
09) 

Europaisches  Pa tentamt  

European  Patent  Office  (fi)  Publication  number:  0  0 0 3   1 7 4  

Office  europeen  des  brevets A 2  

©  EUROPEAN  PATENT  APPLICATION 

(21)  Application  number:  79300042.3  @  Int.  CI.2:  A  44  C  1 7 / 0 0  
G  02  B  1 / 0 0  

(g)  Date  of  filing:  10.01.79 

(So)  Priority:  18.01.78  US  870386 

(S3)  Date  of  publication  of  application: 
25.07.79  Bulletin  79/15 

@  Designated  contracting  states: 
CH  DE  NL 

@  Applicant:  ALLIED  CHEMICAL  CORPORATION 
Columbia  Road  and  Park  Avenue 
Morris  Township  Morris,  New  Jersey(US) 

(72)  Inventor:  Morris,  Robert  Graig 
98  Emmons  Road 
Ledgewood  New  Jersey  07852(US) 

(72)  Inventor:  O'Dell,  Earl  Wayne 
26  HHiview  Avenue 
Morris  Plains  New  Jersey  07950{US) 

Representative:  Baillie,  lain  Cameron  et  al, 
c/o  Ladas,  Parry,  von  Gehr.  Goldsmith  &  Deschamps 
Biumenstrisse  48 
D-8000Munchen2(DE) 

(5)  Multiple  element  display  objects. 
Multi-element  gem  stones  and  other  display  objects 

comprising  pleochroic  materials  are  provided  which  evi- 
dence  enhanced  colors  or  other  unusual  optical  properties, 
based  on  the  pleochroic  behavior  of  the  material.  Doublet 
stones,  comprised  of  two  pleochroic  materials,  and  triplet 
stones,  comprised  of  two  pleochroic  materials  separated  by 
an  optical  rotator,  are  described. 



BACKGROUND  OF  THE  INVENTION 

1.  F i e l d   of  t h e   I n v e n t i o n  

T h i s   i n v e n t i o n   r e l a t e s   to  gem  s t o n e s   and  o t h e r  

d i s p l a y   o b j e c t s   and ,   more  p a r t i c u l a r l y ,   to  m u l t i p l e t   gem 

s t o n e s ,   such   as  d o u b l e t s   and  t r i p l e t s ,   w h i c h   i n c o r p o r a t e  

p l e o c h r o i c   m a t e r i a l s .  

2.  D e s c r i p t i o n   of  t he   P r i o r   A r t  

Many  of  t he   w e l l - k n o w n   gem  m i n e r a l s   a r e   p l e o -  

c h r o i c .   T h a t   i s ,   a  s i n g l e   p i e c e   of  s u c h   a  m a t e r i a l   w i l l  

e x h i b i t   v a r i o u s   c o l o r s ,   d e p e n d i n g   on  t h e   d i r e c t i o n   o f  

v i e w i n g   a n d / o r   t he   p o l a r i z a t i o n   d i r e c t i o n   of  t he   i l l u m i n a -  

t i n g   l i g h t .   The  f u n d a m e n t a l   e f f e c t   is  due  to  t he   p o l a r i -  

z a t i o n   d i r e c t i o n   of  t he   l i g h t .   The  v i e w i n g   a n g l e   d e p e n d e n c e  

in  u n p o l a r i z e d   l i g h t   a r i s e s   due  to  t h e   e l i m i n a t i o n   of  l i g h t  

p o l a r i z e d   p a r a l l e l   to  the   v i e w i n g   d i r e c t i o n ,   s i n c e   l i g h t  

waves   a r e   p u r e l y   t r a n s v e r s e   e x c i t a t i o n s .   Such  e f f e c t s   o c c u r  

in  n o n - c u b i c ,   o p t i c a l l y   u n i a x i a l   and  b i a x i a l   c r y s t a l s   due  t o  

t h e   i n f l u e n c e   of  t he   a n i s o t r o p i c   h o s t   c r y s t a l   s t r u c t u r e   o n  

t h e   t r a n s i t i o n s   b e t w e e n   e l e c t r o n   e n e r g y   l e v e l s   of  t h e  

i m p u r i t y   i o n s   w h i c h   g i v e   r i s e   to   t h e   c o l o r .  

Some  w e l l - k n o w n   gem  c r y s t a l s   wh ich   e x h i b i t   p l e o -  

c h r o i s m   to  a  g r e a t e r   or  l e s s e r   e x t e n t   i n c l u d e   a l e x a n d r i t e ,  

a n d a l u s i t e ,   a x i n i t e ,   b e r y l ,   c h r o s o b e r y l ,   c o r d i e r i t e ,  

e m e r a l d ,   e p i d o t ,   k y a n i t e ,   p e r i d o t e ,   r u b y ,   s i n n a l i d e ,  

s p o d u m e n e ,   t o u r m a l i n e   and  z o i s i t e .  

In  t he   c o u r s e   of  c u t t i n g   c r y s t a l s   of  t h e s e  

m i n e r a l s   to  o b t a i n   f a c e t e d   gem  s t o n e s ,   i t   is  w e l l - k n o w n   t h a t  



one  mus t   o f t e n   c o n t r o l   t h e   c r y s t a l l o g r a p h i c   o r i e n t a t i o n   o f  

t h e   s t o n e   to  o b t a i n   t h e   d e s i r e d   c o l o r   in  t h e   f i n i s h e d   g e m  

s t o n e ,   or  a l t e r n a t i v e l y ,   t h a t   t h e   c o l o r   of  t h e   f i n i s h e d   g e m  

may  be  v a r i e d   to  some  e x t e n t   by  v a r y i n g   t h e   c r y s t a l l o g r a p h i c  

o r i e n t a t i o n .   T h i s   is  p a r t i c u l a r l y   i m p o r t a n t ,   f o r   e x a m p l e ,  

in  t h e   f a c e t i n g   of  c e r t a i n   t y p e s   of  t o u r m a l i n e   w h i c h ,   i f   c u t  

w i t h   t h e   t a b l e   ( t o p )   f a c e t   t e r a l l e l   to   t h e   "c"  p l a n e ,   m a y  

a p p e a r   n e a r l y   o p a q u e   or  b l a c t ,   w h i l e   t h e   same  s t o n e ,   i f   c u t  

w i t h   t h e   t a b l e   f a c e t   p e r p e n d i c u l a r   to   t h e   "c"  p l a n e ,   w o u l d  

e x h i b i t   a  d e s i r a b l e   b l u e   or  g r e e n   c o l o r .   S i m i l a r l y ,   c e r t a i n  

c o r d i e r i t e s   may  a p p e a r   n e a r l y   c o l o r l e s s   in  c e r t a i n   o r i e n t a -  

t i o n s   and  deep   b l u e   in  o t h e r s .  

M u l t i p l e t   e l e m e n t   gem  s t o n e s   h a v e   been   u s e d   in  t h e  

p a s t   f o r   v a r i o u s   p u r p o s e s .   For  e x a m p l e ,   D ' E s p o s i t o   in  U . S .  

P a t e n t   1 , 7 4 5 , 6 0 7 ,   i s s u e d   F e b r u a r y   4,  1 9 3 0 ,   d e s c r i b e s   d o u b l e t  

s t o n e s   in  w h i c h   two  c o m p o n e n t s   made  of  n a t u r a l   b e r y l   a r e  

c e m e n t e d   t o g e t h e r   w i t h   a  t r a n s p a r e n t   c e m e n t   i n c o r p o r a t i n g   a n  

a p p r o p r i a t e   c o l o r i n g   a g e n t   so  as  to   p r o d u c e   a  c o m p o s i t e  

s t o n e   e x h i b i t i n g   t h e   c o l o r   of  e m e r a l d .   In  t h i s   c a s e ,   t h e  

r e f r a c t i v e   p r o p e r t i e s   of  b e r y l ,   w h i c h   r e s e m b l e   t h o s e   o f  

e m e r a l d ,   a r e   c o m b i n e d   w i t h   t h e   c o l o r   p r o p e r t i e s   of  t h e  

c e n t r a l   c o l o r e d   f i l m .   O t h e r   d o u b l e t   c o n s t r u c t i o n s   m a y  
c o m b i n e   t h e   h a r d n e s s   p r o p e r t i e s   of  a  m a t e r i a l ,   s u c h   a s  

s a p p h i r e ,   w i t h   t h e   r e f r a c t i v e   and  d i s p e r s i v e   p r o p e r t i e s   of  a  

s o f t   m a t e r i a l ,   s u c h   as  s t r o n t i u m   t i t a n a t e ,   to  p r o d u c e   a  

r o b u s t   c o m p o s i t e   s t o n e   v i s u a l l y   r e s e m b l i n g   a  d i a m o n d .   S e e ,  

e . g . ,   J o n e s ,   U .S .   P a t e n t s   3 , 5 2 8 , 2 6 1   and  3 , 8 0 8 , 8 3 6 ,   i s s u e d  

S e p t .   15,  1970  and  May  7,  1 9 7 4 ,   r e s p e c t i v e l y .   Or,  a  h a r d  

c o l o r l e s s   cap   may  be  u s e d   to  m e c h a n i c a l l y   p r o t e c t   a  f r a g i l e  

bu t   v i s u a l l y   a t t r a c t i v e   s t o n e   s u c h   as  o p a l .  

O t h e r   a t t e m p t s   to  a l t e r   or  c o n t r o l   t he   o p t i c a l  

p r o p e r t i e s   of  gem  s t o n e s   h a v e   a l s o   b e e n   e m p l o y e d .   F o r  

e x a m p l e ,   in  h i g h l y   d o p e d   n a t u r a l   or  s y n t h e t i c   a l e x a n d r i t e ,  

t h e   d a y l i g h t   g r e e n   c o l o r   is  o f t e n   o b s c u r e d   by  r ed   o v e r t o n e s ,  

e s p e c i a l l y   in  t h i c k e r   s e c t i o n s .   C l i n e   e t   a l .   in  U . S .   P a t e n t  

3 , 9 1 2 , 5 2 1 ,   i s s u e d   O c t .   14,   1 9 7 5 ,   d i s c l o s e   a d d i t i o n   of  i r o n  

as  an  i m p u r i t y   as  a  means   of  i m p r o v i n g   t h e   d a y l i g h t   g r e e n  
c o l o r a t i o n   of  h i g h l y   d o p e d   s y n t h e t i c   c r y s t a l s   of  l a r g e r  



s i z e .   H o w e v e r ,  w e   h a v e   o b s e r v e d   t h a t   t h i s   m e t h o d   is   n o t  

t o t a l l y   e f f e c t i v e .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   is  d i r e c t e d   to  t h e   i m p r o v e -  

ment  or  m o d i f i c a t i o n   of  t h e   c o l o r   d i s p l a y e d   by  c e r t a i n   o f  

t h e   a b o v e - m e n t i o n e d   p l e o c h r o i c   m a t e r i a l s ,   e i t h e r   a l o n e   or  i n  

v a r i o u s   c o m b i n a t i o n s ,   by  c o n s t r u c t i n g   m u l t i p l e   e l e m e n t  

d i s p l a y   o b j e c t s ,   i n c l u d i n g   gem  s t o n e s ,   in  s u c h  a   way  as  t o  

e x p l o i t   t h e   n a t u r a l   p l e o c h r o i c   b e h a v i o r  o f   t h e   m a t e r i a l .   As  

used   h e r e i n ,   p l e o c h r o i c   m a t e r i a l   r e f e r s   to   e i t h e r   n a t u r a l   o r  

s y n t h e t i c  m i n e r a l ,   t h a t   i s ,   a  c r y s t a l l i n e ,   i n o r g a n i c   o x i d e ,  

f o r   e x a m p l e ,   w h i c h   e v i d e n c e s   p l e o c h r o i c   b e h a v i o r . '  

In  a c c o r d a n c e   w i t h  o n e   a s p e c t  o f   t h e   i n v e n t i o n ,   a  

d i s p l a y   o b j e c t  i s   d i s c l o s e d   c o m p r i s i n g   at   l e a s t   two  o p t i -  

c a l l y   o r i e n t e d   e l e m e n t s   of  a t   l e a s t   one  p l e o c h r o i c   m a t e r i a l ,  

s a i d   e l e m e n t s   e i t h e r   f i x e d   or  d i s p o s e d   in  c o n t i n u o u s l y  

v a r i a b l e   r o t a t i o n a l   c o n f i g u r a t i o n   w i t h   r e s p e c t   to   e a c h  

o t h e r .   Such  d i s p l a y   o b j e c t s   may  be  u s e d  t o   p r o v i d e   a  v a r y -  

ing   r a n g e   of  c o l o r s   p l e a s i n g   t o  t h e   e y e ,   t h e   p a r t i c u l a r  

c o l o r s   d e p e n d i n g   o n  t h e   p a r t i c u l a r   p l e o c h r o i c   m a t e r i a l s   a n d  

o p t i c a l   o r i e n t a t i o n s   s e l e c t e d .  

In  a c c o r d a n c e   w i t h   a n o t h e r   a s p e c t  o f   t h e   i n v e n -  

t i o n ,   a  m u l t i - e l e m e n t   t r a n s p a r e n t  g e m   s t o n e   is  d i s c l o s e d  

c o m p r i s i n g   a t   l e a s t   two  o p t i c a l l y   o r i e n t e d   e l e m e n t s   of  a t  

l e a s t   one  p l e o c h r o i c   m a t e r i a l ,   s a i d   o r i e n t e d  e l e m e n t s   b e i n g  

e i t h e r   p h y s i c a l l y   r o t a t e d   w i t h   r e s p e c t   to  e a c h   o t h e r   o v e r   a  

r a n g e   of  a b o u t   20°  to   160°   or   s e p a r a t e d   by  an  o p t i c a l l y  

a c t i v e   r o t a t o r   p l a t e .  

The  gem  s t o n e s   of  t h e   i n v e n t i o n   e v i d e n c e   e n h a n c e d  

c o l o r s   and  o t h e r   u n u s u a l   o p t i c a l   p r o p e r t i e s   o v e r   t h o s e   o b -  

t a i n e d   in  s i n g l e t   c o n s t r u c t i o n .   In  t h e   c a s e   of  e i t h e r   s y n -  

t h e t i c   or  n a t u r a l   a l e x a n d r i t e ,   t he   red   o v e r t o n e s   w h i c h  

o b s c u r e   t h e   d a y l i g h t   g r e e n   c o l o r   a r e   s u b s t a n t i a l l y   e l i m i n a t -  

e d  b y   r o t a t i n g   two  a l e x a n d r i t e   s t o n e s ,   w h i c h   have   been   c u t  

p a r a l l e l   to  t he   "c"  c r y s t a l   p l a n e ,   by,  e . g . ,   90°  to   p r o d u c e  

a  c l e a r   i n t e n s e   b l u e - g r e e n   c o l o r .   The  s t o n e s   a r e   t h e n  

c e m e n t e d   t o g e t h e r   to  p r o d u c e   a  d o u b l e t   h a v i n g  a   c o l o r  

p l e a s i n g   to  t he   e y e .   A l t e r n a t i v e l y ,   t r i p l e t   c o n s t r u c t i o n s  



c o m p r i s i n g   an  o p t i c a l   r o t a t o r   p l a t e   s a n d w i c h e d   by  a t   l e a s t  

one  p l e o c h r o i c   m a t e r i a l   may  be  u s e d   to  o b t a i n   t h e   e n h a n c e d  

c o l c = s   and  o t h e r   u n u s u a l   o p t i c a l   p r o p e r t i e s .  

BRIEF  DESCRIPTION  OF  THE  DRAWING 

FIG.  1,  on  c o o r d i n a t e s   of  a b s o r p t i o n   in  cm-1  a n d  

w a v e l e n g t h   in  µm,  is  a  p l o t   of  t h e   a b s o r p t i o n   s p e c t r u m   o f  

s y n t h e t i c   a l e x a n d r i t e   in  p o l a r i z e d   l i g h t ;   a n d  

FIG.   2  i s   a  d i a g r a m m a t i c   s e c t i o n a l   v i ew  of  a  d o u b -  

l e t   gem  s t o n e   c o n s t r u c t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

One  of  t h e   m o s t   s p e c t a c u l a r   of  t h e   p l e o c h r o i c  

m i n e r a l s   is  a l e x a n d r i t e ,   B e A l 2 O 4 ,   c o n t a i n i n g   c h r o m i u m   ( C r 3 + )  

as  an  i m p u r i t y .   I t   is  one  of  t h e   few  t r i c h r o i c   m i n e r a l s ,  

t h a t   i s ,   e x h i b i t i n g   t h r e e   d i s t i n c t   c o l o r s   c o r r e s p o n d i n g   t o  

t h e   t h r e e   p o s s i b l e   p o l a r i z a t i o n   d i r e c t i o n s   of  l i g h t   t r a v e l -  

ing   t h r o u g h   i t s   o r t h o r h o m b i c   c r y s t a l   s t r u c t u r e .   T h e s e  

w i l l   be  d e s c r i b e d   h e r e   f o r   l a t e r   r e f e r e n c e .   We  use   t h e  

c r y s t a l   l a t t i c e   p a r a m e t e r   a s s i g n m e n t   of  F a r r e l l   et   a l .   i n  

A m e r i c a n   M i n e r o l o g i s t ,   48 ,   8 0 4 - 8 1 0   ( 1 9 6 3 ) ,   w h e r e   a  =  9 . 4 0 4  
0  0  0 
A,  b  =  5 . 4 7 6   A  and  c  =  4 . 4 2 7   A.  A  p o l i s h e d   cube   o f  

a l e x a n d r i t e   c o n t a i n i n g   a b o u t   0 . 0 5   t o   0 . 1   a t o m i c   p e r c e n t  
c h r o m i u m   s u b s t i t u t e d   f o r   a l u m i n u m   and  h a v i n g   d i m e n s i o n s   o f  

a b o u t   1  cm  on  an  e d g e ,   when  v i e w e d   in  t r a n s m i s s i o n   i n  

u n p o l a r i z e d   d a y l i g h t ,   w i l l   a p p e a r   b l u e   or  p u r p l i s h - b l u e   i n  

t he   "a"  d i r e c t i o n ,   o r a n g e   or  r e d d i s h - o r a n g e   in  t he   " b "  

d i r e c t i o n   and  g r e e n   or  r e d d i s h - g r e e n   in  t h e   "c"  d i r e c t i o n .  

I f   t he   same  cube   is  v i e w e d   in  t r a n s m i s s i o n ,   i l l u m i n a t e d   b y  

l i n e a r l y   p o l a r i z e d   w h i t e   l i g h t ,   i t   w i l l   a p p e a r   a  c l e a r  

y e l l o w   c o l o r   f o r   l i g h t   p o l a r i z e d   w i t h   t h e   e l e c t r i c   v e c t o r  

p a r a l l e l   to   t h e   "a"  d i r e c t i o n   ( i . e . ,   E l l a )   f o r   a l l  

d i r e c t i o n s   of  v i e w i n g   e x c e p t ,   of  c o u r s e ,   " a " ,   s i n c e   a s  

m e n t i o n e d   a b o v e ,   l i g h t   is  a  p u r e l y   t r a n s v e r s e   d i s t u r b a n c e  

and  t h e r e f o r e   l i g h t   t r a v e l i n g   a l o n g   a  c e r t a i n   d i r e c t i o n   c a n  

have   no  c o m p o n e n t   of  p o l a r i z a t i o n   in  t h a t   d i r e c t i o n .   S i m i -  

l a r l y ,   f o r   E | |b ,   t he   c o l o r   is  b l u e - g r e e n   and  f o r   E | | c ,   t h e  

c o l o r   is  v i o l e t .   T h u s ,   when  v i e w i n g ,   f o r   e x a m p l e ,   t h r o u g h  

t h e   "c"  d i r e c t i o n   in  u n p o l a r i z e d   l i g h t ,   b o t h   t he   E | | a  

( y e l l o w )   and  E | |  b   ( b l u e - g r e e n )   beams   a r e   s e e n   s i m u l t a n e o u s -  



l y ,   and  t h e   r e s u l t i n g   c o l o r   is  g r e e n .  
The  p o l a r i z e d   a b s o r p t i o n   s p e c t r a   w h i c h   g i v e   r i s e  

to   t h e s e   o b s e r v e d   c o l o r s   a r e   shown  f o r   a  t y p i c a l   p i e c e   o f  

s y n t h e t i c   a l e x a n d r i t e   in  FIG.   1 .  

In  the   p r e s e n t   i n v e n t i o n ,   as  i t   a p p l i e s   to  a  

m u l t i p l e t   gem  s t o n e   w h i c h   i n c o r p o r a t e s   p l e o c h r o i c   m a t e r i a l s ,  

t h e   f u n c t i o n   of  t h e   p l e o c h r o i c   m a t e r i a l s   is  to  a c t   a s  

s p e c t r a l l y   s e l e c t i v e   p o l a r i z e r s   by  a b s o r b i n g   l i g h t   o f  

p a r t i c u l a r   p o l a r i z a t i o n s   and  in  p a r t i c u l a r   s p e c t r a l   r e g i o n s  

in  o r d e r   to  m o d i f y   a s p e c t s   of  t he   c o l o r   of  t h e   r e s u l t i n g  

gem.  In  c e r t a i n   i n s t a n c e s   of  t h e   i n v e n t i o n ,   a l l   of  t h e  

e l e m e n t s   of  t he   m u l t i p l e t   a r e   of  t h e   same  m a t e r i a l ,   w h i l e   i n  

o t h e r   i n s t a n c e s ,   i t   is  d e s i r a b l e   to  c o m b i n e   e l e m e n t s   o f  

d i f f e r e n t   p l e o c h r o i c   m a t e r i a l s   in  t h e   same  g e m .  

D i s p l a y   o b j e c t s   i n c o r p o r a t i n g   t h e   t e a c h i n g s   h e r e i n  

a r e   a l s o   c o n t e m p l a t e d .   Such   d i s p l a y   o b j e c t s ,   l i k e   t h e   g e m  

s t o n e s   of  t h e   i n v e n t i o n ,   c o m p r i s e   at   l e a s t   two  o p t i c a l l y  

o r i e n t e d   e l e m e n t s   of  at   l e a s t   one  p l e o c h r o i c   m a t e r i a l .   T h e  

d o u b l e t   and  t r i p l e t   c o n s t r u c t i o n s   s e t   f o r t h   b e l o w   may  b e  

a d v a n t a g e o u s l y   e m p l o y e d   to   p r o d u c e   d i s p l a y   o b j e c t s   h a v i n g  

c o l o r s   p l e a s i n g   t o  t h e   e y e .   The  o p t i c a l l y   o r i e n t e d   e l e m e n t s  

of  t h e   d i s p l a y   o b j e c t s   may  be  f i x e d   w i t h   r e s p e c t   to  e a c h  

o t h e r   in  a  m a n n e r   s i m i l a r   to   t h a t   d e s c r i b e d   b e l o w   f o r   g e m  

s t o n e s .   For   e x a m p l e ,   a  s i m p l e   cube   c o m p r i s i n g   a p p r o p r i a t e l y  

c u t   and  o r i e n t e d   p l a t e s   w h i c h   a r e   t h e n   c e m e n t e d   t o g e t h e r   may  
be  f a b r i c a t e d .   A l t e r n a t i v e l y ,   t h e   e l e m e n t s   of  t h e   d i s p l a y  

o b j e c t s   may  be  d i s p o s e d   in  c o n t i n u o u s l y   v a r i a b l e   r o t a t i o n a l  

c o n f i g u r a t i o n   w i t h   r e s p e c t   to  e a c h   o t h e r .   For  e x a m p l e ,   t w o  

s i n g l e   c u b e s   c o m p r i s i n g   a p p r o p r i a t e l y   cu t   and  o r i e n t e d  

e l e m e n t s   r o t a t i o n a l l y   m o u n t e d   on  t he   same  a x i s   may  b e  

f a b r i c a t e d .  

l .   D o u b l e t   Gem  S t o n e s  

A  d o u b l e t   gem  s t o n e   is  s c h e m a t i c a l l y   d e p i c t e d   i n  

FIG.   2,  w h i c h   s h o w s ,   in  c r o s s - s e c t i o n ,   a  t o p   or  c rown   p o r -  
t i o n   1  w h i c h   is  d i s p o s e d   in  e f f e c t i v e l y   p e r m a n e n t   s e c u r e d  

r e l a t i o n ,   as  by  c e m e n t i n g ,   to  a  l o w e r   or  p a v i l l i o n   member   2 .  

I n t e r f a c e   or  m a t i n g   s u r f a c e s   3  of  p a r t s   1  a n d   2  a r e   f i r s t  

l a p p e d   and  p o l i s h e d   p r i o r   to  c e m e n t i n g   or  o t h e r w i s e   b o n d i n g  



p o r t i o n s   1  and  2  t o g e t h e r .   The  a c t u a l   gem  c u t   may  be  any  o f  

t h e   t y p e   u s u a l l y   e m p l o y e d ,   s u c h   as  b r i l l i a n t - c u t ,   e m e r a l d -  

c u t ,   and  t h e   l i k e ,   or  o t h e r   c u t s   e m p l o y i n g   f a c e t s   p r o d u c i n g  

a  s t o n e   p l e a s i n g   to   t he   e y e .  
One  u s e f u l   a p p l i c a t i o n   of  t h e   p r e s e n t   i n v e n t i o n   i s  

t h e   e n h a n c e m e n t   of  t h e   c o l o r   c h a n g e   p r o p e r t i e s   of  t h e   gem 

a l e x a n d r i t e .   In  h i g h l y   d o p e d   n a t u r a l   or   s y n t h e t i c  

a l e x a n d r i t e ,   t h e   d a y l i g h t   g r e e n   c o l o r   i s   o f t e n   o b s c u r e d   b y  

r e d   o v e r t o n e s ,   e s p e c i a l l y   in  t h i c k e r   s e c t i o n s .  

In  a c c o r d a n c e   w i t h   one  a s p e c t   of  t h e   i n v e n t i o n ,  

t h e   a l e x a n d r i t e   c r y s t a l   s e c t i o n   ( n a t u r a l   or   s y n t h e t i c )   to   b e  

f a b r i c a t e d   i n t o   a  f a c e t   gem,  s a y  a n   o p t i c a l l y   d e n s e ,   h i g h l y  

d o p e d   c r y s t a l ,   is  f i r s t   o r i e n t e d   by  m e a n s   of  v i s u a l   i n s p e c -  

t i o n ,   o p t i c a l   m e t h o d s   or  X - r a y   d i f f r a c t i o n   so  t h a t   t h e   t h r e e  

c r y s t a l   d i r e c t i o n s ,   " a " ,   "b"  and  " c " ,   a r e   k n o w n .   T h e  

c r y s t a l   is  t h e n   sawed   in  h a l f   p a r a l l e l   to   t h e   "c"  c r y s t a l  

p l a n e   ( i . e . ,   p e r p e n d i c u l a r   to  t h e   "c"  d i r e c t i o n ) .   T h e  

m a t i n g   s awed   s u r f a c e s   a r e   p o l i s h e d   f l a t   and  p l a c e d   in  c o n -  

t a c t   in  t h e i r   o r i g i n a l   o r i e n t a t i o n .   The  s t o n e ,   now  in  t w o  

p i e c e s ,   is  v i e w e d   in  t r a n s m i s s i o n   in  a  d i r e c t i o n   p e r p e n d i c u -  

l a r   to   t h e   saw  c u t .   One  of  t h e   p i e c e s   i s   t h e n   r o t a t e d   w i t h  

r e s p e c t   to  t h e   o t h e r .   I t   w i l l   be  f o u n d   t h a t   t h i s   r o t a t i o n  

p r o d u c e s   a  d r a m a t i c   c h a n g e   in  t h e   c o l o r   d i s p l a c e d   f rom  a  

r e d d i s h   or  r e d d i s h - g r e e n   c o l o r   w i t h   no  r o t a t i o n   to  a  c l e a r  

b l u e - g r e e n   c o l o r   w h i c h   w i l l   be  m o s t   i n t e n s e   w i t h   a  r o t a t i o n  

of  9 0 ° .   The  s t o n e   is  t h e n   r o t a t e d   by  some  a n g l e   6  so  as  t o  

p r o d u c e   t h e   d e s i r e d   d e g r e e   of  c o l o r   c h a n g e   in  t he   c o m p o s i t e ,  

and  t h e   two  m a t i n g   p o l i s h e d   s u r f a c e s   a r e   c e m e n t e d   t o g e t h e r  

u s i n g   a  s u i t a b l e   b o n d i n g   a g e n t .   T h i s   may  be  a n y  

t r a n s p a r e n t ,   c o l o r l e s s ,   s t r o n g   g l u e ,   s u c h   as  e p o x y ,   C a n a d a  

b a l s a m ,   p o l y m e t h y l   m e t h a c r y l a t e ,   c y a n o a c r y l a t e   or  o t h e r  

s a t i s f a c t o r y   m a t e r i a l .   O t h e r   a g e n t s   r e q u i r i n g   the  a p p l i -  

c a t i o n   of  h e a t ,   such   as  low  m e l t i n g   p o i n t   g l a s s e s   o r  

p o l y m e r s ,   may  a l s o   be  u s e d .   The  a n g l e   8  p r o d u c i n g   t h e  

b l u e - g r e e n   c o l o r   may  r a n g e   f rom  a b o u t   20°  to   1 6 0 ° .   The  m o s t  

i n t e n s e   c o l o r a t i o n   is  p r o d u c e d   o v e r   t h e   r a n g e   of  a b o u t   6 0 °  

to   1 2 0 ° ,   and  a c c o r d i n g l y ,   s u c h   r o t a t i o n   a n g l e   is  p r e f e r r e d .  

The  d o u b l e t   c r y s t a l   so  f o r m e d   is  t h e n   f a b r i c a t e d  



i n t o   t h e   d e s i r e d   f i n i s h e d   fo rm  by  c o n v e n t i o n a l   m e t h o d s   o f  

l a p i d a r y   a r t .   The  f a c e t i n g   is  done  in  s u c h   a  way  t h a t   t h e  

p l a n a r   g l u e   j o i n t   g e n e r a l l y   l i e s   in  t h e   s t o n e   p a r a l l e l   t o  

t h e   t a b l e   f a c e t   and  a t   a  p o s i t i o n   n e a r   t h e   f i r g l e   of  t h e  

s t o n e .   Some  c a r e   may  be  r e q u i r e d   d u r i n g   f a c e t   g r i n d i n g   a n d  

p o l i s h i n g   to   a v o i d   damage   to  t h e   g l u e   j o i n t   f r o m   e x c e s s i v e  

h e a t   or  m e c h a n i c a l   f o r c e ,   s i n c e   t h e   j o i n t   may  no t   in  g e n e r a l  

be  as  s t r o n g   or  h e a t   r e s i s t a n t   as  t h e   o r i g i n a l   m a t e r i a l .  

A l t e r n a t i v e l y ,   t he   s e p a r a t i o n   of  t h e   s t o n e   i n t o  

two  c o m p o n e n t s   may  be  made  p a r a l l e l   to  t h e   "a"  c r y s t a l  

p l a n e ,   in  w h i c h   c a s e   a  r e l a t i v e   r o t a t i o n   of  t h e   two  h a l v e s  

a r o u n d   an  a x i s   n o r m a l   to  t he   "a"  p l a n e   w i l l   p r o d u c e   a  d e e p  

p u r e   b l u e   c o l o r .   The  a n g l e   of  r o t a t i o n   a g a i n   may  v a r y   f r o m  

a b o u t   20°  to   1 6 0 ° .   The  most   i n t e n s e   c o l o r a t i o n   is  p r o d u c e d  

o v e r   t h e   r a n g e   of  a b o u t   60°  to  l 2 0 ° ,   and  a c c o r d i n g l y ,   s u c h  

r o t a t i o n   a n g l e   is  p r e f e r r e d .   H o w e v e r ,   i f   t h e   same  m e t h o d   i s  

f o l l o w e d   by  s e p a r a t i n g   the   s t o n e   p a r a l l e l   to  t h e   "b"  p l a n e , '  

l i t t l e   or   no  c o l o r   c h a n g e   w i l l   r e s u l t   f r o m   r o t a t i o n ,   a n  

o b s e r v a t i o n   w h i c h   w i l l   be  e x p l a i n e d   b e l o w .  

In  g e n e r a l ,   t he   two  c o m p o n e n t s   of  a  p l e o c h r o i c  

d o u b l e t   gem,  n a m e l y ,   t h e   c rown  ( t h e   u p p e r   or  t o p )   c o m p o n e n t  
and  t h e   p a v i l l i o n   ( t h e   l o w e r   or  b a c k )   c o m p o n e n t ,   a r e   b e s t  

made  f r o m   c r y s t a l s   c o n t a i n i n g   d i f f e r e n t   l e v e l s   of  d o p i n g .  

T h i s   is  b e c a u s e   in  mos t   s t a n d a r d   gem  c u t s ,   to  w h i c h   t h e  

p r e s e n t   i n v e n t i o n   is  p r i m a r i l y   a d d r e s s e d ,   t h e   c rown   s e c t i o n  

of  t h e   s t o n e   is  t h i n n e r   t h a n   t h e   p a v i l l i o n   s e c t i o n   a n d  

t h e r e f o r e   r e q u i r e s   d e e p e r   c o l o r i n g   to   p r o d u c e   an  o p t i m u m  

b a l a n c e d   c o l o r i n g   of  t h e   f i n i s h e d   gem  s t o n e .  

I t   is  a l s o   s o m e t i m e s   d e s i r a b l e   to   c o m b i n e   "a"  a n d  

"c"  a x i s   p l a t e s   in  t h e   same  s t o n e .   In  t h i s   c a s e ,   t he   c o l o r  

w i l l   v a r y   b e t w e e n   b l u e - g r e e n ,   when  t h e   "b"  d i r e c t i o n s   of  t h e  

two  p l a t e s   a r e   a t   90°  f rom  e a c h   o t h e r ,   to  v i o l e t ,   when  t h e  

"b"  d i r e c t i o n s   a r e   p a r a l l e l .  

The  d a y l i g h t   g r e e n   c o l o r   of  a l e x a n d r i t e   can  b e  

e n h a n c e d   mos t   e f f e c t i v e l y   by  u s i n g   two  n a t u r a l   or  s y n t h e t i c  

"c"  a x i s   a l e x a n d r i t e   p l a t e s   as  d e s c r i b e d   a b o v e ,   in  wh ich   t h e  

u p p e r   or  c r o w n   p l a t e   c o n t a i n s   f rom  1  to   5  t i m e s   as  much  

c h r o m i u m   as  t he   b o t t o m   p l a t e ,   and  t he   a n g l e   of  r e l a t i v e  



r o t a t i o n ,   e  ( m e a s u r e d   b e t w e e n   s i m i l a r   c r y s t a l l o g r a p h i c  

d i r e c t i o n s   in  t h e   u p p e r   and  l o w e r   p l a t e s )   l i e s   b e t w e e n   2 0 °  

and  1 6 0 ° .   The  c h r o m i u m   c o n c e n t r a t i o n   of  t h e   a l e x a n d r i t e  

c r y s t a l s   s h o u l d ,   in  g e n e r a l ,   be  in  t h e   r a n g e   of  f r o m   a b o u t  

0 . 0 0 5   to   1 .0   a t o m i c   p e r c e n t   s u b s t i t u t i o n   of  c h r o m i u m   f o r  

a l u m i n u m   i o n s .   The  p r e f e r r e d   c o n c e n t r a t i o n s   f o r   gems  w i t h  

f i n a l   d i m e n s i o n s   of  a b o u t   0 .2   to   2  cm  in  d i a m e t e r   a r e   a b o u t  

0 . 0 2   to   0 . 2   a t o m i c   p e r c e n t   c h r o m i u m   in  t h e   p a v i l l i o n   e l e m e n t  

and  a b o u t   0 . 0 6   to   0 .6   a t o m i c   p e r c e n t   in  t h e   c r o w n   e l e m e n t .  

In  g e n e r a l ,   t h e   s m a l l e r   s t o n e s   r e q u i r e   t h e   h i g h e r   c h r o m i u m  

c o n c e n t r a t i o n   to   p r o d u c e   i n t e n s e   c o l o r s .  

N a t u r a l   or  s y n t h e t i c   a l e x a n d r i t e   d o u b l e t   g e m  

s t o n e s   c o n s t r u c t e d   a c c o r d i n g   to  t h e   m e t h o d   of  t h e   p r e s e n t  

i n v e n t i o n   e x h i b i t   a  s t r i k i n g l y   p u r e   d a y l i g h t   g r e e n   c o l o r a -  

t i o n   w h i l e   s t i l l   p o s s e s s i n g   t h e   c h a r a c t e r i s t i c   r a s p b e r r y   o r  

c o l u m b i n e   r e d   c o l o r   of  a l e x a n d r i t e   when  i l l u m i n a t e d   b y  

i n c a n d e s c e n t   l i g h t   or  l i g h t   f r o m   a  wood  f i r e ,   o i l   lamp  o r  

c a n d l e .  

F u r t h e r m o r e ,   h i g h   d o p i n g   l e v e l s ,   up  to   1 . 0   a t o m  

p e r c e n t   and  h i g h e r   ( s u b s t i t u t i o n   of  Cr3+   f o r   A 1 3 + i n  

B e A 1 2 0 4 )   can   be  u s e d   to   o b t a i n   v e r y   d e e p   g r e e n   c o l o r s .   S u c h  

h i g h   c o n c e n t r a t i o n   l e v e l s   i n e v i t a b l y   c a u s e   s e r i o u s   o r  

c o m p l e t e   d e g r a d a t i o n   of  t h e   g r e e n   c o l o r   in  c o n v e n t i o n a l  

s i n g l e t   a l e x a n d r i t e   g e m s .  
T h u s ,   t h e   m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   can  b e  

u s e d   to  p r o d u c e   n a t u r a l   or  s y n t h e t i c   a l e x a n d r i t e   g e m s  
p o s s e s s i n g   u n p r e c e d e n t e d   c o l o r   c h a n g e   p r o p e r t i e s   n o t  

e q u a l l e d   by  c o n v e n t i o n a l l y   c u t   s i n g l e t   s t o n e s   of  w h a t e v e r  

o r i g i n   or  d e t a i l e d   c h e m i c a l   c o m p o s i t i o n .  

The  p r i n c i p l e s   by  w h i c h   t h e   p l e o c h r o i c   d o u b l e t  

f u n c t i o n s   can   be  i l l u s t r a t e d   u s i n g   t h e   a l e x a n d r i t e   e x a m p l e  

by  r e f e r e n c e   to  t h e   p o l a r i z e d   a b s o r p t i o n   c u r v e s   shown  i n  

F IG .   1  and  t h e   s c h e m a t i c   d o u b l e t   shown  in  FIG.   2.  I f   o n e  

c o n s i d e r s ,   f o r   e x a m p l e ,   a  "c"  a x i s   p l a t e   of  a l e x a n d r i t e  

v i e w e d   in  t r a n s m i s s i o n   p a r a l l e l   to   t h e   "c"  d i r e c t i o n   ( i . e . ,  

a t   r i g h t   a n g l e s   to  t h e   p l a t e ) ,   t h e   u n p o l a r i z e d   l i g h t   p a s s i n g  

t h r o u g h   t h e   p l a t e   w i l l   be  r e s o l v e d   by  t h e   c r y s t a l   i n t o   t w o  

o r t h o g o n a l l y   p o l a r i z e d   b e a m s ,   one  w i t h   E | |  a   and  t he   o t h e r   E | | b .  



V i e w e d   s e p a r a t e l y   ( a s   w i t h   a  p o l a r i z e r ) ,   t h e   E | | b   b e a m  

a p p e a r s   deep   b l u e - g r e e n   by  v i r t u e   of  t h e   r e l a t i v e l y   s t r o n g  

a b s o r p t i o n   of  t h i s   p o l a r i z a t i o n   in  t h e   y e l l o w - o r a n g e  

s p e c t r a l   r e g i o n   (X =   0 . 6 - 0 . 6 5   µm).  The  E | | a   beam,  v i e w e d  

s e p a r a t e l y ,   a p p e a r s   y e l l o w - o r a n g e   by  v i r t u e   of  t h e  

r e l a t i v e l y   low  a b s o r p t i o n   in  t h i s   s p e c t r a l   r e g i o n   c o m b i n e d  

w i t h   the   peak   in  human  v i s u a l   s p e c t r a l   r e s p o n s e ,   w h i c h  

o c c u r s   n e a r   t h e   same  s p e c t r a l   r e g i o n .   One  n o t e s   t h a t   b o t h  

p o l a r i z a t i o n s   t r a n s m i t   w i t h   l i t t l e   a b s o r p t i o n   in  t he   f a r   r e d  

s p e c t r a l   r e g i o n   (λ>  0 . 6 5  µ m ) .   Upon  l e a v i n g   the   p l a t e ,   t h e  

two  beams  r e c o m b i n e   a n d ,   in  t h i n   s e c t i o n s ,   t h e   c o l o r   s e n s a -  

t i o n   p r o d u c e d   is  g r e e n .   As  t h e   s e c t i o n   t h i c k n e s s   (o r   d o p a n t  

c o n c e n t r a t i o n )   i s   i n c r e a s e d ,   h o w e v e r ,   t h e   c o m p o s i t e   c o l o r  

b e c o m e s   i n c r e a s i n g l y   o r a n g i s h ,   due ,   f o r   t he   most   p a r t ,   t o  

o r a n g e   l i g h t   (X  =  0 . 6 - 0 . 6 5   pm)  t r a n s m i t t e d   by  t he   E | | a   b e a m  

w i t h   an  a b s o r p t i o n   c o e f f i c i e n t ,   a ,   l o w e r   t h a n   t h a t   f o r  

e i t h e r   beam  in  t h e   b l u e - g r e e n   t r a n s m i s s i o n   band  c e n t e r e d  

n e a r   λ=  0 .5  µm.  

The  i n t e n s i t y   of  t he   t r a n s m i t t e d   l i g h t   d e p e n d s  

e x p o n e n t i a l l y   on  t h e   p r o d u c t   of  t h e   a b s o r p t i o n   c o e f f i c i e n t  

and  the   s e c t i o n   t h i c k n e s s ;   t h a t   i s ,   I / I   =  e  -@X,  w h e r e   I o  
is   t he   i n c i d e n t   i n t e n s i t y ,   I  is   t h e   t r a n s m i t t e d   i n t e n s i t y ,  

a  i s   t he   a b s o r p t i o n   c o e f f i c i e n t   and  "x"  is  t he   s e c t i o n  

t h i c k n e s s .   T h u s ,   t h e   r a t i o   of  g r e e n   to  o r a n g e   l i g h t  

t r a n s m i t t e d   a l s o   v a r i e s   e x p o n e n t i a l l y   w i t h   t he   t h i c k n e s s  

s e c t i o n   " x " .   If   a  s e c o n d   "c"  a x i s   p l a t e   is  now  p l a c e d  

p a r a l l e l   to  t h e  f i r s t   and  o r i e n t e d   w i t h   b o t h   "a"  (or  " b " )  

d i r e c t i o n s   p a r a l l e l ,   t h e   e f f e c t   is  t h a t   of  a  s i m p l e   i n c r e a s e  

in  s e c t i o n   t h i c k n e s s .   I f ,   h o w e v e r ,   t he   s e c o n d   p l a t e   i s  

r o t a t e d   by  90°  r e l a t i v e   to  f i r s t   p l a t e   a r o u n d   t he   "c"  a x i s ,  

as  shown  in  FIG.   2,  t h e   p o l a r i z a t i o n s   of  t he   t w o  

t r a n s m i t t e d   beams  a r e   now  i n t e r c h a n g e d   as  t h e y   p a s s   f rom  o n e  

p l a t e   i n t o   t h e   o t h e r .   T h a t   i s ,   t h e   E  a  beam  in  t he   f i r s t  

p l a t e ,   wh ich   was  t r a n s m i t t e d   w i t h   r e l a t i v e l y   low  a b s o r p t i o n  

in  t he   o r a n g e   s p e c t r a l   r e g i o n ,   b e c o m e s   the   E  b  beam  in  t h e  

s e c o n d   p l a t e ,   and  as  such   e x p e r i e n c e s   s t r o n g   a b s o r p t i o n   o f  

i t s   o r a n g e   s p e c t r a l   c o m p o n e n t s .   S i n c e   n e i t h e r   p o l a r i z a t i o n  

e x p e r i e n c e s   s t r o n g   a b s o r p t i o n   in  t h e   b l u e - g r e e n   t r a n s m i s s i o n  



b a n d   c e n t e r e d   n e a r   X=  0 .5   µm  or  in  t h e   f a r   r e d   ( X > 0 . 6 5 p m ) ,  

t h e s e   c o l o r s   now  d o m i n a t e   t h e   c o m p o s i t e   t r a n s m i t t e d   s p e c t r a ,  
and   t h e   s t o n e   a p p e a r s   e i t h e r   g r e e n   u n d e r   i l l u m i n a t i o n s   s u c h  

as  s k y l i g h t   or  f l u o r e s c e n t   l i g h t ,   w h i c h   a r e   r i c h   in  g r e e n ,  

or   r ed   u n d e r   i l l u m i n a t i o n s   s u c h   as  c a n d l e l i g h t   o r  

i n c a n d e s c e n t   l i g h t ,   w h i c h  a r e   r i c h   in  t h e   r e d   and  p o o r   i n  

t h e   g r e e n - b l u e   s p e c t r a l   r e g i o n s .   T h u s ,   t h e   c l a s s i c a l  

a l e x a n d r i t e   i l l u m i n a t i o n - d e p e n d e n t   c o l o r   c h a n g e   e f f e c t   i s  

s o m e w h a t   f l a w e d   by  t h e   r e l a t i v e l y   low  a b s o r p t i o n   c o e f f i -  

c i e n t s   of  E | | c   and  E | | a   p o l a r i z a t i o n s   in  t h e   s p e c t r a l   r e g i o n  

of   X  =  0 . 6 - 0 . 6 5   µm  ( o r a n g e   to  r e d )   w h i c h   c a u s e s   t h e   e f f e c t  

t o   become  o b s c u r e d   in  t h i c k   s e c t i o n s   or  d e e p l y   c o l o r e d  

s t o n e s .   T h i s   f l a w   is   c o r r e c t e d   by  t h e   m e t h o d   of  t h e   p r e s e n t  

i n v e n t i o n   by  t h e   c o n t r o l l e d   t o t a l   or  p a r t i a l   a b s o r p t i o n   o f  

t h i s   E | | a   t r a n s m i s s i o n   by  r o t a t i o n a l   t r a n s f o r m a t i o n   of  t h i s  

beam  to  a  d i f f e r e n t   p o l a r i z a t i o n .  

We  have   f o u n d ,   in  t h e   c o u r s e   of  a  d e t a i l e d   s t u d y  

of   r o t a t e d   d o u b l e t   e f f e c t s   in  p l e o c h r o i c   m i n e r a l s ,   t h a t   a  

n u m b e r   of  d e s i r a b l e   c o l o r   m o d i f i c a t i o n s   s i m i l a r   in  o r i g i n   t o  

t h o s e   d e s c r i b e d   a b o v e   in  a l e x a n d r i t e   can   be  e f f e c t e d   by  t h e  

m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n .  

One  s u c h   c a s e   i n v o l v e s   d o u b l e t s   c o n s t r u c t e d   b y  

c e m e n t i n g   t o g e t h e r   one  p l a t e   of  "c"  or  "a"  a x i s   a l e x a n d r i t e  

w i t h   a n o t h e r   p l a t e   of  t o u r m a l i n e   c u t   so  t h a t   t he   t o u r m a l i n e  

"c"  a x i s   l i e s   in  t h e   p l a n e   of  t h e   p l a t e .   C e r t a i n   v a r i e t i e s  

of   t o u r m a l i n e ,   w h i c h   e x h i b i t   an  u n d e s i r a b l e   y e l l o w i s h - g r e e n  
c o l o r   a l o n e   can  be  made  to   c h a n g e   to  a  d e e p   p u r e   e m e r a l d  

g r e e n   c o l o r   by  v a r y i n g   t h e   a n g l e   of  r o t a t i o n   of  t h e  

t o u r m a l i n e - a l e x a n d r i t e   d o u b l e t ,   t h e   s t r o n g e s t   e f f e c t   o c c u r -  

r i n g   when  t h e   t o u r m a l i n e   "c"  a x i s   l i e s   p a r a l l e l   to  t h e  

a l e x a n d r i t e   "b"  a x i s .  

S i m i l a r l y ,   c e r t a i n   o t h e r   t o u r m a l i n e   v a r i e t i e s ,  

known  c o l l e c t i v e l y   as  w a t e r m e l o n   t o u r m a l i n e   b e c a u s e   t h e y  

c o n t a i n   r e g i o n s   of  b o t h   r e d   and  g r e e n   c o l o r   in  t he   s a m e  

c r y s t a l ,   can   be  c o m b i n e d   in  t h e   d o u b l e t   c o n f i g u r a t i o n   w i t h  

t h e   "a"  or  "c"  a x i s   a l e x a n d r i t e   p l a t e s   in  s u c h   a  way  as  t o  

i n c r e a s e   t h e   d e p t h   and  c o n t r a s t   of  t h e i r   u n i q u e   c o l o r a t i o n .  

T h i s   is  p a r t i c u l a r l y   u s e f u l   in  t h e   c a s e   of  l i g h t l y   c o l o r e d  



m a t e r i a l   w h i c h   is  o t h e r w i s e   of  good  q u a l i t y   bu t   a p p e a r s   p a l e  

and  low  in  c o l o r   c o n t r a s t .   A g a i n ,   t h e   e f f e c t   is  m a x i m i z e d  

when  t h e   t o u r m a l i n e   "c"  a x i s   l i e s   p a r a l l e l   to   t h e   a l e x a n -  

d r i t e   "b"  a x i s .  

The  c o l o r   t i n t   of  c e r t a i n   v a r i e t i e s   of  a q u a m a r i n e ,  

m o r g a n i t e ,   b e r y l  a n d   r u b y   c a n r b e   a d j u s t e d   by  c o m b i n i n g   t h e m  

w i t h   d i c h r o i c   p l a t e s   of  t o u r m a l i n e   or  c o r d i e r i t e   in  d o u b l e t  

c o n f i g u r a t i o n s   as  d e s c r i b e d   a b o v e ,   w i t h   t h e   r o t a t i o n   a n g l e  

b e i n g   a d j u s t e d   to   p r o d u c e   t h e   d e s i r e d   c o l o r .  

2.  T r i p l e t   Gem  S t o n e s  

T r i p l e t - g e m   s t o n e s   a c c o m p l i s h i n g   t h e   e f f e c t s  

d i s c u s s e d   a b o v e   f o r   p l e o c h r o i c   d o u b l e t s   c a n  b o   p r o d u c e d  

u s i n g   t he   v a r i a t i o n   of  t he   p r e s e n t   i n v e n t i o n   as  d e s c r i b e d  

b e l o w .   T h i s   v a r i a t i o n   r e l i e s   on  t h e   known  o p t i c a l   r o t a t o r y  

power   or  o p t i c a l   a c t i v i t y   of  a - q u a r t z   ( a n d   c e r t a i n   o t h e r  

c o m p o u n d s   of  t h e   same  c r y s t a l   s t r u c t u r e ,   s u c h   as  b e r l i n i t e )  

to   r o t a t i o n a l l y   t r a n s f o r m   t h e   p o l a r i z a t i o n   d i r e c t i o n s   o f  

l i g h t   beams  t r a v e l i n g   in  t h e   p l e o c h r o i c   m u l t i p l e t   gem  s t o n e .  

A  beam  of  l i n e a r a l l y   p o l a r i z e d   l i g h t   t r a v e l i n g   p a r a l l e l   t o  

t he   "c"  a x i s   in  a  c r y s t a l   of  a - q u a r t z   w i l l   s u f f e r   a  p r o -  

g r e s s i v e   r o t a t i o n   of  i t s   p l a n e   of  p o l a r i z a t i o n ,   d e p e n d i n g  

on  t h e   d i s t a n c e   t r a v e l e d   and  t h e   w a v e l e n g t h   of  t he   l i g h t .  

In  g e n e r a l ,   due  to  t h e   s o - c a l l e d   r o t a t o r y   d i s p e r s i o n ,   l i g h t  

of  s h o r t e r   w a v e l e n g t h   w i l l   s u f f e r   more  r o t a t i o n   in  a  g i v e n  

p a t h   l e n g t h   t h a n   l i g h t   of  a  l o n g e r   w a v e l e n g t h .  

The  e x a m p l e   of  t h e   a l e x a n d r i t e - q u a r t z - a l e x a n d r i t e  

t r i p l e t   w i l l   be  u s e d   to  i l l u s t r a t e   t h i s   a s p e c t   of  t h e  

p r e s e n t   i n v e n t i o n .   I t   w i l l   be  r e c a l l e d   t h a t   t h e   a l e x a n d r i t e  

d o u b l e t   f u n c t i o n s   by  t r a n s f o r m a t i o n   of  t h e   E | | a   beam  in  o n e  

e l e m e n t   i n t o   t h e   E | | b   beam  in  t h e   o t h e r   e l e m e n t   t h r o u g h  

a p p r o p r i a t e   r e l a t i v e   o r i e n t a t i o n   of  t h e   p l e o c h r o i c   d o u b l e t  

c o m p o n e n t s   and  t h e   c o n s e q u e n t   a b s o r p t i o n   of  l i g h t   in  t h e   X  = 

0 . 6 - 0 . 6 5   m  s p e c t r a l   r e g i o n   w h i c h   w o u l d   o t h e r w i s e   be  t r a n s -  

m i t t e d   by  s i n g l e   s e c t i o n s .   In  t h e   p r e s e n t   v a r i a t i o n ,   t h e  

r o t a t i o n a l   t r a n s f o r m a t i o n   is  a c c o m p l i s h e d   by  t h e   use   of  a  

q u a r t z   "c"  a x i s   p l a t e   i n t e r p o s e d   b e t w e e n   two  p l a t e s   o f  

s i m i l a r l y   o r i e n t e d   a l e x a n d r i t e .   The  t h i c k n e s s   of  t he   q u a r t z  

p l a t e   is  a d j u s t e d   so  as  to  p r o d u c e   a  r o t a t i o n   of  a p p r o x i -  



m a t e l y   90°  in   t h e   s p e c t r a l   r e g i o n   of  X=  0 . 6 - 0 . 6 5   µm.  T h e  

r o t a t o r y   p o w e r   in  t h i s   r e g i o n   is  a b o u t   20°  p e r   mm,  so  t h e  

r e q u i r e d   t h i c k n e s s   f o r   a  f u l l   90°  of  r o t a t i o n   is  a b o u t   4 . 5  

mm.  In  p r a c t i c e ,   we  have   f o u n d   t h a t   t h i n n e r   q u a r t z   p l a t e s  

( 0 . 5   mm  and  up)  can  a l s o   be  u s e d   i f   t h e   b a l a n c e   of  t h e  

r o t a t i o n   r e q u i r e d   is  made  up  by  p h y s i c a l   r o t a t i o n   of  t h e  

a l e x a n d r i t e   e l e m e n t s   of  t h e   t r i p l e t .   As  a  p r a c t i c a l   m a t t e r ,  

t h e   maximum  t h i c k n e s s   f o r   a  q u a r t z   p l a t e   e m p l o y e d   in  t r i p l e t  

gem  s t o n e s   is  a b o u t   10  mm.  The  p r e f e r r e d   p o s i t i o n   of  t h e  

q u a r t z   p l a t e   in  t h e   f i n i s h e d   gem  is   g e n e r a l l y   n e a r   t h e  

g i r d l e ,   and  t h e   c h r o m i u m   c o n c e n t r a t i o n   r a n g e s   and  r a t i o s  

d i s c u s s e d   a b o v e   in  c o n n e c t i o n   w i t h   a l e x a n d r i t e   d o u b l e t s   a l s o  

a p p l y .  

In  a d d i t i o n   to  e f f e c t i n g   t h e   c o l o r   v a r i a t i o n s  

p r o d u c e d   by  d o u b l e t s ,   we  f i n d   t h a t   s t r i k i n g   i n t e r f e r e n c e  

e f f e c t s   a r e   p r o d u c e d   by  p l e o c h r o i c   m a t e r i a l - q u a r t z   t r i p l e t s  

s u c h   t h a t   t h e   c o l o r   o f  t h e   s t o n e   c h a n g e s   r a p i d l y   w i t h   s l i g h t  

s h i f t s   in  v i e w i n g   a n g l e .  

EXAMPLES 

E x a m p l e   1 

An  a l e x a n d r i t e   d o u b l e t   gem  was  c o n s t r u c t e d   a s  
f o l l o w s .   Two  p o l i s h e d   "c"  a x i s   p l a t e s   of  s y n t h e t i c  

a l e x a n d r i t e ,  ' o n e   c o n t a i n i n g   0 .3   a t o m i c   p e r c e n t   c h r o m i u m   a n d  

t h e   o t h e r . c o n t a i n i n g   0 .1   a t o m i c   p e r c e n t   c h r o m i u m ,   w e r e  
c e m e n t e d   t o g e t h e r   u s i n g   e p o x y   g l u e   ( f o r m u l a ) ,   w i t h   a  9 0 °  

r e l a t i v e   r o t a t i o n   s u c h   t h a t   t h e   "a"  a x i s   in  one  p l a t e   l a y  

p a r a l l e l   to   t h e   "b"  a x i s   in  t h e   o t h e r   p l a t e .   A f t e r   a l l o w i n g  

a d e q u a t e   t i m e   f o r   t h e   epoxy   g l u e   to   c u r e ,   t h e   c o m p o s i t e   w a s  

f o r m e d   i n t o   a  s t a n d a r d   b r i l l i a n t - c u t   gem  by  c o n v e n t i o n a l  

l a p i d a r y   d i .amond  g r i n d i n g   and  p o l i s h i n g   t e c h n i q u e s .   U s i n g  

t h e   t r a d i t i o n a l   c r o w n   and  p a v i l l i o n   a n g l e s   f o r   c h r y s o b e r y l  

o r   a l e x a n d r i t e ,   t h e   u p p e r   or  c r o w n   p l a t e ,   c o n t a i n i n g   0 . 3  

a t o m i c   p e r c e n t   C r 3 + ,   had  a  f i n a l   t h i c k n e s s   in  t he   f i n i s h e d  

gem  of  1 . 5 3   mm,  and  t he   p a v i l l i o n   or  b a c k   p l a t e ,   c o n t a i n i n g  

0 .1   a t o m i c   p e r c e n t   C r 3 + ,   had  a  f i n a l   maximum  t h i c k n e s s   ( a t  

t h e   c u l e t   or  p o i n t )   of  4 . 5 8   mm.  The  g l u e   j o i n t   in  t h e  

f i n i s h e d   gem  was  p l a c e d   p a r a l l e l   to   t h e   t a b l e   or  t o p   f a c e t  

and  a t   t h e   l e v e l   of  t he   g i r d l e   or  w i d e s t   d i a m e t e r   of  t h e  



gem.  The  f i n i s h e d   gem  had  a  g i r d l e   d i a m e t e r   of  9 . 8   mm,  a  

t o t a l   h e i g h t ,   f rom  t a b l e   to  c u l e t ,   of  6 .1   mm  and  a  w e i g h t   o f  

a p p r o x i m a t e l y   4  c a r a t s   ( 0 . 8   g ) .   The  c o l o r   of  the   f i n i s h e d  

gem  was  d e e p   g r e e n   by  d a y l i g h t   or   f l u o r e s c e n t   l i g h t   and  d e e p  

r a s p b e r r y   r e d   when  i l l u m i n a t e d   by  an  i n c a n d e s c e n t   b u l b   o r  

c a n d l e l i g h t .  

E x a m p l e   2 

Two  s t a n d a r d   e m e r a l d   c u t   a l e x a n d r i t e   gems  w e r e  

p r o d u c e d   f o l l o w i n g   t h e   g e n e r a l   p r o c e d u r e s   o u t l i n e d   i n  

E x a m p l e   1.  In  t h i s   c a s e ,   b o t h   t h e   c r o w n   and  p a v i l l i o n  

e l e m e n t s   we re   "c"  a x i s   s y n t h e t i c   a l e x a n d r i t e   p l a t e s   c o n -  

t a i n i n g   0 . 0 5   a t o m i c   p e r c e n t   C r 3 + .   Bo th   s t o n e   nad  f i n a l  

w i d t h   and  l e n g t h   d i m e n s i o n s   of  10  and  12  mm,  r e s p e c t i v e l y .  

In  t h e   f i r s t   s t o n e   ( s t o n e   A),   t h e   "a"  a x i s   of  t h e   p a v i l l i o n  

or  b o t t o m   p l a t e   was  p a r a l l e l   to  t h e   w i d t h   d i m e n s i o n   of  t h e  

f i n i s h e d   gem,  as  was  t he   "b"  a x i s   of  t h e   c rown  p l a t e . .   I n  

t h e   s e c o n d   s t o n e   ( s t o n e   B) ,   t h e   "b"  a x i s   of  t he   p a v i l l i o n  

e l e m e n t   and  t h e   "a"  a x i s   of  t h e   c r o w n   e l e m e n t   were   b o t h  

p a r a l l e l   to  t h e   w i d t h   d i m e n s i o n ,   i . e . ,   t h e   r e v e r s e   of  s t o n e  

A.  Bo th   s t o n e s   a p p e a r e d   r a s p b e r r y   r ed   u n d e r   i n c a n d e s c e n t  

l i g h t   or  c a n d l e l i g h t   and  g r e e n   in  d a y l i g h t .   The  d a y l i g h t  

t i n t   of  s t o n e   A,  h o w e v e r ,   was  d e c i d e d l y   b l u i s h - g r e e n ,   w h i l e  

t h a t   of  s t o n e   B  was  more  of  a  p u r e   g r e e n .  

E x a m p l e   3 

In  t h i s   e x a m p l e ,   a  d o u b l e t   c o m b i n i n g   two  p l e o -  

c h r o i c   m a t e r i a l s   to  p r o d u c e   a  u n i q u e   e f f e c t   is  d e s c r i b e d .  

Two  e l e m e n t s ,   one  of  a  d i c h r o i c   n a t u r a l   a n d a l u s i t e   c r y s t a l  

and  one  of  a  c r y s t a l   of   t h e   b l u e ,   s t r o n g l y   p l e o c h r o i c  

v a r i e t y   of  c o r d i e r i t e   ( a l s o   known  as  i o l i t e   or  d i c h r o i t e )  

were   p l a c e d   t o g e t h e r   such   t h a t   t h e   s u r f a c e   p e r p e n d i c u l a r   t o  

t h e   o r a n g e - a p p e a r i n g   d i r e c t i o n   in  t h e   a n d a l u s i t e   c r y s t a l  

( c o n t a i n i n g   t he   o p t i c a l   X  d i r e c t i o n )   c o n t a c t e d   t h e   s u r f a c e  

p e r p e n d i c u l a r   to  t he   b l u e - a p p e a r i n g   d i r e c t i o n   in  t h e  

c o r d i e r i t e   c r y s t a l   ( a l s o   c o n t a i n i n g   the   o p t i c a l   X 

d i r e c t i o n ) .   (The  o p t i c a l   X  d i r e c t i o n   is  t he   p o l a r i z a t i o n  

d i r e c t i o n   of  l i g h t   w i th   t h e   s m a l l e s t   i n d e x   of  r e f r a c t i o n . )  

R o t a t i o n   of  t he   e l e m e n t s   s u c h   t h a t   t he   o p t i c a l   X  d i r e c t i o n s  

of  b o t h   c r y s t a l s   were   p a r a l l e l   p r o d u c e d   a  v i o l e t   c o l o r   by  



d a y l i g h t   i l l u m i n a t i o n ,   w h i c h   c h a n g e d   to   r e d   u n d e r  

i n c a n d e s c e n t   l i g h t .   T h u s ,   an  i l l u m i n a t i o n   c o l o r   c h a n g e  

e f f e c t   was  p r o d u c e d .  

A  s t a n d a r d   e m e r a l d - c u t   gem  s t o n e   m e a s u r i n g   6  x  5  mm 

is   p r o d u c e d   u s i n g   t h e   g e n e r a l   p r o c e d u r e s   o u t l i n e d   in  E x a m p l e  

1.  T h e  c r o w n   p l a t e   is   f o r m e d   f rom  t h e   a n d a l u s i t e   c r y s t a l   w i t h  

t he   p o l i s h e d   s u r f a c e   p e r p e n d i c u l a r   to   t h e   o r a n g e - a p p e a r i n g  

d i r e c t i o n   in  t h e   c r y s t a l   so  t h a t   t h e   p o l i s h e d   s u r f a c e  

c o n t a i n s   t he   o p t i c a l   X  d i r e c t i o n .   The  p a v i l l i o n   p l a t e   i s  

f o r m e d   f rom  t h e   c o r d i e r i t e   c r y s t a l   in  s u c h   a  way  t h a t   t h e  

o p t i c a l   X  d i r e c t i o n   of  t h e   c r y s t a l   a g a i n   l i e s   in  t h e   p l a n e  

of  t he   p l a t e .   The  p l a t e s   a r e   c e m e n t e d   t o g e t h e r   so  t h a t   t h e  

o p t i c a l   X  d i r e c t i o n s   of  b o t h   c r y s t a l s   l i e   p a r a l l e l   in  t h e  

f i n i s h e d  g e m   and  a l o n g   t h e   l o n g   d i m e n s i o n .   The  f i n i s h e d   gem 
is  a  p l e a s i n g  v i o l e t   c o l o r   by  d a y l i g h t   i l l u m i n a t i o n ,   w h i c h  

c h a n g e s   to  r e d  u n d e r  i n c a n d e s c e n t   l i g h t .  

E x a m p l è   4 

In  t h i s  e x a m p l e ,   a  q u a r t z   r o t a t o r   p l a t e   is  u s e d   t o  

a c c o m p l i s h   a  p a r t   of  t h e   r o t a t i o n a l   t r a n s f o r m a t i o n   o f  

p o l a r i z a t i o n s  i n   an  a l e x a n d r i t e - q u a r t z - a l e x a n d r i t e   t r i p l e t .  

Two  c u b e s   of  a l e x a n d r i t e ,   8  mm  on  e d g e ,   w i t h   e d g e s   o r i e n t e d  

p a r a l l e l   t o  t h e   " a " ,   "b"  and  "c"  d i r e c t i o n s ,   were   p l a c e d   o n  

e i t h e r   s i d e   of  a  4  mm  t h i c k   "c"  a x i s   a - q u a r t z   p l a t e   s u c h  

t h a t   t h e   s u r f a c e   p e r p e n d i c u l a r   to  t h e   "c"  a x e s   of  t h e   c u b e s  

c o n t a c t e d   t h e   s u r f a c e   p e r p e n d i c u l a r   to  t h e   "c"  a x i s   of  t h e  

p l a t e .   A l i g n m e n t   of  t h e   c u b e s   s u c h   t h a t   t h e i r   "a"  a x e s   w e r e  

p a r a l l e l   p r o d u c e d   t h e   c h a r a c t e r i s t i c   g r e e n   c o l o r   u n d e r   d a y -  

l i g h t   i l l u m i n a t i o n   and  t h e   c h a r a c t e r i s t i c   r a s p b e r r y   r e d  

c o l o r   u n d e r   i n c a n d e s c e n t   i l l u m i n a t i o n ,   when  v i e w e d   a l o n g   t h e  

"c"  a x i s .   When  v i e w e d   a t   a n g l e s   s l i g h t l y   o f f   t he   "c"  a x i s ,  

c o l o r   f r i n g e s   a p p e a r e d ,   and  t h e   c o l o r   c h a n g e d   t o  

r e d d i s h - o r a n g e   u n d e r  d a y l i g h t   i l l u m i n a t i o n .  

A  s t a n d a r d   b r i l l i a n t - c u t   gem  s t o n e   is  p r e p a r e d   a s  

f o l l o w s .   A  c r o w n   p l a t e   of  "c"  a x i s   s y n t h e t i c   a l e x a n d r i t e  

c o n t a i n i n g   0 . 1 5  a t o m i c   p e r c e n t   c h r o m i u m   is  c e m e n t e d   to  o n e  

s i d e   of  a  2  mm  t h i c k   "c"  a x i s   a - q u a r t z   p l a t e .   To  t h e   o t h e r  

s i d e   o f . t h e   q u a r t z   p l a t e   i s   c e m e n t e d   a  p a v i l l i o n   p l a t e   o f  

"c"  a x i s   s y n t h e t i c   a l e x a n d r i t e   c o n t a i n i n g   0 . 0 5   a t o m i c  



p e r c e n t   c h r o m i u m   and  o r i e n t e d   w i t h   i t s   "a"  a x i s   r o t a t e d   4 5 °  

f rom  t he   "a"  a x i s   of  t he   c r o w n   p l a t e   in  a  d i r e c t i o n  

p r o d u c i n g   t h e   c h a r a c t e r i s t i c   c o l o r   c h a n g e   ( t h e   d i r e c t i o n   o f  

r o t a t i o n   r e q u i r e d   w i l l   d e p e n d   on  w h e t h e r   r i g h t   o r  

l e f t - h a n d e d   r o t a t i n g   q u a r t z   is   u s e d ) .   The  c o m p o s i t e   s o  

p r o d u c e d   is  t h e n   f a b r i c a t e d   i n t o   a  15  mm  d i a m e t e r  

b r i l l i a n t - c u t   gem  s t o n e ,   w i t h   t h e   q u a r t z   p l a t e   p a r a l l e l   t o  

t h e   t a b l e   f a c e t   and  l y i n g   a t   a  d e p t h   s u c h   t h a t   i t   i s  

c e n t e r e d   a t   t h e   g i r d l e   p l a n e .  

The  r e s u l t i n g   gem  a p p e a r s   t h e   c h a r a c t e r i s t i c   g r e e n  
c o l o r   in  d a y l i g h t   when  v i e w e d   a t   r i g h t   a n g l e s   to  t he   t a b l e  

f a c e t ,   bu t   c h a n g e s   to  r e d d i s h - o r a n g e   if   r o t a t e   by  a  s l i g h t  

a n g l e .   U n d e r   i n c a n d e s c e n t   i l l u m i n a t i o n ,   t h e r e   is  a  d e c i d e d  

c o l o r   c h a n g e   to  t h e   c h a r a c t e r i s t i c   r a s p b e r r y   red   c o l o r .  



1.  A  m u l t i p l e   element  t r a n s p a r e n t   o p t i c a l   d i s p l a y   o b j e c t  

compris ing  a  gem  stone  having  at  l e a s t   two  o p t i c a l l y   o r i e n t e d   e l e m e n t s  

of  at  l e a s t   one  p l e o c h r o i c   m a t e r i a l ,   said  o r i e n t e d   e lements   b e i n g  

e i t h e r   p h y s i c a l l y   r o t a t e d   with  r e s p e c t   to  each  o the r   over  a  range  o f  

about  20°  to  1600  or  s e p a r a t e d   by  an  o p t i c a l l y   a c t i v e   r o t a t o r   m a t e r i a l .  

2.  A  mu l t i p l e   element  t r a n s p a r e n t   d i s p l a y   o b j e c t   c o m p r i s i n g  

at  l e a s t   two  o p t i c a l l y   o r i e n t e d   elements   of  at  l e a s t   one  p l e o c h r o i c  

m a t e r i a l ,   said  o r i e n t e d   elements   being  e i t h e r   f i x e d l y   mounted  w i t h  

r e s p e c t   to  each  o ther   such  that   one  element  is  r o t a t e d   with  r e s p e c t  

to  the  other   by  an  angle  ranging  from  about  20°  to  1600  or  d i s p o s e d  

in  c o n t i n u o u s l y   v a r i a b l e   r o t a t i o n a l   c o n f i g u r a t i o n   with  r e s p e c t   t o  

each  o t h e r .  

3.  A  d i sp l ay   o b j e c t   accord ing   to  e i t h e r   of  claims  a n d   2 ,  

in  which  said  at  l e a s t   one  p l e o c h r o i c   element  is  s e l e c t e d   f rom 

a l e x a n d r i t e ,   a n d a l u s i t e ,   a x i n i t e ,   b e r y l ,   c h r y s o b e r y l ,   c o r d i e r i t e ,  

d i c h r o i t e ,   emerald,  ep ido t ,   k y a n i t e ,   p e r i d o t ,   ruby,  s i n h a l i t e ,   spodumene,  

tourmal ine   o r  z o i s i t e .  

4.  A  d i sp lay   o b j e c t   accord ing   to  any one  of  claims  1  to  3,  

compris ing  two  elements  of  at  l e a s t   one  p l e o c h r o i c   m a t e r i a l   p h y s i c a l l y  

r o t a t e d   with  r e spec t   to  each  o t h e r .  

5.  A  d i sp l ay   o b j e c t   accord ing   to  claim  4,  in  which  said  two 

elements  comprise  a l e x a n d r i t e ,   each  element  c o n t a i n i n g   chromium  i n  

the  c o n c e n t r a t i o n   range  of  about  0.005  to  1.0  atom  p e r c e n t   s u b s t i t u t i o n  

for  aluminum,  said  e l e m e n t s  b e i n g   o r i e n t e d   s u b s t a n t i a l l y   p a r a l l e l   to  

c r y s t a l   p lanes  which  con ta in   the  "b"  c r y s t a l   d i r e c t i o n   and  r o t a t e d   w i t h  

r e s p e c t   to  each  other   over  a  range  of  about  20°  to  1600. 

6.  A  d i sp lay   ob j ec t   a cco rd ing   to  claim  4,  in  which  one  e l e m e n t  

comprises  tourmal ine   o r i e n t e d   at  r i g h t   angles  to  the  "c"  plane  and 

the  second  element  comprises   e i t h e r   "a"  axis  or  "c"  axis  a l e x a n d r i t e .  

7.  A  gem  stone  accord ing   to  e i t h e r   of  claims  1 and  3  c o m p r i s i n g  

three  e lements ,   two  of  which  comprise  at  l e a s t   one  p l e o c h r o i c   m a t e r i a l  



and  the  th i rd   an  o p t i c a l l y   a c t i v e   r o t a t o r   m a t e r i a l   i n t e r p o s e d   b e t w e e n  

said  two  e l e m e n t s .  

8.  A  d i sp l ay   ob j ec t   accord ing   to  claim  2,  a d d i t i o n a l l y  

compris ing   an  o p t i c a l l y   a c t i ve   r o t a t o r   m a t e r i a l   d isposed  between  s a i d  

at  l e a s t   two  e l e m e n t s .  

9.  A  gem  stone  accord ing   to  e i t h e r   of  claims7  and  8,  i n  

which  said  r o t a t o r   m a t e r i a l   comprises  a - q u a r t z .  
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