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Figure 1. Models J424A and X424A Crystal Detectors with Model 11523 A Load Resistor

Table 1. Specifications

Model 424A

Frequency Frequency Max Length Equivalent Net Weight
Model Range Response SWR Flange
(GHz) (dB) (in.) (mm) Type (1b) (®)
- S424A 2.6 -3.95 £0.2 - 1.35 2-7/16 62 UG-53/U 1-1/4 560
G424A 3.95-5.85 +0.2 1.35 2-1/16 52 UG-149/U 1 450
J424 A 5.3 -8.2 +0.2 1.35 1-7/8 48 UG-344/U 1/2 225
H424A 7.05-10.0 +0.2 1.35 1-9/16 40 UG-51/U 1/2 225
X424A 8.2 -12.4 +0.3 1.35 1-3/8 35 UG-39/U 1/2 225
M424A 10.0-15.0 +0.5 1.5 1 25 Cover Flange 1/2 225
P424A 12.4-18.0 £0.5 1.5 15/16 24 UG-419/U 1/2 225
SENSITIVITY: (into >7 5K at 25°C): *¥** OPTIONS:
High Level: * <0.35 mW (<0.5 mW; M424A, :
P424A4). 01. Matched pair. Freq. response charac -
. . teristics (exclusive of basic sensitivity)
Log’é‘:xl‘ >0.4 mVde/pW (>0.3mV; M4244, track within +.2 dB for S-, G-, J- and H-
band units, +.3 dB for X-band units, and
OUTPUT IMPEDANCE: +.5 dB for M- and P-band units.
15k max, shunted by approx. 10 pF. :
DETECTOR ELEMENT: 02. Furnished with HP Model 11523 A Load Re-
Supplied sistor selected for optimung square-law
s s o skok
MAXIMUM INPUT: gléaracte:'lstlgs at 24°C (7 ? F) **,<20.5
100 mW (Refer to Paragraph 15.) variation from square law over a
range of at least 30 dB up to 50 mV peak
OUTPUT POLARITY: output working into an external load >T75k.
Negative Sensitivity typically >0.1mV/pW when
NOISE: <200 yV peak-to-peak with 100 mV output. load resistor 1s used.
OUTPUT CONNECTOR: BNC female, 03. Positive polarity output.

*Input required to produce 100-mV output. :
**Ag read on an HP Model 417 Ratio Meter or HP Model 415 SWR Meter calibrated for square-law
detectors.
*%xQutput decreases with increasing temperature. Typically 0.015 dB/°C from 0°C to +55.2°C.
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Model 424 A

1. INTRODUCTION.

2. The Model 424A Crystal Detectors are designed
for use in waveguide systems in the measurement of
relative microwave power upwards to 100 mW in the
range from 2.6 to 18.0 Ge. Output polarity of the de-~
tected signal is normally negative but positive output
polarity is available as Option 03. Complete specifi-
cations and listed options are given in Table 1. The
J424A and the X424A are shown in Figure 1.

3. Separate housing of square-law load (Load Re-
sistor, Option 02; see Figure 1) and detector permits
easy conversion from optimum square-lawresponse
operation (with the Load Resistor) to maximum output
sensitivity (without the Load Resistor). Each load is
labeled with the serial number of the Model 424A de-
tector to which it is matched. If you have more than
one load (@ Model 11523A), always check thatyou are
using the proper 11523A for the 424 A in use.

4. Uses of the detector include peak RF power meas-
urement, reflectometer measurements, closed loop
leveling, and observation of RF envelope variation.

5. PRECAUTIONS.
6. HANDLING DETECTOR ELEMENT.

7. DO NOT HANDLE DETECTOR ELEMENT USED
IN CRYSTAL NEEDLESSLY. A static charge which
builds up on a person, especially on a cold, dry day,
must never be allowed to discharge through the
element.
precautions. : :

8. FORWARD AND REVERSE DIODE RESISTANCE,

CAUTION: A SMALL STATIC CHARGE
BETWEEN OPERATOR AND OHMMETER
LEADS CAN DESTROY DETECTOR ELE-
MENT,

9. EQUIPMENT CONNECTION,

10. DISCHARGES OF STORED ENERGY CAN EASILY
DAMAGE THE CRYSTAL DETECTOR. Input capa-
citors of ac-coupled equipment must be discharged
before connecting Crystal Detector. Make connections
to other equipment and dischargethen connect,detector.

11. GENERAL.

12. The Model 424A Crystal Detector can be used as
a demodulator for oscilloscope observation.

13. When the crystal detector is used with anoscillo-
‘scope to observe waveshapes of rise times less than
5 usec, the cable connecting detector output andoscil-
loscopes should be as short as possible and shunted
with a resistor. This resistor should be 50 ohms to
terminate the coaxial cable in its characteristic im-
pedance. However, with 50 ohms resistance, the video
pulse may have insufficient amplitude to drive some
oscilloscopes. Hense, the cable should be shunted by
the smallest resistance which will produce a satis-
factory presentation. Typically, the value is between
50 and 2000 ohms. The larger the resistance, the
more the degradation of rise time.

14. Power applied to the detector can be either modu-
lated or continuous wave (CW). If modulatedat a 1000~
Hz 5% rate, the sensitive, @ Model 415 E (tuned

Refer to Paragraph 38 for proper handling
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voltmetér) can beused. For CW detection,a dc mil-
liammeter or millivoltmeter suchasthe ® Model 425A
Microvolt-Ammeter can be used.

15. SENSITIVITY.

16. For low level RF inputs up to 0.01 mW, the ratio of
detected voltage to input power in uvolt/uwatt is
> 400 to 1. For high level RF inputs between 0.1 and
0.7 mW the sensitivity ratio inmillivolts per milliwatts
is >286tol. For RF inputsbetween 0.0l mWand 0.1 mW,
the sensitivity ratio changes gradually from400toltoa
ratio of 286 to 1. For REF inputs greater than 0.7 mW,
the detected output to RF inpit ratio begins todecrease.
Depending on the element, the ratio decreases to the
point where additional input power will not produce an
output in excess of 300 to 500 millivolts.

17. SQUARE-LAW LOADING.

18. The square-law load ( Model 115234) is selected
for optimum response (minimum deviation from square
law) at 24°C (75°F). Typically, detector output varies
+0.3 dB from exact square law for output voltages be-
tween 5 and 50mV. At higher temperatures there is
less positive and more negative deviation in the curve
of output voltage vs input power. At lower temper-
atures there is more positive and less negative devi-
ation, The change with temperature is approximately
0.04 dB/°C. For example, a detected output which
varies +0.3 to -0.3dB from exact square law at 24°C
normally varies about +0.1 to -0.5 dB at 29°C.
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19. PEAK POWER MEASUREMENT.

20. An arrangement for peak power measurement is
shown in Figure 2. Theprocedure involves calibration
of an oscilloscope using the envelope of thepulse under
measurement. The oscilloscope calibration is then
used to set the output amplitude of a CW source. Out-
put power of the CW source is thus equal to the peak
power and is mieasured by a power meter. The
measurement procedure is as follows:

a. Connect equipment as shown in Figure 2, step 1.

b. Display pulse on a dc -coupled oscilloscope. Us-
ing a marking pencil, mark base and peak of pulse on
oscilloscope graticule.

c. Replace pulse source with CW generator (step 2).
Using graticule marks as reference, adjustoutput level
of CW generator until amplitude of oscilloscope dis-
play equals amplitude of pulse envelope previously
observed.

d. Without changing the output level of the CW gen-
erator, replace detector and oscilloscope with ather-
mistor mount and power meter (step 3). The power
output as measured on the power meter is equal to the
peak power of the pulse under measurement.

21. REFLECTOMETER MEASUREMENTS.

29. The reflectometer principle of measurement can
be adapted to broadband evaluation of suchmicrowave
transmission properties as SWR, attenuation, and in-
sertion loss.

23. The usual reflectometer used in broadband testing
consists of a sweep frequency oscillator (modulated at
1 kHz connected to a transmission system which con-
tains the device under test and a directional coupler,
or couplers, arranged to sample incident and reflected
signal. Two detectors demodulate the incidentand re-
flected signals and apply the modulation voltages to a
ratio meter that displays the reflection coefficient of
the device under test. Versionsofthearrange-
ment can be used to measure attenuation, insertion
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Figure 3. Insertion Loss Measurement

Model 424A

loss andother properties that canbe determined from
ratio.

94. Information about reflectometer systems and
measurements is contained in @ Application Note 65
and Hewlett-Packard Journal Vol. 12, No. 4, copies
of which are available upon request.

25. MEASUREMENT OF RELATIVE POWER
LEVELS.

26. GENERAL.

97. When sensitivity is important, the Model 424A is
also useful for relative power measurements such as
measuring insertion loss or monitoring power level
where the power 1s sampled by a directional coupler.
A typical S band setup for measuring insertionloss is
shown in Figure 3. The device under test is a micro-
wave filter. A reference reading is made with the
filter out of the line and the variable attenuator set
for any convenient reference greater than 10dB. The
setting of the attenuator and the reading (in dB) of the
standing wave indicator are noted. The filter is then
inserted in the line and the variable attenuator ad-
justed to obtain the reference reading on the Standing
wave indicator. The difference between the first and
second settings of the attenuator is the. insertion loss
of the device under test.

28. HARMONIC-FREQUENCY COMPARISON
MEASUREMENTS.

29. The Model 424A can be used as a mixer in har-
monic-frequency comparison measurements. See @
Application Note 2.

30. CLOSED LOOP LEVELING.

31. A typical setup for controlling output level vari-
ations of swept frequency oscillators is shown in Fig-
ure 4. The sweep frequency output is sampled by a
directional coupler and rectified by the crystal de-
tector. The variations in the detected output of the

crystal detector are proportional to the sweep fre- .

quency output level variations and are amplified within
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Figure 4. Closed Loop Leveling
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Figure 5. Arrangement of Model 424A and Equivalent Circuit

the leveler amplifier to produce a negative control
voltage that is applied to the amplitude modulation
input of the sweep oscillator. With the ¢ Model 6924,
the external leveler amplifier shown is not needed
since it is built into the instrument. With such a sys-
tem leveling occurs at the sampling point (the direc-
tional coupler) withthe advantage that RF level stability
can be maintained at a point remote from the RF
source.

32. The leveling capability of the leveler amplifier/
crystal detector combination is limited mainly by the
coupling variation of the directional coupler and the
frequency response of the crystal detector.

33. CIRCUIT.

34. Arrangement of the Model 424A and equivalent
circuit is shown in Figure5. The crystalmay be con-
sidered as a voltage generator with aninternal resist-
ance of about 3k to 20k ohms and a shunt capacitance
of approximately 10pF. The video load (option 02) is
selected to obtain optimum square-law performance
for outputs up to 50 mV.’

35. PREVENTIVE MAINTENANCE.

36. Protect the machined surface of the waveguide
coupling flange from damage. Scoring, burring, and
distortion of the flange surface causes coupling dis-
continuity and increased SWR.

37. REPLACEMENT OF PARTS.

38. Succeeding paragraphs give instructions for re-
pair of the Model 424A, and the Option 02 Load Re-
sistor, Model 11523A. Additional maintenance infor-
mation can be obtained from your local Hewlett-
Packard field office. Stock numbers for replaceable
parts are given in Table 2,

39. Detector elements as replacement parts are listed
in Table 2. This assembly is available with or with-
out a Load Resistor replacement resistor that must
be installed if the detector has a matching load.

40. DETECTOR ELEMENT REPLACEMENT.
WARNING

The special detector element (see Figure 6)
contained in the Model 424A can be damaged
in handling, removal, or installation if cer-
tain precautions are not taken. The handling
precautions which follow should be read be-
fore performance of any operation with the
detector element when it is out of either the
Model 424 A or the detector element shipping
container.

41. DETECTOR ELEMENT HANDLING
PRECAUTIONS.

a. Before installing detector into mount, touch ex-
posed metal on mount with your hand to discharge
static electricity. Then insert detector into mount.

b. When handing crystal to another person, touch
hands first to ensure there is no difference in static
electrical potential between you.

c. Power line-operated ohmmeters should NOT be
used to measure forward and reverse resistance since
it is rather easy to damage these diodes with such
ohmmeéters. (The difficulty arises because of the
substantial voltage difference which often exists be-
tween the operator and the ohmmeter leads. Unless
connections are.very carefully made, it is easy for
this voltage difference to appear across the diode and
damage it.)
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Figure 7. Model 424A Assembly

42. REPLACING DETECTOR ELEMENT. Parts
mentioned in the following procedure are identified
in Figure 7.

a. Loosen connector cap and remove from body
(protect connector cap with heavy- paper or tape and
use gas pliers).

b. Remove old detector element, capsule spacer and
capacitive washer.

¢. Install new capacitive washer, capsule spacer
and detector element. The capsule spacer should be
placed in the body with the polyiron insert towardsthe
capacitive washer. The resistive end of the diode
element goes into the body.

CAUTION

When inserting the detector element, do not
force the tip (resistive end) into the center
conductor in the body as the fingers of the
center conductor might be damaged. .

Model 424A

d. Replace connector cap and tighten firmly.

NOTE

The detector element assembly includes a detector
element, resistor (if its an Option 02), capacitive
washer and a capsule spacer. The resistor is to
load the diode for square-law operation, the cap-
acitive washer is to match the diode for VSWR
while- the capsule spacer is mainly for flatness of
sensitivity, All should be replaced as a unit when
a diode is replaced.

NOTE

For J424A use silver capacitive washer
(discard gold washer). For H424A or X424A
use gold capacitive washer (discard silver
washer).

43. REPLACING 424A BNC CONNECTOR.
44, TOOLS REQUIRED.

Needle-point soldering iron
Wire cutters (11523 A only)
Flat file, #4 (11523 A only)
Tweezers

ooy

45, PROCEDURE. Parts mentioned in the following
procedure are identified in Figure 7.

a. Remove BNC connector and lockwasher.

b. Unsolder spring soldered to center conductor
lead.

c. Slip spring over center conductor lead and solder.

d. Let spring cool, and then replace lockwasher
and connector in connector cap.

46, REPLACEMENT OF 11523A PARTS.

47. Parts mentioned in the following procedure are
identified in Figures 8 and 9. Tools required are
listed in Paragraph 42.

48, REPLACING MALE BNC CONNECTOR.

a. Remove male BNC connector and lockwasher
from housing. To remove BNC, use a 3/8-inch open-
end wrench and hold housing either in a vise or with
gas pliers. Before putting pliers on, protect housing
of the 11523A with material such as heavy papers.

b. Unsolder resistor.

¢. Solder resistor to new BNC.

d. Let resistor cool andthen check resistance from
male BNC pin through resistor; resistance measured
should be £10% that indicated by the coding.

e. Replace lockwasher and male BNC.
CONTACT

SPRING
/32"

Figure 8. Cutting Center Conductor Lead
to Accommodate Contact Spring
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49. REPLACING FEMALE CONNECTOR.

a. Remove BNC

connector.

b. Unsolder contact spring.

To remove or install
BNC, use a BNC wrench or useamale BNC connector

c. Prepare replacement BNC connector:

(1) Cut center conductor lead to approximately

1/32 inch.
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(2) With flat file, smooth end of lead; wipe off burr
with tweezers or similar metal instrument.

d. Slip contact spring over center conductor lead,
and solder.

e. Let contact spring cooland thenscrew
into mount.

NOTE

Use solder sparingly or it will creep back
on spring. Solder on spring destroys its
usefulness and is difficult to remove.

50. REPLACEABLE PARTS.

51. This section contains information pertaining to
replaceable parts (see Table 2),

52. To order a replacement part, address order or
inquiry to your local Hewlett-Packard field office
(see lists at rear of this Note).

53. Specify the following information for each part.
a. Model number
b. Hewlett-Packard stock number

c. Description of part

Table 2. Replaceable Parts, All Models 424A and 11523A

@ Stock Number
Description 424A 11523A

Connector, male BNC, includes lockwasher - 1250-0045
Connector, female BNC, includes lockwasher (except Option 02) 1250-0254 1250-0251
Connector, female BNC, includes lockwasher (Option 02 only) 1250-0251 -—
Cap, connector ’ 5020-0210 ——
Sleeve, polyiron 00424 -221 _—
Spring 1460-0012 5000-0234
Housing -—- 5020-3215
Screw, crystal holder, retaining, RHMS, SS, 4-40 x 1/4 in. 2200-0003 -—
Load Resistor Assembly, includes: - 11523-600

Model 11523A housing, BNC connectors (female and male),

spring, and 2 nameplates with identical serial numbers.

Detector Element Replacement Assemblies (includes diode element, capacitive washer and capsule spacer)

Unloaded
Type Neg. output Neg. output pairs Pos. output Pos. output pairs
Option 01 Option 03 Options 01, 03
SG 00423-802 00423-605 00423-803 00423-606
JHX 00424-802 00424-806 00424-803 00424-807
MP 00424-810 5| -00424-814: 00424-811

Loaded (includes

matched load resistor)

00424-815

Option 02 Options 01,02 Options 02,03 Options 01, 02, 03
SG 00423-800 00423-603 00423-801 00423-604
JHX 00424-800 00424-804 00424-801 00424-805
MP 00424-808 00424-812 00424-809 00424-813
S424A G424A J424A X424A H424A P424A M424A
Body,waveguide | S281-5 G281-4 Jo81-4 X281-4 H281-6 00424-210 | 00424-207
Probe 00424-215 | 00424-200 | 004240205 | 00424-218 | 00424-203 | 00424-212 | 00424-208
Probe, case 00424-216 | 00424-201 | J281-3 00424-219 | 00424-204 | 00424-213 | 00424-209
Shell 00424-217 - - _— _— _— ——
Holder,crystal 00424-202 | 00424-202 | 00424-222 | 00424-222 | 00424-202 | 00424-211 | 00424-211
Ramp,polyiron -— —_—- _— ——- - 00424-214 | 00424-214
Epoxy Package - - —— - —-- 0470-0249 | 0470-0249
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Tel: (206) 454-3971
TWX: 910-443-2303

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia...
North Hollywood, California. ..
Paramus, New Jersey . . . Skokie,
\linois. Their complete ad-
dresses are listed above.

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd-
11745 Jasper Ave.

Edmonton

Tel: (403) 482-5561

TWX: 610-831-2431

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd: -
304-1037 West Broadway
Vancouver 9

Tel: (604) 738-5301

TWX: 610-922-5059

MANITOBA

Hewlett-Packard (Canada) Ltd.
511 Bradford Ct.

St. James

Tel: (204) 786-7581

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
7001 Mumford Road

Suite 356

Halifax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewlett-Packard (Canada) Ltd.
880 Lady Ellen Place

Ottawa 3

Tel: (613) 722-4223

TWX: 610-562-1952

Hewlett-Packard (Canada) Lid.
1415 Lawrence Avenue West
Toronto

Tel: (416) 249-9196

TWX: 610-492-2382

QUEBEC

Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Pointe Claire, at

the complete address listed
above.
CENTRAL AND SOUTH AMERICA
ARGENTINA CHILE ECUADOR MEXICO PERU VENEZUELA
Hewlett-Packard Argentina Hector Calcagni P. Laboratorios de Radio-Ingenieria Hewlett-Packard Mexicana, S.A. Fernando Ezeta B. Hewiett-Packard De Venezuela
S.AC.e.l Casilla 13942 Calle Guayaquil 1246 de C.V. Avenida Petit Thouars 4719 C.A.
Lavalle 1171 -3° Estado 215 - Oficina 1016 Post Office Box 3199 Apartado Postal 12-832 Miraflores Apartado del Este 10934
Buenos Aires Santiago Quito Eugenia 408, Dept. 1 Casilla 3061 Chacaito
Tel: 35-0436, 35-0627, 35-0431 Tel: 31-890, 490-505 Tel: 12496 Mexico 12, D.F. Lima Caracas
Telex: 012-1009 Cable: HORVATH Quito Tel: 43-03-79, 36-08-78 gel:l 50346ER L Tel: 71.88.05
Cable: HEWPACKARG able: FEPERU Lima le: HEWPAK Caracas
COLOMBIA EL SALVADOR NICARAGUA Gable: H

BRAZIL

Hewlett-Packard Do Brasil
l.e.C Ltda.

Rua Coronel: Oscar Porto, 691
Sao Paulo - 8, SP

Tel: 71-1503

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
I.e.C. Ltda.

Avenida Franklin Roosevelt 84-
grupo 203

Rio de Janeiro, ZC-39, GB

Tel: 32-9733

Cable: HEWPACK Rio de Janeiro

Instrumentacion

Henrik A. Langebaek & Kier
Ltda.

Carrera 7 #48-59

Apartado Aereo 6287

Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46

Cable: AARIS Bogota

COSTA RICA

Lic. Alfredo Gallegos Gurdién
Apartado 3243

San José

Tel: 21-86-13

Cable: GALGUR San José

Electrénica
Apartado Postal 1589
27 Avenida Norte 1133
San Salvador
Tel: 25-74-50
Cable: ELECTRONICA
San Salvador &

GUATEMALA

Olander Associates Latin America
Apartado 1226

7a. Calle, 0-22, Zona 1
Guatemala City

Tel: 22812

Cable: OLALA Guatemala City

Roberto Terén G.
Apartado Postal 689
Edificio Terén

Managua

Tel: 3451, 3452

Cable: ROTERAN Managua

PANAMA

Electrénica Balboa, S.A.

P.0. Box 4929

Ave. Manuel Espinosa No. 13-50
Bldg. Alina

panama City

Tel: 30833

Cable: ELECTRON Panama City

PUERTO RICO

san Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-Pta. de Tierra

San Juan, P.R. 00906

Tel: (174) 725-3342

Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercial e Industrial
Avenida Italia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Cable: RADIUM Montevideo

FOR AREAS NOT LISTED,
CONTACT:

Hewlett-Packard Inter-Americas
3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8461
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EUROPE

AUSTRIA FRANCE Hewlett-Packard Vertriebs-GmbH Hewlett-Packard Italiana S.p.A. SPAIN Hewlett Packard (Schweitz) A.G.
Unilabor GmbH Hewlett-Packard France Beim Strohhause 26 Palazzo ltalia Ataio Ingenieros Rue du Bois-du-Lan 7
Wissenschaftliche Instrumente ~ Box No. 6 2 Hamhurg 1 Piazza Marconi 25 Urgel, 259 1217 Meyrin-Geneva
Rummelhardtgasse 6/3 Quartier de Courtabouef Tel: 24 05 51/52 00144 Rome - Eur Barcelona, 11 Tel: (022) 41 54 00
P.0. Box 33 Boite Postale No. 6 Cable: HEWPACKSA Hamburg Tel: 591 2544 Tel: 230-69-88 Telex: 2 24 86
Vienna A-1095 2;]0;;%)’88 o Telex: 21 53 32 galble: glEE\flliAcKIT Rome Ataio Ingenieros TURKEY
Tel: : elex:
Gebie. LABORINSTRUMENT Cable: HEWPACK Paris Hewlett-Packard Vertriebs-GmbH Enrlque larreta 12 Telekom Engineering Bureau
Vienna Telex: 60048 HEWPACK ORSAY  Reginfriedstrasse 13 NETHERLANDS Tel: 235 43 44 P.0. Box 376 - Galata
Telex: 75 762 8 Miinchen S0 Hewlett-Packard Benelux, NV.  cable: TELEATAIO Madrid Istanhul
Hewlett-Packard France Tel: 0811 69 59 71/75 de Boelelaan 1043 Telex: 2 72 49 Tel: 49 40 40
BELGIUM 4 Qua des Etroits Gable: HEWPACKSA Munich Amsterdam, Z 11 * Cable: TELEMATION Istanbul
Hewlett-Packard Benelux S.A. 69 Lyon Se elex: 52 49 85 Tel: 42 77 77 SWEDEN
348 Boulevard du Souverain Tel: 42 63 45 GREECE Cable: PALOBEN Amsterdam Hewlett-Packard (Sverige) AB UNITED KINGDOM
Brussels 16 Kost . Telex: 13 216 Hagakersgatan 7 Hewlett-Packard Ltd.
Tel: 72 22 40 GERMANY o mearayan® 431 04 Moindal 4 224 Bath Road
Cable: PALOBEN Brussels Hewlett-Packard Vertriebs-GmbH 18 Ermou Street NORWAY Tel: 031 - 27 68 00 Stough, Bucks
Telex: 23 494 Lietzenburgerstrasse 30 Athens 126 Hewlett-Packard Norge A/A ; Tel: Slough 753-33341
1 Berlin W 30 Tel: 230 301 Nesveien 13 Hewlett-Packard (Sverige) AB  Cable: HEWPIE Slough
DENMARK Tel: 24 86 36 Cable: RAKAR Athens Haslum Svetsarvigen 7 Telex: 84413
HewlettPackard /5 Telex: 18 34 05 Telex: 5962 Tel: 53 83 60 $171 20 Sotna 1 YUGOSLAVIA
Songebjers & Hewlett-Packard Vertriebs-GmbH IRELAND Gable: HENPACK Oslo T O reENTS Belram S.A,
Tel: (01) 80 40 40 Herrenbergerstrasse 110 Hewlett-Packard Ltd. ' Stockholm 83 avenue des Mimosas
Cable: HEWPACK AS 703 Bihlingen, Wilrttemberg 224 Bath Road PORTUGAL Telex: 10721 Brussels 15, Belgium
Telex: 66 40 Tel: 07031-6971 Slough, Bucks, England Telectra Tel: 34 33 32, 34 26 19
Cable: HEPAG Bablingen Tel: Slough 753-33341 Rua Rodrigo da Fonseca 103 SWITZERLAND Cable: BELRAMEL Brussels
FINLAND Telex: 72 65 739 $a|ble: 2;-IAE“‘I{QIE Slough P.0. Box 2531 Hewlett Packard (Schweitz) AG ~ Telex: 21790
% elex:
e Fakard O7Y Hewlett-Packard Vertriebs-GmbH Yo e o0 72 Soma Sonaren =" FOR AREAS NOT LISTED,
Helsinki 20 Achenbachstrasse 15 ITALY . Cable: TELECTRA Lisbon Zurich CONTACT:
Tel: 67 35 38 4 Diisseldorf 1 Hewlett-Packard Italiana S.p.A.  Tglex: 1598 Tel: (051) 98 18 21/24 Hewlett-Packard S.A.
Cable: HEWPACKOY-Helsinki Tel: 68 52 58/59 Viale Lunigiana 46 Cable: HEWPACKAG Zurich Rue du Bois-du-Lan 7
Telex: 121563 Telex: 85 86 533 20125 Milan, Telex: 53933 %17(0';4;;;“1"?:";3’3
. el: 1! :
Hewlett-Packard Vertriebs-GmbH  ¢aple. HEWPACKIT Milan Cable: HEWPACKSA Geneva
Kurhessenstrasse 95 Telex: 32046 Telex: 2.24.86
6 Frankfurt 50 )
Tel: 52 00 36
Cable: HEWPACKSA Frankfurt
Telex: 41 32 49
AFRICA, ASIA, AUSTRALIA
ANGOLA CYPRUS The Scientific Instrument Co., Ld. KENYA PAKISTAN (WEST) TANZANIA
Telectra Empresa Técnica Kypronics B-7, Ajmeri Gate Extn, R. J. Tilbury Ltd. Mushko & Company, Ltd. R. J. Tilbury Ltd.
de Equipamentos Eléctricos  19-19D Hommer Avenue New Delhi 1 P. 0. Box 2754 Oosman Chambers P.0. Box 2754
SAR P.0. Box 752 Tel: 27-1053 Suite 517/518 Victoria Road Suite 517/518
Rua de Barbosa Rodrigues Nicosia Cable: SICO New Delhi Hotel Ambassadeur Karachi 3 Hotel Ambassadeur
42.1° Tel: 628275628 Nairobi Tel: 51027, 52927 Nairobi
Box 6487 Cable: HE-I-NAMI INDONESIA Tel: 25670, 26803, 68206, 58196 Cable: COOPERATOR Karachi Tel: 25670, 26803, 68206, 58196
Luanda Bah Bolon Trading Co. N.Y. Cable: ARJAYTEE Nairobi Cable: ARJAYTEE Nairobi
Cable: TELECTRA Luanda ETHIOPIA Djalah Merdeka 29 PHILIPPINES
African Salespower & Agency Bandung KOREA Electromex Inc. THAILAND
AUSTRALIA Private Ltd., Co. American Trading Co., Korea, Ltd, 2129 Pasong Tamo The International
: P. 0. Box 718 IRAN P.0. Box 1103 Makati, Rizal Engineering Co., Ltd.
He;vflettl-:;ckard A““’?'“’ 58/59 Cunningham St. Telecom, Ltd. Dae Kyung Bldg. P.0. Box 3419 P. 0. Box 39
2295 Worr Street Addis Ababa P. 0. Box 1812 170 Sejong Ro Manila S 614 Sukhumyit Road
glen Iris, 3146 Tel: 12285 240 Kh. Saba Shomali Chongro Ku Cable: ELEMEX Bangkok
Victoria Cable: ASACO Addisababa Teheran Seoul (4 lines) Tel: 910722
T::' 02'03 1371 (4 lines) T o T Tel: 75-5841 l\snleNl'(li‘r:?cglRaEnd Combustion Gable: GYSOM Bangkok
et HONG KONG Cable: BASCOM Teheran s chanical
$alblef 3'-‘1%VZI§ARD Melbourne Schmidt & Co. (Hong Kong) Ltd. Cable: AMTRAGO Seoul Engineering Company Ltd. UGANDA
elex: P.0. Box 297 ISRAEL LEBANON 9, Jalan Kilang R. J. Tilbury Ltd.
H ! 1511, Prince’s Building Electronics & Engineering Constantin E. Macridis Singapore, 3 P.0. Box 2754
ewlett-Packard Australia Div. of Motorola Israel Ltd. Clemenceau Street Tel: 642361-3 Suite 517/518

Pty. Ltd.
61 Alexander Street
Crows Nest 2065
New South Wales
Tel: 43.7866
Cable: HEWPARD Sydney

Hewlett-Packard Australia
Pty. Ltd.

97 Churchill Road

Prospect 5082

South Australia

Tel: 65.2366

Cable: HEWPARD Adelaide

Hewlett Packard Australia
Pty. Ltd.

2nd Floor, Suite 13

Casablanca Buildings

196 Adelaide Terrace

Perth, W.A.

CEYLON

United Electricals Ltd.
P.0. Box 681

Yahala Building

Staples Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Colombo

10, Chater Road

Hong Kong

Tel: 240168, 232735

Cable: SCHMIDTCO Hong Kong

INDIA

The Scientific Instrument
Co., L

6, Tej Bahadur Sapru Road

Allahabad 1

Tel: 2451

Cable: SICO Allahbad

The Scientific Instrument
Co., Ld.

240, Dr, Dadabhai Naoroji Road

Bombay 1

Tel: 26-2642

Cable: SICO Bombay

The Scientific Instrument
Co., Ld.

11, Esplanade East

Calcutta 1

Tel: 23-4129

Cable: SICO Calcutta

The Scientific Instrument Co., Ld.
30, Mount Road

Madras 2

Tel: 86339

Cable: SICO Madras

16, Kremenetski Street
Tel-Aviv

Tel: 35021 (4 lines)
Cable: BASTEL Tel-Aviv
Telex: Bastel Tv 033-569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa-Hewlett-Packard Ltd.
Ito Building

No. 59, Kotori-cho
Nakamura-ku, Nagoya City
Tel: 551-0215

Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

59 Yoyogi 1-chrome
Shibuya-ku, Tokyo

Tel: 370-2281

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Clemenceau Center

Beirut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
32-34 Kent Terrace

P.0. Box 9443

Wellington, N.Z.

Tel: 56-409

Cable: HEWPACK Wellington

PAKISTAN (EAST)
Mushko & Company, Ltd.
31, Jinnah Avenue

Dacea

Tel: 80058

Cable: NEWDEAL Dacca

Cable: MECOMB Singapore

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd.

Hill House

43 Somerset Rd.

Cape Town

Tel: 3-6019

Cable: AUTOPHONE Cape Town

Telex: 7038CT

Hewlett Packard South Africa
(Pty.), Ltd

P.0. Box 31716

30 De Beer Street

Braamfontein, Johannesburg

Tel: 724-4172 724-4195

Telex: 0226 JH

Cable: HEWPACK Johannesburg

TAIWAN
Hwa Sheng Electronic Co., Ltd.
P. 0. Box 1558
Room 404
Chia Hsin Building
No. 96 Chung Shan
North Road, Sec. 2
Taipei
Tel: 555211
Cable: VICTRONIX Taipel

Hotel Ambassadeur

Nairobi

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

VIETNAM

Peninsular Trading Inc.

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20.805

Cable: LANBROCOMP Saigon

ZAMBIA

R. J. Tilbury (Zambia) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard Export
Marketing

3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8461

Printed in U.S.A. 30M-11/68
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