber. der k. Prevuss. Akad. der Wiss.,, Physik-Math. Classe,
xvil p. 360 (1913).
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scheme of relations may he framed whereby

d(v)=hv .

universally, at all temperatures. The deduction will depend

on assumptions (1), (2). and (4) but b e oopEH
assumption (3). , (2) ( ) but not on the first part of

r x - ] a
The Amount of ﬂe:in:nnpasztmn.

The function eF(v) is of great interest. The exporiments:
on plmtﬂqlectrm action show that it may be very mmplicuted_
and the simple solutions of the equations which T have so far
been able to consider oxhibit oniy a rough correspondence
with the experimental results*. "It is, however 1important.
t:i"; kttl{ﬁv whet‘hler they are atfected by the considerations
:;l ;?IL ; ;: EF.BGIﬁG heat of electricity which I have PI‘EVi{}uEI}”

el'(v) is a function of v, as well as . Let . _
K(vy, v). Then from (4) and (9), °6 us denote it by

2 (" Y F y AT
?{j:ﬂ EJT}:FT'._ ) (Vo V)dv=AT"¢) RTT° = N, | (16 )
This equation may bhe Vj.ll‘iﬂd by. giving to w a small incre-
ment  (independent of T) and a correspunding increment &
to vy, the other quantities being unchanged. This variation.
15 admissible because it ean be realized physically by making

use of a layer of attracting matier or an eclectrical double
layer. Hence

) hv? ' n (= WP (v, v
-’nuﬂzéf"" | -F(VG+ET I’)dl’="5‘_ R_T" - hu( : ')'f.ﬁf.

I..' -
RT.— ] ¥ o BT — ]

Neglecting squares and higher powers of the small quantities
E’L 7, and I'EIIIBI'HbBPIIIg that F(Fﬂ! 1«') = () when v = P, this
ri1ves |

&

s Y )
T o 0¥ (vo, v)
j Y0 @ :TT — {]-{T K (Fl}:' 1") +£ --BFD

rdv=0. . (17)

-~

Kquation (17) is solved by

. ; | hy
g= hy and F (v, v)= ?ﬂ;&t(lmg _'RT) X (v—vo)? . (18)

where p is any positive number. This solution includes the

* Compton and Richardson (loc. eit.).
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one previously discussed *, viz e

3=, and F(vv) = v . .. (19)

as the particular case p=1 restricted in validity to small
values of I, |

Now consider the equation (16), which we may write

. 4 ) hv kg
I=5~ln v B (v, v) e~ BT fly = ®(T)e™ BT, . (20)

| - A/ RT
l’ul-_e /

hy w
. 1 ‘_rq + BT 4T
whﬁl Q ‘I’(T) = ATH’E Rl.l ‘S' RT= e . . ' (2 ]—)

This may be regarded as defining ®(T). Equation (18)

suggests putting

oy

Flo2) = oy (1—e” T yp(v—r), . . (22)

where ¥ is an undetermined function of ¥ —w, only and does
not involve T. It follows from (18) that 4+ can include
every function of the argument which is regular between
p=yp,and v=o and still be a solution of (17). By changing

K o h(”_l’ﬂ)
the variable to z== RT :

kg (Y7 TIF
I=RT€H ﬁ':j Q’fr %E)F _{.',d-ﬁg
O .

and by successive integration by parts

RE{ (0 4+ 90+ (55 ) ¥+ - -

+(]§¢l N0) . .}:@(T). . (23)

Since, by hypothesis yY(v—v,) does not depend on T,
(0), ‘511‘7‘{0) _YP U (0) 1;,( &c.) are all independent of T.
f the solution we are seeking exists, equation (23) must

be true for all real positive values of T. The solution there-

fore will only exist if ®(T) can be expanded as a series of
positive integral powers of T, By Maclaurin’s theorem, if

such an expansion 1s possible,
P ' I ¥ I ney
O(T) =P (0) +TD'(0) + Ifq) (O)+...4 H—ICI' (O)Y+... (24)

* Phil. Mag, vol. xxiv. p. 6570 (1912).
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Henece by comparing coefﬁéientsj O(0)==0 and ' We see that
- 2h (* .
]_ ! ! : ] ) r;[T.{:: . ) I:-.‘ {":!' & L ] & & :-}1
YOI =RPO, ¥ = gy 97(0), - AR (31)
' -1 Now turn to the equation (21) which defines @),
¥ i(0) = "Ruﬁ,q) (0), &e. . . . . (25) Differentiate both sides by 1' and divide ench side of the
_ ' resulting equation by the corresponding side of (21). This
Since | glves | '
2
f ) 5= {O H ’O *ﬂ ”O . v oa . 26 m Fa
D= PO+ (0) + 379" (0 + (26) we=hyy— L +RTE$(%). L (32)
the relations (25) are sufficient to determine Jr(v—u,) it it | | | . 4
exists. ' Buat, from equation (2),
Let us now consider the equation which expresses the 2
balance of kinetic energy between the outgoing and L= () +- éRT—w
returning streams of atoms. This may be written, using . o
(2), (6), and (16), since E=2NRT, =¢(v)-—zmu+2RT—RTﬂ%((}? C . (33)
| o i ' 1)’
= ) g O NRT = aRT BT B (7
J —'J " 1}{% ey = %NRT*QRI(D(T) ‘ >+ (27) and since T, is from (29) a function of v—u, only, it follows
et —1 ' from (33) that |
; e _ v _ | ¢(v)=lv—2RT+ RTEHCI) : ET) + v =1,
J =J v(v—up,)e BT hdy=2RTH(T)e kT, . (28) Ty "
if Xv—rv)=Tp(v—r) . . . . (29) Where. f'(vmyﬂ) is an arbitrm*y f}lnﬂﬁﬂll of v—uvy only. But f
must be zero because ¢ cannot involve », which depends on
18 & function only of (v—»,). This assumption 1s suggested the propertics of a distant surface. Thus '

since the form of (28) is the same as that of (20). Thus, by

the same treatment as in dealing with (20), N T g 2 ¢'(T) a1
o s e ‘ $(v)=w—-2RT+ RT B(1) " (34)
x (V) + Tx’(0)+ T) X (0)+... +(_;1“‘ x'"(0)+ ... =2d(T)

Substituting the value of F(v,, ») given by (22) in (10) we

=1 (v @+ (B0 + (D + -+ gy 4 e .

( V(v — o) {b(v) = Tiv}e™ RT dy=0),
whence ¥(0) =0 and o

-'x'(O)NI‘(O) =" (O (0)= ., .. =" (0) =1 (0) = . , . =25, and, from (34),
_ o ' - ' (30) CI)P(T) | x - ,“_'.
Since x(2) =x(0) +ax'(0) + ;%" (0) + . .. {RT“?‘I)H‘) _ERT} .f Vir=nje Hdv=0.
: o, at | Ninee — ) =0
:M(ﬂnlfm)+ g1 ¥ (0) + ;p!r (0)+ .. ) - dince Yr(v—ry) F0, o
* RT? = —2RT=0. . . . . (35
=2ﬁ‘ Vr(2) da = T (), from (29), It b (T) iI=0 (39)
« 0 . '
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From this

O(T)=AT: . . . . . . (36)
where A is a constant, and from (34)'

o=y, . . . . . . (37

for every substance and at all temperatures. Thus the
regtriction to low temperatures which might have been
requircd for (37) to satisfy (10) is not really necessary.
iquation (33) now reduces to

T,=hv—vy), . . . . . (33)

and, putting v—y,=u, (31) becomes

r\b‘(b)*—“ljx y(e)dae, . . . . (39)
0
or

2 OED Ly @)=29(@). . . . (40)

Thus
Y(v—vy) =A(v—wy)y, . . . . (41)

where A, is u constant. The values of ® and 4 given by
(36) and (41) respectively satisfy the relations (25), since

‘4"'(0) = Ay, o (0) =24,

and all the other coefficients vanish. Incidentally, from

(32),
w=lm+ 3RT. . . ... (42)

The results of this investigation may be summarized as
follows :—Considering the equation

£)
W 4 y3 A hvo jf, aT
Jﬂ v f[',l..kl*F (vy, ¥) hdy =2RTP(T)e ®¥ = 2ART™ g‘s‘ S

¥q

P |

which contains most of the quantities under discussion.
This equation and equations (10), (16), and (17), all of
which involve independent relationships, are all satisfied
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by the following consistent scheme of mutually related
functions :—

d(v)= v, | ('}{p{m:‘]

i
1

- Al _ by P—V
F(yg, v)= RE 1—e¢ RT)-f P V)<L VL &L, |

T,= I(v—1,), Vol v < o0, ‘f— (43)

hyy= 10— g RT, '
G(T)= AT" }

Qo far as T have been able to discover, this 1s the only set of
functions involving only a single critical frequency which
will satis{y all the relations as laid down (see below) without
contradiction. No use whatever has boenn made of the value
of the specific heat of electricity or any other specifically
electrical properly of the materials, so that the results will be
just as valid for photochemical as for photoelectric actions.

A certain amount of caution is necessary in the applica-
tion of these formulwe to compare with the results of experi-
ments. In carrying out the calculations we have entirely
neglected the part played by electron reflexion in the
electrical case, and by the corresponding deflexions of the
atoms in the types of photochemical action which are more
generally regarded as such. From the principle of statis-
tical equivalence referred to on p. 479, it follows that this
neglect will not affect the equilibrium values, so that the
oquations (43) will express the relations which are inherent
in the phenomena so far as tho action of the radiation on the
molecules is concerned. But in photoelectric experiments at
any rate we have to deal, not with a state of equilibrinm, but
with the rate of emission under given illaminatson. This 1s
less than the ideal emission by an amount which represents
the number of electrons deflected back into the interior. An
exactly similar difficulty arises in the application of the equi-
librium theory of the thermionic emission of electrons to the
experimental measurements of the maximum rate of ther-
mionic emission at a given temperature *.

More serious limitations are introduced by the assumption
that the contribution to the mean internal kinetic energy &
arising from the radiation 1s negligible. It is, m fm:}-,
possible that the whole of & may arise 1n this way. To

% 0. W. Richardson, ’hil. Mag. vol. xxiii. p. 604 (1912),
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include the possibility that the part of £ thus arising is not
negligible we might have defined ¢(v) rather differently as
the excess at emission of the internal kinetic energy over the
mean value £, In that case somo of the other conclusions
would require reconsidoration. Also, the results which have
been given are not easily harmonized with the values of the
specific heats of hodies at low temperatures. Ior these
reasons, the formulation outlined above is to be taken as illus-
trative rather than final. Another direction in which 1t
1s practically certain that the foregoing theory iz too
much simplified is in the assumption of only one critical
frequency v, I hope to be able to return to the discussion
of these questions later.
FPalmer 1’hysieal Laboratory,
I’'rincelon, N. J.

L
—

LVII. The Structureofthe Atom. By Sir ERNEST RUTHERFORD,
I'R.8., Professor of Physics, University of Manchester ™.

HE present paper and the accompanying paper by
Mr, C, Darwin deal with certain points in connexion
with the “nucleus™ theory of the atom which were pur-
posely omitted in my first communicaticn on ‘that subject
(’hil. Mag, May 1911). A brief account is given of the
later investigations which have been made to test the theory
and of the deductions which can be drawn from them. At
the same time a brief statoment is given of recent observa-
tlons on the passage of « particles through hydrogen, which
throw important light on the dimensions of the nucleus.

[n my previous paper (loc. ¢it.) I pointed out the import-
ance of the gstudy of the passage of the high speed « and B
particles through matter as a means of throwing light on
the internal structure of the atom. Attention was drawn
to the remarkable fact, first observed by Geiger and
Marsden ¥, that a small fraction of the swift « particles
from. radioactive substances were able to be deflected
through an angle of more than 90° as the results of an
encounter with a single atom. It was shown that the type
of atom devised by Lord Kelvin and worked out in great
detaal by WSir J. J. Thomson was unable to produce such
large deflexions unless the diameter of the positive sphero
- was exceedingly small.  In order to account for this large
angle scattering of « particles, I supposed that the atom
consisted of a positively ebarged nueleus of small (imensions

# Communicated by the Author,
T I’roc. Roy. Hoe. A. lxxxii. p. 495 (1909).
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in which practically all the mass of the atom was cnn*qeqigatf-.d.
The nucleus was supposed to be surrounded by a distrl utmg
of electrons to make the atom electrwﬂuy neutral ; a.nh’
extending to distances irom the nucleus comparable wit
the ordinary accepted rad * ' .
swift « particles passed through the atomsin their path and
entered the intense electric field in the neighbourhood of the
snclens and were detlected from their rectilinear path. In
order to suffer a deflexion of more than a few degrees, the
« particle has to pass very close to the nucleus, and it
was assumed that the field of force in this region was not
appreciably affected by the ¢ ntion-
Supposing that the forces between the nuc eus and the
« particle are repulsive and follow the law of inverse squalr?a,:,
the « particle describes a hyperbolic orbit round the nucleus

and its defloxion can be simply calculated.

ins of the atom. Some of the

external electronic distribution.

ft was deduced from this theory that the number 05
« particles falling normally on unit arca ot a 551_11‘1?&(:5 an
making an angle ¢ with the direction of the incident rays
is proportional to

(1) cosect @2 or 1/¢* if ¢ be small ;

- : . 1 'l-. ﬂl.
(2) the number of atoms per unit volume of the scattering
material ; ‘ _ o L
(3) thickness of scattering material ¢ provided this 1s
small; |
(4) square of the nucleus charge Ne ; N |
(5) and is inversely proportional to (mu?)?, where m 1s
the muass of the a particle and u its velocity.

1 he data of scattering on a« particles previqusﬂy
Lrh]:ellf nliyth(:%eiger ¥, 1t was deduced that the value of the
nucleus charge was equal to about half the atf:umcwelgl}t
multiplied by the electronic chayge. Experlment]s, Wf_”:l cE—
begun by Geiger and Marsden T to test whether the Eul:fﬂtﬁ
single scattering of « particles were In agreement w11:d b(}
theory. The general experimental method employed by
ihem consisted in allowing a narrow pencil of « particles to
fall normally on a thin film ot matter, and observing by the
scintillation method the number scattered through different
anoles. This was a very difficult and laborious piece of
work involving the counting of many thousands of pal'_tlul;esl.,
They found that their results were 1n very close *uﬂcq_rd wit 1
the theory., When the thickness of the scattering film wa,:i
very small, the amount of scattering was directly proportiona
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