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A New Monitor for 
FM Communications Services 

IN recent years the use of radio communica 
tions has grown enormously in fields such 

as land transportation, public safety, and 
public utilities. The consequent crowding of 
available spectrum has resulted in FCC 
adoption of tighter carrier frequency toler 
ances for these radio services. At present 
such services are, in general, required to 
maintain their carrier frequencies accurate 
within 0.01% when below 50 me and within 
0.005% when above 50 me. In addition, 
periodic measurements must be made to de 
termine that carrier frequencies are within 
FCC tolerances. 

The new -hp- Model 337 FM monitor 
shown in Figure 1 directly measures and con 
tinuously indicates both the carrier frequen 
cy and modulation deviation of an FM trans 
mitter operating in the range from 30 to 175 
me. Two models of the instrument are avail 
able. The Model 337A monitors the carrier 
frequency and modulation deviation of a 

Figure 1. -hp- Model 337B FM Monitor can be used 
with four channels in the 50-/75 me range. 

single FM (or PM) transmission, while the 
Model 337B monitors up to four transmis 
sions. The latter instrument is similar to the 
Model 337A except for a panel switch that 
connects any one of the four carrier frequen 
cies to the monitoring circuits. All coil 
changes are performed automatically by the 
panel switch and no plug-in coils are used. 

The heart of these new monitors is the 
pulse-counter type discriminator which was 
developed for the popular -hp- Model 335B 
FM broadcast service monitor1. This dis 
criminator is extremely stable; in fact, no 
zeroing control is necessary or provided for 
the discriminator in the Model 337. The 
stability depends only on two small capaci 
tors and four resistors, for which precision 
parts are used. The reliability of the circuit 
and the stability of its measurements have 
been proved thoroughly in the Model 335B 
and 337A-B monitors now in the field. 

Besides their primary function of indicat 
ing carrier frequency and modulation devia 
tion, the Model 337 monitors are valuable to 
the station for making audio measurements 
on the transmitter. With the use of a distor 
tion meter such as the -hp- Model 330B, the 
audio frequency characteristics of the trans 
mitter are easily measured. In addition, a 
monitoring amplifier can be driven from the 
monitors for aural monitoring purposes. 

In production work the Model 337 moni- 

'. B. Schrock and D. Packard. A Pulse Counter Type FM Station 
Monitur, Proceedings of the National Electronics Conference, Vol.3. 1947. 

P R I N T E D  I N  U . S . A .  C O P Y R I G H T  1 9 5 0  H E W L E T T - P A C K A R D  C O .  

© Copr. 1949-1998 Hewlett-Packard Co.



t o r s  a r e  b e i n g  u s e d  t o  c h e c k  t h e  
performance of f ixed-frequency FM 
transmit ters  and to make rapid spot  
measurements  o f  spur ious  FM gen  
e ra ted  wi th in  AM t ransmi t te r s  and  
signal generators. 

O P E R A T I O N A L  C H A R A C T E R I S T I C S  

T h e  s e n s i t i v i t y  o f  t h e  m o n i t o r s  
has been made quite high, being bet 
ter  than 400 microvol ts  over  the en 
tire 30-175 me range. This sensitivity 
value is  the actual  vol tage required 
across  the  50-ohm input  connec tor  
f o r  t h e  i n s t r u m e n t ,  a n d  i s  h i g h  
enough  to  pe rmi t  conven ien t  moni  
tor ing of  semi-remote t ransmit ters ,  
a s  i n  c a r s  a n d  t r u c k s .  T o  m o n i t o r  
such transmitters, it  is usually neces 
sary only to connect  a short  wire to 
the Model 337 when the transmitter  
i s  wi th in  a  few hundred fee t  of  the  
monitor.  By connecting the monitor 
t o  e x i s t i n g  a n t e n n a  l i n e s ,  s e m i -  
r emote  t r ansmiss ions  can  o f ten  be  
moni tored under  ac tual  useage con 
d i t i o n s .  A  s p e c i a l  f e a t u r e  o f  t h e  
monitors  is  that  the s ignal  s t rength 
of  the  r f  carr ier  being received can 
be read on a panel meter to ascertain 
t h a t  t h e  r e c e i v e d  c a r r i e r  i s  o f  a n  
amplitude sufficient for proper oper 
ation. 

T h e  M o d e l  3 3 7  m o n i t o r s  a r e  
basical ly  f ixed-frequency receivers  
w h i c h  i n c l u d e  c i r c u i t s  c a p a b l e  o f  
measur ing precise ly  the  carr ier  f re  
quency of the received transmission. 
T h e  p r e c i s i o n  o f  m e a s u r e m e n t  i s  
a f fec ted  by  the  s tab i l i ty  o f  the  d i s  
criminator,  described above, and by 
t h e  s t a b i l i t y  o f  t h e  r e f e r e n c e  o r  
heterodyning local  osci l lator  in the 
r e c e i v e r .  H e n c e ,  t h e  s t a b i l i t y  a n d  
accuracy of  the  local  osci l la tor  are  
matters  of  considerable importance 
in the design of the circuit .  Typical  
stability curves are shown in Figure 2 
where it  can be seen that the oscilla 
tor  i s  s table  wi th in  a  few par ts  per  
million over long periods of time. 

T o  s e t  u p  a n d  u s e ,  t h e  o p e r a t o r  
needs only to connect the monitor to 
a  p o w e r  s o u r c e  a n d  t o  a n  a n t e n n a  

r  
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Figure 2. Stability curres of reference os 
cillator in tti'O Model 337 FM Monitors. 

l ine .  Two panel  controls  se lect  the  
p o l a r i t y  o f  t h e  m o d u l a t i o n  t o  b e  
m o n i t o r e d  a n d  t h e  m o d u l a t i o n  d e  
v i a t i on  a t  wh ich  t he  ove r -modu la  
tion lamp flashes. In the four-channel 
Model 337B, a third control selects 
the channel to be monitored. 

C I R C U I T  D E S C R I P T I O N  

In Figure 3 the circuit is shown in 
b l o c k  f o r m .  T h e  F M  o r  P M  t r a n s  
mission to  be monitored is  appl ied 
across a  tuned circui t  to  the mixer ,  
where heterodyning with the output 
o f  the  loca l  osc i l l a tor  occurs .  The  
l o c a l  o s c i l l a t o r  f r e q u e n c y  i s  c o n  
trol led by a low temperature-coeffi  
cient crystal that has been aged and 
carefully monitored at  regular inter 
vals before use until  stabilization is 
a s su red .  A  t he rmos t a t i c a l l y  -  con  
trolled oven operated at 65 Â° C main 
tains a constant temperature for the 
crystal. 

The  osc i l l a to r  uses  an  e lec t ron-  
coup led  c i r cu i t  w i th  the  tuned  c i r  
cuit  connected to the screen grid of 
the  osci l la tor  tube.  The crysta l  f re  

quency is  select  
ed  to  l i e  wi th in  
the  7 .5 -9  me  re  
g i o n ,  t h e  e x a c t  
f r e q u e n c y  d e  
p e n d i n g  u p o n  
the frequency of 
the transmission 
to be monitored. 
T o  o b t a i n  t h e  
necessary  mul t i  
p l i ca t ion  of  the  
o s r i l l a t o r  f r e  

quency up into the 30-175 me range 
o f  t he  t r ansmi t t e r s ,  two  s t ages  o f  
f requency mult ipl icat ion are  used.  
First,  the plate circuit of the oscilla 
to r  tube  i s  tuned  to  a  harmonic  of  
the  crys ta l  f requency.  Second,  the  
harmonic voltage in the plate circuit 
i s  o f  su f f i c i en t  ampl i tude  to  ove r  
drive the mixer grid,  generat ing ad 
d i t i o n a l  h a r m o n i c s  w h i c h  h e t e r o  
dyne with the incoming transmitter  
frequency. The crystal  frequency is 
selected so that an intermediate fre 
quency of 30 kc will  be obtained at 
the  output  of  the  mixer  tube .  This  

/  -  1  ' H A R M O N I C  

Figure 4. Basic circuit of reference 
oscillator. 

30 kc I.F. is applied to a three-stage 
l imit ing amplif ier .  High frequency 
p roduc t s  o f  the  mix ing  ac t ion  a re  
by-passed by distributed capacity at 
the input to the amplifier. 

P U L S E - C O U N T E R  D I S C R I M I N A T O R  

The output  of  the  l imit ing ampli  
fier is  a nominal 30 kc square wave 
â€¢whose average frequency depends 
upon  the  exac t  t r ansmi t t e r  ca r r i e r  
f r equency  and  which  con ta ins  the  
comple te  modula t ion  swings .  This  
square wave is applied to the pulse- 
coun te r  d i sc r imina to r  o f  F igu re  5  

V Block diagram of .Model 337 monitor circuit. 
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Figure 5. Diagram of basic pulse-counter 
circuit. 

and is of sufficient amplitude to 
drive the grids of the discriminator 
tubes beyond cut-off. 

Tubes VI and V2 in Figure 5 ob 
tain their space current from a con 
stant-current source V3 to assure 
uniformity of plate currents. Alter 
nate half cycles of the square wave 
from the limiting amplifier operate 
V I ,  p r o d u c i n g  a  c u r r e n t  p u l s e  
through Cl like that shown. Similar 
current pulses flow through C2 on 
the remaining half cycles when V2 
is conducting. The bridge rectifier 
applies these current pulses uni- 
directionally to the dc meter Ml. 

The charge in each of the current 
pulses is determined by the values of 
Cl and Rl. These values are selected 
so that at the highest frequency to be 
counted capacity Cl will be fully 
charged before the expiration of the 
half-cycle. Thus, a fixed charge is 
always passed to the meter for each 
half-cycle of the I.F. and the meter 
reading is proportional to the num 
ber of charges per unit time or to the 
frequency of the I.F. In turn, the I.F. 
is  re la ted to  the t ransmit ter  f re  
quency. 

If no special arrangement is used, 
the circuit will indicate a change in 
carrier frequency by a change in 
some high-scale meter reading. How 
ever, greater readability can be ob 
tained by balancing out the meter 
current that results from the 30 kc 
I.F. and using a zero-center meter to 
indicate only the changes in trans 
mitter frequency. To acomplish this, 

an opposing current equal to that 
resul t ing f rom the  30 kc  I .F .  i s  
applied to the meter, giving a center 
indication when the transmitter is on 
frequency and either negative or 
positive indications when the carrier 
frequency changes. The balancing 
current is obtained from a precision 
divider R3 and R4 located in the 
plate supply of VI and V2. Thus, 
any plate current variations that 
tend to cause a change in the current 
pulses applied to the meter are auto 
matically compensated by corres 
ponding changes in the opposing 
current. 

The  ins tantaneous  I .F .  var ies  
around the 30 kc point in accordance 
with the modulation on the trans 
mitter carrier. These same modula 
tion deviations are present in the 
instantaneous pulse frequency ap 
pl ied to  the  meter ,  a l though no 
variations occur in the meter reading 
because the pulses are integrated by 
the ballistic characteristics of the 
meter and by a meter by-pass capaci 
tor. Thus, the meter indicates only 
the average carrier frequency. 

However, the modulation can be 
recovered or detected by inserting an 
audio transformer in series with the 
meter as shown. By suitable filtering, 
a demodulated signal is obtained and 
is applied to a feedback-stabilized 
audio amplifier which operates the 
modulation meter. In addition to 
being a frequency meter, then, the 
counting circuit also operates as a 
demodulator and for this function 
has extremely good linearity and 
stability. 

M O D U L A T I O N  M E T E R  

The modulation meter is calibrat 
ed in kilocycles of deviation from 0 
to 20 kc. The meter is fast-acting and 
indicates the deviation of a modula 
tion burst of only 130 milliseconds 
duration with less than 5% error. 
The response of the meter is constant 
within ^ db over the range from 300 
cps to 3 kc. Either positive or nega 
tive modulation swings can be ob 

served by means of a panel switch. 
A peak modulation lamp is includ 

ed in the modulation meter circuit 
and can be adjusted by means of a 
panel control to flash on any devia 
tion from 5 to 20 kc. The lamp is 
faster acting than the meter and is 
useful to indicate modulation bursts 
that exceed the 15 kc deviation max 
imum authorized by the FCC. 

A U D I O  O U T P U T  C H A R A C T E R I S T I C S  

On modulation swings of 15 kc, 
five volts of audio output are provid 
edâ€”ample for driving aural moni 
toring amplifiers or for operating 
measuring equipment. Less than 1% 
dis tor t ion is  contr ibuted by the  
monitor circuits. The response of the 
audio system is constant within Â£ db 
from 300 cps to 3 kc when no de- 
emphasis is used. 

The monitors can be provided 
either with or without de-emphasis. 
When de-emphasis is used, the audio 
output follows the proposed RMA 
slope of 6 db per octave from 300 cps 
to 3 kc, resulting in about 2.5 volts 
output at low audio frequencies on 
modulation swings of 15 kc. 

-]. E. Stiles 

SPECIF ICATIONS 
M O D E L S  3 3 7 A - B  F M  M O N I T O R S  

C A R R I E R  F R E Q U E N C Y  R A N G E :  M o d e l  3 3 7 A :  
f o r  u s e  o n  a n y  o n e  f r e q u e n c y  i n  r a n g e  
f r o m  3 0  t o  1 7 5  m e .  M o d e l  3 3 7 B :  f o r  u s e  
o n  a n y  f o u r  f r e q u e n c i e s  i n  r a n g e  f r o m  3 0  
t o  1 7 5  m e  ( c i r c u i t s  a d j u s t e d  a t  f a c t o r y ) .  

S E N S I T I V / T Y :  A p p r o x i m a t e l y  4 0 0  m i c r o v o l t s .  
C A R R I E R  M E T E R  D E V I A T I O N  R A N G E .  

â€”  15  kc  to  ^15  kc .  
C A R R I E R  M E T E R  A C C U R A C Y . -  W i t h i n  0 . 0 0 5 %  

f r o m  3 0  t o  5 0  m e ;  w i t h i n  0 . 0 0 2 %  a b o v e  
50 me.  

M O D U L A T I O N  M E T E R  R A N G E :  0  t o  2 0  k c .  
M O D U L A T I O N  M E T E R  A C C U R A C Y :  W i t h i n  

5 %  o f  f u l l  s c a l e .  
M O D U L A T I O N  M E T E R  F R E Q U E N C Y  R E  

S P O N S E :  W i t h i n  ' / 2  d b  f r o m  3 0 0  c p s  t o  3  k c .  
P E A K  M O D U L A T I O N  I N D I C A T O R  R A N G E .  

5  t o  2 0  k c  ( a d j u s t a b l e ) .  
A U D I O  O U T P U T :  W i t h o u t  d e - e m p h a s i s ,  5  v o l t s  

i n t o  2 0 , 0 0 0  o h m s  o n  1 5  k c  m o d u l a t i o n  
s w i n g s ;  d e - e m p h a s i s  d e c r e a s e s  o u t p u t .  

D E - E M P H A S I S :  S u p p l i e d  o p t i o n a l l y .  
P O W E R :  O p e r a t e s  f r o m  n o m i n a l  1 1 5 - v o l t ,  

5 0 / 6 0  c y c l e  s u p p l y .  D r a w s  a p p r o x i m a t e l y  
1 0 0  w a t t s .  

D I M E N S I O N S :  8 3 / i " h i g h ,  1 9 "  w i d e ,  1 0 "  d e e p .  
M O U N T I N G :  F o r  r e l a y  r a c k  m o u n t i n g .  
W E I G H T :  A p p r o x .  2 5  I b s .  S h i p p i n g  w e i g h t ,  

43 Ibs .  
P R I C E :  M o d e l  3 3 7 A :  $ 3 0 0 . 0 0  l e s s  c r y s t a l  a n d  

o v e n .  M o d e l  3 3 7 B - .  $ 3 5 0 . 0 0  l e s s  c r y s t a l s  
a n d  o v e n .  C r y s t a l  a n d  o v e n ;  $ 2 7 . 5 0  p e r  
f r e q u e n c y .  A l l  p r i c e s  f . o . b .  P a l o  A l t o ,  C a l i f .  

D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e  
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New Aural and Video Monitors for TV Stations 
Monitors have been developed for 

both the aural and video transmis 
sions of television stations. Both 
types of  these new monitors are 
based on the circuitry used in the 
Model 335B FM broadcast monitorâ€” 
the most widely used of all monitors 
in the standard FM broadcast field. 

M O D E L  3 3 5 C - D  A U R A L  M O N I T O R  

This monitor is basically similar 
to the -hp- Model 335B broadcast 
monitor, except that the oscillator 
and multiplier stages have been re 
designed to be suitable for the par 
ticular frequency channels used for 
television. In addition, the pulse 
counting circuits have been designed 
to be suitable for the 25 kc modula 
tion swings used in television. Two 
models of the instrument are avail 
able, the Model 335C for use with 
any of channels 2 to 6 and the Model 
335D for use with channels 7 to 13. 
Both instruments continuously indi 
cate carrier frequency as well as per 
centage modulation. 

The carrier frequency readings 
are  accura te  wi th in  0 .001%.  To 
achieve this high accuracy, the moni 
tor uses a pulse-counter type dis 
criminator and a reference oscillator 
that is designed for very high sta 
bility. The crystal for the oscillator 
is housed in a double-chamber oven 
that regulates within approximately 
one-tenth of a degree Centigrade. 
The crystal itself has a low tempera 
ture coefficient of approximately one 
part per million per degree Centi 
grade. 

The audio system in the monitor 
is of a quality that conforms to the 
high quality systems used in FM 
aural transmitters. The audio out 
put voltage follows the standard de- 
emphasis curve within Â¿ db over the 
range from 20 cps upward. Distor 
tion is less than 0.25% at 100% mod 
ulation over the entire range from 
50 cps to 20 kc, while residual noise 

-hp- Model 335 Television Aural Monitor 

is less than 0.03% or 70 db below 
100% modulation. 

Altogether, four important meas 
urements can be made on the trans 
mitter by means of the monitor: 
carrier frequency and percentage 
modulation are indicated directly, 
while distortion and frequency re 
sponse can be measured with the -hp- 
Model 330B Distortion Meter. 

M O D E L  3 3 6 C - D  V I D E O  
C A R R I E R  M O N I T O R  

The Model 336C-D monitors are 
designed to indicate the carrier fre 
quency of the video transmission of 
television stations. The Model 336C 
operates with any of channels 2 to 6 
and is calibrated in 100-cycle divi 
sions for carrier deviations from â€”3 
kc to +3 kc ,while the Model 336D 
operates with any of channels 7 to 13 
and is calibrated in 200-cycle divi 
sions for carrier deviations from â€”6 
kc to +6 kc. The carrier frequency 
readings are accurate within 0.001%. 

A P P R O V A L  S T A T U S  

As of this writing, the FCC is not 
granting approvals for television 
monitors. However, engineering and 
test data required for approval for 
the Model 335C-D and 336C-D moni 
tors have been compiled. Until such 
time as approvals are granted, the 
monitors are offered with the provi 
sion that approval is guaranteed 
when the "freeze" is removed. 

V I S I T  T H E  - h p -  B O O T H  A T  T H E  
I . R . E . - W . C . E . M . A .  M E E T I N G  I N  
L O N G  B E A C H  A N D  T H E  N E C  

M E E T I N G  I N  C H I C A G O  

SPECIF ICATIONS 
M O D E L S  3 3 5 C - D  

T E L E V I S I O N  A U R A L  C H A N N E L  
M O N I T O R  

C A R R I E R  F R E Q U E N C Y  R A N G E :  M o d e l  3 3 5 C :  
f o r  u s e  o n  a n y  o n e  o f  c h a n n e l s  2  t o  6 .  
M o d e l  3 3 5 D :  f o r  u s e  o n  a n y  o n e  o f  c h a n  
n e l s  7  t o  1 3 .  

C A R R I E R  M E T E R  D E V I A T I O N  R A N G E :  M o d e l  
3 3 5 C :  - 3  k c  t o  T  3  k c .  M o d e l  3 3 5 D :  - 6  
k c  t o  - i - o  k c .  

C A R R I E R  M E T E R  A C C U R A C Y :  W i t h i n  0 . 0 0 1 % .  
R . f .  P O W E R  R E Q U I R E D :  2  w a t t s  n o m i n a l .  

O p e r a t e s  s a t i s f a c t o r i l y  o v e r  r a n g e  f r o m  
0 . 3  t o  3  w a t t s .  

M O D U L A T I O N  M E T E R  R A N G E :  0  t o  3 3 . 3  k c .  
S c a l e  c a l i b r a t e d  t o  1 0 0 %  a t  2 5  k c  s w i n g ,  
1 3 3 %  a t  3 3 . 3  k c  s w i n g .  

M O D U L A T I O N  M E T E R  A C C U R A C Y :  W i t h i n  
5 % .  

M O D U L A T I O N  M E T E R  C H A R A C T E R I S T I C S :  
D a m p e d  i n  a c c o r d a n c e  w i t h  F C C  r e q u i r e  
m e n t s .  R e a d s  p e a k  v a l u e  o f  m o d u l a t i o n  
p e a k  o f  d u r a t i o n  f r o m  4 0  t o  9 0  m i l l i - s e c -  
o n d s .  P o i n t e r  r e t u r n s  t o  1 0 %  o f  f u l l  v a l u e  
w i t h i n  5 0 0  t o  8 0 0  m i l l i s e c o n d s .  

M O D U L A T I O N  M E T E R  R E S P O N S E :  C o n s t a n t  
w i t h i n  V ' 2  d b  f r o m  5 0  c p s  t o  1 5  k c .  

E X T E R N A L  M O D U L A T I O N  M E T E R :  P r o v i s i o n  
m a d e  f o r  u s e  w i t h  r e m o t e  4 0 0  m i c r o a m p e r e  
m e t e r .  E x t r a  m e t e r s  c a n  b e  s u p p l i e d .  

P E A K  M O D U L A T I O N  I N D I C A T O R :  A d j u s t a b l e  
f r o m  5 0 %  t o  1 2 0 %  m o d u l a t i o n .  P r o v i s i o n  
m a d e  f o r  u s e  w i t h  e x t e r n a l  p e a k  i n d i c a t o r .  

A U D I O  O U T P U T  R E S P O N S E .  C o n s t a n t  w i t h i n  
' / 2  d b  f r o m  2 0  c p s  t o  2 0  k c .  E q u i p p e d  w i t h  
s t a n d a r d  7 5  m i c r o s e c o n d  d e - e m p h a s i s .  

A U D I O  O U T P U T  V O L T A G E :  A t  l o w  f r e q u e n c y  
1 0 0 %  m o d u l a t i o n ,  1 0  v o l t s  a c r o s s  2 0 , 0 0 0  
ohms .  

M O N I T O R I N G  O U T P U T  V O L T A G E :  A t  l o w  
f r e q u e n c y  1 0 0 %  m o d u l a t i o n ,  4  m w  i n t o  
6 0 0  o h m s ;  b a l a n c e d .  

D I S T O R T I O N :  L e s s  t h a n  0 . 2 5 %  a t  1 0 0 %  
m o d u l a t i o n  f o r  f r e q u e n c i e s  f r o m  5 0  c p s  t o  
20 kc.  

N O I S E :  7 0  d b  b e l o w  o u t p u t  l e v e l  c o r r e s p o n d  
i n g  t o  1 0 0 %  m o d u l a t i o n .  

P O W E R :  O p e r a t e s  f r o m  n o m i n a l  1 1 5 - v o l t ,  
5 0 / 6 0  c y c l e  s u p p l y .  D r a w s  a p p r o x i m a t e l y  
1 5 0  w a t t s .  

D I M E N S I O N S :  1 0 ' / 2 "  h i g h ,  1 9 "  w i d e ,  1 3 "  
deep .  

M O U N T I N G :  C a b i n e t  o r  r e l a y  r a c k .  A d d  " R "  
t o  m o d e l  n u m b e r  f o r  r a c k  m o u n t i n g  ( 3 3 5 C R  
o r  3 3 5 D R j .  

S H I P P I N G  W E I G H T :  A p p r o x .  9 5  I b s .  
P R I C E :  $ 9 3 5 . 0 0  f . o . b .  P a l o  A l t o ,  C a l i f .  

D a t a  s u b j e c t  t o  c h a n g e s  w i t h o u t  n o t i c e  

SPECIF ICATIONS 
M O D E L S  3 3 6 C - D  

V I D E O  C A R R I E R  F R E Q U E N C Y  
M O N I T O R S  

F R E Q U E N C Y  R A N G E :  M o d e l  3 3 6 C t  F o r  u s e  o n  
a n y  o n e  o f  c h a n n e l s  2  t o  6 .  M o d e l  3 3 6 D :  
F o r  u s e  o n  a n y  o n e  o f  c h a n n e l s  7  t o  1 3 .  

D E V I A T I O N  R A N G E :  M o d e l  3 3 6 C :  â € ” 3  k c  t o  
3  k c .  M o d e l  3 3 6 D :  â € ” 6  k c  t o  + 6  k c .  

A C C U R A C Y :  W i t h i n  0 . 0 0 1 % .  
R . F .  P O W E R  R E Q U I R E D :  2  w a t t s  n o m i n a l .  

O p e r a t e s  s a t i s f a c t o r i l y  o v e r  r a n g e  f r o m  0 . 4  
t o  4  w a t t s .  

P O W E R :  O p e r a t e s  f r o m  n o m i n a l  1 1 5 - v o l t ,  
5 0  6 0  c y c l e  s u p p l y .  D r a w s  a p p r o x i m a t e l y  
6 0  w a t t s .  

D I M E N S I O N S :  8 % " h i g h ,  1 9 "  w i d e ,  1 0 "  d e e p .  
M O U N T I N G :  C a b i n e t  o r  r e l a y  r a c k .  A d d  " R "  

t o  m o d e l  n u m b e r  f o r  r e l a y  r a c k  ( 3 3 6 C R  o r  
336DR).  

S H I P P I N G  W E I G H T :  A p p r o x .  4 5  I b s .  
P R I C E .  $ 4 0 0 . 0 0  f . o . b .  P a l o  A l t o ,  C a l i f .  

D a t a  s u b j e c t  t o  c h a n g e  w i t h o u t  n o t i c e  
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