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Title & Document Type: 489A/491C Microwave Amplifier Operating and Service
Manual

Manual Part Number: 00489-90006

Revision Date: August 1970

About this Manual

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

HP References in this Manual

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

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

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

www.agdilent.com

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

% Agilent Technologies
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MICROWAVE AMPLIFIER
MODELS 489A/491C

SERIAL PR EFIX 972-

Tl'ns manual apphes dmectly to HP Models
489A/491C Microwave Amphflers having = .
' serial prefix number 972-, , o

&

SERIAL PREFIXES NOT - LISTED

\ Seé INSTRUMENTS 'COVERED BY
MANUAL paragraph in Sectxon I

. o T
waight HEWLETT-PACKARD COMPANY {1970 .
1501 PAGE MILL ROAD, PALO ALTO, CALIFORNIA US.A

' 00489-90006 Prmted‘ August 1970
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INTRODUCTION

)

Microwave ' Amplifiers, shown in Figure 1.1,

.‘Complete speclﬁt.atlonb are given ir 'I‘able 11,

1-3

-two-sectton eight-digit {000-00009) serial number

‘on the rqar -of the ‘instriment, The three-du.,tt

- number is a serial preflx number used to docu-
-ment. . changeb, and the, five- -digit number is an

xdentlt'lcatlon number umque to eath mstrument

- 1- 5 All mstruments w;th the same serial prefix
are . ‘the same 'The groups of instruments to which
this manual applies directly are identified on the -

- title page, For instruments with lower serial. pre-

- fix' ‘numbers ‘than -those 1lbted make manual

changes listed in Section VIL For instruments

with - higher serial prefix numbers, a Manual .
~ Changes.sheet is included, describing the required
- changes. 1f a Manual Changes sheet is missing, the
mformntlon can -be supplied by any Hewlett-
Packard Sales and Service oifu.e (bee list at rear -

: of manual)

17, The "HP Model 489AI491
linear amphf:er that provides signal amplification

§

6. DESCRIPTION
15 a broadband

of at least 30 dB. The Modvl 489A ‘covers the 1

‘to 2 GHz range; the Model 491C covers the 2 to .

‘4 GHz range. Both instruments produce at least' 1
watt ‘at the output with the upplu.ntlon of 1
m:lllwatt or less at the mput

INSTRUMENTS covened BY MANUAL

'”‘1-4. Ea(.h Model 489A/4910 is :dentlfled by a

1-8.
. umplltude mcdulated. Extemally supplted modu-
“lation signals are applied to the MOD INPUT ]ack
.. on the front panel. Since the modulation circuit
' 1s de coupled, an external leveler -gireuit can be
. connected to the MOD INPUT jack to obtain
~relatively flat power output across the bund,

1.9. 1
~ particularly useful for signal amplification over o

) ) R Moo

 _SECTION1.
L GENEHAL'INFORMATiON

'I‘he Model 489A'/4910 output um be

The instrument requires no tuning and is

broad band of frequencies. The GAIN control is
the. only front panel control. |
amplification nnd average RF 'power output :

110,
used . in the Model 489A/491C utilize  periodic
permanent magnet focu:,mg 'They mu

pre\nous bolenold focused TW'I"

111 _An mstrument of one frequency range
may be easily converted to an instrument of °

another frequenty range, since the Model 4894/
491C are identicil Puept for the truvﬂlmg wave

amplifier t.ube S S A

i+

112, OPTIONS 3 | L
113, Model 489A/491C" Optlon 01 has'its RF .

input und output connectors on the rear panel. In

Generql Info_nnntidn B

]

it contrels RF

The tmvelmg-wave umphfler tubes ('I‘W'I"s)

Iu.,ht'
- weight, compact, and. consume less power thun

all other respects, the instrument is the same a5

~_the standard Microwave’ Ampllfle

1- 14 WARRANTY

1- 15. Mluowu\:e tubes are warrunttd to be free

from manufacturing defects for a period of one .

year from date of purchase from Hewlett-

: ~ Packard. The conditions of wmmnty are gwun m
_ the rear of this manual.
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o O [

 Model 489A/491C

‘ : ”. il
S Frequency Range: ‘ o f ‘
ol - Model 489A: 1 to 2 GHJ o S TR

o Model 491C: 2 to 4 (JI[I "f‘ i
- Power Qutput: =~ ;- n’//

Gain: ' i / g
30 dB or greater with 1 mW or less iuput
Gain Variation with Frequency: /
At1 watt output: 6 dB or less across the b:md
“Smail Signal: 12 dB or less across the band; 5 dB
. - or less across any 105 of the band.,
Gain. Van.mon with Line Voltage:
10 dBor less for 10% \mrlution from rated Jine
. " voltuge.. ‘
. Maximum RF Input: . '
100 mW ; :
Input/Output Characteristics:
Impedance: 50 ohins.
SWR: 2.65:1 orijess {Luld)
Connectors: "~ - .
. " Type N female.
Amphlude Modulation:

v input of 20V peak or greater reduces the RF
output by more than 20 dB from de to 50
kHz. Above 50 kHz, modulation de(.runses
approximately 6 dB per octave.

4

mately 50 pF,

‘times,
Residual AM: At least tl.) di bulnw modu!ated
output, o o ,

Noise: |
. Noise Figure: 30 dB or Ieu.. .
Noise, Power Output -10 dBm or less,

_Front P.mel Cm.tml.

; 'Net Welght: . PR ' b
1 watt or |,reuter with 1 mW or Ie&s InpuL SO ‘

Sensitivity’ vs' Frequency’ Response A mndulal.iun'

"o Input lmped.mce 100K shunled shy nppmwl-‘

Pulse Response: Less than 1 s vise and fal .

Guin, varies grid voltage on 'l‘W'[‘ :
Meter: Monitors eathode uurrent .

40 b, (18 ko o
Power: . : B
115 or 230 Vac "10;0, 50 to 60 Iz, approxi-
mately 225 watts,
Dimensions:

Accessories Furmshed : o :
Power Cord, 7-1/2 feetl Iung, (""90 mm), NEMA
plug (IEC. approved). Hardware for converting”
cabinet to EIA-conforming rack mount,
Accessoties Avallable: _ !
11501A Cabie, type N male to type N female, 6 |
ft. long (1830 mm). '
11500A Cable, type N male umner.tors b fL. Iung. ‘
{1830 mm)."

./4)
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Tabie 1- 2 Reeommended Tevt ‘Eqmpment'

“ - - General Information -

'Accurncy: 3%

o I T R Use (see -
Instrument Type ' .Critical Specificat.ions e Recommended Model Note)
Oscilloscope Bandpass: de to 1 MHz * * ".-‘HP 140A with 1402A/ P, AT
o ‘ Sensitivity: 0. 5V/um‘ R 1 120A K
- Square Wave Gener- ' | -Freq. Runge 0.5 kHz to 50 - HP 211B "PA,T
.\ ator kHz . L L '
o " Square  Wave ‘Output.f fIQ. E
‘Jolts peak-to-peak " N
1" ac vrvm Range: 5 to 25 mV " HP'400E B AT
v " Accuracy: 2%. = : :
Freq. Range: 10 Hz to 1 kHz
~ Impedance: 10 megohms | N
Signal  Generator . ~ Freq. Range: 1 to 2 GHz.., 'HP 8614A PT |
(for Model - | Power Output: 1 mW ' S
489A only) Leveled Outpua' +0.5 dB ) _
: ‘Sig-hal. Generator - Freq. [&ange:. 1 to 2 GHz HP 8616A P, .'I‘ .
- (for Model 491(3 | Power Output: 1 mW ° S
- only) Leveled Output: +5 (B
_ Power Meter Range: 0.1 mW to 3W _HP 434A P, T
A Con Freq. Range: 1 to 4 GHz -
Acearacy: 5%
Crystal Detector Freq.. Response: 1 to 4 GHz | HP 4203 . BT
- o Square Law Characteristic: il o '
dB
enaltwlty: 0.1V/mW
Fixed  Attenuator | Attenuation: 20 dB. HP 8491A Option 20 BT
2 required) ' ' L ' '
- | .DC. Power ‘Supply | Regulated Output: 0 to’ -20 HP 721A P, T
. o . o Vde K '
DC Digital Volt- - | Range: 5 to 1000 Vd¢ HP 3440A with 3443A AT
" meter Aceuracy: 1% ‘ :
‘ ‘ © Impedance: 10 Megohms
. Floating lnput
Adjustnble . Line Range: 103 to 127 Vaé General Radio _WlO; AT
- Voltage  Trans- o : - MT3A or Superior
former _ Electtic UCIM -
Clipon  Milliam- |. Range: 3 mA to 100 mA HP 428B T
- meter '

Ni)[.l."‘ '

p Permrimmcu Tests; A = Adjustments: T = Truublushudtinw

]

137




RN INITIAL INSPECTION N o
: ""‘2—2 Mechamcal Check |

A

\

|

t

- 2-3 I exbernal damage to the bhlpplng L.u'ton is
" evident, ask the carrier’s ogent to be present
' '__‘when the instrument is unpacked. Check the in-
" strument .for external damage, such as broken

. * controls or connecters, and dents or seratches on

the panel surface. Also, check the  cushioning

matennl for sxgns of severe stress.

24 Electlrcal Check

2-5 The eleetni.nl performanee of the, Model .
"489A/491C should be verified as soon as possnble

‘upon- recexpt Performance Tests suitable for in-

- ‘coming 'inspection are given in Section IV, PER-
« FORMANCE  TESTS. Equlpmert requn'ed for

- - performance evaluat.:on is l;ate(‘ in Table 1 2.

‘-'2-6 Clalms for Damage

'_‘j"-‘2'7 It physmal damage is eVldent or 1f the in-
“strument ‘does not meet specifications when re-

_ceived, notify the carrier and the nearest Hewlett-

' ;"ackerd Sales and Service Office (see list at reur

of ‘manua!)."Retain the sh:ppmg carton and pack-

' ';":-.mg material for the carrier’s inspection. The Sales

- and - Service Office will arrange for repair orre- . .
.- placement without - waiting for - settlement of a

L 'clalm with the aner '

2 PREPARATION FOR USE

’ '_29 Power Requlrements

-2-10 'T‘he HP Model 489AI4910 ‘\flu.rowave
Amplifier requires a power source of 115 or 230

. Vac +10%, 48 to 66 Hz, s.ngle phase, at npproxl-

mately 220 watts.

2-11. Selectmg 115 or 230 Volt Operatlon

2. 12 A rear panel two- pomtlon slide swm.h per-

mits. operation from either a 115 or 230 Vac line .
", .source. The number visible on the switch indi- -

cates the line voltage to which the instrument
‘should be connected. To prepare ' the Model
489A/491C for operation, position the switch for

the. line voitage available, and-install the appro-
. priate fuse as shown on the rear ponel, ‘

A T f SECTION ||
T INSTALLATION

In:telldtion

il

N P ' v Ay '
S .

\ CAUTION '

. ' To avoid damage to the instrument, set

P ‘ the' 115/230 Voit switch, to . the line
voltage available ' before ' connecting
power to the mstrument

_ 2-113. Three Conductor Power Cable

t \ '
2-.;4. ’I‘o prote:.t operat.mg perbonnel the
National 'Eleetmal Manufacturers - Association
(NEMA) . reeommends that the instrument panel

“and Lubmet be grounded All Hewlett-Packard -
; . instruments, are'’ equlpped with a three-conductor
. power cable’ whu.h when plugged into an appro-

priate re(.eptacle, groundb the instrument, The
offset pin ‘on the power cable connector. is the
ground - pin. The ‘Model 489A/491C. employs
power connectot; sWItehes, .and safety require-
ments as reeommended by the International Elec-

troteehmcn} Conimlsmon (IEC) To preserve the
protection feuture when ubmg the -instrument

with 2 two-contaet outlet, use a three-prong to
. two-prong adapte'r (HP Part No. 1251-0048) and’

connect ' the green p:gtml on the ud.xpter to
ground.. - - s;;

2-15. Operatnng Eq\uronment

2-.16. Clea.rances t‘or venhlatlon bhould be- three

" to four inches at the rear of the: cabinet, and two

t~ three inches at the sides, The' clenrances pro-
vided  by. the plastic feet in bench stacking are
sufficient for the top.and bottom cabinet sur-

- faces.

Note'

- The 'mstroment' fan is located on tﬁe
rear panel, Make provisions to- insure
that the mbtrument obtains sufficient
air, ‘ ;

217, Bench Operation

218, The model 489A/491C cabinet. hab plastic
feet and a foldaway tilt stand for bench opera-
tion. The tilt stand raises the front of the instru-

"ment, and the plastic feat are shaped to make

similar-width HP modular mstruments self-aligning

- when et',u.ked

241




Installation

219, Rack Mounting ' -\« L |

;2 20 To - r.onvert matrument to. r..-‘k mounting,
perform the followmg Lo : -

I
71

'the - instriment. The trim strips have an adhesive
bzu.l-nvg, s0 51mply pry off with a surewdnve

’b ' Remove | the tilt stnnd by preamng the'

two suies of tho tilt stand toward the (.entur of
thp m:,trument. ‘ '

(' Remove the five feet on- the bottom of
the mstrument (press button in center of each

foot slide towa.rd center of instrument, and re-

move foot). . L

d. Place the rank mountmg ﬂangeb where -
the trim strips had been, and secure with the
screws provided, The large notch on flange should .
be placed toward, the bottom of the instrument.

i

2-21. REPACKAGING FOR SHIPMENT

2-22, Usmg Orngmal Packagmg .

223 Contamers and packlng materials ldent.u,nl, ‘

to those used by the factory are available through
your nearest Hewlett-Packard Sales and Service
Office. If the Model 489A/491C is being returned
for servicing and repair, attach a tag indieating

2-2

" ment beml

U a Removp the trim' strips on the sides of .

!

type of service, return . addrehs and full’ |nstru-
number,” Also, nilark the box
FRAGILE to assure careful handling. - In any cor-

-respondence regarding your instrument, refer to

the instrument by its full HP modm number, and

full serial number. - - R

2.24. Other Packing Materials

2.25. The following general instructions shnuld
be used for repackaging with commercially uvml
uble materials: -

i me the instrument in heavy paper or '
plastic. (If shipping.to a Hewlett-Packard service
office or center, attach o tag indicating the type -
of  service required,  return address, full model

number and full serial number,)

b, Use o strong shipping container. A"
double-wail  carton made of 350-pound test
material is adequate. ' C

¢.. Use enough .t,hmkubsorbm;., material

(three to four inch layer) around all sides of the

instrument to provide firm- cushion and. prevent

. movement inside the container. Protect the' con-
trol panel with cardboard. ‘

d. Senl the ship;:i11g container securely.

‘e, Mark the shipping Lont.uner FRAGILE

‘to assure umx[ul handmg

‘Model 489A/491C '

f :
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32, The HP Model 489A/491C is & broadband

-

oh
" fication of at least 30 dB. The otitput of the
' Mlurowuue Amphf:er may be amplitude. modu- ;

¥

.33,
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Operation
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SECTION 1
OPERATION

:mn’dnucn’om

linear amplifier capable of prowdmg Sigual ampli-

_F_RONT ‘PANEL-FEATURES '

Front pi\'nel fentures are described .n Figure
3-1. Description’ numbers match the numbers on
the illustration. :

- 35. OPERATING msmucnoms

3-6. Conne(.t the instrament ‘o ac hne bourge,

then proceed, with the’ following:
| CAUTION

'Néver apply - RF power to the input-
“unless the output is terminated with a
50 ohm load, or TW'I‘ muy be damaged

a. Set. LINE switch to ON. The STANDBY

' lhmp should glow: Heater voltuges uré applied to
~all tubes in the instrument, and -350 volts is

supplled to the modulator. ‘Approximately 90

- seconds later, the ON lamp should glow, indicat-
_ing that high voltage is npplled to the instrument.

if the LINE switch is placed in_ the STANDBY
position, the¢’ STANDBY lamp should

* Heater voltages are applied to all tubes, and -350

volts is supplied to the modulator. After approxi-

- mately 90.seconds has elapsed, high voltage will

be applied to the instrument when the LIN:
switch is switched from STANDBY to ON. The
purpose of the STANDBY position is to turn RF

. power, output ‘“‘on” or “off” after initial turn-on,
without waiting for the 90 second delay. Due to

- With . the CATHODE CURRENT meter pointer

the time constant of, C102B and 'R130, a few
secouds delay from ON to OFF to ON is required
for the circuitry to recover,

1

i lated usmg an’externally supplied signal. | Oy

glow. .

b. Rotate GAIN control fully clockvrise.

set within RATED FOWER limits, a maximum of
1 milliwatt at the INPUT jack produces a mini-

-

"mum of 1 watt.at the OUTPUT juck ncross the

frequency range. Signal gain is at least 30 dB. A -
constant 1 milliwatt signal across the ‘band at the
INPUT jack produces at the OUTPUT jack a vari-

ation of Ieab than 6 dB across the band,

Note

‘.‘J'flt' excessive helix current is drawn by
, the traveling wave amplifier tube, the
overload relay (K3) will energize, re-

"'movmg high voltage from the cireuit.
Also, if the filament voltage is too high,
the fail-safe relay (K304) will energize,
removing high voltage and filament

_ voltage from the circuit. In such cases,
the LINE switch must be switched off,
then on again.' If condition persists,
remove power from the mstrument and ‘
troubleshoot. '

¢. Connect Model 489A/491C OUTPUT.
jock to the instrume’t inlo whu,h the amplified
signal is to be applied.

d. Apply RF power to the INPUT jack.
The maximum power that may be applied to the
INPUT jack is 100 mW. :

8.7, If it is desired to mé}dulate‘the output sig-
nal, proceed with the following:

. Rotate GAIN LO‘Itl’Ol for required RF

output out

_ b. Apply an audio signal to the MOD IN- -
PUT jack. Bandpass for signal inputs up to 10
volts is dc to 500 kHz; bandpass for signal inputs
up to 20 volts is de to 100 kHez.

CAUTION

Peak cathode currerc m'ust not be
allowed to exceed raced power level..

38. OPERATOR'S MAINTENANCE

39. Fuses -

3-10. Protection for ‘the instrument is provided
by F1, located on rear panel. A 4 ampere fuse is

31
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‘used fm 115 Vac Operatlon, a 2 ampere fuse is
used tor 230 Vac operatmn '

3—1 1’ Fan

,3 12 The Model 489A/4910 uses the forced-al.r
Jcoolmg method for maintaining the desired
‘temperature within- the instrument. -Incoming air
is f:ltered through' a' specxally treated filter at the
rear of the. instrument. The air filter ‘should be

checked penodlcally and if ‘nécessary cleaned. It
should e washed m hot water and detergent to

Model 489A/491C

: thoroughly removal all dirt deposn:s. After fllter

is clean, allow it to dry Compressed air. bpeeds

~ the dry:ng process

y . '

3-13. Lafnp Repa_lcem'ent‘

3-24. The two neon lamps used for indicating
STANDBY and, ON are HP Part No. 1450-0419.
Should replacement be necessary, the leads must
be unsoldered, and then the lamp may be un-
clamped from the front panel.
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2 3

-FRONT PANEL FEATURES

Az ..\

,;,” G efa AR O v e e T b b

At B LRUAAE AL LR
. te ko et
LT u&m-w

1. LINE. This three-position switch controls
' power to. the instrument. In the STAND-
.BY ‘condition, heater voltage is applied to

all tubes, and -350 volts is supplied to the

tial 90 second time delay) } ‘

second time de]ay)

4. INPUT. Output of the RF source to be
‘amplified should be connected to the IN-
PUT jack. Maximum input power is 100
‘mW.

modulator. In the ON condition, high volt-
age is applied to the instrument (after ini- -

Lamp will glow when LINE

L 2. ‘STANDBY.
" switch is placed in the STANDBY posi-
tlon. :
3. ON. Lamp will glow when LINE sw1tch is

- placed in the ON position (after mltml 90

. power output of the microwave amplifier.

" CATHODE CURRENT. This meter shows

'MOD INPUT. A modulation signal may be

OUTPUT. The OUTPUT jack should be
connected to the eqmpment under test,

GAIN. This control #a_ries the grid voltuge
to the TWT, and thereby c'ontrols the

the maximum allowable cathode current
through the TWT.

applied here, if desired..

Power Line Fuse. A 4 ampere fuse is used
for 115 Vac operation; a 2 ampere fuse is
used for 230 Vac operation.

Figure 3-1. Front Panel Features
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4-2.. The procedures out!med in this section
.check the performance of the Model 489A/4910
Microwave - Amplifier for incoming inspectica,
penodlc evaluatxon or after troubleshooting or
" repair. The tests may be performed without
access to the mstrument mtenor

'.4'3 EQUiPMENT REQUIR ED

* 4:4. Recommended test equlpment is listed in
‘Table 1-2. Test mstruments other than the ones

‘exceeds the Cntlcal

Performance Tests

. SECTIONIV
. ' . PERFORMANCE TESTS

listed may be used if their performance equals or
specifications listed in the
table, B

45.. TEST RECORD

4-6. Table 4-1 is a performance test record. Thls'
table may be used during the test to record the
test values obtained. It provides a permanent
record of the test values for use at a later time
during calibation or periodic evaluation.
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~ PERFORMANCE TESTS -

4-7 POWER AMPL!FICATION

Spemf:cat:on ' '
At least 1 watt output within the mput of 1 milliwatt or less.

- Descr:pt:on

A low level s;gna] from the srgnal generator is apphed to the INPUT jack, and an amphfled signal is 'l

measured at the OUTPUT ]ack

: POWER METER
_— X ~ ' MICROWAVE AMPLIFIER B -
SIGNAL GENERATOR HP A9AIMIC ot
o ET . s e = | o
. . uugur ik ‘ '. . ) Im"?uumr -
o )1
Figure 4.1, --Pﬁwer Ampliﬁgatioﬁ_Test Setup ' ' o
Equipment: e . _ PR '
Signal Generator . . . . . .. . . .. ... ... .. -+ + . .-« HP8614A/8616A
PowerMeter S HP 434A°
Procedure

-»1. 'Connect equibment as showﬁ in Figure 4-1, and set the controls ns follows:

" Microwave Amplifier

#

GAIN . . . .. ...... Mete e e e e e e e e . . Fully clockmse
Szgnal Generator & ‘ o
LINE . . ... ... ... .... e e e e e e e e e Depressed
B S S e e e e e e e e e e + + .. Depressed
8 E T R Depressed
'FREQUENCY T 2 GHz for Model 489A
o : ‘ 4 GHz for Model 491C
: ALCCALOUTPUT . . .. . ... .. Adjust for 0 dBm readi ' on output meter
ATTENUATION N T B .. 000

Power Meter - ' '
RANGE S 3.0 Watt
2. Measure RF power output. Indication on power meter should be at least 1 watt (]ess cable

loss) .

4-2

LINE . . . . . . o e, e e e ON

¢
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' "'Equlpment

- ..Procedure

- Model 489A/491C S I A o o Pe.tforman.ce Tests

PER FORMANCE TESTS

i 4-8 GAI:\I CONTROL-POWER ON-OFF RATIO

o .S’peclfzcatton

Power output change at Ieast 20 dB with :AIN control,

- Descnpnon

A low level signal from the signal’ generator is apphﬂde to the INPUT jack, and an amphfled signal,
controlled by the GAIN control is measured at the OUTPUT ]ack ‘

[

. Same as paragraph 4-7

f

L Make the same settmgs as in paragraph 4-7. Record RF power output

' 2 Rotate GAIN control fully counterclockwwe Record RF power output. Difference bet_ween the
two readings should be at least 20.dB.

49. MODULATOR ON.OFF RATIO

B Spectflcatzon

At least 20 dB gmn control nt RF OUTPUT 0 to -20 volts at MOD INPUT

Descnptton o ' o : ; .
The apphcat:on of -20 Vdc to the MOD INPUT jack will decrease the RF power output at least 20
dB. - o L :

v POWERMETER
- o " MICROWAVE AMPLIF IER ‘
SIGNAL GENERATOR : DguPPOP\'gR - . HP 439Al91C . ‘"g' Ll
= =1 e = ‘ |
N uumr—, ' E oy g o
L furrar
' . [+] e Iy

Figure 4.2, Modulator On-Off Ratio Test Setup

4-3
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PERFORMANCE TESTS

a

. . - 1 . f )
4-9. MODULATOR ON-OFF RATIO {Cont.)

Equipment:

CSignal Generator . . . . L . . . U v aTe e e e e e e e e e e + . HP 8614A/8616A

Power Meter . . . . . e e e e e e e e e e e e e s “ . . . HP434A

- DC Power Supply cre e e e e e e h e e e e et e e e e v+« .«  HPT21A
Procedure: B

1. 'Connect equ:pment as shown in Flgure 4-1, and set the controls as follows:

Microwave Amplifier: ‘ . , . .
LINE . . . . . o e e e e e e e e e e e N . ON

GAIN . . ... .......... e e e e e w » » . Fuly LlOCkWISE
Signal Generator o ' '
LINE . .. .. ... .. .... e e e e e e e + + + + . . Depressed
BRF . .. .0 00 W e e e e e e e e e e + + . .Depressed
AlLC ... .. .. ... e .. e e e e e e e e e e e e e e e Depressed
FREQUENCY . . . . .. ... ... e e e e e . 2 GHz for Model 489A
L ' ‘ I 4 GHz for Model 491C .
ALC caLoutPUT . . .. ... .. K Adjust forOdBm readmg on output meter
"ATTENUATION st e e e e e e e e e e e e e e e . d . 000
Power Meter . ' _ - | ' o
RANGE C e e e e e e e e e e e e e e Y ee . . . 3.0 Watt
DC Power Supply ) . | o
METERRANGE . . . . .. . . . .. . oL .. .. W e e . 30 Vde

“VOLTAGE ADJUST . . . .". . . .. .......... fhiycounterclockwise
" 2. Measure and record RF power output '
3. Adjust dc power supply for output of -20 Vdc

4, .Measure 'and record RF power output. The d:fference between the two readings should be at
. ledst 20 dB.

410. MODULATOR SENSITIVITY VS, FREQUENCY RESPONSE

Specification:
A modulation input, of -20V peak or greater reduces the RF output by more than 20 dB from dc to
50 kHz. Above 50 kHz, modulation decrenses approx:mately 6 dB per 0ctave -

P,

~Description:
The application of a 20V peak modulation signal to the MOD INPUT jack will decrense the RF
power output at least 20 dB.

1 . . ' i
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N PER FORMANCE TESTS -

) 4-10 MODULATOR SENSITIVITY Vs. FREQUENCY RESPONSE {Cont.)

bl

i

0SCILLOSCOPE

:  SQUARE WAvE MICROWAVE AMPLIFIER
SIGNAL GENERATOR GENERATOR = . HP 439AI9IC :
! L [ —] ‘ ((‘f. i
. ‘i . maDaweur ouTRyT oy
’ InPuT
. | i
J

4B CRYSTAL
ATTENUATOR CSTECTOR °

Figurl'e 4-3. Modulator Sensitivity uvs. F'requency‘Respo.nse Test Setup

‘ Equlpment' : : : :
Signal Generator . . . ... .., . e e e e e e ., . . HP 8614A/8616A_
Square Wave Generator . . ., ..., ., ... 7 """ . . . .HP211B
Oscilloseope .. . . ., ., ., e e e el .HP 140A with 1402A and 1420A Plug-Ins
20 dB Fixed Attenuator (2required) . . ., . . .. ;.. .. - » .HP 84194, Option 20
CrystaIDetector T e e e e e e e e e e e e e e L, -« . . HP420B
Procedure:

1. Connect eqmpment as shown in Fxgure 4-3 and set the cmtrols as follows
chrowaue Am,:hfrer . '
LINE R ON

L GAIN . ., .. e e e . e e e e .+ + .+ . . Maximum rated power
“ignai Generator . . ' - :
LINE. . . . ... ... e e e e e e Depressed
RF . . ... ... . e e Depressed
ALC ., ., ., . T S - . Depressed
- FREQUENCY e e i e e 2GHz for Model 489\
' - 4 GHz for Model 491C
ALCCALOUTPUT . . . .. ... .. Ad_]ust for 0 dBm reading on output meter
ATTENUATION . ., _ R T T 005
Square Wave Generator
FREQUENCY ., . ., T de to 50 kHz
AMPLITUDE . ., . . ., . | e e e e Lo .. 20V
Oscilluscope ‘ :
VERTICAL SENSITIVITY Tt e e L L aVdiv
TRIGGER SOURCE ., . .., . . . .. e e e e e e e e INT.
' SWEEP TIME S e e e e e e e .1 ms/div
VERTICAL COUPLING N e e e e .. .. DC
) _ . : ' .. 4-5.
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PERFO‘RMANCE‘TES'TS |

4-10.. MODULATOR SENSITIVITY Vs. FREQUENCY RESPONSE (Cont) "
2. Observe the oscﬂloscope for a cahbmtlon line and set vertlcal posmon to convenient location.
3. Insert. another 20 dB Attenuator in series with the output.

4, Observe the posmon of the calibration line on oscilloscope and adjust vertical sens1t1v1ty toa
‘point which establlshes a Lonvement 20 dB reference point.

5. Apply the -20V square wave s:gnal to the front panel MOD INPUT jack. Observe square wave
pattern on oscilloscope. Pattern will exceed the 20 dB reference point on the oscilloscope for any
frequem.y from dc to 50 kHz Above B0 kHz, modulation will fall off npproxlmately 6 dB per
octave.

T

411. RESIDUAL AM

Spec:fxcat:on
At least 45 dB below modulated output

Description: ' ' ' o .
‘A square-wave modulated signal is apphed to the INPUT jack, and residual AM is measured at the
OUTPUT jack. - o ‘

v

MICROWAVE AMPLIFIER

. SIGNAL GENERATOR 'HP 489AM491C
"o =] = = O . . e =
duthiy | :
’ >

248 - - CRYSTAL
Amsnumn DETECTOR

Figure 4-4. Resxdual AM Test Setup

; Equipmeni:

Signal Generator . . - . .« . . . 4 . s e s e s oo o oo ... . HP 8614A/8616A
AC VIVM S . HP 400E
" Crystal Detector . . . . . .+ . . .o e e e e e e e e e e . HP 420B
20 dB Fixed Attenuator . L e e e e e e e e e .HP 8491A, Option 20
Procedure: | |

1., Connect equlpment as shown in Flgure 4-4, and set the controls as follows,

" Microwave Amplifier ‘ - . :
LINE ON
GAIN. . . . . . . . . . ... L -~ v s v+« «+ . » Fully clockwise

4-6
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4-11. RESIDUALAM (Cont)
Signal Generator ' |

LINE . ... ... ... e v e v e v v o v v v v v w o JDepressed
: L RF . .. .. ... .. e e e e e e e e e e e e, .+ . .Depressed
T ALC . . . .. L L .. ... ... ... .Depressed
SQWAVE . . . . . . o . . .Depressed
' FREQUENCY . . . . . . . ... ... ...... 9GHztor Model 4394
o oo - : ' A 4 GHz for Model 491C
J ALC CAL OUTPUT ,+ ++ + = =+« . . Adjust for 0 dBm reading on output meter
SQWAVEFREQ. . . . . . ... ... ..., + + . . . Approximately 1000 Hz
ATTENUATION N s+ s+ ¥+« .+ + . s .« . . . . .Approximately -156 dB

' AC VTVM : : '
‘ RANGE ’..........‘.‘..............‘IOOmV(ZOGB)

2 Adjust the s:gnal generator ATTENUATION knob for 100 mV reference reading on AC VIVM
=(approx1mately -18 dB). . ‘

3. Relense 5Q WAVE button ard record the AC VTVM readmg Reading should be less than -55
‘dB on AC VTVM. This takes into account the correction factor of apprommately 8 4B for the
crystal detector . !

4L12. SWR

Spec:ﬂcatton
2 5 1 or less (cold)

(
M A

Descnptzon
SWR of the RF 1nput and output cn‘cmt is 2.6:1 or better, and normally need not be Lhecked if
the instrument meets gain and output power speufu.at:ons If it is desired to check the SWR,

~ normal SWR measuring techniques, (ie., slotted line or swept frequency reflectometer) may be
- employed, HP Application Note 54 (available from your local Hewlett-Packard Sales and Service
"Ofﬁce) descrlbes new, improved swept frequem.y tec.hmquea for measurement of SWR, ete.

Note

Depending on the TWT manufacturer the DC resistance of the input and
~output circuits, when measured at the panel jacks from center conductor
to ground, may measure anywhere between 50 ohms and open circuit,

47
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Table 4-1, Performance Test Record

Model 489A/491C -

Hewlett-Packard Model 489Al4910
-Microwave Amplifier ‘Test Performed by
Serial Number. ' . Date
Para : : ‘ : .
No. , Test Description Minimum "Actual Maximum
4-7 Power Amplification 1 watt
- 4-8 Gain Control-Power On-Off Ratio | 20dB
4-9. Modulator On-Off Ratio - 20dB
'4-10 Modulator Sensitivity' vs. Fre- 20dB
"quency Response ‘
4-11 Residual AM -55dB

4-8
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Adjustments

SEGTION V., -

.. . ADJUSTMENTS

1' wrnbo‘u’cnom

5-2 Thls section ‘outlines the alignment pro-

cedures to make adjustments to the Modeél
489A/4910 Microwave Amplifier. This. procedure
should-not be performed as routine maintenance,

'but should be performed (1) after replacement ofia:

pa.rt or; cdmponent (2) when the performance tests
‘show that the specifications in Table 1-1 cannot be

met or (3). when mstructed to dosoin the troub!e-. .
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shooting tree Before attemptmg any nd_,ua..*-m‘*
ullow a 30 minute warm-up period.

5-3. EQUIPMENT REQUIRED FOR ADJUST-

MENTS

“'5~4 The test eqmpment required to perform the

ﬂd]ustment procedure is listed in Table 1-2, Test

_ equipment other than that listed may be used,

providing its performance: equals or exceeds the
Crmcal Spec:ficatlons hsted in the table

- 641
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ADJUSTMENTS

55. TWT FILAMENT ADJUSTMENT

Debcnptron ' ‘
-While observing the de digital voltmeter, the TWT filament voltage is adjusted to the value marked on
the TWT cdpsule .

: . MICROWAVE AMPLIFIER 4 AC VIVM
ADJUSTABLE HP 489A/451C DC. DIGITAL VOLTMETER

LINE VOLTAGE ' = "
TRANSFORMER . = ° 0 e '
a4 . . F--1o] e

'Equiprhen L

- ACVTVM . Y e e e e e e e e e e L+ » + + = « « v w . . . HPA400E
- DC Digital Voltmeter v e e e we s ou w w o+ . . .HP3440A with 3443A Plug-in
‘Adjustable Line Voltage Transformer e e e e e General Radio W10MT3A or

Procedure: . ‘ .
1. . Rotate FILAMEN’I‘ ADJUST R306 fully clockwise.

. Superior Electric UCIM

2. Connect de digital voltmeter’ pOblthe lead to E1-B ( brown Iead), connect common lead to E1-E
A yellow lead). .

- Set Model 489A14910 LINE switch to STANDBY

Set FILAMENT ADJUST R306 for fllament voltage marked on the TWT capsule. Recheck it after
: ten mmute warmup '

5. " Adjust line voltage from 103 to 127 Vac. The filament voltage should vary less than $0.1 volt
from xmtml vilue.

5-2
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 ADJUSTMENTS

56. TWT COLLECTOR/HELIX ADSUSTMENT | S y
' Descnpt:on -

While .observing the dc digltal voltmeter, the TWT Lo]lectorlhelm voltage is ddethd to the value
: marked on the TWT capsule. - ‘

iEquipment' ‘
. Same as paragraph 5-5.

Procedure
1. Parallel ac VTVM and dc d:gltal voltmeter between E1l-D (orunge lead) and ground.

2. Set Model 489A/491C LINE swltgh to ON.
3. Adjust‘ HIGH VOLTAGE ADJUS'T‘ R37 for collector/helix voltage marked on the TWTcabsule._

- 4 Adjust ac lme voltage from 103 to 127 Vac. The collector/helix voltage should vary less than
, io volts Ripple voltnge should not exceed 10 mV rms ‘

57. TWT ANODE ADJUSTMENT

-~De&"npt:on

While observing the dc digital voltmeter the TWT anode voltage is ad]usted to the value murked on
the TWT capsule, -

Eqmpment
' Same as paragraph 5- 5

'Procedure
' 1." Connect TWT anode lead (blue) to E1.G.

2 Parallel ac VTVM and de digital voltmeter and connect between E1.G' {blue leud) nnd ground.
3. Set CATHODE CURRENT ADJUST R43 for anode voltage marked on the TWT capsule

" 4. Vary ac line voltage from 103 to 127 Vac. 'I'he anode voltage should vary less than :5 volts,
R:pple voltage should not exceed 25 mV rms,

5-3
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ADJUSTMENTS ‘
58. -350 VOLT ADJUSTMENT
' ‘
' ‘ Descnpt:an
While observing the dc dlgltal voltmeter, the -350 volt power supply is ad]usted for. the proper
value ,
Equipment:

Sa.me as pamgraph 5-5.

hd&édure* : '
X '7"" 1, Set Model 489A/4910 LINE switch to ON.

2 Pamllel ac VIVM and dc dlgltal voltmeter and connect between R118 — R124 junction and
ground .

3. Set -350 VOLT ADJUST R108 to 350 volts.

4 . Vary ac line voltage from 103 to 127 Vac. The -350 volt power supply should vary less than 3
volts. Rlpple voltage should not exu'eed 10 mV rms,

59, TWT GRID VOLTAGE ADJUSTMENT

.Descnpt:on* o | o - R S
" While observmg the de digital uoltmeter, the TWT grid voltage is ad]usted to the value marked on
" the TWT capsule, : .

Equipment:
Same as paragraph' 5-5.

Procedure;
1. Pamllel ac VTVM and dc digital voltmeter and connect between E1-F (green lead) and El- E o
{yellow lead). ‘
2. ‘Rotate GAIN control fully clockwise,
3. ‘Set GAIN LIMIT CONTROL R121 to'the grid voltage marked on the TWT capsule.

4 ' Vary ac lme voltage from 103 to 127 Vac The gr:d voltage should vary less than +2 volts,
Ripple voltage should not exceed 10 mV rms.

54
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ADJUSTMENTS -

5-10. SQUARE-WAVE RESPONSE ADJUSTMENT

1

Description: . '
With the apphcatlon of a square wave signal to the MOD INPUT jack, the omlloscope will display
the response at the grid of the TWT. : .

OSCILLOSCOPE

S CENERATOR. Mlcnowavé Alupunznl
NERATOR -
| AT HP A2AIASIC [lh'i o (0]
e .. = QL :J!
9.;% g j iele o
Figure 5-2. Square-Wave Response Test Setup
Equipment: - _ ' o :
.~ Square-Wave Generator e e e e e e e e e e e e e e e e e HP 211B
Osczlloscope e e e e e e et e e e e e HP 140A with 1402A and 1420A Plug -ing
Procedure: '

1. Connect osc:lloauope probe to El F (green lead)
2. thate GAIN control fully clockwise.

3. Set squdre- -wave generntor frequency to' 10 kHz and adjust square wave generator umpl:tude for
"~ modulator output of 10 volts peak to- peak )

4, Ad]ust FREQUENCY ADJUST 0108 and CI111 for opt:mUm square wave output Rise time
should be less than 0.8 usec. Overshoot should be less than 5%,

5. -Set square-wave generator frequency to 1 kHz and increase its signal omplitude to produce a
100 volt peak-to-peak signal at the grid of the TWT. Rise tlme should be less than 10 psec. Over-
‘shoot should be less than 5%.

5-5
7.. . . 1 ‘ .




Adjustments , C , | . Model 489A/491C

" ADJUSTMENTS =

1} ) . [

5-11. CATHODE CURRENT METER ADJUSTMENT

Description: . ' . C , , _
With the LINE switch in the ON position, and the GAIN control fully clockwise, adjust the
CATHODE CURRENT METER ADJUST for a meter reading within RATED POWER limits.

S

Equipment: \ S
None. ‘ tor

Procedure: . ; ' . ‘ ‘
1. . Perform adjustments in paragraphs 5-5 through 5-10 in 'sequence prior to making this adjust-
ment. ‘ : .

2. Set LINE switch to ON.

3. Rotate GAIN control fully..clockwise.

4. Adjust METER SENSITIVITY R205 for a meter reading between the RATED POWER lines.




Model 489A/491C

. Replaceable Parts .

LT e secnou v L
o 3 REPLACEABLE PARTS L

.6-1. lNTRODUCTION

‘6-2 This section contains mformat:on for order-
ing replaceable parts. Tablz 6-1 gives the mean-
ings of the abbreviations and reference demg-
nations used in the table of replaceable pa.rts

'6-3. Table 6-2 is' the table of . replacenble parts
and is organized as follows

‘a. _ Electrical ' assemblies and their- com-
‘ponent parts in -alpha numencal order by ref-
erence des:gnnt:on

b ‘Chassis parts in alpha—numencal order by._ I

reference demgnatlon

e stcellaneous parts

o 'd. lllustrated parts breakdowns, if appro--'_li"

priate.

of:

.. -The Hewlett-Packird part number.

6-4. The information given for ea'ch.'pa‘lrt cenei;s .

‘ b ‘Total quant:ty (TQ) in the matrument
Total quantlty for each part is given only once —
at ‘the fu'et e.ppem'ance of the part number, ‘

'e. Descnpt:on of the part,

ode T\rp:cal manufacturer of the part, in a’
five—dlgrt code.”’

e, The manufacturerb numbm for the part.

6-5. Table 6-3 contmns the names and addresses .

. that correepond to the ~manufacturer’s code

numbers

6-6 ORDERING INFORMATION

6. To order a part listed: in 'the. replaceable'
. parts table,
‘. number,
~address the order to the neareet Hewlett-PaLkard

quote " the Hewlett-Packard part
indicate the". quantlty required, and.

offlce

.68, To order a part thnt s, not. listed in the
'replaceable parts table, include -the. ‘instrument
* model number,
. description and function of the part, and the
. number ‘of - parts required. Address the order to-.‘ '
g 'rthe nearest Hewlett-?ncknrd offu.e IR ‘

instrument serial . number, the




Replaceable Parts

'

‘Table 6-2. Reference Designators and Abbreviations

Model 489A/491C

' REFERENCE DES[GNATORS
A = assembly F = g:use . ' P = plukl v = yacuum tube,
B = motor " FL =" Filter Q = trunsistor neon bulb
BT = hattery - J e jach R = resistor pholocell..etc.
gp " cupaclitnr E = ‘:ullayt ;:T = :ht;:u‘t‘istur VR L \mlt:;g:
= coupler Finduactor 1 = swilc regulator
CR = dinde LS = Juud spesker ! T ‘= Lransformer w = cable
DL = delay line ) M = meter TB a terminat broued X = gocket
ns = device signaling (lump) MK = microphone TP w test point Y = prystal
E = mise electronic part . MP : = mechanie¢al purt 14 = Integrated cireult z = tuned cavity,
Lo ' ‘ * network o
ABBREV]A’I‘IONS
A = arﬁpures ' B 3 ‘= henries NIO = pormally open RMOD "= rack mount cmly>
'‘AFC 2 gutomatic frequency HDW L] ﬁurdwme NOM L nnmi?ul i RMS = root-mean s'?uue
: contral ' HEX . = hexagonal NPO o negntlve positive RWV - = reverse working
AMPL = amplifier HG B MUrCUry . . zero (zero tem-’ voltage .
C i HR = hour(s) perature coef- 5B = slow-hlow
BFO = beat frequeney vacilla- Haz - m Hertz NPN . fil:Ienit) " ggﬁ - sc{ewi )
., tor [ = negative-positives 2 selenium
BE CU = berylium copper IF = jntermediate freg negative SECT = section(s)
BH - » binder head IMPG = impregnated NRFR = notrecommended SEMICON = semiconductor
BP = bandpass INCD = [ncandescent for field re- 51 = silicon :
BRS = brass INCL = include(s) : plucenent SIL = sjlver
‘BWO = backward wave osculn- INS = insulation(ed) NSR = w0t separately SL = slide
tor INT = internal replacenble ggf = sprlr;gl
. . = speecial
CCW = counterclochwise’ K = kilo = 1000 oD = 3“’9"““’ S8T = Stoinless steel |
CER = gernmic . - escription SR = split ring
ggé)F = cuhif:f:ieti m:mnt only gg :::‘;é:"’“d STL steel
= goefficien: LH = feft hand = g
"COM = common. LIN = linear tuper 9 ;
COMP = composition LK WASH = |ock washer A L IA = tantalum
COMPL = complete : printed eireuit D = time deluy
P LOG =’ lognrithmic taper PF = pienfurads = 10° TGL = toggle
CONN = connector LPF = Jow puss filter farnds THD a thioad
ce = cadmium plite ) : PH BRZ = phosphor bronze T . = titanjum
CRT = cathode-ray tube e THL = Phillips , .
cw = clockwise _ : MEG t mﬂi: l‘(? L PIV » peak nverse "ll:g{‘M = :;lr'::‘:f,e
DE . " MET FLM = meta) fi} ‘ . voltage TWT = traveli v
DR © & roeted carbon MET OX' = metalie axide PNP = positive-negntive whe o
S e !;‘;FR = manufoeturer 0 u ggr’:‘:"“ :
’ . v Hz b rga Flert; )
ENGAP = ineapaiated MINAT = miniature ~POLY . "= polystrene H = miczo » 1078
EXT = extu?nal -MOM . = momentary PORC = porcelain )
' : MOS .°° = metalized ' POS = position(s) VAR = variable '
F = farads Lo substrate POT = potentiometer vhew » de worling volts
FH * = flut head MTG = mounting ‘ ';,l;. - :ﬂﬁ;t“'p"“k ‘
a MY | b .
IIF-:LLD“ G :‘;llli;ter head . = rmylar PWV = peak working vt)lt- W/ = with
), e ! X . (10‘9) ) age "va T = wallss :
- v - pann i
G = giga{109) NIC . = pormully closed” RECT = rectifier 2 ® working inverse
! ¥y, sed ) voltuge
gf o, g;'rm-‘mi“m NE = npon 2{"! = mdl"d";"m&encv ww wirewound .
= giass = round head or i .
GRD . = - round(ed) NIPL = nickel plate right hand wio = without
!
i,
6-2




" Model AAMIC

Replaceable Parts

. ' . , " \ ’
. ‘ Table 6-2. Replaceable Parts ‘
hap s TR Mir ;
Reference  Typ bt Number! Qty Description Mfr Part Number
Daesignation K - L Code
AL "] saeasass % ASSYEHIGH VOLFAGE POMER SUPPLY. 28080 ARGA-R
AZ THRU
A9 . WOT ASSIGNED
AlD S89A-05A . 1 ASSYFRECTIFIER Lot ~ 26480 Y LTEILYY
Mt : THAL
AlDo - . . NOT A551GNED '
) Al101 A09A-850 1 ASSYERODULATOR 28480 ABOA-ASE
' 1 .
“atez Tray
ALSS NOT ASSEGNED ' :
A200 YUTA-83E [} TWE TESE BOARD ASSY 28AR0 SATA~B%E
201 THRU . ‘
AZ99 NOF ASSIGMED
T A3RD SB9A-530 .1 ASSYIF ILAMENT REGULATOR 28480 ABTA-41D
T BLC 3140-0028 1 FANETUBEAXLAL 30+8UCPS 28480 3140-0028
1 4Y THAU .
[=+] © NOE ASSIGNED ) .
Cé ' 0150-03&s 2. C:FRD CER 0.1 UF #N0-20% LODVDCW 56289 3ICMLAS-COH
[ THRY to
L3 , MUY ASSIGNED
cw 0180-0024 2 CHFXD ELECT 40UF 430¥0CH 56289 DIZaAL
cr 0140-0102 F CIFAD PAPER 4UF 10K 1000VDCH 02717 asp
clz2 Gle0-alo2 CEFAD PAPER aUF LOT 1000VDCW Q27T L]:11]
[ ] 0L50-0052 3 CtPXD CER 0.0% UF 20K 40OVDCW , 38289 T 3ICITA
Ll aL30-0012 ? CIFXD CER C.0Lk UF 20X 1000VDCW 84249 29C254AY
ci3 0130-0012 CsFAD CER D.0L uF 20X 1000YDCW 55289 Z29C214A%
Cla 01%50~0012 CeFR) LER Q.0L UF 20X LDOOVDELW E.TYIT] . 29C21a8)
cl7 0450-0012 ‘ CsFxD CER 0.01 WF 208 1000VDCW 45289 29C 21443
Cls ' . Qiao-003s ! ] CeFaD ELECT 5QUF =10+ L00R 23VDCW 34289 INDINGGOZSNIAMNYE
€19 , 0150-0012 C3FAD CER 0.0} UF 20X 1000VDCW 56289 20021443 .
L20 X TR U ' , . -
cLo0 NOT ASSTIGNED
cios 0140-0024 CrFMD ELECT ADUr 430¥DCw ) 5289 DIZA4L
C102 o140=-0002 CEFRD CER 0.0L UF 20X 1000OVICH . 54289 29C21ANY
[ 11 0130-0052 CxFND CER 0.0% UF 20K A00WDCM 54209 VICLTA
Cl0s a130-0052 ‘CIFRD CER 0.0% UF 203 400VLCW 54289 MICLTA
€105 : o15a=-0012 CIFXD CEN Q.00 UF 20% 1000VOCH 25289 ZYCZI4AR
€106 Qi40-0178 2 CSEXD MICA 38D PF 23 . T2136 ROMLSFSALIGIC
[ 1) 0140=-0194% 1 CeFAD HICA LLO PF 3% 1213 ROWISFILIINC
clos 0l3G-0013 ) 2 Ctvar CER 3~12 PF NPD 28A80 <01¥-001)
€109 0140-0013 1 CEFAD MY 0.1 UF 10X 400VDCW 55189 1ADP LA &~PYD
[431)] 01500029 1 CsFXD ¥0 L PP KOT 5O0VWDCW TAMAN TYPE GA
Clid 0130-0047 1 - GEVAR CER 2»%Q P : ) ' 268480 otvo-om7?
ciie 0140-DLTS CEIFAD NICA 5060 PF 2% 12k 3 RDMESESATRIZ
ciLy THRUY . :
c200 BUT ASSICMED )
cao} 0130-0084 C2FAD CER O.k UF +B0~208 LOOVOCW 56289 33CATRS=C0H
' c202 : THRY .
C300 , NUT ASSIGNED : :
ciol S 0luc~-0124 1 CtFXD ELECT 2000 UF #50~10% Javiiu LT3 L] DA LA DFP
cioz2 0130~D081 1 - CsFXD ELECT LO0UF +100%~10% KSVOLW LLY4:L ] INERTCOLIDDS
[} ] 0180-0083 1 CSFXD ELECT 300UF =10%+L00X 3VDCW 45289 !dD‘!n?Bnn\ﬂ‘!bnl
CAl . THRY
CRa . NUT ASSEGNED '
CRS 1900=-0029 1 OIUDESSILICDN 400 PV 280580 | 190 -nn29 '
(4.} 0] 1901=-0020 10 DIVDE:SILECON 300 PIV - 20480 1901 =003p
CR1L Ly0L-0030 OJUBESSILICON BOD PIV 2RAH0 190t =000
CH12 1901-0030 DIOUELSILICON B00 PIV 20400 1901-0010
CRl13 1901-0030 DIGCDE:sSILICON 800 PIV 20400 1901 -n030
CRLA 1%0)1=-0030 . DICOEESILICON BOD PlV 2RA00 1901=0030
CHLS 1901=-0030 DIDDE_ISILIEUN 400 PIy 28480 1901-00%0
' " CRLG 190L~0030 QIOUE:SELECON 800 PLV . 20480 1900L=0030
CRLIY ' TrRY
CALOO0 . HOT ASSIGHED
CRLOL A30i-0030 OFUDesSILICON 80C PIV 28480 1901-0030
- CRLORZ 1901~0030 DIDDEQSILICON 800 PIV 20480 teol~-003n
. GH1G3 ‘. 1901~0030 OIQREsSILICON ROO PLV 20400 1901L=-0030
CR10% L901-002% ] DIOCEZSILICON 200MAZLY 0r28) © FD 2387
CH105 1901-0025% QIODE:SILICON 100MA/LY 07263 FD 2307
CRlAs 1902~0215 3 DIODE s BREAKDONNES ADY 4% 20480 1902-n21%
CRAGY 1901+5012 H NECTIFIERINET LN2OTL a00V LOUA 01294 IN2OTL
CRl0a 1%01~0032 . RECTUFEERIRET LNZOTL 400V 10ULA aLzos LRI
CR109 190t-0033 B | DSDCESSELECON ROOMA LBOWY 01243 F13349
CALLO THAY )
CA300 - NOF ASSIGNED
CRICE 1901-0035% DHODEZSILECON La0mMA/LY: arzes FD 2)87

il

See in.@rﬁé!uétiiﬁn to this section for ordering information




Repiaceable Parts Model 489A/491C
) ' . 0o .
‘." * ) . "
i . Table 6-2. Replaceable Parts (Cont.) :
.. . Mfl’
Reference - |.p pory Number Qty Description Mfr Part Number
Designation . - : Code :
LA302 ‘ ' 1901-9032 2 DIGOEESILECON IN3Z09 i 0471) 141209
CR103 1901-0032 : DIGOELSELICON LN3209 0ATL) 1N3209
CR3QH 1902-0218 1 DIUDE BAEAMDCWNZS.53V 53 L.4% 284080 1902-0218
CRIOS 1902-02L5 ‘ DID0E, BNEARDOMNIS .49 3% 20400 1902-n21%
- CRIGS 19040023 DIODE3SILLCON \OOMAZLY 07263 FD 2387
chaey . 1901-0028 DICDESSILLCON L0OMAJLY 07283 FD 2347
Lhios 1902-02)3 PLODE . BREANDONNES. 499 5T 20480 tenz-n21s
st 1430-0419 2 LIGMTZIMDICATOR SELECVED NE=2H TH4RD L1450-N419
052 1450-0409 "LEGHTEINDICAFOR SELECTED NE=ZH FLIST] 14%0=-0419
kL 0340-0017 1 BUARDE® TERMENAL 71788 354=-1A-18-001
FLo, 2110-0083 L3 FUSEECARTRIUGE 4 AMP 2350V 75915 312008 '
FL ' $FOR 115V URERATLON)
LBl ‘2110-0002 [ FUSEICARTRINGE 2 ANP 3 AG 75918 37,002
Fi } KFOR 230V OPERATIONY ., - ) '
J1 1250-009% 2 CONNEC PR EAF AEAR PANEL NUUNT JACK 91737 Lag LEL
Jz 32500099 - CONNECTORLAF REAR PANEL MOUNT JACK 8117 TTI8=5
J3 1231~-233% i SOGMETRI=PLN MALE POWER RECEPTACLE LFETTY FAC~301
FLY THRU .
J100 NUT ASSIGNED
sy 1230-0083: 1} CONNECTON BN 2680 N-221-1121
»i 0490~0933 1 RELAYITINE DECAY 3AST 28400 0H90-0435
€2 0A%0-0T46 1 RELAYIDPOY 70309 7295-CC=bY
K2 0410-0750 1 RELAYCRETALNER FON’2 FORM & RELAY 10309 WOAD=4
"2 0490-0731 ) 1 RELAYESOCKET FOR 2 POLE WELAY 24798 ALL=1 W/D RETAINEY
X3 0490-0010 1 KELAYISPDY LABVAC 0,23 AWP TTI42 CSH=A 0T SPEZIAL
a " NOT ASSIGNED : . ,
L D490-0124 1 RELAYEIPOT TTI42 NALAAY
xs : THAU
303 ROT ASSIGNED
A3s - 04900028 H RELAYIOPOT & ANp aeslsnue 182717 SNF2=h=AC .
N THRY
M2 . NDT ASS1GNED
H201 1170-0131 ) METER: L MA 284D 1120-018)
[+ I . THRY ‘
100 e . NOT AS51GNE ‘ ‘
101 . . 1854-0003 1 ESINSSL urms:u:uo FAOM ZNETRID Z04R0 1854=0003
Gloz AL
q3ao - NOT AS5IGNED
Q301 1150-0034 1 TSIREGE PNP [TYNTS LASN-00%A
6302 .. . 1350-0021 2 YSTRIGE PMP anL3L 2HAS)
4303 1850-002} TSTRIGE PNP : 80131 FITYSY !
ni CaB7=333}4 2 MIEXD COMP 334 GHM 10% L/2k LIRS ER 3331
nz Bo8T7-3331 . RIFAD COMP 33K OHM 108 b/ o112t ER 3331
. H3 ‘ THRU ) :
e NOT ASSIGNED :
A10 06%93-102) H REFAD CONP 1000 UMM EOT 2W "Miz1 HR 1071
HiL 0690-1041 . AEFND COMP LOON UMM 30X LW 01128 GR 10ag
niz 0613-0020 1 CRFAD WW LOO DHW 10% S 2RAR0 0BLI=-0020
/13 QLII-ATAS .. REPND COMP ATON LKW 3T 2 0112t HE bT4%
LYY Co92-4T43 AIFND CONP ATOK DHM 3% 2w oLt MB 4743
nid Do92-4TA3 REFND CONP ATOK GHM 3K 2N oriz: HE ATAS .
His 0692-4T43 REFAD COMP ATOK WM 88 2w o121 HB 4TS
HLT 0692-AT48 REFND CONP ATOK DHM 38 2w piL21 HR 4745
Ris 0a92-4743 KIEXD COMP 4TOK DMM 3% 2w otz HB ATAB
R19 0890-401% .2 RIFXD CUMP 300 DHN L10O% I ot Gh Lo
" RO 0s90-1011 NiIFND CONP ROD OHM 10E W A0EE2) Gh 1011
R21 0e87-1051 2 RIFAD COMP L MEGCHN LOX 3/2w o112 £a Lnsy
C N2z 06NT-1021 2 MIEXRD CUMP 1000 UMM LOT L/72W 01121 BB t021
R23 “QuBI-5113 2 AIFXD CONP 51O DHN 3T 1N 01821 GB SL18
YT 0689-511% . RIFAD CONP 510 (HW 3K L aLezt 68 1115
w28 0687-1021 AIEXD CONP 1000 UHN 10X L/2w o FB 1021
“has 0687-101k ! RIFXD COMP LOD OHW LDX L/2W ¢ EB 1011
ney CbBT=1541 1 RIFAD CONP L30XK OMm 10% L/2W So1L2Y BN 1941
HI8 Gadt-L2el 1 R:FXAD COMP 220K OxM LO% 1424 o112t EB L24t
n29 0698=3345 L RTFAD WET FLM 9881 OHA 1.0% L/2W 20480 ISTIILIY Y
R3Q 073 7-0139 x REFXD MET FAM L.1 MEGUHA 2% 1/24% 20400 n757-0139
AL 0737-0059 2 ‘WIEXD MET FLM 1 MEGOHM L¥ 1/2w 26400 o737-00%9
R3Z: 0757-0082 1 RIFAD MET FRM 300K CHM LE 1224 20480 oTIT-N0Y2
n33 0a90-4T41 H "REFAD COMP ATOK OHM 10T Lw orizt GH 4THL
N34 CouT7-1031 RIEXD CUMP L NEGOHM 108 LJ2w o F8 1051
HIS 0a93-3341 i i NIFAD CONP 330K DHM LR INW o2 HA 3341 '
TS . Q157-03%3 2 RIFXD NET ELN 249X OHM L.0K 1729 28800 n7IT-NY%Y
KA 2100-0100 Fl ‘REVAR CONP 3,5 MEGOH® 30T LIN L/ 20480 2100=0100
nig Uni-3457 1 R:FrD FEV PLM 318K OHW AT L/7AW 20400 0a9A=-34%7
Hi9 0r37-015% 3 RiFAD WET LM SCAR OHM LT 1/2w 20480 2797-01%%
K40 0T137-0133 REEAD MET FLM &0AN OHM 5§ 1/2W 28400 0797+0145
Ser introduction to this section for ordering information. \
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Mode! 489A/491C Replaceatie Parts
' Table 6-2. Replaceable Parts (Cont.)
Reference - et Mfr 1
; - {HP Part Number| Qty Description 1 M#r Part Number
Designation : np . Code '
Ra) . AT-2720 1 REFAD COMP 2700 OHM LOX L/2W 13} EB 2721
Re) FALEQRY SELECTED PARY : .
RAZ or138-00i0 Ny . NEFND MEF FLM 10 % OHM LT 1/2w 28480 0T39=0060
Raz . . PACTORY SELECYED PARY i
R&3 2100~0100 _RIVAR COMP 3,5 MEGOHS 3K LIN llw 29400 2120-0100
Ras 9130-0110 1 RIFXD DEPC 1,83 WEGOHM LK Iw 28480 arig=-o0110
Rad a737-08s 1 “REFND MEY FLW ADIX OHW 1R 3424 a80 nT57-0089
R43 . FACVORY SELECTED PAAT
\ Rab QIST-0885 1 REEXD WET FiM 383K OnM LT 3724 ) 20400 opST-0L%
LT} 0487-3431 B ¢ REIFAD COMP San OHM LD L/2M ! o121 ER 9431
- Kol THAY
Ri0O , NOT ASSEGNED - .
Alal Ga90-4T01 RIFXD CONP &7 OHM 10K W oMyl 1 GB A0
Al02 O#90-L08L RIFND CONP 100K OHA 10% LW o1 GR 1041
Ato3 . OMRC~1041 REFND COMP BOOK OWM 10X IM o1 [ - IY) '
K104 Ok 3~4Thl 1 RIFXD COMP 470K DWW KOX 2W N 18H] HE A T4Y
®nias 0493~1031 2 RIFAD COMP 10X OHM 10K 2 o1zl KA KDY .
L% 3 0A93-A031 REFXD COMP LOK QMM KOK Zu ozt HB 109Y )
AL0? o0757-01%5 NIEXD MET FLW &0AK (MW 1% 1/2W 20400 DTIT-015% | .
ALOS 2100-0094 1 NIVAR COMP 30K DWW 0% LIN L% 28480 2100=0094
Alge orsy-03a3 RIFAD MET FLM 2490 OHM E.0F LJ2W - 28480 0sT-01%3
[ 131 ] ' Gad-0231 1 RIFRD COMP 82K OHM 10X 24 otr21 HB H23)
RilL 0ad7~4731 1 - REFAD COMP 47X OHM LOS L/2W an [LEY ]
R112 O4RT-123L 1 REFAD COMP 12K OMN LOX L/2W o121 FR 1231
113 Da93-ai3L i RIFXD CONP BN UWN |0% 2w 012t HR BRIL
Rils 0a90-~1041 . AIFND CONP LOOK OWN 104 LW ' ozt ,GB 10a)
RALS 0893-3731 2 WIFAD COMP 27K OHM JOR 2w o2 HB. 2731
Alle 0893~2731 RIPXD COMP 27K OHM 10% 2w oLl HB 2731
ANLT , . 0893-1531 ] REFAD COMP L3N DHW LOX. 2w o1l Hi 1331
[ 337 ] 0727-02%3 1 N3FXD DEPC. 3.6 MEGOHN 1K 1/2W 28480 0121-079%
R119 0737=-0870 1 AsFXD-MEF FLM B23K DHW IX 1729 8480 nT87-08T70
AA20 2100-0043 1 RIVAR COMP 300K OHM 10K LIN 2W 28400 2100~0043
R12L 210060140 1 AZVAR COMP 2308 DWM 30K LEN )1/%4 FLIY 2100-0144
R122 o137-0367 3 RIFAD NET FLW 100K OHN AR 3/2w 28400 0T8T-0%7
123 - 4730-009) 1 RIFXD DEPC 316N OMM LE LW 20480 0730-009)
Al2s Da98-3370 H HIFXD MET FLW F.98K DHM L.OB 1/2W 28480 naan-3970
al23 DIST-GosE RIFXD NEY FLM © MEGONW LE 1/2u 28480 OT57=0089
nide Q773-0010 2 AIPXD NET FLM BSK OHW 58 54 28480 0773-0010
[I¥1 0773~0050 : RIFXD WET FLM BSR (HM 58 3w 28480 n7TY-0010 '
nile osaT-1521 3 RIFND COMP 1900 Db 108 L/2w [TYF . EB 1521
ni2e OabT~aTa)' ) RIFXD COMP 70N ONM RO% L/2W o112} EN ATAL
R130 ' ObBA-4045 3 - RIEXD CONP 4QO0M OHW 5% L/2W TE ER 48A5
RA3) FHAL ; : : '
B ) . NOY ASSIGNED .
[ F1-1 072T-0043 2 RIFXD OEPC 100 OWM 1% L/2w 20880 0727-0046)
A202 arsr-ayse .2 RIFXD WET.FLW 1000 OWW EE-1/3% . ‘ 28480 0157-01%9
/203 o151-0139 ‘ . REEND MEY ELW 1000 DHM AR 172 . mem0 CRI3T-01%9
A204 ' 07217-0043 NRFXD DEPC MO0 OWW 1% L/2N ) FLIY] 0921=0061
RZ03 210G-1Ta? [ AIVAR WW 10 OHNW 5% TYPE W 1w 28480 Z100-LTAT .
RZ04 : THAY
A308 HOT ASSIGNED .
A0k Dhu7-3401 3 REPND COMP Ba OnM 0K N/ 24 on2l EB 38M
-~ RIQR - oaB7-ad01 1 REFAD COMP B8 DWW 10X 3/24 o111 £6 sam
RM3 08873911 1 . RIFXD COMP 390 OHM LOR L/2W o2 £R 3911
LE 08k 2-00L9 2 RIFND WW 0.33 OHM 5% 3% , 20480 naL2-0me
n0P 08L2-00)9 ASFED WM .33 OHM 5T 3w 28480 oalz-nm9
nI0s , 2100-0308 1 ARVAR ‘uM 20HS LOR LIN 5w ] FLIS ] 2100-~030R
n3ol 0814-00L3 1 NIERD Wi 30 OWM 10% LOW 28480 onLa-0n1s
an os39-0a1? 3 FHERMESTORS 250 O 10T . - P st
s 310)~004) 1 SWETCHIYOGGLE DPST BSL4D BI0LNITN
52 3101-2272 1 SWAYCHESLIDE 8480 M0L-1272
T 21000133 1 TIRANSEQRMER EPONER 2Aa80 S100-01%3
12 LOQ-0LW0 1 THANSE OUMENEPDNER ) 20480 9110-0299
vi 1923-0048 2 ELECTROM. TUBE: 08B BEAW PENTODE mn HOAN
vz ; 1923-0048 ELECYROM TUBE: 8065 BEAN PENFDOE - NN 046
. el
v3 1940-0004 L’ ELECTRON FUBE: OA2 YOLTAGE REGULATOR - BBAAS DA2
Ve . 1933-0004 2 ELECTROMN JUBE: SUS ON BUBA TRIGDE ~ PENT (1394} sUB
vs 1921-0010 2 ELECTRON TUBEILZBAA i 3N 12044
e 1923-0042 F] ELECTROM TUHEE aEus PENTODE mn . BEWS
vt 1952-00i4 OR 1 ELECTAOM TUBE:TWT 1.0 70 2.0 TwaZsaul 28480 . 1992-0014
vt : 18094 DML YD )
L 14 A932-0020 OR 1 . ELECTROM TUBEITWI L-2GHZ LW : ! LIS TV NA-2342 \
. . LAB9A ONLY) : )
vr 1952-0029 | 3N ELECTADN FUBETYMT 1-2 GHI 1w 28400 1942-00z9°
v . - t489A DMLY}
f '
|| ' v

See kntroduction to this section for ordering Information




Replaceable Parts Model 4995A/81C
¥ . N : .
" : o ‘
Table 6-2. ' Replaceable Parts (Cont,) ‘
' - Myepret el Mfr ‘
Reference |yp part Number Qty Description de Mfr Part Number
+Designation » : Co .
v ' 1932-0015 OR 1 ELECTACM TUBEITWY 2.0 4.0 GC : ne00 1932-001%
vz ' ' : 1491C ONLY) ‘
vr 1952+0021 OR 3 ELECTRON TUBELTWE Z-4 GHI N L3193 MA 2383
vz . ’ 14910 OMLY) - ‘
vr 1932-0030 1  ELECTRON TUBESTHY Z-4 GHI IW 28000 - 19%2-0030
vz ' wacomyy ¢
va . L921=%a0 C ELECTADN TUBEXL2BAA mn 12040
ve THAL '
viag : - WOV ASSIGNED ‘
viaL ‘ 1933-0003 1 ELECTRON TUBEZE)A 7734 FRIODE-PENTODE 03277 1340
vioz L940-0007 i ELECTRON TUBEEOBZ 02138 082
¥i03 1933-0004 ELECTACN TUBE: SUS O AUNA TRIODE PENY 3T sUB°
vige L923-0043 ELECTRON TUBEs &EWe PEMFODE - I SEUS
Wi - ' #120-0189 11 CABLERELECT 188 22 ANG SHIELDED 28400 a120-0189 [
ul ' - INCLUGES PL AND P2 .
Nal 1250-00a0 2 COMMECYORELS PIN 28480 1251-0160
nAZ - THAY
Ah100 : RO NOT ASSIGNED
AALGE 1231-0140 COBMECTORELS PIN 28480 1251-01860
AFL A4C0-00B4 L FUSEHCLDERVEXTAACTOR POST TYPE 9k ETS LIS
410 *1200-0044 1 - SOCMET-TRANSLSTOR ‘ ' a7ase | NTIPBD ’
. WISCELLANMEDUS
: AUTA-A2H i WOUNTE TWE " 28480 AR9A=LZH
su9A=121 1 MOUNT S TWE 28400 ABOA=12T" ‘
AEPA=L2L H RETAINERLELECTRON JUBE 20480 ABTA-12L
\ \
S#BIA=L2N 1 RETAINERZELECTRUN YUBE nan0 AROA=L2N
4B9A~ 160 3 CABLE ASSY:RFIINCL JLD 26480 A89A=160
SBIA~LBE’ 3 CARLE ASSYIREIINCL J2) 20480 AB9A=14E
SBFA=AIA 1 PLAFEELOENTIS ICATIONEAS9A) 28480 ABOA=AIA
0370-0024 1 KNOSEBLK W/ARRDW 3/4% DD L/B% SNAFT 28000 0370~0024 4
12510138 T COMMECFORXBOOY 15 PIN 2480 | 1291-019
3150-0019 ) AIR FLE3 5/8 & 7 11708 % M/2 02058 10337
L20-2348 1 CALE ASSYLPOMER, DETACHASLE 70908 NHS~TOAL
. CABINET PaRTS: .
" 1690-0030 STANOTILY 28000 1490-0030
3080-0222 | HANDLE ASSYIM SIDE 15480 $040-0222
5060-0T40 TOP COVER ASSYRISL FM 20000 1040-0740
5080-0T32 BOTTON COVER ASSYrlaL PR 28480 30800752
5060-0T67 FOOT ASSYIFN 20480 | 3080077
5040-073% KITES B RACR WOUNT . 19480 2040~0773

See introduction to this section for ordering information




Model 489A/491C -

Crde
No.

06000
00136
Qo213
00287
‘00334
00348
00313

00856 |

00770
00781

" Humidin}

00800
aoats

0e53

00868
obegl
bap20
01002

0100 - Alden Products Co, o200 Darton, Muss,
01121 Allon Braloy Co.v .o ouoa s JMEIWRURER, WiR
DI265 . Litton Industries, Tne, .o o, DBeverly Hills, Cal,
01281 . TRW Semleonductors,bie, . . .-, Lawndale, Cal
01206 Texas Instroments, Ine,,
‘Tronslster Products Div, . .. . Dallas, Toxan
01241 ‘The Alllanee Mig, Co. ooy . Alllwnee, Ohlo
01518 Small Parts Inc. ... 1. ... Lun Angeles, Cal,
01560 . Pacific Reluys, Ine. o oo o000, Van Nuya, Ca),
01870 " Gudebrod Bros, Silk Co. ., ., .New York, N, Y
01030 Amerock COFP. « 1+ v 1 o1 e v Rocklord, B,
01960 Pulae Engineoring Co-,'y . Banta Clara, (...u
2114 Ferromcubw Corp, of
. AMETICA « vo v v v w0 Saugortion, N Y,
02116 Whoeeloek Stgnals, Ine.. . . . Long Drunch, N,J,
02206 ° Cole Rubber amt Plastics Ine . .Sunnyvulu Cul. .
02860  Amphenol-Borg Electronics
COPPY v v v v as oo v e o JBroadview, T,
02733 Radio Corp. ol Amorica, Semi-
' vonductor nnd Materials
Diviglon o voa s i Bomerville, N,
02771 Voenline Cu,of Amerlnn
Ing. v oo wa oo v oo a o DU Baybirosk, Conn,
02777 Hopking EngineeringCo, . o Ban Fernando, Cul,
02876 Hudson Toul & DIe v, v vvea s Nuwuru N,
03286 Nylun Molding Corps o v vy s .‘ﬁ)rlnulluhl N,J..
03600 . -G, E, Semicomluetor Pro,
Dept, o oo v iy Hyruruuu.NY
03706 Apex Muchine & Tool Cu, . ... . .Dayten,Ohio
03707 Eldemn Corp, . voov v v oo o 0 Compton, Cullf,
03818~ Parker Senl Co.v vy v v ..\ . Lus Anguelns, Cal,
DIWTT  Transitron Electrie Corp, .Wahvllnltl, Miann,
03888 Pyrofilm Kealstor Co,
Inu, . ..............Cwnri{nnllu N,
03054 Singer Co.., Diehl Div, ,
Finderne Plank, ..\ 00y humurvlllu N,
04008°  Arrow, Hart nt Hegemun
c  Bleet, Cov o vvva i wvec Harttord, Conn,
04013 - Taruna Corp. ... Ve L.:mhurlvll.lu N.J
04062  Apco Electronic Ine..o. v oo Grewt Nm'k, N. Y,
04217 Esnex Wlre............Los Angeles, Cal,
04222 HI-Q Division ol Aerovox. . Myrile Deach, 8,C.
04354  Precisjon Paper Tubw Co, . ., .Wlwolluu. HL
04404 Palo Al Dvislon of Howlett«
Packard Cn o v we e w000 Alm, Cul,
040851 Sylvania Electrie Producis,

. Micrawave Dovico Dly, . Maunkiin View, Cal,
04672 Dakulu Enge,Joee o o0 o v oo Culver Clly. Cal,
07713 Muterols e, Bemiconductor S

Peod, Div. .. ... ..., .. Phooenin, Arfzena
04732  Fiitren Co, ,Ine, Western

Dv, .... . . oo . Culver City, Cal,
04770 Automulio E'lm'trlr Cu. o v oo Northlake, 1M,
04780 Sequobtn Wire Co. ... tedwomt City,. Cal,
04811 Precision Cull Spring Co. .. . . EI Monte, Cal,
D4ATO P M. Muoter Conpany. . .. . . Wentehoslur, 111
04910 | Component Miir, Serviee

B s e e s WL Drldgewnter, M.um
05008 - Twentieth Cmumry Pluuttes,

Tnee oo o iy ooy Lok Angelen, Cal,
05277 . Wuslinghouse Eluclric Curp.
. Bemiconthictor Dept, e . Youngwonsl, Pa,
00014+49

" Curl E, llolmes Corp, . :

. Table 6-3. Code Ltst of Manufacturerb

The fulluwim. cude numbers are frum the Federal'Suppiy Code Jur Manulaclurers Cutaloghng Handbooks 4= (Bame (e Core) w1142

R Replaceabl'e Parts

((.'ulil'

t Name) and their lutes supplements, The date of revision wt the date of the sopplements used uppear at the hullum uf eirh n.u.c-. :\lpln-
beticul codes have been arbitrarily nustgned to suppliers ot appearing in the 14 Dandbooks,

Manufacturer Addresy

I

U.4 A Common. . .\ .. <Any supplier of U, 8,
McCoy Eluctronies. . Mount Hully Springs, Pa,
Sage Electronics Corp, . . .. Rochester, N, Y.
Cemen, IR+« 00 oo oo Danletson, Conn,
vt e Colton, Calll,
Mictron, Co., Ine.. ... . Yulloy Blream, N Y.
Garlock lnc. v e Cheery IR, N,
Acrovox Corp, « .« oty o o, New Dedlurd, Muss,
Amp.Ine, s l|.|rr|nhuru. Pa,
Alresnft Radio Corpa oo Dosnton, N,
Croven, Lid, . .. ... .Whithy, Ontarje, Cusada
Nurthern Engineering .
Labaratories, Ine, o000 0o Burlingtun, Wis,
Zangarma Elecirie Co, ,
Pichens Div, .....
Goe Englneering Co.

v Plekens, 8.C,
JCity of Indusiry, Cal,
oo Les Angeles, Cul,
Microlub Ine, . . .o .o oo . Livingatin, N,
Guneral Electric Co,,

Capueltor Depl.. . . . ... Nudwon Fally, N. Y,

Revismt: May, 1070

Cinle
N,

05347

5307

05574
05093
05016

[UTIRE
05726

BA729
DHTHA
{5820
06004

08080

DB175,

06402
06640
005hG
DRGBA
0675

nohie
[tk

[BELENE

D20

o3t

[y KL

07149
IEPER]
[LxMI
07201
1263

o2z
[LERINS
[LYRELE]
k4Lt

uze

01010

[tk

By

[ B
pe24H
DHIGH

Ohn24

- HA

0877
a8

w727
onz

DRHRG

PR
05028

0pOIT

U RE]
(GO EH]

00250
kL]
00G6Y

0BT
08022
10214

104101

10548

SR en Optiea €n, Ly a s

U8 Epgineering Co, v .00 Lo Angielios,

CPech, Ingd, lig, Alohm

Manufacturer Aklrens

Ultruntx, e, ... 00y 4L Ban Maten, Cal,

- Union Cartine Corp., Eleet.,

DIV, v vivinan o JHEew York, N Y.
Viking Intoane, .oy, .00 Cinogi l’.lrk Cal.

Jeoea Electro-Plustics e, oo Sunnyvade, Cal
Cosmu Mastic {e/o Electrical
SpeeCod caaeaaae e s Cleveland, Oblo

mv=her Cotman Coy e ey o0 oL Rockford, 1N,

e s Rosiyn Hleights, l.unu taland, N Y.
Metro=Tel Corpy. o ooov v vu v .Wl'hﬂll-lr)l N.Y.
Stewart Enginerring Co, .,
Wakelleld Enginevring e, .. \V.nm-num Masis,
Hasnick Con, Div, of Stewart

Warnee Corp, o0 0w Brddgeport, Conn,
Hayehem Corp, . ..., .., l!mlmum Clly, Cul,
[wusch and Lomb Qptieal .

Co. .vvuien o o e Jcheser, MUY,
E.'Tv A Prmluets Co, ul

Amurici L. o
Amutom Elvetfone ll.u'(lw.lro

CooyImey oon vl New Ruchplle, N, Y,
Dueude Elovirieal lnnlrum(-nt ’

Coy e, Ly Penaconk,. N
. Geperal Devives Co, .l:u-. oo Jnttianapolis, I,
Components Ing. , Arka. Div, . . Phoenix, Arfzon
Torringtim MIg, Co. ,Woeat Div. , . Van Nuyﬂ Cul,
Vardan Assop, Etmuae Dy, . 4. San Carlow, Cal,
Kelvin Blaetele Cwe 00y Ly v+ Van Nuys, Chl,
Digitram €o, .o ouw v w0 Pasadena, Cal,
Transistor Elecivonles

Corpa. v v v vs o s o0 Minneapolis, Min,
Wenlingghouse Elecirie

Corp, , Blecironie Tube Dw. v Blmirn, N Y.
Filmohm Corpa oo 000 w0y Now York, K Y.
Clpeh=CGraphix Co, .+, Clity of Imluulry. Cal.
Silleon Transistor Lurp. v Chrle Pluve, NV Y,
Avnet Corpo. vy o s .. Culver Clly, Cal.
Falrchilit Camurn & Inat. Corp, ,

Semiconductur Div, . ., .. Mountain View, Cul,
Minnesota Rubber Co. ., Minneapalis, Minn,
Dirteher Corp, The , .. .. .Mumvrnv Park, Cal.
Sylvaniu Eleet, Prod. Ing,,

Mt View Opurutlunu o Mountain View, G,
Technical Wire Products

1T T
Budine Elect, Co, o000 L
Continentul Dwevlee Carp, .. .
Raytheon Mg, Co,, b«'ml-

vonductor Div,, « oo Jow o Mountiin View, Cal.

o+« Chiengo, N1,

IREs L‘rnnh'nrd, N
Chivago, N,
v Bowthoene, Cul,

- Huwlett-Packard Co. ,

e Itm-kuwny, N.J,
Cal,
Blian, Delbert Covwa v oo v oo va o Pomona, Tal.
Burgosn Dattery €o. . o0 yeu o

cva s aee o Ningara Fallw, Onlnrlu C.mm!.a
m-ulm'h Fastejwr Corpr, oy oy le Angelen, Cal,
Brimtol Co., The Walerbury, Coni
Stoan Company ..o .0 Sun Villey, Cal,
YPT Cannon Elecirie Inc.,

Phoewi® Div,. ¢ . oo w000, o Phuenin, Arizon
Nattonal Raie Lab.Ihe, 000 Parimus, N.J,
NS Eloctronies Semieonduetor '
Operationn, Div, ol CBS Ine, . .. Lowell, Mass,
Geaweal Electede Co,,

Mintaturs Lamp Dept. oL 1 Cleveland, Ohlo
Mel-Maly ..., 0 oo dsbumapuling I,
Dabroth Reliya v, L Costiy Mosn, Cal,
Electronle Enelosurens Ine, . Los Aigeles, Call
Toxan Cagaeltor Coo L, .0 L 0 Heuslen, Texas

New Jorduy Divisbun o .

Bluch s s v v v aue v v vw oo« Durtinh, Catl
Elevtro Adsemblies, Ine., . .. .. . Chicagn, 11,
C & K Componenls loe.. .., JNewton, Mass,
Maltory. lttery Ca, ol

Canad, Lid,, oo .00 Toremo, Ontario, Canidi
Pernylvants Floeoearbon, Clifton Bulghta, Penn,
DBurmdy Corp. ... . « o Norwinlk, Conn,
General Translstor Westorn .
Corpy v v v v v vev s oay s LosAngeles, Cal,
Ti=Tal,Inec vy o u s o Nerkeleyy, Cul,
Curborundum Co,’ . . ... Niugara Falla, N Y,

IREEEE

;

.« Baptu Cruz, Cal.

Ciaher
Nu,

11246
11237

13242
11412

1114
11450
11544
11

1MN1T
11670
12130
1246)
12574

12407
12724
12400
1264}

120

12050
1me
L0611
oy

a2t

13360
VHE

1404
19183
J ST
FERHE]

At
£ 10
M6

Tyt

46D
pE LI
15300
15207
156201
15668
10564
15631
15772

15HM
1hiee
10007
10374
10342
1G04
16545
106HH

10764
1704
IXEXE]
160G
XAt h]

RELH]

10
1042
Hnng
1324
18478
16480
14565
16HHI.
16612
14873
10513

16315

LD

105l

“Amerienn Compenenls,

Manuslartorpr Adibrisn
C'T8 of wrne, Ine,
Chicagn Telephune ol
Caltlerniy, e, ...
Day Btate Eleetronies Corp,
"Telotbyne T, Aersinve
v, oos oo 0 00,

< e, bl
- Bo, Pasadena, Ual,
<o Walthaom, Mask

- P Al Cal,
Natiois) Seal Downey, Cal,
Preciaion Conneclor Corp, . diaadea, §OY.
Dunean Eloeteimbes e, a0 Costa Mesa, Cal,
General Instrument Corp, .

Semdeonteter D ision I'rn:llu'm

Uroop . .. coe o Newark, N,
Imperiul Hl-ll:lum- Inv con B Park, O
Melabn, b, . Ces Pale Al Cad,
Plislpndebphia II.||||I||- ( Do s - Cimmlen, N,
Grove Mg, oo, Ine. - Shady Libove, D,
Gudton Tl e, .I).ll.l h\utum

Dhv. ..o ,
Clarostad Mu. lu .
Elmay Filter Corp. 0000 w. Hivvarn, Coan,
Nippon Elevivie Coo, Ll 00 Tekyn, dapan
Moty Bloctranies Ciep, ..., Cliek, N,
Delti Senteonduetor e, ., Newport Beael, Ual,
Divkron Eleetronies Corp. .. Seodtsdalie, Arizona
Adrep Supply Ci, des L0 Wlle ki, Kankae
Wilee Prisbucts ..., o0 L Detreall, WMick
Thermnlloy. .00 L Ballas, Texah
Sofirom Pevievs e, L., (Fappan, WYL
Tedelupkon (G ., ) Hamwer Gormuny
Midland-Wright My, ol

Paeitic bulesteies, loe, . Kamsan Cliv, Kansiaw
Sem-Tevh ooy LNiswbury ek Cal,
Cubit, Resistor (’urp o Banta Mmnea, Uil
e, Conshshorken, %,
FI'F Soneonduvtie, o Div. of

Tnk, Telophone ana Tolegraph -

Corporation ., ... ., JWest Padm Bieach, Fla,
Hewlett - Patchartk Compiny. . ... Lovelaaud, Cof,
Copnell Tublier Eleetrie ferp .. Newarl, N
Cuarndig Gluss Works L, L, Corming, N Y.
Electeo Enlwe dne, . on oo oL Hal liulu'lc-l,(.‘ul.
Willtnn MiL- Cou oo 00 K duse, Ul
The Sphore Co.dae, L., RIe Falle, N
Weltmler Blevtronies Co, ... New York, BOY.
Sehmes Corp, .00 Nurlhri(!uv.(.‘ul.
Adpustable Dealing 1o, .., B Hidlvwowl, Cal,
Micron Electromies Garden City, Long I8innidN Y,
Amprobe Inst, Corg, ..o Lynbrook, NOY.
Cubjetronivs . . - Costia Mesi, Cal,
"Twonlieth Contur ¢ (.‘nil o

Alhumu'rqn(-. N,OM.
< Dover, NOIL

‘iprln‘. Cino - v b Ulira, Cal,,
Fonwal Eleet, Ve, T Framinglinn, Masn,
Ameleo Iy, + Mountain View, Gal,
Spruee Mne Miea, lla e Speuee Mpe, N, C,
Ompi-Bpeetra W o ov e Detoan, M.
Compoter Dhode Corp. L L, L o bk N,

Eleeraid Lo, . ..
Noats Mrerall N L'urp.. I
Tdenl Prov. Meter o, e,
Dodur Meter v, L ... o
Deteo Radio v, of GM. Corp, . Kok, i,
Thermenties Ine. .. ... ... l.ump.n Py, Cal,
Frimex Comprny ... Mowntatn View, Cal,
Hambin Metal Produces Corp, ., Alkeon, Ohile
Angsirehm Prec tae, o, . Nn‘ Hullywamd, Cal
Sihivonly e, 0L . .‘-\mn\mlt- .l.t
MeGraw-Edisun Co, . .., . Miebester,

Bower Thesban Pavktie e, . Paln :\3“. l.ll
Clevite Corg, Somronleior I)h- - Paho Atte, Cal,
Hpgneties Corp, . Surnvvade, Cal,

. K, N
Tamidemt, Call

Ironklyn, N. ¥,

Ty-Car Ml Co, e, L L « Holbistien, Mg,
THW Eleed, Comp, Div, . L, Trew Pldies, NI,
Chumersew oo L .oon o o Pladnville, Mass,”
Curtis lsstraanent, lm- ML Kiseo, NUY:
Vishas I Pwments ne,. ., .., L Malvern, 1.
E. L Dulnt and G, e - Wilmbngen, Del,

Durant M. e L, N
The Nendix Corp, .N.wh:.lllun &
Control Div, ..., . .-
Thomias A, Etlisn’ lndnhlrltu.
Biv, of MeGraw = Edimn L
Convoa., . ..

L adebennker Wil

Toterhory, N,
» Wost Grange, N
. l\nlllwln Park, Cal.

PE e e

From' ook Supploments
HA=1 Dabed January 1970
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" Replaceable .P'a_rt_ls

i
Nt

1061y
(EEHi
TH A
pE R
21450
2450
2
22
g
Tk
T
LhiEl
PUIX1 )
ik
Py
PRI
2HIBD
2uh20

.H'I'J'.

AT

472
39541

.ﬁum’r :

CMeettimenl Imbustries Pl Co,

.ol

Q001

42100
RRLNI
ERTia
+61 b

CMeaeor e, Unmpe Div, oL

H70

o Akzn

R UHAH
AL
HMATIN]
T2
”J(P"ﬁ

")':ll lll

it
. HEDHY
74
JaUEE ]
HOTaY

T4

BTTh

G2
13743
05

OREOND

W32 0%

A [EIREIN

Revere Mineom Div, . &t 1%k, Minn,
TG Allen Mg G, oo oo v .II;Irllul‘cI. Conn,
M08 Alled Contead %00 ca L New York, N YL
TR Allmedtad Serow Produet Co,y Ine,

- . Garden City, NOY.
04T a\mplv\. I)I»I ul (hl‘\‘-ll‘l L‘ulp. CDelriee Mieh,
T0405-  Atdiintie Tkl Rubber Warks, Ine, ., Chlvago, 1L
76663 Amperie T,y doe . Ungab City, N3

c TN ADE Braduets e, L -Minneapsdis, M,
SUTOHEE Bl Mg Co, L L Clariglo, 1L
CoanuhE B Bleeirye Corpe oL, Clevadand, Olio

TR0 Birstseh [fadio Co . New York., N.Y.
71034 Dlidey Eleetriv Co, e, o Erde, Pay
CTIOA  Bhushen Gear Works Div. ol . .

Murriy Coo of Tesas L Quinery, Masu,
TI218 Bud itadio, oo 0000 Willoughiby, Qo
M Cambridee ‘Thermuonies Corg, Cambridpe, Mass,
TIZBE  Camloe Yastener Qe 00 0, Bariunuk, N..l.
TG Cartwell C.unm'nm'r Corp, '

v Lwdenlwrst, Ly I.. NY.

THOD llunmnunn M[u. Div. o .

. MeGriw ~Eilim Co. cew o St Louln, M,
TG Chivago Copdenser Corpt .., L Phivage, 1L
TUT Gl Hppeingt G e, L oL L Pico=Tivera, Cal,
T50 CTSCorp - 000w <Elhart, Dl
T146B 1T Cannon Eleetriye lnr PPN Lun Angeles, Cal,
THTL  Ciaema, Div. Aorovos Corpo. ., . Burbank, Cal.
Hod15-40 |
Tovisead: May, 1070 °

) .

)
Manuhielurer . Atiruns

e Hurkehouda N, Y,
ldependenee , Kansas

LB Blevtromes .00 0
Flevl M, G w0
tieneral Atrontes Corp, % oL Bhiladelplska, 1.
Exventome, ey s Laagt Islund Cliy, NY.
Fajwr Mearing Cou cThe oo 0 New Dreitfan, Con,
Fanstlol Mot lnegheal L‘l:rp. - N, Chleso,
General Heeok Co, . Motuehen, N
Tesnean Corp, o e lnlh.uuumtln Tk,
etinh dio Elee H'nnlc H l I|I Washington, DL,
G B Lamp Divikin -
Girneral Hadie Co,

< Went Coneurd, Mass,
Jdlantingten b,
New Hiebelle, NOY,
Carlutiit, N,

Hullister,. Cal,
Lanvauler, %
« e Pl A, Cal,
. Kendwari, N9,

Gieies feprolueer Corp. . .,
Civabiees T)le Cogal Adoeredei, e
Compar HWollisiepe o, 00,
Wamilwn Watelh Co, o
Hewlett-Packard Co, 0.y
Hevnran My, G, L0
Inskrmment Speetidties Ci.
ey w0
B Jeevwam Tuoe Dipl,
Leetroabo v, L

A I

St Falls, N
«cOwensburn, Ky,

Stawyek Coil I'lmhu [E

L, .. Hawkeshues, Onbiveo, Skt
(unn]ru'hlm \V II a it

Lad, ooy s o Tormstg Ontivrgs, Ciulda
LR Aty & (n. e Buliuapelia, Ind,

o Akren, Olun
Mintunae Precision Beaeimgs, e, o Keene, N AL
Nemeyweld Ine, Mlnnv.umlm. M,
Mnlur Co, -0 con Uhicig . B

IR R

SANorpren e Lo Englvwomt, Coln,
Ohmih- M G v o Shokie, 11,
ey By, & MBg (.ulp coecnDoylentown, i
Paliverid Corpe oo oL Cambradie, Muss,

Meeinivn '”II‘I‘IIII!'!II' (U

lst, e ooy oo Souwlhaapa, P
Miersniwe b l'mu-r Iuhn v, ., Wiltham, Masa,
Hoswant Comtralior Co, oo oo u SVediminster, Md,
I Cooy Meds Eloes Biv oL Walthan, Mass,
Sthllevoss MR Cik v o oo w0 Sebnag, NLO,
Shmpson Eloeteie Co, oo ao s o0 Chivagn, 0L
Samatone Copp, oo oo Elmslord, N Y.

Wavtheon Co, Comanere ll Apparatun

NoSystem Dive Lo,y By Nerwalk, Conn,
.‘ip.luluilnu Fibre Coo o ey oo Tamawamiba, 8, Y,
Spragtie Elveteie i oy
Superior Bleet, Co, .oy Beistel, Conn,
TrIeX Cimhl v v s v i aan oo Tl Okla,
Thimwin & Belts Ch, o0 Ly Bliztilwtl, N
Tripiett Eleeteiead T, Coe oy 0 Rl Ohie
Vilon 5w Hueh ol Sigal Div, o ’
Westimthoute Air Bieghe Coy o, Psburgh, Pa,
Univorsal 'Eleetrie Co, ..o oy Owashe, Mich,
Ward-Lesmae Eleetelr Co. o M Yeraon, NUY,
Woklern Elepiede Cocy b, L. Riw York N, Y,
Wosti Insl, Tae, Weston-Neawjrk, Nowark, 8.,
Wiek Mg, Cow o RPEPER hn'.u:u. 118
Miniesutis Minkog & Mig, Uno, -
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Sl I'.|rli Clovelinl, Obio

-+ Chivigs, N1 -

North Alams, Mass,”

- TT0
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T2010

R
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T
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Thdn

T

ThEAh
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Thidi
(RTINS
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TATAS
TR0
TAB40
Tunh
TN
TIHT
THIIG
T4405
TARM
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Thiqd
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Thtth
ThHkhE
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Thirth
THOWS
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THINS
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Code List of Manufacturers (Cont.)

' Lo Arklrvss
Miunuluctorer

[ S LU B [T U O T Y
Contralub PDiy, of

Glpoe Unben e, oL L Midwankee, Wia,
Commereial Mastics Co. ., Chikeagine B
Coenlsh Wike Cn., The ., .. New York, BY,
Cota-Cuil o, e, Providenre, .1

L Chieige, ML

Chbiatn Minkatire l.unp Warks . O, L
Cinch M. Cin,
Howavd B donews Dive oy Cliengto, L

bow Corming Corp. L. o0, Midlint, Mich,

Ell'l teis Motive Mig. Co., Ihe, .
..... Ve e e WHImanlte, Conn,
l)mlwhl Corp o oos ey o Brmiklve, NUY

Dy Generad Conp, "

Eleetronbes Div, ... + Reasby, N

(n-m-n al Inu!muu-nl Corp, , : .
Cap Divishan, oL Neward NL
DrikesMi. G ooy o 0 Harwomd Melgldn, B
Hugh 1 Eby e, oL, Mhiliedelphsy, P,
Gudeman Co. oL oo o 0oL Chirago, T,
Elislie Stap Nui Lnrp. ......... L, N
1t rl AL Minlley Co, s Apgilies, Cal,

JErie, P
o Primeoton, B,
JLChivaga, lll

Erbe Technoloeal Produeis, Ine. ..
Wansen My, Coo, el L,
HOAL Wakeper Coo Lo L0,
Ivtlpnl Div. o Tweekman st Ine,
..... . Fullerton, (‘.ll

|||J| hvu I'rulhu m Division ol
Mathen Aireradt Co, o, Rewport Boaeh, Cal,
Amperex Eleet, o, ., '.Hiu-ku\‘\lh-. L.LUNY,

nralley ‘h'rllh'mull.ll'lg’gr Cuarp,
e . Ca e e New Jlaven, Cobn,
arhing i'h'rlrh' Ine, oL . Warttord, Ciomn,
Chevie 1P Mg, Cu, SPrenten, NGO,

Stipnrge K Garren Co,

v,
Foderal Bepew Bradsets, b,
Fitirhor Specsad Mg, Co,
Goperitl Industrien Coo, The L
Gonhen Shunping & Teol Co,
FED Eleetronies Curp. .,
Junntags Rl Mg Corp,
Grome=~Mn Corp,. L,
Showlite- Ine, Ve e GNEpURe, N
Jo L Winna, el ."mnH oo Wihnehester, Muass:
Industrial Comdenner Corp ooy Chieago, M.
H, ¥ Produets Divislon of

Amphend=Dorg Electpimie Corp,

MEL ldusirios, e, o Philinbelphiag, T,
LChiriguae, 10,
(?hn'lmmﬂ. Ohin
Elyehiy, Ohio
. Aianhen, hul,

o San diene, Col,
» Itdgeliold, N

Vo

Co e o e Danbury, Conn,
E. B, .lnllllrﬂm l.s». S o Wk, Minn,
Imernational Resdstunve Coo o Pldeipida, P,
Kirvstoome Carbon Cin o fie L850 Marys!, B

LTS Kogbts, e, o, 0L, CSandwirh, I,

Kulka Elevteie Corpe oL ML Vebioh, N Y.
Lend Bbectvie Mu Coo oL 0 Lo g, 10,
Laltleduse, e, Lo, L.y Ded Pladues, DR
Vaord Mg, O Lo BN 11 TUA (1

W, Marwadel L L L,
lnwn sl lstrumoent Corp. |

AieatneblDivision ce e Bewark, N,
Jinmen MiNen ML Coo, Ine L Malden, Mass,
LWL MIller Co, oL Los Aneelos, Cald,
Ciheh=-Monasdwork, Div, of United Carp

Fastoper Cerp, .00 San Leandeo, Cal,
Muoller Eheetese Coo Lo Cloveland, Ohin
Nattan) Ui o Nowark, N,

Bao Framehses, Cal,

Ouk Mamsdaetoeing Co, oL Crystal Lake, 1L
Tl Bewdix Corp.
Elvtrodvimanies Div, ... N, Hollvwmal, Cal,

il Metals Gi, LS Frametsen, Cal,
Plieontrany lnsiranus wxl
Elevtrmie G o, L, LS00 Manadina, Cal,
. )

Philadelphin Stewl it HERR Peeh Labn L., ... .. l'.lliu.uh-n'l'nrk, R.J.
Wire Corpe LoLoy oo, PhEbdelphiag 1% paash Comtead Serew Cow oo ouu ..y .2 Chicigto, 10,

Ameriean Machine & Foundry Co, $I501 Gavit Wire nnd Cable Co,, Div, ot
Padter & Bramdiekd-Div, . Brineeton, Imt, Amorace Corpy, .o L Brookiiell, Aaas,

THW Electrope Componenty I)I\- Candlen, Nobo piabid Burronghs Corp,, Eleetronie
Leheral Insteament Curp, , Tube D, . oL . - Phaindield, N
Reetiler Iavtsim oo 0L Beooklyn, NOYC @340 Unton Carblde Corp, . Conkumer '
Runidgtunee Preduets G oo Harrisbureg, Pa, ) Prosh, DIV, .o e New York, N. Y,
Butibererdit Corpe ol Calid, L Torranee, Gl 00T Mode) Kmt and Mg, e, ., . Huntinglon, (b,
Shukeprond Divisio ol WIEY Lovd Berwges Coe 0 00000 L Festue, M,
Uhmns Pl \Vm ke . o Eleing B 0 Aerisautieal Inst, & Thutio Co, L badl, N
S ... "tl. “Nill“‘l P BEK BT Arca Bleetromes Dne, . . .., . Great Neck, N, Y,
Signal lnllil‘-llur Lllrp Ve Now Yurk, NOYD O BIOG AL Olesener Co, o i, o S Franckses, Cal,
StratherssDusn b o oo ity Nob 0 BT CTRW Capaelor Div. oL Opabliak, Non,
. . From: Handhool Supplemenis
. ’ ) 14 -1 Dated ey 1070
! .

Brenklyn, NOY

Coule
M,

THahid
4471
Th4llh
FLLER]
Thhhd
THTH
THEET
THAK
THIE
THdh1
T

TG
BOO3T

HOBSY
oLt
Hol31

BOROT

Bod
RIELHE
[T
BM I

HOAI
CH
BOGH
Bogan
Honia
LIS
B3
) [ THY
[ RIH

Hr3
LIREX]
[t ]
H1HH0

R0

KT

HITIH
H2142

K170

RIZ0D
i)

W24
LERNI
BRG4T

BTN
B2i6
w2yt
B2iltkE

BI0GY.

1006

1125

I8
N3G
WA
Hhilh
[IXHAZ]
BA0

'Model 489A/491C

Masutierer -‘\lldl:l':m

Thompsim-remer & Lo,
Tillew Mg, G oo oL, San Franeisee, Cal,
Stachpobe Curbon Co. Ly 00080 Marys, Do,
Stundirrd Themsen Corp. ., . Waltham, Misn, -
Thiermin Produets, e, L Clvalamd, Olio
Transivemer Engineers | St Gabriel, Cal,
Hedpite Cog sy rwlonville, M.um.
Wialdes Kolijpony |lli'. o Lo Tl © lly, N. Y,
Verder Rood, Ine. ..o L., Hartord, Conn,
Wenen M Coo 0o s Chirago, 1ML
Continemal -Wirl Electronbes Corp, '
e e » Phikcletphby, Pa,
Zivriek Mg, Corpre o000 .\c w forhelde, NOY.
Meprean PReEsiin of Sessinns Chick O, :
Cee e e MorRisiRen, N,

l'l‘l'hll\li‘ Lnl || N e Tuledo, o
Selmitane Alloy I ORI L'u. o Ellzabeth, NI
Eloetronse Indusirien Assoeintion, '
Stamdiard e or semiscondurtor devies,

Ay b tarer,’
Cotiias Swileh, Div,

. Uhleago, B,

Maxon Elertronien

Corp. ... . Wallingtord, Conn,
Unibiat T r.umturnu-r Corp. L, L Bew York, NOY,
Ol Eloeteie Corpe. oo o thl'.wn. .
Dourns ne, L, e Mverside, Cal,
Arco v, o Hulu-rmh.n\ Contenls Co,
' + Cohalns, Dhio
e Deltanee, hio
v Menrovia, Cal,
«. o Nurw IS, NG,

v oo Doslon, Mask,
Vs o Bayion, Ohie
I, Loy o Ornnge, Conn,
o Livdirge, 101,

Al hl.lr I’rmhuw Im- o
Avery Lubel Ca, ... 0
Innasarioagt Co., ne,
Hevens, Arnebl, Co, Ine,
Dimen Gray Co,
Bdexmational hat.
hr.l\h!ll Co.

Triind Trimelurmer © urp e ee Yenteo, Cab,
Winehester Elee, Div. Litton Ind, | Ihe, : .
P ().ulwlilv Conn,

Mﬂl!.lry bpm ieatiom L. L., N .
Thtermational Hectiiier ('mp. . l‘l ‘wuumlu. l.;l.
Aepax Eleetronies, e Cambriadee]. Mapryband
Barey Controls, Iy, Il.lrrv Wrlpghl Ciirgn

~v Witoptuwn, Masa,
.

[ |rl|'r I‘.niulun Elveirke Co, o0y Shokie,
Sperte Faraday Ine, o Copgeoe Hew il

Eleeirte v, oy 000y 0 o Holoken, 8.0,
Elecivie Regulatop Corp, L. Norwalk, Conn,
Jellers Elovieuntes Diviion o

Speer Carten Coy 000y 0y
Faldrelild Cimera & Tast. Corp.

Spaee & Delense Systoms Div,  Puramus, N, .1
Magwrie budustrivs, Ine, L, Greenwieh, Com,
Sylvinky Bhertete Prod,, Ine, '

Eloeteonty Tobe Dsviston o Emporium,
Antron Corp, .o, Kant Newaok, dtaerison, N,
H\\'ﬂl'lll'l‘illt.. e, ..., . Chieiges, 10,
Metitly & Controls I, ,

Speneer Produets, Lo, L 0 Mtleboro, Masa,
Philips-Advanee Control Co.o.y L liet 1),
Resvareh Peoducts Corp, .., Miison, Wia,
Rolen My Co,, e, Lo, WomiHtork, K, Y,
Voetor Elevirenbe Co,, ., .o, Glendale, Cal,
Care Fasteaer Coo oy L oo o Cambrilger, Maps,
Noew Haspshiee 1adl

Byering, e, Ly
tame il Instrwment Corp,

Capaeitor Div. . o000
TIT Wirv aid Catle Diy, Jass Aayzeles, Cal
Victory En Coxp. ., L, L., Springhield, N,
Nediy Carpro, Reib Bank Thv. .. Red ok, N
Hubbel) Carp,  Mundededn, W,
Basan e, ., . . Nu\\pnrt Neaneds, al,
Smith, Hernyan II‘. Inte ... Brooklyn, MY,

. Dy DOk, Pa,

« Jeterbarough, N,

Darbngton, H, 0,




A ‘ Ciidu : . Codde ’
No. Mamifacturer Address Nin. M‘.muluch.lrur Address  No, Mamifhelurer Adktroas

. 84870  Surkes ‘Tarzian, Inc, ..., ., .Dléumington, Ind, {1020 I{nnuywuu Ine, , Micro Swiich Division annghk  11-Q Div. of Avrovnx Corp. ., . . . Olean, N, Y,

.- 85434 Buonton Molding Company .., . ... . Buenton, N.J. Craarsasrrrrrerareress Freeport, 1, 06268 Thordarson-Melssner Ine.. .., M, Carmel, B,
85471 A.B. Boyd Co. .. ....,.,San Fruntisen, Cal, ~ BI10O) "Nahme-Bros, Spring Co. ..., ,. Oakland, Cal, 06200 Solar Mig, Co.......,...Los Angeles, Cal,
85474 R, M. Brucamonte & Co, , .., Ban Francisco, Cal, 02180 - Tru-Cunnector Corp. ., ... . . Poabody, Mass, 00306 Microswileh, Div, of

- BSBE0  Koiled Kords, Inc, . ..., ,, ... Hunden, Conn,' . 02087 Elgost Optical €o., Inc. .. . . Rochester, N, Y, Minn, =Homeywell ,, .. ..., .. Feeepurl, 101,
85911  Senmleas Rubber Co, , ,,.... Chicauu. . 02807 Tensolite Insubited Wirn Co, , Ine, | 6330 Curltob Berew Cty 4 vy v oo e Ghlrage, 111

88174 - Fafpir Bearing Co. ...... le Angt.-lun Calil, v errsreveaanaa s Tarrytown, N Y, 06341 Microwave Assochves, Ine, . Burlinglon, Miss,
88187 Cliﬂun Preclull;n Products Cu. s Ine, 02702 IMC Magnetics Cnrp . .Wr.-nlbury, L.1., N.¥, 08601 Excel Tronstormer Co. .., . Oukland, Cul,

B : Vs senas nw e e s Clifton Helighta, I’.\ 02008 1ucdson Lamp Cou .. e s . Keagney, N3, 08608 Xculite, Ine, ., .. Ornlurd FPark, N Y,
88570 Precislon Rubber Products Corp,  Daylon, Ohln . BI332  Bylvanks Electrie Prod. Inc. . #0733 San Fernando Elee. Mlu. €, San’ i-vrmmdn.(.‘ul.
68084 'Radiu Corp. - of Americn, Electranle Comp, Bembromductor Div, ., .. ... Woburn, Mass,  DBEAT Thomson ind, Ine ... o bong Island, N Y,

. & Devices Diviston , ... .. .. Harrlson, N3 DA080 Robblos & Myers Ine, ., , Pallisades Park, N3, DT464 Inclustrisl Retaining Ring Co. lrvln}!lnn. N.L
88028 Seastrom MIg. Co. ... ...... Glenlale, Cal. 83410 Semco Controls, My, of Esucx ’ 1510 Automatic & Precision Mig, .. Englewond, B,

.B7034  Marco Industries . .. v,y 0 Amheim, Cnl Wire Corp. oo vua'v v , Muansfinld, Ohio 97070 Coeon Reslitor Corp. |, 0.0y Yonkers, N, Y,

a'ms " Phileo Corporation {Lansdale Division) + BAGAZ Walvrn MIg, Cov o vu v e ooy s Culver City, Cal. D703 Littun System Ine. , Adier-Westrex
! , Lanmtale, Py, B3020 GV, Conteols .. ... 00 0 Livingeion, N.J, . Commun, Div. .00 0n s New Rochelle, NOY, |

: 874’33 Wosturn Flhruun Gl.mu Prmluvtu ta, MI13T Generad Cble Corp. 4, v o Dayonne, N3, DEIAL ReTrondes, es ou 000 s 000 Jimadea, N Y,

' - e wb e en s sy ievaie s dan Franciaen, Cal. 04144 Raytheon Co, , Comp, Div., 80150 Dubber Teck, e, ... ... ... Gariena, Cal.
A7664  Von Waters & Rogers Ine, .. San Franciseo, Cial, . Ind. Comp: Operathms ., ... . Quiney, Mass,  BH220 Newlett-Packard Co, )

87030 | Tower Mfg, Corp. .. .... .. Providence, H.L B148  Sehentilie Elecironies Mwdical Elee, Dive .0 000y Pasiddena, Cal,
88140 - Cutler-Hummer, Inc. ........ Lincols, 1L Products, Ine,. . ., ..., . Lovelisd, Colo,  FERTH Micredet, e, o000y y o Bo, Paninbena, Cul,
88220 . Gould-Nationnl Datteries, Inv. . B Paul, Minne 04154 Wagner Elect. Corp, , BHIGL Senloetro Corp. .. oo ... Mamironeeh, KoY.
82808, General Milly, Ine,-, .\ ooy I!u[lnlu N. Y. Tung-S0l DY, ..., 00wy, Newark, N, - BRATE Zero MR, Coo oo v oo s oo Burtunk, Cal,
80231 Graybar Eleciric Co. , ., .. D.tkluutl Cal. 10T Curtiss-Wright Corp, , : BB Ete dne. oo Clevelaml, Mo
89473 G, E, Distributing Corp, , ... va-nul'lulﬁy. N Y. Electronkes v, .. ., . .East Pattorson; N.J, U871 Genernl Mills !m' Electronics Div,

BU4TH  Becurity Cou o v oo v v v vy oo, Delrott, Mich,  D4222 Bouth Chester Corpe v w oy W Chesler, Pa, i o Minneaputls, Min,

S BO6B5  United Transformur Cou v ... ... CHieago, T 04230 Wire Clulh Products, Ine. . o, . . JDellwood, I, 08TI4 l’.wt u Dlvlnhm ol ||I'W|ull Bkt Co, \

110030 . United Bhoe Machinery Corp, , . Beverly, Muss, (4375 Awlomatiec Molul Produpis Co, . Beooklym, NoY, 0 i i i, Paii Al Cald,
#0170 - U, 8, Rubber Co,, Consumur Ind, & . 4002 Worveslur Predsed Aluminim Corp oan21 ‘North I311s Elmirnmw Ine, o Glen Cive, RUY
« . Masties Prod. Div. . L. .. Padsade, N Che e e s e sy Woreester, Mass,  0BOTH Imtornational Elecironie m-m-nrvh Corp,

00366 Bel}mvlllu Zﬂmcmiiy 'I'(ml Mg, , Ine, B3008  Magneeradt Eleetple Co, v o000 e s Chlrn;.u lll Civeaea R 111F T T A Y
o cas e ey Bollevitle, ML 05023 (‘mnrpzu A, Philbrick Hesearchers,. Ine; 00108 Columbia 'I'uchnlml Corp . Nuw York, N. Y,
007es - Unilud Curr Fnutenur Corp v v Chieago,. 1, e e s Monton, Mass, 00313 Vurlan Asdovintes, . ..., .. Pidn Altn, Cal.
© 90070 © Beuring Engineering Co, , ... San Franvisco, Cnl, 05148 Mtn Ehvl. Mig. Co. ,.....Lawrenee, Mags,  OS0376 Atlee Corp, ..o 0000 .. - Winchested, Mass,
- 01M6  ITT Cannon Elect, Ine,, Salt-m Div, - BA230 Allles Products Corpe .. 0y, Diwaki, Fli, 00516 Marshal) I, , Capaciior Dlv, . Monrevia, Cul,
s a e e alom, Mund,  DEAR Continentul Comnector Corp, . Worsdalde, N Y, 08707 Conirol Swmh Diviston, Conteoln Co,
01200 - Connur Spring Mig, Co, ... Ban Francisee, Cal.  pH20T Lencraft Mig, Co., o, .., .Lunu Ialand, N, Y. ol Amerkead L0 EN Segardo, Cal.
81345 - Miller Diul & Nameplato-Co, ., , El Monte, Cal. 96206 Natomal Coll Couvs v v v v vy .b'lmrldml, Wyo, = DOHOD Delovan Electronics Corp. . East Aurori, N.Y,
01418 - Radio Malcru.\la Cie. wunwunwaes Chiengo, WL 05275 Vitewmon, e, o0y 0 o Bridgeport, Conn, 00846 Wilee Corporatien ..., L., Ddbaagel i, Treb,
Q08 :  Augnb Ine, 'wuvu v v v oo AbInboro, Mans,  DSI48 Gordns Corp. oo\ ... ., Bloomfield, NI, ODB2E Branson Coep, p Whippany, N.J,
01637 - Dale Electronica, Tne, ... ... Columhus, Nphr. 05154 Methode Mig, Co, o, 2 Rolling Momdows, 31 DOB34 Rumbrandt, Ine; Duostu, Mass,
01862 - Elco Corp, » vwev v vs oevv o Willow Grove, Pa,' 05666 Arnold Enginecring Co.. ., . Muronge, NI 08042 Moliman Elm iranjes Coep,

. D673 - Epiphone Ine,- 5. 0o vv v e oo Now York, N.Y. ¥ 05712 - Dage Elvetrté Ca., Ine, ., ..., Frankln, Ind, Hembeonducto, “Wision .., E) Monle, Cal,
01737  Gremur My, 'Co., Ine. .., . Wakellell, Muss,  "BEBBA Stewon Mig, Co, vy ov vy oo Wayna, BL 0BIST Technulogy-Instrument t.urp '
01827 X F Development Co, L ..., Redwood City, Cal,  BHOHT Weekoenser Co. L o0 vh v on . Chienga, 1L ol Calilimmw ), * Newhury Park, Cal,
01866 - Malco ML, Ind, L v v v v Ve Chﬂcuu1n, IL 900BT  Microwave Assoc, ,Wesi, Ine, . Sunayvile, Cal, v

]
N .
L
The following BP Vandors have no number senlinedt in e 1alest supploment (o thy Foderad SBupply Codie lor Manufictirers Bandbook, .
i .

- 0000F © Malco Tool nntt Die ., ., . Loa Apgeles, Calil,” U0I0CS - Newlett-Packard Cu., Colorudo MY Cooltrin, 00 e v v v Jowe o Dakland, Cal,
00002 Willow Leuther Products Corp. .. Newark, NoJ, . Hpeings Dive o Cotorido Springs, Citoridde  (IOWW Cadifurnin Eantern I.lh o Iwelington, *Cal,
DOUAB ETA . .vvivnrnveainrasisoor Englamd  {0OMM Rubber Eng. & Dovelopment , . iHuyward, Cal,  000YY S K. Bmith Co, o000y L0 o Les Aageles, Gl

© 000BB  Preclsion strumont Comp, Ci, Van Nuys, Cal,  QUBNN A "R" D Mig. Co. . uu .y JSan dose, Cal, ’

i
)
. ' ¢ -
© N0D15-40 From: 1husthook Sepplemonts

. Code

- Revined: May, 1070 .

Table 6-3. dee List of Manufacturers (C’ont;)

Replaceablé Parts

e

1HA=1 Dated Junvary 1070
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‘Model 489A/431C R _ : ‘  Manual Changes

SECTION Vi
‘MANUAL CHANGES

7-1. INTRODUCTION

.7-2. 'This manual appliés directly to instruments bearing serial l'v.-efix 972-. For serial prefixes higher
‘than 972-, a Manual Changes Sheet is provided with the manual For serial prefixes lower than 972-,
refer to the chart below to find required serial prefix and make 'the changes listed for that prefix to the

- | Serial Prefix or Number ~ Make Manual Changes .
151 AthruL |
- 207 e . Bthuk
lzz's; S | C thru L
851 Dthn L
424- - . . 3 a E thru L' |
| 449-00446 thru 449-00665 F thry L
o 44900566 thru 449-01015 G thru L,
f 311-0'1016 thru 811-01135 ' HithnL
| 811.01136 thru 81101165 I .thru L
811-01156 thru_311j01215. KL
843.01216 thru 843-01315 KL
93001316 thru 930-01395 L
CHANGE A  Figure 8:10: o |
T Change T2 pins 10 and 11 to 16 and 17 respectively.
- Change T2 pine 16 and 17 to 10 and 11 respectivaly.
Figure 817: - - | | .
. Reverse terminal numbers. 1 becomes 16, 15 becomes 1. '
CHANGE B Figure 8:17 and Parts List: | |
- Ny Change R118 to R:FXD, dep ¢, 3.0 Me_gohm, 1%, 1/2W, HP Part No. 0727-0292.
" CHANGEC . Pams List: | . . -
e : Change K1 tp Relay: 3 minute time delay, HP Part No. 0490-0037.
Entire M.mual: ' | :
o ‘Chrnge K_l reference rom ‘90 secopd time delay” to‘ ‘f3-minute time delay™.
— CHANGE D Figire 8-10: . | ,

Change T2, pins 14 and 15 to read “6.5 Vac”.




Manual Changes ‘ S - - ) Model 489A/491C

Parts List:’ ' b
Change T2 to HP Part No. 9100~0152

CHANGE E Parts List: -
V7: TWT rupphed with the mstrument .
489A: HP Part No. 1952.0014 = ‘ ! !
' 491C: HP Part No. 1952-0015 = ' -
Replacement TWT, either as above, or:
489A: HP Part No. 1952-0020
4910 HP Part No. 1952-0021

I 1952 0021 is supphecl for the 4910 R205 should be the 10 ohm wnrewound poten- -
tiometer listed in the Parts List (HP Part Nc. 2100- 1767) The 10 ohm potentiom-
eter is satlsfm.tory for all replacement tubes.

CHANGE F . Flgure 8 17 ond parts List:
' Change R105 and R.106 to 15K ohm, HP Part No. 0693 1631.

'CHANGE G  Figure 8- 14 and Parts List: : -
. ‘ Change A200 Assembly from HP Part No 489A 65E to HP Pa.rt No. 495A 65E for
Model 491C only.

Change R205 to 4 ochm, HP Part No. 2100-0334.

CHANGE H Figure 8- 17 and Parts ‘List:
. ' '+ Delete CR109,

CHANGE |  Parts List: o ‘
L Change K2 to HP Part No. 0490-0039. ' '
Delete reference to Relay Retainer, HP Part No. 0490-0750, and to Relay Socket,
HP Part No. 0490-0751. Refer to Figure 7-1 and use in place of Figures 8-9 and
B-11 for component placement.

CHANGE J F:gure B-14 and Parts List:
Change R22 to R:FXD, dep ¢, 975K ohm, 1%, 1/2W, HP Part No. 0727-0266.
Change R30 to R:FXD, dep ¢, 1.13 Megohm, 1%, 1/2W, HP Part No. 0727-0278.
Change R31 to R:FXD, dep ¢, 1 Megohm, 1%, 1/2W, HP Part No. 0727-0276..
Change R32 to R:FXD, dep ¢, 500K ohm, 1%, 1/2W, HP Part No. 0727-0245.
Change R36 to R:FXD, dep ¢, 260K nhm, 1%,.1/2W, HP Part No. 0727-0226.
Change R38 to R:FXD, dep ¢, 312K ohm, 1%, 1/2W. HP Part No. 0727- 0232.
_ Change R39 and R40 to R: FXD dep ¢, 600 K ohm, 1%, 1/2W HP Part No.
0727-0246. ' )
Change R42 to R:FXD, dep ¢, 116K ohm, 1%, 1I2W HP Part No. 0727- 0213 '
Change R45 to R:FXD, dep c, 667K ohm, 1%, 1/2W, HP Part No. 0727-0249.
Change R46 to R:FXD, dep ¢, 376K ohm, 1%, 1/2W, HP Part No. 0727-0237. . ‘
Change R202 and R203 to R: FXD dep ¢, 1000 oh.a, 1%, 1/2W HP Part No '
| 0727-0100.

Figure 8-17 and Parts List: ‘
Change R107 to R:FXD, dep ¢, GOOK ohm, 1%, 1/2W, HP Pm't No 0727-0246.
Change R109 to R: FXD, dep ¢, 150K ohm, 1%, 1/2W, HP Part No. 0727-0226:
Change R119 to R:FXD, dep c, 800K ohm, 1%, 1/2W, HP Part No. 0727-0255. _ ‘
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Change R122 to R:FXD, dep ¢, 100K ohm. 1%, 1/2W, HP Part No. 0727-0208.
Change R124 to R:FXD, dep ¢, 7960 ohm, 1%, 1/2W, HP Part No. .0727-0149.
Change R125 to R: FXD depc, 1 Megohm, 1%, 1/2W HP. Part No. 0727-0276.

CHANGE K Table 1-1, Spec:flcatlons, under Gain Variation with Frequency.
‘ : - Change to read, “At 1 watt output 6 dB or less across the band.”

Change to read, “Small signal: 10 dB or less across the band 5 dB or less across any
10% of the band.” .

Parts Llst ‘
V7:" TWT supplied with the mstrument
489A: HP Part No. 1952-0014 or:
. ' " HP Part No. 1952-0020
- 491C: HP Part No. 1952.0015 or
. HP Part No. 1952-0021
Replacement TWT, either as nbove, or:
© 489A: HP Part No. 1952-0029
' 4910: HP Part No. 1952-0030

The 10 ohm wn’ewound potentlometer listed for R205 in the Purts List is satisfactory
for all replacement TW'I‘s . . S

i
S

- Flgure 8-10 and Parts L:st
Delete R47. :

CHANGE L Flgu.re 8-10:
: Refer to Figure 7-2 nnd use in place of Flgure 8-10.

‘Parts List: ‘
. Change F1 (115V) to'3 amp, HP Part No. 2110-0003.
- Change F1 (230V) to 1.5 amp, HP Part'No. 2110- 0043
- Change J3 to HP Pari No. 1251.0148.
Delete K3.
Change S2 to HP Part No. 3101 N034."
Change Detnchable Power Cord to HP Part No. 8120-0078
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'SECTION VilI
'SERVICE

81, imﬁbbuc‘ndm

8-2 'I‘hls section Lontmns principles of opera-

~tion, circuit - descriptions, troubleshooting pro~ .

Ledures, nnd schematic dlagmms
8 3 PRINCIPLES OF OPERATION

8 4, A des:.nptlon of the overall block dmgram

" and general principles of operation are presented
'~ opposite Flguer 8-5 through 8-7. A detniled de-

.geription is shown opposite each uppropnate fold-

]

8 5 TROUBLESHOOTING

86, A logu.al troublebhootm;., tree ‘is 5hown‘ in
Figure ‘8-7.- Recommended test equipment for use
" in troubleshooting is shown in Table 1.2,

8.7. SCHEMATIC mAGRAms |

' Service

i

8-8. The schematic diagrants in this section rep-.

Zresent the circuits elec.tnwlly They are not
" wiring diagrams,

though wire colors are given
where practical. ‘ . .

89, Some of the general information obtainable
from the schematics is shown in Figure 8-1.
Notes and explanations pertaining to all dingrams
are contained in Figure 8-2. Notes about spe(.ific

..components, circuits or conditions are g,wen on

the dlagram to which they apply. -

810. As an aid. to‘fmdmg components and
ussemblies in the. diagrams, each diogram has a
box labelled ‘“Reference Designations™ that
contains all the reference designations appearing

.on ihe diagram,

1

~ Wire Color, Color Code same as Resistor Code,
First number identlles Ground Color, Second

. . 4y
. . . 1
\ Assembly Assemily " Assembly _
. Desighation - Naﬁne PnriNo. - Socket Designatlon
r-"-’\ ” nRaEntun Number Intticates  For A2 Assembiy
a2’ DC REGULATOR ASSY  (DBT0B-6007) Pinof Sockst IXA2) "
‘ A - - J3 not Mounted
o X - on Assginhly A2
_ XA . XA2 :
'. - | _ : : 1
r—zﬁ |1/'/ / ,\m . \\7 1 KV\ N
. e ; A Y | ‘ J- 7/ 1 ), ' <
. _ : g '
o c1 % o X
o I 80 pF to
o N | ek 4 I o =
: 2,0, Plug-in -
(i —— & Value selected Socket
for best Operatlan Conneclor
Value shown s information

Average or most

commonly selected REFERENCE DES|GNATIONS

- Number identities Wider Steip, Third Number value, NO PREFIX | Al - ASSY
identlfles Narrower Strip. E.q,, %7 denoles
White, Yellow, Violet wire (MIL-5TD-681), : Al 2 CRl
s Refergnce 53 AZ~ hssy
‘ Designﬂ“ﬂn Cl
I ndex al
I
;
Figure 8-1. General Information on Schematic Diagrams | f
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\

R

— v ——— —

‘farads, unless otherwlbe noted.. o R

“*Asterisk denotes a factory-selected value, Value shown is typical, Cnpautors .
, may be om:tted or resistors jumpered

'Surew'driver adjustment, - _ O - Panel vontrol.
" Encloses front panel designations, - ©7”"77° Encloses rear panel designation., -

~ Circuit assembly bprder'line.

_ Heavy line with arrows indicates path and direction of main signal.

- Encloses wire color code. Code used (MIL J’I‘D b81) i the s.:me w, the rL‘hl‘:tOI'

. Voliage regulator (breakdown diode),

" Denotes Silicon Con!,k"blled Rectifier,

SCHEMATIC DIAGRAM NOTES
Refer to MIL Std 158 for Symbols Not Shown

Rebmtunw is In ohmb Lapautume is in plLOfﬂl‘ddb und inductance is in ‘micro-

P/O = pm't. of

Other assembly borderline,
Heavy dashed line with arrows indicates path and_directioh of main feedbacek.

Wiper moves toward CW with clockwise rotation of control as vwwud from shaft |
or knob. : ‘

r

Numbers in circles on ¢ 1rLu|t assemhhes show qultmns of test pomtsl

color, code, First nimber identifies the hase LOIUI’. gmond number the wider .
stripe, and the third number identifies the narrower stripe. E.g g,,, m denotes '
white base, yellow wide stnpe violet nurruw stnpe / Co

Denotes Field Effect transistor (FE’I‘) with N-type base, o ,'
Denotes FET with PAypebnse, o

Denotes Capau:it.ive'didde {Varicap, varactor). s

‘ . v
P-Type Metallo.‘(ide Substrate FET {MQSFET)

N-Type Metal Oxide Substrate FET '(MO‘SF‘E’I")

, Figure 8-2, Schematic Diagram Notes
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TOP INTERNAL
. EI _BOARD . Q303 ' Q301
3RID . HELIX ¢ HEATER
HEATER
AND ,
.ANODE CATHODE | COLLECTOR | GROUND
52
2 'SWITCH

ij_-’n

Hns/230v.

\‘-w‘“ﬂﬁ -
B .-

S o bt

-
AL . I B

Conn
ol cios
HIGH
RF INPUT: HicH
o COMP
cin
ci2
T B 5 . T
e R | fE 4. oy @ y | - Ao
HELIX ‘ — - . : = \
OVERLOAD '
"RELAY K3 = - -
RF OUTPUT
mm:E von.nss = CR30!
ADJUST R37 R302
. : -T2
CATHODE
CURRENT
ADJUST
R4S N

Y] 4B9A/4BIC-A-]C
H -

\HIGH VOLTAGE
BOARD Al

' |
A

TWT © HELIXLEAD

‘ METER TEST. BOARD CONNECT CURRENT METER
clob SENSITIVITY {A200) TO THIS POINT WHEN

cioz . R205 CHECKING HELIX CURRENT

PLUG
FOR Al

FILAMENT
CIRCUIT

'BOARD
4300

.M20b HIGH VOLTAGE T2
SN . RECTIFIER
BOARD AlO

'BOTTOM INTERNAL

\ R KR

Pi '  FILAMENT

POWER CORD ADJUST
CONNECTION R306

AB9A/491C~A~2C

'FOR Al

PLUG

AlOI

Figure-8-3. Top Internal View

Figure 8-4. Bottom Internal View

8.3



Jervice

SERVICE SHEET 1.

Block Diagram
The RF input sigr;zllli is appliéd to the Microwave
Amplifier INPUT, amplified by the traveling-wave

amplifier tube (TWT), and taken at the Micro-

wave Amplitier OUTPUT. Within the instrument
all the voltages required by’ the traveling-wave
amplifier tube are supplied by the regulated high
voltage power supply and modulator. The regu-
lated high voltage power supply provides helix/
collector, anode and modulator voltages, The cir-
cuit supplies high voltage to the collecior and
helix directly. Anode voltage is supplied to the
anode through cathode follower V8; modulntor
voltages are supplied. through +300 volt series

Model 489A/491C

modulator directly. :350 volts is supplied to the

modulator by the -350 volt regulated power

supply. The modulator controls voltage to the
grid of the TWT, This voltage is made variable by
the front panel GAIN control from . approxi-

mately -40 to -300 volts, Thus the GAIN control .

sets the gain of the amplifier.

The Microwave Amplifier can be amplitude

-modulated. Externally applied modulation signals’,
are applied to the front panel MOD INPUT and -

de coupled through the modulator to ‘the grid of

high voltage power supply is supplied to the -

regulator V5, and +400 to +750 volts from the  the TWT. .
lCOLLECTOR
REGULATED HIGH VOLTAGE (REG) o HELIX [Guteut] b.
HIGH VOLTAGE B " Ja
POWER SUPPLY +400 TO+750 VOLTS (REG) .
N |=V4 TWT
‘ V7. -
L
S , _ ANODE
+300 VOLT . +300 VOLTS (REG) " CATHODE ANODE
REGULATOR FOLLOWER >
CIRCUIT v
V5, V6 '
[
. _ ‘ | [inpuT
=350 VOLT i ¥ {RFY - . s
i R : L . Ji ‘
POWER SUPPLY 350 VOLTS (RES) ) [Gam]- S SR,
(REG) ‘ - O | CATHODE CURRENT
vi01, VIO2 v 7 : : METER |
N B Y M20%- =
[MODULATION INFUT] : RZ204 I CATHONE '
_JIOl _ | MODULATOR ‘ ‘
7T > VI03-VI04
! : METER SENSITIVITY
| @ w208

8-4

Figure 8-5. Obei‘qh’ Block Diagram

L
! |
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I

C

]

cos)h.
' PRIMARY |
- POWER

f

|

SUPPLY

FAIL-SAFE RELAY

: K304 .

FILAMENT CIRCUIT
‘-u

aocm_/

‘:; |
i

) , KS o
' ' .
. )
L{d-s(_—/ L(A-lo(_én
W) ;

! .
| }

HIGH TO REGULATED HIGH
HoLTacE VOLTAGE OUTPUT
5 ' _C18,,
X ry Ly
| " — C;?I-—-—v—qu—o-«»-ro HELIX
i E oeLas % P
N KI SLAVE \L / OVE, ~AD
L - 50 SECOND DeLAY j il 7 RELAY
. M » TIME DELAY J ‘d‘ ;
C ! “— 7N
> ’ "
r I
4 i
. FROM JUNCTION
2 OF RE7 AND R68
‘ ' T2 9
- K5
) \
,\ | G10&
y Figure 8-6. Relay Sequence
. " N ) ]
Voo

] o . \\\' Service
k . - NO ! K Vl; ! NO L . - |
; 30 dB Amplificatian - Check ac across prlma;yl of T2 . Check fuse F1 . N -
: : YES _ g Co ‘
. LOW _ Check. TWT filamant voltage between E1B and EIE NO.} ' 0, 1 NO Check A30D circuitry.
for voltage marked on TWT capsule . - Adjust R3OS for voltage marked on TWT mp‘nf'ﬁ.h S Check TWT for open filament
: M . ) :*.;. - .
YES - U : .
Check helix voltage at £1D for voltage marked an NG Adjust R37 for voltaga marked on TWT capsule NO_ Chack V1, V2, and V3 circuitry
TWT capsule .
YES
' NO N '
Check anode voltage at E3G for voltage merked on Adjust R43 for voltage marked ocn TWT capsule 0 Check V8 circuitry
TWT capsule
' YES N
Check grid voltage st EIF (GAIN control fully NO Check +300V and -350V supplies. NO
' clockwise) for voitage marked on TWT capsule Adjust R108 for -350V Cheek VI01 and V102 clrcuitry
' Check V103, V104, and Q101 circuitry
g
30 dB Amplification 50 Eheck V03 and V104 ciruitry
No Medulation b -
YES
‘POOR -, ‘ or opti . ' ' :
_.|  Adjust C108, €111 for optimum square wave re NO Check V013, V104, and 0101 clrcuitry
spanse :
CAUTION
,,,,,, if the line fuse (F1) consistantly blows, or the helix averload relay
{K3) or the failsafe reloy (K304) consistantly triggers, DO NOT.
ATTEMPT to troubleshoot with the TWT connected to the Amplifier
~ Circuitry, Perform the following before procseding with the trouble-
shooting trea:. ' ‘
a. Remove all TWT connections from E1.
b.Connact the f:ollnwing dummy lceds:
1.Connect a 124K obm, 80 watt resistor between the c:lector
{E1C) and ground. This can be made with four 6300 ohm, 20
watt reststors. ' ‘
2.Connact a 5 ohm, 5 watt resistor hetween the heater terminals f
(ETB and E1E).
c. Proceed with the troubteshooting tree as shawn,
\ :
Figure 8-7. Overall Troubleshooting Tree
| ' 8-5
- e —T S ————— :‘ _ R M-——-——--—ﬂ-_
. _
e R O e e VT | | S e v = -
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SERVICE SHEET 2
Regulated Filament Supply

The filament suppl'y‘ is a conventional series reg-
ulated power supply that supplies dc voltage to
the filaments of differential amplifier V103, and
TWT V7. Successive regulation is provided by
CR304 and CR305 to hold the base of Q301
constant, FILAMENT ADJUST R306 sets the
regulated output voltage.

Protection is provided by relay K304 and CR308,
in the event that the filament voltage exceeds the
limits set by FILAMENT ADJUST R306. K304
and CR308 are placed in parallel with the fila-
ments. If the voltage limits set by FILAMENT,
ADJUST R306 are exceeded, CR308 will break
down and K304 will energize, opening the fila-
ment circuit and removing ac power to high volt-
age supply. |

8-6

Voo ~ Model 489A/491C

Figure 8-8, Component Identification A300
Filament Regulotor Assembly
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SERVICE SHEET 3

' Ftegulated high Voltage Power Supply

he series regulated high voltage power supply includes’ series reguln- '
‘ tpr tubes V1 and V2, reference tube V3, and differentml amphfler

tube V4. .

Vi and V2 are connected in series with the main load. A regulated
output voltuge is obtained by varying the internal resistance of the
series regulator to compensate for variations in' load current and
source voltage. Initially, HIGH VOLTAGE ADJUST R37 sets the

desired regulated output voltage, If the output voltage varies from

tl‘us pre-set value, the variation is sensed hy differential nmpllfler

' V4A/B The ampiified output is applied to the grid of the series reg-

ulator tubes, thereby keeping output voltage constant. Referenee tube
V3 ‘maintains a constant 1650 volt difference potentlal between regu-

Tated output voltage terminal and the grid of V4A.

: Qapacitor C13 shunts ac frequency changes in the output voltage

directly to the grid of V4A. Capacitors C15 and C16 hold the grid of
V4B.constant once HIGH VOLTAGE ADJUST R37 has been set.

Unregulated de voltage for the hlgh voltage power supply is supplied

by the voltage ‘doubler whxch consists of CR11 through CR16, and

011 and 012

Ancde cnthode follower V8 supplleb an ~fllusteble voltage for the

anode of traveling-wave amplifier tube V7, CATHODE CURRENT
ADJUST R43 sets the TWT anode voltage and thus the beam current
to a value that will produce at least 1 watt at the RF OUTPUT, with
the applicatior of 1 milliwatt to the RF INPUT. :

i

+300 Volt Power Supply . o R

Thls regulated power supply mcludes +300 volt series regulator V5

" and control tube V6. The circuit is a series regulated supply similar in

operation to that of -the high voltage supply. It derives its voltage
frou: the regulated high voltage power supply, and thus produces a

nearly npple-lree, hlgh!y regulated voltage to the modulator. There ‘

are no' controls for adjustment of the +300 volt modulator power
supply. All components are fixed to provide a +300 volt output to
the modulator regardless of the high voltage power, supply output
voltage. . ’

Meter M201

The meter monitors cathode current. It is adjusted for proper sensi-

tivity with METER SENSI’I‘IVI’I‘Y ADJUST R205.
Traveling-Wave Ampllfler Tube

'I‘he travelmg—wave amphfier tube used in the Model 489A/491C in-
cludes an’ electron 'gun which projects a focused beam through a
helically-wound coil to a collector electrode. The focused electrons
are held in a pin-like beam through the helix by the periodic perma-
nent magnet focusing structure'which produces a powerful magnetic
field along the full length of the' tube. :

The RF s:gnal coupled intc the gun-end of the helix travels around
the turns of . the helix and thus has its linear veloclty reduced by &n
amount equal to the ratio of the length of wire in the helix to the
length. of the helix itself. The electron beam velocity, determined by

‘the potential difference between the cathode and the helix, is ad-

justed so that the electron beam itravels a little faster than the RF
signal. The electric field of the RF signal on the helix interacts with
the clectric field created by the electron beam and increases the
amplitude of the signal on the hel:x, thus producmg the desired
amplification.

Note",

"The ceramic magnets used in the TWT will defocus the
electron beam if ambient temperature within the in-
strument exceeds 35°C. If TWT is operating above this
temperature, poor power amplification can be
expected. . "

. SERVICE SHEET 2
‘ Primary Power and Regulated Filament Circuit
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Figure 8-11.
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Figure 8-12,

Figure 8-13. Component Identification, A200 TWT Test Board A:‘;sembly
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Service:

SERVICE SHEET4
Medulator |

'The modulator includes the amplifier circuit and
regulated power supply. The amplifier circuit is a
de coupled circuit that sets the gain of the travel-
ing-wave amplifier tube, and accepts externally
applied amplitude modulated signals from dc to
500 kHz (dc to 100 kHz for large input signals).
The regulated power supply provides -350 volts
for this amplifier LerUlt and the +300 volt

supply. ’ '
Amplifier Circuit

The amplifier circuit includes differential ampii-
fier V103, output amplifier V104, and current
sink Q101. Externally applied modulation signals
are applied through the A section of differential
amplifier V103. to the output amplifier V104,
'The output of V104 is applied to the grid of the
TWT. Degenerative feedback is applied from the
output of V104 to V103 to increase stability and
frequency response,

The B section. of differential amplifier V103, by
means of the front panel GAIN. contro), sets both
the gain of the TWT and the average output level

for the externally applied amplitude modulation’

signals, GAIN LIMIT ADJUST R121 sets the

8-10
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least negative voltage on the grid of the TWT
(approximately -40 volts). Current sink Q101
minimizes attenuation of the signal coming from
V103 at low dc levels. The voltage at the base of
Q101 is held constant by diodes CR104, CR105
and CR106. Variable capacitors C108 and C111
are adjusted for high frequency compensation.
CR103 provides current through R104 when the
instrument is in the STANDBY position. This
permits operation of the -350 volt power supply
and thus keeps the TWT grid voltage at a negative
potential when the instrument is in the STAND-
BY condition. Voltage divider (R129, R130),
diode CR108, and capacitor C102B at the modu-
lator output cause the TWT grid voltage to rise

'slowly (when instrument is first turned on) from

a negative voltage to its normal operating voltage,
yet does not affect externally applied modulation
voltages. When the instrument is in operation,
CR108 is back biased, effectively removing
C102B from the TWT grid.

-350 Volt Regulated Power Supply

'This is a conventional series regulated power

supply that provides -350 volts for the amplifier
circuit, The _cireuit | includes series- regulator
V101A, control tube V101B, and reference tube
V102. -350 VOLT ADJUST R108 sets the regu-

lated voltage output of the urunt



Model 489A/491C

Rarseht i fie

]
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. MANUAI. IDENTIFICATIDN

Madel Nuxpher‘ 489A/491C
| - Date Printed:  August 1970
Pant Number: K 00489-90006'

.

This shﬁﬂtemeﬁt' ceh.eil;!; important Inrermation l‘or eorrecti:w rnanual errors and for adapting the manual to
instmmem.s conuining lmpmvemenl.s made after, the printlng ot the mamml :

To use this supplement' A R A R " ; I s
'f Make all ERRATA comctlons S _ . .
Mnxe all appmpﬂate serlal number related chnnges indicmd in the tables below.

. s-mn Preﬂx ar Numbe;m Muke Mununl Chlnnx }...... p— Hedal Prefix or Numberﬁam. Make Munual Chlnlt'l— )

o

1__44A01566 thru - a1 A144A01566 thru o
Jvssaoees o s [ SRR
TI43A01696 thra ol T T T Feaeme e [
AB4AOLTIS e ] P aanrs o (2.
118aA01 716 thr ~ |~ | [TTi4%A01776 thro D
ll44Apreﬁx L L23 oo b N4dApeeix o [ 1,230 0 - : '
|1sasates0n | a3 | Jdsasa T3
w63 L ase e o o e 12,34
'_'lf70"fA=_"" o Puaaest o msa, - Tuasas
' -".mSA [N RN X V'S ¥ SRR & 1msA 123456 :
- R : ;" - .~“‘. - y v 1'. | - ._ N 2t
: p NEW ITEM :
ERRATA

Ty i
]

lnside From Cover' '

Add s “CONDITIONS OF WARRANTY FOR BACKWARD WAVE OSCII.LATOR 'I'UBES AND ':‘ .
TRAVELING WAVE TUBES" contamed wlthm th.s Mnnnnl Changes. S '

: Pnge I Table I-1: ‘ .
,- After Dimcnsions, add Figure 1 ofthis Manual Changes _ L R ST
¢ Change Amplltude Modulation speciﬂcution toread: - . - ‘ ' S
o “Sensitivity vs Frequency Response: A modulntinn signnl of DC to 50 k}!z with amplitude of =20V peak ,
reduces the' RF.output by more than 20 dB Above 50 kHz sensinvity decreases upprommalely 6dBper’
' octave increase in modulnmm frequency wl ‘ e '
. Accessones Furmshed ‘
" Delete all references to Rnck Mau‘:ling I{lt ‘
' Accessories Available: ‘ ' :
i‘Add A Rack Mounting Kit is available to imta.ll the instrument ina 19 inch rack Rack Mounnng Kits
C U may be obtmned through your nearest Hewlett Packnrd ofﬁce by ordering HP Part Number .
5060 8740 o § : R

: Mlnull chme mppllmmu wre nvbed a8 otten as n-emlry to hew mamuls as eumm. and nquunl.e is pomsible. '
. Hewlett-Puckard  recommends” that you pariodically "qulll the Intest edition of this supplement. Free copies are ‘nvailable |
' trom atl HP offices, When requesting enpm guote the manual ldenliﬂeninn Lnformltlon from your upplement, or the model_ S

.memher and prin& d-te from thl I.I.r.ll page. o! lhe manual. -
(@ 'S'E?é"x"fé E

MANUAL CHANGES‘

o



Sy foomgoooe Lo apoananc
Eaam‘A (CDnt'd)

PPaB’J l Section I o L R . :
o I,I,J-idd ! SAFETY CJNSIDERATION mformation sheet (ettached) to Sectionl '
C P13 Tableta: . ' ;
" /%" Change critical speciﬁcation of the HP Model 8616A Signal Generator to read
-'" = “Freq R:mge 2 tu4GHz Power Output I mW, Leveled Output +05 dB.”

Page 3-! Paragraph ;»6 L C S . S ‘ :
Change CAUTION to readnsfnllnws S T S ST o
SR / ‘ | CAUTION
1 i

s ! RF POWER OUTPUT pnn must he terminated with o Sn-uhm Ined when LINE svmeh is sat to
S / DN ﬁonuen. F\ jure to terminate the output port, ngmllm of whether or nota sagnel is pre
o r';’_ ' mit at the RF PD\NEH INPUT pnrt, mey mult in permenent demlge to the TWT

C‘umge ali references o time delny in step ato 1"0 secunds (three plnces)

(.hange second semencemstepbto read: o roo .
AT Y maxlmurp of I mllhwnu at the INPUT jack producesu minimum of l watt at the OUTPUT jack across the
,.Jf_’ ‘ i:equency rangel” . e Lo
S i B f J : AR b : g
- Page}l Pnragraph 3-7
. Chnnge CAUTION to read
K '.f;‘ ' ' 'f;;:.' ..} CAUTION
i " . Puk eethede eumnt must netbnllowed 1o enm red ugien of rneter. :
Add after CAUT]ON ' o
S * IR mm

Inenmet mmr mdung mey mult dm tn smle eherne on mmr feee ‘

Page 3-3 Flgure 3. l ""' - ' R
o Change all references to time delny to 1"0 seconds (iterns 1 and 3)
N . . :
1 Page 4-1 Paragraph 4 2
' Add the following CAUT[ON

CAUTION

RF POWER OUTPUT pnﬁ must be terminated with a 50-ohm load when LINE switch is sat to
- ON position. Failure to tesminate the output port, regardless of whather or not a signal is pre-
- sntat t!u HF POWER INPUT pnrt. may result in permanent demage to the ™T. '

C ?nge 4- Pnragraph 4 Tooo ‘ ' v R
‘Change Specificarion to read: “Power Output I watt or greater with 1 mW or less mput o !
: Change ATTENUATION setting in step 1 10 ~20, o i

' '| Change step 2 to read: **Increase signal generator output power with the attenuator urml the extemnl power meter rends :
01 watt The aut.nuntor must read Iess than 0 00 dBm "

Pnge45 Parngraph4-|0 R S e o W
Chnnge sening of GA!N control in step 1 of Procedure to FULLY CLOCKWISE T e M

v
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. SRR -
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DO

ERRATA (Contd)

_ _Page 6-2 Tub!e 6-

CAB9AMOIC T o h e 00489-9000¢
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Figure 1, 489A/39!CD:’men;i_ons (ERR;_A T4)
Page 5-1 Paragraph s 2 | | '

Add the following CAUTION.'; |

CAUTION

HF POWEB OUTPUT port must he nrmmmd with & 50-ohm Joad wlml LINE switch is stto
BN position. Feilure to terminate the output port, regardiess of whether or not a signal § is pn- :
- unt a ﬂu HF POWEH INFUT port, may resuit in pmnlmm dlmm to thl TWT. :
Page 52, Paragrnph 5.5, TWT FILAMENT ADIUSTMENT: .+ .' S
Chmge stcp 1 lo rend "Rotate FILAMENT ADJUST R306 fuIIy counterclockwme : SN
Pas: s-s Pmsraphs a1 : ‘ ‘ ' ' “
Change last part of Descriprion to rend *, ndjust ahe CATHODE CURRENT ME’I‘ER ADJUST for a fneter readmg
“.-" below the red area of the meter display.” :
- Change step 3 of Procedure to read: “Rotate GAIN control fully clockwlse and tune source to low | power point uf band."
Chnnge step 4 of Procedure to rend: “Adjust METER SENSITIV]’I‘Y R205 for a meter reading just below the red area
uf the meter dzsplay

[

Changc table hcaduig to tead "Tabie 6-1 Reference Designarars and Abbrewarians. "o
T \ - o
Page 6-3 Table 6-2: ‘
Change C11 and C12 HP Pnrt Number to 0160-0675
Change CR104, CR105, ond CR301 HP Part Number to 1901.0033.
Change CR107 and CR108 to HP Part Number 1901.0030, DIODE bILICON 800 PIV,

)

Page 6-4 Table 6-
Change CR306 and CR307 HP Part Number to !901 -0033
Change 0301 HP Part Number to 1850-0098 .




“_00'48s’w-sfiooois_,_''“-= L ugoanIC

‘.’:"._,:..:‘ S ERHATA (cumd) - “ ' TR T Lo Y .
SR wpugcs-a, Tnble6"(Cnm’d) : L SR T PR IR
« "y .- .. Change R38 HP Part Number to 0698 34"5 : o T
. ‘; Change first K2 entry to HP Part Numbe: 0490-0695 RELAY DPDT 28480, 0490-0695 PR

Change second K. entry to HP Pnrt Number 04900752, RELAY RETA[NER 950W

--:pages.s Table 62:. - ' o
© - Change R41 to HP Part NumberOGB'? 5621, RFXDCOMPSGK OHM10%1W. © . - - - Sy
. Change R118 to HP Part Number 0698-5989, R: FXD DEPC 2,2 MEGOHM 1% I/ZW . o T

Change first V7 entry to HP Part Number 1952-0037 ELECTRON 'I'UBE TWT 1 D to 2,0 GHz (489A)
. Delete second V7 entry..

Change third V7 entry to HP Part Number, 1952-0033 ELECTRON TUBE: 'I'WT 1.0to 2 0 GH:z (489A ALTERNATE
. REPLACEMENT).
- Delete fourth, fifth, and sixth V7 entncs

‘ Pnge 66, Table 6-2:
" " Change first V7 emry to HP Part Number 195"-0038 ELECTRON TUBE TWT 2 0 m 4 D GHz (491C)
Delete second V7 enlry N
Change third V7 entry to HP Part Number 19520034, ELEC‘I‘ RON TUBE TWT 2 0 to 4.0 GHz (491C ALTERNATE
. REPLACEMENT). ! S
Dclete fourth, ﬁfth and s:xth V7 entries. ‘

i 4‘::‘Pnge7-5 Figure 72: . o ' :
R Rep!ncc F:gure 7-2 vmh Flgure 7-2 of this Manual Changes

DA ‘.Pnge 8- S F:gurc 8-6; ‘
Bl Chnnge K.l to read “{"0 SECOND TIME DELAY "

Pnge 87, FlgureB 10 - Co : .
Change K1 10 read “120 SECOND TIME DELAY" T | :

Pasea-9 FlSureSM | ' A
Add color code'at pin A-5 to indlcnte 502 wire, ‘ o T o
Add color code at pin A-3 to indicate 97 wire. = . . o T
Add color code at pin B-12 to indicate 92 wire, - ‘ ‘ o
Change color code at pin B-2 to 94, ' ‘

Chnnge color code nt pin As 13 to 9"6 (two plm:es)

PngeS I, Figures 17 L
‘Change color code at pin 3 10 937,
Change color code at pin 41097,
Change coler'code at pin 8 to 8
Change color code at pin 1210902,
Add color code at pin 13 to indicate O wire,
Add color code at pin 7 to indicate'S wire,
Add color code at pin 14 to indicate 92 wire,
Add color code at pin 1 to indicate 92 wire,

J ©+ . Add color code at pin 6 to indicate 958 wire,

Add color code at pin 4 to indxc:ne 97 wire
Chnnge Ri18.t0 2. "M

CHANGE1 . . ‘“- -

Page 6-6, Table 6-2: : °
Change TOP COVER ASSEMBLY HP Part Number to 5060«8589
Change BOTTOM COVER ASSEMBLY HP Part Number to 5060-8713. . . : _ : : e
Chinge RACK MOUNT KIT HP Part Number 10 5060-8740, =~ : _ ' ‘ .




CHAHGH (Cont'd)

. Pagc 6-6 Table 6-" (Cont’d) - e
T Add FRONT PANEL, HP Pm Number 00439@000"
~"Add REAR SIDE COVER, HP Part Number 5000-8709.

a Add HANDLE RETAINER ASSEMBLY HP. Pnrt Number' 5060 8737‘

CHANGEZ

| Pageﬁ-é Table62: T
. Delete 489A-12H entry, AT N
. Delete 489A.121 en:ry o

CHANGE 3

Pnge63 Table 6:2:

Change CI8 10 HPPa'ri Number0180-0094 c: Fxnwour:"svnc B

-

o Page 8-9 Figure 814 -
Change C18 vnlue to 100 UF.,

CHAHGE4

Page 66, Table 6-2 . L
1.0 .« Chamge XF1 to HP Part Number 21100470, FUSEHDLDER BODY
[ s i /Add HP Part Number 2110-0465, FUSEHOLDER CAP, =
‘ - e Add HP Part Number 21100467, FUSEHOLDER NUT HEX %-28
. “7+." Add HP Part Number 2190-0037, WASHER: LOCK. IR
_- ﬁ_-Add HPPart Number 1400-0090 WASHER: FLAT NEOPRENE

cumses - ?]‘,_' IR -

Pnge 6—6 Tablc 62 . o
o ', Delete 489A43A (entire line). ‘ R
U Delete 00489-00002, FRONT PANEL, - - o
. Add HP Part Number 00489-00004, SUB PANEL, .
e Add HP Part Number 00489 00006, DECK: VERTICAL, . :
e -_HAdd HP Part Number 00485-00005, FRONT PANEL {489A ONLY)
' " Add HP Part Number 00491.00002, FRONT PANEL (491c ONLY)
s .'Add HP Pnrt Number 7[”0-1"54 LOGO. ‘.

CHANGE 6

Page 6 5, Tab]e 6- 2

" Change HP Part Number 0370.0026 to 0370-1311, KNOB GAIN AD.IUS'I‘ ”'f |

Change R120t0 HP P;iri Number 2100-2736, R: VAR COMP 500!{ OHM 20% LIN 2W,

00489-90006
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CONDITIONS OF WARRANTY
| . FOR o
| BACkWARleAVE OSCILLATOR TUBES
. aND |
TRAVELING WAVE TUBES

erowave (BWO TWT) tubes are warranted to be free fram manufacruring de-

fects. The operating tube warranty will be 12 months unconditional from date of

shipment’ from Hewlett-Packard. If ¢ tube carrying this warranty fails and must be
“replaced, only the applicable remaining warranty of the first tube is transferred

2 - to the replacement tube, or 90 days, which ever is greater. The Hewlett-Packard =

Company will process warranty claims for customers on tubes which were sup-

" plied by Hewlett-Packard for use in Hewlett-Packard instruments. The -serial

" number.of the tube failing and the serial number of the replaeemenr rube musr

o be norea’ on the warranry claim form

“In Warramy tubes purchased from Hewlerr-Packard must be retumed immed-

- ..lately (not-to exceed 30 days from date of failure) with a complete Warranty ‘
Claim Form, to your local Hewlett-Packard Sales and Service Office. Addresses

‘ ',‘are listed in the instrument Manual. Be sure to pack the tube in uccordance with
the Packing Instructions listed on the Warranty Claim Form; warranty allowance

- cannot be made on tubes received broken due to :mproper pacl\aging or show:ng

T _evtdence of rampering

‘ _:- : Insrruenans for ﬂlmg a warranry claim are Iisted on the "Microwave Tube War-'
Lo ranty Claim” form which is included with the Operating and Service Manual

 for your instrument, This form is also included with replacement Microwave tubes

o S supplied by Hewlett-Packard, Additional copies may be obtained from vour local -
o Hewletr-Paekard Sales ana‘ Serwce Offee (Pfease ref HP Stock No.: 9320-1 863, )

__‘-'.Hew!err-PacLard speciﬁed replacemenr tubes ccm be obrtained from your local
Hewlerr-Packard Sales and Serwce Off‘ ce,

+
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IR ~ Model 489A/491C

GENERAL o ;‘; o
reviewed for familiarization with safety :markings

been designed and tested in uccordam.e with inter-
‘national smndards :

”SAFETY SYMBOLS
‘the user to refer to the instruc-

' Contents)

| - 4 , ' Indicatés hhzérdous w:»l,tagv.es.j

-

_procedure, practice, or the like,

. “or adhered to, could result in
personal injury.’ Do not proceed

- the indicated conditions are fuIIy
understood nnd met.:

CAUTION } nazard, It. calls attention to an
" - operating procedure, practice, or.

_the like, which, if not correctly
performed . or adhered to, could

" result in damage to or destruc-
tion of part or all of the product.

Do not proceed beyond a CAU-

© . TION sign ‘until the indicated

and met.

 SAFETY CONSIDERATIONS -

~ SAFETY EARTH GROUND
Tlus produn.t und related douumematlon must be

and instructions before operation. This produci has

Instruction ‘manual symbol the
product will be marked with this '

symbol when it is necessary for - | B_EFORE APP_LY-ING POWER_

.. tion” mnnu.il (refer - to Table of '
' configuration-instructions provided in this manual.

» Indicates earth (ground) terminal.’

- _ "The WARN!NC'sign denotes a
| WARNING 4 0200 1 calls attention to a
B . which, if not correctly performed. .

. ‘beyond -a. WARNING sign until 3

The CAUTION,'sign_ denote§ a .

conditions are fully understood

This is a Safety Class [ product (provided with a’
protective earthing terminal). An uninterruptible
safety earth ground must be provided from the
main power source to the product input wiring ter-
minals, power cord. or supplied power cord set.
Whenever it is likely that the protection has been
impaired, the product must be made inoperative
and be secured agamst any umnterded operation.

Verify that the product is conﬁgu're'd to match the
available main power source per the input power

If this product is to be energized via an autotrans-
former make sure the common terminal is con-
nected to the neutral {grounded side of mnhxs

supply)

SERVICING . '
‘Any. sww’lcfng. ‘&djusimen t, mainicnance,’

- or répair of this product must be per-
-, formed only by qualified personnel. .

Adjustments described in this manual
may be performed with power supplied -
to the product while protective covers
“are removed, Energy available at many
poiurs may, if comacred resulr in per-‘
sona[ injury,

Capacirors insidé this product may .mll
be charged even when disconnected jrom
its power source J '
To avoid a fi ire hazard, only fuses with
the required current rating and of the
specified type (normal blow, time delay,
erc.) are 1o be used for replacement,
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