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Safety Considerations

SAFETY CONSIDERATIONS

GENERAL

This product and related documentation must be
reviewed for familiarization with safety markings
and instructions before operation.

This product is a Safety Class I instrument (pro-
vided with a protective earth terminal.

BEFORE APPLYING POWER

Verify that the product is set to match the availa-
ble line voltage and the correct fuse 18 installed.

SAFETY EARTH GROUND

An uninterruptible safety earth ground must be
provided from the main power source 10 the pro-
duct input wiring terminals, power cord, or supp-
lied power cord set.

SAFETY SYMBOLS

& Instruction manual symbol: the product
will be marked with this symbol when it is
necessary for the user torefer to the instruc-

tion manua! (refer to Table of Contents).

5 Indicates hazardous voltages.
=

Indicates earth (ground) terminal.

The WARNING sign denctes a
hazard. It calls attention to &
procedure, practice, or the like,
which if not correctly performed
or adhered to, could result in
personal injury. Do not proceed
beyond a WARNING sign until
the indicated conditions are fully
understood and met.

WARNING

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

CAUTION

www.valuetronics.com

Do not proceed beyond a CAU-
TION sign until the indicated
conditions are fully understood
and met,

I WARNINGS I

Any interruption of the protective t(grounding)
conductor (inside or outside the instrument) or
disconnecting the protective earth terminal will
cause a potential shock hazard that couldresultin
personal injury. (Grounding one conductor of a
two conductor outlet is not sufficient protection).
In addition, verify that a common ground exists
between the unit under test and this instrument
prior to energizing either unit.

Whenever it is likely that the protection has been
impared, the instrument must be made inoperative
and be secured against any unintended operation.

If this instrument is to be energized via an auto-
transformer (for voltage reduction), make sure the
common terminal is connected to the earth termi-
nal of the power source.

Servicing instructions are for use by service-trained
personnel only. To avoid dangerous electricshock,
donot perform any servicing unless gualified todo
50.

Adjustments described in the manual are per-
formed with power supplied to the instrument
while protective covers areremoved. Energy avail-
abie at many points may, if contacted, result in
personal injury.

Capacitors inside the instrument may still be
charged even if the instrument has been discon-
nected from its source of supply.

For continued protection against fire hazard, re-
place the line fuse:s) only with 250V fuseisi of the
same current rating and type (for example, normal
blow, time delayv, etc.;. Do not use repaired fuses or
short circuited fuseholders.

xi
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General Information

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

This manual contains information required to
install, operate, test, adjust, and service the
Hewlett-Packard Model 8903A Audio Analyzer.
The Audio Analyzeris shownin Figure 1-1 with all
ofits externally supplied accessories. This manual
also documents Audio Analyvzers supplied with
Option (01.

This section of the manual describes the instru-
ments documented by the manual and covers
instrument description, options, accessories, spec-
ifications, and other basic information. This sec-
tion also contains principles of operation on a
simplified block diagram level and basic informa-
tion on audio measurements. The other sections
contain the following information;

Section I, Installation: provides information
aboutinitial inspection, preparation for use (inclu-
ding address selection for remote operation), and
storage and shipment.

Section Ill, Operation: provides information
about panel features, and includes operating
checks, operating instructions for both local and
remote operation, and maintenance information.

Section IV, Pertormance Tests: provides the infor-
mation required to check performance of the in-
strument against the critical specifications in
Table 1-1.

Section V, Adjustments: provides the information
required to properly adjust the instrument.

Section VI, Replaceable Paris: provides ordering
information for all replaceable parts and assem-
blies,

Section VH, Manual Changes: provides manual
change information necessary to document all
serial prefixes listed on the Service Manuaj title
page.

Section VIH, Service: provides the information
required to repair the instrument.

Two copies of operating information are supplied
with the Audio Analyzer. One copy is in the form

www.valuetronics.com

of an Operating Manual. The Operating Manual
1s simply a copy of the first three sections of the
Operating and Service Manual and should stay
with the Audio Analvzer for use by the operator.
Additional copies of the Operating Manual can be
ordered separately through vour nearest Hewlett-
Fackard office. The part number is listed on the
title page of this manual.

Also on the title pages of each of these manuals,
below the manual part number, is a microfiche
part number. This number may be used to order
100x 150 mm 4 x 6 inch) microfilm transparencies
of the Operating and Service Manual.
Each microfiche contains up to 96 photo-duplicates
ofthe manual pages. The microfiche package also
includes the latest Manual Changes supplements.

1-2. SPECIFICATIONS

Instrument specifications are listed in Table 1-1.
These are the performance standards, or limits
against which the instrument may be tested.
Characteristics listed under Supplemental
Information, Table 1-2, are not warranted specifi-
cations but are typical characteristics included as
additional information for the user.

1-3. SAFETY CONSIDERATIONS

This product is a Safety Class I instrument (i.e.,
provided with a protective earth terminal). The
Audio Analyzer and all related decumentation
must be reviewed for familiarization with safety
markings and instructions before operation. Refer
to the Safety Considerations page found at the
heginning of this manual for a summary of the
safety information. Safety information pertinent
tothetask at hand iinstallation. performance test-
ing, adjustment, or service’ is found throughout
the manual.

1-4. INSTRUMENTS COVERED BY MANUAL

Options. Electrical Option 001 and various mechan-
ical options are documented in this manual. The
differences are noted under the appropriate para-
graph such as Options in Section I, the Replacea-
ble Parts List, and the schematic diagrams.

1-1
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INSTRUMENTS COVERED BY MANUAL
(Cont'd)

Serial Numbers. Attached to the instrument is a
serial number plate. The serial number is in the
form 1234A00123. The first four digits and the
letter are the serial prefix. Thelast five digits form
the sequential suffix that is unique to each instru-
ment. The contents of these manuals apply di-
rectly toinstruments having the same serial num-
ber prefix(es) as listed under SERIAL NUMBERS
on the title page. For information concerning a
serial number prefix not listed on the title page or
in the Manual Changes supplement, contact your
nearest Hewlett-Packard office.

1-5. MANUAL CHANGES SUPPLEMENT

Aninstrument manufactured after the printing of
this manual may have a serial number prefix that
is not listed on the title page. This unlisted serial
number prefix indicates the instrument is differ-
ent from those described in this manual. The
manual for this instrument is supplied with a
Manual Changes supplement that contains
“change information” that documents the dif-
ference.

In addition to change information, the supple-
ment may contain information for correcting er-
rorsinthe manual. To keep this manual as current
and accurate as possible, Hewlett-Packard recom-
mends that you periodically request the latest
Manual Changes supplement. The supplement is
identified with the print date and part number
that appears on the title page. Complimentary
copies of the supplement are available from
Hewlett-Packard.

1-6. DESCRIPTION
1-7. General

The HP Model 8903A Audio Analyzer is a com-
plete audio measurement system covering the fre-
quency range of 20 Hz to 100 kHz. It combines a
low-distortion signal source with a signal ana-
lyzer. The analyzer can perform distortion analy-
sis, frequency count, and aclevel, dclevel, SINAD,
and signal-to-noise measurements. The Audio
Analyzer reduces the number of instruments re-
quired in many applications involving audio sig-
nal characterization.

The Audio Analyzer is easy to use. All measure-
ments are selected by one or two keystrokes. For
distortion measurements, the Audio Analyzer
automatically tunes to and levels the input signal.
Measurement and output ranges are automati-
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cally selected for maximum resolution and accu-
racy. Furthermore, tuning is independent of the
source. Thus, the source can be set to one fre-
quency while the analyzer is measuring the distor-
tion on a signal at another frequency (i.e., there is
no need to tune the analyzer to the source).

The combined capabilities of the instrument are
enhanced by microprocessor control, resulting in
more capability than would be available from
separate instruments. For example, when making
signal-to-noise measurements, the Audio Analy-
zer monitors the ac input level while turning the
source on and off. The microprocessor then com-
putes and displays the ratio of the on and off lev-
els. Theratio can be displayed in either % or dB. In
addition, the source can be swept. This makes
measurements such as frequency response or com-
plete distortion characterization simple to per-
form. Microprocessor control allows flexible entry
of source parameters and versatile display for-
mats. For example, ac level can be displayedin V,
mV, dBV, watts, or as a ratio (in % or dB) refer-
enced to an entered or measured value.

Virtually all functions are remotely program-
mable through the Hewlett-Packard Interface Bus
(HP-IB'). Programming is easy and straight-
forward, and all measurements are made through
a single input connector. This eliminates the need
to switch between multiple inputs under remote
control and reduces software development time
and hardware costs.

The Audio Analyzer measures the true rms level
on all measurements. True rms measurements
assure greater accuracy when measuring complex
waveforms and noise. Accurate distortion mea-
surements typically can be made to less than
0.003% (-90 dB) between 20 Hz and 20 kHz ata 1V
level.

1-8. Audio Testing

The Audio Analyzer has numerous features which
make audio testing simple and convenient. These
include flexible data entry and display formats,
convenient source control, and swept measure-
ment capability. For example, distortion results
can be displayed in % or dB. AC level measure-
ments can be displayed in volts, dBV, or watts.
Measurement results can be displayed in % or dB
relative to a measured or entered value. Finding
the 3 dB points of filters and amplifiers is simpli-

"HP-IB. Not just IEEE-488, but the hardware, documentation and sup-
port that delivers the shortest path to a measurement system
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fied by using the source increment and decrement
keys together with the relative display feature. A
major contribution of the Audio Analyzer is its
ability to make swept measurements. When sweep-
ing, the Audio Analyzer steps its tuning in loga-
rithmic increments. With an x-y recorder, hard-
copy measurement results can be obtained. X-axis
scalingisdetermined by the entered start and stop
frequencies. Y-axis scaling is determined by the
measurement units selected and the plot limits
entered through the keyboard. Any valid display
units (except mV) are allowed when plotting. To
change the scaling from frequency response to
swept distortion plots, simply key in new values
for the plot limits. No adjustment of the x-y
recorder is necessary. The Audio Analyzer also
features high accuracy. The instrument can typi-
cally measure flatness to 0.5% (0.05 dB) over the
range of 20 Hz to 20 kHz and swept distortion over
the same range to 0.003% (-90 dB). See Figures 1-2
and 1-3.
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Figure 1-3. Typical Combined Source and
Analyzer Residual Distortion

1-9. Transceiver Testing

The Audio Analyzer has several measurements
and features specifically designed for transceiver
testing. It has SINAD and signal-to-noise mea-
surements for receiver testing, a psophometric fil-
ter for testing to CEPT recommendations, a recip-
rocal counter for measuring squelch tones, and a
400 Hz high-pass filter for eliminating squelch
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tones when measuring transceiver audio
distortion.

SINAD is one of the most basic receiver measure-
ments. [t must be made repeatedly when perform-
ing sensitivity or adjacent channel sensitivity
tests. In the Audio Analyzer, the SINAD mea-
surement is more heavily filtered than the distor-
tion measurement in order to smooth the noisy
signals encountered in receiver testing. The filter-
ing is optimized for excellent repeatability and
speed (2readings/second typical). Some automatic
distortion analyzers have a tendency to become
unlocked when measuring SINAD on noisy sig-
nals. The Audio Analyzer overcomes this problem
by fixing the notch filter to the source frequency
when measuring SINAD. SINAD measurement
results are indicated both by the digital display
and a front-panel analog meter. The meter is spe-
cifically marked for EIA and CEPT sensitivity
and selectivity. For SINAD ratios less than 25 dB,
the digital display is automatically rounded to the
nearest 0.5 dB to reduce digit flicker.

AM receiver test signal-to-noise measurements
are also filtered for improved repeatability and
speed (1 reading/second typical), and automatic
display rounding is provided. For accurate noise
measurements, the Audio Analyzer uses true rms
detection for both SINAD and signal-to-noise
measurements. Most older instruments employ
average detection which reads low for noise. The
discrepancy can be 1.5 dB or greater and varies
with the ratio being measured. If it is necessary to
correlate results with past test data, the Audio
Analyzer’s detector can be converted to average
responding.

For transceivers, the Audio Analyzer has a seven-
pole 400 Hz high-pass filter for rejecting squelch
tones. Rejection of squelch tones up to 250 Hz is
greater than 40 dB. Therefore, audio distortion
measurements to 1% accuracy can be made with-
out disabling the transmitter squelch tones.

Under remote control, the Audio Analyzer can
generate or count burst tone sequences. Typically
the maximum count rate is 8 ms/reading and the
minimum tone duration is 12 ms. This is fast
enough for applications such as unsquelching
pagers (see Figure 1-4).

1-10. Systems

The Audio Analyzer features capabilities for gen-
eral systems applications. The audio source is
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Figure 1-4. Three-Tone Burst Sequence {15 ms Duration)

programmable in both frequency and level and
has very low distortion. The distortion measure-
ments are fully automatic, programmable, and
fast. The typical time to tune and return the first
distortion measurementis 1.5 seconds with a mea-
surement rate of 2 readings/second thereafter.
The combined distortion of the internal source
together with the measurement section is typi-
cally 0.003% (-90 dB) between 20 Hz and 20 kHz at
alV level.

Often systems applications involve measuring
low level ac signals. The Audio Analyzer features
a full range ac level display of 0.3000 mV with an
accuracy of 4% of reading (2% of reading for levels
>50 mV and from 20 Hz to 20 kHz). The ac detector
is true rms for correct noise measurements, and
the 3 dB measurement bandwidth is greater than
500 kHz.

Since many systems have noise problems, the
Audio Analyzer has both 30 and 80 kHz low-pass
filters to reject high frequency noise. In addition,
the 400 Hz high-pass filter attenuates line-related
hum and noise by more than 68 dB.

Two special binary programming modes are avail-
able in remote operation. A rapid frequency count
mode provides a packed, four-byte output for fast
counting. Also, a rapid source binary program-
ming modeis available which allows the internal
oscillator tuning to be programmed directly with
five bytes of data.

1-11. OPTIONS
1-12. Electrical Option 001

This option provides rear-panel tinstead of front-
panel) connections for both the INPUT and OUT-
PUT HIGH and 1.OW jacks (fuse protected).
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1-13. Mechanical Options

The following options may have been ordered and
received with the Audio Analyzer. If they were not
ordered with the original shipment and are now
desired, they can be ordered from the nearest
Hewlett-Packard office using the part number
included in each of the following paragraphs.

Front Handle Kit (Option 907). Ease of handling is
increased with the front-panel handles. Order HP
part number 5061-0089.

Rack Flange Kit (Option 908). The Audio Analyzer
can be solidly mounted to the instrument rack
using the flange kit. Order HP part number 5061-
00717.

Rack Flange and Front Handle Combination Kit
(Option909). Thisis not a front handle kit and arack
flange kit packaged together; it is composed of a
unique part which combines both functions. Order
HP part number 5061-0083.

1-14. HEWLETT-PACKARD INTERFACE BUS
(HP-IB)

1-15. Compatibility

The Audio Analyzer is compatible with HP-IB to
the extent indicated by the following code: SH1,
AH1,T5,TEO, L3, LEO, SR1, RL1, PP0,DC1,DT1,
CO. The Audio Analyzer interfaces with the bus
via open collector TTL circuitry. An explanation
of the compatibility code can be found in IEEE
Standard 488, “IEEE Standard Digital Interface
for Programmable Instrumentation” or the iden-
tical ANSI Standard MC1.1. For more detailed
information relating to programmable control of
the Audio Analyzer, refer to Remote Operation,
Hewlett-Packard Interface Bus in Section III of
this manual.

1-16. Selecting the HP-IB Address

The HP-IB address switches are located within the
Audio Analyzer. The switches represent a five-bit
binary number. This number represents the talk
and listen address characters which an HP-IB
controller is capable of generating. In addition,
two more switches allow the Audio Analyzer to be
set to talk only or listen only. A table in Section I1
shows all HP-IB talk and listen addresses. Refer to
HP-IB Address Selection in Section II of this
manual.
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1-17. ACCESSORIES SUPPLIED

The accessories supplied with the Audio Analyzer
are shown in Figure 1-1.

a. Theline power cable may be supplied in sev-
eral configurations, depending on the destination
of the original shipment. Refer to Power Cables in
Section II of this manual.

b. Time delay fuses with a 1.25A rating for
100/120 Vac operation (HP 2110-0305) and a 0.5A
rating for 220/240 Vac operation (HP 2100-0202)
are supplied. One fuse is factory installed accord-
ing to the voltage available in the country of origi-
nal destination. Refer to Line Voltage and Fuse
Selection in Section II of this manual.

c. Four additional fuses are supplied as replace-
ments for those in series with the Audio Analyzer
INPUT and OUTPUT HIGH and LOW connec-
tors. For the INPUT HIGH line, a spare 0.032A
fuse is supplied (HP 2110-0337). For the INPUT
LOW line, a spare 0.062A fuse is supplied (HP
2110-0011). For the OUTPUT HIGH and LOW
lines, spare 0.125A fuses are supplied (HP
2110-0513).

d. Fourtype BNC-to-banana-plug adapters (HP
5021-0844) are also supplied for use when double-
ended inputs or outputs are desired. The conductor
of the banana jack is connected to the center con-
ductor of the BNC connector adapted to. These
adapters are used when the front-panel INPUT or
OUTPUT FLOAT switches are set to FLOAT.

1-18. ELECTRICAL EQUIPMENT AVAILABLE
(Also refer to Service Accessories, Table 1-5.)

1-19. HP-IB Controllers

The Audio Analyzer has an HP-IB interface and
can be used with any HP-IB compatible comput-
ing controller or computer for automatic systems
applications.

1-20. Front-to-Rear-Panel Connectors Retrofit
Kit

This kit contains all the necessary components
and full instructions for converting instruments
with front-panel connections for INPUT and OUT-
PUT HIGH and LLOW to rear-panel connections.
Order HP part number 08903-60100. After instal-
lation and calibration, performance will be identi-
cal to the 8903A Option 001.
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1-21. Rear-to-Front-Panel Connectors Retrofit Kit

This kit contains all the necessary components and
full instructions for converting instruments with
rear-panel connections for INPUT and OUT-
PUT HIGH and LOW to front-panel connections.
Order HP part number 08903-60101. After instal-
lation and calibration, performance will be identi-
cal to the standard 8903A.

1-22. MECHANICAL EQUIPMENT AVAILABLE
1-23. Chassis Slide Mount Kit

This kit is extremely useful when the Audio Ana-
lyzer is rack mounted. Access to internal circuits
and components or the rear-panel is possible
without removing the instrument from the rack.
Order HP part number 1494-0018 for 431.8 mm (17
in.) fixed slides and part number 1490-0023 for the
correct adapters for non-HP rack enclosures.

1-24. Chassis Tilt Slide Mount Kit

This kitis the same as the Chassis Slide Mount Kit
above except it also allows the tilting of the
instrument up or down 90°. Order HP part number
1494-0025 for 431.8 mm (17 in.) tilting slides and
part number 1490-0023 for the correct adapters for
non-HP rack enclosures.

1-25. RECOMMENDED TEST EQUIPMENT

Table 1-3 lists the test equipment recommended
for use in testing, adjusting, and servicing the
Audio Analyzer. If any of therecommended equip-
ment is unavailable, instruments with equivalent
minimum specifications may be substituted. Table
1-3 also includes some alternate equipment list-
ings. These alternate instruments are highlighted
in Table 1-4 which also indicates the possible
advantages of using them as substitutes.

1-26. PRINCIPLES OF OPERATION FOR
SIMPLIFIED BLOCK DIAGRAM

The HP Model 8903A Audio Analyzer combines
three instruments into one: a low-distortion audio
source, a general-purpose voltmeter with a tune-
ablenotch filter at the input, and a frequency coun-
ter. Measurements are managed by a micro-
processor-based Controller. This combination
forms aninstrument that can make most common
measurements on audio circuits automatically. To
add to its versatility, the Audio Analyzer also has
selectable input filters, logarithmic frequency
sweep, X and y outputs for plotting measurement
result vs. frequency, and HP-IB programmability.
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PRINCIPLES OF OPERATION (Cont'd)

The operation of the instrument is described in the
following order: Voltmeter and Notch Filter, Coun-
ter, Source, and Controller. Refer to Figure 1-5.

1-27. Voltmeter and Notch Filter

The ampilitude measurement path flows from the
INPUT jacks (HIGH and LOW ) to the MONITOR
output (on the rear panel) and includes the Input
and Output RMS8 Detectors, dc voltmeter (the
Voltage-to-Time Converter and Counter), and
SINAD meter circuitry, Measurements are made
on the difference between the signals at the HIGH
jack and the LOW jack (or ground: Differential
levels can be as high as 300V. Signals that are
common to both the HIGH and LOW jacks are
balanced out. Common-mode levels must not ex-
ceed 4V peak.

Theinput signalis ac coupled for all measurement
modes except dc level. The signal is scaled by the
Input Attenuator to alevel of 3V or less. To protect
the active circuits that foliow, the Over-Voltage
Protection circuit opens whenever its input exceeds
15V. The differential signal is converted to a
single-ended signal {i.e., a signal referenced to
ground’and amplified. In the dclevel mode, the dc
voltage is measured at this point by the de volt-
meter. The signal is further amplified by a Pro-
grammable Gain Amplifier which is ac coupled.
The gain of this amplifier and the Differential-to-

Model 8%3A

Single-Ended Amplifier are programmed to keep
the signal level into the Input RMS Detector and
Notch Filter between 1.7 and 3 Vrms to optimize
their effectiveness and accuracy, particularly in
the distortion and SINAD modes.

The output from the first Programmable Gain
Amplifier is converted te de by the Input RMS
Detector and measured by the dc voltmeter. The
output of the detector is used to set the gain ofthe
input circuits and becomes the numerator of the
SINAD measurement and the denominator of the
distortion measurement (refer to Basics of Audio
Measurements). The Input RMS Detector 1s not
used to make the ac level measurement, the Output
RMS (Avg) Detector is used for this mneasurement.
For dc level measurements, the Input RMS Detec-
tor also monitors the ac component {if there is one}
and lowers the gain of the input path if the signal
will overload the input amplifiers; otherwise, the
gain of theinput path is determined by measuring
the de level. At this point, either a 400 Hz high-
pass filter or a psophometric filter can be inserted
into the signal path. The 400 Hz high-pass filteris
usually used to suppress line hum or the low-
frequency squelch tone used on some mobile trans-
ceivers. The psophometric filter has a bandpass
frequency response that simulates the “average”
response of human hearing. In the SINAD, distor-
tion, and distortion level modes, the frequency of
the input signal is counted at the output of the
HP/BP Filters.
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Figure 1-5. Simplified HP 8903A Audio Anaiyzer Block Diagram
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Voltmeter and Notch Fiiter (Cont'd)

When measuring SINAD, distortion, or distortion
Jevel, the fundamenta! of the signal is removed by
the Notch Filter. The output from the filter is the
distortion and noise of the signal. In the ac level
and signal-to-noise modes the Notch Filter is
bypassed. After amplifying and low-pass filter-
ing, the output from the Notch Filter is converted
to dc by the Output RMS tAvg) Detector and mea-
sured by the dc voltmeter.

When measuring distortion or distortion level, the
Notch Filter 1 automatically tuned to the fre-
quency counted at the input to the filter. Coarse
tuning is via the Controller. Fine tuning and bal-
ance are via circuitry internal tc the Notch Filter.
When measuring SINAD, the Notch Filter 1s
coarse tuned by the Controller to the same fre-
quency as the internal source. Thus, a SINAD
measurement is normally only made with the
internal source as the stimulus and permits mea-
surements in the presence of large amounts of
noise (where the Controller would be unable to
determine the input frequency) If an external
source is used in the SINAD measurement mode,
the source frequency must be within 5% of the
frequency of the internal source. The two Pro-
grammable Gain Amplifiers, following the Notch
Filter, amplify the low-level nolse and distortion
signals from the Notch Filter. The overall gain of
the two amplifiers is normally set to maintain a
signal level of 0.3 to 3V at the MONTIOR outpaut.

The 30 kHz and 80 kHz LP Filters are selected
from the Kevboard. With no low-pass filtering, the
bandwidth of the measurement system is approx-
imately 750 kHz. The filters are most often used to
remove the high-frequency noise components in
low-frequency SINAD and distortion measure-
ments. The output from the second Programmable
Gain Amplifier drives the rear-panel MONITOR
output jack. The frequency of this signal is also
measured by the Counter in the ac level and
signal-to-noise measurement modes because of the
increased sensitivity at this point.

The Output RMS (Avg: Detector is read by the dc
voltmeter in the ac level, SINAD the denomina-
tor), distortion (the numerator:, distortion level,
and signal-to-noise measurement modes. It s also
used to set the gain of thetwo Programmable Gain
Amplifiers. The detector can be configured inter-
nally to respond to the absolute average of the
signal instead of the true rms value.
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In the SINAD mode the outputs from the Input
and Output RMS Detectors are converted 10 a cur-
rent representing the log of the ratio of the two
signals by the SINAD Meter Amplifier to drive the
SINAD panel meter. Since SINAD measurements
are often made under very noisy conditions, the
panel meter makes it easier to average thereading
and to discern trends. The Voltage-to-Time Con-
verter converts the dc inputs into a time interval
which is measured by the Counter.

1-28. Counter

The Counter is a reciprocal counter. Tc measure
freguency, it counts the period of one or more
cycles of the signal atitsinput, then the Controller
divides the number of periods by the accumulated
count. The reference for the Counter is the 2 MHz
Time Base which also is the clock for the Con-
troller. The Counter has four inputs and three
modes of operation:

1. Voltage Measurement. The time interval from
the Voltage-to-Time Converter is counted. The
accumulated count is proportional to the dc
voltage. For direct measurements (aclevel, de
level, and distortion level), the count is pro-
cessed directly by the Controller and displayed
on the right display. For ratio measurements
(SINAD, distortion, and signal-to-noise), the
counts of two successive measurements are
processed and displayed. For SINAD and distor-
tion, the ratio of the outputs of the Input and
Qutput RMS Detectors 1s computed. For signal-
to-noise, the ratic of two consecuiive outputs
from the Qutput RMS Detector is computed.
One output is with the Oscillator on and the
other is with the Oscillator off.

2. Input Frequency Measurement. The signal
from the last Programmable Gain Amplifier or
the HP/BP Filters is conditioned by the Coun-
ter Input Schmitt Trigger to make it compat-
ible with the Counter’s input. The period of the
signal is then counted. the count is processed
by the Controller, and the frequency is dis-
played on the left display.

3. Source Frequency Measurement. The Counter
measures the frequency of the internal source
only when the Oscillator is being tuned. The
frequency is normally not displaved. To make
a measurement of the source frequency, the
output of the Oscillator is fed into the Counter,
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Counter (Cont'd)
the period measured, and the result processed
by the Controller.

1-29. Source

The source covers the frequency range of 20 Hz to
100 kHz. It is tuned to the frequency entered from
keyboard by the Controller using a tune-and-count
routine. (Note that the frequency is not obtained
by frequency synthesis.) The switch following the
Oscillator is normally closed except in the signal-
to-noise measurement mode or when an amplitude
of 0V is entered from the keyboard. The output
from the Oscillator is approximately 3V.

The Output Amplifier sets the source output level
in fine steps. The Floating Output Amplifier con-
verts the single-ended inputinto a balanced signal
(either output can be grounded or floated up to 10V
peak). The Output attenuator sets the output level
in coarse steps. The maximum signal to the OUT-
PUT jacksis 6V into an open circuit or 3V into 600
ohms.

1-30. Controller

The entire operation of the instrument is under
control of a microprocessor-based Controller. The
Controlier sets up theinstrument at turn-on, inter-
prets Keyboard entries, executes changes in mode
of operation, continually monitors instrument oper-
ation, sends measurement results and errors to the
front-panel displays, and interfaces with HP-IB.
In addition, its computing capability 1s used to
simplify circuit operation. For example, if forms
the last stage of the Counter, converts measure-
ment results into ratios {in % or dB), etc. It also
contains routines useful for servicing the
instrument.

1-31. BASICS OF AUDIO MEASUREMENTS

The “audio’” frequency rangeis usually taken o be
from 20 Hz to 20 kHz. Few people have hearing
that good, but the term is a convenient one to
describe sub-RF frequencies encountered in elec-
tronics. The frequency range of the Audio Ana-
lyzer extends bevend the audio range to include
fundamentals of up to 100 kHz.

Electronic instrumentation provides most of the
tools for quantitative analysis of audio signals.
Thus, if the signal is non-electrical ie.g.. mechani-
cal or acousticy, it must be converted to an electri-
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cal signal by a transducer of some sort (e.g., a
strain gauge or microphone) before it can be ana
lyzed. Apart from attentive listening to a hih
svstem, the most intuitive way of analyzing an
electrical signalin the audio range is visually with
an oscilloscope. Here you get a feeling for the sig
nal’s size {loudness), frequency (pitch), and shape
{timbre}. You can also determine if these parame
ters change with time or are stable, and you car
even make some guantitative measurements on
{e.g., peak level, dc offset, period, risetime, etcl
Many times, however, the parameter sought does
not lend itself to easy visual analysis. Therefore,
the Audio Analyzer was designed. It combines
into one instrument a series of general and spe
cialized instruments, under microprocessor con
trol, that make it easy for the user to obtain acce
rate, quantitative measurements on audio signals
of any general waveshape.

1-32. AC Level

Consider the very common measurement of a sig
nal’s acrms level. To make this measurement with
an oscilloscope, you must first decide the nature d
the signal, because from it, the relationship of the
peak level to the rms level can be mathematically
determined. If it is sinusoidal, for example, the
rms value is the peak amplitude divided by N

This measurement is greatly simplified with ax
rms volimeter which electronically measures the
rms level and displays the result. However, m
other information about the signal is provided
The Audio Analyzer contains an rms voltmeter
The rms level of the signal is displayed whenever
the AC LEVEL mode is selected. A special fune
tion is also provided which converts the measure
ment result into watts into a specified (externak
load resistance.

Anotherimportant ac signal characteristics is the
variation in level vs. frequency (flatness) f
course you can easily set a reference level (such =
1Viat a particular frequency (such as I kHz)and
monitor the change in level as the input frequency
is changed. (The source's level is assumed to be
fiat; otherwise, it too must be checked.i The Audm
Analyzer makes this measurement easier in thre
ways. First, it contains a flat, wide-range oscilla
tor that can be used as the stimulus. Second, the
reference can be set to 100% or 0 dB by the pressd
a button (the RATIO kev). Third, the measure
ment can be automatically swept and the resuis
can be plotted by connecting an x-y recorder to the
;rear-panel’ X AXIS and Y AXIS outputs.
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An additional parameter related to ac level is gain,
and more often gain vs. frequency. To make a gain
measurement, measure the input to the device,
then the output, and take the ratio. This measure-
ment is made easier by the Audio Analyzer when
used with its internal oscillator. You first key in
the desired input level, then either measure it and
set it as a reference (press RATIO: or key in the
leve] as the ratio reference. Then measure the out-
put. The result can be expressed in either %o or dB.
If desired, the input can be swept and the gain
plotted as a function of frequency isince the fre-
quency plots logarithmically, the result 1s a Bode
plot if dB is used,.

1-33. Frequency

Another common and basic measurement is fre-
quency. With an oscilloscope, you simpily deter-
mine the time interval between like points on the
repetitive waveform and take the reciprocal. With
a frequency counter, frequency is measured elec-
tronically and displayed. The measurementis eas-
ier and usually much more accurate than could be
made visually with an oscilloscope.

The Audio Analyzer contains a counter which
displays the frequency of theinput signalforall ac
measurements. It should be noted that the counter
is a reciprocal type; it measures the period of the
signal (as you do with an oscilloscope) and com-
putes the reciprocal to obtain the frequency. The
advantage of this technique is that for low taudio®
frequencies, higher resolution is obtained in a
shorter measurement time.

1-34. DC Level

Although not part of an audio signal, dclevelis a
guantity often encountered in audio equipment
(e.g., bias voltages and outputs from ac-to-dc con-
verters.. Sometimes plots of dc level vs. frequency
aredesired ias in the case of an ac-to-dc converter).
The Audio Analvzer has dclevel as one of its mea-
surement modes.

1-35. Signal Impurities

Distortion, SINAD, and signal-to-noise ratio are
used to describe the impurity content of a signal.
These terms are somewhat related and can often
be confused. A pure signal is defined as a perfect
sinusoid, i.e., one whose frequency spectrum con-
tains only a single spectral component.

www.valuetronics.com
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Impurities are not always undesirable. Impurities,
for example, are what add character to the sound
of musical instruments. Pure signals in music
sound monotonous. However, when testing a lin-
ear audio system, if a pure signal is applied to the
input, anything but a pure signal at the output
indicates that the system 1s degrading the signal.
There are several common classifications of impur-
ities: harmonic distortion (harmonics of a the fun-
damental); intermodulation distortion (beat sig-
nals of two or more non-related signals); noise
‘random signals); and spurious signals (e.g., line
hum and interference). All but intermodulation
distortion are easily measured by the Audic Ana-
lyzer.

1-36. Distortion

Harmonic distortion on a spectraily pure signal is
created by non-linearities in the circuit through
which it passes. The non-linearities can arise in
the transfer characteristics of the active devices or
by running the active device into saturation or
cutoff. Often, distortion can be reduced by reduc-
ing the signal level, filtering, or adding negative
feedback. According to Fourier mathematics, the
non-linear terms in the circuit’s transfer function
give rise to harmonics of the signal. Total har-
monic distortion (THD) is usually defined as the
ratio of the rms sum of the harmonics to the rms
level of the fundamental. The ratio is usually con-
verted to % or dB. An oscilloscope gives only a
rough indication of the amount of distortion pres-
ent on a signal. A general rule of thumb is that if
the non-linearity causing the distortion is “gen-
tie” (e.g., not clipped), a trained eye can discern
distortion as low a 5% on an oscilloscope display.
Figure 1-6 shows several examples of waveforms
with 5% THD and the components that combined
to produce them. (5% distortion would be consi-
dered guite high in a guality hi-fi amplifier.) An
audio spectrum analyzer, which allows the user to
see the magnitude of all harmonics, is perhaps the
best instrument to measure harmonic distor-

tion. The audio spectrum analyzer method,
however, requires a fairly expensive instrument
and some mathematical manipulation. The tra-
ditional method of measuring distortion (ac-
cepted by the Institute of High Fidelity? and
others) is with a distortion analyzer. The
method is simple and adequate for most situa-

2The Institute of High Fidelity, Inc., Standard Methods of Measure-
ment for Audio Amplifiers. The institute of High Fidelity. Inc., New
York (1978}, p. 9.
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Distortion (Cont'd)
tions. With a distortion analyzer, you simply
measure the signal level and set it up as a refer-
- ence, then you insert a notch filter, tuned to the
frequency of the fundamental, and measure the
output of the filter reiative to the input. This 1s
the method used by the Audio Analyzer in the
DISTN mode where the tuning and measuring
are done automatically. When using the distor-
tion analyzer method, it is important to under-
stand that the measurement result is not “total

Model 8303A

harmonic distortion” as defined above except
under the condition that the distortion is not too
excessive but that it does predominate over any
other signal impurities. Some examples will illus-
trate these restrictions.

Consider the case of excessive harmonic distor-
tion. Let us use the example of a signal with 10%
actual total harmonic distortion in which all the
distortion comes from the second harmonic. The
second harmonic is then 20 dB below the funda-

SIN X +0.05 SIN 2X

R S’ —

SIN X +0.05 SIN 3X

SIN X AND 0.05 COS 2X

SIN X+ 0.05 COS 2X

SIN X AND 0.05 COS 3X

SIN X +0.05 COS 3X

Figure 1-6. Several Waveforms each with 5% THD and the Signal Compenents Which Produced Them

1-10
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Distortion {(Cont'd)

mental as viewed on a spectrum analyzer. When
this signal is measured by a distortion analyzer,
an error results from the first part of the measure-
ment (measuring the inputleveli becausethe mput
level is not guite the same as the level of the fun-
damental. 1f the fundamental level were 1 Vrms,
the second harmoniclevel would be 0.1 Vrms tone-
tenth of the fundamental). The total input level
imeasured with a true rms voltmeter) is the rms
sum of the two components, namely,

T T n142 =

Input =+ 1112+ (0.1 = 1.005 V
or 0.5% high. Thus, the measurement result would
be 9.95% distortion instead of the true 10%. Actu-
allv vou can see that the distortion must reallv be
excessive to affect the measurement significantly.

Now consider the case where other types of impur-
ities are significant. Suppose the actueal total har-
monic distortion is 1% but that there is a hum
component that has a level that s 1% of the fun-
damental level, The distortion measured by a dis-
tortion analyzer will be 1.4% (i.e., 40% or 3 dB
high). How, then, can you be sure that theresultis
a valid measurement of distortion? One way is to
observe the (rear-panel) MONITOR output with
an oscilloscope. If the waveform is clean and har-
monically related to the fundamental, the mea-
surement is actual total harmonic distortion. If it
is not, selectable filters are provided to remove
unwanted signals. Use the 400 Hz HIGH PASS
FILTER to remove line hum. Use the 30 kHz or 80
kHz LOW PASS FILTER to remove out-of-band
noise. However, select only filters that do not
affect the fundamental and the harmonics of
interest. Sometimes it is desired to include hum
and noise as part of the “distortion” measure-
ment. For this reason, the measurement is often
referred to as a THD =N (total harmonic distortion
plus noise) measurement.

1-37. SINAD

For most practical purposes the SINAD mea-
surement., as made by the Audio Analyzer, is equal
to the reciprocal of the distortion measurement. It
is usually expressed in dB. The one subtle distinc:
tion is that the notch filter is coarsely program-
med to the frequency of the internal source (but
fine tuned to the signal at its input:. This permits
measurements in the presence of large amounts of
impurities and assures that the fundamental is
suned out. If an external source is used, it must be

www.valuetronics.com
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within 5% of the frequency setting of the internal
source.

SQINAD is an acronym for SIgnal, Noise, And Dis-
tortion. The ratio (normally expressed in dB) com-
puted in the SINAD measurement 18

SINAD = 20 log ( rms value of signal, noise, and distortion )

rms value of noise and distortion

The equation eliminates the two restrictions dis-
cussed in connection with the distortion mea-
surement.

SINAD is used most often in determining the sen-
sitivity of a receiver. Receiver sensitivity is de-
fined as the RF leve! that, when modulated in a
specified manner with a pure audiotone, creates a
certain SINAD (usually 10 or 12 dB) at the re-
ceiver's audio output. (The tone can just be dis-
cerned in the noise.) Sometimes a psophometric
(i.e., noise measuring) filter is required in the
receiver sensitivity measurement. The psophomet-
ric filter weights the frequency response of the
Audio Analyzer with a bandpass characteristic
that approximates the response of human hearing
and gives predominance to 1 kHz iwhere human
hearing is best}. The filterin the Audio Analyzeris
specified by the C.C.LT.T.?

1-38. Signal-to-Noise Ratio

Measurement of the signal-to-noise ratio requires
the use of the Audio Analyzer’s internai source.
The Audio Analyzer simply turns the source (set to
a specified level) on and off and measures the ac
Jevel for both conditions. This is similar to the
experience you have when listening to a recording
at a comfortable volume, then lifting the tone arm
and listening to the level of the residual hiss and
hum.

1-39. Internal Source

The internal source is used when a low-distortion
stimulus for the device under test is desired. Its
distortion is about the same as that of the Audio
Analvzer's measurement system. The combina-
tion permits measurements of distortion as low as

0.01% (-80 dB.

37he International Telegraph and Telephone Consultative Committee
(€. 0.1 T.T... Fifth Plenary Assembly, 1572, Telephone Transmission
Quality, The Internationa! Telecommunication Union 1973,
pp. 87-91.
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1-40. Plotting

When used in conjunction with the sweep mode,
any of the measurements vs. frequency can be
plotted using the rear-panel X and Y AXIS outputs
and an x-y recorder. Theinternal sourceis used as

Model 8903A

the stimulus. This simplifies traditionally time
consuming measurements such as flatness, gain,
distortion, and SINAD vs. frequency, and does not
require the use of an external controller (although
this too can be used via HP-IB).

Table 1-1. Specifications 1 of 4]

All parameters describe performance in automatic operation or with properly set manual controls.

SDURCE

Characteristic

Performance Limits

Conditions

FREQUENCY
Range
Resolution
Accuracy

OUTPUT LEVEL
Range
Resolution
Accuracy

Flatness

Distortion and

20 Hz to 100 kHz
{.3% increments
0.2% of setting

0.6 mV to 6V
Better than 0.3%
+2% of setting
+3% of setting
+5% of setting
+0.7%

=2.5%

-80 dB or 30 pV

Open circuit

60 mV to 6V; open circuit; 20 Hz to 50 kHz

6 mV to 60 mV; open circuit; 20 Hz to 100 kHz
0.6 mV to 6 mV; open circuit; 20 Hz to 100 kHz
20 Hz to 20 kHz; 1 kHz reference

20 Hz to 100 kHz; 1 kHz reference

20 Hz to 20 kHz; 80 kHz BW

Frequency Range
Display Range
Accuracy

Input Voliage Range

SIG/NDISE
Frequency Range
Display Range
Accuracy
Input Voltage Range
Residual Noise (the
higher of’

Noise (the -70 dB or 95 uV 20 Hz to 50 kHz; 500 kHz BW
higher of} 65 dB or 169 oV 50 kHz to 100 kHz; 500 kHz BW
Impedance 6000 £1%
MEASUREMENT
SINAD
Fundamental

20 Hz to 100 kHz
0 to 99.98 dB

+1 dB

=2 dB

50 mV to 300V

50t Hz to 100 kHz
0t099.99 dB
>1dB

50 mV to 300V
-80 dB or 30 &V
-70 dB or 95 4V

Residual noise and distortion same as for distortion
20 Hz to 20 kH=
20 kHz to 100 kHz

80 kHz BW
500 kHz BW

1-12
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Table 1-1. Specifications [2 of 4)

MEASUREMENT {Cont'd)

Characteristic Performance Limits Gonditions
DISTORTION
Fundamental
Freguenecy Range 20 Hz to 100 kHz
Display Range G001 to 100%
1-99.95 1o 0 dB
Accuracy -1 dB 20) Hz to 20 kHz
=2 dB 20 kHz to 100 kHz
Input Voltage
Range 50 mV to 300V
Residual Noise and
Distortion tthe 0.014%.:—80 dB:
higher of: or 30 .V 20 Hz to 20 kHz; 8¢ kHz BW
0.032% -7G dB:
or 90 uV 20 kHz to 50 kHz; 500 kHz BW
0.056% (—65 dB)
or 169 iV 50 kHz to 100 kHz; 500 kHz BW
AC LEVEL
Full Range Display 300.0V, 30.00V,

3.00V, 3000V,
30.00mV. 3.00mV,

3000 mV
Overrange 33% Except on the 300.0V range
Accuracy 2% 30V to 300V 20 Hz to 1 kHz
+ 24 50 mV to 30V; 20 Hz to 20 kHz
—4Y% 0.3 mV to 30V: 20 Hz to 100 kHz
DC LEVEL
Full Range 300.0V, 48.00V,
Display 16.00V, 4.00V
Overrange 33% Except on the 300.0V range
Accuracy +0.75% of reading 400 mV to 300V
=3mV <400 mV
FREQUENCY
Measurement 20 Hz to 150 kHz In ac level mode
Range 20 Hz to 100 kHz In disiortion, SINAT), and signal-to-noise modes
Resolution b digits Freguencies »100 Hz
0.01 Bz Frequencies <100 Hz
Accuracy +0.004'% =1 digit
Sensitivity 50 mV Distortion and SINAD modes only
5.0 mV In ac level and signal-to-noise modes only

1-13
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Table 1-1. Specifications (3 of 4)

MEASUREMENT (Cont'd)
Characteristic Performance Limits Conditions
AUDIOD FILTERS
4010 Hz High-
pass Filter
3 dB Cutoff
Freguency 400 =40 Hz
Rolloff 140 dB - decade
Psophometric
Filter CCITT Recommendation P53
Deviation from
ideal Hesponse =0.2 dB At 800 Hz
~1dB 300 Hz to 3 kHz
+2dB 50 Hz to 3.5 kHz
=3 dB 3.5 kHz to 5 kHz
30 kHz Low-pass
Filter
3 dB Cutoff
Frequency 30 =2 kHz
Rolloff 60 dB/decade
80 kHz Low-pass
Filter
3 dB Cutoff
Frequency 80 +4 kHz
Rolloff 60 dB/decade
GENERAL
TEMPERATURE
Operating 0° to 55°C
Storage -35° to 75°C
INPUT IMPEDANCE
Resistance 100 ki =1% Except in dc level mode
101 ki =1% In de level mode only
Shunt Capacitance <300 pF Low terminal grounded; except Option 001
<330 pF Low terminal grounded; Option 001 only
COMMON MOOE
REJECTION RATIO
tat 60 Hz} 60 dB <2V differential input voltage
36 dB <48V differential input voliage
30 dB =48V differential input voltage
REMOTE OPERATION IEEE STD 488-1878 The Hewlett-Packard Interface Bus {HP-IBi is Hewlett-
Compatibility Code: Packard Company’s implementation of [EEE 5td.
SH1. AH1. T5, TEQ. 458-1978, “Digital Interface for Programmable Instru-
L3. LEQ, SR1, RL1, mentation’. All functions except the line switch, the
PPO, DC1, DT1, CO ®10 and ~10 keys, and the low terminal float- ground
switches are remotely controliable.

1-14
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Table 1-1. Specifications (4 of 4)

General Information

GENERAL (Cont'd}

Characteristic

Performance Limits

Congitions

POWER
REQUIREMENTS
Line Voliage
100, 120, 220,
240 Vac
100, 120 Vac

POWER DISSIPATION

ATED INTERFERENCE
(EMI)

CONDUCTED AND
RACIATED
SUSCEPTIBILITY

NET WEIGHT

DIMENSIDNS (Full
Envelope)
Height
Width
Depth

CONDUCTED AND RADI-

100 V-A maximum

MIL STD 461A,
VDE 0871, and CISPR
publication 11

MIL STD 461A-1968

12.3 kg (271hy

146 mm (5,75 1n.}
4925 mm (16.8 in.
462 mm 118.2 in.}

48 to 66 Hz
48 to 440 Hz

sizes are 5YaH, IMW, and 17D.

Conducted and radiated interference is within the re-
guirements of methods CE03 and RE02 of MIL STD
461A, VDE 0871, and CISPR pubiication 11.

Conducted and radiated susceptibility meets the re-
guirements of methods CS01, C502, and RS03
(1 volt/metre) of MIL STD 461A dated 1968,

Note: For ordering cabinet accessories, the module

Table 1-2. Supplemental Information (1 of 2]

All parameters describe performance in automatic operation or with properly set manual controls.

SOURCE

Freguency Switching Speed: <3 ms 1does not include HP-
1B programming time’.
Output Level Switching Speed: 20 ms :does not include
HP-IB programming time:.

Sweep Mode: Logarithmic sweep with up to 500
points/decade or 255 points total between
entered start and stop frequencies.

MEASUREMENT

SINAD

Detection: true rms 1average detection selectable by
internal modification:.

Resolution: .01 dB for ratios >25 dB. For ratios

<25 dB, the display is rounded te the nearest half
dB to reduce digit flickering with noisy signals.
:Full resolution is available by defeating this
feature using Special Function 16.1.

www.valuetronics.com
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Table 1-2. Supplemental Information {2 of 2)

MEASUREMENT (Cont'd)

SINAD
Analog Meter: active in SINAD only and for
SINAD ratios <18 dB (or 24 dB using Special
Fungtion 7.1).
Accuracy: 1 dB typical.
Tuning: notch filter is tuned to analyzer
source frequency.
Time to Return First Measurement: 1.5s typical.
Measurement Rate: 2.0 readings/s typical.

SIG/NOISE

Resolution: same as SINAD.

Detection: true rms (average detection selectable
by internal modification).

Time to Return First Measurement: <2.5s typical.
Measurement Rate: 1reading/s typical.
Operation: The Audio Analyzer displays the
ratio of the input voltages as the internal
source is switched on and off.

DISTORTION

Measurement Bandwidth: 10 Hz to 500 kHz.
Detection: true rms (average detection selectable
by internal modification).
Displayed Resaiution:

0.0001% (<0.1% distortion)

0.001% (0.1% to 3% distortion)

0.01% (3% to 30% distortion)

0.1% (>30% distortion)

Time to Return First Measurement: 1.5s typical.
Measurement Rate: 2 readings/s typical.

AC LEVEL
High Level Accuracy: +2%; 30 to 300V; 20 Hz to
20 kHz.

AC Converter: true rms responding for signals with

crest factor of <3 and harmonics up to 80 kHz.

3 dB Measurement Bandwidth: >500 kHz.
Time to Return First Measurement: <1.5s typical.
Measurement Rate: 2.5 readings/s.

OC LEVEL:
Time to Return First Measurement: <1.5s typical.
Measurement Rate: 3 reading/s.

FREQUENCY MEASUREMENT
Measurement Rate: same as measurement mode
selected.
Counting Technique: reciprocal with 2 MHz time
base.

AUDIO FILTERS
400 Hz High-Pass Filter Rejection: >40 dB at 240 Hz;
>65 dB at 60 Hz.

REAR-PANEL INPUTS AND OUTPUTS
Recorder Outputs:

X Axis: 0to 10 Vdc corresponding to the log of
the oscillator frequency.
Output Resistance: 1 k(.
Y Axis: 0 to 10 Vdc corresponding to the dis-
played value and entered plot limits.
Output Resistance: 1 k(.
Pen Lift: TTL output.

Monitor Output

Output Impedance: 600().

In ac level mode, provides scaled output of
measured input signal.

In SINAD, distortion, and distortion level
modes