HEWLETT g PACKARD

Printed In U.B.A,

Editor’s Note: This Application Note supersedes hp
Application Note 56, dated 6/15/62. The material is
substantially the same, but terminology has been
changed to agree with NBS recommendations, addi-
tional concepts have been introduced, and attenuation
measurement analysis has been simplified with the
introduction of an additional chart.

INTRODUCTION

The subject of mismatch error in the measurement
of microwave power or attenuation is a confusing one
to those who do not work with it frequently. The
purpose of this Application Note is to present the basic
principles in an easily understandable andusable form
and to make the process of error analysis as simple
as possible.

BASIC PRINCIPLES

Consider a dc source with an internal resistance Rg
and an external load Ry,. Obviously, no power can
be delivered to Ry, when it is either zero or infinity,
so there must be some in-between value at which the
power delivered is maximum. It is easily shown
that this occurs when RJ, equals Rg. Any other value
of Ry, results in the delivery of less than the maxi-
mum available power, or a ‘‘mismatch’’.

Consider next the extension to the general case, where
the source has an internal impedance which at any
frequency can be represented by a resistance and a
reactance. Whether series or parallel equivalent
circuits are used is immaterial, but the source and
load reactances must be of equal magnitude and op-
posite sign so that they will be in resonance and
therefore have no effectonthe power delivered. Again,
the two resistances should be equal. Hence, to get
maximum available power from the source, the load
impedance should be the complex conjugate of the
source impedance. When the two actual impedances
are known, the power delivered can be calculated and
compared with the maximum available power to de-
termine the mismatch loss.

MISMATCH AT MICROWAVE FREQUENCIES

At microwave frequencies, a complication arises.
The length of transmission line used to connect the
load to the source can be long enough electrically to
transform the load impedance to some other value at
the source terminals. What the source ‘‘sees’’ is
determined by the actual load impedance, the electrical
length of the line, and the characteristic impedance
(Z) of the line. Inthe optimum situation, all elements

MICROWAVE MISMATCH

ERROR ANALYSIS

OCT 67

in a system have the characteristic impedance of the
line and there is a maximum transfer of power. In
general, however, neither source nor load has Z,
impedance. Furthermore, the actual impedances are
almost never known completely. They are given only
in the form of SWR’s, which lack phase information.
As a result, the power deliveredto the load, and hence
the mismatch loss, can be described only as lying
somewhere between two limits. This uncertainty in-
creases with SWR, which is one of the fundamental
reasons why manufacturers strive to reduce the
SWR’s of microwave components.

In the special case where either source or load has
unity SWR, the mismatch loss is unique and calculable
from the other SWR. The accuracy specification on
some commercial power measurement systems is
based on the assumption of a Z, source. Practically
speaking, however, almost no sources have exactly
Z, impedance and such an accuracy specification is
unrealistic.

BASIS OF ANALYSIS

To analyze a particular case of mismatch an appro-
priate basis of calculation must be chosen. If the
power actually delivered to the load is tobe compared
with the maximum available from the source, this is on
a conjugate basis. If comparison is made with the
power the source will deliver toaZ,load, this ison a
Zo basis. These are two of a number of possibilities.

Considerable confusion has arisen over the use of
terms such as ‘‘match’’ and ‘‘mismatch’’ since it is
not always clear just what basis is intended. R.W.
Beatty of NBS has proposed a complete setof specific
terms and definitions which, if generally adopted,
would eliminate this confusion. These are shown in a
table on page6. From here on, all terms used in this
Application Note will follow these definitions where any
possibility of ambiguity might otherwise exist. Thus,
‘‘conjugate mismatch’’ and ‘‘Z, mismatch’’ areusedto
describe the actual figures obtained in the examples.

The general formula for power transfer between a
source and a load of reflection coefficients ' and

e i
L is ' |FG|2)(1 o |FL|2)

2
|1 -Tg ry|

where [T |and |T'f, | can be obtained from the SWR's
o g andop by the simple relation |I' |- ,1_-_1: This is
o+ 1
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Figure 1. Conjugate Mismatch Loss Chart

the fraction of the maximum available power that is
actually absorbed by the load. Here the Z, mismatch
losses associated with the source and the load are
given by (1-1FG|2) and (1- }I‘dz), respectively, while
the uncertainty in the power transfer is given by
l1-rg ry|2 , since I'G and I', are complex quantities.

he lim{'{s of uncertainty are obtained by evaluating
(1= | gl |Py,|)2. It can be seen that the rather vague
term ‘‘“mismatch error’’ applies in general to a com-
bination of calculable mismatch losses anduncertain-
ties.

If a conjugate basis is to be used, the effects of all
three terms are included and the entire expression
lies between two limits never exceeding unity. On
a Zy basis of comparison, only two terms need be
evaluated, since the first term in the numerator

gives the fractional power delivered to a Zg load by
the source. Note, however, that|T 5 | must still be
known in order to determine the uncertainty. This
fact must be recognized somehow in any statement
of power measurement accuracy. The expression for
Zo mismatch can have limits above and below unity
as well as both below unity.

When the conjugate basis is used, mismatch is always
expressed as a loss. Figure 1 is a chart giving con-
jugate mismatch loss liniits for SWR’s up to 2.00.
The diagonal lines running upward to the right give
the maximum possible power transfer (minimum loss)
for any combination of source and load SWR’s, while
the lines running upward to the left give the minimum
possible power transfer (maximum loss). Note that
for convenience the upper left half gives the loss in
percentage, the lower right half in db.
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When the Z  basis is used, Figure 2 applies. The Z,
mismatch loss is obtained from the bottom scale and
the uncertainty from the chart. Herethere is only one
set of diagonal lines, but note that the upper left half
gives the upper limit of uncertainty, the lower right
half the lower, and that these beginto differ appreciably
in the upper right corner.

Note

For the sake of clarity and consistency,
attenuation and loss in db are expressed
throughout this Application Note as ten
times the logarithm of fractional power
transferred, and thus become negative
numbers. A plot such as Figure 3 can then
be drawn in the usual manner, with quan-
tities increasing in an upward direction, It
must be remembered, however, that it is
conventional to define attenuation in db as
ten times the logarithm of the reciprocal of
the fractional power transferred, in order
to get a positive number.

MISMATCH UNCERTAINTIES IN
POWER MEASUREMENTS

An example may help clarify the use of these charts
in power measurement analysis. Suppose that the
power output of a signal generator having an SWR not
greater than 1.80 is measured with a power meter and
a bolometer mount having an SWR not greater than
1.35. If it is inconvenient to measure the actual
SWR’s these values may be taken as a worst possible
case. Figure 1 (points A and A') shows conjugate
mismatch loss limits of -.090 db, or -2.0%, and
-.83 db, or -17.4%, a range of uncertainty of .74 db.
Suppose the actual SWR’s are now measured and found
to be 1.54 and 1,24, respectively. Points B and B'
on Figure 1 now give limits of -.050 db (-1.2%) and
-.445 db (-9.8%), a range of .395 db. It should be
clear that even with the substantial improvement from
using actual SWR’s (and all these figures are quite
typical at microwave frequencies), the mismatch un-
certainty can easily be considerably greater than all
others in the measurement combined. It is almost
always better to use a tuner in a power measurement
system to establish a condition of conjugate or Zg
match, even though this is at the cost of introducing
the loss of the tuner itself, which may be several
percent.

Since signal generators are customarily rated interms
of the power they will deliver to a Zg load (‘‘Zg
available power’’), the Z, basis is the oneto use if it
is desired to see whether a generator meets specs.
Continuing the same example: From Figure 2,
(point C), the Zy mismatch loss of the bolometer
mount is -.050 db (-1.15%). Onthis is an uncertainty
of +.200, -.195 db (points D and D'). Although it is
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not normally necessary to plot data, all the various
quantities in the example are plotted in Figure 3 to
illustrate their relationship, with the generator Zo
mismatch loss obtained from point E. A db scale
is used rather than percentage, since the different
bases on which the various percentages are expressed
would require different vertical scales. It is readily

seen that the actual powers obtained by the two analyses
are the same and that the only difference is the basis to
which they are referred. On a Zo basis, the output of
the generator to a Zg load would be somewhere between
.150 db below and .245 db above the power actually
absorbed by the bolometer mount.

MISMATCH ERRORS IN ATTENUATION
MEASUREMENTS

Attenuation measurements are complicated by the fact
that there can be several mismatches involved. How-
ever, it is usually not necessary to evaluate Zo
mismatch loss. Only uncertainty terms are required,
all obtainable from the chart of Figure 2. When an
attenuator is inserted into a system, the Z, mismatch
loss terms for source and load (detector) occur in

CONJUGATE (MAXIMUM) AVAILABLE POWER

f
MINIMBM’T
CONJUGATE MAXIMUM
MISMATCH OWER TO
LOSS LOAD
~ABeAk -100+ _ SOURCE
2, MISMATCH
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=, Mi
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Figure 3. Example of Uncertainty in
Microwave Power Measurement
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similar fashion in the two expressions for the power
absorbed by the detector before and after insertion.
Thus, when the ratio is taken to find the attenuation,
these terms cancel out, leaving only uncertainty.
The expression for the indicated fractional power
transfer is

2 |2
‘521 ’ |1' Fa¥s |

l1-r1rG

2| 2

[ |1'822FL‘

Here S21 is a transmission coefficient determining
the fractional power transferred under ideal condi-
tions. Only the SWR’s corresponding to the other
coefficients are required to evaluate the uncertainty.
I'G and T'(, are definedasbefore. Sgo is the reflection
coefficient corresponding to the SWR seenlooking into
the output end of the attenuator with a Zgy load con-
nected to the input end. This is the SWR referred to
in the usual specifications on an attenuator. Sjp; is
the corresponding coefficient at the input end, but
I'1 is used instead, because if the attenuation is
small- say less than 10 or 20 db - there is an inter-
action between generator and detector through the
attenuator which can be accounted for in this way.
T'1 corresponds to the SWR seen looking into the in-
put end of the attenuator with the detector connected
to the output end. It becomes virtually equal to S11
if the attenuation is large or if the detector reflection
is very small,

In the case of a variable attenuator which is not re-
moved and inserted, but adjusted to two different set-
tings, matters are either simpler or more tedious.
If the SWR’s do not change during adjustment, mis-
match uncertainties all cancel out and avery accurate
measurement of change in attenuation is possible.
This is typical of piston attenuators. If the SWR’s
do change, then they must be measured at both ends
of the attenuator before and after adjustment and all
the Z, mismatch losses evaluated. Source and de-
tector SWR’s must also be measured and all the un-
certainties evaluated. This may be necessary with
waveguide rotary-vane attenuators at low settings.

In any case, if the measurement uncertainty is to be
minimized, T and ' 1, must be made as small as
possible. Ideally, the corresponding SWR’s are 1.00,
but as a practical matter, a reduction to 1.05 or less,
by tuners, pads, or levelling, is generally adequate,
The following example illustrates the procedure for
evaluating mismatch uncertainty in an insertion-type
attenuation measurement: Consider an attenuator
with SWR’s of 1.15 at the inputendand 1.20 at the out-
put, when terminated in Zg at the other end in each
case, and assume that the attenuation is so large that
generator-detector interaction through the attenuator
may be neglected. Let the generator and detector
SWR’s be 1.05 and 1.10. Prior to insertion of the
attenuator into thesystem - while areference level is
being set on the detector -there is an uncertainty of
+.010 db, obtained at the intersection of 1.05 and 1,10
on Figure 2. After insertion - while reading final
detector level - the input end SWR’s of 1.05 and 1.15
give +.015 db and the output end SWR’s of 1.20 and
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1.10 give +.038 db. Adding these gives an overall un-
certainty of +.063 db in the measured value.

If the attenuator had a small value of attenuation, the
SWR seen looking into the input end with the detector
connected to the output would be used instead of 1.15
and the same procedure followed.

The same results can be obtained by using the con-
jugate mismatch loss chart, Figure 1, but the process
above is considerably simpler.

For convenience, Figure 4 gives the uncertainty re-
sulting from various system and attenuator SWR’s.
Here the generator and detector SWR’s are assumed
to be the same, as are the SWR’s at the two ends of the
attenuator. In the usual case, of course, all four
SWR’s are different and the uncertainties at the two
ends of the attenuator are different. If the system
SWR’s are both reduced to 1.05 or less, however, the
uncertainties are ordinarily so small that commercial
specification attenuator SWR’s may beused rather than
actual measured values. This results in a conserva-
tive figure for the overall measurement uncertainty.

t.10

ATTENUATOR SWR's /
{ASSUMED BOTH THE SAME)

*.08 / \.-_,

/

I8 / a8
2

;3: +.05 / / //§
Vil'#4
i / / A

R / / /// //

+.02 7 // v )90
AL

a i

N\
N\
AN
N

A

/
"
102 T0a 106 108 110

SOURCE & DETECTOR SWR's
( ASSUMED BOTH THE SAME) ANSE-8 -1

Figure 4, Attenuation Measurement Uncertainty



Page 6

MAXIMUM AND MINIMUM LOSS
CALCULATIONS

In case a mismatch loss chart is not available, the
maximum and minimum conjugate mismatch losses
corresponding to two SWR’s, ¢ 1 (the larger) and
o9, may readily be determined as follows: The max-
imum loss corresponds to that which would occur if
one SWR were equal to the product ¢jeog and the
other to unity, while the minimum loss corresponds
to that which would occur if one SWR were equal to

Appl. Note 56

the quotient ¢7/05 and the other to unity. Using the
relation between SWR and reflection coefficient, the
fractional expression for minimum power transfer
(maximum loss) is 4 o1 09 while the fractional
(o1 92+7%)
expression for maximum power transfer (minimum
loss)is 40109 . The lossindbis ten times the log
(71 +99)2

of either expression (or, conventionally, its reciprocal
for a positive number of db).

1. Substitution Loss:
A general term referring to the change
in power absorbed by a load when first
one waveguide junction (these words are
used in the broadest sense) and then another
(such as an attenuator) is used to connect
a source to the load.

2. Transducer Loss:
What the substitution loss becomes when
the first waveguide junction is a perfect
transducer and initially the maximum avail-
able power is delivered to the load.

3. Insertion Loss:
What the substitution loss becomes when
the first waveguide junction is a perfect
(lossless and phase-shift-less) connector,
so that in general there is some initial
mismatch loss.

4. Attenuation:

What any of the above losses becomes
when the source and load both have Z,
impedance. Under these conditions, what
is measured on an attenuator is a property
of the attenuator alone, so that this is the
ideal system in which to make measure-
ments.

5. Residual Attenuation:
The minimum attenuation of a wvariable
attenuator. What is measured when a
variable attenuator is set to its minimum
position and inserted into an ideal system.

6. Incremental Attenuation:
The change in attenuation between mini-
mum setting and any other setting onavar-
iable attenuator. Residual Attenuation and
Incremental Attenuation together make up
Attenuation.

ATTENUATION AND MISMATCH TERMS

7. Conjugate Match:
The condition for maximum power absorp-
tion by a load, in which the impedance seen
looking toward the load atapointina trans-
mission line is the complex conjugate of
that seen looking toward the source.

8. Conjugate Mismatch:
The condition in the situation above in which
the load impedance is not the conjugate of
the source impedance.

9. Conjugate Mismatch Loss:
The loss resulting from conjugate mis-
match.

10. Z, Match:
The condition in which the impedance seen
looking into a transmission line is equal to
the characteristic impedance of the line.

11. Z, Mismatch:
The condition in which the impedance seen
looking into a transmission line is not
equal to the transmission line characteris-
tic impedance Zg. In general, conjugate
match is a case of Zp mismatch.

12. Z, Mismatch Loss:
The loss resulting from a Zg; mismatch.

13. Conjugate Available Power:
Maximum available power.

14, Z, Available Power:
The power a source will deliver to a Zg
load.

Beatty, R. W., “Intrinsic Attenuation’’,
IEEE Transactions on Microwave Theory
and Techniques, Vol. MTT-11, No. 3, May
1963, p. 179.

References:

Beatty, R. W. ‘‘Insertion Loss Concepts’’,
Proceedings IEEE, Vol. 52, No. 6, June
1964, p. 663.
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MISMATCH LOSS CHARTS

Pages 8 through 11carry reproducible copies of the
charts used in Figure 1 and 2 plus an expanded con-
jugate mismatch loss chart for greater resolution
when working with small SWR's and a Z, mismatch loss
and uncertainty chart in percent rather thandh. These
charts are included for your convenience in analyzing
the error involved in your microwave measurements.

TEST EQUIPMENT
Hewlett-Packard manufactures a complete line of

microwave test instrumentation. A partial listing
includes Signal Generators, Power Meters, SWR
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Meters, and waveguide components such as attenu-
ators, slide-screw tuners, detectors, and directional
couplers. The entire line of microwave instrumen-
tation is listed in the Hewlett-Packard Catalog, along
with brief descriptions of some basic microwave
measurements, photographs, and specifications. The
catalog is available upon request from any Hewlett-
Packard Field Office.
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ﬂf SALES AND SERVICE OFFICES

UNITED STATES

ALABAMA

P.0. Box 4207

2003 Byrd Spring Road S.W.
Huntsville 35802

Tel: (205) 881-4591

TWX: B810-726-2204

ARIZONA

3009 North Scottsdale Road
Scottsdale 85251

Tel: (602) 945-7601

TWX: 910-950-1282

232 South Tucson Boulevard
Tucson 85716

Tel: (602) 623-2564

TWX: 910-952-1162

CALIFORNIA

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-495-2170

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2591 Carlsbad Avenue
Sacramento 95821
Tel: (916) 482-1463
TWX: 910-367-2092

1055 Shafter Street
San Diego 92106

Tel: (714) 223-8103
TWX: 910-335-2000

COLORADO

7965 East Prentice
Englewood 80110
Tel: (303) 771-3455
TwWX: 910-935-0705

FOR AREAS NOT LISTED, CONTACT: Hewlett-Packard; 1501 Page Mill Road; Palo Alto, California 94304; Tel: (415) 326-7000; TWX: 810-373-1267; Telex: 34-8461

CONNECTICUT
508 Tolland Street
East Hartford 06108
Tel: (203) 289-9394
TWX: 710-425-3416

111 East Avenue
Norwalk 06851

Tel: (203) 853-1251
TWX: 710-468-3750

DELAWARE

3941 Kennett Pike

Wilmington 19807

Tel: (302) 655-6161
TWX: 510-666-2214

FLORIDA

Suite 106

9999 N.E. 2nd Avenue
Miami Shores 33138
Tel: (305) 758-3626
TWX: 810-848-7262

P.0. Box 20007

Herndon Station 32814
621 Commonwealth Avenue
Orlando

Tel: (305) 841-3970

TWX: 810-850-0113

P.0. Box 8128
Madeira Beach 33708
410 150th Avenue

St. Petersburg

Tel: (813) 391-0211
TWX: B10-863-0366

GEORGIA

P.0. Box 28234

2340 Interstate Parkway
Atlanta 30328

Tel: (404) 436-6181
TWX: B810-766-4890

ILLINOIS

5500 Howard Street
Skokie 6007/

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA
4002 Meadows Drive
Indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263
LOUISIANA
P.0. Box 856
1942 Williams B

a

MISSOURI

9208 Wyoming Place
Kansas City 64114
Tel: (816) 333-2445
TWX: 910-771-2087

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive

2812 South Br d Blvd.
St. Louis 63144
Tel: (314) 644-0220

TWX: 910-760-1670

NEW JERSEY
391 Grand Avenue

Kenner 70062

Tel: (504) 721-6201
TWX: 810-955-5524
MARYLAND

6707 Whitestone Road
Baltimore 21207

Tel: (301) 944-5400
TWX: 710-862-0850

P.0. Box 727

Twinbrook Station 20851
12303 Twinbrook Parkway
Rockville

Tel: (301) 427-7560
TWX: 710-828-9684
MASSACHUSETTS
Middlesex Turnpike
Burlington 01803

Tel: (617) 272-9000
TWX: 710-332-0382
MICHIGAN

24315 Northwestern Highway
Southfield 48075

Tel: (313) 353-9100
TWX: 810-232-1532
MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612) 645-9461
TWX: 910-563-3734

£ 07631
Tel: (201) 567-3933
TWX: 710-981-9707

NEW MEXICO

P.0. Box 8366

Station C 87108

6501 Lomas Boulevard N.E.
Albuquerque

Tel: (505) 255-5586

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK
1702 Central Avenue
Albany 12205
Tel: (518) 869-8462

1219 Campville Road
Endicott 13760

Tel: (607) 754-0050
TWX: 510-252-0890

236 East 75th Street
New York 10021

Tel: (212) 879-2023
TWX: 710-581-4376

14623
Tel: (716) 473-9500
TWX: 510-253-5981

1025 Northern Boulevard
Roslyn, Long Island 11576
Tel: (516) 869-8400

TWX: 510-223-0811

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

NORTH CAROLINA
P.0. Box 5187

1923 North Main Street
High Peint 27262

Tel: (919) 882-6873
TWX: 510-926-1516

OHIO

5579 Pearl Road
Cleveland 44129
Tel: (216) 884-9209
TWX: 810-421-8500

2460 South Dixie Drive
Dayton 45439

Tel: (513) 298-0351
TWX: B10-459-1925

OREGON

Westhills Mall, Suite 158
4475 S.W. Scholls Ferry Road
Portland 97225

Tel: (503) 292-9171

TWX: 910-464-6103

PENNSYLVANIA
2500 Moss Side Boulevard
Monroeville 15146
Tel: (412) 271-0724
TWX: 710-797-3650

144 Elizabeth Street

West Conshohocken 19428
Tel: (215) 248-1600, 828-6200
TWX: 510-660-8715

TEXAS

P.0. Box 7166
3605 Inwood Road
Dallas 75209

Tel: (214) 357-1881
TWX: 910-861-4081

P.0. Box 22813

4242 Richmond Avenue
Housten 77027

Tel: (713) 667-2407
TWX: 910-881-2645

GOVERNMENT CONTRACT OFFICE
225 Billy Mitchell Road

San Antonio 78226

Tel: (512) 434-4171

TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801) 486-8166
TWX: 910-925-5681

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmend 23230
Tel: (703) 282-5451
TWX: 710-956-0157

WASHINGTON

11656 N.E. Eighth Street
Bellevue 98004

Tel: (206) 454-3971
TWX: 910-443-2303

CANADA

ALBERTA
10010 - 105th Street
Edmonton
Tel: (403) 424-0718
TWX: 610-831-2431

BRITISH COLUMBIA

Hewlett-Packard (Canada) Lid.

2184 West Broadway
Vancouver

Tel: (604) 738-7520
TWX: 610-922-5050

NOVA SCOTIA
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) Ltd.
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: 01-2819

FOR AREAS NOT LISTED, CONTACT: Hewlett-Packard Inter-Americas; 1501 Page Mill Road; Palo Alto, Calif. 94304; Tel: (415) 326-7000; TWX: 910-373-1267; Telex: 034-8461; Cable: HEWPACK Palo Alto

EUROPE

AUSTRIA

Unilabor H.m.b.H.

Wissenschaftliche Instrumente

Rummelhardtgasse 6/3

P.0. Box 33

Vienna 1X/71

Tel: 426 181

Cable: LABORINSTRUMENT
Vienna

BELGIUM

Hewlett-Packard Benelux S.A.
20-24 rue de I'Hopital
Brussels

Tel: 11 22 20

Cable: PALOBEN Brussels

DENMARK

Tage Olsen A/S

Ronnegade 1

Copenhagen o

Tel: 29 48 00

Cable: TOCOPEN Copenhagen

FINLAND

INTO O/Y
Meritullinkatu 11
P.0. Box 10153
Helsinki 10

Tel: 61 133

Cable: INTO Helsinki

FRANCE
Hewlett-Packard France
2 rue Téte d'Or

Lyon, 6 - Rhine

Tel: 52 35 66
Hewlett-Packard France
150 Boulevard Massena
Paris 13e

Tel: 707 97 19

Cable: HEWPACK Paris

GERMANY

Hewlett-Packard Vertriebs-GmbH

Lietzenburger Strasse 30
1 Berlin W 30
Tel: 24 86 36

Hewlett-Packard Vertriebs-GmbH

Herrenberger Strasse 110

703 Biblingen, Wirttemberg

Tel: 07031-6971
Cable: HEPAG Boblingen

Hewlett-Packard Vertriebs-GmbH

Achenbachstrasse 15
4 Disseldorf 1
Tel: 68 52 58/59

Hewlett-Packard Vertriebs-GmbH
Kurhessenstrasse 95

6 Frankfurt 50

Tel: 52 00 36

Cable: HEWPACKSA Frankfurt

Hewlett-Packard Vertriebs-GmbH
Beim Strohhause 26

2 Hamburg 1

Tel: 24 05 51/52

Cable: HEWPACKSA Hamburg

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13

8 Munich 9

Tel: 69 51 21,22

Cable: HEWPACKSA Munich

GREECE

Kostos Karayannis
18, Ermou Street
Athens 126

Tel: 230 301

Cable: RAKAR Athens

IRELAND

Hewlett-Packard Ltd.

224 Bath Road

Slough, Bucks, England

Tel: Slough 28406-9, 29486-9
Cable: HEWPIE Slough

ITALY

Hewlett-Packard Italiana S.p.A.
Viale Lunigiana 46

Milan

Tel: 69 15 B4
Cable: HEWPACIT Milan

Hewlett-Packard Italiana S.p.A.

Palazzo Italia

Piazza Marconi 25
Rome - Eur

Tel: 591 2544

Cable: HEWPACIT Rome

NETHERLANDS
Hewlett-Packard Benelux, N.V.
de Boelelaan 1043
Amsterdam, 2.2

Tel: 42 77 77

Cable: PALOBEN Amsterdam

NORWAY
Morgenstierne & Co. A/S
Ingeniofirma

6 Wessels Gate

Oslo

Tel: 20 16 35

Cable: MOROF Oslo

PORTUGAL

Telectra

Rua Rodrigo da Fonseca 103
P.0. Box 2531

Lisbon 1

Tel: 68 60 72

Cable: TELECTRA Lisbon

SPAIN

Ataio Ingerieros
Urgel, 259
Barcelona, 11

Tel: 230-69-88
Ataio Ingenieros
Enrique Larreta 12

43 44
Cable: TELEATAIO Madrid
SWEDEN

HP Instrument AB
Hagakersgatan 7

Milindal

Tel: 031 - 27 68 00
HP Instrument AB
Centralvigen 28
Solna

Tel: 08 - B3 08 30

Cable: MEASUREMENTS
Stockholm

SWITZERLAND

HEWPAK AG
Zurcherstrasse

8952 Schlieren

Zurich

Tel: (051) 98 18 21

Cable: HEWPACKAG Zurich

TURKEY

Telekom Engineering Bureau
P.0. Box 376 - Galata
Istanbul

Tel: 49 40 40

Cable: TELEMATION Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd.

224 Bath Road

Slough, Bucks

Tel: Slough 28406-9, 29486-9
Cable: HEWPIE Slough

YUGOSLAVIA

Belram 5.A.

83 avenue des Mimosas
Brussels 15, Belgium

Tel: 35 29 58

Cable: BELRAMEL Brussels

FOR AREAS NOT LISTED, CONTACT: Hewlett-Packard S.A.; 54 Route des Acacias; Geneva, Switzerland; Tel: (022) 42 81 50; Telex: 2.24.86; Cable: HEWPACKSA Geneva
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