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SUMMARY 

The performance characteristics and   ce r t a in   des ign   cons ide ra -  
t i o n s   o f   t u n i n g   f o r k   r e s o n a t o r s   a n d   a s s o c i a t e d   o s c i l l a t o r  
c i r c u i t s  are d iscussed .   His tor ica l   deve lopment  of the tun ing  
f o r k   o s c i l l a t o r   a n d  i t s  a p p l i c a t i o n s  are b r i e f l y   o u t l i n e d .  
Fabricat ion  methods  and  mechanical   configurat ion  of  units a t  
f r e q u e n c i e s   i n  the  complete  audio  range are shown. Effects of 
environment are d iscussed .  T h i s  i nc ludes  effects  of tempera ture ,  
a tmosphere ,   pos i t ion ing ,   and   mount ing ,   v ibra t ion   and   shock ,  
ag ing ,   and  the  r e l a t i o n  of these t o   f o r k   f r e q u e n c y .  

Methods of temperature  compensation  including bi-metallic and 
mono-metal l ic   construct ion are presented   for   compar ison ,   and  
phys ica l   envi ronmenta l  effects  on t e m p e r a t u r e   c o e f f i c i e n t  are 
given.  

The fo rk   r e sona to r   and   coup l ing  assembly is shown as an   equlva-  
l e n t  two port  network  and i t s  use wi th  va r ious   ac t ive   e l emen t s  
i s  described. Discussion of b o t h   t r a n s i s t o r   a n d  vacuum tube 
c i r c u i t s  is  presented  and the r e l a t i o n   o f  the  c i r c u i t   t o  
r e sona to r  Q an3   t empera tu re   coe f f i c i en t  is o u t l i n e d .  

P resen t ly   ob ta inab le   accu rac i e s  as well as those   u l t ima te ly  
ob ta inab le  are given. 

I N T R O D U C T I O N  

The tun ing   fo rk  has b e e n   u t i l i z e d  in the f ie ld  of p h y s i c s ,  
p r i m a r i l y   i n  the s tudy  of   sound,   s ince  ear lyl in  the 19 th   cen tu ry .  
One of the  ear ly  i n v e s t i g a t o r s ,  W. R .  Koenig  or iginated the 
e lec t r ica l ly  d r i v e n   f o r k .  While the f o r k  has been wi th  us  
longe r   t han  the q u a r t z   c r y s t a l ,  t he  crystal has received  con- 
s i d e r a b l y  more development f o r   e l e c t r o n i c   a p p l i c a t i o n s .  Th i s  is  
t rue   because  the i n i t i a l  need i n  communications was for   f requency  
c o n t r o l  of t r a n s m i t t e d  carriers. Today, w i t h  the  special re- 
q u i r e m e n t s   f o r   c o n t r o l   i n  t he  audio   f requency   range   for   ins t ru-  
ment and  computer   appl icat ions,  the  t u n i n g   f o r k   a n d   a s s o c i a t e d  
o s c i l l a t o r   c i r c u i t s  are rece iv ing   cons ide rab le   a t t en t ion   and  
r equ i r e   cons ide rab ly  more t o   f u l f i l l  their  p o t e n t i a l .  
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With the advent   o f   e lec t ronic   c i rcu i t ry   and  the development  of 
a "cons tan t  modulus a l l o y "  by Guill iame2, a stable frequency 
source   in  t h e  audio  range was a v a i l a b l e   t o  the industry.  Another 
impor tan t   s tep  was the development of the  laminated  fork3  formed 
by bonding  together two d i f f e r e n t  metals to   ach ieve  a reduced 
temperature effect ,  

The tun ing   fo rk  as a classroom  device  to  demonstrate  sound is 
well known. I t s  uae as a precis ion  f requency  source i s  a l s o  
well known. Developmental  emphasis i s  on improving t h e  accuracy 
a n d   s t a b i l i t y  of t h i s  device as related to  environmental  condi- 
t i o n s .  The tun ing   fork  as a narrow band f i l t e r  has not  been 
w i d e l y  used  although i ts  p o t e n t i a l  Is g r e a t   f o r  t h i s  a p p l i c a t i o n .  
Much work needs   t o  be done  on the la t te r  two of these applica- 
t i ons   t o   demons t r a t e  the t u n i n g   f o r k ' s  best capabilities. 

The tun ing   fo rk  as an  audio  f requency  s ignal   generator  has cer- 
ta in   advantages  no t  i nhe ren t   i n   o the r   dev ices ,  It will opera te  
over a wide range  of  temperature. The limits are determined b y  
t h e  c i r c u i t  components  used  and the Curie  point  of the f o r k  
metals. Operation of a t u n i n g   f o r k   o s c i l l a t o r  as high as 2OO0C 
and as low as -90°C has been  invest igated by the  au thors .  The 
tun ing   fo rk  i s  a rugged  device  and has no l i m i t a t i o n s   i n   l e n g t h  
of l i f e .  Tuning  forks  have  been  running  continuously  for  ten 
years o r  more, with s l i gh t  a d J w t m e n t s   f o r   a g i n g   a n d   c i r c u i t  
parameter effects being t h e  only  a t tent ion  needed,  They can be 
made reasonably small and s t i l l  maintain a degree of  r e s i s t a n c e  
to   v ibra t ion   and   shock  effects.  Any discreet frequency may be 
had directly by proper  dimensioning  of the f o r k   t i n e s .  The c i r -  
c u i t r y   a s s o c i a t e d  with the tun ing   fo rk  as an o s c i l l a t o r  may be 
extremely simple as w i l l  be shown later. 

FORK RESONATOR CHARACTERISTICS 

One method used   to   expla in  the mode  of v ibra t ion   of  a f o r k  i s  
t h a t  used   in  most  sophomore phys ic s   t ex t s .  This explana t ion  
shows a bar i n   f l e x u r a l   v i b r a t i o n ,   b e n t   s u c h  t h a t  t h e  two node 
p o i n t s  move c l o s e r   t o g e t h e r  until when a complete  fork is formed, 
t h e  node po in t s  are located a t  oppos i te  sides of the fo rk   c ro t ch .  
Th i s  e f f e c t i v e l y   e l i m i n a t e s  the  distance  between the  node. 
Typ ica l   fo rk   conf igu ra t ions  are shown in   F igure  1 f o r  commonly 
used  frequencies.  

Most tuning forks  are made wi th  straight t ines   because of the 
s impl i c i ty   o f   f ab r i ca t ion   and  the ease of c a l c u l a t i n g  the dimen- 
s i o n s   f o r  a par t icu lar   f requency .  The t y p e  wi th  the ho le s   o r  
cu tou t s  a t  the c ro t ch  will provide a lower  f requency  for  a 
g iven   l eng th  by m a i n t a i n i n g   a - r e l a t i v e l y  large mass. 

The fork  f requency may be ca l cu la t ed  by t h e  fol lowing empirical 
formula : (1) 
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F = Frequency 
K = Shape Faotor 
Ym = Young's Modulus 
W = Width of t i n e s  
L = Length of t i n e s  

The thickness  and width of the o v e r a l l   f o r k  affect the  frequency 
on ly   s l i gh t ly  ( a  few hundred  par ts   in  a m i l l i o n ) .  Typical  t i n e  
dimensions as a f u n c t i o n  of  frequency are shown i n  t h e  fol lowing 
table. A fork  of  any  frequency  can be made longe r   o r   sho r t e r  by 
proper   proport ioning  of  t h e  other  dimensions. 

Frequency  Length of Thickness of Width of  
Tine  Tine  Fork 

400 1.625" 0.033" 0 375" 
1000 1.62 5" 0.085" 0 .375" 
1000 2.250" 0.180" 0 . 600~1 
5000 0.080" 0 . 115" 0 . 375" 

A tuning  fork  does  not  generate  large  amplitude  harmonics of the 
fundamental, as i s  popular ly   bel ieved.  The harmonic  content 
present  is largely due   to   nonl inear i t ies   o f  t h e  c i r c u i t r y  
a s soc ia t ed  w i t h  the  f o r k  as in   any  self limited o s c i l l a t o r .  
There a r e ,  however, two overtones,  a t  6a and 17-1/8 times t h e  
fundamental  frequency. These are sometimes referred t o  as t h e  
"clang  tones"  of t h e  fo rk   and   con t r ibu te   t o  the  i n i t i a l  sound 
heard when the fo rk  i s  mechanically excited. 

O f  prime importance i s  the shape f a c t o r  of the tuning   fork .  The 
larger the f o r k  mass, the less susceptible i t  w i l l  be t o   d r i v i n g  
system amplitude changes  and t o   v i b r a t i o n  and  shock.  Frequency 
sh i f t  w i t h  changes   i n   a t t i t ude  w i l l  be p ropor t iona l   t o  t i n e  
l eng th  a t  any  given  frequency. T h i s  f a c t o r  i s  dependent on t h e  
width of the t i n e ,  the th inne r  the  t i n e ,  t h e  more v a r i a t i o n   i n  
frequency  can be expected with the  condi t ion  stated above. Forks 
made t o  the dimensions  indicated  previously,  which are a compro- 
mise between t h e  advantages  of large s i z e  and t h e  need f o r  a 
small package a r e  the t y p e s  considered here. 

Temperature   var ia t ion is  t h e  largest single f a c t o r   a f f e c t i n g  
frequency s t a b i l i t y .  Equation (1) shows temperature affects t o  
be due  to the temperature   coeff ic ient   of  modulus  of e l a s t i c i t y  
and the coef f ic ien t   o f   l inear   expans ion .  By denot ing H) as the 
T.C. of the modulus  of e las t ic i ty ,  and (t) as the T.C. of l i n e a r  
expansion, a n d 8  t h e  T.C. of  frequency, the r e l a t i o n  is  as 
f o l l o w s  : 

d + Y  .B= 2 

By s u i t a b l e   s e l e c t i o n  of materials, the  T.C. of frequency  can 
be made to  approach  zero.  This  was the basis f o r  development 
of   the  constant  modulus a l l o y s .  
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Another   factor   affect ing  f requency is  t h e  damping effects of 
t h e  devices  used  to  couple  energy t o  the  fork .  A s e t  of c o i l s  
and  associated  magnets are normally  used. The "gapping"  of the 
"dr ive   and   p ickup"   co i l s  ( t h e  spacing of t h e   c o i l s  from the 
t i n e s )  and t h e  amplitudes of t he  signal  impressed on t h e  I'drivel' 
c o i l ,   d e t e r m i n e s   t o  a c e r t a i n   e x t e n t  the frequency  of  operation 
and  the temperature c o e f f i c i e n t  of t h e  t un ing   fo rk   o sc i l l a to r .  

The mechanical q u a l i t y  factor l '&" of the fork   can  be def ined as 

G =  WM 
R 

M = Mass (Equivalent  mass of the v i b r a t i n g  
portion  of the t i n e )  

R = Mechanical  Resistance 

"G1' can be determined  from the spacing o f  half power p o i n t s   o r  
by t he   v ib ra t ion   decay   cha rac t e r i s t i c s .  

Tun ing   fo rks   ope ra t ing   i n   f r ee  a i r  have  been made w i t h  "Q" 
values  approaching 1 0 , 0 0 0  - 15,000 and  in  an  evacuated system 
as high as 2 5 , 0 0 0 .  The a d d i t i o n  of t h e  energy  coupling  devices 
w i l l  lower the e f f e c t i v e  IIQtl of the  f o r k   t o  5 , 0 0 0  - 10,000.  
These f i g u r e s  are t o  .a great extent  dependent on t h e  type of 
c i r cu i t   u sed .  

Figure ( 2 )  shows a typ ica l  mounting assembly. Tuning  and bal- 
ancing  of t h e  f o r k  i n  t h i s  pos i t i on ,   p rov ides   fo r   t he  least 
change in   f requency w i t h  a t t i tude   changes .  Typ ica l  magnitudes 
of t h i s  effect  are l i s ted  below: 

Vertical 0 PPM 
Horizontal  Side 0 - 10 PPM Depending on frequency 
Horizontal  Flat 1 - 2 PPM Depending on frequency 

A 400 cycle   fork w i l l  have a frequency s h i f t  of 6-10 PPM, whi le  
a 5000 cycle f o r k  w i l l  s h i f t  frequency 1 PPM maximum. 

Vibration  and  shock  environments affect frequency  qui te  radically.  
The following table shows the frequency  deviation  due  to  shock 
and   v ibra t ion  on the tun ing   fo rk  and  mounting assembly i l l u s -  
trated in   F igure  2.  No shock mount was used. 

Frequency  Shock & Acceleration  Frequency  change 

40 0 
1000 

.Ol$ 
-0056% 

400 .5" t o  20 cps - 1 0 G  up t o  30% of Freq. .Ol$ 
1000 .j" t o  20 cps - 10G up t o  30% of Freq. .01$ 
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The stress a n d   s t r a i n   d e v e l o p e d   i n  a f o r k ,   f o r   e x a m p l e ,  by co ld  
working  can  cause  considerable   f requency  aging  in  a matter of 
days. The f o r k  is  heat treated a f te r  working t o   r e l i e v e  the  
strains and  improve  aging characteristics. 

F igure  ( 3 )  shows a typ ica l  aging  curve  and t h e  limits normally 
found   i n  a number of  f o r k s  tha t  have  undergone t h i s  t r ea tmen t .  
Operat ion was a t  room ambient  temperature.   Aging w i l l  cont inue  
i n  t h e  area prescribed w i t h  a c o n t i n u a l l y   d e c r e a s i n g  rate.  The 
frequency after a year ,   would  not  be more t h a n   s e v e r a l  parts 
per m i l l i o n  more than  shown  on the  curve.  The normal d r i f t  w i th  
time i s  i n  the  d i r e c t i o n   o f   i n c r e a s i n g   f r e q u e n c y .  

The frequency  of  a t u n i n g   f o r k  w i l l  a l s o  be affected by v a r i a -  
t i o n s   i n   b a r o m e t r i c   p r e s s u r e .   S i z e   o f   f o r k   t i n e s  ( a  frequency 
f a c t o r )   d e t e r m i n e   t o  a great e x t e n t  the amount of change. The 
t h i n n e r  the t i n e ,  the more t h e  e f fec t .  

Decreasing the  b a r o m e t r i c   p r e s s u r e   t o  t h e  range  of 100 microns,  
will i n c r e a s e  the Q a l lowing  the  f o r k   t o   r u n  harder, and de- 
crease the  frequency by as much as 300 PPM a t  400 cycles, f o r  
example, As the fo rk   f r equency  Increases, t h i s  effect  of baro-  
metric pressure  change decreases. By hermetically s e a l i n g   o r  
evacuat ing  the f o r k  package, frequency s h i f t  w i t h  barometr ic  
changes  can be minimized. 

TEMPERATURE COMPENSATIGN METHODS 

The tun ing   forks   used   today  as con t ro l l i ng   e l emen t s   o f  high 
p r e c i s i o n   o s c i l l a t o r s   u t i l i z e  e i the r  a mono-metall ic  “Constant 
Modulus Al loy”   o r  Bi-metallic c o n s t r u c t i o n .  

The metal used  for   Mono-metal l ic  types has a n   a n a l y s i s   i n  the 
range shown below. 

30 t o  38% Nickel 

48 t o  616 I r o n  
5 t o  13% Chromium 

0.5 t o  2% Manganese 
0.5 t o  1% S i l i c o n  
0.5 t o  1% Cobolt  

1 t o  3% Tungsten 

Fork  manufacturers   using this type of   cons t ruc t ion  may va ry  the 
a n a l y s i s   t o   p r o v i d e   c e r t a i n  effects determined by t he i r  specif ic  
requi rements   inc luding  s t a b i l i t y ,  temperature  limits, e tc .  

F igu re  (4 )  shows a typ ica l   t empera tu re   coe f f i c i en t   cu rve .  
I n i t i a l l y ,  the  curve is  more p a r a b o l i c ,   f i n a l   t e m p e r a t u r e  com- 
pensat ion  of   f requency  being  accomplished by heat t r ea tmen t .  
This  heat t reatment   procedure is dependent on the a n a l y s i s   o f  
t h e  metal used  and t h e  amount  of  cold  working  done. 
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The Bi-metallic type of cons t ruc t ion  shown in   F igu re  5 u t l l i z e s  
a b l o c k  of  Constant Modulus Alloy  and a s t r i p  of  carbon s tee l ,  
s i l ve r   so lde red   t oge the r .  The r a t i o  of n i c k e l   a l l o y   t o   c a r b o n  
s t r ip   t h i ckness   de t e rmines  t h e  temperature   coeff ic ient   of  the 
tun ing   fork .  This  r a t i o  w i l l  be i n  t h e  range of 4-5-6 t o  1 wi th  
the n i cke l   a l l oy   be ing  the largest quan t i ty .  The r a t i o  is  de- 
termined by the  p h y s i c a l   s i z e  of the fork  and the f i n a l  tempera- 
t u r e   c o e f f i c i e n t  desired f o r  a spec i f ic   accuracy  of frequency. 
The t empera tu re   coe f f i c i en t   i n  free a i r  is d i f f e r e n t  from t h a t  
when the fo rk  i s  assembled w i t h   t h e  magnets   and  dr ive  coi ls .  
Therefore ,  t h e  r a t i o  of a l l o y   t o   c a r b o n  steel is  chosen f o r  
proper T.C. when assembled. 

A greater thickness of carbon steel t h a n   f i n z l l y   r e q u i r e d  is  
u t i l i z e d   i n   i n i t i a l   f a b r i c a t i o n   t o   a s s u r e   c o n t r o l   o v e r  the f i n a l  
T.C. The i n i t i a l  T.C. i s  negative  and a part of the production 
procedure is  t o  check the  T.C. and  reduce it  by gr inding   of f  a 
por t ion  of t h e  carbon  s t r ip .  U s u a l l y  t h i s  amount i s  . O O l n  t o  . 003" per  one PPM of  Frequency  change per degree C. Figure ( 6)  
shows a t y p i c a l  T.C. curve and the change of T.C. with gr inding.  

The value  of nQ" has a s l i g h t  effect  on the T.C. of a fo rk  which 
i s  now under   invest igat ion.  

Barometric  pressure affects  the T.C. of a fork.  For  example, i f  
a tun ing   fork  i s  made t o  have a Negative T.C. of 1 PPM per 
degree C ,  p l ac ing  the fork   in   an   evacuated  system of 100 microns, 
w i l l  move the T.C. as much as 5 PPM per  degree C P o s i t i v e ,  for 
low f requencies  (60 cps) . This  T.C. s h i f t  w i l l  be less  as the  
frequency  of the f o r k  i s  increased. 

Aging  of the f o r k  w i l l  a l s o  affect  the  T.C. The T.C. w i l l  
normally move i n  a more Negat ive   d i rec t ion  wi th  time. The 
magnitude  over a period  of months is not  more than 0.5 t o  1.0 PPM. 

The c i r c u i t ,   s i n c e  i t  has t h e  effect  of lowering the e f f e c t i v e  
' € i n  of the f o r k ,  affects t h e  T.C. of the complete  assembly. 
T h i s  movement, depending on the frequency  of the f o r k ,  may have 
a magnitude as high as 10 PPM and is normally  In the p o s i t i v e  
d i r e c t i o n .  

Amplitude  of  driving  signal w i l l  a l so   de te rmine  the o r i g i n a l  
c i r c u i t  and  fork T.C. Figure ( 7 )  shows t h i s  effect. 

OSCILLATOR C I R C U I T S  

A simplified e q u i v a l e n t   c i r c u i t   o f  the fork   assembly ,   in  the 
form  of a two te rmina l   pa i r   ne twork ,  i s  shown in   F igu re  (8) .  
The f o r k  i s  plagued with the same problems as a crystal  i n  that 
the  equivalent  parameter values  are dependent on amplitude of' 
v ib ra t ion .  The r ep resen ta t ion  shown is based on that of  an 
e lec t romagnet ic   o r   magnetos t r ic t ive   t ransducer   o r   resonator   in  
which an output  coupling i s  placed t o  produce  an  output 
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p r o p o r t i o n a l   t o  the amplitude of osc i l la t ion .   Transmi t tance  
( r a t i o  of   genera l ized   ou tput   to   input )  as a func t ion  of fre- 
quency is shown. The peak  response  corresponds  to  antiresonance 
of t h e  motional parameters as rep resen ted   i n  the equiva len t  c i r -  
c u i t  shown. 

The second  response, which corresponds  to  series resonance  of 
the motional   equivalent   capaci ty  wi th  the coupl ing  coi l   induc-  
t ance ,  is t y p i c a l l y  one o r  two percent   higher   in   f requency  than 
t h e  primary  response,  depending on coup l ing   co i l  Q. T h i s  second 
response i s  s u f f i c i e n t l y  low in  ampli tude  in   comparison  to  the 
main response s o  that osc i l la t ion   does   no t   occur  a t  o the r   t han  
t h e  primary  response.  Another  factor  not shown i n  the equiva- 
l e n t   c i r c u i t  i s  the mutual  coupling  between L1 and L2 which does 
e x i s t  and becomes qui te   apparent  a t  the higher   audio  f requencies .  

The ac t ive   po r t ion   o f  a tun ing   fork   osc i l la tor   cons is t s   s imply  
of   an   ampl i f ie r ,  u s u a l l y  self limiting, having   suf f ic ien t   ga in  
and   proper   phase   re la t ionships   to  start  and  maintain  osci l la t ion.  
The two te rmina l  pair fork  network as used has a phase r e v e r s a l  
f rom  input   to   output  so that a n   a d d i t i o n a l   r e v e r s a l  is requi red  
i n  the  ac t ive   po r t ion   o f  t h e  c i rcu i t .  The most common a c t i v e  
devices  used are vacuum tubes   and   t rans is tors .  A t yp ica l  ex- 
ample of the c i r c u i t   c o n f i g u r a t i o n  of each i s  shown in   F igure  
( 9 ) .  E a r l y  electrically d r iven   fo rks   u t i l i zed   an   a r r angemen t   o f  
carbon  microphone8 as act ive  pickup and drive  element.  Stabi l -  
izing  elements  such as the rmis to r s  and v a r i s t o r s  are sometimes 
u t i l i z e d   t o  improve  gain  and  amplitude  stabil i ty  with  tempera- 
t u r e  changes  and t o  improve limiting. Normally,  however, 
s a t i s f a c t o r y   o p e r a t i o n  i s  maintained  without the addi t ion   o f  
these c i r cu i t   e l emen t s .  Bias a n d   o p e r a t i n g   p o i n t   s t a b i l i z a t i o n  
design  problems are t h e  same as those   i nhe ren t   i n   any   o sc i l l a to r  
design.  An important   design  considerat ion i s  p h a s e   s t a b i l i t y  
of the d r i v i n g   c i r c u i t .  Th i s  I s  best accomplished by designing 
t h e  c i r c u i t   f o r  broadband  operation. Then the f o r k  i s  the only 
f requency   cont ro l l ing   e lement .   Ci rcu i t   ga in  is  ad jus t ed  so t h a t  
su f f i c i en t   l oop   ga in   does   no t   ex i s t   un le s s  the fo rk  i s  i n  motion 
but i s  s u f f i c i e n t l y  high t o   a l l o w   o s c i l l a t i o n   t o  start i n  a 
reasonable  period  of time. 

CONCLUSIONS 

Present  day accuracies o f   t un ing   fo rk   o sc i l l a to r s  are limited 
by the condi t ions   ou t l ined   prev ious ly .  These problems  not 
wk ths t and ing   t un ing   fo rk   o sc i l l a to r s   can  be b u i l t  with a 
s t a b i l i t y  more than   adequate   for  a large number of app l i ca t ions .  

A tun ing   fork   osc i l la tor   t empera ture   cont ro l led   in  a hermeti- 
ca l ly  sealed package may be had wi th  a long term S t a b i l i t y  of 
lto 1.5 parts i n  a mi l l ion .  A s h o r t  term s t ab i l i t y  of 1 P a r t  
i n  5 mil l ion  is feasible. 
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Production  items  with an accuracy of 100 parts  in a million, 
including all effects of environmental  conditions,  are  standard 
today.  This  includes  temperature  effect,  shock  and  vibration, 
aging  and  variation in circuit  parameters. 

Investigation of various  metals for use  as  resonators,  mounting 
methods,  different  fork  configuration,  coupling  devices  other 
than  electromagnetic,  and  changes in both  circuit  configuration 
and  components  will in  the opinion of the  authors  allow  reduc- 
tion  in  size  of  at  least  one-third and also  obtain a greater 
resistance t o  shock  and  vibration.  An  improvement  in  stability, 
both  long  and  short term, is  of  the  utmost  importance. Analysis 
and  study  of  various  modes  and  configuration  need to  be  made. 

Investigation  of the  use  of overtones,  "Clang tones", and  their 
stabilities  will allow for  higher  frequencies  without  the  dis- 
advantages  inherent in a high  frequency  fork  (13,000  cycles  and 
up). Utilization of  these  will  require  design of different 
mounting and driving  configurations. 

In short, it is felt that the  potential  for  both  tuning  fork 
oscillator  performance and application is Just beginning. 
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TRANSISTOR TUNING FORK OSCILLATOR 
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