HEWLETT |Lﬁ PACKARD

OSCILLOSCOPE
PROBES & MEASURE-
MENT TECHNIQUES

by Chuck Donaldson

Historically, the oscilloscope has
been used as a tool to make mea-
surements of amplitude versus
time over a rather broad frequency
range. Since the display is com-
pletely visual, the capability of
deriving a great deal of qualitative
information, e.g. waveform shapes,
perturbations, etc. as well as the
quantitive values of amplitude and
time, has caused the oscilloscope to
become the engineer's “screw-
driver”. When a problem exists, or
gross circuit characteristics are
required, he has become accus-
tomed to reaching for his scope,
hooking it up to his circuit, and
gathering information, without
regard for such considerations as
input and output impedances, rise
times, etc. If a probe was required,
the one which was mechanically
most convenient was typically the
one which would be used.

|

Divider Probes

Let's talk about how to make mea-
surements with a typical general
purpose scope-probe combina-
tion. Initially, we'll restrict the
discussion to passive probes work-
ing into a high-impedance oscillo-
scope. In order to appreciate the
problems involved, we might want
to take a look at just what a probe
is, and what it is intended to do.
The input circuit of an oscilloscope
has traditionally been a parallel
RC circuit as shown in Figure 1.
The advantage of this type of cir-

cuit is that Rjn can be made
high enough to present an insig-

nificant load to many circuits

(1 Megohm) while Cjn can be held
to a low enough value to maintain

the desired system bandwidth.
How does the probe affect the
measurement? The simplest case
is that of a 1:1 transfer probe where
the probe simply looks like a small
resistance (200 to 300 ohms) in
series with the scope input, and
a fairly large capacitance (approxi-
mately 37 to 55 pf) in shunt with
the input of the oscilloscope. See
Figure 2. The total magnitude of R
remains essentially constant, but
the new value of C presented to the
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for those cases where the signal
voltage is sufficient to drive the
oscilloscope after the 10:1 division.
A simplified circuit of this type of
probe is shown in Figure 3. Looking
into the probe tip, the circuit sees
resistance of R probe + R|nput
Typically, this would be S9M ohms
+ 1M ohm. More importantly, note
that the capacitors are in series
and the effective capacitance is
(Ccomp) - (Cinput).

Ccomp * Cinput

Typically the circuit sees a shunt cap-
acitance of about 10 pf!

circuit under test is Cprobe +
C;',?gg - - Cinput. S0 we now have approxi-  While this is a very dramatic im-
-TEST" ' J_ mately 1 Megohm paralleled by 57  provement, this concept can be
& = Cin to 84 pf. This additional capaci- carried only so far since passive
-R;uit tance will translate into a loss of probe capacitance cannot easily
l rise time and bandwidth. We can be reduced to zero, and there is
Figure 1 = measurably improve the situation certainly a point of voltage division
— through use of a 10:1 divider probe,  which becomes impractical.
CIRCUIT Rprobe 1' CIRCUIT Rprobe i
UNDER ; >———r{ UNDER -=— VWA : e 4
TEST l | TEST \
& | ;ER itk ' SR lCJa
.probeI | < Cebmp | s
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TOOLS AND TECHNIQUES

Active Probes

Active probing devices are the
highest resistance/lowest capa-
citance probes available today.
An active probe with a 10:1 divider
can provide an input resistance of
1 Megohm shunted by about 1 pf
of capacitance. These active probes
are typically used with oscillo-
scopes that have vertical amplifiers
with a 50 ohm input impedance.

Active probes aren't usually
thought of as general purpose
probes, and because they are more
expensive, more care needs to be
taken in their use. Suffice is to say
that when working at very high fre-
quencies (above 300 MHz or so),
there are different probes and tech-
niques available to obtain more
accurate results (e.g. sampling
oscilloscopes).

Measurement Accuracy

Let's now consider measurement
accuracy. Suppose you feed the
output of a pulse generator
through a probe to an oscilloscope.
You adjust the scope time base
for a fast sweep. (This is the typical

setup for measurement of rise
time). The result is the familiar
rise-time waveform shown in

Figure 4. If the time base is set for
a sweep of 5 nanoseconds per divi-
sion, what is the rise time of the
generator's output pulse (ignoring
any inherent scope inaccuracies)?

Figure 4. Pulse rise time is measured between
the 10% and 90% points on the leading edge
of oscilloscope trace. In this case, rise time
is 10 ns.

..

e

5 ns/div

Reading the CRT, you answer
10 ns. Right? Maybe yes, and
maybe no.

Although 10 ns is the reading of the
scope display, this value may not
be the true rise time of the pulse.
Ignoring scope inaccuracies, what
other reason is there for suspecting
that the measurement is not the
real rise time?

Basically, when the pulse passes
through the probe, the scope ampli-
fier, and even the scope CRT, it
suffers rise time deterioration.
Thus, the displayed waveform
doesn't represent the true, original
signal.

Although this is an unfortunate
circumstance, it has one saving
grace: it can be predicted. So if
you erroneously said that the rise
time in the example was 10 ns, it
should be both interesting and
informative to learn how to deter-
mine what the error might be.

True rise time can be determined
by the use of the tongue-twisting
formula known as the ‘square
root of the sum of the squares.”
In mathematical terms:

TrRg = |TRD?- TRS®

where Trg = true signal generator
rise time

It might be worthwhile to point out that even
though the oscilloscope system is the engineer's
“screwdriver”, they need to be handled with more
care than the normal screwdriver. This is particu-
larly true for the probe. Many times a probe will be
used to pull a 'scope around when it is on a cart.

It is sometimes dropped on the floor, stepped on or
rolled over with a cart.

Probes are designed to be as rugged as possible,

but many times they are abused. It turns out that
a high-frequency passive probe is a fairly sophis-
ticated piece of electronic equipment, even if it
doesn't sound or look exciting. Electrically, there
is a complex termination and compensation net-
work at the base of the probe. The probe tip has
the divider resistor (usually about 9M ohms) and
another compensating capacitor. One of the tough-
est things to design and build well is the probe
cable. To keep the input capacitance at the probe
tip as low as possible, the cable must be very low
capacitance, To accomplish this, a very small
diameter center conductor must be used. The
smaller the center conductor, the lower the capaci-
tance, but also, the easier it is to break the center
conductor. The typical diameter of a probe cable
center conductor is 4 mils (about the size of a hair!). The
point is that a probe should be handled with care, just as
any precision measuring tool should be.
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TOOLS AND TECHNIQUES

( Trp = displayed risetime

Trs = oscilloscope/probe system
risetime.

For a 50 MHz oscilloscope/probe
combination, the risetime is 7 ns.
Putting this into the formula, we
get:

TRG = N102-72 =51 = 7.1ns
The actual risetime of the pulse

generator is 7.1 ns, not 10 ns. The
measurement was in error by about

whose true risetimes are 10 ns. Ten
divided by 3.5 is 2.9. Using Figure 5,
the error is 6%.

Let's look at the problem another
way. Suppose we want our mea-
surements to be within 5%. What
is the fastest risetime we could
view on the CRT without going
over 5% in error? Going to the 5%
point on Figure 5, the ratio is 3.2.
For our 3.5 ns system (Trg = 3.5).

True Signal Risetime _ 3.2
3.5 ns

True Signal Risetime

(3.5) (3.2)
11.2 ns.

Rearranging our formula,

TRp = \TRg *+ TRsS*
=\1122+ 352 =117ns

Continued on Page B
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IR1 11 BWRED B

1 1.5 2 25 3 4 5 6 7

Figure 5. Measurement Error vs. Signal/
System Rise Time Ratio

It is important, therefore, to keep in
mind that the displayed risetime is
greater than the actual risetime.

The amount of error can be deter-
mined from the graph in Figure 5.
Here, percent of error is plotted
against the ratio of test system rise
time over true signal risetime. As
an example, suppose you are using
a 100 MHz oscilloscope/probe
combination that has a rise time of
3.5 ns. You are examining signals

INPUT CAPACITANCE

The input capacitance of a scope
is held to a value such that the
desired system bandwidth can
be maintained, assuming that
system bandwidth is measured
under certain conditions, spe-
cifically using a 50 ohm genera-
tor, terminated in 50 ohms, or
equivalently a 25 ohm source
impedance. While this is a per-
fectly valid method for specify-
ing the bandwidth, it leads to
false conclusions on the part of
many users, namely that the
scope bandwidth (or rise time) is

portant is the input capaci-
tance? If we were to draw a
graph of resistance versus fre-
quency, with capacitance as the
variable parameter, we can.
easily determine the source re-
sistance limits to achieve a de-
sired frequency (or rise time) at
specific values of capacitance.
For example, if we wanted to
operate from a 10K ohm source,
and our scope input has 20 pf of
capacitance, our bandwidth is
less than 1 MHz! Or to state the
problem a little differently, if we
want to operate from a 10K ohm
source and achieve a bandwidth
of 100 MHz, we must limit our

independent of the way they capacitance to 0.16 pfl See
make the measurement. How im- Figure A.
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VIDEO TAPES

REspLAE
_CORNER

Here's your chance to share your ideas and views with other Bench Briefs recipients. In
Reader's Corner, we will print letlters to the Editor, troubleshooting tips, modification in-
formation, and new ltools and products that have made your job easier. In shorl, Reader's
Corner will feature anything from readers that is of general interest to electronic service

personnel.

If there Is something you have to share with other Bench Briefs readers, let us hear from you.

ILLOGICAL LOGIC?

Dear Mr. Gasperini:

| expect that millions of your readers have
already written to take issue with one por-
tion of the solution offered to your Racing
Quiz, but at the risk of some redundancy
I'll add my complaint. While | agree that the
solution you offer is the most straight-
forward, statement | does not really eliminate
the American from coming in 4th place.

The statement reads, “The driver that
finished in 4th place has a mother-in-law who
is bigger than the American.” While | am
bigger than my mother-in-law and perhaps
you are bigger than yours, contradictory
instances abound. Therefore, an alternative
solution would be the order “ltalian,
Englishman, Japanese, American, and
German" for the Nationality column. The
other two columns are unaffected.

Thanks for a useful (otherwise) publication.
Sincerely,

G.B. Rollman, Ph.D.
Associate Professor

A number of people did take issue with statement
J- I've got a better quiz for a future issue. Watch
for it.

Editor

Hewlett-Packard:

| would like to know if the plastic pushbuttons are
available for your Model 241A oscillator.

The 241A oscillator we have was accidentally
dropped into Lake Tanycomo and went into the
grates where the water goes into one of our
generators. We shut the machine down and our
diver retrieved it. It was a little beat up on the
outside but it works fine. We could use the top
row of buttons—"off" and 1 through 9. The push-
button switches themselves are OK.

Thank you,

Don Hargis
Communications

Empire District Electric Co.
Aurora, Missouri

Thanks for your letter on the 241A osc which
went underwater into your generator grates. By
the time you receive this, you should have a new
set of pushbuttons and your oscillator should be
back in A-1 shape.

It's always encouraging to receive letters such
as yours and we took the liberty to pass it along
to some of our service people and the design
engineer. They all enjoyed it and the design
engineer went off muttering something like “but
| didn't DESIGN it to work underwater”. Never-
theless, he was delighted to hear it still works.

Thanks for brightening our day.
Editor

Dear Sir;

After several years of using HP instruments while
in the University and now in the field, this is the
first time we have the possibility to read BB. We
regularly receive the HP Journal and enjoy the
articles on description of a new instrument, but
we never smile as we did with BB; this is neces-
sary to relax the strain after a day of hard work.

Daniel Grekoff
Technical Manager
AVIATRONIC SAC
Buenos Aires, Argentina
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NEW VIDEO TAPES

Two new video tapes are available
that will be of interest to service per-
sonnel.

BASIC OSCILLOSCOPE
MEASUREMENTS

(90030—#820) 23 minutes. Color.
A basic introduction to oscilloscopes
for use by electronics students and
technicians who want to learn how to
use an oscilloscope for measuring.
This elementary program takes a brief
look at oscilloscope block diagrams,
front panel operation, the variables of
voltage and time that an oscilloscope
measures, typical oscilloscope mea-
surements using divider probes, AC
and DC coupling, triggered sweep,
dual-channel X-Y mode, and TV sync.
This single-concept, tutorial style pro-
gram also includes a self-scoring quiz.

7040 FAMILY X-Y RECORDERS,
SERVICE

(90210—) 30 minutes. Demonstrates
to service technicians and engineers
the similarities between the five-instru-
ment 7040 family of sophisticated X-Y
recorders, to save time and effort in
service situations. The program offers
a brief introduction to each instrument
in the line, then proceeds to a demon-
stration of electrical calibration, a dis-
cussion on troubleshooting, and a look
at practical mechanical maintenance
and cleaning procedures.

To obtain more details or to place an
order, please contact your local HP
office.

8690B FREQUENCY
RESPONSE

If you find that an 8690B that you
are repairing has limited frequency
response, you might check the pro-
tection circuit A4AS. If this limiting
circuit has a failure, it will limit the
input much earlier than it should.
This limits the maximum helix vol-
tage available, which in turn limits
the output frequency.
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SERVICE TIPS

LINE FUSE SIZE

Ever wonder why an instrument that re-
quires a 2 Amp fuse for 110V opera-
tion needs a 1% amp fuse at 220V?
Intuition might indicate that half the
current would flow at 220V and there-
fore a 1 Amp fuse should suffice. Why
the difference? One way of determin-
ing fuse size is to pick the smallest
rated fuse that will blow neither at
turn-on nor at steady state. For 220V
operation, the value determined is
reduced by 50% since the primary cir-
cuit current flow is only half.

This does not work in general because
of surge current at turn-on.

A 2 Amp fuse will tolerate a 5 Amp
surge for about 180 ms. Refer to the
fuse chart. Let's assume that our in-
strument has a 5 Amp surge for 120
ms when operating on 110V line. OK
so far. This fuse will probably be se-
lected for 110V operation, assuming
that the steady-state current is below

__J 2 Amp (and assuming other tests are

passed). In selecting a fuse for 220V
operation, we note that we still have a
120 ms surge, but now it is 2.5 Amps.

Looking at a fuse chart, we find that
we would be in trouble with a 1 Amp
fuse because it will blow after 90 ms

HP recommends that an exact replacement be obtained for fuses. This chart is presented only
as an aid in understanding how fuse sizes are selected during product design. (Chari Courtesy
of Littlefuse, Incorporated)

with our 2.5 Amp surge. The next lar-
gest fuse size, 14 Amp, tolerates a
2.5 Amp surge for about 200 ms.
Therefore this one is specified by the
design engineer.

When replacing fuses, be sure to use
the exact replacement listed in your HP
operating and service manual. This
will ensure that optimum protection
is obtained.

ATTENTION 419A
USERS

Some older model 419's may have
aPOTENTIONAL SHOCKHAZARD.
A kit to increase operator safety may
be obtained from your nearest
HP office at no cost. Ask for HP
Part Number 00419-69500.

An ohmmeter may be used to deter-
mine if your instrument needs this
modification.

1. With all power removed from
the 419A and with the line
switch off, connect one ohm-
meter lead to the - (minus)
INPUT terminal.

2. Set the ohmmeter on the 1K
ohm range.

3. Connect the other ohmmeter
lead to the set screws on the
NULL pot, ZERO pot, and
RANGE switch one at a time
and note the readings.

4. The ohmmeter should indicate
infinity. If it instead shows
continuity, it is recommended

thatthe modification be installed.

The modification takes about one
half hour to perform and Service
Note 419A-7 (included in kit) gives

step-by-step instruction. Contact
your HP office for further
information.
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8690 SERVICE TIPS

If you find that ABR5 or R8 are bad-
ly burned in an 8690, check for
these two possible problems. First,
check to see if A1C2 is shorted (this
capacitor is in parallel with A1R17
on 'the modulation board in the RF
plug-in). A second possibility is that
the BWO is drawing excessive
current.

Also, if you find an A4C47 failure,
this may be caused by failure in
A1Q1, Q2 or CR1 in the 8707. A
solution here is to replace the tran-
sistors with HP Part No. 1854-0079
instead of 1854-0232.



HP FIELD

“...call your local HP
office...”

That's a phrase frequently seen in
HP publications. It appears with
shipping instructions, parts order-
ing information and service litera-
ture. That phrase reminds you to
call your local HP office if you need
help. But to do that you must
know where to find your local HP
office. As HP continues to grow,
many offices find themselves out-
growing their facilities and moving
to larger quarters. Occasionally an
additional office is added to serve
an area. These changes may mean
that an HP office is now more con-
veniently located for you.

UNITED STATES

ALABAMA 2720 Wall Ave
B30 Whitesburg Or., 5.8 Sacramanto 95025
F.0. Box 4207 Tel. (916) 482.1481
P Hunstelile 35602 TWX. 810-367.2092
Tel: (205) B1-4581
TWK: B10.726-2204

ARIZONA
2335 E Magnolis St
Fhaeniz 85034
Ted: (BO2) 244-1361
TWX: 910-851.1330
2424 Easf Aragon Rd
P Tucssn E5706 >
el [6§02) BRI-1661

9606 Aero DOrive
P.0. Box 23333
San Diege 52123
Tels (714} 279-3200
TWX: 910-335- 7000

COLORADD

SEO0 Sowlh Uisier Parkway
Englowood EOIID

Tel| (303 77113455

WX, 9106350705

CALIFORMIA
1430 Exal Orangathorps Aue C?NN‘CTICUT
Fal n 82631 12 Linar Dvive

New Havan 06525
Tel: {203) 38955
TWE: 710-455 2029

Teli (T14] R70-100G

TWX: 910-552-1288

1939 Lankarghim Boulevard
North Hollywood 51600

Teli 62131 K77-1282

TWX, 910 499-2170

FLORIDA
PO Box 240
2866 W, Oakiand Park Bivd

6515 Arirona Place
Los Angales 90045
Ted 12131 T76-7500
TWX; 910-328-6148

Tel. (305) P31-2000
TWX: 510-955.4092

P.0. Box 13910
8177 Lake Elleno Dr

1101 Embrarcadero Roaa Orlsndo, 32809

Pals Alto 54303
Tel| (415} 3276800
TWX: 910-373-1280

WX RiD-B500113

CENTRAL AND SOUTH AMERICA

ARGENTINA

Mewlet) Packard Arpentina
SAGel

Lavalie 1171 -3

Busnos Alres

Tel: 350438, 35-0627, 35-0341
Telex: D12-1008

Cable: HEWPACK ARG

BOLIVIA

Stambuk & Mark (Bollvla) LTDA
Av, Mariscal, Santa Cruz 1342
La Paz

Tel: 40626, 53163, 52421
Tulew: ASEO0TS

Cable: BUKMAR

BRAZIL

Mewietl Packarg Do Brasl
| B, Lida

Rua Frei Caneca 1119
01307-530 Paulo-5P

Tel; 288-7111, 287-5858
Teles: 309151/2/3

Cable: HEWPACK Saa Paulo

Hewlelt-Packard Do Brasil
LEC. Luda

Praca Dom Fellciana, 78
0000-Ports Rizgre-RE

Ro Grande do Suf (RS) Brasil
Tel: 258470

Cable: HEWPACK Porta AMegre

Hewletl-Packard Do Brasil
LE.C. Lida

Hua da Matriz, 29

20000-Rie de Janeire-GB

Tel 2662643

Teles 2100679 HEWPACK

Catile; HEWPACK Rin de lansies

CHILE

Mactor Calcagnd y Cia, Lida
Canilta 15475

Santisge

Tel. 423 &8

Cable: CALCAGN! Sani|ago

COLOMBIA

Ingtrumentagion

Hemtlk A Langebaek & Kier 5.8
Carrera T No, 48-59

Apnrtsde Afres R287

Bogeta, 1 D.E

Teli 45-78-06, 45:55-496

Cable: ARRIS Bogota

Teira. 42400INSTCD

COSTA RICA

Liz. AMredo Gallegon Gurdidn
Apartadp 10158

San Jesk

Tali 21-86-33

Cable: GALGUR San Jose

Although many HP manuals and
other publications contain a com-
plete list of HP offices, the list
may not be completely current
since it is revised only when the
publication is reprinted.

To make sure that you can easily
locate your local HP office to ob-
tain the service you have come to
expect of Hewlett-Packard, here's
an up-to-date listing of field offices
for all areas of the world.

An arrowhead ( » ) by the office
serving your area indicates that
there has been a change in address
or telephone number, etc. during

the past year.

It may be helpful

to note the new information and to
pass it along to others in your facil-

ity also.

GEORGIA

P.0, Box 28234

450 Intarstate MWorth
Atlamta 30378

Tl (4D4) 4368181
TWIX: B10:- 7664890

HAWAI
7875 &

ILLINDIS
5500 Howard Street
Shokle 80076

Tel. {312} 677-0400
TWE, #10-223-3613

Tel (217 Ga6-4881
TWX. B10-341:3263

1OWA
1902 Broadwiy

Ft. Laudardale 33307 b’ lowa City 52240

Tel: (A15) I38.8454
Night: [319) 13804087

LOUISIANA

P. 0. Sox 840

3239 Willlams Boulevard
Nenner 700462

Tely (304 731:6201
TWX: 10955 5524

ECUADOR

Laboratorios de Madio-ingenietia

Calle Guayaguil 1248
Post Citicn Box 3199
Quits

Tal, 212496, 219-185
Cabile; HORVATH Quity

EL SALVADOR

Elegtranie Assaciates
Apartado Postal 1682

Centr Camarcial Gigants
San Salvador, £] Salvadar CA
Pasno Escalon 4639-4° Pisg

Telr 2345 32-3
Cabi

GUATEMALA

IPESA

Ayenida Ls Reforma 3-48,
Zona 8

B Gustemata

Teli 63627, 84736
Tals: 4192 TELTRO GU

MEXICO

Hewletl-Packard Mesicana,
A deCV

Terres Adalid Mo. 21, 11° Plea
Cal. del Valle

Mexico 12, DF

Tel; 543-42-32

Telex: D17-74-507

MARYLAND

&707 Whitestone Road
Baltimare 23207

Tel: (301) 8944.5000
TWX: 710-852.8157

20010 Century Blva,
Qermantown 20767
Tel. (31} 428-0700

P.D. Baxu 1648

2 Chake Cherry Rasd
Rockvills 20850

Tel: (301) 948-8370
TWX: 710-828-9654

MASSACHUSETTS
12 Hartweil hve.
Lexingten 02171
Tel (617 BE1-R960
TWX, T10-326-6004

MICHIGAN

23855 Research Dilve
Farmingten 48024
Tel (A1) 4768400
TWE: §10-242-2900

MINNESOTA
2459 Unlversity Avenus
St Paul 55114

Tel: {#12) 645-8461
TWX: 510-563-3734

MISSDURI

11131 Celerads Ave
Kansas City 84137
Tel; (816} 763-28000
TWX: 910-771-2087

NICARAGUA

Roberto Terin G

Agartado Postal 589
Edificia Terdn

Managus

Tel. 3451, 3452

Cable: ROTERAN Managus

FPANAMA

Electrinico Balbos, 5.4

P.0. Bax 4525

Ave. Manel Explnosa No. 13-50
Bidg. Alina

Panama City

Tel. 230833

Telew: 3481103, Curunda;
Canal Tone

Cable: FLECTRON Panama City

PARAGUAY

I ). Metamed SR.L

Divinion: Aparatos v Eguipos
Medicos

Division; Apardtos y Equipos
Scientilicon ¥ de
fnvestigacion

P.0. Box 676

Cnlie, 482, Edificie Victona

kguntian

Tal &.5069, 4-6272

Cabie: RAMEL
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148 Weldon Parkway
Maryland Meights 53043
Tali [314) 567-1455
TWX: 310-784-0830
*NEVADA

Las Vegas

Tal: (702} 3825777
NEW JERSEY

W. 130 Ceatury Rd.
PFaramus 07652

Tel: (201) 265-5000
TWX. 710-990.4851
NEW MEXICO

P.0, Box B366

tation €

6501 Lomas Boulevard M.E
Albuguergue A7I08

Tei, (505) 265:3713
TWX; 910-9859- 1665

IS8 Wyall Dilve
Lok Croces 88001
Tel: (505} 526-2485
TWX: 910-983-0550

NEW YORK

& Automation Lane
Computer Park
Wbany 17205

Tel: [(518) 458:1550
TWX: Ti0-421-8270

1219 Campyllly Road
Emdicott 13760

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

New York City

Manhattan, Brorx

Contact Paramus, NJ Office
Twl: (201) 265-5000
Brooklyn, Queens, Richmand
Contact Woodbury, NY Office
Teli (316) 5210300

A2 Washington Strest
2801
Tl (914} 454-7330
WX S10-248:0012

39 Saginaw Drive
Rochesler 14623
Teli (716) 473-9500
W, 510-253-5881

5858 East Molloy Road
Syracuse 13211

Tel, (315) 452-2485
TWX: 710-841-D482

1 Crassways Park West
Woodbury 11787

Tel: (518} 921-0300
TWE, 516-221-2164

NORTH CAROLINA
PO. Box S51BR

1523 Noirth Main Street
Wigh Peint 277862

Tel: (919) BBS-8101
TWE: 510-928.1516

SOUTH CARDOLINA
BO41-00 M. Trenhalm Rosd
Columbia 79260

Tel: |ED3) 7EZ-549)

OHID

FG500 Sprague Road
Cleveland 44130

Tal: (216) 2437300
Night: 243-730%
TWi: 8104739431

330 Progress A
Daylon 45445

Tal: (513 8594202
TWK: 210-459-1825

B6AS Busch Blvd
Columbus 43220
Tel: (514) R4E-1300

FERU

Compafia Efectrp Médicy
Ave. Enrigue Consual 312
San Isldro

Casilla 1030

Lima

Tel: 22-3500

Cabte; ELMED Lima

PUERTO RICD

2an Junh Electronice, lng
P.O. Box S1&7

Pance de Leon 154

Pda. 3-FTA de Tiesra

San luan DOS06

Tel: (8051 725-3342. 722-3342
Cable: SATRONICS San Juan
Teles: SATRON 3450 332

URUGUAY

Pable Ferrande 5.A
Comercial o Industrial
Avenida |tafia 2877
Casllla d& Careeo 370
Montevideo

Tel: 40-3102

Cable: RADIUM Montevideo

OKLAHOMA

PO, Bpx 32008
Oklahoma City 73132
Tel, (405) 7210200
TWE. 950-B30.EEE2

OREGON

17850 SW Boanes Ferry Road
Tualatin 97062

Tel: (803} 620-3350

WX, B18-067-8714

PENNSYLYANIA
LL Zatn Drive
Pitlshurgh 15238
Tel (412) T82-0400
Night; 782-0401
WL 710-785-3124

1071 BIn Avenus

King of Prossia Industrial Park
King of Prussia 19406

Tel: (215} 265-7000

TWX: 510.660-2670

ARHODE ISLAND
873 Waterman Ave.
Enit Providen:

TWX: 710-381:7573

*‘TENNEZSEE
Memphis
Tel: (801) 278-7472

TEXAS

P.0, Bes 1270

201 £ Arapaho Rd.
Richardson 7S0E0
Tel (214} 2316100
TWE, §10-887-4723
F.0. Box 27409
6300 Westpark Orive
Suite 100

Hausten 77027

Tel: (713] 781-8000
TWX: 210-BR1-2645

231 Bitly Mitchell Road
San Antenlo 7R22G
Tel (512 434171
TWK: 8108711170

2860 South Main Streat
Salt Lake City BALLS

Tel: (B01) 487-D7T15

TWX: §10-925:5681
VIRGINIA

P.0. Box 8854

2918 Hungary Springs Rodd
Wichmand 23223

Tol: (B04) 2853431

TWX: 710-956-0157

WASHINGTON
Belletiald Qffice Ph
1202 - 114th SE
Bollavan G8004

b (206) 454-3971
TWA: 9104432486
*WEST VIRGINIA
Charlesten

Tel: (B04) 345-1640

WISCONSIN

S431 W. Baloit Road
Suite 117
Milwagkee 53227
Falr (4147 5210550

FOR U.S. AREAS NOT
LISTED:
Contact the isglonal office paar
mat your Atlanta, Georgia
Morth Hallywopd, Califarmia
Paramus, New Jersay . . . Skohle
ilimgis. Thelr complets  ad-
dresses e lated abave
*Swervica Only

VENETUELA
Hewlett-Packard do Venerunly
cA

Apartado 50933

Edifizia Segre

Tarcera Transversal

L uices Narte
Caracaz 107

Teh 33-00-11

Telgr: 21146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED,

CONTACT:
Hewlett-Pachard
Infer-Ametieas

3300 Hiliview Rve

Pale Aito, Califormia 54304
Tel. (#14] 483-1501

TWX: 910.373-1267

Calile; HEWPACK Palo Allo
Telnx: 034-8300, 0348493




HP FIELD

CANADA

ALBERTA

Hewlet? Packatd (Canada) Lid
11748 Kingzway Avn
Edmonten T5G NG

Tl (403) 452-3670

TWa 6108312431

kard (Camada) |td

EUROPE

AUSTRIA
Hewlalt-Packard Desmb M
Handelska 52/3

PO Box 7

41205 Vienna

Tel: (0222) 33 66 06 to 08
Cable: HEWPAK Vienna
Telex: 75923 hawpak o

BELGIUM
Hewlntt-Packord Benelux
AN

Averue da Col-Vert, 1,
(Groenkraagiaan]

B-1170 Brusssls

Tel: (02) 72 22 40

Cables PALOBEN Brudsels
Tolex: 23 494 paloben bra

DENMARK
Hewleit-Packard A/S
Datave| 38

OK:-3480 Birkered
Teir (01) 81 65 40
Cabile- MEWPACK A5
Talex: 166 40 hp o3

Hewlett.Packard A/5
Torvet §

DK-BEO0 SHkebarg
Tel: (DB) B2-71-66
Talex: 166 40 hp as
Cable: HEWPACK AS

FIMLAND

Hewlett-Fackard Oy
Bulevardl 26

P.0. Box 12185

EF-00120 Helsinkl 12

Tel: (%0} 13730

Cable. HEWPACKOY Helsinki
Telex: 12-15353 hel

FRANCE
Hewlell-Packard Fra
Quartier de Gourtabiosul
Boite Postale No. 6
F.9140] Orsay

Tel, (1) 907 78 25

Cable: HEWPACK Orsay
Telsx. GDOAR

Hewlelt-Packard France
Agenee Raglonal
4 Qual das Etrolta

P> 169321 Lyan Cedex |
Tel: (78] 42 63 45
Cable; HEWPACK Lyon
Tetex: 31617

BRITISH COLUMBIA
Heswdett-Fackind
817 [ Cordova
Vancouver VAA 3R?
L 54-2531
TWE: H10:922-5059

Howlell-Packard France
Tonz Aronautique
Avenue Clement Ader
F-31770 Colomiers

Tel. (61) 86 B1 55
Teley: 51957

Hewlett-Packard France
Agence Réglonaln
Boulevard Ferato-Gamarra
Bolte Postale No. 11
F13100 Luynes

Tl 7) 24 00 &6

Telews 41770

Hewlatt.Packsrd France
Agancy Rbglonale

63, Avenue de Rochester
F-35000 Mennes

Tely (99) 36 33 21
Teies: 74912 F

Hewletl-Packard France
Agence Rigio
74, hllée de la Robertsau
F-67000 Strasbourg

Tel: (84) 35 23 20/21
Telen: BE1AL

Cable: HEWPACK STRBG

GERMAN FEDERAL
REPUBLIC
Hewletl-Packard Gmbl
Vertriebgzentrale Frankiurt
Hernerstrasse |17

Postfach 560 140

D-6000 Frankfurt 56

Tel: (0611} 50 04-1

Catiles HEWPACKSA Frankfurt
Tebew: 41 32 49 fra
Hewlett:-Packard GmbH
Vertriebsbilto BEbIingen
Herrembergerstrasse 110
0-7030 Bblingan, Wirttemierg
Tal) (O7031) 66 T2 87
Cabln: HEPAK BOblingen
Telex; 72 B5 739 bbn

Hewletl-Pechard CmbH
Wertriehsbliro Dissefdor!
Voge|sanger Weg 38
0-1000 Disssldor!

Tely (0211} 63 80 31/38
Telew: B5/86 533 hpdd d

AFRICA, ASIA, AUSTRALIA

ANGOLA

Telectra-Empresa Tecnica

de Eguipamentas Etectricos

SARL

Rua de Barl
42.1°, o1

P.0. Box 6487

a, Rodrigues,

Laanda
Cable: TELECTRA Lusnda

AUSTRALIA
Hewletl- Packard Australia
Py, Lid.,
31-51 Joseph Strest
P Victarla, 1130
Tef: B9 6351
Cable: HEWPARD Melbourne
Telex: 31 024

Hewlett-Packard Ausiralia
y. Lia.
31 Bri

Pyml

Mew South Wales, 2073
Tei: 249 6586

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-FPackard Australia
Py Lia,
97 Churehill Road
P Prospect 5pEz
Gouth Australia
Tel, 44 BIS1
Cabile: HEWPRRD Adelaide

Hewiett-Packard Australia
Pty. Lid

Casablanca Buildings
186 Adelalde Tetrace
Perth, W A. 6000

Tel: 256800

Cable. HEWPARD Parth

Hewlett-Packard Australia
Ltd

10 Woolley Street
0. Box 191
Dicksen AC.T, 2607
Tal 45-8104
Cable: HEWPARD Canberra ACT

Hewlett-Packard Austraila
Ply. Lid,

2nd Floor, 49 Gregory Terrace
Brishane, Gueensland, 4000
Tal; 29 1544

CEYLOM

United Electricals Lid
P.0, Box 681

&0, Park SL
Colombo 2

Tel; 26686

Cable: HOTPOINT Colomba

CYPRUS
Kypromics
18 Gregorios & Xencpoulos Road
P.0. Bex 1152

CY-Mic
Tel) 456282
Cables

il
NICS PANDEMIS

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

S8/50 Cunningham St

Addis Ababa

Tal: 12285

Cable: ASACO Addlsababa

MANITOBA
Hewielh Packara Danada! |td

TWX: 810-671-353)

NOVA SCOTIA

Wewlatl Packard (Canadad 14d
2745 Dulch Yillage Re
Hafitax B3l 207

Tel: (902 2550511

TWX: BI0-271-49482

Hewlett-Packard GmbH
Verttiabablro Hamburg
Wandanatr. 23

D-2000 Mambarg 1

Ted: (040} 24 13 83

Cahle: MEWPACKEA Hamburg
Telex: 21 63 032 hphh o

Hewlett-Packard GmbH
Vertriebabdro Hannovar
Mellendorfer Stresse 3
0-3000 Hannover-Klesfeld
Tel: (D511) 55 OB 26

Hewlatt-Packard GmbH
Vertriebsbure Nuremberi
Hershruckerstrasse 42
B-B500 Nure

Tel: (0911) 57 10 66
Telex: 623 860

charg -GmbH
bidro MOnchen
Unterhachinger Sirasse 28
ISAR Centnr

08012 Dttebrann

Tel: (088) 601 30 61/7
Telex;: 52 45 85

Cabla. WEWPACKSA Mlthen

(West Berfin)

Hewlatt-Packard GmitH
Vertrisbeblre Berlin
Wiimersdorfer Strasse 1137114
0-1000 Berlln W. 12

Tel, (030] 3137046

Telex: 18 34 05 hpbin o

GREECE

Kaosins Karayannié

18, Ermon Street

GR-Athens 126

Tel: BORD3IT, BOBOISH
BOA0429, BOIBGSI

Gable: RAKAR Athens

Teles, 21 59 62 rhar gr

Mewlet!l-Packard 5.4,

Mediferranean & Middie Eav!

Iperations

35 Kalokotronl Street

Platla Kefallation

Grokifissis-Athand

Tel: BO80337, BOBOISE,
H080426, BO1BERD

IRELAND
Hewlett-Packard Lid,

224 Bath Road

GB-Slough, 511 4 DS, Bucks
Tel: Slough (0753) 33341
Cable: HEWPIE Slough
Tolex: 848413

HONG KONG

Schmldt & Co. (Mong Heng! Lid,
P.0, Box 297

Connalight Centre

38th Floor

Conneught Road, Central

Hang Keng

Tel, 240168, 232735

Teles: HX4TEE

Catile: SCHMIOTCO Hong Kong

INDIA

Blus Star Ltd.
Kasturi Bulldings
Jamshed|| Tata Ra
Bembay 400 020
Tel 29 50 21
Telen, 3751
Cable; BLUEFROSY

Blue Star Lig

Sahas

A14/2 Vir Savarkar Marg
Prathadevi

Bambay 200 025

Tei) 45 78 87

Teler: 4093

Cable: FROSTALUE

Bjue Stor Lid.
Band Box Houss
Prabhadevi
Bombay 400 025
Tel: 45 73 04

T 751
Cable; BLUESTAR
Blue Star Lid.
14/40 Civll Linag
208 001
Tel: 6 88 82
Cable: BLUESTAR

ONTARIO

Hewleit - Packard (Camada)l 1
1785 Woadward Or

Ottawa K2C 0P9

Tell j013} 2256530

WK B10-562 B568

Hewlett Fachard (Canada) Lid
BATT Gareway Dijue
Missivsaugn L&V 105

fel (416] 678-9430

IWK: B10-492-4245

Hewietl-Packard Lid.
The Graftons
Stamiford New Road
Altrincham, Cheshire
Tal: (061) G28-B021
Telex: GEEOER

ITALY

Hewlett-Pachard Italians S.p.A
¥ia Amerige Vespucci I
120124 Milan

Tel: (2) 6251 (10 lines)

Cable: HEWPACKIT Milan

Telex: 312046

Huwlett-Packard |taliana S.p.4
Vicolo Pastorl, 3

1-35100 Padava

Tal (49] B6 4D 2

Telex: 12046 via Milan

Hewlett:-Packard Itallana SPA
Via Medaglie d'0r, 2
1-55100 Piaa

Tel: (050} 500022

Hewlett-Packard (tallana S.p.a,
Wia Colli, 24

1-10129 Tarin

Tel, (11) 53 82 64

Telex: 32048 via Milan

LUXEMBURG
Hewlotl-Packard Benglus
SANY

Avenue de Col-Veri, 1
(Groenkraaglzan]

B:1170 Brussely

Tel (03/02) 72 22 40
Cabrle: FALOBEN Brussels
Tolen 23 494

MNETHERLANDS
Howleti-Packard Benelux/NV.
Weerdesteln 117

P.0. Bax TR2S
NL-Amsterdam, 1011

Tel: 5411522

Cable; PALDBEN Amstardam
Talww: 13 216 hepa nl

MORWAY

Hewlett Packard Norge &/5
Keyveien 11

Beox 148

M-1344 Hatlum

Tel; [02) 53 83 60

Teldx; 16621 honas n

Blue Star, Lid

7 Hare Stresl
P.0. Bax 508
Caleutta 700 001
Tel: 230131
Telex: 655
Cabrle: BLUESTAR

Blue Star L0

Bivn Slar Houss,
34 Ring Road
Lafpat Nagar

New Delhi 110 024
Teli 62 32 76
Tolex: 2463
Cable: BLUESTAR

Biue Stas, Lid,

Blug Star House
117114 Magarath Road
Bangalors 560 025
Tel: 55668

Tal 430
Cable: BLUESTAR

Biue Star, Ltd.
1-1-117/1
‘Sarojini Dev| Rosd
Secunderabad 500 003
Yel: 76391, 77393
Cable: BLUEFROST
Telex: 458

Blun Star, Lid

23724 Second Line Beach
Madras 60D 00)

Tel: 23954

Talex: 179

Catle: BLUESTAR

WWW.HPARCHIVE.COM
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QUEBEC
Hawinth-Packard (Canadal Lid
275 Hymius Boulevard
Painte Claire H9R 107
S14) 5618520

WK 6104223027
Teles: 05-B21521 HPC
swigtl-Packard [Canada) Lid

5 Galvanl Street
Ste-Fay GIN 454
Tul) {418) 688-8710

PORTUGAL

Telectra-Empresa Técnica de
Egulpamenios Eléctricon Sarl
Wus Redrign da Fonsecs 103

Tel: (16) &8 50 72
Cable: TELECTRA Lisbon
Tolex: 1588

SPAIN

Hawintt-Packard Espafiola, 5.8,
Jeraz No B

E-Madrid 18

Til: 458 26 00

Telex, 73515 hpe

Hewisti-Packard Espafiols, 5.A.
Milanesads 21.23

E-Barcelona 17

Telr (3] 203 62 00

Telex: 52803 hpbe ¢

Hewlett-Packard Expannia 5.4,
Av Ramaon y Cajal, 1

Edificio Sevilla |, planta *8
E-Saville

SWEDEN

Hewlett-Packard Sverige AR

Enighetsvigen 1.3

Fack

S-151 20 Bremma 20

Tel: (0] 730 0550

Cable: MEASUREMENTS
Stockhalm

Teiew, 10721

Hewlatl-Packard Sverige AB
Hagakerogatan 3¢

5431 41 Miilndal

Tei: (031} 27 68 00/01

1 ¥la Bromma

SWITZERLAND

Hewlelt Packard (Schwelr) AG
Tircherstrasse 20

P.0, Box 84

CH-#952 Schileren Zurich

Tel- (07) 98 18 21/24

Cabie: HPAG CH

Talex: 53933 hasg ch

Hewletl-Packard (Schweir) AG
S, Chemin Louls-Plete!
CH-1234 Vernler—Ganavs
Tel: (0221 41 4950

Cable) HEWFACKEA Ganmva
Talex: 27 333 hpsa ch

Blus Star, LE4
Hathraj lons
2nd Floor Blshipur
Jamshedpur 831 001
Tel) 38 04

Cabie: BLUESTAR
Telen: 240

INDOMESIA

Ban Bolen Trading Coy, M.V
Djalsh Merdeks 29
Randumg

Tel: 4915; 51550

Cable; ILWU

Telex: 08-809

IRAN
Multl Corp Intarnational Ltd.
Avenue Soraya 130

PO, Box 1212

IR-Teheran

Tel; 83 10 3539
Cable: MULTICORF Tehran
Talex: 7893 MCI TN

ISRAEL

Electronics & Engloeering
Div. of Matorola lsrsel L1,

17 Aminadav Streat

Tel-dvlv

Tel: 36541 (3 |Inos)

Cable: BASTEL Tel-Awiv

Telex: 33565

IAPAN
Yokogaws-Hewlett-Packard Lid
Ohashi Building

1:58-1 Yoyogi

Shibys-ku, Tokyo

Tel: 03-370-2281/62

Tolex: 232-Z024YHP

Cable: YHPMARKET TOK 23724

B

FOR CANADIAN AREAS NOT
LISTED:

Contact Mewleit.-Fachard (Can
Adal Lid. s

TURKEY

Telekom Engineering Bureaw
Saglik Sok Na, 1571
Ayaspass-Bayoglu

P.0. Box 437 Beyogly
TR-Intanbul

Tel: 49 40 40

Cable: TELEMATION Istanbuol

UNITED KINGDOM
Hewlatt-Packard Ltd

224 Bath Road

GB-Sieugh, SL1 4 08, Bucks
Tel: Shough [0753) 33341
Cable; HEWPIE Slough
Telox: BA841]

Howletl-Pachard Lig
“The Graftons'
Stemford Mew Road
GE-Altrincham; Chrshine
Tel: (061} 928.-8021
Telex: GEB0EE

Hewlett-Packard, L4,

c/a Makrn

South Service Wholesale Centre
Amber Way

Halesowen Industrial Estate
GB.Wares.

Tel: Blrmingham 7860

Hewlatt-Packard Lid's registored
address for VAT, purposes
anly:

70, Finsbury Pavemant

Lendon, EGZALSX

Ragistersd No. 600597

SOCIALIST COUNTRIES
PLEASE CONTACT:
Huwle ekard Ges.m.buM,
Handeluka| 5273

P.0, Box 7

A-1205 Vienna

Ph: (02221 33 85 04 to 08
Cable: HEWPACK Vienma
Telex: 75923 hawpak o

ALL OTHER EU

COUNTRIES CONTACT:

Hawlett-Fachard 3.A.

Rue du Bals-du-Lan 7

P.0, Box 85

CH-1Z1T Mayrin 3 Ganeva
Switzerland

Tel. (6225 41 54 00

Cable: HEWPACKSA Ceneva

Telex: 2 24 88

Yokogawa-Hewlett-Packard Ltd.
Nisel Ibarag) Bldg,

(0726 23-1641
5332-335 YHP DSAKA

Tokogawa-Hewleft-Packard Lid,
Makamo Bullding

No. 24 Kamisasazima-cho
Nakamurs-ku, Magoya City
Tel {052} 5715171
Yokogaws-Hewlett-Packard Lid.

Nitto Bidg.
2-4-2 Shinohara-Kita
i’}

Telex: 382-3204 YHP YOK

Yohogiws-Hewlett-Packard Lid.
Chuo Bidg

Rm. B03 3,

2-Chome

IZUMICHO,

Mito, 310

Tel: 0292-25-7470

KENYA
Kenys Minslics
P.0. Bew 18317

Tel: ST726

Cable: PROTON

KOREA

Amatican Trading Company

Daze Kyung Bldg , 8th Floar
107 Sejong.io,
Chongro-Ku, Seasl

Tel: {4 lines) 73-8924-7
Cable: ANTRAGD Seoul

Continued on Page 8



measurements with a minimum(
disturbance to the circuit.

Oscilloscope Probes
Continued from Page 3

oscilloscope, and the circuits you
are probing, you can make accurate

Anytime the displayed risetime is
less than 11.7 ns, our measure-
ment is in error by greater than 5%
(unless we calculate it out). As you
can see, making accurate measure-
ments with a probe and oscillo-
scope isn't quite as simple as it
first appears especially at high
frequencies. The day is gone when
you just hang your probe in a cir-
cuit and assume that it won't load
your circuit and that the reading

facturing division. This division
builds oscilloscopes, CRT dis-
plays, logic analyzers and other
electronic products.

Chuck is a graduate of the Univer-
sity of Colorado with a BSEE and
a degree in General Business;
he has been with HP for 9 years.
Like many people in Colorado,
Chuck enjoys skiing in the many
ski areas in the Colorado area.
Chuck is married and has four

Chuck Donaldson is currently the
Service Manager at the HP Colo-

you are getting is accurate. With a rado Springs, Colorado, manu- children.
little knowledge about your probe,
Continued from Page 7
TAIWAN ZAMBLA
Hewlett Packard Talwan I'I.OJ. I‘:Hl:r,]"z{hmlﬂ Lt
Hewlett-Packard (N.2) Ltd Mushks & Company, Lid. Hewlett.Puckard Far East 39 Chung Shiso West Rosd P.0. Box
}:f..'.f.':ﬁ.[' E. Macridis Pahurangs Professional Centre 388, Sateliite Town Aren Otfice Sec. 1 Lutaka a i
P.0. Box 7213 287 Pahuranga Mighway Rawalplndl P.O. Box 87 Dversess Insurance Iambla, Cantral Africa
RL-Bairut Box 51092 Tel: 41624 Alexandra Post Office Corp. Bldg. 7th Floor Tel: 73793
Tal: 220845 Pakuranga Gable: FEMUS Rawalpind Singapors 3 Taipel Cabie: ARIAYTEE, Lusaka
Cable: ELECTRONUCLEAR Balrut Tel 565-651 Tely 633022 Tel; 38916012, 375121,
Cable: HEWPACK, Auckland PHILIPPINES Cable: HEWPACK SINGAPORE Ext. 240-240
MALAYSIA Electrames, Inc. Telexi TPB24 HEWPACK MEDITERRANEAN AND
MECOMB Malaysis Ltd MNIGERIA Bth Flaer, Amalgamated AFRICA Cable: HEWPACK Talpel MIDDLE EAST COUNTRIES
2 Loromg 13764 The Electronics Instruments- Development Corp, Bidg Hawlett Packard South Africa NOT SHOWN PLEASE
Section 13 tions Ltd, (TEIL) Aysta Avenue, Makatl, Rizal (Pty.), Ltd. THAILAND CONTACT:
Petaling Jays, Selangor 144 Agege Motor Rd., Mushin C.C.P.0. Box 1028 Hewlett-Packard House UNIMESA Co., Ltd. Hewiett-Fackard S
Cable: MECOMB Kuala Lampur P.0. Box 6545 Miskatl, Rizal Daphne Street, Wendywood, Chonghoines Bullding p l;" ¢ taidal
Lagas Tel: 86-18-87, 877677, Sandlon, Tranevasl 2001 56 Suriwengse Road et ;:’.""l:f:":" R
MOZAMBIQUE Cable: THETEIL Lagos B7-88-84, 87.18-48, BB.81.71, Tel 407841 (five lines) Banghok i
AN, Goncalves, Lia. B38112 038312 Tel: 37856, 31300, 31307, 35, Kolokotroni Street
182, Av. 0. Luls ¢ ELEMEX Mani Hewlett Packard South Africa Platis Kefallariou c
PO Bex 107 The Elsctronios (nstruments- abie: ELEMEX Manlia (Piy.), U Cone UNINERA Benghoh GR-KifHssin—AthEnn
Lourenca Marques fonk (g (TR} SINGAPORE arpecsstie House Cable: HEWPACKSA Athens
feli 27001, 27114 L rar Saom eve Niihumicat & Cobition aren Street UGANDA Talax; 216588
Telen: 8-203 Magon Mo e i Pt i Uganda Tals-Electric Co., Lt
Gable: NEGON IBadan Engimating Compay i, Tel: 2.6081/2/3 7.0, Box 4449
i Tel; 22325 L. Cable: HENPACK Caps: Town el OTHER AREAS NOT
NEW ZEALAND Cable: THETEIL Ibadan ;%lﬁinulmumﬂl:mu Telex: 0006 CT Yoit 57 “unmn‘rmwmmm=
u’;ﬁ'gm‘;{,‘.ﬂ"’ o PAKISTAN ngapore, 3 Hewlett Packard South Africa Cable: COMCO Kampals Export Trade Company
P.0. Bux $443 Mushko & Company, L1d. Tel: 647151 (7 lines) (Pty., Lid. ViKTIAS 3200 Hillview Ave.
Courtenay Place Oosian Chambers Cable: WECOMB Singapore 841 Ridge Road, Durban e TR Falo Alte, California 84304
Wellington ' Abdullah Harcon Road P.0, Box 99 i I':l e ng Inc. Tel: (415] 483-180)
Tel, 58-558 Karachl 3 Overpert, Nata| 218 Hien-Vos TWX: 910-373-1267
Tetax: 3 Tal 511027, B1E9a7 Tel: 886102 e Cable: HEWPACK Pala Allo
Cable: WEWPACK Wallington Cable: COOPERATOR Karachi Telex: 567854 Telex: 034-8300, 034-B483

Cabile; HEWPACK

Tel; 20-805, 93398
cable: PENTRA, SAIGON 242
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