JEWLETT w PACKARD

@ Model 486A Thermistor Mount

OPERATING NOTE & DEC 66

GENERAL INFORMATION

1. INTRODUCTION,

2. The % Model 486A Thermistor Mounts are de-
signed for use with the % Model 431 Power Meter
in the measurement of microwave power from1 yW
to 19 mw in the range from 2,6 to 40.0GHz. Design
of power meter and thermistor mount are such that
the measurement system is temperature-compensated,
This feature permits microwave power measurements
that are relatively free of the driff in meterindication
that otherwise occurs with changes in ambient temp-
erature,

3. For improved accuracy of measurement results,
Calibration Factor and Effective Efficiency are meas-
ured at six selected frequencies across the operating
range of each mount, and the results recorded on the
label of the mount, In addition, each mount is tested
on a swept-frequency basis to assure that interpola-
tion between measured points is valid.

Table 1. Specifications
Operating Fits Waveguide Size Equiv Approx Net
¥Freq Range Max Resistance Nominal Ob Flange Length Weight

Model {Ge) SWR {ohms) (inches) EIA JAN Type {inches) | (mm} | (oz} {g)

S488A 2.6 -3.95 1.35 100 3x1.1/2 WR284 | UG-53/U 2-7/8 74 24 870

G488A 3.95 . 5.85 1.5 100 2x1 WRI187 | UG-148A/0 | 3-3/32 | 83 11 310
- J 4864 5.3 -8.2 1.5 100 1-1/2 x 3/4 WRI3T | UG-344/U 3-5/32 | 80 8-1/2 | 240
™ H4864A 7.05 - 10,0 1.5 100 1-1/4 x 5/8 WR112 | UG-51/U 2-3/4 70 5.1/4 | 150
% %4864 | 8.2 . 12.4 1.5 100 1x1/2 | WRS0 UG-39/0 2-1/8 54 3 80
3 M486A 10,0 - 15.0 1.5 100 0.850 x 0.475 | WRT5 - 2-1/8 54 3-1/4 80

P486A 12.4 - 18.0 1.5 100 0.702 x 0.391 {| WRS1 UG-419/U 2-3/8 60 3-1/4 90

k48641 | 18,0 - 26.5 2.0 200 1/2 x1/4 WR42 UG-595/U 3 76 4-1/2 | 126

ras6al| 26,5 - 40.0 2.0 200 0.360 x 0.220 ; WR28 UG-598/1 3 76 4-1/2 | 128

Mount Calibration:

Calibration Factor and Effective Efficiency furnished
at six frequencies. Maximum unceriainty of data:

8- thru P-hand K- and R-band 431 Power Range (mw)
+1.5% +2.5% 10
+1.5% +2.5% 3
3% 12,5% 1
i +2. 5% 0.3
+3% G.1
4% 6.03
+5% 0.01

»riainty of reference standard. £ See test for methods of
obiaining increased accuracy.

Power Range (with Madel 431);
Power-Sensing Element:

1 pwto 10 mw
Permanently installed thermistor

Output Connector: 6-pin connector mates with cable furnished with
& Model 431 Power Meter

ICircular contact flange adapter available:
K-band {UG-425/U) order & 115154,
R-band (UG-381/U) order & 11516A

zi}irectly traceable to the National Bureaw of Standards at those fre-
guencies at which the Bureau offers calibration service.

rinted In U.S.AL

CO486-80007

1501 Fage Mill Road, Palo Alto, Califernia, U. 8. A., Cable: "HEWPACK™ Tel: {415) 326-7000
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4, Each Model 486A Mount is designed {o provide a
good impedance match (low SWR) over the full fre-
quency range of its waveguide size without external
tuning, g

6. INCOMING INSPECTION,

6. Unpack and inspect the Model 486A as soon' ¢
is received, Inspect for mechanical damage such as
dents, scratches, etc. Also check it electrically; if
the mount was subjected to severe mechanical shock
during shipment, the maich between the thermistors
will be affected. To check thermistor match, pro-
ceed as described in Paragraph 50,

7. If anydamage is found, notifythe carrier and your
Hewlett-Packard Sales and Service Office immediately,

OPERATION

8. PRECAUTIONS.

9, MECHANICAL SHOCK,

10. DO NOT DROP OR SUBJECT TO SBEVERE ME-
CHANICAL SHOCEK, SHOCK MAY DESTROY THE
MATCH BETWEEN THERMISTORS AND INCREASE
SUSCEPTIBILITY TO DRIFT.

11, BIASING THERMISTORS,
CAUTION

Before connecting a 200-ohm thermistor mount
(Kor R4864)to® Model 431 Power Meters set
MCUNT RES switch to 2002 position. CON-
NECTING A 200-OHM MOUNT TO A POWER
METER SET FOR A 100-OHM MOUNT CAN
RESULT IN THERMISTOR DAMAGE,

12, MAXIMUM INPUT,

13, The Model 485A/431 combination responds tothe
average RF power applied. The maximum signal ap-
plied to the thermistor mount should not exceed the
limitations for 1) average power, 2) pulse energy,
and 3) peak pulse power. Excessive input can perm~
anently damage the Model 488A by alfering the match
betweenthe RF and compensation thermistors (result~
ing in excessive drift or zero shift) or cause error in
indicated power.

14, AVERAGE POWER. 'T'he 488A/431 combination
can measure average power up to 10mW. To meas-
ure power in excess of 10mW, a directional coupler
(such ag one of the & Model 752 series) can be in-
serted betweenthe mount and the source. UNDER NO
CIRCUMBTANCES APPLY MORE THAN 15 MW AVE-
ERAGE TCO THE MOCUNT,

~ repetition frequency (PRF)less than 1 kH

Model 486A

"15, PULSE ENERGY AND PEAXK POWER. In meas-

uring pulse power, there is a limit on the energy per
pulse which may be applied to the mount. For a pulse

mlt apphes only to pulses shorter
1gum 1, the pulse energy limit is
aximum power-meter reading for
any PRF, For pulses in this category, allowable peak
power is inversely proportional to pulse width but
should never exceed 100 Watts.

i -

(a4
I I

|

MAXIMUM ALLOWABLE
INDICATED POWER {Mw}

¥ 4 ] 13

I 2
PULSE REPETITION FREGQUENCY {(KHz) e

Figore 1. Maximum Power Meter Reading
vs. PRY for Pulses Shorter than 250 usec

16. For pulses longer than 250 psec, the peak power

Jimitation can be exvressed in terms of PRF: 10 mW

for a PRY below 1kHz, 20 mWicra PRF ike or above

provided 15 mW average is not exceeded. In Figurs 2,

the pezk power lioit is translated into power-meter

reading versus duty cycle, (For a PRF less than 1kiz
and an indicated power between 2 and3 mW, use the

10-mW range. Errors as much as 2% may be intro-

duced if the 34nW range is used, )}

o

MANIMUM ALLOWABLE
INDICATED POWER (MW)
iR

25 5‘0 '?;5 |bO
BUTY CYCLE (%) seme-es

Figure 2. Maximum Power Meter Reading vs.
Dty Cycle for Pulses Longer than 250 usec

1%, Square-wave modulationis a specizl case of pulse
modulation, and maximum power-meter reading ver-
sus square-wave freguency is illustrated in Figure 3,
This figure also holds for sine-~-wave modulation,

18, In the discussions above, the primary considera-
tion iz wazximum powsr or energy. Howewer, for
modulation {reguencies less than 100 Hz, the low
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MAXIMUM AL LOWABLE
INDICATED POWER (MW)
"

¥ ¥ ¥ ¥

2
MODULATION FREQUENCY {KHz)"

486A-A-2

Figure 3. Maximum Power Meter
Reading ve, Square-and Sine-Wave
Modulation Frequency -

repetition frequency itself causes errors in indicated
power. These errors may be as large as 2% regard-
less of range or reading,

19, DRIFT.

20, Thermistors are inherently temperature sensitive
devices. A cold thermistor mount connected to a
warm piece of equipment or vice versa, produces
rapid drift. FOR MINIMUM DRIFT ON SENSITIVE
RANGES MAKE SURE THAT THE MOUNT AND THE
EQUIPMENT CONNECTED TO IT ARE AT NEARLY
THE SAME TEMPERATURE-BEFORE MAKING A
MEASUREMENT.

21, ZERO-SET,

22, It is necessary to electrically zero-set the Model
431 Power Meter before making a power measure-
ment, To preservethe same zero reference through-
out the reasurement, especially when operating on
the more sensitive ranges, maintain the same thermal
environment when RF power is applied. Three recom-
mended getups for zero-set are presented below:

a, R¥ Power Turned Off for Zero-Sel. There is
minimum zerodrift when zero is set with the RF sys~
tem connected {o the thermistor mount and BF power
turned off at the generator or shorted out by a shorting
switch. After allowing time for the mount to stabilize
thermally, follow the steps for zero-set described in
the Model 431 Power Mefer manual, and then furn on
the RF power for measurement,

b. Use of High Attenuation with BF BSource On.
When it is inconvenient to turn off the RF source for
zero-set, comnect a wavegulde variable attenuator,
such as the & Model 382A, between the RF system
and the thermistor mount, Attenuvate the RF power
approximately 30dB for zero-set, and reduce atten-
uation to zero during the measurement.

c. Disconnect the Mount for Zero-Set. When the
RF source cannol be turned off, shorted, or attenanated,
conmect the mount to the source, and set the range of
the Model 431 Power Meter for approximately a mid-
scale reading. When the reading no longer driits,
disconnect the mount from the RF source and im-

0118%-10
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mediately zero-set the power meter according to the
procedure described in the Model 431 manual, Im-
mediately reconnect the mount to the RF source for
the power measurement, IN THE PROXIMITY OF
A HIGH RF FIELD, SHIELD THE DISCONNECTED
THERMISTOR MOUNT FROM POSSIBLE STRAY RF
PICK-UP DURING THE ZERQ SET.

23, POWER MEASUREMENT.

24. Thethermistor has a long thermal time constant,
which causes it to respond to average microwave power
whether CW or modulated {pulse, sine wave, or square
wave),

25. In pulse modulation, response is proportional to
the amplitude and the duty cycle of the pulse. The
power level of an individual pulse can be determined
by dividing the average power reading by the duty
cycle of the pulse. Accurate measurements can be
made with pulse repetition rates as low as 50 Hz.

26. To measure microwave power in excess of 10 mW
insert a calibrated attenuator, such as one of the
% 3824, or 37T5A series, or a directional coupler,
such as one of the & 752/750 series, between the
mount znd the RF source t¢ be measured,

27. RESPONSE TC DC (POLARIZATION EFFECT).

28. When a DC current is applied to a thermistor,
the power apparently dissipated (as indicated by the
power meter when the thermistor is part of a power-
measuring bridge) will be slightly different from the
power found. by calculating I2R, and the magnitude of
this small difference between apparent and actual
power will change with a reversal of current-flow
through the thermistor. This behavior of the therm-
istor is called the polarization effect. Maximum
error introduced by polarization effect is about 0.3 W,
and typically this error will be only 0.1 pW. Except
on the three lowest ranges of the Model 431, there-
fore, polarization error ls insignificant. To deter-
mine the polarization-effect correction factor for any
given thermistor, apply a known low-level DC power,
such as 10 uW, to the Model 431, and take a read-
ing { Ppea); reverse connection between DC source
and Model 431 to get a reverse in current flow, and
again take a reading (PpCb). Assuming that, under
measurement conditions, current-flow will have the
direction it had when reading Ppcg was made, sub-
tract Ppog from Ppep, and divide the difference by
two; this is the polarization-effect correction factor.
Step-by-step instructions for determining and applying
this correction factor are given in the manual for the
HP Model 8402 Power Meter Calibrator.

29. CALIBRATION DATA,

30. The calibration points marked on the label of
each 486A permif increased accuracy in measurement
results. Both Calibration Factor and Effective
Efficiency are shown at specific frequencies, and the
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mounts are tested on a swept-frequency basis to as-
sure that interpolation between measured points is
valid. Effective Efficiencyand Calibration Factor are
traceable to the National Bureau of Standards to the
extent allowed by the Bureau's calibration facilities.

31. CALIBRATION FACTOR. Calibration Factor is
the ratio of substituted audio or DC power in a ther-
mistor mount tothe microwave RF power incident upon
the mount.

Pne Substituted

Calibration Factor = Puwave Tholdent

32, Calibration Factor is a figure of merit assigned
to a thermistor mount {o correct for the following
sources of error: 1) RF reflected by the mount due to
mismatch, 2) RF loss caused by absorption withinthe
detection thermistor elements, and 3) DC-to-micro-
wave power substitution error. Calibration Factor is
applied as a correction factor fo all measurements
made without a tuner. Whenthese factors and thermo-
electric effect {refer to Paragraph 37) are taken into
consideration, the power indicated is the power that
would be delivered by the RF source tothe character-
istic impedance of the transmission line. The total
SWR in the transmission line determines a region of
uncertainty about the measured power. This subject
iz discussed in Application Note 64, available from
any Hewlett~-Packard Sales and Service Office.

33. EFFECTIVE EFFICIENCY. Effective Efficiency
is the ratio of substituted audio or DC power in a ther-
mistor mount to the microwave RF power dissipated
within the mount.

Ppe Substituted
P wave Dissipated

Effective Efficiency =

34. Effective Efficiency corrects for power absorbed
in parts of the mount other than the detection thermis-
tor elements and DC-to-microwave power substitution
error in the thermistor mount., Effective Efficiency
is applied as a correction factor when a tuner is used
to match the thermistor mount tothe transmission line
or RF source. In this case, all of the RF power ineci-
dent upon the mount is absorbed in the mount. Since
all power is absorbed in the mount, measurement un-
certainty due to mount SWR is eliminated.

35. MISMATCH ERROR.

36. Errors caused by mismatch result whenthe mount
does not provide a Zg termination. The term Cali-
bration Factor describes the combination of Effective
Effficiency and mismatch errors. The Calibration
Factor of a thermistor mount equals the percentage of
incident power which effectively heats the thermistor.
Calibration Factor is always equal to or less than
Effective Efficiency. The terms are related by the
equation:

CAL FACTOR = EFF EFFICIENCY (1;;<§m 2)

= reflection coefficient of the mount)

/7 m

Model 486A

37. CALIBRATION DATA APPLICATION,

38, Whenthe 4864 is used with the Model 431C Power
Meter, Calibration Factor or Effective Efficiency cor-
rection can be made by the setting of a front panel
switch, With the proper setting, the 431C compensates
for the Calibration Factor or Effective Efficiency of
the 486A. I the 486A1is used with a power meter other
than the 431C, Calibration Factor or Effective Eiffi-
ciency correction canbe made by dividing the measured
power by the Calibration Factor or Effective Efficiency
value respectively.

39. THERMOELECTRIC EFFECT.

40, Mount calibration uncertainties given in Table 1
include inaceuracies caused by thermoelectric effect
error. Calibration Factor unceriainty of +1.5% and
Effective Efficiency uncertainty of :2.5% canbe main-
tained on the three lowest power ranges of the Model
431 series Power Meters by correcting for the meas-
urement error introduced by thermoelectiric effect.
Anerror correction procedure is given in Paragraph 44,

41. A mild thermocouple exists at each point of con-
tact where the connecting wires join {o the thermistor
elements. Each thermocouple creates a DC voltage.
Thus, two thermocouple voltages of opposite relative
polarity are formed, one ateach junction to each ther-
mistor element.

42. Ideally, each thermocouple voltage would be equal
in magnitude sothat they cancel withno resultant effect
on the accuracy of power measurement. In practice,
however, each point of contact does not have identical
thermocouple characteristics, and in addifion, the
temperatures at each junction may not be the same.
These differences cause an incomplete cancellation of
the thermoelectric voltages, resultingin a voltage that
causes a thermoelectric effect error. The magnitude
of the error is important when making DC substitution
meagurements on the 0.1 mW, 0.03mW, and 0.0 mW
ranges with one of the Mode!l 431-series Power Meters.
On other ranges, the effect is negligible. Maximum
error introduced by thermoelectiric effect is about
0.3 uW and ig typically 0.1 yWon the .01 mW range.

43. THERMOELECTRIC EFFECT ERROR
CORRECTION.

44, Usethe following technique to correct for thermo-
electric effect error.

a. Measure power,

b. Connect an @ Model 8402 Power Meter Calibrator
to the power meter DC CALIBRATION AND SUBSTI-
TUTION jack.

¢. Zero and null power meter.

d. By DC Substitution (refer to procedure in 431
Manual}, duplicate power measurement made in step a.
Calculate and record substituted power as Py. B

¢. Reverse connection polarity between the cali-
brator and power meter.

f. Re-zero and re-null power meter, if necessary.

01185-10
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g. By DC Substitution, duplicate power measure-
ment made in step a. Caleulate and record substi-
tuted power as Pg.

h, Calculate arithmetic mean of the two substitution
powers Py and Pg. This mean power includes a cor-
rection for thermoelectric effect error.

Power = W

OPERATING PRINCIPLES

45. The matched thermistor pair, C and D{C is used
for thermal compensation, and D for RF detection),
are mounted in an isclated common thermal environ-
ment represented by the shaded rectangle in Figure 4.
Electrically, however, the thermistors are isolated
from each other, D being mounted inside the wave-
guide and exposed to incoming RF, while Cis entirely
shielded from RF. A corrvect amount of 10kHz bias is
supplied f{hrough a cable from the Model 431 Power
Meter to heat D to its operating resistance (100 ohms

+1% or 200 ohms £1%). An equal amount of 10&¥Hz bias,

together with a DO bias, is supplied to heat C to the
same operating resistance. As indicated in Figure 4,
the total power applied to heat thermistor D consists
of incoming RF, 10-kHz bias, and heat from the envi-
ronment, The tofal heating power to compensating
thermistor C consists of DC bias, 10kHz bias, and the
same environmental heat, As D and C are matched
thermally, only equal amounts of heating power can
blas them to equal operating resistances., Restating
the foregoing algebraically: under normal operation

Protal to b= Fiotal to ©

where
Protal to D = FRF to D+ Fiokizto D Fenvheat to D
and
Piotalto ¢ = Ppc to ¢ * Proksizio oF Fenvheat to ©
WAVEGUIDE _RESHERE -
E TO MODEL 43} :
) POWER METER
THERMAL !
CONDUCTING BLOGK ICKC B1AS -~
i |
! = 2] |1
w3/ /]
RF a%/ /|
SIGNAL N ;
e i 10 KHz + !
g'r T e i .MDC BIAS |
Bl il
200654] 102 :
DETECTION | COMPEN, 4 |
THERMISTOR | THERMISTOR : [
o {cl !

—— R

LB-§ 4710
¥ yALYE SELECTED
AT FACTORY

Figure 4. Thermistor Mount Schematic Diagram
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Since the thermistors share the same thermal environ-
ment

Penv heat to D~ Penv heat to C

and since
P1okmato D18 ™ade = Pig 1 1o ©
this leaves
Prrtop® Pocio C

The Ppo to C is monitored by the Model 431 Power
Meter, and since Ppg is made equal to Ppy, the
Model 431 meter indicates the magnitude of the RF
power.

46. The above equations assume perfect accuracy
in the components; in practice, however, there is a
small offset which is balanced out by the zero-set
adjustment so that the meter indication will be zerc
with no RF power applied. Also, for best accuracy,
the slight differential thermal drift between compo-
nenis raay require occasional zero resel on the most
sensitive ranges.

MAINTENANCE

47, CHECK ON THERMISTOR MATCH.

48. Damage to the match between the thermistors
may be checked at room femperature by comparing
the thermistor resistances under simulated operating
conditions. Conpect the sguipment to the pins of the
conngctor at the rear of thethermistor mount as shown
in Figure 5, Select a suitable bucking DC voltage to

reduce the vollage across the digital voltmeter for
readings down fo the nearest 0, 001 volt. Take read-
ings with switches connected topinl and then to pin3,
Thermistor match ig satigfactory if the two readings
do not differ by more than 0, 015 volf.

49. CLEANLINESS.

50.  Except for the K and R Models, thermistor D
{mounted inside the waveguide) is protected against
air currents, dirt, and mechanical damage by two
layers of polyfoam plastic. Polyfoam is soluble in
most volatile solvents, such as gasoline, alcohol,
benzene, carbon tetrachloride, acetone, ete., so great

teov S 22000
+ t L 5% 5
oh LOV TO
SUPELY I %
. T LTV N
- CONNECTOR AT
4045 REAR OF
DIGITAL THERMISTOR
VOLTMETER MOUNT
ov |
LB~ 5~508 =3
Figure 5. Check on Model 486A Thermistor

Hesistance Match
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care should be used if one of these is used to cleanthe
flange or imner surfaces of the waveguide. Use the
plastic flange cover to protect the mount from dirt
and mechanical damage whenever it is not in use. Any
burn, dents or dirt on the flange or waveguide sur-
faces will increase the SWR., This is particularly
important in the case of the K486A and R4864A, which
do not have the polyfoam plastic protecfion.

51. REPAIR.

52. Exceeding the CW or pulse power limitg of the
Model 486A Thermistor Mount may result in damage
such that the mount will no longer zero on the Model
431 Power Meter.

83, Beforeadjusting the mount in any way, make sure
that the mount is the cause of the problem. If the 431
Power Meter remains pegged downscale when ZERO
is rotated through its range, measure the resistance
between pins 1 and 2, and between pins 2 and 3 of the
6-pin connector. This resistance should be between
500 and 5000 ohms. If the resistance in both cases is
within this range, the mount may be repairable. An
open or short indication calls for factory repair.

54. If possible, test the mount by connecting ittoa
Model 431 and cable which are known fo be good. A
faulty cable will not have continuity through the re-
spective connector ping, or may have poor contact at
the mount connector. Poor contact will show up as
intermittence or a great deal of noise (visible on the
431 meter) when the cable is gently flexed near the
connector end.

55. If the 431 meter remaing pegged upscale, factory

repair of the mount is indicated.

CAUTION

Under no conditions should the mowt be re-
guired to carry current higher than 10 ma,

Model 486A

56. MOUNT COMPENSATION.

57. If the resistance reading of the mount is satis-
factory, it maybe possible {0 recompensate the mount,
and return it to service. The drift with temperature
changes will be higher because of damage to the ther-
mistors, but it will be possible to zero the meter and
to make measurements.

NOTE

After recompensgation the Calibration Factor
and Effective Efficiency recordedonthe label
of the mount will no longer be valid. I de-
gired, the instrument may be sent to the fac-
tory for repair and recalibration. Any
Hewlett-Packard Sales and Service Office will
arrange for such repair.

58. There is an adjusting screw inside the instrument
which permits recompensation within limits. Instru-
ments which were manufactured without the adjusting
screw are modified when they are sent in for repair.

59. To recompensate the mount, refer to Figure 8§,
and proceed ag follows:

a. Remove cover screws (&),

Slide instrument out of cover.

Set 431 MOUNT RES to proper value.
Plug cover into mount cable.

Set ZERO and VERNIER to mid-range.
Set RANGE to 10 mW.

g. If meter is pegged upscale, turn compensating
screw (B) counterclockwise to zero meter,

F I RN R -2

h., ¥ meter is pegged downscale, turn screw clock-
wige to zero meter.
WARNING

¥ there is 2 sudden jump in meter indication
when turaning compensating screw clockwise,
back off 1/8 turn. If screw botioms, do not
apply force. Factory repair ls indicated.

i. Replace cover and cover screws (A).
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DO NOT REMOVE

R486A W/P486A

$/6/1486A H/X486A M/P486A

®
K/R4B6 A

Figure 6. Cover Screws (A) and Compensating Screws (B) in Model 486A
Thermistor Mounts
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ALABAMA

P.G. Box 4207

2003 Byrd Spring Read S.W.
Huntsyitte 35807

Tel: {205} BB1-4591

THX: §18-726-2204

ARIZONA

3009 Nerlh Seottsdale Road
Seottsdale 85251 .

Tel: (602} 945-T60}

TWX: 910.050-1282

5737 East Broadway
Tuscos 85716

Tei: (602} 298-2313

TWX: 8109321167

GALIFORNIA

333% Lankershim Boulevard
Hovth Hellywood §1604
Yel: (213) B77-1282

TWX: 910-439-2370

1121 Emsbarcadere Sead
Pale RHe 94302

el 1918} 327-6500
TWX: 910-373-1200

258% Carlsbad Avenue
Sacramentg §5821
Tei (916) AR2-1463
TWX: 910-387.2092

1055 Shafter Streat
San Diegs 92108

Tel: (71d) 2238103
TWX: 515-335.2000

COLORADG

7988 £ast Prentice
Englewond 80110
Tel: {303} 7753455
TWX: 910-835.6705

COMMECTICHT
568 Toliand Street
East Kartfard 06108
Tel: (203} 289.9394
TWi: 710-425.2416

J1t Eas! Avenue
Horwalk 06851

Ted. (203; 853-3251
TWX: 710-468.3750

ARGENTIMNA
Hewletl-Packard Argenting
§ALed

Lavalle 1171 - 3%

Buangs Aires

Lyty, Ferrando v Cia. S, A&
. Flarida 240 [R5

Buenes Aires

Tel: 45.7241, 46-183%

Cable: OFTICA Buenos Aires

BRAZIL.

Hewlelt-Packard Do Bragii

ie g, Lida

Rua Cel, Decar Pacto, 69)

Sao Paule - 8, SP

Tei: 711503

Cable: REWPAK 3ac Fauvla

Hewiett-Packard Do Brasil
Ea.C. Lida

Avenida Frackfin Roosevelt 84.

Erupn 203

Rio de daneire, 7039, GB

Tel: 32.8733

Gable: HEWPAK Rio de laneiro

ALBRERTA

Hewleit-Packard {Carada) L.
11745 lasper Avenue
Edingntan

Tel: {403} 482-5561

THX: 610-831-2431
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UNITED STATES, CENTRAL AND SOUTH AMERICA, CANADA

DIELAWARE

3941 Kennett Pike
Wiiminglan 12807
Tel: (302) 6556163
TwWX: 510-666.2214

FLORIDA

PO, Box 545

Saite 306

9999 N.E. 2nd Avepye
Hiami Sheres 33153
Tel: (305) 758-3626
TWX: 810-848-7282.

P.D. Box 26007

Hernden Station 32814
621 Commonwesith hvanpe
Grianda

Tel: {30%) 841-3370

TWIC 8168500113

P.0. Box 8128
Madeira Bearn 33708
410 150tk Averye

§1. Peisrsburg

{813} 391.0211
810-863-0286

GEORGIA

P.0. Box 28234

2340 imlerstale Parkway
Allanta 30328

Tei: (464} 4366141
TWX: B10-T66-485¢

ILLINEHS

3500 Howard Stree!
Skakie £0076

Tel: (312} 6370400
TWX: 510-273-3613

IHDHANA

AD02 Meatlows Drive
Indiznagelis 46205

Tel: (317) 546.4841

TWIC 816-241-3263

LOUISIANA

P.G. Box 836

3942 williams Boulevasd
Regaer 70067

Tel: (S04) 7256201
THA: 810-B5%5.5524

UNITED STATES

MARYLAND

6707 Whitestone Roag
Baitimore 2120

Tek (305} B44-5400
TWX: 7108625850

2.0, Bex 727

Twinbraok Station 20851
12393 Twinbiook Parkway
Rochvitie

Tei: (301) 477-7560

Twit 716-828-9684

MASSACHUSETTS
37 Martwell Rpag
Lexington 02172
Toli (517} 861-8950
TWR: 710-332.0382

MICHIGAN

24315 Northwesiern Highway
Southtizid 48075

Tel: {313} 3533106

TWX: Bio-2121532

MINMESOTA

2958 University Avenus
St Paul 55114

Tel (512) 5455461
FWX: 930-562.3734

MISSOAIRI

9208 Wyoming Place
Kansay City 85114
Tefr {816} 333.2445
TWX: 910-771.2087

2817 Soulh Brentwoed Bieg
St fouls £3144

Fei: (114) 644-0220

TWIG 310.750-167¢

HNEW JERSEY

W. 120 Century Road
Frramus 01657

Ted: (2010 265-5060
TWX: 710-990-4951

NEW MEXICO

PO, Box 8366

Hation €

£5G1 Lomas Bouievarg N.E,
Akuguergue 87108

Ted: {5041 255.5586

THX: B1G.98%.1865

156 Wyatl Brive
Las Crucee 83G01
Ted: {806) 526-24B5
TWX: 510-383-0550

NEW YORK

3702 Central Avenye
Atbany 12205

Tel: (518) 869-8482

TwX: 710-441.8270

1219 Campyille Road
Endicott 13764

Tel: (607) 754.00%0
TWX: 510-252-0850

82 Washinglon Street
Paughinepsie 12801
Tei: (914) 454-7330
TWK: 516.248.0017

39 Saginaw Drive
Rochester 14523
Tel: {718) 4729500
TWX. 570-753-5981

1025 Morthern Boustevard
Resiyn, Loty istand 11576
Tel: {818) 869-8400

TWX: S0-223-0811

5838 East Mofloy Read
Syracuse 13211

Tel: (318} 454-2488
TWX: T1¢-541.0482

NORYH CARCLINA
£.0. Box 5188

1923 Nerth Main Strest
High # 27262
Tal: {919) B82.6873
TWX: 5E0-526-151%

QHIC

5579 Pgari Rosd
Claagland 44528
Tel: (216) 884-9208
TWH: 810-421-8500

" 3460 Soulh Dixie Orive

Bayign 43435
Tet: {33735 294-03451
TWX: 510.459-182%

GREAHOMA

291% United Founders Boulevard
Qhishema City 73112

tel: (405] 848-7401

TWX: 91D-B3D.8A62

CEMTRAL AND SOUTH AMERICA

CHILE

Kector Calcagni P,

Casifla 13942

Estado 215 - Oficinz 3015
Santiago

Tei: 31-850, 4%0-505

COLOMBIA

inslrymentatior

Herrik A Langetaek & Oia, Lida
Garrera 7 # 49-59

Apartada Adreo 6287

Sogota, 1. DLE.

Tel: 45-78.04, 43-55-48

Cabie: AARIS Bogota

COSTA RICA

Lic. Atredo Gatlegos Gurdidn
Apartade 3243

San José

Tel: 21-86:33

Cabie. GALGUR San José

ECUADGR

Laberatorios te Radio-ingenieria
Calle fuayaqui! 1246

Post Office Box 3199

Quite

Tei: 12496

Cabla: HORVATH Quito

BRITISH COLUMBIA
Hewigit-Packard {Canada) Lte
304-1337 West Brosdway
Yancouver 9

fal: (604} 731-5301

FWX: G10-922.5053

EL SALVALOR

tlectrinica

Apartadc Postal 1589

27 Averida Norta 1133 -

San Salvador

Yol 23 74 50

Lable: ELECTRONICA San Salvatior

GUATEMALA

Diander Asspciates Latin Ameriza
Agartadn 1225

Fa. Caile, 0-22, Zona 1

Cuatemata City

Tek: 22B12

Cabte: GLALA Guatemala City

MEXICO

Hewle!t-Packard Mexicana, S.A
de £.¥.

Apariado Postal ;2.832
£pgenia 458, Jepi. |

Mexico 12, DF.

tel: 43.03.73, 36-08-78

NICARAGUA

Rohesto Terdn 6.
Apariadg Postal 534
Edificia Terar

Managua

Tek: 3451, 3457

Gable: ROTERAN Maragus

CANADA

MNOVA SCOTIA
Hewlett-Packard (Canada: Ltd
7801 Mumigrd Resd

Suite 355

Fatlfax

Tel: {502) 4550811

TWX: 830-275-4482

PAMNAMA

tieclronica Baibos, 5.4,

P& Hox 2829

Ave. Maruet Egpingsa No. 13-50
Bldg. Alina

Fanamy Sity

el 30833

Cable: ELECTROM Parama City

PERU

Ferapnds Exels B

Avenida Petil Thouars 4719
Miraflorgs

Casitia 3061

Lirtz

Tel: 50346

Cabie; FEFERY Lima

PHERT) RICO

San Juegn Electronics, It
.0, Box 5167

Ponce de Leon 154

Pda. 3Pta. de Tierea

Sar Jura, PR Q0906

Tel: {1743 725-3342

Cabre: SATRONICS San juan

ONTARIC

Hewietl-Packard (Canada) Ltg.
880 Lady Eflen Piare

Ottawz 1

Tel: (B13 7724223

TWX: §10-B62-1982

Hawlett-Packard {Lanata) Lt
1415 Lawrence Avenue West
Torante

Tel: (418) 2499186

TWH. 530-492.2382

QREGOM

Westhills Mak, Suite 158
4475 S W. Schalls Ferry Road
Partiand 97225

Ted: {5031 292-9171

TWX: 330-454-5103

PEMNSYLYANIA

2500 Moss Sige Boulevard
Monraevilie 35146

Tel: 1412) 2780724

TWX: 110-797-3850

144 Elizabeth Slreet

West Conshohocken | 9428

Tel: (215) 2481600, 828-4200
TWX: 510-668-8715

TEXAS

P.3. Box 7186

3605 Inwood Road

Daligs 75208

Tel: {214} 357-1881
TWX: 918-861-4081

PO Box 22813

4242 Richmand Aveniye
Housten 77027

Tel {713) 687.2407
TWX: B10.8B1-2645

GOYERNMENT CONTRACT OFFiCE
225 Billy Mitchell Road

San Astenio 78226

Tel: (512) 4344571

THX: §30-875-1170

UTAH

2B90 South Main Street
Salt Lake City 84315
Tel: (801} 436-218%
TWX: 919-225-568F

YIRGINIA

£.0. Box 6514

24F1 Spencer Road
Richmond 23236
Tef: (703} 282-5851
WK 735.956-0157

WASHING TGN
433-1081h K.E
Beliovyy 98004
Tel: {208 4543871
TWX: §10-443.2303

FQH U.S, AREAS MOT LISTED:
Contact the regicnat office nesrest you:
Atlanta, Georgia . . . Nosth Hoitywaod, Cati
foeeia . Paramus, Mew lersey . . . Skoiie,
Illinois, Their complete addresses are
fisted above

LERLIGUAY

Padla Fferrandy 5.4,
Comersiai g industriat
Avenida tatia 2877

LCasiliz de Corves 370
Bontevidee

tel 40-3182

Cavle: RADIUM Montevides

VEMEIUELA

Hewlett-Packard De Venezuela C.A,
Léiticie Arisdn.Of, 4

Aytla. Franciscy de Miranda
Chacaita

Caracas

Tel: 71.88.05

Lagls: HEWPADK Caracas

Maiting Address: Apartade del
Este 10934 Laracas

FOR AREAS MOT LISTED,
CONTACT:

Hewlett-Packard Inter-Americas
1551 Page Mii Road

Pala Alte, California 94304
Tel: [433) 326-7000

TWX: $10.373-1267

Teiex. 034-8481

Catle: HEWPACK Palp Altg

GUEBEC

Hewiett-Packar ¢ (Canada) L1g
275 Hymus Boulevard

Pointe Cisire

Tad 1514} 6474232

TWX: §10.422.3022

Tedex: 01.20607

FOR CANADIAN AREAS NOT LISTED:
Contact Hewlelt Packard {Canadal: Ltd.
Painte Llaire, at the complete address
listed sbove

JAN B8




