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Abstract 

Tn t h i s  i s c tVne  a Polarimeter for investigating aolarisat ion 

effects  i n  X-rays i s  described. Exaeriments performed to  detect 

optical  ac t iv i t y  in quartz and cinnabar are presented. There is 

evidence (although quite tennois) that  optical  act iv i ty  ex is t s  in 

the X-ray region. It i s  l ess  than 2% t o  3% of the rota t ion. in  

the v i s ib le  region but i f  it does exis t  i n  these substances, the 

rota t ion is def ini te ly  i n  the same directinn as  that  of the optical  
, 

ac t iv i ty  i n  the vis ible  region. Bg reulacinq the analyser of t h i s  

polarimeter with experimental c rys ta l s  it hoped t o  study the 

mosaicity of crystals.  The break-down of F'riedel's Law has been 

observed In cinnabar. The ~ 0 ~ ~ i b i l i t i e S  of using two wnveleneths . 

t o  solve the ohase nrohlem are  mentioned. It is a lso  honed t o  

look for  the opt ical  analo~(ue of the Borrmann effect  In iridisce?t 

notassinm chlorate. 
'i, 

1. Introductioa 

When B.H. Ramachandr~n l e f t  the Tndian Tnstltute of Science t o  

occupy the Chair of Physics a t  the Madras Vniversity I was asked to  

take over the X-ray section which was beine ~ l a n n e d  a t  Bancalore. 

I was t o  s t a r t  research i n  X-ray crystallography and t o  "look a f te rn  

the students working in  t h i s  f ie ld .  I, therefore, greatly welcome 

t h i s  opportunity t o  speak here today. In t h i s  brief 15  minute^, I 

s h a l l  present m y  future nlans so as  t o  e l i c i t  conments from the 

senior s c i en t i s t s  of the Academy present here today. I also  w i l l  
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 resent, what I consider t o  be, some extremely In teres t ing  r e s u l t s .  

T i l l  now I have been in t e res t ed  i n  o p t i c a l  phenomena l l k e  

hfrofringence, o n t i c a l  a c t i v i t y ,  magneto-optic ro t a t ion  etc.  To 

begin with, therefore ,  I am nlanning the  following arogramme which 

a r e  r e a l l y  extensions o r  my e a r l i e r  In t e res t s  - t o  the  X-ray region. 

1 )  S e t  un an X-ray nolarlmeter. 

2) Attemat t o  detect  o n t i c a l  and magneto-optic ro t a t ion ,  

In t he  X-ray region. 

3) Stuay the  a h s o r ~ t l o n  phenomenon i n  X-rays and see i f  

it could be used fo r  determining the  phases of X-ray 
\ .. -. 

r e f l ec t lons .  

4) See i f  well known X-ray e f f e c t s  l l k e  the  Rnrrmann e f f e c t  

a r e  observable i n  the  o p t i c a l  region. 

I 

Sl ide  I i l l u s t r a t e s  the nolarlmeter we have recent ly  set up. 
& 

X Is the  X-ray tube t o  which 2 &S Brass box (l ined with l ead )  - 
Tkr. 

Is attached and which contains P polar l s inq  KC1  c r p s t a l  v i t h  a -I. * 
ground face p a r a l l e l  t o  the  (110) plane~mounted on a hor izonta l  

axis.  T is the  d tangent screw by which P can be ro ta ted  and C 
1 

i s  the  f i r s t  collimator.  S1 is the  s l i d e  wlth adjust ing screws 

by which the  experimental c r y s t a l s  cnn he  introduced i n t o  ~ o s i t l o n  

In  the  nolar lsed X-ray heam and n ~ m a l  t o  it. C i s  the second 

collimator, 2 i s  the snectrometer on whose v e r t i c a l  axis a gonio- 

meter Is mounted. A Is the analyser again a KC1 c r y s t a l  with a 
3 

face ground p a r a l l e l  t o  (110). E is an extensfon noveable arm of 

tho snectroneter  wlth a nost t o  which is attached the Gelger 

'?uller counter GM. R 1s a rod which can couple the  anslyser c r y s t a l  

A and the  counter (so t h a t  the  c r y s t a l  and the counter can he - 
--*.L-.- L .. . 



The 440 reflection (28388 ) from the f i r s t  crystal  P consists 

a monochromatic X-ray beam polarlsed t o  within 15 which goes down the 

ve r t i ca l  axls ~ a r a l l e l  t o  the axis of rota t ion of the saectrometer. 

It f a l l s  on the analyser c rys ta l  whose azimuth can be rotated. The 

(440) Eragg ref lect ion i s  chosen for analysis. When the analyser 

(af ter  Droper adjustment) i s  rotated the intensity as  measured by 

the counter should vary as 

where is the Bragg angle of the 440 ref lect ion and @ is the angle 
0 

between plane of polarisation and t h a t  of the analyser. Since 2-0 

the formula almost reduced t o  

1 p = ,C0!3=$ 

The in~rodnct lon of an exaerhsental quartz crysta l  i n  the polarized 

beam decreases the  intensity considerably. P and A are  crossed - 
(apart from the background t a  the cosnic r ap  and other causes there 

0 
is a residual intensityf ,  since 2 P l s  not exactly 90 ). When the 

c rys ta l  i s  introduced t h i s  in tensi ty  drons considerably. By changing 
\ 

the azimuth of the analyser it was d i f f i c u l t  t o  see whether the aosi- 

t i on  of the minimum 1s changed or not. 

The most sensit ive position for the detection of an)- change i n  
C 

0 
in tensi ty  with azimuth is when $= 45 . To get over the absorption 

problem the following technique was t r ied.  4 quartz a la tes  were 

made, two r igh t  rotat ing and two l e f t  rotating. They were ground and 

polished perpendicular t o  the ontic axis so tha t  magnitude of these 

rotat ions In the optical  reginn w s s  the same t o  wlthin two minutes of 

arc 1.e. the thicknesses were same t o  about 0.005mm. This was also 
0 

Verified with a d i a l  gauge. $ is s e t  a t  45 and the doublet system 

R + R (which was on one pnrt of the sl1de)was introduced. The X-ray 
1 2  



i n t e n d .  , a s  detected by t h e  GM counter dropped by about two orders  > 
of magnitude. The number of counts was measured fo r  a  time T. The 

(L + L ) doublet tias then intro3uced by nushinq i n  the  s l ide .  The 
1 2  

X-ray absorption ( i n  theory) should be the  same. Any change i n  

I n t e n s i t y  should he clue t o  change I n  the s t a t e  of ~ o l a r i s a t l o n  of the  

merging X-ray beam. Although the counting s t a t i s t i c s  was poor and 

t h e  high voltage was not s t a b i l i s e d  t h e r e  anlreared t o  be an extremely 

small  c h a ~ g e  i n  the  number of counts - but a l 1 . m ~ ~  in t he  same direc- 

t ion .  A l l  permutation and coinbinations of the  4 p l a t e s  taken two a t  
huccvnddz~khk 

a time t o  el iminate  thickness effecQ one could conclude ( i f  one were 
\ 

prejodiced enoueh in  favour of o n t i c a l  a c t i v i t y  i n  t h e  X-ray region11 

t h a t  t he re  was a minute r o t a t i o n  about t w o  orders  of magnitude less 

than  the  r o t a t i o n  i n  the o n t i c a l  reqion. 

Since the o p t i c a l  a c t i v i t y  of cinnabar i s  almost two orders of 

magnitwie l a r g e r  than t h a t  i n  quar tz ,  a  s imi lar  experiment would have 

shovn whether ont lcn l  s c t l v f t y  ex is ted  i n  the  X-ray reg lon  or  not. 
'.. 

There were some e m e l l e n t  cinnabar p l a t e s  i n  Prof. S i r  C.V. Raman's 

co l lec t ion .  Unfortunately, most of t h ~ m  were r i g h t  r o t a t i n g  s o  the 

"doublet" experiment could rlot be t r i e d .  Secondly, t he  sbaorption 

was a l s o  very l a rge  i n  HgS f o r  C u K b  Eut in t h i s  case one could 

de tec t  (by crossing) a  very small  change i n  @. The ro ta t lon ( i f  it 

e x i s t s  a t  a l l )  is l e s s  than 2s t o  3% of the  o p t i c a l  r o t a t i o n  i n  the 

v i s i b l e  region. 

The concluslon one a r r ives  a t  is t h a t  there  is weak evidence to  

show t h a t  opt icu l  a c t i v i t y  i n  the  X-ray region ex i s t .  The optics1 

a c t i v i t y  i s  l e s s  than 2" t o  3% of t h a t  i n  the  op t i ca l  reg ion  but if 

It does e x i s t  it i s  in  the same d i r ec t ion  a s  i n  the o p t i c a l  case for 

quartz  an1 cinnabar. 



' The formula fo r  the var ia t ion  i n  in tens i ty  with azimuth for  a 

perfect  and mosaic c rys ta l s  a re  d i f fe rent .  
2 

I (mdsaic) = I (Cos @ + s i n 2 4  cis? 2@) 
8 
1 (perfect)  r: I (cos2@+ sin2$ Cos 2(9) @ 

one can use the polarimeter arrangement with qinor modlflcatlon for  

researches I n  estimating the  mosaiclty of c rys ta l s .  The experimen- 

t a l  c r y s t a l  must i n  t h a t  case replace the  analyser c rys t a l  and ts! 
titfed. 

the OM counter raised on the nost anfl f i t t e d .  -- 
// 

&.. - Same ever iments  on absorptfon have a lso  been started. Since 
. . 

HgS is ioncentro syrimetric one' wished t o  know whether one could 

observe the violnt iqn of the  F r i e d e l g s  .law (as  Coster Knol and 

Prlns (7.930) 'did 211s). It was not d;fficult t o  ohserve the 

v io la t fon  of ' ~ r i e d e l ' s  law. It seems, therefore,  one can use the 
. - 

idea suggesten . . by ~ l j v o e t  t h a t  the d i  fference i n  lntens i t y  between --- 
I(hk1) a i d  I (hkl)  can be'hsed f o r  phasinq X-ray ref lect ions.  

Sy c h a n g i p  the wavelength t o  the other s ide  of the absorption 

edge one c a n 0 ' h  theory got r i d  of the  imaginary oar t  of the atomic 

form fac to r  and reduce the  absorption. However, there should s t i l l  

be a change (a decrease) In the r e a l  p a r t  of the atomic form fac tor  

(Wnl 1933). It is my in tent ion  t o  see whether we could exploi t  

t h i s  change together with the  breakdown of the Friedel 's  law t o  

solve the vexed nhase ~ rob lem i n  X-ray crystallography. . 
(Lecture de l i r e red  a t  the 1Bth Annual, Meeting of the Indian Academy 

(1952)) 


