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PRECISION
DC VOLTAGE MEASUREMENTS

Introduction

Instruments recently developed by Hewlett-Pack-
ard simplify precision DC calibration measurements
that were previously considered feasible only by highly
specialized personnel and under exacting environmental
conditions. Although the standards laboratory environment
is still the ideal for precision DC measurements, these new
instruments have been designed to provide much of
standard lab’s precision in a wide range of other situations.
Instruments such as the —hp— Models 735A TRANSFER
STANDARD, 740A DC STANDARD/DIFFERENTIAL
VOLTMETER, and 419A DC NULL VOLTMETER are
tested to better than their published specifications during
production, and once again prior to shipment. Instrumen-
tation used during their production and in quality control
is calibrated once a month from precise standards trace-
able to the National Bureau of Standards.

Transfer Measurements

Transfer standards are useful to compare field instru-
ments against working standards. The & 735A Transfer
Standard in conjunction with the ® 419A DC Null Volt-
meter provide a convenient method of direct comparison
between saturated or unsaturated standard cells to 1 or 2
parts per million over short time intervals in a standards
laboratory environment. The transfer accuracy between a
saturated and an unsaturated standard cell or between
either of these and 1 volt is better than 10 ppm. Figure
5 describes by simple techniques how the 735A Transfer
Standard can be set at 1 volt to an accuracy of 2 ppm
during a working day in a normal laboratory environment.

Block diagrams and step-by-step procedures illustrating
typical techniques using the & 735A Transfer Standard are
described in Figures 1, 2, 3 and 4.

Calibration Measurements

The basic technique shown in Figure 3 can be applied
to calibration and measurement problems in several ways.
Precision differential voltmeters can be certified on all
ranges to the system accuracy of 2 ppm =+ divider accuracy
which is typically 10 to 12 ppm. This indicates that volt-
age sources and measurements can be established with this
precision. Calibration of a dc source such as the 740A DC
STANDARD is shown in Figure 4. A solid copper contact
DPDT knife switch is used to substitute a short circuit for
the —hp— 735A, allowing thermal emfs to be nulled out
using the 3 pv range of the 419A. For optimum precision,
step (4) of Figure 4 should be repeated every time con-
nections are changed on the voltage divider. Figure 4 is a
modified version of Figure 3 providing additional instruc-
tions for nulling thermal emfs. The difference in the
VOLTAGE SET indicated on the 740A and the indication
of the 419A = the accuracy of the 735A and the precision
divider provides an absolute calibration of the dc standard
under test. (See Figure 4 (6)).
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Differential voltmeters, digital voltmeters, and other
high impedance devices can be calibrated directly using
the procedure outlined in Figure No. 3 to provide a pre-
cision voltage source. Loading effects of the meter being
calibrated can be compensated at all 100:1 and 10:1 ratio
combinations by adjusting the 740A so that the 419A reads
zero on the 3 uv range while the load is connected to the
precision voltage divider.

— APPENDIX —
References:

HP 419A DC NULL DETECTOR, Operating and
Service Manual

HP 735A TRANSFER STANDARD, Operating and
Service Manual

HP 740A DC STANDARD/DIFFERENTIAL VOLT-
METER, Operating and Service Manual

HP APPLICATION NOTE NO. 69 “Which de¢ Volt-
meter ”

HP Journal, Volume 16, No. 9, May 1965.
Electronic Precision Measurement Techniques and Ex-
periments, Prentice Hall, Englewood Cliffs, N. J.
Precision Measurement and Calibration, Electricity and
Electronics Handbook 77, Volume 1, U.S. Dept. of

Commerce, National Bureau of Standards.

Figure No. 1
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FIGURE 1. BLOCK DIAGRAM FOR STANDARD CELL COMPARISONS.

1) Allow ® 735A to warm up 30 minutes prior to mak-
ing measurements.
2) Make connections with insulated, solid copper wire as
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4)

5)
6)
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indicated by solid lines except omit connection to
standard cell. -

Set the % 419 range switch to 300 microvolts, push
Zero button. Adjust zero of the 419A until it reads
zero on the 3 uv range. Return the range switch to
300 pv and press the VM button.

Set ® 735A switch to 1.018 4+ (A) for saturated or
1.019 + (A) unsaturated cell comparison. Adjust
MICROVOLTS so that the switch position plus micro-
volts is exactly equal to voltage shown on cell #1
certification. Lock MICROVOLTS knob.

Connect leads to cell #1.

Using a small screwdriver, adjust the CAL control on
the ® 735A so that the & 419A reads zero as the
range switch is changed to the 3 uv range. The
4% 735A output is now exactly equal to cell #1 voltage

=1
~

8)

9)
10)
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to better than 0.1 ppm.

Depress & 419A ZERO pushbutton. Move test leads
to cell #2.

Depress VM button and adjust the % 735A MICRO-
VOLTS control until the ® 419A again indicates
zero on the 3 uv range. Record the ® 735A switch
position plus the MICROVOLTS dial reading. This
is the absolute voltage of the cell referred to cell #1.
Repeat steps (8) and (9) for all cells.

The deviation between each cell and cell #1 is ob-
tained by finding the algebraic difference between
each reading recorded in step (9) and the certified
value of cell #1. The deviation from cell to cell can
be obtained by finding the algebraic difference between
each of the readings obtained in step (9).

Figure No. 2

A PRECISION 0 TO 1 VOLT
SOURCE

DC NULL
(NQe 1) i (NQe. 2)

DC TRANSFER hp 419A DC TRANSFER
STANDARD STANDARD
hp 735A 7 \|| O hp 7354
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PRECISION
VOLTAGE
DIVIDER

R = INPUT RESISTANCE OF
THE PRECISION VOLTAGE
DIVIDER

FIGURE 2. BLOCK DIAGRAM FOR ESTABLISHING A PRECISION 0.1 TO 1 VOLT SOURCE.
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1) Connect equipment as shown using insulated, solid
copper wire. Allow a 30 minute stabilization period
after the ® 735A’s are turned on before final adjust-
ments are made.

The ® 735A (No. 1) connected to the input of the
precision voltage divider is used as a finely adjustable,
stable voltage source. The ® 735A (No. 2) used with
the % 419A on the output is the transfer standard
and has been calibrated at the 1 volt output to 2 ppm
using procedure shown in Figure 5.

Set 735A (No. 1) connected to the voltage divider
input to supply 1.019 V + (A).

4) Depress ZERO button on 419A and adjust to zero on

3)

5)

6)

7)

Page 3

the 3 uv range. Then return range switch to 300 pv.
With the 735A (No. 2) on the output side of the volt-
age divider set at 1.000 volt, and the precision voltage
divider dials set at 9-9-9-9-9-10; depress VM button
on the 419A.

Adjust the 735A (No. 1) MICROVOLTS control on
the input of the voltage divider until the 419A indi-
cates zero on the 3 uv range. Disconnect the 419A
and 735A (No. 2).

The voltage now available at the output of the voltage
divider is 0 to 1.00000V; accurate and stable to 2
ppm = accuracy of the divider for short periods in a
standards laboratory environment.

Figure No. 3

A PRECISION 1 TO 1000
YOLT SOURCE

DC STANDARD/DIFFERENTIAL

DC NULL
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FIGURE 3. BLOCK DIAGRAM FOR ESTABLISHING A PRECISION 1 TO 1000 YOLT SOURCE.

1) Conmect equipment as shown using insulated, solid
copper wire. Allow a 30 minute stabilization period
for the 735A and 7T40A before final adjustments are
made. Be sure the 740A OUTPUT is oft.

2) The 735A is the transfer standard that has been cali-
brated at the 1 volt output to 2 ppm using the proced-
ure shown in Figure 5.

3) Depress the ZERO button on the 419A and adjust to
ZERO on the 3 uv range. Return the range switch to
300 JIA

4) Set the output of the 740A in DC STANDARD mode
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5)

6)

7)

to 1000 volts and turn on the OUTPUT. Adjust the
VERNIER on the 740A until the 419A reads zero.
Continue to adjust the VERNIER of the 740A while
the 419A range switch is reduced to 3 wv full scale.
When the 419A reads zero on the 3 v range, 1000
volts have been established across the Precision
Divider to an accuracy of 2 ppm = accuracy of the
divider.
Other precision voltages can be established at other
points on the Precision Voltage Divider by this same
technique. All will have the basic accuracy of 2 ppm
=+ accuracy of the divider.
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Figure No. 4

CERTIFYING A PRECISION
DC STANDARD
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FIGURE 4. BLOCK DIAGRAM FOR CERTIFICAION OF A PRECISION DC STANDARD.

1) Connect equipment as shown using insulated, solid

4)

copper wire. Switch S, should be a solid copper con-
tact knife switch. Allow a 30 minute stabilization
period for the 735A and 740A before final adjustments
are made. Be sure the 740A OUTPUT is off.

The 735A is the transfer standard that has been cali-
brated at the 1 volt output to 2 ppm using the pro-
cedure shown in Figure 5.

Depress the ZERO button on the 419A and adjust to
ZERO on the 3 puv range. Retum the range switch
to 300 g

Place S, in SHORT position. Set the 7T40A to DC
STANDARD maode and to the 1 volt range. Connect the
+ output of the 740A to point B on the divider. With
all VOLTAGE SET controls and the VERNIER on

Page 4

5)

the 740A set fully counterclockwise, press the OUT-
PUT button and adjust ZERO SET until the 419A
reads zero on the 3 uv range. Return the 419A to the
300 v range and move S, to the 735A position.

Set the output of the 740A to exactly 1 volt as indi-
cated by its VOLTAGE SET controls and VERNIER.

6) Adiust the 419A range switch to obtain as near full

T

N

scale reading as possible. The reading of the 419A
in microvolts =+ the combined uncertdinty of the 7T35A
and the precision voltage divider in parts per million
provides the deviation in ppm of the 740A, 1 volt
range, referenced directly to the primary standard cell.
Other calibrations can be established at various volt-
age levels using the divider ratios available. In each
case the deviation can be read directly as indicated
in (6).
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Figure 5

CALIBRATING THE
-hp- 735A TO ONE VOLT +2 PPM

Page 5

DC NULL STABS%ERQE POWER DC NULL
V(;TLTMETER VOLTMETER
419A 2
DC TRANSFER P o6 TR hp 419A
STANDARD STANDARD
hp 7354 7 N\[|O hp 735A N O
o e o O o=l + - 0 o
Q@ D) Q@ B -
500D @m u‘”-’@@gé @EUIDII
= |
1
1\ ‘e
INPUT QUTRUT | pormision
=1t VOLTAGE
| QOO O OO© |biviber
STANDARD
CELL
(a) (b)

1) Allow the 735 A to warm up 30 minutes prior to

4

3)

4)

making any adjustments.

2) Make connections shown in (a) with insulated solid

copper wire except omit one connection to the
standard cell.

Set the 419A range switch to 300 microvolts, push
Zero button. Adjust ZERO of the 419A until it reads
zero on the 3 uv range. Return the range switch to
300 pv and press the VM button.

Set —hp— 735A switch to 1.018 4+ (A) for saturated
or 1.019 + (A) for unsaturated cell. Adjust MICRO-
VOLTS so that the switch position plus microvolts
is exactly equal to the voltage shown on the standard
cell certification. Lock the MICROVOLTS knob.

5) Connect the remaining lead to the standard cell.
6) Using a small screwdriver, adjust the CAL control
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on the 735A so that the 419A reads zero as the range
switch is rotated to the 3 uv range.

Now connect the equipment as shown in (b).

Set the precision voltage divider for a 1:1 ratio and
adjust the stable power source for a null (zero) on
the 419A on the 3 uv range. Return the 419A to the
300 pv range.

Set the precision voltage divider to a ratio equal to
1/735A setting [1/1.018 + (A), or 1/1.019°+ (A)],
depending on whether a saturated or unsaturated
cell was used in step (4).

Move the T35A switch to the 1.000 volt position and
carefully adjust A2R8 in the 735A to obtain a zero
reading on the 419A 3 uv range. The 1.000 volt out-
put of the 735A is now adjusted within 2 ppm
referenced to the primary standard cell.

Page 5



HP SALES AND SERVICE OFFICES IN THE U.S. AND CANADA

ALABAMA

Huntsville, 35801
Hewlett-Packard

Southern Sales Division
Holiday Office Ctr., Suite 18
(205) 881-4591

TWX: 510-579-2204

ARIZONA
Scottsdale, 85251
Hewlett-Packard
Neely Sales Division
3009 No. Scottsdale Rd.
602) 945-7601
TWX: 602-949-0111
Tucson, 85716
Hewlett-Packard
Neely Sales Division
232 So. Tucson Blvd.
602) 623-2564
TWX: 602-792-2759

CALIFORNIA

Los Angeles Area
Hewlett-Packard

Neely Sales Division
3939 Lankershim Bivd.
North Hollywood 91604
(213) 877-1282 and 766-3811
TWX: 910-499-2170
Sacramento, 95821
Hewlett-Packard

Neely Sales Division
2591 Carlsbad Ave.
(916) 482-1463

TWX: 916-444-8683
San Diego, 92106
Hewlett-Packard

Neely Sales Division
1055 Shafter Street
(714) 223-8103
TWX-714-276-4263

San Francisco Area
Hewlett-Packard

Neely Sales Division
1101 Embarcadero Rd.
Palo Alto 94303
(415) 327-6500

TWX: 910-373-1280

COLORADO

Englewaod, 80110
Hewlett-Packard
Neely Sales Division
7965 East Prentice
(303) 771-3455
TWX: 303-771-3056

CONNECTICUT
Middletown, 06458
Hewlett-Packard
Yewell Sales Division
589 Saybrook Rd.
(203) 346-6611

TWX: 710-428-2036

FLORIDA
Miami, 33125
Hewlett-Packard
Florida Sales Division
2907 Northwest 7th St.
(305) 6356461
Orlande, 32803
Hewlett-Packard
Florida Sales Division
621 Commonwealth Ave.
(305) 425-5541
TWX: 305-275-1234
St. Petersburg, 33708
Hewlett-Packard
Florida Sales Division

410-150th Ave., Madeira Beach

(813) 391-0211
TWX: 813-391-0666

GEORGIA
Atlanta, 30305
Hewlett-Packard
Southern Sales Division
3110 Maple Drive, N, E.
(404) 233-1141
TWX: 810-751-3283

ILLINOIS
Chicago, 60645
Hewlett-Packard
Crossley Sales Division
2501 West Peterson Ave.
(312) 275-1600
TWX: 910-221-0277

INDIANA
Indianapolis, 46205
Hewlett-Packard
Crossley Sales Division
3919 Meadows Dr.
(317) 546-4891
TWX: 317-635-4300

KENTUCKY
Louisville, 40218
Hewlett-Packard
Southern Sales Division
Suite 4, 3411 Bardstown Rd.
(502) 459-4140
TWX: 810-535-3128

MARYLAND
Baltimore, 21207
Hewlett-Packard
Horman Sales Division
6660 Security Blvd.
(301) 944-5400

Washington, D. C. Area
Hewlett-Packard
Horman Sales Division
941 Roilins Avenue
Rockville 20852

(301) 427-7560

TWX: 710-828-9684

MASSACHUSETTS
Boston Area
Hewlett-Packard
Yewell Sales Division
Middlesex Turnpike
Burlington 01804
617) 272-9000
TWX: 710-332-0382

MICHIGAN
Detroit, 48235
Hewlett-Packard
Crossley Sales Division
14425 West Eight Mile Road
(313) 342.5700
TWX: 313-342-0702

MINNESOTA
St. Paul, 55114
Hewlett-Packard
Crossley Sales Division
842 Raymond Avenue
(612) 646-7881
TWX: 910-563-3734

MISSOURI
Kansas City, 64131
Harris-Hanson Company
7916 Paseo Street
(816) 444.94%4
TWX: 816-556-2423
St. Louis, 63144
Harris-Hanson Company
2814 South Brentwood Blvd.
(314) 647-4350
TWX: 314-962-3933

NEW JERSEY
Asbury Park Area
Hewlett-Packard
Robinson Sales Division
Shrewsbury

(201) 747-1060

Englewood, 07631
Hewlett-Packard
RMC Sales Division
391 Grand Avenue
{201) 567-3933

NEW MEXICO

Albuquergue, 87108
Hewlett-Packard

Neely Sales Division
6501 Lomas Bivd., N. E.
(505) 255-5586

TWX: 910-989-1665

Las Cruces, 88001
Hewlett-Packard
Neely Sales Division
114 S. Water Street
{505) 526-2486
TWX: 505-524-2671

NEW YORK

New York, 10021
Hewlett-Packard
RMC Sales Division
236 East 75th Street
{212) 879-2023

TWX: 710-581-4376

Rochester, 14625
Hewlett-Packard
Syracuse Sales Division
800 Linden Avenue
(716) 381-4120

TWX: 716-221-1514

Poughkeepsie, 12601
Hewlett-Packard
Syracuse Sales Division
82 Washington St.
914) 454-7330

TWX: 914-452-7425

Syracuse, 13211
Hewlett-Packard
Syracuse Sales Division
5858 East Molloy Rd.
(315) 454-2486

TWX: 710-541-0482

NORTH CAROLINA

High Point, 27262
Hewlett-Packard
Sauthern Sales Division
1923 N. Main Street
(919) 882-6873

TWX: 510-926-1516

OHIO

Cleveland, 44129
Hewlett-Packard
Crossley Sales Division
5579 Pear| Road

(216) 884-9209

TWX: 216-888-0715

Dayton, 45409
Hewlett-Packard
Crossley Sales Division
1250 W. Dorothy Lane
(513) 299-3594

TWX: 513-944-0090

PENNSYLVANIA

Camp Hill
Hewlett-Packard
Robinson Sales Division
(717 737-6791

Philadelphia Area
Hewlett-Packard

Robinson Sales Division
144 Elizabeth Street
West Conshohocken 19428

(215) 248-1600 and 828-6200

TWX: 215-828-3847

Pittsburgh Area
Hewlett-Packard
Crossley Sales Division
2545 Moss Side Bivd.
Monroeville 15146
412) 271-5227

TWX: 710-797-3650

TEXAS

Dallas, 75209
Hewlett-Packard
Southwest Sales Division
P.0. Box 7166, 3605 Inwood Rd.
(214) 357-1881 and 332-6667
TWX: 910-861-4081

Houston, 77027
Hewlett-Packard
Southwest Sales Division

P.0. Box 22813, 4242 Richmond Ave.

(713) 667-2407
TWX: 713-571-1353

UTAH

Sait Lake City, 84115
Hewlett-Packard
Neely Sales Division
1482 Major St.

(801) 486-8166

TWX: 801-521-2604

VIRGINIA

Richmond, 23230
Hewlett-Packard
Southern Sales Division
2112 Spencer Road
(703) 282-5451

TWX: 710-956-0157

WASHINGTON

Seattle Area
Hewlett-Packard
Neely Sales Division
11656 N. E. 8th St.
Bellevue 98004
(206) 454-3971

TWX: 910-443-2303

CANADA

Montreal, Quebec
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street

(514) 735-2273

TWX: 610-421-3484

Ottawa, Ontario
Hewlett-Packard (Canada) Ltd.
1762 Carling Avenue

(613) 7224223

TWX: 610-562-1952

Toronto, Ontario
Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue West
(416) 249-9196

TWX: 610-492-2382

GOVERNMENT
CONTRACTING OFFICES

Middletown, Pa. 17057
Hewlett-Packard

Contract Marketing Division
Olmsted Plaza

(717) 944-7401

TWX: 717-760-4816

West Conshohocken, Pa. 19428
Hewlett-Packard

Contract Marketing Division
144 Elizabeth St.

(215) 753-1811

TWX: 215-820-3847
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HP INTERNATIONAL SALES AND SERVICE OFFICES

ARGENTINA

Mauricio A. Saurez
Telecomunicaciones

Carlos Calvo 224, Buenos Aires
Tel: 30-6312

AUSTRALIA

Sample Electronics (Vic.) Pty. Ltd.
9-11 Cremorne Street

Richmond E, 1, Victeria

Tel: 42-4757 (3 lines)

Sample Electronics (N.S.W.) Pty. Ltd.
4 Grose Street, Glebe, N.S.W.
Tel: 696338 (6 lines)

AUSTRIA

UNILABOR H.m.b.H.
Wissenschaftliche Instrumente
Rummelhardtgasse 63

P.Q. Box 33, Vienna IX/71

Tel: 42 61 81

BELGIUM
Hewlett-Packard Benelux
20-24 Rue de |'Hopital, Brussels 1
Tel: 11.22.20

BRAZIL
CIENTAL IMPORTACAQ E COMERCIO LTDA
R. Cons. Crispiniano, 69, 8. * Conj. 81
Sao Paulo, S.P.
Tel: 324332

CANADA
Hewlett-Packard (Canada) Ltd.
8270 Mayrand Street
Montreal, Quebec
(514) 735-2273

Hewlett-Packard (Canada) Ltd.
1762 Carling Avenue

Ottawa, Ontario

613) 722-4223

Hewlett-Packard (Canada) Ltd.
1415 Lawrence Avenue W.
Toronto, Ontario

(416) 249-9196

CHILE
Hector Calcagni
Casilla 13942, Santiago
Tel: 6.42.26

DENMARK
Tage Qlsen A/S
Rennegade 1, Copenhagen @
Tel: 29.48.00

FINLAND
INTO 0/Y
P. 0. Box 153
11 Meritullinkatu, Helsinki
Tel: 6.11.33

FRANCE
Hewlett-Packard France
150 Bivd. Massena, Paris 13e
Tel: 707.97.19

GERMANY
Hewlett-Packard V.mb.H.
Steindamm 35, Hamburg
Tel: 24.05.51

Hewlett-Packard V.m.b.H.
Kurhessenstrasse 95

6 Frankfurt am Main
Tel: 52.00.36

Hewlett-Packard V.m.b.H.
Reginfriedstrasse 13

8 Munich 9

Tel: 49.51.21,22
Hewlett-Packard V.m.b.H.
Technisches Biiro
Herrenbergerstrasse 110
703 Boblingen, Wiirttemberg
Tel: 6971

GREECE

K. Karayannis
Klaftmonos Square, Athens 124
Tel: 230.301 (5 lines)

INDIA

The Scientific Instrument Company, Ld.
6, Tej Bahadur Sapru Road, Allahabad 1
Tel: 2451

The Scientific Instrument Company, Ld.
240, Dr. Dadabhai Naoroji Rd., Bombay 1
Tel: 26-2642

The Scientific Instrument Company, Ld.
11, Esplanade East, Calcutta 1

Tel: 23-4129

The Scientific Instrument Company, Ld.
30, Mount Road, Madras 2

Tel: 86339

The Scientific Instrument Company, Ld.
B-7. Ajmeri Gate Extn., New Delhi 1

Tel: 271053

IRAN
Telecom Ltd.
P. 0. Box 1812, Tehran
Tel: 43850

ISRAEL
Electronics & Engineering Ltd.
16 Kremenetski St., Tel Aviv
Tel: 35021-2-3

ITALY
Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46, Milan
Tel: 69.15.84.5.6

Hewlett-Packard Italiana Sp.A.
Palazzo Italia

Piazza Marconi, 25, Roma-Eur
Tel: 59.12.544/5

JAPAN
Yokogawa-Hewlett-Packard Ltd.
2270 Ishikawa-cho
Hachioji, Tokyo
Tel: Hachioji 0426 3-1231 (19 lines)

Yokogawa-Hewlett-Packard Ltd.

No. 3, 6-chome, Aoyama Knamachl
Akasaka, Minato-ku, T

Tel: 403-0073, 403- 0074 403 0075

Yokogawa-Hewlett-Packard Ltd.
No. 8, Umeda, Kita-ku, Osaka City
Tel: 361-3084, 341-2095

Yokogawa-Hewlett-Packard Ltd.
No. 4, 3-chome, Himeikedori,
Chigusa-ku, Nagoya City

Tel: 75-8545

KOREA

American Trading Company, Korea, Ltd.
112-35 Sokong-Dong, Jung-ku

Seoul P. 0. Box 1103, Seoul

Tel: 3-7049, 3-7613

NETHERLANDS
Hewlett-Packard Benelux N.V.
23 Burg Roellstraat, Amsterdam W.
Tel: {020) 13.28.98 and 13.54.99

NEW ZEALAND
Sample Electronics (N. Z.) Ltd.
8 Matipo Street
Onehunga S. E. 5, Auckland
Tel: 565-361

NORWAY
Margenstierne & Co. A/S
Ingenigrfirma
6 Wessels Gate, Oslo
Tel: 20 16 35

PORTUGAL
TELECTRA
Rua Rodrigo da Fonseca 103
P. 0. Box 2531, Lisbon 1
Tel: 68 60 72 and 68 60 73 and 68 60 74

PUERTO RICO & VIRGIN ISLANDS
San !uan Electronics, Inc,
150 Ponce de Leon, Stop 3
P. 0. Box 5167
Pta. de Tierra Sta., San Juan 00906
Tel: 722-3342, 724-4406

SPAIN
ATAIQ, Ingenieros
Enrique Larreta 12, Madrid 6
Tel: 235.43.44 and 235.43.45

SOUTH AFRICA
F. H. Flanter & Co, (Pty.), Ltd.
Rosella House
Buitencingle Street, Cape Town
Tel: 3-3817

SWEDEN
H-P Instrument AB
Centralvdgen 28, Soina, Centrum
Tel: 08-83.08.30 and 10-83.08.30

SWITZERLAND
Max Paul Frey
Wankdorffeldstrasse 66, Berne
Tel: (031) 42.00.78

TAIWAN (FORMOSA)
Hwa Sheng Electronic Co., Ltd.
21 Nanking West Road, Taipei
Tel: 4 6076, 4 5936

TURKEY
TELEKOM Engineering Bureau
P.0. Box 376—Galata, Istanbul
Tel: 49.40.40

UNITED KINGDOM
Hewlett-Packard Ltd,
Dallas Rd., Bedford, England
Tel: Bedford 68052

VENEZUELA
Citec, C. A.
Edif. Arisan-Of #4
Avda. Francisco de Miranda-Chacaito
Apartado del Este 10.837, Caracas
Tel: 71.88.05

YUGOSLAVIA
Belram S.A.
83 Avenue des Mimosas
Brussels 15, Belgium
Tel: 35.29.58

For Sales and Service Assistance in Areas Not Listed Contact:

IN EUROPE
Hewlett-Packard, S. A.
54 Route des Acacias
Geneva, Switzerland
Telephone: (022) 42.81.50
Telex: 2.24.86
Cable: HEWPACKSA

IN LATIN AMERICA
Hewlett-Packard Inter-Americas
1501 Page Mill Road
Palo Alto, California 94304, USA.
Telephone: (415) 326-7000
TWX: 910-373-1267
Telex: 033811 Cable: HEWPACK

ELSEWHERE
Hewlett-Packard
International Marketing Department
1501 Page Mill Road
Palo Alto, California 94304, US.A.
Telephone: (415) 326-7000
TWX: 910-373-1267
Telex: 033811 Cable: HEWPACK
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