
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=6phm20

Download by: [Universität Osnabrueck] Date: 28 January 2016, At: 08:51

Philosophical Magazine Series 6

ISSN: 1941-5982 (Print) 1941-5990 (Online) Journal homepage: http://www.tandfonline.com/loi/tphm17

I. The intensity of reflexion of X-rays by rock-
salt.—Part II

W. L. Bragg F.R.S. , R. W. James M.A. & C. H. Bosanquet

To cite this article: W. L. Bragg F.R.S. , R. W. James M.A. & C. H. Bosanquet (1921) I. The intensity
of reflexion of X-rays by rock-salt.—Part II, Philosophical Magazine Series 6, 42:247, 1-17, DOI:
10.1080/14786442108633730

To link to this article:  http://dx.doi.org/10.1080/14786442108633730

Published online: 08 Apr 2009.

Submit your article to this journal 

Article views: 33

View related articles 

Citing articles: 50 View citing articles 

http://www.tandfonline.com/action/journalInformation?journalCode=6phm20
http://www.tandfonline.com/loi/tphm17
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/14786442108633730
http://dx.doi.org/10.1080/14786442108633730
http://www.tandfonline.com/action/authorSubmission?journalCode=6phm20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=6phm20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/14786442108633730
http://www.tandfonline.com/doi/mlt/10.1080/14786442108633730
http://www.tandfonline.com/doi/citedby/10.1080/14786442108633730#tabModule
http://www.tandfonline.com/doi/citedby/10.1080/14786442108633730#tabModule


THE 

LONDON, KDINBUROH, ASP DUBLIN 

PHII OSOPHICAL 
AND 

J O U R N A L  OF 

MAGAZINE 

SCIENCE. 

[SIXTH 8E RIE8.] 

J UL Y 1921. 

I. The Intensity of Reflexion of X-Rays by Rock-Salt.- 
Part  [I. By W. L. BR~GG, F~R.S., Lan.qworthy Professor 
of Physics, Manchester University, R. W. JAMES, M.A., 
Senior Lecturer in Ph.ysics, Jfanchester University, and 
C. I{. BOSANQUET, Balliol College, Oxford ~ 

Reflexion Formulce. 

1. | N a previous paper in the Philosophical Magazine t ,  
Jl we described a series of measurements of the in- 

tensity of reflexion of X-rays by various planes of the rock- 
salt crystal structure. In analysing tile results obtained, 
~ formula for the intensity of roflexion was assmned which 
is essentially the same as that obtained by Darwin :~ anti 
Compton §. 

Let  the Intensity I0 of a beam of homogeneous X-rays, at 
a given point, be defined as the total amount of radiation 
fall ing on an area of one square centimetre at right-angles 
to the direction of the beam. I f  a crystal-element of 
volume dV, supposed to be so small that absorption of the 
rays by the crystal is inappreciable, be placed so that ig is 
bathed by the X-rays, and if it is turned with angular 

* Communicated by the Authors. 
t Bragg, James, and Bosanquet, Phil. Nag. vol. xli. p. 309 (March 

1921). 
t C. G. Darwin, Phil. Mag. voL xxvii, pp. 315 & 675 (Feb. and 

April 1914). 
§ A. H. Compton, Phys. Itev. ix. p. I (Jan. 1917). 

Phil. Mat. S. 6. Vol. 42. No. 247. July 1921. B 
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2 Prof.  W. L. Bra /g  and Messrs. James and Bosanquet : 

velocity ~ through the angle at which some plane in it 
reflects the X-rays, tbe theoretical expression for the total 
quantity of radiation E reflected states that 

E~, N~V F ~ e4 l+e°s220e-BSin~odV (I~ 
-I,, = ~ ,de  ~ 2 

= Q d V  . . . . . . . . . . . .  (2)  

In this expression : 

N = No. of diffracting units per unit volmne, 
?, = wave-length of X-rays, 
0 = glancing angle at which reflexion takes place, 
e = electronic charge, 
m = ,, mass, 
c = velocity of light. 

The constant B, which occurs in the Debye factor e -~ ~,20, 
was assumed to be 4"i2, on the basis of an experimental 
determination by W. H. Bragg% 

The contribution of a si ,gle electron is represented by the 
e 4 

factor - - - i n  this formula. 
7"1~2C 4 

The factor F depends on the number and arrangenlent Of 
the electrons in ~he difli'aeting unit. At zero ghmeing-angle, 
it ha.~ a maximmn value equal to the total number of electrons 
in the unit. As the glancing-angle increases, F falls off, 
owing to interference between the wave-t, ains diffracted by 
the separate electrons. 

2. In the case of a large crystal, the linear absorption- 
coefficient, /J,, of the rays in the crystal has to be taken 
into account in calculating the fntensity of reflexion. Two 
special eases present themselves. 

In  the first place, a narrow beam of rays may be reflected 
from the face of a crystal cut parallel to the reflecting planes. 
In this case, if the intensity I of the incident beam is defined 
as the total amount of radiation falling on the crystal per 
second, calculation shows that 

Eo~ Q 
I - 2~  . . . . . . . .  (3 )  

where Q has the same significance as in equation (2). This 
is the case dealt with in our previous paper. 

* W. H. Bragg, Phil. Meg. vol. xxvii, p. 897. 
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The Intensity of Reflexion of ~_\ Rajs by Rod'-Salt. 3 
The second case is iHusfrated by fig. 1. A beam of 

homogeneous X-rays is obtained by reflexion by the first 
crystal  C. This beam is reflected by a second crystal 

Fig. 1. 

/ \ 
/ \ 

t 

\ ~  , / /  

~ \ \  [ _ _  

5 

]~late S, which is cut so that the reflecting planes are at 
a'ight angles to its surface, and is turned with angular 
velocity co. 

Ill tiffs case, all the rays have to traverse a depth to sec t) 
ill tile crystal, where to is the thickness o[ the plate. Calcu- 
l:~tion shows that 

E~o - ~  = Q . t e - ~  t, . . . . . .  (4:)  

where t=to sec O, and Q and I have the same meaning as in 
equation (3). 

B 2  
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4 Prof.  W. L. Bragg and Messrs. James and Bosanquet : 

This expression has a maximum value~e , when 

t 
t = - .  . . . . . . . .  ( 5 )  

The Determinatio~ of" Q. 

3. The object o[ tile measm'ements described here and 
in the previous paper has been the determination of the 
absolute value of the quantity F over a range o[ glancing 
angles. F can be calcul:tted if Q is determined experi- 
mentally, since the other quantities in the expression for Q 
are known. 

In the former paper~ O was found by determining the 
Eco 

reflecting power - I  for a crystal face, for which the formula 

E~o Q holds good. The linear absorption-coefficient 1~ 
I -- 2/~ 

was measured directly, by passing" the hon~ogeneous beam 
through plates of rock-salt of various thicknesses. I~ was 
pointed out, however, that in the case of reflexions at snm|l 
glancing-'mgles, the value of p~ determined in this way is 
certainly too low. W h e .  X-rays  pass through a crystal 
in such a direction that the crystal reflects the rays, the 
absorption of the ~ransmi~ted beam is greater than that  
for other directions. This effect was first noticed in the 
case of the diamond by W. H. B ragg* ,  and the effect 
also exists in the ease of rock-salt t- Fig, 2 shows some 
determinations made with the apparatus arranged as in 
fig. 1, bu~ with the ionization-chamber placed so as to 
receive the transmitted beam. The ordinates ret,resent 
the strength of the transmitted beam, plotted for a numher  
o1: crystal settings. I t  will be seen that the transmitted 
beam is reduced by 20 per cent., when the crystal, is 
set at 4 ° 50' $, the angle at which it reflects tlle X-rays  
most strongly. 

The wdue of' g is there[ore g'reater than its norma]~ 
value (10"I)~ for beams passing through the crystal in '~ny 
direction in which tl~ey are reflected strongly, and the 
values of Q, calculated using the value 10"7 for /~, will 

* W. H. Brag'g, Phil. Mag. vol. xxvii, p. 881 (3fay 1914). 
j" ()~. the figures obtained by l{utherford and Andrade in their deter- 

mina,tion of the wave-lergth of y-rays, Phil. 3lag'. ser. 6, vol. xxviii. 
no. 164, p. 263 (August ]914). 

~t Owing to a zero error in setting the crystal plate, this angle differs 
from the reflexion angle 6 ° 17'. 
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The Lzte~zsity of Reflex;on of X-Ra~/s by Rock-Salt. 5 

be too small. This was pointed out in the former  paper, 
but  no allowance could be made for this effect, as the 
increase in /~ had not been measured. This increase has 

Fig. 2. 

6O 

~ o  

4O 

3 0  

2O 

4 ° 

fO 

5 ° 

Cr.qg..*tsl Set t ,~y.  

now been determined by a direct method, and in this paper 
the necessary corrections have been made to the values 
of Q, and so of F. 

4. The increase in t* cannot be determined from a curve 
such as that of fig. 2. The beam fhlling on the crystal 
is not absolutely paral lel ;  therefore it is not possible to 
set the crystal so that all the rays of the beam pass through 
at  that angle for which absorption is a maximum. The 
apparent  increase in t* indicated by the curve sets a lower 
limit to the effect, which may be considerably greater.  

When reflexion takes place inside a crystal plate, as 
in fig. 1, the strength of the reflected beam is given by 
equation (4), 

E~o ~ - =  Qte-~ e, 

where t = to see 0. 

In  this equation, /~ is the effective absorption-coemcient 
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6 Prof. W. L. Bragg a~d Messrs. James and Bosanquet : 

appropriate to rays passing through the crystal at the 
reflecting-angle, since all rays entering the ionization- 
chamber have passed through at this angle. 

I f  a number of plates of different thickness are taken, 
the intensity of reflexion measured in each case, and its 
value plotted against to, the points should lie on a curve 
such as that in fig. 3. The circles in this figure are the  

Fig. 3. 

! I 

• 04- '08 q?- .!6 -20 "24 'ZB 

t o tn c~.¢. 

experimental determinations of the intensity of reflexion, 
(100) for a number of plates varying in thickness from 
0"2 to 2"5 mm., and a curve of the form z/=ate-~t has 
been drawn so as t~o conform as closely as possible to the 
absolute experimental values. 

The constants of this curve give the values of Q and t~. 
" / ~ "  can be measured by noting the value of t at which 

1 
the curve has its maximmn, since at this point to sec 0 = -. 

t~ 
The maximmn occurs at to=0"610 ram. ; whence ~--16"30. 
The value measured directly is t~= 10"7, so that the increase 
in t~ at the reflecting angle is 52 per cent. 

The value of Q is given by the equation 

I / . . . .  - . . . . . . .  (G) 

The mean of our experimental determinatfons gave 

¢°) -]-  , ~ . =  3"65 x l0 -4. 
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The L~te~slty of _Reflexion of X-Rays by Rock-S~dt. 7 

Substituting e=2"718 , /~=  16"30, we obtain 

Qooo) = 16'16 x 10 -3. 

From the value of Q(loO) the absolute value of (FcL+ F~-~) 
can be calculated, from equation (1). 

This yields F o I + F ~  = 20"10 

nt the glancing-angle 6 ° 17', corresponding to reflexion 
from (100). In other words, when the rays are diffr~eted 
through an angle of 12 ° 34', the total effect of' the 28 electrons 
in a pair of sodium aml chlorine atoms is reduced, by 
interference, to an effect 20'10 times that due to a single 
electron. 

E~o 
This value for 7 -  may be compared with that obtaine,1 

by reflexion from the face (100) of rock-salt. Formulae (3) 
and (4) state that 

E ~ _  Q for reflexion at a face. 
I - ~t~ 

[E~o,~ -- Q for retlexion through a l)la~e. \ ] T  2¢ 
The experimental value for the reflexion in the first ease is 

EoJ 
- -  5"41 x 10- '*  

I 

I f  the effective coemeient of absorption t~ were the same 

for tile crystal face and for the plat% the wdue of ~[~ for 
reflexion through the plate wouht be 

5"41 x 10-~x 2__ 3"99 x 10 -~. 
# 

The experimental value, as stated above, is 3"65 x 10 -4. 
As will be seen, the value of t~ for a crystal plate depends 
on the way in which the plate has been prepared, so that too 
much stress must not be laid on the numerical agreement; 
hut this comparison serves to show that t~ is approximately 
the same in both cases, and that the absolute values for the 
reflecting power of a small crystal clement got by these 
different methods are in agreement with each other. 

* This redetermined absolute value is h)wer than that given in the 
former paper (6'12 × 10-~). 
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8 Prof. W. L. Bragg a~zd Messrs. James and Bosanquet : 

]Effect of Imyer/eetio~ in the C~'ystal. 

5. The effect of irregularity in the crystal is discussed 
very fully by Darwin (Phil. Mag. April 1914, p. 685). 

When X-rays are passing through a homogeneous element 
of the crystal at the correct angle for reflexion, the reflected 
beam is in its turn again reflected by the crystal. The beam 
which has nndergone this double reflexion is parallel to the 
transmitted beam, but it, phase differs from it by 7r, so that 
it tends to diminish it. The absorption of the transmitted 
b~am is therefore greater than the normal absorption, tbr 
rays going through at any other angle. The greater the 
depth of the homogeneous element traversed by the X-rays, 
the gre't[er is the increase in the effective ahsorption- 
coetfieient. It. is this ~hich gives rise to the diminntion 
of the transmitted beam when a crystal is sot so as to reflect 
the rays. (See fig. 2.) 

If  the homogeneous elements in a composite crystal are 
small, so that the X-rays traverse a few planes only. in 
each homogeneous fragment, the increase in the absorptmn- 
coetlicient at the reflecting angle will be inappreeiablo. 
In this case the formnl~ (3) and (4) will hold good tbr 
rsflexion by a face and through a plate,/,  being the normal 
c, oeffieient of absorption. On the other hand, if the homo- 
geneous fragments arc so large that the increase in the 
absorption-coefficient is appreciable, the intensity of re- 
flexion will be thereby diminished. The upper layers of 
each homogeneous element cut down the transmitted beam 
to an abnormal extent, so that the lower layers do not 
contribute so much to the total reflected beam. The more 
irregular the crystal, the stronger we should expect to find 
the reflected beam. 

Darwin (loc. ,'it. p. 686) shows that, in a perfect crystal, 
all the radiation that can be reflected, is so, long be/bre the 
depth is reached {it which rays at a difli~rent angle are 
appreeiabl3.~ absorbed. Over a small range of angles 
reflexion ~s complete, the normal absorption-coefficient 
playing no part in diminishing the intensity. He takes 
the ease of a crystal composed of homoge]~eons layers, 
each of suflieien( depth to give the maximum possible 
amount of reflexion of the X-rays. The orientation of 
these successive layers is slightly different, so that the 
lower layers do contribute to the reflected beam when 
the X-rays fall on the crystal face fit the angle which is 
appropriate to them, sil{ee rays reflected at them are 
able to pass through the upper layers. 
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T]~e L~te~silj 2f Reflexio~ of X-Ra~s bj Rod'-S~lt. 9 

To quote from Dar,win's paper:  " . . .  We have s~rong 
experimental reason to believe that the crystals are even 
more imperfect than this. For when the reflexion is 
evaluated . . . it will be found that the second order of 
reflexion is as strong as the first--a result known to be 
untrue. This nmst be taken to indicate that the crystals 
are so badly twisted that their phmes do not renmin parallel 
even long enough to produce a single perfect reflcxion." 

We may therefore distinguish two degrees of irregularity 
in a crystal structure. On the one hand, the crystal may 
be so irregular that the absorption in each hm~mgeneous 
fragment is entirely due to the conversion of the X-ray 
energy into cathode-ray energy. The absorption,coefficient 
will then be the same for rays passing through the crystal 
in any direction. This absorption-coefficient, which we 
will call /*0, can be fouml by direct measurement, and, 
in the case of these very irrogular crystals, it is the correct 
coefficient to substitute in all the formul~e for reflexion. 
On the other hand, the homogeneous fragments, while s~ill 
irregularly arranged, may each be sufficiently large For 
the extinction of the transmitted beam at the reflecting 
angle t ,  be appreeiable, in comparison with the reduction 
in intensity due to normal absorption. In  this case, 
X-rays, passing through the emnposite crystal at such an 
angle that some of the fragments are reflecting, will be 
absorbed more strongly than rays passing through at 
other angles. There will be an increase in the effective 
absorption-eoeffieient. I f  the effective coefficient oF ab- 
sorption is now t~, we can state that 

/~ = /*04  e. 

The coefficient e will be called the "coefficient of extinction" 
of the X-rays in the crystal. 

The Measureme~t of tl~e ]~2xti~ction-Coe~cie~d. 
6. Our experimental results show that the regularity in 

structure of rock-salt is such that e is appreciable for strong 
reflexions, but is very small fbr the reflexions of high order. 
We have measured the normal coei~eient of absorption/~o 
for" rays passing through the crystal at any angle, ~nd 
found it to be equal to 10"7. We have then determined 
the effective coefficient of absorption /z at the reft~eting 
angle by the method described in paragraph 4. This has 
been d,ne for the reflexions (100), (110), (200), aud (300). 
The results are shown in figs. 4, 5~ and 6. 
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10 Prof. W. L. Bragg (mcl Messrs. James a~tl Bosanquet : 

In fig. 4 (a), for example, the intensities of the (100) 
reflexion through slips of various thicknesses are plotted 
against the thickness of the slip. Since the ot,ject of the 
experiment is to determine the position of the maximum oE 

Fig. 4. 

J ! o; / 

~ (b) 

(c) 

/ i . 
0 ,04  "08 "12 '16 20 "~4 "Z8 

the curve, the intensities are relative, that given by one 
of the slips whoso thickness was 0"49 ram. being taken 
as standard in each case. The X-rays were not rendered 
hmnogeneous by a previous retie:don; but this does not 
affect the curves, since it was [otmd that tl~e ,~l]owtmce 
for " wh i t e "  radiation of neighbouring wave-lengths was 
the same for all the slips. Figs. 4@), 4(c), and 4 (d) 
are the curves for the reflexions (110), (200), and (300). 

I t  will be seen that the maximum of the curve occurs at a 
progressively greater thickness in passing from one curve to 
that below it. Since the curves are placed in order of the 
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The I~te~sltTt of Reflexion of X-Rajs bj Rock-Salt. 1I 

intensity of reflexion by the eorrest)onding faces, this means 
that tt diminishes in passing to less intense reflexions ('T- 
equation (5)). 

The effective coefficient t~ can be calculated more readily 
by plofting the results as in fig. 5. 

Since Eco 
I = Q ' t ° s e c 0 e - ~  ..... 0, 

• Eco 
log  0)+cons  = -  0see 0 

F~g. 5. 

1 

| 

! 

1 
0 "04- "OB '12 -16 

to  t)~ cent /met . re . .  

I 
"20 " Z 4  "28 

In t~g. 5, loge ~ is plotted against to. The slope of 

the curve then gives/~ directly, allowing for the factor see 0. 

:Effective :Extinelion Intensity of reflexion 
Reflexion. coefficient, coefficient, in arbitrary units. 

100 16'30 5"60 100 
110 13'60 2"90 50'5 
200 12-66 1 '96 19.90 
300 10"72 0"02 4"87 

Normal coefficient of absorption, 10'70. 

The results are tabulated below. 
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12 Prof.  W. L. Bragg antt Messrs. James an:t Bosanquet : 

The intensity of reflexion is that from a rock-salt face, 
determined as described in a previous paper. I t  would be 
l,erhaps more accurate to compare e with Q, but the com- 
parison has been made in this way in order to facilitate the 
application for the correction for e to our results. 

Fig. 6. 

16 

::k 14 

12 / 

//,//< 
If" 

,Co 
2O 4-0 60 80 tO0 

-z- 

In fig. 6, F is plotted against the in~enslty of reflexion. 
I t  will be seen that the points, with the exception of (200), 
lie on a straight line which cuts the y axis at 10"80, a value 
very close to the normal coefficient of absorption 10"70. 
We may therefore assume, without introdncing any large 
error, that we can calculate for any reflexion from the 
fornlula 

t* = t~0 + k[ . . . . . . .  (6) 

th~ value of k bging determined from the slope of the 
curve. 

Tfte Relation bet~oeen Rejularitj of Strucho'e amt 
Inte~sitj of Refle,rio~. 

7. An interesting point was observed in measuring the 
intensities of reflexion through tile crystal plates. In  
the case of certain plates, the intensity was found to be 
abnormally high. In fig. 4, the points corresponding to 
these plates which gave the high values are denoted by 
crosses instead of circles. This abnormality is much more 
marked in the case of the (100) reflexions than for those 
which are less intense. 

This effect was traced to a greater irregularity in structure 
of the crystal  plates. In every case in which the value came 
to be abnormally high, it was tbund that the crystal gave 
reflexion over a wide range of angles. I t  was also found 
that this irregulari ty could be produced artificially by 
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The [ntens#j of ReflexioJ~ of X-Rajs bj Rock-Salt. 13 

grinding the crystal plate oll coarse emery-paper,  plates 
prepared in this way giving a reflexion over a long range, 
and abnormally high values for the intensity. 

Fig. 7 will illustrate this effect. A single crystal  plate 
was cut across in two equal portions, and from these 
two plates of the same thickness (0"78 ram.) were prepared. 

Fig. 7. 
l e o  

60 1 4° 5° 6° 
40 ¥ ..~l ~,C/)<][] C~stal Set ~in57. 

o " 7 ° 8 "  

Co/s~al ~¢ett/%q. 

A. Intensity of reflexion 0"93. 
B .  ,, . . 1'20. 

The first plate was rubbed down on gr()und glass with water 
so as to avoid all mechanical strain. The second was 
grouud down on coarse emery-paper. The curves of fig. 7 
show the amount el radiation reitected by the plates over a 
range of a few degrees. The firs~ gives a narrow maximmn, 
showing that the structure is regular ;  the second, an irre- 
gular curve over a much larger angle. The intensities of 
reflexion in terms of that of the standard plate were 0 9 3  and 
1"20 respectively for the (100) reflexion, showing how much 
greater the it~tensity is for the irregular than for the regular 
crystal, h i  fig. 4, the points eorrespondin.., to these two 
crystals are denoted by " A "  and " B."  The irregularity 
of the points in fig. 4 is therefore to t)e ascribed to slight 
differences iu the perfection of structure of the crystal 
plates, and the /~ct that they can be made to fit with 
a fair approximation to a t e  -.t curve shows that all the 
plates have much the same degree of i rregulari ty of 
structure. As stated above, the few abnormal points 
were all found to correspond to crystals which for some 
reason had an exceedingly irregular structure. 
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14 Prof. W. L. Bragg and ~[essrs. James and Bosanquet : 

Corrected Values/b~" Fcl and Fx~. 
8. From the curve in fig. 3, we call calculate the absolute 

value of Q(100) and therefore the value of Fcl+ F ~  for rays 
diffracted through an angle of 12 ° 3:V (twice the glancing 
angle for reflcxion from this face). This, as stated above, 
comes to be 20"10. Since allowance has been made for the 
extinction-coefficient, this is now an accurate determination. 
In the previous paper the value of F c l + F ~  was obtained by 
measurements on tile intensity of reflexion from a face, taking 
/~ to be 10"7. These measurements give F c l + F ~ = 1 6  68. 
The difference between the two values shows the effect of 
allowing for the extinction-coefficient. 

We now have sufficient data to calculate the correct values 
for Fcl and F ~  over the whole range of angles wMch has 
been examined. When the glancing angle is large, the 
reflexion is so weak that the extlnction-coefficient may 
be neglected. The values for Fc l - -F~ ,  given in the 
previous paper, therefore hold good, allowance being made 
for tim differences due to the re-determination of the absolute 
intensity of reflexion mentioned above. On the other hand, 
tile measurements described in paragraph 4 make possible 
the absolute determination of Fc~+Fs~ for the ~ugle, of 
most intense reflexion, by a method which is independent 
of ally uncertainty as to the value of/~. We can therefore 
estimate to what extent the (100) roflexion is diminished by 
the extinction-coefficient in the case ot: the measurements 
with a crystal face, and using the formula t~=/z04 kI we 
can raise the values of the (110), (222), (200), and other 
strong reflexions, so as to bring them into line with the 
new data. The values tbr Fcl and F ~  so obtained are 
tabulated below, and plotted in fig. 8. 

Values of Fci and Fz%. 

FCI + FN'a. FCl -- FNa. FC1 , FNa. 20. sin 0. F C I + F I % .  (CorL'. for e). 

"1000 17"12 21'05 4'40 12"72 8"32 11 ° 24' 
'1305 15'66 18"21 2"98 10"59 7"61 15 ° 

'1736 13"86 14"89 2"32 8"B0 6"23 20  ° 
• 2164 11"71 12'35 2"53 7"44 4'91 25 ° 
• 2588 10"19 10"51 2'49 6"50 4"01 30 ° 
"3007 8"86 9"1l 2"46 5"78 3"37 35 ° 
'3420 7"84 7"90 2"40 5"15 2"75 40 ° 

• 3827 6 '83 6"83 2"39 4"61 2"22 45 ° 
• 4226 5'91 5"91 2"39 4"15 1"76 50 ° 
"4617 5"07 5 0 7  2"33 3 '70 1"37 55 ° 
• 5000 3 92 3"92 2"40 3' 16 0"76 60 ° 
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l~e Jme~sitj ,.~f ICe/le,cion of )[-R~ys bg Rock-Salt. 15 

The figures for (Fcl + F ~ )  in the third column have been 
corrected for the exbinction-coefl]eient. The iu~ensi~y of 
reflexion is so weak in the case of the plam, s with odd 
indices that the extinction-coefficient is negligible, and the 
values for Fel--F~r~ need no correction. In  the fifth and 
sixth columns are given the corrected values for Fcl 

12 

s 

L 

0 

\ 

1 

Fig. 8. 

~ v ~ a  

0"1 O'Z 0"3 0-4- 0"5. 0"6 
S,n 0 

The amplitude of the waves diffracted throug'h 8n a~gle 28 by the 
Chh)rine and Sodium atoms are expressed in terms of that scattered 
by a single electron. The wave-length X of the rays is equal to 
0'616 × 10-8 cm. 

and Fs~. The anglo of 20 through which tile rays are 
diffracted is given in the last column. 

In  fig. 8, both the former values, and those co,'rec~ed for 
the extinction-coefficient, are shown. Tile nlaximum values 
for F at f l = 0  would be expected to be 10 for sodium, 18 for 
chlorine, ,qssuming both atoms to be ionized. The general 
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16 Tl~e lntendty  qf Re/texlon of X-Rays  by Rock-&dr. 

trend of the corrected curves is towards maxima in the 
neighbourhood of these values, whe'reas the uncorrected 
curves drop too quickly as they approach the y axis, 
this being particularly noticeable in the curve ibr sodium. 
The fact that tho corrected curves tend towards these 
n,axima confirms the accuracy, both of the experimental 
determinations and of the assumptions which have been 
made in the calculations. 

SUMMARY, 

The object of these experiments has been the deter- 
ruination of the amplitude of the wave diffracted in various 
directions by the chlorine ,nd sodium atoms when homo- 
geneous X-rays of unit amplitude fall oll these atoms. 
This amplitude is expressed in terms of that diffracted 
by a single electron, the results for chlorine and sodium 
bein~ shown ill f ig .  8. 

The following formulm for the intensity of reflexion have 
been used : ~  

E., Q 
I 2t~ 

for reflexion a~ a face ; 

Eco 
- I -  = Qt0 see 0~ -'t0~°~° 

for reflexion at glancing angle 0 through a crystal plate of 
thickness t o cut perpendicular to the reflecting planes. 

Q is given by the formula 

N-~X 3 e ~ 1 + cos ~ 20 F~ - - -  e - l l  sin20 
Q = s i n 2 0  m~'c ~ " 2 s i n 2 0  " 

Allowance has been made for the increase in the effective 
eoe~ei~nt of a bsvri,tion/*, in the ease of strong reflexions, 
due to th~ existence of the "extinction-coefficient." 

The'amplitude of the wave diffracted 1)y a pair of sodium 
~2 

and chlorine atoms is given by the factor P ~ .  The two 

atoms diffract waves which are in phase with each other 
for all planes exeet)t those with wholly odd indices, when 
the wa~ os arc opl)osod in phase. By measuring the intensity 
of reflexion for both types of plane, it has been possible 
to assign values to the amplitude diffracted by the chlorine 
and sodium atoms separately over a range of angles from 
10 ° to 60 °. 
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Triple Pendulums with 3Iutual Interaction. 17 

The results confirm the accuracy of t, he measurements 
and of the theoretical assmnptions, since they indicate the 
correct number of electrons in the atoms of chlorine and 
sodium. 

An estimate of the distcributlon of the electrons around 
the nueM of these atoms m-tv be obtained by analysis of 
the results, since the forms of ghe diffraction eurv(,s are 
dependent on ~clle a, 'rangement of the electrons. We hoi,(' 
to publish ~his analysis shortly. 

3Ianehester University. 
20th March, 19:21. 

. _ _  : - - :  . . . . . . . .  

I I .  Trifle Pemhd .ms  with 3 l . t .a l  I~ter,-tct;o~ amt the 
Analogous Electrical Cire,its.--II.  J~// ProL E.  H. 
BARTOX, ti'.R.S., and H. N. BRowsI~o, M.Sc., F.Inst.P.* 

[Plate I.J 
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I. ~NTRODUCTION. 

T H E  present paper deals with the theory and confirma- 
tory experiments carried out with tile mudified 

apparatus referred to in the previous paper on ~his subject 1-- 
All three pendulmns in use still have bobs of equal masses 
as before, and their total lengths are still all equal. But a 
rather simpler system of suspension is here adopted which 
boLh facilit.ates the oxf)eriments and simplifies the theory. 
This mechanical form still s(:eures a do~reo of generality 
equivalen~ ~co that which could t)e obtained with t~hree equal 
electrical circuits in which each pair had a different mutual 
induction. 

The equations of motion for these pendulmns lead to a 
general solution, showing that each pendulum may execute 

* Communie~ t t ed  b y  t h e  A u t h o r s .  
"i" See " Triple Pendulums/' etc. I., l)hil. 5Iag. Nov. 19:70. 

Phil. May. S. 6. Vol. ,12, No. 247. ,Ld.t] 1921. (~ 
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