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WARRANTY

TRACOR, Inc., warrants each instrument it manu-
factures to be free from defecis in material and
workmanship. The obligation under this warrenty is
limited to repairing or replacing any instrument or
part thereof that shall be returned to us by the origi-
nal purchaser, transportation charges prepaid, when
upon examination it is disclosed to our satisfaction
to be defective. This warranty s effective for ane
year after delivery io the original purchaser. If the
fault has been caused by misuse or abnormal condi-
tions of operation, repair will be made at cost, In
this case. an estimate will be submitted before work
is started.
In addition, TRACOR, Inc., warranis esch Rubidium
Gas Cell, utilized in its Rubidium Frequency Stand-
ards and Clocks, to be free from defects in work-
manship and materials. The obligation under this
warranty is limited to repair or replacing any Rubi-
dium Gas Cell that shall be returned to us in the
original instrument, by the original purchaser, trans-
portation charges prepaid, when, upon our examina-
tion, it is disclosed to our satisfaction to be de-
fective. This warranty iz effective for five years
after date of delivery to the original purchaser. If
the fault has been caused by misuse or abnovmal
conditions of operation, repair will be made st cost.
In this case, an estimate will be submitted before
work is started.
If any fault develops, notify TRACOR, Inc., and give
full details, including model and serial numbers. You
will then be notified as to the disposition of the
instrument,

TRACOR, NG,

5500 Tracor Lane

Austin, Texas 78721

512/926-2800

ATTN: PRODUCT SERVICE
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SECTION |

CENERAL DESCRIPTION

18118
. 7 INTRODUCTION.
12 This section provides the purpose and general

description of the Model 600 Rubidium Freguency
Standard. The section also lsts physicsl and electrical
specifications and provides 2 brief functional description
F opersting contrels and Indicators.

i PURPOSE OF EQUIPMENT,

1.4, The Model 800 Hubidium Freguency Sisndard
operates 85 a pracision oolor subearrier generator that pro-
vides a source of phase-shiftable 3.578545MMz,

1-E. DESCRIPTION OF EQLHIPMENT,
1-8. The rubldium frequency standard {figure 1-1) is
# self-containgd, secondary standard that usss the hyper
fine resonant frequency of rubidium B7 o stabilize the
frequency of a guartz corysial oscillator, The standard
contains an optical microwave unit {OMUL; 2 gquarz
crystal osciliator; synthesizer; and  associated- control,
divider, and Ioole oirouits. ODutputs of 3578, ., MMz and
B#iHz are available at the rear panel. The BMidz cutput is
aiso availeble at the front pansl, In addition, 8 MMz
output for VLF frequency verification is evailable as an
aptions. Controls and indicators are lsted in table 1-1,

17, SPECIFICATIONS.

-8 A list of physical and electrical requirements for
the stendard is provided in the following paragraphs.

18, PHYSICAL SPECIFICATIONS,

Size: &% inches high, by 18
inches wide, by 174 inch-
es {hehind front panel),

Weigh: 40 pounds, approximaiely.

INFUT POWER REQUIREMENTS.
A Input: 103 10 130 volts or 208
o 280 volts, 50 10 400Hz,

DO input:

Power:

Additional Power:

ENVIRONMENTAL.
Cperation
Temperature:

Storage
Temperature:

Humidity:

Magnetic Fisig:

YVibration:

QUTPUTS.
Freguenocies:

Long-term Stabilivy:

Acoureoy:

Voltage Level:

&~ B

Geners! Description

23 10 30 volis.

AC-50 warts, DO--38
watts {without options).

» AL DC
Warm up 18 12
Battery Option 3 0

{10 BOPC fto maintain
affict x 10010

-4 1o FEUC,
{io 98%

1 Gauss o maintain
AFFE x 10712

Mests MIL-STD-187.

BMiMz sinewave on front
andd rear pansls;

3.57 ... MHz and 1Mz
{optionall sinawaves on
rear panel only.

Less than 2 x 1071}
per month,

Set at factory 1o within
1% 1017 of specified
time scale.

357, . MMz, 2V opinte
7Bohms; BMMz and
1Mz Option, grester
than 1Vrmsinto B0ohms,

11
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Figure -1, Rubidium Frequency Standard Modsi 800

BE-106-654
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Impedance: 3.57 ... MHz, 78ohms;
EMMz and 1MHz Option,
tess than Bliohms {30
ohms nominal).
Harmonic

Gireater than 40dB down
from rated output,

Tistortion:

Mon-harmonic :
Distortion: Greater than 80d8 down

from reted output.

Signab-to-Noise
Ratio: Greater than 87dB a1
rated output in 30kMHz
noise bandwidth. {1 and
SMHz outputs only.)

JEBMH2 Test Graater than 1V pg into

1000ohms.
1413, TUNABILITY.
Freguengy
Svnthesizer: Range: 1000 x 10710

Resolution: 2 x 108

Seneral Description

Hange: +2 x 109
Besolution: 2 x 10712
Linearity

Error: 5% fuil seaje

Mag-Field:

1-14, ACCURACY DURING WARM-LP,
One houwr after turn-on
{after 24-hour off time
at 25°C ambisntd: Less than 1 x 10710

Four hours after turn-on

{after 24-hour off time .

at 250 ambient): Lessthan B x 1071

115, OPTIONS SND AQCERSORIES,

1-18. The items listed below are available as options
for the rubidium freguency standard. Fach item listed is
discussed In detail in the applicable appendix to this
manual a5 indicated.

Options Refer to Appendix
MMz Divider . & :
Standby Battery 8

TABLE 1-1. FREQUENCY STANDARD CONTROLS AND INDICATORS

MAME

MAGNETIC FIELD Conirol

FINE OSCILLATOR FREQUENCY
Control

COARSE OSCILLATOR FREQUENDY
Comral

CIRCUIT CHECK Meter

- o et e
B e 4 o 4 4 oo ORI A

FUNCTION

Adjusts magnetic field current to provide an OutDLT
frequency change of +2 x 109 1o a resolution of
2x 1012,

Adjusts nominal frequency of crysial oscillator by
changing the control voitage.

Adjusts nominal frequency of orystal ceciliatar,

indicates level of signal being monitored as deter-
mined by CIRCUIT CHECK Sslector,

1-3
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TABLE 1-1. (Continued)}

NAME FUNCTION

CIRCUIT CHECK Selector Selects one of ten signals 1o be displayed on CIR-
~ CUIT CHECK Metsr, Switch positions and functions
are as follows:

Position Function

BATTERY : Optional internal battery
verltage,

SUPPLY 18.28Y D0 power supply
voltage,

LMPHTR ‘ Rubidium lamp oven heater
current,

CAY HTR Microwave cavity aven hester
current,

OSCHTR Sz crystal pscillator ovan

heater current.

PHOTO Fhotooell output,
&Mz BiMiHz output voltage.
CONTROL Error signal voltage applied

1o loop filter integrator.

330Mz : d30Hz signal voitage.

CONTROL Switch in OPEN LOOP position, apens sutomatic frequency
' control {AFC) loop enabling output frequency of
standard to be controted with FINE OBCIHLLATOR
FREQUENCY comrol, In NORMAL position; closes
“frequency control loop snabling loop 1o control out
put frequency. '

RESET Pushbution Resets OPERATION lamp logic circuits after AFC
loop has been unlocked and has again acquired a
fock, OPERATION lamp goes from a stow-flash to
a steady-on condition.

BATTERY CHARGE Swiich Determines charging rate of optional internal stand-
by battery. {Refer to Appendix B}
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TABLE 1-1. {Continued)

MNAME

FUNCTION

OPERATION Lamp

BATTERY Lamp

2.E58MMz SUBCARRIER PHASE
Controd

388 MHz Connecior

Z.BEMMz MON Connector
BMHz Connsctor
Tz Connentor

BAT CYOLE Switch

€3--32 VIIQ Connecior
3IA DO Fuss

28 TIBVAC Fuse
14 230VALC Fuse

POWER Switch

This lamp has three modes. Lights continuously
when AFC loop is focked; flashes rapidly when AFC
foop is out of lock; and flashes slowly when ek is
acguired. Pressing RESET pushbutton returns lamp
1o steady-on condition.

Lights whenever the frequency standard is wperating
from the optional internal standby battery. {Refer
to Appendix B for the varinus modes of the BAT-
TERY lamp.)

Permits shifting phase of 3.57. . .MMz output to any
desirad value,

Provides 3.58 MMz sinewave output at rear panel,

Provides manitor point for 3.58 MMz output at reer
panel,

Provides BMHz sinewave output on front and rear
panels. ‘

Provides 1MHz sinewave output on rear panel
{optional).

When in Up position, allows optional internal
standby battery 10 operate fregueney standard when
AL and/or DC power are still connected. This s nor
mally done 1o prevent baltery cell plates from passiv-
ating, which reduces cel iife. POWER switch must
be in Down position. {Refer to Appendix 8.)

Allows connection of external DU power supply to
provide standby powsr,

Frovides overload protection for frequency standard
when operating from external DO power,

Provides overload protection for frequency standard
when operating from AC power,

Applies either AL, external DO, or interngt DO
{from optional standby battery) to power supply
cirouits 1o operate freguency standard.

15
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TABLE 1-1. {Continusd}

MAME FUNCTION
$18/230 Switch Switches input o rectifier cirouit in power supply
to allow gperation from either 118V RMS or 230VRMS
power, '
“AC Power Connector Allows connection of either 115 volt or 230 volt,
B54-400Hz power.

8
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SECTION 1
INSTALLATION

12118
2.1 . INTRODUCTION.
2-2. This section provides instructions for unpacking,

imspecting, and ingtalling the rubidium frequency stand-
ard. Also included are instructions for connecting external

DOWEF SoUrces.
2-3. UNPOCKING AND INSPECTION.

2-4. Carefully unpack the frequency standard and
inspact it for possible damage during shipment. Special
sttention should be given 1o aress where the outside
shipping package was damaged. If the frequency standard
is damaged in anv way, immeadiately notify the carrier.
Alse notify TRACOR, inc., or any local TRACOR, inc.,
Sates Office. (Refer 1o paragraph 5-18.)

2-5, INSTALLATION INSTRUCTIONS.

2-6. The frequency standard can be mounted in &y
19-inch rack cabinet or operated on a bench. Remove the
four feet before mounting the instrument In a rack. To
ensure proper ventilation, do not operate the instrument
on a bench without the feet,

2-7. strong external magnetic flelds will slightly
atfect the frequency oulputs of the instrument, There-
fore, do not install the instrument whare large AC or DC
magnetic fields are present. These fields are normaliy
produced by large motors, generators, transformers, or
magnets.

2-8. POWER CONNECTIONS,

28, The frequency standard is supplied with g
removable threg-wire power cord and a mating connector
for U standby power. Set the 115/230 switch on the rear
panel 1o the appropriate position for the AC DROWer sourca
to be used. Connect the power cord supplied to the
instrument and 1o any threenrong, NEMA approved
power supplying receptacle. if a three-prong receptacle is
not available, a two-prong adapter can be used, provided
the ground wire is connected 1o an appropriate ground.

2-10. standby DC power can be connected to the

instrument through the mating connector supplied for the
23-32 VDC connector. Connect the DO power supply
positive lead to pin A and the negative {ground) lead to
pin B. Then connect the mating connector to the 9327
VDT connector on the rear panel. The frequency standard
will zlways operate from AC power as long as the AC
voltage is above 105 VRMS,

2:1/2-2
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SECTION Il
OPERATION

12118
3-1. . INTRODUCTION.
3.2, This section provides procedures necessary o

turn on and operate the rubidium freguency standard.
Table 3-1 lists normal CIRCLHT CHECK meter indications
that should be used as a guide during twm-on and normal
operation. Refer to Appendix B for operation of the
Battery Option.

33, TURN-ON PROCEDURE.

3-4. Before applying powsr to the frequency stand-
ard, ensure that the 115/230 slide switch is in the proper
position and the AC fuse is 1.0 amp for 230 volt
operation or 2.0 amp for 115 volt operation. The
instrument will normally reguire about one hour to
acquire lock and snother three hours to provide accurate
outputs, Turn on the frequency standard as follows:

. Bt CONTROL switch 1o NORMAL,

. Set BAT. CYCLE switch down {rear panel},

. Set POWER switch up (rear panel). OPERA-

TION lamp will flash at fast rate. If battery
option is installed, BATTERY lamp may
light.

d. Set BATTERY CHARGE switch to FAST
for 16 hours, This charges battery, which is
shipped discharged.

g. Observe CIRCUIT CHECK meter indication
for LMP HTR, CAV HTR, and OSC HTR
switch positions. Meter should indicate fulf
scale for ail three positions.

f, When OPERATION lamp begins to flash at
siow rate {in approximately 1 hour), press
RESET pushbutton. OPERATION lamp
should glow steadily.

g. If OPERATION tamp still flashes at slow
rate, set DIRCUIT CHECK selector to CON-
TROL position. if meter indicates full scale,
momentarily set CONTROL switch to OPEN
LOOF position. Meter should indicate ap-
proximately 50. Press RESET pushbutton.
OPERATION lamp should glow steadily.

o oW

h. Allow instrument to warm up for three or
four hours. Unlock FINE OSCILLATOR
FREQUENCY control and set to 5O, Adjust
COURSE OSCILLATOR FREQUENCY
control for meter indication of 50 and relock
control.

i, Set CIRCUIT CHECK selector to sach posi-
tion. These meter indications should corre-
spond with those listed in table 3-1. Record
sach meter indication in Normal Indication
column in tabie 3-1 for future reference,

3-5. The frequency standard is now ready for use.
When it is shipped from the factory, it is set to the UTC
frequency offset uniess Atomic Time {A1) is requested. If
a different offset is required, refer 1o paragraph 3-8,

BOO0 P = = = e e e e
At
i
(x 18
TES R e
!
f
1
P15 b E
"oss 378 i0.00
MAG FIELD DIAL SEY TIMG
Figure 3-1. Sample Calibration Curve
3-8, CHANGING TIME SCALE.
3-7. The time scale of the frequency standard can be

changed over a range of 1000 x 10-8. This is accom-
plished using the 10 toggle switchaes located on the top of
synthesizer assembly AB and the MAGNETIC FIELD dial

3-8. To set the standard 1o a new time scale setting,
perform the following simple calculations. Faor a specific
frequency setting, enter the data plate values in step e,
For a shift from the present setting, gnier the present
values in step a.

31
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TABLE 3-1. NORMAL CIRCUIT CHECK METER INDICATIONS

NCRMAL
SWITCH INDICATION FUNCTION CHECKED
BATTERY 0 {75-100 with Indicates voltage of optional standby
battery option) ! battery.
SUPPLY 70-80 indicates 19.25 volt DG regulated
; supply voltage,
|
EMP HTR 55-80 | truficates heater current supplied to
oven for rubidium lamp.
Cayv HTR ! 50-80 indicates heater current supplied to
‘ ! aven for microwave cavity.
OSC HTR BE.GO indicates heater current supplied 1o
; oven for BMHz crystal oscillator,
PHOTO i &80-90 Indicates output current of photocei!
; in OMU,
|
|
SMiHz | ‘ 650-80 indicates level of BMHz outputs.
|
!
CONTROL 0-100 Indicates RC control voltage apnlied
5 1o BMHz crystal oscillator,
ERROR | 50 indicates DC error signal voltage
applied to loop filter intagrator.
330Hz 80-80 indicates level of 330Hz signal applied
1o logic circuits.
a. Find the OFFSET in table 3-3 for the f. Set the MAGNETIC FIELD disl to the
reference synthesizer SWITCH SETTING. setting found in siep e.
Convert reference MAGNETIC FIELD digl
setting to QFFSET using the calibration EXAMPLE For atomic time switch setting of 1386 and
curve. ) MAGNETIC FIELD setting of 3.78, desire 8 new time
b. Enter the desired OFFSET from the refer scale setting of A.T. -450 x 10-10,
enee. Step a. Reference SWITCHES 1386 OFF-

¢. Add the above three OFFSETS.

d. Find the nearest OFFSET in table 3-2 that is
below the result of step c¢ and set the
synthesizer 1o the indicated SWITCH BET-

SET from table 3-3. 000
Reference MAGNETIC FIELD

3.78 OFFSET from oslibration

TINGS curve. 7.850
e. Subtract the QFFSET found above from the Step b. Desired QOFFSET from reference

result of step ¢ and convert the OFFSET -settings of step a. -450.000

difference to 3 new MAGNETIC BIELD dial Step c. Sum of three above OFFSETS, -442.150

setting using the calibration curve,

32
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Step d. New Switches Yielding OFFSET Step . New MAG FIELD Corresponding to

from below computation frorm calibration OFFBET ditference
tabie 3-2 1786 ofswepc -443 300 curve .55 of stepscandd  1.1BD

TABLE 3-2. OFFSET FREQUENCY SETTINGS

@FFSET SWITCH SETTING P SYNTHESIZER
X107-10 Si0mmemewnc e S1 FREGUENCY
71.008 LS I S I SRS T o R NS T ¢ S S 1115 5313901.3
S4.791 111110011 2023 5313890.2
50,782 1100001000 1800 53138B8.9
50 .205 1000101001 1577 5313887, 1
46,779 010 100100 1284 531388 4.8
47 .008 00011010 1 1 1131 S3IBER1.5
A% L 830 AN U S A T T T B A 2039 5313879.3
N4.ETE 110001 1 000D 1815 5313876.6
Do, RO TO 001100 1 1593 5313873.9
£3.116 0101011010 1370 S313868. 56
1T7.087T 110010 : 000 1830 S313864. 6
13.805 0090111011 1147 53138462, 92
S .841 1001001001 1609 531365%.5
000 Y01 101010 1386 S313R52.8
-G, T4 100 01100 1625 5313846,
“13.615 00100010 1 1 1163 S313843.5
R 1Ts t 101001000 1864 5E313841.2
“DP L SRY 0101111010 1 ap?2 S318837. 4
~DE L9 4E 100110100 1641 5313833.0
“833.691 1101011000 1880 5313829 .8
.0 29D 001001t Y011 1179 5213825.0
—lid 6EH 110001010 1418 3313822, 3
- 4T TR T 011D 1657 B313820. 1
“50.110 f 10110t 000 1896 5313818.6
“b 054 01010101 1195 S3IBB07.5
~82,130 11 10001000 1928 5313796.7
“Ba.3T7 {01001 1001 1689 5313795, 1
~BT L 364 0110101010 1450 5313793, 1
~%1.530 o0 teCc 1101 1211 5313790C.2
.07, 745 1110011000 19 44 5313786.0
102,159 10 1T 0 1000 1705 5331278Z.0
-108.013 11011010 1446 531277%.C
~113.105 it 1t 0t 0 Y000 1960 531377%.%
w116.147 00 Y1 0oC YO0 1 1207 5313772. 4
-119.611 10 1011 001 1721 32313771.4
~128.216 0111001010 1482 53i37é5.2
w136, TAR TD 1 1T0D0 1 000 1737 531375%.5
w140 130 001 10C 111011 1243 5313757.0
~143.085 1111001000 1992 S313755.0
-1 47,988 oSS NS TS S+ S N+ B A 5 1498 5313751.7
-153.55%9 101 1011001 1753 52313747.9
~-157.716 1111011000 2008 5313745.0
-163.504 011t 10101 1259 5313741 .1
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Dperation

TABLE 3-2. OFFSET FREGUENCY SETTINGS

12118

EFEFIET
KIQv-10
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SYNTHEESIZER
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12116 Operation

TABLE 3-2. OFFSET FREQUENCY SETTINGS

GFFRET SWITCH BETTING F SYNTHESIZER
X10t-10 S0 51 FREGUENTCY
- 443300 101t 111010 1 7B & 5313549 .8
~ 450150 0010101100 1196 5313545, 1
- A5 4. DE0 0111011011 1499 5312542, 4
~B56 939 1 100090 YO0 10 1ROD 5319540 .5
-A70.337 001901111060 1212 5313531.3
-~ 483.502 1 100 10 12 10 18 57313500, 3
-486.107 01311111011 1531 531352046
~ 488 .998 o011 001410090 1008 53135179
- 496 . 4739 1100111010 1850 5313513.5
~501.551% 100000 10 11 1547 5313510.0
~509.154 0011 C 11100 1244 53135048
~516.67% 10000110 11 1563 5313499, 7
~521,653 1101011010 1882 S313496. 3
557,800 0011 101100 1260 E313492, 1
~531.500 1000 1010 1 1 1579 5313489 .5
~533.94) 1101 1061010 1898 5313487.9
546,004 0011 111100 1275 52312479 .6
~557.906 1110001010 1930 5313471.5
~S560.259 1001001 0 11 1611 5313469,9
-563.774 0100001 100 1292 531346745
~549,5973 11100110109 1948 5313463, 5
~5T74.01 4 100 101 1 0 1 1 1627 53134860.3
~5R1.089 010001 1100 1308 5313455, &
“ERTLEOH $ 00 Y 1010 1 1643 5313451.0
~5%0 . 400 1110111010 19 7% §313447.9
~5%7,987 G100 101 100¢0 1324 S313444. ]
~601.317 1 D01 1110 1 1659 S313441.8
~603.5829 A0 TS A N+ T e S T o B ¢ 199 4 5313440.3
-6 14.480 o100t 11100 1340 5313432.8
625,059 1111101010 2086 5313405, 5
~E527.39 4 190 100 1 1011 169 531349440
~630.585 0101001 100D 1354 S313421.8
B35, HEY 1111111010 2042 5312418.2
~540 066 1010101 01 1% 1707 52313415,.3
~846.31 & 0+ 01011100 1370 S313411.1
~652.,503 t 010111011 1723 53134068
~656 .50 7 000000 110 1037 5313404.0
~661 680 0101101100 1388 5313400 6
~B64:711 10t 1001011 173% 5313398.5
“bT6 .69 6 000001110 1053 5313390.3
~46BB. 465 1011 Y010 1771 §313382.3
~EY ] AT 0110001 100D 1420 5313380.3
~596.193 COCO 101 101 1069 5313377.0
~700.028 1011111011 1787 53133744
~T05. 72 4 0110011100 1436 5313370.5
-711.375 11000010 1 1 1803 5313366.6
« 715,115 CO000C 111101 1085 S313384.0
-T19 . TSR 110101100 1452 5313360.9
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12116

Operstion
TABLE 3-2. OFFSET FREQUENCY SETTINGS

BFFSET SWITCH SETTING SYNTHESIZER
*i0s~-10 Sl m o= == S F FREGUENCY
=722 .58 SRR S O T O T 0 N S S 4 N G 1819 531335%9.0
~T33« 487 oo 01001101 1101 531335165
=T 44256 11900 1 v 1.0 1 1 1851 53133441
= Fh6.919 111001100 148 4 5313342.2
~751.332 (SN S CHE SN T U N 1117 5313339.3
= T54.840 t 10000 0 1847 531233369
~T60 065 o r1 1 ¢ 11100 1500 5313333.3
=TE5.245 1103y 0110 1ot 1BE3 53133298
~TEB 674 oo ¥ 101101 1133 53133287.4
~TTE933 111101 100 151e 5313324.5
=~ FTT5 . 474 SRS S S T A O I A s I 1899 5313322.8
~TES5.533 i cC0o0 1t 1 Y0 1149 5313315.9
~795.424 1 111000 1011 1931 S313209.2
~TE 7872 ; 19000601 100 1548 5313307.5
~B801.928 ; 00 10001 1 0 3 1165 S313304.7
~B805.153 I S S VR I e 1947 5313302.5
~H509% .95 r oo Y00 1564 5312299.,.2
~Bl14. 704 Ty 101y 01011 1963 5313896.0
-81 7,820 G Cc 10011 101 1181 5231329348
~H21 800 SNG4 I 1380 53132911
B2 4. 1 al ) IS S S RS RS S S O S 1979 53132895
“~HA2 . 40 4 00 10 101103 1197 S3132EG.2
“R 42,522 Tty 01 1011 2011 5313277.0
-S4, TTE i e0 1001 100 1612 5313275. 4
~B4E . 520 o010 1ttt r0o 1212 5313872.9
=851 .495 (NS S A A A 2027 E313270.¢
~B55.,929 100 10 131 100 1628 5313267 .8
=BE0.328 [ T T A I S T 2043 5313264.8
“B&3.242 g0 1 1001 1 01} 1229 531326248
~BEHEEBED P ooy ot 100 1644 5313260.3
~RT7.585 oo 1 101110 1245 H3313253.0
~BEE.103 P01 00 100 1676 5313245.8
~B91.564 oo 1 1 01t 101 1061 52313842. 4
-HGH 4D S S & R G T S U S O 6 1692 5313238.¢
=F05.193 SN S A A I D VA 1277 531323441
-G0R.547 00 101100 TIOR8 S313231.8
-2 i8.485 10009 1 1 8 1 1293 53132251
~9RE .. 240 t 0t 1001100 1740 5313218. 4
=237.817 ! o111 1100 1756 5313211.8
=G 44. 106 100 10 ¢ 1 014 1325 5313207.5
-G 4T, 282 0 100y 1 00 1772 5313205.4
=G RL, 457 100 1 1 1101 1341 53131991
=945%.530 iy 0000 100 T804 53131%92.9
~9658.518 190 100 1 10 1 1357 S2i13190.9
-G T s 47 1Py ¢00C 11100 1820 C5313186.8
=QE(.297 1010 1P 1t 0 1373 5313i82.8
“~GE3.199 iy 010 100 1836 53131808
=991 .805 OO0 1 10 110 1389 5313174.9
-~ 1000264 P10 100 1Y 00 1B &8 5313169.2
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12118 Operation

TABLE 3-2. OFFSET FREQUENCY SETTINGS

SWITCH SETTING P SYNTHESTZER

S10-=mmmem e 81 FREQUENCY

~1003.051 01061111101 1405 5313167.2
~1008.579 1101011100 1884 5313163.5
“1014.044 0110001101 1421 $313159.7
-1016.753 i1t 01101100 1900 5313157.9
~1024.792 0110011101 1437 5313152.4
~1032.697 1110001100 1932 5313147.0
~1035.303 0110101 101 1453 5313145.2
- 1040 . 472 1110011100 19 48 5313141.7
~1045.585 0110111101 1469 5313138.2
~1048.121 1110101100 1964 531313644
~1055.648 0111001101 1485 5313131.3

Table 3-3.0FFSET FREQUENCY SETTINGS

SWITCH SETTING EFFSET SYNTHESIZER

G100 e wmm me e 51 X10+~10 F FREQUENCY
T T T T o B B -860 328 2043 5313264.8
111t 1110010 ~635.869 2042 5313418.2
Tttt 1001 ~411.190 2041 5313571.6
P11t 11001 38 .B30 2039 531387%9.3

S TS T U I A e 851,495 2027 5313270.8

'Y 11101010 -625.259 2026 5313425.5

t 11110100 i ~398.799 2025 531358042
1111101000 ~172.116 2024 5313735.2

(N T O T O eI I I 54,791 2023 5313890.3

11 11011011 -8 42,522 2011 5313277.0
1111011000 ~157.716 2008 5313745.0
P11 001010 -603.529 199 4 5313440, 3

i1 110061001 ~373. 422 19593 53133597.6
111001000 " 143.085 1992 5313755.0

S T T T S T T IO ~B24. 140 19 79 5313289.5
1110111010 ~592. 400 1978 853134479
P11 01100 -360.425 1977 531360645
1110101100 ~10 48121 1964 S313136.4
11101010t ~B 1. 724 1963 §313296.0

i1t 10101001 ~347.216 1961 5313615.5
11101010600 ~113.105 1960 5313775.5

t 110011100 ~1040 . 472 19 48 53131417

P11 1001101 ~805.153 1947 5313302.5
1110011010 ~569.593 1946 5313463, 5

11 3001 1001 -333.790 19 45 5313624, 7

1110011000 -97.745 1944 5313786.0

11 10001 100 -1032.697 1932 5313147.0

11 1000101 1 - 795 . 42 4 . 1931 5313309.2
1110001010 ~557.906 1930 531347145

11 10001001 -320.141 1929 53136340

11 10001000 -82.130 1928 53137967

IS SN VI T A T O B ~306.264 1913 5313643.5

1 1o 1101100 ~10164+753 1900 5313157.9
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Qperation

TABLE 3-3. OFFSET FREQUENCY BETTINGS

12116

SWITCH SETTING

@FFSET

i
2

e SYNTWE S
Sl mmm o o= 31 X10gt=10 LRELLETY
T o001l =TS 474 iBe9 53133272.8
S S T ¢ I T S O T O S T A 0 ~5833.9 41 1898 S313487.9 :
| N © T S S O N SN S B3 B -50.110 1896 S5313818.¢ !
P00 1T 001 00 L =~ 100R. 579 188« 2313163.5
B T T T T ¢ T T 4 TS B I = 765,245 1883 S313329:8
1101011010 | -521.653 1882 53134963
1ot e 1100 L =PRT7T.802 IRE1 53i13668.5
1 101011000 : —37.691 1 BEO 5313829 .8
T 101001100 | -1000.264 18 &R 5313169.2
P o100 101 1 E -7 54,8 40 1867 5313336.%
10100 1001 i —0E7 .00 1865 5313672.9
1 10100 1000 % - 16990 | 1864 5313841.2
[ S O A S D | - T AL DHE E 1851 5313344,
1100111010 | -496.230 | 1850 5313513.5
LA SR S A I S R S | -0 4B . 354 | 18 49 5313683.1
10010100 ’ ~GE3, 199 1894 S313180.8
t 100 1o0 14010 - 483 . 500 TRA4 5313522.3
L1 o002 1000 ~233.244 | 18233 313693, 4
It oor 01000 17.287 | 1832 B313664.6
100011100 9 Tha bap 1820 S313186.8
110001 101 - 722,528 1819 53132359.0
110001 1001 ~217.869 i 1817 SRIATC3.9
1000000 34.878 | 1816 S313876.6
L1 oecone 100 ~965.530 | 180 4 52313192.9
000 101 ~711.375 1803 931336646
110000 1010 - 456.939 1802 52123540, 5
P10 000 1008 -202,220 TR0 53137146
[ T T O T O S O A T O N 8 Lo, TRD 1800 SO13EER.T
(VIS T I O A A - 700,029 1787 BR13374. 4
P01 1111010 - 443,300 1726 5313549 .8
G S N S SR 0 T U O S A ¢ =3 47,002 1778 SR1220%. 4
10t 10101t -~HRE . 465 1771 5313323
U R A -170.0732 1769 $312736.6
ror 1011100 ~937.817 1756 5313211.8
[ S A & I TS B 6 B ~&15.277 1754 531356%.0
(U O A R -153.5%59 1753 53183747.9
AN SR D S ¢ B A R R S A 8 ~GZR.240 VT4 A31 32184
101 L0010 1 884, T t 739 5313398.5
Tt 100t 010 ~400 . 8 T8 170 5313578.R
P01 100 100 ! ~136. 740 1737 5313759 .3
o T T o TN TS TR S B B -652,503 1723 53134068
T ¢ 1 ey 00 -119.611 1724 B3123771.1
(SRS B ¢ I A I O A -908.,547 1706 SAPAL21WH
10y 0100yt =640 D66 1 I0 7 SR313415.3
T 0y 0101 010 371,270 1706 5E313599.0
60 0 1000 -108.159 1705 S313783.0
1001 0011100 “ROE . 400 1692 5313238, K
0 00 10 1 i -&27 .39 4 1691 231342 4.0
PUNE SR A SR O I B O A ~306.046 1690 S313609. 5%
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12118 Operstion

TABLE 3-3. OFFSET FREGUENCY SETTINGS

SWITCH SETTING BFFSET EYNTHESIZER
T P s X107-10 F FREQUENCY
10 1001100 1 ~B&.377 1689 5313795,
101000100 ~ERE . 103 1676 5313245.8
1001 11 1011 ~601.317 1859 531534418
T ¢ 0 1 111G 10 ~-324. 716 1458 5313630.9

NS S N 4 S S S S A ¢ I 6 I ~47.781 1657 5313820, 1
1001 Y0y Y0 ~BEG 562 {644 5313260.3
} 001 100 ~5R7.898 1643 5313453.0
T 00 110010 -308.5%%3 1649 5313641.9
Tt 00 110100 PR .9 48 1641 5313B33.0
3R T s S S & S S B B o B o ~E55,909 16828 5313867.8
(A I ORNS ST S NS S B | ~574.8214 1627 5313440.3
100 0100 G, T4 1425 S313R45. 1
1001001100 ~B 44, TIR 1612 SBI3275.4
1t D0 1001011 =560 .259 1611 5313469.9
1001001010 ~2T5.38% 1610 5313664.6
100 1001001 984t 1609 S31385%.5
100G 1110 ¢80 ~DEB L ORD 159 4 5313678.3
100011100 . 29.821 1893 S3138T3.0
17000 01100 ~821 800 1580 5312091 .1
PO 0 Y0 1T 001 =531 . 500 1579 RICRRCR LI
100010100 g 50.208 1577 BRI RRST
100001 100D ~80% .9 5F 1564 SR N899 .0
1o oo N1 101 “516.679 1563 53153499, 7
P00 000 1o -PeR . NE4 tEED SEIZI0N. 4
FON GO S ¢ N T S T S s B -T9T.RTID 154 SITEBNT.S
P C o0 10 ~5B01 .55y 1547 SRRSO
1000001010 POl R 4T 1548 SE31FT7IRLE
1 11 1y 101 - ERETOT 1531 53123520, 6
01 111001 %00 -772.933 1518 B21332 4.5
O4¢1 11101010 -1 &T.341 1514 5212738, 4
(GO D S T s I T O s I ~780.065% 1500 53123330.70
01 1 101 ¢+ 0 11 - 454,230 1499 B31R548. 4
01 110119010 ~147.988 1 49 R 521 5751.7
G 1t 1001 10 ¢ 1055, 646 14EE 531518 .2
11100100 - T8 .519 1 AR & 5313342.3
o1V 100 101 1 -~ H37. 776 1 AR 5313553, 6

216 0 T TS N o T ¢ N B S B S =18R.214 T ARD 5212765.2
1 10111100 -1045%. 585 1469 S2131a38.2
O 101 110t - 420,963 1467 53135651
21 101y 1 010D ~10R.013 1agsé 3312377%.0
1 1010 Y Y0 -1025.303 1453 5312145.2
110101100 =719 . 758 452 S313360.9
01 10 0106 -403. 779 145 S313576.5
11010 t90 10 =BT .364 1450 5313793,
01 1001t 101 ~1024. 752 1437 5213152, 4
1 10011 100 - T05. 724 Y 531337%0.5%
11000110 1 ~101 4.0 44 141 5313159.7
OIS S S T B ¢ N T TS B s =591 .374 1 4R0 53123BC.3
01 1000101 } 368 .248 targ 53136011
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{Jperation 12116

TABLE 3-3. OFFSET FREQUENCY SETTINGS

SWITCH SETTING CFFEFT . SYNTHESIZER

b R et 51 Xioe- 0 FREQUENCY
(O TS B T T T O S A S - dhin HEE tanE SELIEPP.
RN I I O I SR ATARCIE RS ST re
I S CH T T O T S ~ 349,87 BRI IR L

IR C IR T ST S S S T S A ~0P.58% RO 4

[T T« T TS T TS T N T ~GT T LD S SYCRICE RO
(NI o TS S A AT S A I a6l HED -5
RN SN I B T A O T ~ AT 2
RS B oIS SR T S S o B LT :
0100 Y0 “GED . [ 55
D100 3100 Ty 1RTe 52
I DA A A I I b=t PAT 52
O SN T TN S N T O A T 1o S i
0101001 Y0 -TER . ; 1357 5G |
010100100 - & 30 ! 1354 53 ;
01010010 EDn = 5 1354 Sch |
01001111061 T T 1341 52
01001111000 - E 1 d & L340 SICHING. £
AR I o I T O I ~271L.ee0 1339 SRI2EEEH.T
0100100 O W4 TR 1323 122075 ]
0100101100 ~597.987 1324 5212444, 1 ‘
0100101011 =251 <344 1323 S213681.0
01000t 1100 ~581.089 1308 5213455.4
01000111011 ~230.191 1307 5313695.%
0100001 101 918 . 485 1293 5313225, 1
0100001100 ~563.774 1292 5312467.5
01 00UV 00T ~208.517 129 SAIRTI0.G
00 111t 110 ~GLE, 180 1277 5213234,
011111t o00 =~ 546.004 1276 5253479 .4
00 1 1 1 F 0 ~186.290 1278 5213725.°F
IR N O O -891.56¢ 1261 5313243.4
o2 T R A A S S & ~527.823 1260 S2313492. ¢
RO U A SRS B ~163.504 1259 531374101
501180 110 ~R 77,585 1245 52:12253.0
on o130y 00 509,154 1244 SR13504.%
00 1t 101101 -140.130 1243 §212757.0
00 1t 00 10 ~R63.242 1229 S313262.8
on o1 100 10N -4HG ,FHR 1228 52135%17.9
0 c 1Tt o0 101 “116.147 1227 5313773.4
70 101 11 Y0 -RB&R, 820 1213 5313272.9
SR CHNR I o S T S O ¢ ~470,337 1212 S313531.3
oCc Yooy 0t =9 1.530 1211 5213790.2
0% 10t o110 ~833. 404 1197 SIIBEBZ.2
00 10101100 -450.150 1196 5313545, ¢
0010101101 1 ~66.254 1195 5313807.5
00 too0 1t 1101 817880 1181 £3132892.8
50 10011100 ~429 . 415 - 1180 5313559.3
00 1001110 -4a0.292 1179 5313825.3
o0 1000 1 10 -801.928 1165 5313304.7
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12118

TABLE 3.3, OFFSET FREQUENCY SETTINGS

Operation

SWITCH SETTING OFFSET SYNTHESIZER
S10mmmeeo o e st X107-10 P FREQUENGCY
001000100 =#08.110 1164 5313573.9
g1 000101 1 ~13+.86158 1163 5313843.5
OO0 11110 -785.533 1149 5213315.9

L 00 Y0 ~3R&E.212 1148 331358B.8
00011110 P 13.805 Yia7 5313842.2
006 1101 101 =76R. 674 1133 531338704
00101100 ~363.56%4 1132 53138042
G001 10101 3 42 002 1131 53138R1.5
OO0 101110 -~ 751 .330 1117 5313303%9.3
O0o0 1011100 ~340.531 1118 SEI3420.1
oo 101101 71=-008 1115 S313%01.3
000100110 1 =~T33. 487 1101 5313351.5
00010011100 ~316,694 1100 5313636.4
000 e 111110 1 -T15.115% 10BS 5313364.0
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SECTION 1v
THEORY OF OFPERATION

4-1.7 INTRODUCTION,

4-2. This section provides the theory of operation for
the Model 600 Rubidium Frequency Standard. A daeserip-
tion of rubldicm resonance and optical pumping, sim-
plified functional description, function description, and
detailed circuit analysis ars included.

4-3. RUBIDIUM RESONANCE AND OPTICAL
PLUMPING.

4-4.  Before discussing the functional operation of the
frequency standard, it is necessary 10 undearstand rubi-
dium resonance and the optical pumping techniqua, The
following paragraphs briefly outline the resonance theory
antl the pumping technigue,

45, RUBIDIUM RESONANCE.

4-8.  The hyperfine atomic resonant frequency of rubi-
dium 87 provides a precisely known and fixed reference
point in the radic frequency spectrum. This rubidium is
contained in a small glass cell in the form of 2 vapor. The
glass cell is Inside a resonant microwave cavity, which is
excited at approximately the rubidium resonant
freguancy.

47, Atoms can exist in 2 discrete set of anergy states,
However, any one atom can exist in only ong energy state
at any given time. Each energy state is characterized by a
specific value of internal energy. As an atom changes from
one state to another, a certain amount of electromagnetic
radiation is absorbed or emitted. The frequency of this
radiation is related to the change in internal engrgy by the
eguation:

where: fis the radiation frequency.
Es - By is the internal energy changs.
h is Plancik’s constant (6.24 x 10727 erg-
seconds},

4-8.  This frequency can be detected by either micro-
wave or optical absorption technioues. it is detected from

the interaction betwsen the microwave cavity elsctro-
megnetic field and the resonant state of the atsms, A
signal will be producsd that is due to the differgnice in the
number of atoms existing in two adjacent energy stotes.
Of specitic interest is the difference between energy states
1 and 2 for rubidium 87 ztoms, As the frequency of the
microwave cavity approaches the rubidium  resonant
frequency, the amount of electromagnetic radiation
absorbed will increase, increasing the difference in the
number of atoms in states 1 and 2. However, even when
the frequercy of the microwave cavity is exactly at the
rubidium resonant frequency, the amoumt of electro-
magnetic radiation absorbed is still very small and
therefore difficult to detect. For this reason, optical
pumping is used,

4-9.  GPTICAL PUMPING TECHNIQUE.

4-10.  Optical pumping s a orocess of redistributing
atoms among the possible energy states. By HHluminating
the rubidium atoms in energy state 1 with rubidium Hoht
at a wavelength of 78004, they wiil absorb fight anergy
and transfer to energy state 3. Figure 4-1 illugtrates the
energy states of interest for rubidium atoms. The atoms
that reach energy state 3 will transfer hack 1o energy
states 1 and 2 with egual probability. The lamp also
produces light at a wavelength that transfers atoms from
energy state 2 1o energy state 3. However, this wavelength
is eliminated by a gas filter cell. Since atoms at energy
state 2 cannot trensfer, the total number of atoms at state
2 will be greater than the number at state 1. This increasss
the optical and slectromagnetic radiation absorbed, Since
the optical radiation absorption is greater, it is detectad
by a phote ¢ell. This technigue produces an output signal
that has greater usability.

411, When the applied microwave frequency exattly
matches the rubidium resonant frequency, the ahsorption
of light from the rubidivm lamp will be maximum. To
detect this ahsorption peak, the microwave frequency is
stightly modulated about the rubidium resonant fre-
quency. The characteristic curve of photocsl! output vs,
microwave frequency is shown in figure 4.2,

4-1
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Figure 4-1, Rubidium B7 Simplified Energy State Diagram

4-12. SIMPLIFIED FLINCTIONAL DESCRIPTION.

4-13.  Since the frequency standard operation is rela-
tively compiex, a brief, simplified functional description is
provided. This description will be mainly limited to the
AFC loop concept. Refer 1o figure 4-3 for a simplified
functional biock diagram of the frequency standard.

4-14.  The guartz crystal oscitlator initislly provides an
putput at approximately BMHz. This signal is applied to a
fraquency Ssynthesizer and frequency muitiplier. The
synthesizer produces a signal at 5.313 ... MHz, which is
applied to a voltage summing network. The multiplier
produces a signal at 90MHz, modulated by the 165H:z
signal, which is also applied to the summing network. The
voltage summing network provides an lnput 1o the
microwave cavity. This signal produces a high-order
harmonic within the microwave cavity, which is tuned
approximately to the rubidium resonance frequency
({6840 - B.313. . . IMHz].

415,  The difference in frequency betwsen the applied
mmigrowave and the rubidium resonance produces an error
signal at the photocell. This error signal is phase detected,
fiitered and applied to the crystal oscillator as a control
voltage. This controi voltage causes the crystal oscillator
to change frequency In the appropriate direction to
reduce the error hetween the microwave and rubidium
resonance frequencies. When this error is maintained at
zero, the crystal oscillator output is locked at BMHz,
providing the outputs of the frequency standard.

4-16.  FUNCTIONAL DESCRIPTION.

4-17.  The frequency standard contzins a BMHz crystal
osciliator assemnbly, optical microwave unit, audio board,
color subcarrier synthesizer, logic circuit board, syn-
thesizer board, sync detector and loop filter board,
distribution amplifier board, X18 RF multiplier board,

4-3

Figure 4.2, Photocell Qutput Versus Freguency

osciliztor regulator and lamp start board, and power
supply assembly. Befer to figure 4-2 for a functional
block diagram of the frequency standard,

4-18.  The guartz ¢rystal oscillator provides the basic
Btz frequency used in the freguency standard, This
signal is at approximately BMMz and is applied to the
distribution amplifier board. An gutput for moenitoring
the oscillator heater on the CIRCUIT CHECK meter is
also provided.

4-189.  The distribution amplifier board provides voltage
adjustment, buffering, isolation, and fittering for the
BMHz signal input. Each BMHz output signal is also
individually buffered, with additional isocistion provided
for the front and rear pane! BMHz output signals. Other
5MHz output signals are provided for the optional TMHz
divider board, synthesizer board, multiplier board, and the
color subcarrier gynthesizer assembly. An output for
monitoring the 5MHz voltage on the CIRCUIT CHECK
meter is also provided.

4.20,  The synthesizer board produces a 5.313 ... Mz
output signal with appropriate offset for the time scale
selected. The BMMz input is divided by a facior deter-
mined by the settings of the 10 time scale selector
switches, The divider signal is sampled, filtered, and
applied as a contro! signal to an oscillator to produce the
§5.313 ... MHz cutput signal, This signal is applied to the
X118 RF multiplier board. The synthesizer boeard also
produces a lock indication signal that is applied to the
logic board. This signal indicates when the crystal oscil.
fator frequency is locked to the rubidium resonant
frequency.

4-21. The BMHz signal applied to the X18 RF multi-
plier from the. distribution amplifier is buffered and then
modulated by the 185Mz from the sudio board. This
modulated signat is tripled to 16MHMz, tripled again to
45MHz, and doubled to 80MHMz, This 80 MHz signal is
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Figure 4-3. Rubidium Freguency Standard Simplified Block Diagram

voltage-summed with the 5.313. ., MHz signal from the
synthesizer and applied to the optical microwave unit,

4-22. The optical microwave unit contains the rubi-
gium gas cel! and microwave resonant cavity. The SOMHz
signal from the X18 RF multiplier is applied through a
Tilter to the step recovery diode (SR in the microwave
cavity. The SRD oproduces the 78th harmonic of the
90MHz with & lower 5.373MHz sideband that is at or near
the rubidium resonant frequency depending on the exact
frequiency of the 80MHz input. A photocell and armplifier
detects the amount of light from the rubidium lamp that
is not absorbed by the rubidium gas cell. Since the input
signat is modulated at 188Hz, the light absorption will
vary at the same rate, causing the photocel! current to
vary at the same rate. The 165Hz modulation is used to
provide an output even when the AFC loop is in lock.
Without this output, there is no control signal for the
crystal ossillator. This output signal s applied to the
audio board. The optical microwave unit also provides
outputs for monitoring the cavity hester current and famp
hester current on the CIRCUIT CHECK metsr. The
FREQUENCY VERNIER control adiusts the resonant
frequency of the rubidium gas vapor to fine adjust the
output frequency of the standard,

4-23. The audic board preampiifies the photocsll
amplifier output and separately amplifies the 165Hz and
330Hz components of the signal. The 330H:z signal is
applied to the logic bosrd, end loop filter board, A
rubidium lamp start signal is also generated from the
preamplified signal when the standard is first turned on,
This start signal is applied to the oscillator regulator and
start board. The sudio board also generates & 165Hz
reference signal for the loop filter and a 185Hz modulat
ing signal for the X18 RF multiplier. An output for
monitoring  the photocell current on the CIRCUIT
CHECK mater is provided,

4-24. The loop filter board receives a 185z refer
ence and the 165MHz photocell signal from the audio
bogrd. These two signals are multiplied together providing
an error voltage that is integrated and applied, as a control
voltage, to the logic board and the SMHz crystal oscill-
ator. This control voltage tends to change the output
frequency of the crystal oscillator in the appropriate
direction. This changes the frequency outputs of the
synthesizer and multiplier, which in turn changes the
frequency applied to the microwave cavity, This fre-
quency change is such that the applied microwave
frequency is now closer to the rubidium resomant fre-

4-3
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guency. This, v W, reduces the error signal, reducing
the control voltage. This continues until the crystal
oscilistor freguency is locked o the rubidium resonant
frequency. The FINE OSCILLATORFREQUENCY contro!
adiusts the bias voltage 1o change the BMMHz crystal
gscillator’s nominal frequency. The CONTROL switch
shorts out the control signal in the OPEN LOOP position
and allows the FINE QSCILLATOR FREQUENCY con-
trol to directly change the 5MHz crystal ogcillator
€raqueﬁ€y. Control voltage and error voltage outputs are
provided for monitoring on the CIRCUIT CHECK meter.

4-25. The logic board receives the 330Hz signal and
165z photocell signal from the audio board, the contro!
voltage signal from the loop filter, and the lock signal
from the synthesizer. These four signals are applied to
fngic circuits that contro! the OPERATION lamp, When
the frequency standard is in lock, the lamp is continu-
ously on. When the frequency standard goes out of Jock,
the lamp flashes rapidly. The lamp flashes slowly when a
Inck condition is acquired. {IT the signal from the loop
filter board indicates an uniocked condition the lamp will
be on steady when lock is acguired.) Pressing the RESET
pushbutton returns the lamp from the slow flashing to the
on-steady condition. An output for monitoring the 330Hz
voltage on the CIRCUIT CHECK meter is also provided.

4-728. The oscillator regulator and start board provides
the start pulse Tor the OMU rubidium lamp. This pulse is
applied whenever a start sigral Is received from the audio
board.

12116

4-27. The optional 1MHz divider board divides the
SMHz signal by five to produce a TMHz sinewave, The
sinawave s available at the rear panel.

4.28. The color subcarrier synthesizer receives BMMz
from the distribution ampiifier, squares the signal and
divides the signat by 88, Within the synthesizer, a crysial
ringing filter selects the 83rd harmonic of the divided
signal to produce a signal of 3.579545MMz. The signal is
buffered and applied through a phase shifter assembly 1o
an putput filter eircuit on the color subcarrier synthesizer
board. The phase shifter provides a means of shifting the
phase of the 3.57 ... MHz signal continucusly through
3680 degrees while the output filter removes extranecus
signals that might be produced in the synthesizer,

4-29. DETAH ED CHRCUIT ANALYEIS.

4-30, A detailed analysis of the circuits of each
assembly in the frequency standard is provided in the
following paragraghs, The assembiies are mostly discussed
in numerical order according to assembly numbers. Table
4-1 provides a list of these assembly numbers and the
names of the applicable assembly. References to figures in
Section V1l are to the applicable schematic diagram for
gach assembly. An interconnect schernatic diagram for the
frequency standard is provided in figure 7-1.

TABLE 4.1, RUBIDIUM FREQUENCY STANDARD ASSEMBLY NUMBERS

ASSEMBLY ASSEMBLY NAME
KUMBER

Al Rubidium Freguency Standard

AZ Power Supply

A3 Divider {optional}

Ad X18 RF Multiplier

AL Distribution Amplifier

Al Synthesizer

AT Audio

AB Oscillator Regulator and Start

AB Loop Filter

A10 l.ogic

A1t Subpanel

Al Optical Microwave Unit

Al4 5MHMz Crystal Oscillator

Al Battery Option

A7 Color Subcarrier Synthesizer

A8 Phase Shifter Assembiy

4-4
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4-3%. POWER SUPPLY ASSEMBLY A2
4.32. Power Supply Assembly A2 generates 19.25, 5,

and 350 volt DC powsr required for the circuits in the
frequency standard. 1t operates from 115 or 230 volt,
BED-400Hz sower, fram 23-32 volt DO power, or from the
optional internal standby bettery. {Refer 1o Appendix B
for a deseription of the battery operation.) Refer to figure
4-4 For a block diagram of the power supply assembly and
to figure 7-2 for a schematic diagram.

4-33, RECTIFIER CIRCUIT. The AC input is
appiied through 2 line filter, POWER switeh 51, and
115/230 switch S2 1o the two primary windings of T1.
When 115 voits is used, 2 connects the primary windings
in paraliel; and connects them In series when 230 voits AQ
is used. The outputs of the two isolated secondary
windings arz applied 1o fuli-wave bridge rectifiers U1 and
V2. The output of UT is filtered by C1, providing 35 volts
DO through standoff diode G2 and fuse F2 to the series
regutator, current limiter, differential sensor, and battery
option, Fuse F2Z protects the stendard against shorted
circuits, Standof diode U2 prevents the external DC or
battery power from being appiied to the rectifiers. The
output of UZ is filtered by C2, providing 40 volts DC 10
the differential sensor and battery option.

4-34. SERIES REGULATOR. The series reguiator is
trangister O3 i serfes with the 19.25 vok DO output. The

Theory of Operation

BC input is spplied through R1 1o the emitter of 02
Feedback from the voliage sensor varies the voltage at the
base of Q3, maintaining the voltage drop across the
ermitier-collector junction that will provide 1825 voits G
at the cutput. This output is applied to Bl for the 19.95
volt DC output to the freguency standard circuits, 1o the
voltage sensor, and to the DC-DC converter,

4-35. VOLTAGE SENSOR. The voltage sensor uses a
portion of the 18.25 voit D¢ output to control the series
regulator. It consists of voltage divider R7, R Toand R13,
U1, 82, CR1, and CR2. The 18.25 volt output is applied
to the voltage divider comprised of R7, R11, and R13.
Potentiometer R11 selects & portion of this voltage and
applies it to pin 2 of operational amplifier UT. 1t is
adjusted to provide the required 19225 wolt output,
Capacitor C1 damps out any oscillation gengrated in the
feedback loop. The 18.25 volt cutput i also applied
through RE to CR2. Zener diode CR2 maintaing 2 9.1 valt
DO reference through R12 to pin 3 of U1, Resistor 817
provides impedance balance between the two inputs of U1
to maintain thermal stability in the voitage sensor piroult,
Operational amplifier Ut detects the differemce between
the two inputs and provides an output at pin 8 propor-
tional to this difference. This cutput is applied 1o the base
of (2 controiling its conduction, thereby controlling the
current into the base of O3, Zener diode CR1 provides a
8.1 voit DC reference 1o ensure batanced bias betwaan the
inputs and outputs of the voltage sensor, Sense lines from
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Figure 4-4, Power Supply Assembly A2, Block Diagram
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the emitter and collector of Q2 are connecisd to the
battery option io detect the low voitage cutoff point for
the batisry.

4-36, Agsume that the 19.25 volt DC output is low.
This causes the input st U1 pin 2 to be low with respect
1o pin 3, increasing the cutput at pin 6. When the output
of Ul increasss, (32 conducis more increasing the current
appliad- to the base of (3. This increases the conduction
of U3, reducing the voitage drop across it, thereby
increasing the output voltage.

4-37. CURFENT LIMITER. The current limiter
protects against internal short circuits by limiting the
current to 4 amps until fuse F2 blows. Without this
function it would be possible for a short circuit 1o draw
enough current, before F2 blows, to cause damage to the
power sunply circuiss,

4-38. Resistor RB1 senses the amount of current
drawn by the frequency standard circuits, and biases 01,
Normally, Q7 is completely turned off. However, if the
amount of current being drawn vises to 4 amps, 01 will be
forward biased, turning it oan. When Q1 turns on, G2 wiil
draw current through Q7 instead of Q3 This reduces the
conduction of O3, reducing the output voltage, and
thereby limiting the output current to 4 amps.

4-39, DC-DC CONVERTER, The DC-DC converter is
a package subassembly that generates 350 voltis GCand &
velts DO from 18,25 velts DC, The 380 volt output is
applied to oscillator regulator and start assembly to be
used as the lamp start pulse. The § volt output is used as
bias for the integrated circuits in the frequency standard.

4-40, DIFFERENTIAL SENSOR. The differential
sensor detects a low voltage output from the rectifiers and
switches in the external DO power. It consists of O3
through 7.

4-41, The output of rectifier UZ is applied through
R14 and R22Z to the base of 07, and to the battery

option. Capachtor C4 damps out any 60Hz ripple 1o
prevent it from affecting the operation of the sensor.

Diode CRSA ansures that the veltage at the base of Q7 will
decay at least as fast as the 19.25 volt cutput, should the
AL power fail or be disconnected. The voltage on the hase
of {17 is comparad to the 9.1 volts DC from CR1, applied
i the base of 06 The external DC voltage is applied
through £3, 51, and Q% 10 the collector of Q3. The DC
voitage from the battery option is also applied te the
collector of Q3. Standoff diode 01 protects the sxternal
DE power supply.

4.6
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4.42. Normally, 07 is conducting and 08, 43, G4,
and G5 are not conducting. With O3 not conducting, the
external DC or battery voltage is not applied to the power
supply circuits, When the AC input drops below approx-
imately 90 volts, the DC voltage applied to the base of Q7
has dropped sufficiently to reduce the conduction of Q7.
This causes currant to flow through the coliecior-emitter
junction of Q8, reducing the voltage at the base of QB
Transistor 05 begins to conduct, increasing the voitage at
the base of (8, causing Q6 to increase conduction. The
voltage at the base of 04 is reduced, saturating it and in
turn, seturating 3. The DC voitage at the collector of O3
is then applied through Q3 to the power supply circuits.
This reverse biases 02, removing the load from U1, By
removing the load from U1 and U2, their cutput voliage
will increase slightly. However, this is insufficient to turn
off the differential sensor due to the hysteresis caused by
the drop across R16.

4-43, K18 RF MULTIPLIER ASSEMBLY A4,

4-44, The X18 RBF Multiptier Assembly Ad generates
a B0MHz signal that is frequency modulated at a 185Hz
rate, and voitage summed with a 5313 .. . MHz signal,
This signal drives the microwave cavity resonator in the
OMU. The muitiplier is comprised of a buffer amplifier,
moditlator, driver amplifier, two freguency tripiers, fre
quency doubler, summing network, and AGC circuit,
Refer to figure 4-5 for a block disgram of the X18 RF
multiplier assembly and o figure 7-2 for a schematic
diagram.

4-45, BUFFER AMPLIFIER. The buffer amplifier is
z differential ampiifier in the emitter follower {commaon
base} configuration. !t consists of transistors Q1 and Q2
and ig used to buffer the multiplier circuits and isolate the
BiMkz bus in the distribution amplifier from high
frequency Teedback that would sffect the BMHz fre-
quency standard output, The BMHz input signat from J3
of Distrubution Amplifier AssembiyAS is applied at J1 to
the base of (1. The amplifier ocutput at the collector of
(2 is applied 1o the modulator,

4-45, MODULATOR. The modulstor consists of
transistor O3 and varicap CRZ. It provides freguency
modulation of the BMHz signal at 2 185Hz rate. The
BEMHz signal is applied 1o the emitter of 3, which drives
a respnant circuit consisting of L, €9, and CR2, Variable
capacitor C9 is adjusted to resonate the circuit at BMHz.

4-47, The 165Hz input sigral from J2 of Audio
Assemnbly A7 is applied at J2 1o a decoupling and filtering
network consisting of C3, C4, R8, R10, R11, and L3.




121986

Fotentiometer R11 adjusts the level of the 186Hz signal.
This 165Hz voltage is applied to CR2 causing its capaci-
tance 1o vary. This variation changes the 5MMz resonant
frequency of the circuit at 8 185Hy rate. This produces a
MMz output signal which is freguency modulated at
185Hz, This signal is applied to the driver amplifier.

4-48. DRIVER AMPLIFIER. The driver amplifier
consists of butfer amplifier Q4 and driver amplifier Q5. 1t
provides sufficient power o drive the multiplying circuits.

4-48, The output of the modulator circuit is appliad
to the base of 04, which operates in the emitter follower
configuration. This buffered signal at the emitter of 04 s
applied to the base of driver amplifier Q5. The output of
G5 a1 the colisctor is applied to the first frequency tripler.
Inductor LB is adjusted 1o provide a BMHMz resonant
gircuit in conjunction with £16.

4-54. FREQUENCY TRIPLER. The multiplier con-
tains two frequency triplers. One operates at 15MiHz and
the other at 45MHMz. However, since hoth oparate essen-
tially the same, only the first tripler will be discussed.

&-51. The frequency tripler consists of balanced
tommon base stages Q6 and Q7. The BMHz signal from
the driver amptifier is applied to the emitters of OB and
Q7. Both 06 and Q7 operate Class C (almost Class D) and
therefore amplify that portion of the sinewave input
above 0.7 vols and below -0.7 volts as shown in figure
4-8. The positive portion is amplified by 7 and the
negative portion by O6. The balanced output, at the
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4-52. Because of the balanced drive of Q8 and Q7,
they discriminaie against even harmonics {10MHz and
20MHz) of the output signal. The output signal is applied
tc a double tuned circuit tonsisting of 1.8, C19, 020, L9,
and €21, Variable inductors L8 and LQ are adiusted 1o
tune the circuits to 15MMz and to discriminate against
odd harmonics (5MHz and 25MM2! of the CUTpUT signal,

4-53. The 1BMHz signal is applied to the second
frequency tripler, 08 and Q9. The ouiput of this tripler is

4bMHz and is applied to the frequency doubler,

4-54, FREQUENCY DOUBLER., The frequency
doubler provides & B0MMz output from the A5MHz input.
It consists of two separate amplifiers, both in the common
base configuration.

4-65, The input 1o the doubler is taken from both
sides of centertapped L12, which is bifilar wound for
proper balance of both halves, and atfjusted for resonance
at 45MHz. These two 45MHz signals, which are 180
degrees out-of-phase, are applied to the ernitters of 410
and G171, These two transistors conduct on alternate half
cycles with the asutputs at ths collectors added together.
This produces a 90MHz output signal, which is applied to
the resonant circuit consisting of (33 through 35 and
L17. The output is then applied 1o the summing network,

4-58, SUMMING NETWORK. The summing network
consists of LI8 and C37. It sums the voltage of the
90MHz signal with the voltage of the 5.312 . . . MHz

The 5313, ..

4-57, MMz input signal from J3 on

coliectors, rings between hal? cycies, providing the
required 18MHz output, Synthesizer Assembly A8 is applisd through J3 1o the
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Figure 4-b. X18 RF Muhtiplier Assembly A4, Block Diagram

4-7



Theory of Operation

Bl-ohm impedance matching network KR35, R385, and
R42. Potentiometer R35 is adjusted te provide a
5313 ... MHz that will be more than Bdb below the
6840MHz level in the OMU microwave cavity,

4-5B8, The 5313 ... MHz signal is easily passed
through LB and by diplexer action is surmmed with the
GOMMz signal. A high impedance s pressented to the
SUMHz signal by L18. Capacitor €37 filters off the
S0MHz signal that leaks through L18.

4.850, The summed signal is B0MHz riding on the
B.313 ... MHz signal. The 188Mz frequency modulation
s present in the B0MHz signal. This is applied to the AGC
circuit and through J4 to OMU Assembly ATZ 10 be
used as the microwave cavity resonating signal.

4-80. AGC CIRCUIT, The AGC circuit consists of
{12, Q13, ang CRY through CRE. it controls the 90MHz
output level of the multiplier. A portion of the output
signal iz applied to the junction of CR4 and CRB.
Potentiometer K39 sets the bias on GRS, which in turn
determines the S0MMz output level. The output voitage
applied 10 CR4 and CRE biases CR4 and determines its
conduction rate of the DO voltage through R37. As the
output level increases, the conduction of CR4 and CRS
increases, decreasing the voliage at the base of Q13. When
the potential at the base of 013 decreases, 1t will conduct
less, inereasing the colisctor voltage of Q13 This causes
012 o condunt less, reducing the voltage applied to the
bases of Q10 and GQ11. This reduces the output level at
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the coliectors, thereby controlliing the B0MHz output.
Dicde CR3 is used to provide good temperature stability
of the AGC circuit,

4-81. DISTRIBUTION AMPLIFIER ASSEMBLY
AB,
4-62. Distribution Amplifier Assembly A5 is the

central distribution peint for the BMMz output signal
from the crystal oscillator within the frequency standard.
it provides buffering and isolation for the various BMMz
cutput signals. Refer to figure 4-7 for a block diagram of
the distribution amplifier assembly and to figure 7-4 for a

schematic diagram.

4-63. The 5SMHz input signal is received from
connector J1 of Crystal Oscillator Assembly AT4 and is
applied at J1. This signal is applied to an input amplifier
and fiiter.

4-64. INPUT AMPLIFIER AND FILTER. The input
amplifier consists of transistor Q1. The BMHz signal is
applied through voitege divider network Rt end R2 to the
base of Q1. Potentiometer RZ adjusts the voltage tevel of
the 5MHz input signal. Transistor Q1, In the common
emitter configuration, amplifies the BMHz signal and
applies it to T1. Transformer T1 isolates the crystal
oscillator from the buffer and driver circuits, The BMHMHz
output of T1 is applied to crystal Y1, which filters the
signal at BMIMz and applies it to the driver amplifier,

AB-106-556

Figure 4-8. Freguency Tripler Waveforms
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Figure 4.7, Distribution Amplifier Assembly AL, Block Diagram
4.85, DRIVER AMPLIFIER. The driver amplifier 4-68, The BMHz input is applied 1o the base of 310,

consists of trensistor 2. This transistor provides suffi-
clent output power to drive the several output amplifiers.

4-66. QUTPUT AMPLIFIERS. There are six iden-
tical amplifiers driven by the driver ampiifier. These six
are transistors Q32 through 08, and each provides
buffering for a BMMz output signal. Table 4-7 lists the
output amplifiers and their respective outputs, excluding
07 and QB. The 8MHz outputs of Q7 and OB are applied
1o the tuned amplifiers for the front and rear pansel 5MHz
outputs, respectively,

Transistor Q10 amplifies the signal. Transformer T3 ig
tuned to resonance. The cutput of T3 is connected 1o J7
to provide the BMHMz output to the front panel at J1.

4-69, The output of T2 in the other amplifier i
applied tc JB 1o provide the SMMz output 1o the rear
panel at J2. it aiso is applied to CRI. Diode CR1 detects
the voltage level of the BMHz signal and applies it to the
CIRCUIT CHECK selectors for monitoring on the CIR-
CUIT CHECK meter.

TABLE 4-2. QUTPUT AMPLIFIERS AND QUTPUTS

BUFFER AMPLIFIER

QUTPUT CONNECTOR

SIGNAL APPLIED TO

a3
4
Qb

Qg

JZ
43
44

J5

Synthesizer Assembly A8
X8 RF Multipiier Assy A4
Cptional TMMz Divider
Assembly A3

Color Subcarrier Synthesizer
Agsembly AT7

panel BMMz tuned amplifiers are identical. Therefore,
only the front panel amplifier will be discussed.

TUNED AMPLIFIERS. Both front and rear

4-70. SYNTHESIZER ASSEMBLY AB.
4-71. Synthesizer Assembly AB generates a
5.313... MHz signal that is phase locked to the SMM>

4.9
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input signal. The B.313 ... MHz signal Is mixed with
8840MHz in the microwave cavity to achieve & signal
rearly egual to the rubidium resonance frequency of
B834.686 . . . MMz eccording to the relationship
?Hb=f{13@8)-f§ {1)
where T is the RFS ouiput BMHz Rearranging, we have
that a
f= ng/{‘ﬁ%ﬁ-g} (2]
tt can be seen that the RFX oulput frequency is nearly
directly proportional to the Q/P ratic if we substitute the
approximation
1 ={1388+ 3 yielding
1368-2 i

f=Fpy(1368-3 (3

Table 3-3 gives a complete list of frequency offsets
achisvable with P's limited 1o 2047 in order of decreasing
offset frequency, Table 3-4 gives the same information in
order of decrsasing P divisor, The tables are arbitrarily
referenced at zero offset with respect to atomic time for P
= 1388. The actual freguency output is a function of
Frap. Thus, final frequency adjustment must be accom-
plished with the MAGNETIC FIELD control, which has a
range of zero to +2 x 109, The fargest increment between
two adiacent P divisor settings is about 1.7 x 109 The
synthesizer assembly also provides a lock signal that
indicates when the synthesizer loop is locked. Refer 1o
figure 4-8 for 8 biock diagram of the synthesizer assembly
and to figure 7-5 for a schematic diagram.

4-72. The BMHz input sinewave is applied to a
shaper to provide a trein of puises to the integrated

eircuits in the divider, The division ratio P of the divider is
adjustable from 1024 to 2047 using ten toggle switches
mounted on the gssembly frame. The output of the
divider is a pulse train [(at BMHz-divided-by-F} that
controls  the sampling  switch in  the zerc-order-
sample-and-hold  {ZOSH} circuit. When the sampling
switch is closed, & holding capacitor is allowed to charge
to the value of a butfered and bissed sinewave input. The
voltage on the holding capacitor is filtered and used
control the frequency of a crystel oscillator whose
neminal frequency is 5.313 ., MHz This VOXO signal is
buffered and used as the sinewave input to the ZOSH,
forming a closed loop.

4-73.  When the loop is phase-locked, the switch in the
ZOSH samples the same portion of the 5313 ... MHz
phase each sampiing time, presenting & sieady control
signal 1o the VCXO. Mathematically, the time required for
P eycles of the 5MHz input equals the time required for

4-10
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some integer number of cycles of the 5,313 ... Mz
signal. Let this number be represented by Q. Then we
have that
P a 9]
5MHz = Fycxoror Fygxg TP SMHz {4)

The tolerances on the crystal are such that only a narrow
range of ‘% ratio wiil enable the phase-locked loop 1o
actutire. Thus only a fraction of the total settable P's of
the divider will be valid. Moreover, the crystal tolerance
also dictates that a valid P will have ong and only ong
valid Q.

4-74,  SHAPER. The shaper is comprised of transistor
O1 and NAND-gates U10A, UTOB, and U1T0D. Transistor
G1 is an emitter follower amplifier that drives U10A at
pin 1. Every time the sinewsve voltage drops below
approximately 1.4 volts {onve each cycle), the input at
U10A pin 1 goes to logic 0. Assuming pin 2 of UT0A was
logic 1, its putput goes to logic 1 at pin 3. This logic 1 is
applied to pins 12 and 13 of L10D through capacitor C8,
causing the ocutput of UT0D at pin 11 tc go from the
previously assurned logic 1 to logic G, since U10D acts as
an inverter. The logic 0 is applied to pins 4 and § of
inverter U10B as well a3 to pin 2 of U10A. When ©6
discharges to logic 0 through R3, the output of U10D
goes to logic 1 and is inverted by U108 providing a logic §
output at TP1 pin 8. When the input sinewave risss above
approximately 1.4 volts, the input a1 pin 1 of UT0A goes
to logic 1. But since pin 2 of U10A had already returned
to a logic T state, no further action resuits. The shaper has
completed one cycle by providing one output pulse of one
cycle of the BMHz input. This is repeated for each cycle
of the input, providing a BMHz output pulse train thatis
applied to the divide-by-P divider at pin 1 of LJTA.

4-75.  DIVIDE-BY.P DIVIDER. The divide-by-P divider
consists of J-K flip-flops W1A, U1TE,..., through UBA;
MAND-gates U7A, UTB, UBA, UBRB, UBD, and US: and
switches 51 through $10, Al J-K flip-flops have +8VDC
applied to the J and K inputs (pins 3 and 14 or 10 and 7).
This rneans that for each clock puise applied, the cutput
state will change from 0 to 1 or 1 two 0, depending on its
previous state. Therefore, each flip-fiop forms & binary
divider, with the flip-flop outpul being usad as the clock
input for the next successive flip-flop. The divider
functions as a presst accumulator. The switches determine
the amount of preset that will be set into the
accumulator, When the amount of preset and the totsl
number of input counts equal the 2047 capacity of the
accumulator, a one-shot multivibrator is iriggered. The
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Figure 4-8. Synthesizer Assembiy A8, Simplified Block Diagram

reset one-shot output simultansously clears all binasies in
the divider to their O = 0 state, and closes the ZO5H
sampling switch. The reset pulse always sets the binaries
10 their 0= 0 state, yvet the switches select gither the O or
the & output to drive the successive binary and to drive
the 2047 coincidence detection gates. Thus the affect of
the switches is to change the function of the reset from a
clear 1o a preset mode.

4-76.  The 8MHz pulse train from the shaper is appiied
as the clock puise to UTA at pin 1. When this pulse drops
from iogic 1 to O {trailing edge of the pulse), the Q and O
outputs at pins 12 and 13, respectively, will change state,
Switch 81 s used to select one of these outputs to drive
the successive circuitry. The selectad output of each
binary aets as the clock mput to the pext binary. Each
output aiso drives one input of sither U7A or UG The
combination of U8B, UBA, and U7A functions as an 11
input-NAND gate whose output at pin 6 of U7A will be at
logic O only when all 11 inputs are at fogic 1. This unigue
state is used 1o trigger the one-shot comprised of U8R,
UsDh, and U7B.

4-77.  The norma! state of pin & of UBB is a logic 0
requiring that pin 8 of U78 be » logie 1. As pin 4 of UBR
becomes a logic 0, pin 8 of USE and pin 12 of UBD
become logic 1, suppiying a feedback logic 0 1o pin & of
UBB. Pin 8 of U7B is now forced 1o be a logic 0, driving
the clear inputs {pins 2 or 8} of each of the binarigs, The
first binary output that changes to & jogic 0 at the input
of the 11 input NAND-gate will cause pin 4 of UBB o
return to z logic 1. However, the output of the one-shot
will remain 2 logic O until the negative-going wave
generated at pin 11 of URD propagates through the delay
network LY, L2, L3 C1, C2, £3, and C4. When this
happens, the logic 0 at pin 13 of U8BD will cause pin b of
UBB to become 2 logic 1 again, returning the output at

pin B of U7B 10 3 logic 1. The pulse durstion of the
one-shot is about B nsec,

4-78.  The divider was completely reset and ready for
the next clock pulse from the shaper within 100 nsec.

4-78.  As an exampie, assume 3 time scate offset of -300
% 10710 is desired. From table 3-2, this corresponds 1o a
division rate of 1084, which in binary is 10000171100,
This binary number is 58t info the divider by setting 810
through 51, respectively, 1o 0,00,0,1,1,1.1.0, and 0, as
indicated in table 3-2. The output of UBA is always the O
function, corresponding 1o a logic 1 switch setting, if a
switch were used for this fiip-flop. Beginning with all O
outputs at G, the count effectively begins a1 8983, instead
of 0, because of the switch settings. After 81 input ptises,
the Q output of USA at pin 12 goes 1o logic 1 {61 + 063 =
1024, the decimal equivalent for this flip-flop). it remains
at logic 1 until the divider is cleared. This logie 1 s
applied to pin 12 of U8, Ar this time, all other inputs to
U9 are at logic 0. The counts continue and after 573
pulses pin 11 of US goes to legic 1, pin 1 after 829 pulses,
pin 2 sfter 887 pulses, pin 3 after 1021 pulses, pin 4 after
1053 pulses, pin 5 after 1089 pulses, and pin 8 after 1077
pulses. Therefore, after the 1077th input pulse, the
output of U8 at pin 8 goes 1o logic 0. This is inverted by
UBA and applied to U7A pin 5 as a lagic 1. This logic 1
rernains  until the divider is cleared. As the count
continues, pin 1 of U7A goes 1o fogic 1 after 1087 pulisas,
pin 2 after 1083 pulses, and pin 4 after 10B4 pulsas.
Therefore after the 1084 input puise, the output of U7A
at pin 6 goes to logic 0. This is applied o pin 4 of U8R
causing a repeat of the cyeie as desceribed above.

4-80.  The reset puise is also used as the output puise
from the divider. It is applied o buffer amplifier 12 and
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1o sampling switch G8-Q7. The output of 02 at J2 is used
t provide a oscilloscope synchronizing pulse during
synthesizer assembly test.

4.81.  SAMPLING SWITCH, The divider output pulse is
applied to the base of Q8. Everytime this negative puise is
applied, 08 conducts for the length of the pulse and
applies.a 19-volt pulse through the collector to the gate of
signal switch 7. This pulse turns on Q7 sliowing i to
pass a small sample of the sinewave from the push-pull
amplifier. This sample pulse is applied to the holding
circuit and to the lock indicator.

4.82.  HOLDING CIRCUIT. The holding circuit consists
of capacitor C%4, inductor LB, and varicep CR3. The
sample pulse charges C14 to the value on the sinewave
when (7 turns off, This is anplied through L5, as 3 DC
voltage, to CR3, which acts as a variable capacitor in series
with quartz crystal Y1 in the gscillator. The voltage on
(14 determines the capacitance on CR3.

4-83, WVOLTAGE CONTROLLED CRYSTAL
OSCILLATOR. The orystal oscillator consists of guartz
erystal Y1, FET 08, and transistor Q31, The voltage input
across CRE tunes the oscillator frequency. The osciliator
ocutout which nominally s 5313 ... MHz is at the source
of 09 and is applied through C18 to buffer amplifier Q12.
Transistor Q11 is bootstrappad between the source and
drain of 08 to increase its transconductance.

4-84, BUFFER AMPLIFIER. Buffer amplifier Q12 is
connected in the emitter follower configuration. it buffers
the crystal oscilistor output and applies the
5.313 .. . MMz signal to the ZUSH driver amplifier and
the AGC output amplifier.

4-85. DIFFERENTIAL AMPLIFIER. Since the differ
ential amplifiers in the driver and output ampiifiers
operate essentially the same, only the output amplifier
will be discussed. The differential amplifier that drives the
5.313 ... MHz output consists of Q13 and 014 and the
one that drives the push-pull amplifier consists of Q3 and
24,

4-88.  The amplifier is operated in the emitter-follower
feommon base) configuration. This provides good source
ispiation and high impedance. The input s applied to the
base of 013, The putput of O13, at the emitter, is
couplad through R30 to the emitter of (14, The amplifier
output is at the collector of 014,

4-12
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4.87.  The output of 014 is applied to the AGC circuit
and to a tuned impedance matching network consisting of
L7, €25, C26, and €28, This provides 3 10-ohm imped-
ance at the 5,313 . ., MHz output connector I3,

4-88. The output of Q4, in the other differential
amplifier, is applied 1o the Z0SH driver amplifier,

4-80, AGC CIRCUIT. The AGC circuit consists of
dipdes CR4 and CRE and transistor Q10. It sets the
output voltage from the synthesizer assemnbly. The cutput
from 014 is applied to the junction of CR4 and CRE5. The
cutput at the anode of CR4 will be the biss voitage at the
cathode of CRB, minus the peak-to-peak value of the
cutput at the collector of G114, This voltage (nominally
0.6 voits) is applied to the base of Q10. As the output
voitage increases, 010 conduction decreases as does the
effective gy, of (8. This reduces the oscilistor output
voltage, rebalancing the AGC circult voltage.

4-80. Z0SH DRIVER AMPLIFIER. The driver ampli-
fier consists of transistors Q8 and 08 and dicdes CR1 and
CRZ. it is used o provide sufficient power to charge
holding capacitor ©14. The negative portion of the input
sinewave is applied 1o the base of 06 and the positive
portion is applied, through CR2 and CR1, to the base of
Q5. Each transistor amplifies its part of the sinewave and
provides an output at the junction of R11 and R12. This
5.313 ... MHz sinewave is appiied to the source of Q7.
Potentiometer R15 adjusts the DC level added 1o the
sinewave input of Q7 to prebias CR3.

4-91.  LOCK INDICATOR. The lock indicator consists
of J-K flip-flop UBR, FET Q15, transistar 416, and diodes
CR6 through CRE. The inputs are received by the lock
indicator, ong is the clear pulse {negative sampling pulse}
and the other is the sampled signal from Q7.

4-92.  Flip-fiop UBB divides the clear pulss train by two
and applies 1t 1o CR8 and CRY, which act as a level
detector, The output of CRY is filtersd by C35 and H38
and applied to the base of Q16 causing it to conduct.
When Q16 conducts, the output at the collector is a logic
0. This logic O indicates that the synthesizer loop is in
lock. 1T the divide-by-P divider is not operating properly,
no bias will be supplied by CR8 and CRY. This causes 16
to stop conducting, providing # togic 1 {+BVDC) output.

4.93,  The input from the sampling switch is applied 10
the gate of Q15 Transients due 1o sampling action are
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fiitered out by R38 and C31. When the synthesizer loop is
phase locked, (115 does not conduct, Whan the loop is
unlocked, a varying voltage at holding capacitor C14 is
applied w source follower 015, The peak-to-peak cutput
of 018 is detected by CR7 and CHE, forward biasing
CR7. When CR7 conducts, it recuces the voltage level at
the base of 18, causing (16 to stop conducting,
providing the logic 1 output.

494 AUDIO ASSEMELY A7.

4-95.  Audio Assembly A7 generates 185Hz modulation
and reference signals, processes the photocell output 1o
provide a 168Hz photocell signal and 3302 signal, and
generates a lamp start signal. Refer to figure 4-89 for &
block diagram of the audio assembly and 1o figure 7-8 for
a schematic diagram.

4-88,  The circuits that generate the 165Hz modulating
and reference signals consist of a reference ogcillator,
divide-by-2 divider, phase adjust network, and buffer
amplifier. The photocsll output processing circuits consist
of a photosel! preamplifier, 165 and 3230Hz post ampli-
fiers, and lamp starter,

Theory of Operation

4-97. REFERENCE OSCILLATOR. The reference
oscillator consists of trensistors Q1 ang 02, These
transistors form & fres-running multivibrator that oscil-
lates a2t a frequency of 330Hz This frequency is divided
to provide an output of 165Hz at connector J1.

4-88.  DIVIDE-BY-TWO DIVIDER, The divider is form-
ed by J-K master-slave flip-fiop U1, The thres 4 inputs at
pins 3, 4, and § and the thres K inputs at pins 9, 10, and
11 aiways have a logic 1 {48 vDC) applied. Therefors, the
0 and Q cuUipwts &t pins B and 8 respectively will change
state every time the clock pulse at pin 12 goes from logic

1 tw logic 0. This togaling action provides & 165Hy
squarewave at the O and O sutputs, Zener diode CR3
maintains the input vo ltage st pins 3, 4, 5, g, 19, 11, and
14 at 5 VDC,

4-88.  The proper phased output {J or 5} is connected
to the buffer amplifier.

4-100. BUFFER AMPLIFIER. Transistors (33 and 08
and diode CE6 form the buffer amplifier. The 165Hz
drives the base of O3 through R16. The collector of (3
drives 08 and CRE. In this configuration the output at J1
is & low impedance for both the on and off states of O3, It
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is used by the loop filter assembly a5 & demodulator
referance signal,

4-107,  PHASE ADJUST NETWORK. The phase adjust
network consists of R10 through R13, C8 through CE,
and notentiometer R4, The Q output of U1 atpin 8 is
shaped by R11, R13, and €7 and the C output at pin B is
shaped=hy 10, R12, and C8. This shaping converts the
1w squarewave outputs of the divider to semi-sinewaves,
180 degrees out of phase. These two 18bHz sinewave
signals are applied to Ri4 and C8. A single 188Hz
sinewave outpui, with variable phase adjusted by R14, is
supplied at J2. This signal is applied to the X18 RF
multiplier assembly as a modulating signal.

4-102.  PHOTOCELL PREAMPLIFIER. The photocell
preamplifier is comprised of operational amplifisr U2 and
transistor (4. The output of the photocell transducer
from the OMU is applied to JB. Operational amplifier U2
amplifies the photoceli's signal and has an output predom-
inately 330Hz if the AFC loop is focked or 185Hz if itis
uniockead. This output signal is applied to the lamp starter,
through R26 to Q4, and to CIRCUIT CHECK selector to
monitor the photocell output current on the CIRCUIT
CHECK meter. Potentiometer R26 adjusts the level 10 the
post amplifier,

4-10%.  Transistor 04 is an emitter follower that buffers
the cuiput signal of UZ fed to the post amplifiers.

4-104, POST AMPLIFIER. The two post ampiifiers
receive the preamplified signal from Q4. Operational
amplifier U3 forms the 165H2 post amplifier and U4 the
330Hz nost emplifier,

4.10%. The 165Hz post amplifier operates as a narrow
bend amphifier centered on the modulation frequency of
185Hz . & wwin T, RC filter network consisting of R31
through R33 and C18 through €20 provides a tuned filter
that rejects the 330Mz frequency. When the AFC loop is
in lock, the output of U3 at pin 6 is at 2 minimum. This
185Hz output is apphied through J3 to the logic assembly,
as an AFC joop lock indication, and to the loop filter
assernbly as an error signal. Feedback from pin 6 to pin 2
provides a response peaked at 166Hz.

4.106. The 330Hz post ampiifier operates essentially
the same as the 185Hz post amplifier except thatithasa
maximum output when the AFC loop is in lock. The
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putput of U4 at pin § is applied through J4 to the logic
board as a lock Indication signal. Feadback from pin 6 to
pin 2 provides a response peaked &t 330Hz.

4-197.  LAMP STARTER. The lamp starter generaies &
start signal whenever the photoegell output is below 3 set
level. 1t consists of 05 and 07 and CR4 and CRS.

4.108.  The output of U2 at pin 6 is applied to the base
of (15, When the lamp i5 not operating, there s 3.3 volis
at the base of 8. Thersfore ©8 is turned off and CR4 is
not conducting. This means that Q8 is turned off and
19.25 valts DC is applied through R44 to unijunction
transistor 7. This current charges £26 and causes (7 1o
turn on after approximately 10 seconds. When 07 turns
on, 18.25 volts DC is applied through R45, G7, RS, and
47 to connector J5, 26 discharges and turns off G7.
The cycle repeats, yielding an output pulse every 10
seconds at J5. This signal gees 1o assembly A0 and is the
lamp start signal.

4109, This pulsing continues until the lamp In the
OMU ignites. At this tme the output of U2 at pin 6
forward biases CR4 causing it to conduct. This will cause
O6 to eonduct, reducing the DC voltage at Q7. Without
this voitsge, Q7 cannot fire, and therefore, cannot
generate a famp start signal,

4-110. OSCILLATOR REGULATOR AND START
ASSEMBLY AB.

4-111. Oscillator Regulater and Start Assembly AS
provides the regulated DC voltage required by the lamp
oscillator in the OMU and switches the lamp start pulse on
and off as required to start the lamp in the OMU. Refer 1o
figure 4-10 for a block disgram of the oscillator regulstor
and start assembly and to figure 7-7 for a schematic
diggram.

4117, OSCILLATOR REGULATOR. The osciltator
reguiator consists of transistors Q2 and Q3, zener diode
CR3, and potentiometer R7. It receives 19.25 volis Do
from Power Supply Assembly AZ. This is applied to the
colieetor of 02, which regulates the veitage 10 between g
and 16 volts DL as determined by the setting of R7. The
output at the emitter of Q2 is applied to the lamp
escillator in the OMU. A portion of this output is applisd
through RS and R7 to the base of Q3. Using the voltage
across CR3 (5.1 velts DCY as a reference, O3 sets the
current applied to the base of Q2. This current determines
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Block Diagram

the series resistance of Q2 which determines the emitter

output voliege.

4-113.
voltage at the basa of 03 will
causes O3 1o increase conduction, reducing the voltage
level at it collector. When the voltage level of the
cobiector of O3 is reduced, the voltage level at the base of
QZ is reduced. This causes 02 to decrease iis conduction
reducing the output voltage at the emitter to the proper
level. Potentiometer R7 is adjusted for an output voltage
that provides the proper lamp intensity,

If the voliage output becomes too high, then the
increase. This increase

4114, START PULSE SWITCH. The start pulse switeh
consists of relay K1 and transistor 01, The lamp start
signat is received from Audio Assembly A7 in the form of
a pulse. This is applied through J1 to the base of a1,
which is normally turned off. The pulse causes 071 o turn
on and saturate. This applies a ground to the coil of K1,
gnergizing it. When K1 energizes, capacitor C1, which has
been charged to 380V, is connected through J2 to the
auto-transformer in the OML) to start the lamo.

Theory of Operation

4-118.  When the pulse at J1 is removed, O7 will wrn
off, deenergizing K1,

4-118.  LOOP FiLTER ASSEMBLY AQ.
4-117.  Loop Fiter Assembly AS converts the 165Hz
error signal to a2 DC control sipnal for the crysml

osciliator. It comprises @ phase detector, integrator, and
voliage controller. Refer to figure 4-11 for a black
diagram of the loop filter assembly and to figure 7-8 for a
schematic diagram.

4-118. PHASE DETECTOR. The phase detector
compares the 185Hz error signal at pin 22 with the 1BEMHy
reference signal at pin 4. Both signals come from Audio
Assembly A7, The error signal input is applied through
the center-tapped secondary of TT 1o the two emitters of
G1. The reference signal input is applied through the
center-tapped secondary of T2 to the two bases of a2z,
This reference signal will forward bias the halves of (11 at
alternate half cveles. The error voltage output is a3

- maximum whean the 185Hz error signal s at its greatest

amplitude.

4-119.  The 165Hz error signal will either be in phase or
180 degrees out of phase with respect to the reference
signal depending on whether the microwave TES0NANRCe
frequency 1s above or beiow the rubidium resonance
frequency. The amplitude of the error signal determines
how great the difference in frequency is. When this is
detected by the phase detector, an output is produced
that is either positive or negative. The ampiitude describes
the amount of freguency difference, “i’h:s voltage is
applied to the integrator, and through ;:nt:tO cl RCUIT
CHECK sgiector 81 for monitoring on CIRCIIT CHECK
meter M1,
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4-120.  INTEGRATOR. The integrator generates a con-
trol voltage from the detected error voltage. The output
of Q1 s applied to the minus input of Ut A fine
frequency adjustment voltage is applied to the plus input
and to the common input. The output of U1 is applied
through pin 20 to BMHz Crystal Qscillstor Assembly Al4
as the freguency control voltage. The comtrof veltage is
also applied through pin V to CIRCUIT CHECK selactor
§1 for monitering on CIRCUIT CHECK meter M1.

4-12%.  tn the OPEN LOOP pesition, CONTROL switch
57 connects a 100-ohm resisior betwesn pin 1 and pin 20,
This reduces the gain of U1 so that it no longer controls
the crystal oscillator frequency. Instead, the freguency is
controlled by the FINE OSCILLATOR FRECQUENCY
control through the voltage controbier circuit,

4127 VOLTAGE CONTHOLLER, The veclhage con
rrolter determines the bias voltage applied to the common
input on U1, The 19.25 voit DC input st pin Y is applied
through R7, R, and pin 13 1w one end of the FINE
OSCILLATOR FREQUENCY potentiometer. The other
end is connected through pin 10, B8, and CR1 to ground.
The wiper on the potentiometer {5 connected through pin
16 1o the base of Q1. Transistor Q1 is used to provide a
low source impedance to the common of U1, The setting
of the potentiometer determines the voltage level applied
1o the base of 1, which determines its conduction rate.
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The larger the voliege at the base, the more Q1 will
conduct making the voltage applied to U1 larger. This
means that the output of UT will change {with respsct to
ground but not with respect to the common) as the FINE
OSCILLATOR FREQUENCY control is adjusted. Undar
normal closed loop conditions, the control is adiusted 1o
provide 10 volts on the common.

4.123.  LOGIC ASSEMEBELY A0,

4-124,  Logic Assembly A10 generates the lock and
out-of-lock condition signals for the front panel OFERA-
TION lamp, It is comprised of three level detectors, the
associated logic cirguits, and an OPERATION lamp
grounding circuit. Refer to figure 412 for a block diagram
of the logic assemnbly and to figure 7-8 for & schematic
diagram.

4-12%  CONMTROL VOLTAGE REVEL DETECTOR,
The control voltage level detector consists of CR1, CRY,
CR3, 1, 02, and U1A, It detects the oscillator control
voltage and provides an out-of-lock signal whenever this
voltage drops below 5 volts DT or rises above 15 volts De.

&-128. The oscillator control veltage from pin 20 on
Loop Filter Assembly AS is applied through pin 1 10
zener diodes CR1 and CR2. Under normal conditions, this
voltage is between B and 15 vohis DC. This means that
CR1 is conducting and CR2 is twurned off. When CH1 is
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conducting, 01 is also conducting. This applies 19.25
volts through RS and Q1 to ground, providing 2 iogic
(OVDC} at pins 1 and 2 of NAND-gate UTA. The output
at pin 3 will be a logic 1, indicating that the limits of the
integrator in the loop filter are not being exceeded. This is
applied to the logic cirouits,

4-127.  if the controf voltage drops below 5 volis DC,
CH1 stops conducting, This causes 01 to stop conducting,
applying a logie 1 (5 volts DC) to pins 1 and 2 on 1A,
The output at pin 3 is now logic O, indicating the
integrator limit is being exceeded,

4-128.  if the control voitage rises above 15 vohs, CR2
conducts. This forward biases 02, causing it to conduct,
This applies 19.25 voits DG, which was reverss biasing
CR3, through R4 and 02 to ground. Diods CR3 is now
forward bissed, applying the control voltage at the base of
Q7 to ground. Transistor Q17 now stops conducting. This
appiies & Jogic 1 to pins 1 and 2 of W1A providing a logic
G at pin 3,

4-128. 330 Hr LEVEL DETECTOR. The 330Hz level
detector generates an out-of-lock signal whenever the
330Hz signal is not present. It consists of 03, 4, 08,
LR4, CRE, and CRE. The 330H:z signal from J4 on Audio
Assembly A7 is applied through pin 21 to 03, Transistor
U3 grnpiifies the signel, which i then fed to voitage
doubler CR4 and CR5 and filterad by R11, B13, C5, and
C8. Under lock conditions a positive DO voltage is applied
to the base of 04, This causes 04 to eonduct applying
18.25 volts DO through R14 and Q4 to ground, This
appiies z ground to CRE, preventing O6 from conducting.
A dogic 1 (B volts DC) is applied 1o the logic circuits
whenever (6 is not conducting,

4-130.  Since there is 3 330Mz signal only when the
rubidium lamp is 1it, there will be rio signal present at pin
21 when the famp s out. With no signal there is no DC
voltage at the base of 4. Transistor 04 stops conducting
and applies 19.25 volts DO through R14 and CR8 1o the
base of OB, This sauses 46 1o condust, applying 19.25
volts through R21 and Q6 to ground. A logic 0 is then
applied to the logic circuits, indicating the AFRC loop is
out of lock,

4-131. 186Hz LEVEL DETECTOR. The 185Hz level
detector generates an out-oflock signal whenever the
185Hz errar signal Is present. It consists of 05, CR6, CR7,
and 086 (in conjunction with the 330Hz level detector).
The 185Hz error signal from J2 on Audic Assembly A7 is
appiied through pin 189 1o OB, The 185Hz level detector
Operates the same as the 330Hz level detector.

Theory of Operation

4132, Under lock conditions, the 1858Hz error signal is
extremely small, therafore, no DO voltage is appiied 1o the
base of OB, This applies a logic 1 1o the logic circuits.

4-133.  If the AFC loop is out of lock, 8 185Hz7 error
signal is applied to the level detector, providing & DO
voltage at the base of QB. This provides a logic © output
that is applied to the logic circuits,

4-134.  SYNTHESIZER LOCK GATE, The synthesizer
fock gate generstes an out-of-lock signal whenever the
synthesizer loop is out of lock. It consists of transistor
Q13. The lock signal from ©38 on Synthesizer Assernbly
A is applied through pin 15 to the base of 313,

4-135.  When the synthesizer foop is locked, O voits DO
is applied to Q13. This reverse hiases 013 and it will not
conduct, A logic 1 (B volts DG s applied 1o the logic
eircuits indicating the synthesizer joop is in lock,

4-138.  If the synthesizer lobp goes out of lock, & voliy
DC is applied 1o 013, This forwarg biases Q13, causing it
to conduct, applying © volis DC ltogic D) 1o the logic
cirguits,

4-137.  LOGIC CIRCUIT. The togic circult combines the
integrator limits, AFC loop lock, znd synthesizer loop
fock signals, and penerates one systern lock signal. It also
determines the flash rate of the OPERATION lamp for an
out-of-lock condition.

4-138.  The AFC loop lock signai {logic 1) is applied to
U2A pin 1 and the synthesizer loop fock signal {logic 1) s
applied 10 pin 2. The resultant logic 0 owtput at pin 3 s
applied to pins 4 and B of U228, which provides a logic 1
outpl't &t pin 8. This is applied to U220 pin 8 in the reset
flip-fiop, and to U8 pin 5. The integrator limits signal
{log'z 1} is applied to U1B pin 4. A logic 0 output at U1B
pin € is applied to the base of Q11 in the lamp flasher
cireuit, and 1o pins 9 and 10 of U1C. Pin 8 of UlC is at
togic 1 and is applied to U1D pin 12, The output of the
reset flip-flop at U2D pin 171 is logic 1 during lock
conditions. This is applied 1o U1D pin 13, Along with the
logic 1 at pin 12, this provides o logic 0 output at pin 11,
The logic 0 {0 volts DC s applied to the base of 12,
reverse Dbiasing . Tramsistor Q12 does not condunt,
therefore 18.25 volts DC s applied through B34 and R3S
to the base of (8. This voltage causes OO o conduet
applying a ground to pin 8. This ground is applied 1o the
OPERATION lamp, causing the lamp to fight. Therefore,
under normal tock conditions, the QPERATION tamp will
be lit,
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4.1320. INTEGRATOR LIMITS EXCEEDED. if the
integrator limits are sxosaded, the logic 1 a1 W18 pin 4
changes to logic O as shown in figure 4-13. Pin B of UIB
goes 1o logic 1. This is applied 1o the base of Q11 in the
larnp Flasher circuif and to U1C pins 8 and 10, The outpul
at pin 8 goes to logic O, causing the output of U1D at pin
11 to go to logic 1, causing Q12 10 conduct, When Q12
conducts, Q9 stops conducting, removing the ground from
the OPERATION lamp. The ground o the lamp is DOW
controlled, by the lamp flasher circuit, through Q10

4.140.  When the integrator signal is within limits, a
fogic 1 is reapplled o U1B pin 4. This returns the logic
circult to the normal state for a lock condition as
axplained in paragraph 4-13R. This out-of-limits condition
does not reguive resetting after returning to the normal
range.

4.141.  AFC LOOP QUT-OF-LOCK. When the AFC
ioop goes out of lock, the logic 1 at W2A pin 1 goes 1o
logic 0 as showrn in figure 4-13. The output at pin 3 goes
1o logic 1, causing the output aof UZB gt pin 6 to go 1o
togic Q. The outputs of U1B, U1, and U100 go to logic §,
0, and 1, respectively. The larp flasher now controls the
famp.

4.147.  The logic 0 applied to the reset flip-flop at U2C
pin © provides a logic 1 at pin &. This is appliied to U2D
pin 12, providirg a logic U at pin 11, This is spplied to
Y10 pin 13 and to U20 pin 10, When lock is reacquired
and UZB pin B returns to logic 1, the flip-flop will not
ceset due 1o the togic U at U2C pin 10. However, the logic
1 at the base of Q11 goss o logic O, This changes the flash
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rate of the lamp flasher gircuit, since the logic O at U1D
pin 13 prevents 08 from conducting end controlling the
iamp ground.

4.143.  The RESET pushbution is pressed to reset the
iogic circuit. The button appiles a logic 0 1o UZD pin 13,
The output at pin 11 goes 10 logic 1, causing pin 11 of
U1D 1o go to fogic (. This returns control of the tamp
ground to 48, causing the lamp to stop flashing and fight
continuously,

4-144. The logic 1 at UZD pin 11 is also applied o U2C
pin 10, Pin 8 of U2C goes t© logic 0, returning pin 12 of
U2D 1o togic 0. The flip-flop s now reset,

4-145.  LAMP FLASHER CIRCUIT. The lamp flasher
circuit determines the flash rate of thg OPERATION
famp. During an out-of-lock condition the lamp tlashes at
the fast rate [two flashes per second) and after fock is
reacquirad but the jogic circults are not reset, the lamp
flashes at the siow rate {one flash per second).

4-146. When an out-of-lock condition exists, & logie 1
{5 volts DC} appears at UTB pin 6. This is applied to the
nase of Q11, turning it on When Q11 turns on, the
yoltage applied 1o Q7 is reduced. This causes 07, which is
oscillating at the slow rate, 10 oscillate at the fast rate.
Every time (7 oscillates, a pulse is applied through CRg
to the base of Q10. Transistor 010 turns on, applying @
ground to the OPERATION lamp and 1o the base of Q8.
This lights the lamp and turns on Q5. When Q8 turns on,
19,25 volts DC is applied through 08, R28, and C12 to
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the base of (110, This keeps Q10 turned on after the puise
from Q7 is removed. The time that Q10 remains on is
determined by the time constant of R28 and C12. When
C12 is charged, Q10 will turn off. This turns off 08 and
causes the lamp to go out {Transistor Q9 is always turned
off during an out-nf-lock condition.) The next sulse from
07 will repeat this cycie,

4-147,  When lock is acquired, 011 will stop conducting,
increasing the voltage applied to 7. This reduces the
oscillation of (37 to the slow rate. The operation of the
Hasher at this rate Is the same as at the fast rate.

4-148.  When the logic circuits are reset, the lamp flasher
continues 1o operate at the slow rate, except the lamp
ground is now controlled by 08 instead of 010,

4-148 OPTICAL MICROWAVE UNIT ASSEMBLY
A3,
4-150.  Optical Microwave Unit Assembly A13 generates

the error signal required 1o change the crystal osciilator
freguency. The OMU consists of the optical pumping
tamp, gas filter, gas cell, microwave cavity, and photocell,
Double magnetic shiglds surround the OMU to protect it
from external magnetic fislds that would affect the
resonant frequency of the rubidium gas cell. Electronic
circuits for the OMU are the lamp oscillator, step recovery
diode {SRD}, magnetic field coil, cavity heater, and tamp
heater. Refer to figure 4-14 for a block diagram of the
OMU assembly and to figure 7-10 for 2 schematic
diagram.
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4-151.  LAMP OSCILLATOR. The larmnp  oscillzior
generates the voltage that excites the rubidium famp, it
consists of Q1 and the associated resonant network, A oo
voltage from Oscillator Regulator and Start Assembly AB
is appiied 1o the oscillator through LY. This voltage causes
the circuit to oscillate at about 53MMHz. The amount of
excitation depends on the DO input voltage, which can
vary from & to 16 volis. The signal at the base of 01 is
applied 1o L2 which is wound around the rubidium lamp.
This provides the excitation required to keep the lamp it
once it is started.

4-152.  LAMP START PULSE. The lamp start puise is
applisd, from JZ on Oscillator Regulator ang Start
Assembily AB, through J3 1o the tap of auto-transtormer
T1. The high voltage owtout of T1 is then applied to the
rubidium lamp 1o provide the necessary energy to start
ihe lamp.

4-153.  STEP RECOVERY DIODE, Step recovery diode
{SRDY CR1 has the ability 1o generate high-order har
monics of the applied freguency at a power level capable
of causing rescnance in the microwave cavity. Tuning and
biasing are provided Ly C1, L1, and R1 in the SRD
assernbly. A degree of impedance isolation from X18 RF
Multiplier Assembly A4 is provided by R1, R2, and C1 of
the impedance matching unit. The signal s applied at P1
from J4 on the multiplier assembiy. This signal is 90MHz
frequency modulated at 1685y  and riding  a
5.313 .. MHz signal. This produces a frequency of
8840MHz, that is more then 60 db from the SOMH:z
signal, with sidebands that are 5.313 . . MH» on either
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side of the 6B4DMMz signal. These sidebands are approx-
mately 15db down from the 6840MHz signal.

4182, The 165H:z modulation appears as jitter in the
6B40MHz signal and in the 5,313 . . . MHz sidebands. The
tower siceband, which iz the freguency of interest,
produces a freguency of approximatety 6834.687MHz
modulated et 168Hz. This is the rubidium resonant
fragquery.

4-154.  MAGNETIC FIELD COML. A controlled mag
netic field, referred to as the C-field, is produced by L1
whose axis is coincident with the rubidium lamp beam.
inductor L1 is wound around the microwave cavity. The
DC voltage for L1 is received fraom MAGNETIC FIELD
control  A11R1 through P1-B. The potentiometer con-
trols the current through LT, which in turn controls the
magnetic field argund the microwave cavity, This provides
a method of fine tuning the rubidium standard over a
small range since a change in the magnetic field produces a
change in the rubidium resonant frequency.

4-165, PHOTOCELL. Photocel! V1 detects the amount
of fight from the rubidium lamp that is not absorbed in
the rubidium gas cell. The output of the photocell

Thaory of Operation

contains the 185 and 3304z components, due to the
185H; frequency moduiation, as shown in figure 4-15.
This output current is converted fo a voltage by ampiifier
(J2 and applied to the DET input of the audio assembiy.

4-158, HEATER CIRCUITS. The OMU contains fwo
heaters; one for the rubidivm lamp and one for the
microwave cavity, Since these two circuits are function-
ally similar onty the rubidium lamp wiil be discussed. The
heater circuit is comprised of a temperaturs sensing bridge
[R1 through R4 and RT1}, operational amplifier U1,
current amptifier 21 and Q2, and heater HR 1.

4-157. Current from the 18.25 volit DC line is applied 10
]2 to provide sensing bridge excitation. Potentiometer RZ
is adjusted to provide a temperature oOf approximately
970C. When the bridge is balanced, there is no voltage
differential at pins 2 and 3 of U1, The output of UT at pin
6 iz applied to the base of Q1, which forms a current
amplifier in cenjunction with Q2. The output at the
emitter of Q2 is applied to HR1 to heat the reflector
assembly. The output is aiso applied through RS back to
pin 2 of Ul for feedback, and through P2-C 1o the
CIRCUT CHECK selector to monitor the heater current
on the CIRCUIT CHECK meter.
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4-158.  When the temperature is either high or low, the
resistance of RT1 changes and unbalances the bridge. This
causes current to flow through the bridge to U1 pins 2
and 3. The current will either be positive or negative
depending on whether the temperature is high or low.
This, in turn, changes the output of U1, which changes
the output of U2 such that more or less current is applied
to HR1 to raise or lower the tempersture of the lamp as
sengsed by RT1.

4168, The microwave cavity heater maintains a temper-
ature of approximately 6.25%C. Since this temperaturs
carr be close o the operating temperature range of the
standard, CR1 and CRZ are used in the buffer amplifier to
ensurg that no current is applied to HR1 when heat is not
reguired. The heater current is also applied through P1-F
to the CIRCUIT CHECK selector to monitor the heater
current on the CIRCUIT CHECK meter.

4-160. BMMz CRYSTAL OSCILLATDR ASSEMBLY
Al4,
4167, The BMHz Crystal Oscillator Assembly Al4

generates the basic 5MHz signal used in the frequency
standard, It consists of an oscillator, amplifier, AGC
circuit, and temperature controller. Refer to figure 4-16
for a8 block diagram of the BMMz eorysital oscilistor
assernbly and to figure 7-11 for a schematic diagram.

4162, OSCILLATOR, The oscillator consists of quartz
erystal Y1 and transistor Q1. The guartz crystal drives
Clapp-Gourillet Oscifiator 01 at a frequency of 5MHz,
which s the fifth overtone of the fundamental crystal
frequency. The crystal is controlled by the DC voltage
applied at pin B from Loop Filter Assembly AB. This
voltage changes the capacitance of CR1, which tunes the
osciliator, Variable capacitor C1 provides coarse adjust-
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ment of the oscillator fraguency, The BMH:z cutput a1 the
collector of Q1 is applied to the amplifier.

4-183.  AMPLIFIER. The amplifier consists of two

common-gmitter Stages comprised of 02 and Q3. It is
used to maintsin low crystal output mower for more
efficient operation. The BMHz output at the collector of
Q3 is applied through T1 1o pins 5 {Hi and 9 (Lo} on P1,
This cutput is applied to Distribution Amplifisr Assemnbly
AB. A portion of the signal at the primary of T1 is applied
1o the AGC circuit,

4-164.  AGC CIRCUIT. The AGC circuit consists of
diodes CR2 and CR3. When the crystal oscillator is first
energized, the oscillation amplitude is very low. As this
amplitude increases, CR2 and CR3 begin to detect the
output voltage. The negative DC output from CR2 and
CR3 feeds back 0 the base of 01 thrpough RZI8, R3, and
R4, causing its base current to decrease. This stabilizes the
oscillation amplitude.

4-185, TEMPERATURE CONTROLLER. The temper-
ature controiler s comprised of & tempersture sensing
bridge {R1, R2, R4, 85, and RT1), operational amplifier
U1, current amplifier AT4A201 and A140Q7, and hester
MR 1. Current from the 18.25VDC line is applied through
R3 to R2 tw provide sensing bridge excitation. Poientio-
meter B2 is adjusted 10 provide the desired temperaturs.
When the bridge is balanced there is no voltage input to
Ut at pins 2 and 3. The output of U1 is then only ths
voltage needed to maintain the balanced condition.

4-166. When the temperature is either high or low, the
resistance of RT1 changes and unbalances the biridge, This
causes currant to flow through the bridge to U1 at ping 2
and 3. This current will be sither pesitive or negative
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depending on wihether the temperature is high or low.
This, in turn, changes the output of U1, which changes
the output of A14Q1 such that more or less voltage is
applied to HR1 to raise or lower the temperature of the
crystal 85 sansed by RT1

4-187. COLOR SUBCARRIER SYNTHESIZER
ASSEMBLY AT7,

4-168.  Color Subcarrier Synthesizer Assembly A17 gen-
erates a .87 ... MHz sinewave, cne of the primary
ouiput sigrals of the frequency standerd. The assembly
consists of an input isclation and shaper circuit, a
divide-by-88 circult, crystal ringing filer, and output
fitter. Refer to figure 4-17 for z block diagram of the
assembly and to Figure 7-12 for a schematic diagram.

4188, INPUT ISOLATION AND SHAPER. The BMHz
fram Distribution Amplifier Assembly A5 is applied
through J4 to FET source foilower O3, which isolates the
color subicarrier synthesizer from assembly A&, The
cutput of O3 is shaped (sguared} by the combination of
arnplifisr 04 and NAND-gate U1. The resulting SMHz
square wave is applied to the divide-by-88 circuit.

4-170.  DIVIDE-BY-B8 CIRCUIT. The divide-by-88 cir-
cuit consists of duat J-K Hip-fiops U2 and U4, single shot
L1, and decade divider U3, The BMHz is first divided by
2. then by 11, and then by 4 to produce the recuired
factor of 88

4-171. Division by two occurs in flip-flop UZA with the
O output clocking U3, a decade divider with BCD
cutputs. The divider normally divides by 10 and then

Theory of Operation

resets back 0 zero. However, in this instance, the count
of 10 causes the O output of U2ZB to change state and
triguer single shot U1, which produces & short pulse
applied to the 8-count reset ierminal on U3, This action
resets L3 1o 8 8 count. Now U3 makes one more count (o
10 and toggles LUZB causing it to again change states. This
time the O sutput of U2B does not trigger the single shot,
hut the O output toggies U4A. The sequence then is: U3
counts to 10, is reset back to 8, then makes ong more
count to 10 for a total division of 11, The divider then
resets back to zero for the next cycle.

4-172.  Flip-flops U4A and B comprise a straight divide-
by-4 circuit to complete the division factor of 88. The
square wave output at the @ terminal of U4B is applied to
the crystal ringing filter.

4.173. CRYSTAL BRINGING FILTER. The square wave
from the divide-hy-88 circuit feeds amplifier 05, which in
turn feads a crystal ringing filter operating at
3.572646MHz. Major components in the filter are T2, Y3,
and C19. The O is sufficient for the filter to produce &
continuous sinewave. The sinewave is buffered by
Darlington Amplifier 086, Q7, and Q8. Transistor Q7 feeds
the 3.58MMHz MON connector on the rear panel and (8
feads Phase Shifter Assembly A18.

4974, OUTPUT FILTER. The output fiiter provides
additional filtering for the phase-shifted 3.578545MHz
signal, The filter consists of ¥1 and Y2, and associated
circuitry. The phase-shifted signal enters assembly A7 at
7. Gain control B2 permits adiusting the subgarrier
output level. The output circult s untuned and has a
fairly low Q. Theoutput at J3 is 3.579545MHz with ali

b 3, 583 WiF 7 MEON

B Witz FROM SOURCE DIVIDE~ BY ~ 88
DISTRIBUTION ==  FOLLOWER SHAPER G4,U04
AMPLIFIER 3 bE, U2, UE, 4
AMPLIFIER CRYS?;:?““ DARLINGTON AMPLIFIER
8
as Y3, T3, 019 a6, a7, a8,

3B 8MM TO
PHASE SHIFTER

PHABE~ SHIFTED
3.58 MMy

FROM PHASE e
SHIFTER
ASSEMBLEY AlB

QUTPUT FILTER
Y, Y2, O, G2

ASSEMBLY A 18

3.578545 MHz

T REAR FAMEL

Figure 4-17. Cotlor Subcarrier Synthesizer Assembly A17, Block Diagram




undesirable products of the synthesis reduced 1o a level at
teast 7BdB below the 3.579545MHz output.

4175, PHASE SHIFTER ASSEMELY A1B,

4-176.  Phase Shifter Assembly A8 provides & con-
venient means of changing the phase of the 3.57 . .. MHz
subcarrier. Refer to figure 7-13 for the schematic diagram
of the assembly. The 3.57 ... MH: signal from assembly
A7 teeds through terminal E3 to the base of emitier
foliower Q1. The output of Q1 s matched 1o the

goniometer assemnbly, which splits the phase of the
3.57 ... MHz input into guadrature. A rotatabie pickup
soil, which is controlied by the 3.58MHz SUBCARRIER
PHASE control, is coupled 1o the goniometer assembly,
The low level signal from the pickup coil is emplified and
fimited by stabilized high gain amplifier Q2. Tha sutput
of 02 feeds tuned amplifier O3 whose output is the
phase-shifted 2.570545MHz stgnal spplied back to color
Subcarrier Synthesizer Assembly A17. The ouiput is
transformer-coupled.

4-23/4-24
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Malntenance

SECTION V
MAINTENANCE

B-1. INTRODUCTION.

$-2.  This section provides the maintenance instructions
for the Mode! 800 Rubidium Freguency Standard . The
section  inciudes periodic adjustment procedures  and
satvicing information. Refer to Appendix B for main-
tenance instructions on the Battery Option,

5-3. PERIDDIC ADJUSTMENTS,

5-4.  The periodic adjustments for the frequency stand-
ard include adjusting the crystal oscillater freguency
controls and determining the AFC loop null point. 1t is
assumed that the frequency standard hag been operating
for a1 least four hours,

55, CRYSTAL OSCILLATOR CONTROLS ADJUST-
MENT.

5-8.  The crystal oscillator frequency will change slowly
with time due to crystal aging. This will not affect the
output frequency of the standard because the control
voltage applied to the crystal oscifistor will change to
compensate for this frequency change. However, if the
control voltage becomes too large, it will exceed the
operating Hmits of the control circults and cause output
freguency errors.

B-7.  In this procedure, it is assumed that the AFC loop
ig focked. 1 the loop is out of lock, proceed to paragraph
5-10. The oscillator controls should be adjusted every 30
1o 80 deys as foliows:

NGTE

¥ COARSE and FINE OSCILLATOR ERE.
CGUERNCY controls are not adjusted slowly,
the AFC loop will not follow ths change,
causing a momentary cut-of-lock condition. 1§
this ocours, press RESET pushbutton to
return OPERATION lamp to steady-on con-
dition.

5-8. COARSE ADJUSTMENT

a. Set FINE OSCILLATOR FREQUENCY control
o 5.00.

b, Set CONTROL switch to OPEN LOOP position,
{Qperation lamp will flash rapidiy.)

¢ Set CIRCUIT CHECK selector o ERROR
pasition.,

d. Slowily adjust COARSE OSCILLATOR FRE.
QUENCY contrel for indigation of 50 midway
betwesn left and right deflections.

2. Set CONTROL switch 1o NORMAL position.

f. Set CIRCUIT CHECK selector 1o CONTROL
position. Meter should indicsie exactly 50,

g. Press reset pushbutton 1o bring cperation famp
1o steady on.

5.9, FINE ADJUSTMENT.

a. Set CIRCUIT SELECTOR switch to CONTROL
position,

b. Slowly adjust FINE OSCILLATOR FERE.
QUENCY control to obtain o reading of 50 on
the meter.

¢. Open the AFC loop.

d. Set CIRCUIT SELECTOR 10 ERROR.

e. Slowly adjust FINE OSCILLATOR FRE.
QUENCY control 1o ohtain a reading of BO on
the meter.

f. Close the AFC loop.

HOTE

It the FINE OSCILLATOR FREOUENECY
control reading is helow 1.50 or above 8.50 as
per the above adjustment, the COARSE
ADJUSTMENT should be made,

5-10.  LOCATING AFC LOOP NULL.

511, I the AFD loop is out of Jock for any reason or
will not lock in due to too large an error, the loop null
point should be determined as follows:
a. Bet CIRCUIT CHECK selector to ERROR
position,
b. Set CONTROL switch to OPEN LOOP position.

5-1



Maintenance

o, Set FINE CSCILLATOR FREQUENCY cantrol
to 5.0,

d, Adjust COARSE OSCILLATOR FREQUENCY
contrel for & meter indication of 50 between
the left and right deflections.

g, Set COMTROL switeh to NORMAL position.

Proceed to paragraph 57 to adjust oscillator

controls,

.12, 3.B8MHz SYNTHESIZER AND PHASE
SHIFTER ADJUSTMENT.

§-13. The 3.58MHz subcarrier synthesizer and phase
shifter are tuned st the factory and normally should not
reguire retuning. However, if either assembly should fail
and reguire repair or replacement, the foliowing pro-
cedure should be used to retune the assemnbliss. To retune
the 3.58Mbz subcarrier synthesizer and phase shifter,
proceed as follows:

8. Connect scope to view 3.5BMHz sinewave at
3. BBMHz  MON  connector J4.  Maximum
resistive load should be 1000 chms. Never use a
capacitive load.

k. Using insulated alignment tool, tune C20 on
3.6BM Iz subcarrier synthesizer board for maxi-
mum signal, Tune C19 for minimum ripple.

c. Repeat step b until optimum signal is achieved.

d. Connect scope to view phase-shifted 3.58MHz
at JB on resr panel and wne C13 on phase
shifter board for maximum signal,

g, Adiust RZ on 3.58MHz subcarrier synthesizer
board for desired output level into 75-ohm toad.

B-14,  FUSE AND LAMP REPLACEMENT.

.16, if a fuse blows or an indicator lamp burns out,
they should be replaced with the following:

a. 34 DC fuse; replace with 312003
b, 28 T1BVAC fuse; replace with 313002 or
1A 230VAC fuse; replace with 31300

¢. internal fuse; F2 {removing top cover,
fuse is located just above main power

transformer); replace with 312025
d. OPERATION and BATTERY lamps;
replace with MNo. 387

B-15, SERVICING INFOBRMATION,

5-17. #f it hecomes necessary to return the freguency
standard to the manufacturer for repair, the entire
instrument, inciuding all assembly bosrds, options, and
accessories, should be returned. Servicing is available ona

5-2

12118

flat fee plus parts basis. If requested, a firm gquotation will
be provided at the time of inspection and work will not be
processed until customer authorization is received.

5.18.  If further assistance is required, contact:

TRACOR, Inc,

8800 Tracor Lane
Austin, Texas 78721
512/826-2800

At Product Service
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SECTION Vi
REFPLACEABLE PARTS

6-1.  INTRODUCTION,

6-2.  This section contains all necessary information for
quick identification and ordering of repiacesble parts for
the Model 600 Rubidium Freguency Standard. The
saction contains a list of replaceable parts, a numeric Hst
of federal supply codes for manufacturers, and ordering
information.

6-3. LIST OF REPLACEABLE PARTS.

84, A list of replaceable parts for the frequency
standerd is presentad in table 8-1. information in the tahle
includes the reference designation, TRAZOR stock
number, part description, the federal supply code of a
typical menufacturer that suppiies the part, and that
manufacturer’'s part number. The list is divided into
subsections that correspond to the assemblies in the
instrument. The subsections are listed in numeric order by
assembly stock number. Paris are lsted in alphanumeric
order, by refererce designation.

6-5. FEDERAL SUPPLY CODE FOR
MANUFACTURERS {FSCM).

6-68. A list of manufacturers supplying parts for the
frequency standard is provided in table 6-2. The manu-
facturers are listed in numerical order by federal supply
code number,

§-7. ORDERING INFORMATION.

8-8. Address orders or inquiries to either an authorized
TRACOR, Inc., sales representative or 1o

TRACGR, Inc.

G500 Tracor Lane
Aaustin, Texas 78721
Attre Product Service

8-8. To ensure prompt service, orders must include the

foitowing information:
a. Namne, model, and serial number of the instru
ment.

b. Refarence designation, if applicable.

€. Assembly or sub-assembty name and/or number.
d. TRACOR stock number.

& Full description of the part,

6-10.  The part numbers shown will change occasionally
as manufacturers’ items are reevaluated or as improved
components become available, The component shipped
witl be the component used In production ot the time the
order is received, and will be equivalent to the component
it replaces in both dimensions and performance,

&-1
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TABLE &1 LIST OF REPLACEABLE PARTS

REFERLHCE TR AT OR TYPICAL MANMUF AC TUHER
DESIEHNATION  STOCK HUMHER FESCRIPTION MEGR PERT NMUMBER
E] # * * AGSEMBLY w0 Gl1o2Re=N00L ACCELSORY HIT * ] L3 *
G1h294=0001 SOMH ASEY 19397 Gin29Ua000])
GAB2T 700018 EXTERDER 1330 ARSY 19397 G3S2TT-00481
w # w a ASSEMALY p0 Coh152-008] COMPONFNT ASSY  ALUAZ ® ® # =
L2 Z2A960=-00}1 CAPACITOR 30 PFIY 4670 CY10C3hud
[T 35468=-0108 INpUCTOR 100 Us QORQE 1537=TH
® ® m ¢ OASBEMBLY #O GREUPN=AN0D] IMMER SHEFLD ASSY ® ® i ®
[EREBAC I SoPELL ASSY IHMER LAy 15397 G334 A9T=N0]
£ # » T OASSEMALY o0 GahIn =001 SHTY ASRY ALEAS ] * # #
Lol 2¥H17=-01ul Cap Faid “ICA 1H0 PED OORSS CHOBF 161603 (MIL-C-5/18)
[ 25069=Y017 CAapACLlTOR 99515 Fao2nueviz
ok 232690035 SO CTon Qargl SR8 5=0000
Moo A= BUnG HESTSTOR SELTFCOTED 195397 20e=0400
L 2ADE Qe U Linng 01781 PSp=1009
% E] & ' ASSEMALY 10 GAH131=0001 OS50 HEATER CUMT Al4AZ & # L3 #
Wl GOy Gy TSTR PHug?l ULl 2hNuG21
B 2il=5iit HEy FAD O FILM H.11 K 51349 RNSBOS1LIF (MIL~-R=105%09/7]
K2 233h0-4090 RESISTIR VAR &0pGY IZROWHBE-HUL
w3 21i=D111 Hig FAD FILM S.11 K 51349 RMEHDEL11IIF (MIL-R=10809,7)
] £i1l=5111 BEq FAD FILM 2,11 ¥ 81369 RMSHOBILLF (MIL-R=-10809/7)
H % 2il=0000 RES Fual FILM SEL WALS B1RuY RN S0 wmmE (ML =i {509 /7)
oh 2Ua=-01%h RES EXD LOMP 1,5 mEG B34 RCUTGF 1050 (MiL-A=13/8)
w7 ANbe(i 3Gy BEA FxD Come 300 K RI34G RUQT7GF 306 (MIL=R=1L/8}
(S 238969-0002 BApLIFIER 7763 HERTTE] 312
I3 % * + ASBE ALY 0 GRLIBt=0001 HEPATER ASSY A LA ® * L &
Wl S {e 2] STR ZiEazl Ha713 284921
Yol Gibiel-tunl CavyhTaL 19597 GISi&2~00U]
®i 1 2594G=0UR7T THERMISTER 208 LRRGT GhugPl
= ® % & ASLERMALY 0 GERHI5R3«0001 XTAL Q80 ASSY ALuAL & #* * s
Lo 2398%=-0022 ChRACLITOR .01 M0 16509 TH,01
.z 23480022 CApACIYOR N1 MO IABNG TA,OL
L3 2RO u=0022 CApALITOR (01 MMFL 1A Ta, 0%
L4 2330S9=0012 CARALLITOR 200 PFL T4p7i4 CY1uC2nLJ
“ 5 2E9EU-UiLS CARBCTITOR 270 DED fan7y CYloez7id
LB FI39AG=1020 CAapACITOR 2,7 MFD 14500 TIMI2oMO20R 0%
¢ ¥ 239a89-0022 CamACITOR (01 MFD 1A3509 Th, 81
[ 23%a%9=00n22 CArACITOR Ny MFD 1A%O5 Ta,01
L9 2396490020 CARALITOR 2,72 MFD 16504 TIM22HMUZEPOY
[ ] 2H96Y=U020 CAamaCITOR 2,2 MFD 16509 TIMZ2bMOZ0P0YW
Lol 2IHAO=0022 CanALITOR 01 MFD 1AB0G Th.ul
SR 2396%-0022 LAPARLITON D MED 14509 Ta 21
C L3 239690022 CARACETON DY MFD 16569 Ta, 0l
Coiu 23YR0=p022 CASACITOP .01 ™MFI 14509 Th,01
C 3% FAYRG-g022 CARRCITOR 01 “FD 1ARGY Ta,01
¢ oie 2TH12w0101 Car FxD KICA 1HO BED (ORSE CMOSFESIGUS (MIL-U=5/18)
C 17 Z23UEG=0N22 CADACITOR 81 FD 16509 TA,OL
L18 239nB=U022 CARACLITOR .01 MFD iAaR09 Ta, Ul
£ 19 25969=4022 CAPACITOR .01 WFD 14509 Ta,01
£ 20 239649=0022 CANAGCITOR .01 MFD $A%0G Th.OL
o2t 23948=0072 CapALITOR 01 WFG tA50G Ta. 0k
L 22 23%pY-3022 CAPACITOR .01 MFD 16509 74,01
23 E39RY=0022 CapaLITeR .01 MFO 16509 Ta, Ul
L 26 ZI3GRB-001Y CARACITOR 10 PFD 14hp74 CYi0Ciond
L1 FonB~ul00 THRGCTOR 10 tird G200 1537=36
W2 Subhahog TLnUCTOR 56 e QIGROD 185 Tedsl
L3 3hAB=lhig THUCTOR Se i S aa8an 153764
W1 GnQ=-270a TGTR 2MP70R 25303 2rz¥ng
4 2 GO0= 3646 TS SPECIAL 10EaY ANG=EE4e
W 3 G0 Iuké TSR SPECTAL 19397 A0~ 3G40
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TABLE &-1. {Continued)

REFEREN{E TR AC e R TYPICAL MAMUF AT Y URER
UELTwHaT 10n  STC0x  famshln CESCRIFTION ME R PART NyMAEN
* i 2Ee =GNy PLT w XD CUTP 20 H1%u4 ROGDGF2034 (MIL=n=11/11)
o2 ERELREITIE BZo p X0 CO 510 K B1349 RCODGFS 4. {MIL=h-11/311
2 2uWnS-G103 FES FRD COME 1n ¥ A13u9 RCOLOF 10340 (ML =fiwiis1l)
"o ERERATIRE i) Bes B AY COMP 51 K B34 RUOBGFSI30 (MIL=R=11,51}
LLE Y 2A9HJIw 2N B F A iR 2 & Fliug REOBGF ooy (MIL ==t 8 /31y
ELO N 23903wi10) : FROQCME LA R HIA49 RCULGR 191y (MEL=R=51/11
ko7 2398b=0h1L FAT CUME LT8G (i flas9 ROULGFEY 1 {MILwtiel 1711
Hoo# 249830911 FRAD COMO s Onu By AL RCUDGFH11Y {MIL=R=11/11)
g 2RO Ie 0] FROCOAD B g Prisy REGSEF 301D (ML epw]1r]1)
LG 2IYAZY B0z FRL COMP 3, A K H1349 RCHLGF 3620 (MIL=R=11/11}
o1t SAGHI-01R Fret, KX CONMP iR K fl3ye RCQDEF 183 (MIL=frmt 111
Hol2 238R3=Yag R{s X7 (00 15« 1349 HCOSGFIn 3. {MIL=R=11/11}
LA 23Ynd=01] FXL co4ap 1an g 11 3ug FEOLGFRELY {MILwn=131/113
ooy 233H =510 FRIY DR 1O Om RY35y RCUDEF 101 (MIL-R=11s31)
Moofh 2NH=iLT] FRie S0t g70, flis R13y9 ROOTHBF LTS (MIL Rt /A
LA 239N 5mpn2: s R SO0 g Ok A1340 RCUSGFB21J (ML wRed 1 /11y
WoET FHUEIE Y PO COMD pan oia HLRGY RUDTGF laly {MIL=FE=1]1/8)
LY PEYURR-0303 BAT OO g0 K Elage RCphGFIoad {MILen=13/111
ol ZAGna=yl03 Foas oK Hidna REDLGFLUAY (MIL=r=131/s11)
26 FANAS=1A] P TR By PEGHGF 18T (MIL=Rei1/11}
I H dirtemiybt I i, e ] RCOTGFEE1Y (MIL=mRwlisa)
ro22 2lib=y3ip RES B X CLME 5,30 & ALRLG RCGIGFEIZS {MIL=ne11/8)
W3 AAuR 3=l R4 BT COMP pnn apes B15ug REGSGFIuLY IMIL=H=12711)
ooz 2EGRI=y )02 HiLe KD Qowe pw ALRey RCOLGFIuBd (MILwf=11)
®o2h R 32 Fue FXT 00MP 3,0 Kk #1349 RCGTOF3UZG (MIL=R~11/8)
Mgy EEUnl-,0]3 RES FXDT Conam &) [ HALG RCDBGFSL 3 (Ml wp=11/11)
27 234903043 HEC RXE SOME 4§ E13u9 REOLGFU 52 {(MILeR=11s111
WP E EXGn3wylng Ris, FROCOoMe w BlAug RCUBGF1u2d (MIL=r=§1)
Moow(y 20271 Moo Fa Y QOB 270, Ode 1349 RCOT6F271d [(MiLwRw11/8)
I 1 L2a3a0myg] TroatlnF Op iR 133597 C2ddt-ugut
Tk 1 23de0auilg [RBRSIRTA B12481 VBnE
Cie 2 HOG=U1Ug el IMu 148 11433 iNuish
ot 5 BOG=u 16y AR RTINS 15433 thg 148
kS - 1 s RSSETTYILY 0 HA01m]=110]) O8CILLATOR # # r #
0204958 =yr) Covin AGLY 1n3ay GRBYLE-n0U}
G2UlhZ=~(0n] COmPULTLT ASSY  aluds 9y GRBLE2=-000]
G498 ) -0un) Can aLSY XTAL N%C 193297 [ERIC L T I8
GdsLar-uung 050 HLATER COT alaa2 192397 635131=-0001
Gihlnl-000] HEATEI agoy ATLAL 1BE9Y GAS1EI-0001
C35153-01111 XTal 250 assy AlHAY 189357 GA5153.0001
9 1 23aG=u02] CAPACTITRE 1H509 TIiM 360
[ | FIUnt= 1) 30 COmRESTOR aB2ay Bl=Ni1=319s
Hoo2 A3NNHG=U029 COLMLETOR #1312 SHETES
* » * * OARGEMILY 0 BLUAGE=O0 ] ALV AGARD ATAY " = w =
L i 2AFED-G0 LY CAPpACITOR 019 D anny s HL 21830
L 2 2390609 Gis CairACITOR ,01d ™MD G9h15 HLz2-1830
c 3 Agiu=31n} Car FXG THA LOG MFD ui29hn CHLIBELUTI (MIL=Cw268R5,/01
™ 4 isie=0in Car Falr 2108 1an PR nnnRsy CHBLFLI01GUS IMIL=0=hr18,
Coon A914=0101 Car FXU 1A 10 MED Gt294 COIIBELYTR (MIL-Cw266855,/0)
L ] 2396%=0004 CAPALLITOR 1 wFR TRsy CRBICH /A1
“ H 23900=0300109 CAPDACITOR 1 MFD Tahiyy C2H1CH a1
[ 23%08=yrnn CaraCITOm 1 tFn ESEEE] CPRULCH AN
Looa Slusin-u?y; Cap FXEO TA a7y wen NR3GT CSI3BFUTEL IMIL=CwpRe585/01
[V 1] 2145w 15¢ CAL FRED Th 15 MO Hi2uy CS13BF 1bnK IMIL=C=26635/51)
ot #4350 CAP RxD Tas 34 UF n1295 LG1 M HEBY8K
32 Flhmo=ul3y Cr FRID YA 3.3 MED (5397 TS 388K (MIL=C=26655,2)
(PR dY9tu=050} CAl £X0D T4 160 MFDR nizes CSIIREI0PK {MILwEw20655,/2)
Tk 21485=347y Cass Fal Ta 47 MFD 05397 LS 3RFLTAK {MIL=C 26655 ,2)
< o1k EEARTEVE ST oy FRUDTa 1o vEp 17265 CRIBNE L paK IMIL-C=264655,0)
[ HYlu=010y Can FXD Ta Lo FD 61295 CSLAE LUK (ML =C=06585,21
L7 GYiu=-Bian Chv FX) TA Lo wFD 0129y CH13BE tuhK (MIL=C=26655,2)
C 18 ZEYRE~-001G CapACITOR 0% MED gy annig EFL=503%4
[SN R EACITEIVNS 5 CAPACITOI: .0 #F0 3y Qan1s FE1=5B034
o206 23909«=001& TAMACITON L1 MEn 4w aasiy EfI=100k4
Lo21 23%RU=0i]y CARACITOR 1 MFD 1% RIIP 5 EFg=1044
Lozz 2396 9=t iy CAALITON 1 MFI (1w QORI EEL=10#44
Coz23 2l6RB=G250 Can Fx0 TA 22 MFD 5397 CSIHF 226K (MIL=(=PaE5S,/2)
Loo24 9140330 Cap FiID Taw 39 UF 01285 CH1IRE306K
[ E914=-0301 Cap FRD YA 100G MED 1295 CRLIMBEIUTH [MIL=(-260B5,2)
C zn BElu=yi0l CAr FXIY TA 100 MEN 81295 CHI3BEIQ7K (MIL=(=26655/2"
oO27 2IGHMBaR] S CADALITOM (DS MFL 1% A% Y £ ~B03RA
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REFEREHCE TR ACOR TYRICAL MANUF ACTUHRER
OESIGNATION  STOUK  humitR BESCRIPTION B GR PERT HMUMBER
L 28 23969-0015% CAPACITOR 0% MFD 3% Ge515 EE1-503A
£ 24 BILG-)390 cap FED OTAN 39 UF 01295 C51IHEI96K
¢ 30 AQiu=010L can FxD Th 140 MFD 01295 CSL3BEI0TH {MIL-(~Rba55/2)
<403 23969=0034 CONMECTOR GAZI] 51=053=0119
4B FADATGO3Y CUnNECTOR GR2D Y Bl=0583=-0119
Wl SNp=391% THTR 2HIG04 04713 AHIF0L
] SO0 500G TGTR ZH390u navTil 2H3904
E W 3 G00=-1711 TeTR 211711 navLs 2HITLY
Qoou S 0300 THTR 230N QU713 2NE04
w & S04~ 3590y TSrR 2HAIT0L ns7i3 R3S
[ GUO=3504 TLTH 2M390u au7L3 ZH3IL0L
@ 7 GNG=-2uhh TSTR 2N26Huh6 n3508 22648
) GNG=3904 TSTR 283904 08713 aN3904
Wl GHOE=12U3 RECg Fuiy FILw 124 ¥ R1Z49 RHRBQCIZWIFS (MIL~R=55]82/30)
q2 208=04513 REG FAD £OMP L1,0 K RIZ4Q RCOTGFSLIJ {MIL-R=-11/8)
w3 204=~0222 PEe FRD COMP 2,20 K 81349 RCGTGF222d (MIL-R=11/08}
WooH 2NMU4=02z22 REe FXD CcOM? 2,20 K #1349 RCQTGRZ22d (MIL-R=-11/8]
#o5 BSRE~0503 HEY WAH Wu 90 ¢ 80294 ZOOF-1-503
B GuN3-1003 RES FrD FILM 100 K A13ug RAURGOCIOO3FS (MIL-R~381a42/30)
w7 200513 R FRD COMP 51,0 K #1349 RCOTGFS13J (MIL=-8~11/8)
W8 2UG=010y RE® FAD COME 10D, B340 RECOTOF UM [MIL=-R=31/8]
“ o 0 23105861 REG FXD CUMP GRT, OHM A13u49 RCZFOGFSBol. (MIL=R=11/3]
® 10 Flu=0102 e FXD CO%WE 1,00 K a13u9 ROQ7GFIU2d (MILwRw11/8}
WOy A-010g RE®S FAD COWP 1,00 K 213449 RCUTBF102d [(MIL-R-11/8)
W1z 2060103 REq FXD COMP 10,0 K 1349 RCOTEFI03) [MIL=R=11/8}
L 204=0103 HEq FXD COMPE 10,0 K 81349 RCQ7GFLI0IY (MIL=-R~-11/8)
Hoiu ghGa=0303 RES VAR CERMET 10 K TEL38 TIPHLIO K
Rl 2h4=0kT RES #XD COMP 47,0 Onm #1349 RCOTGF4 70U (MIL~R=11/8}
HoOlR 204w0223 REe Fal COMP 22,0 K Al3ue RCOTGF223J (MIl=f=11/8)
KoL EHEEN S ] RES FXD COMP 3,30 K BL349 RCOTGF3324 (MIL-R=11/8)
#oLH 20u=0102 {5 FXD COMP L.00 ¥ BIZ49 RCOTGFLO2Y (MILw=R=311/8)
o1 4051 372 R FXD Il 15,7 ® a1 349 RMREACLIZT2FS (MIL-B=55302/30)
W20 BHG3=1372 REG FrD FilM 13,7 ¥ B13u9 PMREOCLIITRAFS (MIL-R=55182/301
HoZ21 Gu{3-2051 RES FAD FILM 2.05 ¥ At 349 BMREOCZ05IFS {MIL~-R-58182/300
W o3 2045103 REG FXO COMP 10,0 K BE349 BCUTGFIQ3d IMIL=R=11/8)
HoRE 208miu Tl REG FED COMP 70, OHM R1Run RCDTGFU7IL tHMIL~R=}1/8)
K 26 B5U8=0103 RES VAR CERMFT 10 X 75138 TFERLO KW
W27 2040475 RIG FAD COMP w7, ¥ B340 RCOTGFHT4Y [MIL=R=11/8}
# 28 Z0h=0203 HEe FXD COMP 20,0 K BIZ4G RCOTGF203d (MIL=R=11/8)
H 29 EREERN REL FRD COMP 10,0 M R1349 RCUTGFLO3S (MIL~R=11/8]
w A% 204=-0502 REe FX0 COMP 1,00 K 81349 RCOTGFLUZY MIL=R-11/8)
K3 GuOZ=1022 RER FxD FILM 10,2 ¥ 81349 RMROEOCIO2EFS (MIL-R=~85182/30)
HoOAR N3 G22 RFg FXD FILM 10,2 K 113489 RMRGUCLOR2FS (MIL=-R=3%18z2/301
P33 GH03=5111 REg FR{ OFILM 5.1t K B1349 RMRGOCHLLIFS IMIL~R~351R2/ 30}
W 34 HuBS3=3TH0 REG FRE FILM 975 OiM £13u9 RMRGEOCIZEOFS {MIL-R-535182/30)
"S5 w403« 1003 Rt FXn FILLM 180 K 81349 RNRHOCLIUOZFS {MIL-R=BL1R2/30}
K36 208=0103 RES FXU COMP 10.0 K G136 RCOTGFLUSL (MIL-R=11/8}
w37 2Ruel1nd RS FXD COMP 10,0 K B1349 ROQ7GEL03Y (MIL=R=11/6}
HoO38 204w{(103 RE FXD CDMP 10,0 K R13u9 RCOTGFLO3 (MIL=p=11/8)
o3 20H=047 3 RE4 FXD COWP 470, 0ORM R1%49 RCOTGFATLL (MIL=R~11/8)
M40 el 06 pfEe FXN COMP 1IN0, ¥ a1349 RCOTGFLORJ (MIL=R=11/8}
R 204=0103 REs FAD COMP 10.0 B1349 ROQ7GF LA {(MILwR=11/8]
L 2lu-=-0103% e FED COMP 10,8 ¥ Bl Aug BCOTGF103) (MIL=R=11/8}
R4 FRU=3102 RES FX CUOMP L.00 K BY3ug RCOIGF L0240 (MIL=f~11/B}
o4y 204=03534 HES FaD oL oMp 330, K B1349 RCOTEFIZu (MIL=R=11/8}
ok Shd=0133 #Ee FAD COMP 12,0 K 813u9 RCOTGF1230 1MEL=-R=]11/8)
KU ZUm(uT] RES FXD pOMP 470, OHM A1349 RCG7GFHTLW (MILe-R=-11/8)
HouT Au-G181 REG FXD COMP LR0. OHM B1349 ROGTEFISLY (MIL=R=11/8}
H w8 GuN3=2760 REG FRD FILM G776 OGR4 RIZLG RMRGOCYTHOFS (MIL=R=-55182/30)
K69 HUEQI~1003 REs FED FILM 110 K AL3ug RMRGOCIUDEFS (MIL~H-~S5B1B2/30)
w50 Zha-0105 RE® FxD COMP 10,0 K 81349 REDTGFLOIY (ML -R=L1/8}
K51 LOU=0103 RES FxD COMP 10,0 K 81349 REGTGFI0SS (MIL-R-11/8}
H b2 204=-0L05 REs FXD COMP 10,0 X #13%ug RORFOFI03S (MiL=R=11/8}
# 53 ROG=aT] REG FRD COMP 470, OHM R1349 RCUTBFU7LS (MIL-R=11/8)
Hoby 2OL-5103 REL FAD cOMP 100, OHM L] RCDTGFI0LG (MIL-R=11/8}
U1 23969=-0058 IHTEGRATED CInCUIY 01295 SNTHTE2N
[ 23969~0001 arpLiF TER nIPR3 UBRTITEL IR
Y3 239690001 AHpLLFIER 07263 UBRTTH 1393
W 23960-3001 anL IFIED 07263 USBBTTHLIIND
CHO 3 B0-095y DEINDE INaLs a129b 1MNgLG
GH 2 BU0-091iy NinlE inaly 01295 ingiy
cro 3 ANG-3TEL DioBbt INT7HI 0129% 1MT7Rl
L g 00=y751 MInfE IHTSH niz29s 14751
CH 5 B800=09 14 OInhE INgLe 01295 1Mgls
CH B GN0=0T 14 il ihoig #1295 Moy

TABLE &-1. (Continued)
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TABLE &-1. (Continued)

nESCHIES

¥ OASHEMULY 1 o

27L12-0150
2751 Z=L200
27512~0300
FTH12=0150
23909=012%
2F512=0101
2I512=-4820
2TLIZ=U6A0
JE03-0h s
SYH3=-uihiz
23968=0123
Z712=038)
JHNE-95803
2751 3~0u001
27913058
278 2=iikat
SHO 3000
275120500
EESE-Ea it
SJUGE-Un03
U0 EZ-3007
B bw gl 70
FHftd=-G503
23960-(12%
27512=075H0
9P b8y
340 5=0503
BY18=-0%00
2T512wpyu71
2AERG-01 23
RTH12-03101
38034502
JIHUBGED
3u3=0503
S 3-0503
BYIA=EL]
SR el 3
22909=403:
2EBEQw= [ By
23960003y
IBHA-9AH]
Jn6B~86A1
Shebuundy
SboR=5260
35a8- 360
3B6B=-927]
35680110
Juehe-095R1
GO0 JE0L
el 51k
YN 0e 300y
il dunn
G00=550u
GUl= 3Gy
GH0-5351
N 360y
Gon=3a19
G003
SN 0=3G05

S G=3900
Blp= 330y
Q005904
GO0=3519
GO 34
ERET TS
204=01A%
20U=gin3
208w b1
ELEETRTR
RAUbmG10]
204=6G10]
20u=010]
204=0262
Zhb-iag
208m5150

RO
F a0
FaD
Fxn

Cuf
A
Can
Car
Can
Can
Cage
Can
Tan
[
e
Tap
[aF s,
Can
T
Caw
Lap

F R
Fonis
FR
Fxh
F X

FaD
FAD
Fxi
A
F i
Fa
DA FRD
Cap Fi0
Carm F¥n
Car Fx{
Car Rxn
Cap FXD
Cag
Tap
Char
CAn
£ ae
AR
Cap
Cap
Cap
Lap
Char
Cam
A Fan

CRI F K

TOHECTO
Curhl Y0
CartieCTo
TnUCTOR
LanUCTnR
T auCTor
TanueTar
Frn U TOR
I'MUCTOR
T JC T
TGO TOR
Tare 203
Ta1R 213
ThyR 2003
TLTH 22
ToTH 213
TSTR 2M3
TaTR 2tib
TLTR 2i13
TyTiv 2M3
TaTH 2M3
TETR
TSTR
T5TH
TLTR
TeTR 243
TSTR 203
HES FXD

RES, Fxi

RE®S FXO

RS FxD

Rty FXD

RES X

RIS FXD

RE & X3

HES + 30

REL F XD

RS FAL

X
VA
VD
[
Exd

FXD
Fxn
F Rl
RO

FED

2043
and
2r3

Tion

GHOEN L w00

2]
[z
PEG
2Fn

YICA 1S
5B Lo WY 4]
HI18A A0
PICA 1%
I
HICA 10n
SICK w2 PED
»I1Ca &2 RER
CER L U5 HiE
CLRr 08 g
N
MICA 3D
TER Lub [F
SIOA BADMME
L!Icf‘ \_,_nf)_e.‘yv‘(:
MICA pAD pPED
CER LR HiF
HICA BRDF

TH 6 MFL
CERLUS HE
(‘F.’J 'Ufi HIE
TA 4T WED
R 0s HF
L Omh

MICA 75 pFD
CER MIMHAT
ciik 08 HF
TA HA MFD
MICHR w70
L0
HSICA 100 PEN
CER ,0% HF
CER LUS U
CER LU i
CER LU F
T4 Hf MF'Lj
ol Lus Ui
™

P

3]

PER e

EyRE et

0¥8 UH

24,0 thi

36,0 1

2.7 uH

110 b

H¥A UK

B

Gy

af

RV

Qfyi
O[}{;’

351

alta

n13

T

FrE

BET

2H3N0E

any
L)L
S04
afa
S04
caone
CGMP
LOMp
ComMe
L0
COHR
COmMp
COoMp
CoMP
COMP
LoMp

ST, OHu
1R.0 K
0.0 K
e OHM
5H7 OHM
100, OMM
106, OHM
100, OHM
2,40 K
1,00 K
15,0 OHM

TYPICAL
MEGR

SYNT,COMP PRD

(0ARS
NoR% %
GnNasg
OOR%3
AR R Y]
GO0RSA
UnRn3
nnaga
B01A3
BOIRS
G518
anasL3
Hiips
Ali7l
4171
anARs
BNLAZ
Drasi
25397
EUB R
Rhyian
1249y
ANTAS
g1518
06853
T3R4G
A0183
0anay
AGR% 4
REE Y]
oaas3
8ALR3
an183%
ANIAZ
An1Aa3
05357
&0183
QAPGY
aFzal
CREYL
i s
SGRDG
TARI0
QFARNG
Lzl d]
aqaaay
A
wangn
UH713
a7l
au7t3
Nu7i3
[EE )
03295
GHTL3
0]235%
G1295
04713
nygeg
QL7313
REN SN
04713
iras
DUTLE
#1349
R13ug
81369
Allaq
At s4g
Bi3uG
#1349
ai3ug
Bi%uy
A134s
a1i3ug

MANUF ACTUHER
PARY MNUMBER

Replaceable Paris

AHAY

CHgBFI5u603
EMGSERDUBLS
CHMUSEAQUGLS
CHMOLFIB0G603
L
CH¥aoF101GU3
CMOREAZOG03
CMOSEaBUGHS
THE-550
TH=550
SR Y
CMUSE3QUGEQS
TH=550
Db 1w By
Mt 5By ]
CHMOBFARELIGUS
TH-550
CHMOBEROUGLR
251 3085ukr
THeSHU
TGwSHT
CS13BEY Tas
TH«E50

St (05
CHOBETSRE06A
OV LiPE35N
Ta=530

£51 38R506K
CMUSFUTIGUS
S5
TUASFI015603
TH=5580
TG=550
TGE=550
TG=350

5 13HB5nAK
ToH=%50
Sielbb=119
51-053=011%
Ble(Bl-0119
1537~52
FTRAETw3RE
jR37=32
1537=44

123 T=Hy
1853722
1837-36
153732
2MEROL
N30
2MN30u
2013904
AHIS04
2H3906

2r A5
FN3IY08
2HEB19
2HE90Y
2M3206
23T
MR
ArIZI0Y
2MN3Big
ENZD0Y
RCOTGFu71d
ROQTGF1E3Y
RCQIGFI03)
RLCOTGFBELJ
RCHTGFSL1J
RCQ7GBF10Ld
RCUTGFLGLJ
RCOTGFIOL
RCEUTGF U2
REUTGFLIg2U
ROQTGFISDJ

* g *

{MILwCr5718)
(MILwC=5/18)
(I =0wb /18,
TMIL=Cwh /18

(MILwlwS/18)

IMIL=CusS /18
(Ml wl=5/18)

(MIL=-C=5/18)

(MILwC=5/18;

IMIL=Cwh/ 16,

(MIL=Cm26658 /2

MIL=C=26655/2)

{(MIL«Cab/18)

(ML =fw26nBEE o)

IMIL-C=5,/18;

SR e N

(MIL-C=26655/2)

{MIL=R=-11/8)
{MIL=Reli/8)
IMIL =Rt L /8)
{MIL=p=:1/8;
(MIL=m=11/8)
(MIL=-R=11/8)
(ML el /8)
{MLmpey /8
(MIL=Reyl a;
{ILmR=11/8)
{MIL=R=11,8)
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TABLE & 1. {Continued)

REFERENCE TR aCOR TYRTICAL  MANUFACTURER
DESTNATION  STOOK  NUMGBER NESCRIPTION MF G PART MNUMBER
k12 204wl DY REc FXD COMP 15,0 OHM 81348 RCOTOF 158 (MIL-R=11/8}
K13 2OU={153 RES FRD COMP 15,8 ¥ A1L349 RCOPGF 1834 (MIL=R~11/8)
L 206w BEA2 RES FXD COMP 6,R0 K B1349 RCOTBFGBRS (MIL-hwi1/8)
K15 239690065 REGISTOR VAR 80294 300RV=3=303
Mol 2Om0512 RES FXED COMP 5,10 K 81349 RCGTEFSL1R2J (MIL=R=i1/8)
®OLET 204w0104 REg FXD £OMP IDB, K B1349 RECDTGFLUGY (MIL=R~11/8)
< K 1B PUETAIRS ¥4 RE S FXO COMP 5,350 K R136G RCBTGFSL2W (MIL=R=11/8}
w12 204=010u BES FZD COMP 106G, K B1349 RCO7TGF Litsd [MILoR=11/8)
K 20 Z0u~0a02 REG #XD COMP 2,00 K &84S RCOTEF202d (MIL-R=11/8)
® 21 20603100 BEC FAD COMP 0,0 MES R134T RCBTOF L0064 (MIL=R=11/8}
Ho22 20561 RES FXD QWP HAN ORM B13589 REOTGFS61Y (MILwR=L1L/B}
Ho23 Rlue(5hY RLG FXD COMP h&  OHM 81349 RCOTEFBE0J {MIL=R=11/8)
K24 20u=(R22y REG FXD COME 220, K B134G REGTOF 2260 {MIL=Re]1/8]
Hozh FOIE S EHY RE4G FXIY COMP 10D, K 81349 REDTEFLOGY (MIL=R=-11/8)
L 2Hu-015y RE< FXD COWP 1na, K 1349 RCDTGF10%] {MIL-R=11/8)
Ro27 Z0u={103 RES FaD COMP 10,8 K A1349 RCOTFEFLUSJ (MIL=R=11/8)
Ho28 204=3103 RES FXN COMP iN,0 ¥ B1349 REHTEF103J (MIL=R=11/8}
Hoze 20w 0R12 RES FX0 COMP 5,10 K Bi3kg RCGTEFSL2) (MIL-R=15/8)
K30 Zuteylll RES FXD COMP 11D QMM 513u9 RCOPEF 1LY (MIL-R=11/B}
K31 2Ga=131N2 RLw FXD COMP L 00 K B1369 RECBTGFIG2. (MIL=R=11/81
M52 208=02T3 RES FXD COMP 27,0 ¥ G1369 RECOTRF 273 (MIL-R=11/8}
A3% 204=0BRZ BEG FXY COMP &, A0 K B1349 RCETEF682J (MIL=R=11/8)
L) 2hu=3102 RES EAD COMP 100 K B134S ROGTGF 1024 (MIL-Rwl1/8)
Ko 30 ZUbwGE1G REG FRD COME 51 OHM B1369 RCBTIGFBLO (MIL=R=11/8)
LT 20u=103 RES Fxfi €OMP 100 K R1349 RCPTEF LU (MIL-R=11/8)
KoS7 2ou=0392 REG FXD COMP 3,9 K #1349 RCO7GF 3920 (MIL=R=iis/8)
K38 204-0333 RES FX¥0 COMP 33,0 K /1349 RCOTEF 343 {MIL=R=14/8)
3G 204=0472 REL FRD COMP W.70 K f1349 RCOTIGF 472 (MIL=R«~11/8)
[N 2A25=300) Tt CKRT DUAL J=K nipas SHTHTIN
u 2 23425-0001 $iIT CKT DUAL J-K n129% SHTLTIN
U 3 234250001 INT CKT DUSL J=K 01295 SHP4TIN
[T 23LRE=000] [Nt CKT pual J=K 01295 SNTHFIN
u b 23425000} TNT CHT PUAL J=K 01295 SHNTHTIN
BV N 2H42%=000L TRT CrT DUAL J=K 01295 SHTHTIN
[V 235320004 {NTEGRATED CIRCUTT 01295 SR TEEON
u A 234068=000) THT CKT oQUAD 2=THNPUT 41295 SH7&O0N
U ZA531-0001 THTFLHATED CIRCUIT 01295 SHT4 30N
U140 2340E=UyiL TNT CKT GUAD 2-THPuUT 01299 SNTHOON
Y o3 GLu893-U00} CHYSTAL %, 313300 ®H7 19357 618893=0001
tro 1 BNO«03 14 NIioDE 1Hals 11295 iNeLY
ow 2 BON=09 14 DInNE 1Helb n1zay tNG LY
cH 3 23949-ylke nialE 31281 YERE
[ A00=0914 DIohE 1hoi4 01295 1M LH
CH 5 GU0-09Lg DINNE 1MQly 61295 1MG 18
CK & BO0~D9L4 DioRE IMGiw 11295 LNG LG
cKo7 BGO=0G14 DIoNE Lhais 01295 tNG LY
CHoO8 BOO=0491 4 DiphE tNaly 01298 PHO LR
CHo 9 BOO=UD 14 DIoNE 1NQLu nrees 1hGLR
XY % 3631muDn: HOLDER CRYSTAL 91586 AOGU=DG]
B ® ASSEMBLY N0 GUuIRE=0n0] KRN LMP 0SC A13ALA2 3 * 3
[ | Z39AY=0DP2 CAPACITOR 01 MFD 16509 Ta, 01
[ 275120221 cane FXD MICA 220 MFD BELM CHMOSF221603 (MIL-C=5/18)
o3 27512~05%00 cap FXN OMICA bn PF O0AaS3 CMOSESCOGO3 (MIL-C=5/18)
¢ 2¥bh1z=9501 CAP FXD MEICA 5 PFD 0R8%3 CMOBCOS0KOS (MIL=0w5/18)
[T 3568=8961 IHPUCTOR 5.6 UH 99A00 1537=30
L2 3568=9561 THPRUCTOR B.6 U QG800 1537=30
L3 I56R=950] INAUCTOR 9.6 uH 92RO 1537=3%0
¢ 1 GU0=3553 THYR 2M3IS53 95303 2N3553
RoO1 2n4=0222 REG FXN COMP 2.20 K 81349 ROGTEFR2224 (MILwR=11/8)
®oO2 204=0671 RES FXD COMP 4768, OHM £13u9 REGTHFGT LW (MIL=R=11/8}
K3 204=G202 REe, FaD COMP 2.00 K R1349 RCOTGF 2024 (MIL=-R=-11/8)
Kb R02=3100 REG FXD LUMP L0 OHM A1349 RCAZGF LU0 (MIL=R~11/6}
% ® ASSEMBLY 10 BUGDHLH=0001 X1B RF MULTE AUATL ® ® ®
SR ¢ 23969=0022 CApACITOR (01 MFD 16509 Th, 01
c 2 239649-0022 CAPACITOR .01 MFD 16509 Th, 01
c 3 B9 b=0228 Cap FED TA 2,2 MFD 01295 CS13BE2258% (MIL-£~26655,2)
[V A324=9103 CAap FXD MYL .01 MFD 56789 192P10a392
[ 23969=0022 CAPACITOR .01 MFD 16509 Th, D1
¢ 23969~-0022 CAPACITOR ,01 MFD 16508 TA. 0L
[P B91B-03351 cap FXD YA 330 MFD 45397 COIIRBAZITR (MIL-C-266535/2)
[ 23905=0022 CAPACITOR .01 MFD 16509 Th0L




12116 Replaceable Parts
TABLE 6-1. (Continued)

REFEREMNCE THACOR TYPICAL MANUFACTURER

DESILNATIOG 5TOCKk  WUMBER DESCRIPTION MEGR BarY MUMBER
L 9 23%68-0023 CARACITOR 2,25 PFD 14509 TrR25C
L0 23869-0022 CARRCITOR .01 WFD 1850% TR,81
[ S ) 23959-0022 CApACLTOR ,01 MFD 165069 TA,01
¢ 12 HOh=922] Cap FYD YA 2.2 MFD 0L2e% CHIABE22BK (MIL=(m26655,2)
“ 13 239659-0022 CapAlITOR 01 MFD 165%09 TA,0L
C 15 ERFEE TN Cap FRD eyl 047 MED S4RBY 192847302
15 2389890022 CARACITOR 01 MFD 16509 Ta,01
[ T FTEI2~GuTR Cap FxO MICA w700 PFO GO853 CMOGFUTRE03 (MIL-L=5718;
o1y 23965=-0022 CapallTor .01 “FD 16509 Ta, 01
L8 23969-0022 CapaflTon .01 MFD 16569 Ta, 01
[V R 2THR12=0221 Cap FXO wmICa 220 PED DOASS CHMOSFRAZIG03 (MIL=~-5/18;
“ 20 275130562 Carr FXD mICa SHenn Prp Bui7rl Didm | G By 2
C 21 2¥51E~0152 Car FXD omICa 1500 PFD OORS3 CMOEF 152603 {MILeCws/18)
21 2TH12=yi52 a8 FXD wICA 1500 PED OORE3 CHMBBF 152603 IMIL-Cub/18)
Loz2 23969=-0022 CAnACITOn 0] MED 16589 Ta. 81
o 23 239690324 Can .00 9iuiAa Sha(80]
24 238pT=0072 CARPACITON .01 MFD 168%0g TA.01
o2 2TL12-~0560 Cam FRD wiCa SR PFD Q0853 CHMDEBESH0G03 IMILeC=5/18)
C 26 27512-0301 Cam FxD owICE 300 RED O0ASS CMOSE3OLIG0Y {MILal=5/18)
c 27 2TE2=0301 Cap FAly »ICA J0n PEN GUASS CHMOLERDLIE03 {MILwlwB /18]
o2& 27120560 Cap Fx) mICA & PFD O008%3 CHGOEBEEG03 (MIL-0~%/18;
C 29 23959~0122 CapaCllor .01 MFD 16509 TA, 01
[SY s 23959-0124 Caw L0001 I8 SMw(0]
Co31 ZAREG-0124 £an L0 SR Y] HRa00]
C 32 SLMHS=GI0Y Cap FAD YA L MFD 05387 C513BFL0BK {MIL~C~26855/23
(S 23969=-0022 CAPACITOR ,81 2FD 1802 YA GL
C a4 2TRLI2=-0750 Cap FAD Mmila 7R PFO anass CHMOSETE0603 {(MIL«Ce5/18)
3s ZVSLZ=018] Cap FxOD wICs 10 PFO anAas3 CMODF 181603 (MILel-5/18)
€ 36 89ia=(101 CAR FXD Y& 100 MFD Ti29s CHI3BELGYK {MIL-C=20655/2)
c 37 27512=-0271 Cap FXO MICa 270 PFD ARRES CMODF2716083 (Hil=(w5718;)
¢ 38 23069=0022 CAPACITOR .01 MFD 16509 TA,D1
C 34 239680022 CAPACITOR 01 WMFD 16509 TA,T)
Coug 23969-4124 Cap 801 ERERE:] SM=00Y
L4 239690022 CAPACITOR 01 MED 16509 TA, U1
Lou2 23969-4022 CARACITOR 031 WMED 1&£500Q TA, Q1
Cou3 332484732 CAp FRAD »YL 067 MFD SEHAR9 19pPuTI9z
Louu 23909=0022 CAapACITOR 0] MF3 FE509 T4a.01
d1 23965503y COMNELTOR BAPG} 51.05%-0119
o2 23969=0054 COMNELTOR YAZSY B1w-UB88=011%
(SR 233690034 COmNECTOR SAPG) 51=053=0119
WJoood 238690013y COmPECTOR GRZY: 51=053-01159
L 1 An66~0180 THEUCTOR 1% U S9800 1537=40
L2 S42R=(301 ITMnUCTOR 300 UM SaRGL 2500=-02
W03 Ju22-0301 INNUCTOR 300 ur agagn 2500=-02
Loou 2EH8=036(0 INPUCTOR 35,0 i [LBRGY 1537=54
L5 G2ug21-000} TunUCTOR YARIABLED 19397 GEUB21=-0001]
L & 3422-0301 INQUCTOR 3na it GOALD 254U=02
L7 3BHB-036T THRUCTOR 36,0 U VEEGD 18937=534
LB GRUR18=G00] IRNOUCTOR VARIARLE 19397 GZu9L8-0001
L9 GE4G19=000] InpUCTOR VARTABLE 1azay GPuG U=000]1
Lo1o I968-9571 IrUCTOR 6, 7Uk TARNG 1637=28
Loty 964~ 7Y INNUCTOR &, 7l QIR0Q 153725
L2 G24922=-0001 INRLUCTOR VARIABRLE yalar GA4922-0001
Lo13 A56HmGYT] TAGULTOR o, ThH aanan 1937=-258
[ §5 ELGB-T T THrUCTOR &, 7 REEN] 1537=28
L 18 I56B-G8T] IHNUCTOR 4, FUH GUAQY 153 T8
Loi6 3568=-047] THRUCTOR 4, TUM SRR0G 183728
1Y GRUB20=GOR] ITHpUCTOR VARTARLE 19397 BRuY20=000]
L 18 IhaB-Y331 IHRUCTOR 3¥3 Ut GHROG IB37-24
L 19 34568567 ITHEUCTOR 4, 7iM SA850 1837~28
W1 SO0=-390u TSTR 2H3auy QuyL3 2NIHOH
[ FOA=-3904 T4TR 2M3anG Ou7L3 AN3%04
w3 GUH=-2906 TSYR 2H300e 01z2ns ZN3S06
W6 GO0y TETR ZRN3IG0u ny7T13 PHNIQ0Y
W 5 GO0=394 TSTR Z2r3904 Bav13 ENEB0L
G o 90 0~380y Toee 2N3apu GHTLE INIIOH
W7 SLO=-3908 TSYR 2M3gus 01295 2H3204
o8 900390y THRTR 2ZNIQ0u 047313 2M3904
@49 Gh0=34906 TSTR 2MN3906 11295 2H3R06
@10 GOH~ER04 TSTR 2H3B04 04753 PH3IT0Y
@ 11 FOH=3804 TETR ZN3IS0L BU71S ANZAD4
G 12 900=3906 TETR 2NIQ06 J129% 2N3906
& 13 F00-3900 TaTh ZN3apu Q8713 SHEGN
Wz 20M=00TE REG FRD COMP 47,48 « R13u49 ROGTGFUTIN (MILwpw]i/8)
o3 20L=(1 54 RES FXD COMP 15D, ® 81349 REQTGF 154U (MIL =R=1§/8)
o4 20L=393 Reg FXOD COMP 39,0 K 81349 RCOTGFIQIJ (MILwRk=31/8)
B 5 204=-0102 RES FXL cOMP 1,00 K B81l3ug RCOTGF1U2W (MILwR=41/8)
LAY 20U=0122 REn FXO COMP L,.20 K 8:349 RCOTEF122J {MIL=R=11,8)

&7



Replaceable Parts

6-8

HEFERENHCE

DESIGNATION

®o7

L

o9

W10
1i
12
13
14
15
16
w17
HoOL8
H L9
K2
#o21
®oZ22
Ho23
Ho24u
o285
HoZh
w27
2B
Ho2S
o 50

.

3

Y]
¥ 35
AR5
w37
KGR
W39
W0
K&l
H

fng
LR = SR N

TEELL A e g Ao na

36y
AR X Xl
L P33 I8~ OF U8 £ 0 B2 b G P 4 b T Lt A b

Ly
"

o
e AR AP B AR e R

OO M O,

[

T R

STOCK

& C U R
FUMBER
204=5302
2H5~3560
AOK=3 104
2060104

2326G-0005
2N4=0473
204503
2044124
2080275
204=0102
20u=0102
Zhk=0332
20u=018}
204=0181
204=0102
Sho4wpll
2UE-0103
Z0kegIn3
2iUlUw3103
2Du=(1f]
208-0101
Zfiu=0102
204=-0153
2ih=0108
RIS
240562

25968=-0092
20403590
206=G22y
2hu-u1G3

23%69-0065
2f=0102
2Ua=0201
204=0150
Bl=p76a

230609=-004e
G={51y
800=591 4
HBO0=0914

« ASSEMHL

239608=-0806
Z1u85=02240
23968~u022
23960=-0022
239p9-0062
9no-3171y
Sull«-2270
G 0= 39005
204=0104
2UL-G208
20u=0100
2Nu-0272
201l=05471
204=-03%3
s50u=0102
204=-0102
000314
BOO=(9ig
BO1=-U75]

& ASSEMRL

2u4=0510
FOJ=9253
345-92Bh3
3923=0035
27%1E=-0121
23969-0019
3403-925%
2356903018
2T512-0121
RTHL2=-0471
un3-9253
23YAG-01LY

TABLE &-1. (Continued)

nESC

RES
REL
RES
RES,
REST

RIPTIOHN

FAT COMR
FAD coMe
EX0 COMP
Frl COR
STOR var

1.80 K
oh OHM
ing, kK
100, K

FXD cOap
FXD COMP
FXO Ccove
FRD oM
FRD COVP
FRMD CoMe
B CoMp
FAD COMP
FRD CUWP
FED COMP
=Ry CaMp
FAR COMD
Fxiy coMp
SR OO
X0 Co4p
FRD CouP
F A COMP
R COMP
FRO COAP
REG FAD COUP
agy FXD CoMP
FESISTOR vaR
REG &AD COMP
RES FXRO COwP
REy FRI LOoMP
REGIGTOR VAR
REs FAD COMP
REG FAD COMP
REG FXRD COMP
DIoDE INT4YA
Iohc
DIndE
bInDE
(LR G 1NIN

47,0
55,0
La20.,
2T .0
i.00
L.00
3430

RES
REq
RES
RES
RES
RES
RES,
RES
RES
RES
RES
RET
RES
RES
RES
LS
RES
REG

fIE"Y,

1.70
I0. 0
ta, 0
1.0
10,0
100,
1nc.
100
15.4
104
470,
560

S
270,
¢

L, 00

IMoLa
NGty
1HETE

Y 10 GHa5258-00{
CapallTOr ,\ MFD

Cap FXD TA 22 MFD
CARACITOR 01 MFD
Capallfon .01 MFD
RELAY

TSTR 2Ni7Ll

THTH ZH2270

TSTR 213004

REG FXD COMP
RES FXD goMp
RES RXD COMP
RES FXD COoMP
RE < FAD COMP
RES FAD COMP
RES VAR CERMET 1

RE« FXO COMP 1,04
DinDh 1MGI4

DIalE 1Nals

NInbE fr751A

i0G,
29,0
16,4
2.0

Y o Gusd37=-000
FXDOCOMP 53
XD CER D25
Cap FXD CER LU2S
Cap VAR CER MINAT
Cap FxD #iCA 120
CAPACTTOR
Cap FXD CER
CARACITOR
CaAp FAD MICA 120
CAp FXD MICA 870
Cap FXD CER ,02%
CapaCITOR

RES
Car

LU25

EORE W R R K

4

18D OH%
180 OmM

O

L8
38

8

K

2010 OHM
15,0 OHM

MEG

o
¥,

"
K

1

R

470, OHM
330 OHM

OHM

PF

HE
UfF

o}

LIF

PFD

PRt

n
HF

TYPICAL MANUFACTURER
MFGR ParT NUMBER

81349 RCOTGFLORJ
B13ye RCOTOFBR0
&1%u9 REOTGF LOB
AL349 REQVGF L4
agaay I00GY=-1~503
aitung RCOT7GFa4T73d
A13u9 BCOTGFSA3S
BIAGT RCDTGF L2643
&1349 ROQTGF2TES
81349 RCOTGF1I024
£y 349 RCOTGFLGRJ
AL 349 RUBIGFR324
Billuo RCp7GF &1
81349 RCO76F 1814
81349 RCOTGFLo2d
21349 ACQ7GFLuad
81369 REOTGF 03
81349 RCGTGFLG3
/13449 RLQ7GFIUS
Br3u9 RCOTGFIOLY
81349 RCO7GF10LM
81349 RCGVGFLORY
&#i3u9 RCQ7GF1%3d
BlRaeg RCOTGF 1024
fL3u9 REGPGFUTL
B13ug RCOTGFHE2J
an2%y 3009Ym1led
A130Y RCPTEF 390U
81349 REQTGF 2284
A13ag RODVGFL0SJ
80294 3009Y-]1~3103
R1349 RCO76F102
BL349 RECDYGF20%J
ALEB4G RCGTGF 1504
1 ) INTROA
BIRAL V&AL
di129% IHNG L
317495 INgLL
t12es tHaly

OST HEG BRTART  A8AYL
G777 1ML IO
15337 CHL3BFRE6K
16509 Th.01
L65h09 TA,01
TT3uz2 SCLiDe
Du7LE 2MNLTLY
11295 2N2270
04713 2NER0L
BlXag RCU7GFLOuJ
BIZ4g RCN7GF206
81349 RCO7GFiY0J
A134G RCOTGF2724
813649 BCR20GFUTLY
RiZng RCOTGFR3L
7R138 FTPRY K
81349 RCOTOFEQ2d
01295 MGy
01295 HECFE
nirai INTSLA

DISTRIBUTTION ARD ARBAL
R1%aY RECUTEFS104
AO01R3 TG=-525
BO1RY TEw&E2S
73899 DYLLIPSEED
O0853 CMUEF121603
an6as%s MCAROVI0IAM
BO1R3 TE=329
00658 MEHEQVIOIAM
QNRS3S CMUSF 121603
0nAass CHMOBFUTLIGOS
BNEA3Z TE=525
NHASE MCBOV1D3AM

(MIL=R=t1/8) .
{HMiL=R=11/8)
(MILmike]i/8)
(MiL-R=31/8)

{MIL-R=11/8)
{MIL~R=11/8)
{MIL=R=11/8)
{MIL=f~i1 /82
ML -R=11/8)
ML =R 178}
{MIL=Rwil/B8}
(MIL-R=-11/8)
{MIL-R=11/8}
{MIL=R=11/8}
{MIL=R=51/8)
{MIL~R=-11/8)
(MILw=R=1L/8)
(MEL=R=-11s8)
(MIL=f=11,8)
(MIL=R=11 /8]
IMIL=R=] /8
{MIL~R-11/8]
(ML -R=11/8]
(ML =R=11/8)
{MIL~R=}1/8)

(ML -R=11/8]
(MIL»R=~11/8}
(MIL~R=1l/8)
(ML ~R=11/81

IMIL=R=};1/B]
{(MIL=R=~}1/8)

*® k'l *

(MIL-C=26655/21

(MIL-R=11/0}
(HIL~R=} /B
(MEIl ~R=1}/8)
(MIL=f=11/8}
(MILwRe] § /3]
(MEL o] A8 )

(MIL-R=-11/8}

¥ = ®

(MIL=R=11/8)

(ML =C=5/18)

(MILwl=5/18)
{MiL=-C~5/18)

12116




12116 Replaceable Parte

TABLE &1, {Continued)

REFERECE TH AL OR TYyPICAL MANUFACTURER

DELIOGNATION SY0CK  MuMGER NESCRIPTTOM HEGR FART NUMBER
[ ¥ 2IBuV=QL G CAPAZITOR 10656 MCaovVinIAM
Co13 23869-019 CAPACITOR [T MCRUVIOZAM
Lol 2ING=(019 CapalIToN NNA%g MEBOVIDAAM
C 15 ZTh12=047] Car FXD wICA w70 pPED BEA%3 CHMOGFGTIGDR IMIL-Cmb 18
[ ¥ :) ETH12=047] Cap ¥l VIGa wtn pED nnRS 3 CMEBFLTI603 iMlL-C-bfiB)
[S Juni=u253 Cap FXO CER L, 0P8 Ly A0183 TEult2s
C 1A 2751 2w-0u43] Cap FXN MICA &30 pen Aur7y CMDGF Y3160 IHIL«Cab /18,

- C 14 SUGZegphy Car FXD CER 42y 3 AdiR: TG=5%2%

¢ 20 RLITR T35 CAn FXG cOil L ups HE Roips TGwG2s
C 21 27512=0511 CAD FXD wICA Bin PRO 84173 CHMGLF511603 fMIL*C—S/lﬁi
C o2z SET TR LoR ) Cap kxl) CFR L2y UF LLETN TGwS 25
C 23 27512=047%1 Car v XD MICA &30 PEN Raivy CMOOFu31603 €MILWC-5/1B5
Lo2u SUfiBwey2n3 Cav FRD CEm 025 LI ROIAS TH=S26
C oas 27512=0411 Car FXG 2108 bin t9n 2171 CMOBP511603 (MIL-Cm5.38,
LO2R BY =G0 Cap FRT TA 10 MR 124y CHLIBRE106K (MEL-CmEbéﬁb/P)
oo 23969=U03u CONLCTOR “HB29] B1=053=y119
W ooz 2IYES-10 3y CursheCTor TA29 Y H1=053=0119
SR 23536 B30 5y COMNEC TN GR2G} 51=053-3g119
W 239690103y Curhl, [TonR G82G1 51=053-0119
Wb B39 N=0134 CONEC FM BA2GE S5t=053=u11¢
Wk E3YATwy By Curdin o QAPG Y Bl=053=0u11y
ST 239465%=0{3y CunMED O eaZa 51=d5f=gi109
[ dhREeOhnt LrtiCTon §,.6 Ui kT Tol 1537=30
Loz InHB=Uhay TCTOR Ya 1y BRAGG PR3 T whis
L3 Shpdmbbag TACUCIOR S8 e anagy 1537~5y
FI EHIET-F ) TSYR 2uzoz) 04713 2Mz2ed
AR} SU6=3490y TSTH e300y G471 2MN3S0L
W 3 GO390y TLTH 23ugy A4t PNA90Y
Wk SN 0-590y TuTR 20300y 05713 23T
R GO0=-380y TaTH prrsang 4713 2HEG0L
[ER 00=3904 TUTR 2M3a04 BL7L3 2N39oL
w7 F00=3904 TSTR 2'3a0y gu713 FH3G0Y
W9 Q=218 TETR PHZ2IR QU713 PMEZLIH
EaN i} YOGw2218 TSyR 2Hzpis 64713 2218
EAR | 2hb=0160 RES FXD COMP 10,0 OMM Ri3ug RCO76F 100y {MIL wlmil sl
“ 7 23909006y RESISTAR VAR AGzon INUGY - LBy
# 3 20u=(urs PES ¢ X0 0O0MP 47,0 « ERRCETS RCDTGFLT73RY (MIL~R=135 /8
R g NP 7D REG FX9 COMP oy, w0 g 1540 RCQTGFa 7Ry {MIL~Awll e
oL 2U4=~{151p RES #3571 COMB 41 e RiBug REQTOFR100 (Ml eRwit g}
Koo 2hH=(zn BEG FXT COME 200 Qe Alagy RCOTGF20d (MIL~pe=yy 8}
o7 LT i) LS FAD COME 10,0 oM 21349 REGTEF100Y (MIL=8=11.,8)
HoOR 20k =401 RECISTOR SELFCTED 19397 2048000
K g 2060103 RLC FAD comp 1n,0 K Al3ug RCOTGFL035W (MILwp=11,8)
Ho10 2hG=-31nz REG FRD oo4p ) a0« El3uy RCQTGFLIO2M (MEL=Rayt r83
o1t 20U~ REs FXOD CO4P 40,0 Oris Al3gy RCUTGFLO0L {MILep=138;
w1z 204-02601 RES FRAD COMP 200 OMM REIng REQIGF UL (MILeR=31,8)
KO3 204=0202 RES FXU COWP 2,20 K B134G REUTGER2el (MILmR=3 1,8
HooiH 2050102 RES FX0 come L,nn x A13ug RCUTGFL2d IMIL=Rw18s8)
N i 20U~p15] BES EXD COME 180, O AL349 RCO7GF LS {MILen=1],58)
Ho1T 24=102 REs FXD £oMP 1,00 K #1349 HBLOTEFLO2) {MIL=Rwi] 8}
Hoola dUtmiimg RES FXM COMP 150, 0w 81349 RCBYGFIRLY iMIL=0-11/8)
Rt BOR-UITE REF FxM coMp |,0n RIZug RCOTOF1G2U (MIL=Rw)t, 8)
Ho7n 20U~{}15] RES FAD COMP 180, fOm4 a1349 RCGTGF 1ALy (ML =Ry} 89
K2 2Na=03nz2 RES FXD ¢omp p,00 x 213ug RECQTGFLup. (MIL=gwi]1s8)
o 2P 2lhmiz1n: PEG EXD COMR 140, Oiin #13ug RUUTGFInLJ (MILeReyis 8y
W23 SfHwiiz Rre Fxi c0u0 1,00 K Al34g RCGTGFiIyad (MEL—Hwii/a!
oz 20u4=3151 REG FXD C0MP 168, Onu A1349 RCQTEF LIt {MILeR=il 8}
B2k 2Nd=0102 Req FXD COMP 3 ,.np K 134G ROSTGFLy2Y {MIL =y 783
K24 2u={15y RES FR4) COMpP P8R0, O 21349 RCUTGFISLY {MIL=R=11,8)
L Zuw-31 0z REG FXD COMP 1,810 K LR -] RCOTGFLus (MILw@=21,/8}
Ho28 2040y RLS FRAD COMP w3 phiv Bl3ug REDTEFUBLy (MILwRel) 8}
W ogn 2040302 PES FXN COMP 3.0 K R134g RCGTGFI02d (MIL~R=11,8;
Ho30 2HH={i1 52 RES FX0 copmpe 1,mn g 813ug REGTEFLIG2Y (MILepmly 8y
o3 2Nl FES FAD COMP w30 oMM 81344 RCGPBFUZLS (MYLwpo)y a)
R 32 230 RES FAD COMP 2,0 ® Hixug RCOTGF 3024 (MIL~f=1128)
33 208={167 RES FAN COMB 1,00 ¥ Ailzyg REGTGFLD2. (MIL=R=1],8)
M54 2ibe=juin RES FXD COMP 43 oHu BBy RCOTEFa3n {MIL=R~11/0)
LA Ahlayigy PET R XD COMP 10.0 0uM Al3uy REGTGFLIOOY {(MEL=8=11,8)
M 36 2O8=L430 REL FAY COMP 43 Ok #1349 RCGTEF4304 (I =Re131,8;
H 3T ENH=0G100 RES FXN roMmp 10.8 OHm Li3ug RCBFGFLIGE (MIL=pell /8}
W35 208=0104 REq FXO COoMP I, OrM A1344 RCOTGFi000 (MIL=n=13 81
H 3g ZhU=-RIND HES FXD COMP 1n, 5 OHM #13u0 REOBTGF oo Ml =tt=t1/5}
Ro4p 2N w104 HES FXL CcoMp ng, ¥ f13ng RCOTEF 04, (MIL ==t g riy
oG] =018y RES FED COMP 10,0 GHs Al134g RCOTGF 100 {MIL-few1lsgy
Honz RS 1Y) HES FR0 COMP 1n,0 oMM A1349 RCOTGF G0 (MIL~Rwii/ 8}
Hou3 20lmipiy 7o REe FXU comp HL.T0 K A1349 RCGTGFUT2Y {MILwR=]] 8}
T 3 G2BL3T=un] T ISFORMER 19397 GRB037=0300
Tz G25038=0un3 THAHSFORMER 19387 G25038=-0001
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12116 Replaceable Parts
TABLE 6-1. {Continued)
REFEREMCT TR &CaOR TyRICAL HANUF ACTURER
DESLeHaTION  S5T0CK  NUMBER EsLRINTIoN AR PART NMBER
& @ P £ ASSEMBLY M0 BUyIRG-0001 XiH MUOLTIPLIER ALSYA4 * « ® %
GREFLH-UG01T Kln RF MULTI AU ) 193¢7 GLudiB=-0001
Coab 2 3960= 000 Caral 1T0E FEDD-TRR 7oAz 2U99w (0= An50=15b2M
T u 23959-U0R% TIF HOINT 71279 (030%=01«05
" L3 E w ASSEMRLY o GLafA]-n001 OISTRIMUTION A%SY AL & * ® £
C3u9u3=0001 Foaghe DJI%T, tazgy G534 3=000])
Gl F-000] B TRIBUTION BRD ASAL 19397 GRyB3T=-0101
L6 2391 Q=004 CADBLIEON FEFL=THMRN T2GR2 2a99=003=-XH580-152M
L7 2396H9=U004 CapaliTon FRLp=THRN F2982 U8G5 KB50~1 B2M
. & N 5 ASSCMALY w0 GuHdTRL=000L SYRFTHESIZER ASSY  Ap " % @ *
GISHHZ-000% P g 19597 GASOB2-0D01
GHEgNl-u60] ST, LOMP RrD AR 12397 GLHuBli=-000}]
[ 25960=000u CanAlLITOR FEED-THRY FABRZ 249930 5=R0%0 102K
L 38 F3Ga0=01e CAPACLTOH FEDLeTrRl TRAR2 PUQYE= (B Aa A G0-1hoM
C A% 2A39RG=y00u CaphAllToRn FEEU-=THRU Tz 2499003~ RSS 0] M
5 1 S04 0=07 SWITCH TOGALE SPDT QAazsz 7ial
5 2 3E40=0104 SRITCH TolelLE SPDT 09353 Fiol
5 3 Aeuft=-0]1 0y SwiTCH TOGALF SPUTY 09353 161
S 4 Seki=3100 SaTTCH TAGSLE SPLY na353 Tioi
5 8 S O=0104 SwITCH ToGALE SPDT RPN Fini
5 & 36ul=3104 SwiTLH TOGALE SPOT 09353 TigL
5 7 S =g108 SwituH TOGGLE SP0LY f1A353 Titl
S # Apuil-ny S« ¥CH TOGSLE SPUT Dans: 710t
S 9 3eu-0100 SwiTCH TeesuE SPDT G353 Tiot
9 10 3oul=-i106 SWITCH ToGELE SPOT IR Tiol
Y » * w ASSEMBLY w0 GUARGI=0MND] SUHY PAMEL ASGY Aty # & 3 *
GUSISR=GN0] BHACKET AGSY 19327 GU5154-0001
Mool GlusBe=0001 WMETER janray Glu99a=u001
o1 ZAYno={u67 PESISTOR VARl 200 Ok #0294 3B07%=201
"2 23990008 RESILTOR WAl 1 % AN2G4 AHp75=102
5 % 239AG-UGT9 SarTur TOGGLE . Bi073 AN IE=02 I aDJN
> 2 Spu =410 SwiToH TOGGLFE SPUY 09353 7i0l
5 3 3575~0001 Sw1ToH PUSHARUTTON N a1nts 30-1
*® * " & ASSEMALY 0 GuaGae-0001 LAMP MTR PCB ALZALAL # & w #*
L1 23969-0116 Cap FXi3 TA LHSMFR 3%y 562RG $SHDL56KD03BR2
1 SNl=4321 THTR 2MNag2 L D471 221
4 2 004921 TR ZHea2t ouTLE ANE921
LR Huib-5111 BEa BN FILM Lot K Bisug SMRGO0SLILIFS (MIL-A~S55182/30)
72 2A9e%-0091 RESISTOR VAR Bn294 2280L~1~501
#o3 FEDRELS RN HES FAD FILM D.11 K 81349 RMNRelCS L LFS (MIL-R~S5182/50)
L) LN FeZau] Rya FXD FILM 2.9%4 K A1 549 RMRBOC2%4 LFS (MIL-R-85182/30)
LI 20UmE155 HEG FED COMB 1% MFG B39 REDTGFLEB (MIL=r=31/8}
K6 GH05=5H111 REwy Fal FILM b1} K #1309 BNHGOCELLILIFS {(MIL-R=55182/30)
Ro7 HYa3=3923 REs FXD FILM 392 K #1349 PNREDCIQZIFE (MIL-R-S3182°30
Ul 23960=0U02 ApL IFIEw a72a3 USRT7T413512
ES # # & ASSEMELY 10 GuHBY=NT(1 Loor FILTER ASSY AQ * ® L *
c 2 234pB=-0utT CApBLITOR 1D MED 12517 1PG106W
o3 2396%=0007 CAPACETOR 1o #FD 12517 1PGLUG
[V 21aM5=0100 Cap £X0 TA 10 MFD 0R3GT CSLINFLOEK (MIL=C-26635/201
£ 5 23908=-0008 CAPACITOR 17 MFD Tikuh CreiCO /A U0K
[* IR A TETR 2MUGAT GHT713 MG ET
w2 9H0= 3204 TR 2H3904 Gu7?L3 2H3904
® 1 4 3=-3002 REG FXG rILM 10,0 % A13u9 RHNRGNCL002FS (MIL-R=B3182/30)
o2 Qund=-1002 REy FAD FILM 10,0 ¥ 81389 RMRoOCIP02FS (MIL=-R~E5182/30}
#Ho3 Ly nd-1503 REG FXO FILM 1350 K 81349 RMREOCIS03FS (MIL=-R=351B2/30)
Hoo@ Gt 3=1503 REG FXD FILM 1850 K F1345 RHRHOCISHIFE (MIL=R=55182/00}
Ho5 HuUI=1h0% RES FXO FILM 180 K 81349 RMREHOCISOIFS (MIL-H-55182/30}
w7 bigtp 3= 00G REs XD EIEM 1D DM 81369 RMREOCLUOFFS (MIL-R=85182/301
LA Bu03=5010 KES FxD FILM 301 OMM RIBA4G RNRGOCINI0FS (MIL=-R=-55182/301
R 2 44035110 RES FXD $#TLM 511 OMM R34y ANRGOCHII0FS (MIL=-R=53182/301
#o10 H4133-=1001 Rhe FD FILYM 1,00 K RIZuq AHNRGOCID0LFS (MIL=-R«85182/30)




12116
HEFERE L
BLSIGHNATION

Houi
voog
bog
[
cuoop
w3
CH 4
E T 5
[
[ H
[SEL )
CHoog
®
B
(A3
[T
oo
W2
b
woh
k-
At
aoz
A3
Lol
L]
oot
[ |
s 1
k3
He g
1Y I
&
L1
BTy
ALY Ay
&
W
WooF
[V
Te

TR ACOR
BTGCR

CUGYThwgin]
GHLOHS=0001

L] +OARLEMRLY an

G3507 7=

TABLE 6-1 (Continued)

ML E f2 DESCRIRTION
E0EmEn g RES FXO COMP 2,00
2IH BRG] Tt CKT GUAD 2w
ERERETYTEN] 17 LAY OUAD 2=tnpyr

80i~g7ug Dinfe 187494
BO2=UB%G (20 Eatnl B F TN
BOG=0277 OIaDE 1rp77
Bi{=yaty Niohe ita1g
BOD=Q]y BInDE fwoly
afil=Uyy TirDbL ltiajy
BOG=09] 4 OIplRE iNoly
BUOw-y277 DInnE trip7y
Buliwdgiy LinDh ity
® * OASSEMIALY L0 Gub T Suiiiyy

AUNTO ALKy
O5¢ WEG & STAxT

GLONTR-0101

FlaME AL

GRualn=000] AUSTO FIQARD a7Taq
2AREO 00y CABACITON FEEwTkRl
230N 000y CADACITOR FEFD=THRI
239G3y CunMECTOR
236690055 COrMECTOR
PIGHG-H03G CHMELTOR
23968=0135 COn b C T Of

W ¥ ASSEMBLY w0 Buh YR

GHBG TR0 )
LY GOR=0G0
CHY GGG
FIUEG-0O0L
2395w Bk

REFLLCTOR ASSY

HHO LMP 05T AL3ATAR
LAawl (T8 PCR O A13atas
CAPACITOR FET e Ty
TEpMIMA

2396 0wyl COhie T
CBa42b-300] HATRLAMD STARTED
G327 7H=0yng Rus Tt L amp aggy
¥ # ASSEMELY 6 Gubn76anop)

2386p%=3098 WINE #E5 UGS 37 Awg

2596908 THERMIGTER spK
¥ + ASBEMELY 0 SuhiLenngy
GiR2sb-0una Canle ASLY
Glu2ub-(u0g Cankt asqy
Clozubhaphuy CARLE asey

Gaui9e=-ungy
G24183«0001
GIlughi=ynng
GIRYTH=-G00]
CI5iN1=5461
GHLUAT=0NN]
Chh18U-5060)
GLu3uletna]

FILTER CFLL Asoy

GAS CELL ASSY

SULAR CELL as55y

Loy AR QUTER HOOSIMNG
Sun ASSY ALAY
CAVETY WY8 mCi ap3an
IHOFR CAVITY EOAMED
CayITy AgSy

G363u0=000] THERMISTON atyy
GUBOTR-u00] Lasef AGSy g E13BAY
# = ALSEMIALY 0 GudaAsennany
GRUY3y=0nny FRasg

CHUYES=5un; O5C REB R4TARY  AsAl
23949= 1y 35 COBNECTOR

Z3969=(111 35 CuriLCTon

2I9AB=yE7
23YH -0 Ay

CONNLCTOR
TEsT POINT

Replaceabie Parts

TYPICAL MARUF ACTURER
MEGR PART MNUMAE N

A13uG RCUTGF200. (Il wid=g { /8
g120% SNTRODN
niras SHTHEON
[ ] IMTLG4
Nu7TLy LNGRER
G533z IN2TY
1295 Ngly
01pay 1Ng1y
81293 ING L4
G125 NG
ai352 TR
ni2gs iNgiy

ALIDTO & 05¢ ATas i W & £
19397 GULGT7H=000)
j%397 CHLUES=000]

AURTC ASLY i " L @
19397 G}SG??»HDO;
19357 GG HY9%=-000]
Tranp 2%99*0@3«X550w152M
72082 2&9?»903*K550-152M
BRG] Bl=gu43-0000
GRpqy S1=043=g0gn
EEVar] Sleiiy 3=-ungn
EEVEH Sil=0u3=0000 *

LAMP ASSY oM A1341 * ® » i
13397 GL50T9-g00
193497 GHUBOH=Iny Y
19397 BLHuYYB=00
7E9R2 2&99«0&5-K550-i52m
83330 The=i001
SRP3; Ble(E3w-0nny
1azar GALG2R=(300]
149357 BIRTTO=0NGL

HEFLFCTOR AGGy £ P w® #
TH00S 0,06 O3MAFT NDM HI=TEMP BHNDR
193g7y GANGRY

UM AsSy Als e * * *
10397 G1588%9=-0008
13397 Glh2u5=0n00
1a397 Gl5245-0047
19397 GR4592=(001
18397 G2ul93=000]
1997 GIL251-0001
1939y GIu974=001)
19397 GiBlol=uouy
19597 GUEGRT 100}
19397 GHB1BY«000]
19297 GHY 3410001
19397 Fhuldan-0001
19397 GU5U78=0001

050 HEG 4 STarT # ® = *
19387 BALIZH-100]
19397 GHLYRB-G00Y
BR2G] Bl 3=0040
aa29) Sl=-0a3-g000
Qare} 5imQub=0000
DRpryy SHY=-0804

613



12116 Replaceable Parts
TABLE &-1 (Continued)
: REFERENCE TR ALCOR . ) ToTyPIcAL MANUIFACTURER
: DESLGNATION STOCK NUMBER RESCRIPTION . MEGR PART HUMBER
: K 1 204-010%F RES FXD COME 100, OHM 813u9 RCOTEFLIGLES (MIL-A=11/83
: ko2 55040202 RES VAR CERMET 2 K T31358 FTTPR2Z ®
i ® 3 2uUk-0u70 RESG FXO COMP 47.0 OMM B1349 RCOTGF4TOY (MIL-R-11/87
Ry 204-0152  RES FXD COMP 1.50 K ai3ag RCUTERI52J (MIL=Rw}1/8)
HO5 204=0102 REG FXD COWMP 1,00 K B13u ROOTFGFLG2J (MIL~B=31s8)
Ho6 20u=0331  RES FXD COMP 330 OHM 81349 RCUTEF331d (MIL-R=ils8)
"7 20H-03351 REg FXO COMP 330 OHM 81349 RCOTGF3B1J (MIL»R=11/8}
B 204=0220  RES FRO COMP 22  OMM 81349 RCJTEF220 ¢MIL-R-11/8)
: w9 204~D220  RES FXT COMP 22 OHM 81349 RCOTGF220J (MIL-R-11/8)
; ® 10 204-0151  RES FXD COMP 150, OHM 81349 RUBTEFLS LS ~(MIL~R=11/B}
; LN 204w0351 RES FXD COMP 330 OHM B1349 RCOTGFI3LS (MIL-R~14/781
E Ho12 208-D3531 RES FXD COMP 330 OHM BL349 RCOTGFI31J (MIL-R-1178])
' BOL3 204=-0332 REG FXD COMP 3,30 K 81349 RCOTEF 3324 (MIL=R=11/8}
Ho1u 204-0105 RES FXD COMP 1,00 MEG 81349 RCOTEF 105 (MIL=R~11/8)
i H LS 20403103 RES FXD COMP 1.00 MEG BiZLQ RCOTGFL05d (MIL=Rw1L/B}
i R 18 2040101 RESG FXD COMP 108, OHM B1349 RLG¥EFLOL] (MIL-R-11/8)
K17 208-0872  RES FXD COMP 4,70 K 81349 RCQTGEUTRS (MIL-R-11/8)
" 18 204~0u72 REs FXD COMP 4,70 K B13u9 RCOTEFLTES {(MIL-R-11/8}
H 1S 20u~=-067T1 RES FAD COMP 470, DHM 81349 RCOTEFATIJ (MIL=R«11s8]
B 20 20u-G681 REg FAD COMP &80, OHM B354 RCOTEF&ERIS (MIL-R=11/8]
HoZ1 2Z04-0102 RES FXD COWMP 31.00 K 81349 REO7EFI02d (MIL-R~13,81
o2z 2040223 RES FXD COMP 22,0 K 81349 REG¥FGF 2234 (MIL-R-11/8]
® 23 20u=-0101 RES FXD COWP 100, OHM 81349 RCO7GFI0LIM {MIL-R—311/8)
B2k 204=0101 FEg FXD COMP 100, OMM 81349 REOQTEFLOLS (MIL-R-11s8}
W 25 208«F104 RESG FXD COMP 100, X 81349 RCOTSEF IS (MIL~-R-11/8]
26 20%-0304 REG FXD ¢OMP 100, K Biiug RCOTGFL0&d (MIL=R=11/8]
w27 20u-0101 RES FXD COMP 100. OHM 513549 REGTGFI01Y (MIL-R~11/8}
W28 204=-0102 REg FXD COMP 1.00 K BiZ49 RCOVGFLIOZJ (MIL-R-11/788
K 29 204-0102 RES FXD COMP 1,00 K BL349 RCOTGFIO2J (MIL-R=L31/8}
H 30 20u~0180 g FXD COMP 10,0 OWmM 81349 RCGTEFLO0J fMIL-R-11/81
Tt S2BISB~PORL  XFMR 19397 $28598~0001
T2 S2BTEO-000L  XFUR 19397 S25729~0001
ol 5286000001 TRANSFORMER B-10A 19387 SPE600-0002
[L 234080001 IHy CKT QUAD 2-INPUT 01295 EN740Q0N
U2 23428-0001 IHY CKRT DUSL J—K 01295 SHTLTIM
o3 ZPIN-U015 INTEGRATID CIRCUIT G17295 SHTHIDN
. U4 23425=6001 iMT CKT DUAL J=K 01295 SHTHTEN
| ¥ o1 239690018 CRYSTAL 3.58 MHZ 78306 6020403
I 12 23969-0618  CRYSTAL 3,58 MHZ 74306 6020403
¥ 3 25969-0618 CRYSTAL 3,58 MMZ THE0E &BZ0403
XYoL 363I-0001  HMOLDER CRYSTAL 21506 &000-0U6L
Xy 2 5631-4001 HOLDER CRYSTAL 2EH0E 8000-0G1
{ ARY 3 3631-0001  HOLDER CRYSTAL 91306 a00o~D61L
# - = % ASSEMALY N0 64535&-0001 3,58 MHI SYNTH ASSY * * ®
GUB3INe-000L 3,58 MHZ SYMTH PCB AS 19397 GUEILRS-000L
£ 28 2395690004 CAPACITOR FEED=THRU 72982 2499003 R E50-1521
E T 29 25969~0004 CAPACITOR FEED-THRU 72982 2699=0035-X550~152M
® % * = ASSEMBLY n0  18333-0061 RUATDUM STND AL # = *
i 6152863001 ACCESSORY KIT 125397 G15286=-000%
Giugnal-0001 SUPPORT SHORT 19597 GR4DEI-~0001
G30060~0001 SUPPORT LONG 193597 G35060=-0001
GE52U3-0001  HARNESS ASSY 19397 6652430001
a2 GUEGEU=0001 POJER SUPPLY 19397 GHu6L-3001
f &k GHEGBD-G0D] Lia MULTIPLIER ASSYAu 19397 GUL980-0001
& D GHEQRI-0ODE DIgTRIBUTION ASSY AD 19397 GUy281=00401
A& GRegRa=-0001 SYHETHESTZER ASSY A6 19397 CHaBBL-Ga0Y
A 7 GULOTL-0001 AULIO & 0BC ATAE 19397 GU5075-0001
. a8 GUHETE=-0001 AURIO & O5C ATAR 19397 GUG075%-0001
i a9 G4B08S-000L  LOpP FILTER ASSY A9 19397 GU50T5-500]
l & L GUSHIHE~0001L Logld CIRCUIT ALlD 19397 GUB6E-0001
a 13 GUagoi-f0i] SuUs PaNEL ASSY ALl 19397 4TS =-0001
a 13 GUBGRE~DOOL  Oby ASSY a13 19397 645085~0001
. A 14 G35161-0001  O5CILLATOR 19397 G35161-0001
{' A 17 GL5356~000F 3. 5BMMI SYNTHESIZER
ASSY Al 12397 GHE356~-0001
(" R 1BLS6-000T  PHASE SHIFTER ASSYAIB 19397 184560001
Hiul 23969-U658  COWNECTOR 98291 510750000
kS & & = ASSEMBLY nb GaBALE-D0GL HARNESS ASSY & & ®

!

i

s

bempserd

HISZUS~300s

CAnLE ASSY

19397

515245=0004

y




12116 Replaceable Parts

TABLE 6-2. FEDERAL SUPPLY CODES FOR MANUFACTURERS

COLE na, MANUF ACTURER ATDRESS
Too62 LANSOALE ToANSISTOR CORP, LANSDALE PA
Tuons PAMOTOR IHE = CANCELED = SEE 23936
Tanou PATENK PHIL IPRE GENEVA SWITZERLAND
Tugos RUSSELL INDUSTRIES INC = CAMNCELED - SEE 24374
Tu0ns TRINITY CAPACITOR CO - CARCELED = SEF 27342
Tog07 SIEMENS AMERICA TME w CANCELED = SEF 25p8a8
70008 SOUTHWEST ELECTRONICS IMC HOUSYOMN TEX
Te0o09 MOLECU=wIng CORP, SCOBEYVILLE Yt
TUgio0 FACTRA LHEWICAL £0 IHC LOS anNgELES Cai, IFORMIA
TUCLL EPCO FLINY MIgH
Tigrz DABURM ELE¢TRONIES anD CABLE CORPORATION HEW YORK N ¥
Toois GRAYEON~STA0LER WEST CORCORD MASS
TUGLY CLERLESS TmPERiaL ©0 MNEWARK N J
Tunisn GENERAL PRCKAGTRG CORP Datl.as TEx
Tudin A-l PLASTICS Calbas TEX
TIQs7 I SOUARE & FLIMENT 00 TONAWANDA N ¥
T SHAEVIT? E4GINEFRING OO0 CamDEN N
Tatie ACCEL ELECTRONIC PRODUCTS S0UTH San GABRIFL CaLIF
TLaz VICTOR wlAf AND CAHLE CO LOS ANGELES CALIF
Tagg: UNTFORY TUREL THC COLLEGEVILLE P 4
TLgaz LONE STan pavoa oo AUSTIN TEx
igea NATIGHWINE PAPLRY AUSTIN TEX
Tuoey RAGTUL AR Cpkp, CANONSHURG PEMNN
7002 Bl CHEMIgAL £o HOUSTON TEXAS
Taape TACONIC Py asTlcs PETERSHURG N v
TigRv CRGANIC PHODUCTS €O - CANCELED - SEF 31195
Toops AVCO CORP - CANCELED - SEE Dueis
Tuopo APPLIED REGFARCH ASSHE AUSTIN TEX
HIA VRS SENNHEISER ELECTRONIC Copp NEW YORK M ¥
Tuls: PRECISION SAMPLING coRp BATON ROUGE LA
Tuosz KURT? Ine HOUSTON TEYX
FUU33 T ANMD T COMTROLS [ MEDIA PEMNN
TUCan HOUSTON OMNIGRAPHIC CORP - CAMCELED = SFE 27534
THLORY MUCLEONICS PROQUCTS INC = CANCELED = SEE aR2s7
TO03e MEW YORK GLASS WEwW YORK wmY
TEO37 MULTICORE QALES £OHE = CAMCELEDN - SEE A3651
TUO3s CELYA=CHICAGU, FHC, FRANKLIN pARK TLL
TLO3G BOSCC AOLT NUT ARD 4GCREW oA HOUSTON TEY
Tutyy ELECTROWME B AL T SMG Inc, MONROVIA LalIr
Tuoul AMURICAN wIRE AMD CABLE o CLEVELAND OMHIO
Tioag MAY AL UMTNUM Co, HOUSTON TEX
TOOuL3 VLBRICH STRINLESS STEEL ARD SFECTAL METALS HALLINGFORD 0NN
TUbua W aAwCHI MG AL BANY ALRANY ORL
Thous SUMERS FInsTHIP 11 WATERBURY COMM
TNoup CLAD=REX D1V OF DELTa CHICAGD IMC, FRANKLIN PaRx ILL
TUgu? COLUMBUS ChaTED FABRICS €0 - CANGELED - SEE 71584
TUOGS STERLING BLASTICS CO MOUNTAINGIDE M g
TooLY BISHOP Ity CORP HOLLYwWooD CaLIr
Tunsn POLYSPEDE gLECTRIC COrp DALLAS TEYX
T0s: CILLETE IMDUSTRIES CaLLAS TEX
Tugsg ALC CORP HOUSTON TEX
Taes3 RATLWAY EXpPRESS AGENCY AUSTIN Tox
Tegsy DANCOR Comp PLANO YEX
ToHss HOFMAN DYy oF MINNESOTA vaLLEY FHRTNEERTING THNC NEW PRAGUE MInn
TU0%e MICRO AalLISTICS ASSOC SAN RAMON CALIF
TRusY HAMN LALES €O BATON ROUGE LA
To058 BUSACKER /i MILTON ELECTRO Conp, HOUSTON TEX
TH08g WRIGHT LIGuT ING HOUSTON TEX
T0au Koann L GISTRIBUTING €0 1he DALLAS TEX
Tooey VALLO INSTHUMEHTS HOUSTON TEY
TOHR1 MUCLEAR EQuIPMENT CHERICAL CoMPany FARMINGDALE WY
TG0 WEMDELL vg MINMEAROL IS MInN
TOhoa3 MOCARTY CopP, THE BATON ROUGE a4
TOORY SWANSON Aol WAYMNE NJ
THasD AMALEET Tie NORTH raVEN CONN
0068 TUBDSALES LOS ANGELES CALIF
TO0RY HENRY Mary 1HG CORMNWELLS MTS Ba
TUGHA HMOCKER H w Cu e LEWES DFL
Tongy CONEX DIV of ILLINOIS TOOL WoRKs DES PLAINES ILL
TOO7s EBTES ER AnD 50N NEw YORK NY
TOo7: STH CUHP DES PLAINS ILL
TooT2 THREADL INE FASTENER CoRP COVIMNA CALIF
Tngrx FLNN RARE METALS e MEw YORK NY
TugTh CAMIE C9 1mcC 5T LOUIS Mo
TLows GUARTZ SCIFHTIFIC twC PALG ALLTG CALIF
Toors CANTON BIOMLDICAL PRODUCTS, INE, SWATHMORE PENN
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CULE WO

q3691
42054
UbiTi
QX294
Giagl
(O3, 1525
Usn50
[ERT. 808,
03763
U5 756
03765
Garny
dABud
UaB77
DIATE
UAHAE
13849t
[ERIES ]
CaGuk
UA9ga
aagne
B3
UsaLs
i ey
PENEE
Ui g S
G lh)
GuZiy
bs Z a4
uzag
Us31y
UH U7
Py e
Bushy
Uab i
duely
Jafrit
Uhé2u
QI;?l;‘R‘
Gu773
ouais
GLB2Y
uhgin
g&0L0
Ghui
fHr23e
0hzab
Un2sh
02276
QL2777
4L301
4a3u7
45397
Ghbug
husu
05574
05593
utsus
UStty
ghepu
UHa6E
GnB2u
0593
Qsg72
neav2
dedus
usoas
geia2
utiz29
Gow2a?
G317
BE351
Oulul
Lolel
On49l
Ot 94

«

TABLE 6-2. (Continued)
MALIUF £CTURER

MU TICORE galES ConP,
AVIATION [9BUSTRIES COURP

ELECTHRONIC PRODUCTION AND DEyELOBPMEMT INC

NYLON MOLODTNMG CORpP

GOUDRICH 3 F CO ALROSPACL AND DEFENST PRODBUCTS OIVISION
GEHEHAL FLECTRIC SEMICONDUCTOR PEODUCTS

YANGUARD ELECTRONICS OO0

CONAX Corp

APPLETYON ELECTRIC

APPLILD RESFAKCH LARORATORIESG

AUTOMATIC cClIt 0

ELubMae CoxP

TAGLIARUE nIVIGION nf ARSHALLTOWN MEG THO
THAMSITRON ELECTRCHIC CORP

SIGHAL MFaR COMPalY

PYRGEILM “ps15T00 LG IMC

MAaKREL P L ErrAli AL SONS

CLATREY ZopP

W ITE THSTRUMENT LARORATOR IS

Replaceable Parts

ADDRESS

WESLTHURY NY
HILLSIDE N
HAMTHORNE CALIF
SPRINGF IELD N U
AKROM OHIGC
SYRACUSE N Y
INGLEWODR CALLF
BUFFALD NY
CHICAGO ILL
GLENUALE CALIF
MIMEOLA NOY
CoMPTON CaliF
MARSHALLTOWN 0w
WAKEF [ELD MAGSS
SalDm MASS
CEDAR KrQLLS M
MORRISTOWNS Pa
NEwW YORK ™ Y
AUSTIN YEX

GESERAL FLECTRIC 0 SE¥ICOHNGOTOR PRODUCTS -~ ULE CODE NO guagie

ARHOW=HART AMND HEGEMAN ELECTRIC CO

TAURUS COoONpeFORMERLY METROMN THC

2E TRON IMNCaMGR TaUR§ S0P

Cal CAPACITONS INC

Carll = SLE QAP CaPACITORS INC

THE HOMAL [ TE CORP

MOHNCRIEFF O

GENERAL ELECTRIC &0 #ETTALLUHRGICAL PRODICTS DEPY
CIRCON COupONENT CORP

ELGIN MATIANAL WaATCH CO CLFCTRONICS DIV

GEMEHAL ELRCTRIC CO aPPRLIANCE COMTROL DEPT

HYGOL CORe?

LICOR SWiTcH & COMNTROL DIV OF ILLIMOIS TOOL wORKS
FRERSON AMn CUMING THC

AVCD MISSILE SYSTEMS LIV OF avla CORP,

AMERICAN PaAMCOR INC (AP

ABI LAMERIc AN PAMUOR 1)

RAYCO ELECTROMICS #FG INC

ECTOKOLA SEMICONMUCTOR PSODHCTS INC

AVTOMATIC CLECTIRIC (O

CHATHAM COMTROLS CORP

HERMITIC SoAl COpP

THERMISTON- SET GULTON INDHGTRIFS

GULTON INOGSTRIFS INC ITMNSTRUMENMTATION PROCUCTS DIV
RASTERTTE [MUUSTRIES IHC

JORATHAN mp6 L0

COMPONENTS COlP

PENNSYLVANTA PRERLITE CORR

POMONA ELECTHONICY CO INC

WESTINGHOUSE ELECTRIC £0PH SEMI-CONIULTOR DEPARTMENT
ERGELHARD tTHUUSTRIES IHC

U0 CaRyTDE COPP ELECTROMICS LIV

KEMET €O = SEFE UMNION CARRIADE GORP ELECTROMICS DIV
FARRELDOY Cn

TS TR AL ELECTROMIC ENGIREERS [HC

YIKING IMDLSTRIES ING

TCORE ELECTRU=PLASTICS

TLLUMITRONIC =~ SFE TCORE

ALTEC LAMSTHG CORP

RARBER=COLuAy CO

COLE=FARMEP INSTRUMENTS ALD EQUIPHMENMT 0

WAKER TELD ENGIRETRING IHC

ALOE DIV BRtSRIcK CONRP REALTH AND SCIEMCE DIV
AMERICAN SEALANTS - SED LSCTITE CORP

LGCTITE ConpP

RasSilx DIy STEWARTwwARMDR TORP

NE® LEPARTURE = CA'NELED - SEE 43334

LA=DE A MES CO

ELECTROVERT INC

GENERAL ELECTRIC C0 LAMP MFTALS AND COMPONEMTS DERT
RLRMITE POwWDER CO

ML CORMICK SELPH CO

PRODUCTS TECHNIQUES TNC

PARDULT QuaP.

LOCKHEED PROPULEION O

RECK LEE CoRF = CANCFLER - SEE ar(79

HARTEORD CONN
LAMBERTVELLE N 2
LAMBERTYILLE ™ J

LUSBoCK  TEX

WILMINGTON DEL
HuRBanK CALIF
EDMoRE MICH
GOLETA CallIF
BukBank CallF
BRIDGEPORT CONM
GLEAN MY
CHIcAGD ILL
CANTON MASS
WILMINGTOM MASS
Pagl.l PA

PACLT FPA

0% ANGELES CaLIF
PHOENIXE ARLZ2
HOBRTHLAKE L1
CHETHAM N U
ROSE MEAD CALIF
DAMNEGRY CORN
METUGHEN N J
INGLEWQDD CALLIF
FULLERTON CALIF
CHICAGO TLL
ALLENTOWN PA
POMONA CALIF
YOUNHGWOROD PA
NEwARK N U
CLEVELARND OMIO

PHILADELFHIA Pa

VAN MyYS CALIF
CHATSWORTH CALIF
SUNNYVALE CALIF

AMAHETM CALIF
ROCKFORD TLL.
CHicacl Inl
WAREF JELD MASS
ET LOUI%E MO

NEWINGTON CONN
BRIGEEPORT COMNN

LOG ANGELES CALIF
MOLNT WERNOM WY
CLEVELAND DHIO
SAUGUS LALIF
HOLLISTER CALIF
DOwWNEY LCAL

TINLEY paRs Il
REDLANDS CALIF

619




121186

COLE no,

(Hegaz
hilos
turte
iuas7
IR
11139
11147
1127y
11358
Lisze
Tithay
11700
Tirov
11783
i8a
11su7
i1827
leQU7
1oD5
1aduy
Lan06u
1e13n
La3en
ledgt
1y
irbin
117
lisay
LRl
10?3
lenwy
15 Tuy
iE760
[ iy
lethe
Féany
1 3
FACE R
2iia
Iiiug
1az0g
152327
Lauug
12hwy
13715
Lasye
1lasp
liary
1393y
ooy
161 3n
Lagnmy
luiay
a2y
Py
L4655
LHR7G
iu7zEn
I4HL]
14862
IuBAY
g0y
4897
lugha
15235
Lhuny
ibup]
LohaL
15605
Lhe53
15686
LLI3A
15803
Ihets
1LBuY
a0y

TABLE 5.2, {Continued)

HANUF RCTUNER
BURLLY Coie
HUHST MEG rown
SCIEMTIFICATLANTA i
CaHl: & & AnD SoNg
CARFORUND e £0 Tor
DEUTSCH Cco ELECTRGHIC COMPONENTS CIvisIng
EROXYLITE econp
RQEMA TRODGCTS <o
THANSFORMED ELECTRONTICS Co
TTAMONIY ME T4 SALES
CAJON ©6
Jon ELECTHONIC TRANSFURMERS (e
TAL PREC 1S on HMETER 00 [He
MY<GLASS 100
CEMERAL w1 L%, I CHEMICAL Diw
CALFAR THCLCANCELLD - S0E A7
WELT IRGHOUGE ELECT ¢omp THSULATING MATERTALS
MY pranf g ame MEE e,
HATTORAL SEY IO TOR LoRE,
FLECTRING e THAMSISTARY £oRO
LIg Tag
BTl AGE LR T A HARDLE €O,
STAKL FasToEw oo
ALBANY PROMUICTS oo 1ric
HYSGL Coke OF CALIFORNTA
THERMATICS g
COMPOMNENT RESEARCH €O e
FLUOKGC ARLON ¢0
WITEY RESEARCH TOOL Co,
WESCG TLECTRICAL O Tuc
CLAHOLTAT MFL CO INC
THOEPENDENT InK o
OWEN-CORN 36 FIAERGLAS Conp
ARNOLL ELGTHEER 10 CO PACIFIC OIVISTON
MICHCME Tal ¢
DIcKson ELECTRONICE coope
UMITRONE CoRFE
THERMALLOY £
SHEMVL AL CASTESS e
VOGUE  Ins Trtme T oy
BLNDIX Conm Thr SEMECONME T 0N NIVIST 3y
SUL I THON DEVICES 1ye
AMERICAN BACHING AND
ATLES COMLFTYORS oo
FAIHCHILD CAMERA g TMSTRUMEDT rane
GIALLO ELECTHIC cORP - CANCELED - gEp 72619
TECHNIPOWER 1p
HBURR=LROWY RESEARCH conn
WINWEC CORp
SEMTLCH Core
LIRWORK Conp
CALIFGRMTA RESISTOR CoRb
ELECTRONYE COonTReLS 1o
ITT LLYICoDucTons
ELMWOOD SE450RG T
CORME L wDUun L IFR ELECTRIC oame
CORNING 6LASS wOprks
FERROTRAN FLECTROMICS C0 1ric
WARD LEOGManD ELECTRIC ©n
FULTRAK - CANCELED - seF LT
SLOaN FL o
CRAMER « 558 conmar CURP
CUNHAC COm CRAMIN "Iy
Ceatst, oo
CROUSE Mg oo
TECHRLLOY [
CURTIN w ¢ Al Co
FIEDON avlatics Tz
CUTLER=hAMUEN 1IIE CAMCELIN =~ SFE 273193
HAYLOCK DIvISION,kATHAR MEG, (o,
CIST INsTRMENT oo 1nc
SUGAR BEET PRODUCTS o
FENwWALL ELECTHONICS InC
TELEDYNE 1ne AMEL £ SEMICONOLCTOR niy
USECD fuc
DAVEN D1V = CanugELED = SEE

GASKE®Y rf

7870

Repiaceable Parts

MORWALK £ Opt
PRINCETON IhD
ATLAMNTA GA

MEW YORK N v
NIAGARA FALLS wmy
BANNING CALIF
SO0UTH £L MownTe CALIF
WATERGURY 0Nk
BOULDE® COLO
GARDE A CALIF
SOLOM OMIO
CHICAGD ILL
BROOKLYN M ¥
PARAMOUNT CaLjr
KANMKAKEE TLL

BEMOLITE Manomr pa
ANAHIEM Cap ir
DANRURY DN
FLUSIHING N 7
CHATSWOR TH Callir
CAMDEN N

SOUTH FL MONTE CaLIF
S50UTH MORwaLX Comn
EL MONTE CAL1F

ELM Ci1TY » ¢

SANTA MOMNICA Calir
AMAMHE IM CaL iy
EMERYVILLE CalIF
GREENFIELD WMASS
TOVER ™ M

GARDENA CabIF
SANTA CLama CALIF
FULLERTON CaLIF
SIERRA MANRE CALIF
SCOTTSDALE ARTZ
HATERTOWN MaASS
Oatlas TEX

BENTON MARBOR sMICkH
PLAINVIE® N ¥
HOUMDEL N

Tarean oy

HOUSTON TEX

EL MONTE CaLTF

SAN RAFag| CALIF

SOUTH NORWALK £ onp
TUSCON aRIZ

OSHKOSH NEBR
NEWWURY PARK CALIF
MIAMI Fia

SANTA WMONICA, CaLIr
WILTON oMM

WEST PalM nrace FL A
CRANSTON »m

MNEWARK N )

CORNING N v

NEW YORK N Y
HAGERSTQwh MO

SUN WALLEY CALIF

OLL SAYBROOK TOnk
CHICAGD Iil
SYRACUSE M v
RAHNG Pa

HOUSTON TEX

VAN NUYS CALIF

FULLERTOMN CALIF
SANTA ANA CALIF
SAGINAW MICH
FRAMINGHAM MASS
MOUNTAIN VIEw calLpF
MY VERNON N ¥
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saFRF ACTURER

Replaceable Parts

ADDRESS

22903
23850
22092
2337
23633
23654
237 ke
23841
23930
2uiiz
24211
2h229
2uaus
2u32u
24355
JUbGh
SLuB3
2u4B3
2u4%57
2uBzY
24618
2L6EE
2henl
2t En
283
25068
2hal?
enTee
2b7nh
2utd?
20330
P AT
206dk
ZbBLY
20932
27141
27318
273%2
2Tanc
27538
27255
27697
27934
2R249
2a307
2Ruas
2huna
28020
2RDRG
29372
2“;‘2“
296Es
Juige
Juite
3nzze
aus2?
IATON
310uD
31z
31356
31314
31857
BR20H
33591
35009
35529
RIS
37362
379u2
38056
3IB0BG
L)
Janza
1)
39861
43920

LIMK GROUR ADVANCEN PROD DIV GEXN PRFCISION 875 INC
PRODUCT COMPOMENTS CORPORATION

MILLAFRLOW CORP

ROTO ACTUATOM CORF

WESTERN ELECTROMOTIVE TNC

PERMANENT WAGHNET CO INC

TRACOR INC

FISHER SCIENTIFIC €O

PAMOTOR, IHIC

SET MANUF AL TURING C0

GRIGShEY=-8B40T0ON IHC

GEGRGE RIsy INDUSTRIFS

SGUTH CHESTER COPPR SCUTHIG DIV

RUSSELL THRULTIRIES TNC

ANALOG DEVICES INC

GENERAL ELFCTRIC (USE APPLTCABLE MF& FACTLITY CODE:
GENE~AL ELECTRIC DISTRIBUTING COPH

GENERAL CLECTRIC LISTRIRUTING COHP

GENF#EAL, BLEOTRIC, WIRE aAnD CARLE [TV
HUMPHREEY PpOfUcTs DIy OF GENEHAL GAS L I6HT Lo
TRANSLON HFG6, CO,

GEHNERAL RaniIl CO

LTy ELECTRASYSTENS INC WEMCOR COMPOUENTS QPERATIONS
TRAMGFORMEPS THC

HEXCEL PRODUCTS INC

SICMERS AMERICA INC,

METERMASTER

GOW MACK InSTRUMENT [O

GRATNGER w w INC

DISPLAY DEVICES InC

TRIDAIR IHNUSTRIFS

GROVE VALVE AND REGULATOR OO

ROBINTECH {HC ELFCTRO MECHANICAL DIVISION
TNJECTION nOLDERS SUPPLY (0 INC

HAMEILTON waTCH 0.

CUTLER=HAMMER IMC PwR DISTRIRUTION AND COMTROL DIV
STEWART=WaARMNER MICROCIRCUITS IMNC

THIMITY CARACITOR CO.

INDUSTRIAL SCREW PROQUCTS CO

HOUSTON OMETGRAPHIC CORP

SRACE DaTa COHP

WESTERN ITonICATOR €0, INC,

Yo ASSOCIATES

SELZAK PROQUCTS THC,

BRADLEY IintsTRIES

HEWLE TT=PackarD O

LHEMELEC PrODUCTS INC

HEYMAaN MFG CO

HOKE INC

TRIDAIR INNUSTRIES FASTENER DIV

HOSKING MWFg £0

Dawh O B PRODUCTS

UTICA TQOL €U INC

TOEAL INDUSTRITS InC

TECHMI=TCOL INC

IMPERIAL EaS5THAN CORP

MATTESON TrARSFORMER INC

TYTRUN CORPp QF AMERICA

MICRO PLASTICS IHC

J OB T O INSTRUMENTS INC

SAE ALVANCE PACKASING INC

TRUMP ROSS IND

JORHSOM & ¢ AND SON INC

KIMBERLY=CL AREK CORP

IRC RESISTaR DIV OF RENFREW ELECTRIC C0 LTD
LEEDNS AND Ok THRUP

UNTON CARGIDE COPP LINDE DIV

M8 ELECTRONICS DIV OF TEXTRON ELECYRONICS INC
MALLGRY P p AND CC INC

SUNNYVALE CALTF

HASTINGS=ON=HUDGON N Y

RICHMOND CALTF

57 CLAIR SHORES MICH
CULVER CITY CALIF
INDIANAPOLIS IND
ROCKVILLE MD

NEW YORK WY

SAM FRANCISCO CALIF
NORTHRIDGE CALIF
ARLINGTON MEIGHTS ILL
COLUMBUS NEB

LESTER PA

LYNBROOK N Y
CAMBRIDGE HAZSS

BRIDGEPORT COMN
GRIDGEPORT LONN
BRIDGEPORT COMN
KALAMAZGD MICH
SaLLAS TEX

WEST CONCORD ™a%%5
HUKTINGTON IND
KEMSINGTORN =0

LA MIFADA CALIF
MNEW YORK N

LS ANGELES CALIF
MADISON N W
CHIGAGD il

SANTA MOMICA CALIF
REQONDO BEACH CaliF
CAKLANG CALLF
BURBANK CALIF
CLEVELAND OHIC
LANCASTER PA
MILWAUKEE WIS
SUNMYWALE CALIF
TRINITY TEX

LOS ANGELLDS CALIF
BELLAIRE TEX
PHOENIX ARIZ
SO0UTH EL MDNTE CALIF
Sak RaMOMN CALIF
LOS ANGELES CalLIF
FRANKLIN BARK ILL
PaL0 ALTO CaAlIF
CHERRY HIlil N
KENILWORTH N J
CRESSKILL N 4
TORRAKNCE CALIF
DETROIT ®ICH
CHICAGO ILL
ORAMGEBURG SC
SYLAMORE ILL
PHILADELFPHIA PA
CHICAGD ILL
HOUSRTON TEX
METUCHEN MJ
CHATSWORTH CaALIF
NEW. HavEN COMN
SANTA ANA CALIF
BILLERICA MASE
RagIng wis

NEEMAH WIS

TORONTO OMTARID CANADA

PHILADEL PHIA PA
MEw YORK MY

NEW HMavEN CONM
INDIANAPOLIS IND

NRESSER [THUPRUSTRIFS INC IRDUSTRIAL VALVE AND INSTRUMENT DIV STRATFORD CONNM

MAMNING MAYWELL &ND MOORE - SEF DRESSER INDUSTRIES
MARL IN=ROCKWELL CORP DIV OF TRW INC

ML MASTER=CARR SUPPLY CO

METNEERE anl CO

METAL GOCOS CORF

MINTATURE PRECIZION BEARIHNGS INC

GERMESTOWN N Y
CHICAGD ILL
MEW TORK MY
ST LOULS MO
KEEWE M H

©-23




12116

COUE o,

TABLE 6-2. (Continued)
MeNUF ACTURER

CAMLOC FASTNER {ohe
CENTHAL LAHORATORIFS w CANCELED - $EE 8O737
BUSSMAN Mg DIVISION oF HUGRAW-ENISNN ¢o
CTs coap

ITT CANNON ELECTRIC co

CLARE ¢ P anb CoO

COLONIAL BRONZE O

COLUMBUS CoATED FABRICS COo

CEMTRALAR pIVISION OF GLOBE=UNIOM INMC
COMMERE Ty SOLVENTS CORP

COMMECTICUY wmARD RUZEER £

COTO=LOIL £0 INC

CRESCENT wox Ccoprp

CHICAGO HETaLLIC MG GO

CHICAGO MINTATURE Lamp WO G

CINDRH MRS €O AND HOWANRD ® JORES NIy
CLAUSS CUTLERY ¢

DavoL Tnec

DE~STA=00 roRE

CITZLLR CoLor DIV oF PITTSEVURG PLATE GLASS £p
O0wW CORMINe CORP

ORIVEH, WIREKR 8 £o

EAGLE ELECTHIC MEG Co

ELECTRC MOTIVE MpEg oo

CONTINENTAL SOREW 00

BYTROMICS pNC

FUTECTIC WELUING ALLOYS CowRe

FAHNESTOOK ELECTRIC €D

Faly JomN ¢ Co (RUSINESS DISCONTIMIFD,
DAVIES, HApwy MOLDING £

DIALISHT Cpxp

G C ELECTAGMICS MEG (Y]

INDIANA GENERAL CORP ELECTRONICS DIVISION
DOLPH Jomn © Co

GENERAL INgTRUMENT SORRP

DRAKE wFG 00

DZUS FASTEMFR CO THE

ERY HUGH H ING

GRIGOLEIT 0 THE

ELASTIC SToP MUY comRp OF AMERICA

ERIE TECHNGLOGICAL PRODUCTS He

FAMSEN MEG ¢D Ihe

HARPER, + w Co

RECKMAM TRl THUMENT THC HELIPOT NivigIon
FENBLRAL MOnpLH, DIvV.0F FEDERAL MOBUL CORP,
FEMNWAL IMG

FISKE BROS REFIMING

HisGiE S AIACRAFT CO ZLECTROM DYNARICS DIy
AMERTCAN M CHOPHONE €O Div oF ELFECTRO=YOICE INC

AMPEREY ELFETRONTC CO DIV OF NORTH AMERTCAMN PHILIPS CO INC

RRADLEY SEMICONDUCTOR Copp
CARLING ELFCTRIC 7HC

CONSULIDATED wWIRE AWD ASSOCTIATED CoRrp
CIAMOND mEq £

WEBCOR INC DORMEYFS D1y

FEDERAL SCuEw PRODUCTS cons

GEMERAL ELECTRIC SUPPLY = CANCELF(" « GEF 2auugs
GENERAL MOLDED PROQUCTC INC

GENERAL HANDwARE MFG CO The

GEMEHAL INPUSTRIES ©p

METALS AMND CONTROLS TNC, DIV oF T
GUODYEAR TIRE AND RURHER €0

JOF D OELECTRONICE CoaP

GUARDIAN ELECTRIC “Fp Co

HANDY AND jaRMON

HARBINGTON AND xING PERFORATING O, INC
MERIT COIL AND TRASFORMER Conp

HEWw EMGLAND ELECTRIC WIRE cogp
HEINEMAMN CLECTRIC CO

GUAM NICHOLS €0

HEINZE ELECTRIC €D

FIE20 CRYsTAL €O

EASTMAN CHEMICAL PRODUCTS ek

HOBBS JOoHy W Corp

HOLLINGSHEAD R ® corp

HOLO=KROME SCREW corp

Replaceable Parts

ADDRESS

PARAMUS N U

ST LOUIS Mo
ELKHART InD

LOS AMGELES Galyr

CHICAGD Iii
TORRINGTON COMN
COLUMBUS OHIQ

| MILWALKEE wWIg
NEW YORK NY
HEW HAVEM COnN
PROVIDENCE R/ §
PHILADELPHIA £a
LAKE ZURICH I
CHICAGO InL
CHICAGO TLL
FREMONY OHIO
PROVIGENGE RI
DETROIT MiCH
DETROLIT wick
MIDLAND MIcH
MNEWARK M .

LONG ISLAND ¢ITY M v

WILLIMANTIC CONN
NEW BEDFORD MASS

BERKELEY HEIGHTS N U

FLUSHING N ¥

LONG ISLAND CITY MY

CHICAGO ILL
BROOKLYN ~ Y
ROCKEORD TLL

KEASBY N

MONMOUNTH JUNCTION N .

NEWaRK N J

HARWOOD HEIpHTS ILL

WEST IsLip n v
PHILADELPHIA Pa
DECATUR ILL
UMION N

ERIE Pa
PRIMCETYON IND
CHICABD TLL
FULLERTON CaL i
WARREN MICH
ASHLAMD Masns
NEWARK N
TORRANCE CALIF
BUCHANAN MICH
HICKEVILLE N v
NEW MAVEN COMN

WEST HARTFORD CONN

CHICAGD ILL

WYOMING PA
CHICAGO Ll
CHICAGBO 14l

DES PLATNES fLL
NEW YORK nY
ELYRIA QHIO

ATTLERQRD MASS
AKRON OHIO
BROOKLYN N ¥
CHICAGO ILL
NEW YORK N ¥
CHICAGOD ILL
HOLLYwDOD FLA
LISBON NH
TRENTON N
CHECABD TLL
LOWELL MASS
CARL.ISLE Pa
KINGSPORY TENN
SPRINGFIELD Iif,
CAMDEN N J
HARTFORD CONN
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0842
BO5H3
BUS9Y
Bue2lh
BOBN0
BUTDA
goFay
aUT37?
BUTHE
B8U798
BuB13
BUR&S
81030
BOT3
8:07TH
HIGES
#ig9h
BE134
£11%0
5l3le
Ellue
Bl3ks
B1kuG
b1l3LU
$iund
AikB3
Bi5u4
Bibui
SR RT3
81697
BiIB1Z
BLBuD
B1o04
HEL106
azia7
azz27
BZBZA3
sahug
a2eu7
BETuz
BLTHE
BEASL
H2BTT
BERTG
QIETG
BRRTS
g2o49
BAG03
B304
BRGI4
83086
a4312%
82186
8azaui
83259
81230
83332
83334
83337
B3355
d433493
B3574
£35ay
B36lo
&357ul
BIWYY
BITTT
53781
23823
B3BHY
83965
84171
Baall
Bl
aubal
Buass

TABLE 6-Z. {Continued)

MANUF ACTURER

ACRO DIV 0p HOBEPRTSHAW CONTROLS
HaMMARL UMD €O THE

MCGRAR-EDIGON

ROBERTSHAW FULYON CONTROLS Co,
STEVENS AfnOLL CO NG

SAUEREIGEN CEMENTS £0

SAUERE ISEN CEMENTS CO

CHAPMAN CHEMICAL €O

BECHKMAN INSTRUMIMTS THC

CABOT CORP

DIMCO GRAY CO

PHOTOLON RFSEARCH PRODUCTS €O
INTEANATIONAL THSTRUMENTS [MNC
GRAYHILL Inc

HOLUB INDUSTHIES INC

#REGER L F MF& 00

TRIAD TRAMGFORMER CORP
CLECTRO-YOICE INC

CEMCO MFG O

WINCHESTER ELECTRONIL DIV OF LITTON INDUSTRIES
AMERICAN BACIETY FOR TESTING AMND MATERIALS
FEDERAL SPECIFICATIONS

Wil ITARY SoFCIFICATIONS

JOINT ARMYLMAVY SPECIFICATIONS

Replaceable Parts

ADDRESS

COLUMBUSG OMIO
MARS HILL N C
ELGIN ILL
INGIAMA PA
BOSTON MARS
PITTSRBURG P4
PITTSBURG PA
MEMPHIGS TENN
FULLERTON CALIF
BOGTON MARS
DAYTON OMIO
PASADENA CALIF
ORAMGE COMN

LA GRANGE TLL
SYCAMORE TLL
CHICAGO TLL
YEMICE CALIF
BUCHANAN MICH
CoOLUMBUS OMIO
GAKYILLE CONH
PHILADELPHIA PA

GEMERAL SERVICES ADMINISTRATION
8TD GIV DIR OF LOG SER DSA
ST BIV DI/ OF LOG SER DRa

RAYTHEDN 0 INDUSTRIAL COMPONENTS NIVIRION = CANCELED = SEL 9S4 164

INTERMNATIONAL RECTIFIER CORP

AIRPAR ELECTROMICS THC

CONTROLS SwITCH DIV COHTAROLS CO OF AMERICA
DAL CORP

ESTERMROOK Phhli COMPANY

TRIMM THNC

LEDEX INC

CLOVER INQUSTRIES INC

BERTEA CORP

AMERL INE CORP

HAYDION & w LU

STEVENS MFG L0

SwITCHCRAFT INHC

METALS &MY CONTROLS THC DIV OF TEXAS INSTRUMENTS
RIPLEY €O, INC,

£l SEGUNDO CALIF
CAMBRIDGE ™MD
FOLLROFT Pa
BRROUKLYHN N ¥
CHERRY w#IlL N o
LIBERTYVILLE ILL
DAYTON OMIC
TONAwWENDA N Y
IRVINE CALILF
CHICAGO TEL
WATERBURY CONN
ERENSOBERG PA
CHICAGD ILL
ATTLEBQRD MASS
RIFPLEY CONN

PHILLIPS=AnVALICE CONTROL €0 DIV OF PHILLIPS=ECRKARGYT ELECY CORP  Jo IET ILL

MATIQUAL MES CONRP
ROTRON MFG 0O INC

ITT WIRE AnTy CABLE DIVISION

HOYAL ELECTRIC CORP - SEE ITT WIRF AND CABLE DIV
VECTOR ELLeTHONIC CO

PURATEX COnP

VARG INC

STACD INC

HARTWELL CoRbP

NEW HMAMPSHIRE BALL REARINGS INC

GEMERAL THgTRUMENT CORP CaPaCITop DIVISION
VICTORY EMnINEERTHEG €O

FUSITE CORP ’

PARKER SEap CC

SMITH HERMAN M INC

TECH LABORATORIES InC

TECHMNICAL TAPE CORP

WARASH COHp

ATLAS GOREw AND SPECIALITY CO

COLUMELA wIRE anND SURPLY 0

PRODUCTS RESEARCH AND CHEMICAL CORRF
BURAOUGHS fOKP B ECTRONIC COMPONENTS LIV
POLYMER LORrP

UNTON CARSIDE CORP CONSUMER PRODUCTS DIV
MEMCOK TNC « SEE LTV ELECTROSYSTEMS ThC
LTV ELECTRoSYSTEMS INC MEMCOR DIVISION
MATIONAL ELECTRONILS INC

THOMAS AND SKINMER Ini

PRECIGIOH STEEL wAREHOQUSE INC,

ATRMATIC wallvE InC

AFHCO ELECTRONICS INC

TR CAPACITOR OIVISION

GOG0=ALL ELECTRIC MFG £0 - SEE TRW CAPACITOR OIVIGION
HAMNIFIN CyLINDER DIV PARKIR HAMMIFTN CORP
LEE SPRING LU, INC.

STERLING ILL
WOORSTOCK K Y
PAWTUCKET R I

GLENDALE CALTF
BEDFORD VA
GARLAND TEX
DAYTON OHIO

LOS BNGELES DalLlfF
PETERBOROUGH HH
DARLINGTON & O
SPRINGFIELD N J
CINCINNATI OHID
CULYER CITY CALIF
BROOKLYM N Y
PALISADES PARK N
NEW ROCHELLE N Y
CHICAGD ILL

NEw TORE NY
CHICAGD ITLL
BURBanK CaALIF
PLAINFIELD W
READING PA

MEW YORK N Y

HUNTINGTON IND
GENEYA ILL
TNDIAMAROLIS THND
FRAMKL.IN SARK [LbL
PHILADELPHIA PA
GREAT NECK N Y
oEALLALLA NEBR

DES PLAINES ILL
BROOKLYN N ¥

&-27




e OEAR »=
— P3,.023 FRoT
- T T =1 C
FL : } i o 7
PRASE -t f BaTTERY P ! F4
+i9.28Y 152304 S — ! 34
SUIFTER A B 50-4 00030 S Opﬂgﬁ LD
T POWER.SUPPLY = | = al i £ .
i ] A2 ! | ;——nﬁm%mma j T AT
! 2237 By = =g
voe  Cado ] -«w»-w—-——ﬁ‘ o — | “1' 28.25v
i, P A | ! { MB%VJQD
o s kv 3 T ooE
p 1,48 43 GOLOR iz CFTIONAL +12.25 48V $330V
T SUBCARRIER | ) . BATTERY
WU PUBLARRIE { iz DivIDER -
SYNTHESIZER |
] AIT | Al
A P
+13.25V 45V F19.25Y +5V
% LocH | , e M P
! SYNC QUT i | Lo =
i —lom o ! TP j b L
Je i R3 Abial ; - , - ) TETYEEETT v
5 Mz 788K ! : e o BATTERY - Ol
: l L g TEE - ! START : R S r
1 = PULSE Je LARP 080 A : s e+ s sy .
i é 24.900 5 L ST ! Darye
AMEE Lo synTHESIZER i i g‘g‘,m E | oscv REG & START || vl AR e
A A8 b 51925V i [ Y. | . e I
! i ! ! - e ég"”g% 3i LAMPHTR ] 3O
el : 43 WE! . Riou bR .
i i | o + ) {MAGNETIC | I 1525y “r_(w ; o
#1225y +35v . 220 PPED S R . val TRt gt
U | || [ ] o
I MMz o T 1 E arg ] |
FRONT >33 ' > e P (3 § | OSCHTR | s
Shinz| o o ] : " £1-8 TP ;
g 2 |06 Lu7 (Js {4 oz w’} o | 15 o8l [ PHOTO | s
; PHOTOCELL | s I :
15 pisTRIBUTION |J3 5 bz 2 wocreLEr R 90 hiriz B onL OUTRLT AUDIC  BOARD | ST S MHz | [ 7
AMPLIFER Ad g A AT | 4 { ! !
- J g2 - oo ol [ontRor]  leoe-
[ 5wz Level TPs] ] NE Pralpepa-c | S L ! AR ET
41325V ' +19.28v +19.25v *i9.2v ———cel  [Earor | lso
167 Hz MOD | 1 ]
5 Wiz f { | | L
AT 1949 — S
| COMMON ; : LOCK AISIWE i 1S
! lis & 12 | 2 s
' =1 3 i
e 2125 CONTROL !eo '“*%j o | ; 330 Mz
i ! VOLTAGE 13 i [t 12| ,
. LW et GYNG DET 14 e {ocic 21
Jlias 0SC | ' . LooP FILTER | SighalL o AlD e
‘ | | Y a3 = RESET o] -
f Ald ; i 1 : A3 !
e Lol P A7 {8 B[ e say
L AllR2Y 1. 20! %QPSNN;,, 12 /717 ; b4,
KL .25 o5 (Do .
1905y 8 FinNE FREQ O No%/,/ﬂghgw VIAIORPERATION
’ COARSE AL AISE - DSl | SIGNAL
FREQ A0J
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17116 1Mtz Divider Option

APFPENDIX A
T MHz DIVIDER OPTION

output that is buffered by amplifier 118, The output of
U1B passes through a band-pass filter that is tuned 1o
1MHz 1o produce 2 sinewave ocutput. The 1MHz sinewave
passes through emitter follower (02 and feeds tuned
cutput driver 08, The signal at the secondary of T2 Is a
clean 1MHz sinewave with a minimum amplitude of one

A1, INTRODUCTION.

A-2. The TMHz Divider Option, Assembly A3, provides
a buffered TMHMHz output to the rear panel. The option
consists of a single PC board.

A3, THEGRY OF DPERATION. volt rms when loaded with 50 ohms,

A4 See figure A-1 for a schematic diagram of the A-B. REPLACEABLE PARTS,

TMHz Divider. A SMHz signal from Distribution Amplifier

Assembly AS enters at JZ and is applied 1o an amplifier- A-8. Table A-1 provides a list of repleceable parts far
shaper circuit comprised of Q1 and inverter UTA. The the 1WMHz Divider Option. Infermation concerning the use
squared output of UTA feeds decade divider U2, The of this table is found in Section V1 of this manual.

divide-by-5 terminal of U2 {pin 8} provides a 1Mkz

sl
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| suTaooN |
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& R“’ E’EEH 5L
vw@‘
é
i

3
77

S iy ELTER e/

1. UNWLESS OTHERWIS sPECE;’—"lEG; ALL RESISTORS ARE 1M DHMS AND ARE
176, 10%; ALL 1 LS OARE SNTLOOM.

HOTES:

Figure A-1. Assembly A3, TMHz, Divider Schematic Diagram, Drawing 18438 Rev-

AT
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Replaceable

TABLE A-1. LIST OF REPLACEABLE PARTS

A-Z

REFERENCE TRACOR TYPICAL  BALUFACTUEER
DESIGHATIOL STOCK  MIMBER NESCRIPTTION MEGR FAMT NUMBER
% 2 ES = ASSEMALY #0 §RuSH-000 AGSY 1 MMZ NIVIDER PO % i % =
L0001 ARIu=04T( AP FXD TA 47 MFL 0129% CS1MBERTHR {MIL=C=286000/2) -
2 27513-0122 Cap Fxi wICA 1200 PFD e B Db D30 ‘
¢ 3 ATH13-0122 Caf» FXD wiCa 1200 PFO T2136 Dr=ih=1 226 :
[ 27213-0671 Cap FXD »ICA #70 PFO EES IS DMelbui 716 3
L5 23969«0019 CAPALITOR ana56 MOBOVINSAM
L B F324=-9473 CApP FXD myL 087 MFD hWEPES 19pPuTRY2
C 27 27n12=0102 Cap FXO #ICA 1Loan PEp F#136 CMOAF 102605 {MIL-C=5718) -
L 2B JEPu-q102 Cap FXD BYL o1 MFU SH28G 192P10092
L ozb 2Tn1i=051] Can FXN MICA 910 PFD EES CMYeFHLI6U3 (MIL=-(=%/18)
Co30 AiPu=2473 Cap FRD MYL us? wmFn SHERRTG FO2PLTEG2 )
oo 23969-003y COHMELCTOR BRZG 51=U53-4119
w B 23963=003y4 COr L CTOR Qar9l 51=U03-uil9
[T PAREQ-0024 CrinKE 39 MH THER3 EETTERIY
Lz SoaR=0220 FHRICTOR 22 4l guARg 18537~uh
LB FEGEY-LGRY Crinh 39 My FoHunl AJu =34 :
[S JeaR={(220 T muCToR 22 1wy SOA00 18374k
- 3onb=0b60 LUnULTOR hi LM QaRGn 1857 =Hy
Wl QN3G04 THTR RH39DE DRTFLEE 2M3G0M
w2 QOC-3504 TSTHR 2ME0UH G713 2MESGH
w B QON=2258 TofR 2HPZ1A G713 gMzais
R 1 2N =u72 REL, FXD CO¥P 4,70 X £1349 RCGIGFA72J {MIL-R=11/8)
o2 204=0102 REG pRD COMP L, 00 ¥ 81349 RCOTGFLUZY (MIL~k=11/8)
2 LTRSS RES FXD COWP 430 (s 81349 RODTGFL 31 (MIL=R=]1/8)
S 2ub=3102 RES FXD COME L.00 R1349 RCOTGFLI0PY {MIL=R=11/8)
AR 264-0201 RES FXD CUMP 200 Ond R1349 BOOTEF2GL.) (MIL=R=31/8)
[ Y FO4-QL03 HES #XO BUMD IR, K B13u9 ACO7GFLU3S {MIL=-R=~11/8)
¥ Phbeding S FXD OCOMP 10,0 K K1349 RCOTGFLUA] {MIL~R=11/8)
LI} 268w 02 REa FXO COMP 1,00 K A1349 ACGTGFI02d {MIL=R=11/8)
K g 204=0181 Rye, FXD COMP 180, O 51349 REGIGFI0LS (MIL=R=11/8)
M 3b 206=0302 REG FXD COWMP 5.0 K 81349 RCHTGFA02S (MIL=-R=-1178:
[ 204-0102 RES FAD COMP 1,080 K 1349 ROCQTGFLU2J (MIL=-R=11/8}
w38 204=0390 REL PRI COMB 3G [ 513509 RCOTGFE3Y90J (MIL=R=11/8)
w30 2045101 g EXTT COMP 100, OHM 81369 RCOTGF iDL (MIL=-R=11/8}
®O4G 2Nu=-G101 REg FXR COME 180, OHRM 1369 RCUTGEFIUES (MIL=R«151/8)
T oz G25038-0001 T AbSF ORMER 19397 GAH035-000]
U 23una-gon; THT CKT GUAR Z-ipeygT 01255 SHT7GUUN
(SR 395h=41115 INTEGRATFD CIRCUIT 01795 SHTUQRDN
1p455=0001 ASSY 1 MiHZ TBIVIDER ¢ 19397 1R45R=-00U01 .

L3k 23969=uN0y CARACITOR FEFU~TrHi 72082 AUGT-N0I=AS50=-158K
Loar 2AYRS=U0(Y CAPACITOR FEFQ-THRE F2RA2 2403=003-X550-1528
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Battery Option

APPENDIX B
BATTERY OPTION

B-1. . INTRODUCTION.

B-2.  This appendix contains informetion necessary 1o
operate and maintain the Battery Option for the Modal
600 Rubidium Freguency Standard.

B-3. PURPOSE AND DESCRIPTION.

B-4.  The Battery Option provides standby DO power
for the frequency standard if external power sources fail,
it can provide standby power for approximately 10
minutes.

B-5.  The Battery Option utilizes 2 21-cell nicke! pad-
mium battery for is power source, H also has a orirted
circuit board that containg the charging and control
eircuits, which operate in conjunction with the DO power
supply circuits. Refer tw Table B-1 for a functional
description of the controls and indicators.

B-6. . BPECIFICATIONS,

B-7. A list of specifications for the Battery {ption is
provided in the following paragraphs.

B-8. OUTPUT REQUIREMENTS.

Vaoltage: 25.2 volis DC, nominal

Capacity: .8  ampere-hour  after  fuli
charge {0 to 50°C) providing
10 minutes of power.

B-9. ENVIBONMENTAL.

Operation Temperature: 0 o 5000 {to maintaina /<1
x 10710

Storage Temperature: -40 to 75°C.

Humidity: 0 1o 85%

Vibration: Meets MIL-STD.157

TABLE B-1. BATTERY OPTION CONTROLS AND FNDSCA?GH$

MAME

Function

SATTERY CHARGE swiich

BATTERY lamp

BATT, CYCLE switch
{rear panel}

Selects efther fast or slow charge rate for battery.
Mormally in SLOW position to provide a trickle chargs.
Set to FAST position to recharge battery after use.

Normally off when battery is not used. Flashes at
fast rate when battery is being used. Flashes at
slow rate when battery is being charged at fast
rate, Lights continuously after battery has been
used and AC power iz reapnlied.

When set to Up position, aliows battery to operate
frequency standard with and external DO still
connasted. This Is used to discharge battery and
prevemt cefl plates from passivating, which reduces
celt fife. POWER switch must initially be in Down
position before switch will activate battery circults.

B-1



Battery Option

B-10. BATTERY RECHARGING.

B-11. Afier the frequency standard has operated from
hattery power, the batlery must be recharged szt the fast
rate ong hour for gach minute of use, If the battery was
used until the low-voliage cuto™ point was reached,
recharge the battery at the fast rate for 16 hours,

B-12._ DETAILED CIRCUIT ANALYSIS

B-13. A detailed analysis of the Batiery Option
Assembly is provided in the following paragraphs. Battery
Ontion Assembly A2418 provides standby DC power for
the frequency standard, and generates the batiery
charging current and a flashing signal for the front panel
BATTERY lamp. The assembly consists of a differential
sensor, Jow voltage ssnsor, charging circuit, and lamp
flasher, Refer 1o figure B-1 for 2 biock diagram of the
Battery Option Assembly and 1o figure 7-2 for a sche-

matic diagram.
B-14. DIFFERENTIAL SENSOR.

B-15.  The differential sensor detects & jow voltage
output from the power supply rectifiers or a low external
DC voltage, and switches in the batiery 1o the power
supply circuits. It consists of G4, O, 07, 14, G16, and

a17.

B-16.  Assuming that Q15 is saturated, if either Q4 or
{117 is providing a voltage at the top of R3B (emitter of
118} that is higher than the voltage at the bass of Q16,
Q18 will be off. Whan Q18 is off, the battery is isoiated
from the power supply circuits.

B-17.  The level of the EXT DC is sensed by Q17, and
the tevel of the AC line voitage is sensed by Q4. If both of
thess voltages are fower than a prescribed level, (16
beging 10 conduct. As 018 turns on, 014 turns on and
regeneratively saturates 016, {14 also supplies current o
R32 which increases the voltage at the base of Q16 so that
hysteresis voltage changes in the sense circuits will not
cause osciliatory switching.

B-18.  When 016 saturatss, it causes 06 and Q7 tw
saturate, connecting the internal batisry o the power
supply circuits, Q18 saturated also causes 0B 1o saturate,
supplying veitage to the lamp clrouitry.

B-18.  LOW-VOLTAGE SENSOR,
B-20. The low-voltage sensor measures the voltage drop
across U2 in the power sunply regulator circuit on the

standard PC board and disconnects the battery from the

B-2
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power sunply when the supply ouipul staris 1o lose
regulation. It consists of 02, (03, 015, CHE, and CRO.

B-21.  The voliage at the collectar of power supply
transistor 02 is applied through pins 22 to the base of 02,
The emitier voltage s apphied through pins 21 to the base
of 03, As long as this voltege difference i zbove
approximately three volts DC, 02 and Q3 will be turned
on, applving approximately 2.4ma through 87 1o tunnel
diode CRS. Tunnel diode conducis at 1ma, spplying

" approximataly an additional 0.5 volt DO to the base of

315, This, with the 0.4V bias from CRE, s sufficient to
turn on and saturate 015, When (15 saturates, a ground
is applied through A35 10 016 in the differential sensor,
agliowing it to operats.

8-22,  As the battery is discharged, its voltage drops.
This causas Q2 in the power supply 1o approsch satura-
tion. When this happens, its volitage drops, causing 02 and
(3 to decrease conduction, which causes CR® to turn off.
With GRb off, 15 must be off and so must 016, Q7, OB,
014, and 08, Mereover, the 18.25V output will turn off
untess there is some AC ar EXT DC power applied.

B-23,  Resistor R6 prevents the base current of 03 from
interfering with the regulating action of Q2 in the power
supply. Resistor R7 limits the current applied 1o CRY o
approximately four milliamperes.

B-24. BATTERY CHARGE CIRCUIT.

B-25. The battery charge circuit provides a fast charging
current of approximately 72 milliamperes and a siow
charging current of 12 milliamperes 1o maintain the
charge on the battery. It consisis of Q1 and CR1, CR3
and 018,

B-26.  The output of rectifier U2 in the power suppiy is
applied 1o BATTERY CHARGE switch 54 and through
pin 9 to the charging circuit, Zener diode CR3 sets 2 33 V
reference. With 84 in the SLOW position, this 3.3 volts is
apptied through R1 to 01 to provids & charging current et
the collector of Q1 that is approximately 12 milliamperes.
With S4 in the FAST position, the 3.3 volts s applied
through R1 in paraflel with R2Z 1o Q1 to provide 2
charging current that is approximately 72 milliamperes. In
this position a2 voliags is also applied to the lamp Tlasher
10 indicate the batiery is being recharged a1 the fast rate.
The charging current is applied through pin 13 and
POWER switch 51 10 the battery.
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Figure B-1. Battery Option Assembly Block Diagram

B-27.  LAMP FLASHER.

B-28.  The lamp flasher provides four operating modes
for front pane! BATTERY tamp DS1. When the tamp is
off it indicates the battery is not being used, was not used,
and is not being charged at the fast rate. When the lamp
tlashes at the fast rate, it indicates the battery is supplying
power 0 the powsr supply. When the lamp stays on, it
indicates the battery was used, but external power has
been reapplied. When the lamp fiashes a7 the siow rate, it
indicates the batiery is being recharged at the fast rate.

B-29.  The lamp flasher consists of 08, and Q8 through
013, Under normal operating conditions, all transistors
arg turned off and the lamp doss not light., When the
differential sensor turns on and applies battery power io
the power supply, the voliage applied to the base of OB is
reduced, This turns on and satursies OB, appiying the
battery voltage at the emitter to the bases of 010 and 08
through R21 snd R23. This turns on and saturates both
{9 and (10, The voltage st the emitter of Q5 iz also
applied through CRB and R10 to the emitter of uni-
junction transistor Q12, which scts 2s a relsxstion
oscilletor. This voltage charges C3, When (2 reaches
approximately 4.7 volis DC, Q12 turns on, applying the
charge on C3 through Q12 to the base of Q13. Transistor
Q13 turns on applying & ground through pin & to DST,
lighting the lamp. A ground is slso applied 1o the base of
Q11 through C4, causing it 10 twrn on. This applies the
voltage at the emitter of Q11 to the emitter of Q12
through RZE8, saturating it and preventing it from turning
off. When C4 has charged, it allows Q17 to twrn off,
twrning off 012, which turns off Q13 This removes the
grourdd from the lamp causing it 10 go out. This cycle is
then repeated, causing the lamp to flash at 2 rate of two
flashes per second (fast rate).

B30, When external AC power is reapplied, the output
of rectifier UZ is applied through the SLOW pasition of
54 1o 8. This turns on, applying a latch voltage 1o the
base of (8. When the differential sensor turns off, the
voltage at the base of Q5 incresses, turning Q5 off. This
wrns off Q10 and Q12. When Q10 turns off, the vottage
at the collector of 08 is also applied to the base of 213
tirning it on. With 013 terned on all the time, the lamp
will light continuousty. To remove the tatch voltage from
the base of 09, switch 54 must be set to the FAST

position,

B-31. When 54 is set 10 the FAST position, the voltage
applied to 08 is removed, This turns off O8, turning off
8, which turns off O13, causing the lamp 1o go out
However, with 54 in the FAST position, a voltage is
applied through Q18 and R3 to the emfitter of 012, This
activates Q12, 013, and Q171 as discussed in paragraph
B-29, causing the lamp to flash. However, this voltage s
much lower than the battery voltage applied before.
Therefore, the lamp will flash at the slow rate. Since 05,
010, 08, and G8 are not turned on, the lamp will go out
when 84 is returned to the SLOW position,

B-32. MAINTENARMNCE,

B-33. Once every two months, the battery should be
discharged for ten minutes. This is accomplished by
setting the BAT. CYCLE switch on the rear panel 1o the
Up position and the main power switch to OFF. Tha
frequency standard must first be operating from AD or
external DC power before the BAT, CYCLE switch will
activaie the battery circuit.

B-34.  Afier discharge, recharge the batiery as specified
in paragraph B-11.

B-3
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B-35. REPLACEABLE PANTS.

8.36. Table B-2 provides a Hst of replacsable parts for
the Battery Option. Information concerning the use of
this tabile is founsd in Secton VI of this manusl

TABLE B-2. LIST OF REPLACEABLE PARTS
TYHRICAL

MANUFACTURE
RN CR ) ST

GouubOG=0001
GULHOZZ2=00UL
2i2uU03,
GRSIBN-UN0L
Tifd
G10327=-u041
GALZ2O-U0u1L

REFERENCE T R A& C U R
DESIGNATION  STOCK HUMPRLR AF SR TRT ION MR
3 % * 2 ASGLMULY 10 GLHiOu-n001 218 A DATTERY ORTION
Ghubul=0u01 PLo 105 L5G5Y 183937
A 2 Ganhurz-o0n1 RO IOASSY ALOAZ 1 9Ra7
Fou B34 H-w 30 Ful 3 L4 280 YOLT 7591Y
J 23 CRnlRl=-000n1 ContiE CTOR A58y 1G3R07
S04 dob =104 S ITom TOGHLE 5007 aan g
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