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The -hp- TV Monitor 

MANY television engineers who have 
been associated with f-m broadcast 

stations have worked with the -hp- Model 
335B f-m frequency monitor and modulation 
meter.1 That the 335B was a successful de 
sign is indicated by the fact that it was used 
in more f-m stations than all other monitors 
combined. Among station personnel the 
monitor has been popular because it oper 
ated accurately for extended periods with 
out adjustment. 

The same design approach used in the 
335B has been used in the new -bp- Model 
335E aural and visual monitor for television 
stations. The 335E uses the pulse-counter 
type frequency meter that proved popular 
in the 335B because of its simplicity and sta 
bility. Like the f-m monitor, the TV monitor 
is small in size, being only 12Ã" high by 
relay rack width. 

Fig. 1. -bp- Â¡Model 335E TV monitor measures aural and 
visual carrier deviations and percent aural modulation. 
The monitor includes such features as a pulse-counter 
type discriminator, full provision for remote lamp and 

meters, all operating controls located on front panel. 

Three panel meters on the equipment 
monitor the frequencies of the visual and 
aural carriers, and the percent modulation 
on the aural carrier with 100% modulation 
equal to 25 kc deviation. All indications are 
presented simultaneously. The monitor can 
be used with any one of the TV channels in 
either the VHP or UHF bands. The circuit 
arrangement also accommodates stations 
that may have offset carriers. Full provision 
is made for the use of a remote over-modu 
lation lamp as well as remote indicating 
meters. All operating adjustments can be 
made on the front panel of the monitor. 

Although the 335E is primarily intended 
to indicate the percentage modulation of the 
aural carrier and to monitor the frequencies 
of both carriers, it is also valuable as an aid 
in making a number of other important 
measurements relating to the quality of the 
transmission. For example, the monitor is 
useful in measuring the f-m and a-m noise 
levels and in measuring the frequency re 
sponse and distortion characteristics of the 
aural transmitter. 

C I R C U I T  A R R A N G E M E N T  

A block diagram of the monitor circuit is 
shown in Fig. 2. The master oscillator is a 
cathode-coupled two-stage circuit which is 
controlled by an overtone type crystal oper 
ating in the 20-30 megacycle region. The 
crystal is mounted in a carefully-designed 

'N. B. Schrock and David Packard, "A Pulse Counter 
Type FM Station Monitor," Proceedings of the National 
Electronics Conference, Vol. 3, 1947. 
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Fig. 2. BÃocÃ© diagram of -hp- Model 335E TK Monitor. 

oven that controls temperature to 
within approximately 0.10Â°C. Oven 
temperature is indicated by a ther 
mometer readable at the front panel. 
The oven thermostat is a long-life 
type in which a mercury column 
opens and closes the circuit between 
two fixed contacts. The oven heater 
circuit is connected directly across 
the power input connector so that 
the crystal temperature is always 
controlled as long as the instrument 
is connected to a power source. 

The cathode-coupled type oscilla 
tor circuit has been selected because 
it allows series- resonant operation of 
the crystal. This arrangement has the 
advantage that stray capacities in the 
circuit have considerably less effect 
on the operating frequency than in 
the case of parallel-resonant crystal 
operation. As an indication of the 
quality of performance of the oscil 
lator, variations in oscillator fila 
ment voltage from 5.7 to 6.9 volts 
affect the frequency of operation by 
only about 2-3 parts in 10". In pro 
duction instruments, however, the 
filament voltage for the master oscil 
lator is regulated by means of a con 
stant-voltage type transformer so 
that even this small voltage effect is 
reduced. Performance curves reflect 
ing the long-time stability of the 
master oscillator in two typical pro 
duction monitors are shown in Fig. 3. 

The master oscillator is provided 
with a vernier tuning adjustment 

for correcting long 
time drift. In addi 
tion a push-switch 
is provided to lower 
the frequency of the 
oscillator about 1 
par t  per  mi l l ion.  
Use of this push- 
switch minimizes 
the possibility of 
setting the master 
oscillator or trans 
mitter oscillator so 
that the image fre 
quency of the mon 
i to r  i s  ob ta ined .  

Both the push-switch and the ver 
nier control are available from the 
front panel of the instrument. 

The master oscillator drives a 
tuned multiplier which feeds into 
the separate multipliers for the vis 
ual and aural channels of the moni 
tor. In the visual channel the output 
of the first mixer is multiplied until 
it is 3.5 kc below the assigned visual 
carrier frequency of the station. The 
output of the visual mixer is then a 
frequency of 3.5 kc when the visual 
carrier is exactly at its assigned fre 
quency. 

The output of the visual channel 
mixer is passed through a filter that 
removes the 15,750 cps line frequen 
cy component in order to avoid the 
possibility of interaction of this fre 
quency with the visual deviation 
meter circuit. The output waveform 
from the filter is squared and applied 
to the pulse counter circuit shown 
in basic form in Fig. 4. The pulse 
counter consists of a pair of switch 
ing tubes feeding a short time-con 
stant RC network. A full-wave rec 
tifier circuit and d-c meter are in- 
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Fig. 3. Typical stability curves of master 
oscillator in tw> production moniiors. 
Oscillator uses a cathode-coupled type 

circuit u-ith series-resonant crystal. 

corporated into the network in such 
a way that the current charging the 
capacitors is passed through the 
meter. 

When the square wave output of 
the switching tubes is applied to the 
network, the current charging the 
capacitors consists of pulses as indi 
cated in Fig. 4. The time constants 
of the RC network are selected so 
that the capacitors will become fully 
charged on each half-cycle of the 
highest frequency to be measured 
(3.5 kc + maximum carrier devia 
tion). To give the circuit a high or 
der of stability, the switching tubes 
are supplied from a constant-current 
source so that the capacitors will al 
ways be charged to the same voltage. 
As a result, the pulses through the 
capacitors will all have the same 
charge. 

Under these conditions the num 
ber of pulses passing through the 
capacitors per unit time is propor 
tional to the frequency of the square 
waves applied to the network. Since 
the meter indicates the rectified 
value of these pulses and since all 
pulses have the same charge, the av 
erage d-c current through the meter 
is also proportional to the frequency 
of the square waves. A change in the 
frequency of the visual carrier, then, 
will cause a change in the frequency 
of the square wave and this in turn 
will cause a corresponding change in 
the meter current. 

The visual deviation meter itself 
is calibrated in deviation from â€”1.5 
kc to +1.5 kc. In order that the meter 
can be calibrated with a zero-center 
scale in this manner, the pulse coun 
ter circuit is arranged so that the 
meter current at zero deviation of 
the carrier is cancelled by an equal 
and opposite bucking current. A net 
meter current is thus obtained only 
when the carrier is above or below 
its assigned frequency. 

To insure the stability of the buck 
ing current, it is derived from a di 
vider network in the constant cur 
rent source for the switching tubes. 
Should any change occur in the con 
stant current source, then, it will 
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Fig. 4. Basic circuit of pulse counter in 
visual deviation meter circuit. 

affect the bucking current as well as 
the current flowing through the ca 
pacitors. The circuit is thus self -com 
pensating so that a high order of 
long-time stability is achieved. 

The aural channel of the monitor 
is similar to but necessarily more 
elaborate than the visual channel. 

A sample of the aural carrier from 
the transmitter is mixed with the 
mult ipl ied master  oscil lator  fre 
quency to obtain a difference fre 
quency that is equal to the separa 
tion of the carriers (4.5 megacycles) 
plus 3.5 kc. The 3.5 kc frequency re 
sults from the fact that the master 
oscillator frequency is selected so 
that, when multiplied, it will be 3.5 
kc below the frequency of the visual 
carrier, as described earlier. Separate 
multipliers are used in the aural and 
visual channels for isolation reasons 
a n d  b o t h  m u l t i p l i e r s  a r e  w e l l  
shielded. 

B I N D E R  A V A I L A B L E  

T o  k e e p  i n t a c t  y o u r  f i l e  o f  t h e  H e w l e t t - P a c k  

a r d  J o u r n a l ,  a  n e w  t h r e e - r i n g  b i n d e r  i s  n o w  

a v a i l a b l e .  T h e  b i n d e r  i s  o f  g o o d  q u a l i t y  a n d  

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

s m a r t  d e s i g n  e m b o s s e d  o n  f r o n t  c o v e r  a n d  

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

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

P r i c e :  o n e  d o l l a r ,  p o s t p a i d .  O r d e r s  o c c e p f -  

e d  o n / y  o n  a  c a s h  ( o r  c h e c k )  w i t h  o r d e r  b a s i s .  

L i m i t e d  q u a n t i t y  a v a i l a b l e .  

The 4.5035-megacycle output of 
the first visual mixer is then mixed 
with the output of a 4.3535-megacy- 
cle crystal-controlled oscillator to 
obtain a difference frequency of 150 
kc. This difference frequency con 
tains whatever modulation is present 
on the aural carrier. 

The difference frequency voltage 
is squared and applied to the pulse- 
counter type discriminator shown in 
Fig. 5. This counter is similar to the 
counter in the visual channel except 
that it contains circuitry that acts as 
a discriminator for the f-m modula 
tion on the aural carrier. The dis 
criminator is highly linear as indi 
cated by the fact that the distortion 
i n  t he  en t i r e  mon i to r  f rom a l l  
sources is less than 0.25% at 100% 
modulation at frequencies below the 
knee of the standard de-emphasis 
curve. 

The manner in which the pulse- 
counter discriminator recovers the 
modulation signal from the aural 
carrier can be determined by consid 
ering that current pulses are flowing 
through the meter circuit at an av 
erage rate of 300 kc (each half-cycle 
of the 150 kc difference frequency). 
The instantaneous rate of the pulses, 
however, varies in accordance with 
the f-m modulation on the aural car 
rier. If, for example, the transmitter 
is modulated 100% (25 kc deviation) 
by a fixed frequency of 5000 cps, the 
current pulses through the meter 
will vary from 250 to 350 kc at a 
rate of 5000 cps. The audio compon 
ent of this meter current variation is 
recovered by coupling the meter cir 
cuit to an amplifier by means of a 
low-impedance current-actuated net 
work indicated by the transformer 
in Fig.  5.  The meter i tself  is  by 
passed so that it will indicate only 
the average value of the current 
pulses. 

The audio voltage obtained from 
the discriminator is amplified and 
applied to the percent modulation 
meter circuit and to the over-modu 
lation lamp circuit.  The point at 
which the overmodulation lamp 

Fig. 5. Basic circuit of pulse-counter dis 
criminator in aural deviation meter 

circuit. 

flashes is adjustable from 50% to 
120% modulation. 

The percent modulation meter is 
operated from a peak-reading type 
voltmeter circuit whose time con 
stant is adjusted so that the ballistic 
characteristics of the meter are in 
conformance with those of a stand 
ard VU meter. A panel switch is 
provided so that either positive or 
negative modulation swings can be 
measured. 

Two separate audio outputs are 
provided by the output audio ampli 
fier. One output is a high-level out 
put which provides approximately 
10 volts at low audio frequencies at 
100% modulation. This output is 
primarily intended for use in mak 
ing measurements of distortion and 
frequency response characteristics of 
the aural modulation. The output is 
provided from a high-quality system 
which has a response flat within 0.5 
db from 50 to 15,000 cps. Distortion 
in the system is less than 0.25% at 
full output and noise is at least 65 
db below full output. 

The second audio output is pro 
vided from a balanced, ungrounded 
source. At low frequencies a maxi 
mum of 1 milliwatt is delivered to a 
600-ohm load. This output is useful 
for aural monitoring of the program. 

M O N I T O R  A C C U R A C Y  

FCC regulations require that the 
carrier of the visual transmission 
shall be maintained â€¢within 1 kc and 
the carrier of the aural transmission 
within 4 kc of the assigned carrier 
frequencies. By comparison, the ac 
curacy of the monitor has been con 
servatively established as being with 
in 500 cps for ten days for the visual 
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dev ia t ion  sec t ion  and  wi th in  1  kc  
for ten days for the aural  deviat ion 
section. 

The calibration of the pulse coun 
t e r  c i r c u i t  i n  t h e  a u r a l  d e v i a t i o n  
meter can be checked by means of a 
150 kc crystal-controlled oscillator 
w h i c h  i s  i n c o r p o r a t e d  i n t o  t h e  i n  
strument.  A panel  control  is  provid 
ed for zeroing the counter circuit. 

C A R R I E R  N O I S E  M E A S U R E M E N T S  
The moni tor  i s  a r ranged to  fac i l  

i t a t e  t h r e e  t y p e s  o f  c a r r i e r  n o i s e  
measurements :  inc identa l  f -m and  
incidental a-m, both on the aural car 
r i e r ,  a n d  t h e  e f f e c t i v e  t o t a l  i n c i  
denta l  f -m on  the  aura l  and  v isua l  
carriers. 

Inc iden ta l  f -m can  be  measured  
r e a d i l y ,  b e c a u s e  t h e  m o n i t o r  p r o  
v ides  a  h igh -qua l i ty  aud io  ou tpu t  
which is driven from a highly linear 
discr iminator .  By connect ing a  sen 
sitive vacuum-tube voltmeter across 
t h e  a u d i o  o u t p u t  s y s t e m ,  t h e  f - m  
noise  level  of  the  aural  carr ier  ran 
be measured directly. The noise level 
of the monitor itself is at least 65 db 
below the  output  corresponding to  
100% low-frequency modulation. 

Measurements  of  incidenta l  a-m 
on the aural carrier can be made by 
means of a special jack provided on 
t h e  m o n i t o r .  T h e  m e a s u r e m e n t  i s  
made with the aid of a voltmeter in 
a  m a n n e r  s i m i l a r  t o  t h e  m e a s u r e  
ment  o f  inc iden ta l  ca r r ie r  f -m.  Di  
r ec t ions  fo r  th i s  measurement  a re  
g i v e n  i n  t h e  e q u i p m e n t  o p e r a t i n g  
manual. 

The third measurement,  the effec 
tive total incidental f-m on the aural 
and visual carriers, is of importance 
in  _  de termining tha t  the  t ransmis  
s i o n  d o e s  n o t  r e s u l t  i n  a n  u n d u e  
no i se  l eve l  i n  in t e rca r r i e r  t ype  r e  
c e i v e r s .  T h e  m e a s u r e m e n t  c a n  b e  
made by applying samples  of  both  
the aural  and visual  carr iers  to  the 
aural carrier input connector on the 
monitor. Referring to Fig. 2, a panel 
c o n t r o l  i s  p r o v i d e d  t o  r e n d e r  t h e  
master oscillator inoperative. When 
samples of the two carriers are then 

app l i ed  to  the  au ra l  i npu t  connec  
tor, they will mix in the aural mixer 
to give a difference frequency of 4.5 
megacycles  which wil l  contain the 
effective total incidental f-m of the 
aural  and visual  carr iers .  This  inci  
den ta l  f -m wi l l  be  de tec ted  in  the  
pulse-counter discriminator.  The re 
sulting noise level can thus be meas 
ured a t  the  output  of  the  audio  am 
plifier with a suitable voltmeter. 

O T H E R  M E A S U R E M E N T S  
For  conven ience  in  ins t a l l a t ion  

and maintenance, a panel control is 
p rov ided  so  tha t  the  pane l  me te r s  
can be switched to  determine such 
quantit ies as the level of the visual 
and aural  carr ier  samples  suppl ied 
to  the  moni tor ,  the  ac t iv i ty  o f  the  
mas ter  and  separa t ion  osc i l la tors ,  
peak ing  o f  the  mixers ,  and  the  ac  
curacy of the aural  deviation meter 
c i r c u i t .  M e a s u r e m e n t s  o f  t h e  h a r  
monic  d is tor t ion  and f requency re  
sponse character is t ics  of  the  aural  
t r ansmis s ion  can  be  made  by  con  
necting an -hp- Model 330 distortion 
analyzer  to the audio output  of  the 
monitor while modulating the aural 
c a r r i e r  f rom an  -hp -  Mode l  206A 
audio signal generator. 

C O N S T R U C T I O N  
High quality components are used 

throughout the monitor .  Power sup 
p ly  capac i tors  a re  o i l - f i l led  paper  
types. Only three electrolytic capaci 
tors  a re  used  and two of  these  a re  
non-critical meter by-pass capacitors. 
The third is hermetically sealed and 
meets JAN specifications. Precision 
wirewound resistors are used in all  
c r i t i c a l  c i r c u i t s .  T h e  m o n i t o r  i s  
blower-cooled and a renewable dust 
filter is included. 

F C C  A P P R O V A L  P R A C T I C E  
Present practice of the FCC is that 

i t  d o e s  n o t  g r a n t  a p p r o v a l  o n  T V  
monitors .  However,  complete  tests  
have  been made on  the  moni tor  to  
insure that i ts performance is in all  
respects  a t  leas t  equal  to  the  -bp-  

Model 335B f-m monitor, which did 
have FCC approval. 

GENERAL 
L i k e  a l l  - h p -  i n s t r u m e n t s ,  t h e  

Model 335E is available on a direct 
to  the  cus tomer  bas i s ,  and  can  be  
supplied in colors to match the trans 
mitter color. Arrangements have also 
been made with most manufacturers 
o f  T V  t r a n s m i t t e r s  t o  p e r m i t  t h e  
-bp- Model 335E TV monitor to be 
supplied along with the transmitter 
itself if desired. 

The new Model 335E supersedes 
the  Models  335C,  D,  and 336C,  D 
au ra l  and  v ideo  ca r r i e r  mon i to r s .  
These  mon i to r s  have  been  d i scon  

t i n u e d .  - R o b e r t  G r i m m  

SPECIF ICATIONS 
- h p -  M O D E L  3 3 S E  

T V  M O N I T O R  

A U R A L  F R E Q U E N C Y  M O N I T O R  
D e v i a t i o n  R a n g e :  + 6  k c  t o  â € ” 6  k c  m e a n  

f r e q u e n c y  d e v i a t i o n .  
A c c u r a c y :  B e t t e r  t h a n  Â ± 1 , 0 0 0  c p s  f o r  a t  

l e a s t  1 0  d a y s .  

A U R A L  M O D U L A T I O N  M E T E R  
M o d u l a t i o n  R a n g e :  M e t e r  r e a d s  f u l l  s c a l e  

o n  m o d u l a t i o n  s w i n g  o f  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 .  

A c c u r a c y :  W i t h i n  5 n / o  m o d u l a t i o n  p e r c e n t  
a g e  o v e r  e n t i r e  s c a l e .  

M e r e r  C h a r a c r e r i s r i c s :  M e t e r  d a m p e d  i n  
a c c o r d a n c e  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  b e t w e e n  4 0  a n d  9 0  m i l l i s e c o n d s .  
M e t e r  r e t u r n s  f r o m  f u l l  r e a d i n g  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 .  

F r e q u e n c y  R e s p o n s e :  F l a t  w i t h i n  Â ± 1 / 2  d b  
f r o m  5 0  t o  1 5 , 0 0 0  c p s .  

M O D U L A T I O N  P E A K  I N D I C A T O R  
P e a k  F l a s h  R a n g e :  F r o m  5 0 %  t o  1 2 0 %  

m o d u l a t i o n  ( 2 5  k c  =  1 0 0 % ) .  

V I S U A L  F R E Q U E N C Y  M O N I T O R  
D e v i a t i o n  R a n g e :  + 1 . 5  k c  t o  â € ”  1 . 5  k c  m e a n  

f r e q u e n c y  d e v i a t i o n .  
A c c u r a c y :  B e t t e r  t h a n  Â ± 5 0 0  c p s  f o r  a t  

l e a s t  1 0  d a y s .  

A U D I O  O U T P U T  
F r e q u e n c y  R a n g e :  5 0  t o  1 5 , 0 0 0  c p s .  R e  

s p o n s e  f l a t  w i t h i n  Â ± ! / 2  d b .  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  c i r c u i t .  

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 .  

O u t p u t  V o l t a g e :  1 0  v o l t s  i n t o  2 0 , 0 0 0  o h m s  
a t  1 0 0 %  m o d u l a t i o n  a t  l o w  f r e q u e n c i e s .  

M o n i t o r i n g  O u t p u t :  1  m i l l i w a t t  i n t o  6 0 0  
o h m s ,  b a l a n c e d ,  a t  1 0 0 0 / o  m o d u l a t i o n ,  a t  
l o w  f r e a u e n c i e s .  

R e s i d u a /  N o i s e :  A t  l e a s t  6 5  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  a t  l o w  f r e q u e n c i e s .  

G E N E R A !  
F r e q u e n c y  R a n g e :  C h a n n e l s  2  t o  8 3  i n c l u  

s i v e ,  i n c l u d i n g  o f f s e t  c h a n n e l s .  
R .  F .  P o w e r  R e q u i r e d :  A p p r o x i m a t e l y  2  

w a t t s .  
E x t e r n a l  M e t e r s :  P r o v i s i o n  m a d e  f o r  u s e  o f  

e x t e r n a l  a u r a l  a n d  v i s u a l  c a r r i e r  d e v i a  
t i o n  m e t e r s  a n d  e x t e r n a l  a u r a l  m o d u l a  
t i o n  m e t e r ;  a l s o  f o r  e x t e r n a l  p e a k  m o d  
u l a t i o n  l a m p .  

S i z e :  1 2 V 4 "  h i g h  x  1 9 "  w i d e  x  1 3 "  d e e p -  
f o r  r a c k  m o u n t i n g  o n l y .  

P o w e r :  1 1 5  v o l t s ,  5 0  6 0  c p s ,  1 8 0  w a t t s .  

P r i c e :  $ 1 , 9 5 0 . 0 0  f . o . b .  P a l o  A l t o ,  C a l i f o r n i a  

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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