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FIGURE 1.

Can you see any difference in the waveforms shown in Figure I? 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".
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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 mag'nitude of the distortion. This can be approximated by the simple equation:

,..., Ell
Error = NEr

where Ell is the magnitude of the harmonic, Er 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 ±O.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 both cases, only 3 digits
are meaningful with the typical 1% distorted waveform.
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FIGURE 3. Maximum % Error versus Harmonic Magnitude. Harmonic phase is constant.

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 de 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 E2 •

FIGURE 4. Amplifier Example
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.9930

1.0043
.9973

E1 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 ±0.1 %,
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 E2 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 1800 phase shift of the harmonics must be assumed.
The measurement of E2 will be in error by -23 counts (+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:

E1

E2

E2

E;
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 E2 will be in error by -56 counts (+10 counts inherent -66 counts
due to the distortion. Refer to Figure 3). The calculated gain is

E2 .9944
~ = 1.0043 = .9901

or the calculated gain is in error by 89 counts.

By using a true rillS 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 rillS 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 0.01 % 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 vOltage, 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.)
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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.

CREST FACTOR
POSITIVE VOLTAGE PEAK NEGATIVE VOLTAGE PEAK
-----:R::-M"',S---- Of RMS

'NHICHEVER tS GREATER

CREST FACTOR~ Wh/:rc 0 ':" ~- {DUTY CYCLEI

FIGURE 6. Definition of Crest Factor

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

jEuc
2 + Edc

2
•
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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-sinusoida1. In
addition, the signals are usually superimposed on some ac 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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The Online Advanced

Systems Corpo(alion
Rico House
AmOlsolo cor. Herrera Str.

~'~S8~:t:l~fo' Makati
MellO Manll.
Tel: 85-35-8 t. 85-34·91.85-32-21
Tele.ll: 3274 ONLINE

RHODESIA
Field TeCflnical Sales
45 Kdvin Road Nonh
PO. Box 3458

~e~~11~5utI1 (S ~nes)
Telex: RH 4122

SINGAPORE
Hewien-PaClt3rd SingapOfe

llfi~~C~~ROad
A1ell3r.dta P.O. Box 58

f~~~~gr35t
Telex: HPSG AS 21486
CaOle: HEWPACK. Singapore

SOUTH AFRICA
Hewlet1·Packald Soulh Allica

Pri~' 6aLl~endYWOOd.
Sandlon. ~ransvaal. 2144
Hewlen·Pac!Qtd Cenlre
Daphne Street. Wendywood.
Sandton, 2144
Tel: 802·'040~
Telell,: 8-4782
~ble: HEWPACK JOhannesburg

QUEBEC
Hewlen·PaCkafd ~anada) ltd.
275 Hymus Slvd
Polnle C'abe H9R IG7
Tel: (514)697-4232
TWX: 6'0"22·3022
n"X: 05·821·521 HPCl

PERU
Compa"la Elf'Clro M~ica SA
los Flamencos 145
San ISllItO Casila 1030
Lima 1
Tel: 414325
Telex: Pub. BOOlh 25424 SISlDRO
Cable: ELMED Lim,)

SURINAME
Svrtel RadIO Holland N.V.
Glole Holslf. 3·5
PO Bo. ISS
Plrlmerlbo
Tel: 72118. 77880
CaOle:Sunei

TRINIDAD 6 TOBAGO
CARTEL
Canbbean Teleroms lid.
P.O. Box 732
69 FrederiCk SHeet

fe~~2_t5~~s8ln

URUGUAY
PaDlo Ferrando S.A.C,el.
Avenida Italia 2877
Casilla de Correo 370
Montevideo
Tel: 40-3102
Telex: 702 Public Booth Para

PaDIOFefTando
Cable: RADIUM Montevideo

Hewlen-PaclQrd Soulh Altica

P.o~o; ~~
Howard Pf,iiJce. Cape PrOVInce. 7450
Pine Park Cenlle. Foresl Olive.
PinelandI. Cape ProvInce. 7405
Tel 53-79SS tnu 9
Te,ex: 57-()()()6

SRI LANKA
MelTOpclilJn Agencies Ltd.
20919 Umon Platt
Colombo 2
Tel: 35947
Telell.: 1377METROLTO CE
~able METROLlO

SUDAN
R~dlson TraOe
?O. Box 921
Khartoum
Tel: 44048
Telex: 375

TAIWAN
He....1en-Packard FaT Easl LId.
Taiwan Branch

~~c~I~~n~. ~~~a~I~~I. Road
Taipei
Tel: 3819160·9.3141010
Cable: HEWPACK TAIPEI
Hewien-Packard Far East LId.
Taiwan Branch
68--2. Chung Cheng 3rd. Road

~~0£;~2~~318'I<aOhSiung
Analytical Onty
San Kwang InslrumenlS Co .. ltd.
20 Yung SUI Road
TaIpei
Tel: 3615446-9 (41ines)
Telell.· 22894 SANKWANG
Cable. SANKWANG Taipei

TANZANIA

r:;:i~1n~{Aeradio ~.A.). 1I0.
P.O. Box 861
Oar es SaI88m
Tel' 21251 Ext 265
Telex: 41030

THAILAND
UNIMESA Co. lIl1.
Elcom Research Building
2538 Su~umvlt Ave.

~e~:nf~~j~7~j~~~~~
Cable: UNIMESA BangkOk

UGANDA

~~~I~:lgnna7Aeradio(f.A. I. lId.
P.O. Box 2577
Kampala
Tel: s.;388
Cable: INTAERIO Kampala

ZAMBIA
R.J. Tilllury (lambia) lid.
P.O. Box 2792
luaska
Tel: 73793
Cable: ARJAYlH. lusaka

OTHER AREAS NOT LISTED. CONTACT:
Hewlen-Packard InlerUlnlinenlal
3200 Hllr.tew Ave.
Palo Alto. Ca!ilornla 94304

~~4Jr6_~~t~~j
Cable: HEWPACK Palo Allo
Telex: 034-8300. 034·8493

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlen·Packard (CanaOa 1
ltd In MISslsSduoa.

VENEZUELA
Hewten-P~ckard de Venezuel~

C.A
POBox 50933
Caracas 105
los Ruices Norte
3" TranS\.'ersal
E~:flclo Seafe
Caracas 107
Tel: 239-4133 (20 lines)
Telex; 25146 HEWPACK
Cable: HEWPACK CaraC<iS

FOR AREAS NOT LISTED, CONTACT:
Hewlen·Packard
Inler·Amerlcas
3200 Hlii ... lew Ave.
Plllo Alto. C;l'I!ornia 94304
Tel: (415) 856·1501
TWX: 910-373-1260
Cable: HEWPACK Palo Allo
Telex: 034-8300.034-8493



FINLAND Cable: HEWPACKSA Hamburg ITALY POLAND Hewlett-Packard Espailola, S.A
AUSTRIA Hewlett-Pack.ard OY Telex: 2163032 hphh d Hewlet.1-Pac~ard Italiana S.p.A. Biuro InlormaCjI Technicznaj Av Raman y Cajal, 1
Hewlett-Packard Ges.m.b,H Nah~ahousuntl 5 Hewlett-PaclQrd GmbH Via G.Di Vlttono . 9 Hewlett-Packard ECIIICIQ Se\'ll1a, planla g" Ankara

Handelska152 P.O. Box 6 Tectlnlsches BIIro Hannover 20063 Cernusco UI Slawki 2, 6P -Seville 5 Tel 250309 - 17 80 26

PO. Box 7 SF-D0211 Halslnkl 21 Am Grossrnark16 Sui Navicilo (Ml) 00-950 Warazawa Tel: 644454158 Telex: 42576 DZEK TR

A-1205 Vienna Tel: ~~) 6923031 D-3000 Hannover 91 Tel' {2)903691 Tel: 33.25.88139.67.43 Hewlett-Packard Espanola S.A
Cab!e: OZYUREK ANKARA

Tel 351621-27 FRANCE Tel: (0511) 46 60 01 Telex: 31 1046 HEWPACXIT Telex: 81 2453 hepa pi ECi!lCIO Albia II 7' a UNITED ARAB EMIRATES
Cabie: HEWPAK Vienna He'Hlett-Packard France T81ex:0923259 Hewlett-Packard Ilahana S,p.A, UNIPAN E-Bllbao 1 EmllacUd. (Head Office)
Telex: 75923 hewpaka Avenue des Tro;J;Que~ Hewlett-Packard GmbH Via Turazza . 14 Biuro Obslugi Tecilnlcznej Tel: 23 83 06123 82 ()6 P.O. Box 1641

BAHRAIN Les UH Technisches Buro NiJrnberg 35100 Padova 01-447Warszawa Hewlett-Packard Espai'lola S.A SharJah

MediQJ Ooly BOlle Poslale No.6 Nllumeyerstrasse 90 Tel: (49) 664888 ul Newelska 6 C,flamoi1 Gordillo 1 Tel: 354121/.3

Witt! Pharmacy 91401 orsarcedex D·8500Nurnberg Telex: 41612 HEWPACKI Poland I,Enllo.) Telex." 8136

P.O. 80x 648 f~0\IJ09~48~ 25
Tel (091 I) 56 30 83 Hewlett-Packard Ilaliana S.p.A.

za~ae~~~~r::Cle Spn:etlJ
E-Valencla-l0 Em,tac Ud. (Branch Office)

Bahrain Telex: 0623860 Via G. Armelllf"lli 10 Tel: 96-361.13,54/361.13.58 P.O. 80)" 2711
Tfrj 54886.56123 Hewlet1-Pac~ard France Hewlell-Pack:J.rd GmbH '.00143 Roma Plac Komuny ParyskJej 6 Ahu Dhabi
TeJex:8550 WAEL GJ Chemin d~$ MO:Jrlles Technlsches Bilro Munchen Tel: 1J6) 54 69 61 90-007 Lddi SWEDEN Tel: 33137011
Cable: WAELPHARM B.P 162 Eschenstrasse5 Tele.ll:61S14 Tel: 334-41, 337-83 Hewlett-Packard Svenge AB

~f'::=y~n7radlng ~~ll.3g8~c33Itll 25,
0-8021 Taulklrchen Cable: HEWPAOKlT Roma Telex: 886981 Enlghetsv3gen3.Fack UNITED KINGDOM

Tel:iQ89)6117-1 Hewlett-Packard Ilaliana S.p.A. S-'51 Bromma 20 Hewlett-Pac':J.rd Ud

aM Co-II1raclmg TWX: 310617F Hewlett-Packard GmbH Corso Giovanni Lanza 94 PORTUGAL Tel. 108) 730 05 50 King StreeT Laroe

1-10133 Torino Teloctra-Empresa Tecnlca de Te~ex: 10721 Winnersh, WO~lnQham
PO, eox 20074 Hewietl-Packard France Technisches BlIro Benin Equipamentos El~ctr:cos S.a.f.1. Cable: MEASUREMENTS Berks. RG11 SAA
Mannma P~rlctlnlre de la C~piMe Kalthslrasse2-4 Tel:(011) 6822451659308

~.uo.~~r;~t~a Fonseca 103 Stockholm Tel rJ734) 784774
Tel:259978,259958 31081 Toulouse-La Mfrall 0-1000 Berlin 30 MedlcallCalculatOfs Only He',o;lett-Pacl(Jrd Sverlgc AB Telex:8471788
felex. 8895 KALDIA GJ +M~1~16~5\~ 12

T,I: (030)24 90 86 Hewlett-Packard ltaJiana S.p.A. P-Lisbon 1 Hewle1t·Packard UdTelex:018 3405 hpbln d Via PrinCipe Nicola 43 G£ Fr6talls~tan30

BELGIUM Hewlett-Packard France 1-95126 Catania
Tel: (19) 68 6Q 72 S-421 32 Vaatra Fr61unda Tralalgar House

He....te~-Packard Benelux GREECE Cable: TELECTRA Lisbon Tel:t(l31)490950 NaVigatIOn Road.... S.A N.V. LeLigoures Kostas Karayannis Tel~95)37 05 04 Telex: 12598 Telex: 10721 via Bromma Of/ICt Allrincham

en AvenLle ou Col·Ven, 1. Bureau devenlede MarSeilles 8 Omirou Street Hewlett-Packard ItaJiana S.p.A. Medical only Cheshire WAI4 lNU
\GroenIlrUlJIJan) Place Rou~e de Villenueve Alhens 133 Via Nuova San Rocco A. Mundinter SWITZERLAND Te: (061) 9286422

< B-1170 Brussels 13100 Aix-en-Provence Tel 32 30 3OJiJUl7 731 Capodimante.62A Inlercambia Mundial de Comdrcio Hewlett-Pac!l.ard (Scilwtiz) AG Telex: 66806B

W hf (02)6605050 Tel: (42) 59 4\ 02 1-80131 Napoli S.a.r I. Zurchcrslrasse 20
Hewlen-PaciQrd Ltd

Ca~le PALOBEN Brussels Hewlett-Packard France ~~i~d~1 Only Tel: (081) 7913544 P.O. Box 2761 P.O. Box 307
LY.Qon Coun

Tatex: 23-494 paJoben bru 2, Allee de la Bourgnette Hewietl-Packan:lltahana S.p.A A\lenida Antonio Augusto CH-8952 Schlieren-Zurich

W 35100 Rennes G. Papathanassiou & Co. Tel: (01) 7305240 Here'l'tard Rise
17 Marni Slreet Via E, Masi, 9r9 de AgUiar 138 Dudley Road

..J
CYPRUS Tel: (99) 514244 Athens 103 ~~1~1(~~1 ~fJm~'koo40

P - Lisbon Telex: 53933 hpag Ch Halesowen,

~SPG~~~~srios Xenopoulos Street
TWX: 740912f Cable: HPAG CH

0 Tel: 55Z2 91515221989 Tel (19) 53213117 West Midlands 862 8SD
Hewlell-Packard France Telex: 215329 INTE GR Telex: 16691 munter p Hewlett-Packard (Schweiz) AG Tel (021) 550 9911

C
P.O. Box 1152 18, ruedu Canal de la Marne Cable: INTEKNlKA JORDAN Cable: INTERCAM810 Usbon Ch~leau Bloc 19 Telex: 339105NicosIa 67300 Schiltlghelm Mauasher Cousins Co.

~~l ~ 1~1~ L;6~2~n-GenevaTei: 45628rl9 Tel (88) B3 0810 Medical Only P.O. Box 1387 QATAR Hewlett-Packard Ltd

:E ~;1~1;: r6f~oniCS Pandehis TWX: 890141F Technomed Hellas ltd Amman ~~5~e~0~r~~ & Contracting T,'ex:27l33 ht'J ch Wedge House
52 Skoula Street TeJ: 24907139907 Cable: HEWPA G Geneva 799, London Road

Hewlett-Packard Franca Athena 135 Telex: SABCO JO 1456 Doha Thornlon Heath

0 CZECHOSLOVAKIA Immeub!e p~ricentre Tel: 3626 972 Cable: MOUASHERCO Tel: 22170 SYRIA f~rr~,~~6~IL03Vyvojova a ProvOWI Zakladna Rue van Gogh Telex: 4439 NASSER General Electronic Inc.
Z Vyzkumnych Uslavu v Bechovicich 59650 Vlllaneuve 0 AscQ HUNGARY KUWAIT Cable: NASSER Nun BJsha-Ahnaf Ebn Kays Streel Telex: 946825

MTA

< CSSR-25097 Bechovlce u Prahy
~~~9112:~ 25 Ml1szerugy ~s Mer~stechnikai

AI-Khaldiya Trading & P,O. Box 5781 Hewlett·PaCiOrd LtdTel. 8993 41
P.go~~~CS3~satat

RUMANIA Damascus 10, Wesley SI.Telex: 12133 Hewlett-Packard France
Szolgalata Hew/en-Packard Reprezentanla Tel··33 24 87

< Instilute of Medical Bionics Bureau de Vente
Hewlett-Packard Service Kuwait Bd,n. BalcesclJ 16 Telex: 112151T1KAL

Castleford

Vyskumny Ustav Lekarskel Bianiky Centre d' affaires Pans-Nord
Lenin IV!. 67, P,O.Box 241 Tol:424910;.41 1726 Bucuraatl Cable: ELECTROBOR DAMASCUS

Yorks WF10 lAE

U 1391Budapest VI Tel ~977) 550016
JedlO'la6 BAUmant Ampere Tel: 42 03 38 LUXEMBURG

Tel: 15 80 23(\3 68 85 Medical,'Personal Calculator only Te:ex: 557355
CS-88346 Rue de la Commune de Paris Telex:225114 Hewlett-Packard Benelux Telex: 10440 Sawah & Co.a: Bratlslava-Kramare B.P. 300 J.I.R.U.C. Place Azme Hewlett"Packard ltd

Tel: 4251 93153 Le Blanc Mesnll C8dex
SAiNV

Intreprindere:aPenlru 1, WalJaceWay
LL Avenue du Col-Vert, 1 B,P.2308

Telex: 93229 Tel: ~1 )9318850 ~G(OenkraaQlaan) Intrelinerea Damascua Hltchln

< ICELAND HertfOidshire, SG4 OSE
DDR Hewlett-Packard France Medical Only -1170 Brussels Si Repararea Ufilajeior de Calcul Tel: 16367-19697-14268

i~~x~~~J9~~~ 11Entwicklungslabor der TU Dresden Av. du Pdl, Kennedy
~~i~~r~~~~I~~~~:g&;~nc

Tel: ~2) 672 22 40 B-dul Prof. Dimltrie Pompei 6 Suleiman Hilal EI Mlawi

::I: ~oo~~~~~gsinstJIUI Meinsberg ~rO&6~971~2a6~
Cable: PALOBEN Brussels BucurnU-SectOful 2 P.O. Box 2528

P.O.Box 895 Telex: 23 494 Tel: 88-20-70,88-24-40.88-67-95 Mamoun Bitar Stree\, 56-58 USSR.... Waldhelm/Melnsberg Hewlett-Packard France IS-Reykjavik Telex: 118 DamascusTel: 11 4653 Hewlen-Packard
MOROCCOa: Tel: 37 667 "France-Evry" Immeuble lorraine Tel: 1 58 2011 63 03 Dolbeau SAUDI ARABIA Representalive Olilce USSR

0
Telex: 518741 Bollevard de France Cable: ELDING Reylqavik 81 rue Karatchi Modern Electronic Poktovsky Boulevard 4f17-kw 12

Export Contacl AG Zuerich 91035 Evry-Cedex Casablanca Establishment (Head Office) TUNISIA Moscow 101000
IRAN Tel' 294.20.24

Z Guenther Forgber Tel: 077 96 60
Hewlett-Packard Iran Ltd. TeJ: 304182 P.O. Box 1228, BagMadiah Street j~nl~:n~I:Cci~o~iL~~ene Telex: 7825 hewpak su

Schlegelstrasse 15 Hewlelt-Packard Franca No. 13, Founeenth 51. Telex: 23051/l2822 Jeddah
1040 Berlin 60. Rue de Metz Mir Emad Avenue Cable: MATERIO Tel: 27 798 Tunis YUGOSLAVIA

W Tel: 42-74-12 57130 Jouy aulC Arch.. P.O. Box 4112419 Gerep
Telex: 40035 Tel: 280 144 Iskra-Slar.dardh-lewlett-Packard

Telex: 111889 Tel: (87)694532 Tehran 3, rue d'Agadir
Cable: ElECTA JEOOAH Corema Mlldoslceva 38NII

a. DENMARK Tel: 851082-5 Caublanca Modem Electronic 1 ter. AI/. de Carthage ¥~~301Ld8~~~~816 74

0 Hewlett-Packard AiS GERMAN FEDERAL REPUBLIC Telex: 21340-5 hewp ir Tel: 272093i5 Establishment (BranCh) Tunis

Dalavej 52 Telex: 23739 PO. Box 2728 Tel: 253 821 SOCIALIST COUNTRIES

a:: Hewlett-Packard GmbH IRELAND Cable: GEREP-CASA Riyadh Telex: 12319 CABAM TN NOT SHOWN PLEASEOK-3460 Blrkerocl Vel1riebszentrale Franklurt Hewlett-Packard Ltd. Tel: 62596..66232

~
Tel: (02) 81 66 40 Berner Strasse 117 King Street Lane Cogedlr Cable: RAOUfCO TURKEY CONTACT:
Cable: HEWPACK AS Posl1ach 550 140 Wlnnersh, Wokingnam 31 rue Omar Slaoui TEKNIM Company Ud Hewlett-Packard Ges.m.b.H

W Telex:37409hpasdk 0-6000 Frankfurt 56 Berks, RG11 SAR Calablanca Modem EleWonic Riza Sah Pehlevi Hilildelskai 52

Hewlett-Packard AS gl~If:~lEl~~~t:sl Franklun ¥:I~Ero~~~ 78 47 74
Tel: 2755 40 Establishmenll13ranch) Caddesl No.7 P.O. Box 7

~~~~;6 kllkebOrg
Telex: 21737R:3Q03 P.O. Box 193 Kal/akJidere, Ankarll A-1205 Vienna. Austria

Telex: 04 13249 hpt1m d Telex: 847178 Cable: COGEDIR Al-Khobar Tel: 275&10 Tel: m22)351621t027

Tel: (06) 827166 Hewlen-Packard GmbH Cable: Hewpie London Tel: 44678-44813 Telex: 42155 MEDITERRANEAN ANDNETHERLANDS
t~I;I~: ~7E~:8~sA~k ~~~~~~~~~~rBSt~~s~~b\i~8en

Hewlett-Packard Ltd. Hewlett-Packard Benelux N.V. Teknlm Com., ltd MIDDLE EAST COUNTRIES

f~n~v~~I~e~~~~ustnaJ Estale Van Heul/en Goe1:lhartlaan 121 Barbaros Bulvari 55112 NOT SHOWN PLEASE CONTACT:

EGYPT 0-7030 B6bllngen, Wllrttemberg P.O. Box 667 SPAIN Beslkyas, Islanbul Hewlett-Pacilard SA

I.E.A ~~lf:~~~t~ BOblingen
Dublin 12, Eire NL-Amstelveen 1134 Hewlett-Packard Espanola, S,A Tel: 613 546 Mediterranean and Middle

International Engineering Associates Tel: (01) 514322 Tel: ~20) 472021 calle Jerez 3 Telex: 23540 East Of:erallOnS
Telex: 07265739 bbn Telex: 30439 E-Madrld 16 Medical only 35, Kclokolrc~i Street

24 Hussein, Hf93li Streel
i:\~}:1 ~1~52~: (10 lines) Platla KelallarlOu

Kasr-el-Alnl Hewlett-Packard GmbH Medical Only E.M.A.
Cairo Technisches Mro Dllsseldorl Cardiac Services Oreland) Ud. NORWAY MlJhendislikKollektll Sirketi GR-Kifissla-Athens, Greece

Te:' 23 829 Emanuel-leutze-Str.1 (Seeslern) Kilmore Road Hewlett-Packard Norge Af3 Hewlett-Packard Espadi'\ola SA Medina Eidem Sokak 41 t6 Tel: 8080337R:59/429

Telex: 93830 0-4000 Dusseldorf Artane Osterdalen 18 Coloma Mfraslerra Yuk$el Caddesi FOR OTHER AREAS
Cable: INTENGASSO Tel: (0211) 59711 Dublin 5, Eire P.O. Box 34 EditicioJuban Ankara NOT LISTED CONTACT
SAMITRO Te-1ex: 085186 533 hpdd d Tel: (01) 315820 13450staralla % Costa Brava. 13 lei: 175622 Hewlell-Pac~ardSA
Sami Amin TradinQ Oftica Hewlett-Packard GmbH Medical Only Tel: (02) 1711 80 Madrid J.4 Cable: EMATRADE/Ankara 7, rue du Bois-du-Lan
18 Abdel Niz GaW1sh Technisches Bura Hamburg Cardiac Services Co Telex: 16621 hjlnas n Hewlett-Packard Espanola, SA Analytical only P,O, Box

Abdine-Calro Wendenstrasse23 ~5~~I~:~~\~~'B~outh
Hewlett·Packard Norge AIS Milanesado 21-2'3 Yilmaz Ozyurek CH-1217 Mayrin 2 - Geneva

Tel: 24932 ~~~~OH)a2~~~re3 I ~ba~:~:~e~ 114
E-Barcelona 17 Mille Mudalaa Cad 16,(i SWluerland

Cable: SAMITRO CAIRO GB-Northern Ireland Tel: (3) 203 6200 (5 lines) Kliliay Tel: l022)82 7000

ALABAMA 9606 Aero Drive ILLINOIS MINNESOTA NEW YORK OREGON P.O. Box 42816
P.O. Box 4207 P,O. Box 23333 5201 Tollview Dr. 2400 N. Prior Ave. 6 Automation Lane 17890 SW lower Boones 10535 Harwin Or.
8290 Whit65burg Dr San Diego 92123 ROllinp: Me.dowlI 60008 St. Paul 55113 Computer Park Ferry road Houston 77036
Huntsville 35802 Tel: (714) 279-3200

i$x~9f~~t~~~
Tel: (612) 636-0700 f~l~a~r8j~~~1550 Tualatin 97062 Tel: U13) 776-6400

Tel: (205)881-4591 "Tarzana MISSISSIPPI
Tel: (503) 620-3350 "Lubbock

8933 E. Roebuck Blvd Tel: ~13) 705-3344 TWX: 710-444-4961
~1~I@a~6Y~~~~~INDIANA 322 N. Man Plaza PENNSYLVANIA

~~rmdogr836-~g~~ COLORADO 7301 North Shadeland Ave. Jackson 39206 650 Perinton Hill Ot1lce Park '11 Zeta Drive
5600 DTC Parkway Indlanapolla46250 Tel: (601) 982-9363 Fairport 14450 Pitlsburgh 1523-8 205 Billy Mitchell Road

ARIZONA Englewood 80110 ~PJrJ-~~~W~~ MISSOURI fWx~~~Jj~~~~ Tel: (412) 782-0400 San Antonio 78226

2336 E. Magnolia SI. Tel: (303) 771-3455 1021 8th Avenue Tel: (512) 434-8241

Phoenix 85034 IOWA 11131 Colorado Ave No.1 Pennsylvania Plaza King of Prussia Industrial Park
Tel: (602)244-1361

CONNECTICUT 2415 Heinz Road Kansas CIJ! 64137 55lhftoor King of Prussia 19406
UTAH

12 Lunar Drive Iowa City 52240 ~\8Jfd_~71~~~~ 34lh street & 8th Avenue 2160 Soulh 3270 West Street
2424 East Aragon Rd. New Hllven 06525 New York 10001 ~~JrJ-~~~~;~n Salt Lake City 84119
Tucson 85706

~\2WJ_~~~~~~
Tel: (319) 338-9466

1024 Executive Park¥.-ay Tel: C212) 971-D800 Tel: (801)972-4711

en Tel: (602)889-4661 KENTUCKY SI, Louis 63 141 5858 Easl MollOy Road PUERTO RICO VIRGINA

W "ARKANSAS FLORIDA Medical Only Tel: (314)878-0200 Syracuse 13211 Hewlett-Packard Inler-Americas P.O. Box 12778
Medical Service Onty P.O. Box 24210 3901 AtkJnson Dr.

NEBRASKA To: 015) 455-24B6 Pueno Rico Blanch Olfice Norfolk 23502.... P.O. Box 5546 2727 N_ W. 62nd Street Suite 407 Atklns.on SQuare

~6~i~~r~nl~oad
1 Crossways Park West Calle 272. Tel: (804) 460-2671

« Brady Stallon Ft. Lauderdale 33309 LouIsville 40218

~~(~~6)12 ~ ~Jo
Eell/. 203 Urg. Counlry Club P.O. Box 9669

Little Rock 72215 Tel: (305) 973-2600 Tel: (S02) 456-1573
Suile 101

Carolina 00924 2914 Hunqary Springs Road.... Tel: (5{)1)376-1844 Tel' (809) 762-7255
4428 Emerson Streel LOUISIANA Omaha 68106 NORTH CAROLINA Telex: 345 0514 Richmond 23228

en CALIFORNIA Unit 103 P.O. Box 1449 Tel: (402)392-0948 5605 Roanne Way Tel: (80-1)285-3431

1579 W Shaw Ave. Jacksonville 32207 3229-39 Williams Boulevard GrHnaboro 27405 SOUTH CAROLINA

C Fresno 93771 Tel: (904) 725-6333 Kenner 70063 NEVADA T,I:(919)852·1BOO P. O. Box 6442 WASHINGTON

Tel: (209)224-0582 P,O. Box 13910 Tel: (504) 443-6201 ~;I~a(7~~~~6-6610 6941-D N. Trenholm Road Belleheld Offlee PI<:

W OHIO 1203-114lh Ave. S.E.
1430 East Orangelhorp~ Ave. 6177 Lake Ellener Or. MARYLAND Medical,computer Only Columbia 29260 Bellevue 98004

I- Fullerton 9'2631 Orlando 32809 7121 Standard Drive NEW JERSEY Bldg. 300 Tel: ~03) 782-6493 Tel: \206)454-3971
Tel: (714) 870-1000 Tel: (305) 859-2900 Parkway Industrial Center W. 120 Cenlury Rd. 1313 E. Kemper Rd. TENNESSEE TV-IX: 910--443-2446

Z 39'39 Lankershim Boulevard P.O. Box 12826 Hanover 21076 Paramus 07652 Cincinnati 45426 8914 Kingslon Pike P.O. Box 4010

~e~:rt~I~)~I~~~ 91604
Suite 5. Bldg. 1 ~~~~~J-~~~~~~~

Tel: ~011265-S000 Tel. (513) 671-7400 Knoxville 37922 Spokane 99202
~ OMice Park North TWX: 710-990-4951

16500 Sprague Road l~: (615) Sn0522 Tel (509) 535-0864
TWX: 910-499-2671 Pensacola 32575 2 Choke Cherry Road Cryslal Brook Professional Cleveland 44130

5400 West Rosecrans Blvd.
Tel: (904)476-8422 Rockville 20850 Bui:dlflg, P-,;\ute 35

t~~Jrd~~1~~~~%
3027 Vanguard Or. "WEST VIRGINIA .~,

T,I: (301)948-6370 Eatontown 07724 Director's Plaza MedlC2IIAna:y1icaIOnly
PO. Box 92105 GEORGIA TWX: 710-82B-9684 Tel:(201) 542-1384

~r:m&~li3~~~70
Charleslon

World Way Postal Center P,O. Box 105005 330 Progress Rd. Tel' (304) 345-1640
Los Anr,eS 90009 45-0 InterSlate North Parkway MASSACHUSETIS NEW MEXICO Dayton 45449
Te!: (213 776-7500 Atlanta 30348 32 Hartwell AI/e. P.O, Box 11634 Tel: (513) 859-8202 "Nashville WISCONSIN
TWX: 91 -325-6608 Tel: {4041955-1500 Lexln~ton 02173 Station E 1041 Kings mill Parkway ~e~l~a;5s)e~fr5~~

9004 West L;nco~n Ave

"Los Angeles Medical Service Only 11300 Lomas Blvd., N.E. Columbus 43229 West Allis 53227

Tel: (213) 776-7500 ~:~~u~~~~g92
~x~7id-~~~== ~~!~u~jr~~I~~623 Tel: (614)436-1041 TEXAS

Tel' (414) 541-0550

3003 Scott Boulevard MICHIGAN TWX: 910-989-1185 OKLAHOMA 4171 Nonh Mesa FOR U,S. AREAS NOT LISTED:
Santa Clara 95050 P.O. Box 2103 23855 Research Drive P.O. Box 32008 Suite CliO Contactlheregiona!ottice
T,I: ~08)968-7oo0 1172 N. Davis Drive

f:~pl~3~t~~6~~~ 48024
156 Wyatt Drive 6301 N. Mendan Avenue El Puo 79902 nearest 'iou:Atlanla, Geor.llia ..

~~II,de~)::~-6165
W.rner Roblna'J1098 las Cruces 8800 1

~~:Ia:tfs)~2~!~()~? 112
Tel: (915)533-3555 Nonh HollywOOd, California

Tel: ~12) 922-Q449
724 West Centre Ave. ~~~J~~t2~~SO P.O. Box 1270 Rockville, Maryiand.,.RoJllng Meadows,

646 w. Nonh Market Blvd HAWAII Kalamazoo 49002 9920 E. 42nd Street 201 E. Arapaho Rd. IUIr.ols,TheJr complele
Sacramento 95834 ~8~~o~iuK~naa~~eel Tel: (606) 323-8362 Suile121 Richardson 75080 addresses arellsle(\ above
Tel: (916)929-7222 Tulu 74145 Tel. (214)231-6101

T,I: (6OB)955-4455 'Servlce Only 2179





Printed in U.S.A.

HEWLETT~PACKARD

5952-2169




