Errata

Title & Document Type: 5221A / 5321A Electronic Counters Operating and
Service Manual

Manual Part Number: 05221-90001
Revision Date: July 1971

About this Manual

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

HP References in this Manual

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

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

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

www.agilent.com

Search for the model number of this product, and the resulting product page will guide
you to any available information. Our service centers may be able to perform calibration
if no repair parts are needed, but no other support from Agilent is available.

Agilent Technologies


http://www.agilent.com/
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) L‘ERTIFICATIDN L

A | M. /
l’he Hewiett-Packmd Company certzfzes thao tlns znstmment was
thomuahl y tested and inspected and found to meet zt{é published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its. calzbmtzon measure- .
‘ments are traceable to the U.S. National Bureau. of StanHards to.
- the e:ctent allowed by tne Bureaus calzbratzon facz*{ztfc/

WAR RANTY AND "ASS|szN'c'E"

/ i

All Hewlett—Packard products are warranted against defects in L
materials and workmanship. This warranty applies for one year o

- from the date of delivery, or, in the case of certain major compo-
" nents listed in the operating manual, for the specified period. We‘
~ will repair or replace products which prove to be defective durmgt
‘the warranty period prov1ded they are returned to If[ewlett-‘
" Packard. No other warranty is expressed or 1mphed ‘Ve are not
 liable for consequentlal damages |

Service contracts or customer assistance agreements are avallable

‘for Hewlett-Packard products that require mamtenance, and re- -

pair on-site. .~ . | /

For any assistance, contacL your nearest Hewlett-Packard /‘»a les and
Service Offlce Addresses are provided at the back of this manual
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pre‘ix number 1048A !

"'-'2-'.:' OLDER iNSTRUMENTS

Copynght

mc*momc coumEns
5221A and ‘”321!% _

5221A. ssnm«f‘Ls‘PnEerp1u4tsA L

'I‘hls manual apphes dwectly to HP Mociel T | .
5221A Electrum( Coumeré having senal | |

o , X '
Coe '

532.M SERIALS PREFIXED: 1040 ‘

T3 ‘manual applies dlrectly to HP Model . C
5321A Electronic Counters having serlal o
preﬁx number 1040A *

I’he cha ng es required to backdate this

manual for oldeér mqtrument canbe tound ‘ : ‘ ,

in Sectlon VII R , - \ o
v !"..- , ‘ 2 ‘ .' 0l ‘ ‘ ‘l ‘
| OPTIONo _ ‘ :

For mstruments having options, refer to =~

Sectmn VII S

1
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| The mair differences being size and shape. e

. time.

1-2 The Hewlett Packc.rd Model 0221A or 5321A
Electronic Counter measures ‘frequencies'from 5 Hz
to 10 MHz.

rear oanel

” '1-4 ‘The counters feature solid state de51gn 1ncor-

poratmg HP mtegrated c1rcu1ts .

1-5. SPECIFICATIONS -

1 6 Table 1-3 outlines the techmcal spec;flcatmns
., ,for Models 5221A and 5321A Electromc Counters

- 1-7. APPLICATIONS

and count events occuring within a selected period of

options: /
a. 5 digit. d1sp1ay (Optmn 001)

6 (.Ilglt d1sp1ay (Option. 002).

b.
k’ C.. 1 MHz crystal time base (Optlon 003)
d

Noxse rejectmn, 100 kHz bandwrdth (Optlon 004)

Equipnlent Supplied

Mcdels 5221A and 5321A . are srmxlar :

!

1- 3 The counters prov1de these add1t1ona1 features

a, Blanking of unwantedzeros in the dlsplay (zeros
left of the most s1gmf1cant d1g1t) o

. With transducers converting mechanical to
electrical phenomena, weight, pressure, temperature, -
facceleration and other quantities can he measured..

| | 1- 9 OPTIONS |
+1-10. The counters are avaxlable with the followmg

| Description | HP Part No.|
Detachable power cord - 1/2 feet | '8120-1348

(231 cm). long, NEMA plug. - -
Cable 4 feet (122 cm) long, male e 1'10503A ’

BNC connector L ‘ L

b. Dlsplay storage holds the d1sp1ay while a new |
‘count is being 'made.

" ¢.. Remote gate control through BNC connector on’ |

1-8 The counters can measure speed rpxn, rps, .

> ®m oo

L ments use /m 8-digit serial numbey (000 00000). The
- fvrst thre dlglfs are a ser1a1 pr eh*{ number, the last

1-13. I the sernl prefrx of your mstrument dxffers
",.from /mt listed on thetitle page of this manual, there
~aredif

, rnent

- manual change sheets mclud adwitn the manual. If the

-  rear cover of th1s manual
| 1-14' EQUIPMENT SUPPLIED |
1- 15 Equlpment supplied w1th lthe Model ‘3221A and

‘.5321A is hsted in Table 1-1..

- 16 ACCESSORIES AVAILABLE

A . il . [ A
/s ‘HI."‘ : Soan ' o
/ i) . . ! PR

v !
[N
.

Sectmnl .‘ |

, 0 {1*“ General
e . X ,:., ! Ly,
i | o Yy
.1. (;"\
) .y; | sscnon 1 R £ F |
N GENERAL INFORMATION R R T S 5
n 1- 1 DESCRIPTION o T / ;’ | ,',Operatlon from,/ 50. Hz power lme §Optvon 010\

. 5digit dlsplay- vnthl MHz tlme base (Optlon 103)
5digit dxs;alayfmth 50 Hz operatlon (Option 110).
6digit dlsplyf mth 1 MHZ t1 mebase (Optmn 20‘3)
6 dxglt dlspl‘ly mth 50 Hz operatlon (Optwn 2 1 0)

'Att Packard uses a- two«sect;on ser 1a1 |
inted on the rear panel, / Earlier instru-

ferencec between this manual and your. mstru- '
Lower serml prdlxes are documented in: Sec- "
tion WII, and hlgher serial prefixes are covered with

change ‘sheet is inissing, \contact the nearest Hewlett- Lo
Packard Sales and Service folc'e listed: on the inside

|

I(/

1-17. Accessorles ava1lab1e for the Model 5221A and
5321A are 11sted in Table 1-2, :

a

Table 1-2 Accessorles Avallable

Descnptmn HP Part No.
Rack mount adapter frame (5221A) ' 5‘0’60-0797'
Rack mount adapter frame (53214), 5060-0808
'Ci,o'mbi'n’i"ng Case (used for both) ~1052Aj |
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e ﬁ,Sect'ionI ) o S0 L, o A e ; s
I Geheral o ', L " L ) o “" g iN )“ :\’; "'/‘ ,‘ o :“: I| N v v ¥
X L ) J D . . e A,:~ X Lb y e Yoo . . 3 o ) . |
L . . o o o ,( S T L ',
I : LT Table 1- 3 Spemhcatlons v, =
L . A : SR ", /ri< v

RANGE 5 Hz to 10 MHz for sme waves

REGISTRATION 4 dlglts (5 and 6 avallable), long«
11fe dlsplay tubes w1th storage :

i

MAXIMUM DISPLAYED FREQUENCY

o Std.' Model, Opt. 003, 004: 99, 99kHzZ
Opt. 001, 103 110: 999 99 kHz S

b Opt 002, 203 210: 9, 99999 MHz (de(.unal pomt
. and umts are not displayed).

., N
1 INPUT L
4+ ‘Maximum Sen51t1v1ty 0.1 V rms sme wave
", . {from 5 Hz to 10 MHz

Pulses: 300 mV penk voltage (internal control
‘ 9djusts for pomtlve or negative pulaes), '
L ‘_f,'"_:;; - 980 ns mlmmum pulse’ w1dtn ‘

Impedance' Approx1mately 1 megchm qhunted
by 90 pF. - \ .

Overload At maximum sens1t1v1ty, mput snould

-impedance. Damage level'is 15V rms. At
mm. sen51t1v1ty damage level is 250V rms.

ALC IRACY +1 count x power line frequency L
N af‘curacy * L

L TIM“‘ BASE: Frequency 60 Hz power lme frequency
: ('=0 Hz opt1onal)

- not exceed 3.5V rms to maintain rated input"

bE LF CHECK C‘Ount.a pow er line frequency Optmns

) DISPLAY TIME Vamable from 50 ms to approx ‘

-5 s, or ‘may-be held unt11 manuahy reeet

1

OPERA’)"ING TEMPERATURE 6° C tp +50° C

WEIGHT Net u-1/4 1bs (2, 4)kg); - . .
- Slnppmg, - 3/4 Lbs 3, Skg) o8
DIMENSIONS S N R
4-»-—-»(-—- u (203) ———--»OJ-. . 4——5—% (ram : ,
Lo .-o-—tJl M—-—l(ea) U Ll
B . | "u : ) .“,. '. 'v\' .
o .- . . ’3‘ po N “
h " SDE ' P YRR l,’ FRONT
' - g wes I' ‘
., L g I 1
s e =
‘ , —fl-%un ‘
. : omsusnous N mcuzs AND: (MILLIMETERS) A
" e , 11'479) - T |7 3/4 (m)————y'
"4,5?05 (TL) {‘/:)G FRONT .‘
: = ey 'G—v-—"‘v-g‘g"‘ T AT
DIMENSIONS IN INGHES AND CONTRALS -9 “'"‘;" : T : ‘

. IMILUMETERS)

POWER REQUIREME\ITS 115 or 230 Vv :tlo%, ‘
| 60 Hz- (50 Hz Optmnal) 12 W, :

lACCESSORIES SUPPLIED: Detachable poWer cord
‘and BNC to BNC cable ' : {

Option 001 (5 d1g1t dxsplav)

s;; OPTIONS
R 010, 110, and 210 \,ount twice the power lme " Option 002 (6 digit display)
frequency (2 00 Hz). . Option 003 (1 MHz crystal time' base)
, Option 004 (noisere gectlon, 100 kHz
‘ GATE TIMES land 0. 1' R -  bandwidth) o
GATE o..ONTROL ' With GATE SELECTOR switeh . f‘ptlon 010.(50 Hz operatwn)
‘ on frnnt panel by contact e:l,gsure, or satur- Optmn 103 (a d1g1t d1splay with .
ated NPN transistor gro-.md at EXT GATE - ~ 1 MHz crystal time pa.se)
}&Ck on rear pangl with GATE SELECTOR in Optlon 110 (5 digit d1sp1ay thn
OPEN poaitlo‘n | | ' 50 Hz operation)
4, A - o Optxon 203 (6 digit display w1th e
SIS K AN A T 1 MHz crystal time base)
| L Stxlxiftyl“g;g?s;csy 1s‘typ1ca11y £, 1 0 tox domesilr.‘ LT Optlon 210 (6 digit display wm.th o
i o T i 50 Hz operatlon)
;l 2 ., I'\ B
) ' i’ v‘:,,‘ ‘ N
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vgtrument in strong, corrugated container (350 1b/sq in

\ . . f - ;
",v,‘l','(’ a Bl \ ) s K : ,

* rshipment should be lmuted as follows"'

o ‘2 -8. RACK msr LLATION " RS ;.V

d
,',

21 UNPAcmNG AND mspecnonl. g

. Z"'

2—2 If the siuppmg /arton is’ dumaged lfisk that the
' ¢arrier's agent be present when the unétmment is
unpacked. \Inspect t ,1e mstrument for. damage ﬁden..s, : ';
scrafches ‘broken knobs, " etc. ). I the instrument is

~damagedor fa1lsto 1hoet spemficatmns, (Performange
. Checl, Paraz;raph '5- 9),” notify the' #arrier and the

nearest Hewlett, f-Packard Qales and Serv;ce cfﬁceT o
nnmedlateh (otflces are listed at the ‘back’ of thlS ‘
ma.nual) Retam the{ shipping carton and the: paddpng L
materlal for the carrier's inspection. "Fhe Sales é.hd .
Qer» ice ofﬁre w111 arrange for the repair or repiace~ L
ment of the 1nstrument w1thout waztmg tor the clazm K
agamst the carrier to be settled S :

‘l,_ R j,‘;‘A.I,‘ Ca

Lo
K&

TN
7

\

2 3 STORAGE AND SHIPMENT
“f"";‘.. : , o
II‘o protect va, luable el’ectmnlc eqmpmem dur
“storage or‘smpment always use the best pack lng
. methods ava‘hlable. : Your Hewlett-Packard Sales ajd:
. Service: office: ccm provxde packmg material such as
that used for origmal factory packaging. Contragt
mckaging compames in many cities can provide de;—
pehdable custom’ pnckagmg on ghort notice. Here are
two recommended pack‘agmg methods" R }

A

‘»2-/5 RUBB RIZED HAI ,' over paintedsu'rfaces of
the 1nstrument w1th prote'c, ive wrapping: paper. - Dack
mstrument securely m,,/;;trong corrugated contamer
(350 lb/sq ih bursting test) with 2-inch- rubberized
h;ur pads placed alpng all surfaces of the 1nstrument ‘
Insert fillers between pads emd contamer tc ensure
.a fxrm f;t B ,

Coo
‘)

2 —6 EXC‘ELSIOR Cover pamted surfaces of theA |
instrume.:t' with proteotwe wrapping: paper. Pack in-

burstin test) witit a layer of ex¢elsior;about 6 inches:

"”‘; ' th1ck pAuked ﬂrmly agamst ell surfaces of mstrumenh -

..h A

2~7 . ,ENVIRONMENT Condltions durmg stomge and

Al

v

T -
Lo Maximum temporatux‘e.‘ +167 F (+7b C) ‘~ G
| b.\ Mimmum temperature' -40 F (~40°C)., " /

Vv

ot
PR B ! '. ‘ . CR .
/ K

«9i When the instrument 1s to be rack-mounted a

combining case or adapter frame is required. These

- are ava.lldble- through the Hewlett+Packard Salesand:
Servicesoffices. The followmg paragraphs outline tue
methods for rack mounting the 0221A and the 5321A.

‘. | INSTALLATION 2

" with the'combining case. When only 1/3 or 2/8 of the

K spacer clamps betWeen umts (step 3)

'-.tlghten tx itil units dre tight in frame..

" four units of 5321A size.

. SbetionIT
Inhtallanon

2 10 MODEL 5221A P T

zuu comutmuo CASE. The' comblmng case (HP
Part No. 1052A, Figure2-1) is a unit which accepts
"thirée units of’ ﬁ"ZlA s1ze" The combrmng case can be -
used as a bench’ model ¢t it can be rack mounted. A,,
rack mduntmg Kit (HP Part'No. 5066 0777) )is stpplied.’

case ;s used, a blank fxller panel (HP Part No. 5060
0793) 1s avarlable to enclose fhe unused portmn. X

! 2 ‘I

‘ ' ' ' ' . | K Y \

z 2. ADAPTER FRAML The adapter fraine (HP I

Part No. '5060-0757) in' Figure'2-1'is a rack frame

5 ,that acceptmthree units of 52214  size. It can only be

‘rack mounted Inf*tau mstruments in the adapter.

+{rame as follows.‘ BEELATE TR

R

;o v o t. A L el b R
" v AR . RS
. N PN I ,\ [ . N I ;f .

"a: Place adé.pter frame on edge of bench as ghown -
in step 1 of Flgure, 12-—1u o RN

N
\

b. Stack units m/ fframe as shown in step 2.

Place ;

Y

C. Place two end spacer clamps (ntep 4) and push

, unns mto hame, o : _—

\ _:, I_

wdy Inse *t screws on e1ther side of trame (step5)and
The complete

assemb y is now ready for rack mountmg | o 5
2‘-:}"7‘3*‘.‘ ,Mooen,\ 5321A ‘{}"‘-.‘-- e

i

9-1a, COMBINING CASE The combining case (HP

~Part No. 1052A, Figure 2-1) is a unit which accepts,
The combining case canbe .

‘used as a bench model or it can be rack mounted. A

“rack: mountmg kit (HP Part No. 5060-0777) is supplied '

- with the ,combining case.

" used, a'blank filler panel (HP Part No, 5060 0794) is.
‘ If only'one = '
“unit is’ placed in the combtmng case,, a blank. filler L

When, only half the case is
\avculable to enclose the unused portion,

panel (HP Part No. 5060-0097%) i is ava11ab1e to enclose

~ the unused vertmal area. N A | \

\ [

'

2= 15 ADAPTFR ERAME Thp adapter frame (HP
‘Part No. 5060- 0808) similar to Figure 2-1is a rack,

frame that accepts two units oi 5321A size. It can .

only be rack muunted, vInstell cthe 1nstruments in the .
adapter frame as, follows. - _

a. rsPlape adapter frame on edge of bench as shown
in step l‘of F1gure2 1 o - :

Y

b Stack umts in frame as shown in step 2 I";ace .

spacer clamp between umts, step 3 R ’

P v [ el . AN ..
oo " . SR L R : . L . : .

\.~. . o o I TR . . RN R et '
S 3 . i . ' LN L o S Ty,

P ; - ‘ O .
o et i b I

Vil
L
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AEEE



 '), I g;,u?re 9. 1"//.§,ﬁ}”dapter Ewime an'

,/,/1

5 : )
‘)‘ ~ .nclm rLumr:
wt*‘.mw(y 5 RLN

3 ,'\‘
EYERE

/'"\('{'
W

REATRNT I

AN

)
R

"SLIDE TOP PART
70 LIMIT

e sTer ()

TO LIMI

SLIDE BOTTOM PART:

o

srep @

e PUSH IN TO LIMIT

B EO ster @)

SLIDE OYER TO LtMIT

%
If"/

S Yo e

A

w0 TO RELEASE -

W3 B \'l.l ‘ pUSH DOWN

' ' T
b I

L sTER(®
PLACE INSTRUMENT
5 INTO CASE

. sTEF (7)
‘ SET RETAINER BACK
, , INTO: PLLACE

o sEer (®
PUSH UP. TO LOCK

1,

1




i section 10!,
\Installatmn

: ;ﬁarkmg "or 1\15 volt’ 'perdtmn o-}f "2 30" markmg ‘.or |
'?1‘230 volt (operation.’ “The ac Jipe, fuse is 0.25 ampere, .
i ‘ Loy s for 115 V and 0 ]5 am?«}ére for ‘*30 v .opt?r.itxon S i f u
"cx ews on elthflr sxde of ‘frdme, Pst‘.ep 5,1 : \ : (P SRR

| ntn u:q'\‘is are t\"‘ht m frame ’Rhe\,conf 5 é o POfW E‘ CO‘WEC "ION' The- mqtrx‘lment is.
' ; ) gu \")hedmth a ,etachablé 3~wire power\ cabl,‘ E“.'[nsta | |

as fh}.:ows N Lok wj,‘;“; R I
g X ?l A S

a. C\omiect flat plug (.5 concluudr female conné;ctor\‘ R

to‘the av lme 3a«.k at the rear of the iifstris ix,wn“ci ”,..: _
'he it y _' : b’ Czonmactf plug (2 -blade male w1th r undgrbhnding/"' ,"‘f e
.,,230Vac‘€b0 Hz tdn }'I : mn) Lo 3-w1/r grounded ac outlet,” Exposed ertm W \ .
4} e, Als] ide .SV(‘ltCh on’ thn Tear, ,7 ~i of th msfrumomtnare groun ded through the Tound pin S
' _s ch.m ccmv.ersm for opergti’ B3 g '*'j’, onvtle plug for safety. - Whe.only,a’2-blade patlet’ls ‘_? : ‘
: ‘hm "TOW. lade sc.rewdrwer

g npwu ready

R %‘ avails uc eH} addpter 1251- 00448 and connect short o
Mre Erom mde of adapter to 0round [
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‘l.‘.lINPUT connectoa‘ couples mput s1gnal to SENSI-
. TIVITY control :

2, lSENSITIVITY connects CHECK signal to mput
‘amphﬁer or attenuated mput signal. .

'3, SAMPLE RATE conthI turns 'couhter on, holds
display, and Vcll‘léb sample rate from 50 ms to
| »'5 seconds. ' t

4. GATE SELECTOR selects desired gate time or
manual gate operatmn A

U 5 RESET swrtch manually resetq counter

.o

1 é{.,‘;._"GA_"I‘;;E‘;i'nj\;licates‘:‘gate 'opeh Wlxen llght'is q_n','

AC LINE jack connects to flat plug on ac power
‘ cable

_be .25 amp slow-blow for 115 V operation, and

115 V or 230 V operation; insert narrow hlade
_and slide left for 230V operatlon, right for 115V
g operahon. , .y

_STORAGE sw1tch controls storage and blankmg

EXT GATE provides’ external gate control by
‘contact closure or saturated NPN transxstor
- ground. \

R IS8
Ve e ey

LINE FUSE prov1des overload protection; should .
. 15 amp slow-blow for 230 A operatxon.

LINE VOLTAGE permits selectlon of elther

feature.

. .
: .
\
i : v \ . '
'
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- j'OPERATION

- -2 The Counters have a maximum countmg rate of :
o 10 MHz and'canueasure the repetitionrate of periodic
signals by totahzmg the events during gate times of ..
GATE SELECTOR switch selects -
measurement functionand time base. SAMPLE RATE
- -control selects the sampling rate and a- SENSITIVITY
" control adjusts the instrument sensitivity.. Flgures
3-1 and 3-2-describethe operatwn of controls on: the

" {ront and rear panels

0.1 or 1 second..

0 1
g

anure 3—‘% Self Check Functlon

1. Set SAMPLE RATE control for maxunum sampie
- rate (ccw not off) - ‘

2. Set SENSITIV ITY contro; to CHECK

3. Set GATE SELFCTOR sw1t(,h to 1 SEC and

| -rseC. §

4‘.'-Set S'I‘ORAGE sthch to on and repeat step 3.

5. The table below shows the proper count for each
- gate time settmg

1

Standard

Gate ‘ - 50Hz.
Time " (60 Hz, . - or 1 MHz

K | Time Base) ., = Time Base
1 SEC 0060 0100
.18EC 10006

o010

N

'3 3 INTERPRETING lePLAY
3-4. Display is in events per gate tlme

Decimal
point and units are not displayed. ‘With the GATE
SELECTOR switch; in the OPEN,/C LOSE posltlon, the

I,dmplay is read d1rect1y
3-5.ACCURACY

3-6. Counter accuracy is determmed by the 50 or 60
Hz line time base accuracy (iypically +0, 1% or better
for domestic utility sy rstems) and the inherent error
of +1 count present in all d1g1ta1 counters of this type.

Flgu.e 3-4. Totahzmg Operatmn

410 7

N

Y

1. Set GATE SELECTOR switch to OPEN.

2. Set SENSITIVITY to minimum (ccw, not to

CHECK).
3. Connect signai to INPUT jack.

‘4. Adjust SENSITIVITY until count 1sdlsplayed Set
. SENSITIVITY 30° clockwise beyond this point.

5. Set SAMPLE RATE to any posmon (not POWER
OFF). ‘

6. Set GATE SELECTOR to CLOSE
7 Press RESET button to set dzsplay to Zero,

',. 8..To start count, set GATE SELECTOR toOPEN.
9. TostOp count, set GATE‘SELECTOR to CLOSE.

10. Read total count displayed.

3-1




'
RIS
S

, , . X » x ' L
SectionIl / I Model 5221A/5321A
‘Operation - = o \ BERTE R |

o /Flgure 3 5 Frequent,v Measurement o ek
o h o e
6/ ) oL Set GATE SFLECTOR sw1tch to desxred, g ate’ I
| o tlme, 1SECor.1 SEC. L PER L
2. Set SAMPLE RATE control for desued sample
rate. o - .
; 3. Set SENSITIVITY to minimum (ccw).
3 4, Connect signal to INPUT jack. -
5. AdJust SENSITIVITY untll con31stent count is
o displayed. Set SENSITIVITY 30° clockwise be-
‘ yond thls pomt |
: -'.5 6. Read frequency displayed.
! // N N . g .
-
' : / ¥ .
32 \, Lo |
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- 'SECTICN IV o
THEORY OF OPERATION

41, INTRODUCTION -

4-2. Thls sectxon describes how the counters operate.

A" discussion of logic fundamentals 35 given to aid -

| understanding how integrated circuits work. Each
assembly isdiscussedin order of its assemblydesig-

- nation, Schematic diagrams are 1nc1uded in Sectmn_

VIII Circuit Diagrams. .
4-3. GENERAL DESCRIPTION

- Block Diagram Figure 8-2 L

,4-4 . Frequency range is from 5 Hz to 10 MHz with |

" maximum sensitivity of 100 millivolts. )The ccuiter
1ncludes 3 prmted circuit assembhes : :

1) Input Amphfler Al prov1des amphﬁcatmn and
trlggerlng for the main gate \

2) Main Board AssemblyA2 consists of the followmg

circuits:

- a. Time base d1v1ders -
b.:Main gate and driver for decade counter
'assemblies.
c. Sample rate multivibrator.
d. Reset control.
“e. Transfer multivibrator foz storage and
. non-storage.

f. Integrated circuit decade counters, buffer

storage units, and decoder-drlvers for.
digital display tubes

- 3) Power Supply Assembly A3.

/
' /

!

f

45, GATING AND LOGIC |

4-6. “The counters use many integrated mrcults
Therefore it is necessary to understand basic logic

:symbols and their apphcatlon in gating. Inthe circuit

diagrams, AND gate and OR gate symbols are used.

.. The following paragraphs and illustrations introduce o
~logic symbols and their applications. '

. 4-7. Loglc Symbols

4- 8 The symbol shown in Figure 4-1A 1sfor the basm
AND gate function. AND gate output is high if all mputs
are high. The AND gate can have two or more inputs.
The symbol in Figure 4-1D is for the basic OR gate,
The OR gate output is high when zne or more of its

inputs is high. The OR gate can have two or more

Figure 4-1. Gate Symbols

A B

INVERTED INPUT

INVERTED OUTPUT - - .OR

/ ‘ ' Figure 4-2, Logic Comparison Diagrams
)/ . o t N
A B C L
+ .
A.‘,—O '/ - . A
‘ - X X - X
' BV——<] B
x:i-:‘ x='ﬁ
A A
o X X
B B .
X=A+B
A B X . A B X A B D A B X
M H M H H N N L M L
M L M H L L M L L H L H
L H H L W L L H L L H H
L L L L L L H L L H

4-1




‘1nputs

~ (+)/is read as "or".

-;.SectlonIV B P
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~ symbol 1nd1cates a low (L) levelactivates the function,'
The symbol in Figure 4-1B shows a low input on all -

lines causes a high (H) level output. A small circle . -

. at the output line of aloglc symbol indicates a low (L) .
“level when,activated, 'as ‘'shown in Figure 4-1C, Thus

a smiall circle mchcates inversion. . This applies to
botk types of gates,
truth tables for logic actions, When the output of the

-OR gate is inverted, it is referred to as a NOR gate.

Similarly, an mverted AND gate output is a NAN D g'u.e

4—9.» In a binary system t'here,are only two states,

-referred to as Hor L. H is the relatively more posi-

tive level and L is the relatively less posmve level,

: Pos1t1ve logic means that the voltage level assigned |
‘to the one state is more positive than that assigned

to the zero state. Negative logic has the one state

- less positive than the zero state. Thus, posiiive logic
~ (logical one) or negatlve logic (logical zero) must be
clearly specified. An H state could be a logical one
or a logical zero. However, H must always represent.

the more positive level. In thxs manual positive logic
is used with the H state (logical one)
"than the L state (logical zero). A circle at the symbol

more positive

input shows signal polarity required to activate the
function, Figure 4-2 shows four' types of symbols

' that havethe same truth tables andcan be used inter-
‘changeably. The same output function is performed

by what appears to be two different logic symbols.
The following discussion will show that they are.the
same, Therefore more than one symbol can be used

to represent a particular function.

4.10. De Morgan's 'I"he‘oré'n\
. and Logic Symbols

4-11, De Morgan's theorem stetes': A B=-A+B-=

A - B, wherethe dot (-)is read as "and"" and the cross
‘The bar across the letters is
read as''not". The theorem shows that an AND gate
with an inverted output isthe sanie as anOR gate with
inverted inputs. The expression X = A - B is correct

- for the AND gate with the inverted output as_ as in Figure

4-2D. From De Morgan'stheorem; X = A B=A+B
and the symbol for A+ B is the OR gate with inverted

-inputs shown in Figure 4-2D. Thus, the same truth

table will work for both symbols. Remember that the

; symbol used must déscribe the logic’ function per-
. formed. Positive and negative logic differences are
. _wn in Figure 4-1,
xis !used to represent neganve logic functions, the dual

When positive logic symbology

of the function is produced. For example, a positive

~ logic AND gate becomes a negative logic OR gate,
| Thus AND is dual of OR and NOR is dual of NAND.,

412, JK FLIP-FLOP

4-13. The JK flip-flop is a bistable MV with added

features. One unique feature is that the JK flip-flop

stores two simuitaneous inputs at J and K; then |
changes states when a clock input sigral is app\ed .

. Three inputs are used for JK operation in addition to

the standard two inputs: 1) clock, 2) set, and 3) reset.

The clock mput is hke the norma.l mput for flip -f/op f

4-2

VA small c1rcle at the 1nput lme of a logxc. a

Figure 4-3, JK Flip-Flop

Figure 4-2 lists examples and . :

S . o
- QP JBK:= INPUTS
3 Q8Q:= OUTPUTS
- CLK ‘ ' " CLK = CLOCK INPUT
' S = SET
=L Y . R = RESET
I

* Tablé 4-1. Truth Table

t th+1 ty = Before clock pulse
th'+ 1 = After clock pulse

JI1K[Q|Q
0]0|QQ

If J=0and K = 0, then Q and
Q will -not change from what.
they were before the clock |
pulse

IfJ=1andK =0, then Q will
be 1 and Q will be 0 after the
clock pulse. -

HfJ=0andK=1, thean1ll
" be 0 and Q will be 1 after a
clock pulse.

Q‘n IfJ =1 and K = 1 before the
: clock pulse, then after-the

- clock pulse Q and Q will

L » change states.

opezatlon When a set 1nput is applied, this sets
output Q toa Ioglcal oine. A reset. input sets Q toa
logical one. Inaddition to these features, some JK

flip-flops have multiple inputs which are internally

gateld to control the flip-flop output. JK flip-flop
action is shown by truth table 4-1, JK flip-flop is
shown in Fxgure 4-3. ,

~ 4-14. ONE-SHOT MULTIVIBRATOR

' 4 -15. The reset and transfer one- shot MV's use two
- NAND gates as shown in Figure 4-4. With no input,

pins 1 and 2 of gate A'are held high (about 2.5 V) by
R1, 2, 3, and 4. Pin 3 of gate A is low, Pm Gof
gate B is iigh, PR ‘

4-16, When a negatlve pulse is apphed to the input,

pin 1 of gate Agoes low for a time determmed by C1,"

R1, :and R2, At this time, pin 3 goes high and/pro-
duces a low output at pin 6 of gate B. This di'ives:» pin
2 of gate A low through C2. C2 now charges thrdigh

R3 and R4.. When C2 has charged sufficiently to/allow

 pin 2 of gate A to go high, pin 3 goes low and pé ‘rmits

pin 6 of gate B to return to a high. Thus the oqtput is

_a negative pulse ‘

417, SENSITIVITY CONTROL R1

Schematr‘ Diagram Figure 8- 3 e

4-18. SENSITLVITY control R1 selects one of two

functions: 1) self-check, or 2) ad;ustment of input

o ,_sex‘smvxty At full countercloc.kmse 1toperates selt- e



t

I L

. Figure 4-4. One-Shot Multivibrator

I .
C 45,V

7

. 5.1V

10K
6 OUT"PUT
/ - IN ‘
L ¢l
' ' 82pF . 'I_J'
. R2
10K

" check switch S3 (see Figure 8-3). In this position, 60
Hz from A2(P) is connected directlyto input amplitier
Al. When not in CHECK, itvariesthe sensitivity from
950 V rms maximum to 0.1 Vrms minimum (full
. . clockwise). - ~ : ‘

' 4-19. INPUT AMPLIFIER ASSEMBLY A1
‘ Schematic Diagram Figure. 8-3. :

4-20, Input amplifier assembly Al ,'provides ‘stable

voltage gain of the input signal. Diodes CR1 and CR2-

are limiters.. Field effect transistor Q1 is a source
follower .to obtain maximum current gain with low
noise while maintaining a high input impedance. Q2
is a feedback amplifier for Q1and improves stability.
Q3 and Q4 further amplify the input signal to drive
Schmitt trigger Q5and Q6. The output of Q6 is applied
to output amplifier Q7 and Q8. ‘Bias amplifier Q9 with

: ‘R2Q sets the operating point for the Schmitt trigger. .

-4-21. MAIN 'BOARD .ASSE'MBL\Y A2
' Schematic Diagram Figure 8-\%

' 4-22. TIME BASE. The 60 Hz signal. from A3(3) is
"shaped by Q2. The positive portion is applied to

IC1c(2). IClc is the time base NAND gate. When
‘pins 1 and 13 of this gate are high there is a 60 Hz

square wave output at pin 12. This signal is applied
to IC2(3)(hexade divider). With.the GATE SELECTOR
switch in the .1 SEC gate position, 10 Hz from the

gate output'of IC2(6) is applied to the clock input of
main gate flip-flop IC4a(6). When GATE SELECTOR
- switch is in the 1 SEC gate position, the 10 Hz output

of 1C2(5) is applied to IC3(3) (decade divider). The

" output of IC3(6) is then applied tothe clock input of the

 main gate flip-flop. '

4-23. MAIN‘GATF};._WiththeGATE SELECTOR switch
. set to OPEN, CR8and CRS are grourded. This dis-

ables transfer multivibrator IC5c and IC5a and sample
. rate multiviprator IC4b. NAND gate 1C5d now has a
low output at pin 3." This ‘'signal is applied to main
" gate flip-flop 1C4a(7) resulting in'a low output at pin
10. The output at pin 10 is applied to Q9 base (gate
" light amplifier). to turn on the gate lamp and also to

" main gate transistor Q3 to open the main gate.® With
- ;the main gate open the counted signal'at Q1 bage is -

~ allowed to pass on to the driver and decade counters.

; o
U i v \ , Ly
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With the GATE SELECTOR switch in CLOSE, the

transfer and sample rate multivibrators are disabled

~ by grounding CR10 and CR11. "At this time there is a
.~ low input applied to IC5d(2) to reverse .the main gate
" flip-flop and close the main gate. With the GATE

SELECTOR switch in OPEN, the gate may be closed.
by grounding the EXT GATE terminal, This provides

“alow input to IC5(2) through CR15 to close main gate.

4-24. RESET. Reset is done by grounding the inputs
of thetransfer and reset MV's through CR12and CR3,

- respectively. This allowsthe reset MYV to trigger and
' . provide a negative pulseto timebase NAND gate IC1c

and reset of main gate flip-flop IC4a. At the same

"timie a positive pulse is applied to pin 1 of time base

dividers IC2 and IC3 to reset them at 9. This pulse
also goes to reset amplifier Q7and resets the decade,
counters to zero. ' ' 8 '

' 4-25. STORAGE. In storage mode pin5 of the buffer
storage units is held high by IC5a(8). This prevents

information in the decade counters from reaching the
buffer storage units, When a negative transfer pulse
occurs (after the main gate has closed) information

“inthe decade. counters passes onto the bulfer storage
_units and the new count is displayed. When STORAGE

switch is closed (storage off) the transfer MV is dis-
abled by grounding pin 13 of IC5c. This holds the
output at pin 8 of IC5a low and allows a continuous
transfer of information from the decade counters to

. the buffer storage units.

- 4-26. BLANKING. ' Blanking occurs when STORAGE |

switch is on and pin 10 of decade counters IC11, 14
and 17 are grounded, This feature permits blanking
of unwanted zeros inthe display (zeros left of the most

- significant digit).

4-27. DECADE COUNTERS. Decade counter IC8 is
a high speed, non-blanking decade. Input is on pin 5.
It provides a four line coded signal to buffer storage
unit IC7. Decade counters ICi1, IC14, and IC17 are
low frequency blanking decades.’ -

4-28. BUFFER STORAGE UNITS. These units have
four inputs and four outputs. When pin 5 is low the
buffer storage unit' assumes the state of the decade

‘counter and this information is passed to the decoder

driver.. Pin5 will be low when there is a transfer

pulse or when the STORAGE switch is off.

' 4-29. DECODER DRIVERS, The decoder drivers are

four-line to ten-line decoders with 4 inputs and 10
outputs. A low from the decoder driver to a number
in the digital display tube will light that number.

4.30. COUNTING SEQUENCE
Refer to Timing Diagram Figure 4-5

4-31. The .60 Hz signal at pin 11 of main board
;assembly A2 is shaped by Q2. The positive portion

at Q2 collector goes to pin 2 of time base NAND gate

" IC1c. To derive anoutput from this gate, pins 1and 13

must be high. When pins 1 and 13 are high, a 60 Hz
square wave is applied topin 3of IC2 (hexade divider),

If the gate control of IC2 pin 7 is grounded (. 1 SEC
- position of the ‘GATE SELECTOR switch), the gated’

4-3
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Figure 4-5. Timing Diagram -
. Lo .. o \ . ' v
TIME S B
{GATE  OFF - —1 | L--‘-—.‘-/:—%'gn/zug o
o 1 _ToL | roTLeLL.
weor L —JOLITLIZLBLIsLIsL L oL [ .
OUTPUT L —-J S L 1 s
s |
FFQ L __J - couu'rme — L 83}5
MAIN
GATE H '—]‘mm GATE OPEN LIGHT ON r..g—'”rg
FFQ ‘ CLOSED
E gwpte b DISPLAY TIME
MVB & L ous.aaté_ro INPUT GATE |- | -
| sampie w1
RATE L - 11
MVB Q '
gg";‘,s‘“ ! TRANSFER PULSE — V= 1003 /e
e o DISABLE TO INPUT GATE —s| [=— 3ps
OUTPUT ®1 RESET MAIN GATE FF ‘
RESET b RESET SAMPLE RATE MVB_o [~} +— 34
gf‘,’}‘pmsz RESET 70 DECADES @ DIVIDERS |

output at pin 6 will become the r'locl«: mput to main

gate fhp-flop IC4a. When the GATE SFLolTOR is-
set to'1 SEC, the gated output of IC3(6) becomes the

clock iiiput to the main gate flip-ﬂop‘r

4-32. In both .1 SEC and 1 SEC pdsitions of the
GATE SELECTOR switch the set (pin 7) of the main

gate {lip-flop is held high by IC5d. Q at pin 10 of the
‘main gate . flip-flop is high, Completion of the first
clock pulse will case Q and Q to change states. Now

Q islow and will open the main gate and light the gate

lamp. A low at Q9 base cuts off the transistor. Col-

lector voltage rises and the gate lamp lights, A low

at Q3 base cuts off Q3 and the input signal at Q1 base
passes on to the driver and decade counters. = At this
time Q is high and acts as the clock input to sample
rate MV IC4b. This MV requlres a complete change
of input state of change its output. Therefore it must
wait for the second clock pulse input to the main gate
fhp-flop before it will change states. :

4-33. At the end of the second clock pulse input, Q

and Q will change states. Q will go highand close -
the main gate and turn off the gate lamp. Q will go
‘low and trigger the sample rate MVB. Q and Q of the

sample rate MV will now change states. Q goes low
and triggers the transfer one-shot MV to produce a
transfer pulse thatallows countedinformationto enter
the buffer storage units. The low from Q is also ap-
plies to pin 13 of the time kase NANDgate and prevent
any 60 Hz output irom pin12. Sam;}le rate MV Q out-
put-goes high, charging C9 at a rate determined by
R2land R(SAMPLE RATE control), When the voltage
across C9 is sufficient, Q6 and @8 will conduct and
cause a high input to NAND gate [C5b(4). The sub-

sequent low output from IC6b(6) ¢lears the sample - |

rate MV and causes Qand Q to again change states.

Q goes high and remove the disabling input from pin’

13 of the time base NAND gate. Q goes low and trig-

gers the reset one-shot MV. The positive resetpulse

from IC1b(6) resets IC2 and IC3 to 9 and the decade
counters to.0.. ,

4-4

A

4 4 34 A negatlve pulse"Irom ICIa(B) is at this’ tlme. .

apphed to time base NAND gate pin 1 for a period

+ determined by R13 and C2. This allows all reset

operatmns to occur before the next clock pulse enters

' the time base d1v1ders ‘This negative pulse is also
. applied as the set of main gate flip-flop to ensure that
itwill be ‘ready for the next clock pulse. | -

o, 4- 35 ‘At this tlme IC2 and IC3 are reset to 9, The
~“ main gate flip-flop is preset. The decade counters
. are reset to 0 and ready for the next count cycle.

. 4-35. POWER SUPPLY ASSEMBLY A3

. Schematic Diagram Figures 8-5 and 8-6

4-37. ‘GENERAL, Power supply assembly A3 pro-

- videsthree regulated voltages: +155, +5.1, and -12 V.

These are operating voltages for the ihstrument.
NOTE
In the followmg dlscussmn complete refer~
~ ence designations are used to prevent con- .

fusion between parts located onthe chassis,
and parts located on printed-eirenit-boardA3’

4-38. PRIMARY POWER. Either 115 Vac or 230 V

. ac is connected through fuse F1 and power switch S4 .

(part of SAMPLE RATE control R2). Slide switch S6
on the rear panel connects T1 primary windings in
parallel for 115Vac operat‘on or in series for 230 \A
ac operatlon : ,

4-39. MINUS 12 VOLT SUPPLY. The regulated -12
volt supply consists of full wave bridge rectifier

~ A3CRS5 through A3CR8 whose output is filtered by

A3C1, regulated by A3Q1 and further filtered by A3C4.
Breakdown diode AICR15 provides a 12, 7TV reference
for A3Q1. Whenthe output voltage attempts to change,
A3Q1 conducts more or less to oppose this.chanye.

4-40. PLUS 5.1VOLT SUPPLY. The5. 1 volt supply
consists of full wave bridge rectifier AS3CR9 through
A3CR12 whose output isfiltered by A3C2and regulated
by series regulatorQl. A3Q4is the reference ampli-
f1/=r whose gain is.adjusted by A3R6. Breakdown diode
3CR17 provides the reterence voltage for A3Q4.
'hermistor A3RT1 provides temperature compensa-
ion for resistive divider A3R6, A3R7, andA3R8. This -
1elps to malntam the gain of. the reference amplifier.

 [4-41, PLUS 155 VOLT SUPPLY. The regulated+155

volt supply consists of full wave brldge rectifier A3CR1 .
throughA3CR4. A3Q2isthe series regulator. Break-
down diodes A3CR13, A3CR14, and A3CR16 provide

| the reference level for A3QzZ. These diodes also con- )

tribute to temperature compensation to minimize in- -

“tensity changes inthe readout display tubes, The +155

volt output is adjusted by A3R1. The power supply .

' board used in the Model 5321A has additional compo-

nents- (A3R9, 10, 11, and C6) which prov1de 90 volts

~|'at pin Cb “This voltage is not used
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“ 5- 1. |N'rnooucnou |

‘ 5-2 This section prov1des mamtenance and service
information for the Model 5221A and 5321A Electronic
Counters. Included are a table of recommended test

“equipment, troubleshootmg procedures, repair and

adjustment procedures, andanin-cabinet performance
check. which may be used to verlfy proper operatlon
of the Counter.

" §-3. TEST EQUIPMENT

5-4, Recommended test equipment for troubleshoot -

"ing and Ferformance checking is listed in Table 5-2.
" Test instruments other thanthose listed maybe used if

, their specmcattons equal the requlred characteristics.

5-5. ASSEMBLY CONNECTlON
" IDENTIFICATION =

5-6. Throughout the manual connectmns to printed
c1rcu1t assembhes are referred to in abbreviated
form. For example, . connection to pin 6. of assembly
~Alis A1(6).

5-7. ASSEMBLY DESIGNATIONS |

5-8. Table 5-1 lists the designation, name, and part
number of printed circuit assemblies usedin standard
| instruments. v_’Fo‘r options, refer to Section VII.

’I“abie 5-1. Printed Circuit Assemblies o

Assy | Name 'HP Part No.
1 A1° | Amplifier-Trigger | 05221-6002
A2 | Main Board 05221-6001"

‘A3 | Power Supply 05221-6003 (5221A)

05221-6010 (5321A)

5- ‘P IN-CABINET PERFORMANCE CHECK

5- 10 GENERAL. The following performance check,
Table 5-3 and Test Card, verifies proper operation

‘of all circuits in the Model 5221A and 5321A Elec-
| tromc Counters and may be used: ‘

a. as part of an mcommg mspectlon check of in- .
trul\nent specifications, '

b. \periodically, for instruments used in systems
where maximum reliability is important,

‘c. as partofa troubleshootmg procedure to locate‘
malfunctmnmg circuits, and |

d. after any repairs or ad]ustments, befoxe return-
ing 1nst1ument to regular serv*ce v '

Table 5-2. Reconrmended Test Equipment

Instrument Type Required Characteristics | '\ HP Part No.
Low Frequency Oscillator 5 Hz to 50 kHz, 6.1V rms R | 200CD
High Frequency ’Osc‘i»llator 50 kHz to 10 MHz, 0.1V rms R - 651B
' 'Pulse Generatos® - | +50ns, .3V, 100kHz S| 2
| Oscilloscope © 2€ MHz Bandwidth - 140A
Dual Trace Plug-in ~ 5mV/em. 1402A
- Horizontal Plug-in - \ ‘1420A
Divider Rrobe 10:1, 10 pF, de to 30 M‘I-'Iz‘ . 10001A
Divider Probe *50:1, 2.5 p, de to 30 MHz 100024
50 ohm Feedthrough “Male to Female BNC -10100A |
Termination . . o ' | ' ‘
nC VTVM o 0 to +300 V dc, +1%, 200 megohm irnpedance_ | 412A
ACVIVM 10 Hz to 10'MHz, +4%, .001t0 300 V rms  400E
AC Transistor Voltmeter 5 Hz to 10 Hz, +5%, 001 to 300V rms | ' 403B
* BNC """ Connector . " | | 1250-0781

5-1
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' Table 5-3. /in-Cabinet Performance Check . |

[

1. MAXIMUM COUNTING RATE: 10 MHz =

a. Set Counter controls as follows: l e :
‘ SENSITIVITY . & . . . . . .. counterclo'kmse, not in CHECK

SAMPLE RATE . .. . o slwhtly clockwise out of POWER OFF
ATE SELECTOR . o+ ... 1lsec.

2

b. With BNC "T" connect output of: Low Frequency Obculator to Counter INPUT and
‘ Osmlloscope 1nput The Osmllobcope momtors input s1gnal level Set Oscxllator
forOlVrms(OZBVpp) o :

c. Vary frequency of Low Frequency Osmllator from 5 dz to 50 kHz,. keeplnﬂ' output at
0.1V rms (0.28 V p-p).- Adjust Counter SENSI’I’IV ITY to trwger on input signal.
Ly Counter. should properly display frequenclee in this range. For frequerues above
9.999 kHz (99 999 kHz Option 01 and 999 999 kHz Optlon 02) the most srg,mﬁcant e

figure ic not dlsplayed

d. 'Suhstltute HF Os culator for Low Frequency Osclllatm Vary frequency of HF
" ‘Oscillator from 50 kHz to 10 MHz keepmg output at 0.1V rms (0.28 V p-p). Adjust’
Counter SENSITIVITY to tri 1gger on input signai. The C ounter should dlsplay
' frequenc1es in th1s range :

e. . To measure pulses the- mput trigger c1rcu1t must be. ad]usted to compensate for
" hysteresis effects so'that correct triggering occurs with either posmve or’ negatwe
pulses Refer to paragraph 5-21 for this ad]ustment

o NOTE Shlfts in hysterems limits to obtain a consistent count on posmve or:
nogative pulses will affect sine wave sensitivity. Steps d and e above
'W111 require ai input signal level above .1 V rms if the input c1rcu1t
is ad] usted for pulse operatlon

S Perfmm the followmg rheck only if trigger cir cmt ‘has.been adgusted for pulse
' - operation., Connect Pulse Generator to Counter INPUT with normal recomiiended
. ,vr’loud Set Pulse Generator for 50 ns, 300 mV pulse, + dehending on the: setting of
,,,;;,-f\"- " internal trigger control, Set REPETITION RATE of Pulse Gene1 ator to 100 kHz
. 2% The Counter should display this lrequency S o

R

- /.

2, INPUT SENSITIVITY o 1V rms Sine wave T

NOTE Internal control ullows belectlon of. elther posmwe or negatlve pnlse mput
K /v .
'Sensitivity is checl;ed by procedure of Item 1, Max;m_u’m Counting Rate. A L

,.’,/ .
7

3. GATE CONTROL Controlled by’ (xATE SE LFCTOR sw1tch on front panel or by rontact

. ' closure or saturated NPN transistor gf ound at EXT GATE jack on rear;
panel with GATE SELECTOR switchat OPEN. . = = L

a.. Set Counter controlq as follows: . - i R »
R GATE, SELECTOR .5:?:_;"1 ... . CLOSE SR |
SAMPLE RATE . TS'. C e e . slightly clockwu,r out of POWFR OFF

b, Connect Low Frequency Osc1llator to Counter INPUT uet. Obmhator to; 4 kHz '1t
o - 0.1V.rms (0.28 V p- p) R Cae E , o
e, Set GATE SELECTOR sthch to OPEN *the Counter ahOUld be totalizing, the mput
' 51gnal Set the GATE SE LECTOR to' CLOSE Tho: ‘Counter should stop countmg

P / \ A l
L dey Set GATE SELECTOR t0 OPEN Ground the EAT GATE Jack on rear panel Counte:v
should stop counting,- R P S
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Pshkon,MAnce CHECK TEST CARD

Hewlu!/t Packard Model 7;22 IA/ .)32 1A

‘Tests Performed by.

: _{hlert/iomc Counter | .
‘Serial Ne " / ' Date
N ‘ ' ,/ "/ |
. CHECK

DESCRIPTION

A
A
/
/
/

1.’ MAXIMUM COUNTING RATE: 10 MHz

")

2. INPUT SENSITIVITY: 0.1V rms sine wave

1

3. GATE CONTROL: controlled by front panel

GATE SELECTOR. switch, or by

5 Hz to 10 l'\I/',I‘Hz-"minimum

N 0.1V rms (verifri_ed by

- step 1 above)

OPEN (start counting)
CLOSE (stop count and hold)

external Lontact closur e. x
\ . ,
Wlth GATE SELECTOR set to OPEN . Contacts open (start counting)
Contacts closed (stop counting)
.‘\
/'// i !
// \ .
! // M
0 )
oy ) \ \I\':
JETEEN
‘S‘f;: |
B ‘:‘:‘ )
I‘I?"v. l“\ If_
,..' A " g l )/‘)
; ’ Y '
.\ G / |
, 5-2
‘\/ ” h s Il
y . y
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“on 5321A. :

" 5-11. VARIABLE LINE VOLTAGE. During the fol-

.

lowing tests (Tdble 5-3), Counter should be connected.
*. to power source through a variable voltage device so
that line voltage may be varied +10% from nominal
(115 0r 230V ac) to assure proper operation of Counter

under various supply conditions. :

5-12. INSTRUMENT COVER REMOVAL -

. '5-13." To remove top, bottom, v side covers, re-
. move phillips-head screws. Side covers musi be

removed for access to adjustments.

.~ WARNING
'115/230 V AC AND +155V DC SUPPLY
WIRES ARE EXPOSED WHEN EITHER TOP
" OR BOTTOM INSTRUMENT COVER IS RE-
MOVED. USE EXTREME CAUTION DURING

' TROUBLESHOOTING, ADJUSTMENT, OR

REPAIR. AVOID PAMAGE TOINSTRUMENT
'BY REMOVING POW ER BEFORE REMOVING
'OR REPLACING COYVERS, ASSEMBLIES, OR
COMPONENTS, .

5.14. ADJUSTMENTS
5-15. Power Supply A3

5-16. To check‘{a_n‘d adjust 'pow‘er; supply voltagés,'
. perform the follpwing: . S | :

a. Set line voitageto normal value (115 or 230 Vac). =

b. Connect de voltmeter to A3(8).

c. Voltmeter should read between +145 and +165
Vde. If voltage is outside this range, adjust A3R1
(see Figure 5-1 for 5221A or Figure 5-2 for 5321A).

d. Vary line voltage from 103 to 127V ac (206 to
254 Vac). The +155 Vdc supply should stay between
‘+145'and +165 Vdc. See Table 5-4. -

e Set line voltage to normal (115 or 230 Vaﬁc). \
“ {. Connect dc voltmeter to A3(9)on 5221A or A3(1)

g. Voltmeter should read between +4. 95 and +5. 25

_Vde. If voltage is outside this range, adjust A3R6’
(see Figure 5-1 for'5221A or Figure 5-2 for 5321A).

h. Vary the line voltage from 103 to 127 Vac (206
to 254 Vac). The +5.1Vdc supply should stay between

+4.95 and 5. 25 Vdc. | :

. .,(.y_l‘ R ' CE . . [ } ‘ ' ‘ | » '
e | L e - SectionV
: : | Maintenance

'5-17. Amplifier-Trigger Assembly A1 |

'5-18. Paragraph 5-19 is a pro_ceduré to ,te'sf't input
amplifier trigger assembly A1l for proper operation,
If any test is not passed, see Paragraphs 5-20 and

\'5-21 for trigger adjustment procedure:

15-19. 5 Hz TO 10 MHz CHECK.

o
|
1

| a. Set SENSITIVITY control clockwise.
Y Connéé; Test Oscillator to Countér:INPUT. Set
}\)scillator output to 5 Hz at 0.1V rms. : :

| ¢. Connect Oscilloscope to output at A1(1). Oscil -

loscope display should be a rectangular wave, about

50% positive and 50% negative.
d. Vary input fregiiency from 5 Hz to 16 MHz,

e. Oscilloscope display should remain a jitterl'-free

. reétangular wave at any frequency between 5 Hz
and 10 MHz. - o

|5-20. ADJUSTMENT FOR SINE WAVE QPERATION.

4. Set SENSITIVITY control clockwise.

" b. Connect 100 kHz sine wave at 0.1V rms to
Counter INPUT. '

¢. Turn AIR20 (trigger level a.djuét; see Figure
5-1 for 5221A or Figure5-2 for 5321A) fully clockwise,

d. Turn A1R20 counterclockwise until output at
A1(1), as observed on oscilloscope, is a stable rec-
tangular waveform, 50% positive and 50% negative
(50% duty cycle). ’

5-21. ADJUSTMENT FOR PULSE OPERATION.
- _ NOTE
Optimum adjustment for pulse“op'eration will
differ from optimum sine wave adjustment. .
Usethis adjustment only for pulse operation.
Input Schmitt trigger may be adjusted for
either positive or negative pulse operation.
. ’ \ N

a. Connect Pulse Generator set 11|7or 50 ns, 300 mV
pulse of desired polarity with repetiti‘\on rate of 100 kHz,
(Connect Generator with normal re¢ommended load. )

b. Connect Oscilloscope to output at A1(1). Adjust

~ A1R20 until a stable pulse is displayed.

Table 5-4. P6Wer Supply Voltage

| | AC Line Voltage |

. T t , . - " ' . S

Point (206) ' (230) (254) Adjustment . Ripple and Noise

ot 103 S5 g | - -

A36) | +155:10 | +155:10 | 418510 A3RL | Not Filtered
A3(9)5221A | | . S
A3(1)5321A S #5.1£.15 +5.1£.15 | +5.1+.15 A3R6 .01 V.rms max.

AMpSARA | l2es | 25 )RS None* '.003 V rms max."

- 5-3
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5-22. TROl/W

ir ng all possxble 1nformat10n from the con-

first obtai _
trols, 1nd/'ato«rs and connectors; then logically

'\applylng this mformatlon to locate the defective cir-
cuit or cgjaponent. -
III and cifjeuit diagrams in Section VIII can be used to
help undejrstand operation., Table 5- 1 lists the prmted
‘circuitagsemblies intheinstrument, Figure5-1shows

‘the locat ’on of assembhes and chassm-mounted com=-"

ponents in the 5221A and Figure 5-2 shows the loca-
tion.of assemblies and chassis- mounted components
in the 5321A., Refer to component location figures,
voltages, waveforms, and.schematic diagrams in

Section VIII. The performance check (Table5-3) table’

is also useful for locating trouble.

5-25.Module Substitution -

Operating procedures in Section

5-26, Maintenance procedures may be greatly sim-

plified if.troubleshooting is done by replacing a bad
assembly with a spare assembly knowntobe operating
correctly, When bad assembly is found, trouble then
may be traced to'the individual components respon-

sible, or the assembly maybe shipped to your Hewlett- .

Packard Sales and Service office for‘rep‘air.

5 27 Remqval of Main Board Assembly A2

‘5-28 To remove main board assembly A2:

a. Remn ‘e the top and both sxde covers (see Para- -

graph 5-13).

b. For 5221A, remove front panel wmdow by shdmg,
it ou ozther way

For 5321A, remove front panel window by push-—

ing top of wmdow down at the same time pulling out.

When wmdow is released pull up and out.

d. Reach 1ns1de‘ the side castmgs and genﬂy 1ift

sides of main board. Pull the board forward with

the fmgers

. Aft:er board is stalted remove connector XA2,

f. Push or pull board out of countex bemg, careiul

to keep board movmg inu stralght line.
g. To replace board reverse the ahove pi’*ocedure

Make sure connector XA2 is reconnected and none of
the wires are pinched by the board.

5-29. Troubleshooting Assemblies

5-30. Refer to Section IV, Theory of Operation, for
information on the operation of circuits. Consult the
component location figures, signal waveforms, and

voltages which are included with the assembly sche-
matics in, Sectlon VIII :

5-6

5

" is recommended

5-34..

Vi
A

5-31." Printed Circuit Component :‘Bepl\acem‘ent

5-32. Component lead-holes m the counter's circuit
boards have plated walls to ensure good electrical

“contaci petween conductors on the opposite sides of

the board. - To prevent damage to this plating and to

‘the replacement component, apply heat sparingly, and

work carefully. The following replacement procedure

1

a. Remove.defective component. )
) ) , ]

J
N o/

b. Melt solder in component lead-holes.. Use clean
dry soldering iron to remove excess solder, Clean
holes with toothpick or wooden splinter. Do not use
metal ool for cleumng as this may damage through-
hole plating,

‘c. Bend leads of replacement component to the

correct shape and insert component leads into com-

ponent lead-holes. Using heat and solder sparingly, -
solder leads in place. Heat may be applied to either

side of board. A heat sink (longnose pliers, com-.
mercial heat-sink tweezers, etc) should be used when

replacing transistors and diodes in order to prevent

excessive heat from being conducted by the leads from

the soldering iron to the component. ‘

d. Through-hole plating breaks are indicated by the

- separationfrom the board of the round conductor-pad

on either side of the board. To repair breaks, press
conductor-pads against board and solder rephcement
component lead to conductor-pad onboth sides of board.

5.33. Replacing Int‘egratedo‘Circ'ljits

If it becomes necessaryto 1ep1ac'e anintegrated .
circuit, clip the leads as closetothe case as possible.

- With a soldermg iron and long nose phels carefully

remove the wires from each hole. Clean holes as

described in Paragraph 5-32 step b.

' 5-35. Troubleshooting Aids

'5-36. When trouble is suspected, refer to Section 11

and perform SELF CHECK procedure. If Counter
does not pass SELF CHECK, refer to Table 5-5 for
a detailed breakdown of Counter operation in various
raodes, Once the problem is isclated to a particular

-area, refer to schematic diagrams in Section VIII.

5-37. Main Gate |

5-38. If there is no output from the main gate, check
all associated components and voltage levels. If still

“unable to locate the problem, check the rise time of

the input signal from A1 (1) to pin S of the mainboard.
This is typlcally 20 ns. If the rise time is too slow,
the problem is most likely on input amplifier board A1,



"_I"abl‘e: 5-5. Troubleshooting Chart
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Y

g GATE SELECTOR to OPEN
SENSITIVITY not in CHECK
STORAGE on ' ‘

.SAMPLE RATE mid range
Press RESET ‘

I v

: |
GATE light on

one no. displayed

i

STCRAGE off,
press RESET .

000000

If not zeros, check
decade 1C8, 11, 13,

14, etc:

* STORAGE on,
.press RESET

Q9, Neon DSI

“ Option 02

Option 01

' "
. GATE light off _
one no, displayed

| .
_* Main g?te’flip—flop '

o -

Q = (I) V Q = 5 v
GATE SELECTOR

IC5D, IC4A -

=
XX xl,x x0

If not blanked .
check decade

-
0 00'0 00
.. Check STORAGE
" and Pin 10 of
decades.

' 60 Hz (100-Hz |
Option 10) Self
CHECK, press \
RESET '

| ]
Count totalize .No Count .

GATE SELECTOR Input Ampl.

Display

to 1 SIEC‘

to CLOSE Main Gate
1C8
. 1
GATE light qff GATE light on
Check CR11, CRI10,
\ : CR13, Q9, CR16
GATE SELECTOR ‘ : , '
]

GATE light

‘
GATE light cycling

XxXxx60

GATE SELECTOR

“to.1SEC

XXXXX6

. Vary SAMPLE RATE

not cycling

;

to..1 SlEC

~no display

| +155 V (Adj.)
45,1V (Adj.)

GATE SELECTOR

| ‘
No GATE light -

Fuse on rear

Light cgc les

i
+ 10 divider (IC3)

50 mmﬁ sec

Insei'tv‘é Hz toll() Mhz
at 100 mV; if insensi-
tive, check amp. adj.

No eh‘ect‘

| .
SAMPLE RATE .
potentiometer

wate 1C4, 1C1

- |
not cycling’

J-K Main FF .
or Input NAND

5.7
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\5 39 Decade COunters |

5-40. With the ‘exception of IC8 (see Table 5.6) all
' decade counters receive signal input on pin-9 and

- supply a divide-by =10 output on pin &. IC8 has its
input onpin 5 and divide-by- -10 qutput on pin 1. All

_decade counters provide -8421 (DCBA) BCD output to |
' ootheir assbcxated buffer storage units. Refer to

Table 5-T. Th1s output is taken from pins 1, '8, 7,

and 6 on IC8 and pins 16 2 1, and 15 on the re-

malmng decade counters.

. 5-41. Buffer Storage Units

5-42, The buffer storage units receive -8421 (DCBA)
"BCD code on pins 9, 7, 8, and 10 from .the decade
counters when there is a negatlve fransfer pulse at
© pin 5 or when pin 5 is held low (storage off). -8421

(DCBA) output is from pms 16, 3, 1, and 14 Reter |

: to Table 5-8.

| 5-43. D‘ecoder Drivers

5-‘.44; ‘The decoder Id'riffers receive - -8421 l(Iﬂ)C‘BK)
BCD code from the buffer storage units on pins 9, 7,
8, and 10. This information is deciphered w1th1n the

umt and prov1des an output to one of the 10 digital °
_ display tube elements. A low (about 2 V) to an element
- of the display tube will light that number. Numbers

which are not hghted are held high (about 85 V). Refer
to Table 5-9.

Table 5-6. High F'requency \De(jéde;Output

- -Table 5-7._ . Décade Countar Odtput

Decade Counters IC11, 14 17 Output
- Hs= ngh (>1. 5V) L= Low (<0. 4V)

‘ o Pin Num‘ber o
Digit ; .
| 16 | 2 1 15

Blank | 'L L | L L
0 -H " H H H
1 Bt H H | L
2 “u | nm L H

3 H H | L L
4 H L H H

5 " | L | L
6 | H L L | H

7 H L | L L
'8 L H H H
9 L H H L

Table 5-8. Buffer Storaﬂe Output ‘

Buffer Storage Output: H=High (>2.1V);L=Low (<0 4V7)

High Frequenc'y Decade IC8 Output
H = High (>1.5V), L = Low (<0.4V)
* 'Pin Number
Digit —_— T ‘
] 8 - 7 6
o | = H | H H
1 H 'H H L
2 H " H - L - H
3 H H L L.
P H L H H
5 | H L | H 1,
6 H L L H,
7 H L L L
8 | L H | ® H
9 L " | ® L.

D1g1t ‘ . * Pin I\‘Iumber .
16 3. 1 14
Blank L |, L L L
0 H H H H
1 H ‘" H L
3 H H L | L
4 H ‘L | H | =H
5 H L | H L
6 H L L H
.77 H L L L
9. L H H L




, -Téble 5““9'.‘ ~ Decoder Dr'i'vé\r

' SectionV ' ' =
" Maintenance

“Decoder Driver (H = High, L = Low)

‘Input

 L=<0.4V, H=>2,

Y

© 10 Line Output H=>55V, L=<3V.

i

Pin Number L

Pin'Numbér

* Number ;

b
o .

1z 13 ] 14

et
o
"
¥+

c15

16

Ll .L| L

lalu| H

" None

‘Hl| ®H]| H

--u
a»

H

=
o = > i = o

o

| L

e

=
o

e
i

e
-0 - = < I e m_im‘
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ezl x
Ll
o
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min |l e
= e |
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o
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6 1. IN"J' RODUCTION

6-2 ThlS section contains mformatlon for orderlng

replacement parts.

.

. p K
[»II .

.J!
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SECTION VI
REPLACEABLE PARTS

[

Table 6-1 lists parts in alpha-

numerical order of their reference designators and
indicates the description and HP part number of each
 part, togethet with any applicable notes. . Table 6-2
lists parts in’ alpha-numerical order of their HP part
number and prov1dcs the followmg information on

each part

,‘/

a. Descrlptlon of the part (see m;t of abbrev1at1ons

'below)

b. Typ1ca1 manufacturer of the part ina f1ve-d1g1t

c. Manufacturer s part number

code see hst of manufacturers in Table 6-3

d. Total quantity used inthe i}nstrum’ ent (TQ column)'.

i

Table 6-1.
6-4. ORDERING INFORMAT!ON

- Section VI |

Replaceable Parts

B
'

.'6 3 Mlscellaneous parts are listed at the end of ‘

6-5.. To obtain replacement parts, address order or |
inquiry to your local Hewlett-Packard Salesand Service
office (see lists at rear. of this manual for addresses).
Identify parts by their Hewlett~ ~Packard part numbers.

6-6. To obtain a part that is not listed; include:

a. Instrument model number.

b.

Instrument serial numbey.

c. Description of the part.

d.

Function and Iocation of the part,

CA
" AFC.

"BECU"
- BP.
BWO

- CRT .

- EXT

G

o)
.qA‘
BoUonouou

=}
7]
@@ oo

U I 1]

AMPL
BFO
BH
BRS’

cew
CER
CMO
COEF
CcOM
COMP"
G/)MPL
CONN
cP

cw

DLPC
DR

ELLCT
ENCAP

i

F
FH
FIL'H
FXD

nouoH o

GE
GL
GRD

. 01194-13

Bowncw oo

W ECELE N won -

. external
farads

B nou

assembly
.motor

- battery
«capacttor

coupler

-diode

delay line

device signaling (lamp)

misc electronic part

amperes =

automatic [requency control

amplifier

beat frequen.::
beryllium copper

“binder head

bandpass
brass

backwazd wave osclllntor :
) counter-¢lockwise g

ceramic

cabinet mount only
coefficient .
common
composition .

. complete

“connecter
cadmium plate
cathode-ray tube
clockwise "

deposited carbon -
'drive

elactrolytic
encapsulated

\

flat head
fillister he~d
Tied -

giga (109) '
germanium
glass’

ground(ed) ‘

sctllator ,

S te “e

=2z

i he!
N o

" LK WASH

LPF

- MEG

MET FIM

MET OX .

MFR
MHZ
MINAT'
MOM
MTG
MY

N/C
NE
NI PL o

WoB O OW W OWOH W B

o on

R T I T I

HoHowHe u

oW n N ou u

LN B St (I (I )

EFRERN

REFERENCE DESIGNATORS -

ntckel,plate ‘

fuse Mmp
filter P
integrated circuxt Q
jack R
relay + RT
inductor S
loud speaker ° ‘T .
“meter ™
‘microphone P
ABBREVIATIONS
henries ~ N/O
hardware NPO
hexagonal :
mercury ‘
hour(s) NPN
hertz
intermediate freq NRFR
impregnated
incandescent NSR
include(s)
insulation(ed) ‘

, OBD
internal o OH
kilo = 1000 ox
left hand P
linear taper PF
lock washer
logarithmic taper
low pass ﬁlteg.- ;gLBR,Z
milli = 1073 P
meg = 10°
metal film ;
metallic oxide %%Y
manufacturer PORC
mega hertz POS
miniature POT

momentary PP
mounting PT
"mylar"' PWV
nano (10-9). RECT
ncrmally closed RF
neon

[ S O I O T R T

oo i ] 1t iou

[ I 1]

[ I 1)

B Bouwwu unn

mechanical part
plug .
transistor
resistor
thermistor
switch
transformer
terminal board
test point

normally opern
negative positive zero
(zero teiwperature.
coefficient)
negative- posmve-
negative
not recommended for
field replacement
not separaiely '
replaceable
order by description
oval head =
“oxide’

peak

printed circuit.
picofarads = 167
farads

phosphor bronze
Phillips

12

.peck inverse voltage ‘

positive-negative-

' positive . _
part of o
polystyrene
porcelain
position(s) -
potentiometer
peak-to-peak
point
peak working voltaze

rectifier’

radio frequency
round head or
right hand"

NXES <.

RMO

w/0

it

dH

Wi

oaon

Bopouow-onouon li

BoWoRonof op_ilon

o4 n o

[ ]

vacuum, tube, neon
bulb, photocell, etc.
voltage regulator
cable :
socket

crystal

tuned cavity,

. network -

rack mount only
root~-mean sgnare
reverse working
voltage
slow-biow
screw

selenium
section(s)
semiconductor
silicon

silver -

glide

spring

special
stainless steel

- split ring

steel

tantalum
time delay

togrle

thread
titanium -
tolerance
trimmer

~ traveling wave tu.e

micro = 10-6

" variable
“dec working volts

with’

- watts
“working inverse

voltage
wirewound
without

6-1
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o Parts o o o R }ﬁV"gﬁ”"V .
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‘Table 6-1. Reférence Designation Index - * . "%

IUTTER AT e e
It e
RN ST D .
‘ Descrjsfﬂon # v "Note 1. L
) ) ( / . 'I “ Y l . " “ i — ‘ . ,"4". jg} v
v . , /,;l “' _ﬂm S ;‘_. : P . ‘Q”
‘ASSY'INPUT‘AMPLIFIER BOARD TR B B

Vo 1 . N .y‘l'
[N v
'

o Rﬁferencé | oo Part No.

e S hy e \ RIEINRRIEA
. AT S : .

Al ,f, 05221-6002

05221-2002 BOARD : BLANK pC

“AICT *'fu760 2255 | CiFXD CER 8 2+O dSPF SOOVDLW
:FXD
:FXD’
:FXD
FXD -
:FXD-

| 0180-0291
| 0180-0229
0180-0137
0180-2250
0180-0291

"RIC2
AIC3
AICE

~ pAes

S YT

1 mc7

ELECT ]UF ]0% 35VDCW v . ' ,xwp
ELECT 33 UF 10% '10VDCH : P
ELECT 100 UF 20% 1GVDCH IR
CER 5.1:0.25 PF 500VDCW.- .~ .. [
ELECT TUF 10% 35VDCW |

OO0

| 0160-2257 | ¢:Fx0 10 PF 53 soovobw

A1CRI

| Atcre
AT1CR3

| 101

A1Q2
A1Q3
, A104
A1Q5
A1Q6
A1G7
Q8
'A1Q9

AR

ATR2

MIR3

ARG
AIRS

| MRs

ATRY

. AIR8
“AIR9 -
AIR10

| AR

1901-0040 -
1901-0040

190150040

| 1855-0053
1853-0036

1854-0215
1853-0036
1854-0019
1854-0019

1854-0215
1853-0036

1853-0036

0683-5115
0684-4711
- 0757-0927
0683-3925 -

0757-0931

0757-0945 j~~"

0683-5615

0757-0904

0757-0925
0757-0939
0757-0934

DIODE: strcow 3OMA
| DIODE:
- DIODE:

TRANSISTOR°SILICON

TRANSJSTOR SILICON
TRANSISTOR:SILICON
TRANSISTOR:SILICON
TRANSISTCR:SILICON

TRANSISTOR:SILICON

:FXD COMP 510 OHM

R
R:FXD COMP 470 OHM
R:FXD

“R:FXD
R:FXD
R:FXD

:FXD
:FXD
:FXD
:FXD
:FXD

AT OO0

TRANSISTOR: SIIICON
1 TRANSISTOR SILICON
TRANSISTOR; SILICON.

SILICON 30MA-
SILICON 3QMA

30WV-
30WV

BOWV';'“

FET

PNP
NPN

PNP

NPN
NPN

NPN
PNP

PNP’

N CHANNEL

2N3906
2N3904
2N3906

2N3904

2N3906
2N3906

5% 1/4W

10%
MET FLM 1.3K OHM 2% 1/4W
COMP 3900 OHM 5% 1/4W
MET FLM 2000 OHM 2%
MET FLM 7500 OHM 2% 1/4W

1740

Sy

COMP 560 OHM 59 1/4N

MET FLM 150 OHM 2% 1/4M
MET FLM 1.1K OHM 2% 1/4W
MET FLM 4.3K OHM 2% 1/4W
MET. FLM 3.7K OHM 2%

100

" #See ,introduction to this section for ordering information




Sectmn VI

| hees

G . . . ;’ | I?arts
R “ Table 6— }wference Des;gnatlon Index (Cont'd) - |
‘o Refenence pi f‘.jjﬁ S o L o ,
o Des1gnat1on hP Parthq, ,{_y¢, . : Descr1ptjon_#l - Note
& "~A1R125?”="'o757-0917 | R:FXD MET FLM 510 OHM 2% 1/4W
| mRm3 | 0757-0028 | ‘R:FXD MET FLM 1.0K OHM 2% 1/4H .
ATRIA . | 075720932 | R:iFXD MET FLM 2.2K OHM 2% 1/4W
| mms  [0757-0920 + | R:FXD MET FLM 680 OHM 2% 1/4U
| mirig: | oes3-6815 | R:FxD COMP 680 OH 5% 1/4K -
|.mr17 | o0es3-2025 R:FXD COMP" 2000 OHM 5% 1/4W
-~ ['mRris | 0757-0912 | R:FXD MET FLM 330 OHM 2% 1/4U
| mRl9 | 0683-8215 | R:FXD COMP 820 OHM 5% 1/44
AR20 - | 2100-1757 | R:VAR Wi 500 OHM 10% LIN 1/2W
mRl | 0683-2225 R:FXD COMP 2200 OHH 5% 1741
R 05221-6001 | ASSY:COUNTER BOARD
O 05221-2001 | BOARD:BLANK PC //
Laer | oreo-2257 | coFxo cER 10 PF 54 500VDCH
ncy | o1s0-0189 | c:PxpmicA 47 PFSER
ocs | o60-2250 | C:FXD CER 5.1:0.25 PF 500VDCH
A2C4 | 0160-2257 | C:FXD CER 10 PF 5% 500VOCH
| 0160-0299 C:EXD MY 180C PF 10% 200VDCW
A2c6 | 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCH
| a2c7 | 0120-0193 | C:FXD MICA 82 PF 5%
n2ce | | 0140-0193 C:FXD MICA 82 PF 5%
A2€9 | 0180-0229 | C:FXD ELECT 33 UF 10% TOVDCH
Ac10 | 0170-0080 | C:FXD MY 0.047 UF 10% 200VDCH
A211 | 0150-0093 | C:FXD CER 0.01 UF +80-20% 100VDCH
‘A2CR1 | 1907-0081 DIODE: SILILON’SO VOLTS WORKING
A2cR2 | 1901-0040 v | DIODE:SILICON JOMA’ 30MV |
A2CR3 | 1910-0016 DTODE :GERMANIUM 100MA AT 0.85V 60PIV
| m2cRa - | 1910-0016 | DIODE:GERMANIUM 100MA AT 0.85V GOPIV
‘A2CR5 | 1910-0016 | DIODE:GERMANIUM 100MA AT 0.85V 60PIV
A2CR6 | 1910-0016 DIODE:GERMANIUM TOOMA AT 0.85V 6O0PIV
A2cR7 | 1907-0081 | DIODE:SILICON 50 VOLTS WORKING )
2CRB 1970-0016 = | DIODE:GERMANIUM 100MA AT 0.85Y 60PIV
A2CR9 | 1910-0016 | DIODE:GERMANIUM T0CMA AT 0.85V 60PIV
A2CR10 | 1910-0016 DIODE:GERMANIUM 100MA AT 0.85V 60PIV
AZCR11 | 1910-0016 | DIODE:GERMANIUM 100MA AT 0.85V 60PIV -

- # Se'e introduction to this section for ordering information

6-3




‘Section VI'

Parts‘”'vr R o e R

. | : ‘,Table 6—_1; Ref_ere_ncié‘ DeSignatiOn Inde‘x .(C-opt'd)'

| Reference | i p.ov N | ' Descrintion # ~ Frote.
Designation hp ‘.Pa::r.tl No | Dgscmpt]o"n) # S \o_ |

A2cR12 - | 1910-0016 DIODE GERMANIUM J0OMA AT 0.85V 60PIV

A2CR13 | 1910-0016 DIODE:GERMANIUM 100MA AT 0.85V 60PIV

A2CR14 | 1910-0016 | DIODE:GERMANIUM 100MA AT 0.85V GOPIV

A2CR15 | 1910-0016 - | DIODE:GERMANIUM 100MA AT 0.85V 60PIV

A2CR16_‘. 1901-0081 | DIODE:SILICON 50 VOLTS WORKING

A2CR17 | 1910-0016 . | DIODE:GERMANIUM 100MA AT 0.85V 60PIV

A2CR18 1902-0197 - | DIODE:BREAKDOWN:SILICON 82.5V 5% |

A2CR19 | 1902-0197 | DIODE:BREAKDOWN:SILICON 82.5V 5%

A2CR20 | 1901-0025 = | DIODE:SILICON 100WV 100MA

‘A2CR21 1901-0025 | DIODE:SILICON 100WV 100MA

A2CR22. 1901-0025 | DIODE:SILICON 100KV 100MA

A2CR23 1901-0025 DIODE:SILICON 100KV T00MA

A2DS] 1970-0025 | DIGITAL DISPLAY TUBE

A2DS2 1970-0025 | DIGITAL DISPLAY TUBE

A20S3  |1970-0025 | DIGITAL DISPLAY TUBE

A2DS4 | 1790-0025 DIGITAL DISPLAY TUBE

[1251-1556 | CONNECTOR:DISPLAY TUBES

A2ICT . |1820-0068 | INTEGRATED CIRCUIT SN7410N

A21C2 ~  |1820-0089 | INTEGRATED CIRCUIT

A21C3  |1820-0098 | INTEGRATED CIRCUIT \

A2IC4. - |1820-0076 = | INTEGRATED CIRCUIT 2N7476N

‘A2IC5 © |1820-0054 | INTEGRATED CIRCUIT SN7400N

A21C6 1820-0092 | INTEGRATED CIRCUIT

A21c7 - /|1820-0116 | INTEGRATED CIRCUIT - |

A21C8* /| 1820-0254 INTEGRATED CIRCUIT R

A21C3 , [1820-0092 INTEGRATED CIRCUIT /

A21C10 /  |1820-0116 | INTEGRATED CIRCUIT

A21C11, . [1820-0119 INTEGRATED CIRCUIT

A21C12  © | 1820-0002 INTEGRATED CIRCUIT

A21C13 © |1820-0116 | INTEGRATED CIRCUIT

A21C14 1820-0119 INTEGRATED CIRCUIT

| . **FACTORY SELECTED PART .

*INSTRUMENTS WITH SERIAL PREFIX 920- MAY HAvr EITHER Al 7820 0079 OR 1820-0254 IC
INSTALLED FOR A2IC8. AN 1820-0079 REQUIRES A 1K RESISTOR FOR A2R17 AND AN
1820-0254 REQUIRES A 51 OHM RESISTOR. " WHEN REPLALING}ICB USE AN 1820-0254 AND.
CHANGE AZR17°T0 51 OHMS. /o A -

/

. /
/.
/

- : # See mtroductxon to this aectlon "'or ordermg mformatlon




.. & Bection vl

S e e T BT e " Parts
| Tablg‘ 6-1. ‘Reference 'DeSignation,iIndex'(Co;llvt.’,d)"_ .
0} Reference' | . pair N | R S |
o De;ignation OP_Paft NO.l V,;L,Descrmp?1?n # - ;~N0te
Nnzicis |isz0-0002 | ntecRaTED crRouIT
|a21c16 [1820-0116 | INTEGRATED CIRCUIT
A2IC17  [1820-0119 INTEGRATED CIRCUIT = |
et |isse-0009 | TRANSISTOR:SILICON NPN 2709
lazz  |1854-0071 | TRANSISTOR:SILICON NPN - o
|a2Q3 7 [1854-0009 TRANSISTOR:SILICON NPN 2N709
- |A204 - 1854-0009 | TRANSISTOR:SILICON NPN 2N709
14205 [1854-0009 | TRANSISTOR:SILICON NPN:2N709
A2Q6 1854-0071 TRANSISTOR: SILICON NPN
A2Q7 1854-0071 | TRANSISTOR:SILICON NPN
A208 |ig54-0071 | TRANSISTOR:SILICON NPN /
A2Q9 issa-0232 | TRANSISTOR:SILICON NPN
Jazm 0683-8235 | R:FXD COMP 82K OHM 5% 174N
a2re 0683-1025 | R:FXD COMP 1000 OHM 5% 1744
| A2R3 |0683-5135 | R:FXD COMP 51K OHM 5% 1/40
s 0683-5125 | R:FXD COMP 5100 OHM 5% 1/4W
A2R5 0683-5135 | R:FXD COMP 51K OHM 5% 1/4u
A2R6 0683-5115 | R:FXD COMP 510 OHM 5% 1/4M
| A2r7 0683-1045 R:FXD COMP 100K OHMS 5% 1/4H
- | azrs [0683-5125 | R:FXD COMP 5100 OHM 5% 1/4H
azro 0683-4325 | R:FXD COMP 4300 OHM 5% 1/4W
mr10 - |0683-1025 | R:FXD COMP 1000 OHM 5% 1/4W
A2R1T 0683-5125 | R:FXD COMP 5100 OHM 5% 1/4W
A2R12 - [0683-5115" | R:FXD COMP 510 OH¥ 5% 1/4U
A2R13 |0683-5125 R:FY COMP 5100 OHM 5% 1/4M
A2R14  |0683-5125 | R:FXD COMP 5100 OHM 5% 1/4W
AR15  |0683-1025 R:FXD COMP 1000 OHM 5% 1/4H
| A2Rr16 0683-5115 R:FXD COMP 510 OHM 5% 1/4H
aoR17% |0683-5105 | R:FXD COMP 51 OHM 5% 1/4H . ”x
A2R18 - - |0683-5635 | R:FXD COMP 56K OHMS 5% 1/4H
AZR19 0683-1035 | R:FXD COMP 10K OHM 5% 1/4W
A2R20  [0683-5635 | R:FXD COMP 56K OHMS 5% 1/4M
. #*FACTORY SELECTED: PART
| *INSTRUMENTS WITH SERIAL PREFIX 920- MAY HAVE EITHER AN 1820-0079 OR 1820-0254 Ic
 INSTALLED FOR A2IC8. AN 1820-0079 REQUIRES A 1K RESISTOR FOR A2R17 AND AN -
1820-0254 REQUIRES A 51 OHM RESISTOR., WHEN REPLACING IC8, USE AN 1820-0254 AND
CHANGE A2R17 TO 61 OHMS. | TR

4 See ‘intr'.oductiq'n to this section for ordering information |
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Pa_rt_s‘l- P NI B V. 3
| | "'. ‘Table 6-1. Reference Designation Index (Cont'd)
Reference | . o, o . Deséription ‘Note
Designation ‘hp Part No, Qe§;r1p§1pn{# ) ‘
|A2R21 ‘0683 1025 | R qu'comp 1000 OHM 5% 1/4W '
A2R22  |0683-1035 | R:FXD COMP 10K OHM 5% 1/W
A2R23  ©[0683-1035 | R:FXD COMP 10K OHM 5% 1/4W
A2R24 | 0683-2035 | RFXD COMP 20K OHM 5% 1/4W . =
AR25 | 0683-103 RFXD COMP 10K OHM 5% 1/4W o
A2R26 0683-5635 | R:FXD COMP 56K OHMS 5% 1/4M |
A2R27 . |0683-1035 . | R:FXD COMP T0K ORM 5% 1/4M-
|a2r28 | 0683-2035 | R:FXD COMP 20K OHM 5% 1/4W
| A2r29 | |0683-5635 | R:FXD COMP 56K OHMS 5% 1/4W
A2R30 . | o68a- 4{15 R:FXD COMP 470 OHM 5% 1/4W
AR31 - |0683-1825 | ReFxD coMP 1500 oM 5% 1/4u
|AzR32 | 0683-2735 | R:FXD COMP 27K OHM 5% 1/4H
A2R33 | 0683-1045 | R:FXD COMP 100K OHMS 5% 1/4H
A2R34 | 0683- zogs | R:FXD COMP 20K OHM 5% 1/4M
MR35 [ 0683-2035 - | R:FXD COMP 20K OHM 5% 1/4H
a2R36 | 0683-2035 | R:FXD COMP 20K OHM 5% 1/8W
[ AzR37 | 0683- 203% | R:FXD COMP 20K OHM 5% 1/4K
las 05221- 60%3 -,ASSY'POWER-SUPPLY B0ARD (5221 ONLY)
o | 05221 2od | BOARD:BLANK PC | |
{05221-6070 | ASSY:POWER SUPPLY BOARD (5321A ONLY)
05221- 20} | BOARD:BLANK PC | |
AC1 0180_2102' C:FXD ELECT 700 UF +75-10% 25V0CH
ez |0180-2101 | C:FXD ELECT 4000 UF +75-10% 15VDCH
| A3c3 0180-1780 | C:EXD ELECT 500 UF +75-10% 10VDCH
A3CA|0180-0032 | C:FXD ELECT 10 UF +75-10% 12VDCH
A | 0180-0032 C:FXD ELECT 10 UF +75-10% 12VDCW
A3C6 | 0150-0093 C:FXD CER 0.01 UF +80-20% 100VDCH
o SE (5321A ONLY)
['A3cR1 | 1901-0028 DIODE:SILICON 400 PIV 0.5 AMP
A3CR2  |7901-0028 | DIODE:SILICON 400 PIV 0.5 AMP
A3CR3 - | 1901-0028 DIODE:SILICON 400 PIV 0.5 AMP
A3CR4 1901-0028 | DIODE:SILICON 400 PIV 0.5 AMP
A3CRS | 1901-0049 DIODE:SILICON 50PIV
A3CR6 1901-0049 | DIODE:SILICON 50PIV
'A3CR7 | 1901-0049 | DIODE:SILICON SOPIV
A3CR8 1901-0049 DIODE:SILICON 50PIV
A3CR9 | 1901-0200 DIODE:SILICON 100 PIV 3A
A3CR10 .| 1901-0200 | DIODE:SILICON 100 PIV 3A
A3CR1T . |1901-0200 | DIODE:SILICON 100 PIV 34

# See introduction to this section for ordering information




Section VI

Parts .

BASE:LAWPHOLDER

: T‘ab,lé. '6—l1 . Ref,érence, DgSignatioh-.Index _(C'Q.'n_t'd)‘ |
| Reference |, 5. ] “Descr ; + | | Note
~ |Designation {hp Part No. \ Descr ptTQh ; y
" [ Ascriz | 1901-0200. | DIODE: SILICON 100 PIV 3A -
|a3¢r13 | 1902-3036- | DIODE BREAKDOWN:SILICON 3.16V
| A3cria | 1902-3036 | DIODE BREAKDOWN:SILICON 3.16V
‘| A3crR15- | 1902-0031 © | DIODE BREAKDOWN:12.7V 5% |
[ A3cr16 . | 1902-3036 DIODE BREAKDOWN:SILICON 3. 16V‘ 
ACR17 | 1902-3059 | DIODE BREAKDOWN:SILICON 3.83V 5%
A3Q)  {1854-0039 | TRANSISTOR: SILICON 2N3053 |
o | 1205-0080 | HEAT DIssIPATOR ..
A3Q2 1854-0232 | TRANSISTOR:SILICON NPN
1205-0061 HEAT DISSIPATOR
A3Q3 1854-0071 TRANSISTOR:SILICON NPN
A3Q4 1854-0071 TRANSISTOR: SILICON NPN -
A3RT 912100 1758 | R:VAR WM 1K OHM 10% LIN 1720
‘A3R2 0686-5135 R:FXD COMP 51K OHM 5% 1/20
A3R3 0683-6815 R:FXD COMP 680 OHM 5% 1/4W
A3R4 0761-0031 R:FXD MET OX €2K OHM 5% 1/2W
A3R5 0683-1315 R:FXD COMP 130 OHM 5% 1/4W
| A3rs 2100-1756 | R:VAR W 200 OHM 10% LIN 1724
A3R7 | 0683-3615 | R:FXD COMP 360 OHM 5% 1/4W
A3RS 1 0683-1315 . | R:FXD COMP 130 OHM 5% 1/4W
A3R9 | 0683-1085 | R:FXD COMP 1 MEGOHM 5% 1/4M
| ~ - (5321A ONLY) |
|A3R10 |0683-1055 | R:FXD COMP 1 MEGOHM 5% 1/4W
R I (5321A ONLY) -
R |osss-s1as | ReFxD coMP 510K oMM 5% Ve
~ (5321A ONLY) L
| A3RTI 0839-0021 -~ | THERMISTOR: DISC 500 OH 103
" | - CHASblS PARTS
1 10170-0040 | CzFXD MY 0. 047 UF 10% 200V0CH “
c2 0160-3043 C:FXD’ CER 2 X 0. 005 UF 20% 250HVAC
b1 |210-0m8 | LAP:GLO NE-2E
| |5040-0234 | LAMPHOLDER
| 5046-0235

# See introduction to this section for ordering information

SO
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Sectlon VI o "

0370-0134

IR

KNOB:ROUND, RED 1/2 DIA
(5321A ONLY) - .

Parts BT T " o 5
’ e ,- “ Tablé 6-1. Réfe_rence 'I‘)es,ignatli'on quex'(Cont*'Q)-,
| Reference | . oo w | e e
.Designati'oh#,h?vparﬁ N° . Des,‘""P“““ #. the
lp - |2110-0320 | FUSE:CARTRIDGE 0.15 AMP SLOW BLOW
~|2110-0201 | FUSE:CARTRIDGE 0.25 AMP SLOW BLOW
1400-0084 | FUSEHOLDER:EXTRACTOR 'POST. TYPE
2190-0037 | WASHER:LOCK SST FCR 1/2 THREAD
~ 12950-0038 | NUT:HEX SST 1/2-24 X 11/16
~|0900-0016 | "0" RING:11/16"
n . |1250-0083 CONNECTOR :BNC
e [1250-0083 | CONNECTOR:BNC -
| 1251-2357 | CONNECTGR:PONER 3 PIN MALE
1 |9140-0136 | COIL:FXD RF 22 UH
L2 19140-0136 | COIL:FXD RF 22 UH
| w1 ‘|05216-4006 | HOLDER:POWER SUPPLY
‘ T | (52214 oNLY)
WPl 05321-00007 | CHASSIS:MAIN |
. o+ | (5321A ONLY) T
(w2 - [os221-4001 | CASE:MAIN BOARD (BLACK PLASTIC)
w3 |05221-0004 | SPACER:FRONT PANEL
| | " | {5221A ONLY) . :
w3 05321-00006 | BRACKET:POWER SUPPLY BOARD
| | | (53218 ONLY)
Wpa . |05221-4002 | FRAME:WINDOW.
| | sezia onLy)
MP4 05321-00008 | SPRING:WINDOM
N | (53214 ONLY)
WP5 05221-4003 | WINDOW
c | (5221A ONLY)
| Mp5 05321-40001 | WINDOW
T T | (5321A onLy)
NP6 05321-00001 | CHASSIS:POWER SUPPLY
| T | (53214 0NLY)
o 1854-0063 . | TRANSISTOR:NPN SILICON 2N3085
1200-0043 - | INSULATOR:TRANSISTOR MOUNTING.
1200-0041 SOCKET:TRANSISTOR |
0370-0103 | KNOB:BLK W/ARROW 5/8IN. OD 14 IN. SHAFT

# See"i\ntrod‘.uction ,tothis' sectiqn for ordering information
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. Section VI

05321-60008 '
|0180-0376

0683-2025

 CABLE ‘ASSY :MAIN

(5321A ONLY)

C:FXD 0.47 UF '35 VDCW

R:FXD 2000 OHM .1/4W
NOTE: VYELLOW LEAD CF MAIN CABLE ASSEMBLY

(0522] 6004 OR 05321-60008) CONNECTED AT A2(11)
IS MOVED TO A2(8).. THE ADDED 2000 OHM RESISTOR IS
THE ADDED

0.47 UF CAPACITOR IS CONNECTED BETWEEN A2(8) AND

CONNECTED BETWEEN A2(1]) AND A2(8).
- GROUND AT A2(R N)

R o S Rt | ,_ | ‘-I?artsl -
S Table 6-1. .Reference’ ﬁesighatiOn Iniex (Cont'd) o f
2 P —_—r ‘ T
| Reference | '\ pavt Nn | L okion & ‘
~ |pesignation .hpﬂPart Nofft‘» _Descr1ptjonl# - Noﬁe
R& - |2100-0318 | R:UAR 250K OHM, 204 H/4M/SPST SH
1 | (5221 ONLY) |
1R ‘| 2100- 0273 | R:VAR 3 MEGOHM 20% 80
| 2100- 2573 RiVAR COMP 250K OHM 204 LIN 1780
| | (53218 onLy) S
0370-0103 | KNOB:BLK W/ARROW 5/8 IN. 0D 1/4 IN. SHAFT.
. [ (5221A ONLY). S :
. |o370-0102 KNOB:RED BAR
| © | (5321A ONLY)
3 3100-2072 | SWITCH:ROTARY
o | (5221A onLY)
S "~ INCLUDES:
{3130-0081 | SHIELD:SWITCH
5040-0218 | COUPLER
|3100-2024 | SWITCH:ROTARY
© | (53214 ONLY)
0370-0077 | KNOB:5/8 SK BAR
| C | (s221M0NLY) -
~ |0370-0099 | KNOB:SKIRTED BAR 5/8 DIA.
: (5321A ONLY) |
[s2 3101-0052 | SWITCH:PUSHBUTTON SPST
[s3 - o NOT ASSIGNED |
54 | | NsR:p/0 R2 ¢
S5 - 3101-0957 | SWITCH:TOGGLE DPLT
56 3101-1234 | SWITCH:SLIDE DPDT
1 9100-2438 | TRANSFORMER
05221-6004 | CABLE ASSY:MAIN
| (52214 ONLY)
0180-0376 | C:FXD 0.47 UF 35 VDCW
- |0683-2025 | R:FXD 2000 OHM 1/4W

# See mtroductlon to this sectlon for order ng mformatmn |
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Sectmn VI
Parts

o ‘

o ‘(I‘ableAG_—l;. Référe'yncf:‘é"Deéignziti\on Inde;c l“(C'ont?d)'

" Reference |

Designationihp P§rt No. . | ,Dgscrjpt1on‘# :N?te"
W2 los221-6007 | cABLE AssY:POMER

| » | (5221A ONLY)
W g 05321-60014x GABLE ASSY:MAIN
: « | (5321A 0T 010)
W2 o 053?1 rooo3 | casce Assy:pouER

. : (5321A ONLY) .
W3 ‘8120 1348 | CABLE .ASSY: POWER CORD
XA1 1251-0158 CONNECTOR.G-CONTACTv L
XA2 - 1251-0159 CONNECTOR:30-CONTACT . |
XA3 - . [1251-0194 CONNECTOR:PRINTED CIRCUIT 15- CONTACT

- 5000-0230 INSULATOR:P.C. BOARD
o (5321A ONLY) -

6“10’“ﬂ

# See introduction to this section for ordering information




Sectlon VI

T ) s Parts
.. Table 6-1; Reference Designation Index (Cont'd) o |
’ Reference | ' "o, o CBieeminkion ¥ L nete |
BT '_Des1gnat10n hp ‘Parlt No. \ :_.lDescrjptmn, *o ~ No.tvel
 ,','0pT’00}:' | "(ADD THE FOLLOWING PARTS TO A2 (05221-6001)
N | LISTING) o -
A2 los221-6005 | Assy: .COUNTER BOARD -
A2CR24  |1901-0025 ' | DIODE:SILICON 100WV 100MA
A20S5 |1970-0025 - | DIGITAL DISPLAY TUBE
A21C18.  |1820-0092 | INTEGRATED CIRCUIT
A21C19 * |1820-0116 | INTEGRATED CIRCUIT -
- | A21C20 1820-0119 . | INTEGRATED CIRCUIT
|A2r38 |0683-2035  |'R:FXD COMP 20K OHM 5% 1/4H
OPT 002 " (ADD THE FOLLOWING PARTS T0 OPT 001 AND AZ
- LISTING) |
A2 05221-6006 | ASSY:COUNTER BOARD
hocRzs  |1901-0025 | orooe: :SILICON 100WY 1OOMA
A2DS6 . |1970-0025 | DIGITAL DISPLAY TUBE
- |A21c21  |1820-0092 | INTSGRATED CIRCUIT
. |A21c22  |1820-0116 - | INTEGRATED CIRCUIT .
" A21C23 ° |1820-0119 | INTEGRATED CIRCUIT |
- | A2r39 0683-2035 R:FXD COMP 20K OHM 5% 1/4W
OPT 003 | |
VY 105221-6027 | ASSY:TIME BASE 1 MHZ
M - |05221-2014 | BOARD:BLANK -
A4C1 - |0160- 0127 C:FXD CER 1.0 UF 20% 25VDCH
A4C2 ‘| 0160-0127 C:FXD'CER 1.0 UF 20% 25VDCW
A4C3 0160-2143 | C:FXD CER 0.002 UF +80-20% 1000VDCH
|asca  [0150-0093 | C:FXD CER 0.01 UF +80-10% 100VOCH
[Ascs ' [0160-2205 | C:FXD MICA 120 PF 5% 300VDCH
A4C6 0121-0046 C:VAR 9-35 PF
AsC7 | 0160-2259 C:FXD CER 12 PF 5% 500VDCH |
RA4CS 0160-2218 ~ | C:FXD MICA 1000 PF 5% 300VDCW
AAICT 1820-0098 | INTEGRATED CIRCUIT
- |AsIc2 1820-0098 INTEGRATED CIRCUIT
| as1c3 1820-0098 | INTEGRATED CIRCUIT
ALICA 1820-0098 | INTEGRATED CIRCUIT
' ~ {AaLr |9100-1666 . | COIL: FXD RF 3600 UK.

#.See introduction to this section for ordering information
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| ;th“ ‘Sectlon VI

: Parts |

o lagr
IR
MR2
A4R3

C1MR3

AR5 -
MR6
| agr8
A4R9
AGRI0
| parTT
AMR12
A4R13:
| har13
| AR5
AQYT

XAG

| A2

AAR7

' W;oPT;oo3 (co&r D)

| 1858- 0071
11854+0071

0683-3035

1 0683-3025
| 0683-1035

0683-1015
0683-1015

0683-3025

0683-1045

1 0683-2235

0683-1035

0683-1525 -

| o675-1021
| o675-1021,
~lo675-1021
| 0675-1021
| 0683-1025

0410-0142
1251-0158

05216-0007
05221-6032

' 05221-6035
05221-6029

05321-00010

05321-00011]

05321-60011
| 05321-60012

o oVV T 00000

o OO O

' CABLE:TIME BASE BOARD. |
‘CABLE: ﬁSSY (522]A, R

_TRANSISTOR:SILICON NPN
TRANSISTOR:SILICON NPN

:FYD'COMP 30K OHM 5%-1/4W
:FXD COMP 3K OHM 5% -1/4W
:FXD COMP 10K OHM. 5% 1/4W
:FXD COMP100 OHM 5% 1/4W - -
:FXD COMP 100 OHM 5% 1/4W |-

:FXD .COMP 3K OHM 5% 1/4W .
:FXD COMP 100K OHM 5% 1/4W-
:FXD COMP 22K OHM 5% 1/4W
:FXD COMP 10K OHM 5% 1/4W
:FXD COMP 1.5K OHM 5% 1/4W

:FXD COMP 1K OHM 10% 1/8MK
:FXD COMP 1K OHM 10% 1/8W
:FXD COMP 1K OHM 10% 1/8W
:FXD COMP 1K OHM 10%. 1/8W
:FxD COMP 1K OHM 5% 1/4W

'LQYSTAL 1 sz
[co ECTOR: 6- CONTACT

BRACKET T1ME BASE BOARD (522
(5221A

1)
)

"
4

,ASSY COU“TFR BOAkD (52 Q)

MAKE THE FOLL“W;NG MODIFICATIONS TO
A2 (05221- 600]) PARTS LIST (5221h)

BRACK;T:MOUNTING”(SBZ]A)
BRACKET :MOUNTING (5321A)
CABLE:TIME BASE (5321A)

,CABLE;ASSY‘(BSZ]A)

.. A Tqblej‘ﬁ—l“.,,Refér‘»em;e\.l)'esig'tiati‘on -I'ndex’(Conti"‘gl)_i N
| Reference :h' bari*NJ .  heimistion 4 o
o Des1§nation' p Fart.fo. | . Description # Note

U og-12

- # See introduction to this_section for ordering information




" ‘Table 6-1. Reference Designation Index (Cont'dy ~

el Reference
,P,Des1gnat1on

‘hp-Part?No." . . Description # 7t

| fQPT 0Q3 (cONT'D)

| Azr2 .
A2R3

A2R7

A2CR1

A21C2

ADD

'A2R40
A2C12

{nztcz
OPT 004

Al
DELETE

aR2
| mics

1 ADD

AIRZ .
A1C5
A1CS8

[opT 010

A2

DELETE
| A2r1

A2R3

A21C2

W
W

0683-1025
10683-5135

|1820-0089

|AR2
|AeR7
- 10683-6825
0150-0014
1820-0098

05221-6034
|ossa-a711

| 0683-2235
10160-0363
0140-0214
|os221-6021

0683-8235
1820-0089

R:FXD COMP 1K OHM 5% 1/4W.
R:FXD COMP 51K OHM 5% 1/4W
| R:FXD COMP 100K OHM 5% 1/4y

'DIODE:SILICON 50V TONS 6PF -
INTEGRATED CIRCUIT

0683-1045
1907-0081

‘R:FXD COMP 51K OHM 5% 1/4W.
R:FXD COMP 6800 OHM 5% 1/4W
'R:FXD COMP 6800. 0HM 5% 1/4W

C:FXD CER 0.005 UF MIN 500VDCW
INTEGRATED CIRCUIT

0683-5135
0683-6825

INPUT AMPLIFIER BOARD
(CHANGE A1 PARTS LIST AS FOLLOWS)

R:FXD COMP 470 OHM 10% 1/4W

0160-2250 ‘C:FXD CER 5.1 PF 500VDCW

| R:FXD COMP 22K OHM 5% 1/4u
| c:Fxp MICA 620 PF 5% 500VDCH
C:FXD MICA 60 PF 5% 500VDCH -

(CHANGE A2 PARTS LIST AS FOLLONS)
ASSY:COUNTER BOARD .

K:FXD. COMP 82K OHM 5%:1/4W
“R:FXD COMP 51K OHM 5% 1/4W
 INTEGRATED CIRCUIT =
- CABLE :ASSY MAIN (5221A ONLY)
- CABLE:ASSY MAIN (5321A ONLY)

0683-5135

05221-6004
05321-60008

. # See introduction to this section for ordering information - '’

. . Section VI.
. Parts.

o L
Note . ..
IR REEY N
Vit o FEOS "
! ,\r““,.v,.,v,; X '.’;f",“
N



. | A21c2  ]182C-0038 | INTEGRATED CIRCUIT .

| Sectlon VI \1 o
?_sf;:‘ . Parts .

. Table 6-1. -qfléfe‘renc;e_'De‘signati’bn-inde;‘i‘ (Cont'd). " ‘:

5 tiy Lo [ S " . . R
: . - A N . A .

—T 1 e |
Reference |y oot N, | o Description# o [Note

| besignation| 3
et 010»(CONT?D) "
oo

1 | oess- 1545 “"R FXD COMP 150K OHM 5% 1/4w ¢
fa2m3 lo683-1545 | R:FXD COMF 150K OHM 5% 1/4W

b

|a2c12 -~ |0170-0021 | C:FXD CER 0.0047 UF 10%‘4oov0cw
fwi |05221-6036 | CABLE:ASSY MAIN (5221A ONLY)
1 |05321-60014 | CABLE:ASSY MAIN (5321A ONLY)

2N N . | CHASSIS PART
|3 |0160-0006. | £:FXD CER 1000 PF 10% 600VDCW

' #See introduction to this section for ordering information

: '6—14 v.'ﬁf :
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. S‘ect.io‘ri VI.
- Parts-

Description

HP Part No.

Quantity' |

10.
11
12|

- Front Panel

Reér Panel

Side Cover

‘Sid.e Frame

Top Cover

Bottom Cover

Hinge

Tilt Stand

' 'Foot Assembly

Spacer

‘Window Frame

v

Trim, Top Frbnt

| 05221-0001

05221-0014

|
5000-0702

5060-0702
5060-0714

5000-0713

5040-0700
1490-0021

5060-0727

'5020-0700
05221-4002

05221-0002

1

1 '
2

615



- Section VI
. Parts

o \ Lo e o Figﬁre*.é-Z_." '-Modell 5321A Cabinet Parts '

Item . | o Des’criptibh ' - o HP Part No.. | - Quantity

oy ' Front Panel B R  05321-00003 DR
.2; B Rear Pa;nel | ‘ ‘05321‘500012 - 1
A 3 1 /’ Side Céver - : | 5000-0700 | 2
@ “Slidié Frame - | 5060-0700 2
5 // . TopCover | 5060-0724 , o
6. | ’j/’  Bottom Cover o " '5000-0719 RN
1. /1 Hinge | . ses00m0 | 2
S Tilt Stand . 1490-0032 | 1
f9. o _ Foot Assembly . - 5060-0728 2

0. spacer . 5020-0701 . L2

616
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‘ Section-VI

B - Parts
A © Table 6-2. Replaceable Parts
e hpStock No. | ', Description # = | Mfr. | Mfr. PartNo. |TQ| |TQ
| L o o . 75221, 532**
| o1s0-0149 | cC:PrOmMICA 47T PEBET 28080 | 0140-0149 | 1] |1
-~ 0140-0193 | CiFxp MICA 82 PFSZ . .. 28480 0140-0193 © | 2} | 2
' 0150-0014 | C:FXD.CER'0.005 UF MIN soovoc | B :
© 0150-0093 | C:FXD'CER 0.01 UF +80-20% 100VDCW  [91418 | TA ] 2 3
0150-0119 [ C:FXD CER 2 X 0.01 UF 20% 250WVAC 56289 | 36C219A ] ]
0160-0299 | C:FXD MY 1800 PF 10% 200VDCW 28480 0160-0299 1 ]
| 0160-2250 | C:FXD CER-5.1%0.25 PF 500VDCW = 72982 | 301-000-COHO-519E| 2 2
0160-2255 | C:FXD CER 8.2¢0.25 PF 500vDCW - |72982 [ 301-NPG-8.2 PE | 1/ | 1
0160-2257 | C:FXD CER 10 PF 5% 500VDCW - {72982 | 301-000-COHO-100J| 3 3
0160-3043 | C:FXD CER 2 X 0.005 UF 203 250WVAC I R
0170-0040 | C:FXD MY 0.047 UF 10% 200VDCW {28480 | 0170-0040 2 2
0180-0032 | C:FXD ELECT 10 UF +75-10% 12VDCW - {28480 | 0180-0032 2 2
0180-0137 | C:FXD ELECT-100 UF 20% 10VDCW = - 28480 0180-0137 1 1
© 0180-0229 | C:FXD ELECT 33 UF 10% 10VDCW ~ |28480 | 0180-0229° 2| | 2
10180-0291 | C:FXD ELECT IUF 10% 35vDCW . |56289 | 150D105X9035A2 | 2 ¥.
0180-1780 C:FXD ELECT .500 UF +75-10% 10VDCH 28480 | 0180-1780 1] {1
10180-2101 | C:FXD ELECT 4000 UF +75-10% 15VDCW  [28480 | 0180-210] 1] | 1
.0180-2102 | C:FXD ELECT 700 UF +75-10% 25VDCH 28480 | 0180-2102 1] |1
0370-0077 - | KNOB:5/8 SKIRTED BAR | 28480 | 0370-0077 1 ,
0370-0099 | KNOB:SKIRTED BAR 5/8" DIA . .~ |28480 0370-0099 | 1
 0370-0102 | knos:RED BAR  |essso| 0370-0102 | | | 7
. 0370-0103 | KNOB:BLK W/ARROW 5/8 IN. 0D 1/4 IN. |28480} 0370-0103 21
, | sHAFT -
' 0370-0134 | KNOB:ROUND, RED 12" DIA . 28480 0370-0134 | 1
 0683-1025 | R:FXD CQOMP 1000 OHM 5% 1/4W 01121 CB 1025 4 4
© 0683-1035 | R:FXD COMP 10K OHM 5%.1/4W 01121 CB 1035 6 6
'0683-1045 . | R:FXD COMP 100K OHMS 5% 1/44 Jomni21| cB 1085 ? 2
0683-1055 | R:FXD COMP 1 MEGOHM 5% 1/4W 01121} CB 1055 2
0683-1315- | R:FXD COMP 130 OHM 5% 1/4W 01121 CB 1315 |2 2
0683-1525 ~ | R:FXD COMP 1500 OHM 5% 1/44 01121 CB 1525 1 1
0683-2025 | R:FXD COMP 2000 O:M 54 174w .~ fo1121]CB 2025 . | 1 1
0683-2035 .| R:FXD COMP 20K OHM 5% 1/4W 01121} CB 2035 { 61 | 6
0683-2225 | R:FXD COMP 2200 OHM 5% 1/4W - | o
0683-2425 | R:FXD COMP 2400 OHM 5% 1/4W 01121 CB 2425 1 1
0683-2735 | R:FXD COMP 27K OHM 5% 1/4W ~lo1121| cB 2735 11 |1
0683-3615 | R:FXD COMP 360 OHM 5% 1/4d . |01121} CB 3615 1 1
0683-3925 | R:FXD COMP 3900 OHM 5% /80 ~{o1121| cB 3925 BRI
0683-4325 | R:FXD COMP 4300 OHM 5% 1/4W . 101121 CB 4325 ] ]
| 0683-4715 | R:FXD COMP 470 OHM 5% 1/4W ~  [01121] CB 4715 1 1
‘» 0683-5105 - | R:FXD COMP 51 OHM 5% 1/4W 101121 cB 5105 1 ]
W 0683-5115 . | R:FXD COMP 510 OHM 5% 1/4W - |oriar| cB 5115 4 4

# See lis\t of abbreviations in introduction to this section , :
| L ‘ ‘ ‘   | - 617



| Sectlon VI Le o e Ceoe | .

o Table 6-2. Replaceable Parts (Cont’d)

| hp StockNo. | -/ Descrlptlon # Mfr Mfr Part NO 1TQ} |
| 1 ,/ A . j‘y:f~ [ AR - 5221 5321
0683~ 5175;;f,/R FXD COMP'S]OO OHM 5% 1 '4w -~ .-Jo1121]CB 5125 5| |5
, 0683-5135 | R:FXD COMP 51K OHM 5% 174 {01121 | CB 5135 21 | 2}
I 0683-5145 | R:FXD COMP 510K OHM 5% i/4W - .+ 01121 | CB 5145 1 v
© 0683-5615 | R:FXD COMP 56G OHM 5% t/4W = - 01121 fCB 5615 | | 1
.0683s5635/5v'WRuFXD'COMP 56K OHMS 5% 1/4W - . 01121 | CB 5635 : 41 14
0683- 68.5 | R:FXD COMP 680 OHM 5% 1/4W 01121 | CB 6815 2 2
'0683-6825 - | R:FXD COMP 6800 OHM 5% 1/4W - 1. L
| 0683-8215 | R:FSC COMP 820 OHM 5% 1/4W . , . 01121 | EB 8235 - ] ael
0683-8235 | R:FXD COMP 82K OHM 5% 1/4W - lon121|Ee28235 . |1 11
0683-9115 | R:FSC COMP 910 OHM 5% 1/4W = 01121} CB 9115 IR B 1
| 0684-4711 R:FXD COMP 470 OHM 10% 1/4W j01121 | CB 4717 : 1 1
| -0686-5135 | R:FXD COMP 51K OHM 5% 1/2W - 01121 | EB 5135 - ] T
0757-0904 | R:FXD MET FLM 150 OHM 2% 1/4W o e
0757-0907 R:FXD MET FLM 200 OHM 2% 1/4W 28480 | 0757-0907 | 1| ]
0757-0912 R:FXD MET FLM 330 OHM 2% 1/4W  |28480| 0757-0912 1. 1
0757-0917 | R:FXD MET FLM 510 OHM 2% 1/4W 28480 0757-0917 ] ]
0757-0920 = | R:FXD MET FLM 680 OHM 2% 1/4w‘ 28480 | 0757-0920 ] 1
0757-0924 - | R:FXD MET FLM 1.0K OHM 2% 1/4W - |28480 | 0757-0924 1 ]
0757-0925 R:FXD MET FLM 1.1K OHM 2% 1/4W 128480 | 0757-0925 11 ]
10757-0927 © | R:FXD MET FLM 1.3K OHM 2% 1/4W ~ .|e8480] 0757-0927 | 1| | 1
0757-0931 CR:FXD MET FLM 2000 OHM 2% 1/4W ‘ \ S |
 0757-0932 - | R:FXD MET FLM 2.2K OHM 2% 1/4W 28480 | 0757-0932 1 ]
0757-0934 | R:FXD MET FLM 2.7K OHM 2% 1/44  |28480| 0757-0934 12 2
- 0757-0939 | R:FXD MET FLM 4.3K OHM 2% 1/4W 284801 0757-0939 | 1 1.
'0757-0944 | R:FXD MET FLM 6.8K OHM 2% 1/4W 28480 | 0757-0944 ] 1
0757-0945 R:FXD MET FLM 7500 OHM 2% 1/4W ; o |
0758-0022 R:FXD MET OX 82K OHM 5% 1/2W . |28480 | 0758-0022 11 ]
0761-0031 | R:FXD MET FLM OX 82K OHM 5% 1/2w . B B
0839-0021. THERMISTOR:DISC 500 OHM 10% 83186 | 25E11. 1 ]
0900-0016 | "0" RING: 11/16" . 28480 | 0900-0016 o ]
1200-0041 SOCKET:TRANSISTOR . : e N
1200-0043 INSULATOR TRANSISTOR MOUNTING | 71785 293011 B R
-1205-0050 HEAT DISSIPATOR - {28480 1205-0050 11 ]
1205-0061 | HEAT DISSIPATOR SEMICONDUCTOR - |28480 | 1205-0061 1 1
1250-0083 | CONNECTOR:BNC : ~|28480] 1250-0083 2 2
1251-0148 CONNECTOR:POWER 3 PIN MALE - 187930 1065-1 1 ]
1251-0158 | CONNECTOR:6-CONTACT = . - 128480 1251-0158 1 1
©+1251-0159 | CONNECTOR: 30- CONTACT 28480 | 1251-0159 ] ]
'1251-0194 | CONNECTOR:PRINTED CIRCUIT 15- CONTACT 284380 | 1251-0194 11
1251-1556 CONNECTOR:DISPLAY TUBES = - | B L
1251-2357 . |-CONNECTOR:POWER 3 PIN MALE

“ # See list of abb1 ev latlons m mtroductloa to thls sectwn ‘
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’ - Se ction VI " 
, SRR 'I/iff . - Parts
| :j.[“;cib%e’G- Replaceable Parts (Cont'd) . |
| hp Stock No.. | | D/ascrlptlona# Mfr. Mfr. Part No |TQ| |TQ
| | o | e - 5221
'Ef14bn 0084_,' FUSEHOLDER:S%TRACTOR POST TYPE . |79515 | 342014 i 1]
1820-0054 | INTEGRATED GIRCUIT SN7400N |28480 | 1820-0054 IR
| 1820-0068 | INTEGRATED CIRCUIT SN7410N 28430 | 1820-0068 ] ]
| '1820-0076 | INTEGRATED CIRCUIT SN7476N 28430 | 1820-0076 ] ]
1820-0089 | INTEGRATED CIRCUIT [28480.| 1820-0089 - RS
| 1820-0092 | InTEGRATED CIRCUIT |28480 |1820-0092 4| |4
© 1820-0098 | INTEGRATED. CIRCUIT 28480 | 1820-0098 1]
1820-0116 | INTEGRATED CIRCUIT 28480 | 1820-0116 4 4
1820-0119 | INTEGRATED CIRCUIT l28480 | 1820-0119 3| | 3
1820-0254 | INTEGRATED CIRCUIT = 28480, | 1820-0254 ] ]
11853-0036 ,TRANSISTQR:SILICON PNP 2N3906  |28480 | 1853-0036 a| |4
1854-0009 | TRANSISTOR:SILICON NPN 2N709 07263 | 2N709 4 4|
1854-0019 | TRANSISTOR:SILICON NPN 28480 | 1854-0019 | 2 2
1854-0039 | TRANSISTOR:SILICON 2N3053 {02735 | 2n3083 ] 1|
1854-0063 | TRANSISTOR:NPN SILICON 2N3055 02735 | 2N3055 ] ]
1854-0071 TRANSISﬁOR:SILICONNPN | o880 | 1858-0071 61 |6
1854-0215 | TRANSISTOR:SILICON NPN 2N3904 128480 | 1854-0215 2 2
1854-0232 - | TRANSISTOR:SILICON NPN 28480 | 1854-0232 2 2
1854-0053 | TRANSISTOR:SILICON FET N CHANNEL 28480 | 1855-0053 ] ]
1907-0025 | DIODE:$ILICON 10CHV 100MA - 28480 | 1901-0025 6] |4
1901-0028 | DIODE:SILICON 400 PIV 0.5 AMP 28480 | 1901-0028 4 4
1901-0040 . | DIODE:SILICON 30MA 30WV 28480 | 1901-0040 4 s |
1901-0049 | DIODE{SILICON 50 PIV - 28480 | 1901-0049 | 4 4
1901-0081. | DIODE{SILICON 50 VOLTS WORKING 28480 | 1901-0081 3 3
1901-0200 | DIODE{SILICON 100 PIV 3A [pz73s | wasos sl | s
| 1902-0031 | DIODE:BREAKDOWN:12,7V 5% 28480 | 1902-0031 1 1
1902-0197 | DIODE BREAKDOWN:SILICON 82.5V 5% 28480 | 1902-0197 2 2
1902-3036 | DIODE BREAKDOWN:SILICON 3.16V 28480 | 1902-3036 3 3
1902-3059 | DIODE BREAKDOWN:SILICON 3.83V 5% 28480 |1902-3059 1] |
1910-0016 | DIODE:GERMANIUM TOOMA AT 0.85V 60 PIv [28480 | 1910-0016 13 [13]
1970-0025 | DIGITAL DISPLAY TUBE 28480 |1970-0025 4 5
2100-0273 | R:VAR COMP 3 MEGOHM 20% 5 CCHLOG 174w [28480 | 2100-0273 2
-2100-0318 | R:VAR 50K OHM 20% 1/4W/SPST ‘S 28480 | 2100-0318 ]
2100-1756 | R:VAR WW 200 OHM 10% LIN 1/2M 28480 | 2100-1756 2 2|
2100-1757 | R:VAR MW 500 OHM 10% LIN 1/2u | :
| 2100-1758 | R:VAR WM TK OHM 0% LIN 1/24  [28480 | 2100-1758 1
| 2100-2573 | R:VAR COMP 250K OHM 20% LIN 1/44 {28480 |2100-2573 ]
| 2110-0017 | FUSE:CARTRIDGE 0.15 AMP SLOW BLOW - [75915 [313.150 1]
2110-0018 | FUSE:CARTRIDGE 0.25 AMP SLOW BLOW  |75915 [313.250 1 ]
2140-0018 | LAMP:GLOW NE-2E | | 24455 | NE 2E1 ] 1

S U RS ATRTONT S s s ..

- # See list of abbreviations in introduction to this section' .
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. "..'Sectlon,VvI

Parts B R | |
‘ Table 6 2 Replaceable Parts (Cont'd) SRS
“‘»‘:hp -S’poék.Nb', 1 | Descrlptlon # -‘Mf‘r, Mfr Part No.. |TQ |
| REE IR R s 5221 5321
|| 2190-0037 | WASHER:LOCK SST FOR 1/2 THREAD 78189 | 1228-08 1]
2950-0038 | NUT:HEX SST 1/2-24 X 11/16 - 75915] 903-12 ] ]
' 3100-2072. | SWITCH:ROTARY 28480 | 3100-2072 - 1| |
3100-2424 | SWITCH:ROTARY . 28480 | 3100-2424 7
3107-0033. | SWITCH:SLIDE DPDT | 79727 6510 C 1 |
3101-0052 | SWITCH: "PUSHBUTTON SPST 82389 | 961 Less WD |1 Bl
3101-0957. | SWITCH:TOGGLE DPDT 128480 | 3101-0957 1l |
3101-1234 | SWITCH:SLIDE e | |
5000-0230 | INSULATOR:P.C.BOARD 28480 | 5000-0230 | ]
5040-0234 | LAMPHOLDER | 28480 | 5040-0234 2| | 2
8120-0078 | CABLE ASSY:POHER CORD 28480 | 8120-0078 - 1 1
8120-1348 | CABLE: ASSY POWER CORD I |
 9100-2438 | TRANSFORMER . 28