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CERTIFICATION

Hewlett-Packard Company certifies that this product met its publis! «d specifications at the
time of shipment from the factory. Hewlett-Packard further certifies that its calibration
measurements are iraceable to the United Slates National Bureau of Standards, to the extent
allowed by the Bureau’s calibration facility, and the calibration facilities of other
International Standards Organization Members.

WARRANTY

This Hewlett-Packard product is worranted against defects in material and workmanship for
& period uf one year from date of shipment. During the warranty period, Hewlett-Packard
Company will, at its option, cither repair or replace produets which prove to be defective,

For warranty service or repair, this product must be returned to a service facility designated
by -hp-. Buyer shall prepay shipping charges to -hp- and -hp- shall pay shipping charges to
return the produet to Buyer. However, Buyer shall pay al! shipping charges, duties, and
taxes for produets returned to -hp- from another country.

HP softwarte and firmware produets which are designated by HP for use with a hardware
product, when properly installed on the hardware product, are warranted not to fail to
execute their programing instructions due to defects in materials and workmanship. If HP
receives notlce of such defects during their warranty period, HP shall repair or replace
software madin and firmware which do not execute their programming instructions due to
such defects. HP does not warrant that the operation of the software, firmware or hardware
snall be uninterrupted or error free.

LIMITATION OF WARRANTY

The foregoing warranty shall not apply to defects resulting from improper or inadequate
maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized modification or
misuse, operation outside of the environmental spacifications for the product, or improper
site preparation or maintenance

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HEWLETT-PACKARD SPECIFICALLY
DISCLAIMS THE IMFUED WARRANTIES OF MEF CHANTABILITY AND FITNESS FOR
PARTICLILAR PLARPOSE.

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDEO HEREIN ARE BUYEFR'S SOLE AND EXCLUSIVE REMEDIES.
HEWLETT-PACKARD SHALL NQT BE LIASLE FOR ANY DIRECT, INDIRECT, SPECIAL,
INCIDENTAL, OR CrONSEQUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT,
OR ANY OTHER LEGAL THEORY.

ASSISTANCE

Product maintenance agreements and other customer assistance agreements are available for
Hewlett-Packard products.

For any assistance, contact your nearest Hewlett-Fackard Sales and Seruvice Office. Addresses
are provided at the back of this manual,
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SAFETY SUMMARY

The following general safety precautions must be observed during all phases of
operation, service, and repair of this instrument, Failure to comply with these
precautions or with specific warnings elsewhere in this manual violates safety
standards of design, manufacture, and intended use of the instrument.
Hewlett-Packard Company assumes no liability for the customer's failure to
comply with these requirements. This is a Safety Class 1 instrument,.

GROUND THE INSTRUMENT

To minimize shock hazard, the instrument chassis and cabinet must be connected to an
electrical ground, The instrument is equipped with a three-conductor ac power cable. The
power cable must either be plugged into an approved three-contact electrical outlet or used
with a three-contact to two-contact adapter with the grounding wire (green) firmly
connected to an electrical ground (safety ground) at the power outlet. The power jack and
mating plug of the power cable meet International Electrotechnical Commission (IEC) safety
standards.

DO NOT OPERATE IN AN EXPLOSIVE ATMOSPHERE

Do not operate the instrument in the presence of flammable gases or fumes, Operation of
any electrical instrument in such an environment constitutes a definite safety hazard.

KEEP AWAY FROM LIVE CIRCUITS

Operating personnel must not remove instrument covers. Component replacement and
internal adjustments must be made by qualified maintenance personnel, Do not replace
components with power cable connected. Under rertain conditions, dangerous voltages may
exist even with the power cable removed. To rvoid injuries, always disconnect power and
dischargg circuits before touching them.

DO NOT SERVICE OR ADJUST ALONE

Do not attempt :nternal service or adjustment unless another person, capable of rendering
first aid and resuscitation, is present.

DO NOT SUBSTITUTE PARTS OR MODIFY INSTRUMENT

Because of the danger of introducing additional hazards, do not iustall substitute parts or
perform any unauthorized modification to the instrument. Return the instrument to a
Hewlett-Packard Sales and Service Office for service and repair to ensure the safety features
are maintained.

DANGEROUS PROCEDURE WARNINGS

Warnings, such as the example below, precede potentially dangerous procedures throughout
this manual. Instructions contained in the warnings must be followed.

WARNING

Dangerous voltages, capable of causing death, are present in this
instrument. Use extreme caution when handling, testing, and
adjusting.




General Definitions of Safety Symbols Used On Equipment or In Manuals.
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SAFETY SYMBOLS P

Instruciion manual symbol: the product will be marked with this
symbol when It Is necessary for the user to refer to the
instruction manual In order to protect against damage ‘o the
Instrument.

Indicates dangerous voltage (terminals fed from the Interior by
voltage exceeding 1000 volts must be so marked.)

Protectlve conductor terminal, For protection against electrical
shock in case of a fault, Used with field wiring terminals to
indicate the terminal which must be connscted to ground before
operating equipment.

Low-noalse or noissless, clean ground (earth) terminal, Used for
a signal common, as well as providing protection against
electrical shock in case of a fault. A terminal marked with this
symbol must be connected to ground in the manner dsscribed
in the Installation (operating) manual, and before operating the
equipment.

Frame or chassis terminal. A connection to the frame (chassls)
of the equipment which narmally Inciudes all exposed malal

siructures, ’
Alternaling current (power line).

Direct current (power line),

Alternating or direct current (power line),

WARNING  The WARNING sign denoles a hazard. It calls attent!. p]n to a procedure, practice,
condition or the like, which if not correctly performe.i oradhered to, could result
In Infury or death to pe sonnel.

CAUTION  The CAUTION sign denotes a hazard. It calls attention to an operating procedure,
practice, condition or the like, which, if not carrectly performed or adhered to, could
result in damage to or destruction of part or all of the product,

NOTE The NOTE sign denotes importanit informaticn. It calls altention to pracedure, |

practice, condition or the like, which Is essential to highlight.
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Chapter 1
Before You Begin

Plense take a moment to read this introduction. Then go to Chapter 2, *Your First
Measurement,” to get comfortable with your new analyzer.

The Hewlett-Packard 36660A Dynamle Signal Analyzer helps you test, analyze, and design
DC to 100 kHz electronie, electro-mechanical, and mechanical systems, If you've never used
an FFT (Fast Fourier Transform) Dynamic Signal Analyzer before, you mizht think one
difficult to use. Don't worry, Many measurements will be familiar to you — some are the
same measurements made with swept-tuned analyzers.

How to Use this Book

Before you start using the analyzer, take a few minutes to read Part I — The Basics, This
tells you what each mensurement is all about — and a few hints that will help as you begin to
use your analyzer. Even if you've used an FFT dynamic signal analyzer before, you might
find a brief review of the basics useful,

If you already understand basic FF'T measurements, you. might want to proceed directly to
the easy-to-follow measurement tesks. These ere in two sections: Part Il — Making
Spectrum Measurements and Part III — Making Network Measurements, Each task steps
you through a typical measurement procedure. To really learn how to use the analyzer, it's
best if you gather the necessary equipment (outlined at the beginning of each task) and
actually set up and make the measurements, The list of measurement tasks is by no means
exhaustive — but after stepping through most of them, you'll have a good idea of what the
analyzer can do for you,

After you've looked through the example measurements, spend some tim2 with Part IV —
Beyond the Basics, Here's where you'l] learn about the annlyzer's more saphisticated
features,

And of course use, the index to quickly locate the information you need,
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Before You Begin

Where to find Additional Information

For quick information gbout specific hardkeys and softkeys, see the HP 36660A Front-Panel
Reference, This book also contains softkey menu maps and s more detailed description of the

analyzer's front panel,

For specifications, installation instructions, and performance tests, see the HP 35660A
Installation Guide,

To help you operate the analyzer remotely via HP-IB, see the HP 36660A Programming
Reference.

Additionally, you will find applications information in numerous Hewlett-Packard
Application Notes. These are available from your local HP Sales and Service Office. In
particular, you might want to request a copy of the following application notes:

* AN 243 — The Fundamentals of Signal Analysis

* AN 243-1 -. Eflective Machinery Maintenance Using Vibration Analysis

* AN 243-2 — Control System Development Using Dynamic Signal Analyzers
* AN 243-3 —~ The Fundamentals of Modal Testing

About the Analyzer

2y SCE
% Qg@ LS
= oa M
= nooe |
= cooc a8,

0 e
= EIC]E]% SN

° v 0

The HP 36660A Dynamic Signal Analyzer is really two instruments in one — a network
analyzer and a spectrum analyzer. You can make network or two-channel spectrum
measurements, from 244 pHz to 61.2 kHz; or single-channel spectrum measurements from
488 pHz to 102.4 kHz. There’s also a built-in signal source with choice of random noise,
periodic chirp (fast sine sweep), or fixed sine wave.

The analyzer has three connectors on the front panel. One connector is a signal source, The
others two connectors are the channel 1 input and the channel 2 input. On the back panel,
there’s a connector for an external trigger and one for the HP-IB. To learn more about these
connectors, see the HP 35660A Front-Panel Reference,
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Chapter 2
Your First Measurement

If you haven't used the analyzer before, take a few minutes to moke this first measurement.
In this measurement, vou will do the following:

* Look at the averaged power spectrum of a 1 kHz sine wave
¢ Check to see if the sine wave is really at 1 kHz
* Look for any harmonics of the fundamental frequency

2-1




Your First Measurement

Measurement Setup

DYNAMIC SIGNAL ANALYZER
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As you step through the following task, you may find that your measurement results differ
slightly from those ehown here. Keep in mind that the tasks are designed to help you learn
about the nnalyzer — not to duplicate specific measurement results,
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. If you've already turned on tha
analyzer, press < Preset >,

if the analyzer Is off, turn iton
and walt until It warms up

and callbratas. Then
press < Preset >

2. Connect the analyzer's source
to the Channel 1 Input.

3. Press < Source >
[ sauRce NHyoFF |

[ FXED siE )

4, Press [ SINE SREQ ENTRY ]

<1> [wi)

6. Press {LEVEL |

<1> [vms]

Your First Measuremant

md 7tol'ten~;

i“cé';d si ne %

LA tel‘ii M?J

tlmpedan I8 less,

w]

OU e using’
-* """ﬁ"" *b.f .Lr !“1" e $ALY w“'j‘ KK

gw Ve
-op"e

Riat .}‘;M A

an'33‘élllator with'a

.«ﬁ:._ T
j"d f i

2-3




Your First Measurement
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6. Now look et he analyzer's
scraen, Thisis a display of the
linear spactrum,

This display appears in
frequency domain,

7. Press <Frq>

[spm].

Now use the < < > hardkey
to step through several spans.

Stop when you reach 3.2 kHz
~ I you step down too far,
simply use the < 4>
hardkey to go back up to

3.2 kHz,

YT
R
R

5y
S

7a. If you don't see any
harmonlics, press < Input >
[ CHANNEL 1 RANGE ], ,
Then press << 1> > twice.

L
<57

A b
3

8, Press - Average >
. [Avenact ONsorr |
The analyzar should start an

averaged maasurement right
away,
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. 9, Press < Scale >

[ verncaow )
<1> <2> [d]

This selecls a vertical scale of
12 dB per divislon,

10, Press < Stant >

11, Press < Maiker >

[ MARKER T0 PEAK |

12, Nota the frequency value
indicated by the marker's
x-axis position,

13. Note the arnplitude value
indicated by the marker's

. y-axis position.

14, Press the < A > hardkey
saveral times, untii the marker
moves to 3 kHz,

This vglue should be:

SOUI’

ls lndead sei

Your First Measurament




156. Note the frequency value
indicated by the marker's
x-axis position.

16. Note the amplitude value
indicated by the marker's
y-axis position,
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Chapter 3
Meas irement Basics

Time Domain vs. Frequency Domain

If you haven't used a network analyzer or spectrum analyzer before, it’s important to
understand the difference between time-domain displays and frequency-domain displays.

Time-domain displays chow a parameter (such as amplitude) versus time, This is the
traditional way of looking at a signal. Oscilloscopes display signals in the time domain.

Frequency-domain displays show a parameter (again, suzk es amplitude) versus frequency.
The analyzer uses an FFT (Fast Fourier Transform) algorithm to convert an analog input
signal — a .ime-domain signa! — to a signal displayed in tke frequency domain. The
tremendous advantage o! frequency-domain displays is they can reveal very small signals not
visible in time-domain displays — signals such as noise and distortion products.

All analyzer measurements appear in the frequency domain except time records.

One type of measurem.ent that appears in the frequency domain is a spectrum measurement.
Spectrum measurements show the enesgy of each frequency component at scampled points
along the frequency spectrum. Now look at the figure and note the difference between the
time-domain and frequency-domain displays of the same input signal.

The Relationship Between the Time and Frequency Domains.

Amplitude

}

{a) Thr2e-dimensional coordinates
showing time,
frequency and amolitude

tb) Time domain view (@)

(c) Frequency domain view
\ Amplitude

Amplitude z
Iy
|

P

Time Frequency

-
'
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Meisurement Basics

The Frequency Span

You can vary the size and the center frequency of the span to best suit your measurement
needs, The HP 35660A Dynamic Signal Analyzer always presents data with a 401-point
resolution — even when viewing very small spans. The tremendous advantage of FFT signal
analyzers is theut they have good frequency resolution for smaller frequency spans (they also
make these mensurements much more quickly than swept-tuned analyzers). And you can
use much smaller spans with FFT analyzers as wall,

Full-span measurements let you view the entire frequency spectrum on one display. For
one-channel measurements, the spectrum will extend from de to 102.4 ki{z. For two-channel
measurements, the spectrum will extend from de to 51.2 kHz.

Alternatively, you may wish to view smaller slices of the * ~quency spectrum. You can select
one of twenty different spans and position these spans w..cr» you want by specifying their
start or center frequencies. This process of viewing smaller spans is sometimes called
“band-selectable analysis.” Measurements with spans that start at 0 Hz are called
“baseband” measurements — those with spans that start at frequencies other than 0 Hz are
called “zoomed"” measurements,

There’s more you should know about selecting an appropriate frequency span. We'll cover
that later in this chapter.

First, the FFT

The Fast Fourjer Transform (FFT) is a an implementation of th: Diserete Fourier
Transform, *' e math algorithm used for transforming data from the time domain to the
frequency do. 1ain, Before the analyzer uses the FFT algorithm, it samples the input signal
with an analog-to-digital converter (the Nyquist sampling theorem states that if samples are
taken twice a5 {ust as the highest frequency component in the signal, the signal can be
reconstructed exactly). This transforms the continuous (analog) signal into a discrete
(digital) signal.

Lecause the input signal is sampled, an exact representation ~7 this signal is not available in
either the time domain or the frequency domain. However, by sparing the samples closely,
the analyzer provides an excollent approximation of the input signal,

The analyzer display appeais to be one continuous trace. However, the display i really
401 discrete points connected together. Each point is called a frequency bin (or just bin
for short).
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Measurement Basics

Can the Analyzer Measure DC?

The analyzer is not designed to measure de. However, it is designed to measure vary low
frequencies — as low as 244 pHz for two-channel measurements ond 488 uHz for
one-chennel measurements. The analyzer can, in fact, measure de, but not without
including a de offsat of its own that can contribute to (or obscure) a de offset in the input
signal. This internal offsct is caused by residual de that originates in the analyzer’s input
amplifiers. Thus, d¢c measurements are not guaranteed to be accurate.

As you use the analyzer, you will notice a de offset when making baseband measurements
(those with spans that start at 0 Hz). This offset is always present in the 0 Hz bin
(sometimes called the de bin). The feedthrough that cause the offset may also leak into the
first several bins as well, If this is a problem, start the frequency span several bins above
0 Hz to avoid the feedthrough.

The Time Record

A time record is the amount of time-domain data the analyzer needs to perform one FFT
operution. The time record and its FF'T are the building blocks the analyzer needs for all
subsequent measurements.

The analyzer takes 1024 samples of time data to produce 512 points of frequency domain
data. The analyzer usually displays the first 401 points of this data and discards the rest
(this accommodates the anti-aliasing filters, but that's beyond the scope of our current
discussion).

The relationship between a time record and the frequency data is relatively straightforward.
If a signal component completes one cycle within the time record, it will show up in the first
frequency bin (the first point on the analyzer's display). If a component takes twa cycles to
complete, it will show up in the second bin. And so forth.

So if a time record is L second long (and you start at 0 Hz), then the period of the signal for
the first bin is also 1 second. And its frequency (1/period) is 1 Hz. Since there are 401 bins
displayed, the span will be 400 Hz. The effective sampling frequency is simply 1024 divided
by the length of the time record.

Why a Time Record?

Essentially, the time record is a block of time-domain sample points. Now since the actual
Fourier Transform does not have explicit time or frequency references (it simpiy operates on
a sequential collection of points), FF'T analyzeis must assign arbitrary start and finish times
for data to be transformed. These blocks of input data are called time records.

3-3




Measurement Basics

Measurement Speed vs. Time Record Length

The size of a time record is inversely proporticnal to the frequency span. So for smaller
spans, the analyzer needs a longer time record and therefore takes
the analyzer needs a shorter time record and can therefore
These differences will become noticeable as you start
cteristic is  natural part of the FFT process and is

not just the HP 35660A. By the way,
re, in fact, much slower than FFT an

measurement. For larger spans,
make a measurement much faste
making measurements. This chara
common to all FFT analyzers,
have similar limitations (and a

Frequency Span Time Record Resolution *
{(Hz) Length (sec) {(H2)

102400 00390625 256

51200 0078125 128

25600 016625 64

12R00 03125 32

6400 0625 16

3200 125 8

1600 .25 4

80O .5 2

400 1 i

200 2 5

100 4 25

50 8 125

25 16 0625

12,5 32 0325

6.25 64 .015625

3.125 128 .0078125

1.5625 256 00330625

.78125 512 001953125

390625 1024 0009765625

1953125 2048 00048828125

* Frequency Span/400

measurements).
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Measuremant Baslcs

A dB Scale for the Y-Axis

Time-domaln displays usually have a linear y-atis and a linear x-axis (think of un
ascilloscope). Howaver, frequency-domain dispinys must often use a logarithmic y-nxis senle

to show gmall signals with large signals.

Let's lcok at the spectrum of a sine wave. Because the amplitude of uny harmonic Is smal}
relative to thp fundamental frequency, it's nearly impossible to view a harmonie on the same
displny ps the fundamental unless the y-uxis senle is logarithmic. So most magnitude
meps1rbmonts made with dynamic signal analyzers use o logarithmie y-axis senle with units
puagd on decibels (dB); Because the dB seale is by definition logarithmie, there's no need to

u:allogarithmically-sr.eced gratieule lines,

‘The dB scale is convenient. It is also the seale you will probably use for most magnitude
displays — partieulariy with spectrum or frequency response measurements.

Small Signals Can Be Measured with a Logarithmic Amplitude Scale,

3 0
-20
5 -40
- 60
0 -80
(s) Linear Amplitude Scale tb) Logarithmic Amplitude Scale
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Measuremont Basics

A Logarithmic Scale for the X-Axis

' Sometimes it's conveniant to use a logarithmic x-axis. Perhaps most familiar to you is the

fruquency response measuremont, This is traditionally displayed with s log x-nxis
(frequency) versus n log y-axis (relative magnituda).
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But most measurements do not require a logarithmie frequency scale. In fact, when meaking
spectrum measurements it’s easier to characterize harmonies with a linenr x-axis scale since
harmonics that are multiples of the same fundamental will appear at evenly-spaced intervals,

Here’s what else you should know:

* The analyzer’s frequency resolution is determined exclusively by the width of the
span. So for the same span widths, frequency resolution for hoth linear and log
scales is identical — both have a resolution of 401 points per display. The
logarithmic scale simply displays these points on a logarithmic x-axis.

* For baseband measurements (spans that stert at 0 Hz) the logarithmic scale
shows the actual sta. t frequency (the first bin) of the current span — not the
nominal value of 0 Hz, So if you're looking at a 61,2 kHz frequency span, the first
frequency shown on the logarithmic scale will be labeled 128 Hz (the analyzer
daes not show a value at 0 Hz since the log of 0 is minus infinity). As you would
for a linear scale, change to smaller span to view lower-frequency components,
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Measurement Type

Measurament Basics
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Changing the analyzer from a spectrum analyzer to a network analyzer (or two-channel
spectrum analyzer) is easy, Simply press < Meas Type > and select either [1 cHANNEL 1024 kiz] or

[ 2 CHANKEL 51,2 z), One-channel measurements are spectrum mensurements, Two-channel
measurements can be spectrum mensurements with two channels or network mensurements.

Use the following matrix to help you select an appropriate measurement. Notice how some
measurements (such as frequency response) are available only when the analyzer is
operating as a two-channel analyzer, Press < Mess Data > and you'll see n menu listing the
available measurements.

Measurement Type

Measurement One Channel Two Channel
Spectrum CH1 Yas Yes
Spectrum CH2 No Yes

PSD CH1 Yes Yes

PSD CH2 No Yes

Time CH1 Yes Yas

Time CH2 No Yas
Fraquency Resp. No Yas
Coherance No Yes {average on)
Cross Spectrum No Yes

The measurements are as follows:

* Spectrum

* Power Spectral Density (PSD)

* Time record

* Frequency Response

* Coherence

* Cross Spectrum
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Trace Type

Once you've made n mensurement there are a number of ways to display the measurement
data. The measurement data ls cnlled a trace., Press < Trace Type > to sece the available
measurement traces, On some dynamic signal nnalyzers, these trace types are called
“coordinate types.”

It's important to understand that selecting a mensurement and selecting a trace type are two
different things. When you specify the measurement type, you are asking the analyzer to
nequire input data and process it. When you select a trace type, you are specifying how you
want the processed measurement data displayed, First select a measurement; then specify a
trace type.

The logarithmic magnitude display is the most common way to view measurement data,
However, the other trace types are also useful and ean reveal information not visible from
the traditional log magnitude display.

These are the trace types:
* Linear Magnitude
* Logarithmic Magnitude
* Phase
* Group Delay
* Real Part
* Imaginary Part
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Measurement Baslcs

Spectrum Measurements

Softkeys: [ SPECTRUM CHARNEL 1 ] and [ SPECTRUM CHANNEL 2]

Linear Spectrum or Power Spectrum?

The term “spectrum mensurement” is used to deseribe several diffe: “t measurements,
These include linear spectrum, averaged linear spectrum, and powt  estrum.

A linear spectrum s the most basic spectrum measurement, Tais is the FF'T of a single time
record, The analyzer filters the input data (to the desired frequency span) and then
performs an FF'T on a single time record, The resulting display is in the frequency domain
and shows the spectral content of tha input signal.

An averaged linear spectrum is a vector-uveraged linear spectrum, With vect r averaging,
the analyzer averages complex values, point-by-point, in the frequency domain, This lowers
nolse because the real and imaginary components of the random signals are not in phase and
therefore cancel each other — increasingly so with each average. Frequency com ponents
that are periodic do not cancel and therefore do not diminish with successive averages.
Vector averaging produces results siniilar to time averaging (a feature found on many FFT
analyzers). You'll learn more about vector averaging in Chapter 4, “More Basies.”

A power spectrum is an rms-averaged linear spectrum. The analyzer filters the input data
(to the desired frequency span). It then performs an FFT on each time record, and
multiplies each resulting linear spectrum by its complex conjugate The final results are rms
averaged to a single spectrum — the power spectrum,

Should | use Linear Spectrum or Power Spectrum?

Use linear spectrum mensurements (both single and averaged) if you need single-channel
phase information. Additionally, use averaged linear spectrum measurements when you
want to reduce noise as much as possible. With enough averages, linear spectrum
measurements have noise levels approaching zero, limited only by the dynamic range

of the analyzer.

Use power spectrum mensurements if you're interested in rms values of frequency
components and noise, Since the power spectrum does not reduce noise but simply provides
a good approximation of the actual raise level, it's an ideal measurement for characterizing
the performance of many electronic devices — particularly for audio-frequency and
communications applications.




Measuramaent Baslics

Spectrum Measurements (continued)

Linear Spectrum for Single-channel Phase Information

The linear spectrum can reveal single-channe} phase relationships. We'll sce why this is
ugeful in o moment, But first, let’s discuss single-channel phase,

When we talk nbout phase, we usually associate it with two-channel measurements (such ns
{requency response). T'-at's because in the traditional sense, phase is used to indicate time
relatiouships between fwo signals — usually input and output — measured ut the device
under test. This preduces a phase trace showing relative phase differences between the two
signals at every point in the selected frequency spun. And the HP 36660A can, of course,
make this type of mensurement, But there’s also single-channel phase,

Instend of using phase to show time relationships batween frequency components of two
signals, we can use phase to show time relationships between individual frequency
companents of one signal and a fixed time reference (an external trigger signal). This is
useful when you're trying to determine the relative phase of a particular component with
respect to other frequency components — a situation common to vibration measurements,

However, linear spectruin measurements will not yield meaningful phase information unless
you've met these conditions:

* The input signal is periodic, In other words, the input signal must repeat
continuously. This is not a problem for rotating machinery measurements, since
-he measured signal (the machine's “frequency signature”) repeats with cach
rotation.

* The analyzer has a trigger signal with a fixed relation to the input signal, For
rotating machinery measurements, you'll need to provide an external trigger
signal from a tachometer, proximity probe, or other device. A reliable trigger
signal is important, since phase is measured relative to the trigger occurrence,
The trigger signal is at the beginning of the time record (unless you've selected n
pre- or post-trigger delay) but the actual timing is not critical as long as the
trigger is consistent,

Linear Spectrum for Lower Noise Levels

Averaged linear spectrum measurements are sometimes used because they have better
signal-to-noise ratios than power (rms) spectrum measurements. This is because linear
spectrum measurements use vector averaging instead of rms averaging. With enough vector
averages, the input noise level approaches zero — limited only by the analyzer's dynamie
range,

But linear spectrum measurements are not just for mechanieal measurements. You can also
take advantage of their better signal-to-noise ratios for electrical measurements, If the input
signal is periodic and there's a good trigger signal, you can use the linear spectrum. Though
many linear spectrum measurements require a.1 external trigger, you can also use input
triggering — provided the input waveform will trigger the analyzer consistently.
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_Spectrum Measurements (continued)

Power Spestrum to Find RMS Average

Power spectrum maasurements show rms values for fraquency components (and noise) of the
input signal. This is the most comnion measurement used for analyzing the spectrum of
audio-frequency deviess and communieations equipment.

Power spectrum meansurement do not contain any phase information, This information is
lost during the transition from linear spectrum to power spectrum, But most measurements
that call for rma power do not require phase information,

Let's look at an example. You can look at the power spectrum of an escillator to determine
rms values for the fundamenta! frequency and harmonics — measured in relative terms
(such as dB) or absolute levels (such ns dBm), You can then use the analyzer's marker
functions to measure noise and harmonie distortion,

Remember, rms averaging does not eliminate noise. It simply produces a statistieal average
of the input signal including noise. Additionnl averages provide a better statisticnl average,
but will not actually reduce noise.

With rms averaging, the magnitude of individual frequencies also includes 110ise. So for very
small signals, noise can add significantly wo that component’s mugnitude. Ii you want to
reduce that noise, you'll have to use linear averaging instead of power averaging — but
remember that magnitude values will no longer be rms values,

We'll learn mere ohout averaging in the next chapter.



Measurement Basjcs

!

_PSD (Power Spectral Densjty) Measurements

Softkeys: [PsD CHANNEL 1] and [ PSD CHARNEL 2] ‘

What is PSD?

PSD (Power Spectral Density) is similar to the power spectrum meansurement, but the
analyzer normalizes each component of the power spectrum to produce a display with values
normalized to 1 Hz, Think of it this way — il you place the marker at a particular frequency,
the marker volue will show a value that approximates the power within a 1 Hz band centered
at the marker value. This is true regardless of the frequency span you've selected,

PSD is sometimes called “noise density” or “spectral density," but the full name is “power
spectral denasity.”

Why Use It?

The magnitude of 8 mensurement of white noise is proportional to the bandwidth the
analyzer uses. So to make comparative noise measurements, the analyzer must use the same
bandwidth to examine energy throughout the entire frequency span of interest. That's why
PSD i= 5o useful, since it uses a standard analysis bandwidth of 1 Hz.

Why Normalize to a 1 Hz Bandwidth?

Traditionally, swept-tuned analyzers used a tunable filter with a 1 Hz wide filter to produce a
display with a resolution of 1 Hz. Afer a while, power spectrum measurements with a 1 Hz
bandwidth hecame an industry standard.

However, FFT analyzers do not use tunable filters. In fact, the bandwidth at each frequency
point varies with the frequency span and the window you've selected. So tosimulatea 1 Hz
bandwidth at each frequency point (401 points per displav), the analyzer uses an algorithm
that divides by the square root of the actual bandwidth, The algorithm also corrects for the
type of window you're using.

Noise measurements made using PSD will approximate actual 1 Hz bandwidth
measurements only if the noise is Gaussian (white nose).
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Measurenient Basics

PSD Measurements (continued)

What Do | Measure with PSD?

For electrical measurements, PSD can be used to make standurdized noise measurements,
For example, you can measure signal to the PSD of a typical point on the noise floor. This
method yiclds a better apparent signal-to-noise ratio than referencing the test signal to
wide-band noise, but may be preferable in cases where you want repeatable noise
measurements referenced to o common standard,

PSD is also used to look at phase nolse of high-frequency oscillators (such as microwave and
radar) after these signals are mixed with a reference cscillator to bring the spectral
components within the ansalyzer's range.

For mechanical measurements, PSD is routinely used to measure the energy of nolse or other
spectral components. The standard 1 Hz bandwidth allows meaningful comparison to
measurements made with other analyzers (not necessarily FFT analyzers).
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Time Record Measurements

Softkeys: [ IME CHANNEL 1] nnd [ UIME cHARNEL 2]

Time record displays appear in the time domain — that's why they look like oscilloscope
traces. A time record is the amount of time-domain data the analyzer needs to perform one
FFT operation. The time record and its FFT are the basie “building blocks” the analyzer
needs for all subsequent measurements,

Time records are not calibrated, so they display only an approximate amplitude value,
Still, time records are very useful. They show input data before the analyzer does any
FFT processing, |

Here's what you should know about, input records:

* If you set the Instrument: to measure full span, the time record is called an “input
time record.” This is raw, unfiltered input data — the signal from which all
subsequent measurements are based. Use the input time record to verify that
there is indeed a signal. Additionally, you can use the time record when manually
setting the input range,

* If you set the instrument to measure a specific bandwidth (something less than
full span), the time record shows the raw input data after filtering. This lets you
see if there’s energy within the selected span.

* If the analyzer is making averaged measurements, the most recent time record
added to the average is the one displayed. The analyzer does not show a time
waveform that is a cumulative average, since ali averaging is done after the time
data has been transformed to the frequency domain,

* For zoomed time record displays (start frequency not equal to zero), the displayed
amplitude is approximately one-half the actual amplitude.

* Although the time record is similar to an oscilloscope display, the analyzer is not a
digital oscilloscope. The time record represents samples of a waveform. The
samples have enough information to accurately reconstruct the input signal —
but the human eye may not properly perform the reconstruction. In fact, for
frequencies that are higher than about 10% of the frequency span, there will be
noticeable visible distortion. However, in no way does this affect the accuracy of
the measurement made from the time record.

‘e,
eoLg e e (RPN Fel g gt one
e (4]

Time Record of 1 kHz Sine Wave (102.4 XHz Span) Time Record of 1 kHz Sine Wave (3.2 kHz Span)
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Measurement Basics

Frequency Response Measurements

Softkey: [ FREQUENCY RESPONSE ]

Frequency response is one of the most useful measurements that two-channel analyzers
perform. Frequency response shows how a system (a “networl") will respond to a particular
input. The network might be electrical (a filter, for example) or mechanical (& model
airplane in a wind tunnel).

Frequency response measurements show the ratio of the input stimulus to the measured
output. A flat response means the network responds equally to all input frequencies (a teuly
linear device). You can also view the phase of a frequency response measurement — to loock
at phase shift or phase accureey of the network. Naturally, frequency response
measurements are displayed in the frequensy domain.

Traditionally, most analyzers made frequen-y response ineasurements by caleulating the
retio between the network’s output linear spectrum to its input linear spectrum, However,
analyzers such as the HP 35660A calculate frequency response differenviy -~ by measuring
the ratio of the cross spectrum to the inpuc: (channel 1) power spectrum. This method is
more accurate, but a bit harder to understand. It's a good idea to understand the cross
spectrum measurement, as both frequency response and coherence measurements are
derived from cross spectrum calculations.

Meansuring frequency response by calculating the ratio of cross spectrum to the input power
spectrum provides a better statistical estimate of true frequency response. Here's why:

* Anomalies in the input signal are minimized, because the analyzer measures an
avcraged input signal — the power spectrum (an rms averaged linear spectrum).

* Measuring the cross spectrum instead of the linear output speetrum minimzes
nan-coherent (spurious} information that may be present in the network under
test. In fact, measuring frequency response this way produces a useful by-product
— coherence. See “Cchere1ce Measurements.”

* No trigger is required for averaging frequency response measurements (unlike
the traditional method).
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Coherence Measurements

Softkey: [ COHERENCE ]

Coherence is derived from a series of averaged frequency response measurements — the
mare averages, the better the coherence measurement (you'll nned to take at least five to
ten averages to get good results).

The coherence display appears in the frequency domain. It shows the portion of the output
power spectrum actually caused by an input signal — sort of an “integrity check,”

Coherence values have no units, but are measured with simple linear scale (from 0.0 to 1.0).
A coherence value of 1.0 (perfect coherence) means that all power at the output was caused
by the input signal. A value of 0.0 (no coherence — an extreme case) means that none of the
power at the output was caused by the input signal. Most coherence values are hetween
these extremes.

Paor coherence can be caused by many things. Possible sources of poor coherence are
leaknge errors (sce “windowing” in chapter 4), poor signul-to-noise ratios (perhaps caused by
improper range settings), non-linearities in the device under test, and extrancous noise.
Coherence is a complex measurement and should be used and interpreted with great care.

Coherence and frequency response measurements are often used together. After averaging
several frequency response measurements, you ean use the coherence display to find places
along the output power spectrum where the measurement data may be questionable — in
other words, places witl: poor coherence.

Ideally, of course, a network under test — electronic or mecharical — should exhibit perfect
coherence. That is, the only .timulus to tie network is what you apply and the only
response is that caused by this controlled stimulus. But in many cases, it's just not possible
to completely isolate the network from noise, interference, or other anomalies. Here are
some examples;

* For electronic measurements, coherence is used to identify frequency components
that cannot be removed from the device under test. For example, when
measuring the frequency response of a switching power supply with a very large
component at the switching frequency.

* For mechanical measurements, coherence is used to minimize measurement error
from external sources. For example, when measuring the frequency response of a
certain machine component, coherence (used carefully) can help isolate frequency
components originating from nearby machinery — especially important when
nearby machinery eannot be turned off,

If the spurious signal is common to both channels, the coherence measurement will not flag
the problem, This can oceur with 60 Hr power line components, for example.
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Cross Spectrum Measurements

Softkey: [ cRosS SPECTAUM ]

Cross spectrum measurements are an intimate part of both frequency response and
coherence measurements. In fact, the analyzer caleulates cross spectrum (but doesn't
display it) to derive both frequency response and coherence measurements. Like frequency
response and cohterence measurements, eross spectrum is a two-channel measurement,

Cross spectrum measurements are not used as often as other measurements, For most
applications, cross spectrum (used without other measurements) is rarely used,

What Does it Show?

Cross spectrum (sometimes called “cross power spectrum”) is a measure of the mutual power
between two signals at each point in the current frequency span. Cross spectrum
measurements reveal both phase and magnitude information,

The phase display of the cross spectrum measurement shows the relative phase — at each
frequency — between two signals. Because the phase relationship is relative, you can make
cross spectrum measurements without using a synchronized trigger.

The magnitude display of the cross spectrum measurement is the product of the magnitudes
of the two signals. If both signals have a large magnitude, the cross produet will be large —
if both are smali, the cross product will ke small. This makes cross spectrum a sensitive tool
for isolating major signals common to both signals.

Why Use it?

You can use eross spectrum to analyze phase relationships between signals. These might be
caused by time delays in a system, propagation delays, or multiple signal paths between
source and destination.

You can also usu the cross spectrum measurement to calculate acoust'c intensity. Acoustic
intensity is a vector quantity that indicates the direction and magnitude of sound
propagation at a point in space. It is proportional to the imaginary part of the cross
spectrum measurement between two rlosely spaced microphones in the sound field.

Cross spectrum measurements do not necessarily reveal causal relationships. For example, if
you’re using the analyzer to measure a network, the cross spectrum may show signals at the
output (channel 2) not caused by the input (channel 1). The coherence measurement is a
much better indicator of causality.
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Linear Magnitude Trace

Softkey: [ LINEAR MAGNITUDE ]

The linear magnitude trace type shows the magnitude of the measurement defined for the
active trace on a linear y-axis scale.
Here are some characteristics of the linear magnitude trace:

* For frequency-domain measurements, frequency is the x-axis.

* For time -domain measurements (time records), time is the x-axis,

* For linear magnitude displays, all points on the y-axis have a linear relationship
(regardless of the vertical unit you've selected). Usually, it's more convenient to
assign a linear unit (such as V or Vrms) as the vertical unit on linear magnitude
displays. But even if you select a logarithmic unit (such as dBVrms or dBm), the
spacing between points on the y-axis still remains linear.
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Logarithmic Magnitude Trace

Softkey: [1L06 MASHITUDE ]

The logarithmiec magnitude trace type shows the mognitude of the measurement defined for
the active trace on a logarithmic y-axis scale.

Here are some characteristics of the logarithmic magnitude trace:
* For frequency-domain measurements, frequency is the x-axis.
¢ For time-domain measurements (time records), time is the x-axis,

* For logarithmic magnitude displays, all points on the y-axis have a logarithmie
relationship (regardless of the vertical unit you've selected). Usually, it's more
convenient to assign a logarithmic unit (such as dBVrms or dBm) as the vertical
unit on logarithmic magnitude displays. But even if you select a linear unit
(such as V or Vrms), the spacing between points on the y-axis still remains
logarithmie,
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Phase Trace

Softkey: [ PrAsE ]

The phase trace type shows the phase of the measurement defined for the active trace.

Here are some characteristics of the phase trace:
* F'requency is the x-axis.

* Phase is the y-axis, displayed in degrees or radians, Unless you specify otherwise,
the analyzer will scale the y-axis at = 180 °,

* Unwrapping begins to occur for scaling greater than 46 © per division. To change

the vertical units per division, use the < scae > hardkey and its associated softkeys.

* Phase accuracy is reduced for signal levels that are low relative to the full scale
input range.
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Group Delay Trace

Softkey: [ 6ROUP DELAY ]

The group delay trace type shows the group delay for the measurement defined for the active
trace. Group delay is related to phase, but shows phase delays in time (seconds, milliscconds,
or microseconds) rather than degrees of phase shift,

Group delay is actually the derivative of phase (the slope) with respect to frequency. The
analyzer uses a smaoothing aperture to define the resolution of the group delay display — you
can change the resolution by selecting different apertures. Larger apertures have more of a
smoothing effect than smaller ones. You can select the following smoothing apertures:

* 0.5% of span
* 1% of span
* 2% of span
* 4% of span
* 8% of span
* 16% of span

Here are some characteristics of the group delay trace:
* Time is the y-axis.

* Group delay is plotted between the frequency points used to make the group delay
meusurement. For example, group delay for 100 Hz can be calculated by
measuring the change in phase between 90 and 110 Hz. Therefore, no data is
caleulated for the end points of this segment (90 and 110 Hz). If you specified 90
as the start frequency, the first frequency point with any data will be 100 Hz —
this means the trace will not extend to the left-hand side of the screen. This is
more noticeable with larger group delay apertures.
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Real and Imaginary Parts

Once an input signal is transformed from the time domein to the frequency domain, there
are two ways to express values for the (requency components in each bin, One choiee is to
show the magmitude or phase of a component; the other is to show the real part or imaginary
part of each component.

Polar Form (Magnitude and Phase). This is the most common way to characterize a
frequency component. For example, when you select Log Mag and Phase as trace types, you
are looking at magnitude and phase values for each frequency companent, The magnitude
represents the length of a vector and the phase is the angle of the vector,

Rectangular Form (Real and Imaginary pacts). This is a less common way to characterize a
frequency component. Still, it may be useful for some applications. For example, the
imaginary part of the cross spectrum is used for acoustie intensity measurements.

/ imaginary Part

/' Real Part

a

Rectangular

The same frequency component can be expressed as a polar coordinate or a
rectangular coordinate.
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‘ Real Part Trace

Softkey: { REAL PART ]

The real part trace type shows the real part of the measurement defined for the active trace.

Here are some characteristics of the real part trace:
* Frequency (or time) is the x-axis.
* The real part of the gctive trace data is on the y-axis.

* For time record waveforms that are complex (zoomed measurements), the real
part is scaled to be one-half the value of the waveform shown for real value

{non-zoomed) time records.
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Imaginary Part Trace

Softkey: [IMAGINARY PART }

The imaginary part trace type shows the imaginary part of the measurement defined for the
active trace,
Here are some characteristics of the imaginary part trace:

* Frequency (or time) is the x-axis,

* The imaginary part of the active trace data is on the y-axis,

* If there’s no imaginary data, the waveform will be a flat line, showing
zero magnitude, ‘

* For FFT data (all measurements excluding time records), the imaginary trace
represents the imaginary part of the complex FFT data,

* For time waveforms, the imaginary trace represents the imaginary part of the
Hilbert transform of the real part. For example, a 2 volt (peak) sine wave input in
zcom mode will appear as a frequency-shifted 2 volt (peak) sine in the real part
trace, and as a frequency- and phase-shifted 2 volt (peak) sine wave in the
imuginary part trace.
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Chapter 4
More Basics

Now that you've completed your first measurement and learned about basic measurements
and trace types, it might be helpful to review some additional measurement basics.

These include:
» Setting the input range
* Windowing
* Averaging
* Overlap processing
* Real-time bandwidth




More Basics

Setting the Input Range 0

To make the best measurement possible, you should carefully consider the method you use to
set the input range. You can set the input range automatically (using the autorange feature)

or you ean set the range manually. If you overload the current input range, an “Ovi1” or
*Ovl2" message appears at the top of the analyzer's sercen, If you exceed the analyzer's
maximum range, an “OVLD" message ulso appears at the bottom of the screen.

Maximupy Input Range: 27 dBVims
30.01 dBV{(neak)
22.39 Vims
31.66 V({peak)

Minimum Input Range: -51 dBVims
~47 dBV(p=ak)
2.818 mVrms
3.986 mV(peak)

The analyzer’s Input range extends from -51 dBVims to +27 dBVrms.

Setting the Input Range with Autoranging

Autoranging for the HP 35660A is an “autorange up” feature. This means that when you
start a measurement, the analyzer sets the input to the most sensitive range, and
automatically steps through less-sensitive input ranges until the input channel is no longer
overloaded,

If the input signal amplitude inereases after the range is set (enough to overload the input),
the analyzer will begin stepping through even less-sensitive ranges. Agauin, this stops when
the input is no longer overloaded.

If the input signai amplitude decreases, the analyzer will not zhange to a different range.
The input range will remain at the setting the analyzer found appropriate at the beginning
of the measurement,

By the way, the analyzer does not autorange while averaging — so don’t change the output
of your test device during the averaging procedure, Ifan over-range condition occurs while
averaging, an overload message appears but the analyzer does not abort the averaging
orocedure.

Setting the Range Manually

You can set the input range manually when you want to maintain a specific input range
setting. Ideally, the signal peak should fall in the upper half of the currently-selected
input range.

If you set the input range too low (more sensitive than necessary), the analyzer’s input
circuitry will introduce distortion into the measurement. But if you set the input range too
high (less sensitive than necessary), the resulting loss of dynamic range will introduce
additional noise — in some cases, the increase in the noise floor may even ohscure low-level
frequency components,
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Windowing

A “window” Is a time-domain weighting function applied to the input signal — essentinlly, a
way to filter out signals that are not perlodie (and therefore spurious) within the input time
record. Dependingon the window, the analyzer attenuates certain parts of the input time
record, to prevent “leakage” — n smearing of energy across the frequency spectrum, caused
by transforming signals that are not periodic within the time record.

To learn more sbout leakage and windowing, see Hewlett-Packard Application Note 243
(available from your local HP Sales/Service Office).

Here are the windowing functions available with the HP 35660A:
* Hanning
* Flat Top
* Uniform
* Force

* Exponential
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The HP 35660A functions as if the input signal were applied to a parallel bank of 401
narrow-band filters. The drawings here show the frequency-domain responsz of a single
filter when using Uniform, Hanning, or Flat Top windows.

The left side of each drawing represents the center of each filter. Since the filters are
symmetrical, only the right side is shown (the left side is a mirror image). The horizontal
axis shows the frequency offset from the center of the filter, in units of Af — or in other
words, the number of frequeney bins awsay from the one where the filter is centered,

Think of each drawing as a template. If you position a sine frequency at the exact center of
the filter, more of the sine wave’s energy will show up at the ce“ter bin. Some of the energy
will also show up in other bins. The amount of energy that spulls into adjacent bins depends
en the type of window you use, Notice how the Hanning window provides hetter frequency
resolution than the Flat Top window — you can see how less energy spills into nearhy bins
with the Hanning window.
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. The Hanning Window

The Hanning window (sometimes callzd the Hann or Rendom window) attenuates the input
signal at both ends of the time record. This forces the signal to appear periodic, The
disadvantage of the Hanning window is some amplitude inaccuracy for sinusoidal signals
(from 0 to minus 1.5 dB) compared to the Flat Top wirdow. But its advantage is greater

frequency resolution.

Here’s what else you should know:

* The Hanning window is the most commonly-used window. it is particularly
useful for random noise measurements.,

* When you select the Hanning window, the function is apgplied to botk input

channels,
I 2248 S
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The Flat Top Window.

The 1 at Top window (somctime called a sinusoidal window) compensates for the amplitude
inaccuracy of the Hanning window. The {latter shape of the Flat Top window offers greater
amplitude accuracy (plus or minus 0,005 dB), But the trade-ofT is lower freqquency
resolution.

Here’s what else you shouid know:

* The Flat Top window is useful when you must measure the amglitude of a
particular frequency component with great aceuracy — for example, when usinga
fixed-sine source,

* When you select the Flat Top windaw, the function is applied to both input
chanuels.

~ up ta 0005 e error

requency

Tha Fial Tep Window
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The Uniform Window

The Uniform window (sometimes called a transient window) has a rectangular shape that
weights all parts of the time record equally. In other words, the Uniform window isn't really
a window at all.

Because the Uniform window does not force the signai to appear periodic in the time record,
it is normally used only with functions that are self-windowing, such a transients and bursts,
The Uniform window has an amplitude accuracy uncertainty from 0 to minus 4.0 dB.

Here's what else you should know:

* For best results with the Uniform window, you should use signal sources that are
periodic ~ for example, the analyzer’s periodic chirp waveform.

* When you select the Uniform window, the function is applied to both input
channels,

Frequency

Unifarm Windesy
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More Basics

Force Window

The Force window passes the first part of the time record and sets the last part to a fixed

value. You can specity the width of the window, thus controlling where the fixed level begins,

The width you specify determines how much of the signal is passed. Note that the width
must be narrower then the time record for the foree window to have any effect.

The analyzer calculates the average value of the time record’s remaining data and gets the
time record to this avernge level,

The force window is helpful in impact testing because is removes residual oscillations in
lightly damped systems, It is often used with the Exponential window (see “Exponentinl
Window"),

Here's what else you should know:

* Unlike the other windows, you can apply the force or Exponential window to each
channel individually. This allows you to mix the windows in measurements using
both input channels, such as frequency response. This application is most
commonly used when measuring propertie. of mechanical structures during
impact testing.

* If you apply the Force window to channel 1 and the Exponential window to
channel 2, the data for channel 1 is multiplied by both the Force and the
Exponential windows.

* if you are using trigger delay and you want to set the force width using the
marker, remember that the time record starts in negative time for pre-triggering,
You may have to adjust the window width to allow for this.

average vae

0o

The Force Window
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More Basics

Exponentlal Window

The Exponentinl window attenuates the input signal at n decaying exponentia) rate
determined by a specified time constant, You can enter a value between 0.1 1S and
9.99 % 10% Seconds.

The Exponential window is often used in lightly damped systems with frequency responses
that do not decay within one time record.

Here’s what else you should know:

* Generally, the time constant should be set to one-fourth of the time record for the .
window to be effective.

* This window attenuates the input signal at a decaying exponentiul rate
determined by the specified time constant.

* If you apply the Force window to channel 1 and the Exponential window to
channel 2, the data for channel 1 is multiplied by both the Force and the
Exponential windows,

hene

The Exponential Window

avernge vae

t tima

The Combined Force and Exponential Windows

4.9




More Bas_Ics

Type of Averaging

Although we introduced rms and vector averaging in the previous chapter, we will review
thes2 briefly and introduce some additional ways to make averaged measurements,
The HP 35G60A has these types of averaging:

* Stable (normal) rms averaging

* Stable (normal) vector averaging

* Exponentisl averaging (either rms or vector)

* Peak hold averaging

* Fast averaging

RMS Avéraglng

To review, rms (power) averaging does not eliminate noise — it simply produces an
approximation of the actual noise level. Increasing the number of rins averages provides a
better statistical approximation of the noise, but will not actually reduce the noise,

Vector Averaging

With vector averaging, the analyzer averages complex values, point-by-point, in the
frequency domain. This lowers noise because the real and imaginary components of the
random signals are not in phase and therefore cancel cach other — increasingly so with each
average. Frequency components that are perjodic do not cancel and therefore do not
diminish lwith successive averages,

For mechanical applications, vector averaging is often used during vibration measurements
to resolve low-level frequency components from background noise.

Vector averaging produces results similar to time averaging, a feature found on many FFT
analyzers (time averaging means that the analyzer averages all time records first, then
performs a sipgle FFT on an averaged time record), Vector averaging accomplishes the same
thing as tim averaging, since the averaged linear spectrum derived from a series of
vector-averaged linear spectra is equivalent to a single linear spectrusn of time-averaged
time records.
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More Basics

Although measurements made with vector averaging have better signal-to-noise ratios than
rms averaging, there are some restrictions:

* The input signal must be periodic. In other words, the frequency components you
want to measure must repeat with each time record. If these components are not
periodie (not in phase with the start of each new time record), their real and
imaginary values will cancel and the analyzer will not resolve these components,

* If you select vector averaging, you'll need to provide a trigger signal — from the
analyzer’s source or from an external signal, Of course, the analyzer will still
make a measurement with continuous triggering (no trigger signal), but the
amplitude of periodic signals will diminish with each successive average (since
even periodic components have random phase with continuous triggering).
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More Basics

Exponential Averaging

You can select cither rms exponential averaging or vector exponential averaging. Both work
in & similar fashion. The only difference is that for vector exponential averaging, you'll need
to provide a trigger signal,

Unlike stable (normal) averaging, exponential averaging weights new data more than old
data. This is useful for tracking data that changes over time.

Whenr using exponontial averaging, the number of nverages you select determines the
weighting of old versus new data — not the total number of averages calculated. As the
number of averages increases, new data is weighted less.

With exponential averaging, it’s especially important to set the number of averages carefully
— ifthere are too few averages in the mensurement, the averoging will not smocth out
variances, But if there are too many averages, the analyzer may not track subtle changes
neeurring within the data,

To caleulnte the exponential average, the analyzer uses this formula;
(I(1/N) X (new)]+[((N-1)/N) x(ald}]}, where N is a weighting factor (the number of ave *ages
you've specified).

When starting an exponential average, the analyzer sets N equal to 1 for the first analysis,
then sets N equal to 2 for the second analysis, and so on — until N equals the number of
averages you've specified.

Here's what else you should know:

* Once you start n measurement using exponential averaging, the measurement
continues indefinitely. To stop the average, you must pause the measurement.
This is different than stable averaging — stable averaging stops automatically
after the specified number of averages are completed.

* For the first few averages, there's little difference between exponential averaging
and stable averaging.
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More Baslcs

Peak-hold Averaging

When you request the peak-hold function, the analyzer will take data continuously, until you
tell it to stop. The analyzer will compare each data point along the mensured frequency span
with the previous values, Only the largest values for each frequency bin will be saved.

Technically, pealc-hold averaging is not really a type of averaging, since the results are not
mathematically averaged. But it's still considered a type of averaging because it combines
the results of several measurements into one final measurement result.

Here's what else you should know:

* With the peak-hold function, the analyzer mathematically compares each data
point to its previous peak value. If the data point is larger than its last peak
value, the new value is used, This is not the same thing as peak-holding the
displayed trace.

* The peak-hold function works only with spectrum measurements, power spectral
density (PSD) measurements, or time records.

Fast Averaging

Fast averaging is not a {ype of average, Rather, it’s simply o way to have the analyzer make
averaged measurements without having to update the screen after each average. You can use
fast averaging with any type of averaging (rms, vector, rins and vector exponential, and
peak-hold averaging),

You can specify the number of averages between screen updates for the fast average mode, If
you enter an update rate of §, for example, the analyzer will update the szreen aftor every
five averages. The update rate is important, since the number you select will affect the speed
of the fast average (you can select values between 1 and 99,999).

By the way, fast averaging must be on to achieve maximum real-time bandwidths. See
“Real-Time Bandwidth” later in this chapter.
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More Basics

Overlap Processing

As the span you select decrenses, the corresponding time record length increases (see
*Measurement Speed vs. Time Record Length” in Chapter 3, “Measurement Basics”), At
some point, the time record length and the amount of time the analyzer needs to process
each record are equal. Ifyou continue to increase the record length, the FFT processor sits
idle after processing the time record (while waiting for the next record to fill), But overlap
processing allows you to overlap time records and compute the FFT from both previous and
current time records.

Overlap processing offers several advantages. First of all, it lets you make a faster
measurement (particularly with narrow spans). Overlap processing also reduces statistical
variance caused by windowing. For a detailed discussion of overlap pracessing and real-time
bandwidth, see Hewlett-Packard Application Note 243 (available from your local

HP Sales/Service Office),

Overlap processing is set in the < Average > menu, To specify the amount of overlap you
want, use the [ OVERLAP% ] softkey. You can enter any value from 0 to 99%, in 1% increments.

Here's what else you should know:

* Overlap is not used if you're making triggered measurements. The analyzer must
be in the continunus trigger mode.

* The amount of overlap possible varies with the frequency span, For wide spans
(with short time records), little or no overlap is possible — the time record is
small compared to the time it takes the analyzer to process the time record, For
narrow spans (with long time records), considerable overlap is possible — the
time record is long compared to the time it takes the analyzer to prceess the time
record.

* The analyzer does not indicate the actual overlap percentage used, For example,
if you specify an overlap of 90%, the analyzer will accept this value but may not
actually use a 90% overlap if this is incompatible with the current frequency span.

The enalyzer will treat the overlap percentage as the maximum allowed. The
actual overlap used depends on the current frequency span, the cype of average
selected, and how busy the analyzer is servicing the HP-IB and marker functions
and key presses, "The overlap percentage can chargs from time record to time
record, but will always be less than or equal to the specified overlap percentage.
If the analyzer indicates that the current measurement is in reel time and the
overlap percentage falls below 0%, the REAL TIME status message will be
removed (if you're averaging and this occurs, no attempt will be made to re-enter
real time until you start the average again — if averaging is off, real time
processing will resume as soon as possible).

.
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More Baslcs

Real-Time Bandwidth

Overlap processing is easy to understand if you relate it to real-time bandwidth (RTBW),
Real-time bandwidth is a specification used to characterize the performance of an FF'T
analyzer. The real-time bandwidth is the frequency span at which the FFT processing time
equals the time record length — this meuns all input data is included in the average (in other
words, there is no gap between the end of one time record and the beginning of the next).
However, if you increase the span past the real-time bandwidth, the record length becomes
shorter than the FFT processing time. Time records are no longer contiguous, and some
input data is missed. Therefore, you can overlap records only when measuring below the
real-time bandwidth, because the time record length must be longer than the FI'T processing
time to achicve any overlap.

The actual real-time bandwidth achieved varies with the amount of processing time the
analyzer needs. As with overlap processing, this depends on the current frequency span, the
type of average selected, and how busy the analyzer is servicing the HP-IB and marker
functions and key presses. The following table shows typical real-time bandwidth for the
HP 35660A:

One-channel mode Two-channel mode
Aversging Off B00 Hz span 400 Hz span
Fast Averaging 3.2 kHz span 1.6 kHz span

Typical Real-Time Bandwidths
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Chapter 5
Spectral Purity of a Sine Wave

Task Querview — This chapter steps you through a series of measurements to characterize
the spectral purity of a sine wave,.

What you will need — gather the following items before starting this task:
* A connecting cable (BNC male to BNC male)

What you will measure — you will use the analyzer to do the following:
* Look for prominent harmonics of the fundamental frequency
* Measure Total Harmonic Distortion (THD)

What you will learn — In this chapter, you will be introduced to the following analyzer
functions:

* Viewing a spectrum to reveal a fundamental frequency and its harmonics

* Setting the proper input range

¢ Sclecting an appropriate scale

* Using the absolute marker, the offset marker, and the harmonic distortion marl-er
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Spectral Purity of a Sine \'ave

Measurement Setup

OYNAMIT SIGNAL ANALYZER
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-
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—
— 4420 5533
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— JddJl _1_1_1::
J |
J444d L— CHAN 1
L =10 ’q'o/l

SOURCE OuT U

As you step through the following task, you may find that your measurement results differ
slightly from those shown here. Keep in mind that the tasks are designed to help you learn
about the analyzer — not to duplicate specific measurement results.

52

IIIIIIIIEIIII..II'I!.IEII.II.II!
{




1. If you've already turned on the
analyzer, prass < Preset >,

If the analyzer Is off, turn [t on
and wait until it warms up and

calibrates. Then press
< Preset >,

2, Connect the analyzer's source
to the Channel 1 input.

3. Press < Source >
[ source QN/oFF |

[ FIXED SINE ]

4 Press [ SINE FREQ ENTRY )

< 1> [M]

Spectral Purity of a Sine Wave

Pressing <

. settlngs to;

.;;_fspeciﬂc load '(such as an osclllator wlth; “6‘
. output), vct_x must pléce, an. appropriate feedthro h
- terminator acrpss the output of thé test devic

_ ‘.“This tums on the enalyre:
- selects 'he rxed ine wave..
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Spectral Purity of a Sine Wave

5. Pres3 [LeveL]

<2> [vis]

6. Press <linput >

i
1
i

5.4

[ CHANNEL 1 AUTORANGE )

This makes eure the Input
range is set correctly.

1

L :

_ T‘r]e delault settrng ler lhe lnput is, an autorange up
i tei E:Jre “iAuterange up” means tl‘at when you start
easurement, the analyzer se: \‘he iriput to the

"T‘m}ast sensitive range, gnd. automatlcally steps

th ough less-sensliive’ Jnput’ ranges untll the input
cr,annel Is no Ionger overloaded -You'll see an “Auto- -

- Flaanglr.g message ln the upper left corner ol the
o screen ' : . ;

4
1

- . |. .
l v : '
i

i '
lflhe input signal amplitude Increases afler the range

'} Is set (enough to overload the lnput) the' analyzer will
“1hegin stepping lhrough everi less:sensitive ranges, .\ -
. Again, this stops when the  input Is no Ionger
overlcaded. - . | r

. . . .
o : - 1

Ifthe Input signal amplitude decreases, the analyzer s

doesnotchangetoa differentrange. Theinputrange
v will'remain at the setting the apalyzer found
approprlate at the beglnnlng ol the measurernent

If you decrease the output of your tes. slgnal durlng
the measurement you'll have to press‘ < Input > and
then press [crwmsr. 1 AUTORANGE ]. ' _

t
_j,‘ll

l
T
i
l
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7. Now look at the analyzer's

screen. ThisIs a display of the

linear spectrum,

This display appears in
frequency domain,

bey R chara
ISR LT . -
TN e

8. Press < Meas Data >

[ TME CHARNEL 1]

Froher bt e B Tt ey

Spectral Purlly of a Sine Wave

| 1

" Slnqe thls Is a full span (0to 102 4 kHz). tie relalively .
lov,nfrequency of the signal (1 kHz) ls at the extreme T
- left of the dlsp!ay ; . .

Because e ereging s oh‘ you wili 560 the display
.chahge several tmas eech second Each displey

_ represents one FFT of a slngle tlme record

oo N . I

R i v

Al

 You are now viewing each time recorda asthe analyzer ‘

acquiros anew one,

'l‘hls is the lime domaln representation. of the !nput
K data - that's why it Iooks like an oscil!oscope trace, =

"~ Notice how the time record [itters. This ls because -

the analyzer's trigger Is set {0 continuots {the default

_ ’ccndition) This means the analyzer will process time

‘records as quickly as posslble, without waltlng for any
“Kind of trigger sfgna.. B

B

Also note how some of the softkeys are -

" de- emphaslzed Th's means that these menu
~ selections are not currently active, For example, -

[ FREQUENCY RESPONSE] IS .a two-channel measurement
and is not avallable right now because the analyzer.
Is in the single-channel mode, ' :
[P i ! :_: :
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Spactral Purity of a Sine Wave

9, Fress < Tigge' >

[ CHANNEL 1 TRIGGER ]

ll‘ll &

wleyl 2y Evigrs en

W opre Lo L]]

F L TN S 3 PR A 3 I 1

=/ \ /["".\ A ;’f\‘-

10. Press < Meas Data >

[ SPECTAUM GHANNEL 1]

11, Press < Freq >

Press [sran]

Now use the < <> > hardkey
to step through several spans,

12, Stop when you reach 12,8 kHz
— if you step down tao far,
simply use the < > >
hardkey to go backup to a

12.8 kHz span.
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- ,‘Nelfce howr lhe tlme cue,blay beoomss stable. . Wllh
"~ Input rriggsring. the analyzer (when ready) does hot
. begin a.new’ measurement tntl) the Inpul slgnel
reaches the prsoblermined trigger level L

. vy - o
- 7 ".*_r i
n

BT TR

i.Th,etrlggerlevel renges from’ -—100% tc 100% of lhe !

- Input range (don't confuse this with the venlcal unlts

 shown‘on the curient display); . The-default vaiue Is*
 O%witha posltive plope ~ - this means the analyzer
" will trigger when ‘the input slgnal crosses zero asg the %
slgner moves rrem nsoellve to poslllve. : i_" E -f

: i

For now. lt's nor lrnportant to understand evsrythinl . K

' rebout triggering — but you should take’ comiort

-:knowing thai most of. the enalyzers triggering Vo
=features are similar to. those; found on | standard -

:_;osclilosropss, To learn'mote about the analyzer' s,

 triggafing. capabmrrss. gae. the HP esesoA

' anr-PanelReference, IR N S

'.iT_hls 'returns_ you to the Ireq'r.rsrjcy domaln,. i

B IR T R C T T
T PR S !'_‘ : o ;. . B R . T B P !
el IE K L ) - : : s(_r o ) :

R T . .4 . .

X ) I AR S i

,.-' R ot . : i
- : v 1

3 3 oy !

¥ i B
‘ =.-'Th9 < <}> ar]d < G > hardkeys ere located ln
o lhs numeric keypad e SRR
S . l.‘:; L ._.; J ) . | ! .
i e ’ r \‘r . ey . ‘
" lu 'i ) Co

- This changes the frequencv épahi G“d ie‘s V°“ '°°k

- :pt-a smaller glice of the: frequency spectrum: - This '

. gives. a better view' of the. fUﬂdamentgl and |t3' "
'-;hafmonics. EEES _j. D i

TYeu can erso use lhe numerlc keypad to eoecify ;

) span (the analyzer takes the nearest acceplable :
‘.’-;value) B T T S
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. 13, Praus < Average >

[ AvERAGE ON/o#F )
[t LT AREaty bury
i!{i-ff u;'l‘nll bre bra
T =rrer b 10 Emp + 2 s ke
e : I‘
!
-

13a. If you don't see any

o harmonlcs, press < tnput >,
[ CHANNEL 1 RANGE ]

Then press < 1> >twice.

14, Press < Start >

t
;

,;zavereges) For, now, thls Is thety 8.0 'ayeraglng you e

Spectral Furity of a Sine Wave

default,ﬁevereging ‘Is ms “averaging (with. ten

iy

analyzer makes enother averaged meesuremeng'but

adds the averages tothe previoue groupof averages, i
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16, Prass < Scole >
{ VERNCAL/DM )

<i><2>[w]

Trebed % 2\t Iy FLET AT
| LS sl ar.r-e LIS S ]
hukral oo brt mm
T rerrer b uL Naeg VoORR T by
'
b 4
il
- i
o
H .
[ Tt
i
b
1 Fy
-
Lo
i

B S A
[T

(,',,ni la -" ) ny I'd p\.’.‘} l.' iy n»\“. N\T{m e L

16, Press [ Auto scALE |

17. Press [ verncaow |

<1><2>[s]

18. Press [ 10 REFERENCE

Now use the < < &> and
<4 p > hardkeys to shift the
entire display up or down,

ket (g ﬂ TTYS (R
TR R
SN g tre Ren
Tomirber s 40t an: EE IRy
€5 vt t
il
B
|
.
e
+
P
|
¢
P
|

o f
“ ‘-Ib" i f}hf [inl ,}Ifl'whw"',“"’itf-w"“"‘\'p'.h

e,
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"The d!splay should flow Iook Ilke thls. You changed:"
lhe vertical scaling from 10 to-12 dB per division to
. 806 bou the noise ﬂoor pnd the peak of the
fundamental S R -

: Autoscailng means the ahalyzer autpn;aﬂcally‘
selecls an abpropriale r,c;ale for thé _mnu;s!ghal

Alternattvely, you'could xhave pressed [vsnncwmv] ,
and entered the original séaling - in this case ‘2_.-_';:-’_
10dB pordlvlsion el a
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Spactral Purity of a Sine Wave

19, Press < Marker > R Thls moves the marker to the largest frequency

' component on. the dlsplay {in this" oase, the
[mern T0 PEAK ] . ,fundamenta!) e R
kil ”"'" i T & .-'a."lhemarkeryou are uslng lsen ebsolute marker, That

Yol oAAIRE

.. Is, Itrindlicates. the absolute, x-axis and y-axis
” . coordinate, ‘There's also an offset marker — but
you’ll learn ebout that lnafevr moments Lo

l ! Ths analyzer says that the x-axls marker value Is

| j 3,992 Mz, Ftemember, the - ‘analyzer's’ frequency
Lt. L,,n,l,v.w, . mw\“r.. r.,,wv " 'resolutlor) changes with the frequency span you've
Y o ' . " selected, :For the current span (12.8 kHz),'the.
e resolution is 32 Hz. Soon you will change to asmalter’

span to get better resolutton. .

20. Note the amplitude value : ‘Thls shovve the absolnte amptltude of the
indicated by the imarker's . fundamental, In this casy, the y-axls marker value
y-axis position, o tndlcates about 6 dBVrms (2Vims), , )

. While absolute emplitude values are useful, relative

. amplitude values are' more important When
characterlzlng the spectrel 'Jurlty of u etgnal source.

21, Make sure the markerIs atthe 1 Prosslng < Marker Vatua > specmes the current marker

fundamental frequency, If it . " value (iri this case, the fundamantal frequency) asthe
ISn't, press [ MARKER 10 PEAX | o -center trequency for the new span that you va abant
again, e to enter. C S | b
Press < Freq > The < Marlcer Value > hardkey Is convenlent because It ‘
Yo lets you ‘enter numerlc values qulckly wl*hout uslng
[ centEn] i the numerlo keypad _' o
< Marker Value > i Presslng < MarkerValue > ehters the x-axls y- axls. ‘or
o both values tor the marker 8 current posltlon '
Don't worry if nothing seems &y ‘ :
to be happening. The N} the analyzer needs an x-exls value, presslng :
analyzer is simply walting to { < Marker Value > enters the x-axis value, !f the analyzer.
start a new average. ~ “"needs a y-axs valus, pressing ‘< Marker Value > anters

- .the y-axis value. If the analyzer needs both values, :
! -ipresslng < Marker Value > anters both. *

o
ot
1
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'*;-Aﬂéi’ presslng <smn> you Il.have o'fwait‘a or tho

22, Press [ span} ' u'll;h B
i_-';@tlme record tofil, - V't worry ‘thsj“Rsc Lg" - o

Now use the riumerlc keyprd | message at the top of the screen indlcaﬂes howlong =
orthe < <% > hardkeyto ;- lt takes to ﬂll the tims record'(i Is case, 4seconds) ; _i
specify a 100 Hz span, : - L

< Start > ‘ i

si',, rst resul saredlsp lAyac ,you can goahead !
[._sndschsck to' see. |’ lheﬂ. equency resolution'has -
“'_ln_'tprovsd.; t's hot necessary to welt for the analyzer E
S " to:finish’taking everages; You'can use’ the marker i
T !_;.“.during the averaglng process -. =

23, Press < Marker >

S5
o
¢

}

I

}5
b

[ MARKER 10 PEAK

T
|
|

wi¥ e A S T T :
B e i '
o)
24, Press < Fieq > ii_,_»"‘?This changes the span to mor
‘ _fundamental and the th!rd harmonlc,:
[ span ] ‘
< 3> [Wi]

Press [ zro siant ] to start the
span at C Az again.

Press < start > to begin a new
measurement,
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. 26, Press < Marker >

Spactral Purlty of a Sine Wavc

{ MANKER TO PEAK |
L S g
‘h':gn (TN t',r‘ DR N
-
s i
i H
: s
l : » B : .
\trr e
r ;
26. Press [ offser] You’ve just turned on the oh'eet marker. and zeroed It
; where the mamerwes You will use the offset marker -
Prass [ ofrser ONsorr ] 1o turn on " to'find the amplitude and frequency ofa harmonic
the offset marker. retatlve to the fundemental '
[ oFrsEY ZERO ] . On ee'me ar,atyzers, the oﬂset marker Is. called a
e , relative maker. ¥ o :
ot ' | Zeroing the eﬂset marker at the fundamental
- ; frequency establlshes the peakofthe fundamentel as
B ] - areference poinit for both x-axis ahd y-axis marker -
! values. As Jong as the offset marker is on, both
[ v marker values will Indicated the amount of offsetfrom
! | : 't the. zeroed point (In this case. the peak of the 4
e b da e tal A
'r’rrr ’t’t'\ L “*rmtr!tf" Ctndamental). - < e e }

o Untit you reset the eﬁsetmarker at enother polnt the

o zaro posltion remalns where; you set it; even If you

. un the oﬁset markerotf andthen backon agaln. But :
~ the zero position will be lost if you press r
< Prtset> or tum the analyzer off, ~ .

“‘ . . o } .
L R ' T
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27. Press the < A > hardkey
several limes, until the marker
indicates an offset of 2 kHz.

rnl .
[ R ILT Ve g
bn»['ﬁrl[ ] e

|
I
| !

) ﬁrﬁﬁ’}‘_‘__’l’l QTP PV

28. Note the frequency value
Indgicated by the offset
matker's x-axis position,

29, Nota the amplitude value
indicated by the offset
marker's y-axis position.

30. Press [ ofFseT oNOFF |

i
» LT L R SR

Livs '
itr 3
«l [N ELd

l
boct
|r
i
|

'hl T"I'k ﬁ ‘ il rlu’" ”! ..‘ll"l‘l f

!
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. ;Thls turms off the offset marker. Notice how tlte'.'__.f
marker values now. rellect the abeotute lrequency of

“the: third harmonlc ls ebout 70 dB below the
: lundamenta! o b

'Presslng < A > jumps the marker to lhe next 'blg
- ‘peek to, the; rlght. Presslng <V l.l slmllar, but i
lumps the markerto the left, g

Vi
1‘_' .

,_and-o »> keys to_‘ﬁ_‘.§3 ;
move the marker. But that takes ’longer, since the . |
marker eteps through bach'*bn" at & time. Or you .

~coulduse <" 4> and <. B > withthe . L
N Fest> hardkey to move the marker faster. ) o ot

Thls value (actually the ot‘leet from the lundamental)
Is about.2 kHz," Not surprlslng, elnce the thlrd L
harmonlc should’ be offset from.the. lundemental by

lf‘e the fundamentals frequency ST

R :: _; 4 |-7
: '\fl.‘

Thls value is about -—70 dBVrms referenced to the f.rl i
fundamental frequency s amplitude In othar words,

the third harm onlc (3 kHz) andthe absolute amplntude"-'._;-;- .




31, Press < freq >
[sPan ]

<i1><2>[wi)

32. Press < Average >
[ NUMBER AVERAGES |

Now use the numeric keypad
lo specify 25 averages.

[ENTER]

33. Press < Start >
< Marker >

{ MARKER 70 PEAK ]

LTI
[ LI Y T YT s p
Babbarl ML Yen Bra

:"Yn- T Ve, s

hatnn .
A

s
[
T
|
!
P

‘"J —-‘\.v ety r_ e t,--r\.r '

DL T
[T

34. Press < Marker Fetn >
[ HaRMatiIC |
[ FHOMNTL FREQ ]

< 1> [mwiz]

Spectral Purity of a Sine Wave

Before meaeurtng Totel'HarmonIc Distort!on (THD),
let’s change to ajr- g,ertapan. _-That way. you can see o

Because the analyzer is set for rms everaglng. takingz 5
: ' more’ avereges producee a better epprortimatlon of ' .
rms values s Using' more averages also protrldes a_

Thls beglns another measurement and moves the
: marker to the tundamentel frequency
You can use elther [mma 10 mx] or the < v >
< A > Kkeys to move the merker._

P

Youhavetospeclfythefundamentaltrequencyforme
analyzer to make the dlstortton calcutatton t :

: Once you enter the fundantental frequency, the ‘
analyzer starts the' distortion calculation. The
distortion resuits appear atthe lower léft comner of the

{ screen. Cur test slgnal shows abou1004%1.ro \

T
N \

|
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Spactral Purity of a Sine Wave

Fremanl | awgp N o Mgrel L0
BAERRLL TN we Mn ‘

, w""nr [ N Tt sb ghurme . : ‘
N her ""?j;(\lso nole the: "Num Hams ;
= ‘méssage thet appears at the top'df the. scragn —this

: ‘;"r’lilndlcatas the‘ number of harmon|

W rnril?n P (M —"‘}T‘ﬂf*'ﬂ ™

fl Tha b ey
b lv.p |b‘ ] [N

PETPREEARROE -

8pa
you specify Is the maximum numbar the analyzer wltl o
~useinthe THD ca!culaﬁnn. . X :

Theﬁanalyzerh alculates ‘THD: by:comparing -the
‘energy of the: fundamental’

4 the,energy at’ the i f
harmonlcs ; Nolse and other gnals at olher points rf___.
along the frequency’ ;_spectrygn are. not: taken lnto j';=,i

~account: (unless‘they’ happen o’ oceur. ‘al:the . .
fdndamental frequency or &t the harmon| cs).. ThisJs " - |
" different than o!den dL.lonfon analyzers.?that slmply
re]ectsd tha fundamental fréquency: and;measured
tany remalning energy as’ harmonlc dlstgrtion:(more -
L aocurately. harmonic dlsto Plus nolsa);: |

35. Press [ DEFINE NuM HARM |

< 1 > [ENTER] e S ' R
Note how the THD readlng ls Iower‘ = about 0, 01%
, ’because_ the ana!yzer Is: oniy uslng the o
| fundamental‘and the second hanmonlc to make lhe""
i {' S o l::_ _:"." :
e
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Chapter 6
Amplifier Ncise Level

Task Overview — This chapter steps you throt,,) o noise measurement for a typical
nudio-frequency amplifier.

What you will need — gather the following items before starting this task:
* Audio-frequency amplifier
* Feedthrough terminator to match output impedance of the amplifier
* Appropriate connecting cables

What you will measure — In this chapter. you will learn how to make these measurements:

* Wide-band noise

* Power Spectral Density (PSD) to obtain noise values normalized toa 1 Hz
bandwidth

* Signal-to-noise ratios using both wide-band noise and PSD

What you will learn — In this chapter, you will be introduced to the fcllowing analyzer
functions:

* Viewing a spectrum to reveal noise
* Using the band marker to calculate power within & specific frequency band
* Using the Power Spectral Density (PSD) measurement

6-1




Ampilifier Noise Level

Mensurement Setup

DYNAMIC SIGNAL ANALYZER

f i il
i — <L (L !
] — </
S -hj o _JJ Jd
bt - - A4
o — JJJdy ooo
T T S S S |
T dddd]aaa
— - SN E L S RO
L[i T -—] 0 0 q —CHAN 7

(MATCH QUTPUT IMFEDANCE
OF THE AMPLIFIER)

O
SOURCE
/ FEEDTHROUGH TERMNATGR

e J TEST 3
HH‘{ F e RIED—

o . cuT

As you step through the following task, you may find that your measurement results differ
slightly from those shown here. Keep in mind that the tasks are designed to help you learn
about the analyzer — not to duplicate specific measurement results.
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1, If you've already lurned on the

2,

[4;]

m

analyzer, press < Presel >,

If the analyzer is off, turn it on
and wait until it warms up
and calibrates. Then

press < Preset >.

Connect the analyzer's source
to the input of your test
amplifier.

Connect the output of the
amplifier to the analyzer's
channsl 1 input,

Press < Souce >
[ souRce QNyorF |

[ FueD sINE |

. Press [ SIHE FREQ ENTRY )

< 1> [ui]

. Press [ LeviL ]

<. > < 1> [vims])

) This sets the 'sine freé;u ;ehey_ ted k}-iz. |

Amplifier Naise Level

ﬁ"

Pressing < Prest > returns most of the: analyzer
= _,seningsto the. de!au!t posttlons :

’

o
)

o

The test device for th!s examp!e is'a typical
audio- frequency ampllﬂer.

i1

To make & nuise measurement valid for typical

operating condltions. -place an appropriate

_ terminating resistor acfoss the amplifier's oulput

Y
- )

“This turns on the qnalyzers Internal source and

selectslhet’xedslnowave < REEEE

1
t i ¥

J

This sets the output of the analyzer's source to
0.1 Vrms

\ ' BT R A :
_ L ! :
When making signal-to-~aise measurements, you

* should set the output of the analyzer's source to a

lovel that simutates the typical operating conditions .
for th> amplifier unc‘er test. Inthis example we used
100 mVrms ' :

- Your test amphﬁer may require a ditferent input levet
'If s0, use the numeric keypad to specify a different
. iavel for the analyzer's saurce. -
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Amplilier Noise Level

7. Press < nput>

[ CHANNEL 1 AUTORANGE )

8. Press < Scale >

[ Auto scaLE )

9. Press [ veancaLow ]

<1><2> (]

“Inthis example we, used ‘avertical scale of 12'dB ;Ser .
y Ion. n

10. Press < Average >

[ Numaer AvERAGES ] d'-'The defeult settmg s for 10 ms averages but for 3

Ry noIse measurements usmg 25(oreven 50) ; averages L
<2> <5> Lo provid_es a better, approx!mat!on of the actudl’ s

{ENTER |

[ Averace ONsoFF |

R RISCEPEI 3 5 GES S SO T

11, Press < Freq >
[sPaN]

<2> <5> [mi]

64




12, Press < Marker >
[ MARKER TO PEAK |

Note the amplitude value

Indicated by the marker's

y-axis position.

RIITL
NI v okge @ hate
Ll

ey
[ N ] e e

13, Prass < Source >

[ sounce onOFF )

14, Pross < Start >

Thls rhoves the marker to lha i kHz tiest lrequehcy-

s‘gnal-to-nolse méasuremem IRy

Il E : D .”'.‘l

" This tums off thetest signal.". '+ ./ L

Amplifier Nolse Leval

st

1

Write down thetabsolute arnplllude of the {eat
- frequency — you Will_ qeetf\It to make lhe-i.rst

In lhis example. tha amplitude‘ ol {He tést signal Is X
about4dBVrms.. e , g B

: ?l*‘:
. RS
‘!." R N o S
3 i I . ' . )
PRl b L . .
BN | 1} ! .
. "F_' : . Fia
! '|'!'?;f i ’
' R J
. |
R S o
e
B N , ! o
t .
i .
t : . by
! L. NI
N IR
1 : . [ [
oot - ‘
1 Ly N
b i, AR i
' :
Cy L. K .
v -3 L
‘ D s ;
' - : T .
\ 1ty o -
W v | ! s .
. \ B J
B : .
H . T .
i

i
P S o “-‘r‘ S A G M R
o Lo . S . ' set DR :
\a‘ . Lo ° : '.’-‘ Do : 7;'-"
o . . L . .
) - . [ 1 3
i ; T K )

i
]

This starts another measuremen; - but lhis tlme, |

withoutmeul-lztestsianal i

. R Lo |
| -—._..4__!‘,_1 }
1 L ' - H . s P
. i . . St oA,
! . ! R
' o
[

17 o I

A

A * -

. ST
i . ey
. ! T
f - :
i
s . e
-I
!
- -
y .
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Amplitier Noise Level

16, Press < Maiker Foin >
[ BANG
[ DEFNE LEFT FREQ ]
<2> <0> 1)
[ DEANE RIGHT FREQ ]
<2> <0> W]

[ RETURN

16. Note thae band marker value in
the lower left-hand corner of
the screan.

W hRPE o #E RIR thbrm)

7. Subtract the level of the tes!
signal from the wide-band
noise,

Discard the minus sign from
the final result,

6-6

1

“This lurns on the band marker and deﬂnes lhe left B

eage of the band at 20 Hz and the right edge at "

- 20kHz. The band marker measures the totel eﬂergy o
iwilhfn the specilled Irequancy band -

One way to maasure signal to-nolse Is to compare

“ the level of the test slgnal lothe amplifier's wfde -band -
noise, Wide-band nolse s usually defined as the tolal' g
- rms nolse within the amplifier's 3dB bandwidth '~ but

for audlo measurements, a standard bandwidth of |

20 Hz to 20 kHz [s often used, -In this.example, we
used this standardized bandwidlh because we didn t

know the actual 3 dB bhndwldth

Thls is the rms value of the wlde hand notse\ :

in this eﬁumple, the absolute vatue of the wlde band ‘

nolse Is -B0 dBVrms

1

Th!s glves you the ampllﬂer 5 s[g 1al te- nolse ratio,

.In this examplo ‘we subtracted 4 dBVrms ora
slgnal to-nolse ratio of 54 dB. o

To be more precise, the test amplifier has a

signal-to-noise ratio of 54 dB, using a 100 mV, 1 kHz

'test signal referenced to widu-band nojse.

i
I

Ixd
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Amplifier Ncise Level
o . ) . . BE
18. Press [ ofF ] ' This turns off the band marker, S T .
19. Press < Meas Data > Thls se!ects lhe PSD measurement (Power Spectral i
Denelly) T AT S T
[ PSD CHANNEL 1 ] e o Cnn .
20, Press < Source > . This egeln turns o on the analyzer s Inlernal source. R
[ source OH/0¢F ] Notlce when you turned on the sourwe the analyzer.

“retained the settings you used previously, You don't
-+ have to‘ie»enterthe' sine frequ_encyor the output level.
21, Press < Stut > Thls beglns another measurement You may have to
 readjust the vertical scale to see the nolse lloor For’
‘exam ple, i2d Bldivision

22, Press < Marker > This moves s the marker to the 1 kHz test frequency. '

L.

[ MARKER TO PEAK |

23, Press [ ofFser ] .- Thistums on the offset marker and zeros it at thetest
frequency = B
[ oFrsET ON,0FF ]
[ OFFSET ZERO

[ RETUAN | : : B F

6-7




Amplitier Nalse Level

24, Press the < » > unlil the
marker moves to a typical
point on the noise floor,

Note the amplitude value
indicated by the offset
marker's y-axis position,

Crivat n

» beb ?.n’;- L LT N3 t M ST T RN L
mlbrf (Rt Lri Ars
B rerrer & pa s o, ' .'1¢\f
'o f ST RNATH
a? It
t
ath
'l
i
Ly
" Ly
Y ", ¥.
(304
[
L8 3

;‘\:ﬂhe offset marker ehowe tl'e reletiv ), amplitude’
. between the test elgnal endaperl!cular pointon th

'-_j”_amplilude values are normallzed to &:1:

In this 'examp!e tha'signal to—no!se ratlo is ebou o
W@?SdB“ ‘ st

o prevlods measurement Indicated a’ signal to-nolse
‘;r Iratlo’ of 64 dB), ‘That's because you are now
o measuring the. test slgnal to, onlyzone polnt on. the
~ noise floor — not the: combinad :holse ._f';'.e !agger
faquency. band. (as;' oudid: when! moa
wlde band nofse) -

i

Measuring signal to~noise with PSD u0es not take '”1

- into accountwide band noise. But, since all anatyzers
~that measure PSD are standardized to measure. with
at Hz resolution, PSD may be preferable In ¢ cases:<
whe'e you want standardlzed repeateble nolse
measuremenls R SRR R R

“nolse 'joor. Bemember lhatwilh PsSD measu . niente,_

«-'J,The test ampllﬁer now seems to have less nolse (the
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Chapter 7
Characterizing Acoustic Noise

Task Ouerview — This chapter steps you through a typical acoustic noise measurement for
rotating machine.y. Although this particuar messurement shows how to pinpoint the
frequency of a rotating fan blade, the princig!es shown are common tt .ther acoustic
measurements,

What you will need — gather tb .ollowing items before starting this task:
* Microphone
* Impedance-matching transformer (if using a low-impedance microphone)
* Appropriante connecting cables

What you will measure — In this chapter, you will learn how to make these mensurements;

* Power Spectrum to characterize acoustic noise (in this case, the noise from the
analyzer’s fan)

Wat you will learn — In this chapter, you will be introduced to tha following analyzer

functions:
* Creating a !.:bel for the displayed trace

71




Characterizing Acoustic Nolsa

As you step through the following task,

slightly from those shown here. Keep i

Mensurement Setup

DYNAMIC SIGNAL ANALYZER

you may find that your measurement results differ
n mind that the taske are designed to help you learn

about the anulyzer — not to duplicate specific mensurement results,
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1. If you've already lurned on the
analyzer, press < Presat >,

|f the analyzer is off, turn It on
and wait until it warms up
and calibrates. Then

prass < Presel >.

2. Connect the microphone to the
channel 1 Input,

3. Place the microphone near the
analyzer's rear panel, at the
fan exhaust.

4. Press < Input >

[ CLANNEL 1 AUTORANGE |

Characterizing Acoustic Noise

Fresslng <Presrt> returns most of the analyzer

setttngs to the detault posItIone. o

The Impedance match between the mIcrophone and

. the analyzer is not crItIcaI for: this partIcuIar ‘

P measurement
' “:;g o ’ "

o I you re usIng a hIgh Impedance mIc:rophoner you |
can connect It dIrectIy to the analyzer s Input

fI

i

ButIf you re using alow- Impedance mtcrophone, you
may "have to use a low-to- hlgh impedance matching

transformer.l RN

Make sure. you ﬁnd a place where the fan noIse Is

Ioudest.

)
. ; s .

T

ThIs makes sure the Input range Is set correctly

You may have to autoranga severa! times thle' -

g setttng up this measurement task - especially if you -
- handle the m!crophone roughly or knock It agaJnst a

b

: hard surface

y o ’j_

r‘

7-3
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Characterizing Acoustic Noise

ITTPRY RATE g el e
TV E ‘_Hﬁ%rf .

glﬂ‘. 1 1

5. Press < Freq>

SR e T 5
I.ns f&s'ﬁﬁ“ I $pa

'nojse’

[sPAN]

<4><0><0>Hz

6. Praess < Average >

e
] 5 robab
. LARRRE
[:)

'sVerages;:
TR
Ve
7

[ AVERAGE ON/0FF )

eiing S0
ireeaii I

lype;::

K
[ NUMBER AVERAGES ] sﬂ?uﬁl\ ‘bex

Now use the numeric keypad
to specify 25 averages.

[ ENTER ]

Bt
w ﬂ.;‘i SR, ;'Js&a’ iy 2k

4 a‘ : %f 59.‘4! s izl ud
ey

; trace, e vl

; Xt
7. Press < Scale > i uwmegf Nl
‘g&z;i' 2

}Q‘q:‘fr 3

[ AuTo SCALE |

.

g e
St
Tz

ﬁ
e

o

3
5T

_.
v (e
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8. Press < marker >
[ MARKER QHoFF |
[ MARKER 10 PEAK ]

Note the value indicated by
the marker’s x-axis position.

th .‘. sty kirg L

9. Multiply the fundamental
frequency by 60. Then divide
this number by 5 (the number
of fan blades).

The peak should be around 200 Hz. There may be ,
. other nojise con rwerts, but the: largest one Is !he‘
. {undamental fre.,uency Qf the rotating fan ;' SRR T

. The magnltude of the pea,k Is not Important for this gk
- measurement R . :

192X60 ‘=

Characterizing Acoustic Noise

r

o Thls turns onthe markar and move the marker fo the
,peakoflhespectrum X - ~', u._ I J)

- ‘i]

This converts the furid menla] frequency from Hz .
(cycles per sacond) to fycles per minute,

In ouq example, the fundamental lrequency was
192 Hz. therofora SR | m

> ‘ . . .:r’ll S
£ = 2304 (revolutions per minute)
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Characterizing Acoustic Nolse

10, Press < Format >
[ TRACE TITLE ]
Then use both numeric and

alpha-shifted keys to enter an
appropriate trace title,

LI TN QR IR | ara
B reroar v |50 ») e TAOMNE chuewt
i |
ke
y: !
M IIE | !
AT, e )"
R e A
EASY
1 f"
f‘
b
P
if
N
L I Theg Ao,
FEw N L

SR

ot ’(‘“"
S you' maf(e am

After Eresslng [mAce muz]- the analyzer eutomeﬂea'lly
-sﬁiﬂs certeln hardkeys fo alpha entry keys j(nete the

slpha

i e

;‘l

LT W

odit : Softkeys t m ﬂx the tle )"ou can‘also speciry

e e




Chapter 8
Filter Characterization

Task Overview — This chapter steps you through a series of measurements to characterize
the performance of a band-pass filter.

What you will need — gather the following items before starting this task:
* 1 kHz Band-pass filter (individual filter or graphic equalizer)
* Feedthrough terminator to match output impedance of filter (if necessary)
» Appropriate connecting cables and ENC “T” adapter

What you will measure — you will learn how to make these measurements:
* Frequency response (shape of filter)
* Resonant and passband frequencies
* Insertion loss
* Phase

What you will learn — In this chapter, you will be introduced to the following analyzer
functions:

* Making frequency response measurements

* Viewing phase information

* Using different display formats

* Switching between the linear and logarithmic x-axis

* Using the marker search feature
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Filter Characlerization

Measurement Setup

DYNAMIC SIGNAL ANALYZER

—l Q 3
— oD P
-
= j_s .J_I.J 5335
-H i
R
1 j P I O | I T
e S RO
(; = 1 0 0”0 —J-cHan 2
SOURCE~
FEEDTHROUGH TERMNATOR
(MATCH QUTPUT IMPEDANCE
OF THE AMPUFILRI

Qut

| FILTER EED’——"
_‘(%NDER TEST

As you step through the following task, you may find that your measurement results differ
slightly from those shown here. Keep in mind that the tasks are designed to help you learn
about the analyzer — not to duplicate specific measurement results,
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1. i you've already turned on the

analyzer, press < Preset >,

I the analyzer Is off, turn [t on
and walt untll it warms up
and calibrates, Then

prass < Preset >,

2. Place a BNC “T" adapter on

the channel 1 Input connector.

Connect the analyzer's source
to one side of the “T." Then
connect the other side of the
“T" to the Input of the filter,

Caonnect the output of the filter
to the channel 2 input. If
necessary, terminate the
filter’s output.

3. Press < Meas Type >

[ 2 CHANNEL 51.2 Kz ]

o ts output o

Filter Charactagrization

Pressing <Presat 5 returns rnost of the analymr
settings to the default positions, S

- v ' : I
1 . .

To make network measurements, he analyzer s
source Is routed to both the Input of the device and
to the analyzer's channel 1 Input. The outputofthe -
test devtce Is always connected to channel 2, ='
; |
In the example here, the test device has an output
im pedance of 10kQ. Sotobestcharacterize the filter,
‘you should pla:.e a10kQ teedthrough termlnator on -

[ ! i

This places the analyzer into the two- channel mode

Now you can make .network measurements (or.
two-channel spectrum, measurements) from DC to
51 2 kHz. - 0 ' ,

i
:
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Filter Characterization

4, Press < Source >
[ source OR/osr |
[ PERIODIC CHIR® |
[ LEvEL ]

<1> [vms]

5. Press < input >
[ CHENKEL § AUTORANGE ]

[ CHANNEL 2 AUTORANGE |

6. Press < Trigger >

[ SOURCE TRIGGER )

7. Press < Window >

[ UNIFORM |

8-4

. | R

| This s on the armlyzer s?
| “the periodlc chtrp W verorm.r
1 Vrms, . ;

[

current frequency apan that repeeta
’ «period ‘as the time I’GCOI'J.r ‘Because: it
> wlthin the time record no windowing’ Is requtred

‘The perlodic chtrp can characteri7e-non-llnearities L
because the device under testis excited In exactly the ;"
same' manner every time. record ‘and the; nonllnearn b
, distortion averages to its mean value (tt does not
"-average to zero) :

E The periodic chirp Is simltar tothe aneiyzer s random L
+'nolse waveform, but the) pertodfc chtrp h a much ‘
g hlgher rms-to-peak ratio. R

50 urce

-1

Sinca you are ustng the perlodic chirp'as the -
excitation source, there’s' no need. to use.a wtndow
function — the periodic chirp is periodic withln the

4

I i
4

time record

The uniform window Is really no wlndow at all since ;
it does not attenuate any part of the time record

b
‘i\f

!

i

,i‘ﬁ‘ :

i
* B
._11 I

..!.

o

htemal source seiects
énd sets the outpuL tor
. "q’

il

Lk

'-j"

.‘[

: ll’t’,

The trigger for this measurement is from the internat

V ./

's"";perlodio

IIHIIIIIIIIEEL'.!III-!!II!IIIHII.-
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. 8. Press < Meas Data >

[ FREGUENCY RESPONSE |

9. Press < Trace Type >

[ LOG MAGNITUDE |

4

10, Press < Freq >

{sPaN]

0' <35> [wi]

11. P(ess < Scale >

[ AUTO SCALF ]

rpkeb b ok Lither =% gy
Wrehar Cle T NI Y
% Are Ll 1%
i Eroeer 0 1 g t o-itee! ik
.

Filtar Characterizellinn

{1

? : i '
t?'pa,]s setin _Iogarith‘

ould’ alr ad
it
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Filler Characterization

12. Press
[ x-mas UNAOG |
A W !
e Rrm ey Rend
E LTI B B Y ) LI N T 3
o
R
°r
L
i
P
l; ™,
i pNN
p——r
- LR L A 1] LTS
Todgalrcy bovga- v

13. Press < Average >

[ Averace ON/orF ]

14, Press < Scale >

[ Auto scALE ]

- adequaie for the example here;
L select addiﬂonal ltems!from the averaglng men'

so you don’t have to




S H R ENBE

15, Press < Manz, >
[ MARKER ON/0fF )
[ MARKER T0 PEAK |

Note the values indicated by
the marker's x-axis and 'y-axis

position.

yur !l’ (iR
i -

-Jnt(v-n }
T rareer

TS

16. Press [ offseT]

[ oFFsET ON/OFF )

R
e

[ orFser ZERO |
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Filter Characterzation

17. Press [ searci ]
[TARGET]< - >< 3>

[EntER)

18. Press [LEefT]

Note the frequency value
indicated by the offset
marker's x-axis position,
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19, Press [ RIGHT ]

Again, note the frequency
value Indicated by the offset
marker’s x-axis posiion,
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Filter Characterization

21. Press < Format >
[ UPPERLOWER )

< Aclive Trace >
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Filtar Characterization
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23. Press < Trace Type >

[ PHASE ]

24, Press < Scale >

[AuTO SCALE ]
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Chapter 9
Impact Testing

Task Querview — This chapter steps you through a series of measurements to find the
frequency response of a mechanical structure, using impact testing.

What you will need — gather the following items before starting this task:
* Test structure and support
* Impact hammer with bujlt-in load cell
* Accelerometer with adhesive or threaded stud to mount the transducer

* Signal Conditioning (a current-source supply if you are using ICP devices, or a
charge amplifier if you are using piezoelectric devices)

* Appropriate connecting cables

What you will measure — in this task, you will make these measurements:

* Frequency response function for 8 simple mechanieal structure, using impact
testing

What you will learn — [n this chapter, you will be introduced to the following analyze
funetions:

* Setting input ranges manually

* Specifying a trigger delay

* Using the force window (and determining its duration)

* Using the exponential window (and determining its decay rate)
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Impact Testing

Mensurement Setup
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As you step through the following task, you may find that your measurement results differ
slightly from those shown here. Keep in mind that the tasks are designed to help you learn
about the analyzer — not to duplicate specific measurement results.
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o

. If you've already turned on the

analyzer, press < Preset >.
If the analyzer s off, turn it on
and walt until it warms up

and calibrates. Then
press < Preset >,

Connect the impact hammer to
the analyzer's channel 1 input.

Connect the transducer on the

test slructure to the analyzer's
channel 2 input.

Press < Meas Typr >

{ 2 Charoet 1.2 kHz |

Press < Freq >
[sPan]

<1> <.> <6> 1]

Press < Fermat >

f UPPERALOWER }

Impact Testing

 As always, you should preset the -‘nalyzer before

beginnlng a new measurement lask
' v ‘ .i. ;

As mentioned in lhe task overview, you will need to
provide proper slgnal conditioning for the test

equipment you &re using

In our exampie we used a test kit comprising a
hammer with load cell, transducer, and matching
ICP current sources..

} ' i

This places lhe analyzer In the two-channel made,

~ For thls example you will selecta frequency Span of

approxlmately 2 ier '

1
i

" To view the results of both the stimulus (the hammer

taps) and the resultant responsg, you'ii need to have
two traces displayed. o Do

.

- Trace; & will show the hemmer ia!ps (in the time ",

domaln), while Trace B will show the response (inthe

| frequency domain)

It's important to monitor the hammer taps to ensure
thatyou've made a clean hit. Ifthe hammer bounces,
(causing muliple hits withiry a single measurement)
the response will be in error. :

Ty
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Impact Testing
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[ MME CHANNEL 1]
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7. Press < Input >

[ CHANNEL 1 RANGE )
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Using the numeric keypad,
enter a value appropriate for
your measurement squipment.

[ CHANNEL 2 RANGE ]
Again, enter a value

appropriate for your
measuremant equipment,
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Q. {CHANNEL 1 DELAY]
< =><2> [msEC]
[ CHANNEL 2 DELAY ]
<-> < 2> [msec]
[ ReTuRN |

[ CHANKEL 1 TRIGGER ]

10. Press < Window >
[ FORCE EXPO
[ FORCE CHANNELT ]
<1> 28> [mSec]
[expo cHnz ]

<> <0> [msec]
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Impact Testing

11, The analyzer Is now set up to
recsive data from your

measurement.
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Chapter 10

Plotting and Printing Measurement
Results

QOverview

You can use a variety of HP-IB plotters or printers to show measurement resuits. Contact
your local Hewlett-Packard Sales/Service Office for a listing of currently-supported
peripheral devices.

This chapter provides a brief overview of plotting and printing procedures. For more
detailed information, see the HP 35660A Front-Panel Reference.
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Plolting and Printing Measurement Resulls

Preparing to Plot or Print

1. Connect the plotter/printer to
the analyzer's HP-IB connector.

2, Press < Locasipig >

[ SYSTEM CONTROLLR ]

3. Determine the HP.IB address of
the plotter/printer.

4, Press < LocaltiP-B >

[ PERIPHERL ADDRESS ]

5. Press [PLATTER ADORESS )
Or [ PRINTER ADDRESS ]

Now enter the appropriate
address,

t0-2

This procadurs'assumes that the ana]yzer i the only
ntr_ol\en

You may.need to refer te the operaﬁng guide foryour 5

erticular'plotterlprlnter g

~:Make sure all extemal devices on the HP-IB have a ‘;

unlque address.’ T
‘EL -

This calls up. amenu lhat lets(you select the address
ot pedpheral devlces ) ; L

The address yeu entered will be retelned even If you
‘ turn off the ana!yzerrs power, e .

on the HPJ8; - fyou have more thian one

]

lllll.ll!lll.ll.lll'.ll.l‘l.ﬂ.ﬂl




Plottin‘;g or Printing

Plaiting and Printing Measurement Results

g :,. e A

1. Checkto see il the
plotter/printer Is ready.

2. Press < PioyPiint >
Then press [ PLoT 6CREEN ]

OF [ PRINT SCREEN ]

3, Press [ ABonr pLoT]

or [ ABORT PAINT }

a. ,,,

} ) s
s donot pear on lh Io&ed or|

ihaa "‘_Tdoes'hot_ g&ﬁid mm ‘
H ‘q ’t

9

: {rect ad
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Chapter 11
Save and Recall Operations

Overview

First, & brief overview. The analyzer lets you save (and later recall) the following:
* Traces
* Instrument setup states
* Math functions (and constants)
* Limit tables
* Data tables
* HP Instrument BASIC programs

There are three mass storage devices you can use:
* The analyzer's internal disc (this accepts standard 3.6" floppy discs)
* The analyzer's internal RAM disc (for fast, temporary storage)
* An external disc drive (must be HP-IB compatible)

Before doing eny save or recall operations, make sure you've selected the correct mass
stornge device, Unless you've used a device specifier prefix (such as INT: for internal disc),
the save/recall operation will use the currently-selected mass storage device,

Here are the device specifiers:
* INT — for internal dise
* EXT — for external dise
* RAM - for a RAM dise

i1




Save and Recall Operations

The filename you use must have no more than ten characters, Also, all characters must be ‘
printable,

CAUTION  Files stored in Intarria! RAM disc are temporary and will be lost when you turn off the
analyzer. Use an extemal disc or the analyzer’s internel disc drive for permanent
storage.

For detailed information about save and recall operations, see the HP 35660A Front-Panel
Reference,

Saving and Recalling Traces

You can save (and recall) a trace to one of eight files in the current mass storage device —
files "TRACEL’ through "TRACES'. You can also save the trace to a file with a name of your
own choosing.

Saving and Recalling States

You can save (and recall) the current instrument state {or in ather words, its configuration)

to a file in the current mass storage device. Later, you can use this file L quickly set up the
analyzer,

Here's what else you should know:

* When you save an instrument state, the analyzer remembers most settings, but @
does not remember some service tests and adjustments settings.

* You can save an instrument state to one of eight files in the current mass storage
device — files 'STATEL’ through 'STATES', You can also save the state to a file
with a name of your own choosing.

* Because data tables and limit tables can use large amounts of r:emory (especially
for larger, more complex tables), an "Insufficient disc space” mesaage appears if
the setup state is too large to save, If this happens, store each table to a sepdrate
file (for example, INT:LIMIT1), if you haven't done so already — do this by
pressing < Save > and using the [ sAve AT 8L} and [ save umiT] softkeys, Then clear
all tables by pressing < Marker fetn > and using the appropriate softkeys to delete all
tables. This avoids duplicating the tables in the memaoy space allocated for
saving setup states. An even better idea would be to store data tables and limit
tables to another external mass storage device (to avoid running out of dise
space).
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Save and Recall Operations

Saving and Recalling Math Functlons

You can save {(and recall) a math function to one of eight files in the current mass storage
device ~ files 'MATH?1’ through '"MATHS'. You can also save the trace to a file with a name
of your own chocsing. The five constants associated with each math function are also saved.

Saving and Recalling Limit Tables

You can save (and recall) a limit table to a file with a name of your own choosing,

Saving and Recalling Data Tables

You can save (and recall) a data table to a file with a name of your own choosing.

Typical Save and Recall Tasks

In a few moments y~a will step through typical save and recall operations, using the
analyzer's internal disc drive. After completing these tasks, you can use similar procedures
with the analyzer's internal RAM disc or en external dise,

Before sterting the save and recall tasks, you must first designate the analyzer's internal dise
as the current mass storage device. Afterwards, you will format a blank 3.6" floppy dise (if
you haven't done 30 already).
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Save and Recall Operations

Selecting the Current Mass Storage Device

1.

2,

3.

114

Press < Recall >

[ STORAGE CONFiG ]

Press [ INFERNAL DIsc ]

if you have a disc already
formatted, insert the disc in the
analyzer's Internal drive,

Press [ caaLoa ONoFr |
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Formatting a Blank Disc

Save and Recall Operations

1. Make sure the disc you're
golng lo format is not
write-protected,

2. Insert the disc In the analyzer's
internal disc drive.

3, Praess < Save >

[ Disc rutenons )

4. Press [ FORMAT 0PTION ]

<0>

5. Press [ INTRLEAVE FACTOR ]

<1>

6. Make sure you really want to
format this disc,

: igaboutformat optfons seoei

-
%

vuwritten fo the disg. .To abort the operaﬂon now-’press

his satsthe forme opﬁon ta f maiq’:,-‘ jro Ieam' ﬁio}e

he HP 3586bA ant Panel

qutting ‘the interleava factoy lets_youi-'“ﬂ
maxlmize_the efiicioncy of Hisc operations. 'Althaugh '

setting;h nos
for smaller ﬂfes. ltwili 8ave lots ' fﬂm
or writing very: large ﬁ[es

S analsers intermal st drh _setﬂng--
ln}erlea("
l’

qumatting adisd degtroys any Information| pfeviously
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Save and Recall Oparations
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O Saving a Trace

Save and Recall Operations

1. Press < Save>

[ SAVE TRACE |

2. Press [ INTo "TRACED' ]
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{ - »and Recall Opaerations

Recalling a Trace

1. Press < Recall >

[ RECALL TRACE ]

2. Press [ el FroM 'TRACEY' ]
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Chapter 12

File Utilities, Application Utilities,
and Special Functions

Overview

File Utilities

In addition to save and recall operations, the analyzer lets you do the following from a file
utilities menu:

* Rename a file

* Delete a file

¢ Delete all files

* Pack files

* Rename catalog

* Format a disc

* Copy a dise

* Set storage counfiguration (select a mass-storage device)

At the end of thjs chapter, you will learn how to copy one disc to another, using the analyzer’s
internal disc drive. This is particularly useful for making backup copies.

To learn how te format a disc, see Chapter 11, “Save and Recall Operations.” For detailed
information about file utilities (and to learn about additional utilities), see the HP 356604
Front-Panel Reference.
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File Utilities, Application Utllities,
and Speclaf Functions

Application Utilities

There's also an application utilities menu. From here, you can do the following:
* List all applications loaded in the analyzer
* Install individual applications
* Load all applications

* Turn on or off the autoload feature (if on, the analyzer loads all applications with
the _LD suffix at power-up)

Don'’t confuse programs that run in HP Instrument BASIC with applications. Although
HP Instrument BASIC is itself an application, the programs that run in it are not — rather,
they are loaded and saved like data tables and limit tables. For more information, see the
HP Instrument BASIC Getting Started Guide.

For detailed information about application utilities (and to learn about additional utilities),
see the HP 35660A Front-Panel Reference.

Speclal Functions

A special function menu lets yr i select:
* Calibration options
* Memory allocation
* Turning on the beeper
* Setting the clock and caiendar
* Self-test functions

For detailed information about special functions, see the HP 35660A Front-Panel Reference.

Disc to Disc Cepying

This procedure sk.ows how to copy the contents of one dise to another, using the analyzer’s
internal disc drive. After completing this task, you can use a similar procedure to do related

operations (for example, copying the analyzer's internal RAM disc to adise in the internal
disc drive).
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Copying a Disc

File Utilities, Application Utlities,
and Special Functions

1. Press < Save >

[ FLe unumes |

2. Press [copyDisc]

3. Press [ S0URCE DIsc ]

4, When INT: appears at the top
of the screen, press [ENTER |

5. Press [DESIN DisC ]

6. When INT: appears at the top
of the screen, press [ENTER ]
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File Utllitles, Application Utilities,
and Speciaf F’}Sﬁcﬂons

Insert the source disc into the
analyzer's internal disc drive.

8. Press [ smnr copv] /A3 the op! S tiﬁe'“_alyzeri; Ilag[t
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Chapter 13
Data Tables

Overview

A data table is a list of x-axis values, For each x-axis value that you enter into a data table,
the analyzer calculates the corresponding y-axis value.

There are two data tables; one for Trace A and one for Trace B. When you call up a data
table caleulation, the analyzer will select the appropriate data table for the trace that's
active, And when you turn on data table calculation, the analyzer will automatically
calculate the y-axis values.
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Typlcal Data Table

Data tables are useful for quickly characterizing & measurement result by taking a
“snapshot” of key points along the x-axis, Data tables save time because they let you easily
record measurement results (in numeric form) without having to move the marker arourd
and manually record marker values at various points. For more information about data
tables, see the HP 35660A Front-Panel Reference.

You can also store a data table and apply it to subsequent measurement traces, This is

particularly useful when using the analyzer remotely. For more information, see the
HP 35660A HP-IB Programming Reference.
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Dala Tables

Here’s what else you should know nbout the data table:

3-2

* You can specify 401 x-nxin values for the data tabls, Of course, the more values
you specily, the longer it takes for the analyzer to fill in the y-axis values,

* If data table ealculations are on, the analyzer will update the data table after each
measuren.dnt. Also, the data table does not have to be displayed for the
caleulation \to oeeur,

* If data table celcularions are off, the analyzer will not update the data table's
y-axis val(Les.  However, the x-axis entries will remain unchanged.

* The ahelyzer does not store unit Iabels in the data table, For example, an x-value
o) 2')(.Hz is stored simply as “1,2K” and a y-value of =35 dBVrms as “—35.”
Before recalling a data tsble for use again, make sure the analyzer is set to use
the'same vertical units that you used when building the table initially,
Otherwise, the calculated data table values will be in different units than the

original data table, It's also a good idea to use the same frequency span,

* If you've turned on the offset marker, the analyzer will calculate y-axis valnes
with respect to the current offset zero point (the little square)}. Otherwise, the
analyzer shows absolute y-axis values,

* When editing the data table, use the < A >and < ¥ > hardkeys to move to a
particular x-axis value (if there’s more than one page, pressing
< A > <fast >moves to the previous page and < ¥ > < Fast > moves to the next
page). Ifyou’re at the last entry, press < ¥ >to add a new one.

* The anelyzer does not show markers for any of the data table points,

* You can use the data table for both frequency domain and time domain
measurements,




Data Tablas

A Simple Data Table

With this task, you will learn how to ereate a data table, Although this example uses a 5 kHz
low-pass filter, you can use another type of filter if it's more convenient (the goal of this tusk
is to learn how to build o data table — the choice of test device is not important).

The example low-pass filter has just two components and is very easy to build, The same
device is also used in the first waveform math tosk (Chapter 15, “Waveform Math"),

10k0}

: 1
. 1

3000pf Cut

Low:-pass Fliter
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Data Tables

A Simple Data Table

(continued)

1, Connect the 6 kHz low-pass
filter to the analyzer,

2. Make a frequency response
measurement,

3. Press < frq>
[ zero S1ART )
[sPan]

<2> <5> [mu]

4, Press < Scale >
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5. Press < Marker Fetr. >

[ DATA TABLE ]
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6. Move the marker to a point at
the left side of the trace.

7. Press < Marker Value >
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8. Press <P >
Press < ¥ >

<< Marker Value >

ot afrequency bin for the current span, the enalyzer
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Data Tables
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Data Tables

9. Repeat the previous step
saeveral more times,
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11, Modily the output of the test
rlavice

Prass < Start >
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13. Press < Format >
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Chapter 14
Limit Tables

Overview

A limit table is a list of vrlues (referenced to their respective x and y coordinates) that the
analyzer uses to compare with a current measurement or a stored trace, A limit appears as a
line (or lines) defined by n series of line segments. These line segments are defined by points
that you specify for each limit table,

Limit tables are useful for go/no go checking — they quickly tell you if a particular
measurement result passes or fals the limits outlined with a particular limit table.

You can create both upper and lower limit lines for each limit table, When you turn on the
limit testing feature, the analyzer indicates a “fail” condition if the trace you're testing
exceeds an upper limit (or goes below a lower limit). If the trace is within the limit lines, the
test passes. Ry the way, you don't have to use both upper and lower limit lines — for some
types of testing, it muy be more convenient to use only upper (or lower) limits,
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Limit Tables |

Here's what else you should know: | “

* The analyzer does not store unit Inbels in the limit table, For example, an x-value
of 1.2 kHz is stored simply s “1,.2K" and a y-value of —30 dBVr14s as “-235."
Before using a limit table nguin, make sure the analyzer is set 1o use the same
vertical unils that you used when building the tatie intially. Otherwise, the limit
testing will not work properly. It's also a good idea tn use the same frequency
1pan, ,

* When editing the limit table, use the < A > and < ¥ > hardkeys to move to a
particular segment (if there's more than one page of segments, pressing < A >
< Fust > moves to the previous page and < ¥ > <Fast > moves to the next page).
If you're at the last segment, press < ¥ > to add a new segment.

* When adding a new segment, x-start and ystart values are copied from the x-stop
and y-stop values of the previous segment. This lets you conveniently add a
connecting segment to the previous one. There's no need to re-enter the x-start
and y-start values — simply move the marker (with the < » > hardkey) to the
desired end point for the new segment. Then press [X510p] < Marker Value > and
(Y-5T0P ] < Marker Value > ,

* To copy a limit from Trace A to Trace B, use < Save > and related softkeys to save
the limit for Trace A to a file (such as 'LIMIT1'). Then make Trace B active.
Now, using < Recall >, recall 'LIMIT1’ (you may have to backspace and use the
numeric keypad to specify "TRACEL'). You now have identical limits in both
tables. To save the newly-created Trace B limit, again use < Save > and related
softkeys; this time, save the limit to 'LIMIT2.’

For more information about limit tables, see the HP 35660A Front-Panel Reference. .

To learn about operating the analyzer remotely, see the FIP 35660A HP-1B Programming
Reference,
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Limit Tables

A Simple Limit Table (upper limit only)

With this task, you will learn how to create a simple limit table (using just one limit line) to

test the spectral purity of a sine source. Specifically, you're going to check the absolute
amplitude of the second and third harmenics,
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Limlt Tables

A Simple Limit Table

(continued)

1. Connect a sine source o the
analyzer's channel 1 Input,

Set the output to 1 khHiz,

2. Make a spectrum
measurement of the 1 kHz test
signal.
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' 3. Press < Marker Fetn >

BoLimt Igtle L N ouwer Pekie g
L - ]

v T rerser v [ aar * o) 174 gF ewp
thvrwp + ﬁ

'L ‘L o

‘un h' (h‘ 1

“*T“T‘.r.g

Limit Jably R = Wie up/dins mbr biys I8 splaal nuul
i1 peSbog LI LIV Y

voitert tettgrt

4, Press [LMIT CONFG ]
[ x-5TART]

<i><.> <8>[kHz]

5. Press [Y-START |

<> <4><0>

[ ENTER |
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tImit Tablns
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9 Press<-><1><0>
[ENTER ]

[RETURN ]
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11. Press [ RETURN )

[ RETURN TBL DOWN ]

This| removes the 101

|ﬂ‘| et

origin

Limit Tables

(}stln'g remaln n
on;the screon unless*

14-7




Lmit Tables

12. Press < Format >

[ SINGLE ]
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13. Press < Input >
[ CHANNEL 1 RANGE ]

Then press < v > twice,

14, Press < Start >
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15. This completes the limit test,
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Limit Tables

Another Limit Table (upper and lower limits)

With this task, you 'will learn how to create n simple limit table to check the shape of a
band-pass filter. Although this example uses & 1 kHz band-pass filter, you ean use another
type of filter if it's more convenient (the goal of this task is to learn how to build a limit table
— the choice of test device is not important), After a bit of practice, you should be able to
build a limit table very easily.

Make sure vou've read and understocd the previous task (“A simple limit table”) before
starting this task,
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Limit Tables

Another Limit Table

(continued)

1. Connect a 1 kHz barid-pass
{ilter to the analyzer.

2, Make a frequency response
measurement,

3. Press < Frq >
[ 2ER0 START )
[sPan]

<2> <5> (1]

4, Press < Scale >
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5. Press < Marker Fetn >
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6. Move the marker to the left of
the filter peak.

Press [ X-START ]
< Marker Value >
[Y-s1ART ]

< Marker Value >
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Limit Tables

7. Move the marker to the filter
peak.

Press [ xs10p |
< Marker Value >
[v-s10P]

< Marker Value >
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8. Press< ¥ >
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9. Move the markey to the right of

the filter peak.
Press [ x-s1op ]

< Marker Value >
[vst0P]

< Marker Value >
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10. Press [ ofFseT ]
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[ENTER }
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Limit Tables

11. Agaln, move the marker to the
left of the filter peak.

Press < ¥ >

12. Press [ UMT UPPERLOW ]

13. Press [ x-START]
< Marker Valve >
[ v-sianr |

< Marker Value >

14. Move the marker to the filter
peak.

Press [ x-sTop}
< Marker Value >
[ y-srop )

< Marker Value >
15. Press < ¥ >

16. Move the marker to the right of
the filter peak.

Press [ xs1op )
< Marker Value >
{vsrop)

< Marker ValLe >
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17, Press [orFseT]
[ ADJUST ALL SEGS ]
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[ENTER ]
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Limit Tables

18, Press [ REwAN]

[ RETURN TBL DOWN ]
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21, It possible, adjust the filter to
change its frequency response.

Then press < Start >
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22. This completes the limit test.
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Chapter 15
Waveform Math Operations

Overview

Waveform math lets you perform a variety of operations un current {(or stored) traces.
Here's what you should know:

* Functions are specified by entering the definition with operands and operators in
infix (standard algebraic) notation. After you enter a function, you can use it to
perform waveform (trace) math operations with a combination of measurement
data, stored trace date, and constants for display in the currently-active trace.

* Constants can be defined as real or complex quantities. To accomplish this, you
are given the choice of defining the real pert, imaginary part, magnitude, and
phase of the constant — all independently.

* Tao view the results of a math operation, prass < Meas Data > and use the
appropriate softkeys to call up the math results,

* To exit any math menu without affecting any function of constant definitions,
simply press any hardkey.

* If any data resulting from & math operation overflows the analyzer’s floating
point limits, an OVFLW message appears. For example, this occurs when a math
function involves a divide-by-zero operation.

* When performing a math operation with stored traces, unexpected results may
occur if the stored traces are not in the same domain (either the frequency
domain or the time domain) or if the stored traces have different frequency spans
(frequency-domatn traces) or time record lengths (time-domain traces). For
example, when muiltiplying two stored spectrum traces, make sure both traces
have the same frequency span and the same start frequency.

To learn more about math operations, see the HP 35660A Front-Panel Reference.
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Waveform Math Operaticns

A Simple Math Operation

Using waveform math, you will take a frequency response trace and invert it. Then you will
multiply the frequency response by the inverted curve to produce a flat frequency response
trace. Although this example uses a 5 kHz low-pass filter, you can use another type of filter
if it’s more convenient (the goal of this task is to learn how to perform a simple waveform
math operation — the choice of test device is not important).

The example low-pass filter has just two components and is very easy to build. Thke same
device is also used in Chapter 13, “Data Tables.”

o AAA— I 0
16
in K T 3000pf Qut

Low-pass Filter
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A Cimple Math Operation

Wavelorm Math Operations

(continued)

1. Connect the 5 kHz low-pass
filter to the analyzer.

2. Make a frequency response
measurement.

3. Press <Freq>
{ 7eR0 STARS
[ sPaN ]

<2> <5> [Mit]

4. Prces < Scale >

[ x-Axs URLOG ]
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T *ctter b " abrwg v Ve ey
o
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e
e .
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5
\
\
\
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Brrgaariy $ptf.rip [1IANY]
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: .If ydu use hnolher type of ﬂlter. you can follow along
':r £ with, this task, but you may nse_d Fto uee a diﬂerent -;

N

53 fr&)quancy spam,n , .
_ Il you naad revlew. hse the procedures oulllned ln i
;:f- chapter 9,/ J_; SO T E ” S
. . . ) o I
. { i'f{
B o
) o ol
o

This selects the logartthmlc x-axls.;, RIE R |
B i"' .{) ._ ;;:: ! . L
. :Ycu can use the Ilnear x-axis ln‘stead If It's moru‘ :
: convanlent e ‘.:’i-‘\‘ v o ,":'- Ay 1 " "f‘- o !
,::
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Wavelform Math Operations

5. Press < Save >
[ SAVE TRACE ]

[INTO FILE 'TRACEY" ]

6. Press < Math >

[ DEFINE K1 }

7. Press [ReTuRn)
< Math >

[ DEFINE F1 ]

8, Press [ CONSTANT (k1-k5) )
[ consTANT K1 )
[/]
[ STORED DATA)
[ FILE 'TRACEY" ]
[EntER ]
9. Press < Meas Data >
[ MORE |
[ runcTioN (Fi-fs) ]

[ runcmon F1 §
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. 10. Press < Scale >

[ Auto SCALE

IERECE EEEITL tre
[ N )

Ererrer v £ 542 g
e :
ot

L . a .o - . f e e mae -
LHArl ad bk $1cg Shoe np
HaTh Il’uu T

11. Press < Math >
[ EANE 2]
[ MEAS DATA]
{ FREQUENCY RESPONSE |
[*)
{ FUNCTION {F1-£5) ]
[ FuncTION F1

[ENTER ]

T TS S R T

Waveform Math Operations

ffequgncyh Bsp°n3°' ‘a .u,: hEChndel uf_ED

Sak g

‘“‘ unde}neamﬁt? ""'trace ahoWé the malh func!Icn used

in other words. when | you dlsplay math fuqc}lcnf X
'the resulting trace will be the: current frequency'

.-response data multlplied by funcﬁon F2 (the lnverted‘

'use'the lnverted trace, to’ cancel the' éffects

o Iow-pass ﬁlter (the resulllng trace shduld sh
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Waveform Math Operations

12. 'ress < Meas Data >

[ MorE ]

[ FuNcTION (F1-£5) }

[ FuncTioN F2)
are
Eravery b vea
o
] “!“:’ii[nl{ s .“.i=:p:;
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Waveform Math Operations

Anocther Math Operation

In this task, you will take a spectrum measurement and divide it by jiv (where w=2x{). This
operation is useful for mechanical measurements because it converts signals proportional to
acceleration to a signal proportional to velocity.

Although this math operation is performed entirely in the frequency domain, the effect is the
same as integrating a time-domein signal. Conversely, multiplying by jw has the effect of
differentiating a time-domain signal.
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Wavelorm Math Operations

Another Math Operation {continued) o

1. Connecta BNC cable fromthe |- | ':y now, you ehould already know how to do lhls. If i
analyzer's source to the you need revlew, go back and complele the tasks ln ?

channal 1 input. - chapter 2, chapter 4,

Turn on the periadic chirp and
setitat 1 Vims.

2. Select the Uniform window:; o Ten ms: averages ls suﬂlc!ent to produce a smepth f
then turn on rms averaging. drace. L I SN SO ORI S

N . # .
TR

3. Press < Freq > - -j'T_henggn‘;éhqu i)e.'s‘egt‘lo' 1624kHz IR

l

[sPaN] “ _
o] oL : .

4. Press < Scale >
[ x-a4s UNLOG ]
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|
f
i
!
|
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g
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X,
q
i
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vite . . -
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fpertron trer ]
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B. Pross < Mah >

[ OEANS £1]

6. Press [ MEAS DATA ]
[ SPECTRUM CHARNEL 1)
(/]
[ JOMEGA ]

{ENTER |

7. Press < Meas Data >
[ MoRE |
[ FUNCTION (F1-F5) ]

[ FUNCTION F1 ]

IEREETRAEOETN e
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8. Press < Seale >

[ AUTO SCALE ]
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Wavefonm Math Operations

i

3%
KR

g e el el T
RN TS

e

2 reh,

SN R
ey

; RRIY
B

‘the thauis'of the
J : lul{‘!gftlﬁ?yduqﬂnvgda“ i

N i) ﬂ)}-"—*.a”f iR T
rial fok this Gpération; since jus
L B ‘*"“"“,"'i‘-x e‘\: kili"(iu_.‘_ 2

t4

i #

‘g“"g{ﬁgefate'efﬁ‘ divide-by-z

YA

pi bt
st

Ot
3!

S

Sa kL

; LY

0H

16-9




A

Absolute marker

See Marker

Acoustic nolse measurement  7-1
Application utilitles 12-2
Autoranging 4-2

Averaged linear spectrum  3-9
Averaging 4-10

exponential 4-12

fast 4-13

peak hold 4-13

ms 4-10

stable 4-12

vector 4-10

B

Band-seleciable analysis

See Zoomed measurements
Basseband measurements  3-2
Bin 3-2

C

Cohersnce 3-16
Coardinate type

Sao Trace type
Copying adisc

See Disc operations
Cross power spactrum

See Cross spectrum
Cross spectrum  3-17

D

Datatables 13-1
DG ofisel, explanationfor 3-3
Disc oparations
copying 12-2.123
formatting 11-5
Interleave factor 116

F

Fast Fourler Transform
See FFT

FFT 3.2

FFy analyzers 3.2

~lle wilities  12-1

Filter characterization B8-1

Index

Formatting a disc

Sea Disc opsralions
Fraquency bin

Sea Bin
Frequency domain 3-1
Fraquency response 315
Firaquency span 3.2
Full-span measurements 3-2

H

Hann window
See Window, Hanning

I

impact testing  4-8, 8-1
input range 4.2°
maximum  4-2
minimum  4-2

selting automatically 4.2
salting manually 4-2
Interleave factor

See Disc operations

L

Leakage 4-3

Limit tablas  14-1
Umittesting 14-1
Linear spectrum 3-89
Lineary-axis 3-5
Logarlthmie x-axis 3-8

M

Main marker
See Marker, absolute
Marker
absolute 5-9
offset 5-11
Marker coupling 11
Mass storage device, selecting 11-4

Measurement Speed vs, Time Record Length 34




Index

N

Network measurements 3.7
Nolse density
Sea PSD

Nolsa level measurement, amplifier 8-1

Normal averaging
See siable

O

Olfset marker

Sea Markar, offse*

One-chanpel measurements 3-7
Ovorlap processing 4-14
OVFLW message 15-1, 15-9
Ovl1 message 4-2

Ovi2 message 4-2

OVLD message 4.2

p

Periodic chirp 84
Plotting/Printing  10-1
plotting or printing  30-3
preparation 10-2
Polar coordinates 3-22
Power Spectral Density
See PSD

Power spectrum 3-8
PSD 3-12

R

Rendom window

See Window, Hanning
Realtime bandwidth 4-14 - 4-15
Recall operations

See Save and recall oparations
Rectangular coordinates  3-22
Reiative marker

Seo Marker, offset
ATEW

See Real-lime bandwidth

S

Save and recall operations  11-1
datalables 11-3
limittables 11-3

math funclions (and constanls) 1.3

states 14-2
traces 11.2,11-7-11-8

Signal-to-noise measurements 6-3 - 6-4

Single-channel phase 3-10
Sinusoldal window
See Window, Flat Top

Special funclions  12-2
Spactral density

Ses PSD

Spectral purity  5-1
Spectrum measurements 3.7

T

THD 514

Time dornain 341

Time racord  3-3, 3-14
Trace malh

See Wavelorm math

Trace typa 3-8

groun delay 3-21
Imaginary pat  3-24

lInear magnitude 3-18
logarithmic magnitude 3-19
phase 3-20

real pan  3-23

Translent window

Sae Window, Unlform
Trggering 55-5-8
Two-channel measurements 3-7

U

User math
Ses Wavelorm math

w

Wavaform math  15-1
Wide-bhand nolse 6-8
Wirdow 4-3
exponential 4-8-4.9
flat Top 4-4, 4-8
force 4-8

hanning 4-4-4-5
uniform 4-4, 4.7

Z

Zoomad measursmenls 3-2




To obtain Servicing information or to order replacement parts, contact the nearest
Hawlett-Packard Sales and Service Office listed in HP Catalog, or contact the nearest
regional office listed below:

Hewlett-Packard Sales and Service Offices

In the United States In German Federal Republic
Hewlett-Packard GmbH
Californiz Vertriebszentrale Frankfurt

P.O DGox 4230
1421 South Manhattan Avenue
Fullerton 92631
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D-6000 Frankfurt 56
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P.0O. Box 1050056
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King Street Lane
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