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FIGURE 1.

Can you see any difference in the waveforms shown in Figure 1?7 Both waveforms
were computer generated. One waveform is distorted by 1% 3rd harmonic in phase
with the fundamental. The other waveform is a pure sine wave. 1% distortion is a
typical specification for many good oscillators and is present in almost every sine wave
used today. Would you be able to determine that waveform A in Figure 1 is distorted?
Do you realize that if you measure the voltage level of this 1% distorted waveform with
an average responding 4 digit DVM, only 3 digits are accurate, or with a 5 digit DVM,
still only 3 digits are accurate? This AN will show that many measurements being
made today are not “good enough”.




EFFECTS ON MEASUREMENTS

The two major types of converters used with DVM’s today are average responding
and true rms responding. The average responding converter responds to the average
value of the rectified waveform times a constant (constant = 1.11 for a pure sine wave).
If the waveform contains harmonics of the fundamental, the average value will vary
depending on the amplitude and phase of the harmonics. Multiplying this varying
average by a constant has to give a varying rms indication. Figure 2 is a plot of the
error caused by the common 1% distorted waveform in Figure 1. Each harmonic was
held to 1% of the fundamental and the phase of the harmonic varied from 0° to 360°.
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FIGURE 2. Percent Error versus Phase. Each harmonic is 1%, of
the fundamental magnitude.

Figure 3 is a plot of the % error in an average responding converter as a function of
the magnitude of the distortion. This can be approximated by the simple equation:

~ Eh
Error = NE,

where E, is the magnitude of the harmonic, E; is the magnitude of the fundamental,
and N is the order of the odd harmonic.

Table 1 gives the equations for both average responding rms calibrated voltage
and true rms voltage. Note that only the average responding equation contains a phase
term.

TABLE 1.
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The 1% 3rd harmonic can add an additional #=0.33% error to the basic accuracy
of an average responding converter. In a 4 digit DVM, this amounts to an additional
33 counts of error, or the last digit is meaningless. In a 5 digit DVM, 333 counts of
error can be added, or the last 2 digits are meaningless. In hoth cases, only 3 digits
are meaningful with the typical 1% distorted waveform.
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So far, worst case has been assumed. This need not be done if the magnitude and
phase of the harmonics can be determined. Determining the magnitude of the harmonics
would not be too difficult, but determining the phase relationship is next to impossible.
It would be possible to analyze the signal using the wave analysis technique where each
harmonic is isolated and measured by an average responding converter. After the funda-
mental and all the harmonics have been measured and recorded, they could be summed
together by the square root of the sum of the squares method. This process eliminates
the phase relationship problem, but requires expensive instrumentation and a great deal
of time. '

On the other hand, the true rms converter responds to the effective dc heating value
of the waveform. The fundamental and each harmonic contribute to the total heating
value. The true rms converter in essence takes each component of the waveform and
sums them by the square root of the sum of the squares technique. The converter does
the job of the wave analysis and computing in a very economical way. Harmonic
phase relationships have no effect on the response of the converter. The true rms con-
version is a correct indication of the distorted waveform and is usable with 4 and 5
digit DVM’s.

The following example is used to exemplify the problems encountered with the
average responding converter. The gain of an amplifier is determined by comparing
the relative input voltage E; to the relative output voltage Eo.

By
o

FIGURE 4. Amplifier Example
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E; contains the typical 1% harmonic distortion. Since it is difficult to determine
which components are present, assume the worst case in which all of the distortion is
contained in the in-phase 3rd harmonic. The total error in an average responding con-
verter will be the converter’s inherent error plus the 33 counts of error due to the
harmonic content of the waveform. A typical average converter specification is +0.19,
or the total worst case error of 43 counts for a 4 digit DVM.

If the amplifier adds no harmonic phase or amplitude distortion to the signal, the
+-43 counts will be present on the E; voltage and the errors will cancel, but amplifiers
are not pure. The amplifier, being a reactive device, will affect the phase relationship
of the harmonics to some extent. Since it is impossible to determine how much effect
the amplifier will have, worst case of 180° phase shift of the harmonics must be assumed.
The measurement of E, will be in error by —23 counts (4-10 counts inherent —33
counts due to the harmonic—Refer to Figure 2). If in our example the gain of the
amplifier is unity, the following can occur:

E; = 1.0043
E,
E " 9930

This represents an error of 70 counts in the determination of the amplifier gain.

Your calculated amplifier gain is already 70 counts in error due to a phase distor-
tion caused by the amplifier. If the amplifier adds 1% to the magnitude of the harmonics,
the measurement of E, will be in error by —56 counts (410 counts inherent —66 counts
due to the distortion. Refer to Figure 3). The calculated gain is

E, 9944
T 10043 — 9901

or the calculated gain is in error by 89 counts.

By using a true rms converter, you don’t have to worry about the errors caused by
distortion. All of the digits remain useful and the reading is affected only by the basic
accuracy of the instrument. Distortion does not cause errors in true rms converters.
Distortion is part of the total power of the waveform and the converter responds to the
power, not the average of the waveform. Distortion would have to be less than 0.1%
to use all 4 digits of a 4 digit DVM and less than 0.019% to use all 5 digits of a
5 digit DVM. Signals just are not pure enough for you to gamble with average respond-
ing measurements. '

TRUE RMS MEASUREMENTS

Besides being the only accurate way to make everyday ac voltage measurements,
the true rms converter allows you to accurately measure signals containing very high
distortion such as square waves, pulse trains, and even noise. This section discusses
some of these unique measurement capabilities.

Square Wave

A square wave can be generated by summing together sine waves of the appro-
priate frequency and amplitude. The harmonic content of a square wave is so great
that the average responding converter calibrated to respond to the rms of a sine wave
cannot even make an approximate measurement of the rms value. The true rms con-
verter responds to the effective dc heating value of the square wave and is independent
of the number or magnitude of the harmonics used to generate the square wave.

AC plus DC

Until now, all signals were ac coupled into a true rms converter. To measure the
rms value of an ac voltage plus a dc offset voitage, you had to measure the ac component
and the dc component separately and then add them together as the square root of the
sum of the square. Today, true rms converters are capable of accepting dc coupled
signals and measuring the rms value in one step. (Note Figure 5.)

4




B8

2 ¥

O Vde = = — =

AS < VEg 2 +Eg 2 =997 ¢ 22 101

FIGURE 5. AC plus DC

Pulse Trains and Crest Factor
A pulse train in essence is a non-symmetrical square wave. Only a true rms con-
verter can respond to a pulse train.

The term crest factor is used to describe a physical characteristic of any waveform.
Basically crest factor is a ratio of the peak value of the signal to its rms value, or the
square root of the inverse duty cycle minus one. Figure 6 shows both definitions.
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An average responding converter that can measure only pure sine waves accurately
has a crest factor of 1.414 (peak value of a sine wave to the rms value). True rms
converters commonly have crest factors of 7:1. The crest factor that a true rms con-
verter can respond to is a function of the dynamic range of the input amplifier and the
operating point of the thermal converter. With a crest factor of 7:1, you can measure
the rms value of a pulse train with a pulse width of 1/50 of the total period.

Also, to measure the rms value of a pulse that originates at 0 V dc, the signal
must _be dc_coupled into the true rms converter. This is a direct application of

v Euc2 + Edcz-




Noise

Noise is a limiting factor in any system. Thermal noise, transistor noise, and
switch contact noise are examples of noise generated internally. This noise limits the
sensitivity in measurement devices, distorts the purity of communication systems, and
affects the output signals of all amplifiers. To effectively reduce noise, you must be
able to measure noise. Since noise level is referenced to power, true rms is the only way
to accurately measure the noise present in the system.

Mechanical to Electrical

Stress, strain, vibration, shock, temperature expansion and contraction are mechani-
cal phenomena that are measured by converting mechanical motion into electrical
signals. These signals are often noisy, non-periodic, and usually non-sinusoidal. In
addition, the signals are usually superimposed on some dc level, thus making true rms
the only way to measure these signals accurately. More importantly, mechanical move-
ment is a form of energy. To measure total mechanical energy, you convert to electrical
energy and measure the rms value of the electrical power. Only the thermal converter
technique is a direct measurement of power.

THE USED-TO-BE'S

True rms measurements used to be slow. Today, 1 sec response time is possible.
At frequencies below 20 Hz, measurement speed must be decreased to allow the con-
verter time to respond to the signal. This is true for both average responding and true
rms responding converters.

At high frequencies, true rms is faster than the majority of average responding
converters. True rms can make accurate measurements at 1 reading a second on fre-
quencies up to 1 MHz. Average responding converters are not capable of accurate 4
digit measurements above 100 kHz.

True rms converters used to be expensive. They still cost more than average
converters but how expensive is an incorrect measurement? When 4 or 5 digits of
accuracy are required, it’s less expensive to make a correct measurement the first time
than to correct a mistake caused by an inaccurate measurement.

SUMMARY

The true rms measurement technique is the most accurate available today. Besides
accuracy, true rms allows a versatility in measurement capabilities unknown with pre-
vious techniques. Hewlett Packard has realized the importance of true rms measure-
ments and is making a definite commitment to the development of instrumentation in-
corporating the advantages of true rms.
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Cable: CYEDE-Quito
Medical Only

Hespitalar S.A.

Casilta 3590

Robles 625

Quito

Tel 545-250

Cable: HOSPITALAR-Quito
EL SALVADOR

IPESA

Bulevar de tos Heroes 11-48

San Salvador
Tel: 252787

GUATEMALA

IPESA

Avenida Reforma 3-48,

Zona 9

Guatemala Cit

Tel: 316627 314786,66471-5.ext.9
Telex: 4192 Teletro Gu

MEXICO

Hewlen Packard Mexicana,
SA deC

Av, Peulét.co Sur No. 6501
Tepepan, Xochimico
Mexico 23. O.F.

Tel: 905-676-4600

Telex: 017-74-507
Hewlett-Packard Mexicana,
S.A. deC.V.

Ave. Consnlucldn No. 2184
Mcnterre:

Tel 48-71 gZ 48-71-84
Telex: 038-410

NICARAGUA

Agberto Terdn G.

Apartado Postal 689

Edificio Terdn

Managua

Tel: 25114 23412,23454.22400
Cadle: ROTERAN Managua

PANAMA

Electrgnico Balboa, S.A.
Aparalado 4929
Panama 5

Calle Samuel Lewis
Edificio “Alfa”. No.2
Culdad de Panama
Tel: 64-2700

Telex: 3483103 Curundu,
anal Zone
Cable: ELECTRON Panama

PERU
Compadla Electro Médica S.A.
Los Flamencos 145
San Isidro Casila 1030
ma 1
Tel: 41-4325
Telex: Pub. Boath 25424 SISIDRO
Cable: ELMED Lima

SURINAME
Surtet Radio Holland N.V.
Grote Hofstr. 3-5

Box 155
Paramaribo
Tel: 72118. 77880
Cable: Surtef

TRINIDAD & TOBAGO
CARTE

Canbbean Telecoms Ltd.
P.0. Box 732

69 Frederick Straet
Port-of-Spain

Tel: 62-53068

URUGUAY

Pablo Ferrando S.A.C.el.
Avenida Italia 2877
Casilla de Correo 370

0
Telex: 702 Pubiic Booth Para
Pablo Ferrando
Cable: RADIUM Montevideo

VENEZUELA
gewlen-?ackard de Venezuela
A

P O Box 50933

Caracas 105

Los Ruices Norte

3a Transversal

Ec:hcio Segre

Caracas 107

Tel: 238-4133 (20 lines)
Telex: 25146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED, CONTACT:

Hewigtt-Packard
Inter-Americas

3200 Hitiview Ave.

Palo Aito. Ca'tornia 94304
Tel: (415)856-150

TWX: $10-373-1260

Cable: HEWPACK Palo Alto
Tetex: 034-8300, 034-8493



UNITED STATES

EUROPE, NORTH AFRICA AND MIDDLE_ EAST

AUSTRIA
Hewiett-Packard Ges.m.b.H
Handelskar 52

P 0. Box 7

A-1205 Vieana

Tel 351621-27

Cabie: HEWPAK Vienna
Telex: 75923 hewpak 2

BAHHAIN

and Co

PO H )x 20074

Man

Tal: 259978. 259958
Telex. 8895 KALDIA GJ

BELGIUM
Hewiett-Packard Benelux
SANV.

Cu- Vert, 1.

ALOBE.‘.‘ Brussels
: 23-494 paloben bru
CVPRUS

ép'umcs
Gvegonos Xenopoulos Street
Box

Nlcoala

Tet: 45528729

Cable: Kypronics Pandehis
Telex 3018

CZECHOSLOVAKIA
Vyvojova a vauzm Za)dadna i

INLAND
Hewleft-Packard OY
Nahkahuusunu 5

0X
SF 00211 Halalnki 21
Tel: 80) 6923031

FRANCE

Hewlett-Packard France

Avenue des Tropiques

Les Uts

Boite Postale No. 6

91401 Orsay-Cedex

Tel: Ug 907 78 26

TWX: 600048F

Hewlen-Packard France

Chemin des Mouiles

B.P 162

69130 Eculk

Tel. (78)33 81 25,

TWX: 310617F

Hewiett-Packard France

Péricanire de la Cépidre

%masxv Toauous;—Le Mirail
el: 40111

TW){. 5J10957F

Hewiett-Packard France

Le Ligoures

Bureau de vente de Marseilles

Place Rouée de Villenuave

13100 Aix-en-Provence

Tel: (42) 59 43 02
Hewilett-Packard France
2, Aliee de \a Bourgnene
35100 Ren

Tel (99)5] 42 44

TWX: 740912F
Hewlett-Packard France
18, rue du Canal de la Marne
67300 Schiltighelm

Tel: (88) 83 08 10

TWX: 890141F
Hewlett-Packard France

Immeubie péricentre
Rue van Gogh

CSSR 25097 Bochovlce u Prahy

Tel. 8983 4
Telex: 12133

Institute of Medical Bionics

Vyskumny Ustav Lekarske) Bioniky

Jediova 6

€$-86346
Bratislava-Kramare
Tel: 4253

Telex: 93229

DDR

Entwickiungsiabor der TU Dresden

FDvschungsmsn(ul Meinsberg
DDR-730:
Waldheim/Meinsberg
Tel: 37 667

Telex: 518741

Export Contact AG Zuerich
Guenther Forgber
Schiegelstrasse 15

1040 Berlin

Tel: 42-74-12

Telex: 111889

DENMARK
Hewiett-Packard A/S
Datavej 52

DK-3460 Blrkerod
Tel: (02) 81 66 40
Caple: HEWPACK AS
Telex: 37409 hpas dk
Hewlett- chnam AS
Naverve;

DK—GGO& Siikeborg
Tel: (06)82 71 66
Telex® 37409 hpas dk
Cable: HEWPACK AS

EGYPT
LEA

International Engmeenng Assqciates

24 Hussen Hegazi Street
Kas-¢l-Amni e

Cairo

Tet 23 829

Teiex: 93830

Cable: INTENGASSO
SAMITRO

Sami Amin Trading Office
18 Abdel Aziz Gawish
Abdine-Calro

el 24932
Cable: SAMITRO CAIRO

58650 v D Ast

Tel: (20) 91 4125

TWX: 160124F

Hewlett-Packard France

Bureau de Vente

Centre d" atfaires Paris-Nord

Bitiment Ampére

Hue de la Commune de Paris
8.P. 300

53 Le Blanc Masnli Cédex

931

Tel: ©1)931 88 50
Hewtett-Packard France
Av. du Pdt. Kennedy
33700 Meriguac

Tei: (56)97 22 63
Hewlen -Packard France

-Evry” immeuble Lorraine

France:

8oltevard de France

91035 Evry-Cedex

Tel: 077 96 60
Hewlett-Packard France
60. Rue de Matz

57130 Jouy aux Arches
Tel: @7)69 45 32

GERMAN FEDERAL REPUBLIC

Hewtett-Packard GmbH
Vertriebszentrale Frankturt
Berner Strasse 117
Postach 560 140

D-6000 Frankfurt 56

Tel: 611) 50-04-1
Cable: HEWPACKSA Frankturt
Teiex: 04 13249 hpttm ¢
Hewlett-Packard GmbH
Techmisches Buro Bdblingen
Herrenberger Strasse 11

D- 7030 Bdbllngon Wilrttemberg

Tel: E"L
Cable: H! PACK Bobtingen
Telex: 07265739 bbn
Hewiett-Packard GmbH
Technisches 8uro Olsseldort
Emanuel-Leutze-Str. 1 (Seestern)
D-4000 Disseldort
Tel: 0211) 59711
Telex: 085/86 533 hpdd d
Hewiett-Packard GmbH
Technisches Bdro Hamburg
Wendenstrasse 23

-2000 Hambur:
Tel: (040)24 13 93

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d
Hewlett-Packard GmbH
Technisches Buro Hannover
Am Grossmarkt 6

D-3000 Hannover 91

Tet: ©511) 46 60 01

Telex: 092 3259
Hewlett-Packard GmbH
Tachnisches Buro Nurnberg
Neumeyerstrasse 30
D~8500Numborg

Telex 0623 860
Hewlett-Packard GmbH
Technisches Biro Munchen
Eschenstrasse 5
D-8021 Tautkirchen
Tei: (089)6117-1
Hewlett-Packard GmbH
Technisches 8aro Berin
Kauhstrassa 2-4
D-1000 Beriln 30

Tel: [030) 24 90 86
Telex:018 3405 hpbin d

GREECE
Koslas Karayannis
8 Omirou Street

Athens 133

Tel: 32 30 3034287 731
Ana‘yl cal Only

INTECO

G. Papathanassiou & Co.
17 Mavm S(veel

Tel: 5522 9\5:‘522‘ 989
Telex: 21 5329 INTE GR
Cable: INTEXNIKA
Medical Onl

Technomed Hellas Lid.
52 Skouta Street
Athens 135

Tei: 3626 972

HUNGARY
MTA

ITALY

Hewlett-Packard Italiana S.p.A.

Via G.Di Vittorio . §
20063 Cernusco

1903691
Telex: 311046 HEWPACKIT

Hewlett- Packard Italtana S.0.A,

Via Turazza .

35100 Pndcva

Tel: (49) 664888

Telex: 41612 HEWPACKI

Hewlett-Packard ltaliana S.p.A.

Via G. Armeliint 10
1-00143 Aoma

Tel: 106)54 69 61

Telex: 61514

Cable: HEWPACKIT Roma

Hewiett-Packard Italiana S.p.A.

Cmsa Gwovanm Lanza 94

0133 T
Tel:(01 1) 682245,659308
Medical:Calculators Only

Hewlett-Packard italiana %n A

Via Principe Nicola 43 G
1-95126 Catanla
Tel:(095) 37 05 04

Hewlett-Packard Italiana S.p.A.

Via Nuova San Rocco A
Capodimonte, §2A

1-80131 Napoli

Tel: {081) 7913544

Hewlett-Packard Itahana S.p.A.

Via €, Masi, 98
1-40137 Bologna
Tel: {051) 307887300040

JORDAN

Mouasher Cousins Co.
£.0. Box

Amman

Tel: 2490739907
Telex: SABCO JQ 1456
Cable: MOUASHERCO

KUWAIT
Al-Khaidiya Trading &
o 3

iszenigy és

Szolgalata
Hewielt-Packard Service
Lenin Krt. 67, P.0.Box 241
1391Budapest V1
Tel: 42 03 38
Telex: 22 51 14

ICELAND

Medical Only

Eiding Tvadlnq[[‘,omoany Inc.
Hatnarnvoli - TryggvagGtu

201 63 0
Cable ELDING Reyklavlk

IRAN

Hewlett-Packard tran Ltd.

No. 13, Fourtesnth St.
Mir Emad Avenue

P.0. Box 412419
Tehran

Tei: 851082-5

Tetex: 213405 hewp ir
IRELAND
Hewleft-Packard Ltd.
King Street Lane
Winnersh, Wokingham
Berks., RGH

GB- Eng’I

Tel: {0734} 76 47 74
Telex: 847178

Cabie: Hewpie London
Hewtett-Packard Ltd.

2C Avonbe Industnal Estate

Tel (OI ) 514322

Medlcal O l
Cardiac Sarvrces {reland) Ltd.
Kilmore Ri

rtane

Dublin 5, Eire
Tel: {01)315820
Medical Only
Cardiac Services Co.
95A Fmauah]y Rd. South
Baeitast BT 10 0BY
GB-Northern ireland

P.0. Box 830-Satat

Kuwalt
Tel:d2 491041 1726

LUXEMBURG
Hew{ethPackam Benelux

Avenue du Coi-Vert,
éGloenkraaolaan)

1170 Bvuuul:
Tei: (02) 67. 40
Cable: PALOBEN Brussels
Telex: 23 434

MOROCCO
Dolbeau

81 rue Karatchi
Caublanca
Tel: 3

Telex 23051/22822
Cable: MATERIO

Gerep
3, rue d'Agadir
Casablanca
Tel: 272093:5
Telex: 2
Cable: GEREP CASA
Cogedir
3t rue Omar Slaoui
Caseblanca
Tel: 27 65 40
Telex: 2173723003
Cable: COGEDIR
NETHERLANDS
Hewtett-Packard Benelux N.V.
Van Heuven Goedhartlaan 121
P 0 Box 667

Amstslveen 1134
Tal 020)47 20 21

NORWAY
Hewlett-Packard Norge A/S
gslemajsn 18

1345 Osteraas
Tel: ©2) 1711 80
Telex: 16621 hpnas n
Hewlett-Packard Norge A/S
%aamsualen 114

0 Bergen

POLAND
Biuro Intormacyi Technicznej
Hewlett-Packard
Ul Stawki 2, 6P
- Warszawa
Tel: 33.25.88/39.67.43
Telex: 81 24 53 hepa pl
UNIPAN
Biuro Obslugi Technicznej
01447 Warszawa
ul Newelaka 6
Poland
Zakiady Naprawcze Sprzetu
Medycznega
Plac Knmuny Paryskiej &
90-007 LddZ
Tel: 334-41, 337-83
Telex: 886981

PORTUGAL
Telectra-Empresa Técnica de
Equipamentos Eléctricos S.a.r.l.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lisbon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon
Tetex: 12598

Medical oaly

Mundinter

Intercambio Mundial de Comércio
|

Sarl
P.0. Box 2761
Avenida Antorio Augusto
de Agurar
P - Lisbon
Tel: (19)53 2t 3177
Telex: 16691 munter p
Cabie: INTERCAMBIO Lisbon

I‘?ATAFT' ding & Cf i
asser Tradin ontracting
P.0. Box |563 ’
Doha

Tel: 22170

Telex: 4439 NASSER

Cable: NASS

RUMANIA

Hewlett-Packard Reprezentanta

8d.n. Balcescu 16

Bucurest!

Tel: 15 80 2313 88 85

Telex: 10440

11.R.U.C.

Intreprinderea Pen!ru
Intretingrea

Si Repararea Utilajelor de Calcul

B-dul Prof. 0|m||ne Pompe» 6

Bucuresti-Secto

Tel: 88-20-70, BB 24 40 88-67-95

Teiex: 118

SAUDI ARABIA
Modern Electronic
Establishment Head Office

)
P.0. Box 1228, Baghdadiah Street

Jeddah

Tel: 27 798

Telex

Cable: ELECTA JEDDAH
Modem Electronic
Establishment (Branch)
P 0. Box 2728
Riyadh

Tel: 6259666232
Cable: RAQUFCO
Modern Elecironic
'E;sll)ahhshmem Branch)

Al-Khobar
Tel: 44678-44813

SPAIN

Hewlett- Packzm Espafola, S.A
Calie Jerez

E- Madvld 16

Tel %458 26 00 (10 lines)
Telex: 23515 hpe
Hewiett-Packard Espaditola S.A.
Colonia Mirasierra

Editicio Juban

% Costa Brava, 13

Madrid 34

Hewlett-Packard Espafala, S.A.
Mitanesado 21-23
E-Barcelona 17

Tes: (3) 203 6200 (5 lines)

Hewiett-Packard Espaiiola, S.A
Av Ramdn y Cajal, 1
Edittcio Sevilla, planta 9°

-Seville
Tel: 64 44 54,58

Hewlett-Packard Espatiola S.A.
Edificio Albia 11 7" B

-8iibao 1
Tel: 23 83 06/23 82 06
Hewlett-Packard Espafiola S.A.
C/Ramon Gordillo 1

Tel: 96- 351 13 54/361.13.58

SWED!

Hewlen-Packard Sverge AB

Enighetsvagen 3, Fack

$-161 Bromma 20

Tel. (08) 730 05 50

Telex: 10721

Cable: MFASUREME‘ITS
Stackhol

Hewlell-Packard Sverige AB

frdtalisgatan 30

$-421 32 Vastra Frélunda

Tel: {031)49 09 50

Telex: 10721 via Bromma oftice

SWITZERLAND

Hewiett-Packard (Schweiz) AG

Zurchersirasse 20

P.0. Bax 307

CH-8952 Schileren-Zurich
Tel: {01) 7305240

Telex: 53933 hpag ch

Cable: HPAG CH
Hewlett-Packard (Schweiz) AG

Chiteau Bloc 19

CH-1219 Le Lignon-Gerieva
Tel: (!!22596 2

Telex: 27333 h

Cable: HEWPAga G Geneva

SYRIA
General Electronic In

c.
Nuri Basna Ahna' Ebn Kays Street

P.Q. B

Damascus
Tel-33 24 87
Telex: 11215 ITIKAL

Cable: ELECTROBOR DAMASCUS

MedicalPersonal Caiculator only
Sawah & Co.

Place Azmé

B.P. 2308

Damascus

Tei: 16 367-19 697-14 268
Suleiman Kilal €1 Mlawi
£.0. Box 2528

Mamoun Bitar Street, 56-58
DamascusTel: 11 46 63

TUNISIA
Tunisie Electronique
JI Avenue de la Liberte

Te!: 280 144

Corema

1 ter. Av. de Carthage
Tunis

Tel: 253 821

Telex: 12319 CABAM TN
TURKEY

TEXNIM Company Ld
Riza Sah Pehlevi
Caddesi No. 7
Kavakiidere, Ankara
Tel: 275800

Telex: 42155

Teknim Com., Lig.
Barbaros Bulvari 55/12
Besikyas. latanbul
Tel: 613 546

Telex: 23540

Medical only

EM.A.
Muhendislik Kollekt! Sirketi
Medina Eldem Sokak 416
Yukse! Caddesi

nkara
fel 17 56 22
Cable: EMATRADE/Ankara
Analytical cnly
Yilmaz Ozyurek
Milli Mudataa Cad 164
Kizlay

Ankara

Tel 2503 08 - 17 80 26
Telex: 42576 0ZEK TR
Cahle: OZYUREK ANKARA

UNITED ARAB EMIRATES
Emutac Ltd. (Head Office)
P 0x 1641

Sharjah
Tel: 3541218
Telex 8136

Emtac Ltd. @Branch Office)
Bar 2711
Ahu Dhabi
Tel: 33137041
UNITED KINGDOM
Hewlett-Pacxard Lid
King Street Lane
Winnersh, Wokingham
Berks. RG11 5AR
Tel 0734) 784774
Telex 8471788
Hewlett-Packard Ltd.
Tratalgar House
Navigation Road
Allrincham
Cheshire WA14 1NU
Tet. (061) 928 6422
Telex: 668068
Hewiletl-Packard Lid.
Lygon Court
Hereward Rise
Dudley Road
Haleso!
West M\dlands 862 8SD
Tel' 021) 550 9911
Telex: 339105
Hewlett-Packard Ltd
Wedge House
799. London Road
Thornton Heath
Surrey CR4 6XL
Tel. 01) 6840103
Teiex: 946825
Hewleft-Packard Lid
10, Wesley St.
Castletord
Yorks WF10 1AE
Tel. ©977) 550016
Teiax: 557355

Hewleft-Packard Lid
1. Wallace Way
Hitchin

USSR

Hewleft-Packard

Representative Ottice USSR
Pokrovsky Boulevard 4/17-kw 12
Moscow 101000

Tel 2!

Telex 7825 hewpak su

YUGOSLAVIA
Iskra-Standard Hewlett-Packard
Midosiceva I8 VI

61000 L| ubgana

Tel: 31 793216 74

SOCIALIST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewlet-Packard Ges.m.b.H
Handelskal 52

P.0. Box 7

A-1205 Vienna, Austria
Tel: £222)35 16 21 to 27

MEDITERRANEAN AND

MIDDLE EAST COUNTRIES

NOT SHOWN PLEASE CONTACT:
Hewlett-Packard S A

Mediterranean ang Middle

East Operations

35. Kclokotreni Street

Platia Kefallariou

GR-Kifissia-Athens, Greece

Tel: 8080337253429

FOR OTHER AREAS
NOT LISTED CONTACT
Hewlett-Packard S.A.

7. tue du Bois-du-Lan

P.0. Box

CH- TZI? Maynn 2 - Geneva
Switzert

Tei: 1022)82 7000

ALABAMA

P.0. Box 4207

8290 Whitesburg Dr.
Huntsville 35802
Tel: (205)881-4591
8933 E. Roebuck Bivd.
Birmingham 35206
Tei: 205) 836-220372

ARIZONA

2336 E. Magnolia St.
Phoenlx 85034

Tel: (602) 244-1361
2424 East Aragon Rd.
Tucson 85706

Tel: (502)889 -4661

"ARKANSAS
Medical Service Onty
P.0. Box 3546
Brady Station

Little Rock 72215
Tel: (501)376-1844

CALIFORNIA

1579 W Shaw Ave.
Fresno 93771

Tel: {209) 224-0582

1430 East Orangethorpe Ave.
Fullerton 92631

Tel: (714)870-1000

3939 Lankershim 8oulevard

North Hollywood 31604
Tel (213)8 -1282
TWX: 910-499-2671

5400 West Rosecrans Blvd.
P 0. Box 92105

World Way Postal Center
Los Angeles
Tel: (2|3§ 776-7500
TWX: 910-325-6608
‘Los Angeles

Tel: 213)776-7500
3003 Scott Boulevard
Santa Clara 95050
Tal: {408 ) 988-7000

Ridgecrest
Tel' (714) 4466165
646 W. North Market Blvd

Sacramento 95834
Tel: (916)929-7222

9606 Aero Drive
P.0. Box 23333
San Dlego 92123
Tet: (714)279-3200

‘Tarzana

Tel: 213)705-3344
COLORADO
5600 DTC Parkway

Englewood 80110
Tel: 303) 771-3455

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tel: (203) 389-6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2727 N.W. 62nd Street
Ft. Lauderdale 33309
Tel: 305) 973-2600
4428 Emerson Street
Unit 103
Jacksonvilie 32207
Tei: {904) 725-6333
P.0. Box 13910

8177 Lake Eilencr Dr.
Qrlando 32803

Tal: (305) 859-2900
P.0. 8ox 12826

Suite 5, Bidg. 1

Otfice Park North
Pensacola 32575
Tel: (904) 476-8422

GEORGIA

P.0. Box 105005

450 Interstate North Parkway
Alianta 30348

Tel: {404) 955-1500

Medlcal Semce Only

Tet: ?404) 736 0592
P.0. Box 2103

1172 N. Davis Drive
Warner Robins 3t098
Tel: §12) 922-0449

HAWALl

2875 So. King Street
Honoluiu 96826
Tel: (808) 955-4455

ILLINOIS

5201 Toliview Dr.

Rolling Meadows 60008

Tel C! 2 255-9800
687-2260

INDIANA

7301 North Shadeland Ave.
Indlanapolis6250

Tel: 317)842-1000
TWX: 810-260-1797
IOWA

2415 Heinz Road

lowa Clty 52240

Tel: 319)338-9466

KENTUCKY

Medical Only

3901 Atkinson Dr.

Suite 407 Atkinson Square
Loulsville 40218

Tel: {502) 456-1573

LOUISIANA

P.0. 8ox 1449

3229-39 Williams Boutevard
Kenner 70063

Tel: {504) 443-6201

MARYLAND

7121 Standard Orive
Parkway Industrial Center
Hanover 21076

Tel: QOI& 786-7700
TWX: 710-862-1943

2 Choke Cherry Road
Rockville 20850

Tel: (301)948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
LexIngton 02173
Te\ (B 7 861-8960

AN
23855 Resean:h Drive
Farmington Hilis 48024
Tel: 313)476-6400
724 West Centrs Ave.
Kalamazoo 49002
Tei: (606) 323-8362

MINNESOTA
2400 N. Prior Ave
St. Paul 55113

Tel: (612) 636-0700

MISSISSIPPI

322 N. Mart Plaza
Jackson 39206
Tei: (601) 982-9363

MISSOURI

11131 Coforado Ave

Kansas City §4137

Tel: (8163 763-8000
771-2087

1024 Executive Parkway

St. Louis 63141

Tel: (314) 878-0200

NEBRASKA
Medical Onl:

7101 Mercy Road
Suite 101

Omaha 68106
Tel: {402)392-0948

NEVADA

‘Las Vegas

Tel: (702&?7366610

NEW JERSEY

W. 120 Century Rd.

Paramus 07652

Tel: 201) 265-5000

TWX: 710-990-4951

Crystal Brook Professional
Buitding. Poute 35

Eatontown 07724

Tel:R01) 542-1384

NEW MEXICO

£.0. Box 11634
Stabon E

11300 Lomas 8ivd., N.E.
Albuquerque 87123
Tei: &)5)292 1330
TWX: 910-989-1185
156 Wyatt Drive

Las Cruces 88001
Tel: (505) 526-2484
TWX: 910-9983-0550

NEW YORK
6 Automation Lane

Tel: (518)458-1550
TWX: 710-444-496 1
650 Perinton Hdl Office Park
Fairport 14450

Tel: 716)223-9950
TWX. 510-253-0092
No.1 Pewnsﬂvama Plaza
55th flo

3ath slreel & 8th Avenue
Naw York 1

Tel: 212) 97!0800
5858 East Molioy Road
Syracuse 13211

Tel: $315) 455-2486

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300
NORTH CAROLINA
5605 Roanne Way
Greensboro 27405
Tel: (919)552-1500

Memcal&ompuler Oniy
ldg. 300

\3103 E. Kemper Rd.
Cinclnnati 45426

Tel. (513)671-7400
16500 Sprague Road
Cleveland 44130

Tel: (216 243-7300
TWX: 810-423-9430
330 Progress Rd.
Dayton 45449

Tel: (613)859-8202
1041 Kmpsmul Parkway
Columbus 43229
Tel: (614) 436-1041
OKLAHOMA

P.0. Box 32008

6301 N. Mendan Avenue
Oklahoma City 73112
Tel: {405) 721-0200
9920 €. 42nd Street
Suite 12t

Tulsa 74145

OREGON

17890 SW Lower Boones
Ferry road

Tualatin §7062

Tel: (503) 620-3350

PENNSYLVANIA

111 Zeta Drive

Pittsburgh 15238

Tel: (412) 782-0400

1021 8th Avenue

King of Prussia industrial Park
King of Prussia 13406

Tel: 215) 265-7000

TWX: 510-660-2670

PUERTO RICO
Hewilett-Packard Inter-Americas
Puerto Rico Branch Office

Callg 272,

Eml 203 Urg Coumry Club

Tel (809)762-7255
Telex: 345 0514

SOUTH CARGCLINA
£. 0. Box 6442
69410 N. Trenholm Road

Columbia 29260
Tel: (803) 782-6483

TENNESSEE
8914 Kingston Piks
Knoxville 37922
Tei: 615) 523-0522

3027 Vanguard Dr.
Director's Plaza
Memphis 38131
Tei: {901)346-8370

“Nashvlile
Medical Service anlg
Tel: 515) 244-544

TEXAS

4171 North Mesa
Suite C110Q

El Paso 79902
Tel: (915) 533-3585
P.0. 8ox 1270

201 E. Arapaho Rd.
Richardson 75080
Tel. R14)231-6101

P.0. Box 42816
10535 Harwin Dr.
Houston 77036

Tel. (713) 776-6400
‘Lubbock

Medical Service onk
Tel: 806) 799-447.
205 Biity Mitchell Read
San Antonio 78226
Tel: (512] 434-8241

UTA

2160 Saulh 3270 Wes( Street
Sall Lake City 84

Tel: [BOT)972~47H

VIRGINA

P.0. Box 12778

Norfolk 23502

Tel: {804) 460-2671

P.0. Box 9669

2914 Hungary Spnings Road
Richmond 23228

Tel: (804) 285-3431

WASHINGTON
Belleheld Office Pk
1203-114th Ave. S.E.
Bellevue 98004
Tei: (206)454-3971
TWX: 910-443-2446
P.0. Box 4010
Spokane 99202

Tel: (508) 535-0864

"WEST VIRGINIA
Medicai Anaiytical Only
Charieston

Tel' (304) 345-1640

WISCONSIN

9004 West Linco'n Ave.
West Allis 53227

Tel (414) 541-0550

FOR U.S. AREAS NOT LISTED:
Contact the regionat office

nearest you: Atlanta, Georgia..

North Holiywood, Calitornia. ..
Rackville, Marytand...Rolling Meadows,
Ifirois. Their complete

addresses are listed above.

“Service Only 479
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