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Manual

Manual Part Number: 00428-90005
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About this Manual

We’ve added this manual to the Agilent website in an effort to help you support your
product. This manual provides the best information we could find. It may be incomplete
or contain dated information, and the scan quality may not be ideal. If we find a better
copy in the future, we will add it to the Agilent website.

HP References in this Manual

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett-
Packard's former test and measurement, life sciences, and chemical analysis

businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent
8648A. We have made no changes to this manual copy.

Support for Your Product
Agilent no longer sells or supports this product. You will find any other available
product information on the Agilent Test & Measurement website:

www.agdilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.
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Hewlent-Packard Company certifios that this product met its published specifications ar the time of shipment from
the factory. Howlett-Packard further cortifies that ity calibration measurements are traceahle to the United Stares Na-

tionel Bureare of Standards, 1o the extent alfowed by the Birean’s mhhmmm Juacility, und o the calibration fucilities

of uther Ihternational Standards Organization members,

WARRANTY

‘ : . 14 I3 i » -
This Hewfert-Packird instrument product is warranted against defeers in materials and workmanship for a period

of one vear from date of shipment Lexcept that in the case of certain components listed in Section 1 of this manual,
e warramy shabl be for the specitied period!, Duoring the wirramy period, Hewler-Packard Company will, ot its
apton, either repair or replace produets which prove 1o be defective,

For wareanty serviee or repinir, this product must be returned 1o a service facility designated by -hp-. Buyer shall prepay
shipping charges to <hp- and -hp- shall pay shipping charges to retwrn the product 1o Buyer, However, Buyer shall
pay all shipping charges, duties, and tases for products retuimed to -hp from another conntry,

1
Duration and conditions of sarsanty tor this instrument may be superceded when the instrument s integrated fnto
{becomes a pagt of) other -hp- instriment products, o

Flewlent-Packard swarrants tha its software and firmware designated by -hp- for use with s instrument will execute
its programming instructions when properdy installed on that instrument. Hewler-Packard does not warrant that the
operation of the instriment, or sofbware, or Homware will beanibnterrapted ot error free,

l.lMI'l'A'l'l().’\' OF WARRANTY

The foregong warranty sl not apply ro detects resulting From improper or inadequate maintenance by Buyer, Buyer-

“supplied software or interfucing, unauthorized modification or misuse, operation outside of the environniental specitiea-

tions for the product, or improper site preparation or maintenangee, |

NO OTHER WARRANTY 1S ENPRESSED OR IMPLIED, HEWLETT-PACKARD SPECIFICALLY DISCLAIMS
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE,

EXCLUSIVE REMEDIES

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND ENCLUSIVE 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 LEGAL THEORY,
‘ t : Asslsm\u

Product maintenance agreements and other customner assistance aereemients are available for Hewlerr-Packard products,

For any assistance, contact your nearest Howlott-Packard Sales and Servive Qffice. Addresses are provided at the hack
of this ma, . '
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_' SAFETY sumnnv s

The following gttnmi shlnty pracautinns must be observed durinn all phases of uparatiun, urvice, und repair uf this
instrument. Failure to t.nmply with tha:n precantions or with spacific wernings elsewhers in this manual vialates

safety standards of dasrgn, mnnufactura, nnd intended usa of the instrument Hewlett Packard Company BssUMas N0

liability for the customnrr s failure to curnply with these rsquiramnntz. This is a Safety Class 1 instrumant.

\ . S ," 1 b

GROUKD THEIHSTHUMEHT . S S X

1

To minimize shock hazard the instrument chassis and cabinet must be connected to an elec-
trical ground. The ir\strument is equipped with a three-conductor ac power cable, The puwer
cable must either be plugged into ap approved three-contact electrical outlet or used with a
three- cr)ntact to two-contact adapter with the grounding wire, {green) firmly connectad to an

electrical ground (safety ground) a

1

the power outlet, The power jeck and mating plug of the

power cable meet International Eie%frotechnical Commission {IEC) safety standards

DO NOY OPEHRTE IH AN EXPI.USIVE ATMUSPHERE ' i o :

Do not operate the instrument in the presence of flammable gases or fumes. Operation of any
electrical instrument in such an environment constitutes a definite safety hazard,
s 1

KEEP AWAY FHOM I.lVE BIRCUITS ,"'

Operating personnel must not remove instrument covers, Component replacement and mternal
adjustments must r,)e made by qualified maintenance personnel, Do not replace components
with power cable cannected, Under certdin conditions, dangerous voltages may exist even with
the power cable removed, To avoid injuries, always disconnect power and discharge circuits
before touching them, vt

DO NOT SERVICE UH ADJUST ALONE ' b '
) i
Do not attempt internal service or adjustment unless another person, rapable of rendering first

aid and resuscitation, Js present

DO NOT SUBSTITUTE PARTS OR MODIFY IHSTHUMEHT

Because of the danger of introducing additional hazards, do not instal[ substitute parts or per-
form any unauthorized madification to the instrument. Return the instrument to a Hewlett-
Packard Sales and Service Office for service and. repair to ensure that safety features are main
tained. I T _

t

 DANGEROUS PROCEDURE WARNINGS B L ,

' EWernings such as the example below, precede potentiallv dangerous procedures throughout
‘this manual, Instructions contained in the warnings must be followed

| WARNING l o

Dangerous voltages, capable of causing death, ars present in this instrument. Use ex:
-\ treme caution when handling, testing, and adjusting. ;

| : . ) i

i‘ o A

1
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SAFETY SYMBOLS

L |
Génural'l}eﬁnhidns of Safety Symbols Used On Equipment or In Manuals.

¥
|._

DANGER

| WARNING l

NOTE:

Instruction manual symbol; the product will be marked with this,
symbol when jt is necessary for the user to refer to the instruction
manual in order to protect against damugc to the instrumcm.-

Indicates danpgerous voltage (tu’minuls Iul from th‘ mtcnor by:
voltage exceeding 1000 volts must be so marked), .

Protective conductor terminal. For protection against electrical
shock in case of a fault. Used with field wiring werminals to in-
dicate the terminal which must be connected to ground before
operating equipment,

Low-noise or noiseless, clean ground (carth) terminal, Used for a
signal common, as well as providing protection against electrical
shock in case of a fault, A terminal marked with this symbol must
he connected to ground in the manner deseribed in the installation
(operating) manual, and before operating the equipment,

Frame or chassis terminal, A connection to the frame {chassis) of

the equipment which normally includes all exposed metal strue-

tures, .
\

Alteraating current (power ling),
Direet current (power line),
. . \ .
Alternating or direct current (power line),
|

. e |

Fhe DANGER sign denotes a hazard, It calls attention to an
operating procedure, practjee, condition or:the like, which could
result in injury or death to personnel.even during nor- .l opera-
tion,

The WARNING siph denotes a hazard, it calls attention to a prc')-‘

cedure, practice, condition or the like, which, if not correctly per-

formed or adhered to, could result in injury or death to perspnnel.
) : Lo

The CAUTION sign denotes a hazard, [t ealls attention bo an
operating procedure, practice; condition or the Jike, which,il not -

correctly performed or adhered to, could result in damage ' to or
destruction of part or all of the product.

The NOTE sign denotes important information. it calls attention
to procedure, practice, condition or lhc like, which is uwnn.ll 10
hu,hh&hl. B




11, INTROBUCTION !

1-2, The =hp- Maodel J28B Clip-On DC Milliammerer
mueisieres the nsgnetic field which exists sround o wire

citrrying de eorrent. Operating the Jostrionent is simple,

Afier 2oro setting, the two jass of the probe are chimped
aronnd the wire therow on probe jed indicates direc-
tion of conventional current ow yand the meter will in-
dicie the curren,

123, There dre pipe earrem ranges from LA o 10 amp

Nl-senle detlection, The sensitviny cin be increised even

further by Jooping the wire several thoes through the

. opening in the probe, The enrrent indication is virnlly

insensive so superimposed e semaby and the sories

v foading of the cireuin is Jess shim 0,50 FL A Tnrpe mmonm
of feedbach prosides great sibility,

1.4, .OTHER PROBE HEADS

1:5. Other probe heads are available 1o extend the
usetidness of your Clip-Cn DC Mitlinpuetrer, Write 1o
. the nearest Sales and Service OFfee tisted in Appendin

C) for Twher informsition. A the thne of publication

of this manual, the following aceessory probe heids were
f vailable:

'SECTION |
~ GENERAL INFORMATION | P

f' I .
i hp- Model 3529A Magnetometer Probe (1 ganss
1 amp).

b, hp- Model 38294 Option CLE Alapnetometer
Probe (1 gass - 1 1A) :

-6, Write tothe nearest Soles and Servide Office thisted
in Appuulis C) staiing your compiete réquirements for
infornkuion coneerning specind applicniions,

1.7. INSTRUMENT AND Ms..uAL IDENTIFICATION

{

1-8. Hewlert-Packard uses it two-sectivon seriad number,
I the Fiest seetion Gerial prefing of thd sexial pumber on
your instrment dovs not peree withf those v the gitle
pige o this manval, chiange sheets/ supplivd with:ihe
manual will derine the differenves bepween yom insir-
nient ik the Model 4288 deseribed in this mannal, Sone
seristl numbers ey Tave a letrer separating the o sees/
tons o the mumber. This letter indicies the conmiry in
which the fpstrument was mamuiitored,

-9, Ancadditional Operating ambd Sercdee Maal may
be ordered ay Option Y10,

e s A

-
WYLV IV YRV
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Generad Inforniaton , 288
b
4288 SPECIFICATIONS
Table 1.1.
Curtent Range: Waight:
1 mA to 10 A Tull scale, moe tinges Rack Mount
. Instrument weight: 18 33 1hs. (B.6 kg
Shipping weight: 30 s, 13.6 kg
Accuracy: . Cabinet Mount ‘
+ 3% ot full seale + 0 16 A, Brom 07C to BEC. (When Wstrument-veeight: 16 58 Ibs. 7.6 hyi
msrument 15 cohbrated 1o peobed, Stuppng weight: 19 hs. 1B.6 kg
C Accessoiies Avnllahln

Prohe Inductance: hp Modol 3620A Magnntometny, Probe

Less thim 0.6 pH hp Motlet 11036A Output Cabile
hp Maodet 101 310A Quiput Adapter
‘ .
Probe tnduced Yaltage: m"}f{'{"?{“’;‘;’
Lots than 3H mV peak twornt cise at 20 ke and hanmimney). N-[l;l." ount
Dnm'm:mms n nches and trllimeters)

Owiput: . ,
Vanabe inear autput level vath switch posibon for cahbrated D e n Arts IhC i vs WEPIRE \
Wonto open arcint icorresponds 1o ol seote doflectiony, RN . Wiy V4 U
1.6 V Max. into opnn cucut my pncehbrated posinon, ! '
0.73 « .0 mta 1K m calidrated position,

L1 d
Nuise: . :
1 mA Range, = 1B mV oms across T AL, s
3 mA Range, » B mV rms acrosy § ki e
10.mA thig 10 A Ranges. <22 mV onms acenss L 0 ,:; E e
' - LN -
Frequency Range: ‘ % ot b e
DC to 400 Hr (3B pomnt. ‘ ) Wil LA
' r r SR [ . W
o b A
AC Rejection . ’

Sipeals abover B Hyowoth peak vitlue Tess than bl scale sffect
maler pecwracy oss than 2%, (Except ot 40 kb cath
frenuency and s hatmaines), On the 10Alnn;|a it peak vilue
" lumlm! Wwa At

Prahe Insulation:
300 V Mo

. AC Power:
P16 o0 230V + 10%. JB 1o A0 Fiz, 71 W,

Oparating Temprrotuie:
20°C to - BB C

)
Cablinat Mount:

e wade, FYY T iagh, 3L deep (1905 % 2021 w3683
mm),

Probe Tip

HOLE 5 5 > (3,97)D1A




SECTION NI

2.1, UNPACKING AND MECHANICAL INSPECTION

2.2, Inspect instrument for signs of damage incurred in

shipment, This instrument should be tested as sodn os
it Bs received, 1160 foils to operate properly, or s diam-
nged in nny way, o claim should be Tiled with the corrier.
A full report of the damage shouid be obtained by the
claim agent, and this report should be forwarded to us,
We will then advise you of the disposition to be made
of the equipment and arrange for repair or replacement,
Inelude model number and serbil pumber when reterring
1o this instrument for any reason.,

2-3, Hewlett-Packard Company warrants each instro-
ment manufaciured by tem to be free from defects in
perial and workmanship, Our lishility under this war-
ranty is Hmited to servicing or adjusting any instriment
returned 1o the fraory for that puipose sad to replace
any defective parts therdof, Aay damage 1o the insiro-
ment upop receipt §s due to the carrier, File o clalm with
the carrfer as instructed in the preceding paragraph,

2.4. OPERATION CHECK

2.5, 'This instrument should be cheeked as soon ay it s
received 1o detennine that ity elecrrical characteristies hive
not been damaged in shipment. Refer 1o the In-Cabinet
Pertformance Cheeks of Section Voin this manual,

2.6, INSTALLATION

2-7, See Paragraph 3-3 betore pperating this instrument,

2:8. POWER REQUIREMENTS

29, Power requirements are given in Specifivitions table
at the tront ol this manual,

2.10. OPERATION ON 115 OR 230 VOLTS

2-11, ‘This instrument may be used with either a 115 voll
or 230 volt supply with o freqaency of 48 1o 40 2, single
phase, This instrament by shipped from the factory ready
for operation from n 115 volt scuree unless otherwise
indicared, :

INSTALLATION

2-12, To overate from a 230 voli source, the 115-230
switch on the reay apron must be Hipped to 230, Firs
turn the instrument ofF snd pull the power cable from
the sacket, Place a pointed toal, such as the shurpened
end of n peneil, i the slor of the switeh and pull down.
Replace the fuse with the one ghven in Tabte 6-§ Tor 230
volt operation,

2.13. THREE CONDUCTCR POWER CABLE

2-44. The three-conductor power cable supplicd with the
instrwment is tenminated in apolarized, tinee-prong male
copneetor reconmnended by the National  Eleairicnl
Manuficturens” Assocttjon (NEAEA)L The third conde-
tor proupds the instrument chassis Tor the PROTEC-
TION OF THE OPERATING PERSONNEL, When:
using a three-prong to two-prong adapter, ground third
feitd (2reen wirey externally,

2-15, RACK MOUNT MODEL

206, "Fhis insirement §s avadlieble i a rackh mount ver-
s in addition o the cabinet model shown in this
manual, The rack mount version is identical elecirically
and similar physically except thar the degansser has been
moved 1o the from panel for preater convenienee,

2-17, PREPARATION FOR STORAGE AND SHIPMENT

2-18, 'The best method for packing this instroment js in -
the orfginal shipping carton with the original fillers
picked in ihe siome manner as when received from the
factory, Therefore, when unpacking, nore carelully the
metherd of packing and save the original packing saerial
For possible Tutnre reose.

2-19. 1t the original container is not to be used, wrip the
Instrmnent i heavy st st plistie and place it into
an inner continer. Wrap packing material around all
sides of the instrument, Then place the instrument inthe
inner comainer into g heavy carton and seal the corton

Swith strong tape or metd bands, Mark shipping comainer .

SERAGILE™, “DELICATE INSTRUMENT®, v,
2:20. STORAGE

I
221, Nospecial precautions are pecessary in storipe es-
cept the usual protection apainst mechanmieal damage, sal
i, ere.




ECTION i
OPERATII\Il: INSTRUCTIONS

31, INTRODUCYION

3.2, This seetion comains instructions and infoumation
necessary for operation of the Model 4288 Clip-On DC
Mithammeter,

3.3, OPERATING PRECAUTIONS

gdAunoui'

a. BEFORE APPLYING OPERATING POWER TO THE 4288,
VERIFY THAT THE LINE VOLTAGE SWITCH ON THE REAR PANEL
INDICATES THE, LINE VOLTAGE YD BE USED AND THAT THE IN-
STRUMENT IS PROPERLY FUSED,

b. THE PROBE IS INSULATED TO WITHSTAND 300 VOLTS
MAXIMUM. DO NOT USE THIS PROBE OK A BARE WIRE WHICH
IS MORE THAN 300 VOLTS PEAK ABOVE GROUND.

c. DG NOT USE THE 4288 PROBE IN THE PRESENCE OF
STRONG RF FIELDS.

d. DG NOT EXPGSE THE 428B PROBE TO TEMPERATURES EX-
CEEDING 130°F (65°C). DD NOY LAY THE PROBE ON TOP OF
THE 428B CABINET (OR ANY OTHER HOT SURFACE). PROBE UN
BALANCE AND EVENTUAL DAMAGE WiLL RESULT.

e. DO NOT DROP THE PROBE OR RELEASE THE FLANGES
ABPUPTLY SO THAT THE JAWS SNAP TOGETHR,

f. DD NOT UPEHATE THE DEGAUSSER FOR NMORE THAN THREE
MINUTES CONTINUUUSLY

L

g. BECAUSE THE 4288 IS COOLED BY CONVECTION, PLACE

THE 4288 WHERE AIR CAN CIRCULATE FREELY YHROUGH THE

INSTRUMENT.

h. DD NOT USE THE 4288 TO MEASURE DC IN A WIRE WHICH
* CARRIES MORE AC THAN FULL-SCALE READIKR DK THE METER.

3.4. CPERATING CONSIDERATIONS
35 inlerchanging Probe Heads

3-6. Each probe is calibrated at the factory with o par-
ticular instrument and carries the serial pumber of that
instrument {serial number appears on prabe connector).
If a probe has to bera pl.md. arealignmens and recalibra.
tion of the instrument is necessary (see also Seetion V
Maintenance).

3-7. EFFECT OF MEASUBEMEINT ON CIRCUIT
3-8. Reflected Impédnnce
3-‘}. The probe will ackd nsmall induetanee 1o the cireuit

of Tess than 0,5 microhenries due so the magnete core,
and magnetic shield, This mikes it ideal For measuring

o euprent inovery low impedanee paths sueh as prownd Joops

where other instraments wonld disturb the cirenir,

3-10. Induced Voltage

3-11. 'Fhe gating signal, driving the core in and onr of
saturation, will induee a voliage bBa the wire carrving the
de current, This induced voltage i fess than 15 millivols
peak. H more than one loop is passed through the probe
the induced volrige will be muttiplied by the mpmber of
loops.

3-12. EFFECT OF CIRCUIT ON MEASUREMENT
3-13. Circuit Impedance

3-14. The impedance ol the cireuit being measured Jies
practivally no eftect on the de current meisurement, A
shorted loop'inserted aldng with & wire carrving de cur-
rent will decrease the reading by anly (1,29 o1 Tl seale,

3-16, AC Fields & Superimposed AC Current

i )

3-16, Theinstrument is designed to allow o bigh amount
of e npplL in the de being measired, The presence of
ac whose peak value equials Sull-seabe reading timited 1o
damperes peiak on H-ampere poge) wib canse less than
2 error in the de reading, Examples of such high ae
currents are found:in the input of de filter sections ot
power snpphc

317, AC currents h.umg frequeney components of H)
kH2 or harmaonies thereol will canse an error, os such
signals will intertere with the 30 kKHy ourput signal ol the
probe. The meter will indicine o beat reading §f the in-
terfering Freguency is within approsimarely 15 eveles of
40 kHy or its harmonies, Although this sitwation iy very
improbable, accurare de current readings can be obtained
by shifting the frequency of the external ae signad slightly,

3-18, The instrmment as well as the probe head should
not be used in strong s stray fields, Such fielkds may ey
ist in the vicinity of open core power transformers, or
l;lrgci de filter chickes, ele,

3
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Operting Instructions

4288 -B- 20399

" . ) - ' g
. Turn on power and allow approximately 2 mipaes 5, Clip probe jaws around wire carrying de ensrent,
warpp time, ‘ ‘ - pointing the arrow o the probe in e diredion of |
conventional currens (swe arrows i figure above),

2. Cheek closure of probe jaws (see Paragraph 3-20),
. i .

. - . ; ‘ 6, Read enrrent o ey,

3, Set RANGE switeh 1o 1 mA. Zero set instrutnent wig 0 Read current on meter

Zvro conrrol, !

¥
' 7, After use of the Model 3288 on the 1 thru 10 AMP
4, Set RANGE switeh o acrange that is higher than the RANGE, degauss the probe head (Paragraph 3-29) §f
anticipated current to be read, - sero seb canno be accomplished,

Figure 3-1, Measurement Procedures

et i Ao VT Akt am b -
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3:18, Magnetic Fields

3:20, 11 the Jaws of the probe are incompletely closed,
the muegaetye shivlding sl the maenetie cireuit will have
an air gap, The result is thag de felds, not assockated with

the de current being memstired, will cause i shift in the

meter rending,

32210 However, there will be ap indication of n sirong ex-
tornal de field even with the Jaws perfeetly closed, Ustally
zero setrine with the ZERO contral compensates such
restdunl readings for o panienlar probe loention,

3-22, EARTH'S MAGNETIC FIELD, The eurth's
magnetic Feld will affect the reading i the Jaws of the
probe are not completely shiclded Gaws partially open),
The effect of this fheld §s relatively strong - comparable
to defleetion due to about S00 mA of current, Complete
closure of the jaws can be eheeked by switehing 1o the
LA range with nu de current input, 10 e Jaws mate
properly, the zero ser shoudd stay within 0.2 mA while
rotating the mobe head \\il' .u;wu to the cirth's
magactie feld (probe uliglml th .all[ 4 West direetion).

3.23, 18 the zevo shilt bs yc uer, the mating surlaces of

thie Jaws need 1o be ceaned or the pmhc whring mny e
open (e Section V),

320, FIELDS OF PERMANENT MAGNETS, Muer
magnets have strong stray fields, which can cinse shift
in the current indicasion, Such telds are detected by
bringing the ¢losed probe in the area where the measure-
ment is 1o be made and observing the zero shilt (hmA
range). ' ;

3-25, FERROUS WIRE, Wires mude ous of magngtic
marerials can canse neurrent reading of 2-3 mA withowt
any comieetion to the wire, This fact is imporienr as Jeads
of most ransistors are made owr of maenetic mgerial,

3.26, OPERATING PRACTICES

3-27. Mechanical Operation 0t Probe

328, The pruhc aws are opened ln skply sqareezing

togerher the 1w ll.mgcs o the pmhc bady, An mernal
spring returns the Jaws to their proper position when the
flapges are released, (See Pargraph 3-3c,).

3.28, Degaussing Of Probe Head

3-30. To dcnnu;.nclvc the probe, procecd ns follows:
a. [usert probe inm degausser at the rear nr the instru-

ment Jovated on front pinel of rackmoun; models) with

ArFOwW on probe in supe position as arrow marked on

chitysis,

b, Depress degausser syiteh 53 1o energize degansser,

Operating Jnsiructions
l| . ]
¢, Withdraw probe very slowly for the first few inghes
while depressing the degitasser switeh il probe is
removed pnproximately one foot,

do Zero instrument on L ipA simge whh ZERO control,

330, Under normal operating conditions, depaussing
may be pecessary afler measuring ulrrcm ol the 1 thr
10 ANP RANGE, :

332, Normally, it takes abot 10 seqonds 1o depans: the
probe when asing the abose wmethod e Cinon,
Paragraph 231y,

3 33, Elsctrical Zern Set

3-34. 00 the instrmment cannot be zero set electrivally
{\\ilh ZERCO control} there are ivo prnh.lhlc Citlnes:
1} Incomplete closure of probe yiws, 2) Magnetizntion
ol probe head,

3-35, Dust deposits on the Japped surfaces of the probe
s ereate an i gap, 10 Ehe Jaws e bot completely
closed, the eanth™s miagnetie Aeld wilkntteer the reading.
With the RANGE switelat 1 mA, rotation of the closed
probe should not virry the zero set more than 0.2 mA.
Cleaning of the Jaws will restore proper opertiion con-
ditfons (see Seetion V, Cleaning of Probe Jaws),

3-360, Mognetic shields proteet the probe head om stray
nsghetic bields, However, excessive de currents (sueh i
short chrenit  discharge  currents  Trom electrobviic
capacitors, ete.) will magnetize the probe,  Jor
demagnetization of probe bemsd, see Pargraph 329,
Degssing of Frobe Hepd,

3.37. Polarity ﬂf Current

3-38, The arrow on the probe heid indivates vhe direc-
thon of the com entional current Now for upseale reading.
Reversal of the carrent flow direetion wil) reserse the in-
dication pn the meter (see Fipare 3.2),
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Figure 3}2. Polarity of Current




Operasing Instroctions

3.30, increasing The Absolute Sensitivity

340, The senstivity of the Instrument can be inereased
by looping the wire tearrying the de cugrent) several times
through the opening of the probe (see Figure 3-3), For
example, three turns inercase the sensitivity three times,
With an increased sensitivity, however, the induced
voltge between the probe muk the cirenit under measure-
ment will inerease also,

/" — . L »

tma | .

347, The QUTPUT jaek enables the 4288 10 be used as

Figure 3-3. Increasing the Absolute Sensitivity

3.41, Current Check Loops

342, In vestrfeted sitnations such s printed cireuit
honrds, wire loops for the probe con be built into the cir-
cuir to allow convenient current measurements with the
Maodel 3288, Here, currents cin then be measured wicder
operating conditions with the same ease s volmge
NIEISILECINCEES.,

3.33, Circnlts can abo be modiffed 1o aecept an im-
prompi Joop for testing, As an example, 1o measure the
collector current of a transistor for troubleshooting pur-
poses, the collector lead can be removed from the board
and o Joop of fine wire soldered between the collector
lead and the board. To mueasare cerrent through
yesistor, Jift one fead and install a serfes loop, clip the
$281 probe around the loop and measure current through
the resistor. As an altermuive, i equivalent resistor with
Jong leads can be installed 1o replace the resistor in
question,

3.44, Nulling Currents

3-45, The resolution of the 3288 can be increned by nul-
ling one current painst another and measuring the dit-
ference between the two, To mull the reading, clip the
probe over both wires ai onee with the wires so arringed
that the currents are going in opposite directions, The
considerations mentioned in Paragraph 3-39 also apply
to current nulling, For example, assume ghat 0.6 A cor-
rent sonvee §s 1o be tested against a 03 A standara, The
0.6 A supply shoukl bedooped twice through the probe

34

a2
|

juws and the 0.4 A supply should be Jooped three limck
through the jaws such that the iwo currents oppose each .
other, 1t should be remembered when making such o
mensurement, that the absolute value of any deviatlons'
obssrved have been multiplied. 1f, in the above example, |
the' .6 A supply wavered by .01 A, the change would
be read as .02 A on the meter,

3.46. USE OF OUTPUT JACK

i de-conpled amplitier/1-E rassducer/isolor, The binsie
wetion of the S2818 tconsidered s an inpat/ostput deviee)
is 1o sense the magnetic field around o current carrying
wire and deliver a proportional voliage ar the OUTPUT
jick, The value of the ontput can he varied by using the
OUTPUT LEVEL control 1o produce as mach s 14
nolts at 1 mA. While the $28I3 meter registers inverage
de Gpnoring ach, the output at the QUTPUT jack con-
tains both the de and ae components of the sipnal heng
meisered,

3.48. With Oscilloscope

309, To display the ontpur ol the 4288 on an
oneilioseape:

i, 18 the oscilloseope is de conpled, Bt e be ealibrated
as In Paragraph 3-51,

b. Clip the probe aromd the wire which contains the
signal 10 be displaved,

¢, Conneet the oscilloseope input 1o the 4288 OUT-
PUT jach,,

do Adjust the S288 RANGE switch o the appropriate
rnge,

3-60. With Becorder

350, To record the ourput of the 4288 on a praphic
recorder:

i Insire thae the recorder’s input impedimcee exceeds
100 ohins, . '

b, Conneet the recorder input o the 4288 OUTPUT
uck,

o Zero the 4288 onhe 1 A Ranges turn OUTPUT
LEVEL 1o mininunm ougput.

Jd. Zero the recorder,

e Adjust the 4288 ZERO control Tor full-seale on the
J281 merer. )

oo Adgust the 288 OUTPLUT LEVEL control for ful)
seitle on the recorder,



12808

;2 Zerohe B8R, switeh to the ;
clamp the 4288 probe aroupd the wire which carrbes the

|
2

' f
|

B |
appropriqie range ol

siphal 10 be meisred,

3-52, When recording current varintions with the 42818,

Operating Instractious

|
it shionkt be borne inomind thas the 2813 displays some

: | L . !
fonp tenp 2ero drifn, The S28B 2ero (it normally
amonnis o about 300 0 Gndieated) per diny so perindic

“cheehs should be made o derermine whether or pon the
— ZERO pdntrols peed adjusiment,

—
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THEORY 0

4-1, INTRCDUCTION

‘ !
A2, This sectfon deseribes the sverall aperation of the
Model 4288, the opermting principle of the carrem
probe and the function of the different cireuits of the
instrisment,

SECTION 1V

F OPERATION

4:3, THEORY OF OPERATION

d-d, The simplidied Dlock diagram of Figures -] and -2
shows the basie operation of the Mode] 4288 Clip-On DC
Millimmeter,
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Theery OF Operntion

4-5, The probe clips around o wire,carrying de current

e delivers o430 kHz output signal which is propartional
to the de eurrent. For transducing the de eurvent fnto a
40 kH2 signal, the probe reguires o 20 k2 pating signal,
tis deserfbed n derail wndev Poarigraph 4.9, Current
probe, _ ‘

46, The 30 kHz output signal of the probe is nmpiitied,
detected and Fed back as nepative feedback current to ;hc
probe head caucelling the effect of the measured de cor-
pent apd thus redueing the 40 kH2 outpur shena) abimost
1o 2ero, The negative feedback current, heing propor.
tenal to and magnetically almost equal to the de cirrent
of the jnsested wire, §s used to fndicate the mensured de
CUTICNT.

4-7. ‘The 20 kHz osclllator has two functions: First, &
supplies i 20 kHz signad For driving the probe head, and
also provides a 40 kHz (second harmonie) signat for
pating the 4(? kHz Synchronous Detector,

3-8, Due to slight unbalances, e probe head output con-
takns a small S0 kHz signal, even with no de curremt be-
ing measured. A 40 kH2 phase-shifter output capeels such

residual 30 Sz signal {zero-ser controb).

4-8. CURBENT PROBE

410, The probe head bs o speciably designed second har-
monie flux-gate tvpe of magnerometer used to measyre
the magnetie field aroupd o wire carrying direet current,
!
J-11, ‘The fTux gate principle is casily understood by refer-
ring o the mechanieal model shown in Fipare 4-3,

v . COL B
. - v NILCED

~.
/ . VOLTAGE [ 2F)
conL A
ENERGIZING

DC CURMENT
A2eB-8 - 30Nd '

Figure 4-3. Magnetic Mecﬁanical Analogy

4-12, Coil A (representing wire through probe), is ener-
gized with de, producing a de flux fn the core. Armature
is rotating at a constant rate (F), gating the flus 2F times

4.2

1

Mux e,

“pases: {a) To satritte the cores, o result of the 20

H . . |
KLY

per second indueing a voltige of 2 F frcquéncy in ¢o’l
B, The mnpliludc is dclcrmmcd by the «¢ in \h" A

4-13, "The Model 4281 hend wses this prinuptc i simifar
wiy, Figure 4.4 show: . the busie concept of . saturuble

coI. ¢
GATING
SIGNAL

MCTE THAT
GATING StdNAL
[C) SATURATES
TRANSFORMER
ZORE {OPENS
CORE)ONCE
FOR EACH
GURRENT

PEAK {2F)

SEE F1G, 9 -6

RS

e COL B
. e INDUCED
~.L" VOLTAGE
o (7F}
Coil A
ENERGIZING
DC CURRENT

Figure 4.4, Basic Flux Gate

4-14, A magnetie core in saturadon lases permeabllity
and, therefore, s comparable to a core that hés been
mechanically opened (low permeability due 1 abr eap).

4-15, Coll C satarates the core periodically wish a 20 k1,
stanal, driving the sl cores in and ot of saturation
twice per evele or once for each peak (positive or negative)
of thcinpm current, (See Figure 4-6, 'Fhie only function
of the 20 KHaz signul s 1o gate the de Fux i the corye af
the current probe, :

d-[6, The 4288 probe heid §s aetvally analogous 1o the
Mux gate shown in Figure 4-5, The energizing de curren
produces fTux path ** A" Flux path A" is periodicalky

“interrupted by saturation of the Gransformer type) core,

My

a result of the two fux paths **C*", Reler to Figure 7.3
and note thae the current enters L3 and L3 from the same
end snd that the cofls pre wound fn opposite directions
causing opposite magnetic polarities and the consequent
cireuliar flux path (),

J-17, The four coils in the 4288 probe head serve 3 Lmn
H2
current that flows between pins 1 and 2, This current is
generated by the 20 kHz oseillator-nmplifier eirenits, (D)
To act ns a secondary, picking up a chopped signal from
the wire that is camped §n the probe jaws, (¢} To con-
duet the de feedback current that tends o annul the
energizing de current trom the wire being mensured,

4-18. Becoause the coils are electrivally arranged in o
balanced bridge cireudt, the 20 kHz signal is balanced o




42813

the output of the bridze (pins 3 and 4); and there §5 po
20 kHz differential signal ar this point, The 40 kHz signal
and the de feedback enrrent are also nulled ot by the
balanced bridge so that these signnls do not appear os
a differentinl voltage across pins 1 and 2,
back current ks isolared from the 40 kHz amplitier by
capacitor CLL The 30 KH2 by kept out of the de clrenitry
by RF choke 1.6,

The de feed-

" ENERGIZING
0C CURRENT
+
o
Sl L — LA
S
A= pU. AN
. S
\ ——— [
: { HOKH2
20KH; - PIN A
YRR INDUCED
7 -1 } | JVOLTAGE
=/ rray— AND DC
PIN 2= ~ T CURRENT
: ) = —" FEEDBACK

1:35-5403-5

Fipure 4.6, 428B Flux Gate

s m—e——  (ORE SATURATES
FLux PATH QPENS

20KHz DRIVE CURRENT

., 4O0KH? QUTPUT VOLTAGE
! {PROFCRTIONAL TO
ENERGIZING CURRENT
MiIUS FEEDBACK)

A

ENERGHING CURRENT
LE55 FEEOBACK

o
S— .

"\._“ o e NOTE 1RO PHASE SHIF T

WITH POLARITY THANGE

A7EB-B-20} G

Figure 4-6, Waveforms

418, 20 kHz OSCILLATOR

4-20. The tunction of the 20 kHz oscillator s 10 geperate
a balanced 20.kHz signal which, after amplifieation, i
used for driving the probe head jrand our of saturation.

$-21, The cirenit of the 20 kHy oscillitor §s'shown in
Figure 7-3. The oscillator V7 is operating in push-pull

Theary OF Opertion

hiaving o plate cirenft tuped 1o 20 kHez, Tramsformer
coupling provides positive feedback through resistors RY:
and RYS to the oselllator eoatrol grids, The contro) prids
of oscillator V7 supply the drive signal for the push-pull
head drive amplifier VB, The oscilintor Jevel iy adjusted
by controlling the eathode eurrent of V7,

4:22, The commuon cathodes of oseillator V7 supply the
S0 KEL 2 stpnal (2 polses per 20 kHz eyele) needed for the
synchronous detector gate amplitier VS and the 40 kil
phase shifier, ’ '

4-23. HEAD-DRIVE AMPLIFIER

$-24, The head-drive mpiplitier V8 supplies the balaneed
20 kEz signal for the probe hend, Drive balinee adjose-
ment R98 controls the eurrent ratio of the fwo trinde see-
tions, and henee the second harmonie owrput. The de biny
voltnge Tor the oscillitor and the head-drive applitier is
obtained from reference tube VI,

4.25. DETECTOR GATE AMPLIFIER

4-26, The 40 kH2 resopant cirenit €1, C2 wnd LS in-
ereiyes the level of the pate sipnal and Fliers out ol signaks
except 40 kHz Bt abo allows phase adjustent of the
sfgnal o correspond 1o the phise ol the Synchronous
Petector,

4270 The operation of the Synchronous Detector re-
quires o high level 40 kHz sipnal, The 46 kHz outp
signak of the oseillator V7 passes through a tuped ejrenit
and drives the we amplifier V5, The owtput ol V5
delivers 30 k- gage signal o the Synchronous Detector,

4-28, 40 kHz INPUTIAMPLIFIER CIRCUIT

4-29. The 40 kHz owpin voltage of the probe head iy
resonited by o 40 KHz serfes resonant cireudt (1.5 and
C1/C2), Resistor R broadens the resonanee response by
Jowering the Q 10 minimize drify problems, The 40 X1y
signal passes through o voltnge divider ST, which keeps
the loop gain constant Tor all current ranges by nuintain:
g aconstant nput level range to stage V1, The outpus -
of the 40 kHz amplitier V) is band-pass conpled 1o the
J0 kHz detector driver stage V2, The output signnl of V2
is Isolated from ground by transtormer T2, and fed 1o
the 40 kHz synchronous detector,

4-30, SYNCHRONGUS DETECTOR AND FILTER (C24)

4-31. The Synchronous Detector detects the amplitude
amd the phase of the JO k-2 signal, Phase detection is
necessary to preserve pegative feedback at all times, Since
the probe may be clipped over the wire in cither ol two
ways the phnse of the signal may vary by 1800, If phase
detection were not present this 180° phase reversal would
cause positive Feedback and the instrument would
ascillate, With phase detection the polarity of the feed-
buek will change also, maintaining the feedback negative
around the system w all tines,

4.3
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Theary OF Operation

432, The synchropots detector reguires o lnrge 40 kH 2
gating sigond, by ing the Prequeney of e desiped signal,
Figure 47 shows the synehronons detector drnwn as n
bridpe cireudt,

[N YU U N

Figure 4.7, Detector Bridge

4-33. On one hall evele, with A mneh more positive than
E and with 13 equally more pegative than E, the balaneed
cireuit ACBH conducts hard, aml C becomes effectively
equal to poipt E, Cirertit BDA Iy opened 1 this time by
jis back-biassed divdes, and only the sienal that appeirs
across the condueting halt ol the T2HFCY will ehange C24,

4230 On the next babl-evele BDA conduets, ACH
becomes open, and the sipnal across F1D will charge C24,
17 sfenal I ks positive with respeet 1o C on the thrst half-
evele, sipnal F will be positive with respect 1o 1) on the
second half-eyele, and the top of C2 will consistently
be charged positively, 10 the signal ar - changes phase
by J80° with respect 1o the pating stanal ot T3, the wop
of C21 will consistently be charped negathely,

=35, I summery then, Cand D are altenstely grosmd-
ed, and the polarity o the signal across T2 changes sy
Cand 1 are swhiched 10 produee an omput wherein the
polariny s dependent on the phase of the input, Where
C iy in phase with A, F will be negative when C and 1D
are grounded, Where C is 180° out of phose with A, F
will be positive when C and 1) are grounded,

4.36. DC AMPLIFIER

37, The de amplirier supplies a neatise de feedback
varrent 1o the probe proportiomal 1o the output of the
sypchronous detector, “The pokariy of the negative feed-
back current changes §iF the pokrdiy o the de correm
(meitsured i the probe) ehitges, I this way the feed-
bitch ol the systam remitine pegiive w3 a1l times thus
maintaining the stability of the Bstoomeny,

dod

JIRE

38, In nddition, this Joeal negatve Yeeabink Joap

stabilizes the pain of the DC Amplitier,

3-39, Tube Vo is u difterential mmplitier inoswhich asignal
of approximitely 1 volt tfor fulbseale detlection) bs ted
to pin 7 and compared with the signal on pin 2, The o
put ol Vo is fed to the e o1 Q3,

* .
o, Transistor Q3 drives the curent-mplitiers Gland
Q2 which ore used an emitter-followers in o psh-pull
NPN-PNP pair combimtion,

Aok, The ontpot carrent from the complimentary pair,
¢} and 02, poes thirouph the meter cirends to the ciprrent
divider S)A whivh feeds a portion o) this curient, ap-
propriate foy the range this instamens s working on, to
the probe el oy pegative currem feedbach.

o120 Adter passing thirongh STA and the probe heid, she
canbined current goes through the parallel resiston pet-
work Rog-64, This deselops o volipe st the junction ot
R6b and Ro2 which is proportional to the feedback e
rent. Fhis voltage is applied 10 pin 2 of Vo o complew
the Toenl feedbach Inop of the DC Amplitier, This vir-
Luit akes the ouput eorreny ol the DC Amplifier pro-
portianal 1o the voltige applicd to the inpun grid, pin 7,
of Vo,

4-43, NEGATIVE FEEDBACK CURRENT CIRCUIT

kb The negative Feedbich eurrem path ds shown in

Figpure J-8, Corrent divider SEA divides the teedbach cne-

rent in proportien to the de cossent being measired ¥, o

e inpar of 10 A approsimately SO maA Jeedbach ain-

rent bs fed ko the probe head, Sinee i equal number o)
CORETE TEDs e evessitky ToF cimeeling the main do thin,
the feedbich cold inside she hegud regiiees approsimately

200 fueny,

“ Maenening the vanent theough meter MY vonstant b
prsimnd for afl vinrent vanees, ductane ) o bsolates the
SO REL il trom the e cinent s,
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Figure 4.8, Negative Feedback
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445, 40 kHz PHASE SHIFTER .

436, The ourput of the 40 hHz phase shifter i Fed to
the heid o the probe to eancel any residual 40 KHz owm-
pu signal which exists when zero de s being measured,
The eanceling signal s obiained by adding two voliages sy
which nre 907 out of phase and varjable in pmplitude, "inie o At e
Figure 49 shows the eirendi and the idealized phase relu- e T l o
tfionship of the 1wo ontput soltages with respect 1o ihe i L0 B g

B
(Y X o hE b
. .-_h_t,w,y-.lﬁ “AAA II..... L.

s+ 1]
v R AN A

sgnal from the oseilintor, i L
\l

337, By adding the two ourpar soltiges evtor Al LA
BY o 40 k2 sipnal is obtained, v ing phise angle and
splitude 1o cancel exactly the restdual 40 kEHz sigoal J
from the probe (vector ) Onee the residual K K12
sipgnal of the probe has been caneeled, the ZERO control e
compensites For any honmal sarkmions of zero shift, This @ b 1 g
control is necessary only on the lower rnges, --{ s b

448, POWER SUPPLY e

J490 A single seriessrepulited power sapply of the con-
ventional type provides 272 volis regnlned for the cie-
cnits of the instrement. Voltoge reverence zemer diodes
CRIOand CRI7 proside ooconstant cathode potential s
control tube VIO and this i she telerence porevtial For
the control prid ol Vi, Figure 4.9, 80° Phase Shift
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' WARNING

Viaintenance descrilied herein iy performed with power
suppdivd to the mstramiont, und protective covers re-
movea, Such naienanee shoutd he performed only by
scrvice-trgined porsoniiel who are aware o the hazards
invatved (for example, fire and clectrical shack), Where
waitenantee cant he performed avithont power applicd,
the power shenthd e removed.




61, INTRODUCTION

8.2, 'This section conliins the service information which
Bv required o properly maintain the 288 Clip-On DC
Millimmerer, Included tre perfonmance chechs, adjus-
ment and calibration procedores, and servidng and
trobleshooting information, A Perfornsnee Chech Test
Card is provided ar the end of this section,

SECTION V
MAINTENANCE

6.3, TEST EQUIPMENT REQUIRED

Sobo The rest equipment required 10 perfonn the oper-
Hons outlined in this seerion s listed in Toble 5-1, This
table includes she type of equipiment, eritical speeitivie-
Hons, purpose, and recomended model, IE the model
recomnmendud i nob s ailable, equipment which meeis
ol eseeeds the gritical speeileations Jisted e be
substituend,

Tahle 51, Recommended Test Equipment

Inslrument Renuired Recomniended Use
Type Characteristics lodel
Meter Accuracy: 010 FS hip Muodet 69208 Al
Cohbrator = 0,20 of reatding Aoter Calibror

Vinabie Lipe
Frimsintmer

nput: 116V ae
Qumiput 103V 10 127V

Vitrac, Generd §i
Radio WEHMT3A

Funchion
Generator

hp Modet 33704 P
Funchion Generator i

Ouput; e 'm
00k, » 10mA

Csoltoscops

tnput. de 1o A0kHz,
FACmV e+ 3%,

hp Model 180C PAT
with 1BOYA Plug n

Counim

tput, A0KH, » 200, hp Mode) 6383A Al

AL Vallmelet

Runge; 0.0V o 3V

hp Modet 4038 PAT
Accuracy: » 3% .

Multimetor

Range: 0 10 300v ucde hp Modet 20300 PAT
SAckurey: 00V e | Mulimoet
[ BT !

P Pertormnee Test,

A Adustment Alignment, I Troubleshootuy

[I ‘ 1
- ' Tuhle 5-2. Recommended Components For Tests
Companent Svpcili:nlimlls ' Use Recommended hp Port Number
Capacitor AOB2 WF - 2%, Aliggnmaem 0160 2102
300 vbC |
Resistor BO & » 1%, T W Pestomninee Checks OGHE B16H5H
Resistor 1K = 1%, 1'BW Abginmoent 0757 0280
Pertormanee Checks
Remistor 3908 » BN, 12 W Alignmen 0686 3Mb
Ruesistorsi2) 10K = e, 1B W Atgament Q767 (A2
matched ‘




Mointenoaney

B-6, IN-CABINET PERFORMANCE CHECKS

i
5.0, The performance eheeks deseribed in ppesaphs 57
throngh 524 are From panel procedures desipnesd 1o com-
pire the Madel 288 with fos published speciiicitions,
These tests may he bneorporpted  bhito perivdic
mudntenanee, post repadr. and ineoming quality control
checks, The performance chechs shondd be conducted
before any atsemp is made to adjust or ealibrate the in-
steument, During the in-cabinet perfonmmee chiechs, the
Model 4288 should be connected 1o the e line through
o aeinble line transfbrmes so thin ine soltge s be
sobedl + 10% trom ES 1o 230 Vae to assare thist the §n-
striment aperates cprrectly ot varions ae e soliiges,

6:7. CLEANING OF PROBE JAWS

S50 When the probe shows escessive sensitisies ot
magnetie felds around i, the probe jaws should be
clesmed Qo determine excessive semsitivity, see Paragiaph
20 Step ), Eveessive sensitv iy to esterial fields ¢an
De cansed by foreien materkial berseen the probe juss o
by overhenting tee Paragraph 323 Siep dy, The prohe
Paws shoukd alwiys he cleaned prior to enlibrigion, nd-
Justment ar repair of the J280,

NOTE

Fach 1285 prabe is calibrated ar v foctory
Wikl o peterictlar ISEINORT insteinnent serial
wismher appears on the probe comnectar),
o prohe is roplaced, alipment and calibration
of e SISBis reqrired,

5.9, Lo el the probe s, open the probe apd brish
ol F the msing sfaves with the brush which is supplied
with the instrament, 1 the broash will ot remos e the con-
tminant, shaissernble the probe i elesur i with oy pen-
cHLeriser s ilustenred i Figore 521, When tepssembling
the probe, e sure thar the mrrow o the bady of the
probe points to the heis y sed wire s sbown i Fgoge 641,

)
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Figure 6-1. Cleaning Prohe Jaws

5-10. ELECTRICAL ZERO SET

S0 b the Tollowing proeedure the sumbers in paten-
theses refer 1o Figore 322,

b
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Figure 6-2. Electrica! Zora Set

my Comnect the 288 0 the poner line through o
sanyible rranstonner,
y |
BT urn on power (1) and allow abom 1wo minnes o)
warp tne,
1

\
v Sl RANGE switeh () 1o 1 A,

dv Place probe (2) anay From iy sbay fields such as
INCLCEIRIENELs oF apen core Dansfopmers, Point probe
s Base-West direetion,

\ o
¢, basure abar the probe gans 13) ae compleely
Closed (Parsgroph 520 Sep e omtlines o woy 1o o s),

£ Ztro-set the S288 with the ZERO (3) comtial, I the
meter ot be geraed, deganss the probe (Pnagraph
29 or clean the prope juws (Famgraph 3-7).

g. Change the line soliage from 103 10 127 vobis
€ 10%0) amd reand evo i oo the G288 et Zero i
shonld ot eseeed £ 0.2 mA,
| J 2
S-020 Allow 30 minnre warnmmp ad stibilizaion period
betore comdueting the Tollowing pestormanee chieehs,

5-13. RANGE CHECK

S Setup and conpect the B28B, shown in Figie 83,
so the recommended meter cadibrotor, 15 the recommend-
e meter cirlibrator (see Table 541 for e recommended
model is notavailable, any stible corrent souce capable
of opersing over o range fom 1A o 5 A ny be
wsesl, This current souree should be vonnecied in serivs
with & precision apuerer with the sume rge (0 A o
S A ioud aeenracy as the merer vidibrator (see Table 5.0
for the reguited avenraey), Do the Tollowing:

e S PO
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Figure 6-3, Range Check

i Sebthe A28 1o he ) mA mnpe, Depiss the J2818
probe and zero the inmtroment asing the pocedme in
paragraph 329,

b. Ser the meter calibrmor for a1 A apuL. Con-
et i et Jeid Detween the ourpun terminals of the metel
calibrator and Toop one loop) the test fead through the
Jws oF the 4288 probe tsee Figores 33 and 53}, Mahe
s the repdine on the 4288 s 1 mA » 180 A,

v Cheeh the 4258 10 mA, 0 mA, and 1 A rges
by setting the meter elibragor fora 10mA, 100 mA, and
FA outpi, sespectively, ‘The rendings on the 3288 shonld
be 10 mA <045 mA, B0y 308 A, and 1A
L3 AL \ ‘

d. Remove the 4288 probe Nom the test Jead and <ol
the instrmment o lie 3 A rnge, Deganss 1e probe and
Zerey the instrmment ising tie procedine in paragiph
3-29,

¢ Sek the neter ealibiator for a1 mA ompu, 1 oop
the test Jeid thromgh the faws of the 42818 mobe (see
Fighres 3:3 amd 8-3) three thmes insteid of Just oney,
Make sore the reading on ihe J25B i 3 mA -+ 240 e

Vo Cheeh the 4288 30mA, 300 mA, il 3 A anges
by serting the merer ealibrator for a 10mA, 100mA, ad
FA owpat, respectively, ‘The readings on the 42818 shoukd
be 30 mA « 105 mA, 300 mA - L3 mAL and 3 A
009 A, '

£, Cheek the 4288 10 A range by Jooping the tesy Jead
through the probe two times instead of three thnes, Sel
the 4288 1o the 10 A range and the merer ealibrtor 1o
the 5 A range, Make sure the reading is JOA + 0.3 A,

Miintenaney

e Remose the west beid frone the probe and degsiiss
the probe using the procedure in paragraph 3-29,

6-15. METER TRACKING

S-16, The test arrangement and equipment reqguired foy
this test are v same as For Parngraph 513,

b :
i Zero the 4288 on the A ronge,

b Switel the 5281 to the 100 A vange, Switeh the
meter enlibror 1o the 10 mA rmpe and acdiust for 10
mA of vntpus. Cannect o long, tin sest lend to the ow-
pus terminals of the meter calibrtor and Joop the feid
fen times through the jaws of the 4288 probe, Read Joo
WA 35 mA onthe 4285, Remove the tost Jeid from
the probe Jaws one loop at & tine amd chech the meter
Hiearivy, Each reading should be within 3,15 mA of the
nominal {ee,, 90 305 mA, 30+ 315w, vie).

B:17, OUTPUT CALIBRATION

S-ER. A merer ealibrator, de volimerer and o one hilohm
resistor are reguired for this test,

i Switeh the 4288 and the meter cahibritor to the 100
A e, Ser the 4288 onput Tevel to the CA) pansi-
o, Conteet i rest leswd Detween the imeter calibsinor -
put deads and elip the 4288 probe to the temd.

b. Set the meter ealibrator 10 10 mA omput and 1eqdl
full-seale on the J2853. '

¢, Conneet i volimeter in parallel wi the 1000 ol
resistor to the outpt jach of the 42803,

o The volomerer should read 0,73V« 0 my,

6-18, FREQUENCY RESPONSE

520, A S0 ol vesistor, @ function penerstor
oseilloseope are reguirdd to complete this chech,

- Conneet i S0 oI Fesistor aeross tHhe output o the
funetion geperntor, ‘

b Turn the 4288 RANGE switeh 10 100 mA then clip
the 4288 probe arouwnd the resistor lead,

e Apply o005 H2 squane wive from the fupetion
generator, Fhe 3310A funeiion genermtor setiings e

Range: 0001
DC Offet: 0

Function: Square
Freguency Dinl; &

d, Set the function generator Ouipar Level contyol for
a tublseale reading on the 32818,

¢, Conneet the vertical input of the oseitloscope 1o the
outpat jack of the B85,




Maimenanee |

£ Ser the conpling of the oseilloscope inpat 1o DC,
Ser sersitivity snd vernier 1o display variations of the
A28 omtput s )0 cemtimerer penk-to-peik signal,

. Set the function generitor to the sine Tunction,

b Slowly radse the frequeney of the function generator
omtpin ising the fregueney dinl ond fupetion swieh s
necessary to bring the omput w400 Hz, Waich the
osellloreope, Taoking for the lowess amplitede of peak
deflection,

i The peak-to-peak Jesel of the wavefonm should pot
drop bhelow 7 centimerers (- MB),

521, AC OVERLOAD

5:22 50 oscithnor or funetion generator, 4 50 olup
resistor, an ne yoltmerer or oscilloscope, nnd the meter
calibrator are required to complete this eheek G flment
transformer amsh suitable correny limiting resistors can e
substitured For the oscillator shown in Figure 5-4),

i, Ser the maer enlibrator Tor 10 mA, With the 4288
on the JO mA rnge dip the 4288 probe onto the lead
which connects the calibritor werminaly,

b, Note the 4288 reading,

¢, Set the Tunction geperaor to 60 FHy, its ougpig 1o
geperate it 10 mA peak sine wave bnte i 50 ohm resistor
{0 volt peak-to-patk or 0,35 volt rme deross o 50 obm
resistor),

METER
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oo Clip the 4288 probe omo BOTH the wire from the
meter calibrator mid the resbror lend from the lnnuinn:
generator {see ligire 5-4),

The 288 should rend within 2% of the reading
nmc:l in Step b,

6-23, NOISE CHECK

5:24, A battery operated e mlnnclcl uncl nl Mluhln

Yeslor are lu[lllrcd tu vomplere this cheeh

i Poing probe Eust and West ad rosire abonn s axis,
Note peakstospenh change Smeter resicing, it i doesn't
exceed 0,2 mA o the 1A range, proveed, Hthe chang’
Iy excessive, perfornm caragraph 5-8,

b, Zero the Madel 4388 on the 1 omA yoape por
Paragraph S-11 o, ¢ and 1,

¢ Comneet the output of the 4288 to the inpiy ol a
hittery operated e valtimeter with o 1 Kohm resisies in
miradlel with the volimeter inpur,

d. With the 4288 onthe | mA Runge cheeh foraoma -
i of 15 mV reading on the Ac Voltmeler,

S Switeh the 1288 ro the 3 omA range, Cheeh Tor
masimum of 5 mV reading on the AC Volimeter,

IoSwiteh the 288 to the 10 mA range, Cheek Tor it
maximum ot 2 mV reading on the AC Volimerer,

g Cleek eieh pepge From JhmA so [osomps using the
|- oeedure of Step 1, Noae output veading should exceed
’ mv,

§-25. ADJUSTMENT PROCEDURE

5-260, When the instruent shows sipns of defective vop-
ponents, use:the rroublesoothie provedure to find and
correct the problem, 1t s quite easy to compound o 42813
trouble by misabigning the instroment in an aplempt 1o
adjust ont the effeets ol a defective componen,

5.27, Power Supply

S-28. The fallowine steps verbfy adjostment of the power
supply.

8, Connect a digital multimerer v test pobne 5 (Pin 1,
VO ol the 4288, The voliage at this poing should be 272
26 NI not, adjust RO for 272V,

b, Measure +12 01 Vode berween the cathode of
CR10 and ground.

¢, Measure -7 £ 1V de between the anode of CRY
el ground, ‘ |

p— A b ar e es e e e e Ch e
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5.29, Machanical Zero Set

530, When meter is properly zero set, politer rests over
the zero enlibration mark onthe meter scabe whep instri-
mwent bs (1) ax normal operathrg temperatye, (23 in i nor-
mal operating position, and (3) mrnud off, Zero set ay
follows to obtain best accuracy and mechanical ssabiling:

e Allow instrament to operate for s least 20 piinutes;
this allows meter movement o reach normal aperating
temperure, i

b, Turn fnstrument off and allow 3¢ seeonds for all
capitelions to discharge,

¢, Rotate mechanical zeru adjusiment serew cloch sive
untl meter pointer is to left ol zero and moving sipseale
townrd sero,

d. Contiue fo romte sdjussanent serew clockwise: stop
when pointer is right on 2ero, I pointer overshools zero,
repent Steps ¢ and d,

e When pointer 15 exactly on zero, rotare adjustment
serew slightly counterclockwive 1o Free adjusiment seren
from the meter suspension. I pobier moves during this
step, repeitt Steps ¢ through e, '

\ 1 }

5:31," BC Amplifier Balance

5-32, Disconnect FEEDBACK  DISCONNECT  (see
Figure 7-3), red wire, Place range switeh in the 10 amp
pmith{n. Adjust fine and conrse zero controls for cepter
of travel. Adjust Ra6 Tor sero on front yanel meter,
5-33. Reconnect FEEDBACK DISCONNECT,

5.34, ALIGNMENT ) )
6-35. Oscillator Balance

5-36. Construet o probe as shown below:

MATCHE L) AS
CLOSELY AN POLLEILE

'/L/ \J\

[ 3 Y
l WK 1% 1OR 5%
[ ARG rr\ AN R
o
ACAULIME THES
g
——

. Figure 6:5. Oscillator Balance Probe

b

Conneet the ends ol the probe 1o the T8 side of RO amd
RYS, Connect »n ae volometer between ground ol the
Junction of the two probe resistors, To adjust oseillator

AT A AT IS B ape b Pt g Yt Wb o e i 1 o ek e

Maintenimey

balnee, pad C53* or C84* Tor minbmum reading (on in-
striments with seriad prefises of 60)- or helow, adjus
the shig of T5) The we reading at the junction of the
probe resistors should be 50 mV or fes, Remove the
probe and meter before procecding.

B-37. Oscillator Frequency

538, Conneet an e coupled cleetronie comter t fest
point 4o Adjust the sl of T8 1o ser the fregueney
mesired to J0KE2 2 200 Bz 10TS doesn't Bive enough
ringe, padd C52% (i instruments with sersal prefises of
6t or helow do pot wse T8 use C52 anly), Remme
Luunler,

539, Oscillator Lavel

5.40, Conneet an e volimerer 1o Test Point 6 (Pin 7,
V7L Adpust RY2 for 8 v 003 VL Remove ineter,

541, Detector Gate ‘

.02, Conneet an ac volimeter to Test Pointd ¢hin 7 of
VA, Adjust .7 for a peak reading (.5 - 33V i),

5-43, TUNED AMPLIFIER
5-44, Equipment Setup

|
S35, Ser anoae volimeter 1o the Fovolt rnge il con-
nect B to Test Boint 3 ¢1%in 7. V2 ol the 4288, Clip the
J28B probe around o wire which is carpving 35 1A rins
ac, £ =400 He, Fhis current can be generated by o i
ment trapsformer, s i Figare 546, or by an osedllinto

0SCILLOSCOPE AC
VOLTMETER

3
VORPES T T
R ee® Pk o 2

CORRR O sk R AL
AR IO Il L Uk 2 OE g8

LA L L W )

Figure 6-6. Detector Phase Adjustment

N e TS TS o b
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apersting into iy rated load as o Paragroph 5-20, Se
the 285 RANGE switeh to 100 mA, Fhis nrranpemen
will be weed Tor inpur, ibtersiage, and detector phase
acdjustments,

5-46, Input Alignment

537, Short TPIHand TP to gminui. open the FEED-
BACK DISCONNECT shown in Figure 7-3, then sdjust
C2 tor o masknm ne reading m Test Point 3, Pin 7 of
VI (2 V- WV penk). Reconmeet the FEEDBACK
DISCONNECT,

5.48, Interstoge Alignment

S-49, Ser up equipnient os in Paragraph 5-45, then:

a. Connedt o L0082 microfbrad cnpacitor across the
Drass pins shich ure connected to 130, Adjust L9 Tor
i e o Fest Point 3 (Pin 7 of V2),

h, Remove the capacitor, Copneet the JOOR2
mlerofarud capiteitor aeross the brass pins which are con-
nected to LY, Adjust 1O for masimum ac m TP3,

v. Remove the eapachtor and voltmerer.,

550, DETECTOR PHASE ADJUSTMENT

551, Do the following:

A Lising shorr dip lewds, vomneer TP and TP 10
gronmd (erownd the bises of Q2 and Q1, respectively ).

b. Disconneet FEEDBACK IHSCONNECT (rod wire,
see Figure 7-3) and install a 390 ohm resistor between the

red Feedback wire and the pin on the eirenit hoard to-

whieh B normalbly confects.

¢! Conneet the horizonil input of an oseilloscope to
V5 pin 7 (P sk the vertienl nput to V2 pin 7 (TP3),

A, Exeept for the ac voluseter, set up the test eguip-
ment oy explabned in paragraph 545 Gsee Fipure 5-0),
[

S Addjust the oscHloseope’s vertieal and horizomtal in-
pat fevel ndiustments wntil a patrern similar to the ones
in Figure 527 is displaved.

o Turn the stug of L7 until ihe pattern ooks [ike one
of the correct patterns shown in Figure 527, 11 there is
a diunond in the center of the pattern, make sore the
dismond contains no traces,

2. Remove the 390 ohim resistor and oscilloscope from
the 4288, and reconnect the FEEDBACK
DISCONNECT,

5.-652. INTERNAL ZERD ADJUSTMENTS
563, Preliminary Adjustment

5o ’

281

5-54. Preser the controly ns follows:
1 Ser RANGLE switeh w 100 A,

by Adjust RB4 Tor minimum ae at the wiper connee-
tion of RES The readipe should be less thian 0,1 vols,

¢ Adjist REX For mbdmum ne owt i the wiper of
RE2A, The reading should be <02 volis,

dy Thoroughly clean prole head jaws (see Parogriph
5.7).

¢, Deginss prabe head (see Paragraph 3-29),

5.66. Drive Belance Adjustment

5-56, With the 4288 set o the | mA range, and with no
Ipat 1o the current probe, ser RYS for aominimwm av
petding at Test Pedne 3 (Pin 7 of V2). The mdnimwim
remcing should be Jess than 0,5 voli,

557, Residual 40 kHz Cancallation

5:58, The residuat ontput of the probe bead is coneelled
by means of the eirenit disenssed under Parapraph 4145,
This procedure assumes that the preliminary adjustienis
fisted in Parograph 5-54 have been complered,

0. Piepanss the probe,

h. Zero the 288 meter with from papel ZERO
control,

¢ Acdjust RES Tor oombrbmuom ae seiding or Test Pob
3 (Pin T of V),

d. Cominue to alternate Steps b and ¢ ol the ad-
Justment eannot be Farther refingd, 'The minimm reading
in Step ¢ should be approximarely 0,02 volts or Jess,

6-58. Output Adjustment

560, A merer calibrator and & one kilohm resistor are
required Tor this test,

o Place RANGE switeh in 10 amp position and nd-
Just R0 Jor zero volis DC o+ 0.2mV at the Qurput Level
jieh, ‘

b Switeh the 4288 and the meter ealibrator o the 100
mA range, Conneet o test fed between the merer
ctlibrator ourput leads and ¢lip the 4288 probe o the
besnl

; .

¢, Set the meger ealibrator to 100 mA ourpur and rend
full-seate on the 328B. Adjust R6Y i1 necessary,

d, Connect avoltmeter to the output jiach of the 4288
in parallel with the 1000 olum resistor,
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Figure 57, Detector Phase Display

¢ The volometer shoudd read 0,73V« 10V, Ad-

Just ROJ BF necessary,
5.61, TROUBLESHOOTING
5.62, Front Pane! Troubleshooting

563, Fhe Fromt Panel Tronbleshooting Tree was de-
siened for use as a meabs to puide the repainnan o a
block of ¢renitry, This procedire, in combiniation with
the adjustnrent, ealibeation, and perforpumee checks
should be pdequate 1o repair most 42818,

S.64. In any cise where the Tront papel tronbleshooting

does not Jead 1o the problem, it will be pecessiry 1o
troubleshoor the instriment in et

5.56, DETAILED TROUBLESHOOTING
5-66. Probe Check

5-67. Resistance between pins 123, 1.4, 223, and 2-4 ol
the probe cable connector shonld be nearly identien) and

in the nren of approsbpately 44 1o 5 ohms, Whee o
resistimes meisuremem between any of the above pahrs
of pins Is sfemificany higher thim besseen the other pain
(hy nbout 3 timesh, an open probe eoll is indicied, Any
open eirentit indieates o broken conducior between the
plug and the bridge, The broken conductor iy probably
it broken wire in the cabie, Either condition could indiciie
i brohen wive an the Probe Tenminal Seerion (see wiring
diagram, Figure 6-1),

5.68. Power Supply Check

509, To st the power supply:

i Mepsure -+ 272 06 Vde between Fest Point 8 il
ground,

b, Meisure -+ 12 = 1 Vde between the cathode of CRIO
and eround,

oMo -7 ) Vde berween the anoste of CRY ol
©opround.
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570, Where the 272V oand the + 12 V linve buth
fafled, eheek the + 12 tirst, Cheek CRID, ), Co6, mud
oy, .

570, Where the + 272 Vs an famls, ary replacing VY,
VIO, CRIG oy CRIT, I fhe tubes are not defective, the
voltage reference CRIO and CRI7 may by fanly. Ins
striments with serfal prefix 60)- or helow contain
voltnge reference tube VIE e place of CRIT.

5720 Where the 7V has Badleds mensare - 17 Vde
juncion of RIO2 and €65, 1 Jess thap -7 volts iy
meinsired ol this point, cheek F3 and C65. 1 the june-
ton of R 102 md €05 mensures more thiam - 7 Ve, cheek
CRY nnd 02,

6-73. Gscillator » Buffer Amp. Check
S74, Short Test Point 1 oamd Test Poine 2 1o promml,

5-75, Compare the wavelonm at pin 2 of J1 1o the
wovelform shown at this poinn of the sehiemntie dingram,
IF these wisetforms are nat comprable, cheek the
waveFarm e Test Podbn 7 and follow the Tronbleshooting
Tree, I the waneform it pin 2 of J1 is acceptable, con-
tinue t the nest parngraplh,

576, Sevup eguipment s deseribed i Paragriph 5-51,
Compare e oseillosedpe dispiay 1o Figore 5:7,

577, 11 the display is wnnceepiable, clip the probe around
L0 mAde and doswprange 1o the | mA eange, Find o 2,5
V ph-pk sine wive ot the junction of R and L5, 10 this
wineformn is upaceeptable, adjust or repair the ipput tun-
ing eirenit (1.5, C1, C2, and RY).

578, 1F the waveronm deseribed in Parngraph 575 is
pouh, wse the sme test setup to find a 2.5 V ph-pk sipe
wive st pin 7 of ML IE this waveform is unpecepiable,
cheeh VI ond the rapge swiich,

5279, 11 the wiveform deseribed i Pavagraph 576 §s
poad, s the sime test setnp to Jook for e |V pk-ph
sine wave ar pin 7 of V2, Follow this branch of the
Troubleshooting Tree to its conclusion,

5:80. Detactor Gate Amp, Check

+281

5:81, Nutest equipinent need be seb up for these checks
exeept an osedlloseope and a wire to ground TR e TI2

5:82, Synchronous Detector

583, With TP and TP still grounded and on the jot
A ringe, perform the test indicared. Beyond p tedions
olimneter test of the eirenitry between 'EY and pin 7 of
V6, little can be done 1o eheek the detector cirenit, It
should be noted, however, that R46 shoudd be nble 1w pro-
vhde the + 0.5 Ve whieh is reyuired at pin 7 of Vo dur-
ing norma) operation,

6-84, OC Amplitier Check

5.85, Remove the ground wire from Test Poine 1 oand
Test Poimt 2 tinstabled for previous cheeks), Disconbeet
the probe From the 4281 front panel, Serthe 1288 10 the
300 mMA rapee, Zerd the 3281 with the front pamel ZERO
controb, Meastre psd bote the voltages at pin 7 and pin
2 oF Vo, Turn the ZERO control to deliver o ¢ ) Vde
sw i around the volige poted for pin 2, The difference
Berween the voltages at pins 7 and 2 of Vo should not
exceed 0,08 Vde o my point during this swing.

5-86, Jf the DC Amplitier tracks properly as tested in
Parngraph 585, proceed with the performmnee checks,
It the DC Amplitier has failed, continue b perform the
tests i the Tronbleshooting Tree,

6:87, CALIBRATION

583, Zero the 4288 on the b A range using the Hom
panel ZERO control Switeh to the 100 mA range. Clip
the probe around an aceurnre 100 mA currem (s in
Paragraph 5-14% Adjust Meter Cal, ROY, for aometer
reacding of FO0 mA, Connect i 1000 ok« 1% pesisiey
i patradlel whth an aecurate (0.259%) voltmerer to the ont-
put faek of the S28B, Turn the Front panel Ouipin Level
control Fubl connterclockwise past the detent, Adjusy the
Curpur Gl control, R63, for o reading of expaly 0.73
Voon the volimeler,

S84, Perfonm the entire In-Cabinet PPerformapee tesis
(Paragruphs 5-5 through 5:24) to insure thint the 4288
meets ofl of its speeiticions,
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PERFORMANCE CHECK TEST CARD
MODEL 428 CLIP-ON DC MILLIAMMETER

Madel 4288 Test pasformed hy
Seriot No, . . - . Date

RANGE CHECK: PARAGRAPH 513 f

Meter Calihrator

4288 Reading Output Loaps. - Limls Redding
1mA fmA 1 + 1BOuA
10 mA 10 mA 1 QO 4b mA
100 mA 100 mA 1 +31h mA
1A 1A ! *0.03 A
3 mA TmA 3 2 240 .0
30 mA 10 mA 3 » 1.06 mA
300 mA 100 mA 3 315 mA
K 1A 3 «0.00 A
10 A b5 A 2 03 A

METER TRACKING CHECK: PARAGRAPH 6 16
Metar Celibeator

Dutput Lonps 4268 Readinp Limits Reading
10 mA 10 HIO mA 3.1 mA
10 mA B 90 mA -+ 3156 mA
10 mA B BO mA =315 mA
10 mA 7 70 mA . + 3,16 mA
10 mA 6 60 mA 3.5 mA
10 mA H 50 mA *3 1umA
O mA 3 JO mA »31b mA
10 mA 3 30 mA ¢ 316 mA
O mA 2 20 mA sLEE mA
1O mA i 10 mAa »3.15 mA

QUTPUT CALIBRATION CHECK: PARAGRAPH B 17

Meter Calibmaton
Cutput A2BB Reading DC Volimeter Limts . Reading

b

100 mA 100 mA 073V <0 mv
FREQUENCY RESPONSE CHECK: PARAGRAPH B 19

4288 Reading  Frrquency fange Lumts Reriithirug
10 mA DC 00 Hy T em

AC OVERLOAD: PARAGRAPH § 21

Meter Colbnaror Funchon Generator
Opumt 4288 Readimg Tutpn Lonis Readitgg
10 mA +9.8 A 10 mA P w2

NOISE CHECK: PARAGRAPH 5 23

4288 Range ‘ Liruts Reariing

1 mA e 1h my
ICRTIT:Y - hmy

10 mA ’ = 2 my

30 mA o2 my
100 mA 2 my
300 mA = 2mvy
1A wo2my

3 A = 2mV

0A < 2my




SECTION VI | J
REPLACEABLE PARTS | /

6-1. INTRODUCTION

6-2, This section contains information for ordering
replacement pitrts, Table 6-1 Lists parts §n alphamerie
order of their reference designiators and indicates the
deseription, hp- part munbey of cach part, together with
any applicable potes, and provides the following:

a, The TQ colunu lists the tota) quantity of any parl
listedd in the manual. The rotal guantity of a parcis given
the first time the part pumber appears,

Deseription of the part, (See list of abbreviations
below,)

¢, Typical mamutiacturer of the part ina fise-digit code,
(See Appendin B for list of wanufacturers.)

d, Manufaeturer's part pumber

6:4. ORDERING INFORMATION

. . f
6-5. To obin replacement parts, address order or inz‘
guiry to your Joeil Hewlett-Packard Field Offiee. (See
.-\ppclldl\ C for list of offie: locations.) ldentify piriy

by their Hewlett-Packard part numbers, Include nmru-
ment model and serial numbers, |
!

6:6. NON-LISTED PARTS !
6-7. To obukin a part tlm.t‘= is not hivted, ineclude: |

. Instrument model mumber,

o
-

b. Lnstrument serinb pumber,
¢ Deseription of the part.

. Function and location of the purt,

v . Sy
6-3, Miseellpeouws parts are listed o the end of Table 6-) d
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Replaceahle Parts AR
i
Tahle 6:1, Replaceable Parts
Reference HP Part [c| o, D Mfr
: escription Mfr Part Numher
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T nﬂln 6-1, Replacenble Parts {Cont'd)

Replocepble Parts

Reference HP Part (el o ' Mir
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. SECTION Vi

Co " CIRCUIT DIAGRAMS

71, mﬁnnnucnnm

7-2. This section contains the cireuit dingrims necessary
for the dperation and maintenance of the Model 1288
Clip-on DC Millkammeter. ineloded are n block dingram,
sehenaties and component Tocation diagrams,

7.3. BLOCK DIAGRAM

74, The block dingram shows the relationship herwedn
the assemblies of the strument. Signal flow Berween
assemblies aed significant portons ol assemblies as well
as major feedback paths are shown, The block dimgram

is usee toy develop an understanding ol the basie theory

of operition,

/ SCHEMATIC NOTES

7.6, SCHEMATIC DIAGRAMS

7-6. The cirenitry contained within eich assembly s
shown in the sehematic dingrams, These diaerams me
usedd tor develop an understanding of the deildd theoyy
of operation of eieh assembly and ns an ald in hul.mnp
tronbles within an assembly,

7-7. COMPONENT LOCATION GIAGRAMS

-8, The component focutton  diggrams  shown, the
physical Toeation of parts mownted o an assembly, Fach
mut s fdentitied by o reference designatoy,

@ AC ground: referred 1o the center tap of T,

@? Detector reference: referred 1o Vo biis souree,

L Chassis ground.

-_].- Euarth ground,

| v ‘ T Waveforms where amplitude and waveform change ‘
) ‘ l with serting nl' ZERO conrrol, \
v v o Component \cchlul at factory, Averige vitlue given, >
C s Component may be omitted.
\l '\ ‘ r 13
: s e Denotes main sigmal path,
y t . w. ‘ Vo
1 g ———— N + Denotes Teedback path,
\ o MEASUREMENT CONDITIONS ,
it L . N ' I
N ‘ ‘ Line voltage: 115V, 60 Hy

Range: . 100 mA
oo - Iopue 100 mA

Allvoltages were measured with i high i m;nu mnml.uuc

‘eleetronic voltmeter. A 10 megohm oseilloseope probe
was wsed to measure the wavelorms, The umlmsmpc

should be externally synchronized froin pin 2 of V7
(hrough a 47 gk capacitor to avoid disturbing the circuit.

NOTE

Rosistance i in ohms und capae itam v in pl’
‘unlesy otherwise noted.
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‘ . APPENDIX A

MANUAL BACKDATING CHANGES

Appendiv A manual backdaring informasion makes s
wanual appliceble 1o carlier fnstriments, Insiromebt
companent vites thas differ fros those i the ),
vet are not Hsted in this appendiy, should be replaced us-
ing the part number given in Fable 6.1, ‘

Make Manunl
Chanpes

Instrument Serisl
PrefixiNumbue

All Chanyger 3
60205250 antl below Change 1,2.3

Below 0955A06161 Change 2,3
Bolow 09655A08053

Changer 4

Below Q9H6A096G73
Below 096HA 10443

Change b

Chanyje 6

CHANGE 2O |
Replirce Figure 7-3 with backdating schematie, Figure
A2 Page A-T/ASB, Figure A-), J28B Side Views
appiy. Reploce stems i Table 6-1 with pars lise ob
Pages AY thro A5 In Eiiragraph 3-49, replaee
srener dindes CRIO and CRI7T wish “webe VI,

CHANGE NO, 2 :
Delere C33* and C72* from Lable 6-1 and Figore 7-3,

g g 0 VNS T T L R ey ta s o

CHANGE NO, S,
Part mimbers in Fable 6-1 axe for brown instrinnents;
part nunthers for blue istimments are s follows:

eer No.,

AIRA-1C
JIRA-ZIA
J2RB-2A

Description

Dust cover (rich only)

Probe Assembly tsee Figure 6-1)
Panel teabiner ondy)

S2818-2R Pined (rack only)

H281-444 Assembly: eabinet

J020-0653 Besel

CHANGE NO, 4 ‘
Table 6-1, Page 6-5, Chimge part nuwmber of vhe
Cabinet Assembly trom G860 (0 (KH28-66.11,

CHANGE NO, §:
Table 6-1, Page 6-4, Chanee the part mimber and vidue
of R6Y as Follows:
RO% 0757 004F  Re Wnd S0 obins [V
Fipure 7-3, Page 7-5/7-6, Chappe the saloe o) ROR
fropt 65 ohms 1o 50 ohns,

CHANGE NO,
Table 6-1, Page 6-3, Change the pact number snd saloe
of R60* as follows:
R6O 06832045 R: I comp 200 ohims S0

Figure 7-3, Page 7-5:7-6. Chapge 1he value of Roor
trom 274 ohmws to 200 ohims,
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Cireult

Buscelption

llfll:;:‘rtte ' Buick Ko, Deacrijition ¥ Helerepes ' Bock No, et e

Al 2 120B-28A Assemblyt ww resistor, cad 0)60-0012 Iad, eeky 10K pd o204, 1000 vidvew
A t::::::::: B e 01800054 Il eleey, S0uE =00 0 1005, 2 vdew
Al 428B-26D Assemiblyr ww gesistor, Includes B2, 11 co6 0160-0104 Bl elenty 00 g1, 16 wilew
cl 0140-0080 fol, nien, 1K pt oY, 500 vibew ce? Rot Asantied
Ci 0131-0004 var, mica, 1-150 pl, 176 vilew coh 0170- 0022 Fady ey 0,0 b 205, 600 vihow
€3 thru €10 Nat Assigned chb 01E0-0103 il vheel, 200 A1, 15 view
e 0180-0014 I, eer, BK I, 500 vitow CIRY thra CHR 1601-0028 Drude, §1
cn € 180-0050 D, eleet, 40 i I8+ 00T, B0 vilew Chy 1002-0013 Diode, 5
cn 0170-0022 tut, my, 0,34 $20%, 600 vdew ciin Wwuz-0014 Praate, 5
Cl4 nar, part of T1 ansembly st 2HB-0012 Lampt indicating, o2, 2 pin nse
cls 0150-0012 Iady cexr, 10V pl 420°F, 1000 vilew Fl, 2 2110-0007 Fuant Linng, 5-b {FF 106V operation}
cls, 17 017g-001% Daly my, 0.3 uf o8, 200 wlew 2118-0004 Fuser 1 2amp, seb (F1R0 Y operation)
cI8 nar, part of T1 assembly F3 2110-0012 Fuset 1/2 qmp
clp 0180-0012 fal, ver, 0K pi ‘izunt" 1000 view +1 12510080 Conneators female, 4 s
20 Rut Assigned J2 Nut Asnlgned
c 01800050 D, vleet, 10 uf ~10F + 100, 25 wlew 3 1250-0118 Connvetort BRC, Dl
€22, 23 0150-0015 In, T102 2,2 1 410%, 500 wilow LY thri 14 nnry et of probe asscinbly (see mise, )
&3] 0170-0078 Bxd, my, 0,47 ul 38%, 150 vilew L, 6 A280-L0K Annemibly, choke
26 01#0-0054 Exl, vloet, 50 uf ~10% + HOD'E, 25 vilew L7 0140-0040 Imductors vie, 16 mh
c26 0150-0012 Db, cer, JOK pf «20% 1000 vitew 18 0110-00:5 Yducturs degaunabig
c27 0140-0000 Exd, mica, TK pf o1, 500 vilew M H20-0115 Meter; -8 ma, 630 ohnik
' cas, 20 01560-0012 td, cer, JOK I 4209, 1000 vilew Pi 1251-0000 Compecties piale, 3 pin
0 ' Not Assigned w Bi20-00%0 Ciable, power
cn 0170-0010 Indy my, 0.1 uf 36%, 200 vdew Qt 454003 Prinsistorr SLREN IR0
os2 0140-0034 fxd, mica, 32 4B%, 500 vdew Q2 14530016 Trannlstors 5t ERDP NG00
C33 thre G0 Not Asshuned o 1554-0003 “Transistor: IN16G4
ol 0140-0108 fxd, mtea, 253 0 42, 300 wlew Il 687-6801 fxd, comp, 68 ohms 10%, 1AW
ca2 '0140-0041 ix), micn, 100 pf o5, 500 videw R2 ok} et of AS assenshly
C43 thru C5D Not Asatgned 143 thru 110 nheg pirt of Al A2 assembly
C5l 0170-00120 fxd, my, 0,1 uf +5, 200 view k11 nrEL rt of A ashembly
€52 010-0149 ixd, mica, A10pE 5%, 300 nltew 2 0770335 fxl, dep e, 10 oluns £ 105, 1L2W
C51, 5 01402102 ixd, mica, B, 2R %I A%, DO vitow 13 07570002 fad, mwig, 24,0 ohms 17, W
(3 0110-0M7 fxl, miea, 180 pf +bE, 500 vdew R4 DTdT-003% fal, depre, 68,4 ohms 11725, 12 W
C56 thew 60 Nut Assigned R1b OTLT-0060 fxd, dep e, B0 chin 15, L2 W
col OT0-0011 fal, clect, 20 uf, 450 videw R O727-0u8s Pl dep v, GEO obmn o1, 12 W
cea/h 0180-0012 D, eleet, 2 svel, 20 uf/sect, 450 vdew 117 077-0120 Dl dep ey 250 chins #1F, L2 W
o3 0140-0031 Ixl, mica, 220 pf (10, 500 vdew B8 0127-0135 fad, dep ¢y GUG0 ohims o1, 12 W
it 0727-0178 Isd, dep e, 249,98 ohms L, LW

v

oy A A i B TS pm

T

W EN e b ey

kAR e e g




v

e 3 4 «,.. frums e e e ey

“EK;?::T b Bteck No, Deseription * 7 "f.‘?:;;'::p [ f Bioek No,
R20 0727-0108 Eaad, e & 0GR ohms VI, 1AW " T [T .o
il 008G-1340 Pl comp, LIOK ohms o8%, 1AW n HH87- 1001
e, 23 06872261 Ixdy comp, 2N 1 10%, 12 W 17t Copd- 104}
[#1] 0n87-1021 Ixd, comp, 1K ohms (107, 1ALW we [ N FRY
HPY 0687-1051 Pal, eomp, IN IO, 172 W L 07640003
e 0GAT-1031 fxd, com, LOK ohms 0%, 1/2 W RT4 OTE7-0194
w2y 058}-154! [xd, comp, 160K chms +10%, L2 W e aT27-0163
134 0680-T815 fad, comp, 750 ohms &8, LW (%1 0414 - 0004
1340 0GE7=1541 bxd, comp, 150K ohms e10F, L2 W w1t OGHT 5621
130 06RY-5621 b, compy, .5.6K olms e 10%, 1/2W i1 07300072
i3 07270226 Py dtop ¢, 2608 obims ¢18, 172 W k7o O6HTe L)
g 0T27-0001 fxd, dep e, TLEGK ohms oV, 1/2 W REY
33 0730.0032 Duol, dep e, 123K ohms o, 3 W 111 NERG-BI25
[t} Q6ET-4701 faty, comp, BT vhink £ I0E, 12 W HEREWT 2000107
35 0650-4731 Laf, comp ATE ohs W, 2 WY : )

HA 06KD-0110 Iny comp, D10 shis 131, rw 1u3
it7 H687-4711 Dad, comp, 430 ohms 2105, 172 w! o 21000153
R3KB thra B30 Rot Assigmed NS ———
41 whre B4 OT27-0184 Ity depe, 28, 4K ohins el‘(.-, 1w r 0587-153
{E 1 0727- Y144 Ixd, dep e, BOOK ohns +3E, 2w 187 thry U0
ni6 2100-0006 var, ww, BK olms «10F, 2w ot 07270105
BT 0580-3035 fal, comp, 35K vhinel 8%, P - 2100-0013
S 0G8T-4711 tady comp, 470 ohms 0T, 1/2 W 104 06671001
iy 0727-0075 Pab, dep e, 400 chms o175, 12 W R, 05 DORT-102 L
._ R&O 06874721 ixd, comp, 4, 7K chms 910'f, 12w e 06874711
51 07300080 i, dep e, 245K ohms o1, 1 W ot 08872011
1’52 072T-0132 fal, dep e, dK ohms g, 12 W Hos 2100-0048
153 theu R50 Nok Assigned i Run UIBT-0610
{14 068T-1811 fxl, comp, G680 vhins 30, .l/2 W R100, 101 D6UD- 1041
sl 0727-0011 Ixd, dop e, 45 ohms 1%, 172 W 102 08110011
RG2 042740038 Ixdy step e, B0 ohms «1F, 12 W R0 OHID-0011
Ru3 2100-0022 vk, ww, lin, 500 chas 307, 1W R104 DEBT-1251
= a, vomp, 250, 10, 172
66 06874701 l:ul: 1‘2!!::)’ 4': ohjn::“t 10 ’I/: ‘.‘: o 0330-0ut3
67 0BE2-0015 Iat, ww, I;ohms b, 2 \;r R107 ViT-0L
R48 OT27~D0RD fxd, dep e, 50 ohms 1%, 12 W H108 0170210
' ’ oy ' 2100-0010

Puby comp, L0 ohms 107, 32 W
Ivby comp, T0OK whms Dy, 2 W
Iy cump, BOF Shms 103, 1 W
tal, nlg, 330 Ghas By, 2 W
Eaey depo, BLEK shms 30, 12w
Il dep ey VLBER ahims oo, LW
£, W, 10K ohms 06, 10W
Excl, vamp, 6, BK ohngs « s, Lty
Chwb e ey BRIR ahims b1y, 1W
Ity conp, IR vhme 20, I/
Rut Asmazmed
Pady, conip, 62K o 55, L w

var, comp, dudd pot, b, 2 W
IRELA, R obngs
REIB, 200 vhmnis

NotAssnzae

Vb, vompy, 2R oohtnes 200 13 W
txd, comp, 5 6K ubbis <105, 1o W
tuly comp, 10K obns »10::, Larw
bt Anstgmed

Iady depe, BOK otuns )5, T2 W
var, comp, bn, K ohus e
Ixdy comp, 100 obms 210y, 12 W
taly vomp, K obms 1057, LW
I, vomp, B chms o105, L2 W
Puly comp, 100 chans sy, 102 W
var, ww, 300 olpn

tat, il 16K ol o657, S W
Exdy vospy, LOOK vhins e10, W
fuby, ww, M8 ohms 10, 3W

fad, ww, B OR chms 05, 20w
Iudy comp, TN L0, 12 W
I, comp, 470 chims P10, 12 W
I, depoe, B3K ahms 17, 1W
Pady dep ey IS ulins (10, T 2 W
Pl alepe, 405K ohims + 1y, 22w

var, vamp, I, 50K ohms (200

Deseripton

T W, D Chims EE B

e anme eI S S




CIL, C: Cl1, CI12 R R

1

Cire N Cirey ; .
llul:::l:tc . fr Block Ro, l)-mcru:unnﬁih l!vl‘::mllt'v fr Stack No, o J.’r:nrrlpllnfn'
R0 07270218 fxd, dep e, LHOK ol o1, 127 W J28R-T6E Assemblyt pesiator board "E” includes
! CETthau €U0 CHL 6T thea RS2 RIZ
51 REBe1YA Asnuemblyt punge switoh, lochxles, J194 theu UG
12 thru 120, RO1, R62 128B-TF ARembIy: Fusintor und PF7 Siehnd
. , - =75F Annemblyt pesistor buank UF incjudes
52 3101-0001 Switeh: tog, SPST Ch3, CB4 C68  CRIWbrw CRRE 106 RI0B RO
53 21010018 Switehs tog, SPST, momentary GaTIAW Knobe red, /47 w farpns
54 Nat Asnigned G Kucbz black, 1% concemtrie shall ZERO
55 HOL-Guwd3 S\\'H(‘h, sl; DPDT =T4N Knukz h“,. RARGE
T1 ) 0120-0052 Ausumhl{; trtnsformer, nlerstage, includes, 1200+ 0002 Sockel, tubw: B pin pyniag
cly, © " g '
™ 128A50G Transformer, detector shina) 1200-p0Y7 .‘»:;.-km, bt T pro il
T3 4283-00C Transformer, gate bioo-nuos Fusvhulier
T+ AZBR-601 Tradsiormer, zers balanee "'““'0"‘?" Furchulder
T6 0120-0051 Transtormer, e '::“'"”’;: ""‘“"'t Pt bt
T 42BA-ECD Translormer, head drive #320-00 Eleetele phaver brush
2144 ' : 1t e
7 D100-0104 Translormer, power 1205001} Hett dissipaator, semivonducior
Vi, 2 10230007 Tube, clectron: GAHG
vi, 4 110-0013 Tube, electrun: BALD
Vs 1023-0017 Tube, electron: BABRS
Ve, 7 10320022 Tube, wlectron: GINB/ECCHS
VB 10920020 Tubw, vlectron: 12AUT
yu 1621.0p30 Tube, cleciron; 12B4A
V1o 1r3-0021 Tube, vlectron; 6AUS
v 140-0001 Tube, vlveetron: 5661
: MISCELLANEOUS
20A-21A Assemblyt probe, fnclisles
Lltbew L4, 1) :
128B-65¢ Assembly: elrealt bowrd YC inelnles
65, 47, ned .
128DL51 Assembly: eirenst board "A" inclulbes \
€2, €66, COY, CRY, CRIO, 4l thro Q3, K70, R
R74, 75, R102
128P-750 Assembly: resistor boapt "B" ineludes
c13 R26, 27
T4 E) R3S, 36
czl i), 42
25 [{£ 1]
R21 thru H23 R3
J2BB-THC Assembly: etreuit board "C" fneludes
Cl8, C17, C24 Ci1, C42 R3O thru RIS
43, Bfd RTT thro 7Y iyt RB%5, REg
+3UB=75D Ansembly:  reststor boned "D includes

Ltk i . b s R B8 i A L % P Bt s R 4 e

g
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CODE LIST OF MANUFACTURERS

The Inbtowing code pumber s are from e Frdera) Supply Corte for Manufaerure e Caraligiint Dandborks HEY (Name to Costed amd D42 (Code
tn Name) and thesr Jatest pupplements  The date of revininm abd the date of the supplenents used appear 38 the botton. 1 vutd e, Alphar
Brhiral eodes h.m' been sebItrarily oemipned o ruppliees mob appearisg s the 33 Lok

c;;:l Marufartuzer Aildrens
0ODOD U5 A Comminh. . ..o Any supplier of LK,
£O}36  McCoy Electranics. o Mount Holly Springs, Pa.
0023)  Rage Electronies Carp. .o o0 Jiochestrr, NUY.
00287 Cremeo, Jae, .. ..» .. Danielnon,Cunn.
00234 Numidia) . v e ea . Colton, Ciht,
00346 Miciron, Co . tm . - Valley Stream, N.Y.
0037 GarlethIne, oo oo Chepey L, KOO
DOBBE  Aerovex Corp, .+ oy v oo o New Dedford, Mass,
00770 Amp.Inc. .- 00 o Harninhrg, Pa
0O78)  Abpcralt Radir Corp.. - .+ -0 Bannlon, X)),
BAROD  Trewen, Ltd, oo .. . WhItby, Ontarin, Candila
COBIE  Nerthern Enginvering
Luborawrien, tne. .. oo .o JHurbington, Wik,
0OB3Y  Kangama Electric Co,
Pickens Div, o0 .0 ou e JMickens, 5.C.
00866 Gor Emginvering Co. . . .l.\ty nI Induntry, Cal.
00801 Carl E. Halmen Corp. . .. . . Los Angeles, Cal,
00823 Microlab Ine,. o o0 .o . L Livingston, 8.3
03002  Generud Elertrie Co.,
Capacitor Depte. . o+ .. Hudson Falls, N.Y,
01000 Alden Produets Co. .. ... .« Beockton, Mars
01121 Allen Bradley Co.. .o o0 0 Midwavker Wia
01255  Litton Indusiries, Ine, .. .. Peverly Hilln, Cal,
DI28)  TRW Semtconductors,ne, . . . Lawpdale, Cal
03205  Texas Instruments, Inc. , X
Transistor Products Div, . .. . - [allas, Texas
01340  The Albtance Mig, Co. .. .. .. Alllanee, Ohio
01538 Smalt Purts Ine, ... ... .. Los Angeles, Cal.
- 01580 Pacihic Relays, Inc. . .. ., . .. Van Nuys, Cal).
: DI6T0  Gudebrod Brus. Silk Co. ... . .New York, N.Y.
DEPI0  Amerock Corp. oo .o llieeaford, L
03060 . Pulse Engineering Co . . . ., Banta Clara, Cal.
02114  Ferroxcube Corp. ol |
AMEFICa v v v v v v v v v sy B2UReRtes, N Y.
02116 Wheeluck Bignals,ine,. . . . Long Branch, N.J.
02286 Cole Rubbwr and Flaniics [ne . . Sunpyvale, Cal.
02660 Amphenol-Borg Electronies
' Corp. .+ vv v s .........llnnd\rlw m.
0273%  Radio Corp, of Am!rltn.b!rnl-
conductor and Materials
Ihvisson ., .. . Cv e Bomerville, NOE
0237t VYucahine Cooof Anu.'rl(h.
e, ... v ee o O Baybiee X, Conn,
OITIT  lapkins E.na:lnrerlnx(.‘u o+ San Ferpando, Cal,
02875 Mudsen Tool & Dwe o . o0 oo Newark N.F,
03206 Nylon Moldieg Corp. . .. - Bpringlield KX
03308  O.E, Semiconducior Prod,
aept, . . Co Bytacuse, KUY
Q3708 Apex Marhme & Tn-)l ln. v - Dayton, Ohio
03197 Eldema Corp, . ... .. v u - Compton, Calil,
03838 Parker SeslCo .. oL JLua Angeles, Cal
DIBTT  Transstron Electrie Corp. . . Wakelield, Mann,
QJRHE  Pyrohilm Hesislor Co,,
e, o ooe s v s Cedar Knolls, N
01654  Binger o, l)ll‘hl D:\-‘ .
Finderne Plant .. .. .. . Sumervile, N
0400%  Arrow, Hart and Itcgrm.\n
Elert. Co. . . . Harierd, Conn
05053 Taruus Curp CLambertyilbe, Ko
04062 Arcoe Electronic Ine,. Gredt Nech K.Y,
04217 EmnexWire. ... oL Lus Angeles, Cal
04222 H1-Q Diviston of Aeruvox.  Myrtle Deach, 8 ¢
04354 Prevision aper Tute Co. ... Wheeln g, 1)
4404 Palo Alto Divislon of Hewlett -
Paghard Co. . .. .0 Palo Alto, Cad
04651 Sylvama Electric Pm!urin
Microwave Bevice Dhy. . Mountian View, Ual
04673 Dakota Engr.Inc, . . . Culver Oy, Cal
O4TE3  Muotopuls Ine. Semicenductor
Prid D, .. - Phoemix, Arpoona
04732 Futron Co,dnr, \M'lh‘rn
Dav. CAulver City, Cal
04573 Aumm.lnt I.Im!rlr Cu . Kurthlake, 11
04756 Scquoa Wire Co.. . L. Reduwaoad Uiy, L0
481 Preceswon Coal 3pning Co. .. . KT Monte, Cal
U387¢ P M. Motor Compuny . . Wenteheater, )11
(040)9 Companer i MIg. .'-'rrvm-
[4Y) Brufpesater, Mian
03008 Twnlmh (-‘nmr) I’hanrb
Ine. . ... .. Lun Angelen, Lal
0527 Westhinghuuae l'h'r!rn l.ul’p
Sempeomductor Dopt L. L Younguod, B
0015-49
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Crabe
LR

65147
5307

05T
u5h03
n5616

NAR24

o1zs |

05729
DRTHY
05h20
OEOn4

0F0h0
06175

0R402
LUGLE L
08555

OREFA
0b15)
08812
08080
07088
07126
07127

07138

07149
07233
OTXEG
0n118)
0T2E)

07322
07387

07T

07100

iH2D
G704
BI033

(LD

U145
OB2HY
OHISH

[ bERY
OHEGY
OHT17
08714

[iLY 1)
ORT92

Vb6

[iLHT
OB
[TU )
[UHKES
09145

LRG0
G335
[LAnTRL

[HEth
LR
g

s
1c64t

Bemtol Uooy The o L

Manulacturer Addrers

Mrgonixs, Ine. oL oy o oL San Maten, Cal,

Uninn Carbine Corp , Elert.

M, .o, c e New York, RUY.
Vikigt Ik fne, oo o L Cahnga Park, Cal
Jeves Hl'riru-l’lnllrr& Ine.. . ..
Cibmin Plastie (e .0 Hn eirical

ju.Und v
Dartwr Lulman Cu S

+ Cleveland, Ghin
Ruosklord, N1

Tilten Uptieal Co

e llr»lynllumhtn Im‘g lal.uul ‘N Y.
Mriru) B ] { \\-Nslhury K.Y,
Srwark }ng;nn-rmg Cn ..\.m!.u ruz, Ua)

Wakelield Enginesrring Ine, . . Wakefield, Mars,
Manniek Carcy Thy, of Peward

Warner Corp. . V. L0
Haychem Cogp. ..

Taurch amd Lomb {]pllr.ll

Neidgeperr, Conn.
. Redwensd Ciby, Cab

[ 7 T .+ Hachentep, B Y.
F.T.A. l’l‘udurtn (’u nl

Amepled ... e Chicagn, 1.
Amatum I'll-rtmmr ilndunn-

Co, Ine, . New Rachrlle, B Y
lhuh' Hnlrlul 'Innlrumnnt

Co, Ine. L S, Peraconk, MW

General t’)mnrnﬂ Co. .lnt v Indpanapohis, e
Companents ine.  Arie, Dy, . Phoenix, Arkinng
Toreington Mig, G ,Wenb Yov. . Van Nuys, Ua)
Varian Assoe. Etmae v, . Sar arlon, Cal,
Kalvin Etectrie Co, ., ., Van Nuye, Cal.
DuptranCo, 0 o, Panadenas. €4l
Transsator Eleetronies
COFP.. oo v v w e s MIBNRApalin, Minn
Wentinghouse Flectric

Corp., Eleetrunic Tube Dy, .
Filmohm Cuoep, . . . C.o. Bew York, NOY.
Cinch-Graphik Co, . City of Industry, {al
Siheon Transistor (.‘nrp Coe Carde Mave, KUY
Ayt Corp., . Culyer City, Cal,
Farrehiid Camera n thKt, Curp

v Elmirs, K.Y,

Semsconductor ., .. Mountain Yiew, Cal
Mirnesuts Hubber Co L Minnvapolie, Minn.
rteher Corp, The, L Munterey Park, Cal.

Sylvama Elect. Prind !nr,,
M. View Qpepations ... Mountain View, Ca)
T|=rhn|r.ll Wire Products
CCranfond, N 3.
Chicagn. )

Bodine Elect Ln .
Hawthorne, Cal

Conbinental) Device Lnrp Ve
Haytheon st Car,, Femi-
eomdugtar v, .. L
Hew [ebt e Packdpid Coo

New Tersey Pivisioy L0 Hoghaaay, N

Mountain View, Cal.

U8 Fopimeering Co, Lo Angrlew, 01
Blon, Delbept Co.. o 0, Pomona, U
Bargerss attery ( v, .

L Nngars Falls, Ontarm, Canaib
P ulmh [ itenry Corp. lnp. Anpelen, Uab

Waterbwiry, Conn
Fun Vajtey, Cal

Ejan Cunipany .
VT Cannon Electrae Ine.
Phoenis [y, .
Natpnal Hadio Yab. Ine
LBs Elevtrim s Semicumductor
Operabions Iy of CDBS Inc
Genwral Electne Co
Minature Famp |)I
Mol Hasn
Pabronk Belaye .
Elcctroni Enclosutes Ine,
Tewas Capacitor Co
Fech b, Ine, Atahm
Edest. .
Elevtra r\rim'ml)hl A. n-'
U A K Componentn Ine.
Mallury Baltery Co ob
Canaby, P ht Turento, Uatario, Candds
Pennsshuania Flopocagbon FIiten Hoghte, Pon,
llurnuh Corp. . Nupwalh, Cenn
HGepera) Transistur 'Aeph'rn
Coty L. .
Ti-Tal,lne
Carboruntum Uo

- Phowmy, Arprong
Paramus, N

. Lamell, Mass

Clevelsmi, Ohio

o Indiaapnbn, T
y Alusta Mora, Cat
CLos Amreles, st
Ihurton, Tews

Iurbunk, Cal
Chicapn, 1
Newton, Masn

Lon Anesles, Ual

Iarhehoy, Ual.
Lo Nimara Fallso MY
C

Sunnynale, Cal. |

inhe
N,

11236
11237

11242
nnz

151214
11453
11524
117911

1T
JIW50
12106
12360
12574

1264%
YUTZH
12859
128K}
12910
12934
11010
1366)
110}
12027
12386
PIE3S

14009
14103
14208
14433

14493

14655
14674
14732
14960
13)06
15203
15287

1IN

14550
155¢ 0
1he0
18172

1560}
1588
[TXIN Y
1617y
16152
16554
VESHY
JHEHH

16554
15108
17434
174
L7545
1inne
17850
bengy
Trind
RIS
1h4ie
1E4RE
| LULN]
1ESKY
| Bl
ERATY
L0
1231

Tusee

Pk

Maanfarturer Mklrenn

CTS ot Perne, Ine, Tt
Chyeagn Telephoor of

Cahifarma, v, o So Pakulena, Cal.
Py State Eledtronies Corp . Waltham, Masn
Teledyne Inr .Mn P Ave
Ihy, e

Mlmml at .
Precisinn Conee Inr (.urp
Iunran Electronies Ine, o
Geperid Instrument Corp.
Semenneuctor Thyision” l’nuhu s

Group .. Newark, N
Imperial Hur‘rnmr Inr . Burna Park, Cal,
Meldba, Inr, . Balu Alte, Cal.
DPhidads Iphia Il.mdlu- (n o Camden, N.J.

ha-pne,

- Palo Alte, Cal
o Dokney, Tl
Codamalra, B Y
L Contd Mepa, Cal,

Grove MIg. Co, Ine. Shady Genve, P,
Golton Ind Ine.  Bhite N»wm

e .. . - Mbunuergue, KM,
Clarantat Mg, Cn CL - hver, NN,
Elmar Filter Corp ... W Mayen, Uonn.

Mippon Elestrie Co, Illl
Metex Electeonies Cetp .o
Delya Eempconcdugtar Inc.
Ihirkaon Elertzonies Corp. .
Alren Supply Cn  Inee
Wiles Pristucts
Thermolloy.
Kolitzun Pevices Ine.
‘Fatefunken (Himb)b
Midlansl-Wright v of
Puesie Industeien, tne
Hem-Feeh . .
Cahl Repintor Carp
Anmverican Compenenin, I
VT Semicomdustar, i v of
Int. Felephone and Telegraph
Coppor fakjon SWent Palm beach, Hla,
Hewlett - Backhen! Condjniny Linvhand, Uoln
Cornell Inbhier Elvetrge Corp Newark, B b
Coening Gilans Works .. . CCormng, N Y
Electro Cube Ine . o, . Ran taibrie) il
Willidmn Mig o San Juee, Cad
The Sphere Co o, L Lt Falls, NOY
Webnater Electromes Co, . New Yorko NOY.
Hewnten Corp Northrudge ,€a)
Adjuntable Bushieg Co N Hublywanat, Ca)
Micron Electronies fipdi n Oy, bon InlanitN Y
Amyrabe fnnt Curp Jyubpanh, N Y
Caldetrones Contd Mens, Ua)
Twentieth Century Cinld
Sprapg Co .
Fenwal Elect e
Amrjen Ine .
Spruce Pine Miva Co
Upmy-Fpertra Ine
Compater Iy Corp
Elcciront o .
Ihwotr Arepatt Nut Corp
Tiead Proe Matip §'o Jae
D dur Meter Iy
Erden Jadio Dy ol G M o
Thermnt e hn
Trames Cerpniny
ambin Moval Proafuatn Corp
Angrtrobm Frve Ine Nov
Ftheeny Ine
Alotiraw - B £
Poave Deeyn Pavitic Ine
Uhisite Corp Sennvenbueber Ths
Mg les Uerp
Dy-war MBz €0 I
FHW Elot Cemp i
Uhaniv ey =
Lurtie Irntrmmn! I A
Virhay fnetpuncents e
| 20 N} Y S YTI1 VETY O TR (TN
Irrant My O
The Poadiy Corp
Contrul T
Thomas A& Fobssen Industrnes,
v of MeGraw -Fiisen
Conen .

Fokyn, Japun
LU, B
Newport Dearch, 7o}
Eenttrdabe, Arptona
Witchita, Kankur

L Detrait, Mich
Diban, Trxan
Fappan, N Y.
Hamwer Ge-rmany

. Kanaas CHy, Kankax
Newhury Park, Cal.
Eanta Moned, Cal
CCanshoborken, Pa

Sanba €L, 701
Franmingham, Masn
Auinbain Vies, Cal
Sprure Pipey N C
Detroat, 1

Lamle, B

Unien, 50D
Pasabeha, Cat

evaklyn, B ¥
Kohirppiar, Il
Campa Park,al
Mauntain Yiew, 1041
Akrun, Uhin
Heklsw oo, v at
Aintvvale.ial
SManckerter, NI
Pl Alhe Ul
Pahs Mo, Cal
Sannsvabe Cal
HEodhaten, Mass
s Plnen, 11
YLomoathe, Mars
Bisee NOY
Milvern, P
Walmngten, Ihl
Mulwaukes Wis
Navipation A
Totephego, %)
Wertparpe, N )
Baloas Park. Cal.

'
Erom: Aaad ik *‘wplrnwnu
Haeb Datesd 2ariary 3950

B



‘;:.]: Manufarturer Aklrean "::l:
19644 | RC Flectromies ... . - Horsrhends NOY. THul
1950 Fleckra Mg, G oL - Jadepemdener  Kanean 71500
20083 Coneral Algonies Unrp. . Fhila |]phl-l l’a
226 Faecatone, e L Lemg Inl.uul Oy, N Y TIKIE
2135%  Fatnpr Bearing Co. , The New Bribian, Conn T
NI Fansiee} M-'i.lll-.lplr.lilnrp LN Chicagn, N TI9T
200 General Heed Co . Metuckhen, Ko TIT44
2042 Teweean Carp Dehiknapoha, Bt T1TRS
2318y Dreh adin I'.Imlrnmrh t u! Wanhingten, D,

5% GOFE. bamp Unasiun, Nela l‘ark Cleveland, Ghiy T10RE
24A%%  Gebegad Mo Co, 0oL L Wenk Conrarl, Miss yd o
MERL Memenr Ine, Camp Iy, . luatingion bt
636D Grien Reproduce= Carp - New Wewhebhe, NOY T2
2642 Geohart File Cooof Amerca,Ine Carlatade, N ) i
OEGT  Compare Ilailister Co eadlisirr, Cab
0092 Hamilton Walch Co . . bancaster, o, S2E03
2rAED i Packand Co il Altn, Cal.
20520 yrnan Mig o Henlwarth, N1,
ALY Inetrupwnt Bpecialtive Co
lhr . l|||l|' Falln, K ) u"h!"
119 GUE Be n'n m;‘ Tuhc- l)- |ll .arnnborn, Ky. S
424 Lulrnhm fhe. oo oL Chicagwe, 11 kPHLES
366 Franwyck Ol l’r-ulurl-.. TAIEY
Lt -ll ....... Hawkenbury, Ontarie, Canads T
36287 Cunmngham, W. & WY, T
. Lt . L Forontn, Ontario, Canata 7004
EtT A L M.allnry A Co ,lnc. - Idianapolis, T
39543 Mechamical Indusieses Vend Co. Akrnn, hin 702080
40020 Mimature Precision Hl‘lﬂlﬂﬂh.'ﬂf. Hiwrw, BN,
$0023  Hohweywel) Bne. Mlnnupui N, dhnn, 73445
42190 Muler o, ... L Chicagn, N, pLUY
41900 C.A Nopgren Co Englewnt, Colrr. !
4655 Ohme Ml Qoo ..o .. Ekokpe, 1) 71559
6355 Penn kg, KM, Corp - ,Dnyh‘ntnun I*x TI5H%
ATI04  Potard Carp. . - . - Cambrdpe, Mass TI6H2
48620 Precinion Thermemeter £
st Tn ... o Southampton, Pa. TTH
49956 Micriwave & Pn\ur Tuh«- l’!w Waltham, BLIMA. 71743
R2OOD  Howan Contzoller Co o ... - Westnnnates, Mit 70793
52083 HPCo . Med, Eler. Ihv TIHEG
54294 Shalirroas Mig. Co. TIRD
8026 Simpaon Electie oo o0 thh,mu I TA05
A3 Sonotone Corp .. Hm-«rnm XY TI9nT
S5UIR Raytbenn Co Commereial App-aralun Lol
& Syatem Dy, Korwalk, Conn TN
SEIT Spauddang Fibee Co Ine Tnn.u e, N Y. TAERY
SERR% Npragus Elrctnie Co North Mddams, Masn TIHEH

SEETE  Eoperior ct, Cis. Biepntul, Conn
YH45  Telex Corp . ... Tulsa, Lkl
59710 Thomas h Bells o . .. [-1" Weth, N ) R
04T ¢ Trptete Eleetriead fnst ol o Mattten, DR 102
A1T15  Umon Switeh amd Signal Div. ol N 74201

Wenbinghouse Alr Brake Co L Ihtrburgh, Pa TYIR

62119 Umverss) Eleririe Co o Owikms, Mich Thin
F3743  Ward-Leonard Electrie Co o Mt Vernon, N ¥, 5hIR
64955 Wresterp Elestrie €3, Ine New York, NOYO TRHG
E5002  Wenton Inst. Ine Weston-Newath. Newark, N ) THO0%
fER95 Wik My o oo L Chicago, M W2
FRIL  Minnesaoba Miming £ \il'.: £ HX Bk

Hesere Mineom Uiy, St Pawl, Minn

T0RT6 Allen MIp Ca L Iartfard, Conn THART
009 Ahed Conizul . New York, B Y AU
TONAE Allmelal Scpew S‘ruim!(.n . e FHI0

.............. L Aarden Uity MY

04T Amplex, Dy, of Chrysler nrp  Deteaut, Mich TahS
RCAHS  Atlantic tba Rubher Warke, inc, . . Chicago, L 76501
6563 Amperte Co., Inc. lm- n iy, N b TOEH
T0RM ADC Prewducts fnc. ‘B'II'\I'II‘-l,a-vllh, Minn TR
0903 Beoliten Mg Co P Chirago, 11
TOME  Burd Electrse Corp 4oL Clovelamt, tho 1005
TIC0Y  Mernbach Hadie Co New Fork, NOY. TR
TI034  Dhilev Eleet Co e oL Enwl
TIAE  Doston Gear ek [y , Cer ity

Murray Co of Texan L Quineey, Masn.
1A Budt Bad, The. L . Wikleughby, Ohy 3R
T Cambridee Thermionies Corp. Cambridee, Maxs
M6 Camlac Fastener Corp. . .. Paramus, N ) T30
TNI  Cardurl) Condenser Corp 3638
,,,,,,,, cLandenhuest, LE, N Y !
11460 !lmum.mn MEe by " TN
MeGraw -Evdinen Co 5t Liwis, Mo TIuey
T35 Chicagn Condenser Corp. - Chicagn, 1} THERY
THT Cahl Spnne Co Jine. L Pieo-Tvers, Ual
T80 CTSCorp. .. CEWLart, Ind, TE2IT
« THE8 ITT Cannon I-lrrtnr Ine, Lo Angelen, £ad THEHY
T Cinemnd, Divo Arrovox Curpy PR L11.4 SUTEY P ) PR .
Q00154
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CODE LIST OF MANUFACTURERS [Continued)

s e BT O WA e | 0 B

Atrore

Mitnfacturer |
Cor Clre A Un Frivaen. B
Centralab v ot
Glnbe Enpen Ine Mitankes , Wis
Commercial Plastirs Ho Chivapn.
Carninh Wirs o . The New ¥oew, N Y
Cate Ll Co e Provabener 0 1
Chicdits h’;m.nuri Lamp W rhe LM STTUTIE

Cimch My o
Womard B deree Iy

Paos Corplng Crpj,

Elrtrn Motive il

R B (IATUTI 113
Mothand, Mok
Cuoy e,

. . . .. Willimarhe, 1'ohn

fahivht Cobp b Newaklan, N Y

Inihiand Appepal Corp, |
Elnetromes Diy

Gererat Inste auent Crep
Cap Ihvisian

Drake Mly O

fagh B ELsy Ine.

CBrasty, N

Newark, N )
Hagwowat Hosehts, 1}
Phitadelphia, Pa

Gandegtan o . Chiaye, Hi
ELirt Mop Nyt © rp Ve, N
Hebert M Hadlvy Co. Lok Argrder Cal

Enie, B,
Pranevben, it
Chicpee, HY

4] Products, Ji

e

Erie Foahmd
Jhanse n My ©
M arper O X
Hubigot Iy o Mo ksman Inst o b
. - . . Fulterton Cat
Hughen Proeducts Ihvinion ul
Hughen Aireralt Cn Newpurt Bearh, (JI
Amperex Eleet. o 0 Hiwksville, LT
Tz ae y Bemivomtuctnr Copp
New Jhaven, Conn
Harttant, Conn
Trontn, &)

C .ullnp. I-ln-urn < Inc.
Carcle b M Co .
Geupgr Ko Garrekt Un

Iy MSL Infustries ' baeo o Phaludedpton, 5.
Federa) Serew PFroducts, Ine e 1
Fischer Spec) d My Co taneinnaty. Ohjpe
Generad Industews Co L The . ¥hira, vinm
Goshen Elamping A Fom) s . lwnken It

Pesawlyn, N ¥
san here gl
Wt el K07
Lo Meptuee, NS
. Wini Barter, Masn
Chuago, It

JFD Elecirates Copp s
Ivnngnes ladee Ml Eorp
drsese-Pintorp L L
Sigrabite e

b Wanns, and Sons
Bt b Cemiteneer Cogp oo

HF. Proshwes dhsisien of
Amphs n-i Hore Elevteome Copp,

L Dantary, Conn
i.‘ P odabnsen Ui Voo, Ming
Inter.aitiengd Boppstanee Un Philatelphig, Pa
Baptogme Uaklui €0 e LUV AT I LT
(TS Kmghts, b sambvich, B
Kuiks Elotrwe terp MU Vermen, YL
Leng Elevize Mip Uo Chiegpo, 11
bl tuse, Ine Prs Pran =, 1)
Lopdt Mi: o F 1
U W O Marandel San Francison, Cal

Lo peral Instrument Corp |
Sheamald frvysien
Kamer Millen M o

FW Ay U
Cypeh-Moangdm ook, Thy
Fastener Uhrp
Murller Elevirie Co
Natond) Vw0

Meaark. NoF
Al ne Mass
CLos Ao les Cad
ol Vonted Carr
San bvamdro, Cat
Ulrveland, Gt
Newark, N b

. T

Lthik Maoubbctaping Co COryeral Lake, 11
The Bemby Eorp

Eleelpodynamics iy s vl )
Pacitic Merals Co Stholoancison, tal
Phaontran Inetrompnt amt

Eheatroeme G B Pasadens, Fal
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CODE LIST OF MANUFACTURERS [Continued) ;

Cude Coutr
Ko, Mamilacturer Adilrenn L1
B4BT0  Barkes Tarzian, Inc, . .. .. .Dloomington, sd.  DI029

83454 Boonton Molding Company . . .. . Baonton, K.,
B54TF AB Doyl Co. .. ... ... San Franreinco, Cal 0)98)
B5474  N.M. Dravamnnte & Co . Kan Franciseo, Cal. D216t
REEED  Koiled Korde, Ine. .0 . ., Hamden, Conn. 92367
AS0N1  Seamlens Rubber Co o Chivage, T IREOT
BEYT4  Fainie Bedring Co. ... . . Los Angeles, Cabif.
86397  Chitton Precision Prvtucts Co, , Inc. @290
....... L Chftan Buightn, e, 02068
BEST0  Precision I!uhrwr l'mdmln l.nrp Dayton, Ghin 53332
HEBdd  Ran Corp. ol America, Eleetronie Comp,
K Devices Division ., .., , Harrison, B0 D160
REGIB Heastrom Mig, Co. .., ..., Glepale. Cal. 00410
R7024 | Marco Industeies .. Loo Anabeim, Cal,
BI216 - Philen Corporatinn {Lanmdale Evinien) HRLRES
Do - Lanstale, Pa 0340
BI473  Western Flbrnub hl.ms Prmlurln (,n 1137
coa oo Ban Francinen, Cal. 95144
BTG4 \'.;n Waren JL lh:gers Ine, . . San Franvisen, Cal
RIR0 Tower MIg. Corp. . 0.0, Providence, RL B4I4H
o440 Cuiler-Hammer, Inc. ., .. ..., Linenin, 11
B6220  CGrauld-National Batterjes, Inc, . . 3. Paul, Munn. HTTLY )
BEGOB  Geperal Mills, Inc. ..., Dullale, BUY.
B Grasbar Electnie Co, L. .., 0, Dukland, Ca), 94197
- 80473 GLE. Instribubing Corp . ... Schenectuly, N Y.
B4R Beewrity Co. .. ow .- .G Deteoin, Mich, 54222
69665  United Translormer Co, . .. .., , . Chicage, 11 54200
00000 Upited Shoe Machinery Corp, , . . Heverly, Mass,  ™17%
80179 U, S, Rubber Co,, Consumer Ind, & G46R2
Plasties Prod. Dhy, .., ..., Fanssbe, NI
B0JES  Delleville Speciality Tuol MIg. , Tne, 0469
ek v - Bellevitle, N1 05623
076 Ln,'h:d Carr Fanlenur Corp. .. ... Chitage, 1M,
80970 Beuring Engsneering Cu, , . . San Franclseo, Cal. 65546
81146 IT." Cannon Elect, Inc., Salem Div, 95236
Chr b e Fae o Halem, Mase. DR23IH
81260  Cuonnor -‘i:rlnx Mlk Lu <., han Franciave, Cal. D563
B134y  M)ler Oial & Nar iplate Co. , , . El Munte, Cal, 05265
BI4}B  Hadio Mateppals Co, ., . ..., .. Chieago, ). 65275
B1806  Augalldne, ..., ... ..., . Attleboro, BMass, 34K
01637 Dale Elecironies, Ine, .., ., Columbun, Nehr, 25354
©OBIEE2  EleoCmrp. ouunvu iy Willow Grove, Pa. p5bes
0167}  Epiphone Inc. .. hhu w0 o, New York, NY, a2
B173T  Gremar MIg. Co,, Inc, . . Wakelield, Muss, 35084
MEXT K F Developmert Co, ., Redwood City, Cal. p067T
G1E86  Maleo Mg, Ineo o 0y s . Chicagu, It pEDGT
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Bemen Contruls, Piv. ol Easex

Honeyweld Ine.,

Wire Corp o Manaliehd, Ohio
Waters Mig. o ., L, . Culver Oy, Cal
GY. Cantents L, Livingstin, KoL
Generad Cable Corp. .. ... Bayuone, N1

Haythenn Co (.ump Ihy. .
Truab. Comgp, Operghions .,
Seientifie Eleetronics
Produets. Fae L ..
Wagner Elect. Corp.,
Tung-St Iy, , ..., . ..
Curlias-Wright Corp. ,
Elechronies Dy, o,
South Chenter Curp. .
Wire Cloth Products, Ine,, ... Delwood, B2,
Automnatie Metab Products Co. |, Deooklyn, B Y.
Wurernter Pressed Aluminum Corp
RSN . c e Warrester, Mans,
M.Junmr.a!t !.In:mr Cu. ey Chirago, DEL
Geokye A, PRIRICK Reavarchers, Ine,
. Baston, Mass,
L Ldwrinre, Mass,
lh.uu.n Ih
.. ‘hm«!hhlv N
JLomg Yalana,

 Quiney, Mans,

[T Leveland, Cule,

Newark, N1

JEdal Matterann, N
. Chenter, Pa.
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Allies Prouets Corp. L L,
Contirenta) Conneetor (.’nrp.
Leecpalt Mg o, , Inc, .,

Rahona) Con¥ Co. e 0 vy oo 0 Berulin, Wyn,
sitramong e, L. L Nruspepaort, O mm
Gopdab Cogp L L, Bloomhield, N

Methite Mg, Co o,
Armold Enaneveiigt Coo . L L,
Dage Electrir Co,, [ne.
Semon Mg, Co, ..o,
Weekenner Co. o0 uy ..
Micrundve Asyor, 'r\o'nl Inc.

Rnllmg Mreaduun, III
 Marengn, 11
l'runklau, Inel
- Wane, I3y
Ve Chlram, 1t
. Sunnyvale, Cal.
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Hewluth - Bkaril o,

Code
Ny

HLA
D656
06256
LLMUTA

iTAk 11
iURES}
LA H
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06733
AEHHRY
BT40
010
11
070H)

ELIEY)
G819
HH220

TH2TH
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Bul7h
[T
YT

057534

Guhl
DiTH

B0
YL
BI3TH
2614
0707

G}
IR
BN
09534
09942

R LY
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OOMKY  Coollenn .
DUWW Calibornis Eartern Lab
oYY 5K

Mamtacture e Addrenn

M) Ines of Aveovox Corpe ... Obran, NUY,

Thupstirron-Meianner Ine. , . . Mt Carmae), NI,
Solap Mg, Co ool L. bon Argebes, Ca),
Micrunwiteh, v, al

Minn, ~Honeywell L., oL Freeport, N,

v Chivige, DL
. Hurlington, Maas,

Catlton Serew . Lo,
Mivrowave Assicidles, lnr

Exvel Transtormer Co,  Quklang, Cal
Xeelibe, Ine. ... vy.u. . Orenaed Park, K. Y.
HSan Fepnando Elee, Mig. Co, San Ferniulg, Cal,
Thomaon fnd, Ine. .., ..., Long Inland, N. Y,
Industeaad Betoniog Rorg: Cir, , , Bevington, N3
Automatic & Precislon M., Englesasd, NOJ,

Feon Rewsintor Curpe L L0 Yonkees, Y,
Litton Syatem Ine, , Adler-Wentrex

Commun, Iy L New Rochelle, N Y
R-Fronten, Ines oo Japaiea, NOY,
Rubter Teck, Ine. ., . ... Gurdien, Cal
Hewlbesr-Packard Co,

Medieal klews v oL Panadena, €at
Micrsndod, Ine C B Pasadepa, Cal,

SealectenCorp oo, Mabiaronech, N Y,
frre Mg Co L L Marbink, Cal
Ete Inc, s . Cleseland, Ohin
gienvral Myt Inc, l"ln-urnnll v,
. Minneapolingd Minn

lllvlhlnn rl! "l‘\ill‘“ l’.ll Kari) Ce

...... Palo Alvs, ald,
Koeth Hills Hul!ulnfh Int LGlen Cove, BOY.
International Elestrome Reavareh Corp

e e e Burbunk, Cal
Columbba Troehmcal Corp. Kew Yurk, N Y
Yarwn Asseciates . . L Pabi Alte, Ca)

Atlew Carp L L C . Wincheater, Mann.
Marahal) hab. (..np.unnr Iy Monrovis, Cal
Cuntrol Fwatebh Divisien, Conteuls Co

ol Amerisa . L. L C B Seopundn, Cal.
EPelevan Ebertrames Corp. Eabt Aurorg, 5 Y
Wilvo Cerporation: . .. ... Indaanagmibin, o

Whipgany, N )
Ponton, Mars

Brannen Corp

Hembramlt, Ine

Hottizan Eleeleeaies Coep
Semieumductor Thvision |,

Techknology s Inslpument Corp
ut Calitarma

.. FIMante, val

Newbury Furk, Cal

The following HI* Yendors have o numilser asbigned l'n the Jatent pupplemnt to the Federal Supply Cude for Manubacturers Hauthonk
i 3

kLt o)
. Burkingtan, Cal
Yos Angrles, Cal
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lmmductlon 3
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'- "Effect of Measurement on Ciretit ',
Eﬂ'ect of Cireuit on Mmurcmenl'
Opernting ﬁacllccs' Vo e
Méchanical Opmllon of Probe .. s
Dcmusslng ol; Probe Hcad ine

 Polgrity of Currem e
Increasing the Absolule Scnslllvlly_‘ -
" Current Check Loop; i

Nulling Currents '\

Use of Oulpul Jack

lnlroducl{on Mapass _;

’Ihcory of Opcrauon X

CurrenL Probe. .

 20'kHz Oseillatop

+ Head:Drive Amplifier .+

. Detcctor Gate Amplifier ... .
"40 kHz lnpullAmleﬂcr Cil'cult X

g gglchronqus Detector and Filter (C24) ;
’ An‘p“ﬂer Dllll'll;llbtlbpt‘.'.-‘(

. fon "\
“ Test Bqulpmenl chuircd R
In-Cabinet.Perforiance Chu,ks
" Cleaping of Pmbc.laws

 Ringe Check >
. Meter Trncidng

5 17.‘ . Output Calibratio

i
~ Frequency Respanse’, , s,
AC Overload ., cy

525 Adjuﬂmcnt Prbcedure :

5270

A"Bn'“ept o.d PR
';Oscillalor Balarice i yis )
Oscillator Frequcncy: A
- Oscillator Level ., '

retor Phase Adjustynentl.
mal- Zcro Adjustmcnts .' '

_ _5-62. .. Frong Pagiel Troublpshootlng»'
1565, " Detal}éd Troubleshooting . .} 4
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3] Medurement Procedury

4-4._ ‘Baske Flux-Gate ;
-5 54288 Flux: the

: 4-8'. ) Neéa'liVe'Fe'édb'nc
~ 49, 900 Phase Shift -,
5 l g Cleanlng Probe Jaws‘

Recommenided Test Equipment .
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-01 sy

‘ront Panel Troublest tmg Tree,
5 9 : Dclailcd Troubleshoot ng‘-'l‘ree
Surreht obe
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éFﬁt:’:l U ,h‘ ' CHSTR |
% vl fullscall [ £ 0,16 A, tiam| 0. to 5°C.
lnstrm{xwm 1] cal!bnttd 0 Rrob k

- Model 410384 1
b_lmmlom" g

lml "With switch ‘posl
I Vinta npm clrcu {dorrespinds 16 hill scele ddiictlonl j
41,8 V Max,-Ifito open cirguit In uncalibrgted pollll n
‘0.73 i.01 V lmo wn I calibrated P linn. i

’Rnngi,’ ,<,

15 b Model qmoa

nmA Hnnw,t('s m\!rmucron] kO,

. memr nocurucv Icu thnp 215, tExmm at 40 kHz u-rlnr lnquerr:y‘
“nanl_ulhmnnlu)_. Onthe 10A mqw, ?n pukvqlur ls

qpqmlnl Snperaturs
: 'i'20° F-O-BBC “'




"";ncnsurcs thcp. mngnelic ﬂcfd ‘Which ‘oxists. nroundn wise
corrying: dc q:urrent. Gpernllng the' Instrument’is simple,

D

Alter; zerd setling, the 1wd'jaws of thc ‘probe ‘are clamped . ' ”' )
droind lie wire (otyow o probe head Indlcates direetion of 1. ) @‘u: e Iﬁrlnzgc)l 3529'\ Option,Cl ! M“B""m""’“" Prohe. -

nal current flow) nnd the meter wlll_indlcnlc the

‘-'l‘fwre are. nlnc current ranges, l‘rom 1mA'tg. 10 amp-
“full-scale deﬂecﬁon. The scnsitivltyicnn bc Increased even
 further i by Jooping - the” wire 'sovera] times: through - the’
Opening. In’ th. probe, The urrent indlcatlon s vistually’

" Insensitive to :uperimposed ac signinls und the series londlns : -
“ofthe’ circult 18" Tess\ than’ 0.5 uH,; rge’ L1+8," . Hewlatt. Packard uses o two- smion serfal numbet,- Il
¥ feedhck providcs grent unblluy. e 4 lhe Miest sectio” (sv;dnlrpp:ﬂx) of the serial nusber,on your
£ ' : ' Jnslrumcnt”dou not-sgrec_ w with’ those on b tille page ol
this mandal; change’ sheets ‘supplied with the; panual . will
SN ' “eline: thie; difTerences’ bctwcem‘yom instrument” nnd the -
2l probe hcgds ‘aré ‘avaliable’ 16 extend® the’ Modcl 4281 deseribed in this nianun); So‘nc serial numhers
_,usel'ulncss ul‘ your Chip-On DC. Millinmmelér. Write 10/1he: iy Imvc a létter . sepnrnung the twa- sccllgns of the;
‘nearest: Sales opd Service Office (listed in' Appendix 'C) for'v numhcr. 11|ls letter; indi¢ates the country/in. which’ the
"fusther: ~inl‘urﬁmtion. Al thc timc ul‘ puhlicntion of :this :

your complcte rcquircmcnl
pcclnlnppllcnllon :




clvmy thy shn!puncd cml nf n
lnipml Iusﬁumcnl I'or s' ot da ;n'ﬁu Iwnrrcti ll i ‘; ,) ‘l Ih.hpnd il down: llcplnuotlw
. yre ' | » 4
'shlp;ne:;t.l l:rihll! ;Ls:rumém shoulq blc loﬁ:ddns somtll.;;p gy { RSN | Tﬂl)lctilfu_r ,2.;0'\'0“ fjl,m"m"
recelveds I it fuilk o pperatis properly, or js damnge " an ‘
swiway, o elainy‘shoutd; l?g filed ]wllﬁ llj};'wrrlcr. A, l;ﬁ{l [ eoport i '2,‘.3%-_7""55 ““"“P n" ?OWEH cABI.E. _
"k ap the dhnijpge slmuld be nl:tnlncd I:y ljmn.lnim ng&mimld ' B
|h§, report F‘W” be forwtded 1 us;- \‘c will’then ndvise .-1 14 ‘mc Nlroc-c:nfn |ur ]mwcr c.nblo suppllml wllll 1I|c
you: ull ‘Uve dispositinn to he'minde of: the equipmeit wid, * Mnstrymient Js. ermifiatid'in . polagized, theeoproig il
i Am;rungp [unrepnir.f Fri:plm:elmmt Inchuddd’mode) number ., ‘wnneclqr, recomn fd Ty the Natinnnl.ﬂcclrit.nl Manne
Bndeger l,numbpr wl;cnrc.cl;rlng io lhis' nsltumcnl l‘urnny - facturen.” Asmclnﬁ B,(NLM}\ The Salird “éondiictor e
WV e e . groundy the instralneh: chassls’ fof thé:PROTECTION OF, . . - |
L THE, -OPIIRA'I‘ @'b; PERS NNI‘.L. When sl u_frs e
lllme»pmna :ﬂ lw ' rbm; ndnplrp. smuml lhlni ]cnﬂ (gmn [

’l

n d
and workinanshif, Our llahlllly under’ this warmmty.- iy
’Ilh‘iiled iﬁmféhl: for pdjusting any. hmmmknl lﬁ%th td 10

§'|mm thqreof:,/t y.dgiiiage 1o the instrument upoh r

‘the_ factdryifor: Alal. purpase’ and’ 1o-replace anyef, '{lvc W
Is ‘due '13 he ‘carrler.: Fileyn’ clnlmvwllh the carri' (e " 'f
i ;

k'. :Il g ;.':.'.::|.i‘i;\.'
e
: wbh!ct nmdd shbwn ln this mnnu;;] The "

ureceived to,delerming tlm s aluclrlcal chnmlcﬂat e s
"ot been, dnmngt;d In: dtipménl. Refer 1o° the. In-Cablnel’ - » Sy A - _;
"““‘"‘P!‘" C"“F'“ °f 5°°“°“ V"“'“B manuht S S R, The Unclhud Ior pm:ldngtllls Inslrumcnl s In thc
-. ' ' i urlmnnl sl ‘ ping carton Witk the original Dlieps packed’ n "
i the " Baniety jiianner; g5 “when m-.cpvcd feom . the fagtory, .
it 'ﬂ;ﬂufurﬁ.s when: pnpacking, ‘nole Lnrcl‘ully the method ul‘ .
'pnq:king g uf snvc lhu urlgmnl pm:khlgﬂalcrin} I‘ur ]msslhlu

ig,. l'owcr rcqulrmncnts ﬂ"? Bl\'cll 1“ Spn:il'ix.nli mfnm.,. »1’9. l[‘Shc uriulnnl pnuking mnlcdnl Is nut i\mllnblc. mul ib .u oy
'ullhc I‘romnl‘ lhi:nmnunl. _ oy s, dqi el 1o packnge | the instrument - l'ur "slompe” o
e : y : shipnje‘nl, first wrajy the instriment in hmvy keaft paper i
210 BPEBA‘HUH 0"115 OR SRR IV ¥ avold ;crh;clling the paint, Then |mkmncurdtmnrdtul’lun '
e .» ,»,\ L wl L 'wlllt"a purﬂlng sirength ol al. Jedst 150 1D, pcr geuare inel,
2 11, mh mutrument mny be-uud wllh clllmr lls‘vou L Pad? ,mc instruntent on all. sides’ with af least 2 inches of +-
-~ -or 230 volt supply wldlnfmquency of 48 {0'44Q Hz, single; " - l} ,rirnq hnlr or: nt Iml 4 Inulws ul‘ lighily pqn.kcd
: . phase, This. instrumei Is shipped from’ the faclory rendy " cx:plslu[ IR S s
fnr upcrauon rmm n 115 volt'souroc unles olhcnvisc A S .,' ' '
\r i X sronnns.

2.12; To" opcmléi I‘mm n 230 vou snurcclllc “5?230 ; 2-21\ No"speclnl prccnulluns nré um.cssnry in ulomgc &
:)h.epl lhc usunl prutm.llun nguinsl inulmulcnl dmnngc. s.:ll I




nSu.tI_nn Ill

5 le 'prohcrjaws amund wirc cnrrying dc cumnt.
pointing the arrow on the probé in:the directlon of
conventioml current (scc arrows in rigure above) 2

SO | 7 Ater e of u:e'uodel 4288 on the | thru10 AMP.:
. RANGE, degauss the probe head (ngnph 3 29) if
‘210 get cannot be accomplished




3 2rThh lectlo onlhim Imlructlomnmd"lpfonn‘ i
o ',.nechmryf for. operation of. the’ Modeli.‘-t!sB, Cllp-On_

L
. V'vvvvvvvv

-CAUI‘IOR

\PPLYING OPERATING POWER fo THE.

MTHAT THE.LINE VOLTAGE SWITCH.ON’
aeﬁinnfg E?NTHE&INE VOLTAGE.

‘THE REAR
. TO'BE USED AND THAT THE I
*-'ERLYFUSED R W

R " b.THE: PROBE ls“ INSULATEDNTD W{THSTAND
" 300.VOLTS MAXIMUM, DO NOT-USE THIS PROBE ON
“rvs A BARE.WIRE WHICH. IS, MGHE, THAN aoo VOLTS_

PEAmovssnouNn . T

”7 OF STHQNG RF FIELDS, )

4,00, NOT-EXPOSE THE fzsa PROBE T0- 'I'EMPER

_‘ATURES EXCEEDING 1300 F. {§59€}.-DO. NOT. LAY,
'THE PROBE ON TOP OF.THE 4288 CABINET (OR'ANY
" OTHER-HOT. SURFACE). PROBE UNBALANCE AND
EVENTUAL DAMAGE WILL RESULT.

'+ 00 NOT DROP, THE. Pncuse
FLANGES' ABRUP}’LY SO T AT

~ TOGETHER. : e S R
“f,00 NOT, OPERATE THE uesnussea th MORE
THAN THREE MINUTES. cummuuusw * f, ’, Ak
Q. 'BECAUSE THE 14288 ISCOOLED BY CONVECTION, "

'PLACE THE 428B.. WHERE + AIR - CAN CIﬂCU_LATE- '

et h00 NOT "USE THE 4288 TO MEAsunemc INA
,.,me WHICH CARRIES MORE AC THAN Fuy. SCALE

3-6 Each probe is calnbmed at the factory wlth n
, _{mrticulzr instrument and carries the serial nunber of lhat
instrument (serlal number appears on probe connector). If a
probe has to be replaccd a realignmént and recalibration of "
- the Instrument is neccsmy (see nlso Saction V Mainlc-'
AR n:mce) L ‘

Pygnmsmnop“ ¢

The probe wﬂl‘ ddd a n’nall iriduclnnuc'io the cln.uu by

of less: than 0.5 mlmnhenriu due'to the magnelic-core afd
). mngﬁclic shicld, This makes it ideal for measuring durrent ;
in"very! low; Impldance: paths 'such as grouitd |ourls wl\cre
: olhcr lnstm‘ entn woulddislurb the clrcult' . R

1. 'l'hc gnung signnl. d:lvlnszthc core in and “out :‘,{
‘s;lqr‘allon, will indyce a. voltage In the wire carrying the’
current, This induced voltage Is less thap 15 millivolts peak.

- ‘,

jfnduced v;_;llnge yvjlll be multipllcd hy the numbcr ol‘ lup

":i_:z. errec'r h|= cmcmr ou Measuameur

‘ "'prnclléally no, ¢ffect on the de currcnt mensurcmcnt,. A

 shiorted loop Inserted along' with o wire carrying d¢’ cun’cnl .

s will l!ecrcase ‘lhe rcnding by only 0 2% of l'ull scnlc. !

I+
3- 16 e inxtfumcnlisdcsigncd 10 nllown high nmounl ut’
a¢. ripplc in the dc heing measured. - The presence of ac.
‘whose pcnk value equals fp!l-scnlc reading. (limiied to'd
. amperes pmk onLlo-nmpcrc range) will'cause less than'2%
cefror in, hc de reading. F.xnmples of such high ac currents -

'15 *f‘ Ac Fields & Suporimboud AG Cumnt.

: ‘. ,.7 Ac ulrrcnts !Inving 'frcqucncy mnlponcms 01'40 kI{z o
e or hnruwwus thereof will cause crror.,a; su:.h signals will .

inlcrfer ith’the 40 kHz output signal of lhenp;pbe. The
. meter’ wﬂl indicate o beal reading il the. intdifering o
| frcqucncy is withln’ npproximalcly 15 cyt.lcs of 40 kHz or .

“Hts, hnrmonlcs. A!though 1his: siluatlon is.very impmbnhlc.,“ o ’

- accurate de Current readings cah be oblaincd by shifl ling lhc "

N rcquency ol’ the cxtcnml L3 signal sligluly

-3 lB‘.s Thc instrumcn( as well as thc pmbe head should not

. be used. in, strong ac stray. fields. Such fields may exist in
lhe Vicinity of upcn corc powcr tmnsfurmers. or large dt,
ﬂlter choku. ete.’ ! . . .

Jnl

), more., than, one Joop'is passed’ through - the probe the ".‘"‘“ b

in the input of"dc hlter sculions of powcr ‘




)
i 'f:

1
%u’omt 4’; b
| ‘Q »_;.‘ B
£ ormnl opmung condluuns, dcguusslng mny
g be nocessaiy sler, mcnsurlng t.lll’l'clll on the | thru 10 AMP
B RANGB” .;._;‘ L
il lagnhih. ;hteldlng nnd lhc mngnellc circult will’ luwc aiy nlr L L

| - \
gnp,f;l'he n:sull ls that dc ﬁdds,.nm nssocluled with the dc 'It !nkcs nhuut Jo sp.onds tu dcgnuss flie :,
V"beinig, ¥ p;pbe when -using. lhc_nl;oye melhod (see, Cn*ullon, Paa:

P30

; ‘Iluwevcr. (here ;iwi,lI': bc an '.indkllion of . n stoon,
_extemnl de fleld Seven wily the Jodns perfecily’ clotedd?’ : ,f R ; e
Usilally: zero ‘setting with the ZERQ, ‘0{:'"’1 ‘°ml’9"“r°’ o 3'34. If tlae lmlrumentcnnnut lie'zerg sel elcclrlcnlly (wil[a
sucll residunlr rgadlnss fornpnrllculqr pro eldénllun. ; 7\ ZERO control) therd are two prabable causes; > * !
2322, EARTIS M MAGNE‘I‘IC FIELD, 1 fidgne .-ilo't?ﬁ?.";’i}“ cloite nrwbe v Z)Mngnellzntlon nf
" field will nffect: lhzr&ndlhg if the jaws u)flhc prob nre‘nut A Ve _ e
»¢"completely shielded (jaws partlally open), The effédtof (his ™. 5. 35 Dust .dcposlls on the Tapped. surfncu uf*ihc p
[ Deid, is&allvciy sirong ~ comparable o deflection due 10 '+ Jo\uc'crente i air gap, If the jaws are not completely closed; -
*about 500 mA of c“m"l- COm{'m closurd of the jaws can.* "ty enrlll s magnetic field will affect the reading, With the s
v cun‘cm Inpuls If the }aws mate properly. tlu: 2ero0 set shuuld ! _'should nol vuy {he m& sel more thah 0.2'm A, Clennln; of i
E.;?s Slﬂy withln 0. 2HIA' wl;i[e rotating ﬂlc 'pl‘Obﬁ head. \\f“-h “the - - Jaws: \Vﬂ] restore. proper o BI'EUOI'I condmum (m .
.Jespect to lhc earth's magnclic. ﬂﬂld (probe nllgned ll'l ll'l SCC“OIIV Clunlng ofl"robc an' A IR -.;
T I;‘\En_sl-\\’est dlrection) O Fz T B R Tt
383, 11 thie zero shiﬂ is ymler. he mnllngs rfnces ol' lhe s M‘S"“m"'“dd’ pm(u:t “‘" l”°b° hcad l‘rum ““V
‘jaws fieed to bc.clmncd o lhc probc witlng | mny be open s "‘“B‘“’“" fields. ‘Hawever,; excessiye dc. currenis (wch us -

(scc Sectjon V) : e h shor)t cireujt aﬂuhnrge,gﬁmcnlsbl‘rom dectrolytic capqcllnrs.
ok o ete) will mngneliu the - probe.: For. demagnetizition of "
334, [FIELDS' OF PERMANENT MAGNETS; M““ *“ls", probe hmd. ) ngnphszo Degussingof Probe Hcad ) -_

hels Imvc strong stray. fields, whh.h can cause shift in the
“ "y, crrent indication,, Such flelds are detecled by, bringing the .
"t.luscd probe’ in"thEagea: where! the: measurement s _;o be’

L4 i’ S
ulndc nnd obscrvlng u‘e "ﬂg.dﬂn “' m§ mngf) -36 Thl: nrrow on thc probe hend indicatu lhe dirécunn

;! ,' 325_ FERROUS WIRE ’Wh%u made ot of : mu&nclh. ;'ol‘ the. convcnlional currcnt flow: for upscalc readifig, :
'-émnq.ﬂs can cause a current’ “reatiing of 23 mA withoul +* Reversal “of ! the" curtent ‘flow directton wﬂl revcfs_e lhe
“any Wannection.10 the'wire, This fact is, Important as leads l"‘““"““ on “1‘3 mﬂc"_ (5“ F’B‘m 3'2) SR A

.ol‘mosl lrnnsistors nr¢ made out ofmugnchc malerial. EERTC L

""m upsaannc PRAI:TIC :

o 3 27‘ MECHANICAL OPEHATIUH OF PHDBE

R T S '
iy 3 28, 'me probe jaws are opened by slmply squeezing
“together the two_flanges on the probe body%An intemnal

= spling returns. the jaws 1o their proper posilion whcn lhc

ﬂangcs are. _rclt._-ased (Scc ngrapli 3-3e) s :

329 __IDEGAUSSING UF I'RUBE HEAD

(locnlcd on’ front pancl of rackmount models) with, arrqw. A4
un pmlie ln samc posilion a3 arrow marked op chass'is -

h Dcpress degausser swit;h 53 to encryze dcgausser.

AT e Wilhdraw probe- vcry slowly for: t|1c first Few Ino.hes
‘*.-» while depressing the . degausser. swilch umil probe is -‘
rcmoved approxlmalely one foot. o ; s




_ mi:neaslun THE ABSO wré;seus_u_nww.

l3--10 ’l‘lae scnsilivitz ol lllelnslrumcut n be Increased by
Jooping the’ wirc (umymg tlie de current) severa: tﬂugg
Hhrough: the oper ing:of: the, pmbc (sce\rigurc 3-3)." For’,
-exumple,: {hree: 3 X :t' lhe scusllivily ‘fhree limps.

“WIth a1 increased se B¢ er, the, Induced vollpge

jqws' sl thal the, ‘twu Lurrgms uppose cm.h'oﬂle f
slmuld e rcmambcrcd when maklng dch n medsure) .
“that' the_absolute yalue of any: deviations observed havem~

“been multiplied;, Ify In. tlie'nbove example, the 0.6'A dipply -

_wavered by».QI‘A, the lengc ould be’ md_ns 02 A on

hc mcicr. v

ndcr nmsurc:_ucnl will :
e e
" docoypled *; am

" and deliver n proportlonal.yoltage at the OUTPUT Jack,
“output-at the QUTPUT,

A If the uscilloaupc is
In Pnrngrnph 3. Sl

slsnnl ;obeﬂi;plnyed . i -.‘ L

&_3-42 In rcslricled slluplions sm.h a3 prinlcd Llrcui! .boards. o

" wire"loops for the probe can be built into the elseuit to;
" allow n.unVcnicnl currcnl mensuremems with - the Mmltl

-.ondltions willl lhc samc use s vullngt! mcasurcmen!

"":'3-43'.'Clmuit£' cin nim b‘e“mn'diﬁcd.'_. to n’ccepl -"an'_ il
i promptu loop -for’ lcsllng. A& an; i:xnmplc. 1o measure the

Ceollestor currcnt “of 4 transistor for lroublcshooling pur-, 0
"poses; the dollector lead can be' removed from the, bo:zrd
‘and a, loop of fine wire suldcrcd between the collcclorlend
.nnd the:board. To measure curent. through' a rcsistur.JifI ‘-
~one ‘lead and fistall a- seies: Joop,. clip: the 428B. probe *
:;-'nround ‘the' loop nnd measure currént through the resistor.’
~“As’ an’ alternative, an eqivalent’ resistor with long leads can |
« be. inslallcd to replace the residior in question. ; *

! 34, uuumstunaenrs.

345 1119 Jesolulion of’ thc‘428l3 Lnn bc im.reased by 5

-; nulllng ong:  gusrent: ‘against hnolhcr and measuring the

‘difference between the two;: To null the midmgi clip. thie *

+ prob¢ over: both .wires at once with’ the wires'so arranged .

“*, that -thie curents -are going” In. opposite directions, The -

wnsidemlions mentioned in- l'nrlgmph 3-39 also apply to;

cqrrent nulling For, examplc, assime that’ a 0 .6 A"currcht ,

" soliree is/to be tested against n 0.4 A standard, The 0.6°A 0
_supply should be looped 1wice lhmugh the pwbe jawsond .

e
o LEVEL lo iinimum uutpuu .

l‘*l

Tl:c bU UT ]m:k mﬁhles 'Ua'e 4ZBB lo be used 450’
fiet/L:E . transducerfisblsior, The basic "
B‘tcunsidercd s an Inputfoufput deviee) *

g\lr]re 5 .
- value of the.oulput-2an be' varled. by using the: UTBUT‘:
LEVEL contro) to bmducc ps ch us 1042 volts ot LA

While the 4288’ mctcrﬁjstm average dg.(ighoring nc); the | o h
)

.,;\

ncllon of: lhc 42
-1y L0 sense te magnelic pield andund s current camrying

ack ‘conlaing: bolll lhe deand ae-

wmponenlsof lhcslgu Jclngmmsurcd. - T

i 348 With Onlllolcopl.,

3-49 To displny. lhc nutpu( bl t th 428'13 un ;m uscillu--
eoper. Kt :

,ﬂ ; S
Il u:m I)c cnlibmtcd ns

"du umpred

S Clip: thc probc mound lhc wire which ummlns tllc

r’ 'l-'

BT uord tle output “of me'mn oh m
. '428B, Here, currcntsc.nn then be measered undprupcrn!iris “_3 o A " p L n mpl

- LA

rcuordcr' ,

-, Insure tlmt tllc ru.drders inpu;;impcdanu cxuculs‘ o
I4000Iuns.,f" ' - :

Cunneu lhe rc«.ordcr inpul o the 4“8[! OUTT’UT j.n.k
Zcru the. 4288 on lhc 1 nu\\lsnng'c; Ium OUTI’UT ‘

‘d_Zgrlﬁ_ ih_c reuordcr. . . S )
; Mjust the 428[! ZERO LUIIU?[’I'OI' full-suale on lhc

!' Adjusl thc 428!3 OUTI’U'I’ Ll:Vl:L wmrul J‘or full su.ale '

on ﬂncre::order. o SRENAUS:

Y

g Zcro the 4"8B, swii;h ‘1o ‘lhc uppropriah. r:mgc nnd

¢ tlamp the 428B probe nruund lhc Mre whiuh Lurries tlu. i

i

»h

signql tpbemwsuréd' RATAS S .‘|-

bt

3'52 thn Im-urd}ng currcm v.nri.muns wttll the 4'}33 “ ot a
“should be borne fn mind that; the 4388 displays some long "

C tem’ zcro ‘drifty The 4288 zer0,drift nurmally amoupts'lo
‘. about 300 w\ (indn.alcd) per day so perfodic checks shoutd

» be made to' uelcrmine wlulller or, nul lhe ZERO comruls
‘ tln: 0 4 A supply shuuld be ]oopu.d lhrcc timcs tluough‘lhc e nccd adjuslmcnl.-‘.‘ S A S
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! |=h‘

42, Tils seelion’ duseribcs th overall. opbratioh of the |
‘Model 428B, the 'operating principle of the current probe -
| nnd the f uncuon of the diffepent clrcuits of 1he lnummcnt. :

_'Jmeunv OF ugsamnu,

||f|

4—4. The nlmpllﬂeJ block dhgmm of Flsurcs’4-l and 4-2

-“shows the. basic, opemlon ‘of the’ Model423li Cll
‘ "Milllummeler‘ L s

"4-5. < The, ‘probe clips around‘n wire ¢|rrylng dé cument
 and delivers a 40 kHz output signal.which is proportional lo

~_the dc ‘current.’ For: transducing | the  dc current. into.a'

40 kHz signal, the probe requires-a 20 kHz gating signal, s

. dcscribed in dcuil un'der Pmanph 49, Current probe. ' |

6. The 40 kHz output sigml of’ .the ‘probe Is lmpllﬂed.. f
dcucted and fed back as negative l‘cedbaclg current to, the

: -,probc head caneelling the effect of the measured do cument

and thus rediicing the 40 kHz output signal witiost to 2ero.
+* The negative feedback current,: being proportional to and -’
 magnetically almost equal to the de.curtent of the imcrtcd

: wire. ls used to lndicnte thc measmed dc currem.

(i

;-54-7. 'I'hc -20 kHz mcillalor has' two:"funcuons'

n‘lyplics 8,20 kHz signal for driving the prnbc head, und also
“provides a 40 kHz (second lunnonic) signn l'or pllng tlm

;_i "50 k"l Sy:lchmuonnus Detector.

-'.4-8.»Due to' nllght unlulmm. the' pmbe:lnend ouipul :
i donulna u'small 40 kHz sighal, even with no de currént -
bejng measured, p 40 kHz phase-shifter output canwls sucln

midunl 40 kqullgm! (zcm-scz controls) e

';.4-10 The proﬂe head ,is 2 speclnlly 'dcsigncd scuund
'+ harmonic nux-gale type of. mngnelometet used 10, mcnsurc

:the mngnollr: I'Ield aroundln wire cnrrylng dlrccl currenl. ’

. 3 o l' T
4-Il {'me Mux, gate ;,principle s, ca.'.lly um!crsthud by
rel‘crring 1o the mechanical model shown in Figum 4-3

417, Coll SA (rcprcscnling wlro through probe).
energized * with - dc, producing a 'de Mux dn 1Re core.”

“ Armature is romlng af a constant rate' (F), gating'the flux -

- 2F tlmes per second ‘inducing a voltage'of 2 F frequency in. - -
-coll B, 'me nmplltude is do.lcr;nincd by the dc in coll A o




eIl A
. ENERGIZING -
D€ CURRENT. .u'

- 'NOTE THAT "
' GATING. SIGNAL
(C) SATURATES.

: 4 IJ Thc Model 4283 hcld um lhh prindple in ] nimllar-:

way. Figurc 4:4 qhom lhc bnsic conmpl of ] ulunble nux

4-!4 ‘A magnetic corc'ln ulumﬂon lom pem}eabllity Ihd |
therefore, is " comparable (o "a "core . that has been

. mcchnnlcal\y upened_(low permcabuuy duc o alr slp) |
415, Coll C saturates the core periodically with a 20 Kz
X 'signnl driving the small Eorés'in and out of saturation twice -
per cycle" or once for each peak (positive or nkgative) of the "

- jnput  current. (Sec Figure 4:6) The only: function of the
. 20kHz. ﬂpnl B to gate. the'dc ﬂux ln the eore of the

! Y

currcnl probe

o ‘4-16. The 4283 probe lmd 18_ lctually udl] ous lo thc
v flux’ gate shown .in Flgurc 4.5, The' energizlng de current

p(oguces flux - path “A", Flux path “A"'Is, pc:iodically
lni,emlptcd by saturatign ol' the (transformer type) coré,a
. reult of the two. flux paths #C", Refer to Figure 7,3, anid -

f'i fioté that the current enters L3 and’LA from the same end : -

“'and that the colls aré wound In opposite direcilons causing

' oppocltn mlgnellcp polariuel nnd the congeq'hcnl clrculz

+ (a) To saturate ﬁne cores, a result of the 20 kHz 'y

f:currcnt uut Nows between pins' 1" and 2, This current s

genenlcd by-the 20 kHz oscillnlor-nmpllﬁer circuits. (b) To'

'nct B secondary, plcklng up llcllopped slsnnl from lhe

. EN'éRs:zmo
L nc CURRENT. .

£ GATING |
.. SIGNAL
PN =

|/ currenT..
ol FEEDBACK‘ b

4OKI-iz ourr-vur VOLTAGE
(PROPORTIONAL TO

., ENERGIZING cuansnr
; MINUS Faeoencm

0 : 2 s -
: ENERGIZING ' CURRENT © -
"' LESS5 FEEDBACK

WITH POLARI TY CHANGE

:?:.'F'igt;rc'{t-’él'ancfo'riﬁs;‘.f: I

— Nore’ 180° PHASE SHIFT ‘__



* wiire that isfd-lnmpcd In'the prob& ]aw:. (c)' 'l‘o condui.t ilpe
< deifeédback current that-lends o annul the. enmizlng de.
cumnt I‘rom thc wlm beins meuurod.

418 Because ‘the colls are:’ electically. arranged In"n.
‘ *balanged bridge. clrcuil. the 20 kHz signl Is balanced at the'
" oulput of the bridge (ping 3 and 4); and there is no 20 kiz
‘differential signal_at this point, The 40 kHz signal and the
de feedback current are also nulled out by the’ balgneed :

" bridge so' that. these signals do ot appeor asn differential "

" 'vollagsacross*pins; 1:and’ 2, The de feedbick current is
‘Isolated from the 40 kHz lmﬁllﬁer by capacitor C11 "'I‘hc
40 kHz ls kept oqt oI‘ the de circuitry by RF chokn Lﬁ =

m. znumoscu.man. o |
420, The ugetion of the 20 kHz oteltbr 5o generit i

¥ balariced 20, Kz signal ‘which, after nmpliﬂcnlinn. Is uscd“‘

for drlvfng the probe hcnd in nnd out of nluntlon. 3
421, The. clrcuh of ‘the-20 kuz oscm-tor Is amwn’in

‘Figure 7:3, The_oscillatos V7 is operuting 'in push-pull .

: - having o plate’ clrcult . tunedv'to'- 20 kHz, ; Transformier .
=.,coup]ing provides: positive feedback through reslstors R94

-and R9S.to the Gkelllator control grids. The control grids of . e
** ogelllator V7 supply the drive signal for the push-pull head '

" 'drive _amplifier . V8, The mclll?tur level Is’ hqju:led by.
. Jcontmlllng the cnthode cprrcnt‘o ,

v 4-22.. 8 cbmmon " athodes ‘o o§cillntor VT
"40 kHz signal (2 pulses, per 20 kHz cycle) neede

su
for the .

e =:ynchronousr-delector gatc unplil'ierVS and llsc 40 kHz o

-j-4-24. m hud-ddvc nmpllner VB supplibs the’ bnlnnccd
N '20 kHz signal Tor: the probe head. Drive balance adjustment -

'R98 controls' the current ratio, of the two triode sections, | i

and hence the second hnrmonic ‘outpul. The de bias voltage "

" for the oscillator and the head-drive ampm‘icr is obuined

& from reference tube Vl l.

,:';'4-26 The 40 kHz resonant cfcuit €1, €2, and LS incresses

“the level of the gate signal and filters’ ‘out all signals cxoept
3 40kHz It also allows phase adjustment of the kisnnl to.

: "r-corrapondto lhe plusc of lhc Synchronous Dctecto;. JEETUERN I "

4-27 'l'hc opcmtiun ol‘ the Synéhronous Dclectof rpquires o B

',r-n “high level 40 kHz signal. The 40 KHz-gutput signal of the

= osclliator V7 passes through atuned’ t.iru\l!t and drives the -

' ‘gaie nmpllficr V5. The. output of V3§ dcliversado kllz gnle
signal to the Sysichronous. checlor. S

3 an 4omzmrunmtunincmcun

4-29 The: 40 kHz output voltage of the prube. head €1,
resonated by’ 0, 40 kHz series” resonant -circuit- (LS and’ |
CIICZ) Resistor Ri broadens the resonance’ response by

lowering thc Q to minimlze drit‘l problems 111e 40kllz

ulannl pasm lhroush b vulinge dlvldcr SIB. whlch kccps e
<loop gain constant for all current ranges by malntalninga -,

. gomstant inpul- Jove) range Lo stage Vi “The Sutput ‘of the
40kHz amplifier - V1" Is . band-paix.; coiipled to the.
40 kHz detector driver m;e V2, The ¢ ulpul dgnnl of V2 Is:
isolated  from ground by lraml‘o 1‘2. dnd fed to’ the
40 kiz synchmnou: detector; * - & o i

"

Q_-ﬂ SYNCHHDNOUS DETEBTOB AHD FILTEH (014)
431y Thy Synchrppous Detector dctecu the Implitudo and " :

! thc phase of ths 40 kHz signal, Phase detection is necessary, . -

Lo preserye negative feedback al all ilmu, Since the probc

“potlive feedback and the insirument would oscillate, With; "

phase’ detection’ the’ pohrlty of the feedback will. chnngc T :
2 ulso, mnlnuln!nglhe I'eedbuck nemllvc hruund Hie sysiem i :

‘.'4~32 Thc hynchronous dcleclor requlres u.lurgc 40 kllm “
gnllng signal, having the “frequency of the desired slgnnl
* Figure 4-7. uhows lhb nynchronou.-. delcclnr druw:l s
btidgecircuit. PRILONNNE gl

4 33. On one llnll'-tyt.l,e. wilh A muc[n murc posillvc llmn L
v and ‘with B equally. more. negative that E, the' bnlmu.ul
;' - circult ACB conducts hard; and C hecomes . cl‘fmuvcly cqual

7 o, polnt E," Circulf’ BDJM: openéd at. this: time hy it L
ply l 1. " back-blassed ‘diodes;and only the signal hdy: nppcnrs n;rm.s,-;: e

. -the, conductlng Imlf of the TZ(FC) will chnrge C24

- ‘-34 Op the nckt lmlfmycle BDA Lunducls. A(‘.l! bccom g
open, and the ilgnnl atross FD will charge C24 Irsilmnl Flis
pusitive. with' respect, to.C on- the first halfcyele, signal Fooovg

- will_be posllive with respect to I on theé second half-cytle, _‘T b

‘.";. _and-the top’of €24 will-conslstently be charged positiyely, - +.- v,
" 1" the signal at Fc!l,mscs phase by 180° with respect lg the': ¢ "

24 will wntlsteng y bc

?e mp ol‘--C

snllng signal at T3,
* 'chnrgéd negallvdy. ;
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~ Model 4288

A J‘i i summnry lhcn, c nnd D nrc nllemuldylsmumled. : Ml 'HEBA’I’WE FEEDMGK GURHENT BIHBUIT.
Cand the polarity of the signal across T2 charigesus Cund D - R IO
T nre_swhelied 1o produce an outpul whereln the polarity ls: 4-44 'I‘he nep.ulvc l‘ccdbuck cumnl pltln i shoWn In
~dependent. on'the phase of the Input., Whess C.ls Inphase _l' .Fi ro 4-8., Current “divider - SI A divides” the’ feedback
swith* A, F will be nesntlvc ‘when C and’ D are grounded, ! cumnt In’ proporlion to the qcmurtent bcins neasured®, -
Wherd. C.is 1809 out. of!phase’ with AF )3 . For-a da In qut ,0f 10 Ay approximately 50 mA' feedback
NI cumnt Is fed (o the' probe: head, Since’sin ‘sqqua) nimber of
' " ampere-lums are nemnry Yor canceling the main de flux,
~the' feedback :coil inside the hud mquim npproxlmntcly

o 'y !

o 4-37. 1;I\e dc nmpllrar‘wpplld [ ncgalivc dc l‘eedbnck’= '_ m}m‘m i

"~ current” 10" ihe, probé. propostional to the “output of the ., - Mnlntnlnlnp lhe cumnl lllron;h ‘meter. M1’ conltlnl \
, sjnchronous * detector, . The - polarily ..of . the -.negaive.. ¢ A maximum) for ‘all gurrent ranges, Inductance L6 -
" Teedback. cumnt Chlllsﬂ if the pohrily of'iha de current '.‘ lsolm:; “w 40 kHl “w fmm mc dc cumm clrcult.' ‘ S
(mcnsurcd In. the probe) ‘changes. In this way- llle I‘éedbwk‘ \ i RSB

- of the system femains negative at all Limes thus mnlnulnlng RN . Sy
“ the slnblllly ol‘lhc lmlrumem |

Vo i'."kt-as.‘; In ’s"iddiuo’n,'t taus”=--nbéi|._"hepalve feed nck loop i 446 'ﬂw output of lhu 40kHz phm mum ls fed o the
. stabllizes the t;;nin of the DC Amplifler. L _;'}m:l omgﬁ Pl:;b' :&:wcd n:’w E‘ﬂ{w 40 kHz 311119111“
e ‘ T R | i ! signa exists when xero de ng measured, The'

[ 439, Tube V6 is u, differentia) nmpllfier ln whleh n sign :cmeellng signal is: Obtained by adding two.voltages which . |
' "’f “%’"’“f&ﬂ‘i?peh'&'ﬁfﬁ?: ::';::f:,': ,‘3.’.,"5“1’%’12’0‘&{.';3 L‘} e 'a"‘:ﬂ""‘i’%‘.;ni'.i"'?ﬁ*’ '
n 7.an 1 : ows the circuit and the zeed phisse rela of the
s : Vﬁ is fed to the base: ol‘ Q3. - TR . two" oulput voluges wlth rehpect to lhc ligml from tlw
4-40 ‘Trnnsislor Q?;Idrim the- currem-nmpllﬁm QI und . Wmftor' e T R e T
Q1 whigh“are. used . enﬂlter-l‘olloweu In a P“‘"‘P““ “ 447, By lddlng !he two outpul voltlget (mtorAmd B)n

- NPN-PNP palr combiml!ﬂﬂ- it D e S 40 ke signal lsul:hulned  haviig phase angle and amplitude

i 10 cancel exactly the resjdual 40 KHz signal from the probe.

447, The: oulpul currem I'mm lhe compllmcnwy pulr, Ql .(ve ctor C); Once the residual 40 kHz signal of the probe has

» nnd .Q2, goes through 'the “meter circuit to the ‘cumrent . ! \

“  divider SIA: which -feeds a portlon- of “this current, ‘._“becn c‘;':e_llel‘: ““rZERO control compensates for any.:.
"-appropriate for the range this nstrument is worklngon o _'-“:1'"“1 uie: oni of zero shil),

¢ the prbbe henduncgative current fehdback. : ok OO T ower ranges,

-4-42. Aler passlng lhrough SIA and lhe pmhe head lhc . _ o

:combined cusrent goes through the patalle] resistor petwork . TN I

R60-64 "This dévelops a voltage at the junction of R61 and 4-49. A dnﬂe urlcl»regulnled power supply ol‘ the convén- -
.- R62"whichIs proportiongl to the feedback current) This tlona! type provides 272 volts regulated for the clrcuity of
vollage is: npplicd lo” pin. 2" of V6 to complete the Jocdl i the Instrument. Voliage reference zentr diodes CRIO and
= feedback loop of the DC an]mc,r. This circult makes the', ** CR17 provide a constani ¢athode polentln! at control tube - :
- output currént: of: the DC Amplifier proportionnl to thc V10, and’ lhls is the' refercnee potenual l‘m lhe oontrol grid
voluge upplicd ]o lhc lnpul srld pin 7.ol‘V6 SRR ofVIO Lt ‘i' A eSS, PURTHR

.3
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*s

l. .
‘ un:uﬁo«m
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. 5-2 Thls scc.llon conlnlns llu: scrvicc Inl‘ormnllon which Is o

;. required Lo properly - malngain. the 4288 Clip-On - DC
_Milllummclcr. lncludcd are pcrformam.c thecks, adjustment’

provl;lcd thc cnd 0 lhis mllon. ik

. H- R ENTEN
R 5-4':: "Ihc tcst cquipmcnl chuircd 10 pcrform lhc upcrn-‘-
_ lons outllucd in-this. smlion Is tisted in Table '5-1. This

table im.ludcs the type of cquipmcn.l, uili;nl spu.il‘ic.ntions,

- purpose, and. recommended ‘model I the model récom-"

mcndcd is. nol available, equipment. which nicets’ ur,excccds 2
D repairol‘the 4288 L

thc uilicnl spulﬂcnlions Ilslcd mny bc sul)slli ulcd

IN CABINET PERFUHMANCE BHEGKS

_hmugh 524 nrc front” panel ; prm.cdurt:s designed 1o
;;-compan. the Mudcl 428B with ils published specifications.
These-(ests may be lncurpornlcd into periodic mnimcnnm.c,
""pos! rcpair, nnd incuming quali\y eontrol’ cheeks:,' The.
¢ wnduclcd before any.

L Tablntﬁ-l‘

: nucmpl is made o pdjusl orimllbrqle the inslmmcnl ,.Q
* Durinig the in<abinel: pcrl‘ormnnuc checks, the Model 4288, 4 -

" should’ be copiiected 1o the ac-line through'd Varkiblé
Voltage device s Ahal - line vullnge may’ he varied £ 10%

! L 4‘rom I 15 ur 230 Vnc to iissure; that the iuslrmuuu l.)le'tIICb
sand colibration  procedures,” und (servicing . and . troubler :
shoutlng information.’ A’ Performance. Chc:.k 'I‘cst Cnrd ls i

5 5 B thn lhc pmhc slmws u..:u.css‘lvc sensil\vity'tu llu -

! .nmgncli'. felds aroupd. it,. lhe probic jaws should be teaned” .

S {to. determine” exeessive . scnsilivily. see I’nrngrnph 5-24

- Stepa); “Dtucssive “sensitivity to: external Mefdy:" can - he,;,
» caysed by furcign'?nntcrinl between the prolg’ j:le oy

svverhealing' (see. Paragraplhi. 3-3 Siep. ). Th probe jaws
- should always be clenned pﬁor lo c}alibrnlion udjustment or.

5 9 To ch.an lhc probc jaws. opcn llu. prubc nnd |JIU"|I,A

. 5-6 Thc pcr[ormancc cha,ks desnribcd in I‘.:mgmphs 5 7 ;'_ !
‘ ‘-'nwnla the instruments;

" off, the maling surl'm.cs with. thc brush' which is supplied *
"I the brush wi
s.umnminant d;snssemhlc the, prnbc L d: L!e:m A with
 penicil eraser 2s l!luslraud in Flgurc 504 Wlwn rcnsscmbling
the probe, be'sure ‘that. the srrow on the body ol the prubc b

‘ polnts to lhc hcnvy rcd wlrc us shown in, Figure 6 l. RO

Radulred
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b

- I e

llléaed

*’w.lrmup timc ‘

51 M[esl dircclian.

t

"\)

e 5 ll ln lhc Iulluwlng prucodure lhe numbers ) ‘,
. el‘er lo ['Igure 52 o .

i: Tumn on power (l) and allow nbpm twq,minules nl‘

: "‘I’Ince probe (2) nwnyi'from nny sirny ﬂclds su«.h as’
o lecr mignets or opcn LDI’C trunsformcrs. Point prube in an -

X l.e.' ’Il sure . thit the’ probe jam (3) are complelely l..lOSCd
o (l’ur.lgmph 6-29° Sh.p o oulllnes 2 way to do so)

R ‘J'l

'rf

T L o the 428B with ihe ZERO (5) control, I the

L ";,nn.tcr cangot be zeroed, degatlss the probe (P,mrngraph 3 29)
- Lh.nn'the probe jaws. (I’arug,rnph 57), .

) , KT ‘Change théTine volinge from, 103 to 127 volts (~1~ 10%)

7 and read zero drifuon’ the, 4;8!! mplcr. Zem drift. should

i ..-source. whlch ls cnpnble t&f operaling over a mnge ol' ‘l mA

e méter calibrator and loop the test lead through the probe

"f" x'Amem.'z
- ACPOWER -~ . '
suPRLY |

lo 5mA, may be"used." This-source. should be connectéd in
ries with a. preclslon ammetef which can aperate ovér the
:_same range - and’. had" the nccurncy presuihed I‘or lhe B
“.'cnlibrulor.nuhown In Tnble l . L

' Following the proccdure of ngrpph J 29 desnuss

iy u‘?.s probe nnd mo the 4233 on {he l mA mnge. : e

;"_; b. ‘Sﬂ lhe meter callbmtor to provide '5 l mA oulput.« ‘:
" Connect a.test lead betwéen-the output teminals: Sfethe !, oo

" Jaws (one loop): See’ Figure 3 3 nnd ngre 53. The mn
should read 1 mA t 30 uA

e l.nop lhe test ]em.‘;'lhr‘eugh ;he probe jaws lq form' .‘ "

i ,\
r,r. . h

| not Pxeel di: 03 mA " oo
e IR 5 .f - three loope. The 4288 shou!d read 3 mA % 90uA ‘ 7
5 l Allow a 30 minule warmup nmi stnhilizalinn pcriml b
e, T d. Swltch lhe 42813 to lhe IO mA rnnge and 2610 the., .
A b;t‘urc condu:.ting lhc l‘ulluWing peﬂ‘ounnnce Lhecks _‘ o lnslrumenl. Remove the féxlra loops: thiough the probe g0 !_ ‘
‘ .’-_"L“ - Vi, 37 v that, the! lead passes onlyf] ance, through the Jaws:Set " the :
: R 513 RANGECHECK R ‘ ;, nmeter: cnllbrnlor to 10 mi\ lhe 428B shonld read lﬂmA
T ‘ SR TN PR "‘"tOJmA, R e P ,' M o '-;‘
T TS 5 14.: l‘lgure 5-3 illustrules thc lcsl arrnngement recome" e SR
R A - mended, & de calibrator is requlred for this test (see Table' ‘e, Switch lhe 4285 to lhe 30 mA rauge and r.em Il. R
EEEICA I) lf n mcter cnlibralor Is not nva]lnble, any stable current lzaving the calibrnlor set nt emctly IO mA loop the Iead .-, Sy
Tt S - I3 e I . T
[ .i‘ f Ch ‘r ‘I. - ""i" "p '” " ‘.‘ 'it ' ¥ ) v : Il‘_ - “ . ..‘" : b
o o leles-:! Reeommlrmd-(:ompomnuForTom. ‘
'cet_ni':onent‘:l-i, . '.fg';(ffsPesdlI[catlom o ‘ . ' s ‘," ' 'Roeommtnded -hp- part Nuni:er
' ‘Capecitor. " - 0082uF 2%, v o] CAtignment 0w meo-zm ‘
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- _.,;f‘llhruugh lhe probe lhree‘ limes. The 4288 shuuld rend
30mAt09mA. “:"“,

et I‘.‘ Conlinue 0 up—rnnge lhc 42QB and lhe cnllbmtor

S rollowing thé steps. shown on. the Performance Check Test .

" Card, ' Observe ‘that ‘the, -1288 lndh,atlons are. wilhin e,

e mlcrnnccs givcrl‘on the md. i

ST Aﬂet ﬂnlshlng lhe Iast step, wilh lwo loops ol' thc
Lo ‘lesl lead (cnrrylng 5A): .through the faws of the probe; L is.
- =-'ndvisable ln degauss lhe probe 38 dcsn.ribed ln l’arngmph

3.

';ms METEH mncxms

- 5. 16, The test armngement nnd cquipmcnt rcqulrcd for

s tllfs test are the ! same as l'or ngmphs 13 e ‘-

.t

R Zcro the 4"8!3 un tlle I n’mmngc ER ; ;f ,i

b Swmh the’ 4”BB 10 :the' IOOmA range. ‘Switch! lhc

" mieter calibiator to°the,10 mA range and adjust for 10mA”
:of outpyt,Conneet” a Iong. thin, test Jead to the ‘output .
'Icrmlmls of ‘the meter: -.alibmtur md toop: the lesd ten '
Hmcs Ahrough - the- jaws' of " the. 428B ‘probe; Read -
-'100.A1A £ 3 mA on tlie 428B. Rmﬁovc the test-lead from
L the jaws of the- probe’ one logp at’a time and check llue
lincarlty of ;the readings: Each reading should be wilhin
3 mA ol‘ nominal (c 3.90 t 3 mA 80 13 mA cu.) Yy

" ' . ‘; "
5-17 OUTPUT CALIBHATIDN

‘; -

5 IB. A meter cnlibmtoq. de voltmclcr nnd a .onc Iulohm b

rcsislnr arc rcquiu'd I'Or this test.

v\"'

a. Swiu.h the 4288 nnd ‘thie melcr c.alibrntor o the' "

IOO mA range. Set lhe 428!3 output Icvcl 19 thc CAL

..';'!

outpql leuds nnd L“F llm 428[3 p‘mbc ) tlnc Icnd. e

b Sct llnc metcr unllhramr o IOU mA uulpun dnd rcnd
1|‘ul|-s;ulc on lhe 41813 s e

u

c, Connect a Vpllmeter ln

|[-

dL Thc vul!mctcr slmuld rend 0 73 v £ IG mV. y

a 19 meuusucv.nesﬁouse;!_*”'

5-20 A 50 ohm mlstor, a Tunclion gencmtor nnd ualllé;
scopc nrc requlrcd to cnmplclc lhls c.hcck. SR

. "y'. ) ,- i-"

N »‘m"‘

positlmn. Connct.l h lcsl Iend bcl\wpn Ihc meter. t.nlibrnlor ; ! .

v

SR SN : -.4;.-.

, rnllcl wilh 'llu. IOOO uhm
: resistor to the uulputj:uk ol‘ he 428!3 S S

",*a. Connccl n 50 ohm n:slstor ncrqss the uutput uf llu. : ": o

l’unction generator. ’

,f.c, Apply n“ﬁOOS llz squnrc “wave! l‘rom‘ llle ﬁlﬁt—““"

Rangeb. 0001
i,/BC Offsel: |0‘ -f

Fumlion' Squnrci
Frcqucm:y Dinl 5:

|' |..

full-scnle rcndlng unllhe 428B .

d. Set lhe I‘unullun‘ genernlor Oulpul chcl c.onlrol I'ur a

gcnernlor. The 33IOA funcllnn gcncmtor sculngs nrc" R

‘H lc. Cunne..l lhc vcnh.nl input cl' lhe oscilloss.bpu lo th .'

outpul jack of the 4288, - S
2 FaSet’ the -.oupllng uf thc usciiluswpc inpul lu DC Su

] sensllivnty asid vernier. to- displdy variations'’ of” thc 4"8!3
o ,oulpulnsn 10 centimicter peakto- puk signal.

(LI

g Set: the I‘um.tiun gcncmlur o the sine I'um.liun. S o

- h; Slowly misq the In.quen;y of the ium.uon gcncrntur
uulpul using the.frequengy dial and {unction switchus
- hecessary 1o bring the oufpul’, to. 400 Hz. Watch "the -
.- oscilloscope, fooking I'or lhc Iowcsl nmphludc QI' pv..nk
dcﬂc«.llon.,_, L R Lo

1. The” “peaksto] pmk Iz‘:vel of l.he was'eform shuuld fiot
drup bclow 7 wnlhﬂgtug ( -3 dB) 3 o

-rr'

,",, ¢
f o

s

R '
. u : s

& 21 AB OVERLOAD

S |»

‘ 522 An us:..IIl.nor or I'um.lion gcncrnlu;. b 50 ohm n:- e -
f-sislur. an_ac voltmn.tcr or” vicilloscope,: .md the ‘meter -

“calibrator are rmiuired o’ wmplelc this u.hm.k (a“filament -

"+ transformer and sunablc current limiting resistors um be
substilutcd for thc osdllnlor slmwn i’ Figurc 5-4)

a. Scl lhc meier thbr.ltpl' for. 10 mA With thc 40813 on’

lhe 10.mA range clip-thie 4288 pmbe onto the, Iead wlmh o

umnecls the calibrator tcrminals. e
b Nole lhc 4’8[1 u.u!mg




,L_ R .'xl .the lum.liun gcucmtor o 60 Ilr. ils uutpul lu 525 ADJUSTMENT PHUCEDUHE
. penenite - 10 mA puk sine wave Inta o 50 ohm, resistor.
(vl peaketo pcnk o 0.35 vult' nns w.ross n 50 uhm
nsislur).g LAY i

'5 2, thnlhcinslrumcnl thuws signsuf qpfcuuvp-.mnpn-- .
Cnents; usedhe. lruublushuming pru;v:du e o find, il

N » correct’ the ‘problem. 1t is qujte easy ty ) npnuml ] 42#"!
40 ihe 424 '"“b“ oiy, BOT” the “’"" l’rum,thc < trouble’ by ':msnlignlng the instrifuent [ al-atienpl 10"

ieter culibragor/ and, the' rcslslor Ie.u.l fwm thc fuu-.tion \ it
gonx'r.ll o (M Fi ire 5 '4) o j ndjusl uul !he cll'u,ts of u dsl'ccu\niwnnml ne;

'-~c; The 4188 shuuld rn.ad wlthin 2% ol‘ lhc ru.ndlng nutc
inbpcph A LT fp e T

A : >

L 527 rowea sumv, RIS |
,5 28 'mc follluwln'g slcps veﬂly ndjusuncm ul“lhc power R
S sur'pls"' B
R Connccl an elecimnlu tlc \’nllmclcr 10'test point 5 (I’in

A .rV9) ‘of the 4288, The voltage ot this poim'should bc 272 b
Lk 6 v ll'nol. ndjust hm fur‘272’V. i

,--, g
—-‘1w;

|l'

Icn?shrc 7 + l V dL betwccn lhc imode ol‘ CR‘) nnd_""" .

S 'L'.

' ground ‘.":f

s»zs MECHAN!GAL ze_n,o ser

' "S 30 thn mctcr is prupetly 7610 sul. polnlcr n'sls uvcr
“the  Zero, calibration - mark on : the- mcler scale Mten ;
.;'_‘ instrument is (1 ) st normal operaling témperatuge, (2)Inits
. normal operating. pusllidn, and (3)torned off. Zero. sct as
I‘ollows to oblnln besl nupmcy and e Iumiunl stnbllily

Yy Allow instrumenl to upcmtc for at ;1 20 minulcs'
“this allows. mctcr muvcpwnt to rcm.h nok
lcmpcrnlure.l - RRRRY &

M‘
(RFS

5”4 A baucry opcmted ac voltmetcr nnd a 1 kiluhm' :

-..apauitors Lo dmlmgc. R ! ;
rcsislor nrc uquircd 10 Lmnplele lhisclm.k ‘ : ,,._; s N
R ‘Rolate’ muhanicah 2e10, nd;ustmcm screw]clo;kwise

3 ﬂ l‘uinl wae Eﬂsl nnd Wesl. ﬂﬂd IOlﬂte ﬂbO“l ili 35‘55- ; unul meter polnt/:r ls o Icl‘l'dl‘ zero aud movipg upscnle
“Noté- qu tu-pcak change in meter rmding. if it doesn’t - toward zero, Chny : ;
- exteed 0,2 mA on the | , d. It i s e

mArnngc “.’.°°° ]‘ he changc i Ll Cunllnuc tu wlate ndjuslmeul s.rc-w clmk}.\dse, § bp o

exccsslve @ funn P agra hS-S ;
. tP f ar: ET Pt ,! S -‘. ;‘- ,when pointer is- r‘lghl on zero, i puintq ovcrslmuls Zm’-

Sl '. b Zcm ghc Model 428B on the 1 mA rnnge pcr Paragraph L rcpmt Stepsc ‘"‘d d e
L 5 i, enndf' , R e thn pointer: is cxaclly on zero; rolnw adju:lmcnt
R Wy screw slightly countérclockwise 10 free adjustmcm s:.rcw
N Conneu.; lh¢ output Of 1118 4233 to the MLUt OF-M " from the meter suspension. If poinlcr mo‘vcs dunng lhis
U0 e battery operated ac voltmeter with al kilohm rcsislor ln step,rcpcnt Slepsc tluough e. p
' ’;. . p.lmllel with the voltmetcr input. R v . R
- With the 4288 on: lhu 1mA’ Range clu:ck for al
matimum of IS mv rmdmg on lhe AC Vollmcm. i

" c. Switch' the 4"813 to the 3mA rangc. Clwuk”for a

ar

-+ e L y ,'.,

‘”l uF o

531 ﬁc AMPLIFIER BAI.ANCE

L ! ,maxnmumul's mVrmdmgon the AC antmeter. U " i e
WP Swheh the 28B to-the 101mA range, Check for $ }': _s’;;a D;“°;1"°°l}1 FEEDBACK{ Di‘l‘f}col‘:‘”lﬁf (s Fi'tﬂi““’ .
: " . ARERIE -3), red wire, Place range switch in-the 10 amp: position, -
,j-”u",, m.:xnmum U' mVn.admgonthc AC VOltmele" o .. Adjust finé and course zero controls® for cénter, of travel .
-' S ) Check eaéh, mngc “from 10 mA 0,10 dmps’using the Adjust R46 for zerd on fronl panel meler. :_:}-_-t § Sy

A pro..edun of $up . Noac output reading should exnecd . : o,
el 2y BRI PP 533 Rewnncu I‘EEDBACKD_ISCONNECT

3 " : I L Y it . . |
' N N . o W . e . - i .
B IEN h : . R 3 o . AR X . I X
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' 5 35 | oscu.mon BALANCE osmwscovz. i

“ ':I.

: (cr YERT cl
mu”r ToPN2 'm\!or v:

o Cunneut 1hc cnds ul‘ lhc prohe 10, the TS side of R94 and -‘-'_.cmo;'yh;';ra 'E.?:":’&'?'iér v

“R9YS. anne-.t an’ae, voltineter. between graund and the ;_.
“junetion of. the (two, prubc resistors.”To nd]usl oxclllator _.f,f;f

" “balance, pad . €53 ror; (54, for minimuin reading *(on
inst'rumen;; with serial prefixes of 601 or’ bclow.ndjust the ~ |-
.-, slug of T5), The ac reading ot the. junction’of the probe - - o
i resistors should be. 50 mV or Icss. Remuvp lhe probc and R FIgurc’S-& Dclcuor lese Adjustmcnt, -

",-_'meler bcl'bre pmcccding T . 548 |ﬂ|lll§ M‘i““""‘- i

" 547, Sort TP1 and TP2 fo ground, opén the. FEEDBACL

. i e DISCONNECT shown'in. Figure 7.3; lhén adjust C2 for.n L
5-38 Connect nn e .couplcd cleclronlu coumq to lcsl maximum ot reading at Test Polnt 3 Pin 7 of V2 (.2 V

e - measured-to 40 kHz £200 Hz, If T5 doesn't havé enough -
T rnngc. ‘pad €52 (I Instruments with seridl prel"xes of 6015 -
x or below do not isse. TS‘ use csz only) chmove counler e

‘ pol“l 4: Adjust, the “slugrof . T5 10" set’ the - I'requcncy.. 4Vpeak) Rct.qnncct lhe FEEDBACK DISCONNECfr. . o

549, :‘;el up cquipment hs in l*.lmgruph 5-45 lhcti

T . .
o Connu.t 20082, nmrof.und LaPJLIIOI' :u.ross the brass

pins ‘which ‘are wnnemd to LIC, Adjust L‘) I'ur mnxlmum IR
,'ac. at Test. I’Uiut.'i (Pin?nl‘ V") S M S

5-40 Conncc.t nn-..'c vultmeter 1o Tes;t l\)lmé(l’in? VT). - i
Adjust R9" l'n: 8 t04 Vx Rcmow:mclcr-'.‘ BT RN Rcmov-.- 1hc an.uilur. Cunnecl tllc 1)08" mlcrol‘amd
: ok U TR S T " " capacitor across the brass pins which nre umnegh.d to, l.9
5-41 IJETECTUH GATE ;_‘ R ‘_.‘ S R Adjust Lll}for m.sxinltlm ag at TI'J. o Bt

Rcmove lhe upauslor rmd vultmetcr, A

i 5-42 onnecl an nc voltmetcr to 'I'est Pu!m 4 (Pin 7 uf i s s
VS) djusl L7 fora pcu cading (2.5 33 Vrms) 5-50 DETEBTOR FHASE ADJUSTMENT.. R
i 0 T L : .
S e i 551, With 1hc b:lses nf QI and Q" (TPI nnd TPZ)
5"3 TU"ED AMP“F'EH T e groianded, open the feedbadk dnsmnnm.ljumpcr (sce anurc'
et : -‘ _;‘ -3) and - ipsmll ) 390 uhm sesistor between the feedback’
5‘“ Eﬂ“fl’mﬂtmp- R R j-;; 1'.‘ """ wire and the pin on the circuit board to which it nurmally
‘ R g AT eonnects. Connect the horizontal input of an oscllloscope -’
5-45. Set ,m i voltmeter to the l yolt rnngc nnd connectit- - to TP4 (Pin 7, V§). Connect.the vértical tg.TP3 (Pin 7, V2).
T -] Test Point 3 (Pin' 7, V2),0f the 428B." Clip the, 4233 - Except for,-the. ae: vultmcler, set. up. equipmem us‘inl
. v probe around a.wire, wh!ch is'¢arrying 35 mA rms a¢, r . Piragraph 545 (a proper selip is shown in Figure. 56).
A AN & 400 Ha, Th]s cuﬂ'cn[ can be ggncn[cd by a ﬂlamgm -’, 'Durn §|llg ol' L? Umll the' pattern looks like"one of the
" transformer, as'in Flgurp 5.6,.0r. by an oscill:mor operaling . correct. pauerns shown in’ Figure 5-7.1f there.is ndmmond
'.: into-its rated lodd ‘as in. Paragraph 5-20;Set ‘the 4288 In the center of the pnttem the: dlamond should contain no *
- RANGE switth 1o 100 mA.' This arrangement wlll be used . traces. Remove. the 390 ohm resistor and - lhc voltmelér. ‘
for inpul inlcrslnge. :md Qctculor phase adju:tmcms.‘ s Rcwnnect the FEEDBACI\ DISCO\NECT T

i'l'




anansrx:

3

Anutllér correet patiern (wilh smﬂc :

-+ "residual), The conditions’ For a-¢Or -
et patiern- are’ that sthe. lnlcr-
scitions sre linied up vertically 1 nud

‘ lhnt ihidre are o 1ragcs ln lhc -
s.engcr dimnund ‘i;g_. :

iy On lmurml pallcrus. tlu: !ntcr-w-

- 'sectlons may not:be lined up vcni-
cally ‘or. the u:nlcr dimuunkl .mny
'Lonl.llu trm. ; .

) 5 53 Thc n.sldunl oulput ol‘ lhu prubc head ls Lnncclled by L 'j ;

'l.

e u means of lhc ci:;cuil discyssed under Parngmph 445, This -
. R Pt : proccdure assuimes ‘that the’ prdimimry nd;uslmcms hste
S 54. .Presel the wnuols as I'ollo\irs 'i _,‘,‘  SR ‘mPn ngmph 5 54 have been Lomplelcd ) Ry

1S RANG[‘. swilck 1o 100 mA. i _
i AR i
RI:S‘-# A’ll'iljl:s:e’::l:{‘:lrulmll:ihg: 111::: tl::lu:h (; ;"\lg:swpnecuon ,oi b. Zero the 428B mcter wilh frdnl p:mcl ZERO control. .

: é 'Adjust R82 for minimum 8¢ out nt the wipcr ot’ R82n. "," c. Aq;ust R84 for ) minlmum ac rendlng ancst Point 3
| . @nTorva).t

The rcading should bc < Q 02 volls. ST

iy e ot g 9, 2t m‘:,:.:;x:.‘,‘,,'::::f:,::; |

,, Degnuss\mbe head (,‘c Pamgraph 3 29). ; Stcp ¢ s.hould be :ippro;dmntely 0, 02 voils or les&.
555 DrivaBnIameAdmmmut. SO : ‘-'. Py f;j NI -.;‘-_.w-.,_ - SRR
5 56 th lho 438[5 sel 1o lhc I'm .r nge 'nhd‘wftll'ﬁﬁr ' 5-59. Uutput Adjuﬂmnnt.

« input to the cument” probe; set’ R98 for a mmxmum ac .-
readmgat Test Point 3 (I’En?of V32). 'lhc mmimum rcadlpg ,VS-(:O A meter cnllbmgor n‘nd a one kilohm resistpr m
. N rcquircd for lhls test. 7 ;. |

should hc Im lhnnﬂ t) vul; i S

S-b 2




5 a1, thru the + 272 V Is a1 qull. ;ry replnd’ng V‘)..Vlo
CRIO or CRIZ:If the ‘fubes are not defective, the. Vulwgc I
ke : .7 +relerence CRI0 and CRIZ may be Ty, Instruments with: i
“b,. Swll-.lt llu; 428!! nnd t}ﬂ) mm: t.alllarnmr ln tlw_h “serldl prefix 601 or bclow cunlnlnnvullngc refcrcnw lubc
100 mA - rapge, . Conneet o lest: Jeid beiwéen the’ mgter - VIV in place 0I‘CRI7. R SRR I
g’ ‘cnllbrumr uulput lcndt and tllp lhe 4231! pmbc lu llw lcml.- 5.2, Where the 7 V Ims falled, ‘measire = A7 Ydu ut‘
TR ' ‘ ~onction'; of “R102 wnd €65, I Jes$ than -7 vulis_ is,
~measured at this point, cheek F3 and €65, I the Jupetion =
o ul‘dkéuz n_nd CI’S mensures murn'tlmn - 'J'Vdc check (‘Iw Y
S ’nn e IRE C
g "."r--n'i"-'

5-7!! Oulll?r-llumr Amp. Chlclt.

'R l'lm.e RANGL ;wiln.h ln Ib nmp posilloh nnd udjust
1146 for zeru volls DC :l: 0 2mV nl lhe Oulpullxvcl lnc i

Tl

. Sat’ llié meler cnllhmtor io IDO mA umpul nnd rcnd
sl‘ull-mle on lhc 428B Adjust R69 ify ucccmry.

d Cunnu.t 0 vultmclcr to lhc uulput jm.k uj‘ lhc 428!! In,

pnrnllcl with the 1000 uiun reslstor. e
‘ L

f

o mt 111c'vollme'lcr nlmuld md 0.73 V :t lO mV. Adjust 574, 'Shorl‘T\m poim 1 nnd Test l’olnlzlu uruund. i '
-‘j:_\R&S |f'necc§sar.y.'i S I [ Lty

 ' w. ?Tnounlmuunuc :

ot

Syt "5 75. Compm thc wnvclorm a pin 270, Jl [t Ihe :
: 'mvclurm shipwn al’ this polut ol the séhematic dlngrum. W,
-'1I1ese wayefofiny are not . LUI“pﬂﬂlbIci s.hu.lv; the wavelorm -
CafarTest Point'7 und fullu\iwllie’lroublcslmming Trée, (f the S
efo + 2 pf) ¢ l'o.'x‘-"%
5-63. The l"mm l‘nncl Troubleshuollna Tru.c wns de;ihncd \ ::r‘;gin::: " plt G p)l' l_ s?“ plnblc, L‘.’"u'?w " 'Flf.\.“_ ' PG
- for usé as b means 10 'guide the repairman to n block of *) e R RS 2
2+ direujtry, This prm.cdu;c 'in_combination with. the udjusl-:* ; 575, Sel uy cquipmcnl us dmrihcd m l‘urngrupll SSI
L Tmenty calibration, “and pcrfurmnme'u.hex.ks' shuuid bc + Cmn[xlretll os«illou.upc displny W' l‘lgurcS? Vo ;-"1-3
.adequnle tu rcpnirmosldlsps n SR AR b e o

AR o 5 17. II‘ tlu: displny is umc.u:ptnblc s.Iip the prubc uruund
! 5'64. ln n"y Lﬂ!c thl’c ‘he I'rulll pnl‘lel ll’ulllJlf“Ill)Ollllg - 100 m,\d,_ n“d‘gdqwnrn“gg 0 the'| I“A range ”ﬂ!.l alds V
' dges ‘ot 1éad’ 10 the problein, It will: h¢ m.\.cssary 0’ ~‘. pk pk-sine wave at the juliction of RN and LS. I this -
lrnublcshoot thc l"““"““"l '“ dm“ i : Iwaveform. is upacceptable, ndjust or npairllu fniput lupjnu
f‘t.irs,ull (LS, Cl C2.nm.l Rl) . _

s R AT DL -
,578. ll‘ -'lhc .wnvel'orm dcscribu.d in I’aragrnph 5 ?S is
. " o i aliright, use thesame test ‘setup o figd a 2.5 Y pk-pk sine
BT 8 waveat, EinT ol' VI I this wavcl‘urm is unaw.plublc
5-67. Rcsistnm:c ﬁclwccn pins 143,14, 2.3, a6id 24 of the l.hc&k v' und the rnnge swln.h. ; ,
R pmbc table connector should benearly idcmis.al and in'the - e
< -ured of approximately 4 1/2,40.5 ohims. Where'n résistance - £ 579, II' lltc wavcl’urm dmrilacd ln l‘.;ragmpll 5~7t: is “ '
' méasurement betwyeen; E,BYU* the: ibové-pajrs”of . pins is:. nlrighl. use-the same Lest setup to ook for a1 V pk-pk sine: "
. signil‘unnlly higher than between the qther pairs (by about - o vave ot pin 7 of V2, Follow 1|1i5 brnmlt 01 lllL"TfUllhlL' FREES
a3 times), an open probe coil is indigated, Any upencireult. | slmntlng Trcc tu its c.um.lusioli -
«"Indicatés' a broken conductor between the plugandthe L T '.‘-".
hridgc, The broken conductor {s'probably a broken wire [’ - -'}s.m Ditctnr G.g Amp. Chuk R
" the cable, Either condition could indicate a broken wire al’ S RO LT
" the l’robe Tf-'ﬂ“inﬂl SMi'J" QSC‘-‘ Wifi“s dmmm Flgﬂﬂ .5 81. No u:st cqulpmcm nu:d bc set up I‘ur hese Lluxl«.s
6 l) . & L A . Kl ‘except an uscillus»u;;e and 3 wire lo gruuml Tl’l and TP,

5-!2. Svmhmnnuspatactor.-, » R
/ 5'“‘ Pownr Supplv Clmk. AP i ,‘”.- ‘ 583. Wl!il Tl’l nnd Tl” still gmlmdul und ol tllc llJ(J mA
- e ‘,;,:_ ; ~; ringe, perform ‘the “test . indivated,” Beyond o tuhuus g
L 5-69 Tu test the powcr supply. LT S ohmmeter test of thie Gircuitry betwien T3 anid pin 7 of Vo, . "‘:
.'; ¥R Mcasure 4"72 tGVd.. bctween Test l’uim. S'nnd little can be done to cheek the duq,mmixuil. It showld hc
gmund : . R ng notcdvhowcvcr. that’ luodshuuld be ulfe 1o Provide the';
+0,5 Vde hi h-is yequi t L of Vb durin mrmal
“b. Mensurc +12 tl Vd; bctwecn lhe cnlhode ol‘ CRlO upcmlim: Wi s ll.q _":, ,n“ p'_“ o ..r‘ lgl_l.. ,_{eJ

‘ nud ground.u AR g .

Lh

Ve, Me.;surc -77 tl Vdc, belwecu thc mwdc M‘ CR&) qnd S-M DC Ampllficr Checlt. AN i
gmund RS ; '

‘5 85.. Rcmove the, gmund wire Irum ’I'cst l’oinl l und h.-sl
“Point 2 (installed .Tor prévious cheeks). Discornect the
probc frum lhc 4"81! !'rum pnnd b;t lhe 4’h|3 tu the - "

3t '_‘5-7

5 70 \Vherc thc t 272 v nnd !he +12 V lmvc bmh Ia;lcd
o LhELk lhc +12 t‘rsl Clu.'ck CRID QI C66. nnd C69 S e
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300 snA nmue. Zcm lhn 428!1 wuh lhé Irom pnncl ZLRO
" “control, Miasure and note the voltages nt pip 7 dnd pin 2o "
V6, Turn the ZERO control . to deliver a & 1 Ve awing .

"t around the voltage hoted for pin 2, The difference betwyen

. the. voliages, at-pins 7 and 2 of Vo shuuld ot cmcd
0 05 Vds at nny polnl durlng lhls swlng L - “

'5 Bﬁ. ll' ulalDC Am;:liﬂer trncks propeﬂy-n lesled in

l’nrngcpl 5:85; procsed with 'the: performance chegks, If
" the DC Amplifier fus Talled, t:on(inun m parl‘orm llm lem
In lhc Truuhlcslmnling Trce. SR

psmcl ZLRO Lbhlrui. Swiu,ln to llne IDO mA unge. Cup Ilu! I
- probg aroung sn.gecurate 100 mA corrent (as in Paragiapli
594) Adjust -Meter "Cal, R6Y, for "a meler réading of -

_ lenu\ Connect a 1000 ahon £ 1% restitor In puralie] with

i gecbrate (0,25%) voltnerer, 1o the output Jack of the

f-mill. Tutn,, the -front pane} - Dulpul Level " contral *full
¥ countercockwise pagt_the: délent,SAdjust: flie Output Cal .
, :'t.u;urol. Rﬁs. l‘or L rcudlng uf cxnbily 073 V'un lhe
Y tmem. ( , .

_.589. I’crfonn lhe enllrc ln-_Cablncl l'uformunw 'lcats
(I’arul;mplu".s -5 through'. 5'24) lq) iusurc llml lhe 428[!
: “meets nli 6f it; specll'iunum ~

: ,ntn mw "'--—-m ;
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B o Mest 4281 l'allurcs will bc due 0 bml tubes or lrnnslstors.

‘ . If enough tubes are available to check by replacement, this” "
procedure will probably save time, Instructiodis to check a. .~_f :
p:lrtlul.lllr componcnt imply 4 check ol‘nssoc.htcd cin.uury
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'_-6 21 Thls socllon a‘onlnins iuI‘ormnllpn l‘or ordcrlng re-
‘placement parts/ Tablp 6-1 listsparts in ulpllnmcrlt. ordcr of",
Ahelr. rpl‘crcm.c designatars nmi indicates e, description, ™ |
g T pnrl numIJv:S of éach part, togc;her wilhnny nppllcthc
nulcs. und provi e the Following: - .

n. e TQ co]u:hn ll‘sls the; tofol qunnlily“nf nny part
Alsied in ke mangal, "The total ‘quantity of n pnrt Is given
& _.tln: fiest time the pﬁrt, numbcr appcm. B2

b, Dcscflpliqn_ I l!;e nnl ‘
I\hQIUWo) . ,

'I‘ypiuni manulm:lurcr of ilmzpnrl in ) ﬂve-digil code.‘
lx B for llsl ol' mnm?l'n' lurers '

B .nnd scrinl numbcrs.'?

65, To ubtuln rcpluwmchl pnrls. uddress order or lnquirym

{"10"your locul Hewlelt-Pickard Field :Qifice, (See’ Appendix

G for, list ol‘ ol]'lcc. .lmallons)uldﬁp!lfy ports: by Ahejr
chictll’nuknrd part -'pumbers. h_u.ludc inslrumcnl mmlci'
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