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CERTI FICATIO N
Hewlett-Packard Compa ny certifies that this product met its published specifications
at the time of shipment from the factory . Hewlett-Packard further certifies that its
calibration measurements are traceable to the United States National Bureau of
Standards, to the exten t allowed by the Bureau's calibration facility, and to the
calibration facili ties of other International Standards Organization members .

WARRANTY
This Hewlett-Packard instrument product is warranted against defects in material
and workmanship for α period ofone year from date ofshipment . During the warranty
period, Hewlett-Packard Companywill, at its option, either repair orreplace products
which prove to be defective .

For warranty service or repair, this product must be returned to α service facility
designated by HP. Buyer shall prepay shipping charges to HP and HP shall pay
shipping charges to return the product to Buyer . However, Buyer shall pay all ship-
ping charges, duties, and taxes for products returned to HP from another country.

HP warrants that its software and firmware designated by HP for use with an
instrument will execute its programming instructions when properly installed on that
instrument . HP does not warrant that the operat ion ofthe instrument, or software, or
firmware will be uninterrupted or error free .

L I M ITATIO N OF WARRANTY
The foregoing warranty shall not apply to defects resulting from improper or inade-
quate maintenance by Buyer, Buyer-supplied software or interfacing, unauthorized
modificat ion or misuse, operation outside of the environmental specifications for the
product, or improper site preparation or maintenance .

NO OTHER WARRANTY IS EXPRESSED OR IMPLIED. HP SPECIFICALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNE SS FOR Α PARTICULAR PURPOSE.

EXCLUSIVE REMEDI ES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE
REMEDIES. HP S HALL NOT BE LIABLE FOR ANY DIRE CT, INDIRECT, SPE-
CIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER BASED
ON CONTRACT, TORT, OR ANY OTHER LEGAL THEORY.

ASSISTANCE
Product maintenance agreements and other customer assistance agreements are
available for Hewlett-Packard products .

For any assista nce, contact your nearest Hewlett-Packard Sales and Service Office .
Addresses are provided at the back of this ma nual.
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Safety Considerations

GENERAL

	

while protective covers are removed. Energy avail-
This product and related documentation must be

	

able at many points may, if contacted, result in
reviewed for familiarization with safety markings

	

personal injury.
and instructions before operation .

Capacitors inside the instrument may still be
This product is α Safety Class Ι instrument (pro-

	

charged evenif the instrument has been discon-
vided with α protective earth terminal) .

	

nected from its source of supply.

BEFORE APPLYING POWER
Verify that the product is set to match the avail-
able line voltage and the correct fuse is installed.

SAFETY EARTH GROUND
An uninterruptible safety earth ground must be
provided from the main power source to the pro-
duct input wiring terminals, power cord, or sup-
plied power cord set.

WARN INGS

SAFETY CONSIDERATIO NS

For continued protection against fire hazard, re-
place the line fuse(s) only with 250V fuse(s) ofthe
same current ratingand type (for example, normal
blow,time delay, etc.) . Donot userepaired fuses or
short circuited fuseholders.

SAFETY SYMBOLS

Ι Instruction manual symbol: the product
will be marked with this symbol when it is
necessary for the user to refer to the in-
struction manual (see Table ofContents for
page references) .

Any interruption of the protective (grounding)
conductor (inside or outside the instrument) or

	

Indicates hazardous voltages .
disconnecting the protective earth terminal will
cause α potential shock hazard thatcould result in

	

-L

	

Indicates earth (ground) terminal .
personal inj ury. (Grounding one conductor of α
two conductor outlet is not sufficient protection).

	

WARNING

	

The WARNING sign denotes α
In addition, verify that α common ground exists

	

hazard. It calls attention to α
between the unit under test and this instrument

	

procedure, practice, or the like,
prior to energizing either unit .

	

which, ifnotcorrectly performed
or adhered to, could result in per-

Whenever it is likely that the protection has been

	

sonal injury. Do not proceed be-
impaired, the instrument must be made inoperative

	

yondαWARNING sign until the
andbe secured againstanyunintended operation.

	

indicated conditions are fully
understood and met.

If this instrument is to be energized via an auto-
transformer (for voltage reduction) make sure the

	

The CAUTION sign denotes α
common terminal is connected to neutral (that is,

	

CAUTION

	

hazard. It calls attention to an
the grounded side of the mains supply).

	

operating procedure, practice, or
the like, which, if not correctly

Servicing instructions are for use by service-

	

performed or adhered to, could
trained personnel only. To avoid dangerous elec-

	

result in damage to or destruc-
tric shock, do not perform any servicing unless

	

tion ofpart or all of the product.
qualified to do so .

	

Do not proceed beyond α CAU-
TION sign until the indicated

Adjustments described in the manual are per-

	

conditions are fully understood
formed with power supplied to the instrument

	

andmet.
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ALIGNMENT TOO L
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General Information

SECTION Ι
GENERAL INFORMATION

1-1 .

	

INTRODUCTION

	

Aninstrumentmanufacturedafter the printing of
This manual provides information pertaining to

	

thismanualmay have α serial number prefix that
the installation, operation, testing, adjustment

	

is not listed on the title page. This unlisted serial
and maintenance of the HP Model 435Β Power

	

prefix indicates that the instrument is different
Meter .

	

from those documentedin this manual. Theman-
ual for this newer instrument is supplied with α
yellow Manual Changes supplement that con-

Figure 1-1 showsthePower Meterwith accessories

	

tains "change information" explaining how to
supplied .

	

adapt the manual to the newer instrument.

An operating manual is shipped with the instru-

	

In addition to change information, the supple-
ment. This is simply α copy of the first three sec-

	

ment may contain information for correcting er-
tions ofthis manual. Theoperatingmanual should

	

rors in themanual. To keepthis manual as current
be kept with the instrument for use by the opera-

	

andaccurate as possible, Hewlett-Packard recom-
tor. Additional copies of the operating manual

	

mends that you periodically request the latest
may be ordered separately through your nearest

	

Manual Changes supplement. Thesupplement for
Hewlett-Packard office. The part number is listed

	

this manual is keyed to the manual's print date
on the title page of this manual.

	

andpart number, both ofwhichappearon the title
page. Complimentary copies of the supplement

On the title pageofthismanual, below themanual

	

are available from Hewlett-Packard .
part number, is α "Microfiche" part number. This
number may be used to order 100 χ 150 mm (4χ6-

	

Forinformation concerning α serial number prefix
inch) microfilm transparencies ofthe manaul. The

	

not listed on the title page or in the Manual
microfiche package also includes the latest Man-

	

Changes supplement, contact your nearest
υαl Changes supplement as well as all pertinent

	

Hewlett-Packard office .
Service Notes .

Instrument specifications are listed in Table 1-1.

	

1-3.

	

DESCRIPTION
These specifications are the performance stand-

	

ThePower Meter and α compatible power sensor
ards or limits against which the instrument may

	

are interconnected with the power sensor cable to
be tested .

	

form α power measurement system. The system
power level range, frequency response, and load

1-2. I NSTRUMENTS COVERED BY MANUAL

	

impedance are dependent on the power sensor .

Options 001, 002, 003 and 004 of the Power Meter
are documented in this manual. The differences

	

Accuracy of the power measurement system is
are noted in the appropriate location such as

	

ensured by the following Power Meter character-
OPTIONS in Section Ι , the Replaceable Parts List,

	

istίcs :
and the schematic diagrams .

	

α ,

	

Aninternal automatic zeroing circuit which
removes error dueto theambienttemperatureout

This instrument has αtwo-part serial number. The

	

putof the power sensor's power sensing device.
first four digits and the letter comprise the serial
number prefix . The last five digits form the se-

	

b.

	

Α calibration factor adjustment which ac-
quentίal suffix that is unique to each instrument.

	

counts for error due to the frequency response of
The contents of this manual apply directly to in-

	

the power sensing device.
struments having the same serial number pre-
iιχ(es) as listed underSERIAL NUMBERS on the

	

ε.

	

An internal calibration reference which has
title page.

	

an output of 1 mW ± 0.7%ο (50Ω) .
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Frequency Range:

	

Response Time:
100 kHz to 26.5 GHz (depending on power sensor	(0 to 99%ο ofreading, five timeconstants .)
used) .

	

Range 1 (most sensitiv e) <10.0 seconds.
Range 2

	

<3.8 seconds.
Power Range :

	

Range 3

	

<1.3 seconds.
(Meter calibrated in watts and dBm.)

	

Ranges 4-10

	

<500 milliseconds.
With 8481 Β or 8482θ sensors: 44 dB with 9 full scale

	

Typical, measured at recorder output.)
ranges of 5, 10, 15, 20, 25, 30, 35, 40 and 45 dBm
(1 mWto 25W). Cal Factor:

With 8481 Η or 8482Η sensors: 45 dBwith 9 full scale

	

16-position switch normalizes meter readingto
ranges of -5, 0, 5, 10, 15, 20, 25, 30 and 35 dBm

	

account for calibration factor or effective effi-
(30 μW to 3W).

	

ciency.
With 8481 A. 8482Α, 8483Α or 8485Α sensors : 50 dB with

	

Range 85%ο to 100%ο in 1%ο steps.
10 full scale ranges of -25, -20, -15, -10, -5, 0, 5,
10, 15 and 20 dBm (3 μWto 100 mW) .

	

Cal Adjustment :
With 8484Α se nsor: 50 dB with 10 full scale ranges of

	

Frontpanel adjustment provides capability to
-65, -60, -55, -50,-45, -40, -35, -30,-25 and

	

adjust gain ofmeter to match power sensor in
-20 dBm (300 pW to 10 μW).

	

use.

Accuracy:
Inst rumentation:' ±1%ο of full scale on all ranges.
Zero : Automatic, operated by front-panel switch.
Ze ro Set : ±0.5%ο of full scale on most sensitive
range, typical.

Zero Carryover : ±0.5%ο of full scale when zeroed on
the most sensitive range.

Noise (typical, at constant temperature, peak
change over any one-minute interval) : 20 pW
(8484Α) ; 40 nW(8481Α, 8482Α, 8483Α, 8485Α) ;
4 μW(8481Η, 8482Η) ; 40 μW(84818, 84828) .

Drif t (1 hour, typical), at constant temperature
after 24-hour warm-up) ; 40 pW(8484Α) ; 15 nW
(8481Α, 8482Α, 8483Α, 8485Α) ; 1.5 μW(8481Η,
8482Η) ; 15 μW (84818, 84828) .

Power Reference: Internal 50 MHz oscillatorw ith
TypeΝ Female connector on front panel (or
rearpanel, Option 003 only) .

Power output: 1 .00 mW.
Factory set to ±0.7%ο traceable to theNational
Bureau of Standards.
Accuracy: ±1.2%ο worst case (±0.9% ras) for
oneyear (0 to 55°C).

Table 1-1 . Specif ications

SPE CI FICATIONS

Recorder Output:
Proportional to indicated power with 1 volt cor-
responding to full scale; 1 kΩ output impedance;
BNC connector.

RF Bla nk ing Outpu t :
Provides α contact closure to ground when auto-
zeromode is engaged.

Power Consumption:
100, 120, 220, or 240V +5%ο, -10%ο.
100 and 120 volts, 48 to 66 Hz and 360-440 Hz.
220 and 240 volts, 48 to 66 Hz .
20 V -Αmaximum.

Weight:
N et, 2.7 kg (5.9 lbs).

Dlmenilons:
155 mm high (6-3/32 inches).
130 mm wide (5-1/8 inches).
279 mm deep (11 inches).

'Includes senso r non-linearity.

	

Add +2, -4%ο ontoptwo rangeswhen usingthe8481Ά, 8482Α , 8483Αand 848δΑ powersensors; add ±4.0% on the
top tworanges whenusingthe8481B and 84828 power sensors; add ±5 .0%ο on thetoptwo rangeswhen usingthe8481H and 8482Ηpower sensors.
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1-4.

	

OPTIONS

	

1-9 .

	

EQU IPMENT AVAILABLE

1-5.

	

Battery

	

The HPModel 11683Α Range Calibrator is recom-

TheModel 435Β , Opt ion 001 Power Meter is sup-

	

mended for performance testing, adjusting and

plied with α rechargeable battery that provides up

	

troubleshooting the Power Meter . The Power

to 16 hours continuous operation from α full

	

Meter's range-to-range accuracy and auto-zero

charge .

	

operation can easily be verified with the calibra-
tor. It also has the capability of supplying α full

If the Power Meter was purchased without the

	

scale test signal for each range.

battery option, i t may be ordered in kit form under
HP part number 00435-60012 . The kit includes the

	

An extender board (HP part number 5060-0630)

battery, the battery clamp, α 6-32 χ 1/2-inch pan

	

may be used to place the Α4 assembly printed

headmachine screw and installation instructions .

	

circuit board in α position that allows easy access
to test points and components .

1-6 .

	

Input-Output Options

O ption 002. Α rear p anel input connector i s
connected in parallel with the front panel input
connector .

Option 003 . Α rear panel input connector is con-
nected in paralle l with the front panel input con-
nector . Α rear panel POWER REF OUTPUT con-
nector replaces the standard front panel con-
nector .

Option 004 . The 1 .5 metre (5 ft.) power sensor cable
is not shipped with the Power Meter .

1-7. ACCESSORI ES SUPPLI ED
The accesso ries supplied with thePowerMeter are
shown in Figure 1-1 .

	

1-10 . RECOMMENDED TEST EQU IPMENT

α . The 1.5 metre (5-foot) power sensor cable,
HP part number 11730Α , is used to couple the
power sensor to the Power Meter. The 1.5 metre
cable is omitted when Option 004 is ordered .

b .

	

Theline power cablemay be supplied in sev-
eral configurations . Refer to the paragraph en-
tit led Power Cables in Section II .

1-8 . EQU IPMENT REQU IRED BUT NOT
SUPPLIE D.

To form α complete RF power measurement sys-
tem, α power sensor , such as the HP Mode l 8481Α ,
must be connected to the Power Meter via the
power sensor cable .

The following table lists the power sensor cable
accessories and their lengths that are available
for use with the Power Meter . Order option 004 if
the standard 1 .5 metre cable is not desired with α
cable accessory .

Power Sensor Cab le Accessory Cable Length

3.1m (10 ft)
6 .1m (20 ft)
15.2m (50 ft)
30.5m (100 ft)
61.Om (200 ft)

The test equipment shown in Table 1-2 is recom-
mended for use during performance testing, adjust-
ments and troubleshooting . To ensure optimum
performance of the Power Meter, the specifica-
t ions of α substitute instrument must equal or
exceed the critica l specifications shown in the
table .

1-11 . SAFETY CONSIDERATIONS

The Power Meter is α Safety Class Ι instrument
(provided with α protective earth terminal) . This
instrument has been designed according to inter-
national safety standards and has been supplied
in safe condition .
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Instrument Type

Digita l Voltmeter

Frequency
Counter

Oscilloscope

Power Meter

Power Sensor

Range Calibrator

Thermistor
Mount

Table 1-2. Recommended Test Eq uipment

Cr itical Sp eci f icat i ons

Function: DC, Resistance
Ranges:
Resistance: 200 Ω
Vdc: 100 mV, 1000 mV, 1OV, 100V

10 Μ 11 inputimpedance
5 1/2 digit resolution
Accuracy: ±0.05%ο of reading

±0.028%ο of range

Frequency Range: 200 Hz - 50 MHz
Sensitivity : 100 mVrms
Accuracy: 0.01%ο

Bandwidth: do to 50 MHz
Vertical sensitiv ity: 0.2 V/division
Horizontal sensitivity: 1 ms/division

Range: capability to measure 1 mW
TransferAccuracy (input to output) : ±0.2%ο

*Ρ = Performance Tests ; Α=Adjustments ; Τ = Troub leshooting.
** Traceable to NBS.

Suggeste d
Mod el

HP-3455A

Use*

Ρ, Α, Τ

HP 5314Α

	

Ι

	

Α

HP 1740Α

	

Ι

	

Ρ, Α, Τ

HP 432Α

	

Ι

	

Ρ, Α

Range: capability to measure 1 mW

	

HP 8481Α/Η or

	

Ρ, Α
HP 8482Α/Η

HP 11683Α

SWR: 1.05 at 50 MHz

	

Ι HP 478A-H75

	

P, A
Accuracy:** ±0.5%ο at 50 MHz
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2-1 .

	

INTRODUCTION

	

100mWto 3 μW(+20 to-25 dBm) and 10 μW to 0.3 nW
This section includes information on the initial

	

(-20 to -65 dBm). Each scale listed indicates the
inspection, preparation for use, and storage and

	

maximum and minimum full scalemeter readings .
shipment instructions for the Power Meter .

2-2 .

	

IN ITIAL INS PECTION

WARN I N G

To a void hazardous electrical shock, do
not perform electrical tests when there
are signs ofshipping damage to any por -
t ion of the outer enclosure (covers and
panels) .

Inspect the shipping container for damage. If the
shipping container or cushioning material is dam-
aged, it should be kept until the contents of the
shipment have been checked for completeness and
the instrument has been checked mechanically
and electrically . The contents of the shipment
should be as shown in Figure 1-1 . Procedures for
checking electrical performance are given in Sec-
tion IV. If the contents are incomplete, if there is
mechanical damage or defect, or if the instrument
does not pass the electrical performance tests, no-
tify the nearest Hewlett-Packard office. If the
shipping container is damaged, or the cushioning
material shows signs of stress, notify the carrier
as well as the Hewlett-Packard office. Keep the
shipping materials for the carrier's inspection .

2-3 .

	

PREPARATION FOR U SE
2-4 .

	

Meter Zeroing
With the LINE switch set to OFF, the meter ρο_nt-
er should be positioned directly over zero . Ifneces-
sary, insert α screwdriver into the mechanical
Meter Zero control (beneath the meter) and align
the pointer with zero. Back the adjustment off
slightly . The backlash in the control ensures
against α meter indication error caused by j arring
the instrument.

2-5 .

	

Range Switch Scale Selection

SECTION ΙΙ
INSTALLATIO N

To select the correct RANGE switch knob assem-
bly scale (see Figure 2-1) :

α.

	

Unscrew the outer (black) knob by turning i t
counterclockwise. Then, remove the outer knob.

b .

	

Remove the two scale rings .

c .

	

Determine which of the 3 scales is to be used.

d . Place the other scale ring on the knob
assembly .

e .

	

Place the selected ring on the knob assembly
with the selected scale out .

£

	

Line up the tabs of the scale rings with the
slot in the knob assembly.

g . Hold the scale rings in place with your
fingers . Thread the outer knob onto the knob
assembly . Lightly tighten the knob.

SCA LE BAS E

The RANGE switch has three scales on 2 remov-
able rings which correspond to the measurement
capabilities of compatible power sensors . The
range scales are 3W to 0.3 mW (+35 to -5 dBm),

	

Figure 2-1 . Changing Range Switch Scale
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2-6.

	

Power Requirements
The Power Meter requires α power source with an
output of 100, 120, 220, or 240 Vac +5%ο , -10%ο sin-
gle phase, 100 and 120 volts, 48 to 66 Hz and 360
to 440 Hz, 220 and 240 volts, 48 to 66 Hz. Power
consumption is 20 V -Α maximum.

2-2

WARN ING

If this instrument is to be energized via
an external autotransformer, make sure
the autotransformer common terminal
is connected to the earth terminal of the
power source .

2-7.

	

L ine Voltage Selection

BEFORE SWITCHING ON THIS IN-
STRUMENT, make sure the instrument
is set to the voltage of the power source.

Fuses m ay be ordered under HP part numbers
2110-0234, 0.1Α (250V slow blow) for 100/120 Vac
operation and 2110-0040 0.062Α (250V slow blow)
for 220/240 Vac operat ion.

2-8.

	

Power Cable

CAUTION

Figure 2-2 provides instructions for line voltage
and fuse selection . The line voltage selection card
and proper fuse are factory installed for 120 Vac
operation.

Operating voltage is shown
in modu le window.

SELECTIONOF OPERATING VOLTAG E
1 . Open cover door, pull the FUSE PULL lever and rotate to

left . Remove the fuse .
2 . Remove the Line V oltage Selection Card . Position the car d

so the line voltage appears at top-left cover . Push the car d
firmly into the slot .

3 . Rotate the Fu se Pull lever to its normal position . Insert α
fuse of the correct value in the h older . Close the cover
door.

To avoid the possibility of hazardous electri-
cal shock, do not operate this instrument at
line voltages greater than 126.5 Vac with line
frequencies greater than 66 Hz (leakage cur-
rents at these line settings may exceed
3.5 mA).

Figure 2-2. L ine Voltage Selection

2-9 . Interconnections
In accordance with international safety stan-

	

The Power Meter and α power sensor are integral
dards, this instrument is equipped with α three-

	

parts of this measurement system. Before mea-
wire power cable . When connected to an appropri-

	

surements can be performed, thePower Meter and
ate ac power receptacle, this cable grounds the

	

sensor must be connected together with the power
instrument cabinet. The type of power cable plug

	

sensor cable . (The cable is supplied with the Power
shipped with each instrument depends on the

	

Meter.)
country of destination. Refer to Figure 2-3 for the
part numbers of the power cable plugs available .	Th e power sensor cable couples the do supply and

WARN ING

	

sampling gate drive from the Power Meter to the
power sensor and the 220 Hz ac output s ignal from

BEFORE SWITCHING ON THIS IN-

	

the power sensor to the Power Meter .
STRUMENT, the protective earth ter-
minals of this instrument must be con-

	

CAUTION

nected to the protective conductor of the
(Mains) power cord. The Mains plug

	

The maximum voltage which may be
shall only be inserted in α socket outlet

	

safely coupled to the Power Meter input
provided with α protective earth con-

	

from thepower sensor is 18 mVrms.
tact. The protective action must not be
negated by the use of an extension cord

	

2-10 " Operating Environment
(power cable) without α p rotective con-

	

The operating environment should be within the
ductor (grounding) .

	

following limitations :
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220/240V
OPER ATION

PLUG*: SEV 1011 .1959-24507
ΤΥΡΕ 12
CABLE* : HP 8120-2104

220/240V
ct\

	

'

PLUG*: C EE 7-VII
CABLE * : HP 8120-1689

2-12. Rack Mounti ng

220/240V
O PER ATION

PLUG*: NZSS 198/AS C112
CABLE * : HP 8120-1369

PLUG* : C EE22-V l
CABLE * : HP 8120-1860

Instruments that are narrower than full rack-
width may be rack-mounted using Hewlett-
Packard adapter frames or combining cases.

Adaptor Frames. Hewlett-Packard accessory
adaptor frames are an economical means of rack
mounting instruments that are narrower than full
rack-width . Α set of spacer clamps, supplied with
each adaptor frame, permits instruments of dif-
ferent dimensions to be combined and rackmount-
ed as α unit . Accessory blank panels are available
for filling unused spaces .

100/120V
O PERATION

PLU G* : ΝΕΜΑ 5-15Ρ
CA BLE* : 8 120-1378

220/240V
OPER ATION

*The number shown for the plug is the industry identifier for the plug only .
The number shown for the cable is an HP part number for α complete cable including the plug .

Figure 2-3 . Power Cable HP Par t Numbers Versus M ains Plugs Available

Battery Installation .

WARN INGS

PLUG*: ΝΕΜΑ 6-15Ρ
CABLE * : HP 8120-0698

220/240V
OPERATIO N

220/240V
OPERATION

PLU G* : BS 1363Α
CABLE: HP 8120-1351

Operating Environment (cont'd)

	

bench or for mounting in α rack of standard 19-
Temperature . . . . . . . . . . . . . .

.
. . .

. . .
. . . . .0 to 55°C

	

inch spacing. Each case includes α set of parti-
Humidity . . . . . . . . . . . . . . . . .<95% relative at 40°C

	

tions for positioning and retaining instruments
Altitude . . . . . . . . . . . . . . . <4570 metres (15 000 feet)

	

and α rack mounting kit . No tools are required for
installing the parti t ions . For bench use the cases

2-11 . Bench Operation

	

have the same convenient features as full rack-

The instrument cabinet has plastic feet and α fold-

	

width instruments, (i.e ., fold-away tilt stands and

away til t stand for convenience in bench opera-

	

specially designed feet for easier instrument stack-

tion . (The plastic feet are shaped to ensure self-

	

ing). Accessories available for the combining

aligning of the instruments when stacked.) The

	

cases include blank filler panels and snap-on full

tilt stand raises the front of the instrument for	wi dth control panel covers.

easier viewing of the control panel .

	

2-13. Battery Operation
To operate the PowerMeter on battery power, the
battery must be installed and charged, the line
power cable must be disconnected, and the LINE
switch must be ON.

This task should be performed only by
service trained persons who are aware
of thepotential shock hazard of working
on an instrument with protective covers
removed .

Combining Cases. Model 1051Α and 1052Α Com-

	

To avoid hazardous electrical shock, the
bining Cases are metal enclosures that allow

	

line (Mains) power cable should be dis-
combinations of one-third and one-half rack-width

	

connected before attempting to install
instruments to be assembled for use on α work-

	

the battery .

2-3
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Battery O peration (Cont'd)

	

d.

	

Place the battery clamp over the battery and
secure it . The two prongs fit into slots on the rear

WARN I N GS

	

(Cont'd)

	

panel and the 6-32 χ 1/2-inch pan head machine
screw holds the forward end ofthe clamp in place .

2-4

Do not short the battery terminals . This
may result in o verheating which can
cause burns or increase risk of fire .

Do not incinerate o r mutilate the bat-
tery. It might burst or release toxic
materials causing personal injury .

The battery is installed in the Power Meter as
follows (see Figure 2-4) :

α .

	

Remove the top cover.

b. Hold the battery above the Power Meter,
parallel to printed circuit board Α4 . The battery
terminal lugs must face the circuit board .

c .

	

Loosen the lugs . Move the battery down into
place and guide the lugs into the slots on the cir-
cuit board . The battery should now rest on the
aluminum deck .

e.

	

Tighten the battery terminal lugs by hand.

Figure 2-5 shows the Power Meter with battery
installed .

Battery Charging . The battery is being charged if
the battery has been installed, the line power cable
is connected to the available line power, and the
LINE switch is ON. In the fully charged condition,
(24-hour charge time), the battery will supply
power for α minimum of 16 hours .

2-14. STORAGE A N D SH I PMENT
2-15. Environment
The instrument should be stored in α clean, dry
environment. The following environmental lim-
itations apply to both storage and shipment :
Temperature . . . . . . . . . . . . . . . . . . . . . . -55 to +75°C
Humidity . . . . . . . . . . . . . . . . . <95%ο re lative at 40°C
Altitude . . . . . . . . . . . . . <15 300 metres (50 000 feet)

Figure 2-4 . Batte ry Installation

	

Figure 2-5 . Power Meter with Batte ry Installed
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2-16. Packaging

	

α.

	

Wrap the instrument in heavy paper or plas-
tic. (If shipping to αHewlett-Packard office or ser

Tagging for Service. If the instrument is being	vice center, attach α tag indicating the type of
returned to Hewlett-Packard for service, please

	

service required, return address, model number
complete one of the blue repair tags located at the

	

and full serial number.)
end ofthismanualand attach it to the instrument.	b .

	

Use α strong shipping container. Α double-
Original Packaging. Containers and materials

	

wall carton made of 2.4 ΜΡα (350 pound) test
identical to those used in factory packaging are

	

material is adequate.
available through Hewlett-Packard offices. If the

	

c.

	

Use α layer of shock-absorbingmaterial 70
instrument is being returned to Hewlett-Packard	to100mm (3 to 4 inches) thick around all sides of
for servicing, attach α tag indicating the type of

	

the instrument to provide firm cushioning and
service required, return address, model number

	

prevent movement inside the container. Protect
and full serial number. Also mark the container

	

the control panel with cardboard .
FRAGILE to ensure carefulhandling. In any cor-
respondence refer to the instrument by model

	

d.

	

Seal the shipping container securely .
number and full serial number.

	

e.

	

Mark the shipping container FRAGILE to
Other Packaging. The following general instruc-

	

ensure careful handling.

tions should be used for re-packaging with com-

	

f.

	

In any correspondence, refer to the instru-
mercially available materials:

	

ment by model number and full serial number.
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3-1 . INTRODUCTION
This sect ion provides complete operating instruc-
tions forthePowerMeter. Theinstructions consist
of. panel features, operator's checks, operating
instructions, power measurement accuracy and
operator's maintenance .

3-2.

	

PANEL FEATURES
Front and rear panel features of the Power Meter
are describedin Figures 3-1 and 3-2. These figures
contain αdetaileddescription ofthe controls, indi-
cators and connectors .

3-3. OPERATOR'S CHECKS

SECTION III
OPERATION

match losses, mismatch uncertainty, instrumen-
tation uncertainty and calibration uncertainty.
Measurement errors as high as 50%ο are not only
possible, they are highly likely unless the error
sources are understood and, as much as possible,
eliminated.

3-6.

	

Sources of Error and Measurement
Uncertainty

RF Losses. Some of the RF power that enters the
power sensor is not dissipated in the power sens-
ing elements . This RF loss is causedby dissipation
in the walls of waveguide power sensors, in the
center conductor of coaxial power sensors, in the
dielectric of capacitors, connections within the
sensor and radiation losses.NOTE

Ifthe instrument does not operateprop-

	

Mismatch . The result of mismatched impedances
erly and is being returned to Hewlett-

	

between the device under test and the power sen-
Packardfor service, please complete one

	

sor is that some of the power fed to the sensor is
of the blue repair tags located at the end

	

reflected before it is dissipated in the load. Mis-
of this manual and attach it to the

	

matches affect the measurement in two ways.
instrument.

	

First, the initial reflection is α simple loss and is
called mismatch loss. Second, the power reflected

Upon receipt of the instrument, or to check the

	

from the sensor mismatch travels back up the
PowerMeter for an indication ofnormal operation,

	

transmission line until it reaches the source.
follow the operational procedure shown in Figure	Th ere, most of it is dissipated in the source impe-
3-3. These procedures are designed to familiarize

	

dance, but some of it is re-reflected by the source
the operator with the Power Meter and to provide

	

mismatch. The re-reflected power returns to the
an understanding of the operating capabilities .

	

power sensor and adds to, or subtracts from, the
incident power. For all practical purposes, the

3-4.

	

OPER ATING INSTRUCTION S

	

effect the re-reflected power has upon the power
General operating instruct ions are contained in

	

measurement is unpredictable. This effect is called
Figure 3-4. The instructions will familiarize the

	

mismatch uncertainty.
operator with the basicpractices used when oper-

	

Inst rumentation Uncertainty. Instrumentation υη
ating the Power Meter.

	

certainty describes the abilityof the metering cir-
cuits to accurately measure the do output fromthe

WARΝΙ ΝG

	

power sensor's power sensing device . In the Power
Meter, this error is less than ±1%ο . 1 I t isimportant

Any interruption of the protective

	

to realize, however, that α 1%ο meter doesnot auto-
(grounding) conductor (inside o r outside

	

matically give 1%ο overall measurement accuracy.
the instrument) or disconnecting the

	

Power Reference Uncertainty. The uncertainty of
protective earth terminal is likely to

	

the output level ofthepower reference oscillator ismake this instrument dangerous. Inten-

	

±0.7%ο . This reference is normally used to calibratet ional interruption is prohibited.

	

the system and is, therefore, α part ofthe system's
3-5 . POWER MEASUREMENT ACCURACY

	

total measurement uncertainty.

Α power measurement is never free from error or
uncertainty. Any RF system has RF losses, mis-

'Refer to In strument accuracy specification inSect ion Ιwhenusingthe
top two ranges.
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Cal Factor Switch Resolution Error. The resolution

	

Specified Uncertainties . The specified uncertain-
of the CAL FACTOR switch contributes α signifi-

	

ties which account for part ofthe total powermea
cant error to the total measurement because the

	

surement uncertainty are :
switch has 1% steps . The maximum error possible
in each position is ±0.5%.

	

α.

	

Instrumentation +-1%1 or ±0.05 dB .

3-7.

	

Corrections for Error
Calibrat ion Factor and Effective Efficiency . Thetwo

	

c.

	

CALFACTOR switch resolution, 0 to ±0.5%ο
correction factors basic to power meters are cali-

	

(depending on Cal Factor) .
bration factor and effective efficiency . Effective
efficiency is the correction factor for RF losses

	

d.

	

Zero set, ±0.5%ο of full sca le of lowest range
within the power sensor. Calibration factor takes

	

which is 15 nW.
into account the effective efficiency and mismatch

	

e.

	

Zero Carryover, ±0.5% .losses .

Calibration factor is expressed as α percentage
with 100%ο meaning the power sensor has no
losses . Normally the calibration factor will be
100%ο at 50 MHz, the operating frequency of the
internal reference oscillator .

The power sensors used with the Power Meter
have individually calibrated calibration factor
curves placed on their covers . To correct for RF
and mismatch losses, simply find the power sen-
sor's calibration factor at the measurement fre-
quency from the curve or the table that is supplied
with the power sensor, and set the CAL FACTOR
switch to this value .

The CAL FACTOR switch resolution error of
±0.5% may be reduced by one of the following
methods :

1)

	

Set the CALFACTOR switch to the nearest
posit ions above and below the correct ion factor
given on the table . Interpolating between the
power levels measured provides the corrected
power level .

2) Leave the CAL FACTOR switch on 100%
after calibration. Then, make the measurement
and record the reading. Use the reflect ion coeffi-
cient, magnitude and phase angle, if such α table
is supplied with the power sensor , to calculate the
corrected power level .

3-8.

	

Calculating Worst Case U ncertainty

b.

	

Power reference ±0.7% or ±0.03 dB.

f.

	

Noise and Drift, depends on the range and
type of sensor .

g . Calibr ation factor uncertainty, which
depends on sensor type, is listed in the sensor
manual .

Figure 3-5 gives an example of specified uncer-
tainty calculation.

Calculating Mismatch Uncertainty . Mismatch un-
certainty is the result of the source mismatch
interacting with the power sensor mismatch . The
magnitude of uncertainty is related to the magni-
tudes of the source and power sensor reflect ion
coefficients, which can be calculated from SWR.
Figure 3-6 shows how the calculations are made
and Figure 3-7 illustrates mismatch uncertainty
and total calculated uncertainty for two cases . In
the first case, the power sensor's SWR=1.5, and in
the second case, the power sensor's SWR =1 .25 . In
both cases the source has an SWR of 2.0 . The
example shows the effect on power measurement
accuracy α poorly matched power sensor will have
as compared to one with low mismatch .

Α faster , easier way to find mismatch uncertainty
is to use the HP Mismatch Error (uncertainty)
Limits/Reflectometer Calculator . The calculator
may be obtained, on request, from your nearest
Hewlett-Packard office by using HP part number
5952-0948 .

Worst case uncertainty is the sum ofthe specified

	

The method of calculating measurement uncer-
uncertainties and mismatch uncertainty . Uncer-

	

tainty from the uncertainty in dB is shown by
tainty calculation is outlined in the following two

	

Figure 3-8 . This method would be used when the
subsections and examples are worked out in Fig-	initial uncertainty calculations were made with
ures 3-5 and 3-6 . For αmore complete explanation

	

the Mismatch Error/Reflectometer Calculator.
of measurement uncertainty refer to HP applica-
t ion note AN-64-1 "Fundamentals of RF and Mi-

	

'Refer to In strumentaccuracy specification in Section Ιwhenusingthe
crowave Power Measurement".

	

top two ranges.

3-2
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3-9. OPERATOR'S MAINTENANCE
The only maintenance responsibilities the opera-
tor should normally perform are primary power
fuse replacement, LINE switch lamp replacement
and rechargeable battery replacement.
Battery replacement is the only operation that
requires tools. Α Pozidriv screwdriver is needed to
remove the battery c lamp.

3-10 . Fuses

the Power Meter LINE switch is ON and is being
operated by the available line power, the lamp
should be illuminated. If the lamp is defective,
remove the lens by pulling it straight out. Order
l amp (3131-0434) CD6 and repl ace the old
pushbutton-lamp assembly with the new one. To
replace the assembly , align the pins with the
notch in the receptacle and push straight in .

3-12. Battery Replacement
The primary power fuse is found within the Α6

	

If the meter indicates that the battery is dis-
Power Module Assembly on the Power Meter's

	

charged by α full downscale reading, and after
rear panel. For instructions on how to change the

	

charging the battery still will only power the
fuse, refer to the paragraph entitled Line Voltage

	

PowerMeter forα shortperiod of time, the battery
Selection in Section II .

	

is probably defective. The replacement battery ,
ΒΤ1 (HPpart number 1420-0096), may be ordered

CAUTION

	

through the nearest Hewlett-Packard office . Refer
to Battery Installation in Section II .

Make s ure that only fuses with the
required rated current and of the speci-
fied type (s low blow, time delay, etc .) are WARNING
used for replacement . The use of re-
paired fuses and the short-circuiting of

	

This task should be performed only by
fuse-holders must be avoided.

	

service trained persons who are aware

3-11 . Lamp Replacement

	

of thepotential shock hazardof working
on an instrument withprotective covers

The lamp is containedin α plastic lens which dou-

	

removed.
bles for α pushbutton on the LINE switch. When
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FRONT PANEL FEATURES

®Meter . Norm ally indicates average RF power in

	

© POWER REF OUTPU T. RF outputof 1.00mW±0.70%ο

dBmorWatts . During battery operat ion themeter

	

into 5052 at 50 MHz from an internal reference

continuously indicates battery condition. Α nor -

	

oscillator. Available for system calibration.

mal readingindicates thebattery is charged; αfull
down-sca le reading indicates the battery is di s-

	

Ο CAL ADJ . Screwdriver adjustment for calibrating
charged or is defective.

	

any power sensor and PowerMeter as α system, to
α known standard.

©Meter Zero . Mechanica l adjustment used to zero the
meter when the LINE switch is OFF. ® In put connector. Input from the power sensor via

© L I NE Switch. Connects line or battery power to the

	

the power sensor cable.

PowerMeter c ircuits when the LINE switch isON.
During battery operation, the lamp contained

	

Ο CAL FACTOR Switch. Changes thegain of thePower
within the LINE switch will not be illuminated

	

Meter amplifier circuits to compensate for mis-

when the INSTRUMENT is ON.

	

match losses and effective efficiency of thepower
sensor.

Ο R ANGE Switc h. Selects desired power range ; keyed
to meter full-scale deflection; has three removable

	

ΟZERO Switch. The ZERO switch activates α feed-
scales which are changed to match the range of

	

back circui t, which automatically zeros the meter
the power sensor.

	

pointe r, and α rear panel RF blanking signal.

Figure 3-1 . Fr ont Pan el Controls, Connectors and Indicators
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9

α

© Power Module Assembly .

RECORDER
OUTPUT

POWER REF
OUTPUT

©Window . Safety interlock; fuse cannot be removed
while power cable is connected to Power Meter.

REAR PANEL FEATURES

ι 1 1" . .
SHOCE ι ,
ΓπνΕΡ " NO
SERV}ϊελίΣιυ VA,-.--' ι 7»Sl-. .
REF ER SE RVICING IU

QU ALJ FIED PE RSO NNEL

WARNING
FOR

ΕΟΝΣΙΝ UΕD
PROTECTION ΑG ΑιΝSΤ FIRE HAZARD
REPLACE ONL V WITH 250V {'USEor

ΤΝΕ SAMΕ ΤΥΡΕ ANDCU
RΝΕΝΙ RA TI NG_

AC LINE V .5 ,-10%
20 ΥΑ ΜΑ %

VO L TS 100V i20V 22i7Y 24δΥ

'. . ίΕ

	

100. mAT

	

b2-S mAT

48-,,Η*

1~6

POWER SENSOR
IN PUT

4

ο POWER S EN SOR I NPUT. Option 002 and 003 have α

	

Ο POWER REF O UTPU T. Takes the place of the front

rear panel input connector wired in parallel with

	

panel POWER REF OUTPUT connector (Option

the front panel input connector.

	

003 only) .

Ο RECO RDER OUTPUT. Provides α linear output with
respect to the input power. +1 .00 Vdc corresponds
to meter full-scale. The minimum loadwhichmay
be coupled to theoutput is 1 Mn.

Ο FU SE PULL Handle. Mechanical interlock to guar-
antee fuse has been removed before Line Voltage

	

φRF BLANK I N G OUTPU T. Contact closure to ground

Selection Card can be removed.

	

when ZERO switch is pressed. May be used to
remove RF input signal during automatic zeroing

Ο Fuse . Refer to Section II for values .

	

operat ion.

ΟLine Voltage Selection Card . Matches transformer
primary to available linevoltage .

	

®POWER REF Switch. Opens or closes the circuit
from the power supply to thepower reference oscil-

0 Receptacle . For power cable connection to avail-

	

lator. Reduces current drain duringbattery opera-
able line voltage .

	

tion when OFF.

Figure 3-2. Rear Panel Controls, Connectors and In d icators
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OPERATOR'S CHECKS

1. BEFORE SWITCHINGON THISINSTRUMENT, check that thepowertransformer primary is
matched to theavailable linevoltage, the correct fuse is installedand the safety precautions are
taken. SeePower Requirements, LineVoltage Selection, Power Cables and associated warnings
and cautions in section II .

WARN I NGS

BEFORE CONNECTING LINE POWER TO THIS
INSTRUMENT, ensure that all devices connected to
this instrument are connected to the protective (earth)
ground.

BEFORE SWITCHING ON THISINSTRUMENT, en-
sure that the l inepower (Mains) plug is connected to α
three-conductor linepower outlet that has a protective
(earth) ground. (Grounding one conductor of α two-
conductoroutlet is not sufficient.)

CAUTION

Do not twist the body of thepowersensorwhen connect-
ingor disconnectingit. This cancause majordamage to
thepower sensor.

2.

	

Set the meter indication to zero with the mechanical meter zero control. Back the control off
slightly .

3.

	

Connect thepower sensor to the Power Meter with the power sensor cable.

4.

	

Connect thepower cabletothepower outlet and powermodule receptacles . Set theLINE switch to
ON; the lamp within the switch lens should be illuminated.

5.

	

Change the Power Meter's RANGE switch scale so it corresponds to the range of the power
sensor. Refer to theparagraph entitled Range Switch Scale Se lection in Sect ion II .

6.

	

Set the Power Meter Controls as follows:

RANGE switch position . . . . . . . . . . .fully εεω
CAL FACTORswitch . . . . . . . . . . . . . 100%ο
POWER REF switch . . . . . . . . . . . . . .OFF

7.

	

Press the ZERO switchand verify that themeter pointer moves to zero (0) and the RF BLANK-
ING OUTPUT is shorted to ground.

8.

	

Setthe RANGE switch to the position indicatedin the followingtable. Then, connect thepower
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear
panel POWER REF switch to (ON) . Verify that the meter reads approximately the same as
indicated in the table.

Fig u re 3-3. Operator's Checks (1 of 2)
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OPERATOR'S CHECKS

Power Senso r

8481Β and 8482Β (remove attenuator )

8481Α, 8482Α, 8481Η, 8482Η

8485Α (HP 1250-1250 Adapter required)

8483Α (HP 1250-0597 Mechanica l Adapter required)

8484Α (HP 11708Α Reference Attenuator rrequired)

	

3 MW~+ - 1 μW

9.

	

Step the CAL FACTOR switch through its range notingα small increase in meter readingwith
each successive step . Reset the CAL FACTOR switch to 100%ο .

10 . Set the RANGE switch to the posit ion indicated in the table below. Then, adjust the CAL ADJ
control for α full-scalemeter reading for 50Ωpower sensors and α96%ο of full scale meter reading
for 75Ω power senso rs.

Power Sensor

8481Β and 8482Β (remove attenuator )

8481Α, 8482Α, 8481Η, 8482Η

8485Α (HP 1250-1250 Adapter required)

11 . Check at the rear pane l RE CORDER OUTPUT j ack for an outputof = 1 Vdc.

Figure 3-3. Operator's Checks (2 of 2)

RANGE Switch
I

	

Meter
Posit!an Ind ication

3mW

	

Ι

	

1mW

3mW

	

Ι

	

1mW

3mW

	

Ι

	

0.96mW

RAN G E Switch P osition

1W

8483Α (HP 1250-0597 Mechanical Adapter required)

8484Α (HP 11708Α Reference Attenuator required)

	

1

	

1 μW

12. To check operat ion using battery power, disconnect the power cable from the rear panel power
module receptacle and set the LINE switch to ON (the lamp within the switch lens will not be
illuminated) . When α power measurement is mad e, α normal upscale reading indicates normal
operation ; α full down-scale reading indicates the battery is discharged .

3-7
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OPERATING INSTRUCTIONS

1. BEFORE SWITCHINGON THISINSTRUMENT, check thatthepower transformerprimary is
matched to the available line voltage, the correct fuse is installed and safety precautions are
taken. SeePowerRequirement, LineVoltage Selection, Power Cables and associated warnings
and cautions in Section II .

BEFORE CONNECTING LINE POWER TO THE
INSTRUMENT, ensure that all devices connected to
this instrument are connected to the protective (earth)
ground.

BEFORE SWITCHING ON THIS INSTRUMENT, en-
sure that the linepower (Mains) plug is connected to α
three-conductor linepoweroutlet that has a protective
(earth) ground. (Grounding one conductor of α two-
conductor outlet is not sufficient.)

CAUTION

Donot twist the body of thepower sensorwhen connect-
ingor disconnecting i t. This cancausemajor damage to
the sensor.

2.

	

Set the meter indication to zero with the mechanical meter zero control. Back the control off
slightly.

3.

	

Connect the power sensor to the Power Meter with thepower sensor cable.

4.

	

Connect thepower cable to thepower outlet and powermodule receptacles . Set the LINE switchto
ON; the lamp within the switch lens should be lit.

5.

	

Change the Power Meter's RANGE switch scale so i t corresponds to the range of the power
sensor. Refer to the paragraph entitled Range Switch Scale Selection in Section II.

6.

	

Set the Power Meterswitches as follows:

RANGE position . . . . . . . . . . . . . . . . . fully ccw
CAL FACTOR . . . . . . . . . . . . . . . . . . . 100%ο
POWER REF . . . . . . . . . . . . . . . . . . . . OFF

7.

	

Press the ZERO switch, allow 5 seconds for the zeroing operation to take place, and release the
switch.

8.

	

SettheRANGE switch to the positionindicatedin the followingtable. Then, connect the power
sensor (and adapter or attenuator as required) to the POWER REF OUTPUT and set the rear
panel POWER REF switch to (ON). For 50Ωpower sensors, adjust the CAL ADJ control for α
full-scale reading; themeterpointer shouldbealignedwith theCALmark (full-scalereading) on
themeter face.For 75Ωpower sensors, adjust theCAL ADJ control forα96%ο offull scale reading;
the meter pointer should be aligned with the 0.96 mark on the meterface.

Figure 3-4. Operating Instructions (1 of 2j
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Power Sensor

	

RAN G E Switch Positio n

8481Α, 8482Α, 8481Η, 8482Η

8485Α (HP 1250-1250 Adapter required)

OPERATING I NSTRUCTIONS

8481Β and 8482Β (remove attenuator )

	

Ι

	

.

	

1W

8483Α (HP 1250-0597 Mechanica l Adapter required)

8484Α (HP 11708Α Reference Attenuator required)

9.

	

Disconnect thepower sensor from thePOWER REF OUTPUT andsetthePOWERREF switch to
OFF.

10 . Locate the calibration curve on thepower senso r cover . Find theCALFACTOR for themeasure-
ment frequency ; set the CAL FACTOR switch accordingly .

11 . Set the RANGE switch such that full scale is greate r than the power level to be measured .

CAUTION

ΝΟΤΕ

Figure 3-4. Operating Instructions (2 of 2)

See OperatingPrecautions in thepower sensor Operat-
ing and Service Manuals for maximum power levels
which may be safely coupled to this system. Levels
which exceedthe limits may damage thepower sensor,
PowerMeter, or both.

When the battery is beingused as thepower supply for
the PowerMeter, an automat ic test cir cuit continually
monitors battery condition. When the battery voltage is
above α predetermined level , the meter indicates the
correct power level . When the voltage drops below the
threshold level, the meter reading isfull downscale.

12 . Connect the power sensor to the RF source . Read thepower level in dBm or Watts on the panel
meter .

3-9
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Conditions: Range - 1 mW
Meter Reading - 0.7 mW
Sensor - 8481Α
Frequency - 1 GHz
CAL FACTOR- 99.5%ο

(FS) Instrumentation Uncertainty	= ±1.0%ο

	

= ±0.01 mW

	

= ±0.06 dB
(R)

	

Power Reference Uncertainty	= ±0.7%ο

	

= ±0.0049 mW

	

= ±0.03 dB
(R)

	

CALFACTOR Switch Resolution Uncertainty = ±0.5%ο

	

= ±0.0035 mW

	

= ±0.02 dB
(R)

	

Zero Set Uncertainty	= ±0.002%ο

	

= ±0.000015mW = ±0.00009 dB
(FS) Zero Carryover Uncertainty	= ±0.5%ο

	

= ±0.005 mW

	

= ±0.03 dB
(R)

	

Noise

	

= ±0.006%ο

	

= ±0.00004 mW

	

= ±0.00025 dB
(R)

	

Drift

	

= ±0.002%ο

	

= ±0.000015mW = ±0.00009 dB
(R)

	

Cal Factor Uncertainty	= ±2.70%ο

	

= ±0.019 mW

	

= ±0.12 dB

Total Specified Uncertainties = ±0.0425 mW =
0.00425

(100) = ±6.07%

ΝΟΤΕ : FS = %ο of full scale
R

	

=%ο of reading

SPECI F IED UNCERTAINTY CALCULATION

= 10 log 0'7425 = +0.26 dB
0.7

Figure 3-5. Specified Uncertainties

±0.0425 mW
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CA LC ULATING ME ASUREMENT UNC ERTAINTY

1 .

	

Calculate the reflect ion coefficient from the given SWR.

Power Sensor #1

	

Power Sensor #2

	

Power Source
SWR = 1 .5

	

SWR = 1 .25

	

SWR = 2 .0

1 .5-1

	

1:25-1

	

2.0-1
ρι

	

1.5+1

	

ρ2

	

1.25+1

	

Ps = 2 .0+1

_0.5

	

0.25

	

_1 .0
2.5

	

2.25

	

3.0

=0.2

	

=0.111

	

=0.333

2 .

	

Calculate the re lative power and percentage power mismatch uncertaint ies from the reflection
coeffic ients . An initial reference leve l of 1 is assum ed.

PU =

	

[1 ± (ρ ηρs)] 2

Ρυ l = {1 ± [(0 .2)(0 .333)] } 2

	

PU, =

	

{1 ± [(0 .111)(0 .333)] } 2

= {1±0.067} 2	= 11±0.037}2

=

	

1.067 1 2 and

	

10.933 1 2

	

=

	

11.037 1 2 and 10 .963 1 2

= 1 .138 and 0 .871

	

=

	

1.075 and 0 .927

%vPU =

	

(PU-1) 100%ο

%vPUI =

	

(1.138-1) 100%ο

=

	

(0.138) 100%ο

= 13 .8%ο

%vPU, =

	

(1.075-1) 100%ο

=

	

(0.075) 100%ο

= 7 .5%ο

ρ = SWR-1
SWR+1

Relat ive Power Uncerta inty

Percentage Power Uncertainty

and

	

(0.871--1) 100%ο

and

	

(--0.129) 100%ο

and -12.9%ο

and

	

(0.927--1) 100%ο

and

	

(-0.073) 100%ο

and -7.3%ο

F igure 3-6 . Calculating Measurement Uncertainties (1 of 2)

3-1 1
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3-1 2

CA LCULATING MEASUREMENT UNCERTAINTY

3 .

	

Calculate theMeasurement Uncertainty in dB.

MU = 10 [1οg10 (ρ'-) Ι dB
ο

0.871
MU,

	

= 10
1

log
(1 .138)]

1

	

and

	

10 [log (

	

1

	

)]

= 10 [0 .056 1

	

and

	

10 [-0.060 1

= +0 .56 dB

	

and

	

-0.60 dB

MU, = 10 [ log
(1-075)]

1

	

and

	

10 [log
(0 .127)]

1

= 10 [0 .031]

	

and

	

10 [-0.0331

= +0.31 dB

	

and

	

-0.33 dB

F igure 3-6 . Calculating Measurement Uncertainties (2 of 2)
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I NDICATED POWER VERSUS RANG E OF ACTUAL POWER

(Values from examples on Figures 3-5 and 3-6 .)

I N DICATED POWER

	

±TOTAL SPE CI F I E D

	

±WORST CASE UN CERTAI NTY
UNCER TAINTI ES

	

(SPE CI FI E D & M ISMATC H )

ί

	

0.84 mW (-0.73 dBm)
ι

	

EXAMPLE 1 :
SENSO R SWR = 1 .5

Ι

	

SOURCE SWR = 2.0
Ι
Ι

Ι

	

0.74 mW (-1 .29 dBm)

6.1%/

	

ίι
0.7 mW (-1 .55 dBm)

	

ι

N//61.°/ο

	

ί

0.66 mW (-1 .81 dB m)

ι

	

0.66 mW (-1 .81 dBm)

EXAMPLE 2:
SENSO R SWR = 1 .25
SO UR C E SWR =2.0

+13.8%ο 1+19.9%

ι
Ι
Ι
ί

	

0.57 mW (-2.4 dBm)

0.8 MW (-0.98 dBm)

ACTUALPOWER
ANYWHERE IN
SH ADE D AREA

ACTUALPOWER
+7.5%ο

	

+13.6%

	

ANYWHERE 1 Ν
ι

	

Ι

	

Ι

	

SHAD E D AREA0.74 Μνν (-1 .29 dBm)

66.1%
0.7 mW (-1 .55 dBm)

ί

/

	

ι

ι

0.6 mW (-2.1 dBm)

Figure 3-7 . Worst Case Effects of Specifie d and Mismatch U ncertainties
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1 .

	

For this example the known values are : source SWR, 2.2 and power sensor SWR, 1 .16 . From
the Mismatch Error Calculator the mismatch uncertainty i s found to be +0.24, --0.25 dB.

2 .

	

Add the specified uncertainties from Figure 3-5, (±0 .26 dB) . Our total measurement un-
certainty is +0 .50, -0 .51 dB.

3 .

	

Calculate the relative measurement uncertainty from the following formula:

d_
ΜU = Ρ1 = log-,

dB)
)

CALCULATI NG MEASUREMENT UNC ERTAI NTY

dB

	

=

	

10 log

	

Ρ1
(PO

dB
logC Ρ1\

10 ΡΟ

Ρ

	

(dB)
1

	

log
_

	

1

	

10>,.

log-1

	

(Q9
1
5
0
0)

	

=

	

log-'

	

(-001)

= 1 .122

	

= 0.889

4 .

	

Calculate the percentage Measurement Uncertainty .

%MU

	

=

	

( Ρ1 - PO) 100

_

	

(1 .122 -1) 100

	

=

	

(0.889 -1) 100

_ +12 .2%ο

	

= -11.1%ο

F igure 3-8 . Calculating Measurement Uncertainty (U ncertainty in d B Known)
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Performance Tests

Equipment required for the performance tests is
listed, in Table 1-2, RecommendedTest Equipment .
Any equipment that satisfies the critica l spec ifi-
cations given in the table may be substituted for
the recommended model(s) .

4-5 . POWER REFEREN C E LEVEL TE ST

SECTION IV
PERFORMANCE TESTS

4-1 . I NTRODUCTION	4-4. PERFORMANCE TESTS
The procedures in this section test the e lectrica l

	

The performance tests given in this section are
perform ance of the Power Meter using the specifi-

	

suitable for incoming inspect ion , troubleshooting
cations ofTable 1-1 as performance standards . All

	

or preventive maintenance . During any perfor-
tests can be performedwithout access to the inte-

	

mance test, all shields and connecting hardware
rior of the instrument . Α simpler operationa l test

	

must be in place. Perform the tests in the order
is includedin Sect ion III underOperator's Checks .

	

given and record the data on the test card and/or
in the data spaces provided at the end of each

4-2 .

	

EQUIPMENT REQUI RED

	

procedure.

ΝΟΤΕ
ThePowerMeter must have α half-hour
warmup and the line voltage must be
within +5%ο, -10%ο of nominal if the per-
formance tests are to be considered valid .

4-3 .

	

TEST RECORD

	

Each test is arranged so that the specification is
Results ofthe performance tests may be tabulated

	

written as it appears in Table 1-1 . Next, α descrip -
οη the Test Record at the end of the test proce-

	

t ion of the test and any specia l instruct ions or
dures . The Test Record lists all of the tested speci -

	

problem areas are included. Each test that re-
fications and their acceptable limits . Test results

	

quires test equipment has α setup drawing and α
recorded at incoming inspection can be used for

	

list ofthe required equipment. The initial steps of
comparison in periodic maintenance, trouble-

	

each procedure give contro l settings required for
shooting and after repairs or adjustments .

	

that part icular test .

PERFORMANC E TESTS

SPECIFICATION: Interna l 50 MHz oscillator with Type Ν Female connector on front pane l (or rear
panel, Opt ion003 only) . Power outpu t : 1 .00 mW. Factory set to ±0.7%ο traceable to the
Nationa l Bureau of Standards . Accuracy : ±1 .2%ο worst case (±0.9%ο rss) for one year
(0 to 55°C).

DESCRIPTION:

	

The power reference oscillator outpu t is factory adjusted to 1 mW ±0.7%ο. To achieve
this accuracy, Hewlett-Packard employs α special measurement system accurate to
0.5%ο (traceable to the Nationa l Bureauof Standard s) and allows for α transfer errorof
±0.2%ο in making the adj ustment. If an equiva lent measurement systemis employed
for verification, the power reference osc illator output can be verified to 1 mW ±1.9%ο
(±1 .2%ο accuracy + ±0.5%ο verification system error + ±0.2%ο transfer error = 1.9%ο
maximum error) . The power reference oscillator can be set to ±0.7%ο using the same
equipment and fo llowing the adjustment procedure in Section V.To ensuremaximum
accuracy in verifying the powerreference oscillator output, the following procedure
provides step-by-step instructions for using specified Hewlett-Packard test instru-
ments of known capability. If equiva lent test instruments areused , signal acquisit ion
criteria may vary and reference should be made to the manufacturer's guidelines for
operating the instruments .
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POWER REFEREN CE LEVEL TEST (Cont'd)

211'eMMI 14'.

in Ι
THERMISTOR

ΜΟ_UNT

F

PERFORMANCE TESTS

ΝΟΤΕ

ThePowerMeter may be returned to the nearestHewlett-Packard
office to have the power reference oscillator checked and/or
adjusted . Refer to Section II, PACKAGING.

POWER METER

	

', VCOMP I

r -- -~

	

INPUT
~ VRF iί

Figure 4-1 . Power Reference Level Test Setup

EQUIPMENT:

	

Power Meter . . . . . . . . . . . . . . . . . . . HP 432A
Thermistor Moun t . . . . . . . . . . . . . . HP 478A-H75
Digita l Vo ltmeter (DVM) . . . . . . . HP 3455A

PROCEDURE :

	

1 . Set up the DVM to measure resistance . Connect the DVM between the VRF
connector on the rear panel of the 432Α and pin 1 of the thermistor mount end of
the 432Α interconnect cable .

2 .

	

Round off the DVM indicat ion to two decimal places and record this value as the
internal bridge resistance (R) of the 432Α (approximately 200 ohms).

3.

	

Connect 432Α to the Power Meter as shown in Figure 4-1 .

4 .

	

Setthe Power MeterLINE sw itch to ON (in) andthePOWERREFswitch to OFF.
Then, wait thirty minutes for the 432Α thermistor mount to stabilize before
proceeding to the next step .

5 . Set the 432Α RANGE sw itch to COARSE ZERO and adjust the front-pane l
COARSE ZERO control to obtain α zero meter indication.

6 .

	

Fine zero the 432Α on the most sensitive range, then set the 432Α RANGE switch
to 1 mW.

Check that DVM input leads are isolated from chassis ground
when performing the next step .

7 .

	

Set up the DVM to measure microvo lts and connect the pos itive and negative
input leads, respectively , to theVcοΜ Ρ andVRF connectors on therearpanel ofthe
432Α .

DIGITAL V O LTMETER
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4-5.

	

POWER REFERENCE LEVELTEST (Cont'd)

8 .

	

Observe the indicat ion on the DVM. If less than 400 microvo lts, proceed to the
next step . If 400 microvo lts or greater , press and hold the 432Α FINE ZERO
switch and adjust the COARSE ZERO contro l so that the DVM indicates 200
microvolts or less . Then, re lease the FINE ZERO switch and proceed to the next
step .

9 .

	

Round offtheDVMindication to the nearest microvolt and recordthis value as Vο .

10 . Set the Power Meter POWER REF switch to ON (in) and record the indications
observed on the DVM as V1 .

11 . Disconnect the DVMnegative input lead fromtheVRF connectoron the 432A and
reconnect it to 432Α chassis ground. Record the new indication observed on the
DVM as Vcomp .

12 . Ca lculate the power reference oscillator output level (ΡRF) from the fo llowing
formula :

Where :

2Vcomp (V i - Vο ) + Vο 2 _μ J2

V1 = previously recorded value

Vο = previously recorded value

R = previously recorded value

4R (CALIBRATIONFACTOR)

ΡRF = power reference oscillator output level

VcοηπΡ = previously recorded value

CALIBRATION FACTOR = value for thermistor mount at 50 MHz (traceable to
the Nationa l Bureau of Standards)

13 . Verify that the ΡRF is within the fo llowing limits :

ΜΙ η .

	

Actual

	

Μαχ.

0.981 mW

	

Ι

	

Ι

	

1 .019 MW
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4-6 . ZERO CARRYOVER TE ST

SPECIFICATION: ±0.5%ο of full scale when zeroed in the most sens itive range .

DE SCRIPTION:

	

After thePower Meter is init ially zeroed, the change in the meter reading is monitored
at the RECORDER OUTPUT as the instrument is stepped through its ranges. The
meter readings take into account noise and drift because zero carryoverand the noise
drift readings cannot be separated. Refer to Table 5-1 if the results are not within the
limits .

EQUIPMENT:

	

Digita l Vo ltmeter . . . . . . . . . . . . . . HP 3455A
Power Sensor

	

. . . . . . . . . . . . . . . . . . HP 8481Α/Η or 8482Α/Η

PROCEDURE

	

1 . Set the DVM RANGE contro l to 100 mVdc .

4-4

RANGE
Switch
Pos i tion

fully εεω
1 step εω
2 steps εω
3 steps cw
4 steps εω

2.

	

Set the Power Meter Switches as fo llows :

CAL FACTOR . . . . . . . . . . . . . 100%ο
RANGE pos ition . . . . . . . . . . . fully ccw
POWERREF (rear pane l) . . . OFF

3.

	

Connect the equipment shown in Figure 4-2 .

4 .

	

Press the front panel ZERO sw itch and wait for the meter indicator's position to
stabilize. Verify that the DVM reads 0 ±0.9 mVdc . Release the ZERO switch .

5 .

	

Verify that theRECORDER OUTPUT falls within the limits shown on the table
for each range. Record the readings.

Min . Ι Actual Ι Μαχ .

mVdc
-15
-17
-14
-11
-8

mVdc

PERFORMANCE TESTS

	

r°η

ΗΡ435Β
POWER METER

mVdc
+15

	

5steps cw
+17

	

6 steps cw
+14

	

7 steps cw
+11

	

8 steps εω
+8

	

fully cw

RECORDER OUTPUT
(REAR PANEL)

Fig u re 4-2. Zero Carryover Test Setup

DIGITAL VOLTMETER

INPUT
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PerformanceTests

4-7. INSTRUMENTATION ACCURACY TEST WITH CALIBRATOR

SPECIFICATION: ±1%ο of full sca le on all ranges.

PERFORMANCE TESTS

DESCRIPTION:

	

Instrumentat ion accuracy is verified by coupling α full-scale reference input from the
HP 11683Α Calibrator to the PowerMeter on eachrange . Verify that theRECORDER
OUTPUT level is within ±1%ο plus no ise and drift .

RAN G E
CA L I BRATO R

HP 435Β
POWER METER

RECO RDER OUTPUT
(REAR PANEL)

EQUIPMENT:

	

Dig ital Voltmeter . . . . . . . . . . . . . . HP 3455A
Range Calibrator

	

. . . . . . . . . . . . . . HP 11683A

DIGITA L VO LTMETER

POWER

	

INPUT
METER

F ig u re 4-3. Instrumentation Accuracy Test Setup with Cali brator

PROCEDURE :

	

1 . Set the 11683Α RANGE switch to 1 mW, the FUNCTION sw itch to CALIBRATE
and the POLARITY switch to NORMAL.

2 .

	

Set the Power Meter RANGE switch 5 steps fromthe fully ccwposit ion .

3 .

	

Set the DVMRANGE switch to 1000 mVdc.

4 .

	

Connect the equipment as shown in Figure 4-3 .

5.

	

Adjust the front panel CAL ADJ contro l to provide α reading of 1000 ±2 mVdc .

CAUTION

To avoid damage to the meter , set the Ca librator's FUNCTION
contro l to STANDBY while changing the RANGE contro l set-
tings on thePower Meter and Ca librato r .
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4-7 . INSTRUMENTATION ACCURACY TEST W ITH CAL IBRATOR (Cont'd)

RA NG E
Switc h
P ositio n

fully ccw
1 step cw
2 steps εω
3 steps cw
4 steps cw

6 .

	

Set the Power Meter RANGE switch to each possible position in turn. Set the
11683Α RANGE switch to the same position and verify that the DVM reading,
which includes noise and drift, is within the limits shown in the table be low.

Min .

mVdc
+975
+978
+981
+984
+987

Res u lts

Actual

mVdc

PERFORMANCE TESTS

Μαχ.

mVdc
+1025
+1022
+1019
+1016
+1013

RANGE
Switch
Position

5 steps εω
6 steps εω
7 steps cw
8 steps εω
fully εω

Min .

mVdc
+998
+990
+990
+990
+990

Resu lts

Actu al

mVdc

Μαχ.

mVdc
+1002
+1010
+1010
+1015
+1015
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4-8. CALI BRATION FACTOR TEST
SPECIFICATION: 16-pos ition switch normalizes meter reading to accoun t for calibration factor or

effective efficiency. Range 85%ο to 100%ο in 1%ο steps .

DESCRIPTION:

	

After the Power Meter is zeroed on the most sens itive range, α 1 mW inpu t level is
applied to the Power Meter and the CAL ADJ contro l is set to obtain α 1 .000 mW
indication. Thenthe CALFACTOR switchis steppedthroughits 16 posit ions and the
meter is monitored to ensure that the proper indicationis obtained for each posit ion .

R ANG E
CA L IBRATO R

EQUIPMENT:

	

Digita l Vo ltmeter . . . . . . . . . . . . . . HP 3455A
Range Calibrator

	

. . . . . . . . . . . . . . HP 11683A

PROCEDURE:

	

1 . Set the 11683Α RANGE switch to 1 mW, the FUNCTION switch to CALIBRATE
and the POLARITY switch to NORMAL.

CAL FACTOR
Switch
Positio n

100
99
98
97
96
95
94
93

2 .

	

Set the Power Meter RANGE switch 5 steps fromthe fully εεω pos ition .

3 .

	

Set the DVMRANGE switch to Vdc .

4 .

	

Connect the equipment as shown in Figure 4-4 .

5 .

	

Set the front pane l CAL ADJ control to provide α reading of1000 ±2 mVdc on the
DVM.

6.

	

Set the CAL FACTOR switch to each pos ition and verify that the indications

Min .

Vdc
0.994
1.004
1.014
1.025
1.036
1.047
1.058
1.069

observed at each pos ition are wi thin the limits specified in the fo llowing table .

Res u lts

Actual

We

PERFORMANC E TESTS

DIGITA L VO LTMETER
RECOR D ER OUTPUT
(REAR PAN EL)

INPUT

Figure 4-4. Calibration Factor Test Setup

Μαχ .

Vdc
1 .006
1.016
1.026
1.037
1.048
1 .059
1.070
1.081

CAL FACTOR
Switch
Position

92
91
90
89
88
87
86
85

Min .

We
1 .081
1.093
1 .105
1 .118
1 .130
1.143
1 .157
1 .170

Resu lts

Act u al

Vdc

Μαχ .

Vdc
1 .093
1 .105
1 .117
1 .130
1 .142
1 .155
1 .169
1 .182

4-7
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4-8

Para
No.

4-5.

4-6.

4-7.

4-8.

Test Descriptio n

Power Reference Accuracy
1 mW

Zero Carryover
fully ccw
1 step εω
2 steps cw
3 steps cw
4 steps εω
5 steps εω
6 steps cw
7 steps cw
8 steps cw
fully cw

Instrumentation Accuracy
fully ccw
1 step εω
2 steps cw
3 steps εω
4 steps εω
5 steps cw
6 steps cw
7 steps cw
8 steps cw
fully εω

Calibration Factor
100

99

98

97
96
95
94
93
92
91
90
89
88
87
86
85

Table 4-1 . Performance Test Record

Hewlett-Packard Company
Model 435Β

	

Tested By
Power Meter

Serial Number

	

Date

Min.

mW
0.981

mVdc
-15
-17
-14
-11
-8
-5
-5
-5
-5
-5

mVdc
+975
+978
+981
+984
+987
+998

+990
+990

+990

+990

Vdc
0.994

1.004

1.014
1.025
1.036
1.047
1.058
1.069
1.081
1.093
1 .105
1 .118
1 .130
1 .143
1 .157
1 .170

Resu lts

Actual

mVdc

mVdc

Vdc

Μαχ .

mW
1 .019

mVdc
+15
+17
+14
+11
+8
+5
+5
+5
+5
+5

mVdc
+1025
+1022

+1019

+1016

+1013

+1002

+1010

+1010

+1015

+1015

Vdc
1.006

1.016
1.026
1.037
1.048
1.059
1.070
1 .081
1 .093
1 .105
1 .117
1 .130
1 .142
1 .155
1 .169
1 .182
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5-1 . INTRODUCTION
This section describes the adjustments which will
return the Power Meter to peak operating condi-
tion after repairs are completed.

If the adj ustments are to be considered valid, the
Power Meter must have α half hour warmup and
the line voltage must be within +5 to -10%ο of
nominal.

The adjustment procedure entitled "Power
Meter Adjustments with 50ΩPower Sensor" is to
be performed only when the HP Model 11683Α
Range Calibrator is not available.

5-2. SAFETY CONSIDERATION S
Although this instrument has been designed in
accordance with international safety standards,
this manual contains information, cautions and
warnings which must be followed to avoid per-
sonal injury and damage to the instrument (see
Sections II and III) . Service and adjustments
should be performedonlyby qualified service per-
sonnel.

SECTION V
ADJUSTMENTS

fuses and the short-circuiting of fuse-
holders musi. be avoided.

5-3. EQU IPMENT REQU IRED

Adjustments

Whenever it is likely that theprotect ion
offered by fuses has been impaired, the
instrument must be made inoperative
and be secured against any unintended
operation .

Adjustments described herein are per-
formed with power supplied to the in-
strument while protective covers are
removed. Energy available at many
points may, if contacted, result in per-
sonal injury .

The test equipment required for the adjustment
procedures is listed in Table 1-2, Recommended
Test Equipment. The critica l specifications of
substitute test instruments must meet or exceed
the standards listedin thetable ifthePowerMeter
is to meet the standards set forth in Table 1-1,
Specifications.

5-4. FACTO RY SELECTED COMPONENTSWARN I N GS

Any interruption of=e protective

	

Factory selected components are indicated on the

(grounding) conductor (inside or outside

	

schematicand replaceableparts list with an aster-

the instrument) or disconnection of the

	

ίsk (*) immediately following the reference desig-

protective earth terminal is likely to

	

nator. The nominal value of the component is

make the instrument dangerous . Inten -

	

listed. Table 5-1 lists the parts by reference desig-

tional interruption is prohibited.

	

nator and provides an explanation of how the
component is selected, the normal value range

Any adjustment, maintenance and re-

	

and α reference to the appropriate service sheet.
pair of the opened instrument under

	

TheManual Changessupplement will updateany
voltage should be avoided as much as

	

changes to factory sel ecte d co mponent
possible and, when inevitable, s hould be

	

information.
carried out only by α skilledperson who
is aware of the hazard involved.

	

5-5.

	

ADJUSTMENT LOCATION S

Capacitors inside the instrument may

	

All the adjustments for the Power Meter are con-
still be charged even if the instrument

	

tained on theΑ4 assembly except the front panel
has been disconnectedfrom its source of

	

CAL ADJ control and POWER REF OUTPUT
supply.

	

level control. The last foldout in this manual con-
tains α table which cross-references all pictorial

Make sure that only fuses with the

	

and schematic locations of the adjustment con-
required rated current and of the speci-

	

trols. The accompanying figure shows the 1οεα-
fied type (slow blow, time delay, etc.) are

	

tions of the adjustable controls, assemblies and
used for replacement. Theuse ofrepaired

	

chassis-mounted parts .
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A4R12, R16

A4R66

A4VR1, VR2

Table 5-1 . Factory Selected Components

Basis ο( Selection

A3R5 is se lected for α power reference output of 1 mW
(into 50Ω) if this value is outside the adjustment range
of LEVEL ADJ A3R4.

See Multivibrator Adjustment (paragraph 5-7) .

Α41112 and R16 are selected for correct zero carryover
between ranges . See Zero Carryover Test (paragraph
4-6) for the limits for each range .

A4R66 is selected for α full-scale reading (100 mW)
with an accurate 10 mW input after completing Power
Meter Adjustments with Calibrator (see paragraph 5-
9) . Hewlett-Packard recommends using α Model
11683Α Calibrator to achieve the needed accuracy for
selecting this resistor . The DVM reading at the Power
Meter's RECORDER OUTPUT will be 1000 ±3 mVdc
with the correct resistor in place .

A4VR1 and VR2 are selected to achieve accuracy on
the top two ranges when the accuracy on other ranges
is within specifications . See Instrumentation
Accuracy Test with Calibrator (paragraph 4-7) for the
limits for each range .

Service
Sheet

5

2
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t
ϊ

	

REFERENCE:

	

Service Sheet 5 .

ADJUSTMENTS

5-6. POWER REFERENCE OSCILLATOR LEVEL ADJU STMENT

DESCRIPTION:

	

The power reference oscillator output is factory-adjusted to 1 mW ±0.7%ο using α
specia l measurement system accurate to 0.5%ο (traceable to the Nat ional Bureau of
Standard s) and allowing for α 0.2%ο transfer error. To ensure maximum accuracy in
readjusting the power reference oscillator, the following procedure provides step-by-
stepinstructions forusing specified Hewlett-Packard instruments ofknown capab il-
ity. If equivalent instruments are used, s ignal acquis ition criteria may vary and
reference should be made to the manufacturer's guidelines for operating the
equipment .

ο Ο
POWER REF

OUTPUT

ΝΟΤΕ
ThePowerMetermay be returned to the nearest HP office to have
the power reference oscillator checked and/or adjusted. Refer to
Section II, PACKAGING.

HP 435Β
POWER METER

	

POWER METER 1 vcomp 1Γ------="1

	

L__ _ _ J

THERMISTO R

	

Ι iVRFMOUNT

	

L_ _J

EQUIPMENT:

	

Power Meter . . . . . . . . . . . . . . . . . . . HP 432A
Thermistor Mount . . . . . . . . . . . . . . HP 478A-H75
Dig ital Voltmeter (DVM) . . . . . . . HP 3455A

Figure 5-1 . Power Reference Oscillator Level Adjustment Setup

Adj astments

PROCEDURE:

	

1 .

	

Set up the DVM to measure resistance and connect the DVM between the VRF
connector on the rear panel of the 432Α and pin 1 on the thermistor mount end of
the 432Α interconnect cable.

2 .

	

Round offtheDVM indication to two decimal places and record this value as the
interna l bridge res istance (R) 6f the 432Α (approximately 200 ohms).

3.

	

Connect the 432Α to the Power Meter as shown in Figure 5-1 .

4 .

	

Set thePowerMeterLINE switch to ON (in) and the POWERREF sw itch to OFF.
Then, wait thirty minutes for the 432Α thermistor mount to stabilize before pro-
ceeding to the next step .

5 . Set the 432Α RANGE switch to COARSE ZERO and adjust the front-pane l
COARSE ZERO contro l to obtain α zero meter indication.

5-3
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5-6 . POWER REFERENCE OSCI LLATO R LEVEL ADJUSTMENT (Cont'd)

5-4

AD JUSTMENTS

6.

	

Fine zero the 432Α on themost sens itive range, then set the 432ΑRANGE switch
to 1 mW.

ΝΟΤΕ
Ensure that the DVM input leads are isolated from chassis
ground when performing the next step.

7 .

	

Set up the DVM to measure microvo lts and connect the pos itive and negative
input leads, respectively , to theVC οηπ Ρ and VRF connectors on therearpanel ofthe
432Α .

8 .

	

Observe the indication on the DVM. If less than 400 microvo lts, proceed to the
next step. If 400 microvo lts or greater, press and hold the 432Α FINE ZERO
switch and adj ust the COARSE ZERO contro l so that the DVM indicates 200
microvolts or less . Then release the FINE ZERO sw itch and proceed to the next
step .

9 .

	

Round off the DVM indication to the nearest microvolt and record this value as
VO .

10 . Disconnect theDVMnegative inpu t leadfromtheVRF connectoron the 432A and
reconnect i t to chassis ground.

11. Set the Power Meter POWER REF switch to ON and record the indication
observed on the DVM as Vcomp.

12 . Disconnect the DVMnegative input lead fromchassis ground and reconnect it to
theVRF connectoron the rear panel ofthe 432Α . TheDVMis now set up tomeasure
V 1 which represents the power reference oscillator outpu t leve l.

13 . Calculate the value of V1 equa l to 1 milliwatt from the following equation:

V1 - V ο = VCO nnp -

	

(VCO M p)2 - (10-3 ) (4R) (EFFECTIVE EFFICIENCY)

Where :

Vo = previously recorded value

Vcom p = previously recorded value

10-3 = 1 milliwatt

R = previously recorded value

EFFECTIVE EFFICIENCY=value for thermistormoun t at 50MHz (traceableto
the Nationa l Bureau of Standards) .

14 . Remove the Power Meter top cover and adjustLEVELADJ potent iometer A3R4
so that the DVM indicates the calculated value of V i .
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2. MATH ASSUMPTIONS:

ADJUSTMENTS

5-6. POWER REFERENCE OSCI LLATOR LEVEL ADJU STMENT (Cont'd)

TYPICAL

	

1. ACCURACY
CALCULATIONS:	DVMMeasurements :

(HP 3455Α -90 days, 23°C ±5°C)

Math Assumptions:

	

±0.01%ο
EFFECTIVE EFFICIENCY CAL (NBS):

	

±0.5%ο
MISMATCH UNCERTAINTY :
(Source & Mount SWR <_1.05)

	

±0.1%ο
<±ρ.7%ο

ΡRF = 2VcοΜΡ (V1-μο) + Vο 2-μ 1 2

(4R) (EFFECTIVE EFFICIENCY)

Assume: Vο 2- μ 1 2=-(μ 1 -μο)2

Since : -(V 1 -V ο ) 2 =V1 2 +2V1Vο-Vο 2, and

we want: Vο 2 -V1 2, then

theerroris: (-V 1 2 +2V,Vο-Vο 2)-(Vο 2 -V1 2)=-2Vο 2 +2V,V ο =2Vο(V 1 -Vο)

if 2Vο (V 1-Vο) < < 2μCΟΜΡ (V1 -Vο) i .e., Vο< < VcοΜΡ, error is negligible

VcοΜΡ - 4 volts . If Vο < 400 μV, error is <0.01%ο .

(typically Vo can be set to <50 μV.)

3.

	

Derivation ofFormula for V1- Vο

ΡRF = 2VςΟΜΡ (V1- Vο)+ Vο 2-μl2
(4R) (EFFECTIVE EFFICIENCY)

Desired Ρ RF = 1 MW =10-3

:.1ρ-3 = 2μςΟΜΡ (μ1-μo) + μο 2--μl2
(4R) (EFFECTIVE EFFICIENCY)

(Vcomp)

	

±0.018%ο
(V 1 -Vo)

	

±0.023%ο
(R) ±0.03%ο

Adjustments

Let (4R) (EFFECTIVE EFFICIENCY) (10-3) =Κ

Substitute - (V1 -Vο)2 for Vo 2 - V1 2 (see math Assumptions underAccuracy)

Then 0 = (V1-Vο) 2 -2VςοΜΡ (Vi - Vο)+ Κ

or V 1 -Vο= VcοΜΡ -	( μcοΜΡ) 2-Κ



Adjustments

	

Model 435Β

5-7 . MULTIVI BRATOR ADJU STMENT

REFERENCE :

	

Service Sheet 2 .

5-6

OSCI LLOSCO PE

Α

	

Β

ADJUSTMENTS

DESCRIPTION:

	

FREQ potentiometerΑ41176 is adj usted to set the reference frequency of the multivi-
brator which drives the phase detector and the FET power sensor .

ΤΟ Α4ΤΡ 7

	

ΤΟ Α4ΤΡ8

ΤΟ Α4ΤΡ4

ι ο

EQUIPMENT:

	

Range Calibrator

	

. . . . . . . . . . . . . . HP 11683Α
Counter . . . . . . . . . . . . . . . . . . . . . . . . HP 5314Α

Oscilloscope . . . . . . . . . . . . . . . . . . . HP 1740A

PROCEDURE:

	

1 .

	

α .

	

Power Meter switch settings:

CAL FACTOR . . . . . . . . . . 100%ο
POWER REF . . . . . . . . . . . OFF
LINE . . . . . . . . . . . . . . . . . . . ON

ΗΡ 435 Β
POWER
METER

Figure 5-2. Mu lt ivi brator Ad justment Setup

b. Range Calibrator sw itch settings :

FUNCTION . . . . . . . . . . . . CALIBRATE
POLARITY . . . . . . . . . . . . . NORMAL
LINE . . . . . . . . . . . . . . . . . . . ON

ε . Oscilloscope switch settings:

2 .

	

Connect the equipment as shown in Figure 5-2 .

RANGE
CAL IBRATO R

CH. Α

	

. . . . . . . . . . . . . . . . . . 0.05V/Div. AC coupled
CH . Β

	

. . . . . . . . . . . . . . . . . . 0.2 V/Div.
TIME

	

. . . . . . . . . . . . . . . . . . 0.5 ms/Div.
Display . . . . . . . . . . . . . . . . . Chopped- Ch. Β trigger

POWER
METER

CO UNTER

3 . Adj ust oscilloscope pos ition contro ls to superimpose waveforms . E stablish α
horizontal grid line as DC average of the ΤΡ4 waveform by turning the 11683Α
MODE to STANDBY and pos itioning the Channel Α trace on the line . Set the
11683Α back to CALIBRATE. Turn the osc illoscope horizonta l MAGNIFIER to
Χ10 so that time calibrat ion will be 50 As/div . See Figure 5-3 .
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ADJU STMENTS

5-7. MULTIVIBRATOR ADJUSTMENT (Cont'd)

HO R IZONTA L REFERENC E

\ ΤΡ7

	

Ι

	

`Z ER O C R OSSOVER
WAVE

Figure 5-3 . 220 Hz Zero Crossover

4 .

	

Adjust A4R76 so that the zero crossover lags the square wave by 150 ±10 As .

5 .

	

Check that the counter measures 220 ±12 Hz at ΤΡ8. If necessary, adjust Α41176
for α compromise between frequency and phase.

6 .

	

If the conditions of steps 4 and 5 cannot be met, change A4C11* or A4C14* as
follows:
α.

	

If the frequency at ΤΡ8 is too high, change C14* to 0.01 μF.

b.

	

If the frequency αt ΤΡ8 is too low, change C11* to 0.0082 μF.

ε .

	

Repeat steps 4 and 5 .
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ADJUSTMENTS

5-8. POWER METER ADJUSTMENTS W IT H 50Ω POWER SENSOR

REFERENCE :

	

Service Sheets 2 and 3 .

DE SCRIPTION:

	

1 .

	

The Ba lance control is centered to remove the do offset in troduced by the Auto
Zero circui t .

5-8

NOTES
This adjustment s hould only be performed when the HP Model
11683Α Range Calibrator is not available .
If the adjustments are to be considered valid, the Power Meter
must have α half hour warmup and the line voltage must be
within +5 to -10%ο of nominal.

2 .

	

The DC Offset contro l removes any do voltage introduced by the DC Amplifier.

3 . The CAL ADJ contro l is used to set α level of +1 .00 Vdc at the rear panel
RECORDER OUTPUT j ackwith α full scale input .

4 .

	

The Meter control sets the meter reading to full scale when the RECORDER
OUTPUT level is +1.00 Vdc .

5 .

	

TheAuto Zero Offset adjustment removes any do vo ltage introduced by the Auto
Zero circuits when the ZERO switch is pressed .

6 .

	

TheBa lance control centers theAuto Zero circuits output vo ltage range . TheAuto
Zero output is forced to its negative extreme and the Balance contro l sets the
RECORDER OUTPUT voltage below center-range (+1 .00 Vdc) by one-half the
total range.

HP 435Β
POWER METER
(SIDE PANEL)

RECORD ER OUTPUT
(REAR PANEL)

DIGITAL VO LTMETER

α
POWER .

	

INPUT
SENSO R

	

L

Figure 5-4 . Power Meter Ad justment Setup with 50Ω Power Sensor

EQUIPMENT:

	

Digita l Vo ltmeter . . . . . . . . . . . . . . HP 3455A
Power Sensor

	

. . . . . . . . . . . . . . . . . . HP 8481Α/Η or 8482Α/Η

PROCEDURE:

	

1 .

	

SettheLINE switch to OFF, wait α few seconds, and adjust themechanicalmeter
zero contro l for α meter reading of zero.

2 .

	

Set the DVMRANGE switch to 1 Vdc .

3 .

	

Set the Power Meter CAL FACTOR switch to 100%.

4 .

	

Remove the right side cover of the Power Meter and connect the equipment as
shown in Figure 5-4 .
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ADJU STMENTS

5-8. POWER METER ADJU STMENTS WITH 50Ω POWER SENSOR (Cont'd)

5 .

	

Set the LINE switch to (ON).

Before proceeding with the adjustment, connect the input of α
frequency counter (such as theΗΡ 5314Α) to ΤΡ7 οrΤΡ8 and verify
that the multivibrator frequency is 220 ±12 Hz. Ifthe frequency is
incorrect, perform the Multivibrator Adjustment (5-7) .

6 .

	

Center the Power Meter Balance Contro l A4R46 .

7 .

	

Setthe PowerMeterRANGE switchfully cw and adj ustA4R32,DC Offset control ,
for α DVM reading of 0 ±0.2 mVdc.

8 .

	

Set the RANGE switch to the pos ition indicated in the table be low; set the rear
panel POWER REF switch to (ON).

Power Sensor

8481Β and 8482Β ( remove attenuator)

8481Α , 8482Α , 8481Η , 8482Η

	

1mw

8485Α (HP 1250-1250 Adapter required)

	

1 mw

8484Α (HP 11708Α Re ference Attenuator required)

	

1 μW

9.

	

Adjust the front panel CAL ADJ control to read 1.000 ±0.001 Vdc on the DVM.

10 . Adjust A4R35, Meter contro l, to give α full-scale meter reading.

11 . Set the rear panel POWER REF switch to OFF; set the RANGE switch to the
posit ion indicated in the table be low.

8481Α, 8482Α , 8481Η , 8482Η

8485Α (HP 1250-1250 Adapter required)

8484Α (HP 11708Α Reference Attenuator required)

RANGE Switch Positon

3W

3 mW

3 mW

3 μW

Powe r Sensor

8481Β and 8482Β (remove attenuator)

ΝΟΤΕ

RANGE Switch Posit ion

1ω
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5-8 . POWER METER AD JUSTMENTS WITH 50Ω POWER SENSOR (Cont'd)

12 . Press the front panel ZERO switch, hold it in, and adjust the Auto. Zero Offset
control A4R42 for α DVM reading of 0 ±1 mVdc.

13 . Set the RANGE switch to the position indicated in the table below; set the rear
p anel POWER REF switch to (ON).

Power Senso r

8481 Β , 8482Β , (remove attenuator)

RANGE Switch Positio n

1W

8481Α, 8482Α , 8481 Η , 8482Η

	

1

	

1mw

8485Α (HP 1250-1250 Adapter required)

	

1

	

1mw

8484Α (HP 11708Α Reference Attenuator required)

14 . Press the ZERO switch, hold it in, and adjust the Balance Adjustment, A4R46,
until the DVM reading is 961 ±1 mVdc.
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5-9. POWER METER ADJUSTMENTS W IT H CALI BRATOR

REFERENCE:

	

Service Sheets 2 and 3.

If the adjustments are to be considered valid, the Power Meter
must have α half-ho ur warmup and the line voltage must be
within +5 to -10%ο of nominal .

DESCRIPTION:

	

1.

	

The Balance control is centered to remove the do offset introduced by the Auto
Zero circuits .

2.

	

TheDCOffset control removes any do voltage introduced by the DC Amplifier.

3.

	

TheCALADJcontrol isused to set α level of+1.00Vdc at rearpanelRECORDER
OUTPUT j ack w ith α full scaleinput from theModel 11683ΑRange Calibrator.

4.

	

The Meter control sets the meter reading to full scale when the RECORDER
OUTPUT level is +1.00 Vdc.

5.

	

TheAuto Zero Offset adjustment removes any dovoltage that is introducedby the
Auto Zero circuits while the ZERO switch is pressed.

6.

	

TheBalance control centers theAuto Zerocircuit's outputvoltage range. TheAuto
Zero output is forced to its negative extreme. The Balance Control sets the
RECORDER OUTPUT voltage below the center (+1.00 Vdc) by one-halfthe total
possible voltage swing.

RAN G E
CA L I BRATOR

435Β
POWER METER

ΝΟΤΕ

RECORDER OUTPUT
(REAR PANEL)v 10

	

_11%,

EQUIPMENT:

	

Digital Voltmeter . . . . . . . . . . . . . . HP 3455A
Range Calibrator

	

. . . . . . . . . . . . . . HP 11683Α (ONLY)

2.

	

Set the Power Meter switches as follows:
CAL FACTOR . . . . . . . . . . . . . . . . . 100%ο
RANGE position . . . . . . . . . . . . . . . fully cw
POWERREF

	

. . . . . . . . . . . . . . . . . . OFF

DIGITAL VO LTMETER

Figure 5-5 . Power Meter Adjustment Setup with Cali brato r

PROCEDURE:

	

1.

	

Set the Power Meter LINE switch to OFF and adjust the mechanical Meter
Zero control for αmeter reading of zero.
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ADJUSTMENTS

3. Set the Range Calibrator RANGE switch to 1 mW, FUNCTION switch to
STANDBY, and POLARITY switch to NORMAL.

4.

	

Set the DVM RANGE switch to Vdc.

5.

	

Remove the right side cover of the Power Meter, connecttheequipment as shown
in Figure 5-5 and set the LINE switch to ON.

ΝΟΤΕ
Before proceeding with the adjustment, connect the input of α
frequency counter (such as the HP 5314Α) to ΤΡ7 or ΤΡ8 and
verify that the multivibrator frequency is 220 ±12 Hz . If the
frequency is incorrect, perform the Multivibrator Adjustment
(5-7).

6.

	

Center the Power Meter Balance control, A4R46.

7.

	

Adjust A4R32 DC Offset control for αDVM reading of 0 ±0.2 mVdc.

8.

	

Set the Power Meter RANGE switch 5 turns from the fully ccw position.

9. Set the Range Calibrator FUNCTION switch to CALIBRATE.

10 . Adjust the Power Meter front panel CAL ADJ control forαDVMreading of 1000
±1 mVdc.

11 . Adjust theMeter control A4R35 for α full-scale meter reading.

12 . Set the Range Calibrator FUNCTION switch to STANDBY.

13 . Set the Power Meter RANGE switch fully ccw, press and hold the ZERO switch,
and adjust A4R42 Auto Zero Offset control for α DVM reading of 0 ±1 mVdc.

14 . Set the Power Meter RANGE switch 5 turns from the fully ccw position; set the
Range Calibrator's FUNCTION switch to CALIBRATE.

15. Press and hold the Power Meter ZERO switch and adjust the A4R46 Balance
control for α DVM reading of 961 ±3 mVdc.
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6-1 .

	

INTRODUCTION

	

f.

	

The manufacturer's number for the part .

This section contains information for ordering
replacement parts for the Power Meter. Table 6-1

	

The total quanti ty for each part is given only once;

lists abbreviat ions used in the parts list and

	

at the first appearance of the part number in the

throughout the manual . Table 6-2 lists all replace-

	

list.
able parts in reference designator order . Table 6-3
contains the names and addresses that corre-

	

6-4.

	

FACTORY SELECTED PARTS (*)
spond to the manufacturer's code number.

	

Parts marked with an asterisk (*) are factory

6-2.

	

ABBREVIATIONS

	

selected parts . Thevalue listed in the parts listis the
nominal value . Refer to Section V for information

Table 6-1 gives α list of abbreviations used in the

	

on determining what value to use for replacement .
parts list, schematics and throughout the man-
ual. In some cases, two forms of the abbreviations

	

6-5.

	

ORDER ING INSTRU CTIONSare given, one all capital letters and one partial or
no capitals . This occurs because the abbreviations

	

To order α part listed in the replaceable parts
in the parts list are always all capitals . However,

	

table, quote the Hewlett-Packard part number,
in the schematics and other parts of the manual ,

	

indicate quantity required and address the order
other abbreviation forms areused with both lower

	

to the nearest Hewlett-Packard office .
case and upper case letters .

6-3 .

	

REPLAC EABLE PARTS LIST
Table 6-2 is the list of replaceable parts and is
organized as follows :

α .

	

Electrical assemblies and their components
in alpha-numeric order by reference designation.

b . Chassis-mounted parts in alpha-numeric

	

Within the USA, i t is better to order
order by reference designation.

	

directly from theHPParts Center inMt.
View, California . Ask your nearest HP

c .

	

Miscellaneous parts .

	

office for information and forms for the
"DirectMail Order System "

d.

	

Illustrated parts breakdown.

SECTION VI
REPLACEABLE PARTS

To order α part that is not listed in the replaceable
parts table, include the instrument model number,
instrument serial number, the descript ion and
function of the part, and the number of parts
required. Address the order to the nearest Hewlett-
Packard office .

ΝΟΤΕ

The information given for each part consists ofthe

	

6-6 .

	

PARTS PROVISIONING

following:

	

Stocking sp are parts for an instrument is often
done to insure quick return to service after α mal

α .

	

The Hewlett-Packard part number.

	

function occurs . Hewlett-Packard has α "Spare
Parts Kit" available for this purpose . The kit con-

b .

	

The part number check digit (CD) .

	

sists of selected replaceable assemblies and com-
ponents for this instrument . The contents of the

c .

	

The total quantity (Qty) used in the

	

kit and the "Recommended Spares" list are based
instrument .

	

on failure reports and repair data, and parts sup-
port for one year . Α complimentary "Recom-

d.

	

The description of the part .

	

mended Spares" list for this instrument may be
obtained on request, and the "Spare Parts Kit"

e.

	

Typical manufacturer of the part in α five-

	

may be ordered through your nearest Hewlett-
digit code.

	

Packard office .
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Table 6-1 . Reference Designations and Abbreviations (1 of 2)

REFERENCE D ESIG NATIONS

Α , . . . . . . . . . . assembly

	

Ε . . . .

	

. . . miscellaneous

	

Ρ

	

. . .

	

e lectrica l connector

	

U . .

	

.

	

integrated c ircuit ;
AT . ,

	

attenuator; iso lator;

	

electrical part

	

(movab le portion) ;

	

" . microcircuit
te rmination

	

F . . . . . . . . . . . . . .

	

fuse

	

plug

	

V . . . . . .

	

. e lectron tube
Β , , . . . . . . . , fan ;motor

	

FL

	

. . . . . . . . . .

	

filter	Q . . . . . .

	

transistor: SCR ;

	

VR . . . .

	

voltage regulato r;
BT . . . . . . . . . . . battery

	

Η . . . . . . . . . . . hardware

	

triode thyristor

	

breakdown d iode
C . . . . . . . . . . . capacitor

	

ΗΥ . . . . . . . . .

	

circulator

	

R . . . . . . . . . . . .

	

resistor

	

W . . . .

	

cable ; transmission
CP

	

. . . . . . . . . . . coupler

	

J

	

. . .

	

e lectri cal connector

	

RT . . . . . . . . .

	

thermistor

	

p ath; wire
CR . . . . . . .

	

d iode, diode

	

(stationary portion);

	

5

	

. . . . . . . . . . . .

	

switch

	

Χ . . . . . . . .

	

. .

	

socket
thyristor;

	

varactor

	

jack

	

Τ . . . . . . . . .

	

transformer

	

Υ . . . .

	

crysta l unit (piezo-
DC . . .

	

directional coupler

	

TB . . . . . .

	

terminal board

	

electric

	

or

	

quartz)
DL . . . . . . . . .

	

delay line

	

Κ . . . . . . . . . . . . .

	

relay

	

TC

	

. . . . . .

	

thermocouple

	

Ζ

	

. . . . tuned cavity ; tuned
DS

	

. . . . . . .

	

annunciator;

	

L . . . . . . . . coil ; inductor

	

ΤΡ

	

. . . . . . . . .

	

test point

	

circuit
signaling device

	

Μ . . . . . . . . . . . . . meter
(audible or visual);

	

MP . . . . . . . miscellaneous
lamp ; LED

	

mechanical part

ABBREV IATIONS

Α . . . . . . . . . . . . ampere

	

COEF . . . . . . . coefficient

	

EDP . . . . . electroni c data

	

ΙΝΤ

	

. . . . . . . . . . intern al
ac . . . .

	

alternating current

	

COM . . . . . . . . .

	

common

	

processing

	

kg

	

. . . . . . . . . .

	

k ilogram
ACCESS . . . . . accessory	COMP . . . . . composition

	

ELECT . . . . . electrolyt ic

	

kHz . . . . . . . . . kilohertz
ADJ . . . . . . . adjustment

	

COMPL . . . . . . . complete

	

ENCAP . . . . encapsulated

	

kΩ . . . . . . . . . . . kilnhm
Α/D . . . . analog-to-digital	CONN . . . . . . . connector

	

ΕΧΤ . . . . . . . . . external

	

kV . . . . . . . . . . . kilovolt
AF

	

. . . . audio frequency

	

CP . . . . . . cadmium plate

	

F . . . . . . . . . . . . .

	

farad

	

lb . . . . . . . . . . . .

	

pound
AFC . . . . . . . . automatic

	

CRT . . .

	

cathode-ray tube

	

FET . . . . . . .

	

field-e ff ect

	

LC . . . . . . . . inductance-
frequency control

	

CTL . . . . complementary

	

transistor	ca pacitance
AGC . . . . .

	

automatic gain

	

transistor logic

	

F /F

	

. . . . . . . . .

	

fl ip-flop

	

LED . . light-emitting diode
control

	

CW . . . . . continuous wave

	

FH . . . . . . . .
. .

	

flat head

	

LF . . . . . .

	

low frequency
AL . . . . . . . . .

	

aluminum

	

ew

	

. . . . . . . . .

	

c lockwise

	

FIL Η . . . . .

	

fillister head

	

LG . . . . . . . . . . . . .

	

long
ALC . . . . . automatic level

	

em

	

. . . . . . . . . centimeter

	

FM . . fr equency modulation

	

LH . . . . . . . . . . left hand
control

	

D /Α . . . .

	

digital-to-analog

	

FP . . . . . . . .

	

front panel

	

LIM . . . . . . . . . . . . limit
AM . . .

	

amplitude modula-

	

dB . . . . . . . . . . .

	

decibe l

	

FREQ . . . . . . .

	

frequency

	

LIN

	

.

	

.

	

linea r taper (used
tίοη

	

dBm . . . .

	

decibel referred

	

FXD . . . . . . . . . . .

	

fixed

	

. in parts list)
AMPL . . . . . . . . ampl ifier

	

to 1 mW

	

g . . . . . . . . . . . . .

	

gram

	

lin . . . . . . . . . . . . linear
APC . . . . automatic phase

	

do

	

. . . . . . . direct current

	

GE . . . . . . . .

	

germanium

	

LK WASH . . . lock washer
control

	

deg . .

	

degree (temperature

	

GHz . . . . . . . . . gigahertz

	

LO . . . low-, local oscillator
ASSY

	

. . . . . . . . assembly

	

interval or differ-

	

GL . . . . . . . . . . . . . glass

	

LOG . . . . l ogarithmic taper
ΑUΧ . . . . . . . . . auxiliary

	

ο

	

ence)

	

GRD . . . . . . .

	

ground(ed)

	

(used in parts list)
ανg . . . . . . . . . . . average

	

. . .

	

. . . . . . degree (plane

	

Η . . . . . . . . . . . . . henry

	

log . . . . . . . . logrίthm(ic)
AWG

	

. . . .

	

Americanwir e

	

ο

	

angle)

	

h . . . . . . . . . . . . . . hour

	

LPF . . . . .

	

low pass filte r
gauge

	

C

	

. . . . . .

	

deg ree Celsius

	

ΗΕΤ . . . . . . .

	

heterodyne

	

LV . . . . . . . .

	

low voltage
BAL . . . . . . . . . . balance

	

ο

	

(centigrade)

	

HEX . . . . . . . .

	

hexagonal

	

m . . . . . . meter (d istance)
BCD . . . . . .

	

bin ary coded

	

of

	

. . . . degree Fahrenheit

	

HD . . . . . . . . . . . . . head

	

mA . . . . . . . . milliampere
decimal

	

Κ . . . . . . . degree Kelvin

	

HDW

	

. . . . . . . . hardware

	

MAX

	

. . . . . . .

	

maximum
BD . . . . . . . . . . . . board

	

DEPC . .

	

deposited carbon

	

HF . . . . . . high fr equency

	

ΜΩ

	

. . . . . . . . .

	

megohm
BE CU

	

. . . . . .

	

beryllium

	

DET . . . . . . . . .

	

detector

	

HG . . . . . . . . . .

	

mercury

	

MEG . . . . m eg (106) (used
copper

	

diem . . . . . . . . .

	

diameter

	

Hi

	

. . . . . . . . . . . . .

	

high

	

in parts list)
BFO . . . . . beat frequency

	

DIA

	

. . .

	

diameter (used in

	

HP . . . . . Hew lett-Packard

	

ΜΕΤ FLΜ . . . .

	

metal fi lκn
oscillator	pa rts list)

	

ΗΡF . . . . .

	

high pass filter

	

METOX . .

	

metallic oxide
ΒΗ . . . . . . . .

	

binderhead

	

DIFF AMPL . .

	

differential

	

HR . . . . . . .

	

hour(used in

	

MF . . . medium frequency ;
BKDN . . . . . .

	

breakdown

	

amplifier

	

. parts list)

	

mίcrofarad (used in
BP

	

. . . . . . . . . . bandpass

	

dίν . . . . . . . . . . . division

	

HV . . . . . . . . hi gh voltage

	

parts list)
BPF

	

. . . . .

	

bandP ass filte r

	

DPDT .

	

double-pole,

	

Hz

	

. . . . . . . . . . . .

	

Hertz

	

MFR . . . . . . manufacture r
BRS . . . . . . . . . . .

	

brass

	

doub le-t hrow

	

IC

	

. . . .

	

integrated circuit

	

mg . . . . . . . . .

	

milligram
BWO . . . . . backward-wave

	

DR . . . . . . . . . . . .

	

drive

	

ID

	

. . . . . . inside diameter

	

MHz . . . . . . . . megahertz
oscillator

	

DSB . . . . doub le sideband

	

IF

	

. . . . . . .

	

intermediate

	

mH . . . . . . . . . millihen ry
CAL . . . . . . . . .

	

calibrate

	

DTL . . . .

	

d io de transistor

	

frequency

	

mho . . . . . . . . . . . . mho
cεω . .

	

counter-cloc kwise

	

logic

	

IMPG . . . . . impregnated

	

MIN . . . . . . . . m inimum
CER . . . . . . . . . . ceramic

	

DVM

	

. . . d i gital voltmeter

	

in . . . . . . . . . . . . . .

	

inch

	

min

	

. . . . .

	

minute (time)
CΗΑΝ . . . . . . . . . channel

	

ECL . . . .

	

emitter coupled

	

INCD

	

. . . . .

	

incandescent

	

. . .

	

. . .

	

minute (p lane
cm . . .

	

. . centimeter

	

logic

	

INCL . . . . . . . include(s)

	

angle)
CM6 . . cabίnet mount only

	

EMF . . electromotive force

	

ΙΝΡ

	

. . . . . . . . . . .

	

input

	

ΜΙΝΑΤ . . . . . . . miniature
COAX . . . . . . . . . coax ial

	

INS . . . . . . . . insulation

	

mm . . . . . . . . m illimeter

ΝΟΤΕ

All abbreviations 1η the parts list will be 1η upper-case.
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MOD

	

. . . . . . . modulator

	

OD . . . . . outside diameter

	

PWV . . . . . . peakworking

	

TD . . . . . . . . . time delay
MOM

	

. . . . . .

	

momentary

	

OH . . . . . . . . .

	

oval head

	

vo ltage

	

TERM . . . . . . . .

	

terminal
MOS . . . . . . . metal-oxide

	

OP ΑΜΡL

	

. . .

	

operational

	

RC . . . . . . . . . resistance-

	

TFT . .

	

thin-film transistor
semiconductor

	

ampli fier

	

capacitance

	

TGL . . . . . . . . . . . toggle
ms . . . . . . . . millisecond

	

OPT . . . . . . . . . . option

	

RECT . . . . . . . . r ecti fier

	

THD . . . . . . . . . . thread
MTG . . . . . . . . mounting

	

OSC . . . . . . . . . oscill ator

	

REF . . . . . . . . . reference

	

THRU . . . . . . . .

	

through
MTR . . .

	

meter (indicating

	

OX . . . . . . . . . . . .

	

oxide

	

REG . . . . . . . . . regulated

	

TI

	

. . . . . . . . . .

	

titanium
device)

	

oz . . . . . . . . . . . . ounce

	

REPL . . . . . . replaceable

	

TOL . . . . . . . . . tolerance
mV . . . . . . . . . .

	

millivolt

	

Ω . . . . . . . . . . . . . . ohm

	

RF . . . . .

	

radio frequency

	

TRIM . . . . . . . .

	

trimmer
mVac

	

. . . . . .

	

millivolt, ac

	

Ρ

	

. . . .

	

peak (used in parts

	

RFI

	

. . . .

	

radio frequency

	

TSTR

	

. . . . . . .

	

transistor
mVdc . . . . . . milli volt, do

	

list)

	

interference

	

TTL . . transistor-transistor
mVpk . . . .

	

millivo lt, peak

	

PAM . . . .

	

pulse-amplitude

	

RH . . . .

	

round head ; right

	

logic
mVp-ρ

	

. . . mill ivolt, peak-

	

modulation

	

hand

	

TV . . . . . . . . .

	

television
to-peak

	

PC

	

. . . . . .

	

printed circuit

	

RLC . . . . . . . .

	

r esista nce-

	

TVI

	

television interference
mVrms . . . . millivolt, rms

	

PCM . . pulse-code modula-

	

inductance-

	

ΤWΤ . . traveling wave tube
mW

	

. . . . . . . . . milliwatt

	

tion; pulse-co un t

	

capacitance

	

U . . . .
.
m ic ro (10r6) (used

MUX

	

. . . . . . .

	

multiplex

	

modulation

	

RMO

	

. . . rackmount only

	

in parts list)
MY . . . . . . . . . . . . mylαr

	

PDM . . . . .

	

pulse-duration

	

rms . . . .

	

root-mean-square

	

OF . . . microfarad (used in
μΑ . . . . . . .

	

microampere

	

modulation

	

RND . . . . . . . . . . . round

	

parts list)
AF

	

. . . . . . . .

	

m ic rofarad	PIP

	

.

	

picofarad

	

ROM . .

	

read-o nly memory

	

UHF . , ultrahigh frequency
μΗ . . . . . . . .

	

mίcrohenry

	

ΡΗ ΒRΖ

	

phosphor bronze

	

R&Ρ . . . . .

	

rackand panel

	

UNREG

	

. . . . unregul ated
μmho . . . . . . . micromho

	

PHL . . . . . . . . . . Phill ip s

	

RWV

	

. .

	

reverse work ing

	

V . . . . . . . . . . . . . .

	

vo lt
μs . . . . . . . .

	

microsecond

	

PIN

	

. . .

	

positive-intrinsic-

	

voltage

	

VA . . . . . . . .

	

voltarnpere
μV . . . . . . . . .

	

microvolt

	

negat ive

	

5

	

. . .

	

scattering parameter

	

Vac

	

. . . . . . . . .

	

volts, ac
μVac . . . . . .

	

microvolt, ac

	

PIV

	

. . . . . . . peak inverse

	

s

	

. . . . . . . . second (time)

	

VAR . . . . . . . . . . variable
μVdc

	

. . . . .

	

microvolt, do

	

voltage

	

.

	

second (plane angle)

	

VCO . . . voltage-controlled
μVpk

	

. . .

	

microvolt, peak

	

pk . . . . . . . . . . . . . peak	S- Β . .

	

. . slow-blow (fu se)

	

oscillator
μVρ-ρ . . .

	

microvolt, peak-

	

PL

	

. . . . . . . . .

	

phase lock	( used {ηparts li st)

	

Vdc

	

. . . . . . . . .

	

volts, do
to-peak

	

PLO . . . . . . . . phase lock	SC R . . .

	

silicon controlled

	

VDCW . . vo lts, dc, working
μVrms . . . .

	

microvolt, rmα

	

oscillator

	

rectifier; screw

	

(used in parts list)
μW . . . . . . . . .

	

microwatt

	

PM . . . .

	

phase modulat ion

	

SE

	

. . . . . . . . . .

	

selenium

	

V(F) . . . . . . volts, filtered
ηΑ . . . . . . . . nanoampere

	

ΡΝΡ . . . positive-negative-

	

SEC . . . . . . . . sections

	

VFO . . vari able-frequency
NC . . . . . .

	

no connection

	

posit ive

	

SEMICON . . . . . semicon-

	

oscillator
Ν/C

	

. . . .

	

normally closed

	

Ρ/Ο

	

. . . . . . . . . .

	

Part of

	

ductor

	

VHF . . . . . . very-high fr e-
ΝΕ . . . . . . . . . . . .

	

neon

	

POLY . . . . . . poly styrene

	

SHIP . . . . . . superhigh fre-

	

quency
NEG . . . . . . . . .

	

negative

	

PORC . . . . . . . . porcelain

	

quency

	

Vpk . . . . . . . . vo lts, peak
nF

	

. . . . . . . . .

	

nanofarad

	

POS

	

. . p ositive ; position(s)

	

SI . . . . . . . . . . . .

	

silicon

	

Vρ-ρ . .

	

volts, peak-to-peak
ΝΙ PL . . . . . .

	

nickel pl ate

	

(used in parts list)

	

SIL . . . . . . . . . . . .

	

silver

	

Vrms

	

. . . . . . .

	

volts, rms
Ν/Ο . . . . . normally open

	

Ρο5Ν . . . . . . . .

	

p osition

	

SL . . . . . . . . . . . . . slide

	

VSWR . . . voltage standing
NOM

	

. . . . . . . .

	

nominal

	

POT . . . . .

	

potentiometer

	

SNR . . signal-to-noise ratio

	

wave ratio
NORM . . . . . . . . normal

	

ρ-ρ . . . . . . . peak-to-peak

	

SPDT . . . . . . single-pole,

	

VTO . . . . . . vo ltage-t uned
ΝΡΝ . . .

	

negative-positive-

	

PP

	

. . .

	

peak-to-peak (used

	

double-throw

	

oscillato r
negative

	

in parts l ist)

	

SPG

	

. . . . . . . . . . . spring

	

VTVM

	

. . . .

	

vacuum-tube
ΝΡΟ . . . . negative-positive

	

PPM . . . . .

	

pulse-position

	

SR . . . . . . . . . . split ring

	

voltmeter
zero (zero tempera-

	

modul ation	SPS T

	

. . . . . .

	

single-pole,

	

V(Χ) . . . . . volts, switched
ture coefficient)

	

PREAMPL . . . preamp li fier

	

sin gle-th row

	

W . . . . . . . . . . . . . . watt
NRFR . . not recommended

	

PRF . . . .

	

pulse-repetition	SS B

	

. . . . . single sideband

	

W/

	

. . . . . . . . . . . . . with
for field replace-

	

frequency

	

SST

	

. . . . . .

	

stainless steel

	

WIV . . . .

	

working inverse
ment

	

PRR . . . .

	

pulse repetition

	

STL

	

. . . . . . . . . . . . steel	voltage
NSR . . . . .

	

not separately

	

rate

	

SQ . . . . . . . . . . .

	

square

	

WW

	

. . . . . . .

	

wirewound
rep laceable

	

ps . . . . . . . . .

	

picosecond

	

SWR . . standing-wave r atio

	

W/o . . . . . . . . .

	

without
ns . . . . . . . . . nanosecond

	

PT . . . . . . . . . . . . point

	

SYNC . . . . . . synchronize

	

YIG . . Yttrium-iron-garn et
nW . . . . . . . . .

	

ηαηοωα tt

	

ΡΤΜ . . . . . . . . pulse-time

	

Τ . . timed (slow-blow fuse)

	

Ζο . . . . . . . characte ristic
OBD . . .

	

o rder by descrip-

	

modulation

	

TA . . . . . . . . . . tantalum

	

impedance
tion

	

PWM . . . . . . . pulse-width

	

TC . . . . . . . . temperature
modulation	co mpensating

ΝΟΤΕ

All abbreviations in the parts l ist will be in upper-case.

MULTI PL I ERS
Abbreviation Prefix Mu ltip le

Τ te rs 1012
G giga 109
Μ mega 106
k kilo 103
da deka 10
d deci 10-1
ε centi 10-2
m milli 10-3
μ micro 10-6
η ηαηο 10-9
ρ Pico 10-12
f femto 10-15
α atto 10-18

6-3



Replaceable Pa rts

	

Mode1435B

6-4

Reference

	

ΗΡ Part

	

c
Designation Number ~ aty

Α 1 β 1

	

0757-~346
Α'Ι β2

	

~'757-Π;346
Α 1R3

	

Ι17 ί̀7- Π3Αδ
Α~ 12 4

	

1Ι '% 57 ~~- 0;34δ
A1 R5

	

Π75'7-034f.>

Α1','3'ι

	

;310 ρω 1 δΙΣ:!
2 λ 9Π--0016 :i
2°750- ΟΟΠ 'ί Θ

AY f i2

	

;S10U-ΜΕιλ '% Λ
2'ί 90~- Ο ~16 ;3
2ΊFίΠ ~-0001 Γ3

Α;ρ

	

~

	

~ ~

	

~ ΝΠ 'Γ' ΑS5 ΙGΝΕ~

Table 6-2 . Replaceable Parts

Description Mfr
Code

Α 1

	

Π~4 :i5-6 ί1()35 Σ1

	

1

	

SWT'Τ ( : ε1 ΑΣΥΣ > Ι=Μ~Ι.- Υ

	

2Ει4Σ3 Λ

	

η 04 ;55--6 Λί13 =,:1

	

.

ΑλΓ.:'1

	

~1811 --0374

	

3

	

α

	

CAF'ΑC ΙΤΟβ --ΡΧ~ λΠ ~1~"~η-~1~Χ 3Ι )VDC 'ίΑ

	

5ε~ ϊ)fl9

	

1`,""'ιη 1)1 Π6Χ5'C1 ι̂ . . ί1 Ει ~?

Αλ C2

	

~1f30 --Λ2ί!9

	

7

	

2

	

CAPAf.::('f( :117-~~ Ι"ΧΑ 33LIFe--1 U Χ 10VUC ΤΑ

	

'-.'i62139

	

'ι5 Ι 1D '3 ;5 ε,Χ90i ΠΙ:ι ;ι

Αi[:3

	

Π '180-1'%4δ

	

1

	

CΑΡΑC ΙΤΟR-f'ΧD 15 ί .1 Υ ~ +-1 ΠΧ 2(1VDC 1'Α

	

.".-ι6ϊ.'.89

	

λ '.':ι ~D λ 5ΕιΧ 'ί'~20 Ει2

Α'ι 1:4

	

Λ 18 ρ~-1704

	

λ

	

CAPAC :['Τ ( :1 Ι7- -FΧΑ 4711 Ι"+ -'ΙΠ "/. GVDf.: 1' Α

	

5δ289

	

1 =,:ί (1D4Ϊ6Χ900 ει ;3 ΐ!

Α 1.Τ '1

	

Ι λ 200~-~ ;'ϊ08

	

Ι 0 ί

	

λ Ι SOC1(Έ7--1:C λΛ -CΠΝ 1' D:C Ρ ~-ΣSL . D Iρ

	

Ι

	

2ΣΥ 4!3 Π Ι

	

λ2~l1--~ "̀
ίΠ f:3

1 :i

	

RE S7:~'i'T11 R 10 λ "/. ,'ίί!S W F' ΤC=:: η . ι . :-1 Λ0

	

1.'!454Ε

	

C4~-~1/Σ3- ΤΙ1 --ΙΙΙΙ;'.0 - F'

ΗΙ'£ιΙ F1'~L1R 10 1Χ ,12`,'iW F' 'Τ C'~~~~ ρ ~F~-~ λ 00

	

Σ.'.45αΣι

	

ί :α..1/ί0--'τΠ -- 'ίΙ1RΠ~-F

Rf S' ΙΣί ' ΓΟΥ2 '111 i Χ . λ2.ϊW Ρ' ' ΓΥ,=:' Π .+ . ...1 Π 11

	

έ'4 .`i46

	

C4-~i/Θ--'ΤΠ --'ιΠ R ί1 - -f-
R FS:1:S'ΓΟR λ 11 1Χ ,125W F 1' ί: ::~~:(1 +--1 Ι1 Π

	

""='.4 :̀ία6

	

C:4w1/Θ-'1 Π-~ ΠΓ20~-f'
Υ2 Ι££ίΙ (Ιί ' Τ (:)R λΠ 1 Χ ,'J13`.iW F' ΤΙ:=:: Π :α- - 1 ίΙίΙ

	

2ΛS46

	

C4.. .i/ Ι:Ι . ...η~η . . ..'40R1i .. . ρ. .

A1 R Fι

	

(1757--0 ;346

	

2

	

βF::S~5'T1 :1R iU 1Χ , ίί!':~W f' Τί:~~'11i--100

	

ςι'4 :ίαδ

	

C: Α ~~ λ/θ~-'f Π -~'λ (JR~1--F

Α 1 R7

	

Π7 .̀ί7-- Ι1 ;34δ

	

3

	

RΕ:5 ΙΕίΤ'C1R 1(1 λ '/. ,125W F' ΤΙ: ;~=Π + -10Π

	

24~ί4δ

	

C4- λ /θ~-'ΓΛ -'ι 0R Λ- . fι '

Α'1 R8

	

0'%57-~Π;34δ

	

2

	

R1C ί:ιΙΣί 'ΓΛR 1 Π 'ιΥ. ,11.=.S W F" 7 ί.;-::0~ ι - -10 Π

	

2Λεϊαει

	

ί".4ω1/θ-ΤΟ ~-111RΠ~- F

Α 112'7

	

Λ7`i7-Π ;:S46

	

^

	

RE :SIΣiΤl7f2 '!1Ι 1"/, ,'ιϊ~=.':i W F" 'Γ [ ; ε: η +~1(1(1

	

24546

	

C4-- Ί /8--1'~1--10R11--~-'

Αλ R10

	

Π'%57--ρ;34δ

	

2

	

RE:S :C','. ίΤΟΓ2 1 Λ 1"/. ,1 ί::'iW F~ 1(:~=~~ +-λ 11 Π

	

34':i46

	

(:Λ~. λ/Η~-'τ ~ --'1 ΠΓ211--F

Α '~R11

	

Ο'757-Π 346

	

2

	

R C:'. :ίΙ !:Υ 'ΓΟβ i Λ λ 7. ,it.'. .`.''iW Ι" 'ΓC~=Π +" --λ 00

	

24~ν46

	

CΛ--'ί /Θ- -'f(1--10Rf1- f"

Α'1R12

	

Π '%57-0 ;34δ

	

RE:S :[S' Ι~12 1 Ι1 λΧ , λ25W F ' Ιι: : : :: η +-1 ΠΛ

	

24 :̀1 Λδ

	

ί:Λ-1/8 -?ί7~-iU1"!~~-f'2
A1 R13

	

~

	

117fi7~-034~

	

2

	

Rf:S3β7~1R iq 1Χ . .ί .2'.'..~W Ρ ΤC='Πι~~-~100

	

ϊ .'.454δ

	

ί::4--~/ β"Υί 1- λ 0R0~-F"

Αλ R14

	

~'%57~-0346

	

^c

	

RFS75' f11 R 1 η 1 Χ ,12f-.'i W F 'f Γ ;= ::Ο ~ σ~-1 Πη

	

Σ!Λ~"ί4δ

	

C;^λ-1/~λ -'~li~-111 R 11- Ρ '

Α1Ιt15

	

ί1'%57--034f.,

	

2

	

f2CGI'ΥΤΙ7R 'ί 11 λΧ ~ λΣ!S W Ι"' '~C-: " ί1 ι --i ΠΟ

	

2Λ5ΛΓ.,

	

CΛ --'λ /8-~'ΥΠ ~-10RU~-1-

ΑiR16

	

~ Ϊ57~-ρ27ς

	

0

	

RΕ 5Ι51'UR 3,'16Ι( 1 Χ ,1 ΐt5 W F' ΤΙ'.=: Π.σ-~1 Πη

	

1Λ54δ

	

ί;α-1/ΕΙ ~-1' ί1 °- -.51,'. ιλ-F

A1R 1'%

	

Ι1'%,,".ϊ '%- -( Ι28 ρ

	

;3

	

',i

	

Γ2F'£ ί :[5ΤΙΙ f2 'ίΙ ( 1Χ ,12`:i W F' ΤC=~Λσ~~-i ΠΠ

	

ί2Λ54δ

	

C4 ~'λ /F1-'Γη ~-~00 ? - Γ'

ΑiR18

	

Λ'%57~-01'79

	

0

	

RΓS~STOR 3 .16Κ 1 Χ ,13`iW f' ' ΙC= Π+--1 Πί1

	

2Λ'.'.'-ιΛ 6

	

C4-- Ί /Θ-- Τ'Π"' ;31 b'ι -f'

Α'1R'ι 9

	

Ι

	

0757--0279

	

Ι Λ Ι

	

Ι

	

R fC~3~ ~'ΤΙ:Ι 12 ;3, λειΙ< 1"/. ,125W F 'fC=0~-1 ίΙΠ

	

Ι

	

24:346 Ι

	

CΛ ~ 1/ Η~-'ί ~0--'316'ί -1"

SW :C7CH- - R 0'TA RY 0,f:1i2 'STRI.IT Γ.;1'R SΡ~:f.)1 i Π

	

2F34fl0

	

;31 ίΙΠ ~-1 δλ fΙ

Ν~ΤΙ-ΙΗί~.'X L ~~ D7iLNf.;4λΑΜ 3/Θ°-'3~-~'ΤΗ ~'/, Π44j~ ΙΝ - -'ΤΗΝ

	

Πη ~1810

	

(]R~) F R 08Υει D f.':~][' f2 :ΊF'Τ : Ι: Ι :) Ν

SWI TCΗ--RU7A R Y 1 .5δ2 51' Ι 2~Τ ί;'τΓ2 !3 F'CG ι ib

	

Σ!0148(Ι

	

3ΥΠΠ-16i7
WΑ5MER~- LK ΙΝ'f1-. 'f 3/ Ε1 ΙΝ , ;3'%7-- ΙΝ --7:D

	

25:148Π

	

21°ί'O--OUt6
Ν~7-- ΙλΕΧ-- Ι) F! Ι. .. - - Ι7ΙΙΑΜ 3/8-3r̂̂- - Τ 4 Ι D ,11'7Λ~°~1:Ν-~'fΊΙΚ

	

~ ΠΟΠί)

	

C1 F2F)fR ~:ιΥ D f: ΣλCR Ιf'f :1.~ :) Γλ

Α'3

	

Ι ~ η 435--6 ΙΙΛ0 ;5 Ι 0 Ι

	

1 Ι F' L7Wf: R RE: F~f :R f ::ΝC ; έ!: OSC :Γ. L . L.ATCJf2 ΑΕί'ι ~". ΜΕd.- Υ

	

Ι 2Ι : Ι 44ΙΛ Ι Ο()-λ'3'.'ί --ΕιΛΠί1 ;5

A3Ci

	

111δΠ --387'J

	

7

	

Λ

	

C:AFAI: :f.'ΓΟ R~-f'ΧD .1ι ]l1F +-~211Χ illΠVli1: CΓ-_R

	

2':1 ΛΘρ

	

01 Ε~-3~179

Α3C2

	

1Ι 'ι 6U--3η3δ

	

Θ

	

τ.

	

CΑF' ΑΙ'. Ι 'ΓΟR--F'UTFiR U °ί~ Πη F ' F' +Ε 4 ίΙ -~2 ΠΧ 2 ΠΠV

	

Υ.'. Ι348Λ

	

Π 1ΣιΠ-'3 ίΙ ;3 Ση

Α3(:;3

	

Ο 'λ b0--;31)3δ

	

Θ

	

CAI'AC :C'T11 R--F'D'ΤΙΙΓ2 L 1 5ΠΛί1 Ρ' F' + ΙΙι 1) -ΤΠΧ ~' ΟΠV

	

ε̂. . flACO

	

l1 Α~ι 0-30 :36

A3Cq

	

ρΥ 60-3879

	

7

	

Ι:ΑF'AC; :1:'f1 :117-F'Χρ , Ολ 11F +- -2ΠΧ 1U ΠVUC CFϊl7

	

£'.84Σi11

	

Π '1 Σιί1-3f̀.Ι '7'Ρ

Ααί:5

	

~'ίδ 0- ;31:ί79

	

7

	

CAfACI ~f17 R- -f'X D ,lJ1l .IF + -1'~ Χ λ OUVDC CE:R

	

3Ι3Λ80

	

ί1 λε :0-3 Ε 1'%'7

A3C6

	

ΟλειΟ-δ?(Ι 'ί!Ϊ

	

1

	

ί'ΑΡΑCΙ ' Γ (:I R -~FΧί) ;3 ΠΛΡF ο--`νΧ SΛ 1J VDl: ΜλC:Α

	

21:ι48(1

	

(Ι 1 δί1-20t.'%

Α;5[7

	

Ο ~6Λ-~307Λ

	

~

	

1

	

Ι:ΑΡΑί1 Ι 'τΙλR--FΧΙ> 1 ι1 ηΡF +~~-'.;ίΧ 3 U I1 VD (: ΜΙί ;Α

	

2. ί:1 α f :10

	

~'ι60 --3 Λ '7 ί1

A;3CI:1

	

η 18Π-Π10~

	

:3

	

1

	

CAPACI:1'C1R -FΧD 4,'71,1~"+--1 Λ "/. ':i ','iVUC : 'ΓΑ

	

5Σι289

	

'ι 5(ΙΠ 4'%FiX90 ;5 :̀ίΣι ~,'.

Α-31:9

	

Ο 1 δ0-2255

	

1

	

i

	

CΑΡΑ(: :Ι: Τ[1R- Γ'X D Θ , ϊ.'.FF +-~,25F'F 5011 VD f; CIL-.17

	

2ίΙα[10

	

Ο i ϋΠ --2e' .°ίΓι

A3C10

	

ΠλΕιΠ -- :307ί3

	

6

	

'1

	

CAI'ΑC7:'Γί1R~-FΧ~ 10 ί1ΠΡΙ' +-2ι1"/. '~IJO VAC; Cf_R

	

2348~

	

Ο '1 ι! ιίΙ -βθ '%!α

Α3C11

	

01 δΠ -Λ179

	

4

	

1

	

CΑF' ΑCΙ ' Τ 1) R-- F'Χ0 ;33 Ι'1~~ +--°,ϊ7. ;3Ul1VDC ΜΙCΑ

	

έ?Σ:413 Ι1

	

Ο ~Ί 60~-Oi7i'

Α3C12

	

Ο 1δ0--387 "!

	

7

	

CΑΡΑC :[1~C1R--FXU ,01 UF ε°',? ΠΧ 11111 VU1: CE:R

	

213480

	

ίΙ 'ι 6~-313'79

Α'3C:73

	

Π '16ρ-4(ΙΟδ

	

4

	

i

	

[) ΑΡΑΓ; Ι ' ΤΟ R~~-F ΧΙ> 3δΥ'F' +~-"ίΧ :3UU VDC GI_

	

Σ! Σι 4f70

	

~'1bU ~-40~ εν

A3C14

	

Ι

	

11'ιει0--4007

	

Ι 5 Ι

	

λ

	

Ι

	

CΑΡΓ-t[: :1:1'U R --F'XD ;'.(101'f" 4--5"/. 3(1lIVD 2: GL

	

Ι

	

ί?8480

	

Ι

	

f116f 1- Ληί1'%

Α31: Ί21

	

190i--051 Σi

	

Ν

	

= ..

	

DI1:11) Ε--5Μ '.3 ΙG 5C1-10'ΤΤΚΥ ~

	

284!~~

	

λ'30 λ ~~05'~ F1

A3CR2

	

'ι701-0518

	

ΕΙ

	

λΙΟ~ΕΕ --5Μ 5Ι [ί Σ~CF1~Τ '1'ΚΥ

	

284βΠ

	

1S ηλ -U 51 ES

Α;St1R3

	

Ι ί)'122- Οί!99

	

9 Ι

	

,1 Ι D7:O7)[::~-VVC 82ΡF ..̀'ίΧ C2/ί:2Π°_ Μ:C Ν~=ϊ! DVR =211 V

	

Ι ϊ.'.SΠ48~ Ι Π1 ι'2-0299

A3 J 'ί

	

Ι 12.`ϊ ~--1220

	

Ι 0 Ι

	

1 Ι CΟΝΝΓ'CT~1k -~RF S MC Μ f'C ΕίΛ -~ ΙΙΜ

	

Ι 2~ι48~ Ι 12 ."-ί 0-1 ϊ.'.ϊ.'. ί1

A;3l..i

	

'Ί14 ί1-ρ144

	

0

	

λ

	

1:NDl.IfIT1:1R Rf'-CFi--M L-Α 4,7~Ν 'l0"/. .1 Π5DΧ ,3 ΣιΙ .-1;

	

ί2 Σι4Ι3Π

	

'i' λ 4 Π-~1 ΛΛ

Α;5 Ι-.1.°

	

U0436-~8000i 1

	

1

	

CO'tL , VΑβι: ΑΕ<LÉ	213 ΛΘ 0

	

ΠρΛ~5 Ει --8~11111

Α;3 Ι...3

	

Ι

	

Πίλ 43f ι ~-!3110 Π 2 Ι 2 Ι

	

1

	

Ι

	

CUIL, 3~~-1/2 TI JftΝS

	

Ι

	

284811

	

Ι

	

O f1436~- Σ3(ΙΠρ2.

Α:3 ΜΓ''1

	

Πη 4:5°ί- (1 ΙΙ ~~ Ο 3

	

λ

	

f~F~~~ ϊL.~>-5ΛΜΝ7 ί 1 ΣίCΙ4..L. ΑΤΟΙ7

	

~°-β400

	

0043`''ί-Π 0~'lll

Α~3 ΜΡ2

	

2i90 --11 f343

	

4

	

Υ

	

WΑS Ι -ΙΕ:12~-LΚ ΙΝ '~ L. 7 ΝΟ , Θ ,iCι[ίί-- ΙΝ ~- ΙΙ)

	

2~:14flU	c^ . λ'711--O ftA;3

Α3ΜΙ';3

	

ί?:51:10--0002

	

4

	

'ι

	

ΝΙ.Ιt-'λL Χ-~~8L.~ ωCΙ1ΑΜ ΣΙ --3ί'-~Τ'F1U . ΠΘ5-ΙΝ -~Γ' ΙλΙί

	

2848Π

	

Ρ.580-ί1 Π (12

Α;3 ΜΡ4

	

ΐ.'.'190~-0124

	

4

	

1

	

W A5FiCI:R--Ι.. . Κ ΊΝΤΙ.- 1' Νί:1, 1~ , λ '3 Εί-ΙΝ -- :C1)

	

Σ'.!:Ι4Ι3(Ι

	

21'1 Λ~-1Ι 12α

Α;3 ΜΙ'5

	

ί.! ΊΓ30--~071α

	

'i

	

1

	

Ν~7-- FIC:X-D FL--CFΙΑΜ 10-- :i2-'Γ11D , Πδ 7--ΙΝ ~- Τ' FλΚ

	

ϊ!~:34Α(1

	

25'5 Π -011'% Σ3

Α;5 ΜF'6

	

220Π-- Οi1 ;3

	

4

	

1

	

SC.R E.W °-ΜΑCΗ 4-~4 Π ,f25°-ΙΝ --1...G ΡΑΝ-- ε1D~_(ΟΖΙ

	

~1111 Π0

	

(:1R]>f:R ΡΥ Ι) Ι.`:SI:R'J: F' ΤΙΟΝ

Α3ΜΡ7

	

30 :ί 1Ι --1ι (Ι79

	

3

	

'1

	

WΑSI311 :: β --F'L. ΝΜ Ν~ . ίλ ,094-ΙΝ ~-~ ΙD ,'ι 80 --ΙΝ - -Ο7)

	

28480

	

3~~50~-D0'.79

Α;5 ΜΡθ

	

Ι '7~20-- Σι99δ

	

Itil

	

1 Ι 4Α~Ι-.Ι _~ - ΙΙ)ΕΝΤ]: F`ΙΙ:ΑΤΙΟΝ �"'.'ilr- :[ Ν~°7) ΙΑ ΑL.

	

Ι Σ! f:148 Π Ι 7i2 Λ°- Σι99ίι

Α341λ

	

i β54-Π24'7

	

9

	

i

	

ΤRΑΝΕί :[5ΤΟΙ7 ΝΡΝ 5'1. ΤΛ--39 F'17=1W Ι""Γ=fl0 ι 1 ΜΙ- Ι 1.

	

2848 Λ

	

'ιβ ί̀4- ιΙ ..''_ Λ'%

1211f1-0'ι 73

	

λ

	

ΙΝθL1 Ι _Α 'ΓC1 R--Χt7R ~ΑΓι ~- ΟL .,

	

2Σ1Λ8(Ι

	

i2011--01'%;5

A3Q2

	

Ι 1854-0810

	

2 Ι

	

b Ι 7RΑΝ ::ι :Ιίί ' Γ~ Ι7 ΝΡΝ !:iI Ρ D=δ:.'.5ΜW FΤ=20~ ΜΙλ7

	

Ι 2ίΥ 48 Π Ι 'ι 1 :31i4-9 E S :1 f 1

Mfr Part N umber

Α3β1

	

0757~-11442

	

9

	

λ `,ί

	

Rf"S:[£STIIR 11!Κ λΧ .1'..?5W F" Τ[1--~ Λ ~ η --1 Πη

	

Σ'4 .̀'ί46

	

ίΙΛ ~-1/Θ--'Υ'0--1 Λ ~ί'."-F

Α3R2

	

Π75'%--042'ι

	

4

	

λ

	

RCS ΙSTOR 825 λΧ .12:~ W F' TC~~O+~-'ΙΠΙΙ

	

Σ!4`i46

	

C4--1 :8- Τ -~1- k125β- -4r

Α;3 Ι73

	

() Σ;111--32 ;34

	

9

	

'ί

	

R6:S ISΤCIR i01< 1 Χ ,USW PWW 1'C=-η+-1 Π

	

λ.115'4 Π

	

1411~-1/ ε"η . -1 bl)2- Γ"

A3R4

	

2. λΠίΙ -- ;3'ί :ϊ4

	

'7

	

?

	

β C:3 Ι;1'UR~-'ΓRΜ12 1 Ιί i(ΙΧ C ί5ΙD4"--Α~J 1'%- -' ΓR Ν

	

~2111

	

4;3 Ρ 1 fιΥ !

Α;3 Γ25*

	

ί11Ι3 Υ 1-- ;3 :581

	

7

	

1

	

RF:5IΣ57OR 7,i1< λ 7. ,05W f WW ΤC= Π .σ . --1~

	

2Ι3Λ8Π

	

b8'ι '1--33 ES1

See introduction to this sect ion for ordering in form at ion
*Indicates factory selecte d value



Model 435Β

	

Replaceable Parts

Α 4

Reference

	

Ι HP Part
Designation Number

Α3R6
α (3 κ7
A3R8
Α ';3R9
Α 31410

A .3R 11
A3 R 12
A3R13
Α3R14
Α 3 R 15

Α'3R16

Α 3ΤΡ ι
Α3'ΓΡ 2

A3 U 1
Α 3LΙ 2

A3V R1
A3 VR 2

ΑΛΓ 1
Α 4(::'.?
Α4C3
Α4C4
A4C5

A4C6
A4C7
Α 4(.,8
Α4C9
Α4C16

Α 4C ι ι ιΕ
Α4C12
A4C13
Α4C14*
ΆΛC15

Α 4C'λ 6
A4C1'7
Α4C18
ΑπC19
Α4C20

A4C21
Α 4(:22
Α4C23
Α 4 ί'.', 24
A4C25

A4C .'-6
Α4C2'7

' Α4C28
Α4 ί29
ΑΛ C30

A4C31-
ΑΛC38t
Α4C39
ΑΛ C40-
Α 4 ί:)50t

Α4CR 1 t
Α4CR2t
A4C R 3
Α4CR 4
Α4C β 5

A4CR6
A4CR7
Α4CR8
A4CR9
Α4CR 10

A4C R 11
Α 4CR1'2
Α4CR 13

Α 4 J 1
Α 432

Α4 Κ 1

0757--0440
069q.) --7284
0757--04 Ει 5
0698--7284
0757-0280

ίι 757--0280
Ο'757-0442
0 698---0 0 83
075'7--039 (3
0698--3445

04ι 98-- 4>364

125 ι - ιιει 0 π
Υ 251-06 η 0

1026-0013
Ιβ20--0223

1902-4041
λ 9 π2-060 η

00435-60033

0100-2206
0190--0228
0160--2055
0160- .1439
Ολ 60--0160

0180-0229
0'170-0040
0'1611--3439
0100--0197
Ο 'λ 80- πΥ97

Ο 160- Π 16'1
ρ 1811 ,- ίι 116
01 βΟ-0116
0160 0161
0170- 0040

(118 π - (1374
01 β 0-0197
Ο 'Ι80-0373
01130-0116
Λ 180-0116

0 λ 60-3456
0 180-.1997
0100--0197
Ο 'λΒΠ- Λ 374
0160- -2290

0160 °-2204

0180-1794
α 1 Β0-1794
0'1 Β 0 --2206

ηιθη -029'1

1901--0996
1901 .- Π 99 Ε>
1901-0033
1 9 01-. 0 033
1901--0364

1901.-O033
19 Π 1-0033
1901 .... 0'3213
1901--0033
1901 . . 032828

1901 0033
1901--0033
1901-0328

1251--0600
1251- η 6 αΟ

Π 490-091 Σι

ε
ο

7
5
6
:'i

3
9
8
4
2

ΙΙ

(ι
0

6

4

7
υ

0
θ

4

1:ι
.
1
ι

6
!3
0

3
3

3

6
6
2

α
2

Qty

1
2
4

λ
1

1 δ

6
1

1
1
2
1

4

2
4

2

7

1

3

Table 6-2 . Replaceable P a r ts

Descri ption

R Ε SI',:ί 1 Ο R 7 .5Κ 1% ,125 W F:' 'Υί]=0 ι -100
RESISTOR TOOK 1% OSW F TC=O+-10 Ο
RESISTO R 100 Κ 1"/. ,125 W Ὶ TC~O +- -10 Ιι
RESISTOR

TOOK
1% 0SW F TC= O+ - λ 0 Ο

RESISTOR 11( ι °%. . ι25 ω ι ::' Τι.= ιι + -1 ηα

RΕ 13 ΙSTO R ΙΚ 1% ,125W F 1'C1- ί1ι -1 ΠΠ
RESISTO R 10 Κ λΧ . Υ 2 ....''ί W F 'ΥC= Π + -10(1
RESISTOR 1 .96 Κ 1% ,125 W F"tC=0 +-10 π
RESISTOR 75 1% .125 W F 1'C=O +- -'100
RESISTOR 348 ιΧ , ι 25ω F° τΓ.= ο + - 101)

RESISTOR 50 ,'ΙΧ ,125 W Γ" TC=O +-25

CONNECTOR -SG L , CΟΝ ' Τ PIN 1 , 14-ΜΜ --BSC+-S Ζ SQ
CONNECT Ο R--SG L CΠΝΤ PIN 1 .14 -ΜΜ -BSC-- υ 7 !] Ο

IC (] Ρ AMP LO W -- ΝOTS Ε 1' Ο --9'9 P KG
IC: OF' AMP GP 'Υ'(1-99 P K G

DIO DE-ΖΝR 5 .'11 V 5% DO-35 PD-:,4W
D I OD E ZNR ΙΝ827 6,2V 5% DO -7 Ι'D= .4 W

AMPLIFIER / ΡΟ W Γ '":R SUP P L Y Α5S Υ

CAPACITOR - FXD 6 Ο U F ι. -. 10Χ 6 V DC '1' Α
CΑΡΑ C Ι ' τΠκ - F Χ D 220F f- 10% 15VDC TA
CAPACITOR - r:' Χϋ ,01 11F 480 °-2 Ιι % 1nOV D C CE.R
CΑΡΑ C11' ΠR-- FΧΩ .039 UF ι .. 5"/, 20 Π V DC
CAPACITOR -F ΧD 820O P F f-10% 20O V DC ΡΟ LΥΕ

CAPACITOR - FΧΑ 33 L.I F"+-1 ΠΧ λ O V DC 'ΓΑ
CΑΡΑC Ι 'ΓΠβ -F Χ D .047 U F + -1 ΠΧ 200 V DC ΡΟ LΥΕ
CΑΡΑ C Ι t ΟR-F Χ D .039 UF + .-5 Χ 2 0O V DC
CAPACITOR -FΧϋ 2,2 U F + -10 Χ 2O VDC ΤΑ
CAPACITOR -- F Χ D 2,21JΡ +--1 ΟΥ., 2 Π VDC ΤΑ

CAPACITOR - FΧ D , Π '1UF + -1 ηΧ 2 ΠΙΙ V Π C ΡΟ LΥΕ
CAPACITOR - F Χ D 6, BUF +-10 Χ 3'.'ί V DC 'ΤΑ
CAPACITOR - F Χί)

	

'ΙΠΧ 35 VDC ΤΑ
CAPACITOR -FX D Π 'λ UF +--1 ΟΧ LOOVD C P O L YE
CAPACI1' Π R -- F X D ,047 U F +-10 Χ 20 Π V DC ΡΟ LΥΕ

CΑΡΑ C Ι7OR- F X D 10 U Γ + - 10% 20 VDC ΤΑ
CAP Α C Ι T Π R-- FΧ D 2 .2U T' +°-107 2 Π V D C ΤΑ
CAPACITOR -F Χ D ,(., 13 UF +- -10 Χ 35 VDC ΤΑ
C ΑΡΑ CJΑ'OR'FXD 6, Β U F ι -10 Χ 35 VDC 7 Α
CAP Α CΙΤΠR -- F ' Χη 6 .80F+ . 10% 35VDC TA

CAPACITOR -λ "XD 1000 PF + -- λ 0 Χ 1 KV DC CE R
CAPACITOR -F Χ D 2 Οί.Ι F +50 .-1ΟΧ 150 V DC ΑΙ . ..
C ΑΡΑ C]Ι:1'O R - Τ ' ΧD 2 .2L) F . + --10Χ '.''. Λ V DC ΤΑ
CAPACITOR - F Χ D 10 U F +--10 Χ 2 0 V DC 7 Α
CAPACITOR- F:' ΧΠ ,15UF 4-- ΥΟΧ OO V D C Ρυ LΥΕ

CAPAC :(1' ΠR- FXD 'ΙΟΟΡ F +--5 Χ 30O VDC MICA
NOT ASSIG NE D
CΑΡΑ CΙΤΟR-F Χ D 22 LI F + -.ι 0 Χ 35 V D C ΤΑ
C ΑΡΑ C Ι 1'O R - F XD 221J F Ε - ΥΛ "/. 35 V DC ΤΑ
CAPACITOR --F' Χ D Ε> ρ (.1 Ι "+ -λπΧ 6 V DC ΤΑ

NOT
ΑΕι F1 Ι GΝΕ D

CAPACITOR-- F Χ D Υ LIT : ι°-10 Χ 3`ί V 1) Γ. ΤΑ

NOT ΑΙ:ιS Ι GΝΕη

D:ΙρΑΕ --SC ΓλΟ ' ί'1' ΙίΥ ί:ΊΜ SIG
DIODE-- -SCΗΟΤΤΚΥ ΕίΜ SIGDIODE

-GίΝ PR r'

	

ιθον 2 π 0 ΜΑ Do -7
D ΤΠΑΕ --GΓΝ Ρ R Ρ

	

λΟΟ V 20 ΟΜΑ' DO --7
DIODE - F W B R DG 2 Π 0 V 1 Α

DIODE --G EN ΡR Ρ 18() V 200ΜΑ DO -7
DI ODE-GEN PRP 1 ΒΠ V 200ΜΑ DO-7
D I ()DC:-- PW R RECT 4O0 V ΥΑ WE,
DIODE --G ΕΝ P R P 18 Λ V 2ΟΟΜΑ DO-7
DIODE -Ρω R κΕΠ 'τ α 0ον ιΑ 6 υί3

DIODE- GΕΝ PRF' 'ΙΠΛ V 20 ΟΜΑ DC!-'7
DIODE-GEN PRP 1GO V 20(ΙΜΑ D(1-7
DIODE°P WR RE C'Τ 400 V 1 Α 6U S

CONNECTOR -SG L CΟΝΤ PIN 1 .14 , -MM -£ι SC-- βΖ SΟ
CONNECTOR-SG L Ι :; ίιΝ 'r PIN 1 ,'14-- ΜΜ -BSC- υΖ S Ο

RELAY-REED 1 Α 500ΜΑ 1OO V DC 5 VDC-COIL

See i n tr oducti on to thi s sect i on f or orde ring informat ion
*Indi cates factory se l ecte d valu e
tBackdating inform ation in Secti on VII .

Mfr
Code

24546
24546
24546
24546
24546

2?4"ϊ 46
241546
24546
24546
24546

26480

28400
2 [14 Β ( Ι

06665
3 L 5 β 5

2 Βαίια
..'4046

2£:1480

56209
`:ίδ209
284130
ί:r Ηα 13 η
20480

56289
56289
2014510
'tίΣ .ι 2 Εί 9
.`562.09

28480
56209
°ι6289
211400
562ΒΥ

56289
56209
ΎJ6289
56209
562139

28480
20480
562(:!9
56289
284010

20400

56209
5620!9
56209

5,,6289

28480
2134 Β 0
'284 Θ 0
28480
29460

204 ΒΟ
211480
03508
28480
03508

284130
20480
035013

20480
20400

201400

Mfr Part Number

C Λ ... . 1/6-TV-7501.. ... . ρ
C3,1/ 8 --'1' 0 -.10 0 3 ..- F
C4 - - 1/8-TO-1003--F--
C3--1/8 . ...Τρ . .-1003 .. .F
C4- 1/8-TO-1001 - Ι::'

C4- 110-TO-1001--F'
C4 - 1/1) -- Τ Ο - -1002 --F

C Λ ... 1 /0-..7Ο--1961-- F
C4-'ί/8-70-75 R (1- F
C4 -1/8-Τ (1-34W-F

0690- 4,364

1,151 0600
12̂- "ί 1-0 Ει 00

S δ6741CJ
CA301AT

ι 9 ιι 2-- ο (ι 41
1N027

00435-60033

15 Ο D606 Χ 90 Ο 6 Β 2
1bίΟΩ226Χ 9 0 15 ϋ 2
0160 2055
0160--3439
0160--0160

1 50D336Χ 9 Π 1 ΟΒ 2
ί?92Ρ 47392
0160-3439
15 0 D2'25 Χ9020 Α '2
150 D225Χ 9 0 2 ΟΑ 2

016 Π --0161
150 Ω685Χ 9 Ο 3`, :ιΒ 2
150D6 Ε15 Χ 993'5112
0160 0161
292 Ρ47392

15 0 D λ 0 6Χ 9 0 2 ΟΒ 2
1 5 ΟD225 Χ 902ΟΑ 2

'1 `:Πιϋ 684 Χ 9 Π35 Α 2
'λ50D665Χ9035ιΠ 2
ι ":ί0D685 χ 9 η35 Ρ 2

0160-345 δ
0100--1997
1 5 0D225Χ 902ΟΑ 2
1 5 0 D106 Χ902 ρ D 2
0160 -2290

0160-2204

1SΟΩ 226 Χ90 3 5 R ;=
1 5 0 D22 ΣιΧ 9 Ο 3,,.5 R2
150 Ω 606 Χ9006D2

150D Υ (15Χ 903"ίΑ 2

1901--099 Σ >
1901-0996
19 Π 1- Οίι33
19O1 -0 033
190 1- 0364

1901 - Πο33
Υ 9 ιι '1 -- υ 033
Α 1 αΙ)
1901- ιιπ 33
Αιαι>

1 9(ι 1--0033
1901-0033
A14D

12 ti1 - Π60 0
12°.ίι -(Ι6 Π (ι

πα 90-- ο 9 ι 6

6-5



Replaceable Parts

	

Model 435Β

6-6

Reference

	

Ι HP Part

	

1 c 1 QtyDesignation - Number
Α 4 ΜΡ 1

	

1205- 0005

	

Ει

	

2
Α4 ΜΡ 2

	

Υ 2 ρ5-00 θ5 Θ

Α 4 Ρ 1
Α4 Ρ 2

Α 4 ΓαιΑ4 ία 2
Α4Q3
Α4Q4
Α4Q5

Α4Q6
Α 4 ρ 7
Α4Q β
A4Q9
Α4Q10

Α4Q11
Α 4! α 12
A4Q13
Α4Q14
ΑαQ ι5

Αατα 16
Α4Q17
Α4 Τα 1 β
A4Q19
Α4 ίΠ 20

Α 4 R 1
Α4 ιτ 2
Α4R3
Α464
A4 R 5

Α4R Ει
ΑΛR7
Α4R Θ
Α 4 Ν 5ι
Α 411 10

A4R11
Α 4 Γτι 2*
A4R 113
Α 4 R 14
Α4R 1':-ι

Α4 R 16 κ
A4R 17
ΑΛ R 18
A4R19
A4R2()t

A 4R 21
Α 4 R 22
A4 R23
Α4624
Α 4 R 25

Α4626
Α4R27
ΑΛ R28
Α4R29
Α4R 30

Α 4R,3 λ
Α4R32
A 4 R 33
Α4R34
Α 4 R 35

Α4R3 δ
A4R,37
Α4638
A 4 R 3'7
ΑΛ R40

Α4 ΙR 41
Α 4 R 42
A4R43
ΑΛ R44
Α4R45

A4R46
Α4R α 7
Α4R48
Α4R49
A4R 50

0362--0063
Π 362°- Λ 063

1853-0020
11153- . 0 020
1854-0810
1054-0010
1854 0810

1055 -- . 0020
λ 055--0 0 20

ι C)53- Λπ 12

1 1.153 - 0012
1 654-0 072
18 θ 3--0052
1 654- Π01 Π
ι854 - - οβιη

ιβ5 α -αυνη
18θ3-- ίΙ 0313
λΣ353-0 ί12 ο

1(184-0073

069B-3160
0698-3156
ιι7ί7-- ίι 28 θ
0e,,98-3438
0698.... 31 52

0757- . 0459
0757-0465
0757--044 Λ
07S7-0442
0 698--3159

0698,3159
0757--0279
0757 --0442
0 698-3446
Ο '757 - π 461

0757--0279
07"i7-0461
0 '757 -- 0 442
OBI 1 -3214
0β11-2284

0757-029 π
0698-3450
ο7εί7 - - η27 θ
0757-- Οα 38
ΛΕ,98-316 ".!

0757-0280
069 β-3450
0757- Λ 278
0757--0442
ί1757-0442

η69 β-315 ει
2100--1738
Λ69 β-8300
0757- 0280
21 Λ0-2061

Ο757-0419
0757-0399
0 698--3'154
0698--3150

21 00--17313
0683--2265
Ο Ε,98--3 λ δ0
(1757-0467

2100--203 λ
(ι 757- Οβα 1
0757-1000
0 Ε,03--0685
0757-0465

:3
3

4
4
2

2
2

8
1.1

4

π
4
4

2

ϊ

0

Η
6
1
9
5

0
93

9

7

9
3
0

3
9
9
9

9
13
3

9
1
Η
(:Ι

έι
7
5
6

3

2

3
1
1
1

7

1
2

λ
1

1
1
λ
ι

Ta b le 6-2. Replaceable Parts

Description

HEAT SINK 10 - 64- CS
HEAT' SINK Τ'0-66-C5

CONNECTOR -SC L . C ΟΝΤ QDISC-FrΜ
CONNECTOR --SGI . . CΠΝΤ QD'[SC-F ΕΜ

TRANSISTOR ΡΝέ ' S i Γ' Ι) ==[3( ΙΙ 1 Μω F 'Γ -=150 ΜΙ -ΙΖ
TRANSISTOR ΡΝΙ" S :[ PD-30OMW F Τ = Υ 5ηΜΗ (
TRANSISTOR NF ' Ν Ρ D :=625Μω F1'=:20ΟΜΗΖ
'TRANSISTOR ΝΓ' Ν S :[ ΡΑ :'= δ 2θΜW FT=20OMH2
Τ RΑΝ !ϊ 1:1ϊ 1 ΟR WIN S :[ Ρ D=625MW F Τ ==ΣΟΠΜΗ 7-

TRANSIS'ΤΠR J--F f.": T Ν -CΗΑΝ 1)- ΜΟΛΕ : 'ΥΟ -10 5 Ι
1'R ΑΝ 'SIS T 0 R J'- F'C'Τ Ν -CΜΑΝ 1)-ΜΠΩ C TO- 18 S1.
NUT ASSIGNED
NOT ASS I GNED

'ΓΙR ΑΝ 5 Ι !'ί 1'OR ΡΝ F ' 2 Ν '2904 Α '.:ιΤ. 1'0"39 ΙP D ::=6OOMW

'T R ANSISTOR ΡΝF' 2 Ν290ΛΑ ςΙ 'Y'O-39 1'D :-600M W
TRANSISTOR Ν 1' Ν 2 Ν 30 ίίΛ ςΙ TO 66 Ρ D=. έ, θ W
TR ANSISTOR ΡΝΡ 2Ν3740 SI TO W., ΡΙ)=2 T1 W
1'R ΑΝ [1IO T 0R WIN 5 χ Ρ D=6Σ 5 ΜW F' Τ :='200 Μ 1-ΙΖ
'ΤΙRΑΝ11 Ι SΤΠκ Ν FιΝ ST ΡΛ :=625 ΜW F Τ = :200ΜΗ :Ί

TRANSISTOR ΝΓ' Ν 5 :1: TO-39 1'0=1W F ' Γ :.,:1 Ο (ιΜΗΖ
TRANSISTOR ΡΝΡ ϊ :1 : TO-39 P D =: λW F ' Τ =10 ΟΜΝ 7
'Τ R ΑΝΒΊ S T 0 R ΡΝΡ S'1 P D :-3OOMW F ' Τ ='15 ΟΜΝ7
NOT ASSIGNED
ΤΗΥ R Ι 5'ΤΟR-SCR 'TO -5 VR R Μ :=100

RESISTOR 3 ί .6 Κ ΙΧ .1'25W Ι :̀ ΙΓ - Οα -'100
RESISTOR 14 .7Κ 1% 1,25W F 'Υ ' ίι ::=( ια- - λΟΟ
RU1 χ c τ' εικ 9, ιι 9 ιι 'ΙΧ . ι25 ω F' Τίι = Ιια - -1( ι 0
6 ΕςΙ S't Π R

	

147

	

ιΧ

	

.125 ω F

	

rCn : 0 . - -1 οιι
RESISTOR 3 .40 Κ ΥΧ .125W Ι` 'Τί : λ:,: Πι -100

R ΕβΙΕΙΤ (OR 5(ι .2 Κ 1% .'12 θW F' τ'C= Π + .. ..100
R E θ15TOR 10 ΟΙ( 1% .112SW F' ΤΙΥ- Ο + -10 Π
υΕΘΙ 5'ΙΟR 12 .1 Κ 1% .125 ω F τ r = : α .ι. .- ιοπ
Rϊ5 T s'rw λ 0 Ι( ΊΧ .125ω F Τ C== Πι- 100
RESISTOR 26 .1 Κ 1% .125W F Τ C := Π +-- ΊΠΟ

RESISTOR 26 . ιιι ιΧ . ι 25ω F 1'r. == ηι ιοπ
RESISTO R 3,161( 1% .12 Ί5W F Τ C= Π + -1 Ο 0
R ,! ϊχ ,3 ΤΟ R 10 Κ 1% .125W F'' 'Υ 'C :: :: Π ~-100
RESISTOR 3 Ε)3 1% .'125W F ΤΟ*-:: οι-100
RES, Ι ! ιί'r() R

	

6 Ει .1 ιΚ

	

1%

	

. ι 25ω

	

F

	

-'ιιιπ

RESISTOR 3,16 Κ 1% .125W F- TC-(1 + - λ (ιΠ
F2 έ:S :[01~~ :1R 60,'λΚ 1% .1 α25W F '1C ._ ηι - -100
RESISTOR 1!1 Κ 1% .125W F TC-4+-100
RESISTOR 31 .62 .1`/. .05 W 1'WW ΤC=ρε - λ 0
RESISTOR 1 Κ .1 Χ .05W PWW '1'C Ι=0 α--1 Ο

RES I STOR 6 .'19 Ι ( 1"/. .125W F' IC-- 04 100
RESISTOR 42 .? Ι< λΧ .1'25W Ι- 'Υ 'C=11 + -100
RES I STOR 1 .70 Γ( 'Ι "/. .125W Ὶ 7C=04- 100
RESISTOR θ .11 Κ 1'Χ .125W F''Υ 'C=: Ο + .10 Ο
RESISTOR 46 .4 Κ 1% .<25W F IC=: μι - -111 Ο

R ESISTOR ΥΚ 1% . λ25 W F 'ΓCz Ι1 α --1(1 Π
RE S ISTOR 42 .2 Ι< 1% .125 ω F 7C::41 . . -100
RESISTOR 1 .'78 Κ 1% .125W F' TC:= :0 +- -100

R5 Ι 5'1OR 1(1 Κ 1% .125W F 7C=: Ο +--1 ίιΠ

R Ε G χ 0ΤΟ R 23,71e λΧ ,'12°.1W Ρ Τ C ::= Πα--100
RESISTOR -T RMR

	

1 ΟΊ ( 10% C '1'0 Ρ ΑDJ 1-ΤΡΝ
RESISTOR 040 1`/. .'125W F- 7C=O'- Υ 00
R Ε S χηΤ'OR ΙΚ 1% .125 W F ' ΓC= μ . ε.-100
R CsIU'r0R--IRMR 200 10% C TOP -A DJ 1-I RN

RES I S'Υ'OR 681 1% 125W F Τ C .,= t+ -10 ίι
RES ISTOR [ ι 2 . θ 1% 'ΙΣθω F' 'ΓΙ:λ = Π +- -'ΙΟΠ
RESISTOR 4 .22 Ιί 1% .12=. W F ΤC= Ο + -10 Π
R ES 1 3'Τ06 2 .37 Κ 1% .12 θW 1-- 'TC ==Or-. '100
NOT ASSIGNED

NOT ASSIG NE D
RESIS Τ (:)R-'ΓRMR 1 ΟΚ 10% C ' ΤΟΡ - ΑΛ J 1-1'R Ν
RESISTOR 22 Μ 5"/. .25W F' εΙ 1'[ι =- -900/ ι 120 Ο
RES I STOR 31 .6K ιΧ .125W F' Τ C= Ο +-100
RES I STO R

	

12 ιΚ

	

1%

	

.125W F"

	

'Υ 'C=01-1 0 Ο

RES ISTOR-'TRMR θΟΙί 10% C TOP -ADJ 1-' ΤRΝ
RESISTOR λ 2 .1 Κ ΙΧ .SW F 1'C= :0r-100
RESISTO R 51 .1 1% .5 W F Τ 'C-0 α -100
RESISTOR !ι .0 5"/. .25W F'C ΤC=--4ΠΠ / . ι5 ίιΠ
RESISTOR 1 ΟΟΚ 1% .121tW Ι" Τ 'C=0 α -1 ΠΟ

tBackdat ing information in Section VII .

Mfr

See in t r oduct i on to t h i s section for orde r i n g in f o rmation
*Indicates facto ry se lected valu e

Code
! Γ 4

	

0
[?8400 -α

204Ει (1
2048(ι

20480
20480
20460
20480
28480

23460
28400

01,295

01293
3 Ι . .'005
04713
20 Λ 80
213 48 0

2(84 εια
2 ί:14 Ι3 Π
2 ει 4βα

2 f14fli1

24544,
2 11,546
17701
?Α 546
24546

24',..546
24, W,
έW546
24,'ί 46
24546

ί ?45ι 46
24546
245 4 Ει
24546
24,546

2 45 4 6
αα546
24546
14(40
20940

1970 11
24 .̀ .. ;46
24546
2 4 Γί46
24546

24 .̀'(46
24546
245ί 4(>
24546
24546

24546
73136
1970'1
2,4546
73138

24,546
24546
24546
24546

731'38
(11121
24 ;::346
24546

73138
28400
204B0
01121
24,'ί 4 δ

Mfr Part Number
1

	

0 08 15 -
3 .i

	

Ο Π f35

	

.

(Ι '3Ε ,2 - - π 063
Ο362. 0063

13,51-0020
11153 _00 ,120
1054- 0010
1054- OBI 0
'Ι ί:ι°ί4-061 0

183r, 0020
1355-002(1

ΣίΝ2904 Α

2 Ν29 Π 4 ιλ
7N ,3115 Λ
2 Ν3740
1054 0010
10!. ; 4- 0 !ί1'1 0

1054 -0 α 9 ιι
1(353- η 0313
Ί β 5'.α .. 0 ιι ί:? ιι

1004 -0073

C4 1/0 - TO-3162 F'
C4 1/8 - 10 - 1472-F
Μ F4C I / 0 -- 10 .9091 -1''
C4-- Ί / Θ .- Τ 0 . .- Ί 47R"' Ρ
C4 1/0- TO - ',X,481 ... F.

C4 I/O-TO- 15622-- F
C4--1/8-'Υ' Ο λ 003-F'
C4 , I/0--TO- -1'1 ϊ ?. .,.V
C4- US -'ΓΠ -1 0 Π 2-F-

ί:4 -- 1/8--TO - 931-12--F

C 4

	

1/8-10-2612

	

. --F'

C4 I/6-TO χλ 61-- F-
C4- λ / Β -- Τ (1-1 ΠΙ) Σ '_-F'
C4 1/8 TO 303R- F
C4 . . 1/8-TO..' .... δθ12 .4.

C4 1/8 TO -3161 F
Π 4 .. . . :ι . /0--1' η -.681 έ2 . . . F'
(,4 . . . 1 /0-'1' 0 --1 002- F'
1409 --1/40-31R62- Β
146

	

1/40

	

1.-1 0 0 1-. Ιι

Μ F74C'ι /13-1 ( Ι - Ει 19'Ι 4.

C4- ) / θ - .- γμ .. .. η 1::'.22 ..- Ι:-
C:4-1/0-10. . . : 'λ 7 β 1 . 1 . .
(74- 1/8. .- Τη -',':1111 ... .F
C4-'1 / Π --1 η - .. Λ 64,Ρ .- .F'

(74 1/8 TO 1 00 Ί -F
C4 1 / 8 . . . γμ - .4222 . F

C4 -1/8--TO 1701 -F
C4 1 / 8 -1'0-1002 .F.
C4 . 1/0-TO- 1002-F

C4-.. λ /8- Τ 11--2372 -.ρ
0,"! PR 1 0K
Μ F-41;1/8-1'0-340R-F
(74 - Ί /S . . Τη . . - λ 00 λ . -F:
β 2 ι :' α 2 π ιι

(74-1 /8- Τ Ι 1-6 β 1R ...F
C4 1/8--TO 02R" ;

-f..

1::4 1/0- TO- 42,21 4
C41/3-TO 237' Ι 1 ::

Ο 2ΡΡ 1 ΠΚ
ί : :θτ~ ετει rι
C4-- 1 /8- Τί1- 3'λ 6<^ .̂--F
C4 . . .. 1 /S-'ΤΟ - λ 21 ,3 . . F

82 Ρ R50 Κ
0757-(ι (141
0757-1000
ΕΙι 60G .`:ϊ
(4-1/6- TO' ληί13- F-



Model 435Β

Reference

	

I

	

HP Part

	

I ε IDesignation Number ο aty

Table 6-2. Replaceable Parts

Description

A4R51

	

ΙΙ 757-0465

	

~ 6

	

" Ε'SIS' ΤΠ R '00Κ 1 Χ ,i25W F' Τ'~ Ο +-1 η (1
A4R52

	

0698- 311.57

	

3

	

1

	

R I'_ ;ΙνίΤΠ R 19 .6 Κ 1 Χ . 1 25 W Ι' '~C~=0+-100
Α4R53

	

Λ 757- η 279

	

0

	

RES I S T O R 3 .161( 1% ,i25W F Το=:D +--10 Π
Α 4R5 Λ

	

069 β-3159

	

RESISTOR 26, λΚ λ '7. ,'(25W F 7 ΤC= Οι -100
Α 4R5 5

	

0663-1555

	

0

	

1

	

RESISTO R 1 . 5 Μ 5% ,25W F'C ΤΠ =-900/+1100

A4R 5 h

	

44;7

	

1 ,9

	

RESIS T OR ΙΟΚ 1% ,i25W F' 'Τ (:-0 ι-100
Α4R57

	

Π 757-044

	

1

	

RES ISTO R Ν ,2'z5 Κ 1% ,1 ϊ~5 W F TC=0 +. . -100
Α 41158

	

0757-04 211

	1

	

3

	

RES ISTO R 1 .62 Κ 1% 1 25 W r' 'Υ (.-= D r 1 00
Α4R59

	

π 698--3155

	

1

	

i

	

R ς S I S' ΓΟ R 4 .641( 1%

	

F 1'C ==0 + -- t 00
A060

	

0698-3162 0 R ΕS ΤΙ; τΠ R 46,4 Κ 1% . λ '25W F' 'ΤC= Πι -100

Α 4 R 61

	

0757--1094

	

~ 9

	

1

	

RESISTOR 1 .47 Ιί 1% ,12 .55 W F' TC_01-- -1 0 0
Α 4 R 62

	

0690-3449

	

6

	

1

	

R Ε13 1 3ΤΟ R 20 .7 Ι( 1% .125W U- I'C=04--100
ΑΛ R δ 3

	

Ο '757-0442

	

9

	

R E S ISTO R 111 Κ 1% ,123 W F 'Γ(.==0+-100
Α 4R6 4

	

0737--0442

	

9

	

R ESISTOR 10 Ι< 1% , 1 25W F Τς =1=0 + -100
A4 R 65

	

0757 .-0403

	

2

	

1

	

RESIS T O R 12.1 1% . 1 25 W F ΤΓ=:: Ο + -"10 0

Α 4R 66 ιι

	

069 F)--3453

	

'..?

	

λ

	

R ES IST O R λ 96Ιί 1% ,i25W Γ Τ1: =-11 +--1 Π 0
Α4R67

	

0698-0084

	

19

	

1

	

RΕβΙΗ 1 Ο R 2,15Κ 1 Χ ,123 W F TC ==0 +_ -10 0
A4R68

	

0698-0083

	

8

	

RESISTOR 1,96K 1 Υ. . 1251Α Γ' 'Γς..=0+ .. .100
ΑΛ R69

	

ΙΙΕ, θ 3 --3355

	

2

	

1

	

RESISTOR 3 .3 Μ 5% ,25 W FC 1'C =- 900/>1 Υ 00
A4R7 0

	

0757--0279

	

1 ι

	

R Ε 01 Σί 'ΤΟ R

	

3,16 Κ

	

1%

	

.125W Ρ' TC-0 1r-100

Α 4 R 71

	

11757-- Ο 442

	

9

	

RΕΘΙβΤΟ 1 101( 1 Χ ,i25 W F '11,7 Οι-100
ΑΛR72

	

069 Ε1 - -3'λ 6 Π

	

β

	

RESISTOR 31 .6 Κ 1 Χ , λ 2':.5W F' το=0 + -100
Α 4 R 73

	

Ο '757- η 274

	

1

	

RE SISTOR 1,21K

	

1%

	

, 1 25W F ΤΙ>0 ~- 100
A4 R 7 4

	

0698--344 0	7

	

1

	

RE S ISTOR 1 96 1% ,125 W F' Ι' h= 0 "ι- -100
A 4R75

	

Π 698-3'ί58

	

~4

	

RESISTOR Ζ 3 .7Κ 1% ,123W F° ΤC=0 + -1 Π 0

A4 R 76

	

2iO0 --173S

	

'7

	

RESISTOR- '1' RM R λΟΚ 10% C TOP
ADS 1-TRN

Α 41177

	

0 757--14111

	

0

	

1

	

RESISTOR	100

	

1%

	

, 1 25W F

	

Τ C :-0 + - 1 00
A4 R 7H

	

0757-0442

	

9

	

RΕ S Τ S1'0R 1 0 Κ 1 'Ζ , 1 .25 W F Τ C=0 4 -100
A4 R '79

	

0757.-0442

	

9

	

RΊ : βΙ S'Τ0R 1 ΟΚ 1Χ .i25 W F ΤΤ,=. ρ .>-1 ρ 0
Α4 RβΟ

	

0690--3442

	

9

	

1

	

RESISTOR 237 1% ,121.'5W 1'' ΤΙ:= 0 ι 100

A4R 81

	

11'757-0428

	

1

	

REG ΙSIOR 1 .62 Κ 1% ,i25W F 1'C=O . F . -10 0
Α4 R (32

	

Ι Ι 1757--0428

	

Ι 1 Ι

	

Ι RΕ G Τ 3ΤΟ R 1,62 Κ 1% ,'i25 W F" τ C= Ο +- -100

A4RT1

	

Π839- ΠΠ 11

	

2

	

λ

	

TH ERM 'Ι SΤΟR DΙβ (:, too .-OHM Τ [Ι=- -3 . ΒΧ /CI--D1'_6
Ι 4330- Π 14 ==ί

	

Ι 9 Ι

	

λ Ι INSULATOR-BEAD GLA'S

Α 4' ΙΡ 1

	

1 ί251 - !1 Ει 0
)

	

Π

	

CONNEC'ΤΠR -5GL CONT PIN 1 .14- ΜΜ - β S Ι : ι -5'7 SQ
Α41' Ρ 2

	

12=iY--(1£ι 0 Π

	

0

	

C ΟΝΝΕ :'.CTOR-',1GL CΟΝ 7 PIN 1 .14-MM-1.06C -S7 ON
Α 4'ΓΡ 3

	

1251-0600

	

Π

	

CONNECTOR -SGL CON'Ι '	PIN λ .14-ΜΜ-DSC-5 Ζ SQ
Α4ΤΡ 4

	

1251--060 ι1

	

υ

	

CONNECTOR--[.5C L (. ΟΝΤ PIN 1 .14-- ΜΜ -- β3C°S Ζ SW
Α 4'ΓΡθ

	

1251-.0600

	

0

	

C ΠΝΝΊί CΤΟR --SC L CON 'Υ PIN

	

λ . 14!3 Ζ SQ

Α 4 ΤΡ 6

	

1251--0600

	

~ ρ

	

CρΝΝΕο ' Τ 0R --SC L CΟΝ 7 PIN 1 .'14-- ΜΜ -- Ι1,3C--3 Ζ SQ
Α 4ΤΡ 7

	

λ 251 -- Ο 600

	

0

	

CONNECTOR-SG L CONT PIN 1 .1Λ MM -D$C-3 Ζ SQ
Α4'1' Ρβ

	

1251-0600

	

11

	

CONN F ::CTOR --SGL CΟΝΤ PIN 1 .14-ΜΜ -- ΒΒ C- υΖ SQ
Α 4'ΥΡ 9

	

1251--0606

	

0

	

CONNECTOR -SCL CΟΝ"Τ PIN 1 .'14- ΜΜ --BSC-βΖ SQ
Α4'1' Ρ 10

	

1251--06 ίΙ 0

	

(1

	

CONNECTOR - ;[.5L CΟΝ 'Τ PIN 1 .14-ΜΜ -- Ββο--3 Ζ 13 Ιλ

Α 4 11F1 11

	

Ι
125i--6001

	

Ι
0

Ι

	

CONNECTOR-- υ 1:λΙ.. . CΟΝ 'Τ PIN 1 .14- ΜΜ - Ρ 31:,°5 Ζ SQ
Α 4 ΤΡ 12

	

125160

	

0

	

Ι

	

CONNECTOR -SG L CO N T

	

PIN λ .14-ΜΜ --88C-(3 Ζ SQ

ΑΛ 1.Ι l

	

1
526-01113

	

ΙΠ

	

Ι [, UP AMP LOW NOISE TO-99 ΡΙ(G
Α 4U 2

	

ΙΕ126-- ΟΟ 1"

	

Β

	

1ε UP AMP LOW - N O I SE 1'[1-99 Ρ' ΚΠ
Α 4U3

	

1026- . 0013

	

8

	

IC UP AMP LOW-NOISE Τ0-99 ΡΚ G
A 4U4

	

Υ 826-0092

	

3

	

1

	

1 : ε OF' AMP GP DUAL Τ0-99 ΡΚΙ:
A 4U5

	

1(:)26--0013

	

Ε1

	

IC (1 F' AMP LOW-NOISE Τ [1-99 ΡΙ (G

Α 4 Uδ

	

132 Γι-0013

	

β

	

1:C [1 Ρ AMP LOW-NOISE. TO--In 1ι 1<C
ΑΛU7

	

Ι

	

1 Σ320- . 6058

	

Ι 9 Ι

	

1

	

Ι

	

If.; ΟΓ' AMP GP TO 99 F' Κ C

A401«

	

1902-30"

	

6

	

ϊλ

	

DI O DE:--Z NR 2,43 V 5Χ D1 :1--7 PD :-4 .4W Τ [Ι = -,076 Χ
A ΛVR 2z.

	

1902--3005

	

δ

	

DIODE- ΖΝ R 2 .43V 5% DO-7 Ρ D1= .4W ' T 0= - .076 Χ
A4VR 3

	

1902-0041

	

4

	

DIODE- ΖΝ R 5, Υ '1 V 5% DO 35 PD:-:,4ω
A4VR 4

	

1902-3182

	

0

	

1

	

DIODE ΖΝ R 12,1V 5% D O -35 PD :=,4W
Α 4VR5

	

1 902-- ΟΥ 174

	

6

	

1

	

D ΙΠ D Ε -- ΖΝ R 1 Ει .2 V 5% DO--'35 PD-: .4W

A4 V R6

	

Ι 1902 .-3 Λ 16

	

13 Ι

	

1 1 D ΙΠDU - " ΖΝR 90 .9 V 5% D(1--7 PD1 . .4 W ΤL= +,082 Χ

Α4W Ι

	

1 00435-600 Υ312 1

	

1 1 CABLE, GRAY SHIELDED, 2-CON NECTO R

Α 4 ΑΙ

	

1

	

00435-60( ι 10 1 4 1

	

1

	

1

	

AUTO ZERO ABBY

ΑΛΑ 1 ολ

	

NSR , P/C A4AI ABBY
A4AIC2

	

NOR, Ρ / Ο A4AI ABBY
Α 4ΑΙC3

	

NSR , ι / Ο Α 4 ΑΥ ΑΠ S Τ
Α 4Α IC4

	

Ι

Μ S:.5 R , Ρ / Π Α 4 Α 'Ι ΑSSΥ

A4AICR1

	

NSR , Ρ / Ο Α 4ΑΥ ΑSS Υ

Α 4 ΑΙΚ 1

	

Ν S Ι2, P/0 A4A1 ABBY

Α 4Α %QY

	

ΝυR, Ρ / Ο Α 4 Αι ABBY

Α 4 Α 1 R Υ

	

NSR , Ρ/0 A4AI ABBY
ΑΛΑ 'IR2

	

NOR, Ρ / Ο ΑΛΑ 1 Α5SΥ "
A4AI R3

	

ΝSR , Ρ/0 Α4 Α 1 ΑSS Υ
Α4 Α 1 R Λ

	

Ι Ν SR, Ρ / ρ Α 4 Α 1 ABBY

See introduction to this section for ordering information
*Indicates factory selected value

Mfr
Code
24546
24546
24546
24546
01121

24546
24546
24546
24','.''ί46
24"54 Ε,

24546
24546
24[ΐ46
24546
£245146

24"=54!1
2454!1
2Λ[.'ίΛ6
61 Ί 21
24546

2Λ54(ι
24546
24546
24546
24 1546

7'3138
24546
241..546
24546
24546

24 ;:'146
24846

20480
26480

2 ί3480
28400
ϊ1041 :10
2(348 Π
2114S O

28460
2[ιαβη
2 0480
20480
28480

2Τ1480
20480

06665
06665
06665
28480
06665

0666[ϊ
24046

ί2 (α4 Ε~ ί1
20406
20400
20480
204ΒΟ

2 Ει4βο
2[ ι4 βο

211400

Mfr Part Number
ς 4 -1 / 8 -10 . .-10 03-. .F

C4""1 /8- .10-.1962 .. .F
C4~ 1/8- ..Τρ . . ..3 161 .: . F
C4-1/ Θ -' Τρ-2612 . . ρ
CΒλ =,555

C 4 '1/0-10-1002-F
C4 --1/0 --'1' ί1 - 02'51 -F
C4 - λ /8 - .. γη . - 162 1 - λ"
C4 1/B-10464 1 - F
C4 1 / 8 - ' ΓΟ - -4642 . . F

(74--1/ S-Τ π - 1471--F
ς 4 1/ β - - ΤΟ -2872 ... .F. .
ι :,4 1/8-TG-- ιιιπ2- F-
C4-'1C4-

1/8-T0-10024-C4-1 / θ -1'(1-1 2'ι R -F

C4 -1/8-1'0--1963-F7-
C4 1 / 8 --Τ 0 --2 1 ,1-F
C4--1 / θ -- ΤΟ - 1 9 4,'1 4'
CD3355
C4--1/8-10- 3161 --1"

C4 ... 1/8 .. ..γη . ..1002--, ρ
C4-1/8-.1'0-.3162 ." . Ρ '
C 4 1 /3 -ΤΟ - 1211 -F
C4- .1/ θ-? Ο -196R .. . . Ρ .
ς 4- 1 /fl -'Υ

	

F

82PR Ι 01(
04- 1/8-70-

	

--. 101-F-'
C4 1/8-TO-1002-4'
C4- 1/8 . .-ΤΟ --1002 -- F
C4 . . 1 /8-.1 ρ - 237 Ι + - F

C4 1/8--TO -1621 -F
ς4 .. -1/3-10-1621''

	

. . ..1r

0039 00'11
4',.33 (1-0'145

λ 251--0600
1251-0600
1251 - ιι 6 ηη
λ25 λ - Π 600
1251- 0600

12"ί 1- Ο 6( Ι 0
125 Υ - Ο !ι 00
1251-0600
12,51 -0600
1 ,2,51-0600

12 Ι.51--06110
125 λ-0600

S SC,741CJ
S68741 CJ
SS9741 C,J
1026-0 0 92
SS5741CJ

SS S741 C 7
ΤΟΑ 2709V

1902-3005
19(12-3005
1902-0041
1902 ...3182
1902.-0'184

1 9 η 2 ""34 i6

οο435-6 ηιιι 3

οοα35- -6 ιι ο λ π

Replaceable Parts

6-7



Replacea ble Parts

	

Model 435Β

6-8

Reference
Designation

Ὰ:,
Α 5C'ι

Α5.7 λ
Α532
Α 5 J'3

ASP ί
Α 5 Ρ 2

Α5R ι
Α6R2
Α5 R 3
Α ,°ίπ Λ

ΑS R 5

Α ,°:ίπ Ε ,

Α5R7
Α5R8

Α50 1
AF U 2

Α 5 V R 1

Α 5 ωΥ

ΑΥ5 ΧΑ 4

Α 6

HP Part
Number

0 0435--60 034

018 Λ -037 β

125(--'3(3913
1251

.
3898

(Mil -32 οίι
η811-3203
0(':111--3204
Οβ11-3205
0(:Γ 11 --3 ί ? 06

181 0--0206
0757- 0 442
07,'57 -0 442

1 Ι320 -1971
1020 -'ί '771

1902--3082

0120- . . 3230

1 ατε:ίι - ια6s

π96 ιι - - ηΛη 3

c
D

7

3

4
4

3
4

ΕΙ
9
9

7
7

9

(:Υ

Ε ,

Qty

Tab le 6-2. Replaceable Parts

MOTHERBOARD

CA P ACITOR-- F XD 101.)F+--10% 2OVDC TA

ΝβΡ , PAR '1' OF A5W<
COΝΝ FC' ΤΟR 10-PIN M POST TYPE
CONN E CTOR 10-PIN Μ

POST
ΤΥΡΕ

Ν Ο R , PART OF ASWI
ΝςR , PART OF A,5Wl

Description

RESISTOR 3 ο ,6'15 ιι .1% ο 5 ω Ρωω Τί:= ο ~- ιη
RESISTOR 968 .1% .0r5W PWW

	

-10
RESISTOR 21 .6161( ,1 χ ,0".';W PWW ' T C : .-0+-10
R Είβ 1 ςτΠ R 6 . β36 Κ .1χ 05 ω Ρωω rc := η + - ιο
RESISTOR 2,'162 Ι( .1 χ .05, W ρWW Τ0= Ο . ο , . .-10

NETWORK - R Εα Ελ C ΙΡΥ (ι , ίιΙ( 011 Μ Χ 7
RESISTOR 10K 1% .12L.';W F TC ; : U~ 100
R ΕS Ι 0'ΤΠ R

	

10K

	

1%

	

ί 2,.,ω Υ'' 3'[1 : = ί1-ι. . ..'1 ΠΠ

:(C SWITCH ΑΝ L_[. QUAD 16-D Ιρ -ρ ΡΙ< α
IC £;WITCH ΑΝL Ι , QUAD 16--D ΙΡ -- Ρ ΡΚ 6

DIODE- Z N R 4 .64V 5 χ D Π -'35 PD- .4W

CADL E ΑΟαΥ ( I N C L A-5,11,AS'l AND A511 ,!)

CONNECTOR--PC EDGE' 10--CONT/ROW 2-ROWS

LI N E: MODULE -FI Ι.. .'τ 'ERED

See in t r oducti on to this section f o r o rde rin g in format i o n
*Indi cates factory se l ecte d valu e

Mfr
Code

28480

56289

20480
204011

14140
14140
14140
14140
14'140

(111 ..'1
(.?454£,
24546

ί '7 Ε)56
Υ '7(1".'ί £,

20480

2040 (1

28480

2 13480

Mfr Part Number

0 043 ε;--6 0 034

1 ?

	

'1-. 3090
12 .̂. °" ί 1 -3 Ελ9U

1409-1/40 ί16 λ 5 R - - Fι
1 4 Π 9--1/4 Π -968R Χ:ι
1 409-1/ 40 -21616 R - Η
1409-1/40 6036 Μ Σι
1409 .-1 /4 η ..-2'16,2 R - Β

208Α 103
[ι 4-1/840-100 2- F
C4 1/0-°'10 - 1 002- F

ΑΟ 2111 CJ
ηεί 2η ι [.J

λ '; l12--300 f t

01'20 3230

1251 .1'365

096 π -( ιΛ 4 3



Ι

	

Model 435Β

	

Replaceable Parts
ι

i

C1

DS1

F 1

F 1

31
32
J' 3
τα
3'5

36

Reference
Designation

Μ 1

ΜΡ 1
ΜΡΡ-

ΜΡ 3

ΜΡ 4
M1 1 1"i
ΜΡ 6

HP Part
Number

1420-0096

ρ 1 60-4851

3131- Π434

2110-0234

2110--0040

1250- Λ 1'10
1'250-011B

1120 -1 1313

0370-1099
0 Π 4 :35-60030
004 3 5--00 0 13
Π 35(1-- Ο '14(0
0350-0149
Π37 ρ --1 ίΙ 91
3 0 30-033 2
00435-000'ί 2

(159 Π -- η505

2i90-- ΟΠ36

ε
D Qty

Table 6-2 . Replaceable Pa rts

Description

CHASSIS PA R TS

BATTERY ',?8, ε1V 1 .2A-HR NI-CD
POST

(OPTION 0(11 ONLY)

CAPACITOR -F Χ T) .022 U F 1-20% 250 V AC( RMS)

L E N S ΑΕ 5 Υ - Ρ U S Ι 114 L ΙΤΤΠΝ TRANSLUCENT W1111E

FUS E .1Α 250V TD 1 .25 Χ .25 LJL
(F OR 100,200 VAC OPERAtION)
FUSE . (162Α 230 V TD 1 .25X .25 U I-
(F('.IR 220,240 VAC OPERATION)

NGR, P ART 0 Ι` W 1, SEE ΜΡ 4 A ND ΜΡ 5
Ν £ R , PA R T OF W ;3, SEE ΜΡ3 AND Μ F'6
CONNECTOR --R1'' ΒΝ C FE:M SG1- - 11OL Ε - - FR 50-011 Μ
CO N NECTO R -R F DNC FE M SGL.--IiOL E --F R 50--OHM
NSR , PAR T O F 1A6, S ΈΕ M11 4 AND MP5

Ν 5ί 1έ , PA R T or ω 9, SEE ΜΡ3 AND MF'6

METER 4 .'5,0 -IN ; 1 ΜΑ FS D ; LINEAR ; TAUT'

KNOB - BASE - Γι '1R ι/2 JG K .25- ΙΝ -- Ιλ
ΚΝU Β - SKIRTED, JAD E CRAY (RANGE SW I TC)i)
ΚΝΟΙι -- ΠU'ΓΕ R ( BL AC K ; THREADED)
DIE CAL.- KB οΚΤ TEXT ; "REM O VE ΟυΤ ' ER ΚΝΠD"
DECAL.. -- Κ 2ι SKI' TEXT ; "100 30 10 ;3 1 300
KNOB -- ΗΑοΈ 1/2 J'G K .25 IN-11)
SCREW --SE 'Γ 2-56 .094- IN -L.Γϊ CLIP--PT GST
KNOB- GKIRT, BLACK

NUT --KNRLD--R 5/0-24-'TND . 125 -IN 41 ϋ<
(USED WITH J2)
NOT ASSIGNE D
NOT ASSIGNED
WASHER-LA ΙΝΙ ' L 1' 1 3/16 IN .01[Ι-- Τ. Ν - ID
(USED WI 'ΤΙ1 7 ϊ: AND J Γι )

See in trodu ct ion to t hi s section for orde ring in format ion
*Indicates factory se lected value

Mfr
Code

20480

23480

28400

7'140 ρ

20480

20400
20480

2,0400

20400
204Ι9 υ
28480
23480
20480
28480
00000
28480

00000

ϊ114 ε1 Π

Mfr Part Number

1420-0096

Π 160-4851

31,51 -0434

M DL 1/10,

2110-0040

1 2'50-- Π 118
1250 01111

1120- 1513

0370-1099
0(Ι435-60030
00435-00013
035 Λ - Οι48
03 ,50 . 0149
0370-1091
ORD

E
R BY DE'OC R IP1'ΙΟΝ

00435-00012

ORDER BY DESCRIPTION

2190-.. (1(136

6-9



1
Replaceable Parts Ι,1

	

Model 435Β

Reference

	

Ι HP Part

	

Ι ε Ι aty.Designation Number

ΜΡ 7

	

11435-111124

	

17

	

1

	

COVER

	

TOP

	

2114 1:1

	

Π 14"3 ::5- ΟΠ (124
MP0

	

00435 °- ΟΠΠλ 'l

	

0

	

λ

	

P ANEL-REAR

	

1'ΘΛΙ:10

	

πί1435-00(1 λ 7
ΜΡ 9

	

51111- , 11565

	

5

	

1

	

COVER

	

ΟΙDΕ

	

0ι

	

Χ

	

1 1

	

204C11

	

`,'Ι (1 Π (1-81Fίίι`.'>
ΜΡ '10

	

00435--000 ϊ.>. ;3 β

	

1 C ΟVΕΡ - BOTTOM

	

20480 00435--0002'3
ΜΡ 11

	

00435--0 00 15 8

	

1

	

PANEL F''RΙ 1Ν 'Τ

	

28400

	

0 Π 43°.5--0001"

ΜΡ 12

	

00435-0 00 19 ~ 2

	

1

	

GUS U' Ε 'Ι-FR ON1' ΡΑΝΕ1_

	

ϊ:84 Ε 10

	

01143'5-0 Π 019
ΜΡ13

	

5020- β633

	

0

	

'Ι

	

ΜΕΙΕ:R 1'R ΙΜ - ΤΥ Ι R D MODULE

	

1!84 Ε111

	

5 Ι 1 :'(1--fl6 ;33
MP 1 4

	

00431°5-000 λ 6

	

9

	

1

	

DECK --SW Ι I'C41

	

2S480

	

00435--000'16
ΜΡ15

	

0403-0131

	

Λ

	

λ

	

GU I DE--PC DD CR A POI... Υ [Ι .942- ΙιD .- ΤΙ-ΙΚΝ S

	

234130

	

040'3--0131
MP 16

	

!;060-0703

	

3

	

1

	

FR ΑΜΕ'.

	

ΑS ΕΥι

	

6

	

Χ

	

Λ l

	

SM

	

284001

	

5060--0'703

MP 17

	

ΟΛΛ 31~-0001 β

	

1

	

1

	

DECK- C ΙλΑGΟΙ S

	

POWER

	

2 Ι:ΙΛΟΛ

	

ΟΠ 43',':F--11101 Ε 1
riP'18°. π 60- ί1727

	

1

	

'1

	

FOOT ΑSS Υ - ΤΙ -ΙΙ R Α MODULE

	

284011

	

(S060--0727
MP 19

	

6960

	

1124

	

0

	

'(

	

ΡΙ_ L1G- I i0 ι1Ε

	

FL-111) FOR

	

.668 D

	

HOLE

	

NY L

	

2.6[4 β 0

	

6 1760-0024
(EXCE PT OPTION 002 AND 00'3)

ΜΡ 2 0

	

1490-003 1	7

	

1

	

71:LT

	

`3 ΤΑΝ D

	

2 .236- ΙΝ -- W .1 .43 8 - ΙΝ -- 1) Α -(.,G 6 131

	

°Σ : Ι 4 ΠΠ

	

(4'70-(Ι 031

ΜΡ 21

	

`5040--0700

	

~ 11

	

1

	

Η :1 Ν D Ε

	

29400

	

5 ίΙΛΓι - ΙΙ700
ΜΡ22

	

6960-0027

	

3

	

1

	

PLUG- HOLE F L -11 Υ) Γ''ΊΙR

	

.625-D- HO L E ΝΥL

	

2114 (.10

	

6760-0027
( ΕΧC ΕΡΙ' OPTION 003)

Μ 11 23

	

2360-- 0 1 9 2

	

7

	

1

	

SCREW MACH 6--32

	

.25--IN-LC 100

	

DEC

	

2S480

	

2360-0 192
MP24

	

2360-0'194

	

9

	

1

	

13CR EW- MACH Ει -32

	

.3'12- :[ Ν--L1

	

100

	

DΕ C

	

00000

	

ORDER BY DE:GCRIPTION

ΜΡ25

	

712 π -1254

	

1

	

1

	

ΝΑΜΕΡιΙ- ΑΤΕ ,312-1: Ν-WD .54-114-1. ..G AL

	

2 β 400

	

712.0-1254
ΜΡ 2 δ

	

2360--0 λ 1 Ει

	

SCRE:W- ΜΑ C11 6-32 .312-IN-LO 82 D ΕΙϊ

	

(1 Ι10 Π 0

	

ORDE R BY Α 4::SC R I Ρ 'Τ :Ι U Ν5
ΜΡ27

	

ϊ.'.3611- Ι1 λ20

	

'l

	

1

	

SCREW-MACH Ει-32 .430-- ΙΝ -1_G (Π 2 D Ε.G

	

00090

	

ORDE R [3 Υ DESCRIPTION
ΜΥ> Γ28

	

Ι

	

ί1"ί 90- ί1(152̂.

	

3

	

1

	

Νυ 'Τ --8 ΗΜΕ 1'-1-'1' Ρ

	

6'32-1'ΜD

	

.5-W D

	

S Τ 1-

	

2 ί)4 Π 0

	

Π 5 11,1 0 - -0052
ΜΡ29

	

πΓί 9 1 --0139

	

6

	

1

	

NU I'--SΙλΜΕΤ 6-3,2 --THD

	

.28-141)

	

51L ..

	

21.1430

	

0"!'ί 90-00'39

6-10

Table 6-2 . Replaceable Parts

Description

ΜΡ 10

Figure 6-1 . Cabinet Parts, Exp loded View

See in troduction to this section fo r o rde ring in form ati on
*Indicates factory selected valu e

Mfr Part Number

MP16

ΜΡ26*

ΜΡ9



Model 435B

W30
136Ι1--1θ599 1 CLAMP-BATTER (OPT . 001 nNi.-Y)

2360-0115

	

141

	

2

	

SCREW-MACH 6-32 .3t2-IN-LG PAN-11D-POZ :r.
MP32

	

7120 -3730

	

0

	

1

	

LADEL -INrO (WARNING "HIGH VOLTAGE")
MP33

	

00432-0011

	

5

	

1

	

FRAME' BRACKET
2360-0 11 t,

	

5

	

2

	

SNEW-MACH 032

	

.312-IN-LO 82 DEG

MP34

	

,,,

	

R CRUD NO . 10 .5-1111-ID
MP35

	

00%411:1

	

1

	

L.ABEL-INFORMATION (OPTION 001 ONLY)
MP36

	

00012n0"I 0

	

1

	

LABEI-INFARMATMN MPTIM 002 ONLY)
MP37

	

I

	

00Q12"0103 14, 1

	

MGMUNR

1

	

LADEL-INFORMATION (OPTION 003 ONLY)

P1

	

NOT ASSIGNED
P2

	

1,!51-3537

	

~ 8

	

2

	

1

	

(IONNEUM IUMN F PUT TYPE
1251 -3966

	

7

	

1
5

	

CON1AC1-CONN U/W POOT-TYPE FEM CRP
P3

	

1251--3537

	

8

	

CONNECTOR 144IN F POST TYPE
1 1251--3966

	

7

	

CONTACT-CONN U/W POST--TYPE FEM CRP

P4--
P9

	

N T ASSIGNED
Pit)

	

1250-0665

	

1 31

	

1

	

UMMUM IF SM FEM LMMTD 51 -WM
I

	

I (PART OF 0 OR W9)

RI

	

2100-3797

	

1 41

	

1 1 RESIGIOR-IRMR 10K 10% C 3IDE-ADJ` 22 TIN
R2

	

0757-0459

	

is I

	

RESISTOR 564K 12 wsw r TC"*400

Si

	

~ I

	

I NSR, PART OF W2
S''.'!

	

3101-2055

	

SWITCH-PD SPDT MOM 02A 20VAC
3131-0439

	

1

	

1

	

UP P=WUTMN WACP .316 IN DIN M
S3

	

3101--04115

	

0

	

1

	

13WITCH-SL DPDT MINTR .5A 12";VAC/DC
I

	

(POWER REF, SWITCH)

TI

	

9101 0424	15 1

	

1 1 T ANSOORMERM CRj0lh1N/WV2UV
1 0361 .,7 0115

	

4

	

SCREW MACH

	

32 . 12 IN 1 PANAM-PUI

wit

	

0

0015-60037 ~ a I

	

I ] UMNECTM ASSMS"AF MM-11
QNCL 31)

00436-20014

	

0

	

2

	

WASHER- CONNECTOR MOUNT
1251- 3362

	

7

	

12

	

NUT- AUDIO CONN
W2

	

0 04&r5--6003B

	

1

	

1

	

CABLE ASSY-PRI PW

	

(INCL,

	

SI

	

& R2)

W3

	

00435-60041 6

	

1

	

CABLE-AF OSCILL.AlOR (INCL . J2 & ria
0 ITTED ON OPT . DOW

W4

	

11730A

	

4

	

1

	

CBLE-PMH 8101M

	

1 .3
MET

RES (WDA
W4

	

11730B

	

6

	

1

	

C ME40MR SMSOF 3A MIMS
W4

	

11730C

	

8

	

1

	

CADLEPMU SMSM 6A MUMS
W4

	

I1730D

	

0

	

1

	

CABLS PUM GMSM IS A METRES
W4

	

11730L

	

2

	

1

	

CABLEMMEI GEh13OR 300 MURES
W4

	

117301-"

	

4

	

1

	

CADLE-POWER SENSOR 61 METRES

W5

	

01200

	

C BLjCA
My I

WLICOCT& ΙΚΤ
W6

	

0005

	

CONNE TOR ASSEMB Y IF IN LIT
1251-

	

NUT -AUDIO CONN
00436

	

WASHER--CONNECTOR MOUNT
W7

	

1

	

NOT ASSIGNED

we

	

I

	

I IN A 3 6IGNED
W9

	

00435-4,0032 1 5

	

CABLE ' IF OSCILIAIOR (INCL, 36 & PI ;

Mfr
Code
""111
01111 1
01295
02111
03508
04713
0 6 6 65
14140
17856
19701
20940
24046
24546
20480
31-585
32?97
56289
71400
73138

Reference

	

I
HP Part

Designation

	

Number I Dc I oy

Manufacturer Name

ANY SATISFACTMY SOPLIER
ALLEN-BRADLEY CO
TEXAS INSTR INC SEMICOND CMPNT DIV
SPECTROL. ELECTRONICS CORP
GE CO SEMICONDUCTOR PROD DEPT
MOTOROLA SEMICONDUCTOR PRODUCTS
PRECISXON ME)NOLITHICS INC
EDISON ELEK DIV MCGRAW-EDISON
SILICONIX INC
MEPCO/ELECTRA CORP
MICRO-OHM CORP
TRANSITION ELECTRONIC CORP
CORNING GLASS WORKS (BRADFORD)
HEWLETT-PACKARD CO CORPORATE HQ
RCA CORP SOLID STATE DIV
DOURNS INC TRIMPOT PROD DIV
13PRAGUE: C :L,E(.,TRIC Co
BUSSMAN MFG DIV OF MCGRAW-EDISON CO
BECKMAN INSTRUMENTS INC HELIPOT DIV

Table 6-2 . Replaceable Parts

Description

Table 6-3. Code List of Manufacturers

See introduction to this section for ordering information
*Indicates factory selected value

t Baclulatiiig Mmm&n& SecQn VII.

Mfr
Code

2MN
20400
06000
20480
2MBO
"C"

200100
2134130
294BO
2L1400

284BO
28480
284011
23430

2000

32997
24,'546

20480
2MM
20400

28 ,1100
"0"

pa"11

28480
2B480
29400

20400

2SUD
28480
2N80
28480
2MOD
20400

2MOD
20400
28480
284130

2n ,480
OPT . 003 ONLY)

	

I

	

I

Address

11030A
11730B
I"Mic
11730D
1030E
1173TH,

MILWAUKEE W1
DALLAS TX
CITY OF IND CA
AUBURN NY
PHOENIX AZ
SANTA CLARA

	

CA
MANCHESTER Nil
SANTA CLARA

	

CA
MINERAI WELLS TX
EL MONIE

	

CA
WAKErn.: : LD MA
BRADFORD PA
PALO At-To

	

CA
SMEHILLE NJ
RIVERSIDE CA
NORTH ADAMS

	

MA
ST LOUIS

	

Mo
FULLER TON

	

CA

Mfr Part Number

OUNI859 ,
00435-00009
ORDER BY DESCRIPT .TON
7120 -3730
0101354"1
ORDER BY DMCRIPTION

3(my 1167
00432-90010
00432--90011
00432 -90023

12'51-3537
1251-3966
125tA537
1',251 -3966

125516 6r,*.;

3057J-1-103M
04- 1/8-1`11-5622-F

3A (11 -2055
3131-100139
3101 -0415

91 ONAQ4
MDR BY USCRIPTION

00=n"37

1104 -36-20014
1251-3362
00435-60030

00435-60041

811201we
00435-60039
1251-3362
00436 20014

00435-60032

Ileplaceable Parts

Zip Code

532 0 4
75222
91745
13201
01. 0 0 13
95050
03130
95054
76067
91 1/31
01880
16701
94304

92507
01247
63107
M634

641/642



Manual Changes

CHANGE A

Se rial Prefix or Number

2005A, 2041U
2238Α

7-3. Manual Change Instructions

SECTION V II
MANUAL CHANGES

Table 7-1 . Manual Changes by Serial Number

Add the following capac itors on theΑ4 Assembly (center of schematic) :
C36 100 pF between pins 3 and 2 ofU2.
C42 0.01 μF from pin 7 ofU2 to ground 3 ( δ ) .
C43 0.01 μF from pin 7 ofU3 to ground 3 ( δ ) .
C44 0.01 μF from pin 4 of U2 to ground 3 ( δ ) .
C45 0.01 μF from pin 4 of U3 to ground 3 ( δ ) .
C48 100 pF between pins 2 and 3 ofU3.

M ake Manual Changes

Β, Α

Add the following capacitors on the Α4 Assembly (left side of schematic) :
C31 0.01 μF between pins 5 and 6 of U4B.
C32 0.01 μF from pin 3 ofU1 to -12 volts .
C33 0.1 μF from pin 4 of U1 to +12 volts .
C38 100 pF between pins 2 and 3 ofU1 .

	

.
C50 0.01 μF from pin 7 ofU1 to ground 1 ( δ ) .

Model 435Β

7-1 . INTRODUCTION

	

listedopposite your instrument's serial number or

This section contains instructions for backdating

	

prefix.
thismanual forHPModel 435Β PowerMeters that
have serial number prefixes that are lower than

	

Ifyour instrument's serial number or prefix is not
the prefix listed on the title page.

	

listed on the title page of this manual or in Table
7-1, itmay be documented in α yellow MANUAL

7-2. MANUAL CHANGES

	

CHANGESsupplement.For additional important
information about serial number coverage, referto

To adapt thismanual to your instrument, refer to

	

INSTRUMENTS COVERED BY MANUAL in
Table 7-1 and make all of the manual changes

	

Section Ι .

Table 6-2:
Add the following capacitors:
A4C31-33, 40-47 and 50 0160-3879 CD7 CAPACITOR-FXD .01 μF ±20% 100 VDC CER 284800160-3879 .
A4C34-37, 48-49 0160-3877 CD5 CAPACITOR-FXD 100 pF ±20%ο 200 VDC CER 284800160-3877 .
A4C38 0160-4306 CD7 CAPACITOR-FXD 100 pF ±10%ο 100 VDC CER 51959 0805C 101Κ3Ρ.

Service Sheet 2 (schematic) :
On theJ1 and J5ConnectorAssemblies (left sideofservice sheet) add αcapacitor from eachpin (C, D, Ε, L)
to ground.



Model 435Β

	

Manual Changes

CHANGE Α (cont'd)
Service Sheet 2 (schematic) (cont'd):
Add the following capacitors on the Α4 Assembly (right side of schematic) :
C34 100 pF between the drain (D) and source (S) of Q7.
C35 100 pF from the source (S) ofQ7 to ground 2 ( δ ) .
C40 0.01 μF from pin 8 ofU4A to ground 1 (

	

).
C41 0.01 μF from pin 4 ofU4A to ground 1 (

	

).
C49 100 pF between pins 2 and 3 ofU4A.

Service Sheet 3 (schematic) :
Add the following capacitors on the Α4 Assembly (center of schematic) :
C37 100 pF between pins 2 and 3 ofU5.
C46 0.01 μF from pin 7 ofU5 to ground.
C47 0.01 μF from pin 4 of U5 to ground.

CHANGE B
Page 1-3, paragraph 1-6:
Change thedescriptionforOption 003to the following: αrearpanel input connectorreplaces the standard
front panel input connector; Α rear panel POWERREF OUTPUT connector replaces the standard front
panel connector.

Page 3-5, Figure 3-2:
The description of the Power Sensor Input should read as follows:
Option 002 has α rear panel input connector wired in parallel with the front panel input connector. In
Option 003, this connector replaces the input front panel connector.

Table 6-2:
A4CR1, 2was originally 1901-0895 . However, thepart listedin the table is the recommendedreplacement.
Therefore, no manual change is suggested.

A4R20 was originally 0811-3218 . However, the part listed in the table is the recommended replacement.
Therefore, no manual change is suggested.

Under the description forW1 add the following: Omitted on Option 003.

Service Sheet 2 (schematic) :
To the left ofJ1 (left side of schematic) add the following: (Omit J1 and W1 on Option 003 only) .



Model 435Β

	

Service

8-1 .

	

INTRODUCTION

	

For continued protection against fire

Service information is provided in this section .

	

hazard, replace the line fuse only wi th α

General serviceinformation relates to troubleshoot-

	

250Vfuse of the same current rating and

ing. Repair information relates to performance

	

type (for example, slow blow, time de lay,

testing and adjustments after repairs are made.

	

etc.) . Do not use repaired fuses or short

Each service sheet includes principles ofoperation ,

	

circuited fuseholders .

and troubleshooting information, α component

	

Whenever it is likely that thisprotection
location diagram and α schematic diagram.

	

has been impaired, the instrument must
be made inoperative and be secured

The last foldout in the manual shows the location

	

against any unintended operation .

of each assembly, chassis mounted component
d adjustable component .

	

The service information is often used
an wi th power supplied and protective

co vers remo ved from the instrument .

8-2 .

	

SAFETY CONSIDERATIONS

	

Energy available atmanypointsmay, if
contacted, result in personal injury.

Although this instrument has been designed in
accordance with international safety standards,
this manual contains information, cautions and

	

8-3.

	

SERVICE SHEETS
warnings which must be followed to avoid per-

	

Each service sheet normally includes principles of
sonal injury and dam age to the instrument (see

	

operation and troubleshooting information, α com-
Sections II, III, and V) . Service and adjustments

	

ponent location diagram and α schem atic, all of
should be performed only by qu alified service

	

which apply to α specific portion of circuitry
personnel .

	

within the instrument .

WARN I NGS

A ny in terruption of the protective
(grounding) conductor (inside or outside
the instrument) or disconnection of the
protective earth terminal is likely to
make the instrument dangerous . Inten-
tional interruption is prohibited.

SECTION V III
SERVICE

Service Sheet 1 includes an overview of the instru-
ment operation , troubleshooting on an assembly
or stage level and α troubleshooting block dia-
gram. The block diagram also serves as an "index"
for the other service sheets .

The Schematic Diagram Notes, Figure 8-5, aid in
interpreting the schematics .

Maintenance described herein is per-

	

8-4.

	

Principles of Operation
formedwithpower supplied to the instru-

	

The operation of the circuitry shown by the sche-
ment and with the protective covers

	

matic diagram is explained in the Principles of
removed . Such maintenance should be

	

Operation. This inform ation is outlined by using
performed only by service-trained per-

	

assembly and stage names. These names also
sonnel who are aware of the hazards

	

separate circuit areas on the schematic diagrams .
involved (for example, fire and electrical
shock) . Where maintenance can be per-
formed without power supplied, the

	

8-5. Troubleshooting

power should be removed.

	

This information is in the form of hints and sug-
gestions pertaining to problems one may encoun

Capacitors inside the instrument may

	

ter while troubleshooting the Power Meter . The
still be charged even if the instrument

	

troubleshooting information is located on the left-
has been disconnected from its source of

	

hand foldout of the service sheet following the
supply .

	

Principles ofOperation.



Service

	

Model 4358

Troubleshooting (Cont'd)

	

boards and have assigned reference designators
and symbols on the schematics . The waveforms

On Service Sheet 1, αmalfunction is isolated to an

	

and/or voltages refer to the test points and other
assembly or stage . After turning to the appropri-

	

important circuit junctions .
ate service sheet, troubleshooting continues on α
stage and/or component level.

	

Α circuit board extender, which provides easy
access for troubleshooting, is shown in Figure 8-1 .

DC voltages and, in some cases, ac voltages and

	

Theextendermay be ordered through your nearest
waveforms are included on the schematics . Test

	

HP office . Refer to Equipment Available in Sec-
points are physically located on printed circuit

	

tion Ι .

8-2

Figure 8-1 . Α4 Assembly Extended for Service



Model 435Β

	

Service

8-6 .

	

RECOMMENDED TEST EQU IPMENT

	

from componentmounting holes . Sharp

Equipment recommended in Table 1-2 should be

	

objects may damage the plated-through

used for testing and troubleshooting the Power

	

conductor .

Meter to ensure that it is operating within the
specifications listed in Table 1-1. Test equipment

	

ε .

	

Use α suction device or wooden toothpick to
that meets or exceeds the critical specifications

	

remove solder from component mounting holes .
listed may be used in place of recommended
equipment.

	

d.

	

Aftersoldering, removeexcess flux from the
soldered areas and apply α protective coating to
prevent contamination and corrosion .

8-7 . REPAI R
After repairing any circuitry within the Power .

	

8-1 ρ, Component Replacement
Meter, refer to Section V and perform the
adjustments.

	

Thefollowing procedures are recommended when
component replacement is necessary :

Perform the tests in Section IV to ensure that the

	

α ,

	

Remove defective component from board.instrument is operating within the specified
limits .

	

b.

	

Ifcomponentwasunsoldered, removesolder

NOTE

	

from mounting holes with α suction device or α
wooden toothpick .

If the Α 3 Power Reference Assem bly is
repaired, see the Power Reference Out-

	

ε .

	

Shape leads of replacement component to
put test in Section IVfo r instructions on

	

match mounting hole spacing.
setting the power output level.

8-8. GENERAL SERVICE INFORMATION
8-9.

	

Etched Circuit Boards
Theetched circuit boardsusedin Hewlett-Packard
equipment are the plated-through typeconsisting
of metallic conductors bonded to both sides of an
insulating material. The metallic conductors are
extended through the component holes or inter-
connect holes by α plating process. Soldering can
be performed on either side of the board with
equally good results . Table 8-1 lists recommended
tools and materials for use in repairing etched
circuit boards. Following are recommendations
and precautions pertinent to etched circuit repair
work.

α .

	

Avoidunnecessary componentsubstitution ;
it can result in damage to the circuit board and/or
adjacent components .

ΝΟΤΕ
Al though not recommended when both
sides of the circuit board are accessib l e,
axial lead components such as resistors
and tubular capacitors can be replaced
wi thout unsoldering. Clip leads near
body or defective component, remove
component and straighten leads left in
board. Wrap leads of replacement com-
ponent one turn around original leads .
Solder wrapped connection and clip off
excess lead.

d.

	

Insert component leads intomountingholes
and position component as original was posi-
tioned . Do not force leads into mounting holes ;
sharp lead ends may damage the plated-through
conductor.

8-11 . Operational Am plifiers
b.

	

Do not use α high power soldering iron on

	

Thesource ofgain in an operational amplifier can
etched circuit boards. Excessive heat may lift α

	

be characterized as an ideal, differential voltage
conductor or damage the board or α component.

	

amplifier having low output impedance, high ίη-
put impedance, and very high differential gain .

CAUTION

	

The output of an operational amplifier is propor-
tional to the difference in the voltages applied to

Do not use α sharp metal object such as

	

the two input terminals. In use, the amplifier out-
an awl or twist drill to remove solder

	

put drives theinput voltage difference close to zero
through α feedback path .

8-3
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Soldering
Unsoldering

Unsoldering

Aid

	

Ι from connection

Resin (flux )

Solder

Protective
coating

Remove excess flux from
soldered area before
application of protective
coating.

Component replacement
Circuit board repair
Wi ring

corrosion protection

Next, check the amplifier's output voltage . It will
probably also be c lose to one ofthe supply voltages
(e.g ., ground, +12V, or -12V) . Check to see that the
output conforms to the inputs . For example, if the
inverting input is more positive than the non-
inverting input, the output should be negative ; if
the non-inverting input is more posi tive than the
inverting input, the output should be positive. If the
output conforms to the inputs, check the amplifier's
external circuitry . Ifthe amplifier's output does not
conform to its inputs, it is probably defective .

Tab le 8-1 . Etched Circu it Sol dering Equipment

Specificat i on

	

.----~ -

	

Item Recommen ded

Wattage rating : 47 1/2-561/2

	

Ungar No. 776 handle with
Tip Temp: 850-900 degrees

	

*Ungar No. 4037 Heating
Unit

Soldering tip*

	

Ι Soldering

	

Ι *Shape : pointed

	

Ι *Ungar No. PL111

Suction device

	

Soldapult by Edsyn Co .
Arleta, California

Must not dissolve etched cir-

	

Freon, Aceton, Lacquer
cuit base board material or

	

Thinner, Isopropyl Alcohol
conductor bonding agent.

	

(100%ο dry)

Resin (fl iιx) core, high tin
content (60/40 tin/lead),
18 gauge (SWG) preferred

Contamination ,

	

Ι Good electrical insulation,

	

Ι Silicone Resin such as
corros ion-prevention properties Ι GE DRI-FILM**88 -~

*Forworkingon etched boards ; forgeneral purposework, useUngarNo. 1237 HeatingUnit (37.5W, tiptemperature of 750-800degrees) and
Ungar No. PL113, 1/8-inch chisel tip.

**General Electric Co ., Silicone Products Dept., Waterford, New York, U .S.A .

Operational Amplifiers (Cont'd)

	

Figures 8-2, 8-3, and 8-4 show typical operat ional
When troubleshooting an operational amplifier cir-

	

amplifier configurations . Figure 8-2 shows α ηοη -
cuit, measure the voltages at the two inputs ; the

	

inverting buffer amplifier with α gain of 1 . Figure
difference between these voltages should be less

	

8-3 is α non-inverting amplifier with gain deter-
than 10 mV. (Note : This troubleshooting procedure	minded by R1 and R2. Figure 8-4 is an inverting
will not work for operat ional amplifiers which are

	

amplifier with α gain determined by R1 and R2.
configured as comparators.) Α difference voltage
much greater than 10 mV indicates trouble in the
amplifier or its external circuitry. Usually, this dif-
ference will be several volts and one of the inputs
will be very close to one ofthe supply voltages (e.g.,
+12V or -12V) .

I NPUT

I NPUT I MPEDANC E-VERY H IG H
OUTPUT I MPEDA N CE-VER Y L OW

F igure 8-2 . Non-inverting Amplifier (Gain =1)
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Service
Ι

~7
R2

EXAMPLE : A3SIAR (2-1/2)

A3S1 =SWITCH S1 WITH I N
ASSEMBLY Α3

Α = 1ST WAFER FROM
FRONT (A=1 ST, ETC)

R = REAR O F WAFER
(F=FRONT)

R 1
_. .~ηΙ1Ι 1rc_ -~

INPUT I MPEDA N CE-VERY HIG H
O UTPUT I MPEDANCE - VERY LOW

Figu re 8-3. Non-Inverting Amplifier (Gain = 1 + 111/1`12)

	

Figure 8-4. Inverting Amplifier (Gain = -β 1/f;2)

(2-1/2) =TERM I NAL LOCATION
(2-1/2) (V I EWED FR OM
FR O NT)

OUTPUT

SCHEMATIC DIAGRAM NOTES

SWITC H D ESIG NATIONS

(0

INPUT

' R 2 Ι -

	

R 1

Figure 8-5. Schematic Diagram Notes ( Ι of 31

INPUT IMPEDANCE- R 2
OUTPUT I MPEDA NCE - VERY LOW

F
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Aster isk denotes α factory-selected value. Valueshown is typical. Part
-

	

might be omitted.

Tool-aided adjustment.

	

0

	

Manual control.

Encloses front-panel des ignation.

r -1ι J

cw

z
U1A

_ ..
~F1

(CMOs)

SCHEM ATIC DIAG RAM NOT ES

Encloses rear-panel des ignation.

Circuit assembly borderline.

Other assembly borderline. Also used to indicate mechanical intercon-
nection (ganging).

Heavy line with arrows indicates path and direction ofmain signal .

Heavy dashed line with arrows indicates path and direction ofmain
feedback.

Wiper moves toward CW with clockwise rotation of control (as viewed
from shaft orknob) .

NumberedTest point.

	

Lettered Test point.
Measurement aid

	

Α

	

Nomeasurement
provided.

	

aid provided.

Encloses wire color code. Code used is the same as the res istor co lor code.
First number identifies the base color, second number identifies the wider
stripe, third number identifies the narrower stripe. Eg.,

	

94

	

denotes
white base, yellow wide stripe, violet narrow stripe.

Α direct conducting connection to the earth, or α conducting connection
to α structure that has α similar function (e.g., the frame ofan air, sea or
land vehicle).

Α conducting connection to α chassis or frame.

147

	

Common connections. All like-designated points are connected.

©6

	

Letter = off-page connection.
Number = Service Sheet number for off-page connection.

Bilateral switch - acts as an on/off switch to analog signals when the
input marked F is active.

Figu re 8-5 . Sc hematic Dίagram Notes (2 of 3)
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Service

Test point symbols. Stars are numbered or l ette red fo r easy correlation

	

Interconnection informat ion .
of schemat ic diagrams, procedur es, and locator illustrations.

Ci rcled letter indicates circuit
Arrow connecting star to meas-

	

Star shown connected to

	

path continues on anoth e r
urement poin t signifi es no

	

circuit signifi es m easuring aid

	

schematic diagram . Look for
measuring aid provided.

	

(metal post, circuit pad, etc.)

	

same circled letter on service
provi ded .

	

sheet i n dicated by a dj acent
bold number (3, in this
exam p le) .

Plug-in connection information.
Socket designation fo r Α2 assemb ly .

Number indicates
Assembly name _

	

\

	

Ι

	

I

	

pi n of socket (XA2).

Stage name
\Α2 DC R EG ULATOR ASSY (08708-60007)

ΧΑ2
Ι

SER I E S
00-REG ULATO R η

Ι

	

REFEREN( Ε ΟΕ S ιGΝπτιΟΝ'L ωιΓΝΙΝ OUTLINED ----AS τΕ +ιΒΕι F5

	

πRΓ

	

4BNRfv ι IiED

	

FUI ι

	

DfS ι GNniION

	

INΙ

	

(L1J0Ε % π 15ΕΑΒ L, ΝιιιιθΕβ ,, βι OF ASSE σ EL . Υ πι
947

	

Ι

	

2

	

ιτ , ια
ε
ι

	

οΕ S Ι CΝατιοΝτ OF οτΝFα c σ.ΡοΝεΝΓτ ARE
ίπωΙΙι τε πτ τΝπ-Ν

Conductin g connection
to chassis or frame.

Dagger indi cates
circuit change . See
section VII.

Asterisk indicates factory
se lected components . (See
section V) .

Value selected for best operation.
Valu e shown is average or most
commonly se lected valu e.

Wir e co lor code . Code used (MIL-STD-681) is the
same as the resistor color code . First number
identifies the base co lor , second number the wide r
strip e, and the third number the narrower stripe.
Example:

	

947

	

denotes whi te base, ye llow
wide strip e, violet narrow strip e.

Connector symbo ls within the
borderlin es of cir cuit assemb-
lies signify connections to the
assembly whi ch are separate fr om
th ose made through the integr al
plug part of the assembly.

F igure 8-5. Schematic Diagram N otes (3 of 3)

ΧΑ2

7-0 3

REFERENCE DE SIGNATIO N

NO PREF IX

	

Α2 ASSY

Α2

	

C1
J3

	

Q1
ΧΑ 2

	

R 1

.Ι3 not mounted
on assemb ly Α 2.

J 3

2
Α2

Non-plug-in
connection
information .
So lder point
named.

Reference designators deleted
by cir cui t changes are listed
here. Ι

Large numbers in lower right
corn ers of schematic diagrams
are service sheet numbers.
They are prov id ed for con-

Li st of all the re ference desig-

	

venience in trac in g in ter
nations on the di ag ram.

	

connections.

8-7
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viding an exceptionally stable output level . The
calibrated output is 1 mW ±0.70%ο at 50 ±5 MHz .

PR INCIPLES OF OPERATION

General

	

Power Supply

The Power Meter and α compatible power sensor

	

ThePower Supply is α 24V series regulator with α
are used to measure RF power levels . For example,

	

shunt regulator coupled across the output . The
the power range ofthe HPModel 8481Α is from -35

	

shunt regulator places ground potential midway
to +20 dBm (---0.3 ιιW to 100 mW) into 5051 ; the

	

between the 24V potential difference thus provid
frequency range is from 10 MHz to 18 GHz.

	

ingsupply outputs of+12 and -12 Vdc. The battery
charging and test circuits are automatically oper-

Power Sensor

	

ative with the battery installed .

The power sensing device dissipates the input RF
energy into 50 ohms and produces α do voltage

	

TROUBLESHOOTING
proportional to the power leve l . This do voltage is
sampled creating an ac signal which is coupled to

	

General

the Input Amplifier for amplification .

	

Before beginning to troubleshoot thePowerMeter,
remove the cover from the right side of the instru

AC Amplifiers/Range Switch

	

ment and measure the power supply voltages at
ΤΡ9 and I .F .M .

The ac signal is amplified by the power sensor's
Input Amplifier and the Power Meter's First,
Second and Third Amplifiers . The RANGE switch
attenuators, which are placed between the First
and Second and Second and Third amplifiers, are
used to set the range-to-range gain of the Power
Meter amplifiers .

DC Circuits
The Synchronous Detector converts the ac signal
back to dc . The output is coupled to the DC Ampli-
fier via αLowPass Filter network . The DC Ampli-
fier drives the meter, the Servo Amplifier and pos-
sibly an external device through the RECORDER
OUTPUT jack.

Servo Amplifier/Auto Zero
α . POWER METER AND SENSOR. Set the

The Servo Amplifier amplifies the DC Amplifier

	

Power Meter's RANGE switch to the 1 mW posi-
output. When the front panel ZERO switch is

	

tion, CAL FACTOR switch to 100%ο and the rear
pressed, the Servo Amplifier output is connected to

	

panel POWER REF switch to (ON). Connect the
the Auto Zero circuits completing the automatic

	

power sensor to the Power Meter's POWER REF
zeroing feedback loop . The Auto Zero do output

	

OUTPUT j ack .
voltage (error signal) is added to the ambient
temperature output of the power sensor's power

	

b .

	

POWER MET ER AND HP MODEL 11683Α
sensing device . The polarity of the error signal

	

RANGE CAL I BRATOR . Set the Power Meter's
and the feedback loop gain force the DC Amplifier

	

RANGE switch to the 1 mW position and CAL
output to ground potential after five seconds.

	

FACTOR switch to 100%. Set the Range Cali-
When the ZERO switch is released, the Auto Zero

	

brator's RANGE switch to 1 mW, POLARITY
circuits hold the error signal constant.

	

switch to NORMAL and FUNCTION switch to
STANDBY. Connect the Range Calibrator to the

Power Reference Assembly

	

Power Meter with the power sensor cable . Set the
The Α3 Power Reference Assembly contains α 50

	

Ran ge Calibr ate FUNCTION s witch to
MHz oscillator with an ALC loop capable of pro-

	

CALIBRATE.

8-8

When α malfunctioning component is isolated to
an assembly or stage, refer to the appropriate Ser-
vice Sheet for component level troubleshooting.

Block Diagram Troubleshooting Conditions

The waveforms and voltages shown are normal
when operating under the following condit ions .

ΝΟΤΕ

To ex hibit the correct waveforms in the
RANGE posit ions shown, the power
sensor (as part of the measurement sys-
tem) must measure power from -35 to
+20 dBm (50 11) .
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Miscellaneous
Voltages at ΤΡ4 5 6 and 12 are correct as shown,,
for full-scalemeter readings on any range.AC Amplifiers

If the waveform and/or voltage at ΤΡ 1 is incor-

	

Withα full scale input, on 1 mW range only, press-
rect, it must be determined if the circuit malfunc-	ingthe frontpanelZERO switch shouldproduce α
tion is in the Power Meter, power sensor or cable.

	

meterreadingofabout0.96. Ifthe reading isincor-
Substitution w ill quickly isolate the defective in-

	

rect, refer to Section V and perform the adjust-
strument. If α spare cable and power sensor or

	

ments . Iftheproblemstill exists, refer to Auto Zero
range calibrator isnot available, refer to the trou-

	

circuit troubleshooting on Service Sheet 3.
bleshooting information for the First Amplifieron

	

Α noise problem evident as meter vibration may
Service Sheet 2. Also, check the multivibrator out-

	

be dueto defective components illustrated on Ser-
put (ΤΡ7 and ΤΡ8) of the Power Meter.

	

vice Sheets 2, 3, or 4.
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/Ο V,- -ρ

SYNCHKONOUS
σε,ΈCΤΟ.ρ

Sm ΥΡ;ν
ΓΝοΤε /)

Service

0.36V
.-re / )

\ / \ Ι 22ΟΝτ

-~--L~- 12209k

NOTES
/. VΟ/ΤΑΓ/Ε Ο2 Wg VΕ^Ο--Μ
CORRECT FOR Α FULL
SCALE S/pN9L ΟΝ qΝΥ
. ΡΑΝς,Ε /ΤΡ4 516ΑΝΟ /2) .

SET COWT.POLS ΑS POLΖ0WS.'

2ΑΝςΕ����� , /MW
C.9L1.9CX0R . . . . . . . /Χ%
Ρ0ωe.Ρ .ΡΕF. . . . . . . . σΝ
CONNECTPoΨCR SENSO,e
7-0,-0ΨΕR.2ΕFOUTPUT
./ΑCλΥ.

$ESUL 7/Νς ΥΟΖ7,9V47.$',9N,9
W/!VCFORIWS19ιΡΕ SHOWN
gTEΑCN TESTΡΟ/ΝΤ,

F igure 8-6 . Troublesh ooting Block Diagram
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PR INCIPLES OF OPERATION
General
The RF input power coupled to the power sensor is dissipated by
the load impedance ofthe power sensing device. The do output of
the power sensing device is converted to α 220 Hz ac signal by α
sampling gate (chopper) circuit . The ac signal, which is propor-
tion al to the RF input, is amplified by tuned ac amplifiers in the
power sensor and Power Meter. The Synchronous Detector con-
verts the amplified 220 Hz ac signal back to α do level which also
is proportional to the RF input .

TheRANGE switch attenuatoκ networks attenuate the ac signal
for higher power inputs . This allows equal measurement resolu-
tion for high and low power levels . The SynchronousDetector and
α sampling gate circuit (in the power sensor ) are driven in phase
by the 220 Hz Multivίbrator.

A4U4B is connected as α voltage follower between the input
signal ground and signal ground . This circuit ensures α min-
imum voltage difference exists between thegrounds thereby elim-
inating the possibility of unreliable readings . High current flow,
through the ground return ofcables which are greater than 5 feet
long, causes the voltage difference .

First Amplifier
The First Amplifier of the Power Meter and the power sensor's
amplifier stage form α low-noise high-gain hybrid operational
amplifier (refer to the figure below) . The ac gain is approximately
750; do bias is set by A4R1, R2, R6, R10 and R11.

Γ

	

~
POWER SENSOR

SAMPLEDAC
INPUT 220 Hz

1+12 Vd c

31 .6 _

1070 . IF

1000

POWERSENSOR CABLE

Hybrid Operational Amplifier

POWER METER

- -

	

3 -ο-- - OUTPUT

SHA P ING
NETWORK

-12 ναε

22.1 Κ
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Diodes A4CR1, CR2, VR1 and VR2 and their associated compo-
nents are part ofα shaping network which compensates for the
non-linear butput ofthepowersensor's powersensing device . At
RF inputs near the maximum power input (100 mW for Model
8481Α), thepower sensingdevice is slightlymore efficientand the
hybrid amplifier's gain is reduced slightly to provide an overall
response that is linear.

The combin ationofA4C5, R8and R9 is one ofthreeRC networks
in the ac amplifiers which determine the high frequency cutoff
(240 Hz) of the 220 ±20 Hz bandpass. A4C1, C6 and C30 are line
noise filters.

Range Switch
The RANGE switchand associatedcomponents on theΑ4andΑ5
assemblies form twoseparate attenuatornetworks and α lowpass
filter (the filter is shown and discussed on Service Sheet 3) .

With higher power RF inputs, relatively high voltages are
coupled to the attenuator inputs . The higher thevoltage themore
it is attenuated, thus allowing for greater sensitivity needed for
low power measurements while providing the needed resolution
for each range. The various levels of attenuation permit ten usa-
ble range positions from 3 μW to 100mW (full scale) . The follow-
ingtable shows the individual and combinedeffect of the attenu-
ators on the ac signal.

The bandpass of the ac amplifiers in thePower Meter is approxi-
mately 220±20Hz. The lower cutofffrequency(200 Hz) is fixedby
the combination of A4C7 with A5R1, A5R2 and A4R19 ; also
A4R15 with A5R3, A5R4, A5R5 and A4R20.

RANGE
Switch
Position

3 μω
10 μW
30 μW

100 μW
300 μW
1 MW
3mW
10 MW
30 mW
100 MW

Netwo rk #1
(A51`11, R2 and

ΜΑ 191

+ 1
+ 1
+1
+1

1000
1000

+ 100Ό
+ 1000
+ 1000

1000

Attenuati on
Network #2
(00,1`14,115
and A4R20)

+1
10
100

- 1000
+ 10

100
1000

+ 10
100

- 1000

Total

+1
+ 101/2
10
103/2
102

.χ . 105/2
103
107/2
104
109/2
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Second Amplifier
A4U2 and U3 and associated components are operational ampli-
fiers with voltage gains of about 25 each. Gain forA4U2 is deter-
mined byMR22 and R23; for A4U3 by A4R27 and R28. Bias
current is provided forA4U3 byMR25.

The tuned amplifiers upper bandpass limit (240 Hz) is set by the
parallel RC networks of Α4C11 and R22, A4C14 and R27 and
parallel RC network in the First Amplifier .

Third Amplifier
A4U4A and its associated components form an operational
amplifier' stage with variable voltage gain from 1.3 to 3.4 . The
front panel CALADJ gain control is set to compensate for differ-
ences in sensitivity of individual power sensors. The gain is
determined byMR24, R21 and the CALADJ control R1 .

Synchronous Detector
Thephaseshift ofthe 220 Hz signal through the tuned amplifiers
is approximately zero . Because the phase shift is minimal, error
introduced into the system is also minimal. This ensures that the
detector output is proportional to the RF power input level.

The Synchronous Detector, like the sampling gate circuit in the
power sensor, is driven by the 220 Hz Multivibrator drive signal .
When A4Q6 is biased on, the equivalent sampling gate FET
(which is connected to ground) is also on. Therefore, α negative
going signal is coupled to the ac amplifiers. Because there is no
phase inversion of the signal throughout the ac amplifiers, the
output ofthe Third Amplifier is also thenegative goingportion of
the distorted sinusoidal waveform. During this halfcycle current
flows from ground through A4Q6 andR26to change C12and C13.
Αpositivevoltage is stored on thepositive terminal ofC13. When
the 220 Hz drive signal turns A4Q6 off and Q7 on, the Third
Amplifier output is the positive going portion of the distorted
sinusoidal waveform. This positive going signal is superimposed
on the voltage across C12 and C13 such that the peak voltage is
about twicethepeakvoltage of the Third Amplifier output. This
voltage charges MC 16 through R26 and Q7. The do output vol-
tage is coupled across α do pass filter to the DC Amplifier.

TROUBLESHOOTING

General
Before attempting to troubleshoot the circuits represented by this
schematic, verify that the power supply is operating properly.
The voltage on ΤΡ9 should be +12 Vdc; on ΤΡ10, -12 Vdc.

The important characteristics of the waveforms shown on this
schematic are the frequency and peak-to-peak voltage. If the
shape of the waveform varies slightly, the performance of the
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system will not be degraded. Measuring and recording do vol-
tages and comparing them with the normal levels shown on the
schematics may help to isolate defective components . Refer to
General Service Information (in Section VIII) with regard to
operational amplifier c ircuits .

Thewaveforms and voltages shown on the schematicarenormal
when operating under the following conditions.

ΝΟΤΕ
To exhibit the correct waveforms in the RANGE
switch positions indicated, the power sensor (as
part of the measurement system) must measure
power from -35 to +20 dBm into α 50Ω load.

α . POWER M ETER AND SENSOR. Set the Power Meter's
RANGE switch to the 1 mW position, CAL FACTOR switch to
100% and the rear panel POWER REF switch to (ON). Connect
the power sensor to the Power Meter's POWER REF OUTPUT
jack.

b. POWER METER AN D HP MODEL 11683Α RANGE CAL I-
BRATOR . Set the Power Meter's RANGE switch to the 1 mW
position and CAL FACTOR switch to 100%ο. Set the Range Cali-
brator's RANGE switch to 1 mW, POLARITY switch to NOR-
MAL and FUNCTION switch to STANDBY. Connect theRange
Calibrator to thePowerMeter with thepower sensor cable. Setthe
Range Calibrator FUNCTION switch to CALIBRATE .

First Amplifier
To troubleshoot the hybrid operational amplifiereffectively, con-
sider the complete amplifier as shown on the schematic on the
opposite foldout and the power sensor's schematic.

The bias levelsmaybeusedmost effectively to isolate theproblem
to the Power Meter. If the do voltage at ΤΡ1 is correct but the ac
voltage is incorrect, αdefective component probablyexists in the
power sensor before the signal is input to the hybrid amplifier.

An ac voltage coupledwith α positivevoltage (=+3 Vdc) at A4U1
pin 2 would indicate α defect in thepower sensor's hybrid ampli-
fier input or the interconnect cable. If thevoltage at pin 2 isabout
0.0 Vdc, thedefective component is probably in thePowerMeter's
First Amplifier.

Αpositivevoltage at ΤΡ1 indicates themalfunction is probably in
the Power Meter's First Amplifier.

ΝΟΤΕ
Do not o verlook thepossibili ty that aproblem can
exist in the Auto Zero circuits shown on Service
Sheet 3.
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An increased noise level may be caused by C1, C6 or C30 line
noise filters.

Range-to-range inaccuracy between the 100 mW range and
another range may be due to α shaping circuit defect.

Range Switch

Range-to-range inaccuracy which is caused by the RANGE
switch attenuatorscan easily be isolatedby performingoneofthe
Instrumentation Accuracy Performance Tests (refer to Section
IV).

Th ird Amplifier

Adjust the CAL ADJ control from its present setting to the εεω
stop. Then adjust the control to the εω stop. The meter reading
will normally change by ±2 dB (>4dB from stop to stop). The ac
voltage at ΤΡ4 will change from the nominal setting to approxi-
mately -35%ο (ccw stop) and +70% (εω stop).

Synchronous Detector
Thephase change ofthe 220 Hz s ignalbetween thepower sensor's
sampling gate and the Synchronous Detector cannot be mea-
sured directly because the detector output is do rather than ac.
However, the phase difference at ΤΡ4 (the input to the detector
c ircuit) can be measured. Because thephase change betweenΤΡ4
and the detector is known, the phase relationship between the
drive signal (ΤΡ 7)' and the ΤΡ4 signal indicates the total phase
shift throughtheac amplifiers. This is the step-by-stepprocedure
for checking phase shift.

α.

	

SetthePower Meter and (if used) therange calibrator con-
trols as shown in thegeneral troubleshootinginformation above.
b. Connect the oscilloscope's vertical inputs to the 220 Hz

drive (ΤΡ7) throughαdivide-by-ten probe(ChannelΒ) and to ΤΡ4
through α one-to-one probe (Channel Α) .

ε.

	

Setthe oscilloscope controls as follows: ChannelΑsensitiv -
ity to 0.05V/division w ith ac coupling, Channel Β sensitivity to
0.2V/division, horizontal sweep to 0.5 ms/division and the dis-
play modeto ChannelΑ and Β, chopped withtriggering fromΒ.

d.

	

Adjust the vertica l position controls until both traces are
symetrical with respect to the horizontal center line (refer to the
typical waveform below).

e.

	

Set the time base magnifier control to Χ10. The horizontal
scale is now 50 As/division (refer to the expanded waveform
below).

Troubleshooting
Block Diagram
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8-10

Ι7 1

150 μ s

TYPICA L WAVEF O RM

	

EXPAN DE D WAV E FO RM

F ig u re 8-7. Multivib rator/Detector Waveforms

f.

	

Set the Power Meter's rear panel POWER

	

g.

	

Set the Power Meter's POWER REF switch
REF switch to OFF or set the range calibrator's

	

to (ON) or set the range calibrator's FUNCTION
FUNCTION switch to STANDBY. With the oscil -

	

switch to CALIBRATE. The zero crossing of the
loscope's Channel Α position control, set the trace

	

Channel Α (ΤΡ4) trace should lag the drive sign al
representing α zero input at ΤΡ4 to the grid horiz-

	

by 150 ±75μs .
ontal center line.

Α5 ASS EM BLY

NOTE : (J1) AND (ΧΑ 4) ARE ON
OPPOSITE SIDE OF BOARD

Figure 8-8 . Α5 Mother Board Comp on en t Locations
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Ρ/Ο Α4 ASSEMBLY

F igure 8-9. Ρ/0 Α4 Assembly (AC Ampl/Sy nc Detector ) Componen t Locatio ns
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SERVICE SHEET 3

General

Γ

PR INCI PLES OF OPERATIO N

The inputfrom the Synchronous Detector passes through α Low
Pass Filter before it is amplified by the DC Amplifier . Theoutput
drives the Meter, the Servo Amplifier, and may also be coupled
through the RECORDER OUTPUT j ack to drive 'an external
device such as an χ-y recorder . The gain oftheDCAmplifier is set
by the CAL FACTOR switch .

The Servo Amplifier generates an error voltage iftheDC Ampli-
fier output is not ground potential. Withoutan RF input coupled
to thepower sensor, theDC Amplifier output isvery close to 0Vdc.
When the ZERO switch is pressed, the Servo Amplifier error
offset voltage is coupled to the Auto Zero circuits . The error vol-
tage is processed, attenuated and coupled across the power sen-
sor'spower sensing device output as αzeroing correction voltage.
This correction voltage is of equal do level butopposite pplarity to
the output of the power sensing device (no RF input) . With the
corrected input voltage, the DC Amplifier output is exactly zero .
When the ZERO switch is released, the Servo Amplifier output
voltage is stored within the Auto Zero circuits and the correction
voltage remains coupled across the output of the power sensing
device. (Refer to the Auto Zero feedback diagram below.)

POWER
SEN SI N G	-I NPUT

	

Ι

	

Ι

	

_ AC

	

SYNC

	

DC
DEV IC E

	

AMPL I F I ER
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ZERO (~
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SERVO

Auto Zero Feedback P at h
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DC Amplifier
Theinputto theDCAmplifier is filtered by αtwo-stage Low Pass
Filter A4R29 and C17; R30 and C18. On thethreemost sensitive
ranges additional filtering is introduced by components which
are mounted on the Α1 Switch Assembly.

The DC Offset control A4R32 is set to eliminate any do offset
voltage introduced by the DC Amplifier. The gain of the DC
Amplifier is controlled by A4R38, A4R33 and AlR1-15. Thegain
is variable from approximately 5.3 to 6.2 in 15 one-percent steps
as determined by the CAL FACTOR switch . The CALFACTOR
switch setting is dependent on the frequency response of the
power sensing device (refer to thecharton thepower sensor case).

The DC Amplifier drives the Meter, Servo Amplifier and an
external instrument through the rear panel RECORDER OUT-
PUT jack. TheMeter control, A4R35, isused to calibrate themeter
with αknowninput. Thermistor A4RT1 compensatesfor changes
in sensitivity of the meter due to temperature. Diodes CRl1 and
CR12 at the output of the DC Amplifier, U5, prevent the meter
needle from being damaged if excess power is applied to the
meter .

Servo Amplifier
TheDCAmplifier output iscoupled to A4R39,theServoAmplifier
input. Because ofthe high do gain (=7000) αsmall do output from
the DC Amplifier U5 produces α large error voltage at the Servo
Amplifier U6 output . When the ZERO switch is pressed, this error
voltage is coupled to the Auto Zero circuit .

Capacitor A4C21 with R43gives the Servo Amplifier the charac-
teristics of α low pass filter . TheAuto Zero Offset ControlA4R42
is set to remove any do offset voltage introduced by the Servo
Amplifier.

Auto Zero Circuit
When the front panel ZERO switch S2 ispressed, A4Q17 isturned
on, the collector voltage goes positive which places α do voltage
across relaysΑ4Κ1 andΑ4Α1Κ 1 . TheRFBLANKING OUTPUT
is now coupled to ground by Α4Κ1 and the Servo Amplifier error
voltage is coupled to A4A1Q1 and A4A1C1 by Α4Α1Κ1.

The error voltage from the Servo Amplifier biases Q1 which pro-
duces an equivalent error voltage at Q1 source. This voltage is
attenuated by A4A1R2, A4A1R4 and A4R74. The voltage is
further attenuated in the power sensor and is coupled across the
ambient temperature do output of the power sensing device as α
correction voltage. The algebraic sum of the do voltages is ampli-
fied and coupled back to the Auto Zero input. Because the feed-
ack loop is α negative path, the correction voltage across the
power sensingdevice output begins to change andcontinues to do
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so until it is the same level but opposite polarity as the power
sensing device output . The input to the Power Meter circuits goes
to zero which means the DC Amplifier output is also zero. When
the ZERO switch is released, relay Α4Α 1Κ 1 opens and the final
Servo Amplifier error voltage is stored on A4A1C1 at the high
impedance input to A4A1Q1. The correction voltage across the
power sensing device remains constant as long as the error vol-
tage remains on C1.

Diodes A4CR4 and A4A1CR1 reduce voltage spikes caused by
switching the relays. A4R69 also
reduces switching transients in the feedback path.

The voltage which appears at thesource ofA4A1Q1 is coupled to
A4U6 pin 2 through A4R44, C20 and C19. This voltage tends to
keep the Servo Amplifier output constant when the ZERO switch
is first pressed. I t dampens the violent change which tries to occur
because of the high gain of the Servo Amplifier. The initial
change thus occurs slowly .

A4A1R1 establishes an RC time constant (1s) with A4A1C1
which averages out the thermal noise during the zeroing
operation.

Thespecial construction of theΑ4Α1 assembly and the high gate
impedance of A4A1Q1 reduce leakage from A4A1C1 and thus
increases the correction voltage storage time.

A4A1R2, R3, R4, C2, C3 and C4 arepart of α frequency response
network whichkeepsthe auto zero feedbackloop from oscillating
during the zeroing sequence .

A4R46, R45 and A4A1R4 form α voltage divider stick. The Bal-
ance controlA4R46removes the do offset introduced by the Auto
Zero circuit thus centering its effective range at 0 Vdc.

TROUBLESHOOTING
General
Before attempting to troubleshoot these circuits, verify that the
power supply is operating properly . Thevoltage onΤΡ9should be
+12 Vdc; on ΤΡ10, -12 Vdc.

If the do offset controls A4R32, R42 or R46 are incorrectly
adj usted, theAuto Zero circuits may not respond properly. Refer
to the adjustment procedures in Section V.

Noise problems may be due to defective components in the Low
Pass Filter (especially the three most sensitive ranges) or the
Servo Amplifier which is an active low pass filter. Α noise prob-
lemin the Servo Amplifierwill be evident only during the zeroing
sequence .
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DC Amplifier and Servo Amplifier
Measure the do input and output voltages . Verify that the ampli-
fier outputs respond properly to the inputs . For troubleshooting
operational amplifiers refer to General Service Information in
Section VIII. Α Servo Amplifier problem will be evident only
during the zeroing sequence .

Auto Zero Assembly
The normal value range ofthe offset error voltage atΤΡΑ is about
-14 to +14 mVdc. The power sensing device normally exhibits α
slight positive output due to ambient temperature, therefore, the
normal correction voltage is slightly negative, hence -4 mVdc.

The voltage measured at ΤΡΒ will provide an indication of how
long the charge is retained on A4A 1C1. The voltage should
remain virtually unchanged (±1 mVdc) for 24 hours.

If any component on the Α4Α1 assembly is found to be defective,
the entire assembly must be replaced .

Switch Assembly and AC Ampl/Sync Detector
Ρ/Ο Α1 and Ρ/Ο Α4

4
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Α 1 SWITCH ASSEMBLY

(S2)

ΝΟΤΕ : (S1) AND (S2) ARE ΟΝ
OPPOSITE O F BOARD
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R 17
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F igure 8-11 . Α1 Switch Assembly Component L ocations
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Figure 8-12 . Ρ/0 Α4 Assembly (DC Ampl/Auto Zero) Component Locations
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SERVICE SHEET 4

PR INCIPLES O F OPERATION
General
Power sources for the Power Meter are line (Mains) power or the
rechargeable battery. If the battery is being used as α power
source, it will receive α charging current any time the line voltage
is coupled to the instrument and the LINE switch is set to ON.
Whenthe line voltage is disconnected, the battery automatically
becomes the power source.

CAUTION

Α voltmeter or oscilloscope which is used to mea-
sure the 24V output across the +12V terminals
must have α floating ground input .

The 12V Shunt Regulator establishes α reference ground at the
half voltage point of the 24V Series Regulator output and thus
establishes the +12 and -12 Vdc outputs with respect to ground.

Over Voltage Protection Circuit

The Over Voltage Protection Circuit consists of capacitor C39,
thyristor Q20, resistors R81 and R82, and zener diode VR6. The
function of this circuit is to prevent component damage in the
power supply due to power line trans ients, wrong voltages being
applied to thePower Module (Α6) or the shorting ofQ 13's collector
to ground .

-

	

24V Series Regulator

ΝΟΤΕ
The explanation of the 24V Series Regulator is
based on the assumption that ΤΡ9 is the reference
ground and the regulator output is 24 Vdc at
ΤΡΙΟ .

Α reference voltage of -12 Vdc is established on the base of Q1 1 by
VR4. Because Q10 and Q11 are α differential amplifier pair α
difference in voltage between the base ofQ11 and the base of Q10,
half the 24V output (refer to the note above), produces an error
output on the collector ofQ 11 . This error voltage is coupled to Q 16,
the regulator driver, and from there to Q13, the series regulator . If,
for example, the output voltage suddenly decreased to -23 volts,
the current through Q11 would increase and the collector voltage
would become less negative . Current flow through Q16 increases
and the collector voltage goesmore negative. The emitter voltage
of Q13 follows the collector voltage of Q16 and approaches -24V.
As the output voltage becomes more negative, the Q10 base vol-
tage also becomes more negative until i t equals the base voltage
of Q11 . At this instant, the output voltage is -24 Vdc and the
circuit action (voltage change) ceases.



SERVICE SHEET 4 (Cont'd)

Regulating action of the 24V supply is started by CR9, R58 and
R60. When the LINE switch is set to ON, current begins to flow
through R60 and VR4. As the voltage increases across VR4,
current begins to flow through Q11 which biases Q13 and Q16 on.
The regulator output begins to increase in α negative direction .
The output voltage biases CR9 which, in turn, causes the voltage
across VR4 to increase . The resulting rapid increase in voltage on
the base ofQ11 keeps it ahead of that on the base ofQ10. When the
Q11 base voltage stabilizes at -12 Vdc, the lower voltage on Q10
keeps the output level increasing until it approaches -24 Vdc. At
this point the base voltages of Q10 and Q11 become equal, the
differential amplifier's error output goes to zero, and the output is
stabilized at -24V.

C25 and R61 form α low pass filter which reduces the high gain of
the circuit at high frequencies thus preventing unwanted oscilla-
tions . R59 and C24 form α noise filter for the zener diode.

The input voltage to the 24V regulator may be as high as 70 Vdc
from the line voltage or as low as 26 Vdc form the battery .

12V Sh unt Regulator
U7 is connected as α voltage follower circuit. Chassis ground is
coupledto the inverting input ofU7 and the non-inverting input is
coupled across half the 24V series regulator output by α voltage
divider R63 and R64. If the voltage input to pin 3 tries to shift
toward +12 or -12 Vdc, the output from U7 would bring the vol-
tage at U7 pin 3 back to ground potential .

Battery Test

NOTE
The battery test circuit is in operat ion any time the
LINE switch is set to ON; however, the only time
the meter indication is meaningful is when the
battery is supplying power.

When the battery is supplying power for the Power Meter circuits,
and the battery is defective or discharged, the battery test circuit
removes the positive (+12 Vdc) supply voltage from the DC
Amplifier (A4U5). This causes α full downscalemeter indication.

The test circuit measures α percentage of the voltage difference
between the -12V output and the negative battery terminal. As
this voltage difference decreases to approximately 3 Vdc, Q14

Switch Assembly and DC Ampl/Auto Zero
Ρ/Ο Α1 and Ρ/Ο Α4
SERVICE SHEET
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SERVICE SHEET 4 (Cont'd) When the line voltage is removed, CR7 is forward

	

.-
biased by the current flowing to the Power Meter

begins to turn off. The collector voltage begins to

	

circuits from the battery. CR6 is turned off and no
go positive and the change is transmitted through

	

current flows through the charging circuit .
R51 andVR5 to Q18 . As Q18 begins to turn off, its
collector goes more negative . Α negative going

	

Current L ίm ίter

	

.transient is coupled through R55 to the base ofQ14
which speeds up the turn-off time. The positive

	

If the current flow through the 24V regulator were
supply voltage is removed from the collector of

	

to suddenly increase to approximately 90 mA, Q15
Q18 and also the DC Amplifier. As the battery

	

would turn on and draw the drive current away
voltage is further reduced, the series regulated

	

from Q16. Consequently , the current flow to Q13
output begins to decrease faster than the battery

	

would disappear and the regulator output would
voltage and, eventually, the 3 volt threshold volt-

	

be reduced .
age is exceeded. Q14 is then biased on, but,
because the battery voltage is less than 20 Vdc,the

	

TROUBLESHOOTINGknee voltage ofVR5 cannot be reached. Therefore,
VR5 does not conduct and Q18 remains biased off.

	

Setthe LINE switch to OFF and removeΑ4Ρ1(red
wire) from A4J1 andΑ4Ρ2 (blue wire) from A4J2 .
This disconnects the load from the power supply .
If the supply voltages are now correct, the mal-

If α battery has been placed in the Power Meter as

	

function is not in the power supply .
α secondary power source, it is always being
charged whenever the line voltage is coupled to

	

If, after removing the load, the output voltages
the instrument and the LINE switch is ON. With

	

measured are less than normal but of equal and
ac line (Mains) power supplying energy VR3 is

	

opposite polarity, the malfunction is probably in
turned on, which biases Q12 for α charging cur-

	

the series regulator circuits .
rent ofapproximately 90mA. This current is supp-
lied through CR6 to the battery ΒΤ1 . CR7 is

	

Voltages shown in parenthesis are for battery
reverse biased while the battery is being charged .

	

operation only.

Battery Charger

Model 435Β



Model 435Β

Ρ/Ο Α4 ASSEMBLY
+12 Vdc

9

	

-12Vd cc

Figure 8-14 . Ρ/0 Α4 Assembly (Power Supply) Component Locations
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SERVICE SHEET 5

PR INCI PLES O F OPERATION
General
TheΑ3 assembly provides α 50 ±5MHz output at 1 mW±0.7%. The
oscillator output is held constant by an ALC loop m ade up of α
peak detector CR2 and comparator U2 . The comparatorreference
input is from α very stable +5V power supply composed of U 1,
VR1, VR2, Q2, and their associated components . The LEVEL
ADJ control R4 sets the comparator reference which controls the
oscillator feedback level and thereby contro ls the Α3 assembly
POWER REFERENCE OUTPUT level .

50 MH z Oscillator
The oscillator circuit is made up of common emitter amplifier Q1
and its associated components . Resistors R 10, R 11, R12 and R 13
bias Q1 for an emitter current of approxim ately 5 mA. The
n-network tuned circuit (C9, L2, C10 and C11) determines the
operating frequency. The amplifier ac gain is set by the operating
circuit impedance across the tuned circuit and the emitter resistor
R15 (which is ac coupled to ground by C 12) . The positive feedback
required to sustain oscillat ion is satisfied in this circuit . Phase
shift of 180° is α characteristic ofboth common-emitter transistor
amplifiers and 7r-network tuned circuits . This feedback is coupled
through C9 and C10, back to the base of Q1 .

ALC Loop
At the positive peak of each cycle, current momentarily flows
from the feedback loop through peak detector diode CR2 to C7.
The resultant stored charge is coupled, as α do input voltage, to
pin 3 of U2 . The detector output is compared to α very stable
reference input by comparator U2. Any difference between the
comparator's input voltages produces an error voltage at the do
output. The comparator output is coupled to α reactance voltage
divider, capacitor C9 and varactor CR3. As the error output vol t-
age goes more positive the capacitive reactance of CR3 decreases,
which reduces the oscillator feedback . Conversely, α more nega-
tive output voltage will increase the feedback. For example, ifthe
oscillator output were to suddenly increase, the detector output
would become more positive. The comparator output would
become more positive, α lower CR3 reactance would decrease the
feedback to Q1 which forces the oscillator output level back to its
origin al level . If the R4 LEVEL ADJ control were adjusted for α
more positive reference voltage, the comparator output would go
more negative, the feedback would increase, allowing the oscilla-
tor output to increase . Therefore, the peak detector output would
increase until it equals the comparator reference level input, thus
establishing α higher leveled-output signal from the oscillator .

Power Supply
Ρ/Ο Α4

SERVICE SHE ET 14



Service

SERVIC E SHEET 5 (Cont'd) National Bureau of Standards . When setting the

	

,-
power level, α transfer error of ±0.2% is introduced

Frequency shaping components R8, R10, R11 and

	

making the total error ±0.7% . If α system this
C8 determine the upper limit of frequency re-

	

accurate is available it may be used to set the
sponse of the ALC loop which prevents spurious	pr oper output level . Otherwise, Hewlett-Packard
oscillations .

	

recommends returning the Power Meter so it can
be reset at the factory . Contact your nearestHewlett-Packard office for more information.+5V POWER SUPPLY

A3VR2 provides α reference voltage of-6.2 Vdc to
the power supply reference amplifier A3UL The
gain ofthe reference amplifier is set by R3, R4 and

	

5~ MHz Oscillator
R5 and is approximately -0.8 with R4 centered .

	

Malfunctions of the oscillator circuits will occur as
The very stable output is coupled through CR 1 as

	

α wrong output frequency or as an abnormal out-
the reference voltage input to comparator U2 .

	

put level . The voltage at ΤΡ2 will indicate if the
Diode CR 1 temperature compensates CR2 .

	

ALC loop is trying to compensate for an incorrect
output level .

TROUBLESHOOTING

General

ALC Loop and Power Supply

Model 435Β

Modulation of the 50 MHz signal or spurious sig-
nals, which are part of the output, may be caused
by defects in R8, R10, R11 or C8 in the ALC loop.

Before trying to troubleshoot the Α3 assembly,
verify the presence of +12 Vdc and -12 Vdc on the
circuit board.

Problems in theALC Loop and Power Supply cir-
If α defect in the Α3 assembly is isolated and

	

cuits may be quickly isolated by measuring do vol-
repaired, the correct output level (1 mW ±0.7%ο )

	

tages at the inputs and outputs of the integrated
must be set by α very accurate powermeasurement

	

circuits . For added information on troubleshoot-
system. Hewlett-Packard employs α specia l sys-

	

ing integrated circuits, refer to General Service
tem, accurate to ±0.5% and traceable to the

	

Information in Section VIII .
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Model 435Β

Α1 Assembly

Α3 Assembly
A3R4 LEVEL ADJ
Α4 Assembly
A4R32 DC OFFSET
A4R35 METER
A4R42 AUTO ZERO
OFFSET

A4R46 BALANCE
A4R76 220 Hz
Α4Α 1

Α5 Assembly
Α5ΧΑ4

Α6 Assembly

C1

F1

11
J2
J3
J4
J5

J6

Μ1

Ρ2
Ρ3
Ρ10

R 1 CAL FACTOR ADJ
R2

S1 LINE
S2 ZERO
S3 POWER REF
Τ1

W1

W2

W3

W4
W5
W6

W9

Assembly or Component
Reference Designator

Table 8-2. Assembly, Chassis and Adjustable Components Locations

Serv ice
Sheet

2,3

5
5

2, 3, 4
3
3

3
3
2
3

2, 3, 4
2,3,4

4

4

4

2
5
3
3
2

5

3

2, 3, 4
3,4
5

2
4

4
3
5

4

2

4

5

2
4
2

5

Figure

8-16,18
8-18

8-9, 12, 14, 18
8-12,18
8-12,18

8-12,18
8-12,18
8-9,18
8-12,18

8-8,18
8-18

8-18

8-18

8-18
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8-18

8-18
8-18
8-18

8-18

8-18
8-18
8-18

8-18

8-18

8-18

8-18

Remarks

8-18 Bottom View

8-18 Top View

8-18 Right Side View
8-18 Right Side View

8-18 Right Side View
8-18 Right Side View
8-18 Right Side View
8-18 Right Side View

8-18 BottomView
8-18 Left Side View

8-18 Top View

8-18 BottomView

8-18 Rear Panel View
8-18 Front Panel View
8-18 Front Panel View
8-18 Rear Panel View
8-18 Rear Panel View
8-18 Rear Panel View
(Options 002 and 003 only)

8-18 Rear Panel View
(Option 003 only)

8-18 Front Panel View
8-18 Bottom View
8-18 Bottom View
8-18 Top View

8-18 Front Panel View
Connected to S1 inside sa fety

cover

8-18 Front Panel View
8-18 Front Panel View
8-18Rear Panel View

8-18BottomV iew

Cable connecting Jl to
Α5 Assembly

Cable connecting Sl to power
module

Cable connecting J2 to
Α3 Assembly

Power sensor cable
Line (Mains) power cable
Cable connecting J5 to Α5
Assembly (Options 002 and
003 only

Cable connecting J6 toΑ3
Assembly (Option 003 only)
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This supplement contains important informat ion 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 ManualChanges

	

Serial Prefix or Number

	

Make Manual Changes

2235Α, 2441U	1
2445Α, 2445U1

	

1,2

12702Α, 2702U	1,2, 3

00- NEW ITEM

ERRATA

Page 2-2, Line Voltage Selection:
In the third paragraph change the part numberof the 0.062Α fuse from 2110-0040 to 2110-0311.

Page 4-3, step 13:
Change "0.981" to "0.988" and change "1.019" to "1.012".

Page 4-4, step 4:
Change "0.9" to "1".

Page 4-6, step 6:
In the table (bottomright side), change "+1015" to "+1010" in two places.

Page 4-8, Table 4-1:
Under Power Reference Accuracy (top of tabl e), change "0.981" to "0.988" and change "1.019" to
"1.012".

Under Instrumentation Accuracy(middle of table), change "+1015" to "+1010" in two places .

Page 6-4, Table 6-2:
Α1 J 1 . The recommended replacement for AIJ1, if it needs to be replaced, is found in CHANGE 2.
Α3ΜΡ 1 . The recommended replacement forΑ3ΜΡ 1, if it needs to be replaced, is foundin CHAN GE 2.
A3R4. The recommended replacement forA3R4, if it fail s, is found in CHANGE 2.
A3R5. The recommended replacement forA3R5, ifit fail s, is found in CHANGE 2.

Page 6-7, Table 6-2:
A4U7. The recommended replacement for A4U7, if it fails, is foundin CHANGE 2.

ΝΟΤΕ

M A N U A L C H A N G E S

MANUAL IDENTIFICATION

Manual change supplements are revised as often as necessary to keep manuals as current and accur ate as possible. Hewlett-Packard
recommends that you periodically request the l atest edition of this supplement. Free co pi es are availabl e from all HP offices . When
requesting copi es quote themanual identification information from your suppl ement, or themodel number and print date from the title
page of themanu al.

HEWLETT1Ρ~ PACKARD
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ERRATA (con t'd )

Page 6-8, Table 6-2:
A5U 1 and Α5υ2. The recommended replacement for A5U1 and A5U2, if they fail, is found in CHANGE 2.

Page 6-9, Table 6-2:
F l . Change the part number of the second F1 to the following:
2110-0311 CD3

Page 6-11, Table 6-2:
W2. The recommended replacement forW2, if it fail s, is found in CHANGE 1 .
W3. The recommended replacementforW3, if it fail s, is found in CHANGE 1 .
W9. The recommended replacement forW9, if it fail s, is found in CHANGE 1 .

CHAN GE 1

Page 6-11, Table 6-2:
W2. Change the part number for W2 to the following: 00435-60045 CDO.
W3. Change the part number for W3 to the following: 00436-60029 CD1.
W9. Change the part number for W9 to the following: 00436-60029 CD1.

Service Sheet 4 (schemat ic) :
Replace the portion of Figure 8-15 with Figure 1.

CHAN G E 2

s4

	

Ρ/σ

	

ι~Νε ~.Sl
ω2

-

	

95Β OFF
Ρ/σ

Ci ~

	

ΟΝ αα-~ 0.022,UU 1
~ 98

	

929

ι

92i

Page 6-4, Table 6-2:
AI J 1 . Change the part number for A1J1 to the following: 1200-1204 CD5
Α3ΜΡ 1 . Change thepart number for Α3ΜΡ1 to the following: 7100-1204 CD9
A3R4. Change the part number and descriptionforA3R4 to the following:
2100-3109 CD2 RESISTOR-TRMR 2k 10%ο C SIDE-ADJ 17-TRN

A3R5. Change the part number and descriptionforA3R5 to the following:
0811-3682 CD1 RESISTOR 6.8k 1% .05W PWWTC = 0 f 10

A4UT Change the part number and description for A4U7 to the following:
1826-0915 CD9 IC OP AMPLOW-BIAS-Η-IMPD 8-DIP-C PKG

9
9

OS/~

	

Ι

	

Ι

>-a)"
W2

Figure 1 . Ρ/0 Figure 8-15 Ρ/0 Α4 Assembly (Power Supp ly) Schematic Diagram

Page 6-8, Table 6-2:
A5U 1 and A5U2. Change the part numbers for A5U1 and A5U2 to the following: 1826-1018 CD5
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ERRATA (cont'd)

Service Sheet 2 (schematic) :
Change the part number for A5U1 and A5U2 to 1826-1018 (in the table of Transistor and Integrated Circuit Part
Numbers at the bottom of the schemat i c) .

Service Sheet 5, Figure 8-16 :
Replace Figure 8-16 with Figure 2 in this supplement.

ιCHANGE 3
Α4. Change the partnumber forΑ4 to 00435-60047 CD2 AMPLIFIER/POWER SUPPLY ASSY
A4CR5. Change the part number for A4CR5 to 1906-0256 DIODE-FWBRDG 200V 1.5Α.
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CI R CUIT SID E

LEVEL

LEVEL

Α3 REFEREN C E OSCI LLATOR COVER

	

Α3 REFEREN C E OSCI LLATOR COVER
(FR ON T V I EW)

	

(SID E V I EW)

Figure 2. Α3 Power Reference Assembly Component an d Adjustment Locations (Ρ/0 Change 2)
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Shou ld one of yo u r HP instrumen ts nee d
repair, the HP service orga n izatio n is
rea dy to se rve

you.
However, you can

h el p u s se rve you more effect ίvely . When
send ing an i n strumen t to HP for repair,
please fill out th is ca rd and attach it to
the product. Increase d repair . efficiency
and reduced t u rn-around time shou ld
resu lt .

COMPANY
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TEC HNICAL CONTACT PERSON

PHONE NO .

	

EXT.

MODEL NO.

	

SER IAL NO .

MODEL NO .

	

SER IAL NO .

Ρ.Ο. NO .

	

DATE

Accessor ies returned with u nit

ΝΟΝΕ

	

ΟCABLE(S)

OPOWER CABLE OADA PTER (S)

OT HER
over



Service needed

CALIBRATION ONLY

0 REPAIR

	

El REPAIR & CAL

Observed symptoms/problems

FAILURE MODE IS :

El CONSTANT

	

El INTERMITTENT

SENSITIVE TO :

COLD

	

El HEAT

	

0 VIBRATION

FAILURE SYMPTOMS/SPECIAL
CONTROL SETTINGS

If unit is part of system list model
number(s) of other interconnected in-
struments .

9320-3896
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