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I. FN tyvo recent papers™ in the Philosophical Magazine

the authors have publizhed the resulis of meuasure
ments made  on the mrenxity of reflexion of N-ravs by
rock-salt.  The mathematical formula for the intensity of
reflexion, as caleulated by Duarwin T, mvolves as one of
its factors the amount of radiant energy seattered 1 various
dircetions by a single atom when Xe-ravs of given amplitude
fall upon it. The other factors 1n the formula can b
cvaluared. }n" (110 1-~111111n the 1111:011~;1tv ol refiexion exper l=
mentallv we can r‘mwtuw obtain an absolute measurement
of the amplitude of the wave, scattered hy a single atom,
in terms of the amplitude of the merdent radiation.

This measurement 15 of constderable mterest, because 1t
mayv throw some light on the distribution of [lw electrons
around the nucleus Ui the atom.  We regurd the wave scat-
rered by the atonn, as @ whole, as the resultant of a number of
wiaves, each scattered independently by the electrons in the
atom. A formula first evaluated by JoJ0 Thomson 15 nsed
in order to caleulate the amplhitude of the wave =euattered v
1 =ingle electron.  H an incident heam of plane polarized
N-ravs consists of waves ot amplitude A, then the amplitude
A at o distance R from the electron moa plane containing
the direction ol the mncident radiation, and at right angles
to the electrie displacement,; 13 given by

A
" ()

R et

Here ¢ and m are the charge and mass of the electron in
clectromagnetic units, and ¢ 1s the veloeity of light

What we measure experinwntzlllv 1s the resultant ampii-
tude of the wave-train scattered In various directions by
number Z of electrons in the atom. If all the electrons were

¥ Phil, Mag. vol. x1i. March 1921 ; vol. x1u. July 192].
+ (., G. ])ﬂl'ﬁl]], Phil. Mag. vol. xxvii. pp. 815-675 (Feb. and April
1914).
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difficultics of estimuting intensifies in this way, ol the few

F+1a
polnts w hich they ol}htmed on the curve for the i Ii
— Al

ot the difficulties in interpreting intensities which we have
discussed 1n our papers, and of the large extrapolation
which they had to make in order to get the limiting value

F+1a
of e feel that their results cannot be 1‘9ﬂf11*rled ‘a1

JO

proving that the transference ot the valeney electron has
taken place. The fact of the transference 1s “up ported by
much indireet evidence, and their conclusion is pmbwll
correct.

Debyve and Scherrer also compared the intensities reflected
by various planes of the dinmond, and concluded that the
electrons in the carbon atoms were contained within a
sphere of diameter 0°43 \., assuming a uniform distribution
throughout this sphere.

In .;111 the above cases, the results were obtained by com-
paring the relative intensities of refiexion by various faces.
The results which we have obtained, and which will be used
to caleulate the distribution of electrons 1 sodium and
chlorine, are, on the other hand, :.11):-.-10 ute determinations.
The intenszity of retflexion was compared in each caxe with
tiie atronmlr of the primary beam of N-rave, so that the
absolute efliciency of the atom as a seattering agent could
be deduced.

In a paper on “The Reflection Coefhicient of Monochiro-
matic X Ravs from Rock dalt and Caleite 7% Compton
made comparizons of the incident and reflected beam, for
the first order reflexion from cleavage faces of these erystals.
He obtained results for rock-salt which were rather Jess than
those which we afterwards obtained for a ground face, but
he noted that the effect was mmcreased bv grinding the face.
In our notation the results were

ratio,

Compton Ef’ = 00044 -+ -00002 (
1D - NaCl (100},
B. J.and B. 7} = 00053

As Compton surmised, and as we have found experimentally,
this figure for the efliciency of reflexion has to be modified
consldelablv to allow for the extinction factor. The difference

* A, II. Compton, Phys. Rev. vol. x. p. 95, July 1917.
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between his results and ours is accounted for hy the extinetion
or inereased absorprion of the ravs at the reflecting angle.
(‘fompton pointed out that the reflexion tuctor wus of the
order to he expected from Darwin’s formula, hut did not
use the value he obtained to solve the electron-distribution
problem.

3. For the <ake of convenience of reference. the formula
which forms the busiz of all the ealeulations is quoted below.,
Lot the intensity I, ot a beam ot homogencons N-rays, at a
oiven point, be defined as the total energy of radiation falling
per sccond on an avea of one square centimetre at right
anoles to the direction of the beam. 11 a ervstal element of
volume V', suppozed to be so small that absorption ot the
ravs by the ervstal is inappreciable, he placed =0 that 1t 1s
bathed by the Neravs, and il it iz turned with anoular
velocity @ through the angle at which some plane m 1t
refleets the N-ravs about an axis parallel to that plane, the
theoretical expression for the total quantity obf energy of
radiation 19 reHected states that

I NN

;4 ] + o -)6? . 3 mm
1 { COS™ 2 B © SR s -
—— 112_ . _ P L.HIH{J\ - (2)
I i) ~111 _)H e 2
= )V,

In this {%:{]_n'f*.-ér-:iml

= Number of diffracting units per unit volume *,
= Wave-length of N-rays.
= (ilancing angle at which reflexion takes place.
¢ = lulectronie charge.

ISlectronie mass.
Velocity of Light.

The factor e3¢ (the Debve factor) represents the etfect
of the thermal agitation of the atoms in reducing the
Inftensity of reflexion,

The tactor 17 depends on the number and arrangement of
the clectrons in the diffracting unit. At €=0 it would have
4 maximum value equal to the total number of electrons in
the unit, and it falls off owing to interference as ¢ mereases.

The experimental observations have as their olject the
determination of ) in absolute units. In practice we cannot
use a single perfect ervstal o small that absorption 1s

% No account is taken here of the “structure factor.” The diffracting
units are supposed to be spherically symmetrical as regards thelr
diffraction effects.
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i)napprecmble. We use a large crystal consisting of num-
efI]S of such homogeneous units and deduce, from its
retiecting power, the reflecting power Q per unit volume
of the units of which it is composed. The assumptions made
i)n doing th}m] are by no means free {rom oljections, and will
e discussed latern tins pay Taking this tc justifial
b :-.af;w ed Ltf,l n th_]:: paper. Taking this to be justifiable,
owever, our experimental results yield the value of  for
r()(l}lx—sult*(wer 3| ﬁ-"IdE: range of angles, and from them the
values _ot Fep and Fw, follow directly. These values are
shown in fig. 1. u
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} 4. We must now consider more closely the significance of
m . . Y
the factor F. Lhe most simple case is that of a erystal con-
tamning atoms of one kind only. Parallel to any face ot the
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crystal we can suppose the atoms all to lic in a series of
planes, successive planes being scpa ated by a distance d.
We get the nth order spectrum formed at a olancing angle
by the reflexion from such a set of planes 1f

2d sin @ =n\.

This spectrum represents the radiation diffracted by the
atoms in a direction making an angle 26 with the incident
heam, and it is formed because in this particular direction
the radiation scattered by any pair of atoms lying in suc-
cessive planes differs in phase by 2nr. Thus the amplitude
of the beam scattered in this direction is the sum of the
amplitudes scattered by all the neighbouring atoms taking
part in the reflexion.

Let us consider the contribution to the reflected beam ot
a oroup of atoms lying in a reflecting plane. To obtain the
amplitudes of the reflected wave, we sum up the amplitudes
contributed by the electrons in ail the atoms, taking due
wccount of the tact that the electrons do not in general lie
exactly in the reflecting plane and so contribute waves
which are not in phase with the resultant reflected wave.
By symmetry, the phase of the resultant wave will be the
came as that reflected by electrous lying exactly in the
ceometrical plane passing through the mean positions of all
these atomic centres. The phase of the wave scattered in a
direction € by an electron at a distance @ from the plane
differs from that of the resultant wave by an amount

A .
= asin 0.
A

We will suppose that there is in every atom an electron
which is at a distance « from the centre, and that all direc-
tions of the radius joining theelectron to the atomic centre
are equally likely to occur in the erystal. In finding the
offect of these electrons for all atoms (M in number) of the
oroup, we may take it as equivalent to that of M electrons
listributed equally over a sphere of radius a. [t can easily
be shown that, if @ is the distance of an electron from the
plane, all values of @ between +a and —a are equally likely
for both cases.  Such a shell scatters a wave which 1s fess
than that scattered by M electrons in the plane in the ratio

LG , where

b= 4: a sin 6.
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i N
The average contrivution of the electron in each atom to the
. SIN ¢ : .
If factor is therefore 5 , and not unity as it would be
1If the electron were at the centre of the atom.

1t there arve n electrons at a distance « from the centre of
the atom, their contribution to the I factor would be

}E'Siz{)cﬁ. g : ®m o®m i 3 ow (D)

Any arrangement of n electrons at a distance a from the
centre of the atom, provided that all orientations of the
arrangement were equally probable, would make the same
contribution to the I factor. For example, eight electrons
arranged m a ring about the nucleus would oive the same
aloe for If as eight electrons arranged at the corners of a
cube, or eight electrons rotating in orbits lying on a sphere
ot radius «. This illustrates the limitations of owr analysis,
which cannot distinguish between these cases. We can only
expect to get information from our experimental results as
to the average distance of the electrons from the atomic
centre, and this for the average atom.

Suppose now that any atom contains « electrons at a
distance », from the nucleus, b at a distance 7, ¢ at a dis-
tance 73 . . . n at a distance #»,, then the value of I for the
average atom would be given by

Fea Pl +Z)$111 P2 —I—csm Ps o dnt (’bn. . (4
(ibl (rbﬂ ng (,i)?a ( )

Thus, given the distribution of the electrons on a series of
shells or rings, we can calculate the value of T for any value
of §. The problem we have to solve here, however, is the
converse of this. We have measured the value of T for a
serles of values of 8, and wish to determine from the results
the distribution of the eclectrons. We have seen above that
there 1s no unigne solution of this problem, but we can get
some 1dea of the type of distribution which will fit the
axperimental curves.

In order to do this, we suppose the electrons to lie on a
series of sheils, of definite radii 7y, 7, .. .. and determine
the number of electrons a, 4, ¢ on the various shells which
will give values of I corresponding to those observed
experimentally.  Suppose, for example, we take six shells
uniformly spaced over a distance somewhat greater than
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+he atomic radiuas 1s expeeted to be. Ifor any given value
of @ we have

1N sin ds. - sin do sin & din d-
= (;bl : )1-——_(?.3 + ;-H (i)l' _!_(Z (Pl - ¢ (}6

b1 b bs b,

We chose from the experimental curve six values of €
evenly spaced over the range of values at our disposal, and
for each of these values read from the curve the value of E.
Sinee definite radii have been assumed for the shells, the

values of — b, cte., can be calculated for each value of 6.
]

Henee, for each value of 8, we have an equation involving
namerical coefficients and the quantities a, b, ¢, d, e, 7, so that
if six such cquations are formed we may calculate these
(quantities.

If 7 is the total number of electrons in the atom we have

li=a+b+c+d+e+if, . . . . . (6)

and this will be taken as one of our equations (corresponding
to 6=0). In calculating the results for sodium and chlorine
we have assumed the atom to be lonized, and bave taken
ZCI = 15 ::.I.Ild Z}"{ﬁ — 10

It wiil be evident that this method of solution is somewhat
arbitrary, and that the results we get will depend on the
particular radii assumed for the shells. By assuming various
radii for the shells, however, and solving the simultaneous
equations for the number of electrons on each, we find that
the solutions agree in the number of electrons assigned to
various reglons of the aton.

As a test of the method of analysis, a model atom was
taken which was supposed to have electrons arranged as
follows : —

2 on a shell 005 A radius.
S O 1 iy

:l; “ o . O'TO L

The F carve for this model was caleulated. Then the simul-
taneous equations for the electron distribution were solved,
just as if this curve had been one found experimentally.
This was done for two arbitrarily chosen sets of radi. taken

out to well bevond the shell at 0°70 A.
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The comparison between the two analvses {dotted cur ves)
and the atom model we started with (continuous curve) is
shown 1n ﬁU. 2. The abscissie represent the radii of the

shells In A the ordinates the total number of electrons
inside a :-_n.hdl of that radius.  When the limits of the atomic
structure are reached, the curve becomes horizontal at the
value 10, corres pomlmn to the ten electrons.,  The an: 11‘; ses
not 0111y indicate with considerable aceuracy the way
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which thie electron-content grows as we pass to spheres of
larger radii, but also tell definitely the outer houndary
of the atomie structure. Both give a number of {‘Iu_ttl‘t)llfﬂ
very nearly equal to zero 1n the <hells outside 0-70 A

5. The F curves for sodinm and chlorine can be solved
in the same manner.  We have expressed our results in
EWO Ways.

First, we have supposed the electrons to be grouped on
shells.  The numbers of electrons on each shell, and the
radii of the shells, have been so adjusted ax to give the best
possible fit to the experimental curves. In the case of
sodium 1t 1s found that a fit can be obtalned with two
shiells, and 1n the case of chlorine with three shells. The
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numbers of electrons on each shell, and the radii of the
shells, are as follows :(—

Sodium,

7 electrons on a shell of radius 0:29 A.

S 53 73 99 076 33
Chilorine.

10 electrons on a shell of radius 025 A.

D - . o 036,

3 s 3 . 146

Secondly, we have solved the simultaneous equations for
the distribution in shells with several sets of radii, and
drawn a smooth curve through the points so obtauined 1in
such a way as to represent the density of distribution of the
electrons as a continuous function of the distance from

Fig. 3.

s

.
-
L I wr d
- am = e

3
— —
i, T - - -—-i-
. 1

- -

Fa . D
{ Liectrun densily gor Aryeiro: .

—raoTm .

: .
-2 02 D6 03 e 2
Grstarrce From centre of stom i Angstrom wports.

R

the atomic centre.  The density P is so defined that Pdr
is the number of electrons whose distance from the centre
lies between » and »r+d». The curves which we obtain for
sodium and for chlorine are shown.in figs. 3 and 4. The
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total number of clectrons 1n the atom is represented by the
area included between the curves and the axis.

Fig. 4.
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The following table shows the agrecement between the
I¥ curves found experimentally and those calculated from
the electron distributions :—

TapLy I.—Sodium.

sSin 6, 0-1. ()-22, (r.3. (-4, ()'h.
(bseryed  sociseins 332 D) 30 222 0770
| W30

F 4 Shells {8,:3 o } 816 559 i 219 093
’ i)
L Smooth Curve ... 837 D40 320 1-91 1-00
Tasrni I1.—Chlorme.

Sin 6, 01, 0-2, 05, 0. 0D,
/Ohserved ......... 1272 785 D79 4240 316
| (025 A |

[ < Shells § 0086 L 1268 779 H40 461 209
| 146 ]
L Smooth Curve ... 1270 780 D85 410 320

6. We have also made an approximate calculation of the
I curve to be expected from an atom of the type pro-
posed by Bohr *. In the lonized sodium atom contalining

* Nature, cvit. p. 104 (1921),
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10 electrons, two are supposed to describe circular one-
quantum orbits about the nuecleus, while, of the remaining
cight, four deseribe two-quantum circular orbits and four
two-quantum elliptical orbits.  We have calculated the size
of these orbits from the quantum rvelationship and the
charges ; this can only be done very ’11)111{}\1111(1’[911 OWINng
to the impossibility of allowing for the interaction of the
eloctrons. We take the followin g numbers

-

Radius of 1 quantum ring ... 005 A.
L2 L ()-34 .
Semi-major axis of ellipses ™ ... 042 .

To get a rough idea of the diffracting power of such an
atom, we suppose, first, that the Ollellt'ltlon of the orbits is
random so that the average atom has a spherical symmetry,
and also that the periods of the electrons in their orbits are
so large compared with the period of the N-rays that we
need not consider the effect of their movements.

The calculation of the effect of the circular orbits offers
no dithculties.  To allow for the effect of the ellipses, the
following method was used. The elliptical orbit was divided
1nto fom sepments, through each ot which the electron would
travel in equal times. lf as then assumed that, on the
average, one of the four . e(*tmns describing e]hpupa would
be 1n thp middle of one of these seoments. 'lh]% gives four
different values of the mdlm Yec’[m conmpondmu in the
average atom to four spherical shells of these radii.

We thus caiculate the value of I for an atom having

2 elecetrons on a shell of radins 0:05 A.U.

4 o Y " 034 .,
1 s o5 0-27 .,
1 o . . 0o ..
) ., s 070,
1 . . . 078 ,,

* The elliptical two-quantum orbit of a single electron about the
sodium nucleus would have a semi-major axis equal to the radius of
the two-quantum circle. We have used the larger value 0-42 to make
some allowance tor the fact that part of the orbit lies outside the inner
electrons, so that the effective nuclear charge is reduced.
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This gives the following figure for Iy, :(—

Sin 6. 0. 02, 03, 0. 0-5.
M ealculated ... ... e RETES 504 S 70 253 1 80
17 observed ...... e 832 H40 O o 9202 076

The ngrecment, of course, is not perfect, but one must
remember that no attemipt has been made to adjust the size
of 1the orbits to fit the curve. The method of ealculation
too 1y very rough; althongh 1t must give results of the right
order.  The [mmt to he nuhvml 8 111 at, the curve 1s quite of
the right type, and there 1s no doubt that an average distri-
lmfmn of clectrons of the nature given by such an atom
model could be made to fit the o]huaemi value of F (quite
satistactorily.

7. The pomts which appear to us to he most doubtful in
the above analysis of our results ave the following —

(«) We have assumed that each electron seattors inde-
pendently ) and that the amonunt of scattered radiation 1s that
caleulated for a free electron in space according to the
classical eleetromagnetic theory. Tt is known that for Very
<hort wives this cannot be so, since the ahsorption of v rays
ln matter is much smaller Hmn %G*Lifmnm would account
for, if it took place according to this Lm" (’n the other
hy m(l the evidence ]10111[ tmmnis the truth of the classical
hhtl]lli;ln i the region of wave-lengths we have used
(0°615 A). “

(6) We have used certain formulwe (given in our previous
papers, to which reference has been made) In order to
calculate the quantity we have called Q In equation (2)
from the observed intensity of reflexion ok 1 large (*nwml
Darwin *  has rvecently discussed  the alidity  of f]{!:‘:b
formulee. The diffic u!fv ltes entirely in the allowance which
has to be made for * extinetion ” in the crystal.  N-rays
passing through at the angle for reflexion sutfer an increased
absorption owing (o loss of encr oy by reflexion.

Darwin bas shown that this extinetion is of two kinds,
which he has called primary and secondary. If the crys-
talline mass 15 e¢omposed of a nunber of nearly parallel
homogeneous crvstals, each so small that absorption in it
1s inappreciable even at the reflecting angle, then secondary
extinction alone takes place. At tle reﬂ@(,tmﬂ angle the

% PLil. Mag. vol. xliii. p. 800, May 1922.
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a-ravs suffer an increased absorption, bhecause a certain
fraction ot the particles are o set as to reflect them und
divert their energy.  We made allowance for this tvpe of
extinetion 1 our work, and Darwin conecludes that our
method of allowance, while not rigorously accurate mathe-
matically, was ullfhewm]v <0 tor pmchc al purposes.

Irnnarv axtinetion sarises in another way. The homo-
Teneous C1\‘-fll-~ may he so large that, when <et at the
refloc TN Etnulo extinetion in each cn*%ml eh*ment <helters
the lower hxm s of that element from the X ravs,  Darwin
has calenlated that this will tale nlace to an ‘zl}pleuabie
extent for the {1 )f)) reflexion it the homogeneous element
1= more than a few theusand planes in dq)th A large
tiomogencous element sneh as this does not produce an
eftect proportional to its volume, sinee its lower lavers are
ineffective, and a erystal composed of such elements would
give too weak a reflexion.  Our met] hod of allowing for
oxtinetion will not obviate this effoct t.

We cannot be sure, therefore, that we have obtained
true measure of () 101 the stlonw reflexions. The I curve
may be too low at small angles. If 18 Just here that its form
i of the highest 1importance in making deductions as to
atomic structure.  Until this i Important que%hon of the size
ot the honmrenemls elements has been settled, we must
regard our results as provisional.

((3) The allowance for the thermal agitation ot the atom
(the Debye factm) 1-~ only approximate ; "t depends on a few
measurements made by W. H. Br ageoin 1914, In order to
se how much error is caused by our lack of knowledge of
the Debye fuctor, we have calculated the electron dlatnhutlon
without making any allowanece forit. The result may appear
at first rather sarprising ; the electron distribution o caleu-
fated 15 almost indistinguaishable from that which we found
netore, when allowance for the Debye factor had been made.
“Hb 15 8o, although the factor is very appreciable for the
higher orders of apectlw reducing them at ordinary tem-
peratures to less than half the themetlcal value at absolute
zero.  The difference which the factor makes can best be
shown by comparing the radii of the shells which oive the
hent fit u*lth (1) the I' curve deduced directly from the expe-

rumental results, {2) the I curve to which the Debye facter
has been applied.




448 Prof. W. L. Bragg and Messrs, James and Bosanquet :
. (2,
Radius Racdius

(witnout allowance  (with allowance
for thermal tor thermal

aoitation). avitation).
Sodiun.— Seven elecetrons . (o1 (29
Thiree electrons . ..., 07 076
Clilorine.~—Yen elecirons (2= (25
Seven eleetr as.. ... 81 (386
Three elecirons.. ... 146 1-46

A little consideration shows the reason for this. The form
of the I curve at large angles 1s almost entirely decided by
the arrangement of Lhe electr ons near the centre of the aton..
A slight (ﬁqmmmn of the grouping in this region causes a
large hﬂhnn off in the intensity ot reflexion. J]ns 18 shown

in Thﬁ analysis by the slight merease (0:02 to 0°03 .A) n the
radius of the shell which oives the best fit to the uncorrected
curve. | he effect of t‘;e thermal agitation 1s to make the
electron distribution appear more *mde v diffused : however.
the average displacement of the atom from the 1eﬂe(,tmu

E"ﬁ
plane owluo to its thermal movements 1s nn]\* two or three

RN
hundredilis of an An ostrom unit at (}u{]nm} tempf* dtuwa
and g0 we get very httl, alteration 1n our estimate of the
electron distribution. The uncertaint{y as to the Debyve
factor, therefore, does not introduce any appreciable error in
om' analysis of electron distribution.

[t 1s Interesting to see whether any evidence can he
ol) tamvd as to w lwthet a valency electron has been trans-
torred from one atom to the other or not. This may be put
in another way : can we tell from the form of the I curves
in fig. 1 whether their maxima are at 10 and 18 or at
11 and 17 respectively 7 1t appears 1mpossible to do this
and, when we come to consider the problem more closely,
it seems that crystal analysis must be pushed to a far greater
degree of refinement before it can settle the point. If all
the electrons were orouped close to the atomic centres, and
if the transference of an electron meant that one electron
passed from the Na group to the Cl group, then a solution
along the lines of that attempted b} Debye and Scherrer
for Lil' might be possible. The electron distributions we
find extend, on the other hand, right through the volume
of the cry qtal The distance between Na dl]L Cl centres i1s
281 A and we find e]ech on distributions 1 A from the centre

‘0 sodium and 1'8 A from the centre in chlorine. 1f the
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valency electron is transferred from the outer region of one
atom to that of the other, it will still be in the region between
the two atoms for the greater part of the time, since each
atom touches six neighbours, and the difference in the
diffraction effects will be exceedingly small. It is for this
reason that we think Debye and Scherrer’s results for LiF,
which were not absolute measurements such as the above,
were not adequate to decide whether the transference of a
valency electron has taken place.

- Wae have assumed that the atoms are 1onized in calculating
our distribution curves. If, on the other hand, we had
assigned 11 electrons to sodium and 17 to chlorine, we
should have obtained curves of much the same shape but
with an additional electron in the outermost shells of sodium
and one less in those of chlorine.

9. Summary.—We have attempted to analyse the distri-
bution of electrons in the atoms of sodium and chlorine by
means of our experiments on the diffraction of X-rays by
these atoms. The results of the analysis are shown in
figs. 3 and 4.

The principal source of error in our conclusions appears to
be our ignorance as to the part played by “extinction” in
affecting the intensity of X-ray spectra. The distributions
of the electrons are deduced from the F curves (fig. 1).
The most important parts of these curves are the initial
regions at small angles, tor errors made in ubsolute values
in this region alter very considerably the deductions as to
electron distribution. The exact form of the curve at large
angles is of much less interest. Now, it is in this initial
region, corresponding to strong reflexions such as (100),
(110), (222), that extinction 1s so uncertain a factor. Until
the question of extinction 1s satisfactorily dealt with, the
results cannot be regarded as soundly established.

[f our results are even approximately correct, they prove
an important point. There cannot be, either in sodium or
chlorine, an outer ‘shell” containing a group of eight
electrons, or eight clectrons deseribing orbits lying on an
outer sphere. Such an arrangement would give a diffraction
curve which could not be reconciled with the experimental
results. Eight electrons revolving in circular orbits of the
same radius would give the same diffraction curve as eight
electrons on a spherical shell, and are equally inadmissible.
On the other hand, it does seem possible that a combination
of circular and elliptical orbits will give I curves agreeing
with the observations.
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