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1. GENERAL INFORMATION
2. Description

3. The Hewlett Packard Model 432C Power
Meter has a digital readout, automatic ranging, and
remote programming capability. It uses the same
meter circuits used in the HP 432A analog power
meter: the only electrical and mechanical differ-
ences between the two instruments are those that
" have to do with Digital Panel Meter M1, -Auto
Range Assembly A6, and data input/output
connector J6.

4. This supplement is intended to be used with
the 432 A Operating and Service Manual and covers
the changes necessary to document the 432C,
When the serial number prefix on the serial number
plate of your instrument matches the serial prefix
listed on the cover of this supplement, the
supplement applies directly to your instrument.

Model 432C

When the instrument serial number prefix is not
listed on the cover, a yellow ‘“Manual Changes”
sheet is provided to update this supplement.

5. Accessories

6. Accessories supplied with, and available for,
the 432C are the same as those for the 432A.

7. Options

8. Options for the 432C are the same as those
for the 432A except that Option 001, rechargable
battery, is not available.

9. INSTALLATION

10. Installation procedures for the 432C are the
same as those for the 432A except for those that
deal with internal battery operation.

Table 1. Specifications

Instrument Type: Automatic, self-balancing
power meter for use with temperature-
compensated thermistor mount.

Power Range: Four ranges with full scale read-
ings of 10 and 100 pW, and 1 and 10 mW.

Accuracy: +0.5% of full scale on 100 uW, and 1
and 10 mW ranges (20° to 30°C); +1.0% on 10
uW range. +1.5% of full scale on all ranges (+0°
to +55°C).

Noise: Less than 0.25% of full scale peak.

Response Time: At Recorder Output, 35 ms
time constant (typical).

Fine Zero: Automatic, operated by front panel
switch or remote input.

Zero Carryover: Less than 0.50% of full scale
when zeroed on most sensitive range.

Calibration Factor Control: 13-position switch
normalizes meter reading to account for thermis-
tor mount Calibration Factor. Range 100% to
88% in 1% steps.

FFl: Meets all conditions specified in
MIL-1-6181D.

Meter: Three digits with one digit overrange.
20% overrange capability on all ranges.

Thermistor Mount: External temperature-
compensated thermistor mounts required for
operation (HP 478, 8478B, and 486 series;
mount resista.re 100 or 200 ohms).

Recorder QOutput: Proportional to indicated
power with 1 volt corresponding to full-scale. 1
kQ output impedance.

BCD OQutput: 8,4, 2,1 code: “1” positive. TTL
compatible logic. Operates with HP 5055A
Digital Recorder. “Print” and “Inhibit” lines
available.

Bridge Outputs (VR F and Vcomp): Direct con-
nections to the thermistor bridges; used in
instrument calibration and precision power
measurements.

Control Lines: (Note: Instrument is referenced
to +H6V true. “Logical 1, refers to +5V,
“Logical 0” is equivalent to 0V):

Outputs: BCD Output as described above.

Overrange: Single bit indicates meter over-
range.

Underrange: Single bit indicates meter
underrange. )

Range: 2 Bit code indicates range selected.
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Table 1. Specifications (Cont'd.)

Print: Single bit indicates data is ready.
Inputs:

Remote Enable: Single bit establishes
control of instrument ranging and fine zero
controls for remote programming. Remote
fine zero may be accorplished in remote
or local modes of operation.

Remote Range: Two bit code selects
instrument range.

Auto Zero: Contact closure to ground
zeros meter.

Inhibit: Single bit holds data and stops
A/D Converter.

Ext. Trig: When in inhibit mode, single bit
. starts new data conversion. Data Ready in
10 msec.

Power: 115 or 230V AC *10%, 50 to 400 Hz,
16 watts.

Weight: Net, 7 Ib. (3,2 kg).

Dimensions: 6-9/16 in. high, 5-1/8 in. wide, and
11 in. deep (163 X 130 X 279 mm).

Accessories Furnished: 5 ft. (1,52 m) cable for
HP temperature-compensated thermistor
mounts; 7-1/2 ft. (2,29 m) power cable.
Accessories Available:

8404A Power Meter Leveling Amplifier
(for use with HP 8690B or 8620 sweepers).

8477 A Power Meter Calibrator.

11076A, Carrying Case.

5060-0797 Rack Adapter Frame (holds
three instruments the size of the 432C).

Combining Cases:
1061A, 11-1/4 in. (286 mm) deep.
1052A, 16-3/8 in. (416 mm) deep.
The combining cases accept the 1/3-module
HP instruments for bench use or rack
mounting.

Options:

002: Input connector placed on rear panel
in parallel with front.

003: Input connector on rear panel only.

NOTE

Thermistor mount cable impedance is
part of the 432C input bridge circuit.
For cables over 10 feet long the bridge
is matched to specific cable options,
so the various cables should not be
interchanged.

009: 10-foot (3,05 m) cable for 100-ohm
or 200-ohm mount.

010: 20-foot (6,10 m) cable for 100-ohm
or 200-ohm mount.

011: 50-foot (15,24 m) cable for 100-ohm
or 200-ohm mount.

11. OPERATING INFORMATION
12. Introduction

13. The 432C operates the same as the 432A with
with the following exceptions:

a. No battery operation

b: Rangesare 10 and 100 uW, 1 and 10 mW,
and Auto.

c. Unitis remotely programmable.
d. Greater meter accuracy (see Table 1).
e.  Data input/output at rear panel.

14. Auto Ranging

15. If Range Switch S5 is set to AUTO, the
432C Power Meter will automatically select the
correct range. When the digital panel meter reads
1200 or higher, the display will momentarially
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blank and the power meter will switch to the next
higher range. When the digital panel meter reads
0099 or less, the power meter will switch to the
next lower range. It takes the power meter 500
msec to make an analog to digital conversion and
switch to the next higher or lower range.

16. Data Input/Qutput at J6

17. Connector J6, on the rear panel, provides data

input/output capability that is TTL compatible.
The 432C uses positive true logic: logical “1”
refers to +5V (actually +3.5V £1V) and logical “0”

refers to OV (actually +0.2V +0.2V). Figure 1

shows J6 and lists its pin functions.

18. BCD Output. Binary Coded Decimal infor-
mation that duplicates the numbers shown on the
digital panel meter is provided in an 8421 code (see
Table 2).

Digit Weight Pin Number
Units 10%A 1 1
1098 2 2
10%¢c 4 26
109D 8 27
Tens 101A 1 3
- 1o0lB 2 4
10lc 4 28
10lp 8 29
Hundreds 102A 1 5
102A 2 6
10%2¢ 4 30
102D 8 31
Thousands 105 A 1 7

10°B 2 8 (ground)

10%¢c 4 32 (ground)

108D 8 33 (ground)

19. Underrange/Overrange Output. The Under-
range Flag is set when the meter reads 0099 or less;
the Overrange Flag is set when the meter reads
1200 or more.

Condition Pin16 Pin 15
On Range 0 0
Underrange 0 1

1 0

Overrange

Model 432C

Table 2. BCD OQutput

Decimal Binary

8 4 2 1
0 0 0 0 0
1 0 0 -0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
1 0 1 1 1
8 1 0 0 0
9 1 0 0 1

20. Range Output. The current range setting of
the power meter is indicated by the range outputs.

Range Range 2 (pin 12) Range 1 (pin 11)

10 uW 0 0
100 uW 0 1
1 mWw 1 0
10 mW 1 1

21. Print Output. A transition, on pin 48, from 1
to O signifies that data is ready. Normally, the Print
command does not appear until the power meter
has auto ranged to the correct range, or is set to
the correct range by the front panel switch or the
remote range inputs. However, the Print command
will appear, even if the power meter is overranged
or underranged, if the jumper (E1) on Auto Range
Assembly A6 is connected between jumper pins B
and C (see Service Sheet 5).

22. Ground and +5V Outputs. Pin 50 provides a
ground reference for the logic circuits in the 432C.
Pin 45 provides +5V (at 100 mA max) that can be
used to power an interface or print device.

23. Remote Enable Input. A logical O (or contact
closure to ground) on pin 21 puts the 432C in
remote mode. The front panel RANGE and FINE
ZERO switches are disabled, and the meter is
under control of the Remote 1, Remote 2 and
Auto Zero inputs.

24. A logical 1 (or open circuit) on pin 21 puts
the 432C in local mode. The meter is under control
of the front panel RANGE and FINE ZERO
switches and the Remote 1 and Remote 2 inputs

s P i e »
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J6
N\
/ 100 ] 1 26} 10%¢
, o [ uniToieIT
, 10% | 2 27 |10% ) :
w0'al 3 28 [10'c
, . | TEnspierT
10| 2 29 [10'D )
% 10%A] 5 30 |10%c
) , [~ HUNDREDSDIGIT
(L 10%8 | 6 3 10?0 )
103 ] 7 32 |10%¢c (cROUND)
5 ‘ 3 THOUSANDS DIGIT
(GROUND) 10°B | 8 33 [10%D (GROUND)
Ne |9 34 |NC
Ne |10 35 [NC
RANGE 1 | 11 36 |(GROUND)
RANGE OUTPUT
RANGE 2 | 12 37 | (GROUND)
Ne |13 38 [NC
Ne | 14 39 |NG
- UNDERRANGE 15 40 |(GROUND) UNDERRANGE/OVERRANGE
OVERRANGE 16 41 |(GROUND) ouTPUT
NG | 17 42 |nc
NG |18 a3 |nc
NC |19 44 {NC
NG | 20 45 |45V (100 mA) OUTPUT
REMOTE ENABLE INPUT | 21 46 |AUTO ZERO INPUT
Ne |2 47 |INHIBIT INPUT
Ne |23 48 |PRINT OUTPUT
REMOTE 1 | 24 49 |EXT TRIGGER INPUT
RANGE INPUT
REMOTE 2 | 25 50 |GROUND

Figure 1. Data Input/Output Connector J6
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are disabled. However, the meter can be zeroed
using the Auto Zero input.

NOTE

Since the logic circuitry in the 432C is
TTL compatible, an open circuit is
equivalent to logical 1 (+bV).

25. Remote Range Inputs. The remote range in-
puts control range selection in remote mode (when
Remote Enable is 0). They are disabled in local
mode.

Range Remote 2 (pin 25) Remote 1 (pin 24)

10 uW 0 0
100 W 0 1
1 mW 1 0
10 mW 1 1

26. Auto Zero Input. A logical 0 on pin 46 zeros
the meter in either remote or local mode.

27. Inhibit Input. A logical 0 on pin 47 holds
data and stops the analog to digital converter. A
logical 1 starts an A/D conversion on the next 500
msec cycle.

28. External Trigger Input. With a logical 0 on
the Inhibit input, a transition from logical 1 to
logical 0 on the External Trigger input starts an
A/D conversion immediately. Data is ready in 10
msec.

NOTE

Normally the Print output will indicate a
data ready condition only if the power
meter is on the correct range; to get a
Print output regardless of an underrange
or overrange condition, connect the
jumper (E1) on Auto Range Assembly
A6 between jumper pins B and C.

29. Operation With HP Model 5055A Digital
Recorder

30. To use the 432C with the HP 5055A Digital
Recorder, connect the recorder to the power meter
with an HP 562-16C interface cable (supplied with
HP 5055A Option 02.) Set the recorder for a +8421.
BCD code; turn blanking on (this blanks insignifi-
cant zeros). Table 3 shows data interpretation.

Model 432C

Table 3. 432C/5055A Data Interpretation

Column Interpretation
1 (right) Units Digit
2 Tens Digit
3 Hundreds Digit
4 Thousands Digit
5 Blank
6 Range Code*
7 Blank
8 Overrange/Underrange**
9 Blank
10 (left) Blank

* Range Code: 0 =10 uW Range
1 =100 uW Range
2 =1 mW Range
3 =10 mW Range

** 0 = Correct Range, 1 = Underrange,
2 = Overrange

31. PRINCIPLES OF OPERATION
32. General

33. The 432C operation is the same as the 432A
except that Digital Panel Meter M1 accepts the ana-
log information from Meter Logic Assembly AZ.
Also, all range switching (manual, auto and
remote) is performed by circuits on Auto Range
Assembly A6. Operation of Thermistor Bridge
Assembly Al and of Meter Logic Assembly A2 is
the same in both instruments.

34. Digital Panel Meter M1 (see Service Sheet 4)

35. The digital panel meter, a self contained
analog to digital converter, contains its own power
supply, converter, decoder driver and display. The
unit is not field repairable; see paragraph 84 for
meter exchange information.

36. Auto Range Assembly A6

37. Introduction (see Figure 2). Auto Range
Assembly A6 comprises the logic circuitry and re-
lays that set the power meter to its four basic
ranges. The main control element is the up/down
counter. The counter generates a range code that

[—
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consists of four binary counts, or states. The range
code corresponds to the meter’s four ranges:

Range Code Range
00 10 W
01 100 uW
10 1 mW
11 10 mW

The counter’s range code is decoded by the de-
coder drivers. The drivers energize and de-energize
the relays that set the range of the power meter
(see Service Sheet 2).

38. The range code can also be supplied by ex-
ternal logic circuitry through the Remote Enable,
Remote 1 and Remote 2 input lines. When these
‘sputs are being used, the up/down counter still
—anctions but is isolated from the decoder drivers
by the remote/local switch.

39. The up/down counter is controlled by the
Underrange and Overrange Flags. The Overrange
Flag is set by circuitry in Digital Panel Meter M1
whenever the meter reads 1200 or higher. The
Underrange Flag is set by the underrange decoder
(located on the AG assembly) whenever the meter
reads 0099 or lower.

40. An Overrange Flag causes the up/down
counter to count up, increasing the range setting of
the power meter. An Underrange Flag causes the
counter to count down, decreasing the range set-
ting of the power meter. However, if the counter is
at range code 11 (10 mW range) and receives an
Overrange Flag, it will not cycle to range code 00
‘19 uW range). Likewise, if the counter receives an

aderrauge Flag when it is at range code 00, it will
not cycle to range code 11.

41. The Underrange and Overrange Flags control
the up/down counter only when Range Switch S5
is set to AUTO. If the switch is set to COARSE
ZERO or one of its four range positions, it directly
sets the counter to a range code that corresponds
to the switch setting, The counter is then unaf-
fected by the flags.

42. Up/Down Counter Inputs (see Service Sheet
5). When Range Switch S5 is set to AUTO, the
up/down counter is controlled by the Underrange
Flag, the Overrange Flag and the End of Read bit.
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43. The End of Read bit is generated by Digital
Panel Meter M1 every time the meter completes an
analog to digital conversion. The bit is a transition
from 1 to 0 and triggers monostable multivibrator
A6US8. The multivibrator’s output is a delayed
positive pulse that clocks (at its trailing ‘edge) the
flip-flops in the up/down counter. The compliment

~ of the Clock pulse is used to gate AGU10A. OR

gate U10A feeds a Print pulse (logical 0) to rear
panel connector J6 whenever both:

a. d/Kj and J/Kg are O (i.e. whenever the
counter is not counting up or down).

b. U10A gets a low Clock pulse from US.

This prevents the Print pulse from being sent to J6
while the power meter is on an incorrect range (i.e.
while it is auto ranging itself). Connecting jumper
E1 between pins B and C feeds the End of Read bit
directly to connector J6, whether the counter is on
the correct range or not.

44. The Overrange Flag is generated by Digital
Panel Meter M1 whenever the meter reads 1200
or higher. It is fed to the up/down counter and to
rear panel connector J6 (see Service Sheet 4). The
Overrange Flag is a logical 1.

45. The underrange decoder generates an Under-
range Flag whenever the Digital Panel Meter reads
0099 or lower. When the hundreds bits and
thousands bit are logical 0, pin 9 of NOR gate
A6U2C is low. When the End of Read bit (negative
going transition) arrives at U2C pin 8, a positive
(logical 1) Underrange Flag is generated.

46. Up/Down Counter (see Service Sheet 5). The
up/down counter comprises dual J /K master/slave
flip-flop A6U11, AND-NOR-INVERT gates A6U4
and U6, and inverters ABU7E and U7F. The
counter’s output is a two-bit range code, 0 to three
in binary, that corresponds to the four meter
ranges:

Range Range 2 Range 1
10 uW 0 0
100 uW 0 1
1 mW 1 0
10 mW 1 1
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When the counter receives an Overrange Flag, it
counts up; when it receives an Underrange Flag, it
counts down.

47. There are two flip-flops, one for each range
" bit. They are controlled (in auto mode) by their
Clock and J/K inputs. If a J/K input is high (logical
1) when a Clock pulse arrives, the flip-flop toggles,
and the Q output changes states (changes from 0 to
1 or from 1 to 0). If a J/K input is low when a
Clock pulse arrives, the Q output does not change.

48. The J/K inputs to the flip-flops are set by
A6U4, U6, UTE and UTF. When an Underrange or
an Overrange Flag is set, U4 and U6 ‘“‘decide”
whether to set J/Ki or J/K1 and J/K2 high to
make the counter count up or down. The
“decision” depends upon both:

a. Whether an Underrange or an Overrange
Flag is received.

b. The current count (range code) of the
counter. Figure 3 diagrams the decision making ca-
- pacity of U4 and US6.

49. The J/K flip-flops also have Preset and Clear
inputs. A low (logical 0) input to Preset sets a flip-

- flop’s Q output to 1, and a low input to Clear sets
the @ output to 0. When either Preset or Clear is
low, the J/K and Clock inputs are internally dis-
abled.

50. Range Switch S5 is connected to the Preset
and Clear inputs of the flip-flops. When RANGE is
set to AUTO, the Preset and Clear inputs are logi-
cal 1 and the flip-flops respond to their J/K and
Clock inputs. When RANGE is set to any other
position, it directly controls the flip-flops:

Model 432C

Range Clear2 Preset2 Qg Clear1 Presetl Q1
10 uW 0 1 0 0 1 0
100 uW 0 1 0 1 0 1
1 mW 1 0 1 0 1 0
10 mW 1 0 1 1 0 1
AUTO 1 1 - 1 1 -
COARSE 1 0 1 0 1 0
ZERO

51. Remote/Local Switch(see Service Sheet 5).
ABU9 and associated invertors, AGUTA, U7B and
U7D, function as a double throuw, double pole
switch under control of the Remote Enable input.
If Remote Enable is logical 1 (i.e. an open circuit)
the range busses (R9 and R1, Rg and Ry) are con-
nected to the outputs of flip-flops A5Ulla and
U11B. If Remote Enable is logical 0 (i.e.
grounded), then the range busses are connected to
the Remote 2 and Remote 1 input lines. Thus, the
range code can be supplied by either the up/down
counter or the remote inputs.

52. Decoder Drivers (see Service Sheet 5). De-
coding from the range code (Rg and Rq, Rg and

1—%—1‘) to the logic functions required to drive the

decimal poiuis, lamps, and reed relays is done by
AB6U2, U3,.U5 and A6Q1 through Q3. The truth
table for the decoder drivers is shown below. Note
that a contact closure to ground is required to
energize a relay or a lamp and is signified by a
logical 0; a logical 1 indicates that the lamp or
relay is de-energized.

53. Auto Zero Circuits (see Service Sheet 4).
A6Q6 and Q7 supply —13V to front panel RANGE
and FINE ZERO switches when the Remote En-
able line is a logical 1 (open circuit). This allows
front panel control of the coarse and fine zero
functions.

Range K1 K2 K3 K4 K5 K6 DS2(uW) DS3(mW)

10 gW 1 11 0 0 1 0 1
i00p,Ww 1 0 1 1 0 1 0 1
1 mw1 1 0 11 0 1 0
10mw 0 11 11 0 1 0




Page 9

Model 432C

woSoyq Yooy Lapuno) umoq/dn g a4nSig

378YN3 3L0A3E T
<
L 310W3Y - H0LIINNOI
CETREY 13NV HY3Y
/ WoH4
1 13534d
g8
1 4v313 HILIMS
713534d 39NV
Z4v310
VY Oy
N <—573
_ I9NVHEIAD
SINIOd [ o
N TREL SYIAIHQ - H3LNNOD
) B v ———— -
mn_m_ﬁ < 4300930 Eo.vom L 3ONVY | NMOO/dN W 831N
. o 13NVd
SAV13Y ! , V0L V1910
&y Z39NVY og L 4300030 | 0,00 Wo4d.
HILIMS RECAE 3JONVEHIANN 3,01
1v301/3L0W38 | JINVEEIAND -
80t
T Y,0L
4
/




Model 432C

Page 10
/——f—— RANGE CODE BN
NO CHANGE
IF THEN SETJ/K1TO 1
= (100 yW) (TOGGLE U11B)
UNDERRANGE )
FLAG SET
WHEN METER READS
<0099
i SET J/K1 AND J/K3
“1T0 1 (TOGGLE UT1A AND U11B)
THEN SETJ/K1TO 1
- (TOGGLE U11B)
SET J/K{TO 1
(TOGGLE U11B)
SET J/K1 AND J/K9
TO 1 (TOGGLE U11A AND U118B)
OVERRANGE
FLAG SET
WHEN METER READS
>1200
SETJ/K1TO1
(TOGGLE U11B)
NO CHANGE

Figure 3. Up/Down Count Sequence
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Range Decimal Point 1 Decimal Point 2 Decimal Point 3
10 uW 1 0 1
100 uW 0 1 1
1 mW 1 1 0
10 mwW 1 0 1

54. During remote operation, when the Remote
Enable line is a logical 0 (Remote Enable is a
logical 1), A6Q6 turns off, turning off A6Q7. This
prevents front panel control of the coarse and fine
zero functions.

556. Whenever the Auto Zero input is a logical 0,
6Q4 and A6Q5 turn on, supplying —13V to the
fine zero circuits on Thermistor Bridge Assembly

Al. This action is independent of the Remote En-
able input.

56. Power Supply Circuits (see Service Sheet 3).
The +5V that supplies the integrated circuits on
Auto Range Assembly A6 is provided by A6U1
and associated components. A6U1, a monolithic
voltage regulator, controls Q1; the conduction of
Q1 is regulated to provide +5V at test point 2.
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PERFORMANCE TESTS

57. PERFORMANCE TESTS

58. The performance tests are suitable for incoming inspection, periodic evaluation, and troubleshooting.
Use the recommended test equipment listed in Table 5-1 of the 432A manual with the following changes:

a. Change the filter network (see Figure 4).

b. Add a digital printer with TTL, logic levels and +8421 BCD code — HP 5055A Digital Recorder
with HP 562-16C interface cable.

¢.  Add the remote control test set (see Figure 5).
59. The following performance tests replace those documented in the 432A manual,
WARNING

Voltages potentially dangerous to life are present at the power supply fransformer pins
and at the Digital Panel Meter M1 connectors.

60. METER ACCURACY TEST
SPECIFICATION:
Accuracy:

Instrument Uncertainty: +0.5% on 100 uW and 1 and 10 mW ranges, £1.0% on 10 uW range (20°
—30°C) +1.5% max. on all ranges (0° ~55°C) +1.0% typical.

Zero Uncertainty: * one count on all ranges.

DESCRIPTION: Meter accuracy is checked with an 8477A Calibrator. At the same time, RECORDER
output is checked with a digital voltmeter.

EQUIPMENT:
Calibrator DTt HP 8477A
Digital Voltmeter Tttt s+ .« ... . . . . . HPB3440A/3443A
Cable Assembly (2) ottt o+« .« . . . . . . . . . . HP10503A
Cable Assembly Tttt s e e« . ... . . . . . . . HP11000A
PROCEDURE:

a.  Connect the digital voltmeter and the calibrator to the 432C (see Figure 5 1 in the 432A manual).
v the 8477A Calibrator controls as follows:

POWER (MW) Tttt e e e e e L L. 00l mW
FUNCTION R O 1 1y o'
ZERO/TEST Tttt s e e e ... . . . . . . . .ZERO

b.  Set the 432C controls as follows:

MOUNT RESISTANCE T e e e e e e L L 2000
RANGE e e e, e e e e, 10 uWw -
POWER U RACTAR Tt ot .« .+ .« .« . . . . . . . . . ON
CALIBRATION FACTOR Tt e e e e L1009
A281 e e e, . . e e e . CALIBRATE -

NOTE
A281 is located at the top of the left hand circuit board (Meter Logic Assembly A2).
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PERFORMANCE TESTS

60. METER ACCURACY TEST (Cont'd)
¢. Adjust 8477A ZERO knob for 0.00 uW +0.01 uW indication on the 432C.
-0.01 +0.01 pW

d. Set 8477A ZEROQ/TEST to TEST.
e. The digital voltmeter should indicate 1000 £10 millivolts.
990 1010 mVdc
f.  The 432C meter should indicate 10 yW +0.1 uW.
| 990 —  __ 10.10 uW

g. Repeat steps d through f for each of the other ranges. Set the power meter range selector to the

position indicated in Column 1 of Table 4 and set the 8477A meter reading selector to the corresponding

osition indicated in Column 2 of Table 4. In each case, the meter indications should correspond to those
shown in Table 4, Columns 3 and 4.

h. After completing tests, set A2S1 to OPERATE.

Table 4. Meter Accuracy Test

8477A Ligital Voltmeter 432C
432C Range Indication Meter
Range (mW) (millivolts) Indication
10 uW .01 1000+ 10 10 0.1 uW 99 101
100 uW 0.1 1000+ 5 100 + 0.6 uW 995 . 1005
1 uWw 1 1000+ 5 1.0 +£0.0056 mW 0996 . 1.005
10 uW 10 1000+ 5 10.0+ 0.05 mW 995 —— . 10.05

61. METER LINEARITY TEST
SPECIFICATION: Same as Meter Accuracy Test.

DESCRIPTION: A calibrator is used to check méter linearity.

- EQUIPMENT:
Calibrator e e e e e e e e e e e e ey e e e e e HP 8477A
Cable Assembly (2) S ¢ § g L 110N
‘"PROCEDURE:

a. Connect the calibrator to the 432C. Set the 8477A POWER (MW) selector to 1 mW, FUNCTION
to 20082 and ZERO/TEST switch to TEST. '

b. Set the 432C RANGE selector to 10 mW, MOUNT RESISTANCE to 200£2. Set A2S1 to
CALIBRATE. '

c. The 432C meter should indicate 1 +0.05 mW
095 1.05 mW
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61. METER LINEARITY TEST (Cont'd.)
d.  Set the 8477A POWER (MW) selector to 2 mW.
e. The 432C meter should indicate 2 mW +0.05 mW
1.95
f.  Set the 8477A POWER (MW) selector to 3 mW.
g.  The 432C meter should indicate 3 mW 0.05 mW
| 2.95

h.  After completing tests, set A2S1 to OPERATE.

62. CALIBRATION FACTOR TEST
SPECIFICATION: Range 100% to 88% in 1% steps.

DESCRIPTION: A calibrator is used to check the accuracy of the calibration factor circuits.

EQUIPMENT:
Calibrator .
Cable Assembly (2)

PROCEDURE:

a.  Connect the calibrator to the 432C, and set 432C controls as follows:
RANGE

CAL FACTOR

MOUNT RESISTANCE

A2S1

b. Set 8477A controls as follows:
FUNCTION

ZERO/TEST Switch .

POWER (mW)

c. Set 8477A ZERO control so that the 432C reads 100 +0.1 uW.
’ 9.99
d. Set the CALIBRATION FAC(TOR selector to 89%.
e. The 432C should indicate 98.9 +0.5 uW,
98.4

2.05 mW

3.05 mW

HP 8477A
HP 10503/

100 uW
88%
. 2008

. CALIBRATE

. 2008
. TEST
0.1 mW

100.1 uW

99.4 uW

f.  Repeat steps d and e for each position of the CALIBRATION FACTOR selector. In each case,
the digital voltmeter should indicate the voltage shown in the second column of Table 5 for the CALIBRA-

TION FACTOR shown in the first column.
g.  After completing tests, set A251 to OPERATE.
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PERFORMANCE TESTS

62. CALIBRATION FACTOR TEST (Cont’d.)

Table 5. Calibration Factor Tést

Calibration
Factor Selector 432C Reading

Setting (%) (W)
88 100.0+ 0.1 999 1001
89 989 +0.5 984 994
90 97.8 +£0.5 978 e . 983
91 96.7 +0.5 96.2 e 97.2
92 95.7 £ 0.5 952 962
93 946 *0.5 941 e 951
94 93.5 £0.5 93.0 —______ 94.0
95 92.6 +0.b 921 931
96 91.6 +0.5 911 921
97 90.7 £0.5 90.2 912
98 89.7 +0.5 8902 902
99 88.9 0.5 884 . 894

100 88.0 0.5 875 e . 885

63. ZERO CARRYOVER TEST
SPECIFICATION: Less than 0.5% of full scale when zeroed on most sensitive range.
DESCRIPTION: 432C is zeroed with a thermistor mount and zero carryover is checked.

EQUIPMENT:
Thermistor Mount e+« « « « + « « & « v o . . . . HP478A or 84178B

PROCEDURE:
a. Set 432C MOUNT RESISTANCE to resistance shown on the thermistor mount.

b. Connect the thermistor mount to the 432C (A2S1 should be set to OPERATE). Allow the 432C
to warm up at least 5 minutes.

c.  Zero the 432C as follows:
1) Set the RANGE selector maximum ew to COARSE ZERO.
2) Set the COARSE ZERO screwdriver adjustment so that the meter indicates zero.

3) Set 432C RANGE switch to 10 uW. Depress the FINE ZERO switch. The meter indication
should go to zero without overshoot.

d.  With the FINE ZERO switch held down, the 432C should read O uW + 0.01 uW

-001__________ +0.01uW

e.  Release FINE ZERO. Rotate the RANGE switch clockwise, one step at a time. On each range the
432C should read within 5 counts of zero, as shown in Table 6.
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PERFORMANCE TESTS

63. ZERO CARRYOVER TEST (Cont'd.) -

Table 6. Zero Carryover

Range Meter Reading
100 uW 00.0 £0.5 uW 05 +0.5
1 mwW 0.000 + 0.005 mW -0.005 +0.005
10 mWw 0.00 = 0.005 mW ‘ —-0.005 +0.005
64. FINE ZERO RANGE TEST
PECIFICATION: Automatic, operated by front panel switch.
DESCRIPTION: The fine zero circuits are checked for their ability to zero the meter.
EQUIPMENT:
Thermistor Mount . . . . . . . . . . . . . HP478A or 8478B
PROCEDURE:

a. Connect the thermistor mount to the 432C. Set MOUNT RESISTANCE to the resistance shown
on the mount. Set RANGE to 1 mW (A2S1 should be set to OPERATE).

~ b, Turn the COARSE ZERO screwdriver adjustment full ccw.

c.  Depress FINE ZERO and hold it down five seconds. The fine zero circuit is now at one end of its

d. Release FINE ZERO.
e. Turn COARSE ZERO cw until the meter reads 0.3 + 0.001 mW.
0299____ __ ___ 0.301 mW

f.  Depress FINE ZERO. The fine zero circuit goes to the other end of its range. The meter should
indicate below 0.20 mW.

0.20 mW

g  Re-adjust COARSE and FINE ZERO to zero the meter.

65. NOISE TEST
SPECIFICATION: Less than 0.25% of full scale peak.

DESCRIPTION: An oscilloscope is connected through a low pass filter (used to eliminate line noise) to
RECORDER output. The 432C is then checked for cireuit noise. .
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PERFORMANCE TESTS
5. NOISE TEST (Cont'd.)
ECUIPMENT: » . :
ThermistorMount . . . . . . ..., . . . . . . . . . HPA478A or 84788
Oscilloscope © o+« .+« .+ . .+ . . . . . . . .HP141A/1401A/1420A
Filter e e e e e e e e e e e e e e e (See Figure 4)
Cable Assembly e e e e v e e e e o e ... .. . . oH"riososa
PROCEDURE:

a. Connect the thermistor mount to the 432C; connect the oscilloscope, through the filter, to
RECORDER output with the BNC cable assembly. '

b.  Set the 432C controls as follows:

RANGE R (¢ 7
MOUNT RESISTANCE T * 16 R 9
A281 © o+« « « + + . . . . + .« . . . . . . . . . OPERATE
c.  Set the oscilloscope controls as follows:
Vertical Deflection e s e - oo .. ... ... . 1mV/div
Horizontal Deflection s e e e oL 2see/div
Input . . . . . L L 0L, . . . dec
% d.  Zero the 432C, then read the circuit noise directly on the oscilloscope; any trace deflection should

be less than 5 mVp-p.
5mVp-p

e,  To assemble the line noise filter for the RECORDER output noise test, proceed as follows:

1. Obtain the following parts: BNC connectors — 1 male, 1 female; resistor — 10K ohm; capacitors
— 4.7 uF and 100 uF.

2. Assemble the parts as shown in Figure 4.

MALE FEMALE
BNC 10K . 4.7uF  BNC

10 — rHe—O <&,
RECORDER ! . A +J_ i
OUTPUT — & :l: 100uF I 10uF & 0SCILLOSCOPE

Figure 4. Noise Test Filter Schematic Diagram

66. DATA OUTPUT AND DIGITAL PANEL METER TEST

SPECIFICATIONS:
% Metor: Three digits with one digit overrange. 20% overrange capability on all ranges.
"~ BCD Output: 8421 code, 1 positive. TTL compatible logic.
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PERFORMANCE TESTS

66. DATA OUTPUT AND DIGITAL PANEL METER TEST (Cont'd.)
" Control Lines (Outputs):

BCD Output as described above.

Overrange: Single bit indicates meter overrange.
Underrange: Single bit indicates meter underrange.
Range: Two bit code indicates range selected.
Print: Single bit indicates data is ready.

DESCRIPTION: The panel meter’s digits and annunciator lamps are checked for proper operation. A
digital printer is used to check the data output at J6.

EQUIPMENT:
Digital Recorder e e e e e e e e e e e e e e, HP 5055A
Interface Cable Coe e e e e e e e HP 526-16C
ThermistorMount . . . . . . . . . . . . . . . °. . HP478A or 8478B
PROCEDURE:

a. Set 432C MOUNT RESISTANCE to resistance shown on thermistor mount.

b. Connect the thermistor mount to the 432C (A2S1 should be set to OPERATE). Connect the
- digital printer to 6 on rear panel of 432C.

c.  Set printer for positive 8421 BCD code and turn blanking on.
d. Set 432C RANGE to 1 mW.

e. Turn COARSE ZERO Screwdriver adjustment full ccw, then slowly turn it cw, checking the
following:

1. The panel meter counts in sequence from < .000 mW to 1.199 mW.

2. The printer prints the same digits that appear on the meter (see Table 3 for an explanation of the
print-out). : :

3. When the panel meter reads < .099 mW, the printer should print a “1” in the Underrange/
Overrange column.

4.  As the panel meter passes 1.199 mw, the display should blank, the “OR’ lamp should light, and
the printer should print a “2” in the Underrange/Overrange column.

f.  Turn COARSE ZERO screwdriver adjustment ccw until the panel meter reads .000 mW. Set
RANGE as follows, noting decimal point placement, uW and mW lamps, and the range code column on the
print-out:

Range Panel Meter Range Code
10 uW 0.00" uW 0
100 uW 00.0 uW 1
1 mW .000 mW 2
10 mW 0.00 mW 3
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PERFORMANCE TESTS

66. DATA OUTPUT AND DIGITAL PANEL METER TEST (Cont'd.)

g.  Set RANGE to AUTO;slowly turn COARSE ZERO to full cw. Each time the meter count passes
1199, the power meter should switch to the next higher range.

h. Slowly turn COARSE ZERO to full ccw. Each time the meter count passes 100, the power meter
should switch to the next lower range.

67. DATA INPUT TEST
SPECIFICATIONS:

Control Lines (Inputs):

Remote Enable: Single bit establishes control of instrument ranging and fine zero controls for remote
programming. Remote fine zero may be accomplished in remote or local modes of operation.

Remote Range: Two bit code selects instrument range,

Auto Zero: Contact closure to ground zeros meter.

Inhibit: Single bit holds data and stops A/D converter. .

Ext. Trig.: When in inhibit mode, single bit starts data conversion. Data ready in 10 msec.

DESCRIPTION: The power metar’s ability to be remotely controlled is checked using a remote control
test set.

NOTE

If desired, six short wires, with test clips at each end, can be substituted for the test
set. Shorting the appropriate pin (of J6) to ground provides a logical 0 input.

EQUIPMENT:
Remote Control Test Set e e e e e e e e e e e e e (See Figure 5)
Thermistor Mount . . . . . . . . . . . ., . . . . ., HPA478A or 8478B
PROCEDURE:

a. Set 432C MOUNT RESISTANCE to resistance shown on thermistor mount.

b.  Connect the thermistor mount to the 432C (A2S1 should be set to OPERATE). Connect the test
set to d6 on rear panel of 432C. .

‘c.  Set test set LOCAL/REMOTE to LOCAL and set AUTO ZERO to 1. Set 432C RANGE to
COARSE ZERO and adjust COARSE ZERO screwdriver adjustment so that meter indicates zero.

d. Set 432C RANGE to AUTO and set AUTO ZERO to 0; the panel meter reading should go to
zero,

e. Set test set as follows:

REMOTE/LOCAL « o+« .+ .+« .+« .+ .+ . . . . . . . .REMOTE
RANGE 2 ' 1
RANGE 1 . 1
AUTO ZERO 1
INHIBIT 1
EXT TRIG. 1
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PERFORMANCE TESTS

67. DATA INPUT TEST (Cont'd.)

f.  Depress 432C FINE ZERO switch; the panel meter reading should not attempt to go to zero. In .
turn, set 432C RANGE to 100 uW, 1 mW and 10 mW. The meter should not indicate that the power meter .
is changing ranges.

g.  Set test set as follows. The panel meter should indicate that the 432C is changing ranges. (Note
decimal point placement and uW and mW lamps.)

Range 2 Range 1. Panel Meter
0 0 * 0.00 uW
0 1 00.0 uW
1 0 000 mW
1 ' 1 0.00 mW

h. Set test set as follows:

RANGE 2 T |
RANGE 1 T ¢
INHIBIT N

i. Turn COARSE ZERO screwdriver adjustment two turns cw. The panel meter reading should not
respond (i.e. it should not increa<z).

j- . Set test set EXT TRIG to 0. The panel meter reading should increase.

k. To assemble the remote control test set, obtain wire, SPST switches, mounting board or box, and
‘connector (Cinch 57-30500-375). Assemble as shown in Figure 5.

LSES-"R, S
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LOCAL | o CONNECTOR \
O\C s
REMOTE 21
1| S2 RANGE 1
-3 %\0 3
0 1
1|83 RANGE 2 ,
@ 0\\\0 >
0 12
TO REAR PANEL
“ CONNECTOR J6
1 AUTO ZERO
& 0\\6 >
0 46
1] INHIBIT
@ ﬂ\c ==
0 47
1| 8 EXT TRIG
@ o\c S
0 a9
—
l 50

Figure 5. Remote Control Test Set
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Table 7. Performance Test Record
Para. Measurement .

No. Test Description Unit Min. Actual Max.

60 METER ACCURACY

C. Adjust ZERO knob uW -0.01 +0.01

e. DVM indication mVde 990 1010

f. 432C indication uW 9.90 10.10

g. Meter Accuracy, Table 4 uw 9.9 10.1
uWw 99.5 100.5
mW 0.995 1.005
mW 9.95 10.05

61 METER LINEARITY

c. 432C indication mW 0.95 1.05

e. 432C indication mW 1.95 — 2.05

g. 432C indication ’ mW 2.95 - 3.05

62 CALIBRATION FACTOR

c. Set ZERO knob uW 99.9 100.1

e. 432C indication uW 98.4 99.4

f. Calibration Factor, Table b wW 99.9 100.1
LW 98.4 99.4
uWw 97.3 98.3
uW 96.2 97.2
W 95.2 96.2
W 94.1 S 95.1
W 93.0 94.0
uw 92.1 93.1
A 91.1 92.1
uWw 90.2 91.2
uW 89.2 90.2
uw 88.4 89.4
uw 87.5 88.5

63 ZERO CARRYOVER

d. FINE ZERO down uW -0.01 +0.01

e. Zero Carryover, Table 6 W -0.5 +0.5
mW -0.005 +0.005
mW -0.05 +0.05

64 FINE ZERO RANGE

e. Set COARSE ZERO mWw 0.299 0.301

f. FINE ZERO down mW 0.20

65 NOISE TEST

d. Peak to Peak Noise mW 5

[P
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ADJUSTMENTS

68. ADJUSTMENTS

.69. The following procedures supplement those documented in the 432A manual. (Disregard paragraph

5-35 in the manual.)
WARNING
Voltages potentially dangerous to life are present at the power supply transformer pins
and at Digital Panel Meter M1 connectors.
70. Thermistor Bridge Assembly A1, Zero Adjustment
a. Remove the right side panel (see 432A manual, paragraph 5-27).
b. Connect a mount to the 432C and adjust COARSE ZERO.

c. Switch RANGE to 10 uW, push FINE ZERO down and adjust A1R43 for a zero indication on
digital panel meter (adjust A1R43 until the “minus” lights — then back off until it just goes out).

d. Release FINE ZERO and replace the right side panel.

e. Perform the Zero Carryover Test in paragraph 88 of this supplement. If zero carryover is out of
specification, perform the Digital Panel Meter Zero Adjustment, in paragraph 73, and repeat steps a.
through d. :

71. Auto Range Assembly A6 Power Supply Adjustment

a. Remove the top cover (see 432A manual paragraph 5-27),

b.  Connect the DC digital voltmeter across A6 test points 2 and 8.

c.  Apply line power to the 432C and adjust +5V ADJ A6R13 for 5.00 +0.01 V.

d. Remove the digital voltmeter and replace the top cover.

72. Digital Panel Meter M1 Removal

a.  Remove all power from the 432C; remove the top and side covers (see 432A manual, paragraph
5-27). ,

b.  Disconnect the connectors from the back of the meter (XM1A and XM1B).

c.  Remove the four top-front chassis screws that secure the digital panel meter bracket (see Figure
6).

d. Slide the digital panel meter up and back, exposing the two screws under the meter that secure
the meter cover to the meter bracket; remove the screws.

e.. Slide the top guide, securing the meter cover to the meter bracket, to: the side and off.
f.  Lift the meter cover and the filter and the mask from the front of the meter.

g. The meter can now be removed or adjusted.

h.  For re-assembly, reverse the above procedures.
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ADJUSTMENTS

72, Digital Panel Meter M1 Removal (Cont’d.)
CAUTION

Be sure that Digital Panel Meter M1 is not installed upside-down. If power is applied to
the 432C while the meter is installed upside-down, the meter will be damaged.

73. Digital Panel Meter Zero Adjustment

a. Remove the meter cover from the front of the meter and remove the A1 and A2 Assemblies (see
steps a. through h. of paragraph 72).

b. Temporarily re-install the meter, leaving its readout exposed, in the chassis using two or more
sCrews.

c.  Check to insure that the connectors, XM1A and XM1B, are not reversed, that the meter is right
side up and that XM1A and XM1B are not shorting to the chassis.

d. Short together XM1B pins 10 and 12.
e.  Apply line power to the 432C.

f.  Adjust the pot marked “Z”, at the upper right hand corner of the digital panel meter face, for a
zero indication on the meter.

WARNING

Use a non-metalic screwdriver and exercise caution; voltages potentially dangerous to
life are present at the digital panel meter face, at connector XM1A and at the power
supply transformer pins.

g. Remdve the short at XM1B and re-assemble the 432C.
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JiEPLACEABLE PARTS d. Manufacturer of the part in a five-digit
' code (see list of manufacturers in Table 10),

filr ion
fntroduct e. Manufacturers part number.

vable 9 is a list of replaceable parts for the . .
i, The Thermistor Bridge Assembly Al, the 78.  Ordering Information
v J.ogic Assembly A2 and the Calibration
* 'ty Assembly A4 are the same for both the
b und 482C; refer to the 432A manual parts
Y. j.c a parts breakdown of those assemblies.

79. To obtain replacement parts, address order or
inquiry to your local Hewlett-Packard Field Office
(see list at rear of 432A manual for addresses).
Identify parts by their Hewlett-Packard stock
numbers.

%

; ‘¥uble 9 lists parts in alpha-numerical order of

- 1uference designation and provides the follow- 80. To obtain a part that is not listed, include:
' .furmation on each part: ’

a. Instrument model number.

..  HP Part Number. ) _
b. Complete instrument serial number.

ls.  Description (see abbreviations, Table 8). c. Description of the part.

. Total Quantity used in instrument. d. Function and location of the part.

Table 8. Reference Designations

REFERENCE DESIGNATORS

. = assembly F = fuse P = plug v = vacuum tube,
4 = motor FL = Filter Q = transistor neon bulb,
&y = battery J = jack R = resistor photocell, ete.
‘ = capacitor K = relay RT = the-.:istor VR = voltage
N = coupler L = inductor S = swi'‘ch regulator
i = diode LS = loud speaker T = transformer w = cable
. = delay line M = meter TB = terminal board X = socket
o = device signaling (lamp) MK = microphone TP = test point Y = crystal
. = misc electronic part MP = mechanical part 18 = integrated circuit VA = tuned cavity,
’ network
ABBREVIATIONS
= amperes H = henries N/O = normally open RMO = rack mount only
AKH = automatic frequency HDW = hardware NOM = nominal RMS = root-mean square
control HEX = hexagonal NPO = negative positive RWV = reverse working
vawl, = amplifier HG = mercury zero (zerc tems- voltage
HR = hour(s) perature coef- S-B = slow-blow -
wp 4} = beat frequency oscilla- Hz = Hertz ficient) SCR = screw
tor NPN = negative-positive~ . SE = selenium
.= CU = beryllium copper IF = intermediate freq negative SECT = section(s)
B = binder head IMPG = impregnated NRFR = notrecommended SEMICON = semiconductor
a2 = bandpass INCD = incandescent for field re- SI = silicon
L = brass INCL = include(s) placement SIL = silver
WO = backward wave oscilla- INS = insulation(ed) NSR = not separately SL = slide
tor INT = internal replaceable SPG = spring
SPL = ecial
= counterclockwise o OBD = order by SST = g?.ainless steel
= ceramic K = kilo = 1000 description SR = split ring
= cabinet mount only OH = oval head STL = steel
= coefficient LH = left hand OoX = oxide
= common LIN = linear taper = _
= composition LK WASH = lock washer pC = gf?,,‘ied circuit TA - lantalum
= complete LOG = logarithmic taper PF = picofarads= 10-12 %‘?L _ time delay
= connector LPF = low pass filter farads THD - :gff;ﬁ
= cadmium plate PH BRZ = phosphor bronze TI = titanium
= cathode-ray tube e .3 PHL = Philli -
= clockwise M = milli = 10 1ps TOL = tolerance
MEG = meg =10 PIV = peilikgmverse TRIM = trimmer
JEP = i arbon MET FLM = metal film voitage . TWT = traveling wave
it ¢ = gf&gﬂted carb MET OX = metallic oxide PNP = positive-negative- tube
. " MFR = manufacturer P/O _ gaortﬂtcl)‘;e
LLECT = clectrolvii MHz = mega Hertz - = e — 1n-
“NCAP = g:,::psil{:gd MINAT = miniature POLY = polystrene H = micro = 106
v T = external MOM = momentary PORC = porcelain
: MOS = metalized . POS = position(s) VAR = variable
. = farads substrate POT = potentiometer VDCW = dc working volts
-H = flat head MTG = mounting gg‘ = g(e):}llll(;to-peak
Vi, N MY = s¢ ar’’ = .
i _-\DH : f,ﬂfgtet head ml PWYV = peak working volt- W/ = with
k N (109 e WIv 2 e
’ . _ = nano ces = working inverse
o : giga (199) N/C = normally closed RECT = rectifier voltage
I T NE o Den R D Rimene yw o wiewound
D = ground(ed) NI PL nickel plate right hand w/0 without

)
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Table 9. Replaceable Parts

. . Mir
)

Reference 1up port Number Qty Description Cod Mfr Part Number
Designation oae

Al 00432-60024 1 BCArD ASSY:3kIDGE 28480 00432-6002¢

Az N0432-601% 1 ANARD ASSY:LOGIC 28480 ) 0043256015

A3 NOT ASSIGNED .

a4 01432-6004 H SWITCH ASSY:CAL IBRATION FACTOR 28480 00432-6004

a5 NOT ASSIGNED

Ab 00432-60201 1 ANDARD ASSY:AUTO RANGE 28480 00432-60201

A6C Y 0160-3460 2 C:FXD CER 0D.05 UF +80-20% 100VDCHW 56289 C023E£101L5032522-CDR
AbC2 0167-3460 C:FXD CER 0.05 UF +80-20% 100VOC¥ 56289 CO23E101L5032522-CDH
AGC3 0180-0229 1 C:FXD ELECT 33 UF 10% 10VDCW 28480 0180-0229

ABCG 0180-2100 1 C:FXD ELECT 1200UF +#75-10% 15VDCH 56289 39D128GOL5FL4~DSB
ALCS 0160-3533 i C:FXD MICA 470 PF 5% 100VDCH 00853 RDHLISF4T1J1C

AbCS 0180-2206 1 C:FXD ELECT 60 UF 10X 6VDCW 56289 1500606 X900682
ABCT 0160-2055 1 C:FXD CER 0.01 UF +80-20% 100VDC¥ 56289 CO023F101F1032522~CDH
ASCR1 1901-0159 2 OINDE:SILICON 0.75A 400P1V 04713 SR1358-4

ABCR2 1901-0159 . OIUDE:SILICON 0.75A 400PIV 04713 SR1358~4

AoEl 00432-60202 1 JUMPER 28480 00432-60202

AbK1 0490-0916 & RELAY:REED 1 FORM A 0.5 AdP 15636 RA30231051

AbK 2 0490~G916 RELAY:REED 1 FORM A 0.5 AMP 15636 RA30231051

AbK3 0490-0916 RELAY:REED 1 FORM A 0.5 AMP 156306 RA30231051

A6K G 0490-0916 RELAY:IREED 1 FORM A 0.5 AMP 15636 RA30231051
LABKS 0490~0916 RELAY:REED 1 FORM A 0.5 AMP 15636 RA30231051

ALK b 0430-0914 RELAY:REED 1 FORM A 0.5 AMP 15636 RA30231051

1601 1854-0022 3 TSTR:ST NPN 07263 S17843

ALD2 1854-0022 TSTR:SI NPN 07263 S17843

2603 1854~0022 TSTR:ISI NPN 07263 517843

ALO4 1854-0071 2 TSTR:SI NPN(SELECTED FROM 2N370%) 28480 1854-0071

A50% 1853-0020 1 TSTR:SI PNP{SELECTED FRCHM 2N3702) 28480 1853~-00z0

A6QT 1654-0071 TSTR:SI NPN{SELECTED FROM 2N3704) 28480 1854~0071

AbR 1 0757-0401 1 R3FXD MET FLM 100 OHK 1% 1/8W 28480 0757-0401

AGR2 0757-0442 2 R:FXD MET FLM 10.0K OHM 1X 1/8¥W 28480 0757-04042

ASR3 0757-044%2 RIFXD ¥ET FLM 10.0K OHM 1% 1/8W 28480 0757~0442

A6RG 0698-3160 8 R3FXD MET FLM 31.6K OHM 13 1/8¥ 28480 0698-3140

AbRS 0598-3160 R3IFXD MET FLM 31,6K OHM 1% 1/8W 28480 0698-3160

A6RSE 0698-3160 RIFXD MET FLM 31.6K OHK 1% 1l/8% 28480 0698-3160

AGRT . 0698-3160 RIFXD MET FLM 31.6K OHM 1% 1/8¥% 28480 0698-3160

AGRS 0811-2536 1 R:FXD HW 3157 OHM 0.1X 1/40W 28480 0811-253%

Ab6R9 0811~2284 1 RIFXD WW 1K OHM 0.1% 1/40W 28480 0811-2284

A6R10 0811-2534 1 R:FXD WW 314,3 OHM 0.1 1/40W 28480 0811-2534

A6R11 0811-2535 1 RIFXD WW 145.0 OHK 0.1% 1/40H 28480 0811-2535

A6RL2 0757-0420 i R:FXD HMET FLM 750 DHH 1% L/8W 28480 0757-0420

A6K13 2100~2574 1 R:VAR CERMET 500 OHM 10% LIN 1/2 28480 2100-2574

AGRLH 0698~0085 1 R:FXD MET FLM 2.61K OHM 1% 1/8M 28480 0698-0085

A6RLS 0311-2815 1 RIFXD WW 1.5 OHM 5% 1/2W 28480 0811-2815

AbRLSG 0757-0280 2 R:FAD MET FLM 1K DHM 1% 178 28480 0757-0280

ABRLT : 0698-3160 RIFXD MET FLM 31.6K OHM 1Y 1/8W 28480 0698-13160

AG6R18 0698-3160 RIFXD MET FLM 31.6K OHH 1% 1/8W 28480 0698-3160

ASR19 0698-3160 RIFXD MET FLM 31.6K OHM 1% 1/BW 284 80 0698-3160

AGR20 0698-3160 R:FXD MET FLM 31.6K OHM 1T 1/8HW 28480 0698-3160

ABR2] 0757-0279 1 RIFXD MET FLM 3.16K OHM 1% 1/8¥% 28480 0757-0279

AbUL 1820-0196 1 ICILINEAR VOLTAGE REGULATOR({INPUT) - 28480 1820~-0196

AsU2 1820-0328 1 IC:TTL QUAD 2~INPT NOR GATE 04713 SNT402N

“6u3 1820~0054 1 IC:TTL QUAD 2-INPT NAND GATE 01295 SNT400N

EATEY 1£20-0084 1 IC:TTL 4W 2~INPT AND/OR GATE 01295 SNT453N

AbJS 1820-0535 1 IC:TTL DUAL 2-INPT DRIVER{OPEN COLL) 01295 SN75451

AbUb 1820-0382 1 IC:TTL HS 2 W 4~-INPT AND GR INV GATE 01295 SNT4HS55N

AGUT 1820-0174 1 IC:TTL HEX INVERTER 01295 SNT404N

AbUS 1R20-0261 1 IC:TTL HONO-STABLE MULTIVIBRATOR 01295 SNT4121N

ALJS9 1820-0063 1 IC:TTL DUAL 2W 2-INPT AND OR INV GATE 04713 SHNT451N

AsUL0 1320~-0774 1 IC:TTL TRIPLE 3-INPT OR GATE . 28480 1820~-0774

Ab6Jl1l . 1820-0076 1 IC:TTL DUAL J-K F/F W/PRESET CLOCK 01295 SNT476N

AD CHASSIS PARTS

ci 0160=3043 1 C:FXD CER 2 X 0.005 UF 20T 250VAC 56289 29C147A-CDR

c2 NOT ASSIGNEO{STANDARD INSTRUMENT

c3 0160-2438 3 C:FXD CER 5000 PF +80~20% 200VOCW 72982 2425-061-X5V0-~502P
Cae 0160~2438 C:FXD CER 5000 PF #80-20% 200VDCW 12982 2425-061-X5V0-502P
cs 0160-2438 C:¥XD CER 5000 PF +80-20% 200VDCW 72982 2425-061-X5v0-502P
DS1 2140-0244 1 LAMP:IGLOW MINIATURE 95V - 87034 AlH

Ds2 2140-0015% 2 LAMP: INCANDESCENT 5.0V 0.06A 11744 683

0S3 2140-0016 LAMP: INCANDESCENT 5.0V 0.06A T1744 683

F1 2112-0201 1 FUSE:0.254 250V SLO-BLO 71400 MDL~1/4

Fl {FOR 115V OPERATION)

Fl 2110-0318 1 FUSE:0.125 AMP SLOW-BLOW 71400 MDL 108

Fl {FOR 230V QOPERATION)

J1 1251-1280 1 CONNECTOR:AUDIO 6 FEMALE CONTACTS 28480 1251-1280

Ji 00432-2005 1 NUT :CNNECTOR 28480 00432-2005

See introduction to this section for ordering information
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Table 9. Replaceable Parts (Cont’d)
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e Mfr
Reference | part Number Qty Description Mfr Part Number
Designation Code
J2 1250-01148 3 CONNECTOR:BNC 24931 28JP 128~}
J2 504G~-0702 A INSULAT IR :CONNECTOR 234830 5040-0702
J43 1250~0118 CONNECTOP :BNC 24931 28JR 128-1
J3 5040-0702 INSULATOR:CONNECTOR 28480 5040~0702
Je 1250-0118 CNONNECTOR2BNC 24931 284R 128-1
J& 5040-0702 INSULATOR:CIONNECTOR 28480 5040-0702
Js 1251-2357 1 SOCKET:3~PIN MALE PONER RECEPTACLE 82389 EAC-301
J5 {PART OF REAR PANEL)
€6 1251-0087 1 CONNECTOR:F EMALE 50~P I[N MINAT 28480 1251-0087
Hl 1120-1526 1 METER:DIGITAL 28480 1120-1526
Ml { EXCHANGE MOOULE)
38 1120-1542 1 METERIDIGITAL 28480 1120-1542
HP1l 03170-0C77 1 KNOB:SKIRTED BAR FOR 0.250"™ DIA SHAFT 28480 0370-00717
HP1 {RANGE)
MP2 0370-0193 1 KNOB: ROTARY POINTER BLACK 28480 0370-0193
Hr2 {CAL FACTOR)
NP3 0370-0432 1 KNOB:8LACK LEVER 28480 0370-0432
HP3 {HT. RES.)
L 0590-0500 4 NUT:HEX CAP #5-32 THREAD 13734 74101
MP4 00432-00107 1 COVER : TRANSFORMER 28480 00432-00107
MPS 5020-7633 1 METER TRIM:THIRD MOOULE 28480 5020~-7633
MP& NOT ASSIGNED
ney NOT ASSIGNED
“prs 00432-00103 1 DECK:LOWER 28480 00432-00103
HP9 00432-00104 1 BRACKET : BDARD 28480 00432-00104
HPLO 00432-00105 1 BRACKET :READOUT 28480 00432-00105
HPL1 00432-00106 2 GUIDE:z 80ARD 28480 00432-00106
HP12 NOY ASSIGNED
KP13 00432~00108 1 MASK:DPM 28480 00432-00108
HP14 00432~-20102 2 GUIDE:EXTRUSION 28480 00432-20102
HP15 00432-~20104 1 FILTER:DPHM 28480 00432-20104
MP1l6 1120-1550 1 METER CASE: FRONT HALF 28480 1120-1550
MPLT 0340-0008 3 INSULATOR:STANDOFF TEFLON 98291 ST-1000-L 2
MP18 00432-40101 1 SPACER 28480 00432-40101
o1 1854-0072 1 TSTR:SI NPN 80131 283054
R1 2100-2849 1 RIVAR WW 50K OHM 3% LIN 2W 28480 2100-2849
Rl 2950-0034 1 NUT:HEX BRASS 3/8-32 X 1/2% 28480 2950-0034
R1 00432-2004 1 BUSHING : PANEL 28480 00432-2004
R2 0811-2538 4 R3FXD WH 100 OHM 0.1% 1/10W 28480 0811-2538
R3 0811-2538 R:FXD W¥ 100 OHM 0.1% 1/10W 28480 0811~2538
R4 0811-2538 R:FX0 H¥W 100 OHM 0.1% 1/10W 28480 0811-2538
RS 0811~2538 R:FXD WW 100 OHM 0.1% 1/10W 28480 0811~2538
R& 0757-0984 2 : HET FLM 10.0 OHH 1% 1/2¢ 28480 0757-098%
R7 0757-0984 - MET FLM 10.0 OHM 1X 1/2¥% 28480 07570984
R8 0757-0198 1 R:FXD MET FLM 100 OHH 1% 1/2W 28480 0757-0198
R9 0157-0458 1 RIFXD MET FLH 51.1K OHM 1% 1/8W 284 BO 0757-0458
R10 NOT ASSIGNED{STANDARD INSTRUMENT
R13 NOT ASSIGNED{STANDARD INSTRUMENT
Ri& 0811-2277 1 R3FX0 WY 10K OHM 0.1% 1/40W 28480 0811-2277
R15 0757-0280 R:FXD MET FLM 1K DHM 1% 1/8¥ 28480 0757-0280
S1 3101-1248 1 SWITCH:IPUSHBUTTCN SPDT ILLUMINATED 87034 53-55480-121/A1H
S1 {POWER)
s2 3101-1234 1 SWITCH:SLIOE DPOTY 82303 11A-1242
s2 (PART QF REAR PANEL)
s3 3100~2485 1 SHITCH:LEVER SINGLE SECTION 76854 TYPE 184
s3 {HT. RES.}
53 00432-00031 2 SHITCH PLATE 28480 00432-00031
sS4 3101-1357 1 SWITCH:TOGGLE SPDT 09353 7109
S4 (FINE ZERD)
S4 00432-2003 1 NUT: DRESS 28480 00432-2003
55 3100-3029 1 SWITCH:ROTARY 1 SECTION & POSITION 28480 3100-3029
Tl 9100-3155 1 TRANSFORMER : POWER 28480 9100-3155
¥l 8120-1082 1 CABLE ASSY:S FT 28480 8120-1082
w2 8120~1348 1 CABLE ASSY:PNWERs DETACHABLE 70903 KHS-7041
w3 00432~-6010 1 CABLE ASSY:COWER SWITCH 28480 00432-6010
Ne 00432-60102 1 CABLE ASSY:8CD 28480 0043260102
XAL 1251-0172 2 CONNECTOR:PC FDGE 1 ROW 22 CONTACT 71785 250-22-30-210
XAl {PART OF LOWER DECK}
XA2 1251-0172 CONNECTOR:°C EDGE 1 ROW 22 CONTACT 71785 250-22-30-210
XA2 { PART NF LUWER DECK)
XAb 1251-0233 1 CJUNNECTOR:PC EDGE (2 X 11) 22 CONTACT 71785 251-22-30-261
XF1 1400-0084 1 FUSEHOLOER:EXTRACTOR POST TYPE 15915 342014
Xu1 1251-0159 2 CONNECTOR:PC EOGE 2 X 15 CONTACT 71785 251-15-30-261
X1 1251-0159 CONNECTOR:PC EDGE 2 X 15 CONTACT 71785 251-15-30-261
XH1 1251-1115 2 KEY:POLARIZING FOR CKT BD SOCKETS 71785 456+-99~99-~193

See introduction to this section for ordering information
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Table 9. Replaceable Parts (Cont’d.)

Model 432C

. Mfr
Reference |ypp, Number| Qty Description Mfr Part Number
Designation ) Code
XMl 1251-1115 KEY:POLARIZING FOR CKT RD SCCKETS 71785 456-99-99-193
X01 0340-n162 1 INSULATOR:TSTR FOR TO-66 13103 40340-0162-1
Xul 1200-0168 1 SOCKET: TRANSISTOR 28480 1200-0168
22 917G-GH1s SEAD:RAGNETIC SHIELDING 02114 56=590~65738
23 9170-0016 BEAD:MAGNETIC SHIELDING 02114 56~590~65/3B
14 91701J016 3FAD:MAGNET IC SHIELDING 02114 56-590~65/38
25 9170-0015 BEAD:MAGNETIC SHIELDING 02114 56-590~-65/38
6 9170-0016 BEADIMAGNETIC SHIELDING 02114 56-590-65/38

N
N \
\\ MP13
MP15

MP16

M1

Figure 6. Panel Meter Components, Exploded View

MP10

MP18

See introduction to this section for ordering information
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Table 9. Replaceable Parts (Cont’d.)

L Mfr
Refgrenqe HP Part Number] Qty Description f Mfr Part Number
Designation Code
4] CABINET PAFTS
1 5060-0703 2 FRAME ASSY:6 X 11 SM 28480 5060-0703
2 149C-~0031 1 STAND:TILT 28480 1490-0031
3 5040-0700 2 HIMNGE 28480 5040~0700
4 5060-0727 2 FOOT ASSY 28480 5060-01727
5 NIT ASSIGNED "
6 5000-8565 2 COVER:S I0E 28480 5000-8565
7 5060-8555 1 COVER ASSY:T0P 5 X 11 28480 5060~8555
8 5000-8571 1 COVER:B0TTOM 5 X 11 28480 5000-8571
9 00432-00109 1 PANEL:REAR 28480 00432-00109
10 00432~00201 1 PANEL s FRONT 28480 00432-00201
il 00432-0011 1 BRACKET : FRAKE 28480 00432~0011

Figure 7. Chassis Parts, Exploded View

See introduction to this section for ordering information
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Table 10. Code List of Manufacturers

MFR 71

NO. MANUFACTURER NAME ADDRESS CNDE
00853 SANGAMO ELECTRIC COL.PICKENS D1V, . PICKENS, S.C. 29671
01295 TEXAS INSTRUMENTS INC. SEMICONDUCTOR COHKPONENTS DIV. DALLAS, TEX. 15231
02114 FERRDXCUBE CORP, ’ SAUGERTIES, N.Y. 12477
04713 HOTOROLA SEMICONDUCTOR PROD.INC. PHOENIX, ARIZ. 85008
07253 FATRCHILO CAMERA & INST. CORP. SEMICONDUCTOR DIV. MOUNTAIN VIEM, CALIF., 84040
09353 C & K COMPONENTS [NC. NEMTON, HASS. 02158
13103 THERMALLOY CD. DALLAS, TEX. 15247
15638 NO M/F DESCRIPYION FOR THIS MFG NUMBER .
24931 SPECIALTY CCNNECTOR C0. INC. INDIANAPQLIS, IND. 46227
28480 HEWLETT~PACKARD COMPANY PALO ALYOQ, CALIF. 94304
56289 SPRAGUE ELECTRIC CO. M, ADAMS, MASS. 01247
70903 BELDEN CORP. CHICAGO, ILL. 60644
71400 BUSSMANN MFG. OIV. MC GRAW-EDISON CQ. ST. LOUTS, MO. 63017
T1744 CHICAGO MINTATURE LAMP WORKS CHICAGO, ILL. 60640
71785 CINCH MFG. CO. DIV TRW INC. ELK GROVE VILLAGE, ILL.
72982 ERIE TECHNOLOGICAL PROD. INC. ERIE, PA, 16512
73734 FEDERAL SCREW PROD. INC. CHICAGO, ILL. 60618
75915 LITTELFUSE INC. DES PLAINES, ILL. 60016
76854 0AK MFG. CD. DIV. DAK ELECTRO/NETICS CORP. CRYSTAL LAKE, ILL. 62016
80131 ELECTRONIC INDUSTRIES ASSOCIATION - WASHINGTON D.C. 20006
82389 SHITCHCRAFT INC. CHICAGO, ILL. 60630
87034 MARCDAX INDUSTRIES ANAHEIM, CALIF. 92803
98291 SEALECTRO CORP. MAMARDNECK, N.Y. 10544

81. TROUBLESHOOTING, SCHEMATICS, AND |
COMPONENT LOCATIONS

82. Introduction

83. All of the troubleshooting information and
component locations for the Thermistor Bridge As-
sembly Al, Meter Logic Assembly A2, and Cali-
bration Factor Switch Assembly A4 is the same in
both the 432A and 432C; this information is con-
tained in the 432A manual.

NOTE

A 22 pin extender board (HP
5060-0630) is required to perform com-
ponent level troubleshooting and repair
on Auto Range Assembly A6,

84. Meter Exchange Information

85. Digital panel meters for the 432C are not field
repairable. They are available from Hewlett
Packard, on an exchange basis, at a considerable
savings in cost. Simply contact the Hewlett
Packard office nearest you and make your require-
ments known. The local Hewlett Packard office
will arrange for immediate airmail shipment to
minimize equipment downtime. At least 90% of
the orders for exchange modules received by an HP
Field Sales Office will be shipped the same day —
either firom the sales office itself or from a service
center. ’

86. When a digital panel meter is found to be de-
fective use the “Exchange Module” part number,
listed under its reference designator in Table 9, to
order an exchange meter. Upon receiving the ex-
change meter, the defective meter should be re-
turned in the same special carton in which the ex-
change meter was received. Use the procedures in
paragraph 72 to remove and replace the digital
panel meter.
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87. Troubleshooting

88. Digital Panel Meter M1. If the panel meter
will not zero, or if zero carryover is out of specifi-
cation, the trouble can be isolated as follows:

a. Remove Meter Logic Assembly A2.

b. Short together XA2 pins 10 and 12 (or
XM1B pins 5 and 7).

c. The panel meter should read zero * one
digit.

d. If the meter is out of specification, per-
form the Digital Panel Meter Zero Adjustment pro-
cedure in paragraph 73 of this supplement.

89. The Meter Accuracy Test in paragraph 60 will
also isolate trouble to the panel meter. Correct RE-
“"ORDER output readings and incorrect panel
meter readings would indicate that the trouble is in
the panel meter.

90. Some of the data inputs and outputs at con-
nector 46 connect directly to the panel meter. If
either the Data Output And Digital Panel Meter
Test or the Data Input Test (located in paragraphs
66 and 67) indicate trouble, examine Service
Sheets 4 and 5 to isolate trouble to the meter or
Auto Range Assembly A6.

91, If the meter is found to be defective, do not
attempt to open the meter’s case or otherwise re-
pair it. To do so would void the meter’s warranty.
Instead, exchange it following the procedures out-
lined under paragraph 84.

Page 31 .

92. Auto Range Assembly A6. Isolate trouble to
the A6 assembly using the Data Output And Digit-
al Panel Meter Test and the Data Input Test
(located in paragraphs 66 and 67). Note the spe-
cific trouble, then examine Service Sheets 4 and 5
to isolate the trouble to the A6 assembly or the
panel meter. For example, an inability to auto
range would probably be caused by the A6 as-
sembly; trouble with the Inhibit input would be
caused by the panel meter.

93. When trouble has been isclated to the A6 as-
sembly, remove the top cover from the 432C (see
432 A manual paragraph 5-27). Remove the A6 as-
sembly and re-install it on an extender board (HP
5060-0630).

94. To check the +5V power supply (A6U1 and
associated components), connect a digital volt-
meter across A6 test points 2 and 3. The voltmeter
should read +5.00 + 0.01 V. If the voltage is high,
adjust A6R13. If the voltage is low, check that the
voltage drop across A6R15 does not exceed 600
mV. If it does, some component external to the
power supply is probably drawing too much
current. If the voltage drop is less than 600 mV,
check Q1, the 10 Vrms input, and the +7V refer-
ence voltage at A6U1 pin 4.

95. To checx the range code from the up/down
counter, the decoder drivers, the relays, and the
lamps on the front panel, set RANGE as shown in
Table 11 and use a digital voltmeter to check the
designated points (see Service Sheet 5).

NOTE

A logical 1 equals +3.5V % 1V and a logi-
cal 0 equals 0.2V = 0.2V.

Table 11. Up/Down Counter and Decoder Driver Troubleshooting

Range Code Decimal Point Lamp Relavs

Range Ro R1 Ra Ri 1 2 3 | kW mW E ';Ie g%
(U3-2) (U3-1) (U3-9) (U3-10) | (right) (cent.)  (left) nergt
10 u4W| o 0 1 1 OFF ON OFF | ON OFF |K2 and K5
100 yW | © 1 1 0 ON OFF OFF |ON OFF | K4 and K5
1 mw| 1 0 0 1 OFF OFF ON |OFF ON |K6 and K3
10 mW | 1 1 0 0 OFF ON OFF | OFF ON |K6 and K1
*All Others De-energized
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06. If the Data Output And Digital Pane! Meter
Test (in paragraph 66) indicates that the 432C will
not auto range up and/or down (and the Under-
range and Overrange Flags are correct) check
A6U4, U6, Ull and U7. Use the procedures in the
test (steps a. — e.) to set the conditions shown in
Table 12; check J/K1 and J/K3.

NOTE

If §J/Ky and J/Kg are correct and the
meter will not auto range up or down,
check for the positive Clock pulses (one
about every 500 msec) at A6U11 pins1
and 6. If the clock pulses are correct,
U11 is probably defective.

Model 432C

Table 12. Auto Range Troubleshooting

Range Condition J/Ko* J/Kq1¥*
10 uW Underrange 0 0
Overrange 0 1
100 uW Underrange 0 1
Overrange 1 1
1 mWw Underrange 1 1
Overrange 0 1
10 mW Underrange 0 1
Overrange 0 0

*Check J/Kg at UT7-10, check J/K1 at U7-12
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REAR VIEW

DATA
INPUT/QUTPUT
J6

TOP VIEW

Al M1

e g s g S R R~ 2o 3 e e i f e v e -

XAl A2 XM1A (BOTTOM)

Figure 8. Assembly and Component Locations
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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewleti-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureau of Standards to
the extent allowed by the Bureaw's calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year
from the date of delivery, or, in the case of certain major compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages.

Service contracts or customer assistance agreements are available
for Hewlett-Packard products that require maintenance and re-
pair on-site.

‘For any assistance, contact your nearest Hewlett-Packard Salés and
- Service Office. Addresses are provided at the back of this manual.

HEWLETT ;ip, PACKARD

HP Part No. 00432-90027 PRINTED IN U.S.A.




MANUAL CHANGES

MANUAL IDENTIFICATION

Model Number: 432C
Date Printed: October 1971
Part Number: 00432-90027

This supplement contains important information for correcting manual errors and for adapting the manual to
instruments containing improvements made after the printing of the manual.

To use this supplement:
Make all ERRATA corrections

Make all appropriate serial number related changes indicated in the tables below.

— Serial Prefix or Number —__ Make Manual Changes —— _ Serial Prefix or Number — Make Manual Changes —
1213A00140 1249A00301
to 00230 1 and above 1-3

1213A00231
to 00250 1,2
1249A00251
to 00300 1,2

B> NEW ITEM
ERBATA
Page 4:
Under paragraph 17, add the following:

NOTE
The EP 1251-0086 plug (Amphenol and Cinch part number 57-30500-375)
mates with data jack J6 on the rear panel.

Page 6, paragraph 30:

Change “HP 562-16C” to “HP 562A-16C”,
Page 12, paragraph 58:

In “b”, change ‘“HP 562-16C” to “HP 562A-16C".
Page 14, paragraph 62:

In procedure step ¢, change “9.99 to “99.9”,
Page 19, paragraph 67e:

Change “RANGE 2” to “REMOTE 2” and “RANGE 1” to “REMOTE 1.”
Page 20, paragraphs 67g and 67h:

Change “RANGE 2” to “REMOTE 2” and “RANGE 1” to “REMOTE 1.”
Page 21, Figure 5:

Change connector pins “11” to “24”” and “12”" to ““25.” Change “RANGE 1” to “REMOTE 1” and
“RANGE 2” to “REMOTE 2”.

Page 27, Table 9:
Change to read as follows:

42 5040-0702 INSULATOR: CONNECTOR (LIGHT GRAY)

J2 5040-0345 INSULATOR: CONNECTOR (JADE GRAY)

J3 5040-0702 INSULATOR: CONNECTOR (LIGHT GRAY)
NOTE

Manual change supplements are revised as often as necessary to keep manuals as current and accurate as possible.
Hewlett-Packard recommends that you periodically request the latest edition of this supplement. Free copies are available
from all HP offices. When requesting copies quote the manual identification information from your supplement, or the model
number and print date from the title page of the manual.

13 July 1973

HEWLETT
5 Pages

hp PACKARD -

Printed in U.S.A.
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ERRATA (cont'd)
Page 27, Table 9 (cont'd):

J3  5040-0345 INSULATOR: CONNECTOR (JADE GRAY)

J4  5040-0702 INSULATOR: CONNECTOR (LIGHT GRAY)
J4  5040-0345 INSULATOR: CONNECTOR (JADE GRAY)

MP16  1120-1543 METER CASE (LIGHT GRAY)

MP16  1120-1550 METER CASE (JADE GRAY)

B> Change MP8 part number to 00432-00112.

Page 35, Figure 10, Service Sheet 2:
Replace with attached schematic.

e gy

Page 36, Figure 11, Service Sheet 3:
Remove ground connection to T1 pin 13,

; Page 37, Figure 12, Service Sheet 4:
3 Change XM1B pins “7” to “H” and “5” to “E”.

Page 38, Figure 13:
Change integrated circuit marked “U5” to “U6” and add “U5” to unlabeled circuit under Us.

Page 39, Figure 14, Service Sheet 5:
Change color code of wire coded 914 (at XA6-P) to 4; change code of wire coded 915 (at XA6-R) to 5.

CHANGE 1
Page 26, Table 9:
Add the following:
C6 0160-3451 C: FXD CER 0.01 UF +80—20% 100 VDCW -

Page 37, Figure 12, Service Sheet 4: e
Replace with attached schematic. ’ :

CHANGE 2

Page 39, Figure 14:
Replace with attached schematic.

CHANGE 3

Page 27, Table 9:

; Delete MP16 1120-1543 METER CASE (LIGHT GRAY).
b Delete MP16  1120-1550 METER CASE (JADE GRAY).
Add MP16 1120-0268 METER CASE.

;

Lo
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GENERAL INFORMATION

1. INTRODUCTION.

2. The HP Model 8478B Coaxial Thermistor
Mount is designed for use with HP Model 431 and
432 Power Meters to measure microwave power
from 1 .puW to 10 mW. Design of the mount mini-
mizes adverse effects from environmental tempera-
ture changes during measurement. For increased
measurement accuracy, Effective Efficiency and-
Calibration Factor are measured for each mount,
and at selected frequencies across the operating
range; the results are marked on the label of the
instrument (see Paragraph 39). The Model 8478B
can be used over the 10-MHz to 18 GHz frequency
range. Throughout the range, the mount terminates
the coaxial input in a 50-ohm impedance, and has a
SWR of not more than 1.75 without external
tuning.

3. Each mount contains two series pairs of
thermistors, which are matched to cancel the
effects of drift with ambient temperature change.
Thermal stability is accomplished by mounting the
leads of all four thermistors on a common thermal
conductor to ensure a common thermal environ-
ment. This conductor is thermally insulated from
the main body of the mount so the thermal noise
or shocks applied externally to the mount, such as
those from handling the mount manually, cannot
significantly penetrate to disturb the thermistor.
This thermal immunity enables the thermistors to
be used in the measurement of microwave power
down to the microwatt region.

4. The 8478B operates directly with 431C and
432A Power Meters. Model 11527A adapter is used
for operation with 432A/B Power Meters.

5. INCOMING INSPECTION.

6. Inspect the Model 8478B upon receipt for
mechanical damage. Also check it electrically; if
the mount was subjected to severe mechanical
shock during shipment, the match between the
thermistors may be affected. To check thermistor
match, proceed as described in Paragraph 72. )

7. If any damage is found, inform the carrier and
your nearest HP Sales and Service Office immedi-
ately.

Model 8478B

OPERATION

8. PRECAUTIONS.

9., Mechanical Shock.

10. DO NOT DROP OR SUBJECT TO SEVERE
MECHANICAL SHOCK. SHOCK MAY DESTROY
THE MATCH BETWEEN THERMISTORS AND
INCREASE SUSCEPTIBILITY TO DRIFT.

11. Biasing Thermistors.
CAUTION

" Before connecting the 8478B to a 431C
or 432A Power Meter, set MOUNT 'RES
switch to 20022 BAL (431) or 2009
(432) position. When using the 8478B
with a 431A/B or 430 Power Meter, use
Model 11527A or 11528A Adapter
respectively and set MOUNT RES switch
to 2000 position. CONNECTING 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 8478B/431 and 8478B/432 combi-
nations respond to the average RF power applied.
The maximum signal applied to the thermistor
mount should not exceed the limitations for 1)
average power, 2) pulse energy, and 3) peak pulse
power. Excessive input can permanently damage
the Model 8478B by altering the match between
the RF and compensation thermistors (resulting in
excessive drift or zero shift) or cause error in indi-
cated power.

14. Average Power.

15. The 8478B/431 and 8478B/432 combinatioris
can -measure average power up to 10 mW. To mea-
sure power in excess of 10 mW, insert a calibrated
directional coupler such as one of the HP Model
790 series or one of the 8491 series coaxial attenu-

ators between the mount and the source. UNDER - -~

NO CIRCUMSTANCES APPLY MORE THAN 30
mW AVERAGE POWER TO THE MOUNT.
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Table 1. Specifications

Frequency Range: 10 MHz to 18 GHz.

-Mount Calibration: Calibration Factor and Effective
Efficiency furnished at seven frequencies across the
band. Maximum uncertainty of data:

Calibration Effective Power Meter
Factor Efficiency Range (mW)
+1.5% +9.5% 10
) 3
1
+2% 3% 0.3
+3% +4% 0.1
4% +5% 0.03
0.01
Input Impedance: 50 ohms.
1.7
i
1.6 ‘
" :
\ :
o 14 '
: N |
1.3 A l:
1.2 \ I 1
i \ MAXIMUM /! :
N L L :
0Ol .oz .05 1 2 .5 1.0 2 5 10 .

| FRéQUENCY (GHz)
SWR Limits
Maximuim Reflection Coefficient:

10 to 30 MHz: 0.273 (1.75 SWR, 11.3 dB return
loss).

SPECIFICATIONS

30 MHz to 100 MHz: 0.15 (1.35 SWR, 16.5 dB
return loss).

100 MHz to 1 GHz: 0.048 (1.1 SWR, 26.4 dB
return loss).

1 to 14.4 GHz: 0.15 (1.35 SWR, 16.5 dB return
loss).

12.4 to 18 GHz: 0.230 (1.6 SWR, 12.8 dB return
loss).
Operating Resistance: 200 ohms. Balanced.
Power Range with Model 431 or 432: 1 UW to 10 mW.
Maximum Peak Power: 200 W.

Maximum Average Power: 30 mW.

Maximum Energy per Pulse: 10 W-usec for a PRF >1
kHz; 5 W-usec for a PRF <1 kHz.

Elements: Thermally balanced thermistor assembly.
Thermisto - assembly is field adjustable so that full
zero-set capability can be restored in the event of
inadvertent overload.

RF Connector. Stainless steel type N male (APC-7 also
available - see Option 11 below).

Output Connector: Mates with power meter cable
(operates directly with 431C and 432A; for opera-
tion with 431A/B, see accessories available beiow).

Weight: Net 5 oz (140 g). Shipping 11b (450 g).
Accessories Available: 11527A Adapter, adapts 8478B
to 431A/B.

Accessories Available:
11527A Adapter, adapts 8478B to 431A/B.

11528A Adapter, adapts 8478B to 430 Series Power
Meters. .

Option 11: 8478B Thermistor Mount supplied with
APC-T RF connector.

16. Pulse Energy and Peak Power for 8478B/432
Combination.

17. For pulses shorter than 250 pus, energy per
pulse must not exceed 10 W-us and peak power
should never exceed 200 watts. (For example, a 40

mW, 250 us pulse contains 10 W-us of energy.)
Pulses longer than 250 us are allowed to contain
more energy but peak power must not exceed 200
watts. Figures 1 and 2 interpret these limits in
graphical form. (For lack of space, the mount
nameplate lists only a 5 W-us limit, a rating which
applies to the 8478B/432A combination.)
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§ 2 // —— —— 8478/431
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X3 g 8478 /432
=
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1

PULSE REPETITION FREQUENCY (kHz)

Figure 1. Maximum Power Meter Reading vs
PRF for Pulses Shorter than 250 usec

18. Pulse Energy and Peak Power for 8478B/431
Combination. .

19. The limitations of this combination are basi-
ally the same as the 8478B/432 with the excep-
cion that at pulse repetition rates less than 1 kHz,
energy per pulse must not exceed 5 W-us and peak
power must not exceed 10 mW. These limits are
also interpreted in Figures 1 and 2.

wE o] PRF >1 kHz _
[+ 0 Rt
S5 d
r o g ] * /
=2 &
Lo 54 Ly
=uw QQ\?/
=3- —— — 8478/431*
xz 1/ -~ 8478/432
==
25 50 75 100

DUTY CYCLE {%)

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

20. Square-wave modulation is a special case of
pulse modulation, and maximum power-meter
reading versus square-wave frequency is illustrated
in Figure 3. This figure also holds for sine-wave
modulation.

21. In the discussions above, the primary consider-

ation is maximum power or energy. However, for
modulation frequencies less than 100 Hz, the low
repetition frequency itself causes errors in indi-
cated power. These errors may be as large as two
percent regardless of range or reading.

Model 8478B

22. When RF is switched by pulse-gating (coaxial
solid state switches), consideration must be given
to the RF energy contained in the switching pulse
itself. This energy must be added to actual RF
pulse power when estimating the RF power dissi-
pated in the thermistor mount. PIN diode modula-
tors of HP Model 8741A/8716A Modulators and
8614A/8616A Signal Generators, however, are not
subject to this consideration because output filter-
ing prevents transmission of modulating signals.

23. DRIFT PRECAUTION.

24. Thermistors are inherently temperature-
sensitive devices. A cold thermistor mount con-
nected 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 TEMPERA-
TURE BEFORE MAKING A MEASUREMENT.

25. Unbalanced Operation with 431A/B
or 430 Power Meters.

26. If the 847EB is used with a Model 431 Power
Meter, a Model 11527A Adapter is required. If the
8478B is used with a 430 Power Meter, a Model
11528A Adapter is required. The use of an adapter
breaks the balanced circuit and an unbalanced cir-
cuit results. In this unbalanced condition, a large
amount of 10 kHz audio bias signal may be
coupled from the power meter to the RF source
output.

27. The RF source .10 kHz output impedance
forms a parallel circuit shunt across one of the
detection thermistor elements. If the RF source
presents a 10 kHz impedance of 15K ohms or
greater, the audio bias voltage appearing at the RF
input connection is typically 1.3V rms. For an RF
source 10 kHz impedance of 50 ohms, the audio

s

§~§— 10 i

gﬁ i

3 |

<Z 3 D

=

=1 —— —— 8478/431

58 i 8478/432

SE T T T B
1 2

MODULATION FREQUENCY (kHz)

Figure 3. Maximum Power Meter Reading vs
Square and Sine-Wave Frequency
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bias voltage is greatly reduced to typically 5 mV
rms. The presence of a large 10 kHz audio bias
voltage at the RF source output may affect solid
state RI' sources and RF voltmeter measurements.
To minimize or eliminate these effects, use a high-
pass filter at the RF source output.

28. A variation in 10 kHz impedance at the RF
input connection affects the power meter RF de-
tection bridge circuit. This causes a shift in the
power meter zero setfing. Refer to the-following
paragraphs for the proper power meter zero pro-
cedure when the 8478B is operated with the
11527A or 11528A Adapter.

29. ZERO-SET.

30. It is necessary to electrically zero-set the
Model 431/432 Power Meter before making a
power measurement. To preserve the same zero ref-
erence throughout the measurement, maintain the
same thermal environment when RF power is
pplied. Two recommended setups for 431 zero-
setup’ are presented in Paragraphs 31 and 35. The
recommended setup for zero-set in the 432 is
shown in Paragraph 37.

31. RF Power Turned Off For Zero-Set.

32. There is minimum zero drift when the zero is
set with the RF system connected to the thermis-
tor mount and the RF power switch off or greatly
attenuated by the generator attenuator. The
methods used to switch off RF output in HP signal
generators are listed in Table 2. After allowing time
for the mount to stabilize thoroughly, follow zero-
set procedures in the 431 or 432 Power Meter
manual and then turn on the RF source.
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33. 8478B with Model 431A/B
-and 430 Power Meters.

34. The Model 11527A or 11528A Adapter is
required when operating the 8478B with the
431A/B or 430 Power Meters respectively. When
the RF source presents a high 10 kHz output
impedance of 100K ohms or greater, the power
meter may be zeroed with the 8478B disconnected
from the RI source and unterminated as explained
in the previous paragraph. If the RF source pre-
sents a low 10 kHz impedance of 1K ohm or less, a
zero setting made with the 8478B disconnected
from the RF source and unterminated will not be
the proper zero setting for power measurement.
This error can be eliminated by terminating the
8478B in an impedance that approximates the RF
source impedance at 10 kHz while zeroing the
power meter. For example, if the RF source 10
kHz impedance is 50 ohms, terminate the RF input
connection to the 8478B with a 50 ohm resistor.

35. 8478B with Model 431C Power Meter.

36. When il is inconvenient to turn off RF power in
the RF source, connect the 8478B to the RF
source and set 431C Power Meter RANGE switch
to obtain an approximate midscale reading. When
the reading does not drift, disconnect the 8478B
from the source, zero the power meter, and
immediately reconnect the mount to the RF
source for the power measurement. :

Table 2. Methods of Switching Off RF Output of Various HP Signal Generators

HP Generator

Frequency Range

Procedure to Switch Off RF Output

Model 606 50 kHz to 65 MHz

Increase the generator output attenua-
tion 30 or more dB

Model 614/616

Model 8614A/8616A | 800 to 2400 MHz/1800 to 4500 MHz
800 to 2100 MHz/1800 to 4200 MHz

Release RF pushbutton
Set modulation selector to OFF.
Set modulation selector to OFF

Model 618/620 3.8 to 7.6 GHz/7 to 11 GHz

Model 608
Model 682/687

10 to 480 MHz/10 to 420 MHz
1to 2 GHz/12.4 to 18.0 GHz

Set MOD SELECTOR to PULSE, but
do not apply modulation signal to
modulation input terminal

Model 612 1 450 to 1230 MHz

Set MOD SELECTOR to PULSE 2, but
do not apply modulation signal to
modulation input terminal

Model 690, 8690

1 to 20 GHz
Series .

Set LINE to STANDBY
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37. 8478B/432.

38. When it is inconvenient to turn the RF power
off while using the 8478B/432 combination simply
remove the mount from the source, and using the
COARSE and FINE ZERO, zero the 432. .

39. MOUNT CALIBRATION DATA.

40. The calibration points imprinted on the label
of each 8478B allow power measurements to be
made with increased accuracy. Values of Calibra-
tion Factor and Effective Efficiency are given at
seven frequencies between 10 MHz and 18 GHz.
The mounts are tested on a swept-frequency basis
to assure accurate interpolation between calibra-
tion points. Calibration Factor and Effective Effi-
ciency values are traceable to the National Bureau

¢ Standards to the extent allowed by the Bureau’s
calibration facilities.

41. Calibration Factor.

42. Calibration Factor is the ratio of substituted
audio or dc power in a thermistor mount to the
microwave RF power incident upon the mount.

P4 Substituted

Calibration Factor = P/Jwave Tneident

*3. Calibration Factor is a figure of merit assigned
w a thermistor mount to correct for the following
sources of error: 1) RF reflected by the mount
due to mismatch, 2) RF loss caused by absorption
within the mount but not in the detection ther-
mistor elements, and 3) dc-to-microwave power
substitution error. Calibration Factor is applied as
a correction factor to all measurements made with-
out a tuner. When these factors and thermoelectric
effect (refer to Paragraph 53) are taken into con-
sideration, the power indicated is the power that
would be delivered by the RF source to the charac-
teristic impedance of the transmission line. The
total SWR in the transmission line determines a
region of uncertainty about the measured power.
This subject is discussed in Application Note 64,
available from any Hewlett-Packard Sales and
Service Office.

Model 84788

44, Effective Efficiency.

45. Effective Efficiency is the ratio of substituted
audio or dc power in a thermistor mount to the
microwave RF power dissipated within the mount.

P4 Substituted
P waveDissipated

Effective Efficiency =

46. Effective Efficiency corrects for power .
absorbed in parts of the mount other than the
detection thermistor 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 ther-
mistor mount to the transmission line or RF
source. In this case, all of the RF power incident
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; how-
ever, losses in the tuner must be considered.

47. CALIBRATION DATA APPLICATION.

48. When the 8478B is used with the Model 431
or 432 Power Meters, Calibration Factor or Effec-
tive Efficiency corrections can be made by setting
a front panel switch. With the proper setting, the
431 or 432 compensates for the Calibration Factor
or Effective Efficiency in the 8478B. If the 8478B
is used with a power meter other than the 431 or
432, Calibration Factor or Effective Efficiency cor-
rections can be made by dividing the measured
power by the Calibration Factor or Effective Effi-
ciency value respectively.

49. THERMOELECTRIC EFFECT.

50. When using 431 Power Meters, thermoelectric
errors must be taken into consideration. Mount cal-

ibration uncertainties given in Table 1 include inac--
curacies caused by thermoelectric effect error. Cali-
bration Factor uncertainty of +1.5% and Effective
Efficiency uncertainty of £2.5% can be maintained
on the three lowest power ranges of the Model 431
series Power Meters by correcting for the measure-
ment error introduced by thermoelectric effect. An
error correction procedure is given in Paragraph 53.

51. A mild thermocouple exists at each point of
contact where the connecting wires join to the
thermistor elements. Each thermocouple creates a
dc voltage. Thus, two thermocouple voltages of
opposite relative polarity are formed, one at each
junction to each thermistor element.
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H2. Ideaily, each thermocouple voltage would be
equal in magnitude so that they cancel with no

" resultant effect on the accuracy of power measure-

ment. In practice, however, each point of contact
does not have identical thermocouple character-
istics, and in addition, the temperatures at each
junction may not be-the same. These differences
cause an incomplete cancellation of the thermo-
electric voltages, resulting in a voltage that causes a
thermoelectric effect error. The magnitude of the
error is important when making dec substitution
measurements on the 0.1 mW, 0.03 mW, and 0.01
mW ranges with one of the Model 431 series Power
Meters. On other ranges, the effect is negligible.
Maximum error introduced by thermoelectric
effect is about 0.3 uW and is typically 0.1 uW on
the 0.01 mW range.

b3. Thermoelectric Effect Error Correction
for 8478B/431 Combination.

54. Use the following technique to correct for
thermoelectric effect error.

a. Measure power.

b. Connect a HP Model 8402B Power Meter
Calibrator to the power meter DC CALIBRATION
- AND SUBSTITUTION connector. :

¢. Zero and null power meter.

d. By dc substitution (refer to procedure in
431 Manual), duplicate power measurement made
i_n step a. Calculate and record substituted power as

e. Reverse connection polarity between the
calibrator and power meter.

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

g. By dc substitution, duplicate lower mea-
surement made in step a. Calculate and record sub-
stituted power as Py. :

) h’. Calculate arithmetic mean of the two sub-
stitution powers Py and P9. This mean power

includes a correction for thermoelectric effect
error, ,

Pl + P2
Power =g
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55. Thermoelectric Error for 8478B/432
Combination.

56. The thermoelectric errors present in the 431
are minimized in the 432 since the thermoelectric
voltage is negligible compared with the dc voltage
used to bias the thermistor bridges.

OPERATING PRINCIPLES

57. GENERAL OPERATION.

58. Two matched pairs of thermistor elements are
used in the 8478B. Each pair is connected in series
and the two pairs are mounted in a common
thermal conducting block. The thermistor pairs are
used in the bridges of the power meter. One pair,
the detection thermistors, is used as an arm of the
RF detection bridge. The other pair, the compensa-
tion thermistors, is used as an arm of the compen-
sation and metering bridge. The RF detection
bridge balance is affected by RF power input to
the 8478B, and the bridge is balanced by the appli-
cation of 10 kHz audio bias.power. The compensa-
tion and metering bridge is indirectly, but equally
affected, by the application of RF power. Devia-
tion from a near-balance condition is caused by an
equal change in the 10 kHz audio bias power to the
compensation thermistor pair, as initiated by the
RF detection bridge. The compensation and meter-
ing -bridge is returned to near-balance by the
application of dc power.

59. With the 8478B attached to the 432 Power
Meter the detection thermistors are part of the RF
bridge and the compensation thermistors are part
of the compensation bridge. Since the two pairs of
thermistors show the same thermal environment,
any change in temperature which affects the RF
bridge simultaneously affects the metering bridge;
this allows the power meier circuit to compensate
for changes in temperature and thus minimize
drift.

60. During 8478B/431 operation, sufficient
amounts of dc and 10 kHz bias currents are sup-
plied from the 431 Power Meter to heat the therm-
istors until their resistances are reduced to approxi-
mately 2009 per series pair. Capacitor C3 offers
high impedance to 10 kHz, but is practically a
short to RF. This causes “D” to appear series con-
nected to 10 kHz, but parallel connected to RF. In
this manner, “D” appears to the audio bridge of
the 431 Power Meter as a 200 resistance, but
terminates the coaxial cable in 50§2. Capacitor C1
blocks any dc and audio power that may be
present in the incoming signal, and passes only RF
power. :
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61. During operation sufficient amounts of dc
current are supplied from 432 Power Meter to heat
the thermistors until their resistances are reduced
to approximately 2008 per series pair. Capacitor
C1 is practically a short to RF. This causes “D” to
appear series connected to the dc bridge, parallel
connected to RF. In this manner, “D” appears to
the dc bridge in the 432 Power Meter as a 2009
resistance that terminates the coaxial cable into
508 . Capacitor C1 blocks any de and audio power

‘that may be present in the incoming signal and -

passes only RF power.

62. 431 Power Meter Detector

63. Under normal operation, the total power sup-
plied to heat thermistor pair “D” (see Figure 4)
consists of: 1) RF signal, 2) 10 kHz bias, and 3)
heat from the environment. The total power sup-
plied to heat thermistor pair “C” consists of: 1) dc
bias, 2) an equal amount of 10 kHz bias, and 3)
heat from the same environment. As “D” and “C”
are matched thermally, the total amounts of heat
applied to reduce their series resistance equally
must be equal.

RF Shield
T
} |
10 kHz +DC ]
, Van st |
| NN ,
| COMPENSATION ~Cd |
| THERMISTORS |
L1 P
1 L Co¥ |
RF 37 c2 R1350-
INPUT  C1 3/ 0 1500 pF|  [1650 p
N DETECTION | .
4 " THERMISTORSI
() : c6 |
s ] 1350- |
-+ =t — 1t — 1650 pF |
C3
' T 1500 pF ~
| y “ |
] - 10kHz +DC |
L_Common Thermal Environment Block ]

Figure 4. 8478B Connected to a
431C Power Meter

64. 432 Power Detection.

65. Under normal operation, the total power
applied to heat thermistor pair “D” (see Figure 5)
consists of: 1) RF signal, 2) heat from the
environment, and 3) dc bias. The total power sup-
plied to heat thermistor “C” consists of: 1) dc

Model 8478B

<i)EBias

RF Shield
r————— — = —— = == = 1
| - |
| DC Bias !

CIN - TN s

WA PAA |
} AR !
| COMPENSATION 4 ]
| L THERMI STORS I
il ===

I N x c5* !

RF T’TCZ A 1350-

INPUT  C1 NSCHON 1500 pF|  |1650 pF /{7 S

£ |

] THERMISTORsr
c6
! = 1350-

-+ —— 1650 0F | |
c3 ‘

1500 pF
T P 2 |
i

|
|
LCommon Thermal Environment Block

Figure 5. 8478B Connected to a
432A Power Meter

bias, and 2) heat from the same environment. As
“D” and “C” are matched thermally, the total
amounts c:i heat applied to reduce their series
resistance equally must be equal.

MAINTENANCE

66. MECHANICAL SHOCK.

67. The Model 8478B is a precision instrument.
Avoid dropping or other mechanical shocks. Such
shocks can destroy the resistive match between
thermistor elements, or otherwise degrade perform-

ance.

68. Test equipment and accessories required to
perform maintenance are listed in Table 3. Equip-
ment other than recommended models can be used
provided the critical specifications are satisfied.

NOTE

The following procedures are set down for
the 8478B/431 combination. The same
procedures can be used for the 432 except
for the ZERO/VERNIER control. These
controls on the 431 are replaced by the
COARSE ZERO and FINE ZERO control
on the 432.
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Table 3. Recommended Test Equipment
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Recommended

Instrument i o
Type Critical Specifications . HP Model
Sweep Oscillator Accuracy: *+1% full scale for all RF Units 8690A,
Leveling Capabilities , 8694A,
Frequency Range: 8 GHz to 18 GHz 8695A
SWR Meter Sensitivity: 0.15 uV for full scale deflection 415E
Accuracy: +0.05 dB/10 dB step
Range: 70 dB in 10 dB steps
Directional Freqhency Range: 8.0 to 12.4 GHz 789C
Detector Maximum SWR: 1.25:1
Directional Frequency Range: 12.4 to 18 GHz 10 dB Coupler P752C
Coupler SWR: <1.05:1
Carriage Accepts HP 816A Slotted Line 809C
Slotted Line Frequency Range: 8 to 18 GHz 816A
Impedance: 50 ohms +0.2 ohms
SWR: <1.06:1, 8 to 18 GHz
Probe Frequency Range: 8 to 18 GHz 4478
Passband Filter Passband Frequency: 12.4 to 18 GHz P362A
Crystal Detector Frequency Range: 12.4 to 18 GHz P424A
Waveguide to Frequency Range: 12.4 to 18 GHz P281B
Coax Adapter Connector - Type N
Power Meter Power Range: 10 mW 432A
Accuracy: *1% of full scale
Digital Voltmeter Input Impedance: 10 Megohm 3440A/3443A
Resolution: 4 significant digits
Accuracy: £0.05%
Power Supply Output Voltage: 29 Vde 6217A
Cables 1. Coax-Type N connectors 11500A
2. BNC-BNC - male connectors 10502A
Battery Voltage +2.0 to 3.1 Vdec See Paragraph 72

Resistor

2.2K ohm 5%

0698-4262
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69. PERFORMANCE TESTS.

70. SWR Measurement, 8 GHz.

SPECIFICATION: SWR at 8 GHz = <1.35:1

DESCRIPTION: SWR measurement using standard SWR measurement techniques.

-~

SWEEP OSCILLATOR with RF UNIT SWR METER
’ <\ ® POWER METER
QR Q@ QI 9 T.
—
@ e @ e Q © o RS
o e NEanA @ BEBE o
oacd 2 B N L
sNC [
CABLE
PROBE
BT - THERMISTGR
i L1 - MOUNT
DIRECTIONAL -
DETECTOR ’ /J"m ;o
, SLOTTED _-~d
@ LINE CARRIAGE
Figure 6. SWR Measurement Test, 8 GHz
PROCEDURE:

a. Connect the test equipment as shown in Figure 6. Make sure all connections are secured tightly.
b. Set the instrument controls as follows:

HP 8690B/8692A

SWEEP SELECTOR . . . . . « « v v v vt vt e e e e e e e e . . CW
FUNCTION . . . . v o v v e e e e e e e e e e e e e e e e e START/STOP
ALC . . e e e e e e e el e e e e e e e e e e e e e . . IN
AMPLITUDE MOD e e e e e e e e e e e e e e e e e e e e e INT SQ WAVE
START/CW e e e e e e e e e e e e e e e e e e e e . . . .8GHz
POWERLEVEL . . . . . . . . . o« o o o e ol Ad]ust to maximum with

: the UNLEVELED light off

HP 415E
INPUT . . . e e e e e e e e e e e e .+ << ... .XTALIMPED -HIGH
RANGE- DB/EXPAND s e e e e e e e e e e e e ... ... . < . . . B0/NORM
GAIN/VERNIER . . . . . . & v v v v v v v v« e v v v v« v o« . .Centered
- 432A

MOUNTRESISTANCE . . . . . . . . « « v v v « « v v « v v« . . . 200o0hms

RANGE . . . . . & o v e e e e e e e e e e e e e e e e e e e s 10V

&0
£iA

gi-!
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PERFORMANCE TESTS (cont'd)

c. Adjust the HP 8690B Sweep Oscillator INT SQ WAVE FREQ for a maximum reading on the HP
415E SWR meter.

d. Adjust the HP 447B Probe penetration for a half scale reading on the SWR meter.
e. Move the HP 809C Carriage adjustment for a maximum reading on the SWR meter.

f.  Use the 415E GAIN /VERNIER controls to set the SWR meter reading to 1.0 SWR on the 415E
meter.

g. Move the 415E RANGE-DB/EXPAND switch to 0. Adjust the GAIN/VERNIER controls for a 1.0
SWR reading.

h. Move the 809C carriage adjustment for a minimum SWR reading on the 415E. The SWR at 8 GHz
should be less than 1.35:1.
HP415E (8 GHz) ______ <1.35:1

i.  Repeat steps a through h to determine the SWR at 12.4 GHz. The SWR at 12.4 GHz should be less
than 1.35:1.

HP 415E (12.4 GHz) <1.35:1.
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PERFORMANCE TESTS (cont'd)

71. SWR Measurement, 15 and 18 GHz.

SPECIFICATION: SWR af 15 and 18 GHz = 1.6:1 maximum.

DESCRIPTION: SWR measurement using standard SWR measurement techniques.

SWR METER
i (] POWER METER
ﬂﬂ’x\ N i
| [—r—] 5
le e ! "’E‘} -
‘ J @®3 _' e ii
CRYSTAL
. DETECTOR '
?WEEP OSCILLATOR with RF UN;IT \ PROBE.
| p—— ] £= THERMISTOR
a 3 a_ p R fi’ T MOUNT
AR T =
. e s (3 B ba
cer WREE §EEEE - ® | | m 7= L .
23 2 2 f 3 0O ===, T L 1,
' Dlggﬁ;l&gm ‘\(CPHON 13 CARRIAGE \
FILTER WAVEGUIDE TO SLOTTED LINE
COAX ADAPTERS ’
Figure 7. SWR Measurement, 15 and 18 GHz

PROCEDURE:

a. Replace the RF unit, filter and directional detector in the 12 GHz test setup with the instruments
shown in Figure 8.

b. Repeat steps a through h to determine the SWR at 15 GHz. The SWR at 15 GHz should be 1.6:1
" maximum.

HP 415E (15 GHz) 1.6:1 maximum

c. Move the 8690B START/CW control to 18 GHz. Repeat steps a through h to determine the SWR
at 18 GHz. The SWR should be 1.6:1 maximum.

HP 415E (18 GHz) 1.6:1 maximum.
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PERFORMANCE TESTS (cont'd)

72. Thermistor Resistive Match Test.

SPECIFICATION: Thermistor match #0.5 ohm.
DESCRIPTION: The voltage drop across each thermistor is measured to check thermistor match.

»

+29V
22008 '
+ S J2
5% CONNECTOR ™=
POVWER AT REAR Ux
4 OF 2 06 a
SUPPLY THERMISTOR ol\ o5
POINT MOUNT
- 20v TO-L- A
W
T o
34404734434 Poing
DIGITAL
YOLTHETER
ov ]

[l —

Figure 8. Thermistor Resistive Match Test

-EQUIPMENT REQUIRED:

POWER SUPPLY . . . . . . . . . . . .00 0. . . .HP6217A Power Supply

DIGITAL VOLTMETER . . . . . . . . . « . .« « .. HP 3440A/3443A Dlg‘ltal Voltmeter

SATTERY . . C e e e e e e e e e e e e e e e e e e . . . See Note

RESISTOR (2.2K +5%) e e e e e e e e e e e e e e e e e e HP 0698-4262
NOTE

The small battery connected in series with the DVM is in opposition to the power supply. The
value of this reverse voltage should be selected to provide voltmeter resolution of 0.001 volt.
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PERFORMANCE TESTS (cont’d)

72. Thermistor Resistive Match Test (cont’d).
a. Connect the equipment as shown in Figure 8. Set instrument controls as follows:

T21A !

METER RANGE . . . o o v o o i i e s s s o . . ... ... .. 8VDC
VOLTAGE ADJUST . . . o o e e e e e s e e e s s s s ... 29VDC
3440A/3443A

RANGE . . o o o e ... ... ... .AuTO

b. Connect point A to pin 3 of the thermistor mount jack and point B to pin 4 of the thermistor
mount jack. ’ .

c. Record the DVM Reading. 3440A /34434

d. Connect point A to pin 1 of the thermistor mount jack and point B to pin 2 of the thermisto.
mount jack.

e. Record the DVM Reading.
3440A/3443A

: f. Thermistor match (£0.5Q) is satisfactory if the two readings do not differ by more than 0.03 volt.
Difference ——__ <0.03 volt
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73, TROUBLESHOOTING.

74, kxceeding the CW or pulse power limits of the

Model 8478B Thermistor Mount may result in
damnge such that the mount will no longer zero on
the power meter.

75, Pefore adjusting the mount in any way, make

sure that the mount is the cause of the problem.

An open or short indication, using the performance
test or the check in Paragraph 78, means that the
mount is not repairable by the procedure outlined
in the following paragraphs. However, the mount
may be non-operative, but still repairable. Test for
this by using the thermistor resistive match test
procedure, or by connecting the mount to a power
meter and cable which are known to be good. A
faulty cable will not have continuity through the
respective  connector pins, 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 power meter) when the cable is
_-ntly flexed near the connector end.

76. To troubleshoot a damaged mount, proceed as
follows:

a. Connect mount to Model 431C.

b. - Set:
MOUNTRES . . ... .. 20092 BAL
RANGE . . .. .. .. ... 10 mW
POWER . . . .. ... ... ... ON

¢. Rotate ZERO frofn one limit to the other.

77. 1f meter remains pegged upscale, the
thermistor elements have been damaged. However,
it may be possible to recompensate the thermistors
per Paragraphs 81 and 83 and return the mount to
operition; otherwise they must be replaced. In
either case, the Effective Efficiency and
Calibration Factor data on the nameplate are no
longer valid (refer to Paragraph 84).

“8. H meter remains pegged downscale, measure
resiszance between pins 1 and 2, and pins 3 and 4.
The resistance should measure between 1000 and
5000 ohms. An open or shorted reading indicates
the need for replacement of the thermistors.

WARNING

Under no conditions should the mount be
required to carry a current higher than 14
mA.

"™ 79. THERMISTOR COMPENSATION.

80. If the resistance reading is satisfactory, it may
be possihle to recompensate the mount, and return
't to service, The drift with temperature changes
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will be higher because of the damage to the ther-
mistors, but it will be possible to zero the meter
and to make accurate measurements. The Effective
Efficiency and Calibration Factor imprinted on the
label will- no longer be valid (refer to Paragraph
84). There are two adjusting screws which permit
recompensation within limits.

YELLOW

WHITE

RED -

/
FERRITE BLACK
BEADS

Figure 9. Printed Circuit Board

81. Refer to Figure 10, and proceed as follows:

a. Remove the three screws (A).

b. Slide terminal shield away from
instrument.
c. Plug connector 12 into Model 431C.
d. Set:
MOUNTRES . . ... .. 2002 BAL
POWER . . . .. ... .. .. ..ON

82. If meter is pegged downscale:
a. Set RANGE to 10 mW.
b. Set ZERO and VERNIER to mid-range.

c. Turn screws (B) clockwise, 1/8 turn
alternately.

CAUTION

If there is a sudden jump in meter indica-
tion when advancing either screw, back
off 1/8 turn, and do not advance that
screw further. Check resistance as in Para-
graph 78. If either screw bottoms, do not
apply force. Thermistor replacement is

- indicated. '

d. When meter pointer rises, trim to zero
with each adjusting screw. -

e. Replace terminal shield and three screws
(A). The instrument is now operative.
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e,
SCREW (3)

2-56 X 3/16 ASSEMBLY
0520-0024

COMMON
THERMAL
ENVIRONMENT
BLOCK

ELECTROFORMED
BELLOWS

COMPENSATING XM

ADJUSTMENT FERRITE
SCREWS BEADS
0-80 X 3/16
; FACTORY
0570 - Ol22 SELECTED
‘CAPACITORS
C5 & C6

SCREW
4-40 X 1/8
2200-000!

RECEPTACLE
CONNECTOR
1251-0153

Model 84788

PRINTED

CIRCUIT

BOARD
08478-2002

TERMINAL
SHIELD
478A-18

e

L OCKING
RING
1250-0016

KNURLED NUT/

1251-1281

Figure 10. Thermistor Mount Assembly

83. If meter is pegged upscale:
a. Set meter pointer to mid-range.

b. Set RANGE to highest position which will
not peg the meter. If meter pegs on all ranges, set
RANGE to 10 mW.

c. Turn one of the screws (B) counter-
clockwise to obtain a meter reading half that
observed in step b.

d. Turn the other screw (B) counter-
clockwise to zero the meter. If it is impossible to
zero the meter, replace the thermistors.

_ e. Replace cover and three screws (A). The
Instrument is now operative.

NOTE

The three screws must be tight (use lock
washers) for proper operation with 432A.
If these screws are not tight noisy opera-
tion will occur.

84. FACTORY REPAIR AND RECALIBRATION.

85. If repair or recalibration of the mount is#”
desired, the instrument may be returned to the %
factory for repair and recalibration, or for recali--

bration only. Arrangements can be made with any - .
Hewlett-Packard Sales and Service Office. -




UNITED STATES

ALABAMA
P.0. Box 4207
2003 Byrd Spring Road S.W.
Huntsville 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

3009 North Scottsdale Road
Scottsdale 85251

Tel: (602) 945-7601

TWX: 910-950-1282

5737 East Broadway
Tucson 85716

Tel: (602) 298-2313
TWX: 910-952-1162

CALIFORNIA

1430 East Orangethorpe Ave.
Fullerton 92631

Tel: (714) 870-1000

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

TWX: 910-439-2170

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 810-373-1280

2220 Watt Ave.

Sacramento 95825
Tel: (916) 482-1463
TWX: 910-367-2092

1055 Shafter Street
San Dlego 92105

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

COLORADO

7965 East Prentice
Englewood 80110
Tet: (303) 771-3455
TWX: 910-935-0705

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

P.0. Box 24210

2806 W. Oakland Park Blvd.
Ft. lauderdale 33307

Tel: (305) 731-2020

TWX: 510-955-4099

P.0. Box 20007

Herndon Station 32814
621 Commonweaith Avenue
Orlando

Tel: {305) 841-3970

TWX: 810-850-0113

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

St. Petershurg

Tel: (813) 391-0211
TWX: 810-863-0356

. GEORGIA

P.0. Box 28234

450 Interstate North
Atlanta 30328

Tel: {404) 436-6181
TWX: 810-766-4890

ILLINOIS

5500 Howard Street
Skokie 60076

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

INDIANA

3833 Meadows Drive
Indianapolls 46205
Tel: (317) 546-4891
TWX: 810-341-3263

SALES & SERVICE OFFICES

LOUISIANA

P.0. Box 856

1942 Williams Boulevard
Xeaner 70062

Tel: (S04) 721-6201
TWX: 810-955-5524

MARYLAND

6707 Whitestone Road
Baltimore 21207

Tel: {301) 944-5400.
TWX: 710-862-0850

P.0. Box 1648

2 Choke Chetry Road
Rackville 20850
Tel: (301) 248-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173
Tei: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

24315 Northwestern Highway
Southfield 48075

Tel: (313) 353-8100

TWX: 810-224-4882

MINNESOTA

2459 Universlity Avenue
St. Paul 55114

Tel; {612) 645-9461
TWX: 910-563-3734

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TV/X: 810-771-2087

2812 South Brentwood Bivd.
St. Louis 63144

Tel: {314) 952-5000

T¥WX: 910-760-1670

NEW JERSEY

W. 120 Century Road
Paramus 07652

Tel: {201) 265-5000
TWX: 710-990-4951

1060 N. Kings Highway
Cherry Hill 08034

Tel: (609) 667-4000
TWX: 710-892-4945

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuquerque 87108

Tel: {505) 265-3713

TWX: 910-989-1665

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

NEW YORK

1702 Central Avenue
Albany 12205

Tel: {518) 8639-8462
TWX: 710-441-8270

1219 Campville Road
Endicott 13760

Tei: (607} 754-0050
TWX: 510-252-0890

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

39 Saginaw Drive
Rochester 14623
Tel: (716) 473-9500
TWX: 510-253-5981

1025 Northern Boulevard
Roslyn, Long Island 11576
Tel: (518) 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 5188

1923 North Main Street
Righ Paint 27262

Tel: (919) 885-8101
T¥IX: 510-926-1516

OHIO

25575 Center Ridge Road
Cleveland 44145

Tel: {216) 835-0300
TWX: 810-427-9129

3460 South Dixie Orive
Dayton 45439

Tel: (513) 298-0351
TWX: 810-459-1925

1120 Morse Road
Columbus 43229
Tel: {614) 845-1300

OKLAHOMA

2919 United Founders Boulevard
Okfahoma City 73112

Tel: (405) 848-2801

TWX: 910-830-6862

OREGON

Westhills Mall, Suite 158
4475 S.W. Scholis Fetry Road
Portiand 97225

Tel: (503) 292-917%

TWX: 910-464-6103

PENNSYLVANIA

2500 Moss Side Boulevard
Monroeville 15146

Tel: (412) 271-0724

TWX: 710-797-3650

1021 8th Avenue

King of Prussia industrial Park
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (401} 434-5535
TWX: 710-321-7573

TEXAS

P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723

P.0. Box 22813
6300 Westpark Drive
Suite 100

Houston 77027

Tel: (713) 781-6000
TWX: 910-881-2645

231 Billy Mitchel Road
San Antonio 78226
Tel: (512) 434-4171
TV/X: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801} 487-0715
TWX: 910-925-5581

YERMONT

P.0. Box 2287

Kennedy Orive

South Burlinglon 05401
Tel: (802) 658-4455
TWX: 710-658-3712

VIRGINIA

P.0. Box 6514
2111 Spencer Road
Richmond 23230
Tel: {703) 282-5351
TWX: 710-956-0157

WASHINGTON
433-108th M.E.
Believue 98004

Tel: {205) 454-3371
TWX: 910-443-2303
*WEST VIRGINIA
Charleston

Tel: (304) 768-1232

FOR U.S. AREAS NOT
LISTED:

Contact the regionai office near-
est you: Atlanta, Gesrga...
Neorth Hollywood, Cafifornia. ..
Paramus, New Jersey . . . Skokie,
iliinots. Their complele ad-
dresses are listed above.

“Service Only

CANADA

ALBERTA

Hewlett-Packard (Canada) Lid.
11745 Jasper Ave.

Edmonton

Tel: (403) 482-5561

TWX: 610-831-2431

BRITISH COLUMBIA

rewlett-Packard (Canada) Lid.

1037 West Broadway
Vancouver 12

Tel: (604) 731-5301
TWX: 610-922-5059

MANITOBA

Hewlett-Packard (Canada) Lid.

511 Bradford Ct.
$t. James

Tel: (204) 786-7581
TWX: 610-671-3531

NOYA SCOTIA

Hewlett-Packard (Canada) Ltd.

2745 Dutch Viilage Rd.
Suite 203

Halifax

Tel: (502} 455-0511
TWX: §10-271-4482

ONTARIO

Hewlelt-Packard (Canada) Lid.
880 Lady Ellen Place

Ottawa 3

Tel: {613) 722-4223

T¥IX: 610-562-1952

Hewlett-Packard (Canada) Ltd.
50 Galaxy Blvd.

Rexdale

Tel: (416) 677-9611

TWX: €10492-4246

QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Hymus Boufevard

Pointe Claire

Tel: (514) 657-4232

TWX: 610-422-3022

Telex: 01-20507

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Painte Claire, at

the complete address lisled
above.

ARGENTINA CHILE ECUADOR JAMAICA PANAMA URUGUAY

Hewlett-Packard Argentina Héctor Calcagni y Cia, Ltda. Laboratorios de Radio-lngenieria General Engineering Services, Electsénlca Baiboa, S.A. Pablo Ferrando S.A.

S.AC.e.l Bustos, 1932-3er Piso Calie Guayaquil 1246 Ld. P.0. Box 4929 Comercial e Industrial

Lavalle 1171 - 3°

Buenos Aires

Tel: 35-0436, 35-0627, 35-0431
Telex: 012-1009

Cable: HEWPACKARG

BRAZIL

Hewlett-Packard Do Brasil
l.e.C Lida.

Rua Coronel: Oscar Porte, 691
Sao Paule - 8, SP

Tel: 288-7111

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
l.e.C. Ltda.

Avenida Franklin Roosevelt 84-
grupo 203

Rie de Janeiro, ZC-39, GB

Tel: 232-9733

Cable: HEWPACK Rio de Janeiro

Casilla 13942

Santiago

Tel: 4-2396

Cable: Caicagni Santiago

COLOMBIA

Instrumentacion

Henrik A. Langebaek & Kier
Lida.

Carrera 7 No. 48-59

Apartado Aereo 6287

Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46

Cable: AARIS Bogota

Teiex: 044-400

COSTA RICA

Lic. AHredo Gallegos Gurdidn
Apartado 3243

San José

Tel: 21-86-13

Cable: GALGUR San José

Post Office Box 3199
Quito

Tel: 12496

Cable: HORVATH Quito

EL SALVADOR

Electrénica

Apartade Postal 1589

27 Avenida Norte 1133

San Saivador

Tel: 25-74-50

Cable: ELECTRONICA
San Salvador

GUATEMALA

Olander Associates Latin America

Apartado Postal 1226

Ruta 4, 6-53, Zona 4
Guatemala City

Tel: 63958

Cable: QLALA Guatemala City

27 Duarobin Ave.
Kingsten

Tel: 42657
Cable: GENSERV

MEXICO

Hewlett-Packard Mexicana, S.A.

de C.V.

Moras 439

Col. del Yaile
Mexico 12, D.F.
Tek: 5-75-46-49

NICARAGUA

Roberto Terdn G.
Apartado Postal 689
Edificio Ter&n

Managua

Tel: 3451, 3452

Cable: ROTERAN Managua

Ave. Manuel Espinosa No. 13-50
Bldz. Alina

Panama City

Tei: 30833

Cable: ELECTRON Panama City

PERU

Fernando Ezeta B.

Avenida Petit Thouars 4719
Miraflores

Casilla 3061

Lima

Tel: 45-2335

Cable: FEPERU Lima

PUERTO RICC

San Juan Electrosics, Inc.
P.0. Box 5167

Pance de teon 154

Pda. 3-Pta. de Tiefra

$an juan 00906

Tei: (809) 725-3342

Cabie: SATRONICS San juan
Telex: SATRON 3450 332

Avenida ttalia 2877
Casilla de Correo 370
Montevides

Tel: 40-3102

Cable: RADIUM Montevideo

VENEZUELA
Hewfett-Packard De Venezuela
CaA

Apartado 50933

Caracas

Tel: 71.88.05, 71.88.69, 71.99.30
Cable: HEW/IPACK Caracas

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard
INTERCONTINENTAL

3200 Hiliview Ave.

Palo Alto, California 94304

Tel: {415) 326-7000

TWX: 910-373-1267

Cable: HEWPACK Palo Alto

Telex: 034-8461

£ 4:70




EUROPE

AUSTRIA

Unllabor GmbH

- Wlssenschaftiiche instruments
Rummelhardtgasse 6/3

£.0. Box 33

Visnna A-1095

Tel: (222) 42 61 81, 43 13 94
Cable: LABORINSTRUMENT

Yienna
Telex: 75 762

BELGIUM

Hewlett-Packard Benelux S.A.
348 Boulevard du Souverain
Brussals 1160

Tel: 72 22 40

Cable: PALOBEN Brussels
Telex: 23 494

DENMARK (May 70)
Hewlett-Packard A/S
Datavej 38

OK-3460 Birkeroed
Tel: {01) 81 66 40
Cable: HEWPACK AS
Telex: 66 40

EASTERN EUROPE

Hewlett-Packard S.A. Genf,

Korrespondenz Biiro Fir Ost-
Europa

(Czechosiovakia, Rungary,
Poland, DOR, Rumanla,
Buigaria)

Innstrasse 23

Postfach

A-1204 Vienna, Austria

Tel: (222) 33 66 06

Cable: HEWPACK Vienna

FINLAND
Hewlett-Packard Oy
+ulevardi 26

r.0. Box 12185
Helsinki 12

Tel: 13-730

FRARCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6

91 Orsay

Tel: 920 88 01

Cable: HEWPACK Drsay
Telex: 60048

Hewlett-Packard France
4 Quai des Etroits

69 Lyon Seme

Tel: 42 63 45

Cable: HEWPACK Lyon
Telex: 31617

GERMANY

Hewlett-Packard Vertriebs-GmbH
Lietzenburgerstrasse 30

1 Berlin 30

Tel: (0811) 211 60 16

Telex: 18 34 05

Hewlett-Packard Vertriebs-GmbH
Herrenbergerstrasse 110

703 Biklingen, Wirltemberg
Tei: 07031-6671

Cabte: HEPAG Bablingen

Telex: 72 65 739

Hewlett-Packard Yertriebs-GmbK
Achenbachstrasse 15

4 Dlsseldorf 1

Tel: 68 52 58/59

Telex: 85 85 533

Hewleit-Packard Vertriebs-GmbH
Berliner Strasse 117

& Mieder-Eschbach/Frankfurt 58
Tel: (0611) 50 10 64

Cable: HEWPACKSA Frankfurt
Telex: 41 32 49

Hewiett-Packard Vertriebs-GmbH
Beim Strohhause 26

2 Kamburg 1

Tel: 24 05 51/52

Cable: HEWPACKSA Hamburg

Hewlett-Packard Vertriebs-GmbH
Reginfriedstrasse 13

8 Minchen 9

Tel:0811 69 59 71/75

Cable: HEWPACKSA Minchen
Telex: 52 49 85

GREECE

Kostas Karayannls

18, Ermov Street

Athens 126

Tel: 230301,3.5

Cable: RAKAR Athens
Telex: 21 59 62 RKAR GR

IRELAND
Hewlett-Packard Ltd,
224 Bath Road

Stough, Bucks, England
Tel: Slough 753-33341
Cable: HEWPIE Slough
Telex: 84413

ITALY

Hewlett-Packard Itallana S.p.A.
Via Amerigo Yespucci 2

20124 Ailano

Tel: 8251 (10 fines)

Cable: HEWPACKIT Milan
Telex: 32046

Hewlett-Packard Italiana S.p.A.
Palazzo Nalia

Piarza Marconi 25

00144 Rome - Eur

Tel: 591 2544

Cabie: HEWPACKIT Rome
Telex: 61514

NETHERLANDS
Hewlett-Packard Beneiux, N.Y.
Weerdestein 117

P.0. Box 7825

Amsterdam, Z 11

Tel: 020-42 7777

Cable: PALOBEN Amsterdam
Telex: 13 216

NORWAY
Hewlett-Packard Norge A/S
Box 149

Nesveien 13

N-1344 Haslum

Tel: 53 83 60

Cable: HEWPACK Oslo
Telex: 6621

PORTUGAL

Telectra

Empresa Tecnica de
Equipamentos

Electricos, S.a.r.l.

Rua Rodrigo da Fonseca 103

P.0. Box 2531

Lisbon 1

Tel: 68 60 72

Cable: TELECTRA Lisbon

Telex: 1598

SPAIN

Ataio Ingenieros SA
Ganduxer 76

Barcelona s

Tel: 211-44-66

Cable: TELEATAI0 BARCELONA

Atalo Ingenieros SA
Enrique Larreta 12
Madeld, 16

Tel: 215 35 43

- Cable: TELEATAIQ Madsld

Telex: 2749E

SWEDEN

Hewlett-Packard (Sverige) AB
Hagakersgatan 9C

$ 431 04 Méindal &

Tel: 031 - 27 €8 00

Hewlett-Packard (Sverige) AB

Svetsarvigen ]

S171 20 Solna 1

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockhoim

Telex: 10721

SWITZERLAND

Hewlett Packard (Schweiz) AG
Zurcherstrasse 20

8952 Schlieren

urlch

Tel: (051) 93 18 21/24
Cable: HEWPACKAG Zurich
Telex: 53833

Hewlett Packard (Schweiz) A.G.

Rue du Bois-du-lan 7

1217 Meyrin 2 Geneva
Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva
Telex: 2 24 86

TURKEY

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

Tel: 49 40 40

Czble: TELEMATION Istanbul

UNITED KINGDOM
Hewlett-Packard Lid.
224 Balh Read
Slough, Bucks

Tel: Slough 33341
Cable: HEWPIE Slough
Telex: 84413

Hewlett-Packard Ltd.
The Graitons
Stamford New Road
Altrincham, Cheshire
Tel: 061 258-8626

USSR

Piease Contact

Hewlett-Packard S.A.

Rue du Bais-du-lan 7

1217 Meyrin 2 Geneva

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva
Switzerland

Telex: 2.24.86

YUGOSLAVIA

Belram S.A.

83 avenue des Mimosas
Brussels 15, Belgium

Tel: 34 3332, 34 26 19
Cable: BELRAMEL Brussels
Telex: 21790

FOR AREAS NOT LISTED,

CONTACT:

Hewlett-Packard S.A.

Rue du Bois-du-ian 7

1217 Meyrin 2 Geneva
Switzerland

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva

Cable: HEWPACKOY-Helsinki Telex: 2153 32 Telex: 2.24.85
Telex: 121563
o
AFRICA, ASIA, AUSTRALIA
ANGOLA CYPRUS Bjue Star, Ltd. Yokogawa-Hewlett-Packard Ltd. PAKISTAN (WEST) TANZANIA
Telectra Empresa Técnica Kypronics 96 Park Lane Ohashi Building Mushko & Company, Lid. R. L Tilbury Lid.
de Equipamentos Eléctricos  13-190 Hommer Avenue Secunderabad 3, India 59 Yoyogi 1-chrome Oosman Chambers P.0. Box 2754
SAR P.0. Box 752 Tel: 7 63 91 Shibuya-ku, Yokyo Victorla Road Suite 517/518
Rua de Barbosa Rodrigues Ricosia Cable: BLUEFROST Tel: 370-2281/7 Karachl 3 Hotel Ambassadeur
42-1°

Box 6487
Luanda
Cable: TELECTRA Luanda

AUSTRALIA

Hewlett-Packard Australia
Pty. Ltd.

22:26 Weir Street

&len Irls, 3146

Yictoria

Tel: 20.1371 (6 lines)

Cable: REWPARD Melbourne

Telex: 31024

Hewlett-Packard Australia
Pty. Ltd.

61 Alexander Street

Crows Nest 2065

New South Wales

Tel: 43.7866

Cable: HEWPARD Sydney

Telex: 21561

Hewlett-Packard Australia
ty. Lid.

87 Churchill Road
“rospect 5082
auth Australia
el: 65.2366
Cable: HEWPARD Adelaide

Hewlett Packard Australia
Ply. Ltd.

2nd Floor, Suite 13
Casablanca Buildings
196 Adelaide Terrace
Perth, W.A. 6000

Tel: 21-3330

Kewlett-Packard Australia
. Ltd,

10 Wootley Street

P.0. Box 191

Bickson A.C.T. 2602

.Tel: 49-8194

Cable: HEWPARD Canberra ACT

CEYLON

Unlted Eleclrlcals Ltd.
P.0. Box 6

Yahata Bulldmg

Staples Street

Colombo 2

Tel: 5496

Cable: HOTPOINT Colombo

Tel: 6282-75628
Cable: HE-I-NAMI

ETHIOPIA

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

mxs Abzba

Tel:

cable» ASACO Addisababa

HONG KONG

Schmidt & Co {Hong Kong) Ltd.
P.0. Box 2!

1511, an:es Building

10, Chater Road

Hong Kong

Tel: 240168, 232735

Cable: SCRMIDTCO Hong Kong

INDIA

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd.
Bombay 20BR, India
Tel: 29 50 21

Telex: 2396

Cable: BLUEFROST

Blue Star Ltd.

Band Box House
Prabhadevi

Bombay 2500, India
Tel: 45 73 01

Telex: 2336

Cable: BLUESTAR

Blue Star Ltd.
14740 Civil Lines

Cable: BLUESTAR

Blue Star, Ltd.

7 Hare Street
P.O. Box 506
Calcutta 1, India
Tel: 23-0131
Telex: 655
Cable: BLUESTAR
Blue Star Ltd.
Blue Star House,
34 Ring Road
Lajpat Nagar
Kew Delhi 24, India
Tel: 62 32 76
Telex: 463
Cable: BLUESTAR

dlue Star, Lid.

23/24 Second Lline Beach
Madras 1, India

Tel: 2.39 55

Telex: 379

Cable: BLUESTAR

Biue Star, Ltd.

1B Kaiser Bungalow
Dindli Road
Jamshedpur, India
Tel: 38 04

Cable: BLUESTAR

INDONESIA

Bah Bolon Trading Coy. N.V.
Djalah Merdeka 29
Bandung

Tel: 4915 51560

Cable: ILMY

Telex: 809

IRAN

Telecom, Ltd.

P.0. Box 1812

240 Kh. Saba Shomali
Teheran

Tel: 43850, 48111
Cable: BASCOM Teherar

ISRAEL

Electronics & Engineering
Div. of Motarola Israel Ltd.

17 Aminadav Street

Tel-Aviy

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex: Bastel Tv 033-569

JAPAN
Yokogawa-Hawlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: 23-1641

Yokogawa-Hewlett-Packard Ltd.
1to Building

No. 59, Kotori-cho
Nakamura ku, Nagoya City
Tel: 551-0215

Telex: 232-2024YHP
Cable: YHPMARKET TOK 23-724

KENYA

R. ). Tilbury Ltd.

P. 0. Box 2754

Suite 517/518

Hotel Ambassadeur
Nairobl

Tel: 25670, 68206, 58196
Cable: ARJAYTEE Nairobi

KOREA

American Trading Co., Korea, Ltd.

P.0. Box 1103

Dae Kyung Bldg.

107 Sejong Ro

Chongro Ku

Seoul

Tel: 75-5841 (4 lines)
Cable: AMTRACO Seoul

LEBANON

Constantin E. Macridis
Clemenceau Street

P.0. Box 7213

Befrut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECCMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A. N. Goncalves, 1DA.
4.1 Apt. 14 Av. D. tuis
P.0. Box 107
Lourenco Marques
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
32-34 Kent Terrace

P.0. Box 9443

Wellington, N.Z.

Tel: 56-559

Cable: HEWPACK Wellington

PAKISTAN (EAST)
Mushko & Company, Lid.
Zirat Chambers

31, Sinnzh Avenue

Dacca

Tel: 280058

Cable: NEWDEAUL Dacca

Tel: 511027, 512927
Cable: COOPERATOR Karachi

PHILIPPINES
Electromex fnc.

Makati Commercial Center
2129 Pasong Tamo
Makati, Rizat D 708

P.0. Box 1028

Manila

Tel: 89-85-01

Cable: ELEMEX Manita

SINGAPORE

Mechanical and Combustion
Engineering Company Ltd.

8, Jalan Kilang

Singapore, 3

Tel: 642361-3

Cable: MECOMB Singapore

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd.

Breecastle House

Bree Street

Cape Town

Tel: 3-6019, 3-6545

Cable: HEWPACK Cape Town

Telex: 5-0006

Hewlett Packard South Africa
{Pty.), Ltd.

P.0. Box 31716

30 De Beer Street

Braamfonteln, Johannesburg

Tel: 724-4172 724-3195

Telex: 0226 IH -

Cable: REWPACK Johannesburg

TAIWAN REP. OF CHINA
Hwa Sheng Electronic Co., Lid.
P. 0. Box 1558
Room 464
Chia Hsin Building
No. 96 Chung Shan
North Road, Sec. 2
Talgel
Tel: 555211 Ext. 532-539
545936, 546076, 548661 -
Cable: YICTRONIX Taipei

Hairobi
Tel: 25670, 26803, 68205, 58195
Cable: ARJAYTEE Nairobi

THAILAND

The International
Engineering Co., Ltd.

P. 0. Box 39

614 Sukhumvit Road

Bangkok

Tel: 810722 (7 lines)

Cable: GYSOM

TLX INTENCO BK-226 Bangkok

UGANDA

R. 1. Tilbury Lid.

P.0. Box 2754

Suite 517/518

Hotel Ambassadeur

Mairabi

Tel: 25670, 26803, 68206, 58196
Cable: ARJAYTEE Nairobi

VIETNAM

Pemnsulzr Tradmg Inc.
P.0. Box

216 Hien- Vuon(

Saigen

Tel: 20.805

Cable: PENINSULA Saigon

ZAMBIA

R. ). Tilbury (Zambia) Lid.
P.0. Box 2792

Lusaka

Zambia, Centrai Africa

FOR AREAS NOY LISTED,

CONTACT:

Hewlett-Packard
INTERCORTINENTAL

3200 Hillview Ave.

Palo Alto, California 94304

Tel: (415) 326-7000

TWX: 810-373-1267

Cable: HEWPACK Palo Allo

Telex: 034-8461
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CERTIFICATION

The Hewlett-Packard Company certifies that this instrument was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureaw of Standards to
the extent allowed by the Bureaw’s calibration facility.

WARRANTY AND ASSISTANCE

All Hewlett-Packard products are warranted against defects in
materials and workmanship. This warranty applies for one year
from the date of delivery, or, in the case of certain major compo-
nents listed in the operating manual, for the specified period. We
will repair or replace products which prove to be defective during
the warranty period provided they are returned to Hewlett-
Packard. No other warranty is expressed or implied. We are not
liable for consequential damages.

Service contracts or customer assistance agreements are available
for Hewlett-Packard products that require maintenance and re-
pair on-site.

For any assistance, contact your nearest Hewlett-Packard Sales and
Service Office. Addresses are provided at the back of this manual.




