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A New 20 CPS-50 KC Wave Analyzer
with High Selectivity and Simplified Tuning

I n the audio frequency range one of the basic
measuring instruments is the harmonic wave
analyzer. In essence, this instrument is a fre-
quency-selective heterodyne voltmeter which
measures the amplitude and frequency of the

individual compo-
nents of harmonic or
complex waveforms.

SEE ALSO:

"Measuring Microwave Tube
Electrode Coefficient
of Frequency,” .... p.'S

It is valuable where
information is needed about the specific har-
monics produced by amplifiers and other trans-
ducers, about the intermodulation products
generated in multiple frequency systems, about
the amplitude of voltages in the presence of
noise and the amplitude of voltages too small
to be measured by other means, about vibration
components in mechanical and electrical sys-
tems, and in general about the components of

any recurrent electrical phenomena or physi-
cal phenomena that can be converted into elec-
trical waves.

For a wave analyzer to have maximum use-
fulness, it is basically desirable that it have
high selectivity, but high selectivity by itself
has often been a distinct handicap in actual
practice. One reason for this has been that the
stability of typical audio frequencies is often
insufficient for the signal to remain within a
high-selectivity passband for the time needed
to make a measurement. The user is then forced
to try to track the signal by hand. Moreover,
when a measurement is to be made at a high
frequency in the order of kilocycles, tuning a
high-selectivity system to the signal has often
been difficult, because resolution of tuning has
been inadequate. When such a high-frequency

->| |(— 6.6 cycles

Fig. 2 (above). Dynamic plot of selectivity char-
acteristic of typical 302A analyzer, Three db |
bandwidth can be seen to be less than 7 cycles.
See also Figs. 6 and 7.

Fiz. 1 (at left). New -hp- Model 302A Wave An-
alyzer measures from 20 cps to 50 kc and incor-

porates AFC circuit and linear tuning dial to simplify tuning. Voltage-measuring range extends below 10 microvolts.

Instrument has sine wave output at dial frequency to facilitate transmission tests on external circuits,

PRINTED IN U.S.A.

COPYRIGHT 1959 HEWLETT - PACKARD CO.

© Copr. 1949-1998 Hewlett-Packard Co.

SEPT.-OCT., 1959



MAXIMUM (NPUT
03 - 300V

O rance
!

{

/
s | 100 KC "’J 100KC 100 K¢
AMPLIFIER & l BALANCED S METER ﬁv
1 CRYSTA -F CRYSTAL |+
e FTER [ woouwkton [| Filtek [T Lawetinen | | Ailtes | | MHPLTER “

AFE VOLTAGE ~

il

— ——]100KC FRONI-F

=

| T ——
LOCAL AFC AFC OR AFC
bl 05 CILLATOR —=——-0=—0—t— 0seiLLAToR
100 =150 KC mugj CIRCUITRY L O NORM
,/ BFO ' O 87D
FREQUENCY ©) WODULATOR | “A7AL 0SC'R. 100KC
oy AND
1001¢ - 15040 — AMPLIFIER
ﬁfsmfg SIGNAL
7 £
UTPYT Y SIGNAL  SOURCE
ANPLITUDE © oureyr
Fig. 3. Basic circuit arrangement of -hp- Model 3024 Wave Analyzer. Specially-developed

tuning capacitor for local oscillator results in linear, constant-resolution tuning dial.

signal then has instability, the measure-
ment becomes doubly difficult, often
impossible.

The Hewlert-Packard solution to this
problem has been to provide an analyzer
whose selectivity was adjustable® and
could be suited to the measurement at
hand. This arrangement permitted con-
venient measurement of typical signals,
but there has been a demand for an in-
strument to measure fl’equEnC)’ C(JmPU—
nents higher than the top frequency of
16 ke possible with that instrument.

Consequently, a new analyzer has
now been designed—one that has an
upper frequency capability of 50 ke,
the third harmonic of the highest usual
audio frequencies. In this new instru-
ment the advantages of high selectivity
have been combined with the advan-
tages of adjustable selectivity by incor-
porating an automatic frequency con-
trol arrangement into a high-selectivity
instrument. When the instrument is
then tuned to the component to be
measured, the afc circuit locks to the
component and typical frequency in-
stabilities in the signal produce no ob-
servable effect in the measurement.

NEW OUTPUTS
Voltage-wise, the new analyzer meas-
ures from 30 microvolts full scale to

*Brunton Bauer, '"-hp- Distortion Measuring
Equipment,”” Hewletr-Packard Journal, Vol-
ume 2, No. 12, August, 1951,

300 volts full scale in 3:1 ranges. Meas-
urements can be made either directly
in voltage (“absolute™) or as a per-
centage of the amplitude of the funda-
mental component ("relative”™). The
instrument has also been designed so
that it has no tune-up procedure typi-
cal of analyzers in the past and so that
it provides two special outputs, which
may be selected by choice, in addition
to an output for operating a dc re-
corder. One output is a signal whose
frequency is the frequency being meas-
ured such that, where complicated or
non-harmonically-related components
are being investigated, an external fre-
quency counter can be used to measure
the component frequencies to high pre-
cision. In vibration analysis, for exam-
ple, this feature provides an easy meth-
od for analyzing complicated spectra.

The second output is a constant-
amplitude voltage whose frequency is
the frequency to which the analyzer is
tuned, This output is valuable as a sig-
nal source for checking the transmis-
sion of external devices. Since this out-
put and the analyzer tuning are tracked
together, the need for an external rest
oscillator in transmission measurements
is normally disposed of, while the actual
testing of external equipment becomes
much simpler than when an external
oscillator is used.

A number of additional design im-

s
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provements have been included in the
analyzer, three of which should be men-
tioned here. First, the tuning system is
linearly calibrated in frequency so that
resolution is constant. Secondly, a
100:1-reduction gear drive of a quality
commensurate with a high-selectivity
instrument has been used in the tuning
system to insure adequate resolution.
Thirdly, the analyzer is fully transis-
torized so that it has no warm-up time,
can be battery operated, if desired, and
has half the size and weight of the ear-
lier design.
CIRCUIT ARRANGEMENT

Fig. 3 shows the general form of the
analyzer circuitry. An input waveform
to be analvzed is applied through an
attenuator to a high-performance pre-
amplifier which is designed so that its
harmonic contribution is about 90 db
below its maximum operating level.
Following the pre-amplifier and a 50
ke cut-off low-pass filter, the waveform
is mixed with the output of a tunable
local oscillator in a balanced modulator
to translate whichever waveform com-
ponent is being measured to precisely
100 ke, the i-f frequency. The balanced
modulator is designed to be linear over
a range in excess of 80 db and, because
of the low thermal levels achieved in
the instrument from the use of semi-
conductor devices, is much freer of
unbalance effects than previous designs.



Consequently, the controls that refine
modulator balance are made available
in this intrument only as screwdriver
controls available from the panel in-
stead of as panel operating controls.
Modulator linearity and balance and
the selectivity of ensuing amplifiers are
such that modulation products other
than the component being measured
are maintained at least 75 db below the
peak output level of the modularor, as
is hum pickup.

To accommodate an input frequency
range from 20 cps to 50 ke with an i-f
of 100 ke, the local oscillator is ar-
ranged to be tunable from 100 to 150
ke and has been designed with high
frequency stability. A straight-line-
frequency capacitor of special design
has been used to achieve a linear fre-
quency scale,” which is discussed later.

The 100 ke component appearing at
the modulator output is passed through
a two-section crystal filter separated by

*B. M. Oliver, "Gamma-Derived Capacitors,””
letter to Proc. 1. R. E., Volume 47, No. 9,
Sepr., 1959, p. 1654
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Fig. 5. Signal sonrce output simplifies
testing external circnits since analyzer in-
puet is tracked with this output, A meas-
ured frequency output is alternatively
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Fig. 4. Panel view of
analyzer. Constant-reso-
hzh'au_ tuning dial ap-
pears in right-bhand
panel window. Fine tun-
ing control drives tun-
ing capacitor through
100:1
train giving dial length

reduction  gear

of more than 50 feet.

an attenuator, which is the range con-
trol on the panel, and an isolating am-
plifier. After additional amplification,
the component is rectified and applied
to the dc meter circuit. A de outpur is
taken from the meter circuit to permit
an external de recorder to be used. A
sample of the i-f signal is also taken
from the meter amplifier and applied
to the discriminator circuitry to pro-
vide an automatic frequency control
voltage for the local oscillator.

INPUT SIGNAL AND
SIGNAL SOURCE OUTPUTS

The two signal outputs which add a
new degree of usefulness to wave analy-
zer instrumentation are obtained as fol-
lows, considering first the output that is
the waveform component being meas-
ured (Fuupsarcd). When an external
wave is analyzed, the MODE switch
in Fig. 3 will be in the AFC or
NORM (al) position. A sample of the
100 ke i-f frequency from the meter
amplifier is then mixed with the local
oscillator frequency (Fuoumurcat 100
ke) in a second modulator to subtract
precisely 100 ke from the local oscilla-
tor frequency and thus to recover the
measured frequency F.eurea. This sig-
nal is amplified and applied to the out-
put terminal at a maximum level of at
least 1 volt, its actual amplitude being
related to the amount of deflection oc-
curring on the indicating meter. When
a complicated input spectrum is being
investigated, this output can be used
for accurate analysis of the spectrum.
When measuring the frequency of this
output with an external counter, it
should be noted that the output is ob-
tainable both when the AFC circuit is
being used and when it is not. However,
better frequency accuracy in this out-
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Fig. 6. Typical selectivity of new ana-
lyzer near peak of response characteristic,
Curve obtained by averaging selectivities
of 10 production instruments,

put signal will usually be obrained
when AFC operation is used because of
the accuracy of tuning that AFC oper-
ation provides.

The second signal output is the BFO
or signal source output. This is a con-
stant-amplitude signal whose frequency
is always the frequency to which the
analyzer is tuned. It can thus be tuned
over a range from 20 cps to 50 ke by
tuning the analyzer. Circuitwise, the
signal is obtained by converting the
AFC discriminator circuitry to form a
100 ke oscillator whose frequency is
crystal-controlled. This 100 ke fre-
quency is then subtracted from the local
oscillator frequency to which the anal-
vzer is tuned. It will be seen that this
signal source output differs from the
measured frequency output in that it is
not derived from the measured compo-
nent itself, although it is equal in fre-
quency to a component which will be
measured by that particular frequency
setting of the analyzer. The measured
frequency output, on the other hand,
depends on an applied component and
has an amplitude related to the ampli-
tude of the component.

The value in use of the signal source
output is substantial. Where frequency
response measurements are being made,
especially of devices that may have a
wide response range such as filters, this

MODEL 300A ON SPECIAL ORDER

The new Model 302A Harmonic
Wave Analyzer described in the ac-
companying article supersedes the
former Model 300A 30 cps—16 kc
variable selectivity wave analyzer.
The Model 300A will, however, con-
tinue to be available on a special
order basis.




output is a considerable convenience
for the reasons noted earlier. As a fur-
ther convenience the signal source out-
put is constant within a db over the
20 cps to 50 ke range, while its level
can be sclected with the Amplitude
control up to ar least 1 volt open cir-
cuit.

CALIBRATOR

A voltage calibrator circuit is also
included in the system for occasions
when it may be desirable to check the
analyzer’s voltage calibration. The
analyzer’s overall stability is high, how-
ever, and such a check is not a typical
operating necessity. The calibrator con-
sists of a free-running multivibrator
whose voltage excursions are fixed by
zener diodes at a value corresponding
to a full-scale meter deflection, Tt oper-
ates at approximately § kc so that,
when checking calibration, the indicat-
ing meter should indicate precisely full
scale when the analyzer rtuning is
peaked in the vicinity of § ke. Calibra-
tion can be adjusted for optimum agree-
ment with the calibrator by a screw-
driver control accessible from the front
panel,

SELECTIVITY CHARACTERISTIC

As indicated in Fig. 3, the selectivity
of the new analyzer is established by a
two-section crystal filter, which em-
ploys a total of three high-quality crys-
tals whose resonant points are staggered
for optimum flatness of the peak of the
overall selectivity characteristic. A
typical resulting selectivity is shown
in the oscillogram of Fig. 2, while the
average selectivity near the peak of 10
production instruments is shown in
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Fig. 7. Typical overall selectivity in the form of maximum and
minimum selectivities from group of 10 production instruments.

Fig. 6. Typically, the top of the curve
is virtually flat for a width of 2 to 2%
cyeles (=£1 to =17 cycles from cen-
ter), At 3 to 3%, cycles from center,
the response is 3 db down.

Fig. 7 shows the overall selectivity
characteristic of the analyzer in the
form of the maximum and minimum
selectivity from a group of 10 produc-
tion instruments. The passband has an
80 db or more range with a narrow-
skirted characteristic which reaches the
80 db atrenuation level at no more than
70 cycles from center.

CONSTANT RESOLUTION
TUNING SYSTEM

One of the major considerations in
the design execution of a wave analy-
zer is the tuning system, in which tun-
ing resolution becomes of particular
concern, Typically, the approach to this
problem is to use an expanded type
mechanical drive to produce a long scale
length. While this approach is basic and
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Fig. 8. Extremes of frequency dial error from group of 10 production in-
struments. Curve shows spread of error among all instruments so that each
unit is better than error limits shown. Dial calibration is linear; curve thus
also shows that departure from linearity is small.
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in itself advantageous, the combination
of drive and tuning capacitor usually
produce a frequency dial in which for
frequencies above a few hundred cycles
the calibration has inadequate resolu-
tion, To try to determine with a typical
tuning system whether a measurement
is being made of a 60- or a 120-cycle
sideband of a signal at even a few ke,
for example, is usually difficult.

In the design of the new analyzer, a
special tuning capacitor with an accu-
rate straightline frequency characteris-
tic has been used in the local oscillator.
This is combined with a quality 100:1
gear reduction drive system to provide
a tuning scale length greater than 50
feet for the 20 cps to 50 ke range. Be-
cause this drive is used with a capacitor
that is accurately straight-line, it has
the distinguishing feature that it has
been possible to calibrate the vernier
scale directly in frequency to achieve
constant resolution for the complete
range. With this feature it becomes as
convenient to separate and measure a
hum sideband at 50 kc as at 1 ke, The
degree of resolution that the tuning
system provides can be determined
from the fact that the vernier dial is
calibrated at 10-cycle intervals which
have a spacing of %% inch. One com-
plete vernier rotation produces a 1 ke
change in the analyzer tuning or a
change in the main tuning dial of 1
division. There are thus 5,000 calibra-
tion points in the instrument’s tuning
range,

With further reference to the oscil-
lator, it is interesting to examine the
data in Fig. 8 from which can be seen



in the one curve both oscillator linearity
and typical accuracy of calibration.
The curve shows the maximum dial
error from a group of 10 instruments
together with rated error limits. On a
percentage basis the rated error limits
appear large at low frequencies because
of the § cps component in the rated
tolerance [ (17 + § cps) |, but this
component represents only a 0.0057;
error in the local oscillator frequency
of 100 ke.

VOLTAGE RANGE INDICATOR

To serve its intended purpose, an
audio wave analyzer must have, at least
from the input through the selective
circuits, a wide dynamic range (75 db
in this case), but for readability at the
indicating meter this range must be
divided into smaller ranges with an
attenuator. In addition, to accommo-
date an even wider range of external
signal levels (an additional 80 db for
this instrument), an atténuator is re-

quired at the input terminals. Thus, an
actual measurement of voltage involves
the use of two attenuators, and pre-
viously the operator has been presented
with the necessity for multiplying or
otherwise mentally manipulating two
calibrations to obtain the value of the
voltage range in use,

In the new instrument, however, a
mechanical multiplying arrangement
has been used such that the full scale

(Concluded on next page)

A common problem in applying
microwave tubes is establishing per-
fOI'n'I:InCB I'qu.'lil'cn'l{.‘{'lt!i fi:lr POWCT
supplies, since power supply ripple
usually appears in the tube output as
unwanted frequency modulation.
The diagram below indicates how
the new -hp- Model 302A Harmonic
Wave Analyzer (described in ac-
companying article) was used as the
heart of an arrangement for measur-
ing the voltage coefficient of fre-
quency of the various elements, in-
cluding the heater, of a backward-
wave oscillator tube.

In the serup the signal source out-
put from the analyzer was singly
applied through an isolating trans-
former to the various terminals of
the tube at a low level of a few
millivolts. The tube’s outpur fre-
quency was then translated to the
kilocycle range with a Model 540
Transfer Oscillator and applied to a
counter-type discriminator whose
input is amplitude-limited with a
zener diode. This type of discrimina-
tor provides an output consisting of
a constant-charge pulse for each cy-
cle of the applied frequency. By fil-
tering this output with a suitable
low-pass filter, which can consist
merely of a capacitor, it is easy to
obtain a voltage whose amplitude is
proportional to the deviation in the
BWO output, The amplitude of this
signal, and therefore the amount of
f-m in the BWO output, is then

MEASURING MICROWAVE TUBE ELECTRODE
COEFFICIENTS WITH AN AUDIO WAVE ANALYZER
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measured with the analyzer. With
the coefficients of the tube elements
thus established, a realistic basis is
available for specifying power sup-
ply performance.

An advantage of the arrangement
is that the BWO or other tube need
not be operating from a high-per-
formance supply during the meas-
urement, since the analyzer provides
the necessary discrimination against
the supply ripple frequency and
measurements can be made by set-
ting the analyzer frequency a suit-

hp-
122A
0SCILLOSCOPE

able amount away from the supply’s
ripple frequency. The arrangement
also permits the influence of fre-
quency on the coefficients to be in-
vestigated easily.

The above method is a variation
of that described in an earlier arti-
cle® but has the additional advan-
tage of enabling coefficients to be
established.

—Harley L. Halverson

*Duane Marshall, "A New 3 cps—100 ke
Electronic Frequency Meter with Discrimi-

nator  Ourpur and Expandable Scale,”
Hewlett-Packard Journal, Volume 7, No,
1. Sepr., 1955.
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value for the voltage range to which
the instrument is ser is always directly
indicated on a range dial on the panel.
The possibility of reading errors is thus
significantly reduced, especially when
readings are being made by non-engi-
neering personnel. An additional prop-
erty of the mechanical arrangement is
that it locks out veltage ranges which
are inapplicable for a particular setting
of the inpur attenuator. This feature
thus prevents operating errors which
formerly could be caused by an im-
proper combination of the two attenu-
ators.

AFC OPERATION

At first glance it might seem unre-
warding from a design viewpoint to in-
corporate an AFC circuit into a high-
selectivity instrument, since the rise
time of the selective amplifier is inher-
ently long and the amplitude response
15 a tremendously rapid function of
the frequency departure from center
(—50 db at f, = 25 cycles).

While these and other matters do in-
deed introduce significant design prob-
lems for an AFC system, the results ob-
tained are a substantial convenience
from a usage standpoint. With the in-
strument’s AFC circuit in use, for ex-
ample, a measured component can drift
up to a specified maximum amount of
#+100 cycles from center (=150 cy-
cles is a more typical maximum) before
AFC control is lost, This characteristic
is the value termed “frequency hold-in
range” in the specifications.

The “pull-in range,” i.e., the amount
by which the instrument will initially
tune itself to tune to a signal, is not
nearly as large as the hold-in range,
since, if it were, there would be undue
danger of measuring an unwanted com-
ponent when two components were
close together. In an analyzer, as in a
radio receiver, it is desirable to have the
AFC lock to a desired component with-
out being influenced by a larger com-
ponent lying nearby. A high degree of
discrimination has been achieved for
the analyzer in this respect and, typi-
cally, a component spaced 30 cycles
from a desired component and of an
amplitude 40 db above the desired com-
ponent does not pull the analyzer tun-
ing from the desired component once

it has been tuned in. The speed of AFC
pull-in action is measurably slower than

that one may be accustomed to in re-
ceivers, but this is virtually unnoticed
in use and has not been found an incon-
venience.

TUNABLE AUDIO

VOLTMETER

Possibly because of its name, an
audio wave analyzer is of ten overlooked
as a valuable tunable voltmeter—one in
this case with a measuring range in ex-
cess of 150 db and a sensitivity well
under 10 microvolts. Thus, besides
wave analysis, the instrument is valu-
able for measuring the amplitude of
small signals in the presence of noise and
for measuring large attenuations, as in
filters. Similarly, for measuring loop-
gain characteristics the sensitivity is
adequate for measurements even in low-
level systems, while the upper frequen-
¢y capability of 50 ke permits loop in-
vestigations to be made in gain-cross-
over regions previously inaccessible. For
many of these measurements the signal
source output is a significant conven-
ience, while the measured signal out-
put enables the instrument to be used
as a tunable narrow-pass filter. In addi-
tion, the ability to measure hum compo-
nents to 75 db below the signal level is
often of substantial value,

Finally, an interesting case where the
new analyzer is used as a tuned volt-
meter in an unusual situation is de-
scribed in the accompanying article.
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SPECIFICATIONS
-hp-
MODEL 302A
WAVE ANALYZER

Frequency Range: 20 cycles to 50,000 cycles.

Frequency Calibration: Linear graduation; 1
division per 10 cycles.

Dial Accuracy: = (1% 45 cps).

Voltage Range: 30 microvolts full scale to
300 volts full scale in 15 ranges in o 30,
100, 300 sequence. Ranges provided by
input attenuetor and @ mefer range at-
tenuator in steps of 1:3 or 10 db. Full-
scale value of voltage range in use al-
ways displayed on panel Range dial ex-
cept Absolute—Relative switch and vari-
able 10 db control are provided to make
measurements on relative basis.

Warm-up Time: Mone.
Voltage Accuracy: = 5% of full scale value.

Residual Modulation Products & Hum Volt-
age: Greater than 75 db down.

Intermediate Frequency Rejection: Interme-
diate frequency present in input signal
rejected by at least 75 db.

Selectivity: = 31 cycle bandwidth: ot leost
3 db down. = 25 cycle bondwidth: at
least 50 db down. #= 70 cycle bandwidth:
at least B0 db down. Beyond =+ 70 cycle
bandwidth: at least 80 db down.

Input Impedance: Determined by setting of
input attenuator: 100,000 ohms on 4 most
sensitive ranges, 1 megehm on remaining
ranges.

Restored Frequency Output: 1 volt open cir-
cuit at output terminals for full scale
meter deflection. Output level control pro-
vided. Frequency response: + 1 db, 20
cycles to 50,000 cycles, Qutput impedance
approximately 600 ohms.

Cscillator Output: 1 volt open circuit at out-
put terminals {mode selector in B.F.O.).
Output level control provided. Frequency
response: = 1 db 20 cycles to 50,000 cy-
cles. Output impedance approximately
600 ohms.

Recorder Output: 1 ma dec into 1500 ohms or
less at full scale meter indication; for un-
grounded recorders only.

Automatic Frequency Confrol: Range of fre-
quency holdin is =100 cps minimum.

Powsar: 115230 volts #=10%, 5071600 cy-
cles, 3 waotts (approximately). Terminals
are provided for powering instrument
from external battery source. Battery sup-
ply range 28 valts to 18 valts.

Weight: 43 |bs.

Dimensions: Cabinet Mount: 20% in. wide,
12'2 in. high, 142 in. deep.
Rack Mount: 19 in. wide, 10'2 in. high,
13'2 in. deep.

Price: Model 302A Wave Analyzer, Cabinet
Mount: $1,475.00,
Model 302AR Wave Analyzer, Rack
Mount: $1,460.00.

Prices f.o.b. Palo Alto, California.

Data subject to change without notfice.
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