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Kit 295 Addendum
to HFS-1 Manual

The cover and title page of this addendum, together with the
modification instructions appearing below, replace the cover and title
page of the HFS-1 instruction manual previously distributed. Upon re-
ceipt of this addendum, remove the cover and title page of the pre-
viously distributed HFS-1 manual and replace with (permanently attach)
this addendum. L oL

The addition of Kit 295 to the HFS-1 involves the addition and
deletion of certain components to improve the reliability of operation
of the unit. Those portions of the schematics within the HFS-1 that
have been modified are indicated in Specification S1098 that has been
incorporated within this addendum and should be referred to for (1) parts
location, and (2) schematic changes for maintenance purposes. In addi-
tion, Sheets 2 and 3 spell out those changed components by symbol numbers,
TMC part numbers and description, and should be used as an addendum to the
parts list for the areas modified.

It is suggested that those schematics and Parts List pages that are
changed by this modification be marked in ink as follows:

NOTE
This page changed by Modification Kit

295; please see addendum in front of
the HFS-1 Instruction Manual.

5/69 IN-3001L1
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b

REV: El

TMC SPECIFICATION [No-s 1008
alelclplelF3M|TK

%-—

COMPILED

CHECKED: APPD: SHEET 2 oF 18

e

TITLE:

KIT-295

_—

typed by vab 5/10/66

-

IT.

ITT.

Iv.

KIT-295 is applicable to Synthesizers HFS-1,HFS-1A,HFSA-1,

HFSA-1A,HFSR-1 and HFSR-1A. After conversion by KIT295,

these units will now be elecfrically equivalent in operation

and performance to an HFS-2, HFSA-2 and HFSR-2.

The purpose of thig mo&ification is to im;£ove‘the reliability of
the Synthesizer And, in particular, improve its operation in
TechniMatiC Control Operations.

Accomplishment of the modification can be determined by inspecting
the 3400 deck (AX387). If the modification has been completed,
this assembly will coéﬁain‘a printed éircuit board assembly, ALLsk
in place of A2L38 Terminal Board. There will also be a new BNC

connector J3039, on the rear panel, marked SERVO.

MATERIALS SUPPLIED:

ITEM NO. SYMBOL QTY. TMC_PART NO. DESCRIPTION

1

2

C3104 1 CM15F101J03 Capacitor, Fixed Mica 100 pf
C3107 1l CM112F622G5S Capacitor, Fixed Mica 6200 pf
R3211 S RC20GF105J Resistor, 1/2 watt, 1 megohm
R3112 ’

R3313

R300L

R3435

C3105 1 CE116-1VN Capacitor, Electrolytic, 8 uf
C3211 2 CM15F101G03 Capacitor, Fixed Mica, 100 pof
c320k%

C3z 07 1 CM20F102G03 Capacitor, Fixed Mica, 100C pf
C3210 1l CM15F331G03 Capacitor, Fixed Mica, 330 vt
R3311 2 RC20GFLT2J Resistor, 1/2 watt, L.7X onms
R3213

V3302. 2 6AU6 Tube, Pentode

e P Ls & s B

FITEE Y L "WYI'L)
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— —TMC SPECIFICATION vo s 1098
rev: [sla | BiCip E |FIGHITIK
COMPILED: CHECKED: APPD: SHEET 3 or 18
TITLE: KIT-295 .
B typed by vab 5/10/66
ITEM NO. SYMBOL QTY. TMC PART NO. DESCRIPTION
9 R3333 3 RC20GF153J Resistor, 1/2 watt, 15K ohms
R3232 ’
R3119
10 C3275 l CN112A105K2 Capacitor, 1 uf, 200 V
11 R3312 1% ' RC206FZ22) Resistor, 1/2 watt, 2.2K ohms
32 C3373 i CCi00-37 Capaciter, Dise Ceramic 0.1 uf
13 TB3403 1l ALLsh PC Board Assembly
- 1k R3LL2 | RVlO6ﬁX8BlO3A Resistor, Variable 10K ohms
15 c3Lkhs 1 CM15C220J03 Capacitor, Mica 22 pf
S 16 6" Mwc22(7)U0 Wire, insulated, black
i 17 6" MWC22(T7)UL. Wire, insulated, brown
18 8" MWCéQ(?)UT Wire, insulated, violet
| 19 6" MWC22(7)US Wire,‘insuiated, blue
.20 R3L61 1 RC20GF103J Resistor, 1/2 wat£, 10K ohms
- 21 R3h62 1 RC20GF182J Resistor, 1/2 watt, 1.8K ohms
B 22 C3012 2 €C100-28 Capacitor, Disc Ceramic, 0.1 uf
Cc3hL37 v
23 DELETED !
2k 6" WL100-7 Wire, Buss, Size 22
25 ‘ 6" MWc22(T)U95 Wire, Insulated, WHITE/GREEN
26 6" MWc22(T7)Ub Wire, Insulated, YELLOW
27 6" MWC22(T7)U91 Wire, Insulated, WHITE/BROWN
28 6" mwc22(7)u2 Wire, Insulated, RED
29 C3013 1 CC100-16 Capacitor, Disc Ceramic, .01 uf
30 R3003 1l RC20GF102J Resistor, 1/2 watt, 1000 ohms
31 J3039 1l UG625/U Connector, BNC

Pt P E8%=AINS
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V. MODIFICATION PROCEDURE

A.

Preliminary

B TMC SPECIFICATION NO.S 1098
rev: [g] AlBlclp [E[FIG BT K
COMPILED: CHECKED: APPD: SHEET L OoF 18
TITLE: KIT=295
| Typed by mtp 5/16/66
ITEM NO. SYMBOL QTY. TMC PART NO, DESCRIPTION
32 1l TE102-2 Terminal, Ins., Turret
33- DELETED ———
3L 1 SCBPOLLOBN3 Screw, Machine
35 1 LWEOLMRN ) Washer, Lock, Ext.
36 DELETED
37 1l NP362-65 Nameplate, Modification
38 DELETED .
39 DELETED
Lo DELETED’ :
41 DELETED
L2 DELETED
43 1 TP131-2/6AU6 Rubber Stamp
Ly 1 TP131°1/J3039/SZRVO Rubber Stamp
k5 1 Drill Bit,7/16" 3/16" Drtll Bit.
L6 6" MWC22/7/U9 Wire, Insulated
47 1 STAMP-PAD Stamp Pad
48 1 Drill Bit 1/8" 1/8" Drill Bit.

Disconnect HFS( ) from sfdtem, remove from rack and place on bench.

Remove top and bottom covers.

.l .o B e s B~ w

2M PLS—AINS.
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B TMC SPECIFICATION NO.S 1098

revi || AMB|CIPIE[FIGIHITIK

COMPILED: CHECKED: APPD: SHEET 5 oF 18
TITLE: xif:EBS”

e

|_Typed by mtp 5/16/66

V. MODIFICATION PROCEDURE - Cont'd

B.

C.

3100

Deck (AX384) - See Figure 1

1.
2.
3.
L,
5.
6.
Te
8.

3200

Disconnect and remove AX384 from HFS chassis.

r access to components.

Remove C3104 (.005 uf) and substitute Item 1 (100 pf).

Remove 3107 (1000 bf) and substitute Item 2 (6200 pf).
Remove R3112 (33K) and substitute Item 3 (1 megohm).
Remove R3il9 (L.TK) and substitute Item 9 (15K).
Remove C3105 (0.1 uf) and replace with Item 4 (8 uf).

Replace sideplates and return AX384 to HFS chassis.

Deck (AX385) - See Figure 2

1,

2.

5
6.
Te

9.

10,

Disconnect AX385 and remove from HFS chassis.
Unfasten sideplates.

Remove C3204 (560 pf), and replace with Item 5 (100 pf).

Remove C3207 (330 pf) and replace with Item 6 (1000 pf).

Remove C3210 (68 pf) and replace with Item 6a (330 pf).

Remove C3211 (1100 pf) and replace with Item 5 (100 pf).

Remove R3211 (33K) and replace with Item 3 (1 megohm).

Remove R3213 (15K) and replace with Item 7 (L.TK).

Remove V3202 (6ABL) and replace with Item 8 (6AU6).

Rewvire XV3202 as follows:

Bl B A A b
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TMC SPECIFICATION

lno.s 1098

[rev: [D]£[F [OIH [T]K
[ CoMPILED: CHECKED: APPD LJ') SHEET 7 oF 18
TiTLE: 3200 DECK MODIFICATIONS
(AX385) IKc
*— » +200
|
3 g’ R3209
< < ‘, l‘;__ﬂ
V3201 L
m 3204 -
1000F
(_

R3210

}——omzoz

$ T0 XTAL SELECTOR
SWITCHES

R3211
| MEG

NOTE:

VALUES ARE SHOWN ONLY WHERE

C32tli

i
- 71
€3210

COMPONENTS HAVE BEEN ADDED OR CHANGED.

FIGURE 2
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r TMC SPECIFICATION No.s 1098
c|lole |FIGH |[TIK

REV: g | A Eﬂ
PZOMHLED: CHECKED: APPD: SHEET e? OF 3g
(TiTLe:  KIT-295
B typed by vab 5/10/66
a. Remove wire from pin 1 and reconnect to pin 5.
b. Remove wire'from pin 6 and reconnect to piﬁ 1.
¢. Connect pin 2 to ground.
a. 234 15K resistor, Ttem 9, from pin 6 to 200 volt line.
(high side of R3203 pot.)
e. Connect 1 uf capacitor, Item 10, from pin 6 to

ground.

11. On the top of the AX385 sub-chassis, adjacent to XV3202,
remove lettering 6ABY and stamp 6AU6 in its place, using
Item L3. |

12. Replace sideplates aﬁd return AX385 to the H?S chassis.

D. 13300 DECK (AX386) SEE FIGURE 3

a.

b.

1. Disconnect AX386 and remove from HFS chassis.

2. Unfasten sideplates.

3. Remove R3313 (33K) and replace with Item 3 (1 megohm).
L. Remove R3312 (560 . ) and replace with Item 11 (2.2K).
5. Remove R3311 (15K) and replacerwith Item 7 (L.TK).

6. Remove V3302 (6ABL) and replace with 6AU6. (item 8)

T. Rewire XV3302 as follows:

Remove wire from pin 1 and reconnect to pin 5.
Remove wire from pin 6 and reconnect to pin 1.
Connect pin 2 to ground.

Add 15K resistor, Item 9, from pin 6 to +200 volt
line (high side of R3303 pot.)

Add 0.1 uf capacitor, Item 12, from pin 6 to ground.




NOTE:

FIGURE 3

TMC SPECIFICATION [no-s 1098
rev: |D |EIF G)\J :T'k:
COMPILED: CHECKED: APPD:‘/QJ SHEET 9 OF '8
TITLE: 3300 DECK MODIFICATIONS
(AX386) 10Kc
3 R3311 Ltssaa
< q .
R3308 i: ::R3309:,‘ * aiﬂjk i 15K
—L- (3373
T o1
V3301
3304 A | .
)}t 4 V3302 A
6AU6
TO XTAL
' - SELECTOR
SWITCHES
R3310 R €3307
3 Ssi3 I 7 essos
L 1 1 o
= - = TP3302
3308
Y
7

VALUES ARE SHOWN ONLY WHERE COMPONENTS HAVE BEEN ADDED OR CHANGED.




IFICATION vos IO
p [e[F |6 [w]ITK

REV: & c
COMPILED: CHECKED: APPD: SHEET 10 or 18
TITLE:  KIT=29S

Typ d by mtp 5/16/66

8. On the top of AX386 sub-chassis, adjacent to XV3302, remove
lettering 6ABL and stamp 6AU6 in its place using Item L3,

9. Replace sideplates and return AX386 to the HFS chassis.,

E. 3400 Deck (AX387) - See Figure b = .

1. Discbnnect AX387 and remove from the HFS chassis.
2. Unfasien the sideplatés and remove shield between XV3L05.
and XV3LO06.
3. Remove terminal board A2438 and clip connecting wires as
close to terminals on the board as possible.
a. Remove black wire from ground lug near Pin 7 of Xv3Loé.
k. Remove R3442 (1K pot.) and replace with Item 1l (lOK‘pot.)
5. Remove R3443 (100 K) and R3LLL (10 K). ~
6. Remove C3Li5 (62 pf) and replace with Item 15 (22 pf).
" 7. Remove the black wire from terminal 4 of T3L05 to J3Lo5.
7a. Remove lead of C3425 from terminal 4 and conmect to ground.
8. Solder 6" piece of black insulated vire {Item 16) to
terminal 4 of T3405
9. Solder 6" piece of brown insul;ted wire to Pin 3 of XV3Lko6,. (item 17)
10. Remove the violet wire from Pin 5 of Xv3k05. Follow blue
vire going from Pin 5 of XV3L05 to S3L01C, and attach a
g" piece of violet wvire (Item 18) to same terminal on S3401C,
11. Remove the blue wire from Pin 5 of XV3406 and replace it with
a 6" piece of blue insulated wire (Item 19).
{SEE FIGURE #4 FOR FOLLOWING STEPS)
12. R move the wire from TP3409.

12a. Remove green/white wire on J3405.

o2 B BA. 210
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TMC SPECIFICATION NO.S 1095

rev: | |2 [ [p|e]F |G H K
COMPILED: CHECKED: APPD: SHEET 12 ofF 138
TITLE: --_295

~yped "y ed” //21/i7

S

M7 7 ATION TRGCEDUE - Cont'd

13.

14.

15.

16.

17.

18.
19.
20.
21.

22.

23.

Install R3461 (10K), Item 20, between high side connection
of R34&2to the center terminal of J3405. _o not solder.

~wstall a 1.8F 1/2 watt resistor (R3462) from center terwinal

~ of 73405 to TP3409. {Ztem 21) Solder J3405 connections.

Instafl itém 3 (1 megohm resi;gor, R3435) from T3404 Pin 2 to
ground.

Tnstall a 0.1 uf disc ceramic capacitor (C3437) from TX3409

to ground terminal of J3405. (Item 22)

Install a jumper wire (#22 Guage) from the low side of 13442
to isolated ground terminél of J3405. Also run a jumper wire
from J3405 isolated ground terminal to chassis ground. (Item 24)
Attach a 6" piece of #22 insulated white wire (green trucer)
to Ligh side of 2344Z (Item 25), Solder connections.

Attach a 6" piece of #22 insulated solid yellow wire to R3442
C7. {Item 26)

Attach a 6" piece of #22 insulated white wire (krown tracer to
the low side of R3442. {item 27)

Femove red wire from 73405 terminal #1.

Attach a 6" length of red wire (#?2 guage) to terminal #1 of

©3405. (item 28)

“nstall PC Board Assemtly, A4454, per diagran (Figure 5) in
same location as terminal board A2438 which was rewoved iu

Step 3.
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TO T3405
TERM |

(RED)

TMC SPECIFICATION no.s 1098
rev: |2 HEIE |2 H|TIK
COMPILED: CHECKED: APPD: 1,_).) SHEET |3 oF 18
TITLE: KlT 295
T0 XV3u06
PIN 5 T0 C3447
} (suugy ON A3061
(BLUE)
/ FIGURE 5
1»////, ~ | T0 ¥v3uoe o
SE? ; ‘ VOt s (reo)
T0 R3459
/ ON A3061
ﬁo/
NEySr 10 J3406
3 P
V3407 O (WHITE/GREEN)
POT
TO XV T T3405 TERM 3
R3460 o 0 XV3406 Ao G -
PIN #3 £ (VELLOW)
©
(BROWN) 2 O TO T3405 TERM &
(BLACK)
TO R3442 HI 6 O~ 70 T3u05 TeRM 5
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EEN (
(WHITE/GREEN) , T3t0u pin
(RED)
\ \51<:) TO +200V
(RED) -
12 A o TO XV3405 o
(;) (;) i PIN 6 .
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TMC SPECIFICATION No.s 1098

rRev: |D|E FGHJ’K

[ CoMPILED: ' CHECKED: APPD: [\J SHEET |} OF |8
(TiTLE: REAR PANEL DETAIL
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I'MC SPECIFICATION No. 5

REV:

COMPILED:

CHECKED: APPD: SHEET 16a OF 18

TITLE:

H.

Ascertain that the receiver or transmitter sync meter is adjusted

to zero-center-scale with its d-c correction voltage input grounded.
Set R3442 to the middle of its total adjustﬁent range. Set re-
ceiver or transmitter tuning control fo; 2.5 mc and HFS switches for

2,5000 mc.

‘ Readjust.tuning control to obtain "0" on sync meter. Then slowly

increase frequency setting on tuning control, observing needle move-
ment away from "0". When needle flips back towards "0" this indicates
one end of detector "capture range." At this point, adjust R3442 to
bring'needie to exactly "06.

Readjust tuning control back towards 2.5 mc. Needle will rev rse
action in C., this time moving towards "0". Continue to adjust
contr;I needle until needle reaches "0". Then continue to slowly
decrease tuning control to frequencies under 2.5 mc, until needle
jumps back to "0" indicating other end of capture range. The range
should extend from -2.5v to +2.5v.

Leave HFS switches at 2.5000 mc and move tuning control to 2.9 mc.
Adjust R3460 until sync lamp comes on.

Decrease tuning control to 2.5 mc and to obtain "0" on meter. Then

'

increase tuning control until needle flips back to "Q". Readjust
R3460 until sync lamp goes off. This indicates the high end of the
'sync range." Note the reading on the meter; it should be at least +2.5V.
Check the lamp at the low end of the "sync range'' be decreasing the
tuning control until the lamp goes out. The meter should now read at

least -2.5V.

28 D BV-AIND.




TMC SPECIFICATION [wo-s

REV:

COMPILED:

CHECKED: APPD:

SHEET 16b OF

18

TITLE:

1f voltage readings are not correct in steps G and H, repeat these
steps until they are, Then perform a similar check with HFS and

uning control synchronized at 2.0 thru 2.9 mc, in 100-kc steps.

Also check at 2.9990 mec.

*IMPORTANT NOTE

AT THE COMPLETION OF MODIFICATION PER THIS KIT, IF THE SYNC LAMP IS

"ON" WHEN OUT OF SYNC AND "OFF" WHEN IN SYNC, REVERSE LEADS 3 AND 5

ON TRANSFORMER T3405.
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ITMC SPECIFICATION NO. §

REV: |0 A

Ble|o[e[{F|GIH|TIK

COMPILED:

CHECKED: APPD: SHEET 16 or 18

TITLE: FIT-295

Typed by asb 7/20/67

V. MODIFICATION PROCEDURE

F,

G.

Chassis AX383

1. Remove and save C3012 attacked to J3008, also save plece of r d
sleeving., Reconnect C3012 as shown im Figure 6a.
2. Drill a 1/8" hole using Item &% 2b indicated im figure 6, and add
‘& standoff insulator adjscent to J3008. (item 32,34,35
3. Connect the resistors and capacitors as indicated on diagram,
Figure 6a, (items 3222%29;30).
4. Next, with a center punch, ascribe a mark as indicated in Figure 7.
" Prill through with a .1/8" drill bit. Then, with item 45,
eetablish a 7/16" diameter hole.
Insert BNC connector, Item 31, and fasten to chaésis. Run a jumper
vire (item 46) from Pin N of J3001 to centér connection of new INC
connector. Apply rubber stamp, item 44, marked "SERVO", and J3039
as 1llustrated on Figure 7.
Modification is now complete*. Im automated wérsiems,remove P3014-2

from Y3014 -and connect to J3039.

VI. ADJUSTMENT AND PHASE DETECTORS

NOTE
S L,
This alignment procedure is on the assumption
that the unit includes a sync meter ,calibrated
to at least +5 and -5 volts on either side of
0 V and that this meter circuit reads the d-c
connection output at J3008 jack. Another as-
sumption is that the equipment also includes a
sync lamp ignited by the energization of K3001
relay. '1f the equipment does not include these
indicaters, a VIVM may be substituted for the
meter and K3001 may be observed instead of th
lamp.

wear AR EBDE~ 9

[Y D W ey syey



CHANGE NO. 8 HFS-1

INSTRUCTION BOOK CHANGE NOTICE

Date 10/5/65

Monual affected: Control Synthesizer and Standard : IN._ -3001B

Model HFS-1 (Rev. Date: 15 Sept. 1965)

Page 8-5/8-6, Figure 8-1 (Sheet 2 of 3).
Add C3013 at . 01 mfd to J3008 circuitry as shown below.

J 3008 C‘
C3013 £ o
Ok J 3405
,__)}_ P3017 VARICAP
L D.C,
c3012 % |
A A 3

CR3408
|‘|N 100

%?6‘39 TP3409 R3446
an TS DuGS 03439§ 8.2H
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SHOULD ADDITIONAL COPIES OF THIS CHANGE MNOTICE BE REQUIRED, PLEASE CONTA
THE TECHNICAL MATERIEL CORP., 700 Fenimore Rood, Momaroneck, New York

Attn.: Director of Eng. Services.
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CHAN E NO. 9 HFS-1

INSTRUCTION BOOK CHANGE NOTICE

Date _12/21/65

Manual affected: _Control Synthesizer and Standard IN _ 3001B

Model HFS-1 (Revision Date: 15 Sept 1965) M

I

Page 4-3/4-4. Figure 4-2.
Change figure 4-2 to include 250-kc regenerative divider

circuitry as indicated below:

J350! IMC IN }-

AMPL J3505 > 2ND HARMONIC 4_'L AMPL
V3I105A 2MC GEN vV350I8B
ouT V350IA
i e
J3103 e CATH
I
MC OUT FOLLOWER AMPL -
V370l V3510
250
250kC AMPL K MIXER | g 730KC
V37038 V3702
250KC TRIPLER
V37034
250KC
OUTPUT
J3015/8

SHOULD ADDITIONAL COPIES OF THIS CHANGE NOTICE BE REQUIRED, PLEASE -CONTACT:
THE TECHNICAL MATERIEL CORP., 700 F nimore Road, Mamor neck, New York
Attn.: Director f Eng. Services.
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Change No. Date of Change Date Entered Entered By
1 10/31/63 Tncorporated in Manual 9/65 ]
2 2/10/64 Incorporated in Manual 9/65
3 4/14]64 Incorporated in Manual 9/65
- 4 4/16/64 Incorporated in Manual 9/65
5 ) 4/17/64 Incorporated in Manual 9/65
6 10/26/64 Tncorporated in Manual 9/65
7 11/2/64 Incorporated in Manual 9/65
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SECTION 1
GENERAL INFORMATION

1-1. PURPOSE OF EQUIPMENT.

The HFS-1 Control Synthesizer and Standard is a
frequency synthesizer designed to operate with re-
ceivers in a 2 to 32 mc band. In systems such as
ihe DDR-5, thc HFS-1 is not used as a source of
an oscillator frequency, but rather as a comparator
that provides a dc correction voltage to stabilize a
local oscillator such as that found in the HFR-1 Con-
tinuous RF Tuner.

1-3. ELECTRICAL CHARACTERISTICS.

Stability

--------

RF Input from HFR-1 or HFF-1 .

Outputs

Meters and Indicators

Inputs Power

1-4. MECHANICAL CHARACTERISTICS.

Dimensions . .19"x 20-1/4" x 10-1/2"

.....

Weight 43 1bs.

0046330018

1-2. DESCRIPTION OF EQUIPMENT.

The HFS-1 is a frequency synthesizer with a built-
in oven controlled frequency standard that has a
minimum accuracy of one part in 10 for a 24-hour
period. It consists basically of a high-frequency
loop and a basic synthesizer unit which provides the
de correction voltage to siabilize the local oscillator
frequency of a receiver. The frequency being received
is displayed by the front panel nixie indicators. The
HFS-1 tunes between 2 and 32 mc, in 100-cycle steps.

108 for a 24-hour period.

3.75 to 33.75 mc at a level not greater than
10 millivolts.

a. +3 vdc which is proportional to the phase
difference between the input signal and the
reference oscillator.

b. Four 2-mc, 1-volt, outputs. Two high
impedance and two low impedance.

¢. Four 250-kc outputs providing at least 1
volt into 25 ohms. Two high impedance
and two low impedance.

d. 1 me, 1 volt, across 50 ohms.

e. Audio output (frequency difference between
input signal and internal reference ).

f. Sync indication control for HFR-1 or HFA-
1 units.

Digital frequency readout and 1-mc phase com-
parator.

+928 vdc at 1 amp; +200 vdc; 6.3 vac, 60 cps.

1-5. ELECTRON TUBE AND DIODE COMPLEMENT.

The electron tubes and diodes comprising the HFS-
1 are listed in table 1-1.

1-1



TABLE 1-1. ELECTRON TUBE AND DIODE COMPLEMENT

REFERENCE SYMBOL

SEMICONDUCTOR DEVICES TYPE FUNCTION
CR3101, CR3102, CR3103, CR3201, CR3203, CR3204,] 1N463
CR3301, CR3403, CR3412, CR3413, CR3415, CR3416
CR3202, CR3302 DD-100
CR3303, CR3304 1N303
CR3401, CR3402, CR3404, CR3405, CR3406, CR3407| 1N100
CR3414 1N2845B
Q3002 2N697
TUBES
V3101, V3201, V3301, V3402 6AS6 Divider
V3102 6AB4 Amplifier
V3103, V3104, V3204, V3304, V3512 6AU6 Amplifier
V3105 6AWSA Amplifier/Comparator
V3202, V3302, V3701 6AB4 Cathode Follower
V3203, V3303, V3404, V3405, V3406 6AHS6 Amplifier
V3401 12AU7 Multivibrator/Amplifier
V3403 12AT7 Amplifier/Cathode Follower
V3501 6AWS Harmonic Generator/
Amplifier
V3502 6EW6 Oscillator
V3503 6AB4 Pulse Generator
V3504, V3507, V3508, V3509, V3510 6AK5 Amplifier
V3511 6BES6 Converter
V3506 6AKS5 Converter
V3505 654 Converter
V3702 6CS6 Converter
V3703 6U8A Amplifier/Converter

1-2
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SECTION 2
INSTALLATION

2-1. INITIAL INSPECTION.

Each HFS-1 unit has been calibrated and tested at
the factory before shipment. Upon arrival at the
operating site, inspect the packing case and contents
for possible damage. Unpack the equipment care-
fully. Inspect all packing material for parts which
may have been shipped as "loose item." With re-
spect to damage to the equipment for which the car-
rier is liable, the Technical Materiel Corporation
will assist in describing methods of repair and the
furnishing of replacement parts.

The equipment is shipped with all tubes and other
plug-in components installed. Check that all such
components are properly seated in their sockets.
2-2. MECHANICAL INSTALLATION.

The HFS-1 is designed for rack mounting will all
power and audio connections made to the rear. De-

signed with a standard i§-inch rack panel, the HFS-
1's outline dimension drawing is shown in figure 2-1.

The HFS-1 can be supplied with slides for mount-
ing in a suitable housing. To install an HFS-1 e-
quipped with slides, set it in position on the tracks
until the release buttons catch. Press the release
buttons and push the HFS-1 into the equipment rack
until the release buttons engage the holes in the
equipment. After this, secure the front panel to
the equipment rack with screws.

2-3. ELECTRICAL INSTALLATION.

All necessary input and output connections for the
HFS-1 are shown in figure 2-2. The power inter-
connect cable is connected to jack J3001 at the rear
of the unit. All signal inputs and outputs are also
connected at the rear of the equipment. Refer to
table 2-1, below, and figure 2-2 before making con-
nections.

TABLE 2-i. INPUT AND OUTPUT CONNECTIONS

INPUT OR OUTPUT DESIRED:

CONNECT TO:

Use of internal 1-mc standard
Use of external 1-mc standard
250-kc outputs

Audio sync tone output

2-mc outputs

Oscillator control voltage
(varicap dc out)

HFO output

J3019
J3020
J3015, J3016, J3017, J3018
J3014
J3010, J3011, J3012, J3013

J3008

J3009 J

2-4. PREOPERATIONAL CHECKOUT.

After properly installing the HFS-1 into the sys-
tem, perform the following to simultaneously check
the synthesizer and HFO tracking for ail pusilivns
of the nixie selector switches.

a. Remove the 47-ohm termination from J1313
on the HFR-1 Continuous RF Tuner and connect a
frequency counter to this jack.

0046330018

b. Set HFS-1 to 02.000000 and the RF tuner fo
2 me. Place TUNE-SYNC-OPERATE switch in SYNC
position.

¢. Move the TUNE control about 2.0 mc until the

sync tone is heard; adjust TUNE control to a zero
beat. The SYNC IND light Relay may chatter during
this operation. Place the TUNE-SYNC-OPERATE
in OPERATE. The SYNC IND lamp should light.
The counter should read 3. 75 mc. Return the TUNE-
SYNC-OPERATE switch to the SYNC position.

2-1
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Figure 2-1. HFS-1, Outline Dimensional Drawing
250KC OUTPUT AUDIO SYNC TONE QUTPUT
 250KC OUTPUT .
- 2 MC OUTPUT
_250KC TO PRODUCT DET -
250 KC OUTPUT 2MC CONVERTER SIGNAL
IMC INPUT 2MC OUTPUT
IMC OUTPUT
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GROUND HFO OUTPUT
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— re—————
J3020
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J3001 EXT STO TONE DC OUT
J3019 J3014
o Lo ) s
IMC  J3017 J3015 J3013 J3011 HFO
INT STD IN
3001B-3

Figure 2-2. HFS-1, Interconnection Diagram
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d. Place 100 KC switch in "1" position and move the e. Continue this procedure through the remaining

TUNE control until a zero beat is c_»btair}ed at 2.1 mc. positions of the 100 KC selector switch. For each
Place TUNE-SYNC-OPERATE switch in OPERATE. it the TUNE .

The counter should read 3. 85 mc. Return the TUNE- position move the control to obtain a zero
SYNC-OPERATE switch to the SYNC position. beat as indicated in table 2-2, below.

TABLE 2-2. 100 KC SELECTOR AND FREQUENCIES

100 KC SELECTOR TUNE CONTROL COUNTER
POSITION SET TO: (MC) SET TO: (MC)

2 2.2 3.95

3 2.3 4.05

4 2.4 4.15

5 2.5 4, 25

6 2.6 4,35

7 2.7 4,45

8 2.8 4,55

9 2.9 4, 65
f. Place the 10 KC selector switch in position "1" g. Continue this procedure through the remaining
and adjust the TUNE control to obtain a zero beat at positions of the 10 KC selector switch. For each

2.91 me. Place the TUNE-SYNC-OPERATE switchin cos .
OPERATE. The counter should now read 4.66 mc. position, move the TUNE control to obtain a zero
Put TUNE-SYNC-OPERATE switch in SYNC position. beat as indicated in table 2-3, below.

TABLE 2-3. 10 KC SELECTOR AND FREQUENCIES

10 KC SELECTOR TUNE CONTROL COUNTER
POSITION SET TO: (MC) SET TO: (MC)
2 2.92 4.67
3 2.93 4,68
4 2.94 4,69
5 2.95 4.70
6 2.96 4.71
7 2.97 4,12
8 2.98 4.73
9 2.99 4.74

0046330018 2-3



h. Place the 1 KC selector in position ''1" and adjust
TUNE control until a zerobeat is obtainedat 2. 991 mc.
The counter should read 4. 741 mc. Returnthe TUNE-
SYNC-OPERATE switch to the SYNC position.

i.  Continue this procedure through the remaining
positions of the 1 KC selector switch. For each
position, move the TUNE control to obtain a zero
beat as indicated in table 2-4, below.

TABLE 2-4. 1 KC SELECTOR AND FREQUENCIES

1 KC SELECTOR TUNE CONTROL COUNTER
POSITION SET TO: (MC) SET TO: (MC)
2 2.992 4.742
3 2.993 4,143
4 2.994 4.744
5 2.995 4,745
6 2,996 4,746
7 .997 4,747
8 .998 4,748
9 .999 4,749

J.  Place the . 1 KC selector switch in position ""1"
and adjust TUNE control until a zero beat is obtain-
ed at 2,9991 mc. Place the TUNE-SYNC-OPERATE
switch in OPERATE position. The counter should
read 4. 7491 mc. Returnthe TUNE-SYNC-OPERATE
switch to the SYNC position.

k. Continue this procedure for the remaining posi-
tions of the .1 KC selector switch. For each posi-

tion move the TUNE control to obtain a zero beat
as indicated in table 2-5, below.

TABLE 2-5. 1 KC SELECTOR AND FREQUENCIES

.1 KC SELECTOR TUNE CONTROL COUNTER
POSITION SET TO: (MC) SET TO: (MC)
2 2.9992 4.7492
3 2.9993 4, 7493
4 2.9994 4.7494
5 2.9995 4.7495
6 2.9996 4. 7496
7 2.9997 4.7497
8 2.9998 4,.7498
9 2. 9999 4.7499
2-4 0046330018



1. Tune the synthesizer to 03.000000. Move the
TUNE control to obtain a zero beat at 3 mc. Place
the TUNE-SYNC-OPERATE switch in SYNC position.

m. DPlace BAND control in Band 2 position (3-4-
mc). Adjust the TUNE control to obtam a zero beat
at 3 mc. DPlace the TUNE-SYNC-OPERATE switch

AT & e i

in OPERATE position.

ohAsa) dmAinnéa

lllc DUCIJILC]. DllUuLu iiiagilate

4,75 mc. Return the TUNE-SYNC-OPERATE switch
to the SYNC position.

n. Continue this procedure for the remaining posi-

tions of the 1 MC selector switch, conducting the
check at the high and low ends of each band. In
each case; the counter should read 1.75 mc above
the selected frequency when the TUNE-SYNC-OP-
ERATE switch is placed in the OPERATE position,
Q

See table 2-8, below.

TABLE 2-6. 1 MC SELECTOR AND FREQUENCIES

1 MC SELECTOR UNE CO TROL COUNTER
POSITION BAND SET TO: (MC) SET TO: {MC)
4 2 4 5.175
4 3 4 5.75
5 3 5 6.175
6 3 6 7.75
6 4 6 7.75
7 4 7 8.75
8 4 8 9.75
8 5 8 9.75
9 5 9 10.75
10 5 10 11,75
11 5 11 12.75
12 5 12 13.75
12 6 12 13.75
13 6 13 14.75
14 6 14 15,75
15 6 15 16. 75
16 6 16 17.175
16 7 16 17.75
17 7 17 18.75
i8 7 i8 15.75
19 7 19 20.75
20 7 20 21.75
21 7 21 22,175
22 7 22 23. 75
23 7 23 24.75

0046330018



TABLE 2-6. 1 MC SELECTOR AND FREQUENCIES (CONT‘D)

1 MC SELECTOR TUNE CONTROL COUNTER
POSITION BAND SET TO: (MC) SET TO: (MC)
24 8 24 25.75
24 8 24 25. 75
25 8 25 26. 75
26 8 26 27.75
217 8 27 28.75
28 8 28 29.75
29 8 29 30. 75
30 8 30 31.75
31 8 31 32.75

o. To tune synthesizer to 15.000000; set BAND
control of HFR-1 to BAND 6, and TUNE control to
15 me. With the TUNE-SYNC-OPERATE switch at
SYNC, obtain a zero beat. Place TUNE-SYNC-
OPERATE in OPERATE. Carefully move the tune
control until the SYNC IND light goes out; at this
point the sync meter should return to the center of
its scale + 1/8 inch. Tune synthesizer to 14.9999

the band control band 6 (12-18-mc), and the TUNE
control to 14.9999 mc. With the TUNE-SYNC-OP-
ERATE switch in SYNC obtain a zero beat. Place
the TUNE-SYNC-OPERATE switch in OPERATE and
repeat the proceeding tuning procedure to see if the
SYNC needle will return to center scale + 1/8 inch.

p. Remove the counter from J1313 and replace 47-
ohm termination.

0046330018



SECTION 3
OPERATOR'S SECTION

3-1. OPERATING CONTROLS.

Table 3-1 indicates the component designations and
functions of the front panel controls. See figure 3-1
and refer to this table.

3-2. SEQUENCE OF OPERATION.

If the equipment has Leen shut down for aconsider-
able period of time, the ovens should be allowed to
warm up before synthesized operation is attempted.
A 24-hour period is ideal; however, proper operation
can be expected after an initial warm-up of six hours.
The system can be operated with a shorter warm up
period if there is an operator on duty. To set the
synthesizer in operation, perform the following:

a. Rotate the selector switches until desired fre-
quency is indicated by nixies. For a frequency of
2 mec, for example, the indicators will read 02. 000000.

b. Place the TUNE-SYNC-OPERATE switch on the
RF tuner to the SYNC position. As the TUNE con-
trol is carefully moved to shift the dial pointer around
2 mc, an audio tone will be heard. The TUNE con-
trol is then adjusted for a zero beat. The SYNCHRO-
NIZE indicator Relay on the HFS-1 may chatter during

this operation.

¢c. The TUNE-SYNC-OPERATE switchis then placed
in the OPERATE position. The SYNC IND will light
and the SYNCHRONIZE meter will indicate approxi-
mately zero center scale.

d. Carefully move the TUNE control to bring the
SYNCHRONIZE meter to zero center scale, then lock
the TUNE control with the locking device. The sys-
tem should now be operating synthesized at 2 mec.

TABLE 3-1. OPERATING CONTROLS

REFERENCE PANEL AND
DESIGNATION COMPONENT DESIGNATION FUNCTION

1 .1 KC switch 83101 Tunes the synthesizer in
100-cycle steps.

2 1 KC switch 83201 Tunes the synthesizer in
1000-cycle steps.

3 10 KC switch 83301 Tunes the synthesizer in
10-kc steps.

4 100 KC switch 83401 Tunes the synthesizer in
100-kc steps.

5 1 MC switch S3501 Tunes the synthesizer in
1-mc steps between 2
and 32-mc.

6 1 MC COMPARATOR meter M3001 Indicates frequency
error in internal 1-mc
standard.

7 Nixie frequency indicator Indicates with nixies the
frequency of incoming
signals.

0046330018
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3-3. EXTERNAL 1- MC SOURCE.

Normally the internally generated 1-mc source is
used as the basic reference frequency for the syn-
thesizer. However, should you want to use an ex-
ternal 1-mc signal instead of the internally generated
one, throw Internal-External Switch §3102 into the
External position. $3102 is located on the top right
side of the chassis. However, when using an external
1-mc source, make sure that the stability of the
signal is at least that of the internal source, (-1 part
in 108 per 24-hour period.) By using a 1-mc source
with a stability greater than the internal source, the
error of the internal source can be determined. The
external 1-mc source is connected to 1-mc ext jack

J3020 at the rear of the equipment. The 1 MC
COMPARATOR meter (M3001), located on the front
panel, shows the error in cycles per second. If one
complete swing occurs in 5 seconds, the error is
1/5 cycle.

3-4. OPERATOR’'S MAINTENANCE.

If any malfunction occurs, immediately turn off
equipment and visually inspect the equipment for
simple defects. If conditions warrant, see the
troubleshooting section (Section 5) of this manual.
The operator should specifically observe whether the
tubes, dial, and meter are functioning properly.
Make sure, also, that all parts are clean.

e 300iB-4 o o

Figure 3-1. HFS-1 Front Panel Controls

3-2
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SECTION 4
PRINCIPLES OF OPERATION

4-1. SIMPLIFIED BLOCK DIAGRAM ANALYSIS.
(See figure 4-1.)

A 1-mc oscillator, which generates the basic refer-
ence signal for the synthesizer, is contained in the
3100 deck. This 1-mc standard is coupled to the
3400 deck where it is reduced to 100 ke; the 100-ke
signal, in turn, is used to create synthesized fre-
quencies in the 3400 deck. The same signal is also
applied to the 3300 deck where it is reduced to 10-
ke and used as a reference for synthesizer circuits
in the 3300 deck. This signal is also applied to the
3100 deck where it is reduced to 100 cycles and
subsequently used in the 3100 deck synthesizer cir-
cuits.

DC ERROR VOLTAGE AUDIO SYNC TONE

<+ 4
4,25 3,25 MC
3400-
100 KC
SELECTOR
DECK
HFO INPUT 450-350.1 KC -
3.75-
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Figure 4-1. HFS-1, Simplified Block Diagram
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In the 3100 deck, the 100-cycle signal is used in
the synthesizer circuits to produce a signal between
4 and 3.1 kc, depending on the position of the .1 KC
switch. This signal is applied to the 3200 deck
where it is added to a synthesized 36 to 27-kc signal
to produce a 40 to 30.1-kc output.

The 10-kc signal in the 3300 deck is used in the
synthesizer circuits to produce a 410 to 320-kc sig-
nal, depending on the position of the 10 KC switch.
This signal is added to the 40 to 30.1-kc signal to
produce a 450 to 350. 1-kc signal. In the 3400 deck,
the 100-kc signal is used in the synthesizer circuits to
produce a frequency in the range of 3.8 mc to 2.9
mec, depending on the position of the 100 KC switch.
This signal is added to the 450 to 350. 1-kc signal to
produce a 4.25 to 3.2501-mc signal which is sub-
sequently applied to a phase detector.

The same 1-mc signal which is generated in the
3100 deck is also coupled tothe 3500-3600 deck where
it is used in the synthesizer circuits and applied to
a second harmonic generator. These circuits also
employ a 48.5 - 77.5-mc oscillator, tuned in 30
one-megacycle steps. Another input to the synthesizer
circuits arrives from the HFO circuits in the HFR-
1 Continuous RF Tuner. Since the HFO is always
operating 1.75 mc above the incoming signal, the
HFO frequency input will range from 3.75 to 33.75
mcs.

The synthesizer circuits of the high frequency loop
produce frequencies between 4.25 and 3.25 mue,
tunable in 30 one-megacycle steps. This 4.25 to
3.25-mc frequency contains the error, if any, of
the HFO circuit. It is delivered to the phase detector
circuit of the 3400 deck. The phase detector com-
pares the two normally identical frequencies and
develops a correction voltage, the amplitude and
polarity of which is determined by the error of the
HFO. The correction voltage is used to correct the
HFO error. The phasedetector circuitalsoproduces
an audio sync tone for tuning and alignment purposes.
The tone frequency is proportional to the error volt-
age; no tone is produced when the error is zero.

The switching is coded so that the received signal
froquency is displaycd on thesynthesizer front panel.
The actual frequency output of each synthesizer deck
is indicated in table 4-1. The indicator position

refers to the nixie lamp lit at each selector deck.



TABLE 4-1. PRODUCT CHART OF BASIC SYNTHESIZER

INDICATOR
POSITION DECK 3400 DECK 3300 DECK 3200 DECK 3100
0 3.8 mc 410 ke 36 ke 4.0 ke
1 3.7 me 400 kc 35 ke 3.9 ke
2 3.6 mc 390 kc 34 kc 3.8 ke
3 3.5 mc 380 ke 33 ke 3.7Tke
4 3.4 mc 370 ke 32 ke 3.6 ke
5 3.3 me 360 kc 31 ke 3.5 ke
6 3.2 mc 350 k¢ 30 ke 3.4 kc
7 3.1 me 340 ke 29 ke 3.3 ke
8 3.0 mc 330 ke 28 kc 3.2 ke
9 2.9 me 320 ke 27 kc 3.1ke

The following examples should clarify the operation of the unit.

EXAMPLE NO. 1

If the indicator readout pertaining to the basic
synthesizer reads 0 0 0 O, the output of the 3400
deck to the phase detector would be 3.8 + .41 + .036
+ .004 = 4.25 mec.

The output of the 3300 deck to the 3400 deck would
be .41 + .036 + .004 = .45 mc.

The output of the 3200 deck to the 3300 deck would
be .036 + .004 = .04 mc.

The output of the 3100 deck would be .004 mec.

EXAMPLE NO. 2

To obtain .44 mec to the 3400 deck from the 3300
deck:

Set the 3100 deck to position 0 .004
Set the 3200 deck to position 0 .036

Set the 3300 deck to position 1 .400
.44 mc

EXAMPLE NO. 3

To obtain .36 mec to the 3400 deck from the 3300
deck:

Set the 3100 deck to position 0 .004

Set the 3200 deck to position 0 .036

Set the 3300 deck to position 9 .320
. 360 mc

4-2

4-2. DETAILED BLOCK DIAGRAM ANALYSIS.
(See figure 4-2.)

a. 3100 DECK. The .1 kc selector deck (3100
deck) receives pulses at a frequency of 1 kc from
the 3200 deck. The 3100 deck delivers an output
in ten .1-kc steps from 4.0-kc¢ to 3.1 kc to the
3200 deck. The actual output frequency is dependent
on the setting of the .1 KC selector switch (S3101).

The 1-kc pulses from the 3200 deck are applied
to V3101, a 10:1 divider circuit. The 100-cycle
output is applied through cathode follower V3102 to
a tuned circuit consisting of capacitors C3128 to
C3137 and crystals Y3101 to Y3110. The output
frequencies between 4.0 and 3.1 ke, dependent on
the position of the .1 kc switch, are generated by
this network. This tuned signal is amplified through
V3103 and V3104 and applied to the balanced modu-
lator in the 3200 deck.

Included in the 3100 deck is the 1-mc standard,
which acts as a reference for the entire system.
The output from Z3101 is applied to phase com-
parator V3105B and amplifier V3105A, where it is
amplified and then coupled to J3103. An external
1-mc signal can be connected at J3107. Both the
internal and external 1-mc signals are connected to
the phase comparator which couples the signals to
a phase comparator meter on the front panel.

b. 3200 DECK. The 1-kc selector deck receives
10-kc pulses from the 3300 deck and signals between
4 and 3.1 ke from the 3100 deck. The 10-kc pulses
are applied to divider V3201 which produces a 1-kc
output which is coupled to amplifier-cathode follower

0046330018
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V3202 and divider V3101 in the 3100 deck. The
harmonic-rich, 1-kc pulses at the cathode of V3202
are applied to tuned circuits consisting of capacitors
C3232 to C3241 and crystals Y3201 to Y3210. Fre-
quencies between 36 and 27 kc are generated by
these tuned circuits; the selected frequency dependent
on the position of the 1 KC control.

The 36 to 27-kc signal is amplified through V3203
and coupled to a balanced modulator network along
with a 4.0 to 3.1-kec signal from amplifier V3104
in the 3100 deck. The balanced modulator circuit
produces sum and difference frequencies; however,
a tuned network passes only the sum frequencies.
Thus the output of the balanced modulator consists
of signals in a 40 to 30.1-kc frequency range. These
signals are coupled to amplifier V3204.

c. 3300 DECK. The 3300 deck (10-kc selector
deck) receives 100-kc pulses from the 3400 deck.
These 100-kc pulses are applied to 10:1 divider
V3301 which produce a 10-kc output. This 10-kc
signal is then coupled through amplifier and cathode
follower V3302 to a tuned network consisting of ca-
pacitors C3337 to C3328 and crystals Y3301 toY3310.
Frequencies between 410 and 320 kc are generated
by this network; the output frequency is dependent
on the position of the 10 KC selector switch. This
signal is amplified in V3303 and applied to a balanced
modulator. Signals between 40 and 30.1 KC are
also coupled to this particular modulator which
generates a 450 to 350.1-kc output. This signal is
amplified in amplifier V3304.

d. 3400 DECK. In the 3400 deck (100-kc selector
deck), a 1-mec signal is coupled through J3401 to
divider V3401 which, in turn, generates a 500-kc
signal. This 500-kc signal is then further divided
to 100 kc by divider V3402. This signal is then
coupled through amplifier-cathode follower V3403A
to divider V3301 in the 3300 deck and to block oscil-
lator V3403B, which generates harmonically-rich
pulses. The 100-kc pulse output from V3403B is
coupled to tuned filters consisting of capacitors
C3448 to C3457 and crystals Y3401 to Y3410. These
narrow band filters are tuned to the 29th through
38th harmonics of 100 ke. The output frequency
from these circuits, dependent on the position of
the 100 KC front panel, is between 2.9 and 3.8
mc.

These signals are amplified in V3404 and coupled
to a balanced modulator along with a 450 to 350.1-
ke signal from amplifier V3304 in the 3300 deck.
The balanced modulator generates signals between
4.25 and 3.2501 mc. These signals are amplified
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in V3405 and coupled to a phase detector. A 4.25
to 3.2501-mc signal is also applied to the phase
detector through amplifier V3406. The phase de-
tector compares the phases of these two normally
identical frequencies. A dc correction voltage out-
put, the amplitude and polarity of which is deter-
mined by the error between the two signals, is gen-
erated by the phase detector. This dc voltage,

coupled to J3405, is used to correct the HFQ fre-
quency by changing the bias on a VARICAP in that
circuit. The phase detector also generates an audio
sync tone, the frequency of which is proportional to
the error between the two signals. This audio sync

tone can be monitored at J3406.

e. 3500 - 3600 DECK. The 3500 - 3600 deck,
also known as the high frequency loop or 1-mc se-
lector deck, receives: (1) A 1-mc signal from the
frequency standard circuits; and, (2) A sample of
the HFO circuit in the HFR-1 Continuous RF Tuner
in the range 3.75 to 33.75-mc. The 3500 - 3600
deck delivers: (1) A 2-mc signal for use in the
second converter circuit of the Model HFI-1; and,
2) A frequency between 4.25 and 3.25-mc (the se-
lected frequency is dependent on the position of the
1-mc switch).

The 1-mc input is coupled through J3501 and am-
plified in V3501B. The output from V3501B is ap-
plied to V3501A and V3503. V3501A, a second
harmonic generator, provides a 2-mc output at J3505.
V3503, a pulse generator, shapes the 1-mec signal
to provide a signal rich in harmonics. These 1-
mc pulses are applied to low pass filter Z3502
which passes signals between the 8th and 37th har-
monics of the 1-mc signal. These signals are ap-
plied to converter V3506.

A 48.5 to 77.5-mc signal is generated by oscil-
lator V3502 and applied to converter V3505 and am-
plifier V3504. V3506 always generates a 40.5-mc
signal, regardless of the operation frequency. This
40. 5-mc output is amplified through cascade am-
plifiers V3508 and V3510 and coupled to converter
V3511.

The output from oscillator V3502 is also applied
to converter V3505. The second input to this con-
verter, a signal between 3. 75 and 33.75 MC, comes
from the HFO circuits in the HFR-1. This input
is coupled through low pass filter Z3401 to V3501.
The converter generates a 43,75 to 44, 75-mc ocut-
put. The local oscillator frequency is always 1.75
MC above the received signal. Note the relation-
ships of the various signals in table 4-2 below. All
frequencies in the following table are in megacycles.
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TABLE 4-2. FREQUENCY RELATIONSHIPS

RECEIVER LOCAL OSCILLATOR OSCILLATOR V3502 CONVERTER V3505
FREQUENCIES FREQUENCIES FREQUENCIES OUTPUT

2 3.75 48.5 44.75

3 4.75 49.5 44.75

4 4,175 50.5 44,75
4.2 5.95 50.5 44,55
4.8 6.55 50.5 43.95
4.9 6.65 50.5 43. 85
4,95 6.70 50.5 43.70
4.99 6.74 50.5 43.76

The 43. 75 to 44. 75-mc output from V3505 is am-
plified through cascade amplifiers V3507 and V3509
and coupled to converter V3511. The second input
to V3511 (a 40.5 mc signal) is coupled from am-
plifier V3510. The output from V3511 is a signal
between 4. 25 and 3.2501 mc. This signal is coupled
through amplifier V3406 to the phase comparator in
the 3400 deck.

4-3. DETAILED CIRCUIT ANALYSIS OF 3100 DECK.
(See figure 4-5.)

a. DIVIDER 3101. The 1-kc input signal from the
3200 deck is coupled through J3101 to phantastron
divider V3101. Frequency division is accomplished
in the HFS-1 unit by phantastrons such as that found
in the 3100 deck. Figure 4-3 shows a simplified
schematic of a typical cathode-coupled phantastron
along with some significant waveforms. To gain
an understanding of how a typical phantastron works,
refer to this illustration along with the following ex-
planation.

When the negative portion of pulse 1 reaches the
control grid of V1, the grid's potential is dropped.
A trigger impulse of 30 volts is needed to drive
the grid downward. The initial drop in grid and
plate voltage for this cathode-coupled circuit must
be large enough for the cathode to fall a sufficient
amount to raise the relative level of the suppressor
grid into the region where plate current can flow.
(Note that the suppressor is returned to a more
negative point than the plate, so that initially the
plate current in V1 is cut-off.) As in a cathode
follower, cathode voltage follows that of the con-
trol grid voltage.

The first negative pulse now cuts off the cathode's
electrons to the suppressor and switches them to
the plate, since the suppressor voltage is higher
than that of the cathode. Consequently, the plate
voltage drops as shown in the illustration. It should
be noted that the first negative pulse charges ca-
pacitor C so that the '"left hand" plate is negative
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whereas the "'right-hand" plate is positive. It should
also be noted that the potential at the junction of R2/
R3 increases to the point where V2 responds feebly
to incoming pulses 2, 3, through 9. Furthermore,
the potential at the junction of Ry and C is lower
than that of Epn. As a result, voltage Epp charges
capacitor C via Rg and the potential on VI's control
grid rises, as shown in the illustration. Naturally
the potential on VI's cathode follows.

At the tenth negative pulse, the relative potentials
at VI's cathode and suppressor grids are such that
the electrons from the cathode are switched from
the plate to the suppressor. This completesthetime
delay switching action.

It should be noted that the potential at the junc-
tion of Ry, and C is variable where as that at the
""top end" of Rg is fixed. If the potential at the junc-
tion of Ry, and C was constant, the same as the
potential at the "top end” of Ry, an exponential volt-
age would have been applied to the control grid of
V1. The contrary being the case, the voltage applied
to the control grid of V1 is linear, as shown in the
illustration. This characteristic makes the phantastron
circuit ideal for frequency-dividing purposes. In
HFS's phantastron circuits, the one-tenth frequency
output is taken from the screen grid, instead of at
the plate, as shown in the illustration.

b. AMPLIFIERS V3102 - V3104. The 100-cycle
output at pin 6 of V3101 is applied to the grid of
amplifier-cathode follower V3102 through a differ-
entiator network consisting of R3110 and C3104.
With a time constant of 500 microseconds, the dif-

ferentiator generates positive and negative spikes
occurring at a frequency of 100 cps. This harmonic
rich output is applied to a filter network consisting
of crystals Y3101 through Y3110 and trimmers C3128
through C3137. Operating between 3.1 and 4 kc,
the output frequency from the filter network is deter -
mined by the position of the front panel .1 KC con-
trol (S3101E and S3101D).

The selected frequency from the wiper of S3101Dis
applied to amplifier V3103. The amplified output
from V3103 is coupled to the grid (pin 1) of amplifier
V3104. Theplate circuit of V3104 is tuned by shunt-
ing the primary of T3101 with various capacitances
selected by S3101B. The 3.1 to 4-kc output from
V3104 is coupled to J3102 where it is used in the
balanced modulator in the 3200 deck.

V3104 employs an AGC network to insure a rea-
sonably constant output amplitude regardless of the
frequency selected. When the signal amplitude at
C3119 exceeds 25 volts, the capacitor charges on
the positive excursions through CR3102 and discharges
through CR3103 on the negative excursions, into
C3117. The pulsating AGC voltage, filtered by
R3125 and C3116, is coupled to the grid of the tube.

¢. 1-MC FREQUENCY STANDARD (Seefigure 4-4.)

The 3100 deck also houses the 1-mc standard and
comparator circuits. A James Knight sealed 1-mc
Standard (Z3101), an octal plug-in unit containing
the crystal standard, a transistor oscillator, oven
circuits, and trimmer adjustments, is used as the
basic reference source. This standard supplied a
1-mc signal accurate to one part in 108 per day.
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Amplifier V3105A amplifies the 1-mc signal and
couples it through T3102 to Internal-External switch
$3102. With S3102 in the Internal position, B+ is
applied to V3105A and the output is coupled to 1-mc
output jack J3103. With S3102 in the External posi-
tion, B+ is removed from V3105A andal-mc external
signal, connected to J3107, can be used as a stand-
ard.

The phase comparator circuit (V3105B) receives
the internal signal at the control grid (pin 2) and the
external signal at the cathode. With no signal in-
puts, the voltage at the plate (pin 3) rests at some
value of static plate voltage. Sync balance control
R3140 is adjusted to give a zero center reading on
the 1 MC COMPARATOR meter. With two normally
identical 1-mec inputs, the plate voltage at pin 3 will
swing higher and lower, as the two inputs swing in
and out of phase. The rate of swing is a measure
of the error inthe internal standard. If, for example,
one complete swing occurs in five seconds, the error
is 1/5 cycle.

4-4. DETAILED CIRCUIT ANALYSIS OF 3200 DECK.
(See figure 4-7.)

a. DIVIDER 3201, CATHODE FOLLOWER V3202
and AMPLIFIER V3203. Triggers ata frequency of
10 kc arrive at J3201 from the 3300 deck. These
triggers which may be monitored at TP3201 are ap-
plied to V3201, a 10:1 phantastron divider circuit.
A divider adjust control (R3203) in the grid circuit
of V3201 adjusts the output frequency to 1 kc. For
a thorough explanation of the operation of a phantastron
circuit, see paragraph 4-3a. The 1l-kc output at pin
6 is applied through a differentiator circuit to am-
plifier-cathode follower circuit V3202. This differ-
entiator, consisting of C3204 and R3210, generates
positive and negative spikes. The plate output at
V3202, consisting of negative triggers, is coupled
to 1-kc output jack J3202 for use in the 3100 deck.
The cathode output, consisting of positive triggers,
is applied to a crystal filter operating between 27
and 36 kc. This filter network is composed of crys-
tals Y3201 through Y3210 and capacitors C3232
through C3241. The operating frequency is deter-
mined by switches S3201F and S3201E. The select-
ed frequency at the wiper of S3201E is applied to
amplifier V3203. The plate circuit of the stage is
tuned by the primary of T3201 and selected values
of capacitance, connected in shunt by S3201D.

b. BALANCED MODULATOR CR3202 AND AM-
PLIFIER V3204. The plate output of V3205 is coupled
through T3201 to a balanced modulator circuit con-
sisting of plug-in diode bank CR3202 and associated
components. The second input to the balanced mod-
ulator is coupled from J3203 to the wiper of balance
adjust control R3219. This signal, the output of the
3100 deck, is at a frequency between 3.1 and 4 kc,
as selected by S3101 on the 3100 deck.

The rectifying units (CR3202) used in the balanced
modulator operate as carrier-controlled switches.
The two signals (27 to 36 kc and 3.1 to 4 kc) are
combined in such a manner that the output contains
the original 3.1 to 4 kc signal and the upper and
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lower sidebands at 30.1 to 40 kc and 23.9 to 32 kc
respectively. The original carrier frequency is not
in the output. Figure 4-6 shows a balanced-bridge
modulator. The carrier signal (27 to 30 kc) is
coupled to T3201 while the "audio" signal (3.1 to 4
kc) is coupled to balance adjust control R3219. The
series and shunt-connected diodes comprising CR3202
alternately '"open'" and 'close,' depending on the
instantaneous polarity of the carrier source. This
causes the output polarities to reverse at a 30.1 to
40-ke rate with respect to the 3.1 to 4-kc input
polarities.

The multiple-frequency output from the balanced
modulator is coupled to the grid circuit of V3204.
The grid circuit of V3204 is tuned between 30.1 and
40 kc (the upper sideband) by T3202 and capacitances
selected by $3201C. Its plate circuit is tuned by
the primary of T3203 and selected capacitances in-
serted by S3201B. The output from V3204 is coupled
through T3203 and to 30.1 to 40-kc output jack J3204.

Associated with V3204 is an AGC network similar
to that encountered in the 3100 deck. The signal
at the plate of V3204 is coupled to an AGC network.
CR3204 is the delay diode, back-biased by voltage
divider R3220 and R3221. CR3203 is the AGC diode
and C3218 the AGC capacitor, which discharges
through R3231.

4-5. DETAILED CIRCUIT ANALYSIS OF 3300 DECK.
(See figure 4-8.)

a. DIVIDER V3301, CATHODE FOLLOWER V3302,
AMPLIFIER V3303. Triggers at a frequency of 100-
ke are coupled from J3301 and applied to V3301, a
10:1 phantastron divider. A divider adjust control
(R3303) in the grid circuit of V3301 adjusts the out-
put frequency to 10 kc. For a thorough explanation
of the phantastron circuit, see paragraph 4-3a in
this manual.

The 10-kc output at pin 6 is applied through a dif-
ferentiator circuit to cathode follower V3302. The
differentiator, consisting of C3304 and R3310, gen-
erates a spike output. The plate output of V3302,
consisting of negative triggers, is coupled to 10-kc
output jack J3302 for use in the 3200 deck. The
cathode output, consisting of positive peaks, is ap-
plied to a crystal filter operating between 320 and
410 ke. Tunable in 10-kc steps, the crystal filter
is composed of crystals Y3301 to Y3310 and capacitors
C3328 to C3337. The operating frequency is deter-
mined by switch sections S3301E and S3301F. The
selected frequency at-the wiper of S3301E is applied
to amplifier V3303. The plate circuit of this stage
is tuned by the primary of T3301 and selected values
of capacitance, connected in shunt by S3301D.

b. BALANCED MODULATOR AND AMPLIFIER
V3304. The plate output of V3303 is coupled through
T3301 to a balanced modulator circuit consisting of
plug-in diode unit CR3302 and associated components.
The second input to the balanced modulator circuit
is applied from J3303 to the wiper of balanced adjust
potentiometer R3330. This signal, the output of the
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Figure 4-6. Balanced Modulator and Waveforms

3100 deck, is a frequency between 30.1 and 40 kc,
as selected by S3101 on the 3100 deck and S3201 on
the 3200 deck. The balanced modulator produces
sum and difference frequencies, but only the sum
frequencies arepassed. The significant output, then,
is a signal between 350.1 and 450 kc. The output
frequency, which depends on the setting of S3101,
S3201, and S3301, is coupled through T3302 to V3304,
the output amplifier. This range of frequencies re-
presents an overall bandwidth of 100 kec. The grid
circuit of V3304 is tuned by the secondary of T3302
and selected capacitances inserted by S3301C. The
plate circuit of V3304 is tuned by the primary of
T3303 and various capacitances inserted by S3301B.

Associated with V3304 is an AGC network similar
to that encountered in the 3200 deck. The signal at
the plate of V3304 is coupled back to the AGC net-
work through C3323. CR3304 is the delay diode,
back biased by voltage divider network R3332 and
R3322. CR3303 is the AGC diode and C3319 the
AGC capacitor, which is allowed to discharge through
R3320 as necessary.

4-6. DETAILED CIRCUIT ANALYSIS OF 3400 DECK.
(See figure 4-11.)

a. MULTIVIBRATOR V3401. The 1-mc reference
signal from the standard circuit in the 3100 deck
(see paragraph 4-3d, this manual) is coupled through
1-mc input jack J3401 to step-up transformer T3401
and l-mc output jack J3402. The 1-mc signal at
J3402 is applied to the 3500-3600 deck. The l-mc
signal at the secondary of J3401 is coupled through
diodes CR3401 and CR3402 to the grids of multi-
vibrator V2401, See figure 4-9.

V3401, basically an Eccles-Jordan trigger circuit,
is a driven oscillator whose operation and frequency
is controlled by the 1-mc trigger input. This trigger
input is rectified through CR3401 and CR3402 and
the resulting negative pulses are coupled to the grids
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(pins 2, 7) of V3401. The circuit possesses two
conditions of stable equilibrium. One condition is
when V3401A is conducting and V3401B is cut-off;
the other when V3401A is cut-off and V3401B is
conducting. The sudden reversal of this flip-flop
circuit is triggered by the 1-mc negative trigger
inputs.

Initially, due to inherent unbalance in the tube,
one portion of the tube will conduct while the other
is cut-off. Therefore, only the conducting tube will
produce an output. When the negative trigger acts
on the conducting tube, it causes a sudden decrease
in plate current and a corresponding rise in plate
voltage. This voltage rise is coupled to the tube
in cut-off. Therefore, the tube which was conducting
is now cut-off and the tube in cut-off begins to con-
duct. This reversing from one state of equilibrium
to another results in a 500-kc square wave output.

b. DIVIDER V3402 AND CATHODE FOLLOWER
V3403A. The 500-kc squarewave is applied through
C3406 through C3408 and CR3403 to 5:1 phantastron
divider circuit V3402. The cathode of CR3403 is
back-biased by the positive excursions of the square-
wave input while the negative excursions trigger the
phantastron. Divider adjust control R3411 is set for
an output frequency of 100-kc from pin 6 of V3402.
This 100-kc signal, differentiatedby C3409 and R3418,
is applied to cathode follower V3403A. The plate
output of V3403A, consisting of positive triggers at
100-kc, is coupled to 100-kc output jack J3403. This
100-kc signal is used in the 3300 deck. The cathode
output of V3403A, consisting of positive triggers at
100-kc, is applied to V3403B, a blocking oscillator.

c. BLOCKING OSCILLATOR V3403B AND AM-
PLIFIER V3404. Blocking oscillator V3403B is a
free-running blocking oscillator which can be syn-
chronized by the 100-kc output from amplifier V3403 A.
The natural frequency of the blocking oscillator is
lower than the actual triggered frequency.
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As indicated in figure 4-10, V3403B consists of a
triode with transformer T3402 to provide coupling
between plate and grid circuits. This transformer
develops a positive voltage at the plate of the tube
when an increasing current flows in the primary; a
negative voltage is developed with a decreasing pri-
mary current. The dots at each winding indicate
similar polarities. The transformer provides re-
generative feedback between the plate and grid cir-
cuits, that is, an increase in plate current causes
the grid to become more positive. A positive in-
crease in grid voltage further increases the plate
current. In this way a cumulative action takes place.
Once the current starts increasing, it continues until
plate-current saturation is reached.

T3402, with its distributed capacitance across its
windings, acts as a resonant circuit. The high volt-
age developed across the secondary charges up this
shunt capacitance. When this voltage decreases, the
circuit begins to oscillate. The grid then swings
from a positive voltage to a highly negative voltage.

Capacitor C3413 charges up to the positive grid
voltage during the positive half-cycle. The charge
path is through the low grid-to-cathode resistance
of the tube. When the grid voltage swings negative,
the full negative voltage is applied tothe grid because
the charge of the capacitor cannot charge instanta-
neously. This drives the tube beyond cut-off. Since
the negative voltage makes the grid-to-cathode resist-
ance very high, C3413 discharges through R3426.

The tube remains in the cut-off condition for a
period of time that depends on the R3426-C3413 time
constant. As the capacitor discharges through the
resistor, the grid voltage increases until, after a
period of time, the cut-off value is reached. At
this time the tube starts to conduct. The increase
in plate current causes an increase in grid voltage.
This starts the cycle over again.

In the paragraphs above, it is assumed that V3403B
is completely free-running and not synchronized.
However, during normal operation, the blocking os-
cillator is synchronized to a 100-kc reference signal.
As mentioned before, in a free-running blocking os-
cillator the grid is driven far beyond cut-off by the
action of the grid-transformer winding and is maintain-
ed at a negative voltage by the charge in C3413. As
C3413 discharges, the grid voltage increases until
cut-off is reached.

If, however, a positive pulse is applied to the grid
circuit before the grid reached cut-off, and is of
sufficient magnitude to drive the grid above cut-off,
the tube starts conducting at an earlier timer. The
output, therefore, can be synchronized to the 100-
kc pulse series; the output synchronized to each sync
pulse that changes the tube from a cut-off to con-
ducting state.

The output, consisting of a series of one-micro-
second pulses with a time between pulses of ten
microseconds, is taken from the cathode and applied
to one of ten crystals operating between 2.9 and 3.8
mc. The crystals respond to the 29th through 38th
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harmonics of 100 kc. S3401G and S3401F select the
operating frequency which is turnable in 100-kc steps.
The output at the wiper of S3401F is applied to am-
plifier V3404. The plate circuit of V3404 is tuned
by the primary of T3403 and selected capacitances
inserted by S3401E. The output of V3404 is coupled
through T3403 to a balanced modulator.

d. BALANCED MODULATOR AND AMPLIFIER
V3405. The second input to the balanced modulator
circuit arrives at the wiper of balance adjust control
R3432 from J3404. The input, a signal between
350.1 and 450 kc, comes from the 3300 deck. The
exact frequency depends on the settings of 83101,
$3201, and S3301. The balanced modulator produces
sum and difference frequencies but only sum fre-
quencies are passed. The signal outputs, then, are
signals between 3. 2501 and 4.25 mc, and are tunable
in 100-cycle steps.

The balanced modulator output is applied through
the secondary of T3404to V3405, thebasic synthesizer
output tube. The grid input is tuned by the secondary
of T3404 and selected capacitances inserted into the
circuit by S3401D. The plate output is tuned by the
primary of T3405 and selected capacitances inserted
by S3401C.

Associated with V3405 is an AGC loop similar to
those encountered in other decks. The signal at the
plate of V3405 is coupled to the loop by C3432.
CR3413 is the delay diode, back-biased by voltage
divider R3437 and R3438. CR3412 is the AGC diode;
R3436 and C3428 form a filter storage network.
R3435 provides a path for C3428 to discharge. The
AGC voltage is applied to the grid of V3405 through
T3404. The output from V3405 is applied to a phase
detector circuit through T3405.

e. AMPLIFIER V3406 AND PHASE DETECTOR
NETWORK. The 3.25 to 4. 25-mc output of the 3500~
3600 deck is coupled through J3407 and T3406 to the
grid of amplifier V3406. The plate circuit of this
amplifier uses a single inductor (L3401) and trimmer
capacitances selected by S3401B. The plate output
from V3406 is applied jointly toabasic phase detector,
comprised of CR3409 and CR3410, and to a tandem
phase detector, comprised of CR3408 and CR3411l.

The basic phase detector compares the phase of
the two input signals which are at afrequency between
3.25 and 4.25 mc. The signal from the basic syn-
thesizer is locked to the 1-mc reference standard.
The frequency from the high frequency loop contains
the error of the HFO circuit; this is the signal to
be corrected. The correction voltage is developed
across the wiper of balance adjust control R3444.
The amplitude and polarity of the correction voltage
depends on the direction and amount of the phase
error. The correction voltage is applied through
low pass filter R3445, C3438, and C3437 to J3405.
From this point it is delivered to the VARICAP in
the HFO circuits in the HFR-1 Continuous RF Tuner.
It should be noted that, for zero correction voltage
from the basic phase detector, the two input signals
are 90 degrees out of phase.
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In this circuit, the 3.25 to 4.25-mc output from
V3405 is coupled through T3405 to CR3409 and CR3410
which alternately conduct on each half-cycle. Thus
the output at the wiper of the balance adjust is zero.
The 3.25 to 4.25-mc output from V3406 is coupled
through diodes CR3408 to CR3411. Normally, this
signal is in phase with the other 3.25 to 4.25-mc
signal and no voltage appears at R3442. Any dif-
ference in phase between the two signals is coupled
through R3443 to the VARICAP output jack J3405 and
to audio sync tone jack J3406.

4-7. DETAILED CIRCUIT ANALYSIS OF 3500-3600
DECK. (See figure 4-13.)

a. AMPLIFIER V3501B AND HARMONIC GEN-
ERATOR V3501A. The 1-mc standard signal from
the 3100 deck is coupled from J3501 to amplifier
V3501B through C3569, R3506, and parasitic sup-
pressor PS3501. The plate circuit of V3501B is
tuned by the primary of T3505. One output from
V3501B is coupled to 1-mec output jack J3502; another
output is coupled to V3503; and still another output
is coupled through C3562 to the grid of second har-
monic generator V3501A. T3503, in the plate cir-
cuit of V35014, is tuned to 2 me. The 2-mc output
at the secondary of T3503 is coupled to 2-mc output
jack J3505.

b. PULSE GENERATOR V3503. The 1-mc signal
coupled to pulse generator V3503 is purposely distorted
to produce harmonics of the 1-mc signal since the
8th through 37th harmonics of the 1-mc input is need-
ed. The output from V3503 is applied to low pass
filter Z3502 through a differentiator network com-
prised of C3610 and R3530. The differentiator net-
work has an exceptionally short time constant in
comparison with the 1-usec period of the 1-mc sig-
nal. The output of the low pass filter is coupled to
the cathode circuit of 40.5-mc converter V3506.

c. OSCILLATOR V3502, AMPLIFIER V3504, CON-

VERTER V3506. Crystal oscillator V3502 generates
frequencies between 48.5 and 77.5 mc. Selector
switches S3501D and S3501C select one of 30 crystals
operating between 48.5 and 77.5 mc. The output
from V3502 is applied to V3505 and V3504. The
signal is amplified through V3504 and coupled to the
screen grid of converter V3506. The 8 to 37-mc
signal from V3503 is hetrodyned with the 48.5 to
T77.5-mc signal to produce a 40.5-mc output.

Since V3502 is an independent oscillator and not
locked to the 1-mc standard, it is subject to drift
and, as a result, it is important that any error
introduced by this drift be cancelled out. Figure
4-12, below, illustrates how this error is cancelled
out. F1, in the illustration, is the HFO frequency;
F2 is the output of V3502; and F3 is the appropriate
harmonic of 1-mec.

d. AMPLIFIERS V3508 AND V3510. The 40.5-mec
converter signal is amplified through pentode am-
plifiers V3508 and V3510. V3508 is tuned by L3528
and C3628 while V3510 is tuned by L3522 and C3625.
Parasitic suppressors are incorporated in the grid
and plate circuits of these two stages. The output
from V3510 is coupled to the control grid of V3511,
the final converter stage in the frequency synthesizer.
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e. CONVERTER V3505, AMPLIFIER V3507,
V3509. A sample of the HFO frequency in the Model
HFR-1 arrives at J3503. This signal is between
3. 75 and 33. 75 mc, and is maintained 1. 75 mc above
the assigned receiver frequency. From J3503, this
signal is coupled to low pass filter Z3501 which has
a cut-off frequency of 34 mc. The output from Z3501
is applied to the cathode circuit of 43.75 to 44.75-
mc converter V3505. The HFO input, a signal
between 48.5 and 77.5 mc as selected by S3501, is
coupled to the cathode of V3505. The plate circuit
of V3505 contains a double-tuned circuit, configured
by T3501, C3581, and C3582.

The output of V3505 is applied to cascaded am-
plifiers V3507 and V3509. The plate circuit of
V3507 contains a double-tuned circuit, configured by
T3502, C3588 and C3590. The plate circuit of V3509
contains a resonanttank, configured by L3520, C3594,
and trimmer C3593. The resonant tank is damped
by R3519 to obtain the required bandpass charac-
teristic.

f. CONVERTER V3511 AND AMPLIFIER V3512,
The 43. 75 to 44. 75-mc signal from V3509 is applied
to the grid (pin 7) of converter V3511. V3511 also
receives the 40.5-mc signal from amplifier V3510.
This converter produces a difference frequency
between 3.25 and 4.25 mc which is coupled to the
grid (pin 1) of amplifier V3512, The 3.25 to 4.25-
mc output from V3512 is taken from T3504 and
coupled to J3504. The output signal which contains
any errors of the HFO circuit, is coupled to the
phase detector circuit in the 3400 deck.

4-8. DETAILED CIRCUIT ANALYSIS OF 3700
DECK. (See figure 4-14.)

The 3700 deck is a regenerative divider circuit
which generates a 250-kc output from the 1-mcrefer-
ence input. The 250-kc output is used as: (1) a
synthesized carrier in the Model HFA-1 Audio Am-
plifier, and (2) as a synthesized injection frequency
in the alignment generator section of the Model HFR-
1 Continuous RF Tuner.

The 1-mc input is coupled through J3701 and volt-
age step-up transformer T3701 to cathode follower
V3701, V3701 acts as a buffer for V3702. The out-
put from V3701 is coupled through C3702 to the con-
trol grid (pin 1) of converter V3702.

V3702 operates in conjunction with tripler V3703A.
Initially V3703A acts as a noise generator (this is
before the tube stabilizes). When power is first
applied, plate current flows and the resultant noise
at 750 kc is amplified and coupled to the grid (pin
7) of V3702. With a 1-mc signal applied at the con-
trol grid of V3702, and a 750-kc noise signal at the
screen grid, a mixing action occurs producing a
small 250-kc signal at the plate. This small 250-
kc signal is applied to the control grids of V3703A
and V3703B.

The small component of 250 kc delivered to the
grid of V3703A is tripled to produce an increased
value of 750-kc signal in the plate circuit. This
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f3(8-37MC) HARMONICS OF IMC

V3506
f2 (48,5~ 77.5MC) V3 [}
40.5 MC ¢ ( 5MC) 502 0SC

CONV

f2-£3 (40.5MC)

fl (3,75-33.75 MC) HFO

V3505
43,75 70 f2
44,75 MC

CONV

f2-f1
(43.75-44,75MC)

V35l

4.25 TO
3.25 MC ¢
CONV
(f2-f1)-(t2-£3)=
f2-fi-t2+13:=
t3-fi= 425-3.25MC
J3504

4.25 - 3,25 MC QUTPUT

3001B-17

Figure 4-12. Drift Cancelling Network

signal is fed back to a grid (pin T) of V3702. This
cycle continues until the circuit stabilizes and a
healthy 750-kc signal is produced at the plate of
V3703A. The 250-kc signal is finally amplified in
V3703B. The output from V3703B is coupled to 250-
kc output jack J3702 which, in turn, connects to out-
put jacks J3015 through J3018.

4-9. MAIN CHASSIS (3000 DECK) DESCRIPTION.

The 3000 deck contains the input and output ter-
minal connections, nixie indicators, the 1 MC COM-
PARATOR front panel meter, the filter panel, and
the transistor operated sync relay (K3001).

Figure 4~15 shows a typicalnixie selector indicator
with its associated circuitry. Six of these type nixies
are found in the HFS-1. The nixies indicate the
frequency of the incoming signal, not the synthesizer
frequency, and are controlled by the .1 KC, 1 KC,
10 KC, 100 KC, and 1 MC front panel controls. In
the 3400 deck, wafers S3401A through S3401G are
interconnected into various tuned networks and by
placing S3401 in various positions, various signals
corresponding to the desired digit is coupled to the
mxie. This signal, in the illustration shown, is
coupled through JP3408 to the appropriate pin on
nixie base XDS3400. Twenty-eight volts de, coupled
through J3409, is used as the nixie operating volt-
age. In the 3100 deck, switch wafers S3101A through
S3101D are interconnected into various tuned net-

109653001B

works in V3102 through V3104. In the 3200 deck,
switch wafers S3201A through S3201E are connected
to tuned circuits in the balanced modulator and in
V3202 and V3204. In the 3300 deck, switch wafers
S3301A through S3301F are connected to tuned cir-
cuits in V3302 through V3304 and the balanced mod-
ulator. In the 3500 deck, switch wafers S3501A
through S3501D are connected into various tuned
circuits.

The 1 MC COMPARATOR meter (M3001) is coupled
to the phase comparator circuit in the 3100 deck
through J3106. The phase difference between the
two 1-mc signals is indicated by the rate of swing
at the meter. Sync balance control R3140 is used
as a meter zero adjust.

Transistor Q3001 and relay K3001 form an audio
sync control network. With no audio sync tone from
the quadrature phase detector (see paragraph 4-6e)
in the 3400 deck, the collector circuit of Q3001 passes
in gsufficient currenttoenergize K3001. Hence contact
N of J3001 is grounded and contact J is open. This
results in the SYNC IND light at the HFR-1 Continuous
RF Tuner extinguishing an indication that the unit is
not in sync. With an audio sync tone output coupled
contact J of J3001. This results in relay K7001 in
the HFA-1 Audio Amplifier activating and the SYNC
IND light at the HFR-1lighting. With K7001 activated,
the audio sync tone connected to J7002 at the HFA-1
is substituted for the demodulated audio.

4-23/4-24
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B+ B+ B+
I 3
J3702
L3704
250 KC
';1: L3707 L3708 ;}& OUTPUT
c3707
CATHODE >
FOLLOWER ONV  T2s50kce c37u_l_
V370!
t— AMPL T
43701 1370 V3703A
750KC
IMC €370I
(
NPUT R370I R3707
c3702 i—_l_
= - DM _L 03T (’p'&?l?.
R3703 R3705 €3704 R3710 ?
3001B-20
Figure 4-14. Regenerative Divider (High Frequency Loop)
J3408 P3408
)
L]
IN TANDEM WITH T0 28V DC
$340iB -S340I6 MM
J3409
WHICH DETERMINE
FREQUENCY AT S3401A
I H|H
100KC H
. i
S3401A ‘
4 5
3 I 6 K K
2 U ‘p 7
5 &° D|D
I 8
—oV oo '
12 Wo 2 ElE 10
[N 10 F F
Al A XDS3004
8 | 8
clc
$3401
/ POS. FREQUENCY (MC)
0 3.8
| 3.7
2 3.6
3 3.5
4 3.4
5 3.3
6 3.2
7 3.1
8 3.0
9 2.9
3001B-21
Figure 4-15. Typical Nixie Indicator Connection
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SECTION 5
TROUBLESHOOTING

5-1. GENERAL.

This section discusses troubleshooting techniques
to be used in determining malfunctions in the equip-
ment. As part of these troubleshooting procedures,
a preliminary inspection is given as a visual aid to
determine conditions which may have caused equip-
ment breakdown. This preliminary inspection is fol-
lowed by a procedure for verification of required volt-
age and resistance measurements. This is followed
by a systematic analysis of troubleshooting which
should indicate the possible functional section at fault

within the equipment. Once the particular functional
section at fault is located, by following table 5-5, the
particular component at fault within the functional sec-
tion can be determined.

5-2. TEST EQUIPMENT NEEDED.

The test equipment required for verifying voltage
and resistance measurements is listed in table 5-1,
below. This is followed by table 5-2 which lists the
test equipment required for troubleshooting the HFS-
1.

TABLE 5-1. VOLTAGE AND RESISTANCE TEST EQUIPMENT .

QUANTITY
REQUIRED EQUIPMENT TYPE

2 Signal gen- Must provide 1 mc. at 1.5 vrms and 3. 75 mec. at

erator 20 mv. rms.

1 Power supply Must provide +200 vdc at 0.5a. and 6.3 vac at 15
a., 60 cps.

1 Simpson Model Volt-ohm-milliameter, 20, 000 ohms-per-volt.

260

1 Dummy load 47 ohm, 1/2 watt resistor, mounted on RG-174/U
cable. Cable equipped with TMC-PL-204 plug or
equivalent.

1 Dummy load 56 ohm, 1/2 watt resistor, mounted on RG-174/U
cable. Cable equipped with TMC-PL-204 plug or
equivalent.

1 Dummy load 27 ohm, 1/2 watt resistor, mounted on RG-174/U
cable. Cable equipped with TMC-PL-204 plug or
equivalent.

1 Test socket 7-pin miniature.

adapter

1 Test socket 9-pin miniature.

adapter

1 Power cable Must provide: (1). +200 vdc from power supply to
pin K of J3001 on HFS. (2). 6.3 vac from power
supply to pin A, pin B, pin E and pin R of J3001 on
HFS. (3). Common ground connection between
power supply and HFS at pin D, pin F, pin H and
pin P of J3001 on HFS.

109653001B
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TABLE 5-2. TROUBLESHOOTING TEST

EQUIPMENT

NAME

MODEL

RF VIVM

Ballantine 314 or equivalent

5-3. UNIT TROUBLESHOOTING .

a. PRELIMINARY CHECK. A preliminary check
should be performed on the HFS-1, while it is turned
Oscilloscope | Tektronics Type 545A or equivalent off, in an effort to correct conditions which might
lead to a breakdown of components. Table 5-3 lists
the preliminary inspection procedures.

TABLE 5-3. PRELIMINARY INSPECTION PROCEDURES

WHAT TO INSPECT

DEFECTS TO LOOK FOR

REMEDIES

All electrical con-
nections at rear of
equipment.

Open connections, dirt,
oil, frayed cables.

Replace or clean as
necessary.

Knobs, screws, con-
nectors.

Loose or missing hardware.

Tighten or replace.

Wiring

Loose or frayed wires.

Resolder or rewire.

Solder joints

Loose or cold solder
connections.

Resolder or clean as
necessary.

Switches

Bad connections,
broken wipers.

Fix or replace as
necessary.

Frequency Indicator

Burned out nixies or
loose connections.

Replace nixie or fix
connection as necessary.

Resistors Cracks, chipping, Replace defective
blistering, dis- resistor.
colorations, and
other signs of over-
heating.

Capacitors Leaks, bulges, dis- Replace defective
coloration. capacitor.

Tubes Poor seating. Press tube firmly in
Burned out or shorted. socket.

Replace defective tube.

Cables Broken or loose Tighten or replace.

cabling or connectors.

Front panel meter.

Bent indicators,
cracked case, broken glass.

Replace defective
meter.

b. VOLTAGE AND RESISTANCE CHART. Table (4) Connect 56 ohm dummy load to J3016 on rear

5-4 lists each vacuum tube in the HFS and the volt-
ageandresistance from each pin of the tube to ground.
Refer to table 5-1 and the following procedure to
verify required values.

(1) Remove top dust cover from HFS, and set 1
MC EXT/INT switch (located inside, on right side of
chassis deck) at EXT.

(2) Connect 47 ohm dummy load to J3019 on rear
of HFS chassis.

(3) Connect 27 ohm dummy load to J3012 on rear
of HFS chassis.

5-2

of HFS chassis.

(5) Connect power cable from power supply to
J3001 on rear of HFS chassis.

(6) Remove tube from socket at which voltage or
resistance is to be measured.

WARNING

Make sure that power supply is turned off
before performing step 7. I power supply is

109653001B



turned on, 200 vdc will be present on the ex-
posed contacts of the adapter when it is plugged
in,

(7) Plug test adapter into tube socket, and plug
tube into adapter.

(8) With power supply off, measure resistances
from test adapter contacts to ground, and compare
with readings in HFS-1 VOLTAGE AND RESISTANCE
CHART.

(9) Remove meter leads from test adapter.

(10) (a) Connect first signal generator to J3009 on
rear of HFS chassis.

(b) Adjustfirstsignal generator ontput ta 375
mec. at 20 mv.

(11) (a) Connect second signal generator to J3030
on rear of HFS chassis.

(b) Adjust second signal generator output to
1 mc. at approximately 1.5 v.

(12) Turn power supply on.

(13) Set HFS front panel controls so that nixie in-
dicators indicate 2 mec.

(14) Measure voltages from test adapter contacts
toground, and compare with readings in HFS-1 VOLT-
AGE AND RESISTANCE CHART.

(15) Remove meter leads from test adapter.
(16) Turn power supply off.

(17) Removetestadapter andreplace tube in socket.

(18) Remove dummy loads and si

¢. TROUBLESHOOTING CHART. Table 5-5 out-
lines a systematic approach for troubleshooting the
unit to find what particular functional section is at
fault within the unit. Before troubleshooting the
equipment, make sure that all external power and
signal conncctions are made both al the rear uf the
equipment and on the chassis itself. There is no
power switch on the HFS-1 and it is turned on and
off at the power supply.

Since the HFS-1 is an integral part of the DDR-5
Receiver, any malfunction in the synthesizer will
utlimately manifest itself at the DDR-5. Indications
of synthesizer malfunction occur when (1) The SYNC
IND light on the HFR-1 goes out; (2) The 1 MC COM-
PARATOR meter on the HFS-1 stops fluctuating and
drops to zero; or (3) Sideband intelligence becomes
garbled.

TABLE 5-4. VOLTAGE AND RESISTANCE CHART.

T JTT i
SYM. PIN NUMBER
NO. 1 2 3 4 5 6 7 8 9
Vv +1,6 +14 6.3AC 0 +170 +175 +5,.6
V3101
R 2.5 MEG 2.2K 0 0 65K 26K 7.5K
\' +180 NC 6.3AC 0 NC 0 +6
v3102
R 26K NC 0 0 NC 100K 32K
A% 0 +0,7 6. 3AC 0 +125 +95 +0.7
V3103
R 110K 150 0 0 14K 25K +150
A\ -3 +0.7 6.3AC 0 +125 +95 40,7
V3104
R 130K 150 0 0 14K 36K 150
Vv +1.2 -0.6 +115 0 6.3AC +1.1 -0.3 +90 +125
V3105
500 65K 20K 0 4] 150 63K 32K 13K
v +2.8 +6.3 6.3AC 0 +125 +160 +5.5
V3201
R 1.8 MEG 2. 2K 0 Q 64K 28K 7.5K

109653001B
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TABLE 5-4. VOLTAGE AND RESISTANCE CHART (CONT)

PIN NUMBER

SYM,
NO. 1 2 3 4 5 6 7 8 9
\'4 +185 NC 6.3AC 0 NC 0 +8.4
V3202
R 28K NC 0 0 NC 95K 32K
-0.1 +0. 55 6.3AC 0 +135 +115 +0.55
V3203
R 110K 45 0 0 15K 34K 45
\" -3.8 +0.1 6,3AC 0 +165 +162 +0.1
V3204
R 23K 150 0 0 15K 35K 150
A" +3.6 +7 6.3AC 0 +120 +150 +5.5
V3301
R 1.8 MEG 2. 2K 0 0 62K 28K K
v +185 NC 6.3AC 0 NC 0 +8
V3302
R 27K NC 0 0 NC 95K 31K
Vv 0 +1,2 6,3AC 0 +140 +120 +1.2
V3303
R 110K 150 0 0 15K 35K 150
A" -3.9 +1.1 6. 3AC 0 +145 +120 +1.1
V3304
R 110K 150 0 0 15K 33K 150
v +155 +70 +75 0 6,3AC +150 +170 +75 0
V3401
R 14K 14K 10K 0 0 14K 14K 10K 0
\' +17 +16 6,3AC 0 +160 +80 +4,3
V3402
440K 2. 4K 0 0 65K 26K 6. 5K
v +165 -0.15 +5,2 0 6.3AC +175 -8.4 0 0
V3403
R 18K 10K 3. 3K 0 0 15K 650K 100 0
Vv 0 +1,15 6.3AC 0 +150 +125 +1.15
V3404
R 105K 100 0 0 14K 32K 100
0 +0.8 6.3AC 0 +145 +120 +0,8
V3405
150K 65 0 0 14K. 34K 65
\" 0 +1.4 6.3AC 0 +1556 +130 +1.4
V3406
R 160K 150 0 0 14K 32K 150
Vv +0.6 -1.6 +175 0 6,3AC +3.4 0 +175 +150
V3501
R 200 1.1 MEG | 12K 0 0 200 330K 12K 12K
5-4
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TABLE 5-4. VOLTAGE AND RESISTANCE CHART (CONT)
SYM. PIN NUMBER
NO. 1 2 3 4 5 6 7 8 9
\% -1,8 0 6,3AC 0 +150 +135 0
V3502
R 50K 0 0 0 14K 34K 0
\' +170 NC 6.3AC 0 NC -15 +0.1
V3503
R 75K NC 0 0 NC 125K 50
A% -0.15 +1,65 6.3AC 0 +153 +110 +1,65
V3504
R 11K 190 0 0 15K 45K 190
v NC +10 0 0 6,3AC 0 NC NC +180
V3505
R NC 3.9K 108K 0 0 108K NC NC 12K
v 0 +2,4 6.3AC 0 +150 +36 +2,4
V3506
R 10K 3.8K 0 0 80K 900K 3.8K
v 0 +1,75 6,3AC 0 +155 +90 +1,75
V3507
R 0 190 0 0 16K 45K 190
\'A 0 +1.17 6.3AC 0 +155 +110 +1,7
V3508
R 350K 190 0 0 15K 43K 190
A% 0 +1.5 6.3AC 0 +155 +112 +1.5
V3509
R 0 190 0 0 15K 43K 190
\' 0 +1,6 6.3AC 0 +155 +110 +1,6
V3510
R 325K 190 0 0 15K 45K 190
\% 0 +1,55 6.3AC 0 +155 +85 0
V3511
R 23K 145 0 0 20K 23K 110K
v 0 +1,3 6,3AC 0 +172 +115 +1.3
V3512
R 110K 150 0 0 12K 38K 150
v +195 NC 6.3AC 0 NC +22 +38
V31701 .
R 12K NC 0 0 NC 115K 8. 5K
v -10 +1,1 6. 3AC 0 +145 +70 -14
V3702
R 22K 150 0 0 19K 31K 105K
v +200 -0.1 +130 0 8, 3AC +200 +1.7 +5.8 0
V3703
R 10K 108K 41K 0 0 10K 210 680 350K
Note: Voltage readings are in volts, +10%, to ground.
Resistance readings are in ohms, £10%, to ground, Resistauce measuremenls in stages containing
diodes will vary depending upon polarity of meter,
5-5
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TABLE 5-5. UNIT TROUBLESHOOTING CHART

STEP

PRELIMINARY ACTION

NORMAL INDICATION

NEXT STEP

Connect HFS-1 into
DDR-5 system, Make
all connections and
apply power,

Tune system to any
desired frequency
between 2 and 32 mc,
Place TUNE-SYNC-
OPERATE switch on
HFR-1 in OPERATE
position,

Tune HFR-1 in 100 cps
increments between 000
and 900 cycles, Thus
turn . 1 KC switch to
selected frequency and
determine sync at each
frequency, (.1KC
switch should be rotat-
ed between "0'" and

"9, n)

Repeat "preliminary
action" in step 2, above,
However, tune HFR-1
in 1-kc increments
between 0 and 9000
cycles., Thus turn 1 KC
switch to selected fre-
quency and determine
sync at each frequency,
(1 KC switch should be
rotated between "0" and
Hg. u)

Repeat "preliminary
action" in step 2, above,
However, tune HFR-1
in 100-kc increments
between 0 and 900-kc,
Thus turn 100 KC switch
to selected frequency
and determine sync at
each frequency, (100
KC switch should be

Tubes should light and
B+ should be applied

to the various stages
within the HFS-1,

Check B+ line to
ground with ohmmeter -
reading should be in-
finite,

Sideband intelligence
is readily discernable
at each frequency.

SYNC IND light at
HFR-1 should remain
lit,

1 MC COMPARATOR
meter at HFS-1
working properly.

Same as '"normal in-
dication" in step 2,
above,

Same as '"nmormal in-
dication" in step 2,
above.

If indication is abnormal,
check HFR-1 and system
and unit cabling and con-
nections,

If indications are normal,

proceed to step 2,

If indication is abnormal,
see step 1 in table 5-6,

If indication is normal,
proceed to step 3.

If indication is abnormal,
see step 6 in table 5-6.

If indication is normal,
proceed to step 4,

If indication is abnormal,
see step 16 in table 5-6,

If indication is normal,
proceed to step 5.

5-6
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TABLE 5-5. UNIT TROUBLESHOOTING CHART (CONT‘D)

STEP PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
4
(cont.) rotated between ''0"

and 119‘ n)

5 Repeat ''preliminary Same as '"'normal in- If indication is abnormal,
action” in step 2, above. dication™ in step 2, see step 28 in table 5-6.
However, tune HFR-1 above,
in 1-mc steps between If indication is normal,
2 and 32-mc. Thus proceed to step 6.
turn 1 MC switch to
selected frequency and
determine sync at each
freaquency.

6 Connect on oscilloscope —_— If indication is abnormal,
alternately to 250-kc :;v see step 38 in table 5-6,
output jacks J3015 ! | 4
through J3018 and note AT T If indication is normal,
signals. proceed to step 7.

7 Connect oscilloscope - If indication is abnormal,
alternately to 2-mc zt- see step 28 in table 5-6,
output jacks J3010 1 | Y
through J3013 and note e— -
: SUSEC
signals. [

5-4. FUNCTIONAL SECTION TROUBLESHOOTING. the HFS-1. Before troubleshooting make sure that

a. PRELIMINARY CHECK. The functional sections
of the HFS-1 should be visually checked in an effort
to locate trouble-spots. A handy guide for this pre-
liminary check is shown in table 5-3.

b. FUNCTIONAL SECTION TROUBLESHOOTING
CHART. Table 5-6 outlines a systematic approach
to troubleshooting the various functional sections of

all external power and signal connections are made.
If it is indicated that a particular functional section
is not tuned for an optimum output or there is in-
dication that alignment is needed, see section 6 of
this manual. Note that all oscilloscope readings in
table 5-6 are given in peak-to-peak voltages unless
otherwise specified. Refer to figures 5-1 and 5-2
which show test points and component locations.

TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART

STEP POINT PRELIMINARY ACTION

NORMAL INDICATION

NEXT STEP

1 1 Connect oscilloscope at

J3103.

Connect oscilloscope to
terminal 6 on Z3101 and
adjust scope for .5 usec/
cm.

(<)
>

Annnnt AcrillAacrnna $n
’n‘ LULULC UL U LAMUoVU L o

TP3103 and adjust
scope for 50 usec/cm.

Place .1 KC switch at
'VO' 1

If indication is normal,
proceed to step 3.

2USEq] If indication is abnormal,
proceed to step 2.

If indication is normal,
| av check V3105, T3102,

- and associated cir-
cuitry.

If indication is abnormal,
check Z3103.

T 3nAinntinn im mAnnand

Al LUAMALVALVLIVIL A0 Mva AAAuA,

proceed to step 6.

1USEC If indication is abnormal,
see step 4.

109653001B
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TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT‘D)
STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
3 Vary .1 KC switch. If indication is abnormal,
(cont.) see step 4.
4 Connect oscilloscope to ¥ If indication is normal,
TP3101 and adjust scope 'jV proceed to step 5.
for .5 ms/ cm. o T
> l—iMs If indication is abnormal,
any of the other decks
may be at fault.
5 Connect oscilloscope to _ If indication is normal,
TP3102 and adjust scope ¥ check V3103, V3104
for 2 ms/cm. 80V and associated cir-
4 cuitry.
Jfesiows
IOMS
l If indication is abnormal,
EXPANDED readjust R3104.
ZMsms_," T WAVEFORM
l—I10MS - If indication is still
abnormal, check V3101
and V3102 and associat-
ed circuitry.
6 @ Connect oscilloscope to If indication is normal,
TP3205 and adjust scope proceed to step 11
for 5 usec/cm. m_;_ below.
v
.1 KC switch in 0 posi- 5._,. as If indication is abnormal,
tion and 1 KC switch in Gzl check V3204, T3203 and
0 position. (This is J3204.
equivalent to 40 kc).
If indication is still
abnormal, proceed to
o , —x - step 7.
‘ 10V
7 @ Connect oscilloscope to 4 If indication is normal,
TP3201 and adjust scope 100 - - proceed to step 8.
USEC
for 20 us/cm.
{—— EXPANDED If indication is abnormal,
| WAVEFORM one of the other decks,
fe— | USEC- J3201, or cabling is at
fault.
8 @ Connect oscilloscope to - If indication is normal,
TP3202 and adjust scope aIv proceed to step 9.
for .2 ms/cm. l_
- If abnormal indication
/ I'I_E'l exists, adjust T3203.
L&‘_\_ EX PANDED If indication is still
b WAVEFORM abnormal, check V3201,
T V3202, CR3201, and
’ associated tuned circuits.
9 @ Connect oscilloscope to If indication is normal,
TP3203 and adjust scope — proceed to step 10.
for 5 usec/cm. : \ |( \ ,av
' N
Place 1 KC switch in "7" :Sééc: If indication is abnormal,
position. This cor- check V3203, T3201,
responds to a frequency and associated tuned
of 30 kc. circuits.
5-8 109653001B




TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT'D)

STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
10 Connect oscilloscope to If indication is normal,
TP3204 and adjust scope . check V3204.
for 5 usec/ cm, ’//\ﬁn\/osv
Set .1 KC selector to 'ﬂz——'; - If indication is abnormal,
"0 and 1 KC selector bsec first check that a 3.1
to "0.'" This cor- to 4-kc signal exists at
responds to a frequency R3219. Then check
of 40 kc. CR3202, T3202 and as-
sociated tuned circuits.
11 Q Connect oscilloscope at If indication is normal,
TP3305 and adjust scope B proceed to step 16.
for 1 usec/cm. ,/\/\/w
PERAR VAR |
Place .1 KC in "0" posi- | E'gec! If indication is abnormal,
tion, 1 KC in 0" and ' check V3304, T3303,
10 KC in ''5." This J3304, and associated
corresponds to a fre- circuitry.
quency of 400 kec.
If indication is still
abnormal, proceed to
step 12,
12 Connect oscilloscope at 2-;v If indication is normal,
TP3301 and adjust scope % proceed to step 13.
for 2 usec/cm. f——|
uere If indication is abnormal,
check J3301, cabling,
and other decks.
13 Connect oscilloscope at —_— If indication is normal,
TP3302 and adjust scope —f proceed to step 14.
for 20 usec/cm. 7oV
_4_ | If abnormal indication
/ I'To" exists, readjust divider
USEC adjust control R3303.
20 \xsxpmoso
USEC ! WAVEFORM If indication is abnormal,
f——sl8ousec check V3301, V3302,
CR3301, and associat-
ed circuitry.
14 Connect oscilloscope to If indication is normal,
TP3303 and adjust scope proceed to step 15.
for 1 usec/cm. /\/\_/'_f
’ 2.5v
Place 10 KC selector 'n——qas Vo If indication is abnormal,
in "1" position. This l Jsec! check V3303 and associt-
corresponds to 400-kc. ed tuned circuits.
15 Connect oscilloscope to If indication is normal,

s oan 4
1 Poovu4.

Place .1 KC selector in
"0, 1 KC selector in
"0, and 10 KC selector
in '9.'"" This cor-
responds to 400 ke.

,/\ A\ o
e
USEC

check V3304.

If indication is abnormal,
first check to see that a
30.1 to 40-kc signal is
coupled across R3330.
Then check T3301, CR3302,
and associated balanced
modulator circuitry.

1095530018

5-9



TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT‘D)

STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
16 @ Connect oscilloscope to - If indication is normal,
TP3408 and adjust scope ok proceed to step 28.
for .1 usec/cm. 1 '\ &

Nixies set to 02.2600. If indication is abnormal,

proceed to step 17.

17 @ Connect oscilloscope to If indication is normal,
TP3401 and adjust scope 4 N F proceed to step 18.
for .5 usec/cm. | | 5V
'l \/_ 4 If indication is abnormal,
ol Lusec check cabling, J3401,
and 1-mc source in
3100 deck.
18 @ Connect oscilloscope to If indication is normal,
TP3402. TFT proceed to step 19.
R If indication is abnormal,
2USEC check V3401, T3401,

CR3401, CR3402, and
associated circuitry.

19 @ Connect oscilloscope to If indication is normal,

TP3403 and adjust scope -F proceed to step 20.
to 2 usec/cm. 6V
/ Y If indication is abnormal,

adjust divider adjust

I ]
p——10USEC control R3411,
}\ EXPANDED
s MR If indication is still
i TIME BASE abnormal, check
USEC CR3403, V3402, V3403
and associated tuned
circuits.
20 Connect oscilloscope to If indication is normal,
TP3404 and adjust scope = proceed to step 21.
to 0.1 usec/cm. W 2v
I | e
b ]
Set 100 kc selector at LA If indication is abnormal,
position "8." This cor- check V3404 and as-
responds to 3 mc. sociated circuitry.
21 @ Connect oscilloscope to If indication is normal,
TP3405. proceed to step 22.

3
Place .1 KC in "0," 1 l/\.l(\f\ T’V If indication is abnormal,

first check that a 350.1

KC in "0,'" 10 KC in "5," o,
and 100 KC in "2." This lusec to 450-kc signal exists
corresponds to a fre- on R3432,

quency of 4 mec. .
If indication is still

abnormal, check R3432,
CR3404 through CR3407,
T3404, R3433, R3434
and associated tuned
circuits.
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TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT‘D)

STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
22 Connect oscilloscope to If indication is normal,
TP3406. - oceed to step 23,
' /1[-\ /1:'\ ;fv pr p
I \/ I \/ L If indication is abnormal,
| | -
— o check CR3412, (3431,
USEC CR3413, C3432, C3435,
and C3434.

23 @ Connect oscilloscope to If indication is normal,
TP3408. proceed to step 24.

35
Nixie selectors set at osv/| | / If indication is abnormal,
02. 2500 mc, Receiver *_ LU iU first check J3407 to
tuned to 2. 25 mc; 25 determine if a 3. 25-
system in sync; TUNE- Usec 4, 25-mc signal exists
SYNC-OPERATE switch there. If so, check
in OPERATE. T3406.

24 Connect oscilloscope to If indication is normal,

TP3407. 'T“ proceed to step 28.
Y
FRERY: If indication is normal,
R P yet no VARICAP or
IUSEC audio sync-tone exists,
proceed to step 25.
If indication is abnormal,
check V3406 and as-
sociated tuned circuits.

25 Connect oscilloscope to If indication is normal,
TP3409 and adjust scope proceed to step 28.
for .1 usec/cm. Iy

I I
Set synthesizer to TM If indication is abnormal,
02. 2500 mec. ) check V3405, CR3408,
I usec | CR3411, R3442, and
Place TUNE-SYNC- associated circuitry.
OPERATE switch in
OPERATE.
If indication is normal,
yet no VARICAP output
exists, see step 26.
If no audio sync tone,
see step 27.

26 Connect oscilloscope to If indication is normal,
VARICAP d-c output proceed to step 28.
jack J3008.

+ 1.5V
Set synthesizer to @ | @ ————-— ov If indication is abnormal,
02. 2500 mc. Place - 1.5V check R3443, R3445,
TUNE-SYNC-OPERATE C3437, C3438, J3405,
switch in OPERATE. P3017, J3008 and as-
sociated cabling.

Move TUNE control in The reference should
both directions. shift before svstem

drops out of sync.

27 @ Connect oscilloscope to

audio sync tone output
J3014 and adjust scope
for 2 ms/cm.

If indication is normal,
proceed to step 28.

109653001B
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TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT'D)

STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
27 Set up synthesizer as in If indication is abnormal,
(cont.) step 26, above. Place J Sy I check R3444, C3439,
TUNE-SYNC-OPERATE J3406, P3016, J3014,
switch to SYNC. With and associated cabling
this switch in OPERATE, As TUNE control is and circuitry.
dc reference will be varied to get a zero
+3 volts instead of 0 beat, frequency
volts. decreases.

28 @ Connect oscilloscope to If indication is normal,
2-mc output jacks proceed to step 29,
J3010 through J3013. ~§"

Adjust scope for .1 2v If indication is abnormal,
usec/cm. : () first check J3019 to
sUSEC see if a 5 volt peak-to-
' peak, l-mc source
exists there.
If indication is still
abnormal, check T3505,
V3501, T3503, J3505,
P3008.
Signal should have
unequal peaks onupper If indication is abnormal
trace and nearly at any of the four 250-
equal lower peaks. ke output jacks, check
Adjust T3503 for individual jack.
proper indication if
necessary.

29 @ Connect VIVM at VTVM indicates 0. 24 If indication is normal,

TP3507 and measure volts rms. proceed to step 38.

r-f voltage.

Set synthesizer to If indication is abnormal,
2.25 mc. Place proceed to step 30.
TUNE-SYNC-OPERATE

in OPERATE.

30 @ Connect VIVM at VTVM indicates 0. 14 If indication is normal,
TP3501 and measure volts rms. proceed to step 33.
signal.

If indication is abnormal,
check V3505. If still
abnormal, proceed to
step 31.

31 @ Connect VIVM to HFO VTVM indicates 20 If indication is normal,
in jack J3009 and to 50 mv (rms) check HFO input from
measure voltage. HFR-1.

32 @ Connect VIVM to VTVM indicates 0.1 If indication is normal,
TP3504 and measure volt rms. proceed to step 33.
voltage.

If indication is abnormal,
check V3503, Z3502,
V3506, V3504, V3502,
and associated tuned
circuits.

33 Connect VIVM to VTVM indicates 0. 22 If indication is normal,
TP3502 and measure volts rms. proceed to step 34.
voltage.

5-12
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TABLE 5-6. FUNCTIONAL SECTION TROUBLESHOOTING CHART (CONT‘D)

STEP POINT PRELIMINARY ACTION NORMAL INDICATION NEXT STEP
33 If indication is abnormal,
{cont.) check V3507, T3502,
and associated circuitry.
34 (5\) Connect VIVM to VTVM indicates 0.5 if indication is normal,
~ TP3503 and measure volts rms. proceed to step 35.
voltage.
If indication is abnormal,
check V3509 and as-
sociated circuitry.
35 @ Connect VIVM to VTVM indicates 0.17 If indication is normal,
~ TP3505. volts rms. proceed to step 36.
If indication is abnormal,
check V3508 and as-
sociated circuitry.
36 @ Connect VIVM to VTVM indicates 0.95 If indication is normal,
TP3506. volts rms. proceed to step 37.
If indication is abnormal,
check V3510 and its as-
sociated circuitry.
37 Connect VIVM to VTVM indicates 0. 24 If indication is normal,
TP3507. volts rms. proceed to step 38.
If indication is abnormal,
check V3511, V3512,
and associated circuitry.
38 Connect oscilloscope to 'y If indication is abnormal,
250-kc output jacks i/\/\/ 2.5V proceed to step 39.
J3015 through J3018 o\ [ %
and determine signal I4USEC |
at each jack.
39 @ Connect oscilloscope to cTF If indication is normal,
P3020 and adjust scope sv proceed to step 40.
for .5 usec/cm. { L
et If indication is abnormal,
T1USEC check 1-mc source in
3100 deck and cabling.
40 @ Connect VIVM to VTVM indicates 20 If indication is normal,
TP3701 and measure volts rms. proceed to step 41.
voltage.
If indication is abnormal,
check J3701, T3701,
C3701, R3701, R3703.
N\
41 Connect VIVM to VTVM indicates 0.74 If indication is normal,

TP3702 and measure
voltage.

volts rms.

yet no output at any of
jacks (J3015-J3018),
check J3702, P3021, and

cabliug.

If indication is abnormal,
check V3701, V3702,
V3703, and associated
circuitry.
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SECTION 6
MAINTENANCE

6-1. INTRODUCTION.

Maintenance may be divided into three categories:
operator's maintenance, preventive maintenance, and
corrective maintenance. The operator's maintenance,
normally the maintenance carried out by the operator
as he works with the equipment, is in Section 3 of
this manual. Preventive and corrective maintenance
procedures are given in this section.

The HFS-1 has been designed to provide long-
term, trouble-free operation under continuous duty
conditions. It is recommended that any necessary
maintenance be done by a competent maintenance
technician familiar with troubleshooting techniques.
If the trouble cannot be corrected by following the
procedures in this section and section 5, it is re-
commended that the HFS-1be returned to the Technical
Materiel Corporation for servicing.

6-2. PREVENTIVE MAINTENANCE.

In order to prevent failure of the equipment due
to corrosion, tube failure, dust, or other destructive
elements, it is suggested that a schedule of pre-
ventive maintenance be set up and adhered to. At
periodic intervals (at least every six months) the
equipment should be removed from the rack for clean-
ing and inspection. All accessible covers should

be removed and the wiring and all components inspect-
ed for dirt, corrosion, charring, discoloring, or
grease, Dust may be removed with a soft brush.
Remove dirt or grease from electrical parts with
trichlorethylene. Remove dirt or grease from other
parts with any good dry cleaning fluid.

WARNING

When using carbon trichlorethylene, make
certain that adequate ventilation exists.
Avoid prolonged contact with skin.

The preliminary inspection procedure, as outlined
in table 5-2 can be used as a guide to preventive
maintenance.

6-3. CORRECTIVE MAINTENANCE.

a. GENERAL. The corrective maintenance pro-
cedures are essentially Technical Materiel Corpora-
tion's factory alignment procedures modified for use
in the field. Alignment procedures for the various
functional sections aregiven in paragraphs 6-4 through
6-9.

b. TEST EQUIPMENT AND TOOLS. Table 6-1
lists the test equipment and tools necessary for align-
ment.

TABLE 6-1. TEST EQUIPMENT AND TOOLS

EQUIPMENT OR TOOL

MODEL

RF signal generator
Frequency counter

Oscilloscope
RF Vtvm

50-ohm, 1/2 watt, resistor with
miniature RG-174/U cable and
TMC-PL-204 Plug

JFD Tool No. 5824 3/16 hollow
spintite with concentric screw-
driver

5/16 hollow spintite to receive
concentric screwdriver

Measurements Corp., Model 82 or equivalent
Hewlett-Packard, Model 424C or equivalent

Tektronics Type 545A or equivalent

Ballantine 314 or equivalent
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c. PRELIMINARY ALIGNMENT PROCEDURES.
Before atterapting any alignment procedures, make
sure that the following steps are performed.

(1) Unit is completely installed and all cables
and interconnections are made.

(2) The receiver must have had a least six hours
warm-up in a STANDBY condition prior to align-

s b
111CliL.

(3) The voltage at TP8001 and TP8002 on the
power supplies must read exactly 200 volts dc. If
it is not, adjust regulator potentiometers R8014 and
R8025 as necessary.

(4) Connect an oscilloscope to 1 mc 1nt. std.
jack J3019 at rear of HFS-1. Scope should indicate
a 'clean" 1-mc signal with a peak-to-peak voltage
of 5 volts. If any abnormal indication is present,
refer to section 5 of this manual before continuing.

(5) Connect an oscilloscope to TP3401 and check
waveform. See step 17 in table 5-4 for correct
waveform.

(6) Connect an oscilloscope to TP3402 and check
waveform. See step 18 in table 5-4 for correct
waveform.

(7) Connect an oscilloscope to TP3403 and check
waveform. See step 19 in table 5-4 for correct
waveform. If abnormal indication exists, wunlock
R3411 and adjust it until proper waveform exists.

(8) Connect oscilloscope to TP3301 and check
waveform. See step 12 in table 5-4.

(9) Connect oscilloscope to TP3302 and check
waveform. See step 13 in table 5-4. I abnormal
indication exists, unlock and readjust R3303 until
proper waveform is indicated.

(10) Connect oscilloscope to TP3201 and check
waveform. See step 7 in table 5-4.

(11) Connect oscilloscope to TP3202 and check
waveform. See step 8 in table 5-4. If abnormal
indication is present, unlock and adjust R3203 until
proper waveform exists.

(12) Connect oscilloscope to TP3101 and check
waveform. See step 4 in table 5-4.

(13) Connect oscilloscope to TP3102 and check
waveform. See step 5 in table 5-4. I abnormal
indication is present, unlock and adjust R3104 until
proper waveform exists.

NOTE
The alignment of the 3500 deck should be

undertaken before the alignment of the 3400
deck in order to simplify overall procedures.

0046330018

6-4. ALIGNMENT OF 3100 DECK.

a. Disconnect P3105 from J3105 and insert in-
dicator tube plug into J3105. Also connect a 56-
ohm resistor (1/2 watt) load at J3102. Connect os-

rose J2109
IroSsS o

cilloscope ac 3102,

SLUY {&

With the alignment tool, adjust C3128. The wave-
form should be a 'clean' 4-kc signal with a peak-
to-peak amplitude between 0.5 and 0.8 volts.

c. Set the .1 KC switch to the indicator position
listed in table 6-2 below and adjust the particular
capacitor to its corresponding {requency. The ous-
cilloscope should indicate signals between 0.5 and
0.8 volts at each frequency.

TABLE 6-2. CAPACITORS TO BE ALIGNED

NIXIE
INDICATION |CAPACITOR | FREQUENCY (KC)
1 C3129 3.9
2 C3130 3.8
3 C3131 3.7
4 C3132 3.6
5 C3133 3.3
6 C3134 3.4
7 C3135 3.3
8 C3136 3.2
] C3137 3.1

d. Remove dummy load and reconnect P3102 to
J3102.

6-5. ALIGNMENT OF 3200 DECK

a. Connect the oscilloscope to TP3203. Set 1 KC
nixie selector switch to 0.

b Adiust C3232 and C3272 for a maximum indiea -
tion of TP3203.

c. Set the 1 KC switch to the positions indicated
in table 6-3 below and adjust corresponding capacitors
for a maximum indication at TP3203.

6-1



TABLE 6-3. CAPACITORS TO BE ALIGNED

NIXIE
INDICATION | CAPACITOR | FREQUENCY (KC)
1 C3233 35
2 C3234 34
3 C3235 33
4 C3236 32
5 C3237 31
6 C3238 30
7 C3239 29
8 C3240 28
9 C3241 27

The output voltage should be at least 0.56 volts
peak-to-peak,

m. Remove the oscilloscope and dummy load from
J3204. Reconnect P3204 and J3204.

6-6. ALIGNMENT OF 3300 DECK.

a. Connect the oscilloscope to TP3303. Set the

10 KC selector to 0" (410 kc).

b. Adjust C3328 and then C3370 for a maximum
indication at TP3303. Then set the 10 KC selector
to the positions indicated in table 6-4, below, and
adjust corresponding capacitors for a maximum in-
dication at TP3303.

TABLE 6-4. CAPACITORS TO BE ALIGNED

d. Set the 1 KC selector to "0."” Then run the
selector through all positions, observing the amplitude
of the waveform at TP3203. Adjust C3272 to main-
tain the amplitudes of the signals within £1.5 db of
each other.

e. Remove P3103 from J3203 and connect oscil-
loscope to J3203. Adjust balance adjust control
R3219 for a minimum indication on the oscilloscope.
Then reconnect P3103 to J3203.

f. Set the .1 KC selector on the 3100 deck to "8"
(8. 2 ke) and the 1 KC selector to "0" (38 kc). Con-
nect the oscilloscope to TP3204 and adjust C3273
for a maximum indication of TP3204.

g. Rotate the 1 KC selector through positions "1"
through ""9" and observe the signal amplitude on the
oscilloscope at each position. If necessary, read-
just C3273 to maintain the amplitudes within x1.5
db of each other.

h. Connect the oscilloscope to TP3205. Set the
.1 KC selector to "1'" (3.9 kc) and 1 KC selector
to "0" (36 kc). Adjust C3274 for a maximum in-
dication at TP3205.

i. Rotate the 1 KC selector through positions '"1"
through ""9' and observe the signal amplitude on the
oscilloscope at each position. If necessary, read-
just C3274 to assure that the amplitudes remain
within +1.5 db of each other.

jo Remove P3204 from J3204. Connect the 50-
ohm dummy load to J3204 and connect the oscilloscope
across the dummy load.

k. Set the 1 KC selector to '"0" and the .1 KC
selector to ""9. " Rotate the .1 KC selector through
all positions. The output voltage should be at least
0.56 volts peak-to-peak.

1. Set the 1 KC selector to '"0" and the .1 KC
selector to ""9." Rotate the 1 KC to all positions.

6-2

NIXIE
INDICATION | CAPACITOR | FREQUENCY (KC)
1 C3329 400
2 C3330 390
3 C3331 380
4 C3332 370
5 C3333 360
6 C3334 350
7 C3335 340
8 C3336 330
9 C3337 320

c. Move the 10 KC selector through positions 9"
through ''0'" again, observing the indications at TP3303.
Ifnecessary, adjust C3370 to maintain the amplitudes
within 3 db of each other.

d. Disconnect P3203 from J3303 and connect os-
cilloscope to J3303. Adjust R3330 for a minimum
indication on the oscilloscope. Then remove oscil-
loscope and reconnect P3203 to J3303.

e. Set the .1 KC switch to "0" (4 kc), the 1 KC
switch to ""9" (27 kc), and the 10 KC switch to "9"
(310 ke). These settings correspond to a frequency
of 351 kec.

f. Connect the oscilloscope to TP3304 and adjust
C3371 for a maximum indication.

g. Move the 10 KC selector through the remain-
ing nine positions, observing the amplitudes of the
signals at TP3304. If necessary, readjust C3371
to maintain the amplitudes within 3 db of each other.

h. Connect the oscilloscope to TP3305. Set the

.1 KC selector to "0" (4 kc), the 1 KC selector to
"1" (35 kc), and the 10 kc to '"0" (410 kec). These
settings correspond to a frequency of 449 kc.
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i. Adjust C3372 for a maximum indication with
the oscilloscope at TP3305.

j.  Move the 10 KC selector through the remain-
ing nine positions, observing the signal at TP3305.
If necessary, readjust C3372 to maintain the signal
amplitudes within 3 db of each other.

k. Disconnect P3304 from J3304 and connect the
50-ohm load to J3304.
across the load.

1. Set the .1 KC selector to "0" (4 ke), the 1 KC
selector to "0" (36 kc), and 10 KC selector to Q"
(410 kc). This corresponds to a frequency of 450 kc.

m. While observing the indication on the oscil-
loscope, rotate the .1 KC selector through all its
positions to "9." Then rotate the 1 KC selector
through all its positions to '9." The signal am-
plitude at each position should be 0.56 volts peak-
to-peak.

n. Place the 10 KC selector in position "1, "' Then,
like in step m, above, while observing the indication
on the oscilloscope, rotate the .1 KC selector through
all its positions to "9." Then rotate the 1 KC se-
lector through all its positions to '9." The signal
amplitude should be 0.56 volts peak-to-peak.

0. Move the 10 KC selector to position "2." Re-
peat step m, above, with the 10-kc selector in this
position,

p. Continue this procedure for the remaining posi-
tions of the 10 KC selector.

4. Remove oscilloscope, dummy load, and recon-
nect P3304 to J3304.

6-7. ALIGNMENT OF 3500 DECK.

a. GENERAL.

(1) Disconnect P301 from J3503. This removes
the HFO input from the tuner. Set MC selector to
a blank position.

(2) Disconnect P3014 from J3501. This removes
the 1-mc input to the 3500 deck.

b. 40.5-MC IF AMPLIFIER CHAIN.

(1) Connect an RF generator to TP3509 and set
the gencrator freguency to 40.5-mc. Reduce the
signal generator output to a minimum required for
an adequate indication to prevent overloading and
oscillation.

(2) Connect an oscilloscope to TP3504 and ad-
just C3623 for a maximum indication.

(3) Connect the oscilloscope to TP3505 and ad-
just C3628 for a maximum indication.

0046330018

(4) Connect the oscilloscope to TP3506 and ad-
just C3634 for a maximum indication.

(5) Connect the frequency counter to TP3506.
Counter should read 40.5 mc +3 kc. 'Then remove
the signal generator and counter. (This "strip"
will I;e "peaked' again after alignment of the 3400
deck.

c. ALIGNMENT OF MC SELECTOR (See figure
6-1.)

(1) Connect an RF VTVM at pin 6 of V3505.
(2) Set the MC selector to the positions indicat-

ed in table 6-5, below, and adjust corresponding
capacitor for a maximum indication.

TABLE 6-5. CAPACITORS TO BE ALIGNED

INI%EE&I¥ION CAPACITOR | FREQUENCY (KC)
3 C3502 49.5
4 C3503 50.5
5 C3504 51.5
6 C3505 52.5
7 C3506 53.5
8 C3507 54.5
9 C3508 55.5

10 C3509 56.5
11 C3510 57.5
12 C3511 58.5
13 C3512 59.5
14 C3513 60.5
15 C3514 61.5
16 C3515 62.5
17 C3516 63.5
18 C3517 64.5
19 C3518 65.5
20 C3519 66.5
21 C3520 67.5
22 C3521 68.5
23 C3522 69.5




TABLE 6-5. CAPACITORS TO BE ALIGNED

(CONT'D)
NIXIE
INDICATION | CAPACITOR | FREQUENCY (KC)

24 3523 70. 5
25 C3524 71.5
26 3525 . m2.5
27 C3526 73.5
28 3527 74.5
29 C3528 75.5
30 C3529 76.5
31 C3530 77.5

d. ALIGNMENT OF 43. 75 - 44. 75-MC AMPLIFIER.

(1) Connect an RF generator at TP3508 and set
the frequency to 44.25 mc (the amplifier mean fre-
quency). Maintain the generator output of the min-
imum required for an indication of tuning during
subsequent steps. Set the 1 MC nixie selector to
a blank position.

(2) Connect a VIVM to TP3501 and adjust C3581
for a maximum indication. Reduce the signal out-
put to zero. The VTVM should indicate zero; if it
does not, the stage is oscillating. Repeat this step
at another point in the circuit until an indication
can be obtained which follows the signal generator
output amplitude. Then adjust C3582 for a minimum
indication.

513 C35I5 C35|| C35I2 C3507

(3) Connect the RF VIVM to TP3502 and adjust
C3588 for a maximum indication and C3590 for a
minimum indication.

(4) Connect the RF VIVM to TP3503 and adjust
C3593 for a maximum indication. Then remove
VTVM.

(5) Reconnect P3011 to J3503 and P3014toJ3501.
Connect the frequency counter to TP3503. Remove
signal generator.

(6) Tune the RF tuner to any even mc; for
example, 2.0 mc. Set up the nixie selectors to the
same frequency: 02000000.

(7) The counter should read in the vicinity of
44.75 mc. Tune the RF tuner to 2.99 mc and the
synthesizer to 02.990000. The counter should now
read in the vicinity of 43.75 mec.

e. ALIGNMENT OF T3504 AND T3406 (3400, 3500
DECK).

(1) Connect a VIVM to TP3507.

(2) Set the nixie selectors to 02.000000 and the
RF tuner to 2.5 mec.

(3) Adjust T3504 for a maximum indication.

(4) Connect VIVM to TP3408 and adjust T3406
for maximum indication.

(5) Rotate the TUNE control between 2.0 and
2,99 mc. The indication should be constant, with
a peak at 2.5 mc. If the drop-off at the ends is
extreme, T3504 and T3405 may be adjusted to em-
phasize either the ''highs' or "lows."

C3505 €c3504 €3502

c3

C3517 c3520 C3516 Cc3514 c3508

C3522 C3524 03526 C35IO

C3506

NOTE
UNIT VIEWED FROM TOP FRONT.
UPPER NUMERAL ON EACH
CAPACITOR IDENTIFIES CRYSTAL
FREQUENCY WHILE LOWER
NUMERAL ON EACH CAPACITOR
IDENTIFIES THE NIXIE INDICATOR
POSITION.

C3509 C35OI

519

C352I C3523 C3525 03527 C3528

Figure 6-1,

6-4

C3529

Identification of Piston Capacitors on 3500 Deck
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C3461 C3464 C3467
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C3459 c3462 C3465
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C3471 C3474 C3477

OC
OL0,
OLO
OLO

C3469 c3472 C3475
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Figure 6-2. Identification of Piston Capacitors on 3400 Deck
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f. ALIGNMENT OF 1 AND 2-MC CIRCUITS.

(1) Connect an oscilloscope to rear panel jack
J3019. Adjust T3505 for a maximum indication.

(2) Connectthe oscilloscope to 2-mc output jacks
J3010, J3011, J3012, or J3013. Adjust T3503 for
a maximum indication. Note the waveform and
compare it with the 2-mc signal shown in step 38,
table 5-4. Then remove the oscilloscope.

6-8. ALIGNMENT OF 3400 DECK.(See figure 6-2.)

a. Connect oscilloscope to TP3404. Place the 100
KC nixie selector in the 0" position. Adjust C3454
and C3463 for a maximum indication.

b. Set the 100-kc nixie selector to the positions
listed below in table 6-6 and adjust the correspond-
ing capacitors for maximum indication on the oscil-
loscope.

TABLE 6-6. CAPACITORS TO BE ALIGNED

EM%ON CAPACITOR | FREQUENCY (MC)
1 C3453 C3462 3.7
2 C3452 (3461 3.6
3 C3451 C3460 3.5
4 | 3450 3459 3.4
5 C3449 C3458 3.3
6 C3448 C3464 3.2
7 C3457 C3465 3.1
8 C3456 (3466 3.0
9 C3455 C3467 2.9

c. Remove P3303 from J3404. Connect the os-
cilloscope to J3404, Adjust R3432 for MINIMUM in-
dication on the oscilloscope. Then remove oscil-
loscope and reconnect P3303 and J3404.

d. Connect the oscilloscope to TP3405. Set the
.1 KC selector to "0" (4 kc); the 1 KC selector to
0" (36 kc) the 10 KC selector to "9" (320 kc); and
the 100 KC selector to "0" (3.8 mec). This corre-
sponds to a frequency of 4.16 mec.

e, Locate CR3413 on the terminal board beneath
the 3400 deck and ground its anode. This disables
the AGC loop to obtain an indication of tuning.

f. Adjust C3473 for a maximum indication on the
oscilloscope.

g. Set the 100 KC nixie selector to the positions
listed below in table 6-7 and adjust the corresponding
capacitors for maximum indication on the oscilloscope.

6-6

TABLE 6-7. CAPACITORS TO BE ALIGNED

]I‘IDI;I(IZ‘).SIE‘:ION CAPACITORS | FREQUENCY (MC)
1 C3472 4.06
2 C3471 3.96
3 C3470 3. 86
4 C3469 3.6
5 C3468 3. 66
6 C3474 3.56
7 C3475 3.46
8 C3476 3.36
9 C3477 3.26

h. Connect the oscilloscope to TP3406. Set the
.1 KC selector to "0'" (4 kc); the 1 KC selector to
10" (36 kc); the 10 KC selector to "1 (400 kc); and
100 KC selector to "0" (3.8 mc). .This corresponds
to a frequency of 4.24 mc. Adjust C3483 for a
maximum indication.

i. Turn the 100 KC selector to ''1" (4.14 mc) and
adjust C3482 for a maximum indication.

j. Advance the 100 KC selector to the positions
indicated below in table 6-8 and adjustthe correspond-
ing capacitors for a maximum indication on the os-
cilloscope.

TABLE 6-8. CAPACITORS TO BE ALIGNED

NIXIE
INDICATION | CAPACITORS | FREQUENCY (MC)
2 C3481 4,04
3 C3480 3.94
4 C3479 3.84
5 C3478 3.74
6 C3484 3.64
7 C3485 3.54
8 C3486 3.44
9 C3487 3.34

k. Remove the ground from the anode of CR3413.
Leav the scope probe at TP3406. S t the 100 KC,
10 KC, 1 KC, and .1 KC selectors to "0."

0046330018



1. While observing the oscilloscope, advance the
10 KC, 1 KC and .1 KC selectors, in succession,
to "9." The amplitude should not change more than
3 db.

m. Advance the 100 KC selector to "1," Then
retard in succession the 10 KC, 1 KC, and .1 KC
selectors to '"0." The amplitude should not change
more than 3 db.

n. Advance the 100 KC selector to "2." Then
advance in succession the 10 KC, 1 KC, and .1 KC
selectors to "9." The amplitude should not change
more than 3 db.

o. Advance the 100 KC selector to "3." Then
retard in succession the 10 KC, 1 KC, and .1 KC
selectors to "8.'" The amplitude should not change
more than 3 db.

p. Continue this procedure for the remaining posi-
tions (''4" to "9'") of the 100 KC selector.

q. Alignment of the 4.25 to 3.25-mc amplifier.

(1) Set the 100 KC selector to "0,'" the 1 MC
selector to ''02."

(2) On the RF tuner, set the BAND and TUNE
controls for a frequency of 2.05 me. This cor-
responds to a synthesizer frequency of 4.2 mc from
the 3500 deck into J3407.

(3) Connect a VTVM to TP3407 and adjust C3493
for a maximum indication.

(4) Carefully rock the TUNE control 150 kc
around 2.05 mc. The amplitude at TP3407 should
remain within 3 db.

(5) Repeat this procedure for the remaining posi-
tions of the 100 KC selector. Set the 100 KC s -
lector to the positions indicated below in table 6-9
and adjust the corresponding capacitors for maximum
indication on the oscilloscope.

6-9. ALIGNMENT OF 3700 DECK.

13702,

across

)
V3703.

~

[ Fat ea e SN B8 L an aciata
LOoniect a oJv-onin €S51Sw0T

T 1/2 watt)
Connect oscilloscope to pin 1 of V.

b. Connect a signal generator to pin 9 of V3703.
Set frequency of generator to 750-kc at an amplitude
of 0.2 volts rms.

¢. Tune L3702 for a maximum output (approxi-
mately 1.8 volts peak-to-peak) on the scope.

d. Connect the signal generator to J3701 and tune
it to an output frequency of 250-kc at an amplitude
of 50 millivolts (rms).

e. Tune L3701 for a maximum output (approxi-
mately 3.3 volts peak-to-peak) on the scope.

f. Retune the signal generator to 1-mc at an am-
plitude of 3 volts rms (as measuredat TP3701). Con-
nect oscilloscope to TP3702.

g. Tune L3703 for maximum output (approximately
3.5 volts peak-to-peak) on the scope.

h. Retune L3701, L3702, and L3703 and lock tuning
adjustments carefully.

i. Measure output voltage. It should be between

1 and 1.5 volts rms at J3702,

TABLE 6-9. CAPACITORS TO BE ALIGNED

NIXIE RF TUNER SYNTHESIZER
INDICATION CAPACITORS FREQUENCY (MC) FREQUENCY (MC)

—

1 C3492 2.15 4.1

2 C3491 2.25 4.0

3 : C3490 2.35 3.9

4 C3489 2.45 3.8

5 C3488 2.55 3.6

8 C3494 2.65 3.6

7 3495 2. 75 3.5

8 C3496 2.85 3.4

9 C3497 2.95 3.3
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7-1. INTRODUCTION.

SECTION 7

PARTS

The parts list presented in this section is a cross-
reference list of parts identified by a reference des-
ignation and TMC part number. In most cases, parts
appearing on schematic diagrams are assigned refer-
ence designations in accordance with MIL-STD-16.
Wherever practicable, the reference designation is
marked on the equipment, close to the part it identi-
fies. In most cases, mechanical and electro-mechan-
ical parts have TMC part numhers stamped on them.

ical pails

To expedite delivery when ordering any part,

specify the following:

a. Generic name.

Front Panel and Main Frame Assembly (Symbol Series 3000)

Assembly or Sub-assembly

100 Cycle Selector Deck (Symbol Series 3100) . . .. ..
1 Kc Selector Deck (Symbol Series 3200) . ... ... ..
10 Kc Selector Deck {Symbol Series 3300) . . . . .. . ..
100 Kc Selector Deck (Symbol Series 3400/3800) . . . . .
1 Mc Selector Deck (Symbol Series 3500/3600) . . . . . .

Regenerative Divider (Symbol Series 3700) . . .. .. ..

LIST

b. Reference designation.

TMC part number,

Model and serial numbers of the equipment
containing the part being replaced, this
can be obtained from the equipment name-
plate.

o

For replacement parts not covered by warranty
(refer to warranty sheet in front of manual), address
all purchase orders to:

The Technical Materiel Corporation
Attention: Sales Department

700 Fenimore Road

Mamaroneck, New York

......................

-----------------------

.......................

.......................

FRONT PANEL AND MAIN FRAME ASSEMBLY

REF TMC
SYMBOL DESCRIPTION PART NUMBER
AT3000 DUMMY LOAD, ELECTRICAL: 47 ohms, ilo%; D1.100-4

1/2 watt; BNC connector type; 3-1/2'" chain.
AT3001 Same as AT3000.
C3001 CAPACITOR, FIXED, ELECTROLYTIC: triple CE-108-1
section; 20 uf each section; 450 VDCW; polarized;
tubular case; plug-in type.
C3002 CAPACITOR, FIXED, CERAMIC DIELECTRIC: CC-100-16
10, 000 uuf; GMV 500 VDCW.
C3003 Same as C3002.
thru
C3011
C3012 CAPACITOR, FIXED, CERAMIC DIELECTRIC: CC-100-32
100, 000 uuf, +80% -20%; 500 WVDC.
C3013 CAPACITOR, FIXED, CERAMIC DIELECTRIC: CC-100-28
100, 000 uuf, +80% -20%; 100 VDCW.
DS3001 INDICATOR. DIGITAL DISPLAY: ionization volt- BI-109-2
age, 170 VDC min; anode current 4. 0 ma individual
cathode wattage, 0.4 watts max; plug-in type;
13 pins.
DS3002 Same as DS3001.
109€53001B 7-1



PARTS LIST (CONT'D)

FRONT 