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79605 
of t h e   U n i t e d   S t a t e s   i n t o   t h e   g r e a t  war known a s  

Summrx 

With t h e   a i d  of many of the   people  who were i n -  
vo lved ,   t h i s   pape r  i s  a n   a t t e m p t   t o   r e c o r d   t h e   h i s -  
t o r y  Of t h e   q u a r t z   c r y s t a l   i n d u s t r y   i n   t h e  USA, A l -  
t hough   c rys t a l   un i t s  were i n   u s e  a t  l e a s t  a decade 
ear l ier ,  the   beginning   of   the   quar tz   c rys ta l   indus-  
t r y   i n   t h e  USA can l o g i c a l l y   b e   d a t e d  November 1941 
when the   Quar t z   Crys t a l   Sec t ion  was o r g a n i z e d   i n   t h e  
Of f i ce   o f   t he   Ch ie f   S igna l   Of f i ce r .  

The h i s t o r y   o f   t h e   i n d u s t r y  is t r a c e d  from its 
o r i g i n   w i t h   t h e   d i s c o v e r y   o f   p i e z o e l e c t r i c i t y  by t h e  
Cur i e   b ro the r s   i n   1880-81   t o   t he   p re sen t  time. Spe- 
c i a l   emphas i s  is p laced  upon the  problems  which  were 
encountered  and  overcome  in   creat ing  an  industry  cap-  
a b l e  of meet ing   the  demands o f   t h e  Armed Se rv ices  of 
t h e   U n i t e d   S t a t e s   a n d   t h e i r  Allies dur ing  WW 11. 

The record   o f   coopera t ion  among t h e   l a r g e   a c d  
small industr ies ,   governmental   agencies ,   the   armed 
Services, u n i v e r s i t i e s   a n d   i n d i v i d u a l   c i t i z e n s   i n -  
s p i r e s   c o n f i d e n c e   t h a t   t h e  most cri t ical  problem 
a n  be   so lved   wi th   coopera t ion ,   dedica t ion   and  
e f f o r t  . 

In t roduc t ion  

The  August 2 3 ,  1943 i s s u e   o f  LIFE Magazine 
c a r r i e d   t h e   f o l l o w i n g  l e t t e r  t o   t h e   e d i t o r :  

S i r s :   I n   p r o p o r t i o n   t o   s i z e   t h e s e  l i t t l e  g l a s s  
l i k e   q u a r t z  wafers a r e   p e r h a p s   t h e  most r e m r k -  
a b l e  of a l l   t h e   t o o l s   s c i e n c e   h a s   g i v e n   t o  war. 
When the   s to ry   o f   t he   a lmos t   i nc red ib l e   p ro -  
gress   in   research   and   manufac ture   o f   rad io   c rys-  
t a l s  can  be t o l d ,  it w i l l  prove t o   b e  a t a l e   o f  
one  of t h e  war's grea tes t   ach ievements .  No less 
s i g n i f i c a n t  w i l l  be t h e   f r u i t   o f   t h e s e   a d v a n c e -  
ments t o  a new world a t  peace  where  crystals  
will b e   t h e   v i b r a t i n g   h e a r t s   o f  most  telecom- 
munication  equipment.  Gerald James Holton, 
Harvard  University,  Cambridge, Mass. 

The " s t o r y "   t o  which Prof.   Holton s o  prophet- 
i c a l l y   r e f e r r e d   h a s   n o t   b e e n   t o l d   a n d   p e r h a p s   c a n  
n e v e r   b e   t o l d   i n   d e t a i l .   M a c L a u r i n ,   i n   t h e  book 
INVENTION AND INNOVATION I N  THE RADIO INDUSTRY, 
one   of   the   books   in   the  MIT s tud ie s   o f   i nnova t ion ,  
p u b l i s h e d   i n  1949, does  not  even  mention  piezoelec- 
t r i c i t y  o r  t h e   q u a r t z   c r y s t a l   u n i t .   B u t   P r o f .  
Holton's  prophecy  concerning  the  peace  t ime  uses 
o f   " t h o s e   l i t t l e   g l a s s   l i k e  wafers" has   been   fu l -  
f i l l e d  f a r  beyond  anything  that   he   could  have  fore-  
seen .  

The f o r t i e t h   a n n i v e r s a r y  of t h e   e n t r a n c e  

- 
World War I1 provides   an   appropr ia te   occas ion   to  
r ev iew  the   " inc red ib l e   p rog res s"   t o  which D r .  Hol- 
t on   r e fe r r ed   even   t hough   qua r t z   c rys t a l   un i t s  were 
known and   i n   l imi t ed   u se  more than  a decade  before 
t h a t   d a t e .  The 1939 dec is ion   of   the  Armed Se rv ices  
of t h e   U n i t e d   S t a t e s   t o   c o n v e r t  i ts radio  equipment 
t o   c r y s t a l   c o n t r o l   r e s u l t e d   i n   t h e   c r e a t i o n  of  an 
indus t ry  which u l t imate ly   p layed   an   impor tan t   ro le  
i n   t he   v i c to ry   o f   t he   A l l i ed   Fo rces   ove r   t he  A x i s  
Powers. 

The yea r s  1980-81 a r e   a l s o   t h e   c e n t e n n i a l  of 
t h e   y e a r s   i n  which the   Cur i e   b ro the r s   d i scove red  
t h e   p i e z o e l e c t r i c   e f f e c t ;   t h e   d i r e c t   e f f e c t  i n  1880 
and   t he   conve r se   e f f ec t  i n  1881. 

I t  is f i t t i n g ,   t h e r e f o r e ,   t h a t  w e  should a t  
t h i s   t i m e  look back upon the  development  of  an i n -  
dus t ry   wh ich ,   i n  nany r e s p e c t s ,  is unique;  an  indus- 
t r y   s t a f f e d   f o r   t h e  most part by people who were c o t  
t r a i n e d   s c i e n t i s t s  or engineers .  Or. t h e   c o n t r a r y  
they  were  bar tenders ,  lamp shade  manufacturers,  wood 
workers ,   s tone   cu t te rs ,   mechanics   and ,   above   a l l ,  
amateur   rad io   opera tors  or "hams". With a few  pro- 
f e s s i o n a l s ,  most of whom knew l i t t l e  more than   they  
abou t   p i ezoe lec t r i c i ty   and   w i th  a t o t a l l y   u n s a t i s -  
f a c t o r y   b a s i s   o f   s c i e n t i f i c   i n f o r m a t i o n ,   t h e s e   e n t r e -  
p reneur s   t ack led  a job  which  would  have  taxed  the 
a b i l i t y  of t h e  most  advanced  and  best   equipped  in- 
d u s t r i a l   c o n c e r n   i n   t h e   n a t i o n .  And t h e y   c a r r i e d  
it o f f .  But l e t  us  start a t  the   beginning .  

Ea r ly   H i s to ry   o f   P i ezoe lec t r i c i ty  

Very soon after its d iscovery   the   Cur ies   de-  
v i s e d   s e v e r a l   i n s t r u m e n t s   u t i l i z i n g   t h e   p i e z o e l e c -  
t r i c   e f f e c t .  One of   these was t h e   p i e z o e l e c t r i c  
vol tmeter .   Another  was the   p i ezoe lec t rome te r  which 
l a t e r  became the   bas i c   i n s t rumen t   u sed  by P i e r r e   a n d  
Mar i e   Cur i e   i n   t he i r  work  which l e d   t o   t h e   d i s c o v e r y  
of Radium. Othe rwise ,   fo r  more than   t h ree   decades  
t h e   p i e z o e l e c t r i c   e f f e c t   r e m a i n e d   l i t t l e  more than  
a labora tory   cur ios i ty .   Fur ther   deve lopments   had  
t o  await t h e   i n v e n t i o n   o f   t h e   t r i o d e  vacuum tube .  

A f t e r   t h e  Curies t h e  first a p p l i c a t i o n   o f   t h e  
p i e z o e l e c t r i c   e f f e c t  was made by P ro f .  P. Langevin 
i n   F r a n c e   i n  1917. Iangevin  used  X-cut   plates   of  
q u a r t z   t o   g e n e r a t e   a n d   d e t e c t   s o u n d  waves in   wa te r .  
H i s  ob jec t  was t o   p r o v i d e  a means f o r   d e t e c t i n g   s u b -  
mar ines   and   h i s  work l e d   t o   t h e  development  of SONAR 
and t o   t h e   s c i e n c e   o f   u l t r a s o n i c s ,   t h e   r e s u l t s   o f  
which a r e  still making h e a d l i n e s   ( v i z .  , t h e   r e c e n t  
announcement  of t he   success fu l   u se   o f   u l t r a son ic  
imaging i n  mammography) . 

I angev in ' s  work s t i m u l a t e d   o t h e r s   t o   i n v e s t i g a t e  
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t h e  phenomenon of   resonance   in   p iezoe lec t r ic   c rys-  
t a l s .  Amocg those  who became i n t e r e s t e d  were A .  
M .  Nicholson of the  Bel l   Telephone  Laborator ies   and 
P r o f .  W .  G ,  Cady a t  Wesleyan Universi ty .   Both men, 
working  with  Rochelle sa l t ,  observed  the  react ion  of  
t h e   r e s o n a n t   p i e z o i d  on t h e   d r i v i n g   c i r c u i t   a n d   b o t h  
a p p l i e d   f o r   p a t e r t s   b a s e d  upon t h e i r   o b s e r v a t i o n s .  
Subsequent l i t i g a t i o n   r e s u l t e d   i n  a l e g a l   d e c i s i o n  
i n   f a v o r  of  Nicholson who is t h e r e f o r e   c o n s i d e r e d   t o  
be   t he   i nven to r  of t h e   p i e z o e l e c t r i c   o s c i l l a t o r .  

I n  l919 Cady use a q u a r t z   p i e z o i d   t o   c o n t r o l   t h e  
f r equency   o f   an   o sc i l l a to r   and   i n  a s e r i e s  of pa- 
p e r s   d u r i n g   t h e   n e x t   t h r e e   y e a r s   h e   d e s c r i b e d   t h e  
use  of   quartz  bars and   p l a t e s  as  frequency  s tandards 
and wave f i l ters .  It is g e n e r a l l y   a c c e p t e d   t h a t  
Cady was t h e  first t o   u s e  a q u a r t z   p i e z o i d   t o  con- 
t r o l   t h e   f r e q u e n c y   o f   a n   o s c i l l a t o r   c i r c u i t ,  

Both  Kicholsor.  and Cady used  devices  which 
would  today  be  cal led  nonol i thic   resonators   having 
two s e t s  of   e lec t rodes  on t h e  same c r y s t a l .  I t  re- 
mained f o r   P r o f .  G ,  W ,  Pierce  of  Harvard  University 
t o  show, i n   1 9 2 3 ,   t h a t  a quar tz   p la te   wi th   on ly  one 
s e t  of e lec t rodes   could   be  made t o   c o n t r o l   t h e   f r e -  
q u e n c y   o f   a n   o s c i l l a t o r   c i r c u i t   u s i n g   o n l y  one  vac- 
uum tube .   P i e rce ' s   c i r cu i t   has   p robab ly   been   u sed  
more t h a n   a n y   o t h e r   q u a r t z   c r y s t a l   o s c i l l a t o r   c i r -  
c u i t .  

Oddly enough,  none  of  the c i r c u i t s  was under- 
s tood  by its i n v e n t o r   u n t i l  Prof .  K .  S .  Van Dyke, 
a s tuden t  ar.d colleague  of  Cady, showed i n  1925 
t h a t   t h e  two e l e c t r o d e   p i e z o e l e c t r i c   r e s o n a t o r  i s  
t h e   e l e c t r i c a l   e q u i v a l e n t  of a s e r i e s   r e s o n a n t   c i r -  
cu i t   shun ted  by a capac i to r .  He was a b l e   t o  re la te  
t h e   e l e c t r i c a l   p a r a m e t e r s   o f   t h e   e q u i v a l e n t   c i r c u i t  
t o  t he   phys i ca l   p rope r t i e s   o f   t he   p i ezo id .   Th i s  
information  in   the  hands  of   Vigoreux,   Wright ,   Terry 
and   o the r s   l ed   t o   t he   unde r s t and ing   o f   t he   p i ezo -  
e l e c t r i c   r e s o n a t o r  o r  p i e z o i d   a n d   t o  i ts  use both 
a s  a p t s s ive   and  as  a n   a c t i v e   c i r c u i t   e l e m e n t .  

The  importance of t he   d i scove r i e s   o f  Cady, 
Nicholson  and  Pierce  did  not   go  unnot iced.   In   1923 
the   Bel l   Te lephone   Labora tor ies   es tab l i shed  a 
qua r t z   l abo ra to ry   and   t he   Gene ra l   E lec t r i c  Company 
d id   l i kewise   t he   fo l lowing   yea r .  One o f   t h e   i n -  
d i v i d u a l s  who r ecogn ized   t he   po ten t i a l   o f   t he   qua r t z  
c r y s t a l   u n i t  was August E .  Mi l l e r .   I n   1923   Mi l l e r  
l e f t   t h e   o p t i c a l   b u s i n e s s  where  he  had become an  ex- 
p e r t   i n   g r i n d i n g   q u a r t z   l e n s e s   t o   g o   i n t o   t h e   b u s i -  
ness  of making q u a r t z   c r y s t a l   b l a n k s   f o r   a m a t e u r  
r a d i o   o p e r a t o r s  or "hams" : the   only  market  which 
t h e n   e x i s t e d   f o r   t h e  new dev ice .  I t  a p p e a r s   t h a t  
"Augie" Miller may have  been  one  of t h e  first in-  
d i v i d u a l s   t o  go i n t o   t h e   b u s i n e s s  of making qua r t z  
crystal  u n i t s .  

I n  1926 t h e  A .  T. & T .  r a d i o   s t a t i o n  WEAF i n  
New York C i t y  became t h e   f i r s t   r a d i o   s t a t i o n   i n   t h e  
U n i t e d   S t a t e s   t o   c o n t r o l  its frequency  with a q u a r t z  
c r y s t a l   u n i t .   W i t h i n  a few y e a r s   a l l   r a d i o  sta- 
t i o n s  went t o   c r y s t a l   c o n t r o l   t h u s   p r o v i d i n g   a n o t h e r  
small market f o r   q u a r t z   c r y s t a l   u n i t s .  

Before 1926 a l l  crystal u n i t s  were  X-cut bars 
o r   p l a t e s .   I n   t h a t   y e a r  E .  D ,  T i l l y e r   o f   t h e  Amer- 
i can   Op t i ca l  Co. discovered  the  Y-cut .  The  temp- 
e ra tu re - f r equency   coe f f i c i en t   o f   t he  Y-cut is about 
+l00 ppm pe r  CO whereas t h a t   o f   t h e  X-cut is about 
-20 ppm pe r  C o .  T h i s   f a c t   n a t u r a l l y   s u g g e s t e d   t h e  

p o s s i b i l i t y   o f  making p i e z o i d s ,   t h e   f r e q u e n c i e s   o f  
which  would  be  independent  of  temperature  and s o  
work was s t a r t e d   i n   s e v e r a l   p l a c e s   t o   e x p l o i t   t h e  
idea .  

During  the  year   1927  Prof .   Gerald Fox of t h e  
Univers i ty   o f  Iowa  spoke t o  a convention  of "hams" 
on t h e   t o p i c  "The P i e z o e l e c t r i c   F r o p e r t i e s  of  
Quar t z" .  H i s  t a l k   s t i m u l a t e d  some of t h e  hams t o  
try t o  make t h e i r  own c r y s t a l   u n i t s .  One of  them 
was E .  L .  ( A l )  Shide ler   o f  Manson,  Iowa who not 
only  succeeded  in  doing so b u t   c o n t i n u e d   t o  do s o  
u n t i l   h e   r e t i r e d   f o r t y   y e a r s   l a t e r .   A n o t h e r  was 
B i l l  Pe te rson   of   Counci l   Bluf fs ,  Iowa who founded 
the   Pe te rson   Radio  Co. and   con t inued   t o  make crys- 
t a l  u n i t s   u n t i l   h i s   r e c e n t   d e a t h .   S t i l l   a n o t h e r  
was Herb  Hollister  of  Merriam,  Kansas who continued 
t o  make c r y s t a l   u n i t s   u n t i l   t h e   e n d  of W W I I .  Th i s  
l ist i s  doubt less   incomplete .  

The i n t e r e s t   o f   r a d i o  amateurs and   rad io  
b roadcas t e r s   c r ea t ed  a mini-market f o r   c r y s t a l  
u n i t s   a n d   s e v e r a l  small bus inesses  were e s t ab l i shed  
t o   s a t i s f y   t h e  demand. One of   these  was t h e  
Miller L a b o r a t o r i e s   s t a r t e d  by August Miller i n  
the   year   1928.  

In   January  1930 QST p u b l i s h e d   a n   a r t i c l e  
by J .  Herbe r t   (Herb )   Yo l l i s t e r   en t i t l ed  "Debunking 
Crys t a l   Con t ro l "   i n  which  he  pointed  out "its u t t e r  
s impl i c i ty"   and   desc r ibed  how a ham could make h i s  
own c r y s t a l   u n i t .   D u r i n g   t h e  same year   F .  Dawson 
B l i l e y   f o u n d e d   t h e   B l i l e y   E l e c t r i c  Co. t o   s u p p l y  
c r y s t a l   u n i t s   m a i n l y   t o   t h e   a m a t e u r   m a r k e t .  Today 
t h e   B l i l e y  firm is headed by sons  of   the  founder  
a n d   c o n t i n u e s   t o  be  one  of t h e  most r e spec ted  com- 
p a n i e s   i n   t h e   b u s i n e s s .  

I n  1931 Herbert   Blazier  founded  Monitor  Piezo 
P r o d x t s  Co. and  began t o   s u p p l y   c r y s t a l   u n i t s   t o  
hams, r a d i o   s t a t i o n s   a n d  two-way communication 
systems on t h e  West Coast. Monitor   cont inues  to-  
day  under  the  direction  of  John W .  Blazier ,   son  of  
t h e   f o u n d e r  of t h e  company. A l s o   i n  1931, Theo- 
dore  S .  Valpey   es tab l i shed   the   Valpey   Crys ta l  Co. 
which s t i l l  cont inues  as the  Valpey-Fisher  Corp. 
unde r   t he   d i r ec t ion   o f   t he  son of   the   founder ,  Mr. 
Ted Valpey, Jr. 

I n  1931, D r .  W .  A .  P a r l i n ,   P r o f e s s o r  of Phys- 
i c s  a t  Dickinson   Col lege   in   Car l i s le ,  PA and  three 
of h i s   s t u d e n t s ,  Ed Minnich, Howard Bair and 
Charles  Fagan  decided t o  try t o  make c r y s t a l   u n i t s  
for  t h e i r  ham r i g s .  They  were a s s i s t e d  by  Grover 
C .  Hunt,  an amateur l a p i d i s t  who was employed by 
t h e   c o l l e g e  as an   engineer .  Not only  were  they 
s u c c e s s f u l   b u t   i n   t h e   f o l l o w i n g   y e a r  Hunt  produced 
t h e  first commercial u n i t s   t o   b e  made i n   t h e  Car- 
l i s l e   a r e a .  A l l  of t h e   q u a r t z   c r y s t a l   o p e r a t i o n s  
i n   t h e   C a r l i s l e  area a re   d i r ec t   descenden t s   o f  
H u n t ' s   o r i g i n a l   e f f o r t s .  

I n  1932 Leon Faber ,  who had  taken  up  the hobby 
of amateur r a d i o   i n  1913, began t o  make c r y s t a l  
u n i t s   i n  Sandwich, I L .  His first customers  were 
o t h e r  hams. When WW I1 broke  out   Faber   forned a 
par tnership  with  James  Knights  who owned and  oper- 
a t e d  a ba t te ry   shop   in   Sandwich .   Thei r   e f for t s  
produced t h e  James k i g h t s  Co. which became one  of 
t h e   l a r g e s t   c r y s t a l   m a n u f a c t u r e r s   i n   t h e   w o r l d .  
It  cont inues  today as  t h e  CTS-Knights  Co. 

The c r y s t a l   u n i t s   o f   t h e   d a y   w e r e   e i t h e r  X -  o r  
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Y-cut p l a t e s  mounted loosely  between  two  metal 
p l a t e s  which  served as  e l ec t rodes .  With s u i t a b l e  
t empera tu re   con t ro l   f r equency   s t ab i l i t i e s   o f  a few 
ppm could  be  achieved.  This was a v a s t  improvemert 
o v e r   t h e   f r e e   r u n n i n g   o s c i l l a t o r s   o f   t h e  time but  
the  temperature   control   equipment  was expensive,  
cumbersome and power  consuming.  Furthermore,  the 
c o n s t r u c t i o n   o f   t h e   u n i t s  made them s u s c e p t i b l e   t o  
t h e   e f f e c t s  of   v ibra t ion   and   prec luded   the i r   use   in  
a i r c ra f t   and   o the r   mob i l e   sys t ems .  

Meanwhile  work  had  continued t o   t r y   t o   f i n d  
ways of making u n i t s  which  would  be less s u s c e p t i -  
b l e   t o   t he   e f f ec t s   o f   t empera tu re   changes .   In   1929  
W .  A ,  Marrison  of  the Bel l  Telephone  Laboratories 
d e s c r i b e d   t h e  f irst  q a r t z   p i e z o i d   w i t h  a low  temp- 
e r a t u r e   c o e f f i c i e c t .  I t  was made i n   t h e  form  of a 
doughnut  and was la ter  used a s   t h e   i s o c h r o n o u s   e l e -  
ment of t h e  first c r y s t a l   c l o c k ,  It  d i d   n o t ,  hou- 
e v e r , p r o v e   p r a c t i c a l   f o r   g e n e r a l   u s e .   E f f o r t s   t o  
develop a p r a c t i c a l   u n i t   h a v i n g  a low frequency- 
t empera tu re   coe f f i c i en t  were s u c c e s s f u l   i n  19% 
when t h e  AT- and  W-cuts   were  discovered  indepen-  
d e n t l y  by Koga in   J apan ,  by Bechmann and   S t raubel  
i n  Germany and by Lack ,   Wi l l a rd   and   Fa i r   i n   t he  
Un i t ed   S t a t e s .  Two y e a r s   l a t e r  Baldwin  and Bok- 
ovoy of RCA introduced  the  V-cut .  

S h o r t l y   t h e r e a f t e r  G ,  W ,  Thurston of t h e  
Bell  Te lephone   Labora tor ies   d i scovered   tha t  a 
q u a r t z   p l a t e   o f   t h e   r o t a t e d  Y-cut  family  could  be 
r i g i d l y   s u p p o r t e d  between  two metal p l a t e s  by 
clampirg it a t  a few poin ts   near   the   edge   and   thus  
provid ing   an  a i r  space   be tween  the   quar tz   p la te  
and   t he  metal e l ec t rode .   A l though   s l i gh t ly  more 
d i f f i c u l t   t o   p r o d u c e ,   t h e  clamped,  low  temperature 
c o e f f i c i e n t   p l a t e s  were s u i t a b l e   f o r   m o b i l e   a p p l i c -  
a t i o n s   a n d   t h i s   i n c r e a s e d   t h e   m a r k e t   f o r   c r y s t a l  
u n i t s .  

I n   r e s p o n s e   t o   t h e  new market  several  new  com- 
panies  were  formed. Among them  was Standard  Pie-  
zo  Co. ,   the  first c r y s t a l  company i n   t h e  Carlisle, 
PA area ;   o rganized  by Grover Hunt and Linwocd  Gagne 
i n  1935. I n   t h e  same y e a r   t h e   G e n e r a l   E l e c t r i c  Co.,  
which  had e s t a b l i s h e d  a qua r t z   l abo ra to ry   i n   1924 ,  
d e c i d e d   t h a t   t h e   c r y s t a l   u n i t  was r e a d y   f o r  commer- 
c i a l   p roduc t ion  a;ld a s s igned  it t o   t h e  G .  E .  Iab-  
o r a t o r i e s  a t  Schenectady, NY u n d e r   t h e   d i r e c t i o n  
of C ,  F .  Baldwin. In   add i t ion   t o   u r . i t s   p roduced  
f o r   i n t e r n a l   u s e ,  a few were s o l d  on t h e  open 
market. 

One of   the   mos t   impor tan t   in f luences  on t h e  
development  of  the crystal i n d u s t r y   i n   t h e   p e r i o d  
1935-40 was the   Ga lv in  Mfg. Co. (Motorola).  Mr. 
Dan Noble ,   ex-professor   o f   E lec t r ica l   Engineer ing  
a t  the   Un ive r s i ty   o f   Connec t i cu t ,  was convinced 
t h a t   c r y s t a l   c o n t r o l  was e s s e n t i a l   t o   e f f e c t i v e  two 
way r a d i o  communication. I n   o r d e r   t o   o b t a i n   t h e  
c r y s t a l   u n i t s  which  he  needed f o r   h i s  new two-way 
systems  he  persuaded Mr. Galvin t o   p l a c e   o r d e r s   w i t h  
a n d   i n  some cases t o   s u b s i d i z e  a number o f   i cd iv id -  
u a l s  who had some e x p e r i e n c e   w i t h   c r y s t a l   u n i t s .  
Among t h e s e  were E .  L ,  Sh ide le r   o f   Fo r t  Dodge, I A ,  
Herb   Hol l i s te r   o f   Wichi ta ,  KS and "Ted" Tedford  of 
C i n c i n n a t i ,  OH. 

Production  methods i n   u s e  a t  t h e  time were 
q u i t e   p r i m i t i v e .   O r i e n t a t i o n  was done  with r e f e r -  
e n c e   t o   t h e   n a t u r a l  faces of the   c rys t a l   and   con-  

sequen t ly   on ly   f aced   qua r t z   c rys t a l s   cou ld   be   u sed .  
The usual  procedure was t o  de t e rmine   t he   o r i en ta t -  
i o n   w i t h   r e s p e c t   t o  a rhombehedral  face  using a 
p r o t r a c t o r   t o   m e a s u r e   t h e   a n g u l a r   p o s i t i o n .  Saw- 
ing  was done  with a r o t a t i n g   b l a d e   i n  a s l u r r y  of 
s i l i c o n   c a r b i d e   a n d   o i l   o r  water. The b l ades  were 
usual ly   of   copper   a l though  other  metals were  used 
and a t   l e a s t  one  innovator  of  the  day  used  old 78 
rpm phonograph  records. The c r y s t a l  was he ld  a t  
the   approximate   angle  by cementing it t o  a g l a s s  
p l a t e   w i th  wax or p las t e r   Pa r i s   and  a t e s t   c u t  was 
made. The r e s u l t i n g   p l a t e  was lappad by hand  un- 
til it would o s c i l l a t e  when placed  between  metal  
e l ec t rodes ,   t he   uppe r  one  of  which was c a l l e d  a 
"penny  plate"  because  of i ts  shape   and   s ize .  Once 
o s c i l l a t i o n  was obta ined ,   the   t empera ture  was 
changed  by means of a h a i r   d r y e r  or with  dry ice 
and  the  direction  of  frequency  change  noted.  Then 
t h e  saw, which  had  remained i d l e   d u r i n g   t h e   p r o c e s s ,  
was readjus ted   and   another  test  p l a t e   c u t .  The 
process  was r e p e a t e d   u n t i l  a s a t i s f a c t o r y   a n g l e  
was found  and, i f  any   quar tz   remained ,   t ,he   c rys ta l  
was sawed i n t o  wafers. Although  s imple  in   pr in-  
c i p l e ,   t h i s  method  of o r i e n t a t i o n   h a d  two s e r i o u s  
a i sadvantages ;  it was slow  because  the saw was i d l e  
for   long   per iods   o f  time a n d   t h e   t e s t   r e s u l t s  were 
of ten  ambiguous  because  of   the  effects   of   twinning 
and  of  coupled  modes. Even a t  b e s t ,   t h e   a c c u r a c y  
was poor.  

I n  a shor t   t ime it was d i scove red   t ha t   Po la r -  
ized   l igh t   could   be   used   in   de te rmining   the   angle .  
By pass ing  a beam o f   p l ane   po la r i zed   l i gh t   t h rough  
the   b l ank   i n   t he   X-d i r ec t ion   t he   ang le   be tween   t he  
p1ar.e of   the   b lank   acd   the   Z-axis   can  be  determined 
with  an  accuracy  of a few t e n t h s  of  a degree.   The 
u s e   o f   p o l a r i z e d   l i g h t   g r e a t l y   i n c r e a s e d   t h e   p r o -  
d u c t i v i t y   o f   t h e   f a c t o r y   a n d   t h e   q u a l i t y   o f   t h e  
product .  

A s  t he   marke t   fo r   c rys t a l   un i t s   expanded  ir, 
t h e   l a t e   t h i r t i e s ,   t h e  need for   mechanizat ion  in-  
creased.  The first crude saws were  improvised 
f rom  mi l l ing   machines ,   sur face   g r inders ,   and  drill 
pres ses .   La te r   t hese   were   t u rned  on t h e i r   s i d e s ,  
f i t t e d   w i t h  diamond blades  and  equipped  with cross- 
f e e d  compounds from  mill ing  machines.   Eventually 
t h e   D e l t a  Mfg. Co.,  with  the  encouragement  of E l m e r  
Wavering  of  Motorola,  produced 5000 drill p r e s s  
s a w s .  S t i l l  l a t e r  the   Fe lker   Corp .  (now Fe lke r  
Operat ions)   produced  the  Felker  Dimet saw, opera t -  
i ng  on t h e  same p r i n c i p l e   b u t   i n c o r p o r a t i n g   r e -  
f inements  making it a be t te r   p roduct ion   machine .  

After a s l i c e  of q u a r t z ,   c a l l e d  a wafer, was 
c u t   f r o m   t h e   c r y s t a l  it was etched  with  hydroflu-  
o r i c   a c i d   t o   r e v e a l   t h e   p r e s e n c e  of  twinning  and 
o t h e r   d e f e c t s  which  were  marked out   and  discarded.  
The remaining  port ion  of   the  wafer  ( i f  any) was 
then   d i ced   i n to   b l anks   r ang ing   i n   s i ze   f rom 1.5 t o  
3 cm. The t y p i c a l   y i e l d  was 20 t o  30 blanks   per  
k i log ram  o f   qua r t z   cos t ing   abou t   t h i r ty   do l l a r s .  
Ur fo r tuna te ly ,  many b e a u t i f u l ,   f u l l y   f a c e d   c r y s t a l s  
proved t o  b e   u s e l e s s   b e c a u s e   o f   e l e c t r i c a l   a n d  op- 
tical twinning  which  could  not   be  detected  unt i l  
t h e   c r y s t a l  was sawed in to   wafe r s .  

Blanks  were  lapped by hand  on a r o t a t i n g  cast i r o n  
p l a t e   c a l l e d  a "s tooging   wheel"   us ing   s i l i con  car- 
bide  and water as  a s l u r r y .  After a few  hours  of 
work, t h e   o p e r a t o r   o f  a stooging  wheel was usua l ly  
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c o n t r i b u t i n g   b l o o d   t o   t h e  slurry f rom  h is /her   f in -  
g e r   t i p s ,  Many s t range  and  wonderful   devices  were 
used t o   r e p l a c e  hand  lapping.   Louis   Pat la  of DX 
C r y s t a l   C o . ,   t h e   f i r s t   t o   p r o d u c e  crystal u n i t s   i n  
t h e   C h i c a g o   a r e a ,   r e c a l l s  making a lapping  machine 
from an  o ld   b read  dough mixer.  But  most  of  the 
e a r l y   l a p s  were made from drill pres ses .  A crank 
was i n s e r t e d   i n t o   t h e  chuck  and  used t o   d r i v e  a 
meta l   car r ie r   be tween two f l a t ,   a n n u l a r  cast irm 
p l a t e s   w h i l e   a b r a s i v e   s l u r r y  was f e d   i n   t h r o u g h  
h o l e s   i n   t h e   t o p   p l a t e .  Metal c a r r i e r s  were r e -  
p laced  by p l a s t i c   o n e s  when it was d i s c o v e r e d   t h a t ,  
i f   t h e  two metal   p la tes   were  insulated  f rom  each 
o t h e r ,   t h e   q u a r t z   p l a t e s  would  announce t h e i r  own 
f r e q u e n c i e s   i n  a r a d i o   r e c e i v e r .  Socl? t h e  Atlas 
Machine Co. began  producing drill press   l aps   and  
t h e  Atlas l a p  became t h e  most commor.ly used  lap- 
ping  machine i n   t h e   i n d u s t r y .   I n  1938 t h e  P. R .  
Hoffman Co. was organized  to   produce  machinery  for  
the   expanaing   indus t ry .  One of i ts  first products 
was t h e  Hunt-Hoffman p l a n e t a r y   l a p  which i s  st i l l  
widely  used t o k y  wi thou t   subs t an t i a l   mod i f i ca t ion .  

Frequency  measurements  were made by  determin- 
ing   the   d i f fe rence   be tween  the   f requency   of   the  
t e s t   b l a n k   a n d   t h a t   o f  some reference  f requency 
such a s  a secondary   f requency   s tandard   cons is t ing  
of a one MHz c r y s t a l   u n i t   c o n t r o l l i n g  a frequency 
gene ra to r  which  developed a set of   radio  f requen-  
c i e s   h a v i r e   i n t e g r a l   m u l t i p l e s  of  10 kHz. Measure- 
ment of t he   d i f f e rence   f r equency ,   de t ec t ed  by a 
r a d i o   r e c e i v e r ,  was a major  problem  which was 
solved i n  var lous  ways. One of t h e   e a r l y  mar.u- 
f a c t u r e r s ,  E .   L .  Sh ide le r ,   u sed   t he   f ami ly   p i ano  
as  a n   i n t e r p o l a t i o n   o s c i l l a t o r .  More a f f l u e n t  
manufacturers   could  procure  an  excel lent   analog 
frequency  meter  from  General  Radio Co. and  within 
a short  time  David  Packard  and William Hewlett  de- 
ve loped   the  HP-ZOO a u d i o   o s c i l l a t o r  which  not  only 
met a r.eed i n   t h e   q u a r t z  crystal i n d u s t r y   b u t   a l s o  
launched  the  Hewlett-Packard  Corportaion. 

F ina l   ad jus tmen t   t o   f r equency  was done  using 
a p i e c e   o f   p l a t e   g l a s s  as a l a p   a n d   s i l i c o n   c a r b i d e  
o r  emery as a n   a b r a s i v e .  The ope ra to r   app l i ed  
f o r c e  a t  d i agona l ly   oppos i t e   co rne r s   o f   t he   b l ank  
while moving it i n  a figure 8 motion on t h e   g l a s s  
plate   thereby  unknowingly  reducing  the  thickness  
a t  t h e  edges and  creat ing  the  contour   which is es-  
s e n t i a l   i n   t h i c k n e s s   s h e a r   p l a t e s   i n  which t h e  
th i ckness  i s  not small compared  with  the l a te ra l  
a imens ions .   F in ish ing   to   f requency  was a n  exas- 
p e r a t i n g   e x e r c i s e .  The   f requency   of   the   p la te  is 
de termined   pr imar i ly ,   bu t   no t   exc lus ive ly ,  by t h e  
thickness .   But   the  ampli tude o r  "ac t iv i ty"   de-  
pends upon t h e  l a te ra l  dimensions.   Frequent ly  
the   b l ank   has  low a c t i v i t y  when a d j u s t e d   t o   t h e  
nominal  frequency  and  edge  grinding is requ i r ed .  
But  edge  grinding  has a second   o rde r   e f f ec t  on t h e  
f requency   which   of ten   sk ips   to  a higher   f requency 
making the   b l ank   unuseab le   fo r   t he   des i r ed   pu rpose .  
T h i s  phenomenon,  which is commonplace and well 
understood  today,  was i n  1935 va r ious ly   a sc r ibed  
t o  demons o r  t o   t h e   p e r v e r s i t y   o f   i n a n i m a t e   m a t t e r .  

Never the less ,   wi th   pa t ience ,   exper ience   and  
luck  a s k i l l e d   f i n i s h e r   c o u l d   s o m e t i m e s   f i n i s h   t o  
frequency as  many as twenty crystal un i t s   pe r   day .  
And s o  with  primitive  equipment  and  methods  and 
l i t t l e  o r  no  understanding  of  the phenomena involv-  
e d ,   t h e   c r y s t a l   i n d u s t r y   i n   t h e   U n i t e d   S t a t e s  

produced  an  estimated 100,000 crystal u n i t s   d u r i n g  
t h e   y e a r  1939. 

I t  i s  q u i t e   i m p o s s i b l e   t o  trace t o   t h e i r  or- 
i g i n s  many o f   t he   i nnova t ions  which were devised  
d u r i n g   t h i s   p e r i o d .  Many t echn iques ,   t hough t   t o  
b e   o r i g i n a l  by t h e i r   i n v e n t o r s ,  were l a t e r  r epor t ed  
t o  have  been in   use   e l sewhere  a t  a n   e a r l i e r   d a t e .  
T h i s   s i t u a t i o n  was p a r t l y  due t o   t h e   d e s i r e   t o   k e e p  
as a t r a d e   s e c r e t   a n y   i n n o v a t i o n  which  reduced  the 
cos t   o r /and   improved   the   p roduct ;   and   par t ly   to   the  
l a c k  of  a n y   e f f e c t i v e  means of  communication  be- 
tween the   va r ious   en t r ep reneur s .  After the   Un i t ed  
S t a t e s  became i n v o l v e d   i n   t h e  war pa t r io t i sm  took  
precedence   over   indus t r ia l   secrecy   and   wi th   on ly  
one or two no tab le   excep t ions   coope ra t ion   r a the r  
than  compet i t ion became t h e   r u l e .  

The  Quartz Crystal Sec t ion  

The d e c i s i o n   t o  make l a r g e  scale use  of crys- 
t a l  c o n t r o l   i n   m i l i t a r y  communication  systems was 
made l a t e   i n  1939. The Armed Services  had  consid- 
e r e d   c r y s t a l   c o n t r o l   b e f o r e   b u t   t h e   i d e a  was always 
r e j e c t e d  on t h e   b a s e s  of (1) l a c k   o f   f l e x i b i l i t y ,  
(2 )  cos t ,   and  ( 3 )  u n a v a i l a b i l i t y .   I n   t h e  summer 
of 1939, d u r i n g   f i e l d  maneuvers in   Tennessee ,  com- 
p a r a t i v e  tests were made of FM vehicular   rad io   eq-  
u ipment ,   wi th   and   wi thout   c rys ta l   cont ro l ,  About 
t h e  same time some crystal control led  equipment ,  
captured  f rom  the German Army by t h e   B r i t i s h ,  was 
s e n t   t o  Wright F i e l d   f o r   e v a l u a t i o n .  The r e s u l t  
o f   t h e s e   t e s t s  was t h e   d e c i s i o n   t o   c o n v e r t  a l l  m i l -  
i t a ry   r ad io   equ ipmen t  t o  crystal con t ro l .   Th i s  
was about  two years   before   Pear l   Harbor  Day (Dec. 
7 ,  1941) a n d   a f t e r   t h e  war i n  Europe was a i r eady  ~; ,f, 

under way. 

The wisdom of   thifddecis ion was emphasized . by -'L' ,<  
Major  General  Roger B . 4 o l t o n  a t  t h e  Chicago Con- 
f e rence  on J u l y  11-12, 194% when, d e s p i t e  a l l  of 
the  problems  which  had by ther,  been  encountered, 
some of which were s t i l l  unsolved,  he  could  say: 

r ad ios   fo r   w idesp read   t ac t i ca l   u se   has   been  
more t h a n   j u s t i f i e d  by t h e  results obta ined .  
The Army had r a d i o   b e f o r e   t h e y  had crystals. 
Now t h e  Army has  communications.   That 's   the 
d i f f e r e n c e .  Crystals gave  us  communications." 

Be fo re   t he   Un i t ed   S t a t e s   had   s e r ious ly   s t a r t ed  

"Our d e c i s i o n   t o   g o   i n t o   c r y s t a l   c o n t r o l l e d  

rearming   representa t ives   o f   the   Br i t i sh   Purchas ing  
Agency came t o   t h e   U n i t e d   S t a t e s   t o   o b t a i n   e q u i p -  
ment f o r   t h e  Armed Se rv ices   o f   t he  U .  K .  One p iece  
of  equipment  which  they  ordered was a VHF t r a n s -  
m i t t e r - r e c e i v e r   f o r  a i rcraf t  use  employing 4. crys- 
tal u n i t s   i n   t h e   t r a n s m i t t e r   a n d  4 i n  t h e   r e c e i v e r .  
The  equipment was made by t h e  Bendix  Corp.  and  the 
c r y s t a l   u n i t s  were t h e  DC-11  and   the  DC-l2 t ypes .  
T h i s  se t ,  with a few  modif icat ions became t h e  SCR- 
522, t h e  most important   a i rborne set i n   t h e  U.S. 
A i r  Force  and its c r y s t a l   u n i t  became t h e  C R - l .  

A s  t h e  war i n  E u r o p e   i n c r e a s e d   i n   i n t e n s i t y  
it became appa ren t   t ha t   t he   Un i t ed   S t a t e s   migh t  
soon be   involved .  The p res su re  on t h e   f l e d g l i n g  
c r y s t a l   i n d u s t r y   i n c r e a s e d  as it was asked   to   sup-  
p l y   c r y s t a l   u n i t s   f o r   t h e   A l l i e d   F o r c e s  a s  we l l  as  
our  own. I t  became c l e a r   d u r i n g   t h e   l a t t e r  months 
of l941 t h a t  a s e r i o u s   b o t t l e n e c k  was developing 
and  that  something  must  be  done t o   e x p e d i t e   t h e  
p r o d u c t i o n   o f   c r y s t a l   u n i t s .  
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If any date can be a s c r i b e d   t o   t h e   b e g i n n i n g  
o f   t h e   q u a r t z   c r y s t a l   i n d u s t r y   i n   t h e   U n i t e d   S t a t e s  
it is probably l a t e  October o r  e a r l y  November l941 
when the   Quar t z   Crys t a l   Sec t ion  (QCS) was organized 
i n   t h e   O f f i c e   o f   t h e   C h i e f   S i g n a l   O f f i c e r  (OCSIGO). 
I t  was headed  by L t .  Col.  James D .  O’Connel  and 
house in   B ldg .  Temporary A a t  Buzzard’s   Point   near  
t h e   o l d  Army War College  in  Washington. The mission 
of t h e  QCS was t o   exped i t e   t he   p roduc t ion   o f   qua r t z  
c r y s t a l   u n i t s   t o  meet the   requi rements   o f   our  Armed 
S e r v i c e s   a n d   t h o s e   o f   t h e   A l l i e s .  The first prob- 
lem was t h a t  of f ind ing   pe r sonne l  who could  solve 
the   t echn ica l   p rob lems   and   gu ide   t he   i ndus t ry   wh ich  
was t o  be.  The o r i g i n a l   g r o u p   o f   c i v i l i a n s   i n   t h e  
QCS included: 

m. 
Dr. Mr. 
Dr. 
Dr. 

Dr. 

Cl i f ford   Frondel   o f   Harvard   Univers i ty  
Richard  Stoiber  of  Dartmouth  College 
Sam Gordon of the   Ph i l ade lph ia  Museum of 
Natural History,   and 
William F’arrish  of  the  Pennsylvania  State 
Un ive r s i ty ,  a l l  of whom were  mineralogis ts .  

Wally Richmond and Mr. Hugh Waesche,  both 
of whom were g e o l o g i s t s .  

Carl Bertsch  of  Newark College  of  Engineer- 
ing, a phys ic i s t   and  Mr. E ,  K .  Woods of t h e  
Pa ten t  Agency. 

Among t h e   O f f i c e r s   i n i t i a l l y   a s s i g n e d   t o   t h e  QCS 
were : 

Capt. E .  W .  Johnson Capt .   Charles  Miller 
Lt.   Les Atlass L t .  Wi l l i e  Doxey 

The t a s k  of t h i s   g r o u p  was t o   o r g a n i z e   a n   i n -  
dus t ry ,   de t e rmine  what f a c i l i t i e s  were  required  and 
t o  make them a v a i l a b l e ,   o b t a i n   t h e   n e c e s s a r y   p r i o r -  
i t i e s  for   mater ia l s   and   equipment   and   to   expedi te  
and  schedule  production.  Furthermore it had t o  
be  done  immediately.  Although a l l  t h r e e   s e r v i c e s  
had small groups  working on crystal   problems  which 
w e r e   p e c u l i a r   t o   t h e i r   p a r t i c u l a r   s e r v i c e s ,   t h e  
QCS se rved  as t h e   f o c a l   p o i n t   f o r   t h e   q u a r t z   c r y s -  
t a l  program i n   t h e  U.S. d u r i n g   t h e   n e x t   f o u r   y e a r s ,  

I n   J u l y  1942 t h e  QCS was moved t o   t h e   u n f i n -  
ished  Pentagon  Building  and Dr. K. S .  Van  Dyke 
jo ined   t he   g roup  as  Chief   Civ i l ian .  His knowledge 
of t h e   b a s i c   t h e o r y   o f   p i e z o e l e c t r i c i t y   a d d e d  a 
much needed  dimension t o   t h e  staff cf t h e  &CS which 
had h i t h e r t o  been made up l a r g e l y   o f   m i n e r a l o g i s t s  
and   geo log i s t s .   Ea r ly   i n  1943 V i r g i l  E .  Bottom 
jo ined   t he   g roup .  He was t h e  first member who had 
actual exper ience   in   the   manufac ture   o f   c rys ta l  
u n i t s .  A l i t t l e  l a te r  Dr. A l l y n  Swinnerton, a ge- 
o l o g i s t   a n d  Vice President   of   Antioch  Col lege,  
j o ined   t he   g roup .  

Work of t h e   Q u a r t z   C r y s t a l   S e c t i o n  

The first t a s k  o f   t h e  QCS was t o   p u b l i c i z e   t h e  
need f o r   q u a r t z   c r y s t a l   u n i t s   i n   o r d e r   t o   a t t r a c t  
po ten t ia l   manufac turers .   This  was done s o  suc- 
c e s s f u l l y   t h a t  many letters were received  from  pa- 
t r i o t i c   c i t i z e n s   o f f e r i n g   t o   d o n a t e   t h e  crystal sets 
which   had   reposed   in   the i r  a t t i cs  f o r  a decade or 
two. However t h e   i n f o r m a t i o n   d i d   r e a c h   t h e   d e s i r -  
ed  places  and  would-be-manufacturers  of  crystal  
u n i t s  whose r e g u l a r   a c t i v i t i e s   h a d   b e e n   h a l t e d  by 
t h e  War Production  Board  began t o  descend upon t h e  
QCS ask ing  how they   might   use   the i r  idle f a c i l i t i e s  
t o  make c r y s t a l   u n i t s .   T h i s   g r o u p  which  included 

machinis ts ,   b lacksmiths ,   jewelry  makers ,   and ama- 
teur r ad io   ope ra to r s   t u rned   i n   one   o f   t he  most re- 
markab le   r eco rds   i n   t he   anna l s   o f  American indus t ry .  
I n   l e s s   t h a n  three yea r s  Mr. William Hal l igan ,   t he  
R e s i d e n t   o f   t h e   H a l l i c r a f t e r s  Co. was a b l e   t o  
=Y: 11 

“We had   no   t ra ined   personnel   to  make c r y s t a l s .  
We had  no  equipment  with  which t o  make crys- 
t a l s  and  out   of   this   has   been  created what t o  
my mind, is t r u l y  a mirac le  of American  incen- 
t i v e   a n d   i n d u s t r y ,  ‘I 

The   i n fo rma t ion   ava i l ab le   t o   t hese   neophy te  
c rys t a l   manufac tu re r s   cons i s t ed   o f  a few ar t ic les  
i n  QST, a n   a r t i c l e  o r  two i n   t h e   B e l l  System  Tech- 
n i c a l   J o u r n a l   a n d   t h e   p a t e n t s  which  had  been is- 
sued .  A l i t t l e   l a t e r   t h e   B e l l  Telephone  Labor- 
a t o r i e s  came t o   t h e   r e s c u e   w i t h  a co l l ec t ion   o f  
ar t ic les  w r i t t e n  b y   s u c h   a u t h o r i t i e s   a s  W .  P .  Mason, 
Walter L ,  Bond, Roger  Sykes, I .  E .  F a i r ,  G .  W .  Wil- 
l a r d ,  G .  M .  Thurs ton ,  A .  R .  d’Heedne, H .  G .  Weke 
and R .  M .  C .  Greenidge.  These  papers  were  of ir.- 
es t imable   va lue  a t  the   t ime  and   were   l a te r   ed i ted  
i n  book  form by R .  A .  Heising  and  published by Van 
Nostrand  in  1946 under   the  t i t l e  QUARTZ CRYSTALS 
FOR ELECTRICAL CIRCUITS, These  materials  were 
made a v a i l a b l e   t o   t h e  new manufacturers who d i g e s t -  
ed  them, u t i l i z e d  them  and,   in  many cases ,  made 
improvements  upon  them. 

One o f   t h e  first a c t s  of t h e  QCS was t o  expe- 
d i t e   t h e  development  of X-ray d i f f r a c t i o n  equipment 
f o r  u s e   i n   o r i e n t i n g   q u a r t z   b l a n k s .   T h i s  became 
t h e  f irst  commercial   application  of  X-ray  diffrac- 
t i o n .  A few  companies  had  adapted  old  dental 
X-ray equipment f o r  making h u e  photographs  of 
q u a r t z   b l a n k s   b u t   t h e   p r o c e s s  was slow  and  the 
r e s u l t s   s c a r c e l y   b e t t e r   t h a n   t h o s e  which  could  be 
ob ta ined   w i th   po la r i zed   l i gh t .  A t  t h e  Western 
E l e c t r i c  Co. a pr imi t ive   form  of   Bragg   d i f f rac t ion  
equipment was ir. use by Walter L .  Bond b u t   t h i s   i n -  
formation  had  not  reached  beyond  the limits of t h e  
Be l l   Te lephone   Labora to r i e s .   Con t rac t s   fo r   t he  
development  of X-ray  equipment  were  placed  with 
t h e   G e n e r a l   E l e c t r i c  Co. and  with  the  North Amer- 
i c a n   P n i l l i p s  Co. unde r   t he   su rve i l l ance   o f  Dr. 
William Parrish.  Both  companies  produced  equip- 
ment i n   such  numbers t h a t  most  of t h e   c r y s t a l  com- 
panies  were  equipped  with  X-ray  machines by e a r l y  
1943. Although t h e  equipment  desigfied  and b u i l t  
by t h e  two  companies d i f f e r e d   i n  many r e s p e c t s ,  
both  were so  wel l   des igned   and   cons t ruc ted   tha t  
many of t h e   o r i g i n a l   m a c h i n e s   a r e  s t i l l  i n   u s e  
a l m o s t   f o r t y   y e a r s   l a t e r .  

Much e f f o r t  of t h e  QCS went i n t o   e x p e d i t i n g  
equipment,   supplies  and materials f o r   t h e  new in -  
dus t ry .   Because   o f   t he   c r i t i ca l  nature of t h e  pro- 
gram it was as s igned  a very   h igh   pr ior i ty   which ,  
a l o n g   w i t h   t h e   a u t h o r i t y   o f   t h e  OCSIGO, was o f t e n  
invoked t o   o b t a i n   c r i t i c a l  materials. A t  one time 
a cer ta in   piece  of   equipment  was a lmost   wi th in   our  
g r a s p  when it was snatched away by a n   o u t f i t   c a l l e d  
t h e  “Manhattan  Project“  which  had a h i g h e r   p r i o r i t y .  
Some of  us Wondered b r i e f l y  why Manhattan  needed a 
General  Radio  Primary  Frequency  Standard. Two of 
t h e  men  who became exper t   in   working   wi th   the  War 
Product ion  Board  and  other   agencies  were Tom P a r r o t t  
and  Wally Richmond and many c rys t a l   manufac tu re r s  
owed t h e i r   d a i l y   r a t i o n  o f   q u a r t z   t o   t h e   e f f o r t s   o f  
t h e s e  two  men. 
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Due t o   t h e  critical n a t u r e   o f   t h e   i n d u s t r y   t h e  
dec i s ion  was made t o   l o c a t e   t h e   p r o d u c t i o n   f a c i l i t -  
i e s  away from  the  East  Coast  which was wi th in  enemy 
range .   Accord ingly   manufac turers   in   the   Cent ra l  
i3egion  of the  country  were  encouraged  with  the re- 
s u l t   t h a t  Kansas  City  and  Chicago became  manufac- 
t u r i n g   c e n t e r s   f o r   t h e   q u a r t z   c r y s t a l   i n d u s t r y   a n d  
remained s o  f o r   y e a r s .  

I n  May 1942 t h e  QCS organized a t r a i n i n g   p r o -  
gram i n  Kansas   Ci ty   under   the  auspices   of   the   Univ-  
e r s i t y  of Kansas.   The  teacher  of  the  course was 
John  Zeigler ,  a young engineer ,  who had  learned 
something  about crystal uni ts   while   working a t  RCA. 
The  course was taught f rom  cop ie s   o f   pa t en t s   t o  a 
class of   about  20 pe r sons   i nc lud ing   E rnes t  0 .  R u f f  
and Edward Roper,  both  of whom are st i l l  a c t i v e   i n  
t h e  crystal bus iness .  

Soon the rea f t e r   Ze ig l e r   and   George   ( J ack )  
McGrew organized  a company ca l . l ed   Crys t a l  FYoducts 
Co. Except f o r  a small opera t ion   ca l l ed   Aer ion ,  
owned  by t h e  Aircraft Accessories   Co. ,  Crystal Pro- 
d u c t s  was t h e  first crystal company i n   t h e  Kansas 
City  Area.  A l l  of t h e   o t h e r   f a c t o r i e s   i n   t h e  area 
sprang  f rom  the company organized  by McCrew and 
Z e i g l e r .  

By 1943 about 130 manufacturers  were  engaged 
i n   t h e   p r o d u c t i o n   o f   c r y s t a l   u n i t s .  Twenty t h r e e  
of   these  were  in   the  Chicago area, 20 i n   t h e  New 
York a r e a ,  15 i n   t h e  Carlisle area   and  14 i n   t h e  
Kansas  City  area.   The  remainder were s c a t t e r e d  
over 20 states from  Oregon t o   F l o r i C a   a n d   C a l i f o r -  
n i a   t o   Massachuse t t s .   The   supe rv i s ion   o f  so many 
small p l a n t s ,   d i s t r i b u t e d   o v e r   s u c h   a n  area was a 
major  problem  and t h e  members o f   t h e  staff o f   t h e  
&CS spent  much time on t r a v e l   d u t y   i n s t r u c t i n g   t h e  
new manufacturers ,   helping  them  with  technical  
problems,   coorelat ing test  equipment  and s e t t l i n g  
arguments  between  them  and  the  Signal  Corps  Inspec- 
t o r s .  

The  Galvin Mfg.  Co. (Motorolaj  

The t a s k   o f   c o o r d i n a t i n g   t h e   a c t i v i t i e s   o f  130 
companies was c l e a r l y  beyond t h e   c a p a b i l i t y   o f   t h e  
small staff o f   t h e  &CS i n  Washington  and s o  t h e  
Galvin Mfg. Co. ( l a t e r  Motorola) was induced t o  
assist i n   t h e  program.  Galvin was heavily  engaged 
in   the   p roduct ion   of   personnel   rad io   equipment  known 
as  thel 'handie- ta lkie"   and  "walkie- ta lkie"  sets, a l l  
of  which  used  the FT-243 c r y s t a l   u n i t .  Under t h e  
d i r e c t i o n   o f  Mr. E l m e r  Wavering,  Galvin Mfg. Co. 
undertook  the  Herculean  task  of   expedi t ing  and 
schedul ing   the   p roduct ion   of  FT-243 u n i t s ,   t e s t i n g  
and  assembling  them  into kits each  of  which  contain- 
ed 44,000 u n i t s  on 4400 d i f f e r e n t   f r e q u e n c i e s .  Mr. 
Nick  Anton, a n   a s s i s t a n t   t o  Mr. Wavering,  prepared 
a n d   d i s t r i b u t e d  a C r y s t a l  News Sheet  which  supple- 
mented the   g ra rzv ine   and   he lped   con t r ac to r s   t o   keep  
a b r e a s t  of new developments  and  information re- 
l a t e d   t o   t h e   p r o d u c t i o n   o f  FT-243 u n i t s .  

One impor tan t   cont r ibu t ion   of   the   Galv in  Mfg. 
Co. was t h e  CES-1 Crystal Test S e t .  Thg CI-meter 
had  not   yet   been  invented  and  s tandardizat ion  of  
c r y s t a l   u n i t s  was unknown. It was n e c e s s a r y   t o  
provide each m n u f a c t u r e r   w i t h  a t e s t  set  cons i s t -  
ing  of  a mock-up of t h e   o s c i l l a t o r   c i r c u i t   o f   e v e r y  
p i ece   o f   r ad io   equ ipmen t .   These   t e s t   s e t s  were 

known as "black  boxes"  from  the  color  and  shape  of 
t h e   c a b i n e t s  which  housed  them.  Each  "black  box" 
was p e r i o d i c a l l y   r e t u r n e d   t o   t h e   S i g n a l   C o r p s  Lab- 
o ra to ry  a t  F o r t  Monmouth for r e c a l i b r a t i o n .  The 
CES-I cons is ted   o f  a P i e r c e   o s c i l l a t o r   c i r c u i t   i n  
which t h e  cri t ical  parameters were v a r i a b l e .  It 
cou ld   t he re fo re   be   ad jus t ed   t o   s imu la t e  a number 
o f   d i f f e r e n t   r a d i o   s e t s ,   t h e r e b y   r e d u c i n g   t h e  
need f o r  s o  many "black  boxes".  The CES-1 helped 
g rea t ly   w i th   t he   co r re l a t ion   p rob lem  bu t   d id  no- 
th ing   t o   so lve   t he   s t anda rd iza t ion   p rob lem which 
awai ted   the   invent ion   of   the   CI-meter .  

Growth of t h e   C r y s t a l   I n d u s t r y  

Except f o r   t h e  Western E l e c t r i c   C o . ,  a l l  of 
t h e   c r y s t a l   u n i t   m a n u f a c t u r e r s   i n   e x i s t e n c e   b e f o r e  
19'10 were very  small. B l i l e y ,  one   o f   t he   l a rges t ,  
had  fewer  than l 5  employees.  Monito  Piezo  had 
a b o u t   t h e  same number, It is doub t fu l  i f  more 
than  100 persons  were  engaged i n   t h e   p r o d u c t i o n   o f  
c r y s t a l   u n i t s   i n   t h e   y e a r  1939. 

Dur ing   the   per iod  1941-45 employment a t  Mon- 
i t o r   r e a c h e d   o v e r  EO00 and a t  B l i l e y   o v e r  1400. 
Scientific  Radio  Products  employed  over 750 and a 
new p l a n t ,  The  Reeves  Sound  Laboratories  in N e w  
York City  which  began  product ion  in   the summer of 
1942, soon  employed  nearly 1000. I n  Chicago  the 
Ross Mfg. Co.,  headed  by Ken Ross and t h e  Beaumont 
E lec t r i c   Co . ,   ope rz t ed  by t h e  Lieberman  brothers,  
(who formerly  manufactured  lampshades)  each employ- 
ed  over 500. Many smaller companies  with fewer 
t h a n  100 employees a l s o  made t h e i r   c o n t r i b u t i o n s .  
One example was t h e  Good-All Mfg.  Co. of   Ogal la la ,  
Nebraska  which  employed  about 20 People.  

I n   a d d i t i o n   t o   t h e  firms d i r e c t l y  engaged i n  
t h e   p r o d u c t i o n   o f   c r y s t a l   u n i t s ,  many  many o t h e r s  
were engaged i n   s u p p o r t i n g   a c t i v i t i e s .  Diamond 
saw b l a d e s ,   a b r a s i v e s ,   p l a s t i c   h o l d e r s ,   s t a i n l e s s  
s t e e l   e l e c t r o d e s ,   b e r y l l i u m   c o p p e r   s p r i n g s ,  neo- 
p rene   gaske t s ,   n i ck le   p l a t ed   s c rews   and  many o t h e r  
i tems  were  required  to   complete   the  assembly.  
Coordina t ion   of   the   p roduct ion   and   d i s t r ibu t ion  of 
t h e s e  items was done  by t h e  War Production Board 
which  attempted t o  match t h e   l i m i t e d   s u p p l i e s   t o  
the   a lmost   un l imi ted   requi rements .  

This  motley  assemblage  of  manufacturers,  com- 
ing  from  every part of   the   na t ion   and   f rom  a lmost  
e v e r y   t y p e   o f   a c t i v i t y   t u r n e d   i n  a most remarkable 
production  record.   Between 1941 and 1945 they  
produced a n   e s t i m a t e d  30 m i l l i o n   c r y s t a l   u n i t s .  

The FT-241 Program 

The r a d i o  equipment  used by t h e  armored  cav- 
alry a n d   t h e   f i e l d   a r t i l l e r y   d i v i s i o n s  was des ig-  
n a t e d   t h e  BC-608 s e r i e s .   T h i s  equipment  used 
f requency   modula t ion   and   opera ted   in   the  30-40 MHz 
range of   f requencies .   The crystal u n i t   f o r   t h e  
set was t h e  FT-241, developed  by  the Bell  Telephone 
Laborator ies   and  produced  by  the  Western  Electr ic  
Co.  Each set c a r r i e d  a complement  of c r y s t a l   u n i t s  
r a n g i n g   i n  number  from 72 t o  120 the reby   r equ i r ing  
an   ex t r eme ly   l a rge  number o f   c r y s t a l   u n i t s .  

The crystal units, w h i c h   o p e r a t e d   i n   t h e   f r e -  
quency range 350-550 kHz were made wi th  CT-cut 
q u a r t z   p l a t e s .  They were made a t  t h e  Hawthorne 
P lan t   o f   t he   Wes te rn   E lec t r i c  Co. i n  Chicago 
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where more t h a n  10 mill ion  such  uni ts   were  produced 
between 1941 and 1945. The  product ion  of   this  
p l a n t  was r e p o r t e d   t o   b e  o n e   m i l l i o n   u n i t s   p e r  
month when it was shu t  down i n   t h e  summer of 1945. 
A complete  account  of  the  development  of  the FT-241 
u n i t  is g iven  by W .  F .  Drew and A ,  E .  Swickard i n  
Heising , Chapter X V I  . 

Although t h e  Hawthorne p l a n t  was i n  a secu re  
l o c a t i o n   m i l i t a r i l y ,  it was ea r ly   r ecogn ized   t ha t  
a t  least one more source  f o r  these   un i t s   should   be  
a v a i l a b l e .  The  technology  involved  in  making t h e  
FT-241 was c l e a r l y  beyond t h e   c a p a b i l i t y  of  most 
o f   t h e  small p l a n t s  which were s u c c e s s f u l l y  making 
t h e  FT-243 and CR-1 types.   Accordingly a con- 
t rac t  was awarded t o   t h e   F e d e r a l   T e l e p h o n e   a n d  
Telegraph Co. of Newark, a subs id i a ry   o f  I T T ,  t o  
s e t  up a second   sou rce   fo r   t he  FT-241 u n i t .  How- 
eve r ,   desp i t e   t he   expend i tu re   o f  a l a r g e  sum of 
money and much prec ious   quar tz   and   wi th   the   ex-  
per ience   o f   the   Western   E lec t r ic  Co. a v a i l a b l e ,  
t h e  war ended   be fo re   any   un i t s   o f   t he  FT-241 
t ype  were  produced  outside  the  Hawthorne  plant 
i n  Chicago. 

The Quar tz   Shor tage  

One o f   t h e  most c r i t i c a l  problems  faced by 
t h e  QCS was the   sho r t age   o f  r a w  quartz .   Al though 
q u a r t z  is found  in  a few o the r   p l aces   i nc lud ing  
t h e   U n i t e d   S t a t e s ,   p r a c t i c a l l y   t h e   o n l y   s o u r c e   o f  
n a t u r a l   q u a r t z   o f   e l e c t r o n i c   g r a d e  is B r a z i l .  A t  
the   beginning   of  1939 t he   Un i t ed   S t a t e s   had  a 
s t o c k p i l e  of  about 10,000 pounds   o f   quar tz   su i t -  
a b l e   f o r   p r o c e s s i n g   i n t o   c r y s t a l   u n i t s .   D u r i n g  
1939 about  30,500 kg (67,000 pounds)  of  quartz 
was imported  from  Brazil .   The amount imported 
i n  1940 was 57,500 kg. Approximately 1% of t h i s  
q u a r t z  was considered t o  be   o f   e l ec t ron ic   g rade .  
Dr. Richa rd   S to ibe r  was assigned  the  problem  of  
exped i t ing   t he   supp ly   o f   qua r t z .  

Before  the  end  of 1942 the   supply   o f   faced  
q u a r t z  which could  be  processed  without  the  use 
of  X-rays was near ly   exhaus ted   and   the   indus t ry  
was f o r c e d   t o   b e g i n   t o   l e a r n   t o   p r o c e s s   u n f a c e d  
q u a r t z  of  which a cons ide rab le   quan t i ty  was still 
ava i l ab le .   Var ious   t echn iques   and   dev ices  were 
developed t o   e n a b l e   m a n u f a c t u r e r s   t o   u s e   t h i s  
ma te r i a l .   These   a r e   adequa te ly   desc r ibed  by G .  
W .  Wi l l a rd   i n   He i s ing ,  Chap. I V .  

By the  end  of  1942 X-ray d i f f r ac t ion   equ ip -  
ment began t o  become a v a i l a b l e   t o   t h e  manufac- 
t u r e r s   e n a b l i n g  them t o   e f f e c t i v e l y   u t i l i z e  un- 
f a c e d   q u a r t z   c r y s t a l s .   T h i s   r e l i e v e d   t h e   s h o r t -  
age  somewhat bu t   the   supply  was still inadequate  
and   s t eps   were   cons ide red   t o   i nc rease   t he   supp ly .  
The quar tz   min ing   reg ions   o f   Braz i l  are  n o t   i n   t h e  
" h o t ,   s t e a m y   j u n g l e s "   b u t   r a t h e r   i n   t h e   h i g h l a n d s  
i n   t h e   c e n t r a l   s t a t e s   o f  Minas Gerais   and  Goias  
n e a r   t h e   c a p i t a l   c i t y  of Braz i l ia   (which ,   o f  
c o u r s e ,   d i d   n o t   e x i s t  a t  t h a t  time). The  mining 
of q u a r t z  was not   then ,   nor  is it now, an  organ- 
i z e d   a c t i v i t y .  The  'garimpeiro'   (diamond  hunter) 
would d i g  o r  hun t   un t i l   he   found  a c r y s t a l  which 
h e   c o u l d   t r a d e   t o  a local merchant f o r   s u p p l i e s .  
The  merchant, i n  turn, exchanged it f o r  goods  and 
even tua l ly   t he   s tone   r eached  Rio de   J an ie ro  where 
it was f i n a l l y   s o l d   t o   t h e   p u r c h a s i n g   a g e n t  of t h e  
Metals  Reserve  Corp. o r  some o the r   pu rchase r .  

This   ad   hoc   sys tem was incapable   of   meet ing  the 
needs   o f   the   g rowing   c rys ta l   indus t ry   and   the  
q u a r t z   s h o r t a g e   c o n t i n u e d   t o  become  more acu te .  
A s  an  example, on E a s t e r  Sunday 1942 an   execu t ive  
o rde r  was obtained  f rom  the White  House r e l e a s i n g  
200 pounds  of  quartz  which was needed f o r  a s p e c i a l  
o rde r  f o r  c r y s t a l   u n i t s .  

Var ious   s t eps  were   cons idered   for   a l lev ia t ing  
t h e   s h o r t a g e  which was p a r t l y  due t o  inadequate 
g r a d i n g   f a c i l i t i e s   i n   R i o .  ConsequeKtly  inspection 
teams were t r a i n e d   a n d   s e n t   t o   B r a z i l   t o   i n s p e c t  
t h e   q u a r t z   p r i o r   t o   s h i p m e n t .   E v e n t u a l l y   s e v e r a l  
thousands  of  pounds  of  quartz  were  loaded on a 
s h i p  bound f o r   t h e   P o r t   o f  Newark.  The s h i p  was 
ha rd ly   ou t   o f   t he   ha rbor   be fo re  it was sunk by a 
German submarine.  After t h a t   i n c i d e n t   a l l   q u a r t z  
was flour! t o   t h e   U n i t e d   S t a t e s   i n  DC-3 cargo  planes 
a t  a cost   of  $2,00/pd. ( 1941 d o l l a r s )  . 

In   an   e f fo r t   t o   encourage   t he   min ing   o f  
q u a r t z   t h e   p u r c h a s i n g   a g e n t s   i n   B r a z i l  were au tho r -  
i z e d   t o   d o u b l e   t h e   p r i c e   o f   q u a r t z .  However t h e  
a u t h o r s   o f   t h i s   s t r a t e g y   h a d   f a i l e d   t o   t a k e   i n t o  
account   the  economic  system  of   the  'gar impeiro '  who 
was n o t   i n t e r e s t e d   i n   b u i l d i n g  up a savings  account  
and who only  dug or  hunted   quar tz  when he  needed 
t o   r e p l e n i s h   h i s   s u p p l i e s  of r ice ,   beans   and   p inga .  
Consequent ly   the   resu l t   o f   the   p rogram was less, 
not  more,   quartz  and  the  program was abandoned. 

I t  was then  proposed  that  mining  machinery 
b e   s e n t   t o   B r a z i l .   A c c o r d i n g l y  a cargo s h i p  was 
loaded   w i th   bu l ldoze r s   and   o the r   ea r th  moving 
equipment  and  dispatched t o  Rio.  I t  was sunk  en- 
route .   Another   sh ip  was loaded  with similar 
equipment. It a r r i v e d   s a f e l y   b u t  most  of t h e  
machinery  never  reached  the  mining  areas  because 
of l a c k  of   roads   and   tha t   which   d id   reach   the  
quartz   mining area proved  unsuitable  because  of 
l a c k  of f u e l   a c d   b e c a u s e   t h e  nature of the   oper -  
a t i o n  made mechanical  mining  impractical .  

A t  t h i s  time it was considered  uneconomical 
t o   p r o c e s s   s t o n e s  below  about 200 grams i n   s i z e .  
One d a y   i n  1943 Mr. Morris  Hanauer, owner of 
American Gem and  Pear l  Co., a qua r t z   impor t e r ,  
was t r y i n g   t o   c o n v i n c e  Lou Patla of DX Crystal 
Co. t h a t  he  should  use  these small s t o n e s .  "Lou", 
h e   s a i d ,  "God  made l o t s   o f  small c r y s t a l s   b u t  
very  few la rge   ones .  So why d o n ' t  you go along 
with God and   u se   t he  small ones ': Soon  ways 
were  found t o   p r o c e s s   t h e  small s tones   w i th  sat- 
i s f a c t o r y   r e s u l t s .   T h i s   i n f o r m a t i o n   s p r e a d  
q u i c k l y   t h r o u g h o u t   t h e   i n d u s t r y   a n d   f o r  a t ime 
a l l e v i a t e d   t h e   q u a r t z   s h o r t a g e .  

Neve r the l e s s ,   t h rough   t he   en t i r e  war per iod  
t h e   q u a r t z   c r y s t a l   i n d u s t r y   l i v e d  on a hand t o  
mouth basis and  the   shor tage   p roblem was event- 
u a l l y  met, not s o  much by inc reas ing   t he   supp ly  
as  by conse rva t ion .  The y i e l d s  were inc reased  
by  making the   b lanks   smal le r   and   s tones   former ly  
considered  unuseable   were  processed.   Product ion 
r eco rds  were maintained  and  with  one o r  two co ta -  
b l e   excep t ions ,   qua r t z  was a l l o c a t e d   o n l y   t o   t h e  
producers who could  show t h a t   t h e y  were a b l e   t o  
u t i l i z e  it e f f i c i e n t l y .  

The l e s son   l ea rned   f rom  the   sho r t age   o f  a 
critical r a w  material f o r  which we were t o t a l l y  
dependent on an   o f fshore   supply  was not  wasted. 
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E f f o r t s  were mde t o   f i n d  a s u b s t i t u t e  for q u a r t z .  
These  were  unsuccessful  but a t  t h e  end  of  the war 
it was l e a r n e d   t h a t  Germany, faced   wi th  a similar 
quar tz   shor tage ,   had  made  some progress   toward mak- 
ing man-made quartz .   Consequent ly  a m a j o r   e f f o r t  
was mounted t o  make cu l tured   quar tz   wi th   such  
s u c c e s s   t h a t  we a r e  now almost  completely  indepen- 
den t   o f   t he  natural material. 

The  Ageing  Problem 

By the  middle   of  1943 t h e   t a s k  of s e t t i n g  up 
a n   i n d u s t r y  was comple te   and   c rys ta l   un i t s   were  
being  produced i n  numbers  adequate t o  meet t h e   d e -  
mand. It was then   tha t   the   second,   and   even  more 
s e r i o u s  crisis confronted   the   c rys ta l   p rogram 
Repor ts   began   to  f i l t e r  i n   o f   e x t e n s i v e   c r y s t a l  
f a i l u r e s   b o t h   i n   s e r v i c e   a n d   i n   d e p o t   s t o r a g e .  
The first re sponses   t o   t hese   r epor t s   r anged   be tween  
i n d i f f e r e n c e   a n d   d i s b e l i e f .  However t h e   r e p o r t s  be- 
came more pe r s i s t en t   and   t he   S igna l   Corps   Eng i -  
nee r ing   Labora to r i e s  (SCEZ) a t  F o r t  Monmouth were 
r e q u e s t e d   t o   i n v e s t i g a t e   t h e   s i t u a t i o n .  The 
p rogres s  was slow  because  the  problem was t r e a t e d  
as  an   academic   ques t ion   ra ther   than  a ma t t e r   o f   t he  
utmost   urgency.   Late   in  1943 a te legram was r e -  
ce ived  a t  OCSIGO which  changed t h e   s i t u a t i o n .  It 
read  as  fo l lows:  

COMMUNICATIONS EIGHTH A I R  FORCE  BASED 
IN BRITAIN BROKEN DOWN LACK OF CRYSTAIS 
FIND CAUSE CURE SAME EAKER 

Reception of t h i s  communique caused a f l u r r y  of 
a c t i v i t y  a t  b o t h   t h e  QCS and a t  SCEL. A test  
f a c i l i t y   e u p h e m i s t i c a l l y  named "The Swamp" was 
cons t ruc t ed  a t  Camp Coles   Signal   Laboratory.  I t  
sub jec t ed  crystal un i t s   t o   t empera tu res   o f   103  F' 
i n   an   ambien t   r e l a t ive   humid i ty   o f  100 % s i m -  
u l a t ing   t he   cond i t ions   r epor t ed   f rom  the  Burma  
t h e a t r e .  The tests q u i c k l y   c o n f i r m e d   t h e   f i e l d  
r e p o r t s .  A l l  c r y s t a l   u n i t s   f a i l e d   w i t h i n  a few 
days o r  a t  most a week o r  two. Some o f   t h e  f a i l -  
u r e s  were  due t o   t h e  phenomenon of   cor ros ion  fa- 
t i g u e   i n  which t h e  ammonia r e l e a s e d  by t h e  phenol- 
i c  ho lde r s   a t t acked   t he   b ra s s   connec to r s  a t  p o i n t s  
o f   s t r e s s   c a u s i n g  them t o  break.  This  problem 
was cor rec ted   by   e l imina t ing   brass   f rom the assem- 
b ly .  A much more ser ious  problem was t h e   a g e i n g  
syndrome  characterized  by loss  of a c t i v i t y   a n d   i n -  
creased f requency .  Many t h e o r i e s  were advanced 
t o   e x p l a i n   t h e  phenomenon and   t hese   had   t o   be  
checked  out  experimentally.   Meanwhile  the manu- 
facturers were p r o d u c i n g   c r y s t a l   u n i t s  a t  t h e  rate 
of a mi l l i on   pe r  month: n e a r l y  a l l  of  which were 
d e s t i n e d   t o   b e   u s e l e s s .  

Before   the   end   of  1943 it had become apparent  
t h a t   t h e  most important factor i n   t h e   a g e i n g   p r o -  
cess was t h e  surface of t h e   q u a r t z  which was dam- 
a g e d   i n   t h e   p r r c e s s   o f   l a p p i n g  t o  frequency. 
P a r t i c l e s   o f   q u a r t z ,   p a r t i a l l y   l o o s e n e d  by  abra- 
s i o n ,  were f u r t h e r   l o o s e n e d  by t h e  effects of water 
vapor ,   eventua l ly   b reaking  away completely.  The 
presence  of   these  loose  f ragments  on t h e  surface 
of the   b l ank   r educed  the a c t i v i t y   b y  damping  and 
t h e i r  loss  caused   an   increase   in   f requency   be-  
cause   o f   the   reduct ion   of  mass. 

The  problem of  age ing  was e s p e c i a l l y   s e v e r e  
i n   t h e  CR-l  u n i t   u s e d  by t h e  A i r  Force  because 
t h e s e  units ope ra t ed  a t  h ighe r   f r equenc ie s  

and   r equ i r ed   c lose r   t o l e rances .  A s  a temporary 
measure o r d e r s  were i s sued  by  Wright F i e l d   t h a t  
a l l  q u a r t z   p l a t e s  must  be  able t o   w i t h s t a n d   t h e  
t e s t   o f   s c rubb ing   w i th   soap   and  water and a too th -  
brush. Soon each  Signal   Corps  Inspector   and  each 
c r y s t a l   f i n i s h e r  was equipped  with a too thbrush  
and a dish  of   soapy water. The d i r e c t i v e  was a 
boon t o   t h e   t o o t h b r u s h   i n d u s t r y   b u t   c o n t r i b u t e d  
l i t t l e  t o   t h e   s o l u t i o n   o f   t h e   a g e i n g   p r o b l e m .  

By the  end  of 1943 it had  been shown that 
quar t z   b l anks  which  had  been  etched t o   f r e q u e n c y  
exh ib i t ed   ve ry  small changes  of  frequency  and ac- 
t i v i t y   e v e n  when s u b j e c t e d   t o   t r o p i c a l   c o n d i t i o n s .  
However cons ide rab le   oppos i t i on   ex i s t ed   t o   t he  
idea  of   e tching  and much va luab le  time was l o s t  
i n   i nves t iga t ing   o the r   app roaches   be fo re   t he   de -  
c i s i o n  was made t o   r e q u i r e   e t c h i n g .   T h i s  was 
due t o  a r e l u c t a n c e   t o   s p e c i f y  a manufacturing 
process   which  might   require   rewri t ing of t h e  
s p e c i f i c a t i o n s   a n d   r e n e g o t i a t i n g   o f   c o n t r a c t s   a n d  
t o  a wise p o l i c y   o f   s p e c i f y i n g   t e s t   r e s u l t s   i n s t e a d  
of  manufacturing  procedures.  Yet it was imposs- 
i b l e   t o  depend  upon  inspection  procedures t o   i n -  
s u r e   t h a t   c r y s t a l   u n i t s  would remain  useable   and 
a v a s t  amount  of  work  had f a i l e d   t o   r e v e a l   a n y  
other  manufacturing  procedure  which would  do so.  

Consequently a Conference  of a l l  Crystal 
Manufacturers was called on J u l y  11-12, 1944 in 
the   o ld   S tevens   Hote l   in   Chicago .  The  problem 
was e x p l a i n e d   i n   d e t a i l   a n d   t h e   p r o p o s e d  remedy 
was presented.   There was no time t o   r e w r i t e   t h e  
s p e c i f i c a t i o n s  o r  t o   r e n e g o t i a t e   c o n t r a c t s  so  t h e  
manufac turers   were   asked   to   conver t   the i r   p roduct -  
ion   p rocesses   f rom  hand   lapping   to   e tch ing .  It 
was e x p e c t e d   t h a t   u n i t s  made by the   e t ch ing   p ro -  
cess might  be more expensive.   Again  the  indus- 
t r y   r o s e   t o  meet a cha l lenge .  The manufacturers 
went back t o   t h e i r   p l a n t s   a n d   c o n v e r t e d   t o   t h e  
new process   with  such  success   that   they  produced 
s a t i s f a c t o r y   u n i t s  a t  a lower   cos t .  A s  one  ex- 
ample, Ken ROSS, who h a d   c o n v e r t e d   h i s   c o i l  wind- 
i n g   p l a n t   i n   C h i c a g o   t o  a f a c i l i t y   f o r  making 
FT-243 crystal un i t s ,   des igned   and   bu i l t  a con- 
t inuous   e tch ing   sys tem  which ,   wi th   four   opera tors ,  
t u rned   ou t  as many f i n i s h e d   c r y s t a l   u n i t s  as  
20 o p e r a t o r s   f i n i s h i n g  by  hand  lapping. The 
Ross  system was soon  widely  copied  throughout 
t h e   i n d u s t r y .  

I ronica l ly ,   the   age ing   problem  might   have   been  
avoided  had  bet ter   communicat ion  exis ted.  The 
phenomenon of   ageing  had  been  noted as  e a r l y   a s  
October  1940 a t  RCA. The  work of H .  E .  LeRoy and 
V .  E ,   T rouan t   l ed   t o  a Company Conf iden t i a l  memo- 
randum d a t e d   A p r i l  14, 1941 i n  which t h e y   s a i d :  

"Etching..  . r educed   t he  number of  failures: '  
and that "Etching will b e   i n c o r p o r a t e d   i n  
the   p rocess ing  as soon as d e t a i l s  can  be 
worked out   and   opera tors   t ra ined! '  

U n f o r t u n a t e l y   t h i s  work was unknown o u t s i d e   t h e  
RCA L a b o r a t o r i e s   u n t i l  after t h e  war and  even 
t h e r e  it does   no t   appear   to   have   been   explo i ted .  

To p r o v i d e   c r y s t a l   u n i t s   f o r   s p e c i a l   p u r p o s e s  
i n   t h e   f i e l d ,   t w e l v e  three-man crystal g r ind ing  
t e a m s  were g iven  a t h r e e  months c r a s h   c o u r s e   i n  
f i n i s h i n g  crystal units. They  were t r a i n e d  by Dr. D.  G .  M M ,  a r e t i r e d   p h y s i c i a n ,  a t  Camp Coles 
Signal   Laboratory.   These teams were provided 
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with   the   necessary   equipment   and   suppl ies   and  
s h i p p e d   t o   v a r i o u s   t h e a t r e s   o f   t h e  war. Upon 
a r r i v a l   t h e y   f o u n d   t h a t  many of t h e   c r y s t a l   u n i t s  
i n   d e p o t   s t o c k s  were u s e l e s s   a n d  much o f   t h e i r  
time was spen t   i n   open ing ,   c l ean ing   and   g r ind ing  
t h o u s a n d s   o f   c r y s t a l   u n i t s   t o  new f r equenc ie s .  
Mr. H .  J. Benedik ter ,  who is today   a s soc ia t ed  
wi th   t he   Gene ra l   E lec t r i c   Crys t a l   Manufac tu r ing  
F a c i l i t y ,  was a member o f   one   o f   t he   o r ig ina l  
c r y s t a l   g r i n d i n g  teams. 

A t  home teams of G I ' s  a n d   c i v i l i a n s  were 
t r a i n e d   t o  examine  depot  stocks  of crystal u n i t s  
and t o  select o u t   u s e a b l e   u n i t s  which were o f t en  
flown  immediately t o  a n a r   t h e a t r e .  Later some 
attempts  were made t o   s a l v a g e   t h e   d e f e c t i v e   u n i t s  
and a t  least one  company,  The Hudson American  Co., 
was commissioned t o  do so.  However most   of   the  
u n i t s  were e n c l o s e d   i n   p h e n o l i c   p l a s t i c   h o l d e r s  
and many o the r s   con ta ined   b ra s s   con tac t s ,   bo th  
of  which  were  considered  unsatisfactory,   leaving 
l i t t l e   b e s i d e s   t h e   q u a r t z   b l a n k   t o   b e   s a l v a g e d .  
It soon  proved t o  be  uneconomical t o   s a l v a g e   t h e  
un i t s   and   u l t ima te ly   mi l l i ons   o f   t he   une tched  
u n i t s  were  destroyed. 

It may be  worthwhile t o  examine the   age -  
ing e p i s o d e ;   n o t   t o  assess blame o r   r e s p o n s i b i l -  
i t y   b u t   t o   s e e  i f ,  by  doing s o ,  we might  avoid a 
similar d e b a c l e   i n   t h e   f u t u r e .  It appears  that 
the  ageing  problem  resul ted  f rom three b a s i c  mis- 
takes ;   each   unders tandable   and   perhaps   forg iv-  
a b l e .  The first was t o  depend so heav i ly  on a n  
immature technology,   the  second was t o   d i s p e r s e   a n  
i n d u s t r y  s o  w i d e l y   t h a t  it could  not   be  properly 
s u p e r v i s e d ,   a n d   t h e   t h i r d  was failure t o   f o l l o w   u p  
w i t h   a n   a d e q u a t e   r e l i a b i l i t y  t e s t  program.  The 
recall programs  of t he   Un i t ed   S t a t e s   au tomobi l e  
i n d u s t r y   i n d i c a t e s   t h a t  some o f   t h e s e   l e s s o n s  
may not  even  yet  have  been  learned. 

Pos t  War His tory   o f   the   Indus t ry  

It is d i f f i c u l t ,  if n o t   i m p o s s i b l e ,   t o   t r a c e  
t h e   h i s t o r i e s   o f  a l l  o f   t h e  firms which  have  been 
engaged in   t he   bus iness   o f   manufac tu r ing   qua r t z  
c r y s t a l   u n i t s .  Only a few firms, n o t a b l y   B l i l e y ,  
Monitor  and  Valpey st i l l  o p e r a t e   u n d e r   t h e i r  
o r i g i n a l  ( o r  s i m i l a r )  names and  can show continu- 
i t y   o f  management.  Most of  the  companies  have 
e i t h e r   d i s a p p e a r e d   o r  have  changed names and l o -  
c a t i o n s  so  many times t h a t   t o   t r a c e   t h e i r   r e c o r d s  
is v i r t u a l l y   i m p o s s i b l e .  I t  may be of some in-  
terest t o  trace t h e   h i s t o r y   o f  one  company; not-  
ing t h a t  it is t y p i c a l  of t h e   i n d u s t r y .  

When Grover  Hunt  discovered  that   people  were 
willing t o  pay f o r   c r y s t a l   u n i t s   h e  formed a p a r t -  
nership  with Linwood  Gagne and  they  began t o  make 
c r y s t a l   u n i t s  i n  a small b u i l d i n g   a d j a c e n t   t o  
Gagne's home i n  Carlisle. I n  1935 they  formed 
Standard   P iezo   Co. ,   the  first c r y s t a l  company i n  
t h e   C a r l i s l e   a r e a .  One of t h e i r  employees was 
Wally  Samuelson. I n   l 9 4 0  Hunt l e f t   t o  form h i s  
own company, t h e  Hunt  Corp.  which is today   E r i e  
Frequency  Control.  A t  t h e   e n d   o f   t h e  war Gagne 
s o l d   S t a n d a r d   P i e z o   t o  a group of l o c a l   b u s i n e s s  
people  headed by John  Fowler.   Later it was s o l d  
t o  Brown O i l  Co. and  Luther McCoy was made S a l e s  
Manager. I n  1952 McCoy left  t o  form h i s  own 
company and  Standard  Piezo was s o l d   t o   t h e  Hupp 

Corp.  which, i n   t u r n ,   s o l d  it i n  1958 t o  Herman 
Scha l l   and  Wally  Samuelson who renamed it Piezo  
C r y s t a l  Co. I n  1963 Schall   and  Samuelson  sold  out 
t o   t h e  Renwell  Corp. who s o l d  it t o   t h e   S u n s h i n e  
Mining Co. The  plant  was subsequen t ly   so ld   t o  
a hold ing  company,  Anchor Operating,  Inc. ,   which 
ope ra t e s  it today   unde r   t he   d i r ec t ion   o f   Cha r l e s  
J ans ik .  

It is i n t e r e s t i n g   t o   n o t e   t h a t   t h e  1980 e d i t -  
i o n  of t h e  QUAKI'Z CRYSTAL  INDUSTRY  GUIDE AND DI-  
RECIORY states t h a t   P i e z o  Crystal Company was 
e s t a b l i s h e d   i n  1938. I n  a s e n s e   t h i s  i s  t r u e ,  
bu t  it is i n   t h e  same s e n s e   t h a t   a n   a n t i q u e   a x e  
which has   had   severa l  new handles  and a f e w  new 
heads i s  still t h e  same axe .  

A list of manufac turers   o f   quar tz   c rys ta l  
u n i t s   d a t e d  1 May 1945 i n c l u d e s   t h e  names of some 
130  companies. One yea r  later t h e  number  had 
dropped t o  f e w e r   t h a n   h a l f   t h i s  number. After 
r e v i v a l   o f   t h e   i n d u s t r y   d u r i n g   t h e  Korean War 
approximately 50 companies were engaged i n   t h e  
bus iness   o f  making c r y s t a l   u n i t s .  The number 
deceased  again when t h e  Korean War ended  but  has 
i n c r e a s e d   a g a i n   i n   r e c e n t   y e a r s .  

Today the   indus t ry   inc ludes   be tween 50 and 
60 companies  employing a t o o t  6500 people.  I t  is 
i m p o s s i b l e   t o   s a y  how  many a r e  engaged   so l e ly   i n  
the  manufacture  of c r y s t a l   u n i t s   s i n c e  many of 
t h e  companies a lso  produce  i tems  such as  crystal 
f i l ters ,  T C X O ' s  and V C X O ' s  a n d   i n   a d d i t i o n  some 
of then  produce  only  blanks  while   others   ocly 
f i n i s h   b l a n k s ,  

The t y p i c a l  company, i f  it e x i s t e d ,  would 
have  about  100 employees  including  two  engineers 
bu t   the   s ize   o f   the   companies  varies by  two o r d e r s  
of  magnitude,  The  largest  companies,  CTS-Knights 
and  Piezo  Technology  employ 580 and 515, respec-  
t i v e l y .  The  two s m a l l e s t  , American Crystal Co. 
and  Defco  employ 6 and 3 pe r sons ,   r e spec t ive ly .  
Several   companies  have  fewer  than 10 employees. 

The   foregoing   f igures   do   no t   inc lude   the  firms 
which   suppor t   t he   c rys t a l   i ndus t ry .   These   a r e  
more  numerous t h a n   t h e   a c t u a l  crystal manufacturers 
and  employ more people.  Among the   p roducts   sup-  
p l i e d   b y   t h e s e  firms a r e   c u l t u r e d   q u a r t z ,   h o l d e r s  
and   bases ,   ab ras ives ,   chemica l s ,   s i l ve r   and   go ld ,  
e l ec t ron ic   i n s t rumen t s   and  machine t o o l s ,   a n d  
s u p p l i e s   i n   a n   a l m o s t   e n d l e s s   v a r i e t y .  

Problems of t h e   C r y s t a l   I n d u s t r y  

The  wartime  expansion of t h e   c r y s t a l   i n d u s t r y  
came t o   a n   a b r u p t   h a l t   w i t h   t h e   e n d   o f   t h e  war. 
Con t rac t s  were cance l l ed ,   p l an t s  were  converted 
back to   c iv i l ian   p roduct ion   and   equipment  was d i s -  
persed.  The number  of producers  dropped  from  l30 
t o  below  50 i n  a few months. When t h e  Korean 
War came in   1950 ,   b r ing ing   w i th  it a new requ i r e -  
ment f o r  crystal u n i t s  it was n e c e s s a r y   t o   s u b s i d -  
i z e   t h e   c o m p a n i e s   t o   o b t a i n   t h e  crystal u n i t s  
needed by t h e  Armed Se rv ices .  

Fo r  i ts  e n t i r e   f o r t y   y e a r s   t h e   q u a r t z   c r y s t a l  
i ndus t ry   has   been   p l agued   by   t he   f eas t / f amine   cyc le .  
I n   t i m e s   o f   m i l i t a r y   r e a m m e n t   t h e  demand has 
e s c a l a t e d   o n l y   t o   b e   f o l l o w e d  by abrupt   deesca la-  
t i o n  when t h e  crisis was o v e r .   U n t i l   o n l y   r e c e n t l y  
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t h e   c i v i l i a n   r e q u i r e m e n t s   f o r   q u a r t z   c r y s t a l   u n i t s  
have  been small compared  with  mili tary  requirements 
i n  times of crisis making cont inuous  product ion i m -  
poss ib l e .  

One problem i n   t h e   q u a r t z   c r y s t a l   b u s i n e s s  
has   been  lack  of   research  and  development .  It is 
t r u e   t h a t   i n   t h e   d e c a d e   f o l l o w i n g  WW I1 t h e  Armed 
S e r v i c e s   d i d   s u p p o r t   a n  R & D program  which  yielded 
some u s e f u l   r e s u l t s .  A notable  example is t h e  
program  which l e d   t o   t h e  development  of a cu l tu red  
q u a r t z   i n d u s t r y .   B u t   f o r   t h e   m o s t  part  t h e   r e -  
s u l t s   h a v e   n o t   b e e n   e f f e c t i v e l y   u t i l i z e d ;   p a r t l y  
due t o   t h e   f l u i d  nature o f   t he   i ndus t ry .   Ou t s ide  
a few large   companies ,   no tab ly   the  Hewlett Packard 
Corp.,   very l i t t l e  work i n   q u a r t z   c r y s t a l   t e c h n o l -  
ogy  has   been  supported  with  industr ia l   funds.  

The f i e l d   o f   p i e z o l e c t r i c i t y   h a s   a l w a y s   b e e n ,  
and   con t inues   t o   be   i gnored  by the  Schools   of  Elec- 
trical Engineer ing .   Quar tz   c rys ta l   t echnology  has  
b e e n   t r e a t e d  as a n  a r t ,  o r  even  worse, as b lack  
magic. With the   excep t ion   o f   t he   s tuden t s  who 
have   rece ived   formal   t ra in ing  a t  N o r t h e r n   I l l i n o i s  
Univers i ty   under  Dr. W .  E .  Newel1 and a t  Colorado 
S t a t e   U n i v e r s i t y   a n d  McMurry College  under  Dr. 
V i r g i l  E .  Bottom,  most  of t h e   p e o p l e   i n   t h e   i n d u s -  
t r y  have  learned  f rom  one  another   going  back  to   the 
handful   of  men  who s t a r t e d   t h e   i n d u s t r y  who had, 
themselves ,   l earned   in   the   School   o f   Exper ience .  

Academic neg lec t   o f   t he  f ie ld  is a l s o  shown 
by t h e   d e a r t h   o f  l i terature  a v a i l a b l e   t o   t h e  new- 
comer.  The classic work of  Cady, t h e  books  of 
W .  P. Mason and   the   compl ia t ion   o f  1942 papers  by 
H e i s i n g   i n c l u d e   p r a c t i c a l l y   e v e r t h i n g  which h a s  
been   pub l i shed   i n   t h i s   coun t ry .  The  book  pub- 
l i s h e r s   n a t u r a l l y   h a v e   b e e n   r e l u c t a n t   t o  make t h e  
n e c e s s a r y   e x p e n d i t u r e s   t o   p u b l i s h   b o o k s   f o r  a non- 
e x i s t e n t   c l i e n t e l e .  

The indus t ry   has   had  its s h a r e   o f   " g e t   r i c h  
quick"   en t repreneurs  who jumped a t  the   oppor tun i ty  
t o  make a q u i c k   p r o f i t   d u r i n g  times of  emergency 
but   these  have  been a very small minor i ty .  Most 
o f   t h e  men  who e n t e r e d   t h e   c r y s t a l   i n d u s t r y ,   p a r -  
t i c u l a r l y   d u r i n g   t h e  war, were  motivated  by  the 
chal lenge  of  a d i f f i c u l t   j o b   a n d  by t h e   d e s i r e   t o  
make a p a t r i o t i c   c o n t r i b u t i o n  as much as by t h e  
p r o f i t   m o t i v e .  Many c o n t i n u e d   i n   t h e   b u s i n e s s  as 
long  as  t h e y   w e r e   f i n a n c i a l l y   a b l e   t o  do so: o f t e n  
b idding  on p roduc t ion   con t r ac t s  a t  p r i c e s  below 
t h e   c o s t   o f   p r o d u c t i o n   i n   o r d e r   t o   h a n g  on a l i t t l e  
b i t   l o n g e r .  They  have  done s o  a t  g r e a t   f i n a n -  
c i a l  sacrifice t o  themselves  and t o   t h e   d e t r i m e n t  
o f   t h e   i n d u s t r y .  

The indus t ry   has   a lways   been   too  small t o   b e  
o f   i n t e r e s t   t o  Wall S t r e e t   a n d   t h e   l a r g e   c o r p o r -  
a t i o n s   a n d   t e c h n i c a l l y   t o o   d i f f i c u l t   f o r   t h e  small 
ent repreneur   wi thout   adequate   f inanc ia l   backing  
a n d   s c i e n t i f i c   c a p a b i l i t y .   I n   t h o s e   i n s t a n c e s  
where l a rge   co rpora t ions   have   t aken   ove r  small 
c r y s t a l   c o m p a n i e s   t h e   r e s u l t s  have been  almost 
un i formly   d i sas t rous .   Genera l ly   speaking ,   the  
management o f   t h e   l a r g e  companies  have  attempted 
t o   a p p l y   t h e  same product ion  management techniques  
which work s u c c e s s f u l l y   i n   t h e   p r o d u c t i o n   o f  most 
s t anda rd   componen t s ;   f a i l i ng   t o   r ecogn ize   t he  great 
complexi ty   o f   the   apparent ly   s imple  crystal u n i t .  
When they  have  found  out,   they  have  been  unable 
o r  u n w i l l i n g   t o  make the   cap i ta l   inves tments   needed  

t o   p u t   t h e   p r o d u c t i o n   o f   c r y s t a l  units on a firm 
f i n a n c i a l   a n d   t e c h n i c a l  basis. 

The c rys t a l   i ndus t ry   has   expe r i enced   fou r  
b u r s t s  of a c t i v i t y   d u r i n g   t h e  past decade.  These 
i n v o l v e d   c r y s t a l   u n i t s   f o r   c o l o r   t e l e v i s i o n   s e t s ,  
c i t i z e n  band rad io ,   watches   and   c locks ,   and   las t ly  
microprocessors.   Each  of  these  products  has 
r e s u l t e d   i n  a temporary  expansion  of   the  industry 
followed  by a c o l l a p s e  when p r i c e s  f e l l  below t h e  
c o s t  o f   p roduc t ion   i n   t he   Un i t ed   S t a t e s .   In   o rde r  
t o  compete s u c c e s s f u l l y   f o r   t h e s e  mass markets 
it a p p e a r s   t h a t   t h e   c r y s t a l   i n d u s t r y   n e e d s  more 
c a p i t a l   a n d  more t ra ined   people .   Unfor tuna te ly  
both  seem t o  be i n   s h o r t   s u p p l y .  

Consequen t ly   t he   qua r t z   c rys t a l   i ndus t ry  which 
p roduces   t he   dev ice   t ha t  W .  P.  Mason h a s   c a l l e d  
"The  cornerstone  of  the  communication  art",   has 
remained,   l ike   the  North  American  Indian,  a ward 
of  the  government,  dependent upon it f o r   f i n a n -  
c i a l   a n d   t e c h n i c a l   s u p p o r t ,   a n d   s t r u g g l i n g   t o   s t a y  
a l i v e   t o   b e   i n   p o s i t i o n   t o  meet the   cha l lenge   of  
t h e   n e x t   m i l i t a r y   c r i s i s .  

EPILOXE 

The   au thor   wishes   to   thank   each   of   the   per -  
sons who c o n t r i b u t e d   m a t e r i a l   f o r   t h i s   a c c o u n t .  
Without t h e i r   h e l p  it could  not  have  been  prepared. 
He is f u l l y  aware   o f   t he   de f i c i enc ie s   o f   t he   pape r .  
Many important   topics   have  been  omit ted  and numer- 
ous  persons who made important   contr ibut ions  have 
not   been   ment ioned .   Despi te   every   e f for t   to  make 
t h e   r e p o r t  factual,  it is a l m o s t   c e r t a i n   t h a t  
e r r o r s  have  been made. The a u t h o r   a c c e p t s   f u l l  
r e s p o n s i b i l i t y   f o r   t h e s e   a n d   s o l i c i t s   c o r r e c t i o n s .  
He a l so   a sks   fo rg iveness   o f   t hose  who have  been 
omi t ted   and   of   those  who  may have  been  unfair ly  
r ep resen ted .  

Those   having   fur ther   in format ion   and/or  
c o r r e c t i o n s  are urged t o  communicate  with  the 
author .   Perhaps a t  a l a t e r  date t h e   s t o r y  can 
be t o l d   i n   g r e a t e r   d e t a i l   a n d  more p r e c i s e l y .  
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