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What’s In This Catalog:

GET ACQUAINTED with the
many ways Hewlett-Packard can
help solve your measurement
problems in the opening pages.
They describe the company,
give some information about the
HP capabilities that are beyond
this catalog’'s scope, list local
offices, give facts on HP ser-
vices, and tell you how to order.
There is an alphabetical index
and an index by model number,
to help locate solutions to mea-
surement, analysis, or computa-
tion problems. NEW HP products
are flagged and noted by the
word NEW in bold, blue type
throughout.

For More Information:

FURTHER INFORMATION on
any HP product is yours for the
asking. Use the Information As-
sistance Request Cards between
pages 400 and 401,

Gatalog Prices:

PRICES which appear in this
catalog apply only to domestic
USA customers; they were cur-
rent when approved for printing
and do not include applicable
surcharges on imported prod-
ucts. Where prices are not given,
or for latest price information,
call your nearest Hewlett-
Packard sales office.

Printed in U.S.A.
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A BRIEF SKETCH ? ABOUT HEWLETT-PACKARD

Hewlett-Packard is a major designer and maaufacturer of
electronic, medical, analytical, and computing instruments and
systems. From its founding in 1939, the company has con-
scientiously followed its basic philosophy of offering only prod-
ucts repfesenting significant technological advancements. The
company’s first instturment—an economically priced audio os-
cillator far more stable and easier to use than any such instru-
meat available at the time—met this demanding criterion, as
bave the many Hewlett-Packard products that have followed.

The company manufactures more than 2,000 products, most
of which fall into the category of electronic test and measure-
ment equipment. This includes many of the “wosk-horse” prod-
ucts such as oscillators, voltmeters, oscilloscopes, counters, and
microwave equipment, as well as a varjety of instruments and
systems for specialized applications.

However, the company has aiso cntered severa) additional
and importaat aew product areas over the course of the years,
and today the company name is seen on instruments and sys-
tems for medical diagnosis and monitoring, on others for bio-
physical and chemical measurement and analysis, and on an
impressive selection of solid-state devices.

The growth 1o the amount of data generated within our tech-
nically-oriented society, and the increasing nced to automate
testing and control fuactions, led Hewlett-Packard in recent
years into the field of computational equipment. The company
now offers an impressive family of general purpose digital com-
puters, and electronic calculators and systems. Hewlett-Packacd
computers easily interface with the company's clectronic test
and measuring instruments to form data acquisition and auto-
matic test systems. They are also being used increasingly from
the elementary through the university level for problem solv.
ing. computer-assisted instruction, computer science education,
and complex model simulation. Complementing Hewlett-Pack-
ard's computer and calculator hardware is an extensive library
of softwate for programming purposes. As a result, Hewlett.
Packard's desktop calculators, like Hewlett-Packard computers,
are versatile instruments that can handle a wide variety of
special needs.

To maintain its leadership in instrument technology, Hew.
lett-Packard invests heavily in new product development. Re-
search and development expenditures traditionally average
about 10 percent of sales revenue, and some 1,500 engineers
and scientists are assigned the responsibilities of carrying out
the company's vatious R&D projects. As 2 result of this ¢flort,
about half of the company's current business is tepresented by
products that were not jn existence §ix years ago.

The company has also showa leadership in manufacturing
techniques, developing many innovations that make it possible
10 offer high quality products at moderate cost. Engineering and
Pproduction of solid-state devices, integrated circuits, and hybrid
microcircuitry are prime examples. In many cases, specialized
equipment is required for the production of these components
as well as other unique parts. Often this equipment is designed
and buiit in-house either because it is not available on the out-
side, or becavse v allows Hewlew-Packard an extra measure
of control in maintaining the quality and performance expected
of its products.

Hewlett-Packard Is a well-established, multi-nationzl com-
pany that has controlled its growth so that expansion is fi-
nanced generally from income on a pay-as-you-go basis. From
its modest beginaings in Palo Alto, California, the company
now has nine manufacturing plants in California, two in Colo-
rado, two in New Jersey, one in Pennsylvanja and one in Mas.
sachusents. Hewlett-Packard’s overseas manufacturing {acilities
are located in Scotland, West Germany, France, Japan, and
Singapore.

However, for the customer, Hewlett-Packard is no (arther
away than the nearest telephone. There are more thaa S0 field
offices 10 the United States, and the company’s products are
marketed in over 100 countries abroad. All of these offices offer
immediatc assistance in solving measurement problems and pro-
viding advice on equipment selection, or with any help needed
to keep equipment already in service in first-class operating con-
dition. The field offices are staffed by trained engineers, each
of whom has the primary responsibility of providing technical
assistance and data to customers. A vast communications net-
wortk has been established 1o link each field office with the
factories and with corporate offices. No matter what the prod-
uct or the request, a customer can be accommodated by a single
contact with the company.

Hewlett-Packard is guided by a set of written objectives. One
of these is “to provide products and services of the greatest
possible value to our customers.” Through application of ad-
vanced technology, efficient manufacturing, and imaginative
marketing, it 1s the customer that the more than 16,000 Hew-
lett-Packard people strive to serve. Every effort is made to an-
ticipate customer’s needs, to provide products that will enable
him to operate more efficiently, to offer him the kind of service
and rcliability thar will merit his highest confidence, 2nd to
provide all of this at a reasonable price.




DELCON TELEPHONE CABLE
MAINTENANCE INSTRUMENTS

Hewlett-Packard's Delcon Division is
dedicated to the development and manu-
facture of instruments for telephone cable
plaot maintenance. Of prime interest is
the location of physical damage to the
cable.

Fault location has become 2n especially
acute problem in recent years as more
cable is placed underground. Although
better protected from the environment,
the cable is subject to new dangers and
the telephone craftsman is faced with
locating damage hidden by several feet
of earth. In addition, higher traffic den-
sity on cables and demands for highec
quality transmission have placed more
emphasis on cable reliability and quality.

From the standpoint of the cable main-
tenance supervisor, fault location prob-
lemns can be divided into five categories:

1. Maintaining the integrity of pressur-
ized cable systems. Since pressuriza-
tion js a preventive measure to keep
moisture out of the cable, it is essen-
tial that leaks be located and repaired
quickly before more serious damage
results.

1~

. Locating conductor faults before they
become catastrophic. High resistance
sborts and grounds are usually indica-
tive of water in the cable, which, if
not located and repaired quickly, ¢an
result in complete cable failure,

3. Locating catastrophic faults. Time and
location accuracy are of the essence
in these cases in order to return the
cable to service quickly with a mibi.
mum of excavation.

4. Cable utilization. This problem be-
comes most apparent when most of
the pairs in the cable have been as-
signed and it is no longer possible to
pick up a “spare” pair to replace a
aulty pair. Faults on abandoned pairs
must then be located and repzired in
order to more fully utilize the cable’s
capacity.

3. Cable path and depth detesmination.
This information is necessary in con-
junction with accuretely locating the
fault. It is also necessary for accurately
markiog the cable location to protect
it from construction and excavation
work being performed in the vicinity
of the cable.

Delcon Division strives to solve these
problems with instruments that are easily
operated by non-technical personnel and
that will withstand the rigors of the out-
side plant environment.

Ultrasonic feak detection

As pressurized gas escapes through an
aperture it creates considerable noise in
the ultrasonic region of 36 to 44 kHz
The Delcon Ultrasonic Translator De-
tector (such as Model 4905A) detects
this characteristic sound with 2 sensitive,
directional Barium Titanate microphone
and translates the signal to audio by
mixing it with a 40 kHz local oscillator
signal. The audio signal is then amplified
and monitored on a speaker and level
meter.

To detect leaks in aerjal cables, the
craftsman merely scans the cable from
the ground with the flashlight-size micro-
phone, listening for the characteristic
hissing sounds of a leak. By simulta-
neously observing the level meter, he cap
“peak in” on the leak and determine its
exact location. Pole mounted accessories
are also available for closer scanning of
the cable.

Leaks in ducted underground systems
are located with 2 unique “Duct Probe”
accessory. Consisting of a miniature mic-
rophone connected to a system of alumi-
pum rods, the Duct Probe can be used
to explore up to 500 feet into a cable
condujt. The leak is thereby pinpointed
precisely, permitting repair of the dam-
age with 2 minimum of excavation,

Direct reading fault locators

Fault locators that provide a direct
distance-to-fault reading in feet (or
meters) have the benefit of relieving the
¢rafrsman of the drudgery of performing
manual calculations. Locating faults be-
comes faster, requices less training and
is less ecror prone than with maaual
bridge techniques.

The Model 4912F Conductor Fault
Locator is a direct reading, automatic
calculating bridge operating on the Var.
ley principle. This instcumnent is designed
to locate extremely high resistance shorts,
crosses and grounds, such as might occur
from minute amounts of moisture in
plastic insu)ated cable (PIC). The 4912F
is connected to an access point on the

w% ABOUT HEWLETT-PACKARD

cable and the far-end of the cable is
strapped to form a bridge configuration.
The distance-to-fanlt result is obrained
by a simple sequence of adjustments of
the instrument controls. The 4912F is
battery powered, light and compact. It is
housed in a rugged fiberglass case and is
designed to withstand the demands of
field use.

Similar in coastruction and operation
to the 4912F, the Model 4910F Open
Fault Locator is designed to provide di-
rect distance readings to open faults in
paired telephone cable. The 4910F oper-
ates on a capacitance charge sampling
principle. Since the capacitance per unit
length of 2 pair is known for a particu-
las type of cable, this capacitance can be
related to the length of the pair. The
4910F measures this length by charging
the pair capacity, C;, with 2 known dc
voltage; transfering a portion of this
charge to a standard capacitor, Cg, in the
instrument for a given length of time;
and measusing the charge across Cy with
a voltmeter calibrated in feet. This entire
sequence is pecformed automatically by
the 4910F, providing an answer in just
a few thousandths of a second.

Tone type fault locators

The tone type locator, such as the
Model 4904A, places 2 990 Hz signal on
the faulted citcuit which is traced by an
inductive pickup coill and 2 sensitive
tuned receiver., At the point of the fault,
the signal drops in level, thereby indicat-
ing the exact physical Jocation of the
fault. The tone locatoc also has the ad-
vantage of being able to precisely trace
the path of the cable and, by teiangula-
tion, determine its depth 2t any point.
The tone locator system is designed such
that only the transmitted signal is de-
tected, so that interfering signals (such
as power line harmonics) do not {ntecfere
with the measurement. Output power of
the transmitter is kept low to prevent
intecference with other working circuits
in the cable and to prevent “carry-by”
of the signal beyond the fault.

MORE INFORMATION ON DELCON PRODUCTS

U.S.A. Customers: Delcon products are sold directly to the customer from the
manufacturing divisioa. Please direct all orders and inquiries to:

Hewlett-Packard Company

DELCON DIVISION

333 Logue Avenue

Mountain View, California 54040

Telephene (415) 969-0880
Customers outside the U.S.A.: Orders should be directed to your local Hewlett.

Packard disteibutor or representative.
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An evolution for an involvement

Hewlett-Packard's service to the medi-
cal community is at the Medica) Elec-
tronics Division (MED) in Waltham,
Mauassachusetts, where more than 250
products for health care including diag-
nostic instrumeats, patieat monitoring
equipment, medical systems instrumenta-
tion, and computerized medical systems
are manufactored.

Sanborn Company’s (Hewlett-Pack-
ard’s predecessor) first principal products
were a water level recorder, a blood pres-
sure gauge, the Benedict Metabolism
Tester, the first string-galvanometer elec-
tracardiograph, and the first portable
ECG. These were followed by the present
line of cardiological measurement instru-
mentation, which includes several models
of electrocardiographs, heart sound in-
strumentation, and a vector-cardiography
system.

In 1961, Sanborn became a division of
Hewlett-Packard. The combined strengths
of Sanborn, with its acknowledged lead-
ership in understanding and providing
for the needs of the medical commuanity
together with its experienced sales and
service personnel, and Hewlett-Packard,
with its lezadership in development and
support of electronic instrumentation, re-
sulted in well-conceived, well-designed,
and well-supported product lines.

MED's product lines

The product lines, which are listed in
Instrumentation Caralog

the Medical

(5952:3389), of Hewlett-Packard's Med-
ical Electronics Division (MED) cur-
rently contains more than 250 instru-
ments comprising patient monitors, medi-
cal systems (for the operating room. cath
lab, etc.), diagnostic instruments, and
computerized medical systems, Current
engineering efforts are expanding to tele-
metey for progressive coronary care mon-
itoring, and monitoring equipment for
new born intensive care wnits.

780 series patient monitors

Continuous monitoring of coronary
and critically-ill patients is undoubtedly
among the most important innovations in
patient care in the last decade. In re-
sponse to this innovation, Hewlett-Pack-
ard designed the 780 Series of patient
monitors for coronary care units, in-
tensive care units, and recovery room
monitoring.

The units of the 780 series ¢lectroni-
cally monitor various physiological phe-
nomenz such 2s ECG, arterial and venous
pressures, temperature, and respiration.
Monitoting is done on a round-rhe-clock
basis; the patient is effectively never left
alone. 780 bedside monitoring units are
small, compact, sclf-contained instru-
ments used to monitor various combina-
tions of patient parameters, Patient data
is displayed in analog or digital form on
a variety of readout devices for con-
venient and effortless monitoring by the
medical suaff.

Because of the building block design
of the 780 Series, units can be combined
into an almost unlimirted variety of sys-
tems to meet each hospital’s specific mon-
itoring needs. Other advantages of the
building block approach are economy—
cost reflects only those monitoring capa-
bilities needed; 2nd expandability—sys-
temns are easily enlacged to monitor more
patients or more parameters per patient.

The Hewlett-Packard 780 Series also
includes resuscitation capability. Defibril-
lation can be pecformed asynchronousty
for emergency treatment of ventricular
fibrillation or the defibrillator can be
used synchronously for the elective cacd-
ioversion of arrhythmias such as atrial
fibrillation oc atrial Autter. Pacing can
be done in either the fixed-rate or de-
mand (as-required-by-the-patient) mode.

8800 serles medical systems

Late in the '60's the need for moni-
toring systems for clinical and re-
search applications became apparent. This
prompted Hewlett-Packard into develop-
ing the 8800 Series of Medical Systems
comprising transducers, signal condition-
ers, recorders, and other display devices.
The versatility of 8800 instrumentation
permits customer configuration of sys-
tems for reseacch, operating rooms, cath
labs, and teaching applications.

The equipment provides substantial
flexibility in meeting the requirements of
the individual clinician and researcher.
By combining standard sub-assemblies in
building block fashion, virtually a limit-
less number of different configurations is
possible. These range from two-channel
systems in a small mabile cart, to highly
sophisticated multichannel systems in-
cluding chart recorders, oscilloscopes, nu-
merical readouts, analog meters, and
magnetic tape recorders.

Diagnastic Instrumentation

Hewlett-Packard has developed 2n ex-
tensive group of instruments primarily
for clinical applications. These instru-
ments moonitor and/or display ECGs,
VCGs, heact sounds, simultancous fetal
ECGs and labor contractions, nerve con-
duction and muscle voltages, and internal
body structures. This was followed by
our present single-channel electrocardio-
graphs which provide all solid state cir-
cuitry and the most modern electronic
technology available.



Electrocardiography

Hewlett-Packard offers two 3-channel
electrocardiographs. One allows the nurse
or physician to obtain a complete 12-lead
electrocardiograph automatically in ten
seconds. The second unit includes facili-
ties for obtaining automatic cardiographs
and/or provides a 3-channel display for
electcocatdiograph, phonocardiograph
and pressure signals,

Electromyography

The Hewlett-Packard compact, 2-chan-
nel clinical electromyograph provides all
of the sophisticated electronic gear neces-
sary to do electromyography 2nd nerve
conduction studies in one package. It also
utilizes a Hewlett-Packard developed
variable persistence oscilloscope, which is
unique to our inscrument.

Dlagnostic ultrasound

Hewlett-Packard's oscilloscopes were
also combined with sophisticated elec-
tronics to provide two diagnostic ultra.
sound units. These instruments utilize the
sonar pnnciple and have found wide
usage in neurolagical and radiological
diagnostic procedures, while other areas
such as cardiology and obstetrics are also
beginning to develop procedures where
diagnostic ultrasound is useful. These
instfuments, like the Electromyograph,
can be combined with the variable per-
sistence or storage scope, allowing Hew-
lett-Packard to provide a unique feature
in this type of instrumentation.

Fetal monltoring

Recently, 2 fetal monitoring instru-
ment has been developed by our maou-
facturing facility in Boblingen, Germany,
in conjunction with Ds. Konrad Ham.
macher of Dusseldorf. It combines both
the phonocardiograph and fetal ECG
techaiques and allows the obstetrician to
monitor fetal heart rate during the last
trimester of pregnancy, or at the time of
labor, and compare it with recorded la-
bor contractions. In this way, the number
of Caesarean sections can be reduced and
the baby can be continually monitored
during the mast traumatic time of lzbor.
The idea of monitoring the fetus is not
new, but instrumentation that will elim-
inate extraasous noises and maternal
heart sounds is, and all of this is com-
bined in the new Cardiotocogtaph, which
uses lagic circuitry to eliminate heart
sounds or other extraneous noises,

Computerized medical systems

One of the goals of Hewlett-Packard's
Medical Electronics Division is to pro-
vide medical systems and support that
allow the computer to be a time-saving,
accurate tool of the physician and re-
searcher. To implement this goal, the
concept of stazellite, or dedicated, com-
puters has been developed. Separate
small computers perform their functions
in the various areas of the hospital—in-
tensive care, cath lab, operating room,
etc.—and, if desired, communicate with
a2 larger machine containing patieot files
and billing information, Three total sys-
tem packages (both hardware and soft-
ware) are currently available for medical
systems applications. They are the Com-
putesized Catheterization Laboratory, the
ECG Interpretive System and the Com-
puterized ICU/CCU Monitoring System.
Additional available sofrware mcludes a
set of 52 statistical programs (the "Stat-
Pac’) written for biostatistical applica-
tons.

Computerlzed cardiac cath lab
This package aids the physician by re-
ducing the anzlog data obtained during
the cateterization procedure to z useful
set of calculated values such as heart
rate, systolic and diastolic pressure

values, pressure gradients, cardiac out-
put, etc. Ar the conclusion of the pro-
cedure, a report is generated for in-
clusion with other patient documentation.

ECG Interpretive system

A specially-developed operating system
controls the user’s choice of two pro-
grams for ECG analysis, Mayo or
USPHS, each based on different diagnos-
tic criteria and both widely field-tested.
Designed for operation by an ECG tech-
nician, the system merges patient histocy
cards with ECG records and prints his-
tory, ECG, and iaterpretation in less than
one minute. Results can be printed at
both the computer site and the ECG
terminal location. The system also pro-
duces patient billing reports upon re-
quest.

JCU/CCU monltoring system

A computerized, integrated, hardware/
software system for patient monitoring
is currently being developed and tested at
Petes Bent Brigham Hospital, Boston,
Massachusetes. This system is modular
in nature, making it easily adaptable to
any monitoring situation. Application
tasks include scheduled automatic sam-
pling of signals from bedside moaitors
(BECGs, pressures, fespiration, tempeca-
ture); plotting trends on a scope: logging
nurses notes; cardia¢ output by dye
curve; pulse waveform analysis; afrhyth-
mia monitoring in conjuaction with a
preprocessor; acid-base analysis; and gen-
erating patient summary reports at the
end of each nursing shift.

Hewlett-Packard’s ahiding commitments

Responsible concern is not confined to
creating designing and manufactuting
medica) instruments alone. Since the ulti-
mate value of medical instruments to
physicians and hospital persoanel must
be measured by intrinsic benefits, the ad-
ministrative staff of Hewlett-Packard's
Medical Electronics Division has speat
hundreds of man-years developing a
“total concept’’ package. existing from
the earliest stages of a medical insteu.
ment’s definition and continving through-
out the useful life of the product.

Currently the full-time responsibility
of more thaa 100 Hewlett-Packard pro-
fessionals, the total concept package com-
prises regularly scheduled trzining pro-
grams, complete publications comple-
ments, on-site calibration and checkout
procedures, extensive sales aad service
capabilities, emergency service loaner
equipment, and systems aoalyst and field
engineering support.
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For chemical analysis

Widely recognized as the nation’s fore-
most supplier of electronic measuring
mstruments for the eogineer, Hewlett-
Packard is fast developing a similar posi-
tion in analytical instrumentation for the
scientist. Fully described in a separate
Hewlett-Packard catalog "Analytical In-
struments for Chemistry,” these iastru-
ments are briefly characterized in these
two pages.

Gas chromatographs

Although less than 20 years old, gas
chromatography (GC) has taken over
from classical and other instrumental
methods the bulk of analytical work per-
formed in laboratories acound the world.
There is an excellent reason for the revo-
lutionary popularity of the gas chromato-
graph in analytical chemistry: no other
method gets more accurate results, at
greater speed, and for less cost.

For the scientist whose interest is the
chemical analysis of unknown samples,
Hewlert-Packard offers four basic types
of gas chromatographs, a more complete
line than is available from any other
manufacturer in the world:

Series 7600A Chromatograph System,
a fully auromatic GC thay takes over the
traditional work of the chromatographer,
from sample measurement and injectien
to the final report of the analysis. Operat-
ing completely unattended, it performs
the GC analysis more accurately and re-
liably than a skilied technician, zt a frac-
tion of the operating cost.

Series 7620A and 5750B Research
GC's, multiple-detector instruments that
permit the highest possible level of pet-
formance for a great variety of analyses.
They are designed expressly for the re-
search laboratory that requires an ex-
tremely versatile instrument.

Serles 5700A Laboratory GC, the most
modern instrument on the market, avail-
able in a variety of configurations for
dedicated applications. Its modular de-
sign makes possible the most economical
GC at the highest performance level for
laboratories that specialize In specific
analyses such as drugs, pesticides, natural
gas and air pollution.

Series 7610A and 402B High-Effi-
ciency GC's, whose large oven accommo-

iy ANALYTICAL INSTRUMENTATION

Gas Chromatographs and Spectrometers

dates glass U-tube columns for the an-
alysis of materials that are difhcule to
chromatograph, These instcuments incor-
porate other design features that make
them especially effective with biological
samples and thermally sensitive or polar
materials.

Model 5795B Preparative GG Attach-
ment which converes analytical GC's to
fully automatic small-scale preparative
work. The 5795B is used to separate and
collect pure componeats for furcher
chemical studies, without interfering in
any way with the gas chromatograph’s
analytical capability.

Model 7670A/7671A Automatic Sam-
pler, an accessory that automates the
measurement and Injection of samples
into a gas chromatograph. Operating un-
attended overnight and even over week-
ends, the 7670A/7671A reduces operat-
ing costs so significantly that even the
smallest labs can justify its purchase,

Data handling

Since GC produces both qualitative
and quantitative information on large

pe
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The 7as chromatograph and mass spectrometer forra the most powecful 1001 svaliable Yo the scientist for rapld, positive and accurate analyses of uaknown
8s. espaclally when they are integrated with 3 computer as they are in the Hewleit-Packard GC/Mass Spec/Compuler System.
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numbers of complex samples in a very
short time, its data output is so large
that automatic methods for handling it
are economical if not essential. Hewlett-
Packard manufactures a variety of in-
struments and systems for automatic data
handling to satisfy all budget levels:

3360A GC Data Processing System.
Complete automation of the data han-
dling process is achieved with the 3360A
which can handle the output of up to
eight GC’s simultaneously, without in-
tervention by the chromatographer. It
prepares a full analytical report for each
sample and is easily operated even by
laboratory technicians who have literally
no previous computer experience,

33708 Digital Integrator. An electronic
integrator, the 3370B automatically mea-
sures the retention time and area of each
peak on a chromatogram. It presents the
data either on a built-in printer, on
punched paper tape for use with time-
share computers, or directly to a digital
computer in real time.

Strip Chart Recorders. Several Hew-
lett-Packard recorders are available with
special input circuitry for use in GC:
Models 71274, 7128A, 7143A/B, 680.
All solid-state instruments, they offer a
choice of one or two recording pens and
five or ten-inch calibrared charts.

Hewlett-Packard manufacrares a broad
line of other data handling instruments
including digital computers, program-
mable calculators, magnetic tape record-
ers and oscillographic recorders which are
described elsewhere in this catalog,

Mass spectrometer

[t is generally agreed among scientists
that the most powerful tool for the quali-
tative and quantitative identification of
unknown materials js the combination of
a gas chromatograph and mass spec-
trometer. In the Hewlett-Packard system,
these two instruments are fully integrated
with a computer, further increasing their
analytical power and operator conve-
nience. All three components—gas chrom-
atograph, mass spectrometer and com-
puter—are manufactured and serviced
world-wide by Hewlett-Packard.

The 5930A Mass Spectrometer can be
operated either manually or automati-
cally. In the automatic mode, the com-
puter controls the operation of the spec-
trometer and accumulates the analytical
data while it performs the necessary cal-
culations. It does a complete mass scan

every two seconds, fast enough to analyze
every peak separated by the gas chroma-
tograph, and stores all the analytical data
for as many as 1000 scans on a single
tape cassette. Later, the computer can
search the cassette, find the scan of in-
tecest and type out a list of every peak,
identifying each peak by mass aumber
and relative abundance.

MRR spectrometer

Molecular rotational resonance spec-
troscopy (MRR) measures the absorp-
tion of microwave energy by molecules
in the vapor state at low pressures. The
technique has been widely used in funda-
mental molecular research for 2 number
of years. With the introduction of the
8460A MRR Spectrometer, which is easy
to use and more versatile than previous
instrumentation, the technique has been
extended to the analysis of complex gas
mixtures, especially in air pollution
studies and quantitative mixture determi-
nations.

Microwave absorption occurs in any
molecule that has a permanent dipole
moment. The absotption pattern, or
MRR spectrum, consists of sharp indi-
vidual lines which always occur at the
same frequencies regardless of sample
composition and total pressuce. Measure-
ment resolution is so high that molecular
conformers and non-radioactive isotopes
can be separately identified. Compounds
of molecular weight up to 350 can be
measured. Impurities do not interfere
and no sample preparation is required.

ESCA spectrometer

Electron spectroscopy for chemical an-
alysis (ESCA) is a relatively new tech-
nique for measuring the binding energies
of core and valence electrons in atoms
and molecules. Ir has great potential in
both structural and analytical chemistry,
with applications in the study of surface
chernistry, oxidation states, molecular
structure 2nd chemical analysis generally.

The HP 5950A ESCA Spectrometer
advances the state-of-the-art in some ex-
tremely significant ways. Tt incorporates
an X.ray monochromator and dispersion-
compensated electron optics, each an en-
tirely unique technological break-through.
When combined with the 5950A’s posi-
tion-sensitive detector, these design fea-
tures serve to eliminate the line-width of
the exciting radiation without introducing
any slits in the spectrometer. The resuir
is an instrument that can be operared

under optimum conditions of both sensi-
tivity and resolution at all times.

The main pecformance characteristics
of the 5950A include freedom from back-
ground and freedom from satellites as
well as greatly improved cesolution and
sensitivity.

CHN analyzer

The Model 185B Carbon Hydrogen
Nitrogen Analyzer performs a complete
elemental analysis of organic materials
simultaneously and automatically in less
than 10 minutes. The 185 has gained
considerable acceptance among micro-
chemists, because of its ability to per-
form, even under difficult ciccomstances,
elemental analyses whose accuracy is well
within the accepted allowable error of
+0.3%, at a speed advantage of 4 o 8
times over classical methods.

Molecular weight instruments

A polymer solution invariably copsists
of a number of different molecules of
different chain lengths and weights. Ir is
often useful to the polymer chemist to
make different kinds of molecular weight
determinations because each gives him a
better idea of the actual molecular weight
of the sample and also tells him some-
thing of the distribution of the type of
molecules in his sample.

Hewlett-Packard offers the polymer
chemist a choice of two instruments to
help him make fasi and accurate mole-
cular weight determinations of all sizes
of molecules; Model 302B Vapor Pres-
sure Osmometer for number-average
molecular weight determinations between
50 and 25,000; Series 500 Membrane
Osmometers for the same type of de-
termination between 10,000 and 1,000,-
000.

Quartz thermometer

The Model 2801A Quartz Thermom-
eter measures absolute or differential tem-
perature with a resolution of 0.0001°
over the range —80 to +250°C, 1t em-
ploys a small quartz disc transducer that
operates as a piezoelectric resonator for
a sensor osciliacor. The resonant fre-
quency of the quartz crystal varies as
the temperature in such a manner that
the frequency of the sensor oscillator out-
put signal is a linear function of tem-
perature. Probe temperature js displayed
as a direct digital readout in °C or °F.
A BCD output is also provided for input
to computers and other data handling
systems.



SALES & SERVICE OFFICES / @:

UNITED STATES

ALABAMA

£.0. flox 4207

2003 Bycd sp,w Road S.W.
Hontavilly D

101 (2035) ux 458

TWX: smmmw

ARIZONA

2336 I Magnolla 8t
Pheenix 83034

Teh {ﬁm) 252-5061
TWX: 910-951-1330

1737 €ast Broadway
Tutssn 857}

Tels (602) 298-2313
THX 910-952-1182

CALIFORNIA

1430 £330 Orangelhorgs Ave.
Fullerton 9263)

Tak (714) 870-1000

3939 Qanherchim Baulsvaza
Merth Kollywaed 31504
Tel: (213) 877-1782

TVWXs 830-499-2120

LI0I Emdarcadern Rand
Pale Afte 04303

Teis (315) 327-E%00
WX, 9303731280

2226 Watt Ave

Sacremento 53828
Vo (916) 442-1451
TWX: $16-387-2092

3608 Atro Drlve
San Dierd N3
Tuh (714) 279330
WX 910-333-2000

COLORADO

7485 Esxt Prantico
1nglawaes 80110
Tali (303) 771.3453
THX: $10-935-0703

CONNECTICUY
608 Toiland Street
East dxrtiord 08308
Tulr (203) 269-9354
TWX: 210-426-3008

1] East Avenue
Norwalt 08851

Tele (203) 833-125)
WX, 7)10-488-3750

FLORIOA

P.0. Box 24230

2806 W. Oskiand Pack Bivd,
FR. Qanowrddfe 33307

Tel: (308) 731-2020

TWX: $15-955-4434

£.0. Box 20907

Hemndon Statioa 92814
B21 Commatweallh Avasue
orlanse

Tel: (305) 84)3970

TWX( 9108500143

Ef1eztive Aarll 1, 3972
PO fax 13910

8177 Laxe £llesor Dr.
Orixado, 32309

Teb (3D3) 859-2900
YwX: 810:850-0112
QEORQ(A

P.0. Box 2824

450 (otantste Neorlh
Atlants 10328

Tefs (404) 438-6181
TWX; 810-788-4880

ILLINOIS

5500 Howard Streat
Shokle 50076

Teir {312) 677-0400
T™WK: 910-223-3612

INDIARA
3845 Meidows Dilye
ledisnagolls 45205

SALES & SERVICE OFFICES

LOU(SIANA

P.0. Box 858

1942 Willlama Boulayard
Xounes 70062

To1 (604) 72)-6201
TWX 810-955-5524

MASYLAN
6707 Whiteslone Roag

TWX. 0-282:9137

£.0, 8ox 1648

2 Cnoka Cheery Road
Roukylils 20850
Tai) (301) 486370
TWRI 710-828-9684

MASSACHUSETTS
32 Harrwalt Ave,
Lyytagton 02173
Tal: (617} 861-2960
TWX: 710-326-39504

MICHIGAN

21540 Weal Nine Mile Bosd
Seuinflalg 46073

Tali (312} 3539100

TWX: 810-224-4882

MINNESDTA

2539 Ualvarity dvenug
St Papl 55114

Tolr (612) 648-9481
TWXs B10-563-3724

MISSOURS

11)3] Colorado Ave.
Kanxas Clty 84137
T8k {816} 783-6000
TWX: 910-771-2087

2812 Soulh Brentvood 81vd.
St Lowly 83184

Tals {314) 962-5500

TWX: 810-280-1670

1080 8. Nings Mighway
Charey Ml 08032

Tahi (609) 6674000
TWX. 710-892-4943

NEW MEXICO

P.0. Bax 8386

Siation C

6501 Lomus Bovlevasd N.€.
Ajbugosrgre 87108

Tel: (503) 263-3)13

TWX1 910-980-1665

136 Wyall Orive
Lar Cruody 83001
Tel (805) B25-2485
TWX: 810-983-0350

HNEW YORK

1702 Castea( Avanoe
Albsny 12206

Toli {318) 825-8462
TWXr 710-841-8270

1218 Campvilte Roar
Eadicott 13760

Tal. (882) 7540950
TWX: 510-252-0890

82 Waihingtoa Street
Kuepile 1260)

Tuh, (R)4) 484-7330

TWX: 310-246-0012

19 Saginaw Drlye
Rechester 14623
Telr (716) 4739500
TWX: 310-253-594}

£458 Last Molloy Aosa
Sycacuir 3321}

Teli (31B) 434-2485
TWX: 710-541-D4A2

L Crosawiys Park Wast
Woodhury

Tei: {516) 921-0300
TWX: 5162220813

OHio

25576 Conter Ridge Roxd
Clavelsnd 44143

Tel, (216) B35-D200
TWX: 810-427-9129

3480 South Dlxie Drive
Dayten 45439

Tel: (513) 260351
TWX: 810-455-1925

1120 Morse Read
Columbus 43229
Tol: (614) 646-1300

OALAHOMA

2913 Unlled Faunders Boulevard
oudshoma §lty 7N 12

Tet- (405) 801

TWX: 210-830:8882

ORZAON

Westhills Mall, Suits 158
4475 3.W. Scholu Ferry Roed
Portat 97223

Tl (863) 792-8)7)

™WX: 910-484-5103

PENNSYLVARIA

2500 Moss 3161 loulwm
ManrorvDie 1

Tehs (422) 27[ 0721

TWX: 710-797-3880

1021 £%h Avenua

Xing of Prursia Industrha} Pask
King ol Prugain 19406

Teli (2169 246-7000

TWX 5108602870

NHODE ISLAND
829 Wadnrman Avs.
a3t Providancs 02914
Tali (401) 4245535
TWX 710-381-7573

*TENNESSEE
emphly
Teli (301) 2747372

UNITED STATES, CANADA
CENTRAL AND SOUTH AMERICA

2.0, Box 27812
§300 Westpark Orlve
Sulta 100

Reuston 77027

Yeli (713) 7816000
TWX: 910-881-2625

231 Bllly Mitchell Rogd
Sac Antonly 78226
Tel (512) 4324174
TWX: $10-871-]170

UTAR

2890 Saulh Main Sureet
Salt Laxe City 84118
Teli (80)) 2870718
W 103235481

Kamedi Orive

Bouth Surilapton ¢3401
Yol: (602) 6684455
TWX. 510-299-0025

YIRQAINIA

P.0. Box 8514
2111 Spancar Road

Richmord 23230

Tel: (703) 285-343t

YW 910-856-0157

WASHINGTON
4331080 N.E
Balhvor 8004

Yels (208) €£4-337)
TWXs 910-443-2303
"WEST VIRGINIA
Chnrderion

Tol: (S0¢} 768-1232

FOR U.S, AREAS NOY
LISTED:

Tub: (317) 5464891 NEW JERSEY NORTR CAROLSNA Cantstl th lonat oth g
TWR: 810-341.2283 W, 120 Chalury Rosr P.0. Box 3188 u!‘ you °Ar('l:n‘3.‘ ?mlcr;lﬂ.".
Paramoy $7652 1923 North Main Strast KoriIN Hultywood, Calbdarni
Tel« (201} 135—6000 lf Polui 27282 £.0. kl 1270 Pacamas, News Jersay . . . Shokle,
TWX) 7)0-480-4¢31 Tal; (215) 385-8101 201 E. Anapaha Rd. itaols. THAIr  complete M6
TWX, 510-925-1816 ::?hl(;‘l:lﬁglliﬁ‘%l acessas are listed above,
1
TWX: §18-867-472) *Serdes Only
CANADA
ALBERTA BRSTISH COLUMBIA MANITORA NOVA SCOTIA QONTARIO QUEAEC

Hewleti-Pathard (Canade) Lio.
11748 Jasper Ava.

Edmenton

oty (403} 482-55B1

TV 610-831-2431

Hawlalt-Packard (Cansss) LId.

451% Canada Way
Norit Buready 2
Tal- (504) £33-8213
TWXs §]1€422-5059

Hawdott:-Pacturd (Canagar Lid,
X11 Bradfard CA.

Winnlpeg

Tel (204) 78R.7881

™WXi 610-671-3531

Mewiett-Ppriard (Cansdr) L6,
2345 Dylrh Villagn R4,

Suite 208

Halifax

Teh (902) 455-0511

TWX; 510~271-4482

Hawleht-Packard (Canada) Lid.
88D Lagy Eban Placy

Otrawa

Yot (613) 265-5180, 2555830
TWX: 610-552-1952

Hewlall- 9I€luld {Canads) (Xd.
50 Balexy Biwd
Nndale

lli (lle) 677-8614
TWX: 610-482-4248

Hewlat-Pagsard {Canpas) Ltd.
275 Hymuy Boulsvirs

polote Cheire

Teli ($14) 697-4232

TWX. 610-422-3022

Teiax: 01-20607

FDR CANADIAN AREAS NOT
LISTEO:
Contact Hewleti-Packarg (Caa-

ads) Ltd. in Polats Clalre, al
the complefe addrexs |Isted
wove,

CENTRAL AND SOUTH AMERICA

ARGENTINA

Hewletl- Pac\mﬂ Argantina
SAC.e

Lavatie 117l 3

Rorngs Aln

Tl !5-0436, 350627, 36.04))
Talexe 0121009

Catle. HEWPACKARG

BRAZIL

Bewtatt-Packard Do Brash
L.e.C L(da,

Rua Fre) Caneca 1119

$2s Pauis - 2, 3P

Telr 2B8-7111, 207-5B58
Caple. MDWPALK Sag Pavlg

Hewlett-Packard Do Bragil
Praca DOM Fallciaro 18
Saies BO6/BOB

Posia Alegre

Rla Granos do Sl (RS>Brasi)
Tal 25-8470

Cadler REWPALA Porto klegre

Hawhe(t:-Packara 08 Brasit
oG, Llas,

Rua da Matriz 29

Botafogo 2602

Rio 02 )aneito, GF

Tel 245-4417

Cadile: REWPAGK Rio g2 laneiro

CHILE

Héctor Cakagnl y Gia, Lida,
Bustos, 1932-er P>
Casllle 13942

Lantingo

Telo 423 88

Cavle: CALCAGNI Santiago

COLOMBIA

Instrumentaclion

Henrlk A, Langedaak & Kler
Lids,

Cxerara 7 Xo, 4359

Apartags Asceo 528)

bogoumr, 1 D.€.

Tels 45 7m 455546

Cabla: AARIS Boysts

Telex: 44400 INSTCO

COS8TA RICA

Ue, Alfreds Galltgss aurdish
Apasiads 10159

3an Josi

Tuh 21-35-13

Cables QALQUR San Josd

ECUACOR

L8borstortay ge Rsdic-Inganlaria
Colle Guayseull 1248

Posl Office Box 3199

Qone
Tet: 212:494; 219185
Cadle: HORVATH Quity

SALYADOR
Llactronle Assacaier
Apartago Pottsl 1882
Centro Camerciat Gigarde
S50 Salvador, E) Satvager
Paseo fcalon 4548-4:n Plso
Yol 23-84-80, 23-32-3)
Cable ELECAS

MEXICaQ
HewcloQHumd Mexicoha, S.A

622 Agolio Prieto

Cab. dal Valte

Mexlcs 12. D.F.

Tat- 443-4232; 523-18%4
Teten 0017-74607

NICARAQUA

Red#r1p Tarfa G

Adartado Pottal €89
Edificio tarén

Naeages

Tal 2281, 2452

Cobiac ROTTRAN Managun

PANAMA
fleckebnleo Balbos, 3.4
P.0. Box 4
Ave, Manue( Expinasa No. 13-30
Blag. Allna
Ponama ¢

20ne
Cavles MCYRON Panams Ciry

PARAGUAY

LY. Malamed S.R.L
Olvision: Aparatas y §quipos
Medlzus

$alon da Exposiklsb y Escritorla:

Onlle 282

Edificle Vigcocia—Planta Baja
Asuncten, Paraguay

Telr 45089, 45272

Lapia: RAMEL

ComoaAls £isctro Medica S.A.
Ave EAfiQua Cinaual 312
$an fsideo

Castiia 10320

Lima

Yeh 22.3
Cavre. ELMED Lima

PUEATO RICO

San Jusn Electronies, dng,
£.0. Box 5187

Ponce ga Lepa 152

Pda. 32TA do Tiatsa

£)e Joan 60306

Tet: (809) 725:3342, 722.9342
Cabla: SATROMICS San loan
Telars SATRON 3450 337

SUAINAME

Suttel-Ragio Holland N.V.
.0, Box 183

Panmarite

Ter- 72118

Cable: Trducnist Peremasibo

YRUQUAY

Padlo Ferrpnso S.A.
Comerelal a Indantrial
Aven(ds Marfa 2377
Cailfa ge Corzeo 370
mmm-u

Teh 433

Cibta, mwu Montavtdss

VENEIURLA
Howlalt-Packssd D3 Veneroess
A

¢

Aparlade 30533

Carsam

Tel. 71.88.05, 71.88.69, 71.99.30
Cadle: HEWPALK Caracan

Talex- 39821346

FOR AREAS NOT LISTEO,

CONTACT:
Kewletl-Paciard
INTERCONTIRENTAL

3300 Miltvlew Ave.

Jo Ao, Callfernls 34304
Tohe 1 SA0rPLDN
X 910-373-1267
Cablie: HEWPACK 2alo Asto
Titex: 084-848)




EUROPE

AUSTRIA
Mewlett-PzeXarg Ges.mbH
Ipastrasss 23/2

Postiach a&

A-1204 Vignae

Toh 10222) 33 £6 0608
Cablr: HEWPAX Yienas
Telex: 75923 bawpah &

SELQIUM
Mewlatt-Packard Banelix
S.A/NNV

Avenua du Col-vert, |
1170 Ardasels

Tel: (02 72 22 40

Cablar PALOBER @runszls
Telox: 23 454

OENMARK
Hewloit-Padkacd A/S
Catsvs} 38

DK-34&% Birkangd
Tali (013 41 65 40
Cabler HEWPACK A4S
Telex: 16640 hp as

Mawlott-Pachecd A/8
forvet §

D¥-8500 $ifketory
Toli (08).82-71-68
Telon- 1864C hy &3
Cible: NEWPACKRS

FINLAND

HewlerbPackard Oy
Bulevaret 26

P.0. Bax 12185

$F-60126 Wolvinki 12

Teh 13730

Cobies HEWPACKOY - Helsinit
Telux: 121583

FRARCE
Hi -Pacsard Franca
Quartlar de Courtshodu!
Bolts Postnie No. 6

131 Orsay

Yel: (1) 907 78 25
Cadler HEWPACK Orsay
Telox: 60046

Newlott-Packard france
4 Qual ey Etrol

63 Lyon £dms

Tol (78) 42 83 48
Cable) MEWPACK Lyow
Tatax: 31817

Hewlett-Fackard France
28 1ue ce 12 Gaee

F-31 laghos

Tor- (5)) 85 42 2%
Telex: S1987

QERMAN FEOEARAL
REPUBLIC

Hewle\t-Paskaed YerthNoos-§mbH
Berliner Stresas 117

Posifach 583/<0

08 Nleger: Euhblch/ﬂm &8
Tel (D513} 5004

Cabla NE\WM)(SA Franklort
Telea: 41 32 49 FRA

Hevlett-Packard Veridlade Lo
Bsrtanbéseeramasse 110
07030 Bhllngen, Wuetiemberg
Telr :07031) 68 72 &6

Cabler HEPAX BBDIlagan

Tefex: Y2 65 739
Hewlett-Peehars vertsieby.amaH
Yogelsangar Wag 38

0-4 Qlisseldert

Tel: (0211} 63 8 31/38

Talexi 85/66 433

Kewlatl-Packarg Vartriebs-GrvH

(P
Tal: (0411} 24 85 51 /B2
Cable: HEWPACKSA Rembdurg
Yalews 21 33 32

AFRICA, ASIA, AUSTRALIA

ARGOLA
Felectra Empeess Ticala
de Eaqulpamentes Edéctricor

SAR

Rua de Baroae Rodrigues
42-1°

Box §a8?

Lurnda

Cable: YECECT®R Luinds

AUSTRALIA
Naw!o(( Packsrd Avsteaia

PUy. Ltd
2226 Welt Strect
ahn irls, 148
Victosla
Yoo 20,1821 (8 (iney)
Cablas HEWPARD Mefpaurse
Felex: 31024

)|aw2n(~(?aclu¢ Austrailp
. Lid.

61 Alexender Strest
Crows Nasl 2085

Hew South Walex

Tei- 43.7B€8

Caples HEWPARD Sydney
Telsx; 21661

Rewletr-Packars Abgtrasis

92 Chutehlll Road
Preipace 3082

Jouth Austatia

Yol 63,2386

Cadler HEWPARQ Adefalde

Hewlatt Packard Australle

1y, L1d.
2rd Ficor, Suite 12
Casattzncs Bulldlngs
195 Adalsida Terrace
Parth, W.A. 6000
Tah 213330
Cadle; NEWPARD Prrtn

HewlettPacxire Ausiralia
iy,

10 Wooltey Streat

P.0. Bax 151

Dicitswn AC.T, 2802

Ter- 49-8194
Cante; BREWPARD Canberrs ALT

new!eh—h:iuw Augiralla

fy. L

3 ervard Swest

P.O. 8ox 13%

Xanmere 4063 Queanslany
Telr 78 5669

CRYLON

Ualle2 Blactricaly Ug.
P.Q. Box €81

Yahali Bolloing

Staplas Straat

ulamo 2

Tal: &

Cable. HMPOINT Golombe

CYPRUS

Ryproakey

19 Gregorlos & Xeropoulos Roed
?.0. Box 1152

Mleotia

Tal: 628278028

Cablar HE-(-NAMI

ETHIOMA

Alrican Sulespower & Agsncy
Pdvete Ltd., Co.

p. 0. Box 718

%8/%9 Cunnlaghsm SL

Add(s Abahg

Tek: 32285

Cadlm AZACO Astisababa

HONG KONG
Schmidt & Co. (Hong Kong) Ltd.
£.0. Bex 297
1511, Prirce's Butiding 135t Fioo
10, cn':‘m Ross

B

@ Kang
Vol 240180, 232738
Cavle: SCHRIDICO Hong Roog

$NDIA

Blue Star L.
K21t Bulldings
Jamsbeo) Tata Ra.
sembny 208R, 'nal
Tali 29 30 21

Telgx: 2156

Cébldi BLUEFROST

Blue Shar Led,

pomuay 2500, Ingia
Tel. 43 73 01

Telew: 2156

Cavle: BLUESYAR

Blue Suar Lt
14740 Civli Lines
Kanpur, lidia
Tal G 34 £2
Cable: BLLESTAR
8lua Sls. e
7 Rarn Stvdet
P.0. 8ox 504
Cakotia 1, Indla
Tal 23-0191
Yelex: 655
Cadle: BLUESTAR

Blue SLar Lid,

Blus Star House,
34 Rinp Rona
Lajnat Meget

How QoA 24, todis
Te); 62 32 76

Telex: 481

Cable: BLUESTAR

Blue Shae Les.
17-C Ulsoor Rosd
dangators-8

EUROPE
AFRICA, ASIA, AUSTRALIA

Hewlttl-Pachard Vertrlobs-GmbH
Untartiachingsr Sirasse 28

ISAR Center

0-8612 dGodcunn

Tel: (081)) 60 13 0617

Teian: 05-24988

Cable, HEWFACKSA MUchen

(wast Ayiin

Hewleti-Pschard Yartrieds-GmdH
Wiimersdorfer Strasse 115/114
D-1650 Barlin W. 12

Tel: (0311) 3137046

Teltxs 18 34 03

QREXCE

Kostss Karaysrnis

18, Ermou Street

Athent 176

Teli 2300138

Cable: RAKAR Athens
Telaxs 21 59 32 AKAR GR

RELAND
Hewlath-Pachard Lid,
224 Balh Road

flough, Stk & DS, Beoks
Tel: Slaugh 75333341
Cabis: HEWPIE Slowgh
Tefex 84413

VALY

Mewiett-Packare ltafiam SpA
Via Amerige Varpueel 2
1-20124 Milan

Tel: (20 6251 (10 Maas)

Cabla: NEWPACKIY Mitan
Telex: 32048

Hewtatt-Pachard (tahana S.p.&
V(& Macoceo, 7

120144 Nama - Ear

Tel, (53 $912544/5, 5915347
Cadle: HEWPACKIT Rome
Telex- 61514

Glue $tar, Lid,

98 Parx Lana
Sacundargad 3, India
Yel: 763 91

Cable; BLUEFROSY

Bl Suar, L.

2)/24 $Socond Line Beach
Mageas 3, Inga

Tal: 2 89 58

Talex: 379

Cavble: BLUESTAR
Bloe Ster, Ltd.

18 Kalses Sungalow
Dindl|

Jamshegdpur, indls
Teh 18 04

Ceble: BLUESTAR

INDONESIA
Bah Bolen Traging Coy- N.V.
Olatan Meedsxa 25

Bapdung

Tal: 4935; 51560
Cabls: LM
Terer: 0B-809

IRAN

Telscom, U4,

£, 0, Bax 1812

240 Kh. Sabs Shamall
Teheran

Yel: 43850, 48111
Gaole. AARCOM Teheran
Teley: 2654

ISRAKL

tlectronles & Englaasring
Div. of $otarola 1ssael Lig.

L7 Amitaday Straat

Tel-kvlv

Teir 34841 (3 finev)

Codye: BASTEL Tel-Aviv

Telex: 8sstel Tv 033-569

JAPAN
Yokopawe-Hawl1m-Packard Led.
Omsdl ultdlag

1-59-1 Yoyesl

$hlbays-hu, Tokyo

Teli 03:230-2281/7

Tetex: 232-2024YHP

Cadle: YHPMARKEY 10X 23.224

YousgrwaHewlglt-Packard LU,
Risal Rearagl Bleg.

2.2-8 Xssops

deeagl-$nk

Onica

Tel: (0226) 23-164)
Talex: 245-5332 YHPOSAKA

Yekogawa-Hewbsti-Pockard (19,
Ito Edlidiag

Nb. €5, Kotorl-che
Nadamora-ku, Negoys City
Tel: {032) 6310215

h

/ SALES & SERVICE OFFICES

(WREMBURG
Hewtatl-Packara Benelux
SA/NV.

Aveaue ay Cof-Vert, 3
84170 Brusna(s

Til: (03/02) 72 22 40
Ceola: PALOSER Brussels
Vebex: 23 434

NETHERLANOS
Heslgtt-Packard Benaluy, v,
Weordesteln 117

P.0. Box 7828

Amstardam, 2 (1

Tele 020-42 77 77

Canler PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewlw(t-Packard Noree A/S
Box 1498

Nesveusa 13

N-1343 Mzglum

Tel: (a2)-53 83 $0

Tolex: 18621

POATUGAL

Telectry-Empeesa Tecnics de
Equipamantds

Electricos S.a.0-l.

Rya Rodrigo 81 Fonseca 103
0. Box 2531

Lisdon 1

Tel: 68 €0 72

Cablar TELECTRA Lishon
Tele 159

SPAIN

Rewlert-Packars Espafiala, S.a
Jerat No &

Madrid 18

Ter 458 26 00

Yehogawa-Hewletl-Fatkard Lis.
Nita Blog.
2300 Shinonsrs-2ho,
KoPoku-hy

Yokohsma 222

Teli (40%) £32-1604/5

JORDAN

Constadila E Macnidiy
Cemencesy Shset

#.0. Box 7213

salM. Lebandn

Tel: 846

Canle, ELiCYRONUCLtAR Baieyt

KENYA
Kanya Kleriles
P.Q. Box 14311

cnlo. PROTON

Konea

Ametlcon Yesding Co.,
Kotea, Ltg.

Seoul P.0. Box 1103

Tib & 8th Maocs, DarKyung Blog.

107 Sejong Ro
ChongroXy, Seoul
Tel: 74.8341 (4 liney)
Cable: AMTRACO Seaul

LEBANON

Conshantin £, Macrdis
Clamencesy Street

£.0. Box 7213

Ealrat

Tak: 22084

[2:10) EL(ﬂﬁOKMCLEAh Belrvt

MALAYSIA

MECOMB MalaysTa LG

2 Lorapg 13/64

Sectlon 13

Petating Juys, Salanger
Cable: MECOME Xwala Lampar

MOZAMEIQUE
A N. @oncalves, LOA.
4.1 Aot 14 Av 0. Luls
[ D Box 107
o Marquas
Cable KESON
NEW 2ZEAVAND
Mewle(l-Pechaza (8.2 1.
94-98 Dxsors §t
P.0- Box 9443
Wiliageon, NI,
Tal $5-3%8
Cadle: HEWPACK Walllngten
Hewlsit Packard (R.1) U6,
By 51092

Cable: H EWPAC)( Aucklang

FAKISTAN (EAST)
Myshke & Campany, Ltd.
1, Jionah Avaays

Papes 2

Tals 2800348
Cablv: REWDEAL Daces

SWEDEN

fawiott-Pachard Swarize 4B
EnlghetsvEgen 13

Fack

S-161 20 Bramma 20

Tel: (08) 98 12 88

Catile: MEASUREMENTS

Slckholn
Telex: (60721
Howiotb-?r.iuldﬁ N O]

Tel. (031) 27 88 00/D1
Teiex: 21 317 npmlnsts

SWI(TZERLAND

Hewlatt Packars (Schwarl) AG
2lrcherstrasse 20

TH-8652 3chlldren Turich

Tal: (01) 98 18 21/24

Cabie: HPAG EW

Telex: 51533
Hewleit-Fackard (SKhweli) AG
Aue du Bols-du-laa 7

P 0. Box 8%

1217 Moyria 2 Gacova

Tel: (G22) 41 34 0

Ciple: REWPACKSA Gondva
Telex) 27333 MPSA CN

TURKEY

felekom Engineariag Burealr
P.0. Boa 376

xarokdy

\erantul

Tel: 49 40

el TiltiMTION Istanpy!

PAKISTAN (WEST)
Mashiod & Company, Ltd.
Gosman Chambery

Abdullah Hicoon Road
Karwchl 3

Tats 311027, 512027

Cable: COOPERRTOR Warachi

#ushho & Compeay, Lia.
383, Satalhie Town
sawaipiosi

Teli 41524

¢adiss FEMUS Rasafpiog)

PHILIPPINES
£leclomex Inc,

A1 Flear, Arealiaets
Center B2dy.

Ayaia Ave., Mau(l Ahat
¢.CPO Box 1028

Mk, Riyp)

Tal: B6-12-37. 87-7%-32
Cadles ELEMEX SAsnits

SINGAPORE

Mechanka! and Combustion
Englnasring Company Ltd.

9. Sslen Kflang

Red RIll ndustelal Estate

singagers,

Teh 6473613; BI2B11

Cable: MECOMB Singagary

Hawiatt-Packard €at East
Area Difice

#.0. Hox 87

hlexaadra Fort GHiice
Shagapars 3

Tet- 633022

Cavter HEWPACK SINCAPOKE

SOUTH AFMICA

Hewlett Paciard South Atrica
(Pry), L.

#.0. Box 31716

Sraamfonte|n Transyaal

Mlirerion

30 De Beer Strevt

Jehansasdurg

Tal: 123-2088, 7252030

Telax: 0226 JH

Cables HEWPACK Joharnesburg

Hwlett Pacxard Sauth diricy
(P, L.

Brevcastie Hoyse

8red Srel
v Towl

Tali 36019, 36545

Cable: BEWPACK Cape town

THex: S-0000

Hewlert Packard Ssuth Afriza
(P1y.), Lo,

84y ﬁldu ﬁooa. Dutbaa

».0. fiox

Owerport, muu

Tei: BA-6102

Talex: 567954

Cabler REWSACK

UNITED XINGDOM
Hawleit-Packard (6.
224 Bath Road

Sisugn, Sl 4 D3, Bucks
Teli Slough (6752) 31341
Canla: HEWPIE Slough
Talem 84419
Hewlett-Packarg Lid.
"The Graftans

Stamford Meéw Road
Mirincham, Chothire
Teli (081) 628.852¢
felex- 688068

YUQOSLAVIA

belnm S.A,

83 svanue das Mimoras
Brusuls 1150, Belglum
Toh 34 3332, 4 2818
Caite: BELRAMEL Brussels
Telex: 21750

SOCIALI!T cou NTR(E!
PLEASE CONTAC

Ra'wisft-Pockard Gu mo.K
innatrayss 23/2

Postiach &5

A-1204 Viarny, Austria
Tav (0222) 33 66 08-0%
Cabla; REWPACK Yiehns
Tatex 75523 hawpaX &

ALL OYHER ZURCPLAN

COUNTRIES CONTACT:

HewlathPackard §.4.

Ry dy Boly-do-ten 7

1217 Meyrin 2 Gaanvs
Swlizerand

Tali (022) &1 54 00

Cablo) HEWPACXSA Genava

Telar: 2.24.48

TARWAN

Hawlett Pacsxrg Tolwan
39 Chung Shlao Wast Roed
Sec. )

Ovarseas lasoranca

Col Mg- 7t Floot

b

Tel: 189160,1.2, 375121,
Ex1. 240

Télex: TP824 HEWPACK
Cabslter HEWPACK Yalpal

THAILAND
The taternational
Enginsaring Co.. LAd.
P. 0. Wox 38
614 Sukhumvit Raad
kak

Tol: 610722 (7 llvas)
Canlar GYSDM
TULX INTENCO §X-226 Banghak

UGANDA

vgands Telaflactrlc Co., L6,
£.0 Box 4448

Kampaia

Tet 87278

Csdie, COMCO Kampals

VIETNAM

Penlagutar Tradiag (nc.
P.0. Box N-3

218 I«cn -Yuong
Saleon

Toh 20808, 93398
Caale- PERTRA. 5AIGON 242
TAMB(A

R ). Tikory (Zambly) Ug.
£.0. Box 2792

Lunal
Zambia, Canteal Afric»
Teli 73739

Cable: ARJRYTEE. Lugaka

MEDITERRANEAN AND
MIDOLE EAST COUNTRIES
NOT BHOWN PAXASE
CONTACT:

Bewlath-P sexard

Ca-pralnallan Gifics tor
Mediterranean gng MIZsle
East Gparations

Vis Macoces, 7

1-00144 Roma- Eur. Italy

Tel: 3) 39 40 2

Casln HXW!ACKIY Rome
Telsx- 61514

OTHER AREAS NOT
LISTED, CONTACT)
Hewlott Packard
IXTERCONTINENTAL

3200 Khlvlew Ave.
Palo Alg, Callfomiy 94304
Tel- (413) $28-7000

(Faed, 71 493-1%01)
WX 810-378-1287
Cable: HEWPALK Palp Al
Telax: 834.8461




ABOUT HEWLETT-PACKARD / @ GENERAL INFORMATION

Although Hewlett-Packard products are manufactured
throughout the United States and other parts of the world, the
Hewlett-Packard field office or distributor in your area is best
equipped to handle all your needs concerning products de-
scribed in this catalog, and for parts and service on Hewlett-
Packard products you already own. The worldwide listing of
field offices, representatives, and distributors, current at the
time of publication, is found on pages 6 and 7.

Order by model number

Technical assistance in selecting equipment and preparing
orders is available, without charge, from field engineers at all
sales offices. When you place your order, please specify the
catalog model number as well as the name of the product
desired. Whenever you want special options or features, such
as special color or non-standard power line voltage, ask your
Hewlett-Packard field engineer about availability of these
options, then, to prevent misunderstanding, include significant
specifications and specific instructions in your order.

Many Hewlett-Packard instruments ate supplied in cabinets
along with easily attached hardware for direct mounting in

standasd 19-inch equipment racks. Others are available in two
configurations: one a cabinet for bench use and the other with
a 19-inch panel for rack mounting. Catalog )istings indicate
the availability of cabinet or rack mounting arrangements.

Pricing policy and delivery information

Prices appearing in this catalog are net prices prevailing at
the time of printing and ace FOB USA factocy or warehouse.
They apply only to domestic USA customers and do not include
an impoct surcharge on applicable products. Such surcharge is
to be added to the price shown, Prices prevailing at the time the
order is received will apply. Please consult your nearest field
sales office to confirm prices at your location and to obtain
current delivery information. Customers outside the USA
should consulr their local Hewlett-Packard sales organization
for price information, Although the illustrations and product
information in this catalog were current at the time the catatog
was approved for printing, Hewlett-Packard, in a continuing
effott to offer the finest equipment 2vailable, reserves the right
to change specifications, designs, models or prices without
notice,

FOR CUSTOMERS IN USA

Where to send your order
Your order should be made out to the Hewlett-Packard
Company 2and sent to the Hewlett-Packard office nearest you.
Each field office has special communication channels to Hew-
lett-Packard manufacturing facilities to assure prompt and
efficient handling of your order.

Shipping methods

Shipmeants to destinations in the USA are made directly
from local factories or warehouses. Unless specifically requested
otherwise, express or truck transportation is used, whichever
1s less expensive and most serviceable to you. Small items are
sent parcel post. If fast delivery is needed, we gladly ship by
2ir freight, air express, or air parcel post, when specified on
your order, at prevailing rates. In many parts of the USA, 2

consolidated air freight service provides the speed of air trans-
port at surface rates. Ask your field engineer for details.

Terms in the USA

Terms are net 30 days from invoice date. Leasing and ex-
tended financial terms are available. Your local Hewlett-Pack:
ard sales office will be pleased to discuss your requirements.
Unless credit with Hewlett-Packard has already been estab.
lished, shipments will be made COD or on receipt of cash in
advance.

Quotations

Upon request, quotations including destination prices, will
be furnished to you by your local Hewlett-Packard sales office.

FOR CUSTOMERS OUTSIDE THE USA

Pricing
Prices as )isted in this catalog, unless otherwise noted, apply
only to domestic USA customers; all other customers should
consult their local Hewlett-Packard sales organization for
price information.

Where to send your order
In many countries, your order can be placed directly with
your local Hewlett-Packard distributor or representative. If
there is none as yet in your area, your order should be placed
directly with the office indicated for your part of the world.

Shipping methods

Shipments to customers outside the USA or Western Europe
are made from the appropriate Hewlett-Packard facility by

either surface or air, as requested. Sea shipments usually re-
quire commercial export packaging at a2 nominal extra charge.

Terms

Terms for orders from countries outside the United States of
America which are placed with the Hewlett-Packard Company,
Hewlett-Packard S.A,, or Hewlett-Packard Inter-Americas, are
irrevocable letter of credit or cash in advance, unless other
rerms have been arranged previously. Terms for orders placed
with authorized Hewlett-Packard distributocs afe mutually
determined between customec and distributor.

Quotations and pro forma invoices
FAS, CIF, C&F, etc. quotations or pro forma invoices, as
well as exportation and importation assistance, are available
on request from local authorized Hewlett-Packard sales offices
or representatives.



WHAT YOU CAN EXPECT
WITH YOUR H. P. EQUIPMENT

Warranty

All Hewlest-Packard producss are warranred against defects
in matevials and workmanship. The period of coverage is
specified in the Operating and Service Mannals provided with
each product, We will repair or replace, at our option, producss
which prove to be defective during the warranty period.

Cenrtitication

Producis, matetrials, parts, and seyvices furnished on this
order have been provided in accordance with all applicable
Hewlety-Packard specifications. Actual inspection and test data
pertaining to 1his order is on file and available for examination.

Hewletr-Packard’s calibvation measuremenis are traceable to
the National Brrean of Standards 1o the extens allowed by the
Burean's calibration facilities,

The Hewlett-Packard Quality Program satisfies the require-
ments of MIL-Q-9858, MIL-1.45208, and MIL-C-45662.

Assurance that your equipment will continue to perform as
expected for years to come is provided by Hewlett-Packard's
world-wide Customer Service organization. There is a Hewlett-
Packard field office not far from you—you don't have to cor-
respond with a factory several thousand miles away to get
information, replacement parts, or service assistance when you
need it. This customer service program is one of the major
factors in Hewlett-Packard’s reputation for integrity and re-
sponsibility towards its customers.

Customer Service Agreements

Your instrument maintenance needs in many cases may be
handled most econorically by entering into 2 Hewlett-Packard
Customer Service Agreement. When you have a customer ser-
vice agreement, Hewltt-Packard z2ssumes your maintenance re-
sponsibilities for a basic annua) charge, relieving you of the
need for hiring your own trained specialist, for maintaining
replacement parts inventories, and for doing the paperwork
needed for maintenance scheduling.

Contact your nearby Hewletr-Packard field office for details.

Replacement Parts

Hewlett-Packard makes every effort to shorten spare parts
delivery time and s 2 result, aver 909 of the replacement
parts orders are filled the same day they are received.

To sustain equipment operation in remote areas, or where
equipment downtime is extremely critical, spare parts kits are
available.

SERVICES

&

When ordering a replacement part, please specify the Hew-
lett-Packard part number listed in the table and give the com-
plete name.

If circumstances require your ordering a part without specify-
tag the part number, please include in your order the instru-
ment model number, its serial aumber, a complete description
of the part, its function, and its location in the equipment.

Repalir Service

Help in maintaining your Hewlett-Packard equipment in
first-rate operating condition (s as close as a phone call to the
nearest Hewlett-Packard field office. Whether you want to
repair an instrument yourself, or send it to a Hewlett-Packard
facility for repair, recalibration, or overhaul, your focal Hew-

" Jett-Packard field office can offer a complete range of technica)

assistance,

Local repair facilities are¢ backed up by Regional Repair
Centers, located in major industrial areas around the world.
The Regional Repair Centers have more sophisticated test
equipment, factory-trained specialists, and z full line of re-
placement parts.

If your equipment installation is fixed, and if justified by
the type of secvice required, Hewlett-Packard will perform
service at your facility.

You have access to all of Hewlett-Packard's extensive service
network through your local Hewlett-Packard field office.

Service Publications

The Operating and Service Manual supplied with each
Hewlett-Packard product contains maintenance, calibration,
diagnostic and repair procedures, with tcouble-shooting chacts
and complete circuit diagrams. All replaceable parts are listed.
Extra manuals are available at reasonable cost from your
nearby Hewlett-Packard field office. Most operating and service
manuals with changes and service notes are now available on
COSATI standard, positive microfiche.

New or special calibration procedures, instrument modifica-
tions, and special repair procedures are described in detail in
the Hewlett-Packard Service Notes. This series of publications
sefves as a convenient means for updating Operating and Ser-
vice Manuals.

Bench Briefs, a periodic newsletter, bas servicing tips, new
modifications and other suggestions to help repair and mainte-
nance personnel get maximum pecformance from Hewlett-
Packard instruments. It describes new Service Notes and other
company publications as they become available. To become 2
cegular subscriber, merely ask your local Hewlett-Packard field
office to place your name on the mailing list.
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/ﬁ TECHNICAL TRAINING

Hewlett-Packard Technical Training Seminars are held
at your local Hewlett-Packard sales office or at the Hewlett-
Packard Corporate Training Department in Palo Alto, Cali-
fornia,

These seminars are instructed by Hewlett-Packard engi-
neers, each a specialist in his field.

Purpose of seminars
To offer you the skill and knowledge necessary to assure
the correct use and maintenance of your Hewlett-Packatd
instruments.

Facilities
Hewlett-Packard has modern facilities available. These
include separate Jabs for various instrument groups, lecture
rooms with the latest audio-visual capabilities, and videotape
viewing rooms with a complete [ibrary of Hewlett-Packard
videotapes.

Types of seminars
Applications Oriented Seminars: In these seminars eagi-
neers and technicians will be instructed in the use of Hew-
lett-Packard products:

Basic Microwave Measurement

. Microwave Measurement Techniques
RF Measurement Techniques

. Network Analyzer-Operation & Maintenance
Spectrum Analyzer—Operation & Maintenance
Voltmeter— Application & Operation

. Frequency Measurements Techniques

. Oscilloscope Applications

Calculators

Computers (fee charged)

Ty e AN TR

Service Orlented Maintenance Seminars: Service oriented
seminars are held only in the field. These seminars train
service personnel in the maintenance, calibration and repair
of Hewlett-Packard products making it possible for you to
have factory trained maintenance technicians in your own
service department.

Analog Voltmeter, Distortion Analyzer & Oscillator
. Digital Voltmeter

Electronic Counter
. Oscilloscope

Medical Instrumentation*®

Sampling Oscilloscope
. Solid State Power Supply*
. Spectrum Analyzer & Sweep Oscillator

o0 e on o

* These semlnars are held )a-plant and (n the fleid.

Seminar duration
The seminars are from one to five days in length, depend-
ing upon the complexity of the subject; incfuded will be
Jectures, demonstrations and hands-on experience with the
mnstroments.

Expense
Seminar attendees need provide only their own travel and
living expenses. (Special seminars may be arranged in your
plant for a limited charge.)

Detailed information
Contact your local Hewlett-Packard sales office, or
Corporate Training Department
640 Page Mill Road
Palo Alto, California, 94304
(415) 493-1212



VIDEO TAPES
A Better Way to Learn
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More effectlve: Hewlett-Packard programs are proof that vid-
eotzpe can be a highly effective training medium. Hew-
lett-Packard videotapes convey more information in less
time, and with higher reteation, than even the best live
instruction, Hewlett-Packard programs are produced with
measurable instructional objectives. They consider what
the student already knows, emphasize what he needs to
know, and omit what he does not nced o know.

More fiexible: With videotapes, you can tailor your training
program to better suit the many different needs of your
organization, You can select trzining programs for indi-
viduals with different backgrounds and specific needs,
present effective programs to audiences of 1 or hundreds,
and offer a library of technical programs your staff mem-
bers can easily consult on their own for new information
or for refresher purposes.

Less time-consuming: It's our experience that Hewlett-
Packard video progeams compress leatning time by a fac-
tor of four to one. A videotape library also reduces the
time needed to organize and schedule your training. You

can schedule highly professional presentations anywhere,
anytime and anyplace—without arranging for outside in-
structors, or juggling the detailed "logistics” that often
are required for live training sessions.

More convenient: Videotape programs come on small, easy-

to-file reels of magaetic tape. Inexpensive playback equip-
ment is easily operated by unskilled personnel. Programs
may be viewed on small portable monitors, or on full
screen TV sets. Videotapes can be quickly searched for
specific information viz fast forward or fast rewind, and
many recotders can stop on a singie frame for detailed
study.

More vasluable: “Iastant replay” is only one benefit of video

training. On many videotapes, split-screen techniques Jet
your students simultaneously watch a procedure demon-
strated on one half of the screen, and see the effect of
that action on the other half. Videotapes also clarify se-
quences that are difficult to follow in print, and provide
close-ups that are impossible to show in a conventional
classroom lecture.

Conslder What We Offer

For more Infarmation on

A BEST SELLER

ams)

HOW TO:
Use HP Instruments
Maintain HP Instruments

George Stanley's Practical Transistor
Course (15 tapes with text and ex-

The most valuable “How To'' Series,

The Incomparable

HP Medical Series

Nurses® Training (ECG, ICU/CCU,
and meny more)

Maintaining HP Medical Instru-
ments

Just to name a few

e Tapes

® Formats

e Equipment

® Prices
Contact:
Your local Hewlett-Packard Field

representative, of,

Hewlett-Packard Company
Corporate Training Department
640 Page Mill Road
Palo Alto, California 94304
(413) 493-1212
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ALPHABETICAL INDEX / @

A
AC/DC Converter .. .oovvvr e n 177
AC/DC Meter Calibrator .. ......... ... ....... 251
A/D, D/A Coaverters ........covviviiniinn.nn. 170
Accessories
ACOUSEICS .. oo e 396
Analog Meter .................... 39, 40, 54, 57, 77
- Analog Tape Recocder ........................ 199
Blank Plug-ins (140 and 180 Series) ............ 142
Cables ........ .o i i 40, 256, 348, 413
Cases and Enclosures .. ................... 414-416
Decade Capacitor ........... ... ... .. .. 56
Digital Meter ... ....... ... .. .. .o oo 73
Electsonjc Counter .. ... i e -, 216
Oscilloscope ... ... 119, 140
Oscilloscope Plug-in Extenders ................. 142
Power Supply ........... ... . 166
Sampling Oscilloscope . ................... 110, 119
Signal Source /Genecator .............. 256, 266, 269
Sweep Drive for 302A/3104 . ... ... ......... 378
Time Domain Reflectometry ................... 119
Transit Cases ... v oo evn i 416
Acoustic Analyzer ............ .. . L 389, 394
ActiveProbes . ... ... 141, 363, 395
Adapters
Coaxial & Waveguide . ....................... 342
50to750hm . ... 119
Probe ... e 141
Airport Noise Monitoring System ................. 395
Ammeters
AC QUIENE -« oottt e e 57
Analog .. ... . . oo 37-39, 41, 49, 57
Clipon ..o i 39, 57
DCCurrent ............cvvevn... 37, 41, 49, 68, 71
Digital ...... ... ... .. 37-39, 61, 68, 69
Amplifiers
AC . e e 27, 28
Cable ... .. e 396
Charge Sensitive .. ... .. 397
Data ..o 29
Differential . ........... .. . . .. 26, 30
Frequency Standard Distribution . ......... .. ... 243
General-Purpose .................. ... 27-31
Linear ... .. 398
Microphone ... ... ..ol 396
Logarithmic ... ... ... .. .. i 47
Power/DC Source . ... i 27
PreCision .. ...t e 28
Pulse ... 28
RE/Mictowave .. ... ..o, 31
Video (for counters) ..........cooiiiiii... 217
Wideband . ......... ... 30
Amplifier/Low Pass Filter . ................ .... 393
Amplifier/Power Supply . ......... ... ... 168

Analog Meters, see Meters, Analog
Analog Tape Recorders ........o.coviiiiinnn.. 197

Analyzers
Audio Spectrum . .. ... 389, 391-394
DIStOrtion ... ot e 372,373
Fourier ... ... .. i e 389-391
Microwave Link . . ... ... .. .. ... ... 354, 355
Multichannel . ....... ... .. L 397-398
Network ... i 356-370
Power Spectrum ...... ... ... ... . .. ... ... 389
Real Time, Spectrum ... ... 389, 394
Signal, Digital ......... .. ... ... ... 389, 394
Spectrum ..., ... e 379, 394
Transistor NOISE . .. ..ottt e 77
Vibration ... ... .. . 389
W ave i e e 350, 374
Wave, Digital .............. . ........ 388-394
Arithmetic Unit, Fast Fourier . ......... ... ...... 389
AtomicClock .. ... .. ... ... . . 238, 240
Attenuators
TS ONM .o e e e 355
600 ohm ... ... e e 56
Coaxial .. ... . o 327
Telephone Test ............ ... ot 348
Waveguide . ........ ... .o i 329
XY Recorder ... 176
Automatic Compensator .. ....... ... ieeiiainan 78
Automatic Test Systems .. ............... 370, 381, 405
Averager, Signal . ... ... ..o o 390
B
Bit Ecror Detector . ..o vee it e e 311
C
Cabinets & Enclosuces . ............ . ....... 414.416
Cable Fault Locators . ........c.oouiireanannn-. 1
Cables, General-Purpose Accessory ... ... ..... 256, 413
Calculator & Peripherals ... ............... 408, 409
Calibrators
AC Voltmeter .. ... . v i i 251, 255
AC/DC Voltmeter /Ammeters ................. 252
DC Voltmeter . ..., ... .. 251, 253
Horizontal Gain .. ... ot e 140
Sound Level ... ... s 396
Camera, Osalloscope ... 143
Camera, Oscilloscope Accessoties . ................ 145
Capacitance Meters
Bridge ... ... 50, 54, 55
RCL &D ..o e 50, 53
Card Readers, Mark/Sepse ............. .. ....... 402
Carsier Preamplifier ......... ... ... ... . ... ... 195
Chart Advance . ....v.ovi i e 180
Chart Recorders . ... ..ot e e 182
Clip,Logic . ... ..o e s 81
Clock, Atomic . ....... .. ... .o, 238, 240



Clock, Digital ....... ... .. 200
Coaxial Instrumentation and Accessories .. ... ... 324-342
Comrmunication Test Equipment
Microwave Link Analyzer . ................. ... 354
Portable Test Set .. ... .. i i 348
Psophometer ............... e 346
Selective Voltmeter .. ... ........ ... ... 350-352
Sweep Oscillator .. ... .. ... ... ... 353
Test Oscillator . .. .o i e 347, 349
Transmission and Noise .. ... ... ... .. ...... 346
Comparators
Analog .o e 55
Digital ... 70, 71
LOBIC - o 81
Components . _...... .. .. ... 410
Computerized Data System .. ........... .. ... ... 230
Computer of Average Transients ... ....... ... .... 390
Computers and Peripherals
Datalogger ... ... .o 403
Digitally Programmable Power Supplies .. 170, 171, 404
Displays . ... 83
Fast Fourier Arithmetic Unit ........ ... ...... 389
Systems interface .. ........... ... .l 404
Computing Counter ..........covveiunininns 230
Converters
ACto DC ... 45,177
A/D, D/A . 170
Do A . 185
Frequency ... ... ... i 216
Logarithmic . ...... ... i, 47
RE t0 IF o e e 355
Rise Time ... ... . i i 119
VtoF . . 72, 260-261, 263
Controller, Pre-set count/rate ........... 217, 230, 233
Correlator . . e e 389, 391
Counters, Electronic
ACCESSOLIES . . vt ittt i i 216
Automatic Ranging . ................. 218, 230, 234
Computing . ... ... ... . il 230
Counter/Timers, Electronics .. ... ...... .. .. 207-234
Digital Voltmeter for ........................ 216
Heterodyne Converter for . ................... 216
Microwave . ... 216,228
Normalizing Unit for ........................ 217
Plug-in Type ... o i 213-215
Portable Battery Operated .. .............. ... .. 218
Prescaler for ..., ... i 217
Pre-set Notmalizing ......... ... ... .... 217, 233
Reciprocal Taking ........ ... .. .. .. .... 230, 234
Snap-Together Type .. ....................... 218
Summary . ... 212
Time Interval ................... 217-218, 222, 230
Timer, Built-In DVM .. ....... ... . ... .. .. .. 222
Transfer Oscillator . .., ... ... ... .. ........ 216
Video Amplifiec ......... ... ... ... ... 217

Coupler/Contro]ler ............................ 203

Couplers, Directional (Coax & Waveguide) ........ 330
Crystal Detectors ..« vvviveniie i e 333
D
D/AConverters . ... 170

Data Acquisition Systems
Computerized ............. ... ... ..l 406
Coupler/Controller ...................... 203-206
Data Loggers ... ... 64, 403
DC Offset for X-Y Recorder .................... 176
DC Power Supplies
Digitally programmable ........ ... ... ... ... 170
Industeial and Labocatory . ................. 148-168
Modular .. ... .. e 169
Options and ACCESSOMES . ..., ... v vieoion.. 166
Delay Generator ............... PR 233, 308
Detectors
Bit Ecror .. ... . 311
Crystal, Coaxial and Waveguide . ............. .. 333
Directional .............. ... . ... ... ..., 351-353
Null .. 37
Optical, Radiant Flux (Power) ............. ... 76
Slotted Line ... ... .. 335
Differential Amplifier . ............. .. ... ..... 26
Diffecential Voltmeters . .........c.... ... .... 36, 253
Digita}
ACMeters .. oooee e 61-71, 73
Clock ... s 200
AMMELEIS . . oottt e i e e 61, 68-69
Computer Peripherals .. .................. 170, 404
DC Meters ... it 61-71,73-75
Decibel Meters .. ... ..t 62, 63
Multimeters . ... ... oot 61-71, 73
Ohmmeters . ... oo 61, 64-71
Output Control ........... ... ... ..., 390
Panel Meter . ... ... . . i 60
Power Meters (RF/Microwave) . ............... 316
Ratio Meter ............ .. ottt 70-71
Recotders . .ot i e 200
Signal and Spectrum Analyzers ............ .. ... 388
Tape Recorders ... ... ot 401
Transistor Noise Meter ., ..................... 77
True RMS Meters ................. 62, 64-67, 70-71
Voltmeters, DC .............. 61-71, 73-75, 216, 222
Digitally Programmable Power Supplies .. ........ .. 170
Directed Beam Display ................... ... 84, 90
Directional Couplers
Coaxial ....... ... ... . 330
Waveguide ... ... e 332
Directional Detectors .. ... . ... ... 331, 353
Disc Recorders ... ovvr o 400
Discriminator, FM ., ... ... .. .. . ... 234
Displacement Tranducers .. ... ... it 82

13
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Syl

Displays
Computer Graphic . ........... ... .. ... ... ... 84
Directed Beam .. .. ...t 90
Graphic, Storage . ........... ... .. ... 86
Large Screen X-Y . ... 88
Panel Meter ... .. i e 60
Precision Raster . .. ......... ... ... ... ......... 91
Spectrum ... .. 391
Systemn .. e 89
Distance Measuring Instruments
Distance Meter ... ... .. i 79
Laser Interferometer ... ... .. .o, 78
Distortion Analyzess........................... 372
Distortion Test Set v v v i i it i 354
Down Converter ............c.viuvuinennn- 216, 355
Dual Channel Sampler ......................... 108

Electronic Counters (see: Counters)

F

Fast Fourier Transform Arithmetic ... ............. 389
Filters

Coaxial and Waveguide .. ... ... ... ...l 338

High-Pass ... ... 119

Low Pass .......covunii i 393

Tracking/Tunable ..... ... .. .. ... . ... .. 386
FM Disceiminator . ...... ... i 234
Fourier Analyzer ............... ... ... ... ..... 389
Frequency Limit Detector ... ............. ... 230, 233
Frequency Meters

Analog ... ... ... . 234

Coaxial and Waveguide ...................... 339
Frequency Standards

CeSIIM - .ottt e 240

Disteibution Amplifier ........ .. ... ... .. 243

QUATtZ .t e 237

Reference System ... ... . i 243

Rubidiom .. ........... .. ... ... .. .. .. ..... 238

Standby Power Supply .................... ... 244

VLEF Receiver .. .ot ciicin e 242
Frequency Synthesizers ................. 245, 264, 270
Function Geperator .................... 249, 259, 263

G

Galvanometric Recotders . ................... 188-196
Generators

Function ......... oo, 249, 259, 263

Marker ..o e 286

Pseudorandom Noise . ... ....... . ... ... 392, 396
Pulse ... ... .. . 296
Signal ... 267-283, 286
Square Wave . ...... ... 296
Sweep ... 260, 263, 353, 359, 284-295
Tracking . ...... . . 386
Word ... .. 298, 312
Graphic Plotter . ... 402
H
Histogram Computer .. .,...........c.... ... 3%0
Horizontal Gain Calibrator ................... ... 140
]
IC Troubleshooters .......... . et 81
Incremental Chart Advance ...................... 180
Interferometer, Laser .. ..... ... .. ir.iiien... 78
K
Keyboard, Computing Counter . .................. 232
L
Laser Interfetometer . ... . ........ .. ... .. in... 78
Loads/Terminations, Coaxial and Waveguide . ... ... 337
Logarithmic
Amplifier ... . e 47
Voltmeter ... .. ... i 44, 47
Logic
Clp 81
Comparator . ... .l 80
Probe .. e 81
Troubleshooting . ....... . ... ... 80
M
Mark/Sense Catd Reader . ............ ... .. ..... 402
Marker Generator . ... .« .oviiv i 140, 286
Medical Instrumentation .. ........ ... ... 2,3
Memories, Disc/Tape .....o.ovv v, 400
Metec Calibeator, AC/DC .........ciiiiniine, 252
Meters, Analog
AC Voltage ......... ..o il 40-46
CUrrent ..o veii e e 37, 41, 49, 57
DCVoltage . .. ...ocovvinii i 36-38, 40, 41



Differential . ... .. .o 36, 253, 254
Frequency ......... ... 234
Impedance ................ .. ... 49, 50, 53, 55, 360
Logarithmetic Voltmeters ................ 44, 45, 47
Noise Figure .. ...t 320
Multi-Function .. ....ovevnennn.. 34-38, 40, 41, 49
Power ... e 315-319
Phase ... .oo. i e e 53
Ohmmeter ........c.covvvieniii.... 38, 40, 41, 49
QMeter ...t 51, 52
Radiant Flux (Optical Power) .................. 76
RMS Responding ... ..ot 46
SR e 343-344
Meters, Digital
AC Voltage .......coviiiiiiiiin, 61-71, 73
QUITENnt ...t s 61, 68, 69
DCVoltage ............. .. ... ... 61-71,73-75
Decibel . ... ..o s 62, 63
Multi-Function ......... ... ... . e 61-71, 73
Power (RF/Microwave) .......... ... ooonn 316
RAtIO ot ittt i e e 70, 71
Reststance .. .......vvenniennnnanan 61, 64-71,73
Transistor NOISE .. ... ienna i 77
True RMS ... ... ... .. . 62, 64-67, 70, 71
Microphone, Condenser .................. .. ... 396
Microwave Link Analyzer ................ ... ... 354
Microwave Test Equipment .. ........ 216, 228, 315-344
Mixess, Coaxial and Waveguide . ......... 269, 341, 387
Modular Power Supplies ................. ... .. .. 169
Modulators ... .o 283
Monitor, TV . . s 91
Multichannel Avpalyzer ..................... 397,398
Multimeters
Analog .......... ... ... 36-38, 40, 41, 49, 253-254
Digital ... ... 61-71, 73
Multiparameter Analyzer ....................... 398
Multipbase Clock Generator ... ............... ... 312
Multiprogrammers . ... vi i 404
N
Nacrow Band TDR ... .. . i iiiii i e 118
Network Analyzers ........................ 356-370
Notse Analyzers
TEanSISEOL . . o\ v it e 77
Treansmission and Noise . ..............counn.. 346
Noise Figure Measurement Equipment ... .......... 320
Noise Generator, Pseudorandom ............. 392, 396
NOLSE SOUFCES . .. ..ttt i 320
Noise Monitoring Systemn .. ..................... 395
Nuclear Iastrumentation .................... 397, 398

0
OEM Recorders .. ...t iiii e 179,186
Ohmmeters
Analog .. ... 38, 40,41, 49
Digital ... .. ... 61, 64-71
Optical Mark/Sense Cacd Reader ................. 402
Optical Radiant Flux Meter/Detector . ............. 76
Oscillators
Audio .. 256
Commumnications ..........cccouue.un. 262, 347, 349
Digital . ... e 258
Low Frequency ........... ... ... ool 256
Quattz ... .. 237
RE 272
Sine/Square . .................. PP 257
SWEEP v 260, 263, 284-295, 353
Test o 262, 347, 349
Transfer ... e 216
Wideband . ........ .. ... ...... 251, 256, 257, 262
Oscillographic Recorders ...l 188
Oscilloscopes

140 Serjes: Plug-in, DC-20 MHz, 18 GHz Sampling 130
180 Series: Plug-in, DC-6 MHz, 18 GHz Sampling .. 96

1200 Series: S00kHz, 7MHz . ... ...... ... .. ... 135
1700 Series: DC-150 MHz, Portable ............ 120
ACCESSOTIES .\ o it i e e e 140
Bezel Adapters, Camera ...................... 145
General Information ... ........ ... iin... 92-95
High Writing Speed .......... ...t 99
Large Screen ... 98, 132
Low Frequency ...........c.ivviiaiiiann.. 139
Testmobiles ......... ... ... 0o 146, 147
TV Waveform .. ... e i 139
Variable Pcrsistence/Storage ...... 100, 124,132,135
P
Panel CoVers .. ..o iit i i s 142
Panel Meters . ..ot e e 60
Phase Measucement Equipment (see Network Analyzers)
Phase Sensitive Demodulator ... ......... ... ...... 195
Phase Shifters, Waveguide ...................... 341
Plotters, X-Y ..ot i e e 173, 402
Point Plotter ... oot e e e 176
Point Plotting System . ... ... ... ... ...l 177
Portable Osciftoscopes . ..................... 120-124
Potentiometric Chart Recorders .. ... ............. 182
Power Measurement Equipment ... ............ 315-319
Power Supplies
Atomic Clock ... ... ... e 244
DC Modular . ...... i 169
Digitally Programmable ................... 170, 171

Frequency Standards . ............... ... ...... 244

15
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Industrial and Laboratory .................. 148-168

Microphone ... ... .. . ... o i oo 396

Options and Accessories . . ... .....counnon.. ., 166
Printer Intecface ... ... .. .. 221, 390
Printers, Digital .. ... . .. . . oo ol 200
Probe, Logic ... ... .. . . 81
Probe Power Supply ....... ... ... ... ool 141
Probes, Voltage divider . ... ... ... .......... 57, 140
Processor, Fourfer ... .. ..., 389
Progtammer, Computing Counter ................ 231
Pulse Genectators .............. .... 119, 233, 296-314

Q-Meters, Dicect-reading ...................... .. St
Quartz Thermometer - . ... ... ... ... ... 412
R
Radiant Flux Meter/Detectors (Optical Power) ... ... 76
Raster Display, Precision ......................... 91
Rate Genetators . ...... ... .. .. coiiiunaanin 307
Rate Limit Detector .. ..............c.ovviiin. 233
Ratio Meters .. ...ovivr e e 36, 70, 344
Recetver, VLE . .. . . 242

Recorders
Analog Chart .............. .. .. ... ... 182-196
Anmalog Tape ... ... ......... ... ... 197-199
Digital Printer .. ......... ... .. ... 200
Digital Tape ........... ... ... .o 401
Disc ... 400
Oscillographic . ............... .. ... ... 188-196
Strip Chart .. ... ... 182
XY 173
Rermote Interferometer ... ... .. ..., 78
REtoIF Converter ...............c.covviinn, 355
Rise Time Converters ... ..o viuieeannn.nn. 119
S
Sampler, 40or 1I8GHz .. ........ ... ... ... L 109
Sampling Head, 124 GHz . ................. ..., 118
Sampling Head, 18 GHz . .................. 110, 134
Sampling Time Bases . ... .......... ... ... . ... 134
Sampling Vertical Amplifier . .................... 134
Scanner, for X-Y Recorder ... ... .ot 176
Sensors, Displacement & Velocity ... ............... 82
Servo Chart Recorders ... ... ...l 182
Shosts, coaxial & waveguide ..................... 337
Signal Analyzers ...... ... ... L. 388-394
Signal Averager . ... ... . ... 390
Signal Generators
ACCESSOLIES .« .. o e 269

AVIONICS . o o e e 282

RE/Microwave .. ... .. .......... 267-283, 286, 359

Telemetry .. ..ot 276, 282
Slides, Oscilloscope ... ... 142
Slot Power Supplies . .. ... ... o oo 169
Slotted Lines, coaxial & waveguide . ........... 334-336
Sound Amalysis ........... ... oL 388-396
Sound Level Calibrator . ... ... .. ... ... ..., 396
Spectrum Analyzers .. ... ...l 379-398
Spectrum Display . ................ .. . L 391
Spectrum Stabilizer, Nuclear . .. ............ ... ... 398
Standards

D 253

Frequency (see Frequency Standards)

Transfer ... 251
Standing-Wave-Ratio (SWR) Meters . ............. 343
Steip Chart Recorders . ... ... oo 182
Sweep Oscillators .. ............ 260, 263, 284-295, 359
Swept Frequency Indicator
Switches, coaxial ........ ... ... . . . 341
Synchronizers, Phase-lock . .......... ..... ... 274,295
Synthesizers, Frequency ................. 245, 264, 270

T
Tachometer Readout . ...................... 233, 234
TR e e 116
Temperatuce Module, for Chart Recocdet ... .. ... ... 183
Tecminations, coaxial & waveguide .. ........ ... .. 337
Test Sets and Nojse Analyzers

Psophometer .................. ... ... ..., 346

Telephone Test Set . ........... .. ... ... ...... 348

Transistor NoOise ... ... .o 77

Transmassion and Noise .. .................... 346
Testmobiles . ... ... i 146
Thesmistor Mounts, coaxial & waveguide ........... 317
Thecmometer, Quariz ... ... .. .o ... 412
Time Base, for X-Y Recorders .. ................. 180
Time Base and Sweep Expanders ... ............. 112
Time Domain Reflectometer . .. .............. 116,134
Time laterval Counters .. ..., ... 213, 218, 222, 230, 233
Time Interval Generator . ... ... ..o oo, 233
Time Mark Generator .. .. ... .. .. ... .. ...c.uu. 140
Time Standard ...... .. ... ... ....... 238, 240, 243
Time Standard Reference System ... ............... 243
Tracking Generators , . .............. 0 coivennis 386
Transducers

Angle .. 78

Displacement .................. .. ..., 78, 82

Linear Velocity ........ ... ... ... ... ... 78, 82
Transistor Testing Instrumentation ........ 363, 365, 367
Trigger Countdown .. ..., 110
Tuners, Microwave .......... ... ... oo 341
Tunnel Diode . ..... ... ... covviiieaero... 110, 118
TV MOnIOr ..o v e 91



v
VLF ReCOIVEL ..ot 242
Vibration Anmalyzer ......... ... ... ... 389, 391, 394
Viewing heads . ......... ... ... .. i 142
Voltage Calibrators
AC e 251, 255
ACand OC ... ... 251
DC . 251, 253, 254
Voltage Source, Precision AC . ................. .. 255
Voltage Soutce, Precision AC/DC ................ 252
Voltage Standacds
AC 255
DC 253
DCTransfer ..ot 251
Voltmeters
Accessories . ........... ... 39, 40, 52, 54, 57, 73, 74
Analog ........ ... o oL 33-38, 40-46, 253
Digital ......... ... .. . 58-71,73-75
Diffecential . ....... .. . . .. . 36, 253
Logatithmic ........................... 44, 45, 47
RE 42
Selective ... .. L 350-352
Veator .. e 361
w
Waveform Analyzers . ............... 350, 374,388-391
Waveguide Instrumentation & Accessories .. ... . 326-342
Wideband Oscilloscope .. ........ ... .. 101
Word Generator . ....o. i 298, 312
X-Y
XY Plotter ..o 402

17
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2FA 2-Pen X-Y Recorder ....................... 178
3LV series Linear Velocity Transducers .. ........... 82
6LV series Linear Velocity Transducers . ............ 82
7LV series Linear Velocity Transducers . .. ........... 82
7DCDT Displacement Traasducer ................. 82
24DCDT Displacement Transducer . ............... 82
100
105A Quartz Oscillatos . ..., ...... ............. 237
105B Quartz Oscillator . ... ..................... 237
TI7AVLF Receiver ......... .. ..ot 242
120B Oscilloscope .. ... 139
130C Oscilloscope ..o oo i 139
136A 2-Pen X-Y Recorder . ... ... ... 178
140B Oscilloscope Mainframe . ................... 132
140T Spectrum Analyzer-Display Section ......... .. 385
141B Variable Persistence/Storage Mainframe . .. ... 132
141T Spectrum Analyzec-Display Section ... ........ 385
143A Large Screen Oscilloscope . ........... ... ... 132
1435 Spectrum Analyzer-Display Section .. ... ... ... 385
180 series Oscilloscopes ..o v 96

180C/D High Writing Speed Oscilloscope Mainframe 99
181A /AR Variable Persistence/Storage Mainframe . .. 100

182A Large Screen Oscilloscope Mainframe .. ... .... 98
183 A-183D Widcband Oscilloscope Mazinframe . . ... 101
190A Q Meter ..\ v e e 52
191A TV Waveform Oscilloscope ... ........... .. 139
195A Oscilloscope Camera ................... ... 144
197A Oscilloscope Camera . ..................... 143
198A Oscilloscope Camera .......... .. ..o 0.y 143
200
200AB Audio Oscillator . .................... ... 256
200CD Oscillator, Wideband . .. ... .............. 256
201C Oscillator Audio ... ... o i 256
202C Oscillator Low Frequency .................. 256
202H FM-AM Signal Generator .. ................ 276
202] FM-AM Signal Generator .. ................ 276
203A Oscillator, Vartable Phase ......... ... ... .. 259
204C Oscillator . ... ... 257
204D Oscillator . ..., ... ..o 257
207H Univetter . .. ... e 276
209A Sine/Square Oscitlator . .................... 257
211A Crystal-Monijtored Signal Generator . ......... 282
211B Square Wave Generator .. .................. 314
214A Pulse Generator ., .........c....iviinn.., 314
221 A Square Wave Generator . .................. 314
226A Time Mark Generator ., ................... 140
230B RF Power Amplifier . ... ................... 32
232A Glide Slope Signal Generator .. ............. 282
236A Telephone Test Oscillator .. ............ ... 347
236A Option H10 Telephone Test Oscillator (CCIT) 347
250B RX Meter ... .. 53
281 series Coaxial-Waveguide Adapters ... ...... ... 342
292 series Waveguide-Waveguide Adapters ... .. .. .. 342

207A Sweep Drive ... . o 378

300
302A Wave Apalyzer ....... ... ... .. ... ....... 378
310A Wave Analyzer .......... . ... ... ... 378
312A Selective Voltmeter ....................... 350
313A Tracking Oscillator ... .................... 350
320 2-Channel Oscillographic Recorder . .......... 188
321 2-Channel Oscillographic Recorder ... .. ... .. .. 188
322A 2-Channel Oscillographic Recorder . ... ...... 188
331A Distortion Analyzec . ........ ... ..., 373
332A Distortion Analyzer ... ................... 373
333A Distortion Analyzer .. ..................... 373
334A Distortion Analyzes ............ ... ... ... 373
340B Noise Figure Meter . . ..................... 320
342A Noise Figure Meter .. ..................... 320
343A VHF Noise Source . ..., ..o vineian... 320
345B Il Noise Source .. ...... ... ..., 320
347A series Noise Sources ...................... 320
349A Noise SOULCE . ... it 320
350D Attenuatox Set .. ... ... ... i 56
353A Patch Panel . ............................ 348
354A Step Attenuator .. ........ ... 328
355 series Step Attenuators . ..................... 328
360 series Coaxial Low-Pass Filters ... ............. 338
362A series Waveguide Low-Pass Filters . .......... 338
375 series Waveguide Variable Atenuators . ........ 329
382 series Waveguide Precision Variable Attenuators . 329
393A Coaxial Variable Attenuator ................ 328
394 A Coaxial Variable Attenuator . ............... 328
400
400D ACVTVM . ... i 44
400E ACVoltmeter ... ... .. ... oo, 45
400EL AC Voltmeter ........... .. ... .. ........ 45
400F AC Voltmeter ... ... ... ... .. 45
400FL AC Voltmeter ... ... ... ... .. .. 45
400GL Logarithmic AC Voltmeter ................. 45
400H ACVTVM . ... e 44
400L Logarithmic ACVIVM .................... 44
403A AV Voltmeter . ... ... .viiiiitiiiian. .. 43
403B AC Voltmeter .. .........coiiinenannn. 43
410C Multifunction Voltmeter . ....... ... . ... .. 41
412A DC Volt-Ohm-Ammeter .. .................. 38
415BSWR Indicator ... ...... . i 344
415E SWR Meter .. ... ..o o 343
416B Ratio Meter .. .........oviiiiieianiinn. 344
419A DC Null Volt-Ammeter .........c..cvcunn.. 37
420B Coaxial Crystal Detectors .. ............ .... 333
422A series Waveguide Crystal Detectors ........ .. 333
423 A Coaxial Crystal Detector .. ................. 333
424 A series Waveguide Crystal Detectors . ..... .. .. 333
425A DC Micro-Volt-Ammeter .. ................. 38
427A Multi-Function Meter .. .................... 40
428B Clip-on Milliammeter ...................... 39
430C Power Meter . ... oot s 318
432 series Power Meters . ..., 316
434A Calocimetric Power Meter . ................. 319
440A Detector Mouat .. ........ v 336
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442B Slotted Line RFProbe ..................... 336
444A Slotted Line Detector .. ... ..o ovviinin. .. 335
446B Slotted Line Detector . .. .. .cvovenivn .., 336
4478 Slotted Line Detector .. ..........ooviivin.. 335
4484 Slotted Line Sweep Adapter ................ 336
456A Current Probe for Voltmeters ... ............. 57
461A AC Amplifier ......... ... o 28
462A Pulse Amplifier ... . ... oo L 28
463 A Precision AC Amplifier ....... ..... ... ..... 28
465A AC Amplifier ... ... .. ... oo oo 27
467A Power Amplifier/Supply .. ............ .. ... 27
477B Coaxial Thermistor Mount ... ... ... ... ... 318
478A Coaxial Thermistor Mount ... .............. 317
X485A Waveguide Detector Mount .............. 333
48GA series Waveguide Thermistor Mounts .. ... ... 317
4878 series Waveguide Thermistor Mounts ... ...... 318
489A Microwave Amplifier ......... .. ... .. ...... 32
491C Microwave Amplifier . ........... ... ... . ... 32
493 A Microwave Amplifier ....... ... ... L 32
495A Microwave Amplifier ... ... ... ... 32
500
532 series Waveguide Frequency Meters . ....... ... 339
536A Coaxial Frequency Meter .................. 339
537A Coaxial Frequency Meter .......... ... ... 339
562A Digital Recorder . .................. ... ... 202
580A Digital to Analog Converter ................ 185
581 A Digital to Analog Converter ................ 185
600
G0BA Signal Generator . ......... ... ... 274
G06B Signal Generator . ....... .. ... ... 274
608E Signal Generator ......................... 275
608TF Signal Generator .................. ... ... 275
612A Signal Generator .......... ... ... ... ..., 277
Gl4A Signal Generator .. ........... .. ... 279
616B Signal Generator . ....... ... ... ... ... ..., 279
618C Signal Generator . ... ...... ... 0 0. 280
620B Signal Genesator . ...... ... .. ... ... 280
G26A Signal Generator .......... . ... .. .. ... 28]
628A Signal Generator ......... ... vl 281
651B Test Oscillator ... .. ... ...... ... ......... 262
652A Test Oscillator .. .......... ... iueev. - 262
653A Test Oscillator . ... .. ... 349
653A Opt. HO1 Test Oscillator ... ................ 349
654 A Test Oscillator . . ... PR 262
675A Sweeping Signal Generator ... .............. 359
67548/676A Network Analyzer ........... ... ... .. 359
680 Strip Chart Recorder ... ... ..ol .. 184
700
712C DC Power Supply ... ... L 168
721A DC Power Supply .. ......... . ... 157
735A DC Transfer Standard . ............. ...... 251

738BR Opt. E02 Voltmeter Calibrator

740B DC Standard/ A Voltmerer ................
741B AC-DC Differential Voltmeter/DC Standard . .
74SA AC Calibrator .. ..... ... .. ... ... .. ....
746 A High Voltage Amplifier for 745A .. ........ ..
752 series Waveguide Directional Couplers .. .. ... ..
774D Coaxial Dual Directional Coupler ............
775D Coaxial Dual Dicectional Coupler ... .. ... ...
776D Coaxial Dual Directional Coupler .. ..........
777D Coaxial Dual Directional Coupler .. ........ ..
778D Coaxial Dual Directional Coupler . ...........
779D Coaxial Directional Coupler . ...............
784 A Coaxial Directional Detector .. ........... ...
786D Coaxial Directional Detector .. .. ............
787D Coaxial Directional Detector .. .......... ....
788C Coaxial Directional Detector ... .............
789C Coaxial Ditectional Detector .. ... ...........
796D Coaxial Directional Coupler .. ....... ... ...
797D Coaxial Directional Coupler .. .......... .. ..
798C. Coaxial Directional Coupler . .......... ... ..

805C Coaxial Slotted Line . ... ...................
809C Universal Carriage .................. . . ..
810B series Waveguide Slotted Sections . ...........
SI4B Carriage .. ..o
815B series Wavegnide Slotted Sections . ...........
816A Coaxial Slotted Section . .............c......
817A Coaxial Swept Slotted Line System ... ........
870A series Wavegnide Slide-Screw Tunecs . ..... ...
885 A series Waveguide Phase Shiftess ... ..........
895A DC Power Supply . ...,

300

905A Coaxial StidingLoad ... ....... ... ... .....
907A Coaxial SlidingLoad ......................
908A Coaxial Termination ...... . ... .o ..
909A Coaxial Termination .......c.c.ocoivnenn.
010 series Waveguide Terminations . ..............
911A Coaxia) Sliding Load .....................
914 series Waveguide Sliding Loads .. .............
920 series Waveguide Moving Shorts ... ...........
X923A Waveguide Sliding Shogt .. ............ ...
X930A Waveguide Shortning Switch .. ........ ...
P932A Waveguide Harmonic Mixer . .............
934A Coaxial Harmontc Mixer . ... ... ... ..
938A Frequency Doubler Set ....................
940A Frequency Doubler Set .. ................. ..

- 1000

1051A Combining Case ..............covvivun..
1052A Combining Case ........................
11046A Combining Case ... ...........ooienin..
1104A Trigger Countdown . ...................,
1105A-1106B 20 ps Pulse Genegator ..............
1105A-1L08A 60 ps Pulse Generator ..............
L106A Tunpel Diode .................... ......

19
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1106B Tunne! Diode . .... ... ... c..cvv. ... 110
1108A Tuanel Diode . ... ... ... ... .. .... 110,118
1109B High-Pass Filter (Type N) ............... 119
1016A Testmobile . ......... ... ... ... ........ 147
1W7B Testmobile . ... .. . . L 146
1118A Testmobile . ... ... .o i, 147
1119A,B,C,D Testmobiles . ... ... ................ 146
1120A 500 MHz Active Probe . ............ ... .. 141
112]A ACPwobe ... ... o 363
1122A Probe Power Supply ..................... 141
1124A 100 MHz Active Probes .. ................ 141
1029A High-Pass Filter (GR874) ............... 119
12004,B Dual Trace Oscilloscope, 100, V/div ... ... 135
1201A,B Dual Trace Storage Oscilloscope, 100, V/div 135
1202A,B 500 kHz, 100y V/div Oscilloscope ... ... .. 135
1205A,B Dual Trace Oscilloscope sSmV/div ...... .. 135
1206A,B 5 mV /div, 500 kHz Oscillascope . ... ... .. 135
1208ABDisplay . ... .. ... . ... 89
1217A,B 7 MHz, 5 mV /div Dual Trace Oscilloscope . 135
1300A X-Y Display ... 88
1310A Computer Geaphic Dsplay ... ... .. ... .. 84
1311 A Computer Graphic Display ................ 84
1330A X-Y Display ... 86
1331A X-Y Display, Storage ... .................. 86
1331CX-Y Display, Storage ... ................... 86
1400B Differential Amplifiec ... ... .............. 133
1402A Dual Trace Amplifier ... ................ 133
1403 A Differeatial Amplifier ... ............. ... 133
1404 A Four Channel Amplifiec ............... ... 133
1405A Dual Trace Amplifier ............. .. ... 4. 133
1406A Differential Amplifier .. ........ ... ....... 133
1-{08A Dual Trace Amplifier ... ... .......... ... 133
1410A Sampling Vertical Amplifier .. .......... ... 134
1411A Sampling Vertical Amplifier ............... 134
1415A Time Domain Reflectometer ., .. .........., 134
1416A Swept Frequency Indicator .. .............. 134
1421 A Time Base & Delay Generator . ... .......... 133
1423A Time Base .. ... . 133
1424A Sampling Time Base . ................. ... 134
1425A Sampling Time Base & Delay Generator .. . . .. 134
1430C Sampling Head, 1I8 GHz . ... . ...... ... 110, 134
1432A Sampling Head, 4 GHz .............. 110, 134
1580A Narrow Band TDR ......... ... ......... 118
1700 series Portable Oscilloscopes ................ 120
1700A Portable Oscilloscope .. ......... ... ... ... 122
1701 A Portable Delayed Sweep Oscilloscope .. ... ... 122
1702 A Portable Storage Osciltoscope . ... ..., .. ..., 124
1703 A Portable Storage Oscilloscope, Delayed Sweep . 124
1706A Portable Oscilloscope 7S MHz . ......... . ... 126
1707A Portable, Delayed Sweep Oscitloscope 75 MHz 126
1710A 150 MHz Portable Oscilloscope .. ....... ... 128
1801 A Dual Channel Vet Amp 50 MHz ... ... .. 102
1803 A Differential /DC Offset Amplifier ... .. . . 104
1804A Four Channel Vertical Amplifier ........... 104
18065A Dual Channel Vertical Amplifier (100 MHz) 106
1806A 100y V Dual Differential ................. 105

1807A Dual Channel Vertica) Amplifier 35 MHz . ... 103

1808A Dual Channel Vert Amp 75 MHz ....... ... 102
1810A | GHz Dual Channel Sampler ...... ... .... 108
1811A dor 17 GHz Samples ... .. ... .. .. 109
1815A-1815B TDR/Sampler .. ....... ... ... ... .. 117
1816A Sampling Head, 4GHz .. ................. 118
1817A Sampler, 124 GHz ...................... 118
1818A Time Domain Reflectometer . . ... .. ... .. 116
1820C Time Base . ... ... ... ... ... .. ... ... 111
1821 A Time Base/Delay Generator . .............. 111
1824 A Time Base and Sweep Expander .. ... ..... .. 112
-1825A Time Base and Delay Generator ... ..... .. .. 113
1830A Dua) Channel Vertical Amplifier (250 MHz) . 107
1831 A Dicect Access Vertical (600 MHz) ... ....... 107
1831B Direct Access Vertical (500 MHz) «......... 107
1840A Time Base .. ..., . ... ... 114
1841 A Time Base/Delay Generator . .............. 115
1900 series Plug-in Pulse/Digital Generators ... .. ... 306
1900A /1901 A Pulse Generator Mainframe ...... ... 307
1900A-6936S Programmable Pulse Generator .. ... ... 313
1905A Rate Generator (25 MHz) ................ 307
}906A Rate Genesator (125 MHz) ........... . ... 307
1908A Delay Generator (25 MHz) ............ ... 308
1910A Delay Generatoc (125 MHz) ... ... .. ... 308
1915A Variable Transition Time Output ........... 309
1917A Variabfe Transition Time OQutput ... ..., ... 310
1920A Palse Qutput, <350 ps Rise Time . ...... ... 309
1921 A Posstive Output Pleg-io .. ... ... ... .... 310
1922 A Negative Ourput Plug-in .. ...... ... .. 310
1925A Word Generator ... ... ..ol 312
1927A Fan-In Amplifier .. ... ... ... ..o oL 313
1928A Fan-Out Amplifier .............. ... ... .. 313
1930A PR Binary Sequence Geaerator .. ........... 311
1934A Multiphase Clock Generator .. ............. 312
2000
21070A Data Logger for 3480A/B ................ 64
2100A Digital Computer ............. .. ... .. 399
2102A Disc Operating System . .................. 407
2070A-5055A DataLogger .................. ..., 403
2212B Vto F Converter ...........coiviinvninn 72
2402A Integrating Digital Voltmeter .. ...... ..... .. 73
2470B Amplifies, Data . ............. ... . ... 29
2471A System Data Amplifier ....... ... ....... 30
2570A Coupler/Controller .. ... ... ... . ... 203
2575A Coupler/Controller . ........... ... ... 203
27614 Optical Mark/Sense Card Reader ... ... ... 402
2761B Optical Mark/Sense Card Reader .......... 402
2801 A Quartz Thermometer . .................... 412
2940A Cabinet, Instrument ... ... .. ......... 414, 415
2040B Cabinet, Instrument .. ........... ... .. 414, 415
3000
3200B VHF Oscillator ... . .........coviiinnn.. 272
3205A FM Signal Generator ................ .. .. 282
3260A Marked Card Programmer . ............... 266
3300A Function Generator .. ........ ...y 260



3301A Auxiliary Plog-in oo 260
3302A Trigger/Phase Lock Plug-in ............... 261
3304A Sweep/Offset Plug-in .................... 261
3305A Sweep Plug-in . ....... ... i 261
3310A Function Generater . .......... ... ....... 263
3310B Function Geperator . .........oovecn. ., 263
3320A Frequency Synthesizer ... ... ... ... ... ..., 264
3320B Frequency Synthesizer .. ............... ... 264
3400A RMS Voltmeter ........ ... ... ...... ..... 46
3403A True RMS Voltmeter ........... ... ... ... 62
3403B True RMS Voltmeter ..................... 62
3406A RF Valtmeter .......................¢ ... 42
3420A DC Voltmeter /Ratiometer .. ............... 36
3420B DC Voltmetee/Ratiometer ... .............. 36
3431 A Digital Panel Meter ... ... ... ... ... 60
3431B Digital Panel Meter ...... ... ..... ...... 60
3431C Digital Panel Meter .. ....... ... ........ 60
3439A Digital Voltmeter .. ....... ... ........... 68
3440A Digital Voltmeter ......... . ..... .. ...... 68
3441 A Range Selector for 3439A/3440A ......... .. 68

3442A Automatic Range Selector (3439A/3440A) ... 68
3443 A High Gain/Auto-Range Unit (3439A/3440A). 68

3444A DC Multi-Funation Unit (3439A/3440A) . ... G8
3445A AC/DC Range Unit (3439A/34404A) ....... 68
3446A AC/DC Remote Unit (3439A/3440A) ... ... 68
3450A Mulei-Fuaction Meter . ...... ... .......... 70
3460A Digital Voltmeter ... ................. ... 74
3460B Digital Voltmeter ... .. ... ... . oo 74
3469B Multimeter ... ...... ... . oo 61
3480 A Multi-Function Digiral Voltmeter ... ... .. .. 64
3480A Multi-Function Digital Voltmeter ........ ... 64
3481 A Buffer Amplifier for 3480A/B .............. 65
3482A DC Range Unit for 3480A/B . ............. 63
3484 A Multi-Function Unit for 3480 A/B ... ....... 65
3485 A Scanning Unit for 3480 A/B ... ............ 65
3529A Opt. Cil Magnctometer Probe . ..., ... .. .. .. 39
3529A Magoetometer Probe ............. ... ... ... 39
35508 Portable Test Set .. .............. ........ 348
35558 Transmission & Noise Measuring Set . ... .. .. 346
3556A Psophometer ...... ... ... ... ... ... ... .. 346
3590A Wave Analyzer ......................_.. 376
3591 A Selective Voltmeter .............. ... .. ... 352
3592A Auxiliary Plug-in ... ... ... ... L, 377
3593 A Sweeping Local Oscillator Plug-in ... ....... 377
3594A Sweeping Local Oscillator Plug-in ....... ... 377
3595A Sweeping Local Oscillator Plug-in ....... .., 377
3603A Automatic Tape Degausser .. .............. 199
3604A Voice Chanpel . ..... .. ... ... ... .... 199
3680A AC Power Supply ....................... 199
3681A Tape Servo .. ..o 199
3702B IF/BB Receiver ... ...\ i, 354
3703B Group Delay Detector Plug-in for 3702B ..., 354
3705 A Differential Phase Detector Plug-in for 3702B. 354
3710A IF/BB Transeitter . ... .................. 354
3715A BB Transmitter Plug-ins for 3710A ... .. .. 354
3716A BB Transmitter Plug-ins for 3710A . ... ... 354

3720A Specttum Display ......... .. ... ... ... 391

3721A Cotrelator ... .. .. .. .
3722A Noise Generator . ... .ov i in ..
3730A Down Converter: REto I[F ... .............
3731 A Oscillator Plug-in for 3730A ..............
3732A Oscillator Plug-in for 3730A ........ ... ...
3733 A Oscillator Plug-in for 3730A ..............
3750A Atteauator: 75 Q ...
3800A Distance Meter . ......... ..ccoviiuninon.
3800B Distance Meter ... ...t
3801A Power Unit—3800A .....................
3801B Power Unit—3800B ......................
3907-11A Remote Control Unit . .................
3950 series Instrumentation Tape Recorder .........
3955 secies Instrumentation Tape Recorder . ........
3960 series Instrumentation Tape Recorder .. ... ... .

4000

40504 Analog Comparatos . ...,
4204A Digital Oscillator ... ........ ... oot

4260A Universal Bridge ........................
4270A Capacitance Beidge ., .....................
4328A Milliochmmeter . ... . ........... ... .......
4329A Resistance Meter ... .. ..
4332A LCR Meter ... ...
4342A Q Meter .. ... ..
4350A High Capacitance Meter .................,
4350B High Capacitance Meter .. .................
4436A Attenuator . ... ..
4437A AEMUALOr ... ..ot e
4440B Decade Capacitor ........... ... ..........
4470B Transistor Noise Analyzer ..................
4800A Vector Impedance Meter ..................
4815A Vector Impedance Meter .................

5000

5010A Logic Troubleshooting Kit ....,............
50508 Digital Recorder . .................... ..
5055A Digital Recorder ... ....... ... ... .....
5061 A Cesium Beam Frequency Standard .. ... .. ...
E10-5061 A Frequency & Time Refecence System . . . .
E21-5061A Flying Clock (¢esium) ...............
5065A Rubidium Frequency Standard .............
E21-5065A Portzble Rubidium Time Standard .. . ...
K02-5065A Standby Power Supply ...............
5085A Standby Power Supply ............... ...,
5087A Distribution Amplifier . ... ... ..........
5L00B Prequency Synthesizer ................. ...
S105A Frequency Synthesizer ................ ...
5110B Synthesizer Driver .. ... ... ............
5201L Scaler-Timer .............. ... .c........
5210A Frequency Meter .......................
5210B Frequency Meter . ... ... .. ..........
5245L Electronic Counter ... .,..................
5245M Electronic Counter .. ....................
5246L Electronic Counter ... ....................
5248L Electronic Counter ... ....................

55
258
50
54
49
49
50
51
55
55
56
56
56
77
53
360

21
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5248M Electronic Couater .............. ... ... 213
5252A Prescalec Plug-in .............. ... ... 217
5253B Frequency Converter Plug-in .......... . .. 216
5254C Frequency Convetter Plug-in .............. 216
5255A Frequency Converter Plug-in .............. 216
5256A Frequency Converter Plug-in .............. 216
5257 A Transfer Oscillator Plug-in .. ............., 216
5258A Prescaler Plug-in . ....................... 217
5261A Video Amplifier Plug-in .................. 217
5262A Time Interval Plug-in . ................... 217
5264A Preset Plug-in ...... ... .. .. oo 217
5265A Digital Voltmeter Plug-in ................ 216
5267A Time Intecval Plug-in .................... 217
5300A Measuring System ....... ... ... ... . 218
5301A 10 MHz Counter Module ... .............. 218
5302A 50 MHz Universal Couater Module ..... ... 218
5303A 500 MHz Counter Module ............... 218
5304A Timer/Counter Module . ................. 218
5310A Battecy Pack ... ... .. .. .. ... 218
5323A Automatic Counter ...................... 234
5326A Universal Timer/Counter . ............ 222,234
5326B Universal Timer/Couater/DVM ........... 222
5326C Multi-Function Counter .................. 222
5327A Universal Timer/Counter ................ 222
53278 Universal Timer/Countec/DVM ......... .. 222
5327C Multi-Function Counter .................. 222
5330A Preset Counter ......................... 233
5330B Preset Counter ...... ..., ... 233
$332B Preset Counter .. ...... ... .....ovivanns 233
5340A Microwave Frequency Counter ............. 228
5360A Computing Counter ..................... 230

KO01-5360A Serial-Parallel Converter (for S360A) .. 232

5365A Input Module (for 5360A) .............. 231
5375A Computing Counter Keyboard ............. 232
5376A Systems Programmer .................... 231
5379A Time Interval Plug-in ... ...... ... ... .... 231
5401B Multichannel Analyzec ... ... ... ....... 398
5402A MCA/Basic System . .......... ... ....... 398
5403 A MCA /Calculator Systermn ... ......... .. ... 398
5406B Nuclear Analyzer System ................. 398
5451 A Fourier Analyzer System .................. 389
5470A Fast Fourier Transform Arithmetic Unit .. . .. 389
S471A Fast Processor .............. . .ccooivv.n.. 389
54808 Signal Analyzec ............. ... . ...l 390
5481A Signal Analyzer System .................. 390
5489A Low Pass Filter-Amplifier ................ 393
5494A Digital Output Control ................... 390
5510A Automatic Compensator ................... 78
5525B Laser Interfecometer ............. PP 78
5554A Preamplifier ... . ... .. . o L 398
$580B NIM Power Supply .. .............von. .. 398
5582A Linear Amplifiec ........................ 398
5583A Single Channel Analyzer ... ... ... ... .. 398
5584A Dual Timing Pickoff .................. .. 398
5585A Fast Coincidence Module ................. 398
5586A Spectrum Stabilizer ............... ... L 398

$590A Scaler-Timer Module . ...... .. .......... 308

6000

6101 A-6525A Laboratory and Industrial
Power Supplies
6129B-6131B Digitally Controlled Voltage Source . ..
6177B-6186B DC Current Source ................
6610A Ditected Bean Display . ...................
6823 A, 6824 A Power Supply/Amplifier ...........
6920B Meter Calibrator ...... ... ... ....... ..
6933B Digital-to-Anafog Converter ...............
6936S Multiprogrammer .. .....................
6940A Multiprogrammer . ..... ... ...
6941 A Multiprogrammer Bxtender . ..............
6947A Raster Display . .............. .. ... ... ...

7001A X-Y Recorder . ..., ... . i
7004B X-Y Recorder ......... ... .o
7005B X-Y Recorder ... ........... ... ...
7034A X-Y Recorder ............. .. o
7035B X-Y Recorder ... i
7040A X-Y Recorder . ... ...l
7041A X-Y Recorder . ....... ... ... oLl
7100B Strip Chart Recorder, 2 Pen ............ ...
7101B Strip Chart Recorder, 1 Pen ...............
7123A Strip Chart Recorders . ........... ... .. ..
71238 Strip Chart Recorders . ...................
7127A Strip Chart Recorder, 1 Pen .. ... ... ...
7128A Strip Chart Recorder, 2Pen ... ..., ... ...,
7143 A Strip Chart Recorders . ...................
7143B Strip Chart Recorders .. ... ... ... ... ...
7200A Graphic Plotter ........... ... .ol
7201A Graphic Plotter . ............ .. ... ..
7202A Graphic Plotter . ........... ... .. ... ...,
7414A 4-Channe) Oscillographic Recorder .. .. .. ..
7562A Log Voltmeter/Converter .. ................
7563A Log Voltmeter /Amplifier ..................
7591 A Point Plotting System . ...................
7702B Oscillographic Recorder, 2-Chanael ........,
7706B 6-Channel Oscillegraphic Recorder ....... ...
7708B 8-Channe! Oscillographic Recorder .. ........
7727A 6-Channel Oscillographic Recorder .. ... .. ...
7729A 8-Channel Oscillographic Recorder . . . .. T
7731A 16-Chaanel Oscillographic Recogder ... ... ..
7858B 8-Channel Oscillographic Recorder ....... ..
7878A 8-Channel Oscillographic Recorder .........
7900A Disc Drive ... ... ool
7970 series Digital Magnetic Tape Unit . ...........

8002A Pulse Generators . ........cviuir .
8003 A Pulse Geaerators .. .....ocveiiininnnn,.
8004A Pulse Generator . ... v vve i
8005A Pulse Generator . ........ .. ... . ... ...
B006A Word Generator .. ......c.viveininennnnn.



8007A Pulse Generator .. ........ccivviviin... 303
8008A Pulse Generator .......... ... .. ... 305
8010A Pulse Generator ... ... ..o .l 301
8012A Pulse Generator . ... ... ... ... ...l 304
8013A Pulse Generator ..., ... 304
8056AFilterSet . ... .o i 396
8057 A Precision Noise Geperator .. ... ............ 396
8064A/65A Real Time Audio Spectrum Analyzer . ... 394
8320 series Stabilized Sweep Osc. Systems .......... 295
8321 series Stabilized Sweep Osc. Systems ... ....... 295
8322 series Leveled Hi-Power Sweep Osc. Systems ... 295
8324 secies Stabilized Sweep Osc. Systems .. ...... .. 295
8330A Radiant Flux Meter ...................... 76
8334A Radiant Flux Detector . ...... ... 0. 76
8403A Modulator ......... . ... 283
8404A Leveling Amplifier .. ..... ... ... .. ..... 294
8405SA Vector Voltmeter . ...............unnn. 361
8406A Comb Generator . ... oo 387
8407 series RF Network Analyzer family .......... 362
8407A Network Analyzer Maioframe ............. 363
8410A Network Analyzer Mainframe ............. 368
84108 series Network Analyzers ... ............... 365
8411A Harmonic Frequency Converter ............ 368
8412A @-Magnitude Display ... ... .. ... .... 363, 368
8413A @-Gain Indicator ... ........ ... .. . ... 368
8414A Polar Display ...................... 363, 368
8418A Auxiliary Powes Supply ......... ... ... .. 368
8430A-8436A Bandpass Filters .................. 338
8443 A Tracking Generator/Counter .. ............ 386
8443B Tracking Geperator . ..................... 386
8444 A Tracking Generator . ..................... 386
8445A Automatic Preselector .. .................. 386
8447 series Amplifiers ..., Lo 31
8457 series Microwave Synthesizers ... ............ 295
8470A Coaxial Crystal Detector .. .. ... ... ... ..., 333
8471 A Coaxial Crystal Detector ... ............... 333
8472A Coaxial Crystal Detector ... ............... 333
8477A Power Meter Calibrator . ... ... .......... 317
8478B Coaxial Thermistor Mount ................ 317
8491 series Coaxia) Fixed Atteauators . ... ......... 327
8492 series Coaxial Fixed Attenuvators .. ............ 327
8493 series Coaxial Fixed Attenuators .. ............ 327
8540 series Automatic Network Analyzers ... ... .. 370
8552A Spectrum Analyzer-IF Section .. ..., .....,. 385
8552B Spectrum Analyzer-IF Section ... ....... .. .. 385
8553B Spectrum Analyzer-Tuning Section . ......... 384
8554L Spectrum Analyzer-Tuning Section . ......... 384
8555A Spectrum Analyzer-Tuning Section ... ....... 384
855GA Spectrum Analyzer-Tuning Section ... ....... 384
8580 series Automatic Spectrum Analyzers .. ... .. ... 281
8600A Digital Marker .......... ... ... ... .. 286
8601A Generator/Sweeper .. ...........c..o.oon.. 286
8605A Sweep Oscilfator . ................... ... 353
8614A Signal Generator ... ....... ... ... .... 278
8614B Signal Source . ... ...l 278
8616A Signal Generator ........................ 278
8616B Signal Source ....... ... ... 278

8620 series Sweep Oscillators . ... ... ..c..0 .. 287
8620A Sweeper Mainframe ............ .. ... ... 289
8620B Sweeper Mzinframe . .......... ... ... 288
8621 A RF Drawer for 8620A/B . ................ 291
8G651A RF Oscillator . ... ... ...t 272
8654A Signal Generator ... ........ .. .. ... ..., 273
8660A Synthesized Signal Generator .............. 270
8G60B Synthesized Signal Generator .............. 270
8690B Sweep Oscillator ........................ 292
8691A-8697A RF Units (Grid-leveled BWO)

for 8690B . ... ... 293
8691B.8695B RF Units (PIN Leveled BWO)

for 8690B .. ... ... 293
8692C RF Unit for 8690B . ..... . ... ............ 292
8698B RF Unjt for 8690B . ..................... 292
8699B RF Unit for 8690B ...................... 292
8700A RF Drawer for 8690B ................... 292
8701 A Sequential Sweep Control ................. 294
8705A Signal Multiplexer ............. .. ... ..., 294
8706A Control Unit for 8690B .. ................. 294
8707ARF Unst Holder . .............co oo 0, 294
8708A Synchronizer . ...... ... .. ... 274
8709A Synchronizer ........... ... ... .. iie.. 295
8717B Transistor Bias Supply .................... 367
8721 A Coaxial Directional Bridge ................ 364
8728A Network Comparator ... ................. 363
8731-8735 series PIN Modulators ................ 283
8740A Transmission Test Uait .. ................ 369
8741 A Reflection Test Unit . ..................... 369
8742A Reflection Test Unit ... ... vov. ... . 369
8743 A Reflection/Transmission Test Unit ... ....... 369
8745A S-Parameter Test Set ... ............. 367, 369
8746B S-Parameter Test Set .. ............ ... 367,369
8747 A series Waveguide Reflection/Transmission

Test Units .. oovoiin i 369
8761A,B Coaxial Switch .. ...................... 341
8801A Low Gain Preamplifier ................ ... 194
8802A Medium Gain Preamplifier ................ 194
8803A High Gain Preamplifier .................. 194
8805A Carrier Peeamplifier ... .................. 195
8805B Carcier Preamplifier . .................... 195
8806B Phase Sensitive Demodulator ............... 195
8807A AC/DC Converter ...................... 196
8808A Logarithmic Convertee ................... 196
8809A Signal Coupler . ........... ... .. ...... 196
8820A Amplifier for Recorder ................... 193
8821 A Amplifier for Recorder . .................. 193
8875 A Differential Amplifier ..................... 26
8900B Peak Power Calibrator .................... 318
8925A DME/ATC Test Set . .................... 282

9000

9211 Transit Case ... . i 416
9211 Field Cases . ... ... ..o onn. 416
9211 Operating Cases .. ..o .. 416

9500 series Automatic Test Systems . .............. 405

23
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Syl

9600 series Data Acquisition Systems Computerized . .
9800 sertes Calculator .. ................. U

00000-10000

00313A Q Standard . ...... ... . .. i,
DOS18A Q Standacd ... ... ... ..o
10001A 10:) Divider Probe . ........ ... ... .....
1000LB 10:1 Dividec Probe ... .......... ........
10002A 50:1 Divider Probe . ....................
10002B 50:1 Divider Probe .............. P
10003A 10:1 Divider Probe ....................
10004B 10:1 Divider Probe . ........ ... ... ...,
10004C 10:1 Divider Probe . ..........c..ovi...
10005B 10:1 Divider Probe . ... ......... .. ......
10006B 10:1 Divider Probe . ....................
10006C 10:1 Divider Probe . ... ... .. ... ... .....
10007B 1:1 Probe ... ... .. . ..
10008B 1:1 Probe . ... ... ...
10010C BNC Adapter Tip o+« vviv v
10011A BNC Adapter Tip ........ ..o,
10011B BNC Tip, Probe . ......................
10012B 10:1 Divider Probe . .......... ... ......
10014C 10:1 Divider Probe . .. ..................
10016C 10:1 Divider Probe . ....................
10020A 700 MHz Passive Probe .. ..... ..., ......
10036A Probe Tip Kit ...............c..cooo...
10037A Probe Tip Kic . ..., .. .. ... o o0,
10090A 50 ohm Attenuators
10091 A 50 ohm Attenuators
10092A 50 ohm Attenuators .. ..................
10100B 100 chm Feed-Thru .. ....... ... .........
L0L0OC 50 ohm Feed-Theu .....................
10110A BNCto Banana Post . ............ ... ....
10111A Adapter BNCtoBanana .................
10166A Panel Cover 180 series Cabinet ... .. ... ....
10111 A BNC to Banana Plug Adapter .............
10167A Flexible Covers 180 series Cabinet Models . . .
10170A Flexible Covers 180 series Cabinet Models . . .
10172A Flexible Covers 180 series Cabinet Models . . .
10169A Panel Cover 1200 sertes Cabinet .. .... .. ...
10175A Viewmng Hood ....................... ..
10175B Viewing Hood . .............. ... 0o
10176A ViewingHood ... ...... ... ... .. ..
10352A Graflok Back .. ... ... ... ... ...
10353A Pack Film Back . ... ......... ... ... ....
10355A Camera Bezel Adapters ............... ...
L0356A Camera Bezel Adapters . .................
10357A Camera Bezel Adapters .. ................
103588 Camera Carrying Case ..o .oovvn oL
10360A Camera Bezel Adapters .. ................
10361 A Camera Bezel Adapters ..................
10362A Camera Bezel Adapters ..................
10363A Camera Bezel Adapters . .................
10106A Camera Bezel Adapters .......... .. ... ...
10365A Roll Film Back ........... ... .. .. ......
10406A Plug-in Extender Cable (140 series) .. .. ...
10407A Plug-in Extender (180 series) ............

406

10408A-10410A Blank Plug-ins (180 series) ....... 142
10411 A Horizontal Gain Calibrator (180 series) .... 140
10452A 0.5 os Rise Time Converter .. ............. 119
10453A 1 ns Rise Time Converter ... ............. 119
10454A 2 ns Rise Time Converter . ............... 119
104554 5 ns Rise Time Converters .. ............. 119
104564 10 as Rise Time Converter ..........,.... 119
10457 A Adapter, 50 to 75 ohm (Type N) ......... 119
10458A Adapter, 50 to 75 ohm (Type F, CATV) ... 119
10477A-10478 A Blank Plug-Ins (140 series) ... .... 142
10501A Cable ..o 413
10502A Cable ... .. .. ... 413
10503A Cable .......... ... ... . oL 413
10511 A Spectrum Generator .. ... .. ..l 269
10514A Double Balanced Mixer ........ ... ... ... 269
10515A Frequency Doubler ......... .. ... ... 269
10525A Logic Probe .. ... . .. .. L 81
10528A LOGIc ClP \ovov et 81
10529A Logic Comparator . ... «..ovvnienvee o, 80
10531 A Filter Kit (for 5201A) .................. 234
10532A Extender Board (for 5326/27) ........... 223
10533 A Printer Interface (for 5300A Counter) . .... 219
10534 A Double Balanced Mixer .................. 269
10536A Adapter (for 5360A) .......... ........ 232
10542 A Remote Program Interface (for 5326/27) ... 223
10565A Remote Intesferometer ... ........ ... ..... 78
11000
11000A Cable Assembly ................. ... 256,413
11001 A Cable Assembly .. ............... 40, 256,413
11002A TestLead ........ ...t 40, 413
11003A TestLead . ..........coviiian .. 40, 413
11004A Line Matching Transformer .. ............ 256
11005A Line Matching Tsansformer .............. 256
11018A Adapter for 410C ACProbe ............... 57
11028A 100 to | Current Divider .............. ... 57
11035A Cable ..ot 348, 413
11036A AC Probe for 410C . ........ ... ........ 57
11039A Capacitive Voltage Divider ... .. ...... ..., 57
11040A Capacitive Voltage Divider ................ 57
11042A Probe Coaxial “T" Connector .............. 57
11043 A Probe Coaxial "N” Connector ... ... ........ 57
11045A DC Voltage Divider for 410C ............., 57
11046A Combining Case ................... 348, 415
L1048B Feed-Thru Termination .. ................ 262
11048C 50 Feedthrough ... ................. ... 266
11065A Input Cable for 3460A . ... ... ... ..... 74
11074 A Voltage Divider Probe . ..... ... .. ....... 57
11075A High Impact Case . ...................... 40
11085A Remote Control Cable . ......... .......... 74
11086A Cable ... ... .. .. .. . .. il 413
11094B 75Q Feedthrough .......... .. .......... 266
11096A High Frequency Probe . ....... ... ..... 40, 57
11135A AC Power Pack for204C/D .............. 257
11136A Metcoty Power Pack for 204 C/D ... .. ... 257
11137 A Rechargeable Battery/AC Pack for 204C/D . 257
11500A Cable . ... ... o i 413



11501A Cable . ... .. ... ... ... 413
11507A Output Termination .................... 269
11508A Terminated Cutput Cable ................ 269
11509A Fuseholder ......... .. .. .. .. ... ..., 269
11510A Carrying Case for 805C .................. 334
11ST1A Type N SO . ..o 337
11512A Type NShOLt .. ovoveeeeiiee e 337
LISITAMIXEE 0o e e 387
11518A Mixer Taper Section ............. ... .... 387
11519A Mixer Taper Section . ................... 387
11520A Mixer Taper Section .................... 387
11524A APC7-N Adapter . ............... ...... 342
11525A APC7-N Adapter . .............oovei.. 342
11527A Thermistor Mount Adapter ............... 317
11528A Thermistor Mount Adapter ............... 317
11531 A Test Unit for 8690B ., .. ................ 295
11533A APC7-SMA Adapter .................... 342
11534A APC7-SMA Adapter .................... 342
11536A Tee (for 8405A) . ... ....ii vt 361
11539A Reproduce Track Selector . ......... ... ... 199
11540A Waveguide Stand . .......... ... ... ... 342
11543 A-11548A Waveguide Clamps ........... ... 342
11549A Power Splitter . .. ... .ot 361
11550A DC Test Set for 434A . .................. 319
11553A Pack Sensor . ... .. .. i 199
11565A APC-7 Short ... ovii oo e 337
11570A Accessory Kit for 8405A ................ 361
11581 A Abenuator Set .. ...................... 327
11582A Attenuator Set .......................- 327
11583A Attenuator Set .............. ... ...... 327
11587A Accessory Kit for 8410 Series . ........... 368
11588A Rotary Joint ........coivviinninnn.s 342
11589A Bias Network . ........................ 368
11590A Bias Network . ........ . c.ooooei. ... 368
11599A Quick-Connect Adapter for 8745A . ... ..., 369
11600B Transistor Fixture ... ... ... ........ ... 367
11602B Transistoc Fixtuee .. .................... 367
11604A Universal Extension for 8745A ... ........ 369
11605A Flexible Arm for 8743A ................ 369
11606A Rotary Air Line .. ... .. ............ ... 342
11607A Small Adapter for 8745A ............... 369
11608A Traosistor Fixture ..................... 367
115G0A Accessory Kit for 8410 series .. ........... 368
11652A Reflection/Transmission Kit for 8407A . ... 363
11654A Passive Probe Kit for 8407A . ............ 363
11655 A Impedance Probe for 8407A ............. 363
11658A Matching Resistor for 84047A ........... 364
11661 A Extension Module for 8660AB . ....... ... 270
11675A Leveling Cable Assembly for 784A ... ... .. 353
13000
13060A Remote Stact/Stop Switch . ......... ..., 199
13061A,B DC-AC Inverter (for 3960) ........... 199
13062A Tape Loop Adapter .................... 199
13063A Voice Chanpel ... .................... 199
13065A Rack Mount Kit ... . ... .. ........., . 199
13066A Fiber Glass Transit Case ................ 199

13068A /B Rack Slide Mounting Kit ............. 199
13181 A Controller (for 7970) .................. 401
13215A Disc Power Supply ............. ... 0 400
13219A Disc Service Unit ... ..., 400
13515A Frequency Doubler Probe . ... ... ....... 272
15000
15108A Microphone Preamplifier ................ 396
15109B Condenser Microphone . ................. 396
15114A Microphone Power Supply ............... 396
15117A Sound Level Calibrator .. ...... ... ... 396
15118A Microphone Preamplifier . ... ........... 396
15119C/D Condeaser Microphone ............... 396
15127A Cable Amplifier .. ........... ... ... 396
15550A Accessocy Kit for 3702B . ... .. ... ... .. 355
16000
16009A Transistor Socket Kit .. .................. 77
16014A Secies Loss Test Adapter . ................ 52
161504 Interface Kit (327A) ... ... ... ...... 54
16151 A Interface Kit (4270A) .. ... .. vivvii... 54
16462A Auxiliaty Capacitor .............. ... ..., 52
16470A-16490A Reference Inductors . ............. 52
17000
17005A TIacremental Chart Advance ... ... ....... 180
170128 Point Plottes .. ...... .. oo 176
17012C Point Plotter ... ... ..o 176
17108A Time Base ........... ..., 180
17170A DC Coupler .. ... ..ol 175
17171LA DC Ampliher . ... L 175
1717cA Time Base . ........ ..o .. 175
17173A Null Detector ., .. ..o, 175
17174B DC Offset ... ...t 176
17175A Filter .. ... .. e 176
L7176A SCAMACT . ..ottt iiae s 176
17177A AC/DC Converter/DC Preamplifier .. ... .. 177
17178A DC Attepuator . ........... . ... 176
17500A Multiple Span Input Module ............. 183
17501 A Multiple Span Input Module . ............ 183
17502A Temperatuce Module ................... 183
17505A High Sensitivity Module ................ 183
17506A Single Span Input Module ............. .. 183
33000-86632A
33300 series Step Attenuators ................... 328
60063 A-60246B DC Power Supply .. ............. 169
80500A. Aircraft Noise Monitoring System ........ . 395
854048 S-Parameter Test Set ...... ... ... ... ... 363
85426A. Bias Insertion Network . ................ 363
85428A Matching Network . .................... 363
86200 secies RF Plug-ins for 8620A8 .......... .. 290
86300 series RF Modules for 8620A,B; 87004 . ... .. 291
86601 A RF Section for 8660AB . ................ 270
86602A RF Section for 8660AB .. ............... 270
86631 A Auxiliary Section for 8660A,B . ........... 270

86632A Modulation Section for 8660AB . ... ...... 270
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The Mode! 8875A is a differential dc amplifier that pro-
vides high gain (up to 3000) 2and wide bandwidth. It fea-
tuces low drift for reliable, long term measurements, a com-
mon mode rejection of at least 120 dB at 60 Hz (500 ohm
source unbalance, gain of 1000} and a common mode tolet-
ance of =20V, Intermodulation distortion is avoided by use
of direct-coupled input circuits {no choppers or modulators
are used). An output having 2 capability of 10 V at 2=100
mA is standard, with 2 second independent output of =10 V
at 210 mA optional. The 8875 A is avzilable as a single unit,
in banks of up to 10 channels for rack mounting os in port-
able cases.

The 8875 A is ideal for use with thermocouples, dc excited
strain gages and other low level sources, with read out to
devices such as digital voltmeters, oscillographs, analog-
digital converters and similar units. Applications include
space vehicle checkout, monitoring of physical variables,
wind tunnel tests and arrangements with either input or out-
put multiplexess.

Performance Specifications

Bandwidth: dc to 73 Hz within 3 dB, a1 fixed gain steps. Can be
narcowed 1o as low as dc to 2 Hz with optional switch-selectable
flter,

Galn: fixed steps of 1, 3, 10, 30, 100, 300, 1000 plus OFF; on any
range, variable gain poteatiometer may be switched to provide
uncalibrated gain uvp to 3X gain switch sewing, Gain accuracy
£0.1%; gaia vernier allows serting any one fixed gain o an
accuracy of 0.01%.

Input cireuit: differential, active guarded; will accepr floating input
without ground retum; may be used single-ended.

input impedance: differental, 20 MQ (*5%) with less than
0.001 y«F shuat: common mode (guarded), greater than 2000 M2
with less than 2 pF shunt.

Comman mode rejection: at least 120 dB from dc to 60 Mz for up
to 5000 source impedance either side of input at gain of 1000;
66 dB minimum at gzin of 1.

Common mode tolerance: =20 V.

DIFFERENTIAL AMPLIFIER

Wideband amplifier for data acquisition systems
Model 8875A

Bandwidth Nolse Bandwidth Nolse

de-10 Hz 1 uV pp dc-10 kHz 3.V Ims
dc-100 Wz 3pVpp de-50 kM2 4 uV rms

de-1 ki 6uVpp | de-250 kM2 Spvrms |

Slewing: gain of 1 or 3, 0.7 pV/5; gain preater than 3, 1 uV/s
referred to output, for 10 mV dc offset at output with resistive
load of 1000 or greater.

Input-output Isolation: greater than 200 MR shunted by less than
2 pF.
Temperature range: 0°C to 55°C.

General Specifications
Power: 115/230 V £10%, 50 to 400 Hz, 6 VA.

Dimenslons; 434" high, 1-9/16" wide, 137 deep (121 x 40 x
381 mm),

Welght: 3.5 ib (1,6 kg).
Priees: 8875A Differential Amplifier, $550.

Option 01: dual outputs (10 mA and 100 mA capability: shocc on
one has negligible effect on other), add $75.

Optlon 02: switch selected filters (single-pole, low pass, with comer
frequencies of 2, 200, 2000 =nd 20,000 Hz), add $75.

Optlon 03: gain ranges of 10, 20, 50, 100, 200, 500 and 1000, add
425,

Option 04; 14010A Cord Connector Set for bench-top use (required
for single-chanael operation), add $65.

Option 05: combines Option 01 and 02 {filters o0 10 mA output
only), add §150.

Option 06: combines Option 02 and 03, add $100.

Nate: must order 1069-01 A case for multichannel banks of 10 ot Jess,

$385. Sufficient blank panels (01069-61069) to fill case are re-
quired o maintain temperature stability specifications, $10 each.



27
SOLID-STATE AMPLIFIERS 7=
Precision general-purpose amplifiers ﬁ AMPLIFIERS
Models 465A, 467A

HP 465A Amplifier 7/ N

The HP Mode) 4654 js a general purpose amplifier and 2n
excellent impedance coaverter (10 megohms to 50 ohms). This
amplifier has extremely stable 20 dB or 40 dB gain over a con-
tinuous frequency rznge of 5 Hz to | MHz. Either gain may be
selected rapidly with a switch on the front panel.

This solid-state amplifier is ideal for increasing the power
output of solid-state oscillators or amplifiers. The output stage
provides low output impedance and wide dynamic range. The
HP 465A is a three-terminal device isolated fsom chassis and
may be floated up 1o 500 volts dc above chassis ground.

e
465A Specifications & E

Voltage galn: 20 dB (X10) or 40 dB (X100), open circuit.

Galn accuracy: 0.1 dB (#+19%) at 1000 Hz. 465A

Frequency response: =0.1 dB, 100 Hz to 50 kHz; <2 dB down L /
at 5 Hz and 1 MHz.

Output: >10 V rms open circuit; >5 V rms into 508 (0.5 W).

Distortion: <1%, 10 Hz to 100 kHz: <29%, 5 Hz to 10 Hz and

@ 4834 AMPLIMIER
WEuLETS - PReaAd

s ou
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Temperature range: 0°C to +50°C.

100 kHz to 1 MHz. Pawer: 115 or 230 V %109, 48 to 440 Hz, 10 VA max.
fnput Impedance: 10 MQ shunted by <20 pF. Dimensions: $14” wide, 3” high (without removable feet),
Output Impedance: 500. 117 deep (130 x 76 x 279 rom).

Noise: <25 4V rms referred to input (with 1 MQ source re- Weight: net, 4 Ibs (1,8 kg); shipping, 7 1bs (3,2 kg).
sistance). Price: HP 4654, $245.

HP 467A Amplitier/Power Supply

The solid-state HP 467A Power Amplifier/Supply is a 10- / N
watt peak power amplifier and —20 to 20 vole dc power
supply. The power amplifier has a wide bandwidth and low
dc¢ drift, suitable for many applications wherever a2 power
source s required. Unique features are low distoction
(<0.01%), low drift and high-gain accuracy.

An output greater than =20 volts peak and 0.5 A peak is
available from dc up to 1 MHz. At full output the distortion of
the 467A is less than 39 up to 1 MHz. The amplifer is a three-
terminal device isolated from chassis and may be floated up to
200 volts d¢ above chassis ground.

467A Specifications

467A
Power amplifier \ /

Voltage galn (nron-inverting): fixed steps: X1,X2,X5,X10.
Variable: 0-10 cesolution is better than 0.19 of full output,

Capacitance load: 0.01 xF or less does not cause instability.

Accuracy: =0.39 from dc to 10 kHz: *=1.09 from 10 kHa Ripple and noise: <5 mV p-p (referred to output) for am-

to 100 kHz; £10% from 100 kHz to 1 MHz with load of plifier and power supply.

>409. Current limit: <800 mA.
Output: =20 Vpat0.5 A p. Temnperature coefficient: <=0.05%/°C of output or =2
Diﬂi?[l—?m <0.01% at 1 kHz; <19, at 100 kBz; <39% at mV,°C at output, whichever is greater.

1 MHz. Input-output terminals: front panel: 34" spaced banana ter-
Input impedanca: 50 kq shunted by 100 pF. minals for input, output, arl:d chassis. lgear panel: BNC

DC power supply terminals, Circuit ground can be floated 200 V dc above

Vo!tage range: > =20 v, =10V, =4 V, +2V, =1 V; with chassis ground,

adjustable vernier, Resolution: better than 0.1% of fuil Operating temperature range: 0°C to +-50°C.

output. Power required: 115 or 230 V =109, 48 10 440 Hz; 60 VA

Current: =0.5 A p.

Load regulation: (front panel) <10 mV, no Joad to full load. max‘. . . .

Line regutation: < 10 mV for 2 =109 change in line voltage. Dimensions: 544" wide, 614" high (withour removable feet),
General 11”7 deep (2130 x 159 x 279 mm).

Output impedance: (front panel): 5 mQ jo series with 1 Weight: nec, 10 Ibs (4,5 kg); shipping, 15 Ibs (6.8 kg).

sH. Price: HP 467A, $610.
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Wide band, 40 dB solid-state amplifiers
Models 461A, 462A, 463A

AMPLIFIERS

S5

483A

\. 461A

SPECIFICATIONS® 461 /462A
| 461A
1 kHz - 150 MHz

462A

Leading edge and trailing edge rise time,
<4 ns, overshoot, <85%.

FREQ. RANGE:

PULSE RESPONSE:
FREQ. RESPONSE

11dB, Y kHz to 150 MHz when ogerating 1nto a
OVERLOAD 80N resisteve load {500 kM z ref.}

RECOVERY < 1usfor10 yimes overload,
PULSE OVERLOAD/DURATION/OELAY:

Overload recovery. < 1 us for 10 umes overload.
Duration for 10% droop* 30 us
Qelay: nominally 12 to 14 ns

GAIN At S00 kHz: 40 d8 +0.5 dB or 20 dB +1.0 dB 20 or 40 dB linverung).
(selected by front binverting)

panal switch)

INPUT 2 Nominal 50N

MAX. INPUT 1 Vrms or 2 V p-p pulse

MAX. BC INPUT

+2 V {for protection of the iaput circuitry)

tNPUT NOISE

<40 uV in 40 dB position (50N lgsd)

OUTPUT 05 V rms into 500N | 1V ppinte 500N
DIMENSIONS 5 1/8” wide, 3" bigh (without removable feetr), 11’ deep (130 x 76 x 278 mml
WEIGHT Net 4 (bs. {1,8 ka.); shipping 6 \bs, (2,7 kg.)
POWER 115 0r 230 V +10%,48 10 440 Hz, 12 VA max,
ACCESSORIES 110488 S0 feed-through termination $10.00
PRICE HP 4614 $360 [HP 4624 s360
Specifications™ 463A
FIXED GAIN (DC COUPLED) Input Impedance: fixed gain, 100 k@ (*5%), <35 pF; ad-
Range DC-10Hz | 10H2-20kHz | 10kH2-100kHz justable gai_n, 30 kR (max.) to 50 k& (min.), <200 pF. }
10 Accurscy < £0.3% " <+0.01% <+01% Maximurn input voltage: protected to =150 V. AC coupling
Distortion <0.01% <0.1% capacitor =500 V p.
X100 Accuracy < 3% <+0.1% <+1.0% Nolse: fefer to data Sheet.
Distortion < 0.03% <0.1% Output characterlstics
%1000 Accuracy [<+30%°" <*0.3% <+ 3.0% Voltage: dc: 100 V, 20 mA, ac: 100 V rms, 50 mA.f
Distortion < 0.1% <0.5% Power: 5 W continuous.

Impedance: from 0.05Q to 209.

Minimum rasistive load: 100Q.

Maximum capacitance: capacitive drive capability of 463A
is increased with 2 resistor in series with the output.

Preclsion AC Amplifier
Fixed gain (ac coupled): identical to dc coupled except coupling
capacitor causes 0.019, error at 250 Hz to 3 dB error at
3.5 Hz.
Adjustable galn (ac or dc coupled): gain may be adjusted from
0 to 1009 of the fixed gain range.

General

Temperature range: 0°C 1o 4 50°C,
Power: 115 or 230 V =109, 48 to 440 Hz, 75 VA max.

LONG TERM STABILITY (FIXED GAIN): Dimensions: 163" wide, $3” high (without removable feet),
Frequency X10 Gain, X100 X1000 13Y4” deep (426 x 127 x 337 mm).
10 Hzto 10 kHz 0.003%/mo 0.03%/mo 0.3%/mo Weight: net, 19 Ibs (8,6 kg); shipping, 24 Ibs (10,8 kg).
or 0.01%/yr | or 0.1%/yc or 1%/yr Accessories turnished: rack mounting kit for 19" rack.
10 kHz 10 100 kHz | 0.03%/mo 0.3%/mo 3%/mo Price: HP 4634, 8735.

® For complete data, refer to Tachnlca! Oata Sheet.
** )ncludes temperatore coefficiant and short term stabillty.
t From 11 Hz to 50 kHz.

Distortion: same as fixed gain range.
Temperature coeffictent: see data sheet.



DATA AMPLIFIER

Solid-state, wideband ditferential amplifier
Model 2470B

The HP 2470B Amplifier is a fexible wideband differen-
tial amplifier exhibiting low drift and noise, achieved
without the use of & chopper. The instrument will supply
up to 1 watt output to a resistive or reactive load. Ex-
ceptionally high reliability and accuracy are achieved by the
use of silicon semiconductors.

Applications include amplification of strain gage bridge,
thermocouple and other low-impedance sensors. Amplifiec
provides an output suitable for data acquisition devices, in-

& AMPLIFIERS

cuding recording galvanometers and oscillographs, analog
recorders, servo control systems. Low instrument cost keeps
per-channel price to the minimum. The 2470B also applies
directly to many general-purpose laboratory uses, both dif-
ferentia] and single-ended.

The amplifier with its power supply is packaged compactly.
Ten instcuments fit side-by-side in 514" of standard 19" rack
space, or two instruments may be instelled in a portable case.

4

2470B Amplifiers shown in combining case.

~N

e

o

Ty
38 !

24708 Option 003

Specifications

Specifications in¢lude =109, line voltage variation, hold for 1K
max. soutce resistance, 2ny unbalance, and assume calibration
after specified warmup.

DC gaim: 6 fixed steps of x1, x10, x30, x100, x300, x1000.
Optional verniesr (10-turn potentiometer) extends gaia to
X3.5.

DC gain accuracy: calibrated gain: .019 of output; other
gains: .03%, consiscing of .02%, gain-to-gain accuracy and
019 gain trim resolution.

Gain stabllity: d¢: =.0059% of output per month; ac: *.19
per manth, for ac to 2 kHz; temp. coeff: =.0019, per °C.

Linearity: dc: =.0029% of full scale, referced to straighe line
through zero and full scale output. AC: =.019 of full scale;
inputs to 2 kHz.

Zero drift (offset): per day: =5 uV rti (referred to input)
200 oV rto (referced to output); per month: =25 4V 1
=500 uV 1to: temp. coeff: *1 ¢V =.5 namp rti =40 4V
rto per "C.

Maximum input signal: =11 V, differential plus common mode.
Differential (nput Impedance: 10° ohms shunted by .001 xF.

Common made rejection: 120 dB at 60 Hz for gains of x30 and
higher,

Common meode return: from input common to output common;
1 megohm, max.

Nolse: 0 to 10 Hz: 1 4V p-p rti and 10 xV p-p rto; to 50 kHz:
S sV rms 1ti and 500 #V rms rto.

Output; =10 V max, 0 to 100 mA. Self-limits.

Output impedance: 0.! ohm in series with 10 gH max.

Load capability: 100 ohms or .01 xF for full cutput,

Slewing: 10" V /sec at gain of 1; 5 x 10° V/sec at gain of 1000.

Bandwldth: for any gain step, 0 to $0 kHz =3 dB; 0 to 15 kHz
*=1dB;0to 5 kHz %=1%; 0 t0 1.5 kHz =.19%; 0 to 500 Hz
=.01%.

Settling time: 100 s to within .01 of final value.

Overload recovery: 200 us to within .01% of final value for
signal of 10 times ful) scale, but less than 10 V; less than S
ms for signal plus common mode up to 20 V.

Ovarload signal: —17.5 to —19,5 V with no overload, 0 10
—1 V in overload; 5 mA drive capability; front panel lamp
indication.

Operating conditions: ambient temperatures 0 to 55°C; relative
humidity to 95% ar 40°C.

Warmup: operates immediately after turn-on, but requires 3
hours in free air, 30 minutes in Portable Case or Combining
Case (plus 1 hour additional warmup for each 10°C differ-
ence between storage temperature and operating ambient)
fot specified accuracy and zero drif.

Reliabliity: prediceed MTBF (909 confidence) 20,000 hours
when operated at 25°C ambient,

Power: 1135 or 230 V =109, 48 10 440 Hz, 10 VA max.

Dimenslons: 1-9/16” wide, 47" high, 15” deep (39.7 x 123.9
X 38! mm).

Weight: ner 4 Ibs (1,8 kg): shipping 615 Jbs (2.9 kg).

Accessorles avallable: mating rear connector; mating rear con-
nector with power cord, input/output cables; combining case:
holds up to 10 inscruments io SY4” of standard 19” rack
space (matiag copnectors furnished) includes power cord and
fan: portable ¢ase: holds two amplifiers (mating connectors
furnished) and includes power switch, pilot light, power
cord and fan,

Prlce: HP 2470B, $725: option 003 with vernier add $100.
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SYSTEM DATA AMPLIFIER

Excellent performance at lower cost
Model 2471A

\ 12670A Combining Case

2471A System Data Amplifier

The HP 2471 A System Data Amplifier is a wideband dif-
ferential-input amplifier featuring excellent system perform-
ance at low per-channel cost through extensive use of inte-
grated circuits and modern plug-in-design packaging tech-
niques,

The 2471A is a single plug-in Grauit board which con-
sists of two identical end independent amplifier channels,
each providing up to =10 V, 50 mA full-scale output. Each
channe! has four switch-selectable calibrated gains from 1 to
1000 in decade multiple steps. Bandwidths are also select-
able for each channel by plug-in jumpers with a choice of
10 Hz, 100 Hz, 1 kHz, and 10 kHz controlled bandwidths
with 12 dB-per-octave rolloff, and full bandwidth (greater
than 50 kHz). Common mode rejection is >80 dB at the

two lowest gains and >120 dB at the highest gain.

Up to 10 amplifier boards (20 channels) may be installed
in 2 model 12670A Combining Case which includes power
supplies and connectors for all boards. The case occupies
only 10V4 inches of rack space. A pull-down front panel
allows direct access to the boards. The amplifier boacds are
furnished with mating connectors, simplifying installation
where the combining case 15 not used.

The system data amplifier is ideally suited for amplifica-
tion of strain gage bridge, thermocouple and other low-
umpedance sources. The amplifier output is compatible with
high-speed analog-to-digital converters such as used in com-
putecized data acquisition systems.

Specifications, 2471A*

DC galn: selectable in 4 fixed steps of x1, x10, x100, x1000.

DC gain accuracy: +0.01%.

DC galn stabllity: +0.029% of output for 6 months; temp.
coeff. +.005% per °C.

OC linearlty: +0.01% of full scale, referred to straight line
through zero and == full scale output.

Zero drift: per day: =10 pV ti =1 mV rto. Voltage temp.
coeff.: =1 uV i 220.2 mV o per °C. Current temp.
coefl.: 20,5 nA rti per °C.

Maximum Input signal: =11 V Qifferential plus common
mode; combined input of =20 V will not damage the
amplifier.

Cammon mode rejectlon (CMR): dc to 60 Hz, up to 1 KQ
line unbalance:

Gam CMR
1000 >120dB
100 >100dB
10,1 > 80dB

Common mode return: from input common to output com-
mon: 10 megohms max,

Nolse:
(with source Bandwidth Noise
resistance <1 kQ) 0-10 Hz 3 pV peak.to-pezk

0-50kHz <5 uV ms rti,

<0.5 mV mns tto

Output: =10 V max. 0 to 50 mA. Short-circuit proof.

Output impedance: <0.1 ohm in series with 10 uH.

Load capabillty: 200 ohms resistive. Capacitive load up to
0.01 uF will not cause instability.

Slewing rate: >1 V per psec.

Bandwidth: selectable in 5 steps: 10 Hz, 100 Hz, 1 kHz,
10 kHz with 12 dB-per-octave rolloff and max, amplifies
bandwidth of >50 kHz.

Operating condlitions: ambient temperahure 0 to 55°C; rela-
tive humidity to 9563 at 40°C.

Power required: +30V @ 50 mA, —30V @ SOmA, +15
V @ 60 mA plus 50 mA max. load current, —15 V @
60 mA plus 50 mA max. load cucrent.

Power supply immunity: +30 V, >120 dB rti; =15 V,
> 40 dB rcto.

Dimensions: 73,7 H (197 mm), 14”7 W (31,8 mm),
1034” D (269 mm).

Weight: net 11 1b (567 gm); shipping 2 [b (0,91 kg).

HP 12670A Combining Case: (includes integral power sup-
ply and holds up to ten 2471 A Amplifiers (20 chanaels).

Power: 115 or 230 V +=10%, 50-400 Hz, 110 watts (for
full complement of 20 channels).

Dimensions: 10l/,” H (267 mm), 19" W (483 mm), 20%5"
D (508 mm).

* rthy referrad to input: rto: referred to output.
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WIDE BAND AMPLIFIERS
Low noise, flat response
Models 8447A, 8447B, 8447C, 8B447D, 8447E, 8447F

AMPLIFIERS
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Thin film hybnd integrated circuit amplifiers have been ’
combined with fully regulated, solid state power supplies
to form a series of general purpose amplifiers. The HP
8447 series of amplifiers embodies the inherently high re-
liability of integrated circuits and the convenience of a
small, lightweight package.

The series features low noise and wide bandwidth, Flat
frequency response 2nd low distortion enhance the general
utility of the amplifiers. Long term stability and reliability
is assured by the use of miccoelectronic amplifier circuits.

Specifications
B44TF
84474 8447B 8447C 8447D B44TE Preamp-
Preamp Proamp Power Amp Preamp Power Amp Power Amp
Frequency Range 10.1 - 400 MHz 0.4 -1.3 CGHz 30 - 300 MH:z 100 kHz - 1.3 GHz 100 kHz 1.3 GHz 100 kHz - ).3 GHz
Typical 3 dB 50 kKz - 700 MHz 0.35 - 1.35 GHz 10 - 400 MHz 50 kHz - 1.4 GHz 50 kHz - 1.4 GHz 50 kH2 - 1.4 GHz
Bandwidth
Mean Gain 20 0B =0.5 dB at >20 dB 30dB =1dB 2608 =1.5dB 22dB =1.5dB
10 MHz 22 d8 Typical (20° - 30°C) {20° ~ 30°C)
Galn Flatness =05dB =1.5d8 =1 d8 =1.5d8 =]5dB
across Jull Fre-
quency Range &
<
Noise Fgure <5dB <5dB 0.4 -10GHz | <11 dB <85dB <11 dB Typical =
<BdB1.0- 1.3 GHz =
Outqut Power > 47 dBm >-3dBm > +17d8m > +7dBm > +15dBm =
for \ dB Gain Typical 2
Compression v
Harmonic —354B for O dBm —-30 dB for — 15 dBm{ ~35 d8 foc +-10 dBm| —30 d8 for 0 dBm —30 dRB for 410 d8 :
Distortion output output outpot output (typical) outpu? =
[79]
Typical Ouput -25 dBm -45 dBm - 15 dBm -30 dBm —20 dBm =
for < —60 dB S
Rarmonic [
Distoction o
VSWR <1.? <20 Input <20 <20 Input <22 b4
<2.2 Qutput <2.2 Qutput 1- 1300 MHz a
1 - 1300 MHz z
Impedance 500 500 500 500 5002 £
Opt 002 750 b4
Revarse [solation |>30 dB >404d8 >354d8 >40 d8 >40 d8
Maximum DC =10V w10V =10V =]0V =10V
Voltage Input
General Options Avallable
P i : .
ower requirements: 110 or 230 V ac +10%, 48-400 Hz Optlon 001 Option 011 | Optlon 002
15 watts. Dualnﬁlgnnol Ojgllon’ew Du;l ChaNnrlel 7E’n°|npui
. ypo ype and Output
mmf"":““a 814" (216 mm) deep by 545" (130 mm) Connecters | Connestors | Gorinmectors | Impedance
”n M
wide by 334" (85,8 mm) high. o SITA 294 800 - — —
Weight: net, 3 Ib, 7 oz (1,56 kg); shipping, 5 Ib, 1 0z (2,30 84478 | AddSA50 | Add$50 | Add $500 -
kg). : Bu7e - ~ - AddSI0
Price: Model 8447A, $550; Model 8447B, 8600; Mode S47D Add $500 Add $25 Add $550 -
8447C, $450; Model 8447D, 8650; Model 8447E, $700: 8447E _ Add §25 - -]
Modecl 8447F, $1175, 8447F - Add $50 - T =




32

Broadband, high-gain, high power amplification

=g MICROWAVE/POWER AMPLIFIERS
AMPLIFIERS @

Model 4B9A, 491C, 493A, 495A, 2308

489A

~ e

Advantages:
DC-coupled modulation circuitry allows power leveling
and remote programming
Periodic-permanent-magnet focusing means fewer align-
ment problems
Uses:
Antenna efficiency and pattern measurements
Extends attenuation measuring systems capability by at
least 30 dB.

Amplification of frequencies from 1 to 12.4 GHz is accom-
plished in four ranges by the Hewlett-Packard microwave am-
plifiers. Each delivers over | watt with an input of 1 mW or
Jess, a gain of at least 30 dB.

Specifications

Input/output: impedance, $09; connectors, type N female.
Amplitude modulation:
Sensitivity: modulation input of > —20 V peak reduces RF
output by more than 20 dB from dc to 50 kHz.
Frequency response: dc to 500 kHz (3 dB).
Pulse response: <1 us rise and fall times.
Dimensions: 16%,” wide, 514" high, 18%” deep (426 x 140 x
467 mm).

Weight: net, 33 Ibs (14,9 kg); shipping 40 tbs (18,0 kg).

‘ 489A 491¢ 483A 435A
Frequenc
range (GHz) 1-2 24 4-8 7-12.4
Power output (with
1 mW or less 1w 1w 1w W
input)
Gain 3t cated output | 3048 30 dB 30 d8 30 dB
Gain variation with
freq.
at rated output <64d8 <6d8 <6d8 <6dB
small signal
across any for
1097 of band | <5 dB <5dB <5dB <5dB %ﬂ;
across full
band <12dB <12 4B <lzdB <10d8
Noise .
max, noise figure | 30 d8 30 dB 30 dB 30d8
Price $2450 $2450 $2800 $2800

230B Tuned RF power amplifier

The HP 230B is a tuned RF power amplifier covering 10 to
500 MHz in six continuous ranges. It provides up to 30 dB of
gain, and has a maximum rated power ourput of 4.5 watts.
With a typical aoise figure of 6 to 9 dB, it is also suitable for
Jow-level applications. High aad low-level applications of the
power amplifier are discussed in Application Note 76.

Spectfications, 230B
Frequency range: 10 to 500 MHz in six bands: 10 to 18.5 MHz,
18.5 to 35 MHz, 35 to 65 MHz, 65 to 125 MHz, 125 t0 250
MHz, 250 o 500 MHz.
RF gain: 30 dB (10 to 125 MHz), 27 dB (125 to 250 MHz),
24 dB (230 to 500 MHz), with 10 volts output into 50
ohms.

RF bandwidth: >700 kHz (10 to 150 MHz), >1.4 MBz (150
to 500 MHz), with 10 volts output into S0 ohms.

RF output:

Level: up to 15 volts across external 50-ohm load (4.5
watts).

Level monitar: full scale ranges of 3, 10, and 30 volts, ac-
curate t 109 from 10 to 500 MHz.

AM range: reproduces 0 to 100% modulation of driving source.
Connectors: type N female.

Dimensions: 16 3/4” wide, 7 3/16” high, 18 1/16” deep (423
x 183 x 459 mm).

Welght: net, 35 lbs (15,8 kg): shipping 52 lbs (23,4 kg).
Price: $1190.
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ANALOG METERS uﬁ / MEASURING DEVICES

Analog Instruments

Voltage, current and resistance mea-
surements are easy, fast, and accurate
with electronic instruments using meter
movements. Most electronic voltmeters,
ammeters and ohmmeters use cectifiers,
amplifiers and other circuits to generate
a cufrent proportional to the quantity
being measured, which then drives a
meter movement. Devices of this type are
czlled analog instruments.

Meter movements—the meter-move-
ment readout should continue to be popu.
lar since it is econornical and suitable for
many jobs. [t also lends itself well to
special, nonlineac scales such as dB
scales. The pivot-jewel suspension has
been replaced by taut-band suspension.
This has resulted in excellent repeat-
ability with hysteresis virtvally elimi-
nated. This repeatability, in turn, makes
practical the individually-calibrated meter
scale. Both of these improvements are
standard in most Hewlett-Packard ana-
log voltmeters.

DC measurements

The dc voltmeter tepresents a straight-
forward application of electronics to
measuring instruments. This instrument
usually has a de amplifier preceding the
meter movement. For most dc current
measurements, the meter movement by
itself serves the purpose admirably, Por
lower current measurements, the sensi-
tivity of the meter movement must be
increased. Electronic instruments over-
come this difficulty by measuring the
small voltage drop across a low value
resistance placed in series with the cur-
rent to be measured.

AC voltage measurements

Analog (meter) indicating ac voltme-
ters fall into three broad caregories: av-
erage-responding, peak-responding, and
rms-responding. AC voltmeters in gen-
eral use are average and peak-responding
types, although rms values are of princi-
pal integest.

Average-responding voltmeters

Probably the most widely used” mea-
surement technigue combining acceptable
accuracy and reasonable cost is the aver-
age-responding (absolute average) meth-
od. Figure 1 shows a typical atrangement
for making an average measurement.

The average value of an ac voltage is
simply the average value of voltage
values measured point by poiat 2long the
waveform. The average value of a sine
wave is really zero, because the waveform

Oo— Amphfiers
&in

&
rms_| Attenuators

,L:_tm iAvg. 091V

{Figure L. Average-responding voltmeter.)

has equa) positive and negative values
when averaged for one whole cycle. Since
the equivalent dc or energy content in
the waveform usually is the quaatity of
interest, the average value of 2 sine wave
is taken to mean the average rectified
value, The average value of one-half
cycle of a sine wave is 0.636 times the
peak value.

The use of average responding is a
consequence of the wide use of sine
waves in electronic measurements. In cali-
brating an average responding meter, a
pure sine wave with an rms amplitude of
1 volt can be applied to the meter, and
the resulting pointer deflection marked on
the scale as 1 volt. Actually, the average
value of this sine wave is 0.91 volts, but
since pointer deflection is linearly propor-
tional to input voltage, an average re-
sponding meter calibrated in rms volts
provides reliable indications of tms volt-
age if the input is 4 sine wave. This iod)-
cation is not affected more than 39 by as
much as 25% second harmonic content in
the input waveform, and useful indica-
tions arc obtained on waveforms with
even more distortion. For this reason,
average responding voltmeters are widely
accepted as low-cost substitutes for true-
tms-responding  volimeters, as long 4s
sinusoidal signals are being measured.

Peak-responding voltmeter

There are situations where the peak
amplitude of an a2c signal is sigaificant,
such as the monitoring of a tcansmitter
moqulating signal, or in studies of vibra-
tion components, or in other sitwations
where peak energy must be known, How-
ever, the dominant reason for the use of
peak-responding ac voltmeters les in the
nature of their circuitry, Peak-responding
circuits allow 2 voltmeter to serve as a
multifunction meter and, what is more
important, enables it to be used at much
higher frequencies. Here again, since the
majority of measurement situations in-
volve sine waves, peak-responding meters

usually are calibrated in rms volts. Figure
2 shows a typical arrangement for mak-
ing a peak measurement. A calibrating
sine wave of 1 volt rms amplitude causes
2 pointer deflection equivalenr to 1.414
voles, but this point can be marked as 1
volt rms on the scale. As long as the in-
put waveform is a sine wave, the peak-
responding indication is proportional to
the rms value. However, the peak-re-
sponding meter is more susceptible to
errors caused by harmonic distortion ja
the input waveform than the average re-
sponding metet. Another consideration is
the maximurn sensitivity of the instru-
ment which is limited by the instrument
probe diode characteristics. For this rea-
son, carefn] design is required to achieve
even 0,5 volt full scale deflection sensiti-
vity on the lowest range of 2 peak.re-
sponding meter. Conventional voltmeters
responding to the absolute average of an
ac waveform may sometimes be limited
in seonsitivity and bandwidth. These re-
strictions may be relieved by sampling the
signal prior to detection and amplifica-
tion. Hewlett-Packard’s RF voltmeter
uses a sampling technique (see page 42).

. 4 [»]o]
8in QLo Amgplilier
1 Vrms
°© Pointer
Daflection
Equivalent
t01.414YV

(Flgure 2. Peak-responding voltmeter),

Por a detailed discussion of the limijts
of error introduced into peak and aver-
age-responding  voltmeters by wvartious
bharmonics, refer to Hewleit-Packard's
Application Note 60.

RMS.responding voltmeter

The true-rms measurements technique
is most often used when a high degree of
accuracy js required. Instrument indica-
tion 15 proportional to the. rms heating
value of the impressed waveform. The
root-mean-squace (rms) value of any
complex quantity is obtained by surmnming
the squares of each component and tak-
ing the square root of the sum; this is de-
fined as the equivalent heating power of
the waveform.

This operation is performed by sensing
the waveform’s heating power. Heating
power is measured by feeding an ampli-
fied version of an input waveform to
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AC O
Amplifier

DC
Amplifier

(Flgure 3. RMS.rasponding voltmeter).

the heater of a thermocouple. The volt-
age output is proportional to the wave-
form’s heating power. The true tms value
is measured independently of the wave-
shape, provided that the peak excursions
of the measured waveform does not ex-
ceed the dynamic range of the instru-
ment. Harmonic distortion is not an error
contributing factor. This arrangement a)-
lows accurate readings of the tms value
of complex waveforms having high crest
factors. Crest factor is defined as the ratio
of the peak voltage to the rms voltage of
a waveform with the dc component re-
moved. A voltmerer with a high crest
factor rating is able to read accurately the
tms values of periodic signals that have
waveforms significantly diffecent from
sinusoida). High czest factor performance
is not obtained easily. An rms voltmeter
with a high crest factor must have ampli-

OECIBELS

N 1 mW 3004
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Figure 4, Four difterent types of mater scales

avallable. (a) Linear 0-3 V and 0-10 V scales plus

a 4B scale, (b? Uinear dB scale plus nonlinear

(logarithmic) voltage scales. (¢c) dB scale placed

on (argér arc for greater resolation. (d) Linear —20

to 0 dB scale usetul for acoustical and communi-
catlons applications.

fiers with sufficient dynamic range to pass
signals that have a peak amplitude many
times Jarger than full scale rms value. A
wide dynamic range is not the only con:
sideration. To prevent thermocouple
burn-our, the amplifier design should ja-
clude some provision for power limiting.
Because amplitude limiting would limit
the crest factor, the voltmeter must be
designed with a limit on the voltage-time
product so that thermocouple burn-ouls
are prevented without restricting wide
dynamic range.

In general, true-tms meters revea) only
the rms value of an ac signal. Because
they are ac coupled, most voltmeters
have a frequency cut-off around 20 Hz.
This cestriction keeps the true-rms volt-
meter from accounting for any low fre-
quencies or dc componeats in a signal.
Hewlett-Packard digital voltmeters solve
this problem. Refer to pages 62-67.

Voltmeter considerations

Accuracy—-Before we can discuss
meter accuracy, we must have a famil
iarity with the various meter scales avail-
able. Many instcuments have meter scales
marked in both volts and decibel (dB)
units. It should be noted that dB and
voltage are complements of each other.
Thar s, if a voltage scale is made linear,
the dB scale on the same meter face will
be logarithmic or nonlinear. Likewise, if
the dB scale is made linear, the voltage
scale becomes nonlinear. The term “lin-
ear.log scale” is applied to an instrument
that has a linear dB scale and therefore
a nonlinear voltage scale. Several differ.
ent types of meter faces are illustrated in
Figure 4.

Analog merers (Figure 5) usually have
nonlinearities and/oc offsets preseat in
the attenuators and amplifiers, The meter
movement itself can have nonlinearities

. even with individually calibrated
meter scales. Nonlinearities cause per-
cent of reading erross, and offsets cause
percent of full scale errors. Percent of
ceadiag ercors are constant no matrer
where the meter pointer is. Percent of
full-scale error increases as the pointer
goes further down scale.

Looking at instrument specification
sheets, accuracy specifications are usually
expressed in one of three ways: L. (per:
cent of the full-scale value) 2. (percent
of the reading) 3. (percent of rezding +

Non-lingaritias Non.
fsets Linearity

£ N v

Attenustar f— Amplifier L— Analog
Meter

Figure 5. Nonlinearities cause % of reading er
rorg. Offsets cause % of full scale arrors.

percent of full-scale), The first is prob-
ably the most commonly used accuracy
specification. The second (percent of
reading) is more commonly applied to
meters having a logarithmic scale. The
last method has been used more recently
to obtain a tighter accuracy specification
on a lipeas-scale instrument.

Hewlett-Packard uses the two-part ac.
curacy specification to take advantage of
the upper-scale accuracy and yet main-
tain a reasonable specification for the
lower portion of the scale.

For a thorough evaluation of accuracy,
the following should be considered: Does
it apply at all input-voltage levels up to
maximum overrange point? (Linearity
specifications may be added to qualify
this point.) Does it apply to all frequen-
cies throughout &ts specified bandwidth?
Does it apply on all ranges? Does it ap-
ply over 2 useful temmperature range for
the application? I not, is temperarure
coefficient specified?

Selecting an Anaiog Voiltmeter

Basic specs for Hewlett-Packard ana-
log meters are in Table 1. Guidelines are
restated below.

(1) For measurements iavolving dc
applications, select the instrument with
the broadest capability meeting your re-
quirements.

(2) For ac measurements involving
sine waves with only modest amounts of
distortion (<109), the average-re-
sponding voltmeter can perform over a
band-width extending to several mega-
hertz,

(3) Most broadband average-respond-
ing voltmeters are limited in sensitivity
(100 uV full-scale) by inherent noise
and spurious sigaals. For ac measure-
ments involving low level signals that
may be obscuted by noise or other un-
related signals, the tuned voltmeter pro-
vides the best accuracy and most sensi-
tivity per dollar (refer to 3410A datz
sheet).

(4) For high-frequency measurements
(>10 MHz2), the peak-responding volt-
meter with the diode-probe input is the
most economical choice. Peak-responding
circuits are acceptable if inaccuracies
caused by distortion in the input wave-
form can be tolerated.

(5) For measurements where it is im-
portant to determine the effective power
of waveforms that depart fcom 2 true
sinusoidal form, the true rms-responding
voltmeter is the appropriate choice.

(6) Por very wide bandwidths (up to
1 GHz) and high-sensitivity measure-
ments of sinusoidal or non-sinusoidal
waveforms, the HP 3406A is the proper
choice. Although the 3406A js average-
responding, it has a sample hold output
which makes analysis of waveforms
possible.
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Fraguency Renga 8z0
DC YOLTMETERS Volags Rangty Aocursy st F8* lagul Impedance Modsl Pign
0C NULL VOLTMETER =3 V. =l4Vend dc 100k - 100 Mg depend- | 419A 37
scale @l )V Ing on range (Infinile
0.1 LV resolution (18 when nulle
ranges)
DC DIFFERENTIAC VOLTMETER 1V to L XKV (4 ranges) de >0 at aull 3420 36
z%OAOOZ% reading A/B
4-0.0002% range)
DC DIFFERENTIAL VOLTMETER 1 mV - L kV (7 rangas) d >10" 7408
*%CLOOS 1dg 283
+0.0004%% rge)
Frequency Raags FAesponas See
AC VOLTMETERS Voltape Rangs Typioat Aoeursoy tnput Impedance Maodel | Pagn
BAYTERY OPERATED AC VOLTMETER Imy-300V(Q2 1 Hz -} MHz Avav?e 403A 43
18ngas) =3% - =393 2 M/<25 - <60 pF
RECHARGEABLE BATTERY AC YOLTMETER 1 mV-300VQ2 § M1 -2 MHz Average 4038 43
ranges) =2% - =5% 2M0/<30- <80 pF
VACUUM-TUBE VOLTMETER, also usalul as ac amplifler. 400L has )lnear 12 dB log 1mv-300V-704d8- 10Ry - 4§ MH2 =29 1 Aversge 400D 44
scala. +52 48 (12 ranges) +)0%; 400 H: =19 to (10 M/20 - 35 of 400L
10%%; 400L: =1 ko ‘=5% A00H
FAST-RESPONSE AC VOLTMETER 100 kHz low-psss flltar ac amplifier 100,V -300V-80dB- 20 Hz -4 MHz - =19 - Average 400F 45
+562'd8 =49 10 Mp/10 - 25 pF 400f L
HIGH ACCURACY dB VOLTMETER 20 4B log scale (0 dB =1 V) —100dB - -+60 dB (8 20 Hr - § MKz - =02 Avm%e 4006L 45
ranges) d3-04 08 10 Mo/ <5 - <30 pf
HiGH ACCURACY AC VOLTMETER has dc outpul (=0.5%) for driving racorder Imv-300V-70d8- 10 Nz - 10 MHz =% - Avera&e 40E 45
+52 dB =5% 10 Mg/ < 12- <25 pF {0DEL
AC DIFFERENTIAL VOLTMETER 2I50 dc AYM/dc standard 1V - | kV (4 rangss) 20 Hz . 20 kHz =(0,02: | Mp/<5 pF 7418
reading -+0.01% range. 258
AC MICROVOLTMETER: massuras signals obscured by nolse IV -3V (I3ranges) | 5Hz-600 kN2 =3% - Average 34104 Se®
. “{ioa8mte 110dBm | =10% 10 Mn/<15 L 20 pf data
sheet
RAMS VOLTMETER provides ims raadings of compiex signals. Has de outpetfor driving | 1 my -300V(12ranges) | 10 Hz - 10 MHz 195 - L0 Mqn/15 - 40 oF 3400A 46
OVM's or racorders =5
SAMPLING RF VOLTMETER provides trus rms measuremants when esed with 3400A. | 1 mV - 3 V (8 ranges) (0 kHx 1o >1.2 GHz StalisticalAveraga;(n- | 2406A 42
Many accessorles =3% - =13% fut Z depends on probs
ip used
RF MILLIVOLTMETER 10mV - 10 V{7 ranges) 500 xHz to 1 GHz =3% Average 411A See
148 Input Z depsnds on dats
probe lig usad sheet
VECTOR VOLTMETER phasa and amplliude mgasufements 100,V - 10V (9 ranges) 1 MHz - Y GHz =05 08 - Avarage 84054 361
=) dB 0.\myn/2.5 pf
MILLOHMMETER; two probes used whea making 4 tarminzl messuromants 0.001 §o 100 £S (11 1 kHz (lixed) =2% FS zr‘:)axv output Voltage: 4328A 49
ranges; m
HIGH RESISTANCE METER and picoammetar 08 Mpto2x10%g FS Vollags: =107 Max, outout Vollage: | 4329A 49
(7 rangas) 0.05pA SOMA Current- =564 &V
Voitags Range Curzeni Range Rasistance Range 8eo
MULTIFUNCTION METERS (Acoaraty) (Aooracy) (Acourscy) Modal | Pags
BATTERY-OPERATED MULT(FUNCTION METER has 10 M d¢ input impedance and OC: =100 mV to 1600 V 100 - 10 M midscala 4274 40
10 M /20 oF a¢ input impedance i=2%> 9 tanges AC: =53 from .3 to 3 an
Omv - 300V 10 Hz - the meter scale 7 ranges
| MKx (=2%) 10 ranges
VERSATILE VOLTMETER has 100 Mg de lnput impedance énd 10Mq/L.5 pF acim- | DC:=1SmVia =150 | DC: =15 4A (6 =150 | 1Qq - 10 Mg {centar | 410C 13
padance v (=2¥°) H ranges mA (53%); 11 ranges | scale) 0 lo midscale:
AC:05V-300V20Mz - =5% or =2% of mid-
>700 MHz (=3% al scale (whichever s
400 R1) 7 ranges greater) 7 rangas
VAGUUM-TUBE VOLTMETLR has (22 Mg d¢ inpul Impedance and 10 Mp/1.5 pF DC: =1 Vv - ~=1000 V 100 - 10 M midscale; 4108 Seo
ac impedance 2=3%) 7 rénges =§z % from 3 te 30 on data
C:1-~300V 20 Hr - mater s¢ale (1g on X1 sheet
700 MHz (=3% al 400 1ange) 7 ranges
Hr) 6 ranges
* 0C VACUUM-TUBE VOLTMETER has 10 Mq to 200 Mq Input impedance DC:=1mv. =1000V DC: =1 LA o =]A lg - 100 Mg (5% 4124 38
(=1%) 13 ranges (=2%) 13 ranges midscale) 3 ranges
OC MICROVOLT-AMMETER has | Mq inpul impedance (Voltmater) OC: =10 ,v - =LV 0C: =10pA to =3 mA 4257 38
(=3%) 11 ranges (=3%) 18 rangss
BATTERY OPERATED DC VOLT-AMMETER: 10 Mo rminimum Input impedanca, DC: =1 mV, =300 V =1nA, =300 A 43044 See
all tanges (=3%) 12 ranges (=3%) 12 canges dala
sheet
Sea
CURRENT METERS Current Range Accuraey Froquanoy Mangs Modsl | Page
DC MILLIAMMETER with clig-on proba sliminates dirsct connection (lgrnA -10AFS *=397 de - 400 Hz 4288 39
ranges)
AC CLIP-ON CURRENT PROBE mskes moasurements without breaking cireuit 1 imrf\é'lc? r;ns(to 25A | =2%103dB 25 Hz - 20 MH2 4564 57
wilh divider’

‘For exact accuracy refer to page deslgnated.
tMid-fraquency (50 mY - 100 V).
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MEASURING DEVICES

Description

The Hewlett-Packard Models 3420A and 3420B are pre-
cision de¢ differential voltmeters and ratiometers. The 3420A is
operated from ac line power only, while the 3420B operates
from either ac line power or internal rechargeable batteries.

Functioning as a dc differential voltmeter, the 3420A/B
measure dc¢ voltages within = (20 ppm of reading +2 ppm of
range) on all ranges. As a dc ratiometer, both instcuments
measure ratios within = (20 ppm of reading 44 ppm of
range) on all ratio ranges.

Specifications
DC Differential Voltmeter
Ranges

Voltage: ==1 V, =10 V, *100 V and %1000 V with up to
109, overranging available an all ranges.

Resolution: G-digit readout yields resolution of L ppm of
range; 0.2 ppm of range indicated on meter.

Performance rating
Accuracy
30 day: =#(0.0029, of reading +0.0002% of range) at
23°C x1°C, <709% RH,
90 day: =(0.003% of reading +0.0002% of range) at
23°C =1°C, <709 RH.
Stabillty: (at 23°C =*=1°C, <709% RH): 1 hr: <1 ppm of
reading; 24 hr: <5 ppm of reading.

Temperature coefflcient: <4 ppm of range /°C (20°C-
30°C); <5 ppm of range /°C (10°C-20°C and 30°-
40°C).

Zero adjustment range: > =12 ppm of range.

Meter nolsa: <0.2 ppm of range p-p.

Input characteristics

Inputs: floated binding posts on front panel ¢an be operated
up to =500 V dc (350 V rms) with respect to chassis
ground.

Input reslstance: >10"Q at null, <70% RH; at least 10 MQ
%0.05% off null (1 V, 10 V ranges): 10 MQ +0.05%
(100 V, 1000 V ranges).

Effectlve common-mode rejection (ECMR)

DC: >140 dB on 1 V and 10 V ranges, <709 RH.
>110 dB on 100 V and 1 kV ranges, <709, RH.
60 Hz and above: >150 dB on all ranges, <709 RH.
Normal mode-rejection (NMR)
60 Hx and above: >102 dB.
Maximum normal-mode signal: 25 V rms on 1 V range;
200 V rms on 10V, 100 V, 1000 V ranges.

Overload protection: 1100 V d¢ may be applied on any

range or sensitivity for up to 1 min without damaging

DC A VOLT/RATIOMETER

1 ppm stability with =0.002% accuracy
Models 3420A & 3420B

instcument. Meter indicates within 5 s after removal of
overload.
DC Ratiometer
Ranges
Ratio: X1, X.1, X.01 and X.001.
Resolution: 6-digit feadout yields resolution of 1 ppm of
range; 0.2 ppm of range indicated on meter,
Performance rating
Accuracy: (23°C +1°C, <70% RR).
30 day: = (0.002% of reading -+ w).
(A to COM)
0.0004% of range)

E(A 1o com)
Stability: (ar 23°C +£1°C, <70% RH) 1 hr: <1 ppm of
reading: 24 hr: <5 ppm of reading.
Temperature coefficient: (10°C to 40°C) X1 range: <1
ppm of range per °C,
X.1, X.01, X.001 ranges: <5 ppm of range per °C,
Zero adjustment range: > =12 ppm of range.
Meter nolse: <0.2 ppm of range (p-p).
Input characterlstics
Input: 3 terminals, A, B, Common.
Displayed _ EBcom
Voltage Ratio - E(A 16 COM)
with! Eca 1o coMy | > 1 EB o comy |
and of same polarity.

90 day: = (0.003%; of reading +

A to Common (Max) Input Rasistance
Range  Input Voltage A to Common B to Common
X1 1V 10 k© *0.05% 10 2 at nof: 3t
X.1 70V 100 k2 =0.05% - hNr o
X0l 500V 1Mo £005% | cin A0 V0 =0.05%
X.001 1000 V 10 M 20.05%

DC Voltmeter
Ranges: =10 xV to =1 kV in 9 decade ranges.
Accuracy: =39 of range.
lnput resistance: =10 xV 10 =10 mV ranges: 1 MQ.
=100 mV o 1 kV ranges: 10 MQ.

General

Recorder output: fully adjustable 0 to =1 V supplies 1 mA to
1 k@ minimum resistance (in ratiometer mode, cecorder
ground must be isolated from COM termimal by >10100),

Recorder gutput noise: <S50 mV p-p (<0.5 ppm of range re-
ferred to input at maximum sensitivity).

Operating temperature: insirument will operate within rated
specifications from 10°C to 40°C unless othecwise specified.

Power: 3420A: 115 V or 230 V =10%, 48 Hz to 440 Hz,
6 VA max. 3420B: 115 V or 230 V =10%, 48 Hz to 440 Hz,
6 VA max, or rechargeable batteries (8 furnished) 30 hours
operation per recharge; input for fast charge mode.

Dimenstons: 16%” wide, 5-7/32” high, x 114" deep (425 %
132 x 286 mm).

Weight: 3420A net 20 Ibs (9 kg); shipping 26 lbs (11,7 kg).
3420B net 21 lbs (9,3 kg); shipping 26 Ibs (11,7 kg).

Accessories furnished: rack mount kit for 19” rack.

Price: HP 3420A, $1400; HP 3420B, $1550.
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DC NULL VOLT-AMMETER

18 Voltage, 7 current ranges; 0.1 nV resolution
Model 419A

MEASURING DEVICES

Eighteen voltage ranges with 0.1 pV resolution on the
lowest range set this HP solid-state DC Null Voltmeter aparct
from previous de null meters. The accuracy of this récharge-
able battery-operated instrument is 2203 of end scale 0.1
£V on 2J] ranges. Noise is less than 0.3 uV p-p, and drift is
less than 0.5 pV /day.

An internal bucking source allows input voltages up to 300
mV to be nulled giving an infinite input impedance. Input
impedarce above the 300 mV range is L00 megohms.

Pushbutton Selection Provides
Convenience-versatility

Seven pushbuttons allow the operator to select rapidly the
desired fuaction of the HP 419A. This dc null voltmeter
operates from the ac line or from the internal rechargeable
batteries. During operaticn from the ac line, the batteties are
trickle-charged. A fast-charge pushbutton is provided to in-
crease the charging rate, recharging the batteries in approxi-
mately 16 hours. Battery voltage may be easily checked with
the battery-test pushbutton. The zero pushbutton enables the
operator to compensate for any internal offsets before making
a measurement. When this pushbutton is depressed, the posi-
tive leg of the voltmeter is disconnected from the positive
input terminal and connected to the negative input terminal.

i wbeoes Adoeant
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When the VM pushbutton js depressed, the HP 419A
functions as a zero-center scale 3 pV to 1000 V dc voltmeter.

When the AM pushbutton is depressed, the HP 419A
functions as a zero-center scale 30 pA to 30 nA ammeter.

Specifications

DC null voltmeter

Ranges: =3 4V t0 =1000 V dc in 18 zero-center ranges.

Accuracy: = (29, of range =0.1 uV).

Zaro control range: > =415 uV.

Zero drift: <0.5 xV/day after 30 min warm-up.

Zera temperature coefficlent: <0.05 .V /°C.

Response time: 3 s to within 95% of final reading on 3 yV
range; 1 s to within 95% of final reading on 10 2V to 1000
V ranges.

Noise: <0.3 xV p-p, input shorted.

{Noise amplitude approximates Gaussian distribution.
RMS value (standard deviation) is <0.075 V. p-p noise
value is <0.3 yV 959 of the time.]

Input characteristics
At null: infinite resistance on 3 uV through 300 mV ranges

in SET NULL mode. Negative input terminal can be
floated up to =500 V dc from powerline ground.

Off null:
Voltage range | Ingut rasistance
3uV-3mV 100 ke
10 mV - 30 mV 1 Ma
100 mV - 300 mV . 10 MO
1V-1000V 100 M

Negative input terminal can be floated up to =500 V dc
from powerline ground.

AC normal-mode rejectlon: ac voltages 50 Hz and above and
80 dB greater than end scale affect teading <2%. Peak
ac voltage oot to exceed maximum overload valtage.

DC ammeter

Ranges: 30 pA to =30 nA in 7 zero-center ranges.
Accuracy: = (39, of range -1 pA).

Zeco control range: > =150 pA.

Zero drift: <5 pA/day after 30 min warm-up.
Zaro temperature coefficient: <0.5 pA/°C.
Noise: <3 pA p-p, input shorted.

Input resistance: 100 kQ on 2} ranges.

Amplitier

Gairi: 110 dB on 3 uV range, decceases 10 dB per range.

Output: 0 to =1 V at 1 mA maximum for end-sczle reading.
Output level adjustable for convenience when used with
fecorders.

Cutput resistance: depends on setting of output level control.
<350 when output conteol is set to maximum.

Noise: 0.01 Bz 1o 5 Hz: same as voltmeter (ceferred to in-
put), >5 Hz: <10 mV rms (referred to output).

General

Overload protectlon: the following volrages can be applied
without damage to instcument.
1V to 1000 V range: 1200 V dc.

10 mV to 300 mV ranga: 500 V dc.
3 4V to 300 mV range: 50 V dc.

Operating temperature: instrument will operate within
specifications from 0°C to 50°C.

Operating humidity: <709 RH.

Storage temperature: —20°Cto 4 50°C.

Power: 115 V or 230 V =109, 48 Bz to 440 Hz, 2 VA max.
or 4 internal rechargeable batteries (furnished). 30-hr
opetation per recharge. Operation from ac line permissible
during recharge.

Dimenslons: 734" wide, 614" high (without removable feet),
8” deep (197 x 156 x 203 mm).

Weight: net, 8.3 Ib (3,7 kg); shipping, 12 1b (5,4 kg).

Price: HP 4194, $475.



DC VOLT-OHM-AMMETER

=8
;1% accuracy vtvm is also ohmmeter, ammeter

w Model 412A

AC rejectlon: a voltage at power line or twice power line
frequency 40 dB > full scale affects reading <19,. Peak

o

MEASURING DEVICES

voltage must not exceed 1500 V.
Current range: pos. and neg. currents from 1 zA to 1 A full

Ammeter

scale, 13 ranges.
Accuracy: 29 of full scale on any range.
Input resistance: decreasing from 10000 on 1 wA rafge to

0.12 00 1 A range.
Ohmmeter
Resistance range: resistance from 12 to 100 MQ center scale,
9 ranges.
Accuracy: =59, of reading at center scale.
Short circult current: from 0.01 pA on the X100 MQ range

to 10 mA on the 12 range.

Amplifler®
Voltage gain: 1000 maximum,
DC bandwidth: dc to 0.7 Hz on all voltage ranges.
Output: proportional to meter indication; 1 V at full scale:
max. current, 1 mA (full scale corresponds to 1 on upper

General

i = p 1§
scale).
Power: 115 or 230 V =109, 50 to 60 Hz, 60 VA max.
Dimensions: cabinet: 714" wide, 1114” high, 10” deep (191 x

\
Description
The HP Model 412A is a multipurpose meter designed to

measure d¢ voltage, current, and resistance with laboratory
292 x 254 mm); rack mount: 19” wide, 5-7/32” high, 74"

deep behind panel (483 x 134 x 191 mm).
Welght: net: 12 ibs (5,5 kg); shipping 14 lbs (6,4 kg)
{cabinet); net 12 lbs (35,5 kg): shipping: 21 lbs (9,5 kg)

accuracy.

Specifications
Voitmeter
Voltage range; pos. and neg. voltages from 1 mV to 1000
V full scale, 13 ranges.
(rack mount).
Price: HP 412A, $475 (cabinet).

HP 412AR, 8480 (rack mount).
* Refer to data sheet for complets specifications.

Accuracy: 1% of full scale on any range.
Input resistance: 10 M2 19 on 1 mV, 3 mV and 10 mV
ranges; 30 MQ =19, on 30 mV range; 100 MQ *19%
on 100 mV range; 200 MQ =19 on 300 mV range and
DC MICROVOLT-AMMETER
10 ~V, 10 pA full scale sensitivity
Model 425A
to 3 mA end scale, 18 steps, 1, 3, 10 sequence.
Input impedance: voltage ranges, 1 MQ =39; current range,

\

above.

depends on range, 1 M2 to 0.3341.
Accuracy: within *39 of range; line frequency vaciations

=5 Hz affect accuracy <=2%.

Amplifier*
Galn: 100,000 maximum.
DC bandwidth:

dc to 0.} Hz on 10 4V range.
de to 0.3 Hz on 30 aV range.
dc to 0.7 Hz on 100 £V range and above.
Output: 0 to 1 V for end-scale reading, adjustable (50000
shunt potentiometer), 1 mA maximum at 1 'V output.

425A
General
/ Power: 115 or (230 V must be specified) =10%, 60 Hz, 50 VA
max.; 50 Hz operation is available as option 001,
Dimensions: cabinet: 73" wide, 11%” high, 12” deep (186 x

299 x 305 mmY); rack mount: 19” wide, 77 high, 11” deep

behind pacel (483 x 178 x 279 mm).
Welght: net 17 Ibs (7,7 kg); shipping 18 lbs (8,2 kg) (cabinet);

Description
Hewletr-Packard’s 425A, DC Microvolt-Ammeter, makes
measurements of extremely small dec voltages from 1 ¢V to
1 V; dc currents, from 1 pA to 3 mA.
Specifications net 21 lbs (9,5 kg): shipping 31 Ibs (14 kg) (rack mount),
Price: HP 425A, 585 (cabiner). HP 425A Option 001, for
operation from 50 Hz power, no extra charge.
* Refer 10 data sheet for complate speclications.

Microvolt-ammeter
to 1 V end scale, 11 steps, 1, 3, 10 sequence,

Voltage range: pos. and neg. voltages from 10 xV end scale
Current range: pos. and neg. currents from 10 pA end scale



CLIf’-ON MILLIAMMETER

Measures current without interrupting circuit

MEASURING DEVICES

Model 4288 and probes

Description

Direct current from 0.02 milliampere to 10 ampeces can be mea-
sured with the HP 428B without interrupting the circuits and with-
out the error-producing loading of coaventional methods.

For 2ay measurement of dc¢ within its range, simply clamp the
jaws of the 428B around a wire and read.

This ease and speed of operation are unparalleled, especially for
applications where many d¢ measurements must be made. Wide
current range of the 428B will handle most signals directly. For
even greater sensitivity, several loops may be put through the probe,
increasing the sensitivity by the same factor as the number of loops.

In addition to making current measurements directly, the 428B
is also valuable for measuring sums and differences ot currents in
separate wires. When the probe is clipped around two wires carry-
ing current in the same direction, their sum is indicated on the
meter; when one of the wires is reversed, their diffecence is mea-
sured. Thus, current balancing is possible by obtaining 2 zero
difference reading.

Mode} 428B provides an output voltage proportional to the mea-
sured current, which is useful for driving recorders or making low-
frequency (dc to 400 Hz) current measurements.

Specifications

Current range: 1 mA to 10 A full scele, nine ranges.

Accuracy: £3% of full scale =0.13 mA, from 0°C to 55°C (when
instrument is calibrated to probe).

Probe inductance: <0.5 uH.

Probe Inducted voltage: <15 mV p (worst case at 20 kHz and
hacmonics) .

Output: variable linear output level with switch position for cali-
brated 1 V into open circuit (cortesponds to full scale deflec
tion). 1,5 V max. into open circuit in uncalibrated position. 0.73
+.01 V into 1 K@ in calibrated position.

Nalse: 1 mA range, <15 mV rms across 1 kQ.

3 mA range, <5 mV mms across 1 kQ.
10 mA through 10 A ranges, <2 mV rms across { k.

Frequency range: dc to 400 Hz (3 dB point).

AC rejection: signals above 5 Hz with p value < full scale affect
meter accuracy <2% (except at 40 kHz cacrier frequency and its
harmonics). On the 10 A range, ac p value is limited to 4 A.

Power: 115 or 230 V % (0%, 50 to 60 Hz, approx. 75 VA max.

Operating temperature range: —20°C to +55°C.

Starage temperature: —40°C 10 +65°C.

Probe Insulation; 300 V maximum,

Probe tip size: approximately 14" by 2145”; aperture diameter 54s”.

Dimensions: 715" wide, 11%5” high, 144" deep (191 x 292 x
368 mm); rack mount: 19” wide, 6-31/32” high, 13” deep (483 x
177 x 330 mm).

Weight: net 19 ibs (8,6 kg), shipping 24 1bs (10,9 kg) (cabinet);
net 24 1bs (10,8 kg); shipping 32 lbs (14,4 kg) (rack mount).

Price: HP 428B, $675 (cabinet); HP 428BR, $680 (rack mouat).

Accessories Available

3529A Magnetometer Probe

The BP 3529A Magnetometer Probe is useful in applications
where determination must be made of the direction or magnitude of
a magnetic field. It is useful in applications ranging from acoustical
transducer design to investigations involving the Zeeman effect.

4288

. /

Conversion factor is 1:1, producing a reading on the 428B in milli-
aroperes which is directly equal to the measured field strength in
milligauss. Range is L milligauss to 10 gauss with the 428B. The
bandwidth is de¢ to 80 Hz, and accuracy is =39 of full scale when
the probe is calibrated with the instrument.

Price: HP 35294, $95.

4 | N

\ 3529A option C11 )
3529A Option C11 Magnetometer Probe

The 3529A Option C11 is 2 special magnetometer probe used to
convert the Hewlett-Packard 428A or 428B DC Milliammeter into
a direct reading magoetometer {1 G = 1 mA indication on 428
A/B meter). The 3529A Option C11 Magnetometer Probe js speci-
fically designed to measure the relarive magnetic field strength of
{ndividual bar magnets on twistor memory cards used in the Westermn
Electric Blecteonic Switching System (No. 1ESS). Refer to data sheet
for further information.

Prica: HP 35294, Option C11, $170.

3%
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F MULTI-FUNCTION METER

Low-cost, solid state, battery operated
Model 427A

MEASURING DEVICES
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Description

The Hewlett-Packard Model 427A is a portable, versatile,
low cost multi-function meter which is valuable in z2ny labora-
tory, production line, service department, or in the held. It is
capable of measuring dc voltages from 100 mV to 1 kV full
scale; ac voltage from 10 mV to 300 V full scale 2t frequencies
up to 1 MHz (>500 MHz with the 11096A High Frequency
Probe); and resistance from 100 to 10 MQ center scale.

The 427A will operate continuously for more than 300 hours
on its internal 22.5 V dry cell battery. AC line and battery
operation is available as an option.

Specifications
DC voltmeter
Ranges: =100 mV to 1000 V in 9 ranges in 10 dB steps.
Accuracy: =29, of range.
Input resistance: 10 MQ.

AC normalmode rejection (ACNMR): ACNMR js the ratio
of the normal-mode signal to the resultant error in read-
out. 50 Hz and above: >80 dB.

Overload protection: 1200 V dc.

AC voltmeter
Ranges: 10 mV to 300 V in 10 ranges in 10 dB steps.
Frequency range: 10 Hz to 1 MHz.
Response: responds to average value, calibrated in rms,
Accuracy

Frequenoy Range
001Vt 30V 100 V to 300 V
10 H2 to 100 kHz 2%, of range
2% of range
100 kHz to 1 MH2

Input impedance: 10 mV to 1 V range, 10 M2 shunted by
<40 pF; 3 V to 300 V range, 10 MQ shunted by <20 pF.
Overload protection: 300 V rms momeatarily, 1 V range and
below; 450 V rms max. above 1 V range.
Ohmmaeter

Ranges: 100 to 10 M center scale in 7 decade ranges.

Accuracy (from 0.3 to 3 on scale): =59, of reading.

Source current (ohms terminal positive). Short clreuit cur-
rent: from 10 mA on the X10 range to 0.1 zA on the
X10 M range.

Open clrcuit voltage: from 0.1 V on the X10 range to 1 V
on the X10 M range.

General
Input: may be floated up to 500 V dc¢ above chassis ground.
Ohms input open in any function except ohms. Volts input
open when instrument {s off.
Operating temperature: 0°C to 50°C.
Power: >300-hc operation per battery.

HP 427A: 22.5 V dry cell battery, Eveready No. 763 or RCA
VS102, HP 427A Option 001: battery operation or ac line
operation, selectable on rear panel. 115 V or 230 V %209,
48 Kz to 440 Hz, 2 VA max.

Dimensions (standard 14 module): S%” wide, 6%4” high

(without removable feet), 8" deep (130 x 159 x 203 mm).

Welght: net, 5.3 Ib (2,4 kg); shipping, 8 b (3,6 kg).
Price (includes battery): HP 427A, $250.
HP 427A Option 001, add $25.

11096A

Accessories available

HP 11096A High Frequency AC Probe extends range to
>500 MHz. With the 11096A you can measure 0.25 to
30 V rms signals out to 500 MHz with better than 1
dB accuracy. Usable relative measurements can be made
up to 1 GHz (3 dB point at 700 MHz). The 11096A is a
peak-responding detector calibrated to produce a d¢ ourput
proportional to the rms value of a sine wave input, Input
impedance is 4 MQ shunted by 2 pF.
Price: HP 11096A, $75.

HP 11075A High Impact Case, A rugged case for carrying,
storing and operating the 427A, $60.

HP 11001A 45” test lead, dual banana plug to male BNC,
87.

HP 11002A 60” test lead, dual banana pjug to alligator clips,
$8.

HP 11003A 60” test lead, dual banana plug to pencil probe
and alligator clip, $10.

HP 11039A 1000: 1 capacitive voltage divider, 25 kV max,
$250.

HP 10111A BNC female to dual banana adapter, $10.



41

MULTIFUNCTION VOLTMETER
Ail-purpose instrument measures to 700 MHz
Model 410C

MEASURING DEVICES

=y

Description Ve N\

The HP Model 410C is a versatile general purpose instru-
ment for use anywhere electrical measorements are made. This
one instrument measures dc voltages from 15 mV to 1500 V,
direct current from 1.5 xA to 150 mA full scale, and resistance
from 0.2 @ to 500 M. With a standard plug-in probe, ac
voltages at 20 Hz to 700 MHz from 50 mV to 300 V and
comparative indications to 3 GHz are attainable.

410C Specifications

DC voltmeter

Volage ranges: =15 mV to %1500 V full scale in 15, 50
sequence (11 ranges).

Accuracy: 29, of full scale on any range.

Input resistance: 100 M =19 on 500 mV range and above, 410C
10 M2 *39%, on 150 mV range and below.

AC voltmeter \ /

Voltage ranges: 0.5 V to 300 V full scale in 0.5, 1.5, 5
sequence (7 ranges). Amplifier
Frequency range: 20 Hz to 700 MHz.

Voltage gain: 100 maximum.

Accuracy: =39 of full scale at 400 Hz for sinusoidal volt- AC rajectlon: 3 dB at 0.5 Hz; approximately 66 dB at 50 Hz

ages frop‘:_ 0.5 V to 300 V rms. The ac probe responds'to and higher frequencies for signals <1600 V p or 30 times
the positive peak-above-average value of the applied tull scale. whichever is smaller

signal. The meter is calibrated in rms.

Frequency response: =29, from 100 Hz to 50 MHz (400
Hz ref.): 0 to —49% from 50 MHz to 100 MHz; =109,
from 20 Hz to 100 Hz and from 100 MHz to 700 MHz.

Input Impedance: input capacitance 1.5 pE, input resistance
>10 MQ at Jow frequencies. At high frequencies im-
pedance drops off due to dielectric loss.

tsolatlon: impedance between common 2nd chassis is >10
MQ in parallel with 0.1 ¢F. Common may be floated up
to 400 V dc above chassis for dc and resistance measure-
ments.

Output: proportional to meter indication: 1.5 V dc at full
scale, maximum current, 1 mA.

Out [ : .
Safety: the probe body is grounded to chassis at all times for utput Impedance: <3 @ at dc

safety. All ac measurements are referenced to chassis. Noise: <0.5% of full scale on any range (p-p).
be DC drift: <0.5% of full scale/yr at constant temperatuce;
ammater <0.029 of full scale/*C,
Current ranges: =1.5 xA to %150 mA full scale in 1.5, 5 Overload recovery: recovers from 100:) overload in <3 s.

sequence (11 ranges).
Accuracy: 3% of full scale on any range.

Input resistance: decreasing from 9 k2 on 1.5 1A range to General
appsoximately 0.3 @ on the 150 mA range.

Speclal current ranges: ==1.5, =5 and =15 nA may be Maximum input: (see overload recovery) dc: 100 V on 15, 50
measured on the 15, 50 and 150 mV ranges using the d¢ and .150 mV ranges, 500 V on 0.5 to 15 V ranges, 1600 V
voltmeter probe, with =359 accuracy and 10 MQ input on higher ranges. ac: 100 times full scale or 450 V p which-
resistance. ever is less.

Power: 115 V or 230 V % 10%, 48 Hz to 440 Hz, 26 VA max.

Resistance range: resistance from 10 @ to 10 MQ center Dime:\slons: 3" wide, 614" bigh (Wi<th0m removable fect).
scale (7 ranges). 11”7 deep (130 X 159 x 279 mm) behind panel.

Accuracy: Zero to midscale: =59% of reading or =29 of Weight: nect 8 Ib (4 kg); shipping 12 b (5,44 kg).
midscale, which ever is greater. Accessocies furnished: detachable power cord, NEMA plug.
=7% from midscale to scale value of 2.
*89% from scale value of 2 to 3.

*99 from scale value of 3 to 5. Price: HP 410C with HP 11036A Detachable AC Probe, §515.
+£10% from scale value of 5 to 10. 410C Option 002 (less ac probe), deduct $50.

Ohmmeter

Accessorles avallable: see page 57.
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MEASURING DEVICES
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3406A
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Description

Average-response (calibrated in rms of a sine wave) of
high frequency signals previously impractical can now be
made easily with the HP 3406A Sampling Voltmeter. Employ-
ing incoherent sampling techniques, the HP 3406A has ex-
tremely wide bandwidth (10 kHz to 1.2 GHz) with high in-
put impedance. Signals as small as 50 4V can be resolved on
the sampling voltmeter's linear scale, Full scale sensitivity
from 1 mV to 3 V is selected in eight 10 4B steps and may
be read dirtectly from —62 dBm to +23 dBm for power
measurements, Accessory probe tips make the HP 3406A
suitable for voltage measurements in many applications such
as ceceivers, amplifiers and coaxial ¢transmission lines.

Measurement indications can be retained on the 3406A
meter by depressing a push-button located on the pen-type
probe. This feature is useful when measurements are made
in awkward positions where the operator cannot observe the
meter indication and probe placements at the same time.
Other features include a dc recorder output and sample hold
output for connection to oscilloscopes, and peak or true rms
voltmeters if other than absolute average measucements are
required.

Specitications

Voltage range: 1 mV to 3 V full scale in 8 ranges; decibels
from —50 to +20 dBm (0 dBm = 1 mW into 50Q);
average-responding instrument cafibrated to rms value of
sine wave.

Frequency range: 10 kHz to 1.2 GHz; useful seasitivity
from 1 kHz to beyond 2 GHz.

RF VOLTMETER
20 uV sensitivity; average-response
Model 3406A

Full-scale accuracy (%) with appropriate accessory (after
probe is propetly calibrated)

10 20 25 100 100 700 1 1.2
kHz kHz kHz kHz MHz MHz GH:z GH:

5 ‘ :tal .-L—L_ﬂ

\ila\is\:ﬁ +3

Input Impedance: input capacity and resistance will depend
upon accessory tip used. 100,000Q shunted by <2.1 pF
at 100 kHz with bare probe; <10 pF with 11072A
isolator tip supplied,

Sample holfd autput
Provides ac signal whose unclamped portion has statistics
that are narrowly distributed about the statistics of the input,
inverted in sign (operating into > 200 kQ load with <1000
pF). Output is 0.316 V at f.s, on any range.

Noise: <175 pV rms referred fo input.

Accuracy (after probe Is properly calibrated): 0.01 V range
and above: same as full scale accuracy of instrument.
0.001 V to 0.003 V range: value of input signal can be
computed by taking into account the residual nojse of the
instrument.

Jitter: meter indicates within %=2% p of reading 959 of
time (as measured with HP 3400A True RMS Voit.
meter) .

RMS crest factor: 0.001 V to 0.3 V, 20 dB; L V, 13 dB;
3V, 3dB.

Meter
Meter scales: linear voltage, 0 to 1 and 0 to 3; decibel,
—12 to +3. Individually calibrated taut-band meter.
Response time: indicates within specified accuracy in <3
s.
Jitter: =19, peak (of reading).

General

DC recorder output: adjustable from 0 to 1.2 mA into 1000
ohms at full scale, proportional to meter defiection.

Overload recovery time: meter indicates within specified ac-
curacy in <5 s (30 V p-p max,).

Maximum input: #2100 V d¢, 30 V p-p.

RFI: conducted and radiated leakage limits are below those
specified in MIL-6181D and MIL-1-16910C except for
pulses emitted from probe. Spectral intensity of these
pulses are nominally 50 nV/\/Hz; spectrum extends be-
yond 2 GHz.

Temperature range: instrument, 0°C to +55°C; probe,
+10°C to +40°C,

Power: 115 or 230 V -~109%, 48 Hz to 440 Hz, 25 VA
max,

Dimensions: 73" wide, 614" high (without removable feet),
11" deep (197 x 159 x 279 mm); 1/, module.

Weight: net 12 Ibs (5,4 kg); shipping 15 lbs (6,8 kg).

Accessorles: cefer to data sheet,

Price: HP 34064, $795.
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AC VOLTMETERS

Solid-state, battery-operated, portable
Model 403A, 403B

MEASURING DEVICES

Description

Models 403A and 403B ac voltmeters are versatile, gen-
eral purpose instruments for laboratory and production work
and are ideal for use in the field since they are solid-state,
battery-operated, and portable.

Both measuce from 100 microvolts to 300 volts, the 403 A
covering 1 Hz to 1 MHz and the 403B covering 5 Hz to
2 MHz. Both operate from internal batteries and thus may
be completely isolated from the power line and external
grounds, permitting accurate measurements at power-line
frequency and its hatmonics without concern for beat effects.
Isolation from external ground also permits use where ground
loops are troublesome, Tumover effect and waveform ercors

are minimized because the meters respond to the average
value of the input signal.

The 403B operates from an ac line as well 25 from the
internal battery pack, and batteries recharge during ac op-
eration. Battery charge may be easily checked with a front-
panel switch to assuce reliable measusements. Normally,
about 60 hours of ac operation recharge the batteries; but
an internaf adjustment is provided which nearly doubles
the charging rate. The Model 403B can be used while its
batteries charge. A sturdy taut-band meter eliminates fric-
tion and provides greater precision and repeatability.

For improved resolution in dB measurements, the 403B
option 001 is available. This version spreads out the dB
scale by making it the top scale of the meter.

HP Madel 403A 4038 | 403B Dption 001
Range 0.001 to 300 V rms full scale. 12 ranges. in a 1, 3, 10 seauence. —60 48 to +50 dB in 12 ranges with 10 dB steps.
| Meter | responds to average value of input waveform, calibrated in the rms value of a sine wave. |
Wequency range | 1 Hzto 1 MKz 5 Hz to 2 MHz 5 Hz to 2 MHz
} within =397 of full scale, 5 Hz to 500 kHz; | within =297 of {ul) scale from 10 Hz to 1 | within=0,2 d8 of full scate {from 10 Hz to
within =59 of full scale, 1 to 5 Hz and | MHz: within= 5% of full scale from 510 10 | 1 MH2; within=0.4 dB of full scale from 5
Accuracy 500 kHz to | MHz Hzand | to 2 MHz, except=109; 1to 2 MHz | to 10 Hz and 1 to 2 MHz, except=0.8 dB 1
on the 300 V range (0 to 50°C)* to 2 MHz on the 300 V range (0 (o 50°C)*
laput 2MQ shunted by <60 pF, 0,001 to 01V | 20Q; shunted by <60 pF; 0.001 t0 0.03V | same as 4038
impedance canges; 2MD shunted by <25 pF on 0.3 | ranges; <30 pF, 0.1 to 300 V ranges
to 300 V ranges
Maximum input | 600 Vp, 0.3 V and higher ranges; 25 V rms | Fuse protected (signal ground can be =500 | same as 403B
or 800 Vpon 0.1 V and lower canges (fused). | V de from chassis),
Power 5 standard radio-type mercucy cells. Battery 4 rechargsable batteries, 40 hr' opera- | same as 4038
life approx. 400 hours tion pet recharge, up to 500 recharging
cycles; self-contained recharging circuit
functions during operation from ac line
Dimensions 8%4” wide, 55~ high, 6%4” deep (210 x 140 x | 54~ wide, 64~ high (without removable | same as 403B
162 mm) ‘ feet). 8” deeo (130 x 159 x 203 mm)
| Weight | met 4% 1os (2,1 kg); shipping 81bs (3.6 k@) | net 6% 103 (2,9 kg); shipping 8 Ibs (3,6 kg) same as 4038
Price | $380 ] $350 $375
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MEASURING DEVICES

VACUUM TUBE VOLTMETERS

Quality linear and log voltmeters
Models 400D, 400H, 400L

400L

-

Description

accuracy of =29, of reading or =19 of full scale, whichever
1s more accurate. The 5 meter is mirror backed.

Model 400D is a precision voltmeter offering wide voltage

~ 29& ;;;;;;

a=d b Loaad Lamaiinoan

mmminmame =L

400D,DR

400H,HA

400L,LR

Voltage range:

1.0 mV to 300 V full scale, 12
ranges

1.0 mV to 300 V full scale, 12
ranges

—70 8B to 52 dB in 12 ranges
1.0 mV 10 300 V fuil scale, 12 ranges

* Frequency range:

10 Hz to 4 MHx

Accuracy:

10 Hz (0 20 Hz: =10% f.s.
20 Hz 101 MHz: =297 (5.
)} MHz to 2 MHz " =3% 1.s.
2 MHz to 4 MH2: =10% t.5.

10 Hz 10 20 Hz2: = 108% .5,
20Hz 1050 B2: =29 Ls.
50 Hz {0 500 kHz2: =193 f.s.
500 kHz to 1 MHz: =29 f.s.
| MHz to 2 MHz: =307 {.s.
2 NMHz 10 4 MHz, =10% {5,

10 Hz to 20 Hz: =5% of 1dg.

20 Hz Lo 50 Hz: =397 of rdg. or =293 of t.s.}

S0 K2 10 500 kHz: =29 of rdg. or =19 of f.s.1

500 kHz 10 | MHz: =37 of rdg. or =2% of (.8.f
) MMz to 2 MHz: =49 of 1dg. or =3% ot £.5.1

2 MRz to 4 MHz: +5% of rdg.

Calibration :

reads rms value of sine wave; voltage indication proportional to averaqe
value of applied wave; linear voltage scale 0 to 3 and 0 to 1; dB sca

—121w0+2dB(0dB=1mWin600);10d8 interval between ranges

reads rms value of sine wave; logarithmic voltage
scale 0.3 1o 1 and 0.8 to 3: Iinear dB scale, —10 dB
to +2 0B (based on 0 dB= 1 mW in 600 Q);

10 dB intervals between ranges

Input impedance:

10 MQ shanted by <20 pF on ranges 110 300 V; <35 pf on ranges 0.001 ta 0.3 v

Amplifier: output 015V max.; ovtpul impedance 5092; max. gain 150 on 0.001 cange
Power ; 115 or (230 V musl be specified) = 109, 48 10 440 Hz; 80 VA max.
Dimensions catupet mount: 747 wide, 1134 " high, 127 deep (191 x 292 x 305 mm)
rack mount: 19” wide, 7” high, 1074~ deep behind panel (483 x 388 x 276 mm)
" Weight: net 18 (bs (8,1 k), shipping 20 1bs (3.0 Kg) (cabinet maunt): net 21 Ibs (9,45 kp), shipping 32 1bs (14,4 kg) (rack mount) !
Price. HP 2000, $385* HP 400H, $395- | HP 400L, $395* !

HP 4000DR, $390**

HP 400HR, $400**

HP 400LR, $400*~
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AC VOLTMETERS 7
10 Hz to 10 MHz, 100 «V to 1 kV
Models 400E,EL,F,FL,GL

MEASURING DEVICES

P e e

SPECIFICATIONS *
400E 400F - | 400EL/400FL | a00GL
reads rms value of sine wave: voltage indication proportional to absolute average of applied wave,

Calibration

linear dB scale —10 d8 to + 2 dB,
10 dB between ranges: Log
voltage scales 0.3 to 1 and 0.8 to
3; 120 divisions from —10 to
+2dB

linear dB scale, 100
divisions from —20 to
0 dB. Log voltage scale
0dB=1V

scate =10 10 +2 dB, 10 d8 between ranges;
100 divisions o 0 to 1 scale

Input {mpedance Resistance: 10 ML on alf ranges

<25 pFto <12pF
depending on ranges

<25 pF to <10 pF
depending on ranges

400EL: same as 400E
ADOFL: same as 400F

<30pFto <15pF
depending on ranges

Recovery

< 2 s for 80 dB overlosd

from Overload

300 V mex input

1200 V max input

AC: 1150r 230V * 10%

400E, EL: 4810 440 Hz, 5 VA max.

400F, FL, GL: 48 10 440 H2, 6 VA max.

Power
DC Externa) Batteries: +and —voltages between 35 V and 55 V.
Dimaeansions 5 1/8" wide, 6 1/4" high (without removable feet), 11 deep (130 X 159 X 279 mm)}
Weight same as 400G L net 6 tbs (2,7 kgl 400EL: same as 400GL net 6 |bs (2,7 kg)
shipping 8 Ibs (4,1 ka) 400 FL: seme 3s AGOF shipping 9 Ibs {4,1 kg)
Price $345 8330 400EL: 8355 $350
400FL: S340

* Refer 10 data sheet for special options and complete specifications.
ACCURACY SPECIFICATIONS

o

1

Hz

20 40 60

N\
80 100

4
. 100

%Hz
600

2 4 9

400E/EL 12 ranges
3mVv -300V

|
{2,5 + 2.5)

|
{1+0)

1 mV

(2.6 2.5 |

(2.8 + 2.5

T T
'(1.5+1.5>(2.5+2.5)

+1% F.S. +% Rdg)

400F 14 ranges
300 Vv - 300 V

100 uv
*(3% F.S,+% Rdg}

(141}

(1+1)

(2+2)

(2 +2)

400FL 14 ranges
300 uV - 300 V

100 2V
% Rdg

400GL 8 ranges
300V - 1kV
1mV - 300V

100 uv
%dBof Rdg

4 A

0.208 -0.8d8
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Description

The Hewlett-Packard Model 3400A is a true root-mean.
square (rms) voltmeter, providing a meter indication propor-
tional to the dc heating power of the input waveform. In
addition to its meter indication, the Model 3400A provides
a dc output proportional to meter deflection making it a
useful true rms detector for graphic recording and digitizing
with a dc digital voltmeter, such as the HP Model 3440A.

Versatility

Versatility of the Model 3400A is enhanced by its wide
10-Hz to 10-MHz frequency response, high crest factor,
1-mV to 300-Volt full-scale sensitivity and 10-Ma input
impedance. Six-decade frequency coverage makes the 3400A
extremely flexible for all audio and most of measurements
and permits the measurement of broadband noise and fast-
tise pulse. A wide range of sensitivity (12 ranges) allows
measurement of anything from “down in the grass" signal
and nojse, to transmitter and amplifier outputs (with
30-dB overload protection). Pulses or other non-sinusoids
with crest factors (ratio of peak to rms) up to 10:1 can be
measured full scale. Crest factor is inversely proportional
to meter deflection, permitting up to 100:1 crest factor at
10% of full scale. The ability of the 3400A to accept wave-
forms with such large crest factors insures accurate noise
and pulse measurements without the need for correction
factors, Permanent plots of measured data and higher resolu-
tion measurements can be obtained by connecting an XY
plotter, strip chart secorder or digital voltmeter to the con-
venient rear-panel dc output. The dc output provides a
linear 0 to 1-volt drive proportional to meter deflection.

RMS current

True-rms current measurements can be made conveniently
by using the HP Model 456A Current Probe with the
Model 3400A. See page 57.

RMS VOLTMETER

True RMS ac to dc converter
Model 3400A

Specifications
Voltage range: 1 mV to 300 V full scale, 12 ranges.
DB range: —72 to + 52 dBm (0 dBm =1 mW into 600Q).
Frequency range: 10 Hz to 10 MHz.

Response: responds to rms value (heating value) of the
input signal for all waveforms.

Meter accuracy: 9 of full scale (20°C to 30°C)*

10Hz 50 Hz 1 MHz 2 MH2 3 MKz 10 MH2
|=5% | *lm | =% | =3% [ =5% |

Ac-to-de converter accuracy: 9% of full scale (20°C to
300C)*

10 Hz 50 Az 1 MH:z 2 MH2 IMHRz 10 MHz
| =5% | =ong | =% | =% | =5%

Crest factor: (ratio of peak to rms amplitude of input sig-
nal): 10 to 1 at full scale (except where limited by maxi-
mum input) inversely proportional to meter deflection,
(e.g.. 20 to 1 at half-scale, 100 to 1 at tenth scale).

Maximum contlouous input voltage: S00 V ac peak at 1 kHz
on all ranges; 600 V dc on all canges.

tnput impedance: from 0.001 V to 0.3 V range: 10 MQ
shuated by <50 pF. From 1.0 V to 300 V range: 10 MQ
shunted by <20 pF. ac-coupled input,

Response Hme: for a step function, <5 s to final value,

AC overload: 30 dB above full scale or 800 V p, whichever
is less, on each range.

Output: negative 1 V dc into open circuit at full-scale de-
flection, propostional to meter deflection from 10-100%
of full scale. 1 mA maximum; nominal source impedance
is 10009, Qutput nojse <1 mV rms.

Power: 115 or 230 V =10%, 48 to 440 Hz, 12 VA max.

Dimenslons: 5lg” wide, 6l4” high (without removable
feet), 11”7 deep (14 module). (130 x 159 % 279 mm).

Welght: net: 71 lbs (3,3 kg); shipping: 10 lbs (4,5 kg).

Accessories furnished: 10110A Adapter, BNC to dual banana
jack.

Accessories available: 11001A Cable, 45 in. long, male BNC
to dual banana plug, $7.00. 10503A Cabie, 4 ft. long,
male BNC connectors, $13.00. 11002A Test Lead, dual
banana plug to alligator clips, $8.00, 11003A Test Leads,
dual banana plug to probe and alligator clip, $10. 11076A
Catrying Case, $60, HP Model 456A AC Current Probe,
1 mV, 1 mA, $250.

Price: HP 3400A, $600.

HP Model 3400A option 001 spreads out the dB scale
by making it the top scale of the meter, add $25.

Rear terminals in parallel with front panel terminals and
linear log scale uppermost on the meter face are avail-
able or: special order.

“TC: =0.1% from 0¢C to 20°C and 30°C to 55°C.



LOGARITHMIC VOLTMETERS /4N
Convert ac or dc signals to logarithmic scaling @

MEASURING DEVICES

Models 7562A and 7563A

Log Voltmeter /Converter Model 7562A

The Model 7562A is a wide range (80 dB), single channel
logarithmic voltmeter/converter designed to produce de output volt-
ages in 2 logarithmic relationship to dc input voltages or the true
RMS value of an ac input voltage. The 7562A contains a rue RMS
detector which, inherently, is not dependent on pure sinusoidal sig-
nals to achieve measurement accuracy. A self-contained meter cali-
brated in volts and dB makes the 7562A an accurate voltmeter. A
constant amplitude oscilloscope output makes the converter com-
patible with a vaciety of oscilloscope readout and phase metec ap-
plications.

Specifications
Performance specifications
Ac and d¢c modes
Input:
Dynamic range: 80 dB.
Voltage range: 1 mV to 10 V or 10 mV to 100 V selectable
by front panel switch, Accepts either ac or positive signals.

Output:

Voltage: 0 to 800 mV dc corresponding to 10 mV/dB.
Output impedance: 100 ohms.
Dc mode

Accuracy; =0.25 dB at 25°C,

Input impedance: 100 kL2, shunted by less than 100 pF; single

ended.

Temperature coefflcient: #:0.02 dB/°C maximum.,

Zero stabillty: +£0.25 dB.

Ac mode

Input impedanca: 1 M@, shunted by less than 100 pF: single

ended.

Accuracy and frequency response: (ar 25°C).

RANGE ogyy 2 5 ﬁo 50 zOszl BOKHz 100KN2

SETTING
05t |&id8 %0408 *a
Z1

) |4148 | +0.5dB 2

 Jxee[  sose x

Temperature coefficient: =0.04 dB/°C maximum.
Slewing speed:

50Hz2 L

Range setting Minimum slewing speed

0.5 Hz 1 dB/s
S Hz 10 dB/s
50 Hz 60 dB/s

Oscliloscope output: approx. 0.5 V rms regardless of input.
Crest factor: 5:1 ualess limited by max. input voltage.
General specifications

Maximum peak Input voltage: £25 V on 1 mV 1o 10 V range;
£250 V 6n 10 mV to 100 V range.

Operating temperature: 10°C to 40°C.

Warm-up time: 20 minutes nominal.

Connectors: front and rear-input and output-BNC connectors.

Power requlremaents: 115/230 Vac, 50 to 400 Hz, 40 VA.

Dimenslons: 3-7/16” high, 734" wide, L1114” deep (88 x 197
X 292 mm).

Weight: net, 8 Ib (3.6 kg); shipping, 12 1b (5.4 kg),

Price: Model 7562A $1045,

Log Voltmeter/Amplifier Mode! 7563A

The Model 7563A. Logarithmic Voltmeter/Amplifier is a low
cost, single channe], dc logarithmic amplifier with a very high dy-
namic renge (110 dB) designed to produce a logarithmic-related
dc output voltage for a very wide range of dc¢ input voltages. A
single input range of 316 gV to 100 V is coupled with an input
polarity switch for ease and versatility of operation. A high (100
k) input impedance and low (less than 5Q) output impedance
allows the 7563A to be used in systems ot on the bench. A front
panel meter calibrated in dB and mV provides instantaneous visual
indication of operating levels. Applications include: log scaling of
recorder axes, pulse height analyzers, scope displays, and almost any
circumstance where log compression of d¢ volitage ranges is required.
The 7563A is an accurate voltmeter, Dual or single rack mounting
capability is afforded by a field installable rack mounting adapter,
utilizing 2 minimum of rack space.

Specifications
Performance specifications
Input
Dynamlic range: 110 dB.
Voltage range: 316 4V to 100 V. Accepts etther positive or
negative signals, selectable by front panel swirch.
Output

Voltage: 0 to 1.1 V dc correspording to 10 mV/db. Rear Termi-

nals; adjustable i to 10 mv/dB.

Output Impedaace: less than 50 front panel, 300Q rear.
Meter accuracy: reading accurate to 1.5 dB, referred to ourput.
Input impedance: 100 kR, shunted by less than 100 pF: single

ended.

Accuracy: (at 25°C).

316 1V 1 mV 10V 316V 100
| *05dB [ *025dB | *1.0dB | *15dB

Temperature coefficlent: +0.02 d4dB/°C maximum and =3
aV/°C referced to input.
Zero stability: =0.25 dB at constant temperature,

Rise time:
Maximum Rise Tkne
Signal Levsl 1 mVY-10 V Rangs
316 uv- 1 mV 2000 us
1 mV- 10 mV 400 us
10 mV-100 mV 40 us
100mv- 1V 4 us
1V-100 v 2 us

General specifications
Operating temperature: 10°C 10 40°C.
Warm-up time: 20 minutes nominal.
Connectors: front and rear-input and output-BNC connectors.
Power requirements: 115/230 V ac, 50 to 400 Hz, 40 VA.
Dimensions: 3-7/16” high, 734" wide, 11%4” deep (88 x 197
X 292 mm).
Weight: net, 8 Ib (3,8 kg); shipping. 12 1b (5,4 kg).
Price: Model 7563A §745.
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IMPEDANCE

2%

Impedance/Z/ 6,C,R,L, D&Q

Hewlett-Packard’s family of imped-
ance measurement instruments combine
the familiar null measurement techniques
with digital logic and feedback circuits,
to achieve simple and rapid operation
without 2 sacrifice in precision, The basic
specifications for Hewlett-Packard’s im-
pedance family is summarized in table 1.
This table will help you select the best
impedance instrument for your needs.
Frequency, Q, capacitance, inductance,
resistance and basic accuracy can be
traded off to select the most surtable in-
strument. For some instruments, capaci-
tance and inductance are not the principal
parameters but are secondary to the
primary readout. An example is the Vec-
tor impedance meter, which displays Z
and § directly on two separate meters.

Impedance considerations

There are two basic types of imped-
ance measuring instruments: bridge in-
stcuments and meters. In general, bridge
type instruments have the best accuracy
specifications. This type of instrument
has found wide application and is the
basis for the HP 4260A Universal Bridge,
4270A Antomatic Capacitance Bridge,
and 250B RX Meter,

In the past, bridge instruments have
requited considerable operator skill to

obtain consistent results. Rowever, the
Universal Bridge was specifically de-
signed to achieve rapid and consistent
audio frequency measurements. This in-
strument has been used extensively as a
manual instrument for the general char-
acterization of components.

The evolution of bridge measurements
has created the need for completely auto-
matic instcuments to rapidly characterize
multi-conductor cables, variable capacitor
diodes, and discrete capacitors. To satisfy
these customer requirements, the 4270A
Automatic Capacitance Bridge was de-
veloped. This instrument js completely
programmable and displays capacitance
and dissipation/conductance in digital
form. BCD outputs are available for re-
mote processing.

Impedance meters in general utilize
constant current/voltage soufces to excite
the unknown impedance. Amplitude and
phase sensitive voltmeters detect the real
and reactive voltage/current components
of the uaknown. The display for most
impedance meters is 2n analog meter.
Although impedance meters do not have
the accuracy of bridge instruments, they
are less expensive and very easy to use
The 4350A High Capacitance Meter,
4800A Vector Impedance Meter, and the
4332A LCR Meter utilize this principal,
Impedance meters have analog outputs

LOW and MEDIUM FREQUENCIES

proportional to the displayed function.
This signal may be used with the 4050A
Anzlog Comparator to select components
on a High/Go/Low basis.

Summary

To help you select an impedance meter
suitable to your needs, the following
guidelines may be used:

(1) Por a desired accuracy and cost
range, Sselect the instrument with the
broadest capability in C, L, R & Q. (2)
Bridge instruments will provide the best
accuracies (,19 10 19 ). However, only
the higher priced bridges offer the speed
and convenience in measurement avail-
able in meter type instruments. (3) The
best value where parts selection is desired
is a meter instrument where an analog
signal is available for use with an analog
comparator. (4) To obtain meaningful
results, a parts user should make mea-
surements at the same frequency speci-
fied by the manufacturer. (5) Hewlett-
Packard’s impedance instruments have
been used in numerous diverse applica-
tions from the measurement of the dielec-
tric constant of liquids, to the wing to
fuselage continuity on aircraft. If you
have an unusuzl application and nced
assistance, contact your pearest Hewlett-
Packard sales office for application in-
formation.

TABLE 1. HP IMPEDANCE METERS
Frequency |
Qorg Cin farads, L in henrles ar R in ohms See
Instroment 1 1 b 1 Basic Accuracy Psgo
Hz kHz MHz GH2| 29
be|. 100 103 1012 106 100 10*3| 1% 1% 10%
! ]
RX Mater 4 ’ . B3
2508 | |_
Untversal Bridge ) ]
4260A | | | | 50
Auto C-Bridge X # I . 54
4270A
Milliobm Meter ® ‘ ‘ .
4328A L \ e 49
High Resistance Meter | ¢ 10 HI .
329A l
LCR Meter < 4* c | .
4332A ( [ L
Q Meter — C | o
43424 L 51
High C Meter b L
4350A/B l [55:)
Vactor /2/ Meter I L
4800A Lm 53




MILLIOHMMETER

Convenient two probe measurements

e MEASURING DEVICES

Model 4328A

~

\ 4328A } J
Description

The HP 4328A Milliohmmeter is a portable instcument for
ac measurement of low resistances. Maximum sensitivity is 20
sohms, making it ideal for measuring the contact resistance
of switches, relays and connectors; it is 2lso wsefu) for safe
testing of fuses and squibs.

A unique phase discriminator permits accurate resistive mea-
surements on samples with 2 series reactance up to twice full
scale resistance.

Specifications
Range: 0.001 to 100 ohms full scale in a 1, 3, 10 sequence.
Accuracy: =29 of full scale.
Measuring frequency: 1000 Hz =100 Hz,
Volitage across sample: 200 oV peak at full scale.

Maximum voltage across samplie: 20 mV peak.
Externat superimposed de: 150 V dc maximum.
Recorder output: 0.1 V de output at {ull scale.
DISSIPATION N SAMPLE

Range Applied Current Maximum Dissipation
{ohms} {mA) in Samples (pW)
0.001 150 23
0.003 50 8
0.01 15 2.3
0.03 5 08
0.1 t.5 0.23
0.3 0.5 0.08
1 0.15 0.023
3 0.05 0.008
10 0.015 0.0023
30 0.005 0.0008
100 0.0015 0.00023
General

Power requirements: 115/230 V switch 10%, 50 to 60 Hz,
1.65 VA max.

Welght: net, 7 Ibs (3,2 kg); shipping, 12 Ibs (5,4 kg).

Dimensians: 514" wide, 6-3/32” high, 11”7 deep (130 x 158 x
279 mm).

Accessories furnished: Model 16005 Probe (clip-on), 16006A
Probe (pin-contact) and 16007A/B Test Leads. Detachable
power cord.

Price: HP 43284, $620: Option 001 (rechargeable battery op-
eration), add $25.

RESISTANCE METER

Wide range for high resistance, low current
Model 4329A

N

Description

The HP Model 4329A is a solid-state insulation resistance
meter designed for easy, accurate and direct readings of the
very high resistance values rypically found in synthetic resias,
porcelain, insulating oils and similar materials. It is also useful
for leakage measurements of capacitocs, transformers, switches
and cables. Seven regulated dc test voltages (between 10 and
1000 V) are provided as test source. Test voltage shorts or
sample breakdown currents will not damage instrument cir-
cuitry. The HP 4329A also has a current measurement capa-
bility, Minute currents as low as 0.05 pA can be readily mea-
sured.

Specifications

Resistance measurement

Range: 500 kQ to 2 x 10264,

Accuracy: at Jow resistance end of each scale, accuracy is
£39,; near center scale *=35%; and, near the specified
upper limit on the meter scale (sce table below), accuracy
is =109. Above these limits, accuracy is not specified.

On all voltage ranges, if multiplier is set to' Rmax., an
additional %39 is included.

AVAILABLE RESISTANCE READINGS

Tost Availabte Accuracy
\Voltage | Rasistance Readings Metar Scale Upper Limit
10V 5x 10°0 5 to20 5
to 2 x 10740
2BV .25 x 108 0 13105 1.25
105 x10140
50 V 2.5 x 1000 .25 10 10 2.5
w1x10150
100 V 5x 1060 5 1020 3
to 2 x 10750
250 V 1.25 x 1070 13t65 1.25
105 x 10150
500 V 2.5 x 1070} .25 10 10 2.5
to 1 x 10160
1000 V 5x 10701 5 1020 5
to 2 x 10160y

Current measuremant
Range: 0.5 x 10-3 to 2 x 10-1% A in 8 ranges.
Input resistance: 10+ to 101192 *19, depending on range.
Accuracy: =5% of full scale deflection (there can be an
additional =3% error at the top decade).

General

Recorder autput: 0 to 100 mV dc; 1 kR output resistance.
Power: 115/230 V £10%, 50-60 Hz, 3.3 VA max.
Dimenslons: 614” high (166 mm), 7-25/32" wide (198 mm),

8-25/32” deep (223 mm).
Welght: net, 8 Ibs (3,5 kg); shipping, 12 lbs (5,4 kg).
Accessory furnished: HP 16117A Low Noise Test Leads.
Price; HP 4329A, $840.
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UNIVERSAL BRIDGE

MEASURING DEVICES ﬁ LCR METER

Universal Bridge

Advantages

Measurements of C, L, R, D and Q with five-bridge cir-
cuits; FUNCTION switch which selects the appropri-
ate equivalent circuir.

3-digit readout for C, R, L; RANGE switch sclection
automatically determines the unit, and decimal point.

Electronic AUTO-BALANCE; AUTO position FUNC-
TION switch provides fast nulling by single control of
CRL dial, D or Q measurement is done by switching
ovt of AUTO and adjusting oaly DQ control.

Direction indicators (< CRL> ); direction of range selec-
tion and CRL control is automatically indicated for
fast nulling.

External escillator (20 Hz - 20 kHz), dc bias supply and
detector; terminals for interfacing are provided on the
rear panel.

Specifications*
Range and accuracy

Range (7 ranges, maximum resolution 1uH, 1 pF, 10 m N ) |

Inductance Capacitance Rosintance Aceuracy

TuH-1mH [VpF-1000pF [NOm Y- 100 [£(2% + 1 count)

TmH-T00H 000 pF - TOO A0 - T MO [£00% + 1 count)

100 H- 1000 H[100 uF - 1000 uHT M 0 - 10 M{ £ (2% + 1 count)

LOW D
series C 0.001-0.12 & V—mg_ %
HIGH D 0.05 - 50 +{10 x D reading + 4)%
parallel C ) —{10 VD reading + 2)%
LOW G 0.02 - 20 +{10/Q readingr* 4 %
saries L ' —(10/MTreadna) +? %
HIGH Q -
parsitet L 8- 1000 %2V reading %

Models 4260A, 4332A

LCR Meter

Hewlett-Packard Model 4332A LCR Meter measures induct-
ance, capacitance, and resistance with speed and accuracy. The
instrument provides disect-readings of L, C and R with linear
meter scales. The 4332A s extremely useful for measurements
of both linear and non-linear components such as semiconductor
capacitor values, inductance of coils with ferrite core. Combin-
ing the 4332A analog output with the 4050A Anzlog Compara-
tor provides 2 rapid GO/NO-Go test system.

Specifications
Inductance measurement
Range: 3 «H to 1 H full scale, 12 ranges.
Measuring frequency
3 uH to 1000 «H ranges: 100 kHz =59,
3 mH to 1000 mH ranges: ! kHz *=35%%.
Voltage across sample: <1.5 mV rms.
Accuracy (at 25°C): *=[19 reading + (1.5 +—)% of full
scale -+ 0.03 uH].
Capacltance measurement
Range: 3 pF to 1 pF full scale, 12 ranges.
Measuring {requency
3 pF to 1000 pF ranges: 100 kHz =59;.
3 nF to 1000 nF ranges: 1 kHz *=5%.
Yoltage across sample: approximately 70 mV rms. 3
Accuracy (at 25°C): =[19, reading + (1.5% +—=) of full
scale 4- 0.03 pF]. Q
Resistance measurement
Range: 30 w0 1 M@ full scale, 12 ranges.
Measuring frequency: L kHz +=5%.
Voltage across sample: <1 mV rms,
Accuracy (at 25°C)
3Q to 30 kQ ranges: *+=(0.5% reading 4 2% full scale +
0.03Q).
100 kQ to 1000 kQ ranges: (1% reading + 2% full
scale).
General
Temperature range: 0 to 50°C,
Temperatura coefficient (0 to 50°C): =0.059 full scale/°C.
Apalog outputs
1 V dc at any full scale cange.
1 Vor 0.3V dcfull scale.
Input pewer; 115 V /230 V £10%, 48 t0 66 Hz, 8.8 VA max.
Dimensions: 514" wide, 614” high (without removable feer),
11”7 deep (130 x 152 X 279 mm).
Weight: net, 7 4/5 Ibs (3,5 kg) : shipping, 10 1/2 Jbs (4,7 kg).
Price: $720.



Q METER

Measures Q,L,C, & resonant frequency
Model 4342A

Description

The direct-reading expanded scale of rhe 4342A permits
mezsurement of Q from 5 to 1000 and readings of very small
changes in Q resulting from variation io test parameters. The
4342A is solid state with the elimination of specially matched,
fragile thermocouple components.

The Q meter consists of a stable, continuously variable oscil-
lator, with automatic level-control. The output is applied in
secies with an external unknown and an internal variable capa-
citor. A Q voltmeter with high input Z is connected across the
internal variable capacitor portion of the tuned circuit to mea-
sure the reactive voltage in terms of circuit Q.

Usefuiness
The 4342A will measure dissipation factor and dielectric con-
stant of insulating materials. The Q meter can measure coef-
ficient of coupling, mutual inductance, and frequency response
of transformers. RF resistance, reactance, and Q of resistors
and capacitors can also be determined,

Interna) oscillator
The internal oscillator covers 2 frequency range {rom 22 kHz
to 70 MHz2 (10 kHz to 32 MHz in Option 001) in seven bands.
This source is automatically leveled to provide a constant injec.
tion voltage. This ALC feature eliminates the Q multiplier con-
trol found on other Q meters.

Q voltmeter
High stability of the Q Voltmeter eliminates Q-zero adjust-
ment for routine measurements, Accurate information on
changes in Q is obtainable on all Q-ranges through the greater
resolution (x 10) of delta-Q measurement.

Constant voltage injection system
The 4342A utilizes a constant voltage injection system elimi-
nating the fragile thermocouple system found in other Q maeters,
The fow impedance of this injection system increases Q accu-
racy.
Rapid inductance measurement
A single "L” point on the frequency dial eliminates the neces.
sity to readjust frequency during inductance measurements.

GO/NO-GO Q selector
The Q-Limit sefector will be especially useful for rapid Go/
No-Go testing. The high response speed of the Go/No-Go
indicator compared to the meter movemeat js an added feature,
External devices may be remotely controlled by the Go/No-Go
over limit signal.
Simple, Easter operation
Push-button operation of frequency range and Q/AQ range
selection provides straight forward measurement. Automatic
indictaion of meter scales, frequency dials and frequency multi.
pliers are featured, adding to simplicity and reading speed.

Specifications
RF characteristics
RF range: 22 kHz to 70 MHz in 7 bands: 22 to 70 kHz, 70 to
220 kHz, 220 to 700 kHz, 700 to 2200 kHz, 2.2 to 7 MHz, 7
to 22 MHz, 22 to 70 MHz.
RF accuracy: =-1.59% from 22 kHz to 22 MHz; =29 from 22
MHz 10 70 MHz; =19 at "L" poinat on frequency dial.
RF increments: approximately 19 resolution,

Q measuremant characteristics
Q range: 5 to 1000 in 4 ranges: 5 to 30, 20 10 100, 50 to 300,
200 to 1000,

MEASURING DEVICES
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Q aceuracy: 9 of indicated value, (at 25°C),

a % | ) k2 - 30 MKz 30 MHz - 70 MHz
5 - 300 +7 +10

300 - 600 10 15

600 - 1000 115 £20

Q increments: upper scale: 1 from 20 to 100, lower scale: 0.5
from 5 o 30.
AQ range: 0 to 100 in 4 ranges: 0 to 3, 0 to 10, O to 30,
0 to 100,
AQ aceuracy: =10% of full scale.
AQ increments: upper scale: 0.1 from 0 to 10, lower scale:
0.05 from O to 3.

Inductance measurement characteristics

L range: 0,09 pH to 1.2 H, direct reading at 7 specific frequen-
cies.

L accuracy: =3¢ after substitution of residuals (approx. 10
nH).

Resonating capacitor characteristics

Capacitor range: main dial: 25 to 470 pF; vernier dial —5 w0
+5 pF.

Capacitor accuracy: main dial: =19 or 1 pF, whichever is
greater; vernier dial =0.1 pP.

Capscitor increments: main dial: 1 pF from 25 0 30 pF, 2 pF
from 30 o 200 pF, 5 pF from 200 to 470 pF: vernier dial:
0.1 pF.

Ganeral

Rear pane) outputs
Freguency monitor: 170 mV rms min. into 500,

Q anafog output: 0 to 1 V =50 mV dc after 15 minutes
warm-up, proportional to meter deflection. Qutput im-
pedance approximately 1 kQ.

Over #imit signal output: contact closure at the rear panel.
Relay contact capacity 0.5A/15 VA.

Over limit display time: selectable, 1 s or continuously on,
after limit exceeded.

Temperature range: 0°C to 56°C.

Power: 115 or 230 V =21097, 48-440 Hz, 27.5 VA max.

Dimensions: (63" wide, 5-7/16” high, 18-5/16” deep (425 x
138 x {14 mm).

Weight: net, 31 Ibs (14 kg); shipping, 41 Ibs (18,45 kg).

Price: Model 4342A, 81665,
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MEASURING DEVICES continued

Measures 4, L, C, & resonant frequency
Madel 43424

4342A Opt 001

(Changes from the standard specifications)
RF characteristics
RF range: 10 kHz to 32 MHz 1n 7 baads: 10 to 32 kHz, 32 to
100 kHz, 100 to 320 kHz, 320 to 1000 kHz, 1 to 3.2 MHz,
3.2 to 10 MHz, 10 to 32 MHz.
RF accuracy: +=1.59 from 10 kHz to 10 MHz.
+29 from 10 MHz to 32 MHz,
=19 at “L” point on frequency dial.
Q measurement characteristics
Q accuracy: 9 of indicated value (at 25°C).

Q
5 - 300 300 - 600 600 - 1000
17 110 215

Price;: Model 4342A Opt 001, add §100 to base price.

Accessories for 4342A Q Meter*
Series |loss test adaptor

The 16014A Series Loss Test
Adaptor is designed for measuring
low impedance components, low-
value inductors and resistors, and
also high-value capacitors, Using
the adapior 2dds convenience in
connecting components In series
with the test circuit of the 43424
Q Meter, This adaptor consists of a
teflon printed-circuit base on which

‘ are mounted binding posts, to ac-
ecept the Reference Inductors, and
16014A a pair of low-inductance series

terminals for the unknown.

Specifications, 16014A
Usable frequency range: 10 kHz to 10 MHz.

Measurable capacitance range: 450 pF to 0.225 gF.

Measurable resistance range; 4 to 8 k2 at 10 kHz. 10 mQ to
80Q at 10 MHz.

Equivalent parallel capacltance between unknown terminals:
3 p¥.

Equivalent parallel resistance betwsen unknown terminals:
approximately 10 MQ at ! MHz.

Residual Inductance: approximately 30 nH.
Price: BRP 160144, $38.

Auxiliary capacitor

The 16462A Auxiliary Capacitor Is
designed to extend the Q and L
measurement capabillty of the
43428 Q Meter. It is especially
useful for measuring small induc-
tors ot low frequencies.

Price: HP 164624, $165.

16462A

Reference Inductars*

A range of 20 inductors, any of
which can be supplied separately,
js available for use with the 4342A
Q Meter for measuring the Rf char-
acteristics of capacitors, resistors,
and Insulating materials. These in-
ductors have 3 terminzls. One ter-
minal is connected to the case to
stabilize measurements,

16471A

Price: HP 16471 A through HP 18490A, and HP 16465A, $28.
each. HP 16470A set of twenty (16471 A-16490A), $445.

Q standards®
The 00513A and 00518A Q standards are hermetically sealed
reference inductors having accurately measured, highly stable
inductance and Q characteristics. These Q standards are par-
ticularly useful for checking the overall operation and accuracy
of Q-meters.
Prices: HP 00513A, HP 00518A, $125 each; set of one HP
00513A and five HP 00518A, 3675,

* Refer to data shest for complate spacificalions,

Q METER
Direct @ measurement 20 to 260 MHz
Model 190A

190A

o /!

Description

The Hewlett-Packard 190A Q Meter finds applications in the
VHF range of frequencies. This instrument employs a special
coupling impedance to introduce voltage across the resonant
ciccuit. This voltage, as well as the voltage across che internal
Q capacitor, is measured by two vacuum tube voltmeters and
indicated on a single meter.

Specifications
Frequency range: 20 to 260 MHz; 4 bands.
RF accuracy: =~ 19;.
Q measurement
Q range: total range: S to 1200; low range: 10 to 100,
Arange: 0 to 100.
Q accuracy: =75, 20 to 100 MHz: =159 100 to 260 MHz
(for circuit Q of 400 read dsrectly).
Resonating capacitor charactertistics
Capacitor range: 7.5 to 100 pF.
Capacitor accuracy: ==0.2 pF, 7.5 to 20 pF; =0.3 pF, 20 10 50
pF; 0.5 pF, 50 to 100 pF.
Capacitor calibration: 0.1 pF increments.
Accessories avallable: 00590A Reference Inductors.

Physical characteristics
Dimensions: 1414 wide, 1044” high, 105” deep (362 x 257 x
267 mm).
Weight: net, 25 Ibs (11,3 kg); shipping, 32 lbs (14,4 kg).
Power: 190A: 95 to 130 V, 60 Hz, 60.5 VA max.; 190 AP:
115/230 V, 50 Hz, 60.5 VA max.
Price: HP 190A AP, $1475.



53

VECTOR IMPEDANCE METER E
Quickly measure Z &0, 5 Hz to 500 kHz w
Model 4800A

MEASURING DEVICES

Description

The Hewlett-Packard 4800A Vector Impedance Meter will
make fast measurements of impedance to 10 megohms and
phase to #=90° of unknown two-terminal netwosks, Measure-
ment can be made at a particular frequency or over a continu-
ous range from 5 Hz to 500 kHz. The instrument may be
mechanically swept to produce continuous measurements over
its full frequency range. Analog outputs are availzble for X-Y
recording.

Specifications
Fraquency

Range: 5 Hz to 500 kHz in five bands.

Accuracy: #%29% from 50 Hz to 500 kHz, £4% from 5 o
50 Hz, =1% at 15.92 on frequency dial from 159.2 Hz to
159.2 kHz, =29 at 15.92 Hz.

Impedance measurement
Range: 1& to 10 MQ in 7 ranges.
Accuracy: =359 of reading.
Phase anglte measurement

Range: 0° =90°; accuracy: 2:6°.

Direct inductance measurement range: 1 sH to 100,000 H.

Accuracy: =76 of reading for Q >10 from 159.2 Hz to
159.2 kHz; 8% of reading for Q >10 at 15.92 Kz.

Direct capacitance measurement range: 0.1 pF to 10,000 uF.

Accuracy: =79 of reading from D <0.1 from 159.2 Hz to

159.2 kHz, =89 of reading for D <0.1 at 15.92 Hz.

4800A

Measuring terminal characteristics
Configuration: terminals above ground.
Waveshape: sinusoidal.
Recorder outputs
Frequency: level, 0 to 1 V nominal.
Impedance: level, 0 to 1 V nominal.
Phase angle: level, 0 =.9 V nomiaal.
Accessaries furnished; 13525A Calibration Resistor, 00610A.
Dimenslons: 1634 wide, 514" high, 18%” deep (426 x 133 x
467 mm).
Weight: net, 24 Jbs (10,8 kg); shipping, 30 Ibs (13,5 kg).
Power: 105 to 125 V or 210 to 250 V, 48 to 440 Hz, 29.7 VA,
Price: HP 4800A, 81650.

RX METER
Self-contained rf bridge, 500 kHz to 250 MHz
Model 250B

Description
The Hewlett-Packard 250B RX Metec is a self-contzined in-
strument for measuring the equivalent parallel resistance and
capacitance or inductance of two-terminal aetworks. The in-
stcurnent contains 2 continuously tuned oscillator, high-fre-
quency bridge and amplifier-detector.
The oscillator is mounted inside a rigid casting to obtain a
high degree of accuracy, stability and low leakage.

Specifications
Frequency range: 300 kHz to 250 MHz; 8 bands.
RF accuracy: =29,
Resistance measurement characteristics
Resistance range: 15 1o 100,000%.

Resistance accuracy: + {2 - ;—g—o + ;'330—0 + %}%

+£0.2Q; F = frequency (MHz), R = RX Meter R, read-
ing (obms), Q = wCR x 10"%, where C = RX Meter C,
reading (pF).
Capacitance measurement
Capacltance range: 0 to 20 pF (extended by auxiliary coils).
Capacitance accuracy: (0.5 +-0.5 F* C x 10°) ¢ *0.15
pF; F = frequency (MHz), C = RX Meter C; reading
(pF).
Inductance measurement
Inductance range: 0.001 xH to 100 mH.
Inductance accuracy: same as capacitance accuracy.

Measurament voltage tevel
RF: 0.05 to 0.75 V, depending on frequency. RF level adjust-
able to 20 mV.
DC: 0 V; (50 mA, external d¢, max. may be passed through
RX mecter terminals).

Accessories available: 00515A Coax Adapter Kir. (Type “N”
male connector), §75; 13510A Transistor Test Jig, $250,
Dimensions: 20” wide, 10%” high, 1314” deep (508 x 264 x

343 mm).

" Welght: net, 40 Ibs (18 kg); shipping, 50 Ibs (22,5 kg).

Power: 105 10 125 V or 210 to 250 V, 48 to 440 Hz, 66 VA.
Price: HP 2508, $2475.
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CAPACITANCE BRIDGE
Fully automatic, 1 kHz to 1 MHz
Model 4270A

MEASURING DEVICES
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Description

A new instcument from Hewlett-Packard, the 4270A
Autornatic Capacitance Bridge provides a wide variety of
high speed measurements of both active and passive capacity
values, Five-digit readout of capacitance from full-scale
ranges of 18.000 pF to 1.2000 uF is compiemented by .001
pF resolution and measurement speed of 0.5 seconds. In
addition, a second in-line 4-digit Nixie® display of capacitor
loss is given simultaneously in terms of parallel conductance
(G) or dissipation factor (D). In the laboratory, the 4270A
will be extremely useful for examination of semiconductor
junction capacities, input capacitances of amplifiers and other
active devices, as well as the analysis of stray capacity values,
cables and simple capacitors, DC biasing, four frequencies
from 1 kHz to 1 MHz and a fully guarded measurement
will add to laboratory flexibility.

Specifications

Measuring circult

Float: guarded terminals of unknown are floated from
ground.

L-ground: one side of kaown terminals is grounded, guard
is retained.
Parameters measured: capacitance, equivalent parallel con-
ductance and dissipation factor.
Measuring frequency: 1 kHz, 10 kHz, 100 kHz and 1 MHz,
Range modes
Auto: range selection and balance performed automatically.
Hold: range is held on fixed position, balance begins with
most  significant digit. Range determined by previous
AUTO or TRACK range selected or by manually stepping
RANGE STEP.

Track: range held on fixed position, balance begins with last
digit.

Batancing time: typically 0.5 s.

Measuring rate: measurement cycle equals balance time plus
display time. Balance time typically 0.5 s; display times
selected by MEAS RATE are 70 ms, 2 secs. 5 secs and
MANUAL. :

Test voltage across unknown
Normal: 1 V rms constant, at capacitance units displayed

in pF or nF; 100 mV rms constant at xF.

Low; 200 mV rms constant at pF or nF. 20 mV rms coastant
at uF.
Repeatability: =2 digits at NORMAL TEST VOLTAGE,
#+10 digits at LOW TEST VOLTAGE.
DC bias: INTERNAL or EXTERNAL to #200 V, in HOLD
and TRACK mode.
Internal bias at float measurement

Vofitage: 0 to 20 V dc; 0 to 200 V dc; continuously vari-
able on front panel, monitored on rear panel.

Dlal accuracy: =59 of full scale.

Source resistance: 100 k{.

Polarity: LOW unknown terminal (— ), HIGH unknown
terminal (4 ) in FLOAT position of MEAS CKT con-
trol.

Remote: programmable by resistor with 250 Q/V rate at
20 V range. 25 2/V rate at 200 V range.

Remote accuracy: 29, of full scale.

Internal blas at L-ground: an additional connection using a
blocking capacitor and a coaxial cable js necessary for

INTERNAL source.

Bastc accuracy

Fraquoncy 1 kHx & 10 kHz 100 KHrx t MAx
) D<) = (% =1 diglt = 3% =1 digit =]0% =1 digit
[ Basic =0l pF = 0] pF = 0] pf
Aceuracy |1 <D < =.2% =1 diglt =A5#)=l digit =2[? = diglt
=01 oF =0{ of =01 pF
[ Baslc accuracy =1% =10 digits | =3% = (0 digifs
0 Basic accuraty =% =10 +-Cs/Cx) digits | =3% =(10 + Cs/Cx) diglts |

Outputs: 4 line BCD,
Inputs

Trigger hold off level: level must be between 10 V and
15 V.

Remote programming: eight front-panel functions can be
remotely controlled by external contact closure to ground
with impedance less than 400Q. Programmable functions
are RESET, FREQUENCY, RANGE MODE, TEST
VOLTAGE, LOSS MEAS, RANGE STEP, DC BIAS,
BIAS VERNIER.

Operating temperature: 0°C to 50°C,

Power requirements: 115 or 230 V ac #1109, 50 to 60 Ha.
Weight: net, 34 Ib (15,5 kg); shipping, 48 Ib (21,6 kg).
Price: HP 4270A, $4640.

Interface kit

Interface kits 16150A Control Card and 16151A Data Card

are available for interface with Hewlett-Packard computers.

Each kit includes mating cable, BCS HP 4270A drniver and

diagnostic tape.

Price: HP 16150A, $i110; 16151A, $1455.



HIGH CAPACITANCE METERS

Analog comparator
Models 4350A/B, 4050A

Description

The Hewletr-Packard Models 4350A/B High Capacitance
Meters measure high capacitances from 0.02 2F to 300 mF and
simultaneousty measure dissipation factor. Leakage current can
be measured with the 4350A. The 4350A/B provides analog
outputs proportional to meter deflection. Combining the
4350A/B with the 4050A Analog Comparator increases the
speed in sorting applications.

Specifications, 4350A/B*
capacitance measurement
Capacitance
Range: 1 »#F to 300 mF full scale in 12 ranges.
Accuracy (% of full scale):

Capacitance Range Full Scale
Tan & range 1 uF to 100 mF 300 mF
Otot 13% +4%
1105 14% 158%
Tan 8
Range: 0.5 or $ full scale in 2 ranges.
Absolute accuracy
0.5 full scale: =+0.025 L
5 full scale: +0.06 + (%)
_0.06 (reading)?
Internal test signal 25

Frequency: 120 Bz =5 Hz.
Internal dc bias
Voltage range: 0 to 6 V dc, continuously adjustable.
Response time (C and tand): typically 1 s.
Tand uncatl
Indicates the reading of tand js uncalibrated when the de-
Bection of the capacitance meter is below 109 or above
130% of full scale.
Leakage current measurement (4350A anly)
Current
Range: 1 «A to 10 mA full scale in 9 ranges.
Accuracy: 39 of full scale.
DC blas voltage
Internal: up t0 100 V dc in 2 ranges.
External: 600 V dc max.
Warning lamp
Indicates "DANGER" when dc voltage across an unknown
is higher than 1.5 V dc.
Analog outputs
Capacitance
1V de all ranges: for use with analog comparator.
1 Vdc or 0.3 V dc full scale: for use with DVM.
Overrange: 259 of full scale.

@ MEASURING DEVICES

Accuracy:
Capacitance Range Full Scala
Tan$ 1t UF 0 100 mF 300 mF
Otot +{1.5% of reading +3% of full scals
+.5% of full scale)
1tob +(1.6% of reading +4% of full scale
+1.5% of full scale}

Loss angle (8)
Tsn8 vs. anafog output voltage: 0.1 V/degree,

Tan 8 Output voltage
01 0.5 0° 10 26.6° | (0tc 2.66 Vdc) +0.13 V d¢
05105 26.69 to 78.7° (2,66 10 7.87 V dc¢) £0.3 V de

Resldual noise: 40 mV p-p max.

Genera}
Temperature range: 0°C to 50°C.
Power: 115 V or 230 V =10%, 48 Hz to 440 Hz, 38.5 VA max.
Dimenslons: 7-25/32” wide, 6-17/32” high, 12” deep (198 x
166 x 305 mm).
Weight: net 11 Ibs (4,8 kg); shipping 15 Ibs (6,8 kg).
Accessories furnished: 16035A Test Cable with four alligator
clips; 16036A Test Cable with two alligator clips.
Price: HP 4350A, $955.
HP 4350B, $845.
, w

Description
The Hewlett-Packard Model 4050A Analog Comparator
compares the unknown voltage to preset high and low limits.
Contact closures with the corresponding (HI-GO-LO) lights
will operate external devices. The 4050A increases the speed
at which the 4350A/B Hi-C Meter or 4332A LCR Meter will
operate in sorting applications.

Specifications, 4050A*
[nput
Analog voltage: 0.1, 1, 10 V full scale.
Reslistance: 0.1, 1 V range, 1 MQ; 10 V range, 100 k{.
Output
LimhR indleations: HI, GO, znd LO lights.
Relay contact: 3 SPST contacts, 50 V dc, 0.5 A max.
Connector: binding post.
LImit controls: 000 to 125 are set on digital dials.
Accuracy; ==0.6% of full scale (at 25°C).
Response time: typically 0.1 s.
Operating temperature: 0°C to 50°C.
Power: 115/230 V £109%, 48 Hz to 440 Hz, 3.85 VA max.
Dimenstons: standard 1/3 module, 6 3/32” high, 514” wide, 8”
deep (155 x 130.1 x 203.2 mm).
Welght: net, 6 Ibs, 4 0z (2,8 kg): shipping 8 lbs (3.6 kg).
Price: $500.

* Refer to dats shaet for complete specifications.
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Decade Capac

\ 4440B

The Hewlert-Packard 4440B Decade Capacitor is a high ac-
curacy instrument providing usable capacitances from 40 pF to
1.2 uF. Its 0.259, accuracy makes it an ideal aid for circuit de-
sign or as a working standard.

Use of silvered-mica capacitors in four decades of 100 pF
provides higher accuracy, low dissipation factors and good
temperature coefficient. An air capacitor vernier provides 100
pF (from 40 pF to 140 pF) with resolution of 1 pF. Capacitors
are housed in a double shield in such 2z way that increased

ATTENUATORS & CAPACITOR
Variable with increments of 0.1 dB or 2 pF

Models 4440B, 44364, 4437A, 350D

itor, Model 4440B

capacitance from two terminals to three terminals is held to
1 pF.

Specifications, 4440B

Capacitance: 40 pF to 1.2 uF in steps of 100 pF with a 40 pF
to 140 pF variable air capacitor providiag continuous adjust-
ment to better than 2 pF between steps.

Direct reading accuracy: 2=(0.25% + 3 pF) at 1 kHz fot
three-terminal connection.

Resonant frequency: typical values of the resonant frequency
are 450 kHz at 1 «F, 4 MHz at 0.01 2F and 40 MHz at 100
pE.

Dissipatlon factor: 0.001 maximum at 1 kHz.

Temperature coefflcient: 470 ppm/°C.

(nsulation resistance: 5 GQ minimum, after S miautes at 500
V de.

Maximum voltage: 500 V peak.

Welght: net, 5% Ibs (2,5 kg); shipping, 8 Ibs (3,6 kg).

Dimensions: 11”7 wide (264 mm), 6" deep (152 mm), 3” high
(76 mm).

Price: HP 4440B, $340.

Attenuators, Models 4436A/4437A

—

4436A

4437A

Input/output impedance; 6005, balanced.
Frequency range: dc to 1.5 MHz (0 to 110 dB) dc to 1 MHz
(0 to 1199 dB).

Accuracy
Attenuation 100 kHz 1 MH2 1.5 MHz"
0~ 60d8B +0.1d8 +0.24d8 +0.2dB
60 ~ 90 dB +0.1d8 +0.3d8 +0.3d8
90 .. 110dB +0.2d8 +0.5dB £0.6d8
110 ~ 119.9d8 +0.3dB +0.1d8

*Typical value

Maximum input power: --30 dBm.

4

The Hewlett-Packard Models 4436A/4437A  Attenuators
provide accurate steps of attenuation with 0.1 dB resolution for
power-level measurements, communication system tests, and
gain or loss measurements on filters and amplifiers, and similae
equipment.

Specifications, 4436A
Maximum attenuation: 119.9 dB.
Attenuation increments: 0.1 dB.

Attenuato

Two attenuator sections make up the Hewlett-Packard 350D
Artenuator. One section is a 100 dB attenuator, adjustable in
10 dB steps. The other is a 10 dB attenuator, adjustable in 1 dB
steps.

Specifications, 350D
Attenuation: 0 to 110 dB, 1 dB and 10 dB steps.

Power capacity: 6002 unbalanced; 5 W (55 V dc of rms) max,
continuous duty.

DC isolation: signal ground may be 2=500 V dc (rom chasss.

DC isolation: signal ground may be =300 V dc from external
chassis.

Dimensions: 734~ wide, 3” high, 6%4” deep (198 x 77 x 167
mm).

Weight: net, 3.3 Ibs (1,5 kg); shipping, 6 lbs (2,7 kg).

Price: Model 4436A, $500.

Specifications, 4437A
The Model 4437A is a 600 ohms uabalanced type, and its
specifications are identical to the 4436A.
Price: Model 44374, $345.

r, Model 350D

Acturacy

10 dB section
0dB 10 dB

< 10.125 dB/step
< 10.25 9B/step

dc to 100 kH2
100 kHz 19 1 MH2

100 dB section

0dB 70 dB 100 dB
de to 100 kHz +0.25 gB < +0.5 dB/step
100 kHz 10 1 MH2 < +0.5dB < +0.75 dB/step

Oimenslons: standard Hewlett-Packard 1/3 module 514" wide,
614" high, 8”7 deep (130 x 159 x 203 mm).

Weight: net, 4 lbs (1,8 kg); shipping, 6 Ibs (2,7 kg).

Price: HP 350D, $165.



VOLTMETER ACCESSORIES

Voltage dividers, current probe for VM's
Model 456A, 11000 Series

Description

456A AGC Current Probe

The conventional voltmeter or oscilloscope can measure cur-
rent quickly and dependably—without direct connection to the
cireuit under test or any apprecizble loading to the test circuit.
The HP 456A AC Current Probe clamps around the curreot-
carrying wire and provides a voltage output you can read on a
voltmeter or scope. Model 456A’s 1 mA to 1 mV conversion
permits direct reading up to 1 ampere ms.

Specifications, 456A

Sensitivity: | mV/mA =1% at | kHz.

Frequency response: 2%, 100 Hz to 3 MHz;, =59, 60 Hz
to 4 MHz; —3 dB at <25 Hz and >20 MHz.

Pulse response: rise time is <20 ns, sag <16%/ms.

Maximum Input: 1 A rms, 1.5 A p; 100 mA above 5 MHz.

Effect af dc current: no appreciable effect on sensitivity and
distortion from dc curreat up 1o 0.5 A.

Input impedance: (impedance added in series with measured
wire by probe) <50 mQ in series with 0.05 pH (this is ap-
proximately the inductance of 114” of hookup wire).

Probe shunt capacity: approx. 4 pF added from wire to ground.

Distortlon at 1 kHz: for 0.5 A input at leasc 50 dB dowa; for
10 mA input at least 70 dB down.

Equivalent input noise: <50 xA rms (100 gA when ac
powered ).

Output impedance: 2200 ar 1 kHz; approximately +1 V dc
component; should work into load of not less than 100,0008
shunted by approximately 25 pF.

Power: two Mallory TR 233R z2ad one TR 234 batteries
{1420.0017 and 1420-0006) ; battery life approximately 400
hrs; ac power supply optional, 115 or (230 V must be speci-
fied) =109, 48 to 440 Hz, 1 VA max,

Dimenslons: 5" wide, 1%” high (127 x 38 x 152 mm), 6”
deep; probe cable is 5’ long; 2’ output cable terminated with
dual banana plug. Probe aperture: 5/32” (4mm) diameter.

Weight: net 3 Ibs (1,35 kg): shipping 4 Ibs (1,8 kg).

Accessory available: 156A-11B AC Supply for field installation;
11028A 100:1 Current Divider, $60.

Price: HP 456A with batteries, §250.

Option 001: ac supply installed in lieu of batreries, add $20.

Voltmeter Accessories

11039A Capacitiva Voltage Divider

For 400 and 410 series voltmeters. Safely measures power
voltages to 25 kV; accuracy #=39, Division ratio, 1000:1. Input
capacity, 15 pF =1, Maximum voltage ratings (sea level)
60 Hz, 25 kV; 100 kHz, 22 kV; 1 MHBz, 20 kV; 10 MHz, 15
kV; 20 MHz, 7 kV. Usable for dielectric heating, power and
ultrasonic voltages. Price: HP 11039A, $250. (HP 11018A
should be used to connect the 410 series voltmeter).

11074A Voitage Divider Prohe

For 400 series voltmeters. Provides low-input capacitance
and high-input resistance at the point of measurement. Divisjon
ratio 10:1 #2% (400 Hz reference), 10:1 =24, (100 kBz
reference depends on adjustment of compensating capacitor).
Bandwidth, dc to 10 MHz. Maximum input voltage 1 kV rms.

Input impedance: 10 M shunted by 10 pF (when connected
to an input impedance of 10 M® shunted by not more than
25 pF). Price: HP 11074A, §75.

E MEASURING DEVICES
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AC voltmeter
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11096A High Frequency Probe

Converts dc voltmeter with 10 MR input resistance to high
frequency ac voltmeter. Compatible voltmeters: HP 427A,
HP 3430A, HP 3439A and HP 3440A. Voltage range, 0.25 to
30 V rms; transfer accuracy (10-30°C) =%£5%, 100 kHz to 100
MHz. Usable for relative measurements from 10 kHz to 1 GHz;
peak responding, calibrated to read cms value of a sine wave;
input impedance, 4+ M2 shunted by 2 pF; max. input, 30 V
rms ac, 200 V dc; accessories provided include a straight tip,
a hook tip, 2 ground clip, and a high frequency adapter that
fits available Hewletr Packard adapters for BNC (HP
10218A); GR Type 874 (HP 10219A), Microdot connectors
{HP 10220A) and that also fits a 502 tee (HP 11536A).
Price: HP 11096A, 875.

1101BA Adapter: connects 410 series ac probe to dual banana
plugs. Price: HP 11018A, 835.

11036A Probe: ac probe for the 410C, Price: HP 11036A, $80.

11040A Capacitive Voitage Divider

For 410 series voltmeters. Increases range so transmitter
voltages can be measured quickly, easily. Accuracy, *19;
division ratio, 100:1; input capacity, approximately 2 pP.
Maximum voltage, 2000 V at 50 MHz, decreasing to 100 V
at 400 MHz. Frequency range, 10 kHz to 400 MHz,
Price: HP 11040A, $40.

11042A Probe Coaxiai “T" Connector

Por 410 series voltmeters. Measures voltages berween center
conductor and sheath of S0 transmission line. Maximum SWR,
1.1 at 500 MHz, 1.2 at 1 GHz. Male and female Type N
fictings. Price: HP 110424, $60.

11043A Probe Coaxial “'N** Connector

For 410 series voltmeters. Measures at open end of 500
transmission line (no terminating resistor). Has male Type N
fitings. Price: HP 11043 A, §45.

11045A DC Voltage Divider

For 410C Voltmeter. Gives maximum safety and convenience
for measuring high voltages as in television receivers, etc.
Accuracy, +=59; division ratio, 100:1. Input impedance, 10
GQ. Maximum voltage, 30 kV. Max current drain, 2.5 pA.
Price: HP 110454, $60.
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Digital voltmeters

Digital voltmeters (DVM’s) offer
many advantages over other types of
voltmeters. Among the advantages of
DVM's are greater speed, greater accu-
racy and resolution, reduction of operator
ecrors, 2nd the ahility to be remotely con-
trolled or to remotely contro) another de-
vice such as a printer.

Digital voltmeters display measure-
ments as discrete numerals, rather than
as a pointer deflection on a continuous
scale, which is commonly uvsed in analog
devices. Direct numerical readout in
DVM’s reduces human ercor and tedium,
eliminates parallax error and increases
teading speed. Automatic polarity and
range-changing featucres reduce operator
training, measurement error and possible
instrument damage through overioad.

Digital instraments are available to
measure a¢ and dc volrages, dc currents,
resistance, and ratio. Other physical vari-
ables can also be measured by use of
suitable transducers. Many DVM's have
outputs which can be used to make per-
manent records of measurements with
printers, card and tape punches, and
magnetic tape equipment. With dara in
digital form, it may be processed with no
loss of accuracy.

Canverters

The digital voltmeter is primarily a d¢
device, and as such requires that quanti-
ties to be measvred be presented to it in
the form of a dc voltage. This necessi-
tates the use of a converter when making
ac voltage or ohms measurements. A
variety of converters are available for use
with Hewlett-Packard digital voltmerers,
either as plug-in drawers, plug-in boards,
or as separate {nstruments.

AC converters designed for use with
digical voltmeters can be classified ac-
cording to their reponse to the input sig-
nal. The average responding converter is
relatively inexpensive and was designed
primarily for measurement of sine waves
having little or no distortion. This type of
converter measures the average value of
the rectifed waveform, which s then
multiplied by a scale factor to provide
the rms value.

The true rms converter responds to the
effective dc heating value of the wave-
form. A thermocouple measures the heat-
ing value of the input, regardless of its
discortion content. Hewlett-Packard now
has two instruments (the 3480A/B with
3484A plug-in, pages 64-67, and
3403A/B, pages 62-63), that are capable
of measuring ac plus dc; that is they

measure /(dc)® + (ac rms)®. The ad.
vantage of this is that ac signals can be
measured all the way down in frequency
to de¢; 2lso the sum of an ac signal plus
a dc offset can be measured. The true rms
converter, whije costing more than an
average converter, 1s much more versatile,
Its frequency limit is much greater than
that of an average responding converter,
and it gives accurate readings indepen-
dent of distortion.

Ohms converters fall into three cate-
gories: two-wire, three-wire, and four-
wire. The two.wire converter is the most
common and the most economical, but it
is sensitive to lead resistance. For ex-
ample, if low resistance values are being
measured at a remote location, lead re-
sistance will cause an error in the mea-
surement. A three-wire converter may
have four terminals on the front panel,
and may even be called a four-wire con-
verter, It is also sensitive to lead resist-
ance, especially on the low side of the in-
put, but (t may be possible to null out the
error caused by the lead resistance with
an interpa) adjustment. The true four-
wire converter has a fully isolated cur-
rent source and is insensitive to lead re-
sistance. kIt makes low ohms ranges useful
for remote measurements. This scheme
offers the ulrimate in performance for
ohms measurements.

Selecting a digital voitmeter

The first consideration in selecting a
DVM is to determine the requirernents
necessary for the measurements to be
made. Then select 2 voltmeter that will
meet these requirements. For long range
use, try to anticipate all the needs for the
future,

If the DVM is to be used in a data
acquisition system, binary-coded decimal
(BCD) output and emote programming
capability are necessities. Compatability
with the related equipment should be de-
termined before purchase.

Hewlett-Packard offers a digital instru.
ment for nearly evecy application. For
example, the 3431A Digital Panel Meter
(page 60) is a single range DVM de-
signed to replace analog panel meters
where accuracy, resolution, and unambig-
uous display are important.

[f more than one electrical property is
to be measured in the specific zpplica-
tions, 2 multi-function meter is an ad-
vantage. Hewlett-Packard has many
multi-function digital meters with dif-
fereat accuracies and different capabili-
ties. The 3450A Multimeter (pages 70-
71) with plug-in cards gives a large

ﬁ DIGITAL VOLTMETERS

variety of options including a true RMS
ac digital voltmeter and a Hi-Go:Lo
Comparator. The 3469A (page 61) is a
portable, Jow cost multi-function instru-
ment that provides tweaty-six different
range and function combinations to allow
a wide variety of ac volts, dc volts, ohms,
and dc current measurements. High per-
formance ac volts and ohms functions
make the 3469A useful for many lab and
specialty applications. An idea! systems
multimeter 15 the 3480A/B with the
3484A (pages 64-67) multi-function
plug-in. This unit cap make up to 1000
dc or ohms readings per second, and also
has true rms ac capability as well as BCD
output. The 2402A Integrating DVM
(page 73) is a dc voltmeter to which ac
voltage, resistance, and frequency mea-
surement capability can be added. Other
Hewlett-Packard digital multimeters are
the 3439A and 3440A (pages 68-69)
with multi-fuaction plug-in drawers.

The art of dc voliage measurements
has reached levels of accuracy which
were formerly obtained only in the stan-
dards laboratory. When selecting a volt-
meter to make accurate measurements in
the presence of noise, the DVM must dis-
criminate between the real signal and the
noise appearing at its input. These noise
signals take the form of either super-
imposed noise or common-mode noise.

Besides the usual external source of
common-mode voltages, the measuring
instrument can also contribute additional
common-mode voltages. Internal double
shielding is effective in eliminating the in-
ternal causes of common-mode voliages:
a third shield or guard can be used to re-
duce the effects of externa] common-
mode signals.

Superimposed noise upon the input
voltage can also cause inaccuracies. A
low-pass filter added rto the input cir-
cuitry of the voltmeter can solve this
problem but it does cause a considerable
slowing of the digitizing process. Super-
imposed noise rejection by integration
permits high accuracy in the presence of
severe noise.

If high resclution is needed, Hewlett-
Packard offers the ultimate: the 3462A
(page 75) has a tesolution of 1 part in
1,200,000 and a sensitivity of 1 4V.

When purchasing 2 digital instrument
the maintenance cost should always be
considered. Sometimes a DVM is selected
with more accuracy than is required so
that the calibration period can be ex-
tended and still maintain the necessary
accuracy.
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« Accuracy of converter only. Accuracy of readout device shauld be added 10 determine accuracy of measurement.
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3431A

Description

The Hewlett-Packard 3431 A Digital Panel Meter is a single
range digital voltmeter designed to replace analog panel meters
where accuracy, resolution, and an unambiguous display are
important. Applications for the 3431A include such areas as
medical, analytical, process control, test, optical, and data
acquisition instrumentation. Jnstruments using digital panel
meters are often very complex and expensive indicating that
reliability js especially important. For this reason, the Hewlett-
Packard DPM is designed with a low parts count and an ex-
tremely reliable GaAsP light emitting diode display. Power has
2ls0 been minimized to keep heat rise low so that reliability is
improved both in the panel meter and in the user’s instrument.
Quality and maximum usefulness has been assured by using
only instrument grade components. The 3431 A is the most sef-
viceable, reliable, portable, flexible, and aesthetically appealing
DPM available. These features are Qdetailed in the following
sections.

Design flexlbility

Hewlett-Packard's new DPM is smaller and lighter than any
other on the market with a power supply. This means the
3431 A can be used with even the new small IC insteuments and
portable instruments. A choice of either line or low-Jevel dc
power suppiies allows use in applications where power require-
ments are unusual.

The 3431A’s many electrical features offer unique flexibiliry.
[f autorznging is 2 goal, the 3431 A provides full scale 2nd 10%
full scale ranging signals with hysteresis. Where measure rate
control is important, as in data logging applications, 5 digitally
programmed rates are available between 1/s and 15/s along
with programmable hold aad trigger. Other programmabie
functions include digit blanking for indicating “illegal” or
“overload”. information, decimal locating, angd autopolarity
override for proper display of zero offset functions.

Serviceability

The 3431A can be removed through the front panel without
opening the user's instrument. Once two screws and front panel
are removed, the extractors are pulled and the meter slides out
of its extruded case. The operation is extremely simple and
takes less than a minute.

Modular service is possible due to plug-in circuit board con-
struction. Troubleshooting through board substitution can be
completed in a minimal 5 to 10 minutes even by unskilled per-
sonnel. If component level troubleshooting is desired, complete
information is available in the manual.

DIGITAL PANEL METER

High performance meter replacement
Models 3431A,B,C,

Portability

Size, weight, power, and ruggedness are always serious con-
siderations when designing portable instrumentation and the
3431A is the leader in adaprability to portable applications. Tt
is the smallest, lightest, and most rugged complete panel meter
available. By using few parts and a unique power supply, size
is minimal and weight is kept to only 12 oz. by eliminating the
conventional bulky and heavy power transformer. A dc version
of the power supply operating efficiently at batrery levels be-
tween 5 V and 15 V is available on an optional basis. Without
this d¢ supply, an inverter would be required which would con-
sume half the battery power in the inverter.

Specifications*

Full scale voltage range; =1,999 V.

Accuracy (20°C to 30°C): =(0.19 reading + 1 digit).

Operating temperature range: 0°C to 60°C.

Temperature coetfficient (0°C to 20°C, 30°C to 60°C): 0.1
mV/°C.

Ingut impedance: >10 MQ.

Input bias current: <35 nA.

Zero to full scale response time: <55 ms.

Overload protection: < =60 V.,

Effective common mode rejection (with 1 kQ imbalance): >90
dB at dc; >60 dB at 60 Hz.

Normal mode rejection: >35 dB at 60 Hz.

Floating: =500 V dc, input low to power ground.

General

Meazure rates: 15/s, 8/s, 4/s, 2/s, 1/5.

Prograramable functions: measuce rate, hold, trigger, decimal
location, annunciators, autopolarity override, and overload
digit blanking.

Output information: BCD serial character, parallel bit with
character identification; flags at >1999, >999, and <190;
polarity data; valid data ready signal.

Weight: net, 12 oz (0,4 kg); shipping, 1.5 Ibs (0,68 kg).

Dimensions: 3.54” wide, 1.7 high, 2.9” deep (90 x 43 x 74
mm).

3431 options
Option 002: 3 GaAsP annunciator lamps with divider.
Option 003: input voltage range: 0 V o *19.99 V; input

impedance: >100 k@; maximum input: *£100 V.
Ogption 005: connector, Viking patt number 000201-4238.

3431 ordering information

Note: 343LA, B, and C differ only in type of power supply
offered.

3431A (AC supply): 90 V to 130 V, 48 Hz to 440 Hz, 5 W,
8 VA.

3431B (DC supply): 48 V dc to 9.2 V dc, 5 W. Allowable
ac ripple is €109 of supply level.

3431C (DC supply): 8.8 V dc to 15.2 V d¢, 5 W. Allowable
ac ripple is <109, of supply level.

Price: HP 3431A, B, or C 1- 9 8295

10- 49 8275
50- 99 $250
100 - 249 $225
250 + on request

HP 3431 optlon 002 (GaAsP annunciator lamps), add $7.
HP 3431 option 003 (19.99 V input range), no charge.

* Refor to data sheet for complete specifications.
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High performance multimeter
Model 3469B
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Description
The Hewlett-Packard 3469B is a versatile, low cost dig-
ital multi-function meter. Twenty-six different range and
function combinations allow a wide variety of measurements of
ac volts, de¢ volts, ohms, and dc current. High performance
ac volts, ohms, and d¢ current functions make the instrument
useful) in many lab, bench and specialty applications.

Digital ac voltmeter )
High sensitivity (2 mV to 500 V full scale) wide bandwidth
(20 Hz to 10 MHz), and high accuracy (£.6% to 5% ), offer
unique valve to users in communications, broadcast, and audio
applications areas.
Digital milliohmmeter
The 1 milliohm sensitivity of the 3469B allows fasr and
accurate measurements of contact resistances, components, and
plated-through circuit board hole resistances. A unique two-
terminal input permits direct measurments with varying probe
tead lengths while eliminating errors introduced by cable resis-
tance or EMF offsets. Once the leads are attached to the instro-
ment, the operator simply shorts the ends and makes an adjust-
ment to zero out the lead resistance. A 60 Hz square wave ac
current source is used on the 1 ohm range to eliminate the
possibility of problems due¢ to thermal offsets.

Digital dc ammeter
High current sensitivity (2 pA to 200 mA full scale) zllows
current measurement capability approaching electrometes type
performance at 2 modest price. The extra sensitivity and float-
ing capabijlity of the 3469B make it a natural choice to measure
capacitor and semi-conductor leakage currents.

DC voltmeter
With the fast dc measure rate (13 samples per second),

good sensitivity (200 mV to 1000 V full scale), and good ac-
curacy (=.2% to =.39), the 34698 is an especially useful in.
strument for production applications where measurement time
and clarity are prime concerns. Production trouble shooting is
also enhanced by the full multimeter capability of the 3469B.

Specifications™
AGC voltmeter
Ranges: 1 mV, 10 mV, 100 mV, 1V, 10 V, 100 V, 1000 V
(500 V max input).
Accuracy =*(9, reading + % range),
20°C to 30°C.
1 mV range (0.3 mV and above):

20 Hz 100 kHz 4 MHz
| U+ 075 | 25 + 2.5 |

10 mV to 1 V ranges:

20 Hz 100 Hz 100 kHz 1 MHz 10 MH:
[05+05 T 03403 [ 1+1 [ 25425 ]

10V, 100 V, 1000 V ranges:

20 Hz 100 Hz 100 kHz 1 MHz 4 MHz
{1405 [ 04403 | 141 | 25+425]

Input Impedance: (0 MQ shunted by <25 pF. Input common
connected to chassis.

Overload protection: 500 V at frequencies <60 Hz.

Residual noise: <75 »V.

DC voltmeter
Ranges: 100 mV, 1V, 10 V, 100 V, 1000 V.
Accuracy (20°C to 30°C)
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\ 34698 / )

100 mV range: = (0.2% reading +-0.1% range).

1V to 1000 V ranges: == (0.19% reading +-0.1% raage),
Input impedance: 10 MQ.
Response time: 70 ms.
Overload protection: 1000 V.
Normat mode rejection

60 Hz: 40 dB.
Common mode rejection

DC: 60 dB.

60 Hz: 40 dB.
Floating voitage: =500 V max.

Ohmmeter

Ranges: 1 ©, 10 @, 100 ©, 1 k%, 10 k2, 100 k&, 1 M®, 10 Me.
Accuracy (20°C to 30°C)

1 0 range: == (0.259 ceading +0.3% range).

10 @ range: *=(0.3% reading +0.29 range).

100 2 to 10 MQ range: =+ (0.29 reading + 0.29% range).
Open clrcuit voltage: 10 V negative with cespect to common

(common connected to chassis).
Response time

10 O to 10 M ranges: 70 ms.
DC input protection: =100 V max.
AC input protection: 130 V rms max.

DC ammeter

Rangas: 1 xA, 10 yA, 100 gA, 1 mA, 10 mA, 100 mA.
Accuracy (20°C to 30°C): *(0.2% reading +0.2% range).
Full scate voltage drop: 100 mV.
Response time: 70 ms.
Overload protection: 5 times full scale.
Floating voltage: =500 V max.

General

Sample rate: 15/s,

Overrange: 100%.

Display: GaAsP light emitting diodes.

Out of range and iflegal range indication: 3 least significant
digits blank.

Polarity: automatic.

Operating temperature range: 0°C to 55°C.

Warmup: 10 min.

Power: 115 V or 230 V £109%, 48 Hz to 440 Hz, 10 VA.

Dimensions: 514" wide, 634" high (without removable feet),
11”7 deep (130 x 159 x 279 mm).

Weight: net, 7 Ibs (3,15 kg); shipping, 10 Ibs (4,5 kg).

Price: HP 3469B, $595.

*Refer to data sheet for complete specifications.
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TRUE RMS VOLTMETER

Wideband digital measurements
Model 3403A, 34038

MEASURING DEVICES
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Description

The Hewlett-Packard 3403A and 3403B are companion ia-
struments which cover a broad range of ac measurement appli-
cations. Both are true rms, 3-digit voltmeters which provide
beach and systems capability. The 3403B provides six fanges
of ac measurement and the 3403A adds five ranges of ac + dc
for low frequency capability and five ranges of dc.

In addition to the systems options such as BCD output 20d
remote control, a dB display option is available to permit mea-
surements directly in dB. Autoranging is also available as an
optioa for the 3403A.

Features

The dc and 2 Hz to 100 MHz bandwidth of the 3403A aad
25 Hz to 100 MHz bandwidth of the 3403B will allow usage
throughout the frequency spectrum. The 3403A/B are not only
general meters for audio and low RF use, bur they also ¢an
be used in the upper RF and IF bands. The 3403 A, in addition,
is a low frequency measutement instrument and a five range
dc meter.

True RMS
The 3403A/B are true rms responding instruments utilizing
the Hewlew-Packard thermopile as the rms sensing element.
Their tms capability enables the 3403A /B to make meaningful
measurements of noise, muitiplexed signals or other complex
or distorted waveforms as well as providing the assurance that
any general purpose measurement will be made accurarely.

Wide voltage range
The 3403A and 3403B have six ac voltage ranges from 10
mV full scale to 1000 V full scale, enough to satisfy an ex-
wemely wide range of applications. In addition, the 3403A
provides five d¢ ranges and five dc + ac ranges for d¢ and
low frequency measurement capability. This wide measuring
span covers virtually any ac requirement and makes the in-

struments truly general purpose devices.

dB display
The dB display option provides readings directly in dB, a
major convenience to ac users. The dB reference to which the
measurement is made is conveniently adjustable from the front

panel both to provide referenced dB measurements or to pro-
vide a convenient means to adjust the reading to 0 or the nearest
10 8B, and then t0 measure deviations from this established
level.
Systems
A full complement of systems options is available, both iso-
lated and nonisolated, to insure systems compatibility.

3403A specifications

Ranges

Full range display: 10.00 mV (ac only); 100.0 mV, 1.000 V,
10.00 V, 100.0 V, 1000 V.

Overrange: >909, on all ranges except as limited by max
input voltage.

Ranglng information: front panel aanunciztors indicate over-
cange (approximately 1909, of full range) or under-
range (approximately 17% of full range) conditions.

Performance

AC frequency range
Slow response: 2 Hz to 100 MHz.

Fast response: 25 Hz to 100 MHz

Response time
Fast response: 1 s.

Slow response: 10 s.
Instrument reads final reading =0.19% of input change in
stated response time.

Display rate
Fast response: 4 readings per s
Slow response: 1 rezding per s.

Functlons
DC: responds to dc component of input signal.

AC: responds to true rms value of ac coupled input signal.
AC + dc: responds to true tms value of dc and ac inpuc
signal; reading is \/(dc)?® 4 (ac rms)=

Temperature coetficlent: 0.1 x reading accuracy*/°C out-
side the 25°C *=5°C temperature range.

* data (rom accuracy charts.

Accuracy: 90 days (25°C =5°C, <939 RH, 179 of range

0 1909 of range).
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Input characteristies
Input impedance: <10 MHz.

1 V to 1000 V range: 10 MQ =10% shunted by 19 pF
+10%.

10 mV and 100 mV range: 20 M2 =109, shunted by 16
pF *=10%.

10 MHz to 100 MHz: the following table gives maximum
loading due to input shunt impedance across a termi-
nated source.

System impedance Freguency

(source and lozd) 10 MHz 100 MHz
500 1% 10%
750 2% i 20%

Crest factor

2 H2 to 25 H2 2:1 at fulf range input,
>25 Nz 10:1 at full range input.
Maximum Input voltage
Hi to Lo:

1000 V rms, 1500 peak or 10% V-Hz on any range.
Maximum de voltage in ac mode: 500 V dc.
Lo to chassis:
+=300 V de¢, when floated with special banana to BNC
adapter.

3403B specifications

‘The 3403B specifications are identical to those of the 3403A
with the following exceptions:

AC frequency range: 25 Hz to 100 MHz except 10 mV

range. 10 mV range 50 Hz min.

Response time: 1 s.

Funetions! ac volts, ac dB (optional).

Input: BNC grounded to chassis—non-floating,

The 3403B is available with: Option 002—digital output.

Option 006—dB display.
Options
Autoranging (3403A Option 001)

Automatlc ranging: uprange at approximately 1909 of full

range; downranges at approximately 179 of full range,

Autorange time: fast response: 1 s per range change. Slow

response: 10 s per range change.
Digital output (3403A/B Option 002)

The digital output option provides data outputs in digital
form for printer and systems applications. In addition, input
lines are induded for external triggering of the instrument,
isolated digital output (3403A Option 004)

In addition to the features of Option 002 isolated digital out-
put provides isolation between the measurement input terminals

and digital output lines, Output lines and programming input
lines ate referenced to easth ground (instrument chassis) and
are well isolated from the measurement terminals. Instrument
will maintain all normal and common mode rejection specifica-
tions when the data and control Lines are utilized.

Remote control + dlgital output 4 autoranging (3403A Op-

tion 003)

Option 003 provides all featutes of digital output 2nd auto-
ranging (Options 001 and 002) plus remote programming of
all front panel functions.

Isolated remote control + digital owutput + autoranging

(3403A Option 005)

In addition to the features of Option 003, Option 005 pro-
vides the same isolation characteristics as isolated digital out-
put (Option 004).
dB display (3403A/B Option 006)

Measurement range: 108 dB (—48 dB V to 460 4B V).

Accuracy: 90 days (25°C +5°C, <95% RH).

AEADING
ACCURACY = £d8|+| % dB

a8 FREQUENCY (H1)

RANGE

0.0
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100mV

AUTION trequencies and ranges in this area may resull in
invalid rsadings without ranging indication.

* DC+ AC FUNCTION AND SLOW RESP. TIME ONLY

s
X 5
'l <

<

Calibrated dB reference: 0 dB = 1.000 V; reference level
may be set for 0 dBm (6002) by adjusting front panel
dB calibration adjustment.

Varlable dB reference: refereace level may be shifted down-
ward from calibrated position by >13 dB.

dB recorder output: output voltage: 200 mV for 20 dB.
Output resistance: 1 kQ = 5009.

General

Operating condRlons
Temperature range: 0°C to 50°C.

Humidity: <95% RB.

Recorder output
Output voitage: 1 V dc opea circuit for full range input.
Qutput resistance: 1 k@ =10%.

Power: 115 V or 230 V ==10%, 48 Hz to 440 Hz, 35 VA max.
(inctuding all options).

Input termlnats: BNC froot panel connector standard for Lo
and Hi terminals: rear panel connector available by in-
ternally reversing position of ac converter module.

Nat wsight: including all options: 11 lbs (5 kg).

Shipping welght: including all options: 16 lbs (7,2 kg).

Accessortes furnished: floating adapter—banana to BNC.

Price: HP 3403A, $1400; **HP 3403B, $1150; Option 001
autoranging, add $125; Option 002 digital output, 2dd $150;
Option 003 remote control + digital output 4 autoranging,
add $290; *Option 004 isolated digita) output, add $290;
*Qption 005 isolated remote control + digital output +

autocanging, add $450; *Option 006 dB display, add $250.

¥ Option 004, 005, 008 are avallable only s&s factory instelled options.
** Only Options 002 and 006 available with 34028,
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DVM and DATA LOGGER

Complete measurement capabilities

Models 34B0A/B and 2070A

—
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Description

The 3480 is a high performance 4-digit DVM designed for
bench or systems use. The 2070A Data Logger is a2 ¥4 module
3.i80A DVM combined with a digital recorder into one portable
package. A wide range of measurement capability is available
using combinations of any of four plug-in units, any of three
mainframes and any of four mainframe options. This capa-
bility covers anything from simple ac/dc/ohms measurements
to muliichanne! data logging.

DC or ohms measurements may be made with 4-digit pre-
cision at speeds up to 1000/s. Two true rms ac converters are
available: one able to measure ac signals down to | Hz and
the other able to make 10 readings/s. Both converters are able
to measure s¢ plus dc, a unique measurement for multifunceion
DVM's.

Up to 50 dc inputs may be scanned at up to 1000 channels/s.
Single scan, continuous scan, step and random modes are avail-
able. Remote control is available to allow random selection of
any channel or dc range.

Sample-and-hold option for any mainframe turns the 3480
or 2070A into a low-cost A-to-D converter able to digitize a
variety of low frequency wave shapes. Sample and Hold may
also be used for peak readings and transient analysis.

Data storage is able to store up to 50 complere readings at
up to 1000/s for output on a digital recorder at 10 lines/s.
Data storage makes it possible to scan up to 50 channels at
1000 channels/s or take readings at 1000/s, yet employ a low-
cost printer to output the data.



Plug-In Units

Specifications® 3481A 3482A 3484 A 3485A
Functians

DC Standard Standarg Standard Standarg

True RMS AC Option 043

Fast True RMS AC Option 044

Ohms Optlon 042
Ranges

DC +10,000 V £100,00 mV to £1000.0V |£100.00mV to =1000.0V [+£100.00mV to £10.000V

True RMS AC 1100.00mV ta £1000.0V

Fast True RMS AC £100.00mV to +1000,0V

Ohms 100.000to 10.000 M

Overrange

50%, £1200 V max.

50%, £15 V max.

Measuring Speead
Rezding Rate

Manual; internal, 1 to 40 rdg/s; external, 0 10 1000 rdg/s

Manual, 3 rdg/s; internal
using 6 selectable ¢han-
nel delays; external O 1o
1000 rdg/s

_Response Trme

DC
Filter Qut
Fitter A or In
Ftitec B

True RMS AC
VAC (AC)
VAC (DC}
Fast True RMS AC
VAC {(AC}
VAC (DC)
Ohms
100 (tto 100k N
3000 kN
10MN

1ms

1 ms
200 ms
1 s

1 ms
250 ms

1s
155

100 ms
1s

T ms
200 ms
2s

Input Channels

Single input channel

Up to 50 flosting in-
put channels using
FET switches, pur-
chasable in blocks of
10 channels

Accuracy
DC
100 mV

1000 mV
oV

100 V and 1000V

+(0.01% rdg. + 0.02% range)

£10.01% rdg. +0.04%
range)

1({0.01% ¢dg. FO.01%
range)

+(0.01% rdg. + 0.01% range}

+{0,01% rdg. +0.01%
cange)

Acnumcy1
True RMS AC2
OC Component
AC Component
100mV and 1000mV
{1 H2 to 10 MH2)
10 V and 100 V
(1 Hz to 1 MHz|
1000V
(¥ Hz to 100 kH2l
Fast True RMS AC2
DC Component
AC ComponentS
100mV aad 1000mV
(20 Hz te 10 MHz)
10 V and 100 V
(20 Hz to Y MRz}
1000 V
(20 Hz to 100 kHz2)
Ohms
1000Nto 1000 kN
100N

1% of reading

10.1% of reading to 3
+2% of reading

+0.1% of reading tos
+1% of reading

+£0.1% of reading 105
£1% of reading

1% of reading

+0,1% of reading 103
+2% of reading

+0.1% of reading 103
+0.4% of reading

+0.1% of resding 103
+0.2% of reading

+{0.01% rdg +0.01% rge)
+(0.02% rdg +0.05% rge)

10 MDD £(0.1% rdg +0.01% rge)
*  Por complete specifications, refer to data sheets
1. Accuracy specifications apphes for 90 days, 250C +£59C, 95% RH 5 VAC (DC) mode used belaw 300 Hz,
2. Accuracy for 60% 1o 150% of range. '
3. Accuracy depends on frequency.
4. VAC {DC) mode used below 10 Hz,
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MEASURING DEVICES continucd

DYM and Data Logger
Models 3480A/8 and 2070A

Plug-tn Units

Specifications {Cont'd)* 3481A 3482A 3484A 3485A
AC Response True rms value of ac
VAC (ADC) coupled function
VAC {DC) True ems value of sc
and dc nput signal
Reading equals:
Jldel? + {ac_ms!?
Crest Factor
True RMS AC 7:1 at full scale, de-
reted linearly from
35 Hz 10 2.2:1 at
5 Hz.
Fast True RMS AC 7:1 at full scale, de-
rated linearly trom
100 Hz to 7.2:1 at
30 Hz.
tnput Characteristics
tnput Resistance
DC
100mV and 1000mV >10100 >1070
0V >10100 >10100 >1070
100 V and 1000 V 10 MO +£0.1%
AC 2M  21% 45+pF
Front Term. 150 nH in ea. lead
2M +£1% 45 +5 pF
Rear Tarm. 150 nH In ea. lesd
plus 20pF shunt cap-
acity and 200 nH in
each lead.
Common Mode Re- >80 dB, dc to 60 Hz with 1k n aither lead
jection
Normal Mode Re-
jaction
Filter Out 0d8 0d8
Fitter A Or (n >27 38 8t 50 Hz; > 30 68 60 Hz and sbove
Filter B >77 dB at 50 Hz; >80 dB 60 Hz and sbove
Prices (8asic Unit) $350 $700 $900 $1300
Onhms Option 042 $200
AC Option 043 3900
Fast AC Option 044 $1000
10 Channels Option 051 to 055

8100 increments

* For camplete specifications rafar 10 data sheets,

Remote Control For Plug-In Units

Remote 3481A 3482A 3484A 3485A
Non-Isolated Remote Standard Standard
Measure Yes Yes Yes
Filter Yes Yes
Range Yes fes
Furction Yes
Flag Yes Yes
Isolated Remote Option D21 Option 041 Option 057
Measure Yes Yes Yes
Fitter Yes Yes Yes
Range Yes Yes Yes
Function Yes
Flag Yes Yes Yes
Program Yes Yes
Program Initiate Yes
Program Exeacdte Yes
Program Acknowledge Yes Yes Yes
Scan Modes Yes
Channet Selact Yes
Scan Inhibit Yes
Reset Yes
Price Add §200 Add S200 Add S300




Mainframes
3480A 3480B 2070A
Size % Module Full rack wigth Full rack width
6-3/32" High 3-3/8" High 6-3/8" High
Output BCD loptional) Digital Recorder
115 V or 230 V = 10%, switchable 115V +}10%
Power 40 Hz 10 440 H2 40 Hz 10 440 H2
60 VA max. 115 VA max.
230 V +10% optionsl
Opaerating Temperature 0YC to 550C
Price (Excluding Options $800 3900 32675

and Plug-ins)

Sample-and-hold Option 001

Acquisition time: time to respond to a plus or minus full scale
step input to within £0.01% of final value.

Note: a delay of 105 us 210 us may be added prior co aperture
time by using delay on.
Accuracy: (90 days, 25°C %=5°C, 959% RH) for any mode.

Maximum dV/dT: 109 of range/ps, sample-and-hold enabled.

Modes of aperation (selection, manually or remotely)
Sample-and-hoid
On: sample-and-hold enabled.
Off: normal 3480 operation.
Remote: remote control.
Delay
On: 105 us delay added before hold.
Off: no delay.
Remate: remote control over delay,
Aperture time: time from command to take a reading to when
the signal is actually held: 110 ns =20 ns.

Mpeinframe Options

ACQUISITION TIME: Plug-$n Unit
Range 3481A 3482A 3484A 3485A
+100.00 mV 100 us 100 us 100 us ACCURACY: Plug-in Unat
£1000.0 mV 70 us 70 us 70 us Aange 3481A 3482A | 3484A | 234BS5A
+10.000 V 25 us 70 us 70 us 70 us £100.00 mv 2(0.01% of rdg +0.1% of range)”
£100.00 V 25 us 25 us £1000.0 mV +10.01% of rdg +0.01% of range)
+1000.0 V 25 us 25 us 110000 V +10.01% of reading +0.01% of range)
+100.00 V +(0.01% of reading
+1000.0 vV +0.01% of ranpe)

"Improves to +{0.01% of reading +0.02% ot range) when there
1s no Delay and the trigger is issued to the Sample-and-Holg
trigger inpul.

Analog output: sample-and-hold output for use with an oscil-
loscope for the measurement and display of repetitive wave-
forms. Full scale inputs equal 1 V 229; source resistance
1k +29.

Sample-and-hold trigger: initiates hold mode and encoding.
Actuated by “"Low™ state for >1 us. Line must be “High"
>20 ps prior to “Low” state. Used in place of measure to
eliminate 105 s delay.

Digital Output solated Digital Output Data Storage
{Option 003) (Option 004) {Option 005}

BCD Output Columnps

5 Measurement 3481A, 3482A, 34B4A, 348SA

1 Function 3482A, 3484A

1 Polarity 34814, 3482A, 34B4A, 3485A

1 Range 3482A, 3484A, 3485A

2 Channel 1.D. 3485A

2 Storage |.D. For all plug-in units
Controf Lines

Measuse Yes Yes Yes

Flag Yes Yes Yes

Printar Hold-off Yes Yes Yes

Internal Measure Yes Yes Yes

Inhibit

Storage Limit Yes

Storage Flag Yes

Status Flag Yes

Cycle Hold Yes

Jump Yes

Praset Yrigoer Yes
Storage Capacity Up to 50 readings
input Rate 1000 readings/s
Output Rate 1000 readings/s 50,000 readings/s
Isolation From None Yes, maintains all noise rejection specifications

Input Terminals

Price Add $200 Add 8375 | Add $10600
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MEASURING DEVICES w

ﬁ DIGITAL VOLTMETERS

Interchangeable plug-ins pravide versatility
Models 3439A, 3440A and plug-ins

.

3439A/3442A

J/

Interchangeable plug-ins increase voltmeter versatitlty

The Hewlett-Packard Models 3439A and 3440A age versatile
muiti-function digital voltmeters, The choice of automatic rang-
ing, remote, and manual operation is obtained by using the
3441A, 34424, 3443A, 3444A, 3445A or 34464 plug-ins, which
are interchangeable with any 3439A or 3440A. The basic volt-
meter is solid-state with easy-to-service plug-in circuit cards.

DC voltages up to 999.9 V of cither polarity are displayed in
four significant digits with an accuracy of better than ==0.05%;
of reading =1 digit and with the polarity of the applied signal
indicated automatically. Modes of range selection available for
the plug-ins include manual, remote, and automatic. Refer to
Table 1 for data, The bright, easy-to-read display reduces oper-
ator fatigue. A polarized Jight filter ceduces the reflection of ex-
ternal light so that a good contrast results when the digits are
lighted.

Plug-in units
Table 2 illustrates the features obrained by using the 34414,
3442A, 3443A, 3444A. 3445A or 3446A plug-ins with any
3439A or 3440A.

Performance

The operator can instantly verify the accuracy of the 3439A
and 3440A by pressing a front-panel button. Typical perfoc-
mance on the 3440A internal calibration source is better than
0.0029/°C TC with stability typically better than *+0.05%
over a three-month period. The linearity is approximately
+0.019 for the 10, 100, and 1000 V ranges with 0.039,
linearity full scale for the 100 mV and 1000 mV range. The
stability of reading is approximately =) count.

Feature HP 3439A HP 3440A Plug-in function chart
Sample rate: 3/s fixed “HOLD" and vari-
ple rate ix atie 1/s 10 Bls Plug-in® 3441A(3442A |34434| 3444A| 34454 |3448A
DC input floating:| 600 V above chassis| 500 V sbave chassis A'CO:/OLG.IOOV L b e [Xs X X
ground ground o
: DC volts
Printer output: None 8CcD (1~2-2-4) for 10V to 1000V X X X X X X
data, polarity, function,
print command and DC volts 100mV X
decimal. BCD to 1000V
11-2-4-8) Opt HO?2 DC amps X
Overrange 5% Ohms X
Power 115 or 230 V £ 10%, Manual ranging X X X X X
48 to 440 H2, spprox -
20 to 30 W depending Autoranging X X X
on plug-in (45 VA max} Floating input X X X X X
Operating ° ° Remats ranging X X X X
remperature +07C1o0+507C Remate function X
Weight: Net 18 Ibs (8 kg); shipping 24 (bs (10,8 kg). “3439A and 3440A require a plug-in 1o operate.
- - — - - ~*Average response maasurements: 100 vV 1o 300 V, 50 H2 to
Dimensions: 1 g e 2 5 2 g x 11 1/47 deeo 500 kHz use HP 457A; ) mV t0 300 V, 10 Hz 10 10 MHz use
: : om HP 400E/EL. True rms measurements; 1 mV to 300 V, 10 Hz
Price: $1075 51300 t0 10 MHz, use HP 3400A.

Table 1. Features Chart.

Table 2. Plug-in Function Chart.
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3440A and Plug-ins

Specifications *

3441A/3442A 3443A 3444A 344BA/3446A
OC voltage
Ranges $9.899V, +98.99V, +99.99mV, £899.9mV, | +99.98mV, £999.9mV, 1£9.999V, £99.98V,
1898.9Vv +9.999V, £99.99Vv, 1£9.999V, +98.99V, +9990.8V
+998.9V 19898.9Vv
Accuracy +(.05% Rdg + 1 digit} +(.05% Rdg t+ 1 digit) +(.05% Rdg £ 1 digit) +(.05% Rdg + | dgit)
Input impedance 10.2M0 10.2MN 10.2 M0 10.2MN
Range selection g:g;ﬁ m::zg:‘ suto, Manusl, auto, remote Manual manual, auto, remote
remote
AC voltage
Ranges 9.998V, 89.99V, 999.9V
Accuracy
(50Hz to 20kHz2) +{.1% Rdg +.02% FS)
{20&kHz2 to 50kHz) +£.12% FS
{50«kHz to 100kHz) +.1% FSwot .3% FS
linearly derstsd
with frequency
Input impedance None None None 10 MO, 20 pF
Range selection Manual, auto, remote
Response time 3 seconds
Ohms
Ranges 999.9N, 9.999 kN,
99.99 kN ,899.9 kN,
9,988 M N
None None None
Accuracy +{.3% Rdg £ 1 digit}
Range selection Maanua!
OC current
Ranges +98.990A , £989.90A,
+9.999mA ,1+98.98mA,
1999 .9mA
Accuracy None None +£1.2% Rdg £ 1 digit) None
Range selection Manual
General
Weight 3441A: 1 b net (0,45 3 Ibs net (1,35 kg) 3 )bs net (1,35 kg) 2.76 tbs net (1,24 kq)
T%i llrs shipping 6 1bs shipping (2,7 kg) 6 Ibs shipping 12,7 kg) 8 ibs shipping (2,7 kg}
3445416 ibs net
(0,7 kg); 5 Ibs ship--
ping (2,3 kg)
Price 3441A: 8§50 $565 $655 3445A: 3655
3442A: $165 3446A;: $640

*Refer 10 data sheet for complete specifications.
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MULTI-FUNCTION METER

12 modes of operation, true rms
Model 3450A

\

entao

L g

3450A
S/
General description DOC Ratio
The Hewlett-Packard Mode! 3450A Multi-Function Meter is RE;‘E‘TS display: o A .
a five-digit, integrating digital voltmeter. The basic instrument "'+ range display: +1.00000; =10.0000; =100.000;
measures dc voltage 2nd de¢ voltage ratios. Added measurement = 1000.00.
Pertormance

capability is achieved by the addition of plug-in options.

Optlonal Functions

AC and ac ratio Option 001
Ohms and ohms ratio Option 002
Limit test Option 003
Digita! outrput Option 004
Remote control Option 005
Rear terminals Option 006

Specifications™*
DC Voltages

Ranges

Full range display: +100.000 mV; £1.00000 V; =10.0000

V; #+100.000 V; *1000.00 V.

Overranging: 20% on all ranges
Performance

Accuracy: 30 day (25°C %£5°C).

Range Specification
1(0.008% ot reading
1Vithry 3000V +0.002% of range)
+(0.008% of reading
+0.01% of range)

100 mV

Measuring speed: 380 ms (1/10 s gate); 65 ms (1/60).

Input characteristics

Input resistance: 100 mV through 10 V ranges, 109 £ 100
V, 1000 V ranges, 10 MQ.

Normal mode rejection: extremely high rejection at har-
monics of gate time.

Effective common mode rejection: extremely high rejection
at harmonics of gate time. Specified with 1 k@ unbalance.
Applies to dc 2nd ochms.

Accuracy: 30 day (25°C =*=5°C), 3=([0.01¢, of readings®
+0.0029 of ratio range 4 (Y range/Y voltage) x
0.003%1.

*Add 0.005% of reading for X input >100 V.

Measuring speed: 840 ms (1/10 s gate); 210 ms {1/60 s).

Input characteristics
Input configuration: isolation 4-terminal, guarded. No com-
mon ground necessary between signals.
input resistance: same as dc voltage for X and Y inputs.

AC Vaitage Option 001
(True RMS-Responding, 45 Hz to 1 MHz)

Ranges
Full range display: 1.00000 V; 10.0000 V: 100.000 V;
1000.00 V.
Overranging: 209 on all ranges (1500 V p on 1 kV).
Performance
Accuracy: 90 day (25°C =5°C).
Depends on: frequency, input, amplitude, % of full scale.
Mid-band accuracy: =*=(0.04% of ceading +0.01% of
range).
Measuring speed: 2,7 s (1/10 s gate).
Input characteristics
Input impedance: front terminals, 2 MQ shuated by 90 =10
pF in series with 0.1 xF; rear rerminals, 2 MQ shunted by
135 %15 pF in series with 0.1 «F,

AC Ratlo Option 001
(True RMS-Responding)
Renges
Futl range display: 1.00000; 10.0000; 100,000; 1000.00.

=~ For complete specifications refer to Techalca) Data Sheet.



Performance
Accuracy: 90 day (25°C =5°C), x£(0.02% of reading
+0.01% of ratio range + sum of measurement accuracy
of each input).
Measuring speed: 8.1 s (1/10 s gate).
Input characteristics
Input conflguration: isolated 4.tecminal, guarded.
Input Impedance: same as ac voltage for X and Y.
Interterminal capacitance between X and Y: <10 pF.
Crest factor: 7:1 (f >1 kHz, bandwidth = 1 MHz).
Maximum input voltage: same as dc voltage, except
< =1000 V dc offset voltage on X terminals,

Ohms Option 002
Ranges

Full range display: 100.000 Q; 1.00000 k2; 10.0000 k&;
1000.00 k22; 10000.0 kQ.

Accuracy: 30 day (25°C *+5°C). Depends on reading, 9 of
scale and range. Accuracy for 1 k2 - 100 k2 ranges is
+(0.01% of reading -+0.0029 of range).

Measuring speed: 380 ms (1/10 s gate); 65 ms (1/60 s
gate), 165 ms on 10 MQ range.

Input characteristics
Input configuration: 4-wire, guarded.
Current through resistance.

Range Signai Current
100n
1k 1mA
10 k(1
100 ki)
1000 k0 e
10000 kN 1 uA

Effective common-mode rejectlon (ECMR): same as dc vol-
tage.
Norrial-mode rejection: same as dc voltage.
Overload protection: 200 V p for X orY input.
Ohms Ratio Option 002
Ranges
Full range ratio dispiay: 1.00000; 10,0000; 100.000; 1000.00.
Performance
Accuracy: 30 day (25°C =5°C at terminals): = (% of
tatio range error 4 9 of ratio reading error) where
9, of ratio range error = - (0.004%, + Y range
Y resistance
x 0.002%); % of ratio reading error is the greater per-
centage given below for either the X or Y resistance.

65 | 055 01 [ 005 002 ] 008 | 02 | %
100 [ 2k 9k 500% 5M 2 N

*0.01% for ratlos between 0,95 angd 1.05 if X and Y are between t0k
and 600 k.

Measuring speed: 840 ms (1/10 s gate): 210 ms (1/60 s

gate).
Input characteristics

Input configuration: isolated 4-terminal, guarded. Two wires
per tesistor.

Current through X and Y resistance: same as ohms function.

Effective common-mode rejection (ECMR): same as dc vol-
tage for X input.

Normal-mode rejectlon: same as dc voltage for X input.

Overload protection: =200 V p for X or Y input.

Limit Test Option 003

Capability
Applicable to: dc, dc ratio, ac, ac ratio, ohms, and ohms ratio.
No degradation in performance of above six functions.
Limit selectlon
Two 4-digit limits (with 20% overranging), including po-
lariry, are selectable in 1.2-4-8 BCD form.

Digital Output Option 004
4-line BCD (1-2-4-8) "'1" state positive, 5 columns: 2 columns
for function and polarity, 1 column for range, 6 columns
for data.

8CD isvels

Output

State 12 V Level Characteristics

"o +0.5 V0.5V 12 mA max sink current

e +11.5V 105 V 12 kfisource resistance
Cutput

State SV Level*® Characteristics

Q! +0.6 V0.5V 20 mA max sink curcent

17 +45Vv 03V 12 kN source resistance

'S V level may ba selected by moving jumper wire on Oigital Out-
put PC board.

BCD reference levals

Source
Ref Lavel 12 V Leve!l 5V Leval Resistance
Negative 1V +0.4 VvV 3 kN
Positive 6V +3V 10 kN

Holdoff on intarnal trigger or print command may be selected by
maoving jumper wire.
Remote Control Option 005
All remote control lines ace selected by an external closure to
ground through <3 k@ (2.8 mA max) or application of
—0.5 Vto +2.5 V for the 0" state as shown below.

Stats 12 V Lavel BV Lavel*
"0’ -0.5Vto25V -0.5Vio+t.0V
i +55 Vio+t2 V 2.5Vt50V

*5 V level may be selected by moving jumper wire on Remote
Control PC board.
General

Operating temperature: 0°C to 50°C, unless otherwise specified.
Storage temperature: —40°C to +75°C.

Power: 115 V or 230 V *=10%, 48 Hz to 440 Hz, 110 VA max
(including all options, normal environmental conditions).
Dimensions: 15 3/4” wide, 3 15/32” high, 21 3/8” deep (425

X 88 x 542 mm).

Welght
Basic Instrument: net 31 lbs (14,1 kg); shipping 41 lbs
(18,5 kg).
Inciuding all options: net 36 lbs (16,3 kg); shipping 49 [bs
(22,1 kg).

Accessories available: HP 11133A Rear Input Cable assembly,
$30; HP 11112A Limit Selector, $175. The standard HP
S0S0B Printer is compatible with the 3450A. The HP 5050B
Opt. HO089 Printer (s equipped with special alphameric
wheels for use with the 3450A. The following accessory
numbers are for ordering optional capabilities not included
with initial purchase: HP 11077A Ohms Cooverter, $425;
HP 11078A AC Converter, $1250; HP 11079A Limit Test,
8375; HP 11080A Digital Ourput, $225; HP 11099A Re-
mote Coatrol, $260.

Accessaries furnished: rack mouating kit; lamp replacement
kit; extender kit for Option 001; connector kit for Option
003; connector kit for Option 004; HP 11133A Reac Input
Cable assembly for Option 006.

Price: HP 3450A (includes dc¢ and dc ratio), $3300, HP 3450A
Option H50, Optimum Noise Rejection for 50 Hz line, add
$60; HP 3450A Option HO1, Optimum Noise Rejection for
60 Hz line with programmable filtec, add $300; HP 3450A
Option H13, Optimum Noise Rejection for 50 Hz line with
programmable filter, add $360; Option 001 AC Converter
(adds ac, ac ratio), add $1250; Option 002 Ohms Converter,
add $425; Option 003 Limit Test (adds limit test capability),
add $375; Option 004 Digital Qutput (adds BCD output,
1.2-4-8 code), add $225; Option 005 Remote Control (adds
remote control capability), add $260; Option 006 Rear In-
put Terminals (adds front/rear selector switch and rear
terminals), add $70.

71



72

MEASURING DEVICES

! RANGE

Option 002

V-TO-F CONVERTER
Accurate bipolar, low-level dc V-to-F conversion
Mode} 22128

The HP 2212B is a compact Voltage-to-Frequency Converter,
well suited to low-level signal applications. Low input drift and
high common mode rejection (114 dB at 60 Hz) are achieved
without a chopper by differential circuits, The VFC produces
an owtput pulse rrain with a rate directly proportional to the
magnitude of an applied dc voltage. Pulse rate rises linearly
anqg instantaneously from 0 o 100,000 pulses per second as the
dc input level s increased from zero to full scale. The 2212B
provides outstanding linearity, stability and noise immunity.

The output of the HP 2212B, when connected to an elec-
tronic counter provides 2 convenient method of making digital
measurements of dc voltages; the converter provides 2 polarity
signal. This convertet-counter combination can be connected
directly to a gdigital printer or through an output coupler to
other common digitzl recording devices.

The converter-counter combination integrates dc voltages
over any period of time and can therefore be used to read the
average of the input over 2 selected sample period, or over an
externally-controlled period. This provides accurate dc measure-
ments in the presence of noise superimposed on the signal. Com-
bining the VFC with an HP 5321B all.JC Counter, provides an
Integrating DVM with .01, .1, 1 and 10 seconds sample periods,

The modular package with self-contained power supply al-
lows the 2212B to be used in both bench and systems applica-
tions. An inexpensive combining case is available to mount 10
instruments side-by-side in only 514" of 19” rack panel space.

Specifications

Specifications include =109 line voltage variation, hold for 1
k& max. source resistance, any unbalance, and assume daily
calibration after specified warmup.

DC voitage ranges: 3 tanges; 0 to 10 mV, 100 mV, 1 V. Vernier
option 002 (10-turn potentiometer) extends range to X3.5,
for any setting. Overrange: to 2509 of full scale, all ranges.
Instrument is sensitive to positive and negative inputs; po-
larity indication and output signal provided.

Accuracy: ‘Worst case’ accuracy of pulse rate over 1-second
sample period with respect to the source used for calibration
is as follows:

o1y { 1y 1V
Frdg = % 8 Frdg= %18 grdg= % is
Stablity .07 06 .05 015 .02 011
Linearity .0} 01 0]
Temp. Coeff. | .004 017 .004 0035 .004 0022

Internal calibration source: 1 V standard for self-calibration.
Accurate to within =0.029 for six months; temp. coeff of
+0.0059% per °C (0° to 55°C).

Ditterentlal input Impedance: 1000 MQ shuated by 0.001 uF.

Common mode rejectlon: 120 dB at dc: 114 dB at 60 Ha.

Comman mode return: From input common to output common,
1 megohm, max.

Normal mode rejection: More than 40 dB at 55 Hz with 1
second sample period; increases 20 dB per decade increase
in aoise frequency. Infinite sejection cusp every cycle.

Slewing: 10° V/sec rti (referred to input) with dc offset cansed
by slew limiting less than 0.1% of peak ac, provided 2509%
of full scale is not exceeded.

Maximum input signal: =11 V, signal plus common mode.
Combined input up to #20 V will not damage instrument.

Output (dc coupled): 0 1o 100 kHz fs, overranging to 250
kHz; S mA available; short circuit will aot damage instru-
ment.

Settling time: 100 us to within 0.01% of final pulse rate.

Overload recovery: 200 us to 0.019 of final pulse rate for
signal to 10 times full scale. Less than 5 ms for signal plus
common mode input up to 20 V.

Polarity Indlcation: electrical and visval for 4+ and —.

Operating conditions: Ambient temperatures from 0° to 55°C;
relative humidity to 95% at 40°C.

Warmup: operates immediately after turn-on, but requires 115
hours in free air, 30 minutes in portable case or combining
Case (plus 1 hour additional warmup for each 10°C differ-
ence between storage temperature and operating ambient)
for specified accuracy and zero drift.

Reliabllity: predicted MTBF (with 9097 confidence) is 10,000
hours when operated at 25°C ambient.

Pawer: 115 or 230 V +=10%, 48 to 440 Hz, 10 VA max.

Dimenslions: 1%5” wide, 473" high, 15” deep (39.7 x 1238 x
381 mm).

Weight: net 4 1b (1,8 kg), shipping 615 [b (2,9 kg).

Accessories avallable: maring rear connector; mating rear con.
nector with power cord, input/output cable; combining
case: holds up to 10 instruments in 54" of 19” rack space
(mating connectors furnished), includes power cord and
fan; portable case: holds two VFC's (mating connectors
furnished) and includes power switch, pilot light, power
cord and fan.

Price: HP 2212B, $1325; option 002 (Vernier) add §100.



INTEGRATING DVM
Precise measurements despite severe noise
Model 2402A

Description

The 2402A Integrating Digital Voltmeter combines 43 mea-
surements per second sampling rate and the precision and
measurement flexibility expected from a laboratory instrument
with the programming and electrical output features neces-
sary for data acquisition systems use both computerized and
non-computerized. It achieves high speed and high accuracy at
low levels, without preamplifiers.

High 2ccuracy in 2 DVM is of little practical value unless
this accuracy can be maintained in the presence of noise and
under the far from ideal conditions of everyday use, The 2402A
is average-reading, which greatly reduces the effects of super-
imposed noise. A floated and guarded input circuit eliminates
common mode noise error. Combined, these techniques yield
effective common mode noise rejection greater than 126 dB (2
million to 1) at any frequency, including dc.

AC voltages to 750 V peak ¢ap be measured on four ranges
from 1 V 1o 1000 V when the 2402A is equipped for optional
ac voltage measurement. Resistance measurements to 13 meg-
ohms can be made on five ranges from 1 k@ to 10 M2 when
the 2402A is equipped with this option. The 2402A may be
equipped for frequency measurements to 199.999 kHz. Fre.
quency measurement is a plug-in option.

Specificationst
DC voltage measurement

Noise rejection: overall effective common mode rejection:
(ratio of comman mode signal to its effect upon readings):
160 dB at de, decreasing to 126 dB above 30 Hz (infinite
rejection cusp gives 168 dB effective cmr at 60 Hz =.15%).
Overall rejection combines common mode rejection and sup-
erimposed nofse rejection.

Ranges: 100 mV and 1, 10, 100, and 1000 V full scale selected
by front panel switch, external programming or autoranger.

Internal calibration standard: (independent of measuring cir-
cuit). Derived from stabilized reference diode operating in
a constant temperature oven; maintajns specified accuracy
for 6 months.

Accuracy: 6 months (25°C =1°C). 1 V . 1000 V range:
=+ (0.01% reading 4.003% F.S.): 100 mV range: = (0.01%
reading +4.005% F.S.).

Measurement speed: to 43 mecasurements per second when
triggered externally,

AC voltage measurement option
Input Impedance: 1 M2 =19 shunted by 200 pF (maximum}).
AC only operation: frequency range: 50 Hz to 100 kHz.
Ranges: 1, 10, 100, and 1000 V full scale, selected by front
panel switch, external programming or autoranger.
Accuracy: midband =(0.06% reading +.03% F.S.).
Measuremeat speed: to 1.9 externally-triggered measure-
ments per second.
Resolution: 1 part in 130,000 on 6-digit dispiay; 10 «V on
1V range.

Resistance measurement optlon

Noise rejectlon: measurement circuit enclosed in same guard
as dc cireuit, reducing effect of 2¢ common mode noise when
guard is connected to low side of test resistance.

input clreuit: guarded, modified four-terminal circuit, unknown
resistor can be either grounded or floating.

Ranges: 1 kQ, 10 k2, 100 k@, | MQ, and 10 MQ full scale, se-
lected by front panel switch, external programming or op-
tional autoranger.

@% MEASURING DEVICES

Absolute accuracy

Resistance range 1 kit 10 kN [100 k) )} MO 10 MN

Measuremant TmA [ mA [100uAfIOLA| 1uA
ourrent

Accuracy 0% dg v 151 [ 10030 g0+ 0,003% fg| 20 09~ % W
at 259 0.016 ]0.003 0,025 | 0.005

Temperatura * 4(0.004% rag « 0.0003%) fs per OC difference of ambient
effect with raspect 16 26°C aver 10 to 50°C range

* Cabbration of 2402A agsinst intarasl standard at operating temperature
dacreases % rdg temparatare sffect to 0.0015% par °C, ta 0.0025% rdg par °C.

Measurement speed: to 8 externally triggered readings per
second.

Resolution: 1 past in 130,000; 0.01 2 on 1 k& range.

Frequency measuremsnt optlon

Frequency range: 5 Hz to 199.999 kHz.

Qate time: 1 second; provides t Hz resolution.

Accuracy: * (1 count + time base stability): time base aging
rate: 2 ppm per week over 20 o 30°C: time base tempera-
ture effect: 100 ppm over range 10 to 50°C.

Input
Amplitude range: 0.1 to 100 V tms.

Pulse or square wave Input: negative 1 to 100 V amplitude,
2 gs minimum duration, 50% maximum duty cycle.

Impedance: 1 MQ shunted by 150 pF.

Maximum voltage: 150 V peak dc plus ac or puise.

Autorange option

Range selection: dc voltage ranges; each time autoranger is
programmed, it starts on 1 V range to take advantage of
fast up-ranging. While autoranging is continuously pro-
grammed, autoranger starts at range selected for previous
reading, sequences to higher or lower range as required. AC
voltage range: auroranger starts at 1000 V range, sequences
to lower range as required. Up-ranges at 136% of full scale,
down-ranges at 10.29.

General

Display and systemn Interface: 6-digit display, BCD output and
program inputs. Polarity, decimal, measurement units, cali-
bration, and overload conditions indicated automatically and
included in ouput as function and decimal digits.

Operating econditions: specifications apply for ambient tempera-
tures 10 to 50°C, relative humidity to 9095 at 40°C, alti-
tude to 15,000 feet.

Power: 115 or 230 V *=10%, 50 to 60 Hz, 150 VA max.

Dimensions: 16%” wide, 534" high, 1914 deep behind panel
(425 x 133 x 494 mm); hardware furnished for 19” wide
rack mount.

Welght: net 49 Ibs (22,2 kg); shipping 56 lbs (254 kg).

Price: 2402A for DC measurements, $5950; AC, add $675; se-
sistance, add $775: frequency, add 8350; autoranging, add
8265.

tRefer to data sheet tor complete specifications,
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DIGITAL VOLTMETER

+0.004% accuracy, lab precision, systems speed
Model 3460B

3460B

The Hewlett-Packard Model 3460B is a full five-digit digital
voltmeter which combines in one instrument the benefits of high
accuracy, high speed, and high noise rejection. The unique method
by which the potentiometric and integrating techniques are com-
bined in this instrument is primarily responsible for this combination
of outstanding features, A unique two-sample system enables 15
independent readings to be made in one second at this accuracy,
Integration dusing the second of these two samples plus guarding
results in excellent effective common-mode rejection and ac normal-
mode rejection characteristics. Voltage ranges and integration periods
can be selected by contact closures to ground.

DC Voltage Specifications”
Ranges

Full range display: *1.00000 V; £10.0000 V; £100.000 V;

+1000.00 V.
Overranging: 209% on all ranges.
Range selectlon: manual, automatic or remote.

Performance rating

Accuracy (accuracy applies over a temperature range of 25°C

*5°C):

90 day calibration cycle: = (0.004% of reading T0.002¢, of

sange).
180 day calibration cycle: = (0.007% of reading +0.003% of
range).

Stablity: *(0.002% of reading +0.001% of range) 24 hr,
constant temperature =1°C.

Temperature coefficlent: £ (0.0002% of reading +0.0001% of
range) per °C (from 0°C to 20°C and 30°C to 50°C).

Reading perlod
10, 100, 1000 V ranges: <66 ms; 1 V range: <150 ms.
Integration period: 1/10 s (1/60 s selectable by external con-

tact closure to ground on 10, 100 and 1000 V ranges).
Response time; reads within specified accuracy when triggered
coincident with step input voltage.
Autorange time: 33 ms per range change. Remote ranging time:
8 ms.
Input characteristics

Input resistance: 1 V and 10 V ranges, >10"Q within =5¢% of
nuil, otherwise 10 MQ £0.039%; 100 V and 1000 V range,
10 MR £0.039%.

Isolation parameters: floated and guarded input terminals; guard
can be operated up to =500 V p with respect to chassis ground,
low can be operated up to =50 V p with respect to guard.

Noise rejection: overall effective common-mode rejection (ratio of
indicated error voltage to common-mode voltage) 145 dB at all
frequencies (0.1 s sample period); common-mode rejection 160
dB at de¢, 120 d8B at 60 Hz with 10002 berween low side of input
and the point where the guard is connected; superimposed noise
rejection; >20 dB at 55 Hz for 0.1 s sample period increased
20 dB per decade of (requency; infinite rejection at frequencies
divisible by 10 (0.1 s sample period) or 60 (1/60 s sample
period).

“For complete specifications refer to Data Sheet.

Remnote control
Range selection: remote: all ranges can be selected by a contact
closure to ground with impedance of <100Q for a period >100
ps. Automatic: automatic mode of range selection can be pro-
grammed by a contact closure to ground with impedance <1002,
D/A converter reset: contact closure to ground of <1009.
Trigger hold-of: hold-off voliage is +3 to +10 V with a maxi-
mum current of 6.3 mA (provided by an external device).
Input resistance: 10 MQ *0.03% can be programmed by contact
closure to ground of <100Q.

Recorder data
BCD outputs: 4.Jine BCD (1-2-4-8) “1" state positive, 9 columns
of information: function, decimal, overload, and 6 of digit data.

General
Operating temperature: instrument will operate within specifica-
tions from 0°C to 50°C unless otherwise specified.
Storage temperature: —40°C to +75°C.
RF!: conducred and radiated leakage limits are below those specified
in MIL-1-6181D.
Power: 115 V or 230 V £10%, 50 Hz to0 60 Hz, 90 VA max.
HP 3460B is available on special order for operation with power-
line frequencies berween 50 Hz and 400 Hz.
Dimensions: 163" wide, 5-7/32” high, 193" deep (425 x 133 x
492 mm).
Weight: net, 38 (bs (17,6 kg); shipping, 55 Ibs (24,8 kg).
Accessories furnished
HP 11065A 6-ft rear input cable, guarding preserved; $20.
HP 11085A remote control cable, $30; rack mount kit for 19”
rack.
Accessories available: HP 562A/AR Digital Recorder; HP 5050A
Digital Recorder.

Optional Filter

An optional programmable filter can be added (as indicated in
the table below) to increase the ac normal-mode rejection by 26 dB
at 60 Hz (24 dB at 50 Hz). With this added rejection the 3460B
accommodates ac normal-mode signals up to 1009 of range (pesk
value). .

When using the filter, 725 ms is added to the reading period and
363 ms is added to the auto-range time listed in the 3460B speci-
fications.

Price: HP 3460B, 1-2-4-8 BCD "1 state positive, $3850.

BCD Dode
(4" slatn posftive) 1A Adgitional
Options 1248 | V-2:2-4_| Compatlbliity Filter Prive
o1 X N/G
062 X X $150
003 X X 150
004 X X 750
%5 X X 250
008 X X X $460
087 X X X 300"

HP 3460B option HSO, optiroum noise rejection for 50 Hz line
frequency (3460B Options in chart apply).



DIGITAL VOLTMETER
Resofution: 1 W on 1 V; 1 mV on 1000 V range
Model 3462A

S|
il

MEASURING DEVICES

&

3462A

e

Description

The solid-state Model 34624, 6-digit DVM, offers a resolu-
tion of 1 part in 1,200,000 at 209 overrange—four times more
resolution than any other digital voltmeter in its price range.
Accuracy is ==(0.0049% of reading +0.00029 of range) over
a 10°C temperature variation for a petiod of 90 days,

Null measurements can be performed with 1 4V sensitivity.
A front-panel, high-resolution zero adjust is provided to com-
pensate for any thermals in connections to external circuitry.
BCD ourput capability permits recording of data, and remote
programmability permits system applications.

Specifications™
Ranges
Full range display: ==1.000000 V; =10.00000 V; = 100.0000;
=1000.000.
Overranging: 209 on all ranges.
Range selection: manual, automatic, or remote.
Performance
Accuracy (90 days, 25°C £5°C, <50% RH): ==(0.004% of
reading +0.0002% of range).
Accuracy (90 days, 25°C +5°C, <959% RH): ==(0.004% of
reading +0.0004% of range).
Stability (constant temperature £1°C, <509, RH)
24 hr: = (0.0015% of reading +0.0002% of range).
180 day: == (0.006% of reading +0.0004% of range).
Temperature coefficient (0°C to 50°C): = (0.0002% of read-
ing +0.00002% of range) per °C.
Measuring speed

Effective common-mode rejection: 160 4B at dc; extremely
high at harmonics of power line.

Normal mode rejection: >100 dB at 60 Hz; extremely high at
harmonics of power line.

Remote control
Range selection
Automatic: pushbutton selector or a switch closure to ground
through <1009 provides autorange operation. 60 ms fs
required per range c¢hange, 180 ms max.
Remote: 2 switch closure to ground through <100Q for 2
period >100 ps selects range desired.
Manual: pushbutton selector.
Voltmeter reset: switch closure to ground through <100Q
assures minimum reading period.
Trigger hold-off: hold-off level is 43 V to + 10 V with max
current of 6.3 mA (provided by an external device),
Input resistance: 1072 =*=0.03% can be programmed by con-
tact closure to ground of <1008.

Recorder data
BCD outputs: 4-line BCD (1-2-4-8), 9 columns, consisting of
polarity and decimal location, overload, and 7 digits of data
(HP 3462A Option 001 is available for 1-2-2-4 BCD).

General
Operating ternperature: 6°C to 50°C unless specified otherwise.
Power: 115 V or 230 V %10%, 50 Hz to 60 Hz, 90 VA max.
Available on special order for operation with powerline fre-
quencies between 50 Hz and 400 Hz.
Dimensions: 16%” wide, 5” high, 213;” deep (425 x 127 x

Weight: net, 38 lbs (16 kg); shipping, 55 Ibs (24,8 kg).
Accessorles furnished
HP 11065A 6-ft rear input cable, guarding preserved, termi-
nated end mates with 3462A, $20; HP 11085A remote
control cable, 830; HP rack mount kit.
Price: HP 34624, $4995; HP 3462A Option 001 (1-2-2-4 BCD
output), $4995; HP 3462A Option HSO (optimum noise
rejection for 50 Hz line frequency), add $60.

Reading Perlod Auto- Remote | Polarlty
(ntegratlan (wlthout range | Range | Selestlon 543 mm).
Range | [Interval range change) Time Thne Thne
v
10V no
100 V 1s 1.ls 60 ms 8 ms delay
1000 V
Range Specifications
1Vand 10V 1010 Q within == 5% of nul!, otherwise 10’ @ =0.03%7
100 V and 1000 V 107 @ =0.03%

* Refer to data sheet for comoplete specifications.
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RADIANT FLUX METER AND DETECTOR
Measure UV, visible and infrared radiation
Model 8330A, 8334A

MEASURING DEVICES

&

K 8330A

8334A

/

Description

The Modet 8330A Radiant Flux Meter and Model 8334 A
Radiant Flux Detecror combine to form a complete, multi-
purpose optical radiometer system ideally suited for use 1n
a wide variety of exacting applications involving the ac-
curate measurement of radiant power density in the ultra-
violet, visible and infrared regions of the electromagnetic
spectrum,

Direct readout in absolute units

The complete system is fully calibrated and reads directly
in absolute radiometric units of watts per cm?* at any wave-
length and at any power level within the range of the de-
tector. The uniform, flat spectral response of the detector
eliminates the need for inconvenjent spectral calibration
curves, thus enabling the convenient measurement of mono-
chromatic radiation as well as the accurate measurement of
spectrally-distributed (non-monochromatic) radiation from
optical sources such as thermal blackbody radiators.

Thin-fiim Thermopile Detector
Key to the exceptionally high performance of the com-
plete system is the unique, Hewlett-Packard-designed and
manufactured thin-film thetmopile detector. This multijunc-
tion thermocouple-type detector exhibits a combination of
flat spectral response, fast rise time and mechanical rugged-
ness not found in conventional designs.

Convenient t¢ use

The instrument is particulagly convenient and easy to use
compared with previously available optical radiometers. The
front panel meter can be automatically zeroed by simply
depressing the front-panel MODE switch. No manual zero
knob adjustment is needed. A pushbutton-operated, built-in
electrical substitution-type calibrator keeps the fully inte-
geated system operating at maximum accuracy at all times,

Appfications
The 8330A/8334A system is useful in a wide range of
faboratory, industrial and field applications in a number of
different areas such as optical science and engineering,
process control, biological science and many others.

Specifications, 8330A/8334A

Dynamic range: irradiance measured in 10 overlapping (1:3:10
sequence) ranges from 3 #W/cm’ to 100 mW/cm® full scale.

Accuraty: absolute measurement uncertainty of broadband irradi-
ance is less than £ 5% of full scale on any range.

Spectral range and flatness: standard version of Model 8234A is
equipped with Infrasil quartz optical window and responds from
at least 0.3 to more than 3.0 microns, flai to within £39% or
less (measured with grating monochromator with better than 0.1
micton resolution). Spettral range is extendable beyond these
limits using specified alternate optical window marterials, Windows
are not interchangeable.

Response time, 10-90%,: measured at recorder/DVM output is:
<70 msec on 3, 10, 30, 100 mW /cm® ranges; <0.7 sec on 100,
300 #W/cm® and 1 mW/em® ranges, <2.7 sec on 3, 10, 30 x\%//
em® ranges.

Zero drift: rypically less than 3.0 W /cm’/ht in laboratory envicon-
ment with reasonably constant ambient temperature.

Recorder/DVM output: 0-1 volt dc. BNC connector.

Power requirements; 115/230 V ac > 10%, 50-400 Hz, 2.5 watts.

Waeight: 3330A: net, 6 Ibs 15 oz (3,2 kg); shipping, 9 Jbs 14 oz
(4.6 keg). 8354A: net, 1 1b 5 0z (0,8 kg): shipping, 1 1b 15 o2
(L kg).

Dimensions: (approximate), $330A: 6Y;” high, S\4” wide, 1115"
deep (165 x 130 x 285 mm). 8334A: (including stand) 614"
high, 4% " wide, 5" long (160 x 121 ¥ 127 mm).

Accessories furnished: 714’ (2,3 m) power cable. Adjustable
height stand and 34" diameter support rod (pin mount) for
detector.

Price: Model 83304, $650. Model 83344, §450 with Infrasil quarz
window; detectors with z2lternate types of optical windows can
be supplied on special order at extra cost.



TRANSISTOR NOISE ANALYZER
Measures i , e , NF for bipolar and FET's

Model 4470B

Description

The HP 4470B Transistor Noise Analyzer evaluates accurately
transistor noise voltages (en), noise currents (in) as well as direct
measurement of noise figure (NF).

This Noise Analyzer performs “spot’* frequency measurements at
9 frequencies between 10 Hz and 100 kHz. Noise is carried by the
spot frequency “pilot” signal in sidebands at 10 Hz above and below
the pilot frequency. Total noise measured, equivalent to transistor
noise at the spot frequency, is the average of the noise in the two
sidebands.

Specifications
Noise parameters measured
Voltage noise: (e,) referred to the input of the transistor under
test, in both bipolar and FET's.
Current noise: (is) referred to the input of transistor under test,
in bipolar transisters.
Spot nolse figure: (NF) for both bipolar and FET.
Avallable ranges
Voltage noise: 3 nV, 10 nV, 30 nV, 100 nV, 300 nV, { 2V and
3 4V F.S. at 1 Hz bandwidth, Two meter scales of 0 to 3, 0 to
10 and X1, X10, X100 multipliers. Ranges as a function of spot
frequeacy are: all ranges at 10 and 30 Hz, 3 nV to 1 1V at 100
and 300 Hz: 3 nV to 300 nV at 1 k and 3 kHz: 3 nV to 100 aV
at 10 k and 30 kHz: 3 nV to 30 nV at 100 kHz.
Current noise: refer to chart for applicable noise current mea-
sutement limits (Referred to 1 Hz bandwidth). Max. freq. for
each current noise range is shown in chart.

coLLECTOR/ NOVSC CURRENT SanGes
ORAIN AS FUNCTION OF ORAIN CURRENT USED:
CUARENY
SETTING 0G| 300 1/000[ 3 © 30 [ 100 | 300 000! 3
Al " a] Al os Al oAl pa| pa|l oAl na

1,3uA

10,3 ya

100, 300pA

HL3ma

10,30 M8

{NOTE 1A+ femta=ampi, (pmip » 20"

Spot noise flgure: (NF) 0.40 dB; meter scaled from —5 dB to
+10 dB.
Ranges are: —35 dB to 10 dB: +5 dB to +20 dB; +15 dB to
+30 dB: +25 dB to +40 dB.

3’//////
. 77 ]

7z //’//’////,///////////'// /4“//-
?‘////////////////7////’/7/////////’/7 22
////////////ézé’/'//l’///////// Q220227

0 3 100 0 X3 I 1ge 30X 1tox
FREQUENCY |~ wi)

Naise level below the heavy line is measurable for the bipolar
transistor. Noise level below the broken line is measurable for
FET.

Spot frequencies: 10 Hz, 30 Hz, 100 Hz, 300 Hz, 1 kHz, 3 kHz,
10 kHz, 30 kHz, and 100 kHz.

Noise bandwidth: 4 Hz. Noise is measured in pilot signal side-
bands centered at =10 Hz from spot frequency. Sidebands are 4
Hz wide. Pilot signal equals spot frequency except at 10 and 30
Hz where 100 Hz carrier is used.

Collector/Drain power suppiies: cucrents of 1, 3, 10, 30, 100 pA,
0.3, 1, 3, 10 and 30 mA are provided with continuous adjustment
between values. Voltages of 0 to 15 V de, continuously variable.
Both supplies are independent of each other. Current supply seeks
desired setting.

MEASURING DEVICES

MODEL 44708 j

Transistor types: bipolar NPN and PNP, P-channel or N-chanael
FET noise may be analyzed.

B-Range: Bipolar Transistors with hys from 10 to 1000 are measur-
able,
gm-Range: See chart:
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Source resistance

Values provided for use when measuring Noise Figure are 50 &,
100 2, 500 O, 1 kQ, 5 k., 10 k2, 50 k2, 100 k2, 500 kO, 1
MQ, 5 MQ and 10 MQ.
Meter response: Time for meter fluctuation to be averaged is de-
termined by the Response switch setiing z2nd will vary from a fast
response of 4 s to a slow response of > 24 s,
Translistor bias/supply outputs: Collector/Drain current, Collec-
tor/Drain Voltage, Base/Gate Volrage.
Racorder output: proportional to meter deflection. 0 to 1 V dc, 1
kQ output resistance.
Accuracies
Collector/Drain voltage: =39 at monitoer jack; % 10% at front
panel; *3%, at calibrated front panel settings except 1 zA
where accuracy is +5%.

Collector/Drain current: 3% at monitor jack; *3% at cali-
brated front panel sectings.

Spot freq.: =39, Noise bandwidith: *£3¢;. Total accuracy: <
*1 dB.
(NOTE: accuracy for NF measvrements on bipolar devices is
unspecified if the product of base current and source resistance
exceeds Bvolts and for en and NF if Vgs exceeds =12 V on
FET's).

Transistor socket configurations: ¢ sockets provided.

Power required: 115/230 V ac, =109, 50 or 80 Hz, 66 VA max.

Dimenslons; 16 3/4” wide, § 31/32” high, 18 3/8” deep (425 x
177 x 467 mm).

Weight: net, 32 ths (14,5 kg); shipping, 41 Ibs (18,5 kg).

Accessories provided: power cord, Transistor socket kit (includes
six sockets.)

Accessories availabfe: transistor socket kir including six modular
sockets, HP No. 160094, $80.

Modular sackets: 310 each.

Price: HP 4470B, $4390.
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LASER INTERFEROMETER

Linear and angular displacement
Models 5525B, 10565A, 5510A

105854

ng w

.

5510A

Model 55258 Laser Interferometer

The Model 5525B is a precise linear and angular dis-
placement measuring instrument. It measures and displays
distance and flatness to 2 resolution of 1 microinch, velocity
to a resolution of .01 in/min, and pitch/yaw to a resolution
of .1 arc-second. It consists of three parts—the 5500 laser
head, 5505 display chassis and 10550 retroreflector. The
5525B is self tuning and has instant warm-up, Using a
unique method of optical heterodyning, the 5525B is an
A-C system, quite superior to D-C systems used in other
laser interferometers. It functions well in adverse environ-
ments such as a machine shop. Even the small vibrations
which perturb the ordinary interferometer can be averaged
out if desired.

Applications of the 5525B: It is ideal for calibration of
ptecision metrology instruments and step-and-repeat cameras,
parts inspection, and machine tool calibration. Back-panel
BCD output allows easy computer intecfacing or use in
closed-loop servo systems. Furthec applications include vibsa-
tion analysis, when used in conjunction with an HP 5452A
Fourier Analyzer.

Options available include bending optics to facilitate use
in tight places, a digital recorder, a0d gnadvatuse/up-dotwn
real-time pulse output. A custom ersor-plotting scheme us-
ing the HP 7035B X.Y recorder is ideal for operational
machine tool certification. A resolution exiender offers an
order of magnitude increase in resolution.

Model 10565A Remote Interferometer

When the Model 10565 A is inserted into the beam of the
5525B, only movement of the retroreflector with respect to
the remote interfecometer is measured. This makes possible
a great reduction in the measucement path and allows the
laser soucce to be removed some distance from the measure-
ment area. With the addition of a few simple optical com-
ponents, the 10565A can be used to measure pitch, yaw,
straightness/flatness, and make differential or non-contact-
INg measurements.

Model 5510A Automatic Compensatar
The Model 55104 provides the 5525B Laser Interfero-
meter with continuous, on-line automatic compensation for

the effects of air temperature, pressure and humidity on the
wavelength of light with one ppm accuracy. 1t also com-
pensates for the effect of material temperatuce on measured
dimensions. Sensor values and other compensation factors
may be read out on the interferometer display,

Specifications, 55258
Accuracy: 5 parts in 107, £ 1 count.
Resolution: (English/Metric units selected by front panel switch).
Normal and smooth modes: 0.000,0! in (0.1 microns).
X10 mode: 0.000,00] ir (0.01 microns).
Velocity: 0.000.1 in/sec; 0.01 in/min (0.001 mm/sec; 0.1 mm/
min).
Max. operating range: distance: 200 ft (60 m); velocity: 720 in/
min (300 mm/sec).
Power requirements: 115 or 230 V %=10%; 50 ta 60 Hz.
Power consumption: 150 watts.
Overall dimensions: display: 5.53” high x 16,75” wide x 13.25"
deep (141 mm x 436 mm x 337 mm).
Interferometer head: 5.00” high x 7.00” wide x 20.70” long
(127 mm x 179 mm x 526 mm).
Weight: display: 24 ibs (10,9 kg).
fnterferometer head and retrorefector: 19.5 lbs (8,94 kg).

Specitications, 5510A
Accuracy: *=1.0 ppm.
Temperature: £=0.2°F (0.1°C), range of 55-105°F (13-40°C).
Pressure: =£0.03 in Hg (0.75 mm), raage of 22-31 ia (360-790

mm).
Humldity: =109 RH, range of 10-1009% RH.

Laser Interferometer/automatic compensator system accu-
racy: £1.5 ppm *1 count in least significant digit (2 counts in
metric).

Coefficient of expansion range: %£29.9 ppm/°F or °C.

Power requilrements: power supplied by 5505A Laser Display.

Dimenslons: 6.25" high x 7.75” wide x 11” deep (159 mm x 197
mm x 280 mm),

Weight: 10.8 Ibs (4,9 kg).

Price: 5525B Laser Interferometer 311,500
Option 002 Quadrature/Pulse Ouput add $350
Option 010 Error Plotting Outpur add 3700
Option 011 Error Plotting System add $1685
Option 020 Digital Recorder add 81210
Option 040 Beam Bender/Alignment Mirror add $595
Option K02 Resolution Extender add $800
$510A Automatic Compensator $3750
10565A Remote Interfecometer 82450




DISTANCE METER
Direct readout—Ilightweight
Models HP 3800A, HP 3800B

Description

The HP Models 3800A and 3800B Distance Meters are
fow cost, direct readout, electro-optical distance measuring
instruments employing an infra.red “light” source. The Dis-
tance Meter combines a range of 10,000 feet or 3,000 meters,
high accuracy and ease of operation into one lightweight,
rugged instrument. The use of graphic symbol notation on
the operating panel serves as a constant reminder of the
measurement sequence. A short demonstration is all that is
necessary for operator training. Visual display of the total
measured distance, corrected for atmospheric conditions, is
accomplished in fess than ¢ewo minutes. Because of the Dis-
tance Meter’s unique circuitty, momentary interruptions of
the beam will not affect the distance readout. The com-
pact power unit with atmospheric correction dial and built
in charger gives long operating time and provision for oper-
ating from an external 12 V dc source. One Model 3800
plus 3801 power unit and passive reflector comprise the
measuring package. The versatile Model 3800 Distance
Meter is suited for such applications as hydrographic,bound-
ary, subdivision, construction, control, geophysical and mine
surveys, When connected to a recorder the distance meter
can be used to continuously monitor movements of structures
or other objects.
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Model 3800A, Direct Readout In Feet.
Model 38008, Direct Readout in Meters.

. J/

Specifications

Range:
10,000 feet/3,000 meters with triple prism assembly.
(During favorable conditions).
7,500 feet/2,300 meters with triple prism assembly.
(During average conditions).
Favorable conditions are those found when heat shimmer
is minimal (at night or on overcast days) or when measur-
ing between elevated points (e.g. from hilltop to hilltop).
Average conditions 2te those found during the day when
heat shimmer (s quite evident and the line of sight gener-
ally parallels the ground.

Accuracy: 3800A

== (.01 feet + 0.01 feet per 1000 feet)
Mean square efror

@ +15°Fto +105°F

=+ (.02 fect 4 .04 (eet per 1000 feet) Mean square etror
@ —5°F to +15°F and

+105°F to +130°F

Accuracy: 3800B
= (5 mm +7 mm per km) Mean square erros
—10°C to +40°C
= (1 em 433 mm per km) Mean square ercor
@ —20°C to —10°C and
+40°Cto +55°C

Readout: 0000.00 to 9999.99 feer/meters.
Least count: 0.002 feet—2 mm.
Aiming scope: internal focus, 18x, 1:100 stadia cross hairs.
System power consumption: 12 watts,
Power unit 3801A/38018
(Model 3801A/3801B is required for operation of Model
3800A,/3800B).

Internal battery and battery chacger, pravision to operate
from external 12 volt d¢ source.

General
Dimensions

Instcument  HP 3800A (13”7 x 10.3” x 5.8'")
HP 3800B (33cm x 26.2cm x 14.7cm)
Power Unit HP 3801A (6.9” x 6.9” x 8.6”)

HP 3801B (17.5cm x 17.5¢m x 21.8¢cm)
Tlit range:

-+30°,

Weight:
Instrument HP 3800A/B, net, 17 lbs (7,71 kg); ship-

ping, 39 Ibs (17,6 kg).

Power Unit HP 3801A/B, net, 13 lbs (5,9 kg): ship-
ping, 21 lbs (9,5 kg).

Measuring time: Jess than two minutes.

Price: HP 3800A, $3550; HP 38014, £560; HP 3800B,
$3550.
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THE IC TROUBLESHOOTERS

The Clip-and-read IC tester
Model 10529A Logic Comparator

Troubleshooting TTL 20d DTL IC's
often calls for specialized measurerents.
Spotting 25 nanosecond transients, trac-
ing pulse activity through complex sys-
tems, trying to see exactly what an IC js
doing, or determining if an IC is zactually
working are common problems in design,
production, and service. These measure-
ments do not require expensive equip-
ment—not if the equipment is designed
for the task!

The three HP IC Troubleshooters are
a new breed of test equipment: hand-
held, low cost instruments designed spe-
cifically for the job of easing your
troubleshooting burdens. The IC Trouble-
shooters each isolate a characteristic of
digital circuits—an attribute—and then
display this aturibute. For example the
10525A Logic Probe (next page) cap-
tures pulse activity to 20 MHz and indi-
cates this activity by a light at your
finger tips; the 10528A Logic Clip (next
page) attaches to an IC package, borrows
power from it, and gives state indication
—logic high and low—for each of the
14 ot 16 pins; the 10529A Logic Com-
parator can isolate faulty IC's without
temoving them from their circuit and
then display the failed pins.

The IC Troubleshooters are the van-
guard of a new era of instrumentation—
instruments designed for 1C troubleshoot-
ing. Den't let their small size and low
price mislead you: the IC Troubleshoot-
ers are rugged, quality insttuments.

Model 10523A Logic Comparator

o In.circuit IC testing (no unsoldering or removal of IC re-
quired)

e No controls, no adjustments—not even a power cord

® Dynamic errors captured and stretched for visual observa.
tion

e TTL/DTL compatible

Simply attach the 10529A Logic Comparator to the IC to
be tested and slip a reference IC in the Comparator’s drawer.
That's all there is to testing IC’s these days! The inputs to the
“IC under test” are paralleled with the “reference IC"—the
seference sees the same signal pateern as the IC in the citcait.
If any outputs differ, an LED corresponding to the bad pin is
lit on the Logic Comparator’s display! No fancy equipment,
no difficult set-ups, no unsoldering or breaking traces; DTL
and TTL IC’s can be tested in the cirenir with this hand-held
instrument. You save houts of troubleshooting and frustration
in servicing, designing, or production. No controls, no settings,
no power cables, no adjustments: an IC is tested in seconds.

Dyoamic errors as short as 200 nanoseconds are stretched
for a visual display. A power ON indicator tells you that the
clip is on properly. A seif-test-board is included which auto-
matically tests all 16 comparators, the stretchers, the LED dis-
play, 20d the cable continuity. All this for 8295. Quantity
discounts available.

N\
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__——76LED Display

Relorence IC

Cap for anacning
to IC to be testad

Shideow! Drawer

105297 Logic Compsrator (g Aoererce 1€

\ ENEW /
Model 108294 Logic Comparetar with raterence IC drawer open. Snap
in a good IC end tester’s ready for use.
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THE IC TROUBLESHOOTERS
Test IC logic at a glance

Modet 10525A Probe, 10528A Clip, 5010A Kit

MEASURING DEVICES

Model 10525A Logic Probe

25 nanosecond pulse detector

High-low logic leve! indicator at end of probe
High input impedance with overload protection
Respoanse to 20 MHz and higher

Tracing pulse activity and logic evels through IC circuitry
for rroubleshooting 10 design, production, and service becomes
easy with HP’s Model 10525A Logic Probe. When the probe
tip 35 touched to 2 high level, a band of light appears around
the ¢ip; when touched to a low level, the light goes out. No .
ambiguity, no queston whether the level is high or low—the B 2
indication is right at your finger tips. There is no need to look
away from your circuit. Pulse activity to 20 MHz and highec
is indicated by the light blinking, allowing you to trace pulse
activity while operating at speed.

Pulses as narrow as 25 nanoseconds—high or low going—
are captured by the Logic Probe and stretched for a visual dis.
play. If you touch the tip to the wrong spot, there's ao prob-
lem because it's protected to 200 volts. Power requirements are
simple, just any 5 volt supply.

With no adjustments needed and with 2n indicator at your
finger ups, the 10525A Logic Probe will free you to concen-
trate on vour problem rather than measurement technigue.
Quite a bargain for $95. Quantity discounts available.

Model 10528A Logic Clip

e Displays all states of the IC
® No power cords, no cables, just ¢lip and observe all pins
& No adjustments, no controls

16 voltmeters clipped onto 2 single IC? HP's Model 10328A
Logic Clip is 16 binary voltmeters that attach o any 14 or 16
pin dua!l in-line TTL or DTL IC. An LED corcesponds to each
pin and lights cotresponding to a logic high or doesa't light if
the pin is low. Thus 2)l states of an IC may be viewed with 2
single glance. Are the input signals right? Are the outputs cor-
rect? Is the IC operating? All these questions and more are
answered by the Logic Clip,

The Clip has no cables or controls. What's more it operates
on any pin configuration. Jr automatically seeks Ve and ground
no matter what pins they are. The display is obvious: two
rows of 8 LED's—it’s like looking iato the IC to see how it's
operating, The intuitive relationship of the pin logic level to
the light display greatly simplifies the troubleshooting proce-
dure. You ate free to concentrate your atrention on your cif-
cuit rather than on measurement technique. Any way you look
at the clip, it's quite 2 buy at $125. Quantity discounts are
available.

.-".
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Model 5010A Logic Troubleshooting Kit

The [C Troubleshooters are really a synesgistic trio. The
static readout of all 14 (or 16) pins with the Clip, the probing
capability of the Logic Probe and its high speed pulse catcher,
and the erfror detection of the Compzarator make the combina-
tion of all three a viable Troubleshooting Kit. The Model
5010A gives you a place to keep all your Troubleshooters to-
gether ang lets you save a few dollars too. Price for the 5010A
Logic Troubleshooting Kit is $499; quantity discounts are
available.
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TRANSDUCERS

Sensors of linear motion and velocity

Linear Displacement (DC excitation), Model 7DCDT/24DCDT

The 7DCDT and the 24DCDT linear displacement trans-
ducers are extremely convenient to use for measuriag, monitos-
ing or controlling mechanical displacement. No external car-
riec system Is required nor are phase shift and balancing
adjustments necessary. Each DCDT has 2 buile-in carrier
oscillator 2nd demodulator which produces a high-level dc¢
output voltage proportional to the lineac displacement of the

core. Both serjes have extremely high resolution, zero hysteresis
and oon-linearity less than =2-0.59% of the total stroke. The
24DCDT’s have approximately three times the sensitivity of the
7DCDT's and an operating temperature to 120°C (7DCDT,
60°C). Excitation of 7DCDT models is 5 to 7 volts de¢; for
24DCDT models, 20 to 28 volts dc.

OEM discounts are available on all models.

o B

Madel 7 0CAT/24 BCDY

Modal —pse ~00 —280 —53 —1009 —3000
Strokea (in.) =005 w().) +0.25 =0,3 =) =3
Output, (vois f.8.)

7 0C0T L5 2.8 1.5 33 48 5.0
24 DCOT 50 9.0 70 125 184 130
Outpul impedaace
7 beor 22k 30k 50k 53% 55k 50%
24 DCDY 25% 35k 52k 55% 568k SA k
Dimeasions, 7 0607 0.75 In. (19.2 mm)
diameter 24 DCOY
7 DCOT (Gn) (13:38 106 300 3.50 430 10.50
length (mm) 206 27.0 762 89.2 1§ 267
24 OCDT (in) 0.87 1.12 3.21 3.7 471 10.52
{mim) 222 285 818 84,2 120 286
Weight Atmalors 18 2.1 34 38 43 8.1
G@m) Assembly
net 23 28 68 78 160 218
hippk 84 84 168 168 198 308
7 DCDT shibeing
Price 7 DCOT $115 5120 $140 $150 $160 $185
\ / 24 bCDT §163 $170 $190 $200 $24 $240

Linear Velocity (no excitation), Model LV syn Series

LVsyn® Linear Velocity Transducers are designed for sensi-
tive measurements of relative velocity. The basic design elimi-
nates the need for external excitation and makes the trans-
ducers easy to set up and use. DC voltages are generated by
moving 2 high flux-density permanent magnet in the bore of
differentially wound coils. Voltage amplitude is proportional
to core velocity. Resolution of an LVsyn output is nearly un-

limited—sensitivity over the rated stroke range is constant
within 5% —temperature range is from —46°C to 93°C.
Linearity is better than 1%. LVsyn’s can be operated single-
ended or push-pull; while immersed in non-corrosive fluids;
without end stops or displacement limits, Each transducer is
supplied with a calibration record.

OEM discounts are available on all models,

/7 N\ Modst ILvaE | :vi 6LVI | 6Lz 8LV BLVA Ve s
Sensitivity 120 30 500 500 500 500 350 350
(mV/in/sec) A kg 250% 250+ 250% 250% 150% 150%
Reslislance (k ohms) 2 25 13 19 25 32 135 17
{nductancs (henrys) 0.085 0.065 16 29 32 4 189 28
Steoke
Inches 05 t { 2 3 4 6 9
(mm) 13 25 25 51 7% 10 229
Dimsnsions
diamater: (in.) 0.37 0.37 0.63 0.63 083 0.63 0.75 0.75
(mr) 10 10 16 16 16 16 18 19
length:  (in) 16 4.22 5 7 ¢ 11.25 15.75 2275
(mm) 80 108 128 178 230 275 £10 580
Welght (gm)
armatore assembly 35 45 11 15 17 22 34 69
2.5% 3.8% 10% 14+ 17+ 8% a9~ 86+
il 20 25 10 159 200 .| 250 420 §10
core 35 45 1L 15 ¥4 22 ¢ 69
shipping 84 84 224 252 308 336 584 756
o J Price 485 5 $65 55 565 95 $100 S5

*With non-breakable magnel cores, Option 0f, Prices same 48 standard models.
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1331A

6610A

1330A

1300A

1331C

1310A

These displays are representalive of Hewleti-Packard's selection available to you.

Hewlett-Packard’'s X-Y and graphic
displays will complement the perfor-
mance and appearance of any OEM con-
sole or system.

Investing in a display from Hewlett-
Packard assures you of a high quality,
commercially manufactured product.
This will allow you to concentrate your
valuable time on the design of your sys-
tem. These displays are complete units
with self-contained cathode-ray rube, ver-
tical and horizontal deflection amplifiers,
video input, and all power supplies
needed for operation.

Selection available

Displays from Hewlett-Packard offer
a selection in both size and type of CRT.
This provides a choice which lets you
match the display to your application.,

Available are display sizes from 8 x
10 cm up to big-screen sizes of 14, 17, or
19-inches (diagonal measurement). All
can be adapted (or a free-standing (desk-
top) use or for standard 19-inch racks
or special-purpose cases.

Hewlett-Packard displays are satisfy-
ing a variety of requirements around the

world. These diverse uses include: medi-
cal diagnostic systems, vibration ana-
Iyzers, fourier analyzers, pulse height ana.
lyzers, spectrum and network analyzers,
computer graphic systems, and process
control equipment.

Special requirements

If you have a special requirement for
a display which is different from the
standard models shown in this catalog,
check with your Hewiett-Packard fheld
engineer. He specializes in solving mea-
surement problems and can advise you
on how a display can be tailored to fit
your needs.

External appearance can be modified
to give you special graticules or phos-
phors on the CRT, special paint, special
knobs, or special panels and enclosures.
Electrical performance can be altered to
your needs if necessary to do the job.

HP contributions in displays

Hewlett-Packard has pioneeed in the
development of X-Y and graphic dis-
plays which are fast, bright, compacy,
ang lightweight. Other performance char-

acteristics have also been significanty
improved by Hewlett-Packard.

All Hewlett-Packard displays have
solid-state circuitry. This provides greater
reliability and ensures a longer instru-
ment life. It has also reduced power
cequirements, coatributing to reliabjlity
and rteduction of maintenance costs.
Weight and bulk are likewise consider-
ably reduced.

Hewlett-Packard storage displays bring
all of the unique advantages of such a
technique, but, in addition, have Hewlett-
Packard's variable persistence. This fea-
ture is especially useful to eliminate
flicker on low rep-rate information.

Ancther area where Hewleu-Packard
CRT technology has benefitted you is in
large-screen displays. Here, a Hewlett-
Packard-deveioped expansion-mesh has
resulted in larger display size with sub-
stantially shorter CRT’s and smaller in-
strument packages.

Hewlett-Packard will service your dis-
play wherever your console or system
goes throughout the wotld.

And remember, OEM discounts are
available on Hewlett-Packard X-Y and
graphic displays.
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COMPUTER GRAPHIC DISPLAYS
lus Large Step Jump Time

Models 1310A, 1311A

1310A

1311A

Advanced display performance

Models 1310A 2nd 1311A are directed beam, high speed 19”
and 14” graphic displays that offer unexcelied dynamic per-
formance. For the first time, a display matches speed with com-
puter generated graphic information. This speed is made pos-
sible through significant advances in large screen cathode-ray
tube design. The electrostatic CRT provides a crisp, small spot
anywhere in the large quality area of the CRT. Also, the CRT
has a more rectangular shape than previous displays and in-
formation can be written anywhere in this large viewing area.
Bright, easy-to-see displays result from the 28.5 kV accelerating
potential while X-ray emissions are unmeasurable, ensuring a
safe operating environment.

Computer-generated graphics courtesy of
The Boeing Company.

High writing speeds

Linear writing speed 1§ an unsurpassed 10 inches per micro-
second wihtich allows character strokes to be written in less
than 100 nanoseconds. Maximum slew tate of the electronics
is 100 inches per microsecond. The large-step jump and settle
time is 1 ws. This offers tremendous programming simplicity
since characters and vectors can be plotted in random fashion
from anywhere in che display area. Point plotting time for
small steps is less than 200 ns per point thus, matrix cype dis-
plays are written in minimal time,

Electrostatic deflection

Elecirostatic deflection replaces deflection coils needed by
magnetic CRTs and the high powered circuits to dnive the
coils. Power consumption of these displays is a scant 100 watts
which eliminates noisy fans and bulky mechanical cooling as-
semblies. Elecurostatic deflection ends the need for major and
minor deflection systems with multiple input connections. The
single differential input for each axis significantly reduces the
effects of common mode signals. Input RC is 10 kohms shunted
by 40 pF with switchable 50 ohm terminations available when
required.

Modular construction

Internal construction is modular, rugged, and very service-
able. Plug-in circuit cards reduce calibration or crouble shoot-
ing time. Also, a board exchange program assutes minimum
down time since fully tested circuit boatds are air-parceled
from the HP patts center.

£ @ __ -

These displays are supplied with open frame construction
for mounting in 2 standard 19-inch rack or in your custom
designed enclosures. Covers and a tilt stand are available for
free standing applications. Refer 1o Options and accessories in
the specifications for listings of the standard items that are
available. Contact your HP Field Engineet for formaticn .
about items not contatned in this catalog.



COMPUTER GRAPHIC DISPLAYS
10 in./us Writing Speed

Models 1310A, 1311A

Specifications, 1310A, 1311A
Vertical and horlzaatal amptiflers
Risetime: 70 ns, 109% to 90¢, points for full screen deflection or
less.
Bandwidth: dc to 5 MHz (3 dB down at § MHz) with 3.5 in. de-
flection in 1311A and 5 in. deflection in 1310A.
Phase shift: <0.1° to 50 kHz and <1° to 250 kHz for full screen
signals.
Linear writing time: <100 ns/inch.
Linear writing speed: > 10 inches/ps.
Diagonal settling time: signal sertles to within 1 spot diameter of
final value in <1 us for any on screen movements.
Sequential polnt plotting time: signal settles to within 0.01 in.
of final value in <200 ns for any 0.1 in. step.
Repeatability: <0.159 of full screen error for re-addressing a
point from any direction on screen.
Craosstalk: <0.015 inch with one input shorted and the other in-
put excited by 500 kHz.

Deflection factor®

Model Vertioa$
1310A 1 volt for 11 in. deflection
1311A 1 volt for 8% in. defiection

Horlzontat
1 volt for 15 in, deflection

1 volt for 11 in. deflection

*Horizontal angd vertical dellection factors adjustable from front panel control
with atlenuation of 1.75:1.

Spot |itter and motion: <0.025 inch.

Position: zero input can be set lo any on screen position.

Polarity: positive vertical input moves beam up: positive horizontal
input moves beam right. Polarity can be reversed by changing in-
ternal Jead connections.

Input RC: driven side 10 k ohms shunted by <40 pF, Shield input
is 47 ohms to ground. This can be replaced with 10 k ohms for
differential input. A switchable 50 ohm termination berween shield
and center conductor is also provided.

Maximum input: 50 V (dc -+ peak ac} with 10 k ohm internal
termination =35 V (dc T peak ac) with S0 chm intemal termi-
nation.

Linearity: 19 of full scale display along major axes.

Drift: 0.05 in./hr and 0.10 in, in 24 hr with covers installed.

Z-axis ampliler

Risetime: <14 ns.

Sensitivity: | V provides full blanking or intensity.

Input polarity: internal switch selects polarity (switch is normally
sel so negative voltage unblanks signal).

Gain adjust: internal, adjustable over 2.5:1 auenuation ratio.

Balance: internal adjustment provides =1 V offset.

Input RC: approx 10 k ohms shunted by approx 60 pF. 50 ohm
termination may be selected with intermal switch,

Maximpm input: £50 V (d¢ + peak ac) with 10 k ohm internal
termination, =5 V {dc + peak ac) with 50 ohm internal termi-
nNation.

Cathode-ray tube

Viewing area: Model 1310A (19 in.), 11 in. high, 13 in. wide,
Model 1311A (14 in.), 814 in. high. 11 in. wide.

Type: post-acceleraror, 28.5 kV accelerating poteatial, P31 alumi.
pized phosphor is standard (refer 1o options for other phosphors).
Ejectrostatic focus and deRection,

Resolutlon: 67 lines/inch using shrinking raster method.
Brightress: at least 50 fr-L. measured ac 0.1 in./us, 60 Hz rate,
with spot size of 0.020 in. In 1310A and 0.015 in. on 1311A.

Contrast ratio: 4:1 or greater.

X-ray emission: CRT emission not measurable, with Victoreen
Model 440RF/C, in background noise.
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Spot size
Model Spot Stxe In Quality Area Slize of Quallty Arsa
13104 0.020 inch 117 x 11"
1311A 0.015 inch 815" x 844"

Implosion protection: rim and tension banding prevents implosive
devacuation.

Phosphor protection: circuit detects absence of deflection and
limits beam current. (Protection is designed for P31 phosphor).

General

Front panel controls: Knob, intensicy; Screwdriver adjustments,
focus, astigmatism, vertical position, horizontal position; Screw-
driver adjustments (behind front panel mask), trace align, vertical
gain, horizontal gain, orthogonality.

X, Y, and 2 input connectors: BNC type mounted to rear panel.

Weight: Model 1310A, net 33 Ib (24 kg), with covers $9 1b (26,8
kg); shipping, 71 1b (32,2 kg). Model 1311A, net 40 1b (18.]
kg), with covers 45 Ib (20.4 kg): shipping, 62 Ib {28.1 kg).

Dimensions: dimensional drawings are 100 numerous for presenta-
tion in this catalog. Contact your local HP Field Engincer for a
data sheet with these drawings

Power: 115 V ac =£10%% or 230 V ac =10%, 48 Hz 10 440 Hz.
maximum power 115 VA.

Environment: temperature, 0° to +55°C operating, —40°C to
+70°C non-operating; Humidity, up 10 95% relative humidity o
40°C; Alutode, up to 15,000 fr. operating, up to 25,000 ft, non-
operating: Shock, 30 g level with 11 ms duration and 14 sine wave
shape; Vibration, vibrated in three planes for 15 min. each with
0.010 inch excursion, 10 0 55 Hz.

Price (OEM discounts are available.)

Model 1310A: 19-inch Display .............. ..83000.
Model 1311A; 14-inck Display ... ... ........ ... ..$2875.
Accessories supplied: rack mount adapter kit, front parel mask.
Options (order by option number)
003: rop and bottom covers with tilt stand, add $100. (Rack
mounc adapter not supplied with Option 003 instruments.)
005: neutral-density contrast screen improves trace contrast tof
easier viewing. Add $40 for 1310A or $30 for 1311A.

604: P4 aluminized phosphor in lieu of P31, no charge.

607: P7 aluminized phosphor, with amber filter, in liew of P31,
no chatge.

639: P39 aluminized phosphar in lieu of P31, no charge.

Accessories

Cover kits: field jnstallation of top and bottom covers. For stand
alone operation, a tilt stand 1s required since the covers are not
designed to support an instrument.
Price: Model 1310A Cover kit

(HP Part No. 01310-68703) ............coiiuiien. $60.
Price: Model 1311A Cover kit
(HP Part No. 01311-68703) ... ... $60.

Tilt stand kits: aeld inscallation of tilt stand for stand alone op-
eration. Price. Model 1310A Tilt Stand kit (HP Part No.
01310-68702) 350; Price, Model 1311A Tt Stand kit (HP
Part No, 01311-68702) $50.

Rack mounting its: rack mounting adapter kits are supplied
with stzndard instruments on Initial order or may be ordered
later as a kit. Price, Mode] 1310A Rack Mount Adapter kit (HP
Part No. 01310-68701) $10; Price, Model 1311A Rack Mount
Adapter kit (HP Parnt No. 0{311-68701) $10.

Chassis slide kits: fixed slides, HP Pari No. 01310-68704 for
1310A or HP Part No. 01311-68704 for 1311A, Price $100;
pnot siides for 131t1A only, HP Part No. 01311-6870%, Price
$120.
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Graphic Displays, Bright Storage
Models 13304, 13314, 1331C

o

1330A 1331A

1331C

J/

Description, 1330A, 1331A, 1331C

Models 1330A, 1331A,, and 1331C Displays are compact
half-rack size instruments for displaying analog computer-
processed data and real time information. The high frequency
response of these instruments make them extremely useful
read-out devices in applications such as system display moni-
tors, graphic displays, nuclear spectrometer, semi-conductor
curve tracer, swept-frequency measurements, frequency ratios,
phase shift measurements, raster displays, and amplitude versus
time displays.

The s MHz X-axjs bandwidth provides sharp, high resolu-
tion displays in raster and directed beam zpplications. Differ-
ential input amplifiers on vertical and horizontal inputs reduce
noise common to the inner and outer conductors of the input
cables. Careful design of the solid-state X and Y amplifiers pro-
vides stable operation, long-term reliability, minimum marate-
nance, and low power consumption.

Storage displays

Model 1331A has front pancl controls for convenient manual
operation of X-Y position and storage or variable persistence
controls where spot deflection and dot writing speed varies.
Model 1331C has rear panel operating controls and remotely

programmed inputs needed for computer or graphic display
systems.

Both instruments write and store shades of gray, which adds
a third dimension to the display. Full spot blanking is obtained
with —1 V, and 41 V turns beam full on with in-between
voltages providing shades of gray.

Moadel 1331C remote programming functions are DTL and
TTL compatible which allows the display to interface directly
with most systems. If desired, transfer from WRITE ta VIEW
modes and erase may be accomplished by contact closure to
ground at the remote program plug. Traasition from STORE
to Write and back to STORE, including dot writing time, can
be made in approximately 7 us. This effectively increases the
“store time” by allowing the display to take advantage of the
inhecent longer storage time offered by the view mode between
writing commaands.

The Hewlett-Packard developed mesh type storage tube in
these displays eliminates the need for memory devices to con-
stantly refresh the display. Other advantages of this type tube
which makes it ideal for system applications are: bright stored
displays which allows viewing in high ambient light conditions;
long life, comparable 10 standard CRT tube life, with no re-
duction in storage characreristics oc brightness; and use in the
storage mode does not reduce tube life,

LG ann r s aY

/ 1331A

& (front)
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Specifications, 1330A, 1331A, 1331C

{Unless otherwise noted, specifications apply to all models.)

Vertical and horlzontal amplifiers

Bandwldth: dc¢ to 1 MHz (3 dB down ac 1 MHz),

Phase shift: <1° to 500 kHz.

Sattling time: signal settles to within 1 spot diameter of final value
in <) s, for any on-screen movement.

Deflection factor
Vertical: 1 V for 8 div deflection. Internally adjustable from 0.09

V/div to 0.14 V/div.
Harizontal: 1 V for 10 div deflection. Internally adjustable from
0.09 V/div to 0.14 V/div,

Common mode rejection ratio: 40 dB to 10 kHz for differential
input of 3 V maximum between outer and inner coaxial input
leads.

Maximum inputi =50 V (dc -+ peak ac).

Input: differential between center conductor and shield, shield may
be grounded with intemal connection.

Input RC
Singte ended: 100 k ohrus shunted by approx 80 pF to ground.
Differential: 200 k ochms shunted by approx 80 pF.

Recommended source impedance: <20 k ohms between center
conductor and shield and <1 k ohm from shield 1o ground.

1330A cathode-ray tube and controls

Type: mono-accelerator, 3 kV accelerating potential; P31 phosphor
standard (refer to options for other phosphors).

Graticule: 8 x 10 div internal graticule, 1 div = 1 ¢m. Subdivi-
sions markings of 0.2 div on major horizontal and vertical axis.
Dispiay linearlty: horizontal, <59 difference between any two

div; Vertical, <5% difference between any two div.
Beam finder: ceturns beam to screen regardless of setting of hori-
zontal, vertical, or intensity controls, Rear panel switch.

1331A/1331C cathode-ray tube and controls

Type: post-accelerator storage tube 10.5 kV accelerating potential,
aluminized P3i phosphor.

Graticule: 8 x 10 div intemal graticule. 1 div = 0,95 ¢m. Subdivi-
sions of 0.2 div marked on major axis.

Storage writing speed: >20 div/ms.

Dot writing time: <4 us.

Display linearity: horizontal, <35% difference between any two div;

vertical, <5% difference becween any two div,

Informatlon storage rate: 200 thousand dots per second.

Brightness: >100 foot lamberts,

Storage time: writing mode, 1 minute minimum; store mode, 15
minutes minimum.

Varlable persistence (Model 1331A): variable from 0.2 s to 1 min.

Erase time: <1 s.

Beam finder: returns beam to screen regardless of setting of X and

Y position controls. Rear panel switch.

Model 1331C programmable functlons (wrlte, store, erase)

All program Inputs are TTL/DTL compatible.

Input levels: high state 1s 2.0 V or greater, low state is +0.8
V or less for all program plug inputs. For high state = 2.4 V,
Isink = 0.4 mA max. For low state = 0.4 V, Lsgurer is <1 mA.

Remote arase: low state for 10 us minimum initiates erase cycle.

Remate mode transfer: high state is View Mode, low state is
Write Mode.

Doting writing using mode transfer: dot may be written by
transferring to Write Mode for 7 us per dot. No degradation
of View/Storage time occurs,

Erase Verify: indicates end of erase cycle, The oucpuc voltage is
high approx 125 ms after start of erase cycle. Volwage then
drops to low state and remains fow to the end of the erase
cycle. High siate is 2.4 V minimum with [ouree = 80 pA
maximum. Low state 0.4 V maximum with L = 3.2 mA
maximum.

Genara}
Input connectors
X, Y, and Z inputs: rear panel BNC,
Model 1331C program connector: Cannon Model 15P.
Power: 115 or 230 V *£109%, 48 to 440 Hz, approx 60 watts at
normal line.

Weight: ner, 1914 Ibs (8,85 kg): shipping, 25 Ibs (11,34 kg).
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Dimensloas: refer to outline drawing.
Price: OEM discounts are available for all models.

33TA XY Display ..ooooin e e $800.
1331A or 1331C X.Y Storage Displays . ............ . ... 1375
Options

002 (1330A): P2 phosphor in liewof P31 .......... no charge.
003: 5 MHz bandwidth X and Y amplifiers ........ Add §150.
007 (1330A)! P? phosphor with amber filter in lieu of P31

............................................ 0o charge.
011 (1330A): P11 phosphor in lieu of P31 ...... ... no charge.

Note: beam finder intensification function is removed from
Option 011 displays.

631: non-internal graiicule CRT with P31 phosphor. .. .Add §20
for 1330A and add $30 for 1331A or 1331C,

Special order: 2 Mode! 1330A is available with a post-accelerator
CRT to provide 2 brighter display for application in high am-
bient light Jocations. Add $100. (Order 13304 option H02.)

Options for 1331C
016: provides direct coanection of the 1331C to a 12555A inter-

face kit for displays using HP computers .., ... .. Add §150.

HOL: variable persistence controlled with analog voltage through
a rear panel connector. 0 V d¢ provides minimum persistence
and 10 V dc provides minimum persistence . .. ... Add $100.

HO2: variable persistence controlled by analog voltage through 2
rear panel connector. 0 V dc provides minimum persistence
aad —10 V d¢ provides maximum persistence ... ... Add $100.

Accessories
Rack adapter: allows two Models 1331's to be mounted side-by-

side in & standard 19-inch rack, HP Part No. 5060-0797.
Price: $25.

Flller panel: covers half of the Rack Adapter when only one
Model 1331 is in the Rack Adapter, HP Part No. 5050-0794.
Price: 37.

Camera adapter: Mode! 10366B adapter allows mounting of
HP Model 195A, 197A, or 198A camera.

Price: Model 10366B, $10,
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Description, 1300A

The extremely wide dc to 20 MHz bandwidth of the Model
1300A X, Y, and Z amplifiers provide capabilities for display-
ing both alphanumeric and graphic data as well 2s analog
system monitoring. An 8 x 10-inch viewing area with a bright
display provides high resolution readouts needed for many
system measurement applications.

Fast 20 ns risetime, 200 ns settling time, and 80 ns point
plotting time allow rapid switching of input data without
flicker. This, coupled with less than 0.15% repeatability error
and 19 linearity, provides accurate, stable graphic displays
even with several unsynchronized multiplexed inputs. Resolu.
tion and plotting speed is such that 2000 well defined characters
may be written within the 8 x 10-inch viewing area in 40 rows
of 50 columns.

Specifications, 1300A

X-Y amplifiers

Bandwidth (B-inch reference at §0 kHz): dc-coupled, dc to 20
MHz; ac-coupled, 2 Hz to 20 MHa.

Risetime: <20 ns (10% to 90% points).

Deflection factor; at least 0.1 V/in; gain control allows deflection
factor to be adjusted between approx 0.1 V/in. and 0.25 V/in.

Drift: <0.5¢% of full screen/hr after 5 hr warmup; <19%/8 hr.

Jitter and movement: <0.01 in.

Settling time: (jump scan time) <200 ns to within a trace width
of final value for any on screen movement.

Repeatabllity: <0.1359 error for re-addressing a point from any
direction from a source impedance of <4 k ohms.

Input RC: 1 megohm shunted by approx 20 pF.

Input: single-ended: maximum input =500 V (de¢ + peak ac).

Linearity: over 8 x 10-in. screen, =1% of full screen; any in. with
respect (o any other in., within 10%. Includes geometric distortion
caused by pincashion, symmetry, and orthogonality,

Phase shift: 0.1° to 50 kHe, up to 100-inch signal; 1° to 1 MHz,
up to 10-inch signal.

Cross talk: 40 dB at 20 MHz with full scale input signals; im-
perceptible below 5 MHz.

Z axis amplifier

Analog inpt: de to 20 MUz bandwidth over the 0 10 L V range;
+1 V for full blanking, —1 V for full intensity; gain conuol
allows deflection factor to be adjusted between approx 0.1 V/in.
and 0.25 V/in, balance adjustment allows intensity reference level
adjustmenc of %1 V, maximum input 500 V (dc + peak ac);
diffecential delay with either X or Y amplifier, £2 ns.

Rise time: <20 ns (10% to 905, points).

Sweep blank input: digital dc blanking with <1 k chm source
aad —0.7 V to +5 V; unblanking with >>20 k ohm source and
0 V 0 —5 V. Repetition rates to 1} MHz.

Chop blank Input: ac-coupled blanking, +50 V blanks CRT.
Input grounded when not in use,

Calibrator: line frequency square wave of 0.5 V £29.

Cathoda-ray tubs
Viewing agrea: 8 x 10-inches.
Accelerating potential: >20 kV.
Writing speed
Photographic: >20 in/us. Using Polaroid® CU.5 camera and
3000 speed film.
Visuat (for 3 ft lamberts brightness at 60 Hz refresh rate):
vector, >2 inches/ps; dot writing time, 40 ns,
Sequential point plotting time: <80 ns for 3 ft lamberts bright-
ness at 60 Hz refresh rate.
Brightnaess: 30 ft lamberts line brightness ac 0.1 inch/us refreshed
at 60 Hz race.
Spot size: <30 mils throughoutr 8 x 10-inch screen ar 30 fr Jam-

LARGE SCREEN DISPLAY
20 MHz, 8 x 10 in. screen
Model 1300A

g )

1300A

. 4

berts light output; nominally 20 mils at center screen (shrinking
raster).

Phosphor and graticule: aluminized P31 phosphor with t-inch
grid and 0.2-inck subdivisions on major axis of internal graticule.
Other phosphors are available, refer 1o Options; other graticules
are available on special order. A light green flter supplied with
Model 1300A provides increased contrast.

Control and input locations
Front panel: intensity, focus and on-off switch. Astigmatism and
trace align are recessed screwdriver adjustments.
Rear panel: X.Y-Z iaputs, calibeator, X-Y gain, position and
ac-de input switches, Z axis gzin and balance.
Dimensions: 163" wide, 12-7/32” high, 1974” deep over.zll
1814” behind panel rack mount (425, 310, 509, 470 mm).
Weight: net, 45 Ibs (20,41 kg); shipping, 66 lbs (29,94 kg).
Power: 115 V or 230 V £10%; 48 to 440 Hz; approx 175 W.
Price: Model 1300A, X-Y monitor, $2300. OEM discounts are
available.
Options (order by option number)
001: neutral density contrast filter with light transmission of
~30%, add §15.
002: P2 aluminized phosphor in lieu of P31, no charge.
004: P4 aluminized phosphor in lieu of P31, no charge.
007: P7 aluminized phosphor with amber flter in fieu of P31,
no charge.
011: P11 aluminized phosphor in lieu of P31, no charge.
631: non-internal graticule CRT with P31 aluminized phosphor,
add §20.
Accessories
Anti-reflectlon filters: consists of nylon mesh attached to 2
colored contrast filter o reduce reflections from the large screen
CRT. Model 10181A, amber for P7 phosphor, $35. Model
10182A, green for standard phosphors, §35.
Chassls slides: fixed slides, HP Part No. 1490-0714, $32.50;
pivot slides, HP Part No. 1490-0718, §40.
Slide adapter kit: one adapter kit required for mounting one
pair of slides, HP Part No. 14900721, $40.
Speciat order
A pumber of special modifications are available. They include:
front panel X and Y inputs and coatrols, X10 preamplifier fot
10 mV/in X and Y deflection factors, binary Z axis to provide
eight gray scales, attenuators for X and Y amplifiers. Contact
your loca! Hewlett-Packard Field Engineer for details about these
or any other special requirements you may have.



SYSTEM DISPLAY %

5% in. high rack monitor
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Specifications, 1208A/B

Vertical and horizontal amplifiers
Bandwidth: dc to 600 kHz whep de-coupled; 20 Hz to 600 kH:z
when ac-coupled. (3 dB down from 8-div reference signal,)
Deflection factor: continuously variable from <0.1 V/div to >1
V/div,
Input: differential or single-ended.
Input coupling: front panel selection of ac or dc.
Input RC: approx 100 k ohms shunted by approx 70 pF.
Maximum Input: £200 V (dc + peak ac).
Common-mode
Rejection ratio: 40 3B (100:1).
Signal maximum: up to =4 V (dc + peak ac).
Frequency: dc to 10 kHaz.
Phase shift
Same X and Y deffection factor (with + inputs): <1° to
500 kHz for deflection faciors below 0.2 V/div, <1°, to 100
kHz for deflection factors above 0.2 V/div.,
Different X and Y deflectlon factors (with + Input, — input,
or differentlal): <3¢, 10 100 kHz,

Cathode-ray tube and controls

Type: monoaccelesator, 3 kV accelerating poteatizl; P31 phosphor
standard (see options for other phosphors): etched safery glass
facepiate reduces glare.

Graticule: 8 x 10 divisions, internal graticule. 0.2-div subdivision
markings on major axes. 1 div = 1 cm. Front panel recessed
screwdriver adjust aligns trace with graticule.

Beam finder: returns trace to CRT screen regardless of setting of
hosizontal, vertical, or intensity controls.

Intensity modulation: - 2-volt signal blanks trace of normal

intensity; +8-volt signal blanks any intensity. DC.coupled input
on rear panel; amplifier risetime approx 200 ns; input R is 5 k
ohms.
Calibrator
Type: line frequency square wave.
Output: 1 vole =1.5¢%, front panel connector (banana plug).

General
Welght

Model 1208A (cablnet): ner, 2134 lbs (9.8 kg): shipping, 31
lbs (14,1 kg).

Model 1208B (rack): net, 20V4 Ibs (9.3 kg); shipping, 33 lbs
(15,0 kg).

Power: 115 or 230 V =109%, 48 to 440 Hz, approx 35 watts.
Dimensions

Cabinet: 8-5/17” wide, 1134” high, 1845” deep (211,1 x 298,5 x
474,4 mm).

Rack: 19" wide, 5¥%” high, 16%" deep over-all (483, 132.5.
428,6) 153" (390,5) behind fromt panel.

Price: Model 1208A or 1208B X-Y display, $390.
Optlans (specify by option number)

002: P2 phosphor, no charge.

006: (1208B) rear input terminals wired in parallel with front
panel input terminals. Increases input shunt capacitance to
approx 120 pF. Add 855.

007: P7 phosphor, no charge.

011: Pit phosphor, no charge. Beam fnder intensification is
temoved from Option 011 displays.

Specials; special versions available with deflection factor ranges
to either S mV/div ot 100 xV /div. Consult your Hewtetr-Packard
field engineer for latest information.
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DIRECTED BEAM DISPLAY

Unexcelled brightness
Model 6610A

\

Description, 6610A

Model 6610A is a large screen, directed beam, graphic dis-
play used to output computer and instrument generated graphic
information. Extremely fine spot resolution combined with
superior brightness provide a high quality, easy-to-interpret
display. The 6610A has a lacge 17 inch diagonal CRT but
uses only an average of 140 watts power and can operate
indefnitely while deflected off screen in any direction. The
low power requirement eliminates noisy fans and allows opera-
tion on line frequencies from 48 to 440 Hz. The display is
available in the standard open frame model or an optional
cabinet model.

Specifications™, 6610A
Vertical and horizontal ampliflers

Linear writing speed: >0.3 in/us.

Diagonal sefting time: beam settles to within 0.010 in. of final
value in <40 ps for full screen jump scan movement.

Sequential point plotting time: beam settles to within 0.010 in.
of final value in < 1.2 us for any 0.10 inch step.

Repeatability: <0.020 inch error for re-addressing a point from any
pOSItion on screen.

Crosstalk: <0.010 inch with no signal on one input and full linear
operation of other input. :

Deflection factor: 0.2 V/inch; adjustable over 2:1 range by means
of independent X and Y rear pane! attenuation controls.

Spot jitter and motlon: <0.010 inch.

Posltlan: zero input ¢an be set (o any on-screen position.

Polarity: positive vertical input moves beam up; positive horizontal
input moves beam right. Polarity can be reversed by changing
internal input connections.

lnput characteristics: single ended, 10 k ohms, dc-coupled.

Maximum input: =35 V (dc + peak ac) with 10 k ohm internal
tecmination.

Display stability, position, and size: beam will return to original
position on CRT screen within 0.020 inch *0.29% of displace-
ment/°C when measuced over an 8 hout period.

Offset operation: will operate indefinitely with full offset.

* All specifications refer 10 25°C =5°C.

Z-axis amplitier

Risetime: 40 os.

Video response: dc to 10 MHz (3 dB down),

Sensitivity: 1 volt provides full blanking or intensiry.

Input polarity: polarity reversal switch on rear panel.

Gain control! rear panel contrast control adjustable over 6:1 at-
tenuation ratio.

Input characteristics 10 k ohms single ended (unbalanced), dc-
coupled, input shicld is grounded.

Maximum Input: =35 V (dc + peak ac) with 10 k obm internal
termination.

Delay: 50 ns matched to x-y amplifiers.

Cathode-ray tube

Viewing area®: 10 in, high x 13 in. wide usable, 17 in. diagonal.

Type: 70°, 12 kV. P4 phosphor is standard.

Focus: electrostatic.

Detlectian: magnetic,

Spot size: 0.015 inch.

Brightness: ar feast 150 ft. L measured ar 0.15 in./us, 60 Hz rate,
spot size at 0.015 in., P4 phosphor.

Implosion protection: bonded CRT faceplate.

Phosphor protection: detects beam speed and protects by over-
riding the z-axis. Also protects during line on/off cycles and
in the quiescent stare.

Generat
X, Y, and Z input connéctors: BNC type mounted to rear panel.
Weight: net, 85 Ibs (38,6 kg); shipping, 100 lbs (45,4 kg).
Dimensions: open frame model, L414” high, 17" wide, 227" deep
(358,6 x 431,8 x 581,2 mm).
Power: 115 V ac =10%, 208 V ac *10%, 230 V ac £10%,;
48 to 440 Hz; 140 W average, 280 W max.
Operating temp range: 0° - +55°C.
Price: Model 6610A Display, open frame modet, $2700.
OEM discounts available.
Accessaries supplied; rack mount adapter kit.
Optlons (order by option aumber)
003: rounded corner cabinet model, add $100.
004: chassis slides; for open frame model only, add $100.

= Speciticetions apply to 10 inch x 10 inch 2rea.




PRECISION RASTER DISPLAY

Unexcelled picture quality h
Model 6947A

The HP Model 6947A is 2 monochrome precision caster
display that employs new circuit concepts zand techniques. In
this unique design, special consideration is given to the display’s
resolution, frequency and phase response, sweep linearity, and
stability. Extensive use of feedback throughout the circuitry
reveals results in a high degree of performance stability over
a wide range of environmental conditions.

Specifications

Model 6947A conforms to EIA standards RS-170, RS-330,
and RS-343,

Video circuits

Input circuit: 75 ohms unbalanced to ground; 124 ohms balanced.
Return loss greater than 40 dB from dc¢ to 4.5 MHz. Protection
for up to 100 V peak traosients appearing on the input balanced
line. Input impedance (unterminated): 12K ohms.

Input connectors: BNC with loop-through facility.

Input level: 0.5 to 4 V p-p for 85-volt signal at kinescope.

Rise time: less than 40 ns for a step change input viewed at the
picture tuhe modulating grid.

Input pofarity: differential input; black can be positive or ncgative.

Frequency response: flat up to 8 MHz (£0.5 dB): less than
—1 dB at 10 MHz decreasing smoothly to —3 dB ar 18 MHz.
Low frequency tilt is less than 29 for a 60 Hz squarewavc.

Signal-to-noise ratlo: rms visible noise is greater than 350 dB
below p-p signal present at picture tube when 2 0.5 V sinusoid
is applied to the iaput.

Sine-squared response: overshoot symmetsy s betuer than 1% on
2 62,5 ns input pulse appcaring on the picture wbe control gnd,
Maximum overshoot is less than 3% of pulse ampliiude.

DC restaration: keyed back-porch clamp.

Horizontal deflection circuits
Horizontal AFC: standard unit lacks on either EIA 525/60 Hz or
CCIR 625/50 Hz line systems. Horizontal sync Is maintained
with a composite picture signal-to-notse ratio of 24 dB.
Horizontal width: more than 59 overscan of the usable visible
area of the kinescope. Horizontal width control range is 25% of
horizontal dimension.

Vertical deflection circuits

Field rate: vertical lock and interlace is automadc, Fronr parel
switch maintains the picture aspect ratio for either S0 or 60 Hz
feld rate. Vertical sync is maintained with a composite picture
signal-to-nojse ratio of 12 dB.

Vertical helght: more than 5% overscan of the vsable visible area
of the kinescope. Vertical height control range is 259% of vertical
dimension.

Display

Dispiay size: 14" diagonal; may be swirched berween full and
reduced size.

Fuil size mode: vertical and horizontal independently adjusiable
between T 109 and —15% of normal raster size.

Reduced size mode: vertical and horizontal independently adjust-
able between —15% and —30%% of normal raster size.

Geometric raster distortion: less thar 1.5% overall; less than
1% in safe title area (center 80% of full picture).

Interlace: 2:1.

Interlace factor: unity (equal spacing benveen caster Jines), main-
tained wirh a signal-to-noise ratio of 24 dB.

Pulse cross display: enables inspection of the relative phasing
and duration of the synchronizing information transmitted with
the video signal. The vertical interval is expanded so that the

DISPLAYS

6247A

. /

individual scanning lines may be observed and measured easily.
A front panel switch activates (he pulse c¢ross c¢ircuit located
within the monitor.

Spot size: less than 0.010 (10 mils) at 30 footlamberts. Picture tube
and safety glass: standard unit has clear safety glass and rectangu-
lar tube with medium short persistence P-4 phosphor, aluminized.

Generat

External sync inputs: in addition to composite video input, the
SYNC switch EXT position allows the following external inputs:
3 cable: video—horsizontal—vertical.
2 cable: videa-—horizontal and vertical.

Sync input must be negative, from —1 V 10 —8 V. Separate
vertical sync input must be negaiive, from —3 V to ~5 V.
Temperature ratings: operating: 0°C to +55°C; storage: —40°C

to +75°C.

-Altitude: operating: up to 15,000 ft; storage: up to 50,000 f1.

Controls: front-panel off-on ac switch, contrast, brightness, focus,
height, width, sync, 50/60 Hz field rate switch, size switch, pulse
¢ross display switch, and video input selector switch.

input power: switchable becween 115 and 230 Vac +10%, 48-440
Hz, 75 W at 115 Vac.

Weight: net, 45.8 Ibs (19,8 kg); shipping, 64.5 Ibs (29,2 kg).

Rack maunting: rack mounting kit, consisting of two angle brackets,
is provided with each unit.

Dimensions: 17-1/16" (43,5 em) W x 10%4” (26,6 cm) H x
20-9/16" (52,2 cm) D.

Price: $1250.

Options
033: UHF input connectors, add $30.

034: circularly polarized laminated safety glass, add $50.

High line rate options
The standard display will operate at either 525/60 or 625/50
line rates. Models can be ordered with optional higher line
rates from G675 to 1029, The held rate for these higher line
rates is 60 Hz, and the 10 mil CRT spot size and video ampli-
fier response are compatible with the number of lines. Add $200.

Option 001 002 003 004 005
Lines 675 729 875 945 1029
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OSCILLOSCOPES

I you are thinking abour buying an
oscilloscope or display, the more than 60-
pages in this catalog should help you
make the choice. You'll find a complete
Jine of Hewlett-Packard oscilloscopes
which will meet your requirements in a
wide variety of measurement applica-
tions.

SCOPES ARE CHANGING.
ARE YoOU?

What de we mean by that?

Ficst, it's recognition of the fast-mov-
ing technological advances in oscillo-
scopes, many of which have been pio-
neered by Hewlett-Packard (to name just
a few: Intetnal graticule CRT, beam
finder, expansion-mesh CRT, general-
purpose sampling, time domain reflec-
rometry, and variable persistence stor-
age).

Second, Hewlett-Packard understands
how important a scope is to your job.
It’s the screwdriver of the clectronics in-
dustry. Because we recognize the fact
that you need to change as your job and
the world around you are changing,

Hewletr-Packard stands ready with the
scopes designed to help you make the
change—easily.

What can HP offer you?

Pracrically every known measurement
problem which can be solved by an oscil-
Joscope can be solved with a scope from
Hewlett-Packard.

These catalog pages present as compre-
hensive a picture of Hewlett-Packard
scopes as space will allow. But there's
more. Technical data sheets and demon-
strations by Hewlett-Packard field engi-
neers around the wotld will complete the
picture.

The oscilloscopes shown in Figure 1
are representative of Hewlett-Packard's
full line. Perhaps ic will help you make
a decision ahout looking further. A de-
scriptive selection chart, Table 1. may
also help.

Other benefits in HP scopes?

Increasingly complex measurement re-
quirements have evolved new techniques
and tools to cope with the requirements.

P

J

Figure 1. Representative oscilloscopes and displays from Hewlett-Packard's product line,

7 GENERAL INFORMATION

CRT displays are bigger and brighter,
bandwidths are up, sweep speeds are
faster, operating controls are simpler. In
general, the most versatile of all elec-
tronic test instrumentation—the oscillo-
scope—has, by popular demand, become
even more versatile.

These changes in requirements and the
scopes to do the job have made the busi-
ness of selling and servicing scopes 2 bit
more complex, too. Here Hewlett-Pack-
ard’s cumulative experience, technologi-
cal leadership in many fields, and world-
wide sales/service organization can be
focused on your specific needs.

Special modifications
We welcome the challenge of your
special requirements in scopes. It's that
simple. Whether it be a special panel
paint or a substantial electrical modifica-
tion, we'd like to do it for you.

Applications assistance

Solving your measurement problems is
what Hewlert-Packard field engineers
have builr their excellent reputation on.
Our field engineers attend frequent semi-
nars which keep them abreast of latest
devclopments. Oscilloscope  application
notes and technical data sheets are
readily available from Hewlett-Packard.

Service and repair

Hewlett-Packard scopes are designed to
perform faithfully for extended periods
of time and to be easily anad inexpensively
serviced when required. You have the
assurance thar your scope will perform
as expected for years to come because of
Hewlett-Packard's world-wide customer
servicc organization. Replacement parts
and service assistance are available at a
Hewlett-Packard field office near you.

Tralning aids

Training on new scopes and new ap-
plications has a high priority at Hewlett-
Packard. We can help you learn more
abour our measurement capabilities, how
to operate or use a scope, and how to
properly repair or calibrate our products.
In the Hewlett-Packard libracy of video
tapes are hours of valuable information
to bring you and others in your organiza-
tion to almost any desired level of com-
petence,

How do you select an oscilloscope?

Today's choice of an oscilloscope
should be a pleasant one for the objective
individual who recognizes the technologi-
ca) progress made receatly and the wide
range of price and performance now
available,



Start with the tmmediate measurement
application for which you are consider-
ing purchase of a scope. Using that 2s
a reference point, look to the past as
well as to the furure,

Here are some questions which should
help narrow your selection:

—Will it be used as a general-purpose

scope in the lab or on a production

line, or on a short-term project?

—What are the operating environment

requirements?

—Is wide bandwidth (fast risetime)

required, such as for designing ot test-

ing state-of-the-art computers?

—Will the new oscilloscope be in use

five hours or 24 hours a day?

—Jt it to be carried around in a ve-

hicle or aboard a commetcial jet?

—Will the display be viewed from up

close ot from perhaps ten feet away?

Of course, there are many other perti-
nent subjects to explore, such as relia-
bility, company reputation, availability
of service and parts, and value-added
considerations like training seminars and
technical literature,

Baslc types of scopes

When you examine essentially all of
the possible measurement requirements
fulfilled by oscilloscopes, there are really
perhaps only four types. In somewhat
broad categories, these are: (1) plug-in/
main{rame, (2) nonplug-in, (3) port-
able, and (4) monitor (or display). Fol-
lowing are some characteristics and typi-
cal applications for each type. Figure 2
shows representative scopes.

Mainframe/plug-ins
Here is where a first-order decision is
usually made: Do you need plug-in capa-
bility? Mainframe and plug-ins can be
selected for the combination closest to
each potential applicarion, and character-
istics can be changed to accomplish vary-
ing tasks. 1f a mainframe is selected
carefully, it will allow upgrading through
newer plug-ins as they become available

and as the job tequites them.
General purpose laboratory scopes
(i.e., mainframe and plug-ins) are used

in basic circuit design for almost every
electronic product. Choosing a scope to
do only today’s job in the lab may be
unwise since its useful life will fikely
be diminished.

Available plug-ins might include bznd-
widths up to at least 100 MHz; dif-
ferential /d¢ offset; two or four channels;
standard, delayed ot mixed sweep op-
eration; sampling at bandwidths to 18
GHz; and time domain reflectometry.
These give specialized measutement ca-
pability without investing in a whole
new scope!

Hewlett-Packard offers such general.
purpose laboratory oscilloscopes and is
therefore committed to anticipating your
future design needs and to having the
plug-ins there when you need them,

Table 1.

Nonplug-In

Nonplug-in scopes are {requently re-
ferred to as “dedicated.” They are often
dedicated to one specific task because the
performance characteristics can perform
thar task for the useful life of the scope.
As an inttial investment, a noaplug-in
instrument will ¢ost less for comparable
capability than a plug-in type.

By far the most common nonplug-in
scopes are low frequency. Such 2 fow
frequency scope will have a bandwidth
of perhaps 500 kHz (some extend to 2
few megahertz). High sensitivity low fre-
quency scopes are used in applications in
many different engineering and scientific
disciplines.

Hewlett-Packard has made many sig-
nificant contributions in nonplug-in Jow

Oscilloscope Selection

1300 Series X-Y Displays

Standard size CRT and large-screen X-Y or graphic displays. Both standard
CRT and storage/variable persistence models. Large-screen graphic displays with
up to a 19-inch CRT have bright traces and the speed to keep up with a computer.
OEM discounts are available. See Page 83
180 System High Freguency Plug-in Scope

The one plug-in instzument to solve nearly any general-puspose laboratory or
production line measurement problem. Bandwidths of 500 kHz, 35 MHz, 50 MHz,
75 MHz, 100 MHz, 250 MHz, or >600 MHz. Standard, storage/variable per-
sistence, or big-screen. Sampling to 18 GHz. See Page 96
1700 Series Portable Scopes

Rugged, light-weight instruments adequate for almost any field service or
laboratory application. Bandwidths of 35 MHz, 75 MHz, and 150 MHz. Storage
with variable persistence at 35 MHz bandwidth. Operation from ac line, dc line
or source, or from an optional battery. Economically priced, too. See Page 120

140 System General-Purpose Plug-in Scope

A valued pecformer for Hewlett-Packard customets around the world. Standard
and storage/variable persistence models and a mainframe with 8 x 10 inch display
area. Real-time plug-ins to 20 MHz, sampling to 18 GHz. TDR, swept frequency,
and specttum analyzer plug-ins. See Page 130

1200 Serigs Low Frequency Scopes

Low frequency, non-plug-in scopes of proven, all-solid-state circuit design.
Many operating features normally found only on much wider bandwidth, more
expensive scopes. Bandwidths of 500 kHz or 7 MHz in standard or storage/
variable persistence. Deflection factors as low as 100 ¢V /div. See Page 135
Oscilloscope Accessories

Supporting accessories to get the most out of your scope investment. Cameras
and adapters, testmobiles, active and passive probes, and cables 2nd adapters to
meet most any need. See Page 140

/ (180 Series)

. .,

k PLUG-IN/MAINFRAME

(1200 Series)

NONPLUG-IN

(1700 Serias)

PORTABLE

GRAPHIC DISPLAY

(1300 Serias) N\

Figure 2.

Hewletl-Packard scapes of four basic measurement types.
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Figure 3. Typical oscllloscope block diagram,

frequency scopes. Hewlett-Packard's low
frequency scopes are all solid-state instru-
ments which provide laboratory quality,
accuracy, and reliability—at competitive
prices.

Portables

Portable oscilloscopes are a caregory
which usually refers to whether or not
the instrument was designed to be hand-
carried from one measurement location
to anothec.

Most portable scopes are nonplug-in,
with performance characteristics selected
at purchase time to remain adequate for
the life of the instrument. Prudent selec-
tion of options will still make a portable
scope invaluable for years to come.

Most often, a portable scope is used
for field service work, such as maintain-
ing a computer. However, because of
lab option packages available, a portable
scope may still provide a good buy for
design work.

Onc should carefully consider the
characteristics inherent to the word port-
able: weight, size and form factor, rug-
gedness, power requirements, and relia-
bility.

Hewlett-Packard has economically
priced portable scopes to meet pactically
any requirement. In addirion, Hewlett-
Packard’s portable line can be operated
from an ac. dc, or battery (optional)
source,

Monitors (displays)

Most monitors, or displays, are perma.
nently located in a console or system,
and dedicated to displaying a given sig-
nal or set of signals. Most do not contain
a time base.

Displays come in all sizes. You can
purchase a display having a standard
size oscilloscope CRT with an 8 x 10 ¢m
display area. There are many intermedi-
ate sizes and the large-screen versions
range up to about 19 inches (measured
diagonally).

Physical size and power requirements
vary, especially among large-screen dis-
plays. This is largely determined by

whether electromagnetic or electrostatic
CRT deflection is used.

Most displays can be adapted for either
a free-standing (desktop) or rack use.
External appearance can usuzlly be mod-
ified by the manufacturer to obtain spe-
cial graticules ot phosphors on the CRT,
special paint, special knobs, or special
panels and enclosures.

Hewlett-Packard has pioneered in the
development of displays (e.g. large
screen electrostatic deflection CRT's and
variable perisistence coupled with stor-
age). For help in solving any of your
display problems, consult Hewlett-Pack-
ard.

Oscilloscope basics

Because the oscilloscope can display
electrical signals which vary with time,
it has become today's most widely used
electronic measuring instrument. It pro-
duces a visuzl display of any physical
quantity which can be represented as a
voltage. This permits precise measure-
ment and analysis of the phenomenon
represented by the volrage.

The block diagram in Figure 3 shows
the essential parts of an oscilloscope. In
addition 2 36-minute video tape on
“Oscilloscope Basics” (HP I.D. #800360)
may be useful. A copy of oscilloscope
terms and definitions is available from
Hewlett-Packard.

The cathode-ray tube

A CRT produces an electron beam
whose movement is controlled by the
vertical and horizontal amplifiers and by
the power supplies which form, shape,
and accelerate jr. This electron beam
strikes a phosphor screen and a visible
glow results as the beam s moved
around.

Since the bearn deflection can be cali-
brated against a grid (graticule) on the
CRT face, amplitude and time measure-
ments can be made. All Hewlett-Packard
graticules are internal and in the same
plane as the phosphor, eliminating paral-
lax.

Hewlett-Packard manufactures all jts
own CRT’s 2nd technological leadership

has accompanied this.

An expansion mesh, used first by Hew-
lett-Packard in 1962, with a voltage on it
produces an electrostatic field which
bends the beam after its initial deflection
at the electron gun structure. By con-
trolling mesh radius, Hewlett-Packard
CRT designers have produced increas-
ingly larger display areas while simul-
taneously reducing the over-all length of
the tube.

Storage scopes are now available from
Hewlett-Packard with variable persis-
tence (the time it takes for the trace to
fade to 109% of its original brightness).
This is made possible by use of a storage
mesh immediately behind the phosphor.
Control circuits then determine the rate
at which z display fades away after
being stored as a charged pattern on the
mesh. Hewlett-Packard storage scope
theory is further explained in a 29-
minute video tape, HP 1.D. #800449.

Ask for a copy of Application Note
115, covering CRT's and scope photog-
raphy.

Vertical deflection system

Since the CRT is limited as to the
range of deflection voltages which can be
applied, a vertical amplifier and attenua-
tor are nsed. These are accurately cali-
brated to provide a deflection factor re-
lated to the graticule (e.g., 5 mV/di-
vision).

A sharing of amplifier technology be-
tween Hewlett-Packard engineers in dif-
ferent design labs directly resulted in the
use of monolithic transistor arrays i an
integrated citcuit package for HP's 250
MHz real-time scope introduced in mid-
1969.

Hewlett-Packard vertical deflection sys-
terns have been made more useful with
simplified, yet functional, controls. As
better circuits have been designed, adjust-
ments previously adding to front panel
confusion have been eliminated or lo-
cated inside for use only in periodic
calibration. A recent example of func
tional and innovative amplifier design by
Hewlett-Packard is a selectable input im-
pedance, either S0 or high Z.

Horizontal deflection systern

To deflect the electron beam hori-
zontally, an amplifier and sweep genera-
tor are used. A sawtooth waveform gen-
erator sweeps the heam at a selectable
uniform rate. With such a linear rate
of sweep, calibration to the graticule is
possible (e.g,, 1 ms/division),

For meaningful displays, the horizontal
deflection system must provide synchro-
nizing circuits to starr the sweep at a
specific instant with respect to the mea-
sured wavefom. Automatic triggering on
Hewlett-Packard scopes makes starting
of the sweep a quick, easy step. And
preser adjustments produce synchronized



Figure 4. Power supply modula can be op-
erated outside the malnframe 1o facilitate
maintenance,

sweeps with little or no knob adjustment.

A recent improvement on Hewlett-
Packard time bases now gives stable, one-
knob triggeting on signals to beyond 500
MHz.

In addition to a direct-reading ex-
pander control, which minimizes errors,
one new time base in the HP 180 System
zlso features a X100 sweep expansion.
This allows detailed examination of se-
lected portions of a display, a feature
normally found only on mote expensive
delaying time bases.

Power supplles

Scopes contain low and high voltage
power supplies and determine, with the
CRT, the maximum capability of 2 scope,
especially of a mainframe.

Low voltage power supplies give op-
erating power to scope circuits such as
the vertica) and horizontal amplibers. The
high voltage power supply fotms and
controls the CRT electton beam.

Hewlett-Packard has made contribu-
tions in power supplies, too, and two
examples will show their significance:

1, The new 1700 Seties portable scope
has an advanced design LVPS. It is
highly efficient and has a newly designed
dc-to-dc converter. The result is a scope
which consumes approximately 25 watts
and operates from ac line, dc line or
source, or optional battery.

2. Newest mainframes in the 180 Sys-
tem have a more relisble LVPS which,
when repair may be required, can be re-
moved from the instrument in a fully
operating status; refer to Figure 4. Re-
pair or calibration time is greatly re-
duced.

Input probes

Probes are often used to transfer a
signzl from a circuit or device under test
to the vertical input of a scope. Because
of differing impedances and frequency
effects, a variety of voltage and current
probes have evolved.

Proper selection of well-designed
probes will minimize circuit loading ef-
fects and provide the most accurate and
useful waveform infotmation. Improper

matching of probe to circuit measute-
ment point or of probe to scope will
cause risetime errors in pulse measure-
ments and cause both amplitude and
phase errors in CW measurements.

The effects of resistive loading have
been recognized for some time. High in-
put impedances have been used to reduce
the voltage division between circuit and
measuring device. This technique will
cause minimal error if measurements ate
at low frequencies and the circuit test
point has a low impedance.

When these probing requirements are
not met, inaccuracies result for one big
reason: CAPACITANCE. And the ef.
fects of capacitance in the probe or scope
input change drastically because of fre-
quency.

Obviously, the aznswer would be 1o
eliminate capacitance. This is not pos-
sible with present technology, but it can
be reduced greatly. Borrowing a tech-
nigue from microwave and sampling in-
strumentation, high frequency measure-
ments become even more accurate.

This technique is a 50-ohm trans-
mission system. It eliminates capacitive
effects and can be adapted success{ully
for probing source impedances greater
than 50 ohms. Low-capacitance (<0.7
pF) resistive dividers can be used, pro-
viding the best-known compromise for
minimizing capacitance without creating
resistive loading problems. Active probes
with divider tips offer the flexibility of
higher resistance input while shunt ca-
pacitance is held to only a few pico-
farads.

Hewlett-Packard has pioneered in help-
ing solve the capacitance problem in high
frequency measurements. Here are three
examples:

Example 1: In 1968, Hewleut-Packard
introduced the Model 1802A plug-in with
50-ohm inputs—a figst for real-time
scopes.

Example 2: In 1969, Hewlett-Packard
provided the first general-purpose real-
time scope with 250 MHz bandwidth—
the 183, also with 50-ohm inputs.

Example 3: In this catalog are two
180 System plug-ins and a portable
scope with a selectable input impedance
—50 ohms or 2 high Z with low capaci-
tance. This measurement convenience is
available because of Hewlett-Packard’s
innovative design which uses thick-film
attenuators, illustrated in Figure 5, a first
for the scope industry,

Figure 5. Hewlelt-Packard innovation uses
thick-film substrate in cam-operated attenua-
tors, allowing selection of 500 or high input
Impedance.

Because of Hewlett-Packard's dedica-
ton to developing better scopes for you,
we offer 2 complete selection of com-
patible probes. Ask your Hewlett-Pack-
ard field engineer for a copy of Applica-
tion Note 152, oscilloscope probing tech-
niques.

Sampling oscilloscopes

Sampling oscilloscopes use a technique
which is similar in principle to use of
a stroboscope for study of periodic or
varying motion.

Samples are raken on successive recur-
reaces of a waveform. As each amplitude
sample is taken later in time on the wave-
form, the CRT beam is deflected to the
corresponding point where a visihle dot
is then displayed. The rate at which
sampling occurs is very fast; thus the
dots are displayed as a coherent-appear-
ing waveform on the CRT. Figure 6 illus-
trates the sampling technique.

Samples are obtained when a pulse
“turns on” the sampling citcuit for 2n
extremely short time. During this interval
the input waveform amplitude is mea-
sured, the samples are then effectively
“stretched” in time, and amplified at
relatively low bandwidths.

Thanks to fast-switching diodes de-
veloped by Hewlert-Packard—some even
for use in other types of instrumentation
—sampling scope bandwidths have pro-
gressed to the 18 GHz point. Hewlett-
Packard introduced the first commercially
available sampling scope over ten years
ago. Once again, cumulative technology
has kept Hewlert-Packard sampling
scopes 2 leader, both in performance and
price, typified by the Model (810A 1
GHz sampling plug-in that’s low in price
and as easy to operate as a real-time
SCope.

A. SIGNAL BEWG SAMPLED
[-34]
343

12

Bs PRESENTATION ON CRT ERPEN T

g

Figure 6. Sampling scope technique reconstructs waveform from conseculive samples.
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High Standard For Oscilloscope Measurements

The growing 180 Oscilloscope System establishes the standard for
high-performance, high-frequency, general-purpose oscilloscope de-
sign. This modern plug-in system allows you to match your oscillo-
scope capability to your particular application. These small all solid-
state scopes are ideal (or all types of high frequency measurements.
This reliable, accurate performance has been proven in applications
varying from shipboard testing, o flighe-line checkout. to exacting
measurements of computer memories. This system is designed to
meet today's requirements and still provide capabilities for future
growth,

Complete Selection For Any Measurement Need

A wide selection of mainframes and plug-ins assure vou the right
combination to fit a particular measurement at the mipimum cost.
All controls are logically arcanged to altow quick familiarization for
easy, fast, accurate measurements.

/ ——

\_ —
Mainframes

The wide selection of mainframes provides a choice of bandwidrhs
o cover present and future needs. For measurements to 100 MHz,
the 180C and D have bright, fasc writing displays, the 181A and AR
provide variable persistence and storage. and the 182A has a large
screen for easier to see displays. Models 183A/B/C/D have band-
widths greater than 600 MHz with writing speeds of 4 and 8 ns/dix
for high speed pulse and CW measurements. All mainframes, except
the 182A, are available in compact cabinet or 3V ” high rack seyles,
which 1ake [ittle bench or rack space.

Vertical Plug-ins

The wide selection of plug-ins assures the right plug-in for
almost any measurement application. To fit your application, the
realume vertical plug-in fs available in 500 kHz. 35 MHz, 50 MHz,
75 MHz, 100 MHz, and 250 MHz bandwidths with deflection
factors of 100 x#V, 10 mV, 5 mV, 5 mV, and 10 mV, respectively.
Differential/de offset measuremencs are provided by the 1803A
which measures offset voliages with an accuracy of 0.5%. Large
signal, single-shot measurements are available in 183 mainframes
in excess of 600 MHz with the direct access 1831A plug-in.

GENERAL PURPOSE TO 18 GH:z

Solid-state, compact, plug-in design
180 Series

Time Bases

For accurate liming measurements. the time base plug-ins give
you a choice of single, expanded, and delayed sweeps with sweep
times of 3 ns/div in 180 meinframes and 1 ns/div in 183 main-
(rames. Applications that only require sweep expansion are provided
by the 1824A at considerably tower cosc than a delayed sweep time
base. The 1824A not only provides an expansion of up (o 100 times
but it maintains the =39 sweep accuracy that is often Jost in a
display magnification. If a2 delayed sweep is required. the 18254
provides calibrated delayed and mixed sweeps for accurate measure-
ments. Also, by using a single reference line on the CRT, you can
make differential timing measurements wich approximately 1%
accuracy.

Sampling Plug-ins

The new generation sampling plug-ins provide the easiest and
(astest low level, high frequency measurements available a¢ this time.
The 1810A operates and looks like a real time plug-in and provides
fast, accurate. tow-level measurements to 1| GHz. Measuremenis to
4 GHz and 18 GHz are provided by the 1811A and its remote
feedthru sampling heads, 1432A and 1430C. The remote sampling
heads reduce measurement errors by eliminating long high frequency
interconnecting lines and the feedthru characteristic allows measure.
ments to be made while the system is operating normally with ics
own Joads,

TDR

Time Domain Reflectometry is a fasc. convenient technique of
measuring the electrical charactersstics of transmission systems. For
wideband applications, Models 1815A/B and 1818A will disptay
an impedance profile of a system that shows magnitude, nature, and
distance of a discontinuity from the test point. Model 1818A is a
low cost, easy-to-use 150 ps risetime system for installation evalua.
tion and servicing of transmission systems. For design work or
critical system installations, the 1815A/B with its remote sampling
heads provides calibrated 35 ps rise times which will display dis-
conunuities as close as Vg inch apart.

Waveguide transmission systems can also be checked by using
the 1580A narrow band TDR system. This narrow band TDR
clearly shows the magnitude of discontinuities with the location
directly calibrated in feet or optionally meters from the source.
This allows rapid syscem set-up or repair of faults caused by mis-
aligned or corroded waveguide flanges, coaxial cable connectors or
damaged waveguide,

Operation In Extreme Environment
A 180 system has been developed (o meer the extreme environ-
menral requirements of the military. This system, which includes
plug-ins and fron! panel cover with accessories, is available as an
AN/USM-281A. The same ruggedized system can also be cbained
as a 180F mainframe and with 1801F and 1821F plug-ins or 2s a
rack mounc model in the 180ER.




180 System Selection Charts®

MAINFRAMES
Model No. DESCRIPTION Prioe
180C Cabinet style for up to 100 MHz real time plug-ins $ 950
180D 5Y4 -inch high rack/beach style version of 180C 1050
181A Cabinet style, variable persistence and storage CRT, 100 MHz 1950
181AR 5% -inch high rack/bench style version of 181A 2025
182A Large scraen, 100 Mz, cabinet style 950
183A Cabinet style, >500 MHz bandwidth, 4 ¢m/ns writing speed 1950
183B 5% -Inch high rack/bench style version of 183A 2050 |
183C Cabinet style, >500 MHz bandwidth, selectable scan, 4 or 8 cm/ns writing speed 2500 ]
183D 5Y-inch high rack/bench style version of 183C | 00 |
* Refer to Model Number Index for page raferences.
Vertical Plug-ins
Mods! No. 1801A 1803A 1B04A 1806A 1BOBA 1807A 1B08A @I810A¥ | ®IBNA ®1830A | ©1831A/B
Bandwidth, MH: 50 40 50 100 0.5 35 75 1GHz [40r18GHz | 250 >600 (A)
30) (sampling) | (sampling) > 500 (B)
Min. Deflection 5mv Smv 20 mv SmV 100 pV 10 mY 5 mV 2mv 2 mV 10 mv ~6V
factor/div (500 nV (1 mV)
Opt 001
cascaded)
Channels 2 1dif [ 2 2 2 2 2 2 2 1
(1 cas-
caded)
Differential Yes Yes No Yes Yes Yes Yes Yes Yes Yes 1831A
Input (with de only
offset)
Price ) $680 $950 $1050 $1400 3615 $450 $880 $1650 $1200 $900 $375 (A)
(Opt 001 3425 (8)
$830)
Time Base Plug-ins
TIME BASE PLUQ-INS TDB TDR/SAMPL[NG
Model No ) 1820C 1821A 1824A 18254 18104 18114 OI840A | 18414 DHISEA @1816A/B
Ext Tiig 150 MHz | 100 MHz | 190 MHz | 150 MRz | >) GHz | 18GHz |[>500 MHz|>500 MHz| <150 ps | 35 ps calibrated rise
(with risetime | time TDR, 12.4 GHz
countdown) TOR single channel sampl-
Int Trig 100 MRz | 75 MHz | 100 MHz | 100 MHz | 1 GHz 750 Mz | 750 MHz | system | ing 1815A calibrated in
Sweep Speeds/div | 5ns —lIs|10ns —1s|5ns —1s|5ns —Ls| 100 ps 10 ps Tns - | 1ns-— {getn‘jeltigepf:"ﬁ;atfq
(expanded)| (expanded)|  0.}'s 0.ls . - PIUg-n re
250 48 25 s ) qundrets sampling head
Delayed and Mixed No Yes X100 Yes No No No Dolayed and unnel diode.
Sweep ' Expanded
Price $400 $700 - $550 $800 $1650 @$1700 $650 $1150 $1200 231250,
Mainframe/Vertical /Time Base Compatibility Chart
Vertlole Plug-In Time Base Plug-In TDI-?/Bampilnp
) NOTES:
MAINFRAME @ § 3 1. Operates |n 183 maloframes only,
2 g 33sgEssSlessggsszgls=3s
& 28 8 é g :3: g g B s 8 § & 3 g e g g 2. Double size plug-in.
180C/D X X X X X X X X X X X X X X X 3. Requites option 035 to 183 maln-
181A/AR X X X X X X X X X X X < X X X frames and 184CA Time Base.
1824 X X X X X X X X X X X X X X X 4. Price Is without sampling teads and
turne! diodes.
<I0OMHz| X X X X X X X X X X X X X X X
183 >W00MHz| X X X X X X X X XX X X X
A/B/C/D| Opt 035 X X X X X X X X X X
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Description, 182A

Model 182A plug-in oscilloscope mainframe provides large
screen, 100 MHz bandwidth in the proven 180 oscilloscope sys-
tem. The parallax free, internal graticule is 8 x 10 divisions
with ¢ach division equal to 1.29 c¢m, which makes it easier to
view displays from a distance. This larger CRT area, 66%
larger than 8 x 10 c¢m displays, also improves viewing of dis-
plays such as four-channel, differential/dc-offset, and time do-
main reflectometer measurements.

Another feature of this mainframe is its design for maintain.
ability. Plug-in circuit modules that connect to a printed circuit
mother board almost eliminate internal cabling, which increases
reliability and makes it easier and quicker to get 20 instrument
back into service. For example: the horizontal amplifier is on
a plug-in circuit board that includes a section of front papel
with knobs and switches mounted on it. This allows a complete,
pre-tested board to be quickly ihstalled which keeps instrument
down-time to 2 minimum. Also, the function of major circuit
areas, test points, and adjustment values are priated on the cit-
cuit boards so a knowledgeable technician can easily adjust or
repair the circuits.

Specifications, 182A

Cathode-ray tube and controls

Type: post accelesator, 19 kV accelerating potential; aluminized P31
phosphor (other phosphors available, see Options).

Graticule: 8 x 10 div imernal graticule. 0.2-div sub-divisions on
major axes, 1 div = 1.29 cm. Front panel recessed screwdriver
adjustment aligns trace with graticule. Edge lighted graticule.

Beam finder: returns trace to CRT screen regardless of seting of
horizontal, vertical, or intensity controls.
Intensity modulation: approx =2 V, >50 ns pulse width (<10

MHz CW) will blank trace of normal intensity. Input R, approx
5 k ohms. Maximum Tnput voltage, =20 V (d¢ + peak ac).

Calibrator
Type: approx | kHz square wave, <3 us risc time.
Voltage: cwo outputs, 250 mV p-p and 10 V p-p; accuracy, *£16%.

Horizontal amgfifler

External input

Bandwldth: dc.coupled, de to 5 MHz; ac-coupled, 5 Hz to S
MHz,

Deflection factor: 1 V/div, xt; 0.1 V/div, x10; accuracy, =59%.
Vernier provides continuous adjustment between ranges.

Dynamic range: =20 V.

Maximum input: =300 V (dc + peak ac).

Input RC: { megohm shunted by approx 30 pF.

Internal sweep
Sweep magnifier: x10; accuracy, =59 (including 39 accuracy

time base).

Outputs: four emitter follower ourputs on rear for main and de-
layed gates, main and deayed sweeps or vertical and horizontal
outputs when used with sampling plug-ins; maximum cusrent
available, ®3 mA; outpurs will drive impedance >1000 ohms
without distortion.

Genera}
Weight: (without plug-ins) ner, 2615 Ib (12,02 kg); shipping 384
b (17,46 kg).

f LARGE SCREEN, 100 MHz
Plug-in flexibility
Model 182A

182A

. /

Power: 115 ot 230 V £10%, 48 to 440 Hz, <110 watts with
plug-ins at normal line. Max. mainframe power, 200 VA.

Environment: (Mainframe operates within specifications over the
following ranges.) Temperature, 0°C to "+55°C: Humidity, up to
95% relative humidiry 2t 40°C, Altitude, up to 15,000 £t; Vibra-
tion. vibrated in three planes for 15 minures each with 0.010
inch excursion, 10 to 55 Hz.

Dimensions: 7 15/16 in, wide x 13 5/16 in. high x 19 5/8 in.
deep over-all (201,6 5 338,1 x 498,5 mm).

Accessories furnished: metallic mesh contrast filter; power cord,

Price: (mainframe less plug-ins}

Model 182A Osciltoscope Mainframe ......... ... ...... $950
Mode] 182A Option 010 Oscilloscope Mainframe . ....... $900
Options

002: aluminized P2 phosphor in lieu of P31, no charge.

007: afuminized P7 phosphor in lieu of P31, no charge.

010: mainframe without rear panel main and delayed sweep and
BALE ORIPULS 4 he e ettt inan s Less $50

011: aluminized P11 phosphor in lieu of P31, no charge. Beam-
finder does not intensify display on Option 011 oscilloscopes.



HIGHR WRITING SPEED =
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OSCILLOSCOPES

Modeis 180C, 180D

Description, 180C/D

Models 180C (cabinet style) and 180D (rack style) main-
frames contain the basic functional circuits and power supplies
for real time 1800 sertes plug-ins to 100 MHz, TDR and 12.4
GHz sampling and dual channel * GHz and 18 GHz sampling
plug-ins. Basic mainframe features are: 8 x 10 division (1 div
= 1 cm) internal, parallax-free graticule; internal flood gun
for scale illuminztion; x 5 and X 10 sweep magnifier; external
horizontal input; two calibrator outpurs of 250 mV and 10 V;
and the Hewlett-Packard developed beam finder.

The cathode-ray tube has 15 kV accelerating portential for
fast visual and photographic writing speeds which makes it
easy to measure low duty cycle pulses. Photographic writing
speed with P31 phosphor is 1500 cm /s and is measured using
an HP 195A Camera, 10,000 ASA film without film fogging
techniques.

To facilitate servicing, the modular power supply may be
simply unplugged and removed from the mainframe for com-
plete access to all components. In addition, the power supply
may be operated in this exposed condition without requiring
separate extenders which further simplifies and speeds up main-
tenance procedutes. A horizontal gain calibrator, Model
10411A, is available to provide fast calibration of the main-
frame horizontal amplifier. This and other accessories are
listed in the accessories section.

Specifications, 180C/D
Cathode-ray tube and controls

Type: post accelerator, approx 15 kV accelerating potential: alumi-
nized P31 phosphor (see Options for other phosphors).

Gratlcule: 8 x 10 div internal gradcule, 1 div = 1 ¢m, 0.2 div
subdivisions on major exes. Fron¢ panel recessed screwdriver ad-
justment aligns trace with graticule. Scale control slluminates CRT
phosphor when viewing with hood or taking photographs.

Beam finder: returns trace to CRT screen regardless of setting of
horizontal, vertical, or intensity controls.

Intensity Modulation (External Input)

Iaput: approx +2 V, >350 ns pulse width (<10 MRz sine
wave) will blank trace of normal intensity.

Input R: approx 5 kohms.

Maximum Input: =20V (dc + peak ac).

Photographic writing speed: 1500 ¢m/us, Measured using P31
phosphor, 10,000 ASA film without film fogging and HP Model
195A camera (1.3 lens, 1:0.5 object-to-image ratio). Wridng
speed may be increased substantially by using flm fogging tech-
niques, P1i phosphor, and faster camera tenses.

Calibrator
Type: approx 1 kHz square wave, <3 us rise time.
Voltage: two outputs, 250 mV pg-p and 10 V p-p into > 1 megohm;
accuracy, =19,
Horizontal amplitier
External input
Bandwidth: dc ro 3 MHz de-coupled; 3 Hz to 3 MHz ac-coupled.
Deflection factor: 1 V/div, x1; 0.2 V/div, x5; 0.1 V/div, x10;
accuracy 5%, Vernier protides continuous adjustment be-
tween ranges.
Dynamic Range: =20 V.
Maximum input: 600 Vde (ac-coupled input).
Input RC: approx | megobm shuated by approx 30 pF.
(nternal sweep
Mignifier: x5, x10, accuracy *39; (with 3% accuracy time
ase) .
Outputs: four rear panel, emitter follower outputs provide main
and delayed gates, main and delayed sweeps, or vertical and hori-
zonal outputs when used with TDR/Sampling plug-ins, Maxi-

mum current available, =3 mA. Ouetput will drive impedances
of >1000 chms without distortion.

General

Weight (without plug-ins)

Model 180C (cabinet): net 24 b (10,9 kg); shipping, 36 Ib
(16,3 kg).

Model 180D (Rack): net, 26 b (11,8 kg): shipping, 40 1b
(18,1 kg).

Power: 115 or 230 V, £10%: 48 to 440 Hz, normally <110
wates with plug-ins at normal line. Max. mainframe power, 200
VA.

Environment (Mainframe operates within specifications over the
following ranges.): Temperature, 0 to —55°C; Humidity, to
952% relative humidity o 40°C; Aliitude, to 15,000 ft; Vibration,
vibrated in three planes for 15 min. each with 0.010 inch excur-
sion, 10 to 35 He.

Dimensions
Cabinet Model 180C: 774" wide, 11%4” high, 2114” deep behind

panel (200 x 289 x 540 mm).

Rack Model 180D: 16 3/4 in. wide, 5 7/32 in. high, 21 3/8 in.
deep over-all (425, 132,6, 543 mm), 14 3/8 in. (493 mm)
deep behind rack mount tabs.

Accessories furnished: 7%, foot power cord; Model 10179A mesh
contrast filter; rack mounting hardware and 2 probe holders (HP
P/N 5050-0464) are also supplied with the 180D rack model.

Price (mainframe less piug-ins)

Model 180C Oscitloscope Cabinet Style Mainframe ..... .. $950

Modet 180C Option 010 (Sec options) ................ 3900

Model 180D Oscilloscope, Rack Style Mainframe ....... $1050

Model 180D Option 010 (See Options) .............. $1000
Ogtions

The following oprions are available to modify 2 mainframe to fit

vour application. If other mainframe changes are required, contact

your Hewlett-Packard Field Engineer.

002: aluminized P2 phosphor in liev of P31, no charge.

007: aluminized P7 phosphor in lieu of P31, no charge.

010: deletes the rear panel outputs for main and delayed gates
and main and delayed sweeps ................... Less, $50

011: aluminized P11 phosphor in lieu of P31, no charge. Beam-
finder does not intensify display on Option 011 oscilloscopes.
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Description, 181A/AR

Models 181A (cabinet style) and 181AR (rack style) main-
frames provide plug-in flexjbility, 100 MHz bandwidth capa-
bility with a variable persistence/storage cathode-ray tube. The
storage mesh CRT allows you to adjust the amount of time 2
trace is retained to match your measurement requirement. In
addition, the 181 offers storage capability for over one hour to
permit you to study or photograph a display at your con-
venience.

Variable persistence and storage is useful for displaying
many types of signals, especially low repetition rate or single
shot events. Variable persistence allows you to adjust the trace
retention time to match your signal requirements, thus eliminat-
ing annoying slow sweep flicker.

The single shot Writing speed in the 181 s variable from
20 div/ms ro greater than 1000 div/ms. This allows adjustment
of the writing speed to match the measurement requirement
which provides more versatile scope operation. The integrating
capability inherent in this storage CRT allows fast rise repeti-
tive pulses to be displayed even though they may be well be-
yond the single shot writing capability of the CRT.

The wide selection of plug-ins allows you to match today's
measurement requirements and still provide capability for
future growth at minimum expense. Refer to the 180 system
selection chart for the main features of 1800 series plug-ins,

Specifications, 181A/AR
Cathode-ray tube and controls

Type: post-accelerator storage (ube; 8.5 KV accelerating potential;
aluminized P31 phosphor.

Graticule: 8 x 10 div internzl graticule, 0.2 div subdivisions oa
major axes. 1 div = 0.95 ¢m. Front panel adjustment aligns trace
with graticule.

Beam finder: returns trace to CRT screen regardless of setting of
horizontal or vertical controls.

Intensity modulation: approx +2 V. >50 ns pulse width (<10
MHz CW) blanks trace or normal intensity. Input R, 5100 ohms.

Persistence
Normal: natural persistence of P31 phosphor (approx 40 us).
Variable: from <0.2 s 10 >1 min,

Storage writing speed
Write mode: >20 div/ms.

Max write mode: > 1000 div/ms.

Brightness: >100 oot Lamberts.

Storage time: from Write mode to Store, traces may be stored at
reduced intensity for >1 hour. To View mode, traces may be
viewed at normal intensity for >>1 minute, From Max Write
mode to Store, traces may be stored at reduced intensicy for >S5
minutes. To View mode, traces may be stored at normal intensity
for > 15 seconds.

Erase: manual, pushbutton erasure takes approx 300 ms.

Horizontal amplifier
External input
Bandwidth: dc-coupled, dc to S MHz; ac-coupled, 5 Hz to
5 MHz.
Deflection factar: 1 V/div in x1; 0.2 V/div in x5: 0.1 V/div
in x10.
Dynamic range: =20 V.
Maxtmum input: 600 V d¢ {ac-coupled input). Input RC approx
1 megobm shunted by approx 30 pF.
Internal sweep
Magnifier: x5, x10; accuracy, =5% (with 3% accuracy time
base).

100 MH:z
Plug-in flexibility
Models 181A, 181AR

STORAGE CRT

General

Callbrator
Type: approx } kHz square wave, 3 us rise time,

Ampllitude: 10 V p-p; accuracy, £1%.

Outputs: four rear panel emitter follower outputs for main and
delayed gates, main and delayed sweeps or vertical and horizontal
outputs when used with TDR/Sampling plug-ins. Maximum cur-
cent available, +3 mA. Will drive impedances 21000 ohms
without distortion.

Weight (without plug-ins)

Model 181A (cabinet): net, 24 lbs (10,9 kg); shipping, 40 Ibs
(18,1 kg).

Model 1B1AR (rack): net, 26 lbs (11.8 kg); shipping, 40 Ibs
(18,1 kg).

Environment (operates within specifications over the following
ranges) : temperature, 0° to +355°C; humidity, (0 95% relative
bumidity to 40°C; altitude, to 15,000 fr; vibration, vibrated in
three planes for 15 min each with 0.010 inch excursion, 10 to
55 Hz,

Power: 115 or 230 V =109, 48 to 440 Hz, 115 watts at normal
line with plug-ins, Max mainframe power, 225 VA,

Dimensions
Madel 181A (cabinet): 774" wide x 113" high x 214” deep
(200 x 289 x 530 mm).

Modei 181AR (rack): 163%4” wide x SV4” high x 2134” deep
over-all (425 x 132.6 x 343 mm) 193%” (493 mm) deep
behind rack mounts.

Accessorles furnished: 715 ft power cord, Model 10178A mesh
conteast filter; rack mounting hardsware and two probe holders
(HP P/N 5050-0464) are supplied with rack models,

Price {mainframe less plug-ins)

Model 181 A Oscilloscope, Cabinet Style Mzinframe ... ... 81950

Mode!l 181 AR Oscilloscope Rack Style Mainframe . ... ...$2025

Options (order by option number)

H49: Model 181A or 181AR with remote programming capa-
bility for Write, Max, Write, Normal, Store, View, and Erase
functions, Programming accomplished through concac: closure,
DTL, or TTL logic sources. Price: Model 181A Option H49,
852450. Model 181AR Option H49, §2525.



4 and 8 cm/ns WRITING SPEED
Plug-in flexibility, 600 MHz real time

Models 183A, 183B, 183C, 183D

Models 183A/B/C/D mainframes, with their refated plug-ins,
provide real time frequency response through the VHF region.
This high frequency response is accomplished without sacrific-
ing viewing ease, accuracy, operating simplicity, ocr plug-in
versatility in wide band general purpose applications,

The fast writing speed of these main frames allows easy
viewing of slow rep rate digital words or other groups of
fast-rise pulses in computers and high speed digital systems.
In communication system analysis, the wide band response
allows undistorted displays of modulation envelopes on rf
carriers.

All four mainframes offer full 6 x 10 cm displays at 4
cm/ns writing speed. In addition, the 183C/D offers increased
writing speeds of 8 cm/ns in a reduced scan mode. This fast
writing speed allows easy photographic recording of high-specd,
single-shot transients thru the capabilities of either the 10 mV
250 MHz dual channel plug-in or direct access plug-ins extend-
ing to 600 MHz.

To take advantage of this fast writing speed, two time bases
are available which provide accurate expanded sweep times
to 1 ns/div. Both the standard and delaying time bases provide
ultra stable triggering to 500 MHz giving clear clean jitter
free displays for all general purpose applications.

Specifications, 183A/B/C/D
Cathaode-ray tube and controls

Type: post accelerator, 20 kV accelerating potential; aluminized
P31 phosphor (other phosphors available, sec options): safery
glass faceplate.

Writing speed:* Models 183A/B, 4 ¢m/ns; Models 183C/D, 4 cm/
ns in normal scan; 8 ¢m/ns in reduced scan.

Graticule
Models 183A/B: 6 x 10 division internal graticule. 1 div = 1

cm. 0.2 division subdivisions on major axes.

Models 183C/D: normal scan, 6 x 10 division internal graticule.
1 div = 1 ¢m. 0.2 division subdivisions on major axes; reduced
scan, 6 % 10 div internal graticule superimposed in center of
normal scan graticule. 1 div = 0.5 am.

Flood gun: illuminates CRT phosphor. Normal or pulsed mode of
operation selected with rear panel switch. Scale control adjusts
graticule illumination in normal mode and pulse widch in pulsed
mode which increases photographic writing speed.

Beam finder: returns trace to CRT screen regardiess of setting of
horizontal or vertical controls.

Intensity modulatlon: approx -2 V, 50 ns pulse width (£15
MHz CW) blanks trace of normal intensity. Input R, 4700 ohms.
415 V blanks trace of any intensity.

Calibrator

Puise timing: selectable, 2 kHz rep rate (0.5 ms period), 50 us
pulse width; 1 MHz rep rate (1 us period), 100 ns pulse width,
Accuracy, =0.59 +10°Cto +40°C; =1 10 +~55°C.

Amplitude: scjectable, 50 mV or 500 mV, =1% into 2 50 ohm
*=0.5% load.

Source R: 50 ohms, nominal.

Pulse shape (measured with 1 GHz bandwidth sampler): rise
time (negative slope), 1 ns; overshoot and ringing, =3% max;
Aatness, £0.59 after 5 ns with pulse top and base line perturba-
tions averaged,

External caltbrator Input: calibrator shaping neework shapes an
external negative input that exceeds —0.5 V peak, Rep-rate ex-
tends to >10 MHz. Input R, approx 10 k ohms. Rear panel inpus
selected with rear panel switch and front panel light indicates
when switched to external position.

* With 10,600 ASA Hilm, P3} phasphor, f/1.3 lens, 1:0.5 eblect-to-Image retio,
and pulsed flood gun fogging.

OSCILLOSCOPES
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\.
Horizontai amplifier

External input: bandwidth, de.coupled, d¢ to 8 MHz; ac-coupled,
2 MHz: deflection factor, 1 V/div, X1; 100 mV/div, X10; ac-
curacy £39, vemier provxdes contmuous ad]ustment between
ranges and extends deflection factor to at least 10 V/div: dynamic
range, =20 V; maximum input, =350 V (d¢ -+ pezk a¢); input
RC, approx 1 megohm shunted by approx 20 pF.

lnternal sweep magnifier: X10: accuracy, *5%.

General

Outputs: two rear panel emiteer follower outputs for main or
delayed pates (vertical or horizontal outpuis when used with
sampling plug-ins}. Output amplitude is approx *0.75 V with
1840A time base plug-in. Will drive impedances > 1000 ohms
without distortion.

Weight (without pfug-ins): Models 183A/C (cabinet) net, 33 Ibs
(15,0 kg); shipping, 46 Ibs (20,9 kg): Models 183B/D (rack)
net, 35 Ibs (15,9 kg); shipping, 48 lbs (21,8 kg).

Environment (mainframe operates within specifications over the
following ranges) : temperature, 0°C to $5°C; humidity, to 959
relative humidity to 40°C; altitude, to 15,000 {¢; vibration,
vibrated in three planes for 15 minutes each with 0.010 inch
excursion, 10 to 55 Hz.

Power: 115 or 230 V £10%, 48 to 440 Hz, approx 115 watls
with 1830A and 1840A plug-ins at 115 V and 60 Hz, Maximum
mainframe power at normal ling, 155 watts,

Dimensions
Models 183A/C (cabinet): 774" wide, 1134” high, 2234” deep

behind front panel (100 x 289 x 578 mm).
Models 183B/D (rack): 163" wide, 5-7/36” high, 24” deep
over-all (425.5, 132.6, 543 mm), 22" (558.5 mm) deep behind
rack mount tabs,

Accessories supplied: Model 10179A mesh conirase filter, 704 ft
power cord; reduced scan mask for 183C/D (HP Part No. 00183-
04111), Rack mounting hardware and two ¢lip-on probe holders
(HP Pact No. 5050-0464) with 183B and D rack models,

Price (malnframe less plug-ins) . .

Model 183A Oscilloscope, Cabinet Style Mainframe ... . .. $1850
Model 183B Oscilloscope, Rack Style Mainframe ... .....$1925
Model 183C Oscilloscape, Cabinet Style Mainframe ... ... $2500
Mode! 183D Oscilioscope, Cabinet Style Mainframe .. .. . 32600
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Description, 1808A

Model 1808A is an ideal vertical amplifier foc design or
trouble-shooting logic circuits using ECL components, This
plug-in provides low drift and fexible triggering for accurare
C\W and timing measurements. Other convenience features zre;
5 mV/div to 5 V/div; dc to 75 MHz bandwidth on all
ranges; selectable display polarity on each channel; and select-
able high Z or 50 ohm inputs.

General purpose probing is provided by a one megohm input
with a very low 12 pF shunt capacitance to reduce phase shift
and signal loss in CW measurements, A switchable, high
quality, 50 ohm input is also provided, which allows matching
to a 50 ohm source with minimum reflections due to the low
1.2:1 VSWR. This 50 ohm inpuc provides accurate rise time
measurements with virtuzlly no reflections to degrade the input
signal or introduce phase shift. The 50 ohm input also allows
active and passive probes with very low input capacitance to
be used which further reduces signal degradation.

Specifications, 1808A

Modes of operation: channel A: channel B: channels A and B
displayed alternately on successive sweeps (ALT): channels A
and B displayed by switching between channels at approx 400
kHz rate (CHOP), with blanking during switching; and c¢hannel
A plus channel B (algebraic addition) .

Each channel (2)

Bandwidth: (3 dB down from 8 div reference signal from a
terminated 50 ohm source): dc-coupled, dec to 75 MHz; ac-
coupled, approx 8 Hz to 75 MHz.

Rise time: <4.7 ns (measured from 109 to 90%% points of 6
div input step from a terminated SO ohm source).

Defiection factor
Ranges: 5 mV/div to 5 V/div (10 calibrated positions) in 1,

2, 5 sequence. =2% attenuator accuracy. Vernier provides
continuous adjustment between deflection factor settings and
extends maximum deflection factor to at least 12.5 V/div.
Polarity: -+ up or — up, selectable.
Signal delay: input signals are delayed sufficiently to view
leading edge of input pulse without advanced trigger.
Input coupling: selectable, ac and d¢ (1 megohm), 50 obms,
or ground. Ground position disconnects input connector and
grounds amplifier irput,
[nput (selectable)
1 megohm: | megohm 1% shunted by approx 12 pF.
50 ohm: 50 ohms £ 1% . VSWR, < 1.2:1 at 75 MHz on all
ranges.

75 & 50 MHz, 2 CHANNEL
5 mV/div; High Z or 50 ohms at 75 MHz
Models 180BA, 1801A

Maximem input

1 megohm: 300 V (dc + peak ac) ar | kHz or less;
=150 V (d¢ + peak ac) on 5 mV/div range at 1 kHz
or less.

50 ohm: 10 V tms {dc-coupled input).

Drift: <100 uV/°C.
A + B operation

Amplifier: bandwidith and deflection factors and unchanged:
either channel may be inverted for =A <+ B operation.

Differential input (A-B) caommon mode: for frequencies
from dec to 2 MHz, CMRR is at least 40 dB on 5 mV/div
and at least 20 dB on other ranges for common mode
signals of 24 div or less.

Triggering

Source: A, B, or composite (A + B) modes, on the signal
displayed; chop mode, on A or B signal: alternate mode,
on A. B, or successively (comp) from the displayed signal
on each channel.

Frequency: dc 10 75 MHz on signals causing 0.5 div p-p
or more vertical deflection in all display modes (18204,
1821A require 1 div p-p) except dc to 100 kHz in chop
mode.

Genersl
Environmeat: same as Model 180C/D mainframe.
Welght: net, 5 Ibs (2,3 kg): shipping, 9 lbs (4,1 kg).
Price: Model 1808A Dual Channel Vertica! Amplifier, $880; Model
1808A Oprion 003 Dual Channel Vertical Amplifier, $800.
Accessorigs furnished: two 10:1 voltage divider probes.
Ogptions
003: Model 1808A without probes, less $80,
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Description, 1801A

Model 1801A is a dual channel vertical amplifier plug-in
for 180 system mainframes. Operating characteristics are: 5
mV/div to 20 V/div deflection factors; dc to 50 MHz2 band-
width constant on all ranges; selectable display polarity; and
selectable jnput coupling. The two channels can be operated
singly, algebraically added, or in dual trace modes with alter-
nate or chopped switching and selectable trigger source.

For added measurement versatility, Option 001 provides a
X5 mulriplier for 1 mV/div deflection factors. Option 001
also provides a2 Channel B output, which can be cascaded into
Channel A for 500 xV/div deflection factor.

Specifications, 1801A

Modes of operation: channel A; channel B: channels A and B
displayed alternately on successive sweeps {ALT); chanpels A



35 MHz, LOW COST, 2 CHANNEL
10 mV/div, Easy-to-use
Model 1807A

and B displayed by switching between channels at approx 400
kHz race (CHOP), with blanking during switching; channel A
plus channel B (algebraic addition}.

Each channel (2)

Bandwidth (measured with or without a Mode] 10004B probe,
3 dB down from 8 div reference signal from 2 terminated 50
ohm source. Lower [imit is 2pprox 0.8 Hz with 10004B probe
when ac-coupled): dc-coupled, dc to 50 MHz; ac-coupled,
approx 8 Hz to 50 MHz.

Rise time: <7 ns (measured with or without 10004B probe
10% to 90% of 8 div inpur step from a rerminated 50 ohm
source).

Deflection factor: 5 mV/div o 20 V/div (12 positions) in 1,
2, S sequence. =39, artenuatos accuracy. Vernier provides
continuous adjustment berween deflection factor settings and
extends maximum deflection factor to at Jeasr 50 V/div.

Polarity: + up or — up, selectable.

Signal delay: input signals are delayed sufficiently to view lead-
ing edge of input pulse withour advanced external trigger.

Input RC: 1 megohm *2¢% shunted by approx 25 pF.

Input coupling: selectable, sc, dc, or ground. Ground position
disconnects signal input and grounds amplifier input.

Maximum Input
DC-coupled: =350 V (dc + peak ac) ar 10 kHz or less;

=150 V (dc — peak ac) on S mV/div range at 10 kHz
or less.
AC-coupled: £600 V dc.
A 4 B operation
Amplifier: bandwidth and deflection factors are unchanged:
either channel may be inverted for £A = B opetation.
Differential Input (A-B) common mode: for frequencies
from dc to 1 MHz, CMRR i3 ar leasr 40 dB at 5 mV/Qiv
and at {east 20 dB on ocher ranges for common mode signals
of 24 div or Jess.
Triggering

Source: A, B, or composite (A — B). Modes, on the signal
displayed; chop mode, on A or B signal; alternate mode, on A,
B or successively (comp) from the displayed signal on each
channel.

Frequency: dc to 50 MHz on signals causing 0.5 div or more
vertical deflection In all display modes except dc to 100 kHz
in chop mode.

General
Weight: net, 4 lbs (1,8 kg); shipping. 7 Ibs (3,2 kg).
Environment: same as Model 180C/D mainframes.
Accessories furnished: two 10004B, 10:1 divider probes, approx

315 fr.

Price: Model 1801A Dual Channel Vertical Amplifier, $680; Model
1801A Option 003 Dual Channel Vertical Amplifier, $600.
Optlons (order by option number)

001: provides x5 magnifier and channel B vertical output. Con-
tact your Hewletr-Packard field engineer for more information
about this option.

003: Model 1801 A without probes, Jess $80.

090: 6 ft 10006B probes substituted for 10004B, 10:1 atten,
no charge,

091: (0 ft 10005B probes substituted for 10004B, 10:1 atten,
no charge.

Description, 1807A

Model 1807A is an economical, dual channel plug-in for
applications involving logic timing measurements in circuits
using MOS and TTL elements. A selection of standard, delay
geoerators, or expanded sweep time bases, allow timing mea-
surements to 5 ns/div in 180 mainframes or to 1 ns/div in
183 mainframes. The 181 variable persistence/scorage main.
frames provide bright, clear displays of low rep rate logic
pulses when they afe too slow for standard CRT displays.

? OSCILLOSCOPES
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Specifications, 1807A

Mades of operation: channel A; channel B; channels A and B
displayed alternately on successive sweeps (ALTY; channels A
and B displayed by switching between channels at approx 100
kHz rate (CHOP), with blanking during switching; and channel
A plus channel B (algebraic addition).

Each channel (2)

Bandwidth: (measured with or without 10004B probe, 3 dB
down from 8 div reference signal fromt a terminaced 50 ohm,
Lower limit is approx 0.8 Hz with 100048 probe when ac-
coupled): dec-coupled, de to 35 MHz. ac-coupled, approx 8 Hz
to 35 MHz.

Rise time: <10 ns (measured with or without 10004B probe,
10% to 909 of 8 div input from a cerminated 50 ohm source).

Deflection factor: 10 mV/div to 5 V/div (9 positions) In 1,
2, 5 sequence. =39, attenuator accuracy. Vernier provides con-
tinuous adjustment between deflection factor settings and ex-
tends maximum deflection factor to 12.5 V/div.

Polarity: & UP or — UP, selectable on channel B.

Signal delay: input signals are delayed sufficienty to view lead-
ing edge of inpur pulse without advanced trigger.

Input RC: | megohm =2% shunted by approx 27 pF.

Input coupling: selectable, ac, dc, or ground. Ground position
disconnects input connector and grounds amplifier input.

Maximum input
DC-coupled: %350 V (d¢ + peak ac) at 10 kHz or less;

#1350 V (de¢ = peak 8¢) on 10 mV/div at 10 kHz or less.
AC-coupled: =600 V de.

A 4 B operation

Amplifier: bandwidth and deflection factors are unchanged;
channel B may be inverted for - A =B operation.

Differentlal input (A-B) common maode: for frequencies
from dc to 1 MHz, CMRR is at least 40 dB on 10 mV/div
and at least 20 dB on other ranges for common mode signals
of 24 div or less.

Triggering
Source: on channel A for channel A, cthop and alternate modes,

on channel B for channel B mode, on signal displayed for A +
B mode.

Frequency: dc to 35 MHz on signals causing 05 div p-p or
more vercical deflection in all display modes except d¢ to 100
kHz ia chop mode.

Gepneral
Environment: same as 180C/D mainframe.
Welght: net, 4 Ibs (1,8 kg); shipping, 8 Ibs (3,6 kg).
Price: Model 1807A Dual Channel Vertical Amplifier, $450.
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Description, 1803A

Mode] 1803A is a differential/dc offset amplifier plug-in
for 180 system mainframes. Operating characteristics are: de-
Rection factors of 1 mV/div to 2 V/div from d¢ to 30 MHz
and from 5 mV/div to 20 V/div ta 40 MHz; CMRR of 86 dB
(20,000:1) on the } mV/div range with 2 10 volt common
mode signal; and calibrated offset voltage that provides dif-
ferential comparison of pulse amplitude measurements with
0.59; accuracy.

Specifications, 1803A

Vertlcal deflection

Bangdwidth; dc to 40 MHz (3 dB down) for deflection factors of
S mV/div to 20 V/div; d¢ to 30 MHz (3 dB down) on 1 mV/div
and 2 mV/div for Vo range of 0 1o 6 V, and 2 most sensitive
volts/di¢ settings on other Vo ranges. Lower 3 dB limit is ap-
proximately 2 Hz with input ac coupled. (Measured with or
without 10004B probe; 8 div reference signal from a terminated
50 ohm source. Lower limit is approximately 0.2 Hz with probe.)

Risetime: <10 ns for deflection factors of 5 mV/div to 26 V/div;
<12 ns on 1 mV/div and 2 mV/div on Vo range 0 10 6 V and
on two most sensitive volts/div settings on other Va ranges.
{Measured with or withou: 10004B probe; 109 to 90% of 8 div
input step from 2 terminated S0 ohm source).

Deflector factor
Ranges: from 0.001 V/div v 20 V/div (14 calibrated positions)

in 1, 2, 5 sequence. 36 artenuator accuracy.

Vernier: provides continuous adjustment between all deflecrion
factor ranges; extends maximum deflection factor to at least
50 V/div. Uncalibrated light indicates when vernier is not in
CAL position.

Input cougling: front panel selection ac, dc, ground or Vq for both

+ and ~ inputs. Ground disconnects signal input and grounds
amplifier input for reference.

Maximum input

Maximum Input

Vo Range Deflection Factor (dc -+ peak ac)
OtdV 0.001 V/div 0 0.02 V/div + 15V
0to6V 0.05 V/div ta 0.2 V/div 150V
0Oto 6V 0.5 V/div 10 20 V/div =600 V
0to 60 V 0.01 V/div to 0.2 V/div =150V
Q¢ 60V 0.3 V/div to 20 V/dyv 600 V
0to 600V 0.1 V/div o 20 V/div =600V

Overload recovery
6 V overlaad: within 210 mV of final signal value in <0.3 us
within 5 mV in <1 ps, and within 1 mV in <1 ms.
60 V overload: within =100 mV of final signal valve in 0.3
ks, within £50 mV in <1 ks, and within =10 mV in <1 ms.
600 V overload: within =1 V of final signal value in <0.3 us,
within £0.5 V in <1 as, and within =100 mV jn <! ms.
Common mode rejection ratio: messured at 0.001 V/div, (CMRR
decreases with increasing deflection factor.)
Common Mode
Input Sinewave

Frequency Range CMRR (Max p-p)

DC t» 100 kHz >20,000:1 (=86 dB) oV

100 kHz to 1 MHz  >10,000:1 {>80 dB) 10V

1 MHz to 10 MHz 5.000:1 10V
Freq, tn MH2 Freq. in MHz

20 MHz >50:1 (>34 dB) 1V

60 Hz 22,000:1 {266 dB)Y* AY

Vo output: calibrated dc offset voltage avatlable at front panel con-
nector, continuously variable from 0 to =0.006 V, 0 to £0.06 V,
0 to =0.6V, or 0 to =& V. Accuracy of the =6 V range is

* AC coupled (all others de-coupled).

=7 DIFFERENTIAL/DC OFFSET
Calibrated V. to 600 V
Model 1803A

-

.

=0.15% of reading £8 mV when driving a resistance of 10
megohms or higher.

DC offset
Comparison

Va Range Defection Factor Accuracy

010 X6V 0.001 V/dir 0 0.02 V/div £(0.15% + 8 mV)
0.05 V/div 10 0.2 V/div £{0.75% + 8 mV)
0.5 V/div to 2 V/div =1
5 V/div to 20 V/div =39,

0to =60V 001 V/div to 0.2 V/din + (0.4% + R0 mV)
0.5 V/div 0 2 V/div *(0.75% + 80 mV)
5 V/div o 20 V/div *35

010 =600V 0.1 V/divto 2 V/div *+(0.65% T 08 V)

5 V/div to 20 V/div =3

Triggering: dc to 40 MHz on signals causing 0.5 dtv ot more
vertical deflection.

. Generai
Weight: net, 5 Ibs (2,3 kg); shipping, 8 lbs (3,6 kg).
Enviranment: same 25 Model (80C/D mainframes.
Price: Model 1803A Differential DC Offset Amplifier, $950.

Description, 1804A

Model 1804A is 2 four channel vertica) amplifier plug-in
for 180 system mainframes. Operating characteristics are: 20
mV/div to 10 V/div deflection factors; dc to 50 MHz band-
width; and selectable input coupling. The four channels may
be operated singly or in any combination of traces in alternate
or chopped modes with selectable trigger source.

Specifications, 1804A

Moades of operation: channel A, B, C, or D or any combination
displayed alternately on successive sweeps (ALT): channels A,
B, C, or D or any combination displaged by switching between
channels at approx I MHz rate (CHOP), with blanking during
switching.

Each channe! (4)

Bandwidth: (measured with or withon: 10004B probe 3 dB
down from 8 div reference signal from a terminated 50 ohm
source. Lower limi¢ is approx 1| Hz with probe when ac-
coupled.) DC-coupled. dc to 50 MHz, ac-coupled, 10 Hz to
50 MHz.

Rigetime: <7 ns. (Mecasured with or withou 10004B probe;
10%% to 90% of 8 div input step from a terminated 50 ohm
source.)



4 CHANNEL; HIGH GAIN =¥
10 mV/div to 50 MHz; 100 1V /div to 500 kHz 4
Mode!s 1804A, 1806A
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1806A /

Deflection factor
Ranges: from 0.02 V/div to 10 V/div (9 caltbrated positions)
m 1, 2, 5 sequence. =35 attenuator accuracy.
Vernier: provides continuous adjustment between all deflection
factor ranges; extends maximum deflection factor (o at least
25 V/div. Uncalibrated light indicates when vernter is not in
CAL position.
Signal delay: inpur signals are delayed sufficiently to view
leading edge of input pulse without advanced ext trigger.
Input RC: 1 megohm = 2¢% shunted by approx 25 pF.
Maximum input: dc.coupled, 350 V (dc -+ peak ac) ar 10
kHz or less; =150 V {dc T peak ac) on 20 mV/div at 10
kHz or less; ac-coupled, =400 V dc.
Trace ldentification: pushbutton contro! displaces respective
trace approx 0.5 div.
Triggering
Source: selectable on signal from agy channel in either chop or
alternate mode, or successively from the displayed signal on
each ¢hannel in alternate mode.
Frequency: dc to 50 MHz on signals causing 0.5 div or more
vertical deflection in all display medes except chop; dc o
200 kHz in chop mode.

General

Accessory supplied: Model 10412A extender card for ring counter

board.
Weight: ner, 5 1bs (2,3 kg): shipping, 8 Ibs (3,6 kg).
Environment: same as Model 180C/D mainframes.
Pricg: Model 1804A Four Channel Vertical Amplifier, $10350.
Options (order by option number)

090: four 10004B 10:1 Probes == 314 frlong, add 3160.

081: four :0006B 10:1 Probes =~ 6 fr Jong. add $160.

092: four 10005B 10:1 Probes == 10 ft long, add $160.

Description, 1806A

Model 1806A is a dual channel, differential input amplifier
for low level measurements in 180 system mainframes. Operat-
ing characteristics are: dec w $00 kHz bandwidth, 100 pV/div
to 20 V/div deflection factors, 100 dB CMRR from d¢ to 1D
kHz with a2 10 V common mode signal on the 100 xV/div
range, and less than 20 #V of noise, measured tangentizlly at
fuil bandwidth.

Specifications, 1806A

Modes of operation: channel A alnne; channel B alone; channels
A and B displayed alternately on successive sweeps (ALT):

¢hannels A and B displayed by switching between channels at
approx 100 kHz rate (CHOP) with blanking during switching.
Each channel (2)

Bandwldth (<3 dB down at 500 kH%): dc-coupled, de to 500
kHz, ac-coupled. approx 2 Hz to 500 kHz: bandwidth limit
switch, reduces upper bandwidth to approx 50 kHz.

Deflection factor
Ranges: from 100 2V/div to 20 V/div (17 positions) in 1,

2, 5 sequence. 365 antenuator accuracy.

Veraier: continvously variable between ranges; extends maxi-
mum deflection factor to at least 50 V/div. Uncalibrated
light indicates when vernier is not in CAL positon.

Noiser 20 4V, measured tangentially ar ful! bandwidth,

Input: differential or single-ended on all ranges, selectable.

Common mode
Frequency: d¢ to 10 kHz on all ranges.

Rejection ratio: >100 dB (100,000 to 1) with dc-coupled
input on 100 uV/div range, decreasing 20 dB per decade of
deflection factor to >40 dB on the 200 mV/div range;
CMRR s 230 dB an the 500 mV/div to 20 V/div ranges.

Maximum signal: 10 V (dc + pezk ac} on 100 xV/div
to 200 mV/div ranges: =400 V (dc + peak ac) on all
other ranges.

Input coupling. selectable AC, DC, or OFF for both T and
— inputs. Off position disconnects sigeal input and grounds
amplifier input for reference.

Input RC: 1 megohm shunted by approx 45 pF.

Maxirium input: £400 V (dc + peak ac).

Input isolstion: >80 dB between channels at 500 kHz with
shielded connectors.

Triggering

Source: on channel A signal for A, Chop, or Alrernate displays:
on channel B signal for B, Chop, or Alternate: on compesite
A and B for alternate.

Frequency: dc to >500 kHz on signals causing 0.5 div or mnre
vertical deflection in all display modes except Chop. DC to
100 kHz in Chop.

Generat
Weight: net, 34 1bs (1,6 kg); shipping, 64 lbs (3,0 k2).
Environment: same as Mode! 180C/D mairframe,
Prlce: Model 1806A Dual Diffesential Vertical Amplifier, $675.

Accessories furnished: two BNC to deal banana plug binding
post adapters. HP Part No. 1250-1264.

Recommended probes (not supplied with Model 1806A): Models
10001A/B, 10602A/B, 10003A, 10007B; 10008B, and 10012B.
Refer to oscilloscope accessories for more information.
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1805A

Description, 1805A

Mode] 1805A, 100 MHz vertical amplifier provides accurate
measurements for both digital and analog design and trouble-
shooting. A selectable high impedance with low input capaci-
tance or 50 ohm input provides accurate pulse and CW
measurements. Other features that provide accurate, convenient
measurements are: flexible triggering, 5 mV/div to 5 V/div
deflection factors from d¢ to 100 MH2 on all ranges, selectable
display polarity on each channel, and up to +200 divisions
of offset.

A new planar attenuator of thick ilm design now makes it
possible to have both a low capacitance, high impedance input
for probing and a precision 50 ohm input for transmission
line measurements. In the high Z position (ac/dc) a 1 megohm
input wirh only 13 pF shunt capacitance is established. This
extremely low capacitance provides minimal loading in all
probing applications, which can be reduced even further by
using 10:1 divider probes. For precision SO ohm measurements,
a terminated 50 ohm input may be selected with a front panel
swirch. The internal termination is maintained at a high de-
gree of quality by compensating for the normal scope input
capacitance, which cannot be accomplished with an external
termination. The internal termination also makes possible the
high 10 volt maximum input capability.

Active probes are also available to reduce circuit loading
while tetaining the precision 50 ohm input measurement capa-
bility. Probe capacitance with the 1120A and its divider tips
is less than 1 pF and with the 10020A passive reststive divider
is less than 0.7 pF.

The dc offset capability of *=200 div makes measurements
easy with low level non-symetrical logic. This dc offset allows
dc offset on logic pulses to be restored while maintaining the
low frequency pulse characteristics necessary in most logic
measurements.

Timing measurements are fast and easy with the selection
of trigger source from channel A or B or composite of A and
B. This allows you to trigger on either channel while viewing
the ume relacionship with the other channel or by selecting
composite triggering each channel is individually triggered.

100 MHz, DUAL CHANNEL
5 mV/div, High Z or 50 ohm inputs
Mode} 1805A

Specifications, 1805A

Modes of operatlon: channel A; channel B; channels A and 8
displayed alternately on successive sweeps (ALT); channels A
and B displayed by switching between channels at approx 600
kHz race (CHOP). with blanking during switching channel A
plus channel B (algebraic addition).

Each channel (2)

Bandwidth: (3 dB down from 8 div reference signal from a
terminated 50 ohm source),

DC-coupled: dc to 100 MHz.

AC-coupled: approx 10 Hz to 100 MHz.

Rise time: <3.5 ns (measured from 109 to 909 points of &
div input step from a terminated 50 obm source).

Deflection factor
Ranges: 5 mV/div to 5 V/div (10 calibrated positions) ia

1, 2, 5 sequence.

Attenuator accuracy: *2¢;.

Vernier: provides continuous adjustment between deflecdon
factor settings and extends maximum deflection factor to at
least 12,5 V/div. Uncalibrated light indicates when vernier
is not in CAL posidon.

Dynamic range: 6 div at 100 MHz increasing to 16 div at
<15 MHz.

Positioning range: 16 div.

Offset: =200 div; maximum offset on 2 volt range and above
is limited by 300 volt maximum input voliage specification,

Polarity: — up or — up, setectable.

Signal delay: input signals are delayed sufficiendy o view lead-
ing edge of input pulse without advanced trigger.

Input coupling: sclectable, ac and dc (high impedance), 50
ohms, or ground. Ground position disconnects input connector
and grounds amptifier input.

Input (selectable)

1 megohm: 1 megohm =19 shunted by approx 13 pF.

50 ohm: 50 ohms *12,. VSWR, 1.35 at 100 MHz on S mV/
div range and 1.1 at 100 MHz on all other ranges.

Maximam input
1 megohm: %300 V (dc + peak ac) at 1 kHz or less; £150

V (de + peak ac) on 5 mV/div range at 1 kHz or less.

50 ohm: 10 V rms (dc-coupted input).

A 4+ B operation
Amplitier: bandwidch and deflection factors are unchanged;

either channel may be inverted for = A =B operation.

Ditferential input (A-B) common mode: for frequencies
from dc to 1 MHz, CMRR is >40 dB for common mode
signals up 10 16 div and 20 dB from 1 MHz to 100 MH:z
for common mode signats up to 6 div,

Triggering
Source: sclectable from channel A, channel B, or composite

(A = B) signal in any display mode.

Frequency: dc (o 75 MHz on signals causing 0.5 div p-p
increasing o0 1 div at 100 MHz or more vertical deflection
in all display modes except de to 100 kHz in chop mode.

Vertical signal output
Source: channel A, channel B, or channels A -+ B selected by

Trigger Source. '

Amplitude: approx 50 mV/div of display into 50 ohms for on
screen signals not exceeding dynamic range specifications.

Bandwidth: d¢ (o approx 80 MHz into 50 ohms.

General
Weight: net, 5 Ibs (2,3 kg); shipping, 8 Ibs (3,6 ke).
Environment: same as Models 180C/D.
Accessories furnished: two 10:1 volrage divider probes.
Price: Mode! 1805A Dual Channel Vertical Amplifier . ..... $1400



250 to 600 MHz VERTICALS
10 mV/div to 250 MHz, large signal to >600 MHz
Models 1830A, 1831A, 1831B
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Specifications, 1830A

Modes of aperation: channel A alone, channel B alone, channels
A and B displayed alternately on successive sweeps (ALT),
channels A and B displayed by switching (time shared) berween
channels, chop frequency of approx 250 kHz, channel A plus
channel B, and by inverting channel B, channel A minus
channel B.

Each channel (2)

Bandwidth: dc o 250 MHz, 3 dB down from 6 div reference
signal 2t 10 MHz from a 50 ohm source.
Risetime: <1.5 ns. 10% to 90% with 6 div input step with 2
risetime of <200 ps from a 50 chm source.
Pulse response: overshoot, ringing, flatness
< *39,; preshoot, <0.5%.
Deflectlon factor
Ranges: from 0.01 V/div to t V/div (7 positions) in 1, 2, 5
sequence. F 397 atrenuator accuracy (front panel Cal adjust).
Vernler: continuously varjable between zll ranges, extends
maximum deflection factor ro approx 2.5 V/div. Vernier
UNCAL (uncalibrated) lighr indicates when vernier is not
in the calibrated position.
Polarity: + up or — up selectable on channel B,
Signal delay: >55 ns, which allows viewing the leading edge
of a pulse without external delay or advanced trigger.
Drift: short rerm drift/min. and long term drift/hr, <0.05 div
after 14 br from miun-on and at constant ambient temperature.
Input R: 50 ohms.
Maximum lnput: 5 V rms or =500 div peak, whichever is less.
VSWR: <1.30 on 10 mV/div and <£1.20 from 20 mV/div to
1.0 V/div at 250 MHz.
Reflection coefficient: <102 on 10 mV/div and <5% from
20 mV/div to 1.0 V/div. Measured with 1 ns risetime TDR.
A + B operation: amplifier meets independent channel specifica-
tions for risetime and bandwidth. Channel B may be inverced
for A minus B operation.
Triggering
Source: channel A or composite (on displayed signal) in all
display modes.

Frequency: dc to >250 MHz on signals causing 1 div or more
vertical deflection in all modes (with Model 1840A and 1841A
Time Bases).

(combined).

General
Probe power: provides power for operating rwo Hewlete-Packard
probes.
Welght: net, 5 Ibs (2,3 kg); shipping, 8 lbs (3,6 kg).
Environment: same as 183 mainframe.
Price: Model 1830A, 250 MHz Vertical Amplifier

Specifications, 1831A and 1831B
Note

These plug-ins require Option 035 to the 183 mainframes and
the 1840A time base.

Vertical

Bandwidth: <20 kHz to >600 MHz (1831A), >500 MHz
(1831B).

Rlise time: <600 ps (1831A), <700 ps (1831B).

Pulse response: <5% overshoot: <=59% perturbations with
350 ps rise time step input from a 50 ohm source; <6% tiit
for a t us wide pulse at 25°C and <104 tilt from 0°C to
55°C.

Dehtection factor: 5.75 V/div, =10%.

Input characteristics

(nput R: 50 ohms, single-ended or differential (1831A); single-
ended (1831B).

Maximum d¢ input; =100 V de.

Maximum ac input: 2.0 watts, 4 div p-p CW.

VSWR: <1.3:1 to 750 MHz.

Input refiections: < 2109, measured with 150 ps TDR.

Signal defay (1831B): approx 60 ns which allows viewing lead-
ing edge of a pulse without external delay.

internal triggering (1831B). stable to 500 MHz with signals
producing U, div or more vertical deflection.

General

Weight: 1831A net, 2 ths (0,91 kg); shipping, 5 lbs (2,27 kg).
1831B net, 4 bs (1,81 kg); shipping, 7 1bs (3,18 kg).

Environment: same as Model 183 mainframe.

Accessories furnished: one 50 ohm load, HP Part No. 0950-0090
(1831A only). Two mainframe termination resistors, HP Part
No. 01831-61501.

Price
Model 1831A Direct Access Plug-in
Model 1831B Direct Access Plug-in

Options
001: 100 ohm input for 1831A. Specifications for model 1831A

Option 001 are the same as Model 1831A except as follows:

Bandwidth: <10 kHz to >600 MHz.

Deflection factor: 5 V/div, =10%.

Input R: 100 ohms, single-ended or differental,

Tilt: <3% for a 1 ps wide pulse at 25°C; < 5% from 0°C
to 55°C.

Maximum a¢ input: 2 watts, i.e. 8 div p-p CW,
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Description, 1810A

Model 18104 is a 1 GHz, dual chaane] double-size sampling
plug-in for use in all 180 series oscilloscope mainframes. Easy-
to-use controls, operate and look like real-time plug-ins which
reduces familiarization time and possible measurement errors.
You can make accurate measurements of repetitive signals from
dc to greater than 1 GHz with deflection factors of 2 mV /div
10 200 mV/div without the problems encountered with previ-
ous, specialized sampling controls.

A unique sampling circuit maintains a sampling efficiency
at 1009 for all input signal Jevels, which elimjnates time con-
suming external adjustments and false triggering, Other in-
ternal circult improvements reduce internal adjustments to a
minimum, and they are non-interacting, for fast calibration.
Intecnal delay lines allow tiggering on the displayed wave-
form without requiring an external pre-trigger. By adding 50
ohm impedance converter probes, 11204, the 1810A can be
used for general purpose probing with minimum citcuit load-
ing with very low probe shunt capacitance. Power for two
Hewlett-Packard active probes is provided through the front
panel powec jacks or an 1122A probe power supply may be
vsed for up to four probes.

Specifications, 1810A

Modes of operation: channel A; channel B; channels A and B
displayed on ajternate samples (AUT); channel A plus channel B
(algebraic addition); and channel A versus channel B.

Vertical channels

Bandwidth: dc to 1 GHz.

Rise time: <350 ps.

Pulse response: <3¢ (overshoot and perturbations).

Deflection factor
Ranges: 2 mV/div to 200 mV/div (7 calibrated pasitions) in

1, 2, 5 sequence.

Accuracy: T3¢,

Vernier: provides continuous adjustment berween 2ll deflection
factor ranges; extends minimum deflection factor o <1 mV/
div.

Polarity: + UP or — UP,

Dynamic range: >1.6 V.

Positioning range; > *1 V on all deflection factors.

Input R: 50 ohms, £2%.

Maximum input: =5V (d¢ + pezk ac).

VSWR: <1.1:1 to 300 MHz, increasing to <1.5:1 at 1 GHz.

Reflection coefficient: <¢%, measured with HP Model 14154
TDR.

Noise
Normal: <2 mV, observed from center 804 of dots.

Filtered: <1 mV.

Isotation between channels: > 40 dB with 350 ps rise time input.

Time difference between channels: <100 ps.

A + B operatlon: bandwidth and deflection factors are unchanged;
either channel may be inverted for = A=B operation.

Vertical outputs: an uncalibrated, 1 V vertical outpue signal from
each ¢hannel is provided at the rear panel of 180 system main-
frames.

Time base

Ranges

Normal: i0 ns/div to 50 ws/div {12 calibrated positions) in &
1, 2, 5 sequence. %39, accuracy with vernier in calibrated
position.

Expanded: direct reading expansion tp to X100 in seven cali-
brated steps on all normal time scales, extends the range te
100 ps/div, Accuracy is £4% (10 ps/div, £109% using the
mzinframe magnifier).

Vernier: continuously variable between ranges; increases fastest
sweep to <40 ps/div,

2 CHANNEL/1 GHz SAMPLER

Easy-to-use, internal triggering
Model 1810A
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Triggering
Maode

Normal: trigger level control ¢an be adjusted to trigger on a
wide variety of signals.

Automatic: teiggers automatically on most signals with a mini-
mum of adjustmeant of the level control, A baseline is dis-
played in the absence of an input signal.

Source: sclectable; channel A triggers channel A or alternate;

channel B triggers channel B, alternate, A + B, or A vs B.

Sine wave: 30 mV p.p for signals from 1 kHz to 200 MHz,

100 mV p-p for signals from 200 MHz to 1 GHz for jitter of

<30 ps plus 19 of 1 period. Useful triggering can be obtained

with 3 mV signals.
Pulse: 30 mV peak, 3 ns wide pulses for <30 ps jitter. Useful
triggering can be obtained with 5 mV signais.

External
Sine wave: 30 mV p-p for signals from 1 kHz to 1 GHz for

jitter of <30 ps plus 1% of 1 period. Useful wiggering can

be obtained with 5 mV signals.
Pulse: 30 mV peak, 3 ns wide pulses for <30 ps jicter. Useful
teiggering can be obtained with 5 mV signals.

Either internal or external
Auta: 50 mV p-p for CW signals from 10 kHz to 200 MHz for

<30 ps jitter plus 29% of 1 period (may bt used to | GHz

with increased jitter). Pulse triggering requires 50 mV peak,

3 ns wide pulses for <30 ps jitter.

Level and slope: continuously variable from +800 mV to —800

mV on either slope of sync signal.

Coupling: ac coupling attenuates signals below approx 1 kHaz.

Variable holdoff: variable over at least a 3:1 range in all sweep
modes.

Marker position: intensified market segment indicates point about
which the sweep is to be expanded (automatically dimmed with
inceeasing persistence in 181A and 181AR mainframes).

Scan
Internal: dot density, continuously variable from <100 to >>1000

dots fuli screen or from approx S00 to >>2000 dots in filteced

mode.
Manual: scan is positioned manually by front panel control.

Horizontal output: an uncalibrated approx 0.75 V amplitude signal
is provided at the rear panel of 2 180 or 181 mainframe.

General
Probe power: supplies power o operate two Hewlett-Packard active
probes.
Weight: net, 7 1bs (3,2 kg); shipping, 12 Ibs (5,4 kg).
Environment: same as Model 181 A/AR mainframes.
Price: Model 1810A | GHz Sampling, $1650.




2 CHANNEL/18 GHz SAMPLER

Easy-to-use, 10 ps time scale
Model 1811A
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Description, 1811A

The Model 1811A sampling plug-in provides 18 GHz, dual-
channel, feedthru sampling in the versatile 180 oscilloscope
system. The logical arrangement of front panel controls re-
duces familiarization time and measurement errors z2ad the
feedthru remote sampling heads allow measurements of operat-
ing systems. Flexibility and economy is assured with this
double-size plug-in since it will operate in all 180 secies main-
frames with a selection of standard CRTs (5-inch), large
screen, variable persistence and storage, and the wideband 183
mainframes. A selection of remote sampling heads allows you
to match a sampling system to a measurement problem at
minimum cost.

The bridged method of extracting a signal used in this
sampling system provides the optimum method of measure.
ment since it extracts only a small amount of the waveform
rather than terminating the signal in the measuring system.
By using remote sampling heads connected in series with the
system under test, the signal displayed is the signal that is
passed through the sampler 10 the next stage of a system. Any
problems are then displayed as they exist in the system.

The two sampling heads available are: 1430C, 1432A. Model
1432A provides 90 ps risetime capability while 18 GHz mea-
surements are supplied by the 1430C which has 2 20 ps rise-
time. Specifications for these sampling heads are on the follow-
ing page.

18 GHz triggering with a displayed jitter of 10 ps or less
is provided by a 1104A trigger countdown, 1106B tunnel diode,
and 1109B high-pass filter. To allow viewing 2 signal without
using a delay line, a trigger output is available as a signal
source trigger which starts the sweep prior to display of the
vertical signal.

Specifications, 1811A

Modes of operation: channel A; channel B, channels A and B
displayed on alternate samples (ALT); channel A plus channel B
(algebraic addition); and channel A versus channel B.

OSCILLOSCOPES

Vertical channels
Deftection factor
Ranges: 2 mV/div to 200 mV/div (6 calibrated positions) in
1, 2, 5 sequeace.
Accuracy: =39%.
Vernier: provides continuous adjustment between all deflection
factor ranges; extends min deflection factor to <1 mV/div,
Polarity: + UP or — Up.
Positioning range: > =1 V on all deflection factors.
Isolatlon between channels: >40 dB over bandwidth of the
sampler.
Time difference between channels: <100 ps.
A 4 B operatlon: bandwidth and deflection factors are unchanged;
cither channel may be inverted for = A =B operation.
Vertical outputs: an uncalibrated, 1 V vertical outpur signal from
each channel is provided at the rear panel of 180 system main-
frames.

Time base
Ranges
Normal: 1 ns/div to 5 us/div (12 calibrated positions) in a
1\, 2, 5 sequence. E£39% accuracy with verier in calibrated
position.
Expanded; direct reading expansion up to X100 in seven cali-
brated steps on all normal time scales, extends the range 0
10 ps/div. Accugacy is =49 (1 ps/div, £10% using the
mainframe magnifier).
Vernier: continuously variable between ranges; increases fastest
sweep to <4 ps/div.

Triggering

Mode
Normal: trigger level control can be adjusted to trigger on a

wide variery of signals.

Automatic: triggers automarically on most signals with 2 mini-
mum of adjustment of the Jevel control. A baselinc is displayed
in the absence of an input signal.

Sine wave: 80 mV p-p for signals from 1 kHz 10 1 GHz for jitter
of <10 ps plus 19 of 1 period. Useful triggering can be obtained
with 5 mV signals. Triggering may be extended o 18 GHz with
HP Models 1104A/1106B trigger countdown.

Pulse: 30 mV peak, 3 ns wide pulses for <30 ps jitter. Useful
triggering can be obtained with 5 mV signals.

Aute: 50 mV p-p for CW signals from 10 kHz to 200 MHz for
<30 ps jitter plus 2% of 1 period (may be used to 1 GHz with
increased jitter). Pulse triggering requires 50 mV peak, 3 ns wide
pulses for <30 ps jitter,

Leve] and stope: continuvously variable from 800 mV to —800
mV on either slope of sync signal,

Coupling: ac coupling attenuates signals below approx 1 kHz,

Variable holdoff: variable over at least a 3:1 range in all sweep
modes.

Marker position: intensified marker segment indicates point about
which the sweep is to be expanded (automatically dimmed with
incceasing persistence in 181A and 181 AR mainframes).

Scan
Internat: dot density, continuously variable from <100 to >1000

dots full screen or from approx 500 to >2000 dots in filtered
mode.

Manual: scan is positioned manually by front panel control.

Horizontat output: an uncalibrated approx 0.75 V amplitude signal
is provided at the rear panel of a 180 or 183 mainframe.

Trigger output: 1 ns, 1.5 V into S0 ohms.

General
Probe power: supplies power to operate one Hewlete-Packard active
probe.
En\(ironment: same as Models 180C/D mainframes.
Weight: ner, 5 ibs (2,3 kg); shipping, 10 Ibs (4,5 kg).
Price: Model 1811A Sampler, $1700.
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Description, sampling heads

Models 1430C aad 1432A provide accurate measurements of
CW and fast rise pulses, The sampler is of feedthru design
allowing measurements to be made using the system as a load
rather than using an artificial internal tetmination. These re-
mote samplers are connected to the scope by a five-foot cable
which allows the head to be placed at the signal source to
eliminate high frequency lossy lines.

Model 1430C provides 20 ps rise time with low overshoot
for accurate measurements of fast rise pulses and CW signals
to 18GHz. While the feedthru measurement technique allows
measurements of an operating system, terminated measure-
ments can also be made with the 50 ohm loads (Model 909A
Option 012) that are supplied.

The 1432A provides 90 ps tisetime (4 GHz) measurements
for lower frequency measurements than the 1430C. Feedthru
or terminated measurement may also be obrained with this
sampler and the two 50 ohm loads that zre supplied.

1430C

1432A

Specifications, 1430C

Rise time: approx 20 ps (<28 ps observed with 1105A/1106B
pulse generator and 909A Option 012 50 ohm Joad).
Bandwidth: dc to 18 GHz.
Overshoot: <7.5%.
Noise: 10 mV unsmoothed; 2.5 mV smoothed. Both measured
tangendially.
Dynamic range: 1 volt.
Low freguency distortion: <=*59%.
Maximum safe input: %3 volts.
Input characteristics
Mechanical: type IN connectors on input and output ports.
Electrical: 50 ohm feedthrough, dc-coupled. Reflection from
sampler is approx 10%, measuted with a 40 ps TDR system.
Pulses emitted from sampler input are approx 10 mV ampli-
tude and 5 ns durztion.
Time difference between channels: <5 ps.
Connecting cable lengths: 5 ft.

General
Weight: net, 4 lbs (1,8 kg); shipping, 9 1bs (4,1 kg).
Accessories provided: (wo 50 ohm loads (HP Model 909A Op-
tion H12).
Price: Model 1430C Sampling Head, $2800.

FEED THRU SAMPLING HEADS

4 or 18 GHz, Low reflection coefficients
Models 1430C, 1432A

Specifications, 1432A

Rise time: <90 ps.
Bandwidth: dc to 4 GHz.
Overshoot: < =*5%.
Naise: approx 8 mV observed noise on CRT excluding 109 of
random dots. Noise decreases on automatically fltered ranges of
5 and 2 mV/div. Smoothed position of smoothing switch reduces
noise and jitter approx 4:1. Response provides continuous adjust-
ment between normal and filtered modes.
Dynamic range: 1 V p-p.
Low frequency distortion: <39,
Maximum safe input: =5 V.
Input characteristics
Mechanical: GR type 874 connectors on input and ourput ports.
Electrical: 50 ohm feedthrough, dc¢-coupled. Reflection from
sampler is approx 15% measured with a2 90 ps TDR system.
Pulse emitted from sampler input are approx 50 mV in ampli-
tude and 10 ns wide.
Time ditference between channels: <25 ps.
General
Welght: net, 4 Ibs (1,8 kg); shipping, 9 Ibs (4,1 kg).
Accessories provided: two 30 ohm loads with GR type 874 con-
nectors.
Price: Model 1432A Sampling Head, $1100.

Vd ~

1104A

Specitications, 1104A/1106B/1108A
1104A/1106B/18 GHz Trigger Countdown
1104A/1108A/10 GHz Trigger Countdown

Inpat

Freguency range: (1106B) 1 GHz to 18 GHz. (1108A) 1 GH:
to 10 GHz.

Sensitivity: (1106B) signals 100 mV or larger and up to 12.4
GHz, produce <20 ps of jitter (200 mV required to 18 GHz).
(1108A) signals up to 50 mV or larger and up to 10 GHz,
produce <20 ps of jiter.

Maximum safe ingut; =1 V.

Input impedance: (1106B) 50-ohm Type N input connector.
(1108A) 30-ohim GR-874 input connector. Reflection from input
connector is <109 using 2 40 ps TDR system.

Signal appearing at input connector; approximately 250 mV.

Output
Center frequency: approximately 100 MHz.
Amplitude: typically 150 mV,

General
Weight
1104A: net, 2 Ibs (0,9 kg); shipping, 4 Ibs (1,8 kg).
1106B or 1108A: net, 1 b (0,5 kg); shipping, 2 Ibs (0,9 kg).
Price: HP Mode! 1104A, $200. HP Model 1106B, $550. HP Model
1108A, $200.
Recommended accessory: HP Model 1109B/1129A High Pass
Filter.



LOW COST TIME BASES
Single & delayed; 150 & 50 MHz triggering
Models 1820C, 1821A
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Specifications, 1820C
Time base
Sweep

Ranges: $0 ns/div to 1 5/div (23 positions) ia 1, 2, 5 sequence.
*39, accuracy with vernier in calibrated position.

Vernier: continuously variable between ranges, extends slowest
sweep to at least 2.5 s/div. Uncalibrated light indicates when
veenier is not in CAL position.

Magnifier: (on mainframe) expands fastest sweep to 5 ns/div.

Sweep mode

Normal: triggered by an int, ext or power line signal,

Automatic: bright baseline displayed in absence of trigger signal,
Triggering is same as Normal except Jow frequency limit is
40 Hz,

Singte: in Normal, sweep occurs once with same triggering as

Normal; reset pushbutton arms sweep and lights indicator, in

Auto, sweep occurs once each tme reset pushbutton is pressed.

Triggering

Internal: refer to vertical amplifier plug-in specifications.

Externat: dc to 50 MHz oo signals SO0 mV p-p or more increasing
t0 150 mV at 150 MHz.

Line: power line frequency signal.

Leve)

Internal: atr any point on the vertical waveform displayed.
External: continuously variable from +2 V to —2 V on either
slope of trigger signal, from +20 V 10 —20 V =10 setting.

Slape: pushbutton selects + or — slope of wrigger signal.

Coupling: front panel selection of AC, DC, HF Reject, or LF
Reject. AC atrenuates signals below approx 20 Hz, LF Reject
attenuates signals below approx 15 klz, HF Reject attenuates
signals above approx 15 kHz.

Trigger holdoff; time between sweeps condinuously variable, ex-
ceeding on full sweep on all zanges.

General

Environment: same as Models 180C/D mainframes.

Weight: net, 3 Ibs (1,4 kg): shipping, 7 lbs (3,2 kg).

Price: Model 1820C Time Base, $400.

Specifications, 1821A Delayed Time Base
Main time base
Sweep
Ranges: 0.1 ps/div to ) s/div {22 positions) in 1, 2, 5 sequence.
*3¢, accuracy with vernier in CAL position.
Vernler: continuously varizble beeween all ranges; extends slowest
sweep to at least 2.5 s/div.
Magnifier: (on mainframe) expands fastest sweep to 10 ns/div.
Sweep moaode
Normal: triggered by an int, ext, or power line signal.

Automatic: bright baseline displayed in absence of input signal.
Triggering same as normal except low frequency lMmit is 40
Hz for internal or external modes.

Single: sweep occurs once with same rriggeting as normal; reset
pushbutton with armed indicator light.

Triggering
Internal: refer to vertical amplifier plug-in specifications.
External: from dc¢ to 50 MHz on signals 0.5 V p-p or more, in-

creasing to 1 V p-p at 100 MHz.

Line: power line {requency signal.

Leve! and slope: internal, at any point on the vertical waveform
displayed; external, variable from +3 V 1o —3 V on either
slope of the sync signal; from +30 V to —30 V in 10
serting.

Coupling: (AC, DC, ACF, or ACS). AC attenuares signals below
7= 20 kHz, ACF (ac-fast) atrenuates signals below == 15 kHz,
ACS (ac-slow) attenuates signals above == 30 kHz.

Trace intensification: intensifies that part of Main time base to be
expanded to full screen on Delayed time base. Rotating Delayed
time base sweep switch from Off position activates intensified
mode. Front panel screwdriver adjust sets relative intensity of
brightened segment.

Delayed time base
Sweep
Ranges: 0.1 ps/div to 50 ms/div (18 positions) in 1, 2,
sequence, £ 39, accuracy with vernier in CAL position,
Varnier: continuously variable between all ranges; extends slowest
sweep (o at Jeast 1235 ms/div.
Triggering: applies to intensified Main, Delayed, and Mixed time
base triggering.
Internal: refer to vertical amplifier plug-in specifications.
Automatic: triggers at end of set time delay.
External: same as main time base.
Level and slope: same as main time base.
Coupling: same as main time base.
Delay (before start of Delayed sweep)
Time: continuously variable from 0.1 us to 10 s.
Accuracy: =19, Linearity. *0.2%. Time jitter, <0.005% ({1
part in 20,000) of maximum delay of each step.
Trigger ouiput: (at end of Delay time) approx 1.5 V with <50
ns risetime from 1000 ohm soutce resjstance.
Mixed time base: dual time base in which Main time base drives
first portion of sweep and delayed time base completes sweep at
up to 1000 times faster. Also operates 1n single sweep mode.

General
Weight: net, 4 Ibs (1,8 kg); shipping, 7 1bs (3,1 kg).
Environment: same as Mode} 180C/D mainframes.
Price: Model 1821A Time Base and Delay Generator, $700.
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TIME BASE & X100 EXPANDER
5 ns/div sweep, 150 MHz triggering
Mode! 1824A
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Description, 1824A

Model 1824A time base and sweep expander plug-in is de-
signed for use in all 180 series mainframes including the 183
wide band mainframes. This plug-in allows sweep expansions
up to 100 times with 3% accuracy, 5 as sweep speeds, and
triggering to 150 MHa.

The expanded sweep feature allows detailed examination of
selected portions of a display whete time delay measurements
are not of importance. This provides sweep expansion measure-
ment capability without the expensive delay generator features
for your applications. Expansions of 100 times are zvailable
and the time/div dial gives a direct readout of the expanded
time/div, preventing many measurement errors. Convenient
serup is provided by a trace iritensification fearure that selects
the starting poinr of the portion of a sweep that will be ex-
panded to full screen. Expanded sweep position is continuously
variable over the centet 9 divisions of the main sweep.

Pushbutton controls make operation easy with a minimum
thance for error and an automatic trigger mode displays a
baseline in absence of a trigger signal. A trigger hold off
control provides for stable triggering on complex waveforms
or a particular pulse in a digiral word may be selected to
trigger a display. Additional trigger flexibility is provided by
complete selection of the trigger pasameters which includes:
ac or dec coupling, low or high frequency rejection, positive or
negative slope, and a +10 mode that provides wider dynamic
range of input signals. A trigger level control allows selection
of the trigger signal 4t any point on the displayed signal or
a =2 volt external signal.

An external trigger input sensitivity of 50 mV adds to the
versatility of this plug-in by allowing 10:1 divider probe to
be used with 0.5 V logic circuits. This allows standard probes
to be used to reduce circuit loading at trigger pick-off points
and reduces the possibility of circuit malfunction caused by
the measuring instrument.

Specifications, 1824A
Time base
Sweep
Ranges: 50 ns/div to s/div (23 calibrated posicons) mn 1, 2, S
sequence. £ 3% accuracy with vernier in calibrated position,

Vernier: continuously variable between ranges, extends slowesr
sweep to at least 2.5 s/div. Uncalibrated light indicates when
vernier is not in calibraced position.

Magnifier: (on mainframe) expands fastest sweep to 5 ns/div.

Expanded sweep

Expander: direct reading expander control provides up to 100
times sweep expansion, accuracy =3¢. Expand position <on-
trol selects part of basic time scale o be expanded, continuously
variable from 0.5 div of sweep star¢ to 9.5 div of basic time
scale,

Trace intensification: fronc panel switch selects intensified mode
for use in establishing start of expanded display. A front panel
adjustment secs relative intensity of brightened segment,

Sweep mode

Normal: sweep is triggered By an internal, external, or power
line signal.

Automatic: bright baseline displayed in absence of input signal,
Triggeriag same as Normal excepi low frequency limit is 40 Hz.

Single: in normal, sweep occurs once with same triggering as
Normal; rese¢ pushbutton arms sweep and lights indicator; in
Auto, sweep occurs once each time reset pushbutton is pressed.

Triggering

internal: refer to vertical amplifier plug-in specifications.

External: dc to 50 MHz on signals of 50 mV p-p or more, increasing
to 100 mV p-p at 100 MHz and 150 mV p-p ac 150 MHz.

Line: power line frequency signal.

Level
Internal: ac any point on the vertical waveform displayed.
External: condnuously variable from +2 V to —2 V on either

slope of trigger signal; from —20 V o —20 V in =-10 setting.

Slope: pushbutron selects either positive or negative slope of trigger
signal.

Caupling: front panel selection of AC, DC HF Reject of LF Reject.
AC: attenuates signals below approx 20 Hi.
LF Reject: attenuvates signals below approx 15 kHz.
HF Reject: attenuvates signals above approx 15 kHz.

Trigger hotdoff: time between sweeps continuously variable, Ex.
ceeds one full sweep on all ranges.

General
Environment: same as Models 180C/D mainframes.
Price: Mode| 1824A Time Base and Sweep Expander, $550.
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DELAYED SWEEP GENERATOR
5 ns/div sweep, 150 MHz triggering
Model 1825A

OSCILLOSCOPES
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Description, 1825A

Model 1825A time base and delay generator provides sweep
speeds ranging from 0.05 as/div to 1 s/div in 23 positions.
Delay times are continuously variable from $0 ns to 10 s and
are accurate to =19, also a calibrated mixed sweep mode is
provided. A mainframe X10 magnifiec provides sweep-speeds
to 5 as/div with 59 accuracy.

One knob control makes stable triggering on signals easy in
main, delayed, and mixed modes. Stable, accurate time displays
are provided in main, delayed, and mixed modes with the
highly sensitive 50 mV trigger capability at 50 MHz which
increases to only 150 mV at 150 MHz. Trigger synchronization
is maintained when switching between main, delayed, and
mixed modes further simplifying use.

Front panel controls are logically arranged for quick fa-
miliarization and easy use. Pushbuttons eliminate front panei
clutcer and reduce the possibility of errors. Sweep mode push-
buttons make it easy to establish main, delayed, and mixed
modes.

Trigger level controls on main and delayed sweeps allow
selection on the desired portion of the signal for almost every
measurement application. Also, the =10 function provides a
wide dynamic range of triggering in both external and internal
modes of operation.

External trigger sensitivity of 50 mV on both main and
defayed sweeps allows 2 10:1 divider probe to be used with
0.5 volt logic circuits. This allows probes to be used to reduce
circuit loading ac trigger pickoff points and reduces the possi-
bility of circuit malfunction caused by the measuring tnstru-
ments.

Specifications, 1825A

Main time base
Sweep
Ranges: 0.05 ps/div to 1 s/div (23 positions) jn 1, 2, S se-
quence. *39; accuracy with vernier in calibrated position.
Vernier: continuously variable between ranges, extends slowest
sweep o at least 2.5 s/div. Uncalibrated light indicates when
verpier is not in CAL position.
Magnifier: (on mainframe) expands fastest sweep to 5 ns/div.
Sweep mode
Normal: sweep is triggered by 2n internal, external, or power
line signal.
Automatic: bright baseline displayed in absence of trigger signal.
Triggering is 'same as Normal except low frequency limit is
40 Hz.

Single: in Normal, sweep occuts once with same triggering as
Normal; reset pushbutton arms sweep and lights indicator:
in Auto, sweep occurs once each time reset pushbutton is
pressed.

Delayed time base: delayed time base sweeps after a time delay
set by Main time base and Delay controls, Delaged tume base is
triggered on first triggering pulse after set delay or automatically
triggers after set delay when delayed lecel control is in detent
position.

Sweep

Ranges: 0.05 ps/div to 20 ms/div (1& positions) in 1. 2, 3
sequence. =3% accuracy.

Magnifier: (on mainframe) expands fastest sweep to $ ns/div.

Triggering. Main or Delayed time base.

Internal: refer to vertical amplifier plug-in specifications.
External: dc to 50 MHz on signals S0 mV p-p or more increasing
1o 100 mV p.p at 100 MHz and 150 mV p-p at 150 MH..

Line: power line frequency signal. (Main only.)
Level

[nternal: 2t any point on the vertical waveform displayed.

External: continuously variable from +2 V to —2 V on either
slope of trigger signal, from =20 V to —20 V in <10
setting.

Siope: pushbutton selects either positive or negative slope of
trigger signal.
Coupling: front panel selection of AC, DC, HF Reject, or LF

Reject.

AC: attenuates signals below approx 20 Hz.

LF Reject: attenuates signals below approx 15 kHz.

HF Reject: actenuates signals above approx 15 kHz.

Trigger holdoff: time berween sweeps continuously variable,
exceeding one ful] sweep on all ranges. (Main only.)

Delay (before start ot defsyed sweep)

Time: continuously variable from 50 ns (0 10 s.

Accuracy: = 1¢;. Linearity, %0.2%.

Time [itter: 0.0029 (1 pact in 50,000) of maximum delm
on each range.

Trace intensification: in Main sweep mode, intensifies that part
of main time base to be expanded to full screen in delayed time
base mode. In Mixed mode, intensifies that part of Main time
base to be completed by Delayed time base, Rotating time base
switch from OFF position activates intensified mode.

Calibrated mixed sweep: combines Main and Delayed sweeps into:
one display. Sweep is started by the Main time base and is com-
pleted by the faster Delayed time base. Delayed sweep start is
aligned with start of intensified marker.

General

Weight: net, 4 Ibs (1,8 kg); shipping, 7 Ibs (3,1 kg).

Environment; same as Models 180C/D mainframes.

Price: Model 1825A Time Base and Delay Generator, $800.
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TIME BASE

1 ns/div sweep; 500 MHz triggering
Model 1840A
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1 ns/div sweep speeds
Simplified {ront panel controls
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Description, 1840A

The 1840A Time Basc provides stable one knob internal
triggering from an 1830A to 250 MHz or from an 1831B to
500 MHz. External triggering to 250 MHz is provided with
20 mV input and increases to 500 MHz with 50 mV input
signals. Trigger functions are controlied with convenient push-
buttons which simplify panel layout and operation. A variable
hold off control achieves a stable display of pulse groups by
allowing triggering on a particular pulse in 2 group.

Sweep times are selectable from 10 ns/div to 0.1 sec/div
and with the mainframe X10 magnifier a sweep speed of 1
ns/div is available. The single sweep mode of operation in

the 1840A is fully compatible with the 183 pulsed flood gun
mode of operation which increases photographic writing speed.
Fast single-shot events can be photographed and the film “post
fogged” by synchroaizing flood gun operation with the single
sweep, which allows the camera shutter to be left open for
the event.

Option 001 for the 1840A is available for applications in-
volving high amplitude external trigger signals. This option
provides selectable trigger levels of =5 volts or =25 volts
and will withstand peak input pulses of 100 volts with 10 x5
duration.

Specifications, 1840A

Time base
Sweep
Ranges: from 10 ns/div to 0.1 s/div in 1, 2. 5 sequence. *3%
accuracy with \ernier in calibrated position.
Vernier: continuously variable between all ranges, extends slowest
sweep to ac Jeast 0.25 s/div.
Magnifier (on maintrame): extends fastest sweep to 1 ns/div
with *£5¢ accuracy.
Sweep mode
Normal: sweep s triggered by an internal, external. or power
line signal.
Autornatic: bright baseline displayed in absence of trigger signal.
Single: sweep occurs once with Normal trigger conditions. Sweep
may be resec with front panel pushbutton or electrically with
rear panel input signal, Frent panel light indicates when sweep
is reset.
Triggering
Internal: refer to verdcal amplifier plug-in specifications.
External: dc* to >250 MHz with signals of 20 mV p.p or
more increasing to 30 mV, at 500 MHz. Input R, 50 ohms.
=10 (rigger attenuator aliows wider dynamic range of Ext
trigger input.
*(Automatic triggering is same as normal except low fre-
quency limitis 5 Hz for internal and external triggering.)
Line: power line frequency trigger signal.
Level and siope
Internal: at any point on the displayed vertica) waveform.
External: continuously varizble from —100 mV to 100 mV
in =1 and +1.0 V to —1.0 V in +10. Input R, 50 ohms
nominal,

Coupling: front panel selection of ac or dc. AC attenuates sig-
nals below approx 5 kHz.

Sweep hold off: time between sweeps continuously variable
exceeding one full sweep on all ranges.

Qeneral

Probe power: provides power for operaring one Hewlete-Packard
active probe.

Weight: net. 3 1bs (1,4 kg): shipping, 6 lbs (2,7 kg).

Enviroament: same as Model 183 mainframe.

Price: Model 1840A Time Basc, $650.

Options (order by option number)

001: contains attenuvation and limiting circuits in the external
rrigger input which allows wider dynamic range of EXT
trigger inpur levels. Specifications for the Model 1840A Option
001 are the same as Model 1840A except as follows:
External trigger input

+1 mode: 1 V p-p to 250 MHz, trigger Jevel adjustable
over =35 volt range.
-5 mode: 5 V p-p to 250 MHz, wigger level adjustable
over £25 volt range.
Maximum input: 100 V peak with 10 us duration. Maxi.
mum continuous input, 5 V rms.
Price: Model 1840A Option 001, Time Base, add $50.

035: eliminates sweep irregularities caused by high amplitude
signals necessary for the 1831A and 1831B direct access plug-
ins. This option is required for operation with 1831 A or 1831B
plug-ins and also requires a2 183 mainframe with Option 035,
No additional charge.



DELAYED SWEEP GENERATOR

1 ns/div sweeps; 500 MHz triggering
Model 1841A
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® | knob triggering to 500 MHz

1 ns/div main and delayed sweeps
Simplified front panel controls
Indicator lights for sweep modes
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Description, 1841A

Mode 1841A Time Base and Delay Generator provides 21
sweep times ranging from 10 ns/div to 0.1 s/div. Delay times
are selected by a calibrated 10-turn control across the rime
range set by the sweep time switch. A mainframe x10 magni-
fier provides 1 ns/div sweep times for both main and delayed
sweeps to match the CRT writing speed.

One knob control makes triggering on rf carriers and sig-
najs even higher than the VHF range very easy. Both main
and delayed sweep circuits trigger directly on 50 mV signals
to 500 MHz without countdown procedurses. Trigger synchroni-

zation 15 also maintained when switching from main to de-
layed or delayed to main sweeps.

Front panel controls are logically arranged for quick famil-
iarizacion and easy use. Pushbutton controls for trigger func-
tions eliminate front-panel clutter and reduce the chance for
error. Sweep time controls are arranged to make it easy to
read main and delayed sweep times at a glance and color
coding on main and delayed controls clearly differentiate onc
sweep from the other. Also, front panel lights indicate the
main or delayed mode of operation.

Specifications, 1841A

Maln time base
Sweep
Ranges: from 10 ns/div te 0.1 s/div (22 positions) in 1, 2, 3
sequence. =39 accuracy with vernier In calibrated position.
Vernier: continuously variable between all ranges, extends slowest
sweep to ar least 0.25 s/div.
Magnifier (on mainframa): extends fastest sweep to 1 as/div,
*5%.
Sweep mode
Normal: sweep is triggered by an interna), external, or power-line
signal,
Automatic: bright baseline displayed in absence of a trigger
signal.
Single: sweep occurs once with same triggering as normal; reset
pushbutton with armed indicator light. Rear panel input (op
mainframe) provides remote arming capability,

Triggering
Internal; refer to vertical amplifier plug-in specifications.
External: dc¥ to >250 MHz with signals of 20 mV p-p or
more, increasing to 500 MHz with signals of 50 mV p-p or
more. Input R, 50 ohms. Input in ~10, from +~1 V to —1 V.
*(Triggering in AUTO is same as normal except low frequency
limic is 5 Hz.)
Line: power line frequency trigger signal.
Level and slope
Internal: at any point on the displayed vertice] waveform.
External: condnuously variable from —100 mV to +100 mV
in =1 and 1.0 V to ~1.0 V in =-10. Iaput R, 50 ohms
nominal.

Trace intensification: used to set up delayed time base. Intensifies
that part of main time base to be expanded to full screen on
delayed time base. Moving delayed sweep switch from off position
activates intensified mode. Front panel adjustment sets relative
intensity of brightened segment.

Detayed time base: delayed (ime base sweeps after the time delay
set by main time base and delay contcols.

Sweap
Ranges: 10 ns/d{v to 1 ms/div in 1, 2, 5 sequence (16 positions).
*35 accuracy.

Triggaring
Internal: refer to vertical amplifier plug-in specifications.
Automatic: delayed sweep is automatically riggered at end of

set delay time,

External; dc to >250 MHz with signals of 20 mV p-p or more,
increasing to 500 MHz on signals of 50 mV p-p or more. Input
R, 50 ohms.

Coupling: front panel selection of ac or d¢. AC attenuates signals
below approx 5 kHz.

Detay (before start of delayed sweep)

Time: continuously variable from 50 ns to 1 s.

Accuracy: =19% on 50 ms to 0.1 s, main sweep linearity =25,
time jiteer is 0.005% (1 pare in 20,000) of maximum delay
of each step.

General

Probe power: supplies power to operate one Hewlert-Packard active
probe.

Weight: net, 3.6 Ibs (1,6 kg); shipping, 7 Ibs (3,2 kg).

Environment: same as Model 183 mainframe.

Price: Mode! 1841 A Time Base/Delay Generator, $1150.
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GENERAL PURPOSE TDR

Easy-to-use, economical, wide band TDR
Model 1818A
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Description, 1818A

The 1818A TDR plug-in provides low cost, 150 ps TDR
in the 180 oscilloscope system for the investigation of trans-
mission systems, terminations, and components. The easy-to-use
front panel controls provide quick, accurate displays with direct
distance calibration of up to 500 feet and dielectric materials
from ¢ = 1.0 (air) to ¢ = 4.0. This double-size plug-in pro-
vides a lightweight, wideband TDR system for checkout of
shipboard, airborne, and remote communications equipment.

Using a “closed-loop radar” approach for investigation of a
transmission system’s fidelity, this system directly displays the
location and magnitude of discontinuities in an analog or
digital communication system. Information is lost whea a sig-
nal encounters a discontinuity that causes enecrgy to be reflected
to the source. These reflections not only cause loss of amplitude
in the received information but the re-reflection from dis-
continuities also appear as noise that is in the same format as
the original signal which, if carried to extremes, could com-
pletely garble the information, This demonstrates the need for
test equipment that can locate and display individual disconti-
uities in distance (tine) and amplitude (Rho) for fast system
setup or repair. While there are maay instruments that can
detect the presence of discontinuities, only TDR can quickly
display them to ailow a technician to repair them with mini-
mum system dowatime. TDR can also be used to determine the
fidelity of a termination and can also be used, in the traas-
mission mode, to determine the transmission quality of an
amplifer or attenuator. In this mode of operation, the step
generator signal source is applied to the device under test and
the output is detected by the sampling portion of the plug-in.
In the stimulous response mode, the 1818A use the 50 ps step
generator 2s a stimulous and the 120 ps sampling section dis-
plays the device response. This allows a2 waveform to be ex-
amined for risetime, delay, and pulse top abberations. The
1818A TDR plug-in is designed for use in troubleshooting
systems to provide quick, easy location of discontinuities that
degrade system operation. When designing transmission sys-
tems, it is recommended that z 1815A TDR plug-in with an
over-all system rise time of 33 ps be used for optimum fidelity.

Specifications, 1818A

System (in reflectometer configuration)
Rise time: <150 ps.
Overshaot: <59, overshoot and ringing (down to 1A% in 2 nsec).
Internal reflections: <104 (does not limit resolution).
Reflectometer sensitivity: reflection coefficients as small as 0.002
can be observed.

Signal channel

Rise time: approx 120 ps.

Reflection coefficient: 0.5 div to 0.005/div in a 1, 2, 5 sequence.

Input: 50 ohums, feed-through type.

Noise and internal pickup, peak: 0.29 of step (terminated in
50 ohms).

Dynamlic range: *=0.5 volt.

External signal level: up to 1 V peak may be safetly applied to
the SAMPLER OUTPUT connector.

Attenuator accuracy: 3%,

Step generator
Amplitude: approx 0.25 V into 50 ohms (0.5 V inic open circuit).
Rise time: approx 50 ps.
Output impedance: 50 ohms =1 ohm (dc-coupled).
Droop: <29% in L gs.

Distance/time scale

Distance scale accuracy: %3¢, & variation in air line (¢ = 1)
1 m/div to 10 m/div.

Variable dielectrie: (¢ =1 to ¢ = 4) 1 m/div to 10 m/div.

Time scale: 10 as/div 10 100 ns/ div.

Magnlfication: X1 to X100 in 2 1, 2, 5 sequence. Accuracy of the
basic sweep is maintained at all magnifier settings.

Delay control: 0 to 10 div of unmagnified sweep, calibrated, Ac-
curacy *£39%,

Jitter: <20 ps.

General

Eavironment: same as Models 180C/D mainframes.

Weight: net, 3 Ibs (1,4 kg); shipping, 7 Ibs (3,2 kg).

Price: Mode! 1818A Time Domain Reflectometer, $1200.

Accessaries supplled: 2 GR elbows (HP Part No. 1250-0239).
One 50 ohm load with GR connector (0950-0090).



HIGH RESOLUTION TDR

35 ps TDR system/12.4 GHz sampling

Models 1815A, 1815B, 1816A, 1817A
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Descriptions, 1815A,B; 1816A; 1817A

Calibrated 35 ps risetime time domain reflectometery and
12.4 GHz (28 ps risctime) sampling capabilities are now avail-
able as part of the versatile 180 system oscilloscope.

The Model 1815A TDR/Sampler plug-in, a double-sized
plug-in for the 180 system, can be combined with appropriate
remnote sampler head 2nd tunnel diode mount to obtain a cali-
brated TDR system with a system risctime of 35 ps for high-
resolution displays. Direct readout in feet along the line is
obtained from the 1815A or in metecs from the Mode) 1815B,
Either an 1106A (20 ps) or 1108A (60 ps) tunnel diode mount
is compatible for TDR with the plug-in and samplers.

The same plug-in and sampler heagds used for TDR measuce-
ments also serve as either 2 4 GHz or 12.4 GHz sampling
systemn with a direct readout in time. For sampling use, there
is direct triggering to 500 MHz and to 18 GHz with the Model
1104A/1106A trigger countdown.

Sampling heads, Model 1816A (90 ps risetime) and Model
1817A (28 ps risetime ), ace detachable, remote, single channel,
feed-through samplers for convenient use in 50-ohm trans-
mission systems. The plug-in and sampler heads provide the
cirenits for operating the tunnel diode pulse generators.

This calibrated TDR system allows analysis of coaxial micro-
wave components, identifying discontinuities on the ocdesr of
0.25 inch apart. Typical componeats that can be analyzed are
connectors, adapters, cozxial-to-circuit board transitions, loads,
etc. Direct read-out in reflection coefficient, feet, or meters
(optional) makes measurements faster and easier to interpret.
Front panel calibration for air and polyethylene dielectrics is
standard. In 2ddition, the control allows variable calibration
for different dielectrics from ¢ = 1 to ¢ = approx 4.

Specifications, 1815A/B

Upless otherwise indicated, TDR and sampling performance speci-
fications are the same. Where applicable, TDR specification is given
first, followed by Sampler specification in parentheses. Model 1815A
is calibrated in feet and 1815B is calibrated in meters.

Vertical

Scafe: reflection coefficient p (vohts) from 0.005/div to 0.5/div in
7 calibrated ranges; 1, 2, 5 sequence.

Accuracy: =3%,; TDR only, =5% on 0.01/div and 0.005/div in
signal average mode.

Vernler: provides continuous adjustment between ranges; extends
scale to >0.002/div.

Signal averege: reduces noise and jitter approx 2:1.

Horizontal

Scale: provides up to a 10,000 foot or meter display window with
round-trip time or distance (time) in four calibrated decade
ranges of 1/div, 10/div, 100/div, and 1000/div, Conceatric ex-
pand control provides direct read-out in 28 calibrated steps in
1, 2. 5 sequence from 0.01 ns/div to 1000 ns/div or from 0.01
foot or meter/div to 1000 feet or meters/div (0.1 ns/div 16 1000
ns/div).

Accuracy: time, *39%; distance, TDR only, £3% = variations in
propagation velocity.

Marker position: indicator, calibrated in divisions; provides direct
read-out of round-trip time or distance (time), number of di-
visions x decade range in units/div.

Marker zero: ten-turn control provides variable reference for marker
position dial; allows direct read-out of round-trip time or distance
(time) between (wo of more displayed events.

Zero finder: permits instant location of marker ceference.

Dielectric, TDR onfy: calibrated for air, ¢ = 1, and for polyethy-
lene, ¢ = 2.25. Also provides variable sectings for dielectric
constants ¢ = 1 (0 ¢ = approx 4,

Triggering sampling only
Pulses: <50 mV for pulses 5 ns or wider for jitter <20 ps.
CW: signals from 500 kHz to 500 MHz require at Jeast 80 mV

for jitter <2% of signa) period plug 10 ps; usable to 1 GHz.
CW rriggering may be extended to 18 GHz with HP Models
1104A/1106A trigger countdown.

General

Recorder outputs: approx 100 mV/div; vertical and horizontal
outputs at BNC connectors on rear panel of mainframe.

Display modes: repetitive scan, normal or dewail: single scan;
manual scan; record.

Environment: same as Model 181A/AR mainframes.
Weight: net, 5 Ibs (2,3 kg); shipping, 10 Ibs (4,5 kg).
Price
Model 1815A TDR/Sampler (calibrated in feet)
Modet 1815B TDR/Sampler (calibrated in meters)
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Specifications, 1817A and 1816A

Unless otherwise indicated, Model 1817A 2nd Model 1816A
specifications are the same, Where applicable, Model 1817A speci-
fications (with Model 1106A tunnel dicde mount) are given first,
followed by Model 1816A specifications (in parentheses) with
Model 1108A tunne] diode mount.

TDR system

System risetime: <35 ps (110 ps) incident a5 measured with
Model 1106A (Model 1108A).

Overshoot: < £59,.

Internal reflections: <10% with 45 ps (145 ps) TDR; use re-
fected pulse from shorted output,

Jitter: <15 ps; with signal averaging, typically S ps.

Internal pickup: p <0.01.

Noise: measured tangentially as a percentage of the incident pulse
when terminated in 50 ohms and operated in signal averaging
mode. <1% (0.5%) on 0.005/div t0 0.02/div; <3% (1% ) on
0.05/div to 0.5/div.

Low frequency distortion: < £3¢9;.

Maximum safe Input: 1 vole.

Sampler system

Risetime: <28 ps (90 ps).

Input: 50 ohm feedthrough.

Dynamic range: | V p-p.

Maxlmum safe input: 3 volts (5 voits).

Low frequency distortlon: < *39;.

Nolse
Normal: <8 mV (3 mV) tangential noise on 0.0} V/div to

0.5 V/div. Noise decreases automatically on 0.005 V/div.

Signal average: reduces notse and jitter approx 2:1.

Tunnel diode mount: direct connection for either Model 1106A
or Model 1308A wunne! diode mount for TDR system.

Accessorles supptied

Cable, plug-in to sampler: connects sampler (1816A or 1817A)
to plug-in (1815A or B), HP Part No. 5060-0441; replacement
price, $75.

Cable, tunne) diode to sampler: connects tunael diode (1106A or
1108A) to sampler, HP Parnt No. 01817-61603: replacement

price, $18.

Price Genaral
Model 1817A 28 ps Rise Time Sampling Head .. ... .....§1500
Model 1816A 90 ps Rise Time Sampling Head .. ........ $ 850

Specifications, 1106A and 1108A

Tunnel diode mount connects directly to sampler and is required
for 2 TDR system.

NARROWBAND TDR

Test waveguide systems, compact, transportable
Model 1580A

Amplitude (both): >200 mV into 50 ohms.

Risetime: Model 1106A, approx 20 ps; Model 1108A, <60 ps.

Output impedance: S0 ohms £29,

Source reflection: Model 11064, <109 with 45 ps TDR; Madel
1108A, <10% with 154 ps TDR.

Weight (both): net, 1 Ib (0,5 kg): shipping, 3 lbs (1,4 kg).

Price: Model 11064, §550; Model 11084, $200.

1580A

Description, 1580A

Model 1580A Narrow Band TDR System provides 2 quick,
portable method of determining the location and magnitude of
discontinuities in waveguide or bandpass coaxial transmission
systems. Narrowband TDR clearly shows the magnitude of
resistive or reactive discontinuitics with the location directly
calibrated in feet or meters from the source. This allows rapid
system set-up or repair of faults caused by misaligned or cot-
roded waveguide flanges and coaxial cable connectors, foreign
objects inside waveguides, and crushed or bent waveguide or
coaxial cable.

Narrowband TDR is similar in concept to radar, in that an
tf pulse burst is transmitted down a system and, if a dis-
continugty exises, energy is reflected back to the sousce and is
detected and displayed by the 1580A system. The use of an
rf pulse burst allows the incident energy to be contained within
the dominant mode of the waveguide or the passband of a
narrowband system, which increases sensitivity and resolution
of measurements when compared to a wideband TDR used
for interrogation of a narrowband system,

Variable rf burst widths, from <5 to >100 ns, are provided
by the 1580A which allows the incident rf burst bandwidth
spectrum 16 be matched to the characreriseics of a system being
tested. Variable burst widths are useful when evaluating wave-
guide systerns where the effects of dispersion, which causes a
reflected rf burst to widen in time and lose amplitude, must
be considered. The 1580A allows return losses of —40 dB and
greater o be resolved when at least 70 m\W of rf input power
is available.

The Narrow Band TDR System consists of a standard
180AR rack model oscilloscope mainframe, a 1815SA Option
001 TDR/Sampler Plug-in, and the 1580A Narrow Band TDR
rf burst generator/sampler. The 1S80A may also be purchased
calibrated in meters at no additional cost by ordering Model
1580A Option 010.

For more information, contact your local Hewlett-Packard
field engineer.



HIGH FREQUENCY ACCESSORIES @

Time Domain Reflectometry and Sampling

TDR Accessories
Models 10452A-10456A Risetime Converters

Models 10452A through 10456A Risetime Converters slow down
the step from the 1818A (or 1415A) in order 1o climinate reflec-
tions caused by frequencies beyond the bapdwidth of interest. Rise-
tmes: (10-90%, points as measured in 150 ps risetime system).

10452: 0.5 ns. 10453A: 1 ns. 10454A: 2 ns,

10455A: 5 ns. 10456A: 10 ns.

/~ A N

10458A /

Specifications

Risetime accuracy: within £5%.

Overshoot: less than * 3.

Output impedance (d¢): 56 ohms (accuracy determined by ouiput
impedance of generator).

Output mismatch: less than =59 reflection (o outpur gisetime.
Allowable input volrage: up o 50 volts, open circuit (from a
50-ohm source).

Connectors: GR Type 874.

Price: $95.

Modets 10457A-10458A 50 to 75 ohm Adapters
Adapters convect 1818A (or 1415A) 50 ohm output
to 75 ohm systems.
Model 10457A: converts 50 ohm GR to 75 ohm Type N.
Price: $4s,
Model 10458A: converts 50 ohm GR to 75 ohm Type F (CATV).
Price: §25.

10457A
N

Sampling Accessories
Speciflcations 1105A/1106B/1108A
1105A/11066B/20 ps Pulse Generator
1105A/1108A /60 ps Pulse Generator
Output
Risetime: approx 20 ps with 1106B, (<60 ps with 1108A),
<28 ps observed with HP Model 1411A/1430C 28 ps
Sampler and HP Model 909A Option 012 50 ohm termina-
tion.
Overshoot: £7.59 as observed on 1411A/1430C with 909A
Option 012.
Droop: less thaa 39 in first 100 ns.
Width: approximately 3 us.

OSCILLOSCOPES

Amplitude: greater than =200 mV into 50 ohms.
Output characteristics (1106B/1108A)
Mechanical: (1106B) Type N connector. (1108A) GR-874
connector.
Electrical: dc resisrance; 50 ohm 2. Source reflection;
less than 10¢%, using 2 40 ps TDR system. DC offset volt-
age; approximately 0.1 V.,
Triggering

Amplitude: at least 0.5 V peak required.

Risetime: less than 20 ns required. Jitter less than 15 ps when
triggered by 1 ns risetime sync puise from 1424A or 1425A
Sampling Time Base.

Width: greater than 2 ns.

Maximum safe input: 10 volts.

Input impedance: 200 ohms, ac-coupled through 20 pF.

Repetition rate: 0 to 100 kHz; free runs at 100 kHz,

Accassories provided (with Model 1105A): one 6-ft 50 ohm
cable with Type N connectors, HP Model No. 10132A.
Weight

1106B or 1108A: nel, 1 Ib (0,5 kg); shipping, 2 Jbs (0,9 kg).

1105A; net, 2 1bs (0,9 kg); shipping, 4 ibs (1,8 kg).

Price: HP Model 1105A, §200. HP Aodel 11068, $550. HP

Model 1108A, $175.

1109B/1129A High-Pass Filters
The 1109B and 1129A High Pass Filters transmit only frequencies
above 1 GHz. They are useful for blocking the 100 MHz “kickout”
encountered when using 2 tunnel diode countdown to view high
frequency signals on a sampling oscilloscope. The 1109B is designed
for use with the Model 1104A/1106B Trigger Countdown, and the
1129A mates with the Model 1104A/1108A.
Specifications 1109B
Lower bandwidth limit: 3 dB down at 3 GHz, nominal.
Input characteristics
Mechanical: Tvpe N connector.
Electrical (with output terminated In 50 ohms)
Reflection: less than 10% using 40 ps TDR system.
VSWR: gpically 1.1:1 vp to 10 GHz increasing to 2:1 at 15
GHz.
DC resistance: 50 ohms %24, shunted across line.
Weight: net, 5 0z (0,14 kg).
Price: $200.
Specifications 1129A
Lower bandwidth limlt: 3 dB down at 3 GHz, nominal.
Input characteristles
Mechanical: GR-874 connector,
Electricat (with oulput terminated in 50 ohms)
Refiection: less than 3% using 150 ps TDR system.
DC resistance: 50 chms =29, shunted across line,
Weight: net, 4 0z (0,11 kg).
Price: $100.
Other samp!ing accessories
50-ohm loads: Models 9084, $45; and 909A Option 012, $70.
50-ohm adapter: Model 11524A; has Type N female and APC-7
connectors. Price, $70.
Air line extensions: Model 11566A; 10 c¢m, APC.7 connector.
Model 11567A; 20 cm, APC-7 connector. Price, S115 each.

/
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PORTABLE 35, 75, and 150 MHz

AC, dc or battery operation
1700 Series

OSCILLOSCOPES

ﬁ

-

J

Introduction, 1700 Series

The Hewletr-Packard Series Oscilloscopes are light weighe,
battery operated, portable instruments designed for both lab
and field service applications, All models are dual channe] and
range from 35 MHz to 150 MHz, You can choose models with
a main time base only or with both main and delayed time
bases. The 1700 series also includes two models with variable
persistence and storage CRT's.

Operator convenience

All 1700 Series models have large CRT’s and sharp traces
for easy viewing and high resclution. Standard CRT's are
6 x 10 cm and vaciable persistence CRT's are slightly smaller.

Front panel controls are grouped according to function for
fast familiarization and pushbuttons are used to furcher sim-
plify operation. By releasing all pushbuttons you can casily
locate the trace giving you a head start in viewing your wave-
form. Delayed sweep controls are grouped in 4 gray front
panel strip for quick identification. Main and delayed sweep
speeds are selected with separate controls allowing you to
change the sweep speed on one time base without having to
reset the other. An interlock is provided which prevents the

delayed time base from sweeping slower than the main time
base.

Another convenience feature found on all standard models
is scale Mumination which aids in photographic work. A beam-
finder allows quick location of the trace regardless of the
INTENSITY, HORIZONTAL, or VERTICAL control posi-
tions. Warning lights are provided which indicate uncalibrated
vertical deflection factors or sweep speeds. Additional con-
veniences provided are front panel adjustments for vertical
deflection factocs, dc balance, and 1 volt square wave calibrator
for probe compensation.

Pertformance

The 1700 series—though light weight, rugged and portable—
give you the performance ordinarily expected of laboratory
oscilloscopes. Vertical bandwidths are specified over the full 6
divisions of vertical display. Maximum sensjtivities are useable
over the entire bandwidth; for example, the 1710A’s deflection
factor is 5 mV per div from dc to 150 MHz (3 dB point).
In addition, display mode and trigger source flexibility assure
you of the right trigger signal combination for your application.

Emphasis on performance is also provided in the 1700 Series
horizontal system. Sweep linearity is specified over the full 10



PORTABLE 35, 75, and 150 MHz

10 ns/div sweep speeds
1700 Series

divisions of horizontal display for maximumn usefulness and
accuracy. In models with calibrated delay (Option 020), you
can make differential timing measurements to approximately
1% accuracy by using a common reference graticule.

Internal trigger circuits have emitter coupled logic gates for
greater reliability and stable operation over a wide temperature
range. A trigger holdoff control is used to eliminate double
triggering on complex digital waveforms while maintaining a
full-scteen, calibrated sweep.

Though the performance of the 1700 Series is high quality,
the price is kept low by offering just the features necessary for
most applications. A laboratory package is available on all
models which adds many features often used in a laboratory
environment. This model flexibility assures you of the optimum
price/pecformance tatio.

Battery Operation

1700 series models may be operated from a battery pack.
The battery fits snugly inside all instruments with exception
of the 1710A,

Many portable oscilloscope users are discovering the advan-

tages of battery operation:

1. Convenience of working in an installation without having
to turn off scope, move power cord. and reset and stabilize
display;

2. 1solation from ground loops and conducted RFI; and

OSCILLOSCOPES
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3. freedom from errors due to power line fluctuations and
supply variations.
The battery allows up to six hours of operation (1700A and
1701A) ang is techargeable over night. Other power modes
are a¢c (110 V or 230 V £209%, 48 to 440 Hz) or external dc
from 11.5 to 35 volts. This flexibility insures that power will
be available in almost any possible situation.

Reliability

The 1700 seties oscilloscopes have been designed for low
power consumption which not only allows battery operation
but increases reliability since most active components operate
at only 10 to 209, of their power ratings. For example, the
vertical ourput transistors do not require heat sinks. The low
power consumption also means that the 1700 series scopes do
not require ventilating holes or fans for cooling which reduces
the amount of dust and dirt that can accumulate. Also the
lack of ventilation holes reduces dc drift since the scope is less
susceptible to shott term temperature changes caused by drafts.
Reliability is also enhanced in the trigger circuits by using
emitter-coupled logic circuits instead of conventional tunnel
diodes.

Serviceability

Ease of service is assured with the plug-in circuit boards
and the low number of internal adjustments. For example, if
all internal adjustments were misaligned, a technician (with
a working knowledge of the scope) could completely recali-
brate the 1700A in as little as one hour. This means real
dollar savings over the lifetime of the instrument. Serviceability
also extends to the probes supplied with the oscilloscopes. The
10006B Probe cables are supplied with spin-on/spin off con-
nectors on both ends which reduces teplacement time to just

few minutes.

/ = ~

Storage cover

The Model 10101 A Storage Cover, supplied with each oscil-
loscope, helps to provect the front panel during transportation
and provides storage space for accessories. Accessories included
with the 1700 oscilloscopes 2re two probes with probe acces-
soties, power cord, dc plug, and spare fuses.

Field support

Video tapes are available which supply training and help
you to become accustomed to 1700 series operation and ap-
plications. Ask your Hewlett-Packard field engineer for details.
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PORTABLE, 35 MHz
Dual channel, 10 mV/div
Models 1700A, 1701A

1701A /

Description, 1700A/1701A

Models 1700A and 1701A are 35 MHz, dual channel, 10
mV/div deflection factor, portable oscilloscopes with 6 x 10
cm internal graucele cathode-ray tubes. The 35 MHz band-
width and 10 ns/div expanded sweep speed provide accurate
timing mezsutements in systems using MOS and TTL logic
elemears. Model 1700A is a non-delaying time base oscilloscope
and the 1701A has a delaying time base.

Options are available (o allow these oscilloscopes to be
tzilored to an application at minimum cost. For example,
Option 020 for each oscilloscope provides additional features
that are often required in laboratory situations.

Mote iaformation about the 1700 scries oscilloscopes is
located at the beginning of this section.

Specifications, 1700A, 1701A
{Except as noted, specifications apply to 1700A and 1701A)

Vertical amplifiers
Modes of operation: channel A; channel B; channels A and B

displayed altemnately on successive sweeps (ALT): channels A

and B displayed by switching berween channels at approx 400

kHz rate with blanking duning switching (Chop): ¢hannel A +

channel B (algebraic addition).

Each channel (2)

Bandwidth: (direct or with Model 10006B probe, 3 dB down
from 350 kHz, 6 div reference signals from 25 ohm source).
DC.coupled, dc to 35 MHz; ac-coupled, 10 Hz to 35 MHz.

Risetime: <10 as. Direct or with Model 10006B probe, 109%
10 90% points with 6 Jiv input step from 25 ohm source.

Deflection factor

Ranges: from 10 mV/div to 5 V/div (9 ranges) in 1, 2, 5
sequence. =35, accuraey with vernier in calibrated position.

Vernler: continuously variable between all ranges, extends maxi-
mum deflection factor to at teasc 12.3 V/div.

Polarity: NORM or INV, selectable on ¢hannel B.

Signal delay: signals are delayed sufficiently to view leading edge
of inpur signals without advanced external trigger.

Input RC: 1 megohm 229, shunted by 2approx 27 pF.

Input coupling: ac. de. or ground selectable. Ground position
disconnects signal input and grounds amplhifier input.

Maximum input

AC-coupled: =600 V {dc *+ peak ac); rms ac <350 V, 5
V/div 10 20 mV/div; <130 V at 10 mV/div (10 kHz or less) .

DC-coupled: <350 V (rms) 5 V/div to 20 mV/div: <150 V
at 10 mV/div (10 kHz or less).

A + B operation

Amplifier: bandwidch and deflection factors arc unchanged;
channel B may be interced for A-B operadon.

Common mode (A-B): frequency, d¢ to | MHz:, rcjection ratio,
at least 40 dB on 10 mV/div, at least 20 dB on all other ranges
with verniers set for optimum rejection, Common made signal
amplitude equivalent to 30 div,

Trigger source (applies tor all five modes of operation): Norm.

on displayed signal; A only, on signal from Channel A.

Time base
Sweep
Ranges: from 0.1 aszdiv w0 0.2 s/div (20 ranges) in 1, 2, %
sequence. 3%, accuracy with veenier in calibrated position.
Vernier: continuously variable between il ranges, extends slowest



PORTABLE, 35 MHz
Dual channel, 10 mV/div
Models 1700A, 1701A

swveep to at Jeast 0.5 s/div. Vernier uncalibrated light indicates
when vernier is not in Cal position.

Magnifler: expands all sweeps by a factor of 10 and extends
fastesc sweep to 10 ns/div. Accuracy 5% (including 3%
accuracy of time base).

Sweep mode

Normal: sweep is triggered by an internal or external signal.

Automati¢: bright baseline displayed in absence of input signal.
Triggering is same as normal above 40 Hz.

Single: in Norma! mode, sweep occurs once with same triggering
as normal; reser pushbutton arms sweep and lights indicator;
in Auto mode, sweep occurs once each time Reset pushbutton
is pressed.

Triggering

Internal: dc to 35 MHz on signals causing 0.5 divisions or more
vertical deflection increasing to 1.5 div deflection at 75 MHz
in all display modes except chop; dc to 400 kHz in chop mode.

External: d¢ to 35 MHz on signals 50 mV p-p or more, incteas-
ing to 100 mV p-p at 75 MHz.

Exteraal input RC: approx 1| megohm, shunted by apprax 27 pL.

Level and slope
Internal: at any point on the vertical waveform displayed.
External: continuously variable from +1.5 V o =15 V.

(Model 1700A only, +15 V to =15 V in +10) on either
slope of trigger signal. Maximum input, =100 V.
Coupiing: AC, DC, LF REJ, or HF RE).
AC: attenuates signals below approx 20 Haz.
LF REJ: attenuates signals below approx 15 kHz.
HF REJ: actenuates signals above approx 30 kHz,

Trigger holdoff: time between sweeps continuously varisble, ex-

ceeding one full sweep at 20 ms/div and faster.

Model 1701A delayed time base

Sweep
Ranges: 0.1 us/div to 0.1 s/div {19 ranges) in I, 2, S sequence,
£39, with verniec in calibrated position.
Vernler: continuously variable berween all ranges, extends slowest
sweep to 0.25 s/div,
Triggering
Internaf: same as main time base.
Automatic: delayed sweep is automatically triggered at end of
delay time.
Level and slope: ar any point on the vertical waveform displayed.
Coupling: selectable, ac ur de. AC atteauates signals befow
approx 20 Hz.
Defay time: continuously variable from 0.1 pus o 2 s,
Delay Jitter: <0.005% (1 part in 20,000) of maximum delay in
each step.
Trace Intensification: intensifies that part of main cime base (o be
expanded (o full screen in delayed time base mode. Rotating time
base switch from OFF position activates intensified mode.

Cathode-ray tube and controls

Type; post-accelerator, =22 kV accelerating potential; aleminized
P31 phosphor.

Graticule: 6 x 10 div internsl graticule: 0.2 subdivisions on major
horizontal and verucs) major axes. 1 div = 1 ¢m. Front panel
adjustment aligns trace with graticule,

Beam finder: seturns trace 1o CRT screen regardless of setting of
horizontal, vertical, or intensity controls.

Intensity modulation: >—+4 V, dc to 1 MHz blanks trace of any
intensity. Inpur R, 1000 ohms T 109 . Maximum input, *10 V
(dc = peak ac).

General

Calibrator: type, 1 kHz, £109 squarewave; voltage, 1 V p-p
=1%.

O0SCILLOSCOPES

Power requirements
AC liner 115 or 230 V *=20%, 48 to 440 Hz, 30 VA max.
DC line: 11,5 to 36 V, 18 watts max.
Battery (optional)

Operating time: up to 6 hours.

Recharge time: 14 hours maximum, with power switch off,
if not opesated after power indicator flashes.

Low battery indicator: power light flashes to indicate that
batteries are discharged.

Recharging: batteries are recharging whenever power mode
switch is set to ac with power applied. With power switch
off, full charge is applied. With power switch on, trickie
charge 15 applied.

Weight
Without panel cover: net, 24 lbs (11 kg); shipping. 35 Ibs

(15,9 kg).

With panel cover and accessories: net, 27 lbs (12,3 kg):
shipping, 38 lbs (17,2 kg).
With panel cover, accessorles, and battery pack: pet, 35 lbs

(16 kg); shipping, 46 lbs (20,9 kg).

Dimenslons: refer o outline drawiog.
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Environment: (oscilloscope operates within specifications over the
following ranges); temperature, 0°C to = 55°C; humidity, to
95¢% relative humidity to 40°C: alutude, to 15,000 ft: vibration,
vibrated in three planes for 15 min, each with 0.010 inch ex-
cussioq, 10 to 55 Hz,

Accessories furnrished: mesh contrast filter, Model 10115A; front
panel storage cover, Model 1010 A: two Model 10006B probes;
one dc power plug for assembling a dc power ¢ord; one ac power
cord with right angle plug; and one instruction manual.

Price (without battery pack)

Model 1700A Portable Oscilloscope . ........... ... ... $1680

Model 1701A Delayed Sweep Portable Oscilloscope ... .. .$1800

Options (order by Option number)

012: Model 10103A battery pack insialled, add $200.

016: (Modet 1701A): TV sync separater (may not be ordered

with Option 020), add §85.

020 (Model 1700A): external horizonral input; Channel A our-
put which provides single channel, 1 mV/div deflection factor
at reduced bandwidth when cascaded 1nto Channel B. Add $50.

020 (Model 1701A): mixed sweep; calibrated sweep delay; ex-
ternal trigger input for delayed sweep; extérnal horizontal
inpuc: Channel A output which provides single channel, 1
mV/div deflection factor at reduced bandwidih when cascaded
into Channel B, Add §125.
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PORTABLE, 35 MHz

Storage/variable persistence
Models 1702A, 1703A
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Description

Model 1703A combines 1700 series features of dual channel,
10 mV/div deflection factor. and main and delayed time base
sweep speeds to 10 ns/div, with variable pecsistence and stor-
age. Model 1702A is identical to the 1703A but is without the
delayed time base.

Variable persistence and storage

Hewlect-Packard’s storage mesh CRT allows you to adjust
the amount of time a trace is retained, from less than 1 second
to over L hour. For example, when making timing adjustments
berween two low rep rate, narrow pulses, the persistence can
be set so that the pulses are on screen for just one sweep. You
can make your timing adjustments quickly and accurately,
without the screen becoming cluttered with old traces,

Varciable persistence is also very useful as a pseudo-normal
write mode, when extea brilliance is required, or any time the
sweep speed is low enough to cauvse flicker. ln addition to
variable persistence, the 1703A offers storage capability, focr
over 1 hour. This display capability is especially useful for
single shot phenomena and other events with very infrequent
occurence. The armed trigger circuits will patiently wait for
the event to happen, then capture the waveform when it oc-
curs. All variable persistence and storage controls are con-
veniently groupcd to the right of the CRT.

The 1703A’s writing speed in the storage mode is 20 div/ms.
And a mode called “Max \Write” uses a fogging technique to
increase writing speed to 1000 div ms, wich only 1 slight re-
duction in comrast between trace and backgeound. (See Intco.)

Specifications, 1702A, 1703A

(Except as noted, specificatons apply w 1702A and 1703A)
Vertical emplifiers
Modes of aperation: channel A; channel B. chaanels A and B
displayed alternately on successivc sweeps (ALT): channels A and

B displayed by switching becween chaanels at approx 400 \Hz

rate with blanking during switching (CHOP);: channel A —

channe] B (algebraic addition).
Each channel (2)

Bandwldth: (direct or with Model 10006B probe. 3 dB down
from 50 kHz. 6 div reference signal from 25 ol source).
DC.coupled, dc to 35 MHz; ac-coupled, 10 Hz to 35 MHz.

Risetime: <10 ns. Direct or with Model 10006B probe, 1072
10 90% points with 6 div input step from 25 ohm source.

Deflectlon {actor

Ranges: from 10 mV/div to 5 V/div (O ranges) m t, 2, 5
sequence. £39% accuracy with verner in calibrated position.

Vernler: continuously variable between all ranges. exteads maxi-
mum deflection factor to at least 12,5 V/div,

Polarity: NORA{ ot INV, selectable on channel B.

Signal delay: input signals are delayed sufficiently to view lead-
ing edge of input signals without advanced external trigger.
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Input RC: | megobm *29, shunted by approx 27 pF.
laput coupling: ac, d¢, or ground selectable. Ground position
disconnects signal input and grounds amplifier input,
Maxirnum [nput
AC-coupled: £600 V (dc + peak ac); rms ac <350 V, S
V/div to 20 mV/div; <150 V at 10 mV/div (10 kHz or less).
DC-coupled: <350 V (rms) $ V/div t0 20 mV/div; <150 V
at 10 mV/div (10 kHz or less).
A + B operation: same as Models 1700A and 1701A.
Trigger source: (applies for all five modes of operation) Norm,
on displayed signal: A only, on signal from Channel A.

Time base
Sweep

Ranges: from 0.1 us/div to 0.2 s/div (20 ranges) in 1, 2, 5
sequence. 3% accuracy with vernier in calibrafed position.

Vernier: continuously variable between al) ranges, extends stowest
sweep to at least 0.5 s/div, Vernier uncalibrated light indicates
when vernier is aot in Cal position.

Magnifler: expands all sweeps by a factor of 10 and extends
fastest sweep to 10 ns/div. Accuracy, £5% (including 3%
accuracy of time base).

Sweep mode

Normal: sweep is wiggered by an internal or external signat.

Automatic: bright baseline displayed in absence of input signal.
Triggesiag is same as normal above 40 Hz.

Singte: in Normal mode, sweep occurs once with same triggering
as normal; reset pushbutton arms sweep and lights indicator;
in Auto mode, sweep occues once each time Reset pushbutton
is pressed.

Triggering

Internal: dc to 35 MHz on signals causing 0.5 divisions or more
vertical deflection increasing to 1.5 div deflection at 75 MHz
in all display modes except chop; dc to approx 400 kHz in
chop mode,

External: dc to 35 MHz on signals 50 mV p-p or more, increas-
ing to 100 mV p-p at 75 MHz,

External Input RC: approx | megohm shuated by approx 27 oF.

Levet and stope
Internat: at any point on the vertical waveform displayed.
External: continuously variable from +1.5 V w0 —1.5 V

(Model 17024 only, +15 V o =15 V in =10) on either
slope of the wrigger signal. Maximum inpur, =100 V.
Coupiing: AC, DC, LF REJ. or HF RE}.
AC: arenuates signals below approx 20 Hz.
LF REJ: attenuates signals below approx 15 kHz.
HF REJ: artenuates signals above approx 30 kHz.

Trigger holdoft: (me between sweeps continuously variable, ex-

ceeding one full sweep at 20 ms/div and faster.

Model 1703A delayed time base
Sweep
Ranges: 0.1 as/div to 0.1 s/div (19 ranges) in 1, 2. 5 sequence.
* 39, with vernjer in calibrated position.
Vernier: continuously variable between all ranges, extends slowest
sweep to 0.25 s/div,

Triggering
Internal same as main time base.
External dc to 35 MHz on sigaals of 50 mV p-p of more, increas-
ing to 100 mV p-p at 73 MHaz.
Level and siope
Internal: at any point on the vertical waveform displayed.
Coupting: AC or dc. AC auenuates signals below approx 20 Haz.

Pelay (before start of delayed sweep)
Time: continuously variable from 0.1 ps 0 2 3.
Linearity: =29,
Jitter: 0.0059% (1 part in 20,000) of maximum delay in each step.

35 MHz

Delayed, non‘deﬁayed sweeps
Models 1702A, 1703A

OSCILLOSCOPES
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Trace Intensification: incensifies that part of main time base to be
expanded to full screen in delayed mode. Rotating time base
switch from OFF position activates intensified mode.

Cathode-ray tube and controls

Type: post-accelerator, 2= 8.5 kV accelerating potential; aluminized
P31 phosphor

Graticute: 6 x 10 div internal graticule; 0.2 subdivisions on major
horizontal and vertical major axes. t div = 0.85 ¢m. Front panel
adjustment aligns trace with graticule.

Beam finder: rewurns trace to CRT screen regardless of setting
of horizontal, vertical, or intensiry controls.

Intensity modulation: >4 V, de to 1 MHz blaaks trace of any
intensity. Input R, 1000 ohms *10%. Maximum input, =10 V
(dc + peak ac).

Persistence: Normal, natural persistence of P31 phosphor (approx
40 us); Variable, from <0.2 s to >1 min.

Storage writing speed: Write mode, >20 div/ms; Maximum
write mode, > 1000 div/ms.

Brightness: =~ 100 foot lamberts.

Storage time: from Write mode to Store, traces may be stored at
reduced intensity for >1 hour. When switched to View mode,
traces may be viewed ar normal intensity for >1 miauce. From
Max, Write mode to Store, traces may be stored at reduced
intensity for >3 minutes. When switched 0 View mode, traces
may be viewed at normal intensity for >15 seconds,

Erase: manual. pushbutton erasure rakes approx 300 ms.

General

Calibrator
Type: 1 kHz, £109% squarewave.

Voltage: 1 V p-p, =15,

Power requirements
AC line: 115 or 230 V ®20%, 48 to 440 Hz, 50 VA max.

DG fine: (1.5 to 36 V, =25 walts max.
Battery (optional)
Operating time: up to 4 hours.
Recharge time: 14 hours maximum, with power switch off,
if not operated after power indicator fiashes.
Low battery indicator: power light flashes to indicate that
batteries are discharged.
Weight
Without panel cover: net. 24 lbs (1t kg): shipping. 35 lbs
(15,9 kg).

With panel cover and accessories: ner, 27 lbs (12,3 kg):
shipping, 38 tbs (17,2 kg).

With panet cover, accessaries, and battesy pack: ner, 35 Ibs
(16 kg); shipping, 46 lbs (20,9 kg).

Dimenstons: refer to 1700A/1704 A outline drawing.

Environment: same as Models 1700A and 1701A.

Accessories furnlshed: mesh contrast filter; front pane!l storage
cover, Model 10101A; two Model 10006B probes; one d¢ power
plug for assembling a dc¢ power cord; one ac power cord with
right angle plug; and one instruction manual.

Price
Model 1702A Storage Oscilloscope ... ool oL, 82375
Model 1703A Delayed Sweep Storage Oscilloscope . ... ... $2575

Options (order by Option number)

012: Model 10103A batcery pack installed, $200.

020: (1702A only) external horizontal input; Channel A output
which provides single ¢hannel, | mV/div deflection factor at
reduced bandwidth when cascaded into Channel B, add §75.

020: (1703A only) laboratory package. Mived sweep; calibrated
sweep deiay; external trigger input for delayed sweep; external
horizontal input: Channel A ourput which provides single
channel, 1 mV/div deflection factor at reduced bandwidth
when cascaded into Channel B, 2dd $150.
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PORTABLE, 7S MHz
Dual channel, 10 mV/div

Models 1706A, 1707A
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Description, 1706A/1707A

Models 1706A and 1707A are 75 MHz, dual channel, 10
mV/div defection factor, porrable oscilloscopes with 6 x 10
¢m ntemal graucule cathode-ray tubes. The 75 MHz band-
width and 10 ns/div expanded sweep speeds provide accurate
measurements in systemns using fast TTL and ECL logic mea-
sureatents. Model 1706A has a non-delaying sweep time base
and the 1707A has a delaying time basc.

Options are available to allow these oscilloscopes to be
tazilored to an application at minimum cost. For example,
Option 020 for each oscilloscope provides additional features
that are often required in laboratory situations.

More information about the 1700 scries oscilloscopes is
located zt the beginning of this section,

Specifications, 1706A, 1707A

(Except as noted, specifications apply to 1706A and 1707A.)

Vertica) amplifiers

Modes of operation: channcel A: chaanels A and B displayed
alternately on successive sweeps (ALT); channels A and B dis-
played by switching between channels at approx 400 kHz rate
with blanking during switching (Chop): channel A + channel B
(algebraic addition).

Each channel (2)

Bandwidth: direct or with Model 10006B probe, 3 dB dowan from
50 kHz, § div reference signal from 23 ohm source.

DC-coupled: dc¢ to 75 MHz.
AG-coupled: 10 Hz w0 75 MH2

Risetime: < 4.7 ns. Direct or with Model 10006B probe, 109
to 909 points with 6 div input step from 25 ohm source.



PORTABLE, 75 MHz =
Delayed, non-delayed sweeps
Models 1706A, 1707A

Deflaction factor
Ranges: from 10 mV/div 0 5 V/div (9 ranges) in 1, 2, 5
sequence, =3% accuracy with vernier in calibrated position.
Vernier: continuously variable between all ranges, extends maxi-
mum deflection (actor to at least 12.5 V/div.,
Polarity: NORM or INV, selectable on channel B oaly.
Slgnal delay: Input signals are delayed sufficiently to view lead-
ing edge of input signals without advanced external trigger.
Input RC: 1 megohm 297, shunred by approx 24 pF.
Input coupling: ac, d¢, or ground selectable. Ground position
disconnects signal input and grounds amplifier input.
Maximum Input
AC-coupled: %600 V (dc + peak ac¢); mms ac <350 V, S
V/div to 20 mV/div; <150 V at 10 mV/div (10 kHz or
less).
DC-coupled: <350 V (rms) 5 V/div 10 20 mV/div; <150 V
at 10 mV/div (10 kHz or less).
A + B operation
Amplifier: bandwidth and deflection factors are unchanged; chan-
nel B may be inverted for A-B operation.
Common mode (A-B)

Frequency: dc to 1 MHaz,

Rejection ratlo: at least 40 dB on 10 mV/div, at least 20 dB
on all other ranges with veriers set for optimum rejection.
Common mode signal amplitude equivalent to 30 div.

Triggering source: (applies for afl five modes of operation)
Norm, on displayed signal; A only, on signal fram Channel A.

Time base
Sweep

Ranges: from 0.1 ps/div to 0.2 s/div (20 ranges) in 1, 2, §
sequence =39 accuracy with vernier in calibmated position.

Vernier: continuously variable berween 2ll ranges, extends slowest
sweep to at least 0.5 s/div. Vernier uncalibrated light indicates
when vernier is not in Cal position.

Magnifier: expands all sweeps by a factor of 10 and extends
fastest sweep t0 10 ns/div. Accuracy =35% (including 3%
accuracy of time base).

Sweep mode

Normabk sweep is triggered by an internal or external signal.

Automatic: bright baseline displayed in absence of inpuc signal.
Triggering is same as normal above 40 Hz.

Single: in Normal mode, sweep occurs once with same criggering
as normal, reset pushburton arms sweep and lights indicator;
in Auto mode, sweep occurs once each time Reset pushbution
is pressed.

Triggering

Internal: dc w 35 MHz on signals causing 0.5 divisions or
more vertical deflection increasing to 1 div defection at 73
MHz in all display modes except ¢hop; de¢ to 400 kHz in chop
mode,

External: dc to 35 MHz on signals 50 mV p-p or more, increasing
to 100 mV p-p at 75 MHz, .

External input RC: approx 1 megohm shunted by approx 27 pF.

Leve) and slope
Internat: at any point on the vertical waveform displayed.
External: continuously varigble from +—1.5 V 10 ~1.5 V

(Model 1706A only, T15 V 10 —15 V in =10) on either
slope of the trigger signal. Maximum input, =100 V.
Coupling: AC, DC, L¥ RE]J, or HF RE]J.
AC: attenuates signals below approx 15 kHz.
LF REJ: artenuates signals below approx 15 kHz.
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HF REJ: attenuates signals above approx 30 kHz.
Trigger holdoff: time between sweeps continuously variable, ex-
ceeding one full sweep at 20 ms/div and faster,

Model 1707A delayed time base

Sweep
Ranges: 0.1 as/div to 0.1 s/div {19 ranges) in I, 2, 5 sequence.
*=39% with veraier in calibrated position.
Vernler. continuously variable between all ranges, extends slowest
sweep (0 0.25 s/div.
Triggering
Internals same as main time base.
Automatic: delayed sweep is automatically triggered at end of
delay time.
Level and slope: at any point on the vertical waveform dis-
played.
Coupling: selectable, ac or dc. AC attenuates signals below
approx 20 Hz,
Delay time: continuously variable from 0.1 a5 to 2 s,
Delay jltter: <0.005% (1 part in 20,000) of maximum delay ir
each step.
Trace intensification: intensifies that part of main time base be
expanded to full screen in delayed time base mdde. Rotating time
base switch from OFF position activares intensified mode.

Cathode-ray tube and conirols

Type: post-accelerator, ~=22 kV accelerating potential; aluminized
P31 phosphor.

Graticule: 6 x 10 div internal graticule; 0.2 subdivisions on majos
horizontal and vertical major axes. t div = 1 ¢m, Fronc panel
adjustrent aligns trace with graticufe.

Beam finder: returns trace to CRT screen regardless of setting of
horizontal, vertical, or Intensity controls.

Intapsity modulation: >+4 V, dc to 1 MHz2 blanks trace of any
intensity. Input R, 1000 chms £109%. Maximum input, £10 V
(dc¢ + peak ac).

General

Calibrator
Type: 1 kHz, =109 squarewave.
Voltage: 1 V p-p, +1%.
Power requirements
AC line: 115 or 230 V *=20%, 48 10 440 Hz, 50 VA max.
DC line: 11.5 to 36 V, 25 watts max.
Battery (optional)
Operating time: up to 4.5 hours.
Recharge time: same as Models 1700A and 1701A.
Low battery indicator: same as Models 1760A and 1701 A.
Welght: same 25 Models 1700A and 17014,
Dimensions: refer o 1700A/1701A outline drawing.
Environment: same as Models 1700A and 1701 A,
Accessories furnished: same as Models 1700A and 1701A.
Price (without battery pack)
Model 1706A Portable Oscilloscope .. ..ot oot 81775
Model 1707A Delayed Sweep Portable Oscilloscope - .. ... $1925
Optlans (order by Option number)
012: Model 10103 A battery pack installed, add $200.
016 (Model 1707A): TV sync separator (may not be ordered
with Option 020), add $8s.
020 (Model 1706A): same as Models 1700A and 1701A.
020 (Model 1707A): same as Models 1700A and 1701A.
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PORTABLE, 150 MHz
Dual channel, 5 mV/div
Model 1710A
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Description, 1710A

Model 1710A is 2 150 MHz, dual channel, § mV/div deflec-
tion factor portable oscilloscope with 2 6 x 10 <m internal
gratcule cathode-ray tube. The 150 MHz bandwidth and 2
os/div expanded sweep speeds provide accurate measurements
in logic and 2nalog meaurements. Laborarory performance in 2
portable package make this oscilluscope equally well suited for
bench applications or field work, such as servicing high-speed
computers or telemetry equipment.

The 1710A provides accurate measutements of high-fre-
quency signals and fast tise time pulses with its 5 mV/div
vertical deflection capability over the full 150 MHz bandwidth.
The selectable input impedance of either 50 ohms or | megohm
allows you Io select the impedance that best fts your measure-
meot application. Jf you are looking at a pulse from a 50 ohm
source, you have an instant impedance match at the scope input
with virtually no reflections to degrade the input signal or in-
troduce phase shift. However, when probing high impedance
crcnits, the one megohm input is available with the flick of a
switch. Its low shunt capacitance of 12 pF reduces phase shift
and signal loss in pulse or C\ measurements,

The 1710A’s time base also adds to its laboratory quality
performance. Tts sweep linearity is specified aver the full 10
centimeters of horizontal display. The calibrated delay dial pro-
vides magnification of any portion of the main sweep, and may
also be used for accurate measurements of wavefotm time jitter
and other precise time intervals, Enhancing the 1710A’s accu-
tate tiroe base is its excellent trigger capability. Internal trigger
sensitivity is fess than 1 division over the entire bandwidth aad
<0.3 div up to 20 MHz. Externally, the scope will trigger on
less than 200 mV p-p. The 1710A adds main sweep tigger
flexibility with ext = 10 and line sync¢ functions not found on
the other delayed sweep models.

Like other 1700 seties models the 1710A is rugged and light-
weight without sacrificing perfogmance. Front panel controls
are grouped by function for fast familiarization. The CRT
presents a bright, sharp trace, especially valuable for viewing
low rep-tate, fase rise pulses. The 1710A also comes with a
storage cover, where probes and accessories ¢zn be conveaiently
storegd.

Mote information about the 1700 series oscilloscopes is
located at the beginning of this section.




PORTABLE, 150 MHz 7%

Delayed sweeps to 2 ns/div
Model 1710A

I3

Specifications, 1710A

Vertical amplifers
Modes of operatlon: channel A; channel B: channels A and B dis-

played alternately on successive sweeps (ALT); channels A and B

displayed by switching between channels st approx 1 MH:z rate

with blanking during switching (chop); channel A =+ channel B

(algebraic addition).

Each channel (2)

Bandwldth: (3 dB down from 6 div reference signal from a 25
ohm source.)

DC-coupled: dc to 150 MHz.
AC-coupled; 10 Hz to 130 MRz

Rise time: <2.4 ns {measured from 109% 10 90% points of & div

input step from a 25 ohm source).
Deflectlon factar

Ranges: 5 mV/div to $ V/div (10 calibrated positions) in 1, 2,
5 sequéence. £ 39 with vernier in calibrated position.

Vernier: continuwously variable between all ranges, extends maxi-
mum deflection factor to at least 12.5 V/div.

Polarity: NORM or INV, selectable on channel B,

Signal delay: input signals are delayed sufficiently to view lead-
ing edge of input signals without external trigger.

Input RC (selectable)

High Z: 1 meg ohm =19 shunted by approx 12 pF.
50 ohm: 50 ochms = 1%. VSWR, <1.3:1 on all ranges.

Input coupling: selectable, AC or DC (1 megohm), DC (50
ohms), or Ground. Ground position disconnects input connectot
and grounds amplifier input,

Maximum Input

High Z: 150 V (d¢ =+ peak ac) ac 1 kHz on 5 mV range increas-
ing to 300 V (dc + peak ac) on all other ranges.

50 ohm: 10 V rms (dc-coupled input).

A + B operation: bandwidth and deflection factors are unchznged;
channcl B may be inverted for A-B operation,
Triger source: selectable from channel A, or normal.

Ghannel A: all display modes triggered by channel A signal,

Normal: all display modes triggered by displayed signal except
Chop. Chop triggered by Chanael A signal.

Sweep modes: Main, Mixed, and Delayed
Main time base
Sweep

Ranges: from 20 ns/div to 0.2 s/div (22 ranges) in 1, 2, 5 se-
quence. £3% accuracy over full scale with vernier in calibrated
position.

Vernler: continuously variable between all ranges, extends slow-
est sweep (o at Jeast 0.5 s/div. Vernier uncalibrated light indi-
cates when vernier is not in Cal position.

Magnifler; expands all sweeps by a facror of 10 and extends
fastest sweep o 2 ns/div. Sweep accuracy is 5% (includiag
39 accuracy of the time base).

Sweep trigger mode
Normal: sweep is triggered by 2n internal or external signal,
Automatic: bright baseline displayed in absence of input signal.
Triggering is same as normal above 40 Hz.
Single: in Normal mode, sweep cccurs once with same triggering
as normal, reset pushbutton arms sweep and lights indicator; in
Auto mode, sweep occurs once each time Reset pushbutton is
pressed.
Triggering
Internal: dc to 20 MHz on signals causing 0.3 divisions of more
vertical deflection, increasing to 1 division deflection at 150
MHz in all display modes. Triggering on line frequency is
also selectable.

Externali dc 1o 20 MHz on signals of 50 mV p-p or more, in-
creasing 10 200 mV p-p at 150 MHz.

External input RC: approx 1 megohm shunted by approx 20 pF.

Level and slope
Internal: at any point on the vertical waveform displayed.
External: continuously variable from 1.5 V 10 —1.5 V on

w OSCILLOSCOPES

either slope of the trigger signal. +13 V o =15 V in
=10 on main time base only. Maximum input, £100 V,
Coupiing: AC, DC, LF RE], or HF RE].
AQC: attenuates signals below approx 10 Hz.
LF REJ: actenuates signals below approx 50 kHz.
HF REJ: attenuates signals above approx 50 kHz.
Trigger holdotf: ime between sweeps continuously variable,
exceeding one full sweep on all ranges.

Sweep Delayed time base
Ranges: 20 ns/div to 0.1 s/div (21 ranges) in 1, 2, 5 sequence.

34, pecuracy over full scale with vernier in calibrated posi-
tion. Selected independently of main time base setting (must
sweep faster than main time base).

Vernler; continuously variable between all ranges, extends slowest
sweep to at least 0,25 s/div. Vernier uncalibrated light indicates
when vermier is not in Cal position.

Magnlfier: same as main time base.

Triggering
Internal: same as main time base.

Automatie: delayed sweep zutomatically starts at end of delay
time.
Trigger: delayed sweep is armed at end of delay period.

Level and slope: at 2ay point on the vertical waveform displayed
when in trigered mode.

Coupling: selectable, AC or DC, AC attenuates signals below
approx 10 Hz.

Delay time: continuously variable from 0.02 us to 2 s; accuracy
£1%; linearity 1+0.2%.

Delay jitter: <0.0059% (1 part in 20,000) of max. delay in each

Trace intenslflication: intensifies that part of main time base to be
expanded to full scceen in delayed time base mode. Rotating de-
Jayed time base switch from OFF position activates inmsified mode.

Mixed time base: dual time base in which main time base drives
first portion of sweep and delayed time base completes the sweep
at up to 1000 times faster. Also operates in single sweep mode.

Cathode-ray tube and controls

Type: post-accelerator, =~ 22 kV accelerating potential: aluminized
P31 phosphor,

Graticule: € x 10 div internal graricule; 0.2 subdivisions on major
horizontal and vertical major axes. 1 div = 1 ¢m. Front pane! ad-
justment aligns trace with graticule,

Beam finder: returns trace ro CRT screen regardless of setting of
horizontal, vertical, or intensity controls.

Intensity modulation: >-+6 V, dc to 1 MHz blanks trace of any
intensity. Input R, 1000 ohms £109%. Maximum inpur, =10 V
(dc T peak ac).

Calibrator
Type: 1 kHz, =109 squarewave.

Voltage: 1 V p-p, +1%.
Current: 5 mA, £19,.

Power: 115 or 230 V £20%, 48 to 440 Hz, 75 VA max.

Weight
Without panel cover: nmet, 31 lbs (14,1 kg)y shipping 42 lbs

(23,7 kg).
With paael cover and accessories: net, 34 Ibs (15,4 kg); shipping,
46 Ibs (25,4 kg).

Dimensions: refer to 1700A/1701A outline drawing, and add 174"
to all chassis length measurements.

Environment: (Oscilloscope operates within specifications over the
following ranges); temperature, 0°C to +55°C; humidity, to
95% relative humidity o 40°C, altitude, to 15,000 ft; vibration,
vibrated in three planes for 15 min. each with 0,010 inch excur-
sion, 10 to 55 Hz.

Accessorles furnished: 10115A contrast filter, front panel scorage
cover, Model 10101A; two divider 10006C probes; one ac power
cord with right angle plug; and one instruction manual,

Price: Model 1710A Oscilloscope ... vvvveuann .. $3200.

Additianal accesssaries: refer to 1700A/1701A accessories,

General
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PLUG-IN OSCILLOSCOPE

One scope for many measurements
Model 140 System

.

140 System

/

The Hewlett-Packard 140 Oscilloscope System provides the
versatility you need for measurements over the entire oscillo-
scope spectrum. With many high performance vertical and
horizontal plug-ins to choose from, you can head in any mea-
surement direction; wide-band sampling, high-sensitivity, de-
layed sweep, or measurements such as time domain reflectom-
etry, swept frequency, or spectrum analysis.

Hewlett-Packard’s 140 oscilloscope system offers these capa-
bilities:

Sampling bandwidth to 18 GHz.

Sampling delayed sweep time base.

50 oV /div deflection factors.

Versatile single or double-size plug-in capability.
Direct readour TDR.

Swept frequency.

Spectrum analyzer plug-ins.

In addition, the system offecs standard CRT persistence in
either the 140B, or 143A mainframes; or variable persistence
and storage in the 141B mainframes. Sclect from these unique
measurement capabilities or from the general purpose plug-ins
avaiiable.

High-performance mainframes

The advanced 140B, 141B. and 143A mainframes give you
a choice between conventiona! (fixed) CRT persistence, vari-
able persistence and storage, and 8” x 10” CRT displays. As
2 result, the 140 system not only has an extensive plug-in
capability, but also, the CRT versatility needed to meet the
requirements of measurement problems today—six months from
now—or in the distant future.

Because all deflection circuits are contained in the plug-ins,
you get exclusive capabilities in mixing plug-ins. You can not
only select the amplifier needed for the vertical axis, but also,

the particular time base generator needed for the horizontal
AXIS.

Further, since the 140 system CRT’s have identical horizontzl
and vertical deflection factors you ¢an use two vertical ampli-
fiers for an X-Y display . . . or one single-channel amplifiec
and one duzl-channel amplifier to plot two variables against
a third . . . or two identical dua)-channel amplifiers for a pair
of simultaneous X-Y displays.

Variable persistence and storage

The 141B mainframe gives you all the advantages of the
140B mainframe—plus the benefits of variable persistence and
storage. At the twist of a knob, you can adjust trace persistence
from 0.2 seconds to more than a minute. This variable persis-
tence allows you to adjust the CRT persistence to match the
changing characteristics of a signal—any necessary number of
traces can be held for trend comparisons, or for flicker free
displays.

The Hewlett-Packard mesh storage tube offers many ad-
vantages. With the 141B CRT a stored trace has the same high
contrast and visual brightaess of a conventional CRT. Intec-
mediate trace values stand out clearly, you can easily dis-
tinguish between four or five separate trace intensities, Intensity
of the CRT can be varied by a front panel control, or modu-
lated externally for X.Y-Z presentations.

18 GHz sampling with delayed sweep

You can see through P band, observe CW signals to 18 GHz
and beyond, and see fast pulses with 20 ps risetime capability.
You can 2lso use TDR mezsurements to resolve discontinuities
down to less than 1 ¢m in the design of cables, coaxial compo-
nents, connectors and strip lines. In addition, the delayed sweep
can be used through the ful) bandwidth for displays of pulse
segments that leave conventional sampling scopes blurred. You
also get less than 20 ps jitter to ensure steady, clear displays.



MEASUREMENTS FROM DC TO 18 GHz
1, 2, or 4 channels, standard/delayed sweeps
Model 140 System

Two vertical amplifiers are available. Model 1411A provides
dc to 18 GHz at 1 mV/div, dual-channel performance with
remote samplers featuring feed-through inputs for minimum
signzl disturbance. The other sampling vertical amplifier,
Model 1410A, gives performance to 1 GHz, with both high-Z
probes and 50 ohm inputs—and internal triggering. Model
1425A Sampling Time Base plug-in provides delayed sweep,
automatic triggering, and 2 movable intensified dot that makes
it easy to set up the point of magnification.

50 uV/div zero drift

The versatile HP 140 Scope System gives you six high-
sensitivity plug-ins specifically designed for measurement of
low-level signals. For example, the 1406A vertical plug-in
offers 50 wV/div deflection factors with no dc¢ grift—plus
precision czlibrated dc offset for extreme magnification.

With the Hewlett-Packard calibrated offset feature, the
1406A gives you the advantages of a dc and ac voltmeter—
four-digit readout, auto decimal placement, better than 0.5%
measurement accuracy. As a dc voltmeter, the 1406A offers
you the additional advantages of no drift in the measurement
instrument, and the ability to observe and measure any ac
tiding on the dc voltage.

2-channel 20 MHz bandwidth, 4-channe) displays
to 15 MHz, and defayed sweep
If you need wideband real time performance, for example,
you can use the dual-trace 1402A vertical amplifier and get
dc to 20 MHz (15 MH2z with Model 143A) at 5 mV/div,

OSCILLOSCOPES
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algebraic addition, built-in delay line for viewing the leading
edge of fast-rise pulses, full 6 div deflection and a wide dy-
namic range. An internal sync amplifier triggers on Chancel A
in dual trace mode of operation—gives stable traces and ac-
curate time measurements without external triggecing.

When you need to display four channels of information,
you can use the 4-trace 1404A vertical amplifier and get d¢
to 15 MHz at 10 mV/div or L mV/div to 10 MHz, algebraic
addition, and built-in delay line for viewing the leading edge
of fast-rise pulses. Internal trigger circuits allow you to trigger
on channel A, B, C, or D or select composite triggering, which
triggers each channe!l individually.

For casy readability of complex waveforms and accurate
time interval measurements, Model 1421A Time Base & Delay
Generator provides calibrated time delays from 10 seconds to
0.5 ps, calibrated sweep speeds from 0.2 ps/div to 20 ns/div.
The 1421A also offers mixed sweep which displays the first
portion of a trace at normal sweep speeds, and expands the
trailing portion of the trace at faster delayed sweep speeds to
allow step-by-step magnified examination.

Spectrum analyzer plug-ins for measurements
in the trequency domaln
By a simple addition of Spectrum Analyzer plug-ins, you
can convert your time-domain oscilloscope into 2 frequency-
domain instrument. These spectrum analyzer plug-ins have
absolute amplitude calibration, high sensitivity, low distortion,
wide dynamic range, and flat frequency response.

140 Series Plug-in Selection Chart

Swept
Vertioal Plug-In REALTIME SAMPLING TDR Freq.
Capabilities 1400B | 14024 | 1403A | 1404A | 1405A | 1406A | 1408A | 14)0A | 1411A/1430C |1411A/1432A | 1415A | 1416A
Bandwidth 500 kHz | 20 MKz | 400 &tz | 15 MHz | 5 MHz | 400 kHz| SO0 kHz | 1 GHz 18 GHz 4 GHz
Daflection Factor/div 100uV | 5mv | 10V [10mV | SmV | 504V | 1004V | 1 mV 1 mv 1mv
Channels 1 2 1 4 2 1 2 2 2 2
XY X X X X X X X X X X
Delayed Sweep 1421A for Realtime 1425A fer Sampling
No Drift X
Max. CMRR in dB 100 40 106 40 40 60 100
Algebratc Add, X X X X X X X
TOR X
Wide Band TDR X
Swept Freq. X
RECOMMENDED TIME
BASES
14214 X
14234 X
1424A
1425A
SPECTRUM ANALYZER Refer to Model Number Index for 8550 Series Plug-ins.
SYSTEM PLUG-INS
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SELECT FROM 3 MAINFRAMES

Standard, storage, large screen CRTs
Mode! 140 System

o 8 x 10 div internal graticule
® Bright display

& Convenient beamn finder

e Price: $695 (less plug-ins)

141B

Variable persistence and storage
Bright stored displays

8 x 10 div internal graticule
Coonvenient beam finder

Price: $1500 (less plug-ins)

143A

Large, 8 x 10 in. viewing area
Bright, easy-to-see displays

8 x 10 div internal graticule
Convenient beam finder
Price: $1500 (less plug-ins)

Description, 140 mainframes

The HP 140 Oscilloscope System provides the versatility
you aced for measurements over the entire oscilloscope spec-
trum. With many high-performance plug-ins to ¢hoose from,
you can head in any measurement direction: wideband, sam-
pling, high sensitivity, time domain reflectometry, swept fre-
quency, aad spectrum analysis,

The HP 140-system mainframes are designed to give you
high-frequency and high-sensjtivity performance. The main-
frame contains a post-accelerator CRT with associated control
circuits and power supplies and the power supplies for the
plug-ins.

The 141B mainframe gives you all the advantages of the
140 mainframe plus the benefits of a mesh CRT with variable
persistence and storage.

This variable persistence allows you to adjust CRT persis-
tence to match the changing characteristics of a signal. Any

necessary number of traces can be held for trend comparisons
or for flicker-free low-frequency displays.

With the mesh storage tube, a stored trace has the same
high contrast as a ¢onventional CRT 2nd intermediate trace
values are easily distinguished between four or five different
trace intensities. Trace intensity can be controlled from the
front panel or externally modulated for X-Y-Z preseatations.

Another 140-Systern feature is the large screen, 8 x 10 inch
viewing area, 143A mainframe, which is useful when the
display is to be viewed from a distance or by many people
at one time. The Model 143A provides high resolution dis-
plays throughout the oscilloscope specttum with the same
accuracy and linearity associated with conveational 5-inch dis-
plays.

For complete specifications about the 140 System, refer to
the 140 System data sheet or contact your Hewlett-Packard
field engineer.

For complete 140 System specifications, contact your Hewlett-Packard field engineer.
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DC TO 20 MHz - REAL TIME F
Single & Delayed Time Bases w OSCILLOSCOPES

Model 1400 series plug-ins

14008 1402A 1403A
e 100 pV/div e 5 mV/div e 10 .V/div
e dc to 500 kHz e dc to 20 MHz-dual trace s 0.1 Hz to 400 kHz
e Ditferential on ajl ranges e Signal delay for fast rise viewing s 106 dB8 CMRR
e 100 d8 CMRR e Price; $625 e Price: $575

e Price: $275.

1404A 1405A 1406A
e 10 mV/div to 15 MHz o 5 mV/div-dual trace e 50 pV/div-de to 400 kHz
s 1 mV/div to 10 MHz e dc to 5 MHz o Nop drift
e Signal delay for fast rise viewing e Algebraic addition e Calibrated offset for accurate ac an
e Selectable triggering e Price: $350 d¢ measurements
e Price: $1025 e Price; $950
® o7 T @
i 'W. @ Rio
FEGere PG
il Y 9,“.3_.,@3' #
1408A 1421A 1423A
e 100 uV/div-dual channel e 20 MRz triggering e 20 MHz2 triggering
s dc to 500 kHz » Delayed sweep ® Sweeps to 20 ns/div
e 100 dB CMRR a Sweeps to 20 ns/div e Trigger hold-off
e Alternate or chopped sweeps » Price: $725 ® Price: $525
e Price: $575

For complete 140 System specifications, contact your Hewlett-Packard field engineer.
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DC TO 18 GHz

TDR, SWEPT FREQUENCY
Model 1400 series plug-in

o

SAMPLING

S

1410A

e 1 mV/div at 1 GHz dual trace

® [nternal triggering

» High impedance probes and 502
inputs

® Price: $1700

Delayed sweep
Sweeps to 10 ps/div
Triggering to 1 GHz
Price: $2000

1415A

e Complete TDR systam for testing
cables, connectors, striplines

of each discontinuity

o Resolves discontinuities—an inch apart
8 Easy to operate
e Price: $1200

Determlnes location, meaning, and nature

i@
PSR G Ny o
= Vi ¢ it

o 57
i
-

@ i i e

1411A

e 1 mV/div-dual trace

® Bandwidths to 18 GHz
® Remate samplers

e Price: $850

1430C

e 20 ps risetime
® Price: $2800

1424A

Triggering to 5 GHz

Sweeps to 10 ps/div

Direct readout on all sweeps
Price: $1475

14324

e 90 ps risetime
s Price: $1100

measurements

Low drift

Price: $900

1416A

Speeds and simplifies swept frequency
High resolution direct readout in dB

X-Y recorder outpuls

For complete 140 System speclfications, contact your Hewlett-Packard fleld engineer.
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500 kHz, 7 MHz BANDWIDTH
Solid State—Low drift
1200 Series
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1200 Series

.
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1200 Series Description

The 1200 series 500 kHz and 7 MHBz oscilloscopes provide
the most versatile, general purpose instruments for today’s low
frequency applications. These oscilloscopes are a)l solid-state,
light-weight, reliable, stable, which makes them ideal for a
variety of applications. The many features of these scopes pro-
vide accurate, versatile, easy-to-obtain and read displays.
Logical arrangement of controls, 2 beamn finder to locate oft-
screen displays, and automatic triggering make operation easy,
which is important to persons in ptoduction line testing, system
applications, and classroom or laboratory instruction,

The wide varicty of instruments assure an oscilloscope that
will match your measurement requirement. Basic choices for
specialized or general purpose, low frequency measurement
applications are: single or dual chanoel 500 kHz displays, 5
mV/div or 100 ¢V /div deflection factors, standard or storage
CRTs, and a 7 MHz dual channel, 5 mV/div model—all
available in cabiner or rack configurations. In addition, these
lightweight instruments allow measurements in remote oc
difficult access areas such as: aircraft flight lines, communica-
tions ficld sites, or weapons test sites.

The 500 kHz models provide balanced inputs on zll ranges
and on each channel which is useful in low Jevel audio applica-
tions. Ao additional featute on the dual channel models is an
A vs. B mode, which displays channe) A signal vecsus channel
B signal through identica] amplifiers with less than 1° phase
shift up to 100 kHz.

Pield effect transistors at the vertical amplifier input provide
stable, low-drift operation virtually free of annoying trace

shifts caused by temperature changes, shock, and vibzation.
Long term stability also means less frequent calibration and
lower periodic maintenance costs.

Rack versions (designated by 2 B, "1200B,” following the
mode) number) are only 514 inches high which saves valuable
rack space and allows more instruments to be included jn a
rack for a more versatile system. Since these instruments are
complete oscilloscopes, they offer the system user 2 read-out
device and a convenient calibzation and secvice tool.

In applications with displays that occur at slow rates, a
storage/variable persistence CRT is available that will elimi-
nate the annoying flicker or retain single occurrence traces.
This longer persistence is useful when displaying slowly moving
bio-medical phenomena and applications where the trace or
display information must persist after the exitation is removed.

Single, normal, and free run modes of sweep operation are
flexible enough for complex measurements, yer operation is
simple and straight forward. The sweep time and magnifier
coatrols provide a direct reading of a magnified sweep which
reduces the chance of error and time for measurements.

Specification grouping

Due to the similarity of these oscilloscopes, the specifications
have been grouped to reduce redundancy and increase usability.
The layour is as follows: Cathode-Ray Tube (standard and
storage); vertical amplifiers in sequence of 500 kHz, 100 xV/
div and 5 mV/div, 2nd 7 MHz, 5 mV/div; Time Base, com-
mon to all 1200 oscilloscopes; followed by combined general
information.
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s STANDARD & STORAGE CRT

b

500 kHz, 100 xV/div
1200 Series

1200 Series Oscilloscope Selection Chart

Feature 12004/B~ 12014/B* 1202A/B* 12064/B* 126BA/B* 12174/8*
Deflection Factor/div 0.lmVto20V 0.l mVto20V 0.1 mVto20V 5mVto20V SmVto20V S5mVto 20V
Bandwldih 500 kHz 500 kHz 500 kHz 500 kHz 500 kHz 7 Mz
Number of Traces 2 2 1 2 1 2
Differential Input all ranges all ranges al) ranges all ranges all ranges al) zanges (8-A)
CMRR 100 dB8 100 dB ) 100 dB 50 dB 50 dB 30 d8
Common-mode Signal Maximom =]0V =10V =10V =3V =3V 30 div
JPhase Shift (A vs 8) 1° to 100 KHz 1° to 100 kHz — 1° 10 100 kHz = -
Sweep Speeds/div lpstoSs lustods lustobs lustobs lustobs lusto5s
Ext. Horiz. [nput yes ) yes yes yes yes yes
DC-coupled Z-axis yes yes y8s yes ° yes yes
Varisble Persistence and storage no yes no no no no
Price $1050 $1300 3790 $895 $715 $1175

““p7 denotes standard bench meodel, e.g. 1200A. “B” denotes standard rack model, e.g. 12008.

Specifications, 1200 Series

Cathode-ray tube and controls
Standard CRT

Type: mono-accelerator, 3000 V accelerating potential; P31 phos-
phot standard (refer to options for other phosphors),

Graticule: 8 x 10 div internal graticule, 0.2 subdivision markings
on horizontal and vertical major axes. 1 div = 1 cm.

Beam finder: returns trace to CRT screen regardless of setting
of horizontal, vertical, or intensity controls.

Intensity modulation: =2 V signal blanks trace of normal in-
tensity: +8 V signal blanks any intensity trace, DC-coupled
rear panel input; amplifier risetime, approx 200 ns; input R,
5 k ohms,

Variable persistence/storage CRT

1201A/8B

Type: post-accelerator, variable persistence storage tube; 10.5 k V
accelerating potential; aluminized P31 phosphor.

Gratlcule: 8 x 10 div internal graticule. 0.2 subdivision markings
on majoc axes. 1 div = 095 cm. Front panel recessed screw-
driver adjustment aligns trace with graticule.

Intensity modulation: +2 volt signal blanks trace of normal
inteastty. +8 volt signal blanks trace of any intensity. DC-
coupled input on rear panel; amplifier risetime approx 200 ns;
input R is approx $ k ohms.

Beam finder: returns trace to CRT screen regardless of horizontal
or vertical control settings.

Persistence/storaga characteristics
(Referenced to 2 centered 7 x 9 div area in STD mode and
o a centered 6 x 8 div area in FAST mode.)

Persistance: conventional, natural persistence of P31 phos-
phor, approx 40 ps. Variable, continuously variable from
0.2 s to >1 min. in STD mode; and from 0.2 s to 15 s in
FAST mode.

Storage writing speed: STD mode, 20 div/ms; FAST mode,
0.5 div/ps.

Brightness: 100 foot-lambers in write mode.

Storage time: STD writing speed, variable from approx 1
minute to >2 hours, Fast writing speed, variable from ap-
prox 15 s to >15 min.

Erase: pushbutton erasure takes approx 1.2 s. Write gun is
blanked and sweep is reset until erasure is completed.

Vertical amplifiers

100 uV, 500 kHz
1200A/B, 1201A/B, 1202A/B
Bandwlidth: dc.coupled, dc to 500 kHz; ac-coupled, 2 Hz to

500 kHz,

Bandwidth Iimit switeh: allows selection of upper bandwidth
limit to approx 50 kHz or 500 kHz.

Risetime: 0.7 us max,
Deflection factor

Ranges: from 0.1 mV/div to 20 V/div (17 positions) in 1, 2,
S sequence.

Attenuator accuracy: *39, with vernier in calibrated posi-
tion.

Vernlar: continuously variable between all ranges; extends max-

ium deflection factor to at least 50 V/div.

Noise: <20 sV measured tangentially at full bandwidth.
Input: differential or single-ended on all ranges, selectable.
Common mode

Frequency: dc to 10 kHz on all ranges.

Rejection ratio: 100 dB (100,000 to 1) with de¢-coupled input
on 0.1 mV/div range, decreasing by <20 dB per decade of
deflection factor to at least 40 dB on the 0.2 V/div range;
CMRR s at Jeast 30 dB on the 0.5 V/div ranges.

Maximum slgnal: =10 V (dc -+ peak ac) on 0.1 mV/div
to 0.2 V/div ranges; £400 V (dc + peak ac) on all other
ranges.

Input coupling: selectable AC; DC, or OFF for both -+ and —
inputs,

Input RC: 1 megohm shunted by approx 45 pF; consuant on all
ranges.

Maximum input: =400 V (dc + peak ac).

Remaining vertical amplifier specifications apply only to dual

chaanel models

Modas of operation: Channe!l A alone; Chazane] B 2lone; Chan-

nels A and B (either Chop or Alternate); Channels A and B

vs. horizontal input (Chop only); Channel A vs. B (A-vertical,

B-horizontal). Chop frequency is appsox 100 kHz.

Internal trigger souree: on Channel A signal for A, Chop, and

Alternate displays. On Channel B signal for B display.

lsolation: >80 dB between channels ar 560 kHz, with shielded
input connectors.
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OSCILLOSCOPES

1200 Series

Phase shift: (Channel A vs. B) <1° to 100 kHz with vernsecs
in calibrated position.

/ ™\

1201A/B

Vertical Amplifier

AN J

5 mV/div, 500 kHz
1205A/B, 1206A/B, 1207A/8
Bandwidth: dc-coupled, dc to 500 kHz; ac-coupled, 2 Hz to
500 kHz.
Risetime: 0.7 us max,
Deflection factor

Ranges: from 5 mV/div to 20 V/div (12 positions) in 1, 2,
5 sequence,

Attenuator accuracy: =39 with vernier in calibrated posi-
Lon.

Vernier: continuously variable between all ranges; extends max-

imum deflection factor to at least 50 V/div.

Input: differential or single-ended on all ranges, selectable.
Common mode

Fraquency: dc to 10 kHz on all ranges.

Rejection ratio: 50 dB with dc-coupled inpuc on 3 mV/div
to 0.2 V/div raages; CMRR is at least 30 dB on the 0.5
V/div to 20 V/div ranges.

Maximum signal: =3 V (dc + peak ac) on 5 mV/div to
0.2 V/div ranges; =300 V (dc + peak ac) on all other
ranges.

Input coupling: selectable AC, DC or OFF for both + and —
inpuis.

Input RC: 1 megohm shunted by approx 45 pF; coastant on ali
ranges,

Maximum Input: =400 V (dc + peak ac). .

Remaining vertical amplifier specifications apply only to dual

channel models

Modes of operation: Channel A alone; Channel B alone; Chan-

nels A and B (either Chop or Alternste}; Channels A and B

vs. horizontal input {Chop only); Chaanels A vs. B (A-vertical,

B-horizonuwl). Chop frequency s approx 100 kHz,

Internal trigger source: on Channel A signal for A, Chop, and

Alternate displays. On Channel B signai for B display.

Isolation: >80 dB between channels at 500 kHz, with shielded
input connectors.

Phase shift: (Channel A vs. B) <1° to 100 kHz with verniers
in calibrated position.

/

‘ 1205A/B
Vertlcal Amplifie

.

5 mV/div, 7 MHz
1217A/B
Bandwidth: dc-coupled, dc¢ to 7 MHz; ac-coupled, 2 Hz o0 7
MHz.
Risetime: 50 ns max.
Deflection factor
Renges; from $ mV/div to 20 V/div (12 positions) in 1, 2,
3 sequence.

Attenuator accuracy: £39 with vemnier in calibrated posi-
tion.

Verniar: contipucusly variable between all ranges; é&xteads
maximum deflection factor to at least 50 V/div.

Input RC: 1 megohm shunted by approx 35 pF; constant on all
ranges.

Input: single-ended on all ranges.

Input coupling: selectable AC, DC, or OFF.

Modes of operation: Channel A alone; Channe} B alone; Chan.
nels A and B (either Chop or Altemate triggered by Channel
A); Channels A+ B (triggered by Channels A + B). Chop
fraquency is approx 100 kHz,

Ditferentlal Input: Channel A may be inverted for diffecential
operation. Bandwidth and deflection factors remain unchanged.

Common mode
Frequency: d¢ to 100 kHz.

Rejaction ratio: 30 dB on 5, 10, and 20 mV/div ranges and
20 dB on all other ranges.
Maximum signai: 30 div.

Internal trigger source: on Channel A signal for A, Chop, and
Alternate displays; on Channel B signal for B display: on
Channels A 1 B sigaal for Channel A + B display.

\

1217A/B
Vertical Amplifier
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Time Base
All models

Sweep
Ranges: from 1 gs/div to 5 s/div {21 positions) in 1, 2, 5

sequence. T 39 accuracy with verniec in calibrated position.

Vernler: continuously variable between ranges; extends slowest
sweep to at leas 12.5 s/div.

Magnlfler: direct reading x10 magnifier expands fastest sweep
to 100 ns/div with =59 accuracy.

Automatlc triggering
Baselipe is displayed in absence of an input signal.

Internal: 50 Hz to above 500 kHz (2 MHz in 1217A/B) on
most signals causing 0.5 division or mote vertical deflection,
increasing to 1 div at 7 MHz in Models 1217A/B, Trigger-
ing on line frequency also selectable.

External: 50 Hz to above 1 MHz (2 MHz in 1217A/B) on
most signals at least 0.2 V p-p, increasing to 0.5 V p-p at
7 MHz ia Models 1217A/B.

Trigger siope: positive or negative slope on internal, external,
or line trigger signals.

Amplitude selection triggering
Internal: dc to above 500 kHz on signals causing 0.5 division

ot more vertical deflection.

External: dc to 1 MHz on signzls at least 0.2 V p-p. Input
impedance is | megohm shunted by approx 20 pF.

Trigger level and slope: internal, at any point on vertical
waveform displayed; or continuously variable from +100
V to ~100 V on either slope of the external trigger signal.

Trlgger coupling: dc or ac for external, line, or internal trig-
gering. Lower ac cutoff is 2 Hz for external; 5 Hz for
internal.

Internal fow frequency triggering (1217A/B only): internal
teigger signal 15 attenuated at approx 6 dB per octave for fre-
quencies above 5 MHz,

Single sweep: selectable by front panel switch. Reset switch
with armed indicator Jight.

Free run: selectable by front pacel switch,

Maximom Input: £350 V (dc + peak ac).

Horizontal amplifler

Bandwidth! dc-coupled, d¢ to 300 kHz; ac-coupled, 2 Hz to
300 kHz.

Deflectlon factor
Ranges: 0.1 V/div, 0.2 V/div, 0.5 V/div, and 1 V/div,
Vernier: continuously variable between ranges: extends maxi-

mum deflection factor to at least 2.5 V/div,

Maximum input: =350 V (d¢ + peak ac).

Input RC: 1 megohm shunted by approx 20 pF.

Input: single-ended on z2ll ranges.

~
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Typical Horizontal

\ Time Base /

FLEXIBLE SWEEP & TRIGGER

Direct reading magnifier
1200 Series

General
Calibrator
Type: line frequency square wave,
Output: 1 V *+1.5%.

Dimensions
Cabinet models (designated by A suffix). 8.5/16” wide x
11%4” high x 8-11/16" deep (211, 2 x 298, 5 x 474,7 mm).
Reck modeis (designated by B suffix);: 19” wide x 514" high x
174" deep over-all (483 x 132, 5 x 435 mm), 1533” (390,35
mm) behind front panel.

Power: 115 or 230 V £109%, 48 to 440 Hz, approximate watts
1200A/B, 50 W; 1201A/B, 60 W; 1202A/B, 40 W: 1205A/B,
45 W 1206A/B, 40 W; 1217A/