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Title & Document Type: 461A / 462A Wideband Amplifiers Operating and Service
Manual

Manual Part Number: 00461-90006
Revision Date: January 1975

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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RRIRRaI S J'_; : ‘_idl:ﬂllull this’ manual’ ‘will disciss the instruments i
<o terms of -the Model 4ATA. The Modet 462A; will be

S S - “mentioned ‘onl whcn .‘rlS o Lratlun lhff{:rb I‘rum thut
[2 l‘ht. hp Mudul 461/\. W'r’. B ml Ampllﬂer “‘n:‘-‘ot the Modul ,%m p-“ . FEERT

nsed: prlm:.nly where: ﬂumu.s is ampurl.ml The:-hg-.~
“Model 462A Wide: Band Amplifier is used prisarily -~ 1-4 ABCESSUHIES AVAII.ABI.E S
“where' rige” time s unpnrtunt The” Model 461A "
frcqur.m.y response IS AB from T KHzity 150 MHz, - 1 -5, Thc -hp- 110480 SOruhm /twdlhruul,h
“The:Model 462A. rise .md full times uru Jesy ihan 4 s termma(ion is an .wmlabh. deeessory Ihgt s conneer ed
. nanvseconds, - Either 40'dB or 20 dB ‘giin can be " at the output of the: Model, 461A. The feedthiough
. seleéted with the’ front ‘panel GAIN (DB switch), The - - termination should be vsed, tu ensuee that the Model
‘ Mmluh A61A und 462A are shown i Fil,urc l 1, The - 461A is opcmtin[, into: .1s “rated “impedance: in- the
. 'apm.ifL -titm:, for bmh inslrumt.mq ﬂrc g,wcn m Tablc_ ~. event the' anstrumcnl is: umnu.clctl In a dcvu.c wnh .mT
l T T . R mpcduncc ;,ri.utu llnn SOnhmq ' ‘

C “ : ‘. i .' ) 'l'ahle I—l Spcuﬁwtiom S

e ;. MOD].L 4(>IA . ‘ MODE}L%ZA
_ Frcqu ncy R.mgc l kH.; to 150 MH; R e Puls.c Resp(ch :
j e f‘ - Leading Edge und ru!lin[, I:d;,c R
Frequmw Rcspomc +I l dB I kHa to HO MI!L' ‘ “Rise Time: L(.astlmnthluno%cund% L
whch Joperating mto a »0 ohm rui'ahvc lu:ul (500 \ Ovcﬂiu)ot Leas tlum 5"u a
A\qurcnu.} Db LT et e P

‘ 1 Pulsc Ovcrloud Rcuwcry' Lcs% lhun I us. Ior lO
},Gum at ‘00 k}lz 40 dB +,-0 5. tlB ur 20 (B +/ I 0 - tlmcs ovurloud
; dB s ut.tcd by fr(mt p.incl swlic.lt (invcrtmg) '

. ‘ Pul'-c Duratmn fur IMJ Droup 30 ..
I‘lnput lm cd.mcc Nomuml 50 ohnm
' l:quiv.llcnt Inpul Ntmc Level: Lwa lh.m 40 WV in-

’_M.tximum !npul IVult nns ndvolhpppulqc* B 40 dB pusnmn wh n qudul wuh 50 uhnw
_‘M.uumum k\ lnput +/”Vult:. lnput Impudancc Nummul 50 uhmq o
‘ Mmumum utput' 1/2 volt rms m!o 5(] nhm : M.numum lnput Ivnlt rms ur vu[ltapppul'.c

runstlw. ! '_1d ‘

' Mummum du !nput +/"Vulh* S
‘Equwalcm WI ubund Inpul Noise: Levél; Lcss th.m \ ‘ '
' 4{) ,uV m 4 il} pusbli()n wlu.u l(md(.d Wllh SO.Q Gntn. 20 or 40 dB ‘.clur.lcd by fmnl p.mcl wullt.h :

(invulmg)
-Dntortion chs h.m 5% nt mmu'uurn output and . i ' :
r.ncd loml \ o A Mammnm Output lvqlt pe.lk tu pt.nk imu 50 nhm ‘
. Nl ‘ rcswtlve load B
‘Ow.rloud Rcwvcry hc% thsm l micr(mcond for l() ' Lo
t:mesovurland I S U R D«.luy 12-14 nunmcnqnds -
R 2 *F or the pmtcation of the input ciruntry g
XN ' i




Section |

Tdblcl l Spccnl‘ Lutmns(Cont'd) ﬂ .

iner Supply. llS ur 230 V I-/ IO%L 4& to 440 Ha. .
; 5 wutts.. ‘ :

Dlmcnsmm..S 1/8 in, ( 13 Lm) wide 3 in' (7,6 cm)
hlgh. ll In. (27 cm) du..p n ‘

Ava;lable.

Accmsory hp

|'4-'

fcedthrough tcnmnuhun .

GENERAL o S I

Wulqllt'
- Net: 4lbs(l Skg)

o Shippnng 58 (2.3 lq,) o

Ac&.csz my Furmshcd De,tachablc powcr cord U

11048(‘ 50 ohm R

i x‘ R ! i -

_ 1 s msmumsm IDEN“I‘IFII:ATION
; [ .
‘l-’T chl«.tt Pukurd uisos v tv.fo -;ct.tmh scnul' S
number.. The  first " section (prefix) idcntlﬁuw a s
fbcncs uf mslrumcntq The bt senhon (mff:x) AR

‘identifics u. particul“tr mslrumcnb\wﬂun the qcncs.". ST

‘I.a - letler s included: with' the, serial ‘nuniber, it .
-ndenuﬁcs the country in whlch Hu. mstrunu.nt was'

manufuctured If lhe 'it.ri.nl prcﬁx ul‘ your. m'ilru-'f. .

" ment differs from the one on the title poge of this. "~ -
' manual, o change sheet will be wnpplied to mnke =

" this munual wmp.atnblc with: newer instruments or - '

" the . bickdating’ information in, Appund;x Cowills -

‘ udnpt this “manual. to " earlier; instrumenty, ‘All

o ;;uorrcspumcnnc with ‘Hewlett- P.u.kard ':hould m-_;;"
o clll(l(. tlu. wmpletc smul numbcr.__ TR S

: .
. N [ '
. Vo
.
) e
)
!
)
. ' Cx
. . o
. ool ’
e \ -
B i B
. [ .'.3 H
P .y
. et
i
i T

'1-.







Modely461A/462A - 0

7,21 mmonucmn

'_2 2 This
instruétions necessary.. for

bcction contums
“the,

. secnou u : ',  '?  e / 7
| INSTAI.I.ATIDN : T
lrif;ormntidn uml 2

installation “and -
‘shipping, #¢ *he Model 461A Ampllﬁcr ‘Trctuded are- .

‘iniitial. ingpection ‘procedures, power, and groundmg",f_

requirements, - installation . mfurmntlor',
| :nstruct;ons for rcpackuglng for ahlpmcnt

and‘ ‘

;23 |N|T|A|. INSPEUK"" ‘ i S 2 12 BENBH MOUNT’N /

AT

'24 Thns mqtrummt was. La:ciully tnupectcd both
‘mechanically. and - elee.trk.ruly before. 1hipmt.nt It~
‘should be:frec of muars ‘and. scratches ond'in perfect ..
‘eIcctncnl ordt.r upon ‘receipt, To ‘confirm . this, the .

1nsttumt.nt should'be jnspected for physncal dnmagc,-'.' .
Jin transit.’. Also check for. supplled accessorics, and _';2 14 HAI‘K MOUNT""E
test " the ‘electrical purformamc of the instrument -

‘using -the ' procedure uutlmcd in- Pumgruph 551

there is danage, or deﬁc:ency, sée thu Wnrranly bn !he
Jnsnde front gover of thns mumlal LT

2 5 POWEH HEﬂUIBEMENTS.

2-6 l‘hc Model 461A can bc opcrated f‘mm .my:
source of 115 or 230 volis (+/- 1G%}, at-48 to 340

+

Hertz. With the instruinent disconnected from the ac -

“power source,.move the 115/230 'V slide switch ¢ on. -

‘the. rear_ panel until the. desired line voltage: uppears.
'Power d:ss:putmn is 5 wutls mummum .

2 7 GHOI.INDING HEOUIREMEN’I’S.

2-8 To ‘-ruzeqt opcratlng persunncl lhc N.ltionnl'., ‘
‘Association - (NEMA) -

!‘lectricul Manufacturers”
rccummends that the inslrumcnt pnncl and cabinet be

‘grounded All ‘Hewlett. Packard instrum(.ms are’
equipped with a three-conductor power, cable which, -

when plugged into an uppropmw receptacle, grounds
the instrument. ‘The ‘offset pin on the power cable
,three prong conneuor s the ground wiru

,2 9 'To prescrvc thc protectmn feuture whcnf o
0pemting the ‘instrument from o two-contact outlet,. -
useé a-three- -prarg o two- -prong adapter and c.mmu.t _

the grecn pxgtml on. th nduptcr to- ground
' ‘ ". J,"‘-"_:‘. S '.' !

8 BT S

Sl oo D e Section B

(. .
L
I

"',*zm msm.mrmm EURT R A

2

211 Th'.. Modc.. 46]:\ iq futly Imn‘mto\'md‘

- then.fcre, no specml ¢ooting Iy rcqunred ‘However, the

instrumient should not be operated wherc the ambicnt

'tempcmtvrc exceeds 557 C (i3[" ! F) or tlw rclatwe
hunvdn y cxu.cds ‘)5% X ar L

o

e

. .13, The Moiel 46m is -,hlppcl.l wilh plustit. fm‘
“and’” tiit- stund in pluw rcddy fur use us o buu.h

m'm umc.lt

2 15 Thu Mudcl 461A muy be mck mmmlcd by
- using an adupter frume 1 “ip- Part No. 5060-0797)

The. adapter frame is o rack frame that uccepts any.

S comblnntmn of . submodular ‘units." It -can’ be rick
‘ mounted unly For ' ndditional information; - widress
_Inquiries to; your - -hp- Sales and bcrvlu: Off“ ice, (Su
: 'Appl.ndefor office Im.uiom) : ‘

2-!6 HEPACKAGING FDR SHIPMENT

I'T Thc follqwmg pur.li,rapiw t.untam u. gencral

- gunlc for repuckaging of the isntrument for shlpmt.nt

Refer to Pdmgmph 2-18 if the original container s to.
be used; 219 if it is not, If you have any. questions,

: "‘-.cuntact your local -hp- Safes and Service thcc. (Su
. Appcndix B l‘ur ofhu: luculmm) 5 .

- NOTE-

lf lht. mstrumcnt 13 to be a.lnppc&
_ to Hewlett-Packurd for- service or
repair, cattach a tag to the
- instrument identifying (the owner .|
oand mdu.ating the service or repair
“to be ut.comphshcd “include cthe.
model number and full serlal
" number of the instrument, In'any. ..
( corrcqpondcm.e identify the
. instrument by model number, seria)
- number, and sertal number -prefix,

; 2-1 .
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Sc_cu'on we

NN

2 l?} I urigmnl contain"r is, 10 be uscd, procccd us"

- fol!nws‘ :

4y u Placc mstrumcnt in origm.:l container if’
amllublc. If.it-is. not ‘nvailable, a suitable - =
', container - can be purchased - froml your .

nearest ‘hp- baleq and Scrvice Oﬂ' ce.

!

b Ensurc ihat contumcr is- chI scalcd with .

strong tapc or mct.tl bands. L

' 2 19 lf ongmul contamer is not to bc used prucecdf;‘ .

_“ a8 follow3'

22

Moaas 461A/462'A }

' ot
‘=.~f :

n me mstrumcnt in; henvy pnper or pl:ntfc
before placmg in‘an-inner container, j L

-

b Plnce packunl, nmtcnul around all mdes of o
instrument’ and protect panel fuw wnh'

cardbeard strips

s Pluce mstrument and inncr containcr in a
~ heavy carton or wooden box and wul wlth L

strong tape or metal band'i._ L

d. Mark shlppxnb c.untamcr wlth “DhLlCA’I‘E ;

INSTRUMI:NT " “FRAG]LE" ele,

L
. ol
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31 I!\ITHBDU(:TIDN

"’ Thc. Modul 46!A cun- be used fo f.uthfully

- nmphfy signals in the: IKHz to 150 MHz range Guin

© settings ‘of 20 dB or 40 1B.may be sclected with the

* front panel GAIN.(PB) switch. The Model 4617 will .
' opcratu within: specifications un!y whcn its uulpm i

d tcrmin.ncd in 50 uhm's \

33 anm AND REAH PANEL nsscmmom o

3-d Fu,un. 3! dcsullm the f'um.uou nf ull . :hc

punel N -

' openmms msmucnous

35 OPEHATING INSTRUI!TIDNS

' 36 Flytrc 3 2 con! .1im the opt.rntlm, mslrumuns

for the Model 461A. Euch’ instruction is kcyul to u

"-dmwu\L vof the inlnl panLl
3 ? IMPEDANCE MATCHING

38, Boih the mpul nnpul.lmd and the ouitput
:unpud.mw of the: Model 46EA are 50 olims, The

Model 461A output. must: he connected 10 450 ohm

lond it Jt s to-operate within sprcifications, 1 the
Cnput - :mpu].nn.u of the Tond Is not. 50 ohms, &
L terminading - lmpudunu. of 50 ohms: must be

!

v
BN
[

(‘ﬂ ABIA AMALITIER, |
M\n RN \N(‘unn

SO O B T onmmm i, ~ I
RN FE I¥] PR Cooorr e 0 !
A IR el . S S : ‘.
RN (A T N . e el B2 :
e [0 meor ouw v
i @ @

" IKE~{DOMG

' Do N o . . . R

sclu.lq gam

50 OHM INPUI’ Ldmmtur ‘Corinects: inpui
MORE THAN I' VAC OR 2 VDC TO INPUT
@ 50 OHM OUTPUT “conngctor:

. antptified “output - to load, - Qutput - must hl...
lcrmmuted in 50-ohm. VOLTAGE LEVEL AT

@ GMN (DB) t;wih.h Apphcs prinmry puwur and’

* signal to- the instrument. DO NOT APPLY -

(‘unnu.t'f ‘
@ Fuscholder: Co

wirn it

A 4RO

PR WA ey

ruu‘r E:_...._.____J
lr (\‘
[ 0
SELLE TUR' 1]
n.
GEo Qs
]

C AlA - IH2HA

- OUTPUT MUS[‘ NOT LXC[’LD 6 VOLTS LY
" OR+0, o VOL’[‘S DC.

AC POWER ‘connector: Connects  primary”
power. 1o the instrument, :

LINE VOLTAGE: Selests cither 115 volts uc or
. 230 valts ae primary power,

wsalje umpéu Fast-Hlow |
fuse for both 115 aml 230 volt operation,

‘ Figurc 3 I Frunt and Rcur Panel chnpnon

3
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y cunncclcd across : the Mudcl 461A outpt. The hp

Mudt;l 11048C: 50 obhm Feedthrough, Termination: is
recoimmended for - this:] purpase. The Model 1'1048C
".piny ‘bé-cisily connected: in series w:th the Mudu
46! A outpul ‘

3- 9 BASCADING AMPI.IFIEHS.

i

3 lO Thu Modcl 461A will umphfy smr.ll signals in

~the's, to '50. millivoit range *o- un amplitude of 0.5

" volty’ Wllh minimum . distortion, -Three 651A"s or

- @ Cunnct.t tlu. uutput of the- Model 46lA to o

652A's can be cascaded with 8 minimum input of 40

Modcls 461 A/462A°

diode v ult.:gc limiter with two dmdes in paralle] (see
‘Figure 3.3) cun be used. To protect the diodes at hi|,h,

voltages u 500 ohm resistor-must be placed in seriey

with the mput signal. In domg this & 'ten to one .

attenuation is obtained for the first amphhe

Therefore the- first amplifier must - be set to 40 dB
gain while the other-two should be set to 20 dB g puin,
The second two amplifier inputs ure protected by the

~clipped output of the .preceding amplifier. Should

lasger output signals be destied, the Modcl 461A' can
be cascaded -~ with other amplifiers, " Concerning

" frequencies from 10 MHz to 150 Mz, the -hp- 230A ‘
Power Amplitier can he uscd in lhc fourth cascude

mwrnvults For prutcuion of the first instrument, 4 posmon
- 'SIGNAL SOURCE ke P ~ LOAD
s — WIDE BAND .

AMPLIFIER .~ .

l‘\

u_u.\_rgga'.\-u-om K

vvvvvvvvvv

-l-c:.unom

AAAA AAAAA An)

DO, NO'I' APPLY MORE THAN. 1 VAC OR 2 VDC TO INPUTH =
L " TERMINALS. ' VOLTAGE | ILEVEL. APPLIED TO OUTPUT -
.. MUsT NOT EX(,'EED ) VOL‘I‘S DC OR +0 6 VOL’I'S DC N T

. ,NOTE

T hc nmxlmum uutput volmg,c o
‘obtainable from the Model
461A is 0.5 volts rms (1 Volt'

P-B for:Model 462A). Thus

the aximum input voltage
that cun-be applicd, without
distortion, is 50 mv on the 20
dB range, and 5 mv on thed0

Conmct thu 1 KH; v’ 150 Mﬂl i‘requcncy
snuru, to lh(. mput of tthudeI 461/\ -

50 ohm Ioud

@ Set Puwu und Guain Sw:u.h to the dcsm.d gam

scttmg (20 or 40 dB) _ © dB range,
e o Figure 3-2. Operating Instructions -
S R AMPLIFIERS
SR  Zuamns bp 46|A/492A=ﬂ
N o °ll o °l | '@ ° |
IN Ot e oo ® = on— i ' >3 —QouT
AN o Em .

s
R P
'







- Models 461A/462A

© 41. GENERAL DESCRIPTION.
. -42. The Models 461A and 462A Amplifiers. are
_essentially identical. In the Model 462A some of the

- component values are changed slightly to improve its -
will

~ -pulse response, In this section *ath instruments

-~ "be presented in terms of the Model 461A., - L

- 43, Figure 4- shows a simplified block diagram of

* the Model 461A, The amplifier s o five stags,
stagger-tuned, cascaded -amplifier with emitter

i “follower input and output stages. The gain s switched
;.- fram 40 dB to 20 dB by att»nuating the input by 20 -
~..dB.. The -power supply is. n conventional  series
-, regulated supply with +15 volt and -15 volt. \output's.

. 44 AMPLIFIER CIRCUITS. '

.144-5." Figure 5:12 shows the schematic diagram of the
“. i Model :461A. ‘A3Q3 is the input emitter follower,
B - Mmatching the 50 ohm input iinpedance to ‘the input
"j ~impedance. of -the amplifier. Transistors A3Q4

Sectidn !V‘

o SEcTION NV |
 THEORY OF OPERATION =~

" through  A3Q8. constitute a tive stage, RC coupled,
cascaded amplifier. Each stage has n gain of 8.4 dB. 2
dB is lost in-the input and output emitter followers,

- giving the amplifier a total gain of 40 8.

. 4-6. Liach stage has an an LR feedback circuit with

~ an adjustablé -inductor. The feedback circuit in each_
stage. controis the overall gain of the amplifier at o
different frequency, so thé amplifier must be

' 'staéger-tuncql. There'is' some. interaction between the |
" stages at’ certain’ frequencits. A3Q9 is the output
-emitter follower, and it matches the amplificr output

3 AR N

te a 50 ohm output impedance,
© 82. POWERSUPPLY. .

*4-8.. The power supply gencrates. +15 volts and -15
© volts bias supply to the nmplificrs. Breakdown diode-
.- A2CR3 cstablishes . 15 volt reference. Control
Ctransistor  A2Q2 detects differcnces’ hotween the
reference voltage and- the supply output, und -its
-output controls the series regulator QI,

': ; e '
N [ 1111753 (T / [GuTPuT]
U FarTenuaton | EMITTER £ kikng . EMITTER R
N ‘ Al ‘ FOLLOWER 04t | - JFOLLOWER R
. )—"—l——j_ B . Q3 T ‘a9 E—-L—<
. - k)
T N S o / PRIMARY
AR R 7 "OWER @ OAIN
R . : q " SWITCH
T O N 8haE :
i \ L NS
. eamany | N REGULATED
- POWER - POWER - SUPPLY
R : ] Q“i:‘-QE Auihe ne e
B N ) [T Y P '
ol Figure 4.1, Simplified Block Dingram

4.1
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Models 461 A/462A

" INS' rRUMENT '

Table 5-1. Test Equ.i'pmcn'l Required

RECOMMENDED.

Oscillator

Impedunee: 50.0hms

- Freq. Range; 1 kHz to

I0MHz /
Level: 0.5%

‘Distortion: less

than 0.5%.

and Gain Check

~ CRITICAL . UsE
- TYPE .. SPECIFICATIONS o MODEL
1" Wide R':‘i'n'gc -Ouigut: 0.5 volts .Low Freq, Ruspcnac‘ ip- Mudél 654A

Test Oscillptor

" Logarithmic
5 ':Vuln_ncter_

oA

.Au.umcy - 1%. redduu,

10 +/:5% reading

: Freq: Range: 1kHz 'o

1G MHz

- DB r.m[,e 80 dB‘ln +50 dB-

- Calibration,

Low Freq. Response
and Gain Check:

lip- Model 400EL
AC Volimeter

' Af.lé:hliuf'gir h

. Attenuation: 20 4B -
" Acturacy: 0.1 dB(l kHz to
"o 150 Mtz .

Guin Check :
‘Freq, Respouse Check
-nd Colibration

~hp- Model 8491 A

Option 20 witly
known securdey -

Attenuator '

Voo

_Attenuations 40 dB ,
' /‘u.ur.u.y 0.1 dB(1 kH( S

tn ISO MHz R

“Gain Check
'Fieq, Response Check
uni} Calibration: :

-hp-Model B4O1A

. Opitou 40 with
known aceuracy. -

.. Distortion

-greater than 10 Megohm

| D S Frc.q Runge: | kHz.to " Distortion Check’ Hp- Model 331A,
- Analyzer .- | 500RHz : L o 333A or 334A
' Scmiuvity Measure 5% Distostion Analyzer
Distortion - o
) -/\l..l.llmt.y 3%
*. RF Millivolt- - Freq). R.mu. 500 kHz to .. Frequeney Response hp- Mode] 3406A
. meter 150 MHz - Check and Calibration RF Sampling
‘.Au.umcy from +/-3% to Voltmeter
IR E S T ’
l.)B R.uu,c 50 10 +20 dBm
Multimeter Accuracy: 1 of full Power Supply Checks -hp- Model 4124
" including’DC - . -seaie and Troublgshooting. - | Volt-Ohm-Ammeter
Voltmeter . Input Resistance ‘

. Signal Generator.

- Freq, Range: 100 kHz io

High Frcq. Response

~ ip- Model 8601A

0] 20Vlt.m

Overload Chieck

Sweeper 110MHz . Check and Adjustment Generator/Sweeper
Output: 0:5V : '
Flatness: 0.20 dB over
* full jange '
Impedance: 50 ohms

Oscilloscope -Bandwidth: d¢ to 50 MHz Pulse Droop p- Moded 180C

‘ : with Immunlal muz,nir ier Culibration and.- 7| Oscilloscope with
Sensitivity: 00{)'\'Wcm ' 1801 A anud 1820A

plug-ins

50




Madels 461 A/462A - o o , ‘ Section V

SECTION V
"MAINTENANCE

A

5-1. INIBDBUGT!O’“ " L © 3-6. The performance checks are  in-cabinet

oo ‘procedures thit are used to check the instrument
5.2, This section. uses the fullnwuu, sequence: . agadnst its specifieation, These procedores can be used
Performance Cheeks,, Cabinet Removal, Calibration  * as periodic muintenance, after repair or incorming and
.Prou,duru I‘m.xblcshuulmb. and Repair, outgoing quality control c¢hecks. The performance
- cheeks should be conducted before any atiempt is
5. TEST EQUIPMENT REﬂUIRED made to calibrate the instrument. A Performance
) ' ‘ Check Test Curd is provided at the end of this sertion
54, “The critical spu.lr cations” und tmbbu'.u.d test  for recording the performance of the instrument
equipment peeded i the pufurmunu. and enlibration during’ the - performance cheeks. The card can be
procedurt.s nre gwt.n in Table 5.1, ‘ - removed from the mamual and used as a pcrmmicnt
i co v record of the incoming . impt.umn or of o routine
5.5, PERFORMANCE CHECKS o performance check,
a Table 5-1. l‘csl Eqmpmun chmrctl {Cont'd) .
~. INSTRUMENT " ERITICAL o . USE. . | - RECOMMENDED
" - TYPE : . | - SPECIFICATIONS . " o ‘ b . MODEL
cPulse- - 1 Impedance; 50 ohms Pulse respoise and hp- Madel 40044
* Generator -~} Leadingand Trailing Edge: | calibration , Pulse Generntor
2 “reo o o) lessthan s z : : '

Oveishoot and: ngim,.
less than 5% peak ..
“Piilse Width: 30 ns -

: 'Squarc Wave ' chqiwm.y 500 kHz .  Pulse drm:p Lht.(.k : hp- Mudel 209A

Generntor | Amplitude:] Vp-pinto - and uvcrloud check Oscitlutor (squure
K e “50 ohms : ‘ b wave output)
: F'rcq'ucncy N Input Impedunce: 50 ohmis - | High I'ruqucncy ~hp- Mode] 1O515A
Doubler Freq, Runge: I MEzto . | response adjustment Frequency Doubler
. ‘ HO'MHz mput
50 ohm Coaxial Frequency r:mgc': 1 kHz L Frequency Response | -hp- Model i Y048C
Termination - to 150 MHz .- Adjustment 50 ohm feedthrough
i Termination: 50 ohims ‘ | lead
- RF Detector | Frcquuhcy range: I MHz High Frequency hp- Modlel 8471A
c : to 160 MHz . Response Adjustment RF Betector,
SWR: 1.3 B . e '
' ‘.Su'mpling | Frequency: to GHz rzmgu' | Pulse Responseand  + | -hp- 180C with
-Oscilloscope | Rise¢ Time: less than 350 ps - Delay Checks IB10A/1815A/B
' Dunl Verticni Channels ' : Oscilloscope with .
. Amplitude: 0.5 volts for 5 ‘ T Sampling Time
* 50 ohm input o e ’ . bnse and Vertical
: ' Plug-ins

(‘Tuble 5-1 ¢ont’d on page 5-2) ."5 1




Section V

57, Checks for the Models 461A und 462A ure
provided, The heading of each puragiaph mdu.utu;
whether the proeedure is upphmblu to one or both
msnumcnta .

58, 500 kbz GAIN CHECK (461 AND 462A);

OUTPUT VOLTAGE CHECK (4BIA)
" NOTE -

An -hp- Mndul 65!B or” 652A.
- Oseillator can be used in place of
the -654A it the ouwtput of the
“oscillator is .monitored by ‘the uc.
“voltmeter at ench change of
- frequency and the oscillator output
is adjusted - cach  time to - the

d.

e,

Models 461 A/462A

Connect the test equipment as ih,Figurc 5-1;
connect the oseillator with the 50 ohm load
to the ac voltmctcr (pmitinn A).

. Set the oscillator ln.qm.m.y 10 500 k}lz and

the oscillator amplitude to read O dB.on the
-10 dB range of the ac voltmeter.

\ Connu.l llm a¢ voltmeter as in Figure S5-1,

position B, using the 40 dB attenvator and
the' 40 dB GAIN range of the 461A. '

The ac voltage readings in pus'itiun Aund B

should differ by +/-0.5 dBor less,

(4614 only), With the test setup os in Figure

- reference level, o . . 5-1, position B, stowly increase the
' R " _ ‘Table 5-1." Test Equipment chtiircd {Cont’d) ' .
INSTRUMENT _CRITICAL  UsE RECOMMENDED
; TYPE _ - SPECIFICATIONS .  MODEL
Varigble Line - Output Voltage: to 127 V. Power Supply Check Superior Electric
* Transformer ne (or 253.V uc) C . . Powerstat 3PF116
= ‘ ' {for 115 V linc)
3PF216 {for 230V,
line)
. Decade “Attenuation; 60 dBm in Pulse Response-and - | -hp- 355D VHF |
Attenustor - 10 dB steps Delay Cheek © Conxin) Altcnuulur
' Impedance: 50 ohms ' ‘
Frequency: 1 kz to
150 MHz -
BNC “.'I‘" ‘ . UG-Z‘M B/U Pulsc Rcsﬁonscund : -hp- 2250-078.1
- Adupter I Delay Check
Male BNC to Male UG-491A/U Calithation and v UG-491 A/U
- BNC Aduapter : Frequency Response C :

hp- 100118 (2 cach)

Femule Adupter

Check

* BNC Male to - Used with 1410A Pulse Response and
_ Probe Jack- - ¢ Oscilioscope Delay Check
Atlup@‘c_r ‘ plg-in :
BNC to type.GR- Used with- 1410A Pulse Response and - 08749700
- 874 Adnpu.r Oscilloscope plug-in Deluy Check
Type N Mule UG-1034/U Calibration, Erequency | -hp- 1250-0067
to BNC Adapter - ; Response and Gain Adupter
‘ Check
_BNC 1o Type N UG-349A/U Calibration, Frequency | -hp- 1250-0077
' Response and Guin - Adapter

52




Models 461 A/462A

Section V

TEST OSCILLATOR

JHADARTER [

N "'!"5""“‘ AMPLIFIER '
) 500 FEED-THRU
- AL N PR
(3) ¢ © o ° A O ettt @y
<<<<< ) WD g W”Dm"" sEmmmmmmm T iy

ATTENUATOR, OPTION 40
{kntrwh acc URALY)
- hp BA9IA

NG T

R IHf PAIEY KOw 1250070

L e e T I e e A R e 1 O - T

AC VOLTME FER
hp A0DE/EL

.o

l’[! ATION 4 )

Flblm. 3-1. Gain Cheek Setup

. ‘nmphtudc of the oseillator until 0.5 vultq is .
read on the ac voltmeter. This verifies that -
the 461A will produce an output of 0. 5 volts
rms.

. (461'A'and 46‘2/\).‘ Decrense the uscil!utur’s
~amplitude to minimum.and change the 40
~ dBattenuator to the 20 dB uttenuator, -+

attenuator-and the 20 dB GAIN range of thc
461A

The HE voltugu ruudingﬁrin pusition Aad B
'qhuuld differ by +f:1 dB or less,

.h

5.9, LOW FHEQUENCY HESPUNSE CHECI(
{461A)

4. Connect the 461/\ us in Figure 5-1, pnqllmn
B using the 40 dB attenuator and Ihe 461A
on the 40 dB GAIN range, '

b. Set the oscillator frequency to 500 kElzund -~

de‘eat stcbs & "through ¢ 'usmg the 20 dB .

510,

¢.” Change the mcnllamr frequency from | kHz
to 10 MHz and at cach frequency measure
the voltage o position A and B (this
climinates the frequency ru;pume error of
- ihe ac voltmeter), .

. l'he ac voltmeter rcut!mg,q it position A and
B.should not vary more than +/- I dB I'or any
one trt.qucncy

8 Record the error ai 2 MMz for use in
‘puragraph - 5-12, The reference .for high
- frequency response must be ot 500 kHz,

DISTORTION CHECK (461A).

a. Canncet the 461A as in Figuru 5-2. with the

Distortion Analyzer cunncclcd us in position
A,

‘b, Set lhe oscillator frcqucm.y to 500 kHl uud
amplltudc to minimum,

.. ¢ Set the distortion analytc?s FUNCTION

adjust its amplitude to read 0 dB on the -10 “switch to VOLTMETER and METER -
4B range of the ac voltmeter, RANGE to 1 volt.
TEST OSCILATOR . DS TORTION ANALYZEN-
hp BBAA AMPLIFIETR Iy 3514
bOn FELD-TIRU -
) R . hp 46!A" 3 HEA’LIO a0 gy L e
(y f(l‘ 3. ' . POsLTION I p = : ( () \
o \ _____ ® oo, mll‘.':hm....! ------- ~~£I D oW Yy 0

L1 IHNOWN ACCUIAGY)
M }l}) uaom

L ATTENUATOR, OPTION 40

I} ADAPTER BNC T
| n'l,n PART Ht 138O~ O?III

R i R R L E e P ]

~ Flgure 5-2. Dlstnrtmn Cheek Sctup

\




Saction V

5:11.

d. Adjust

osciliator for-a 0.5 volt reading on the meter,

e, Mc.:'aurc the distortion of lhe osmll.ltm

' (anurc 52, pusmon A)

f. Connect lhc Distortion Analyzer as in Figure

‘§-2, pusition B.

" g Measure the distortion. The difference in

. this distortion mensurement and that in thp
e should be less than 5%,

NDISE CH‘CK (461A and 462A)

a.’ Dlsconncc.t the mput qlgnul from the 461A.

) l'cnmnutt. with 5082 Joad (-hp- | 10480)

¢ Connect the output of the 461A toan RF |

 Voltmeter.

d. Placa the 46!A (rAlN (DB) control to.

- 40 dB,

: e, The -RF. antmcu.r slmu!d mdu.ruc 4 milli-

“oovolts or less.

512, HIGH

FHEQUENCY HESPUNSE CHECK

(461A), .

’ n, Connect the 461A 08-in Flg,urc 5-3, p(mliun

B, using the 40 dB attennator and turning

© - the signal generitor output to minimum,

-NOTE

Use short cubles and eliminate
cables entirely when possible,

" b )\djust the signal generator frequency to 1 -

the output amplitude of the

¢.. Increase

Models 461 A/462A

- MHz ‘{2 MHz from the frequency doubler)
and the 461A GAIN (DB) controt to 40 dB,

!

the amplitude of the. signal
generator to read 0 dB on'the 0 dB runge of
the RF Voltmete: (include the variation
frem the 500 kHz reference as recorded in
paragraph 5-9, step e). ‘

d. Conneet the ac voltmeter as in Figure: 5.3,

pusition A. Record the voltmeter reading for
an input reference lovel,

¢. Change the signal gelicratbr to 10 MHz and

adjust. the signal gcncmtor output to the
reference level in step d.

f. Connect as in pusitinn B. The ac voltmeter

-must, read the reference at 500 kHz (0 dB on
the 0 dB range) l-l 1dBorless, -

. B Repcat steps ¢ and f for. fn.qucm.lns of 25 '

MHz, 50 MHz and 75 MHz (50, 100 and 150
~ MHz output of the frequency doubler).

h If the frequency response is not within,

specificationy refer to

. - the
. proceduse paragraph 523,

calibration.

1

. Connect: the circuit in Figure 5-3 vsing the |

20. dB attenuator. and placing the 461A in -
the 20 DB GAIN position.’ Repeat steps b
through g, If the frequency response is not
within +/-1' dB refer to Trouhit.'ih(mtmg
prragraph 5-31 nnd Table 5-2,

5-13.PULSE RESPONSE CHECK {462A).

GENERATOR/SWEEPER

BROADBAND

SAMPLING VOLTMETER
hp BEODIA. hp
v_—.:n -3 ' M;',PLIF'iER 500 FEED-THRU
4614 =E )~
. Q Q—) /d TERMINATION
! o o’ posimon a P 11048C ‘
u“T..” : ' ndiild gl " itz
ADARTER

" FREQUENCY
hp 108154

(KNUWN ACCURACY)

ATTENUATOR, OPTION. 40 . |
]
DOUBLER hp 84914 - i

v a

hp 102184

LR T T Y

1.

Figure 5-3. High Frequengy Response Check
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]

. Connect the 462A as shown in F:;,ure 5-4 .
' position A.

. Set the Pulse Generator as follows:

Trigger Source ..

JINT. FREQ. .1 to 1 MHz:

Section V

J Cﬁeck the rise. time and fall time in ns (time
from 10% to 90% of the leading or trailing

¢dge of the pulse (the middle 8 cm), If thiy is

Pulsewidth................. v, 3008
Attenuator .........., rreai e 10
Pulse polanty ................. . PLUS{+)

. Conncct the pulse output to the input of the

attcnuator

. Set the attenuator to 20 dB and connect the
- output_of the attenuator to the  vertical

input channet A. Use a BNC 20 GR type 874

adapter snd internnlly trigger the swecp

grcnter thon 1 ns callit TRy l'or the formula
in stepm.

. Connect the 4624 us in Figure 54, position
B. Incrense’ the attenuatos to 60 dB and set
the 462A GAIN (DB) control to 40 dB.

‘Reverse the polarity of the input pulse to
. eliminate  readjustment of the oscilloscope.

Measure the rise time and fall time of the

462A output pulse.(TRp) a8 in step . I the

rise time of the mput ‘pulse was less than !

. Set. the Oscﬂlusr.ope Snmplmg Tlmebnse '
Plug-in as follows: -

Main/Delay switch . ., -. creae .'MMN ‘

Adjust the verl:cal and horizontal p(':s:llon

. for one -pulse and adjust tru,ger level. lor

optimium trace. -

, Adjust vertical milhvolts/cm fora 10 cm

Main Sweep Trigger : :
" slope ... PLUS(+) (loua!cd at wpnght)
Int/Ext’ swnch N L INT,
Timefem.:.vunennvnnin. v . 1008
. Sweep Mulllplicr N 2
Syne pulse e ST wries ON

1f " the  output

ns, the output rise time must not exceed 4
ns. Otherwmc. apply thc fullowing formula

3 Rise time of the 462A

(TRg) = J(TR; )2 -(TR1)2

The ovcrshoot and undershoot of the output

pulse should excced that (bserved. on the
input pulse by less thon 8%. :

_pulst.. is not  within

. specifications, refer to puragraph 5-26 for
cuhbralwn provu.urc o

51 PULSE DELAY TIME EHECK. (46"1\)

A Connqct the 462A is shown in Figure 55,

pulse, The pulse width should ‘be 6 cm
(5nsfcm). '
- , b. Connect the pulse generator to  the
k. Observe the rise time, fall time und flatness attenuator und set the controls as in
of the input pulse. paragraph 5-13, step b, -
 PULSE GENERATOR,
hp BOORA
B @ & - '
o ono| ABEE
® o~-o0 50MH :
g p 388D oscu.bosf:opr—: '
i SN / () v : o|o = olo =0
I‘ B POSITION A gl ot © 00‘.’. PLUG IN
e =SSR S ) : 0|0, 00 I {meioa
: ' ] } ] R - ‘ @ ’
]. o = 3 ®
P meanen T,
f‘ hp 4624 ! 10 conu;gpw i:,; (oA
nonmuu 8 o :
-3 ' uuuuu
s l-.lll -
Figure 54. Pulse Response Check Sctup
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41 K oambe

o T @ [= oo = .
PULSE GENERATOR - oschooatope |10 ot @ LpLus v
T hp 80G4A hp 1BOC é ole, hpeioa
2 |t a ! ——
& & @& T B
oL - . IODBN/S'FEP 5 BNE T ¢
& o0 ATTENUATOR " ppnaoBING AMPL!FIER _ ADAPTER
' . ”Pé-"ﬁ‘" hp |02I8A” 462A “ho 102188+
%) .
. Hapth
L D t,m____“" (.___m, HADAPTER BNC T

ADAPTIEﬁ '-L—U

l'tp PART ND. I;fb() ()flli .

hp PART WD I250~07H1

8001 FEED~THAU
TERMINATION
hp l048C

[

PN . through an-adapter and a BNC “T”. Set tlu.‘

‘.';.d'

c.

Fu,uru -5, Pulse Dclay Check Setup

Cunnct.l the ' pmbe of. the mu][usumpc,

" chiannel A, 1o the output of the aitenuator

: .|tl|.nuutnr to (10 dB

e

jU:.c an thcrnnl trigger . from the pulse
generator and adjust trigger Mode and slope

. for a-pulse on 1hc t)sulloswpc ST

probe  of  the oscilloscope, channel B,

~theough a 50 ohm load. Adjust both pulse
widths to"3 cm so that 1 cm on the scope
WI]I be- IO s

The mldpmnt of thL lcndtm, cd;,c-: of lhc

input pulse and .the output pulse should

dufcr by 12to 14 ns,

5- 15 MAXIMUM UUTPUT CHECK (462A)

Cunn:.ct th nutput of the 462A toy tllc : |

t. With the 462A con_ncctcd us in Figure 5-5

- thanne) “B”, increase. the smplitude of the

pulse generator until o 1 volt peak-to-peak

. pulse is observed on the oseilloscope, This
= verifies. the maximum oulpul of the 462A.

- Pulse Ampl:l“u

5-18. PULSE DUBATION CHECK (462A)

i C(mnccl the A62A s in Figuze 546, pusitiun

A

. Adjust the square wave generator fora 30 us

pulse (16,6 kHz) displayed on the

oscilloscope  with less  than 0.01 wolts .

peak-to-peak. voltage. Observe the flatness of
the pulse. .

Connect the cireuit as in Figure 5.6, position

B, keeping all leads as shozt as possible, Set

' OSCILLATOR

. 50MHz
hp 2094 . . DSCILLOSCOPE PLUG IN PLUG IN
‘ S AMPLIFIER hp 180C hp I80JA hp IBZDA
. OO exr QL0 0
(@ R 16 o[ & 2. ©
e, 5011 FEED THRU g 1el@ 0 0 e __‘I_Q
LIZJTA ' ? TEI;JMJIN?IEI(?N‘ | M
CABLE | __ nu'.mtm B e ‘ ]
ASSEMBLY i l
hp HOOIA ! ‘ i
), -L-‘..‘...”.PE'..T!P.'L‘-E..' TSN

56 .

Figure 5-6, Pulsé Duration Check, -




Models 461 A/462A

' the 462A to 40 dB gain. The pulse must
have less than 10%- more - droop than that

" observed in step b. Observe the pulse droop

at both 20 dB und 40 dB g gain of the 462A.

{Dual ‘trace ‘can.be used on the oscilloscope - -

to show. mput and output, mmultdncuusly)

& 17 OVEHLUAD RECOVERY CHECK (461A nnd
4EZA) :

NOTF.

‘The maximum output of the 461A
_is 0,5V rms or 1.4 volt
‘peak-to-peak. The maximum |
output of the 462A is I’ volt
~ peak-to-peak, Using: these vulucs,
* the maximum input signal, without
-+ clipping, 'is 0.14 volts penk-to-penk
+ for the 20 dB GAIN range and
10.014 volts peak-to-peak on the 40
~duB GAIN range, for. the 461A, For . -
the 462A the maximum input is 0.1
yolt. peokto- pcak on the 20 JdB
~GAIN " runge - und 0.01 volt-

N s:multunwusly)

Section V

peak-to-peak on the 40 'dB GAIN *
range. For specifications on
overload recovery, 10 timés these

- voltages should be the input voltage -

and recovery time should be fess
than I us,

. Connc:.t thc circuit as in F:],urc 5-6, pmlhon

A

. Adjust the square wave gerierator for a 1 us

pulse (500 kHgz) at 1 volt-peak-to-peak us
observed on the oscilloscope, Overshoot or
ringing on the 461A mput signal will show

~up-on the output and it is noi contributed

by the amplifier,

. Connect thc-,clrcmt' as in.‘Figl‘:'r,e‘S-lﬁ,'pusitimi .
- B, with the 461A or 462A in the 20 dB .

GAIN position. The base line, or level after
the pulse, should be- restored within™1 us

after the trailing cdpe of the pulse, (Dual

channels of the oscilloscope can be- used to
show input and outpul pulses

PLASTIG .FOOT
©ABSEWDLY

" REAR PANEL |

TOP COVER |

AGLA-{ NN

POTTOM COVER®

" TLT BTAKD

BIRE™CovER

Figure 5-7. Panel Removal and Replacement
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518, PANEL REMOVAL AND BEPLAEEMENT.

5-19. The Model 461 A cuntitins top, bottom and two
side panels. Fur maintenance and” calibration,. only
top- or bottom covers need be removed. Side panel
removal will he necessary only when replucing front

5-7. :
i .Rcm(wc‘:lc power from the Model 461A.
b, Remove the 6/32 serews that hold the punLl
Cin plaee.
< Remove he pnncl.
d, When |u|1l.|unb the punul snnply revelse thc
order.
520 BALIBRATION PRDCEDURE
521 I‘hc Inllnwlnb s mmpluic Clest and

adjustiment procedure. anil should: be made only il it
has been deternined that the hp- Model 461 A is out
of adjustment s determiined * by - Pasagraph 5-5.

Performunce Check, Indiseriminate adjust ment ol the .

infernal Lnnlmls to “*refine™
cause  difficulty. - Calflrution
Mudels 461A and 462A are provided, The Iwmlim_,'uf
edch” paragraph indicaies whether the pmu.-tlmc is
nppllc the to one o, huill instruments,

5- 22 FGWEH SUPPLY (4B'IA and A62A).

a0 Runmw. top and bottom eovers from Maodlel
©A61A eabinet (referto Figure 5-7).

settings may actually

b, .Comeer Model 461A 1o o Variable
Transformer, Set line valtage to 115 volts,

- ¢ Comeet common lead of DC Yoltmeter
{-hp- Model 412A) (o hp- Model 4614
chassis  groun t nnd, VOLTS
“terminad No, 6 of Transformer T1 (red wire),
Refer 1o Figure 5-10.

Kt I'Iu.' De Vuilmclx.r should md)c nc- +15- 4.2
volh ' \ -
Ces Vary jnput line Yoltage  with variable
© . transformer from 103 1
- Voltmeter reading should not change by
more than 0.5 volts from  1he. reading
ub&uvui instep d.. '

T (ummt VOLI‘S probe ul DC antmucr iy
~ emitter. ul'_Ql (yellow.wire).

58

or rear panel ete, Panel remaval is rlluslmtcml in Figtire

procedures for the

probe 1o

127 volis. DC.

Models 461 A/462A

d. The DC Voltmeter should imlicate +135 +!-i '

volis.

e. Vary  input line volage with  variable
transformer. from 103 1o
Voltmeter reading should not change. by
more than 0.5 volis Trom the reading

ubserved in stepd.,

. Conneet VOLTS probe of DC Voltmeter to
Cemitier of Qf (yél!ta\\" wire),

g DO Voltmeter slmnld indicate -15 vulls +-2
volts. :

h, Vary dnput: line  vollage  with varighble
transformer from 103 to 127 yoltis. DO
Voltmeter rewling should not change by

Cmore’ Alidn 08 volts from the reading - -

observed in step . T ‘

Jo Measure I]IL‘ ae vull.lgc (- l:p '\tmiLl AO0TL }
" between emitler of QI and mound: npp!c

voltage must be less than | my, Iun .my ek

- Jine voltage,

5-23.

. Connecl lhc Llﬁlf\ as shown i Figure 51,
u*.mt. the 40 dI3 nllcnmllmn

b, -Connéet the e vnl_lnwlcr o position “A™
ind adjust- the output of the vscillator Tor g
readding on. the-ac voltmeter of 10 dB.

¢, Connect the ac volimeter o position 3"
and set the 965A to the H) GAIN (l)!))
position.

d. ‘Fhe ae voltmerer shonld read -HY 4B ‘f‘/-l).S N
dB. 3 not, change the value ol AIRES mitil

the ac voltmeter does read -10 B +/.0.5 dB.

The value of ARIY is typically 4.7 ohm 1o

13 uhay, To dnerease the .||npl||mlv decrense
the. size of AIRIR and vice versn, HEAJIRIS
will not correet the gain, change the value ol

ARG in like manoer. Refer 1o pl[‘l.' 313

Hor possible lw'.lur v.llucs.

e. Chunge the 461A (o the X GAIN (DI
position. The- e voltmeter. should vend =30
dB +/-1.0 dB. I the 200408 position is out: nl
tolesance, veter 1o Table 5-2.

524 FHE[IUENCY HESPONSE EALIBRATIUN
I461A) '

127 volts, DC

GAIN CALIBRATIDN (46TA m\d 462A),.. -

‘




Models 461A/462A

" plastic tuner and  when

T
~specifications at 50 MHz (25MHz on the

NOTE

The test equipment in Figure 5-3
must be_used for an accurate check
und for o final ndjustment for high
frequency response, L2 thiough L6
should. not have: to be adjusted
unless some component is changed
in the feedback path, If the coils
hive to be adjusted, carefully pecd
awny the cement, turn the coil with
the
afignment is finished, cement the
coils again with Duco  cemenl.
Refer to Figure's- II for location of

_ r.mls .

. Connect the test setup s in Figure 3-3 and

repeat paragraph 5-12, steps a throngh g, .

the amiplitude is  slightly. out of

Generator/Sweeper)” adpust L2, From' 75

MEiz 1o 120 MHz adjust L3 and L4 B the

A

-amplitude rolls of approximuately 5 dB al
100 Milz (50 MHz on Generator/Sweeper),

rcl'u 1o ’I'rmtl)ltslmnlmp Tipy, I‘uhlc 5:2.

!ho amplitade s 'sllghtly out
specifications from 120 MH2 to 150 Mz
adjust LS and L6 (Repeat step-g paragraph
5-12 several times unt‘il. Matuness is obtained.)

. When the frequency response s within,

specification o' the 461A° GAIN 40- ¢B
position chunge the attenuator to 20 dBand

té.t' ‘

Section V

the 461A GAIN (DB} control 10 20 4B
position, Repeat step p,. paragraph 5-12. I
the gmplitude falls off gt 120 MEz to 150
Milz, refer to Tmuhlns]umlmg Tips, I'uh]c-
5.2, :

525 PRELIMINARY FREQUENCY HESPONSE
ALIGNMENT

=

‘l')

‘when the high [requency response f

NOTE - N
This praocedure-should only bie used |
is completely owt of alignment and - |
not quicldy adjustuble by parugraph
524, _ - /

Connect. the 401A as shown in Figu!/c 5-R.
Set the B601A '_(‘:cm'r:m:r/chc[}cr s -

follows:

Frequeney ..., 80 MUz (Doubled)
SWEED . e o Video
SweepMode ... / < fast

Sweep Mode vernier ., completely ¢lockwise.
Adjust output level to walne [ used . in
puragraph 5-1 ?.,. slcp ¢. (Approxhjmtely 0.3
yolts), S ‘

.‘I Set the IH()AIIB()!A/IH"’DA 7)‘1(.!"0%{![10

ns lullows

[y

(‘unncu the BO0IA Sw ep it
© Horkzantal EXT input, /

" AC/DC switeh ..ol b
Magnifier ............. AR 5
Display ............‘.;."....LXI' §:ms

; —_

GENERATOR/SWEEPER

"E BGOIA |
““m‘:'fﬁ‘“_ﬂ .
(J.’ 4! )
o FREQUENCY  AMPLIFIER
§ Cacaac . Eouausn hp 4614
’ -, hp 105154 T o [{POSITION B
6 D—ﬂ-————i
a0dB ATTENUATOR M|l
l’(’:Pn N A0}
. B4gla
. ,-mu--—ct::l -l ‘
b GNC TD TYI'I: N -
yTYRE N 0 BNC
y ADAPTER r.nnpnn
pohp PART ND. hp- PART. HOW
: 12H0-006T : 10-ppty
b i r e ———— POSITION 4,

P
l
|
|
!
!
|
|

500 FEED-THRU
TERMINATION
hp 1o4BC

G ;J (b w "
11 [ 3 e 1 T e
CRYSTAL
DETECTOR .
Ip Ba71A
! \

50MHz i
OSCHLLOSCOPE PLUG IN PLUG IN
hpmoc hp 1BOIA hp 1B20A

o ~ ool o
& off, 0." s

G 0 Uﬂ oY 4
[P RN e I Ry
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3. Adjust Horizontal position to start sweep’

nt~|cft at side of disploy.

4. Adjust sweep, lt.m,lh for 8 em ("0 MHL '

per cm),
3. Set vertical display 1o A.

6. l\djhsl A position for a display at bottom
of the sereen.

7. Setthe polarity switch to. 'up".

c. Conneet the circuit s in Fibur(. 5-8, position
A, Draw the sweep trace on lhl. fuce of the

o u'a(.l"(l%()pb

d Cnnnct.l lllc circuit as In Figure § 8, pmilmn

. B. (Slight varintlons dre due to the cutoff

frequency of thed61A.) Adjust the coils L2

-through L6 as deseribed in puragesph 5-24
making ;the trace correspond as near as

possible 1o the trace on the oscilloscope. .
B 1 "
- Work back -and Torth: between the coils ns

' ‘thcrc- isan iniu'rminglu’d effect hctwccn coils,

¢. When the M.upc trace and the murk on e

]scupe currespordd, as nearly as pussible;’
techeck  Guin-ealibration  Paragraph 523,

"sttm i thro ¢ and Erequency Respofist:
c,uhhmlmu Parugraph 5-24, steps o thru g,
. 1, :

‘.
A

526 PULSE HESPDNSE CALIBHATIU'\I (4B'A)

- d Sct the ¢ ntenu.uoi 10 20 48 and conneut the:

5.0

(]

i Conncr.l the Mode] 462A as shuwn in "I;,urc
54, pus;lmnA

b. Set the Pulse Generator as fullows:

INT. FREQ, .}

Trigger Sowrce .. to I MHz
Pulsewidth oo .. 30 ns
Attenutor «ooovuvn 10
Pulse pulurily i e PLUS

. Conncet the pulse output to de input of the
zmclm.ltm'

. output. of the attenuzior to the vertiul

input channel A. Use a BNC 10 GR type 874

~adapter and interunlly trigger the swucp

¢, Set* the Omllmwpu S.lmplmb Timebuose

Plug-m as Iolluws

Models 46 A/462A

Muin/Delay switch .. ....o.o...... MAIN

Main Sweep Trigger-

Slépe ...... PLUS {Jocatest ut top righi}
Int/Ext switeh ...l INT
Trigger Level/Made _

control . ..., .. e e AUTO
Timefem........ e e 10 ns
Sweep Mu[,nil“u.r ................... o2
Syncpulse ..., PP . On

f. Adjust the yertical and horizontal position
for one pulse (ndjust teigger Jevel for
“optimum trace). :

‘g Adjust vertical millivoltsfem fora 10 em
pulse. The pulse width should hc 6 em (5
nsfem),

* b Obserwe the rise time Bl time (middle 8 ém

*of helght) und fladness-of the input pulse, i

the rise time is groater than 1 g apply

Sformuin p.lr.tg,r.lph 5-13, step m o to the

ruull.mt rise time on ihc su)pc

j (‘unm.n.( the 462A as in position B of Figure
54, Cimnge the attenuator 1o 60 dB und sel
the #H02A to 40 6B gain. Reverse the pnl.mly
“of the' pulse generator as the 462A mnput is
of uppmilc pelarity,

Inmit Pulse of
1 Mude] 4624
- f .
- -
e
_ Output Pulse of f[

Modei 462A ; ! v
Camplified - 40 «db) T
! . .

: ' \L
LIOEEF ERT R

Figure 5-9. Inpm mul ()umul Pulses of 4624

k Muke sl:;,hl .mlplltmlu adjust if necessary on .

oscilloscope and repeat step b IF- the rise
time is-too Jong: (4. ns or result of fornmiy
paragraph 5-13) adjust L2 to increase the
pulse nmplitude and decrense rise time.
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Section V

_ ‘ ‘ A2 :
_ w3 ' . POWER JUPPLY Co8e
. QUTRUT CABLE ASSEMDLY LINE VOLTAGE

H
.
‘ i
QIlSIA--l'i-IH” . ] i .
DAL wh A3 wa R
ATTENUATOR ASSEMDLY . AMPLIFIER ASREABLY G VOLTAGE
Figuse 5-10. Bottom View * . ' .
R4S CRY:) © Az
46131000, . L6  461A,180.0 LY L2 T POWER SUPPLY
624,300 - 4G2A,68.0, l - ASSEMBLY
......;\._._..u“. ,..w,;.‘w
i ‘
' 1
o SYEEAY ;
' [ o . ABILA=A-11D2
SR . A3 ol -1
: AMPLIFIER ASSEMBLY. ' *nio
« : Figure 5-11. Top Veiw )
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SectionV
S ‘m.Adjust L3; L4, LS and L6 for maximum
ﬂatrms and minimum ringing.

Chnnge the 462A to 20 dB pin and change
to attenuatur to:40 dB. Observe ihe pulse
.-.hape for specrﬁcauons

5-27 ETBHED BIHBUIT BUAHDS

5 28 The Model 461A uses both plated-through and
sirigle-sided e;ched circuit board types. Power supply
assembly A2 ‘uses the singlesided etched circuit
board.. ‘The ' amplifier assembly A3 um the

plated through type

5 29 When seplacing, 8 component on the -
plated- -through type of etched. circuit board, the .

component can be soldered from either side of the
board. ‘When replacing a component “on the
single-sided board, the component slrould be soldered
from the conductor mde ‘

5-30 Regardless wluch type of etelred circuit board
rs used the followrng rules should be followed

s, Avord applyrng excessive heat when |
- soldering on- the circuit board. Use a 37 to .

. 50 Watt'pencil tip s‘oldering iron.

b To remove a damaged component. clip the

- component lead near the component. Then
apply heat and remove the lead with a
straxght upward motion,

c Use ¥ roothpiclc to free eyelet of solder
bel‘ore mstallrng a new componem

d. Solder from the conductor side of the board’

‘to ‘insuré good connections between the
eyelet and the conduetor _

5—31 TBDUBLESHUOTING PHOCEDI.IHE

l .

2 Thrs procedure sfiould only: be perforrned7 |

when the 461A or 462A :can not be
. calibrated . according  to- procedure in
poragraphss 20 through 5-26 T

512
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. Start with a ‘thorough visua! inspeotion.

Look for burned out or loose components,
loose connections, or any other similar

. condition which suggests a source of trouble

. Inspect the test setup being used when

symptoms of malfunction were observed to

" be ‘certain the sousce of trouble is not

external to Amplifier.

. Rotate Model 461 A GAIN controf 1o 20 dB

to determine if malfunction is isolated to .
Attenuator; Amplitude of signal at base of

_ Q3 should decrease by a factor of 10.

. Check power supply as outlmed in Pamgraph

522,

Check dc levels identified on  the sehematrc ,
diagram, Figure'5-12. :

. Using an-AC Voltmeter (-1p- Model 400131.), :

check the gain of transistors Q4 thru QS,
typicaily 8.4 dB per stage. 2 dB.gain is lost
in the input and ouiput emitter followers
leaving 40 dB gain for the Amplifier.

NOTE -

Gain. of Q4 is coatrolled by the
value of R18* and Gain of Q5 i3
controlled by the value of R29*
(4.7 to 13 ohms).

. The R-L feedback Network and capacilors

are responsible for the high frequency
perl‘ormanee and shoutd be checked if
difficulty is encountered at high frequencies.

Refer to Troubleshooting Hints, Table 5-2
for possible causes of the trouble.

. If  Gain, ‘flatness and noise is within-

specifications the distortion shou'd ' be

‘satisfactory, unless too large an input signal

m

is applied, resultmg m clrppmg of. the
output ‘

. Perform Calibration and Perl'onmnce Check

‘Procedures after repair is completed.

-




Models 461A/462A Scction V
Table 5-2. Troubleshooting Tips (461A and 462A)
TROUBLE | ~ PROBABLE CAUSE.
'1,-No output Check power supply (possibly CR3)
' Check Q3, R9, Q4 and QS
2. 20dB position intermittent " Check GAIN switch for good cnntact
3. .Gai_‘n‘no.t cdrrcc‘! . " Check DC voltages Iistcd on S'c':l.lcma'lic Fig. 5-12°
: Check AC pain of each stage (8.4 dB) .
_ Check Q3, Q4 and Rl 8.‘( Refer to Paragraph 5-23)
4. Flatness _ 03'; low frcquj:hcy; Q7, QB, high frcqucncy“ §

12,
13.

14,

10,
11,

15.

. Small roll off ut high end

6. Frequency response at high end on 40 ¢B

nut"c'orrcctcd by L6 ur‘C26"’" -

Rolh uff 5 dBat :oo MH!

. 'Frcqucn y n.spunac at h:[,h end is low on -

20dB’ ut 40 dB r.mge is flat:

. Output (lwps off ut lngh u.mpcmtures ‘

Nonc on 40 JB I‘dl"l[,(-

Noise on ‘both‘runges
Intermittent noise

Blow flmf.:

2ulse rise time too long

{coils have little effect)

i .
Exccssivu disiortion

:'Chunge' size of 026""‘(range: 10 ptito 22 pF)

Increase capacitance to incresse nmplitude

. Check for shorted or open coil (udmstment

hasno cffcct on flatnessy

Check C31

 Check C31 and Q8

A C35% in attenuator (A1)

Check Q4

~ Check Q3 and Q4 -

Check ground connection to chassis
Check Q1

Check B+ and B- to ground greater tham 2 k-ohm
Chéck A2CR3, A2C7 and Q1 ‘

Check QB and lllcﬁ o8

Check for clipping (use oscilloscope)
Decrease inpu signal. Ghserve

TFur m'itrumcnl'; prcﬁxed 346 341, 4]4 418- 0r 421- ulso refer to Backdating Chmu,t.s AppcndGC

Possible Resistor Values for ASRIB"' and AJR29*

-hp+ Part No. 0698-0001

Resistor fixed 4.7 ohm 5% 1w

Resistor fixed 5.6 ohm 5% 1/aw -hp- Part No. 0683.0565
Resistor fixed 6.8 ohm 5% Sljaw -hp- Purt No, 0683.0685
Resistor fixed - 8.2ohm % 1/4W +hp- Purt No, 0F83.0825

- Resistor fiked 9.1 ohm 5% 1/4W - - -hp- Purt No, 0G98-5839

Resistor fixed 10,0 ohm 5% 1/4W . -hp- Part No. 06831005
‘Resistor fixed 11.0 ohm 1% 1/aw -hp- Part No, 075704720
Resistor. fixed 12.1 chm 1% /AW -hp- Part No, 0757-0491

5-13
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'SCHEMATIC NOTES ,

I. PARTIAL REFERBNCE DESIGNATIONS At SN, I'I!‘Iil"l.\ WITH ASSLMBLY
OR SUBASSENMULY BESIGNATION(S) OR BOTH FOR COMPLIETE DESIGNATION, |

3. COMPONUNT VALUES ARE SHDWN AS FOLLOWS UNELSE OTHERWISE NOTED

RESISTARCE IR OHMS
CAPACTTANCE IN MICROEARADS o

k# . —— DENOTES ASSEMDLY.

DENOTES MAIN SHGNAL PATIL

DENOTES FEEDRBMR FATIL

'

L e | I)Iil\'ll'l'}?.‘% FRONT I'I\NI-!I. MARKING,
[ edugatied Z_I)HNULI‘I’.H REAIL PANEL MARKING, } .
¥ ’ ”’7;,/": ::;fa DENOTIS COMPONENTS NOT MODNTED ON ASSEMDLY.

' a] : .

- wn

-

. AVERAGH VALUE SIil)\VN.()I'I‘lhllllM VALUE SELECTIY AT ZAUTORY.

=~

. Nll'[" IN(?I.IH\IEI) IN Mlll)lil. A62A,

:i

, MAI\\' T I()I LOWING VALUR L IMN(»I“' FOR MOBEL J02A:
RITTO FRD 1IN S TO 0K DIHIM
124 10 150 OHM HAS 130 (M
kN ¥ 130 ()IIM )

. hl Ko MI Al TI\'r\ll 1YY 83 INCTHE 2[! XY POSTTION,

‘(.H HAS A f.ll()llNl)l i SHHELD, THRMINAL Mllh\Mnl MENT 18 A‘- SHOWN:

€ 3:9"“1“ 10P VIEW
l) c

11RO Slrl.[ilﬂ‘lI()N O RIH* STl [,l\llf\t;ltll\!'ll 5.3,

1

S FOI INSTRUMENTS PRUFINED 340 1, 67 421 SEE HACKDATING
. CIANGES, APFENDIN G, ' ‘

- . A

14 [ DENOTES INDUCTANCE FROM FERRITE BEADS,
19, - BENGOTES OUTER CHASSES (FRAME) GROUND,

lﬁ.d7 PEROTES ASSEMILY GROURDAUON BOARN,

1

REFERENCE DESIGNATIONS

‘ I
"1 As i fri sih ll l‘l(("ﬂ'

ALATMIR Y ASMF ”fll f
RIFENENCE  ASSEMY PANT NUM #
CRRNATION L (L § aral um;swum
L D e g - -
“"E a0z r,"‘,z{‘t'*',','”“"w" A2 | IOWELE SUPPLY OUXKX - LGS0 ]
I IUEL A EALir ¥ 1
A MY I 4 M (N
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PARTIAL REFERENGE DESIGNATIONS ARE SHu WN: BREF(X. WITH ASSEMBLY OR SUBASSEMbLY
DESIGNATION b) OR BOTH FOR COMPLE FE- DESIGNATION
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chlcll P.u.kard MU(]LI 461A or 46"/\

PERFORMANCE (‘HECK TEST CARD -

Test performed by

‘Wideband or Pulse Amplificr D.zlc

- Serlul A — -

‘ GAIN:‘{4(?I'A.462A"} ; L u)yd(dB +/-0.5 dB
' o -b) 20 dB +/-1.0 dB

“OUTPUF VOLTAGE (a0 ,’\)
(462!\)

0.5 volts Tms’

1 volt p-p

‘DISTORTIQN: (4614)

© less than 5% maximum out pul :

r.m.d I()dd

_ NOISE: {461 A, 462A)

© ey III:m"4 mV- ur 40.dB

* FREQUENCY RESPONSE: (461A)

) Low end, +/ 1. dB
I kHz to 10 MHz

"b) High end, +)-1 d8

10 Miluu 150 Mm'

_ OVERLOAD RECOVERY: (461/\.,462/\)"

: _"lu\ 1h.m 1 u‘. ‘

.‘"‘PULSE RESPONSI: (46"/\)

~Rise Time: ™ L
"~ Pulse Diration fur IO% Druup :
Dt.lay,,l.__ S .

A less than.d ns.- . |
C30us
‘ 12‘1trl4ns .

A THE T







Models 461A(462A

Section VI

'SECTION VI

REPLACEABLE PARTS

B-I INTHD'JUGTIDN

6 2 Thiv. section containg mturmatmn for ordering:
replacement parts. Table 6-1 lists parts in alphameric
order of their reference designators anil indicates the
descnptmn hp- part number of each part, t0gethcr
with any apphcublc notes, and prevides the
followmg

o Total quunnty used in the instrument (TQ) _

colurnn) The total quantity of a .part is -

given the first time the part number. appeurs.

b. Descriptions ‘of the part. (Sce Iist,‘ of
. abbreviations below.) '
"¢, Typica! manufacturer of the part in a
- five-digit- code. (Sce Appendix for list. of
manufacturers.) Parts that are manufactured
by ‘Hewlett-Packard arc itentified by the
abbrevintion -hp-. -

d.. Manufacturer’s part number,

:

¢. An exploded view of the attenuator with
reference des:gnamn ldcntnfymg the name
and -hp- part number.

6-3. ORDERING INFORMATION.

~ 64. To obtain replacement parts, address order or

inquiry to your local Hewlett-Packard Ficld Office,

- (See Appendix -for list of office locations.) ldentify

‘parts by their Hewlett-Packard part numbers, Include
mstrumcnt model and serial numbers,

6-5. NON- I.ISTh) PARTS

6-6. To obtain a part that is not listed, mc.ludc'
a. Instrument model numker,
b. Instrument seriof number.
¢ Dcscripiion of’ ‘{hc parl.

d. Function and location of the part.
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Sectitu VI -

Tuble §-1. Replneeable ]’lll‘lfi

Muilels 461 ALOEA

REFPERENCE

-lip

TQ

DESCRIPTION

MFR.

“MFH. . PART NO:

DESTGNATOR

At

 PANT NO.

00467.6330) -

Ausrmbly: Attonuntor (3674 and 4827}

[+ ae bwn aeanhition s ontical excepl whers sinted,
 Rotetence Desiyantor is o Exploded View.)

abiA - 3ee

Figime 1. Explinfed View ol A1 Atemtatin

('-2_

T T AN 1 i eutneetur {Illllll!'l tiny is not e e

L& (HAE- 23802 1 G et D
1 UDAn 23401 1 Com Jily hp
4 N0 230063 1 Can 1ew , e
§ UpAh-69101 | Smly nsembiy e

8 160 0154 A Compression spring
TWE) - onadi-ai I Cable Jip-

-0 QUARL-N U2 | Swinch inne ket e
] BUAGH-U2 1 Contoct sprioy hpr
104K3} KPR 1 Switch: micta SPODT pin plmmu Hn 285MM
THHET) 03470368 1 He bt et (I 499 huns /1% 1/0W (AU2A only) 14674 AL
N{R7 06964123 1 10: ot Win A8 abros 0/ 1% HOW. 1 {jrmmlv anar CHME-thD32 11
12(08) H7za.qusn ! 0 15 © Bhin 55 obins +/-19% 078 W LA anly noir
12{/R IR L] 1 I dxab o DAY alins o 7% WA M[ilnunly) it CREI032 11
13 11520 0iN% 2 Staew: 18 x 3H6 joumt head Ja1A ot
14 uioo04 t Washor: inttanal Inek nn.2 114t AL O b 2480
15 2 UNA ] Wosteer atnid scrw: 480 cumd beail 3364 bl
10 aasooong [ fiet scrow: 40 x 10 socket it 0 ks
1 wh20 0022 | ? Screw: BG x 38 round hoad 1arns ohid
11 (@002 } Nur: b} T .
10{C35*} L LA TR ! C: Pt Vgt 4£-90% SO0 viow (ARTA only} T8Age GATRIPK




Muilels A6 AFG2A -

Fablo 6 -1,

Résplneenble Byt (Conl'd)

Kectim Vi

NEFERENCE =)= o R " AT
DESIGNATON PART NO. (8] I)l,h(.!lll 10N MTIR. MEFR. PPAI NO
A2 aDaG1-6a503 T | Auvembly: inu LARTA amt 48200} hp-
. . . - [Cunlnlus G tbnn 37, CIRY Mirn 2213, (12 nod Hl lhru [iLH] '
C1 thin G I HTAD 1] G Illl et fil wk N1 vdew o SEIRY Ty 400 obid
. Ch 8L 1 Dl et 207 F 0,25 vilew LB Typie 300 glat
R 4 . 1dn-ulah 1 B Dl vdret 20wl 90 vilew 1] AA0IHAY
. CH1LRZ 1601-0150 H Dimto: S piv 2000V v ‘\' A3 RRIBNHI
BRI -z g2 1 Diotle: (eforenct 14,1 Y 116% " iy
.0 b anz 1 TETI: 5 PNP 282908 N120% PUPAIEE
LA nenz 21 21 R bl oo 1 kilnhin 4410%1/2 W N LHIZ Y
N4, G * BBI-HE2Y ? He fxal e 6.0 kilohm 1£5% 1/2W cannn FULE20
(11— OIT2I2 1 It (il comp 27 kilolen /0% 12 W [HEF LR
. . ; . . i
A3 anse1-9a502 1 Assembly: Amplilier (4814 anly) - i
- Al DGABZ-BR502 ' Anenihly: J'lmlpllllurln‘lﬂzn nnly) e
[Cornbis: CO choay G32, L1 thona 194, T3 st O oml
1k then RER). Those v assomblies pin identienl kel
, whuniruu-ll .
CHAba G0 QLTI b B |xd To |'lnc| 2.2 0F V209 20 vilow 1] HON2IRXUBZIA?
o DIH0 Q30 b £ Dl To elect A7 aF ¢ 20% 10 vilpw Wby 110NAILXNB10AZ
G2 thou G113 onn M B b oo 027 uF bBO%, 208 20 wiltw W20 hblA.
£ mB0-00E G G2 et Tor elpet Gl AL 200% B witow At} LTI E e AT V.
cib D00 G Axel Ta elest A7 0F WY wilew - B 1LUNATHRNRDAZ .
£ 018U DG ;e ofert B uf £20% U vittw ne7Ed LR TTE AT
0 B LTTR] G dxd To elert 4.7 uF T viliw G789 P':tl[M?'lelUlllM
G menm C: {xdd e (.23 aF 1D0% - 200 2h wilew Wiz80
] 1] QHRHNDE G et Toehont BOaF +£-20% B iy hlize lﬁllllilillillllllllﬂ?
G20 DERO 0304 G: fxd Tacleet 4.7 oF 10 vdow NGB L HBANHIIEY]
G2 sy 0: fxel e 022 oF (D% 2060 2h vikow L] WG
(W s Mo 0 Dt Taw ek G +S204% G yiliw Whizsa cf o ARODGINROGOGR?
o2 U0 0304 G Ioh Bis bt A8 0F 42200 10 v hi289 10NAILXOOA?
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CHl MANIGH 62 Oal Yo eloet GU 0E «f-20%% G vilew blize 1, V6DDBIGXIHIIRY
[&]] UTHOOTG G2 Dl Tw'elenn 2.2 oF ¢/ 204 20 viw 6704 I'.[IlthKlHImM
Gaz nmegorm 3 Dl oo 1,27 ul RS -200% 20 viliw HZHY hGUA
11 DBAGT-Hiton1 1 Liik: comrnsating b
L2 OUATG- i 1 Ll vartabli 1.2 1) hp
LY DALY Blinod I’ Ll varkaldn 0.4 i lp-
L onags-houa. o Coik: varlahtu 0.2 uH -
- Lb NUAL-HEDLY I Ll vattedile (1.2 uH hya-
L6 TR BTN 1 “Goll: yariablo 0.1 uM I
1% RLIRRITTKE] 1 TSTH: 61 PNP ANy SMaT
(14 40073 ! TSTH: NIN 2N34TH BhGHY ANATH
-6 tlewe OF 1 -0 30y 1. THTH: 5 NPN N3 R
1] . TH54(0Y, 1 TSTH: NPN 8i 2N fu Ipe -
n HIB4AGG | i} TETI: 5 NPY 07763 018 vl
12044014, | Tloat slissiping for QD LT NE-203
‘n TFLATH] 1 10 Pl G {lm B8 obones #2050 144 W 1N LE1AA
mu UBRA 1021 | 1 Db vomp 18 hisubis +f. Ill‘fn 1AW mn cmnzt
Iill myz . Bt assipgrl . ‘
OGN3-8214 1 b txd camp H70 obins 1/ % 1AW mn [W[IbgLN
IIM NGH3-3024 1 I txd comp I kilohm /5% 14 W ma [WIRIIPEIY
, 11 [EN3: 1014 ] H: A eobup W0 obims 4140 1AW ma LHinNL -
i ouad- 102y W Iz bxdcmip T kitolem 47-20% 1/4 W mu Gtz
r17 HGHs-204 7 11 ak epmy 240 uhens /0% 140 W (AG1A vnty) i [HivAA1%
my o DEB3 G A0 It conw V0D ahs o f-4ish 178 W HABZA only) - oA IHH T
ann . Ber Panbeding List o Page 414 .
. G125 1 e fxek conyre] ¥ Situhne 4000 U2 W [11RF3] F76
14!} OGHG 620 1 He Ixel canp 3.6 Rilahims 0 L09% Y2 W N EN425
2 063 1H16 Dt comp WL whms +/55 T/ W oz UG
ez 6H3- 1021 Wz bl cump 1 kilodun 3210% WRW [ VY] Lmot .
n?3 NEH7-3308 4 IV Dal camp 33 ot 0% 1/2 W ma LRI
A4 6A3- 2910 : : Dol coungt 280 abins +/-6% 174 W (AB1A aidy} i LAt
A NEA3- 1015 Mg D ooty D84 nbines 4/-5% 170 W (A024 only) m CRIBh
A% u6a7-3301 o W pomp 33 ohms 1 200K 12W WA El3m -
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Sectlun ¥ Minlels Hil AJAOZA
Toble 8-1, Replacerble Pasts (Conttd)
REFERENCE. - ~hyp- : - PION VBT PART.N
DESIGNATOR .| - PART NO.- .PQ .DLS:.C‘IHP TION MFR. MFR. PART NO. |
n2r DBBJ-IIHB 0: txd comp VBD phing +/.6% 1AW vz, ({1
nay.. (UAB- 1226 2 A Ind comnp 1.2 kiluhms +£5% 1/2 W 2, EMI2A
v g;g:} : R Siem Fudddtlng List ane Poe 5-13 v
h3o 0504-1021 R h:ll comp ¥ kilghin ¢ 105 HA W o canzt
n ., - pEe G . R hul camp-VB0 uhirs +45% 15 W 1A01A onyy wil2} CoMNG
na. 06031215 1. R: by cainp 120 ctns +/-5% 171 W {4624 unly) any L1216
Nz ORUBYYIE Re Il etsmp G100 ahons +26% 112 W mn EAMIG
n33 0Bu7-3300 R bxd comp 33 ohms v/ 0% 1/2W ¢ -y EBIIT
34 0Ga3 NG "He.bud coynp VRO ohms +/-6% 1/4W. mn CHIDG
' 36 (GR3-066% A+ fud comp B8 ohms /0% 1AW ' mn CROSRG
N3G 666-1225 * Hbuleomp 1.2 kiubors +/5% 172 W . ) ma. | ESNb
7 - Q6B410N A udl comp 1 kitohm +/10% II4W gz | Lend) .
3 0GRy A3uY Hatud comp 33 ohuns +/410% 1/2 W ma EB3IN . !
39 (831816 e Ind comp 1B0 ghine 17.5% 144 W 4014 anly) - mnma2s (] ]:1{; ’
' R3Y: UBBH-BDE ' 7 < R Ind comp BU nhins #/5% 174 W {AB2A unly) urit CHEN0G
Aal - D621 21 N:idcomp B20ahms /6% VZW. HiH EDLYG
AN "DBH3 1805 - 11 txd cump Nmuhum HE% 1AW I G016
naz UBDIIGBA i txdeamp 5.5 uhims +/.5% 1/4W o2t CHAGED
#43 06805210 ? R xd comp B20 atons +/-4/5% /2 W o CIHI21G
R44 opada 82t 1 : fxd comp 1 kiohin +L10% 1AW, ma | ol
4G . 6B 181G e dxst corp THO phuns +1.5% 1/8 W [ABTA unly) ma2 ChaLs
iL) NGH3-300Y. | L I A catepn 3 ahens +£.5% 174 W (4824 anly) Cma cuinnG
A3 (588-5216 2 1 It comp B0 ohms #AE% VI W uzy EBUZYG
o g 687 2201 2 M ngd goinp 22 ooliens +1:00% T2 W [IRFA) En2an.
Rad G606 181G | A: Pt comp VG0 ahm /- 10% 110 W mut EBTGIG
HAY 06033604 1 R twd ey 8 ohies +/5% /AW iz CHIG0G
R4 LRBE 8216 A il comy B2 ohins ¢ /0% 12 W a2 Enu21t
RS NeYr- 220t I txd conp 22 ohme HL10% 1/2W HI2) EfRHt
REZ,HEI- 07580045, H A il anet b 220 elong o/ 5% 172W 07116 G20
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£33.014 BHE0-3033 1 G bl dund U.[I'Uh ul #1204 250 vacw HEIRD 3662194
s 14600410 . ) Plt Tigh o vany Bht-R .
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yzal-toes 1 Inubator fo 1 (] il
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m NeA7-3391- 1 H: tamp 33 kilutons +110% IIZW m2 ER3III
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070004 A Knob for §1 T 1]
52 KL DY) | Svatch: lide dpdt (power} A2140 aB13
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Wi w1348 1 | Colls; puwer T0H3 K414z
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wl {1D40}-81002 ? Cobila nsembly: autpin g
L) O0A{IT-GY6EEY - | Cohite psseimldy: traslurmer hp
XFY - 14000089 1 Fusahuhiter: exirseior pon type P I LY H
M 12L0-0118 1 Gunniegior! input feinale g Jo3ns
i 1201-2367 1 Comneelon: power 3 plo male BI427 HIHI -3l
i3 . 12500088 ] Copnecton autpul female "Nz Hn2a1.
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0040100743 1 © Panel: 1en . e
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Models 461;‘\/462A o

CODE LISY OF nauuncwln’s‘

“Appendix A

* The lolltwing colls lnllnlwﬂl urs from {he Fraeral apply Cnd:- tor Manvfaciurers Chlnld-ulng Hatdbschn 1141 {Himoy 1o Llu!o] und 14-2 l('lllll'

‘fevised: May, 1970

belical cuden luve bern urbilrarily uesigmed (o numlllurn not up;:nnrlm I the 14 lluruﬂmukn. o

. Cr“ﬁf' " Manutacturer _ Addtrown S
00000 U H A Cummnn, ' ... Any buppller of U 4, 05T
00130 - MrCoy Rlectronios,.. (Mount Holly Farings, Pa, 05387
00219 Bage Electronten Cam, - . llmhentnr. M. Y.

00207 . Comen, 0. « <-4 s+ 4+ 1 - Danlolson, Conn, ‘055“
0033&  Mumiddid v v vv v by an e ee e oo Collun, Calll, 05003
Q0348,  Migiren, Coy, Ine, ) Vuliny Btream, N.Y, ORO0IA
OD37Y- . Grloek Tne, 0 b o Cherrey IR, Nid.

00650 - Aerovon Cotp, & v v vy o o Now Diitiosd, Masw,  0b028
00770 ABPIRE, ivrvor 0o o0 s Hnrkisarg, e, DMT2H-
00781 - Atrcral Budin Qorp.. < o0 o0 o Bodinlon, N,

GOBUD . Crowem, LIA, s ..o . . . Whitky, Ontarko, Camada 05720
00010 . Morihern Haglncoring ]

Luburalurien,.Ine, o i v 0o Tarlington, Wis,  USh20
UDBLY"  Hanguine Blrctrie Cin, . onoug
. v Mekens DY, .oy 0w o . Plokens, B, G :
DOBGB.- Car Bngtoeerhyg Cu. « .+ . Oty of Induntey, Cal,  000HU
DOBBY  Cwrl B, Jlodines Corp.. « o . - Low Angeton, ©al, D616
DDB2R  Microlatt InBys o« o oo o0 v oo Livingslon, N .
01602 - General Rloctrle Cu, 0rd02
R Capaeitor Degly « o0 oo Hdpon Palls, N. Y.

01008 Alden Products Co, 0 oo oo irackion, Mann, llﬂwl
01312 Allen Diemdley Couov v v o oo Milwaukon, Wik
01255 Lilton Indontriem, Ine, ..o . Deverly 10D, Cal,  ORSEE -
DIZHY . 'TRW Semicondurtors,tne. . o - Lawiktale, Cal,
01205 Texad Instrumenla, e, , ) 08600

Tranulsior Produris Div LAV, Tesus. U6°4)
QRIAD  The Alllance MER. Co .. .« .. . Alllasee, Ohlp 08 12
03538 Bmatl'PwelwIne, o oo . Low Angelos, Cal, 07280
01588 Paciilo Relays, Inc. . .. .o o0 Ve Buys, Cul, J0Hh
01870 . Gudebrot Drus, SiHCo. .. .. Hew'York WY 0126
OIRID  Amernck Corf. oo -0 vy oo Hockdopd, 0t 03T
04860 Pular Engineoring Co-, . . . . Bante Clara, Cal,
02t14  Rerroacube Corp, of [IFIRL]

AIMOPIER ¢ o v o v aw s o Haugertien, HUY. :
02118  Wheoloek Sigoals, Ine, . . . . Lung Nranth, N4, (74D
02268 Cole Itubber winl Plastice Inc . Honnyvale, o], 07202
iriio Amphvml IJuru Elortranten . . hT24e

o Corp - e cenene s JDiradview, 1, 07261
03738 - Muitlo (.'urp. “ut “masics, Bemls 07E6)
' rupductbr W Mnlarll‘ln .
. vislun . .% s v s oy Romerville, NoJ, DTIR2
02771 Vuraline Co.of mnmr!ra, ' 073y
IR e . O Haybrook, Conn,  UTA9T
02717 Nopking L‘oullwurlnut‘n. « o Han I’urlumlu Cal.
02K?5 . Hudron Tond & Do .. ...\ ... Nowark, N1, ©7700
03200 Hylon Mulding Copj, <+« . oo . Hprbigd leld, N, 0,
PIGOR (. B, Semicondurine l’rml. DAY
. Depte v o veven o0 e s b o Hyparune, NOY, 0TIV
03705 Apax Maching & ool (.o. v Dayton,Ohig 0709
03707 - Rldema Corp, o200 e a e Gampton; Culll
02HIN  Parker BeRICH, oo o . oW Angeles, Cal,  DT8BD
0XA7TT  Treansilron Bleciric Corp, o . Wakefiel!, Munn,
DIRUD - Pyrodlbm ll"lnlur Co, ., - {Bt4b
) Ing, o . Coitar Kpolls, N0, {BZED
DILE- mnnr to., Dlrlnl mv. ' ’ LA
o Piderne Plant 000 -« Bumorville, N
D400E  Arrow, Harl und Hegemun OBH24
- Bleck Toov v v oo v v o Wartiop, Conn,  OBFDY
04013 Tarwus Corp, .o .o Lambettvllle, N3, OWTI7
04362 Arce-Mertronke Ine,. o . oo Oreal Heck B Y QWIU
04217 Knarx¥ire. <00 v o o0 Luw Angelew, Ual
0422 HeQ Diviskon oliAvrovox. Myride earch, UG, onTEt
U434 Peectibon Faper Tube Co, ., Wheeling, 1L ORIDE
404 PaluAlla Divinion of Hewleits : :
' Tackatd Co. o 000y 0 0 Pk Alla Cad, - OREOD
405 Sylvania Flecirlt Producth, .

Microwave Devieo' Dk, . Mpuntain View, Cal.  BHOR4
d40¥3  Dakuln Bngritne, ... 0., Culver Cily, Cul.  OBDED
04713 Moturols Int, 5r|n1rumiuﬂbr 0T

' Pposd. Dy, ... . Phoenbe, Arlrona  OBLI4
04T - Pilteon Co. , Ine, Wealern. . 4L

' DIy, o Ve Uelver (.'Ily. Cal.
04773 - Aulomatie Iﬂvrlrlr Cn. e s Horthlake, B OP2O0
04108 Sequuia Wire Cou .y ... Iedwood Clly, Gal, 09353
04813 Preeiston Cotl Bpring Co. ;. . . KI Mante, Cul. 08501
Q4RT0 - P M. Moler Company .. . . . Westchester; 1L '
04010 Cumpunrm Mln. hervlro . BaI0G

Lo , Dridgewaler, Many 00022
osbos ’I'wpnllulh (.Nll\-lr)‘ I'lnsllrl. 10z14
- Ines o oone «oae et Los Afigelen, Cale -
KTt vnlimhtmsr Bll-rltlr (‘urp. : L

Yemiconductor Dept, . . Youngwood, Pa. 10640

o .
00U15-49"

Cuade .

-Maufacures Adittean

'

Ulirania, Tne. o oo e oo o Ban Muten, Cal,
njen Cartine Corp,, Bleel, .
Wy avvasvon e o o0 e How York, NoY.
Viklng Ind, Ine. .00y 00 . CRnogm Purk, Cal,
Irore Eltrrlru-l‘huuru | L .Bunnwalll Cal.
“Costmo Muniie lefo Elvclrlrul i

Hpen € vvnya i
Tlarber Colinan Co.
‘Flifen Opiira) Cu. ., ..

seaa ey Honiyn lluluhlu. l.(mu lplalu!, H.Y.
MilrosTel ComyL 2w o v o v o WoRlbury, N Y,
Blowarl Kngdneering Co. .. ., . Hanta Cruz, Cul,
Wukelleld Englovering Ine, . . . Wakellell, Manu,
Danairk Cn, , Dy, ol Ste . . :
Warner Corp ... [EXEN] Bridgeport, Conn,
Jtayehem Vot EEEEE] Ht-dww\l iy, Cal.
Tayneh unt Lith Opibeal -

Ca. . PRI .Ilurhnnlnr, N Y.
BT A, l'rtuhu'ln Lo, of .

LELTUS [ R .
Analom Blectronie Jlnrdwnru
Cu., Int, Hew ltorhullv. N Y
“('l'ﬂtv Ewretricat Instrument
[ MO 1T SN

Ilnrkfnrd. .

e (:hirm.n ‘Ill.

. . . I'emt-mk. NI
Gieneral Devicey Lu .Inn. oo Indianapolieg Ind,

Components Tig.  Arie. Div,.. . Phoenix, Arizone
Torriegion MIg, Ce, Wost' Dlv + « Yun Nays, Cul,
Yarlan Appise, l'.'lmav D, . .. Buss Carlim, Cal.
Kelvln Bleetkte Co, . . ¥an Nuyn, Cal,

Ingitraa [ oo Pasdidena, Cal,
Trunelptur Rlurlrnn!ru .

Cofpa - ' v e Minbeupolis, Minn,
Wealinghoune Blrrlrlr

Curp. , Elortronse Tube Divi ... Bimira; N.Y.
Pllmnhm Corgh . oo oo v 1w 0w Now York, M. ¥,
Cinrho Graphtk Co. . . .. - City of Inbustry, Cal,
Hiligun Tranwistor Corp, . . Carle Plaee, N, ¥,
Aviiel Cotgr 0y, Cuiver City, Ual,
Fuirehiln L'nrm-rn& lmul Lm-p .

Semiconductior Dlv. .. ... Miuntiain. Vh-w Cal.
Minnenola ftiber Co. . L, Minneagidin, Mlma
rteher Corg, The ., ... .Munterey Park, Ual.
Sylvania Eleet, Prod, Ilu‘. .

Ml ¥View Dporationa ... .
Tochakenl Wire Products

mes oo
Weshine Eleet
Contlnental Devire (.urp Ve
Haythean Mg, Cu, , Bemnds
, eonduddor DY v L. a0 0. Mountuln Yiew, ©ul.
Mewlett=Parksrd Co, ,

e eriny tvinlon - .
. 4. Boginver|ig Lo,
-Lalbhn, Delir G,
Turgesn Mattory Co

Nluuara Falls, ()nlurl
l'wutnrfl Pnnll nl'r Corgs. + o o« Luw Ang:les, Cal,
Brlptol G, The ... o0 \annrlrlry. Conn
Sloan Company .1 . Bl Yalley, Culi
1TT Cannon Electrie lm: .

Phoenia Div.. .
Nanvzal Naitio t.ah Inp, ...
CUH Electronkis Semicondurior

Operathma, Div, ol CNA the .
tenvral Elerizie Co.

Miniature Lamp Drpl '
MelvRain ...
Dabrock Neluys Div, .
Blertronic Rntln»unm lnr .

o Cramord, NS
v Chicugo, 11
» o - Blawihorne, Cal,

. ithchawuy, N
. L.ma Angeles, Call
. Popma, Cal,

. Phoenly, Arizona
.+ Paramun, N

' .+ Lowall, Munn,
vy v 0. JClevelapt, Okio
oy Todianapolis, Ind,
. Ueata Mesa, Cal,
sk Angefes, Calil .

Texan Copacltor Co, . .. Ilmmluu. Tenah
Perke, Iy lnr.mnhm

Blet oo e l)urlmlll Lul
Blertrn Anlwmhlh-n Inr. cv oo o Chiergn, T

C & K Compunents tnd. oL
Malliry Dattesy Co, uf
Canada, tad. .. ... Terosla, Onlarie,

Hiwlon, Mass,

Cunuita

Pennsylvania Flumrnrlmu Lo Hetghta, Poan,
Burmly Cotp. .. L0 L . Horwaly, Conn,
Uereral ’I‘rnnsl blur Wrult\rn

Carp. . e e ey Low Angelen, Cal,
'l:l»'ral.lnr.. o Derhidcley, Cal,

Niugarn Faliv, N. Y

k]

" (.lwl-lnrul. Ohlu'.

M(nunmn Vlvw, Cal, |

Cinle -
No

11230

11221

1iaez

nnz
113014

1140

116%
171

1nn7
11010

12336 .

1201
1204

12007
141k
12650
12681
12030
12004
1aulb
e
1rod
TILET
a0
13836

14084
14103
1z0h
L4423

14403

1465h
14074
14762
14060
10106
146203

hent

1
10bBH
1b560
Lib3)
LT

1peag
et ]
1T
07
16362
16k

16508
AGE

16458
S 109
174T4
1TTh
11145
17H48

10
10042
1HOBY
10324
1IHIG
10486
U505
1HGRY
1h012
10413
N
FUR LY

oD
10480

CMetabiy,Ine, s .

-Calil. Hrulnmr (.ur|l v

. Briny
l‘rnwur Klert. lm-,

It Afreralt-Hol Cirg.

" fu Harei) and thelr Tatost sepplimoents, The dale of revinlon aod tho date of the adpplements unmd appoar nt the bottom of cach page. AMpha-
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Mariucturer Audresn

..... Becnw, e,

CTB Ot Berne, WE, oo oo

L Chicuge Telephons of-

Calitornla, Ineu oy e
Pay Ktuln Electronies Corp. . .
‘Teledybe. Inc, ,Micruwave

Div. ., ..
Nnﬂun:lﬂeul e
IPreciulon Coprertor Corp, 0o -
unran Bleciranien e, oo
Grneral Instrumunt Corp, ,

Semnicotductur (ivision Products

LH T R <+ Rewark, N,J,
Imperial. Hlnfm M, Inr. v oo BBuena-Park, Cal,
w oo Palo Aty Cal,
» o Usinden, N,
Brady Grove, l'n.

+ Waitham, Wasa

- Palo A, Cal,
< Downey, Col.
dumulvn,. ¥, Y.

Phtladelphia Handbe Cu. ‘e
Lirowo Mig, Co, , Ine, 0o v
ulion Ind, ki, , Dals Hystem
Myeauoen- PR Mlmqquuv. N. M
CImqul Mig. Cn. e s Dover, N
Ritnar Filier Corp . . Vo W lMaven, Cown,
Hippon Bleelrir Co, Lad, . o0 -0 Tokyn; Japan
Medex Blectronten Corp, . Clark, N..t.
Iela Bemivomdurior Tar, Nl'wpm'l Bueuch, Cul.
Mchson Blectronies Corp, . . Heoltbdate, Arieons
Adves Supply Cou dne oL W1|ﬂ1ltn. HRanwun
Wilea Produces wirugt, Mich,
Thermoiluy, ... . . . Dalluw, Tonay
Bulltron Devicen lor . ’I'p'mlull. HY,
Teletusken {UmblY) | v «Manover Germuny
Mitlland-Wright Div, o .
Fatific Iloniries, fue, . Kanuaw Clty, Hansas
Bem-Teeh . ... ... Newliury Park, Cal,.
fhantia Maicw, Cal.
American Campnenit, Ine. . Gonslwohueken, o
ITT Bemlrunducior, w Div. of

Int, ‘Trtephone nml Tolegraph

“Corparation L L., w:-nl Talm Brach, ¥ia.
Hewlejl- I‘arlurs!(um[uny . Loveland, Cilo,
trurnel) Mubdier Hiecirie (.nrn Vs Nl-wurk H.J1
eorming Qlune Works Hnrllll\n.. NY
Rieviru Cobs Ine., . R.m Gabirkpd, Cal.
Willlumn Mig. Co, . v Haddom, Uil
‘The Bpkeere Co. loe, o . LAie Falls, N0
Wehster Kleeironics Co.. ... Now York, N, Y.
Setonicn Corp, Ceea hnrlllrldw,Cul.
Adjustable Bualing, Co. L ... Ho Dolfywos, Cal,
Mivron Blectronie Gurslrn(.lly Loag Is1aidN ¥,
Amprutw Tnsl, (.u b vanva e Lynbrook, NOY.
{fabddranles . - < Coma Monn Cal,
‘Twentbelh (.nn'lurr l,uu

Cu,

fanta Clara, Cxb,
Framinghan, ann,
Misuntain View, Cal,
o Hpruee Pive, NG
- Betrol, 0L
L, Ny
- B, 8.3,
. Pawadena, Cal,

Ameicodor, . L.
Sprnee Pine Micw Cm .
CunnbeBperlra es .. 0L
Computer Disde Corge . .0 ..
Elertenid Ca. ..

Titead Prew, Meler Cis, I
De Jur Meter Iy, ... .. Brdoklyn, NOY,
Detea lwdin Py, ol 1M, (.ur|1 v . Kok, Imd.
Theomoneties fac, o Lupoga Fark, Gut.
Tranpn Company - Mounkuln Yiew, Cul,

Ihamlin Metad Products Corp. Alrur, Dhlo
Angatrohn Prec. Ine R Hollywend . Cul.
* Biliconin Inp, e . Hunnyvade, Cal,
Mctiruse-Edison G, . - ‘Manchester, NN,

Power Dealpn Yacklie Ine, .. ..o Palie Alle, Cal,
Clevile Corp Semicomiuctur Dy - . Pato Altu, Cal,
Bigheticd Corp. L. . Symnyvale, Cal,
Ty Car Mig. Ca. , Ine Hallistin, Mamd,
THW Eleel;  Comyp. Biv. . Do Mlainen, . 0,
Chamerirs’ , .. Pluinville, Mans.
Cutin Insiiument, I M Kimeo, N Y,
Yishay Instrunients the,, ... Malvetn, Pa,
E.boDulont and Can, nee . Wilington, Del,
Iurant Mg, Co. « Mitwauhps, Wi
The rmdin Corp-

Curdrnl v, oL LS
Thuman A, Edisn Inuullrlru
Ehy, rsl MeGraws Bdlson .,
Convis, ., .

ﬁavlmtlum &

..... 'l'rlr:rlmr'o.
. Wenl Orange, N, T,
Balitwin Park, Cul,

From: Handlouk Supplemens
B+ 1 Dated Jamuary 1070

Costa Mena, Cul,

.tk Vanadena, Chl, .




Appendix A’

cl‘i'::' S Manlacturor
DB LG Kertrontes oL Ll

v

Models 461 A/462A

CODI LIST OF MANUFACTUIIIS [Coullnu-d)

Aul!rm\u ' (,mlt-

r'nq-lll‘alllu. N. Y.

0L Beebra Wi Coo oo Dplepentionge  Kunin
20163 © thencral Alramtes Corgy « oo Philaclolphin, Ia,
20220 Bxeoqlome, Tee, oo oo Leng Tl £y, NLY,
~ 2306 Fafnlr Dearlg CiecThe o Hew Nektlun, Con,

R0 Tangheel Metalburgieal Corp. . o .M. Chlesg, 01,

CW0Z0 T Geavrad Beed G oo n oL Mekaehen, WL
RIML Texwean Corp, - o ey Iutlluuml!m. 1wl
2ATRY Dpstinh it Blecirimies L, - Washinglon, DL,

. 24455 . QK. Lump Divisjun, anu Park, Cleveland, Uhlo
24065% . Genergl lbin Co. ... Wlml Cineord, Munn,

SN Mpmenr Ines Lo v < lluntlrmtun.hul
2EHS  Gilen leprodueer Corpn -2 New Rochedle,

20462 Brodwrd File Go,rd Amvrlrn hie. Sarletadt, N l
2004 ComjadHollisier o, . Ilnllhmlr. (&

26002 Mamulilon Wal=h Co, .. . Labheanler,
2 Newleit-Parkard Co 0 i 'l Allo, ‘..l,
2HRED  Mhoypinan M, G oy <oy Kemdiworil, N
0BT Pl rument Bpt-rlalﬂlm i . .

. It oo iua, Slatilh Falls, W
ANy LK. Hl'rl‘lvim, Tb'lw lll p\ .l)wmu.lmru, Ky.
64 Leclraben e, 0L, . t‘lllrm.n. n

RGO Bapwyth Canl Pricdug ln,

. LEL oy e Nawkyrbinry, l)nlnrln Chaitatly
AGZAT ) nnmm.lmu. WL &

O Imunli-. Omarhe, Canada
S04 PR Mallory & Co. ,Im‘ Lt ‘1|ull‘.m.||mllh. Ind.
G4 Mechanical Iduolrsss Drod, e, - .0 Akron, Ohgo

400 Mintture Frocision I ullnuu e, . Kepne, NN
40030 Honvywed) Ine, h]]luwupl-lm. Minn,
A2 Muter o, .. ' <o d Chitraps, TIL
43060 LA, Noreren i o Biglowowd, Colo,
44685 Chanste le, C, . PRI - TH TR H &
40364 Moo Eng, & M1 Lurp ...... faylonlown, Pa,
47004 Polaradd Corpe L. (umhrldm- Man,
4520 Prectuion Thermumeler Y

o et Coe oo « Howllaplin, %, -
HULE  Miowzve & I'mwr l\llm Div, L Wallliim, Aaks,
H2000  Ruwan Camenlor Ce, . .. M-nlmnmh-r Mit,
SRRy it Cos, M, Ele, Dy . Walllam, Maug,

204 Blalleross Mig e oL v el NG
S Y, ‘I|n||mm Eleetrie Cn, . Uhieaga, NE
O08E  Funulone £, . IEIumInsrd NY.
bl Huyihgon L0, ﬁlmm! reiwd Apparadny

& hw«lvm Die. 700 v S, Narwalk, Cron,
50137 Bualtlng Fivre Ine » Tomawitikd, N, V.
I6zed  Mprague Bleetrie o Nnrm Ailainn, Muu .
Hhd Buperter Bleel Ca, - DEibiol, Comir,
DG Teles Qb .. Lol o Tulnay Unla,
MITIO Thomas & Beltn (ftn ....... < Elirubeth; N

CROTH TR Kherfriend lant. Cn, Ui, Uhdo

SBITTE Bestun Hw el amd Signad 1He, ol

‘Weallnghiuso A1 Jraka Co. L Pidubierjth, 1,
G2UID : Watvirmal Bloelrie Ui, ... oL .. Cwaikaa, Mich,
BT Ward Loonapd EBlucieie S, MG Yeenon, BOY,
49AD Western RlEetre G, Dot .0 New York, N ¥,
BhOY2 Wbt Tnsk, The, Weaton: Newark, Nowark, N A
0200 T Wik Mg, Co L L AUhrage,
GAAD  Mnuercta Mising & Mlu (.u‘

- Hovere Mincomvdiv, Lo B Banl, Mim,
70290 ARen Mbe O, L vs oo Hartrast, Conn,
TOI00 © AMied Comtend ...l L .. Hew York, NY.
TR 'Ailuwlnl Strow I'mlurl( @, , e,

" . « Garden € Ily. NY
7417 hmpll-x. DI\‘. nl .htynla-r (‘um Chetroll, Mich,
TOHS  AtTamie Ppdia lubbier Works, Ine, o, Chisapo, B
TO563  Ampeede Qo Ine oL Oy, N
0074 ADC Prmlucio ey .00 Minreiapoling :FAlnn,
0003 Debtden Mg, €. wovo s, L Ceggo, T,
TOURE:  13rd Kleririe l!nr]l. . . Chewelamd, Ohiv
T2 . Mirntach Madhio Co. v Hew York, NV,
71004 Dikley Elecirip Cee ,Ine. ' L Brjey e
TI048  Donton Gear Worky Div, nl . )

Murray Co, of Texan- . ..., . Quintey, Masw,
TIZYH Dt Haddo, e, L, - Willmglihy, o

MM Cambridge ‘I‘hr-rrnlonlrn[nrp lamhrhll v, MiHK,
TIZAG  Camine Fasteper Corpe .. L2, Paratbun, N
A3 Capdwell l.mnrl nRer Corp,

o llmleuhurm. b by NOYL
'r'ﬂuu Thunsmann Mln ”a\'. nl .

JMiGraw«Bdison P, .. ... 1, lauia, Mo,
Ti4.0 C!Illnp.n Comlenier Corp, . 0.5 . l:lurur,u. 1k,
THAT  Lalil, Bering (.n. dae, L Plea-Mvera, {fal,
THesU. CTACwp, . o0 s e e Blkhapl, Jid,-
TI40H . ITT Cannone errlrlr tm. . Bs Angelen, Cal,
4T Cinema, Divs - Aerovies Corpa. L L lirkank, Cal,
00015-49
Nevined:  May, 1970 , '
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Manufacturer " Mldran
ol Clare & G e i ' I'.'Inrm'[\. {18
Coentralab Dy,
Glodwe Ui e, L. Mllwuulum. Win,

Cominerelal Pranlies o, L.,
Cornish Wire Co, L The 0y, Pew vark, N Y.
Citn Cod]l S e, - e PRV IR lt I
Lhieags Mimaturn .uln]a Wnrku - Chivage, 11,
Tinel Mg, Co, . T
Noward I8, Jisen Doy, . .
Thow Corpligr Corpe ... o0
I"Im‘!rn Molive Mg, Cuo., Im'.
. Ly e Wimame, Cot,

v ow e en STrohiEn, NUY

Chicapn, N,

. Mldlalul

L Corpy.
tivnerad

L '. . Krualu',‘ LN
il lnn!rnm-n}n L'um )

Cap Biviobon, 4 P N(-umh Nl
Drake Mg, G rl.lrwml lll-hghlu. I8
Tugh 1. Phy e, U
Gadenan v, .,
Ehiastie Blap Nol Cop,

‘‘‘‘‘ Chicapo,- N,
. Utlon, N3,

Hedwerl M. adley Ca . .imh hmmlw o,
i Tohnolmiiend Pemdurin, e, L, Erie, Iy
Hapmtn Mg, G,y T . .i'r]'lm-ltul. It ?
WM arpier o, 0L L RTR L n!
IS IR T n! th : i,
.......... P .lu.llllllll Cali

Nuphet Prwurde Ihl-mltn. ul

thigher Adrerall wo o Newpagl Desy l|. Cal,
Ampores, Bleels CAlcksvdbfe, LR LN Y
linullu ¥ h-llll\‘lllllllll r l.nru

L irtlord, s,
Clreli P Mg drendon, N
Birnspe . Gacrel]

Div.
Feitirral Berew Frodaequ,
[ RTSTITE 1
Geneeal hik

Corben Stabgiig & I‘(Hll Cua,

MEL Jatugtr wn luv
ey

L Plibatelntig, I'.l
- Ahlea,
Ll uhiu
Plyrlu, Ol
bnnhm. hirt.

H¥D Bleciromes-Con ., msuhlvn.

Jdenmings Hadio Mg Corp, 1 Jus, .
s B COEL oy e Illxlullu-ll'ﬁn bR
Bt ne, o, L Heptie, N

A Winnn, ol Bimee
Inthontrkal Catwienner Lu:p, s

Wimht'nn U, Mass
LChiviga, 1N,

T 0. Protuets D3vision of

Atnphinul- Vg MIIIIHIIIII Corp,
.......... . o Ii.nul-ur\' o
. P sutnnon o, ., . Wannen, BMinn,

Interiatingal Iluvnlnl.uu(v (‘n ' I'I|l|.ulv]||l|1l|, Ity
Reyalone Carbon Coey Joe, .. o081 Marye, P
CTH Yuigden, Tnes oL, L 0L Rendwiedh, HE,
Hulka Bleeleie Corp, o ML Yermom N Y,
Lont Blectnae Mrn LA O o¥ [ THIP ) [ X
...... . s Plasnes, 11,

...... lirhy, b,
H-\ll Vrancinen, \ b

e Cor Lo
Uy, I\|||m ||vl
General |IIN|NJIIII'II| t n|||
Meamnadd ivingw 0 . Nuu.lrln ko
Larer Millen MI|:‘ Lo e L, Mubibeil, Make.
LW MHIer Ce VL Lo Alpelen; S,
Cineh=Mumutanch, Bre ol Dated: turr
Pantener Corps,
Muchler Blertri . .
datlomat Ui L .., L L
sak Mamtackur g Co.
The s Lorp.
Blecirmbynamies Div,
Tarilie Metadi o,
Fhiswnivan Tustroment anl”
SRlectronge Un) . L, L,
I‘llll-ulmi-hla #oeel wml
Wipe l‘m}l ..... .
Alnerican Mardiie & 'mmlry (‘n
Botter & epandicld Div,
THW. Electranky Companenty Ilh
Loy Inoteugnent Gurp. .
Necitties Thvimon . .., L

Hran; ' G,
o Ol nhl»
Howark, N
- 2rvital Vaka, ).

. N Hollywond, ['.I{,'
‘hln Iritne Ihlli, (M)

. B, Pabmidend, Gal

" Priew Ao, T,
(ST 30T

Wrniaklyn, N7

lHemin + Prawlucts Co « Marrsteng, I,
Himi rall Corp. vl . ., Tertuneg, ‘ill‘
Bhakejirnot Dlvision ol

Mhime Topd Works . . e Ehiin, ML,
fipma ... nr.mllt--u Mann!

. bew York, H.Y.

Hignal tedbeutor Corp, L., L.
. I'mnau. Ny

Strutherss e boe,

Lhiseagn, 1

Ml b,

4 Ptalideiptda, 1%, -

wa Itavdn, Conn,

Shiladedphiba, Py,
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( Intapo, ll].
Tilley Mig. Cir. C tn Pt ke i,
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