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The Philosophy of
@ Equipment

Each instrument is designed for
broadband coverage, high stability,
wide applicability, convenient size
and simplest possible operation.
Highest quality components and
materials are used in construc-
tion; utmost care is taken in man-
ufacture. Instruments are thor-
oughly tested by swept frequency
or other advanced techniques be-
fore shipment, and are warranted
to meet or exceed specifications.
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@ Microwave Equipment for Waveguide and Coaxial Systems

Hewlett-Packard microwave test equipment is designed to provide a
complete set of high-quality, low-cost instruments for measurement of
microwave parameters including power, impedance, noise figure, attenu-
ation, frequency. The equipment includes complete instrumentation for
both coaxial and waveguide fields, and it has been designed for broad-
band coverage, high stability, broadest application, convenient size and
simplest possible operation. High-quality materials are used in careful
manufacture, and all units are thoroughly tested before leaving the
factory . . . and are warranted to conform with, or exceed, specifications.

Letter Designations

Model numbers of # waveguide components are normally preceded by
a prefix letter, which designates the waveguide size and frequency band
of the instrument. Following is a chart of standard waveguide specifica-
tions for these bands:
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Many ® instruments also have suffix letters in the complete model
number. Normally an "A" suffix identifies the original instrument,
while "B,” "C” and other suffixes indicate a revised, modified or special
version of the basic model. However, in the case of certain @ micro-
wave elements, the suffix letter indicates specific attenuation or coupling,
as follows:

A 3 db D 20 db
B 6 db E 30 db
c 10 db F 40 db

Thus, the 20 db coupling version of & 750 Cross-Guide Coupler will be
designated as @ 750D. The model of the 750 built for 1" x %" wave-
guide will, of course, have the prefix "X,” so that the complete model
number of a 750 series Coupler with 20 db coupling for use with
1" x 1" waveguide is @ X750D Cross-Guide Coupler.

Flanges

All ® waveguide instruments are equipped with precision cover flanges.
When it is desired to connect between @ instruments and a choke
flange system under actual operating conditions @ 290A Cover-to-
Choke Flange Adapters may be used. K band and R band waveguide

equipment is normally supplied with rectangular flanges. However,
when specified, circular flanges may be obtained on most K and R band
instruments at no extra charge.

How to Use This Catalog

Contents of this ) microwave instrumentation catalog have been con-
veniently arranged to insure maximum usefulness, and indexed on the
right edge of page 3. To locate information on a given frequency range
or measurement subject, just thumb through the catalog at the spot
marked by the index tab . . . until you see a matching tab.

In addition to a discussion on fixed and swept-frequency measuring
techniques, which prefaces the listing of instrumentation, the catalog
includes a complete listing of Hewlett-Packard microwave equipment,
organized primarily by frequency band designation. Thus, the catalog
contains listings by the bands listed above, plus sections on 1 to 4 GC
coaxial measurement, useful signal generators, SWR and impedance
measurement equipment, power measuring instruments, noise figure
equipment, frequency measurement and power supplies, all applicable
to microwave work.

@ Application Notes relevant to microwave measurement and available
without charge, are listed on the inside back cover of the catalog.

Suggestions for Ordering

@ instruments should be ordered by catalog model number—for example,
Model X810B Waveguide Slotted Section. To speed delivery, include
significant specifications and specific instructions in your order whenever
you desire special options or features such as non-standard color, power
line woltage, etc.

Many # instruments are available in cabinets for bench use or with 19"
panels for rack mounting. The letter "R’ after the model number indi-
cates a rack mounting instrument.

Your order should be made out to the Hewlett-Packard Company and
sent to Palo Alto, California, through your local & representative (see
back cover) or directly, if you prefer. Outside the United States, your
order often can be placed directly on your local @& distributor or repre-
sentative (see back cover). Alternatively, your order can be made out
to Hewlett-Packard Company (Hewlett-Packard S. A. if you are in
Western Europe) and sent to the appropriate & office, either directly or
through your local & authorized sales office.

Repair parts are ordered in the same way as instruments and should be
designated by the @ stock number shown in the instruction manual and,
if possible, by the schematic diagram circuit reference number. Model
number and serial number of the instrument, and original purchase
date should also be given, if known.

Instrument service and repair are provided both at the factory and at
many field service centers (see back cover). Field servicing of instru-
ments is normally faster; however, if you wish to return an instrument
to the factory for repairs, recalibration or for any other reason, please
contact Customer Service, Hewlett-Packard Company, 395 Page Mill
Road, Palo Alto, California, phone: DAvenport 6-1755, for shipping
instructions. Please give model number, name, serial number and as
much other information as possible concerning the reason for return.

More than 50 engineers at Hew-
lett-Packard devote their full
time to the development of new
microwave products. This re-
search and development effort,
the most extensive of its kind in
the industry, results in a con-
tinuing flow of new microwave
equipment.



MICROWAVE MEASURING TECHNIQUES

Swept Frequency

In using microwave test equipment, an engineer relies heavily on
the manufacturer's specifications to assure performance of his test sys-
tem. He cannot afford tedious and complex pre-testing before using the
microwave equipment,

Hewlett-Packard has always been keenly aware of its responsibility to
the ultimate user of its microwave test equipment. @ operating philoso-
phy calls for the best design consistent with state-of-the-art microwave
concepts, plus production processes to provide the finest quality micro-
wave test equipment at nominal expense. Even more important than
design and production is the test method used to assure that the equip-
ment performs equal to or better than published specifications. In the
test process used at @3, known as full-range testing, each item is tested
at all points within its frequency band, usually with a sweep oscillator.
To provide full-range testing on a production basis Hewlett-Packard
pioneered the reflectometer concept of swept frequency reflection test-
ing. Not only have these techniques led to more comprehensive testing
of Hewlett-Packard’s own instruments, but they also have offered speed
and accuracy to microwave measuring applications throughout the
world. Full-range testing techniques are now widely known and widely
accepted.

As new equipment has been developed, Hewlett-Packard engineers have
refined and improved the techniques of full-range testing and applied
them to even more measurement problems. To a unique degree ® has
been able to do this in its own waveguide test department. The speed
of testing and the comprehensive results obtained more than offset the
slight increase in cost of a given test setup.

Systems for Full-Range Testing

Early reflectometers were subject to a variety of calibration errors. Ini-
tial calibration is generally performed with a 100 per cent reflection,
such as a sliding short. Subsequent tests on a low-reflection unknown
may cause error by placing the reverse detector in a much lower power
region. Other scalar errors must also be considered.

An improved reflectometer system which materially reduces calibration
errors has been developed at Hewlett-Packard. This arrangement (see
Figure 1) enables continuous calibration over the entire frequency
range by means of a broadband rotary vane attenuator in the secondary
arm of the reverse coupler.

The attenuator, in effect, pre-inserts the return losses anticipated for
actual tests. With the attenuator in the system, a frequency sweep of
the reference short yields calibration traces that include most system
errors. A series of such traces can then be compared with the perform-
ance trace of the instrument being tested on a go/no-go basis.

Scalar errors caused by nonmatch of the coupling factors, variation of
detectors with frequency and power, and errors in the ratiometer and
X-Y recorder can be disregarded because of their inclusion in the cali-
bration curves. Overall accuracy of the system is still limited by the
reverse coupler directivity vector—a short-coming of any high-directivity
reflectometer system.
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Fig. 1 Improved setup for sweep frequency SWR

measurements,

This improved technique can be modified for a wide
variety of basic measurements and has been adopted
for production test of most Hewlett-Packard micro-
wave instruments. SWR, directivity, attenuation, crys-
tal matching, and TWT noise figure measurements are

casily

performed.

Step-by-Step Procedure

for
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Measuring SWR

Connect the 100 per cent calibrating short to
the reverse coupler, see Figure 1.

Set the expected value of return loss into the
standard rotary vane attenuator. For instance,
if the expected SWR is 1.2, the standard atten-
uator should be set to 20.8 db. (Return loss
= 20 Log p = 20 Log [SWR —I/SWR +1].}

Set the ratiometer range and the X-Y recorder
sensitivity to keep the pen on scale,

Sweep the frequency generator over the requir-
ed range to obtain a calibration plot of fre-
quency vs. SWR,

Reset the attenuator to simulate other SWR
values and plot additional calibration lines. A
series of typical calibration lines is shown in
Figure 2. Two calibration lines give enough in-
formation for go/no-go tests.

Replace the calibrating short with the unknown
load.

Return the standard attenuator to zero db and
trigger the final measurement sweep. The col-

ored trace in Figure 2 shows an instrument
SWR characteristic between 8.2 and 12.4 GC.

Where repeated tests of identical instruments
are to be performed, the calibrating traces can
be inscribed on transparent paper to compare
with measurement traces.

A self-imposed requirement of
full-range testing of & micro-
wave equipment has led to the
development and refinement of
swept-frequency techniques
shown here. Equipment is
production tested, not just at
random points, but over its en-
tire range, to assure that it
meets its rigid specifications.

S Band
G 3.95 to 5.85 GC
Band J
Banc
5.3 to 8.2 GC
7.05 to 10.0 GC

H Band

8.2 to 12.4 GC

X Band

12.4 to 18.0 GC

P Band”

18.0 to 26.5 GC

K Band

26.5 to 40.0 GC

R Band

10 to 15 GC
Band
TWT's, miscellaneou:
equipment

1 to 4 GC Coaxial
Measurements

SWR, Impedance

Measurements
Signal Generators

Power
Measurements

Noise Figure
Measurements

Frequency
Measurements
Power Supplies
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Fig.2 Typical SWR plot.

A setup for swept frequency attenuation measurements is illustrated in
Figure 3. Here, the reflected channel of the ratiometer becomes the
transmission channel because the coupler-detector is placed in the for-
ward direction. The transmission detector should be isolated by a
coupler or pad to provide good matching over the entire test band.

Calibration traces are plotted with the precision attenuator set on
and around the expected values of attenuation, The unknown is inserted
in the line, and the standard attenuator returned to zero db. The final
test sweep is then run with the unknown attenuator. Characteristics of
a flap attenuator set to 15 db are shown in Figure 4.
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Fig. 3 Setup for accurate sweep frequency attenuation measurements.

The measurements described here can also be made with coaxial sys-
tems. Broadband coaxial pads of various values provide the standard
of attenuation when calibrating the equipment.

Measurements in coaxial systems would, however, be less accurate than
those in waveguides because random directivity errors are somewhat
larger in coaxial couplers.
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Fig. 4 Attenuation characteristics of a flap attenuator.
Measurement Errors

The errors inherent in broadband measuring procedures are divided
into vector errors and scalar errors. Vector errors are primarily due to
imperfect directivity of the reverse couplers. Typical multi-hole preci-
sion couplers with directivities greater than 40 db give reflection co-
efficient errors of 0.01 in the final reading.

A second vector error is due to variation in the matching of the stand-
ard attenuator in the calibration and measurement steps of the test pro-
cedure, This causes slight variations of transmitted power in going from
the "Calibrate” to "Measurc” condition. If the attenuator has an SWR
of 1.15, the ambiguous mismatch error is less than 0.4 db (equivalent to
a 5 per cent error of the reflection coefficient value).

Inaccuracy of the standard attenuator is the major contribution to scalar
error. & rotary vane attenuators have specified accuracies of 2 per cent
of the reading. For a return loss measurement of —20 db, such atten-
uator inaccuracies would result in a 5 per cent error of reflection coeffi-
cient value. Such errors can be minimized through point-by-point cali-
bration of the standard attenuator. All other scalar variations are cali-
brated out by the test procedure.

Fixed Frequency

Although swept frequency techniques have been refined to a high
degree of accuracy, fixed frequency methods of microwave measure-
ment are also used. They offer the highest precision attainable for
individual measurements because the small inherent mismatch ambigu-
ities, which must be tolerated on a broad frequency sweep basis, may
be individually tuned out.

Microwave Standards Laboratory

One of today's best examples of fixed frequency measuring precision is
found in the continuing work of the Hewlett-Packard Microwave Stand-
ards Laboratory, which devotes full time to advancing the art of stand-
ards measurcments, The techniques used are painstaking and tedious,
but the results are completely worthwhile. Continuing correlation of
the Hewlett-Packard microwave house standards with the available
certification services of the National Bureau of Standards assures that
high accuracy is built into all % microwave equipment. Traceability to
the National Standard, wherever the certification service is available,
can be supplied for the applicable % microwave instruments.

Hewlett-Packard prepares many
instruments for shipment with
the newest skin-pack technique.
Parts are firmly affixed to heavy
sheets of card stock with an ov-
erall plastic coating, which
forms arigid and protective film.
These and other packing meth-
ods assure safe delivery of in-
struments to the user.



Frequency Measurement

Hewlett-Packard frequency measuring systems are classed according to
the measurement precision desired. For general use a series of cavity
frequency meters is available. These depend for their accuracy on the
precise control and calibration of a high Q resonant cavity coupled
into a transmission system. At the resonant frequency a slight reaction
is observed on the transmission of the microwave energy which shows
up as a slight dip in the output power. Cavity frequency meters are a
general purpose test tool for laboratory and production use and are
available in coaxial and waveguide ranges from 1 to 40 GC.

For extremely precise frequency measurements, heterodyne counter tech-
niques are used for measurements extending from the very lowest of the
microwave frequencies up through 40 GC. Counter accuracy is achieved
by zero-beating harmonics of the @ 540B Transfer Oscillator against
the unknown microwave frequency, and reading the 540B fundamental
frequency to high accuracy on an @ digital counter. Broadband mixers
are available for the entire frequency range. The heterodyne system is
highly flexible and can perform measurements on pulsed and FM sig-
nals as well as on CW systems. Heterodyne measuring techniques are
described in Application Note 2.

Impedance Measurement

The primary microwave standard of impedance measurement is the
slotted line which ® provides in coax and waveguide systems from
500 MC through 40 GC. Slotted line sections are designed for lowest
residual SWR consistent with their intended broadband operation.

Below 500 MC slotted lines become somewhat unwieldy because of
their large physical size, so an impedance bridge technique is used
for direct measurement of impedance in both magnitude and phase,
see photograph on page 25. The @ 803A Impedance Bridge operates
from 52 to 500 MC with direct readout. The bridge is balanced by
means of a sensitive super-regenerative receiver, ® Model 417A.

Attenuation Measurement

Precise attenuation measurements throughout the entire coaxial and
waveguide frequency range to 40 GC are possible with & microwave
equipment. Primary measurement techniques include the power ratio
method as well as rf or IF substitution methods. Common to most of
the measurements are signal generating sources and detection equipment
as well as substitution attenuators required in the various frequency

bands.

In the power ratio method, the signal source is connected to a detector
mount through a length of lossless transmission system for which the
unknown attenuator may be substituted. A reading is obtained on the
output indicator after which the lossless length is replaced by the atten-
uator being measured. The power change at the output indicator is then
a measure of the attenuation. A detector mount employing a barretter
is commonly used because it permits a wider range of attenuation meas-
urement, The attenuation in decibels may be read directly from the &
Model 415.

RF substitution depends on substituting an attenuator of known char-
acteristic for an unknown attenuator. For instance, the output attenu-
ator of any ® signal generator may be used as the standard attenuator.
As the unknown attenuator is inserted in the system the standard rf
attenuator is cut out until the previous reference reading is re-obtained.

The difference between the reference attenuator settings is then the
attenuation of the unknown attenuator in db. Since the detector is
always operated at the same level, the knowledge of the detection char-
acteristics is not necessary.

Power Measurement

In the microwave region, power measurements are considered to be
more basic than current or voltage measurements, since power is in-
variant with position of measurement on a lossless transmission line.
In the power range up to 10 mw, measurements are customarily made
by use of temperature-sensitive elements such as bolometers. Bolometers
are tiny elements which convert rf power to heat and, in turn, vary
their resistance in proportion to the temperature change of the element.
They are normally used in a bridge configuration which allows the
change of resistance in the bolometer to be determined by external
audio or dc techniques. Automatic balancing bridges, such as the &
430C and 431A provide automatic af substitution techniques which
read out directly in rf power. A complete line of coaxial and wave-
guide bolometer mounts is available for the frequency range 10 MC
through 40 GC.

For the intermediate power range up to 10 w @& offers the unique
434A Calorimetric Power Meter, which makes direct, convenient and
accurate measurements much faster than conventional calorimeter re-
sponse. The instrument depends for fast action on an oil flow system
which moves heat quickly from the rf dissipating element to the tem-
perature-sensing bridge elements. The & 434A offers overall accuracy
of 5 per cent for power measurements from dc to 12.4 GC.

Noise Figure Measurement

@ automatic noise measuring equipment is specifically designed to
speed the measurement and optimization of amplifier and receiver noise
figures. The continuous presentation of noise figure aids even semi-
skilled operators in tuning adjustments which increase performance
from microwave receivers.

Hewlett-Packard automatic noise figure measurements depend upon the
periodic insertion of a known excess noise power at the input of the
device under test. Subsequent detection of noise power results in a
pulse train of two power levels. The power ratio of these two levels
contains the desired noise figure information. Hewlett-Packard noise
figure meters automatically measure and present this ratio directly in
db of noise figure.

@ 344A Transistorized Noise Figure Meter has been specifically de-
signed for radar system applications where time-shared noise figure
measurements are extremely important to assure that radar sets are
operating at peak performance.

@ noise sources are available in all frequencies between 10 MC and
18 GC to allow measurements on all rf devices in this range.



2.6 to 3.95 GC

Instrument Frequency Range Characteristics Price
8168 Signal Generator 1800 4o 4200 MC Output 0.1 uv to 0,233 v In+o.50 ohmtsuad.'l'ulse_, CW or FM modulation.
Direct caiibration
Z Electronically swept; variable sweep rate, width. Output 10 mw,
£83C Swanp Oscillator 2-46C SWR 3 or less. Pulse, square wave, FM, AM modulation. Leveled output
490B Microwave e 1 .
Amplifier 2-4 GC 30 db gain; AM, helix input; 10 mw output
491C Microwave L g .
Amplifier 2-4GC 30 db gain; AM input; | w output
g Shipping
Model Description Accuracy Range (Ei?: 1 [:::::sr) {%::E::) \:o"i ql;l Price
s.
S2BIA Adapter, waveguide to coax 1.25 k] I
S290A Adapter, cover-to-choke flange 3 7
5347A Noise Source, waveguide =405 db 5.2 db 1.2 221/ 17
5370 Attenuators, fixed +20% 3,6,10 20db 1.15 12 12 i
§372 Attenuators, precision fixed =+0.5 db 10, 20 db 1.05 2 46 37
4+ db at <10 db
S375A Atenuator, flap %2 db at =10 db 0-20 db .15 7 1414 14
[ s3m0A Attenuator, waveguide +0.3 db at 3 GC 0-10 db 1 13
== Response: =1 db Sensitivit
54850 Detector Mount Sq. Taw: <105 db s L 1.5 | 4y 5
S485A Detector Mount 1.35 411/16 5
S4BLA Tharmistor Mount, compensated 0.001-10 mw 1.35 3 2
54878 " Thermistor Mount, broadband 0.01-10 mw 1.35 2% 5 3
S750 Directional Couplers, cross-quide +1.7 db 20, 30 db x9 16
5752 Directional Couplers, mulfi-hole | | Mean: +04 db 3,10, 20 db 1.1, 1.05, 1.05 50Ys, 48, 48 40
Slotted section, and ¥ G
S8loA carriage Waveguide 1.01 123 15
(444A) (Detector Probe for S810A) mn
: Insertion [oss: Corrects
SB70A Tuner, slide screw <2 Qb at 20:.! SWR 5‘_"!’_" o_f 20—_ ; 11 .li
SPI0A Termination, low power 1.04 104 10
S912A Termination, high power 1.1 100 1514 18
S914A Moving Load ko] Reciuction >1 wavelength 2% 19
S920A Adjustable Short >4 wavelength 10-7/1& 10
525 Waveguide Clamp
24 | - Wavequide Stand

Data subject to change without notice. Prices f.0.b. factory.

An automatic test set including
a special bench setup and
counter and printer provides a
careful and effective drift check
for & 606/608 Signal Genera-
tors, each of which is operated,
under test, for 60 minutes after
a 30-minute warmup, with a
complete check of drift made
every 10 minutes. This and simi-
lar other tests assure that @& in-
struments will meet specs.




Instruments and equipment

Moseley 135 Recorder

S914A )

This simple measurement setup demonstrates sweep frequency techniques possible with & S Band instrumentation

S912A ZiiA 6168

Typical & S Band fixed frequency measurement setup is shown with other related @9 S Band instrumentation

The & “Product-Centered” con-
cept of production resultsinsin-
gle production lines that begin
with the raw materials and end
with the finished product, the
same workers completing each
production “run” of a given in-
strument. This techniqueresults
in familiarity with the product,
critical self-inspection and a de-
sire to excel. For the customer,
it means better products, even
in mass production. 7
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G-BAND 3.95 to 5.85 GC

Instruments

Shipping
SWR Power Length
Model Description Accuracy Range (Max.) (watts) linches) ‘rlifﬂi' Price
G281A Adapter, wavequide to coax | - I 1.25 2 2
G290A Adapter, cover-to-choke flange i 2 3
_ GMIA Noise Source, waveguide +05 db 15.2 db 1.2 19 [E St
G370 Attenuators, fixed +20% 3, 6 10, 20 db 1.15 1 10V 5
G372 Attenuators, precision fixed +0.5 db 10, 20 db 1.0 2 | 30 13
carsA Attenuator, flap L gnatail b 020 db 115 2 13 9
_iZ% of reading,
G382A Attenuator, calibrated, precision or 0.1 db which- 0-50 db 1.15 15 315 13
== ever is greater |
Response: =1 db Sensitivity:
485D Detector Mount Sq. law: <05 db 0.2 v/mw 1.50 VA 3
G4g5B Detector Mount with ;’_;;’9"‘" 9-5/16 5
G486A Thermistor Mount, compensated 0.001-10 mw 1.50 4 3
©4878 Thermistor Mount, broadband [ opi-10 mw 150 2 3
G524 Freq. Meter, direct reading T, Ay o x 9y x5 I
G750 | Directional Couplers, cross-guide 17 db 20, 30 db bxb 7
G752 Directional Couplers, multi-hole gl by | w0 - 2 34%, 33, 33 19 |
G8aloB Slotted Section, waveguide | 1.01 10y 5
(809B) ({carriage for 810B) (8)
{444A) (Detector Probe for 809B) )]
B Insertion loss: Corrects
GETOA Tuner, slide screw <2 db at 20:1 SWR SWR of 20 1A 7
G910A Termination, low power ; 1.04 2 &5 4
G914A Moving Load Load reflection: |1 wavelength 2 17 10
- —_— - - - o .
G920A Adjustable Short >/, wavelength 7-13/16 4
=25 Waveguide Clamp E
24 Waveguide Stand

1920

14878
1290A i P

J910A

@ J Band Microwave Equipment
permits a wide variety of measure-
ments, The ] Band instruments
are pictured here




5.3 to 8.2 GC J-BAND

3.95 GC

to

and equipment Tl

Instrument Frequency Range Characteristics Price

" Output 0.1 pv to 0.223 v into 50 ohm load. Pulse, CW, FM or
&18B Signal Generator 3800 - 7600 MC square wave modulation. Direct calibration

620A Signal Generator 7000 - 11,000 MC Same as &18B

Electronically swept: variable sweep rate and width. Output

684C Sweep Oscillator 4-8GC 10 mw, SWR 3 or less, Pulse, square wave, FM, AM
modulation. Leveled output

492A Microwave 30 db gain; AM, helix input; 10 mw oufput
Amplifier
493A ﬂ:gﬁ‘&r’f 4-86GC 30 db gain: AM input; | w output
ot SWR Power I Length Shipping 3
Model Description Accuracy Range (Max.} {watts) (inches} YI?:?.T‘ Price
(1 3'0'2? 1% 2
Adapter, wavequide to coax ; st

o 2 _ 5.35.5 GC) !

J290A Adapter, ccver__—k;—c}m!;e fla___nqe . 134 2
T J347TA NO‘IS.E Source, waveguide =% +0.5 dl_) 15.2 db 1.2 | _” 12
T n i Aftenuators, fixed +20% | 3,510,20db I i 8 5
a3 ] Attenuators, precision fixed +0.5 db 10. 20 db 1.05 2 22, 12

J375A Attenuator, flap %-LI, gg :: gég gt 0-20 db 1.15 2 13 9

—== +2% of reading | = Tl

J3BzZA Attenuator, calibrated, precision or 0.1 db which- 0-50 db I.15 10 25 24

ever |s__greaie_r__ - | y A

TP A | Response: =1 db Sensitivity: [

J485D Detector Mount Sq?sliw:m{-i_':o.s db | ;;s“'}"n:w" 1.5 A 3
3 J4g5B Detector Mount with barretter % 5
_,1435A Thermistor Mount, compensated 0.001-10 mw 1.5 33 3
" Jag7B | Thermistor Mount, broadband 0.0I-10mw | 150 2 1%

J532A Frequency Meter, direct reading iiﬂﬁ?ggg%/,afoszraﬁlu Bl x 9 x 4l i
— J750 | Directional Couplers, cross-guide = +1.7 db 20,30db Ex6 4
= o _ M AR : Mean: +0.4 db 1.10, 1.05, 2615, 25-9/18,

J752 Directional Couplers, mulh-ijo}a Vari:?rfr:)n:'_iﬂ.s b 3, [o..zo db 105 | - __I_/iﬁ-'?flﬁ 14

Jal0B Slotted Section, waveguide 1.01 101s 4

(8098B) (Carriage for 8I0B)

(444A) {Detector Probe for 809B) | =
IT " I i loss: C iy

s Tyasr; alide soeew | <2'db ot 2071 SWR | SWR of 20 i % 5 B

“JBB5A Waveguide Phase Shifter Lesser of 3° or 10% —360° to +360° 1.35 10 25 f 25
| J910A Termination, low power | — 1.02 I 8-3/16 4

J914A Moving Load '-°ad<%f§[;f"°" =1, wavelangth 2 131 9

J920A Adjustable Short .;"\'I/g. wavelength - b1/ | 3
| U1 Waveguide Clamp |

24 Waveguide Stand ]

Data swbject to change withont notice. Prices f.0.b. factory.

All flanges on all Hewlett-Pack-
ard microwave equipment are
precision machined on modern
lapping machines, a thorough
process which produces sur-
faces with controlled convexity
(15to 30 nin./in.), 10 uin. rms sur-
face finish, and produces supe-
rior performance specs with
minimum rf leakage and discon-
tinuity at equipment joints. After
lapping, flanges are inspected
optically, as well. 9




7.05 to 10.0 GC

Instrument Frequency Range Characteristics Price

OQutput 0.1 uv to 0.223 v into 50 ohm load. Pulse, FM or

620A Signal Generator 7000 - 11,000 MC square wave modulation. Direct calibration
Electronically swept; variable sweep rate and width.
go%"ﬂ}""oc Sweep 7-116C Output 10 mw, SWR 3.1 or less. Pulse, square wave, FM,
LA AM modulation. Leveled output
f:;;“%lf‘rowave 7.0-124 GC 30 db gain; AM, helix input; 20 mw cutput
495A Microwave A .
Amplifier 8.2-124G6C 30 db gain; AM input; | watt output
o SWR_ Power Length Shippin
Model Description Accuracy Range {(Max.] (wats) (inches) vr'i%% Price
H28lA Adapter, waveguide fo coax 1.25 14 1
F H250A Adapfer, cover-to-choke flange 14 1
H347A Moise Source, waveguide -+0.5 db 15.2 db, 7.05-10.0 GC 1.2 ) 16 &
H370 Attenuators, fixed +20% 3,4, 10,20 db 115 1 &% 3 N
HI72 Aftenuators, precision fixed +05 db 10, 20 db 1.05 ] 207 &
H375A Attenuator, flap e 0-20 db 115 2 84 5
» 12;/9 of reading, r
H382A Attenuator, calibrated, precision or 0.1 db, which- 0-50 db 1.15 10 19-15/16 23
ever is greater
Freq. Resp.: =2 db; > |
H421A Detector Mount ens.: approx. —40 to 0 dbm 1.5 2
0.05 v/mw
with
H485B Detector Mount balrrfsﬂer 6% 3
H4B6A Thermistor Mount, compensated 0.001-10 mw 1.5 3%
H4a78 Thermistor Mount, broadband To0l-lomw | 15 1-5/16 2
H532A Frequency Meter, direct reading i—fﬁ?ggs?’gjna;vﬁ;ﬁ' 81/ x 8 x 4% 1"
H750 Directional Couplers, cross-guide +1.7 db 20,30 db - i 4x4 3
H752 Directional Couplers, multi-hole Va“fi‘;?;";nj—”i;‘;zb 3,10,20 db i | 18%, 17V, 17V, 5
Hsl08 Slotted Sections, waveguide 1.01 S 104 4
(SO?B]] (Carriage for 810B)
(4444 (Detector Probe for 809B)
: Insertion loss: Corrects
He70A Tuner; slide screw <2 db af 20:1 SWR SWR of 20 6 4
| Hl0A Termination, low power 1.02 I 55, 2
H14A Moving Load kst o aiows > 12 wavelength [ 1Y 4
[ H920A " Adjustable Short > wavelength e 2
H2s Waveguide Clamp
24 Waveguide Stand

Data subject to change without notice. Prices f.0.b. factory.

Uniformity of products and
economy to the buyer are as-
sured with Hewlett-Packard'’s
extensive die casting capability.
Modern techniques and com-
plete facilities in the & plant
assure close control to produce
equipment of uniformly high
precision quality at prices which
offer real savings to the user.




Instruments and equipment

This typical @ H Band sweep
frequency measuring system for
SWR is easy to set up and
calibrate

senilh

H486A g > Miscellaneous @ H Band equip-
B ment is shown with a typical
H Band fixed frequency measuring

Every microwave instrument
manufactured by & is given a
final pre-packing check in Qual-
ity Assurance, where tests range
from visual to elaborate elec-
tronic checking. The instru-
ments go directly from this final
check line into the packing de-
partment and to inventory or the
shipping dock.

system. Calibration depends on the
standard attenuator

FRAL

HERLET-PACKAR.




8.2 to 12.4 GC

n Shipping :
Model Description Accuracy Range { 15‘\:‘):1 ) [':::*fsr} (li-:gl?e':} v{vﬁ; sg|;| Price
¥281A Adapter, waveguide to coax 1.25 Ifa |
xzsdA i Adapter, cover-to-choke flange /2 A
X347A MNoise Source, waveguide +0.5 db 15.2 db b 1434 4
B i Insertion loss, Pass- :
" d ¥ Passband: 8.2-12.4 GC Passband
Low Pass Filter band: <1 db : 5.01/32 1
X362A QWi Stopband: =40 db Stopband: 16.0-37.5 GC 1.5
X370A Attenuators, fixed +20% 3, 6, 10, 20 db 1.15 | A 2
X372 Attenuators, precision fixed 05 db 10, 20 db 1.05 1 19/ 5
X3T5A Attenuator, flap TLba R 0-20 db e 2 7:3/16 5
[ I =+2% of reading or
A3s2A Attenuator, calibrated, precision 0.1 db, whichever is 0-50 db 1.18 10 1555 13
greater
Freq. Resp.: =+
Xa21A Detector Mount e e e | —40t00dbm 15 ]
X4858 Detector Mount with ;b.;;reﬂm " ”
.Ebﬁ. Thermistor Mount, compensated 0.001-10 mw 15 i 2
X4578 |  Thermistor Mount, broadband 0.01-10 mw 1.5 1-3/16 !
%5328 Frequency Meter, direct reading i;b?ggg%:;v?raﬁ‘ 8.2-12.4 GC Ay x 6V x 2% 6
X?sn___Direcﬁunal Couplers, cross-guide +1.7 db 20, 30 db 3x3 2
=1 16-11/16
. . : Mean: +0.4 db 1.1, 1.05, !
X752 Directional Couplers, mulfi-hole | y Me3n5 00 90, 3,10, 20 db 4 [ 11171, 4
W XBII:IE Slotted Section, waveguide 1.01 1004 4
(809B) (Carriage for 810B) Slope: <1.01 SWR
[444A) (Detactor grobe for BOYE)
XBTOA Tuner, slide screw {EI r:is;rji'o;tl:[?s;iﬂll Corrects SWR of 20 L1773 3
X880A E-H Tuner Insertion 1055 | Corrects SWR of 20 VA 3
<2° at8.2-10.0 GC
X8B5A Waveguide Phase Shifter <10 aflooace | —360° to 43607 1.3 15V; 15
or 10%
X108 Termination, low power 1.02 I &7 2
X912A Termination, waveguide 1.1 5,0 8l 3 -
X914B Moving Load Load Reflection: =1/ wavelength 1 10 3
X916C Standard Reflection s Nom, Reflact: 8% 4
X916D Standard Reflection Costitiant: Mot S ech: 8% 4
X916E Standard Reflection Cos i poa. allech: 8% 4
[ x920A Adjustable Short >V wavelength 47 2
3 " ) Open: 1.02 3-11/18
X930A Waveguide Shorting Switch Insertion loss ''open®: "'Shorted:" 2
.05 db =125
= X258 Waveguide Clamp
24 Waveguide Stand

Data subject to change without notice. Prices f.0.b. factory.

Hewlett-Packard’s in-plant man-
ufacture of many of its own com-
ponents permits close control
on quality and maximum flexi-
bility in the design of instrumen-
tation. Electrical specifications
of instruments likewise can be
improved with such & manufac-
turing as precision wire-wound
resistors used in microwave in-
strument ranging.




Instruments and equipment

Instrument Frequency Range Characteristics Price

5 Output 0.1 uv to 0.223 v into 50 ohm load. CW, Pulse, FM or
620A Signal Generator 7000 - 11,000 MC square wave modulation. Direct calibration

10.0 to 155 GC Output =10 dbm to —90 dbm. CW, Pulse, FM or

£26A Signal Generator square wave modulation. Direct calibration

Electronically swept; variable sweep rate and width. Output
686C Sweep Oscillator 8.2-124GC 10 mw, SWR 3.1 or less. Pulse, square wave, FM, AM
modulation. Leveled output

‘f;?:“*f':;ff"‘“"e 7.0- 124 GC 30 db gain; AM, helix input; 20 mw output
fri‘:n';.’::‘;m“'a“ 82-124 GC 30 db gain; AM input; | waft output

X347A

This broad array of Hewlett-Packard equipment is available for measurement in the microwave X-Band

Hewlett-Packard instruction
manuals are written and printed
for the convenience of the user.
They serve as a guide to simple
tustomer maintenance and ad-
justment, providing complete
schematics, replacement parts
lists and even theory of circuitry.
Direct, easy to use, these in-
struction manuals are produced
by a trained staff of technical
writers and illustrators, working
with @ sales and R&D engineers
to provide maximum usefulness.




12.4 to 18.0 GC

Instrument Frequency Range Characteristics _ Price
3 - Output +10 dbm to —90 dbm. Pulse, FM or square wave
&26A Signal Generator 10.0 to 155 GC modulation. Direct ca'lii:raﬁqn q
628A Signal Generator 1510 21 GC | Same as 626A
- El'ecfroniga'liv swept; variable sweep range and rate.
687C Sweep Oscillator 12.4 to 18.0 .GC Laveled output =2 db, 10 mw eutpit
Beam voltage, 250 to 800 v dc @ 100 ma; repeller
;L‘;b Kiystron oues voltage, 0 fo 800'v. Clamped modulator, regulated dc
¥ AT # filament supply
SWR Power Length | Shipping
Medel Description Accuracy Range {Max.) (watts) (inches) \{\ll'g.sglln- Price
P290A Adapter, cover-to-choke flange T -
NP292A Adapter, waveguide-to-wavequide : I5-18 GC 1.05 2% 1
T P34TA Noise Source, waveguide +0.5 db 15.2 db, 12.4-18.0 GC 1434 3
= Insertion loss, Pass- o
g , ; Pass: 12.4-18.0 GC Passband
P362A Low Pass Filter S+ob:£;]r;d‘:<l>g§ i Stop: 23-54 GC 1.5 311716 1
P30 Attenuators, fixed +20% 3,6, 10,20 db 1.15 | 41/ |
P72 | Attenuators, precision fixed +0.5 db 10, 20 db 1.05 1
'_93:.'5,\ Attenuator, flap _E'_ZI gt :{{: ;IIg ?.lill; 0-20 db L15: I A 5
T +12% of reaﬂing or
P382A Attenuator, calibrated, precision 0.1 db whichever is 0-50 db 1.15 5 121 13
greater
Pa2IA Detector Mount Freohsn o8 vimw | —40t00dbm 15 I
PABEA Thermistor Mount, compensated 0.001-10 mw 1.5 24 2
[ pag7B Thermistor Mount, broadband 0.01-10 mw 15 13/1% I
P532A Frequency Meter, direct reading i&'ﬁ?}: Sl 4y x 8V x 2% 5
- — 1.1 133
. 3 . Mean: 0.4 db
P752 Directional Couplers, multi-hole |\ R830" =-5 50, 3, 10,20 db 10 I Hiﬁ 3
PBIOB Slotted Section, waveguide 1.0l 1015 3
(809B (Carriage for 810B)
(4428 (Detector Probe for 809B)
PETOA Tuner, slide screw <2| r:’ste,rgr gugfséim Corrects SWR of 20 1-20:1 5 3
P80B E-H Tuner 5 Ipsertion 1o%iyR | Corrects SWR of 20 s 3
PBBSA Waveauide Phase Shifter Lesser of 4° or 109 —340° to 4-360° 1.35 5 12/ 12
| PIIDA Termination, low power - 1.02 | EUA |
PI14A Moving Load kpad égﬁ;:*hm > Vs wavelength 0.5 9% I
P920B Adjustable Short >/, wavelenath 5% 2
P?32A Harmonic Mixer
P25 Waveguide Clamp
24 Waveguide Stand

Machine brazing, rather than
conventional hand brazing, in-
creases the quality of many @
microwave instruments. R

heating prevents distortion, and
the special operation of these
machines assures that all flux is
removed from the silver solder.
These brazing techniques also
increase the efficiency of pro-
duction and reduce costs.

Data subject to change without notice. Prices f.0.b. factory.




Instruments and equipment

Moseley Recorder
1/l P382A

i

|

p o This P Band SWR calibration

setup assures that no sharp resonance
P314A reflections escape detection

*::"'::m‘ , P920B

4447 © P8T0A
2 - , PassA

A 0.P332A . PagIB .
il ; Miscellaneous @ P Band equip-
ment is pictured with a typical

i
‘ﬁ.-‘- P290A P Band fixed frequency setup

Each Hewlett-Packard instru-
ment is thoroughly tested, using
sweep frequency and other ad-
vanced technigues to give you
complete confidence in your
measurements. Full-range test-
ing of &» microwave instruments
gives you complete confidence
in every specification—in every
instrument. At Hewlett-Packard,
performance testing continues
right up to'the point of packag-
ing for shipment.




18.0 to 26.5 GC

Instrument Frequency Range Characteristics Price
626A Signal Generator Power monitor, 100 db attenuator. Pulse, FM or square wave B26A:
and 93BA Harmonic 20.0 to 265 GC modulation. (Requires MX292A Adapter $40.00, 938A:
Generator AC-122X $35.00) a
bB6C Sweep Oscillator
: Sweep all or part of range, pulse square wava, FM and AM. &86C: i
And isavRaradic Bl se (Requires MX292A $40.00, AC-122X $35.00) 93BA: }
487C Sweep Oscillator Svon ! |
. p all or part of range, pulse, square wave, FM and AM. £87C: |
G Fats 25 5e Requires MP292A $40.00, and AC-122P '$48.00) 938A:
: SWR Power Length Shipping «
Model* Description Accuracy Range (Max.} (watts) ticheEs) \I:flci’lsglif Price
Insertion loss, Pass-
' : : Pass: 18.0-265 GC | Passband |
K362A Low Pass Filter 51:;£:r;d:<>g€ a1l Stop: 31-80 GC 15 2% I
K370 Attenuators, fixed +20% 3,6, 10 20 db 1.15 0.5 3 I
K372 Attenuators, precision fixed +0.5 db 10, 20 db 1.05 0.5 111/
K375A Attenuator, flap sel el 0-20 db .15 05 A 3
K382A Aftenuator, calibrated, precision +2% or 0.1 db 0-50 db 1.15 2 75 9
K422A Detector Mount Freq. Resms £2db| 4010 —3 dbm 25 0.1 1
K486A Thermistor Mount, compensated 0.001-10 mw 2.0 27 2
K4l_!TC Thermistor Mount, broadband = 0.01-10 mw 2.0 I.-':fi; 1
K532A Frequency Meter, direct reading i—fh?ﬁ?}’&,a;vg?;ﬁ' 41/, x 5/ x 234 5
: Il 10
K752 Directional Couplers, multi-hole |  Mean: =07 db |3 19 20 ap 105 05 91516 3
et 1.05 9-15/16
KBIBB Slotted Section, waveguide 1.01 7-9/16 3
(BMB] (Carriage for BISB
(4468 (Detector Probe for BI4B)
KB70A Tibar. alida seraw Insertion loss: Corrects v, 3
il <2 db at 20:1 SWR SWR of 20 4
K9148 Moving Load L“déﬁg;fﬁ“: =14 wavelength 0.5 8l 1
K9208 Adjustable Short = wavelength 0.5 415 I
K25 Waveguide Clamp )
4 Waveguide Stand 1

*Circular flanges (UG - 425/U) are available for K Band. Specify by adding second suffix "C" to model number; e.g. K8I5BC.

Data subject to change without notice. Prices f.0.b. factory.




Instruments and equipment

18.0 GC

to
26.5 GC

Attenuation measurement in the
K Band is demonstrated with
this sweep frequency calibration
system

626A

Fixed frequency measurement
techniques in the K Band are
ideal for matching thermistor
mounts to transmission lines.,
K362A Miscellaneous @ K Band equip-
ment is shown in the foreground

Good engineering practices ensure that
Hewlett-Packard instruments are a gen-

uine contribution to the measurement

art, of broad usefulness, durable and

easily serviced. These practices begin

with the “breadboard” stage and con-

tinue through the actual production and

testing procedures. Careful design as-

sures incorporation of optimum com-

ponents for dependability, circuitry for

performance and packaging for useful-

ness, serviceability, customer economy. 17



26.5 to 40.0 GC

Instrument Frequency Range Characteristics Price
826A Signal Generator Power tor, 100 db att tor. Pulse FM or square wava 526A:
and 940A Harmonic 26 to 31 GC modulation. (leqsfres NP292A Adapter $40.00, ‘MIJA:'
Genarator 2 A AC-122P $48.00.) =
628A Signal Generator i 528A:
and 940A Harmonic 30 to 40 GC Same as above except requires MP292A Adapter, $40.00 940A:
Generator i
687C Sweep Oscillator ;
f Sweep all or part of range, pulse square wave, FM and AM. 487C:

AR iR Harmanic 24.8 1o 36.0 GC (Requires NP297A' $40.00, AC-122P $48.00.) 940A:

Model* Description Accuracy Range SWR Power Length S'wpipi;'q Pri

(Max.) {(watts) (inches) “%sg ) L3 2
R382A Low Pass Filter Lr::;h‘;llads;' ;f?;: Pass: 26.5-40.0 GC | Passband 1-21/32 1
band Rej.: >40 db | Stop: 47-1206C L *

R370 Attenuators, fixed +20% 3,6, 10, 20 db 1.1 0.5 3 1

R372 Attenuators, precision fixed +0.5 db 10, 20 db 1.08 05 10 3

RITSA Attenuator, flap 4 gpal ) ap 020 db 115 05 % 3

R3B2A Attenuator, calibrated, precision +2% or 0.1 db 0-50 db l_.IS- | Vs 9

RA22A Detector Mount Frea: Resp: 2200 | —40 o —3 dbm 25 0.1 1

R4BGA Thermistor Mount, compensated 0.001-10 mw 2.0 3 2

R487E Thermistor Mount, broadband 0.01-10 mw 2.0 1% I

R532A Frequency Meter, direct reading iju‘ﬁ ; a‘:vﬁ;ﬁ:' 26.5 - 40.0 GC 4l x 5l x 2% 4

e ; Mean: +0.7 db Ll 1%
R752 Directional Couplers, multi-hole Yariation: 0.5 db 3, 10,20 db }.05 0.5 g;t 3
R .05

RBISB Slotted Section, waveguide 1.01 7-9/16 3

814B {Carriage for 8158) Slope: <1.01 SWR

44468 (Detector Probe for B14B)

RB70A Tuner, slide screw <1| ':f:r;-;oﬁ:ll"éf\m Corrects SWR of 20 4% 3

R914B Moving Load Load Reflec.: <1.0% =14 wavelength 0.5 7 |

R920B Adjustable Short =4 wavelength 41/ |

R25 Waveguide Clamp

24 Waveguide Stand

*Circular Flanges (UG-381/U) are available for R Band. Specify by adding second suffix "C'' to model number; e.g. R8ISBC.

Data subject to change without notice. Prices f.0.b. factory.




Instruments and equipment

Typical R Band sweep frequency
setup is convenient for rapid
sweep of SWR

- b
f b P
R532A i L i, iR 486A b
by = %‘{ ST
. N 3_143 PERS1E b s This setup for R Band fixed
940A ) : ? Sl frequency measurement is useful
for matching thermistor mounts
R372 to transmission lines, Also

pictured is miscellaneous @ R
Band equipment

Complete environmental testing
facilities at & are responsible
for many superior and more
complete microwave instrumen-
tation specs. Such devices as
shake table, temperature boxes
and humidity chambers prove
that instruments will operate in
extreme environments, under
adverse conditions . . . or for
years in your laboratory.




10 to 15 GC

Shippin
o SWR Power Length PpPing 5
Model Description Accuracy Range (Max.) {watts) (inches) \:o'lilgl;t Price
Insertion loss
M362A Low Pass Filter Passband: <I| db; |Pass: 100-155GC|  Passband 4.15/32 I
M Siopband: Sko'db | StopiieaTGC | is /
M375A  Attenuator, flap 23 gg;: Sl gk 0-20 db 115 05 A 5
. Attenuator, calibrated, +2% or 0.1 db - e = il
_M_382_A precision | which ever is greater 0-50 db LIS 10 = 15 13 ]
Freq. Resp.: =2 db
M4zIA Detector Mount Sens.c 0,05 7w —40 to 0 dbm 1.5 I
z Thermistor Mount, | == = =il
MageA |  okitasatod o 0001-10mw | 15 | 3
M487B Thermistor Mounf, broadband ol 0.0l-lomw | 15 ' 15/16 =il =i
Frequency Meter, +0.053%, at 23°C. = ST
Ms32A N direct reading —+0.085% overall | = AV x lfa x 2% ) -
M752 Directional Couplers, multi-hole +04, +05 db 3, 10, 20 db 1.1, 1.05, 1.05 1 Iﬁ'sﬂ';.'n‘fillm' 4
MEBI0B Slotted Section, wavegquide N i 10 cm 1.01 | 10')’,1_ 4
8098) (Carriage for 810B) |
_444A} (Detector Erobe for 8095} =
Insertion loss: Corrects = -
_M&?OA i C Tuner, slide screw <2 db at 20:] SWR SWRof 20 | . . 5% 3 .
MII4A Moving Load '-°ad<"§;";°“°" >I/; wavelength <1.025 I 8-1/16 3
| M920A Adijustable Short >V, wavelength = B 7 i
| M25 ~ Waveguide Clamp g Xi — L
24 Waveguide Stand
nstrumen requenc ange Characteristics Price
Instrument F y R teristi i
i 0u+pui 410 dbm to —90 dbm. Pulse, FM or square wave
626A  Signal Generator 10.0 - 155 6C madulatian, Diract calibration,

& M382A

These equipment components
include a typical M Band fixed
frequency setup, plus miscellane-
ous @ M Band instruments

M314A

Data subject to change withont notice. Prices f.0.b, factory.

Advance production planning
and modern production tooling
assure utmost precision and
uniformity in & microwave in-
strumentation . . . and help per-
mit fast delivery from stock.
Complete tooling for the & 752
series of Waveguide Directional
Couplers, for example, provides
uniformity and quality from run
to run, reduces setup time to
speed delivery, reduces rejects
and lowers unit cost.




TWT Amplifiers, Miscellaneous Equipment

Microwave Amplification

@ 0 ik

& 495A

These Hewlett-Packard broadband, high
gain instruments give you high power
amplification over the frequency range
of 1.0 to 12.4 GC.

@® 489A, 491C, 493A and 495A medium power TWT
Amplifiers provide at least one watt output for one milliwatt
input over their complete frequency range, 1.0 to 12.4 GC
collectively. These instruments, which use periodic perma-
nent magnet TWT's, are lightweight, compact, have low
power consumption. They may be easily converted from cab-
inet to rack mount merely by removing the feet and attaching
brackets and a furnished strip. Amplitude modulation cir-
cuitry has been specially designed for wide bandwidth
(down to dc) and with internal amplification so that small
modulation signals cause a large output power change. Not
only does the modulation circuitry permit amplitude modula-
tion with small input signals, but power leveling may be
achieved with external elements.

The 490B, 491A, 492A and 494A are electromagnetically
focused, and the low power models may be phase or ampli-
tude modulated. Very fast pulsing is possible because modu-
lating signals are coupled directly to the grid of the TWT.

& 492A

Specifications

Model Frequency (GC) Price
4B9A I fo 2
491C 2t04

| a93A dto8

[ a95A 7to 124

For all models:

Qutput: | watt
Gain: 30 db
AM Bandwidth: 100 KC
Power: 115 or 230 v = 10%, 50 to 60 cps
Size: 163" wide, 542" high, 183" deep; 41 Ibs.
e | T | oup| M | P Mn | v |
4908 2t04 | l0omw | ISns 30 v p-p/360° %
4914 2104 1w no modulation 2 S
4924 4to8 | Wmw | ISns 10 v p-p/360° s
45ah | 7010 124 | wmw | 15w 50 v prp/360° 8

More Versatility
With This ® Equipment

& 292 Waveguide to Wavequide Adapters connect a given
size of waveguide to the next size larger or smaller. Each
operates over the portion of the waveguide frequency ranges
common to both bands. See chart for specifications.

i Length T Frequenc
Model SWR (in.) Range (G(z.) Price
HX2928 1.05 1z 8.2 - 10.0
MX292A 105 2% 10.0 - 12.4
MP292A 1.05 2% 12.4 - 15.0
NP292A 1.05 2% 15.0 - 18.0
NK292A .05 2% 18.0 - 22.0 =

& 360 Low Pass Filters eliminate harmonics, permit transmis-
sion of energy at a single known frequency, 700 to 4,100 MC.
No spurious responses up to 3 times cut-off frequency. Type
N fittings.

Specifications

Cut-Off Frequency: Model 360A,
| 700 MC; 360B, 1,200 MC; 360C,
® 2,200 MC; 360D, 4,100 MC. 10 to 15 GC

Physical Dimensions: Band
; 3608 360C 360 !
Mol e s D TWT's,miscellaneous

Length Overall 107" 7- ?J’!Z" 10 - 25/32" 73" )
Outer Diameter g 5" 55" 5" equipment
Center Line to Male End 2-5/18" 2-5/1&"

Center Line fo Female End 214" 25"

#p 808B Coaxial Slotted Section (for 809B Uni-
versal Probe Carriage), provides continuous
coverage 3 to 12 GC. Impedance 50 ohms.
Special fittings mating with Type N connectors
to assure minimum SWR.

#760D/767D Dual Directional Couplers, because of their
flat coupling, are ideal for power monitoring, mixing and
power sampling. Their high directivity makes them excellent
for coaxial reflectometer systems. Models 760D/761D cover
250 MC to 4 GC, while 764D/767D are single octave instru-
ments covering 216 MC to 4 GC.

Specifications

Frequency Mean Coupling Directivity Primary | Secondary
Meodel Range Coupling VYariation {minimum]) S5WR (max.] | 5WR (max.) Price
750D | Z50- 1,000 MC | 20 4 Y db + Yz db 35 db - Em | 125 |
= 781D i 1-4 6C 0 o -I,r, db = 15 db 30 db 125 [ I.;D_
?6:D_ :_;-;U_MC_ -:.’.U + 2 db + | db = 30 db 1.1 1.20
7650 450 - 945 MC 2_0_: i db _: I-r.I-I: . 30 db 1.15 [ 1,20 1
?E._-MU - 1,975 MC _?Cl + Ify db = 1 db 6 db 1.20 [ 1.30
767D 1.9-406C | 20+ 2db =g db_ 2 db . 1.25 - 1.50 — |

Power handling capacity: all couplers 50 watts CW, 10 KW peak,
Type N cannectors throughout. All couplers include -hp- 803A-74G Shorting Plug for reflectometer calibration,

One of the most complete stand-
ards labs in the industry guides
design, production and testing
of & microwave instrumenta-
tion. For measurements where
the service is available, & cali-
bration is traceable to the Na-
tional Bureau of Standards, giv-
ing extra meaning to equipment
and instrument specifications.
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@ equipment is available for coaxial work in the 1—4 GC region. Shown here is a setup

1610 394A

for measuring directivity of the & 761D Dual Directional Coupler

22

Coaxial Frequency Meter

For lab or production use, 1 to 4 GC,
this general-purpose frequency meter is a
high-resolution, broadband, direct reading
instrument. Frequency is read directly in
GC with high accuracy over a wide range

; of environmental conditions. Readability
is increased by a long spiral scale calibrated in one megacycle
increments. The tuning plunger is spring-loaded to eliminate
backlash. Smooth tuning and long life result from use of a
non-contacting plunger.

N 536A
T [ e

']

Specifications
Frequency Range: | to 4 GC
Accuracy: 0.10%, at 23° C

0.14%, overall
Max. Temp. Coefficient/°C:  0.0016%

Connectors: Type N
Dimensions: 9l/g" high x 8” long x 6" deep
13 pounds

New & 393A/394A
Variable Attenuators

You get accurate attenuation
.N\. in high-power coaxial systems
with these direct-reading, mul-
ti-purpose instruments, the &
393A, 0.5 to 1.0 GC, and &
394A, 1 to 2 GC. They are
variable attenuators, variable directional couplers and local
oscillator mixers. The direct-reading feature eliminates the

Convenience and versatility are
provided for your coaxial work in the
important 1 to 4 GC frequency

range with this array of dependable ¢
instrumentation. Seven completely
new instruments are included

on these pages, along with

other popular & equipment useful
for these special coaxial applications.

need for calibration curves, and the attenuators handle up to
200 watts average, depending on line terminations. Two dp
908A low-power coaxial loads (furnished) permit the instru-
ments to attenuate at levels up to 0.5 watt average power.

Specifications

#p 393A, 0510 | GC
@ 394A, | te 2 GC
Attenuation or Coupling:  # 393A, 510 120 db
&3 394A, 6 to 120 db,
both continuously variable
Absolute Accuracy: 393A: & | db or 1% of dial set-
(with matched generator ting. 394A: =1.25 db or 2% of

Frequency Range:

and load) dial setting, whichever is greater
Neminal Impedance: 50 chms
SWR: iy 393A: (2.5, 5-10 db attenuation;

<1.5, 10-30 db; <1.2, 30-120 db.
#p 394A: (2.5, 6-10 db; <14
10-30 db; 1.4, 30-120 db

Directivity: # 393A: >15 db, 20-40 db; >10 db,
10-20 db
# 394A: >10 db, 10-40 db
Maximum Voltage: 500 v peak
Connectors: Type N
Dimensions: 52" x 12" x 2%"

New & 872A
Coaxial Slide
Screw Tuner

Uscful for correcting discontinuities or for matching coaxial
systems, the @ 872A Coaxial Slide Screw Tuner features
extremely low insertion loss and is easy to use. Magnitude
and phase are independently adjustable, making the 872A




Coaxial Instrumentation

much more convenient than double-stub tuners, With the
872A, insertion of the precision probe into a specially de-
veloped slab line is quickly and easily varied with a microm-
eter drive, and position along the line may be read directly
on a recessed scale. Probe travel is at least 145 wavelength
at 0.5 GC so that any phase reflection may be compensated.
Logging penetration and position of the probe makes repe-
tition of settings simple, and the probe can be withdrawn
so that no correction is applied. With its negligible insertion
loss when correcting an SWR of 1.5, the & 872A minimizes
mismatch loss of & 434A Canrzmetnc Power Meter.

Specifications

Frequency Range: 0.5t0 4.0 GC
Correctable SWR: 10

Insertion Loss at Max.

Correctable SWR: | db or less when correcting an

SWR of 10, Typically 0.1 db or
less when correcting an SWR

of 1.5
Characteristic Impedance: 50 chms
Connectors: Type N
Dimensions: 27" x 6" x 5"

tp QO6A
Slldlng Coaxial Termination

Model 906A is designed to measure residual SWR of slotted
lines and directivity of directional couplers. This sliding co-
axial termination is a movable, low-reflection load for termi-
nating 50 ohm systems. §11dmg center conductor design and
headless support minimizes discontinuity at the connector
junction. The @ 906A can be used with Type N male or
female fittings, with both standard or “improved” Type N
connectors.

Specifications
Frequency Range: 1.0to 12.4 GC

Load SWR: Less than 1.05
Power Rating: | watt
Travel: >lfa wavelength at | GC

31" long. 2 Ilbs.

Dimensions:

New &
760D/761D
Dual Directional
Couplers

These two-octave VHF-UHF instruments are especially useful
for power monitoring, mixing and power sampling with

tightly controlled coupling. High directivity and flat frequency
response make them ideal for swept-frequency systems. Power
capacity is 50 watts CW and 10 KW peak.

Specifications

MODEL 760D MODEL 751D
Frequency Range: 250 - 1000 MC 1-4G6C
Mean Coupling: 20 = Y2db 20 = 2db
Coupling Variation: + 2 db + a db
Directivity [min.): 35 db 30 db
Primary SWR (max.): 1.20 1.25
Secondary SWR (max.): 1.25 1.30
Connectors: Type N Type N

tp ©O8A
Coaxial Termination

Here is the best 50 ohm termination available today. Each
individual @ 908A is factory-adjusted internally for the
lowest possible SWR, making the instrument the ideal low-
reflection load for terminating 50 ohm systems, SWR is less
than 1.05, dc to 4 GC. Power rating is Y2 watt average. Maxi-
mum input is 1 KW peak. Type N male connector, 2" long, 3
ounces.

tp 420A
Crystal Detector

Couples a Type N coaxial
line to a modified 1N26 sili-
con diode for the detection of
of signals 10.0 MC to 12.5
GC. Maximum SWR 3 sensitivity, approximately 0.1 v/mw;

frequency response %= 3 db. Type N male input connector,
BNC female output connector. 34" diam., 3" long, 1 Ib.

&p 420B Coaxial Reflectometer
Crystal Mount

Similar to 420A but designed specifically for applications
calling for good square-law characteristics. Includes video
load resistor for optimum square-law response, available in
matched pairs for reflectometer applications. Frequency re-
sponse of single unit same as 420A, matched pairs within
= 1 db from 1 to 4 GC. Square-law characteristic, = 1 db
max. variation from square-law over 1 to 4 GC and 0 to — 40
dbm. With matched pair, difference in frequency response
and square-law characteristics combined (but excluding basic
sensitivity) does not exceed = 2 db.

Data subject to change without notice. Prices f.0.b. factory.

Factory and field service depart-
ments make repair and mainte-
nance of your Hewlett-Packard
microwave instrumentation fast
and efficient. Complete facilities
in the @ plant and in service
centers around the world are
staffed by factory-trained engi-
neers and technicians to speed
service of all é& instruments.

1 to 4 GC Coaxial

Measurements
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@p Signal Generators and Doublers—50 KC to 40

@& Frequency Doublers R | : FRTRT
nstrumen equency Range aracteristics Price
to 40 GC —
. Cutput 0.1 v to 3 v. Modulation bandwidth de to
ggﬁf;m;%n‘;‘r‘agii -hp-606A | 50 KC to &5 MC 20 KC, low i and noise, low incidental FM,
low distortion
principles, new & s - ]
938A and 940A i Output 0.1 gv to | v into 50 chm load. AM, pulse
Frequency Doub- fip 608G - 10't0:450 M? modulation. Direct calibration
ontit Py A5l 26 9 6iacid 223; tge;f) DP(EOC‘“S: -hp- 408D 10 fo 420 MC Output 0.1 v fo 0.5 v. Incidental FM less than 0.001%
spectively, The Doublers can be driven by ® 626A or T Output 0.1 gv to 0.5 v into 50 ohm load. AM, pulse :
628A Signal Generators, @ 686C and 687C Sweep Os- hp-612A 450 fo 1,230 MC or square wave modulation. Direct calibration
cillators or by klystrons. The input signal may be CW, T 3 = : =
Palsed or swept, thus Doublers retain fexibility of  |-p-614n | smoziomc | ORI A fe me L abraon
driving instrument. Qutput approximately 0.5 to 1 mw L =
with ® Signal Generators; input power 100 mw max. ! Output 0.1 v to 0.223 v into 50 ohm load. Pulse
Output monitor accuracy =2 db. 100 db attenuator ac- he- Si0 L0 T S or FM modulation. Direct calibration
curate within *26% of reading or 0.2 db. e
5 Output 0.1 gv to 0.223 v into 50 ochm load. Pulse
-hp- 6188 3,800 fo 7,600 MC FM or square wave modulation. Direct :alibral?en
Qutput 0.1 gy to 0.223 v into 50 ohm load, Pulse, FM
':’@ 606A Standard -hp- £20A 7,000 fo 11,000 MC or square wave modulation. Direct calibration
Signal Generator ' B = |
® dp-6UA | 10040 155 6C | OUUt e ion, Direct caitbration.
50 KC to 65 MC. Out- IS = ! .
put 3 v full range, con- Output +10 dbm to —90 dbm. Pulse, FM, or square
tinuous attenuatic:n to -hp- 628A I5 to 2I &6C wave modulation. Direct calibration
0.1 pv. MOPA circuit I =
with full feedback loop -hp- 936A 18.0 to 26.5 GC Driven by 9.0 to Hﬁﬁsceo? I:f;rg;:.:ﬁsSUCh as -hp- 626A,
provides constant out-
put over entire range. _hp- 940A 2 to 40 GC Driven by 13.25 fo 20.0 GC source, such as -hp- 628A
Low distortion, broad modulating capabilities. Excel- i el or 687C or klystrons

lent amplitude and frequency stability. Typical &
speed, ease of operation.

& 608D VHF Signal Generator

10 to 420 MC. Highest stability. Low incidental
FM or frequency drift. Calibrated output 0.1 gv to
0.5 v throughout range. Built-in crystal calibrator
provides frequency check accurate within 0.01%
each 1 and 5 MC. Master-oscillator, intermediate
and output amplifier circuit design. Premium qual-
ity performance, direct calibration, ideal for aircraft
communications equipment testing.

4 608C VHF Signal Generator. High power (1 v
max.) stable, accurate generator for lab or field use.
10 to 480 MC. Ideal for testing receivers, ampli-
fiers, driving bridges, slotted lines, antennas.

s (p 626A/628A SHF

L .
® .| Signal Generators

i Instruments bringing high power, wide range,
convenience and accuracy 10 to 21 GC range.
Frequencies, output voltage directly set and
read. Output 10 to 20 db better than previous spot-frequency sets;
SWR better than 1.2 at 0 dbm and lower. Internal pulse, FM or square
wave modulation; also external pulsing or FM'ing. ® 626A, 10.0 to

15.5 GC,

& Electronic Swept-Frequency Oscillators

® 628A, 15 to 21 GC,

: 5 Instrument | Frequency Range Characteristies Price
Specifically designed for i 3 2
fast, comprehensive, full -hp- 682C 1402 GC
range testmgtechmques:, hp- 683C 2104 EC
Simple to operate, di- Electronically swept; variable sweep
rect reading frequency, -hp- £84C 4010 8.1 6C | 0 width. Output 10 mw, SWR 3.1 or less
sweep width and rate. -hp- 685C 8.2 fo 124 GC Pulse, square wave, FM, AM modulation
Open loop leveler com- ; All models offer leveled out
put
pensates for major out- HOl S8 Ta Il oG
put power variations. -hp- 687C 12.4 to 18.0 GC

Hewlett-Packard's manufactur-

ing plant contains a complete,

modern plating facility which

provides high quality finisheson

production units of microwave

equipment. For example, rhod-

ium flash plating over silver,

used in many @ components,
provides high conductivity while

preventing tarnish.
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@ Microwave Impedance Measuring Instrumentation

tp 415C SWR Meter

The new @ 415C SWR Meter is a high gain low noise am-
plifier and voltmeter calibrated for square-law detectors. A
versatile expand arrangement allows you to expand to full
scale each 2.5 db portion of the range for making meas-
urements, such as attenuation, which require high resolution.
This expansion gives you 28 calibrated full scale ranges of 2.5
db. The amplifier is tunable over a 50 cps range, and vari-
able bandwidth permits both high sensitivity testing and
swept frequency work. An ac output allows you to use the
415C as a high gain tuned amplifier, and a grounded dc re-
corder output is provided. High stability makes the 415C
ideal for long-term monitoring. The two values of bolometer
bias current are adjustable over a £10% range and may be
read on the front panel meter. The currents are peak-limited
to protect bolometers from burnout. An optional rechargeable
bﬁttery pack makes the modular instrument completely port-
able.

Specifications

Frequency:
Sensitivity:
Noise:

Range:
Accuracy:

Input:

Qutput: (one
side grounded)
Dimensions:

Accessories
Furnished:

Power:

Options:

1000 cps variable 5%, other frequencies
between 400 and 1500 cps available.
0.1 pv rms at 30 cps bandwidth. [Lower

sensitivity at 0°C.)

5 db below full scale with 0.1 gv rms sen-
sitivity and minimum bandwidth.

70 db in 10 and 2.5 db steps.

0.1 db/10 db step, maximum cumulative
+0.2 db; =0.1 db switching from any
10 db step [NORM]) to any 25 db
step (EXPAND) except =0.05 db
switching to 0.0 (EXPAND). £0.02 db
linearity on EXPAND scales.

Bolo - 200 ohms, bias 8.7 or 4.3 ma; Crys-
tal - 200 ohms, 200 K.

DC: | ma into 1500 ohms maximum,

AC: | v rms in EXPAND, 0.5 v rms in
NORM (across 10 K minimum).

712" wide x 62" high x 121/;"'deep; 8 Ibs,,
11 Ibs. with battery.

8120-0078 7' detachable power cord.

115 or 230 v *=10%, 50 to 1,000 cps, 2
watts,

|. Rechargeable battery pack, installed

2. Rear input connector in parallel,

Hewlett-Packard instrumentation described on these pages lets you make
accurate SWR measurements for determining impedance in microwave
circuits. @ equipment is available for both conventional slotted line

measurements and for reflectometer techniques.

@3 415B Standing Wave Indicator. (See photo page 20.) Us-
able with all waveguide and coaxial slotted sections for meas-
uring SWR or as a null detector for bridge measurements,
Single frequency operation, 1,000 cps *29%. Readings in
SWR or db. Inputs same as for the 415C,

& 803A VHF Bridge. The @ 803A measures impedance in the
vhf range by sampling the electric and magnetic fields in a
transmission line, It is direct reading for impedances 2 to
2,000 ohms, phase angle —90° to +90°. The easy-to-use
instrument covers 52 to 500 MC, makes measurements down
to 5 MC and up to 1,000 MC.

# 417A YHF Detector. Designed for use with the @ §03A
Bridge, Model 417A is a super-regenerative (AM) receiver
covering all frequencies between 10 and 500 MC in 5 bands.
Single, convenient frequency control is calibrated directly in
megacycles. High sensitivity of approximately 5 v over the
entire frequency band.

“7‘;‘2 Y. . ¥
3458 o

The simple ® equipment setup shown here will measure
the source impedance of the # 345B IF Noise Source

Data subject to change without notice. Prices {.0.b, factory.

SWR, Impedance

Measurements

Signal Generators
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New & 431A Power Meter

Extremely low drift
One zero setting for all ranges
~+3% accuracy on all ranges
Grounded recorder output
Optional battery operation

Now you can measure power, 1 gw to 10 mw, with the most
stable microwave power meter ever produced. The @& 431A
makes continual zero-setting a thing of the past, and it is not
necessary to re-zero the meter each time the range is changed.

Model 431A uses two self-balancing bridges to overcome the
ambient temperature dependence of ordinary thermistor
bridges. One bridge senses and measures the rf power; the
other bridge senses and corrects for ambient temperature
changes.

A de output (one side grounded) also permits permanent
recording of microwave power, and an optional rechargeable
battery pack provides up to 24 hours of completely portable
operation. New @ modular cabinet makes the 431A equally
suitable for bench use or for rack mounting.

Convenient input terminals are provided for applying an
accurately known dc power to the rf bridge. Not only can
you apply dc to verify the calibration of the 4314 easily, but
you also can make dc substitution measurements where an
unknown tf power can be compared to accurately known dc
power. Such techniques reduce bridge inaccuracy to less than
1% and make the 431A suitable for standards laboratories.

Brief Specifications

Power Range: 10 uw to 10 mw full scale in 7 ranges.
Also calibrated from —30 to -+
10 dbm

Instrument Accuracy:  *=3% of full scale, all ranges
Operating Impedance: 100 or 200 ohms, negative, for opera-
tion with thermistor mounts
Recorder/
Voltmeter Output:  Phone jack on rear with | ma into
2,000 ohms or less

Calibration Input: Binding posts on rear for calibration
of bridge with precise dc standards

Power: 12 watts, 115/230 v =10%, 50 to
1,000 cps

Dimensions: 72" wide x 62" high x 12'2" deep.
Weight 10 Ibs.

Options: |. Rechargeable battery pack, installed,
2. Rear input connector in parallel,

& Microwave Power Measuring Instrumentation—

New & Thermistor Mounts Assure
tp 431A Thermal Stability

| & 478A
Thermistor
Mount, 10 MC
to 10 GC

No tuning is required with
this wide-range, tempera-
ture-compensated coaxial
mount engineered for use with the % 431A Power Meter.
Closely matched thermal environments for the two thermistor
pairs assure excellent tracking, even under thermal shock.

Specifications

Frequency Range: 10 MC to 10 GC

SWR: Less than 1.5 (less than 1.3, 50 MC
to 7GC

Power Range: I pw to 10 mw (with & 431A)

Elements: Four 100 ohm, negative temperature
coefficient thermistors permanently
installed

tp 486A Waveguide Thermistor
Mounts, 2.6 to 40.0 GC

These waveguide mounts provide
close temperature tracking with
the @ 431A, even in the presence
of thermal shocks. Each covers its
full waveguide range. These
mounts make the measurement of
power as low as 1 pw practical.

SG|JHXM|I‘I(R

Frequency Ranga (GC): | 26— |395— | B3— | 7.05— |B2— | 10.0— | I124— |IB.O—  265—
395 | 585 8.2 0.0 124 15.0 180 |25 | 400

Maximum SWR: 135 15 1.5 15 L5 15 15 1.0 10

Waight: Mnt..iliox.-am, am.]am. bor | Bor S| 4e |
1

FOR ALL BANDS:
Power Range: | pw to 10 mw with & 431A
Elements: Permanently installed thermistors



Versatile, Easy to Use, Dependable

tp 434 A Calorimetric Power Meter

Just connect and read power 10 mw to 10 watls
Covers dc to 12,4 GC
No barretter or thermistor needed

No external terminations or plumbing

Here's the fastest, easiest means yet devised to measure power
accurately from 10 mw to 10 watts between dc and 12.4 GC.
With the @ 434A, measurement is literally as simple as con-
necting to the 50 ohm Type N front panel terminal and read-
ing power directly. With only two simple front panel controls,
a zero-set and a range switch, the instrument is ideal for use
by non-technical personnel.

The @ 434A fills the range between bolometer-type micro-
wave power meters (such as the @ 430C and @ 431A) and
conventional calorimeters for powers above 10 watts. But
unlike cumbersome and slow-responding dry calorimeters, the
434A is compact, completely self-contained, moderately priced,
and needs no detectors or external plumbing.

Brief Specifications

Input Power Range: 7 ranges; full scale readings 0.0l

to 10 watts

Frequency Range: DCto 124 GC

DC Input Impedance: 50 ohms £ 5 ohms at Type N input
jack

Less than 1.3, dc to 5 GC; less than
1.5,5t0 12,4 GC

Input SWR:

Meter Response

(full scale): Less than 5 seconds

Controls: Zero Set, Meter Range
Within =5% of full scale. Better

accuracies possible using appro-

Accuracy:
(includes rf efficiency
and substitution error)

priate techniques

@ 430C Microwave Power Meter

Use the economical ® 430C Micro-
wave Power Meter for applications
where thermal drift is less import-
ant. You get direct, automatic
pulsed or CW power readings, 10
MC to 40 GC with appropriate
bolometer mounts, barretters and
thermistors, No calculations or
tedious adjustments are required. The 430C reads direct in
milliwatts, 0.01 to 10 mw, or in dbm from — 20 to -+ 10, using
either a negative or positive temperature coefficient bolometer
at 100 or 200 ohm levels. Higher powers may be measured by
adding attenuators or directional couplers to the system.

Brief Specifications

5 ranges, 0.1 to 10 mw full scale; contin-
uous readings from —20 to < 10 dbm

External Bolometer: Frequency range depends on bolometer
mount; bolometers can operate at 100
or 200 ohms, can have positive or nega-
tive temperature coefficients

£5%, of full scale

Power Ranges:

Accuracy:

@ Bolometer, Thermistor Mounts
for use with ¢ 430C

# 477B Thermistor Mount, 10 MC
to 10 GC, no tuning, 0.01 to 10 mw,
SWR less than 1.5,

& 4778

@ 476A Universal Bolom-
eter Mount, 10 to 1,000
MC, no tuning, 0.01 to 10
mw,

& 487
Waveguide Thermistor Mounts

Designed for use with @ 430C or other instruments respon-

sive to negative temperature coefficient bolometers operating

at 100 or 200 ohms, @ 487 series Mounts cover 2.6 to 40.0

GC. No tuning required. Mounts available for the following

frequency bands (see respective frequency band pages for

specifications): § Band, G, I, H, X,
M, P, K, R,

Data subject to change without notice. Prices f.0.b. factory.

Advanced techniques of metal-
izing, such as vacuum deposi-
tion illustrated here, increase
the ability of & to meet superior
specifications on such instru-
ments as microwave attenua-
tors, i.e., the &g 382A, and other
devices using resistive cards.

Power

Measurements
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Broad Range @p Microwave Instrumentation

Here are convenient, accurate instruments for making critical noise figure
measurements in microwave receivers. @ equipment includes both noise figure meters and
noise sources covering IF through waveguide ranges.

make it valuable for use with all radars, including pulsed
and CW types. Sampling techniques permit its use with high
prf radar sets at rates up to 3,000 pps. Various meter options,
i.e., 0-15 db, 6-20 db, handle wide range of radar noise
figures. Also, an optional meter calibrated in system temper-
ature (e.g. 50° K to 5,000° K) is useful for low noise receiv-
ers such as masers or parametric devices. Compact Model 344A

¢ 344A Noise Figure Meter

is militarized for reliability, Alarms indicate noise figure

above pre-set level or failure in noise source current.

Brief Specifications

Input Frequency: 12 to 70 MC
Bandwidth: I MC nominal

Requires 40 db conversion gain be-
tween main line and 344A input

Input Sensitivity:

28

Simple and convenient noise figure measurement on operating
radars is possible with the @& 344A Noise Figure Meter,
usable with radar receivers in any rf range for which noise
sources are available. Continuous display of noise figure per-
mits optimizing this noise figure during the operation of the
radar, and high sensitivity of the 344's permits decoupling
the noise source up to 20 db from the main transmitter line
to minimize degradation of the system. Model 344A is used
with a remote source modulator (such as the ® 344A-78D
Modulator) and noise source so that high voltage on slip-
rings is unnecessary. Designed for pulse radars with repetition
rates of 90 to 500 pps, its high sensitivity and compact design

Input Impedance:

Accuracy:

Repetition Rate:
Total Duty Factor:

Input Trigger:
OQutput:

Temperature Range:

Humidity:

Dimensions:

Price:

75 ohms nominal during radar scan

For 0 to |5 db scale: = 0.5 db, 0-
5 db; = | db, 5-10 db; = 2 db,
10-15 db

90 to 500 pps as specified
0.075 -+ (100 psec) x (prf)

3 v pos. peak, 3 gsec duration

100 gramp into 2,000 to 3,000 chms
0to52° C

95,

19" x 514" x 10%" (rack mount)
455" x 35" x 44" [modular)

@ 344AE (modular) or 344AR (rack
mount) approximately in-
cluding one # 344A-78D Modulator
(depends on options and medifica-
tions). & 344A-78D Modulator,

each [Not available in
Western Europe.)

Data subject to change without notice, Prices f.0.b. factory.

Hewlett-Packard applications
engineers areready tohelp solve
your every microwave measur-
ing problem, and a steady flow
of Application Notes and other
technical information is pro-
duced to keep engineers alert to
the most advanced measure-
- ment techniques.



for Measurement of Noise Figure

& 340B/342A
Noise Figure
Meters

With the @& 340B and
342A Noise Figure Me-
ters, receiver and com-
ponent alignment jobs
that formerly took an hour can now be cut to 5 minutes’ work
—even for semi-skilled personnel. Models 340B and 342A
are primarily intended for laboratory and test applications
where rapid, accurate direct-reading noise figure measure-
ments are required. Model 340B, when used with an & noise
source, automatically measures and continuously displays the
noise figure of IF or rf amplifiers tuned to 30 and 60 MC.
Model 342A is similar to the 340B, except that it operates
on five frequencies between 30 and 200 MC. Four of these
frequencies are 60, 70, 105 and 200 MC; the fifth is the basic
342A tuned amplifier frequency of 30 MC. These meters auto-
matically compare receiver output with a noise source on and
with the noise source off — and display the noise figure on
a front panel meter.

Specifications

Frequency Range: Depends on noise source used

Noise Figure Range: 3 to 30 db, indication to infinity with
gas tube noise source. 0 to 15 db,
indication to infinity with diode
noise source or gas tube with |0 db
rf pad

Permits low values to be read on sen-
sitive external meter

Accuracy (excluding 4 0.5 db, 10 to 25 db; + | db, 3 to

noise source): 10 db; 25 to 30 db with waveguide
noise source. = 0.5 db, 0 to I5 db
with IF noise source

— 60 dbm to — 10 dbm (noise source
on)

# 3408, 30 and 60 MC; other fre-
quencies 10 to 70 MC available on
special order. & 342A, 30, 60, 70,
105 and 200 MC, frequency selector
switch. Other frequencies optional

Zero Offset:

Input Requirements:

IF Input Frequency:

Bandwidth: I MC minimum

Input Impedance: 50 chms nominal

OQutput: AGC, nominally 0 to — & v; Recorder,
max. | ma into max. 2,000 ohms;
power output to operate & noise
source

Dimensions: Cabinet: 20%" wide, 12%" high, 14%2”
deep, 40 lbs.; rack mount, 19" x
10%2" x 137", 34 Ibs.

Price:

(Not avail-
able in Western Europe.)

& Noise Sources

& 343A VHF Noise Source

Specifically for IF and if amplifier noise measurement, a

temperature-limited diode source with broadband noise output.

10 to 600 MC

52 db % 0.1 db, 10 to 200 MC; 5.2
=+ 0.25 db, 200 to 400 MC; 5.2 =
0.35 db, 400 to 600 MC

50 ohms, SWR less than 1.1, 10 to 400
MC; less than 1.3, 400 to 600 MC

Dimensions: 2%" wide, 22" high, 5” deep. % Ib.

Frequency Range:
Excess Noise:

Source Impedance:

tp 34.5B IF Noise Source

Operates at either 30 or 60 MC, switch selected. A selector

permits matching 50, 100, 200 and 400 ohm impedances.

Spectrum Center: 30 or 60 MC. Other frequencies be-
tween 10 and 70 MC available on
special order

Nominally 5.2 db into conjugate load

50, 100, 200 and 400 = 4% ohms. Less
than | pf shunt capacitance

Same as #7343A

Excess Noise:
Source Impedance:

Dimensions:

& 347 A Waveguide
Noise Sources

Argon gas discharge tubes mounted in waveguide sections,
for all frequencies 2.6 through 18.0 GC.

Model | fIE | PNt AR | e
S347A 2.6 - 3.95 152 = 0.5 | 222"

G347A | 3.95- 585 152 =05 | 19"

J347A 53 - 82 152 =05 | 19”

H347A | 7.05-10 15.2 = 0.5 16"

X347A 82 -124 152 =05 | 14%"

P347A | 124 -18 152 £ 0:5 143%"

SWR all models, fired or unfired, 1.2 max., {1.1 average.

& 349A UHF Noise Sources

Argon discharge tubes providing 15.2 db excess noise for
automatic noise figure readings on scatter communications
receivers, L-band radars, parametric amplifiers or other devices
400 to 4,000 MC (use with 340B and 342A). Also available
with 18.2 db excess noise (# H01-349A) for use with 344A.

Frequency Range: 400 to 4,000 MC; wider with correction

Excess Noise: 15.2db = 0.5db

SWR: Up to 2,600 MC: less than .35 fired;
less than 1.5 unfired

2,600 to 3,000 MC: less than 1.5 fired;
less than 1.5 unfired

3,000 to 4,000 MC: less than 2.0 fired;
less than 3.0 unfired

(Source terminated in coaxial load
with less than 1.05 SWR])

3" wide, 2" high, 15" deep. 3V Ibs.

Dimensions:

Careful precision broaching is
another regular part of the &
manufacturing process. Broach-
ing, along with casting tech-
niques, for example, maintains
dimensional tolerances on &
precision waveguide in excess
of military specifications. Typi-
cal are X-band components
such as the X914B Moving Load
and X810B Slotted Section, held
to == 0.001 in. (MIL spec for RG
52/U is == 0.003 in.)

Noise Figure

Measurements
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& 540B Transfer Oscillator

% 540B Transfer Oscil-
n lator used with @ count-
| ers, frequency converters
| and fixed tuned mixers
| permits measurement far
into the microwave re-
gion with accuracy and
| simplicity otherwise
|| available only at lower
) frequency. An internal
oscillator in the 540B
generates harmonics to
at least 12.4 GC for comparison by means of a broadband, un-
tuned, diode mixer system, amplifier and oscilloscope, all built
in. The oscillator also provides signals for driving external
amplifiers and mixers for measurements above 12.4 GC. Use
of the new P932A Harmonic Mixer extends the range of the
540B to 18 GC. In use, with the approximate signal frequency
known, the ® 540B is tuned until one of its harmonics beats
with the unknown, and the multiplying factor is noted. The
transfer oscillator frequency is then measured directly on the
% 524 Electronic Counter, and the multiplying factor times
the 524 reading gives the unknown frequency. Each of the
540B circuit elements may be used separately by shifting front
panel patch cords. & Application Note No. 2 discusses equip-
ment set-ups for frequency measurement to 40 GC and above.

Specifications

10 MC to 12,400 MC, to 18 GC with
& P932A Harmonic Mixer

CW, FM, AM. {Measure rf pulses with
triggered oscilloscope.)

Varies with frequency and individual
crystals

CW: Approx. /10,000,000 or better
with 524C or 524D

100 MC to 220 MC, harmenic range
above 12.4 GC. Stability better than
0.002% change per minute after 30
minute warmup. Dial, 8” diam., cali-
brated in | MC increments, accur-
acy =0.5%; output approx. 2 v into
500 ohms

Adjustable gain, max, 40 db or more;
variable bandwidth; output, | v rms
max. into 1000 ohms.

Self-contained; frequency range, 100
cps to 200 KC; vertical deflection
sensitivity, 5 mv rms per inch at
mixer output; horizontal sweep, in-
ternal, power supply frequency with
phase control or external with I v
per inch, 20 cps to 5 KC

Cabinet, 20%" wide, 122" high, 15"
deep; rack mount, 19" x 10%2" x
14%"”. 42 Ibs. [cabinet), 35 Ibs.
(rack mount).

#p 524 Electronic Counter

with & 525B Frequency

Converter plug-in unit
# P932A Harmonic Mixer

Frequency Range:
Input Signal:
Input Signal Level:
Accuracy:

Oscillator:

Amplifier:

Oscilloscope:

Dimensions:

Auxiliary Equipment:

Measure Frequency to 18 GC with Counter Accuracy

Measure frequency, drift,
fm deviation, O.2 to 12.4 GC,
with counter accuracy

DY-5854 Frequency
Measuring System

With the & 540B Transfer Oscillator and
@3 524C/D Counter, the DY-5796 Trans-
fer Oscillator Synchronizer combines into
a system that gives you measurement ac-
curacy equal to that of the counter time
base (3 parts in 10° short term for @
524C/D Counters). The DY-5854 Fre-
quency Measuring System combines these
instruments, plus a digital recorder with
analog output, in 52%" of rack space, permits high-accuracy
automatic frequency measurements, even on varying signals,
all the way to 12.4 GC.

In the system, the @@ 524C and 525B Frequency Converter
cover 100 to 220 MC, and the @ 540B extends the measuring
range to 12.4 GC. The DY-5796 Synchronizer provides posi-
tive locking of the transfer oscillator to the signal frequency.
By keeping the transfer oscillator and the signal frequency in
permanent synchronization, the DY-5796 also permits long
term measurements of low drift rates at microwave frequencies

Specifications

200 MC to 12.4 GC
0.2% of signal frequency, max.

Frequency Range:

Lock-on Range:

Accuracy: | count = time base accuracy

Stability: 3/10° short term, 5/10° per week with
524C/D internal tfime base. May be
used with external frequency stand-
ard, e. g., #% I103AR, for greater
accuracy

9 places: first 2 on converter dial, next
7 on counter

Printout: Full readout of counter printed on
paper tape

For potentiometer recorder: 0-100 mv.
Min. load resistance 0.5 M. Cali-
brate control. For galvanometer re-
corder: 0-1 ma into 5,000 ohms or
less. Zero and calibrate controls.

Deviations up to 0.2% of signal fre-
quency at rates to | KC. Above |
KC, max. deviation limit reduced
at 20 db/decade to max. of 0.001%
at 200 KC

Registration:

Analog Output:

FM Measurement:

Order complete DY-5854 system or separate instruments,
H06-540B (4 540B modified for the DY-5796), kit 9200-0028
to modify your own 540B, and DY-5796 Transfer Oscillator
Synchronizer direct from Dymec, 395 Page Mill Road, Palo
Alto, California.

Data subject to change withont notice. Prices f.0.b. factory.
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A major source of economy in &
microwave instrumentation is
this automatic milling machine,
which performs hours of human
labor in minutes. Programmed
from punched tape, the machine
not only saves man-hours and
production cost, but also adds
to the precision of parts, there-
by improving instrument specs.




Klystron Power Supplies for Convenient Microwave Work

New @ 716A
Klystron Power Supply

This new instrument provides regulated beam voltage up to
800 v at 100 ma, 0 to 800 v regulated reflector voltage nega-
tive with respect to beam voltage and an excellently regulated
dc filament voltage of 6.3 v at 0 to 2.0 amps. The instrument
includes internal square wave and sawtooth modulation, square
wave for amplitude modulation and sawtooth for frequency
modulation. ® 716A also includes provisions for external
modulation, plus X-axis scope output with same waveform
as the modulation voltage. Both reflector and beam voltages
are continuously variable, and the instrument offers low ripple,
high accuracy, simple operation and compact design. It is
housed in the new @ universal module, suitable for bench
or rack operation. Dimensions, 16%" x 6%" x 18%" (over-
all depth), 45 Ibs.

¢t 715A Klystron Power Supply

Many different types of low-power klystrons can be operated
with this compact, portable bench supply, which offers a
regulated 250 to 400 v beam voltage and a 0 to 900 v regu-
lated reflector supply (both continuously variable), plus a
6.3 v ac filament supply. Internal square wave modulation and
external modulation capabilities are incorporated in this
moderately priced instrument. Dimensions, 7%" x 11%" x
13344" overall depth. 24 Ibs.

@ Application Notes
Provide Valuable, Complete
Information on

Microwave Measurements

Hewlett-Packard Application Notes, covering a wide variety
of subjects, offer valuable microwave data, including theo-
retical and “how to do it” information. They are composed of
information derived from the experience of & engineers both
in general microwave areas and in solving specific microwave
measurement problems. @& Application Notes are available
without charge. The following is a list of titles currently
available on microwave measurement; they may be requested
by the "AN" number and title:

AN 1 Measuring Frequency Modulated Signals

AN 2 Frequency Measurement to |18 GC and Above
AN 3 Measurement of RF Pulse Carrier Frequency
AN 6 Homodyne Generator and Detection System
AM 7 Power Meter Accuracy

AN o Doppler Frequency Shift Simulation at

. Microwave Frequencies

AN 10 Microwave Spectrum Synthesis

AN 11 Domesticating the Traveling-Wave Tube
AN 12 How a Helix Backward-Wave Tube Works
AN 14 Traveling-Wave Tube Amplifiers

AN 16 Waves on Transmission Lines

AN 20 Hewlett-Packard Signal Generator Output
Attenuators

AN 21 Microwave Standards Prospectus

AN 27  Basic Microwave Measurements

AN 28 Drift Measurements of High Stability Signals
AN 30 Measurement of Cable Characteristics

AN 38 Microwave Measurements for Calibration
Laboratories

AN 39 Standards Calibration Procedures
AN 43 Continuous Monitoring of Radar Noise Figures

Modified 485B as Mixer for X- and
A H-Band Receivers

AN 53 Transmission Line Testing Using the Sampling
Oscilloscope

AN 54 Improved Sweep Frequency Techniques

Detailed data sheets are available, on request, for all equip-
ment and instruments listed in this catolog.

Frequency

Measurements
Power Supplies
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EASTERN SEABOARD

Asbury Park, New Jersey
The I. E. Robinson Company
1317 Railroad Avenue
KEllog 1-3150

Baltimore 15, Maryland
Horman Associates, Inc.
3006 West Cold Spring Lane
MOhawk 4-4400

-+ Boston Area
Burlington, Massachusetts
Yewell Associates, Inc.
Middlesex Tutnpike
BRowning 2-9000

Bridgeport 8, Connecticut
Yewell Associates, Inc.
1101 East Main Street

FOrest 6-3456

Camp Hill, Pennsylvania
The I. E. Robinson Company
Park Place Office Bldg.
REgent 7-6791

Englewood, New Jersey
R. M, C. Associates
391 Grand Avenue

LOwell 7-3933

4+ New York 21, New York
R. M. C. Associates
236 East 75th Street
TRafalgar 9-2023

- Philadelphia Area
West Conshohocken, Pennsylvania
The I. E. Robinson Company
144 Elizabeth Street
CHestnut Hill 8-1600
TAylor 8-6200

-4 Pittsburgh 27, Pennsylvania
S. Sterling Compan
4232 Brownsville Rd.
TUxedo 4-5515

Argentina
Mauricio A. Suarez
Telecomunicaciones
Carlos Calvo 224, Buenos Aires
Tel. 30-6312-34-9087

~+ Australia
Sample Electronics
(N.S'W.) Pty. Ltd.
48 Chippen Street, Sydney
Tel: 69-4112 and 69-6338

9-11 Cremorne Street,
Richmond, E. 1, Victoria
Phones: 42-4757 (3 lines)

Austria
Austronik G. m. b, H.
s4 Mollardgasse, Vienna VI
Tel: 57.06.38

4+ Belgium

Electuronic Marketing Co., 5.A.

20-24 rue de 1'Hopital, Brussels

#» Sales and Service Representatives in North America

~+ Indicates Instrument Repair Stations

Poughkeepsie, N. Y.
Yewell Associates, Inc.
806 Main Street
GRover 1-3456

-+ Rochester 25, New York
Edward A. Ossmann & Associates
830 Linden Avenue
LUdlow 6-4940

Syracuse, New York
Edward A, Ossmann & Associates
101 Picard Drive, P. O. Box 128

GL 4-2461

Vestal, New York
Edward A. Ossmann & Associates
149 Front St.
STillwell 5-0296

<+ Washington, D. C. Area
Rockville, Maryland
Horman Associates, Inc.
941 Rollins Avenue
HAzelwood 7-7560

SOUTHEASTERN STATES

~+ Atlanta 5, Georgia

Bivins & Caldwell, Inc.

3110 Maple Drive, N. E.
233-1141, Area Code 404

~+-High Point, North Carolina
Bivins & Caldwell, Inc.
1923 N. Main Street
882-6873

Huntsville, Alabama
Bivins & Caldwell, Inc.
534-5733
{Direct line to Atlanta)

-+ Orlando, Florida

Stiles Associates, Inc.

1226 E. Colonial Dr.
GArden 5-5541

Richmond 30, Virginia

Bivins & Caldwell, Inc.

1219 High Point Ave.
ElLgin 5-7931

St. Petersburg 8, Florida
Stiles Associates, Inc.
410-150th Ave., Madeira Beach
391-0211

CENTRAL, SOUTH
CENTRAL STATES

+-Chicago 45, lllinois

Crossley Associates, Inc.

2501 West Peterson Ave.
BRoadway 5-1600

~+Cleveland 24, Ohio
S. Sterling Company
5827 Mayfield Road
Hillcrest 2-8080

~+4Dallas 9, Texas
Earl Lipscomb Associates
P. O. Box 7084
FLeetwood 7-1881 and
EDison 2-6667
<+ Dayton 19, Ohio
Crossley Associates, Inc.
2801 Far Hills Avenue
AXminster 9-3594

+Detroit 35, Michigan
S. Sterling Company
15310 West McNichols Rd.
BRoadway 3-2900
~ Houston 5, Texas
Earl Lipscomb Associates
P. O. Box 664
MOhawk 7-2407
+Indianapolis 20, Indi
Crossley Associates, Inc.
5420 No. College Avenue
CLifford 1-9255

Kansas City 30, Missouri
Harris-Hanson Company
7916 Paseo Blvd.
HIlland 4-9494

~+-St. Louis 17, Missouri
Harris-Hanson Company
2814 South Brentwood Blvd.
MIssion 7-4350

+4-5%. Paul 14, Minnesota
Crossley Associates, Inc.
842 Raymond Avenue
MIdway 6-7881

WESTERN STATES

~+-Albuguergue, New Mexico
Neely Enterprises
6501 Lomas Blvd., N. E.
255-3386

<+Denver 10, Colorado
Lahana & Company
1886 South Broadway
PEarl 3-3791

Las Cruces, New Mexico
Meely Enterprises
114 S. Water Street
526-2486

+Los Angeles, California
Neely Enterprisés
3939 Lankershim Blvd.
North Hollywood, Calif.
TRiangle 7-1282 and
POplar 6-3811

~+-Phoenix, Arizona
Neely Enterprises
641 East Missouri
CRestwood 4-5431

Portland 9, Oregen
ARVA

1238 N. W. Glisan
CApitol 2-7337

# Sales and Service Representatives Overseas
+-Indicates Instrument Repair Stations

Finland
INTO O/Y
11 Meritullinkatu, Helsinki
Tel: 62 14 25 and 35 123
<+ France
Radio Equipements

65 rue de Richelicu, Paris 2éme
Tel: RIChelieu 49-88, 50-78

95-41
<+ Germany
Hewlett-Packard

El

Sample Electronics (Vic.) Pty. Ltd. Vertriebsgesellschaft m. b. H.

Frankfurt am Main
Sophienstrasse 8

Telefon 77-31-75 and 77-94-25

Greece
K. Karayannis
Karitsi Square, Athens
Tel: 23-213 (15 Lines)
India
The Scientific Instrument
Company, Ld.

Vi

6, Tej Bahadur Sapru Road

Allahabad 1

India (Continued)
The Scientific Instrument
Company, Ld.

30, Mount Road, Madras 2

The Scientific Instrument
Company, Ld.

B-7, Ajmeri Gate Extn.
New Delhi 1

Israel
ectronics & Engineering Ltd.
6 Feierberg St., Tel-Aviv
Phone 64288

+ ltaly
Dott. Ing. Mario Vianello
Via. L. %\nelli 13, Milano

Telef. 553-081 and 553-811

Dott. Ing. Mario Vianello
a § Croce in Gerusalemme 97,

ome
Telef. 767-250 and 767-941

“+ Japan
Seki & Company, Ltd.
Daini Tathe: Building

No.1 Kanda Higashi-Fukudacho

~+ Netherlands

Electronic Marketing Co., N.V.
23, Burg. Roellstraat
Amsterdam W.

Tel: 13.28.98

New Zealand

Geo. H. Sample & Son (N.Z.) Ltd.

431 Mount Albert Road
Mount Roskill, Auckland, S3
Tel: 898-439

+ Norway
Maorgenstierne & Co.
Colletts Gate 10, Oslo
Tel. 60 17 90

Portugal
Senatejo Industrial, Lda,
Rua do Alecrim, 46-5/Loja
Lisbonne 2
Tel: 3 44 46 - Bureau
36 86 43 - Direction

e 3 3

14, Calif

Neely Enterprises

1317 - 15th Street
Gllbert 2-8901

+4-Salt Lake City 15, Utah
Lahana & Co.
1482 Major St,
HUnter 6-8166

—+San Diego &, California
Meely Enterprises
1055 Shafter Street
ACademy 3-8106

<-San Francisco Area
San Carlos, California
Neely Enterprises
501 Laurel Street
LYtell 1-2626

Seattle 9, Washingten
ARVA
1320 Prospect Street
MAin 2-0177

Tucson, Arizona
Neely Enterprises
232 So. Tucson Blvd.
MAin 3-2564

CANADA

~+Montreal, Quebec
Hewlett-Packard (Canada)
8270 Mayrand Street
Telephone: 735-2273

Ottawa, Ontarie
Hewlett-Packard (Canada)
1762 Carling Avenue
PArkway 2-8162

Toronto, Ontario
Hewlett-Packasd (Canada) Ltd,
1415 Lawrence Avenue W.
Telephone: 249-9196

nia

Ltd.

Ltd.

Spain
ATAIO, Ingenieros
A. Aguilera, No. 8

Madrid 15
Tel: 223-27-42
254-53-80
~+ Sweden
Erik Ferner, AB
Snormakarvigen 33
Bromma 1
Tel: 252870
<+ Switzerland
Max Paul Frey
Hangweg 27
Kiniz - Bern
Tel: (031) 63 36 44
Taiwan (Formosal
Hwa Sheng Electronic Co., Ltd.
21 MNanking West Road, Taipei
Telephone: 4-6076
4 United Kingdom

Livingston Laboratories Ltd.
31 Camden Road

1. 11.22.20 The Scientific Inst t Chiyoda-Ku, Tokyo London N.W.
Tel: 11.22.2 e é:)e;];a;y,nié-:xmen Tokyo (866) 3136 -9 Tel: GULliver 8501
~+ Denmark 240, Dr. Dadabhai Naoroji Road Korsa Union of South Africa Yugoslavia
Tage Olsen A/S Bombay 1 American Trading Company, Inc.  F.H. Flanter & Co., (Pty.), Ltd. Belram Electronics
Centrumgirden, Room 133 The Scientific Instrument 178 1st Ka, Euijoo-Ro Raosella House 83 Av., Des Mimosas
6D, Vesterbrogade, Cogmhagm V. Company, Ld. Sudaimoon-Ku, Seoul Buitencingle Street, Cape Town Brussels 15, Belgium
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