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A New 3 CPS-100 KG Electronic Frequency Meter 
with Discriminator Output and Expandable Scale 

"T7LECTRONIC frequency meters, as distin- 
1 J guished from electronic frequency count 
ers, are instruments that indicate the frequency 
of an applied waveform on a calibrated meter 
scale. The current that operates the indicating 
meter is also usually made available for operat 
ing an external d-c recorder. 

Besides indicating an applied frequency and 
providing a recorder output, however, the new 
-hp- Model 500B Electronic Frequency Meter 
is designed to be valuable in two other types of 
measurements. First, it is designed to be able to 
expand its scale readings by factors of 3 or 10 
times, an arrangement that facilitates measure 
ments of frequency changes such as might be 
caused by line voltage changes on frequency- 
generating circuits. Second, the instrument is 
designed to provide an output voltage which 
is proportional to the applied frequency. This 

Fig. 1.  Neu- -hp- Model 500B Electronic Frequency Meter 
measures frequencies from 10 cps ful l  scale to 100 kc ful l  
scale in 9 ranges. Special features include a discriminator 
output for measuring f-m and the ability to expand its scale 
for increased accuracy in frequency change measurements. 

enables the instrument to be used as a wide 
band discriminator in applications where the 
measured signal contains very rapid frequency 
changes or frequency modulation. The dis 
criminator voltage, when filtered, can be used 
in measuring the amount of deviation in the 
signal as well as the rate and components of the 
deviation. 

Frequency-wise, the new instrument will di 
rectly measure frequencies from 3 cps to 100 kc 
in nine ranges to a full scale accuracy of within 
Â±2%. The applied voltage can have nearly any 
of the common waveforms. Random as well as 
equally-spaced signals can be measured. 

The instrument further provides a d-c supply 
for operating the -hp- 5 06 A Optical Pickup, a 
device that detects even the fastest rotary mo 
tions and supplies an appropriate signal to be 
measured by the frequency meter. 

E X P A N D A B L E  S C A L E  

The 3 or 10 times expandable scale feature 
enables frequency changes to be measured with 
increased accuracy. If the frequency shift en 
countered in a 2 kc frequency were to be meas 
ured, for example, 10 times expansion will 
permit 10% of the meter scale placed in the 
vicinity of 2 kc to occupy the entire meter 
swing. In expanded operation the absolute 
reading of the meter will not be indicative of 
the applied frequency, but the calibrations of 
the meter, in addition to being expanded or 
magnified, are still direct-reading as far as the 
differential frequency is concerned. Expanded 
operation is further facilitated by a panel con 
trol that permits the meter pointer to be posi 
tioned to any arbitrary point on the meter scale 
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Fig. 2. In normal operation a 600-cps 
shif t  in an 8 kc frequency causes 
pointer change shown by shaded arc. 

Fig. 3- Same shift as in Fig. 2 u ill 
cause pointer change shown when 
measured in x 10 expanded operation. 

for the initial reading. In such meas 
urements  a  zero,  half ,  or  ful l -scale  
p o s i t i o n  f o r  t h e  m e t e r  p o i n t e r  i s  
most  of ten preferred for  the ini t ia l  
reading. 

To  fu r the r  i l l u s t r a t e  the  expand  
able scale feature, assume that a 600- 
cps  downward  sh i f t  i n  an  8  kc  f r e  
quency were to be measured. If  this 
sh i f t  were  measu red  in  no rma l  op  
era t ion  on  the  most  su i tab le  range  
(10 kc) of the instrument, the meter 
p o i n t e r  w o u l d  m o v e  t h r o u g h  t h e  
shaded arc shown in Fig. 2. 

To make such a measurement with 
expanded operation, the meter point 
e r  might  in i t ia l ly  be  pos i t ioned  to  
full  scale in this example, since the 
shift  is known to be downward. The 
meter  pointer  would then be shown 
as in Fig. 3.  When the frequency be 
i n g  m e a s u r e d  n o w  c h a n g e s  a s  b e  
fo r e ,  t he  me te r  po in t e r  w i l l  move  
through the 10 times larger arc indi 
cated in Fig. 3. Since 10 times expan 
sion is used with the 10 kc range, the 
fu l l  swing  of  the  mete r  represen ts  
1 kc.  Since the needle has dropped 
6 0 %  o f  t h e  m e t e r  s c a l e ,  t h e  f r e  
quency has dropped 600 cps. 

INPUT 

T h r e e  t i m e s  
e x p a n s i o n  o p e r  
a tes  in  an analo  
gous manner.  

E x p a n d e d  o p  
e r a t i o n  o f f e r s  
t w o  a d v a n t a g e s  
ove r  unexpand-  
ed operation for 
the measurement 
o f  f r e q u e n c y  
c h a n g e s .  B e s i d e s  t h e  o b v i o u s  a d  
vantage  of  having  a  magni f ied  mo 
tion of the meter pointer for the fre 
quency  sh i f t ,  expanded  ope ra t i on  
gives increased accuracy to the dif  
f e r e n t i a l  m e a s u r e m e n t .  W h e r e  a  
measurement of a frequency change 
in conventional  operat ion could be 
cons t rued  to  have  an  e r ror  o f  4% 

( i . e . ,  t h e  d i f f e r e n c e  b e t w e e n  t w o  
measurements each accurate within 
Â±2%), 10 times expansion gives an 
accuracy  o f  wi th in  Â±0 .7% and  3  
times expansion an accuracy of with 
in Â±1.4% of the frequency applied 
to the input terminals.  It  is  of inter 
e s t  t o  n o t e  t h a t  m o s t  f r e q u e n c y  
change measurements will  be made 
to  even bet ter  accuracy than these  
figures indicate, because the figures 
are cited for the worst possible case, 
i .e. ,  where the line voltage changes 
from Â±10% to + 10% of its nominal 
115-volt value between the first and 
second measurements. 

Expanded  opera t ion  does  no t  a f  
f e c t  t h e  d i s c r i m i n a t o r  o u t p u t  b u t  
does expand the recorder  output  in  
the same manner  as  the meter  read 
ing is  expanded.  More detai led rec 
ords with higher accuracy can thus 
be  ob t a ined  fo r  d i f f e r en t i a l  meas  
urements  i f  expanded opera t ion  i s  
used while recording. 

CIRCUITRY 
The usual design arrangement for 

an electronic frequency meter  uses 
a series of l imiting amplifiers to re 
duce the effect  of  waveform on the 
measured frequency. While such an 
a r r a n g e m e n t  g i v e s  m o d e r a t e  f r e e  
dom from waveform effects, greater 

PULSE 
OUT 

Fig. 4. Basic circuit arrangement of new frequency meter. 

f r e e d o m ,  i n c l u d i n g  t h e  a b i l i t y  t o  
measure  pulse  f requencies ,  can  be  
o b t a i n e d  b y  u s i n g  t h e  d e s i g n  a p  
proach indicated in Fig.  4.  

In Fig. 4 the frequency to be meas 
u r e d  i s  p a s s e d  t h r o u g h  t h e  i n p u t  
ampl i f ier  and appl ied to  a  Schmit t  
trigger circuit. For each cycle of the 
applied waveform the trigger circuit 
generates a fast pulse which switches 
on a constant current generator and 
at the same time triggers a phantas- 
tron. The purpose of the phantastron 
i s  to  tu rn  o f f  the  cons tan t -cur ren t  
g e n e r a t o r  a f t e r  a  p r e - d e t e r m i n e d  
time interval. The time constants in 
the phantastron circuit  are changed 
b y  t h e  r a n g e  s w i t c h  f o r  e a c h  f r e  
quency range so that a current pulse 
o f  known dura t ion  i s  ob ta ined  fo r  
each cycle of the input frequency. 

The current  pulses  genera ted  by 
the  cons tant -current  genera tor  a re  
a p p l i e d  t o  a  m e t e r  c i r c u i t  w h i c h  
averages their  value.  The resul t ing 
meter deflection is thus proportional 
to frequency and independent of the 
w a v e f o r m  a p p l i e d  t o  t h e  i n s t r u  

ment 's  input terminals.  The current 
pulses  appl ied to  the  meter  c i rcui t  
are  a lso  used to  der ive  the  vol tage 
pulses made available at  the "Pulse 

Out" terminal.  The latter pulses are 
p rov ided  as  nega t ive  f rom ground  
at an amplitude such as to give a d-c 
output of â€”20 volts for a full scale 
meter reading. The averaged current 

through the meter is made available 
a t  t he  "Recorde r "  t e rmina l  fo r  op  
erating a d-c recorder. The meter in 
dicat ion,  discriminator output ,  and 
recorder output are all  thus derived 
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Fig. 5. Diagram indicating how discrimi 
nator output  of  frequency meter  can be 
used to measure amount of f-m in applied 

frequency. 

from the current pulses generated in 
the constant current generator. 

Scale expansion is accomplished 
by an arrangement that increases the 
sensitivity of the meter circuit and 
simultaneously allows a bucking 
current to be applied to the meter. 
The bucking current is adjusted by 
a panel "Offset" control.  The ar 
rangement is such that any meter 
reading that occurs as a partial scale 
reading in unexpanded operation 
can be adjusted to any point on the 
meter scale in expanded operation. 
Expanded operation also expands 
the current-frequency characteristic 
at the recorder output jack in the 
same way that the meter reading is 
expanded. 

D I S C R I M I N A T O R  O U T P U T  
How the discriminator output of 

the new frequency meter proves val 
uable in measurements can be de 
scribed by assuming that a frequency 
of 50 kc is to be measured. Assume 
further that this frequency contains 
a Â±5 kc frequency modulation swing 
at a 1 kc rate and that it is desired to 
investigate this f-m. 

When the frequency-modulated 
waveform i s  app l ied  to  the  f re  

quency meter, the panel meter will 
indicate the average frequency of 
50 kc. For each cycle of the applied 
frequency, a voltage pulse will be 
avai lable at  the "Pulse Out" ter  
minal as indicated in Fig. 5 (a) and 
(b). Since the amplitude and width 
of these pulses are constant, and 
since the pulses are negative from 
ground, their short-time average 
value will vary, as in Fig. 5(c), in 
exact accordance with the frequency 
modulation they contain. The origi 
nal deviation waveform can there 
fore be recovered if the pulses are 
averaged with a suitable low-pass 
filter. 

Not only can the waveform be 
recovered, but the amount of devia 
tion in the signal can readily be 
measured, because the peak-to-peak 
amplitude of the variations in the 
short-time average level will be ex 
actly proportional to the deviation. 
Since the amplitude and width of 
the output pulses is such as to give a 
d-c output level of â€”20 volts for a 
full-scale reading on the meter, the 
applied frequency of 50 kc in this 
example would cause a half-scale 
reading on the 100 kc range and 
therefore an average d-c output of 
â€” 10 volts or -0.2 volt d-c/kc. By 
now measuring the peak-to-peak 
amplitude of the varying component 
of the d-c output with an oscillo 
scope or a-c voltmeter, the Â±5 kc 
deviation in the signal will be found 
to cause a measured value of 2 volts 
peak-to-peak. 

In practice, these voltages will all 
be affected by the impedance of the 
filter used. The voltage per cycle or 
per kilocycle out of the filter can 
easily be determined by dividing the 
measured d-c voltage out of the filter 
by the reading on the frequency 
meter. 

M E A S U R I N G  R E S I D U A L  
F - M  I N  A  K L Y S T R O N  

Fig. 6 is an oscillogram of a de 
modulated f-m signal recovered by 
using the discriminator output of 

Fig. 6. Oscillogram of residual f-m in 
klystron oscillator as recovered by use of 

new frequency meter (see text I. 

the  new frequency meter  in  the  
method described above. The wave 
form itself is the residual f-m mod 
ulated into a klystron oscillator, 
mainly from the heater circuit. The 
residual  f-m in the klystron out 
put was translated to the range of 
the frequency meter by mixing the 
klystron output with the -hp- 540A 
Transfer Oscillator*. This Oscillator 
was then tuned to produce a differ 
ence frequency of 70 kc which also 
contained the incidental f-m. 

The amplitude of the deviation 
was measured by adjusting the oscil 
loscope gain so that each major divi 
sion on the graticule was equal to 
5 kc of deviation. Total deviation 
represented by the waveform can 
thus be seen to be 15 kc peak-to- 
peak. 

The fundamental component of 
the modulation is 60 cps which is 
combined with a large amount of 
second harmonic. If desired, an accu 
rate measurement of each of the 
components could be made by ap 
plying the waveform to an harmonic 
wave analyzer (Fig. 8). If deviations 
larger than the 100 kc peak-to-peak 
that the frequency meter can accom 
modate are encountered, the -bp- 

5 20 A 100:1 sealer can be connected 
ahead of the frequency meter (Fig. 
9). This will allow deviations of 
up to  10 me peak-to-peak to be 
measured. 

D I S C R I M I N A T O R  L I N E A R I T Y  

Care has been taken to maintain a 
good order of linearity for the dis 
criminator circuits. Discriminator 

â€¢Dexter Hartke, "A Simple Precision System foi 
Measuring CW and Pulsed Frequencies Up to 
12,400 MC," Hewlett-Packard Journal, Vol. 6, 
No. 12, August, 1955. 
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Fig. 7. Set-up for measuring f-m in fre 
quencies from 100 to 12,400 me. 

Fig. 8. Set-up for measuring components 
of f-m modulating waveform in frequen 

cies from 100 to 12,400 me. 
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Fig. 9 Set-up for measuring deviations 
up to 10 me peak-to-peak. 

Fig. 10. Set-up for recording drifts in 
frequencies in 100-12,400 me range. 
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Fig. 11. Set-ups for measuring torsional 
vibration in rotating equipment. (A) 
shou-s use of -hp- optical pickup, (B) use 
of -hp- tachometer generator for convert 
ing mechanical effect to electrical signal. 

linearity is of sufficient quality that 
not more than 1% harmonic distor 
tion is introduced into a demodu 
lated sine-wave signal for a peak-to- 
peak excursion of 100% of the meter 
range used (a peak-to-peak excur 
sion of 30 kc, for example, when the 
30 kc range is used). 

Because of the wide range of ap 
plications to which the instrument 
may be put, the pulsed output is not 
filtered. For most applications either 
a low-pass or band-pass filter can be 
used. 

O P E R A T I N G  C H E C K S  

Two operat ing checks are pro 
vided on the new frequency meter. 
One of these permits the instrument 
to read the power line frequency. 
The other is an arrangement where 
by the current level in the constant 
current generator can be monitored 
by the panel meter. By means of a 
special position on the frequency 
range switch, a predetermined frac 
tion of the current generator's out 
put is applied to the d-c indicating 
meter.  The design is such that a 
full-scale meter reading should be 
obtained. A screwdriver- adjusting 
control is provided on the panel for 
adjusting the level if required, a fea 
ture that simplifies tube replacement. 

M E A S U R E M E N T  S E T - U P S  

The new frequency meter is a val 
uable tool for investigating many 
frequency and stability phenomena. 
Figs. 7 to 11 indicate how the instru 
ment can be combined with other 
-hp- instruments to measure such 
quantities as peak-to-peak f-m de 
viation, components of f-m modula 
tion, stability, torsional vibration, 
rotary mechanical speed, etc. 

R P M  C A L I B R A T I O N S  

As mentioned earlier,  the new 
Model 500B Frequency Meter is 
calibrated directly in cycles per sec 
ond. A second version of the instru 
ment, the Model 500C, is calibrated 
direct ly in rpm for applicat ions 
where the instrument is to be used 

primarily to measure rotary speed. 
Except for calibration differences, 
the instruments are identical. 
SUPERSEDES FORMER 
FREQUENCY METERS 

The new Models 500B and 500C 
Electronic Frequency Meters super 
sede the former -hp- Models 500A, 

â€”Duane Marshall 

SPECIF ICATIONS 
- h p -  

M O D E L  5 0 0 B  
E L E C T R O N I C  F R E Q U E N C Y  M E T E R  

F R E Q U E N C Y  R A N G E :  3  c p s  t o  1 0 0  k c .  N i n e  
r a n g e s  w i t h  f u l l  s c a l e  v a l u e s  o f  1 0 ,  3 0 ,  
1 0 0  a n d  3 0 0  c p s ;  1 , 3 ,  1 0 ,  3 0 ,  a n d  1 0 0  k c .  

E X P A N D E D  S C A L E :  A l l o w s  a n y  1 0 %  o r  3 0 %  
p o r t i o n  o f  a  s e l e c t e d  r a n g e  t o  b e  e x  
p a n d e d  t o  f u l l  m e t e r  s c a l e .  ( N o t  p r e s e n t  
o n  l o w e s t  r a n g e .  )  

I N P U T  V O L T A G E :  S e n s i t i v i t y :  0 . 2  v o l t s  r m s  
m i n i m u m  f o r  s i n e  w a v e s ,  1  . 0  v o l t  m i n i  
m u m  f o r  p u l s e s .  M a x i m u m :  2 5 0  v  p e a k .  
S e n s i t i v i t y  c o n t r o l  o n  f r o n t  p a n e l  t o  r e  
d u c e  t h r e s h o l d  s e n s i t i v i t y .  

I N P U T  I M P E D A N C E :  A p p r o x i m a t e l y  1  m e g  
o h m  s h u n t e d  b y  4 0  / j / Ã ­ f .  B N C  c o n n e c t o r  
f o r  i n p u t .  

A C C U R A C Y :  B e t t e r  t h a n  Â ± 2 %  o f  r a n g e  s e l e c  
t o r  s e t t i n g .  S e e  t e x t  f o r  e x p a n d e d  a c c u  
r a c y .  L i n e  v o l t a g e  v a r i a t i o n s  o f  n o m i n a l  
Â ± 1 0 %  a f f e c t  r e a d i n g  l e s s  t h a n  Â ± ' / 2 %  o r  
l e s s  t h a n  Â ± 1 4 %  o n  X l O  e x p a n d e d  o p e r  
a t i o n .  

S E L F  C H E C K :  A l l o w s  c a l i b r a t i o n  o f  i n t e r n a l  
c o n s t a n t  c u r r e n t  s o u r c e  a n d  c h e c k  a g a i n s t  
6 0  c p s  l i n e  f r e q u e n c y .  

R E C O R D E R  O U T P U T :  P h o n e  Â ¡ a c k  o n  p a n e l  f o r  
c o n n e c t i o n  t o  1  m a  1 4 0 0  o h m  Â ± 1 0 0  o h m  
E s t e r l i n e -  A n g u s  A u t o m a t i c  R e c o r d e r .  

P U L S E  O U T P U T :  P r o v i d e s  n e g a t i v e  p u l s e s  f o r  
u s e  i n  d e t e c t i n g  a n d  m e a s u r i n g  r a p i d  f r e  
q u e n c y  c h a n g e s .  

P H O T O C E L L  I N P U T :  P h o n e  Â ¡ a c k  o n  p a n e l  p r o  
v i d e s  b i a s  f o r  T y p e  1 P 4 1  P h o t o t u b e .  A l  
l o w s  d i r e c t  c o n n e c t i o n  o f  - h p -  5 0 6 A  
O p t i c a l  P i c k u p .  

P O W E R :  1 1 5 / 2 3 0  v  Â ± 1 0 % .  5 0 / 1 0 0 0  c p s ,  a p -  
p r o x .  1  1 0  w a t t s .  

D I M E N S I O N S :  C a b i n e t  M o u n t :  7 3 / e "  w i d e ,  
1 1  W  h i g h ,  1 2 ' / 4 "  d e e p .  

W E I G H T :  N e t  1 7  I b s . ;  s h i p p i n g  w e i g h t  3 5  I b s .  
A C C E S S O R I E S  F U R N I S H E D :  - h p - A C - 1 6 D  C a b l e  

A s s e m b l y .  
A C C E S S O R I E S  A V A I L A B L E :  - h p -  M o d e l  5 0 Ã “ A  

O p t i c a l  T a c h o m e t e r  P i c k u p ,  $ 1 0 0 . 0 0 .  - h p -  
M o d e l  5 0 8 A / B  T a c h o m e t e r  G e n e r a t o r ,  
$ 1 0 0 . 0 0  e a c h ,  - h p -  M o d e l  5 0 0 B - 9 5 A  A c  
c e s s o r y  M e t e r  ( i d e n t i c a l  t o  p a n e l  m e t e r  
b u t  o p e r a t e s  f r o m  r e c o r d e r  Â ¡ a c k  f o r  r e  
m o t e  i n d i c a t i o n ) ,  $ 2 1 . 0 0 .  

P R I C E :  - h p -  M o d e l  5 0 0 B  E l e c t r o n i c  F r e q u e n c y  
M e t e r ,  $ 2 8 5 . 0 0 .  

- h p -  

M O D E L  5 0 0 C  
ELECTRONIC  TACHOMETER 

I N D I C A T O R  
C i r c u i t  a n d  c o n s t r u c t i o n  s a m e  a s  - h p -  5 0 0 B ,  

e x c e p t  f o r  m e t e r  c a l i b r a t i o n .  
S P E E D  R A N G E :  1 8 0  R P M  t o  6 , 0 0 0 , 0 0 0  R P M .  

N i n e  r a n g e s  w i t h  f u l l  s c a l e  v a l u e s  o f  6 0 0 ,  
2 , 0 0 0 ,  6 , 0 0 0 ,  2 0 , 0 0 0 ,  6 0 , 0 0 0 ,  2 0 0 , 0 0 0 ,  
6 0 0 , 0 0 0 ,  2 , 0 0 0 , 0 0 0  a n d  6 , 0 0 0 , 0 0 0  R P M .  

A C C E S S O R I E S  F U R N I S H E D :  - h p - A C - 1 6 D  C a b l e  
A s s e m b l y .  

A C C E S S O R I E S  A V A I L A B L E :  - h p -  M o d e l  5 0 0 C -  
9 5 A  A c c e s s o r y  M e t e r  ( s e e  a b o v e ) ,  $ 2 1 . 0 0 .  
A l s o  - h p -  5 0 6 A  a n d  5 0 8 A  B  p i c k u p s  ( s e e  
a b o v e ) .  

P R I C E :  - h p -  M o d e l  5 0 0 C  E l e c t r o n i c  T a c h o m e t e r  
I n d i c a t o r ,  $ 2 8 5 . 0 0 .  
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 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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