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l WARN;”B

SAFETY

If this instrurment 15 to be energized via an autotransformer
for voltage reduction, make sure the common terminal is
connected to the earthed pule of the power source.

BEFORE SWITCHING ON THIS INSTRUMENT, the
protective earth terminals of this instrument must be
connected to the protective conducter of the {mains)
power cord. The mains plug shall only be inserted in &
socket outlet provided with a protective earth contact. The
protective action must not be negated by use of an
extension cord {power cabie} without a protective con
ductor (grounding).

Make sure that only fuses with the required rated current
and of the specified type (normal blow, time delay, etc.)
are used for replacement. The use of repaired fuses and the
short-circuiting of fuse holders must be avoided,

Whenaver it is |ikely that the protection offered by fuses
has been impaired, the irstrument must be made
inoperative and be secured ageinst any unintended
oparation.

E

GROUNDING

Any interruption of

i protective earth
| dangerous. intention

! HIGH VOLTAGE

i Any adjustment, mdintenance, and repair of the opened

i instrument ynder vy

* if the instrument h
; supply.

i Adjustments and se
i
I covers are rernoved.

- LINE VOLTAGE

BEFORE SWITCHING ON THIS INSTRUMENT, make
sure instrument requiramernts maich the voltage of the
POwndr sOLIFCe.

GROUNDING
BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that all devices connected to this instrument are connected

to the protective (earth) ground.

ii

| BEFORE SWITCHI

| that the line po;
| three-conductor fine

| tearth) ground. (G

I vonductor outlet is fi

arminal

Model 4935A

the protective {grounding} conductor

can make this instrument
| intsrruption is prohibited.

j linside or outside ‘q\e instrumant} or disconnecting the

Itage shouid be avoided as much as

i possilt:l.e and, when ingvitable, should be carried out only by
. i skilled person whqr

aware of the hazard invo!v'ed._“‘ .

;f Capacitors inside ﬂﬂ instrument may still be charged even

been disconnected from its source of

fvice described heréin are pérforrned

1 with power supplied to the instrument while protective

Energy available at many points, if

I nontacted, result in fp?rsonal injury.

G ON THIS INSTRUMENT, ensure
r (mains) plug is connected to a
power outlet that has a protective

nding one c¢onductor of a two-

| v,
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IEC SYMBOLS
}

The following is a lisz of key 'EC fymbais used by HewleTi-Packard. Ai'j Sy mIOls
ara normatly sppiied adiacent to the dwwice fequiring the symbl. Theu'imu not
ba placed on remaovable parts likely to be detachad or jost. E

fratruction Manusl xymdol: If necessary, to prejerve the
apparatus from damaoe [T is necessary for the user th refer To
the instruction manual, then shatl the apgorarus m;markad
with chis symbnl {IEC 348;16a).

Terminal devices ted from tha intarior by live voltisges vhat
‘May b dINORrous when connecting (o of discanneciing from
hose devices shall e marked with the flach shown v ien the
voltage excends 1 KV: The flash shatl be red ({EC $441;18c),

Earth Terminals. IT the wte of this symbal for the sLota:m
earth terminal i= not permitted by Nationat Stnnd:ﬂjk_ b sy
ba madified, Far example, by being placed inside & cikcle HEC

T

348;18a). '
AL current (IEC 117-1, symbel No. 3).

DC cusrent {IEC 117-1, symbal Ng, 21,

AC or DC current HEC 117-1, symbol No_ ). }
!5
Frame or chamiz cor ion, The herching mayiibn com-
plovely or party omitied if thare is ne ambiguily. 1 the
hatching is amitted, the lne n ing the frameibr chaseis
shall be thicker [1EC 117-1, symbol No. 87). f

Ampers {EC 1174, gymiol No. 358).

S ) PRV,

Valt (IEC 1174, symbol No, 357).

va Vottampere 1EC 1174, symboi Na. 368). i
w Wiatt (iEC 117-4, symbo! No. 360}, 'L
wh Watthaur {IEC 117.4, gymbol No. 361). '
VAR Votiampershour (1EC 1174, srmbol No, 362), E

IEC Symbols

Hz Herrz [EC 1178, gymbol Na. IE65).

Conmctor, normaily clesad. 'n order 10 awoid eontution with
the symbol for a capecilor, the distance baetween the
norizontal {as dvawn here) lines should be a1 lestt equal 1o
the iength of those lines (IEC 117-3, symbol Na. 215.2).

in :ddi:iuq he followinp describes the use of Warnings, Cautions and Notes used
in HP Automeotic Teit Systern Manuals.

Wamnings, cautipns and natag. {All} Warnings and cautions shafl preceda the text
to which sach Fpplies byt notes may precece or follow applicable text dependim
10 be highlighted, Waminos, cautiam, and rotes simll not contain
nor shall they be numbered. When a warming, caution, ar noty
or more paragraphs, the heading WARNING, CAUTION, NQTE,
ted abowe gxch paragraph. if it is @war necessary 10 precede a

a3 noted, namely, warnings, cautions, nates. Such imgrts
b be shart and concise and be used 1o emphatize Important and

An operating procedure, practice, etc, which, if not
wTactly Foliawsd, could rgsuit in persanal injury or
IS of dine

in the fext
critical Inm

i r]

CAUTION

AR oparsting procedurs, practice, 9t¢, which, if not
!‘tI!cW cberwed, could rewiit in damage to, or
. van of, ipment.

N[TE: An opersting procedure, condition, etc. which
it|js essential to highlight.

Health hﬂard* acautioss data. (AH) When hamardous chemicals or adverse haalth

tactors, in thigl ervironmgnt or yse of The equipment carnot be etiminated,
aPpropeiate pragautionmcy raquiraments shall be inchuded.
. f

iii/(iv blank)
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. the letter are the serial prefix. The serial prefig will change only if ¢

SECTION |
GENERAL INFORMAT|ON

1-1. INTRODUCTION

12, This Operating and Service manual can:ains information tainstall, operate, maintain, and service
the HP Madel 4935A Transmission Impairmgnt Messuring Set (TI]S). Figure 1-1 shows the HP Model
4935A with cover and power cord. The manyal is divided into eight major secrions which provide the
following information: i '

f

SECTION 1. GENERAL INFORM;ATION. Provides id

manuals, and userrepair information.
i/

r)‘ “
SECTION II. INSTALLATION. Obntains unpacking dnd inspection infarmation, power
requirements, packaging, and storag!p instructions.

ntification, specifications, related

SECTION III. OPERATION. Inclndqis an explanation of ¢ . _
automatic self check procedure. Describes measurement priz
making each measurement.

trols, connectors, indicators, and an
iples and front panel instructions for

;

SECTION IV. PERFORMANCE TESTS. Gives test pro
instrument’s performance is in accorllance with the speci

SECTION V. ADJUSTMENTS. Protfides adjustment and falibration procedures.
E

SECTION VI. REPLACEABLE Pﬁthl‘s Lists and identifies the instrument assemblies and

replaceahble parts. i

SECTION VII. MANUAL CHANGES. Contains inforrdation to backdate the manual for

instruments with earlier serial numbprs.
i

SECTION VIHI.SERVICE. Includes iih eory of operation, tratbleshooting procedures, flowcharts,
component locators, and schematic diagrams.

1-3. GENERAL DESCRIPTION

!

14.  HPModel 4935A is 2 Transmission Injpairment Measuring $et(TIMS) which measures wideband
data and voice impairments. The frequency rafige over which measuements are made is 20 Hz to 110 kHz,
in steps of 1, 10, 100, 1000, or 10,000 Hz. Thery are four permanentlyl stored, fixed frequencies —404, 1004,
2804, and 2713 Hz. Any other four frequencies may be temporarily fssigned and stored by the user.

1-5.  INSTRUMENT IDENTIFICATIOM

rear panel. The first four digits and
anges are made to the instrument; 4
ents affected. The last five numbers

16, A 10 character serial number (0000AQ$(00) i5 inscribed on

Manual Change Sheet will be ineluded with thgmanualsof any ing
form the serial suffix which is unique to eachlii.\mtrument.
T

1-7. SPECIFICATIONS

1.8, Ingtrument gpecifications are listed uh Table 1-1.
b

|
i
!
!
!
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General Information

Table 1-1. Spefcifications

fl
i

1

Model 4935A

-4

TRANSMITTER RECEIVER
Frequency warequency
Frequency Range .. ........ .. ....... 20 Hz to 110 kHz Frequency Rarge ...\, ... ........... 20 Hz o 110 kHz
Resolution Accuracy Resolution Accuracy
20-99,899 H- 1 Hz z .005% of output frequency 2{)—9,999 Hz 1 Hz 3.6 Hz
100~110 kHz 0 H2 = .012% of output frequency A0-110 kHz 10 Hz .26 Hz
Store and Recali Functions r
SK Skip ... At power up skips a band from 2450—2750 Hz
Frequencies . .............. At power up F1is 404 Hz ;
F2is 1004 Hz ]
F3is 2804 Hz :
Fdis 2713 Hz :
Level 'Ll:ﬂ:!
Range ............................ ~40 o +13 dBm Range ........... Ao e ~60 to +13 dBm
Resolution .. ... . ... . ... .......c.c0vvunnn.. 0.1dB Resolution .. ... .. 1 0.1dB
FlatNess oot e et e e {in dB) Accuracy ......... 1 (in dB)
FREQUENCY, Hz : FREQUENCY (Hz}
- 13212) 200 15k B0k 86k 110k 20 50 PO0 15k  BDk 85k 110k
E +
~m
3
B=40
3% o
3 40 :
Distortion: [in dB from fundamentaj} “

tIncludes harmonics, spurious and background noise within
a filter with & 3 dB bandwidth of 4 kHz or 4 . Whichever
is greater.) .

FREOUENCY (Hz)

30 Hz 100 Hz 4k

11
+13 Ok

At 1004 Hz, O dBm, THD using 8 4 kHz fitter is more than
65 dB down from the fundamentsl,

hl!ceiver dccuracy noﬂ
13582 termination.
;

,ih*{ 1004 kHz accuracy

Qctave sbove 4 kHz,

1

1

Massage Cirenit Noise
Transmitter is quiet terminatad

specified below 500 Hz when using

As +0.1 dB from —-20 to +13 <Bm.,

é?rass talk: >78 dB Isq(at.ron @ 4 kH:z, decreasing 6 dB per

ﬂﬂassage Circuit Noise
Range (@ 60012 and 90

DS . 0 to 100 dBen

& 1359 lower limit is 7 dB higher

Mesolution ... 1dB
Aoouracy L .........l......21dB from 10 10 100 dBrn
; +2 dB from 0 10 10 dBrn
Bilters .. ......... C-Message, 3 kHz Flat, 15 kHz Flat,
: | Program, 50 kBit

Specifications describe the instrument's warranted performance, !Supplemental charaotbristics shown in shaded areas or in

italics are intended to provide information useful in appfym the instrument bv

performance parameters.

giving typical, but non-warranted

1.2
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Warnings- Cautions

Model 4935A

WARNING

SAFETY

If this instrumment is to be energized via an autotransformer
for voltage reduction, make sure the common terminal is
connected to the earthed pole of the power source.

BEFORE SWITCHING ON THIS INSTRUMENT, the
protective earth terminals of this instrument must be
connected to the protective conductor of the (mains}
power cord. The mains plug shall only be inserted in a
socket outlet provided with a protective earth contact. The
protective action must not be negated by use of an
extension cord (power cable) without a protective con-
ductor (grounding).

Make sure that only fuses with the required rated current
and of the specified type (normal blow, time delay, etc.}
are used for replacement. The use of repaired fuses and the
short-circuiting of fuse holders must be avoided.

Whenever it is likely that the protection offered by fuses

has been impaired, the instrument must be made
inoperative and be secured against any unintended
operation.

GROUNDING

Any interruption of the protective {grounding) conductor
(inside or outside the instrument) or disconnecting the
protective earth terminal can make this instrument
dangerous. Intentional interruption is prohibited.

HIGH VOLTAGE

Any adjustment, maintenance, and repair of the opened
instrument under voltage should be avoided as much as
possible and, when inevitable, should be carried out only by
a skilled person who is aware of the hazard involved.

Capacitors inside the instrument may stiil be charged even
if the instrument has been disconnected from its source of

supply.

Adjustments and service described herein are performed
with power supplied to the instrument while protective
covers are removed. Energy available at many points, if
contacted, result in personal injury.

CAUTION

- LINE VOLTAGE

BEFORE SWITCHING ON THIS INSTRUMENT, make
sure instrument requirements match the voltage of the
power source.

GROUNDING

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that all devices connected to this instrument are connected
tc the protective {earth) ground.

BEFORE SWITCHING ON THIS INSTRUMENT, ensure
that the line power (mains) plug is connected to a
three-conductor line power outlet that has a protective
{earth} ground. (Grounding one conductor of a two-
conductor outlet is not sufficient.}

Fr— L ]
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Model 4935A

[EC Symbols

IEC SYMBOLS

The foliowing s a st ot xey 1EC symbols used by Hewlett-Packard. Ali symbois
are normally appliec adiacent 10 the device requiring the symbol. They shail not
be placed on removable parts likely to be detached or lost.

fmstruction Manual symbol: If necessary, 1o preserve the
apparatus from damage it i$ necessary for the user 1o refer o
the insiruction manual, then shail the apparatus be marked
with this symbaot (1EC 348;16al.

may be dangerous when connecting (o or disconnecting from
those dewvices shall be marked with the flash shown when the
voltage exceeds 1 KV: The flash shali be red {IEC 348;18¢c).

Earth Terminals. {f the use of this symbol for the protective
earth terminal is nat permitted by National Standards, it may
be madified, for exampte, by being placed inside a circle (EC
348:18a).

* Terminal devices fed from the interior by live voitages that
N AC current [IEC 117-1, symbot No. 3).
o e e OC current [IEC 117-1, symbol No. 2).

AC ar OC current {1EC 117-1, symbol No. 8).

pletely or partly omitted if thers is no ambiguity. If the
hatching is omitted, the line represanting the frame or chassis
shakl be thicker (1EC 117-7, symbol No, 871

Ampere {LEC 1174, symbol No. 356).

! I Frame or chassis connection. The hatching may be com-
A
v

Volt [IEC 117-4, symbol No, 357},

VA Voltamperse {IEC 1174, symbol No, 3581
w Watt [1EC 1174, symbol No. 360},
Wh Wartthour {|EC 1174, symboi No. 361).
VAh Vaoltamperehour (IEC 1174, symbol No. 362).

Hz Hertz 'EC 1174, symbot Na. 368).

Contactor, normally closec. in order 1o avoid confusion with
the symboi for a cepacitor, the distance between the
norizontal {as drawn herel Lines should be at teast equal o
the length of those lines {IEC 117-3, symbol No. 215.2}.

in addition the following describes the use of Warnings, Cautiens and Notes used
in HP Automatic Test System Manuals.

Warnings, cautions and notes. (Alll Warnings and cautions shalf precede the text
ta which each applies but notes may precede or foltow spplicable text depending
on the material to be highligivted. Warnings, cautions, and notes shall not contain
procedural steps nor shall they be numbered. When a warming, caution, ar note
consists of two or more paragraphs, the heading WARNING, CAUTION, NGTE,
shall not be repeated above each paragraph. {f i1 is ever necessary to precede a
paragraph by both a2 warning and 3 note, ar a caution and a note, etc, they shal!
appear in the sequence as noted, namely, warnings, cautions, notes. Such inserts
in the text shall be short and concise and be used 10 emphasize important and

critical instructions.

An operating procedure, practice, etc, which, if not
correctly foilowed, could result in personal injury or
tass of life.

CAUTION §

An operating procedure, practice, etc. which, if not
strictly observed, could result in darmage o, or
destruction of, equipment.

NOTE: An operating proceduce, condition, etc. which
it is essential to highiight.

Health hazards precaunton data [All) When hazardous chemicals or adverse healrth
tactors, in the enviroament or use of the equipment cannot be eliminated,
appropriate precautionary requirements shall be included.

itt/(iv blank}



Model 4935A

vy

Table of Contents

TABLE OF CONTENTS

Section Title Page
I GENERAL INFORMATION
1-1. Introduction ... ... ... ... ... ..., 1-1
1-3. (General Description .................. 1-1
i-a. Instrument Identification . ............ i-1
1-7. Specifications ........... ... o e 1-1
1-9. Safety Considerations ................ 1-4
112 Related Manuals ..................... 1-4
1-14. UserRepalir .....................ooa. 14
1-16. Options and Accessories .............. 1-4
1-19. Warranty .. ...voeer i 1-4
1.21. Recommended Test Equipment ....... 1-4
1-23. Battery Operation {Options 001
and 003) . ... e 16
1-26. Charging the Batteries ........... 1-6
1-29, QOperating Temperature ........... -6
1-31. Storage Temperature ............. 1.7
1-34. Memory Effect ... ... ... ....... 1.7
H. INSTALLATION
2-1. Introduction............cccvvvivennn.. 21
2-3. Initial Inspection ..................... 21
2-6. Preparation For Use........... e 2-1
2.7. Power Requirements .................. 2-1
2-9. Line Voltage Selection................ 21
2-10. PowerCable....................... ... 2-2
2-13. Operating Environment .............. 22
2-16. Storage and Shipment ................ 2.2
2-17. Environment ..................... 2-2
2-20. Instrument Packaging ................ 2-2
III. OPERATION
3-1. Operation .......oiiiinieiinaa. 31
3-3. Self Check .. ... 31
3-5. Error Messages....................... 31
3-7. Operating Instructions ............... 36
3-10. Measurement Principles ............. 317
3-12. Input-Output Switching.............. 317
319 Level and Frequency Measurements . 3-18
3-21. 1000HzLoss ........................ 318
3-24, Frequency Shift ......... ... ... ... 3-18
3-26. Attenuation Distortion...... e 3-18
3-30. SESKip ... 3-19
3-32. Message Circuit Noise Measurements 3-19
3-40. Noise Measurements................. 3-22
3-42. Noise-with-Tone (Notched Noise)..... 3-22
3453, Signal-to-Noise Measurement ........ 3-22
3-48. Signal Frequency Interference ....... 3-24
| 3-52. Impulse Noise ................o0t 0t 3.24
3-55. Noise-to-Ground Measurement ....... 3-25
3-30. Peak-to-Average Ratio Measurement . 3-25

Section Title Page
IV. PERFORMANCE TESTS
4-1. Introduetion . .............. .. . i, 4-1
3. Equipment Required .................. 11
4-3. Test Record .......................... 41
4-7. Self Check........ooo i 4-1
4-9, Performance Verification ............. 41
412, Performance Tests . ................... 4-2
4-13, Transmitter Flatness at +10 dBm . 4-2
4-14, Transmitter Flatness at -40 dBm . 44
4-13. Receiver Accuracy at +11 dBm
and-40dBm ................... 4-8
4.16. Autorange Test .................. 4-10
4-17. Filter Tests ..o viiiiiieiiinnn, 411
4-18, Impuise Noise DAC Test......... 4-14
4-19. Count Limit Test ................ 4-16
4.20. Termination Impedance Test .... 4-17
4-21. Hold Tone Dropout Detector Test 4-19
422, Hold Circuit Test ................ 4-20
4-23. Distortion Test .................. 4-21
4-24. P/ARTest ..ovvvvieeiiiinnnnn.. 525
4-25. Noise-to-Ground (Standard and
Option 008}, .. ..o 4-26
V. ADJUSTMENTS/CALIBRATIONS
51. Introduction .......ccovevvvvnnniannn. 51
5-3. Safety Considerations ................ 51
5-D. Equipment Required .................. 51
5-8. Instrument Access................ 51
59, Adjustment Locations ................ 51
511, Adjustments............ oo, 52
513. +5V,+14 V, and -14 V Power
Supply Adjustments ................ 53
5-14, A3 Recetver Gain Adjustments........ 5-4
5-15. Detector Adjustments................. 55
5-17. Notch Filter Adjustments............. 57
5-18. Al13 P/ AR Filter and Latch
Adjustments (Options 002 and 003) . 5-8
5-19. Qutput Level and Transmit
Monitor Loop Adjustments.......... 59
5-20. Hold Circuit Adjustments............ 5-10
VI. REPLACEABLE PARTS
6-1. Introduction . ......... .. ... ... ... 6-1
6-3. Replaceable Parts List................ 6-1
6-3. Ordering Information................. 6-1
VII. MANUAL CHANGES
7-1. Introduction........... P 7-1
7-3. Manual Changes ..................... 7-1
T6. Manual Change Instructions....... ... 7-1



T=ble of Contents

Section

Model 49354

TABLE OF CONTENTS (Cont'd)

VIIL. SERVICE

vi

8-1
8K,
8-10.
8-13.
8-16.
819,
B-22.
8-26.

8-29.

8-32.
834.
838

8-39.
8-42.
844,
8-45.
8-48.
851
8-32.
8-54.
857.
8-58.

8-62.
8-64.

B-68.
873
8-76.

£-80.

B-85.
8-97.

8-100.
810C.
8-104.
8-113.
812¢
8-128.
8-131.
8-135.
8141,
8-144.
8-146.
8-148.
8-153.
8-155.
8-157.
8-1584.
8-164.
R-16€.

Title Page
General Information....... ... ...... .. 81
How Measurements are Made . . .. ... .. 8-3
Level and Frequency ............. 8-4
Notse.............. e 8-4
Noige-with-Tone ................ .. 8-4
Signal-to-Noise ................... 85
Impulse Noise .................. .. 85
Noise-to-Ground (Standard and
Option 001}..................... 8-6
Peak-to-Average Ratio: P/AR
(Options 002 and 003)........... 8-6
Frequency Measurement .............. 86
Level Measurement ................... 87
How to Compute Frequency and
Level Measurement................. 88
Level Calculation Example ....... 88
Control Theory of Operation ......... 811
Microprocessor to Instrument ........ 811
System Latches,................. 811
Instrument to Microprocessor ........ 8-12
Operator to Microprocessor .......... 812
Keyboard Interrupt .............. 8-12
Receiver Impedance Switches .... 8§12
Mieroprocessor to Operator .......... 8-13
Displays......................... 813
Instrument to Operator .............. 813
Monitor Amp.................... 8-13
Beep Generator.................. 8-13
Operator to Instrument ... ........... 8-13
Miscellaneous Circuitry.............. 8-13
Receiver Theory of Operation ........ 815
170 Switching/Hold Circuits/
Termination................... 8-18
Input Select/Notch Fiiter/
2BdBAmp ...l 817
Noise Filter Circuitry .......... 817
Level Detectors .................. 819
Impulse Noise Detectors ......... 819
Transmitter ......................... 819
Test Signal Generation Method .. 8-20
Circuit Description ............., B-21
Power Supply Theory ......... .. ..., 8-23
AC Line Supplies ... ............ 8-23
Regulators ...................... 8-24
Charger Board Theory of Qperation.. 825
Battery Charging................ R-26
Power Source Selection .......... B-26
Relay Drive Circuitry ............ 8-26
Inhibit Circuit ................... 8-27
Maintenance ........................ 8-28
Periodic Maintenance............ 8-28
Failure Maintenance ............ 8-28
Component Replacement......... B-28
Soldering........................ 8-28
Cleaning ............ ... ... ... .. 828

Section

8-1868.
8-169.
B-171.

8-173.
8-175.
8177,
8-179.
8-181.
8-183.
8-186.
8-189.
8-190.

8192,

8-194.
8-196.
8-200.

8-202.
8-204.
8-207.
8-210.
8-212.
8-217.
8-219.
8-222.
8-225.
8-227.
8-2290.
8-232.

8-235.
8-237.

8.239.
8-242,
§-246.
B-248.
8-250.
8-252.
8-254.
8-255.
8-257.

B-259.

8-261.

8-263.

8-265.

8-267.

Title Page
Pisassembiy... ... ... L 829
Remove Case .................... 8-29

Receiver Board/Shield Plate-
Battery Charger Board

Disassembly. .. ... ... ... 8-29
Switchboard/Front Panel Removal .. 830
Transmitter Board Removal . ....... . 8-30
Reassembly ................ ... ..., 8-30
Power Supply Troubleshooting....... 833
Minimum Core Troubleshooting ..... 8-34

Procedure ....................... 8-35
Display Troubleshooting......... 8-36
Control Troubleshooting .. ........... 8-36
Troubleshoot Keyscan/Interrupt
Circwitry ... 8-36
Control and Counting Section

Troubleshooting ................... 8-36

Transmitter Troubleshooting......... 837
Transmit Clock Generator ....... 8-37
Transmitter Signature Analysis

Procedure ..................... 8-37

Digital-to-Analog Conversion .... 8-39
Filter and Signal Select Circuitry 8-40

Output Amplifier ................ 8-42
Transmit Monitor ............... 8-43
Receiver Troubleshooting ............ 843
Setup. .o e 8-44
Overall Transmit Monitor Test .. 8-44
Transmit Monitor Signal ........ 844
Noise Filter ..................... 845
Simplified Autorange Check ..... B-45
Detector Select .................. 8-46

Inputs from Front Panel/Notch
Filter /25 dB Amp/Tone Dropout

Signal Path ................... 8-47
Input Transformer............... 8-47
Noise-to-Ground Input Path

(noise-to-ground units only..... 8-47
Tone Dropout Signal Path ....... 847
Noteh Filter ............ .. ... .. 8.47

Notse Filters......................... 8-48
Autorange....................... 8-48
Detector Troubleshooting ........ 8-48&

Impulse Noise Circuitry ............. 8-48

Charger Board Troubleshooting. ... .. &-50
Procedure ....................... 8-50
Charge Circuitry‘Charge Inhibit

Circuitry ...............ci.. 8-50
Relay Crive Circuitry, Low Voltage

Inhibit Circuitry ............... 850
Inhibit Circuitry AC and Low

Voltage. ....................... 8-51
Delay and Relay Drive

Clreuitry ..o i, 8-51
AC and Low Voltage Inhibit

Troubleshooting ............... 8-52

Service Alds ... ........ ............ B52

o

————

[er——

[——



UV,

P

Model 19354

Section

Tabie of Contents List of [llustrations

TABLE OF CONTENTS (Cont'd)

Title Page

2.268.  Service Selection of Input. Notch

Filter/25dB Amp.................. 8323
8-270. Procedure ....................... 8-53
8272,  Bervice Selection of Noise Filters

byHand........................... 8534
827 Procedure ....................... 8-34

8.276. Service Selection of Autorange Gain

Figure

1-1.
1-3.

2-1.

3-8.
39.
3-10.
3-11.

312.
3-13.
3-14.

3-15.
3-16.

4-1.
42,
4-3.
44,
4-3.
46.

48,

49.

4-10.
4-11.
4-12.
4-13.
4-14.
4-13.

forService...........coiiiuiieii 8-54

Section

Title Page

4378, Procedure ..................... 854

a-

[ SR &}
d i

279.  Hand Selection of An}CD. and AJCI{JO

{A13C57 and A13C160 for P/AR units)
for Desired Frequency Response ... 8-35

282. Hand Selection of C57 and C160 . 8-35
233. Filters: Response of Each Stage...... 8-56

LIST OF ILLUSTRATIONS

Title Page

Model 4935A Transmission Impairment
Measuring Set .......ooiiiiiiiiiiiiainins 1-0

Charge Acceptance at Various Temperatures 1-6

Temperature-Capacity Relationships-Sealed

Cells at C Rate Discharge ................ 1-7
Line Voltage Selection ..................... 1-2
Front and Rear Panel Controls/

Connectors/Indicators ................... 3-2
Measurements ...vvveeevinninreeneanannnnns 3-6
Input-Output Switching ................... 317
Level and Frequency Measurements ....... 3-18
Message Circuit Noise Measurements. ... .. 3-19
C-Message Weighting Characteristic....... 3-20
3 kHz Flat Weighting Characteristic....... 3-20
Program Weighted Filter .................. 321
15kHz Flat Filter ......................... 321
S0kBit Filter.....cooor it 322
C-Message Weighting with Notch

Characteristic...........coiiiiinenennn.. 323
Signal-to-Noise Measurement .............. 323

Impulse Noise Waveform Representation .. 3-24
Noise-to-Ground Related to Message

Circuit Noise . ...t 3-25
P/AR Transmit Signal Frequency Spectrum 3-26
P/AR Transmit Signal Envelope .......... 326
Transmitter Flatness Test at ~10dBm...... 4.2
Transmitter Flatness Test at -40 dBm ...... 4-4
Receiver Test at +11 dBm and ~40 dBm .... 48

CAutorange Test ... ... .ol 4-10
Filter Tests ......ooi i, 411
Impulse Noise DAC Test .................. 4-14
CountLimitTest .. ..................vvin. 4-16
Termination Impedance Test .............. 4-17
Hoid Tone Dropout Detector Test .......... 4-19
Hold Circuit Test ... ....................... 4-20
Distortion Test ........... ... . ..., 421
-40 dBm Distortion Test .................. 4-22
Filter Cireuits .. ... .. ... i 4-23
P/AR Test ..ot e i 4-25
Noise-to-Ground Test ............... ... ..., 4-26

Figure
5-1.

6-1.
6-2.
6-3.

7-1.
7-2,
7-3.

~
4

7-5.
76.

7-7.

78,
79.

7-10.
7-11.

7-12.

B-1.
8-2.

8-3.
84.
8-5.
8-6.
8-7.
88,
8-9.
8-10.
8-11.
812,
8-13.
8-14.
8-15.
8-186.
8-17.

Title Page

Hold Circuit Adjustment ................... 51
Exploded View Case and Covers............ 64
Exploded View Assembiies and Cables ..... 62
Exploded View Battery Option ............. &7
A2 Switch Board Component Locator....... 73
A5 Charger Board Component Locator ..... 7
Partial A5 Charger Board Schematic ....... 76
Al4 Transmitter Board Component

Locator ... e 77
Partial A4 and Al4 Schematic.............. 78
Al4 P/AR Transmitter Board

Compenent Locator ................... ... 78
A4 Transmitter Board Component .

Locator ..o e 79
Partial Power Supply Schematic........... 7-10
Al3 P/AR Receiver Board Component

Locator .o e i 711

A3 Receiver Board Component Locator 7-12
A3 Receiver Board Schematic

(Sheet 1of 2) ... oo iiiiiiennaes 713
A3 Receiver Board Schematic

{(Sheet 20f2) . ... . iiaiiiiiiiniin 7-14
4935A Main Block Diagram ................ &1
Voltage-to-Frequency Conversmn

Characteristics ... ....ocveeumiaainannes T

Voltage-to-Frequency Conversion Output ... 88
Frequency and Level Measurement Timing . 89

Control Circuitry Block Diagram .......... 811
Receiver Block Diagram ................... 8-14
Switchboard Block Diagram............... 8-15
Input-Output Swiwching ................... 8-16
Filter Block Diagram ...................... 817
Autorange Block Diagram................. 818
Stair-step Sinewave . .......... ..., 820
Transmitter Block Diagram ............... 821
Power Supply Block Diagram.............. 8-23
Charger Board Block Diagram ............ 8-25
Inhibit Circutt ............... e B-26
Relay Drive Circuit . . ... ovvrrvennannn.n 8-26
Instrument Troubleshooting ............... 8-32

vii



Tist of Illustrations List of Tables

Figure

8-18.
819.
8-20.
8-21.
B33,
8-23.
8-24.
8-25.
8-26.
8-27.
8-28.

Table

1-1.
1-2.
1-3.

2-1.

4-1.
4-2.
4-3.
44.

4-5.

46.
4-7.
48,
49,
4-10.
4-11.
4-12,
4-13.
4-14.
4-15.
4-16.

6-1.

6-2.
6-3.

Model 4930A

LIST OF ILLUSTRATIONS (Cont'd)

Figure
829
8-30.
831.
8-32.
8-33.
8.34.

8-35.
8-36.

Title Page

Receiver Board Schematic Diagram

(Sheet 1 of 21 ... o i i 8-69
Receiver Board Schematic Diagram
{(SheetZof 2) ... . ... . ... .. 8.71

A4 Transmitter Board Component Locator. 872
Al4 Transmitter Board Component Locator 873
Transmitter Board Schematic Diagram

(Sheet 1 of 2) ... ..o, 8-73
Transmitter Board Schematic Diagram

(Sheet 2of 2)............. e 8.75
A5 Charger Board Component Locator .... 876
Charger Board Schematic Diagram........ 877

LIST OF TABLES

Title Page
Stair-step Sinewave .................00.an. 8.39
P/AR Signal Frequency Spectrum ......... 841
P/AR Transmit Signal Envelope .......... 8-42
20 Hz Waveform .......................... £43
Transmit Monitor Test Queput............. 8-44
4935A Signal Flow Block Diagram ........ 8-63
Front Panel Schematic Diagram........... 8635
A2 Switch Board Component Locator...... 8-66
Switch Board Schematic Diagram ......... 867
A3 Receiver Board Component Locator .... 868
A13 Receiver Board Component Locator ... 8-69
Title Page

Specifications ........... SN 1-2
Recommended Test Equipment ............. 1-5
List of Parts Used for

Performance Tests ............ccovuennn.. 1-5
HP PlugStyles..........c.coiiiiiiaia.. 2.3
Transmitter Flatness at +10 dBm........... 4-3
Transmitter Flatness at-40dBm........... 4-5
Abbreviated Transmitter Flatness .......... 47
Receiver Accuracy Test Table............... 4-9
Abbreviated Receiver Accuracy

Test Table .............coiiiiiiinaa 4-9
Autorange Test ... .o iiiiiiri i 4-10
C-Message Filter Test ..................... 4-11
3kHz Flat Filter Test ..................... 4-12
15 kHz Flat Filter Test .................... 4-12
Program Filter Test ....................... 4-12
30 kBit Filter Test................... .. ... 4-13
Notch Filter Test .......................... 4-13
Impulse Noise DAC Test .................. 4-15
Filter Circuit Parts List ... ................ 423
Abbreviated [hstortion Test ............... 4-24
P/AR Filter Responses .................... 4-25
Reference Designation and

Abbreviations ............ ... .. ... 6-2
Manufacturer Code List .................... 6-8
Replaceable Parts .................... ... ... 6-9

viil (ix blank)

Table

7-1.

8-1.
8-2.
8-3.
84,
85.
B-6.
87.
8-8.
89

8-10.
8-11.
8-12.
8-13.
8-14.
8-15.
8-16.
8-17.
8-18.
8-19.
8-20.
8-21.
8-22.
823,
8-24.
8-25.
8-26.
8-27.
8-28.

Title Page
Manual Changes .. .............. 0ot 7-1
Measurements Summary .......cceeeniannn. 83
Noise Amplification ........................ 85
Reference Signatures ...................... 8-38
Wideband Filter Response ................. 8-40
5 kHz Low Pass Filter Response . .......... 8-40
Output Select MUX . ... 841
Transmit Monitor Test .................... 8-43
A3UIB Voltages ................iveen... 849
TP3 Voltages.............iieeiiinainnnn 8-49
Hand Selection of Noise Filters ............ 8-54
Autorange States.......c.oovveiiiiiii .. 85
Hand Selection of C57 and C160........... 8-56
4935A C-Message Filter ................... 857
4935A 3 kHz Flat Filter ................... 8-57
4935A 15 kHz Flat Filter .................. 8-57
4935A Program Filter ..................... 857
4935A S0 kBitFilter .............. ... o 8-58
4935A Notch Filter .. ... ... ... .. .... 8-58
4935A P ARFilter ........................ 8-58
4935A 150 kHz Low Pass Filter............ 8-58
4935A 110 kHz Low Pass Filter............ 8-59
Bell 41009 C-Message Filter ........ ... ... 5-59
Bell 41008 3 kHz Flat Filter ............... 8-60
Bell 41009 15 kHz Flat Filter .............. 8-60
Bell 41009 Program Filter ................. 860
Bell 41009 50 kBit Filter .. ................. B-61
Bell 41008 P AR Filter .................... 861
Bell 41009 Notch Filter .. .................. 861

o

s



LS

1-0

eneral Information Mode! 4935A

£

e Dot

o R T
g AU N N

R
g o weEsaat

B rena ST
A
pragte

C e emr FubY

Figure 1-1. Mode! 4935A Transmission Impairment Measuring Set



.

ety

ni,

-

Model 4930A

SECTION |
GENERAL INFORMATION

1-1.  INTRODUCTION

1.2, This Operating and Service manual coentains information toinstall, operate, maintain, and service
the HP Model 1935A Transmission Impairment Measuring Se: - TIMSi. Figure 1-2 shows the HP Model
1635A with cover and power 2ord. The manual is divided nio »ight major sectivns wnich provide the
following information:

SECTION . GENERAL INFORMATION, Provides :dentification, specifications, related
manuals, and user-repair information.

SECTION II. INSTALLATION. Contains unpacking and inspection information, power
requirements, packaging, and storage instructions.

SECTION II1. QOPERATION. Includes an explanation of eontrols, connectors, indicators, and an
automatic self check procedure. Describes measurement principles and front panel instructions for
making each measurement.

SECTION IV. PERFORMANCE TESTS. Gives test procedures required to verify that the
instrument’s performance is in accordance with the specifications.

SECTION V. ADJUSTMENTS. Provides adjustment and calibration procedures.

SECTION VI. REPLACEABLE PARTS. Lists and identifies the instrument assemblies and
replaceable parts.

SECTION VII. MANUAL CHANGES. Contains information to backdate the manual for
instruments with earlier serial numbers.

SECTION VIIL. SERVICE. Includes theory of operation, troubleshooting procedures, flowcharts,
component locators, and schematic diagrams.

1-3. GENERAL DESCRIPTION
1-4. HP Model 4935A is a Transmission Impairment Measuring Set{TIMS) which measures wideband
data and voice impairments. The frequency range over which measurements are made is 20 Hz to 110kHz,

in steps of 1, 10, 100, 1000, or 10,000 Hz. There are four permanently stored, fixed frequencies —404, 1004,
2804, and 2713 Hz. Any other four frequencies may be temporarily assigned and stored by the user.

1-5.  INSTRUMENT DENTIFICATION

1-6. A 10 character serial number (0000AG0000) is inscribed on the rear panel. The first four digits and

_the letter are the serial prefix. The serial prefix will change only if changes are made to the instrument; a

Manual Change Sheet will be included with the manuals of any instruments affected. Thelast five numbers
form the serial suffix which is unique to each instrument.

1-7. SPECIFICATIONS

1-8. Instrument specifications are listed in Table 1-1.

General Information
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Model 4935A

Table 1-1. Specifications

TRANSMITTER RECEIVER
Frequency Frequency
Frequency Range ... ................ 20 Hz to 110 kHz Frequency Range .. .. ............... 20 Hz to 110 kHz
Resolution Accuracy Resolution Accuracy
20-99,899 Hz 1 Hz = .005% of output frequency 20-9,999 Hz 1 Hz +0.5 Hz
100-110 kHz 10 Hz *.012% of output frequency 10-110 kHz 10 Hz . *5Hz
Store and Recall Functions
SK Skip ... At power up skips a band from 2450-2750 Hz
Frequencies ............... At power up F1is 404 Hz
F2is 1004 Hz
F3is 2804 Hz
F4is 2713 Hz
Level Level
Range .......... ... .. ... .. ... ..., ~40 to +13 dBm Range ...... ... ...t i -60 to +13 dBm
Resolution .. ... ... . i 0.1 dB Resofution . ... ... ... .. .. i 0.1dB
Flatness .. .ot e e {in dB) ACCUFBOY vttt it e e e ettt e e {in dB}
FREQUENCY, Hz FREQUENCY (Hz}
20 200 15k 60k 85k 110k 20 50 200 15k 60k 85k 110k
E +13 —§+13 I 1
2% =@
S—:10 e —-40
3 = c —
©f o -2
—J_40 S -60

Distortion: (in dB from fundamental}

({Includes harmonics, spurious and background noise within
a filter with a 3 dB bandwidth of 4 kHz or 4 fg, whichever
is greater.)

FREQUENCY (Hz}

30 Hz 100 Hz 4k 110k
+13 -
E
§§+10
ST o
= L -50 —-40
—4( .

At 1004 Hz, 0 dBm, THD using a 4 kHz filter is more than
65 dB down from the fundamental.

Receiver accuracy not specified below 500 Hz when using
13582 termination.

At 1004 kHz accuracy is 0.1 dB from -20 to +13 dBm.

Cross talk: >78 dB isolation @ 4 kHz, decreasing 6 dB per
octave above 4 kHz,

Message Circuit Noise
Transmitter is quiet terminated

Message Circuit Noise
Range (@ 60082 and 90082} .. ............ 0 to 10C dBrn
@ 13552 tower limit is 7 dB higher
Resolution . ...... ... . .. ... . e 1 dB
Accuracy ................. *1dB from 10 to 100 dBrn
%2 dB from 0 to 10 dBrn
Filters . ............ C-Message, 3 kHz Flat, 15 kHz Flat,
Program, 50 kBit

Specifications describe the instrument’s warranted performance. Suppiemental characteristics shown in shaded areas or in
italics are intended to provide information useful in applying the instrument by giving typical, but non-warranted

performance parameters.
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General Information

Table 1-1. Specifications {Continued)

TRANSMITTER RECEIVER

Noise with Tone Noise with Tone

Frequency ... ... ... ... ... 1004 Hz fixed tone Notch Filter. ... .. =50 dB rejection from 995 tc 1025 Hz

{Far other specifications, see Level and Frequency) Range (@ 60082 and 90082} ... ... ....... 10-100 dBrn
ACCULECY « . o e e et *+1 dB from 20 to 100 dBrn

=2 dB from 10 10 20 dBrrn
{For other specifications, rafer 10 Message Circuit Noise)

 Sigrai-io-Neze Jotio
Frequency . ... ... . L L 1004 Hz fixed tone
{For other specifications, see Level ang Frequency)

Signat-to-Noise Ratio

Signat fevel Range................... -40 10 +13 dBm
RatioRange . ........ .. ... .. ... . .. ... 10 t0 45 dB
Resolution ... e e 1dB

3-Level Impulse Noise

3-Level Impuise Noise

Frequency ....... 1004 Hz fixed tone or quiet terminated Level Range ...... ... . ... ... ...... ~40 10 +13 dBm
depending on filter selection Noteh Fitter .. ... ... oo o See Noise with Tone
{For other specifications, see Level and Frequency) Threshold Ranges {@ 600£2)
Low .. e e e 30 to 109 dBrn
Mid ....... 4 dB above Low to a maximum of 109 dBrn
High....... 8 dB above Low to @ maximum of 109 dBrn
Loss of Holding Tone Indication ............ Minus sign
Threshold Accuracy fabove 40dBrn) ... ........ *1 dB
Count Timer ............... 5, 15, 60 min. or non-stop
CountRange ............... 0-9999 for each threshold
Count Rate .......viuniiininnrnaneennnn & per sec.
Noise-to-Ground Noise-to-Ground
Transmitter is quiet terminated Range (@ 6002and 80082) ... .......... 50 to 130 dBrn
Resolution ... .. i i it 1dB
ACCUIACY & vttt et a e i it sianen o +1.5dB
P/AR {(Optional) P/AR (Optional}
Frequency . ... Signatl spectrum is a complex pulse train of P/ARRange............c.ocuun. 0 to 120 P/AR units
16 frequencies between 140 Hz and 3890 Hz. Resolution ... ...coitininiannranrnnss 1 P/AR unit
level Range . . ..... ... ... .. iiiann.. -4Q to 0 dBm Accuracy {from 30 to 110 P/AR units) ... *2 P/AR units
Resolution .. ... ettt e i e 1dB Level Range . .. ..oovv i inineinnanns -40 to +3dBm
Resolution . ..... ...ttt i ciannasnnss 1dB
Temperature Range:
Operating. . ............ 0°C to 50°C (32°F to 122°F)
with batteries 0°C to 40?(2 (32°F to 104°F)
Storage ............. -20°C to 75°C -4°F 10 167°F)
with batteries —20°C to 45°C (-4°F to 113°F)
Warm up time @ 20°C for stated accuracy . .. ...... 5 min.
Dimensions .11.2 x 25.9 x 28.6 cm (4.4 x 10.2 x 11.25in.)
Weight .. .... 5.0 kg {11 1bs.), 6.5 kg {14 Ibs.) with battery
OPTIONS
o01 ...l Adds rechargeable battery pack
002 Adds P/ AR measurement in place of Noise-to-Ground
003 ... . Adds both battery pack and P/AR

Deletes Naise-to-Ground
ACCESSCRIES:

16613A ... .. Test cord w./31Q male at both ends
18132A . 19" rack mount adapter
18134A Soft pack carrying case
1B181A ... e Ladder bracket

1-3
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1-9. SAFETY CONSIDERATIONS

-

E CAUTION

Before applving power, make sure that the rear power input module is set to the line
voltage in use and that the correct fuse is instailed.

1-10. Whenever internal circuits are exposed, caution must be used. Observe all warnings and cautions
marked on the instrument or listed in the procedures.

1-11. When using AC power for test equipment, the chassis must be connected to earth ground. When the

power button is on STBY (standby). AC and DC voltages are present in theinstrument. To completely power
down, disconnect the AC power cord from the 4935A. The batteries in options (01 and 003 provide
continuous power to 49354 circuits; follow the disassembly procedures in Section V1II, Service to access the

instrurmrent.

Power switch does not turn off AC power and some DC circuits.
1-12. RELATED MANUALS
1-13. Operating information is summarized on a card in the instrument cover.

1-14. USER REPAIR

1-15. Internal repairs to the instrument should be done by anthorized repair shops only. For assistance,
contact the nearest Hewlett-Packard Sales and Service Office listed at the rear of this manual.

1-16. OPTIONS AND ACCESSORIES
117, Options available are:
Option 001: Adds a rechargeable battery pack.
Option 002: Adds P/AR (Peak/Average Ratio) measurement in place of Noise-to-Ground.

Option (03: Adds P/AR (Peak/Average Ratio} measurement in place of Noise-to-Ground and a
rechargeable battery pack.

1-15. Accessortes available are:
15513A Test cord w310 male at both ends
1817024 19" Rack Mount Adapter
181344 Soft-pack Carrying case
18161A Ladder Bracket
ACLRANNT Y Magnosatie Servies Kit

1-19. WARRANTY

1-20. Instrument warranty is as listed on the inside of the front cover.
Battery warranty is 1 year.

1-21. RECOMMENDED TEST EQUIPMENT

122, Recommended test equipment is listed in Table 1-2. Equipment with equivalent characteristics
may be used.

Model 4935A
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Model 4935A General Information

Table 1-2. Recommended Test Equipment

INSTRUMENT CRITICAL SPECIFICATIONS | RECOMMENDED MODEL; USE*
AC CALIBRATOR QUTPUT LEVEL 1mV TO 10V FLUKE 5200A PT
FREQUENCY: 20 Hz TO 110 kHz | OR EQUIVALENT
ACCURACY 0.1% @ =7mV
OSCILLCSCOPE =15 MHz BANDWIDTH HP 1711A PA
A VS B CAPABILITY [
MULTIMETER | AC AND CC FUNCTONS ! p 34554 PAT
COLS LoLTE e TDotInoy
OCVOLTS 1 TO 1000V
BALANCED INPUT
| DIGITAL MULTIMETER DC CURRENT  1AMP MAX | HP 3468A PAT
DUAL OUTPUT POWER ~12 AND -12V @ O TO 0.2A HP 6234A P
SUPPLY
DUAL RANGE 0-50 Vde @ 0 TO 2A HP 6218A PT
DC POWER SUPPLY
AUDIO ANALYZER INPUT VOLTAGE RANGE HP 8903A P
50mV-300V
BANDWIDTH 500 kHz
FILTER 30 kHz
COUNTER RANGE: AC COUPLED 30 Hz HP 5315A P
TO 100 MHz
SENSITIVITY: 10 mV TO 100 MHz
*P = PERFORMANCE TESTS A = ADJUSTMENTS T = TROUBLESHOOTING

Table 1-3. List of Parts Used for Performance Tests

PART NUMBER
{IF APPLICABLE) DESCRIPTION
1698-3447 1350 1% RESISTOR
0698-8240 3980 1% RESISTOR
0698-7408 6000t .1% RESISTOR
0698-6344 9000 .1% RESISTOR
HP 11095A TERMINATICN, 6000 BNC-TO-BNC
1250-0781 BNC-TEE FEMALE
1251-3757 BNC TO TYPE 310 POMONA NO. 2798 OR EQUIVALENT
BNC TO DUAL BANANA JACK POMONA NO. 1296
DUAL BANANA COMPONENT CARRIER POMONA NO. 1330-ST
04935-60014 DIAGNOSTIC SERVICE KIT

—



Gereral Information

1-23. BATTERY OPERATION {Options 001 and 003}

1-24. Nickel-Cadmium batteries enable the 4935A to be used in areas removed from AC power.
Typical operating time is 3 hrs when fully charged. The batteries are trickle-charged whenever the
instrument is connected to an AC source and the POWER swiich is in STBY.

1-25. Regular discharge-charge cycles are recommended to maintain battery capacity, The instrument
should be operated until batteries are discharged {instrument stops working) then recharged, at least every
30 days. Normal recharge time is about 14 hours. Typical battery life under normal operating conditions
should be at least 100 charge-discharge evcles.

NOTE

Batteries do not charge when 49354 is operating from an AC source.

1-26. Charging the Batteries

1-27. The internal battery pack consists of three rechargeable battery packs (+6V, +15.6V and -15.6V}.
These provide typically three hours of continuous use without recharging. To recharge the battery packs,
connect the 4935A to an AC power source and press powet switch to STBY (the batteries will not charge
with the POWER switch in ON). Normal recharge time is about 14 hours.

1-28. The batteries may be charged at temperatures between 5°C and 40°C (41°F and 104°F), but have
greater charge capacity if charged between 5°C and 25°C (41°F and 77°F). At temperatures above 25°C
the charge acceptance falls off as shown in Figure 1-2. For example, a cell charged at 45°C accepts about
60-70% of its rated capacity. Temperatures below 5°C cause pressure to build up within the cell as it is
charged, which could result in venting of the cell. This results in a2 permanent degradation of the battery
capacity due to loss of electrolyte.

1-29. Operating Temperature

1-30. Normal operating temperature of the 4935A with batteries (options 001 and 003) should be
beiween -20°C and +40°C. However, there will be a loss of capacity when operating at the extremes. At
low temperatures, the batteries cannot fully discharge even if they were fully charged at room temperature.
At high temperatures, this same effect takes place to a lesser degree, in addition to the problem of charge
acceptance previously mentioned. Figure 1.3 illustrates this effect.

Model 49354
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