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Catalog
of Change

General Radig's first general catalog
appeared In 1916, one year after the
company was founded. Successive editions
followed a somewhat standard format but
contained more pages, described more
products, and were designed to reflect then
current tastes in aesthetic considerations.

Many changes have accurred since we
published our last catalog, Catalog U, both
in measurement technology and within
General Radio itseif. Conseguently, you will
find in Catalog 73 several pages that
describe new capabilities, new product lines,
riew subsidiaries and campany associations,
and new sales and service facillties,
reflecting a greater responsiveness to
customer needs.

Of course, the common denominator is mar-
kets; the nature of the products has changed,
however, as has the relative importance
of traditional products to both our customers
and to General Radio. Maost noteworthy of
mention is the activity that has been going
on within GR during the past few years in the
area of systems design. As the world, in
general, and the electranics industry, in
particular, continue to accelerate In the
direction of more and more automation, the
needs grow for soghisticated instrumentation
that will test more parametars on more units
in less time, and with minimum human
involvement. The solution frequeantly calls
for a computer-contralled system, and GR
has rapidly deveioped an expertise in apply-
ing computer technology to automatic
measuring systems

We sincerely hope this catalog presents
you with a clear, concise picture of the
currant scene at General Radio. We welcomes
any comments or suggestions you might have
regarding our products, service, policies, or
any other matters
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GR/TODAY: a multi-company, international organization

In 1970, General Radio expanded 1ts tech-
nical capabilities by joining forces with Time/
Data and Grason-Stadler, both of whom
specialize in product lines that complement
of General Radio. Time/ Data, aithough
a relatively new comer to the business warld
at the time of the merger, has guickly and
effectively established itself as a leader inthe
field of real-time analysis. Grason-Stadler,
which was founded in 1949, is recognized
worldwide as a designer and manufacturer of
high-guality instruments for audiology, psy-
choacoustics, behavioral science, and related
fields. Both affiliates operate independently,
although operations, methods, and functional
organizations have been interfaced wherever
practical toreduce manufacturing costs and
to provide maximum service to customers

More recently, General Radio became
associated with three aother companies
Techware Computing Corporation, a wholly
owned subsidiary, markets a computer-aided
systemn for use with N/C machinery, resulting
in substantial savings of time, material, and
labor. Micronetic Systems. with & firm foot-
hold in thenewly emerged technology of laser

nose

trimrming of resistors, sells and services its
laser-trim systems through most of GR's
warldwide marketing organization. A similar
association exists with Micronetic Systems’
newly acquired subsidiary, ComputerWrap™
Corporation, a manufacturer of semi-automatic
wire-wrap machines that bear the trade name
ComputerWrap.

Paramoaount to the corporate- and product
ariented changes are the moves that have
been made to strengthen the arm of General
Radio which is closest ta the customer,
namely sales and services. While continuing
to locate sales engineers as close as possible
to customers, we have centralized our sales
and services facilities in the U.5.A. in four
Regional Centers for more efficient and
prompt assistance to customers. Field prod-
uct specialists provide expert problem-
solving assistance in all major product areas
and where it is most useful — in proximity to
the customer. Seminars, customer training,
and product demonstrations are now available
at company headquarters, al the Regional
Centers, and at our sales/ service facilities in
Canada and Europe




GR/TODAY: applying experience and expertise to
the development of new technologies

and techniques for measurement and analysis
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Sales and Service

The sales/service facilities identified on the preced-
ing pages have been geographically located so as to
shorten a5 much as possible the communication link
between GR and its customers. You, the custormner,
nead only to contact the facility nearest you, as indi-
cated by the color-coded dois, for prompl sales and
service assistance. Each facility, whether GR owned and
operated or that of a carefully selected representative,
is staffed by sales and service personnel who have re-
ceived thorough factory training on the products de-
scribed in this catalog.

Warranty
Each product manufactured by General Radio and its
associnted companies, described in this catalog, is war-
ranted agalnst defects in material and workmanship.
The following excerpl, from a typical product warranty,
is intended to |ijustrate the basic provisions of our prod-
uat warranty policy:
*, . . [this product], properly used, will perform
In full accordance with applicable specifications.
If, within & period of ten years after original ship-
ment, it is found, after examination by us or our
authorized representative, not to meet this stand-
ard, it will be repaired or, at our oplion, replaced
as follows:
= No charge for parts, iabor or transportation dur-
ing the first three months afier original ship-
ment;
= No charge lor paris or labor during the fourth
through the tweifth month after original ship-
ment for a product returned to a GR service
facility;
= No charge for parts during the second year after
original shipment for a product returned to a
GR service faciiity;

s During the third through the tenth year after
original shipment, and as long thereafter as
parts are availabla, we will maintain our repair
capability and it will be available at our then pre-
vailing schedule of charges for a product re-
turned to a GR service facility.”

Tha complete warranty applying to each producl ap-

pears in the instruction manual provided with the
product.

Service Policy

Your local GR office or representative will assist you
in all matters relating to product maintenance, such as
calibration, repalr, replacement parts and service con-
tracts. Field servicing of GR system products can be
accomplished by any of the fallowing methods:

= By GR on a contract specifying a fixed price
per period or per call,

= By GR on a per call basis with no contract, or

= By the customer, atter service tralning by GR,

Products that have been repalred at a GR service fa-
cility, with a charge for both parls and labor, are war-
ranted to perform in full accordance with the specifica-
tions in effect at the time of original shipment. If, within
a period of six months after such repair, it is found and
verified by us that the product falls to meet this stand-
ard, it will be repaired or, al our option, replaced with
no charge for parts or labor, provided the product is
returned to a2 GR service facility.

Any GR praduct returned for credit will be subject to
a restocking charge. If more than six months have
elapsed since original shipment, It will not be accepted
for credit. Authorization must be obtained from your
local GR office or representative before a product is
returned for credit.
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Ordering Information

The procedures, terms, and conditions outlined on
these pages are those of the General Radio Company,
Generally, they also apply to the subsidiary and asso-
clate companies of General Radio and, where practical,
exceptions are noted herein. However, all exceptions
are not covered and we advise that you contact your
nearest sales office to verify specific terms and condi-
tions.

Where to Order

USA and Canada

Please address orders and other communications to
the sales facility nearest you, as indicated by the color
code on pages 12 through 16.

Other Countries

Customers outside the United States and Canada are
sarved by General Radio, Its European subsidiaries, and
by various export representatlons, all located on the
map (pages 10 and 11) and listed on pages 12 through
15. Please direct all communications to the appropriate
representative.  For countries not listed, inguiries should
be addressed to General Radio Company, Concord,
Massachusetts 01742, USA or, for customers in Western
and Eastern Europe, the Middle East, and Africa, to Gen-
eral Radio Company (Overseas), P.O. Box, CH-B034
Zlrich, Switzerland.

How to Order

Standard Catalog Terms

Always order by catalog number (if included), type
number, and complete description. Some ac-operated
instruments ara supplied wired for operation from 115-
volt power, unless otherwise specified, although most
instruments come equipped with a 115-V/230-V slide
switch that permits selectable power operation, Most
Instruments can alsg be supplied for operation from
other commaon vaoltages and frequericies as indicated in
the specifications under Power. Be sure to specify op-
Wlmﬁt}w and frequency It other than nominal 115
volts,

Catalog No. 1900-9801, Type 1900-A Wave Ana-
lyzer, 230 V, 50 Hz, Bench Model.

Spaocial Features

Special features and modifications not listed in the
specifications (such as extra callbrations or software)
are available al extra cost. Please include in your order
information regarding any nonstandard features desired.

Nonstandard Systems

Systemns that require hardware and/or software other
than that described in the catalog are subject to quota-
tion, Please make reference to the quotation when plac-
ing your order for the applicable system.

Conditions of Sale

Determination of prices, terms and conditions of sale
and final acceptance of orders are made only at the
manufacturer's headquarters; at General Radio Canada
Limited, Toronto, Canada; or at any of the European
subsidiaries of the General Radioc Company.

USA and Canada

Terms are net 30 days if credit has been arranged;
otherwise, unless payment is received before shipment,
shipment will be made COD.

Outside USA and Canada

Terms of payment for orders placed on General Radlo
representatives and on General Radlo European sub-
sidiaries are those that are mulually agreed upon. If
there is no representative in your area, the terms for
orders placed directly on General Radio Company or
on General Radio Company (Overseas) are full payment
in advance of shipment or an Irrevocable letter of credit,
unless other terms have been previously arranged.

Quantity Discount

The following quantity discounts apply for identical
units and packages purchased on a single order, nor-
mally for single shipment to one destination. All items
are subject to these discounts.

Quantity 19 10-19 2049 5099 100

Discount List 10% 13% I7% 20%
Applies only 1o General Radk Company and Grason-Stadier products.
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The minimurm billing per order |s $10,00. This applies
to all purchases except repair paris and cash-with-order
transactions. Exception: $25.00 minimum: billing for
ComputerWrap Corp.

Source-Inspection Surcharge

A surcharge of 1 percent ($2.50 minimum) applies
on all erders requiring inspection before shipment. The
inspection surcharge applies on each shipment in-
spected and covers only our costs. Exception: Not ap-
plicable to ComputerWrap Corp.

Shipping Instructions

Unless specific instructions accompany the crder, we
shall use our judgment as to the best method of ship-
ment, Shipments can be made by either air or surface
transportation, For fast delivery, at a reasonable pre-
mium over other means, air shipment is generally rec-
ommended and will be employed on request.

Prices

The prices in the price list attached to the domestic
copies of this catalog apply only on transactions originat-
ing in the USA, include the cost of domestic packing,
are FOB factory, Concord, Massachusetts, and are ex-
clusive of all taxes now in effect or that may be im-
posed by Federal, State or local governments, Excep-
tions are noted in the price list.

Prices given in the price list are subject to change
without notice. Formal price quotations remain In effect
for 30 days, 60 days for Time/Data quotations and
gquotafions to export customers. An export-order-han-
dling charge and special packing charge are applied
to exporl orders, Applicable FOB prices for transactions
originating outside the USA may be obtained from the
General Radio subsidiary or representative nearest you
{see pages 10 through 16).

Power-Supply Considerations

GGeneral Radio ac-operated instruments will meet the
published specifications when operated from power
lines whose voltages and frequencies are within the lim-
its stated in the specifications under the heading Pawer.

Most instruments have input voltage ranges of 100
to 125 and 200 to 250 volts and will therefore operate
on nominal power-line voltages of 115, 220, 230, and
240 volts. The voltage range for which an instrument
is wired Is marked at the power-input plug or cord,
Proper fuses for this voltage range are fitted in the fuse
halders.

When the power-line valtage on which the instrument
is to be aperated Is specified on the order, the necessary
changes in connections, fuses, and name plate are
made at the factory. Instruments equipped with line-
voltage-selector slide switches are sel for 115 volls when
shipped.

Certain instrumients are avallable for use only on
power lines of 220, 230, and 240 volts {(nominal).

For most instruments, the normal operating frequency
range is 50 to 60 hertz.

All ac-operated instruments are supplied with three-
wire power cords, designed for USA standard three-wire
receptacles.

Battery Operation

Partable, battery-operated instruments are shipped
with dry-cell batleries packed separately to prevent
drain and leakage during shipment. To render the
instrument operative, the user need only install the
batteries.

Dimensions

QOver-all dimensions are given for instruments except
that the depth dimension far rmck-mount instruments is
actually depth behind panel, l.e, clearance required.
However, no allowance Is made for additional clearance
that may be required for cables and connectors at rear
panel.
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Publications

General Radio publishes several handbooks, primers,
and periodicals that provide readers with a wealth of
technical Information on a variety of subjects. Hun-
dreds of thousands of copies of this literature have been
distributed, and much of it Is used throughout the warld
in classrooms and for in-plant training programs. Coples
may be obtalned through any of our sales offices or by
writing to the Sales Promotion Department, General
Radio Company, Concord, MA 01742,

Handbook of Moise Measurement Recently published
i its seventh edition, this hard-cover classic containing
328 fact-filled pages is generally regarded as must read-
ing for anyone engaged In acoustical measurements.
Single-copy price in the USA is $7.50, with quantity
discounts starting at 10 copies.

Handbook of Stroboscopy The fascinating subject of
stroboscopy ‘Is thoroughly covered in easy-to-understand
terms in this 125-page; dramatically illustrated hand-
book. Single-copy USA price: $2.00.

Handbook of High-Speed Photography The fine points
of how to photograph high-speed evenls inexpensively,
with a stroboscope as the light source, are described in
this ‘96:-page popular handbook. USA price: $1.00.

Handbook of Coaxial Microwave Measurements This

169-page handbook was written for people who have a

need to know the basics of microwave measurements,
USA price: $2.00.

GR/TODAY A new periodical that s mailed to our en-
tire mailing list to keep our customers informed of the
many activities taking place within GR and Its subsidiary
companies. No charge.

MNoise Measurement A popular and Informative peri-
odical mailed free of charge to those on our mailing fist
who have Indicated an Interest In acoustic measure-
ments.

Strobotactics Exciting and unusual applications of
stroboscopy are reported in the pages of this publica-
tion. Mo charge,

Primers  Three primers that-are in great demand and
have had several reprintings each are: A Primer of Noise
Measurement, Primer of Plant-Noise Measurement and
Hearing Testing, and A Primer of Stroboscopy. Each is
sent free of charge upon request.

Also available are a number of Instrument Notes, re-
prints of technical articles, catalog pamphlets on spe-
cific product lines, product data sheets, etc. Product
infarmation in several languages other than English is
avallable from General Radio Company (Overseas), P.0.
Box, CH-8034 Zirich, Switzerland.
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Typical Acoustic Systems

In recent years, the normal reguirements In acoustics
and vibration measurameant have become so compliex that
in many applications an assemblage of general-purpose
INSiruments 1S no onger adequate. To meat the more
demanding situations, General Radio offers complete
systems groups of instrurments fully integrated (o pro-
vide a total solution to a specific measurement need,

Standard software supplied is, of course, dependent
upon the system and its components. This saftware nor-

Tima /Data 1923 Fast Fourier Tranaform Analyzer
Thiz systam v used primarlly for high-epeed timesorion snalysis and
synthesls under the control of & computer. This parmils analysis of
dlpcirical signals in real time wilh & apied armd @ iy ROl possible
with & compute’ alomm. Such ayalems how a'e in use In OCSAROEY ™,
biomecionl Bl psaarch, fader signal processing, speach
Aot ; ol medical dats, and
inchudn e analysia
cis. The Fourar trams
controd and oparations ane
riplale soflware suppliod with (he

partarmmed by [he compator with ¢
aystEm

mally includes pragrams for all standard analysis opara-
tions, system diagnostics and maintenance as well as
manuais for operating, programming and maintenance
Custom-tailored software is always available at your
opthion

The systems |llustrated are but a8 small sample of the
versatility of General Radio's "complete solution” ap
proach to create systems or modify standard products to
meet your special requirements.

Automatic Peal-Time Analysis Syatem

This Ranl Tirme Anabyald Bystam, gesignen for & major LS. shipbuiding
cafmpany, |5 & compuler<cantrolled system for the analysie of many
e frorm 3,15 Mz 1o BD KHE A
gh & trant-pamal DIRECT INPY
n i appliad through & "
The anaiysis

il e, & line prinber
1 & twietypewdiles. All commands afe wn
inietypewider @ngd conwersation
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Saund Calibration Cansole

This Soumnd Calibration Consolo was
suppliad to tha Calloration and
Mularology Divislan, MNawark Alr
Force Station, MNawark, Ohlo, for
uiy at a [aboratory wslandard of
beoustical cafitbrations for the US
Alr Force. Among e measure-
mant capabiiities of the console are
the following:
Micrphons Calibrallon
Fragusncy Analys

Marrow Band

VrOctave Band

Octave Band
Characiorislics of Anecholc

Rooms and Chamibors
Ravesrboration Meanurements
Froguency Respanss
Moaguremeant and Analynis

ol Tape-Racordid Signals

Automatic
Rual-Time Analysis Syvtams

Thesd Tyniema were designed for a
LS, Navy facilily for the autormatic
mraiyst of sound and vibration wig.
nais. They consisl of diecrate, com
et inErurmgmnily (Rad can e resd
y intereonnecied 1o provide ool
third acitmve-band analytis In real
time. Tignals from wp 1o 16 trans
ducers—ydiophones, microphonss
or acoeleromalers — can ba mens
wridd and anakyzed, A widual dis
pay ‘and sutomalic piol are pro-
vided, and ths system may bo cas
Ny interfaced o a dighel prinier
or digial computor, Typlcal appli
cations Include (he massurement
of piattorm nolae, siruCtune-Bosne
nGkE, ang orad wi-nciee The
sytiem muay eiso be umed for sig
rature-analysiz sludles and in pre
vorive-mainienanie programa. Sev
&ral yysiems are shoen durlng final
check-out before shipmani

23



Industrial Hearing Conservation

Hearing-conservation programs in industry are becom-
ing mandatory, especially in view of recent LS. federal
legisiation,

The concern over excessive noise In industrial environ-
ments has increased significantly in the last few years.
Part of this concern stems from the latter-day recognition
that pollution of any type is damaging to individual wel-
fare. More importanl |s the mounting evidence that ex-
cessive noise causes not only hearing damage, acCeler-
ated deafness, and decreased worker efficiency bul other
severe physiological and psychological damage as well.

O particular concern to industry are the rise in hear-
ing-damage lawsuits (averaging $1500 to 52000 per
settlernent in some areas) and the recent federal law
defining permissible nolse levels,

The problem consists of three disfinct parts — lirst to
lecate nolse hazards and to determine their magnitude,
second to determine whether employee hearing is af-
fected and to what extent, and third to initiate noise-
reduction measures,

All three parts of the problem must be taken into ac-
count for any successful hearing-conservation program.
Such a program invariably begins with investigation to

determine the extent of the problem and ends after in-
vestigation to determine the effectiveness of the solution,
Since each phasa involves particular instrumentation and
measuremeant lechnigues, wise selection of equipment is
particularly important.

It not properly thought out, equipment selaction can
result in a very expensive program. You may have dupli-
cation, deficlencies necessitating several instruments for
one job, poor reliability, or instruments that are exces-
sively difficult or ime consuming fo operate or that re-
quire highly-trained operators. Apparently “economical”
equipment can be completely ineffective simply because
it won't do the job.

One solution to the problem s the package approach
evolved by General Radio to provide fully integrated in-
strumentation for an effective and economical program.

This approach combines the expertise of General Radio
in noise measuramenls, the experience of Grason-Stadier
in audiometric technigues, and the leadership of the In-
dustrial Acoustics Company In audlometric exarmination
rooms, The resull is a complete array of hearing-con-
sarvation equipment — all from one source and with a
singular system responsibility.
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The Walsh-Healey impelus There is still no general as follows. The total cumulative noise exposuro, ox

agreemenl as o exaclly how much noise, what type of
noise, or what durations of exposure to noise constitute
a health hazard. But a legal definition of excessive noise
has been established and probably will be the accepted
guide for some time to come.

The definition cames in the form of safety regulations
issued by the U.S. Department of Labor under the Walsh-
Healey Public Contracts Act. Early in 1969, Section 50-
204.10 was added to this act. With this section, the acl
provided, for the first time, noise limits beyond which
manufacturers were compellad to take steps to protect
their employees’ hearing. Although the Waish-Healey Act
applied only to manufacturers selling to the federal gov-
ernment goods valued in excess of $10,000 or services
valued In excess of $2500, more recent legislation has
extended the coverage to all industries invalved in [nter-
slale commerce,

This later measure, the Occupational Safety and Health
Act (Public Law 91-596 — OSHA), also encourages In-
dustrial plants to purchase equlpment for noise measure-
ment and monitaring and for workers’ protection through
perodic audiometer tests of their hearing. OSHA also
duthorizes the establishment of a large organization to
administer and enforce the sltandards.

pressed as a percentage of the allowable limit, is Cy

C, & G G G
cr=100[ 4 e G+ e 12
where C, Is the tolal time the noise level is In band A, Cy
is the total time the noise level is in band B, etc
These limits are based on tests which show that, to
avoid increasing the risk of noise-induced hearing loss,
the duration of exposure must be reduced 50% for each
5 dB(A) increase in leval, The notise levels are specilied
as dB[A) because A-weighted levels have been found to
correlate well with hearing loss
One way to make noise measurements to the OSHA
criteria is by means of a 1563 or 15658 Sound-Leval
Meter. The 1563 meets the requirements of ANSI §1.4
1871 Type 3 and the 1565-B meets the more stringent
requiremeants for Typa 2 sournd-level meters. For initial
sSurveys to detec! potentially harardous areas or where
noise levels are constant, the sound-level meler works
very well, But where the noise levels vary, the sound-leve
meler may be unsatisfactory. Here the operator must not
only measure more than one noise level (with the prob
ability of several different range settings], he must also
thme the duration of each level so thal the lotal combined
noise exposure (C;) can be calculated. This procedure

4+ Cy+ 2Cg 4 4C,,

Noise Exposure Limits couid mean continuous measurements and recordings
Noise Level, Limit, over an B-hour perind — a difficult and time-consuming

Band dBrA) hors task, prone to data-transcription or calculation errors,
-— under 90 unlimited A better way to make such measurements is automati-
A a0 1o 92 & cally — simply push a butlon at the end of the day for
B 892 to 95 4 the results. That is the philosophy behind General Radio's
c 95ta 97 3 1934 and 1944 Nolse-Exposure Monitors. The 1934
D 97 to 100 2 Noise-Exposure Monitor is designed for use in areas
E 100 to 102 LS where sound-level measurements are {0 be made in sifu
F 102 to 105 ! Where measurements for a worker who moves about dur-
E i?g :g Hg 325 ing the day are to be made, the wearable dosimeter, GR's

5 st i 1944 Noise-Exposure Monitor, should be selected.

The Walsh-Healey exposure limits, as incorporated In
OSHA, are given in the accompanying table. The expo-
sures given are those permissible for a normal B-hour
working day. When the nolse consists of differing levals
throughout the day, their combined effect is considered

For impact sounds which cannot be measured sat-
isfactorily with a conventional sound-level meter, the
1556-B Impact-Noise Analyzer can be cperated from the
output of a GR sound-level meter or octave-band analyzer
1o measure nolses produced by punch presses, forging
hammers, pile drivers, and similar equipment,

I tha nolse from the
) this safety officer knows immedialaly thaths
enis arm necessary (o be sure OSHA limits ame not ™ "
r u g
L

The sound- v Lier 1“.“ a guich check.
machirg is over $0 af|

further measura
aCeedad.




1565-B and 1563 Sound-Level Meters

= 40-10-140 dB range
= meel ANS| and |IEC siandards
= rugged ceramic microphones

= FET and integratled-circuit design combine
performance with reliability

= convenient pockel proportions —small and light

The best of both worlds The 15658 is a full-flledged
standard sound-level meter — it conforms to both na-
lional and International standards, meets all criteria nec-
essary for the nolsa provislons of the Occupational Safely
and Health Act, and includas most ol the features usually
found in larger, more cumbersome, and more expensive
instruments. Yel the 1565-B fits in the palm of your hand
and oparates In severe environmeants for up to 50 hours
on salf-contained batteries. There are no line cords la
bother with or microphone cords to trip over, and an
imaginative combination of controls permits one-hand
operation and rapid inlerpretation of the resull — just
aim and read.

The 1665-B is the successor to the 1565-A, long popl-
lar for rapid measurements of plant, trallic and commu-
nity noise,

The -B version is a total redesign to take advantage of
the experience gained with its predecessor and of the
latest advances in component and techniques — it is
smaller, 40% lighter, and easier to use. It offers 50%
longer life on batteries that are readily available. |n com-
mon with the 1565-A; the 1565-B is approved by the
Bureau of Mines for use in gassy coal mines.

Performance and versatility built-in The 15658 uses
a rugged, yet laboratory-guality, ceramic microphone that
can be checked easily, when necessary, by such slan-
dard callbration devices as the GR 1562 Sound-Levil
Calibrator. An outpul jack is provided for use with head-
phones or recorders, and a lock is provided so the range
control can be fixed in a single position. The instrument
is housed in a tough plastic case, lapered at the micro-
phone end {0 reduce the effects of case diffraction, and
meats all ANSI requirements for a Type 2 general-pur
pose sound-lovel mater

The 1563 is similar to the 1565-8 bul is designed 1o
meet the less stringent requirements for ANSI Type 3
survey maoters. Other differences include a pressure-
calibration restriction to 1000 Hz and the inability to be
adapted for use with vibration transducers, an extermal
micraphong, or microphone windscreans

SPECIFICATIONS

Sound Level: 40 to 140 dB re 20 uN/m*

Weighting: A, B, and C. 1565-B conforms to ANSI 51.4-1971
Type 2 and IEC 123,1961. 1563 conforms to ANST 51.4-197]
Type 3

Meter: Ry response with tast and slow speeds

Input: MICROPHONE: Lead-zirconate-litanate ceramic. For
1565-8, a 1560-PO96 Adaptor converts input to 3-pin male A3
connectar; for correct waighting, source impedance must be
380 pF =5%. INPUT IMPEDANCE: = 13 M0 #15 pF.

Output: =1 2V rms behind 620 n with mater at full scale; will
drive 1556 Impatt-Noise Anslyrer, 1558 Octave-Band Noise
Analyzer, 1521 or 1523 recorders, oscilloscopes, or low-impe
dancs headphone, HARMONIC DISTORTION: =0.5% (D.1%
lypicall from 32 Hz to B kHz, C-wsighted with meter at fuil
scale,

MNew Since
Catalog U

1565-8 Sound-Leval Meater
Type >

1943 Saymd Levad Meler
Type 3

Calibration (with 1562 Sound-Leve! Callbrator]: 1565-8 can be
acoustically cafibrated at 125, 250, 500, 1000, and 2000 Hz;
at 1000 Hz onily for 1563

Environment: TEMPERATURE: —10 to +50°C pperating; —40
1o +60"C storape, wilh batleries removed. For 15658, co-
efficient ol sensitivity = +0.024d8/*C ol 6 dB below full-scale
meler reading. HUMIDITY: 90% RH. MAGNETIC FIELD: 1-
Oersted (B0 A/mj 50- or 60-Hr Mlield couses = 45 d8 C
weighted ndication when meter is orfented to maximum sen-
sitivily to Neld.

Supplied: Carrying pouch, miniature phone plug to comneat to
oulpll, screwdriver for calibration adjust, batt=ries
Available: For 1565-B only, when used with 1560-P906 Adbaptor
1560-P52 VIBRATION PICKUP, 1560P73 or -P736 EXTEN
SION CABLE for remole microphone connection

Power: Two 9-Y batteries (Burgess 2U6 or equal)l supplied,
provide = 50-h oparation

Mechanical: Shiglded plastic case. DIMENSIONS {wichod):
15658, 3.63x6.5<2.00 in. (92x165x53 mm); 1563, 3.63x
5382209 in, (92x137x53 mm). WEIGHT: 1 b (0.5 kgl net,
3 (1.4 kg) shipping

Canniog

e hp sy M bas
15658 Sound-Level Metar 15659702
1563 Sound-Level Meter 1%63.5701
Windsoresns for 1-in. microphone on

1565-B onty, mduce wirdl noice el

prodect againgl contaminanis, pack of 4 15609521
Battary, spaie (2 req'd tor sech SLM) BA1D-3200
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1556-B Impact-Noise Analyzer

= measures electrical and acoustical noise peaks
= slores transient peak and lime-average values
= 50-u8 rise-time response

This device evaluates the characteristics of impact-type
sounds and electrical noise Impulses, which cannot be
satisfactorily measured with conventional noise-meters.

Impact noises (nclude those produced by punch
presses, forging hammers, lire alarms, pile drivers, office
machinery, and similar equipment. From the standpaint
of hearing damage, some of these sounds constitute a
serious problem for industry. They have hitherto been
measurable only by complicated methods employing
oscilloscopes,

The two characteristics of impact sounds that seem
muost signicant are the peak amplitude and the duration,
or decay time. This analyzer measures the:

= peak value, the maximum level reached by the noise

s “guasi-peak”, a continuously indicating measure of the
high levels reached just before the time of indication

# time-average, a measure of the avorage level over a
predetermined period of time, which, when subtracted
fram peak level, is a3 measure of the duration of the
impact

For these applications, the Impact-Noise Analyzor op-
erates from the output of a GR 1651 or 1665-8 Sound-
Level Meter, a 1933 Precision Sound-level Meter
and Analyzer, or a tape recorder, It measures sound or
vibration impacts, depending upon the transducer.

Electrical noise peaks in a wire communication circuit
can be measured with this Instrument as one of the tests
to determine the adequacy of the circuit for transmitting
data pulses, In such measurements, many peaks may be
measured in a short time, and, after each peak, the stored
signal must be erased before the next pulse occurs, To
facilitate this 2 Resel pushbution Is provided, which can
also be operated by an ordinary camera cable release,

Circuit A battery-operated, degererative, lransistor
amplitier simultaneausly drives three ac voltmeter cir-
cults, which comprise rectifiers, storage capacitors, and
a dc electronic voltmeter, The electrical storage system
{a capacitor charged by a rectilier) makes il possible to

o Fedural siock numpbers are [isted bafore the Enoes.

GENCHAL RALND 1573 CATALDGD

= 1R60-FREO (1660-06800) Adaptor Cabile remuired with 10656,

W
w

Metar aa uhiown hote.

s ;
. ‘-—Jl ' ‘ft '
‘ b |
¥ il
The 1556-f Impaci-Noiae Analyrer f \‘:' &l
attaches 1o the 1551.C Sound.Love \/ e
I\

measure three characteristics of an impulse — peak,
quasi-peak, and time-average — with a single meter, at
the turn of a switch.

SPECIFICATIONS

Input: Any voltage from 1 to 10 V for normal range. inpuls

below 1 ¥V reduce the range of reading.

Input Impedance: Batween 25,000 and 100,000 6, depending

on the setting of the Level control,

Frequency Range: 5 Mz 1o 20 kHz

Level Indication: Meter calibrated In 08 from—10 1o 10, At

tenuator swilch incraases rangea by 10 dB.

Peak Reading: Rise lime is less than 50 a5 for a value within

1 dB of peak value (for rectangular pulses). Storage time

normal roeom temparature is groater than 10 8 for a 1dB

change invalue,

Quasi-Peak Rise time of less than % ms and decay

time of 600 =120 ms for rectifier circull.

Time-Average Reading: Charge time of rectifier circult selected

by seven-position switch, having times of 0,002, 0.005, 0.01,

0.02, 0,05, 0.1, and 0.2 s fur the resistance-capacitance lime

constant. Storage time at normal reom temperalure is greater

than 1 min for a 1-d8 changs in value.

Input Terminals: Cord with phone plug] 31 cne end,

Required: A zound level meter, analyzer, or olher calibrated

amplifier to supply input for 1556.°

Batteries: One 13V gire-0 flashlight cell and ane 45.Y battery

(Burgess XX30 or equivalent] are supplied. Typlcal battary

litm i 100 h,

Machanical: Aluminum cabinel with leather carrying case sup-

plied. Cabingt can be fastensd directly to end of 1551 Sound

Level Meter. DIMENSIONS (wxhad): 7.5x6.5x4.5 in. (190x

i:ﬁx} 14 mml. WEIGHT: 4.5 1b (2.1 kg) net, 12 Ib (5.5 kg)
Ipping.

Catalog

Descripien Humber
15%6-8 impact-Noive Analyrer = 15565702
Sat of Replacement Dattaries B410-95%0
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1934 Noise-Exposure Monitor

s aulomatically and accurately measures
noise exposure {level/lime)

s conlorms to OSHA, ANSI, and IEC requirements
= clear display, simple control

= compact, reliable, tamper prool

= outputs lor aulomatic permanent records

Nolse — a matter of health and the law Excessive
noise has long been a concam of physicians public
health organizat

now ('s & coneerm of the law as well. The 1970 Qecu
pational Safety and Health Act® spacilies maximum ex
g 1o noisn beyond which it is generally recopgnized
persan’s health and efficiency suffer Measure

valve the duration of expasure

of SuUcCh axposure
v addition (o the sounog ey
difficult in the past-

trained personnel and time-consuming calculations

ncounterad and have been
with the complaxities of

Simplified measurements — automatic and unattended
with

he 1934 n yposure in accordance

IEC requirements and of

SA5UNeS Noise
nlicable OSHA, ANSI, an
co with such simplicity
read are reqgu redd Inst
corder, and desk calcu
nead only the 1934, Simply plug it in and push

" OBHA appliss to thdss SNEREE N intorsinis Oarnrmarce

orf to make maasuremanis, you

a button

PLANT-NOISE MEASUREMENT

g, and employees and amployars allke

Mew Since
Catalog U

o salect the hours of test time (B choices are available,
{rom 8 hours to 17 hours). You can then go about your
sormal routine, return after the 1934 has automatically
gasyrement and read the answer directly

in exposure from O to 990% where 100% s the maximum
owed

The 1934 accepis noise information from a micro-
phone sound-level meter, sampies the information
approximately twice a second, categorizes and weights it
sccording 1o its sound level, and displays percent of nojse
pxposure or percent of test tima as selected by panel
pushbuttons. The data aré also availahble as electrical
signalta at the rear ponel for ube by recorders, prinlars
and other useful auxifiary tnstrameniation

epally

SPECIFICATIONS
Noiss-Lovel Exposure: Maximum permissible exposure of

100 nea with OSHA s accumuiated Tor any of the
4 DNDOSLUTES
L T ] i i sl P e

B0 ta & noae R 1

82 k i 1 1

5E 4 57 L] Pl

L I.|"\-!' ]
"

he daily noise - axposyre i composed of two or

o s ol difterent lovele Lheir combined
eliect le consideredd.  The indicated answar on the fronl panag
i the instrument is the sum of the following fractic (C, /7

t+ Caf Ta # £ 0T = 100, whara C, indlicates [ne total lime
of exposure at a specified notse level and T, Indicstes 1he tatal
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time of exposure permilled at that level (the muitipbier 100
corvorts the results to @ percent rather than a decimal frac-
tionl. It this indicated answer sxcesds 100, then the mixed
exposure should be considerad to exceed the limit value.
Measuring elreuits mest ANSE Standard S§1.4-1971 Type 2 and
IEC Publications 123:1961 and 1791965 tor A-weighled, siow-
response circuits. Tha “A” In “dBA" refers tn this weighting.
Measurement Times: 8 pushbutton-selected times, for 60-Hz
lins, ol B, B.25, 85, B.75 9, 16, 165, and 17 hours. A Pause
[:-u!.hnu*ltnn interrupls measurement when pushed and allows
| 1o resurme whaen meleased. Measurement stops anid resufts
arg storoed for disploy when % Limit reaches 990% or when
elapsad time of measurermani reaches that set by pushbuttons.
Display: DIGITAL: 3 high-intensity noon readout tubes display
% of noise exposure accumutated or % of elapsed messure-
ment time as selectod by pushbutton, LAMPS: Indicate test
complete, 115 dBA exceeded and 140 dB peak (operates only
with micraphone inpit) exceeded,

Input: MICROPHONE connects to rear 3-pin type A3 mike jack
which aiso supplies power [+16 V at 20 mA] to 1560-P40 or
P2 Presmpiifier, SOUND-LEVEL METER connects fo rear
phono jack; =9 ¥V at 20 mA avallable at rear S-pin type 126
jack 160 power sound-level moter

Interface: DISPLAY: Three 84.2-1 BCD digits provide same
data as display at stondard DTL ar TTL levels (positive true,
togic 0 = ground, 10-mA sink: fogic 1 = «35V). DIGITAL
LEVEL: B lines, one for each specilied level. Logic 1 means
leve! encesded. ANALOG LEVEL: 5 mA (50 dBA) 1o 0 mA
(+110 dBA) with 7 intermediate values for corresponding dBA
levuls; avallable at rear miniature phone jock. CONNECTOR;
All signals except analog level avallable gt rear double 15-pin
etched hoard terminals

Environment: TEMPERATURE: O tu +55°C uperating, —40 to
+75°C storage. HUMIDITY; 95% RH and +40°C. VIBRA-
TION: 0.03 in. from 10 10 41 Hz, 0.0] in. from 41 to 55 Hz
BENCH HANDLING: 4 In, or 45 (MIL STD-B10AVI), SHOCK.
30g 11 ms.

Supplied: S-pin Wwpe 126 plug, phone plug and minialure
phone plug, double 15pin etched-board conneglor, power
cord

Available: 1562 SOUND-LEVEL CALIBRATOR, data printer and
recorder, 1934.P1 SECURITY CASE, tamper-prool with lock,
completely encloses exposure monitor and 1560-P6 Micro-
phona, includes threaded stud (o secure monilor, 19349601
ACCESSORY CABLE for connection to MFE model M-12 or M-
128 recorder; recorder available from MFE, Keewaydin Drive,

The 193471 Securily Cass
wilh ' cover owung hack 'io
show the 1934 mounisd i
clatw.

Salem, NH 03079, 6 |n.b chort speed recommanded, 1934-
9602 ACCESSORY CABLE for connection to MFE mode! DPE/ 4
(1996372] three-calurnn data prinler

Powar: 100 to 125 or 200 10 250 V. 50 o 60 Hz, 25 W max

Methanical: Convertible bench cabinet.  DIMENSIONS (wx
fued): 1934, B.5x5 25:8.25 In, {216x133x210 mm); 1934-P1,
12.13x8.25x11 In. (308x235x279 mm). WEIGHT: 1934, 9.5
I (4.4 ka) nel, 13 Ib (6 kgl shipping: 1934P1, 6.5 Ib (25
kgl net, 11 1b (5 kg) shipping.

Catatog

Dt i son HNumber
1934 Noise-Exposurs Hlﬂlhlr

Withowt microphone 19349700

With | 560-Ph microphons 19345701
1934-P] Security Case, for tamperprood

Inataitation 15335600
13460-P76 Patch Cord, 3 11 with phone

plugs, 1o connect 1o sny GR sound-

lgviel metar 1560-96T6
Accassory Cable fof MIE W12 of M 1208

FHcorder 1934-95601
Acuassory Cable (or MFE DIFE &

(1 296372) cate g iniee 1934-9807
Windscrean, lor 1.dn. micruphomns,

Pt pack of 4 15809571

An atleal stripchart record mae auing e MFE sccsitory rwCorme:
with Ine 'okse-Expotare Monidor in the course of an o al & moisy
work M. The cumulaliv fnoss eapogore ot hds statiin was 110%
For Uve W-nour day. From e piol @ can be madily Setermimed hal
1% of the pErmiliod dally sxposure oocurned hetween 1DVES and

1005 (2 mirites dielded by 15 mimilea abowed, ot fwrels Selween
110 arvad 115 S8A. ) Note: a recuction of thet 2-minuld porian Delos
B0 dBA would make (ha fotal s ciposure TR (wilhin the gally
arr=mplatie himil)

GENERAL RADIO 1971 CATALOG
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~ A & @8 . ey
} 1 A aAr. P~
=1 G . il § oy
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e Ll )% & .L.lltqllltﬁ-\_.._..'.

. . . consists of Monitor and ln&lcatur as follows

small, shirt-pocke! size
light waight, 72 oz

tamper-prool
built-in mike

= conforms lo applicable portions of ANS| 51.4-1871,
Typa 2 Sound-Lovel Malers

long baltery lile — 300 hours

Measuring true accumulated noise exposure The re
quirements of the Occupationat Safety and Health Act for
measuring employes noise exposure are not always met
by single measurements of nolse levels at various wark
areas. Many people tend to move aboul during their work
day and noise levels vary from area o area. Ganeral
-:-J.'ﬂ".!:"' 1"'|-r'_. you 2n nstrument thatl measures the ind
vidual's nolse exposure, precisely. The 1944 MNoise-Ex
posure Monitor, a small, flightweight instrument (7Y
ounces), 13 worn by the worker and moves with him dur

ing the entire workdoy

Powered by a single 9 this monitor detects
noise with its bu ITi eighs il and a i
lates the total noise expos warkday, L IO

PLANT-NOISE

ncimota

New

O5HA criteria, Exposure 1o levels |
is also detected and the fact is stor

end of the day, readout on a separale instr

you with the accumulated data

The monitor parforms its measuremeants with abso
lutaly no effort on the part of the employee. Of equal Im
portance, its light weight and small size parmit || to ba
worn with no hindrance to his work
buii wm, S0 5
phones 1o snag, break or | sibly Todl in moving equip
ment. Tamper-prool operation is assured, since thare are
no displays or conlrols on the unit. A concealed on-off

swilch |s activated by a pin, normally controlled by the

The microphone 15

Tparate mecno-

supervisor of the noisea r nt prograr Tha pir
ais0 serves 1o ocCk the in place e 9 bat
tery thaot lasts for about 7 of




1944 Noise-Exposure Indicator

= pnly one required lor any number of monitors

= built-in sound-level calibrator checks complete
system including microphone

= reads lo 999%;
= readout available only lo authorized persons

= all electronic, including bright light-emitting-
diode display — no moving parls

= ballery operaled

Displaying accumulated noise-exposure levels Retriey-
ing the information (detected and stored in the 1944
Naoise-Exposure Monitor) is accomplished wilh ease; you
use the 1944 Noise-Exposure Indicalor, At the end of the
workday, simply plug the pocket-sized Manitor into the
Indicator, press a button, and look at the light-emitting-
diode readout. The number displayed there represents

SPECIFICATIONS

1944 NOISE-EXPOSURE MONITOR See previous puge.

Molse:-Exposure Time: Maximum permissible exposuno time of
100% In accordance with Occupational Safely and Health
Act {Public Law 91-596) is accumuloted lor the following al-
lefnalives, or 3 prorata combination ol thess.

Sound Levol
AWrlighted, Siow Rotpornse Exnasiing

50 it B houra ey
o5 4

100 2

105 1

110 s

115 az2s

Sound tevel is Interpolated between the above paints, The
integrator cuts off sharply balow 90 dBA.  STORAGE- Data
represanting total noise-eaposure fime accumulated, in per-
centags ol fegal imil; also Ine fact of whether the 115-a8A
limit has been exceeded. Accumulation can be slopped by
swilching within Monilor: but dats are hald for shell life of
battery of until memory (s reset to zerg by action ol 2 buttons
it thie ndicator

Saund-Leve! Range: 30 lo 115 dBA (re 20 uN/m')

Weighting: “A" in accordance with ANSI Standard 51.4-1971
Type 2 and IEC Publication 123, 1961.

Accuracy ot 115 dB, 1 kHz: At 23°C, =05 dB; over the lem
perature rang= —1010 +50°C (34 10 |122°F). =L dB. LINEAR
[TY: 504 dB at 1 kHz frem S0 16 115 dBA with referonce to
tha 115-dBA level, STANDARDS: Satisfies all applicabile sec
tions of ANS! 51.4-197] for Type 2 sound-level moters, in
cluding acoustical, ampiilier, weighting and delsction speci
ficotions, DETECTOR:® True rms response with “slow™ speed
in_atcordance with ANSI 51.4.1971, 1EC Publication 123,
1961 and the Occupational Safety and Heaith Act., Crest
factor copocity af full scale (116 dBA) I8 greater than 15 oB
Microphane: Ceramic Lype.

Environment: TEMPERATURE: —10 to + S50°C (14 to 122°F)
oparating, —<40 to ¢ 60°C storage with batleries removed.
HUMIDITY: Up 10 90% AH al 40°C,

the accumulated percentage of nolse exposure a worker
has experienced , . . 100% being the maximum permis-
sible in accardance with QSHA. A lamp on the Indicator
lights in the event that 115 dBA has been exceeded at
any time during the meonitored period.

The 1944 indicator unit also provides acoustic-calibra-
tian verification as well as a check of battery condition.
Pushing two butions resets the memary in the Monitar to
2ero, ready for the next day's use

Pawer: One 9-V battery (Burgess 2UB or equivalont) supplied,
provides about 300 h operation
Mechanical: Shinlded metal case.
2.2%4.9%0.9 in. [56x]24x23 mm)
net, 2 i (1 kg) shipping

DIMENSIONS  (wxhxd):
WEIGHT: 7.5 oz. (0.21 kgl

1944 NOISE-EXPOSURE INDICATOR

Readout of dsta stored In 1944 monitor: Non-destructive
EXPOSURE TIME: 1'% 10 999°% of legal limil, on lightemitiing-
dinde dizplay in 1% steps; 999% for any accumulation ex-
cesding this amounl. 115 dBA EXCEEDED: A light shows if
115 dB AWeighted sound leval was exceeded during the
manitored workcay,

Calibration: & sound-leve! calibritor (integral part of the Indi
cator] produces A 1-Hy sound for & period of 45 £ al the
propor level 10 provide @ noise-axposing accumulstion of 5%
BATTERY CHECK: A metor i8 provided for checking batterles
in tha Monilor and [ndlcator unity

Environment: TEMPERATURE: —10 to +50°C {14 to 122°F)
oparating; —40 to +60°C storage with batteries removed. HU
MIDITY: Up 10 90% A at 40°C.

Power: Four 1.5V “C" cells supplied, provide 20 h cominuaus
duly {at feast 1 bufton held down)., NORMAL SERVICE LIFE
=6 months

Mechanical: DIMENSIONS (wxbnd): 11x7.3x2.1 (279x] BEx54
mm), WEIGHT: 3.9 |b (1.8 kgl nat, & |b (2.B kg) shipping.

Calblog
Desgriplien Number
1944 Moise Dosimeter, Incileces Monilor and
Indicator in Storags Cane 1944-5700
1944 Nolse-Exposure Manilor 1044-9701
Spare Battery [menitor yses 1) B410-3200
1944 Noise-Exposurs indicator 1944-9TD2
Enais Batlery |imclicalor wies &) B4 10-1500

T;ﬁ!lh! Panding
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Sound-Level Measurement Sets | New|

= maasure noise lovels
= calibrate “on the spol”

Convenient combination The GR sound-leval measure-
ment set is a practical buy lor the person who needs (o
make sound-lavel measurameants and wanls 10 make his
own periodic routine calibrations. Three versions of the
el are offered, each containing a sourd-leve! meter and
& sound-ievel calibratar. The parformance characteristics
ot each version are determined by the individoal instru
merils in the set, as follows:

The 1565-8 Sound-Level Meter meets ANS| Type 2
Standards. The 1563 Sound-Level Meter meets the less
stringent Type 3 standards

Thes 1562-A Sound-Level Calibrator provides 5 frequen
cies, enabling you to test frequency response as wall as
lo callbrate 2t a standard level, The 1567 Sound-Level
Calibrator tests at 1000 Hz, for calibration of level only

Baoth instruments in each set are battery operated to
provide truly portable sound-level measurements and
calibration in 8 convenient, aasily carried package, The
carrying case has the added advantage of keeping bolh
instrumants together in a single packsge, The callbrator
15 therpfore readily avatlable lor on-the-<spol calibration

of the sound-level meter,

SPECIFICATIONS

1563.9903 Sound:Level Measuromant Sat: | 563 Saund-Level
Meter, 1567 Sound-Level Calibrator, carrying cose, batieries;
scriswdriver for calibralion adjust, miniature phone plug that
connects 1o soomd-lgvel meler oulpul

1565-9902 Sound-Level Measurement Seb: |565.5 Sound
Level Mater, 1562-A Soundlevel Calibrator, carrying cass,
batteries, screwdriver for calibration adjust, miniature phone
plug that connects 1o sound-level-meter oulput

15659903 Sound-Level Measurement Set: 1565 B Sound-

1567 Sound-Leve! Calibrator, carmying «

Level Mater
terjes. scrowdriver for calibration acjust, minature pho
that connects (o sound- level-mater oulput

Mechanical {any sal); DIMENSIONS (wxhxd): 11,254 2%10
in, (2B6x]108x254 mm) WEIGHT: 4.5 Ib (2.1 kgl net 12 b
(& kgl shipping

For all other specifications. refer to the indhvidua
of thi ingtruments in thesa sats

descriplinns

) Catalbg
D riptlgn Murtrbier
15639008 Sound-Level Messurement Sai 1563-5002
15659902 Saund-Level Measurement Sei 156529032
15659901 Sound-Level Meawurement Sal 1565-9503

PLANT-NCISE MEASUREMENT
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Hearing Testing

The goal of any hearing conservation program is, of
course, the protection of employee hearing. It follows,
then, that the success of the program can be manitored
directly by repeated measurement of employee hearing.
If the program is successful, employee hearing is not
impaired. Il noise hazards do exist, the onset of hearing
losses can be detected before they become serious, and
the offending hazards can be eliminated, Documentation
of new-employee hearing tests can serve to prevent
claims for hearing losses actually incurred prior to em-
ployment. Similarly, preplacement hearing tests are
advisable to evaluate an employee’s hearing prior to re-
location in a potentially high-noise area.

~ The tool for hearing measurements Is the audiometer,
an instrument that measures an individual's hearing
threshold as a function of frequency. Three broad cate-
gories of audiometers are avallable: 1. Monitoring audi-
ometers (o detect whether persons have a hearing loss
or defect. 2, Diagnostic audiometers for professional
audiologists to diagnose hearing losses and to determine
the type of corrective action necessary. 3, Research
audiometers for use by medical specialists such as audi-
ologists and otologists to conduct basic research into the
hearing mechanism and to develop new techniques for
curing speech and hearing defects. Inquiries about re-
search and disgnestic audiometers should be directed to
Grason-Stadler.

The typo of audiometer usually preferred in a hearing-
conservation program Is the monitoring audiometer,
Again, as with noise-measurement instruments, there
are two basic cholces of the lype of monitoring audi-
ometers available — aufomatic and manual; the eco-
nomics of the choice depend largely an the magnitude of
the task,

The G-S5 1703 Recording Audiometer is an automatic
audiometar that has won the endorsement of most au-
thorities. It performs the necessary measurements rap-
idly, produces highly repeatable results, and does not
require constant attention by the operator — the em-
ployee tests himself after only a rinimum of preliminary
instructions, Because the instrument produces an audio
gram automatically during the test, its validity s less
likely to be challenged than that of an audiogram plotted
manually after the test is completed, as is done with
manual audiometers.

The audiometric examination room is another important
aspect of employee-hearing measurements. Quist s
necessary because background noise can seriously Influ-
ence the employee's response and, therefore, the test
results. In very rare cases, a sufficiently quiet area of the
plant or office can be found in which to perform the tests,
In most cases, however, such areas are non-existent and
a special acoustically trested room must be bulll or
purchased.

Since the nolse levels Inside the room must be below
the threshold of hearing, careful design and construction
techniques are necessary to achieve the necessary noise-
reduction efficiencies. Walls and roof should be two o
four inches thick, constructed of material with a high
degree of acoustic absorption and sheathed in sheet
steal. Silencers must be employed on ventilator inlets
and outlets, and it Is advisable to have the entire struc-
ture mounted on elastomer vibration isolators.  In addi-
tion, for acceptable test resulls, such enclosures should
meel the various applicable standards including ASTM
ESO-61T and ANSI 224,19-1957, 53,1-1960 and 51.1960,
GR offers its 1939 Audiometric Examination. Room and
1938 Sourid Shelter, both of which meet these standards.

GEMEMAL BADIQ LO73 CATALOG
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1938 and 1939 cssential tha bockground noise be Kept fo an absole

- minimum and the best way lo achieve this is by means
Q“let Hooms of an audiometric booth. Among the best available are
those manufactured by the industrial Acoustics Company
for General Radio,

The booths described here meet applicable OSHA re-
quirements. You will be pleased with the guality of con-
struction. The large, smooth-operating doors ara com-
pletely safe, even for children, and the generous-sized
window helps keep the person inside at ease,

A shell, avallable with the 1939 room, is ideal far in-
sirumentation such as the 1703 Recording Audiometer,
which otherwise reauires a table or bench.

SPECIFICATIONS
GR 1939 Audiometric Examination Room
Fragquency! ] Altenuation? 1 Lewal!
500 Hz 4o df TodB

1000 53 a3

2000 58 a5

4000 61 108

BODO 63 120
Construction: 4-in.-thick non-combustitiie stesl-faced panels,

floor rests on rubber-in-shear vibration solstors, door opens
oul and leaves 30x75.7n. clear opening. WINDOW: 24230
in. of 0.25:in. salety glass with acoustic seal

Ventilation: Optional 100-CFM rool-mounted forced-alr sys-
tom guarantesd to be below threshold of hearing (150-1964);
nan-protruding discharge silencer,

GR 1939 Mechanical: Modular construction, shipped disassembled.
; DIMENSIONS (wxhxd): Inside, 40x78x36 in, (102x198x910
v i atianarlion; for noiky arees cm): outside, 48x91x44 In. (122x31x112 cm). WEIGHT:
= roomy interior 1700 th (770 ka) net,
Calab
= several options — vent fan, shelf Biaceiiticy Samtre
1919 Audismetric Ezsmination Moom
With torces ventitatkan mnd shel 19395700
With forcod werdllation, no ehelf 1925-9701
Wit outside she'! 1o asdameinr, Ho tan 19359702
Without foroed venlilation, no shall 19395700
Larger modaly alyo svallable (48 X T8 X 40 ln, imioe).
GR 1938 Sound Shelter
Frogquercy' | Atrmnuationd | L
S00Hz | 38 dB | 68 dB
1000 aa 74
2000 51 88
4000 52 99
8000 50 107
Construction: 2.5-in-thick noncombustible siselfoced por:
als;, floor carpeted with 3y comtinuous-Mamant nylen
bonded to 0.1%In, sponge rubber jlued o Hoor, door opens
oul and i2aves 24x66 In. clesr opehing WINDOW: 24x30
i, of 0.25440, satety glass wilh scousth: seal
Vantilation: Forced ventilation system wilh inlake and ex-
hisud silencers
Mechanical: Shipped assembled, fils thru 304n  doorway
DIMENSIONS (waturd)y Inside, 24x66334 in. (61x16BxB6 cm);
outside, 29x75¢39 In, [74x191¥99 cm). WEIGHT: 650 b
(300 kg net
Dty re-Damd cerinr Frogquency
fAnerualion (molse reguction) s specid as e diffeioncs bDetwesn
MNew Since {ie sound-presmune loudi In a revsrtinfant inom l.'-utluh I hooth ana
trang imnicte 1 Daothy, — 3 d8 ine intfement accuracy, Meslorements
Catalog U g?r;c.lv;zn lo ASTM ESOETT andg ANSI 224 lt :'ﬁ? 310860, snd
IMagamuom ambsenl lewely e ANGE 83 116860 includes & 1096 safuty
GR 1936 factor for Hucfuating amblent jevels Assialancs in siin ssiection tor
audiammiric booths is part of GRS fatal peckega auproach.
= moderale altenualion *Nprmafly inciuded in the Industrial Heoring-Conarrvation Package.
= fits through a 30-in. doorway Guneriokicn e
= gconomically priced, with vent fan 1938 Sound Shalter, (nciudes forood wentllation 1938-9700

Dimemions exclusive of vantilation hardware,
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Mew Since
Catalog U

G-S 1703
Recording Audiometer

s rapid automatic audiomealtric lasting

® reduces operalor errors

» permanent documentation of test data
= gconomically priced

Precise recaords al the push of a button Push the Tes!
button and the 1703 does the rest. It presenis seven
standard audiomelric frequencies seguentially for 30
seconds each, varies the intensity of each until the hear-
ing threshold is reached, and records the resulls of the
entire test on a large, legible chart — all automatically
and with no further control manipulation. The automatic
approach frees the operator o perform other duties and
effectively eliminates operator error since he is not in-
volved in presenting test tones or in recording results.

All seven frequencies are presentad first to the left ear
and then to the right. After the sequence is complete, a
1-kH2 tone is re-presented to the right ear to assess the
reliability of the test. At the intraduction of each test fre-
quency, the signal intensity changes rapidiy until the em-
ployee’s first response, then more slowly as the threshold
is approached. This technigue devoles less time 1o reach-
ing the threshald and more time to defining the threshold
precisely, with 2 resultant increase in the retest reliability
and a more meaninglul audiogram. The inclusion of an
B-kHz test frequency greatly assists (n the discrimination
between hearing losses due to presbycusis and those
caused by long-term noise exposure.

Fiber-tip pens are avallable In three colors for easy
comparison aof an employes’s audiograms taken at differ-
ent times on the same chart; any changes are then clearly
visible. Use different colors on, for inslance, a pre-em
ployment audiogram and for retesting afler one and two
years' employment,

S GR Exparimenter or DCiober | Decomber, 1970,

Trd G5 1703 ia oné of ssviral pgudiomoiers manufactured by Grason
Sladler, & GF Company, Fof ather audicmpieors =a page 102
SPECIFICATIONS
Signal: PURE TONE: 7 frequencies sutomatically and sequen:
tinlly presented jo the left, then to the right, ear: 500 Hz, 1, 2,
i, 4, 6, and 8 kHz, lollowed by 1-kHz retest of the right sar
FREQUENCY ACCURACY 3% TIMING AND CONTROL
Alter Test button is pushed, sach fréquency is presented for
30 s
Intensity: RANGE: Yaries sutomalically and continuously Irom
10 to +80 dB Hearing Threshold Level (HTL) re ANSI 53.6-

GEMERAL RADIC 1573 CATALOG

M !
=3 dB from

ACCURACY:
TIMING AND CON
TROL: Sigreal s aulomatically pulsed 200 ms on and 200 ms

1969 and 1964 150 Standards
500 Hr to 4 kHz, =4 dB abovwe 4 KHr.

off or can be pressnted continuously, RATES OF CHANGE
Automatically programimed, +10 dB/s until first employes
response, then allernately + and — for each response, as fol
lows: 5 dB/s until &th response, then 2.5 dB/s (but i em
ployee fails 10 respond In S &, rate returns to SdBfs).  FINAL
At énd of test, intensity Is resat 1o min HTL and employes
control of intensity s terminated

Control; Test button initlales lest or continues {est after stop
Stop button interrupts signals, resets intensity 1o min HTL
Haold button disables automatic frequency advance, leaving
intensity and employes control normal (but permitting oper-
ator to change freguency and pen position manually)
Communications: Employes hand switch

Display: 5x8 in. audiogram of HTL vs frequency, automatically
and continuously plotbed

Supplied: Calibrated employee earphones, smployeo hand
switch, 1000 audiogram farms, 12 blue fiber-tip pane, powar
and patch cords.

Available: Fiber-tip pens in 3 colors, sudicgram foarma
Power: 117 or 234 V, 50 to 60 Hz, 10 W max

Mechanical: Table-top unit. DIMENSIONS (wodhsd): 13x7x]14
in, (330x178x356 min). WEIGHT: 12 Ih (5.5 kg) net, 20 |b
(9 kgl shipping.

Catalag
Desscription e
1701 Recording Audicmetss e 17035700
Chart Papar — 500 chwnts iroaai02
Pria, Fed — Pug of 4 T703-B6A5
Pans, Gresn — Phg ol 4 1700 MbA
Parm, Biue — Pig of 4 17009667
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Calibration

An important consideration No matter how well
planned a hearing-conservalion program may be or how
carefully the equipment has been selecled, the entire
@ffort can be jeopardized by insufficient evidence that the
instruments have been performing properly, Periodic
performance checks are therefare advisable and should
include all equipment involved in the hearing-consarva-
tion program.

Calibration equipment Comprehensive calibrations of
the equipment are generally recommended every 6 1o 12
months; calibrations can be done only at the manufac-
turer’s service facllity or at independent laboratories
specializing in such certifications, A daily monitoring
check on equipment performance, however, can be ac-
complished on-sile quickly and easily, with a relatively
miner investment.

The basic reference is a microphone calibrator that s
a source of sound at a precisely known sound-pressure
level, Such a calibrator provides a quick check on the
accuracy of sound-level meters and noise-exposure mon-
itars used for nojse-hazard detection and on sound analy-
zers used for detalled analyses of the hazard. GR offers
both multi-frequency and single-frequency sound-level
calibrators In its Types 1562-A and 1567.

Once a sound-level meter has been calibrated, it Is
réady to check the sound levels in noisy areas and, in
conjunction with an earphone coupler, to make checks
on an audiometer

An excellent instrumentation package for field cali
brations is the GR 1562-f Audiometer Calibration Set
which includes a microphone calibrator, 3 sound-level
meter (also useful for noise-hazard detection), and an
earphone coupler, all neatly packaged in @ compact case,

UREMENTS
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1562-Z
Audiometer
Calibration
Set

The 1562-Z — faulty hearing or faulty audiometer? In
1963 a study' revealed that an audiometer only had a
50-50 chance of being accurate. Deficiencies included
sound pressure al or beyond tolerance limits, faully ear-
phoné perfaormance, frequency outside limits, excessive
harmonic distortion, and extraneous instrument nolse

With this fact in mind the 1562-Z Audlometer Cali-
bration Sets were concelved — mini-systems with maxi.
benefits for tight budgets. Each contains a sound-level
meter and earphone coupler to measure the output fevel
and frequency response of the audiometer, a sound-level
calibrator to ensure accurale readings from the sound.
level meter, & callbration chart, a full sat of instructions,
and a convenlent carrying case to kesp everything
together,

Earphone Couplers There are two versions of the cali-
bration sel. One includes a 1560-PE2 Earphone Coupler
and the other a8 1560-PB3 Earphone Coupler. Both

SPECIFICATIONS

1562-7 AUDIOMETER CALIBRATION SET

Supplied: [565-B Sound Leve! Moter, 1562 Saund-Level Cali-
brator, earphone coppler, spare battenies, storage cone
Mechanical: DIMENSIONS (wxhwd): 11254 25x10 in. {2854
1084258 mm). WEIGHT: 5 Ib (2.3 kg) nol, 12 b (6 kg
shipping

EARPHONE COUPLERS

15&60-PB] and 1560-PB3: (iR 94

-PB2: ANSI Type (rmodifed verslon
1.* VOLUME of NBS fype 9
6 c' including A®). VOLUME

equivalen! vel- 5.642 cm' In-

ume of micro: cluding  volume -
hone. AX- added by micro ‘
AL HOLDING g phone AX- |
FORCE:, 500 § IAL HOLDING r‘
grams. L FORCE: 450 ‘I‘
grams nominal ' "

* The |B0FR], -PEZ, and -FE1 Inclutde o microphone latating sien for
Ereater sage o use A fev ey of Catdtully conlrolsrd mmeatyderhemis adth
Bin MBS and GH-lype coupers adicetes that This mindr differsnce
caltes o discernlbd varialien i coupier respoms.

couplers fit l.inch-diameter microphones such as GR
1560-P5, -P6, and -P7 microphones and Type L labora-
tory standard microphones such as the WE G40AA. The
calibration set including the 1560-PA2 Earphone Coupler
is used for calibrating the Tefephonics TDH-39 and TDH-
49 earphones alone (without muffl. The set including
thee 1560-PR3 Earphane Coupler is used for calibrating
the same sarphanes with the earphone cushions (MX-
41/AR) left in place. A third coupler, the 1560-PE]
Earphone Coupler (available separately), Is for 1¥-inch
diameter microphones such as the older GR 1560-P3
and -P4 microphones, and is simllar to the 1560-PB2 In
ill other respects.

Sae O Experimenter for May-June 1967 (19621 and Och. 1066 nnd
April 1968 (15652 and earphane coughers]

L Eamies. 5 M Wiahlk, L G Dosfime. W Mreinick, H 5 svion
e Senypilonly and Pelated Factors ma Chipeen, Unheerdty of Pl
uereh adumio Scirarl of Putlic Haalth. Publichen by Larymgostapa.
S0 Lty Bsssierl 19451

Freguency: 125 He to B kHz audiomelric frequenclos, re
gponas i= equal to that obtained with NBS 9-A coupler within
| ¢B to 4 kHr and 1.5dB to 8 kHx when it is used with TOM 39
or TOH-49 sarphone in (for 1560.PR3 only) MX-A1)AR ear.
cushipn

Mechanical: 1560-PR1 and -PB2: DIMENSIONS: Coapler, 225
in diax 1.06 in, high (57 x 27 mm): over-oll fwcthed), 2 2%
3xA In, (E7x76xTH mm). WEIGHT: 0.5 1b (0.3 kig) net, 2 Ib
[} Hgl shipping 1560-P83: DIMENSIONS: Coupler, 204 |n
diz x 1,25 in. high (75x32 mm); ovaer-all (wxhxd), 2 9453 Bx
3.5 In. 1752090 miml. WEIGHT: 0.5 b (0.3 kg) net, 2 b

fl kgl shipoing.

Cataing
et it M bay
VSBD-TF Audmometer Calibration St

with 1560-FE2 Earphone Cougler 1562.9%00

with 1300-FE3 Earphons Couplar, cae b

s witheut remoel e e o

cinhlane 15829901
1580-FE1 Earphone Couplad, 2ME| fyoe |,

1 in 15009681
1560-PE? Earphomne Coupler, AMNEI tyoe |

iin 1560-96A2
1560 PAY Esrphone Coupler, OF type 04 15609687
Battery, spare or 15600 17 réquiied) B0 AT00

GENERAL RADIWDY 1973 CATALOG
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1562-A Sound-Level Calibrator

= 125 to 2000 Hz

= +0.3-dB accuracy at 500 Hz
= fits many microphones

= approved by Bureau ol Mines

A handiul of precision The 1562-A is a self-contained
unit for making eccurate field callbrations on micro
phones and sound-measuring instruments. This calibra-
tor fits in the palm of your hand, operates on its own
battery power, features a single fumble-free control, and
provides a precisely known sound-pressure level at five
AMNSI-preferred frequencies.

Adaptors supplled with the 1562-A permil calibration
of any GR 1%"“, 17, or %" microphone. Optional adapt-
ors are available lo permit calibration of most other
standard-size microphones,

An electrical signal output is provided for tests on
instruments without microphones, and a bullt-ln indica-
tor lamp checks for adeguate batlery voltage.

Typical GR Instruments that can be calibrated with
the 1562-A are sound-level meters, octave-band ana-
lyzers, and sound and vibration analyzers.

SPECIFICATIONS

Acoustic Dutput: FREQUENCIES: 125, 250, 500, 1000, and
2000 Hz; =3%. SOUND-PRESSURE LEVEL: 114 dB re 20
al/m'; accuracy at 23°C and 760 mm Hg is, for WE B40AA or
equivalent microphone, =0.3 dB at 500 Hz and =0.5 dB at

ather frequancies; and, for other migrophones, =0.5 dB at 500
Hz and 0.7 dB al other frequencles.

Electrical Output: 1 ¥V =20% behind 6 ka, flal =2% with <0.5%
distortion; available st phone jack.

Environment: TEMPERATURE: 0 to 50°C operating. Tempera-
fure coefficient of sound.pressure fevel s O to <0.012 aB/ °C;
corraction chart supplied. HUMIDITY: O 1o 100% RH.
Supplied: Carrying case, adaptors for W and 1-n. micro-
phones (fits 1%-in. microphones without adaptor), battery

Avallable: 15609561 COUPLER ADAPTOR
SET, for coupling 1562 lo Y%, %, and Vein.
microphones. Set is supplied as standard with

all GR microphone sets.

Power: Battery operated (9 V, Burgess PME& or equall; 120 h
Lise,

Mechanieal: DIMENSIONS: 5 In, (127 mm) long x 2.25 In. (57
mm) dia. WEIGHT: 1 Ib (0.5 kg) nat, 4 |b (1.9 kg shipping.

Catalog
Description ke
1562-A Sound-Lavel Calibratar 1562-9701
Coupler Adaptor Set, adapts 1562-4 1o
T, W, and Ve-in, microphons 1560-8581
Battery, sparg (1 requlred) 841 0-3000

1567 Sound-Level Calibrator

Economical Calibration The 1567 Sound-Level Cali-
brator is specially designed for you who wish 1o check
instrument sensitivity only {not frequency response), The
1567 has a single-leve! output and is well suited for cali-
brating the 1563 and 1565-B Sound-Lavel Meters at 1
kHz,

SPECIFICATIONS

Acoistic Output: FREQUENCY: 1000 Hz, =3%. SO0UND-PRES-
SURE LEVEL: 114 dB re 20 aN/m®" accuracy (at 23'C and
760 mm Hg) s =0.5dB for 15658, =1 dB for 1563
Environment: TEMFERATURE: 0 1o 55°C operating. Tempera-
ture coefficient of sound-pressure level is zero =0.01 d8/°C,

i. Federal siock numbars are lsted batore Lhe Indme

CALIBRATION F

OF S0UND

Hew_

0 to 23°C; —0.017 = 0.008 dB8/"C, 23 to 50'C. Prassure:
correction chart supplied, HUMIDITY: O o 95% RH.
Supplied: Carrying case, adaptor for 1565-8, batlery.

Power: Battery operated, using 9V Burgess 2US or equiva-
et 100 h of use.

Mechanical: Cylindrical housing. DIMENSIONS (dia x n}: 2.38x
.44 in. 161x113 mm), WEIGHT: 1 Ib (0.5 kg) net, 4 Ib (1.9

kgl shipping.

Catab
Descrption uum!:f
1567 Sound-Level Calibrator 15679701
Batinry, vpars (1 sequioed) B4 10-32700
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Product-Noise Reduction

01 the techniques available, control and reduction of
noise &t ifs source s the most desirable, if sometimes the
most baffling. Fortunately, an ever-growing arsenal of
tools is offered to the product designer who must cope
with the product-noise reduction problem.

Fundamentally the noise generaled by a product can
be characterized by three properties or combinations
thereof, These are the amplitude, frequency and time
distributions. GR instruments are avallable for the meas-
urement of any of these properties.

Amplitude By far the most frequently used instru-
ment is the sound-evel meter whose primary function
s the measurement of amplitlude. The American Ma-
tional Standards Institule has established three classes
af sound-level melers and the International Electrotechni-
cal Commission two classes. GR has instruments mesting
the requirements of each class from either organization,

The 1563 is an inexpensive Instrument which meets
fully ANSI 51.4-1971 Type 3 requirements. The 1565-B
and 1551-C meel the provisions aof ANSI Type 2 and IEC
143. The new 1933 Precision Sound-Level Meter and
Analyzer s a breakthrough in sound-level-mater design,
It meets ANSI Type 1 and IEC 179 and includes many
automatic features to simplify and speed measurements
to precision standards, in the field as well as in the lab-
oratory. A new companion cassette data recorder adds
automatic memory to the features of this precision sound-
level meter and analyzer.

Frequency Both human respanse to noise and vibra-
lion and the ability to locate its sources are functions of
frequency distribution. Frequency-analysis instruments
available from GR cover the compléte range from those
that sequentially examine the spectrum in octave bands
o those that can divide the spectrum in as many as 2,000
segments and maasure them all continuously.

The 1933 Precision Sound-Level Meter and Analyzer
includes an octave-band analyzer covering the standard
pctave-band center frequancies from 31.5 Hz to 16 kHz.
A unigue automatic ranging systern Opli-Range simpli-
fies the operation of this analyzer,

Maost product-noise problems reguire analysis in 1/3-
octave bands. GR offers three systems for performing
such analysis. The 1911 provides continuously timed
1/3- and 1/ 10-octave analysis to meet all provisions of
MIL Std 740B. The 1523 with its -P3 plug-in provides
fully autornatic stepped 1/3-octave analysis while: mini-
mizing test time with an optional "constant confidence”
mode of operation. The 1921 Real-Time Analyzer can
provide & complete, new 1 [ 3-octave spectrum analysis as
often as every 1/B of a second. Use of a digital detection
scheme provides true rms measurement of band levels,
wide dynamic range, and eliminates the spectrum smear-
ing problemns associated with conventional analog ap-
proaches,

Some noise and vibration problems require narrower
bandwidth of spectral analysis. For such problams the
1910 and 1913 systems offer a choice of fixed (3-, 10-,
or 50-Hz) bandwidths and a constant 1% of the center
frequency, respectively.

The development of Fast Fourter Transform algorithms
has led 1o a new generation of real-time analysis eguip-
ment of unparalleled speed and fexibility. The spectrum
can be divided into as many as B192 segments and up-
dated as often as every 12.2 milliseconds (for 1024 lines).
The arithmetic operations embodied in the design of such
analyzers are applicable to amplitude and time analysis
as well as to frequency analysis. The T/D 1923 Series
has the capability ol analyzing all three lundamental sig-
nal properties; take your choice among the several ver-
sions, offering several processing-speed/cost tradeofis.

GEMERAL RADIO 1973 CATALDG
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1551-C Sound-Level Meter

= general purpose (Type 2)
= 24- lo 150-dB measuremenl range

= meets common standards:
ANSI Standard 51.4-1871
IEC Publication 123, 1961

= 20-Hz o 20-kHz amplifier response
= internal calibration system

The 1551-C is a convenient, highly accurate, general-
purpose sound-level meter and is also the key instrument
in a wide variely of sound-and-vibration measuring sys-
tems, In use as a sound-level meter alone, the 1551 is
compact and easy to handle, rugged enough for severe
envirgnments, and simple 1o use.

This highly versatile Type-2 Instrument will, for ex-
ample, serve as a calibrated preamplifier In combination
with other, related instruments such as spectrum an-
alyzers, special-purpose microphones, calibrators, and
wibration pickups. Many other accessories, such as
scopes, headphones, graphic level recorders and tape
recorders, can be operated from the sound-level-meter
autput.

This sound-level meter can also be used as a portable
amplifier, attenuator, and voltmeter for laboratory meas-
urements in the audio-frequency range.

Many of its applications are described in detall in the
Handbook of Noise Measurement, a copy of which is
available to each customer.

Description  The 1551-C consists of an omnidirectional
microphone, a calibrated sltenualor, an amplifier, stan-
dard weighting networks, and an indicating meter. The
complete instrumant, Including batteries, Is mounted in
an aluminum case. The microphone can be used in sev-
eral positions and, when not in use, folds down into a
storage position, automalically disconnecting the bat-
terles. Anac power-supply unit is avallable,

Sound level is indicated by the sum of the meter and
aftenuator readings. The clearly marked, open-scale
meter covers-a span of 16 dB,

Absolute acoustic sensitivity is factory calibrated at
500 Mz, Microphone response and sensitivity are meas-
ured i a free field from 20 Hz to 15 kHz by comparison
with 8 WE 540AA labaratory-standard microphone with
callbration traceable to the National Bureau of Standards.
Complete electrical freguency-response measurements
are made on each instrument.

The SLM case is fitted with soft rubber teet and ampli-
fier is resillently mounted for vibration Isolation.

40 MEASUREMENT OF SOUND AND VIBRATION
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SPECIFICATIONS
Sound-Level Range: From 24 to 150dB (re 20 uN/m7).

Freguency Characteristies: Four reaponse characteristics as
salectod by ponel switch, The A, B-, and C-weighting posi-
tions are n accondance with ANSI Stendard 51 .4-1971 and
IEC Publication 123, 196]. Response for the 20-kHe position
ts fiat from 20 Hr to 20 KHz, o complament very wide-band
microphones.

Microphone: GR | 560-P5,

Sound-Level Indication: METER:; Calibration from —6 o
+10 dB. ATTENUATOR: Calibrated in 10d8 sleps from 30
to 140 dB above 20 <N/ m.

Calibration Accuracy (absolite): =1 dB at 500 Hz, in accord
ance with ANSI standard at all frequencies, when amplifier
sensitivity has been standard lped (use front-panel adjustmant),
Note: The | 562-A Sound-Level Calibirator can be uied lor mak
fng pariodic over-all acoustic choecks,

Output: | 4 V behind 7000 O [meter si full scalgl. HAR-
MONIC DISTORTION {(panel meter &t full scale): < 1%

Input Impedance: 25 Mu in paraliel witt 50 pF

spoeds In accord
1971 and IEC 123, 1961

Environment: TEMPERATURE AND HUMIDITY; Operating, O
to 60°C and O to 307 RH. (Specifications valld when SLM is
standardisred and metar indication > 0 dB). Storage, ~30 10
+H95°C and O 10 100% RH. MAGNETIC FIELDS: Resigual

Metor; Rims res annsn faat and slow meter
ance with ANS) 51.4

intication = &0 dB (C waighting) In a 60-Hz, 1| oersted (B0
Afmy field.  ELECTROSTATIC FIELDS: Megligible eftect, WVi-
BRATION: Residual indication or signal level < 45, 60, or
40 dB (C weighting] tor vibration vertical, lengthwise, or side
wisa, [respectivaly); shaker amplitude, 0.10 in, pk-pk: any
frequency from 10 Hz to 55 Hr: the SLM standing on ils fesl.

Supplied: Telaphone plug

Avallable: 155]1-P2 LEATHER CASE (permits operation of In
strument in case), 1562 SOUND-LEVEL CALIBRATOR, 1560
P95 ADAPTOR CABLE (connects autput o 1521-B Lavel Re
corder).

Power: Two 1%V size D flashiight cells and one 67V:-Y bat-
tory (Burgsss XX45 or equivalent), supplied,

Mechanical: Aluminum cabinel, DIMENSIONS (wxhwd) 7,28
9 26x6.13 in. (185x238x1568 mm), WEIGHT: 7.76 |b (3.6
kil net, 16 b (B kg) shipping, batteries Included. Add 2 1b
{1 kg for ieather cose,

Calalog
Depcr|pd lan P LTy
15510 Sound-Lavwel Mater o 1551-9703
fial &l Replecemant Ratisries BA10-G49%
15%1-PF2 Leather Carryping Cane 15519007
Windscreen, ior L-n. microphand, oeck of 4 ISE0-9%21

Padert Numbir 3018157

p Foderal @oow nembetn are |oled Balara (i bhdex
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1553 Vibration Meter

= direct reading In acceleration, velocity, displace-
ment, and jerk

a 2 to 2000 He (120 to 120,000 rpm) to 20,000 Hz with
suitable pickup

® poriable, ballery operaled, simple o use

Vibration i & machine can cause faulty. production,
premature wear, structural fatigue, and human discom
forl and fatigue.

The 1553, portable and simple to use and o read, s
wall suited to making rapld, repstitive measurements
against vibratton critersa, such as regquired in guality
contral product testing and preventive maintenance pro-
grams. With the 1553, pericdic measuremenis of over-all
vibration ina machine will quickly show any deteriorating
performance Irends and lead o early preventive main-
tenance.

This instrument gives readings in guantities that are

ysically meaningtul: displacement (for clearance prob-
ems), velocity (lor a criterion in preventive maintenance
of machines), acceleration (4 mpasure of the possibllity
of mechanical fallure), and jerk (related to vehicular rid-
ing comtart), The 1553A indicates directly in inches,
ins, injs', or in Js',

Its excellent low-frequency response permils the study
of the operation of belt drives and of the effectiveness of

mountings designed to reduce vibrations in adjacent
structures,

Frequency analysis of vibrations aids In identilying
their mechanical sources, diagnosing causes, and meas-
uring the effect of remedies. The GR 1564-A Sound and
Vibration Analyzar or the 1568-A or 1900-A Wave Ana-
Iyzer is of great value in making such frequency analyses.

The 1553 Vibration Meter consists of an inertia:
operated, lead-zirconate-titanate ceramic pickup, which
delivers a voltape proportional to the acceleration of the
vibratory motion; an adjustable attenuator; an amplifier;
and an indicating meter. Networks can be switched lo
comvart the output of the vibration plckup 1o a voltoge
proportional to displacement velocily, of jerk (time role
of change of gcceleration)

Filler jacks on the pamel allow the use of external Righ-
pass llers where it |5 desired to eliminagte the frequency
components below 30 or 70 Hz.

The vibration meéfer (s portable and Is mounted in a
Flip-Tilt cabinet, which serves as protective cover and
catse In transit, and a5 a basa on which the mstrument
can be operated |n almost any posilion from vertical to
harizontal.

Accessories include various tips and 2 metal probe for
the pickup to facilitate measurements in normally in-
accessible places. Avallable at additional cost s the
1560-P35 Permanent-Magnet Clamp, which replaces (he
probe or tip when messurements are made under condi-
tions where hand-held operation would not be satis-

factory.
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SPECIFICATIONS

Ranges of Measurement:
Froguency

Guantiy Poak 12 Paak hyerage Units | Rango (HE)
Arceleralion | 0.3 19300,000 | 0,03 1030000 | ingst| 2:2000
Willoainy | 003 t0 30,000 | 0.00¥ 10 3,000 | ingfw | 2:2000
Divplacument | 3 300000 | 03 1030000  mis 2-2000
Dlaplacadhart | 0.03to 30,000 | O.003 10 3.000 | mils 20-2000
Itk 30 300,000 '3 e 30,000 | in.fst 230

Accuracy: =105 of full scale

Input Impedance: 25 ML

VYoltage at Dutput Jack: 5 V rms, behing 75 kn, full-scale.
Attenuators: A |0-step aftenuator changes the mafer.scale
range by a factor of 100,000 to 1. Window resdout indicoles
full-scale values and units (10 times fullscale for Average
readings).

Calibration: internal,

Allowable Pickup Sensitivity, Direct Reading: 30 (o 150 mV/ g
Terminals: INPUT: 3-winé audio connector, for pickup cables.
OUTPUT: Telephone jeck for headphones, one of the many
analyzing instruments, or a Strobotac® electronic stroboscope.
Supplied; 1560-P52 Vibration Pickup

Available: 1560-P35 PEAMANENT-MAGNET CLAMP, 15574
VIBRATION CALIBRATOR, highlrequency plckup 1560-P53,
and high-sensitivily pickup 1560-P54,

Power Supply: PORTABLE MODEL: 3 sizeD cells and one
67%-V baltery (Burgess Type XX45 or equivalent] supplied
Typical battery life, 7 days at B h per day. For ac operalion,
use Type 1262.C Power Supply (listed below). RACK MODEL:
Type 1262-C Powar Supply |s included, no battery

L | e L Ll
g FAILAN Y S SN SRR TR T
= o s b 4 1T
E o e 3 - I
g f—= . o
=
"= T =

]
A T

Aonponse charactorislics for comitant a:#hun [1) wccelvration, (3 jerk,
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DIMEN:
SIONS {wathad) : Portable model, 829,25x7.5 in. (203x235x190

Mechanical: Flip-Tilt case or rack-mounting cabine!

mm}; rack model, 1921055 in (483x267x2127 mm)
WEIGHT: Portable, 10.5 b (4.8 kg) net, 14 Ib {7 ke) shipping;
rack, 14 Ib (7 kgl nat, 31 1b (15 kg) shipping.

Catsing
Descriplicn LITRLEATS
15534 Vinration Mater
Portafite Moded, with batterles & 15539701
Portabla Model, with 115V ac supply 15539710
Portable Model with 230-V ac supply 15639711
Rack Model with 115V ac supgly 15539550
Rack Model with 230-V ac supply 1553-995])
Sat of Replacement Battaries B41097%9
1560-P57 Replacament Vibration Pachup 1560-2652
1560-P15 Permanent-Magne! Clamp 15605615

Palent Numissr 3012197

1262-C Power Supply

The 1262-C Power Supply attaches ta the Vibration
Meter for ac power-line operation. This power supply is
included with rack models or optionally with portabla,
Power: 105 to 125 V, 50 to 400 Hz, 3 W, or 195 to 250 V,
50 Hz, BW.

Mechanical: Shaped for attachment to Flip-Till case, [DIMEN-
SIONS (wxhxd): 7.25x9.2543.25 in. (IB4x235x83 mm)
WEIGHT: 225 Ib (1.1 kg) net, B ib (3.7 kg) =hipping

Catadng
Mumiber

126249703

Drieiptian
1262-C Power Supply

& Federal aoch numbeis are kg tafors the indes.
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1933 Precision

' New

Sound-Level Meter and Analyzer

The 1933 reflects 50 years of GR expertise and leadership in acoustic measurements. ..

... it has no equal.

s three instruments in one
precision sound-lavel meler
precision impulse sound-level maler
octave-band analyzer

= compact, lightweight, and fully portable

» virtually mistake-prool operation with:
* OPTI-RANGE
» gasy-lo-read meter display
= gxiendible microphong mast

= can be used with low-cosl dc recorders
= compatible with companion casselte data recorder

A precision sound laboralory The 1833 |5 a precision
measuring instrument that conforms to U, 5. and inter-
national standards for a precision sound-level meter,
octave-band analyzer, and impulse sound-level meter,
An impact (true peak) measuring capabllity is also pro-
vided. The 1933 measures true rms values (there are
no approximations) and automatically warns of Invalid
readings due to overloads. The complete Instrument is
in a package one-half the size and weight of conven-
tional analyzers

An easy-to-use instrument Set the upper knob to
Weighting and the 1933 becomes a sound-level meter
with @ pushbutton choice of A, B, or C weighting or flat
respanse from 5 Hz to 100 kHz. Fast and slow meler
speeds are also pushbutton selected, Another butlon
allows [mpulse festing, according (o the propased
amendment to IEC 179, or impact (peak sound-pressure
level) testing often used for the measurement of indus-
trial impact nolse,

Conversion (o an octave-band analyzer is equally sim-
ple; turn the knob to the desired octave band — there
are 10 to choose from, with center frequencies from
31.5Hz to 16 kHz

Virtuaily mistake-proof measurement A single control
15 sufficient to set the meler range, even when the in-
strument is used as an oclave-band analyzer. In other
analyzers, two are required: An input range control to
set the “all-pass” level and an analyzing range contral to
provide an on-scale meter indication after the desired
octave filter has been selected. {Both are necessary to
pbtain the maximum analyzing range and maximum
dynamic range.) But In the 1933 & unique autornatic

atlenuator system 5 used (OPTI-RANGE)., With this
feature, you nead only set a single range control for an
pn-scale indication. A sacond contral is provided for sitis-
alions where the automatic system may hof be suitable
as with some medsurements of transient signals

The unusual rmeter scale also erhances the saso of
operation. The meter spans a full 20.dB range, is grad-
uated linearly over the entire range, and displays the
altenuator setting on the méter face. These features re-
dute the number of range changes necessary and ald in
rapid, error-free Interpretation of the readings.

An expandable sound labora-
tory Often it |s desirable to
record field measurements for
further analysis later In tha
laboratory, With the 1933 and
its companion recorder, the
1935, it is easy to make accu-
rate recordings of such meas-
uraments. In addition to an ac- l
gsignal output to drive one
channel of the recorder, the
1933 also provides a level
range-coda signal that is stored
on a second channel of the re- |
carder. On playback, the level-
range setting used for the
sound-level meter is indicaled
by a digital display on the
panel of the tape recorder.
Thus, the tape stores both data
and absolute level information,

A dc outpul, proportional to
the meter defiection (linear in
dB}, & provided 1o drive & low-
cost de recorder lor hard-copy
records of the level vs time,
This outpu! has a dynamic
range of 40 dB plus an addi-
tional 20-dB crest-factor allow-
ancea,

Other features The microphones fit atop a telescop
ing 12-inch extension 1o reduce the efects of the instr:
ment and operator on the sound figld. There is rarely
g nend for extension cables and tripod. | thoese are
necessary, howover, a 60-foot cable and tripodl are
available. A 10-foot cable is supplied as standard
equipment. Measuraments are unaffectod by the cables
because the preamplifier In the 1933 & detachable and
connects to the cable at the microphone end, to prevent
signal lpss.

A compilete line of sleciret-condenter and ceramic
microphones can be used with the 1933, Most usars
will wan! at fesst two: The one-half<inch random-inci-
dence microphone, supplied, for smoath high-frequency
responsa and nearly ideal directional characteristics,
and the one-inch random-incidence microphane for
moasurements of very low sound levels. To simplify
changing from one microphone to the other, two sensi-
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tivity presets are provided in the 1933. You can use
two microphones alternately, in a series of measure-
ments, without recalibration; merely turn the sensitivity
switch to the position corresponding to the microphone
being usad,

For field or lab use The 1933 aperates for up to 20
hours on self-contained batteries. A companion instru-
ment, the 1940 Power Supply and Charger, allows the
analyzer to be operated from the ac line and provides
rechargeable batteries and a charging circuit

Several versions to choose from Four versions of the
basic instrument are offered, the differsnce among them
being the number and types of microphones supplied.
Versions with flat perpendicular-incidence response mi-
crophones are offered for the convenience of customers
in those countries (parficularly in Europe) where it has
become customary to measure with this type of micro-
phone, It should be noted that all versions offered com:-
ply with |[EC 179.

SPECIFICATIONS

Standards: Specifications mest ANSI 51.4-1971 for Type 1
(precision) Sound Level Meters: IEC [79-1965 for Précision
Sound-level Meters: [EC 123-1961 for Sound-level Malers;
ANSI S1.11-1866 for Octave, Half-Octave, and Third-Octave
Band Type O Class |l Filter Sets; |[EC 225-1966 {ar Oclave,
Hall-Octave, and Third-Octave Band Filters for the Analysis of
Sound and Vibrations: and Proposed IEC 179 amendment for
impllse messyrement

Sound Level: 10 fo 130 0B re 20 «N/m' with 1.n. micro-
phone, 30 to 140 dB with 14-in, microphons, direct reading.
Frequency: 5 Hr to 100 kHz, essentially flat response.  AN-
ALYSIS: 10 octave bands with center frequencies from 315
Hz to 16 kHz. WEIGFITING: A, B, and C.

Display: METER: 20dB scale linearly marked in dB and
lower, center, and upper values automatically indicated on
scale.  RESPONSE: Fast, slow, absolute peak, and impuise
(per 1EC 179 amendment), pushbutton selected. Precise rms
datection for signals with < 20-0B crest factor al full scale,
crest-factor capacily greater below full scale. OVERLOAD:
Signal peaks monilored at 2 critical points to provide positive
panel-lamp warning,. RANGING: Autormatic system (OPTI-
RANGE] maximizes analyzing range and signal-lonofse ratio
for each level range-control setting; manual conlrol provides
override, Increment between ranges, 10 dB

Filters: WEIGHTING: A, B, C, and flat; pushbutton selected.
OCTAVE BANDS: 10, manually selected, with 3.5 =]-dB at-
tenuation at nominal cutotf, > 1B-d8 attenuation at ¥ and
2X center frequency, > 70-dB ultimate attenuation. EXTER-
NAL FILTERS can be substituted for internal wolghting net-
works and octave-band fitters; connect 1o 2 miniature phone
jacks,

Input: ¥:-in. or 1-n. electret-condenser microphong with fiat
random-incidence responss; mounted with detachable pre-
amplifier on 12in. extendible mast, or on 104t extension
cable supplied, or on BD-H. cable avallable. Inpul can also
be from tape recorder. INPUT IMPEDANCE: | GOo< 3 pF.
Qutput: SIGNAL OUTPUT: 0.5 V rms bshind 600 0 corre-
sponding to full-scale meter deflection, any loed permissible
RANGE CODE: Contact closures provide sound-lovel-meter
range information o 1935 Casselle Data Recorder. DE-
TECTED QUTPUT; 4.5 V dc behind £.5 kit corresponding to
fullscale meter dellection, oulput is linear in dB st 0.1 V/dB
over 6008 ronge (40<4B nermal range plus 20-0B crest-
factor allowance), any lcad permissible,

Calibration: FACTORY: Fully tasted and calibrated 10 afl spec-
ifications; acoustical response and sensitivity are measured
in 2 free field by comparison with a Western Electric 6280AA
laboratory standard rmicropnone whose calibrabon 8 (race-
able to the U.S, Mations! Buresu of Standards. ON-SITE:
Buillt-in calibrator provides quick best of slectrical circuits;

MEAEUREMES

MEASUREMENT OF SOUND AND VIBRATION

GR 1562 Sound-Level Calibrator iz avallable tor simple test
of over-all cahbration, including microghonas

Environment: TEMPERATURE: —10 to +50°C operating, —40
to +60°C storage with batteries rermnoved. HUMIDITY: 0 o
490% RH. VIBRATION AND MICROPHONICS: Conform o ap
pllcabln ANS| and |EC standards.

Supplied: Microphone altenuator, tool Kit, 1041 micraphona
gxtension cable, batteries

Available: 1940 Power Supply and Charger, electret-condenser
microphones, ceramic microphone cartridge and adaplor,
anrphone, tripod, cables, and windscreens,

Power: 4 alkaline enérgizer C cells supplied provide = 20-h
operalion; 1940 Power Supply and Charger allows line opera-
ton of 1933 and includes rechargeable batteries and charg-
ing source. Battery check provided on 1933

Mechanical: Small, rugged, hand-held case with standard
0.25 20-in. threaded hole for triped mounting. DIMENSIONS

[wahnd): 5.25x9x3 in. (159x229x76 mml. WEIGHT: 55 ib
(2.5 kg) net, 10 Ib (4.6 kg) shipping.
Chainlng
Dencriptian MNurmnar
1911 Precision Sound-Level Meler and Analyser
[Cantorms to [EC 179 and ANSI 51.2-1971, Type 1)
Wilh Mein. ang 1-in. fisl rangom-mcidencn
maponss Eecirol Condenser Microphones 19339700
With Veln, fal rancom. o kencs resgansg
Blaciral-Conadansar Microphans only 19339701
1911 Precision Sound-Level Meter and Analyzer
{Eonforms to |EC 1TH; recommendea for Eurap.)
Wit Mein, anid 1-in, fal porpersdicular
indidenoa response [iectrel-Condenier
Microphones 15335702
Wilh Ve fiat perpengdicularincidence roespanie
[ieciret-Condoamas Micrrnhone onily 13339701
Accessories Available
Clcirel-Condomstr Microphones
Flat randem-incidence redponse, 1-in, 19619601
Flat perpendicular-incidence response, 1-in 19619603
Flar randomeneldence response, YHein 1962901
Fial perpendicular-ncidencs respanse, beln, 15629607
Flal petpendiculardngidencs résponsa, We-ln 19659607
Ceéramic Microphone Cartridge and Adapior, 1:n, 15609510
Earphone 19359601
T gl 1560-95%%0
Cadiian
Microphone mainntion catihe, &0 ", 19339601
Minutute ghone plug to 1513 mecraphomd masl T933-5607
Minkatune ghare plug bo doubie Banana phug 5609671
WMinkature phane plug o standad phoon plug 1560-96T8
Miminiure phono plug o BN 1SB0-90T9
Windst rasns. resuce Wind nolee, protect
For 1+n, microphona, el of 4 15605521
For ipin. microohone. & ol 4 1560-9522
1883A Soynd-Lewd Calitwator 15829701
Daitery, wpare or 19353, uses 4 B4 101500
Cassniiy Data Racorder 19355100
Power Supaly and Charge? 1940-9701
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1935 Cassette Data Recorder

One of the smallest and most capable
data recorders available today.

= gxcellent companion instrument for the 1933
Precision Sound-Level Meter and Analyzer

= cassette convenience and operating simplicity

= virtually mistake-prool operation with peak
maonitor for each channel

= record of sound-level-meler attenuator satting

Cassette simplicity The 1935 |s a two-channel, two-
track magnetic tape recorder with a Philips Cassette
format. In use with the 1933 Precision Sound-Level
Meter and Analyzer, the 1935 normally records the sig-
nal on ong channel while on the other it records the set-
ting of the sound-level-meter range control. Thus the
signal and range information given on play-back are
identical to those avallable from the sound-level meter
at the time of the original recording. Voice notes can
alsa be recorded by interrupting the range code.

Although intended primarily for use with the 1933,
the recorder can also be used with any instrument that
pravides an output of 0.5 to 2 V rms, In this case, the
range Information Is enlered manually. If desired, the
second channgl can récord an entirely separate signal,
such as the output from a second sound-level meter [in
lieu of the range data). Each channel includes a panel
monitor that displays the absolute peak level, regardless
of polarity, so that recordings are virtually fodl-proof.

Included with the 1935 are all necessary accessories
— tape, microphone for voice notes, tapehead mainte-
nance sef, and interconnecting cables to the 1933,

SPECIFICATIONS

Recording Format: 0.150-in-wide tope cassette (Coplanar
Typae CPI1), two-channal, two-track,

MNormal Recording Duration: 30 minules using CE0 tape.
TAPE SPEEDS: 1% in./s =2%; slecironically controlied; and
G in/e

Inputs: Inputl impedance at signal input, each channe!, 100
kit Signal level corfesponding to normal maximum record
feval I adjustable from 0.5 10 2 V rms.  RANGE CODE AND
VOICE NOTES: Second channel normally records rangs code
or volce noles simullaneously with data from 3 sound-level
mater, Range code s provided autornatically by 1933 Pre-

cisior Sound-Levol Mater and Analyzer or manually by switch
on recorder. Volcenoté input has 10040 input Impedance
and aulomatic level control

Frequency Response: =2 dB from 50 Hz to 12 kHr using
GR-supplied cassettes. PLAYBACK EQUALIZATION: NAB
(1% In./s). FLUTTER AND WOW: 0.3% rms as lesled in
accordance with NAB Standard (April 1965). MAXIMUM
SIGNAL TO NOISE RATIO: 50 dB as measured in accordance
with NAB standard (range from 2% distortion to Aweighted
noise level),

Output (each channel): 0.5 V behind 600 0 corresponds to
normal maximum record level (which allows 104B crest
factor capacity), Any load can be connected,

Peak Monitors: Both channels include peak detectors that
monitor peaks ol both polarities and display en panel meters,
Tape Position Counter: Built-in mechanical counter provides
index number for relocating tape position.

Supplied: Head demagnetizer, head cleaning ki, Intercon-
necling cables 1o 1933 Precision Sound-Level Meler and An-
alyzer, earphone, microphone for voice notes, cassetles, and
butteries.

Powar: 5 size-C pnergizers, supplied, provide sbout 10 hours'
operation, 1940 Power Supply and Charger allows line op-
eration of 1935 and recharges sultable battories (Included
with power supply). The regular cells are Eveready ES3 or
equivalent; the rechargeable cells, Gould MNational Nicad
Typa 2.0 SCB, with Insulsting jackat

Mechanical: DIMENSIONS (wxhxd): 6.5x10.87x3.56 in. {165x
276x30 mmj). WEIGHT: 7 1b (3.2 kg ret

Cat

Deacripton I‘lu:!ir
Cassntie Dats Recaorder 1935-5700
Cassnite, I0-minuin 19355603
Power Supply and Charger 184029701
Replacemant Batierin

Bagular (5 reg'udl B410-1500

Richargeahils. wal of & cally VD S500

1940 Power Supply and Charger

Valuable companion The 18940 allows either the 1933
Precision Sound-Level Meter and Analyzer or the 1935
Cassette Data Recorder to be operaled from an ac line,
independent of thelr internal batteries, I s supplied
with five rechargeabie cells (to replace the ordinary C
cells supplled in the analyzer or recorder] and a bat-
tery charger. There are no intermal connections to
make: the instruments simply plug into the 1940 and
are supported al a convenient angle for bench-top op-
eration,

SPECIFICATIONS

Power Source: 5 V lor line operatlon of 1933, 6.5 V for ling
operation of 1935; 250 mA masx.

Charging Source: 200 mA max for charging batteries in 1933
or 1935 automatically reduces to = 30-mA trickle chargs
when batteries are charged. Charging time = 16 h.

[ New|

Supplied: 5 rechargeable nickel-cadmium C cells to replace
non-rechargeable batteries in 1933 or 1935

Power: 100 to 125 or 200 1o 250 V, 50 to 400 Hz, 11 W,
Mechanical: DIMENSIONS (wxbxd): 4. 38x4.25x9.44 in. (111x

1082240 mm), WEIGHT: 3.5 b (1.5 kg) nat, 5 Ib (2.3 kg)
shipping,

Description ﬁ:'t:‘lg:'
1940 Power Supply and Charger 1940-9701
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Sound-Analysis Systel

The sound analysis systems shown here contain the
1933 Precision Sound-Level Meter and Analyzer and its
most comrmanly used accessories. The carrying cases
and accessorics are also avallable separately for those
who wish 1o tallor a set specifically suited to their needs

1933 9712 Sound-Analysis Syslem This system con-
s the following instrumanis and accessories:

. 1’-3- 3-9700 Precision Sound-Level Mater and Analyzer
with ¥-inch and l-inch flat random-incidence-re-
sponse electret-condenser microphones. It con-
forms (o ANSI §1.4-1971 Type 1 and |IEC 179,

1935-8700 Cassette Data Recorder with interconnect-
ing cables to the 1933, microphone for volce notes,
cassette tapes. earphone, head maintenance and
toal kits.

1580-9609 Dummy microphoneg, 15-inch

1560-9522 Ve-inch windscreen (1 windscreen only)

1560-9521 1-inch windscreen (1 windscraen anly)

1562-9701 Sound-Level Calibrator with adaptors and
carrying case

1933-9604 Carrying Case [(Large)

1933-9601 Microphone extension cable, 60 1l

15\.65 a5 .I"‘u ]'”—;.D__

irder by Catalog Number 1933.9712

1933-9713 Sound-Analysis System This system conlains

the instruments and accessories noted in the 19339712

oxcept for the following substitution of microphones:

Veinch and 1.inch flat perpendicular-incidence response

electret-condenser microphones, It conforms to IEC 179

and is recommended for European countries. Catalog

Number 1933-9713.

1933-9710 Sound Analysis System This system contains

the same instruments and accessories as the 1933

9712 less the 19359700 Casuette Data Recorder. A

1935-960]1 Earphone has been added. Storage space Is

provided to add the 1935 at a later date. Catalog Nom-

ber 19339710,

1933-9711 Sound-Analysis System This sysiem conlains
the instrurments and accessories noted in the 1933-9710
except for the following substitution of microphones:
W-inch and 1-inch flat perpendicular-incidence response
electret-condenser micraphones. |1 conforms to IEC 179
and & recommended for European countries. Catalog
Number 1933-9711

Carrying Case (Large) The system carrying case for the
1933- 3;13. G712, -9711 and -9710 systems is supplied
with each system but can be ordered separately, Catalog
Number 1933-9604.,

e ew

1933-9714 Sound-Analysis System This system con-

tains the following mstruments and acCessories:

* 19339700 Precision Sound-Level Mater and Analyzer

with Veinch and l-inch flat random-incidence re-

Sp-ur'-ﬁe electrel-condenser microphones. It con-
forms to ANSI 51.4-1971 Type 1 and IEC 179.

1560-9609 Dummy microphone

15609522 15in. windscreen (1 windscreen only)

1560-9521 l-in. windscreen (1 windscreen only)

19359601 Earphone

1562-A Sound-Level Calibrator with adaptors (no carry-
ing case)

¢ 1933.9603 Carrying Case (Small)

Order by Catalog Number 1933-9714,

1933-9715 Sound-Analysis System This systerm con-
tains the instruments and accessories noted In the
1933.9714 except for the following substitution of mi-
craghones: Y-inch and l-inch flat perpendicular-inci-

L O I B

.‘

1933-5714

dence response elecirel-condenser microphones. It con-
forms to IEC 179 and is recommended for European
countries, Catalog Number 1933-9715

Carrying Case (Small) The carrying case tor the 1933.
9714 and 9715 systems s supplied with each system
but can be ordered separately. Catalog Number 1933-
9603,
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1521-B Graphic Level Recorder

= 7 Hz to 200 kHz

——

= 1-mV ac sensitivity — 0.8-mA dc >
= linear dB plot of rms ac-vollage level ::.'_

« 20, 40-, or B0-dB range
= convenienl, disposable pens -

Stands alone This recorder produces a permanent, res
producible strip-chart record ol acwvoltage level as a
function of time or of same other quantity. Record, for ex-
ample, lhe frequency response of a device or the fre-
quency spectrum of noise or of a complex electrical signal,

The wide range of paper speed facililates jong-period
studies {such as traflic-noise) as well as short-duration
transient measurements (such as auditorium-reverbera.
tion). Writing speeds and low-frequency cutof! are
selectad by a single swilch, The frequency response can
be extended downward to 4.5 Hz with the slower writing
speeds, which filter oul abrupt level varlations. You get
2 smoothed plot without loss of accuracy

The 1521 s a solid-state, sirgle-channel, servotype
recorder with inlerchangeable logarithmiic potentiom-
eters, of 20-, 40+, and BO-dB ranges. and a lingar poten-

SPECIFICATIONS

AC Recording: RANGE: 40 dB full-scale with the potentiometer
supplied, 20- and BO-dB potenfiométers avallable for ac lavel
recording. LINEARITY: =[1'% of full.=cale dB value plus a
frequancy #rror of 0.5 dB at 100 kHz and 1.5 dB al 200 kHz)

Frequency Response and Writing Speed, for AC Level Record-
ing: High-frequency response =2 dB, up 1o 200 kHr. Low-
frequency sine-wave response depsnds on wriling speed, as
shown in lollowing table: (With tha BO-UB pot, writing spéed
<300 dB(s, Le., 15in.fe)

Writing Speed (apprax), ' Lew-Fraquensy Culat

with .1-4n. owershonol {= 1 a8 down)
20 indn B0R mm s 100 Mr
10 254 20 M
] 16 7 (3 0B down al 4.5 He)
1 B T (30 down al 4.5 Hz)

De Recording: RANGE: 0.8 to 1 V (0.8 to 1.0 mA) full-scale,
with zero position adjustable over full scale, RESPONSE: 3
dB down at B Hz (pk-pk amplitude < 25% of full scalal.  LIM-
EARITY: =1'% of full scale,

Resolution: =0.25% of full scate.

Input: AC LEVEL RECORDING: Sensitivily is 1| mV [at O dB)
mta 10 ko, attenuntor has 60-dB range in 1048 steps. max
lirnit is 100 V rms.  DETECTOR RESPOMNSE! True rms, within
0.25 dB for multiple sine waves, sgquare waves, or noise. De-
lector operating ievel s 1 V. DC RECORDING: Sensitivity is
OB or 1V il scals into | ki

External Dc Reference; An external do reference vallage of
0.5 to 1.5 V can be appled internally to correct for variations
of up 10 3 to 1 In the signal source of the system under tesl.
Paper Speods

HIGH-SPEED MOTOR: Paper speeds of 2.5, 7.5, 25, 75 in.|
min. Used for high-speed-transien! measuremants.

tiometer for dc recording. The 1521 can be calibrated
and refied upon for recording absolute levels as well as
changes,

Or in combination This graphic level recorder can be
mechanically or electrically coupled to various GR ana-
lyzers and oscillators to symchronize the frequency scale
of the chart paper with the instrument’s calibrated tuning-
condral ¢hal. With a sound-level meter, the recorder can
plol sound levels over a wide dynamic range as a function
of time; the writing speed s sufficlently high for the
measurement of roverberation time and other transient
phenomena.

Combirations are avallable already assembled: some
axamples appear in thig catalog: inguiries are nvited, OF
particular importance are recording instrument combina.
tians that meet the requirements of MIL Standard 7408

MEDIUM.SPEED MOTOR: Paper spesds of 0.5 1.5 5 15
in.fmin, Used with analyrers and in levelvs-time plots
LOW-SPEED MOTUR: Paper spoeds of 2.5, 7.5, 25, 75 in./h,
Usad for measurements fram 1 hour 1o > 2 weeks.

Chart Paper: 4-n, recording width on 5in. paper. 100 fest
fong, Ses separale listing of accessorias

Supplied: 4048 potentiomeler, 12 disposable pens with as-
sortad ink colors, 1 roll of 1521-9428 chart paper, powsr cord,
1560-P95 Adaplor Coble (phone to double plugl.

Avallable: Polentiometers, chorl paper, pens, high-, medium.,
and low-speed motors, drive and link units

Power: 10510 125 or 210 (o 250 V, 50 or 60 Hz, 35 W,
Mechanical: Rack-bench cabinet.  DIMENSIONS (wxhoxd)-
Banch, 19:9x13.5 in, (AA3x229x343 mml; rack, 19:<8.75x
11.25 In, (4B3x222x286 mm). WEIGHT: 50 Ib (23 kg) net,
62 Ib (29 kg) shipping.

LCatal
Dsscriation Hunﬁ:r
Graphic Level Recorder, 4048 potantiameter,
nigh-speed rmoinr
1SZ1-B 40 Mz Bench Maodal 15219807
15218 50-Hr Back Mool 15219812
1521-8Q1 50 Hr Bonch Mocel 15219506
1521-BQ ¥ 50-Hz Rack Modaet 1521.95%07
Graphic Lavel Recorder, 40 08 potentiametes,
mpdium-snte molor
1571-B 60-Hz Bench Model IS71-96833
1521-8 &3-Hz Rack Mose! 15219834
Graphic Level Recorder, 40-08 polaniinmetoe,
low-apesd major*
15218 80-Hz Banch Mudel 15219817
1521-B 60-Hz Hack Modal 15215818

:l‘h'-l;lr potentiomelers and combinatiaons for both G0Hr mnd S0-Hz
models avaiiatie; inguines nvilud
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Graphic Level Recorder Accessories

Narner
Drive and Link Units for Coupling lo Generator and Analyzers
1521-P10B Drive Unit =
Provides mechanicaldrive output from h
1521-B to operate any link unit, .
.
I
o
I 15219467
1521-P15 Link Unit |
For mechanical coupling to 1564 or 1568
analyzers, Fitted with 24-tooth sprocket. In-
cludes chain.
L 15215615
1521-P16 Sprocket Kit, contains 5 sizes of
interchangeable sprockets for 1521.P15: 40,
36, 32, 20, and 16 teeth, Provides choice of
scale factor in proportion to that with normal
24-tooth sprocket. Includes chain,
Industry Scale Factors
l Seaie Farior i fhlfm;l":ghrﬁr Sot kel Pat
Inntuktry Standard [0 nerans| o 1304 Gereralos i) 4R
trnTite ofF HIgh Ficdeity Mangbertsrenm | 20 20 16 &0
Proposed Iniermalicnal 31andmwd 25 25 0 &0
Elactronie Industries Aysociation 30 | 30+ T4 40
Inathute af High Fidality Manutecturers 0 an b b i
Hearing Ald |nduslry a5 as M a0
Propozed |nlernalional Siandarad 5 5.0 A0 &0
Proposed (nternallznel Standan 50 g 1B 0
* Charl papaer avaliabis for 1204-8 Beal-Fraguency Audis Genaralor
* = Decpds lengih applies io 1568-A Soung and Vitiratlon Analyrer; charl paner svailatie
15219616
1900-FP1 Link Unit
For coupling to 1900-A Wave Analyzer, Use
with chart paper 1521-9464 for scale of 10
kHz per 20 in, and with 1521-9465 for scale
of 50 kHz per 10 In. Chain included.
1900-9601
1900-P3 Link Unit
For coupling to 1900-A Wave Analyzer. Use
with chart paper 1521-9464 for scale factors
of 10 kHz per 20 in, or expanded 1 kHz per
20in.
1900-9607
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Graphic Level Recorder Accessories (cont'd)

Chart Papers
Cimonadons: § in, wide ¥ 100 it long; recording widgth, 4 in. (127 mm x 30.5 m: 102-mm)
Catiterat tlﬂw :ln ]
[le g
Yertical Cataing
AzsoCinted |nstiumenl Horiporial (=07 Cal Hlank Numbar
1104-0 Ganerator 20 Hx 1o 20 kHz, log 80 L1Y TV 15210470
1150-A Generalor-Rocorder Assembly 20 He fo 20 KHe, Ing Bo A% ki 1521-5470*
1500-A Analyzsr with
1900-P1 or 1900-FF Link Units 0-1 of 0-10 WHE, Nmivar 40 70 Q 152 T-Ba0
1900-A Analyrer witn 1900-P1 Link Unit 0-50 kMY, linnar 40 16 o 15219465
1564-A Anatyrer with 1521-P15 Link Unit sna
28-tooth sprockat 2.525 normalined, log &0 Ty 1% 15715493
1568-A Anatyrer with 1521.P15 Link Unil and
16-tpoth aprockel (or with 156471 Ill.ll Drive
conliruotis rmode ) 2.5:28 normalized, tog 40 L] | 15215469
1564-A Analyzer wilh Third-octave bands
1564-F1 Din) Drive (stepped modo) 315 Hr-25 kHz 40 10 15219460
1568-A Analyzer wilh 1521-P15 Link Unit 2-20 rarmalizsd, log 40 lo 15215478
Genoral uwe Contiruous W-dn, giv. 40 Continucus & 15219478

= Lss wilh MI potlentiometes; hae 500U per decade wcale factor roquited by many testing araants, particutarty the ANII 53.8-1967,
“Malthod of Do PeHgrmance

ng Hlldn; At
Polentiometers
1521-P1 2048 Potentiomete: - 1521-9601
1521-P2 40-08 Potentiometer®* - 1521-9602
1521-P3 80-¢B Polentiometer - 15219601
1521-P4 Linsar Polsntiomates {for dc) 1621-9604
** Normally supplied wilth the recorder
'ﬂﬁﬁmﬂ Motors | Chuprt Speads
High-Speed Molors  Usea for hwpuummhm e 152119 (hor BO-Hz supply)
ments and with 1304 Audio Qenerstor. Mol for nomally supptied in fecordert I5T5im/min 15219619
use with 1900-A, 15644, ano 1568 analyrers 1521-PZ18 {for S0-Hz supoty) 2575 in/min 15219921
Medium-Speed Motors  Lisod with analysers and in bevel. 1SZ1-PEY (for BO-HT supply) OATSinfmin 15210623
ws-time plots; must be used with 15641 Dial Drive. 1521-P24 (lor SD-Hx wipply) O5-15 in.f min 15219634
Low-Speed Motors  Usea for ieyolwsdime messurements 1521-PP08 (ior 60-Hz supaly) 2HTE AN 15219613
1-24 hour. 1821:P228 (for 50-HE supply} 25758 Ini/h 18219514
¥ Mecordor can be sugrplled with iow- or medium-apeed molor Instailed, sl same price os with standard moles
tastrak®™ Pen Sets and Conversion Kit
The ben uaed bn the 1521-8 recorcer combines ink feservair
and wrillng point in 8 singls dapowables wnll, eliminates refillog.
Ench catirioge hos aboul [wice the ity of one cidatyie pen
retill and can cuflast three folls of chart paper The pen consisle
of & wealed plastic eartridgs with o fiber plastic poinl tHat re-
ipukres only atou) 2 gramsof torce 1o oparate properly.
The pund are avollpble with red, grean, and Dlus ink and are
supplied i sty of (Welve pons, Amﬂ.mﬁdm&uuhl.n-
chudis with tha recorder ani with (e comveriion kit
For conwerting older 15214 and 15210 recordars (o use the fastrabs Markes Sel, Ao " 15212846
improved pen, a kit s avallable 1hat contalng a pen holoer, et featrak® Marker Set, Groen 15219447
cf 13 amsoried-color pers. and obnwerslon insiroctions fastraks Marker Sat, 8iue 15219448
fastrahs Markor Sel, Assoried Colam 15719449
fastraks Recorder Marker Conwersion Kit 15219419

4 Foctoral stock numbers ace Hsted before (he Index,
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1523 Graphic Level Recorder

.an Sir-mel
| Catalog U |

II|I|r

1ddas

Automatic measurements — simply and graphically The
1523 is nmot just another recorder; it is a8 measurement
center, [l incorporates the latest refinements of the re
corder field with those of the sweep-oscillator and sound
analyrer fields and does so in one instrument thal elim
inates the usual bother of trying to keep everything syn
chronized. Simply connect your signal or device, sat up
the desired measurement conditions, and push a button

the 1523 does the rest, automatically and without
constant attention or control manipulation.

Precise 1/3-octave-band analysis far
& product-noise reduction
& plant- and held-noise Sludies
& matenals [esting

insert the 1523-P3 Stepped 1/ 3-Octave-Band Analyzer
plug-in and your recorder becomes a 1/3-cctave-band
analyzor with a frequency range of 1 Hz to BO kHz (ANSI
standard bands O through 49.) You can perform analysis
an selected portions within the full range, and you can
switch in an all-pass channe! to display the over-all lave

GEMURAL RADND 1973 CATALDG



at the start of a record, You can also select any one of 11
automatic programs to provide recordings with constant
averaging times or, as a unigue Teature, to provide anal-
yses with statistical confidences of up to 90% to within
+0.5dB. You can record measurements singly on a new
charl, successively on a single chart for comparison, or
successively on new charts, simply by the turn of & single
knaob,

Simple response measurements for
o filter and network response testing
* [putdspeaker, ampiifier, and tape-recorder evaluation
s parformance tests for microphones, hydrophones,

and hearing aids
* genaral medical and educational applications

With the 1523.P2 Sweep Oscllfator plug:n, which In-
corporates a sweap oscillator, your recorder produces
frequency-response recordings at the push of a button,
You can set the osclllator to sweep the full 1-Hz to 500-
kHz range, or varipus portions of it, at output levels con.
tinuously adjustable from 500 &V to 5 V behind 600 O,
A unigue and versatile constant-G mode of operation can
be selecled to speed the recording in many applications
by increasing the sweep rale automatically as the fre-
quency increases. Under many conditions, recordings
can be made in the constant-0 mode in ¥ 1o ¥ the time
notmally required.

The accuracy and stabililty of the generator, plus the
resalution of the recorder and the variety of chart speeds
and averaging-lime programs, permil precise responste
measurements of almost any device — performed with
the ease and acanomy of a single instrument rather than
with the clutter and confusion of two.

Versatile level recording for
o reverberation-time measurements
s peneral level-recording applications

Select the 1523-P1 Preamplifier plug-in for the best in
general recorder performance. The 1523-P1 gives you
a broad frequency coverage from 1 Hz to 500 kHz, a
sensitivity of 100 sV, and 18 chart speeds from as slow
as 20 hours per inch to as fast as halt a second per inch.
Continuously adjustable attenuation from O to 70 dB
provides the utmost in recarding resolution, and a chalce
of nine averaging times from 10 ms to 5 s aliows supreme
lexibility

Conveniences standard All plug-ins feature remote
programmabllity, @ variety of inputs and oulputs lo syn-
chronize recorder operation with that of other instru-
ments, and a choice of several pofentiometers with dy-
namic ranges from 10 dB to 100 dB to tailor the instru«
ment to your specific requirement.

For convenlence, a charl take-up reel is Included bul
this paper also can be fed out directly for immediate in.

spection and use. For interpretation, an event marker
cian be recorded by the simple push of a button at the
desired time. For reliabllity, a stepper motor drives the
chart (there are no gears or clutches to wear out, slip, or
lam), and clog-tree disposable pens eliminale messy re-
filling and provide clear, easily read, and skip-free traces
even al the fastest writing speeds. You have a choice of
colors and 2 choice of marker types: the fastrak® Marker
for general purposes and the Siow-Speed Marker for par.
ticularly slow-moving records or those with much re
tracing over a part of the chart. GO/NO-GO limit adjust-
menls are included to provide LO, GO, and H! electrical
outpuls for external alarm ar control applications.

SPECIFICATIONS

i

|

. PP p—

with 1523.P1 Proamplifier Plug-in
far levelvs time recordings

& frequencies to 500 kHz o 00V senallivity
& ypto 10048 dynamic range
® M0 input impedance o 18 chart speeds

input: Chart O-level can be 0 dB (100 «V) to 70 dB; s&t in 10-
B steps plus a continuous vernier, Ses Maximum Input
Sensitivily undar 1523 Mainframe Specifications. MAXIMUM
INPUT: = 10 ¥V pk ac 10 250 kHz. = & V gk ac o 500 kHz, ra
dc component of = 350 V max. IMPEDANCE: 1 M/30 pF at
plug-in; 3.35 K0 = 1% dirsct 10 polenliometer via Intemal
switch. CONNECTORS: Front and rear BNC and rear 3-pin A3
mike connactor that also provides powar for 1560-P40 or -P42
Preamplifier,

Input Frequency: 1 Hz 1o 500 kH2: fiat within +0.1 dB la
100 kHz, within =2 dB to 500 kHz oxoept O-dB range down
<3 dB at 100 kHz. Lowdrequency and crest-factor cutoffs de-
pend on averaging fimes (ses balow).

Recording: CHART SPEED: 0.5 &/l to 20 h/in, in 18 ranges
ot 05, 1,2 5 10, and 20 h, min, or 3/In,, plus fast scan of
2 In.Js and slow scan of 2 In./ming all synchronired 1o line
frequancy. AVERAGING TIMES: 10 ms fo 5 s in 9 ranges, all
remately programmable. Sinusoldal low frequency cutoff (< 1
dB down) and lundamental cutolf lor 2048 cresl tactor de-
pend on averaging Himes as lollows

Lowi-F regubncy Cofalt Luw-Freguency Culnd!

Avgg Fijll Creaat Avil Fuill Cresgt

Time Simussleal Factior Time Sinickdal  Facine

10 mm 400 He 1 k2 00 ma e BHz

20 ma 100 Hz 500 Mz is 1Hz 35H

S0 ma M Hz 1M mr -4 o 1 M 14 Hz
100 ms 10 Hz 36 Hr b < 1 He 1 HE
00 ma SHz 16 Me
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with 1523-P2 Swesp Oncillstor Plug-in
contains sweep generator for levelvs irequency recordings

* 100wV sensitivity
& 1-Mit inpul impedance

» frequencies to 8O0 kHz
* upio 10008 dynamic range

tnput: Chart O-level can be 0 dB {100 «V) to 70 dB; sel in 10
dB steps. See also Maximum Input Sensitivity under 1523
Mainfrarne Specifications. MAXIMUM INPUT: = 10V pk ac to
500 kHz, e de componen! of = 40 V max, IMPEDANCE:
1 Ma-30 pF at plug-fn; 3.35 ki = 1% direct to polentiometer
via internal switch. CONNECTORS: Front and rear BNC and
rear 3-pin A3 mike connector thal also provides power for
1560-P40 or -PA2 Preamplifiar,

Input Frequency: I Hz to 500 kHz; Hat within=0.1 dB to 100
kHz, within =2 dB 1o 500 kHz, excopt on O-dB range, down
< 3 d8 al 100 kHe Averaging times programmed automati-
cally 1o avoid low-treguency cutofl; program can bo Inhibited
by exiernal input

Recording: CHART SPEED: Automatically sel by sweep tima
(see below) and decade length. Decads length can be set for
2,25, 3, 4,5, 0r 10 in./ decade.

Sweep Frequency: 1 Hz to 500 kHz: automatically from lower
to upper frequency. Lower frequancycanbe selto 1, 2, 5, 10,
20, 50, 100, or 200 Hz, 1, 10, or 100 kHz: upper frequency
can be sef to 10 or 100 Hz, 1, 2. 5, 10, 50, 100, 200, or 500
kHz. ACCURACY: =1.% of indicated freguency. STABILITY
=0.058% over 10 min, =0.25% over 24 h; afler 30-min warm-
up. SWEEP TIME: 5 = to 200 ks/decade In 5, 10, 20 &
guence; or manual swesp, Avaraging time decreases with
frequency ay follows: 2 5 fram 1 1o 10 Hz, 200 my from 10
to 100 Hz, 50 ms from 100 Hz 1o 100 kHz, and 20 ms lrom
100 o 500 kHe. SWEEP RESOLUTION: 3000 discrela log-
arithmically scaled steps per decade (D.08% step). SWEEP
VOLTAGE: Dc output proportional fo log of swept frequency
avaitable sl rear connector

Sweap Amplitude: 500 <Y 10 5 V rrms into opan cireult babind
BO0 ., = 10 mW Into 600 0, avallable at front BNC connecior;
sat in four decads rengesof 5 mV ta & V full-scale open-circult
plus continuous viernier: fiat within =0.1 @B 15 100 kHz, within
=] dB to 500 kHz. DISTORTION: < 0.2% from 1 Hz 10 100
kHz with any linear losd. HUM: < 0.03%. SPURIOUS (dis
¢rele non-harmonic): —55 dB. NOISE: > 60 dB below carrier
in 100-kHz bandwidth.

—-.
"

=3

with 1523-F3 Stepyrad 1 /3 Dctave-Blonid Aoalyser Plagdn

cantains 1 /3-ectave-band fiters for spectrum recording

® | Hrto BOkHz * Fifty 1/3-octave bends
& 100V sensitivity * 1-Ma inputl impedance

& gyeraging times varied automatically for fast constant
confidence resuits

Input; Chart O-level con be 0 dB (100 &V) to 70 dB; sel in
1048 steps plus a continuous vemier, MAXIMUM INPLIT:
= 10 V pk ac fo 100 kHz. re dc component of = 90V max.
IMPEDANCE: | M 30 pF at plugin, 3.35 kn = 1% direct o
potentiometar via internal switch, CONNECTORS: Front and
resar ANC and rear 3-pin A3 mike connector that also provides
powar for 1560-F4A0 or -P42 Preamplifier,

Input Frequency: | Hz 10 80 kHz center freguencies; fitty 1/3-
pctave notse-bandwidih (bands O thru 49) 4-pole Butterworth
fiters with Class Il (moderate attenuation) Type O characteris
tics that conform to ANSI 51.11-1966 for sound-level record
Ings, switch-selected flat-response (all pass) channel at start
of chart displays over-all level. Also available, with filter char-
acteristics conforming to IEC 225, as Typa 1523-P31 CEN-
TER-FREQUENCY ACCURACY: =3%. LEVEL UNIFORMITY:
=] dB ot center frequencies. PASSBAND RIPPLE: 1 dB pk-pk
max, NOISE: Eguivalent Input noise below O dB (re 100 V)
for all pass, and bands 0-39, increasing | dB/band to below
1008 in band 49, HARMONIC DISTORTION: < 0.1% for sig-
nals of 1 V rms at band centers.  STOP-BAND ATTENUATION:
> B0 dB for frequencies of > 8 gnd < 1 /8 times center fre-
guency. COUTPUT; Filtered input signal available at rear con-
nector, PEAK MONITOR included with pane! lamp to ind|cate
ovierioad

Input-Frequency Scan; Adjusiable; sutormatically steps from
lower Ireguency 1o (But not thru) upper frequency. Lower
cenler freqguency can be sef fo 1, 2, 10, 20, 100, er 1000 Hx;
upper conter frequency can be set to 0.1, 1. 2, 10, 20, or
100 ke

Analysis Programs: NO. OF PROGRAMS: 11, desigrmateg A, B,
C... L VARIETY: Pragram A provides constanl averaging
tima per band; others, combinations of the same with & serles
of steps of constant confidence (averaging time = propar-
tionsl to one over analysis bandwidth). CONFIDENCE: For
random noise, for 20% confidence, averaging time s adequate
fer =0 5dB sccuracy slong the “siaircase” sbeled =0.5 dB
Sen charl. Similarly, =1.5 dB, for the staircase so labeled,
Any part of 8 progrom above a staircase has greater confi
dence. No progrom oparales below the "sine” stajrease on the
lefty thus averaging time it alwoys sufficient 1o keep the de
tector operating above Us low-frequency cutall. AVERAGING
TIME: Ssfor 1~ 1.25, and L6 Hz bands; 5,2, 1. ..005%
for higher-freg bandd, depending on selected program. Exam
pieg: (Ses chart). Program B uses 55 avig'g lime below 2 He,
2 lor 2 He and ahove, Program H uies 54 ovg'g time up 10
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8 Hz, constand confidence (= 1.5 dB) from 8 through 100 Hz,
and 0.5-5 avg’g time from 100 Hz through 100 kHe, Location
of program letter on chart indicales shortest avg'g time for the
program. (Imagine that 2ach arrow, like K, extends to right.)
SEQUENCE: Analyzer steps to a band, dwells for stabilization,
then records the level, at 2 in /s chart speed. DWELL PE-
RIOD:; 6 x "averaging time," except at your salectad Start
Frequency band ol each analysis (and “all-pass”) 18 x &vg'g

MAINFRAME SPECIFICATIONS

Dynamic Range: Up 1o 100 di, depending on potentiometer,
POTENTIOMETERS: 5 available, all easily interchanged and
all with 5-in, scales except for 60 dB which has 12-cm scale.
10 d8 {with +0.1-dB lincarity); 25 dB (+0.15 dB), 50 dB

[(=0.25 dB), recommended for general use; 60 dB (0.3 dB),
for use with 1523-P3 only; and 100 dB (=0.5 dB), MAXIMUM
INPUT SENSITIVITY: 100 oV rms for averaging times 0.1 s
or greator, 1 mV rms for averaging times < 0.1 5; oxcept for
10dB pot, man sensitivity 1 mV; minimum averaging time 50
ms, DEAD BAND: =0.15% of full scale; except =0.25% with
0,01, 0.02 and 0.05 s averaging tmes. DETECTION: True
rms, efror % (0.1 dB for 1548 crest factor, < 0.5 dB for full
2048 crest factor for frequencies above cresi lactor cutoff
frequency, NOISE: Equivalent Input noiss < 40 4V rme.  RE-
TRANSMITTING POTENTIOMETER: Provides dc oulpul well-
age, proporiional (o ac input, of 0 o 10.4 V de (2 V/in of pen
defizction].

Pen Control: Pushbutton swilches or extermal DTL or TTL sig-
nals eontrol pen position (Up, down, or automaticolly pok
Honed). Pen status is also indicated by OTL aufpits

Chart Control; Pushbutton swilches or external DTL or TTL
ground closures start or stop recording, rese! paper to stan
of same charl or advance If o siarl of next chart, and provide
fast forward or reverse. Swilch ssitings are also indicated by
OTL outputs. CHART SPEED [see Charl Speed under indi-
vidual plug-ln headings): Can be exornally programmed ex-
cept with 1523-P3, MOTOHR: Stopper molor moves paper in
0.0067-in. Increments (17 mm) ot roles up 1o 300 incre
ments per socond {2 infs), Pulses supplied by internal
clock of by extemal OTL or TTL input at rates of < 300 pp=
Pyises siso avallable a5 an oulpul to synchronide olber re-
corders. Thore i exactly ome Increment for eath pulss,
PHOTOCELL: DTL greamd-closure outpul corresponds tn black
miafks printed or papsr,

Limits and Event Markers: LIMITS: 3 OTL oulputs provide
Hi, GO, and LO continuoua indicalions of the recording level
va 2 adjustobie lmits. EVENT MARKERS: 2 peris; pushbulion
switch controls one pen to mtk selacted events on papear

ademal DTL or TTL signal activates sither or both pens.
{These markers 2ct more fike “rubber stamps™ than “pens.”)

Interface: All plug-in pushbutton-control tunctions can be re
motely Indicated or controlled; other controls cannot be ax-
coept for Chart Spesd and Averaging Time controls on -P1
and -P2 and Sweep Time Per Decade on 2. Lovels are stand:
ard DTL or TTL, i.e., "low" Is closure to ground ar Q1o +0.5 V),
“high" is +35 to +50 V. Logic-circull inpuf and outpul
conneclions are available at 2 double 15-pin eiched-board
terminals, &t rear of main frame, when plug-in is installed,

Supplied: 3-#t BNG-terminated patch cord, 3 rolls of char
paper, fastrak® Markor Set (4 rad, 4 groen, 4 blue pens),
Event Marker Sef of 4 red and 4 black pens, 3 potentlormoter
contacts, 2 paper cap assombiies, 50 chart-mounting sheels,
powar cord; double 19.pin eiched board connecters (1 or 2)
;l;r."ai.‘l:term programming (inputs and outputs) with each
=1

Power: 100 to 125 or 200 10 250 V, 50 1o 60 Hz; 50 W typical,
160 W max.

Mechanical: Bench or rack models, DIMENSIONS (wahxd)
Bench 19.56x8 44x19.63 in. (496x214x408 mm}; rack, 19x
Ta19.69 in. {463x178xE00 mm). WEIGHT: Bench, including
plug-in, 63 1b (29 kg) net, 98 ib (45 ky) shipping: rack. in-
cluding plug-in, 57 B (26 kg) not, 92 Ib (42 kgl shipping,
plugsn when shipped soparately, 8 b (3.7 kgl net, 16 b
{8 kg) shipping,

Catal
Dose Hillan Hmn'nu‘r
1521 Graphic Lewel Recorder,
main frame withoul plug-in
Banch Model 15239700
Rack Mool 15734701
Seolect oi lnant 1 of following plug-ns
Iwhiih are sazbly Injeichangod, 1o sult
wiriaun applicationg)
Prearmplifer Plugn, 152301 1523.5401
Swwhp Oeciliaior Plug-in, L523-P2 122000
Steppet 1) 3-0ctaes-Han? Analyror Phag-in,
Condooms o ANSE 61,3 119468, 15232 5739600
Shepped 1/ 3Octave-Bana Analyser Piug-n,
eomiema 1o ITC 225, 1523P0 1523-560%
Select i beast 1 of fallowing

{wihich arn cazily imerchanged, (o
S warioln regulmemente):

1011 Potontiormete 15238620
POl Polentiomeres 15739621
50-48 Potenilometsr inormaily suooied I Do olhaed
s crderedd) 15219622
B4l Potertiomeder, uymed anty with 1525-P3 15239625
Vo0l Podenlicoiater 1579624
Accervariey svailable
Everl Marser Zete, 4 Diack snd 4 rod pans ISTa612
Mounting Sheets, 036 x 11 In, sheets with adveslve
wiripa to msut cHarts fer fllimg lo 3ring
ikttt 50 shewll par pack 15220030
Tanbrghe® Marker Sein (gaoieal aurposs )
Sutof 4 ALD peta 1522.9614
Sl of 4 ORZEN perms 1522-9615
Sat of 4 BLLUE pern 15729616
Shew Cpesd) Wigruer Satt
Snl wl & RED p=ne 15225604
el ol & GREEN pem 1572965%
et of £ BLUE g 15X20636
Extivncinr-foard Kl used for rainbonarese 150000
Chigrl Papane, TA0-0 oy af 8 B340, widda Dupay, wilth
Safin, wetical chart area ol 5 o jescept
1527309884 and D0E0* which Rawe | 2om
wifrlics| charl wres of 60 i), i Linlng
FRFM Y T D (e :mmﬂmmmn
FOA 15F3E] FREAMPLITIER
Linmar, contimecut scals af 0.2 in, par div 15709641
FOH 1523-F2 SWEEP CBCILLATOR
2 10in. decades, stany ar §, ends al 100 15209645
3 Gelry, ciecaden, slaris ol 1, ends ot 1 k 15235049
B4 250 Opades, starts 8] 1, eniz a3 K 15239648
Wy Bin decades, slatta gt 10, entts st 20 k 1521-965%0)
6% 2.5-In, decages, Slasie @1 1, afidy ol 300 N 15735047
FOR 15I3-F3 STEPPLID 13 OCTAVE-BAND AMALYITH:
Wy 25-in. gocadea, Starts & |, ersdu ol 3 & 15739000
*Ivs Somoecades, arts At Joendaat 2 k 15239646
5 2.54n. docaden, wiarte ot 1, ende e 100 k 1573-9047
*E Sem decades, stards a0 1, onds ol 100 & 15735644

* For wwse onty with G0l potontipmaier,
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1564-A Sound and
Vibration Analyzer

= 25Hzlo 25kHz

» 2 bandwidths: 1/3- and 1/10-oclave

= use direct from microphone or vibration pickup
= ac or portable baltery operation

= automatic spectrum plots with 1521 recorder

The 1564-A Sound and Vibration Analyzer is designed
primarily for measuring the amplitude and frequency of
the companents of complex sound and vibration spectra
Its 1/3-octave (23%) and 1/ 10-octave {7%) noise band
witdths provide the Hexibility needed for analysis of both
the noisa and is causes.

Input sources The high input Impedance of the an
alyzer permits direct connection of piezoelactric trans-
ducers far measuring sound pressures from 44 to 150 dB
re 20uN | m# and accelergtion from 0.0007 g to 100 g.

The 1560-P42 and 1560.P40 Preamplifiers are avall-
able (o extend the full scale sensitivity of the analyzer by
20 dB (10:1) and to allow use of the transducer at the
end of a long exiension cable. Alternatively, for higher
sansitivity, the analyzer can be driven from a2 sound-level
meter or vibration meter,

Automatic analysis Automatic range switching is pro
vided so that the 1521-8 Graphic Level Racorder can
record automatically the spectrum of a signal under an-
alysis. The combination of onalyzer and recorder is
avallable as the 1911-A Recording Sound and Vibration
Analyzer for continuous spectrum plots. This combina.
tion is particularly well suited to measurements in ac-
cordance with MIL Standard 740B.

Noise filter The analyzer can be used in conjunction
with the 1390-B, 1381, or 1382 rendom-noise generators
lor transfer and reverberation measurements using 1/3-
or 1/ 10-octave bands of random noise.

Description The 1564-A consists of a high impedance
amplifier, & continuously tunable filler having a nolse
bandwidth of cither 1/3 or 1/10 octave, an output am-
plifier, and & meter. The center frequency of the filter
Is continuously adjustable. An all.pass, or flal, charac-
teristic permits measurement of the overall signal am-
plitude.

SPECIFICATIONS

Frequency: RANGE: 2.5 Hz to 25 kHz in four decade ranges
DIAL CALIERATION; Logarithmic. ACCURACY OF CALIBRA
TION: =2% of frequency-dial selting.

Filter Characteristics: Nolse bandwidih is sither 1/3 octave
or 1/10 octave. One-hird-cctave charpcleristic has al |east

3048 attenualion 3l one-hall and twice the sslecled fre-
quency. One-tenth-octave charocleristic has at least 40-d8
attenuation al ane-half and twice the selected frequancy. Uit
mate attenuation is 70 d8 or gresier for both charactnristics
For both bandwedihs, peak response is uniform =1 dB fram
5 Hz to 10 kHz and *1.5 dB from 2.5 Hz to 25 kHz. An alf
pass, ar flat, characteristic i also included

Detector Characteristics: FRims with three averaging times.
Faster two speeds conform with ANSI standard for sound
level melars

Input: IMPEDANCE: 25 Mii In paralie! with 80 pF [independ
ant of attenvator setting). YOLTAGE RANGE: 0.3 mV to 30 V
full scate in 1048 sleps. MICROPHONE: 15680-P6 Micro
phone Assembly or the |560 P42 or 1560-P40 Preamplifiers
e recommended

Output: VOLTAGE: Al laast 1.0 V open circult, whien mater
reads full scale.  IMPEDANCE: 6000 1. Any foad can be con-
nocled. METER: Three scules. O to 3 V: O to 10 V: -6 1o
+10dB,

Recording Analyzer; Aulomatic range switcHing at the end of
each frequency decadls allows convenient continuous record-
ing of spectra with the 15218 Graphic Leve! Recordor
Calibration; BuiltIn, feedback type calibration system per-
mits amplitude calitiration sl any fréquency

Available: 1560-P6 MICROPHONE ASSEMEBLY, [560 P52,
£53, P54 VIBRATION PICKUPS, 1560-P40 and -P42 PRE.
AMPLIFIERS {power for preamp available at inpul connectord,
Power: Operales from 105 to 125 or 210 1o 230 V, 50-60 Hr,
or trom nickel cadmium batlery supplied. Ballery provides
25 h of operation when fully chorged and requires 14 h lor
charging.

Mechanical: FlipTill case and rack mounl DIMENSIONS
fwehxd): Portable, 10.25x8 13x8 In. (260x206x203 mml;
rock, 19210.5x6 In. (48242672152 mmb. WEIGHT: Portabile,
1516 (7 kg net, 17 b (8 kg) shipping: rack. 16 b (8 kgl net,
28 b (13 kg} shipping

Calalos
Descripion Murrriber
1564-A Sound and Vibration Analyrer
Poriable Maoed, 119V & 15649701
Rack Model, 115V 1564 9820
Purtabie Modsl, 230 ¥ 1564-0702
Fack Model, 230 V 15649821
Aeplacement Batlery B4 10-04 10

Patent Numbor 3,012,197

# Fedural stock nbmbers ade (ated befors The indsx
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1568-A Wave Analyzer

= 20 Hzto 20 kHz

= 1% constanl-percentage bandwidth
= poriable, baltery-operated

= 85-dB rejeclion

The 1568-A Is an impartant Instrument for high-resolu-
tion frequency analyses, whether for measuring vibration
and noise components or the spectrum of a complex

W [ ;;'1,;'."";:

electrical signal. Good design combines the excellent
Al E¥ ;
|.|'E !n i i | __!
ioEh phroetdl th A
e L el Bl
I { I

filtar shape of a wave analyzer with the convenient, sim-
ple operation of constant-percentage-bandwidth analy-
zars In a portable, low-cost Instrument

The voltage sensitivity and input impedance, adequate
for most uses, can bé Improved 10 10 microvoits fuli-scale
and > 500 megohms, respectively, by the use of a 1560-
P42 or 1560-PA0 Preamplifier. Power for the preampli-
fiar is suppied at the input connectar,

High resolution MNarrow bandwidth permits separation
of closely spaced frequencies; wide dynamic range, high
stop-band altenuation, and low distortion allow measure:

Fregqueney spectium analysis of & 1 0-ma puise al o 7O-Hr repetition rate, The 'R bandwedth
yhishds Tt rusoiulion al low ireguenched, shows The anvilope af MEgn Trsguencies.
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meni of small components in the presence of components
up to BO dB larger. These capabilities are vital to the
identification of unwanted vibration and noise compo-
nents and o the measuring of discrete frequencies in
complex electrical wavelorms, At low frequencies, band-
width Is narrower, stabllity better, and callbration more
accurate than those of fixed-bandwidth heterodyne wave
analyzers.
The 1568 excels in such applications as

= harmanic distortion measurements at low frequencies
® harmonic analysis — 1% bw ylelds 50 components

SPECIFICATIONS

RANGE: 20 Hz to 20 kHz in six hall-decade ranges,
DIAL CALIBRATION; Logarithmic. ACCURACY OF FREQUENCY
CALIBRATION: 1%.

Filtar Characteristics: BANDWIDTH betwesn 308 points on
salectivity curve: 1% of selécled frequency, ATTENUATION,
al 20°% above and st 20% Dalow selected freguency: = 50 dB
raferred (o the level al |he selected lreguency. Altenustion at
twice and al one-hall the selected frequency is 2 75 dB re-
ferred 1o (he level at the selecled frequency. Uilimate atten-
uation is > 85 dB, UNIFORMITY of filter peak response with
tuning: *1 <8 lrom 20 Hez to 6.3 kHz and +2 dB from 20 Hz
ta 20 kHz.

Input: IMPEDANCE: 100 kit. VOLTAGE RANGE: 100 »V io 300
V, full scake, in 3-10 series steps.  DISTORTION: Input-circuit
distortion s lower than -B0 dB redalive 10 Inpul-signal level.
PREAMPLIFIER: Power i supplied at inpul socket for the ac-
cessory preamplifier, which extends the senaitivity to 10 eV,
Tull scalg, and [ncréases the Input impedanco 1o more than
500 Mir.

Output: IMPEDANCE: G000 1. Any load can be connected.
VOLTAGE: At lessl one volt open circuil when moter reads full
scale. CRESTFACTOR CAPACITY: Grester than 13 dB.
Output Meler: CALIBRATION: Voltage [see nbove) amel dBm,
with reference at 1 mW into 600 u (775 mY), DAMPING: 2
modes, Fagl ond Slow, tor manunl measuremenils of nolse.
Analyring Range: 80 dB. Components of an (nput slgaal that
difter i amplitude by o much &% BO oB can Ls measured.
Automatic Recording: Automatic range switching i provided
to aliow convenient, continubus spectrum plolling when the
1521 Graphic Lever Recorder is used. Meadium-speed malor =
recomimended. Chart papér is Calalog No. 1521.8475. Fra
quency scale s logarithmic, 10 inches per decsde; vertical
scale is 4 ihches for 20, 40, or B0 d8, depending on (he potan
fiomater used in the recarder.

Callbrator: A Liuilt-in, feedback-type calibration aystem permits
amplitude calibration at any frequency.

Supphied: Puwer cord; | 568-2090 Detented Knob and Dial As-
sembly, used o facilitate measuring the components of an in:
pul signal as & percentage of in dacbels with an arbitrary
voltnge relerence.

o detailed analysis of machinery noise and wibration
» separation of close, discrete, low frequencies

Automatic analysis In combination, the 1568.A and
1521-8 Graphic Level Recorder produce spectrum plots
with as much as a 70-dB recording range. Aufomatic
range switching Is included for ease and speed in making
spectrum analyses. The analyzer and recorder are avail-
able mounted in a cabinel, interconnected, and mechani-
cally coupled as a complete system, the 1913 Recording
Wave Analyzer,

Atenuation characteritics of tre Niner.

Available: FREAMPLIFIER 1560-P42 or 1560P40; Link Unit
1521-P15, with Sprocket Kit 1521-PI6 lor mechanical cou-
pling to 15218 Graphic Level Recordur eguipped wilh Drive
Unit 1521-P108; Chart Paper 15219475

Power: 100 120 125 or 200 1o 250 V, 50 1o 60 Hz. 2 W for
normal operation, 3.5 W lor batlery charging. A rechargeable
nickel -codmium battory is supplied. Battery provides sbout 20
hours of operation when fully charged and requires 16 hours
for charging. Intéenal charger opeérates from the pawer line
Mechanical: Flip-Till cose and rock mount. DIMENSIONS

{wihndd). Portable, 13.25x13xA 25 In, (337x330x210 mmi;
fack, !9!12.2..’:!5 in. l%ﬂihl?? mm). WEIGHT: 22 lb
(10 Rgd net, 27 1 (13 K@) shipging.
Dy dpntinn 'E-l:;mr
1568-A Wave Analysor
Portntile WModel, 115V ac = 15685701
Poriabie Madsl, 230 V s 156889702
Rack Modst, 115V & 168-9820
Bk Modol, 230 ¥ ac 150689821
1521-P15 Link Unit 1571-9615
1521-F1E Sprocket Kit 15219616
Chart Paper 1823-947%
Heplacamenl Batiery Balp-0a10

& Federal ook nomsturs jee Hated Defure e inoes,
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1900-A Wave Analyzer

= 20 lo 54,000 Hz, linear frequency scale

= 3- 10-, and 50-Hz bandwidths

® 30 uV 1o 300 V, full scale — 3 uV with preamp

s B0-dB recording analyzer with 1521 recorder

= gutputs: filtered or BFO, 100 kHz and dc recorder
= 1-megohm input impedance on all ranges

The wave analyzer is used for measuring the compo-
nents of, or analyzing the specira of, complex electrical
signals, sacoustic noise, or mechanical vibrations.

Individual components of periodic complax waveforms
such as harmonic or intermodulation distortion are readily
ﬁ‘eparatad and measured, owing to lhe excellent selec-
livity,

Automalic frequency control enables the 1900-A to
remain funéd 1o a slowly varying component that might
otherwise drift out of the 50-Hz bandwidth,

This analyzer s particularly suited for analyzing noise,
because its bandwidth in hertz is independent of the
center frequency. The required averaging time s, there-
fore, constant, and the calculation of spectrum leval s
simple. Furthermore, when the 50-Hz bandwidth is used.
the required averaging time is reasonably short.

For automatic analysis. outputs are provided for driv-
ing the 1521 Graphic Level Recorder as well 858 dc
recorders,

Tunable filter use The analyzer can also be used as
a tunable filter, so that the individual components of a
complex input signal can be used to drive other instru.
ments, such as frequency counters, whin a highly accu-
rate measure of the component frequencies s desired,
or lo drive earphones. When a wide-band noise generator
drives the analyzer, the output is a tunable narrow band
of noise. Such a signal is useful in @ number of psycho-
logical and architectural-acoustics tests,

As a tracking generator In the “tracking generator”
mode of operation, a measurement signal [s made avail-
able that is a sine wave tunable over the 54-kHz range
and always in tune with the analyzer. When this signal is
used to drive a bridge or other network, an output from
that network can be rmeasured by the analyzer, whosa
salectivity reduces the interference from extraneaus
noise, hum, and distortion.

Description The 1900-A is a heterodyns type of valt-
meter, The intermediate-frequency amplifier at 100 kHz
includes a highly selective quartz-crystal filter whose
bandwidth can be switched to 3, 10, and 50 Hz. The use
ol a hetercdyne systemn makes it possible to vary the
response frequency although the filter frequency is fixed.
The 100-kHz output af the filter is indicated on a meter
and is also available at the panel. In one mode of opera-
tion the output is also heterodyned back to the original
frequency. In ancther mode, the local oscillstor beats
with a 100-kHz quartz-crystal oscillator to function as a
beal-frequency osciltator, These two outputs are also
avallable at panel terminals as fillered Input component
and indicated frequency, respectively,

ol SIGNAL ANALYSIS
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SPECIFICATIONS

Frequency: RANGE: 20 10 54 000 He. The frequency s Indl-
cated on a counter and a dial with a linear graduation, 10 Hz
per division, ACCURACY OF CALIBRATION: =[%% + 5 Hz)
up to 50 kHz; =1% pbeyond 50 kHz. TNCREMENTAL-FRE-
QUENCY DIAL {AF): =100 Hz. Accuracy |5 =2 Hz below 2 KMz,
=5 Hz up 1o 54 kHz. AUTOMATIC FREQUENCY CONTROL: At
frequencies below 10 kHz, total range of frequency lock is 400
Hz for the 50-Hz band and 150 Hz lor the 10-Hz band, as de-
tinad by 3:dB drop in responge from full-scale deflection, At
50 kHz, the Inck ranges decrease to ong-hall of these valuss.
Selectivity: Three bandwidihs (3, 10, and 50 Hz),

Effective bancwidih for noise s egual to nominal bandwidth
within =10% for 10-.and 50-Hz bands and =20% for 3-Hz
band, 3-HERTZ BAND: At least 30 dB down al =& Hz from
cenler fraguency, at least 60 dB down at 215 Hz, at least 80
dB down at =25 He and beyond. 10-HERTZ BAND: At least
30 dB down al =20 Hz, al least 60 dB down at 245 Hz. al least
B0 dB dpwn at =80 Hz and beyond. S0-HERTZ BAND. At
laast 30 8 down at =100 Hz, al least 60 dB down at =250 Hz,
al lenast BD dB down at =500 Hz and- beyond

tnput: IMPEDANCE: 1 M shunted by 30 pF on all ranges
VOLTAGE RANGE: 30 oV 1o 300 V, full scale, to 3 4V wilh
preamp, in 3, 10 serfes, A decibel scale s also provided,
VOLTAGE ACCURACY: Alter callbration by internal source, the
accuracy up to 50 kHz s ={3% of indicated value + 2% of Tull
scale) except for the effects of internal  noise when the at-
fenuator knob s in the maximum-sensitivity position. From
50 1o 54 kHz, the above 3% error becomes 6%, RESIDUAL
MODULATION PRODUCTS AND HUM: At least 75 9B down.

Outputs: 100.kHz OUTPUT: Amplitude is propartional to amp-
litude of selected component in @ndlyzer input signal, With
fhe 1521 Graphic Level Recorder connected, fullsscale autpat
s a1 least 3 V. Dynamic range trom ovarload paint to intarriai
noise 5 >80 dB with attenuator knob fully clockwise. RE-
CORDING ANALYZER: Ses the 191004 Recording Analyzer and
1521:8 Graphic Level Recorder. DC QUTPUT: 1 mA in 1500
i1, full scale, ene side grounded. FILTERED INPUT COMPO
MENT: Output at feast | V 2cross 6000 load for full-scale
meter dsaflection with oulput control at max. THADKING
ANALYZER [INDICATED FREQUENCY): 20 Hz 10 54 kHz; out-
put is at least 2V across 60002 load with cutpul control ol max
Terminalks: [npul, binding pests; output. lelephane jacks.
Supplied: 1560-PE5 Agaptor Cable, phone plug, power cord.
Available: 1900.F] and I900-P3 LINK UNITS for coupling to
1521 Graphic Level Rocorder, 1560-P40 and 1560-P42 PRE-
AMPLIFIERS (use 1580-PB2 Power Supply)

Power: 105 1o 125 or 210 to 250V, 50 to 400 Hz, 40 W,
Mechanical: Rock-bench cabinel DIMENSIONS [wxhxd]
Bench, 19x16.25x16.25 . (4B3x413x387 mm): rack, 19x
15.75x13.25'in, {483x400x337 rmm). WEIGHT: 56 Ib (26 kgl
mel, [0 00 (64 kgl shipping.

_ Cafilay
vt ipiiciiy P bbb
1900-A Wave Analysor

Banch Modil, 115 1500-080 1
Rack Mool 115y 1900-9811
Bancdh Modal, 230 V 1900-9802
Rack Meodsi, 230 v 150054812

Automatic Wave Analysis

The Analyzer-Recorder Link The 1900-A Wave Analy-
zer can be used in canjunction with the GR 1621 Graphic
Level Recorder to produce, automatically, permanent
graphic records of high-resolution spectrum analyses.
The necessary coupling mechanisms and chart papers
are available for Irequency scales of 50, 500, or 5000 Hz
per inch. A choice ol 3 recorder polantiometers permits
selection of 20, 10, or 5 dB per inch, so that virtually any
combination of horizontal and vertical scale resolution is
possible,

The 1900-P1 or 1900-P3 Link Unit mounts on the wave
dnalyzer in place of the manual frequency-tuning kKnob
and provides mechanical coupling to the recorder. The
1900-P3 permits selection of 500- or 50-Hz/in, scale
factors with a lever; the 1200-P1 provides 5000 or 500
Hz/in. by the interchanging of sprocket wheels,

An assembly of the 1900-A Wave Analyzer, 1900-P1,
and 1521:B Graphic Level Recorder is available as the
1910-A Recording Wave Analyzer.

Calalog
Dasscriptbon Murribeer
1900-P1 Link Unit 1900-9601

Fer charl paper, use 15219464 (500 Hzlin.)
or 1B21-9465 {5 KHEfn}

1900-F3 Link Unit 1900-9601
For chart paper, use 1521 59384
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Frequency-Response and
Spectrum Recorder Assemblies

Several GR instruments can be used with the 1521-B
Graphic Level Recorder for automatic plotting of the fre-
guency response of a device or the frequency spectrom
of (for example) acoustic noise or of a complex electrical
waveform. Automatic plotting with these instruments re-
places tedious point-by-paint manual methods and pro-
vides much mare Information in the form of tiner-resolu-
tion curves. Listed below are several such assemblies

1910-A Recording Wave Analyzer

The 1910-A Is particularly Useful in analyzing and re-
cording the frequency companents present In mechanical
vibrations, acoustic signals, and in complex electrical sig-
nals including random nolse, (s linsar fregquency scale,
20-Hz to 54-hH2 range, three handwidths (3. 10, and 50
Hz), and BO-dB dynamic range permil higher-order,
closely spaced and weak components to be found with
fase.

SPECIFICATIONS
The 1910-A assembly includes the following:
1900-A Wave Analyzer, Including 1560-P95 Adaptor cable
and ather accossorios
1521-8 (or -8Q1 for 50-Hz supply) Graphic Level Recorder
with 40-d8 Potentlometer (1521-9602) and medium-
spesd motar
1521-P3 80-dB Polentiometer (1521.9603)
1521-P10B Drive Unit (152]1.9467] (installed)
1500-P1 Link Unit (1900.9&01) (instalied)
1900-P3 Link Unit (1900 9603)
Chart Paper, 10 rolls {1521-9464), scale D-10 kHz
Chart Paper, 10 rolls (1521-9465), scale 0-50 kHz
Adaptor Cable, doubls banana io right-angle phone plug
Available: 1560-P20 and 1560-P42 Preamphiliers; choics of
vibration pickupn or microphones.

that can be ordered under single catalog numbers and
include all accessories normally needed. Or the compo-
nent ilems can be ordered Individually to convert existing
equipment into fully automatic recording assemblies.

Custorn assemblles of GR analysis equipment and
sound and vibration instruments can be bulll to order to
meel a variaty of special requirements.

Mechanical: Assembled in caobinat. DIMENSIONS Uexbid):

19x25, 25¢15.25 in, (4B3x642x388 mm). WEIGHT: 116 b
(53 hg) nel, 227 b (104 kg) shipping.
Carkaling
Lt ijabiarn Niriber
1910-A Recording Wave Analyrer
02 V1S Maoel 19105701
0 -He TI0-¥ Modsi 19109711
SOMT 115V Mose) 19109493
S0-He ZI0W Voo 1910-9554

1911-A Recording Sound and Vibration Analyzer

This assembly will generate continuous trequency plots
of tr: 17/3. or 1) 10-0ctave spectrum of sound and vibra-
tion signals over the rangs of 4.5 Hr o 25 kHz. Thus
1/3-actave messuremenls can be made In accordance
wilh saveral commaon military and industrial noise-control
specifications, Whils the third-octave bandwidlh is con
vanient for testing compliance to a specification for maxi-

mum allowabie noise ar vibration level, the 1/ 10-0ctave
bandwidth parmits precise identification of Individual fra-
guency components, leading to their reduciion or elimina-
tior, The anatyzer will accept signals from a sound-leved
meter, vibration meter, or oiber stable amplifier, or di-
rectly from o microphone or vibration plekup. It includes
a storage drawer and system power control.
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SPECIFICATIONS

The 1911-A consists af the following:
1564-A Sound and Vibration Analyzer, rack modal
15218 (or -B0] for 50-Hr supply) Graphic Level Recorder
wilh 40-dB Polentiometer (1521-9602) and medium.
speed motor
1521-P108 Drive Unit [ 1521 94G7)
1521-P15 Link Unit {1521-9615), with L&-100th sprockat
inMlalied {standard 24100ih sprocket also inoludsd)
Chart Paper, 10 rolls (1521-9468), calibrated 2.5-25 nor
malized, logarithmic
Adaptor Cable, double banena o right-angle phone plug
Avallable: 1560 P40K Proomplilier und Microphone Set; 80.dB
patentiometer; choloo of vibrafion pickups,
Mechanical: Assembled jn cabingl. DIMENSIONS (wxhad),

19,75x31.25215.75 in, (502x794x400 mm). WEIGHT: 101
it (46 kgl nat, 158 b (72 kgl shipping
Catalog
Dreeriplon Mkt
1911-A Recording Sound and Yibration Analyzer
Sl-Hz 115V Mooal 19118701
BO-H 2 230V Moodel 1911971
Si-Hz 115V Modo| 19119493
SO:HE 230-¥ Mode| 19119404

1913 Recording Wave Analyzer — 1% Bandwidgth

This constant-percentage-bandwidth recerding analyzer
will make high-résolution spectrum plots from 20 Hz to
20 kHz, It Is easy to use, having autematic range swiltch-
g and few contrals. Wide dynamic range and the 808
potentiometer reduce the need te change sensitivily man-
wally to accommodate widely varying amplitudes, Nafrow
bandwidih permils separation ¢l closely spaced low {re-
quenties without forfaiting high-frequency resolution;
typically, the fiftieth harmonic can be identified. See
description of 1568-A Wave Analyzer for more details

The 1913 & suppiied assembled and includes a storage
drawer and sysism power conlrol, which swilches the
analyreer battery supply as well as the ac line.

SPECIFICATIONS

The 1913 includes the following:
1568.A Wave Analyzer, rack mpddl, pnd nccessaries
1521-8 (or 801 for 50.Hz supply) Graphic Lovel Recordar
mith 4048 Potentiommler (152198020 and modium.
s micdor
1521-P3 8018 Potontiomater | |52 ].9£03)
1521-P108B Drive Unit {1571 G400
1521-P15 Link Unit 11521 9615), with 15-{ooth sprockot
ivatalied (standard 24-loott sprockal alsn inchaged)
Chart Paper, 10 roils (1521-9475), scais 2-20 log, nor
ralzed
Adaptor Cabile, doutile banoma to right.angle phone plug
Avallable: | 560-PA0 2nd 1560-P42 Presmplifiers

Mechanical: As=embled In cabinel. DIMENSIONS (watal)

1975231 2521575 in. 1502x794x400 mm)., 'WEIGHT: 110
Ity (B0 kg mett, 1650 (75 kg shipping
Cataiog
Ot bgrticn Mbrnstar
1912 Mecarding Wave Analyie
G0-Hz 215y Mot 191400
B0-HE Z30-V Mo 1910007
S0HTE 115V Moot 19139703
50-Mr 230V Modal 19135001
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1921 Real-Time Analyzer

3,15 Hz 1o B0 kHz

30 1o 45 one-, 1/3-, or 1/10-oclave bands
70-dB dynamic range, 60 dB displayed
100-mV sensitivity

calibrated altenualors

digital detection -~ true rms answars

9 known integration periods

correctad spectrum displayed directly

Realization of a long-standing need Since the mcep

r aof the first sc and vibrstion instruments, the nesd

rapid, on-line measurem

S Was apparent, But it

ok some= thirty years to fulfill the need, adeguately and

ecanamically, and the fulfillment came with the Introduc-
on of realtime bodied in the 1921

e 1921 is at least 30 times faster than contemporary
sarial analyzers, which means |1 can analyze more dala
faster and can measuré nan-stationary signals without
lape loops. Its 70-dB dynamic range readily accepls the
random or totally unspecified signals routinely encoun-
tered in acoustic work, The answers come fast; they are
repeatable and statistically reliable because of the ana-
lyzer's 20.5-dB accuracy and known integration times.

Optional attenuators provide =0.25d8 accuracy
, transducer fisttening, sub
tive correlation, etc., and the filters incorporate A
ir C-weighting r y has i
pecilically designed o permil simple, raprd, and precise

contral and interpretation of the measurements with a

analysis er

dynamic-range exienton

etworks. The antire capabll




minjmum of operator attention. Evan less work and faster
resuits are possible when auxillary instrumentation is
wedded (o the 1921, instrumentation such as computer
control, scanner input, de recorders, or data printets —
all of which Interface with easa.

A unique solution The Input signal is applied to a sel
of analog liters [from 30 ta 45 depending on your re
auirements) that cover a frequency range from 3,156 Hz
to BO kHz. These lilters include, as an option, individual
attenuitors to permit pre-whitening or other signal condi-
tioning, They are housed in a unit that can be purchased
separataly if desired.

The outputs of the filters are processed in another unit,
the rms detector, It is unique in that it processes the sig-
nals from the filters digitally. Each channel is sampled,
the sampled data are converted to digital binary form,
and the binary numbers are fad Lo a digital processor that
computes rool-mean-square levels.

Th averaging method is true (finear) integration with
a cholce of nine accurate integration times from Y% second
to 32 seconds. This scheme nol only produces answers
faster than the running-average circuits found in arialog
devices (which “waste” time and aren'i very usetul tor
transient signats) but also make it possible to detarmine
wxaotly whal events in time have affected the answer.
The computed band levels are stored In digital memary to
be retrieved at a rate limited only by the output recording
or storage device. The analyzer simultanegusly provides
both digital and analog outputs,

Versalility The 1921 is available in bench or rack
models, in four standard frequency ranges, and with
or without attenualors. Custom versions with up o 45
bands, either 1/10, 1/3, 1 octave wide, or a mixiure of
the three, areé availabie on special order, as are models
with special bandwidths,

Complete systems, lailored to your nesds from trans-
ducer to final data storage, can also be supplied, Such a
system could include a computer, display scope, de re
corder, and magnelic tape recorder to provide on.line
calculations and comparisons such as;
® Spectrum comparisons Trom 3.15 Hz to 80 kHz
» Stevens loudness calculations per ANSI 53.4-1968
s ARF loudness calowlations

* Porceived-noise-level (PNL} computations recorm.
mended by the FAA

& Spesch-interference-level (SIL) computations

* MNoise criterion tevels per L. L. Baranek

* ARI, AMCA, ASHRAE. and 5TC ratings

- S GR Eapevimenter fo Moy fute 1585 s resmemt D122

SPECIFICATIONS

Froquancy: 3.15 Hr to B3 kHe

Bandwidth: 1/ 3 octave stondard; 1710 and | octave avalloble.
Amplitude: 70-dB dynamic rangz, 60 dB disployed; 100-my
s noeming! full -scale sensilvity,

Linoarity: =0.5dB duvistion from beist atralght ling it over top
50 4B of display range, =1 dB over entjre BO-UE rangy

Digital Presentation: Band Information & displayed on high:
intensity neon-readout 1ubes. BAND NUMBER per ANSI S1.6
and 51.11 is displayed on 2 tubes and availsble as 2 BCD
digits on rear panel. BAND LEVEL from O to 158 dB in
(.25 df steps i dizplayed on 5 tubes and available as 5 BCD
digits on rear panal with ovarload indicated as B or 9 In
laft digit. REAR-PANEL datn ore 1-2-4-8 weighted at standard
5V TIL levels (= 40.5 and » 3.5 V) and avallable from all
bands sequentially ot i G0-pin type &7 connector.

Analog Presentation: BAND NUMBER s available as Dto +1 W
linear ramp at rear BNC connetor, BAND LEVEL from O to
60 dB is avallable as 010 +] V = 10% signal at rear BNC con.
nector with overload indicated by supgrimposed jitter. PEAK
MONITOR: A peak detector senses levels at two circuit points
&nd drives a pans! mater calibrated In dB reforred to overioed
level A signal proportional to meter indication is aveilable at
a rear connector o drive a oo mcorder; | mA for tuli-scale
reading.

Input: Connects to rear BNC or mike connector, SENSITIV.
Y- 100 mV rmis nomingl for tull scale. Can be increased o
5 mV with 1560-P40 ar -P42 Preamplifier, DYNAMIC RANGE:
&0 dB displayed plus 10-dB cresi-loctor margin at full scals,
MAXIMUM INPUT, 35 Vide, 17 V peak ac. IMPEDANCE: 100
kit. CALIBRATION: Fuli-scale and rero-devel setf calibration
provided in two auxiliary chonnals; panel contro| allows a cali-
bration factor o be added o dightal culput: Tullscake indics-
tion ls adjustabie frarm 60 1o 159 dB |n 1-dB steps.

Attenuntion: 1808 continubus gain ndjusimenl comman ta all
channels plus, optionally, 50.d8 attenuation in 1-dB steps with
*0.25-dB accuracy (re +25d8 setting) by means of a panel
thumbwhes! switch tor each band, Attenuation of each band is
Indicated by a dol on panel display and represents the trans-
mission batween input and summed output of mullifiiter. Dis-
pliy has standard 50-dB-per-decadé scale factor, 10 dB per in.
vertical, 5 in. per decads horizontal, 19259570 Transmis
sion Record Sheets availphle: thin Mylar® shests, of same size
and scale factor as attenuntor display, sttsch to window with
sail-contained adhesive and can be used 1o record position of
Oots in window with china: or glass-marking pencil or crayon,
Response: 30 &-pole Butterworth flitters with 1/3 octave sfiec
tive (noise] bandwidthe that conform fo ANSI 51.11-1956
Class |l] {high altenuation) and IEC 2251966 standards or
with l-octave bandwidths that conform to ANS| 51.11-1966
Class |l (moderate rate but highest for ectave-band fillers) and
IEC 2251966 standards. ACCURACY of center frequency,
=2%. LEVEL UNIFORMITY: Within =0,50 dB at 25°C, =0.75
dB from 0ta 50°C, at cenler frequancy wlth attenuator at +25
dB. PASSBAND RIPPLE: 0.5 dB max pk-pk. NOISE: < 15 uV
equivalent input noise. HARMONIC DISTORTION: < 0.25% at
1-V output for bands centered below 25 Hz, < 0.1% at 1%
output for 25 Hz and above. WEIGHTING: A, B, C, canforming
to ANSI 51.4, IEC R123, and |EC R179.

Detection: RMS with true (linear) integration. INTEGRATION
TIMES: 44, %4, 42, 1, 2. 4, 8, 16, or 32 5; pushbutton controlled.
SAMPLING: Sampling rate s during Integration tinme
to eliminate cohérence effects; 1024 samplos taken doring
integration times from 1 to 32 «; below | % number ol samplas
reduced in proportion (o integration time 1o a minimum of
128 HEPEATABILITY: Better than | oB (I & fimit! for tone
bursl with duty factor of 1/ 100 [oquivalent 10 crest facior of
23 dB} when rms levels ars < 13 dB below Tull scale.
Programmabitity: All panel controls, except putput dispiay
rate, attenuators, and gain control, are progrimmahls by clo-
sures to ground applicd 1o a rear 50 pin (ype 57 connecior,

* Huglsinred tradomock af £ 1 dy Mol da Nemewrs and Ca. 10

GENERAL RADNO 1973 CATALDG

SIGNAL ANALYSIS G5



Suppliad: Power card; 24-pin, 36-pin, and 50-pin type 57 plugs
o mate with rear connectors: & Transmission Record Shedls,
Available: 1560-PA0 and P-42 PHEAMPLIFIERS, 1566 MULTI.
CHANNEL AMPLIFIER (inpul scanner), 1522 DC RECORDER,
1921-P2 STORAGE DISPLAY UNIT, Housion [nstruments
6400-024 sories plotters, Mohowk Data Sciences model BDD
High-Spesd Printes, NOTE, The 1522 DC Recorder is ideally
suited for use with the 1921, A rack model 1522 with a 1522.
Pl Preamplifier and 1522-9670 Cable Set is available
Power; 100 to 125 and 200 10 250 V, 50-60 Hz, 182 W
Mechanical: Banch or rack models. DIMENSIONS (wxhxd):
Bench, 1951920 in, (495x483x508 mm); rack, 19x17 5x
16 in, (48354450406 mmi. WEIGHT: Bench, 95 s (44 kgl
net, 190 b (87 kgl shipping: rack, B0 1b {37 kg! nel. 120 Ib
{55 kg) shipping.

Descrigtion Catalzg Number
1921 ReakTime Analyzer Wilh Attenuxtar
Consistx of 1986 Mulichanmil RS
Datuctor and 1975 Multifitter with Paneh Back
il lr-octave pends®
25 Hrrw2a kHy 19219700 1321.9701
128 Kriplo kHr 19219708 19219700
318 Hzis 25aMHr 192149704 1921-970%
00 HrwaBD WMz 19219706 19215700
Wittaut Athenuatos
P Hrip20 KHz 19219708 19219709
125 Mamid kHz 15239710 19219711
11%Hz o 25 uHr 1921-5712 19219713
100 HrioBD kHz 19219714 1921-1915
19758670

Tramsmissinn Recorid Shewebs, pack of ten
* Oifer partwidtns availabl; lnguines are inyiteg,

1921-P2 Storage Display Unit

= especially uselul with real-time analyzers
n clear, bright specirum display

= |arge 4-by-5-in, viewing area

= bench or rack models

Spectrum al o glance ASs an accessory for the 1921
Real-time Analyzer, the 1921-P2 displays the results of
the spectrum analysis — amplliude va frequency — in a
single, dasily mlerpreted format. The display funclions
of the unit are programymable, and necessary contral and
dellection voltages are provided by the analyzer.

The 1921.F2 iz a slightly modified Tektronik* Type
603 Storape Display Unll. It has all-solld-state clrouits, a
Bie-inch bistable storage CRT, bullt<in vertical and hori:
zontal deflection amplifiers, and Z-anis modilalion ca
pability, It s supplied with inter-connecting cable for the
1921 snalyzer and graticulées marked with 1/ 3-ectave
standard band numbers, center frequencies, and a dech
hel scale.

SPECIFICATIONS

Frequency: Dc 1o 2 MHz tor waveform display, fn which the
A avis represents fime. PHASE SHIFT: <1* difference be
tween X and Y channéls. up to 500 kHE.

Display: 4 in, vartical [Y3, 5 in, horizontal {X) display (spprox
10x12.5 cm} on 6Ykin, Nat-laced bistabile storage tube. Phos-
phar similar ta Pl. LINEARITY: =5% difference in voltnge

"'...:41

J
-
“

&

batweuly any 2 deflection increm ol Ldm. lengih vertically,
anywhare In display area. £ wrly, <5%, horizontally.
SPEED: >10 In/ms [25 em/sm. . dored line-wreitling speed
STORAGE: Z auxis on-fime should be =4 u5 to ensura good stor-
age  YViewing tima up to | H recommupnoed; erasune becomes
more difficull 1 infarmetion s =lored longer. ERASURE,
nerimal erase time; 250 ms.

Supplivd: Five graticule grids graduated vertically evary 5 08
from O to 60 dB and horizantally in 30 bands 1-esch for pands
51034, 11 to 40, 14 1043, and 20 1o 49, and one with bands
unmgrked

Power: 9 o 132 and 180 lo 264 V, 45 (o 440 He, 57 W
Mochanicalt: Bench or rack models. [HMENSIONS {wxbod]
Bench, 85% 5x19.5 in, (2162185495 mm); rock, 19x5.25x
§9.5 In, (483x133x395 mm}i, WEIGHT: 18 |b (9 kg) net, 26
I (12 kpt shipping,

* Meglvered irpasmark of Tekbrni e,

Cama
Dwscript on Nm‘a
1821-P2 Stocage Display Unit
Barch Model 19218716
Heabe k. Mocai 1sz1am7
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1925 Multifilter

3.15 Hz to 80 kHz

1/3-octave or ociave bands

calibrated channel attenuators

display with standard scale factor

= scanned, parallel, and summed oulpuls

Spectrum shaper or analyzer building block The 1925
Multifliter contains up to 30 parallel octave-band ar one-
third-octave-band tilters from 3.15 Hz to B0 kHz and can
be supplied with or without attenuators that permit inde-
pendent cantrol of the gdin Inaach band. With the atlen
Lators, you can use the multifiter as an equalizer or
spectrum shaper la simulate or to compensate fof irregu-
larities in the frequency response of electrical or acousti-
cal transmission systems or fransducers. With or without
attenuators, you can use it as the basls for a serial or
paraliel fraquency analysis system,

A variely of outputs The outputs from the individual
filters are presented simultaneously in parallel, summed
iha single output, and selected individually by manual
switching, by externial switch closure, or by a remote
scanned control unit. Additioral outputs provide the un
fiitered input signal and the signal with A, 8, or C welght.
g imposed. Peakl detectors located before and after the
filters drive a metering circuit that selects the highest
peal and gives you an indication In decibais referred to
the overload lewvel

CGENERAL RADIO 1583 CATALOG

Attenuator for each band COptional atlenuataors. one for
ezch filter, broaden the usefulness of the multifilter
Eadch attenuator provides 50 dB of gain control in 1-dB
steps, accurate 1o 0.25 dB, Thumbwhee! switches ron-
trol the atlenuation and a panel display Indicates the
“transrmission” of the instrument. This display has the
same scale as the 1521-9463 chart paper used with the
1564-A Sound and Vibration Analyzer (5 in./ decade horl-
zontal, 10 dB/in. vertical), A Key-operated lock guards
against unintended changes in the attenuator contrai
setlings

Filters meet American and international standards The
filters, built on plug-In etched boards (threse per board) for
easy Inferchange, are available with eilher ooctave or anes
tirgd-octave bandwidths that conform to both American
and international standards, The A-, B-, and G- weighting
characteristics also conform to the requirernents of the
various standards for sound-level meters

Sas GR Exparimenter for Mag-lune 1550 b reprnl F1202
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SPECIFICATIONS
Frequency: 3.15 Hz 1o BO kHz.
Bandwidth: 1/3 or 1 octave stondard; 1710 octave availabile,

Peak Monitor: A peak detector senses leyels al two clrcuit
points and drives & panal meler calibrated in OB referred to
overload level A signal proportional to meler indication s
gvailable at a rear connector 10 drive a dc recoeder; 1| mA for
fuli-scale reading,

Input: Connects 1o roar BNC or microphone connector.  GAIN:
0 dB rominal, MAXIMUM INPUT: 35 ¥V de, |7 V peak ac
IMPEDANCE: 100 ki,

Attenuation: +6 o —124d8 continuous gan sdjustment com
mon 1o all chanpels plus, optionally, +25 to -25-dB attenua
tior in 1-dB steps with 202548 sccuracy {re 2548 satting)
by means of 4 panol thumbwheal gwilch for ench band. Al
tenuation of aach band s indicated by a dot on panel display
ard represepts the transmission between (npul and sumemed
output, Display has siandard 50-dB per decnde scale faclon
10-dB per in. vertical, 5 in, per decada horlzontal. Lock on
pangl provents accldental changes In allenuator ssttings.
Response: 30 G-pole Butterworih filters with 1/3.0ctave effec-
tive (noiss) bandwidths that conform fe ANSI 51.11-1966
Class Il (high attenuation) and IEC 225 1966 standards or
with l.octave bandwidths that conform to ANSI 51.11-1966
Class || (moderate rate but highest tor oclove-band filers)
and IEC 225-1966 standards. ACCURACY of centor frequency:
=2% LEVEL UNIFORMITY: Within =0.50 dB s 25°C. =0.75
o8 from 0 to 50°C, &1 center Ireguency with attenustor at
#25 dB. PASSBAND RIPPLE: 0.5 dB max pkpk. NOISE:
<15 uV eguwalent input neise. HARMONIC DISTORTION:
<0.25% at 1-V output for bands centered below 25 Hz, <0,1%
al 1-¥ outpul for 25 Hz and above. WEIGHTING: A, B, C,
conforming to ANSI §1.4, IEC R123, and IEC R179.

1 5

\
: \
AN

:- - . e LES
LTI I T mm

Outputs: PARALLEL BAND OUTPUTS: =4.2 V max {3 V rms)
behind 20 1 nominal; 3 ki min load for man outpul voltage.
SCANNED BAND OUTPUT: =4.2 V max (3'V rms) bahind 20 i
3k0 min load for max putput voltage. Two chassis can be
wired In parallel for up to 60 scanned outputs. SUMMED
OUTPUT (for equalizing and shaping applications): =42 ¥
max gpen circull behind 600 ©; impedance of load does nol
affect cutput lincatity. WEIGHTED AND UNFILTERED QUT.
PUTS: O-d8 nominal gain at 1 kHz, behind 20 1 nominal;
30k min foad for max output vollage.

Supplied: Power cord, two 36-pin type 57 plugs to mate with
radr connectors.

19259670 Trarsmission Record Shests avallable: thin Mylsr*
sheuels, of same size and scale factor as attenuator display,
attaeh to windaw with sslf-contained adhesive and can be used
ta record position of dals in windew with china. or glass-mark
ing pencil of crayon.

Available: 1560P40 and -P42 PREAMPLIFIERS, 1566 MULTH
CHANNEL AMPLIFIER [input scannos).

Power: 100 to 125 and 200 to 250 V, 50-60 Hz, 17 W,
Mechanical; Bonch or rack modole.  DIMENSIONS (wxkid):
Bench, 19.75x9.13x12.25 in. (502x232x311 mm|; rack, 19x
B75x12.25 in. (483x222x311 mm). WEIGHT; Bench, 49 Ib
123 ky) net, 58 Ib (27 Kg) shipping: rack, 39 ib (18 kg! net, 47
I 122 k) shipping.

* Moygistered tradomark of E. |. du Pont dn Nemoarfs and Co. Tno.

Descriptucn Catalog Nurmbrer
With Attenuator

1925 Mullifilter **

Oon-Thind-Octave Bands i -
M Mzie29 kM2 19259700 19259701
125 Hriwid &Hz 1975-5T02 1925-5T03
215 Helo 2.5 kM2 15259704 19259708

100 HzioBD kHe 1925-5706 18259707

Detave Bands
3.8 Hriols NMr 19259708 15259700
4 Mrm 2 kML 1F259T 10 19259711

4 Witk Atlenustor

One-Third-Detave Bands
2 Hew2D kHz 19250712 15258713
125 Mrwmid kHz 19259714 1925971%
JiSHrte Z5 kHr 19259716 19259717

100 MrioBD kMa 19255718 19259719

Dctave Dands
315 HriolE kHz 192589720 19259711
4 Hrto Z WHR 192557122 19259723

*+ 45.pang models, |/10-oclave-band motels, misd 1/10, 143, =na
j-octlave-barmd modele or rpocial bandwicihs svallable on specim
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1926 Multichannel RMS Detector

1 Hzto 100 kHz

70-dB dynamic range, 60 dB displayed
digital detection -« true rms answers
fully programmabie

Digital detection The 1926 is the digital detector sec:
tion of the 1921 Real-Time Analyzer and is available sepa-
rately for use with the 1925 Multifilter or other multi-
channel filters where real-time analysis is required, It is
also usetul as a multichannel true-rms detector in other
applications such as monitoring the sound pressure at a
number of points ar measuring the electrical noise of
multichannel systems,

- So¢ GR Experimenter tor My june 1065 and repont 522

SPECIFICATIONS

Frequency: 1 Hz fo 100 kMHz (3 db down at <1 Hz tor bands |
to 10, at <6 Hz for all other bands; <1-dB frequency-respanse
error al 100 kHz).

Amplitude: 70-dB dynamic rangs, 60 dB displayed, 1 V rms
= 10r% full-scale sensitivity

Linoarnty: =0.5-0B deviation trom best stralght-line fit over top
50 dB of display range, * 1 dB over entire B0-dB range

Digital Presentation: Band (nformation is displayed on high
intensity neon readoul tubes, BAND NUMBER per ANSI S51.6
and S1.11 |s displayed on 2 tubes and availabls as 2 BCD
digits on rear panel.  BAND LEVEL from O to 152 dB In 0.25
dB steps is displayed on 5 tubes and avallable as 5 BCD digits
on redr panel with overload indicaled as 8 or 9 in lelt digit.
REAR-PANEL DATA are 1-2-4-8 welghted at standard 5V TTL
evels (5 +0.5and = 3.5 V; 15V DTL available on special re
quest] and avasilable from all bands sequentially and aulo
matically in 720 us to 45 & for 45 bands or manually by push
button or external command, af a rear 50-pin type 57 con.
nacior.

Analog Presentation: BAND NUMBER Is available as 0 to +1.v

GENEFRAL RADID 1973 CATALDG

finear ramp at rear BNC conpoctor, BAND LEVEL from O 1o
60 dB s available as 0 1o +1 V= 10% signal at rear BNC con
nectar with overload Indicated by superimposed |ittor

Input: 30 or 45 channels. SENSITIVITY: 1 Vrms = 10% full
scole, DYNAMIC RANGE: 60 dB displayed plus 1048 crest
Inclor margin af Tull scale. MAXIMUM INPUT: 100 mVde,
3 V peak ac for linear operation.  IMPEDAMNCE: S kil; O to
30 ¢ atiowable source impedance. CALIBRATION: Full-scale
and rero-level sell-calibration provided in two auxiliary chan
nels; pangl contral allows a calibration factor to be added 1o
digital output; fullscale indication s adjustable from 60 lo
159d8 in 148 steps

Detaction: RMS wilh true (linear) integration. INTEGRATION
TIMES: ¥, %4, %2, 1, 2, 4, B, 16, or 32 5; pushbution contrallsd
SAMPLING: Sampling rale Is changed during integration time
to minimize coherence affects; 1024 samples taken during
integration times from 1 1o 32 5; below 1 s number of samples
reduced in proportion o integration time to a minimum of
128. REPEATABILITY: Batter than 1 dB (1 & limit) for tone
burst with duty factor of 1/ 100 (equivatent to crest foctor of
23 dB) when rms lovels are <13 dB below full scale.
Programmability: All panel control funclions, except oulput
display rate, are programmable by closures 1o ground applied
to a rear 50-pin type 57 connecior

Supplied: Power cord, 24, 36, and S0-pin type 57 plugs 1o
mate with rear connectors

Avallable: 1522 DC AECORDER, 1921-P1 STORAGE DISPLAY
LINIT, Houston Instruments 6400-024 sories plotiers, Mohowk
Data Sciences model 800 High-Speed Printer.

Power: 100 to 125 and 200 to 250 V, 5060 Hr, 135 W
Machanical: Rack modal only. DIMENSIONS (wxhed): 19%
B.75x17.44 in. (4B3x222x443 mm). WEIGHT: 47 b (22 kg)
net, 55 b {25 kgl shipping

Catalog

Eepcriplmm I urrm bed
1926 Multichennel HMS Detection

Hmch Mpaded . 30 Channeis 1969701
Rck Mool | 45 Charnaly 19269700
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Thia analyres representa e mosl capatre, sophilcoes signal-processing equipment avallatis Aty e

T/D Time-Series Analyzers

0-10-50 kHz Irequency range

dynamic range - 70 dB
frequency resolution to 0.025%
aulomatic analysis

fully calibrated displays

continuous, on-line real-time acquisition mode

panel-controlled or keyboard programmed
Tailored analysis The Tima/ Data 1923 analyzers pro-
vide a broad range of time series analysis techniques
Pushbutton selection of such aperations as direct or in
verse FFT, correlation, Aulo Spectrum (PSD), transfer
function, etc allow fast. error free and continuous Mmear

e p—— el
L erils of your | HLEE

. I signals The analyzers afe
offared in four basic models o sull widely divergent
reetds. Each model can be tallored to your specific ap
plication by aither a variety of off-the-shell oplions, or

ftware unique to your installatior

fied Sysiem

SpECial narowars o

iy integrated

Twa models combing the spedad of a mic roprogramimea
Fasl Fourler-Transform processor with the flexibitity of a
digital controller. Another owes (ts |ncreased speed o
the rniew FTE-10 Fourier Transform Extended Perform

ance Element developed by Time/ Data, With this wide
cholce you need only purchase the performance and

speed you raally require. I in the future your needs
change you can, by adding the FTE-100r the 90 Cor 90 A

50r, InCrease the performance (o meel the ng
oiiware packape and, in adl

programaming s avallable lor specCialized

SIGNAL ANALYSIS

Hew Since
Catulog U

High-speed analysis These analyzers permit real-time
continuous processing without any loss of your data
F'r-‘.l:‘.-""uurl[q bandwidths are available up to 38 kHz (auto
spaclrum) directly from the panel. In addition, the full
scale frequency range selection is in sequence steps of
1,2, 25, 4,and 5 from 0.1 Hz to 50 kHz to allow maxi-
mum utilization of the bandwidth capability. Widest use-
ful dynamic range s preserved by means of 16-bit words,
double-precision calculations, and operator salected dy
namic scallng

Easy analysis
mglul displays, and a complete software package pro
vide true "ogne-button™ operation — there s no need o
Krow of to learn computer programming and ro need for
conslant cable patching or control manipulation

Complete analysis The sys
'\:'-"'.'.lu i cal vy 3 Iie .I Lk
oulput operations for automatic
tion routines. Paralle| proce 16 in bath the pre
wide-Dand performance. Compléx

1 be initlated autornatic

A lask-onented control console, mean.

Wy nooung

and controller permits

repallve Seguences | ally or al
thie puah ¢ L
operator (0 set up and Suf
Pre-pragrammed pushbutton functions:

DIRECT /INVERSE FFI

AUTO. [CROSS-SPECTRUM

TRANSFER [COHERENCE FUNCTION

AUTO- |CROSS-CORRELATION

AMPLITUDE HISTOGRAM

WAVEFORM AVERAGING

Preselected fime-domain HANNING available for any
Tunclior

{-a bution

izting the nead for a Irained

ch measurement

Ervise aa

huly | Septamber S0

Zew OR Caperimenter 108
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SPECIFICATIONS

[ 3

Im of nmmu
/ \
Wodel L 1= 1024 178 1024 178 1028
85 50 BS e P40 M 180 mw 1860 ms 1004
1523 50 13 Lat 19 2.8 a2 360 1024
16 10 17 i7 21 v ] a“n 28 2058
1523/80 | L 12 128 27 I 2048

Cynamic Range: =70 0B, voilage or powar

Frequency Resolution:
Analyys Freguancy Rangs in Ha"*
: Numbter of 7 000 | 35000 | 40,000 | 50,000
gizeln | F | 10000 | 20,000 | 2
Veords Lines Resclutom par Lins b M1
gis2" | 400" 25" 5 625" 10* 12.5°
4056* 2048 §* 10* 25 200 25
2048 1024 1o =0 i) a0 50
1024 812 o0 40 50 HO 100
10 ] 156 A0 i 100 160 | 200
255 18 B0 1ika 200 10 400
izs &4 180 LEyi @00 640 BOO
&4 iz 330 | G40 | 800 1280 [LEDO

* May be oplionsl.  =* For loaar ansbpis mm diviga Respiu
Lizn per Line by approorialo power of 100

On-Line Input: Automatically sot up and controlled by selected
operations.  Bulfered mode for conlinuous acquisition as-
sumed unless inhiblled. CONVERTERS: Parallal, iwo-channgl
10-bit A-D convertars with input impedance of 1 Ml shuntad
by <45 pF. SAMPLING: Simultaneous two-channel sampiing
up o 1024 kHz (50 kHr bandwidih per channel). ATTEN.
UATORS: Calibrated in 1, 2, 4 steps for ranges from =0.1 V
to =2V, FEATURES: Ac/dc coupling. Over-range indication.
Programmabie AntiAlias Filters (optional) aulomaticaily set
by selected bandwidth,

Control Modes: PANEL: A simple operation wilth pushbutton
presalection of process parameters and complate operation
from input start to result display on & single exgculion corm-
mand. KEYBOARD (optional): Operatien for Individual proc-
55 sieps and data manipulations. LEARNED PROGRAM:
For single-command execution of complex operational se-
quences ontered from the keyboard. Additional Heyboard
Functions: BLOCK (ARRAY) ARITHMETIC: Add, Subtract,
Multiply, Divide, Binary Scaling, Exponential Averaging all in
Real or Complex mode, single or double precision. INTE-
GRATE/ DIFFERENTIATE  DECIMATE/EXPAND, CONVER-

FFT Processor Memory: Plone needod in the 1923730 or
1923/ 50 systems. dk standard with up to 16k optional In the
1923170 or 1923/90.

Arithmetic: 16-bit, fixed-point for Fourier Transform: 32-bit
for Auto (power) Spectrum; double-precision selectable for
many operations.

Display: CRT, 8 x 10 cm, with oplional storage capability,
eomplelely and accuralely calibrated by digital process with
panel |ndicatlon of scales and unlls.  ANALOG MODE: For
maritgring inpuls and trigger condilions. SAMPLED INPUT
OR RESULT duplays. LINEAR or LOG scales, either axis; ver-
ticsl presents full 896-dB computational ronge or cholce of
two expanded ranges.  COMPLEX DATA in choice of; Cartesian
Real and Imaginary, Polar Magnitude and Phase, Phase Plane
[real vs imaginary). VERTICAL EXPANSION: Linear scaling
or log range shilt in 6dB8 steps ower full double-precision
mnge. HORIZONTAL EXPANSION: Any portion of Ul scale
range

Multiple Frame Averaging, | to 16k frames or Continuous,
with pushbutton selection ef: Uniform Weight Accumulation,
Exponenlizl Decay of older resulls (with adjustable discount
tactor), Normallzing It desired, Ower-flow Protection and
Warning.

Options: There are over 60 standard urtlmn including tele-
type, rack cabinel, keyboard, antl-atias liter, high-speed paper
tape reader, addhitional memaory nts (lor processor of
controlier], special software, outpul devices, (such as X-Y
"T":i recordors, slorgge scope), magnetic tape or disk
units; aic

Power: 110 to 125 or 220 10 250V, 50 or 60 Hz.

Mechanical: WEIGHT; 1923/70/90, 1200 |b (544 kgl not;
1523730/50, 675 Ih (306 ki) neL

Warranty: Time/Dala products are warranisd for parts, lnbor
and transportation during the fiest throe manths after cus-
tomer acceptances.

SIONS: Linear/Log, Polar! Rectilinear. TRIG: Sine/cosine Catalon
tables available for manipulations. DIRECT CONVOLUTION, Descriplien Humnper
Spectral Smoathing or time domaln filtering with complex or
s T e
Controller: DEC POP-11, 16:bit general-purpose com- vy
putir with hardware miﬂunlyldlwde 7 = }-'}'E ::::;E ﬁm:
Controller Memaory: 16-bit ® BRoword, standard (datas area = Select following options, if desired:
2k}, Up to 28k-word, aptional, P.gn L *-""g-; "
Hardware Processars: rﬂiﬂ Meyboard and (18 control m:r;.-
Program-<canirolied Anti-Aligs

1923/ 30 1923/50 1923/70 1923/90 o Ha & Paner Tane Read "mtm

POP-11 TIDFTE-1D T/DooC TiD80A OTHER: Ses “Opiiany,™ in SpecHizations
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T/D 1923V Digital
Vibration Control
System

= random, sine, and transient control

computer-conltrolled lesls
automalic failure protection

seleclable lrequency resolulion
and bandwidth

control dynamic range 60 dB

automalic hard-copy documentalion

Fast, accurate, versatile This system, by Time/f Data,
represents the first major innovation in vibration testing
in over a decade. Until its introduction, a similar lunction
was performed by analog equipment consisting of a noise
generator, B0 parallel variable gain band pass filtars for
shaping of the spectrum, and BO identical filters for ob-
taining an approximation to the spectrum of the observed
vibrations

A new generation The T/D 1923V is a digital vibration
control system capable of random, sine, and transient
control. lts new digital control philesophy, combined
with a Fast Fourier Processor and selectable contral strat-
egies, assure no-compromise performance and utility

Inherent in digital techniques is predictable, drift-free
performance, The computer controls the test automati-
cally, eliminating human error. It monitors test resulls,
compares these to preset alarm and abort limits, and
executes a programmed test shutdown when necessary
Immediately following the test, hard-copy documentation
is available automatically

A new standard ol performance Features such as

= 5 96-dB computational dynamic rangs

® fineg resolution spectrum

= high-speed signal processing

s ynigue signal generating and control algorithms

Contrel accuracy of =% dB over greater-than-60.dB
cortral dynamic range is now possible, with contral leop
response time less than 1 second. This is made possible
by the T/D 90A Fas! Fourier Processor, Il calculates a
512-line specirum from a 1024-sample data frame in only
12 milliseconds, yielding a real-time bandwidth of 40
KHz. This assures the maximum statistical accuracy in
the analysis and generation ol the highest Q resconances
that are noermally encountered In mechanical systems.

Unlike other compromise systerns, the high speed of
the T/ D 90A allows the generation and control of natural
random noise, with continuous spectrums, without the
undesirable periodicities that result in discrete spectral
lines.

With the T/D 1923V

Versatility

¢ Frequency resolution and spectrum shape can be
specified over a wide range.

¢ Control strategy may be easily changed to suil chang-
ing test reguirements

¢ Convertible within minutes to a T/D 1923 Time-Serles
Analyzer which accommaodates all types of signal
analysis

# The T/D S0A can be interfaced to your central com
putar, to act as a peripheral processor when not in use
far vibration control or analysis

* The DEC PDP-11 can be used as an independent gen
eral-purpese compuler, when not in use for vibration
control or analysis.

Easy operation Control of the system is through s user-
orignted control panel, A Teletype and conversational
language are used for test setup.  All necessary software
Is provided, and no computer or programming knowledge
15 necessary to operate the system, Manual override of
computer control is provided,

The 1923V Digital Vibration Control System synthe-
sizes and controls the axcitation for vibiration testing. The
all digital system pgenerates a random (Gaussian) se-
quence af numbers that are converted 10 an analog signal
The analog signal provides the excitation to a power
amplifier that in turn drives either an electromagnetic or
electrohydraulic shaker system. Additionally, the 1923V
controls the vibrations experienced by the fest specimen
by comparing the spectrum of the observed vibrations
with a stored reference. The Gaussian signal is controlled
and synthesized in the frequency domain, The driving
signal is abtained through a discrite Fourler transform
performed by a high-speed special purposa Fast Fourier
Transform Processor. This alse performs the spectral
analysis of cbserved vibrations

Description The standard T/D 1923 Time-Series An-
alyzer comprises better than 95% of the hardware of the

72 SIGNAL ANALYSIS/VIBRATION CONTROL
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Test-System Building Blocks

Low-Frequency Oscillators 2 Hz—2mHz

General Radia's low-frequency oscillators are of the RC
Wian-biridge type, which, when designed using modern
solid-state devices, can provide a combination of wide
frequency range, low noise distortion, and stable output
in a reliable and Inexpensive instrument.

in the Wien-bridge oscillator the frequency |s deter-
mined by passive resistors and capacitors; both can be
made very stable with time and temperature. Tuning s
accomplished with a variable air capacitor, which pro-
vides continuous adjustment withoul jumps, or with
switched resistances that vary frequency in discrete
steps. Both offer advantages, depending upon the appli-
cation: Infinite resolution or tast, repeatable frequency
sefection.

For greater frequency stabifity, the osciliator can have
its frequency locked to an external signal by means of a
synchronization input. All the oscillator’s output charac-
teristics are malntained and the long-term frequency sta-
bility is the same as the external signal.' By this means,
#lso, the oscillator can filter out noise and distortion in
an applied signal, while providing the output amplitude
and shortability of the normal oscillator. Short-term fre-
quency Instability or jitter can be reduced also,

= 2Hzto2 MHz

w20V = 0.25% distortion

Dacillator Niters. ampliifes sotale, mullipline Deguency

With & unique type of amplitude regulator circuit,? the
output of 2n RC oscillator is held very constant, regardiess
of changes in the output frequency, This regulator circuit
operates without increasing distortion, and the output is
s6 constant that an analog voltmeter will not move as the
frequency is changed, providing that the oscillator is
properly terminated so reactive loading effects ara in-
significant,

l:u:' Ir GR Insty Nm m m. Prinelples and Applicalions of AC
i

dliator Destgn for Audlo Wee™ Joir
ml of iE' ﬁn int ¥, Janiiary 1966, availanie Irom GR
an regpring

GR 1310

s 200 VA w 400 Var 5A

s 20 Hz to 20 kHz w transformer outpat

= 10Hzt0100kHz w 5V
= G0-dB step attenuator

a 0.05% distortion = sine and square waves

s lwatt = I00VordA
= transformer output

= 50Hzlol0kHz = discrete frequencles

GR 1311-A
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Conelan! oulpul voltags v lregquency change

The oscillator output may be made avallable through
a constantdmpedance attenuator, a tapped transformaer,
or a combination. The constant-impedance atienuator s
most commonly used because of its convenience in the
control of loading effects — cablecapacitance shunting
or low-impedance loads, for example.

Also convenient is an attenuator position that remaves
the oscillator voltage yet maintains the output impedance.
Thus you can set the output to zero without changing the
variable control or shorting shielded connections. Since
the impedances all remain the same, effects of ground
loops and other noise sources are unchanged, while you
verify that they are negligibie (or analyze them for correc-
tlive action} with the oscillator output removed.

Transformer-output circuitry offers a selection of out-
put impedances for maximizing power into a load or for
maintaining a sinusoidal current or voltage with nonlinear
loads. Further, transformers provide isolation of the out-
put for ungrounded or balanced operation and a low-im-
pedance dc path through the source,

The synchronization jack (when not used as an input)
also provides an output of the order of one volt, a con-
venience for triggering a counter or an oscllloscope. This
auxiliary output is independent of the main-output level
setting.

Using yync output

The distartion in the outpul of & solid-state RC oscille-
for can be quite low with a properly designed ampiitude
regulstor. It will be iowest in the migdie of its frequency
range and increase al the extremes in a manner similar
to many devices apl to be lested.

PR L

ot

[ FYE <]

Distortion e lowsst at freguancias that motter most

Maintaining low distortion under all load conditions is
desirable and is made practical with solid-state design.
Qutput wavelarm will not be clipped even when short-
circulited at maximum output,

?

Mo cllpping of sutpu cusrent, sven Inld a shaet elredin

i ©

These many leatures have been combined in the oscil-
lators described |n the following pages, The combination
in each case attempts to satisfy the requirements of broad
application areas. As the chart below reveals, frequency
range alone is not the graatest distinction between them.

EN [MIs i AT

oy
5= I o w
" - an a  w= - i
[TT] .——F__‘.n_-_q e - -
whal : i
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1308-A Audio Oscillator and Power Amplifier

= 200-VA oulpul, up lo 400 Vor5 A as capacitor-input rectifier systems, without clipping. It

= 20 Hz to 20 kMz can also be used to drive small shake tables and to isolate
sensitive aquipment from power-line transients,

= oulput transformer The 1308 also finds many uses as an audiofrequency

pawes amplifier, When il Is used with the 1396 Tone-
The 1308-A Audio Oscillator and Power Amplifier is an Burst Generator, high-power tone bursts are provided for
@#C power source covering the audio range. 1t is an excel testing sonar projectors, amplifiers, eto.
lent powear source for the 1633-A Incremental-inductance This instrument combines a capacitor-tuned, Wien-
Bridge. Its low dynamic eulpul impedance enhances ils bridge cscillator, a low-distortion power amplifier, and a
uselulness as a power source for general testing over a tapped output transformer, The outpul is monitored by
wide range of supply frequencies. This instrument will an overioad circuit, which tums off the output whan it
provide a low.distortion signal for nonlinear loads, such starts to excead safe limits.

. T - et 1 - - ; 4
} - - - ot

- 3 ™ T et it

- . i - & | i

- | I - - } ' "

. S SRV Bt

e R = e = bl B pe e R e
SPECIFICATIONS Hum: <0.3'% of max outpul.
Frequency Range: Z0 Hz to 20 kHz in 3 ranges.  CONTROLS: Meters: Indicate output terminai voltage and current.
Continuously adjustable main dial covers decade range in Voltmater: 5, 15, 50, 150, and 500V =3% full scale.
157.6°, vernier in 2 turny Ammiter: 0.016, 0.05, 0.16, 0.5, 1.6, ond 5 A =3% | s,
Aceuracy: =3% of setling or =] Hz, whichever is greater. Overload Protection: Electronic overlosd trips at approx 1.5 %

; ; of currertt range (manunl reset], thermal cut-out on tran:
Frequency Stability (typical at 1 kHz): Warmup drift at full ™ . :
load, 0.3%. After warmup: 0.003% short term (10 min),  /ster heat sink (automatic reset)

0.03% long term (12 h), 0.04% fram na laad to full Inad. Amplifier Sensitivity: =2.0 V for full output

Output Voltage Ranges: Max of 4, 125, 40, 125, and 400 v Input Impedance: 10 ko,

opén circull, continuously atjustable from O fo max Terminals: Output, GR 938 Binding Posts and four-terminal
Output Power: 200 VA max, 50 Hz to 1 kHz. CURRENT  socket on rear panel; input. GR 938 Binding Posls on rear
RANGES: Max of 0,016, 0,08, 0,16, 0.5, 1.6, and 5.0 A. panel.

Regulation: <20%, o load to full load, 20 Hz to | kHz. Out-  Supplied: Four-terminal plug, pawer cord.

pUt Impedance is typically 0.3, OB, 1.6, 19, and 220 0, de- Power: 105 10 125'0r 210 to 250 V, 50 to 60 Hz, 70 to 500 W,
pending on vollage range, 20 Hz to 1 kHz. Output transformer depending on jond.

can pass dc current equal to max of ac current range. Outpul  Mechanieal: Rackbench cabinet, DIMENSIONS (wehud):
isalated from ground. Bench, 19%7x16.25 in, (483x178x413 mm); rack, 197215 in.
Load Impedances: Shorl circult or nondinear losds can be (283x178x381 mm). WEIGHT: 91 Ib (42 Kg} netl, 145 I
driven. Load impedances ol 0.8, 2.5, 8, B0, or B00 1, depend- {66 kg) shipping.

ing on voitage range, are optimum for max available power,

Catsiog
LOAD POWER FACTOR: Continuous operation at max VA for Description Filimiber
any power factor 0 to 1 with ambient up to 25°C.. Power factor 1308-A Audio Oscillator snd Powar Amplifiar

of 0.7 1o 1.0 for continuous nrll:l'ratiun o 40°C mhwn' Iritesr- LEBV Banch Model 13089801
mittent operation (0 50°C 115 Rack Mool 1I08aa11
Distortion (linsar load): <1%, 100 Hr to 10 kHz; <2%, 50 Hr 230V Banch Madel 1308.9802
1o 100 Hz at max power and 115V supply, 230V Rnek Mode! 15089812

76 LOW-FREQUENCY OSCILLATORS GENERAL RADID 1973 CATALOG



1309-A Oscillator

10 Hz to 100 kHz

0.05% distortion

5-V sine- or square-wave oulpul
60-dB step attenuator

The 1309-A is particularly well suiteéd for distortion
measurements, in addition to its abvigus value as a gaen
eral-purpose [aboratory oscillator. Distortion, noise, and
hum are exceptionally low, and output is flat over the
entire frequency range

The putput attenuator can be set for 2ero volts behind
600 ohms, a useful condition for measuring low-level
noise and extransous signals,

A square wave with 40-ns rise time is also available for
transient-response tests. The waveform has good sym
metry at all frequencies and no low-frequency tilt,

Thirt-harmonic diktortian

SPECIFICATIONS

Frequency Range: 10 Hir to 100 KMz in 4 decade ranges. Over
lapy batween ranges, 5%

Accuracy: * 2% of seiting.

Stability (typical a1 | kH2): Warmup drift, 0.3%, After warm
up: 0.001% shart term (10 rmin). 0.01% long term (12 h)

Controls: Continuousty adjustable main dial covers decade
range in 305", varmier in 4 turng

Synchronization: Frequency can be locked 10 externial signal
Lock range =3'% pér volt rmg input up to 10 V., Freguency dial
lunctions as a phase ad justmeant

Sine-Wave Output Valtage: 5.0 V =5% gpen circuit. POWER
*10 mW intc 600 1. IMPEDANCE: 60D . One terminal
rolinced

¢ Fegeral sinch pumbers e lialod peiorn (Ne | adex
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Attenuation: Continuously adiustasble attenuator with >2048
range, and 60-dB step attenuator with 20 =0.2 dB per slop and
4 reroe-wnll position with G004 cwtput impedance malntained
Distortion: <0.05%, 200 Hz 1o 10 kHz, increasing to <0.25%
ot 10 Hz ang 100 kHz, into apen circut or 6004 load. [(Soe
curve.)

Hum: <50 &V independent ol attenuator satting [(<0.001% of
Tull putput)

Sine Amplitude vs Frequencyt =2% for Ipads of =600 @
Synchronization: Constant-amplitude ( 1.5V, high-impedanc
[ 12-k2) output to drive counter or oscilloscops

Square-Wave Ouiput: VOLTAGE: >+5.0 V pl-pk open clrcuil
Decoupled ouwtput IMPEDANCE: 600 . One ierminal
prounded. RISE TIME: <100 ns into 50-0 load. Typically 40
ns at full outpit. SYMMETRY: =2% {48 fo 52% duty ratia)
ATTENUATION: Cantinuously adjustable sttenuator with =20
dB rangs

Terminais: Output, GR 938 Binding Posts; sync, side-pane|
telephone jack.

Available: ADAPTOR CABLE 1560-FP95 [telephone plug 1o
double plugl, D280-9838 SET to rackmount 1309 alona, 0480
SBB0 SET to rackmourt |309 side-by-side with same-size
ifnstrument such as the 1310 Oscillator, 1369 Tone:Burst Gan
erator, or 1232 Amplitier Detecior

Power: 100 to 125 ar 200 1o 250 V. 50 1o 400 Hz, 6 W
Mechanicak Convertinle-bench cabinet. DIMENSIONS [wx
hocd); BaxbxB.E3 in. (204x 1532207 mmi. WEIGHT: 7 tb (3.1
kgl net, Bib (4] kg) shipping

(Latl) 10 wHr suare-wave inlp 530 ohma, 50 ned div, hara. [Rigrl) Direc)
coupled I0:-MHr, usrewdve. Note et fco. 10 meldin, horir

Catalng

Do 1ol smum Mumlee

130%-A Oscilftator = = 13099701
1560.PE5 Adepter Cahile 15605655
ABO-FI0E Rack-Adaptor Set O RO SR TN
ARD Fach-Adspior Sel 4 B0 S HB0



1310-B Oscillator

w 2Hz lo 2 MHz
= 20-V, constanl oulputl, =2%
= 0.25% distorlion

Tre superior characteristics of this oscillator make it
an exceptionally useful laboratory signal source.

Canstant output over a very wide frequency range facil-
itates frequancy-response measurements.

High-resolution disl and exceptional amplitude and fre-
quency stability are important for measurements of filtars
and narrow-band devices.

Equally useful in 600-chm and 50-chm circuits, since
distartion is independent of load, even a short circuit.

When phase-locked to a frequency standard, the oscil-
lator can deliver a high-level standard-frequency output
with adjustable amplitude and low distortion,

Description A capacitancetuned, RC Wien-bridge os-
cillator drives a low-distertion outpul amplifier, which iso-
lates the oscillator from the load and dellvers a constant
voitage behind 600 chms. All solid-state circuits ensure
lang, trouble-free life

A Jack Is provided for inlreduction of a synchronizing
signal lor phase locking or to furnish a signal, Independ-
ent of the output attenuator setting, to operate a counter,
aor to synchronie an cscilloscope or another ascillator

Nawe: This precdtuct i manulactured also in Europa

,'i\ L _:_?: 1 /;l
.“"ii ~ m l-“. - = =] 'I“n‘-l

SPECIFICATIONS

Frequency Range: 2 Hz to 2 MHz in 6 decade ranpes. Overlap
between ranges, 5%

Accuracy: =3% of selting.

Stability (typical ot 1 kHz) Warmup drift, 0.1%. Aller warm-
up: 0.003% short tarm (10 min), 0.03% long term (12 h).
Controls: Continuously asdjustable main dial covers decade
range in 305, vernier in 4 turns,

Synchronization: Frequency can be locked to external signal,
Lock range =3% per volt rms input up to 10 V, Frequency dial
functions as phase ad justment,

Output Voltage: 20 V cpen circuil. nominal,

Power; > 160 mW info 600 o,

Output Impedance; 600 (1. One termingl grounded.
Attenuation: Continuously adjustable attenuator with >46-dB
range,

Distortion: <0.25%, 50 Hz to 50 kHz with any linear |oad.
Ciscillator will drive a short circuit without clipping.

Hum: <0.02%, independen] of attenualor seiting.
Amplitude vs Frequency: =2%, 20 Hz to 200 kHz, nio open
circuit or 600-0 load.

Synchronization: Constant-amplitudes (0.8-V], high-impedance
{2741} output to drive counter or oacilioscape.

Terminals: Outpul, GR 938 Binding Posls, sync, side-panel
telephone jack.

Availsble: ADAPTOR CABLE 1560-PH5 (tolephone plug fo
double plug); 04B0-9938 SET to rackmoun! 1310 alone; 0480
9880 SET to rackmount 1310 side-byeside with same-size
instrurnert such as the 1309 Osciltatar, 1369 Tore-Burst Gon:
araipr, or 1232 Amplitier Detector,

F;:;r: 105 to 125, 195 to 235, or 210 10 260 V, 50 1o 400 Hz,
12w

Mechanical: Converiible-banch cabinel DIMENSIONS (wx
fod) | Bxfafl 13 in. (2040153x207 mml, WEIGHT: 7.75 Ib
(3.6 kig) net, 1015 (4,6 kg) shipping.
Deocrintion m
1110-1 Oeillator
118-¥ Mainl 11105702
T20-V Wods 1310-%70)
TV Mosel 13109704
15560-P945 Adsptor Cabla 1560405
AB0-PI08 Rack-Adaptor Sot C4BO-GEIR
480 Rack-Adaptor Set Ol BT HED
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1311-A Audio Oscillator

= 50 Hz to 10 kHz, discrete Irequencies
= 1 W, 100-V or 4-A output
s transiormer outpul

The 1311 oscillator offers high-power sutput and load-
matching through a multitap output transtormer that en-
sures ot least ¥ wall into any load from 0.08 to BOOD
ghms, Thus, it is ldeal for driving impedance bridges
where high sansitivity is required at extreme measure-
ment limits and for driving directly such low-impedance
devices as acoustic transducers, For bridge measure-
ments, the shielded cutput-transformer secondary mink
mizes circulating ground currents, The 1311 s supplied
in an assermnbly with the 1232 Tuned Amplifier and Null
Delector as the 1240 Bridge Osclilator-Detector. The
1311 is atso included In several GR impedance-measuring

Frequency Range: 50 Hz to 10 kHaz. Eleven fimed frequencies,
50, 60, 100, 120, 200, 400, and S00 Hr. 1, 2, 5, and 10 kHz,
One other frogquency can bo added al an unused switch poRl-
tion. A Al control pravides =2% continucus adjustment,

Accuracy: =1% of setting with Af control at 2ero,

Stabily (typlcal at 1 kHr): Warmup deift, 0.3%, Alter warm:
up: 0.008% short term (10 min), Q.02% long term {12 ),
Synchronization: INPUT: Frequency can be lacked fo exlerrial
signal, Lock range, =3% per volt rms up to 10 V. The Aof
coniral funclions a8 a chase adjustmant.  QUTPUT, Constant
amplitude (1 V) 1o drive courter 6 oscllloscope. Sourca
mpaedonce 4,7 ki,

Output Level; VOLTAGE: Cantinuously ad]ustable from 0 te 1
3, 10, 30, or 100 V apen clrcull {EL), dependent on setling of
5 position output switch, CLURRENT: Continuously pdjustabis
fram O to 40, 130, 400, 1300, ar 4000 mA, info approx short
cireult (1), POWER: >1.0 W into matched load, 205 W inta
any resistive load between BO mitrand 8 kix.

Qutput Impedance: One 10 thies tmes Ef o deponding on oul-
put amplitutle, Output ungrounded.

Distortion: <0.5% with any linear load. Oucillator will drive »
shor circuit without clipping.

Houm: <0.01%, indesendent of output setting.

Tefminale: Output, GR 938 Rinding Posts and ground termi
il with sharting link; sync, telephona jack on side panel.
Available: ADAPTOR CASBLE 1560-P95 (lelephone plug to
doubile , DABN.SA3A SET to rackmount 1311.A alone,
0480 SET 1o rackmount 1311-A side-by-side with same-
size Instrument such as 1310 Oscllintor, 1369 Tone-Buorst
Genarator, or 1232 Amplifier-Datscior

Power: 105 to 125 or 210 (o 250 V. 50 to 400 Ha, 22 W
Mechanical: Corwertiblebench cabinel.  DIMENSIONS (wx
had): BxBx7.75 in, (203x153x197 mm). WEIGHT: & b (2.8
kgl net, 91 (4.1 kg shipping,

= Catnlng
1311-A Audio Oueillator
L%V Model & 12415701
230V Mogs o2
1560-P95 Adaptor Cable 15605655
480 PIOR Fack Adaplar St O4B0-5818
480 Rack-Adaptor Sel G4ED-9EBD

T Federal MOCK ROt (9 NSEED Defoatn 11e Indos.
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Random-Noise Generators

Electrical noise Is, by definition, any unwanted disturb-
ance and Its reduction in communications circuits is a
constant aim of the engineer. MNoise from a controlled
source, however, is useful in studying the effectiveness
of systems for detecting and recovering signals in noise.
Well defined random noise is, moreover, a remarkably
useful test signal that has, for many measurements, prop-
erties that are more useful than those of a single-fre-
guency signal. |t wide spectrum sometimes permits one
test with random noise to replace a series of single-fre-
quency tests. Noise is also useful in simulating speech,
music, or communications circuit traffic.

Moise js called random if its instantaneous amplitude
at any fulure imstant is unpredictable, Random noise |5
specified by its amplitude distribution and by its spec-
trum. Many types of naturally eccurring electrical noise
have the same distribution of amplitudes as do errors that

narmally occur in experimental measurements — the nor-
mal or Gaussian distribution, In general-purpose noise
generators the design objective is random noise that is
Gaussian and has a uniform spectrum level over the spe-
citied frequency range.

The General Radio random-nojse generators produce
electrical noise at high output levals, each model having
been designed for specific uses. The 1381 is useful for
many audic-frequency applications, and also in vibration
testing as its spectrum extends well into the subaudio
range. The 1382 is intended for audio-frequency electri-
cal, acoustical, and psychoacoustical applications. The
1390-B is useful at higher frequencies because its spec-
trum extends to 5 MHz, The 1383 generates wide-band
noise of uniform spectrum level and is particularly useful
for tests in video- and radio-frequency systems.

1382° Provides
white, pink, or ANS]
noise spectruin with
variable output up
to 3V rms.

1383 Provides white
or pink noise spec-
trum from 20 Hz to
20 MHz with cali-
brated outputs from

30 g¥ to 1 ¥V rms

2 Hz
1381 Provides white
5Hz nokse speclrum from
2 H: to 2 KHz, 5 1390-B Provides
20 Hz | kHz, or 50 kHz with white or pink noise
variable output up spectrum from 5 Hz
te 3 V rm3 open- to 20 kHz; 500 kHz,
gircuit. gr 5 MHz with vari-
50 kHz able output up to 3
V.rms open-circuit.
5 MHz
20 MHz

open-circuit.

1381 and 1382 Random-Noise Generators

GR 1381
® 2 Hzlo 2, 5, or 50 kHz, Gaussian distribution
= adjustable clipping
= 3-Vrms outpul

GR 1382
= 20 Hz to 50 kHz, Gaussian distribution
= whilte, pink, or ANS| spectra
& 3-V rms outpul, balanced, unbalanced, or lloating

Predictably random The 1381 and 1382 are compan-
ion instruments that generate truly random noise from
a semicanductor source. Special precautions are taken
to ensure a symmetrical, Gaussian amplitude distribu-
tlon. Qutput level is adjustable from below 3 millivalts
to 3 volts rms behind a 600-0hm source impedance.
Each model is constructed in a 3%-inch-high, half-rack-

width cabingl, convenient for bench use and two can be
mounted side-by-side in a relay rack.

Either of these noise generalors can be used for simu-
lation of noise in signal paths, as test-signal sources, or
for demonstrations of statistical and correlation princi-
ples. The differant features of the two offer a choice 1o
match your needs.

Lowest frequency The 13B1 generates noise that is
flat down to 2 Hz and it intended for random-vibration
tests and for general-purpose use in the audio and sub-
audio range. The upper-frequency limit (at —3 dB) can
be swilched to 2, 5, or 50 kHz. The output sigral can be
clipped symmetrically at 2, 3, 4, or '5 limes the rms
amplitude.

Pink or white The 1382 generates naise in the 20-Hz
to 50-kHz band and is Intended for electrical, acoustical,
and psycho-acoustical tests, It offers three spectra, white
(flat), pink (—3 dB per octave), and ANSI (see specifica-
tions). The output can be taken balanced or unbalanced,
floating or grounded,

— Se¢ GR Experimenter for Jutaary 1968 and March-April 1969,
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SPECIFICATIONS

grennwu of 1381: SHAPES: Fial [constant ernn;ﬁr per heriz
bBandwidth) =1 dB from 2 Hz o hall of cutof. CLUTOFF

FREQUENCY (down 3 dBi: 2, 5, or 50 kHz, selected pwitch,
SPECTRAL DENSITY, at 3.V nutnut leval and for 1-Hz band-
witdth: 64, 40, and 13 mV, approx, respectively for u cit-
oft ir&quﬂm:nu ol 2, 5, and 50 kHez. SLOPE at amplitude vs
freguency above upper culof: 12 d8/oclave. Som graph
Spectrum of 1382 Choice of 3 shapes. WHITE NOISE it
um, constant F?-lu hertz bandwiith): =1 dB, 20
to 25 KHz, with 3-dB points at approx 10 Mz and 50 kHz:
PINK NOISE {constant ene r octirve bandwidthl: *1 dB,
20 He 1o 20 kHe; or ANSI c'ﬁ% as specified In ANSI Standard
51.4-19G1, Ses graph.

a8 1382
1381 and 1382 Random-Noise Generalors (Cont.)

Clipping: The cutput of the 1381 can be cli i fo
remigve the occasional wide e:t:unﬂ of amplituds, CHl ng.
it desired, is adjustable lo a;mn 3, 4, of Se. iP-
Eﬂni has negligile offect on spulrurn or the rms am

Output: VOLTAGE: >3 V rms max, npnnai..lrtult for any band-
widih, CONTROL: I:-‘umlnum: ualmenr from that level
down approx 60 uB. Can be sharted
withoul causing msiomun. 13&1 w'rmi ‘m unbalanced; 1382
outpu! is floating, can be connected halanced cr unbalanced.
TERMINALS: 1381 uur at front-ponal binding posts and
rear-pangl BNC can r; 1382 gutput ol front gans binding
posts and rear- mnui ]lcllﬂ ‘for doubla piuigs

EI:M: Power —ord, rack-mounting hardware with rack
| o

Waveiorm: Power: 100 10 125 or 200 to 250 V, 50 to 400 Hz, B W.
" Mechanical: Convertible bench cabinel.  DIMENSIONS (wx
Vel I %ﬁ‘,mﬁ'&“ | Distribution of 1381|362 I;;:l}a Mﬁmc{ hl B %5x3.87.9.87 ;n. %GMHT o Lﬂl'llzﬂ ﬁﬂr:'k
[ # n. 483.‘:&9:225 mm W
3 D bant O BaB4 = 0098 10 It 4.6 kg) shipping. S
ii’: E.umml. " E“"' - E_.?ma Dascrintion Numg!r
Tia o o 4~ 0,00002 ey e
Thess 130 |2 Hz o 50 k2], Bench 13815700
U s Sommet o vidon o O ceanrwe sa W edises 1 St Sot B0 a1 a70)
i wnilagy lﬁmmmmum.'m 13829701
IHI PT™F 00
sof = e
E "1 STEYT RARDEDTE . “
. \\ 5
- -
, \ \ £ AN
\ \ [
: : NN
\ ot
\ ' \
b T "] ) ™) - o Mo - = o Bo
Type 1381 Type 1382
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1383 Random-Noise Generator

= 20 Hz 1o 20 MHz, =1.5 dB

® 30-uV to 1-V output, open-circuit

= 50-ohm outpu! impedance

= meter and 10-dB-por-step altenuator

This instrument generates wide-band noise of uniform
spectrum level, particularly useful for tests in video- and
radio-frequency systems,

The maximum output is one volt open circuit from a
50-ohm source. An B-step attenuator of 10 dB per step
permits reduction of the output level to 30 V.

Use the 1383 as a broad-band noise source for
intermodutation and cross-talk tests

simulation of nolse in carrier systems
nolise-interference tests in radar and telemetry
detarmining naise bandwidth

measuring noise figure

setting transmission levels in communication circuits
statistical demonstrations in classroom and lab
determining meter response characteristics
measuring noise temperalure

— Gee GR Experimenlaer for Masch-Apci] 1089,

s @ & ® = o®w » @ B

SPECIFICATIONS

Spectrum: Flad (cocietont energy per bertr of bandwidih) =1
dB from 20 Hz to 10 MHz, =1.5 dB from 10 MHz o 20 MHz.
Wavelorm: Table shows amplilude densily distribution specifi-
catiots of gererator compared with the Goussian probabillity-
density lunction, as mieassured in “windows" of 0.22, cenlered
on the indicated values of vollage:

Gaunaian Prof. Amplibude-Dongity Diw, of

Violmgs | Doy, Functisn | 1383 Handom-Nolwe Gen,
o | 00786 QoreE  + 0005
o 0 D=B8 00484 = 0005
=0 o.0108 00108 = 0uood
=g 0000853 0000598 = 0.0003

w13 1P alananed cedinlinn of rd valoe of Hhe mokie v bagn |

Output: VOLTAGE >] V rms open clrcuit, 8t full putpul, CON-
TROL: Continuous contral and Batep attenuator of 10 dB/

- e e— B
=
=

R YR TR O e B

LI }[L—q_j

Tiical apectrarn 6l 1IR3 Random-Noise Gonirator odlpuls ahemgy-pers
HTmmmLﬂh vii roauUency. ;

step. METER: Indicales open-circult sutput voltage atead of
50 1. IMPEDANCE: 50 1. Can be shorted without causing
distortion, TERMINALS:; GRET4% comlal connector that can
be mounted on alther trond or rear pana)

Power: 100 o 125 or 20010 250V, 50 Io 400 He, 40 W,
Mechanical: Converlibie hench cabinet. DIMENSIONS [wa
hetl): Bench, 17x3.87x12.75 in. (4325982324 romil; rack, 19x

3:5x10,75 in. (48390273 mm), WEIGHT: 14 Ib (65 kg)
net, 21 b (10 kg) shipping.

Calalog
Ueactigatiny Number
1103 Fandgrm -MNedve Ganerator
henwh Modal 13R3-9700
Hack Moasl 13m3.9701

GENERAL RADWD 1573 CATALOG
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fandom-Sone Groerator with Plok-eaise Filler plugged in,

1390-B Random-Noise Generator

s SHz o 5 MHz
= 30uVio3V
= =1-dB audio-specirum-level uniformity

This instrument generales wide-boand naoise of uniform
spectrum level, particularly usetul for nolse and vibration
testing In plectrical and mechanical sysiems. The nolse
output of a gasdischarge tube s amplified and shaped
with low-pass filters to provide wide speciral ranges with
upper cutolf frequencies of 20 kHz, 500 kHz, and 5 MHz.

The output tevel is controlled by & continuous atten.
uator followed by a 4-step attenuator of 20 dB per stop
and is meterad from over 3 voits o below 30 microvolts.
When the attenuator is used, the oulpul impedance re-
mains essentially constant as you change the ocutput
[eval.

Frequency response  Drive your dovice under test with
the 1390-B and analyze cutput with any of several GR
analyzors, manually or with a graphic level recorder. In
contrast with the usual swept-single-frequency methods,
this one makes your DUT handle 2 wide spectrum simul-
taneously, The distinction may be significant il the DUT
is nonlinear.

Use the 1390:B as a broad-band signal source for:
+ frequency response
= interrmodulation and cross-talk tests
= simulation of telephone-line nolse
= measurements on sarvo amplifiers
« nolse interfarence tests on radar
» detatmining mater response characteristics
« satting transmission levels in communication circults
« statistical demonstralions in classroom and lab

Make acoustic measurements:

= frequency respanse

« revorberation — use 1390-8 with 8 GR analyzer as
source of narrow-band nolse

« sound attenuation of ducts, walls, panels, or floors

= acousiical properties of materials

= roam acoustics

Use it with an amplifier to drive:

« @ loudspeaker for structural fatigue tests in high-leval
acoustic fields

+ i vibration shake-table

—Par o Information, regquest GR Rapeint £-L100
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SPECIFICATIONS

Frequency Range: 5 Hi to 5 MHz

Output: VOLTAGE: Max oper-clroult output is at least 3 V for
20-kHz range, 2 V for S00-KME range, and 1 V far 5-MHz range.
IMPEDANCE; Source impedance for max outpul is appros
a00 0, Qutput is taken fram a 2500-() potentiometer. Source
impedance for attenuated oulpul is 200 1. One outpul ler-
minal is grounded.

Spectrumz See spectrumclevel curves and following table.
Note: Spectrum level 5 shown with constant-Hz-bandwitith
analysis, “white™ noise being ideally flal. (Pink noise would
slope down at 10 dB por decade.)

ymcal Spectrom Lewl

Rangw [wﬂhlvmmmﬂ | Specinem Lavel Unifprmity *

20 kHz 5 mV¥ for 1-Hz band within =1 9, 20 Mz {0 20 kHz

SO0 ke 1.2 mV for 1-H2 hong withiln =3 dB, 20 Hz to 500 kM2

5 Mk B8 o tor 1 HE band within 23 aid; 20 Hz to 500 ki
wilhin %8 g8, 500 kHEe o B MHr

* Npisie unergy also beyond thess lmits. Level is down 3 a0 ol § M.

- & =

Waveform: Noise source has good normal, or Gaussian, dis-
tribution of amplitudes tor ranges of the frequency spectrum
thal are norrow compared with the band selected, Over wida
ranges the distribiutlon 18 less symmetrical becouss ol dis-
symmatry introduced by the gas ube. Same clipping occurs
on the SO0-KHz and 5-MHz ranges.

Voltmeter: Rectifiertype avoraging meter measures output.
It is calibrated te read rms volue of nose.

Attenuator: Multiplying factors of 1.0, 0.1. 0.01, 0.001, and
0.0001. Accurate to =3% to 100 kHaz, within =10% te 5 MHz

w Rack-adaptor set (197 in.); 1390-P2 PINK-NOISE

Power: 105 to 125 or 210 to 250 V, 50 1o 400 Hz, 50'W,
Mechanical: Convertible bench cabinet. DIMENSIONS fwx

had): Bench, 12.75x7.5¢9.75 In. (324x191x248 mm).
WEIGHT: 12 1b (5.5 kg) net, 16 Ib (7.5 Kg) shipping.

I3 I | ] ] I
3 Catalog
E i £ | I ] N j | Dessription Fiuattibus
x...._ [ E ‘ I 1790-B Randam Nowe Generator
- ' a — [ T = e 115V Mode! = 13209702
o aA - 230V Mooet 1¥90-9703
Trtical 1oectirum el characieristics. Rack Adaptor Sel (7 in. 04 B4 >
. ==~
L :llJ!_' H
ey =T -
1
11 B R =
e e
k11

A) Cutput fwhita nois) of the Gerorator ana
l,n:l oulpud fpink noloe) after nnmm by the 1390-P2 Pink-Noise Fitter, a3 mesiured by o one-thindoctwe Land snalyrer.

1350-B Amndom-Moise

1390-P2 Pink-Noise Filter

When white noise |s used for frequency-response meas-
urements in conjunction with a constant-parcentage
bandwidth analyzer (such as the GR 1564-A Sound and
Vibration Analyzer or 1568-A Wave Analyzer), the ampli-
tude-frequency characteristic of a flat system appears to
slope upward with increasing frequency at a rate of 3 dB

SPECIFICATIONS

Frequency Response: Sloping —3 dB per octave fram 20 Hz 10
20 kMz, =6 dB per octave above 20 kHz. Outpul voltage |s
approk —5 dB with respect o the inpul voltage at 20 Hz and
=35 dB at 20 kHz 1t lles within 1 4B of the straight ling con
necting these two points an a graph of cutput in decibals vs log
frequency.

Over-all Qutput Level: When the filler (s used with the random.
noise ganerator set for the 20-kHz range, the output vollage of
the lliter is aporox 30 dB below its input, and the voltage level
in aach one-lhird-octave band [s approx 17 dB balow that,
Thus, when the outpul meter of the generator indicales 3 V,
the output of the filler is approx 0.1 ¥, and the level in cach
one-third-octave band s approx 15 mv.

Input Impedance: The liilter should be driven from a source
whose Impedance is 1 ki or less, Input impedance ks variable

per octave, owing to the constantly Increasing bandwldih
{in hertz) of the analyzer. The 1390-P2 converts the
audio-frequency output of the 1390-B from white noise to
pink noise, which has constant energy per octave, Thus it
flattens the response curves made with a constant-per-
centage-bandwidth analyzer,

from 6.5 kit | load resistance al zero frequency to 6.7 ki al
high frequencies.

Output Impedance: The filter should not be operated inlo a
toad of less than 20 kit Internal output impedance |s variable
from 6.5 kit + source resistance ol low frequencies 1o approx
200 ot high frequencles,

Max Input Valtage: 15 V rms.

Terminals: Input terminals are recessed banana ping on M-in,
spacing al rear of unit. Output terminals are jack-top binding
posts with %-in_ spacing.

Mechanical: Plug-in unil housing. DIMENSIONS (wxhad)) 1.38x
5x2.87 in. (35x127x73 mm). WEIGHT: 6 az (0.2 kg) nel.

411 (1.9 kgl shippinig,

Caot
Disscription Humg-.r
1390-P2 Pink-Noise Filter 13909602

o Fodural siock numbors gre |sled setoro Lhe Index,

GEMERAL RADIO 1973 CATALOOG
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1522 DC Recorder

® 2-mV/inch and 0.2-pA/inch sensitivity

= 50-inch/second writing speed

= 0.25% linearily, 0.5% accuracy

= programmable writing functions

= plug-in versatility: grounded or ditferential input

In the direclor's seat Imagine an automatic testing sys-
tem that is programmed by 15 own analog recorder. As
the output data are plotted, the recorder programs test
conditions and measurement ranges, activates and syn-
chranizes other recording devices, and cantrols iis own
writing functions. Triggered by timing marks printed on
the chart paper, the GR 1522 DC Recorder will control
companion instruments and itself, changing chart speed,
rewinding the chart for overplotting, quickly advancing 1o
a fresh graph, all the while remembering to lift the pen
when not plotting. With optional limit switches, the 1522
can opérate sort/select mechanisms, activate additional
recorders, or alerl an operator if the plotted data excead
preset high or low limits.

As an accessory to the GR 1921 Real-Time Analyzer,
for example, the 1522 Recarder will plot the band lavels
against frequency much faster than conventional X.Y
plotters. Operating synchronously with the 1921, the re-
corder pauses briefly as each band level is salected to
allow the pen to settle, producing a neal bar graph with
a standard scale factor.

The 1522 is a fine program director: it is first a superb
dc recorder, combining accuracy, high sensitivity, and
fast writing speed. It will plol a full-scale (S-inch) tran-
sient In < 100 ms, respond to a 200-xV ar 20-nA change
with a 1-division deflection, and maintain linearity to
within % of a division (0.25%).

The recorder accepts one of two piug-in preamplifiers
The 1522-P1 Preamplifier provides a wide range of volt
age and currenl measurements al an economical price.
The 1522-P2 Differential Preamplifier provides the same
versatility with the added festure of a differential input so
thal measurements from ungrounded sources can be
madea, This plug-in offers up to 1B0-dB of commaon-mode
rejaction at input levels up to =500 volts.

Bonch miodul ahown with 152201 Preamplifier.

For your convenlence A charl take.up reel |s included,
but the chart paper can feed directly out for immediate
inspection and use. Controls are few and obvious; the
pen, for instance, is lifted electrically by a manual swiich
and automatically when the chart is being positioned in
either i1s fast-scan or slow-scan mode. For reliability,
there are no gears or clutches; speed changes and con-

@

@
" XC) e

20 0@

L
L T

1522F1 Proamphifior @

RoRla o S T )

1522-P2 Ditfecantial Proamptitier

trol of the stepping drive motor are all dane with inte-
grated circuits,

The pen in the 1522 is a libre plastic tipped, clog free,
disposable marker. It never needs refilling and provides
neal, highly readab’e, skip-free traces even al the fastest
writing speeds, You have a choice of colors and a cholce
of marker types: the fastrak® Marker for general pur-
poses and the Slow-Speed Marker for particularly siow
moving records or those with much retracing over a
part of the chart,

— Gow GR Capervmenter frie May-June |39 ardd lanuary Peleuary 1970
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1566 Multichannel Amplifier

= 16 channals

s manual or remote channel selection

= 2-Hz to 100-kHz response

s 55-dB gain, manually or remolely adjusted
s caiibralion noise source built in

Many inputs — one output Many sound and vibration
messurements can be simplitied by use of a scanner that
connects, in sequence or in any arbitrary order, the out-
puts from a number of transducers fo a single analyzer
A scanner system can be sel up to measure signals indi-
vidually or to average all signals.

The 1566 scans up to 16 channels (up to 99 with a
special additional unit), amplifies each by up to 55 dB,
and provides a buift-in pink-nofse callbration source that
spends not only the check out of the scanner but also
that of any analyzer connected to it, The 1566 s particu
larly useful with the 1921 Real-Time Analyzer. This com
bination can automatically analyze the spectrum from
each transducer scanned or il can measure the space-
averaged spectrum wsing 2, 4, 8, 10, 12, or 16 micro
phanes, This feature makes possible automatic real-time
sound-power maasuraments.

SPECIFICATIONS

Channels: 16 plus | for caiibration, expandable to 99 [addi
lional channels houséed in o special unitl. CONTROL: Active
channel is selected manually or by external 1-2.4-8 BCD sig
nal, or automatically scanned in sequence with range of chon
nels 1o be sconned selected by thumbwhes! switches; dwall
time adjustable from 100 ms to 10 s or infinity [channel ad-
vance inftiated by extarnal signals); scan set 10 nocur once of
repetitively and started, stopped on active channel, or reset fo
lgwest chanmel by pushbultons or edternal closures (o ground

DISPLAY: Two high-intensity noon readout lubes display sclive
channal fumber

Frequency: 2 Hz 1o 100 kHz, flat within=0.5 dB.

Sensitivity: 1.8 mV 1o 1.6 V tor 1.V outpul, gain =at in 1.<8
increments by panel contral or 1-2-4-8 BCD sipgmal 81 stendard
DTL leviels {logie O = ground, logic 1 = + 35 V), Radr-panel
adjustment provides 1048 continuous contral of gain tor all
channels for calibration. Each chaonel includes 8 6dB gain
adjustment for transducer sensitivity equalization.

Maximum Input: & V rms, TV pk

impedance: INPUT, 100 k. OUTPUT, 600 n.

Noise: <10 »V equivatent inpul noise (C wesghted) In each
cha&ijnpl when gain is maxmum and source impedance is
=100

Cross-Talk: Interchannel isolation >90 dB.

Calibration: Built-in pink-noise (=1 dB) source with symmetri
cal Gausstan distribution from 2 Hz 10 100 kHz. Spectrum-
level slope is —3 dB per oclave. Noise sipnal applied o infer-
nal enlibration channel s adjustable from 30 to 100 mV rms
Rear-panal noltss output is fived ot 100 mY rms and can be
lnaded by D.05 oF without aflecting spectrum up 1o 100 kHz
Supplied: Power cord, two 24-pin data plugs

Available: 1560-P40 and -P42 PREAMPLIFIERS (1566 pro-
yides power for up to 99 of elther), 1566-9500 CABLE SET for
corinoction to 1921 Real Time Analyzer, microphones, vibira
tion pickups.

Power: 10010 125 0r 200 to 250 V, 500 60 Hz, 30W
Mechanical: Bench of rack models. DIMENSIONS (wahad):
Banch, 19.5x5x20 in. (495x127x508 mm); rack, 19x3.5x18.5
in. (482x89x470 mmi. WEIGHT: Bench, 32 Ib (15 kg) nel,
47 Iy (22 kgl shipping: rack, 26 b (12 kg) nel, 41 b (19 kgh
shipping.

Catwog
D' bl b N
1566 Mutlichannal Amplilar
Hench Moce 15665700
Ftack hodel 1566-3T01
Cabls Bet 1566-5500
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1569 Automatic Level Regulator

= 2 Hz 1o 100 kHz
= 50-dB control range
= acouslic-syslem componenl

Constant level Use this regulator to hold a monitored
signal amplitude steady (such as the sound level in a
test chamber) while you sweep the frequency or some
other parameier, The primary use Is to control the ex-
citatior level in swept-frequency sound and vibration
lesting. The 1569 ftunctions as an automatically con-
trofled amplilier/attenuatar betwesn the oscillator and
the power-amplifier-transducer chain,

The regulstor senses a control voltage from & micro-
phone, acceleromeler, or other pickup monitoring the
quantity to be controlled and adjusts its own attenuation
to maintain that control valtage at constant level. Outpul
from the 1669 is indicated on a panel meter with a scale
thiat Is linear in dB, showing you where the regulstor is
operating in its 50-08 control range. You can easliy ad-
just the control rate to suit operating frequency and mag-
nitude-phase relstionships in your control loop.

In an entirgly ditfferent mode of operation, the 1569
can be used lo provide a leveled outpul, whon driven by
g paarly leveled signal saurce. In this mode, the control
range Is limited to the acceptable range for signaldnput
levels in the regulator, about 15 dB, whereas the range
of outputs Is much larger,

— Ser GR Experimender for Aprll, 1R
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Durgitarm of 1560 Aulprmat iz Leval Regulsior,

SPECIFICATIONS

Operating Ranges: FREQUENCY: 2 Hz to 100 kHz.  CONTROL
RANGE: 50 dB. COMPRESSION RATIO: 25, Lo, 004 4B
per db.

Main Input: DRIVE VOLTAGE REQUIRED: For normal opers-
tion, 1 V: in vollage leveler mode, 0.2 to 1 V. IMPEDANCE:
100 k.

OQutput: VOLTAGE: 10 mV 1o 3V, IMPEDANCE: 600 1.  LOAD:
Any impedsnce can be connected withoutl atfecting lingar op
aration of output elrcuit

Quality: NOISE LEVEL: Typically betier than 65 dB below 3V
output in  T00-hHr bandwidth. HARMONIC DISTORTION:
<1% tota! for output levels <] V

Automatic Shut-Down Function: Il drive Input level draps De-
low @ critical voltage, output aulomatically drops to zero, to
protest squipment gonnected to (L

Control-Signal Input: VOLTAGE: 5 mV to 4 V, required. IM
PEDANCE: 25 M.

Control Rates and Corresponding Min Operating Frequencies:
1000 #B/s | 300 df/s | 100 ahie | Taf/e | 10eBde | 3 aBfs
G00H: | 200hr | oOHz 0 Hr G | ZHR
Fuw:-r: 100 to 125 or 200 1o 250V (switch selected), 5010 60

e, 4 W,

Supplied: Power cord, mounting hardware with rack or bench
modals,

Avaliable: 1560-P42 PREAMPLIFIER. Nole: Power for preamp
5 available at rear-panel inpul conneclor, 1523 GRAPHIC
LEVEL RECORDER with 1523-P2 Sweep Osclllater Phug-in
Microphones and vibrifion plckops

Muochanical: Reck-bench cahinel., DIMENSIONS  (wxhxd):
Bench, 19x5x12.87 In, (d83x127x327 mm); rack, 19x3.5x

12.75 in, (4B3xB9x324 mmi. WEIGHT: 13 b (6 kg) net, 30
b (14 kgl shipping.
hli'.llﬂ“ﬂl aﬂ:gr
I'II'I Automatic Level Regulstor
Bench Model 15659700
Rk Modsi 15699701

GENERAL HADIN 1573 CATALDG
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1840-A Output Power Meter

= 20 Hz lo 20 kHz
= 0ImWic20W
» 0.6-1} 1o 32-k1l inpul impedance
= true rms reading

The 1840-A measures audic-frequency power into any
desired magnitude of lcad impedance, Its important uses
include the measurement of:

* Power output of osclliators, amplifiers, preamplifiers.
transformers, transducers, and low-frequency lines.
 Output impedance, by adjustment of this load to yield
maximum power indication,

s Frequency-response characteristics of amgplifiers,
transtormers, and other audio-frequency devices,
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This instrument is basically a multl-tapped audio-fre-
quency transformer with a lixed secondary load. Its two
frant-panel switches connect eight identical primary wind-
Ings and si%  taps In various combinations to
provide a total of 48 different primary (mpedances.

The maximum power rating can be extended for any
given impedance with the use of a simple Tnatwork at-
tenuator, design data for which are supplied with the
instrumsent,

SPECIFICATIONS

Power: 0.1 mW 1o 20 W, 40 Hz 1020 kHz, Below 40 Hiz, max
rating is reduced by up to 50% (al 25 Hz), depending on im-
pedance selected, Ses cutve. Auxiilary ¢B scale reads from
=150 +43d8re L mW,
impedance: 0.6 @ to 32 ki in two ranges; yielding 48 individ-
ml!mmmﬂmwwﬂmt.

MW
Al 1 kHz, =D.3 dB;

50 Hz to 6 kHz, =0.5dB;

30 Hz to 10 kHz, =1 dB;

al 20 Hz, —1.5 dB v, —1 B ovgi

at 20 kHz, ~5 dB max, =1.5 4B avi.
Impedance Accuracy (at full-scale voltage):

A1 kHz, =6% max, - 0.5% avj:

70 Hz to 2.5 kHz, =7%:

2.5 kHz to 5 kHz, for 2< 10 ko, =7%,

at 20 Hz. —15% max, - 8% avg:

at 20 kHz, =50% max, *12% v
Wavetorm Error: Meter will indicate true rms with as much as
20% second and third harmonics present in the input signal.
Mechenicat: Convertible bench cabingt.  DIMENSIONS (wa
hued): 12%4x8 in, (305x102x203 mm). WEIGHT: 11 Ib {5 kgl
rf-!:. l?ihﬂ!hgl shipping. Rock-adaptor panel height, 3.5 n,
{ mmy).

Pacriptian Tt
1BAD-A Dutput Power Matel & 18209701

& Epdnral stock numbeors are listed bebore ine index.
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1952 Universal Filter

® 4-Hz fo 60-kHz tuning

= low-pass or high-pass,
band-pass or band-reject, ganged for easy luning

= high attenuation rale — 30 dB/octave
= |Ine or battery operation

The 1952 Universal Filter wlll perform as a low-pass,
High-pass. band-pass, or band-refect filter a1 the turn of
a panel switch. It consists of low-pass and high-pass
filkers thal can be employed singly, in cascade, or in par-
allel, to provide the assortrmant of over-all characteristics,
The cul-off frequencies of the twa filters can be contralled
independently or ganged together to provids constan!-per-
centage bandwidth lor band-pass or band-réject tuning.

This filter Is of value in many signal-conditioning appli-
cations. For example, It can be used lo control system
bandwidth for reduction of extraneous signals dr to evalu-
ate the effect of limited bandwidth upon signal intelligi-
bility and data-transmission accuracy, As a high-pass
filter it can reduce power-line-related components, as a
low-pass filter control high-freguency noise, or 2s-a notch
filter eliminate single-frequency components, The 1952
can also act as part of a spectrum anmalyzer or distortion
moter and, with & random-noise generator, produce con.
tralled bands of noise as test signals,

flew GR Experimenter for Apnrl) 196508

SPECIFICATIONS

Frequency Range: CUT-OFF FREQUENCIES: Adjustable 4 Hz to
60 kHz In lour ranges. PASSBAND LIMITS: Low-freguency
respanse 1o de (apprax 0.7 He with ac Input coupling) in Low
Pass and Band Reject modes. High-frequency responsa uni-
ferrm =0.2 dB to 300 kHz in High Pass and Band Raject
modes. CONTROLS: Log fregency-dial catihration; accuracy
= 2% of cut-off frequency (at 34B points).

Filters: FILTER CHARACTERISTICS: Filters are fourth-order
(tour-pole) Chebyshey approdimations to ideal magnitude ro-
sponse. The nominal pass-band ripple |s =0.1 dB (+0.2 dB
max}; nominal attenuation ol the calibrated cut-off freguency
I8 3 dB; Initfal attenualion rate is 30 dB por octave. Attenua:
tion ot twice or al one-hal! the selected Trequency, as applica-
ble, Is ot least 30 dB.  TUMING MODES: Swilch selected, Low
Pass, High Pass, Bard Pass. and Band Reject. GANGED
TUMING: The two frequency controls can be ganged in Band
Paxs and Bond Reject mades so the ratio of upper o lower cut-
off freguencies remains constant &8 controls are adjusted.
Range pverlap s suffickent ta permil funing through succes-
siva ronges wilthout the need 1o resat frequancy controls i
ratio of upper to lower cut-olf lrequencies is 1.5 o less. MIN-
IMUM BANDWIDTH: 26% (approx Vs octavel in Band Pass
mode, NULL TUNING: In Band Reject mode, setting the Tre-
guency controls for a critical ralio of upper 1o lower cul-off
frequency (indicaled on dials) glves a null eharacieristic

{poin! of infinite altenuation) that can be tuned from 5 Hz to
50 kHE.

Input: GAIN: 0 or —20 dB, awitch selected. IMPEDANCE:
100 kit. COUPLING: Ac or de, swilch salected. Lower cut-oft
frequancy (3 dB down) for ac coupling is about 0.7 Hz, An LC
fiiter a1 input limits bandwidth lo 300 kHz, thus reducing
Hanger of overlonding active circuils atl frequenclos above
normial operating range

Max Input Voltage: SINE WAVE: 3 V rms (B.5 V pk-pk); excep!
with input attenuator ot 20 dB, 30 ¥V rms. DC COUPLED:
=42 V ph. AC COUPLED: Max peak lave! ol ac component
must not exceed =42 V for specified performance; de level,
=100 ¥, Pesks up to =100 ¥V are tolerated without damage

- | FEE- . | . E

e et T

Loww-pairss afed Bgh-pays tiHer chuaracterishics,

Output: IMPEDANCE: 600 1. LOAD: Any load can be con:
nected without affecting linear operation of oulput circult.
TEMPERATURE COEFFICIENT of output offsat vollage: Be-
twean 0 and +4 my/ "C.

Maoise: <100 4V in an affective bandwidth of 50 kHz,
Distortion: Max harmanic disiortion, with all components In
the pass hand, for a linear load, is less than 0.25% for open-
circuil voltages up to 3 V and frequencies up 1o 50 kHz.
Available: Rechargeable batleries (two required) and 1560
P60 Battery Charger. Replacement battery: Gould 9.6V/ 2258
wilh snaps, of equivalent

Power: 100 to 125 or 200 to 250 V (swilch selacted), 80 1o
60 He, 25'W. Qr 19.2 ¥V, approx 20 mA from rechargedblo
nickelcadmium batterles (not supplied), about 10:h opera-
tion, Conneclions for external battery.

Mechanical: Banch or rock models. DIMENSIONS (wxhxd):
Bench, 19x3.87x14.8 in. (4B3x98x376 mm); rack, 19x3.5x
13.63 in. (4B3x89x346 mm); charger, 4 25x3 7528 in. {108x

95x203 mmi. WEIGHT: 21 |b {10 kg) net, 25 Ib (12 kg)
shipping.
I[‘_lucnpt-:.rl I E:l::'r
%52 Universal Filler
Bench Model 1552.9801
Hack Mogel 19529611
Mechargeable Battery (7 regd) BA10-1040
1560-P60 Battery Charger
115 valls 1560 D0
230 valin 1500 B001
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1346 Audio-Frequency Microvolter®

= sglf-contained dc source
1Vio10V

= calibrated ac attenualor to 100 kHz
0.1 uVtot0V

= use with any waveform

The GR 1346 Audio-Frequency Microvolter is a me
tered, calibrated attenualor thal can be used as a sell-
contained low-leval dc source and, in conjunclion with
an appropriate oscillator, as a source of from 0.1 &V to
10 V of any ac wavetorm with a spectrum up to 100 kHz,

The input to the 1346 can be a dc voltage from the
instrument’s internal battery or from an extarnal dc or
ac source, An input attenuator, called the level control,
provides continuous control of the voltage, which is ap-
plied to & 20-dB-per-step output attenuator. A total of
140-dB attenuation is provided by the two controls, The
meter, in ac operation, is average responding, callbrated
Inrms volts and in dBm,

An on-off switch reduces the output to rero without
disturbing other controls or shorting the output: the
source impedance remains 600 [1. This is convenient,

especially at very low levels, where shielding must be
maintained. The zerowvolt condition s useful in incre-
mental dc-gain measurements and In locating noise
sources and ground loops in critical low-level measure-
ments.

The 1348 is entirely free from the power line and need
not be grounded. The Microvolter® is therefore per-
mitted to “float™ in a test setup, %0 you can add the
calibrated output to another signal. Front-panel termi-
nals are gold-plated-copper binding posts for low thermal
amf.

— Ban GR Exparimentsr 10r August-Saptember 1168

Y
BETTENY

l

a0uR IR O DT

Th b

SPECIFICATIONS
Funclion 10V ac 1Vae +10Vac | =10V de Atlen Only
Open-Clrewit Qutput Voltage
Bange 10 a¥io 10V az BlaViolDvac 1LOaVial0Vide 0o —-130 ob), 20 dB) step
Accuracy at 23°C (abowe ={4% 0.2 aV) ={dn +0.02 aV) 2{0.0% g8/ alep + 154 af Dokrw
10% of ge full scale) 10 He tn 100 kM2 =% 102 V) Input level) ge to [DD kM2
—— Extarnal ac requin internal battary o eat Ext ac oF 0o source
100V imo 595 0 10Vinls 5500 de saurce 10V max 10V max ingit
Input impedence (approa) ¢ | 505 0 10 25 kN S50 0 to 25 M0 6100 W' 25 ki1, int batlory remowed | 550 0 1o 5 kil

+ Varies wilh satting of input lowvol contegl, step sttenuated, snd load. Can b jusien t remaln constant with Sepationustor changes for load

impadghce of 250 ol

Distortion (at | kHz): <0.01% In 1.V-ac miode, <0.05% in 10-
¥-at mode, with level contral ol max sstling.

Qutput Impedance: 500 0 =0.5%,

Supplied: Baltery, mounting hardware with rack modal.
Available: GR 1209 and 1310 Oescillators, 1396 Tone-Burst
Genarator, 1381, 1382, and 1383 Random-Notse Genersiors.
Power: None reguired for I0-Vaec ranige. In olhar modes,
12-¥ dey battery: Evercody 228, RCA V5329, or Burgess
PMB. Approx life, 33 hours al 2h/day in either dc mode,
316 hours at 2hiday in 1-V.ac mode,

Mechanical: Convertible-bench cabinet. DIMENSIONS [wxhx
dl: Bench, B5x5.41x7.44 in, (216x137x189 mm]; rack, 19
522x7.56 in. (483x133x192 mm). WEIGHT: Bench, 5 Ib
(2.3 kg) net, 7 Ib (3.2 kg) shipping; rack, 8 Ib (3.7 kgl net,
10 Ik (4,6 kgi shipping,

Catalng
Desor iatiisn Bumiser
DIaE Audie-Frequancy Micrawnier®
Banch Mocal 134&5700
Fragk Moce| 1469701
Mepingatnant Battery BAID-1180

* Trademark regialerad in J5A.

57 LOW-FREQUENCY INSTRUMENTATION

GENERAL RADMO I573 CATALOG



Sound-and-Vibration Measuring Accessories

Microphones

The microphones and ot described on thess
pages will fulfill virlusfly any acoustic application, The micro-
phones, when combined with the appropriate preamplifiers,
adaptors, cables and other accessories, make complete mi-
crophens Iﬁilﬂl‘ﬂi that may be used directly with GR equip-
ment or with instrumentation from other manufacturers. Thres
basic types of microphones are offerad.

Electret-Condenser Thesa mic
latest In microphone fec . Thay feature very uniform
high-tr y performance in both fiat random- and fial
perpendicular-incidence versions, are available in a variety of
sizes, and are economically priced. Since polarization unlm%o
i& not required, they can be used with inexpensive preampli

reprasent the very

Electret-Condenser Microphones

fiers such as the 1972-9600 described In the Preamplifier part
of this seclion,

Ceramic Coramic microphones are noted for \helr rugied-
niess, stabllity and rallablfity. Their low Impedance and stable
oulput contribute o their good performance under adverse
enviranmental conditions,

Condenser Alr-condenser microphones feature uniform
high-frequency response and are suitable for operation at
{emperature extremes. They ame avallable in various sires
Because a polarization vollage s required for these micro-
phanes, they are sold anly in microphone | preamplifier sels

For information on how to salect o mic sysiem 1o
meet your speciflic needs, refer to Guide to Microphone Sys:
tem Selection, at thi end of this section.

1961 1-inch Electret-Condenser Microphones

New Since
Catalen U |

.

: Curves show typical response and guaranteed
limmits; individun! response curve supplled with esch micro-
phone. Below 20 He, the microphone is typically flat =1 dB
down to 5 Hz. Microphorm |5 assentially omnidirectional.
Sensitivity Level: NOMINAL: =36 dB re 1 VIN/m' (-56 dB
re-l Viubar). TEMPERATURE COEFFICIENT: = 40.03 dB/"C
from 0 t +55'C. MAXIMUM SOUND-PRESSURE LEVEL:
160 4B absolute max

100 =10 pF at 25°C and 1 kHz, temperature co-
efficlant< +0.1 pF/*Cat 1 kHZ
Environment; —20 o +55°C and 90% RH operating: 1-year
exposura in an environmant of +857°C and 90% RH causes
rizgligihly sensitivity change.

Vibration Sensitivity: B3 d8 esguivalent SPL from | g (per
pendicular (o diaphragm) 21 20 and 100 He

Mechanicak TERMINALS: Coaxial, with 0.907-60 throsd,
atapted o D 460-60 (threads per in).” DIMENSIONS: 0.936
=0.001 in. dia x 1.045 =0.001 in. long (1.435=0.007 in. lon

with adapior) (23,77 =0.025 x 26 55 =0.025 mm). WEIGHT:
1 oz (28 g) net, | 1b (0.5 Wg) shipping.

" o —
t | I |
| el %
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Perfprmance
wilh 1550-P42 ﬂm Preamplifiers (Unity Gain)

ic

Froquency 1 "
Microphone Range L) le.rurr’\r* ] M'm.'m‘
186 1-5601 8 Hrto 12 MMz e LLE 15 fn 140 dB
19681-9602 5 Hzle 1% KHz =3 0l 18 to 140 af

* Aawighiog noiss level o manioum rms sinewasve signat withe
oul chipping,
Catuitg

Dty kption Murmtar
194] Electret-Condensar Microphones
Fist fandumi-inCigencs respariza, I-inch 19619001
Flal parpendicuiar-ipcoencs respsnee, 1-Anch 19619603
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1962 V2-inch Electret-Condenser Microphones

Hew Since !
Catalog U

LJ

Frequency: Curves show typical respanse and guaranieed
1|rn:35; individunl reaponse curve supplied with each micro-
phone. Below 20 Hz, the microphone bs typically fat =1 dB
down to 5 Hz. Micrephors is essentially omnidirectional
Sensitivity Level: NOMINAL: ~ 42 dB re 1 V/N/m* {(~62 dB
re | Viubar), TEMPERATURE COEFFICIENT: ~ 0,03 a8/ 'C
from O to +65'C. MAXIMUM SOUND-PRESSURE LEVEL: 170
B nbeslute max

Impedance: 35 =5 pF, at 25°C and 1 kHz: temporature coelfi-
cianl < +0.04 pF /'Col 1 kHz

Environment: —20 1o +55°C and 90% RH ©
gxposure in an enviranment of +55°C and
naglijible sensilivily change

Vibration Sensitivity: £1 dB eauivalent SPL from 1 g (perpin
diculer fo diaphragm) &l 20 ang 100 Hz

Mechanical: TERMINALS: Coaxinl, witn 0.460-60 thread.
DIMENSIONS: D.500 =0.0005 in, dia x 0.815 =0.001 in; lon
(12,70 =0,0127 = 20,70 =0.0258 mm). WEIGHT: 0.5 az (14 &
met, 1 b (0.5 kgl shipping.

rating; 1-yaar
0% RH causes

- ——

it

rﬁl}ul nen
wilh }560-P4T and Emmq.ﬂllhﬂ (Unity Gainl
“Eyslem™ wmil;
Frenquency Senuitivity rnee*
Migraphine By e ) /NIme e 20 pNIE
19029601 S Mz to 19 kHz 41 oB 290 45 a3
10625602 8§ Mz o 20 WHx -43 B 79 0 145 0B
o asighted nojoe luwel fo maximym eme sinewaye ilimal with:
ol Clipming

Cainiog
C=scriphon e % 1aa 0
1962 Llectret Condenser Microphones
Flut fandomy nokdence response, Y-inch 15679601
Flyl potgandiculaydpoidynes reageside, Usdnen 1062-9603

1963 a-inch Electret-Condenser Microphone

Hrw Sinte
Cztalag U

Frequency: Curve shows typical response and guarentesd fim-
its; indiviciual respanse curyve supplied with each microphons.
Below 20 Ha, the microphane |s Lypically 1kat =1 dB down to
2 Hi. Response is essentially omnidirectional.

Sonsitivity Level: NOMINAL: 55 dB re | VINIm* (—76 dB
re | Viibar), TEMPERATURE COEFFICIENT: ~ <+0.03 dB/'C
from 0 o +55°C. MAXIMUM SOUND-PRESSURE LEVEL:
170 ¢B absalute max,

Impedance: 12 =1 pF, at 25°C and 1 kHz; lemperature ooafli
clent < +0.02 pF/"C at 1 kHz

Environment: ~20 {0 +55°C and 90% RH ag_r‘.:ﬂing; 1-year
exposure I an environmen! of +55°C and RH causes
negligible sensitivity change.

Ceramic Microphones
1-inch Ceramic Microphones

:
2

2 ..

\ 0

Three versions of the l-inch ceramic microphone are
olfered; the diffarences are described below. All versions use
the sarme microphone catlridge,

Vibration Sensitivity: 83 dB equivalent SPL from | g (perpen
dicular o dispheagm) at 20 and 100 Ha.

Mechanical:  TERMINALS: Coaxinl, wilh 0.224.60 thread,
atapted to 0.460-60 (threads per in). DIMENSIONS: 0250
=0.0005 in. dia (6,35 =0.0127 mm)., WEIGHT: D.25 o2
[7 ) net, 116 (0.5 Kg) shipping

. T = R
[ T

- —

:{ ——a
2

.
I ]

!‘frul nee
with 1550-P42 anad 9T Praamplifizrs (Wnity Galn)
Sansitivd

. Frequency ¥ lhn“'
Mitroghons Range el viNim e 20 wijaw
1963-9002 20 He lo 35 kHz 28 dA 48 o 150 aB

* Awmlghing nolue level o mazimum rms sinewnve gignal with-
oul diipeing.

1963 Elsciret Condaner

Mizroghane
Flal parperncdiCulr Bncencs 1 esponm, kaoanch THES 0T

The 1560-P5 microphone cames with an adapior base that
plugs into a female threedterminnl micranhons connector. |1
mates directly with 1560 P73 and 1580.F738 cables and can
ha mpunted on @ tripad in applications whera the microphons
will be remote from the instrument and no proamplitier &

used,

The 15609570 comes with an sdaplor thal mits it to
ba mounted directly on the 1800-P42 or 19729500 pre-
ampliliers

1560-PE microphonse comies mounted on a flexible con-
duet that lerminaies in a threa-lerminal mictophons connector
It is rormally used with instroments such a8 he 1564 and
1934 to positien the microphong away from (he instrument
casd
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quency: Curve shows
limils; individual response curve supphied with sach micro-
. Below 20 Hz, the microphone is Irpiculln_ﬂu *1 df
down to 5 Hz. Time constant of pressure-equal ing leak is

typically D.OB 5,

Level: NOMINAL: —40 dB re | V/N/m* (-60 dB
el wxm MINIMUM: —42 dB re rt'w NIy t&z?ﬁ o
1 V/ubar), TEMPERATURE COEFFICIENT: ~ 001 (8 C
KEY SOUND-FRESSURE LEVELS: <1% distortion st 150 dB,
at - 184 and +174 UB peak, microphons mary fail

Impedance: For 15609605 and —9570, 385 pf =~15% at
23°C; for 15609606, 405 pF =15% at 23°C. TEMPERA.
TURE COEFFICIENT of Z. for both: 2.2 pF/“C from 0 to 50°C.

Environment: TEMPERATURE: —40 o +60°C ti HL.-
MIDITY: O ta 100% RH eperating. e

Mechanical; TERMINALS, 3-pin mike connactor; misrophane
cartridge has two terminals plus the shell, both terminals can
be Il with respect to ground. DIMENSIONS: Gartrid

unig. 143 i, (28 tam) long, 0:836 = 002 it. (23.7 mm = 80
um) dia; 1560-P5 assembly, 2.3] in, (59 mm) lang, 0.94 in,
(24 mm) dia; 1560P6 mrré‘lm. 1175 in; ( mm} lang,
084 in. (24 mm) dia. WEIGHT; 1560P5, 0.2 b (0.1 kgl

1972 Y2-inch Ceramic Microphone

e Mew Since

V Catuloy U
its: inctiyidual w“u:amieu Wh o mmpn::':
: indiy retponse curve i each m .
Below 20 Ha, the microphone |s typically flat =1 dB down to
!Eyplfgnl Time cdnstant ol pr ing lebk & 0.08 5
Level: NOMINAL: 60 dB re 1 V/N/m' |80 dB
re 1 Wiubar); MINIMUM: —65 dB re | VIN/m' (-85 dB re

1 V/ubarl; TEMPERATURE COEFFICIENT: = -0,0] dB/"C.
KEY SOUND-PRESSURE LEVELS: 165 dB with <1% distor-
tion; ot +184 and 190 dB pesk, microphone may fall,
Im;ndmm 3495 é:F =15% at 23°C.  TEMPERATURE COEFFI.
CIENT: 2.2 pF/'C trom 0 to 50°C.

Environment: TEMPERATURE. —40 10 +60°C oporating.  HU-
MIDITY: O ta 100% RH sperating

Mechanical: TERMINALS: Coaxial with 046060 theead for
preamplifier mounting. DIMENSIONS: 05 in. dis x 0.78 in,

Preamplifiers
1560-P42 Preamplifier

= For electret-condenser, air-condenser, and ceramic
microphones and vibration pickups

The 1560.PA2 Preampiifier i & high-input Impedance, fow-

nolse presmplifier. 1t is particularly well suited for amplitics-
tion of the output of capacitive sources, such as electret
condanser, alr-condenser, and ceramic microphones and piaro-
eleciric vibration pickups. It is an exceilant choice for uss
with GR soundJevel meters and analyzers whan o long cable
must De used between the microphone and the instrument,
It Is aigo a usetul probe ampiifier for other eleclrical sigruls
whase high Input impedance and low noise are necessary. For
example, It can increase the sensitivity and input impedance
?f analyzery, rmduﬁ';_. wmz:;a, n!.:tl ﬂarmwaﬂ cm”um
refuancy metery, volimetars, osci pul from
the presmplifier is through an attaches 3-wire shinlded catle
and the required de supply voltage is applied from one of the
wiras lo ground.

Goln: 111 or 101 (20 d48) 0.3 dB aft 25°C, slide-switeh ron-

L 1b (05 kg) shipping: 1560-P6, 0.7 Ib (0.3 "
218 (0.9 ke shitiee APINg: ol

.l
=
-

¥

-
o}
with the 1 et 14729800 Fraamaiers Ty Gain
“Syiam” e
rw‘w -
re 1 \r’h‘ mt o 20 aN/mi
Hz o 125 kHz —af 22 to 145 dA
* Awreighind nolse ol ta maximim sinavwave slgnal with-
Mﬂiwfru. i ati
Calal
Beteriptum !'lmnggr
leingh Coramic Microphone
1560-PS, with adaptst |n mike connesis = 1550-9605
With sdagfior (o sresmpdiler 1560-9570
assemblen with Hoxible conduit 1560-9606

long 112220 mm). WEIGHT: 0.5 0z {14 g) net, 0.51b (0.3 kgl
shipping.
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W S A i L 5
¥ Frmmm, el
v a =

— e —
i i

el [~

e e o o
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S [
AP — |
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0

=

A -
wilh 1562-P42 .m’ﬂ?{m [Unity Gain}
m* e

trlt1 m:-n
F |m L]
?&u l'l"lt‘:t‘l | m ra 20w/ me
5 Hz to 20 KMz —50 di 42 1o 165 aB

* Awnighted noiss level to maximum rme sinewave signasi with
cut clipping.

1972 Yyeinch Caramse Microphons 15729601

Recammanded Combinatian of Transfucers, Adapters, mnd Presmalifiess

i‘}_

[l i
i ], ForF et 2
I e S T

rolfed; <+0.3.dB gain change, from that at 25°C, from ~30 T3 comganses ricraphanes muty (ot be useo with e 18728600 pra-
rm e polarirar

to-+65*C

witiplifier; bocause they. rebgu

0 wollhge] wse ihe 1550842

» Fatloral ok numbaors are listed batorg e | pdes,
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!hql-l.! Response (at 1-V rms open-clrcult cutput behind
600 51, —30 to +55°C):

]
Lind gvin

Impedance: INPUT: & pF; ~500 M at low audio frequencies;
driven shieid reduces input-capetilance lnuﬂlrig for cofdenser
microphones. OUTPUT: =151 In series with 3.3 uF.
Qutput: SIGNAL: Up to 11 V pkopk to 10 kHe into opsn cireull
with 15V supply, decreasing tad ¥ nh-?k tor 1:1 gainand 1'V
k-pk Tor 10;1 gain at 100 kHz, Up 1o 10-mA rms outpul with
{560 P62 Powor Supply. POLAHIZING VOLTAGE: ~200
=5% behing 300-MD de source resistance: on-olf slide-swilch
c}n;.}r:#hd; temperature. coefficient Q.1%/°C; frequency
A
Moise: <3.54Y equivatent inpul with mmpF source capaci-
tonce, Cweighted, 10-kHz effoctive bandiidin,
Distortion: <0.25% tarmonic distortion at | kHz with 1-Y rms
epen-circuit cutput; <1% at 10 kHz with I-V rms output into
0.1 »F (equivalent o 20001 of cable), :
Terminals: INPUT: 0.460 x 60 thread for direct connection to
Ya-in. micra ang ada ACCEFTS INSERT CALIBRA-
TION SIGNAL: 10 = insert resigtance, <0508 nom.

1972-9600 Preamplifier/Adaptor

The Preamplificr/Adaplor provides the high input impe-
durice required by electrat-condinser and ceramic micro
nes, unity voltage gain, and the capability to drive cables
P to 100 feat in fengtn. The ampiifier requires 3 9- to 25valf
dt power supply or normal connectlon (o the 1560-P62 Power
E“?ﬂ"’ ar most any GR acoustic instrumant,
u 1972.9600 has the samea Input connector as the 1560
P42 Preamplifier; uniike the latter, | does not provide polarl-
zation vollage for air-condenser microphones. 11 b driven
from fhe same kind of transducer as the 1560-PA2 with the
exceplion of any that require polarization vollage. (See block
dipgram.}
Gain: 0¢8, 40-0.25dB, at 1 kHz,
Response: = dB, 5 Hz to 100 kHz; =3 dB, 3 Hz
to KHz (at 0.1 V rms output into an open circuil, driven
from 6001 scurcel.

1560-P40 Preamplifier

= For ceramic microphones and vibration pickups

= =

The 1560-P40 Preamplilier s a high input-impedanca, low
nofse preamphifier similar to the § P42 Preamplifier above
oxcept I produces no polarizing voltage and therefore cannol
b used with condensar microphones, .

A l-inch ceramicmicrophans (1560-9570 cartridge, adaptor
rmidved| Eluu.-. into the input end of the preamplifier case,
Tha output from the preamplifier goas through a 3terminal
shlelded connector, 1 termingl of which (with ground) brings
in tha reguired de power,

el
Ll L

TR T W
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CLEL L] S
RS Wil e MYy AR TIR
LR e e T i

Hal om0 Y0}

(LR lE]

inal loss betwean mnnu:a and_microphons terminals, 1-V
rﬂr:; :Is:l insert vollage. PUT: 10/t cable with 3-pin A3
mike connector, separate ground and shield reduce sensitivity

Available: Condenser sets that include 1560-P42,
vibration plckups. tripod, cables and adapiors. (See block

disgram.)
Power: +15 to 425 Vde, | to 2 mA idling {200 V off) or 3 1o
5 mA idling (200 ¥ mg. Avallable directly from 1523, 1588,
1568, 156%1 1900, 1911, 1913, 1921, or 1925 Analyzars,
1574 Recorder, 1561 SoUnd-Leval Mater, 1934 Nalse-Expo-
suri Meter, lﬁiirﬁ Multi:hmmal ﬁmuli'rit:. a:ra-;mth ?Eﬁ:
r supply when preamplifior 15 1o u Wi

551 Enuﬁiw&! Meter, 1553 Vibration Metar, and 1900 o
1910 Analyzer,

Mochanical: DIMENSIONS (less cable}: 6.5 in. (165 mm]

* 0.5 in. {13 mm) dia. WEIGHT (with cable): 1 |b (0.5
nat. 3 b (1.4 kg) shipping.

Catalog
Cancrhgtion Murmtser
1560 P47 Preamplifier 15609642
Adapter {tg mast 14n, condenter. microphonesl 1560-954 12
Adapter g +bration slchiups amd §-n, coramic
TnicrophonEs) 1560.966%

w-aprinwummmlﬁn.ummm
Bs

Output Less than 20 0 In series with 5.8 xF.
Output: MAXIMUM VOLTAGE AVAILABLE: 210 V pk-pk,
clreuit, ol In =100 kHz, with +15-¥ ! E'OE
RENT (avaitablel: >1 mA, ph, with +15-V suppiy.
Nolse: <2.5 LV equivalent input noise vollage, with 390.pF
source capacitance, C walghted.
Distortion: 0.1% total harmonic distortion for frequencies
© 100 kHz, at 1 Vrms output level, open clreult, +15V supply,
Terminals: INPUT; Coaxial, with 0.460 x 60 thread for direct
nnection to most microphones (see block diagram). QUT-
T: Switchcraft type AIM micro o connector, mates
with 3-wire extonaion cables 1560-9665,. 5606, -9667.
Power: 9 10 25 V [1 mA a1l 9 V], Available from most GR
anptyzers or 1560-P62 power supply. {See list with 1560-P42.)
Mechanical: DIMENSIONS: 0.75 in. dia x 3.5 in. long (192
B7 mm). WEIGHT: 3 oz (85 g) not.

Freamplifior (Adaptor 1572-9600
Froquency Responss:

G 5 Hr M HE 250 kHz 500 kHz
Ldgain | | =1om | =0.35 a8 |
100mn | =348 | *15aB | =035q8 | =1508 ]

Gain: 1:1 or 10:1 {20 dB) =0.3 dB at 25°C, slide-switch con-
%"-'%-Emm gain change (from that at 25°C) from —30"
[ INPUT: & pF, >500 Mn 2t low sudio frequencies
TPUT, =27 {1.in series with 3.3 4F ot 1:1 gain, =100 & in
sortes wilh 3.3 oF at 10:] gain,
Noise: <2 5.4V equivalant rn}:m with 400.pF =ource capaci-
tance. C weightea, 10:kHz alfective Bandwidih
Distortion: <0.25% harmonic distortion at audio Irequencies
with 1 ¥ pk-pk open-clreult output; 1% ot 1 kHz with 5V phe
into 0.1 uF (egquivatent to 200 1t of cable); 1% al 1 kHz wilh
2V pk-pk Into 0.0] uF
Avallable: Ceramic mi vibralion pickups, ripod,
cables, and ada:;tm m adaptor converls inpmm?u
sccopt 3-pin mike connaciors
Power: <15 %o +25 V de, | 1o 2 mA, Avsilabls from same
sources as 1560-F42.
Mechanical; DIMENS|ONS; 6.88 in. (175 mm) \mﬁ x 1.56 in.
{30 mm) dia. WEIGHT: 0.6 b 3

(0.3 kgl net, 3 b (1.4 kgl
shipping.
1560-P40 Preamplifier 15609040
1560-PO6 Adaptor, Ly microphone connactar & 1560-9696

4 Fecheral stock numbssy are ligted befors the |ndeo.
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Power Supply

1560-P62 POWER SUPPLY Roquirad with 1560.P40, -PA2,
or 1972.89600 Preamplifiers when they are used with instru-
menis thal do not include a source of pawor such as the 1551
and 1565 Sound-Level Melers or 1900 and 1910 Analyzers.
Also useful when long cabiles are to be deiven at hl-tih tg
and ag i charger for le batteries in tha 1561 Sound-
Lavel Meter or 1952 Universal Fliter.

A gingle fronl-pane! condrol selects operating mode: OFF,
CHARGE ONLY, CHARGE AND OPERATE, OPERATE ONLY, RE
WMOTE fofl or operateonly mode sslecled remaotely by insiru-
ment such as 1561 or 1%-4 analyzer), and HATlgﬂ‘r CHECHK,
The batteries are easily removed by & slide-out elip and fit into
the same typa of hoider used in the 1852 Universal Filter.

tnpat: 100 e 125 or 200 0 250 V, 50 o 60 He

Output: 1B 10 21 ¥V de, 15 mA max; automalic iimiting protects
supply #nd prevents deep hallery dischargs.  BATTERIES: Two
rechargeableg Ni-Cd batleries provide up to 225 mA hours op-
eration ot room lemperalure betwesn charges, RIPPLE: <5 mY

Interface: INPUT (from preamp): Power o, and sigral fram,
rumgliﬁmr. Lisp Switchcraft Fu AIM microphorie conngc-
ar UTPUT (e analyzer)s | from preamplifier and

remote power control, Use Sweitcheralt type AZF microphone

connector. ADDITIONAL OUTPUT: Miniature phone [ack for

A T

cable i infure ).

15609665 A1t Lable (o connect to 1581, 1561,

I . ite; 1560-9668 411 adaptor cabla to connect (o 1900,
1910, elc, and cable to connect to 1561 charging terminale,

Romote Operation: With line voltage not connected, predmpli

gﬂﬁ"? sat {0 Oparate-Only mode by signal of +15 to 2% V

-,

Environmental: TEMPERATURE: ~15 1o +Eﬂ'm!‘din

Mechanical: Convertible Bench cabinst, DI D-Hg' fwx

hed): Bench, B.5x3.84x5.5 in. (216098x140 mm); rack, 19x

3.8426.02 In. [483x98x153 mm). WEIGHT: Bench, 3 b (1.4

kg, net, 5 Ib (2.3 1) shipping: rack, 5.5 1b (2.5 kg) net, 8

(3.7 kg! shipplng.

rms in CHARGE-GPERATE mode, CHARGE TIME: 1410 161 bmeripiien el
ar com ischar aftery, constan Jm ry-
:I'rar#::lgp?mrint Rﬁar%wl. Siie SwHichy salecis inteemad or oy et Sk [onci) Mooet e 1]
extarrial battery. 480 Rack-Adagior MB0.9T42
[
r:mm S T: Pl e SR bk T M
h [ o '-r.::]. S tatem ot P A LR
AL T A W Oe N
FEAFLTF - - Pl RLLWRT[aH
= LT " W 1l 11 » L]
T — _J E'E"' tl..q:.u};u.: i:nﬂu :_1::;-;_ -f'-"
L S T TR e PR
L &—-— F—
Accessories for Acoustic Instruments
Microphone Windscreens
These microphone windscreens reduce the sffects of ambil- e

ent wind noise and protect the microphane diapheagm in oily, = —~—-3-—'|' s I
misty, or dusty gnvironments.  Thay attach easily to any 1-inch i : T 1 'sz.
microphone and do not appreciably alter thi sendllivity or Ll
frequency response of the microphone, The windscreens are W e Bl =" - e
made of retioulated polyuréthane foam and cin be conveni —
enliy washed if they become soiled.
Wind-Noise Reduction: 20 dB in winds <30 mph. .
Hfh?j?hoig::uﬂhﬂylm 0 dB to 3 kHz, =05 dB 1o 5 kHz,
W to 2; 588 CUTYE,
Windscresns are aiso available for Yo-inch microphones, Thely ~ MiEcaphone Windscreans, 4 sach per pack 15609521
specifications are similér to thosa for 1-inch mlcrophones. Ear Yyein micropihones 15609522

Tripod

15609590 TRIPOD Versalile — accepts a variely of equip
ment, A 520 (hreaded stud fils all GR sound-levyl metors and
glectronic stroboscapes, a 1:n, slesve accepts the 1560-P40
and 1972-9600 Preamplitiers, and a Ye-in. sleeve accepls the
1560-P42 Preamplifiar,

Calaiog

Dazcriplion Numiest

Tripod 1560-5550
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Extension Cables

Preamplifier Cable Shielded J-wire-plus-ground cable ter-
minaled in Switcheratt Type A3 3terminal microphone con
nactors (male and famale). For use between preamplifier
outpul and wgggr. Mates directly with input and output
connectors of 1550:PE2 Power Supply and most GR acoustic
instruments. Provides a wire 1o carry power from analyzer
(tor example] fo preamplifier,

MNet ¢ F72D0, 4.5 o7 1127 f): -E. 13 0z (369 ¢);: -F, 23
b 11.1 kal.
Cainlog

DartsCr il ey Murmnbr
Preamplifier Cabie

1560-P720 Extension Cable, 4 1] 15609665

1560-PT2E Extenion Cabie, 75 1 15605666

1S60.F72F Eslermion Cable, 100 # 15609667

Microphone Cable Low-noise shielded exiension cables
with Switcherafl Typa A3 connectors {male and female. pin 2
unused), Used for connecting (lor examplel the 1 F5

Patch Cables

Shisided paich cords and adapting cables, for general Lse.
e Wg'll'lé For 3t lenglhs, ~2 oz (57 g): for 2.1t lengths,
1.4 0r 40 gl

Miniature-Phone-Plug Adapting Cables With minlature
prong plug at one end.  Vorious versions have &t the other end
& deuble (in-line} bananz plug or other regulac-sired connie
tars, as listod )

Miniaturs Phope-Plug Patch Cords

LH60.-PT7, with Doatite Banars M, 31 1560077
1560-PTH, with S-im. Frdme Plag, 301 1560-967H
1860-F79, with BNC Plug. 2 1t 15609679
1560-PR0, with & in, Prione dack, T 1 1S6B-hA0

Adaptors

1560-9669 Adaptor Adapts 1560-P42 Freamplifiar inpul
to Switcheraft type A3 3-pin microphone connactor (femala),

Sea nole, balow,

1560-P96 Adaptor Corverls inpuls of 1560-P40 Preampll
fer and 1565 Sound-Lavel Meler (o A3 3-pin microphane con-
nector {lemalel. MNote: Thie adapior can be made easily by
removing a part from the 1560- {abeve],

1560-9542 Adaptor Provides proper mechanical and
acoustical coupling between a Linch alr- or electret-condanser
microphone (mcluding 19619601 and 9602 microphores
angd Western Electric A laboratery standard microphane)
and the 1560-P42 Preamplifier.

Preamplifier Accessories

1962-3200 Microphone Attenuator Aftenuastes out of
1962 Y. Elecirnl-Condender Hh:rams by 10 dB, to
dllow operition of microphones al high 5.

1560-P9 Dummy Microphona Shielded 35 pF copacitor.
Used to simulate a 1962 ¥-in. Electrel-Condenser Microphona
o determinge Instrument noise floor, BMNC t connector
nlsa ﬁm.widm: to connect & signal source, simulating & sound
signal. BNC shorting plug supplied.

ceramic microphone 16 the inpul of an acoustic ingtrument
having the mating Input connector, Mote- Will not conduct
power to remote preamplifier; see cables listed above.

Net Weight: -P73, 1.1 |b (0.5 kg); -P73B, 3.7 ib (1.7 kgl

Catalog
Ferscription Number
Cable
156073 Extension Cable, 29 1 1560-967 1
1560-P738 Extension Cable, 100 It 1560-9982

1933 extension cable, 4wire, for extending the 1933
Preamplifier from the Instrument case {not for general use),

Net Weight: 1.5 b (0.7 kgg).

Estension cabie for 1533, B0 N 12139601

Phone-Plug Cables With l-in. phone plug af ong end. Other
o, aither similar or with hammesrhead double-banang plug

15609670
5009095

1580-PTE Patch Cord, Phome Plg, 30
156095 Adaptor Cable. Phone| Bengne Plug. 79 -

Cables With both ends identical,
he aifer version has inline double

BNC- and Banana-Pl
One version male BNC.

tanana plugs.
TTEC Pateh Cord, wiih FING plums, 3 1 0T IE-ST00
274:NGQ Patch Cord, with Double Banana Plugs, 3 1t 02749860

1562-9601 Y5-in, Microphone Adaptor Adapts the 1562
Sound-Leval Calibrstor to fit GR He-in, electret-condensar and
teramic microphones.

15629603 14-n. Micro e Adaptor Adapts the 15862
Sound-Level Calibrator 1o fit GA Y in. electrel-condenser mi
crophiones.

15609561 [Adaptor Set Adapis Y%, 4, and Yin,
Bruel and Mjger air-condenser microphones fo 1562 Sound.
Lavel Calibrator.

ﬂl:mm Connectar b Praamalillsre

1560-9665

Ju60- Mizraphun naciar o Predamp. 1560-9698

PRSI T B
i Mict 10 Calltralde

Ydn Wjcraphane 1o C.lllllnﬂgr lm!

Couplar fAdaptor Sef, Wicrophones 1o Calibriar 15609661

1560-P35 Permanent-Magnet Clamp For firm holding of
a vibration pickup to a ferrous metal surface.
Preamplifier Accessories

Microphone Attenuator 19623200

15960-P% Dummy Microphons 1560-9609
1560-P35 Permanent-Magnel Clamp 15009635

& Federal stock numbers are listed bofore the Indes
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Condenser Microphone Systems

The rnir:mi% microphong sets include a microphone car
tridget, a 1560 P42 Preamplifier, oll adaplors necessary to
mate the cartridge to the presmplifier and 1o & 1562 Sound.
Level Cailbrator, and & carrying case for ail components in-
cluding the preamplilier.

Mechanical: DIMENSIONS (wxhnd): 10x2x7. 25 in., 254x51x
184 mm), WEIGHT: 2.8 Ib (1.1 kg) net, & 1b (2.7 ba),

lerﬁ Nominal 'q'lﬂnl |
L : ":I. Vi E"n“u“ u!ﬂ‘p#}mr"

1560-9532 L15.INCH CONDENSER MICROPHONE SET, flat
perpendicular response

20 Mz 1o 40 khiz 048 31 tn J4548 V4-4n. Condenser Microphene Sel 1960.-9532
15609533 14-INCH CONDENSER MICROPHOME SET, flai
randem-incidence responze,

70 Hxto 20 kMe —40 98 Al to 14548 140, Condenser Bl 1560-5533
1560-9534 !4-INCH CONDENSER MICROPHONE SET, flat
perpendicular response. g

50 Hz to 100 kiz —54 6B 49 1o 158 0B 1440, Condanser Microphons Swt 15605534
1560-9535 L4 INCH CONDENSER MICROPHONE SET, (lal
random-incidence response. =

50 Hz o 70 kHz —£048 5% 10 165 dB 14-in. Condanser Micraphone Sat 15609535
1560-9536 14-INCH CONDENSER MICROPHONE SET, fial
randofm-incidence response. E:-:fﬁu

TOHE o 180 kME =73 a8 &9 10 178 ol tpdn Condenser Microphane Set 1560-9536

INErER Py 0 B by ups of the X10 saiting of the 15E0.P42

= Emnailivity fewil in the ml:rﬂnhuu-prlmrllmr combination is givan for X1 {unity-gain] satting of the 1500-P42 Proamplifips; sensitivity la

=* Awnighted nolte level 10 maxlmium omi s

newave slanal vl wiihat

&lippitg.
| The micraphonda supplied in thess sets arg manutdciured by Brusl amg iﬂm.

Hasrum, Denmisk,

Guide to Microphone System Selection

The microphones, preamplifiers and power supplles
listed en the preceding pages may be pul together to
make complete microphone systermns, or one of the air-
condenser microphone systems {or sets) may be salected.

Microphone Selection First determung Ihe freguency
range and lowest sound level to be measured. Then, se-
lect 3 microphone that will fulfill these requirements.
Note that the noise lNoor for each microphone will be
lower it the measured signal s analyzed with full octave
or narrower bandwidth liters.

Preamplifier Selection Three preamplifiers are offered,
The 1560-F42 is the mast versatile, as it can be used with
all GR microphones and condenser microphones from
other manutacturers. It can drive very long cables and
provides a vnil.aneg!n choice gf 1 or 10 {0 or 20 dB),
The 1572-9600 Preamplifier/ Adaptor has the same in
aut fitting as the 1560-P42; however, the former does not
ve the polarization voltage capabllity and, therefare,
cannot be used with aircondenser microphones. This

unity-vaoltage-gain preamplifier Is recommended for driv-
ing cables up to 100 feet (30 m) long,

he 1560-P40 Preamplifier was designed for use with
the 1560-9570 Microphone (with adaptor base removed).
It will work well with accelerometers and olher electrical
inputs when used with the 1560-P96 Adaptor. This pre-
amplifier provides a voltage-gain choice of 1 or 10 (0 or
20 dB) and may be used with cables of madearate length,

Power Supplies All the preamplifiers mentioned above
require power lo operale them; many GR sound measur-
ing Instruments wpp'% directly. [(Consult the power
specifications of the 1560-P42 or the spacifications for
the specific instrument of interest 1o see whether this
power is supplied), I & separate power supply i reguired,
use the 1560-P62. This should abways be used (even with
instruments thal supply preamplifier power) if very long
cables (over a lew hundred fest) are to be driven, as the
preamplifier power supplies bullt inta most instruments
have limited current capability.
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Vibration Pickups and Systems

= accessories for sound-level melers

= select lor:
high-frequency performance
high sensitivity
general application, economy

For the measurement ol solid-borme vibrations with the
sound-level meter a vibration plckup is used in place of
the micr ne.,

Each of these vibration pickup systems consists of a
vibration pickup, a control box, and a connection cabile,
The vibration pickup is an Inertia-operated, ceramic de-
vice, which generates a voltage proportional to the ac-
celeration of the vibrating body. By means of integrafing
networks in the control box, voltages durpparhml o
velocity and displacement can also be deliverad to the
sound-level meter. The desired response is selected by
mieans of a three position switch on the contral box. Can-
version data are supplied for translating the decibel in-
dications of the sound-level mater Into the vibration pa-
ramelers of displacement, velocity, and acceleration.

Type 1560-P11B

This system uses a lead-Zirconate-litanate pickup,
identical with that used on the 1553-A Vibration Meler.
Probe and probe tips are provided. A permanent-magnet
mount Is also avallable.

;hl 1%60-F11B 'I']lh"l‘lm “:I'I
o W .
I;‘iﬁ ml-{!'ﬂll Miter

Type 1560-P13

For measurements al higher freguencies than the
-P11A system affords, the ‘P13 cambination is recom-
mended, consisting of the 1560-P53 Vibration Pickup and
the 1560-P23 Control Box. A small holding magnet Is
Incluced,

This systemn with the Type 1551.C or -B Sound-Level
Maler provides the flat Treuunm:; response and low-naise
operation required by MIL-STD-740 (SHIPS) for vibration
measurernent. (The holding magnet Is not used for meas-
urements according to that standard.)

Type 1560-P14

The vibration pickup used in this system has approxi-
matély 10 times the sensitivity and 10 limes the imped-
ance of the 1560-P52,

General High F High Sermitivity
Pickup Systems 1560511 i g0 pie

Wibrmtion Pickup Syatem Wibration Pickup Syviem Vikration Pichup Syalem

i~y b B 0.1 t0 39,000 {100 i)t 0.3 I 390,000 (1000 @t 0.01 to 2900 (10 gtht
R Velocity (in. /s) 0.001 1o 300 @l 20 He* 0,001 to 1000 a1 2O Hz** 0.0001 1o 30 at 20 Hz*
100 a1 &0 Mz muamnff ﬁﬂlﬂ HE
10 al 600 Mz 100 ai 600 Hz 1 at 600 Hre
o2 1o i) () soHE* 0000000 D.DOOO0 B 0. 0 Hr
0.1 af 100 M2 .01 at 100 Hx

Frequancy Rangs

Emrery

=nd (3] displacament.

Mot Welght of Syatem (15} 1% (08 kgi 18 (08 hgd 2 11 kgl
Shipping Weight (b} 5 (23 g 5 (23 Wt 523 wag)
Catalog Mumber 1560-9912 15605613 156014
Pickup Characteristics
Pighup Types Number 1580-P52 1560-P51 1560-P54
Sensitivity (mV /). nominal 10 0 700
Temp Cosfl of Sans (dB/*C) <—0.01 <0.02 0.0)
Resonant Frequency (HD o0 27,000 EO00
Capacitance (pF) 10,000 350 700
Tempurature Mangs (*C) —-18 ta 100 —54 0 177 —18 to 120
Relative Humidity Range (%) 0 to 100 0 0 100 0 I 100
Cabla Length (11 5 {155 mj 828 m) 825 m)
Dimensians {in.) 1helfxl, ¥ [hen) 2 0.7 1Y, [din) x 1N,
{mim) A2nITAIS 15510 Jin2?
Het Waigit (o2} 1.6 {25 gramul 1.1 (21 grarm) 2.1 190 grams)
Catalog Mumber 15680-9552 4+ 15609653 15609658

t & = scceiwration of greily
* Uppar jimil of isplacement and wsioci

*® Mawhmurn fiatlmg ot rEttumend

by measuremants denends UDon
bie belore nealinearity occurs (100 @ for 1S50-PLLE, JO00 | for 156091

fregquency snd i oetarminad try the masimum sceeleration possl-
1, and 10 g tor 1560-Pl4),

4 Federal stock numpers are listad before (he Indec
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1557-A Vibration Calibrator

m calibrates vibration pickups, melers
= generates 1gat 100 Hz
= portable, ballery-operated

This calibrator provides a singie-frequency (100 Hz),
single-level (1 g) check on the GR Vibration Pickups, the
1553 Vibration Meter, or any pickup whose total mass is
300 grams or less. It can provide anthe-spat calibration
of vibration-measuring systems immediately before and
after important measurements and can also be used to
compare transducers or to calibrate working transducers
against a standard transducer.

Operation ol the callbrator is simple. A pickup of
krnown mass is attached to the shaker, either in place of
one of the removable 50-gram disks or to one of the disks
by double-faced, pressure-sensitive tape. The user ad-
justs the Level contral untll the panel meter, calibrated
In grams, indicates the mass of the pichup, The plokup
will ther be automatically subjected to an acceleration of
1 gat 100 Hz.

The 1557-A is a small, bantery-operated unit consisting
of a transistorized electromechanical oscillator and a cy-
lindrical shaker, The acceleration output of the callbratar
appears at two pllibox-shaped, 50-gram disks mounted
on an internal cylinder that projects through the sides of
the instrument.

Algo ves Sound-Loval Calibrators. Types 1562-A and 1567,

SPECIFICATIONS

OUTPUT
Acceleration: 1 g rms =10%. 1 g = 386 in./5* (98] m/s",
Velocity: 0.614 In./5 (156 mm/ ) rma

Displacement: 0.000578 n. (0.0248 mmi rms; DOD277 n
(0.0704 mm) ph-pi

Frequency: 100 Hz =1% for 50-gram load; 100 Hz 40, -2%
for 300 gram load

GENERAL

Batteries: Four AM-AR (or equivaient) mercury colls. Battery
e Is 100 hours of continutus operation. (Dey Gattary op-
liotisl; please specity. Replacemen| & Everéady 724 or
equivalent.)

Supplied: Laather carrying case.

Mechanical: Aluminum case. DIMENSIONS (wxhad): 4xBxd
in. (1054205x 105 mm), WEIGHT: 3.25 I (1.5 kg), net; 525
2.4 kgl ahipaing.

ol e callbrator with
LEED-PE2 Wibration Pick-
i alincheg

By inticn Fh‘au.l:‘:m

15457-A Vibration Calibvater = 15579701
1557-A Vibration Calibsator (with dry batiery) 15579702
Meplacemant Mercury Call, 4 reg BAID1DT2
Replavarmend Dry Call, | reqa B4 10-1050

+ Fooarml slock rrumnass wte Galed hefors the e
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Instruments for Hearmg Research
Audmmetrf r i

Grason-Stadler produced the first comme

se from Ge

world
irs. consists of a growing

tals all over the

it linge oFf audiome

tamily of manual and a

itam ,_1r atdiometers ranging. in
wie angd rese 1,,k-... The
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1
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B) |l-,._ el
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nservalion programs

The 1?04 Audiomeler is a two-channe
guency, pure-fone manual audiometer with
range, accuracy, and flexitality suitable for diagnostic

fixed-fre
Spéech

iManes Mater 3¢ yted In measyremen! of middiesss Tunction

plications. The 1702 provides idenlical features
| I = =

s i 1§ Y Ty D
Irequer esarfatiorn g o the
pat the 1704 the most
ated Ir G- ¥ T A Tullt
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yutomatic versions, and
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n | Jrmiti e a5
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|I [ |
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3951 Evoked Response Sjrstem The 3951 |5 a versa-
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fneurological amplifier, and sufficient digital control

t & variety of proceduras involy

1 ta implemar

ng cortical potential:
wifacturin

Psychoacoustics Designing and B

ial-pure nstruments for heanng research have be
specialties of G-5 since its founding .'.ru,. began as a

virried line of single-purpose devices has boen converted
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Inte modular form and made compatible with G-5' mod Accessories  Grason-Stadler provides an extenslve

O digital programming system. Users can selection of accessories for |15 audiometric and psycho

LErST ST HES

oW quickly d easily iearly any special gecoustic instruments B amplifiers, calibrated
purpose instrumeantation generation, ¢ wones, loudspeakers, | praphs
e toring they | tters, etc. In addit iiation with
1l iy tna gy Al nad i Can | ‘ US genar
ver, when current reguire ers cal ators, sound-level meters ilyzers — vif
sronnart their jules te dif y any inslrument necs i, Meas
Varart ré ri nrilg urament., or monitaring o 15
R h Aut ti
it s -1950's ranon-Stadler becama we of the
firet —_ o b takae | - » OIS
i lular, 1 -t i P TR L § t tr =1 et
¢ the growing need of behavioral re o auto
e and rephcale ISRy I FIMmEnts
.-‘-,.!'u.-___;l: this relay system canbinus wany re

sedreh nesns, daveldpmants in bahavioral research and
In the life ences i general have required control and

manitaring devices with more speed and flexityililty than

reloys proy n-stadler's respon: & re
Jur gnts ! evelon tnres nro
ora i @ lirst s bha 1 WS e G
wl 1 e o syl Hhe  VThirod r r "
L _"r ]
The it tha

1100 Relay Syste This updated
| relay system provides low-cost automatic con
irol of and data collection fro moderately ot
periments whose events occur at rates up to 15 per
second. The system parmits generating a8 wide range
ol relationships between stimulus and response events

fixed and variahle ratios, fixed and variahle Intervals,
detection of coincidence, &l Inputs from contact clos-

ures can be programmed o control devices such as

arig

nplex ax

d dispensers, siide prolectors, shock gene

ually anything whos

FELIONS Can De gover f
basic programming

s counting and stepping, Ex

periment parameters are eéstablished by means of con
nections batween front-panel snap studs. Programs can
be changed
connections;
The Sclid-State 1200 System This system |s smaller

guleter, and much faster than the 1100 Relay Systam,

closures. Modu

functions such =

quickly and easily by modification of these

and I permits aulomatic contral of and data collection
froam complex experiments with svent rates up to 10,000
pe 1200 System is faster, it can
m jecisions from detection of
[ &

P = b

program mogimncahions

arag 1100 Ry rarmaming Tyiler ioonomy and Dexibiiny in

Eaperimant sulamaiion
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P

= i pSsychoacoustics t avored-potentia

aid tests 0 neurcopnh

thres

gy. Like the 1100 Sys

tem, the 1200 Systermn is modular both in packaging and
In function. Control parameters can be established

| quickly intar-

¥

either by front-panel

changeable central programr

The SCAT® Syslem The SCAT system is designed (o

sl -~

i Rghls mpléx single sxpanimeants. It s an

hardware/ software control
that utilizes a DEC PDP !
antral processor The SCAT hardwara ex

tonds the basic capabllities of the compuler by perform

ing a variely of ime-consuming corverting, storing, and
The SCAT vare pormits the

plementatio igh easily-reamembered miands. .ol

omplex functions such a5 time-measurament, counting

random-number ganeration, magnitude comparison, and

fata collection and cutputting. The software also sup-

plies & query mode that permits both interrogation and

or-going experiment variables

modification of

Other G-5 Products Grason-Stadler also offers anl
nal chambers that house small amimal subjects, such
a5 rats, small monkeys, and pigeons. This
mates easily with the 1100, 1200 and SCA
E r

closed in a separate chest for isolation from extraneous

ch chamber can be used ncgependently ¢

* State-Change Algorithim Tormi nelogy

GRASON-STADLER
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Component And Network Test

Instruments/Systems ¢ Manual/Automatic ® Custom/Standard

Universal Test System — 2200 Cable Test System

Logic-Circuit Teslers Transformer Test System

Resistance Trim Systems Componeni Test System

Wire-Wrapping Systiems Automalic Impedance Bridges

Linear IC Tester Manual Impedance Bridges

Passive Tes! System Impedance Standards and Decade Boxes

Leakage-Current Measuring System




(T

Measure:

18 parameters, including
gain
impadance
offset voltage and current
slew rate
regulation
rejection ratics

[\ st s e i
Theek. and
Thin-film Resrslors

Measure
and Trim

anodize systems

for tantalum thin-film resistors
laser systems

for thick-film resistors

Measure:

Inductance, Inductance unbalance
dc resistance

transformation ratio

capacitance

o— - m——o

Capacitors

(Resistors, Inductons,
amngd Panzive Networks |

Measure
and Sort

capacitance

equivalent series resistance
dissipation factor

leakage current



Logic Boardys

Measure:

logical function — dual-level Turn to

paramelric tests
time duration and delay fOl'

voltage and current Automatic Test
and Measurement
Systems

There is only ane valid reason for buying an automatic
test system — o continue producing a reliable product
while at the same time reducing the cost to test that prod-
uct properly., During the past ten years GR has been
developing an automatic test system capability that is
second to none in the test and measurement industry.
It you need to test components, networks, or circuits,
then GR has a system that will do the job.

What does it take to become one of the world's leading
suppliers of automatic test systems? You start with fifty
years of experience in making aelectronic measuremerits,
To this you add the knowledge of how to make these
same measurements with automatic instruments or sys-
term modules. You aiso work closely with the majar sup-
plier of minicomputers to develop automatic systerns
with the best combination of speed, accuracy, and re-
liability.

But technical excellence is not enough! You must
listen carefully to your custormers’ needs, create basic
systems with broad usefulness, then build an engineering-
manufacturing facility capable of tailoring these systems

Multipsir Cables

Measure: to meet your customers' specific, unigue, needs. You
create fast-responding sales and service facilities so that
mutual capacitance and conductance your customer will help you sell future systems because

he remains satistied before, during and after the sale.

unbalance in capacitance and resistance When you have done all these things and more, you

conductor resistance

dre one of the world's leading suppliers of automatic test
systems; now and then you brag about it.
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Systems 2200 Multi-station Circuit and
Component Test System [New]

§ ar e Wt 1yl i[%] i promisos!
2200 Measurements
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¢ Digital
Logic Function
Marginal Supply Voltage
High-Speed Word Acceptance
Time Interval
* Analog
Voltage, ac and dc
Current, ac and dc
Frequency

* Passive
Impedance, R, L, and C
with dc
arac, 120Hzta 1 MH2
Cantinuity
[solation

These capabllities can be expanded through use of the
system’s computer as 8 processor to converl rmeasure-
ments o other, perhaps more meaningful, guantities or
a5 a comparator to make GO/NQO-GO decisions. Other
functions and modes that the 2200 can provide are:

* Program editing and varification

= Error and other messages on teleprinter, CRT, or label
printer

= Diagnostic subroutines or complete programs

Scanners In any measurement setup, the proper con-
nection of sources and measuring instruments to the DUT
is crucial for accurate results, In a computer-controlled
systermn, goocd connections are even mare important, as
there |s little chance for trial-and-error troubleshoating
Also, a variety of connections (shielded, guarded, Kelvin)
is normally employed for various kinds of messurements
to ensure accuracy. These connections must be properly
selected and executed, with due consideration for proper
grounding, as in any measuremant system

For just these reazons, the GR scanners used |n the
Systems 2200 have bean designed as carefully as the
measuring circuits. Thirty types of scanner-relay cards
are available to make gxactly the connections that yvaur
MmeasLre il requirements may demand: Single and
multiple contact, wel and dry contacts, high [solation,
Kelvin Prowvisions are included in both hardware and
saftware to prohibit connections that would result in inad
verient ground loops

Test Program Setup of any measurement system is
frequently a hidden trap, requiring much mare time thar

Exf The samie can be true with computer-controlled
e ment systems, in which potential srare is in
writing the test program. The programmer must Know
intimately the device to be (with its idiosyn
crasles) and know measuremoer chnigues and pitfalls

i

as well. Since trigl-and-arror p dures are very costly
gl hesl, the program commands used to direct the con
nections and measurements must be explicit unambig
uous, and directly relaled 1o the test and test conditions
being established.

The General Radio test language is just that kind of
pragramming tool. The.command “"ASSIGN", for exam-
ple, directs the cannection of drivers and sensors 1o the
DUT; "SET" establishes source or driver autputs: “MEAS"
and "TEST" command measuremenl oF comparison
against a prescribed limit. Limits are specified easily as
(LIM 16 + 5% 5%} ar (HI 5030 LO 4980,
Other commands, numerical values and the like are ac
cepted by the program related to norma
test procedures and performance specifications

As programmer, you can focus your attention on the
proper testing of a device; from the test proc
program follows directly. F

1SE

in forms directly

Fom :"lun :_r._'."."l..|l_'_

rect and efficient testing of the component or circuit
| e e i e e - |
[ - |
kgl TR
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AT AR =t |
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[
| T 0, & pe——————— ]
e PRl R
| LE LTI |
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programmable pin conneclions

dual legic levels

data terminal, 12-inch screen

programmable power supplies

8-k core memory

The GR 1792 system includes, as standard, many
features thal are optional in other logic testers —fea-
tures that speed program writing, verify operation, and
enable the 1792 to perform more tests, faster, on more
different circuits. For example: Power supplies program-
mable over =10% permit marginal-condition tests; dual-
logic-level drive and sensing permit testing of boards
oparating with mixed logic families. An improved test-
program language further eases the writing job and in-
creases versatility.

The basic 1792, in a handsame and convenient con-
sole, includes a data terminal with 12-inch display screen.
Each pin of a circuit (60 pins or even more) can be either
driven or sensed (or both for short-gircuit tests) as re-
quired at each step of a test sequence. There Is no more
powerful logic tester available than the GR 1792

Dual-logic level sets Circuils under {est which include
mixed logic levels are easily accommodated by the dual-
logic-level sets in the 1792, One of twa high levels can
be specified for each individual pin on the circuit, such
85 45 valts for TTL and +12 volts for HTL; all it takes s
two simple statements in the test program.

Programmable pins Any pin of the 1792 15 selected as
either a driver or a sensor by means of program state-

1792 Logic-Circuit Test System

ments, These programmable pins also provide simplified
automatic input checking, such as testing for shorted
inputs.

Big-screen display A large 12-inch scope displays a
full page of the test program at a tlime — up to 23 lines
of 80 characters — and all presented on an easily read
fermal. An assooiated keybhoard facilitates rapid program
preparation and editing directly on the scope with no
need to resort to the teletype.

Marginal testing Device power supplies can be varied
+10% by the program to tesl the DUT under marginal
V.. conditions,

8-k core memory Twice the compuler core memory
(compared to the 1790) in the hasic system provides
ample reom for nearly any program plus permanent stor-
age of all systems programs necessary 10 write, edit, and
run the test programs. You save the fime, effort, and
confusion of running various systems programs in and
aut af memaery or of manipulating any computer controls,
An optional disk memory expands program storage ca-
pacity to 1 million words.

Modular design The 1792 adapts o your application,
both present and future, quite simply, without the cost of
frills that are nonessential o your immediate situation.

110 CIRCUIT TEST SYSTEMS
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A large variety of measurement modules (instead of costly
instruments) can be added at the time of purchase or
later as the need develops

The simplest setup of all You need only a test program
and a socket appropriate to your device. For the program,
yau analyze the circuit and decide how it should be
tesied, such as you wauld for a manual test procedure.
But, instead of writing an involved test specification, you
describe the necessary tests ina unigue GR test language
— the easiest language available for any logic-circuit test
system and so simple you £an learn it in a few hours.
Althaugh simple, the language still permits nearly un-
limited flexibility in the test program, including user-
writter assembly-language subroutines. An example of
some of the available tests is shown,

SIMPLE TEST LANGUAGE — Typical Statements

Soecifies which pins an tha DUT am
lnpuits associated with lngls loval S0l A
* | H IR, 19, 22.CLK =37 Specifios which ping of DUT are inpuls
RESET —51} istocisiod with togic levol sol B Alsg
Aalinus mndmanics 1o B wsed 0 placo
of pin numbers
*DA(3 4 25 31 39 < fies which pins on DUT are oul
puts assnciated with level A
Specifies which ping on DUT ara oul
puls associated with, lewei B
oW Specifies thal tests are lo be run with
low pawer supply vallage on ouT
Sets specitied inpuls high, lsaves ofher
rpaits an thiry whitd @ [0 previous test,
Sets specified inputs low, Isaves oiner
Irpruts o 1hoy were in previpus iesl
Checks thal specified oulnuls are high
and [hal other gulplis-are o5 they waord
in previous tivsy,
Checks thal spocifled colbuls are Iow
and that other oulpuls are as they wore
In previous best
Ganorates a sequonce of bests with all
camblinations of the specilied inpuls
DO loop provides a means aof repeating
2 series ol lests; here the loop cantains
the nekxl =5t through tesl 1T and 8 ra-
peated 100 fimes
Program |gnores sl oulpul plns excepl
8, 15, 24 and 39,
Trantfers program 1o subrouting begin.
ning at test 3100 Subroulines enabie
use of @ parficular ssquence of lests
morE Ihan once during esl progrom,
wilh only |he designated. pins attectad,
Giaplays message 10 opérator on CRT
dinplay.
Transfers the program 1o fest 71.
Displays message (o operator on fele-
typa
Fiogram pauses, awaills operator ac-
tion and grints “PAUSE 6 on CRT
dizplay.
Il =pecified oulpul pins are high and
othars are |ow, program iransfers o
les] 460
Generales dolay of fily 100-us incre-
manis (5 ms)

“ 1 Af1,2 10-14, 17, 23, 24)

* 0BG 9,15 64 B1)

IH{1. 1%, RESET)
IL(1T, 22, 24)

OH{3, 9, 95, 31)
OL{G, 64, 39)

SEQUENCE (CLK, 18, 23]

DO 17, 100

IGNORE (248, 15, 25, 39)

CalL {1, 2,19 4) 310

FRINT Change I1C 34]

GaTo 71
TYPE REFLACE R2!

PAUSE &
IF {6, B4] 450

DELAY 50

Actual tests Performance in practice proves the warth
of automatic logic-circuit testing. Prior to the Introduc-
tion of automatic testing in our facilities, we used hard-
wired test lixtures for each board to be tested. These
tixtures required an average of two weels to design and
fabricate and, although test times were reasonably short
(5 to 10 minutes), the lack of significant diagnostic infaor-
mation resulted in troubleshooting and repair times of
20 to 40 minutes.

Conservatively, a 1792 reguires only one-tenth the time
far preparation and test and one-third the time for trouble-
shooting as compared with our manual approach.

SPECIFICATIONS

Device Stimull: PINS: 60 standard, gasily expanded n groups
ol 12 pins, programmable as either sansors or drivers (short
circuit protectad). {0GIC LEVELS: Low of < 0.4 ¥V 'fixed and
two highs, each of +1 to +12 ¥V adjustable, higher levels lo
+28'Y avallable on reguest

Power Supplies: +5 V, +15 V, and
grammed for nominal, +10%, or —10%
supplies also available

Display: SCOPE: 12-in. with 24 BO-charactar lines; displays
alpha-numeric error messages, programmed diagnostic infor-
mation and operator instructions, and test program during
preparation. Program can be prepared, edited, and loaded via
scope display and associated keyboard, TELETYPE: Prints out
efror messages and test program fisting and punches paper
tape. INDICATOR LAMPS: Display test resulls.

Control: By test program written once for type of device under
test. Program is prepared by use of display scope and asso
clated keyboard and either leaded directly into computer ar
punched and stored on paper tape and loaded into computer
al 300 characters/s by high-speed tape reader. Tesis can
also be controlied by panel swilches, display keyboard, and
teletype keyboard to allow changes in stimuli or test conditions
and to permit diagnostic analysis

Program: Written in easy-to-learn GR-originated test language
and stared on paper tape or, with optional disc or expanded
core memary, stored in memory. A permanent executive pra-
gram permits ocperator 0 prepare test programs on display
and interactively test the device. An autoprogramming trans-
lator program stores responses of a known-good device when
it ls inconvenient to write oUtputs into test program
Environment: TEMPERATURE: +10" to +38°C operating
HUMIDITY: 10 to 90% RH

Supplied: Logic probe, 2 seil-test adaplors, telelype paper,
paper tape, training course at GR, and acceptance test at cus:
tomer's facility. STANDARD SYSTEM: Includes computer wilh
B192 12-bit wards of 1.2 us-cycle core memery and power-fail
option, interface and power-supply units, control panel; tale.
typewriter with keyvboard, reader, and punch; display terminal
with keybeard; and high'speed pptical tape reader. STAMN-
DARD SOFTWARE: Includes operating, programming, and
maintenance manuals;, and (he following programs; editor,
transiator, oparating system, in a single combined interactive
system; autoprogramming translator; diagnostic; and compu-
ter diagnestic and maintenance

Disk Memory (optional): A 2315 removable disk pack
Device Adaptors: Consist of a plug-in unit with access o test
system signal lines; ample space provided for special test cir-
cuils, if required,

Power: 1OV 10 125 V, B0 =045 Hz; 50 Hz and 220 V or other
versions available

15 V, all can be pro
Fully programmalle

GEMERAL RADID 1573 CATALDG
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1790
Logic-Circuit
Analyzer

s up lo 4000 lests per second
s GO/NO-GO tesls or complele analysis
» gasily-masterad test language

= bright-light, scope-displayed, and hard-copy
recards

s no reference modules necded

= pplional: input checking, marginal testing,
additional tape or core memaory

= modular design permits adding instrumentation

Four bright lights Fail Pa srved € §14 o1

@ 3
¢ { } bt t f i r arhar
1f ! - | | YL rd Ictior irt it I 1 e |
to 4000 tests p | 1 provi pe-disy the middle of the program.)
ypewriiten, ar ni-lght s rall tests Device adaptors provide the interface to the device
at 'y I command 1 ferms of a mple GO/NQ-GO under test (the DUT) and are easily interchanged by the
} d | bt al i f : ] ti of & single lever, They are recessed, together with
¥ I I ! Trl i o the broad cdesk [op that can be used
Simple setup The fexibility of the 1790 eliminates the lar drawings and auxiliary test equipment. The adaplors
el far oSty tanline  teat Wt iTs wd o [ i ide pins for wire f 0
neniat I 1 k | E 11l Ir f 2
. T 5 § (] 1 ireed e
bisied
" y
L 3
High speed
i it ¥
| | { trol i
I"l J 1}
Speedy troubleshooting i }
1 AR LUaR W greal deal af diagnos! inTarmalion
t &l et i b &St prograr Wwhen arLn falur
i | L ar Far {in)
i 1 i il
W "
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mand. No computer switch manipulation is required in
either case; all loading is done by the push of a button
or, in versions with the additional memory, by 2 command
entered on the teletypewriter keyboard.

A teletypewriler is enclosed under a protective cover
that reduces noise and provides additional workspace,
The teletypewriter slides out for use in program prep-
aration,

Additional memory [optional) provides over 30 times
the normal number of test statements that can be written:
up ta 30,000 separate statements are possible. Many
programs can be stored on a single casselle, and cas-
seftes can be interchanged quickly so thal complete test
procedures Tor any one of hundreds of different devices
are only a fingerlip and a few seconds away.

A human tongue You can prepare test programs in
thie 1730 test language more simply than you can write
manual tesl procedures. You get more far your effort, too,
not only a description of how to test your device, but a
program that will test it. A few statements provide a
large number of tests

SIMPLE TEST LANGUAGE — Typical Statements

LN § VR R T - T ) Defines number af Inpuls and lduniiTes plns
10 which they are conmedied

'O, A 16,19, 200 Oefines number of outputs and ldeniities
ning o which they are connected.

PE isOR (Mrogrammable Leveia) Sots power supply

P22 -10.88 waitngen

5 33500

DRIMASD LOAS (Pogrammabie Levwin) Sedh cach =t of In-

R2ZHSOAL - 1068 pul drive lnvela o dedcs undor ot

TH I H4EF LOAD (Programimiabls Leveis) Seie snch ol of sen

TH2 H508 L-10.68 sor fhesholds tor aulpul from device undar
[[..18

W iL2,147) Baln specifed npuls hlagh, Ingved other in-
puls os thay ware (N previous (ot

L r2s, 2a) Sots specifiag inputy low, leaves other inputs
s they were In previous tost

oM (3, 13 Chocks that specifmd outpuls sre high and
that other sulputs #re as [hey ware in phe-
vious tesl. With oniversal gevice adaplord,
alsd chechs inouta

oL (4, 15, 204 Checka that specitlen outputs ame low and

SEQUENCE [1, 2% 171

DO 17,50

GOTO 3&
WF i3 &) 3%

CALL 45

HANDHE 4, L)
PHINT CHANGL HC34°
I¥PL HEFLACE R

ol pther gutpuls Are a8 Thoy wife In pre-
vioud test. With universal dovice adoptors,
Mo checks inpuls

GEnurales a stouends af teals with all com-
binalions of thia apecitind Inpuls.

DO loop provides & means of repesiing a
sevies of tegt=; nade \ha oop containe the
mead tent throdgh teed 17 and ls repsatad 50
L

Tramyiory the program o lesd 36.

It apecisey culpuls aa Nigh and other oul:
buts are low, progtam transiers 0 tes 31,
Tranaters program o subroutine  beginning
ot Tedl 43 Bubroulinus anabis e of b par-
Heular soguence of lwsls mora than onee
Burifg tesl orogram,

Prigram ooed nol ehock apecifiod outputs
Dapioys mesiage o aparalnt on sCODG.

[Megyinys metsage e coersior on teictype
wriles

FAUSE D Prigram pausel, l-lﬂl_mfll-ﬂ\‘ aclion, and
prinis “PAUSE 3" on clapiay SCOpe,

SYNC 2 Genarates 5TC puite 0 oalornal line 2.

DELAY 50 Gunorates detmy of Ny 100-wa incremeonta

(5 'ma}.

Payback in twe months Prior to the installation of a

1790 invour tacilities, we used hard-wired lest fulures for
each board o be tested, Thesa lixtures required an aver-
age of 2 weeks to design and fabricate and, although test
times were reasonably short (5 to 10 minutes), the lack
of significant diagnostic information resulted in trouble-
shoating and repair times of 20 to 40 minutes,

Conservatively, the 1790 required only one-tenth the
lime for preparation and test and one-third the time for
troubleshooling as compared with our manual approach;
these figures are based on several years of experience.

MANLIAL 1790
Time  Manmy Time Maney
Prepsration 4000 b §16,000 ADD Py §1,500
50 board fypes
Teat BAS 3380 B4 r ie8
10,000 boaroe) yoar
Troubleshooting and Mepair 1BI e 1333 100 he AT0
1,000 repects/ yoar N ] ——
Tatah SlmE e 20712 L4 $2.168

Wages Dated on B00 per hout eeoepl for the LIS0 bt Limes thal amw
Dasetil on S2.00 e hour (for relatively wiskiling wor

100,000 boards per yont of SO0 thpes

1000 to 10,000 boards per year of SO0 tro=a

100,000 boards per pear of 100 types

100,000 Bewrcs por year of 50 Lo 100 types

10,000 boards per yen! 0! 100 Iypes

1000 boards per yoor of 100 (ypes

10,000 boards per year of 0 bipes

1000 baarde per year of 50 types

123456789011 12131415 1718190122030

Fayback period |n mombe hessd on lahor gvngs

Complex circuits no problem The 1790 is In use im our
facility as well as in dozens of others where It |8 busy test-
ing, troubleshooting, and aiding in the design of inte-
grated circuits, LSI arrays, and circuit boards containing
gver 300 IC's. In the following examples, programming
time includes time spent in analysis of the device.

21 inputs, 10 oulpuls
This board contains an B- . ”
bit accumulator, B read-in
gotes, an 8-bit memory
butfer, 2 four-bit Tull-bi-
nary adders, and 8 forty-
eight-tit shift registers
(40 IC’s and 76 other
companents), Time spenl
was 16 hours for pro-
gramming, 16 hours for
device-adapter fabrica-
tion (to wire adaptor and
construct a special driver
clireult), and 400 ms lor
all 338 test statemants,

32 inputs, 63 outputs This assembly contains 7 BCD-
to-decimal dispiay tubes, 6 ten-position swilches, an eight-

GENERAL RADIO 1973 CATALOG
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position switch, 24 dpdt pushbutton switches, and a dpdt
toggle switch. Time spent was 8 hours for, programming,
8 hours for device-adaptor fabrication (to wire adaptor
and to construct special cables from adaplor to assem-
bly), and 3 minutes for all 188 test statements, including
time for operator to reset controls on assembly according
to Instructions displayed on scope.

11 inputs, 18 outputs
This board contains de-
coders, a 3-bit binary,
counter, a 14-bit shift reg-
Ister with parallel output,
and 15 read-in gates (27
IC's and 5 othar compo-
nents), Time spenl was
8 hours for programming.,
A0 minutes lor device-
adaptor fabrication (to
wire adaptor), and B0 ms
for all 151 test siate-
ments.

— Gen GR Exparimenter for January| Fabrpary, Marchf dune, and July/
Seplember 1970

SPECIFICATIONS

Device Stimuli; INPUTS: 9G. Orivers are TTL 7440 powar
gates. OUTPUTS; 144 Sensors are DTL 944 NAND gates.
POWER:+5, +15, and =15V at 1 25 A max

Display: SCOPE: Displays alpha-numeric error messages, pro-
grammed aiagnostic information and operator instructions,
and test program during preparation, TELETYPE: Prints out
error  messages and  test-program  listing. INDICATOR
LAMPS; Display test resufts.

Speed: 4000 lests/n/pin for 12 inputs and 12 outputs (250
ws/tegt), 1100 tests/ s/ pin for 96 inputs and 144 gutputs (900
ws/ tast),

Control: By test program, wrillen once for lype of device under
test. Pragram is stored on paper tape and loaded into com-
puter at 150 worda/s by tape reader or, with optional addi.
tional memory, stored with olher programs on magrelic-lape
casseiies @nd loaded Into compuler at 330 words /=, Tests can
also be controlled by panel swilches and lelstypewriter hey.
baard fo allow changes in stimull or test conditiong and to per.
mit disgnostic analysls.

Program: Wrillen in easy-{o-learn GR-originated test lanpuoage
and punched on paper tape or, with oplional additional mam:
ory, récarded on magnetic-tape cassettes, using an Editor
program ta simplily changes. A Transiator program converls
lest statements (o binory form used by the sysiems and pro
vides a lull s&f of program error messages. An Autoprogram
ming Translater program stores responses of @ known-good
device when il |s Inconvenient (o write outpuls into lest pro
gram

Enviranment: TEMPERATURE: +10 1o +50°C {+10 to +38°C
with optional additional memary), HUMIDITY: 10 to 90% RH
Supplied: Logic probe, 2 selltes! adaptors; lolelype paper,
paper tnpe, 3-day training. course al GR, and acceptancs test
al customer's facllity, STANDARD SYSTEM: Includes com-
puter with 40896 12-bit words of 1.2-us-cycle core mamory,
intierfate and power-supply units, control panel, teletypewtiter
(including Keyboard, resder, and punch), display oscliloscope,
and high-spead optical tape reader. STANDARD SOFTWARE:
Includes operaling, programming, and maintenance manuals,
andl the following programs: Editor, Translator, Cperafing Sys
tem, Cambined Interactive System, Autoprogramming Trans
fator, Diagnostic. and computser dipgnostic and malntenance
Additional Memory (optionall: Increases test program length
1o 30,000 tests for 12 inputs and 12 outputs or 5000 tests for

96 inputs and 144 outputs; consists of 2 magnetic-tape-cas-
selle transports housed in space normally used for storage
drawers. Stondard Phillipesized cassettes used, each with
300 1t of tape.

Programmable Levels (optional): INPUT {drivel: Two seis of

input levels can be set independently by tesl-program siate-

rent is 10 to 25 mA and stew rale is typically 2 V/us. OUT-

PUT (sense): Two sels of output levels can also be pro-

grammed independently from =30 to 430 V in 10-mV steps.

Qutpuls can be programmed to either set ol sense levals,

POWER SUPPLIES (3): Also programmable, one from —20 1o

+20 V at 2 A max In 40-mV steps, and two from —40 to +40 V

at 1 A max in BD-mV steps.

e
sis of o frame et :

plus etched circuit boards ﬁ_-ii‘-*"'":

contalning pins that con-

nect to 1790 inputs and ™

outputs, Pins are wire-

wrap connected to sockels

or other connection t for DUT. One version Is

with holes in 250-mil rows with 125-mil spacing for sockeis:

the other varsion is without holes; both are avallable with 72

inpiuls and 72 culpuls or 96 inpuls and 144 sutputs. 'With in-

pu! and output terminals hard wired to 1790 drivers and

sensors, ong standard device adaplor generally accommodales

only &s many types ol devices as there is room for sockets

Universal Device Adap-

tors: Similar to standard

device. adaptors except P

many (erminals can be

programmed as either in-

puts or cutputs by means

{est progrom.

Power: 107 1o 125V, 60 = 0.45 Hz, 1375 W plus 500 W each

for additional-memory and programmable-level options; other

Mechanical: Console modal, DIMENSIONS (wxhrd]: 74kdBx

34 in. (1880x1120x875 mm), WEIGHT: 586 Ib (266 k) net,

824 Ib {374 kgl shipping plus 60 Ib {27 kg) for additional

mants from =30 to 430V in 10-mV steps; short-circuit cur
of simple statements in

voltages and frequencies available.

mamory option

Catmnag
D vt igm Numbaor
1780 Logie-Chrewit Analyper
115V, 60-He Moowl
115V, 30.Mr Masl (Cescrite
Salect lollaw ing aptiom, f Jose 3‘::::;"‘
P2 Adcitional Memary Thas i)
QOP3 Programrmabile Leviis
G Cutra Cora Mormary (4 W)
Opthans svntiable for retrolil in the fleld,
vy GH persnagi*
Adgailionsl tagrelic-Taps Mermory
1M Frogrammatie Leveit
4% Extra Core Mamory (4 Al foe POPETe
Acceswiariay avallahle
Power Transtormar (for line volfage o
180, 10, 220,230, and 240 ¥, =A%) 17629610
Stande Devoe Adaplior
P = | Ity Ouiputy  Programmatie
Halaw Pl [Ingewt)
Mo ] 2 No 1790-960}
i L LR Mo 17909602
s e ¥4 No TreD-ein
e - is4 i 17%0-9504
Linkhmrual Device Adpotor
M T2 L e ] 1750 -G0S
Mo 12 Iz ] 1790606
You [ 12 12 L750-B60T
Vo 56 144 s 17900000

* Plears fomaufl GR) the rature of your wysiom ond G oplions apiar-
s (e apontor b soihware 8l s chosoe o) warelors nad oetailed
na g
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1793 Logic-Circuit Tester

The 1793 is the “starter system" of the GR line of
logic-circuit testers, With it you gain the sconomies of
rapid digital testing of complex logic circuits at the lowest
initial cost,

The 1793 is easily expanded when need and resources
dictale. The basic version includes connection capacity
for devices with up to 48 input and 48 outpul pins, push-
butten contral with brighl-light annunciators for the op-
erator's convenience, a computer, a teletypawriter, and
all necessary programs: Editor, Translator, and Operating
system. Diagnostic instructions and other messages can
be programmed lo reduce troubleshooting fime,

Several options are available, initially or later. They
include (for taster input and odtput than afforded by the
teletypewriter) a CRT display, high-speed tape reader,
and cassetie transport., Also, an autoprogramming fea-
ture obviates the programming of acceptabie output con-
ditions through the initial testing of a known good board.
For even more testing capabllity and extra time-saving
options, consider the GR 1790 Logic-Clreult Analyzer,

Test-oriented language The 1793 uses the same high-
level tost language as the 1780, Test programs are wril-
ten in the same order as manual test procedures, with
commands relating directly to them, for smooth and easy
preparation.

Device adaptors are supplied in dedicated and univer-
sal versions, including, if you wish, adaditional cantral or
monitoring circults or external loads

Simple setup A quick change of test program readies
the 1793 for testing a new device. No costly special tool-
ing. test fixtures, or docurmentation is reguired.

High speed Test rates up to 4000 tosts per second
gnsure that throughput in most instances will ba limited
only by device-handling time. You get fast sorting and
Bain valuable time for troubleshooting any defective
devices.,

Operator control is provided by a8 convenieni array of
pushbultons accompanied by bright-light indicators of
the test progress and results.

Speedy troubleshooting The versatile 1790/ 1793 test
language permits inclusion of a great des! of diagnostic
information for on-line operator instruction, report preps-
ration, ar off-line troubleshooting of rejects. A logic probe
is a standard accessory. Diagnosis is further enhanced
by provisions for connection of external test equipment
and by panel control of step-by-steép or “test to tailura”
miodes,

Frogram loading Mormally accomplished through the
teletype tape reader, this can be speeded up with optional
high-speed tape reader or casselle-tape transport, The
latter is superior it you wish to store a large number of
test programs, Programs are aulomatically loaded on
command from the contral panel or keyboard, without
manipulation ol the computer control,

Instant readout An optional CRT effords instant dis-
play of operatar instructions and in-process or final test
results. You will appreciate it particularly in test-program
editing and in troubleshooting ol faulty circuits,

< JELAL BR1Ga] N test rirte 19
" RS FEOR T e

mg TERT BOAED of DeEST REREOUT

et iz 3 FO FYDITE ARPERS

(PR TR e

New Since
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Mode! #008M Wrapning Siatlan

ComputerWrap Wire-Wrapping Systems

= figld-proven computer-controlled hardware
= low-cosl N/C specifically designed for wire wrapping
150 machines on four continanls

s thoroughly debugged soltware
ComputerWrap™ wire-wrapping systems speed the
facture ol circuit boards, mother boards, and back
planes by precisely directing the lead selection, routing,

and wrapping af circint wiring. A computer or N/C con
troller ensures fast, error-free terminal location. The
ComputerWrap woark stations, of which there are three

MOOEIs, P e the pperator with

nveniently located

status in ontrols placed for minimal delays

Over two

ComputerWrap machines around the world assure you ol
jepandable hardware, versatlle software, and responsive

world-wide service back-up
Three different wrapping station mode!s (the S0
and BUOM ) are avallable, two control options and

direct computer comtroll, and the most extensive soft
ware support package In the industry. All station models

antical electncally and in program and function;
1 R ™ Frehr

nputer arncd N/C controls '||.-r:|_..L'- -OIMDSLE

e

result of this uniformity s that the same N/C can drive
any of the threa station models iterchangeably, that any
combination of station models can be draven from the
iter, and that an N/C machine can be
introlled system in the field

T COmpUler

oriral
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Uncommaon features common to all models

+ J0O-inch | minute operating speed

« twisted-pair capabilily

+ Intarmediate route point capability

+ pperator cantrol of zero-set check (“rezera™)

= absolule

« unlimited

+« ability toskip ahead or behind within wire fist instanfy
» full job controls with unigue “sut-of-positicn™

light and associated motion inhibit
« all contrals and displays at conveniant eve level

and on the staton ic

aximum efficiency

| 18 reguirameants

* complete program and control interchangeability
betwesn all station models

= plug-compatible complter and N/ C controls for field
upgrading

+ full Mloating 2ero for minimum selup

Model differences The wrapping station models 400 and
500 differ from the 600M in that the latter moves the
work panel vertically while the terminal locator Is moved
horizontally, The 400 and 500 hold the wark plece fixed
while moving the terminal locator along two axes. The
600M s the preferred machine for large panels as the
operator has no up and down arm movement: this model
will accommeodate panels as large as 36 x 28 inches, with
10%-inch depth, and 400-pound welght, The 500 requires
less floor space than the 400 and has an 18 x 18-inch
wiring area and 7.inch panel-depth capacity. The 400
will accept a 25 x 3B8-inch panel of any depth

The question of computer- versus numerical-control 15
not easy to answer. Each has its place. T a generaliza-
tion must be made, computer-contral is better suited 1o
large, multi-station Installations, while N/C is more sco-
nomical for one- or two-station installations

An important and frequently overlooked aspect of
automated wire wrapping is the Importance of software
in tape preparation and modification as well as in operat-
ing programs. Many man-years of efforl provide our

Modal 400 Wranaing Stailon

GENERAL RADID 1573 CATALOG

customers with the best programming backup in the wire
wrapping industry

More compiete information an the software, hardware,
sarvice suppart, and warranty 16 avallable on réquest.

Modal 500 Wrapping Flation

g —

|
e

PRODUCTION SYSTEMS 11



Auto Fad

Auto Form

Auto Shnar

Total Computer Assist to your N/C

Sheetmetal Fabrication

Increase profits and be more
competitive by pairing N/C with this
new computer-aided system

Techware Computing Corporation, a GR company, sup-
plies computer-produced layout drawings, numerical-con-
tral tapes, cost and manhour predictions, and toollife
control Information. These and many other associated
services can save up to 75% in manhours and 40% in
turn-around time while doubling the productivity of your
sheetmetal fabrication fachlities, Savings will be seen in
prototype and production stages, in design, manufactur-
ing, and cost accounting

NEW METHODD
D OLD METHOD
e e e
CYCLE TIME MANHCURS  PRODUCTIVITY
CUT a0% CUT 76% DOUBLED

Economic changes achiswtd by combining NJ/C wilh a new compuler
akded sysiem for gesign, proflotlyoed, and production ol sPeeimetal

Maore competitive bids Shestmetal parts comprise such
a large portion ol every electronic system that the cosis
of sheetmetal design, prototype fabrication, and proguc
tion will significantly effect the bid price, Furthermore,
it parts are not avallable when needed, the effects can be
disasterous, adding to the cost and time required at each
stage ol the contract’s life. Knowing this, biddars tradi.
tionally add in enough manhours and time to cover un-
foreseen costs and delays resulting from shestmetsl
protleams,

Assuming thal compeling contractors are equally com-
patent technically, the adge In successiul bidding comes
from the price quoled, Bids for electronic systems will
contain nearly Identical material costs, The big variables
are manhours and the time reguired for design, prololype
fabrication, and production. If contracts are lost owing
to price, then we must analyze these variables and learn
how to control them.

Competitive blds will result from a system that intro-
duces speed, economy, reliability, and increased produc-
tivity 1o the development/manufacturing cycle of your
products. Techware olers just such a system. With it,
you realize:

« |ow-cost design, drafting, and checking

* accurate and inexpensive prototypes with no delay

« predictions of futlre costs early In the conlract life

« light control on the costs of expensive special tools

« gn-time production release that is raliable and inex-
peEnsive

« minimal new-capital requirements

+ guaranteed minimum unil cost per manhour with
maximum productivity

« high quality without high-cost inspection and quality
control

The advantages of computer aid and N/C technigues
have been extended by Techware o the shear and power
birake 5o that every step in sheetmetal fabrication can be

118 PRODUCTION SYSTEMS
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shortened and same even aliminated, The system s so
versalile thal, for example, several different protolype
parls can be fabricated from the same sheet at produc-
tlon efficiency

Proven Technique Techware's new system has been
proven practical at the General Radio plant at Bolton,
Massachusetis. Combining the speed and accuracy of
the computer with the versatility of N/C eguipmenl, this

- COMPARE

TRADITIONAL METHODS

RECEIVE, INSPECT &

method has decreased sheetmetal production costs by at
least 3 to 1 each year,

Uver the past few years, General Radio has appiied this
powerful new system to the problemns of converting new
designs and raw malterial into finished products — at
competitive prices. You can, too

The bar chart illustrates what has actually been gairted
at General Radio. We can arrange for you and your people
lo see this operalion at yolur convenlence at GR.

NEW C.A.D. & N/C METHODS

ARECEIVE, INSPECT &

MOVE MATERIALS MOVE MATERIALE
(MANY SIZES) (STANDARD BLANK SIZE)
CUT MATERIAL SOUARE
» SET.UP FIRST SIDE
® SHEAR FIRST SIDE 100%
* SET.UPSECOND SIDE ELIMINATION OF
» SHEAR SECOND SIDE PRE-SHEARING
OPERATIONS &
s INSPECTIONS
REJECT
INSPECT
B i
MOVE MATERIAL — MOVE MATERIAL -
SET-UP N/C EQOUIPMENT SET-UP N/C EQUIPMENT

& FABRICATE PARTS

i

& FABRICATE PARTS

REJECT
INSPECT
3 REDUCED COSTS
& PROTOTYPE FAB 100%
MOVE MATERIAL TO SHEAR ® SPECIAL TOOLING TION
& SET UPSHEAR 11 SIDE * INSPECTION ELIMINA OF
® SHEAR In SIDE POST SHEATING
& PROGRAMMING OPERATIONS &
S BEEOP BHEAR Jnd % ® MNFG. ENG INSPECTIONS
» SHEAR Ind SIDE ® ENG. CHANGES
‘ ® CLERICAL
REJECT
INEPECT
MOVE MATERIAL TO MOVE MATERIAL
PFOWER DRAKE B0% REDUCTION OF
® SET UP ARAKE FOR POWER BRAKE SET.UP

EACH BEND REQUIRED
& FORM PARTS

4

& ACCUHRACY TO & DOS™
® REPEATABILITY TO 002
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M/S 80 Laser Trim System

= functional or resistance trimming
with modular versalility

= aulomalic subsirate handling
with oplional aulomalic ejection

= up to 12,000 trims per hour io 0.1% accuracy
with production-proved YAG laser

= simple setup
with inlerchangeable 48-position probe ring,
TV monitor, and simple irim language

= expanded capabilities
with optional step-and-repeat probing,
reject marking, and casselte memory

Complete versalility The Micronetic Systems Model
BO Laser Trim System is a complete computer-controtied
trim system for thick- or thin-lilm active circuils or pas-
sive resistor networks, It is particulzrly well-suited for
use with fully comipleted active circuits and can trim to
such circull parameters as ac and dc voltage and current,
or frequency, in addition to resistance or resistance ratio.

The system Includes a YAG lasar, X-Y beam positioner,
automatic substrate handler, easily Interchangeable
probe ring, measurement module, computer, and TV
monitor with joystick control. All elements arg arranged
for efficient operatar control,

The low-cost probe rings are equipped with 24 indi-
vidually adjustable probes, but will accommodate up to
48. Also avallable to suit your particular requirements
are othar extras, such as refrigerated closed-Cyole laser
cooling, step-and-repeat probing, automatic substrate
ejection, cassette memory, and reject marking. These
can be added at the time of purchase or later as the need
arises, Thus, the trimmer suits your application, bath
present and future, simply and without the cost of non-
essential Irills,

Precision performance The automalic substrate han-
dier Incorporates four nests thal accommodate sub-
strales up to 3 In. sqguare or other common clrouit con-
figurations and performarnce boards. The substrates are
held against twao alignment ears by the vatuum system, to
assure precice alignment with the same reference corner
used in the printing operation,

Computer control and precise beam positioning pro-
vide straight line, L-shaped, serpentine, or olther combi-
natipns of straight-line trim patterns. A unigue edge-
seeking feature permits accurate |ocation of the trim even
In the absence of accurale printing registration on the
substrale,

The entire substrate s probed simultaneously by
migans of individually adjustable probes located on easily
interchanged probe rings. Each ring accepts up to 48
probes that can be simply and accurately set up for each
lype of circuit 1o be trimmed. The ring can be left in
place and the probes readjusted for the neéxt circull type
or the entire ring can be replaced by another ring whose
probes have been pro-adjusted for the new circuit.

A stepand-répeat option simplifies, spesds, and ex-
pands the probing capabilities for circults with repetitive
patterns, All probes are Kelvinewired to eliminate meas-
urgment errors due o lead impedances and thus assure
highly accurale trims. A driven-guard terminal permits
trims in closed-loop configurations without the need to
break a resistor chain or to reconnect resistors after
trimrning.

Cost-cutting efficiency Micronetic Systems laser trim-
mers pay for themselves within as short a time as one
year, while providing trims for less than 0.5 cent each
{about hall the cost of conventional air-abrasive systems),

This performance stems primarily from the system's
over-all speed — the result of a number of enginearing
achievements. The Q-swiiched YAG laser permits accu-
rate trims at speeds up to 2 inches per second. Even
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laster is the X.¥Y beam tioning table that directs the
spot over the entire substrate al an optimum speed of
B in./s, with a resglution of 0.001 In, and a repeat accu-
racy of 0.0001 in. Finally, the measurement module en-
ables decisions in less than 100 microseconds,

To take advantage of the high trim rates and to in-
crease throughput even further, the substrate is probed
in its entirety and the multi-position handler allows sub-
strates to be loaded and unloaded while a trim Is in pro-
cess. In addition, with functional trimming, complete
circuit compensation usually can be achieved by trim-
ming only a few resistors rather than trimming all of
thern. Functional trimming also improves yield, elimi-
nates the need for a separate final-test cperation, and
compensates for wide fluctuations in active-device param-
eters so that substantial cost savings are possible.

Time-saving simplicity Since a computer controls the
antiré process, the actual operating instructions are ex-
ceedingly simple — you only tell the system what you
want, not how to get it. And you converse with stralght
forward English-language statements, thanks to an ex-
clusive Resistance Trimming Language developed by
Micronetic Systems.

The computer has ample memory for 15 resistor trim
plans, With the optional memory extension, nol only can
you increase this capacity many fold but you can also
store any number of additional trim plans on magnetic-
tape cassettes and call them up quickly for each davice
when needed. A unique coding system used on the inter-
changeable probe rings further simplifies the operation
by automatically calling up the proper program for the
device.

An on-line transiator allows programs to be prepared
and edited on the teletype while production contimies,
The compiler-level Resistor Trimming Language enables
liexible yet concise instructions for each trim. Datalog-
Bing is annther useful feature and allows any measure-
ment made by the systerm 1o be stored and used later In
the trim process, as an input to a statistical routine, or
as @ periodic output on the teletype, high-speed printer,
or other |/ O device,

Program examples illustrate ease of operation and flexi-
bility of language and system.
NORMAL TRIM H3 ie jo ba trimmed 90
o final volue of 10 &0 +1.0%. The slale-

monis begin by idenditying R an con- B 3G, np
uﬁt-uluprrhh:ﬂmug“hhﬂm iF

slatnment directz the oper :
M:uint:l statoment (C] i (b 1‘..“-'-?.'.7 IF »1i6 IHs JE
vilue of R Iz too high fo Be wimomed,

The second |IF stninmont tejects ihe ro- IF <S4aulE

DEVIATION-L TRIM Here 1he require-
meniy are the same as belore except an
Lowhnpe s tesitod rainer than a stralght
cut. Tha first Ieim statemant (T) directs
anghall the dif.

ig
p
&
3
§
:
:
3
:

tion staternani (P) merely seivas (o lo-
oty the renistor approximaiely.  Edgs
whnng {9 thus a rapid and eocurale
techninie for focating wmall resistors on

AATIG THIM  Thin frim plan s ateo slmi
lar to that for normal trim, axcept in this
case ihe redlsior (s to be fmalchoed. A
clatiwlog statement (W Inslructs the bridgs
ta meazure the tnal vilue of he pravious

|3 59 AN

1 > Jite 1XadE
IF «S{.JE

1F =908 J4
B X100

T=2M 154« =1

T=4iY« i

Tk X5,

IF =18 1K JF
1F <S4, 0¥

LFE *>%eitaald
Rl Tain
L B R i

=20, 100

A
¥ =10 IKAIE
IF «SisdF

IF >% 054
P L & L

it TR B

MiS trim lf;l.l!fﬂvl afe warrmnted against defscts In matedials and
workmanship for one your from date of purchase.

R

mg‘;ﬂ! quf_-?: LA "rmwi i, and Deacription

ha dlr the aparallon LUNGTS 1

reslelor (R4) i R3 iz wilhin (olorance IF >2.9%a 04 M/S 80 Lasar Trim  System 22509780
[grealer than 5.9 K bul fess than 10,1 ki Far Added Capatbiility:

e puallion statement (P direcia the F X100 300 Cazseiin Memory Eatonuon

bmam o 1ha propar poetiflon 10 bagin the High-Spred Lins

brim (100 it awng the X gais from the T=2ax, 106 Fetrigeraled Lasar Conlor

retgrancs corndr and 300 mils slong the Autorralic Submtrate [actn

¥ amis). The systiem i now direcied to p-and-Reprat Probing

p-rlnl::‘h actual trim in a l;nlm Heject Marking

direttion until elther the cut s 20 m Meptacement Mesl, additional

long or Lhe resigtor s 10 k0. The bim plan thos sssures 0o ome s :

wasted Urying to trim a sesivior thal cant be trimmed or peets no  TTob® Ring. I rotmally sutpliod, 48-trote capacity

Irimeming, and it assurey tho cut witl mot seceed & prescribed masimurh Probe for probe ring

lorngih, Lasar Lamp, spaie
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Resistance Anodize Trimmer System — “MiniRATS"

s accurate, economical tantalum-resistor trimming
= complete — trims and tests

m wide range — 10 £} to 1 MLl

= precise — 0.01-{! resolution, 0.02% accuracy

» fasl — 0.5% in ¥z second

A complele solution The General Radio MiniRATS Is
particularly useful for design and smalllot production
jobs, Despite its economy and small size, the MiniRATS
is a complete system that includes an anodizing current
supply, measurement bridge, and all necessary contral
circuitry. The entire installation procedure comprises
only making a few connections to your probing device

Dperation is equally simple: Set eight direct-reading
lever swilches for the desired final resistance value; sel
three other controls for the ancdizing current, pre-trim
anodizing voltage, and measurement rate. Half a second
later, your resistor is trimmed. With the Kelvin and guard
connections, you can (rim small values with ease, even in
networks with shunt paths.

Front-panel indicators provide a check on the process.
One lamp warns of pretrimmed resistance values too high
to be processed, another signals when the process Is
complete, and @ mater indicates the anodizing vaoltage
during the trim operation. The anddizing current can
also be turned off and the unit used as a precision resist-
ance bridge if need be — simply al the flick of a switch.

The simplified diagram shows the malor elements of
Ihe MiniRATS and the external probes attached 1o the re-
sistor to be trimmed (R,). The measurement probes are
shown &5 clotsed arrows and are connécled for six-termi-
ndl guarded-Kelvin maasyrements. This allows resistors

L]
oy = e B
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to be trimmed in closed-delta configurations and thus
eliminates the need to break a resistor chain or to bond
resistors together after trimming. Unguarded 4-terminal
Kelvin connections and simple 2-terminal measurements
are also possible.

SPECIFICATIONS

Resistance: 10 @ to 1 M0 In 0.01-0 steps: set by B in-line-nead-
out levar switches

Accuracyt 20.02% =50 ma, from 100 @ to 100 ki =0.1%,
fram 104 to 1 Min

Display: METER: O 1o 250 V, indicates onodizing vollage
INITIAL VALUE LAMP; Lights during predrimy extingulshes
when oxide-film breskdown reaches from O o 100V a2 sat by
rear-panel control; remains (it 1 initial yvalee is oo high for
trim. FIMAL VALUE LAMP: Lights during trim, extingulshes
when final resistance volue |s reached

Anpdiring Current: 0.01 1o 10 mA [n ten 1.2-5 steps wilh com-
plisnce voltage to 270 V. Applied for B0% of trim/ micasure-
ment cycls initistly, 20°% when resistance i= wilthin 2% of
final value. Current shuts off sutomalically when trim is com
plets ar pre-trim value is oo high,

Maasuroment: RATE: 2 1o 41 measurements/s, continuously
variable. TERMINALS; 7, Le., 1 anodizing cathode, & guarded
Kelvin terminsis.  (4-lerminal unguarded Kelin or slmple,
2-terminal conmections can also be used,)

Supplied: Power cord, two 1d-pin type 57 plugs fo mate with
riar sockat lor probes,

Mechanical: Convertibla bench cabinet
a1 1723 BBx11.75 in, (432x98x208 mm),
kgl nat, 181b (8.5 kgl shipping

DIMENSIONS [wxhx
WEIGHT, 13 b {6

(== e o}
FLrmba;r

25149

Ceacsiptemin

Hezialance Anodize TJ'IHIH'I.I“
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Hasic snmams of GR “HardAATS" Prooguction Trim System

Production Trim System —HardRATs”

» {asl — 30 resistors per second, to 0.1%
= accurale — 0.05%

& afficient — up to 450 resistors per circuit

For highwolume preduction trimming of tantalum re-
sistors In multh resistor circults, the HardRATS combines
the capabilities of 30 MiniRATS units with a cormmon con-
trol unit and crossbar scanner. With this hardwired con.
trol, the system will automatically process, al unsur-
passed speed, up o 450 resistors in groups of 30,

The HardRATS Includes a crosshar scanner that auto-
matically roakes Kelvin connections to the terminals and
anodining cathodes of all 450 resistors. The entira Cir-
cuit is preanodized en masse, by a pre-trim unit, to a
specified voltage. Then, in groups of 30, the resistors
dare simultaneously trimmed, initially at a fast rate, then,
after a selected value 15 reached, more slowly to avoid
overshoot. This is done by the Anodize/Measura unils,
which conlain 30 pdrallel channels, each consisting of
a resistance-comparison bridge and anodize-control cir-
cuit from the MinlRATS. Resistor values are programmed
manually on 30 banks of B-decade lever swilches. On the
panel of the Conltrol Unit are operating-condition selec-
tors, indicators of process status, and error-message
annunciators

After being trimmed, the resistors are tested. The sys-
tem then moves on to the next group of 30,

The HardRATS systerm mulliplies the capscity of the
MiniRATS by a factor of 30 with 2 much smaller price
ralio and places the 30 channels under control of a single
programming unit,  HardRATS is the most economical
cholca for production trimming of large guantities of
dentical resistance subsirates

SPECIFICATIONS

Trim Channels: 450 in groups of 30,

Scanner Connections: Crossbar with multilermmal connpec-
thons

Anodire/Measure Unit: CHANNELS: 30, HANGE: 10 0 1o
I Mz, ACCURACY: ={0.03% * 50 mi) from 100 0io 100 ki,
=0.1% from 10 0 to | M. TEST VOLTAGE: <] V de. AND-
DIZE CURRENT: O to 10 mA. RESOLUTION: 100 wA. PRE.
TRIM VOLTAGE: 0 to 99 V., TRIM VOLTAGE: 270 V
Resistance Programming Unit: CHANNELS: 30, RANGE: O
o | M RESOLUTION: 0.01 @ ACCURACY: ={0.02% -
&0 rmigh)

Control Unit: Thumbwhes! switches, push buttons, display
ampa, @nd voltmeler

Available: Cusiom configurations, with fewer than standard
trirm Channels or smatlér group sire.
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Computer-Controlled Trim System
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MNew

“RATS” Resistance Anodize Trim Systems

» {ast — 12 resistors per second lo 0.1%

» accurale—0.05%

u efficient — up to 240 resistors per circuit

s flexible — resistance values programmable
= pasy — user-orienied program language

= complete — trims, tests, logs dala

RATS is a totally new computer-controlled system de-
signed from the ground up for high-speed anodizing of
lantalum resistors (o accuracies up to 0.05%. For noisae
Immunity, RATS is @ synchraonous system ensuring that
no anodizing or switching occurs while a measurement
is being made, RATS features modular, plug-in measure-
ment and anodizing units, 5o you can easily increase the
throughput by increasing the number of resistors being
anodized simiidtaneously.

The system normally includes a test station with 12
measurement and anodize-control modules to trim 12
resistors simultaneously, a scanner (0 process an entire
substrate of 240 resistors, 8 minicomputer, a teleprinter,
and a status-control panel,
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Rasle slemenis of GR "RATE" Computur-Contralied System,

Software programs are written In useroriented Eng-
lish language for simplicity. An Interactive editor/ trans
lator program asks the operator for nominal resistor
value, anodizing current, and other operating conditions
The trim program is automatically prepared when he
types the answers.

Under program control, the system selects a group ol
12 resistors, tests them to confirm they can be trimmed
to the desired values, anodizes the group to a specified
voltage, individually trims the resistors simultaneously,
tests them again, and moves on 1o the next group.

Status and error messages are displayed on the control
panel, Data can be logged on the teleprinter for process
control and for circult diagnosis,

SPECIFICATIONS

Trim Channels: 240 in groups of 12

Scanner: Crossbar with multiterminal connections

Resistance Measurement Unit: 12 comparison  Bridges
RANGE: 1 ©t to 1 M. ACCURACY: =0.03% from 10 0 to
100 ki, =(005% + 10 ma) from 1 @2 to 1 M. RESOLU
TION: 0.01% (14 bits]. TEST VOLTAGE: < 1 V de. COM-
PARISON TIME: = 2 mis.

Anotize Cantrol Unit: 12 anodize sources.  CURRENT RANGE:
Dt 24 mAorQ o 25 mA, programmable. RESOLUTION,
25 A or 25 A, PRE-TRIM VOLTAGE: O to 93 V. TRIM
VOLTAGE: Ol 220 V.

Control Panal: Dask-top typs with lever switches and light-
emilling-diode displays

Computer: FOP-B/E

Core Size: | 2k words.

Teleprinter; ASR33 Teletypewriter

Software: User-oriented programming languags and mainte
nance routines.

Available: High-speed tape reader, dual magnelic-taps unil,
illphanumeric pragramming terminal, step and repeat unit,
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2230 Passive Test System

Single-or Multi-Station

Designed as a compuler-contralled system from the
ground up, the 2230 is the passive-measurament sechion
of the Systems 2200 family. It exemplifies best the
growth of GR systems. Its measurement components are
10 longer complete instruments adapted to system use
but are measurement modules designed exclusively for
systems use when this means better performance and
lower Cost

The 2230 system can mesas

LITE 8N

pedance [all PASESIVE COMPOng
Ac and dc resistance or conductance, capacitance, in
ductance, and their associated lxsses, short-circuit re-
! ince, and leskags conduclance

o capabilities. the -

IVErse cCompor

BlCS as

capacitancea, thick- and thinfilm ne

twork resistance, elec-

ic capacitor properties, cable capacitance and re-
e, tramnalormer mductance, and varnous kRinds of

Passive plus
ramity, 1\ Can opeara
pability can be easily added Lo do function:

o
1

w223
it
(L8

syond its apparent

ratog valtage I current measurements, and & host
l other . -,.I..:;.-___;.' fies
Family strength The 30 shares in all the other v
tues of the Systems 2200, This f in inciude one
GCNERAL R&D T

of more individual test stations under Binglecomputer
contral. A large number of them can operate simultans
¢ without interference. The stations can be identical
testing. Yel, be
cause both the hardware and software are modular, the
system can be relitted and expanded to assume new test
ing tasks as the needs arise
The test-program
orwand. C
&5l program |8 A58 eas

lesting proceaura

or each dedicated to different specilic

language 15 simple and straignt-
Once the nec ary lesls are determined, the

¥ written as the usual

manual-
The programmer need not be highly

axperienced in computer techriigues: he can devote his

full attention 0 ensuring that DUT will be given the
proper tests. The GR software will ensure that they ar

exacuted |""'I'“-" "

The whole system A GR-supplied system is complite

We leave you no unfinished chaor pose ends. All the
panpheral equipm I I sup inter "y
Ly il pl I 5 1

rely ihem! Testing details like ground-1cop problem
ortact sequences, and multiple connections

\Buarde olc worked out in the scanngrs
1 ofogra IMOreE. W gy t that

GH s5ys ki vou expect i to. We bring

YO B measuremer yatem you can be prood of
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1730 Linear Circuit Tester

= automatic — just push a button

versalile — memory panel sets lest conditions and
limits; no hard wiring

fasl — lull set of lests in < 2 seconds;
faster il you skip lesls

explicit — GO/NO-GO results or measured values

= simple — adaptable lo nearly any device, by you or
at GR — op amps, comparators, vollage followers,
and regulators . . . linear IC's galore

0 handles with
35 CIFCLIL v
duction testing, and Incoming inspection I
as much information as desired, from a simple GOJ/NO
GO Indication to a detalled account ol each test, from 1

al speeds of from 50 to 200 ms per

lest. Also impressive is the variety of parameters tested

A versalile performer 1
eZse such | |

JIIVErsE 2Pl

o 18 tests per DU

Current, power-s ;

slew rate, commone-mode limit, offset voltage and currant

hias current, voltage gain with and without load, commaon

mode-rejection ratio, output impedance, and gain-band
4

width product

A universal performer The 1730 s nof a highly spec
; v pe

v on ratio,. makimum output

i ¥

I catering 10 & single circu
all commaon linear Circuils, discrete or integrated, includ

ing the following

ed instrumen 4

¢ single and dual operational amplitiers

¢ voltage followers
* single and dual comparators
* YOIlARE regu p
« other low-voltage operational amplitiers

Circults can be tested as fast as they can be connected
and almost ¢ nts of a parameter can
' i5 0 the process

cations, ask aboul

andling and sorting

COMPONENT AND NETWORK TEST SYSTEMS

-Nﬂw Since
| Catalog U |

One button initiates all tests once the desired condi-

t1ons have been

tablished, All necessary fests are per

formed sequs Iy and automatically on nearly any con
cenvable type of device, accommodated by means of the
versptile device-adaptor scheme used. These adaptors
simply plug into the tester and are easily inlerchanged
They include a universal mating connector for which a
L g 1 IC pacl

ages. Terminals are also provided to install compone
for compensation or to tailor the adaptor to unique apphi
cations, Many device-adaptar boards, completely assem-
bBled and ready to use, are avajlable for a large selection
of IC's and a comprehensive GR library provides infor-
matian for the preparation of others

Three and ane-hall digils plus decimal point and unit of
measurement provide unambiguous, high-resolution re-
sults of any ar all tests, All data are also avallable as
BCD outpuls for use by a printer, card-punch coupler
c handling equipment. Four bright

all comimx

L Fot
i E

omputer, or othet

mps pro sults of the tests including

Rt ti te a ce drawing in
sufficient current (such as when it is installed improp-
grlyl, These results, too, are available as electrical sig-
nals Tor use by automatic componént handling and sort-
Ing aquipment

Eightleen lamps provide indications

d, the measuréd

d and, with an auxiliary printer
nently recorded by the simple flip of a lever switch. In
addition to the 17 tests normally provided, another switch

. =S = S
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allows any one of four optional pushbutton-selected tests
to be performed, including the ripple rejection of volt-
age regulators, 10-k)-loaded gain of operational ampli-
fiers, and any two other custom tests you may need for
your particular circuit. A burn-n period can also be in-
iroduced after the initial current tests, which provides a
ong-second intervali under power to allow the device
junctions to stabilize.

Operation checks are also possible, all in short order
and all st the push of a button, All lamps can be checked
and all limit settings can be individually read out on the
digital display, a5 can the positive and negative supply
voltages. Service, if necessary, is simplified by a set of
internal controls that modify the timing and other por-
tions of the normal aperation to allow rapid trouble anal-
ysis. The upper set of controls is concealed behind a
hinged panel to preveni inadvertent tampering: the 18
failure lamps swing out for easy replacement.

Forty switches, conveniently grouped and clearly
marked, set all tes! parameters. The proper tests for any
of the six standard device categories are selected auto-
maltically by the action of a single slide switch — no sep-
arate "performance boards” or other internal circultry
changes are necessary. A seventh peosition makes pro-
vision for any other low-vollage operational amplifiers or
similar devices. Available are 19 choices of both the
positive and negative power-supply voltages, from 1.5
lo 30 V, and five choices for the load, from 150 1 to
10 ki1, all by the action of slide switches. External voit-

SPECIFICATIONS

Devices Tested: Device under Lest (DUT) can be single or dual
oparational amplifiers, voltage followers, single o dual com-
parators, voltage regulators, of ather low-voltage devices pro-
vitded for by user. Selected by slide switch on Memaory Panel
or, with Option 25, by external ground-level signals applied to
rear connector. DUT connecls to 1730 by means of inter-
changeable device adaplors

Test Conditions: VOLTAGE (Vech; + and — 151030 V from 2
programmable power supplies, each indepandently sel by
slige switches on Memory Panel in 19 steps (1.5, 2, 3, 4, 5. 6,
8, 10, 12, 14, 15, 16, 18, 20, 22, 24, 26, 28. and 30 V), ac-
curate to = (1% of reading + 2 counts + 2 addilional counls
on = 150-mA ranges) with internal voltmeter. Can also be
set, with Oplion 25, by external signal of + 5 V for full value,
DUT LOAD: 150 & to 10 ki, set by slide switches on Memory
Pangl in & steps (150 and 300 1, 1, 2, 5, and 10 ko), accurale
to = 5%, External lpad resistor can be connected in parallel
with Internal 10-ki} load lo réar GR 274 banana jacks. Load is
connected for voltage gain and maximum output (tests 6, 11,
and 12) onty.

Test Procedure: When Start Button s pushed or an external
ground-level signal is applied 1o rear Autohandier conneclor
or, with Option 25, to réar BNC connector, supply vollages
are appiied to OUT and tests | and 2 {+ and — currants) are
performed. If currents axceed limits, supplies are turmod off
and Fail tamp lights; (f values are < 5% of limits {(such as when
OUT Is impraperly Installed), supplies are turned off and Check
DUT larnp lights, If currents are within limits, a 1-secaond
burn-in period may be Introduced |1 preselected by a panel

ghibutton. During this time, supply voltages are applied to

UT but no tests are performed. If all desired tests are within
limits, GO lamgp lghts: If any limit is exceeded, all tests are
campleted then Fail lamp Hghts; if, during any test except 1,
2, 10, and 15, an oscillation of > 200 mV from 1 kHz to 1
MHz occurs, Dsc lamp lights. All 4 conditions are also avail-
able as ground-level signals at Autohandier connector for use
by aulomatic handling/ sorting equipment. Any test can be
omitted and any limil can be ignored as selected by Momory
Pangl slide switches br, with Option 25, by external ground-
leval signais applied to rear Inpul conneclor,

pges or loads also can be connected, Fram 38 to 95 |imil
seltings, depending on the parameter, are avallable for
each test, and skip-test and skip-limit setfings are in-
cluded to atlow an entire test to be skipped (with a con-
sequent reduction in tha total tes! time) or a limit resuilt
(o be ignored.

All switches are located on an interchangeable Memory
Panel. The swilches can be reset for each different type
of circuil or they can be left as set and the entire pane!
exchanged lor another, with swilches preset for another
type of device — quickly and easily without the nuisance
and cost of hard.wire programming. Extended-resolu.
tlon potentiometers can also be inserted to provide in
finite resalution of parameters, One value of potentiom-
eter serves for all functions, the potentiometers reguire
no soldering or wiring for instaliation, and they can be
inserted in any or all positions. For systems applications,
an option provides complete external electrical control
of all paramelears.,

Presentation: MEASURED VALUES; 3% highdntensity neon
rendoul tubes with decimal point and unit of measurerment
provide visual readoul, Information s also available os 84.2-1
BCD data is by 4 panel pushbuttons: O (no data pragented),
0 <+0.5V at I mA, logic 1 *+3.5 V) at rear Cutput connattor,
LIMIT RESULTS: GO/ NOQ-GO lamps, see Test Procedure above.
LIMIT VALUES: The valun of all limits as set by the switches
or Extended-Recolution Potentiometers on the Momory Panel,
as well as values of Ve, can also be pushbutton selected for
display on the visual readout used for the measured values
above. SELECTION of parameter displayed or presented as
BCO data is by 4 panel pushbuttons: O (no data presentad],
Remole [parameler selecled by external groundlevel signal
applied {o rear Remole Print Select connector), Fallure (fall
uras only prasented), or Single {paramater is selected by panel
loggle switches, ane lar each tesl)

Speed: GO0 to 5140 ms depending on device under test andg
number of paramaters selected for test: Up o 2070 ms tor
single operational amplifiers (18 tests], 4140 ms for dual op-
prational amplifiers (1B tests on each sidel, 570 ms for voll-
age followers (8 tests), B30 ms for singies comparators (B
fests), 1660 ms for dual comparators (B lests on each side),
and 600 ms for voltage reguiators (b tests), plus 15 burndn
i selected.

Environment: HUMIDITY; 95% AH at +40°C (MIL-E- 16400

4.54.6), VIBRATION: 0.03 In, fram 10 to 30 Hx. BEMCH
HANDLING: 4 in, or 45° (MIL-B10A-VI}. SHOCK: 30 g, 11 ms
(MIL-T-4807 A-4.5-3A),

Supplied: Power cord, Universal Memary Panel, blank device
ndaptor board with universal mating connector plus matching
sockels for 14-pin cal in-line [bath single and carrier] and
8, 10, and 12-pin TO-package configurafions.

Available: Custom systems prinlers, recorders, card-punch
couplers. DEVICE-ADAPTOR BOARDS: 1730-9400 Blank De-
vice-Adapior Board (one normally supplied), includes universal
mating connactor but requires socket and wiring for particular
device compensation. Complete adaplors, lully assembiled
including socket and wiring. are avallabie for many commaon
device types and can be built 1o order for less-common lypes.
Device Adaptor Boards simply plug in and can be easlly Inter-
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Test Summary

Tasl Deview* | Timot Rangs Accuracy * * " i U'l'l"'hi:ll s it
[Ary test £an b okl 4 = % of reacing {Ary lim ura can be lgn . Limits are
= LRI b ] Wb optianal extondod.
s e | Mo | St oy o
1 Positive Current AFCRAD| SOms] 150.0 wA to 150.0 mA = (2% 4 1% 15 5 15 ul) 15 A to 150 mA in 76 steps (3, 1.2, 15,
7 Megativs Current AFCHO| 50 ms{ &20-0B ranges 1.8, 2, 25 and 3 thru 15 plus multipliers of
2001, 0.1, 1, and 10)
I Offset Voltage AFC 0O 200ma| 1500 m¥ to 150.0 mV =1% 4 1% s 20mvil| .15 mY to 150 mV In 57 stepe (1, 1.2, 1.5,
3 docade ranges 1.8, 2, 2.5 and 3 thru 15 plus multipliers af
X0.1,1, and 10}
4 Voltage Gain A T 0O 200 ms| 060.0 di to 120.0 d8 = ol [ 100 diBs 40 B to 120 dB in 70 nnps (216, 20,
a4 048 rangey 25 gl 1o LM daBY 181, 165,156, 138, 12,05, 76,6, 4.7,
38 25 1.6,08,0,—07, ~1.3, snd —1.9 4B
plus wcabes of 40, 60, RO, and 100 dB)
5 Offset Current AFC 0| 200 ms| 1.500 nA to 15.00 sl TOPR TS 6D pA (| 045 nl to 25 el in 95 wteps (1, 1.7, 1.5, 18
% Bias Currant A C 0| 200ms| Sdecade ranges 2, 2.5, and 3 thru 15 plus mulfipliers of ¥0.1,
1. 10, 100, mna 1000)
Rejection Matios: 060.0 a8 to 120.0 48 Far nil teais- 40 dB to 120 dB in 78 ateps (215 20,
7 Cammaon-Made A 00 ms| 4 20«if rangns =1 a8 1o 100 aB* 181,165, 166 136,12, 95, 75, B 4.7,
B §Power Supply A 200 ms =% M la 120 digs 35,28 16 08 0,07, —1L3 and —1.9.40
8 —Power Supply A 200 m3 (=3 df 1o 120 d& tor bl scales of 40, &0, B0, and 100 dB)
= ptrwiaraupnly togis)
1o AF RO| 210ms 150.0 [ e 15.00 W = (3% § Ny 151 to 15 k0 (15 mi to 150 mi for A1)
{Option 11) 150.0 mill ba 15.00 01 4 18 i der B in 57 steps (1, 1.2, 1.5, 1.8, 2, 25, and 3 thry
for B* 15 plus muitipliers of X1, 10. 100, and 1000)
3 gecacs ranges
11 4-Maximum Output A CRO| 75 ms =% 1% B 15Vm30Vin38 ateps (1, 1.2, 1.5, 18,2,
12 —Mamimun Outpat A CRO| V8 msf{ 150V pnd 30.0 V 25 and 3 thru 158 plus mubltipliens of X1
13 ++Cammuon-Modae Limit | A F 0] 7% ms| 2 ranges = 2% 4 1% W) and )
14 —Commaon-Mods Limit| A F Q| 15 m
15 Gain-Bandwitth I..mﬂlhh:lﬁ.ﬂﬂl'h = (10%), w10 kiez 0.15 MHz to 150 MHE In 57 steps (1, 1.2, 1.5,
A Q | 180 = | 3 decade ranges LA 2. 25 and 3 thru 15 plus mutliplies of
(Oslion 11) x0.1. 1, and 10)
16 - Slew Rate AF 0 | &0 my | 0500 V/ss e OO Vel = (10% fa), tora 0.06 ¥/us to 60 ¥/ in 57 slepa (4, 48 6,
(Dption 101 1 decade ranges lineat shew 1.2, 8,10, 12. 15, 20, 24, 28, 32, 36, 40, 44,
17 —Slaw Rata AF 0| &0 me| 0.2V ke min 48, 52, 56, and 60 plus multiptiors of X001,
{Qption 100 O.). ana 1}
18 Optional Ripple rejeclion of voltags regulators (200 ma) Il Oplion-] button iz 1015019 ateps (1, 1.2,15,18, 2,25,
pushed., Lightdooad (10-k1) gain of oparatioral amplilism (180 ma) and 3 thru 15)
i Dption-2 Button ks pteshed. Any (wo sihor or G
cuttam-engineered tests if Qpiion.d or Optien-4 bulton iy pushes

* A s singhe or dusl cperalional ampdifers, F i voltage followers, € is tingle or dual comparators, B I3 voltage reguistonrs, and 0 iz ot
** Aecuracy |3 accuracy of maawurenant, and not that of Umit settings. ¥ is test voltags [Ves)
1 When dual devices are being lested, the time i twice Thal Indicated — two seguencss are porfrmed, Byl no prelesis ore performed,

| Accuracy specilied down to 10% of full scala
T Accurpcy apecifiog down 1o 20 df balow Iull seale.
1 Mt il types of amplitlers can be messured 1 ulput Impedance.

changed. MEMORY PANELS: One 1730-9600 Universal Mem-
ory Panel ia normally supplied, Memuory Panels can be easily
reset for each different type of device EXTENDED-RESOLU-
TION POTENTIOMETERS: Extended Resolution Potentlometers
can be added to any pesition on Mamory Pane| so that any or
all paramelers or limits can be continuously adjusted by po-
tentiometers rather than step-sélacind by the normal slide
swilches. Potentlometers are all 20 ki 220% and simply snap
inte tha panel; no soldering or wiring required.

Option 10 Slew Rate Test: Additional circuitry added for tegts
of | and — slew rates (1ests 16 and 17) for operational ampli-
fiers and voltage lollowers.

Option 11 Output Impedance and Gain-Bandwidth Tests: Addi-
tiomal circuitry added for test of output impedance (lest 10)
for cperalionsl amplifiers and voltage regulalors and for test
of gain-bandwidth product (test 15) for operational amplifiers,
Option 25 Programmabiiity and Data Output: Two 50-pin type
57 connectors, 6 BNC conneclors, and 2 GR 274 banana jacks
provide connections for external contral signal inputs and data
outputs.

Power: 105 fo 125 or 210 to 250 V, 50 to 60 Hz, 100 W max.
Mechanicali Bench or rack models. DIMENSIONS (wxhaxd):
Bench, 19.56x8 28%24.69 in. (497x210x627 mm); rack, 19x
7x1b in. (4B3x178x406 mm). WEIGHT: Bench, 55 Ib (25 kg)
net, 85 ib (39 kg) shipping; rack, 47 Ib (22 kg) net, 77 b
{35 kg) shipping.

—
--."" - Catalog
Deacription Hsrribees
1730 Linesr Circuit Tealer
Banch Moceal
I‘-;.q::ﬂpul oplions, (7 dediomd
BFW E‘lﬂ Tast :ﬂmm
OGP Quiaul | mpadance and at tha
atn-Bancwidih Teuln
OrS Programmability A left)
Dals Duiput
Accessories svailable
Blank deviccadaplor boarg® 17309400
Wniveriad mﬁ;‘"nﬂ' 1730-2600
el af 3 E730-959%
Extender board, used lor malnlenancs 1730-3598

* One of cach is normally supplied.
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Automatic Component Testing Systems

logged. can be

A

High reliability assurance for resizpiors and capacilors calin fae coen
pulerControlled arift e e sty with gale ogRing and  meducton
Included e 0.1% ALC oridge snd digital pcoammater wilh scannes
for up 10 50 companents, minicomputer and teletype, stimuius sup
plizs, tesin fixtures, display and interfacs egulponant Typicat price
$50,000

Automatic capacitor sorting to MIL spec tesls tor hipot, leakage, cn
pacitance, and dissipation fector with clasafication and laliure surm
maries.  System includes automatic handier and sofier, capaciiance
bricges ang digitai picodmmeinr, programiming and coeirol B uiprriang
digiiad. Timit _comparators, stimulus supplies. diapley and intnrtace
squipment. Typical price: $55 000

c

Production, testing and Inspection of capscitors . GO NOGO dech
3ions and daia recording of capachtance, dissipation-tactar, and lealoige
lesis, This syslem includes automalic BLC bridge snd digisl pleoam
misier with scanner for up (o 50 companents, pragramming and conirod
eguipment, digilel Hmit comparator, card-punch couplor, dats fcorder,
simulus and copditioning supplies, and test fIXIUTes Typlcal price
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New

Automatic Leakage-Current Measuring Systems

= S50-channel capacity

= alectrification voltages up lo 600 Vde
= gqual soak lime for every capacitor

= automatic GO/NO-GO decisions

a minimum operator involvement

COMPONENT AND NETWORK TEST SYSTEMS



The accurate measurement of capatitor leakage cur-
rent (insulation resistance) on discrele components and
networks presents several problems to both manufacturer
and user. Such factors as previous conditloning, accu-
racy of the elecirification voltage, soak lime, and meas-
urement time constants can all have significant effect on
the accuracy and validity of |leakage-current measure-
ment.

Maost MIL and other specifications call for the measure-
ment of a capacitor's leakage current alter an electrifica-
tion voltage has been applied to the component for a
prescribed length of time. To ensure the validity and ac-
curacy of such rmeasurements, each component must
have had the same electrification voltage applled for the
same length of time prior to measurement.

Until recently, these considerations have dictated that
tedious and time-consuming manual methods be used to
measure leakoge current (with a megohmmeter and
timer, for instance), The possibiiity of operator error and
the certainty of various delays made testing unreliable,
uneconomical, and often impractical,

The advent of autormatic measuring instruments and
systemns incarporating these instruments has greatly sim-
plitied the task of measuring capacitor loakage current.
Today, General Radio offers a complete family of auto-
matic leakage-current measuring systems, from $14,500,
tailored to salisty your measurement requirements with
spead, reliability, accuracy, and economy,

Operator involvement minimized After fixturing and
inilial settings are complate, one push of a button is all
that's needed. Components are automatically connected,
charged, measured, and discharged and the rneasure-
ment data recorded without operator intervention,

Equal soak times guaranteed GR's unigue connection
and electrification seguence ensures thal each compo-
nent is measured after the same pariod of electrification.

Operator safety assured Components are automatically
discharged after measurement. With GR-designed test
fixtures, voltage can be applied to components only after
lixturing has been completed,

Automatic GO/NO-GO decisions A digital limit corm-
parator automatically compares measurement data
against a preset leakage-current limit and generates a
GO/ND-GO decision.

Wide choice of output format Printed hard copy,
punched cards, punched tape, etc.

Easy operation With an aulomatic system from GR,
your operator has only to connect the capacitors to the
system, select the measurement conditions, and push

a button, All the rest is automatic. Here's how it works.,

The system first connects the components to the power
supply for electrification in the same order and at the
same rate as the measurements will later be made. This
gnsures that every capacitor is electrified for the same
length of time prior to measurement,

At the end of the selected electrification time, the
capacitors are sequentially connected lo the system pico-
ammeter for measurement. The measured values are
automatically compared 1o a preset leakage-current limit
and permanently recorded via an appropriate output de-
vice — data printer, tape or card punch, etc. Each com-
panant Is then automatically disconnected and dis
charged by the system,

Better quality capacitors, greater throughput, and
lower measurement cost all result from a conversion to
automatic methods, with Improved accuracy, greater
speed and convenlence.

SPECIFICATIONS

Capacity: Up to 50 channels,

Electrification Voltage: Adjustable up to 600 Vde,
Electrification Time: Ad|ustable up to 8 minutes.
Measurement: RANGE: 1.999 nA to 19.99 mA full scale in B
ranges (1 pA resolution on lowest range). BASIC ACCURACY:
={0.5% of reading + 50 pA)

Speed: Typically 25 per channel, nof including soak time.
Options: INPUT: Test fixtures and boards for bolh adal and
radial-lead components. OUTPUT: Various output and data
recording devices, [ncluding data printers and data couplers
for card punch, tape punch, teletype. magnetic tapa, atc.
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Simplitied block diagram of aulomalic
leakagn-cuitenl messursmen] sysiom,
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Automatic Cable Test System

= measures up lo 7 parameters — fast
100 cable-pair capacily

on-line report generation

fully automatic and sell-checking
simplified fixturing

Modern communications systems impose increasing
demands on the perfarmance of paired multiconductor
cable. To meet these tighter speciflications and o guide
the manufacturing process efficiently, cable makers are
linding it necessary to test more transmission parameters
on larger cable-pair samples than ever before. Exlensive
testing is also required in the design of new types of
communications cables.

Manual testing, slow and error prone, is utterly im-
practical for making so many measurements on such
large samples; the results would certainly be costly and
unrefiable. Consider measuring pair-to-pair capacitance
urnbatance of a typical 100-pair cable unit to determine
the voiceband crosstalk to be expected in service. There
are 4950 two-pair combinations In a 100-pair unit. Even
it only 20% of these are physically close enough 1o war
ranl testing, that requires the salection, connection, and
measurement of nearly 1000 palr combinations — a te-
dious and expensive task.

To automate such measurements, GR offers a family
ol second-generation computer-controlled test systems,
from $42,500. They simplify and facilitale every step in
multiple-parameter testing of telephone cable in a single
saquence. You can now test cables to REA and other user
specifications at least ten times faster than manually, yet
with a thoroughness heretolore impossible, Testing is so
rapld that you can readily expand the number and types
of tests and save time too. The capability to test auto
matically more transmission porameters, more rapicly
and thoroughly than ever before, assures cable manufac

COMPONENT AND NETWORK TEST SYSTEMS

New

turers ol meeting stringent user requirements in the most
confident and econamical manner. Production costs are
reduced, while product throughpul and quality are In-
creased.

With cable testing systems installed around the world,
General Radio demonstrates a continuing commitment to
provide the cable industry with the tes{ equipment it
needs

Transmission Parameters Tested

Mutual capacitance This open-circuil parameter Indi
cates the direcl capacitive loading of a cable pair on a
balanced source. Il provides an Indication of the inser-
tion loss of the pair and, hence, the transmission effie-
iency of the cable, Mutual capacitance is defingd as the
sum of the capacitance C, batwean the two conductors of
4 pair and the series connection of the capacitances C,,
C, from the conductors to the cable shield (and other
conductors). The system measures individually each of
the three direct capacitances for each pair in the cable
and computes the mutual capacitance

Mutual conductance This open-circult parameter also
provides an indication of the insertion loss of 2 cable pair
It is defined as the sum of the conductance G, between
the two conductors of a pair and the serigs connaction
of the conductances G,, G, from the conductors to the
cable shield (and other conductors), The system meas
ures individually each of the throe direct conductances
far each pair in the cable and computes the mulual con
ductance

Capacilance unbalance to ground This parameter indi
cates the differential loading of a cable pair and provides
an indication of ils susceptibility to noise pickup
defined as the difference between the conductor-to
ground capacitances (C, - C,) of the twoconguctors of a
pair, with the cable shield and all other conductors
grounded, The system measures this unbalance in a
single, differential measurament.
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Capacitance unbalance to shield This parameter s
similar to unbalance-to-ground capacitance except that
C, and C, are redefined as conductor-to-shield capaci-
tances C,,. and C,, wilth the shield floating. All other
cable conductors are grounded.

Pair-to-pair capacitance unbalance This parameter
provides an indication of the amount of voiceband cross-
talk between cable pairs to be expected in service, |l is
defined as the capacitance that must be added to (or
sublracted from) the capacitance between one conductor
of one pair and one conductor of another pair to balance
the two-pair network. The system measures this unbal-
ance by subtracting the resulls of two differantial meas-
urements.

Conductor resistance This short-circuit parameter
provides an indication of the attenuation introduced by
the conductors of a cable and, hence, its transmission
efficiency. It is also useful in checking wire gauges. The
systern measures the resistance of the conductors of
each cable pair directly, using Kelvin connections.

Pair resistance unbalance This parameter provides a
further indication of a cable pair's susceptibility to cross-
talk. The system calculates the resistance unbalance of
each cable pair from Individual conductor resistance
measurements.

Speed, Confidence, and Economy at Every Step

Fixturing You can connect any cable pair
to any pair of fixture clips on the GR-supplied fanning fix-
ture, No longer is it necessary to identify pairs by color
code and fixture them accordingly, so fixturing time is re-
duced by as much as twa to one; the system’s computer
identifies the fixtured cable pairs during the tesling proc-
ess. An optional second fanning fixture allows an oper-
ator to fixture a second cable while the first is being
tested, with a substantial saving in time.

Operator involvement minimized GR provides a test
program that requires very little operator intervention
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Simple answers are required to program-generated ques-
tions regarding number of cable pairs connected, length
of cable, wire gauge, and ambient temperature; this is
the extent of the operator's dialogue with the system. A
knowledge of computers or programming s nol required,
and the system can be operated by relatively unskilied
persannel.

Connection errars delected The system ensures opti-
mum use of testing time by autormaltically checking for
connection errors at the fanning fixture before perform-
ing the parameter tests, Opens, shorls, and split pairs
are automatically detected and indicated az error mes-
sages (including identication of the pairs involved) on
the system teletype. The test sequence will proceed anly
after the operator has acknowletiged or corrected such
errrs.

Operational check performed The system ensures test
ing confidence by automatically performing an internal
self-check before and after each measuring sequence.

Computer use maximized A dedicated minlcamputer
is used to full advantage in the GR systemn, It connects
fistured cable pairs for test in & program-controlled se-
quence, confrofs the measuring instruments, performs
calculations and corrections on the measurement dala,
and produces an on-line test report. Speed and accuracy
are therefore unmalched by any other cable-test eguip-
ment,

Guarded bridge employed GR has based its cable
measuring systems on the versatile, well established
1680 Automatic .Capacitance Bridge. It uses three-
termina! guarded connections, to preven! stray capaci-
tance n the switching hardware, fixture, and connecting
leads from afecting the accuracy. The bridge's capabil-
ity to measure directly a capacitance difference is used
to make capacitance-unbalance measurements with
greater speed and accuracy than would be possible from
individual measurements and computations.

Tailored system test program The highly flexible GR
test program will adapt to your existing test procedures
and report formats, so the system can be added to your
facility without disruption. The system can be easily
adapted to tes! new designs such as aluminum-conductor
and low-capacitance cable and to report data in a variety
of formats acceptable to both cable maker and user.

Unique features reduce test time GR has developed
measuremeant techniques that allow a 100-pair cable to
be fully tested and documented in less than 25 minutes
— a job that would require hours with manual equipment
— with no compromise in accuracy.

An example of how instrumentation and application
knowledge have been effectively combined is shown in
the system's pairto-pair capacitance-unbalance meas-
urement seauence. Usually, only 10-20% of the 48950
two-pair combinations in 2 100-pair cable require this
measurement, due to their proximity. To save time, the
system is normally programmed to test every combina-
tion very rapidly for unbalance but to measure only those
combinations that are significantly unbalanced. The op-
erator decides what degree of unbalance justifies making
a measurement, and can override this skip-test at will,
The capability to measure only those combinations that
are significantly unbatanced provides for a considerable
time saving.

On-line statistical report generated GR uses the sys-
tem computer to provide 2 complete, error-free test re-
part summarizing the performance of the cable under
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test. This report is generated automatically during the
testing process: there is no need for intermediate record-
ing of data on punched tape or cards for later off-line
analysis. GR systems glve you the report when you need
It — while the cable is still connected and available for
further testing or inspection. These reports provide a nor-
malized histographic tabulation of each parameter,
tagether with the average and standard deviations. The
cantenl and farmal of this report can be tailored to the
user's requirements. Such reports can be used to moni-
tor production processes or supplied to @ customer as
product-test documentation,

Choice of test-report depth A record of all measure-
ment results is often unnecessary in a test report: the
GR systern can prepare statistical summaries. Three re-
port modes are offerad. In the Summary Only Mode, the
histographic tabulations and statistics for each parameler
are recorded. |n the Calculsted Parameters mode, those
and also the final value of each parameter for each cable
pair are recorded. In the All Measurements mode, every
measured and calculated value of each parameter for
each cable palr is also recorded. The latter two record-
ing modes are especially useful for evaluating new cable
designs and for tralning purposes.

Automated troubleshooting GR recognizes the impor-
tance of keeping production test equipment on fine.
These systems are designed and bulll to GR's usual high
standards of quality. A versalile maintenance test pro-
gram s supplied with rach system to permit rapid diag-
nesis of malfunctions, using an elfective operator/ system
dialogue,

Proven techniques, reliability and ecomomy Cable
manufacturers have consistently Judged GR systems
superior in measurement lechnigues, systern design, re-
liability, and over-all testing economy.
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SPECIFICATIONS

Pair Capacity: 100 pairs (single sequeénce),

Cable Length: 200 to 20,000 fi.

Parameters Measured: MUTUAL CAPACITANCE: Range: 1 nF
to 0.5 oF; Basic Accuracy: = (0.2% + 20 pF). UNBALANCE-

TO-GROUND CAPACITANCE or to shialtd: Range: O to 10,000
pF; Bosle Accuracy: = (4 pF + 4 pF/ 1500 1t). PAIR-TO-PAIR
UNBALANCE CAPACITANCE: Range O 1o 10,000 pF; Basic
Accuracy: = (4 + 01 +/1) pF. MUTUAL CONDUCTANCE
{optional}: Rangse: 0,01 to 100 «1; Basic Accuracy, Depends
on mulual capacitance value. CONDUCTOR RESISTANCE
(Optional); Range, 1 to 5,000 n: Basic Accuracy: = [0.1% +
20 mil). RESISTANCE UNBALANCE (Optional): Range: O to
5%,; Basic Accuracy: = 0.2% {absolutna),

Test Frequency: Capacifance Parameters: | kHz: Hesistance
Parameters: DG,

Test Time: Typically < 25 minutes for 100-pair test sequence:
depends on number of parameters tested and printout mode.
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Automatic
Transformer
Test System

= fas! mulliparameter lesting

New

= gasy user-oriented test language
® 12-terminal capacity — expandable

® GO/NO-GO production lesting,
lallure summaries on demand

® up to 168 parameler lests per sequence

Audio-Trequency transformers play many roles [0
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To eliminate these bottlenecks, GR has developed a
computer-controlled system 1o test all these transformer
parameters automatically, in a single test sequence and
with only one handling-fixturing operation. It is now
o test fully a typical transformer in well under

omatically during the test se-

E Afe Iin i.-_ led 1o the op-

The ab i parameters mo
#nd {horgu)
1 mea
with confidence and economy. Production costs are re-
duced while product throughpu! and quality are in-
creased.
System Operation The GR transformer-test system in
cludes a user-oriented soltware package that simplifies
axacuting of a test program. GR's SPEC
anslalor) program allows a test
n g few minutes through use of

canversational dialogue r
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former terminals can be automatically sirapped (series
connectad), Kelvin connections made to sach terminal,
and any terminal can be guarded, all by program instruc-
tians

While the system |5 primarlly for GO/NO-GO produc-

tion testing, fallures by parameter are alsa ir ted on
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SPECIFICATIONS

Terminal Capacity: 12 {axpandable

Parameter Tests: Uip 10 16 per seguence

Test Frequencies: 200 nod 900 H

AC Test Leval: Lip vV in Q. 1<V programmable stops

DC Bias: Lip to 200 mA (20 cormplisnce) , programmable

Inductance: RANGE: 10 mH 00 H ASIC ACCURACY
Effective Resistance: RANGE
Inductance Unbalance: FAN RALC
; I

Transformation Ratio:
DC Resistance

RACY 0.1
Capacitance: RANGE: 1 pf
Testing Time: T ] |
ramealer 1esls

i 1=



Automatic Component-Test System

GR 2990-9259

® 0.1% documented GO/NO-GO tests in half a second
= R:200 mi!to 2 MiL
® L:20 xH to 2000 H, plus loss

= C: 0.01 pF to 2000 uF, plus loss, measured with
0 to 50-V bias

® 5-lerminal conneclions
= test frequency: 120 Hz or 1 kHz

= Push 1 button . .. 50 components measured —
complete printout

" ET LN
HE R

S

A universal approach to avoid obsclescence. The 2990-
9259 system Is universal; It tests resistors, inductors,
and capacitors in a variety of applications:

e For incoming Inspection — decisions and data logging
aré automalic,

s For pnvironmental testing — up to 50 components are
mounted on a single test board and tested in less than 30
seconds. They can then be moved to an environmenial
chamber, conditioned, and returned to detect changes.
® For quality control — small- or large-iot samples are
auickly evaluated at 120 Hz or 1 kHz,

An integrated approach The system consists of six
major units, so successfully integrated that, once the
initial measurements are sef, oné push of a button ac-
complishes the rest — 80 tested components in less
than 30 seconds.

New Since
' Catalog U

The components are loaded onto a test board and In-
serted into & test drawer, A scanner connecls the com-
ponents, one at a time, to an automatic RLC bridge for
measurement. All connections are five-lerminal to pre-
serve the basic 0.1% accuracy of the bridge in the pres-
ence of system |ead impedances and stray capacitances

After the bridge completes a measurement, 1 sends
the data to a printer to be recorded. It also sends the
data to a comparator that has been previously set with
upper and lower limits for the capacitance or inductance
value and an upper limil for resistance, dissipation factor
or equivalent series resistance. The comparator ault
matically compares the measurement values to the pre-
sat limits and promptly gives visual and recorded GO or
MO-GO Indications af the results,

SPECIFICATIONS
Measutement Range® Baule
120 Hr 1 WMz Accuracy®
0000.1 of 1o 00001 pF to i
Capactance, C 1995 9 uF 198.99 uF Cani
02000 uH 1o G000 uH 1o -
Trrlctandy, L 19909 H 100.95 H =01%
nesistance, A 02000 Ml 13 1999.9 ki +0.1%
Dl pation Facior = =
(Coreasrant with 6) 0.0000 ta 1.9999 1% =0,00]
n
r“;‘é:'m“:‘nz:‘: l‘:ﬂ. e 00001 il o 1 999.8 k) +1%
*“Wug‘gﬂ'ﬁdﬂﬁ:}' 25 b 1o 25 mA -

* Basic scourecy sxpreased At percent of reading full accufacy In
cludes » resolution term that yvrles with measorogmant and rangs
Wigder cangs impedance medsuremonis podsibio wilh redored scouracy

Comparison Limits: Upper and lower limits for C and L, upper
limit for R, dissipation factor, and ESR. Each limit adjustable
from 00000 to 19999,

Display: &-digit readout plus overrangs digil, for reactive and
resistive values, with decimal point and unit of measurement;
fraquency and unbalanced condition aiso indicated, 2-digit
channel indication provided and pane! lamps indicate results
al comparison.

Speed: S0 components measured in <30 s, at 1 KHz [rate
slightly lower a1 120 Hz, depending on differences in compo
nent values).

Input: Up to S0 channels. scanned sequentially and auto
matically. Scanner adds <0,1 pF across unknown and main
talns Storminal connections to DUT. FIXTURE: components
under test are mounted on a test board and insertad Into a
drawer, Axlallead boards accept components up te 2.5 In
long % 0.75 in. diameter (64 x 19 mm). Radial-lead compo-
nent boards available,

Test Voltage: 2.2 V rrms open-clreult oscillator level, Vollage
at DUT dependent upon Impedance value and can be reduced,
Bias: 0 to 50 V dc, ad|ustable in 0.1-V steps; used for capac]
lance measurements only

Printout: 14 columns: 2 for channel number, 5 for € or L,
5 for R, D, or ESR, 1 tor range (decimal point and measure
ment units} and 1 for comparizon result. Can print all values,
in-toderance values only, ouf-of tolerance values only, of out
of-iolerance values in red with intalerance in black
Available: Card- and fape-punch couplars, other component-
conditioning, data-processing, and recording equipment.
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GR's 1683 Automatic RLE Bridge serves ag nucleus of
many measurement systems, both c designed and
standard. Each 1683 so used is tho cheched for sys-
tem compatibility as well as for individual performance.

NA

(183
s T



1683 Automatic RLC Bridge

= Resistance: 1 ufl to 2 Ml

= Inductance: 0.1 nH 1o 2000 H

= Capacitance: 0.01 pF lo 0.2 F

= 0.1% basic accuracy

» up to 20 measuremenis per second

The 1683 Automatic RLC Bridge is a lully-automatic,
low-frequency, five-terminal iImpedance bridge thal meas-
ures capacitors, inductors, and resistors with loss ex.
pressed as a series element. Il is a true bridge whose
accuracy depends on stable passive standards. The aulo-
matic nature of the bridge allows unskilled personnel to
make precision measurements at the push of a button,

The accuracy and rapid speed of balance make the
1683 a natural choice for incoming inspection, quality
control, and high-volume production applications where
a largs number of components must be measured in as
short 2 time as possible. The wide range of the 1683
enables it to measure almost any type of component,

The data.output option enables you to retrieve, record,
analyze, and utilize volumes of data Ina minimum of Hime
The bridge Is designed o interface with scanners, com-
parators, card- and tape-punch machines, recorders, and
computers, all of which can be supplied by GR separately
ar as a system,

The programming option allows for external control of
the bridge functions. This Is desirable for fully-automated
testing where a master computer may be controfling one
or more bridges and other accessory eguipmenl. The
computer would function as controller, data retriever
data analyzer, and decision maker to reduce the possi-
bility of error. Such a controlled system would provide
for extremely fast, accurate, and economical component
avaluation,

The five-terminal feature provides you with the ability
o measure accurately low-impedance and high-impe-
dance companents far removed from the bridge. The
Kelvin-type connection lessens the effects of lead imped-
ance and enables milliohms of impedance to be meas-
ured at the end of several feet of cable. The fifth terminal,
the cable shiald, is used to reduce the effecl of stray
capacitances on measurements of high impedance. This
feature Is especially useful when a serles of small-valued
capacitors Is measured in sequence wilh a scanner
system,

The bias feature and leakage option provide the ability
to characterize large-valued tantalum- and electrolytic-
class capacitors at one station. The equivaleni-series-
resistance (ESR) option pravides you with another means
to express 1oss in capacitor measurements as required by
some MIL specifications.

The many features incorporated in the 1683 Automatic
RLC Bridge allow you to accomplish fasl, accurate, and
economical testing of resistors, inductors, pnd capacitors
in @ number of applications ranging from laboratory use
ta the most sophisticated of computer-Controlled systems
~= Gid GR Experimenter lof March-Juns 1970
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Meuatenmnt at 120 Hz 1 kHz ﬁf,mf'ﬂliﬂi
CAPACITANCE 'With mn-c yrrent fOas rreca Euroment
S ot T By | oomumrorma, | smopmmimar | el
SEH Sheles rmtanosi onel leak: | 03500mF o 19999 mF | 02000 mF o 19080 mE | 4% (lypeally 1%) S05%
CO001 wM fo 19990 uM D000.1 nH ip 19909 niH 230 fypically 1%) 20.5%
IMDUCTANCE Wilh concufen! bes messursmen 020.00 uH 1o 100.59 uM 02000 bl W 19599 uH S
expressed Bt seriey resictance. 030020 4H 1o 19999 H 02000 wH 1o 19695 H A0S = 0%
RESISTANCE il rasistance, o warlog sesistanco %;E}:ﬁgﬁmﬁ TIR SRR A =R
withy induciance messurens 8l to 1955.9 ki ~0.1% —DOS%
DISSIPATION FACTOR (D) w-m'm espaci. sczuracy ditter nfih-u? capacitance ranges ks
.
{ErTE mEATU R R, o mE to 19,909 mr 0200.0 wf to 19999 uF “1% =0 5%
H‘wﬂﬂ’ﬁlﬂ.ﬂml | 02,000 m¥ o 19. %9 mF =5 =5N
00001 mi o 19,859 mo 250" {lypcally 1%) =05%
IVALENT SERIES RESISTANGE (Dstion &) Con- 020.00 miﬁw .8 W0 WILh © feading ot AT
curréent with capacithnoe measuramanis 1 mii ;_-. :_D.I?.E‘H
01000 1o 01993 m‘f =0.9%
LEAXAGE CURRENT (@aten ) GO 1466 rcain 254 1025 m ' ronees S

* In singe of varianie measuremanl mode; 1% of reading plus =0 1% of full scale in tracking mode.

SPECIFICATIONS

Display: Reaciive and resistive readouts, aach with 4%:-digit
resglution, high-intensity noon readout tubes, decimal paint,
and unit of measurement. Display also indicates measurement
frequency, unbalanced condition, manual or remote-ranging
condition, and GO or NO-GO result of leakago current measure-
rmignt,

Speed: Measureament rata al | KMz is = 20 measurements par
second for =1% of fullscale change in unknown, 16/s for
+10% change, and 8/s for =100% change; at 120 Hz, rates 10
times slower. Interval belween measurements can ba Infinite
{measuremanits initiated by front-panel pushbution or external
closure bo ground) or from = 20 ms o 1 s as set by lront-panel
control so that measurements are repetitive. Speed may be
decreased slightly when D is measured near the low end of
exch capacitance range.

Terminals: Five; 4-terminal connection minimizes errors due
o tead impedance and ground terminal minimizes error due
to stray capacitance. Connections to unknown are made by
coaxial cables ol the front and the rear of the Instrument. A
1683-P1 Test Fixlure is avallable for the rapld connection of
axial-lead components and conlaing a starl bullon 1o initiats
the measurements. Stray capacitaznce up to 2 pF across the
test fixture can be cancelled by on adjustment on the rear of
the 1683,

Ranges: Nine lor all meazurements except five for leakage cur-
rent. Ranging can be automatic, manual, or remole excepl
legkage current which has no automatic ranging.

Oscillator Level Voltage applied o unknown can be reduced
from the normal 2.2 V rms for special applications,
Sensitivity: Can bo manually or remately reduced from maxi-
musm, with consequant! loss of resolution, to overcome prob
s with non-linear or rapidly changing unknown or extemal
noise ar hum pickup, .
Bias: 0 10 3 V Internal, manually or remotely set; 600 V max,
external; 2095-9158 Bias Supply provides up o 50 V and 40
mA, Bridge fully protected fram possible damage by charged
or shorfed capacitars,

Leakage-Current Test (Option 3): NO-GO limit can be man
uvally sel with 2% accuracy or remolsly measured with 2%
accuracy from | pA (under vernier control) to 25 mA. Extemal
manitaring of leakage current or of a de voltage propartional to
leakage current provided,

Interface:

Low-Level Data Output (Option SA): 50-pin Amphanol Type
57 connector provides 11 digits of measurement data (5 for
reactance, 5 for resistance, 1 for range) plus various con.
tral inpuls and outputs for systems use. Digits are 1.2-4.8
weighted BCD at standard TTL logic levels (loglc "0 = ground
with 10-mA sink capability, logic "1" > 3.5 V).

High-Level Data Output (Option 58): Same as low-level ex-
capl all cutputs are 15-V swing {logic “0" =~ ground with 10-mA
sink capabiiity, logic 1" = + 15V behind 12 k).

Remate Programmability (Option 2): 50 pin Amphenal Type
57 connector provides terminals for extérnal remote program-
ming of all control functions excepl line-voltage control. Func-
HonL are controlled by closures to ground or standard TTL
leye

Environment: TEMPERATURE: + 10 to +40°C operating.
Avallable: 1683-P] TEST FIXTURE, 2995-9158 BIAS SUPPLY,
prinlers, recorders, card.punch couplers, scanners

Power: 100 to 125 and 200 1o 250 V, 5060 Hz, 110 W,
Mechanical: Bench or rack models. DIMENSIONS (wxhxd):
Bench, 19x7.88x25 38 In. (483x200x645 mm); rack, 19x7x
2375 in. (483x17BxB604 mm). WEIGHT: Bench, 60 b (28
kgl net, 74 ib (34 kg) shipping; rack, 50 ib (23 kgl net, 67 Ib
{31 kg) shipping.

Dt iption Numbar
1683 Autamatic ALC
anl::: Maodel, powar frea: i!: Hr
Bench Model, power fred 50 Hr
Riack Mocsl, power freg: 60 He Dascribe
Rack Modet, power freqi 50 Hr :ml
Salect following options, if desired »l the
072 Hematn Programimablilty Ieft)

O3 Loakage Currant

P4 ESR Headout

OPSA* Low.Leve! Data Oulput
PS8 High-Level Dala Oulout

aumliatie
1683-P] Teat Firture o asiil leads

* Het avallatde toget et in the wame instrurmeset.
Patunl Numnbers 3 562 041 and 3,227,693,
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IFIGES

1684 Digital Impedance Meter

automatlic ALC measuremenis
capacitance: 0.1 pF 1o 200 uF
inductance: 0.1 uH lo 200 H
resistance: 1 mil to 2 Mi:

1% basic accuracy

4 measuremenis por second

Triple economy You save 75°%
WHEN Yyou Duy tne

geded 1o tran operator

shali ng i B
3
ument 10
f mattor
AT PR A TS BT
AUTOMATIC BRIDGES

|6R4

Performance

pedance bricge 5 expected to do,

ir1ast and eas

The 1684

¥

Eais =]

.
NHew Since |
Catalog U

Tne 1684 does almost everything an im-

does it wall, and does

31; digits of paralle! capacitance
y "

“ i i f_, tar & &l : |_|_.: 3 { o
"y 1 vallable for dissipat »
Fr : inciuded for the applic f
BEilas U Its I.l.-| -"-i'lti'-?"-'.:ll'r', for "i_:|
erate |imit comparators, for GO/NO-GO 1ests and sorting
and for data-lseging instruments Six-terminal connec-
i i - e i co of a Knivin tast
I re rabe lor measurement of in-circult
af the cost of sysle panents
You save tha time Solutions Tha 1684 it varsatile, In the labaratory it
for manual bridges. You Siove convenigntly measures passivie components, mounted or
el nd quality urmounted, witt racy., For inspechion applic
¥ heres | ot ar TTaileL i coee] for sen ratormat and aut |'_
S k 1 5l P TErna + - " # o g
1
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SPECIFICATIONS

Ranges and Accuracy:

Capacitance: 0.1 pF to 199.9 uF, paraliel, 7 manual ranges
ACCURACY:* = 1% of resding = 0.05% full scale = | pf

Resistance: 1 mi to 1999 ka, ac or de, 7 manual ranges
ACCURACY:* = 1% of reading = 0.05% full scale = 10 mn

Inductance: 0.1 uH to 199.9 H, series, 7 manual ranges,
ACCURACY:* = 1% of reading = 0.05% full scale = 1 uH
whan nductor @ > 1.

Dissipation Factor {optional): 0.001 (2000/CL reading) to 1,
1 range. (Note: Min D = 0,001 for C or L reading of 1,999,
1999, 1999 or 1999,) ACCURACY: = 5% of mading
= 0.2% full scale = 0.001 (2000/CL reading}, when C aor
L reading >>0199

Display: 3% high-intensily neon readout tubes with decimal

point; automalically blanked when capacity of ranga s ex

ceeded, Display normally reads CRL or, opticnaily, dissipation

factor by means of a momentary pushbutton. SPEED: = 250

ms f'ﬂ‘:: maasurament

Oscillstor Level: CAPACITANCE: 8 V pk on 100-0F range,

0.5V on pthers. RESISTANCE AND INDUCTANCE: Constani

current per range, from 5 uA for high B 1o 500 mA for low B

Bias: O 1o 50 V dc, external only, tor capacilers only; applbed

to rear GR 274 banana jecks; panel switch turns blas on and

oft

* Far roadi > 10% full =cale on all ranges excep! highest mpedancs

(199.9 pF, 1999 k0, 1995 H full scate | where first lerm ks =2% of read-
g Temperalure cosfficienl W =0.0075% of reaging/ "C trom O o 50°C

T

T

1684-P1

1684 P2

1684-P3

Terminals: G-terminal guarded connection reduces errors due
to lead impedances. 1684-P1 Test Fixture, supplisd, provides
(R 938 hinding posts 1or connecting unknown device 1684-P2
Test Fixture with Kelvin clips |s available. 1684-P3 Proba pro
vides fest leads with clips for incircult-unknown connection
Test fixtures and probe plug into GR 274 banana jacks on
panal and are easily Iinlerchanged

Environment: TEMPERATURE; 0 to +50'C operating,
+75°C storage.  HUMIDITY: 95% RH and +40°C,
Supplied: 1684.-P1 Test Fixlure, power cord
Avallable: 29959158 Bias Supply and, if data output is in
stalled, limit comparators. printers, recorders, card-punch
coupters, scanners. Data Output option: Provides inputs and
outputs at rear 3G-pin tyoe 57 connector. AMNALOG DATA
Propartional 1o digita! value of component gt = 2.5 mV/ count
(0 to +5 ¥V for counts of O to 1999) and, it dissipation-factor
option installed, proportions! 1o quadrature loss (Gp, A or
Ls); oulpuls are ralative {0 relaorence level of 1V. DIGITAL
DATA: 13-line 8-4-2-1 BCD af standard DTL or TTL levels [posi
tive true, logic 0 < +0.5 'V, logie 1 >=+3.5 V) plus closure to
ground for range, conversion-complele ard gverload oulputs
and blanking and tripger inputs

Power: 100 1o 125 or 200 to 250 ¥, 50 10 60 Hz, 30 W max
Mechanical: Bench or rach models. DIMENSIDNS (wxhed)
Bench, 12.75x5.63x17.56 in. (324x143x446 mm): rack 19x
525013 in. (483x133x330 mm). WEIGHT: Bench, 18 Ib (9
Kg) net, 25 Ib (12 kg! shipping; rack, 22 Ib {10 kgl net, 29 b
(14 kg) shipping.

a0 1o

Catalng

Description Sumbor
1664 Digital impedances Melar, wilh
1EE4-P) Test Fixturs, supollod
Banch Modeis
wilhout optiona 16E4-9700
with dizsipation-tacior aption 1684.9701
with dats-ourtpul optbon 1884-9702
with O and dats-oulpul sptians 1684-9703
Hack Models
without cotions VEEL 9704
with dissipation-tacior aplion 1684-9T05
with dala-cctpul option 1 GBE-5 T 00
with D and data-putpul opiking 1684-9707
Ascansaries
18B4-P2 Test Fizture, Kalvin clipa 1 Gt 00
1684-F3 Probe, ftor (n<cireull lesting 16849630
Extender Bowrd, used in mainlgnance 16844740
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7

1682 Automatic Capacitance Bridge, 1 mHz

0.001 pF to 0.02 F
0.1% basic nccuracy

20 measurements per second
0 1o 100 V buili-in bias

measure capacitang

Why at 1
vau'll find that with the GR

reason, B 8% easy at
1 MHz as at much lower freguer e it MHz
He test frequéncy permits accurate n ent
va citance in the presence of g
'
juctor devices and in rf networks. Many military

commercial test specifications require 1-MH2

ment ol small solid-dielectn apacitors, like "ceramics,

whose capacitance may vary with freguency
The &8 {pe with lransformer riat a
e & ¥ .
for t . a1 f 5 1 et !
& reratio il C

Ltgn lot 1pACiar
i Tof rent
r P
A i =1
IRes v § i n ot
200 Y g i UTIng Sig i L T
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| <200 pF can be

serisitive characlerislics

reguced o

A continuous-tracking mode is
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GR System Components

System performance depends as much upon a few
nearly “anonymous™ component instruments as it does
upon the precision bridge or DVM that actually does the
mieasuring. Knowing this, GR has designed and buiit
many anclllary system components to ensure that we can
meel your expectations for system performanca.

Scanners must make and break many, often complex,
connactions at high speeds — GR scanners do. GO/ND-
GO decisions depend on comparators that are fast and

Scanners

Measuring svslems, perhaps more than any others,
must be capable of rapidly changing many complex can-
nections, particularly batween the device-under-test and
the test equipment. Program-controlled scanners serve
this funclion, and GR has over 30 different canfigurations
of scanners {o suit a wide variety of measuremeant de-
mands.

GR scanners can Swilch single- or multiple-contact
ines to establish, lor example, Kelvin conneclions o the
DUT, Scanner boards are avallable which will switch
high-voltage and high-current lines without difficulty.

Computer coniroled EEanmaes baards o Tyeierms JO000

Digital Limit Comparators

GO/NO-GO or multiple-category sarfing of components
depends on decisions. In product-sorting systems, de-
cisions need to be fast and accurate.

GR offers a family of digital limit comparators to fill
that nead. The 1781 and 1783 are typical of the family:
S5-digit limits on two independent parameters are set on
frant-pane! thumbwhesals.

With 5digit capacity, these comparators add no un-
cerlainty to 0, ] Se-accurate measurements

Using BCD ocutputs of the pertinent measuring instru-
ment, the comparator displays a GO light or a NO-GO light

accurale — GR comparators are. Data interface to card
and lape punches, teletypewrilers, and computers rmust
be fast and unobtrusive — GR couplers excel.

Put these "anonymous" ones together with GR auto-
matic measuring Instruments and a |udiclous selection
ol peripherals and you have a system for which GR is
proud 1o take full responsibility — a dependable system
that will easily pay its own way in your operation.

Saries 1 7T0 Scanner showing manual conrald

Lines shislded for high isolation or for high frequencies
can be handled by GR scanners without loss in perform
ance. Guarded connections are preserved through the
scanners for measuraments that are independent of stray
capacitance and leakage.

Some GR scanners (the 2201 series) are intended
expressly for computer control, They are assembled on
circuit boards that are fully interchangeable, thus per-
mitting the system o keep pace with changing require-
mants, Other scanners (the 1770 saries) are automatic,
Thay can be controlled manually or by external pro-
gramming. Up to 100 chanrels can be selected either
randomly or sequentially, Seguential selection can be
stepped between preset limils on command or pericd)-
cally with selected step rate and dwell time,

I 7RI hgital Limit Comparalor

{with information on which limit has been excesded) and
closes a corresponding ralay conlact for operation of the
sorters, displays, or recorders in your system

Several comparators can be used together for multi-
plé-tolerance sorting.

144 SYSTEM COMPONENTS
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1785 Digital Printer

Permanent printed records - ecanamically  This printer
provides a precise, compact, and economical means of
recording 8-4-2-1 BCD data in permanerit printed form
and is an excellent companion Instrument for GR digital
instruments. |1 can be equipped either with a DTL/TTL
Input compatible with integrated circults or with a 15-valt
logic input (buffered) wseful with RTL circuitry,

Records of up to 21 columns are produced in black or
red ink as selected elecirically — a unique feature that
allows, lor examplé, in-lolerance values to be printed In
black and out-of-tolerance values in red. The 1785 also
boasts a loating decimal paint. a large selection of char-
acters, input cables to tailor it to several GR instru-
ments, and bulfered inpul modules to reduce data-source
Ioading.

For special applications, please consull your nearest
GR regional affice.

=

SPECIFICATIONS

Printout: CAPACITY: 21 eolumpns, Moating decimal point ss-
lactahle In any of 9 coaluming, 7 harizontnl characters per in.,
5 vartical lines per ing  RATE: 3 tines per in., asynchronous,
CHARACTERS: O'thru 9 and ¥, > <, , .. and — |n tirst 19
columne, Z, Y, X, W, db, %, pw, s, P, C, 0, n, m, K, M. and G
In column 20. and m, L g P, B, — F, 0L 5, M. H. c/s, Hz. W,
A, ang ¥ in column 21, COLOR: Red or binck selectoo atec-
trically, adding-maching ribbon, PAPER: 3.5im. wide, in-
terratily slored, roll or fan-fold; single- and multiple-copy pres-
sure-zansitive papar available.

interface: DATA INPUT: 4-line 8421 BCD &t smndard 5V
livels llogic 0 < 0.4 V at 3.2 mA max alnk, logic 1 = +2.4
e +5 V or open circuil); 15V 8-4-2-1 or 2-4.2-1 logic is com-
palible with buffered modules (optionall only. CTONTROL:
Print-command nput & 10« posilive of negative puls or
do-coupled transilion from logic 1 to logic O (6 mA max sink).
Busy-signal output s logic 0 10 inhibit detn source during
330-ms print cycls,

Power: 10510 125 V.or 21010 250 V, 50 1n 400 Hz, 50'W.

Mechanical: Portable or rack modals, DIMENSIONS (waxhixd);
Portable, B.5x7,75x14.5 in (216x197x368 ‘mmi; rack, 19x
B.75x13.25 in. (4B3x223x337 mim).

Caimlog

Peacription Mumber
"‘Il IJTL B-t-I-I It 1ITBS9701

lllr.lt Hmt B<-2-1 It 17ES-5702
Specifty 1 or more of following svsentiahu

Input Cabile for 1680 Brage ITES-1000

Imput Catde lor 1682 or 1683 Bridge 17851010

Imput Catre dor 1950 Deletior 1785-1020

Mating Connectne Assembly (ursined,

for e with othet Quta sources) 17850427

Setect loliewing aptians, if desed:

Buttered [nput Mochile, 84-21 1785-9601

Butiered Inpid Madule, 2421 17858602

Available:
Pupar, Roll {peck af 100 ITBS0A2S
Papor, Fan Fold [pack of 10) 17R5-0420

Couplers

Total-system attention at GR means not only versatile
adaptors to the DUT and assured compatabliity armong
system components but also high-performance interfac-
ing with devices that may not be suppiled but which must
operate with the system. Typical of this capability is the
GR 1791 Card-Punch Coupler which enables any GR
system to output data to an IBM 526 card punch.

The 1791 accepts up to 22 digis of binary-Coded digi-
tal data in paralle! form from one or more sources, It
corvaris the data lo serial 10-line-decimal contact clo-
sures as required by the card punch,

1791 CavdPurch Coupler

SPECIFICATIONS

Input: Twenty-two 2-4-2.]1 or 84.2.1 BCD digits. Logic "0™: -8
ts —50 V: logic “1™: 0 to =2 V, wilh respect fo a relerence
level that can be <50 V from chassls ground.

Output: 10:ine decimal via recd-ralay conhtact closures.

Speed: Determined by the essocisled punch.

GENERAL RADIO 1973 CATALOG
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2995-9158 Bias Supply

= 0to50V, up to 40 mA
= programmable

This supply provides a bias vollage adjustable from 0
ta 50 volts in increments as small as 0.1 voll. (Several
supplies can be used in sernes to permil a combined bins
voltage up to 150 V.) Vollages can be remolely pro
grammed or manually sel, and 3 panel meler sarves to
indicate the outpul level, The 2995.9]158 also protects
the measuring instruments and handling equipment from
large current surges (as from a charged or shorted ca-
pacitor inadvertently connected for measurement) by
instantaneously limiting the current.

An additional feature of this bias supply is the very low
series impedance it presents to the bridge test signal.
Thus, under most conditions, the bridge readings are
valid withoul correction for that impedance,

SPECIFICATIONS

Voltage: O (o 50 V, adjustabla In 0.1-V Increments with 3 In
ling-readout dinls

More Versatility for GR Systems

Impedance Measurements
Automatic bridges, described
in the preceding pages, are
the primary part of many GR
systems providing the capa
bility to measure R, L, C,
and loss up to 1 MHz,

Frequun? Measuremen!
The Type 1191-B Counter,
described fully toward the
back of this catalog, Is pro-
grammable and genorates
BCD output! data lor meas-
urements of frequency to
500 MHz as well as period,
time interval, and ratio

Signal Sources Sing-wave
tesl signals from a fraction
of a hertz to 500 MHz are
available for test systems
from one of GR's nine fre-
gquency synthesizers. Varia-
tions in programmable res-
olution {down to 0.01 Hz),
fn sweep capability, and in
signal purity offer a wide
choice of performance.

SYSTEM COMPONENTS

Accuracy: =(0.2% + 10 mV) typleal. STABILITY: =(0.1% =
1 mV¥] typicat for 8 h, REGULATION; =(0.2% ¢ 10 m¥) from
10010 125 Vag line. RIPPLE: < 100 4V rms.
Current: 40 mA positlve, 10 mA regalive, Transienl current
limited to < 100 mA within 2 45
impedance: < 0.2 0, up to 1 kHz; added 3-torminal capaci-
tance, < 1 pF. LIMIT IMPEDANCE: 1 kix+ 10080/ V
Programming: 100 Q/V, connecled belween two rear-pane
conneciors.
Environment: OFERATING TEMPERATURE: O to 50°C. TEM-
PERATURE COEFFICIENT OF VOLTAGE: =(0.1% + 1 mV]/"C.
typlca?
Supplied: Power cord, two locking GRB7A® coaxial connec-
lors, two 2994- 1007 one-loot coaxial cables,
Mechanical: Rack model only. DIMENSIONS (wxhxd]: 18x3.5x
638 in, (483:B9x162 mm]. WEIGHT: 10.3 b (4.7 kgl ret,
13 Ib (6 kg shipping.

:Tia.:.lu-ﬂ
29959158

Descriplion
Bias Supply

The high performance of many manual instruments
can also be realized in systems applications; many GR
instruments are eguipped for automatic operation

Programmable Attenua-
tion The GR 1452 Atten-
uator adds the oft-neaded
amplitude control to a syn-
thesizer in a system applica-
tion. It will attenuate any
- gignal from 10 kHz to 500
MHz by O to B0 dB in less
than half a millisacand.

Line - Valtage Regulation
can ensure continued proper
oparation of measurement
systems in times of reduced
lime valtage and rapid Huc-
tualions. GR regulalors re-
spond quickly, dissipate [it-
tle power, and add no inter-
ference or distortion,

Recorders under program
control can create perma-
nent records of test results
and of system function. GR
potentiometric  strip - chart
recorders are fully program-
mable and will plot de infor-
mation and ac levels up to
500 kHz.
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1654 Impedance Comparator

= 0.003% impedance-diference resolution
= 100 Hz lo 100 kHz—4 fixed Irequencies

= wide impedance ranges:
21 1o 20 M1}
0.1 pF to 1000
20 2H 1o 1000

= stable solid-state circuits

= fasl sorling —
= 10,000/ h, with accessory limil comparator

The GR 1654 Impedance Comparator indicates on
large panel meters and by analog outpul voltages the
difference in magnitude and phase anglie belween two
external impedances, usually 8 standard and an unknowr,
Owing lo ils speed and percent-deviation readout, the
1654 is of great value In the sorting, selecting, and
adjusting of components in production and inspection
applications

Accurate Because the 1654 measures differences to
an accuracy of 3% of full scale, the measurement accu-
racy and resclulion as a percent of the lotal impedance
are considerably better, with comparison precisions to
+=0,003%. In addition. the magnitude channel of the
1654 has been lipearized lo ensure accurate readings
withoul correction for up to 30% impedance differences.
Solid-siate circuits are used in the 1654 so that drift of
the meter rero 5 negligible, permilting more Certain ac-
curacy and fewer interruptions for readjustment

Versatile Test voitage, frequency, and measorement
ranges of impedance and phase-angle differances are all
selpetpd by front-pansl contrals, Test voltage and maas-
urernent ranges are raélated and thair pane! swifches inter-
locked to refiect this relationship. Four measuremeant
ranges can be used with sach test voltage. The highest
test lavel, 3 volls, gives the greatest sensitivity: 0.1%
and 0,001 radian, full scale. The lower levels, 1.0 and

0.3 voit, permit measurement ol more fragile compo-
nents, allow easy voltage-coefficien! tests, and (while
limiting maxtmum sensitivity] extend large-diflerence ca.
pability to 30% and 0.3 radian, full scale.

Wide ranges of impedance, resislance, capacitance,
and inductance can be compared with the 1654, Since
it is a transformer bridge, its accuracy is litthe affected
by loading or by stray impedances for most measure-
ments. A guard terminal is provided for making three-
terminal connections o minimize the effects of stray
fixture and cable capacitance,

LEBO-P] Trut Fiuture.

HIGH-SPEED SORTING, SYSTEMS EXPANSION

Tha 1654 measures the difference between two extor
nally connected components. For comparison measurc
merts you need a standard. For rapld sorting you néed
either 2 limit comparator or an alert opoeratar who can
mentally Juggle up to six numbers simuitaneausly. You
can solve these problems nestly by adding to the basic
impedance comparator or, mare neatly yel, by letting us
do the adding in the farm of aone ol several models of the
1654-2 Sarting System

One model ol the 1654-Z cantains, in addition to the
1654 Impedance Comparator, one of our latest and best
decade capacitors. A secong model contains a versatile
limit comparator especially designed for the 1654, and
a third mode! contains both

GENEMAL BADID 1971 CATALOG
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The 1413 Precision Decade Capacitor provides a range
of from O to 1.11111 4F, an accuracy of 0.05%, and a
resolution of 1 pF. Any value in its range s sel easily by
six in-line readout dials, and It may be connected to either
the frant or the rear of the 1654,

The 1782 Analog Limit Comparatar provides Tour limits
that you may use as your needs dictate: a high and low
fimit for both magnitude and phase, two values of magni-
tudke only or phase only, or four high limits to sort compo-
nents into five categories (say 5, 10, 20 and 30% and
refect). Al limits can be set to an accuracy of within
+2% of full scale and bright-light pane! indicators provide
results of the comparisan in terms of GO or NO GOD. The
1782 is available also with a relay option to control aulo-
matic sorting mechanisms. The components can be ap-
plied manually or automatically at rates up to four per
second. For special applications, up to 16 limit compara-
tors can be connected to the 1654, Call your local GR
sales engineer for further detalls on incorporating addi-
tional limit comparators or other automatic measuring
and sorting equlpment.

1E54.T1 Soring System includes Hmil comparatos
b @etdstinngd (imnta

SPECIFICATIONS

Frequencies: Internal only 100 Hz, 1, 10, and 100 kHz, =1%.
Ranges: 0.1% to 30% full-scals impedance diflerence; 0.001
to 03 radion fullscale phase-angle difference.  Available
ranges depond on lest vollags selecled g= ahown in the fol.
lowing table.

Implllmblﬂm Phass-Angle Diffarence
Taat ba A Full-szaln Ran
Voltage :II|HKTI | : | |Il:||]|:l ﬂwl|ﬂﬂdilﬂﬂlrbn!|ﬂli a3
a3y [ A NESE] L u E| x
1V ¥ |n||x 4 n X |
Iy a T lanln u L t i
Impedance Ranges (0.3-V test voltage*)
Fraa I Awsiatance I Capacilancs I Inguctance
100 He 2N— 30 MO 1000 pF -~ 1000 uF EmM 1000 H
1 &HE| 20— 2M0} SWoF**—100 4F 200 uH — 100H
0kHz| 20— 200kD S0 pF** — |0 uF E.%a I 1H
100 szl 100 — 1Ok SOpFr**— QlwFl 20 wH— lOmH

= Lew R and L limile sse increased and uecer © findt decressed by
10:1 for 1.W best volfaes and by 100:1 tor 3V

" T 0.0 pF oy subiiitud ke et

155422 Soting Syatem containg preciss
up.n:r BrcH eCade wandaiml

TYPICAL USES
Rapid sorting and matching of precision components,
subassemblies, and networks, manually or with automatic
equipment,
Meaasuring the effects of time and environment on com-
ponents, with high precision and continuous Indication.
Rapid testing of the tracking of ganged potentiomiters
and variable capacitors.
Studying the frequency dependence ol components.
Easy comparison of quantities usually requiring labora-
tory techniques, such as:
Small impedance differences.
D of low-loss dislectric materials,

n(=1

E) of Induclors,
Q or phase angle of wire-wound resistors or
potentiomaters.,
Balance of transformer windings.
Semiconductor capacilances
Capacitance drift with temperature.
- Bon GR Experimenter 10 May-June 1563,

165423 Sarting Syatem Includes both & (imit
comparator and Capasilance decnde stangard

Resolution: Meter, 0.003% and 0.00003 radian, Analogvoll:
age output, 0.001% and 0.00001 radian.

Accuracy: 3% of full scale.

Voltage Across Standard and Unknown: 0.3, 1, or 3 V selecton
by front-panal contral. Test voltage of 2 V [with 0.6 and & V)
can be oblained on special ordar.

Analog-Voltage Outputs: Yaltages proportional to meter detiec-
fions al two rear-pandl connectors: =10 V full scale behind
<101 for 1782 Analog Limit Comparator; =3 ¥V ar =10 V {de-
panding on rangel full scale behind 2 ki for DVM, A-D con-
vérfer or other use.

Test Speed: Aboul | component per second with meter, mao.
With analog outpul voltage, aboutl 4 componenits per second,
oxcépt nbout 1 component per second ol 100 Hz.

Power: 105 to 125 or 210 1o 250 V, 50-60 Hz, 15 W excep!
1654-21, 35'W.

Supplied: Multiple-contact connector and power cord,
Available: 1782 ANALOG LIMIT COMPARATOR (supplied with
-£1 and -23}; 1413 PRECISION DECADE CAPACITOR {supplied
withh -Z2 and -Z3) and other GR decade boxes and siandards
of resistonce, capacitence, and mductance: 1680-P1 TEST
FIXTURE for rapid comnection of cormponents (inciudes con
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necting cobles); 1654-9600 ADAPTOR KIT for components
with M-in. spaced leads; 874-MB COUPLING PROBES far com-
ponents with 13-in. spaced leads; and B74R3I3 PATCH
CORDS for cannection 1o GRBTAR. lerminated stendards or un-
knowns,

Mechanical: 1654, bench of rach modsls: 1654-Z, all units
mounted in 4 single cabinegl with necessary interconnections
rmpde. DIMENSIONS (wahad); 1684 bench, 19.508.75x]5 in
{495x222%381 mm); 1654 rack, 19x7x13.5 in. (483x178x343
mml; 1654-Z1, 12x19.5x15 In, (305x222438]1 mm); 1654-22,
£Z3, 17.5219.52]15 in, (445x222x3R1 mm), WEIGHT: 1684
bench 40 b (19 kgl net, 60 (b (28 kg) shipping: 1654 rack,
25 b (12 kgl net, 40 b (19 kgl shipping: 1654-Z1, 51 b
124 kgl net, 63 b (29 kg) shipping: 1654-Z2, 66 |b (30 kg)
net, 79 |b (36 kg sHipping; 1654-Z3, 77 b (35 kg) nat, 90
Ity (42 kg) shipping.

Dessriptian :‘“l.:rttmr
1654 Impedance Comparator
Bencn Model 16545700
Rack Mocsl 16545701
1654-2 Sarting frmnch ondy)
165422 includes 1413 Detadge Capacitoe <o g
155471 includes 1782 Limil Comparalor &% shawn

1654-73 includes 1413 ang 1 782

ot lwfr)
Suilect, if desired, with -Z1 and -Z1 anly
0P Rulay Outiut
Accessories Availahle
1680-P1 Teat Fixture 16809601
16535500 Adaptor Wit 16545600
B74-M8 Coupling Probe (2 reg'd (5
EaCh term gair) ORT4-DGE6
B74-33 Patch Cord (2 rea'd for
each terrs pair) DET4-3620

¢ ¢ C €0 ¢£0 ¢©

1782 Analog Limit Comparator

» accessory to 1654 Impedance Comparator
s 4 independent limits — use lor high or low
= 2% ol full scale accuracy

= GO/NO GO lights, optional contact closures

The GR 1782 Analog Limit Comparalor increases the
spood al which the 1654 Impedance Comparator will
operate in sorting applications, It comparas {he analog:
voltage output of the 1654 against high and low limits sel
on the 1782 front panel and displays GO or NO GO lights
for manual sorting, Optional relay-equipped modals will
operate external autormatic-sorting devices. Up to 4 com-

Thes 1TEZ in whowr here with the 1554 impedance Comparator 6 form
oane yereon gf the TESE-T Nod lng Syriem.

ponents per second can be measured with the two Instru-
ments together,

Four controls an the front panel permit the limits to be
set to 1% resolution; each control can act as either a
high limit or 2 law limit as selected on an adjoining switch
and for AZ or 2@ as selected by a rear-panel swilch,

— S¢¢ GR Experimenter fos May- e JSE5.

SPECIFICATIONS

Input: ANALOG VOLTAGE: =10 V full scaie. RESIETANCE (of
each comparator): &6 ke, approx,

Output: ANALOG VOLTAGE: |dentical fo inpul.  DECISION
QUTPUTS: Visual or relay contacis.  Visual: NO.GO lamp tor
aach lImit; GO lamp indicates measurement i within oll limits.
Ruiay Contacts (optlondl); 5 SPPT contacts, 115 V rms, 0.1 A
FITIS, Max.

Accuracy: =27% of tull scate.

Limit Controls: Four indapendent limits: can be &9l lor <+
{high) or - {low} with swilch adjoining each control,.  DUAL
CONTROLS: Inner scale callbrated O (o 100 (each division
corresponds 1o 100 mV), outor scale calibrated 0 10 30 (316
mV per division).

Test Speed: Appras 10 tests pér second, max, for visual edtpul.
Power: 1050 1250r 210 10 250 V, S0 to B0 He, 20 W
Supplied: 24-contact connector with relay models only, inpul-
signal cable, power cord,

Mechanical: Convertible bBench cabinel DIMENSIONS (wx
bed): Bench, 17x3.88:5.88 |n, (432499251 mim); rack, 19x
3.5<8.63 in. (4B3x89x220 mm). WEIGHT: 9 Ib (4 ki) nel,
15 16 (7 kg} shipping.

Cataton
Descriplion Pt
1TEZ Analag Limil Comparaiar
Banch Mooel, without retays LTRZ-5T00
Hack Maods], witheut relsys irazeroL
Ranch hodal, with refays 17825702
Rack Modal, with relays 17829703
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20 Imped

= measures R, L, C, and G

= 0.1% basic accuracy

= [ast lever balancing

s digital readoul of RLC and G
= poriable, sell-contained

Today's components demand high-precision measure-
ments; today's schedules demand fast answers. GR's
1656 meats these demands, A precision adaplation of a
long-time favorite bridge, the 1656 simplifies 4-place
balancing with lever switches and reduces possible read-
g error with in-line digital readout of impedance

Though of laboratory accuracy, the 1656 is also the
ideal general-purpose instrumaent for production, Inspec-
tion, and field use. It's fully portable and self-contained
for both ac and dc measuremernts and demands no
special training for proper use

Measure extremely large or small value of R or G with
ease — you will appreciate the extraordinary sensitivity
of the detector in this instrument. Indeed, there are few

MANUAL IMPEDANCE MEASUREMENT

';JL,

impedance measuremenis that will challenge it. whethar
or audic-frequency. Notice the width of the ranges
specilied below

!_J fi! This prodoct I8 manufactured e In Furops
S @GR Exparimenter or Marchi June 1970

- ——
L]
©
—
|
Levor-arm swilcnes on LG5 permil f2al Dalances ang easy-!
WP AT ]
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SPECIFICATIONS

Risgatulion Apcirnoy®
[ane digit un Freguencies o] kHE Bnd sl phine Frequencieog =1 kM2 or largs phase anglo
Rangs IewEEt P angie (e = full scate) Tynical soditional errof totma
0.1 pF 1= 1100 uFf 01l ={0.1% of faacivg + 001% of ts » =202 Ofws 0.8 02 4 0.O02 (hea 1%
Serws o paraliel, 7 ranges 0% of reading on nighest range)
Inductance: 01 M to 1100 M &1 aMH =(0.1™% of rescting - DOIN of fn 4 =[0.2 fenfQ 4 0.5) 00 + D002 (Fenl'1%
Setinn of paralial, 7 ranges 0.2% of reading on kowest mange)
Resistance: 0,1 mil to 1.1 Mii @1mn (0.1 of reading - 0.01% of fs 4 = Gl 4 0.003 (fin] )R
e or de, T ranpos 0.2% of reading on iowes) rangs)**
Conductance: Qinilio 1N 0.1 ntl = 0% of reading 4+ 001% of e 4 2 | + 0003 (L )r]5r
" Ac gr gc, T ranges 0.2% of rasding on highest rangs)**
Dissipation Factor, Dz
=Ared capaoilance Ol — ={0uD01 =%, of reading) = (D00 fis -+ 5% ol ronding)
par| el capogtance 0.1 to B0 — 1-.'5:! ulbrlmlhl (allding null 5% af raading
gh
ﬂ::_grm.@ _
indisctance 202t 10 — 3% of reating (3tkding null at low Q) —E%, o reating
caralinl ehatance 1ia= — ={5% of mmfing < 0.001) for 1/Q =15% of reading <+ 0.001 fuw] tor 1/0Q

* Full acoutpoy @
cermpting 1 obtaln spaniliog acouracy

s brom 15 10 38 C, <B5% HH jutalul irprm 0 to 45°C), Resldusl ermingl impedances cf == 0.3 pF, (.15 uH, and 1 mi muat be

== Tehma apply 1o sC measurmmnils when external phase balence (3 properly sdjusied; ofherwise aocurncy B 05% of reading

Generator: Internal, 1 kHz =2% pc, 1.5V dc, External, 20 Hz
to 20 kHz ac; Type 1310 or 1311 Oscillator recommendad,
Detector: Internal, 1 kHz a¢ with >20-dB rejection al 2nd har-
monkc or flat, meter indication; 10-V!mm dc meter sensitiy
ity. Exterral, Type 1232 Tuned Ampiifier and Null Detectar
recommandod.

Bias: 600 V max on capacltors; small currents allowabls on
inductors and resistors: external only.

Terminals: %.in.-spaced binding posts for unknown; pin jacks
for external ac generator ond capacior for oc phose balonce:
phone jacks for external detector, bias. and DQ adjustment.
Supplied: Balteries.

Avaltable: 1650-P1 TEST JIG for rapid and convaniént connet-
tion of axiallead components lo bridge. Parmits 3-terminal
conneclion for negligible 2ero capacitance, introduces B0-mil
total lead resistance (which only affects measuraments on
;c;%?m impedances), and odds a D or 1/Q error of less than
Power; 5 D-cells, supplied; battery checks provided.
Mechanical: Flip Tiit case ond rack mount. DIMENSIONS
(wahxd); Portahle, 13 28x12 B7x6,69 in. (337x327x170 mm),
rach, 1912252575 In. (483x31 %146 mm), WEWHT: Port-
able, 151b (7 kgl net, 21 b (10 kg) shipping; rack. 16 Ib
(B kg) net, 28 ib (13 kg) shipping.

Flie-Tilt ﬂlmﬂr’uyﬂhl
combolote profectn.
Catalog
Phrest i plizn Nt
1636 Impedance |
Poftanke Modal 16569701
ek Mzdel 16565702
D Coll, replacriment tatsry
fer 1656 (5 reg'al B4 100200

rapid and efficlent component sorting device whan the
panel meter of the bridee is used as & limit indicator.
The test jig makes a three-{erminal connection o the

1650-P1 Test Jig

bridge, so that the residual zero capacitance is negiigible.
The lead resistance (0.08 chm total) has effect only when
very low impedances are measured, and the lead capaci-
tance affects only the measurement of the Q of inductors.

Introducing a small error inD (nr é») of less than 0.007.
Weight: Met, 10 oz (2B5 grams); shipping, 4 b (1.9 kgl.

This test-[ig adaptor is used to connect components
quickly ta a pair of tarminals and can be placed on the
bench directly in front of the operator, Thus, the test jig
and 1650-B, 1656, or 1608-A Impadance Bridge make a

Deneriplizn

Rumbe

1G50-PL Test Jig

GENCFAL RADHD 1973 CATALOG
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1608-A Impedance Bridge

s measures C, R, L, and G with digital readout
» +0,05% accuracy

= 20 Hz to 20 kHz (external generator)

» internal 1-kHz oscillator and detector

= measures impedance of any phase angle

= accurate D and Q readings

This wide-ranpe bridge will measure precision compo-
nents o an accuracy of 0.05% — capacitance, induc-
lance, and ac as well as dc resistance and conductance.
An almost error-free readout and rapid-balance adjust.
ments allow accurale and fast labaratory or production
tests, Six bridge circuits cover all possible phase angles
s0 that any network can be measured, even such "black
baxes" as lhilters, transducers, and equalizers,

In gc resistance and conductance measurements, a O
sdjustiment for precise balancing gives phase infarmation
usatul in predicting high-frequency behavior. This ca-
pability is also ussful for measuring lossy reactances,
such as rf chokes, without a sfiding null. The high phase
pracision of =0.0005 radian makes D or Q measuremanis
meaningiul on low-loss reactances, which must often have
tight D or Q toferances lor use in precision networks.

The 1608-A will measure resistors at ElA-specified dc
voltages, three-terminal capacitors and small capacitors
remotely |ocated, voltage-blased capacitors or current.
biased inductars and resistors, Almost any impedance
Is measurable over the audio-frequency range.

The ahility to measure small capacitances by a three-
terminal connection makes possible the measurement of
the capacitance between components, wires, or mounting
structures. Long, shielded cables can be used without
significantiy affecting the accuracy of the measurement.

For production testing of components, the 16560-P1
test [ig Is recommended,

This sell-contained bridge system includes six bridges,
along with suitable ac and dc sources and detectors. The
bridge elemenls are precision units. The wire-wound
resistors are similar to those used in GR decade resis.
tance boxes; the standard capacitor is 2 combination
silver-mica and stabilized polystyrens unit, with a low
temperature coefficient.

The readout system Is digital for C, R, L, and G, as well
a5 Tor the Q of resistors. D and O far capacitors and in-
disctors are read from & dial with the correct scale HHami-
nated. Decimal points and units are indicated auto-
matically, and there are no mulliplying factors for any
guantily at 1 kHz or de

The C-R-L-G readout has both coarse and fine adjust-
menls controllied by concentric knobs.
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Farrmntary schematics of = capaciencn, condusianon, resiziance, Bnd resclance Didges.

The 1-hHz Trequency-seleclive nelworks for the internal
oscillator and tuned detector are on a plug-in module,
which can be easily replaced with modules available for
other internal test lrequencies. Provision is made lor use
with on external oselilator and detectar. Three de sup-
plies are Ircluded to obitaln maximum sensitivity over a
wide range of resistance,

SPECIFICATIONS
Ranges:
Capacitance: 0.05 pF to 1100 uF i seven ranges, serigs or
paarilied
Inductance: 0.05 «H to 1100 H In seven ranges, series of
parallal,
Resistance: [sorles) 0.0% milljohm to 1.1 megahms, ac or do
Conductance: [paralial]l 0.05 nanamhio to 1.1 mhos, oc or de
| 20,000 megahms to 0,9 ahm),
D: (of serles capacitance) — 0.0005 to 1 at I kHe

fot paralie] capacitance) — 0.0210 2 at | kHe
Q: {of series inductancel — 0.5 o 580 at 1 kHz

{of paraile! induciance) — 1 o 2000 at | kHz

{of series resistance) — 0.0005 10 1 2 inductive &1 1 kHz.

fol parslinl conductance) — u%m 1.2 capocitive

Bl

Frequency: | kHz with internal osciiialor module supplied| 20
He to 20 ke with external asgitlutor

Accuracy:
C,GR L

At 1 kHz =0.05% +0.005% of full scale except on lowesl
R and L ranges and highest C angd G ranges, whare it is
=0.2% =0,005% of lull scale,

Additional errar terms lor high frequency and large phase
C and L: [20.001(f.)! 01D, ~0.50°% of measured
R and G [=0.0020fw)" =10 *(1,)* 20.1Q]% of measured

Residual Terminal Impedance: R = 0001 0, L = 0.15 uH,
C=025pF.

DC Resistance and Conductance: Same as for |-kHz mesmure-
ment, excep! thal accuracy |6 limited by sensitivity at the ronge
pxtremes. Balonces fo 0.1% ore possible from 1 ohm lo'1
mestihm with the internat supplye and detectar,

n(ur i) ol € orL: £0,0005 =5% ot 1 ke of lowet

Q = 0,0005k. =5% abave | kHz,
Qof R or G: =0.00050., =2%
Geperator: internal, | kHr =1% module normally supplisg,
plugin modules for ottmr trequencies available on special or-
dar. Level control provided With efeinal generator, fre
quency range of beidge is 20 He to 20 kHz. Type 13108
Oscillistor recommundad if ¢xiemal generalor required. inter
fal Ue supnly 3.5, 35, and 350 V, adjustatile: power lmited to
VW or lgss.
Dotector: Interni! of ektistnal, a0, con be ussd eilber Hal or
polective 3 frequancy of plugin module (normally 1 kHzl,
pthier fraquencies avpllable; second-nasmonic rejection of 28
dB. Sensitivity control provided. Type 1232-A Tuned Amplifier
and MUll Delector regommended when extemal gonerator is

Dc Bias: Capacitors can be hiased to 500 YV ftrom externil
source; bizs currend up 1o 40 mA can be soofied to Indocions,
Supplied: Power corn, spars indicator tamos.

Available: 1650-P1 TEST JIG.

Power: 105 to 125 0r 210 o 250 V, 5010 60 He; 10W,

Mechanical: Rack-bench cabinel. DIMENSIONS (wahwa)
Hench, 19x12.5x1 1.5 in. (483x318x293 mm); rack, 1912 26x
10 in, (4B3x312x254 mm), WEIGHT: 37 Ib (17 Kg) net, 54

Io (25 kg) shipping.
[« el ] Rumtmat
TEOE-A Tmpedance Bridee
Bench Madel, 115V 1608-%801
Hench Model, 230 v 16000003
Rock Modg!, 115y = JEOB-SE11
Rack Modal 230 v 1600-SH12

T FEderal BlocK numbars ars (latod belors the Indox.
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1650-B Impedance Bridge

= measures L, C.and loss; Rand G

= 1% accuracy

= 20 Hzto 20 kHz, internal 1 kHz and de

= portable, self-cantained, battery-operated

The 1650 Impedance Bridge will measure the induc
tance and slorags factor, Q. of inductars®, the capach
tance and dissipation factor, D, of capacitors, and the ac
and dc resistance or conductance of resistors.

Thres-terminal measuroments can be made in the
presence of consideraghlé stray capacitance (o ground

This biridge is comipletely self-contained and portable
Batiery-powerad, low-drain solid-state oscillstor snd de-
tector are included. The panel meter indicates both de
and ac bridge unbalances

The measured quantities, R, G, L, C, D, and Q, are in
dicated directly on dials with legarithmic scales for con-
stan! percentage accuracy. Multipliers and the unils of
measurement sre indicated by the range sefling.

The bridge circuil slements are high-guality, stabie
components that ensure long-term accuracy. The Ortho-
null® balance finder, a patenled mechanical-ganging de
vice, is used to make a low-0 (high-D) balance possible
without a sfiding null This mechanism, which may be
swilched in or out as desired. adds accuracy as well as

E Irelusting such low0 inruciors as rf colle measured ot 1 kHr

convenience to low-0 measurements thal are practically
impassible on other impedance bridges.

The Flip-Tilt case provides a convenient handie and a
captive protective cover and base that allow the bridge
panel to be tilted for use at any angle.

Mote: Thig product /s manufactiured also | Europe
Hew GR Experimentar for March)! June 1570,

SPECIFICATIONS
Ranges of Measurament Accuracy
20 M2 15 20 kME 1 oc | Reskdusis

Capaciance

1 pF 10 1100 uF, series o paraliol, 7 ranges 1R = 1pF - = 05 pF

" —

I M to 1100 H, sorigs or paraiial, 7 ranges =I%=1uH | = 0.3 uM
Resintance I

ac or de, 1 milia 1.1 MR, 7 ranges “1n=1mn S Al S o S TV S Sherier Sy w L mi
Conduntance I

ac of do, 1 0 ta 1.3 1, 7 ranges 1% =1nb r:;:';r:g s {;";;’” supply or detocior
Dinnipation Factor, 0, 52 1 ke |

0,001 to 1, of series C, =5% = 0.001 ™ — |

0.1 1o 50. of paratiel C. 1L kHZI and |ower
Storsge Factor, O, af | ke

002 1o 10, of seriss L 110} NCeruite. W —

=3 = 0.001 ot

1 ‘o 1000, of paratial L = I WMz
| Mekdgn operat=s up to 100 kHe with reduted scourscy
Genorator: Internal; 1 kHz =2%. Type 1310 or 1311 Osclilator Power: 4 size-D cells, supplied.
recommended if external generator s required. Internal de Mechanical: Flip Tl case and rack mount. DIMENSIONS

supply, 6V, 60 mA, max,

Detector: Internal or external; Internal detector response flat
or salective at 1 kHz: sensitivity control provided. Type 1232-A
Tuned Ampditier and Null Detector (s recommended i1 external
detecior is reguired. Combinntion of 1311 oscillator and 1232
datecior is available as the 1240 Bridge Oscillator-Delector.
DC Polarization: Capacitors can ba blased to 600 V from ex-
ternal dc power supply for series capacitance measurements.
Required: None. Ezrphones can be used for high precision af
extremes of bridge ranges.

Available: Type 1650-P1 TEST JIG,

{wrhxd): Portable, 13x6.79x12.25 |n. (330x171x311 mm);
rack. 19x12.25x4.13 in, (483x311x105 rnm). WEIGHT: Part-
able, 17 b (8 kgl nel, 21 1b (10 kgl shipping: rack, 18 Ib (9
k) nat, 3016 (14 kg) shipping.

" Cataieg
Degcriptiaon Mumber
165%0- 8 impedance Bridgs

Portable Model & 16509702
Rack Modal 1650-9701
Replacemant Battery, size O cnll, & reg'd B4 J0-0200

Patent Number 2,966,257

JT;M;:II stock numbuers aro IIIL'I-IEIHDl?url e i
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1621 Precision Capacitance -

Measurement System

10-7 pF 1o 10 uF
12-digil readoul, 10-ppm basic accuracy

10-"% yis to 1000 uis
S-digit readout, 0.1% basic accuracy

10 Hz 1o 100 kHz

® 3-tarminal measuremeanits
with 2- or 3-terminal connection

comparison measurements
simple lever balance wilth in-line readout

The whole of precision The 1621 represents the first
major improvement in nearly a decade in ultra-precise
laboratory capacitance intercomparisons and dislectric
measurements. It is a completely self-contained system
capable of capacitance measuréaments In increments as
small as 0.1 aF (10" pF) and conductance measure-
ments in increments as small as 100 aty (107 ,15; equiv-
alernt to a shunt resistance of 10" M{). Meaasurements
are three terminal, with 2- or 3-terminal connection, and
provision is also made for the connection of an external
standard for comparison measurements

Such capability and precision are usually accompanied
by restricted frequency and complex operation. The
1621, however, avoids these difficulties. Little degrada-
tion of performanca occurs Trom 10 Hz to 10 kHz and
operation to 100 kHz s possibie. Balances are achieved
by indine readoul lever swilches easily adjusted and
rand correctly. All digits of capacitance and conductance,
a5 well as pertinent multipliers, are also provided by
BCD-coded contact closures, avallable-at rear-panel con-
riectars for use by printers or data-processing equipment

Three integrated units The 1621 is an assembly of
three integrated instruments: A precision ratic-arm
bridge, a highly stable oscillator, and an extremely sen
sitive detector. Most of the bridge’s internal standards
are enclosed in an insulated housing to reduce the effects
of ambient temperature changes; unused standards are
disconnected to reduce shunt capacitance at the detec
tor input. The oscillator provides up to 125 V or 5 A far
sufficient signal to be detected even with unbalances as
small as one part in 10" of 10 pF., The detector contains
three meters to help you speed the balance: One displays
the magnitude and the other two simultaneocusly display
the in-phase and quadrature components of any un-
halance.

See GR Experimemier for DEtober | Decemiber 1970

SPECIFICATIONS
(See 1616 for performance specifications)
Frequency: 10 Hz 1o 100 kHz
Supplied: 1616 Precision Capacilance Bridge, 1316 Oscillator,
1238 Detector. all necessary interconnection cables, and
powar cofd;
Available: 1408 REFERENCE STANDARD CAPACITORS (10 pF
and 100 pF) for calibration
Power: 100 1o 125.and 20010 250 v, 50 to 60 Hz, 51 W
Mechanicak Bench or rack models, DIMENSIONS (wxbxd)
Bench, 19.75x24 25x15 in. [502x616x381 mm); rack, 19x
2091x11.44 in. (4B3x531x29] mm), WEIGHT: Bench, 105
Its {48 kg) not. 140 |b (64 kg) shipping; rack, 90 1b (41 kgl
nel, 125 ib (57 kg shipping.

Catalog

Dnsre | teom T

162 1 Precinion Capacitance Massurement System

Byl Wiocsi, S0-H2 LEX1.9701
Aack Model GO-MHE 16219702
Bunch Modsl, S0-H2 16219703
Fack Moodel, S50-HE 16219704
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1616 Precision
Capacitance Bridge

107 pF 10 10 uF — 12-digil readoul
10710 4,15 to 1000 uii — S5-digit readoul
= 10 Hz 1o 100 kHz

= up to 150-V input from oscillator

= 3-lerminal measurements

= coaxinl measuremeants

The hearl of precision The 1616 is the heart of the
1621 Capacitance-Measuring Assembly. The bridge is
also available separately for use where oscillator and de
tector are on hand or In applications in which they mus!
be specialized for a unigue nooed.

The 1616 employs a transformer ratic-arm bridge with
which unbalances as small as 0.1 aF (10' pF) and 100
all (10" u1F) can be resolved. Detection of such small
unbalances is aided by ratio-transformer voltage capabil-
Ities up to 160 vaolts a1 1 kHz and by range switching
that disconnects the unused internal standards in order
lo reduce shunl capacitance across the detector input.

SPECIFICATIONS

Capacitance measurement, 3-terminal:
RANGE: 0.1 aF 1o 1 aF (10" 10 10— F). ACCURACY:" =10
ppm, when most-sipnifican! decade is 1, 10, or 100 oF por
siem otherwise, and at olher fréquencies, acouracy & =[50
prm o+ [0S 4 20 Cued Tlawl' ppm + ttad aF)

Capacitance, 2-terminal; Same as above, evcapl as follows
RANGE: One acditional decade, to 10 oF (10 1o 10 F)

Conductance measurement, 3-terminak DECADES: 5 [viertually
extersded 1o 11 by G multipiier]. RANGE: 100 at o 100 &0
(10 *to 10=u). ACCURACY:* =(D.1% < 1 step In Jeast sig-
nificant decade]. There 8 a small reduction In canductance
pecuracy at Ifrequencies other than 1 kM2 RESIDUAL C
{actoss canductance standardd); ={(< 0,03 pFl,
Conductance, 2-lerminal; Same as pbove, ecept a3 follows
RANGE: One pdditional decade, 1o 1000 so (10 to 10 U}
Multipiers: FOR 3-TERM: X1, X10. FOR 2-TERM: X1, X10,
X100 affect both Cand G. FOR CONDUCTANCE ONLY: X1,
W10, . . . X100 (7 positions), Effects of these muilipliers
are included in the specified ranges

Freguency: 10 Hz to 100 KHz

Standards; CAPACITANCE: Alr dielectric with TC < <20
ppeni/ "C and D <10 ppm for B lowest decades; Invart, air di
electric with TC of =3 =] ppm/ "C and D <10 ppm for 3 mid
die decades: mica digleciric with TC of 20 =10 ppm/"C and
D <200 ppm for 2 highest decades. ADJUSTMENTS for all
capacitance siendards available through key-lockod door on
paril THERMAL LAG: C standiards for lirsl § decades
maunted in an insulsled compartment with a thermal time
constant of B h (lime required lor compartment inlerior 10
reach 63% ol ambient changel, CONDUCTANCE: Metal-film
resistors In T networks with small phase anglos

"ACCcuracy Vialed mn froction of meswred value, for (Pese condilon
Prequesncy, | KM excepl B3 noded; tempedglaeg, 23" = [ 7C homdily,
« 30% HH

T Regivimod bademark of the Carpenier Sieel Ca

DECADES: 12

For thermal stability in precision intercomparisons,
gight ol the twelve internal capacitance standards are
mounted in an insulsted compartment to reduce The
effects of ambien! temperature changes. Misreading the
values at balance Is virtually Impossible due to direct.
reading lever switches that contral the balance far both
capacitance and conductance, Panel layout is unusually
neat — only the unknown capacitor and, it desired, an
externsl standard for comparison meassurements are con.
nected to the fronl panel: the oscillator and defector
are connected to tha rear as are the BCD data-oulput
channels,

oo GR Exparimenter iy Ociobar f Decamber |30

Comparison: Terminals provided fo connect axternal standard
for comparmson meaturements; 13-poation pane! switch mulh
olies standsrd by -0.1. 0 +1

Input: The smaller ol 160 L or 350 V rms can be applied (o
{he bridpe transformer at the GENERATOR terminal withoul
vweiwedorm distortfion: 500 V rma tnax, depending on conduc
tance range, when QENERATOR and DETECTOR conneclions
e interchangoed

intertace: GROOD® locking coaxial connector on panel (o con
nect Z2terminal unknowns, 2 gold plated GRETAS locking
comilal connectors on panél 1o coanecl 3-terminal unknowns
and 2 to connecl odtornal standard,  DATA QUTPUT: 50-pln
and 36:pin tyoo 57 connectors on rear provide connection to
B-4-2-1 weighted BCD contacts (rated at 28°V, 1 A} on each
switch Tor capacilancs and conductance values respectively
OSCILATOR ard DETECTOR: Connect tn rear BNC con
meClors.

Required: OSCILLATOR: GR 1316 recommended.  DETECTOR:
GR 1238 recommuended, The 1616 Bridge (s available with
this oacillatar dnd detector as the 1621 Copacitancs-Maasur
Ing Assermbly,

Available: 1316 OSCILLATOR, 1268 DETECTOR, a broad ling
of capeatance and redssiance slanderds, and coaxial cables
for conmeciion of unkKrEwns 2nd stanaaros

Mechanical: Benchi or rack model, DIMENSIONS  (wahxd)
Bench, 19.75:13 81x12 B8 in, (5022351 x327 mm)| rack, 19x
|2 2251056 in. (4833 10x268 mmi, WEIGHT: Bench, 57 b
(26 Kg) net, 63 Ib (32 kg) shipping: rack, 49 1b (23 k) noet,
61 b (28 kg) shipping

Catalng
Dessriptan Miiesbarp
1616 Preciion Capacitance Bridge
Hanch Watel JEl&ST00
flack Model 16169701
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1316 Oscillator

= 10 Hz to 100 kHz
= up to 125 V or 5-A oulpul
= oulpul level adjustable and moelered

= in-phase and quadralure reference oulpuls
® in-line readout dials
= current-limited eutput — short circults OK

Convenience and performance Set four controls and
the 1316 provides any frequency from 10 Hz to 100 kHz
with 1% accuracy and with little chance of an improper
satling — the dials provide in-line readout, including dec-
imal peint and frequency units. Sel twp more cantrols,
and the 1316 provides up to 1.6 watts of cutput power
(125 V open circuit or 5 A shart circuit), low distortion,
and accurate metering.

These features alone would qualify the 1316 as an ex-
collent general-purpose oscillator but it offers more: Out-
put constant within =2%, excellent stability (only 0.005%
drift over a 12-hour period), and a synchronizing feature
that allows the o=scillator to be locked fo an external stan-
dard for even greater accuracy and stability.

Excellent bridge ascillator The 1316 is a high-perform-
ance bridge osclllator specifically intended for use with
the 1238 Detector and the 1616 Precision Capacitance
Bridge. The oscillator supplies 2 references (in quadra-
ture) for the 2-phase phase-sensitive detector, which en-
ables you to make independen! and ullra-precise bal-
ances of the conductance (real part) and capacitance
(imaginary part) of capacitive devices

The 1316 contains a Wien-bridge oscillator isolated
fram the load by a low-distorfion transformer-coupled
power amplifier. The oscillator circull includes a provi-
sion to introduce a synchronizing signal for phase locking
or 1o extract a signal, independent of the output setting,
1o operate a counter or to synchranize an oscilloscope.

Lea QR Experimenter for Delotw [ Decambar 1970,

SPECIFICATIONS

Frequency: 10 Hz to 100 kHz in 4 decade rangas. Controbied
by ona 11-position and one 10-position swiltch for the most
significant digits and a continuously adjustable dial with de
tented 2eéro position for the third digit; indine readout with
decimal pomt and frequency units.,

Accuracy: = 1% of setting with continuously adjustable dial at
#erpo detent position. DRIFT (typical ot 1 kHz): Warmup 0.1%,

Aee e én I o

shart-term (10 min) B.001%, leng-term (12 h) 0.0056%. RE-
SETTABILITY: Within 0.005%
Pawar Dutput: CONTROLLED by 5 position switch and uncall
braled vermier. MONITORED by meter with =3% accuracy.
AVAILABLE ot rear BNC connecior,
Dutnul Range
15¥ 5V 1Isv | sav | 1sov

Openchewit Erma 2 175V | 24V | 2125v] >40v| 139V

Chatorthan | « B0 troen 100 H2 16 10 kM2

Hurm 0.00E of max cutout

Heapons mutpul conttant within =2% from 10 Hx 1o 100 BHz*
Bhart Circuil | 54 | 1A aha 0184 | DODSA

Dilideriion = 0.0% from 100 He fo 10 kH2
Impedance LT EIT 2SN | 2500 1 25N
Power 1.6 W max into majched load

"2 5% for pulputs S>30 V e ot ieguencies =50 kHz.

Reference Outputs: Cuadratire outpul lags in-phase outpul by
90", Each available af rear BNC connectors,

- — T T
T DeEVDETION LISiTE
F
£ o ey e | el
i L [~ POWLN | et |
- A
Xas N N .
nr
E=t Ty [}= M1 LT RISl ] B
QA -
In-Phase | Tuadralure
Ouipul oponchrcunt | = Vrm
Distortion, 100 Mz to 10 ki < 0% o DA%
Respanse, 10 Hr o 10 aHs P
10 mHZ 1o TOD kI =d%
Mimimurm Load AT iy

Synchronization: INPUT; Frequoncy can be locked fo axternal
signal; lock range, =1%/V rms lnput up to 10 V; frequency
controls function as phase adjustment. OUTPUT: =203 Vrms
bihind 27 ke, useful to sync ascillascope or to drivi o countar
of anolher osciitator, Single rear BNC conneclor servas as
bath input and autput terminal,

Power: 100 to 125 and 200 to 250 V, 50 to 60 Hr, 36 W.
Mechanical: Bench or rack mourl. DIMENSIONS (walhed)
Bench, 19.75x5x13.06 in. (502x127x332 mm); rack, 19x
3.47x11.44 in, (483xBBx29]1 mm). WEIGHT: Bench, 26 Ib
112 kg) net, 32 ib (15 kgl shipping: rack, 21 fb {10 kg) net,
27 In (12 kg) hipping.

Calalog
Description Nurrbes
1316 Ducillatar
Bench Mode! 13169100
Aack Modal 13165700
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1238 Detector

® 10 Hz to 100 kHz
= 100-nV full-scale sensitivity

= magnitude, in-phase, and quadralure melers
for rapid bridge balances

= gxcellent bridge detector

for the difficult If you've ever had to extract
a small signal from nolse or to resolve a signal into its in-
Fhaua and guadrature components, you can appreciate
he advantages of the 1238, With its high gain — 130
dB — and meters not only tor magnitude of the input
signal but for the in-phase and quadrature components
as well, the 1238 lends itself handily to the most exacting
applicalions.
is high-performance detector is attractive in other
respects also, including 1-G input impedance for mini-
mum loading., overload protection against signals up lo
200 V, and flat or {uned freguency response (with of
without line-frequency rejection) to tallor the deleclor 1o
your signal no matter how "tainted” it might be,
Excellent bridge detector |n combination with a spe-
cial oscillator, GR 1316, that supplies the recessary
quadrature reference channels, this detactor is superb
for sensitive audio-frequency detection. The combination
Is specifically intended for use with the 1616 Precision
Capacitance Bridge, enabling resolutions of one part in
10° of 10 pF. Refer to the 1621 Precision Capacitance-
Measurement System.

SPECIFICATIONS

Frequency: 10 Hz tp 100 kHz, flat or tuned. FLAT: =5 dB
from 10 Hz to 100 kHz.  TUNED: Set by 4 indine readout dials
with =5% of reading accuracy, 2 to 4% bandwidth, and seé
ond Parmonic =30 4B down from peak.  LINE-REJECTION
FILTER. Reduces |ine level by =40 dB while signal iz down 6
o tlD dB at 10 Hz from line frequency: filter can be swilched
it

Signal Input tram br:ﬁqa of othier source: Appliad o rear BNC
connécior.  SENSITIVITY: Alto see curve; 100 nV ims typical
tor ull scale deflection al mod! Irequencies, COmprassion can
e gwifched in to reduce full-scale sensitivity by 20 dB.  IM
PEDANCE: 1| G020 pF. MAXIMUM INPUT. 200 V rms.
VOLTAGE GAIN. ~105 o8 in lisd mode, <130 dB in tuned
mode, sal by 12-position switch, SPOT NOISE VOLTAGE:

¥ — -
PR e
it e

L™

The 1238 Detector consists of a high-impedance low-
noise preamplifier, a tuned amplifier, a compression
amplifier, and two phase-sensitive detectors. Three panel
meters provide the indications: one displays the magni-
tude of the inpul signal and two others simultaneously
display jts In-phase and quadrature components, The
reference signals can be rolated continuously frem 0
through 360° to ensure that the phase meters respond
independently to the components of significance to you,
for the most rapid bridge balances or signal analysis,

The effects of noise, hum, or any other input-signal
contaminants are normally reduced or eliminated from
your measurements by means of a tunable filter, line-re-
jection fiiter, and selectable time constants in the phase-
sensitive detector circuits — all controlled from the front
panel by the simple push of a button or turn of a knob.
— Saw GR Expecimanter (o0 Dictnber | Decembes 1070

- -
-
- I !
H -
|

<30 n¥ * Bandwidih. at 1 kHz with inpul impedance of 70
Mo 800 pF. MONITORED by magnitude, in-phase, and guisd-
fature méters: phase sonsitive doteclors contain  time.con.
Sl varlabbe fram 0. 1o 10 4 in & steps,

Reference Inputs from osclllptor: Apptied 1o rear BNG connec.
tors. Twa = |-V rms referonce signals required, with 90" phase
differance tetweon them. PHASE SHIFTER rotates both ref.
erénces continuoualy from O to 360° and two vernlers rotate
each reference Individually =10*

Qutputs: MAIN AMPLIFIER: 4V rms ( ox 2.3 V tor full scale
on Ilﬁﬂltude mater) available af rear BNC connecior,
NITUDE: & V dc for tull scale deftection; PHASE DETECTORS:
Up'to 1 V dec each for (ull scale dellection (depending on Sensi
lvity setting); nvailabile at rear S-pin type 126 jac
Environment: TEMPERATURE: O to +55°C aperating, —40 o
+75°C storage. BENCH HANDLING: 4 In, or 45" (MIL-810A
Vil. SHOCK: 30 G, 11 ms (MIL-T-4B07A-4.5-3A).

Required: Oscillator witn 0 ond 90° oulputs: the 1316 Oscil
litor is recormnmanded,

Power: 100 ta 125 and 200 to 260V, 50 1o 60 Hz, 15W.
Mechanical; Bench or rack models.  DIMENSIONS (wahxd)
Bench, 19.56x6.66x12.94 |n. (497x1692329 mm); rack, 19
§5.22x13.06 in, (4B83x133x332 mm}. WEIGHT: Banch, 27 b
(12 kg) met, 40 Ib (19 kg) shipping: rack, 21 ib (10 kg) net,
34 1b {16 kg shipping.

Calvg
D £ ipiaen Harnbae
1238 Detector
ﬁn.l' Hench Madel 12
& Rack Model A1Zan-9T01
S He Banch Modal 12389701
50-Hz Rack Modei 12389704
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1620-A Capacitance-Measuring Assembly

= 10 pF to 11.1 yF, 2- or 3-terminal

» 0.01% accuracy, 1-ppm resolulion

= |ever balance, in-line readoul

= reads dissipation facter or conductance

The 1620-A is a self-contained assembly of the GR
1615-A Capacitance Bridge with appropriate oscillator
and null detector for measurements at 11 frequencies
batween 20 Hz and 20 kHz. For applications requiring
other or higher frequencies, to 100 kHz, the 1615-A
tiridge can be supplied separately and the oscillator and
detector selécted to meet your negds.

The 1620-A is intended for

® accurate and precise measurements of capacitance
and dissipation factor

s measurement of circuit capacitances
# dielectric measurements

* intercompariscn of capacitance standards differing in
magnitude by as much as 1000:1

The 1615-A Capacitance Bridge brings to the measure-
ment of capacitance, to the intercomparison of stan-
dards, and to the measurement of dielectric properties
an unusual degree of accuracy, precision, range, and
convenience.

High accuracy is achleved through the use of precisely
wound fransformer ratio arms and highly stable stan-
dards fabricated frorn invar and hermetically sealed in
dry nitragen. For calibration these slandards can be
intercompared.

Twe- or Three-Terminal Connection Accurate three-
terminal measurements can be made even In the pres-
ence of capacitances ta ground as large as 1 uF, as might
be encountered with the unknown connected by means
of long cables. The bridge has the necessary internal
shielding to permit one termriinal of the unknown capaci-
tor to be directly grounded, so that true two-terminal and
three-terminal measurements can both be made over the
whole capacitance range.

Convenient Operation For both capacitance and dis-
sipation faclar, the balance controls are smoothly operat-
ing, lever-type switches. The readout is digital and the
decimal point is autornatically positioned. Each capaci-
tance decade has a —1 position to facilitate rapid bal-
ancing.

The 1615 slementary diagram (facing] is also clearly
delineated on the front panel of the bridge. Changes in
connections and grounds are automatically indicated, as
you switch the bridge terminals for different measure-
ment conditions,

Extend Range to 11.1 uF With the 1615-P1 Range-
Extension Capacitor, the 1615-A will measure o a maxi-
mum of 11.11110 .F. This capacitor plugs into front
panel bridge terminals and can be adjusted for calibration
to the bridge standards.

SPECIFICATIONS

Performance: Refer to the 1615 Bridge.

Frequency: 50, 60, 100, 120, 200, 400, 500, 1000, 2000,
5000, and 10,000 Hz. For use below 100 Hz, 1620-AP [with
preamplifier) should be used for resolution beyond 0.01% or
0.01 pF.

Generator: 1311-A Osciliator

Datector: 1232-A Tuned Amplifier and Mull Detectar
P2 Preamiplifier added in 1620-AP.

Power: 105 1o 125 or 210 10250 V, 50 to 400 Hz, 22 W for
osciflator. MNull datector and preamplifier oparate from inter
nal battery, 9 Burgess Type E4 cells-ar equivalent,

Mechanical: Bench cabinel, DIMENSIONS (wxhxd): 19.75x
19211 in. (502x483x280 mm). WEIGHT: 69 |b (27 kgl nat,
96 Ib {44 kg) shipping,

1232-

Catalcg
Descripiion Fiiirmilses
Capacitance-Measuring Assembily

1620-A, 11% Y # lGz20-9701
1670-A, 200V 1620-5702
1620-AF, with 1232-P2, 116V 1620-9829
1620-AP, wilh 1232-P2, 230 V 1620-§830
Replacament Battery {9 usad| B4 10-1372

= Fedaral Bisox numbers are listed bofors this | nadex
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The 1615-A Is an accurate, high-precision bridge for
the measurement and Intercomparison of standard ca-
pacitors, circuit component capacitors, or diglectric ma-
terials, It is available with oscillator and detector In the
1620 assembly, Or, to take full advantage of its wide
frequeéncy range, the bridgs can be ordered separalely
for use with oscillator and detector especially selected
for your purposes.

SPECIFICATIONS
RANGES

-.i

HM lﬁﬂv

1615-A Capacitance Bridge

] ~ e
e e
p
Baomss
1615P1 1615472
ACCURACY

Capacitance, 10 aF 15 111110 wF (10=*" 1o 10-+ farad) In 6 ranges,
direclteuding S-figure resalutlon; least eount 107 F (10 aF). With
Range-Exlenzion Capaciior, uppsr Hmilt ie 1011110 eF

AL Y RHE, =(0.01% 4 000003 pF).

high Eapacitance, addlthonal errar bs
=3 % 10~ -2 (Cus} 2 10=V% =3 ¥ 10~ pF] X (les}t,

Al ipwer Irequenches snd with low capacilance, pocurscy may bo

trmited by bricge sengtiyity.

Compatison accuracy, unknown 1o sxiernal stamdard, | ppm.

At nlgher freguenoies ana wilh

Dissipation Factor, 0, &1 | kHz, 0000001 10 1, 4-fgure sesciutlon;
hsast count, 0.000001 (10-4); range varing directly with trequoncy,

210.1% of measured valus + 10=5 (1 4 lwy 45 fise Cun))

Conductance, G, [0~ il [n 100 ulf, 2 ranges +, 2 rangis —, d-ligure
resniulion, loast count 10—+ Ui, indepsnoen] "ot frequency, rangs
varses with C rangs.

(1% of measured value — J0-% il = & x 10 feu Cir X (1 +
Pt 4 5 Robse Cianh il |

Standards: 1000, 100, 10, 1, 0.1, 0.01, 0.001, 0.0001 pF,
Temperalure coefficienl of capacitance |s less than & ppm/ °C
for thy 1000., 100, and 10-pF standards, sfightly greater for
the smaller units.

Frequency: Approx 50 Hr to 10 kHz.  Useful with reduced ac
curacy o 100 kHz Below 100 Hz, resolution betler than
0.01% or 0.01 pF requires preamplifier or special deteclor.
Generator: GR 1310-A or 1311-A osclilator recommendad,
Max sale generator voltage (30x 14 volts, 300 V max. |f gen
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Elemeninry schizmalic dlagram,

arator and deteclor connections are imterchanged, 150 to 500
V gan ba applied, depending on swilch settings.

Detector: GR 1232-A Tuned Amplifier and Null Delector rec-
ommended. For Increased senaitivity needad to measure low
loss small capaciiors (on lewes! C and D ranges simultane
ously) &t frequencies below 1 kHz, use 1232.AP or 1238 {with
1311 osclliator).
Supplied: B74-W0 O
Cord, 274:NL Patch
Available: Type 1615-P1l RANGE-EXTENSION CAPACITOR;
1615-P2 COAXIAL ADAPTOR converts 2-terminal h'mdhg-&f
connection on 1615 bridge to GRO00W Precision Coaxiai
nector for highly repeatable connectlions and enables meas:
urements with adaplor to be direct-reading by compensating
for terminal capacitanoi.

Mechanical: Rack-bench cabinel. DIMENSIONS (wxhxd):
Bench, 19x12.75x10.5 in. (483x324x267 mm); rack, 19x
12.25x8 5 in, (483x311x217 mmi; 1615P1 (dia x In): 3.06x
4.87 in. (7Bx124 mml. WEIGHT: 39 Ib {18 kgl net, 58 b

-Circult Termination, 874-R22A Patch

{27 kg) shipping
Caital

DCuscriplion Hu;l?g‘r
1615-A Capacitance Bridge

Banch Mode! 16153801

Mack Model 16155811
1615-P1 Range-Estonsion Capacitar 1615-9601
1615-P2 Coasial Adapter, GRS00 to hinding poots 16150602
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1232-A Tuned Amplifier and Null Detector

= 20 Hz to 20 kHz, 50 and 100 kHz
= 0.1-uV sensitivily

s bandwidih approx 5%

» 120-dB gain

A sensitive null detector like this is the key to many a
fussy bridge measurement. Battery operation frees the
1232 from power-line noise and makes it uitra portable.
Low-noisa solid-state circuitry and high gain make if very
sensitive. Its tunability and cheice of bandwidth enable
you to reject broadband noise as well as the harmonics
that might otherwise impair good measurements. Here
are |Is prime uses:

& bridge detector at audio frequencies; with the 1232
P2 Preamplifier It is equally sensilive for extremely
high-impedance sources

® audic preamplifier and general-purpose, tunable, or
broadband audio amplifier

® a-m deleclor for 0.5- to 500-MHz carrier Trequencies,
when used with an 874-VQ Voltmeter Detector

® sensitive audio wave analyzer for approximate meas-
urements

SPECIFICATIONS

Frequency Response: TUNABLE FILTERS: 20 Hz to 20 kHz in
3 ranges; batween 2% and 6% bandwidth to 15 kHz; 2nd har-
monic at least 34 B8 down from peak, 3rd al east lﬂ B down;
refection lilter on two highes! ranges reduces 80-Hz level to
at lsast G0 dB below puulc response (B0Hz level W down
>50 dB). Dial accuracy s *3%. FIXED-TUNED FILTERS: 50
kHz, 2nd harmonic is 44 dB down; 100 kHz . . . 53 dB down,
FLAT RESPONSE: =3 9B from 20 Hz to 100 KHz.

Sensitivity: See plot. Typically better than 0.1 sV over most of
thi frequUEncy range.
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Performance. Uppen Specified senaitivity as input tewel for
full scale indication, max gainh, tuned, Lowes: Typical noise
vl b e of equivalent cuftent and veitage scurtes
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l'lnilg Level: REFERRED TOD INPUT: See plot. Moisa ligure at 1
kHz is less than 2 dB at an optimum source im nce of 27
Kil: REFERRED TO GUTP[.IT: Less than 5 mV.on FLAT filter-
frequency posifion, min gain setting, and -20-dB switch posi-
thany; less than 50 mY In MAX SENS position,

Input: IMPEDANCE: Approx 50 kit al max gain. varies Inversaly
with gain to § M2 ot min gain.  MAX Sﬁ?’E VOLTAGE: 200 V
8¢ or 400V de.

Output: VOLTAGE GAIN; lugrux 120 a8 on the tunable r.'miﬁi:
100 dB, Nat range; 106 0B at 50 kHz; 100 dB at 100-kHz
position. LEVEL: 1 ¥ into 10 ket when meter indication s tull
scale,  INTERMAL IMPEDANCE: 3 kit, METER LINEARITY:
ifB differances are atourate ta 5% =0.1 division for inpuls of
less than 0.3 V. COMPRESSION (meter swilched lo LOG):
Reducey tullscaie sensitivity by 40 dB. Does not alfect batiom
20% ol scale. ATTENUATION imater switched to —20 dB):
Linear response with 20-48 less gain than MAX SENS.
Distortion {Tiller switch in FLAT position): <5% {due to meter
reclifiers).

THEIHI'I: Input, GRBYASE coaxial connector; output, binding
[t

Avallable: 1232-P2 Preamplifier to maintain sensitivity of

1232-A at low frequencies when opiraling from s source im
pedance above 100 kar: rack-adaptor sets (soe below) convarl
1232 alone, or with companion instruments, to 190n, rack:
maunt width.,

Pawer: 12 V dc, from 9@ mercury (M72) colis [n serles. Est
batlery life 1500 hours. Optlonally, a rechargeubls battory
(non-mercusy) can b supgiied on special order,

Mechanical: Convartible bench cabinel. DIMENSIONS (wa
hed); Bench, Bx6x7.5 in. (203x1524190 mm), WEIGHT:
5,75 (2.6 kgl nel, 8 16 (3.7 kgl shipping.

Catalog

Db 1 eaey Myt
1272-A Tuned Amiplifier snd Null Detector 5+ 173297101
1Z712-APF Tuned Ampiifiss and Nall
Datector, with prear piifr 1232.9879
Pack-Adsptor Sets
AB0-PI0A, for 12374 wipne D480-9838
ABO-PALE, fior 12334 wilhy 1310 or 13110
oncilator o shiviior 84n wida nerd-
mant with converlible-tench cabinel 04B80-9816
AB0-FALT, tor LFE2-AF [wilh oreamp)
and compueniars B-in, nalhgrreent 04803837
Heptacement Battery, % req'n 8410-13727

1232-P2 Preamplifier

The 1232-P2 has particular application to measure-
ments with the 1615-A Capacitance Bridge. It increases
sensitivity for measurements made at frequencies well
below L1000 Hz if the bridge is set to both its lowest C and
D (not G) ranges simultaneously. Low-freguency meas-
urement of small samples of dislectric materials can be
made more accurately with the addition of this preamp-
litier,

SPECIFICATIONS

Voltage Gain: Approx 0.7,

Noise (referred to input): ncircull equivalent 0.1 pA:
frmnd-ctlr:l:.ga nr?l.;ivalnnt, 0.3 Jgﬁmn used with Type 1235“!
uned 1o 21,

lmrﬂunnn: INPUT: >100 ma in parallel with 70 gF, OPTI-
MUM SOURCE: 3 Mir. OUTPUT; Itﬁn. ¥

Connectors: GRET4% on cables, inpul and output.

_DBescription

123292 Preamplifier inatalivd

Power: 12 V, 200 A, suppied by 1232-A.

Mechanical: Special cabinet. DIMENSIONS (wxhud): 0.75x
6x7.5 in. (19x152x190 mm). WEIGHT: 0.24 b (0.43 kg) net,
4 Ik (1.9 kg) shipping,

Calatog
Hurniser

1212.P2 Preamplifier

1240 Bridge Oscillator-Detector

- - /’- -
> & '. 1 | Q

n’ﬁ ® . o ...3 ? - @ '@"“‘:' a
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The 1232-A Tuned Amplifier and Null Detector and the
1311-A Audio Oscillator have been combined Tor use with
audio-frequency bridiges and other null-batance devices.
This assembly occuples a minimum of bench space and
is supplled with removable panel extensions, which adapt
it for rack mounting.

The oscillator supplies 11 fixed frequencies from 50
Hz to 10 kHz. The detector is tunabile continuously from

||:IT

20 Hz to 20 kHz, with additional spot frequencies of 50
kHz to 100 kHz. The assembly is also available with the
1232-P2 Preamplifier included.

SPECIFICATIONS

Power: Null detector, Intornal batlery, oscillator, 105 lo 125
ar 210 1o 250 V, 50 to 400 Hz, 22 W max

Mechanical: Cabipels bolted togethar, DIMENSIONS [wihxd),
19x6x7.75 in. (483x153x197 mm), Including panal extensions
for rack mounting. WEIGHT: 13.5 |b (7 kgl net, 28 Ib (13 kg)

shipping.

) Catalog
Dear i plicen Nurmber
12404 Bridge Oscilisior. Detector, 115V 1240-9701
12404  Bridge Oscliiator-Datectar, 230V 12405711
LT4D-AP Bridge Oscillator-Detector,
with preamplitiar, | 15V 1240-3829
1240-AF Bridge Oscillator-Detector,
with preamplitier, 230 ¥ 12405839
ASK type MT2 battery (far
1232, 9 reqg'd) BAIO-1372

4 Fedaral siock numbars arm [Ined before T Ireche.
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1617-A Capacitance Bridge

= 1 pF to 1.1 larads

= 20 Hz lo 1 kHz

s 1% accuracy

s 2-, 3-, or 4terminal connections

Sell-Contained bridge The 1617-A was specifically de-
signed for measuring capacitance, dissipation lactor, and
leakage current of electrolytic capacitors, but it will also
find considerable use as a general-purpose 1% bridge.
It is completely selt-contained, including a 120-Hz gen-
erator, null detector, do polarizing-voltage supply, and
metering for bias voltage and |eakage current, Al fre-
quencies other than 120 Hz, use an external oscillator.

Multiterminal connections An unknown capacitor can
be connected to the bridge by means of three- or four-
terminal connections, as well as the usual two-terminal.
The four-terminal connection permits accurale measure-

meni of large capacitance by reducing the effect of the
resistance and inductance of leads and connections
Correct measurements of small capacitances are assured
by the threse-terminal connection, which reduces the
affect of stray lead capacitance. A multiterminal configu-
ratlon s necessary for accurate measurament of capaci-
tors connected by long cables leading, for inslance, from
the bridge on a nearby bench into an environmental test
chamber.

This bridge includes an Crthonult® balance finder,
which speeds up measurements of high-dissipation-factor
capacitors by eliminating troublesome sliding balance,
The opearator’s safety is enhanced by warning lights indi-
cating the presence of voltage on the bridge terminals,

Electrolytics The 1617 Capacitance Bridge is de.
signed especially for measuring large-valued capacitors
lika those in table, as well as other electrolytic types, most
af which require the special measurement conditions pre-
scribed by MIL or EIA specifications:
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MM Frequency AC Levol c mtﬂ DC Polarizing Voltage
WL C-3965-C 120=8Hr  Less than 30% F RorfF. C—Sufficient for
Iltﬁ-lﬂ:v; of DCWVoerlV, {F;"' nﬁmmnWmﬂw
Tantalum ‘Iﬂrdw {PF, of a2 and de shall not
snd Sintered smalinr for '
oy ey ) % {Less than 2.2 V for 35006A)
rms for IS006A)
ﬁm 120=5Hr  Limikedio 1V, = D, 10% C—Max bins 7.2 V,
m nms e
Solid Tantatum m D—*“Potarired Bridge”, 2.2V dc max.
“tﬂhﬂ nnd
MiL c-3s018 ;
el -39018)
Capacitors
LiFri] 120 Mx Smail enough not =% D, 5% Cptiona
Tantalum Electrolytic o changs value
Capacitars
MILC62 B 120 =5 He Limited 1o 30% % D, 2% o biss requined If ac voltage ens than
Palarized of DCWY or d ¥, 1 V. However, Itbluul.i_lﬂdmlul'l%l"l.
Capacitors wh messyremants with blas shall govern.
AE1S4 B 120 Mz Smati encugh not =Iu% RaorRC Optlans!, bat I substantial difference oc-
Dy Alurminum 1o changs value curs, rated of should De used.
__Electroiytic Capacitors
RS 205 120 He Small gnough not =M% o Optianal
Capaciters to changs valua
far use in Electronie
SPECIFICATIONS
|
Cuamnd ity Frequoncy Rangh ACTutacy *
120 HE Imwrnal ool =1% =1 pf, smaliest division 7 pf;
— :m:unl {“pero”) cagacitance approd
&
Ol1FmllF ="
40 Mz to 120 Mp exiernal olllF Same 31 above with sultatle generator
(usetul down to 20 Hr with
reduced sccuracy)
T e e
120 Mz 10 1 kiHEZ extarnal am{iﬁ-] F ;:u‘m—"mﬂr;ﬂf"“ wiatie gmnenmior
Dissipation Fostar i e B et e g 0o 10 2% 0,001 =0.01 € =2% 1
120 Mz 1o | kHz ot 10 t:nmz:a.n::r}'ﬁ:nr

tAdditional ermor (due W ieed redistance) for 4arminal measuremeEnLs:
on the highes! measurament range tho cormesponding foad resistancs is

* O o exprossed in farade

Frequency: INTERNAL TEST SIGNAL: 120 Hz [synchronized
to power lingl for 60-Hr modal; 100 Hz for 50-Hz model.
Phase reversible. Amplilude selected by switch 1o be 0.2,
0.5 or 2 V max. EXTERNAL TEST SIGNAL: 20 Hz to 1 kHz.
(Sen table for C range.)

Dc Bias Voltage: intarnal power supply and meter; 0 to 600 ¥
in 6 ranges. Metar accuracy: =3% of full scale. External
bias limit: BOD V mun.

Bias Current (from internal source): = 15 mA max, METER:
Range, 01e 20 mA in & ranges; resolution, 0.5 gA (first range);
accurncy, =3% of Tull scalo.

Required, for measyrements at frequencies othar than twics
the line: An oscillator such as the 1311 for spot frequencies
or thet 1310 for continuous coverage.

Supplied: 4-lead and shielded 2-lead cable assemblies.

Fnaii‘: “{1"4. for O <0.01, I sach 1=ad has <1 0 of resistancs, gucept

Power: 10510 125V or 210 t0 250 V, 18'W. Both 50 and 60-
Hz modals.

Mechanical: Flip-Tilt case and rack mount. DIMENSIONS
{wxhxdl: Portatile, 16.25x15x9 in, (4132381x229 mm); rack,
19x14%6.13 in. [4B3x356x155 mm). WEIGHT: Portable: 26
b (12 kg) net, 34 |b (16 kg) shipping; rack, 28 Ib (13 kg
net, 43 i (20 kg) shipping.

Catalog
Descriptan Numbpss
1wy
Portabhe Model (115 V, 60 Hz) 16175701
Partable Model (230 ¥, 60 H2) 1617.92B8
Partable Modal (115 V, 50 Hz) 1617-9206
Farable Model (230 ¥V, 50 Hz) 18179266
Fiack Model (115 V, &0 Hz) 1617.5820
Back Mocde! [230 V, 80 Hz) 1E17-5296
Back Mooe! (115 V, 30 Hn) 16175216
Rack Model (230 v, 50 HE) 1617-9276

Patant Number 2 872 6349,
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1690-A Dielectric Sample Holder

= micromeler-electrode-type for dielectric disks
= wide frequency range; lils many instruments
= calibration corrects for Iringing and strays

= stable mounting, complete shielding

The 1690-A is a sample-holder of the Hartshorn and
Ward type,* used for the measurement of diglectric con-
stanl, dissipation factor, and volume resistivity of 2-inch.
diameter {or smaller) disks of dielectric malerial, in
accordance with ASTM test method D-150. It is suitable
for any flat sample whose largest diameter s not over
2 Inches and whose thickness is not over 0.3 inch.

The holder can be used with resonant circuits for sus-
ceplance-variation or frequency-variation measuraments
and with capacitance bridges, slotied lines, megohm-
meters, etc.
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A precision micrometer scraw, M, with large instru.
ment knob, K, drives the movable grounded eloctrode, L,
with respect to a fided, Insulated electrode, H. An accu-
rately divided drum, D, indicates the elecirode spacing
The micrometer screw is aloctrically shunted by a metal
bellows, 5. to assure a positive, low-resistance connec

* L, Hartifwarm and W M. Ward, Procesdings of the nstifution of Einc
trical Enginewss, Yol 19, pp. SOT-£09 [1938)

tion, A release mechanism automatically disengages the
drive lo prevent damage when the electrodes are in con-
tact. The movable electrode adjusts itself to the plane
ol the specimean surface.

The vernier capacitor with micromeler screw, V, i far
use in the susceptance-variation method of measurement,
and for precise C balance with low-less samples.

The assembly is mounted in a rugged aluminum cast:
Ing, B, which shiaelds it on four sides. Two removable
cover plates, which permit access to the electrodes, com-
plate the shielding. The holder can be mounted on either
horizontal or vertical ponels.

SPECIFICATIONS
Electrodes: Diametar, 2.000 in, =0.0026 in, Surfaces ground
aptically Hat within a fow wavelengths,
Elettrode Spacing: Adjustable from zoro 1o 0.3 in., indicated
by micrometer reading n mils
Vernier: [ncremental capacitance is 5 pF, nominal.
Calibration: For main capacitor, a chart gives calculated air
capacitence as a function of spacing. Correction curve gives
the measured deviations from calculated vialues over range
from 0,300 to 0.010 In, (300 to 10 mils), In accordance with
recommended ASTM practice, callbration is referred to the
calculated geometric valye al o spacing of 100 mils. Accuracy
s =0.02% =0.1 milllinch

For wernier cepacitor, cormection charl is provided, from
which capacitance differences can ba determined o an ac
curacy of =0,004 pF.
Zero Capacitance: Approx 11 pF.
Oparating Temperature: Lip to 100°C.
Frequency: No significant error occurs o frequencies below
100 MHz.

- 1690-P1 Adaplor Assembly lTor mounting to 1615-A
and 716-C Capacitance Bridges: hardware for mounting sam
ple halder on 1644-A Bridge and 1862-C Megohmmaeter,
Avallable: S00-0874 ADAPTOR to 900-LB Procision Slotted
Line
Mechanical; Carrylng and storage cate supplled. DIMEN

SIONS  (wxhxd): 6254575245 in. [15921465114 mml
WEIGHT; 375 b (1.7 k) ned, 13 Ib (6 kgl shipping

Catalog
Descriptlon By grebwin
1670.A Dislectric Sampie Hulder 16903701
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1413 Precision Decade Capacitor

= 0to -1uF

= 0.05% basic accuracy

= B-digit resolution

= 3-terminal conneclions

= provision lor BCD output

The 1413 is not only a precision standard, it is a sys-
tems componen! as wall — conneclions are made at the
rear and each decade provides contact closures for 1-2-
4-8 BCD output. It is an excellont companion to the 1654
Impedance Comparator, with which it is combined in
1654-7 Sorling Systems.

SPECIFICATIONS
Range: 010 1.11111 4F, controlled by six inline-readout dials.
Accuracy: =(0.05% + 0.5 pF) at | kHz.

: ={0.01% + 0.1 pF) per year. TEMPERATURE CO-
EFFICIENT: = 20 ppm/ *C fram 10 to 50°C.

Zero Capacitance: <0.1 pF.
Voltage Rating: 500 V pk max up to 10 kHz
Frequency: See curves,

1£M|1murrn 1001 gF o | 2001 gF W 0. uF

100 pF | 1000 pF | 2000 oF [ Bl wF  [131LLL WF
"t | s |
Factor, max
=l | ke 0002 0.0a1 0.0005 | 00003 0.0002
Inwulaton
Aesistance,
3 term.,
attar 3 min
At 400 ¥ de a%w o P e ]
Terminal Capa-
Cllarnes, el
high o case & pF B pF 10 oF 30 pF B0 oF
highinguard || BSpf | 110pF | 125pF 163 pf 200 pF
urw to guatd | 43 pF ool | B0 pF 110 pff 120 poF

Interface: CONNECTIONS: 2 rear-mounted GRB74% locking
connectors. DATA OQUTPLIT; 36-pin Amphenol Type 57 con
nector provides connections o 1.2.4-8 weighted BCD contacts
rated at 28 V. 1 A, on each decade switch.

Available; 0480 9703 RACK-ADAPTOR SET to converl bench
maodels lo reck modets, 57402 ADAPTOR to convert GRB74
connector o binding posts (2 req'd), 9381 SHORTING LINK
to connect shields together when 874-02 Adaptors are used,
42203036 CONNECTOR to male with Data Output Conneclor.

Six precision decades are employed 1o provide a range
of 010 1.11111 4F in incremants as small as 1 pF and
with an accuracy of 0.05% 4 0.5 pF. Air capacitors ore
usad lor the two lower decades and precision silvered-
mica capacitors are used for the remainder. The lower
four decades contain adjustments thal are factory el but
accessible for readjustment later if desired.

The shigiding is divided into two paris, arranged to pro-
vide low terminal-lo-guard capacitances and low detector
input capacitance in arder to reduce errors with the 1654,
When the two shields are connected together, the 1413
becomes a well-shielded three-terminal capacitor with an
oxtremely low zero capacitance, suitable for a variety of
applications.
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Mechanical: Converfible-bench cabwngl. DIMENSIONS (wx
hud): Bench, 1725.59x11.90 in. (432x147x304 mm); rack,
19%5.22x10.9 in. (483x133x277 mm). WEIGHT: Bench, 23
Iy (11 deqd net, 29 Ik (14 kg) shipping: rack, 24 1b {11 kg) net,
30 1L 114 kg) shipping.

Catatog
Ut bgatineny e
1411 Precivion Decade Capacitar
Bonch Mosel 14139700
Rack Mo 14139701
Asck-Adaptor Set 04809703
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1423-A Precision Decade Capacitor

» 100pFlo - 1 uF
s +0.05% accuracy
» iwo- or three-terminal conneclion

This capacitor is a versatile togl for calibration labora-
tarles and production-line teating, With ILa bridge can be
standardized to an accuraty exceeded only by that of the
highest quality, individually certilied labaratory standards
such as the GR 1404 Retersnce Standard Capacitors
Used with a hmit tiridge, such as the GR 1654 Imped-
ance Comparator, the 1423 tacilities fast and accurate
production-ling measuremants ol arbitrary capacitance
values with minorum selup time.

Any valoe of capacitance from 100 pF to 1.111 ,F, in
steps of 100 pF, can be set on the four decades and will
he known tg an accuragy of 0.05%. The terminal capac
lahce values are sgl pracisely 1o the nominal value and
gan He readjusted later at callbration intervals, i1 neces.
gary, withowt disturbance of the maln capacitors.

The 1423 consists of four decades of high-guality sil-
vered-mica capacitors similer to those used in the GR
1409 Standard Capacitors. Tho capacitors and associated
swilches are mounted in an insulsted metal compartt-
menl, which in tum is molintad In a complete metal cahl
net. This double-shinlded construction ensures thal ca.
pacitance al the terminals is the same for cither the
throe-terminal or the two-lerminal method of connection
{exncapt for a constant difference of about orie picofarad)
This external capacitance can be |ncluded in the two-
terminal calibration by the adustrment of asingle trimmar.

SPECIFICATIONS

Nominal Valses: 100 pF 1o 1,111 »F In steps of 100 pF

Accuracy; < [0.05% + 0.05pF) at 1 WHE, calibrated in the three-

ferminal connection, Twoterminal connaction {capacitor in

serfed intn Type 777-Q3 Adaptor) adde about 1.3 pF.

Stahility: £(0.01% + 0.050F) per year,

Cartificate: A cerfilicate s supplled certitying that each com-

wnl capacitor was adjusted by comparison, to @ precision

e thar £0.01%, with working standards whose absolute

values are known 10 a0 accuracy typically 20.01%, determined
and maintained n terms of relerence standards periadicslly
Lalibratod by the Nations! Bureau of Standards.

Frequancy: See curves for typical variation of capacitance and
dissipation factor with freguency,

nummmmn.;, /~

itance ou A tome.

on of fWreguency. L 7] T e Al s
an ‘¥

it plnt | should
used B & Dasle of
Tlfl;!ﬂﬂ] in tl:'hfﬂlm
R thisgleEncy s
Ia.ununu [rz=l pation
oot a8 & funclion
M freglmney.

Dissipation Factor: Not greater itan 0.001, 00005 and
0.0003 for capacitances of 100 to 1000 pF, 1100 to 2000 pF
and 2100 oF to 11110 oF, respectivgly

Temperature Coefficient of Capacitance: Approx < 20 pom pet
tegree between 10" and 50°'C

Insulation Resistonce: =5 = 10" ¢ o Q.1 oF and =5 = 101
tram 0.1 uF to 1111 uE,

Maximum Voltage: 500 V pesk, up lo 10KH=

Supplied: Two Type 77703 Adbptors,

Mechanical: Rack-bench cabingl. DIMENSIONS [wabad);
Bench, 157 25210.5 tiv (483184267 mm); rack, 19«7xA.5
i, (483x1782216 mm), WEIGHT: 26 b (12 kg) net, 39 b

i 1B kg} shipping.
Catalmg
Descr it iy Hurmber
1420-A Precision Decade Capacitor
Bavich Modl & 13158010
Rk Model 14239811

+ Futers! siock numbers are [inted Dodoos The Indés
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1419 Decade Capacitors

B . 2 o o lnts
i'l | - ._I - ] -

: D B ‘@ ‘fﬂi
| e N L N - = L - r

= choice ol models
= iwo- or three-terminal connection

Type 1419 Decade Capacitors are offered in three
models using two different dielectric materials 1o satisty
avariety of needs,

Types 1419-A and -B (Polystyrene) Capacitance and
dissipation factor constant with frequency, essentially
noninductive, very low dieleciric absorption. The di

electric is specially prepared of purified high-molecular-
welght polystyrene, having very high resistance and free
dom from interfacial polarization, Molsture sealing with
Teflon* feed-through insulators assures high perform.
ance under adverse humidity conditions.

Type 1419-K (Silvered Mica) Higher accuracy, low
dissipation factor, and +35 =10 ppm/'C temperature
coefficient {10-50°C) for use in higher ambient tem.
peratures.

* fegisored trademank of £ 1, 0Pt de Wemours and Camosny

SPECIFICATIONS
Type Nirmiser lalna & siv-a = P AL R S
Distectric Pobyshyrens Polystyrans Silvered Mica
Mazimum Capacitance of Box (ull) 110 111D 1.110
In Steps of (uf) 0,001 0.0001 0.001
Dty 3 4 3
Zero Capac lancs, typical
2aurmindl conneciion a7 pF 50 oF 41 pF
Jtarminal connectinn 15 pF 20 p¥ 13 pF
ACcurany®
2-tmrminal connectiont *=1% ={1% 4 2 pF) =0.5%
i =15 sxcept 21 5% +1% o =0 5% smcapt =15
SARrmiinG) Sonssciion on ameatiest decade —{2% + 4 pF) on srnaliest decads
Dissipation Facte ot | kMz <0002 BRI
Imauiation Rogistance ot 100 ¥, I5°C
50% AM, typical >i07 it SEx 100
Mox VollEn " (0 oF penk) 500 V up 1o 36 NHz 500 ¥ up 10 10 kHE
Max Operating Temperaturs (T) 65" ra-
Voitage Hacowrys <0.1% <%

Rescrant Freaunncies typaall

1 wF—400 kM2 0.1 oF—1MHE; 001 WF—2.7 MHZ,
Q00! wF—T7.8 MHr; 0.0001 wF—23 MHr

D Capy 142 Cap <1.001 Typhtally 1.03
Cabinel: Lab-banch

13543128 163431 x5 141355526
Orvercall Duminnabamns — . (i) ﬂiﬂkllﬂ_l 127} (415 x 110 x 127) (365 % 140 x 153)
Ret Welichl — b (k) A58 (1.8} 105 (48} 11.25 {5.5)
Shipgimm Waigh! — i (gl 10 (4.5) 11 (5) 1N [B.5)
Catabag MNurmese 14199701 14199702 14159711

| Capaciance InCloménts Yrom jern position are within thia ﬂq"ll,'rlﬂu‘c

of the indscated saius for any wetiing af ] ki,

¥ Unils are crncloed wilh switch mechanism high, elscticaliy, and The comman lead and cese prounded
1AL fréquancios abowe the indicated mas 1w aliowable vollage decreases Bnd i lapprce) inseesely proptrionsl to reauency,. These Hmits ciem

Eoond 10 lerm e ol S0°C Wi man setling of eoth Oscade (n Dox.

il % of 30 g owollage Vo maaqured atlee holding terminsl voltage at v for 1 n, (ren disonaeging tor 10 s (hrough @ resksiants of W oalms,

-+ Fedenill sloch rurtibers are Gied bolume ihe ndex
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1424 Decade Capacitor

s Polystyrene stability
= Paper economy

Type 1424-A Polystyrene capacitors, combined in 10
1-uF units, are housed in two hermetically sealed, nan-
ferrous metal cases with Teflon®-insulated high termi-
nals, the cases being the commen (LOW) terminal. The
aluminum outer cabinet and panel are insulated from
both capacitor terminals, so that either two- or three-
terminal connactions can be used.

SPECIFICATIONS

Accuracy: Refer (o the fable.

Certificate: 1424-4: A certificate is suppiied giving messured
values obiained by compariscn, fo & precision better thon
+0.01%, with working standards whose absolute values are
knoawn to an accuracy better than =0.05%, determined and
maintaihed In terms of reference standards periodically meess.
iired by the National Bureau of Standards. 1424-Mi A cortiil

Residual series inductance and resistance have been
minimized by the use of current-shest conductors, ribbon
leads, and multiple swilch contacts.

* fingiatored frademark of
E 1 duPoni de Nemours ang Company.

cate s supplisd, cerfifying 1he accuracy of adjustmen! in
terms of reference standords, periodically measured by Iha
Mational Buresu ol Slandards

Frequency Characteristics: Calibrotlon and adjustment are
made at 1 kHz. Plots of typical changa In capacitance and
dissipation factor with frequency are given i tha calibration
cerfiticate,

Typa 1825-A
Tetal Capacilahes 10 uF
Capacitancs per Slen 1uF
Dbt i Bolyst prene
Adjusirment Accuracy at | MMz =>025%
Slability =0.05%/ year
Disyipation Factor ot | kHr < 0.0003
insulalion Reslstance 108 OF
Voltage Roctvery* =01%
Titmp Goatliciant of Capacitance —140

(typical) ppm/ *C
Max Opariating Temperature *C 65
Lias Saly Wotlage SO0V, peak, below 10 kHE
m:mhrﬂm inchat {mm) 5 7.7 B {242, 197, 204|
Feal Wonlgnt s k) 165 (7 5)
Shigeing Woight 1t (kg) 1% (%)
Calalng Numbar laze-9701

* Dlgleeteic abaasptinn.

i Foaural stock nurmbers ara bnted Defore e dnde.
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1412-BC Decade Capacitor

s 50pFto -1 uF

» beller than 1-pF resolution

= accuracy +(0.5% 4 § pF)

= |ow loss, leakage, dielectric absorption

The wide capacitance range and high resolution of this
decade capacitance box make it exceptionally useful in
both laboratory and test shop., Owing to its fine adjust-
ment of capacitance, it is a convenien! variable capacitor
1o use with the 1654 Impedance Comparator, The poly-

SPECIFICATIONS

Capacitance: 50 pF to 1.11115 4F in steps of 100 pF with a
0- to 100-pF variable air capacitor providing continuous ad-
justmen! with divisions of 1 pF. Capacitances for 2- and 3-
terminal connections differ by about 1 pF (Cu in the drawing!.
C.s isapprox 125 pF.

Min Capacitance: 50 pF with all controls set at zero.

Dielectric: Polystyrene for decade stops.

Accuracy: =(0.5% + § pF) al 1 kHz for {otal capacitance in-
cluding 50-pF minimum for the 3-terminal connection,
Temperature Coefficient: - 140 pom/ "C (nominal).

styrene dielectric used in the decade steps Is necessary
for applications requiring low diglectric absorption and
constancy of both capacitance and dissipation factor with
frequency.

Four decades of polystyrene capacitors and a varigble
air capacitor are used, mounted in a8 double-shield box.
The double shielding provides 2-terminal and 3-terminal
capacifances thal are the same except for the capaci-
tance between the lerminals, The variable air capacitor
with & linear AC of 100 pF and a resalution of better than
1 pF provides continuous adjustment between the 100
pF steps of the smallest decade.

Frequency Characteristics: Dc Cap/1-kHz Cap <1001, At
higher frequencies the increase is approa AC/C « (1), The
resonant frequancy, [, varies from over 400 kHz for b capact-
tance of 1 «F 10 about 27 MHz for a capacitance of 150 pF
when connections are made to |he front terminals. 1, s aboul
300 kHr and 70 MHE for rear conngclions and the same
capacitances.

Max Operating Temperature: 65°C.

Dielectric Absarption (Voltage Recovery): 017 rriax
Dissipation Factor: 150 to 1000 pF, 0.001, max, at 1 kHz:
over |000 pF, 0.0002, max, at 1 kHz.

Insulation Resistance: 10 ohms, mun,

Max Voltage: 500 V peaic, up 1o 35 kHz.

Yerminale: Four 938 Binding Posts with grounding link are
provided on the panel, Two of the binding posis are connected
1o the case and localed for corvenient use with paten cords in
31erminal applications. Access is alss provided [ rear termi-
nalg for relay-rack applications.

Machanical: Lab-bench cabinel; brockets provided for rack
mounting. DIMENSIONS {wahxd): 172523 8516 n. (4309x89
153 mml. WEIGHT: BS b (39 kg) net, 10 b (4.6 kg)
shipping.

Cara
Descrignian Ni.l.mﬁr
1412-8C Decads Capacitor 14129410
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1422 Precision Capacitors

= variable air capacitors

= stability: belter than 0.02% full scale per year
= sellable o 40 ppm

= low temperature coefficient, low losses

= wide seleclion to suil needs

The 1422 is a stable and precise variable air capacitar
intended for use as a continuously adjustable standard of
capacitence.

One of the most important applications s In ac bridge
measurements, either 35 a built-in standard of as an &x
ternal standard for substitution measurements. It is avail-
able in a variety of ranges, terminal configurations, and
scale arrangements ta permit selection of precisely the
required characteristics.

Two-Terminal The 1422-D is a dual-range, two-termi-
nal capacitar, direct reading in total capacitance at the
terminals. For convenjence in making substitution meas-
urements. two 1422's have scales reading in capacilance
removed, 1.8, the capacitance is maximum al the zero
reading. These, the 1422-MD and 1422-ME, are also
dual-range. two-terminal capacitors,

Three-terminal The 1422-CB, -CL, and -CD are three-
terminal capacitars with shielded coaxial terminals for
use in three-terminal measurements. The callbrated dl-
rect capacitance is independent of terminal capacitances
to ground, and losses are very low. The 1422-CL has par-
ticularly low, constant terminal capacitances, making il
suitable for measurement circuits In which high ca-
pacitance to guard cannol be tolerated,

Construction The capacitor assembly s mounted in a
cast frame for rigidity. This frame and ather critical parts
are made of aluminum alloys selecled to give the strength
of brass with the lightness of aluminum. The plates of
most models are also aluminun, so that all parts have the
same temperaturg coetticient of linear expansion,

A worm drive is used to obtain high precision of setting.
To avoid eccentrigity, the shaft and the worm are accu-
rately machined as one piece. The worm and worm
wheel are also lapped inte each other to Improve smooth-
ness, The dial end of the worm shaft runs In a self-afign.

ing ball bearing, while the other end is supported by an

adjustable spring mounting, which gives positive longi-

tudinal anchoring to the worm shaft through the use of a
pair of sealed, self-lubricating, preloaded ball bearings.
Similar pairs of preloaded ball bearings provide positive
and irvariant axial loeation fer the main or rotor shafl.
Electrical connection to the rotor is made by means of a
silver-alloy brush bearing on a silver-overlay drum to as-
sure & low-noise electrical contact.

Stator insulation Inall models (s a cross-linked thermo-
satting modified polystyrene having low diglectric losses
and very high insulation resistance. Rotor insulation,
where used (Types 1422-CB and -CL), is grade L-4 ste-
atite, silicone treated.

Accuracy The errors tabulated in the specifications
are possible errors, Le., the sum of error contributions
from setting, adjustment, calibration, interpolation, and
standards. When the capacitor is in its narmal position
with the panel horizontal, the actual errors are almost
always smaller, The accuracy is Improved when the read-
ings are corrected using the 12 calibrated values of
capacitance given on the correction chart on the capaci-
tor panel and interpolating linearly between callbrated
points. Even better accuracy can be obtalned fram a pre-
cision calibration of approximately 100 points on the ca-
pacitor dial, which permits correction for slight residual
eccartricities-of the worm drive-and requires interpola-
tian over only short intervals, This precision calibration
is availabile for all modals at an exira charge, Models so
calibrated are lisied with the additional suffix letter, P, in
the type number. A plastic-enclosed certificate of cals
firation is supplied, giving corrections ta ane more figure
than the tabulated accuracy.

SPECIFICATIONS

Accuracy: See table,

Stabilty: Capacitance change with time <1 scale division
{0.02% of full scale) per year. Longderm accuracy can be
eslimated fram the stabillty and the initial accuracy.
Calibration: Measured valyes (supplied) are obilained by com-
parison at 1 kHz, with working standards whose absolute
vatlues are known to an accuracy of =(0.01% + 0.0001 pF).
Each comparisen is made toa precision better than =0.01%.
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Reads Capacitznce
Removed Threa-Terminal
Typa 1422 -0 MO ME -Ca €L -Co
CAPACITANCE Min 100 35 o Q o /] 50 10 [+5] 0.05
RANGE, oF Max 1150 118 1059 10% 108 105 11060 1e i 1
BCALE, pFi Divliion 0.2 002 o0z | ooz ooe ooo2 02 no2 o.0a? 0.0002
INITIAL ACCURACY. = Picofarads
Direct-Resding (Adjustment);
Tatal Capacilance o o1 Ditterences from Tero 06 a1 004 0.008
Capacitance Diterence 1.2 0z a2 0.2 0.0% 8] 0z 0,08 0016
Wilh Correcticns from Callbwation
Chart {supplied):
Tetal Capacitance pas D04 o3 o4 601 ona?
Capacitance Diferencef 0.8 008 o008 | DDA 0.02 06 208 002 0.004
With Corractions from Pracision
Calitsration fextra charge):
Total Capacitance 0.1 0.01* | o0 0.001 0.0002
Caparitance Differencol o no2 oo ooz 0.004 oz o0 0002 Do0cs
RESIDUALS (typical values)
Garies |nouctano, s+ 006 0.0 0.06 0.lo | oo0s [iRT:] o014 Diz Qa7 oar
Baries Resistonce, ohms al 1 MHz 004 008 0,04 008 0.04 0.08 ol 0l
Mgk e mif scale ko 34 ] 25
s scaln 35 33 74 Fa
Terminal Capacltance, oF, typical, ey w w5 nr 15
o inal 1o cote
e man sale 5 55 92 93
Capntitanes at Zoro Scale Setling, pr, ypical) | 11s0 | 135 | j4s | 35

* Tolal capacitancs i the canaci
{ Divige grror by 7 when ons wefting & made al § coleaiad pord.

Thi values of the working standards are determined and main.
tained in terms ol reterence standards periadically calibrated
by the National Bureau of Standards.

The indicated value of total capacitance of a two-terminal
capacilor is the capocitance added when the 1422 Capacitor
Is plugged into a 77703 Adaptor. The uncertainty of this
methad of connection is approx +0.03 pF.!
Resolution: Dial can be read andg sat to 175 of a small division,
i.e, to 0.004% of full scale. BACKLASH: Negligible for any
saotting reached consistently from lower scale readings;
<0.004% of 1 s, for sellings reached from alternate directions,
Temperature Coefficient: Approx +20 ppm/ *C, for small tem-
perature changes.

Residual Parameters: See table, Series resistance varles os
/T, for f >100 kHz; negligible, for { <100 kHL

Frequency Characteristic: 2.terminal models, see curves., 3-
termingl models; 20, 40, and 60 MHz (approx) resonant fre-
quency for 1422.C8, CL, and -CD (each section), respectively,
Dissipation Factor: 2-terminal, loss primarily in stator sup-
ports of low-loss polystyrene (the product DC -~ 10-%. 3-
terminal, estimated D < 20 x 10—, excepl, for 1422-CD,
< 10 x 10— INSULATION RESISTANCE: > 107 n. undar
standard conditions (23°C, RH < 80%).

Max Voltage: 1000 V pk {all modals).

Terminals: 2. TERMINAL MODELS: Jack-top binding posts at
standard (0.75in.) i Rotor terminal connected 10
panel and shigld, 3J-TERMINAL MODELS: Locking GRB74®
coaxipl connectors

Required: For 3-terminal modals, two GRA74 Patch Cerds, or
equivalent.

Available: For 2-terminal models, 777-03 Adaplor.
“Calibration,” above,)

(See

+ johny F. Haradh, “A Clate Look i Connectlsn Errors In Capacitance
Mespuremunin  General Radio Experimuntar, July 1959,

adoed when (he capaciior is plugged into 3 77793 Adaptor,

Mechanical: Lab-bench cabinel, DIMENSIONS (wxhxd): 8.5x
Tx8.5 in, (242x178x216 mm}. WEIGHT (depending on
miodel): 10.5to 12.5 1b (4.8 to 5.7 kg) net, 15 Ib {7 kg) ship-

*f T
=
o
H
!" T T
- ’ =
Variation with § y of efective capaciiance and glysipation fecior
per pF ot tance lor two-lecminal 1422 Precision Capacilon.
Calatog
Description Numbar
Precision Capacitors
with pracisicn calibration (= 100 pointal
1422-0P 1422-9004
lazz.mne 14229913
MTZMER 14229955
1422-CBP 142290032
jaz2cLpP 14T2-95%08
lan-cor 14229923
with standard calisration (12 points)
4220 & Lazeuro4
1422-MD 14229054
J22LME = 14229055
I2Ce - 14227018
ur2-cL 14229913
M22LO & 14229023

i Foderal slock numbers arg [sted batore (e Indes,
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1408 standrd; for uss
Wil @n nll Balh

T40R standant, wilh

tomperaturs-controlied hir batn

1408 Reference Standard Capacitors

= 10 pF, 100 pF

= high stability

= low voltage coefficient
» fused-silica dielectric

Ultra-high stability The continuously improving accu-
racy ol capacitor calibrations by the National Bureau of
Standards brings a better knowledge of capacitance to
standards [aboratories — provided, of course, the labora-
lories have adequate reference standards. The 1408
Refererce Standard Capacitors, with thair high stability,
are suitable for calibration in parts in 10°. The 1616
Precision Capacitance Bridge is highly recommended for
accurale cafibration of a wide range of working standards
from such a reference

More extensively equipped laboratories are offered the
ecoromy of a unit designed for use In & temperalure-
controlled oil bath, Laboralories that lack a facility can
take advantage of the buill-in, temperature-controlled
air bath of a second version. Two capacitance values are
available, 10 pF and 100 pF, and either or bath can be
arderad in the air-bath version,

Fused-silica dielectric The active elements of the ca
pacitors are gold, deposited on a subsirate of fused silica

noted for exceplional stahility, low loss, and relalive
independence of frequency., The plated substrate is
mounted in & brasa call which is then sealed in a stain
less-sledl case containing dry nitrogen.

Air-Bath Version This unil includes one or two stan-
dards, as desired, plus a self-contained air bath whose
temperature is held constant to within 0,01°C per year fo
assure the utmost stability of the standards. Since it
carries its gwn envirgnment, it 15 wall agapled for use in
latsoratories withoul an oll ath or closely.controlled am
bignt lemperature or in portable laboratories and calibra:
tion cantors, The air bath operates from 12 volls so thal
it Is an gxsy matter (o transport it under power at all times

Oil-Bath Version This unit is for laboratories that want
to use the standard in a temperature-controlled ail bath.
Two values are available, 10 pF and 100 pF, and &ach
offers the same high precision and stability.

— Lew GR Experimentasr for Octobér | December 1970

SPECIFICATIONS

Nominal Values: 10 pF and 100 pF

Calibration: A cerfilicate of calibration is =upplied with each
capacilor, giving the measured direct capacitence at 1 kHz and
ot a specified lernperature near 25°C for an oil bath capacitor
or nesr 30°C for an olrbalh capacitor, The measured value s
obtained by comparison 1o a precision batier than 0.1 ppm
with stendards whose vahmes are delerminged and malntained
by pericaie calibrations made by the Nationa! Buréau of Stan-
dards. The limit of uncertainty of these calibrations s
=0.5 pprm.

Adjustmaent Accuracy: = 100 ppm.

Stability: Estimated o be better than 0.3 ppmif yr.
Environment: TEMPERATURE COEFFICIENT, 12 ppm = 2
ppmy 'C. TEMPEHATURE CYCLING, trom U to 60'C, <] ppm
hysteresis ot 30°C

Alr-Bath Characteristics: TEMPERATURE, 30°C nominal with
stability of 0.01*C/year, <0.0058"C/ hour it ambient tempera-
ture 5 Kept within 1°C. TEMPERATURE COEFFICIENT: O
= 0,05 ppm/ “C trom 17 o 29°C ambient temperature. Ther-
marneter wail provided for callbration,

Electrical: DISSIPATION FACTOR, <10 * at '

| kHz. VOLTAGE, 500 V miax. RESIDUAL | [J
IMPEDANCES: == |

- -

| Il ep  em g I E L
alr 10 aF 04 uH iopF HEpé G gk | u_“_]
100 pF Qlud 1DOpF 120 S5pF LB =5
i i0 pF 0feM lOgr SSpi 31pF -
L0 oF OJaM (00pF AFpe 23pF L :
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Terminals: Twa gold-plated GRAT4H locking cannectors, eagily
arfapted to other common connector types (on alr-bath version,
conneTiors can ba moved 1o rear).

Available: GRB74A ADAPTORS, 874 R22LA PATCH CORDS

General: Fussd-silion disfectrc: plated substrale is hermati
cally sealed in a dey-nitrogenilled stainless-ulonl case, Con
riclions 10 the air-Lath veraion can be made 1o the Tront or the
rear as your apphcation dictstes. A 12-wolt npul = provided
to malntin b cooatant gir-bath temperatuse even whilé the
Lnil i3 in fransi

Power |Air-tath vergion only): 100 to 120 oc 200 to 240V, 50
to &0 He. W 12V or 0.4 A for de operalion, battery sonnec
tory provided on s,

Mechanical: DIMENSIONS (wxhxd): Airbath version B42x
BT216 in. |2] 4822225207 mm); oil-bath version, 3.5x11 1x

LBG in. (B9x2R3x48 tom).  WEIGHT, Airbath versian {singin
value), 23 16111 kgl mat, 32 Ib (15 kil shippihgy (two values),
251b {12 kgl nel, 34 Ib (16 kg shipping: oll-bath version, 3 tb
1.4 kgl net, 71b (3.2 kg) shipping.

1!

Dot iptien ll":wllul.:r.ngr
Ruference Standard Capscitor, nir nath

1408, 10 gf lags-97100

L4DR, 10 1D pF laos-aror

1408, 1040 6F 1408-%100

LADA, 100 100 pr 14089705

1408, 10/ 100 pF TA0BH 106
Refetence Standard Capacrtor, oll bath

LA0B-A, |0 pF JADR-FTOL

14080, 100 pF 14085704

1404 Reference Standard Capacitor

= 10, 100, 1000 pF

= 20 ppm/year stability

= 3-terminal, coaxial connections

= hermetically sealed in dry nilrogen

These capacitors have bean designed as primary refer.
ence standards of capacitance with which warking stan-
dards can be compared. The 1615-A Capacitance Bridge
s particularly well suited for this purpose and can be

convenlently used to calibrate accurately a wide range of
working standards in terms of a 1404 Reference Standard
Capacitor. A single 1000- or 100-picofarad standard is
almf‘rhu only standard necessary (o calibrate {he bridge
itsalf,

In combination with an accurately known external re-
sistor, this capacitor becomes a standard of dissipation
factor.

All critical parts of the plate assembly are made of
Invar for stability and low temperature coellicient. After
heat cycling and adjustment, the assembly is mounted in
a heavy brass container, which, after evacuation, is filled
with dry nitrogen under pressure slightly above atmos-
pheric and sealed. The container is mounted onan alumi-
num panel and protected by an outer aluminum case.
Each capacitor |s subjected to a series of temperature
cycles to determine hysteresis and temperature coeffi-
cients and 1o stabilize the capacitance,

Two locking GRB74% coaxial conneclors are used as
terminals, The outer shell of one s connecled to the
case, but the guter shell of the other is left unconnected
to permit the capacitor to be used with an external resis-
tor as a dissipation-dactor standard,

GENERAL RADHD 1973 CATALDG
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SPECIFICATIONS

Calibration: A ceriilicate of calibration s supplisd with each
copncitor, giving the measured direct capacitance al 1 kHz
and ol 23° =1'C The measured value Is obtained by a com
narison b 3 precisian better than =1 ppm with working stan
dards whose absolute values are known o an accuracy of =5
pom, determined and maintained in lerms of reference stan
dards periedically measured by he Nationsl Bureau of Stan
dardy,

Adjustmuont Accuracy: The capacitance |4 adjusted before call.
hrition with an sccuracy of =5 pom to a capacitance about 5
pom above the rominal value relstive 1o the capacitonce unil
mraittained by the Genaral Radlo referenca standards
Stability: Long-term drift ie less than 20 parts per million per
year. Moximuom change with orenlation is [0 ppm and (9 com-
plately reveriibie.

Temperature Cocfficlent of Capacitaneet 2 = 3 ppm/'C for
18044 pnd H. & = 2 ppm/ C lor 1404-C, from -20'C to
+65C. A measured value with an accuracy of =] ppmi “C 5
Riven on the cerifhioe,

Temperature Cycling: For temperatiure cycling over range from
20°C to+65'C, hysteresin (retravoabile) s less than 20 ppm
at23 g,

Dissipation Factor: Less than 10~ at | kHz

Residual Impedances: See equivalent circuit for fypical values
ol inlornat serles inductances and terminal capoanitances.

Maox Valtage: 750 V.

Terminals: Two locking GRETS coaripl connacions; ensily con-
yertibie 1o other (ypea ol connectors by attachment of IbCking
adnplors. Outer shell of one connector is ungrounded fo per-
mit capacilor ta be used with edarngl resi=ior as & gissipation-
factor standari.

Requlred: For cannection lo 1615A Capncitance Bridge. 2
Type B74 R20A or B7 4. R22LA Patch Cords.

Mechanical; Lab-bench cabinel,  DIMENSIONS (watiet] 6 75x
6638 in, (172x168204 mmnl. WEIGHT. 85 b (3.9 kg) net,
14 b (6.2 kgl shipping

Catalag
Pacr fuaticn i
“Welerence Standard Capscitor
DA, D00 pF 14045701
14D4-8, 100 pF 18045702
14D4.C, 10 pF 14049700

1405 Coaxial Capacitance Standards

= 1and 10 pF
= rf slandards
= GRO00" connectors

Extending the avallable values of rf capacitance down-
ward, the 1405 standards permil impedance-measuring
Instruments to be calibrated at even higher frequancies
accurately and with traceability to the National Bureau of
Standards,

Accuracy is stated two ways, The first refers to nominal
capacitance and Includes initial adjustmenlt, aging. and
other effects. The second refers 1o the individual calibra-
tion and cerfificate,

SPECIFICATIONS

Calibratlon: A certificale of calibrotion Is supplled with each
unit, giving the measured capacitance at | kHz and al a speci
fied temperalure and relathe Dumidity. The measured capaci-
lance is the capatitance ai the reference plane ol the GRO0O
conneclor. This value is obiained by comparison, 1o o prec
sion befter than 20,002 pF, with working standards whose

nbsalute values are Known 10 an occuracy typloally =0.02%.,
tetermined and maintained in torms of refarence sltantards
pariodically calibrated by the National Bureau of Stondards.

140%-0, 10 pF 1405-L, 1 pF
Accurmey At 231°C =02% (D0XpF) | =0.5% (000 er
Calibration Accuracy L004% +0I%
Waliliy: vatpooeeies | _pooansse ~00l%/°c
i fumidily,
<90% iH — D 005LIA FH
vaaging <OI%iyr <OINIw
Froguency 0.1% O incienss &0 MU 130 MMz
10% € Ineromsn d G 1.7 aH2
Rrsidusts D :}&Hih 160 % 10 <100 w 10 -
iraulalion & w104 11 01 Z3C and <5 M
egutvalent L 1 Gk ot <250 MHE LB 0 oar CS00 B2
Paak Volts I WV [ ARV

Avallable: ADAPTORS 1615-P2 fof callbrating with GR 1615
bridge and 900-09 for connecting standard lo Ve-inch x 28
threaded stud (GR 938 Binding Post) or tapped hals.
Terminak: GRO00 precision coaxial connecior.

Mechanical: DIMENSIONS (din x hl: 1.06x232 In. {27559

mmi. WEIGHT: 4 or (103 g} net, § oz (142 g} shipping.
Dexcrigtam ‘P:i.ul:ﬂ?-"
Coarial Capacilance Standards
14050, 10 oF 14055703
1405, L pF 14059700

= Foderal siock rumbers are listed pelore the Index.
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1406 Coaxial Capacitance Standards

® stable to 0.05% per year
= for rl impedance calibrations
& 50 pF through 1000 pF

The 1406 Coaxial Capacitance Standards are stabile,
low-loss alr capacitors with small, stable and known series
inductance. Use them for the accurate, traceable cali-
bration of high-frequency bridges and other impedance-
meéasuring instruments.

Instrument calibration The 1406 standards can be
connacted directly to instruments, such as the 1616 Pre-
cision Capacitance Bridge, equipped with GRO00® pre-
cision conneclors and to others through appropriate adap-
lors. Series inductance and resistance have been kept
to & minimum in the 900-Q9 Adaptor. When other adap-
tors are used, these quantities should be known to per-
mil correcting for their aeffacts at high frequencies,

These standards can be calibrated at audio frequencies
with the 1616 bridge or with the 1615 Capacitance Bridge
and the 1615-P2 Coaxial Adaptor. Each has an adjust-
ment for compensating for terminal capacitance, to per-
mit direct-reading measuraments.

Repeatable coaxial connection GRS00 precision co
axial connectors are used, for stability and repeatable
performance that have been proven in use at frequencies
as high as 9 GHz. The use of coadal conneclors also
meets high-frequency calibration requiremnents of the
National Bureai of Standards.

SPECIFICATIONS

Calibration: A certificale of colibration is supplied with sach
unit, giving the measured capacitance at 1 kHz and al a specl-
ligd temperatiure and relative humidity. The measured capacl-
tance is the capacitance at the reference plane of the GR900
connector. This value is obtained by comparison, o & precl-
sion better than =0,01%, with working stendards whose abso-
lute values are known Lo an accuracy typically =0.01%, de-
termined and maintained In terms of reference standards
periodically calibrated by the Natlonal Bureau ol Standards.

Typlcal Parameters

LY

) !

Itence with Ireguency af 1306 Coaxial
tahice Slandands,

] L-F 3 ESEF 0

[] r
AT

Trpical percent meﬂ:n ca

L T R
L # +- Hominal | Peak Dilsslpatlon Factor
: ],l Capscitance | Valls 1 KHE (A% RH) 1 MHT Indusiance
it F i 1000 pF 00 Ak 10~ 50 = 10—+ L F
100 pF 1500 30 = 10— 20 x 10— 746 nH

Accuracy: Capacitance adjusted by GR to nominal value
0.1%. STABILITY: Capacitance change <0.05% per year,
TEMPERATURE COEFFICIENT of capacitance: Typically 10 to
20 ppm/ “C, between 20 and 70"C.

Residual Impedances: See loble. Dissipation factor varios as
the 3/ 2 power of frequency above about 100 kHz. Insulation
resistance >10" 0, at 23°C and relative humidity <50%,
Terminal; GR900 precision coaxial connector.

Avallable: 1615 P2 Adaptor for convenionce in calibrating
with 1615-A Capacitance Bridge. 900-09 Adaptor for con-
necting the 1406 lo 0.25in. x 28 threaded studs, tapped
holes, or GR 938 Binding Posts spaced 0.75 1o 1 in. apart.
Mechanical: Cylindrical cose. DIMENSIONS (dia x h): 3.06x
5.25 in. (7Bx134 mm). WEIGHT: 1.5 Ib (0.7 kg) nat, 4 Ib

(1.9 kg} shipping.
D rigl e Number
Coanial Capacitance
14D6-A, 1000 pF 14069701
14060, 100 pF 14069704
1615-P2 Coaxial Adaptor, GRS0O 1o 1615 Bridge 16159602
900-09 Adaptor, GROOD 10 binding posts OR00-9RT4
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1407 Coaxial
Capacitance
Standard

» stable o 0.01% per year
= 1f standards with GRI0D" conneclors

The 1407 Coaxial Capacitance Standards are fixed
mica capacitors of very high stability with small, stalile,
and known series inductance:  This, and the use 0! preci-
gion coamial connectors, enables the 1407 standards to
be used In the callbration of high{requency bridges and
other impadanca-measuring Instruments

SPECIFICATIONS

Calibration; A cartificale of calibration (s suppiied with aach
it giving the maesured capacitance at 1 kHz and ot a speci:
lied temperature. The measured value s (he capacitonce al
tha reference plane of ihe GRO00 conneclar. This value ig
obteined by cormparisen to a precision better than =0.005%
with worldng standards whase absolute values arg known (o
an accurady typically £0.01%, determingd end malntained In
lerms of relerence standards pericdically calibrated by the
Mational Bureau of Standards

Stability: The camacitonce change is less than 0.01% per year.
Accuracy: Within =0.05%, at 1 kHz, of the nominal capaci
lanea_

Temperature Coefficlent of Capacitance; <20 = (D ppm/'C,
tetweon [0and 70°C.

Dissipation Factor: 50 = 10~ (typical) at 1 kHz and 23°C. Max
values given in table, Measured D at | kHz to an accuracy of
£0.00005 and D-vefrequency curves glven (n cartificats,
Series Inductance: 7 nH, typical,

Insulation Resistance: Minimum of 5000 chm-farads or 100
Gii, whictiever is the lesser, when messured st 500 V de after
b minutes electrfication.

Max Voltage: 500 ¥ pk, up to 10 kHz

Terminal: GR900 precision coaxial connector.

Mechanical: Cylindrical case. DIMENSIONS (din x h}; 324,75
i, (772121 mmd, WEIGHT: 1.25 Ib (0.6 kg) net, 4 1b (1.9

kp) shipping.
S EE .
e e :
FHHT : kSt - =r
- i i ) —-Jﬁ:
I 4=y = - =
B o=k iz L
i T | : qu. . " R Faa "l_“ FH
l FEr S .-i:;ﬂ,-. s AL T r L £
! = :"‘?'-'-'f:‘.':" e - B et
R - e - i
I : = s - E=E
: (m 1 .1 & . s B
u Hﬂ:_ BN EEEE
] 1
- e l ; - L = L '
-
The l-kHEP vatue b5 used s o tedgionce palol in
Inchcaling changs in capaciance wilh Indguency
Maminad “;.illﬁ-l Calak
i ] £ g
Be=cription _ Capacllings  ang 470 Nimuse
Cazsial Capacitance Standard
1407-A Q001 aF 000030 14079100
or.o DOl »F 40002 1407-9701
laora 0y «F 0.0002 1407 ST

1403 Standard
Air Capacitor

= 1000 pF 1o 0.001 pF

= calibralion accuracy:
=0.02% =0.01IF

The 1403 Standard Air Capacitors are stable, three-
terminal standards in decimal valuas from 0.001 Lo 1000
pF. Their terminals sre arranged (o plug directly into the
External Standard and Unknown terminais of the 1615
angd 1616 capacitance bridges.

SPECIFICATIONS

Calibration: A cerilficate of calibeation s supplied with each
unit glving the measured capacitance at 1 kHz and =t & speci-
lisg temperature. The rmeasured value s the direct capsch:
tance belwesn shielded terminals when the capacitor has at
least cne lead compietely shigided and ils case connectsd to
i guard poinl. Thias vilue s obtained by comparison, (o a pre-
cision betler than =(0.01% + 0.00001 pF). with working
standards whose absolule valuas are known to an accuracy
typically =0.01%, determined and maintained In torms of
refergnce standards periodically calibraled by the Nathonal
Bureau of Stindards,

Stability: Capacitanice change Is less than 0.05% per year,

Residual Impedances: See curve for effect of froquency. Ca-
pacitance from sither terminal 1o cass is =~ 30 pF.

Dissipation Faclor: < 20 = 10— max ot | kHz apd 50% or
less rolative humiidity,

Poak Voltage: 1500 V, except 700 V for 14034,

Tempetature Coelicient of Direct Capacitance: Typically 20
o 40 pprn per degree betwean 20° and 70°C. The larger oo
effictants apply to the smaller capacilance values,
Terminal: GRE74® cozxlal connectors, for complete shisld.
ing of the jeads. SPACING: 1.13 m (2B.6 mm).

Mechanical: Cylindricatl case, DIMENSIONS (dia » h): 3.06x
525 in, [77x133 mm). WEIGHT: 1 Ib (0.5 kg) net, 4 b

Typical incroass |psrcent) in
wilh ;r:u ::w : h;r
U LENCY e

rolidugl inductanca,

» Felleral stock numbets dro |sted balota the Index
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Description ] t::':'ulr Lance .nu‘.-,ur:r.-p . Hu!f?'l}ﬁ“er
Standard Air Capacilor
14038 & 1000 pF oi% 1403-9701
4030« 100 0.1 1401-5704
403G 10 o.1 1403-5707
14036 1.0 0.1 14039711
403N @ 0.1 01 1403-9714
1403-R D01 03 14039718
1403.¥ .00l 10 1403-9722
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1409 Standard Capacitors

= 0.001 1o 1 uF

» +0.01% /year stability

® calibration accuracy «0.02%

® lwo- and lthree-terminal calibration provided

The 1409 Standard Capacitors are Tixed mica capaci
tors of very high stability for use as two- or three-terminal
reference or working standards in the laboratory.,

Typical capacitors, observed over more than 15 years,
have shown random fuctuations of less than =0,01% In
mepsured capacitance with no evidence of systematic
drift,

These capacitor unils consist of a silvered-mica and
foll pile, spring-held in a heavy metal clamping structure
for mechanical stability, The units are selected for low
dissipation factor and are stabilized by heat cycling. They
are housed, with silica gel lo provide continuous desicca-
tion, in cast aluminum cases, sealed with high-tempera-
fure potting wax. A weall is provided in the wall of the case
tor the insertion of a dial-type thermometer. Three jack-

L | A ¥
- el L] - - - L
TR Sl =

fAbosw) Chamge in capeciianor as o hunciion of

frequsnoy Tor typical 1400 Cepaciiors, The

LaHs valug on tng plal should be Ussd 85

bazid of mhdrencn in salimating Tregquoncy ar-

rars. (l=tow] [Hasipalion thcior we & fenciionof
o LmnCy

GR 1aob.y

lop binding posts are pravided on the top of the case and
removable plugs on the bottom, for convenient paraligl
connection without error,

SPECIFICATIONS

Adjustment Accuracy: Within =0.05% of the nominal capaci
tance valve {two-terminal) marked on the case

Calibration: A cerfilicate of calibration s supplied with sach
unit, giving bath two- and three-terminal measured capaci
tonces at 1 kHz and of o specified temparature. The moasured
valug Is the capacitance added when the standard I8 plugged
directly into Genaral Radio binding posts. This value ik ob-
tained by comparison, to a precidion better than =0,01%. with
warking standards whose absolute valuns are Known to on ac
curacy typically ~0.01%, doterminad and maintained In terms
ol reference standards periodically calibrated by the National
Bureau of Standards

Stability: Capacitance change is less than D.01% per year
Temperature Coefficient of Capacitance: 435 = 10 ppm per
depres C between 10° and 70°C

Dissipation Factor: Less than 0.0003 at 1 kHz and 23°C (son
curves), Measured dissipation lactor st 1 kHz s stated In the
certificate to an accuracy of +0,00005,

Series Inductance: Typically 0.050 u«H for 1409.F and -L,
0,085 aH tor -T and -Y

Series Resistance at 1 MHz: 0.02 ohm, except for 1409.Y,
which |5 0.03 ohm

Frequency Characteristics: Soe curves  Series resistance yar-
les as the sgusre oot of the Irequancy for freguencies above
100 kHz

Approx Terminal Capacitance: From M terminal to cate (G),
12 o 50 pF. From L terminal (outside loile ol capaciter) to
case, 300 1o 1300 pF

Leakape Resistance: 5000 ohmarads or 100 Gy, whichiver
i the lesser

Max Valtage: 500 V pk up to 10 kHz:
Mechanical: Sealed case. DIMENSIONS
1.25:5.63x2.69 In. (E3x|43269 mm); others,
[B3x02x5] mm). WEIGH?

(wxhixed); 1400-¥,
3.25:04k2 in
1.25 b (0.6 kg) nal, 4 1b (1.9

E Kig) shipping: the 1409-Y is heavier by approx 1 b (0.5 kg)

E —

£ P e i

£ Capacitance Catarg

E Dwrsr iplinn ol | Fil bt

1409 Standard Capacitor &
—— M 140%-F 0001 lafre-aros
" Bty ™ - 14054 0.0l 14099712
laph.y 0.l 14045720
JELIE | 1.0 1400-972%
v Poeiral stock numbers aro alod belore (e | poex
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1662 Resistance Limit Bridge

Resistance range from 1 £ to 111 M
0.01% comparison precision

GO, NO-GO indications

up to 4 measurements per second
deviation range from =0.01 to ~30%
four-terminal Kelvin conneclions

When resislor accuracy or precise resistor matching s
gruclal o circuit performance, the 1662 |5 the (nstru
ment o usa for last sorting, matching, and measuring

A precision bridge with 0.01% accurate resistors, the
1662 has a buill:in analog comparator and High/ Low/ Go
imdicalor lights for production-spesd test applications
The indicating meter and Limit controls are calibrated
directly in percent resistance deviation wilh fullscale
ranges from +0.3% to =30%, permitting the selectior
and sorting of a variely of resistor types and qualities

System Use Four-terminal conneclions for the un
Known resistor permit measurement-at-s-gistance; ele
trical outputs inclode analog of the deviation and high/
low/! go decision: toth high and low limits are program
mable, With thess intrinsic features the 1662 can be
the keystone of your production measuring System

Labaoratory Bridge The precise internal standards and
built-in generater and detecter make the 1662 an excel
lent and convenlent laboratory bridge. Preciss balbocing
s made especially easy by the indications of the High/
Low lights, A special test fixture facllitates sure, spiit
sacond connection of ene unknown resistor aller anothaer
with true Kelvin connections to maintain the basiC ac-
curacy of the bridge.

Sew GR Capatirmenter lor Novernter-Decembes 1M

SPECIFICATIONS

Resistance Range: 1 0110 1111171 M, contrallod by 4-posi
ticn multiptier switch and 7 in-Gng readou! dials with dircirmal
point

Resistance Accuracy: =(0.02% + 2 mn + 0.02'% long-term):
ljong-term foctor con ba removed by caliDraton

Deviation: RANGE: =0.01 to =30%, contrelled by 5position
range switch with full-scale ranges of 0.3, 1,3, 10, and 30%
ACCURACY =3% of fullscale deviation (e.g., on 0.3% range,
mater accuracy s =0.01%)

Brigpo Mubindier (R R

o 1 10 100
Aange of Unknown ifo 10 1o | 10016 10 Wil to
utkn | tiimn | 13d%a | 131 Mo
Velageon Unknown® | 011V | 82V | LiV o1V
Yoltage on Standard [EX" eV 01V XTIR
Resitance Hesolution o0ln Gln In 1on

= with deviation from rominal] current e helo constanl. Power
fod I unkanwn in <12 mW irem 10 to 111 M

Displays: Meter indicates percent deviation, Limit lamps indi
cate High, Go, or Low conditlon. High and Low limits Inds-
pendently adjusiable from 0 1o 100% of doviation range with
a direct accuracy of 2% of full scate
Spesd: 1 measurement/s ugsing meder ndication, 4 meas!s
using limit iIndications
Interface: UNKNOWN CONNECTIONS: Coble [supplied}, wiln
banans plugs or alligatar clips for 4tetminol connection. Test
{lature [availabls) with quickacting scigser d.termical con
tacts. bes! suiled (o misl-lead resistors. ANALODG OUTPUTS
Vallage proportional 1o meler deflection, = 10V full scale wilh
0.003% resalution, is provided at 2 rear panel sockets. Outpet
mpedances: <10 0 (drves 1782 Analog Limlt Comparataor)
and = 2 ki (drives 8 DVM, d¢ recorder, elc.).  LIMIT OUT
PUTS (digital): For High, Go, and Low conditions, tofrespond
irg lhes switch from ~ 13 to =~ 0.2 V (behind 10 kb,  LIMIT
PROGRAMMING: High and low limits programmabie with dc
analog drives of 0 ta —10 V.and O ta +10 V, respectively, by
enurees of < 10 0 internal impedance, Rear conneclor,
Environment: Operating temperatura, 10 to 40°C. Zero drift
2 ppm/ "Cirom 10 o 40°C,
Supplied: 1662-2400 cabile for cormection lo unknown o x-
ternnl-standard resistor, 7- and 9-pin cannactors tor inerface
connections, 5 alligator clips, and power cord
Avaitable: 1782 Anafogr Lemit Comparator for cormparisons 1o
additional limite, 1662-P1 Test Fixture for ragd S-terminal
connection of axial-lead componants
Power: 100 10 125 or 200 to 250 V, 5060 Hz, 17'W
Mechanical: Bench or rack models. DIMENSIONS (wahad)
Bench, 19.758.69x14.8 in. (502221376 mm); rack, 19
7x14.8 in. (£83x178x376 mm), WEIGHT: Bench, 28 b [13
kg) met, 36 b {16.5 kg} shipping; rack, 22 b (10 kg) ret, 2B
it (13 kp) shipping

Calalag
Description Murmber
1662 Reaistance Limit Bridgs

Bench Mode| 1 6625700
Rack Mnodsl 1662.9701
166271 Test Flelure 16629601
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1666 DC Resistance Bridge | New|

= 0.01% accuracy, direcl reading
= six-digit resolution

® 2., 3-, or d-larminal resistance or conduclance
® 18 te 1 T range (1 pilto 1 MIT)

The GR 1666 combines the advantages of the Wheat-
stone and Kelvin bridges in a single instrumant that will
find application almost anywhera, Whether your require-
ment is for high accuracy, extremely-low or very-high re-
sistance values, remote measurements, portability, or
precise comparison, the 1666 will excel. It can even
be set up for rapid sorting of resistors Lo tight tolerances.

Two-terminal, guarded, or Kelvin connections to the
unknown resistor assure that the accuracy inherént n
the 1666 can be realized al the point of measurement
over the entire range of the bridie from 10~ to 10" chms,
Inmternal adjustments on all ratio arms and bridge stan-
dards allow you to make calibration adjustments con-
veniently and rapidly, using a set ol 1440 Standard
Resistors.

The 1666 will make, with ease, such diverse measure-
ments as winding resistance of transtarmers, switch-con
tact resistance, diode resistance (forward and reverse),
leakage conductance of materials and devices, and the
key parameters of resistance thermometers, standard
resistors, and decades, by direct and comparison meth-
pds. The sin lever switches and quick-response detector
permit 0,01% balances to be made In less than 10 sec-
onds part-per-million balances in 20, Resistor sorting
can be carried oul even faster through use of the null
meter a5 a deviation indicator; overioad recovery of tha
detector s very rapid

SPECIFICATIONS

Bridge Circults: Kelvin and guarded Wheatstone in both re-
sistince and conductance configurations

Ranges: TOTAL MEASUREMENT RANGE, 1 i to 1 TR Ra
sistanice ranges, 1 0 to 1.1 MO in 7 ranges (1 a0 |8 one

count); conductance ranges, 1 pir to 1.1 0 in 7 ranges (1
pu is one count). RECOMMENDED RANGES: Wheatstone,
100 0 to 1 Tn: Kelvin, 1 x0 o 10 kn,

Resolution: Six digits or 1,111,110 counts

Accuracy (limit or error] DIRECT READING (at 20 to 25°C
and < 75% RH, within & months of calibration); For 0.1 o
1.0 full scale, accuracy is =0.01% = 10 ppm of tull scate; 0.01
to 0.1 full scabe, =0.02% =5 ppm of full scale; below 0.01
full scale, =0.1% =2 ppm of {ull scale. However, for 0 lo
35°C and B5% HH and for 0 to 25°'C and 95% RH, accuracy
is generally 0.1%. TWO-YEAR ACCURACY: Add <0.01% to
above. COMPARISON ACCURACY: ® [2 + 0.001x [ppm dif-
ferencel] ppm of full scale (decade values to 2 ppm where
sansitivily is adequate and difference is small)

Sensitivity (with internal source): RESISTANCE: 2 .0 at very
low vatues: IDppmat 1 0: Sppmast 100; | ppmat 0.1, 1, 10,
and 100 kn; 5 ppim 2t | M. CONDUCTANCE: 2 pi1 at very
low values, 5 ppm al 1 x0; 1 ppm at 10 and 100 U1, 1 and
10 miy; 5 ppm at 100marn 10 ppmaat 1 B, An éxternal source
can be usad for even beller sensitivity

Sources: INTERNAL: 6 V (sof of 4 D cells), 0.01 W max for
resistance bridge. EXTERNAL: Uip o 30 ¥V de, 0.5 W max
Detector: SENSITIVITY: Moter deflection =~ & mm/aV. IN
PUT RESISTAMCE: approx 20 ks, SHORT-CIRCINT NOISE
(slow position): Approx Q.1 uV pk:plk. DRIFT: Typlcally 0.5
W¥ih. RESPONSE (slow/normal/last, respectively): Low
level time constant, 4/2.5/0.7 5 high-level meter reversal,
1/10.5/0.3s

Guard (Wheatstone): Mo error with =
lerminal

Lead Error (Kelvin): No orror with < 0.1 @} in any lead
Supplied: S5&t of 4 leads with gold.platod copper alligator clips
Available: 1440 Standard Resistors, for recalibration.
Power: Battery of 8 D celis (Burgess type 1200 or equivaient),
Le, 4 lor internal brdge source and 4 for detector power.
Mechanicak Flip-Till case. DIMENSIONS: (wahxd): 15x12x8
in. (3B1x305x203 mm). WEIGHT: 21 Ib {10 kg) nelL

5 Mit to ground, either

Calpicg
Pesxoriplicn N uretaef
1666 DC Resistance Bridge, poriable 1 6ibE-2 700
Replacemant Battery (B req'i) B410-0200
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1644-A Megohm Bridge

= 10" 1o 10" shms

= 1% accuracy to 10'* ochms

= AR measurements to =0.2%

= seven lest voltages

= soll-checking internal standards

The [644-A will measure:

« [Insulation Resistance of cables, transformers, chokes,
components, connectors, wiring, terminals, resistors,
capacitors, relays, printed clrouits, rotating machines,
gwilches, circult breakers, melers, slrain gages, thermo
couples, deldgy lines, slip rings; commutators, heaters,
lliters, lightmng arresters, and other devices

+ Resistance of high-valued resisiors, resistance films, di-
odes, transistors, and piezosiectric elements.

+ Voltage and Temperature Coefficients of resistance.

* Volume and Surface Resistivity of solids, such as
printed-board material, resing, plastics, potting and cast-
ing coempounds, rubber, refractories, and semiconduc-
1ars: of linulds, such as oils, plasticizers, and solvents;
ind of sheat materials, including plastics, recording tape,
and varnmished fabrics.

The circuit is & dc Whealstone bridge with a high-
impedance, high-sensitivity detector. Precision, wire-
wound resistors are used for the fixed bridge arrm and the
lowest-valued decade-step arm. For medium values of
the ratle arm, precision metal film resistors are used; for
thee highest values, carbon Nim resistors with trimmers,
The balancing arm is a ware-wound variable resistor,

The guard terminal eliminates the effects of stray re-
sistances to ground, For capacitor leskage resistance
measurement, charging time Is 8 fraction of a second.

SPECIFICATIONS

Resistance Range: 1 kit to 1000 Ty (10" 1o 10" ) in len
ranpes.

100250 1070, =1%. After seif-calibratior: 10 1o
10" o, =1 107, =2%; 10" 0, =10%: 10¢ 0. = one wcale
Qivision
ARY, Dial: =5% range; sccurate lo =02% or, lor small
changes, tlo=0.1%
Test Voltage: Voltage accuracy 5 =3% =05 V.
Fined Volinies®* 10| 0 | S0 | 100 | 200] s0a| 1000| v

winimum Unknownr 11 3 | 7| 20l sol 150l sool s
2] T . 4
"n;““'“":‘"‘;'; Sl e Satting I Miax [, I Veilin
Resalutian 100 0 of lesa 10 190
o spgaeon 1-mem 100G 1w 100
mein deliaction 17 s 00

Short-Circuit Curvent: <15 mA, 1050 V; <10 ma4, 10