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I. Introduction

This note is intended as an aid to those who must measure electrical signals
that range widely in level and frequency and that must be measured in the
presence of other signals. That, in essence, is what wave analysis is. But it
is also what spectrum analysis is, so why the term ‘“‘wave analysis”’? Wave
analysis is different from spectrum analysis because of the methods used in
the two techniques. A discussion of these methods should clear up any con-
fusion that may exist when speaking of wave ~spectrum analysis, and at the
same time more clearly define wave analysis.

Wave Analysis vs. Spectrum Analysis

Wave analysis is usually performed with an instrument either manually
tuned or tuned relatively slowly by electro-mechanical or electronic means. As
the individual frequency signal is tuned, its level is measured and presented
as either a meter deflection or an X-Y recorder pen deflection. In spectrum
analysis more rapid tuning is usually employed and the level is presented as
vertical deflection of a cathode ray tube beam.

Spectrum analysis provides a fairly accurate and very rapid means of evalu-
ating all the components of a composite signal. Wave analysis takes more
time but yields more accurate frequency and amplitude data.

Wave analysis techniques find useful application in situations where it is
difficult, if not impossible, to evaluate a signal in the time domain; that is,
by observation on an oscilloscope. Examples of such a situation might be the
output of an amplifier to discover its harmonic or intermodulation distortion,
or the output of a radio transmitter or oscillator for spectral purity. The com-
plex baseband signal of a carrier system can be examined without interfering
with many of the hundreds of communications channels present in the signal.
These and other applications will be covered in detail in the Applications sec-
tion of this note.

While many of the comments in this note apply to wave analyzers in general,
it is specifically concerned with the operation and uses of the HP 3590A Wave
Analyzer. There is a short section dealing with the concept of time-domain-to-
frequency-domain conversion, the essential function of a wave analyzer; a
section of definitions and terminology; a section giving a rather detailed de-
scription of how to use the HP 3590A; and finally, a section devoted to applica-
tions. Those familiar with the HP 3590A can omit reading the Operations sec-
tion, and those well versed in time-frequency domain concepts can avoid that
section. The section concerning definitions, however, should be at least scan-
ned by all readers so that a common understanding of the various terms used
in the Applications section will be obtained.



II. Time domain vs. frequency domain

The value of wave analysis (or spectrum analysis) is
that it allows physical transformation from the time domain
to the frequency domain. By “time domain” we mean the
representation of an electrical signal as a function of time.
An oscilloscope is a time domain instrument because it
displays amplitude vs. time on its CRT face.

“Frequency domain™ refers to representing an electrical
signal as a function of frequency. A wave analyzer or
spectrum analyzer is a frequency domain instrument since
it provides the amplitude of a signal vs. frequency as an
output,

The relationship between these two domains is well estab-
lished for periodic waveforms, which can be mathematical-
ly expressed as a function of time or frequency. The math-
ematical basis for the correspondence between the two do-
mains is Fourier’s statement that a signal can be express-
ed as a DC offset and a series of sine and cosine com-
ponents.

¢

o
f(t)= '-"2-" + = Z (@, cos wpt + by sinw,l) Eq (1)
n=1|
2

.—llN

where w, =—%n—- A= 0.4:2:30 000
Many symmetrical waveforms, such as a square wave, have
an average value of zero and hence the term @0 vyanishes
in Equation (1). 2
Equation (1) tells us that there are four quantities that
must be measured to reconstruct f(t). There quantities are
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ay, W, by, a,. Furthermore we must do this for the

full frequency spectrum. a, can be measured with a DC
voltmeter after the AC components have been filtered out.
Spectrum and wave analyzers have some means of deter-
mining wy. It may be distance between markers on the
spectrum analyzers and a nixie or mechanical readout on
the wave analyzers. As a practical matter not all w, may
be seen. The upper and lower frequency limits of the in-
struments account for this limitation. The sine and cosine
amplitude terms are not measured separately. This is equi-
valent to saying that the phase of the terms is not measured
and they may be assumed to be all sine or cosine terms.
The magnitude terms may have positive and negative signs.
The analyzers only measure magnitude. Summarizing, ana-
lyzers have three shortcomings. They don’t measure over-
all DC, phase, or sign of an individual component. With
these basic constraints individual machines do a better or
worse job of measuring magnitude and frequency. These
limitations are discussed in a later section of this note.
Fortunately for the user the limitations are much smaller
than the benefits,

In a general application it is not important to know much
more than magnitude and frequency of the components. A
radio is analogous to a wave analyzer. As the dial is turn-
ed over the broadcast band stations are picked up at the
frequency the dial indicates.

The magnitude of the signal is related to the loudness of
the received signal. The more sophisticated wave analyzer
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Figure 1 — Simplified block diagram of wave analyzer.



is able to determine frequency and magnitude with greater
accuracy than the radio in this analogy. It is also able to
do things which make it easier to operate in different uses.

Figure 1 is a simplified block diagram of a typical
sophisticated wave analyzer: in this case, the HP 3590A.

Notice the input attenuator, the IF attenuator and the
down/up converter. The input attenuator is not frequency
selective and attenuates any and all signals introduced to
the input, establishing the maximum input voltage or sen-
sitivity for the instrument. The IF attenuator establishes
the range. The two attenuators together determine the scale
factors to be applied to the meter. (More will be said about
this in the Operation section).

The down/up converter performs two important func-
tions. First, it converts the IF and its sidebands to de with
the same sidebands. This permils the use of active low pass
filters to provide very sharp frequency selection with an
easily controlled pass band. Second, upon up converting,
any upper sideband components created in the down con-
version are phase cancelled because of the 45° phase shifts
introduced in the down/up conversion process. The up
converted result is now a sharply filtered IF containing only
the frequencies of interest, which are easily detected to pro-
vide meter deflection currents or recorder output currents.

Although not shown in Figure 1, many valuable acces-
sory circuits are often available in wave analyzers, such as:
restored output, which is an amplified replica of the input
signal passing through the selected bandwidth filter.; AFC,

which locks the wave analyzer to drifting input signal; AM
detection; upper and lower sideband detection: automatic
operation of the IF attenuator; and electronic or electro-
mechanical frequency sweeping.

Why bother to examine a signal in the frequency domain
when an oscilloscope will adequately measure the signal in
the time domain? Why have two instruments where one
might do the job? The answer is that such phenomena as
harmonic distortion, which is small compared to the funda-
mental, simply cannot be seen with the oscilloscope.

Figure 2 compares the time domain and frequency do-
main output of a signal generator. Notice the time domain
signal looks like a simple sinusoid but the frequency do-
main representation reveals higher harmonics. If a com-
posite signal such as RF interference were viewed with a
scope only, meaningless fuzz would be seen. But if this is
separated into its various components, some clue to the
source of the interference might be obtained.

Y

TIME
i FREQUENCY
Figure 2 —
Time and frequency domain presentations com-
pared.

III. Important definitions common to wave analysis

If true time-domain-to-frequency-domain conversion is to
be made, the wave analyzer must possess certain qualities.
Certainly it must cover a range of frequencies of interest to
the user and must be capable of making accurate level meas-
urements. There are some specifications unique to wave
analysis and wave analyzers. These specifications are an
attempt to provide the user with the information he needs
to select from competitive instruments to meet his unique
needs. They are discussed below.

Bandwidth and Shape Factor

Many wave analyzers are represented as having a very
narrow bandwidth in the passband. say a few cycles. This
is correct but does not tell the whole story. Bandpass has
the same meaning in wave analyzers as it does in other
devices. The bandpass frequencies fall between the 3 dB
points of amplitude. This bandpass characteristic can, of
course, be moved like a window to any portion of the in-
strument frequency range to select the required narrow
band of frequencies. This is basic to wave analyzers, as
has been pointed out.

The other half of the picture, shape factor, may not be
so well known or apparent. Shape factor is a dimensionless
number describing the bandpass characteristics of a wave
analyzer. It is the ratio of the bandwidth at the 60 dB
point to the bandwidth at the 3 dB point.

This figure should ideally equal unity, but of course can-
not because of limitations encountered in building filters.
A crystal filter may have a shape factor of 10 while some
HP wave analyzers have shape factors of 2.

Figure 3 compares two filter shapes. The -3 dB points
are the same for both filters but the —60 dB points are
different. Both filters pass the frequency being measured
and frequencies that are not supposed to be measured. Fil-
ter 1 with the poorer shape factor will include more of the
unwanted signals than the other filter. Consequentially, the
true magnitude of the signal is not as large as the meter
reading indicates. As the shape factor becomes larger this
error will become even larger. This illustration should show
that bandwidth and filter shape are of equal importance in
evaluating a wave analyzer.
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Figure 3 — Importance of shape factor.

Dynamic Range and Display Dynamic Range

Dynamic range is a measure of how small a signal can
be measured in the presence of larger ones. If a wave
analyzer has a dynamic range of 80 dB, then its range
controls may be set so that 1 volt will cause full deflection
and it will still be able to detect a 100 microvolt signal.
An analyzer with 60 dB of dynamic range would only be
sensitive to 1 millivolt. To achieve the full dynamic range
requires IF gain control operation so that meter deflection
currents are adequate. If IF ranging is automatic, the dis-
play dynamic range will equal the measurement circuit
dynamic range.

BFO, AFC, Restored, AM, USB, LSB, Etc.

The abbreviations given above do not fall into the cate-
gory of definitions. However, they should be described so
that those unfamiliar with them are not confused.

“BFO” stands for Beat Frequency Oscillator, and when
used in connection with wave analyzers means a constant
level signal having a frequency the same as the frequency
to which the wave analyzer is tuned. The BFO frequency
of all but one HP wave analyzer (the 302A) are offset by
a few cycles from the frequency to avoid falling into the
notch in the center of the bandpass. The BFO level can
usually be adjusted over a limited amplitude and is used
as a constant level source to stimulate devices being tested.
This will be more fully explained in the Application section.

“AFC” is Automatic Frequency Control, which is an
auxiliary function built into wave analyzer to permit lock-
on to a drifting signal.

“Restored” refers to the wave analyzer output, which is
the exact frequency of the input signal to which the analy-
zer is tuned. A counter attached to the output jack when
the analyzer is in the Restored mode will provide an accur-
ate indication of the frequency of the signal being investi-
gated. It is an amplified replica of the input signal passing
through the selected bandwidth filter.

“AM”, “USB” and “LSB” refer to various demodula-
tion schemes, AM meaning simple diode detection and the
other two meaning the detection of the upper or lower side-
bands of a suppressed carrier single sideband signal. Up-
per or lower sideband detection is accomplished by generat-
ing and inserting carrier signals displaced from the fre-
quency to which the analyzer is tuned.

IV. Wave analyzer operation

This section has been included to help clear up some
operator difficulties which have become evident in operat-
ing the HP 3590A. Since this instrument has so many auto-
matic and state-of-the-art features, using it involves a bit
more than merely tuning to a certain frequency and adjust-
ing for an on-scale reading.

The principal advantage of the HP 3590A is its ability
to automatically sweep in frequency on a linear or log
basis. The log sweep mode has caused a certain amount
of operator problems.

After initial warmup and turn on procedures, the HP
3590A with either an HP 3593A, 3594A or 3595A plug-in
is ready for sweep tuning. There are four combinations of
automatic sweep: lin-lin, log-lin, lin-log and log-log. The
first term refers to the nature of the vertical output of the
analyzer and the second term refers to the horizontal out-
put. The vertical output will be proportional to the ampli-
tude of the signal to which the analyzer is tuned. It should
be borne in mind that the meter movement is an average

responding, rms indicating type and so for accurate indi-
cations the bandwidth of the analyzer should be narrow
enough that individual sinusoids of a complex signal are
selected. Otherwise, the RMS indication will not be accur-
ate. Do not attempt to analyze a 100 Hz square wave with
the analyzer set to a bandwidth of 1000 Hz.

The linear vertical output should be used for measuring
signals having components similar in level. If this is done,
the Max Input Level control and the Range control can be
set so the full output range will represent the differences
between signal levels that differ only slightly, thus provid-
ing increased resolution.

If the signal levels to be measured differ greatly, the ver-
tical log output can be used to obtain great dynamic display
range, which is linear in decibels. If a wide range of fre-
quency and levels must be accommodated the log-log output
can be used, providing “Bode plots” on the X-Y recorder
to which the outputs are connected. The lin-log output
might find application where the range of levels is small
but the range of frequencies is large.



X-Axis Operation

A negative going voltage is available at the BNC mark-
ed X axis. This output is scaled at —.2V/kHz on the 62
kHz range and —.02V/kHz on the 620 kHz range. The
three positions on the switch below the connector control
the output. In the log position the zero output voltage cor-
responds to a low starting frequency. To explain why the
starting frequency is not zero in the log position consider
the requirements of a log sweep. In theory, such a signal
(dc analog) should have a magnitude vs. frequency char-
acteristic like that shown in Figure 4.

7
518
o
2
-
2 -1071
'—
]
o
&} 54
o}
= |
2}
> p : i
< 50 500 5K 50K
» FREQUENCY (Hz)
= [-0
ACTUAL / |+ THEORETICAL
+m
Figure 4 — X axis voltage for log sweep.

Since the negative infinity volts is impossible to attain
and since 0 V output must correspond to some non-zero
frequency, the actual log sweep output of the 3590A has
been made to resemble the dotted position of fizure 4. This
means the log sweep is usable down to 50 Hz (20 Hz with
the 3595A plug-in). In the linear position the output volt-
age corresponds to the local oscillator frequency. If the
local oscillator is set to start sweeping at a frequency other
than zero, the output voltage will start at something other
than zero. Because this offset voltage is not always wanted,
a third position has been provided. The ramp only setting
will start the X axis output at 0 volts no matter what the
local oscillator is set at.

Y-Axis Operation

There are two BNC’s for the Y axis outputs. Two steps
are required to adjust the recorder for either output. With
the Y axis disconnected adjust the recorder zero to the
lower line on the paper. With the Y axis connected and
the meter at full scale adjust the vertical sensitivity to put
the pen at the top line of the paper. The recorder is now
adjusted to display 100 dB or O to 1 on the linear scale.

Maximum Sweep Time

Maximum sweep time is a further consideration to take
into account when looking at wave analyzers. The 35903A
and 3594A have 620 seconds of sweep time available. This
is not a restriction when sweeping slowly over a narrow
frequency range or when sweeping quickly over a wide fre-
quency range. The 3595A has a sweep time of 10,000
seconds. With this plug-in a slow sweep over a wide fre-

quency range is possible. Why is there a need to sweep at
different speeds? The answer to this question is related to
the selection of different bandwidths. The narrow band-
widths require a slower sweep to respond over the 85 dB
of dynamic range available.

If there weren’t other considerations to take into account
the sweep speed and bandwidth knobs could be tied to-
gether. If a plot is being made over this audio range with
a sweep speed of 2 Hz/second, 10,000 seconds or 2-3/4
hours would be needed. In all probability the signals of
interest don’t cover this entire range. The areas of little
interest can be swept faster because the sweep speed is a
separate control. This technique can be used to reduce the
total time required to plot the same frequency range.

Power Level Measurements

There are many commonly used systems of level mea-
surements based on power levels instead of voltage levels.
This requires that a reference impedance be selected. Per-
haps the most common unit of power level measurement is
the dBm, a logarithmic power ratio referenced to 1 mW,
and more specifically, 1 mW dissipated in 600 Q of pure re-
sistance. When 1 mW is dissipated in 600 Q. the rms
voltage dropped across the resistor is, 0.778 V. Therefore,
many voltmeter decibel scales are designed so that 0 dB on
the dB scale is opposite 0.778 V rms on the voltage scale.

Since the dB scale of the 3590A is a voltage reference
scale, it cannot be used to represent standard power levels
unless some needle offset is introduced so that a known
voltage (say 0.778 V rms) across a known resistance (say
600 Q) is represented by an appropriate dB value (in this
case, zero). To calibrate for power levels, select the refer-
ence power level (in most cases 1 mW) and the reference
resistance (590, 75, 135, 150, 600 . etc.) and solve the

equation
Y =
\I P XR

where: P is the reference power in watts
R is the reference resistance in chms.

Terminate the input of the 3590A in the reference resis-
tor and apply a reference signal to the terminated input.
Adjust the level of the reference signal until the voltage
obtained by solving Equation (2) is indicated. Move the
Absolute/Relative switch to Relative and adjust the Ref
Adj control until 0dB is indicated. Since Ref Adj can only
shift the needle downscale, it will usually be necessary to
switch the Range switch to a lower range. The Sensitivity
and Range annunciators should be ignored, as should the
voltage scale on the meter. The rear panel output will still
be representative of the needle position so that 410 V at
the Y axis output will be representative of the reference
power level (0 dBm) selected. Likewise, levels below the
reference will be represented by voltages less than 10 V.
The scale factor will be 0.1 V/dB. If the BFO output is
used as the reference level generator, calibrate with refer-

(Eq2)



ence to —20 dB (0.0778 V for 1 mW into 600 Q) because
the BFO output will not provide power enough to drop the
required voltage across the required impedance in many

cases.
You may find the dynamic range of the instrument has

been reduced by 10 dB or 20 dB when it is used for refer-

ence power levels. This is simply because the reference
voltage dropped across a reference resistor is, in most cases,
lower than the 1 V reference level at the 100 kQ input im-
pedance of the 3590A. Otherwise, the 3590A is calibrated
to measure various power levels with reference to a stand-
ard power level.

V. Applications

Time-to-Frequency-Domain Conversion

The first application of the HP 3590A Wave Analyzer
is more demonstrative than practical; it serves to show the
time-to-frequency-domain converting ability of the instru-
ment. The instrumentation arrangement is as shown in
Figure 5. This arrangement will provide a rectangular
pulse 6.6 ps in duration every 100 ps.

The pulse duration and repetition rate are the essential
information needed for mathematical analysis of a known
time domain function. Standard texts dealing with the sub-
ject of spectrum analysis commonly simplify Equation (3),

f(t) = a" %Z (ancos wpt + by sin wpt)
Eq(3)

in such a way as to permit mathematical analysis of wave
forms such as the one produced by the equipment setup of
Figure 5. Typical of such simplifications is the expression
given in Equation (4).
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—Jent dt
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Eq (4)
where: ¢ = [* 10 € Eq (5)

and: T = The period of f (1)
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Since ¢, is, in general, a complex quantity, Equation
(4) may be represented more usefully as:
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f(t)= __%__ Eq (6)
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Equation (6) implies negative frequency components,
This is a mathematical property and for our purposes Equa-
tion (6) can be represented as:

=242

& n=]

cos(w,t +0) Eq (7)

“n

The constant term is the average value of the periodic
waveform or the de component. The summation term in-
dicates the integral multiple frequency composition of the
waveform. The quantity ¢ is the amplitude of each com-
ponent, and ©, is the phase of each component. Since wave
analyzers do not measure the phase angle of individual fre-
quency components, we will be interested primarily in ¢,

The signal produced by the generator in Figure 5 would
appear on an oscilloscope (in the time domain) as shown
in Figure 6.

The value of ¢ can be found for this waveform by as-
signing the proper values to Equation (5) and performing
the indicated integration. This may be done by examining
a single pulse and assigning values as shown in Figure 7.

Viewing the pulse train as shown in Figure 7 allows
Equation (5) to be written as:
¢y = T2\ e=Tent dt Eq (8)
= ijfz
. sin “nt
Ch =AT" 2 Eq (9)
T (.dn T
2
. “n _ Arsin X
i1 X = 3 B —r < Eq (10
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Figure 5 — Instrument setup for rectangular pulse evaluation.
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Equation (10) tells us that the amplitudes of the integral
frequency multiples, of which the pulse train is formed, will

describe an envelope having a sinx/x shape. For n = 0
o= _'d"_rr_,and when the value of n is such to make ut:‘_‘_r
approach 7 or multiples of 7, | Cn]approaches zero and a
bruptly changes sign as predicted by the sin x/x relationship.

However, since a wave analyzer measures only magni-
tude, this phenomena will be indicated by a dip in meter
reading or recorder output to zero followed by a rise, which
is a mirror image of the negative portion of the sin x/x
function. This dip will occur at frequencies

1.3.8,
T T T

An X-Y plot of the signal we have been discussing has
been made using a 3590A and is shown in Figure 8.

From the figure we see that the frequency distribution
is as predicted by theory — a sin x/x envelope is described
by the amplitudes of the frequency components of which
the waveform is composed. We see that these are 20 kHz
apart, multiples of the fundamental frequency. There is
no de component. The wave analyzer measures only ac
signals, The fundamental frequency component therefore
becomes the n = 0 component of the analysis and the fre-
quency of the dip or sign change is % = 151 kHz away
from the 10 kHz fundamental.

Determination of Spectral Purity
This application is a bit more practical. Connect a

generator, the spectral purity of which is to be examined,

PULSE TRAIN

1V

09 V[T

0.8 VIT]

0.7V

06V

05V

04V

03V

0.2V

0.1 V[

L lIIII“I.

ov

0 100 kHz 200 kHz 300 kHz

L4

400 kHz

500 kHz 600 kHz

Figure 8 — Fourier analysis of pulse train.



- to the input. Adjust the generator for maximum output
and the 3590A Max Input Voltage control to accommodate
this level. For convenience, adjust the generator level to
obtain a 0 dB reading on the 3590A after tuning it to the
generator’s frequency. Use log Y axis output and linear X
axis output. Adjust the Y axis for 10 dB/cm by setting
the X-Y recorder Y axis sensitivity to 1 V/inch.

Set the pen to a reference 0 dB position by means of the
Y axis zero control. Adjust the X axis sensitivity to obtain
the frequency scale factor required, switching to Ramp
Only if zero frequency is not to be the starting frequency.
Tune the 3590A to zero and use the X-Y zero control to
register the pen at the left hand margin of the graph paper
or wherever the pen is to start. Now simply switch the
Sweep control to Start and the spectral purity of the genera-
tor will be indicated by the trace on the X-Y recorder.

An example of the results of such a test are shown in
Figure 9.

The same type setup can be used to detect the magnitude
of line-related outputs, which are usually an unwanted part
of a generator’s output. Since these components are mul-
tiples of 60 Hz away from the output. The Ramp Only
function of the X axis output should be selected. This will
allow expansion of the recording around the frequency of
interest so that the required resolution can be obtained.
Tune to the frequency and establish a 0 dB reference level
as before, then increase the sensitivity of the X-Y recorder

until the scale is several hundred Hz/inch. For 1000 Hz/
inch on the 62 kHz range, a recorder sensitivity of 0.2V/
inch is required.

Figure 10 shows an X-Y plot of 1 kHz oscillator output.
The scale is 240 Hz/inch. Note the odd harmonics of the
power line frequency are suppressed but the even ones are
present.

Intermodulation Distortion Detection

When an electronic device such as an amplifier is non-
linear, its output will contain unwanted sum and difference
frequencies produced from the signals that the device is
designed to process. This is a form of distortion and is
known as intermodulation distortion. The 3590A is ideally
suited to detecting and measuring such signals since it is
able to examine frequency components one at a time. Inter-
modulation products are almost impossible to detect, let
alone measure, on a time domain basis.

Figure 11 shows an equipment setup that can be used to
test for intermodulation distortion.

In the example shown, the amplifier was very linear with-
in its normal operating range and therefore had to be over-
driven to obtain non-linear operation. The calibration of
the 3590A is as in previous examples; that is, setting a Y
axis scale factor of 10 dB/inch, establishing a 0 dB refer-
ence level and calibrating the X axis for linear sweep start-
ing at zero frequency.

HP 204C OSCILLATOR

0 dB

-10

0 50 kHz 100 kHz 200 kHz 00 kHz

400 kHz 500 kHz 600 kHz

Figure 9 — Generator spectral purity.
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Figure 10 — Power line harmonic components in the out-
put on an oscillator.

Figure 12 shows a plot of the output of the overdriven
amplifier. We see from this plot how large intermodulation
distortion is. We not only have a simple difference between
the frequencies, but also differences between the second har-
monics and the fundamentals. If the frequency range were
greater, we would also see sums as well as other combina-
tions.

We are, of course, using only two frequencies. In prac-
tice, any number of components might be present, giving
rise to infinite combinations.

Network Analysis

Although the function of a wave analyzer is primarily
to measure the frequency content of unknown signals, it
may also be used to measure the frequency response of un-
known networks, if a signal of constant amplitude and of

the same frequency to which the analyzer is tuned is applied
to the input of the network in question and the output of
the network is applied to the wave analyzer. This extremely
useful aspect of wave analysis is accomplished by providing
a BFO output from the wave analyzer.

As explained in Section III, the BFO output is simply a
signal of constant amplitude with a frequency derived from
the wave analyzer tuning circuits. This eliminates the need
to tune two instruments. Just tune the wave analyzer manu-
ally or automatically, and the BFO automatically follows
at precisely the right frequency. This is even more valuable
when using the 10 Hz bandwidth.

It would be extremely tedious to manually stay within a
10 Hz bandwidth if the oscillator and/or wave analyzer
were drifting a few Hz. The 3590A BFO output is auto-
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Figure 11 — Intermodulation distortion measurement setup.
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matically offset (2 Hz on the 10 Hz bandwidth and 20 Hz
on all other bandwidths) to avoid falling into the notch
marking the center of the analyzer’s tunable filter.

Perhaps the simplest network is a low pass passive filter.
The frequency response of this filter is often required infor-
mation. The normal method of finding this response is to
supply test signals to the input of the filter and mea-
sure tHe output using a broadband ac voltmeter, observing,
of course, the necessary terminating requirements. This
point-by-point approach is not only time consuming, it
misses much in the way of information. Data between
points is completely unknown and the dynamic range of the
measurement is usually limited by noise at the input to the
meter, which masks the response when a large amount of
attenuation is present.

The BFO/wave analyzer approach is an improvement,
especially in terms of dynamic range, but is still essentially
a time-consuming, point-by-point approach. The 3590A
with automatic electronic sweep and 85 dB of dynamic
range eliminates the drudgery, reduces the time, and yields
a permanent continuous record of the frequency response
of the device. A plot of a low pass filter is shown in Figure
13.

In the plot shown in Figure 13, the log X axis output
was used along with the log Y axis output producing the
familiar Bode plot.

Although the example is of a passive filter, active filters
may also be analyzed. The low frequency capability of the
3590A particularly suits it to the measurement of active
filter response since these are commonly used at very low
frequencies.

Power Line Distortion

The power line is a rich source of harmonics. The ac-
companying plot shows the strength of the third and fifth
harmonics. From this plot of an average power line it can
also be seen that the harmonics are present out to 2 kHz.
If the generator can be characterized as a pure source, then
the harmonics present are related to a non-linear load.
Transformers are one element that can be non-linear. Part
of the harmonics power is wasted in transformer heatings.
Therefore the information about harmonics can be used to
determine when more efficient equipment is needed to re-
place the old equipment. The user may be interested in the
distortion received. The harmonics can cause overheating
in some equipment. Another area of user interest would be
in line filtering. In some instances filtering the fundamental
will not remove all the line related interference. The
3590A/3595A has a 10 Hz bandwidth so the 60 Hz har-
monics are well separated. The 3595A has the long sweep
time needed look at a wide frequency spectrum.
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Figure 14 — Typical Power line distortion.




Low Level Distortion

The 3590A has an 85 dB dynamic range. In some dis-
tortion applications, greater range is needed. It is possible
to analyze distortion that is 100 dB smaller than the funda-
mental. This is possible if the amplitude of the fundamen-
tal can be reduced 15 dB without reducing the amplitude
of the distortion products. A band reject filter can be used
to reduce the fundamental without reducing the distortion
products.

The requirements of the filter are not severe. The depth
of the band reject filter corresponds to the improvement in
the range of the wave analyzer. This is not a process with-
out limit. This amount of rejection that is possible in a
narrow notch with a drifting signal becomes a limiting
factor. One requirement of the filter is that it shouldn’t
add distortion products and its noise level should be as
low as the wave analyzers noise level. The width of the
band reject filter should be narrow so distortion which is
close to the fundamental frequency is not reduced. To
include all the distortion products the pass bandwidth of
the filter should be large enough. The accompanying plot
shows the results of such a measurement. The notch has
removed 30.5 dB of fundamental. The distortion products
are below those which can be seen with the 3590A alone.

With the fundamental removed, the voltage level of the
distortion must fall within the input voltage limits of the
wave analyzer.

The Twin T filter and amplifier are shown in the typical
measurement setup. The filter is in the feedback loop to
increase the  of the filter. To achieve a large amount of
fundamental rejection the filter components must be closely
matched. To calibrate the amplitude of the distortion pro-
ducts the fundamental has to be measured before and after
it goes through the filter. By changing the input attenuator
of the 3590A the fundamental can be measured over a
wide range.
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Figure 15— Low level oscillator distortion.
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VI. Conclusion

This note has been written to point out some of the com-
mon applications for which wave analyzers are particularly
well suited. Specifically it was intended as an aid to the
owners and users of HP 3590A Wave Analyzers, so that
they might be able to realize all of the potential of this

sophisticated instrument. The applications were by no
means exhaustive; and the operating section, it is hoped,
will enable operators to discover many more useful and
subtle applications for this instrument which can only be
generated under the pressure of necessity.

VII. Questions and answers

Q. Can the 10 Hz bandwidth be used in the 620 kHz
range?

A. Yes and No. The 10 Hz bandwidth is recommended
only on the 62 kHz range if the internal local oscillator
(3593A, 3594A and 3595A) is used. In cases where
a frequency synthesizer or other very stable external
L.O. is used, the 10 Hz bandwidth can be used up to
620 kHz.

Q). Why can't wave analyzers tune and measure down to
de?

A. As an analyzer is tuned down to frequencies lower
than its specified range, it begins to measure what is
called “zero response” even though no signal is present
at the input. This response can be imagined as the

100 Hz
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3590A TYPICAL ZERO RESPONSE

150 Hz

measurement of a signal located at de. As the filter
sweeps down to dec, the above response is recorded
which is an image of the filter shape. Since this re-
sponse is generated internally in the analyzer, it will
always be present to limit very low frequency meas-
urements.

Can the 35904 be used below 20 Hz?

Yes. However the user sacrifices dynamic range. As
long as the signal is above the zero response curve, it
can be measured by the analyzer. Caution must be
taken to prevent an erroneous reading such as discus-
sed in the questions about selectivity. The signal cen-
tered in the passband must be larger than the imagin-

R

200 Hz 300 Hz
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ary de amplitude if it is to be measured accurately. A
suggestion would be to make a recording of the zero
response and then be sure that the low frequency
signal under study is at least 20 dB above zero re-
sponse to insure minimum error.

Can the 35904 be used to measure signals higher than
620 kHz?

Yes. By using balanced mixers to beat high frequency
signals down to the 3590A’s frequency range, signal
FM’ing can be detected. Note the 60 Hz side band of
the 30 MHz signal shown in the applications section.
What are the advantages of using active filters?
Active filtering allows better shaping to be designed
into the bandpass. The 3590A has a filter top which
is within =19 for more than 50% of its spread and
steeper skirts than crystal filtered wave analyzers.
What advantage does a flat bandpass top have over a
rounded one?

If the bandpass has a rounded top and is detuned
slightly, an error in the amplitude reading will result.
If the flat bandpass is detuned slightly, there will be
virtually no error caused.
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LINEAR dB
LINEAR dB

SLIGHTLY
DETUNED

Do active filters have any disadvantages?

One - the center frequency notch. This notch is con-
stant for all bandwidths and is typically less than 1 Hz
wide at —3 dB and 2 Hz at the top. When the analyzer
is tuned exactly to the signal, the signal can fall into
the notch, resulting in a low or erratic reading. How-
ever, the AFC can overcome the problem by keeping
the signal tuned out of the notch.

Is there any advantage in having the notch?

Yes. Because the notch is centered exactly in the mid-
dle of the passband, it represents the exact tuned fre-
quency. Therefore, by tuning the analyzer so the sig-
nal is in the notch, the user can determine the exact
frequency of the signal.

What warm-up time is required before the 35904 is
within specification?

This question must be answered in two parts. First,
from a cold start, the instrument should be turned on
for a minimum of 3 hours before the L.O. is stable
enough to permit 10 Hz bandwidth operation. Turn

i ]
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on from STANDBY greatly reduces the warm-up time
needed, but 1 hour should be allowed. In both cases,
however, the 3590A can be used immediately from
turn on if long term drift is expected and compensat-
ed for.

Secondly, amplitude stability requires an even longer
warm-up time. From a cold start, a 3% error is
present which will gradually decrease over the follow-
ing four hours, allowing good short term stability.
Because the error decline rate is so gradual, the instru-
ment can be calibrated at cold start and used with con-
fidence for at least an hour at a time.

What L.O. stability can be expected after the instru-
has been turned on for a day?

When the instrument is operated on the 62 kHz range,
the L.O. may drift =.5 Hz over a five minute period.
If the 620 kHz range is used, the drift is multiplied
by 10.

Why is there an OFF position on the sweep slide
switch when the sweep can't be started until the lever
switch is thrown to START?

Because L.O. stability is improved when the SWEEP
slide switch is set to OFF. The reason for this is that
the sweep ramp voltage, which is close to zero, is
added to the VTO when the switch is set to ON and
the level drifts. Since the ramp generator is not tem-
perature controlled, it is susceptible to ambient tem-
perature drifts, which results in less L.O. stability.

Is a frequency offset caused by switching the sweep
switch from OFF to ON?

Yes. This problem is caused by the sweep ramp tech-
nique used, but it is an easy one to adjust to - set the
slide switch to ON before the start frequency is set.

Do frequency offsets occur if the SWP RATE control
is switched from rate to rate?

Yes, on the 3593A and 3594A. No, on the 3595A.
Can the sweep be stopped at a particular frequency to
more closely examine a signal of interest.

No, but if a 3594A Plug-in is being used, the fre-
quency at any given time during the sweep can be
noted and the operator can manually tune to it for
closer inspection. When using an X-Y recorder the X
axis is a permanent recording of the same frequency
information the 3594A readout displays.

What recorders are recommended for use with the
359047

The HP 7005B (11 x 17 inch) and the 7035B (8%2 x
11 inch) are recommended as being adequate and
have a low price.

Can strip chart recorders be used with the 359047
Yes, but frequency may not be calibrated to the paper
grid.
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