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- HEWLETT E PACKARD

i

[ SAFETY '

This produci has been designed and .ested according to Internativnal Safety Re-

' quirements. To ensure safe operation and ;o keep the product safe, the information, cau-
tions, and warnings in this manual must be heeded. Refer to Section 1 for general safety
considerations applicable to this product. ,

CERTIFICATION
. | .
Hewlett-Packard Company certifies that this product mer its published specifications at
the time of shipment from the factory. Hewlert-Packard further certifies that its calibra-
tion measurerents are traceable to the United States National Bureau of Standurds, to the’
extent allowed by the Bureau’s calibration facility, and to the calibration facilities of other
International Standards Organization members.

WARKANTY

This Hewlett-Packard product is warranted against defects in material and workmanship for a period of one year
from date of shipment, except that in the case of certain components listed in Section | of this manual, the warranty
shall be for the specified period. During the wirranty period, Hewlett-Packard Company will, at its option, cither
repair or replace products which prove tc be defective.

R

For warranty service or repair, this product must be returned to a service facility designated by -hp-. However, war-
ranty service for products installed by -hp- and certain other products designated by -hp- will be performed at Buyer's
facility at no charge within the -hp- service travel arca. Qutside -hp- service travel areas, warranty service will be per-
formed at Buyer's facility only upon -hp'.- prior agreement and Buyer shall pay -hp's- round trip travel expenses.

{ .
For products returned to -hp- for warranty service, Buyer shall prepay shipping charges to -hp- and -hp- shali pay
shipping charges to return the preduct 10 Buyer. However, Buyer shall pay all shipping charges, duties, and taxes for
products returned to -hp- from another country.

LIMITATION OF WARRANTY

3

. !
The foregoing warranty shall not apply to defects restliag from 1mpmpcr or inadequate maintenance by Buyer,
Buycr-supphcd software or m'erl’ncmg. unauthorized maodificalion or misuse, operation outside of the environmental
specifications for the produict, or improper site preparation or maintenance.

NO OTHER WARRANTY IS EXPRESSEL OR IMPLIED. HEWLETT-PACKARD SPECIH/CALLY
DISCLAIMS THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PAR JICULAR
PURPOSE.
' i  EXCLUSIVE REMEDIES
THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES. HEWLETT-
PACKARD SHALL NOT BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL, OR CONSE-
QUENTIAL DAMAGES, WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LE3AL THEORY.
' " ASSISTANCE

Product maintenance agreements and other customer assistance ogreemems are available
Jor Hewlett-Packard products.

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

11/3/78
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Model 34658

Section 1

SECTION |
GENERAL INFORMATION

1-1. 'NTRODUCTION.

1-2. This sectivn contains xeneral information concesning
the -hp- Model 3465B Multimeter. Included 1s an instiu-
ment deseription, specifications, information about instru-
ment and manual identification, vption and accessory in-
formation and safety constderations.

1-3. DESCRIPTION.

1-4. The -hp- Madel 3465B Multimeter is a 4172 digiy, five
function digital multimeter. The five finctions are de volts,
ac volts, de curremt, a¢ enzrent and obms, Measurenients
can be made to foui significant digits with a sample rate of
2-1/2 readings per second. Throughout this manual, the
34658 Multimeter will be referred to as Multimeter.

1-5. SPECIFICATIONS.

1-6. Instrument specifications are listed in Table I-1. These
specifications are the performance standards or limits
against which the instrument is tested. Any changuin the
specifications due to manufacturing, design or traceability
to the U.S. National Bureau of Standards will be covered by

a change sheet. Additional information describing the vper-
ating churacteristics are not specilications but are supple-

mental information for the user.

1-7. INSTRUMENT AND MANUAL IDENTIFICATION,

1.8, Hewlett-Packard uses a two-section seriat number. The
first section (prefix) identities o series of instruments. The
kast section (suffix) identifies a particuler jnstoument within
the series. If a letter is included with the serial number. it
identifies the country where the instrument was manufae-
tured. This manual is kdpt up-to-date with the instrament
at all times Ry revision. If the serial prefix of your
instrumesi difters from the one on the title page of this
manual, refer to Section VHI for backdating information
that will adapt thi, m: nual to your instrument. Al corres-
pondence with Hewieti-Packard  should include  the
complete serial number.

" 1.9. OPTIONS.

1-10. Tie following is a list of the options avaitable for the
multimeter. Multimeter options are available to allow oper-
ation from various line voltages,

Option Desceiption

100 86 — 106 V ac 48 — 410 H2
5 104 - 27 Vac 48 - 40 Hz
210 190 - 233 Vac 48 - 440 Hz
230 208 — 250 Vac 48 — 440 He
910 An additionst Operating and

Service Manual
1-11. Warranty E_xceptinns.
1-12. Batteries are warranted for 90 days,
1-13. ACCESSORIES.

1-14. The following accessories are availuble 1o extend the
usefulness of your Multimeter:

a. Model 110968 RF Probe, 100 kHz to 500 M1,
{down 3 dB at 10 k!l and 700 ME2), for use on the 10V
and 100 V ranges in the DCV function only.

b. Model 11002A Test leads, dual banana to Jual wli
gatos.

¢. Model T1003A test eads. dual banana tv probe and
alligator.

d. Model 11000A anal banana to duat banans, 44 in

. Model 331 10A soft viny] carrying vase.

[

f. Model 34LHATIV Probe. 40KV de. .
g Model 341124 Touch — Hold Input Probe.
1-15. SAFETY COMSIDERATIONS.

T-16. This operating and sewvice manual contains cautions
and warnings alerting the use: 1o hazardous vperating and
maintenance conditions. This information is flapged by
caution or waning heading andfor the symbol . The

symbol appears on the front panel and is an inter-
national symbol meaning “tefer to the Operating and
Service Manual™, This symhol flags important operating
instructivns located in Section 11, To ensure the safety of
the opersting and maintenance personnel and retain the
operating condition of the instrument, these instructions
must he adhered to.

Artisan Technology Group - Quality Instrumentation ... Guaranteed | (888) 88-SOURCE | www.artisantg.com




Section |

Model 340501

Table 1-1. Specifications.

DC VOLTMETER
Ranges: 20 mV, 200 mV, 2V, 20 V, 200 ¥, 1,000 V
Maximum Input: 1,000 V {DC + Peak AC)

Accurscy (1 year + 23%C & §9C):

Range I Specification

20mv ! £ {0,03% of reading + 2 cotns)
200 mV through 200 | & {0.02%0t reading + ¥ count)
1000V t [0,026% of reading + 1 counsy

Temperature Coefficient (0°C 1o 609C); & 0.003% of Read-
ing/°C

Effective Caommaon-Mode Rejection [with 1 k2 imbalance In
either lead):

AC: > 120dB st 50/60 He £ 0,1%
AC Narmal-Mode Rejection:
> 60dBat BO/60 Hz » 0.1%
Input Resistance:

20 mV through 2 V ranges: (80% R.H.)210'° n
20 V through 1,000 V ranges: 10 M ¢ 1%

AC VOLTMETER
Ranges: 200 mV,2 V, 20 V, 200 V, €00 V(500 V Max)

Overrange: The maximum reading decreases linearly from
19,999 ot 10 kHz to 10,000 at 20 kHz.

Accuracy: 1 year + 239C 2 68°C)

20K

+{0.5% reading
+ 15 digits)
10K
= +{0.15% reading +{0.5%
3 ad +{0.5% reading
T + 5digits} / + 5 digl!s}‘
[T ! !
s ]
g
g
40° ac
> -~ = b > VOLrS
E o o (=] o
o ~ o o
S I
. RANGES »

Temperature Coefticient (0°C to BO°C): ¢ {0.005% of Heading
+ .2 counts}¥C

Input Impedance: T M ¢ 'i%-‘:humed by < 100 pF
CC AMMETER

Ranges: 200 A, 2 mA, 20 mA, 200 mA, 2,000 mA
Maximum Input: 2 A trom < 250 V source

Protection: 2 Af250 V tuse {normai biow}

Voltage Bur;len:
Rangy I Max Burden at Full Scale
200 pA — 200 mA <260m ¢ ‘
2,060 mA < 700 mv

Accuracy; 1 year + 23°C & 6°C)

\

Range I Specification

200 pA, 2 mA ‘ 1 (0.07% of reading + 1 count)
20 mA t (0.11% of reading + 1 count)
200 mA, 2000 mA t [0.6% of reading + 1 count}

Tempersture Coefticien 0C to 50°C):

Specification
Fange t (%ot Fiendiugl!"c|
200 A t 0006%
2 mA,20 mA 1 0.004%
200 mA, 2,000 mA :0.01%
AC AMMETER

Ranges: 200 wA, 2 mA, 20 mA, 200 mA, 2,000 mA

Overrange: The maximum reading decrvases linearly from
19,999 at 10 kHz to 10,000 at 20 kHz,

Accuracy: (1 year, + 23°C & 69C)

20K .
£{0.6% reading
+ 15 digits}
‘:.:'.: oK {0.25% d
z +10, reading +{0,65% readin
+t0. 9
. +5 digits) s + 4 digits}
v
g i
2 +(0.4% readin
2 1K o + 5 digits
& +(0.8% reading
w0 +5 digits) AcC
a < I a P 4 AMPS
kS E E E E
o & | 0 S a
g MERE:
L 8
< RANGES »

Tamperature Coefficlent (0°C 10 50°C): + 0.01% of Resd-
ing/°C.

Protection: 2A/250 V luse {normat blow}

Volitage Burden:
Range ' Max Burden at Full Seale
200 pA - 200 mA < 250 mV
2,000 mA < 700 mv

OHMMETER

Ranges: 200 2, 2 kid, 20 k{1, 200 k{2, 2,000 k02, 20 M2

Accuracy: (1 year +23°C 3 5°C)

Range l Specification

mn + (0.02% of reading + 2 counts)
2 k12 through 2 M$2 £ [0.02% af reading + 1 count})
20MQ + {,1% of reading + 1 count}

12
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i Section [

Tahle 1-2. General Informatiop.

Temperature Coalficient (0°C 1o 60°C):

t 1% of Reading}/®C

Spaciflcation
Range |

200 2 through 2 MO I + 0.0016%
20M £ 0,004%

Maximum Input Voliages: !
Berween input HIGH (V, 1) and COM:

Function Max Voltage

DC Voits 1000 V (de + peak ac)

AC Volts | 600V dc; 600 V acrms;
. BOO V peak ac

Ohms 350 V (de + peak ac}

Between COM terminal ond gre + BOO V ldc + peak och

Reading Rate; 2.6 wamples per second

Qverlosd Indication: Display Rlanks except for averrange 1
and decimal polnt latso polarity sign on DCV or OCA FUNC-

TIONS). !

Ohms Terminal Charscteristics:
Caonfiguration: 2 wire
Open-circuit voltage: <5V max.
QOverload protection: 350 V {de + peak ac)

Nominat current thraugh unknown resistance:

Range .| Current
2000 I mA
2kn 1 mA
20k 10 pA

200 ki 10 uA

2000k | YuA

20 MO 0.1 pA
Power Requirements:

Power: AC Line; 48 — 440 H2

86 - 106 V Option 100

104 — 127 V Option 116

190 — 233 V Option 210

208 — 260 V Option 230

Battery (Rechargesblu NiCad): 6 heurs minimum continuous
opesation

Recharge Time: B hours {instrument off)
Total Instrument Power Dissipsted:

tnstrument on, Battery Qperation: < § watt
Instrumant on, Lins Operstion: < 10 VA

Battary Test: Dcp;eu DCV and 10 M{1: Recharge NiCad bat.
teries if the display reading ls < 0,380,

Environmenta Considerations:
Operating temperature: 0°C to 40°C {32°F 10 104°F)
Humidity range: 55% st 40°C
Storage temperature: » 209C 1o + 50°C {- 4°F to 1229F)

v Function
4

L DC Volis
“AC Volts

Ohms

Maximunt Input Voltages:

Berween Inpur HIGH (V 1) and COM:

Max Volruge

1000 V {dc + peak ac) _

600 V de; 500 ¥ ac rms; f
800 V peak ac'.

350 V {de + peak ac)

B34
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Section [1

SECTION I
. 'INSTALLATION

21, wrnouucmn

-2 Hus section contains information and insuucuons for
the' hstallation and shipping of the Multimeter. Included
are ind lral inspection procudures, power and grounding
rcquiﬂcmenls. envirenmental Information and instructions
for repackaging for shipment.

+ 123, INITIAL INSPECTION,

2-4. This instrument was carefully inspected both mechani-
cally and electrically before shipment. It should be free of
mars or scratches and in perfect elecirical order upon
receipt. To confirm this, the instrument should be inspec-
ted for physical gamage in transit, and the electrical
peiformance should be tested using the performance tests
outlined in Sectivn V. If there is damage or defiziency, see
the warranty inside the front of this manual,

2.6, POWER REQUIREMENTS,

2.6. This Multimeter will operate on ae line voltage or from
internal rechargeable NiCad batteries. AC line voltage
options are described in Tabie 1-2.

A EcAunoui

Verify that the ac power source marches the
pawer requircment of the instrument a5 marked
on the oprion label affixed to the rear of the
insgnmient.

2.7, GROUNDING REQUIREMENTS,

2.8, To protect operating personnel, the Nationa} Electrical
Manufacture,Ss Association (NEMA) recommends thit he
[nstrument papel and cabinet be grounded. Multbmeters are
equipped with a three-conductor power cable which, when
plugged into an appropriate receptacle, grounds the instru-
ment. The offset pin on the power cuble is the ground wire,

29, To preserve the protection feature when operating
from a two-contact outlet, use a three-prong Lo twe-prong
adapter and connect the preen pigtail on the adapter to
power line ground.

210, I‘ENVIRUNMENTAL REQUIREMENTS,

211, The Multimeter should st be operated outside the
ambient temperature range of 0VC 10 40°C (329F to

. '

Artisan Technology Group - Quality Instrumentation ..

YO49F) ur stored outside the ambient temperature range of

- 209C to + S0UC (- AOF 10 1229F),

To prevent potential electrical or fire fuzand,
do nor expose equipiment (0 rain or Woisiun,

2-12. REPACKAGING FOR SHIPMENT,

2:13. The following parugraphs cuntain a general guide for
repackaging the instrument for shipment. Refer to Para-
graph 2-14 it the criginal container is to be dsed; 21500t
is not. I you have any guestions, contzet your nearest -hp-

. Sales and Servive Oftice (see back of Manual for office loca-

tions).
NO{E

If the instnonent is to be shippn! to Hewlett-
Packard for service or repair, attach a tag to
the instrument identifying the owner and indi-
cating the service or repair to be accomplishad.
Inciude the me el number and full serial
numher of the instrament. In any correspon
dence, identify the instrument by model mom-
her and full serial number,

2-14. Place instrument in vriginal container with appropri-
ate packing nuterial and seal well with strong tape or metal
bands, It original container is not avajlable, one can be
purchased from your nearest -hp- Sales and Service Office,

215, 1 original container is not to be wsed, proceed as
fullows:

a. Wrap instrument in heavy paper or plastic before
placing In an inner container,

b. Place packing material around afl sides of instrument
and protect panel face with cardboard strips.

¢, Place mstrument: and inner container in a heavy
carton or wooden box and seal with strong tupe or metal
bands,

2.16. POWER CORDS AND RECEPTACLES.

2-17. Figure 2-1 iHlustrates che plog cap confizurations thar

¥
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Section I

are avallable to provide ac power to the Multimeter. The

-hp- part numbar shown directly below each plug cap draw--

ing Is the part nusber for the power cord set equipped with
the appropriate mating plug for that receptacle. The appro-
priate power cord should be provided with euch instrument.
Hrwever, If a different power cord set is required, notify
the nearest -hip- Sales and Service Office and a replacement
cord wili e provided. The Instrument ac power Input
receptacle and cord set appllance coupler meet the safety
specifications set by the Intemational Commission on Rulzs
for the Approval of Electrical Equipment (CEE 22).

Model 3465B

L0108t §120-1268 N20-180

ATD-8-4193
SULLISTED FOR USE IN THE UNITED BYATES OF AMFRICA

Figure 2-1. Power Receptacles.
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Section HI

SECTION 1li
OPERATING INSTRUCTIONS

'3, INTRODUCTION.

3-2. This section contains instoictions for using the Multi-
meter for making do voltage, ae voltage, de current, a¢
current and ohms measurements. The section also contains
a description of the tront and rear panel features. *

WARNING

1
T prevent potential electrical or fire hazard,
-do not expose the Multineter or its accessories
to rain or molsture. '

: 33, 'ant Panel Features. \

34. An illustration and description of the front panel is
provided in Figure 3-1. All controls and connectors ure
identified and briefly described.

o
3-5. Turn-on and Warm-up. ,

3-6. For specified measurement accuracy, allow the instru-
ment to warm-up for at least 10 minutes.

icwnon_S

| VTV TIVIV

Before comnecting the instrument to ac power,
verify that the ac power sovrce matchss fhe
power requirement of the instrument as marked
on the option label affixed to the rear of the
instrument.

37. !ntemal Battery Voltage Measurement and Recharg-
ing.

3-8. The Multimeter contains « feawre allowing the user to
check battery strength to determine ' the need for oattery
recharging. The procecure is to place the Multimeter in the

" DCV functfon and depress the 20 megohms range switch. If -

the absofufe value of the front panel display is .380 or [ess,
techarge the batteries. Recharging of the NiCad botteries s
* performed by operating the Multimeter on an ac source.
‘Measurements can be made with the Multimeter operaied

" . from the ac source during the recharging period.

NOTE

After 8 hours, @ completely discharged battery
will be fully charged with dc line voltage con-
nected and tne POWER switch off. Shorter
charge periods will allow reduced battery

|

operating time, There is no danger of over-
chiarge. For convenience, overnight charging Is
recommended.

39. Low Battery Valtage Detection.

3-10. A battery source safety feature ot the Multimeter is
low battery voltage detection circuit which turns the instru-
ment off when battery voltage reaches 1 Tow level. This
protects against cell reversal of ihe NiCad bavteries. If
during operation the display disappears or immediately
after turn-on the display appears and dissppears aftsr
several seconds, low battery voltage is indicated. To verify
Pyw battery voltage, the procedure described in the pre-
«~dng paragraph can be used or verify by placing the OFF/
ON switch to OFF and to ON again. The display will appear
and again disappear. Operation from an ¢ line source and
recharging of the NiCad batteries ‘s required when this
oceurs.

NOTE

In protecting batieries and circuitry, the low
battery voltage detection cirsule’ may sht
down the instrument if the power switch is
momenterily mmed off then back on. To
restore  normal operation, the instrument
should be turned off with the front panel
power switch for a minimum of 3 seconds

3-11. QOverload Indication.

3-12. The Multimeter is capable of displaying 19999 for all
functions and ranges. There are maximum voltage limita-
tions in DCV and ACV, huwever (see ac and de voltage
measurement paragraphs). In an overload condition where
the input exceeds 19999, the last fonr digits blank and the
overrange "1™ and decimal pont will be displayed. The
palarity sign fs also displayed in the de volts and de current
functions in the overload conditior.

3-13. AC VOLTAGE MEASUREMENTS.

/N ECAUIION!{

Maximum input voltage in the ACV FUNC-
TION is 500 V rms, 800 V peak and 600 V de.

Der not exceed these voltiges or damage to the
epstrument will occur.

3-14. AC Voltage Ranges.

3-15. The ACV FUNCTION has five ranges from 200 mV
to 500 V. Each range has 2 maximum display reading of

3-1
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t

-W Hdnlli Faamd EL1 T KN

r—"‘-——-—'—"- FUNGTION

PO*IR -U -~y l'-!l ~ A 1 ?0 { 200 mcm

?i)
1ecay  bodw
nom.

anrr—— WA

A

Do not epply a voltage greater than £ 500 Vdc or 500 V peak between
COM terminal and chassis ground or damage to the instruntens will

accuy. i
. )
i .
( 1) OFFION Switch ~ Pushbuitan push cn/gush of F switch. @ DCV/ACV/IOHMS — High input terminal,
@ FUNCTION Switch —~ Function markings are located
h h| itch,
abave each pushbuttan swite ® /N Symbot — This symbol is an inter 1ational symbot
‘:V = DC Volts meaning “refer to the QOperating and Service Manual”,
_V = AC Volts This symbol will sppedr in this section of the manual flag-
T==A=DCAmps ging uperating instruction information,
~ A= AC Amps )
i1 = Ghms @ COM Input Terminal — This terminal is connected fo
circuit ground for Bll measurements except ahms, In the
@ Display — Indicates the measured value and polarity of de ohms function, the COM terminal is disconnevied trom
volts or ames, circuit ground.
@ RANGE Switsh, Range markings are located obave each
pushbutton twitch. Calor bands identity the range @ DC/AC AMPS — High input terminal. 2 armp fuse located
switches associoted with each function switch, behind removable '"A’" terminal cap.

Figure 3-1. Front Pane! Features.
19999. However, the 500 V range is limited to 2 maximum 3-18. When using the Multimeter on the 20 mV range in

ac input voltage of 500 V. DC volts, short the input terminals and zero the Multimeter
display with the rear panel ZERO ADJ contro). The display
3-16. DC VOLTAGE MEASUREMENTS. should indicate 0.000 before pmuedmb with measure-

ments.
& ECAU"ON 3

3-19. DC Voltage Ranges.

Do not exceed a maximum Input voltage of
1000 V (dc + peck ac) on the 500 V range ur 3.20. DC Voltage measurements can be made from 20 mY
damage to the instrument will occur. to 1000 V full-tange. Each range has a maximum display
: reading of 19999. However, the 1000 V range is limited to
maximum input of 1000 V de and peak ac (see DC Voliage
3-17. 20 mV Range Zero Adjust. measurements caution in Parag{aph 3-16).

X2
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3-21. CURRENT MEASUREMENTS.

A ‘wUTIONi |

Do not exceed a maximun: input valtage of
350 V de + peak ac or a \n .ammm de oF do
rms input current of 2 A cr the mps fuse,
lcated directly behind the “A"terminal, will
open. See the following paragraph for replace-
ment instructions.

3-22. The Multimeter s protected from the application of
excessive current by a 2 A fuse located directly behind the
front panel “A” terminal. If it is neces. ary to replace this
fuse, use the side slots on the “A" terminal to rotate the
terminal. The terminal and fuse will protrude from the
front panel. Remove the terminal and fuse, replace fuse
witl, 2 2 A rated fuse as listed int Table 6-3 Miscellaneous
Puarts Genernl, and designated F1.

3-23. AC Current Ranges.

324, AC cuztent measurements are specified over o fre-
quency range of 40 Hz 10 20 kHe. There are five current
ranges from 200 pA to 2000 mA, See current measure-
ments Caution in Paragraph 3-21.

3-25. DC Current Ranges.
3-26. DC Current measurements cun be made on five cur-

rent ranges from 200 pA to 2000 mA. S¢e current measure-
wents caution in Paragraph 3-21.

Section [

3-27. OHMS MEASUREMENTS.

'3 1
& I;CAUTIONg
CAALAAAL

Do not apply voltage greater than £ 256 V dc +
Peak AC between the ohms and comnion hiput
terminals in the olms function or damage to
e instrument will occur.

3-28. Ohmmeter Ranges. | ' :

3-29. Resistance measurements can be made on six ranges
from 200 ohms to 20 megohms. Both input terminals (2
and COM) are floating with respect to circuit ground.

l

3.30. Ohmmeter Reference Current.

3.31. The ohmmeter reference current through the un-
known resistance for each range [s shown in Table 3-1.

Table 3-1. Ohmmeter Current Throug’s Unknown.

Current
Range Through Unknown
000 1 mA
2 k02 i mA
20 kD2 10 pA
WO kN 10 8
2000 kit 1A
20 M2 0.1 A

Maximum open-circuit voltage at the chms input terminals
islessthan 5 V.

3-3/34
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Section IV

SECTION IV
THEORY OF OPERATION

41. INTRODUCTION. ' |

4.2. This section contains the theory of operatic. for the
Multimeter, The information is divided into two parts:
i
a. Simplified Theory
b. Detailed Theory

The simplified theory provides an overview of the operation
of each section in the Multimeter while the detailed theory
descnbes the circuit operation of each section.

43, Description.

4.4, The Multimeter is a five-function, 4-1/2 digit multi-
meter. The five functions measured are de volts, ac volts,

de current, a¢ earrent and ohms. The dual-slope integration
technique is used for measurements. This technique charges
an integrator for a fixed Iength of time, to 2 voltage pro-
portienal to the inputsignai, then discharges the Integrator
at a fixed rate determined by a known reference voltage.
The weasurement display is determined by the discharge
tirce of the integrator, which is proportional to the input
signal.

4.5. Figure 4-1, Basic Block Diagram and Measurement
Sequence, Hlustrates the major functional blocks of the
Multimeter. The illustration of the measurement sequence
shows the integrator output for each interval of a measure-
ment cycle. This disgram is to supplement the functional
block diagram for the simplified theory discussion.

OHM3 REFERENCE

REFERENCE
SUPPLY

ZER"]O

: ‘ 1

RUN=-DOWN
REFERENCE SELECT

1 1

neA e

T siGNAL . o A-70-0 |
INPUT —4 conpivionng [ g (A4 cowverter [ HO%C »| DisPAY
lul\J.!'l't'.) IERO
INFUTZ ZERG
ADJ CONTROL CONTROL
. 343~ D-4108
~ HALF- SCALE INPUT == A
AN
/ \ NOTE
7 \\ NEGATIVE INPUTS ILLUSTRATED;
/ \ EFOS ARE. INVERTED
INTEGRATOR : . / \ .
oUTPUT HALF = SCALE INPUT —vrp—— A
’l /,/\\\
4 N ZERQ -CETECT
<HALF-SCALE INPUT \ AN

N
\‘\ : AN
\\/ \\
VN 3

1 s
~ | i . " _ _
me ZERO-T— RUN UP——l——Rl.N DU“N'+.OVERRAM£+AUTO ZERO-OI .

MEASUREMENT SEQUENCE INTERVALS

Figure 4-1. Basic Block Diagram and Measurement Sequence.
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4.6, SIMPLIFIED THEORY.

4-7. A simplified theory of operation of the Multimeter is
presented in the following paragraphs. The simplified
theory describes cach section of the functional block
diagram, Figure 7-1. These scctions are the signal condi-
tioning section, analog—to—digital section, logic section and
the display section. Also presented is a simplified descrip-
tion of the power supply. Refer to Figure 7-1, Functional
Block Diagram, and Figure 4-1, Basic Block Diagram and
Measurement Sequence, for this discussion.

4.8, Signal Conditianing.

4.9. Signal conditioning consists of attenuating andfor
converting the input signzl 10 a de voltage within the
working limits of the input amplifier. For full-scale inputs,
this voltage ¢an vary from 20 mV de to 2 V de depending
on the function and range.

4-10. The signal conditioning section consists of current
shunts, an jnput attenuztor, ohms converter and an
ac—to—dc converter, The output from the signal condi-
tioning section is applied to the input amplifier during the
run—up interval of the measurement sequence. The Input
Amplifier Gain Table located on Figure 7-3 indicates the
full-scale input level applied to the input amplifier for cach
function and range. This signal is the output of the signal
conditioning section. '

4-11. Ohms Converter. The ohms converter is a high pgain
integrating amplifier. A simplified diagram of the ohms
converter is presented in Figure 4-2. The blocks of the
ohms converter ate the integrating amplifier, protection
diodes, over-voltage protection circuit and the overload
loop, An integrating amplifier is used because this type of
amplifier is less susceptible to oscillations The protection
diodes clamp the © terminal to a voltage of sbout 1.2 V

Madel 34658

With the €2 terminal clamped, protection against excessive
voltages applied to the chms terminals is provided by an
over-voltage protection elrcuit located between the ohms
amplifier and the terminal. For excessive voltages, this
circult isolates the COM terminal from the ohms amplifier.

4-12. Figure 4-2 shows two outputs of the chms converter
being applied to the input amplifier. The ohms output is
the ohms converter measurement signal and the auvto-zero
ourput is the ohms amplifier de offset signal which is called
the auto-zero (AZ) signal. This AZ signal is applicd to the
jinput amplifier during the auwto-zero interval of the mea-
surement sequence and establishes the reference for the
analog-to-digital converter, An AZ signal greater than
£ | mV causes the instrument readings to be invalid. This
condition (AZ signal >z I mV) is present when the
unknown resistance, Ry, is removed and an open loop s
present on the ohms amptifier. To maintain the AZ signal at
<2 ]1mV when an open luop is present, an overload
feedback circuit [s used.

4-13, The ohms output, (LO terminal of the ohms con-
verter) is applicd to the input amplifier. This output is a de
voltage, the Tevel of which is dependent on thera 5 of the
unkriown resistance, Ry, to the variable resistance, 10", and
the ohms reference supply. The variable resistance, 10%,isa
resistor string located in the precision resistor pack R75.
The value of 10" is selectat by the range switches shorting
shose resistors In the string that are not required. The value
of 10 can range from 10 kSl to 10 MSZ. A discussion of the
precision resistor pack R75 can be found in the detailed
theory.

4-14. The formula for the ohms converter output voltage
ist

Ohms R,
Qutput = +| = Reference Supply Voltage + Vop150;

n
in the positive direction or 0.7 V in the negative direction. Voltage
CoM
! _AUTQ-ZERD
Rag QUTPUT
A Ce9 \’\
Y4
a " av 1s 10
PROPORTICNAL INPUT
n Fo Ax AMP
-
iov W OVER- {J
PSS, Wibn
I
*sv FOR IRCULT
I0M RANGE
PROTECTION | | overioan 1|
DICDES PROTECTION
$ 463N 0187

: Figure 4-2. Simplified Diagram, Ohms Converter.

42
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The reference supply {s +10 V for all ranges except the 20
M range. For this range the seference supply Is +1 V, On
the 20 M range with a Ry of 20 M2, anoutput of 2 Vdceis
needed, From the formula for the ohris output, it can be
seea that 107 is 10 k2 1o 10 M2, o 10" of 10 MR com-
bined with a reference supply of 1 V provides the desired
L V de full-scale ohms converter output.

4.16. AC-DC Converter, The ac—dc converter is an average
respondmg ac converter. It measures the average value of a
sine wave and multiplies this by a fixed scale factor to
convert it to an rms value. The output of the converterisa
de voltage equal to the rms value of the sine wave,

4-16. Figure 4-3 is a block diagram of the ac -de¢ converter.
The blocks consist of an impedance converter, an ac
convester and a filter, The impedance converter has a high
input impedance to prevent loading of the input signal. It
also provides the gain necessary to drive the ac converter.
An impedance converter gain of unity, 9964 or 10 is
selected by the function and range switching. The gain of
6,964 is used with the ac current function and the gain of
10 is used with the 200 mV, .2 mA, 200 £ and 20 V,
20 mA, 20 k£ ranges.

4-17. The ac copverter amplifies the signal from the
impedance converter by the scale factor. This converts the
average value of the sine wave to the rms value, Half-wave
tectification of the sine wave is also performed by the oe
converter, This rectified signal Is fiftered to provide the
proportiona} de output which is applied to the analog-to-
digital converter.

418, Analog—to-Digital (A-D) Converter.

4-19, The A-D converter block is comprised of an input
amplifier, reference supply, integrator, slope amplifier,
comparator and auto-zero circuit. It makes an analog~to—
digital conversion using the dualslope integrating tech-
nique, Four control state signals from the logic section (10,
12, I and 12) regulate the measurement sequence. 10 and
IZ regulate the input amplifier and awto.zero switching
respectively while I1 and 12 select the reference supply
required during the run-down interval.

Section IV

4.20, Input Amplitier. The first stage of the A-D con-
verter s the input amplifier. During the run-up interval of
the measurement sequence, contral state signal 10 switches
the output of the sigaal conditioning bluck to the Input
amplifier. Th: output of the signal conditioning block is a
de voltage which varies between 10 mV and | 'V for full-
scale inputs, depending o0 the function and range selected.
The gain of the Input amplifier is adjusted by the function
and range switching to provide an cutput of 2 V de for any
fullscale input signal. See Input Amplifier Gain Table on
Figure 7-3.

4.21, Reference Supply. The A--D converter uses a mono-
polar reference sopply of +10 V. A reference volisge is
applied to the integrator during the run-down interval 1o
discharge the integrating capacitor. Since the discharge rate
is constanl, the time required for the integrator to reach o *
zero reference is proportional to the input sienal. This time
period s the run<down interval and is processed 1o
determine the display. A positive and negative reference
voltage Is required since the input signal can be cither
polarity. A detailed discussion of the operation of the
monopolar reference supply con be found in the detailed
theory.

4-22. Intes.ator, The integrator output is 3 result of a
current summation at the integrator summing junction
{inverting input). A positive current summation (current
flowing into tie integrator input) will cause the integrator
to ramp negative, A negative current summation (current
flowing out of the integratur input) will cause the integra-
tor to rarp positive, The integrator sums currents from the
input amplifier, reference supply, -7V supply and the
auto-zero loop during designated times.

4.23. Slope Amplifier. Following the integrator is a X4000
amplifier. This amplifier is divided into two stages; the first
with a gain of 40 and the second with a gain of 100. The
slope aaplifier amplifies the integrator output to provide a
more vertical crossing of this output with the reference
level. This provides greater accuracy of the voltage--to-
time conversion during the run-down interval,

4.24, Comparator. The comparator provides two logic
outputs; a high output of 0V or a low output of - 7V, The
comparator vutput is high when the integrator output is
greater than the reference level. The comparator is Jow
when the integrator output is less than the reference level,

IMPE DANCE
CONVERTER

> o

|NPUT
SIGNAL

DC WX TAGE TO
8= ANALOG-TO -

DIGITAL CONVERTLR

FILTEF.

1443-B-408

Figure 4-3. Block Diagram, AC—to—DC Converter.
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This logic level is sensed by the logic section to determine
polarity and zero-detect.

4.25. Auto-Zero Clreuit. During (he measurement se.
quence, the auto-z¢ro loop is closed except for the run-up
and run-down intervals. This loop Includes the slope
amplifier and the integrator but does not physically include
the input amplifier although the loop does compensate for
the input amplifier offset. When the auto-zero loop is
closed, the input of the input amplifier is grounded, If the
summation of currents at the jntegrator summing junction
Is not zero, the integrator begins to ramp up for a negative
summation or ramp down for a positive summation. The
integrator output is applied through the X4000 slope
amplifier to the auto-2ero capacitor, C4, The voltage on the
auto-zero capacitor causes a current to flow at the summiug
junction that returns the summation to zero, This auto-zero
configuration compensates for the analog offset of the
input amplifier and integrator by providing a current at the
summing junction that cancels the currents resulting from
the offset, '

3-26. Lugic§ectiun. f

4-27. The Logic Section is comprised of combinational and
state logic, This section processes the comparator output to
determine the polarity of the input signal and to make a
voltage-to—time conversion of the input signal. Time
accumulated during the conversion is proportional to the
input signal and is stored. The display is derived from this
accumulated time. A voltage~to~time conversion with the
accumulated time being stored occurs once each measure-
ment sequence.

4-28. Seven blocks make up the logic section. These blocks
are:

'Clock

State Clock

. Polarity and Zero Detect

. Data Transfer and Reset

Control State Counter

Control State Decode

g Data Accumulator

The HIGH and LOW logic levels used in the logic section
are 0V and - 7V respectively. The following discussion
describes the basic operation of the logic section.

en o

™ e

429, Clock and State Clock. The timing of the jogic
section is derived from the clock circuit. The clock operates
at 100 kHz and {s crystal-controlled. A state clock, driven
by the clock output and the count extend line from the
data accumulater, drives the conptrol state counter (o
initiate each measurement interval.

4-30, Polarity and Zero Detr¢t. The polarity and zero-
delect circuit monitors the comparator output. The state of
thﬁs output at the beginning of the rundown interval
determines the polarity of the input signal Zerodetect is
d]&termi_ned at the point the comparator vutput changes
states during the run-down, overrange or overflow intervals.

4
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If the integrator ramps positive (negative input signal)
during run-up, the comparator output goes HIGH and
retutns to LOW at the zero-detect point, If the Integrator
ramps negative (positive input signal) during run-up, the
comparator output goes low and returns to high at the
zero-detect point. These comparator output logic states are
stored [n a D Mip-fop. At the beginning of the rundown
jnterval, this state identifies the polarity of the input signal.
The outputs of the D flip-flop provide the signals needed
to sclect the comrect polarity display and the correct
reference supply signal (11, 12) during the run-down
interval. An EXCLUSIVE OR and latch processes the
comparator output to provide the zero-detect signal.

4-31. Data Transfer and Reset. The data transfer and reset
circuits provide logic signals to the data accumulator
required to load the storage latches and reset the decade
counters. A detailed description of the data aceumulator is
provided in the detalled theory section, While the TXFR
input of the data accumulator is low, data in the decade

‘counters s transferred to the static storage latches. The

RESET input resets the decade counters to zero when low.
This must occur after the transfer to the storage latches has
taken place. To ensure that reset occurs after termination
of transfer, an RC delay circuit precedes the reset gates.

4-32. Control State Cri'nter. The control state counter
provides the timing for 1.2 measureinent sequence intervals,
The output from the counter establishes the timing of the
analog contre’ sigrals (1Z, 10, I} and 12) which are applied
to the A—D converter. The state clock and reset inputs to
the control state counl.r determine the outputs of the
counter,

4-33. Contro} State Decode. The controi state decode
converts the polarity, zero-detect and control state counter
inputs to the correet analog control signals. These signals,
applied to the A-D converter, perform the measurement
sequence switching. This switching consists of the input
amplifier switch, the auto-zero switch and the reference
supply switches.

4-34, Data Accumulator. The data accumulator consists of
a counter, data latches, a multiplexer, digit select decoder
and output buffers. At the beginning of the Run-Down
interval of the meassrement sequence, the data accumula-
tor begins to count clock pulses until zerodetect occurs.
This count is proportional to the input signal and is the
time conversion used to generate the display. The digit
select decoder scans the display digits from the m t
significant digit to the least significant digit while the
multiplexer provides the co:responding BCD autputs for
cach digit. A detziled discussion of the data accumulator is
presented in the detailed theory,

4-35. Display.

4.36. The multimeter display contains four full digits with
an overrange 17 and polarity sign. All segments and indi-
cators are fight-emitting diodes. A BCD-to-seven segment
decoder receives BCD information from the data accunu-
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lator and applies the seven-segment code to the display
drivers. The display driverr apply the seven-segment code to
all digits simultancously, Digii strobe lines activate the digit
corresponding 1o the seven-segment code at that point in
time. Scanning of the digits is from the most significant to
the least significant digit. To complete the display, the
proper decimal point is enabled by range switching,

437, Power Supply.

4.38. Figure 44 is a block disgram of the power supply.
The power supply develops three output voltages from o
single de output voltage (+ Vg). This de input voltage s
applied to a de-tode converter which develops output
voltages of + 11 V dc and - 7 V de. A series regulated
+ 10 V output is developed from the + 11V converter
output. This + 10 V js usew as the reference voltage in the
A-D converter and to develup the reference current in the
ohms converter and as the reference voltage for the
converter regulator. The converter regulator controls the
converter and regutates the - 7 Vand + 11V outputs of the
converter. A discussion of the operation and regulation
process of the deto-de converter is presented in the
detailed theory,

IV
SERES
TAGE 10V
REGULATOR
d¢-10-6¢ CONVERTER
* Ve~ ONVERTEF] FEGULATOR
1 !

Figure 4-4, Block Diagram, Power Supply.

4-39. DETAILED THEORY.

4<30. This portion of the theory of vperation provides
detailed discussion of the circuits in the Multimeter. The
circuits described here are the chms converter, ac-d¢
converter, monopolar reference supply, data accumulator
of the logic section, display and the power supply. A
discussion of the precision resistor pack (R73) it also
provided. The detailed discussion makes use of the schema-
tics in Section VIL ‘

441, Precivion Resistor Pack (R75).

4-32. The precision resistor pack, R75, is a laser trimmed
substrate providing high precision resistances. A disgram of
R75 is shown on Figure 7-2. The input atlenuator, powcr
supply, ohms reference supply. A-D reference supply and
the input amplifier require highly accurate resistances to

Ny - i i | ‘ T
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maintain the aeeuracy of the Multimeter, These resistances
are part of the resistor pack. The advantage to the resistor
pack is high precision 1esistors and good temperature
teaebiig. As resistance values of the resistor pack change
due to temperature changes, the ratio of the resistors
remains the same.

443, Ohms Converter.

4-44. Refer to Figure 7-2 for this discussion, Both ends of
the ohras converter are foating with respect to the
instrument ground. The unknown resistor, Ry, becomes the
feedback loop of the vhms amplifier. The ratio of Ry to
10" determines the gain of the ohms amplifier, Q25 and
UL5. 10" is a variable resistance between 10 k2 and 10 ME2
selected by the range switching. The ohms converter input
is the reference voltage provided by the ohms reference
supply. This reference voltage times the amplifier gain is the
ohms converter output supplied to the input amplifier
during the run-up interval. Fullscale chms converter gain
and output values are provided in the ohms converter table
located on Figure 7-2.

445, The $2 HI LEAD of the ohms converter is connected
1o the reference supply through 107 of the resistos pack
R75. The €2 11 LEAD s clamped by protection diodes
CRI5 ond CR25 to prevent the destruction of FET Q25
and R75 by the application of large voltages. These diodes
clamp the €2 Hl LEAD to sbout 1.2V pusitive or 0.7 v
negative.,

$-16. With the 2 HI LEAD clamped, overvoliage protec
tion must be provided 10 protect the ohms amplitier from
excess voltag e, The overvoltage protection circuit is located
between the ohms amplifier and the LO terminal point and
is shown in Figure -5, During nonmal operation < 2 mA of
current Nows through Q30. RO$ and Q32 18 a large voltage
s applied to the ohms terminals, the current through this
circuit will try 1o exceed 2 mA, This current will cause 3
farge enough voltage drop across RY4 to turn on Q31. When
Q31 s on, it removes the base drive from Q30, which tumns
oft. discunnecting the LO terminal point from the obms
comverter, Since Q30 is a high voltage transistor, large
voltages are not applied to the ohms converter,

+CYy

LO TERMEAL POINT

¥ Yot

FooM ONMS_ .
AMPLIFER S ax

-y e,

-7V

Figure 4-5. Qver-Voltage Protection Circuit.
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Section IV

447, In the event of open loop (R, =), the ohms
amplifier output begins to drive negative, The input
{negative port), which is the auto-zero output, could exceed
t 1 mV under an open loop condition due to the [ack of
negative feedback through an Ry, This auto-zero output
must be maintained at < £ I mV for accurate vperation of
the A-D converter. To satisfy this requirement, an over-
load protection circuit consisting of CR23, CR24 and R8§
is used. When the ohms amplifier output go¢s below
approximately + 1.5 V, the zener diode (CR23) turns off.
The ovesload loop, CR24 and R86, is intreduced by the
turn-on of CR24 when CR23 is off. This loop provides the
negative feedback required to maintain an auto-zero output
<z I mV, When an R, is introduced, CR23 turns-on,
CR24 turns-off, and the overload loop is inoperative.

448, A maximum cutput by the ohms converter of <5V
is guaranteed by a vcltage divider composed of R93 and
R95. Additional protection components of the chms
converter are: A} CR29 which prevents Q32 junction
breakdown due to fast transients, B) CR28 which blocks
negative transients that could come in via the LO terminal
poiat and C) RY1 and €27 which suppress high voltage,
high frequency transieats.

449, Degradation of accuracy in the ohms function due to
changes in the ohms reference with respect to the A-D

reference is minimized since both refrrence voltages are:

derived from the same + 10V referunce supply. If the
reference supply voltage changes, both the ohms reference
and the A-D reference are affected alike and any char_e is
effectively cancelled.

4.50. AC—to—-DC Converter.

4.51, The AC—to-DC converter is un average responding
ac converter. It nas a bandwidth of 40 Hz ro 20 kHz. The
converter is composed of two stages (see Figure 7-2). The
first stage, U19, is an impedance converter. The purpose of
this amplifier is to provide a high impedance to the input <o
loading of the input signal does not vecur. It also provides
high drive capability for the ac converter stage, ULS. The
input cf the impedance converter is prerected against large
voltage swings by dicdes CR35 and CR37. Voltages in
excer; of + 10 Voor- 7V peak ac will forward bias these
diodes, returning excess current to the power supply.

4-52. The impedance converter, UI9, has a selection of
three gains; the 200 mV, .2 mA, 200 §2 and 20 V, 20 mA.
20 k52 ranges select a gain of 10. The ae current function
selects a gain of 9.964, while the remainder of the ranges
and functions select 3 gain of unity {sce U9 Gain Table,
Figure 7-2).

4-53. The second stage of the AC—to-DC converter is the
ac converter, ULB. A basic diagram of this stage is shown in
Figure 4-6. The amplifier has three feedback loops. These
loops are the ac negative feedback loop, the de negative
feedback loop, and the positive feedback loop. The ac¢
negative feedback loup is divided into two branches; one
branch for the positive half cycle and the second braach for
the negative half cycle. Diodes CR33 and CR34 switch

46
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RI25 - CRIY
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g 220K RI26
10K
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L e A
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Figure 4-6. Basic Diagram, AC Converter Amplifier,

between the positive and neguative half-cycles to introduce
the correct loap for its respective half-cycle.

4-54. During switching of the diodes, little negative feed-
back is present. During the switching transition, the positive
feedback loop (C45, R120 and RE23) bosts the amplifier
gain. This boost in pain specds the switching transition of
the diodes which gives a good frequency response at low
signal levels. Once the switching transition has occurred,
negative feedback is again present. The negative feedbuck
overrides the cffects of the positive feedback loop at all
timas other than the diod» switching transition period.

4-55, The output of the AC—to-DC converter is derived
from the positive halfcycle, negative feedback toop. The
positive hatf-cycle developed across the load resistor R113
is the half-wave rectified signal of the ac converter amplifier
output. This rectified signal is filtered to provide the de
output thut is applied to the input amplifier during the
run-up interval of the measurement sequence. For full-scale
inputs, the AC-to-DC Converter ontput is 3.6 V de. This
vutput is kept relatively free of the de offsel present un the
inverting input of UIB (pin 2) by the voltage divider R125
and R118. The portion of the offset appearing across the
load resistor RIS is attenuated by a fzctor of 23,

4.56. A-D Conversion Using a Mgnopolar Reference.

4-57. Before preceeding with this discussion, review the

P 1Y
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A-D converter description of the integrator, slope Zinpli-
tier and auto-zero circuly in the simplified theory. Figure
4-7, Functional Diagram, A-D Converter, illustrates these

Section IV

input amplifier and the comparator. It also illustrates the
integrator output and the four control state signals, IZ, 10,
[l and 12, with respect lo the measurement sequence

circuits in refation to the monopolar reference supply, the intervals.
MONQPOL AR
REF SUPPLY
+ 0V
M3 M
INTEGRATOR
INPUT AMP  OFF, 1;"" oFE 10K N
u 12 "
R0} [o 023) n24) SLOPE AMP COMPARATOR
INPUT_ o8 VAR, N Ko
SI07OL AN T
Pk FULL-SCALE SRS X4000 LoGtC
RECTON 2Vvde 442K . SECTION
Omyde 1o ivie
e l '1 R4 |
c5$ a2k 0OKZ AUTO - ZERD
- X n.‘::lz [C]}]
~NOTE- apFF
A-D CONVERTER
SHOWN (N _AUTO g4
ZERO MODE ™ AUTO-ZERO
por CAPRCITOR
|
LT RLILS )
AUTO=-2£RO RUN-UP RUN-0OWN OVERRANGE AUTC-ZERD
| EREC ) Tisee | Tovesec 1 T wsec 10 o SEc |
NEGATIVE
INPUTS
INTEGRATOR >
ouTPUT ~ L
. /NN POSITIVE
~ Ve INPUTS
LR N
OFFm =7V
GFI-—-—--——l
1Zopr |
o
10 orr
JN -
" orr L 4
™ [ |
Py P SRR
STATE OF
CURRENT SWITCH
MEASUREMENT INPLIT
INTERVAL SIGNAL n 12
POLARITY
AUTO-ZERO - CLG3ED | OPER
b CLOSED OPEN
RUN-UP + CLOSED | OPEN
- CLOSED OPEN
RUN-DOWN + OPEN OPEN
CLOSED | ¢LOSED
Figure 4-7. Functional Diagram, A-D Converter.
4.7
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Section 1V

4.58, The A~D converter of Figure 4-7 is shown in the
awto-zero mode. The input amplifier is grounded at e
input, control state switch 1} s closed, 12 is open and the
auto-zero loop is clused, Note that the auto-zero loop does
not include the input amplifier but §s connected to the
integrator summing junction (integrator inverting inputl.
Also connected to the summing junction are the inpwi
amplifizr output, two current paths from the monopolar
reference supply and the - 7 V supply through R59 and
R43.

4-59, The auto-zero loop uses a current balancing teck.
nique at the integrator summing junction to establish the
reference, The basic principle is that the algebraie sum of
currents at the jntegrator sumem,ng junction must be equ:l
to zero. When the sum s zero, the output of the integrator
will not change. If the sum is not zero, the integrator witl
ramp up for a negative current or ramp down for a positive
current because of the inverting Japut.

4.60, When the auto-zero loop is closed, the currents
summed at the integrator summing junction come from
four sources; 1) the output of the input amplifier with its
input grounded, 2) one curtent path of the monopolar
reference supply (switch I closed), 3) the -7V supply
through R43 and R5Y and 4) the autg-zero loop, The input
amplifier output is the analog offset of this amplifier, The
current due to the - 7V supply is roughly the negative of
the current from the monopolar reference supply. The
auto-zero foop then stores a woltage on the auto-zero
capacitor that produces a current through R28 and R42 of
the correct magnitude to force the svinmation of currents
at the jntegrator summing junciion to zero. Forcing the
summation of cutrents to zero compensates for the analog
offset of the input ampliticr and integrator,

#4-61. During the run-up interval, the auto-zero loop is
‘opened by controlb state switch IZ. The voltage stored on
the auto-zero capacitor is still applied to the integrator
summing junction and the summation of currents remains

zero. At the time the auto-zero lvop Is opened, the output

of the signal conditioning section is switched to the input
amplifier by control state signal 10. The output of the
input amplifier causes the algebraic summa ton of currents
at the integrator summing junction to deviate frum zero.
This causes the integrator to run-up.

4.62, At the end of the run-up interval, the input amplifier
is switched back to ground by control state signa! [0. The
summation of currents at the integrator summing junction
is again zero and if no other action jwere taken, the
integrator output would not change. The integrator vutput
is positive 2t the end of run-up for negative inputs and
negative for positive inputs. At the end of the run-up
interval, the polarity of the integrator vutput is determined
by the logic section. This also identifies the polarity of the
input signal.

4-63. At the beginning of the run<down interval, the logic
section selects the appropriate reference to return the

4-8
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integrator output to zero. Run-down uses the summation of
currents principle at the summing junction of the integra-
tor. The two currzat paths (11 and 12} of the monopolar
reference supply provide the means of changing the
summation of the currents, The summation of cuments at
the summing junction can be made negative by opening
switch 1T and removing this current flow to the junction,
The summation can be made positive by closing switch 12
in addition to I1, and providing twic. 1 1¢ ctrrent from the
monopolar reference supply. Opening switch Il with 12
open, runs the integrator up which s required for positive
inputs (s.e Figure 4.7). Closing !} nd 12 runs the
integratar down which fs reavied for negative inputs. The
time required for the int.grator to reach zerodetect during
the run-down Inter-e; is proportional to the input voltage
which caused run-vy and determines the display.

464, Data Accumulator,

4-65. Refer to Figure 4-8, Data Accumulator Dizgram, for
this discussion. The data accumulator processes the logic
signals from the logic section end provides the BCD ouiput
and the scan signals that determine the dsiplay. The data
accumulator consists of a counter, data latches, 3 multi-
plexer, digit select decoder and output buffers. At the
beginning of the measurement, the reset signal (RESET)
goes to a logic 0 to initialize the counter and digit select
decoder. At the beginning of the run-down interval of the
measurement sequence, the counter begins to accumulate a
count proportional to the run-down time.

4.66. The counter consists of four divide by 10 circuits.
The ocutput of each circuit is a BCD number representing
one digit of the input signal. At the end of the run-down
interval, the transfer signal (TXFR) is set to a logic 0. This
stores the counter outputs in the datas latches.

467, The scan signal will gate exch BCD signal from the
latches, beginning with the most significant digit first,
through the multiplexer to the output. At the same time
that the scan gales the digits through the multiplexer, the
gating signal is vutput to the display as a digit activation
pulse.

4.68. The BCD output of the multiplexer is applied to the
display section (see Figure 7-4). The %55 is applied to yuad
NAND gates in the display section where the BCD logic is
converted to BCD logic. The BCD is applied to the seven
segment decoder where it is transformed to a seven bit
binary number and applied to each numeral in the display.
As the digit activation pulse from the data accumulator
sequentially activates each numeral from most significant to
least significant, the seven bit binary data will be displayed.

4.69. Display.

4-70. Refer to Figure 7- for this discussion. The display
segments are powered by 3 +3 V supply. This voltoge is
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Figure 4-8, Data Accumulator.

derived from Vg and the + [1 V output of the power
supply. A series voltage regulator, Q21, Q22 and Q23
maintains the + 3 V output constant, This provides con-
stant display intensity for changes in the magnitude of Vg

due to battery life and results in low power consumption

Artisan Technology Group - Quality Instrumentation

for a high Vg (new or recharged batteries).

4-71. Twenty-five connections interface the display and
the muin assembly. Table 4-1 indicates each terminal and
the source of the signal from the main assembly,

Table 4-1. Display Interface Connections.

CONNECTION DESIGNATION

SOURCE OF SIGNAL

DIGIT STROBES: MSD, 2MSD, 3MSOD, LSO

BCD: 1,2,4.8

OATA ACCUMULATOR
fatun)

DECIMAL POINT: A,B,C.D

RANGE SWITCHES

POLARITY ENABLE: PE

FUNCTION SWITCHES

POLARITY: PL ATUS

OVERRANGE: OR LoGic

GVERLOAD:' .01. MU | secrion

TRANSFER: TR AIUG |
+Vp +11V,GND, - TV POWER SUPPLY

PIN 26

NO CONNECTION

4.9
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4-72. Power Supply.

473, The wmethod by which a de-to-de cunverter produces
a negative output voltage from a positive source valiage.can
be explained with the aid of Figure 4-9. The switch S opens
and closes with a given duty cycle. For steady-state condi-
tions, the output voltage witl be related to the duty cycle of
the switch by:

ton = time switch 8 is closed
toff = time switch Sisvpen

e = b0

| Duty cycle (_n—on + loff
Changes in input voltage Vg can be compensated for by
varying the duty cycle of the switch. This is what is done In
a de-to-de converter. When the switch is closed during top,
diode CR Is reverse biase.d by the negative voltage on ts
anode and the positive voltage on its cathode; this fsolates
the inductor (rom the capacitor C and the luad. The capaci-
tor keeps the output voltage from dropping to zero during
ton. Clusing the switch: applies the battery voltage Vp
across the inductor. Since the voltage across an inductor is
given by V = L AifAt, the expression for the change in in-
ductor current is given by:

v
Als=— Al
L

Figurs 4-8, Basic Diagram, DC—to—DC Convarter,

Both V and L are (ixed, so the inductor ¢urrent increases
linearly with time. This results n an cnergy transfer from
the battery to the inductor. When switch S is opened during
toff, current flow to the inductor is shut off. Because the
fundamental characteristic of an Inductor is to vppose any
change In current flow, the inductor generates a back emf
of approximately —8 volts. This voltage forward-biases
diode CR and allows the energy stored in the inductor to be
translerred to the capacitor and the load,

4.74. The following paragraphs describe the operation of
the actual de-to-de converter circuit in the 34654, and the
converter regulator. Figure 4-10 shows a simplified sche-
matie of the ~7 volt converter and regulator UL7. The
discussion assumes steady-state conditions, and begins with
Q33 in the off state (I = 0). When Q33 first turns on, {t
will be in saturation (sec Figure 4-11), causing the entire
veltage + VB to be dropped across the primary of the suto-
transformer T1. As explained in paragraph 4-73, the col-
lector current through the Inductor begins to rise linearly
with time. The constant vollage at the base of Q34 causes
Q34 and R98 to provide a constant current sink for the
base current of Q33. Consequently, the rising collector
current of Q33 follows one of the Iy curves in Figure 4-11,
Q33 will eventually come out of saturation as the collector
current approaches Bik. When Q33 comes out of saturation,

cms T
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Figure 4-10. Simplified Diagram, DC-to-DC Convarter.
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Figure 4-11. Common-Emmitter Output Characteristics.

Ve begins to increass, which in tarn causes less voltage to
be dropped zcross the primary of T1. The autotransform-
er’s windings are such that the primary and induced second-
ary voltages are 180° out of phase. Therefore, the falling
voltage across the primary causes a rising voltage across the
secondary, which is coupled back to the base of Q33 by
R81 and C25. When the base of Q33 goes sufticiently
positive to reverse-bias the base-emitter junction, Q33 shuts
off and stops delivering current to T). The primary of T1
then generates a back emf of appruximately —8 voltsin an
attempt to keep the inductor current from changing. This
action forward blases CR32 and the energy stored in the
magnetic ficld of the inductor is transfezred to C34 and the
load. The —8 volts on the primary of T1 induces +8 volts
on the secondary winding which, when applied to the RC
feedback network, causes the voltage at the base of Q33 to
ramp down, When the base voltage of Q33 drops to (VB-.6)
volts, the base-emitter junction becomes forward biased,
Q33 turns on, and the cycle begins again,

4-75. The secondary winding of T1 is also used to provide
a +11 volt output, which is then further regulated by the
+10 volt secles regulator (puragrsoh 4-77). A positive vut-
put is dev:loped by transtormer-coupling a portion of the
energy stored in the primary winding I fuctance through
the secondary winding of T1. This output is equal to the
turns-ratio times the voltage ucross the primary of T1 when
Q33 isoff,

4-76. Changes in the output voltage and in the battery volt-
age VR can be repulated by varying the duty cycle of tran-
sistor switch Q33 (see paragraph 4-73). The duty cycle can
be varied by controlling the voltage at the base of Q34,
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which deterntines the base current of Q33. A larger base
current will cause Q33 to take a longer time to come out of
saturation (see Figure 4-11), which varies the trunsistor on
time. The voltage at the base of Q34 is supplied by U17.
The Inverting input of U17 is grounded through R116,
while a 10-to-7 voltage divider {R117 & R114) [s connected
to the nondnverting input, One end of the divider (R117)
senses the voltage output of the +10 volt series regulator,
while the ather end (R}14) senses the -7 volt output of
the de-to-de converter. A change in voltage at the -7 voli
output is sensed by the non-inverting input and is amplified
by Ul7. The output voltage of U7, driving the base of
Q34, controls the base current of Q33, and regulation of
the —7 volt output is achieved. Since the +11 volt output is
the transformer wins-ratio times the —7 volt output, the
+11 volt supply is also regulated.

4-77. + 10V series Voltage Regulation.

4.78. The temperature compensated zener diode CRI7 is
the voltage reference from which the +10 V reference is
derived. The zener voltage s applied to the non-inverting
input of U16. A resistor divider in the precision resistor
pack (R75) senses the voltage at the output. A porsticn of
the voltage Is fed to the inverting input of Ul6. This error
voltage is amplified by U16 to drive Q26. The collector
current of Q26 then provides base drive for the series puss
transistor Q26. To ensure turn-on of the de-to-de converter,
the collector, as opposed 1o the emitter of the series pass
transistor Q27, Is connected to the output. The low col-
lector-to-emitter satuation voltsge aids in the turn-on
process of the converter. This ensures start-up for battery
voltages as low as 2 to 3 volts. One advantage to this con-
figuration is that the +11 V supply can decrease to within
the collector-to-emitter saturation voltage of the +10 ¥V
regulated output and regulation is still maintained.

4-79. Battery Low-Valtage Detection.

4-80. Reler to the power supply schematic, Figure 7-5. The
battery low-voltage detection circuit is comprised of a dif-
ferential amplifier, Q36 and Q37. The voltage at the base of
Q36 is set at about +2.9 V by the voltage divider R139 and
RI41. If the battery voltage (+ VB) is greater than +2.9 V,
Q36 conducts and Q37 is off. When the battery voltage
drops below +2.9 V, Q37 turns on providing base drive for
Q38. When Q38 is on, the base of Q34 is pulled to -7V und
Q34 tumns off. This action turns the de-to-de converter of
the power supply off removing all power supply outputs.
This removes the front panel display indication. To rein-
state the uisplay, the OFF/ON switch must be turned OFF
and again 7.5, The display indication will reappear while
capacitor C51 charges to +2.9 V. When the voltage on C51
{which is the base voltage of Q36) exceeds the battery volt-
age (+ VB), the circuit deactivates the power supply as pre-
viously desceibed and the display indication disappears
again.

4-11/3-12




WARNING

These servicing instructions are for use by qualified personnel
only. To avoid electrical shock, do not perform eny servicing
other than that contained in the operating instructions unless you

are gualified to do so.
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Teble 6-1, Test Equipment Required,

INSTRUMENT TYPE

REQUIRED CHARACTERISTICS

RECOMMENDED MODEL

Digital Volt/Ohmmeter

OC Volts: 1 V, 10V snd 100 V range
Accuracy: & 0.04%

Input Resistancs: 10 MQY

Ohms: 200 k2

Accuracy: £ 007%

$p- 3470 System;
+Hip- 34702A Multimeter

Digital Voltmeter

OC Volts: & digit resolution to 1 [V an
100 mV dc range,
Accuracy: 2 0.007%

AC Voits: 1 V and 10 V range
Frequency: 40 Hz 1o 20 kHz
Accuracy: 0.25%

hp J485A

AC Calit-ratorf High
Voltage Amplifier

Frequency: 20 Hz to 100 kHz
Qutput: 1 mV to 1000 V
Accuracy Imid band): £ 0.1%

hp- TABATTAGA

DC Standard Qutput: 1 mV 10 1000 V hp- TA0B
Accuracy: £ 0.02%

Meter Calibrator Qutput: 1 A +p- 69208
Accuracy: : 0.1%

Etectronic Counter Frequency. 50 and 60 Hz +hp-BI00ABINZA
Accuracy: £ 0.01%

Povver Supply Output: 20V, 1 A hp-6294A

Reslstor Decade Box 101,100 63, 1 k2, 10 k82, 100 kit Ganeral Radio
and 1 M1 steps Mdt GR 1433-2
Accuracy: t 0.006%

Capacitor 1 4F & 10% 0160-3407

Reslstors 10 £002% G.R, 14409601
100 £001% G.R, 14408611
1 afll £ 001% G.R. 1440-9631
10 k2 £ 0.01% G.R. 144008641
100 k1 £ 0.01% G.R, 14408651
1 M0 2 0.01% G.R. 14409661
10MI £ 01% 0698-8194
2kt 1% 07671087
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Section V

SECTIGN V
MAINTENANCE

51. INTRODUCTION.

5-2, This section of the manual contains Performance Tests
and Adjustment Procedures. The Performance Tests are
designed to verify the critical specifications listed in Table
I-1. A > .formance Test Card is at the end of this section
for recording the results of the pesformance tests.

b3, Test Equipment Required.

54. Equipment rcquired for the performance tests and
adjustment procedures is listed in Toble 5-1, Recommended
Test Equipment. Equipment that satisfies the critical
specification’. given in the table may be substituted for a
recommended model.

NOTE
Throtighout the Performance Tests and Adjust-

ment Procedures, the -hp- Model 34658 is
referred to as Multimeter.

5-5. PERFORMANCE TESTS.
5-6. DC Voltmeter Accuracy Test.
5-7. A DC Standard is required for this test.

2. Set the Multimeter function to DCV (=== V) and
range to 20 M, Short the V& and COM terminals together
and adjust the display for 0.000, using the ZERQ ADJ on
the rear panel.

b, Disconnect the short and connect the DC Standard
between the VS2and COM terminals.

¢. Check all the dc ranges listed in Table 5-2 for the
tolerances indicated.

Ecwnon}

Do not apply more than 1000V, otherwise
damuge to the instrament may result,

Tahle 5-2, DC Voltmeter Accuracy Test.

C DC Standard Multimeter
LC Range Qutput Display Limits
20 mv + D.00100V 998 —1.002 mV
+ C.OOK00 V 4996 ~ 5004 mV
£ 001000 V 9595 = 10,006 mV
200 mv 2 0.01000 V 999~ 1001 mV
+ 0.06000 V 49.98 — 5002 mV
+ 010000 V 99097 - 100.03 mV
2 Vv + 0,10000 v 0999 — 1001 V
+ 050000 V A998 - 5002 V
+ 1,00000 V 8997 - 1,0003V
20 Vv t 1,00000 V 939 - 1001 V
+ 5.00000 V 4998 -6002 V
+ 10,0000 V 9897 —~ 10.003 V
200 v t 10,0000 V 999 1001 V
£ 50,0000 V 49908 -50.02 V
£ 100,000 V 9937 -10003V
1000 V + 100.000 V 898 - 1002 V
+500.000 V 499.7-6003 V
+ 100000 V 999.6 - 1000.4 V

58, DC Ammeter Accuracy Test.

59. This test requires the use of a power supply, a DC
Differential Veltmeter and a precision resistor listed in
Table 5-3 (part numbets are given in Table 5-1) or a resistor
decade box.

a, Connect the Multimeter and test equipment as shown
in Figuzre 5-1.,

POWER SUPPLY DIGITAL MULTIMETER
hp 6294A hp 3465A
o | C e
3
o @9 o ,@ o SYITHTRNTTITIIN Loy
T —

*OR EQUIVALENT

CIGITAL VOLTMETER
hp 34554

Jad s as0..%
O G
4 aadaa0
oG

A ddd s add I A

A OO

BABS B HIEY

Figura 5-1. DC Ammeter Accuracy Test.
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Table 5-3. DC Ammeter Accuracy Test. ‘

Multimeter Cutrent I456A Multimster

Range Level Ra VM Rending Display Limits
200 pA 10 uA 100k £ 0.01% | 1.0000V 998 - 1002 pA
BO pA B.0000 V 4986 ~5005 pA
100 pA 10,000V 99,92 - 100,06 pA
2mA JmA T kiT £ 0.01% 0000 V 0998 —.1002 mA
B mA 50000 V A995 — 5006 mA
1 MA 1.0000 V 8992 — 1,0008 mA
20 mA 1t mA 1kit : 0.01% 1,0000 V 8998 — 1,002 mA
BmMA 6.0000 V' 4993 —-5007 mA
10mA 10,000 V 9988 - 10.012 A
200 mA 10 mA 1012 ¢ 0.01% 30000 V 993 -10.07 mA
B0 mA E00Q V 49.69 —560.31 mA
100 mA 1.0000 V 99,39 — 100,61 ma
2000 mA 100mA | 101 002% 10000 V 59.3- 1007 mA
i 600 mA B0000 V 4969 — 503.. ' mA
i 1000 mA 1,0000 V 9939 - 1006 1 mA

| 'b. Connect the 100 kilohm £ 0.01% resistor in the Ra~ Table 5-4. Ohms Acc “at,

|
position as shown. Multimeter Resistive de whultimeter
o Range Satt- ‘ Display Limits
1 c. Set the Multimeter function to DCA (T==A) and 200 2 0 & 9%E -1002 O
range to 200 pA. Adjust the power supply output for a 50 n 4997 -E003 11
-fﬁ%SSA Voltmeter reading of 1.000 V. The Multimeter 100 0. 92,96 — 10004 2
cate 9.98 to 10.02 pA.
. rhould indicate H 2 knt 100 @& | 00991001 ki
! 500 0 A998 - 5002 kn
" 4. Check all the Multimeter ranges, using the values of 1 kD 8997 — 1,0003 kR
Ra and 3455A Volimeter readings shown in Tuble 5-3.
The Multimeter display should indicate within the limits 20 ket 1 ki 599 —1.001 kR
provided B kil 45998 - 5002 xn
) 10 kR 9997 - 10003 k3 |
|
5-10. Ohms Accuracy Test. 200 kit 10 ki2 959 - 1007 ki :
60 k1 4998 -- 6002 kil |
S-11. A precision resistive decade box will be required for 100 kit 99.97 -~ 100.03 ki2 |
this test, It should be calibrated and have a known accuracy 2000 k2 100 ki 999 — 100.1 kit 1
of .005%. 500 k2 4,98 -5002 kn i
1000 ki 999.7 ~ 1000.3 kit
. ect the equipment as shown in Figure 5.2,
3. Comn ipm g 20M } Mo 996 ~1.002 M
DIGITAL MULTIMETER 'g mg ;33; - ?;gg?' ::2

hp 3565

Pl "RESISTANCE
DECADE

o
F3Eeds BNNEXE) EJ 1——C

“FUED RESISTORS
WAY EE SUBSTITUTED.

FELLEY REE Y

Figure 5-2. Ohms Accuracy Test.

b. Set the Multimeter function to OHMS (§2)and check
all the ranges in Table 54 using the decade box to supply
the indicated resistances. The Multimeter display should
indicai within the limits provided,

512. AC Voltage Accuracy Test.

513. An AC Catibrator and High Voltage Amplifier will
be requised for the following tests.

52

2. Set the Multimeter function to ACV (~V). Connect
the AC Calibrator between the V2 terminal and COM
terminal. Be sure to connect the Calibrator sense Jeags.

b, Check the voltage ranges listed in Table 5-5 at each
frequency listed. The Multimeter should indicae within the
limits provided.

5-14. AC Ammeter Accuracy Test

5.15. An AC Calibrator, a 3455A Digital Yolimeter and
discrete resistors (Ra) indicated in Table 5.6 are required
for this test, Even throuph less accurate resistance values
are required for this test, It is expedient to use the resistors
specified in Table 5-1.

2. Set the Multimeter function 1o ACA (~ A} and runge
to 200 pA. Connect the equipment as shown in Figure 5.3
using a discrete resistor for Ra. (To select Ra, note the
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PERFUORMANCE TESTS

Table b-6. AC Voltage Accuracy Test.

Multimeter AC Standard Test Multimeter

Range Qutput Frequency Disptay Limits
200 my 10myv 40 Hz, 400 Hz, 10 kHz 9.93 - 1007 mv
80 mV 40 Hz, 1 kHz, 10 kHz 4987 — 50,13 mV
100 mV 40 Hz, 5 kHz, 10 kHz 99,80 — 100.20 mV
10myv 11 kHz, 15 kHz2, 20 kHz 9,80 — 1020 mV
50 mvV 11 kHz, 16 kHz, 20 kHz 49.€9 — 6040 mV
100 mv 11 kHz, 15 kH2, 20 kHz 99,35 — 100.66 mV
2 vV 100 mv 4D Hz, 400 Hz, 10 kHz 0393 -.,1007 V
60O mV 40 Hz, 1 kHz, 10 kHz A987 - 5013 V
1 Vv 40 Hi, 5 kifz, 10 kHz 9980 - 1.0020 V
100 mv 11 kHz, 15 kHz, 20 kHz 0980 - 1020 Vv
B0 mV 11 kHz, 15 kHz, 20 kHz 4360 - .5040 V
1 Vv 11 kHz, 15 kHz, 20 kH2 8960 - 1,0066 V
70 Vv 1 Vv 40 Hz, 400 Hz, 10 kH2 993 -1.007 V
B V 40 Hz, t kHz, 10 kH2 4987 -6013 V
10 Vv 40 Hz, 5 kHz, 10 kHz 9980 - 10020 V
1 Vv 11 kHz, 1B kHz, 20 kHz 980 — 1.020 v
B Vv 11 kHz, 16 kHz, 20 kHz 4960 -5.040 V
10 V 11 kHz, 15 kHz, 20 kHz 9,035 ~ 10.065 V
200 v 10V 40 Hz, 400 Hz, 10 kHz 899-1007 V
BO V 40 Hz, 1 kHz, 10 kHz 4987 -5013 V
100 V 40 Hz2, 5 kHz, 10 kHz 9980 ~10020 V
1 v 11 kHz, 16 kHz, 20 kHz 9.80~- 30,20 V
B V 11 kHz, 16 kHz, 20 kHz 43680 — 6040 W
100 VvV 11 kHz, 156 kHz, 20 kHz 09,35 - 10065 V
BQO Vv 100 V 40 Hz, 400 Hz, 1 kHz 993-100.7 V
600 V 40 Hz, 400 Hz, 1 kHz 493.7 -601,3 V
100 V 16 kHz,2 kHz 990-1010 V
BOG V 15 kHz,2 kHz 4370-5030 V

AC CALIBRAIOR
hp TASA
r ,
2
o DIGITAL MULTIMETER
QO hp 3465A
—= ol
[ o
o) ki Brkdalx 0;—4"
oy

DIGITAL VOLTMETER
hp 34554

XX} PRI

EREE R o4

PR

O G
FIFIE PRy ;
P °

o

RN At 1

"0R EQUMALENT

Section V
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Figure 5-3. AC Ammater Accurscy Test 200 pA Through 20 mA Range.
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Section V-

value of R 25 directed in Table 5-6 and install the part
number [ndicated In Table 5-1. A resistor decade box WILL
NOT provide the accuracy required of Ry, because of the
intreduction of wire-wound resistor inductance by the de-
cade box),

b. Set the AC Calibrator frequency to the desired test
frequency indicated in Table 5.6.

¢. Adjust the AC Calibrator amplitude for a 34535A
Digital Voltmeter display as Indicated in Table 5-6 for the
range and current level being tested.

d. REMOVE the 3455A Digital Voltmetcy from the test
setup.

e, Verily the Multimeter Display Limits as indicated in
the last column of Table 5-6.

f. Reconnect the 3455A Digital Voltmeter as shown in
Figure 5-3.

g. Repeat Steps b through f for each frequency, range
and current level listed in Teble 5-6. Change Ra as indi-
cated for each current level.

NOTE

The procedures up to this point have verified
the accuracy of all circuitry associated with the
ac current ranges, except the 200 mA and 2 A
shunts and their asseciated wiring. Even though
the following steps do not check these shunts
over the 40 Hz to | kHz frequency range, it s
considerced odeguate. An alternate procedure is
offered 1 cover the full current-frequency

PERFORMANCE TESTS

Model 34658

h. To check the 200 mA and 2 A ranges, it is necessary
to use an g current source capable of these current outputs
sich as the 6920B Meter Calibrator. Set the 69208 OUT-
PUT switch to OFF and replace the AC Calibrator with the
6920B.

i, Set the 6920B FUNCTION switch to AC and RANGE
switch to 100 milliamperes. Adjust the digital potentio-
meter readout control to provide a 10 mA output.

j- Set the OUTPUT SWITCH to ON HOLD. Verify Mul-
timeter Display Limits shown in Table 5-7.

k. Return the $920B OUTPUT SWITCH to OFF before
changing ranges. Adjust the 6920B for the 100 mA range
outputs listed in Table 5-7 and verify the Multimeter Dis-

“play Limits.

1. Change Multimeter range to 2000 mA and verify Mul-
tinieter Display Limit for the 100 mA input.

m. With the 6920B OUTPUT switch at OFF, change the
69208 range to 1A. Check the Multimeter Display Limits
for the 500 mA and 1000 mA inputs indicated in Table 5-7.

5-16. Alternate AC Ammeter Accuracy Test (200 mA/
2000 mA, 40 Hz to 1 kHz).

5-17. Hewlett-Packard Models 201C, 6825A, 3455A and
precision discreet resistors are required for this test.

NOTE
A 0.1 Q100 mQ0 resistor is used us the cur-
rent sensor. Inzccuracies may be introduced
due to contact resistances. Due precautions

combination. must be exercised to attain required accuracies.
Table 5-6. AC Ammeter Accuracy Test (200 pA Through 20 mA).
Current 3455A ACA {(~A)
Frequency Range Level RA Reading Display Limits
10 pA 100k | 1.0000 V 9.51 . 10.09 uA
100 Hz 200uA | yogua 100k | 19800V | 198.25 - 199.85 uA
J mA 1 ki) 40000V | .0991- .1009mA
1 khHz 2mA | 1’99 ma 1kid | 1.9900v | 1.9825-1.9985 mA
1mA 1k0 2.0000 v .992- 1.008 mA
1 kHz 0mA 1 599maA 1k | 19900V | 19.825-19.985mA

54
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Table 6-7, AC Ammeter Accuracy Test, 200 mA

and 2000 mA Ranges,
Muttimeter | Quiput Metar Multimeter
Range Catibration Display Limits

200 mA 10mA 987 - 10,13 mA

L i
60 mA 49,65 - 5045 mA
100 mA 99.156 — 100.85 A
2000 mA 100 mA 88,7 -101.3 mA
R0 mA 4965 - 6045 mA
1000 nvA 9916~ 1008.6 mA

a. Connect the equipmen* as shown in Figure 5.4,

b. Ser -hp- Madel 5825A 1) amplifier mode and gain 1o
X4,

. Set the Multimeter FUNCYION to ac amps (~A) and
range to 200 mA.

5-18. Refer to Table 5-8 for the following steps.

a. Set -hp- Model 201C to the desired test frequency
indicated.

b. Adjust -hp- Model 201C amplitude for the 34554
reading indicated.

c. Verify that the Multimeter display is within iimits
indicated.

d. Repeat Step ¢ (Paragraph 5-17) and Steps a through ¢
{Paragraph 5.1} for each frequency and rarze indicated.

5-19. AC Normal Mode Rejection Test.

5-20. AC normal-mode rejection is the ratio of the peak

PERFORMANCE TESTS

Section V

Table 6-8. Alternate AC Ammeter Accuracy Test 200 mA
and 2000 mA Ranges.

Test Muitimeter | -hp- 3455A Multimeter
Freuencies Range Reading Display Limits
{Hz) {mA) Vi
200 0.00100 9.87 - 10.13
40U 0.00500 49,65 — 50.45
400 0.01000 99,16 — 100,85
+N00
2000 0.01000 88.7 -101.3
0.05000 495,56 — 504.5
0.10000 6916 —1008.5

normal-mode voltage to the resultant error in reading.

NMR(dbf 20l0g,, [Feakac superimposed voltage
Effect on reading (peak volts)

An AC Calibrator, an Electromic Couater, a | pF capacitor
(hp- Part No, 0160-3407) and a 22 kS2 resistor (-hp- Part
No. 0757-1087) are required for this test.

a. Conncct the test equipment as shown in Figure 5.5.
Do not connect the Multimeter at this time,

b. Using the Electronic Counter as a monitor, adjust the -
AC Calibrator frequency to 60 Hz £ 0.1%.

¢. Set the Multimeter function to DCV (T== V) and
range to 20 V. Short the Multimeter input and note the
indication.

d. Disconnect the short and connect the AC Calibrator
to the Multimeter input. Adjust the C:librator output to
7.07 Vrms {10 V peak).

e. The Multimeter indication should nol vary more than
007 V from the indication noted in Step C. This verifiesa
normal-mode rejection of greater than 60 dB,

f. Change the AC Calibrator frequency to 1592 li,. The
Multimeter display should indicate .7071 ro 1,000 vurify-
ing a shunt ¢apacitance less than 100 pF.

AUDIO
OSCELLAT@
hp 20iC POWER
( AMPLIFIER MU%EWTER
® hp 6825A DIGIT% YOLTMETER ho 34657
O | P TR Ll
4344344333400 9OF I 4008 20N J
. o .
¢ 0o o o “OR EQUIVALENT
©) S | Py o oo |
\\=?: g) I L LON INDUCTANE AAA
0 Col120u0A%
RaIR Gl 1440-9658
S !l‘i—l*‘l,l
Figure 5-4. AC Ammeter Accurscy Test 200 mA and 2000 mA.
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1
'
T ELECTPOMIC COUNTER
hp 5300A
c o @ 0 0 © Qaot S
@ 8 8 6868 8 — DIGITAL MULTIMETER
QO » e OO0 hp 346% -
11 o . - :
® od FYTTITIRTSE2IT] _SJ
LAY -
*OR EQUIVALENT 3aax J
- aLh- B -Aw

Figure 5.-5. AC Normai-Mode Refection Test.

521, AC Effective Comman-Made Rejection Test,

$.22. An AC Calibrator, an Electronic Counte. and a 1 k{2
® {% resistor are required for this test.

a. Connect a | k1 resistor between the V& and COM
terminals.

b. Set the Multimeter function to DCY ( === V} and
rapge to 20 mV, Note the Mubtimeter indication, -

¢. Connect the AC Calibrator to the Multimeter as
shown in Figure 5-6.

d. Using the Electronic Counter as & monitor, set the
AC Calibrator frequency to 60 Hz £0.1% (50 Hz 2 0.1 if
operating Multimeter from a 50 Hz source).

e. Adjust the Calibsator output to 7.07V s (10 V
peak).

f. Note the Multimeter indication. The reading should
not vary mare than 10 microvolts from the reading noted in
Step b verifying 21 ac common-mode rejection of greater
than 120 dB.

5.23. DC Voltmeter Input Resistance Tast

5.24. A DC Stondard and a 10 M £ 0,19% resistor (or
equivalent) are required for this test.

a. Connect the Muitimeter, DC Standard and resistor as

shown in Figure 5.7.

b. Set the Multimeter function to DCV ( ===V} and
range to 20V,

¢. Connect a jumper acros the 10 M2 resistor and
adjust the DC Standard to provide a Multimeter display nf
+ 10.000,

d. Remove the jumper from the 10 MQ resistor. The
Multimeter display should indicate 4,975 to 5025 veri-
fying an input resistance of 10 M2 ¢ 1% on the 20V
through 1000 V raages.

¢. Change the DC Standard output v 0 V ond change
the Multimeter range to 2 V. -

f. Connect a jumper across the 10 MQ resistor and
adjust the DC Standard to provide 1 Multimater display of
+ 1.0000.

g. Remuve the jumper from the 10 MQ resistor. The
Multimeter display should [ndicate 9990 or greater veri-
fying an input resistance of = 10'% on the 20 mV through
2 V ranges.

5.25. AC Voltmeter Input Impedance Test.

5.26. An AC Calibrator and a | MS2 % 0.1% resistor (or
equivalent) are required for this test,

a. Conne:st the AC Calibrator and a 1 M resistor as
shown in Figure 5-8. Connect a jumper across the resistor.

AC CALIBRATOR
fp 7454

DIGITAL MULTIMETER
00 0 0 O O 0o np 3465
8 __hp 3483
: E 68 0008 ELECTRONIC COUNTER - ﬂ'
CEOIT I hp 3300A* ™
QO @ A300s4 1I3331) OJ ti%
D OTD o : o G
o} dodP - o O OT
“OR EQUIVALENT <
Vaab- 8- 420F
=

Figure 5-3. AC Effective Common-Mode Rejection Test.
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DC STANDARD
hp 7408°% DIGITAL MULTIMETER
P 3 hp 3465 _ﬂ
&) |- T3 o
0 ; ddadan saakiyy 2J
BARAG
@ @
"O0R ECUIVALENT
DUTPUT CABLE |® ©
ho 110558 o9
l tJ 1OM 30l %
{ I I 1a68-g-47Nn ~
Figure 6-7. DC Voltmeter Input Resistance Test.
b. Set the Mvltimeter function to ACV (~ V) and range an Input impedance resistive component of § M} £ 1%,
to2V. e. Maintain the AC Calibrator at 40 Hz and adjust the
¢. Set the AC Calibrator frequency to 40 Hz and adjust
the output amplitude for a Mullimeter display of 1.0000.

output amplitude for 2 Multimeter display of 1.0000.
d. Remove the jumper from the | MSE resistor. The

f. Change the AC Calibrator frequency to 1592 Hz. The
Multimeter display should indicate .4975 to .5025 verifying

Multimeter display should indicate .7071 to 1.0000 verify-
ing a shunt capacitance less than 100 pF.
A
< Qe
DIGITAL MULTIMETER
UG 0 0 0 O ooo fp 3485
B B B & 8 8 "OR EQUIVALENT ) [
—)
0 Ooaoaorm e s i |9
o o o )
] 0009
CT" M10U%
b et w a2r7

Figure 5-8. AC Valtmeter Input Impedar.ce Test.
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ADJUSTMENT PROCEDURES

5:27. ADJUSTMENT PROCEDURES.

Adjustment Procedures of Section V are in-
tended for qualified service personnel only. To
reduce the possibility of electrical shock, only
qualified personnel are to perform maintenance
duties.

5-28. The following procedures should be performed only
after it has been determined from Performance Tests that
the Multimeter does nat meet specifications. If any
adjustment in these procedures cannot be made, refer to

the troubleshuoting procedures of Sectfon VIL. Location of

the Multimeter adjustments is shown in Figure 5-9. Test
equipment to be used for adjustments are as specified in
Table 5-1.

5-29. Disassembly Procedure.

a. Tum the Multimeter off and disconnect the ac
power,

b. Remove four screws from the bottom shell.

¢. Place the Multimeter right-side up with the front
panel facing to your left.

' Y
( we o ey -
ZERO ADJ . Do
PO INPUT = | ZHZ 8tz ol W e e @ OO 6
AMP GAIN ADJ) Rl N % b S N Bhvvie
LT -t - iR -
" T — e et il —
by oy AL o o the
_n@ - --M- r ©"§2‘® won = il "@
—— ':5:._‘ hrosbuntiuail et » AC CONVERTER
s —ca— HIGH FREQ. AD)

20 MO ADS —__|

INPUT AMPLIFIER
BALANCE ADJ

AC CONYERTER
e 200 MV 8rnd 20V
2 k2 HIGH FREQ. AD)
ADJ
0 O | e
(6] asom 5 -7 - AIN ADJS
MM L 5331 @ ! (K@ é’,“'H'H Hom i L
. . @ $ pse- M u:
POWER SUFPLY
INPUT ™ JUMPERS
AMPLIFIER
GAIN ADJ J—
/.[\_" ™~ AC CONVERTER

OVERALL GAIN ADJ

D e — = == =

\ HIGH FREQ.

ATTEN ADJ

[

Al
+hp- Part No. 0346566631

Figure 5-9. Multimetar Adjustment Location.
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d. Remove top shell and disconnect pawer supply cable
{red/black).

e. Disconnect the A2 pc assembly from the Al pc
assembly and fold over the front panel. Do not disconnect
the ribbon cable.

f. Remove four spacers.

g. Remove one scerew in the center of the Al pe assem-
bly.

h. Reconnect the A2 pe assembly to the Al pe assem-
bly.

i. Invert the Multimeter so that it rests on the front
panel and the A2 pe assembly.

i~ Remove the bottom shell.

k. Reconnect the Power Supply cable and the ac power.

NOTE

After use of a soldering iron, flux remover or
freon on the Al Assembly, alfow 10 to 15 min-
utes for the instrument to thermally stabalize
before an adjustment is performed, If cleaning
solvents or flux removers are used, they must
be residue-free or be rinsed away. Residues on
the instrument surfaces may cause instabilities
or ingceuracies.

§-2%. Power Supply Adjustment.

5-31. Power Supply + 10 V Reference Voltage Adjustment.
Coarse adjustment of the + 10 V reference voltage is made
by selecting the proper combination of power supply jump-
ers designated 1, 2, 4, 8 and 16, Coarse adjustment is neces-
sary whenever the + 10 V reference cannot be adjusted with
AIR89 and Jumper JR(+ 10 V ADJ - fine zdjustment) to
ubtain a display of 1.0000 for 3 1 V dc input, This can
occur after replacement of AICR17, AIR7S5 or A1UIL6 or
because of the long-term drift of the AICRIT zener
voltage.

5-32. Power supply jumpers 1, 2, 4, 8 and 16 parallel
resistors in AIR75 which are used as a regulator feedback
network. Removing a jumper decreases the + 10 V refer-
ence voltage and results in an increase in the Multimeter
display for z given input.

5-33. A LC Standard is required for this adjustment.

a. Set Multimeter function to DCY (=== V) and range
to2V.

b. Apply + 1 V d¢ from the DC Standard between the
© V82 and COM terminals.

ADJUSTMENT PROCEDURES

Section V

¢. Note and record the Multimeter display.

d. Refer to Table 59, Power Supply Jumpers. Locate
the line with LO and HI reading ilmits that bound the
Multimeter display recorded and r ste the jumper combina-
tion. (If reading is vut of range o1 iable, check AICRI7 for
6.95V 20,25V, AIR75 and Al1U16).

¢. A 0" means 10 remove jumper; a **1™ means leave
jumper In place. Introduge the jumper combination noted
in Step 3.

f. Adjust AIR89 (+ 10 V ADJ) for a Multimeter display
of + 1.0000 & 2 counts. If the adjustment range of A1R89
is insufficient, remove jumper JR.

NOTE

If a display of + 1.0000 cannot be attained with
AIRBY after installing the proper jumper com-
binotion, @ new jumper cotitbination must be
selected, If the + 1.0000 display is low, install
the jumper combination from tke line in Table
5-8 preceeding the fumper combination
jnstalled, If the + 1.0000 display is high, install
the jumper combination from the line in Tuble
5-8 succeeding the jumper combination
installed.

534, Input Amplifier Adjustments.

5-35. Input Amplifier Gain Adjustment {R76). A DC
Standard is required for this adjustment,

a. Set the Multimeter function o DCV (=== V} and
range to 20 m.

b. Connect a short actoss the input terminals (V2 and
COM) and adjust the Multimeter display for 0.000 with
R25 (rear panel ZERO ADJ).

¢. Remove the short from the inpul terminals and apply
+ 10 mV to the input terminals from the DC Standard.

d. Adjust R76 {INPUT AMP GAIN ADIJ) for a Multi-
meter display of + 10.000 £ 3 counts.

5-36. Input Amplifier Balance Adjustment {REO/R51 po-
tantiomater), The input amplifier balance adjustment must
be performed if 41015, AW or AIRTS are replaced. A
voltmeter 1s requhied for this atjustment.

a. Set Multimeter function to DCV (ZZ= V) and range
to2V.

5%
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Section V

Table 5-9. Power &:-pply Jumpers.

READING POWER SUFPLY JUMPER
LO Hi 16 | & 4 2 )
NOTE 1 8961 0 0 0 0 0
B962 5984 0 0 0 1] 1
B985 8008 0 0 (] 3 o]
8009 8032 1] 0 0 1 b
0033 9067 Q Q 1 o Q
9068 8082 1} 0 1 0 1
5083 9108 0 0 1 1 0
9109 8134 0 1] 1 1 1
9135 9161 0 1 0 0 Q
9162 9189 0 1 0 4 1
9190 N7 0 1 0 1 0
9218 9245 0 1 0 1 1
8246 82714 n 1 1 0 0
0276 9304 [ 1 1 0 1
H305 9335 0 1 1 1 0
5336 8366 0 ) 1 1 1
9367 0397 1 0 0 0 (v}
9398 9420 1 0 0 0 1
8431 9463 1 4] Q 1 [+]
8464 8497 1 0 1] 1 1
54498 85632 1 [ | 0 0
L9533 .9568 1 (1] 1 0 1
9569 8604 1 0 1 1 4]
8605 8641 1 0 1 1 1
0642 0680 t 1 0 0 0
9681 8718 ] 1 4] 0 1
8720 9769 1 1 0 1 0
3760 9600 1 1 0 1 t
5801 0843 1 1 1 c 0
8844 9886 1 1 1 0 1
0esy 8330 1 H 1 1 0
9531 NOTE 2 1 1 ) 1 1

»g” = Remave Jumper
#1** = Leave Jumper In Place

NOTE t. For Readings [¢ss than 8922, adjustment can-
not be made, Check AICR17 zener voltage
for 696V £ 025V,

NOTE 2. Adjustment cannat be made for readings

greater than 1.0000. Check AICR17 zener
voltage for 695V : 0.25 V.,

b. Connect ground to the gate of AlQlé at the
junction of AICY.

. Connect the Digital Volimeter to DCTP.

d. Adjust RSO/RS1 for a Digital Voltmeter reading at
DCTP of leti than 1 mV.,

5.37. Ohms Conveeter Adjustments {RS8 and RE3}.

5-38. A ‘Digital Voltmeter a | k€ £ 0.01% resistor and a
10 MS2 + 0.01% resistor are required for this adjustment.

a. Set Multimeter fupction to OHMS (§2) and range to
2K

b. Short the Multimeter input terminals (VG and COM).

c. Connect Digital Voltmeter to junction of AIR78 and
Al1Q25 gate, ‘

d. Adjust AIR69 (20 MQ ADJ) for a Digital Voltmeter
reading of <0.5 mV.

5.10
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e. Remove the input short and the Digital Yoltmeter.

£ Put the 1 k§2 resistor across the Input terminals .id
adjust AIR58 (2 k2 AD)) for Maltimeter display of
1.0000 £ | count, If R58 does not have enough range to
achieve this display, cut jumper B to introduce AIR37 and
readjust ALRSS for the 1.0000 2 | count display.

g. Change Multimeter range to 20 M.

h. Remove the 1 kQ resistor at the input terminals and
apply a 10 MS2 resistor across the input terminals. Adjust
ALR69 for a display of 10,000 £ 3 counts.

i. Remove the 10 M§Q esistor at the input and change
ratige to 2 K.

Repeat Steps f, g, b, and i (2 k2 ADJ and 20 MS2
AD?) until both adjustment specifications of Steps fand h
are met -

5-39. AC — DC Converter Adjustments.

5.40. AC Overall Gain Adjustment {R204, J11, 112, R206,
R208). An AC Standard is required for this adjustment,
Set the AC Standard for an output of 1 V ac at 200 Hz.
Set the Multimeter FUNCTION to ACV (~ V) and RANGE

to 2 V, Connect the AC Standard output to the Multimeter
V2 and COM rerminals.

6-41. Procedure.

a. Adjust R204 for a Multimeter display of 1.0000 V
ac.

b. If R204 has insufficient adjustment range, clip open
JiL

¢. 1f there is.still insufficient adjustment range, clip
open J12.

d. If there Is still insufficient adjustment range. clip vut
R206.

e, If there is still insufficient adjustment range, clip out
R208.

542, AC Converter High Frequency Adjustment {CA5).
An AC Standard is required for this adjustment,

a. Set Multimeter function to ACY (~ V) and range to
2V, )

b. Apply a 0.} V, 20 kHz signal with the AC Standard
to the input terminals,

¢, Adjust AIC45 (CONVERTER HIGH FREQ ADJ) fur

. a Multimeter display of .1000 £ I count.

d. Maintain the AC Standard for the following adjust-
ment.




Model 3465B

543. AC Converter 200 mV and 20 V High Frequency
Adjustment {C42}, An AC Standard Is required for this
adjustment.

a. Set Multimeter function tv ACV (~ V) and range to
200 m.

b. Apply a .1 V, 20 kHs signal with the AC Standard
to the input terminals.

¢, Adjust AIC42 (200 mV and 20 V High Freq. Adj.)
for a Multimeter display of 100,04 £ | count.

d. If adjusting AIC42 does not bring the Multimeter
display within limits, clip out AIC48* and adjust AIC42
for a display of 100.04 £ | count,

e¢. Maintain the AC Standard for the following adjust-
ment.

ADJUSTMENT PROCEDURES

Section V

5-44. High Frequency Artenuator Adjustment (C22). An
AC Standard is required for this adjustment,

a. Set Multimeter function to ACV (~ V) and range to
20V.

b. Apply a 10V, 20 kHz signal witn the AC Standard to
the input terminals,

¢. Adjust AIC22 (High Freq. Auen. Adj.) for a Multi-
meter display of (0.016 £ 2 counts.

d. Remove AC Standard from input teiminals.

5-11/5-12
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PERFORMANCE TEST CARD

+

Tests Performed By

Hewlett-Packard Model 34658
Multi= ‘er Date
Serial no.
| i
PARAGRAPH TEST . TESTLIMIT ot
56 OC voltmaeter Accuracy
20 mV Range , ;
= 998 -1.002 mV -_—
(BmMV 4996 — 5,004 mV — e
10 mv 93965 - 10.005mV N
10 my 893 —-1001 mV — ——
'50 mV 49.98 ~5002 mV -
100 mv 99.97 - 100,03 mV —e
2 V Range
Toav 0999 — 1001V —
o5V A998 — B002 V - —
10V 9997 - 1.0063 V = — s
20 V Range
v 999 - 1.001 v ———e s,
(AT 4998 -65002 V ————
oV 9997 - 10003 / S
200 ¥ Range
10V 999 ~1001 V [ —
BOV 4998 —60.02 V U,
100V 9997 —100.03 V S
1000 V Range
oV %98 ~1002 V -
50OV 4997 - B003  V e
1000 V 9096 — 10004 V e e e
68 T Ammater Accurecy
200 pA Range
10 pA 998 ~10.02 pA U —
50 pA 49.95 — 6005 pA ——
100 pA 89,92 - 100.08 gA e
2 mA Range
0,1 mA 0998 ~ 1002 pA e
05 mA A995 - 5006 pA e e
1.0mA 9992 ~ 1.0008 pA ——
20 mA Range
1 mA 0998 — 1.002 mA —
5mA 4893-5007 © A —
10 mA 9988 -- 10.012 mA N
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PERFORMANCE TEST CARD {cont'd}

P TEST
PANHUAMG:E‘; H TEST TESTLIMIT RESULT
68 200 mA Range '
{cont’d) 10mA 09,393 - 1007 mA
EO mA 49,69 -~ 50.31 mA ————
100 mA 99,39 —~ 10061 mA e e
2000 mA Range
100 mA 099.3-100.7 mA S ——
500 mA 46869 ~ 603 mA ———
1000 m:A 9939 -~ 1006.1 mA et e
6-10 Ohms Accuracy
200 11 Range
1on 0998 -010.02 0 ————
500 4397 -5003 ——
wocn 9986 10004 0 P
2 kil Range
[+A R 1] 0999 - 1001 k2 O ——
05 kik A398 ~ 5002 kil S —
1 kN 9997 ~ 1.0003 kN —
26 k2 Range
T 599 -1001 kR -
B kit 4998 - 5002 k5 ——
' ke 9997 — 10.003 k12 ——— .
200 k12 Range
10k 9599 ~1001 kf e
BO k11 4998 - 65002 kO e e
100 k53 99,97 - 100.03 k51 —_—
2000 ki Hnni?
100 k$t 999 -100.1 kil e
500 kiR 4998 —600.2 ki1 [
1000 kit 999.7 - 1000.3 k§t ——
20 M2 Range
1 M1 0998 —1.002 M2 R —
5 Mt 4934 - 65006 M2 P
10 M2 9989 - 10011 M2 R —
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200 mV Range
A0 Hz o 10 kH2
10mvV
50 mV

100 mv

10 kH2 — 20 kHz
10 mv
BO mV
100 mV

2 V Range

40 Hz — 10 kHz
oav
05V
1oV

10 kHz — 20 kHz
AR
05V
10V

20 V Range
40 Hz — 10 kH2
1V
BY
10V

10 kHz ~ 20 kHz
v
5V
1oV

2046 V Range
40 Hz - 10 kHz
oV
B0V
100V

10 kHz - 20 kHz
v
B0V
100V

500 V Range
40 Hz — 1 kHz
16V
500 V

't kHz -2 kHz
100V
500 V

993 -1007 mV
49.87 ~E0.13 mV
09,80 — 100.20 mV

B0 —10.20 mV
49.60 — 6040 mV
99,36 - 100.66 mV

0993 ~.,1007 V
A987 - 6013V
538010020 V

0980-.1020 V
A960 — 5040
8935 - 1.0065 V

<

o

593 1007V
4987 -6M3
9980 —10020 V

<

880 -1020 V
4960-5040 V
9935 —10.066 V

983 1007 V
49 87 - 56013
9980 - 10020 V

<

880 ~1020 V
49,60 - 6040 V
§3.35 - 100.66 V

§9.3 -1007 V
498.7 -600.3 V

90 - 110V
49705030 V

PARAGRAPH TEST
NUMBER TEST TEST LiMIT RESULT
6-12 AC Vaoltage Accuracy
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PERFORMANCE TEST CARD (cont’d)

PARAGRAPH TEST
NUMBER TEST TEST LIMIT RESULT
B-14 AC Ammatar Accuracy
200 pA Range
10 A
100 Hz 9.9 — 10,09 pA
199 pA
100 Hz 198.26 — 199.86 mA
2 mA Ranpe
0.1 mA
1 kHz 0991 ~ 1009 mA
1,99 mA
1 kH2 1.8026 — 1.8986 mA N
20 mA Ronge
1 mA
1 kHz 892 ~ 1.068 mA
19.9 mA
1 kHz 19,8256 — 12,986 mA
200 mA Range
10maA 9.87 - 10.13mA
60 mA 49.66 — 5|0.45 mA
100 mA 99.16 — 100.85 mA —
2000 mA Range
100 mA 98.7 - 101,.3 mA
500 mA 495.6 — 604.5 mA ————
1000 mA 991,56 — 10UB.EmA
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PERFORMANCE TEST CARD (cont'd)

PARAGRAFH TEST
NUMBES TEST TEST LIMIT RESULT
B-16 Normal Mode Hejection < 007 v (GO dB) e
617 i, Common Mode Rejection <104V 12 dB) I
6-20 DC Input Resistance
20 V — 1000 V Range 4876 - 65026 {10M) —
2mV ~2 V Range > 9930 110'® ohmy) [
6-22 Input Impedunce
Resistive compaonent 4975 - 6025 [ —
Shunt capacitance J071 - 1,0000 —— e
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Section VI

SECTIGN V!
REPLAGEABLE PARTS

61, INTRODUCTION,

6-2. This section con'zins information for ardering replace-
ment parts. Table 6-3 lists pasts in alphameric order of their
reference designators and Indicates the description, -hp-
Part Number of each part, together with any applicable
nates, and provides the following:

a. Total quantity used n the instrument (Quy column),
The total quantity of a part is given the first time the part
number appears. '

b. Deseription of the part. (See list of abbreviations in
Table 6-1.)

¢, Typical nanufacturer of the part ks u fivedigit cosz.
(See Table 6-2 for list of manufacturers.)

d. Manufacturet's part pumber,

6-3. Miscelancous pa:ts are listed in Table 6-3 following
thejr resp:2tive assemblies. General miscellancous parts are
listed at the conclusion of Table 6-3.

8-4. ORDERING INFORMATION.

6-5. To obtain replacement parts, addzess worder or miquiry
to your local Hewjett-Packard Ficld Office. (See Appendix
A for list of office locations.) Identify parts by their
Hewlett-Packard part numbers. Include: fnstrument madel
and serial numbers,

6-G. NON-LISTED PARTS.
67, To obtuin a part that [s not listed, include:

2. Instrumend model number,

b, Instrument seriat number,

¢. Deseription of the part.

d. Function and logation of the »art.

68, PAF.IS CHANGES.

69 Components which have been changed are so marked
by one of three symbols; f.e., A, & with a letter subscript,
¢.g., A, ur & with 2 number subscript, e.g., 89, AD with
no subseript indicates the component listed is the preferred
replacement for an earlier component, A & with a letter
subscript indicates a change which is explained in n note at
the bottom of the page. A & with o number subscript
indicates the related change Is discussed in backdating
(Section VII). The number of the subscript Indicates the
number of the change in backdating which should be
reterred Lo,

6-10. PROPRIETAR® PARTS,

611, Items marned by u dagger (1) 1 the reference
designator column n.e available only for repalr and service
of Hewlett-Packa.d instruments.

fuhle §-1. List of Abbrevistions.
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Takls 2.2, Code List of Manufacturers.

Model 34658

MFR NQ. MANUFACTURER'S COOE LIST AQDF.ESS

00000 U.S.A, COMMON ANY SUPPLIER OF USA

01ED QHARA METAL PRODUCTS SAN FRANCISCO CAL 84107
01124 A.LEN BRADLEY CO, MILWAUKEE Wi 63212
01295 TEXAS INSTRUMENT INC, SEMICONDUCTOR CMPNT DIV, | DALLAS TX 75201
01666 RCL ELECTRONICS INC. MANCHESTER NH 102
02740 RCA CORP, SOLID STATE DIV, SOMMERVILLE NJ 08876
oisss PYROFILM CORP, WHIPPANY NJ 07981
04712 MOTOROLA SEMICONDUCTOR PRODUCTS PHOENIX AZ 86008
12954 DICKSON ELECTRONICS CORP, SCOT,SDALE AZ B5262
14140 EDISON ELEK CIV MCGRAW-EDISON MANCHESTER NH 03130
18293 CORNING GLASS WORKS ELEC CMPNT DIV, RALEIGH NC 27604
17866 SILICONIX INC, SANTACLARA CA 96050
18701 MEPCO/ELECTRA CORP, MINFAALWELLS TX 16067
24546 CORNING GLASS WORKS (BRADFORD} BHADFORD PA 16701
21014 NATIONAL SEMICONDUCTOR CORP, SANVA CLARA CA 85051
28480 HEWLETT-PACKARD CO. CORPORATE HQ PALC ALTO CA S4104
32937 BOURNS INC TRIMPOT PROD DIV, RIVEASIOE CA 8270
55289 SPRAGUE ELECTRIC CO. NORTH ADAMS NA Q1247
71400 BUSSMAN MEC DIV OF MTGRAW-EDISON CC, 5T LOUIS MO 63017
72136 ELECTRO Mi)1,VE MFG €O, 'NC, WILLIMANTIC CT 06276
73138 AECKMAN INSTRUMENTS INC HELIPOT DIV. FULLERTON CA 92634
74870 JOHNSONE. F, L2 WASECA MN 66093
8441 TRW CAPACITOR DYV OGALLALA NE 69163
91506 AUGAT INC ATTLEBORO MA 02703
856121 QUALITY COMPONENTS INC ST MARYS PA 16867
28291 “EALECTRC CORP, MAMARONECK NY 10644

uality Instrume ]




Table 3-3. Replaceable Paris

Reference Mfr
p umber| Q Descriptio Mir Part Number
Designation HP Part Number | Gty gscription Code
A 046566631 ' PC ASIEMBLY, MAIN nue 02466~ 66631
AQY 01400207 3 CAPACITOR .FXD JNPE + By JUNYY 'L VICA 12128 DMIBFA?TI0300WVICA
Al ©? (LR 1 CAPACITOR-FXD 1QUF »-10% 20¥BC yAeROLID b6 1500106 M 00309 7
AV € 0150 007D ! CAPACITON - FXD 4OOPF » -5% 1OWVNC CER <BABO QLG 0071
Al €A 0160 DESD 1 CAPACITOR -FAD VUF » - 1G% EQVDC POLYL 7 0160-0889
AV €5 QIO - 1143 ] CARACITOR FXD tUFe 1Mk 36Y0C ThS0LD %5289 FEQCIOAXD0TuA
At C6 L7 R 1 CAPACITOR -FXD 056U+ »-10n WYL PGLYE HA280 FHFREIR?
Al €1 01t} - 2201 1 CAPACITOR- FN{} 300PF +.5% MAMVDC INCA 28480 01t 2707
Al €H.C9 0150 0071 CAPACITOR . FXD 4DCPF »-Bn J0OTAYDL CER JHAED 0180-0071
A C1O 0170-00% ¥ CAPACITOR  FxD LUF +- 0% J00WAOC POLYE oE e IIPLCA0Y
At Q12 G160 - 2204 \ CAFACKTOR - B XD 100PF »-54 NEMVOC MICA IB4Y0 G160 - IXH
Al T1D 0160~ 7040 H CLPACITOR -F XD IPF + - 6% HAVOC MICA 8450 01301048

I
A) €16 0180016} ! CAPACITOR-FAD DIUF -5 20 vOC POLYE PBABO 0'60-0183
At 18 OIED - 0219 1 CAPAGITOR -FXD JIUF - 20 ¥SVOC TA [ v ] LH0DAIEXNNBAT
AL 1Y 0160 - A7 1 CAPACITOR .FX) 44 UF 010 28480 0140 4342
At €20 0160 - 2206 ? CAPACITOR -FAD 1J0FF +-5% JOWVDC MICA 2B4EQ Q180 2,05
AN 0160 0362 [ CAPACITGR -FXD BIOPF +-f% J00WVDC MICA 78480 060 0362
AY €22 [HFIR TP t CAPACITOR - VAR TRMR_AIR, |49 77F 1410 120 - 0503 - 00
AL C2D w01 ' CAPACITOR - FXD 106PF »- ki% 1000VDC 58756 CO7BDIOIEINKS?? TOH
A €24 0180 - OFR L CAPACITOR-FXD ZJUF »-10% 15v0C TA-50LIO 66280 1500226 X901 582
10T 21400007 CAPACITQR -FXD 130PF  -5% SODWVLC MICA %6 DMIEF 1110500V ICR
Al €76 016G 0278 CAPACITOR . FXQ 27UF + 10N 15VOC TA-30LID o629 1500276 X 901883
AT C27 01 Qb2 . CAPAF T Zn . 7t LAUE +- T 400WYDC CER 28AXY sl 0082
At €28 16 - 2605 | CAIAGITOR -FXD 0,Ub 280 -20% JEwVDC CER 78480 G160 - 5605
AL CT) 01043- 0887 ' CAPACITOR-FXD 4700PF » -3 2000VDC POLYE 567bt 29IPAT192
A1 LI DIt PAY 1 CAPACITOR -FND OTUF +80-J0% 10MWVDC 26480 0160 - 205b
At € Q160 0xd7 1 CAPACITOA FRD QIUF »- B3 200 VOC 28480 0180 0207
Al €32 0180 17X4 [3 CAFACITOR -FXD JUF +-10% 10VOC TA-S0LI0 20480 0180 - 0566
At €33 0160- 0153 [ CAPACITOR -FXD TOOUPF +-10% J00WVDC POLYE 54769 292010202
A €13 C3B MBY b6 CAPACITOR-FXD JIUF - 10% 10VOC TA-SOLID 28480 0180 V568
Al CJ6 - CIB QIAD- 068 3 CAPACITCR-FXD UMl + - 10y 200MVDC POLYL L8280 207010407
Al C39° Gt -N200 CAPACITOR BFF +=10% BOOYVDC MICA A8 DM1BCOGOKOLOMWYICR
AL CA) 0 0T ? CAFACITOR - FXD 1UF » 10% J5¥DC TA.5001D 58784 1500106 X9GT15AZ
AY CAD 012 X [ CAPACITOR, VAR, TAMRA, MICA, 50 J8CPH Ta136 ALY
A1 C42 D80 - J10h CAPACIFOR-FXD TJ0PF o~ J0OWVOCT MICA 78480 D60 - 2705
AV CAd 0180 -0201 CAPACITOR-EX{) 3UF » -E0N 35VEC TA-5QLID 56780 1500 106X 9038A7
AV CAS o0 -0147 CAPACITOR, VAR, TAMR, AIR. 219 3FF 14070 189 .507 5
Al G465 CAT D143 QUM 2 LAPACITOR-FRD  \PF +-10% SOWVDC T1 [:L1F] TYPE OC
AY CAR 0t4a 0207 CARACITRIA -FXD JIGPF »-Bv S0MWYDC MICA JF) DME5FIILI0S00VV ICR
A) CAD oLy 115 I CAPACITOR . FXD 1JUF +.10% SWvDC POLYE 66780 [TTLATLY
AY C5Y. (BT 0160 9204 CAPAC. TOR-FXD 22UF «-100 1SVDC TA-50LID L6789 1500276390158
AY C53 (B4 VIR0 - UL6E CAPACITGR - F XU JAUF + -%0n 10¥DC TA-50LD 24an 0180 - 0566
Al Che* SEE PADOING LIST UNDER A1 ASSY MISC PARTS
Al U5 oIng 00N CAPACITOR -FXD 400PF +-6% 1000MYDC CER Mdu0 050011
AICI00 a3 012) ' CAPACUTOR -FXD 1UF +BO - XN BWVDC 28480 0150 0121
AT CEON CI104 060 2055 CAPACIITIR - EXD 0WUF +20 0% 100WYDC 78480 0180 - A5
A1 €106 0160 720) 1 CAPACITON -FXD BIPF » -5 300WYDC 20480 0160 770}
AT C1O 0112 0150 0OJY CAPACITOR . F XD A00PF 1000V 28480 0150 00N
AVCHTA N1AG 091 CAPACITOR -FXL JYUF « 10% 10WVDC 56299 1500006 901082
AL 115 Q180 DI CAPAGCITOR . F D B8 F 1V 648283 1005GGOIECE2
AICAT CR2 101 D4N 1" DiCDE SWITCHING 18480 1201 - 0040
AICA3 CR4 TR O 4 DIODE SWITCHING 284D 1008 - 0053
AICRS CRO 1308 0TAD DIODE SWITCHING L AABO o0t - 003G
AICR ] 1906 -G08 ¢ OOCE - Fy ARDG 200V 2A 02037 MDA20?
AIGRA CRY Y QHEL ? DIODE - GEN PRP JOV 25MA 18P0 1901 - 0586
AICRIC "RIN 1902 WES ? DIGDE 2nA JEIV BV DO PO AW T DY 04713 52 10439 &%
AICKY5 CR1G 180t 03°6 [} DIODE - GEN PRP 3%V BOMA J64BG - 1901 - 0176
AICAT? 1902 18 tHOOE -ZKR 28480 1907 1113
AlCRIE 1910 0L . DIOOE - SWITCHING BNS 30V BOMA 2BARD 1910 - 0034
ANCR1Y 12073436 1 DIODE - INR 806V b% DO- TR0 4W 1€ » 051N 04113 52 10619155
ANCRIY 172182 2 DIOOE -ZNR 17 1 5% DO -7 PO+ 4% TC- » 064 04713 57 10930 206
AICR2I 102 -3 ] DIGDE - ZRABS.9Y 4% TO-02 TC=» D0LSY 78490 1902 - 133
A1 CR24 CRIY 1901 N340 DIQDE-SWITCHING INS 30V BOMA 25430 1001 - D040
A1 CA2G 1991 3176 CID0E -GEN PRP 15V K0MA 28450 1901 -03/6
AY CR2I NOT ASSIGNED
A3 CR2A 1901 0079 1 DIODE-PWR RECT 60NV 750MA 28400 1901 - 0029
AV CR2Y 19C+ - 0040 DI00E -SWITCHING ZKS 30V BOMA THAEO 1501 DO4O
AYCRI2 1915 00N DIODE -HWITCHING BNS JOV BOWA 78480 1210- 0024
AY CR1], CH34 13- 0050 D1QDE SWETTHING 20480 1901 Q&0
A1CA3IS. CRIY 1907 - Q40 DIDDE - SWITCHING INS JOV BOMA J84BG 1901 - Q040
AL CR3B, CRIG 191006 DICOE-GEN PAP 35V BOMA 8480 1901 0376
A1 CRS0 1501 OO40 DIODE - SWITCHIKG INS Jov SOMA “BARD 1901 - 0040
A) F100 2.10-0009 1 FUSE. 1A V78V 28480 2110 89
Ab It 125¢. 4108 1 CONNECTOR STRIP-25-PIN 8480 14t - 4100
ANLL LI WL £110--0654 4 CORE-SHIELDING BEAD Q2114 56..500 65 4A%
Al Q¥ .B5%.-0208 3 TRANSISTOR J-FET ZNATI7 N-CHAN D-MODE 17868 ANy
Ay Q2 1H5S - 0308 2 TRAKSISTOR -JFET DUAL N-CHAN D-MODE SI 28480 ¥B8% - 0308
Al 03 1254 - 0071 " TAANSISTOR NPN 51 28430 BG4 0071
Al 04,09 185 - 0086 ] TRANSISTQR PHP 51 28480 1853 . 0066
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Table 6-3. Replaceable Parts

Reference . Mir
. u a D in rt Nu
Designaticn | HP Part Number | Qty escript Code | Mfr Part Number
A 08 1854 -00H TAANSISTOR NPN 51 J6480 1654 -0011
Al Q7 1B53 - DG6S ThAKSISTOR PNP 51 28480 1853 - DGRG
Al QB Q9 1854 - 0021 TRANSISTOR NPN 51 78480 1884 -007)
A3 Qio,gNn 18%) - 0084 TRANSISTQR PNP 54 78480 FES3 . 0086
Ar Q12 18540071 TRANSISTOR NPN 51 78430 tEs4 OOM
Al Q1) 18530068 TRANSISTOR PNP SI 78480 18%] - oss
Al Q16 1866- 0222 ] TRANSISTOR - JFET DUAL £-MODE %I 8480 1EBR- 0727
AV QY 1664 -0071 TRANSISTQR NPN 5L JBARQ 1864 .00 71
At Qg 1853- 0068 TRANSISTUR FAP 51 JBABO 1553 - 0066
AT Qlo, 020 1556-0208 TRANSISTOR J-FET INAT17 K-CHAN D-MODE 17858 LTI
Al Q2] 024 1B5% - 009) 2 TRANSISTOR J-FET N-CHAN D-MOCE TO-1R SI 78480 185 - D093
Al Q26 1885 - 0308 TAANSISTON J-FET DUAL N-CHAN D MODE 5| JEABO 1855 0loa
Al Q% 1854 -0073 TRANSISTOR NPN St 8450 16854 0071
AV QR 18530020 ] TRAMSZISTORA PAP S J84B0 1853 - naxo
Al Q19 Tobd- 0079 1 TRANSISTUR NPN INJ4XD 50 TO 5 PD-IW 0219 PR ]
Al Q38 16540078 TRANSISTOR NPR $1 28480 B - 002 T
Al Q32 18530085 TRAKSISTOR PAP 5) JRABG THRI - D66
Al 011 1853-0318 H TRAKSISTOA PNP 5 wnl MPSEEGT
A4Y O34, Q15 1354 -007) TRANSISTOR RPN LI 28480 1964 DON
A QX6 Q17 168 . 00 TRANSISTOR FNP S) 75480 1A%3- 020
Al Q18 ' HaEA -G} TRANSISTOR KPN 5) 78180 1534 DA7}
A1 G50,051 1854 -000 5 TRHAKSISTOR PHP 51 26480 1EST - 0020
AT RY 0608 - 1622 L] RLSISTOR GOAK % ) J5W 16299 C4-10-T0 642 ¥
Al R2 06851318 3 REBISTOR JIK % 26W [+ 1 4] CRNIS
Al RY ars7-0442 1 RESISTOR 10K )% 126w 24546 C4-1.8 Y0 1002 F
Al AR 068)-220% 2 RESISTOR 22x 5% 25 ann caris
A} RS D683- 6435 2 AEEISTOR 46K B W anat ChEGIS
Ay RS DI8r-0144 L] RESISTOR M 1% 754 74546 CH-104.70 004 F
Al R7 147 0788 RESISTOR BOOK 1% 125w 3101 MFACY B[O B0OY B
A} RB U 8] -1C4% 7 RESISTOR 10GK BN 28w ah CRIHE
Al RY 06303024 ] RESISTQR FXD IK OHM &% 1w TBLB0 0680 - 3075
Al R 0513223 1 RESISTOR 22K bh 250 ang CR223G
Al R12 Q6 1)- 41 3 RESISTOR K 5% I5W oz Ca4 1
AV A3 8.7 -0449 4 RESISTOR 20K 1% Y2%w 24545 CA-1LB TO 2002 F
AY RT4 098 -412Y RESISTOR 479 1% 120w 1670 C4-1B Ty 4290 F
AL'P1S 06814736 -1 RESISTOR 47K 6% %W Q2| <adrns
Al R1§ OGB)- 4706 RESISTOR 4 7 % 25w ol CHAY
Al R1} 0683 -39 13 RESISTOR JIx &% Jsw Mth CRIO24
AT RIB A1 0608 -1572 RISICTOR €,4K 1% 175w 15799 Ci tB t0.604" F
AL R20 0I5 -0472 3 RESISTuN 200K 1% 126W 21548 CA Y H.TO 008 F
At R 098 - 1215 L] RESISTOR 400K 1% 106w 03BEH P 855
AT R22 QI r-0412 RESISTOR J00% Yh 176W PLLET CA +E-TQ 2000 F
Al R12 DEE - 4406 ] RESISTOR 45 3K 1% 125y LG C4 1B 10 4512 F
Al RJ4 DGET - B4 3 RESISTOR 8BON &% 254 o1 CHGH4S
Al RS 030 1360 RESISTOA -VAR TAMA 100K 20% ¢ SIDE AR 133 17aRAIM
Al P38 068 - 154 [} RESISTOR IM 5% . 25W FC TC+-B0G +500 angy CAIOnS
At R)J 08e3-32:8 4 RESISTOR 490K 1% 128V F TC=+ - 100 Odos 32728
AV RIB, RN 0I5F-0465 2 RESISTOR 100K 1% 120w 2846 C4 1B 70 1003 F
Al Rl 1g11-MH [} RESISTOR 1 Ew 4w PV TEQ 08 ) 3478
Al AN @1- 1 RESISTOR 0 &% 4w Pw 7580 DBEY. 341y
AT R32 [+ TR R hi i) ] RESISTUR § 1% OB Py 140 127
Al R13 011 - 3390 1 RESISTOR 00 Lo J3IW Paw 14140 1254
Al R4 Ca1- 1392 1 ALS:HTOR GO0 Of% N3tw PWW 14140 1274
A' RI&-RI? QGA)- 783 3 RESISTOR 6K B% . 26W F TC=- 400/+B00 01602 CO7K35
Al R18 064)- 10248 B FESISTOR I0K by . 25W 013k <8106
Al R 0E68-100 1 RESISTOR 1AM 1% 128w 18570t MFECIB 10 tiXxM4 F
AY RiQ 087-0449 RESISTORA FAD 20k I8 4546 €418 TO 202 F
Al R4t 0E4) 1048 RESISTOR 100K 5% 26w o CHI104%
At R42 DEGa-453¢ [} RESISTOR 402K 1% 125w DIZER PMESLES
AT R4) OG0 - 645 H RESISTOR 442K 1% 126w QIRBY PMESAS
Al A4 0683 - 2745 2 RESISTOR 370K B% 25w onn CRA214R
A) A4S 0681-- 148 RESISTOF 100K E% 78w o CRIGA
AY R4S, R47 0643~ 1038 RESISTOR 10K 5% 24w (k] [ 11441
At ReB CERY - 1088 RESISTUR ™ 5% 2w oun CRICAE
Al RiD 0683 - 2435 1 RESISTOR J4Kk 8% 75w any CRIIN
Al R3O 240~ 0554 k] RESISTOA-VAR TAMA K00 OHMION € TOP ADJ 13 TIPRSDG
AV 82 DEAT -E83G AESISTOR 6K BN W any CHSEIL
Al R&3 DERY - 1248 k] RESISTOR 120K B\ 24 LR P CRIMS
Al RM QA - 1038 RESISTOA 10K "% 265w o Curoas
Al RS54 0oty -2764 ¥ RESISTOR 895K A% .128W 14140 13%0 18.0 9957 B
AT RS} 0608 - 3448 t RESISTOR 183 1% 179N 16099 C4-1.B. TQ IR F
Al R&3 21000554 RESISTQA -VAR TAMA 500 DHM 1% C YOP ADY 14 T2PR50G
A1 RGO 0GOB-~ 4541 RESISTOR 442K 1% 125w 01858 PMELES
6-4
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Table 6-3. Replaceable Farts

Rcference Mir
umbe Q Description Mfr Part Number
Designation HP Part Number | Qty escriptio Code
A PEO 0ER3 - 1045 RESISTOR 100K &% JEW onn CalHS
Al RE1 OCHY - 2405 \ RESISTOR 24 6% 26W L1 R¥4] €H240%
AV RBZ DGRI- 1065 ] AESISTOR 10M BN 2%V an carneh
Al RB) DEB3-11156 5 RESSSTOR 170 By JEW anNn [o:RRAL
Al R6L Oug] - 1041 2 RESISTOR 100K 10 W 012 HBINAL
Al Fo% 06R3 - 1545 AESISTOR 150K B% AW QN [o:11.71]
Al RBG B -9135 1 RESISTOR 81K BN J5W oL CEDIIY
Al RG? (A - ERLY RESISTOR £50K 5% J8W oy CHEAAS
At RER 0152 - RED 1 REGISTOR 5% 1% 1250 pRLY ] c4 1810 )02 F
Al RED 2100 - Dhb4 NESISTOR -VAR THMA 66Q OHM 10 € TOP ADJ 13138 12PRS00
A} RIO* SEE PADDING LIST UNDER Al ASSY MISC PARTS
Al ATL 0608 - B34 ] RESISTOR S3K 3% 175W 19 MESCY.E - T 643 F
At RP2 Qih?-0472 L} RESISTOR 200K 1N 129W 24548 C4 %4 -10.2001 -F
AV K23 G -44 70 1 RESISTOR 808K 1% 1Z6W FANEES ca4 1 8.0 608% F
AY HI4 0696 - 1219 ] RESISTOR 41K 1% 175W 18294 c3. Y010 A%91-F
Al RS 18100753 [} FInE LINE ASSEMALY 2841} 1810 -0753
Al RIG 2100- 0658 1 RESISTOR-VAR TAMA JO KOHM TUn € TOP AD) mas FIPA20K
Al RJB N6A3 -411% RESISTOR 47K 5% 20w ann CBAJIS
A RID 068 - 2006 1 RESISTOR 20 &% 28w (A1) CR200S
Al RBO 06032278 AESISTOR 7 JK BN 76W onn Cah
At RN 0301 -301% 2 RESISTOR 100 &% 20W ane CRINS
Al RB? 0683 - 1041 AESISTOR 100K 1O IW and HB1041
Al PRY 0631 - 1075 L} RESISTOR 1K E% 25 ana RIS
A3 REA, RAS 0654 - 36T RESISTOR BOAK 1% Y75W 18279 t4 1.8-TO §047 F
Al RB6 0683 - 4775 HESISTOR 4 /K B 8w ona CREA12S
FANCEH 06R1 - 1038 AESSTOR 10K B% 5w ony CRI035
Al REB 068) -812% 3 HESISTOR 31K B% 25W ann CBB12G
Al RBY HOG- 222 1 RESISTOR-YAR TAMR 200 OrM t0% C SIDE ADJ I 1ol Y6 N
Al R0 DARY -1016 4 RESISTOR 100 0HM G% 75W ong CBIOYS
At RO O8R3 - 4708 1 RESISTOR 47 b 20 qun [ LR
AY H92 0681 - 1545 AESISTOR 150K B 25W un CB1545h
Al RD3 0GB3 - 2746 RESISTOR 20K &% 25W on [%: P20
A¥ RO4 0757-d10 MERISTOR 30) % 1745w 4826 c40.8-70 WA F
Al Riy nee3 - 1045 RESISTOR 100K By IoW a1 CHI0LY
Al Ru8 [ S A PR HL) , AESISTOR 100 b bW onn cRM Y
AT O6H3 . 1505 1 RESISTOR 15 Bs JEW oun CBIBGA
AY R -RIC2 DGOB - N6 3 AESISTOR 247K 1% 105w st CA-VE TO JB1) F
Al R 0681 - 1244 RESISTOR VMK % 758W onn CB124G
At RIDA 0aBd - 1245 ] AESISTOR JIOK 6% 25w any 82245
AV RIDG DEGE - BI03 1 RESISTOR 120K 1% 125W V1 MEACY.8-TIO 1203 F
AY RI09 0EG}-AT1% H RESISTOR 47K B% MW ot HBANIS
AY R1ID D6H3-247% H AESISTOR 24K 6% 25w (1R b1} CBIS
AY 3112 06835120 RESISTOR B IK 5% 25W N CBb1ME
Al NEEY 06R3-4754 1 RESISTOR & TRt b 2BW 1113 Cdiss
Al RHIA 0608 -1148 1 RESISTOR 255K 1% 175w 16299 CA-1,B-TO-2500 F
Al RHIB 06871- EHAS RESISIOR 880K Bw 25W an [of:01.20)
Al Rilg 0681 - 1545 RESISTOR 150K K™% 25W 0121 CBI5Y
AL R11? oIs}r-4i8 1 RESISTOR 386K 1% 124 1910t MFACHH-TD-366] F
A AB 0808 - BRI Fi ALSISTOR 10K 5% 12w G3EER FMNEBDS
Al ALY 0681 - 1056 AESISTOR tM bW 2EW onn CH1066
Al RI0 0GB - 4136 RESISTOR 47K B% 25W onn CRAIIL
At A1) 0683-1035 AESISTOR 10K B% W o CHIQIY
Al R124 0GB] - 1085 RESISTOR 1M 3% JE8W 0nt CRI0BS
AL P12 0608 - 5IAS 4 RESISTOR 220K 1% 1206w DIRER PMERSS
At R176 D6GA -6 7% RESISTORA 10K 5% 125w oaed PMEGOHY
At Ri2? 0608 6385 RESISTOR 220K 1% A25WF TC=Q+-26 8480 06048385
Al AN 0608 - 6367 1 RESISTOR I 1% 125W s NEBR
Al R132 06e8 - 6613 1 RESISTOR FXD BRIK UHM O 1% 135 F JBAE0 0608 BGYI
At RI]3 2100- X38) 1 RESISTOR-VAR TAMA GO OHM 0% © TOP ADY Titie TIPRSD
A1 R116 0GRY - 124% 1 AESISTOH 120K B% 7%% onn CH124%
AY R139 0608 - 4504 RESISTOR EREX t's  20W 1458 C4 1B-TD 6ORZ-¥
Al R14Y 0M2-097/8 RESISTOR 9% JK 1% 02EW T4546 ¢d-18-10 O83I2-F
A) R142 RAtA3 0683 -3328 RESISTUR JIM &% 25w amr [ k1Y
Al R144 DEEI- 1008 RESISTOR 10K B .75W ouN CR103s
AT RI45, ARG 0GR -4115 RESISTOR 41K %% I5W oann B4
AL R1LY DeB3 - 1035 RESISTOR tOK B% 25W onp [4:REsh L]
Al R143 06831055 RESISTOR IM B% J5W ana CHI1055
Al f149 0581 L5 AESISTOR 100K 5% ZEW [FIF]] CBL04E
Al R1ED 0767-0081 A REGISTOR 478K V% .J0W 26480 0757-008%
AV RI00, RO 0683 - 2045 2 RESISTOR JOIC 8% 25W ann CHB2GMG
Al R22 0683 - 1045 1 RESISTOR 100K %% 75w ;21 CBI4S
Al R203* 07870407 1 AESISTOR 200 1% 135W 4546 c4 1,8 -10-201-F
0757 - 4OV RESISTOR 100 t% .176W 0Jxe? C4-LB-TO-101 -F
At R204 11000667 ] RESISTOR TRMR 2K 10 C TOP ADJ s 3J86P-Y48-- 202
Al A6 07570283 1 RESISTOR 2K I8 11uW 4545 CA-T0-J001-F
Al RX8-200 0508-3152 RESISTOR J480 OHM 1% 128W 16922 CA-TO- 2481 -F
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Table 6.3. Replaceable Parts

Reference o Mir
HP Part Number | Q Description Part Number
Designation ty P Code | MIr
AIRZI0 06836175 AESISTOA B.IK 3% J9W oteos CEAIZS
AR 06EI-2015 AESISTOR 206 6% 265w 01607 caIG
A2 DAE1- 1015 RESISTOR 1006 28w o1607 ca101S
AR, R214 0641-1135 2 RESISTOR 11K »-8% onn cBIIIE
ALTY H100-0657 1 TRANSFORMER POWER CONVERTER 8480 01000687
Ayl 18260310 3 IC LIN 50818716 D4713 MCMIEG
ATyg 1B2Q- 0046 F IC CHACQIAE 032318 CO40G1 AS
AUl 18X3-0223 1 1C LMXDTAH 21014 LMXTAH
AU US 1820 - 0939 3 i; COAUVZAE 03218 CD4Q1IAE
AHUS 1820- 0040 1 IC COROLTAE 02735 CDRTIAL
Aru? 1820 - 1601 IC CDAOIBY 02735 £040700Y
AtUB 1670-0044 t 1C CDAGIBAE 02735 COA02SAY
Aty9 1070~ D948 1€ COAOMAE onn CCAONIAE
Ayt 1320122 t 1€ MKBOOIN B0 MKS0CTN
AUtS-Uig 1826- 0110 iC LIN MC3476G AMPEL o713 MCIAT8G
ALYl 04100508 1 CRYSTAL, QUARTZ 100KHZ O.1% 2400 040-0808
ALl 0246b- 6100} ' SWITCH ASSEMBLY 28480 03465-81001
AYAICH) D160-447% ¥ CAPACITORSFAD .TUF 10% S30VDC 78480 QLED-447%
ATAYHIG om0 AESISTOR I0MK 1% 128W 24448 €4-1.8-T3¢ GH -F
ATAIWE Q66 - 1601 1 CABLE, SWITCH 28480 OG5 - 51601
A} ASSEMALY MISCELLANEOUS PARTS
12000110 ' SOCKET-RTAL 2-CONT HC-6.U-PRG 78480 1700.0770
1460 148D 1 SPRING, FUSE 75480 14601478
e PACDING LIST FOR CB5°
0143 02 ¥ CAPACITOR FXD GPF +-10% SOOWYDC MICA frar] DMI1SCOS0KOSOGWYECR
0163 . 05 CAPACITOR FXD 1DPF +-B% BOOWYDC MICA 28480 060 0205
Ao PACDING LIST FOR R}M*
0737 - 0453 ) RESISTOR FXD 30 Ik .1J9W 27546 C4-1.8-T0-2012-F
0600 - 4504 RESISTCR FXD 62BK 175W 24548 €#-1.8.10 6087 F
00043682 AESISTOR &) 7K E% ,125W F TC#0+—100 03202 CA-HB-TO-4122-F
0608 - 4483 RESISTOR 28K 1% .125W F TCs Qs — 100 03202 CA-1/8-TO-2802-F
A2 0348568023 ] PC ASSEMBLY DISPLAY INTERFACE 78480 0465~ 54523
%14} 0150 016 ' CAPACITOR- FXD BOUF - 20 BYOC TA-5OLID 56760 1500606 AD00GA2
ATl
A2 V3ol - 404 1 CONNCETOR STAIP, 28-Pik 78480 1250
At 0110 oHD4 ' CORE-SHIELDING BEAD o214 56 500 5448
A 201 1201 - 4168 ' PC BD CONNECTOR, RECTANGULAR 78450 1251 4166
A 701,00 BS54 - DOTY " TRAKSISTOR KPN SI 8480 1854 - 0041
A.ml 1863 - 0018 L] TRANKSISTOR PhP 8 8480 1853 - 0016
AN 1654 -007TY TRANSISTOR NPN SE 28480 16%4- 0071
A G 1853- DOYG TAAMSISTOR PAP K5I 78480 1853 OQ'é
A7 1854 . 0071 PHANSISTOR NPN 51 20480 854001
A 08 1253 - 0018 TRANSISTOR PRE &1 10-02 7R480 1963 0036
A GO 1854 -00N TRANSISTOR NPN 5| 78480 1B%4.- 0011
A X0 1663 -0OV6 TRANSISTOR PP 51 TO 02 J8A80 1453 00tg
A O 1854 .-0071 TRANSISTOR N°N St 78480 1654-00H1
A 2GH.0N 1@t 0oz PRANSISIOR NPN 5t 78480 1854 001
AR b4 - 0647 ' TAANSISTOR NPN INIF25 SI 01265 NV
A 2023 1804 - 007 TRANSISTOR NPN I 78450 1854 0971
A A1 0683 - 1075 F RESISTOR 1K 5% 25W N crIgs
A IR2 063 -t436 AESISTUR K §% .26W ona [4:1241.3
A IR4 DeRy- tOa% RES!STOR 1% BN 29 arn [4:11:03.3
: i’ﬁ ma:-bgg :!SIISTU: El.ﬁ; BN AW 81" 1 gg?&g&
" Y
A JR3 %ﬁt‘b?b ? uEi:ﬂS« |eo.“&“.\3'ﬁw 0121 CBIGHS
A JRI10-AL4 06B) 1515 RESIGTOR 150 B% 25w o1 CBI%IY
A ZR1S AR 0683.- 2075 RENSTOR 2N 5% J5W o €805
A IRI2-RIG DoB3 121% " RESISTOR 120 "% W 0121 caizn
A 2878 0684 - 1035 RESISTOR JOK &% W o1t CBIONG
A 02T 068 - 1035 HESISTOR 20K 6% I5W o021 CRZ0IS
A IR 0683-1215 RES'STOR 120 %% 26 ol cBIns
A IR1D 0683 - 305 RESISTOR JOK §% 75W ann ¢BIIS
A R3O 0683 2035 RESISTOA 20K 6% J54 a2 €B201%
A 2R)1 06831215 RESISTOR 120 %% 25w anzl CHING
A JR22 0681 - 3035 AESISTOR JOK &% 25w an CBXIS
A JRI3 0683 ~2015 RESISTOR 20K B% 25w 0112} CBXNS
A JRM O, 1-1215 RESISIOR 120 5% MW anan s
A 7R35 PESISTOR 20K % 25W a2y CAI6
A JR36 CBRY-- x5 RESISTCR UK 5% 25W u.'n CAMIS
A 2R3} 0681-121, RESISTOR 120 6% 75w o1t CBI2IS
A 2R38 06813035 RESISTOR JOK BN J5W on €808
A 7R39 0687 - 2008 RESISTOR 20K 5% 0w QHi2t CP20I5
A 2Ri0 0681115 RESISTOR 120 &% 25W [HEF] LIS
A JRAY 0683 - 3035 RESISTUR XK 5% 25w a1ty CBAG
A6
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Table 6-3. Replaceable Parts

Mir

Reference N
Designation HP Part Number | Qty Doescription Code Mfr Part Number
A JR4Z 0643 -2015 RESISTOR JOK B 249W onn €B2018

A ZR4Y D¢a3 - 1215 RESISTOM 170 b% LW 1Rk carns

A R4 0L~ 3035 RESISTOR 30K 5% 20w o B30I

A R4S 0043~ 2038 RES:STOR 204 bW 28w aun A0S

A JRAG 0683 - X116 RESSTOR 20K B% J8w LM CB2016

A R4} DEDB- 4475 RAESISTOR 9.78K 1% 129W 01318 FMESS EB-TO DJRY F
A JRL3 057-0213 RESISTCA JOIK 1% 136w 24646 €A LR T10.201% - F
A IR4Q 0643 - 3136 RESIST-.R 33 &% T9W [RRF1] CAO1IG

A JRB0-RGE 06BJ - 2008 RESISTOR 20K 8% 25W onn [4: sl

A IRS8 A% 08833014 RESISTOR 30K 6% .J9W an CaXIS

A 7RBQ 0683 -121% RESISTOR 120 B T5W Qua £BI1215

A RIG-RT 0761-008t RESISTOR AT8K b% . 26W 28480 0575-0084

A4 1820 093 1 IC CD4QTIAE 02135 CO4011AE

A US 1870-1411 C NCIBIICH 04113 WMCIASIICP

A U6 $H0 - 0040 it COA0NIAE 027136 CO4JIAE

Al 03486-66818 1 BATTERY ANDCHARGER ASSEMBLY 78480 0346586518

AR 0n0gY - 50013 1 BATTERY PACK MICAD CUSTOMER ACCESSORY TEAB0 00081 -80013

NO. 870034

AL 01802008 ] CAPACITOR-FXD QIUF 28V 76430 0180 X056

A0 01800210 3 CAPACITOR-FXD 3 IUF 1BV by 1600DYIENI0015A2
ACR) 10060068 1 DIQDE RRIDGE B0 1908 - 0066

AIF1 25100350 1 FUSE D6IA 58 28480 o031

A1 1854-0701 1 TRANSISTOR NFN TEAR0 18840701

AlQ2 1854 -0011 3 TRANSISTOR NPN 8480 1854 - 0071

AR Qrb7-0380 1 RESISTOR 317 CHM 1% 24548 CA-1,8-T0-3IR2-F
AJR2 068)-B106 1 RESISTOR 61 OHM 25W amn Ce5106

AJR1 06830215 1 RESISTOA 1.7 OHM J5W &% 0 [g:F¢l0-]

AJRA 06831015 1 RESISTOR 100 OHM . 26W 5 oin CRIVYS

AJRG 057-0410 ] RESISTOR 201 OHM 1N 24546 CA-%8-10-J0VR-F
AStY 9100~JA07 ] FOWER TRANSFORMER 8480 gt0d- M07

03466-0170t PC AQARD HAACKET (AY) 78480 4G5 01201 '
03GE - 24102 INSULATOR, TRANSFORMER TBABO BILE- 24102
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Toble 4.1, Replaceable Parts[Cont’d)

Reference . Mir
umbe Q Description MNombar
Designation HP Part Number ty riptio Code | MIr Part Nrmba
AIW2 B120-2600 1 POWER SURPLY CABLE WITH CONNECTOR 28480 8120-2609
0363-0112 ~ CONTACT, BATTERY SPRING 18440 03-0112
2110-0260 F CLIP, FUSE TB480 110-02¢0
Al BO4N-B801] ] RECEPTACLE, ACPOWER 5480 wH40-B0tY
A 0346668815 1 LED Daplay Asambly 26480 BIB85- 665615
ALDST 1090-0832 ] LED DISPLAY 0.3 {POLARITY,OVERRANGE) 28485 1900-0632
ASD52 - D56 1800-0511 ] SEG DISPLAY, 03" X 77 (7 SEGMENT) 5480 1600-0601
OM8E-0020t ] FRONT PANEL 28480 03465-00208
MISCELLANEQUS PAR 'S GENERAL
BOAO-~ 8068 HOLD SPRING 28450 8063
ABJL, JB 50507458 F JALK, BANARA INPUT IVOHM, COM THABO wso_gm
ABS E80-- 7485 T FUSE HOLDER {AAPS INPUT JACK) 78480 5601485
Fl 2110=-0002 1 FUSE, 2 AMPS NB LAMPS INPUT) 18450 2110-9002
0I10-262% 1 PUSHAUTTON (WHITE) 8480 0370-26015
03702488 T PUSHBUTTONIGREY) 78480 0370~ 2466
40401133 1 SHELL, TOP 8460 A040-1133
bO2O~B12% 4 SPACER 26480 B0~ 8136
0344800518 1 SHIELD, TOP 8480 0344500818
03A85-00611 1} SHIELD, BOTTOM 28480 0346500811
ADAG-1134 1 SHELL, BOTTOM 78480 A040- 11
5040-7223 2 PAD, KON SXID 048G B0~ 1223
H 205402 1 LAREL, BOTTOM 28480 1120-BAC?
BOAG-BOGH ¥ HANDLE, BAH, 28430 6040~ B0LE
7120-B170 2 LABEL {PUSH TO ROTATE) 78480 T20-5310
71206401 1 LABEL, REAR 26400 T20-8401
1x-6188 LOGO. FRONT PANEL 42480 1M20-8128
B120-2300 1 CABLE, 27 Pt RIBRQN (OISPLAY} 28480 B120-2339
120-1501 ] TESTLEAD SET 8480 8120 -250)
UILEE-RO0T2 1 OPERATING AND SERVICE MANUAL I8480 QM65-0012
I
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Section VII

SECTION VII
TROUBLESHOOTING AND
CIRCUIT DIAGRAMS

7-1. INTRODUCTION,

7.2. This section of the manual contains troubleshuoting
information, the functional block dJiagram and circuit
diagrams for the Multimeter. The troubleshooting para-
graphs are divided into three parts:

a. Prefliminary troubleshooting
b. Analog troubleshooting
¢. Digital troubleshooting

Additional traubleshooting information is located on the
block diagram and individual circuit diagrams in the form
of de voltage levels and notes.

7-3. SCREMATIC DIAGRAMS.

7-4. Tle schematie diagrams (Figure 7-2 through Figure
7-5) contained in this section Hlustrate the circuits of the
Multimeter. Components marked with an asterisk are those
that are critical in value. Some of these “starred” compo-
nents are part of an adjustment procedure. A method for
selecting the correct value is outlined in the adjustment
procedures of Section V, if serviee in these cirevit areas is

required.

Maintenance procedures of Sections V and VI
are imtended for qualified service personnel
only. To reduce the possibility of electrical
shock, only qudlified personnel are to perform
maintendance duties.

7-5. PRELIMINARY CHECK.

7-6. Visual Inspeciion.

7-7. Record all observances of all function and range mal
funetions. Verify that the leads interconzecting the input
jacks with the Al board are securely faster o at both ends.
Look for ubvious ¢racked. broken. or burned components.

7-8. PRELIMINARY TROLGLESHOOTING.

79, I'rovtding the functional chess mentioned in the pre-
vious section has been performed, the tests of this section
may be unnecessary. This would be the case if the fault is
unique to any function, range or combination thereof
treated in the Signal Conditioning Section. It should be

obvious that if the fault Is uncommon o all functions, the
Signal Condirioning bluck is probably the culprit. Ap
exception would be a problem In the switch contacts
lucated in the A/D converter,

710, 15 the maifunrction is common to all funetions the
first chr * = ro verify the operation of all Power Supply
voltrges. . \y critical supply in terms of tolerance is
the + 10 V. if tne multimeter’s zecuracy Is out of specificy:
tion across sl functions, check the + 10V and adjust if
pecessary, See the Power Supply Adjustment section of the
mapual. If any of the supplies are inoperative, go to the
Power Supply section of this guide,

7-11. Analog/Digital }salation,

7-12, I the supplies are proper, place the meterinthe 2V
de ronge. Conuect a jumper from pin 7 of J1 Ghe number
I end is identified with a dot on the PC board) 1o the CP
test paint (next to the erystal). The display should read
+ 1.0000. If it dues not. the fault is in the Gontral Logic,
Display Interface or Display. Go to the Digital Trouble-
shooting section. If the display is proper, remove the
fumper and go to the Analog Troubleshooting section,

7-13. ANALOG TROUBLESHOOTING.
7-14. Analug Isalation,

7.15. It should be mentioned here that if the problem is
unique to any function, that perticular portion of the signal
conditioner should already have been cleared. If the mal-
function is common to ac and de velts or common to the
ac volts and ac current, refer to the Signel Conditioning
Section.

7-16. With the instroment still in the 2 V de rage, shon
the irput and monitor the voltage at the DCTP terminal.
The voltage should be tess than 1 mV. Now apply + t V de
to the input and monitor the same point with an vscillo-
scope. The waveform should look like the following:

V— —

oV —

— Oglt o Qg3s ——M

If either of these stipulated conditions are not met, the
fault is probably In the input amplifier. A further check of
the Enpat amplifier is 195 vary the input voltage level. The
peak value of the rectangular wave shauld follow the input,

7-1
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Section VII

7-17. If the 300 ms segment is extended a permanent
“overrange” condition exists. Check the Auro Zero and
Reference Supply circuits. With 1 V dc still applied to the
input, check the waveform at the COMP/CP terminal. The
waveform should Jook like the following:

oV —
-\ —

-T Y

o Og 23— 14— OsZs —

The width of the A segment will vary proportionally as the
input amplitude is varied. If this signal and stipulations are
not met, the fault is in the Analog-ro-Digital Converter.
(Rememher, the logic section has already been cleared or
the Control State Counter could also cause problems here.)
The nnise that appears in the comparator off state is just
that and can be ignored.

7-18. Power Supply Faults.

NOTE

In protecting batteries and circuitry, the low
battery voltage detection cJlreuit may shut
down the instrument if the power switch is
momentarily turned off then back on. To
restore normal operation, the instrument must
be twmed off by the front panel switca for a
minimum of 3 seconds.

7-19. Verify the supply voltages in the following sequence:
+Vg,+ 10Vand-7V.

a, The + Vp supply should indicate beiween + 3 V dc
and + 6 V d¢. The voltage should be present in both the ON
and OFF positions of the front panel power switch. The
*on" reading may be slightly lower than the “off™ reading.

b. If at least + 3 V Is not indicated in the “on” posi-
tion, the problem is in the primary power source. Check the
A3 board 'sutteries and power line. .

c. Ifboth the + 10 V and - 7 V supplies are also inoper-
ative, proceed as follows.

!, Check C18, CR19:2nd CR20 for shorts.

2. Check the voltage across R99 (with n floating
meter). 300 mV is typical. 500 mV or more indi-

J{U\
REF

4.

Model 33658

cates that the -7 V supply is excessively loaded.
If this is the case, lift the various =7 V jumpers.
Lift the jumpers one at a time, while monitoring
the supply, until &l jumpers are up This will
isolate the fault if it Is in the [oading.

Check the waveform at the base of Q33. The
Waveform should be similar to the lustration
below,

Reference level should be approximately Vg — .7
volts. The coltector of Q33 should be a non-
symmetrical square wave of at least 13 volts peak-
to-peak with the approximate §0 ws period.

N

If the waveforms are not present, continue to
monitor and proceed through the following, If
at any step a fault is detected and corrected and
the waveforms appear, go to Step 5.

(a)Lift R112 at the junction of UL7, pin 6, and
connect it to + V. If waveforms appear, the
fault is with U17 or CR36.

I-— w|0us

(b)Lift Q38. If waveforms appear, the fault is in
the low battery voltage detection circuit.

(c)Lift Q35. Waveforms? Yes? Q35 s at fault,

If the above procedures do not restore the
required waveforms, the fau't is with Q33, Q34
or TL,

Lift R1§2 at the junction of U7, pin 6, and con-
nect it to an external supply. Adjust the supply
(not to exceed + 65 V dc) until + 1T volts is mea-
sured across C26,

(a)Momentarily short emitter to collector of
Q27. If the voltage at the + 10 V test point
comes up, the fault is in the + 10 V regulator,
Check R75, Ut6, Q27, Q26 and CR17 in that
order. If the voltage does not come up, isolate
tke troubled area by lifting the + 10 V
jumpers, one at a time, and proceed to the
relevant circuit if the + 10 V [s restored.
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Model 3465B

7-20. Signal Conditioning Faults.

7-21, AC/DC Volts — Common Fault. [f the fault is com-
mon only to the ac aind de volt function, check the input
attenuator and associated switches.

7-22. AC Volts/AC Current Common Fault. The most ex-
rudient way to check out the impedance and ac/de con-
verters is to trace the input signal through with an oscillo-
scope, With | V ac applied to the input in the 2 V a¢ range,
the following are normal.

2. The waveform on U19, pin 3, and C49 should be the
same as the Input or about 3 volts peak-ta-peak.

b. At the ACTP test peint, the amplitude should be
about twice the input or about 6 volts peak-to-peak with a
de offset of + 1.6 volis.

¢. The signal at the junction of R100 and R118 should
be a half wave rectification of the signal seen In (B).

d. The voltage across C38 should be about 0.75 volts
de.

¢. If one-half full scale readings are alright but full scale
is in error, check C41 for leakage.

f. Out-of-spec readings could be caused by leakage in
the filter capacitors C36, C°7 and C38. This condition can
be readily checked by applying an external 1 V dc at the
junction of RI00 and RU18 and verifying | V d¢ across
C38.

g. If an inaccuracy is unique to the 500 V range, check
R75.

7-23. AC/DC Current Common Fauit. Check AMPS fuse,
and check that contac; is being made through the terminal
fuse spring to the PC board,

7:24. AC Current. If the fault is unigue to ac current,
check R20 and R39,

7-26. Ohms. Short the junction of C29 and R78 (Q25A
gate) to ground. Rotating R69 (20 MS2 adj.) through its
extremes should result in the output (pin 6) of U15 to span
the voltage range of about - 2.5 V dc to + 10 V de. This
establishes that Q25 and U1S are functional. Reset R6Y in
accordance with the prescribed adjustment procedure of
th2 manual.

a. Depress the §2 and 20 m buttons, and short the input
£ and COM terminals. If the instrument stops sampling or
the front panel count is greater than £ 15 counts, check the
ohms calibration.

b, If the 200 £ range zero is oul of tolerance (t 3
counts) check C31 for leakage.

Section VII

¢. If all readings ate progressively increasing out of spec
as the easured resistance s increased, check diodes (par-
ticularly CR15, CR24, CR25 and CR26) and capacitors
€29 and C31 for leakage.

7-26. Analog-to-Digital Converter Faults.

7-27. The Input Amplifier was basically treated in the
general isolation section. If the problem is attributed to the
input amplifier, the fault can be further localized as tol-
lows:

2. Short the 10 signal at the input of U2 to ground.
(The instrument is now locked In the run-up phase.) Moni-
tor the voltage at the DCTP point. The de level should be
essentially zero with the input shorted and should vary pro-
portionally to 2 V as the instrument’s input is varied to full
scale of any particular range. If jt does not, the fault is for-
ward of the DCTP point and then proceed te Step b,
otherwise, go to Paragraph 7-29,

b. Short the input gate of Q16 (coming from Q20) to
ground. With the instrument on the 2 V range, check the de¢
voltage at the DCTP point. It should be less than | mV, If
it is not. short Ul pins 2 and 3 together. If the voltage has
not essentially zeroed, check U1, If the tatter did zero the
DCTP voltage, check Q16 andfor adjust R5Q to yield the
desired less than 1 mV offset.

7-28. The nutputs of L™ shonld also be verified in the nor-
mal running mode. luc waveforms should appear as:

—{ O¢lt po——— 03 —nf
at U2 pin 4, and

o r—

=T

at U2 pin 3. If the 10 cantrol signal is present and either of
these are incorrect, check U2, Q19 and Q20.

7-29. Integrator/Stope Amplifier/Compatator/Auto-Zero,

7-30. Proceed as follows to ascertain the condition of the
integrator, slope amplifier, comparator, and aato-zero cir-
cuits.

7.3
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Section VI

a. Apply + 1 V d¢ to the input on the 2 V dc range,
Check the waveform at fumper A. An casy access point is
the proper end of C19. The signal should appear 25 shown
below. '

ov

{ : 2V TO 248V
i 1 *
—4 Ouls Oels k—

b. The signal ai the base of Q9 should appear as
follows.

ov—
2] o8V~

=TV

'—0.4‘-—-4

¢. The signal at the COMPTP test point should appear
follows.

ov—
2=V

248V

u-—o.‘h—ol

d. The signal at AZTP should be the following.

ov —

LEJR"

be— 0,24 ]

e. The switching of the Auto Zero circuit controls the
pulsing of the A/D loop. If it is malfunctioning, check the
IZ signal from the Control State Decode, Q1 and Q2.

NOTE

If the IZ signal and Auto Zero circult are
procer, troubleshoot the circult Immediately
before an improper waveform is detected.

f. Short point RS to ground.
g. Measure the voltage at AZTP, If the voltage Is about

- 1 V, the fault is probably in the Reference Supply; if not,
the fault [s within the loop.

74
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h. Place the instrument in any ohms range and apply
- 7 volts at the junction of R56 snd R57. (The intrrnal
supply may be used.) The voltage at jumper A should now
be about +9.5 volts, the voliage st COMPTF should be near
zero, and the voltage at the COMP 1erminat should be abous
- 1 volt.

. Now apply + 10 volts at the R56/RS57 junctior and
the respective measused voltages should be about . 6.5,
+2,und - 6,

NOTE
If any of the test voltages are incorrect, trouble-
shoot the circuit immediately forward of the
first bad reading. I all voltages test good, the
fault is probably in the Auto Zero Circuit.

7-31. Digita? Troukteshooting.

Euunoni

This instrumeit contains CHOS Jigital IC's
and, therefore, Is highly susceptible to failure
due to static discharge. Extra handling precou-
tions should be used when servicing circuit
areas containing these devices.

7-32. Place the ANALOG/DIGITAL isolation jumper con-
nection between test points CP und PL with FUNCTION
nnd RANGE settings of DCV and 200 m, respectively. The
first indication that the display section is operating proper-
ly will be a display of

with the plus/minus indicator fashing at the 1.25 Hy rate,
If the display is dim or blank, check A2CH, and A2Q21
tirough Q23. If the display indicated above is nut uhtained,
the logic or display circuitry is at fault,

NOTE

Throughou! the digital troubleshouting section,
mainiain the ANALOGIDIGITAL ISOLATION
JUMPER in the TP - PL position unless in-
structed otaerwise.

1-33. Display and Display Driver Verification.  This test
checks the display, display drivers. and BCD decoders on
the A2 display interface board. It does not check any
mother board circuitry. Implement the test as follows:

a. Conneet test points -7 and test point LT located on
the A2 display board.

b. Verity display. If all drivers and LED segments are
operating properly, the display will show
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Position of the decimal point will be dependent
on the range selected.

¢ To check the overrange digit, disconnect one end of
the ANALOG/DIGITAL ISOLATION JUMPER and short
pin 7 of the display connector J1 to test point CP with the
instrument in the 2 V de¢ range. The display should indicate

L
|

PLUS OR/
MINUS Y.

If the display reads propetly in steps b and c, replace the
ANALOG/DIGITAL ISOLATION JUMPER connection
between test points CP and PL. Otherwise, the failure can
be determined by symptoms and the use of thai portion of
schematic 3 which shows the A2 display interface board. If
correct displays were obtained in steps b and ¢ above, but
an §ncorrect display was Indicated in paragraph 7-32, some
portions of the mother board logic are faulty

7.34. Mother Board Digital Circultry Troubleshooting. The
following paragraphs provide a systematic method for trou-
bleshooting the mother board digital clrcuitry. (For best re-
sults, the step sheuld be followed in order.)

7-35. Maintain the ANALOG/DIGITAL ISOLATION

JUMPER between test points CP and PL. Begin by checking
the clock frequency at test point CL:

Iirururis s
—-I 10 s l‘_ ~

1t Is essential the clock frequency be verified, An incorrect
clock frequency can make ULI appear defective,

7-36, Verify that ULl is recelving a clock at pin 7, Then,
check for TXFR und RESET signals at Ut):

lum 6} !
£ G
) i ;
RESET | :
{u11 PIN Gl—demsq
| .
' 3

o, TE

R (o)
16.us PULSE
i e

Section VI

If the above signals are present, but the display of para-
graph 7-32 Is not indicated, ULl s probably defective,

7.37. 1f TXFR or RESET is not correct, check for COUNT
EXTEND at U1l pin 8 and the STATE CLOCK at U6 pin
10:

COUNT EXTEND 0
{U11 PIN B) 100 m3=—>
-7
0
STATE CLOCK 100 ms —
(U6 PIN 10) -7

2. If there is no COUNT EXTEND, ground UL pins 5
and 6. If COUNT EXTEND dues not appear, UL [s defec-
tive, If COUNT EXTEND is present, but the STATE
CLOCK Is not, replace U6,

b. If the STATE CLOCK s present, lift AICRS ang
observe the display for the one Indicated in paragraph 7-32.
I it appears, the control state counter is operating proper-
ly.

¢. If the display of paragraph 7-32 is not Indicated,
check AICRS, and return it to its original position {f it Is
not defective, (Fhe display can also be affected by timing
capeeitors €3, €8, €9 and C110 through CHI2) Check
each flip-flop in the Cont--l State Counter to verify that
D = Q, and the Q and Q are in opposite states. Ground the
RESET line und vedfy that ol Q = ~7 volts and Q = ) volts,
At the same tim~, “bserve if the outputs are In an “illegal
state:” high outpits should be within 50 millivolts of
ground and low outputs should be within 50 millivolts of
the —7 volt bus. '

7.38. Check test point PL for the following waveform:

—}400

PL
—
400f—

ms

Make certain that high: and low states are within 50 millj-
volts of ground and --7 volts, rspectively. 1€ the proper
wavefortn is not preseat, check fr un legal state ot U7
pins 1 or 2. An Hlegal state Indicards a faulty U7, 1f raplac-

-ng UT dozs not correct the problem replace U4,

_1.39, The following test checks gates in the Nata Transfer

snd Reset section by manually setting a value at test point

a. Connect pillLS.Urf display cunnector J1 to. test point

- b. ‘Alternate ll.lc‘l'ungliun befv)cen DCV and ACV. This
. switches the voltage at test point TC between ground and
=T volts, e '

75
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Section VII
c. While changing functions between DCV and ACY, SIGNAL
transitions should be observed at the foilowing points: 10 jmrl- :,’?,,O-D'I_I | l
(U9 PIN 3} ™| . N
o | |
IC Pin {UB PIN 10)
. [‘— 800 ms
Us 3 i .I
uz 4 | I
u7 1l i2 | I .
U 4 {UB PIN B) { |
If any of these transitions is not observed, or if the output |
falls into an ilegal state, the associated chip should be re-
placed. Note that none of the above tests have checked the 2 I -
control state decoding section. Quiputs should be com. (UG PIN 11) I I L‘ | I

pared to those shown below, All of the above tests may

pass even if these gates are bad. *1 TO 6 us PULSE

REFERENCE DESIGNATIONS

Model 34658

FIN OF XAZANO P (BLOTO-CHOFPER OSC

fs.T'

9.

2 |
AR

I

O &

MALE STANDOFF
FiN CONNECYO!

MAY QR M,
NOT BE NuuaERlD ?ﬂ

PARTIAL REFERENCE (’)ESIGNAT]ONSTRE SHOWN: PREFIX WITH ASSEMBLY OR SUBASSEMBLY
DESIGNATION(S} OR BOTH FOR COMPLETE DESIGNATION

FEMALL PIN
CONNECTIOR ON
A WNY/RED WIRE

Tl
T~

R R2 |
ﬂﬂt Hf%mn mr.%gl %%og 15 rne su \ l
IRMBER INDICATES BASE TERMINAL, MAY OR
NUMBER INDENTIFIES WIDER srﬁfrP. A»o MAY NOT BE NUMBERED | |
I'HE THIRD INOICATES THE NARROWER

TCR
STRIP. [ 324, DENOTES WHT/RED/YEL WIRE} l ! I 15 A2AIR; I

EVELET 08 stamp- |
WELET

ASSE y_u.& REFERENCE  ASSEMBLY Asszua.r PART NUMBER
SGNATION NAME NCLUDES AZAY SUBASSEMBLY]
L — h - — - -——
JACK XAZ IS MOUNTED ON A2 | POWER SUPPLY {0OXXX-66501) l
CHASSIS DR ANGTHER ASSEMBLY. - NTED ON ASSEMBLY OR IS PAR
ﬂbnrv?n? 3?” WBLY AOARD rcﬁugr.n: CESTENATOR 15 a2y '
lﬂ?:z EPI 1
: H 2R3 FEST VOLTAGE
Pt 'fzm' uounrco ' i 3 Ql |
! TAT T amnN Py , \na2
CoMPLET ATOR | ; —
(€L ETE CesiiaTog 15 1) P 4> COMPLETE DESIGNATOR 15 A2R+ 72 [’2
! 3
PP Ry I P ] SUBASSENBLY OF A2 DENOTES SCHENATIC
= &0 {1 & ICOMPLETE DESIGNATOR IS A241} OF WHILH  CONNECTION
— \wuam vpieares Al
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Muodel 3455B ‘ Section VII

GENERAL SCHEMATIC NOTES

1. PARTIAL REFERCNCE DESIGNATIONS ARE SHOWN,
PREFIX WITH ASSEMSLY OR SUBASSEMBLY DESIG-
NATION{S) OR BOTH FOR COMPLETE DESIGNATION,

2, SOMPONENT VALUES ARE SHOWN AS FOLLOWS
UNLESS QTHERWISE NOTED.
RESFISTANCE IN OHMS
CAPACITANCE IN MICROFARADS
INDUCTANCE IN MILLIHENRYS

D:INOTES BUFFER

2. DENOTES FRAME OR SHIELD GROUND.
USED FOR TERMINALS WHICH ARE PERMA-
NENTLY CONMECTED WITHIN APPROXIMATELY

0.1 OHM OF EARTH GROUND,
DENOTES INVERTER

A B clQ
DENOTES GROUND ON PRINTED CIRCUIT 2= -
ASSEMBLY., A __{ D oojfo

5 o oo t|o
— o1 0ofo
¢ — 1o
f, iammm = o= wmmm DENOTES ASSEMBLY, 1 0 0f0
DEN(ITES AND GATE 10110
1 3 ofo

&E:] DENOTES FRONT PANEL MARKING., I
A B Cl|Q

r'-'——] o0 o1
L | DENOTES REAR PANEL MARKING. 00 1|1
B — e 01 ot

8. ' DENOTES SCREWDRIVER ADJUST. . o1 1|
1 0 of1

9. ¥ AVERAGE VALUE SHOWN, OPTIMUM VALUE roapt
SELECTED AT FACTORY. THE VALUE OF THESE DENOTES NAND GATE 1% ol
COMPONENTS MAY VARY FROM ONE INSTRU- 11 1lo

MENT TO ANGTHER.
ABC|Q
10. » + DENOTESSECCND APPEARANCE OF A CON- 0 o ol
--{ - NECTORPIN,
N 0 ¢ 14{0
8 a o1 oflo
11. gpa DENOTES WIRE COLOR: COLOR CODE SAME AS o1 10
\ZEYgE5ISTOR COLOR CODE. FIRST NUMBER IDEN- ¢ . 0 olo
TIFIES BASE COLOR, SECOND NUMBER IDEN-
TIFIES WIDER STRIP, THIRD NUMBER fDEN- s 0 1o
TIFIES NARROWER STRIP. {eg., 924, = WHITE, DENOTES NOR GATE t 1 0lo
RED, YELLOW.) )

T 110

12. DC VOLTAGE LEVELS WERE MEASURED WITH A a

RESPECT TO CIRCUIT GROUND USING A DVM WiTH

10 MEGOHM INPUT IMPEDANCE, THE VOLTAGE a 0

LEVELS SHOWN ARE NOMINAL AND MAY VARY : ,

FROM ONE INSTRUMENT, TO ANOTHER OUE TO B

CHANGT IN TRANSISTOR CHARACTVERISTICS. A !

VARIATION OF & 10% SHOULD BE ALLOWED, DENOTES EXCLUSIVE OR GATE o
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34658 Jumper Locator.

: Board
Designotor Schematic Coordinates Description
1 4 C5 + 10 V Supply Coarse
2 4 Cb Adjustment
4 4 Cc5 Adjustment
8 4 Ccb Adjustment
16 4 Cco Adjustment
J1 4 D11 Supplies A1 Poard Isolation
J2 4 A9 -7 V to AC Converter
J3 4 E7 + 10 Volt to Low Battery Voltage Detection Circuit
J4 4 E7 + 10 V to {2 and AC Converter
J5 4 E7 + 10 V to DC Input Amp and Integrator
J6 4 D7 -7 V to {} Converter
J7 4 B10O -7 V to Logic, Low Battery Voltage Detection Circuit
J8 4 E10 7'V 1o Logic
Ja 4 E7 7V
J10 4 N7 -7 V to Slope Amp
J11 1 A6 AC Converter Gain Adj
J12 1 AB AC Converter Gain Adj
JA 2 76 Integrator Output
JB 2 C5 2 k©? Coarss Adjustment
JC 2 F7 R756, Pin 26 Access
JH 2 EB input Amp Coarse Galn Adj
JR 4 BE 10 V Reference Coarse Gain Adj
Test Poinis end Pads.
YA 4 Cc9 Power Supply Verification
+11V 4 c9 Power Supply Verification '
+ 10V 4 E? Power Supply Verificaton
VB 4 Power Supply Veriticaton
+3 3 A2 Board Power Supply Verification
ACTP 1 H7 Qutput of AC Converter Gain Stages, Input 1o AC
Converter Rectifier :
AZTP 2 H7 Auto Zero Volteae
CL 3 F13 Clock ‘
cpP 3 G Comparator and Test Input to Logic
COMP 4 G11 Comparator Qutput ' '
COMP TP 2 H7 Comparator Input
DCTP 2 H& Input Amplitier Qutput
GND Ali D7 Ground,
L1 3 A2 Board LAMP TEST
PL 3 G111 Polarity Lagic |
RS 3 F11 Reset Pulse
TC 3 EL Transfer Completed. 1 |
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¥ New or Revised Item

ERRATA.

€720 MANUAL CHANGES

-hp- MODEL 3465B

MULTIMETER

Manual Part Number 03465-90012

Page 5-2, Tehle 5.3, Delete the axisting Table 5-3 and add
the foliowing Table 5.3,

y

Table 5-3. DC Ammter Accurncy Teit

Muftmetsr | Carroxt " ussA | Meilimetsr
Reope tove) ¥M Rosding | Oinplay Limits
200 »A 10,4 | 1002 = 0.01% |1.0000v | 9.38 - 10.02,A

50 sA 5.0000V | 45.55 - 50.05 xA

100 4A 10.000V | §9.82 - 100.08 »A

2 mA AmA| txdzD001% {.)0000V | .0988 - .1002mA
EmA 50000V | .4995 - .5008 mA
1 mA 1.0000V | .8982 - 1,0008 mA

20 mA 1mA Ykl 2 0.01% 1,0000 Vv 998 - 1.002 mA
5mA £.0000V | 4.983 - 5.007 mA
10mA 10.000V | 9.888 - 10,012 mA

200mA | 10mA | 100z 001% |.10000V | 983 - 10.07 maA
EOmA 0000V | 49.69 - 50.31 mA
100mA 1.0000V | 89.39 - 100.61 mA

2000mA | 100ma | 122 0.02% 0000V | 99,3 - 100.7 mA
§00mA 50000V | 456.9 - 5O} mA
1000 mA 1.0000v | 993.8 - 1006.1 mA

Page 65, Plhlupi 5-18 “AC Normal Mode Rejection Teat”, Sec-

tion F.

Delste Section F and replace with:

', RepeatStepsc,dande fcranac .:aflbrato; output
{raquency of 50 Kz = ,1% as monitorad by the alsc-
tronic counter.

CHANGE NO. 1 applies to al! Serial Numbers.

Page 1-2. Tabls 1.1, Specifications. Change AC AMMETER
Accuracy Graph to the tollowing:

CURRENT
Mt
TALOLENCY
20kHz
1:0.6% Reaging
+ 15 digist
10kMz
1(.25% Reacing
+ 5 digitst
21.65% Reading
+ b digits)
1kHz
zi.4% Reading z1.8% Reading
+ b digits) + 5 digitst
40Hz
20CM A ——ete 20MA 200M A ~srmrmae 2000MA

CURRENT MARGE
19 March 1892

Page 5-2, Table §3. Change description of A3, -hp- Pan
Number 03465-6651 6 from BATTERY AND CHARGER
ASSEMBLY to:

BATTERY CHARGER ASSEMBLY.

Page B-7, Table 6.3, Change description for Part Number
00091-60013 {rom BATTERY PACK NICAD

CUSTOMER ASSESSORY NO. B2033A to:

BATTERY PACK NICAD
FOR CUSTOMER, USE ACCESSORY NO. 82033A

Pape 67, Table 5.3, Add to Replaceable Ports:

Oty Descrigtion

1460-1553 | 1
0363-0112 ] 2

CHANGE NO. 2

-hp- Part No.

Extantion Spring for Battery Holder
Battery Contact Spring

© Add HP.pin 1251.4822, A1J2, 3 pin connecter, Mir.

Code 28480, Mir. Part Number 1251-4822, quantity
1, to table 6-3 on pege 6-3.

Page B4, Tobls 4.3, Cnnhga duigﬁntor.mm 6 -hp- part
number from 1855-0222 10 1855-0243,

v

Supplement A for 03465-80012
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Page 2 of 2

Figure 73, Payz %13, A1C13 on schematic should be
shown a8 & 2pF capacitor, not 8 6pF capacitor,

Figurs 7:2, Pege 1-13, Change AICE7® 1o AI1C39* an
schematic. .

Table 8-3, Page €-3. Change ATCR23 10 the following:
Mt Part Knmbar

g Fart Nosher Destrption

1902-0057 DIODE-INR 6.49V 6% 0O-7 TC» ».029 1902-0087

Tatle 8.3, Page 8.5. Changa the AIR180 part number
from O767-0081 10 0757-0481,

Page 710. Add ATR160 to the 03465-66631
. Component LayJut,

Add A1R160 to the Coordinated Component Locator
Index,

Puge 7-12. Add A1R160 to the 03465-66531
Component Layout,

Add ATR160 to the Coordinatad Compenant Locator
Index,

Page 7-14. Add ATR160 to the 03465-66531
Companant Layout.

Add A1R160 to the Coordinated Component Lacator
Indax.

Page 7-18. Add A1R180 to the 03465-66531
Component Layout,

Add ATR160 to the Coordinated Component Locator
Indax,

Yable 83, Page 87, Change the .hp- part number of
A2R70-73 from 0757-0081 10 0757-0481, and Mir
Part Number from 0575.0081 to 0757-0481,

Tabls 1-1, Pege 12, Change the DC Voltmeter spacifica-
tion for AC Normal-Mode Rejection fram >60dB at
650/60 Hz =.1% to >54dB at 50/60 Hz =.1%,

Parugrsph 5-20, Page B-5. Alter paragraph s’ to read:
«.Step C, This verifies a normal-mode rejection of
greatar than 544B. Alsq, change the Performance Test
Card, page 5-17 to indicate 54dB Normal Mods Rejec-
tion.

CHANGE NO. 1 aypifes to all Sarial Numbars,
Fage §7. Change paragraph to reed as follows:

f Change the AC Calibrator frequancy to 3183Hz, The
muitimeter display should indicate .7071 kto 1.0000
verifying a shunt capacitance less than 100pt.

Page 7-1, Paragragh 710, Add the following to the end of
the paragraph:

Always verify that the battery is fully charged and can
supply @ mirimum current of 200ma at a vcltage levei
of atleast 3.67 volts, If the battery does not supply the
above requiremant, it should be replaced.

Page 6-4, Teble 6:3, Change designator A1Q16 -hp-
Part Number from 1855-0243 to 1855.0470.

Page 1.2, Table 1.), Change AC Normal-Mode Rejection
from >60dB at 50/60 Hz = 0.1% to >54dB at
BO/60 Hz = 0,1%. '

'

R t— i esinat R T it v

MANUAL CHANGES

Pege 55, Pnujrlph 13s. Change to read the following:
The multimeter indication shoutd not vary mara than
007V from the indication notad in Step C. This variiles
a Normal-Mode Rejection of greater than 54dB.

Page 617, Performasce Tast Card. Change paragraph
number 5-19 to read as foliows:

6-19 Normal-Mode Refection >.007 (54dB)

oy
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