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SECTION |
GENERAL INFORMATION

INTRODUCTION

This application note illustrates a number of applica-
tions, in particular FM measurements, that have been
made possible by the HP 5210A Frequency Meter/FM
Diseriminator. Typical examples of the applications
will be illustrated with complete block diagrams of
set-ups and photographs of oscilloscope displays.

GENERAL FM AND PM INFORMATION
Before we start on the actual applications it will be

useful to recapitulate some of the basics of frequency
modulation (FM) and phase modulation (PM). * See

¥ it VD <
g

o] MODULATING SIGNAL

[b) FREQUENCY MODULATED SIGMAL

Fig. 1. Frequency modulation

Both phase and frequency modulationare special cases
of angle modulation. Generally angle modulation can
be expressed as an a-c¢ wave

e= A sin 9 (t) (1)
and oy = g_? @)

*For more details on this subject see for example
Terman: Electronic and Radio Engineering, 4th
edition, Chapter 17, pg. 586-595, McGraw-Hill, 1955,

08210-A-30

where 0 (t) is made to vary in some manner with a
modulating signal em(t); wj = 2 nf; = instantaneous
angular velocity and f; = instantaneous frequency.

If the phase O(t) varies linearly with the modulating
signal, we are talking of phase modulation. In the
special case where the modulating signal is a sine
wave,

i =N sin w t (3)

we have the expression:

e = A sin {wct+ mp sinwmt} (4)
where we = 27 f, = angular velocity of the carrier,
w_ = 2 nf, = angular velocity of the modulating sig-
nal, and my = A8 = modulation index or phase devia-
tion, It is characteristic for a PM signal that the
phase deviation be proportional to the peak amplitude
of the modulating signal.

If the instantaneous frequency as defined in equation (2)
varies linearly with the modulating signal, we are
talking of frequency modulation. If the modulating
signal is a sine wave we have:

= 2r Af .
e = A sin {‘“ct + =5 sin “’mt} (5)
where Af = frequency deviation and 23 AL AL . m
m iy b

the modulation index (in some literature called 8).

It is characteristic for an FM signal that the frequency
deviation be proportional to the peak amplitude of the
modulating signal and independent of the modulating
frequency.

Equations (4) and (5) show that for a sinusoidal modu-
lation FM and PM are the same with the exception that
the modulation index my, = A6 is constant in case of
PM and my = Af varies inversely with frincase of
FM. m

It is useful to remember that the rate of variation
about the carrier frequency is called the modulation
frequency and the amount the signal varies away from
the carrier is called the frequency deviation. The
carrier freqguency is the long term average value of
the instantaneous frequency.




Application Note 87

SECTION Il
THE HP 5210A /B FREQUENCY METER/FM DISCRIMINATOR

FEATURES AND BENEFITS

The HP Model 5210A Frequency Meter/FM Discrim-
inator is an analog instrument that directly measures
frequency and repetition rate of signals from 3 Hz to
10 MHz. The reading is independent of input voltage
waveforms. Measurement of noisy signals is facili-
tated by a calibrated sensitivity control, which can be
set to discriminate against signals below given levels.
A trigger level control will vary the trigger level for
measurements of signals with asymmetrical compo-
nents. A special loglinear scale permits accurate 1%
readings between 10% and 100% of full scale. With
the calibrated offset (Option 01)the effective accuracy
is up to 0. 2% of full scale range.

The 5210A is also a wideband highly linear FM dis-
criminator (typical 0.025%) with a 1 MHz output band-
width, excellent for precise measurements on FM and
PM signals, With use of a series of accessory filters
(HP 10531A) on the discriminator output the following
measurements are made possible; frequency deviation,
modulation index, frequency response, distortion, in-
cidental FM, FM noise, "wow' and "flutter”, all to
better than 100dB below carrier frequency. Recorder
outputs both of the potentiometric and the galvano-
metric type are provided.

Intable 1 is shown a summary of features and benefits
of the 5210A/B.

MEASUREMENTS POSSIBLE WITH THE 5210A

With the introduction of the 5210A/B the following
basic measurements have been made possible: direct,
analog, frequency measurements up to 10 MHz; meas-
urements on FM and PM signals with carrier up to 10
MHz and modulating frequencies up to 1 MHz; and
frequency and phase deviations as small as parts in
105, These measurements are made practical by
the highly linear, wideband FM Discriminator and the
HP 10531A Filter Kit, a set of plug-in discriminator
output filters.

The photographs of Figures 2 and 3 give a good idea
of the operation of the discriminator. The top trace
of Figure 2 shows portions of a sawtooth swept signal.
The lower trace shows the unfiltered discriminator
output, namely constant area pulses synchronous with
every second input cycle. Figure 3 shows the dis-
criminator output with a 1.5 kHz low-pass filter
plugged in the 5210A. Note that the sweep speed on
the slope is 20 times slower than on Figure 2. The
carrier components (half the input frequency) in the

Table 1

FEATURES

BENEFITS

Expanded scale

FM discriminator with 0. 025% linearity (typical)
and 1 MHz bandwidth

Calibrated offset (Option 01)

Plug-in discriminator output filters (HP 10531A
Filter Kit)

3 Recorder outputs, galvanometric, 10 mV and
100 mV potentiometric

Internal crystal calibration with 0. 01% accuracy

5210B Tachometer calibrated directly in r/min

Log-linear meter scale

Solid state design

MOSFET input

Increased resolution and accuracy

Precise measurements of FM and PM signals

Increased resolution, measuring speed and
accuracy

Suppresses carrier frequencies, thus enabling
measurements of deviation as small as 1 part
in 10°

Permanent records, monitoring

High accuracy independent of line frequency
with high degree of repeatability

Convenient for tachometry

Resolution from 10% to full scale is approximately
equal to accuracy, which is 1% of reading, not of
full scale

Reliability, ruggedness, compactness, light
weight and wide temperature range

Wide dynamic input range; high input impedance
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Fig. 2. Input to 5210A (upper trace), and un-
filtered discriminator output. Scale:
1V/em and . 1 ms/cm. Sweep: 10 -
30 kHz, rate 100 Hz, sawtooth.

unfiltered output are completely suppressed. The se-
lection of the cutoff frequency for the low-pass filter
determines the attenuation of the carrier frequency
components (see Figures 4 and 5). The user can se-
lect either maximum flat amplitude response (Butter-
worth filter) or maximum flat delay response (Bessel
filter) merely by changing eight resistor values in the

small resistor board that plugs into the filter board,

Resistor values for the two types of filters are given
in comprehensive table form in the Operating and Ser-
vice Manual accompanying each 5210A/B,
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Fig. 4. Attenuation of carrier ripple vs carrier
ripple frequency/filter cutoff frequency.
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Fig. 3. Filtered discriminator output.
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Fig. 5.

Discriminator carrier level output vs
input frequency/full scale frequency.
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SECTION 1l
APPLICATIONS

Since essentially all the measurements using the dis-
criminator have the purpose of determining deviation
and the modulating frequency of an FM signal, we will
in all the measurements use low pass filters from the
HP 10531A Filter Kit. Let us start with a case where
we have a signal that has intentionally been frequency
modulated,

DIRECT FM

Before using the 5210A, the discriminator output has
to be calibrated. This is done by means of the inter-
nal crystal calibrator and a dc voltmeter. (The very
simple procedure is described in the Operating and
Service Manual, )

The simplest case of FM measurements is when the
carrier frequency is 10 MHz or lower. The basic
setup is shown in Figure 6. Since the carrier fre-
quency is readily within the frequency range of 52104,
the setup becomes very simple. The FM signal is fed
directly to the input. The filtered discriminator out-
put V4 will now be a replica of the modulating signal.
The frequency deviation Af is calculated from the fol-
lowing expression.

Af

Vd = Tull scale frequency

1V

If VK is measured peak-to-peak, Af will be peak-peak
value. The modulating frequency can be seen directly
on the scope or, if a detailed analysis is required, a
wave analyzer like the HP 302A can be used.

in Figure 7, making use of the HP Model 10514A bal-
anced mixer and a HP Model 3200B VHF Oscillator as
local oscillator.

The setup is based on the fact that a frequency con-
version does not change the information present inthe
signal in form of frequency modulation (or phase mod-
ulation). This means that frequency deviation and
modulating frequency remains unchanged by the fre-
quency conversion, only the carrier frequency is
changed. (This is true, providing there is no FM
present in the local oscillator. Any FM on the local
oscillator will appear in the converted output as well
as the FM to be measured.)

Let us illustrate what is happening during down con-
version with an example. Assume a 100 MHz carrier
with 1% peak deviation, i.e., 1 MHz peak at a 10 kHz
rate. By mixing the signal with a 95 MHz stable local
oscillator a difference frequencyof 5 MHz can be ex-
tracted from the mixer. Since the FM information is
unchanged by the down conversion, we still have a 1
MHz peak deviationat a 10kHz rate. Considering that
our carrier is now 5 MHz we have now a 20% peak de-
viation. In other words, the effective sensitivity of
the deviation measurement has been increased by a

FM == 52104 -
SIGNAL + FILTER

SCOPE

* DISCRIMINATOR QUTPUT

LOCAL i
GETS 808CDEF
OR SIMILAR
MIXER N FM
HPI0BIMA - SIGNAL
x
L |
SCOPE
5204 oo aR
+ FLTER 3] WAVE AMAL.
HP 3024

Fig. 6. Direct FM demodulation

DOWN CONVERTED FM

For carrier frequencies above 10 MHz the 5210A FM
Discriminator cannotbe used directly. However, there
are twoways to bring the carrier frequency withinthe
range of the 5210A. One is by down conversion, which
requires a mixer and a local oscillator, another is by
scaling or frequency division as described under FM
Microwave Demodulationonpage 8 . A setup is shown

05210-8-38

Fig. 7. Down converted FM demodulation

factor of 20. This is particularly desirable where the
frequency deviations are small. There are limits,
though, to the increase in effective sensitivity. The
carrier frequency f, must be larger than Af peak.

fo > Af peak, (1)
this is an absolute limit.

The 5210A and the output filters will impose further
limits on our signals: the maximum instantaneous

5
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frequency, fC + Af peak should not exceed full scale
frequency on the 5210A. However 120% of full scale
frequency is useable without significant deterioration
of performance (linearity) of the 52104A.

The cutoff frequency, foo of the output filter, will im-
pose further limits on the lowest value of the in-
stantaneous frequency, depending on the amount of
carrier ripple that can be tolerated on thediscrimin-
ator output. Let us look at our example again. With
a 10 kHz discriminator output bandwidth we could use
a 10 kHz low pass filter. For at least 56 dB(see Fig-
ure 4) attenuation of the fundamental carrier compo-
nent (1/2 of input frequency) the lowest value of the
instantaneous input frequency must be at least 10 times
feo (fin/2 at least 5 times fco) or

f

f(':O

nw

10 (2 or £2 10 te (3)

Since the lowest value of f is fc - Af peak wehave

f, - Af peak 210f = 100 kHz (4)

co

In our example {, 5 MHz; from (4) we now get

Af peak S f_ - 101, = 5 MHz - 100kHz = 4.9 MHz (5)

From the above we can see that in case of large de-
viations it is desirable to have fc equal to approxi-
mately half full scale frequency. This is very easy
to obtain in case of down conversion with a tuneable
local oscillator like the HP 3200B.

The fact that any FM present in the local oscillator
will occur in a down converted signal gives rise to
some additional considerations when measuring inci-
dental FM or very small deviations. The residual FM
on the local oscillator should be at least an order of
magnitude smaller than the FM to be measured. In
addition it should be realized that measurements of
frequency deviations of less than 1 part in 109 at the
5210A input (i.e. at the down converted signal fre-
quency) become difficult since residual noise of

the 5210A will begin to interfere with the measurement.

One way todiminish this problem is to reduce thedif-
ference frequency between the FM signal and the local
oscillator, considering the above mentioned limits.
If this is done, the low-pass filter cut-off frequency
will have to be reduced as well, which in turn reduces
the maximum modulation frequency component to be
measured.

Thus any FM system can readily be evaluated with re-
gards to frequency response and, if a wave analyzer
is used on the discriminator output, with regards to
distortion.

MEASUREMENTS OF SMALL DEVIATIONS

There are various forms of small deviation measure-
ments which are of interest, such as incidental FM,
With reference to signal generators, incidental FMis
often referred toas the FMoccuring as result of amp-

6

litude modulation of the signal. In addition the amount
of FM present in CW mode is often referred to as re-
sidual FM.

Another form of incidental FM is "wow and flutter'" in
tape transports. The following paragraphs will go into
detail on the measurement of incidental FM.,

FLUTTER MEASUREMENTS

With audio equipment flutter and wow is usually meas-
ured with a 3 kHz carrier and in a 200 Hz bandwidth,
from . 5 Hz to 200 Hz. * The setup for this measure-
ment is shown in Figure 8a and b. On Figure 8a a 3
kHz tone is recorded on the tape recorder. It is nec-
essary that the frequency is stable, at least an order
of magnitude better than the flutter and wow to be
measured. HP types 2044, 651A/B oscillators, 3300A
Function Generators or 5102A Synthesizer or equiva-
lent stable signal sources are suitable. ** Figure 8b
shows theactual flutter measurement. The 3 kHz tone
is played back and fed into the 5210A, which has a 200
Hz filter in the discriminator output. If a voltmeter
or wave analyzer is used onthe output, the filter should
be a Butterworth type (maximum flat amplitude re-
sponse). If a high sensitivity oscilloscope is used,
the filter should be a Bessel type (maximum flat de-
lay response).

(a)

*SIGNAL
GENERATOR » TAPE
OR SYNTH RECORD RECORDER
I kHz
% 2044, 651A/8, 3300a, 5i102A
(b) % HP 14004, 14034, 14074
HIGH SENS AMP
- * pLUGHN
— — —= OSCILLOSCOPE
RECORDER ' HP 1404
|
PLAY-BACK 1
L |
I
52104 l M
VOLTMETER
+ FILTER gbs_l%m HP 4034
| uF

Fig. 8. Flutter measurement

*See NAB Standard Magnetic Tape Recording and Re-
producing (Reel to Reel), April 1965, or IRE Stand-
ards on Sound Recording and Reproducing, Methods
for Determining Flutter Contact, 1953.

** Another possibility is to use flutter test tapes such
as Ampex Flutter Test Tapes 31316-01 (15 ips, 1/4
inch tape) or 31326-01 (7.5 ips, 1/4 inch tape). This
will give a measurement of play-back flutter only.

08210-8-5




The filtered discriminator output is a measure of the
flutter and wow. It can either be observed on a high
sensitivity scope like the HP 140A with a 1400A (100
wV/em), 1407A (50 uV/em) or 1403A (10 pV/em),
plug-in vertical amplifier, a low frequency respond-
ing voltmeter such as the HP 403A (1 mV full scale)
or a wave analyzer.

To evaluate the filter performance and the amount of
carrier ripple that can be tolerated, let us assume
we want to measure 0. 1% rms flutter.

With 3 Hz rms deviation (0.1% of 3 kHz) the 5210A
will be on the 10 kHz range. A deviation of 3 Hz rms
corresponds to(3/10,000) - 1V=,3 mV rms on the dis-
criminator output.

The ""no input" noise on the discriminator output is
typically <40 uV rms with the 200 Hz filter (meas-
ured with a HP 400F Voltmeter). The output filter
will roll off with 24 dB/octave and reach a maximum
attenuation of better than 60 dB. This will result in
a carrier ripple comparable to the noise. To insure
that the carrier ripple is negligible the discriminator
output is filtered with an additional 1 4 F which will
add another 6 dB/octave with a 3dB point at ~ 270 Hz
(the filtered discriminator output has a constant 600
ohm output impedance). The resultant filter curve is
shown on Figure 9. The lower frequency cut-off is
determined by the load on the discriminator output
since it is ac coupled with 100 4 F and 600 ohm output
impedance. In this case, the load is the 4034, i.e.,
2MQ . This will give a lower cut-off of less than 0.1
Hz, which is lower than the voltmeter (1 Hz).

With carrier ripple and noise <40 uV (checked with
3 kHz from oscillator directly into the 5210A), we can
now make a meaningful measurement of 0. 1% rms flut-
ter. The measured rms value will be (rms addition):

0.32 +0.042 = ,302 or
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an error of <1%. Considering that the meter is
moving constantly due tothe random character of flut-
ter, this is a fully satisfactory result. One word of
caution should be given here: the voltmeter can only
tell the rms value of flutter in the passband of the fil-
ter. It gives no information about the components of
the flutter. A fast way to get this information is to
take a scope-picture of the flutter. This is done in
Figure 10 (peak-peak flutter is approximately 0.8%).
This picture shows that inthe flutter from this machine
there is a large component of approximately 8 Hz,
probably stemming from a drive gear. This obser-
vation is confirmed by a measurement with a wave
analyzer. On the 403A voltmeter the average flutter
reading was approximately 0.22% rms.

T‘I’lm %

Z | Upper frequency response of 200Hz
£ | Butterworth fiter shunted by IpF
2 gobe fon8akHZ !
Af ~ 7% peok | H
g ] | \
‘ L L] LN | L
[ 2] a0 100 200 200 L] Hz

FREQUENCY

Fig. 9. Frequency response of 200 Hz low
pass filter shunted by 1 o F.

08210-A-2)
05210-4-34

Fig. 10. Actual flutter on a battery-operated
tape recorder. Scale: 1 mV or .3%
p-p flutter/em and .1 s/cm.

INCIDENTAL FM ON SIGNAL GENERATORS

The measurement of incidental and residual FM is in
principle identical to the measurement of flutter and
wow, inasmuch as the deviations to be measured are
very small. For generator (carrier) frequencies of
10 MHz and less, the setup is shown in Figure 11;the
high-pass filter shown may not be necessary, but will
remove eventual low frequency additive noise signals
(low frequency noise signals superimposed on the in-
put signal, which can cause variations in the trigger
point, which in turn will appear as FM at the output
and cause errors in the measurements), The limit
on the deviations that can be measured is now mainly
determined by how far the FM frequency components
are from the carrier frequency. If the deviations are
smaller than can practically be resolved directly, it
is possible to increase the effective sensitivity by
down-conversion using a setup as shown in Figure 12.
Again, the stability of the local oscillator is very im-
portant for the end result, since any FM on the local
oscillator will show up on the discriminator output.
The setup of Figure 12 must be used if the carrier
frequency is higher than 10 MHz (the mixer and the

|
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GENERATOR
UNDER ———— 2"\2’5‘
TEST

I

§

e

WAVE ANAL.
HP 3024
‘t tc SI0MHz
HP [400A HIGH SENS AMP | ¥
|
*Pt.uc IN |
OSCILLOSCOPE |.g 4 52104
HP 1404 + FILTER

Fig. 11. Incidental FM measurement

3200B will handle up to 500 MHz). If the carrier fre-
quency is less than 30 MHz, a low pass filter will be
necessary to remove the sum frequency out of the
mixer, since this may upset the operationof the trig-
ger in the 5210A and thus the whole measurement.

FM MICROWAVE DEMODULATION

The 5210A in connection with the 5245L Counter plus
the 5255A Frequency Converter makes an excellent
setup for FM microwave demodulation all the way
through X-band (12. 4 GHz). Figure 13 shows the set-
up for carrier frequencies from 3-12.4 GHz. The
first down-conversion is done in the 5255A. The Aux.
Output (from the video amplifier 1-200 MHz) is down
converted in the 10514A Mixer with a 3200B as local
oscillator. Thefilter chosen for the 5210A will natur-
ally depend on the modulating frequencies. For car-
rier frequencies in the range from 0.2 to 3 GHz the
5254B plug-in frequency converter will do the job
equally well; it has the AUXOUT on the front panel as
well.

One other method of FM demodulation in the micro-
wave region is shown in Figure 14. Instead of making
a second down conversion, the output of the plug-in
converter is divided by 10 to bring the carrier within
range of the 5210A (10 MHz or less). If so desired
this can be accomplished by using a separate 5245L
or 5246L as a scaler. A simpler way to do this is to
take the signal out at the output of the first decimal
counter assembly (DCA) in the counter. This can be
done by connecting a scope probe (10 MR /10 pF) to
pin 4 of connector XA17. The signal level here is
adequate to drive the 5210A without apparent disturb-
ance of the counter operation. It is necessary to have
the counter function switch in manual start, to avoid
the disturbance of the gating. When using this method

8

L. HIGH PASS & LOW PASS,
HP 32008 MAY NOT BE NECESSARY.

MIXER HIGH

weiosiea [ T PASS

[m————————— -

GENERATOR
UNDER Low
TEST PASS
«  beeee-
HP 1400A HIGH SENS AMP
* pLuGiN L
OSCILLOSCOPE [~ - Phcpcn
HP 140A '
|
} |
I
' i
|
|
L WAVE ANAL
el HP 3024

Fig. 12. Incidental FM measurement with
down conversion

for FM demodulation it must be remembered that in-
cluded in the 5255A is a + 4 scaler. This, in connec-
tion with the <10 in the first DCA, gives a measured
deviation on the discriminator output that is 40 times
too small. If the 5254B is used in place of the 52554,
the resulting division ratio will be 10. It is important
to remember that whenever the FM signal is scaled
or divided down, the deviation will be scaled with the
same factor. This is not the case when the signal is
heterodyned or down-converted; the deviation remains
unaffected by this operation. We can thus straight
away see the advantages and disadvantages with the
two suggested methods for FM microwave demodula-
tion: in case of double down-conversion an extremely
high sensitivity can be obtained, so the method is
particularly well suited for small deviations. It does
require a mixer and a local oscillator extra. The
second method is particularly good for larger devia-
tions, where the division by 40 or 10 can be tolerated.
It requires a minimum of equipment. In both cases
the carrier frequency is readily available on the coun-

0%210-B-6



LOCAL
0S¢ FM
HP 32008 SOURCE
3-12.4GHz
L Y
1-200 MHz
MIXER R (AUX OUT) ELECTRONIC
= COUNTER
B HP 524581
5255A PLUG-IN
x
Y
52104 * pLuGN
+FILTER #=| OSCILLOSCOPE
HP 1404
*
HP I400A HIGH SENS
AMP

Fig. 13. FM microwave demodulation
double down conversion.

ter. (The carrier frequency is the sum of counter
reading and converter dial reading, in the usual man-
ner for heterodyne frequency converters. ) In the first
method the average carrier frequency is displayed
continuously, in the second method the function switch
has to be moved to FREQUENCY to read average car-
rier frequency. Thus the setups will readily give all
information about the FM signal.

SWEPT FREQUENCY MEASUREMENTS

Since the 5210A is supplying a dc voltage proportional
tothe input frequency, it lends itself very well to cer-

ELECTORNIC
COUNTER = 3-12 46H2 FM
HP 5245 L i SOURCE
5255A PLUGIN
DOWN-CONVERSION
+ +4(5255A)
+ 210 (DCA) %
Y fmax $53 MHz HP 1400A HIGH SENS AMP
¥* pLUG-IN
ARIOA »| osciLLoscopE
+FILTER HP [40A
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tain types of measurements., On X-Y plots, for ex-
ample, the recorder output can be used to drive the
frequency axis directly. An example of this is shown
in Figure 15. This setupwill take a manual frequency
spectrum, If anX-Y recorder (suchas Moseley 7035A)
is used as an output device, the recorder output from
the 5210A would be used for the X-axis drive. The
advantage of using a 5210A here is the extremely high
linearity of the frequency to dc conversion.

In the caseof fast changing frequencies applied to the
network under test, the output device could be an os-
cilloscope and the discriminator output from the 5210A
could be used for the horizontal deflection. Again the
high linearity of the 5210A would result in very useful
results.

SIGNAL
GENERATOR
SYNTH
NET WORK
S2104 UNDER
TEST
REC QUTPUT
F X '1r
X-Y _t AC
RECORDER Gl VOLTMETER

Fig. 14. FM microwave demodulation, down
conversion plus frequency division.

035210-8-7

Fig. 15. Swept frequency measurement

PHASE MODULATION MEASUREMENTS

As we saw in an earlier paragraph (page 1), in a PM
system the phase of the carrier varies linearly with
the modulating signal. This is different from FM
systems where the instantaneous frequency varies
linearly with the modulating signal. For the rela-
tionship between frequency and phase we have the
following expression:

a B
@ = 2nf= at
where 6 is the phase of the carrier.

Since the discriminator output of the 5210A is pro-
portional to frequency deviation, one way to obtain
phase deviation is to integrate the discriminator out-
put. However, in general the output of the discrim-
inator is not large enough to make this a feasible
solution.
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A better technique* is to plot the discriminator output
directly as function of frequency and then to draw
lines of constant phase deviationon the plot according
to the expression:

N

d fFS n

where fpg is the full scale range factor in Hz/V and
sub-n indicates that the expression is valid for sinu-
soidal components of the PM signal. Thus A#@ can be
read directly from the plot or calculated from the
above expression.

SIGNAL BURSTS AND CHIRPED PULSES

Frequency measurement of short duration bursts and
chirped pulses using the 5210A with output filters is
described in the following paragraphs.

The discriminator output voltage represents the fre-
quency of an input signal within a short period after
application of the signal. The accuracy of the fre-
quency measurement and the time needed to perform
this measurement are functions of input frequency to
be measured and the time constant needed to smooth
the discriminator output to the required accuracy.

In determining the time required to measure a burst
frequency to a given accuracy the first factor to be
determined is the filter cutoff frequency required to
smooth the discriminator output to the required ac-
curacy. This value may be determined from Figure
16. The graph may be entered with the error (car-
rier voltage ripple) which can be tolerated in the out-
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Fig. 16. Filter cutoff frequency versus
percent error due to carrier ripple
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Fig. 17. Error tolerable versus time to final
value within tolerance

put voltage. The ratioof the filter cutoff frequency to
the carrier frequency required for this error can then
be determined. Then knowing the filter cutoff fre-
quency the time required for the maximally flat delay
filter to approach its final value within the prescribed
error may be determined from Figure 17. The dashed
part of Figure 17 isdue tothe very small (0.8%) over-
shoot inthe Bessel Filter. The error first approaches
the final value (0% error) at .97/f¢q and then over-
shoots to 0.8% error before returning to final value.

EXAMPLE

1t is desired to measure the frequency of a burst of
pulses to within £3.0%. From Figure 16 we see that
a 1.5% peak error due to ripple requires a filter cut-
off of 0.16 times the carrier frequency (not the dis-
criminator output frequency). The filter cutoff fre-
quency is then 16 kHz. From Figure 17 we see that
the time to a 1.5% error is 0.9 x 1/ or 56 us. Thus
less than 6 input cycles are needed to determine the
input frequency to less than 3% error near 100 kHz,

*See Peter R. Roth: Phase Noise and Phase Modu-
lation Measurements with the Analog Frequency
Meter. Hewlett-Packard Journal, March 1967, p. 18.
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MODEL 5210A FRONT AND REAR VIEWS

10,

11,

8,]2\ 13 /14

N e
g SN ST 2 3
8 k- V14

&N

10 3,811 11 4,91 1

Check 0.25ampere fuse for 115 or 230 volt ac
operation, Setslide switchto expose numbers
which correspond with ac line voltage used.

Check meter pointer mechanical zero,

12,

Set METER lever switch to NORMAL,

Set RANGE switch to 100 kHz,

Set SENSITIVITY switch to CAL (100 kHz),
Connect ac power cord supplied,

Push LINE switch to apply power and allow 10

minute warmup. Red light on indicates power 13,

applied.

Adjust CAL control with screwdriver for full
scale (10) on meter.

Set SENSITIVITY switch to 10 and RANGE
switch to 10 MHz,

Apply signal at INPUT jack with BNC cable
supplied or #% 10003A probe,

14,

Adjust TRIGGER LEVEL, SENSITIVITY, and
RANGE controls for a stable meter indication,
Set TRIGGER LEVELat the center of the por-
tion which provides the stable reading, Best
operation results whenthe SENSITIVITY con-

trolis set toleast sensitive range which gives
a stable indication, See page 12 for the
procedure to measure frequency modulation
and deviation at the DISC OUT jack,

To record, connect a 1000 to 2000 ohm re-
corder at the GALVANOMETER OUTPUT
telephone jack, With meter reading full scale
(use CAL position and 100 kHz range), adjust
GAIN control for recorder full scale,

Note: With a galvanometer recorder con-
nected, potentiometer recorder and
discriminator outputs are disabled.

To record, connect a 100 mv or 10 mv full
scale recorder to the appropriate POTENTI-
OMETER OUTPUT telephone jack, With
meter reading full scale (use CAL position and
100 kHz range), adjust GAIN control for re-
corder full scale.

Note: Either a galvanometer or potenti-
ometer recorder can be used, but
not both at the same time.

For expanded measurement, set METER
switch to EXPAND 10X and adjust OFFSET
control to positionthe meter pointer at a ref-
erence point, This point represents the input
frequency value and a change from this value
can be measured,

0520429

Frequency Measurement
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10 3,911 8

4,9.1 1

Check 0,25 ampere fuse for 115 or 230 volt
ac operation, Setslide switch to expose num-
bers which correspond with ac line voltage
used,

Check meter pointer mechanical zero.

Set METER switch to NORMAL,

Set RANGE switch to 100 kHz,

Set SENSITIVITY switch to CAL (100 kHz),
Connect ac power cord supplied,

Push LINE switch to apply power andallow 10
minute warmup, Red light on indicates power
applied.

Adjust CAL control with screwdriver for full
scale on meter, With no output filter board
installed, set DISC OUT voltage to1 vde using
rear panel Disc Gain control. One volt peak-
to-peak now represents zero tofull scale peak -
to-peak deviation,

Note: With no output filter board installed,
the DISC OUT voltageis proportional

10.

144

tothe input frequency. The dc com-
ponent is proportional tothe average
input frequency and the ac compon-
nents are proportional to input fre-
quency changes, In addition, there
are ac components at one half the
input frequency and its harmonics.
The level of these harmonics is 1.9
volts rms with the meter reading
full scale, To make useful measure-
ments of modulation components, a
low pass filter (Accessory 10531A,
see page 13, or a wave analyzer such
as the HP Model 302A can be used.

Set SENSITIVITY switch to 10 and RANGE
switch to 10 MHz,

Apply signal at INPUT jack with BNC cable
supplied or # 10003A probe,

Adjust TRIGGER LEVEL, SENSITIVITY, and
RANGE controls for a stable meter indication,
Set TRIGGER LEVELat the center of the por-
tion of its range which provides the stable
reading, Best operation results when the
SENSITIVITY control is set tothe least sensi-
tive range which provides the stable indication,

12

FM Measurement

05210-4-29




Application Note 87

APPENDIX Il
ACCESSORIES AND OPTIONS FOR THE 5210A/B

LOW-PASS OUTPUT FILTERS (ACCESSORY)

The HP 10531A Filter Kit provides a series of three
plug-inlow pass filters which can be adjusted to cover
frequencies from 100 Hz to 1 MHz, These filters pro-
vide rejectionof carrier andcarrier harmonics while
passing modulation components. Thus it is possibleto
measure deviations as small as 1 part in 103 of the
carrier frequency at modulation frequencies up to 20%
of the carrier frequency using the HP 302A or 310A
Wave Analyzers or similar narrow band voltmeters
on their most sensitive ranges. The cut-off frequency
is selected by the user according to his needs by
changing filter circuit resistors. These resistorsare
preassembled on smaller boards that plug in on the

filter board; their values, corresponding to the de-
sired cut-off, are given in the manual supplied with
the instrument.

CALIBRATED OFFSET, OPTION O1

The calibrated offset, Option 01, provides for dis-
play of any of the 10 major divisions* on a separate
full meter scale (the EXPAND scale) when the METER
switch is in the EXPAND X10 position. This feature
effectively adds a significant figure tofrequency read-
ings made in the NORMAL mode.

*Six major divisions on 5210B.

13
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APPENDIX Il
HP INSTRUMENTS FOR USE WITH THE 5210A/B

DEVICES FOR MEASURING DISCRIMINATOR OUTPUT

OSCILLOSCOPES

140/141A Oscilloscopes

Main Frame: 10 x10cm display. Internal grati-
cule, no parallax. Beam finder. Accepts horizontal
and vertical plug-ins (seventeen available). 140A:
$595. 141A only: variable presistence, storage,
price: $1275 (without plug-ins).

Vertical Plug-ins (high sensitivities)

1400A: 100 1 V/cm from de to 400kHz, differ-
ential amplifier, $250.

1403A: 0.1 Hz to 400 kHz (0.9 us rise time)
(to 200kHz at 10 xV/em and to 300kHz
at 20 uV/em), $475.

Horizontal Plug-ins (time bases)

1422A: 21 ranges 1 us/cm to 5 s/cm, trig-
gering to 500 kHz, $225.

1420A: 22 ranges 0.5 ps/cm to 5 s/em, trig-
gering to 20 MHz, $325.

1423A: 23 ranges 0.2 us/em to 5 s/em, trig-
gering to 20 MHz, trigger hold-off,
$450.

130C Oscilloscope

All purpose, 200 #V/cm from de to 500 kHz.
Identical horizontal and vertical amplifiers. Time
base: 21 ranges 1 us/cmto 5 s/cm. Sweep magni-
fier x 2 to x 50. Price $695.

WAVE ANALYZERS
302A Wave Analyzer

Frequency range 20 Hz - 50 kHz. 30 uV to 300V
full scale. 7 Hz bandwidth (3 dB). Automatic fre-
quency control, Frequency restorer puts out sine
wave proportional with component measured. Price:
$1800.

310A Wave Analyzer

Frequency range: 1kHz to 1.5 MHz (200 Hz band-
width), 5kHz to 1.5 MHz (1000 Hz bandwidth), 10 kHz
scale. Automatic Frequency Control. Frequency re-
storer puts out sine wave proportional with component
measured. Price: $2200.

VOLTMETERS

A variety of HP ac voltmeters are well suited for
measuring the discriminator output.

Volt.
Model | Freq. Range | Range, F.Sc.| Comments Price
400E |10Hz-10MHz |1 mV-300V 285

400EL|10Hz~10MHz |1 mV-300V |LineardBscale 295

400F |20Hz-4MHz |100uV-300V |100kHz LP filter,| 275
switchable

400FL|20Hz-4MHz |100p¢V-300V |Linear dBscale 285

400GL|20Hz~4MHz [100pV - 100kHz LPfilter,| 290
1000V Linear dBscale

403A |1 Hz -1 MHz |1 mV -300V |Battery operated| 275

403B |5 Hz -2 MHz |1 mV -300V |Battery/ac 310
operated

3400A |10Hz-10MHz |1 mV~-300V |True rms meter | 525

EQUIPMENT FOR DOWN CONVERSION

10514A/B Mixers

Input/output frequencies: "L and"R" ports: 200
kHz to 500 MHz; "X" port: dc to 500 MHz. Designed
for 500 systems. Excellent balance atall ports. Flat
response and low insertion loss. 10514A, price $180.
10514B, model for printed circuit board mounting.

LOCAL OSCILLATORS

3200B VHF Oscillator

Frequency range: 10-500 MHz in six bands. Ex-
cellent stability, low cost, compact. Output more than
4 mW across 502. Frequency doubler probe avail-
able. 3200B, price: $475.

608 Series VHF Signal Generators

The 608 series signal generators are highly stable
with very low incidental and residual FM and have
versatile modulation capabilities and calibrated output
attenuator (0.1 uV to 0.5V).

Frequency Ranges:

608C, E: 10-480 MHz;

601D: 10-420 MHz;

608F: 10-455 MHz, all in five bands.

15
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OSCILLATORS (cont'd)

The models 608D, E, F have slightly better in-
cidental FM specifications than 608C, In addition,
608E, F have a residual FM specification.

Prices: 608C: $1250;608D: $1350; 608E: $1450;
608F: $1600.

SYNTHESIZERS

For very exacting requirements a frequency synthe-
sizer will make an excellent local oscillator, with ex-
tremely low phase noise and frequency deviation. Out-
put frequencies: 5105A: 0.1 to 500 MHz (0.1 Hz min.
increment); 5100A: 0.01 Hz to 50 MHz, Non-harmonic
spurious signals: 5105A: 70 dB below selected fre-
quency, 5100A: 90dB below selected frequency. Har-
monic signals: 5105A: 25 dBbelow selected frequency;
5100A: 30 db below selected frequency.

Prices: 5100A/5110A (synthesizer /driver): $8, 150/

$4,350. 5105A/5110B (synthesizer/driver): $9, 150/
$4, 350,

FREQUENCY CONVERTERS

5255A Frequency Converter:

3-12.4 GHz range, 100 mV rms sensitivity. Using
harmonics of 200 MHz comb spectrum. Plug-in unit
to be used with a HP 5245L or 5246L Electronic Coun-
ter. Prices: 5255A, $1650; 5245L, $2950; 5246L,
$1800.

16

5254B Frequency Converter

0.2 - 3 GHz range, 50 mV rms sensitivity. Plug-in
unit. Price: $825.

5253B Frequency Converter

50 - 500 MHz; 50 mV rms sensitivity. Plug-in unit.
Price: $500.

RECORDERS
680A Strip Chart Recorder

This is a precision servo potentiometer instrument
with a 5" writing width chart: one eachof ten spans
and eight speeds may be selected by the user. This
instrument features all solid state circuitry, high ac-
curacy, fast response, high common mode rejection,
synchronous chart drive, and full view tilting chart
magazine. The accuracy is better than 0. 2% of full
scale with 0. 1% of full scale resettability. Choice of
ink pressure, or electric stylus available. Suitable
input devices arethe 562A Digital Recorder with ana-
log output option, or the 580A Digital-Analog Conver-
ter. $750.

T035A X-Y Recorder

A high performance, low cost, servo potentiometer
X-Y recorder designed for use in applications where
high dynamic performance is not required. Metric
scaling is optional. Each axis has an independent
servo system with no interaction between channels.
Features include solid state circuitry. AUTOGRIP
electric paper hold-down, guarded input, electric pen
lift. Input resistance on 100 mV/inch input is 1 MQ2,
Floating inputs. Slewing speed 15 inches/s. Accur-
acy £0.2% at full scale. Linearity +0.1% of full
scale, Optional external time base available. $895.
Higher performance X-Y recorders also available.
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