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Model1781B

APPENDIX I

MANUAL CHANGES

Appendix 1.

This appendix contains informaliQIl on changes required
to adapt this manual to an instrument with a . serial
prefix listed in the table below. Check for your in­
strument serial prefix and make numbered changes
indicated. Note that these changes adapt the manual
.to cover a particular instrument as manufacturedanct
therefore will not apply to an instrument subsequently
modified in the field. Consult your If 8ale~/Serviee .
Office for information on recommended fie~d modifi~ .
cations. Refer back to Section 1 for infotnUition'j)1i
errata in this manual and on any other il1$t~Wl~l'l.t·

serial prefix not covered in t~i$ appellcU& ' "

Instrument Serial M~Q ~~"'t~'d

eh~il'.••J

R75: Delete.
R87: Change to tr Part 1'1'0. 0687-1051; R: fxd,

comp, 1 M ohm, 10'}O, 1/2W; Mil' 01121; Mil'
Part No. EB 1051.

CHANGE 2

.. page 5-16, . Figure 5-10, .
lf~tt· C.~l\;~V~'" ,. t§h~.

TaM.$! (\~ 1iViq6..l,' '.
Ia$:2: Cf\.ltl~ to 1ijt. $tl'>ek )'io. 0686-363t1; R: fxd,

()OlnP:, UK ol'!l'M, 6%, I/2W; M{l"OI121; Mil'
Pal·t No. EB ~$$5.

(:HANGE 3

412-
3~0~OO526 to 00975
320,·00176 to 00525
309-
305-

1, 2
1, 3
I, 2
1 tllru 4
1 thrll 3, ~i

Pag@ 5-16, Fi{tUl'e ~"10,

Res: Change value to 5K fJil~m.s.

Tables 6-1 and 6-2,
AB: Ch~nge to ., Stot;lk No. 0757-0092; R: val',

camp, 3 sect, 5K- 5K,.. 25J< ohms, 30% 1/4W;
Mfl' 28480; Mil' PlU't No. 0'157.. 0092.

CH.ANGf

Page 5-15, Figure 9-9,
Disconnect R4' fl'on:l;lU:lOda sioe of eR6. Recon-

nect R49 be~.en cathode side- of CB6 tlf\ct " .. 100V
FROM H." 'Show R49 1Qcated otl $tCh~ Circuit
board AI.

Page 5-17, Figur~ 5-11,
C37: Change valu~~ 0.4114.
C38: Change valUft to O. ()47 ·14.
C39: Change valu$ to S600 J>.F.
C40: Change valu.tQ nQ P:r·
C41: Change vahU~ to 56 :PF~

R75: Delete andrernove connection.
R87: Change vtilue to 1 M ohm.

Tables 6-1 and 6-2,
C37: Change to $j) Stock No. 0160-0015; C: fxd,

paper, 0.47 1Jf, 1O%, 200VDCW; Mfr 56289;
Mfr Part No. 1091>47492.

C38: Change to 1$: Stock No. 0170-0060; C: fxd,
my, O. 047 ~, to%, 400VDCW; Mit 84411; MIt
Part No. Type 663 UW.

C39: Change to ~i! Stock No. 0140-0170; C: fxd,
mica, 5600 PF, 5%, 300VDCW: Mfl' 04062; Mfr
Part No. DM20F562J.

C40: Change to 1f. Stock No. 0140-0044; C; fxd,
mica, 560PF, 10% NPO, 500VDCW; Mh' 28480;
Mfr Part No. 0140-0044.

C41: Change to !!i: Stock No. 0140-0014; C: fxd,
mica, 56PF 10%, 500VDCW; Mfr. 00853; MIl'
Part No. Type DR1456BlO.

1-1

CHANOI1 4

Pa~e 5-17, Figure 5-11,
Q3: May be.•i4her type ~N2048 (s&lected) or type

2NI373i ..~ 2N1373 is pref~rredreplacement
011 309.. inslt·l!ilnent ser~al prefix.

Add CRI5, lIfekoown diode, on A2 c'rcuil Lvaz:d.
Connect ~9de.~o Q3 collector and cathode .to
Q3~e.

T,*" 6-1 and 6-2,
.M\d.CR15: rtj; Stoc~ NC). 1902-0056;Semicondevice;

. diode, breakdown; Mfl' 28480; Mfr Part No.
1902-0056.

Q3: Change to .t.,. Stock No. 1850-0070; Transist(ll':
germanium, PNP 2N1373; Mfr 01295; 1\1£1' Part
No. 2N1373.

CHANGE 5

~ge 5-15, Figure 5-9,
V12: Delete.

Page 5-17, Figure 5-11,
Q3: May be either a selected type, 1;1' Stock No.

I850~0062 or a standard type 2N1370 (preferred
replacement).

Tables 6-1 and 6-2,
Q3: Change to ~f Stock No. 1850-0065; 1'ransistor:

PNP, 2N1370; Mfr 01295; Mil' Part No. 2N1370.
(Preferred Renlacement).

V12: Delete.

01537-3
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Model 1781B

SECTION I

GENERAL INfORMATION

Section I
Paragraphs 1-1 to 1-5

1-1. INSTRUMENT DESCRIPTION AND USES.

1-2. The Hewlett-Packard Company Model 1781B
Dela¥ Generator plug-in (shown in figure 1-1) provides
the <!$ Model 175A Oscilloscope with delayed sweep
capability. With this plug-in any portion of a repeti­
tive oscilloscope display can be selected and expanded
for detailed viewing. Accurate measurements can be
made to determine the delay time between a reference
signal and a point of interest on a complex signal or
pUlse train and also to find the exact time interval
between consecutive pulses in a pulse train or pulse
burst. Transients at a step rise or fall of a signal can
be observed and analyzed and time jitter between the
reference signal and the observed signal can also be
easily measured. Complete instrument specifications
are given in table 1-1. .

1-3. The Model 1781B generates a linear sweep
which is used as a delaying sweep for the crt display.
This delaying sweep can be combined with the oscil­
loscope main sweep in various modes. The length of
the delaying sweep is variable and this is used to de­
termine delay time, indicate the start of the delayed
main sweep of the oscilloscope, and to provide a

mixed sweep mode. The mixed sweep feature makes
it possible to view simultaneously the character of a
whole pulse train and also "peel off" and expand indivi­
dual pulses at the end of the train for detailed viewing.
Figure 1-2 illustrates four types of sweeps possible
by using the Model 1781B.

1-4. MANUAL IDENTIFICATION AND CHANGES.

1-5. This manual applies directly to Model 1781B
instruments with a serial prefiX of 415- (see manual
title page). Hewlett-Packard Company uses a two­
section eight-digit serial number to identify instru­
ments, and the first three digits (i.e. those before
the dash, as XXX-OOOOO) are a serial prefix which
is used to match printed material to instruments.
For instruments with a serial prefix of 305- 309-,
320-, or412- refer to Appendix I for diHerence data to
adapt this manual. Other instruments are covered
either by difference data in a change sheet (supplied
with this manual) or by a separate Operating and
Service Manual. Any errors in this manual when it
was printed are called Errata and these corrections
appear only in the change sheet included. To obtain
correct information for any instrument, always specify
the model number and serial prefix.

Table 1-1. Model 1781B Specifications (With ~ Model 175A Oscilloscope)

DELAY TIME: 0.5 /lsec to 10 sec. Delay Time is the product of the DELAYING SWEEP TIME setting
in sec/cm, and the DELAY LENGTH setting in cm.

DELAYING SWEEP: 2 /lsec/cm to 1 sec/cm. 18 calibrated ranges in 1, 2, 5, 10 sequence.

DELAY LENGTH: (The physical location, in cm from the beginning of the trace, to the point at which
the main sweep is triggered) 0 to 10 cm.

DELAY ACCURACY: ±1% on 2 /lsec/cm to 0.1 second/cm ranges; ±3% on 0.2, 0.5, 1 second/em
ranges. ±O. 2% linearity.

JITTER: ±O. 002% of maximum delay on each range (1 part in 50, 000).

DELAY FUNCTIONS: (a) Trigger main sweep or (b) Arm main sweep.

TRIGGERING: Internal, ac-coupled (2 mm or more vertical deflection); power line; or External, ac­
or dc-coupled (1/2 volt p-p or more).

TRIGGERING POINT: Controls allow selection of level and slope. Trigger level of external sync signal
adjustable -5 to +5 volts.

SWEEP SELECTOR: (a) Main Sweep, (b) Delaying Sweep - Brightened segment of trace indicates time
relationship between delaying signal and main sweep display, (c) Main Delayed Sweep, (d) Mixed Sweep,
(e) Single Sweep of main sweep.

DELAYED TRIGGER OUTPUT: Approximately 10 volts positive.

POWER: &1pplied by Model 175A Oscilloscope.

WEIGHT: Net 4-1/2 lb. Shipping 7 lb.

01537-3 1-1



SectionI
Figure1-2

Model1781B

Figure1-2.WaveformsillustratingsweepcombinationsusingModel1781B.(a)MainSweep(usingonly
Model175Amainsweep);(b)DelayingSweep(sectioncoveredbydelayedmainsweepisintensified);
(c)MainDelayedSweep(intensifiedportionofBisexpandedtoentirehorizontal10cm);and(d)Mixed
Sweep(traceinitiallydrivenbyslowerMode11781Bdelayingsweepandthenbyfastermainsweep).

1-201537-1



Mode11781B

.,efiON II
IN.TALLATIOM

8ectiou D aDd In
Parqrapb.l 2-1 to 3--2

2-1. INCOMING INS'ICTION.

2- 2. MECHANICAL CHECK. When the Model 1711B
is r~ceiVed, inspect the i~twtrlent for l.ftY .sic&!
damage which occurred ill 8biPl'i~. Vi$iUMly ctMck
inside the plug-in for loose Or aamagedOOMpclrnmt8.
If damage is found, file a claim wi'th the r_~ible
carrier or in$UI'ance cotnpany and refer to the -wn'"
ranty page Of this manual. . Par.agraph t-6 prtWtdeB
SOme sUggtstlOns fOr repa~ing an IMtrument for
shipment.' ,

2-3. PERFORMANCE CHECK. nUll Mogel Ui.1B
can be checked for electrical performance within the
specifications of table 1-1 by foUowin;t.tt.proetduret!!
of paragraph 5-5. These prOcedures do not require
any internal connections Or adjq.Jt~.ent.ll. Iftbe.1nBtl"u­
ment fails to Operate as s,eei1.ied, rel.1i to tAe 1fa.r­
ranty page of this manual. '

Note

To obtain the ap@cified a.ccuracy of tbe Wo€lel
l781B, oper!tte it in an oscilloscope in Whicb
the ...110 volt a:nd. -100 volt pOwer ~pp1y volt.
ages are within OA% of- theiroom,inal valueS.

2-•. INSfALLATION.
. .

2-5. The Model1781B is a plug-in unit for $> Model
17M OaciUos{lQlle. To install the Modltl17&1&, aUde
it into the lower left coJaPt-rtment <>.f the ONU1011QQPe
directly below the crt. Lock the unit in place to insure
good electrical and mechanical oonn.eUon. AU n'c-O
e"s&al'y operating power for tbe Model 1781Jhs suWUecl
by tbe osoilloscope.

2-7. Following is a guide for repa.~an lllStru­
Jnfnt~ ~JMnt. ,If YOU nave :uJ,yqUflBtions, contact
YOU-r'.iU~ H..wlett-Pac~n;I ~re"QWive.

a. U poNib1e, u~e the original container designed
for the instrum.ent. .

b. Wrap the' instrument in beavy paper Or plastic
hefon placing it in the ship};/inlicontainer:

c. l).. ~~ty Q$ paQki~ material around lill side.
Qttho inlltu~u~nt ,and protect panel facea. with carQ.-
boUd~~. .

d. Use a. heavy cardl;loa.rd carton Or wooden box to
house the instrument a!Id use hea.vytape or metal ba.nQ
to seal the coowner.

$.~~~ packing bOx with HFr~le", "Delicate
Instrum.tnlti', or etc, as appropriate.

Note

If the ~IJ::lent is to ~ sh1llPld to B.-wlett­
hea..rd for service Or repair, attach to the
in.sQ'ument a tag hldentifyinc the owner an<\
indicating the service or repair to be a.ccom­
p~. In any correspondence, identity the
i.n.tItrUtnent by modelnurnbfar, ..ria.! num~r,
llDd ..rial number prefix.

SECTION III
O'••ATING INSTIUCT,IONI

3-1. INTRODUCTION.

3-2. The MOO!il1 1781B 1s a plug-in Unit for l,lae with
the ~ Model l75A Oscilloscope. The unitr;enerates a
linear delaying sweep whicb.is used to swe~the trace
or delay the presentation of the main sw~p for a. se­
lected time interval atteran input tr1KPr. At the 8flcot

of the delay period, the Mbdel17lHB produces a trigger
pulse which can either trigger or arm the main s'9ieep,
depending upon the delay function selected. After the
trigger, the main sweep can be used to take over the
display, depending on settings of Model 178113 and
OscillO$cope controls. The trigger is also available
at the front panel· for .external use. The sweep or

01537-2

combiI»ltion of. lllweeps to appear un the crt is deter­
mined by one of five sweep .liIe14HlUoQ$: 1) :otLAYING
in which delaying sweep drives the trace across the crt
an4 tht!I delayed main sweep appears as an intenMified
Iilegrnent of tbe delaying sweep; 2HI~IN DELAYED, in
which u.e delayea Jl1;ain sweep drives the trace "cros.
the crt; 3)' MlUD, in which the delaying sweep drives
the tn.ce across tbe, crt fora.ppronmately the delay
period ll$ the main sweep completts ~ trace; 4)
MAIN SlN'CLE,. in which the main sweep occurs only
once with no delay when trigger.a, aM. muat be re­
armed before another trigger is etftetiVe; and 5) MAIN
in which the main sweep operates normally and drives
~ trace aeroaa the crt with no d.-lay.



sectionill
Paragraphs3-3to3-17

3-3.PREPARATIONFORUSE.

3-4.FortedaccuracyoftheModel1781Boper­
atinginanyModel175AOscilloscope,makesurethe
+110voltand-100voltpowersupplyvoltagesinthe
oscilloscopearewithin0.4%oftheirnominalvalues.
RefertotheM<Xlel175AmanualfortheadjUstment
procedure.

3-5.TopermitbestuseofmiXed-sweepoperation,
thetraceproducedbythemainsweepmu$tbeslightly
longerintimethanthetraceproducedbythedelaying
sweep.Checktherelativesweeplengthsasdescribed
inparagraph5-7.

3-6.OPERATINGCONllOLS.

3-7'.Front-panelcontrolsandtheirfunctionsare
showninfigure3-1.TheparagraphSbelowprovide
detailedexplanationsforthecontrolandconnector
functionsindicatedinthefigure.

3-8.SWEEPSTARTCONTROLS.

3-9.Fourfront-panelcontrolsaffectthestartofthe
delayingsweep..TheyinclUdetheTRIGGERSOURCE
switch,TRIGGERL~V~Lcontrol,TRIGGtmSLOPE
SWitch,andSWEEPMODEcontrol.

3-10.TRIGGERSOURCEselectsthesourceofthe
sweeptrigger:thepowerline(LINE),thesignalap­
pliedtotheverticalamplifieroftheoscilloscope
(INT),orallexternalsignalappl~edtotheEXT.INPUT
connector(ACorDC)..

3-11.TRIGGERLEVELselectsthevoltagelevelon
thetriggersignalatwhichthesweepstarts.Thecon­
tro1prOVidescontinuousadjUstmentofthetriggerlevel

SELECTTRIGGEREDOR
FREE-RUNNINGSWEEP

CONNECTEXTERNAL
TRIGGERSI.GNAL

SELECTTRIGGER------I-":'iV~=~T;~
SOURCE

Sf;CUREUNITINOSCIL­
LOSCOPECOMPARTMENT

08TAINDELAYED
fR1GGERFOREXTERNAL
USE

SELECTDELAYLENGTH
INCENTIME;T£R5OF
DELAYINGSwEEp

LIGlnsWHENMAIN
SWEEPISARMED

Model1781B

fromabout-5voltstoabout+5voltsonexternalsignals
andoverarangeeqUivalenttoabout6centimetersof
verticaldeflectiononinternaltriggersignals.

3-12.TRIGGERSLOPEde~ermineswhetherthede­
layingsweepstartsonthepositive-slopeornegative­
slopeportionofthetriggersignal.

3-13.SWEn>MODE~termj.rieswhethertbedelaying
sweeprequiresat£~erorfreefUns.Thecontrol
iscontinuQl;UIlyadjustablewithaswitchedPRESET
positionatitscounterclockwiseextreJ)le.ThisPRE­
SETpositionisinternallysetforoptimumtrigger
operation.Forveryhighfrequencytriggersignals,
itmaybedesirabletouseafree-runningmodeof
triggeroperation.Maximumstabilitywillbeobtained
withslightre-adjustmentofSWEEPMODI;andTRIG­
GERLEVELcontrols.

3-14.DELAYCONTROLS.

3~15.TheFUNCTION,DELAYINGSWEEPTIME,
LENGTH,andSWEEPSELECTORcontrolsallaffect
thedelayorthewaythedelayappearsonthecrt.

3-16.FUNCTIONdetermineswhethertheModel1781B
triggersot'armsthemainsweepattheendof
thedelaypel:'iod.WithFUNCTIONsettoTRIGGER,
theModel17MBstartsthemainsweepimmediately
afterthedelayperiod.Aftercompletingitscycle,
themainsweepisreadyforanotherstarting.trigger
fromtheModel1781B.

3~17.WiththeFUNCTIONsettoARM,theModel
1781BaItnlSbut(Ioesnot$tartthemainsweepatthe
endofdelayperiod.Themainsweepthenrequires
atriggeTasselectedbythe.TRIGGERSOURCEswitch
oftheoscillOSCOpe.Afteronecycle,themainsweep
remainsdisableduntilrearmedbyModel1781B.

ADJUSTLEVELOFTRIG­
GERPOINTONTRIGGER
SIGNAL

SELECTSLOPEOFTRIG­
GERSIGNALATTRIGGER
POINT

SELECTTRIGGEREDOR
ARMEDMAINSWEEP
AFTERDRAYPERIOD·

,rtt---__DEPRESSTO
ARM'MAINSWEEP

DELAYINGSWEEP

SELECTHORIZONTAL
pRESENTATIONONCRT

3-2

Figure3-1.FrontPanelControls

01537-2
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3-18. DELAYINCl SWEEP TIM" detetrniDe. tblI* 8'Weep
time of the dela~ sweep 1Iibet1ler or not the delaying
$weep appears on the crt. Tbis peep is thlt reference
for delay me-..ureinents.

3-19. LENGTH determines delay length meuured in
centimeters along the delaying sweep. Tma the delay
period is the product of the LENGTH and DELAYlNG
SWEEP TIME settings.

3-20. S'WE:EP SELECTOR determines the hor~tal
presentation on the crt. There are five oPttolUl
explained as follows:

a. DELAYING. T_ ~~ B'WteJl drive. the
trace acroas the crt. The mamsw.ep~ triggered (or
armed) at the end ~f. the dtla' p.t'iod~ and. the "ate
interval·of tM matn ....e~ 11i.ndi~~ wa brifbt&ned
$egment on the crt di.play. <

b. MAIN DELAYEO. The mabl ......P drin. the
trace acroas the crt attertl1e Iklayperio<l. The
display on the crt is the expan"aiQil of t.J1e brtahtened
segment of the delaying swe., d!qlaY ~.4U·i~ in a.

c. MIXED. Th. delaying sweep drive. the trace for
the delaY period, and then triusn .t.bIt tnain sweep.
The trace is then driven by the main~ whialfis
farther along in its- oyde. To drive the trace during
any part of the display, the main sweep used must be
fast enough to pass the deiaYbli II.", before the
delaying sweep driVM the tr~eQftther~hand.ide
of the crt screen. (There wa ~play on~ crt even
though the main sweep i..lower than the ddaying
sweep, rot it is not uSa.bl'.) Scilla. in )UXllID aWe.
there is some delay beyQnd that indl-cated bY the
LENGTH control, total delay ~ld be r-.d froIn the
crt.

d. MAIN SINGLE. Alter the ARM SWitch ~ de­
pressed and releued, the main sweep, wbtn trig­
gered, drives the trace across the crt with no delay.

e. MAIN. The oscilloscope operat•• normally;
the main sweep drives the trace across the crt; _there
is no delay.

3-21. OPERATING CONSIDERATIONS.

3-22. DELAYED TRIGGER OUTPUT. The d~aYed

trigger available at the front-panel DEL. TRIG.
OUTPUT connector coincidee with the tl'i&'ger signal
applied internally to the main swettp geft.rator of the
oseillosoope. 'the delay indicattd 1'Jy the DELAY
LENGTH control and DELAYING SWEEP 'nW'! switch
is the time interval between the start of the dela.ying
sweep a.md the delayed trigger regardless of Whether
the main sweep is triggered or armed. Thus, the
delayed trigger can be 1:UJed Q a delqed tl'iIlterfor
external circuits, as a ti~ pulse, etc., r8ffardless
of the delay function selected.

3-23. FUNCTION. The FUNCTION switch determines
whether ·the main sweep is triggered or armed at the
end of the delay period. The TRIOOEFl. function is
intended for actual delay measurements. BiBee! the

01517-2
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tnain l!I'WetIJp starts at the end of the delay period, tn.
L]i:NOTH dial indicates the delay between the start of
the delayi~ sweep and main sweep. AdditiOnal delay
can be mea.sured along the delayed main sweep, and
big'h resolution is possible when main-sweep speed is
high compared to delaying-sweep speed. However,
the oscilloscope delays the vertical signal 0.2 /lsec
before applying it to the crt (refer to the 08cill08CO~

manual); this delay should be accounted for when
using the f$.stest delaying and JDain sweeps.

3..24. The AIUI function effectively eliminates jitter
between the trigger tor the delaying sweep and tb4t
trigger fot ~ ma1nsweep because the main sweep
is armed onlYt not started, at the end of the delay
P.riO(1. An additioi\l.al trigger starts the main sweep,
and this trigrer Mac!. not be synehronized with the
delaying SWeep. For example, if there is pulse-to­
pul.e jitMl in atn1n of pUlses, it is possible to triiger
the d~lafUlJJ nrMP With on.e pulse and trigger the main
..... _tit tbt first pulse to occur after the delay
period. - riM Signal immediately following the main­
sweep trtater pulae can then be obaerved jitter-free
even though it is not synchroniZed with the delaying­
sWeep tr~ger. In the ARM function, the LENGTH
dial indicate. rninitnum possible delay. Actual delay
must be read froin the crt.

3.25. ~WEEP SELECTION. There are three com­
bin_UOM of delaY'inC and delayed main sweeps. DE­
LAnNQ 8weep perwts selection of delay _and main
SW_l)~ prior to 8eleetion of the delayed pres­
entatiOn, ~U8e the time relationship of the delayed
main"'.~ to th. c!.elayin« sweep is indicated by a
brlrbten*\t -.gment on the crt display. The brightened
8ecln~t then can be pclsitiQned with the LENGTH con­
trol atld 1.~enBd or shortened with the oscilloscope
SWEI!;P TQP: sWitch to cover just that part of the
di"pltyto ):>e examined in detail.

3-26. MAIN DELAYED provides the delayed presen­
tation. The display is the brightened segment of the
delaying sweep eXpanded to the full 10 cm of the crt
horizontal axis.

3-27. MIXED permits both slow a,nd fast sweeps to
appear along the same trace. The delaying sweep is
tM slow sweep and starts at the left side of the crt.
The main ....P 1$ thetast: lIWeep a.oo~8 over frotn
the delaying sweep at a point determined by the­
LENGTH settil'lg. andditference in sweep speeds. Twa,
for eDmp~tt, a train of pUlses can ~ o~.fVedon the
left side of the crt on the slow part of the trace while
a single pulse can be examined in detail on the right
.ide of the, crt on the fast part of the tt:ace.

3-28. OPERATlNGPROCI!DUUS.

3-29. Figures 3-2 through 8-6 lPve proc.res for
different operating modes with the Model 1781B. Theae
instructions are supplemented by opel1lt1ng1n8tru¢­
tions given in the oscilloscope manual. Proce&1res
are given step-by-8tep, and each step is DUDJbered.
COntrols to whieh a- step refers are keyed to the same
number.as the step.

3-8
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1.SetSWEEPSELECTORtoDELAUNO.

2.SetTRIGGERSO{iRCEasdeSired.Ifexternal
triggerisused,connecttriggersignaltoEXT.
INPUT.

3.SetTRIGGERSLOPEfortriggeringonpositive
ornegativeslopeoftriggersignalasdesired.

4.SetSWEEPMODEtoPRESET.

5.SetTRIGGERLEVELtoO.

6.SetDELAYINGSWEEPTIMEtodesiredsweep
time.

7.ResetTRIGGERLEVELtostarttraceatde­
siredsignallevel.Ittnaybeneces.sarytoswitch
SWEEPMODEfromPUSETandselectabetter
settingforthepa.rticul~rsignalbeingviewed.

8.AdjustLENGTHfordesireddelayperiod.

9.Adjustlengthofintensifiedsegmentwithoscil­
loseopeSWEEPTIME.

Figure3..2.DelayingSweep
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1. Perform steps 1 thru 9, figure 3-2.

2. Set SWEEP SELECTOR to MAIN DELAYED.
'I'M pr$sentation is the intensitted segment
e~@d. TMexpansion ratio is (DELAY­
ING SWEEP TIME) : (SWEEP TIME).

Figure 3-3. Main Bwee;p, Delayed and Trluered
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1.SetFUNCTIONtoARM.

2.Setdelayingsweepaccordingtofigure3-2.

3.SetSWEEPTIMEsointensifiedsegmentin­
cludesthatpartofsignalyouwanttoseeon
delayedmainsweep.

4.settheSWEEPSELECTORtoMAINDELAYED.

5.Triggerthedelayingsweepandthemainsweep
internallyorexternally:

a.Internally:
SetbothTRIGGERSOURCEcontrolsto!NT•

b.Externally:
(1)setoscilloscopeTRIGGERSOURCEto

!NTJandModel1781:8TRIGOEltSOURCE
toEXT.ACorDC.

(2)ApplyexternaltriggersignaltoModel
1781BEXT.INPUT.

(3)Theexternalsignaltriggersthedelaying
sweepwhicharmsthemainsweepatthe
endofthedelayingperiod.Thenext
pulsefromtheinternaltriggergenerator
triggersthemainsweep.

6.TheMAINSWEEPARMEDindicatorlightsat
endofdelayperiod,indicatingmainsweepcan
sweep.Aftersweep,indicatorgoesout,
andmain$Weepisdisableduntilre-armedby
delayingsweep.

7.TbemainSweepiseJq)anded.Expansionratio
is(DELAYINGSWEEPTIME):(SWEEPTIME).

3-6

Figure3-4.MainSwe.ep,DelaYeQandArm.ed
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1. Set SWEE~ SEWlCTOR to MIXED.

2. Set FUNCTION to TRIGGER.

3. Set SWEEP MODE on oscilloscope and Model
1781B to PRESET.

4. Trigger delaying sweep as desired. (If external
triggering is used, connect trigger signal to
EXT. INPUT.)

5. Set DELAYING SWEEP TIME to deSired sweep
time.

6. SeUwmEP TIME to desired sweep time (faster
than delaying sweep).

7. Set LENGTH for desired delaying period. (De­
lay is not calibrated in mixed sweep operation. )

01537-2

Fi~re 3-5. Milted SWeep
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1.SetSWEEPSELECTORtoMAINSINGLE.

2.SetoscilloscopeTRIGGERSOURCEaccording
totriggersignalused.

3.SetoscmoscopeTRIGGERSLOPEandTRIG­
GERLEVELasdesired.

4.Toarmsweep,depressandreleaaeARMswitch.

5.MAIN8WEEPARMEDindicatoronMode1178lB
shouldlight.Asignalfromtheverticalchannel
triggersthecircuittoproduceasinglesweep,
andasingletraceisdisplayed.Attheendof
thesweeptheMAINSWEEPARMEDindicator
goesoff.(Thisoperationisusefulintheob­
servationandphotographyoftransientsignals
whicharenotrepetitive.)

6.Repeatstep4(above)tore-armsweepafter
eachtrigger.

3-8

Figure3-6.Si~leSwe.ep
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saCTION IV

,t'NCIPL" 0' O'••ATtON

8eetioA IV .
Paragrapbll4-1 to 4-8

4-1. OVERALL fUNCTIONAL OESCRIPTION.

4-2. The Model 1781B proVides the *Model 17M
OsCilloscope with delayed sweep operation. The unit
inserts a known amount of delay, y,rhiebcanQe selected
at the front panel, between a refer&Me triger and
the start of the main sweep ~nerated by the oscil­
loscope. 'the Model 1781B itself con81sts ala delaying
sweep generator and a delayed-trigg~r gene:rator as
shown in figure 4-1. The sweep gener~r produces
a linear voltage ramp, th~ <lelayinglSweep, which is
applied to the delaYed-trigger g.nerator. ThElliell\.yed­
trigger generator generates a trigger at the end Qf th~
delay period select~ at the front panel and <,lelivers
the trigger to the main sweep generator of the oscil­
loscope, which then provides the delayed sweep.

4-3. DELAYING SWEEP GENERATOR.

4-4. A block clia.gram of the delaying sweep generator
1s shown in figure 4.. 2. In addition to the actual $Weep
generating circuits (V2; 3, 5; 7, and 11). tll. delaying
sweep generator contains amplifying and 8h.ap~ cir­
cuits (VI, CRl, and Q1) and p;ting <rircuits (VO). 'the
amplifying and shaping cirW1t$ provide adequate trig­
gering of the sweep circuits, and the gating circuits
provide tmblan1dng to the crt.

4-6. The input or reference trigger is applied to one
grid of tube VI, a differential amplifier, and a dc
signal from the TRIGGER LEVEL control ~ applied
to the other grid. The output of the alliWlifier is a

single-,nQeQ SiguaJ. wbieh is proportional to the dif­
ference ~een the trigger and dc signals. As shown
in the figQre, the TRIGGER SLOPE switch reverM.
the tri~ aM dc signals, When switched from one
polarity p08ition to the other. The switch thereby
determine. the phase· between the trigger signal and
the output of tl'J£l amplifier. With the switch set to +,

. the outplt U'n~l1fier VI is 180° out of phase with the
trigger sipll; with the switch set to -, the output of
the amplifier is in phase with the trigger signal.

4-7. The output of amplifier VI must be neptive­
going and must cross the switching level of tunnel diode
CRI to start a sweep. Since the output of the amplifier
is proportional to the difference between the trig~er

signal and the dc value aelected by the TRIGGER
LEVEL control the point on the trigger signal at which
the diode .witches depends upon the setting of the
control. thus the TRIGGER LEVEL control permita
selectiQn Of the voltage level Which the tt'igg~r8~
must cro$~ to start a -sweep. .

4-8. TheS1gnalfromampllfierVI is applied to trigger
generator CFtl, a tunnel diode. (See pangraph 4-30
for a disCUSSion of turmel diodes.) Provided the signal
crosseS both switching limits, trigger generator CRI
switches back and forth between its two stable state••
generating positive-going and neptive-going voltace
steps at its output. These steps are di'uerentiated by
C5 to form short pulses, andappliedthroughamplifier
Ql as tria;ers to g&t~ generator V3/V5A. Only the
negative triggers actuate the Schmitt trigger, and
Clt2 (not lihown) reduces the amplitude of the positive
triggers.

P lTRIGGE~ ~_bURC,E l
// P IriihGGeR LEVEL

/' // P I TRIGGER SLOPE:

/ / /

,/
./

,/

D IDELAY FUNCTION I
./
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GENERATOR
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OELAYING
SWEEP

GENE:RAiOFl

" '\
\ \ 0 I SWEEP MODE I

\ \
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Figute 4-1. Overall BloCk IJiagram
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4-9. SWEEP QENERATOR.

4-10. Gate generator V3/V5A ts a 8eJunitt trigg~r

with wid-e hYsteresis lb:nits. Between sw~ep.; the
A section of btu control eathOOe f6l!ower V2bolds
the bias at the tnput of the pt. generator close to the
lower hysteresis lbmt. TbuB a poaitive trigger from
trigger amplifier Ql has no effect, but a negative
trigger drives the input to the gate generator below
the lower hystereais limit and causes the pte gen­
erator to switch.

4,..11. When it swttChts, ~te g<Uierator V3/V5A pro­
videa a pO$iUve and negatiove gate. The positive pte
is applied to the high vol~ power aupply mthe
oscilloscope to unblaftk the crt beam. Tbe nttptive
gate 1. applied to diode Cn4 to start the swe'P. Prior
to the gate, Cn4 had been forWard biased and bad
been holding the input to tntegrator V7 at abOut - 2
volts. The negative gate reverse-biases the diode
and frees the integrator input.

4-12. Once freed, the input to the integrator starts
going more negative, for it is connected to -100 volts
through the sweep reaiator. Integrator V7 amplifies
and inverts its input and produces a large, positive­
going output which is applied back to the input thtough
sweep output cathode followfilr VilA and the sweep
capacitor. As a resultj the input to the intllgrator
chang-es by about 0.5 volt during sweep time. The
voltage across the sweep r-eSistor therefore c~.
about 0.5% during sweep tiIfl(!,and the cutrentthrough
the l'e$istor changes by the same pel'()ent. Sinee the
current through the sweep resistor is the charging
current for the sw~p capacitor, the vol~e acro_s
the sweep capacitor changes quite lin~l'ly With time,
and the sweep signal isa nearly linear voltage ramp.
The DELAYlNO 8W1UlP TIME SWitOh c~. the
value of the sweep remstor or capacitor to clULnge
sweep time. Emitter follower Q3 applies a constant
voltage to the fixed sweep resistors. Sweep output is
applied to the delaYed-trigger generator and to the
DELAYlNG and MIXED positions of the SWEEP SE­
LECTOR switch.

4-13. An attenuated sweep signal is applied to the
input of gate generator V3/V5A through cathode fol­
lower VllB and the B section of bias control cathode
follower V2. This signal dt'ives the input of the gate
generator to the upper hysteresis limit an<! causes
the gate generator to switch back to its pre-.wMp
state. The gate generator then ends the gates, re­
moving its unblanking signal from the crt and forward
biasing CR4. Diode CR4 then returns the input to inte­
grator V7 to its pre-sweep level, resetting the sweep.

4-14. During sweep time, cathode follower VllB
charges a hold-off capacitor. After the sweep ends,
this capacitor lets the input to gate generator V3/V5A
down slowly enough to prevent that circuit from being
triggered again until the remaining sweep circuits
have recovered. The DE~AYlNG SWEEP TIME sWitch
changes the size of the hold-off capacitor with sweep
time.

4-15. Clamp V5B insures that each SWeep ~tarts

from the same voltage level, about -50 volts.

01537-2

Section IV
Paragraphs 4-9 to 4-21

4-16. The SWEEP MODE control determines the pre­
sweep bias at the input to gate generator V3/V5A by
setting th~ bias on the A section of bias control cathod-e
follower V2. With the control set to PRESET or in
the TNOOElt portion of its adjustable range, the gate
generator bias cannot drop below its lower hystere$is
limit unless_ trigger amplifier Ql provides a trigger.
Howne-rjWith the SWEEP MODE control set in tlie
FREE aUN part of its range, the gate generator bias
can drop below its lower hysteresis limit. ThUll as
the nold..off capacitor discharges, it lets the gate
generatQr b;.as fall to the lower hysteresis limit, and
another sWeep starts automatically.

4-17. SWSEP SELECTION.

4-1130 The $WEE·P SELECTOR switch determines the
way tM delaying and main sweepl5 appear on the crt.
With the ~itch ~t to MAIN, the delaying 6weep gen­
eratQr is disabled by the fixed bias applied to gate
ienerator v3/Vl>A, the main sweep from the oscil­
loscope is routed back to the horizontal ampliner of
the oscilloscope, and the main unblanking gate from
the oscilloscope is applied back to the oscilloscope
through gate out cathode follower V6B.

4-19. With the SWEEP SELECTOll set toDELAYlNG,
the delaying sweep generat{)r operates normally, the
delaying sweep is applied to the horizontal amplifier
in the o.ciUloscope, and the oscilloscope main $weep
is disconnected. The unblanking gates from the de­
laying sweep generator and the oscilloscope main
sweep generator are mixed in the common cathode
circuits ot VIS. The delaying sweep unblanking gate,
which is of longer dUration than the main l,lfiblarilting
gate is r~uced by R25 to a lower amplitude than that
of the main unblanking gate. As a result, th-e main
unblanking gate appears as a pedestal on top of the
delaying sweep unblanking gate (this waveform is
$bown in the upper right-hand corner of figure 5-9,
Sweep Generator schematic). The pedestal brightens
the trace on the crt during the time of the delayed
main sweep.

4-20. With SWEEP SE~ECTOR set to MAIN DE­
LAYED, the delaying sweep generator operates nor­
mally, bUt tM delayed main sweep is applied to the
horizontal amplifier in the oscilloscope. The main
unblanking gate is applied to the oscilloscope, and
the delayin.g sweep unblanking gate is disconnected.

4-21. With SWEEP SELECTOR set to MIXED, the
delaying sweep is applied to the horizontal amplifier
in the oscilloscope, and the delayed main sweep is
applied to the anode of diode CRa. The cathode of CR5
is connected to the delaying sweep output. Therefore
the delaying sweep signal is applied to the oscilloscope
so long as the delaying sweep is more positive than
the delayed main sweep. When the main sweep
becomes the more positive signal, CR5 becomes
forward biased, and the main sweep is applied both
to the osqilloscope and to gate generator V3/V5A.
Thus, the main sweep completes the trace on the crt
and termiAAtes the delaying sweep as well.

4-3
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4-22.DUAYEDTRIGGERGENERATOR.

4-23.DELAYEDTRIGGER.Thedelayedtrigg$f
ge.IJ,.eratorisShowninfigure5-10.AsUnplifiedblock
(Iill-grami$giveninfig'!Jre4-3.Int~ab$enceofan
inputsignal,pin2ofV14isat-50volts,andthat
sectionofthedualtriodeiscutoff.Allcu.rrent~p­
pliedbyconstant-currentgeneratorQ$!V16Aflows
throughtheleftsectionofV14.Thevoltageatthe
commoncathodesofV14,andtbu8thecut-offbiasof
therightsection,i$setbyLENGTHcontroLThe
delayperiodisthetimerequiredforthedelaying
sweeptorisefromthequiescentlevel(-50volts)to
thelevelwhichwillcause~rigbthaUofV14tocon­
duct.Theleftsectionisquicklycutoffandthefull
currentsuppliedbytheconstantcurrentsourceflows
throughtherightsection.Thesudden~rgeof.current
throughtunneldiodeCRIOswitchesthediode,p-ro­
ducingasharpnegativevoltagestepWhichwillbecome
thedelayedtrigger.TheretraceslopeoftMdelaying
sweepcutsofftheright-sectionagain,thusreturning
thecircuittotheoriginalcondition..

4-24.ThesharpnegativestepfromCRI0isamplified
andshapedbyQ5intoatriggerpulse.Thetrigger
pulseisappliedtophasesplitterVI5B,whichpro­
videsoutputsofbOthpositiveandnegativetriggers.
Thepositivetriggerisappliedto:FUNCTIONSWitCh
85andtheDEL.TRIG.OUTPUTconnector.The
negativetriggerisappliedonlytoFUNCTIONswitch
85.

4-25.DELAYFUNCTION.TheDELAYFUNCTION
switch,selectseitherthepositiveornegativepulse
fromphasesplitterV15Bandappliesthepuh,etobias
controlcathodefollowerVI09Ainthesweepgenerator

oftheoscilloscope.Inaddiiion,FUNCTIONdeter­
minli!sthetyp~ofoperationofthemainsweepgen­
erator.WithFUNCTIONsettoTRIGGER,tilemain
sweepgenerator0Plllrate$nor~l1y,andthenegative
pulsefromphasesplitterV15Bstartsthemain
sweep.

4-26:W'hensettoARM,theFUNCTIONswitchcon­
vertsVI09intheoscilloscopesweepgeneratortoa
Schmitttrigger,therebysettingthemainsweepgen­
eratorforsingle-sweepoperation.Thepositive
p.llsefromPhases.plitterV15BsetstheSchinitt
triggercircuitofVI09toarmthemainsweepgen­
eratOr,whichtbenprOd!Jcesasweepwhentriggered
throUghthetriggeringcircuitsoftheoscilloscope
itself..

4-21.SCHMITTTRIGGER.

4-28.TheSchmitttriggercircuitisaformofbi~

stablemultivibratorusedwherefast-risingsignals
arereqUired.Figure4-4showsasimPlifiedSchmitt
circuitandinputandootputwaveforms.IfinUially
theinpUtvoltageissuchthatVIiscutoff,V2con­
ducts.Astheinputvoltagebecomesmorepositive,
itwilleventuallyreachapredeterminedlevel(a)at
whichthecircuitcbanges.state;VIConductsandV2
iscutoff.IftheinputVoltagethengoesnegative,
theCOmmoncathode.potentialdecreasesandV2grid
goespositive.Whentheinputrea.chesasecondpre­
determinedlevel(b),V2condUctsandthecircuit
switc~$backtoitsini,tialstate.Theoutputofthe
circuitisavoltagestep,eitherpositiveornegative
dependingupontheslopeoftheinput.
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Paragraphs 4-29 to4-3I

4- 29. The input voltage levels at which a Schmitt
trigger sWitches are the hysteresis It:rrtit:s. Notetbat
the circUit doeS not switch unless the input crosses
both limits.

B+
~

~UTPl:JT

17~1 B - 8-6

VI

FigUre 4-4. Simplified SChmitt Trigger
and Waveform

INPUT'-'"

INttUT

4-30. TUNNIL 01001.

4-31. Fi~re 4~5 shows a t\lmlel diode triuering
circuit of the type used in the Mod,$l 17~1$; 'tunnel
diode CRl is part of the plate load of triode tube VI.
CRI is biased at point A on the E-I curve, and is stable
at this point. If a po.sUive pulse i8 fed to the grid of
VI, the current through VI (and Mno/;! funnel diode
current) will increase. As the current passes the
high current knee of tbe curve at point B, the tunnel
diode enters its negabv<e resistance region. Diode
current therefore begins to decrease. Tube VI acts
as a constant current 30urc~, however, and prey.nts'
current from decreaSing; the, current diUerenM flows
into Cx. the junction capacity. As. a r$$llt, diode
voltage switches rapidly to a higher voltage at point E.
Then When the input pUlse falls again to zero, diode
voltage falls to point ti, where it is again stable. When
a negative reset pulse decreases dio<le current below
point C, the diode switches back to the low voltage
state, and returns to the original stable condition at
point A when the input pulse falb to zero. The switch­
ing between high and 'low voltage state produces a
square wave output with fast rise and fall times.

+1I0V
~

CRI
Tl)NNtl u·

DiODE:

VI

Figure 4-5. Tunnel Diode Operation
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SectionV
Tables5-1and5-2

Model1781B

Table5-1.Recomnended,TestEquipment

InstrumentTypeRequiredCharacteristicsUseRecommended
Instrument

PrecisionVoltageRange:100to110voltsAdjustlowvoltagepower~Model3440Aor
DCVoltmeterAccuracy:0.1%

supplyinoscilloscopeJohnFluke801

OscillatorFrequency:600kcS:I,gnalsour-cefori!lweep~Model200CD

Output:10voltsinto600ohmslengthadjustment

--

DCVoltmeter/VoltageRange:1voltto400voltsVoltageandresistance,~Model410B/Cor
OhmmeterAccuracy:3%

measurements
~Model412A

InputResistance:100megohms

ResistanceRange:10ohmsto
10megohms

"'

TimeMarkMarkerInterval:1microsecondCheck~laytimeaccuracyTektronix180A
GJeneratorto5secondsandlinearity

Accuracy:0.05%

ACVoltageApprox.400-cpssinewaveAdjusttriggersell$itiv.ity~~eI738AR

Calibratoroutput;calibratedfor200mvandsymmetry
peak-to-peakoutputand30-50
mvrmsoutput.

.,

Table5-2.TriggerSensitivityCheck

o(/)@

o@ts)

*175AOSCILLOSCOPE

OSCILLOSCOPE:

VERTICALSENSITIVITYT05VOLTS/CM

VERNIERTOCALIBRATED

SWEEPTIMETOIMSEC/CM

MODEL17818:

TRIGGERLEVELTO0

TRIGGERSLOPEto+
SWEEPMODETOPRESET

TRIGGERSOURCETOINT
17118-I-lA.

StepPreliminaryActionPerformanceStandard

1Connect1VOLTterminalofCALIDRATORtoverticalINPUT.Sweeptriggeredwith­
outjitter

2Connecta5:1voltagedivideracrossthe1VOLTCALIBRATORterminal,Sweeptriggeredwith-
andapplyonefifththeCALIBRATORoutputvoltagetoModel1781Boutjitter
TRIGGERINPUT.SwitchTRIGGERSOURCEtoEXT.INPUT.

5-001537-3



Model 1781B

fictiON V
MAINT.NANCI

Section V
Pangraphs 5-1 to 5-17

5-1. INTRODUCTION.

5- 2. This section provides instructions for periodic
maintenance checks and adjU8UlltntiB, tF6uble$hooti~,
and repair on Model 17~lB. If the instrument dOes
not meet specifications (refer'to table 1~1), perform
the necessary circuit ad:Justment given Under Calibra­
tion (paragraphs 5-16 ~h 5~24).lf adjustment
is not sufficient to bring the accuracy Within spedfica­
tions, a repair or replacement may be neeessary;
troubleshoot to determine the nature and location of
the fault. A repaired circuit may .r~ire a Itec:l!i­
bration and a performance check.

5-3. TEST EQUIPMENT.

5-4. Test equipment required for trGlubleshooting,
performance chec-k,. and adjusUJilmt olthe Modell'i81B
is listed in table 5-1. EqUipment of eqUivalent char­
acteristics may be SUbstituted for those listed.

5-5. PERFORMANCE CHECKS.

5-6. Performance of the Model 17818 when plugged
into a $ Model 175A Oscillo$cope can be checked as
follows:

a. Trigger Sensitivity - see table 5-2.

b. Delaying Sweep Accuracy - see table· 5-3.'

c. Delaying Sweep Linearity - see ta~e 5":4.

d. MiXed Sweep Operation - see paragraph 5.,'7.

Note

The delay time accuracy of the MiJdel 17818
depends on the +110 and -100 voltage$$Up­
plied by the OSC111oscope. The$e voltageI!'
should be adjusted to be wiWn 0.4% of their
nominal values before performance checks
or adjustments are made. Refer to table
5-1 for recommended equipment and to the
oscilloscope manual for adjustment pro­
cedure.

5-7. For proper miJ{ed~sWeepoperation, check rela­
tive sweep lengths as foHows:

a. On Model 1781B, set SWEEP SELECTOR to MlX~
ED, DELAY LENGTH to about 5 CM, 'DELAY FUNC­
tion to TRIGGE:R, and SWEEP MODE to FREE RUN.

b. On oscilloscope, set SWE;EPMODE to PRESET.

c. Set DELAYING SWEEP TIME on Model 1781B
to 20, 10, 5, 2 and 1 MSECjCM and make SWEEP
TIME setting on oscilloscope. so main sweep in each
case is 100 time~ faster than delayingc'sweep.

d. Observe trace on crt for each combination of
sweeps. Left half of trace should De brighter than
right half. An inCrease of trace inten$ity at right .nd
of the trace indicates incorrect relative sweep lengtbs.
Refer to figure 3-5 for setting and adjustment, para­
graph 4-21 for functional eJtplat1at,ion, an,doscilloseQpe
manual for the oscilloscope sweep tim~ adjustmenta.

01537-2

5-8. TROUBLESHOQTlNG.

5-9. The procedure for troubleshooting the Model
1'78113 is cllvided into two categories: (1) overall or
,ystem troubleshooting and (2) sectional troubleshoot­
ing. For the purpose of system troubleshooting, the
MOdel 1781B is considered to be a system; the oscil­
I06COPi!: is not inclUded. The Model 1781B is divided
into the three sections shown in figure 5-1. System
trOUbleshooting procedures (see paragraph 5-10)
isolate troubles 'to one of the sections, and sectional
troublesoo¢lting procedures (see paragraph 5-12)is­
olate troubles within the section.

TRIGGER SWEEP DELAYED

CII'lCUlls GENERATOR
TRIGGER

GENERAtOR

i1.'I-A.':"9

Figure 5-1. Functional Block Diagram

5-10. ~a:rEM TRQUBLESHOOTING.

5-11. Before starting the system troubleshooting,
visuallY check Mod~l 1781B for such items as loose
or broken parts, cold solder joints, etc. Following
the vl.$Ual inspection, proceed to the system trouble­
shOoting ptoc$dUre given in table 5-5. When a faulty
$eetion is located, check the section for obvious
trolttbles. 'In lilany cases in$trument failure is due to
a defeeti've electron tube. The instrument can then be
t~tne<1 to, $ervice by replaCing the tube and checking
the clilibration of the particular circuit repaired.
Refet to' p·aragraph 5-28 for ~re information.

5-12. §~ctl-01iAI,. lOOUBkESijO,QIWG.
5... 13. Ta.bles 5-6, 5-7 and 5..8 proVide procedures for
sectional troubleshooting. The test points specified
in the tabl~ are located in figure 5- 2 and are shown
on the Scllematic diagra.ms, figures 5.. 9 and 5-10.

5-14. LOCATION OF PABTS.

5-15~EJ{cept for fiJ{ed resistors and capacitors,
cOlnflOnents on etched circuit assembly Al ~e iden­
tified by 8ilk.5creening. All components on Al
and those mounted on $Witch aSlilemblies are identified
in pictures (figures 5-5 through 5-8) iocated justbefore
the .schematic diagrams in this manual section.

,5-16. ADJUSTMENTS.

5.:.1 't.'The pr-ocectures below give ilUltructions for the
cOnlplete calibratiQn of the. Model i.781B. Paragraph
3- 2$ provides a condensed adjUstment procedure
Wliich may be useful after procedUres of paragraphs
5:"1$ through 5·2'2 are familiar. .

Note: The Model 1781B must be adju.ted
ina Model175A OJDcUloscopewhich is cor­
1'ectlycalibratllldborizontally, !Uld has the
+110 and -100 'Volt .$Jpplies adjust9d to an
accuraay of :to. 4-% or better, preferably

..• 0.5 %. The M~l 1781 B is then interchange­
able in similarl~...calibrated Mod@} 175A'So

5-1



SectionV
Table5-3

Model1781B

Table5-3.DelayingSweepAccuracyCheck

OSCILLOSCOPE:

SWEEPMODETOP~ESET

TRIGGERSLOPETO+
TRIGGERSOURCETOINT

SWEEPTIMETO.1uSEc/eM

MODEL17818:

SWEEPSELECTORTODELAYING

SWEEPMODETOPRESET

TRIGGERSLOPEto+
TRIGGERSOURCETOEXTAC

DELAYFUNCTIONtoTRIGGER

DELAYLENGTHTO10

00~...~

o0~

1711.-6-2

r!jJ175AOSCILLOSCOPE

000

TIMEMARK
GENERATOR

OOOOO~~~~G-~~~o·.···.~~
000000000db

0

0-..0

000000000-.

o0(Q)

@Q

StepPreliminaryActionRead'
IndicationOn

Performance
Standard

1

2

3

ConnectTime-MarkGenerator(1micrOSecondmarkers)
tooscilloscopeverticalINPUT.SetModel1781BDELAYING
SWEEPTIMEto2uSEc/eMandadjustTRIGGERLEVEL
controlsforstablesweep.AdjustDELAYLENGTHtoput
brightenedpartoftraceunderthirdmarker.(approximately
1em).SetSWEEPSJ!;LECTQRtoMAINDELAYEDand
adjustDELAYLENGTHtoputleadingedgeofmarker
atstartoftrace.RecordI>ELAYLENGTHsetting.

AdjustDELAYLE:NGTHtoputleadingedgeof21stmarker
atstartoftrace(approximately10em).R~cordDELAY
LENGTHsetting.

RepeatforallrangesofDELAYINGSWEEPTIMEaslisted
inthefollowingtable..

DELAY'
LENQTH:
dial

Differencebetween
DELAYIXNGTH
readingsmustbe
9em±10minor
divisioll$

DELAYINGSWEE:P175A.Time-MarkCheckPerformanceStandards
TIMESettingSweepTimeGeneratorMarkers9em±MinorDivisions.

2uSEe/eM.2.uSEC/CM1lJ.Sec32110
5uSEC/CM.5IJ.8Jl:C/CM5lJ.Sec21110

10uSEC/OM·1uSEC/CM10lJ.Sec21110
20uSEC/CM2uSEC/CM10Jl$ec32110
50uSEC/CM5uSEe/CM50lJ.Sec21110
.1MSEC/CM10IJSEC/CM100/-lBec21110
.2MSEC/CM20I.!SEC/CM1,001J.lilec32110
.5MSEC/CM50uSlj:C/CM500lJ.5ec21110

1MSEC/CM.1MSEC/CM1msec21110
2MSEC/CM.2MSEC/CM1msec32110
5MSEC/CM.5.MSEC/CM5msec21110

10MSEC/CM1MSEC/CM10msec21110
20MSEC/CM2MSEC/CM'10msec32110
50MSEC/CM5MSEC/CM50msec21110
.1SEC/CM10MSEC/CM100msec:11110
.2SEC/CM20MSEC/CM100msec32130
.5SEC/CM50MSEC/CM500msec

,21130
1SEC/CM.1SEc/eM1sec21130

5-201537-2



Model 1781B

Table 5-4. Delaylng Sweep I.ineU'Uy Check

.. r

." ~ ,

. MOI;)(.!,.. H,li ,,; .'

swttiP' SfUCfoa TQ I;)fLA';I:Nt

O£I,.A'I' FliNCTI()N TO TFlIG$&R

PEI,.AYIN(; $WEtP TIM~ ,.~JtV.

·0sGl{'1.0$ro~[;

!lWei' Tl.W,£ TO 10 USEi;/~

TRIGm.ov.«ETO ilfT.'
l1Ill'•••e Tf) +:
Sw..Up MQ-0£ To PRU~T

-- -

• 11U oSCILLOi<;QJP1- ,

~ •.O'... g.O. O¢~~~-
It 0 '.."-C •.•.• " 0 0 0, ~.

000

0.00000000

006000000

o

000000000

0000

~~

!., .

.~, -

Step Read.
Indication On

~rmance

S.~d

1 Connect Time-w.rk Genenuor (1 milliaecond marker_) to
OIBeUloeCQPeveriie&lINIiUT. MJ-tTfU6OI!IR:LlVBt~'toont~Lt!i

for stable awe.,. A_~.""'~".,~ '...
DIlLAY h1!I~ to put "'~'lWd~qf'~~..~
mlr'kef. Set SWEEFOLllO"OIUt> MAIN MUDt)_, .
adju.t DJiiLAY UtNG'11I toPJI _-'qeQt D1Vket at
It:af't of _<te. :Aee.tJt'Q_U¥ b8N<tTH iltttii\S' .

.. -- - -- "- - -._--- . - - _ •.:.- .:: '" - ) . ,"j

D.~:Y

LENGTH
dfa>l

2
. - - --- -~'- -

Repeat fOr rema...marbr.~~~}. paUll'
UIlNGTH .
dia-l

3 Plot deviation froJ;P integral number on D:S:liIA'r.'¥,~ft;'
dial Ver$U8 marker as shOwn b$low. Draw Jl, 8tt>itlkt nne
such that there is a mitrltnum vertie~ ~tanc•. jro1n ••b
point to the Une (see example below).

.Nu lioint may deviate
ve~ttcaUy from the

. it_ by DlOl"e than two

.• m~r dial diVisions.

Example:

.r" . :.

Marker
NUJ;Pl;)er

2
3
4
5
6
7
8
g

10
11

DELAY
LENG'l'H

0.995 .
1.~
~.OO

4.001
5.001
6.008
7.000
8.(.)09
9.00
9.9g'7 .

Deviation
MmQr

Dlvt!!liQIUI

~.5

-.2
o

+.1
+.2
+.3 .
+.3
+.2

o
~.3

'~+I- ., ,~ ~

~ .~ ~ O'~"~--~+-+-+-""~~F~
:> ...

~ -I "":--+--+--+--+--I------ll----+--+--t-~_;

-2 ~-+---+--+--+--__+-_+_--+---t-__ir--_t

.~3·"""'-2J.;..,-"S.....~.4J,..:-:.-5.....-.-e....·.--;..;1~,,-.~..-i~·_-..-,O~·---II'

MARKER NUMBER a-a-...
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Se~t_nY

Tab~5-5and5-6
Model1781B

stepPreliminaryActionNormalIndicationNextStep

1

2

3

setMOdel1'l81BSWEEPSE­
LECTORtoMAINandoheck
o.cll~.copefQr;p-roperoperation.
Refer-tooscilloscopemanual.

Modell'l8IB:SetSWEEPSE­
Ll:CTORtoDELAYING,D~LAY
LENGTHtoabout401,D&LAY
FUNCTION-tomtOO~R,bE­
LAYINGSWEEP'rDlBt:o.5
MsEC/CM,andSWEEPMODE
toFREERUN.-'

OnoscilloscopesetSWEEPMODE
toPRESJ1;TandSWEEPTIMEto•1
MSl;C/CM.

ChangeModel1781BSWEEP
MODEtoPRESET,TRIGGER
SOVRCEtoEXT.AC,TRIGGER
SLOPEto+,andTRIGGERLEVEL
LEVELto-aboutO.

-Connectoscilloscope1volt
CAUaRATORterminaltoEXT.
INPUTofMODEL1781B.--

o.ciJJ()sc»peo_:rates
nQrmallY-

-DelafiJ)gsweep
~.Olienwith
~-cmbrlgbteoed
~eiltapprox­
iniatelyetliktl'edon
traQa.

Delayingsweep
appearsoncrtwith
2-cQibrightened
segmentapproximately
centeredon~oe.

Ifpecessary,troublelibootoscillo­
scope.Refertooscilloscope
manual.

]foscilloscopeoperatesnormally
proceedtostep2.

•indicatiOnisnormal,proceedto
step3.

Itneitherdelayingsweepnor
br~tenedsegm~ntappears,check
delayingsweepgetie~t.Refer
totable5...7.

Ifbrightenedsegmentdoesnot
appcilar,checkdelaytriggergen­
erator.Refertotable5-8.

11indicationisnormal,allcircuits­
arefunctioning.Checkinstrument
performanceasoutlinedinpara-­
graph5-5.

-If-nosweepappearsreferto
table5-6.

StepTest
PointPreliminaryAction,~_l 1Dd~

-I

3

5-4

SetTRIGGERIIJOUIlClCtQEXTAC,
TRJG<;ERlJi:VELto0,andSWBtP
SELECTORtoMAIN.

Onoscilloscope,setSWEEPTIME
to•5~EC/CM,'flUOOl!llt$Ol1RClll
toINT,SWEIPMODEtoPRUIT
ConnectCAUanTOR1'VOLTbut­
puttoModel1781B.EXT.INPUT.

ObservewaveformattestpointA.
Useprobeandsetverticallienai...
tivityfpradequa~deflectionon
crt.SomeadjustmentofTlUG­
G~LEVELcontrolsmaybe
necessary.

Observewaveformattestpoint
JS!.

1Ai\_.Obsenewaveformattestpaint
oAI.

AaUldicUedon
$¢__UC:~_·

gramfigure5-9

Neaatt~epulses
about10volts
peak.

Sq\uLrewave
about0.4volts
peak-to-peak

Ifindicationisnormalpro­
~.tostep2.

]fnosignalispresent,pro­
ceedtostep3.

Ifindicationisnormal,delay­
ingsweeptriggercircuitsare
op8ratihgproPerly.

.Ifpulsesarelowinamplitude,
checkCRl,Tl.

Ifpositivepul$eshavenearly
equalamplitude,checkCl'U.

IfindicatiOiiisnormal,check
Qlcircuit.

11signalislowinamplitude,
cheekCRtcircuit.
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Model 1'781B section V
Tabies 5-'7 t.bd: 5-8

Table 5-7. Dela~Sweep Oim'erator TX'OObleshooting

Next Step

1f YOltale remains nega­
the, pril>~,ed to step 2.

If indication is normal,
IW.,P generator is oper­

,:at!i1I. Check V6 if .
. , '.'d...tl~ Sweep still does

not .,.at on crt.
~ ~.

" I
~ '..~'

Prelimina.ry Action

set DELAYlNG SWEEP to 1 Volta&e should cycle as shown on
SEC/ell M4 BU••~ '~~c.~ni._H·lt 5-t.
to " •• IWN. .;.." ".' ' e",tfY' t~:_~g. . ~ I' •

~ ,J " ., ~.~", ~

M.~~••o'" at' ~11;', " ';t>~:·,
'PQUlt».

Test
Step Point

1 ~

'If voltaie remains posi­
tive, proceed to step 3.

2 ®
thru

@

J,{ealUt'& 'voltilae_ atteMt,
POint. 11 tlU'Q\lp ••

Vo~' D8~ 14~. be, at th$
J1!lKll"e _itlve v,"lUe Qown on ,
~ehtmaUe d~*,. 1(ol~~t ~

,'~~ bt~t nlotenf,atlve ~a1U@.'
~l"vol., ~Ibe pr......
~nc to_~ end...~1",sw~lilP valll~.· .
~. '.P i$. inQ~ritive, tb~*ti'
~1~" have prQgl't$sed
~yOOlt ' ..sweep ValUes.

Clitl!lek ttl'S! circuit giving
inco.rreCt indication.

3 ®
thru

@)

Set. SW'S~ MOOtw
12'oic~

Mq,wre vol~l.t t.,t
points B8 and $~, then
Bl through B7.

v{)'~..at B3 anQ ~,.bouJ4 be at
~~"~ptive val'e aho'fin on
."'~i'1Ilatic·d,.~afi1. V'oltage at ~5
~oo atmon pa$j.tiv~ value.
V61ta:,eg atB:6 anct"J37 should be at
pre.. sweep levels. Since voltage
at» is at pQIIitive extreme, voltages'

, at.S3 and .B9 ~hou1d 'also he at .
positive extreme.

Chetk circuit giving
incorreet indication.

Table 5.. 1,t De'lay "'rigger Generator Troubleshooting

Step
Test
Point Preliminary Action, NorJl)al Indication Ne~ SteP

1 Bet SWEEP SELECTOR to . Positive pulse aboUt 10 volts peak
OE:LAYlNG, DELAY as shown on $chfmati¢ diagram.
LEl'I'GTH to alX)Ut 4 CM, .nE- PUlsepositlon stdtts with DELAY
LAYINQ SWEEP to 50 ' ,LENGTH setU,n,g.
~EC/CM, and9W£:mP .
MODE to FR~E,RUN.

If iI)(U.catton 1$ normal,
delay ~riq'tU' g.fi~tator

is opera.t1~.prbpedY.

II pUlse does not appear,
proceed to step 2.

Observe waveform at test
paint C. U4' proobe and set
vertical sensitiVity for aci...
equate deflection on' crt.

2 Observe W&veforDl6.at ~..
poinUi Cl through C4.

. "

A' h.Kticated on schematic
diagram

Check first circuit giving
incorrect waveform,

OlS3'l-2 5-5



SectionV
Paragraphs5-18to5-19

Model1781B

178IB-A-18

Figure5-2.LocationofTestPoints

e.Connect50mvrms400cpssignalfromVolt­
meterCalibratortoEXT.INPUT.

c.RotateR18,TriggerSensitivity,fullycwand
centerR16,TriggerSymmetry.

d.Connect~1000310:1probefromverticalplug­
intothecaseoftunneldiodeCRI.CAUTION:110
voltsatthispoint.Figure5-8showsCR1location.

..PRESET

EXT.AC
1MSEC/CM

PRESET
.1/lSEC/CM

.05VOLTS/CM
•.....AC

b.SetModel1781B:
SWEEPMODE·
TRIGGERSLOPE
TRIGGERSOURCE
DELAYINGSWEEPTIME

5-19.TRIGGERSENSITIVITYANDSYMMETRY.

a.SetModel175Aw/plug-in:
SWEEPMODE·.
SWEEPTIME.
VerticalSENSITIVITY.
SignalInput

5-18.PRESETADJUST.

a.SetModel175A:
SWEEPMODE·..........PRESET
SWEEPTIME..........1/lSEC/CM

b.SetModel1781B(nosignalapplied):
DELAYINGSWEEPTIME·1MSEC/CM
SWEEPMODE·.•.PRESET
TRIGGERLEVEL..FullyCW
SWEEPSELECTORDELAYING
DELAYFUNCTION.TRIGGER

c.Connectdcvoltmeterbetweenpin3ofV2and
ground.

d.StartwithPresetR60(seefigure5-3forloca­
tion)fullyccwandrotateadjustmentslowlyobserving
thevoltmeterindication.Voltmeterindicationwill
changesuddenlyasthesweeptriggers.Notethis
maximumnegativevoltagereading.

e.RotateR60backccw,thencwagaintoseta
voltagereading2.5voltslessnegativethanthevoltage
notedinstepd.About-40voltsisatypicalvalue.

5-601537-2



Model 178lB Section V
Paragraphs 5-20 to 5-21

SWEEP
LENGTH

R53

ICM
DELAY
R67

9CM
DELAY

R63

TRIGGER
SENSITIVITY

Ria

TRIGGER
SYMMETRY

RI6
PRESET

R60

C36
10 USEC

Ra9
.1 SEC

R90
10 MSEC

R92
.1 MSEC

R91
I MSEC

Figure 5-3. Location of Adjustments

DELAYING
PRESET

TRIGGER
• INT.

PRESET
· DELAYING
· 1 MSEC/CM
· .... INT.

b. Set Model I78IB:
SWEEP MODE' .
SWEEP SELECTOR ...
DELAYING SWEEP TIME
TRIGGER SOURCE' ...

c. Connect oscillator output to vertical plug-in
input. Set oscillator frequency to 600 kc and adjust
amplitude for a display 5 cm high.

d. Position display so start of sweep pattern is
at left graticule line.

e. Adjust Model I78IB TRIGGER LEV EL for
shortest possible sweep.

f. Adjust R53, Sweep Length, for a sweep display
length of 10.2 cm.

5-21. SWEEP CALIBRATION.

a. Set Model 175A and vertical plug-in:
Vertical SENSITIVITY 2 VOLTS/CM
SWEEP MODE . . . PRESET
TRIGGER SLOPE· . +
TRIGGER SOURCE· ... INT.

b. Set Model 1781B:
SWEEP SELECTOR
SWEEP MODE· ..
DELAY FUNCTION'
TRIGGER SOURCE •

f. Rotate Model I78IB TRIGGER LEVEL to obtain
display shown in figure 5-4a.

g. Use TRIGGER LEVEL to maintain display and
adjust RI8 to obtain a stable square wave as in fig­
ure 5-4b.

h. Set Voltmeter Calibrator output to 30 mv rms.
No pattern should be obtained when TRIGGER LEVEL
is rotated. Set voltage to 50 mv rms and display
should be steady with proper TRIGGER LEVEL
setting. If necessary readjust RI8 and repeat.

i. Set Voltmeter Calibrator output to 200 mv p-p.

j. Ground junction of R6 and R9 (see figure 5-5
for location).

k. Adjust RI6 for a symmetrical tunnel diode output
as in figure 5-4b.

m. Remove grounding lead from R6-R9 and adjust
TRIGGER LEVEL for a symmetrical display.

n. Set TRIGGER SLOPE to +. Tunnel diode output
displayed should remain about symmetrical.

5-20. SWEEP LENGTH ADJUST.

a. Set Model I75A and vertical plug-in controls as
in paragraphs 5-I9a.

01537-2 5-7



SectionV
Paragraph5-22

Model1781B

Figure5-4.TriggerAdjustmentWaveforms

17I1B-A-11
(B)

Figure5-5.LocationofPartsMountedon
SwitchAssembliesA3andA4

(A)

C2

R61

R59

R5

R4

R3

178IB-A-16

rr------R58

R6 R9 C4 C3

..PRESET
10/-LSEC/CM

c.SetTime-MarkGeneratorfor1msmarkersand
connecttheoutputtotheoscilloscopeverticalplug-in.

d.SetModel1781BDELAYLENGTHto1.00CM.
AdjustR67,1CmDelaytosetstartofsecondmarker
atthebeginningofsweep(onleft).Switchingto
DELAYINGwillalwaysshowwhichmarkerisbeing
displayed(brightenedpartoftrace).

e.SetDELAYLENGTHto9.00CM.AdjustR63,
9CmofDelay,tosetstartoftenthmarkertobeginning
ofsweep.AdjustmentofR63andR67interact.
Repeataboveprocedureasnecessary.

c.ConnectTime-MarkGeneratortooscilloscope
verticalplug-in.

d.Refertotable5-9foradjustmentsandsettings.
SetModel175ASWEEPTIMEatleastfourranges
fasterthantheModel1781BDELAYINGSWEEP
TIME.UsetheHORIZONTALPOSITIONcontrolto
alignthefirstmarkerwiththeleftedgeofthegrati­
cule,adjustcomponentindicatedtoaligntheeleventh
markerwiththerightedgeofthegraticule.

5-22.DELAYLENGTH-DELAYINGSWEEPADJUST.

a.SetModel175A:
SWEEPMODE·
SWEEPTIME·

Table5-9.SweepCalibration

b.SetModel1781B:
SWEEPSELECTOR·
DELAYINGSWEEPTIME
SWEEPMODE'.
TRIGGERSLOPE'
TRIGGERSOURCE
DELAYFUNCTION

MAINDELAYED
1MSEC/CM

·PRESET
·...+
·..INT.
TRIGGER

DELAYlNGSWEEPTime-Mark
TIMESettingGeneratorAdjust

5/-Lsec/cm5/-LsecC36
50/-Lsec/cm50/-LsecR92
.5fJsec/cm500msecR91

5msec/cm5msecR90
.1sec/em100msecR89

Note:Beforecompletingthisprocedure,be
suretheModel175Ahorizontalamplifieris
adjustedcorrectly.RefertoModel175A
OperatingandServiceManualforprocedure.

f.SetModel1781BDELAYINGSWEEPTIMEto
50/-LSEC/CMandSWEEPSELECTORtoMAINDE­
LAYED.ChangeTime-MarkGeneratorto50/-Lsec
markers.KeepModel175ASWEEPTIMEatleast
fourrangesfasterthantheModel1781B.

5-801537-3



Model 1781B

g. Set.DELAY. L.EN.OTH SO. lead1lli ec:Ife 01 ~~.
marker Is atb~ of trace. Dm,AY LINt7tH
setting should be approXimately 1 CM.

h. Increase DELAY LENGTH ••ttq by "f)~Y
9 em (e:g. from. 0.9'7 tQ sum. M;u.t a.t to p1U.
leadillJ e<lge of eleventlunarker at lNiif~oftftee.
Repeat fbI' no interaction.

i. Chanie DELAYl'NQ $WmEP 't1:JItf: to 5 j.LSEC/CM:
(also change Model 17fiA. tQ fastet SW$ep} and un
5 jt8eC markers. Repeat $teps g and 11, adju.sting
C3'6 as reqUired. .

IeotiOft V
Paragrapba 5-13 to 5-24

j. Check aeooracy of DELAYING SWEEP TIME as
specified ill table 5':'3. It mllY be· necessary to make
a sUcht readjustment of FUJ9, RlM>, R91, R92, or C36
to me.t the$e speciftea.tiona.

5-23. ~JQl8EDADJUSTMENT PROCEDURE.
. iiLt!L - ~-=---r ---.. . - -- - - - .- - .

~"24. 'l'lt!le'L 5-10 previa.. a oondepsed adjustment
procedure fOr the Model 17818. This table sum­
mvtZeII tilt pI'Oc~res of paragraphs 5-18 through

Table 5-10. Model 1781:B ConderusedAdjustmtnt Proc.aure

2. Trigger
Sensitivity

3. Trigger
Symmetry

4. Sweep
Lengtb

Equipment
~u1red

DC Voltmeter

Voltmeter
Calibrawr

Voltmeter
Callbrator

Oscillawr

Procedure

a. DIUY FtJNCnON TRIQO'IlR
$Q,BPSE~ DIlt.AYING
DIII.AYINQ SWEltP 'tft8. 1 "B"ClcM
TJUGGER LEVltL' . . . . fully cw
8W1t:EP 1iI0bI: •. . . . . :pqsZT

b. Connect Voltmeter W pIn S of V2.

c. S.n Reo fullY ccw·and MM~_m
negative r~ngwhil-e rotating R60 CWo

a. Apply 50 mv fJXlS, 400 cp$ Signal to
EXT. INPUT.

b. SWEEP MODE . . . PMSET
Triger Sensitivity R18 . . cw
TrigserSymmetry Rl~ .. centered
DELAYING SWEEP TIME . 1 MSEC/cM

c. CORfi&(lt probe from vetti04llNPVT to
Case of CRt, SIN'IITIVITY O. Oft VOL1'8/'OM.

a. Sante .ett1J'1P lUld oscilloscope proibe
ecmne<ttiofl as lot' Trigger Sensitivity adjust.

b. (iroUJ),4 pin 7 Qit V1:B.

c. 200 mv p-p .ignal.to EXT. INPUT.

Adjustment and
Indication

Reo 101' reading 2. 5 volts less
negative than voltage noted.

a. TRIGGER LEVEL for
free-running display.

b. Adjust RIB (With TRIGGER
LEVEL) for stable square
wave.

c. If necessary, rotate RlB
cew to prevent .a11d trigger­
ing On 30 mv rms input.

R16 for symmetrical square
wave. (Remove ground from
pin 7.)

Set 'fJUaOll:R LEVEL tor
sooxte,t sweep and adjlUlt
RS3 for 10.2 emsw"p 1enatlJ..

5. Sweep Time Mark
Calibration Generator

I a. Connect Time Mark Gtnen.!x>r to vertieallN.PtJT.

b. ~B::aSOURCE INT
SnEP UIJiCTOR . . . DILA'fi'NO
SmltPMOt>.lll . . PRESET

c. Align 1st ma$er with 161\ edge ofgratioo.le.

DBLAYlNG
SWZKP TIME

AdjU$t for 11th marker at
right edge of ira1icule

5
50
0.5
5
0.1

~Be/cM
!AileIeli .
MSaC/CM
VB_cleM
iJle/CM

5 ,.ec
50 IJ8e(l

500 14~

5 m.-ec
100 m$ec

C36
~2

ROt
RIO
R89
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SectionV
Parapaphs5-25to5-29

Table5-10.Model1"181BCondel18ed4rijustm..entProcedure(COJlt'd)

Modell"181B

Adjustment

6.Delay
Length

7.Dela.ying
SWeep

Igpiplnent
Required'

TimeMark
Generator

TimeMark
Generator

Procedure

a.DF;LAYINGSWl!;EP1'Dd:.1"C/CM
SWEIWSELECTOR··MAIN-DaLAYBD
DELAYFUNC'tION.TRIGGER
~EPMODEPREQT
TRfGcEftSQUilCE.IN't.
TlUGGBBSLQ~E+

b.~l1'l5ASWEEPTIME.10ILSEC/CM

c.Display1msecmarkers.

a.BanlecontrollSett1••asforDelayLength
adjUSt:except:

DELAYINGswtl:JPTn!tE.'50ItS~C/CM
8Wl!;BPSJllLEC'1'OJt·•.MAINDELAYED

b.,Display50ILsecmarkerg.-Seetltl;lpain
adjustmentcolumn.

c.DELAYINGSWIlBPTIMlt.•5ILS»lC/CM

d.Display5ILsecmarkers.Seestepfin
adjustmentcolumn.

A<ijustmentand
Indication

a.DBLAYLENGTH·-1.00

b.R67toset2ndmark-erat
beginniIlgofsweep.(Use
DELAYlNGsweeptoidentify
marker.)
c..DELAYLENGTH--9.00

d.R63toset10thmarkerat
be&inningofsweep.

e.Repeatstepsathrudfor
no1-l'1tera.ction.

a.DELAYLENGTH:toset
2ndDuU"keratbeginningof
sweep.

b.IncreaseDELAYLENGTH
readingby9.00em.

c.AdjustR92toset11th
markeratbeginningofsweep.

d.Repeatstepsathruc
fornointeraction.

e.~estepcinprocedure
colw:nn.

f.RepeatstepsathrudabOve,
adjustingC36-asrequired.

5-22an(lsoouldnotbeuseduntilthed~e(lpn>~

ceduresarefamiliar.Thetest,e,quipmentsp~W1Kl
intable5-10isthesameasforthedetailedpro­
ceduresandislistedintable5-1.

5-25.REPAIRANDREPLACEMENT.

5-26.REPLACINGCOMPONENTS.

5-27.Componentsontheetchedcircuitassemblies
(AIandA2)maybereplacedbyobservingserVi.cin&'
techniquesoutlinedinthisparagraph.CompOnentS
onassemblyAlareidenMedinfigure5-8.Com­
ponentsonsWit~hassembliesareidentifiedinfig_
ures5-5,5-6,and5-7.Electricalcomponents
mountedontheplug-infrontpanelcanbeidentified
bynotingtheschematicreference'designation:andits
correspondingfrontpanellabel.Replaceableparts
informationforallcomponentsisincludedinsection
VI.Proceedasfollows:',

a.Beforeattemptingarepair,determinetl'ullnatw.-e
andlocationofthefault;unnecessaryreplacement

,complicatestherepairprocedUre.Donotrepairor
replaceanypartunlessitisprovednec~.(Be
surethetroublecannotbeclearedbyanadjustment.)

b.ServicingwithModel1781Binstalledintheoscil­
loscoperequiresspecialprecautions.Donotsblder
withthepowerturnedon.UnplugtheoscillOSCOpe
fromthepowerlinetoprotectthesetnioo-ndUctors
againstexcessiveleakagecurrent.

c.InBQladngasemiconductor,applyaheatsink,
._Ua'pairofpliers,betweenthesemiconductor
andthehotiron.

doAvoidWJUIgahigb-powerf!Qlderingirononthe
etc~e~cir~tbolU"ds._lSlWe$l.Iivebeatandpressure
mayliftacopperstripOrwarptheboard,increasing
susceptibilitytomechanicaldamage.Aliftedstrip
mayberecement&<lwithaquick-dryingacetatecement
haVingagoodelectricalinsulationcharacteristic.A
brokenstripmaybej()inedbyastripoftinnedoopper
wire.

e.Toremove~componentfittingtightlyina
multiple-pinsocket,suchasatube,aconnector,
etc.,loosengentlybyworkingitgraduallyaround
fromonesidetotheother.

f.Toremoveafaultymulti-pincomponentsuchas
atra.nafclrmer,tubesocketorpotentiometer,clip
thepinsandremovethecomponent.Thenremove
thepinsonebyone.Ifthisprocedureisnotconven­
ient,\lBeac-up...tipf$Olderingiron.

g.Cleantherepairedareaandcoatitwithahigh­
quaUt¥el~icalvarnishorlacquerforprotection
againStClQtl~tionandcorrosion.

5-2!J.AWllSTMQTSAFrERREPLACEM!iiNT.

5-~.T~~5-11liststheadjustmentsrequired'
follQ~tube,transistor;ordiodereplacement.
Th.ead~tmentsmaybenecessaryfolloWingcom­
ponentreplaceU'lentinanassociatedcircuit.
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Model 1781B SectiOn V
Table 5-11

Tube or
Transistor

CR1
CR2
CR,3
CR4
CR5
CR6
CH10

VI

V2

V3
V5
V6
V7
VB
V14

V15

Q5

Q6

01537-2

Function

Trigg~r Genera.tor
Limiter
Lilniter
Switch DIode
Turn on protection
Sweep Mbdng Diode
Coupling Diode

Trigger Amplifier

Bias Control Cathode
Follower
Gate Generator
Gate Oenerator/Cl-.znp
CathQde Follower
In~rator

Cathode Follower
Comparator

Current Source/Pout!
Splitter
Current SoUrce

Amplifier

Adiustment

TriJpr se~vityand Symmetry
None .
None
Sweep Calibration
Sweep Calibration
None
Sweep Calibration
Delay Length-Delayiag Sweep

Trigger Symmetry,
Trigger SeIl8!tivity

None
pre8et
Pr~et

None
Sweep Calibration
None
Delay Length-Delaying Sweep

None
Delay Length-Delaying Sweep:

steps a thru e
Delay Lengttt-Delayiag Sweep

Paragraph

5-19

5-21
5-21

5-21
5-22

5-19

5-18
5-18

5-21

5-22

5-22
5-22

5-11



SectionV
Table5-12

Table'5-12.CalibrationandCompon.-ntReplacementRecord ..

ForHewlett-Packard'CompanyModel1781BDelayGenerator

InstrumentSerialNo._-_

CAlJElRAT10N

Model1781B

DateDescriptionofCalibration:MadeParagraphProcedure(s)Used

-

-

_.__.

COMPONENTREPLACEMENT

Date

5-12

ComponentDesignatorNatureofFailure

01537-3



Model 1781B Section V
Figures 5-6 and 5-7

Q3 R76 R77 C37 C30 C38 C39 C32 R98 R97 R96

01537-3

Figure 5-G. IDcation of Parts on Sweep Time Switch, Right View

17818-A-15A

C36 C34 R95 R94 R93 C33 C41 C40 R87 R49 R88 R75

Figure 5-7. Location of Parts on Sweep Time Switch, Left View

5-13



SectionV
Figure5-8

Model1781B

*LOCATIONOFR49ONLYFORINSTRUMENTSWITHSERIALPREFIXESOF305-,309-.320-,AND412-.

l I
R83C21(1)N

R46ID<;t(J\1t)
RI020UOU

~~~
C45a:lC)1t),...~

It)a:<;tV
C20a:uuO

,...Iir<;t
0IDa:

ID0R39It)U~
IDa:R63R67R53r<>a:_
a:a:R38a:

lC)V
R62In0R52v

a:It)a:
R54U

R51
ID

CRIO_-
R105

a:
CI6U

R78* C48R4f Q6C23
It)

I
R79

,...
R31 Na:(0

N""ID
C24Na:-Ia:lC)

I lC)
R80Ua:(1)

N
R70-I,...R29(1)

UNII)
C7vNa: ~05__R71a:CR2It)<;t

R72
I

a:a:N
<;t

TIU

G~~m
C501

I
(0NNRII

.24G ~a:uuL3eRIC6-(1)(00IDIV6 RI5RIOON_~NN

R85RI7
a:a:a:a:a:RIOI

e27
C43-1~.41

L
C44

J
R60RI6RI8C51

I
R45

178IB-A-12A

Figure5-8.LocationofPartsonCircuitBoard
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Model 1781B Section V
Figure 5-9
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COPYRIGHT 1962 BY HEWLETT-PACKARD COMPANY
11818 -5111" GEH-41!l-

NOTES

VOLTAGES MEASUREO WITH CONTROLS SET AS fOLLOWS:

DELAYING SWEEP - ISEc/eM
MAIN SWEEP (OSCILLOSCOPE) -.5 SEc/eM
SWEEP SELECTOR-DELAYING
SWEEP MODE-- PRESET
TRIGGER LEVEL - FULL CCW

SHADED AREA INDICATES ETCHED CIRCUIT ASSY

OBTAIN SWEEP BY ROTATING TRIGGER LEVEL TO + AND
RETURNING TO FULL CCW

ALL VAWES IN OHMS, MICROHENRIES, AND PICOFARADS
UNLESS OTHERWISE NOTED

VOLTAGES AT ® INDICATE RANGE OF SWEEP MODE

~ AND ® ETC. INDICATE TEST POINTS

<D ® ® INDICATE CONNECTIONS TO DELAYING
SWEEP TIME SWITCH SCHEMATIC DETAIL

01537-3

I
Figure 5- 9. Sweep Generator
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SectionV
Figure5-10

Model1781B
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Figure5-10.DelayedTriggerGenerator
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Model 1781B Section V
Figure 5-11
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R98
180K

R97
450K

R96
900K

R88
15K

REFERENCE
DESIGNATORS

R77
2.4K

A2
CIRCUIT
BOARD

MSEC/CM

USEC/CM

SEC/CM

DELETED:
CRI5

C30-41

Q3
R75-77,87-98
S6

COPYRIGHT 1962 BY HEWLETT-PACKARO CO.
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Figure 5-11. Delaying Sweep Time Switch
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:Moclel1'l81B

IICTION VI

•••LAC_AILa PARTI

s.euoa VI
Paragraphs 6-1 to 6-7

6-1. INTRODUCTION.

6-2. This section contains inforrnUum for or~ring

replacerneI).t parts. Table 6-1 lists pa-Ft,in alpha­
numerical order of their reference __na~1'8 and
indicates the description and $ stoelc fRl~be~ of each
pa:rt, together with any appli,cablenot'tI. Tabl~ 6-2
lists parts in alpha-numerical Order of their. awek
number and provides the followi-ng iBrormation on
each part: ..

a. Description of the part (see li$t of ~.vlaUonl
below). .

b. Typical manufacturer of tbil pa.l't in. a ftve-d!iU
code; see list of manufacturers in Tabi,.6-3.

c. Manufacturer's part number.

d. Total quantity used in the instrument (TQ column).

6-3. Miscellaneous parts are listed at the end of
Table 6~1.

6~~. OI&>EIUNO ""'ORMATION.

6.. 5. To orde:r a replacement part, address order or
inquJry to your local.H..-Iett-Packard Field Office
(flee maps at rear of this manual for addresses).

£),,6. Speeity the following information for each part:

a. Model and cOlUPlete se:rial number of instrument.

b. H,",lett.. Pack'.ard s~()k number.

c. CirCuit referenc$ ~tgnator.

d. Description.

6-7. To order a part not listed in Tables 6-1 and
6-2, Iiiv$ a compiete description of the part and
inclu4Et i~ function and 1()cat10n.

A
8
C
CR
DL
os
E

• a.lsembly
... motor
• capacttor
• diode
= delay l\ne
• device elpallnc OP>p)
• mise electronic part

.,
FL
J
K
L
M
MP

J!n_HcJ;p.~TOOI

a~ P
a filter Q
a J~ R
..... RT
• !JioIolCtor II
a~ T
a ~I!&i't

~PIt!llVlA~

.. pJu&
• a..neletor
= reelalOr
• tbierm1*lor
• elritcll
IE tranl(orJ:D,er

v

w
X
Y
Z

'"' YaCuum. tube, MOil
bulb, pbotocell, etc.

• cable
• eocket
= cryatal
= network

P
PC
PF

RH = round head
HMO a rack mouot olUY
:RM8 ,. root- mean-.quare
OOT a rotary

3-B :II: .low-blow
SE = eelenium
SECT = eection(s)
SEMlCON = semiconductor
Sl : sl1loon
SlL "" silver
SJ.. a elide
SPL • special
~T :II: .ta1nless steMl

A
A.F.C
AMP

B.F.O.
BE CD
BH
BP
BRS
BWO

CER
CIllO
COEi'
COM
COMP
CO!'tN
CP
CRT
DEPC

EIA

01637-2

• amperes
• automatic frequency control
z amplifier

a beat fFequency oacillalor
a beryllium copper
• bill(!er head
= bandpaSe
= brass
= backward wave o!:ciUatot

::: ceramic
• cabinet mount only
.. coefficient
.:It COmInOn

a COmpoaition
... connector
:II: cadmium plat~

= catbode- ray lube

a deposited carbon

• Tubes or tralLliators
meeting Electronic
In<k1striee' Aaaocia­
tion standards will
normally r8M1lt in
1n8tru!Ilent operating
within speciticatio...;
Iubu and ~*lors
selected for beat
per1Qr-' w111 be
Mlpplled It ordered
1:11 '" etock ....mber•.

~LECT • ~!7U~
PCAt> .. ~1iW

F a ~rad!I

F1I a n.t hilooll
l'tt.. • I\ilWtilr heed
J'XD .. fldiI

GE a,.r~

(;1. .. tila..
GRtl a lTOW'd(ed)

H a JMr!rie.
~JC • ~oal
8G aJJimiuty
HR a hour(s)

IMPG • il!lllrepated
(NOll "I~"
ImI - I.!WI~~

It aklio .. 1000

LIN a l1near Qper
LK a lock
LOG a loJir!t!>IIl4: taP'll'
1.Pi' '" low pea filter

M a mWIalO-a
I(EG a ~ -10'
Ml1'rtM a lQm\ tum
Mi'lt a ~actur...
MJNAT a lIiIl\Wl!n

lIOM - "",m.,tary
in'(; ..~
itY a iIO'la':

!lC - DOrmally 0108'"
Nt • n~D

lfl PL a ~el plate
NO .. normally opec
NJ'Q = n~at!. po*ltlv. nfO

(~eto temperalilte
cqefflc1ent)

N8il .. DOt .oparately
t.,laeeable

08D a Qrder 1:11 deecrlPtion
08 a OVeD lead
OX a o~de

• peJk
a printed circuit board
a PICQWads •

IG-a farads
:PB lUtZ a PliQ.pbor brocl.Ie
PlV a peak laverae voltale
FOLY a pQlyq,rene
FOR a pQrcelain
POS a pOelti9n(.)
POT, a pQ~ometar

PP a p8l!k-Io-peak
PT apQlot

BECT a recwter
lUI' a nidlQ fr~...cy

TA
"Tl>
1'I
TOG
TOL
TRnI
TWT

u

VAC
VAH

W
W/
W/o
WW

:II: tantalum
a time delay
:= titanium
a toeile
:z tolerance
• trimmer
a traveling wave lube

a micro a 10-6

:II: vacuum
a variable

a watts
a wttlt
a wltlJout
a wtrewouDd

8-1



Section VI
Table 6-1

Table 6-1. Reference Designation Index

Model 1781B

Circuit $ Stock No. Description NoteReference

Ai 1781B-65A ASSY :iJELAY I J'.:G SYlEEP AND TR IGGER BOARD
A2 1781B-656 ASSY:5WEEP TIME S·..:ITCH BOARD
A3 17618-19C ASSY:T~lGGER SLOPE S~ITCH
A4 17818-198 ASSY:TRIGGER SOURCE SWITCH
A5 2100-0406 R:VAR COMP 4 X 5K OHM 30% 1/4W

A6 17818-19A ASSY:SWEEP TIME AND SWEEP SELECTOR S'.";I TCH
(INCLUDES A2)

A7 2100-0404 R:VAR COMP ~OK-~OK-100 OHM 30% 1/4W
A8 2100-0899 R:VAR CQMP OK- ~~25K OHM 20% 1/4W

C2 0150-0012 C:FXD CER 0.01 UF 20% 1000VDCW
C3 0150-0069 C:FXQ CER 1000 PF +100-20% 500VDCW
C4 015~OO12 C:FXD CER 0.01 UF 20% 1000VDCW
C5 0160-2103 C:FXD CER 2000 PF 20% 1000VDCW

I
C6 0160-2103 C:FXO CER 2000 PF 20% l000VDCW

C7 014~0092 C:FXO MICA 240 PF 5% 500VOCW
C8 THRU
Cll NOT ASS IGNED
C12 014~0101 C:FXD ~ICA 15 PF 5% 500VDCW
C13 AND
C14 NOT ASSIGNED

C15 0150-0069 C:FXD CER 1000 PF +100-2~ 5OOVOCW
C16 0140-0100 C:FXD MICA 33 PF ~ 500VDCW
C17 THRU
C19 NOT ASSIGNED
C2D 0180-0089 C:FXD ELECT 10 UF +100-10% 150VDCW

C21 0180-0089 C:FXD ELECT 10 UF +100-10% 150VOCW
C22 0150-0070 C:FXD CER 0.02 UF 20Xi 500VDCW
C23 0150-0052 C:FXD CER 0.05 UF 20% 400VDCW
C24 0140-0044 C:FXD MICA 560 PF 10% 500VDCW
C25 0160_2103 C:FXD CER 2000 PF 20Xi lOOOVDCW

C26 0150-0052 C:F'XQ CER 0.05 UF' 20% 400VDCW
C27 0150-0012 C:FXD CER 0.01 UF 20J6 loo0VDCW
C28 0150-0012 C:F'XD CER 0.01 UF 20% 1000VDCW
C29 0150-0012 C:FXO CER 0.01 UF 2C1J6 lOOOVDCW
C3D 0180-0089 C:FXO ELECT 10 UF +100-10% 150VDCW

C31 0170-0018 C:FXO MY 1 UF ~ 2OOVOCW
C32 , 0170-()019 C:FXO MY 0.1 UF 5% 200VOCW
C33 0160-0314 C:FXO MY 0.01 UF 5% 400VOCW
C34 0140-0018 C:FXD MICA 1000 PF 5% 500VDCW
C35 0140-0006 C:FXD MICA 82 PF' 10% 500VDCW

C36 0130-0001 C, VAR CER 7-45 PF 500VDCW
C37 0170-0060 C, FXD 11Y 0.047 UP 10% 400VDCW
C38 0170-0021 C, FXD ~y 4700 PF 10% 400VDCW
C39 0140_0044 C, FXD ~ICA 560 PF 10% NPO SOQVOCw
C4D 0140-0014 C, FXD MICA 56 PF 10% SOOVDCW

C41 0140-0040 C: FXD t·:ICA 75 PF 5%
C42 0150-0070 C:F'XO CER .02 UF 20% 500VOCW
C43 0150-0052 c:rXD CER 0.05 UF' 2~ 4QOVDCW
C44 0150-0070 c:rxo OER .02 UF 20% 500VDCW
C45 0150-0070 C:FXD CER .02 UF 20% 500VDCW

t See introduction to this section
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Wodel1711B ~VI
TaJU .... l

C46 THRU
CS2

CIU
CR2
CR5
C~
CR5

CRf)
CA7 THRU
CR')
CRlO

DS!

Jl
J2

Ll
L2L,
PI

Ql
Q2
Q~
Q4
Q5
Q6

RI
R2
R3
R4
R5

R6
R7
R8
R9
RIO

Rll
R12 THRU
R14
RI5
R16

Rl?
R18
R19
R20
R21

R22 AND
R23
R24
R25
R26

01;0-0070

1912-0007
1C)01-0Q40
190~-0*
1'-01.4Q4)9
1901-0096

1912-0007

1450-0116

1250-0083
1250·0083

9140..0121
9],40-0121
9140-0107

1251-01~

1850-0091

1850-0092

18,51-0()17
1850-~

()684.0.4741

0067-1051
068?-4'j)4.1

0687-~21l

0687-1011

0686-4335

06B6-6825
~~735

0086-511'

0687-6801
0687-6811
0764-0044

C.'XD ¢tR ,02 V~ ~ JOOVOCW

$&tl:QON~VIClIDI* lNJ'714
k"'leON QtVIQt,OI* $1l,.iCON
$~MIOON Q(VIC£:OIOOE,SR~A~DOWN
$€M lC~ f>l,.v Ict~I~. $1 LItON
HMIOQN 01·'11_.010. SILICON

$€MI~ MVlotfOiOGl SILIOON

NOT ASS ICDC0
l€MIQ()N QCVIG&:DIQQ€ lN3714

~,"'()N N£.
C~01'MtM
CO_CTOR:8NC

00 I""~D 1.8 l:Itt
C()4i..:~~ 1,8 lIM'
QC)ILt'lD ., ~ UH

CONN£Cl'M :MALE '2 PIN

l''tAHI'ST~ ,,"'*N ItIM ImP 2H20'fi8
NOt ""'1_0
fR.ANS j STQA rGlRMANtW l'NP 2N201f.3
H@t AM,i"O,
tRAHSISTOR42N1304
n.AN$ f STOlt IGlNMN IlM"IPJ::C 1AL

R:'XO ClOW 4?Of< 01;11 l~ l/4W
NM '6It$"O
~:PXO C~ 1 .CWHM 1. l/il'I/
R:'xo COMP 4'701< OHM i<* l/.2W
NOT $IPAAA'rELV ~£PLACEA·8U PART OF '"

R:'-XP OQhfP ,0Qi(0tf,1 1* 1/2W
Ihf~P 0'" ~ 1'" 1I~
R:'XO C. . '. 0"" ,. 1/2'11
R:fXO COW' 12K OHM l~ JJ~
NQT ,,&$IQrcO

A:f"XIl) C-W 2~O OHM 101' 1/2W

NOT ASS' liNEO
R:FXO CoUP'l00 OHM 1"" l!2W
NOT S~P~R""1'tlY R[PLAOf;ABl-E PART Of A7

R :F'XD CaMP 4JK 'OM!' Bf' lIavt
NOT st~~A1tLY ~P1,.A~Ail)U PART OF A7
R·f'X0 eo... &800 OHM _ 1I'Zit
R:FXD COUP 471< OHM " 1/2W
R :'xO COMf' S10 OHM !*J.lztI

Note

1-3



'-eltonVI
Table....1

Model1'l81B

•StockNo.Note

R27
R28
R~9
R30
R31

R32
R', R34
R35
R'6

Rn R'S
R39
R40
R41

R42
R43
R44
R45
R~

R47
R4S
R49
R50
R51

R52

R" R"..
R'5
R;6

R57
R;e
R,9
R60
R61

R62
R63
R64
R65
R66

R67
R68
R69
R70
R71

R72
R73
R'74
R75
R'76

AND

0727-0314
0687-6801
0727-0224
0'767-0004
00935621

06876801
0093-3321
0687-6801
07~7-01oo
0727-0465

0687-2211
0727-0206
0'72'7"'oooe
0693-1231
OOS7-.6801

0687-.4731
0090-1541
0087-6801
OOS7-.4731
068'7-.6801

0687-5631
0687-.4741
0689...20'5

0090-22'1

0690-1031

0687-6801
068'7-.6801
0693-1531.

OO~n...6S01
OOS6-2035

0687-'331

0757-0092

2100-0398
068'7-6801
0687-6801

0687-1541
0687-1031

0687-1021
0687-5601

0687...1051
0684-1()4.1

R:FXDDEPC90.9KOHM1%1/2W
R:F"X£)~68OHM1~1/2W
R:FXDD~PC249KOI'!M..l%1/2W
It:FxOM1tl'FIo,M~OfitM~3W·
R:P~DC~~OOOf'lMl~2W

R:PX,?l;~eI.O~..1~.JJ2W
R:P~D~"00OHM10J'2w
R:FXDCOMP6SOMM1~1/2W
III:F'')i('OOltPC1000OttA1"1/2W
R:FXOOEPC22.1KOHM1%1/2W

R:FXDQ~220OWMl~1/2W
R:FXOD~F'alOOt<OHM~1/~w
R:FXDDltl'l'C10<ilKotII~1/2W
R:FXDCOMP12KOHM1~2w
R:FXDCOMP'~OHM10,11/2W

R:F"XDCOMP4'71<OHM1aJ'1/2W
R:FXDc~l;.oKQWM.-1W
R:FXOc~6$OHM/2W
R:FXOCOMP4'7KOHM1··J/2W
R:FXOCOMP68OHM1~1/2w

R:FXDCOMP56KOHM1~1/2W
R:P"xO00fIP4101<OHM·1.1/2W
R:FXDCOMP20KOHM'"1W
NOTASSrGNiO
R:FXDCOMP22KQNt.i.1.1W

R:FXOC<:lMP10KOHM1~lW
NOTSEPARATELYREPLACEABLEPARTOFAS
RtFXDCQMP6So,HMJi..0f'l/2W
R:FXDCOMP~OHM1011/2W
R:FXOCo,"*,15KOHM10'J'2W

R:FXDCQMP68OHM10J'1/2W
R:F"XDCOMP.201<OHM'".1/2W
NOTagpA·RATELYREPL.AWABL£PAF(TOF51
NOT$.f;PARATELYF(ItPL.ACltABLltPARTOFA?
R:FXDCC>fJP"KOHM10J'1/2W

R:FXDMETFLJif33)E:'<mMa~1I2W
NOTSEPARATELYR[PL.ACltABL[PARTOFAS
R:VAR..50K01ti13Wlltil5Vi
R:FXDOOMP6SOHM10%1/2W
R:FXDCOMP68OHM10%i/2W

NOTSEPARATELYF(I£IPLACt::ABLltPARTOFAS

NOTA~3IGNED

R:FXDCOMP1501<OHMl~l/2W
R:FXDCOMP101<OHM·10%l/~W

R:FXDCOMP1000OHM10J'l/2W
R:FXDCQMP56OHM10%1/2W
NOTASSIGNED
R:FXDCOMP1M¢.~10%1/2W
R:FXDCOMP1OQKOHM1()jlb1/4W

ISeeintroductiontothissection
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Model 1711& fJectk)11 VI
TabIt &-1

• Stock No. '

R?? ~2'&-:25
R18 0687-2141-
R?9 ~~5Reo Q686..18~'
Re1 0687-6801

R$2 ~'l-4?41
R$~ 06a~-~01
!WI- 06S· ...10~1
RJ5 Q6B6..10~'
R$6 0686-1025

R87 0687.10U
R$$ 0767-0010
R$9
R90
R91

R92

RH
0'7'o-Ol~8

R 0730-0i'7
R5 07~~-03n
RI)6 075 -0187

=H
07~57...0189
0757...0188

R THRU
RIot 0687-5601

51 ~100-0587

52
53
54
55 3101-0032

56
57 3101...0044

n 17818-..6OA

V1 50S0-.0424
V2 1932-00~
V3 193~...OO22
V4 21,.40-0018
V5 1932...0022

V6 1932...0022
V? ~923-0051
VB ' 140-.0085
V9 2l4Q...oOS5
no 2140-0018

V11. 1932..0022vu 2140-0008
Vl~
V14 1932-0022
'15 1932-0022

XVl THRU
XV6 1200-0062
xv'? 1200-00"xva THRU
XV10

01537-3

R:FXD COUP Moool'IM '" 1/2'«
R:FXD COM.P ;._'.,pi< .0I"M.,.1.• QJ6....1/.2W
R .FXD CouP _ W Ott.!'~ V¢W
R :FXO' COMP]; . 0'- , 1/Zil
R :FXO CO... tSi8 OHM 1- 1/~

R;FXQ COMP 4701< OHM ,lCf' 1/2W
R:FXD COMP 56 OHM 1~1/2W
R sFXI) OOMP 10K OHM 10J' l/a'N
'h')(~ COMP 1000 OttA 5'6 1/;NI
R:FXO COMP 1000 OHM ~ 1/2W

IIhF)(O couP 10 MtiGOHM 1M> l/ZW
R :FXD ..-T FLM J;~()HM '" ,W .' .
NOTSEPARATELy,.e;PlACEABLE PART OF A5
NOT$EP~At&:L Y. FttPLACEABLE PART OF A'
NOT, SEPARATELY"!\lPLAOUBLE PART OF 045

NOT SEPARATELY ~EPb,ACUBLE PART OF 045
R:FXD OEPC 9 MEGOHM !% 1W
R:FXD otPC 4.5 MEGOHM ~ 1W
R:FXD DEPC1.8 MEGOHM ~ 1/2W
R :FXO MET FLM 900f< OHM 0.1" 1/2W-

R :FXD MET FLM 4-501< OHM o.~ 1/2W
R:FXO MET FLM 1801< OHM 0.1" 1/2W

R :FXD COMP 56 Otf.4 10% 1/2'«

SWt~H:ROTARY 15ECTION 4- POSITION
(INCLUDtS R59/S3) ,

NOT SEPARATELY R£PLACEABL( PART OF A~
NOT SEPARATELY REPLACEA8LE PART OF $1
Nor SEPARAtELY REpLACEASL£ PART OF 046
SWITCH:SLIOE 4PDT

NOT SEPARATELY REPLACEABLE PART OF 046
$WITCH:PUSHaUTTON 5PST N/O

TRANSFORMER:PULSE

ELECTRON TUBE:AG~D

ELECTRON TU8E:DUAL TRIODE 6DJe
EL[CTRON TU8E:DUAL TRIODE 6DJ8
LAMP :GLOW l/lOW
ELECTRON TUB(:DUAL TRIODE 6DJa

ELECTRON TU8E:DUAL TRIOOE 6DJ8
ELECTRON TUBE: 12AU6
LAMP:NEON
LAMP:NEON
LAMP:GLOW 1/10W

ELECTRON TUBE:DUAL TRIODE SOJa
LAMP:GLOW,N[-2 NEON
NOT ASSIGNEO
ELECTRON TuaE:DUA~ TRIODE 60Ja
ELECTRON TUBE:OUAL TRiODE 6DJa

SOCKET:TUBE 9 PIN
SOCKET:TUBE 7 PIN

NOT ASSIGNED

Note
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TIlIlIIiI..1

SOOl€&T:TUii,PIN XVil
XVUAND
XVl~
XV14
XYl'

NOTAM
$OCCtj
SOC.f:···

'0
..'tilt

,P.II

,

...

O~7().oOJ.U

o-~?O-Ol14

O~~.ll..' 05'7O!-oOll,.'
O'?O-Ol~

11~()..0<>0i

KN04f:'J1IIMlR~••LAYSlEEPTIM[
K..tcS.VIIIClClII
KNO$,,"UPSEUCTOfit
KNOBITftIa..al,.OPl
KNQIilITRIGGlRLfWL

DIAL:10TURN
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Modell'181B Section VI
Table ...2

2$480 0130-0001
28480 o14p....o006
DOeS) TYPE DR1456 810
28480 0140-0018
00853 RCM1SE750J

84411 !:{i;W 4 1
26490 0170-0019 1
'4411 TYPE ~29S 1
84411 tyPE 6~3 uw 1
56289 30DI06G150pP4 3

2~O one-on' 1
~844J0 0370-0114 1
28480 0370-0115 1
~O 0~7o-0119 1
284S0 037O-01~0 1

01121 cs 1041 1
OU21 CB 4741 1
01121 £8 1025 2
01U1 ta ]'6~5 1
Oll~l lie ~035 1

01121 EB 2425 1

01121, U 43" 1
ollal E6 4735 1
01121 U 5115 1

Oll21, EEl 5635 1
<>1;1;21 U 6625 2
01121 E8 Ion 1
03.121 EB 1021 1
01121 is 10'l 2
01121 £$ 1041 1
01121 EB 1051 2
01121 £8 1061 1
on21. EEl 1231 1
01121 EEl 1;41 1
01121 Ell 2211 ,
01121 EEl 2'741 1
01141 U Hn 1
Ollal u 4~1 2
Oll~U. EB 4741 :5
OU21 EIB 5601 15

28480 0140-0044
00'53 TY~E DRll24 E5
00853 C~lSE 330J
00653 RCMlsc lS0J
56289 H 1038

~9tookNo.

0130-0001
0140-0006
0140-0014
0140-0018
0140-0040

0140-0044
0140-0092
0140-0100
0140-0101
0150-0012

0150-0052
0150-0069
OlSO-0070
0160-0314
0160-2103

0170-0018
0170-0019
01."10-0021
0170-0060
0180-0069

03'70-011'
03'70-0114­
0370-0115
03'70-0119
03?D-0120

0684-1Q4.1
0684-4741
0686-1025
0686-1835
0686-2035

0686-2425

0686-4'35
0686-4735
0686-5115

0686-5635
~6-6825
068'7-1011
06S7-1021

~t}giI
0687-1051
0687-1061
0687-1231
0087-1541

.0687-2211

0687-2'741
0687-3331
0687-4731
0087-4'741
0687-5601

o.8cription #

c VAR C&R 7-45 PF 500VDCW
C PXD MteA 82 P' 10% SOOVDCW
C 'XO M1CA ~ PP 10% SOOVDCW
C rxo MIcA lO~O PF 5% NPO 500VDCW
C ">CD M1CA 7$ PF 5"

C; FXQMJCA SiO P' 10% NPO SOOVDCW
Cz P'XC M~C'" ~.o PP' 5% SOOVDCW
c; ,XO MiCA 3a flF 5% SOOVDCW
C: ,xO MtCA 1$ PF 5% 500VDCW
C: "XC CI:R 0.01 UP 20% 1000VOCw

C: FXO eta 0.05 UP 20% 400VDCW
C: ,XO eta 10~ PP +100-20% 500VDCw
C: txt) el1;R .. 02 tJf' 20% 500VOCW
C: F-XD MY O~OI UP 5% 400VOClii
C: FXO ceil 2000 PF 20% 1000VDCW

C: FXI) MY 1 UP 5% 200VDCW
C: FXD MY 0.1 OF 5% 200VDCW
C: PXD MY 4700 tF 10% 400VDCW
C: no MY 0 .. 04,1 UP 10% 400VDCW
C: PXD EtsCT 10 UP +100-10% lS0VDCW

KNOe:TRIGGt~ SOURCE,DELAY SWEEP TIM[
KNOe sSWflEP MOOE .
KNOs :SYe(~P SKl£CTOA
KNO$'zTR I GGt~ SL.OPE
KNOB:fRIOGER LEVEL

R :FXO cOt*' lOOt< OHM 10'J6 1/4W
R : FXO co'" 4'(01( OHM 10J1'> 1/4W
R:FXDCQMP 1000 OHM ~ 1/2W
R:FXO COMP ;l.$K 0HM ~ 1/2w
R: F'XO COMP20l< OHM ~ 1/2W

R:FXO COUP 2400 OHM 5% 1/2W

Fl : FXO COMP 431< OHM ~ 1/2W
R :FXO COMP 47K OHM ~ 1/'<W
R:F'XO OOMP 510 OHM 596 1/2W

R :FXO CQMP 56K OHM '" J.l2w
~ :F'XO COMP E&$OO OHM '" 1/7n
R: FXO COMP 100 OHM 10)S 1/aw
R :FXO COMP 1000 OHM 1016 l/;riI
R :F'xO COMP 10K 01-t.1 1~ 1/2W
R:PXD COMP i00K OHM 10% 1/2W
R:FXD COMPI MeGOHM 10% 1/2W
R:FXD COI1f 10 Mll;GOHM 10% l/~W

R FXO COMP 12K OHM 1CY.\f1 1/2W
R f'XO COMP 1501< 0..... 10'J6 1/2W
R FXD COMP 220 OHM 10'J6 l/tNi

R f'XO COMP 2701< 0..... 1016 l.I2w
R FXO couP 3Jt< OHM 10% 1/2W
R FXD COMP 41l< 0 ..... 1<:* 1/2W
R FXO COMP 4?0t< OHM 1~ 1/211
R fXD COMP 5' OI'H 10J' 1/2W

Mfr.

562B9
n~82
72982
Ol~81
!HU8

Mfr. Part No.

nCl7A
e010lOX$G0102Z
f;!2l0UxSU0203M
r'YPE 663UW
T'Y'Pt J1' .002PF

TQ RI

1
1
1
1
1

2
1
1
1
5

3
2

~l
1

20% :I

0153'1-3
*he introduction to this -.ctJ.On
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Table6-2.Replac.ableParts(Cont'd)

Mode11"181B

~StockNo.Description#Mfr.Mfr.PartNo.TQRS

0687-5631
0687-6801
0687-6811
0689-2035
0690-1031

0690-1541
0690-2231
0693-1231
0693-1531
0693-3321

0693-5621
0727..0100
0727-0200
0727-0224
0727-0311

0727-0314
07""7-04-65
073:)-0138
073"('-0157
0757':"0092
0757-0187
0757-0188
0757-0189
0764-0044
0767-0004
0767-0010

1140-0002
1200-0053
1200-0062
USO-0083
1251-0136

1450-0116
1781B-19A
1781B-19B
1781B-19C
1781B-60A

1781B-6SA
1781B-6SB
1850-0062
1850-0091
1850-0092

1851..0017
1901-0040
1901-0096
1901-04·39
1902-0034

1912-0007
1923-0007
1932-0022
2100-0398
2100-0404

RFXDCOMP56K0"'"'10'J61/2W
RFXOCOMP68OHM10%1/2W
RFXOCOMPbeOOHM10%l/2W
RFXDCOMP20kOHM~1W
RFXOCOMP10KOHM10%1W

R:FXDCOMP150KOHM10%lW
R:FXDCOMP22KOHM10%lW
R:FXOCOMP12KOHM10%2W
R:FXDCOMPi5KOHM10%2W
R:FXDCOMP3300OHM1~~2W

R:FXOCOMP~60bOHM1~~2W
R:FXD.DEPC1000OHM1%1/2W
R:FXDDEPClOOKOHM1%1/2W
R:FXDDEPe249KOHM1%1/2W
R:FXDDEPe1.8~EGOHM1%1/2W

R:FXD-OEPC90.9KOHM1%1/2W
~:FXDDEPC22.1KOHM1%1/2W
R:FXDDEPC9.0MEGOHM1%lW

.R:FXDDEPC4.5MEGOHM1%1W
R:FXDMETFLM33KOHM2%1/2W
R:FXD~ETFLM900KOHM0.1%1/2W
R:FXD~~TpLMleOKOHM0.1%1/2w
~:FXDMETFLM450KOHM0.1%1/2~"

R:FXDMETPLM8.2KOHM5%2W
R:FXDMETFLM5KOHM5%3W
R:FXDI·JETFLM15KOHM5%3\>!

DIAL:I0TURN
SOC.KET:'!'UBE7PIN
SOCKET:TUBt9PIN
CONNI;;C'!'OR:BNC
CO~NECTOR:~~LE32PIN

LAMP:NEON
AgSY:S1riEE!'TIME&SWEEtSELECTC·RSWITCH
ASSY:·TIHGGE"<SCORCESWITCH
ASSY:TRIGGERS~OPESWITCH
TRANSFORMtR:PULSE

ASSY:DELAY~NGSWEEP&TRIGGERBOARD
ASSY:SWEEPTIMESWITCHBOARD
TRANSI5TOR:SPEC!AL
TRANSISTOR:G'ERMA~lIUMPNP2~.'2048

TRANSISTOR:PNP2N2043

TRANSISTOR:2N1304
SEMICONDEv!c£:OIODESILICON
SEMtCCNPtVICE:OIODESILICCN
SEMICONDEVtCE:OIODESILICON
,EMICONDEVtCE:DIODEBREAKDOWN

SEM!CONDEVICE:PIODETUNNEL1N3714
ELECTRONTUBE:peNTO~E12AU6
ELECTRONTUBE·:DUALTRIODE6DJ8
R:VARWWSOKO~M3%LIN5W
R:VARCO~P50K·50K-IOOOHM30%1/4W

01121EB56~11
01121EI36801l}
Q1121E668111
01121G620351
01121GS10311

01121GS15411
0.121GS22311
01121·HB12~11
01121He15?11
01121He33211

O~l21He;6211
1.701co1/2CR51
19701DC1/2CR52
19701CF1/21
19701CF1/21

.19701CF1/21
19701DC1/2CR51
19701DClR51
19701DClR51
07115C201
19701MF7C-T-o1
19701MP7C...T-o1
1.9101MF7C-T....o1
;la4800764-00441
07115LpI1
07115LPI-31

13490MOOE;LRB!mO-DIAL1
717!i,lS11151-111
7176SUl.51110608
2$4601250-00632
0266026410032P1

284801450-01161
284.80178U~-19A1
2848.017818...19B1
284801781B-19C1
284801181B-60A1

26480178le...6SA1
284801781B-65B1
284M1850...00621
872162N20481
047132N20431

012952N13041
01263FOG10882
2841110190)....00961
284801901-04391
284M1902-00341

03508IN37142
3317312,\U61
73445GD.;r87
2El4802100-03981
284802100..04041

6-8
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r$j; Stock No. Mfr. Mfr. Part No. TQ RS

2100-0406
2100-0899
2140-0008
2140-0018
2140-0085

3100-0387

3101-0032
3101-0044
$080-0424
9140-0107
9140-0121

R:VAR CCMP4X 5K OHM 30% 1/4W
R:VAR CCMP10K-SK-25K OHM 20% 1/4W
LAMP:GLOW NE-2NtON
LAffi1:GLOW 1/10W
L~p:N1!:eN

SWITCH:ROTARY 1 s~ctION 4 POSITION
INC'UOtS R59/S3

SWITCH:$L1~E (PDT
SWITCH:PUSHSVTTCN srST HIO
ELECTRON TUBt:AGeO
c01L:F'XO 1l1" 27 UH
COII.:FXD 1.8 IJH

28480 2100-0406
28480 2100-0899
24455 NE2
24455 NE 2El
74276 A093

alHao 3100...0387
42190 1i613M
81073 39-1 N.O.
2MQO 5080-0424
2f'4S0 9140-0107
2MaO 9140..0121

1
1
1
2
2

1
1
1
1
1
2

# See introduction to tbia .-eUon
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TAILE6-1.cornListO.MANU,AC,TVRIRJ
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,HEWLETT •PACKAI'
UNI'ftD STATES

SALES· AND SERVICE

ALABAMA
P.O. Box 4207
200$ Byrd Sprinc Rotd S.W.
H.nl$YUl. 311~2
T.l: (205) 18~"'$~
TWX, 11~726·2i04

ARIZONA
2336 E. MacnoH. $t.
......nq$!,~ ,
Tel, (602) 2$Z·$~1

TWX, 91~"1·1330

5737 Easl Bro.dway
TIc.... 85716
Tel, (602) 298·2313
TWX, !1~t!NI62

CAI.II'OltftIl\
14;10 u.1 OrinC.lhorpe Ave.
FIII_9ZUI
Tel: (714) 870·1000

3939 lan~.(sill",lIout.vard
N.rtll lIollYWROil 91604
Tel, (213) 877·1282
TWX, 910·499.2HO

1101 Embarc.dero ROad
'aiD Alto 94;103
Tel, (415) 327-&$00
TWX, 910·313·1280

2220 Watt Av•.
SlcrMMtu 95825
T.), (916) 482·1<163
TWX, 910·367·2092

9606 Aero Drive
san D1Rp 92123
T.I, (714) 279·3200
TWX, 91~335·2000

COLORADO
7965 E.st Pr."II.e
Enll.wOn 80110
Tel, (303) 771·3455
TWX, 91()'93~·0105

CANADA
AL.EItTA
Howl.tt·Packard (Ol1llda) ltd.
11745 Jlsp.r Ave.
E_ollo
Te" (403) 482·5S61
TWX, 610,881'24St

CON·NECTICUT
508 TolI.nd Slre.t
Elilt 08
Tel,
TWX,

III u.t Av.nue
Norwalk Cl68&1
Tal, (203) 853-1251
TWX, 710-463,3756'

I'LQ'IIDA
P.O. 80< 24210
2~ W.-Cla4tllli\d Park BlVd.
Ft. LaII....,ala 33007
T.I, (305) 731·20f0·
TWX, 5Uh955-4099

P.O. Box 20007
Herndon ~tI.n 32814
621 Commoltw••ltn Av.nue
Orl-' '
Tt), (305) 8-41.3t70
TWX, 81O-85().0113

GIfOl"lIA
P.O. 80x 21234
450 Int."tate North
Atl.nt. 30328
Tel, (404) 43HlII
TWX, 810·788-4890

ILLINOIS
5500 Howard Street
Skaltl. 60076
T.l, (312) 677·04QO
TWX. 91().223·3613

INPlANA
3839 Meadows Orive
IlllIl_lI. 46205
Tel: (317) 546-4891
TWX, 810·341·3263

BRITISH COI.uU.lA
Hewlett·PI.kard (0• ...-1.) !-td.
4519 Can.d. W.y
Nortll 8,mluy 2
Tel, (604) 483-8213
TWX. ·810-922·5059

LOUISlANA
P.O. Box 8~
19U WilHaPU Boula.ardka_, 70~2

Tel, (504) 721·6201
TWX, 810·9U·5S24

MA~YLANI>

6707 Whit«tOn. ReadajIt_. 21207
hi, (J01) 944-5400
'fW¥' 710-862·9157

P.O. Box 16~

2 CIIo~ C~rry Rol<I
lI~lIit 20nO
Ttl: (jQI) 941-6370
TWX, 710·128·91184

~~
32 Halt)1ll9l1 Av•.
~.IIIJt.o 021'73
T.I, (lil7i 86.1-8960
TWX, 710.326·6904

Ml(lKlIIAH
21840 Wtsl Nin~ Mi.le Ro,ad
_1tIl*IiI4~75

Tel, (Stl) 3U'~'UI0
TWX. 810·224-4112

MINHUoQT~

2459 UnIversity Av••••
St. Paul 56114
Tel. (612) 64i·94&1
TWX, 9!o-M3-37~

MI$SOlJItI
11131 CDlorl<lo Ave.
K_~ Gil¥ ·S4!37
Ttl, (.16) 763.8000
TWX, 91~i71·2087

2112 South lk.ntwOod Blvd.
St. lUi. 63144
Tel, (3141 962-~00

TWX, 910·760·1670

NIW.,l~Y
W. 120 Ceillu'y ROld
...,_.07652
Tel. (201) 266·5000
TWX, 710·990-4961

"AN~
Hewlett·P.okard (Can.dl) ltd.
511 Bradlord ct.
WiR1tM •
T.l. (204) 786.7$81
TWX, 610·871·3531

1060 N. Kines Highway
Charry HIII6tlc34
Tel, (609) 667·4MO
TWX, 710·892·4945

NIW NIJtICO
P.O. sox IH5
Station C
6501 lom.s Ilqulevard !+.E.
AI~.ql!Of·q...71Q6
Tel. (505) 265·3718
TWX,910-lii9-I665

156 Wy.tl Drive
I.a$ Cructs 88001
T.I, (505) 5~'2485

TWX. 91().983·0550

N~ V~Rx
1702 O.ntr.1 Avon..
At'ony 1=
Tel, (US) asH462
TWX, 1i()'4~l-8270

1219 C.mp.ille Rood
EIl_lc,1I 18760
Tel. (607) 754·0{I50
TWX. 510·252:0190

82 Woshlngton St,~t

............ 10 12601
Tel, (9141454·7330
TWX, 510·248·COI2

39 Sarinaw Drive
R.chl.t., 14623
Tel. (716) 473·9500
TWX. 510-253·5981

5858 East Molloy Ro.d
Syr..... 13211
Tel, (315) 454·2486
TWX, 710·541·0482

1· Crossways Puk West
Woollllury ~1797
Tel, (516) 921-0300
TWX, 510·223·0811

NORTH CA~l,.I!'lA

P.O. Box' 5188
1923 North Main Stre.t
Hlp Ptlot 2.7.~2
Te" (919) 185-8101
TWX, 510·9~·1516

NOYA $(:(lTIA
Hewlelt·j>acto'd (CollIdO') ltd.
2745 Ouleh VIII.ge Rd. .
Suito 205
H.llfax
Tel, (~2) 4$5.0511
TWX, 610·271-4482

01ol10
25575 Centor Ridge Ito'"
Cle••laoid 4414!!
Tel. (216) 835-0'300
TWX. 810·427·9129

3460 S"uth Dixie Orive
DaY..... 45439
Tei: (5131 2$S-0351
TWX, 810·459-1925

1120 Mors. Road
C_ 43219
Tel, (614~ 846·1300

OK""HQI,lA
2919 United FOunders Boulevard
0l<IalIom·IlltJ.13U!
Tel. (405) Jl8-M01
TWX, 910-830.6882

OftlfaoN
W.rtlTill. "'Ill, Suit. 1~8
4478 S.W. s f,try ROad
PRrtlud
Tal. (508) . 7~
TWX, 910-464.8108

l'£NNSYl,.YA!'lIA
2~0 Mess SIde lJGul.'ard
_,...lIIe 15146

T.I, (412) !11-Oil~4
TWX, 71~797·3650

1021 8th Allfnu.
Kil1ll,,1 Prussia ' .....trl.r ...r1l
KIne 01 I't*SlI 1i406
T~h (n~) ~10!!0
TWX, 510-8fO.2670

RHODE ISLAND
873 Waterman Ave.
EI.t Pro....... 02914
T.l. (401) 4]4,5535
TWX, 710·381·7573

TEXAS
P.O. Box 1270
201 E. Arapall\l Rd.
Richard... 75OSO
Ter, (214) 231·8101
TWX, 910-867-4723

ONTARIO
H.wlet1·Plcka(d (caRld.) lid.
880 lady Ellen i'11••
OttIW. 3
Ttl I, (613) 7~-4~3

TWX. 610-562-1952

H.wl.tt·P.ckard (C.-.d.) ltd.
50 Gllaxy Blvd.
Iindal.
Te" (416) 677·9611
TWX. 610-492-<1246

P.O. Box 22813
6300 Westp.'k Drive
Suite 100
Houston 77027
Tt" (713) 781·600Q
TWX, 910·881·2845

231 Billy MltcNU _
S.. AotaniR 78226
Tol, (512) 434-417\
TWX, 910·871·1170

UTAH
21$0 South Main Strut
Salt Uk. City 84115
Tel, (gOI) 417.0715
TWX, 91().928·5611

YEftMONT
P.O. 80x 2287
Kennedy Drive
So8lh 8orU..... 05401
Te" (802) 6~~
TWX, 510,299,0025

YIRGINIA
P.O. Box 6514
2111 spencer Ro.d
Richmond 23230
Te" (703) 285-j431
TWX, 710·956·0157

WASHIN4il'ON
433·108t~ N.E.
BolI.VIIO 98004
Te" (205) 454-3971
TWX, 910-443·2803

·WEST YlftGlNIA
OlIa<ltslln
Tel: (304) 768·1232

I'GIt U.S. _$ NOT
LISTED:
Contlet tho reeion.1 offl•• near·
1st you, Atlant., Gt0'll•...
North Hollywood, C.lifornl•...
Par.mus. N,w JerSIY ... ~oki••
"linoi.. Tholr c"mplot. .d·
dre.....ro IIst.d .00...
·S.rvi•• Only

QUI.IC
Hewlett·Paok.rd (C.ntil.) ltd.
275 Hymu. Il<>ulev.rd .
PR'"t. Cl4liti
Te" (514) $il1.4232
TWX, 610·422·3022
relex, 01.20507

FOR CANADIAN AKllAS NOT
LIlTED:
Contact Hewlett-P••kard (C.n·
ada) lid. in PolnlR CI.iro, .1
Ihe complete address lI.ted
above.

CENTRAL AND SOUTH AMIRICA
ARGENTINA
Hewlett-Pacbrd Argentina
S.A.C.•. I
lava"e 1171·3'
Buenos Aires
Te" 35-0436, 35·0627, 35-0431
Telex, 012.1009
Cable, HEWPACKARO

BRAZIL
Hewlett-Packard Do Brasil
l.e.O ltd•.
Rna Fr.i COne.a 1119
Sao PaaIo . 3. SP
Tel, 288-7111, 287·5858
Cable, HEWPACK sao Paulo

Hewlett-Packard Do Brasil
Praca Dam Flliciano 78
Salas 806/808
Porto AlaI"
RiA Gran de SIll (RS}Blasii
Tel, 25-8470
Cable, HEwPI\CK Porto Aleire

Howl.tt·P.ckard 00 Brasil
l.e.C. ltd•.
Rua da M.t"z 29
Botaloio Zl)-02
Ria d. J.IIRIi"O. OB
Tel, 246.4417
C.ble, HEWpAcK Rio de Jan.iro

Hewlett·Pookard Do Brasil
Ind6stria ~ Cont.,reia Ud••
Praca Com Felid.nQ '78
SaIlS 806-1
Porto AIO'&A ROS

CHILE
H6..tOr C.lcaini y Cill, ltd•.
Bustos, 1932'3.r Piso
Casill. 13942
santillO
Tet. 423j16
Cable, CllCAONI santiolO

Cf;>LOMBIA
Instrumentacion
Henrik A. La.nleb~); & Kier

ltda.
Carrera 7 No. 4~
Ap.rtado Aereo 6287
Bo~ta, 1 C.E.
Ter, 4$078-06, 45·55-46
Cable, MRIS BQ&ola .
Telex, 44400 INSTCO

COSTA RICA
lie. Alfi'ado Gall.ills Curdi'"
Apartado 10159
$111 J'"
Te" 21-86'13
COble, GAlGUR SIn Jod

[CUAQOR
. labc)ratotfps d1 ~ac;flo-lntenierja

CaUe !lfIfy.gu.1I ~2-46

Post Offiee 80x 3199
Il4IItu
Tel, 2/2·496; 219;185
C.ble, HORVATH Qillto

EL $,e.'-YADOR
EIa<;tr6nlca
A/lartado Po.lel 1519
Slvd. VeneZllol. 1231
$NS_
T.I, 217~1; 2i~5
Cable, n£oTillli'llQ.

Sin $elvlldo,

MEXICO
Hewlett-Packard MexicalliJ S. ioO

de C.V.
622 Adolfo Prieto
Col. del Valle
Mexico 12, D.F.
Tel: 543·4232; 523-1874
Telex, 0017·74507

NIClARAElVA
Roberto Terjn G.
Apartado Poslal 689
Edificio TerJin
Mill'"
Tel. 3451, 3452
Cable, ROTI[RAN M.snagu~

PANAMA
Eleclr6nlco Balbo., SA
P.O. 80x 4m
Ave. Mlliutl Espino.. No. 13-50
Bide. Alina
...nam. Clly
T.I, 2311833
Telex, 3481003. Curuodu,
Canal ZOne
Cable, ElKCTllOll Pa••ma City

POW
Compania IHectro Medica S.A.
Ave. [nriq~e Canauat 312
san Isidro
Casilla 1030
Lima
Tel 22-3900
Cable, ElMEO lima

PIJ£ftTO RICO
San Juan Electronics. Inc.
P.O. Box 5167
Ponce de l.eon 154-
Pd•. 3-¥fA de Tle"a
san J_OO906
Tel, (809) 725-3342, 7;12·3342
Cable, SATRONICS Sail Juan
Telex, BATRoN 3450 332

SURINAMI:
Surtel-Radlo HoIIMd N.V.
P.O. Box 155....._1...
Te" 72U8
Cable: .Treurniet ParlGlllibo

URUGUAY
Pablo Ferrando SA
0<>""",1.1 • Industri.1
Avenidl Itllia 28n
CasillI de Corroo 370
MonlR.kIt.
Tel,4()'3102
Cable, RAOIUM Monl.video

VENEZUELA
Hewlett-Packard De Venezuela
C.A. .
Apatlad<l 50933
Carat IS
Tel, 71.88.05. 71.18.69. 71,99.30
Cable, HEWPAOK Caracas
Telex, 3952U46

FOR AUA$ NOT USTED.

CONTA~;

Hewlott·Packard
INTERCONTII((NTAL

3200 Hillview Avo.

r.1~ (~~) ~s~!m~a 94304
TWX, 91().373·1267
COble, HEWPACK P.lo Alto
Tele<, 034-8461
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EUROPE
AUSTRIA
UnllallorGmbH
WissenschaltllcheInstrumente
Rummelhanlteasse6
P.O.Box33
A·I095Vien.a
Tel,(222)426181.431394
Cable,LABORIN$TRUMENT

Vienna
Telex,75762

BELGIUM
Hewlett·Pack,1rdS.A.B.nelux
348BoulevardduSouverain
B·1160.....ss.l.
Tel,(02)722240
Cable,PALOBENBrussels
Telex,23494

DENMARK
Hewlett·PackardAIS
Oalavlj38
OK·34QOBlrlt.....
Tel,(01)816640
Cable,HEWPACKAS
Telex,6640

Hewlett·PackardAlS
Torvet9
OK.86ooSl~orl

Tel,(06)·82·71·66

FINLAND
Hewlett·PackardOy
Bulevaidi26
P.O.Box12185
HtlslBlti12
Tel,13·730
Cable,HEWPACKOY·H.lsinki
Telex,12·1563

FRANC~

Hewlett-PackardFrance
QuartierdeCoumboeuf
BoltePostal.No.6
F·91oruy
Tel,1·9208801
Cable,HEWPACKOrsay
Telex,60048

H~lelH'.qbtldFranc.
4QualdisElmits
F-69Lyon5~me

Tel,78-426345
Cable,HEWPACKLyon
Telex,31617

Hewlett·PackardFrance
29ruedelaGara
F·31Blainlc
Tel,(61)858229
Telex,51957

G£R~!'lY
Hewlett·PackanlV.rtrlebs·GmbH
BerlinerStrasse117
Poslfach560i<iO
06Nieder·Eschbach/Flm56
Tel,(06U)501064.
Cable:HEWPACKSA·Frallkfurt
Telex,413249FRA

Hewlett·PackardVerlriebs·GmbH
WilmersdorferStrasse118/114
0·1000BarlinW.12
Tel,(0311)3137046
Telex,183405

Hewlett-PackardVertriol>s-GmbH
Herr,"strasse110
07030Wijrttemberg
Tel,(077286
Cable'HEPAG8lS1llll\ien
Tel.x,7265739

Hewlett·PackardVertriebs.GmbH

~g~~~~:~r1eg38

Tel,(0211638031/35
Telex,85/86533

Hewlett'PlckardVertriebs-GmbH
Wel)denstr.23
02Hlmlnlrl1
Tel,(0411)240551152
cable,HEWPACKSAHamburi
Telex,215332

~:~f!j1~~~."'Wlobs-GmbH
08MUnchen9
Tel,(0611)695971/75
Cable,HEWPACKSAMOnchen
Telex,524985

GREECE
KostasKarayannis
18.Ermoustreet
Atbens126
Tel,230301.3,5
Cable,RAKARIIthens
Telex:215962RKARGR

IRELAND
Hewleft.PackardLtd.
224BathRoa{l
S..u....SLI4OS,IIflCks
Tel,Slough753·33341
Cable,HEWPIESlough
Telex,84413

ITALY
Hewlett-PackardltalianaS.p.A.
ViaAmerigoVespuGl:12
1·20124Milan
Tel,(2)6251(10Ii.es)
Cable,HEWPACKITMilan
Telex,32046

Hewlett·PackardItaUa..S.p.A.
PalazzoItalia
PiazzaMan;onl25
1-00144Rome·Eur
Tel,6·5912044
Cable,H~AC~IT.~Om.
Telex,61514

NImI~.
HewlettJl.iiobrdBenelux.N.V.
Weerdestein117
P.O.I!ox7825
Anuta,.."Z11
Tel,020-427777
Cable,PALOBENAmsterdam
Telex,13216

f\IORWAY
Hewlefl-PaekardNorg.A/S
BOx149
Nesveien13
N·1344Haslilm
Tel,(02)·538360
Cable,IfEWPACKOsl.
Telex,16621

PORTUllAL
Telectra
EmpresaTecnicade

Equipaoientos
Electricos,S.a.r.l.
RuaRodria:odaFonseca103
P.O.Box2531
Li".1
Tel,686072
Cable,lEbECTRALisbon
Telex,1598

SPAIN
AtaJoIngenierosSA
EnriQtle~rreta12
r.hIIrld,16
Tel,2153643
Cable,TE!.£ATAIOMadrid
telex,27249£

MaioIngenierosSA
Gand....r,16
Barcllona6
Tel,211-44;lS6
Cable,TtiLEATAIOBarcelona

SWEP.aN
Ifewlett.packanlSverigeAB
Enlghelsvjgen1·3
Fack
5-16120Bnlm...20
Tel,(08)981250
Cable,MEASUREMENTS

stockholm
Telex,10721

Hewlefl'Paoll4rdSvetlii'AS
Hagakersgatan9C
5-43141Mflndal
Tel,031-276800
Telex,21312hpmlndl

SWITZERLAND
HewlettPackardSchweizAG
Zurch.rslnlsse20
CH·8952Scbli.renZurich
Tel,(061)981'$21/24
Cable,HPAQCH
Telex,53933

HewlettPaoUnlSchwelzA.G.
Ruedu80is-du-~n7
1217Mtlyrin.2,.11*.. Tel,(022)415400
Cable,HEWPACKSAGeneva
Telex,27333HPSACH

TURKEY
TelekomEniineerine$.ureau
P.O.Box376
Karakoy
Istin""l
Tel:494040
cable,TtiUMATIONIstanbul

UNITE!;)IQNGDOU
Hewlett·PackardLtd.
224BathRoad
'Sleup,SLI4OS.Bucks
Tel:SJou.•b(0753)33341
Q.iibl.,KeWPIE$lollCh
Telex,84413

Hewlett·PackardUd.
TheGraftons
StamfordNewROad
Altrlnoba""Che;hlre
Tel,061928-8626
Telex,668068

YUGOSI,AVIA
BelramS.A.
83avenuedesMimpu$
Brussels11SQ.Belilum
Tel,343332,342619
Gable,BELRAMELlirussels
Telex,21790

SOCIALISTqoUIO'RIES
PbEASECONTACT:
Hewlett·PackardGes.l)1.b.H
Inn.trasse23/2
PosHach
A1204Vi......Austria
Tel,(222)336606/09
Cable,'HEwPACKVienna
Telex,75923

ALLOTHIlREIIRDPEAN
COUfIITRIESCONTACT:
Hewlett·Packaf1;lS.A.
RueduBois..dq·lan7
1217Meyrin2S.....

Switzerland
Tel,(022)415400
Cable,HEWPACKSAGeneva
Telex,2.24.86

.,

T"IWAN
HewlettPackardTaiwan
39ChungShiaoWestRoad
Sec.1
Overse.sIn$urance
Corp.Bldg.71hfloor
taipei
Tel:679-605.579-610.579-613
Telex,TP824HEWPACK
Cable,HEWPACK'Taipei

THAILAND
TheInternaUonal

EngineerinaCo.•Ltd.
P.O.Box39
614SuatiumvltRoad
Baoatot
Tel:910722(7lines)
Cable,GYSOM
TLXINTENCO8K·226Bangkok

UGANDA
UgandaTele·ElectricCo.,Ltd.
P.O.80x4449
Kampala
Tel:57279
Cable,COMCOKampala

VIETNAM
PeninsularTradingInc.
P.O.BoxH·3
n~Hien-Vuoni
sa....
tel:20805.93398
Cable,PENTRA.SAIGON242

ZAMBIA
R.J.TilbUry(Zambia)Ltd.
P.O.Box2792
Lusaka
Zambia,CentralAfrica
Tel,73793
Cable,ARJAYTEE.Lusaka

MEIiIITIiRRANEANAND
MIDDLEEASTCOUNTRIES
NOTSHQWNPLEASE
CONTACT:
HeWlett-PackardCOrrespondence
Office
PiazzaMarconi25
1-00144Rome·Eor.Italy
Tel,(6)594029
Cable,HEWPACKITRome
Telex,61614

E6·71

OTHERAREASNOT
LIstED,CDNTACt:
Hewl'lt-i!aekaf\l

INTERCONTINENTAL
3200HillviewAve.
PaloAlto.California94304
Tel,(416)3Z6.70GO

(Feb.71493.1501)
TWX,910·373·1267
Cable,HEWPACKPaloAlto
Telex,034-8461

PHIUWINES
ElectromexInc.
M~katlCommercialCenter
2129Pasongtalno
Makatl.Rltal0708
P.O.Box1028
Manila
Tel,89·85·01;88·91·71
Cable,ELEMEXManila

SINl;iAPORE
MechanicalandCombustion

EOilneeringCompanyLtd.
9.JalanKilang
RedHillIndustrialEstate
S!!'PIl~e!3
Tel:1;421161.3;63~6U
Cable,MECOMBSingapore

Hewlett.Packar4farEast
AreaOHice
P.O.Box87
AlexandraPostOffice
SIngapore3
Tel,633022
Cable;HEWPACKSINGAPORE

SOUTHAFRICA
HewlettPackardSouthAfrica

(Ply.).Ltd.
P.O.Ilox31716
BraamfotlteinTransvaal
Milnerton
30DeBeerStreet
JohanneshUll
Tel,725-20ll0.725·2030
Tel<!x;O~}H

Cable,HEWPACKJdhannesburg

HewlettPackardSouthAfrica
(Ply.),Ltd.

BreecastleHouse
BreeStreet
CllIeTewn
Tel,3·5019,3-6546
Caple,HEWPACKCape.Town
TeleX,5·0006

HewlettPackardSout~Atrica
(Ply.).Ltd.

30BGlenWOodCentre
CornerHunt&MooreRoads
P.O.Box99
O'/lrport.Natal
Tel,347536

P"KISTAN(EAST)
Mushko&Company.Ltd.
1,JinnahAvenue
Dacca2
Tel,280058
Cable,NEW1lEAlDacca

PAKISTAN(WEST)
MushkoII,Company.Ltd.
OOlmanCbambers
AbdullahHanlonRoad
~13

Tel.511027.512927
Cable,COOPERATORKara.hi

Yokoeawa·Hewletl-PackardLtd.
NiseiIbar.giBldg.
2·2·8Kasuia
Ibaragi·8t1i
Osalla
Tel:(0726)23·1641
Telex,386·5332YHPOSAKA

Yokogaw.H.ewlett·PackardLtd.
ItoSulldlnc
No.59.Koiori-cbo
Nakamura-ku.N...,.Cily
Tel,(052)551·0215

Yokogawa:Hewlett~ckardLtd.
NittoBldg.
2300Shinohara·cho,
Kohoku·ku
Yokohama222
Tel,(405)432·1504/6

KENYA
KenYaKinetics
P.O.Box18311
Nairobi,Kenya
Tel,67726
Cable,PROTON

KOREA
AmericanTradingCo.,
Korea.Ltd.
SooulP.O.Box1103~

7th&8thfloors,DaeKyungBldg.
107Sojone110
Chongro·Ku.Seoul
Tel:75-5841(4lines)
Cable,AMTRACOSooul

LEBANON
Constantl!!~.Macrid~s

Clemen•.,~St",et
P.O.Box7213
B.lrut
Tel,220846
Cable,EbECTRONUCLEARBeirut

MA~YSIA

MECoMBMllaysiaLt4.
2Loronei.3IllA'
Section13.
Petalin,Jaya.SOlantor
Cable,MECOMBKualaLumpur

MOZAMB!QUE
A.N.Goncalves.LOA.
4.1Apt.14Av.O.Luis
P.O.Box1Q7
LourencoIII"",••
Cable,NEGON

NEWZEALAND
Hewlett·Packard(N.Z.)Ltd.
94-96DixsonSt.
P.O.Box9443
W.llllitto.li;N.Z.
Tel,66.559
Cable,HEWPACKWellington

HewlettPackard(N.Z.)Ltd.
Box51092 Pu__

Tel,573·733
Cable,HEWPACK.Auckland

IRAN
Teleoom.Ltd.
P.O.Box1812
240Kb.SabaShomali'
Tlberiln
Tel,.43850.48111.
Cable,BASCOMTeheran

ISRAEL
ElectTo~ic~,fcEnaineerina

Diy.ofMOtorolaIsraelltd.
17AinlnadavStreet
T.I·Aviv
Tel:36941(3line.)
cable,BASTELTel-Aviv
Telex,BastelTv03}569

JAPAN
Yokoiiawa·Hewlett-PackanlLtd.
OhashiBllllding
1·59'1Yoyogi
Shlbliya.kli.toliyo
Tel,03·370·2281/7
Telex,232·2024YHP
Cable,YHPMARKETTOK23·724

CEYLONBlueStarLtd.
UnitedElectrioalsLtd.BlueStarHOuse.
P.O.Box68134RingRoad
YahalaBuildiOiLajpatNagar
StaplesStreetNew;Oelhi2.4.India
c.l_o2Tel,623276
Tel,5496Telex,463
Cable,HOTPOINTColomboCable,BLUESTAR

CYPRUSBlueStarLtd.
Kypronlcs17·CUlsoorRoad
19Gregorios&XenopoulosRoadBangalore-8
P.O.Box1152BlueStar.Ltd.
Nicosia96ParkLane
Tel,6282-75628SloulUlef,.ad3.India
Cable,HE·I·rw.;1Tel,76391

ETHIOPIACable,BLUEfROST

AfricanSalespower&AgenoyBlueStar.Ltd.
PrivateLtd.•Co.23/24SecOndLinelieaOh

P.Q.Bo~718Madras1.India
58/59ClirininghamSt.Tel,23965
AddisAbabaTelex,379
Tel,12285Cable,BL~ESTAR

Cable,ASACOAddlsababaBlueStar.Ltd.

HONGKONG18Kai$erBungalow

Schmidt&Co.(HongKong)Ltd.~~~I;":~:~.India
P.O.Box297Tel·380.4
1511.Prince'sBuilding15thFloorCable,BLUESTAR
10.ChaterRoad
H.ngllengINDONESIA
Tel,240168,232736B'ahBolonTradingCoy.N:V.
Cable,SCHMIOTCOHoniKlineOjalallMerdeka29

Bail"""g
Tel,4915;51560
cable,ILMU
Telex,08·809

INDIA
BlueStarLtd.
KasturiBuildings
JamshedjlTataRd.
BOhlbay20BR.India
Tel,295021
Telex,2156
Cable,BLUEFROST

BlueStarLtd.
BandBoxHouse
Prabhadevi
Bomllay2500.India
Tel,457301
Telex,2156
Cable,B'LUESTAR

BlueStarLtd.
14/40CivilLines
IlenJlllr,India
Tel,68882
Cable,BLUESTAR

BlueStar.Ltd.
7HareStreet
P.O.Box506
Calcutta1.India
Tel,23·0131
Telex,655
Cable,BLUESTAR

AFRICA,ASIA,AUSTRALIA
ANGOLA
TelectraEmpre:saT~cnia

di!:Equipamen'tosElectricos
~R

RuadeBarbosaRodrigues
42·1·

Ilcx6487
Luanda
Cable,TELECTRALuanda

AUSTRAUA
Hewlett·PackardAustralia

Ply.Ltd.
22-26WeirSlreet
Glea'ris,3146
Victoria-
Tel,20.1371(6lines)
Cable,HEWPAROMelbDurne
Telex,31024

Hewlett-PackardAustralia
Pty.Ltd.

61AlexanderStreet
CrowsNest2065
NewSouthWales
Te';43.7866
Cable,HEWPAROSydney
Telex,21561

Hewlett-PackardAustralia
Ply.Ltd.

97ChurchillRoad
Prosp.ct5082
SouthAustralia
Tel,65.2366
Cable,HEWPAROAdelaide

HewlettPaokardAustralia
Ply.Ltd.

2ndFloor,Suite13
Casablanca.Bulldln,s
196AdelaideTerraoe
Perth.W.A.6000
T~I,21-3330
Cable,HEWPAROPerth

Hewlett-PackardAustralia
Ply.Ltd.

10WoolleyStreet
P.O.Box191
DicksonA.C.T.2602
Tel,49-8194
Cable,HEWPAROCanberraACT

Hewlett·PackardAustralia
Ply.Ltd.
75SimpsonsRoad
Bardon
Qaetllsl.nd,4068
Tel,36-5411
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TAILI 6-3. COD. LIST O' MANU'ACT"••aS (CONT'D)

AMM"

8221l! ..,¥ill '''''itS. lat. c......a.C.... iii" Vu ....,s & R.'1 hlc. Sunl., hu. m'l L"(f~f1 "'I. Ce.• 1M. New YlNk. N.Y. THE: FOLLOWlNt H-I' VENooRS HAVE NO NUlI-
12m SytvJ.ta Electric; "od. htc. IIIl1 Clltltl ........... Itc~ lillCokl.111.

_.
lMU EIKkoa1tiS. IJlc;. 8Ylun. talif. I(l! ~Sl~tl IN THE: LATEST SOl'PUIIUT TO

EltElr••c T* Oi•• h,...., P,. 81228 (;Ollld-lt.ItOMII BilttflfS, \6(.. $I. Paul."". 9526S 1la1iNliICtiICQ. S>t<..... Iy.. TH[ FED£RAL SUPPLY CODE FOR IAMUFAC-
81116 Ask.. Co. hslfte...... J. "&18 GeAtl.IY,lIs, ~(. Buffalo. N. Y. 9Sm Villa.OIl, lac. Briclp.-t. CeI!,. TURQS HANOIOOK.
12319 SwitCIrl£f.U. I~. Cllitlll. Ill. B'<13 (jet'",,1 Electric OisbibullAl Cotll. 9S3U GorNs Cor,. BI..fir",JI.J.
!l"1 Metals Md COftlrels, lilt •• DIY. 01 Scllei'lKlldy, N.Y, !t53~t •• "'1. Co. CJaitalO, III. e_ jfD EleclfOlliu CGlp. Val fhys, C,It'.

Tuis 'nsllulHl'Ils, Inc .. 89638 Cllkr Plr" I)iv. af EtOolGIl!Y Batt, Co. 959Bl 'K~ltfCi. C"icuo, III. -Trall.1C",Jty MOUII!.ail View, Cdit.
Sptlcer Pr&ds. AU...., 1IHs. 'tllica,o, Itl. 964i7 HlfQills ublkatpr"" ~1o.CaI~. IMIll Intell! OtvKiIS, Ilc. ......... Calif.

111168 R.seatch P,tOutts Cerp. ...~...... Miil U.,N; TJaAsfolll.r Ct. CIIIUlo. ~ll. 'i81191 Hi~ Diyisl" "'M'ovO' 0..... N.Y.
J_

Wilttaulel Ellttlonits. ile.
12&17 RlbOi Man.....tlfillC Co.. 11K. IGlIlkt.'-.I.Y. 9011' U.'i. R4itfCo.. 'hdlan,ul 98215 TlulffaJSOI!I ....lS~1 lilY. 01 S.nLa ....i~, Calif.
Bm3 V.tlor EltEIrOl'lJ' Co. G_.ClIif_ GomOIV. Panaic. N.J. MlfUM' )nf.l!SlfltS. lit. Wt. tIIMI. III. OOIOF Malee Toof and Di. los """, ... Calif.
BlllSl lesttrll WasM' Jlh. Co. Los Aittt5N. tlltf. 91978 Be.UII Eqtfltt,illi Co. ~•• Flaetisco. Calif. 98296 SeW IJIn.e,c....w.. Ct. L05A...... tam. eo. Its\efll Coil DlV. 01 Autollllic;
BlO5l Calf hslntr Co. c,,.,lN......n. 91268 COMtI 1fr"'t IItlt. Co. San F"Ki,u, Cald. 98338 Clrtlot Su.. c.. Cftitlll. Itl. hld .. lnc. RId~City. CallI.
B31116 Nllw Ha.,.ltn 8.111 BealllCI WHi:. g~ ~45 MilI.f Dill" NUlt,l.1a Co. EI YMtt, Calif. !KJ~I IIlc.,.,,,. AISe¢iates. lac. Ektfl...~.ltlll$s. 00IlII NalulI·Bros. Sprilf Co. San lIlFlffO. CaW.

Ptt.rbOfOllltft, N.H. 91111 R:ai~......'~Is Co. Chic"!), ill. 98501 Exul TraIlS-for.., Co. Ol'ittand. Calif. llOIIO U. S. A. COm-liN Any Sllpplit' of U. S
B1I15 Pyramid EIKlru: Co. OilIrlillt... S.C. 91H16 AllptBftlllers' hie:. AUIii.e, Mass. ~"64 IHIliktal Ri'-Htiil' a., Co-. !lYUIII... ".J. -Ty·C" Iifl:. Co., Inc. Holliston, .Mus.
BlUB Eleeuo COrds Co. los A...ta. c.llf. 91631 Dale EllClfonlc... Ilc. CoIiIl"'s.Jrtdr. 91S39 Aaleaallt _ PIf(ISlOI Mfl. C:; _T Tnn InstruMllts. lltt.
Bl•• YlClor, En,iIMttiftl Corp. U.iOA. It.j. 'lO'2 Elce Cor,. P'tti....""iI. Pt. ~·cllktn. Ill. Y. lIdIls aN COCIbob OJ,,. Vlfuilles, Ky.
Ilm Bel'liis COfp•• Rell Buk 0,.... R04_. N.J. 91111 G'n" .fl. Co., Inc. WtHtieli. IrItss. "968 CBS 6.I.tC"0II1CS, -TtJMf M'I. CIf'. ProvidaK.e, R.I.
mil H...nC~Il. ¥Mftltifl, III. 91127 K F DtytklJtlHt Co. R....... (jIt'.Calil. Civ. of C.B.S.. .lItC:. Ou'ltrS.Ilt1s. - 'tNltl Eiectr..iu Co. lie. NnrVor1l. N.Y.
Ima S_itl•• H'lsan H•• Int. 8r...~•• N.Y. 91919 "~Q"polis-tt~tll R'JUiilor Co•• 91919 Re. Rtsrsllf COlp. Von""s, ·N. Y. - Sflflt. Pi.. Miu. Co. Spruee PUle. N.C.
em5 CIt1ltf11 SCru Co. Cllical•. III. liIitrlSw*1r: DIY. .freepocl, Ill. 91'" Au! Bntlltrs lit. i,..KI, N.Y. - M.ldlarNIIllf•• Co. 11(. Kansas City. KIIl.s.
83S01 G.vitt 'ire and cable Co.• 921" l,Jllift'~1"'111PIco., Inc 8ustU Pvt..... Calif. '1m Rlltibtr Tttk. Inc. ~.Calil. ll!IItZ Willow lNDltt Ptoducls CMP. Me.ark. N.J.

Diy. oIAlllt,aC!t Corp. Bfoekfieltl. lIus. 92351 EI..tIOpt~ICo., 1/1(. ROCiltnt.r. N. V. _0 Fra....is L IItllty fla'Sl-..e. C.J.i,f. ~ BrittS~ RadiO EltdrOl'llcs ltd. WashtAltoll. D.C.
B3S'4 8¥nO\lltlS CtlP., 92601 Ti1tselite h'sIlLit~(! Wrre Co. huylOWI. N. Y. !illB lIIicrlfel.'lc. k PasMNi. Calil. _a ETA fnllnd

(l.dlOOI(. Tube DIY. PlanaftiJd. N.J. 91331 Sylva'if EkttrlC Plod. tl:Cl•• !1m SUlKl(e Cot,. ..,......, •••Y. DlMC '".. Gtntlll Corp.• Elecl. DIY. Ildilll
BmO E_8.lltry NnYlfll.. N.Y. SUIK..."tOl'Oty. ' ••rl, Mass. 91<111 CaM c.,. R.ot/oCld Ci1r. Calif. _0 CIt'US InslrlHlt.llIH:. lit. Kisco. N. Y.
Blm ,..1 EI,. aM IIItl:., tiC!. H.ttMi:". ill. ~16' RfMIfISIHM'ytfS, lrw:. .... Ylft. N.Y. )0131 GeMAlllilts ttll'1....Ii•• Mi.. _B :"ltcistM ll$tr...~ COllpOOflllS .co.
IlI2l ltrt4 krlllls Co. fllS~.II!l. 9lU8 Stl"'as 1111. C•• , 11(. ....'U.Ii. Otlio '1121 N«ththlls ElK.ICCO.

__.N.Y.
V,n Itu,•• Calif.

11111 Aru 6:ltdfOl'S, Int. Mn Ytfl. I. Y. mil lItSllI.·Van !tOUM~ 1"'., InC!. 98911 ell"l. TI.SIIIiI' PUG. GOOCC C..,aNf OloH Cl'Ifp. lOlli, N.J.
8<l911 A.J. Gleuner Co., Ille. 5•• Fr'J1eiu•• ·Calif. EIt~"~'Ci Dlvis~OI Malldt.....', h.h. Oi". 01 Clrlj~ Cory. laltUlII. MISS. OOiEE A. WilliaMs Maltutacl4lrMI C'). Sa", Jose, Calif.
84411 G.oH All E~ctllc MI,. Cc. Opllll', "'b. 9-4144 Rayth4lllMft. CI., '...tllaICIHI,....ts 98911 I"ler!\llloul t)fthollre OOOOG G..HIl Oil CuUMiI, Stryic~ C.".hll, 11K!.
8<970 SarkIS hrziiA, Inc. 8ItOlii..,t... Mo. DIY., RttllVlnl Tub! OPtr,tion QttKtey. IIbss.

nlSearc~ Cwp. BIItl'...... Calif.
_H

R••lu.U CorP. lorraoce. cahl.

IS'I' INttOll "etduac Cta., BMM... N.J. 'i4U5 Raym.OII lit,. Co•• se_iuMUlor Diy., 'lSllI9 C....la Ten-aul CtfP. Ntw V_k, _,Yo IlO8II Bifid.. C"P'lIII101l. IAlIhlsl,,&1
81<11 A.B. Boyd CI. Sail flllCi,u. calif. Cili90mia She,1 Pt,.r ,,"I... Mau, 'lSlIl Vllial AsslCliltws P,io AUo. Calil. Dr,rs... UOIlttf,y Park Catil.
11m R.... Brua.OItt &. Co. Sin F'r'ltisu. talil. '::14148 $clntifie RadiO Products. lilt. !l!5IS lI,wll '-IIIk"s. Elftb"on 8HU A_ M" R«:htIN. M. Y.
8S660 Ktilld Koris, Inc. N•• H... COIIJl. Lovtlattd. Cole. ,.. ...CiI~Diyt$lon PalM.... Calif. oaeLl AYWY L.wl ....r....i•• c.lif.

mil SU.lus Rubber Co. CIliialo, lit. 941\' Tuq.-Stl [leC!!IC, I_c;. ....'k.... J. 99101 COlin' Swittt. Di",SIOII, Conlrol1 Co. -Rv.' bl. & Olt'ltlOJllltM Hly"arcl. Oatif.
88197 Clifton PreciSion Prtdlilcts Clift.. Kti~ts, Pa.

94191 ClMttslolrllflt C..,.,
01 "..ria El S~flIA(kI. Calif. Olllll. A "N" 0 Manlrlae\uflnl: Co. $I11J.. 27. Qalif.

88m PrecisioR Rllbl/tr ProdllCts Cpr,. 0.'1'.... Obi'll £I.ealr_ie. Div. Enl P~tt.son. N.J.
99100 DcleVlIl EI.cl'ONU Cetp. futAIlfWl, N.V. 008PP AtoM Eledr",its s-u. VaHey. Calif.

eem Rldio Corp. of AlNflCl, RCA
9~110 Tru a.. Pit'd 01.,. 'llIMHt'

99118 Wlko C.,,..hOl ladi.napl)lis. IN. OOOQQ C..IIIOI Oaklani, Calrl.
Eled,. TltlIt OlY. blf~_, N.J.

fI,.....iij aNIttl,. Co. Chttaft. Ill.
9993' ...'a.....C!. SosICII. Mass. DOORR RlfiolllClnlllu Des Pl••s. III.

ant' Philh COf,.llhOtl (UIS".lt
946Bl 'HOIUSItI t-rtuell A,"lltlfl CIf,.

""2 Hofh.....i<...,u:eIQl Diol. 01 _$ C.tt,1 01 E1Cilll 'at'" Co. hlball... Calif.
DiyiSiOl'l) LaIltPIt:. Pa. .0f'G.... Mass. HelllllA Elrtti,OfIlCs CO<IP. EnatOll.1I1. ~ Ca'ifouli, Easl.rl Lall. BllfIHip... Calif.

·87413 we,"'1 Fib,clIs Glass ProdulS Co.
9;013 P~llbrtC' ReSMltoMeI. k'It. holoo.....

~m let"'o"", ~k~_eAl COlP III)CX .lIIf1i. Elrtctro.lIu. lit. Ctiu,o 31. iii.

Sa_ F'1ftcisco. Cam.
95116 Allies Piel.cls Cor,. MYlli. Fla. or Cald. H."'bWfY Pan.. Cam. OOft'Y S. K. S.ill Ce. los A"relts 45. talil.
9;138 CtIltiiulJl CllItftotCtor Ctcp. '''IWe. N. V.

01537-3
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