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LFEFATA: Lesson Plans, lModel DCE-5

To All Holders of this Publication: Please make the following
corrections immediately.

1. Insert new Title Page.
2. Make the following pen and ink corrections:
4

AFC-3 page 13: para d grounds the cathode of?bﬁLSOOl vice

anode.
HFS-1 page 64: TP-3303 10 ¥C selector 1  4OC KC
TP-330L 10 ¥.C selector 5 360 KC
TP-3305 10 KC selector 5 36C KC
page 66:7 TP-3405 10 KEC selector 5 360 KC
TP-3407 nixie selectors at 02.2500;

receiver tuned to 2.25 mcs.

page 67: TP-3409 nixie selectors at 02,250C;
receiver tuned to 2.25 mcs.

page 69: last para 2.25 mc vice 2.26 mcs.

page 76: para g 10 KC selector to 9 320 KC

>

HFR-1 page 14 (block) above RF level meter; should read:
AGC to V-1201 vice V-1206,

frequency from HFO V-1C07 to IA
V-1006 is 3.75 - 33.75 mcs.

Note: Zvery effort has been made to keep errors to a minimum;
however, should errors be discovered, please write to
the address given below, giving page number, lesson number,
and details.

The Technical ateriel Corporation

7CC Fenimore Foad

ilamaroneck, New York

Attention: TDirector of Engineering Services



Model DDE-5 Receiver (AN/FRE-60(v)
Pads used in system checkout:

j The following sketches show the configurations of the 20 DB,
‘ 10 TB, and the 30 DB mixing pads.
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31 January 1963

Measurement of Local Oscillator Radiation from Antenna Jack, J-10C1,
on Model HFF-1 Continuous RF Tuner in iModel DDR-5 Installation.

1. ZEquipment Fequired:
a) Signal Generator: Ieasurements Corp. Model 82 or equivalent.
b) Communications Feceiver: R—}QOA/URR, or equivalent,
¢) Dummy Load: 50 ohms nominal, with BNC termination.
d) Coaxial Adapter: C to BNC for E-39CA/URE Antenna Jack.
e) Coaxial Cables: 50 ohm, with BNC connections,.

T

) Coexial Adapter: " connector, BNC ©

¢t

‘D€

2. The ecquipment was set up initially as indicated in the figure
below. The lodel DDE-=5 receiver was synthesized at the
appropriate RF frequency. The liodel E-390 receiver was tuned
1.75 mc above this, to the local oscillator frecuency, and
adjusted for maximum carrier level indication, which was
recorded.
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The eguipment was then set up as shown in the sketch below,
The signal generator was tuned and adjusted to provide the
same carrier level indication on the E-390 as recorded
previously. The signal gencrator attenuator was then noted;
this reading was taken as the 1.0, radiation.
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The E-390 controls were set as follows:
a) LINE METER: no"

b) ANT TEIM: adjusted for maximum carrier level indication at
each frequency with T"DE-5.

c) LIMITER: QFF,

d) BANDWIDTH: 1 KC

e) BFO: OFF

f) FUNCTION: AGC

g) LOCAL GAILN: MAXY.

h) RF GAIN: [AX.

i) MC and KC CHANGE: adjusted for maximum carricr level
indication at each frequency with DDR=5;

Untouched during signal generator operation.

The following readings were obtained on the HFR-1 Prototype:

HFR-1 BAND RF FREQ L.0. FREQ EADIATION FIGURE
1 2.00 3.75 12.5 uv
2 3.50 5.25 5.5 uv
3 5.00 6.75 7.0 uv
L 7.00 8.75 5.5 uv
5 1C.0C 11.75 1.8 uv
6 15.00 16.75 2.5 uv
7 2C.CC 1.7 50.0 uv
) 25,00 26.75 50,0 uv

W.rH



(2) Voltages at V-302: 87AT switch ON. lMaster Oscillator
Frequency at 4.0 mcs:

PIN RF VOLTAGE DC VOLTAGE AC VOLTAGE

1 0.00 150,00 -
2 3.00 c.10 -
3 ©.90 5.50 -
L - - €.3
5 - - 6.3
6 15.00 80.00 -
7 30.0C -18.50 -
8 11.50 - 7.60 -
9 GND GND GND



Title: Model HFS-1 Frequency Synthesizer and Standard

Military Nomenclature:
Generator, Reference Frequency: 0-941/UR
Objectives:

a) to discuss the functions of the Model HFS-1 in the Model
DDR-5 receiving system.

b) to explain the principles of operation of the following
basic circuits in the Model HFS-l:

(1) Phantastron divider circuit.
(2) Bloecking Oscillator circuit.
(3) Phase detector circuit.

¢) to discuss the principles of operation of the Model HFS-1,
pointing up significant circuit parameters.

d) to demonstrate, with appropriate test equipment, the
alignment of the unit.

e) to illustrate the interconnection of the Model HFS-1 with
other units of the Model DDR-5 system.

R ferences:

CK-582: schematic, 3100 deck.

CK-583: schematic, 3200 deck.

CK-580: schematic, 3300 deck.

CK-584: schematic, 3400 deck.

CK-585: schematic, 3500 -3600 deck.

CK-60L4: master schematic, Model HFS-1

CK-601: schematic, Model HFR-1 RF Tuner

CK-537: schematic, 3700 deck (regenerative divider)
CK-578: schematic, main chassis.

R He O O

(1)



Training Aids:

a) Model DDR-5 raceiving system, set up for operation.

b) Oscilloscope: Tektroniks model 545A, or equivalent.

c) VIVM: H,P., Hodel 410B, or equivalant.
d) Frequency Countsr: H.P, Model 524C, or aguivalent.
e) MVeasurements Corp. Model 82 Signal Generator, or equivalent.

Introduction:

"he Model TTF-5 raceiver, (AN/FRR-£0-(v]}]}, is 2 general coverasge
receiver designed for opsration in the ranges 2 - 22 mes.

The local oscillator, (EFC), in the llodel HFE-1 "front end" may
he precisely controlled over its entire range, 3.75 mc - 23,75 me ,
in 100 cycle steps, assuring the freguency stability so necessary
for SSB operation. The precise control of the HFO is accomplished

by employing a synthesizer unit with a built in frequency standard

having an accurecy of 1 part in 100,00C,00C per day.

The synthesizer unit furnishes the HFO circuits with a DC control

voltage, the amplitude and polarity of which depends on the error

of the HFO, Illuminated "Nixie" lights on the synthasizer front

panel are actuated by selector switches; the nixie lights are
., coded to provide a display of the receiver fregquency.

5 Presentation:

A. General Description and Orientation:
(to be accomplished with an actual HFS-1 unit)

1. The Model HFS-1 synthesizer unit is divided into seven
decks, or functional sections, as listad below:

; ; a) 3000 Deck:

Drawer; input ond outrut terminal connections; front
panel; nixie lights; filter naneal, Tn ganeral, all
components mounted on the main skelston,

b) 31C0 Deck:

“lug in unit; the ,1 ¥C selactor. The 1 mc standard
énd the phase cowmparator circuits are included,
Call attention to the ESXTERNAL - INTZRNAL switch.

B e A R

¢) 3200 Deck:

S
i

-+

Plug in unit; 1 ¥C selactor,

>

d) 3300 Neck:
lug in unit; the 10 KC selector.

(2)




e) 3400 Deck:
Plug in unit; the 100 XC selector. The final phase
detector circuit is also included; this circuit
furnishes the DC control voltage to the HFO circuit.

f) 3500 - 3600 Deck:

“lug in unit; the "LC" selector unit. Also called the
"high frequency loop". A 2nd harmonic generator is also
included. The 36C0C series was combined with the 3500
series because symbols in the 3500 series were
exhausted,

g) 3700 Deck:

A regensrative divider circuit., which produces a 250 ¥C
frequency, locked to the 1 mc standard, for use in
another unit.

2. The Model HFS-1 may be considered to comprise:

a) a basic synthesizer unit composed of the 3100, 3200,
33CC and 3400 decks, which produces & reference
frequency, locked to the 1 mc standerd, in the range
L.25 - 3.2501 mc, in .1 KO steps.

« b) a high freguency loor, which produces a freguency in the
N L range 4.25 - 3.75 mes; this frequency contains the error
e of the HFO circuit of the lodel HFE-1 "front end".
The high frequeary loop is contained in the 3500 - 3600
deck.

¢c) a 1 mc standard, accurate to 1 part in 100,000,000 per
day, which is used as the system reference., This is
contained in the 3100 deck.

d) a phase detector circuit which compares the outputs of
the basic synthesizer and the high frequency loop;
these two frequsncy outputs should be the same, The
phase detector produces a correction voltage proportional
to the error between the two frequencies which is used
to correct the frequency of the HFO. This circuit is
included in the 3400 deck.

e) a regenerative divider circuit, which produces a 250 KC
signal, locked to the 1 mc standard, for use as a
re-inserted carrier in another unit. This is the 3700
deck.

(3)




f) a second harmonic generator circuit, which produces
a 2 mc signal, locked to the 1 mc standard, for use
as an injection frequency in another unit. This circuit
is included in the 35C0 - 3600 deck.

g) a phase comparator circuit, used to compare the phase
of the internal 1 mc standard with the phase of an
external standard, and show the result on a front panel
meter, This circuit is included in the 3100 deck,

B. Principles of Operation:

Refer to the General Simplified Block Diagram, lModel HFS-1.

1. The 1 mc standard circuit, with an accuracy of 1 part in
100,000,000 per day, is contained in the 3100 deck. The
1 mc reference is delivered to the 3400 deck, where, by
means of frequency divider circuits, it is reduced to
10C KCS. The 1CC KC reference is used to create
synthesized frequencies in the 3400 deck; it is also
delivered to the 3300 deck.

2. In the 3300 deck, the 100 KC input is reduced to 10 KC
in a divider circuit. The resultant 10 KC signal is used
as a reference for the synthesizer circuits of the 3300
deck. It is also delivered to the 3200 deck.

J,(#\‘x 3. In the 320C deck, the 10 KC input is reduced to 1 KC in
S j; a divider circuit. The 1 KC signal is used as a reference

for the synthesizer circuits of the 3200 deck; it is also
delivered to the 3100 deck.

4o In the 3100 deck, the 1 KC input is reduced to 100 cycles
in a divider circuit. The 100 cycle signal is used in the
synthesizer circuits to produce a frequency in the range
4L KC - 3,1 KC in ten 100 cycle steps. A selector switch
determines the exact output frequency, and illuminates
the appropriate numeral of the .1 KC nixie light on the
front panel. The selected frequency in the range 4 KC-
3.1 KC is delivered to a balanced modulator in the 3200
deck.

5. In the 3200 deck, the 1 KC signal is used in the
synthesizer circuits to produce a frequency in the range
36 KC - 27 KC in ten 1 KC steps. A selector switch
determines the exact frequency, and illuminates the
appropriate numeral of the 1 KC nixie light on the front
panel. A balanced modulator circuit adds the 36 KC - 27 KC
frequency selected in the 3200 deck with the 4 KC - 3.1 KC
frequency selected in the 3100 deck. The resultant output,
a frequency in the range 4O KC - 30.1 KC, in .1 KC steps,
is applied to the 3300 deck.

(4)



General Simplified Block Diagram, Model HFS-1:
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7

The 10 KC signal in the 3300 deck is used in the synthesizer
circuits to produce a frequency in the range 410 KC =~

320 KC in ten 10 KC steps. A selector switch determines

the exact frequency and causes the appropriate numeral on
the 10 KC nixie light to be illuminated.

A balanced modulator circuit adds the selected frequency in
the range 4L10KC -~ 320 KC, with the 40 KC - 30.1 KC signal
from the 3200 deck. The resultant, a frequency in the

range 450 KC - 350.1 KC, in .1 KC steps, is delivered to

the 3400 deck.

In the 3400 deck, the 100 KC signal is used in the
synthesizer circuits to produce a frequency in the range
3.8 mc ~ 2.9 mc in ten 100 KC steps. A selector switch
determines the exact frequency selected and causes the
appropriate numeral on the 100 KC nixie light to be
illuminated.

A balanced modulator circuit adds the selected freguency
in the range 3.8 mc - 2.9 mc with the frequency from the
3300 deck in the range 450 KC - 350.1 KC., The resultant
is a frequency in the range 4.25 mc - 3.2501 mc, in

.1 KC steps. This is applied to a phase detector circuit
in the 3400 deck.

The 1 mc standard signal arrives at the 3500 - 3600 deck,
and is applied to a 2nd harmonic generator circuit. The
2 me output, locked to the 1 me standard, is delivered

to the HFI-1 unit for use in the second converter,

The 1 mc input to the 3500 - 3600 deck is also used in the
synthesizer circuits. These circuits also employ a 48.5 =-
77.5 mc oscillator, operated by a selector switch in 30
one mc steps. Another input to the synthesizer circuits
arrives from the HFO circuits of the lModel HFR-1l. Since
the HFO is always operating 1.75 mc above the incoming
signal, the HFO fregquency input will range from 3.75 mc

to 33.75 mcs.

The synthesizer circuits of the high frequency loop
produce a frequency in the range 4.25 - 3.25 mes, in 30
steps. The selector switch determining the exact freguency
causes the appropriate numeral of the IC nixie lights to
be illuminated. This 4.25 - 3.25 mc freguency contains
the error, if any, of the HFO circuit. It is delivered to
the phase detector circuit of the 3400 deck.

The phase detector compares the two nominally 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 phase detector circuit also
produces an audio sync tone for tuning and alignment
purposes. The tone freguency is proportional to the error

(6)
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/0) Block Diagram, 3100 Deck, lodel HFS-1:

)

The .1 ¥C Selector Deck, or 3100 Deck, receives pulses at a freguency
of 1 XC from the 32CC deck. The 3100 deck delivers an outputb in

ten .1 KC steps from 4.0 KC to 3.1 KC to the 3200 deck, in

accordance with the setting of $-31Cl, the .1 XKC selector switch

on the front panel of the HFS-1.

Oone section of the .1 KC selector switch, S-31C1lA, causes the .1 ¥C
*nixie™ light on the front panel to illuminate the numeral
corresponding to the selected frequency. .

The 1 ¥C pulses from the 32CC deck enter at J-31C1, and are applie
to ¥V-3101, & 1C:1 FPhantastren divider cirenit. The 100 cycle

pulses developed by V-3101 are applied to V-3102, an amplifier-
cathode follower circuit. The 100 cycle pulse taken from the
cathode of V-3102 is rich in harmonics; this pulse is applied to

one of ten crystals, cut for frequencies between 4.0 KC and 3.1 FC.
The 100 cvcle pulse excites the appropriate crystal, and a frequency
in the range 4.0 KC - 3.1 KC is applied to amplifier stage V-3103.
The appropriate crystal, with its individual trimmsr capacitor,

is selected by switch sections 5-3101F and S5-3101D.

Switch ssction S-31C1C inserts the proper value of capacitance in
the plate circuit of V-3103 to tune this stage.

ar, V=310L,

wodoy

The output of V-3103 is applied to another amplifi
e of capacitance in

Switch section S-3101B inserts the proper valu
the plate circuit to tune Lhis stage.
tscociated with the circuit of V-31C4 is an AGC loop, designed to
assure constant amplitude of the 4.0 - 3.1 KC signal regardless of
the freguency selacted.

The output of V-3104 is applied to J-3102, from which point it is
delivered to the 32C0 deck.

Included in the 3100 deck is the 1 mc standard, which acts as the
raferance for the entire system. The output of the standard,
7-3101, is applied to a lmc amplifier, V-3105A; the output of this
amplifier stage is connected to switch S-31C2.

in external 1 me standard may be connected at J=3107,
S-3102 selects either the internal or external 1 mc si
applies it to the 1 mc outrut jack, J-3103.
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Both the intsrnal and extsrnal 1 mc signals are connactad tc a phace
comparator circuit ¥-31C5B; the output of this circuit is

connectad to J-BlOé, from which point it is delivered to the nhase
comparator meter of the HFS-1 on the front panel,
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f,/) Block DNiagram, 3200 Deck, Model HFS-1:
The 1 XC Selector Deck, or 3200 Deck, recesives:

a) pulses at a frequency of 10 KC from the 3300 deck.
b) an output in the range LKC-3.1 ¥C from the 3100 deck.

3

he 3200 deck delivers:

a) output pulses at a fregquency of 1 KC to the 31CC deck.
b) an outpuu in the range LO KC-3C.1l KC to the 3300 deck, in
accordance with the settings of S-3101 on the 3100 deck and

$-3201 on the 3200 deck.

The 10 KC pulses from the 330C deck arrive at J=3201 and are
applied to V-3201, a 10:1 Fhantastron divider circuit. The 1 ¥0
output of the lelder circuit is anplied to V-320?, an amplifier-
cathode follower circuit.

The 1 KC output at the plate of V-3202 is applied to J-320C2; from
this point the 1 KC pulses are delivered to the 3100 deck,

The harmonic rich 1 ¥C pulses at the cathode of V-3202 are applied

to one of ten crystals operated as narrow band filters, These
crvstals are cut for freouen01es betwean 36 KC and 27 ¥C.

The 1 KC pulse excites t he appropriate crystal and a frequency in

the range 36-27 KC is applied to amplifier V-3203. The appropriate
crystal, with its associated trimmer capacitor, is selected by
switch sections S-32C1F and S-3201E.

Switch section S-=3201A causes the 1 KC "nixie" light on the front
panel of the HFS-1 to illuminate the numeral correspronding to
the selected frecuency at this point.

Switch section S-32C1D inserts the proper value of capacitance to
tune the plate circuit of V-3203.

The output of V-3203, in the range 36-27 FC, is arplied to a
balanced modulator circuit. The second input to this balanced
modulator circuit arrives from the 3100 deck at J-32C3; this is
a frequency in the range L - 3.1 ¥C, as selected by S-31C1,

The CFldﬁC@d modu
but cub t pircuit
out put of thc balanced

lator produces sum and difference frcqucncies,

t.a tuna onlv to tha sum fracuenciss. 7The
modulator, them, may ba conszdered as a range
5

b3

-

N~

of fracusnci=s bstween LC I'C and 3
2

f -~ - Vo

1 T ] a1 e
od -V, in 0. 1w St

accordings to tha settings of $-3101 and S-322C1,

The balanced nmodulator outjyut is applied to amplifier V-2204,
which is tuned by means of switch sectlons )-3?ClC and u—32C1u.
The stage has an associatsd AGC loc,, '~ " .21 to maintain a

. constant output amplitude regardless of the freguency selected.

vt At Va320h i Yiad to J=320L, from which neoint it is

a
ad to ths 33C0 deck
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/2 ) Block Diagram, 3300 Deck, Model HFS-1:

The 10 XC Selector Deck, or 3300 Deck, receives:

oo

) pulses at a frequency of 100 KC from the 3400 deck.
) an output in the range 4O - 30.1 KC from the 3200 deck, the
exact frequency depending on the settings of S-3101 and S=-3201.

-3

he 330C Deck delivers:
) output pulses at a frequency of 10 KC to the 3200 deck.
) an output in the range 450 - 350.1 KC to the 3400 deck; the

exact frequency depends on the settings of S-3101, S-3201 and
S=3301.

oo

The 100 kKC pulses from the 3400 deck arrive at J-33Cl, and are
applied to V-3301, a 10:1 Thantastron divid er circuit. The 10 ¥C
output of the divider circuit is applied to V-3302, an amplifier-
cathode follower circuit. The 10 KC output at the plate of V-3302
is applied to J-3302, for delivery to the 3200 deck.

The harmonic rich 10 KC pulses at the cathode of V-3302 are

applied to one of ten crystals operated as nerrow band filters,
These crystals are cut for frequencies of 410 - 320 KC. The 10 ¥C
pulses excite the appropriate crystals and a freguency in the range
L10 - 320 KC is applied to amplifier stage V-3303. The appropriate
crystal, with its associated trimmer capacitor, is selected by
switch sections S-3301F and S-3301E,

Switch section S=33ClA causes the 10 KC ™ixie" light on the front
ranel of the HFS-1 to illuminate the numeral corresnonding to
the selected fregusancy at this point.

Switch section S=3301D inserts the proper value of capacitance to
ine the 7 -%=2 circuit of V-3303.

The output of V-3303, in the range 410 - 320 KC, is applied to a
balanced modulator circuit. The second input to this balanced
modulator circuit arrives from the 3200 deck at J-3303; this is a
frequency in the range LO - 3C.1 LC, as selected by 5-3101 and

S-32C1.
The balancad modulator produces sum and difference freguencies,
but subsesqusnt circuits tune only to the sum freguencies, The
out put of the balanced modulator, then, nay be considered as a
range of freacuencies between 450 KC and 35C.1 KC, in .1 KC steps,
according to ths settings of £-31C1, §-2201 and S=-330l,
The balancad modulator output is applied to amplifier V-3304, which
is tuned by means of switch sections S-3301C and S-3301B, This
stage has an associated AGC loop, designed to maintain a constant

a

uency selected,

si
output amplitude regardless of the fre
J=3304, from which point it is

The output of V-3304 is applied to
deliverad to the 34CC deck.
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13)

Block Diagram, 3400 Deck, Model HFS-1:
The 34,00 deck, or 100 KC selector deck, receives:
a) a 1 mc signal from the frequency standard circuits.

b) a frequency in the range 450 KC - 350.1 KC from the 3300 deck;
the exact frequency, in .1 KC steps, depends on the settings
of S-3101, S-3201 and S-330l.

c) a frequency in the range 4.25 - 3.25 mc from the high
frequency loop, or 3500 - 3600 deck. The exact frequency
depends on the setting of S-3501 and the frequency of the
HFO in the Model HFR-1.

The 34,00 deck delivers:
a) a 1 mec signal to the 3500 - 360C deck.

b) a DC correction voltage to the varicap control in the HFO
circuits of the lodel HFR-1l.

¢) an audio sync tone to the Model HFA-1l for tuning and
alignment.

d) a control voltage for the "SYNC" light, at J=-3408,

The 1 mc signal input from the 1 mc standard circuits arrives
at J-34,01; this signal is applied:

a) to a 2:1 divider multivibrator circuit, V-340l.
b) to a 1 mc output jack, J=3402.

V-3401 divides tpe 1 mc input by a factor of 2, and the
resultant 500 KC' signal is applied to V-3402, a 5:1 Phantastron
divider circuit. The 100 KC output of V-3402 is coupled to
V-3403A, an amplifier - cathode follower circuit. The output
at the plate of V-3403A is applied to J-3403, for delivery to
the 3300 deck. The cathode output of V-3403A is used to
synchronize a blocking oscillator - cathode follower circuit,
V-34038. The blocking oscillator reshapes the 10C KC pulses
to improve the harmonic content; these pulses are applied via
selector switches S-3401G and S-3401F to one of ten crystals,
in the range 3.8 mc - 2.9 mc; the crystals act as narrow band
filters and respond to the 29th through the 38th harmonics of

1100 KCS.

. The crystal output is delivered to V-3404, an RF amplifier, the
-plate circuit of which is tuned by S=3401E; the signal is then

applied to a balanced modulator circuit.

(14)



The second input to this balanced modulator circuit arrives at
J-3404; this input originates in the 3300 deck.

This second input is a frequency in the range 450 KC - 350,1 KC,
as determined by the settings of 5-3101, S5-3201 and S-3301.

The balanced modulator circuit produces sum and difference
frequencies, but subsequent circuits select the sum frequencies only.
The output range, then, may be considered to cover a range between
L.25 mc and 3.2501 mc, in .1 KC steps.

This signal is delivered to V-3405, an RF amplifier circuit with
an associzted AGC loop. The grid circuit is tuned by S-3401D
and the plate circuit by S-3401C. The output of this stage is
fed to a phase detector circuit, the final "modulation” circuit
of the 3400 deck.

The second input to this final phase detector circuit arrives from
5-34,07 via RF tuned stage V-3406. This input 1is in the range

L.25 mc - 3.25‘mc, and arrives from the high frequency loop.

The phase detector compares the phase of these two nominally
jdentical frequencies, and produces:

a) a DC correction voltage, the amplitude and polarity of which
is determined by the error between the two signals.

b) an audio sync tone, the frequency of which is proportional to
the error between the two signals. The frequency of the tone
decreases as the error decreases; when the two input frequencies
are precisely identical, no audio tone is produced.

¢) a control voltage to J-3408, from which point it is applied to
a relay in the Model HFS-1 3000 deck; this relay controls the
nSYNC" light in the lodel HFR-1.

The frequency from the basic synthesizer is a truly synthesized

reference frequency, locked to the 1 me standard.

The frequency from the 3500 - 3600 deck is also synthesized, but
it contains the error of the HFO.

The DC correction voltage developed in the final phase detectar

leaves at J-3405, and is used to correct the HFO frequency

by changing the bias on a Varicap in that circuit.



J 3508 e2mMc ourPur

7P 350/ 7P3s02
$3501D

Visos ¥3.76- V3507 #3.75-  TUzs0q ]

(V35018 | V3s0A 48.5- 77.8MC 3,75~ 44.25MC 43,75 Y4 PEME 143,75 -

P L e = A T I g 20 RRM v 3501- 7% P05 me e ""iiw‘-?!ﬁ’c ! lvp 75 me
wrer DML [ CEM : nh. g MC Lf”w' LA | ompe

i ! | —:—-l Y3530 | _esc

| i VAN 7P 3508

9— z 3501
Ime ] | C3%0(- C3§30 40 PASS
§ [ 34 Mo
‘ | i =0
! : ! =
: i' : } s3cpi !
! | S :
vicos 1, ruise L Z 3502 | . ‘OT’O——_——‘
me | /0 PUSE g, racs | ] i
posse | U o 1
2 AN : i Mo i - - I ‘y
% ‘ S S S ' 4.4 7.6 MG y3siz ]

/ ga«.:f' |
: J-3503  weur SR 4EO a.zswe |
IV HEK) WNIT Wil

5 r Lo 3,75 mc—- 33.78 ¢

o Y I LRSI S IR I N

- ? o A ,\.’3_‘,':4 —~
i =y PV “ g fﬁ 3367
cF 4 ME i i#'?.::' - —1)

‘ 7P 3509 ! .8 MC
"O 2 PL
: !

L3500 s e me ] ,
is0.5 ME : - T 3504 A

; Cov e H ’l._:){. 3,24 M
P : i 70 3460 &icX
L ! e l%0.5Mmec
v i 7P 350¢ O !
.i ‘
) - v3isog
! %r L400.§ MC ‘
{ | AriP i
. i i : H
\ i o o P 3506 i
: ; TP 30T e ET- R s ") |
i H
A i |
| 2 i : o i
: visio ‘ . FOSHC AL Sas !
i P
H i
1 oo -t
|
. ; B L - ) _ J3s50e
: i I ’ - 1200V < =~ 1
. i \ f3v e &
IS } ’ ©: 28 A e
5 z @ - D |
! !
: —— — e Tiror | . .
. ; §2350:8 | 3557 S i i ve = i
. : Y i b : —- {
% | | ! ! 5 ‘ § “ i
1 i ) ) 3 2 i -
* — L__T_.J ------ e —I——' LI B
= B
PR v
Fo TENS MC
1 WX s s 4 e e & FEREEY



’jJBlock Diagram, 3500 - 3600 Deck, Model HFS-1:

fhe 3500 - 3600 deck, also known as the High Frequency Loop or
1 mc selector deck, receives:

|

]

a) a1l mc signal from t

b) a sample of the HFO circuit

3.75 - 33.75 mcs.
The 3500 - 36CC deck delivers:
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jenal for use in the second converter circuit of the
71

b) a frequency in the range L.25 - 3.25 mcs; the exact frequency
depends on the HFO freguency and the setting of 5-3501.
This output is delivered to a phase detector circuit in the
3L0C deck.

The 1 mc input arrives at J-3501, and is amplified in V-3501B.
The output of V-3501B is applied:

it A+ T _AENE

L o)
LAUIIU.U v VCE_ SN e

a) to 2nd harmonic generator circuit V-35C01A, which provides a 2 mc

gnal to provide a2 largse

'.J-

b) to V-3503, which shapes the 1 mc s
number of 1 mc harmonics.

The harmonic rich 1 mc pulses from V-3503 are applied to a low pass
filter, 7-3502, the cutoff frequency of which is 37 mc. The &th
through the 37th harmonics of 1 mc are used. The output of 7-3502
is applied to a 40.5 mc converter stage, V-3506.

V-3502 is a crystal controlled oscillator op
L8.5 - 77.5 mcs, in 30 1 mc increments. One
selected by switch sections $-3501C and S-350
crystal detearmines the frequency of V-35C2,

erating in the range
of 30 crystals is
in

, and the selacted

5-35C014 and $-35C18 are the "tans of nes"™ and "mes"™ seleclor
switches., These connect to tha "tens of mes™ and "mes" nixie
Thase switches

lights on the front panel of the lodel HrS-1. ;
causs the apnropriate "ixie™ lights, corresponding to the crystal
selected, to be illuminated.

A
.

the output of V-3504 is the second iiput to 40.0 mc conve
stage V-3506, The output of V-3506 is always a frequsncy o

T vy &2

Since the plata circuit of V-3506 is tuned to 40.5 mcs, the
appropriate hermonic of 1 me from 7-3502 will mix with the

The output of oscillator V-35C02 is applied to amplifier sts
r

LB.5 = 77,5 me sional from V-350L, and a diffsrence frecuency of
40.5 me will result. Thnis 1s shown lu Lhie sxewmpl#®s oii Lhie
followine page

fellowing page.




Examples

S=3501 V-3502 Freguency 7=3502 Harmonic V-350€ Cutput Frequency

1 L8.5 mc 8 40.5 me

2 L9.5 9 4LC.5 me

L 51.5 11 L0.5 me

5 52.5 12 LO.5 me
The L0.5 mc output of V-3506 is applied to two cascade amplifiers,
V-3508 and V-3510. The output of V-3510 is delivered to
converter stage V-3511.

The output of 48.5 = 77.5 mc oscillator V-35C02 is also applied to

a L3.75 - L44.75 mc converter stage, V-3505. The second input to

this converter is the LO fraquency from the HFO circuits of the

FFR-1, applied via J-3503 and low pass filter 7-35C1., The output

of converter stage V-3505 will always be in the range L3.75 -

L4 .75 mes.

The 1O freguency is always 1.75 mc above the received signal; thus,
f the range of the signal arriving at J-3503 is 3.75 - 33.75 mcs.
The examples below show the relationship:

Examples:
RCVR FREG L0 FREGQ V-3502 FRE( V-3505 OUTPUT

2 mc 3.75 mc 48,5 mc L4 .75 me
3mc L.75 mc L9.5 mc LL .75 mc
L mc 5.75 mc 50.5 mc Ll 75 me
L.2 me 5.95 me 5C0.5 me L .55 me
4.8 mc £.55 me 50.5 me 43,95 me
i« @ mcC A,65 me 50,5 me 43.85 me
L .95 me .70 mc 50.5 me 43,70 me
L .99 me .74 mc 50.5 mc L3.76 mc




The output of V-3505 undergoes amplification in two cascade stages,
V-3507 and V-3509; the output of V-3509 is then applied to the
L.25 - 3.25 mc converter stage, V-3511, The second input to this
converter stage arrives from V-3510, and is always a frequency of
4L0.5 mcs. The output of V-3511 is a frequency in the range

L.25 - 3.25 mes; the exact frequency depends on the LO frequency
and the setting of 5-3501. The output, at J-3504, is delivered

to the 34,00 deck,



.§)Drift Cancelling Feature of the 3500 - 3600 Deck:

The 3500 - 360C deck contains a crystal oscillator circuit, V-35C2,
which operates in the range 48.5 - 77.5 mcs, in 1 me stcns.

This circuit is independent, that is, it is not locked to the 1 mc
standard. The frequency of this oscillator, then, is subject to
drift.

It is desirad that the output of the 350C - 3600 deck be a
in the range L.25 - 3. cs, and that any error be due to F
circuits of the !‘odel HFR-1 only. It is imperative, then, that any
error introduced by the drift of the circuitry of V-3502 be
cancelled out. The block diagram b=low 1llustrates how this
objective is accomplished. Only the essential stages are shown,

Fl is the HF0 freguency; F2 is the frequency output of V-35C2;
F3 is the appropriate harmonic of 1 mc.,

/3 §-37MC v , Va5 fa  vasez xrme osc

H 6’0-5’MC nd
AARMONICS OF s comy

yo.5mes (Fa-f3) e

—
St 398 - 3096 mec, A V3503
/_[_1_—775__._?‘?_{ i 'J;o . . | YR -‘”_A£;A V‘z{aj ).‘(,'/W?g o5
Lyet. o8 mc
L cony

fr-F1 #3085 w5
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V3iF/ g $0-¥MEY  f2-43
vz(—

““_T'




16) Examples of Synthesizer Operation:

Refer to the Tables of Frequency Selection for the HFS-1,
and the Block Diagram, 3500 - 3600 Deck.

The first example will be carefully explained by the instructor
in detail, in the manner indicated in the following text.
Subsequent examples will be worked out by the trainees, with
instructor assistance. Sufficient examples are provided to
assure adequate trainee comprehension.

Example /#1:

Receiver Frequency: 2.0000 mc.

Determine the significant frequencies selected by individual
decks; the HFO frequency, and determine the two final
frequencies applied to the phase detector in the 3400 deck.
Nixie Lights: 02.0000

Basic Synthesizer Frequency Selection:

Deck Indicator Frequency
3100 0 L KC
3200 0 36 KC
R 3300 0 410 KC
P 3400 0 3800 _KC
(%’ff\ 4250 KC, or 4L.25 mcs.
- Frequency Selection, high frequency loop:
Indicator: 02 V-3502 Frequency A48.5 mc
Harmonic Z-3502 8.0 mc
V-3506 Diff. 40,5 me
V-3502 Frequency 48.5 mc
HFO Frequency 3.75 mc
V-3505 Diff LL.75 me

V-3511, input 1  44.75 mc
V-3511, input 2  40.
V-3511, Diff .25 me

Thus: the basic synthesizer unit produces a frequency
corresponding to the last four significant digits of
the receiver frequency, as read on the Nixie indicator.

The high frequency loop produces a frequency
corresponding to the megacycles digits of the receiver
frequency as read on the Nixie indicators.,

This freauency contains the error of the HFO circuit.

(22)



Example #2:

Receiver Frequency: 4.6300 mcs.

Basic Synthesizer Selection: Nixie Lights:

Indicator Deck Frequency
9] 31C0 I, KC
0 3200 36 KC
g 3300 380 KC

High Frequency Loop selection:

Indicator: O4 V-3502 Frequency
Harmonic, Z-3502
Diff V-3506

V-3502 Frequency
HFO freguency
V-3505 Diff

V-3511, input 1
V-3511, input 2
V-3511 Diff

_—.—————————_——-—_-—-___.-—_-—-———————..-———--_---

Example #3:

Keceiver Frequency: 12.50CC mc

Basic Synthesizer Selection: Nixie Lights:
Indicator Deck Frequency
0] 3100 L KC
0 3200 36 KC
C 3300 410 KC
5 3400 3300_KC
3750 KC, or 3.75 mcs.
High Frequency loop selection:
Indicator: 12 V=3502 Frequency
Harmonic, Z-3502
V-3506 Diff

V-3502 Frequency
HFO frequency
V-3505 Diff

V-2511 input 1

V-3511 input 2
V-3511 Diff

(23)

OL4L .6300

3400 800 KC
3620 KC, or 3.62 mcs.

50.5 mc
10.0 me
40,5 me

50.5 mc
6.%8 me
Li .12 mc
L4 .12 mc

1,0.5 mc
3.02 mc

12.500060



Example A :

Receiver Frequency: 31.9999 mcs.

Basic Synthesizer Selection: Nixie Lights: 31 . 9999

Indicator Deck Frequency
9 3100 3.1 KC
9 3200 27.0 KC
9 3300 320.C . KC
9 3400 2900.0 KC

3250.1 KC, or 3.2501 mcs.,

High Frequency loop selection:

Indicator: 31 V-3502 Frequency 77.5 mc
Harmonic Z-3502 37.0 me
V-3506 Diff 4LO.5 mc
V-3502 Frequency 77.5 mc
HFO frequency 337499 me
V-3505 Diff L3.7501 mec
V-3511 input 1 43.7501 mc
V-3511 input 2 L0, 5000 mc
V-3511 Diff 3.2501 mc

S S S S S R SEe e G G S S P e S S e G G G M SE S S e T ML e fEn G T Gl TS G e W S Giv S e G WD I T SUE IS SN G G T W T S S SN e e S G

‘f£ ;) Example /5:

Receiver Freguency: 23,5250 mcs.

Basic Synthesizer selection: Nixie lights: 2 3 . 5250

Indicator Deck Frequency
0 3100 L KC
5 3200 31 KC
2 3300 39C KC
5 3400 3300 KC

3725 KC or 3.725 mcs.

Figh frequency loop selection:

Indicator: 23 V=-3502 Frequency 69.5 mc
Harmonic, Z-3502 29.0 _ mc
V=3506 Diff LC.,5 mc
V-3502 Frequency 69.5 mc
HFO frequency 25,275 mc
V-3505 Diff L4 ,225 me
V-3511 input 1 LL.225 me
V=-3511 input 2 LO,.5 me

V-3511 Diff 3.725 me

(24)



Example #6:

Receiver Frequency: 13.4524 mes,

Basic Synthesizer selection: Nixie lights: 13 ., 4 5 2 L
Indicator Deck Frequency

A 3100 3.6 KC

2 3200 34.0 KC

5 3300 360.0 KC

4

3400 3400,0 KC
3797.6 KC or 3.7976 mcs.

High Frequency loop selection:

Indicator: 13 V-3502 Frequency 59.5 mec
Harmonic Z-3502 19.0 me
V-3506 Diff 40.5 mc
V-3502 Frequency 59.5 mc
HFO frequency 22.202% me
V-3505 Diff LL.2976 mc
V-3511 input 1 44,2976 mc
V-3511 input 2 0.5 mc
V-3511 Diff 3.7976 me

---————--————--—-—-———————_--—-——---—- —————-———————-———-----———-—-

Example /7:

- Heceiver Frequency: 20,0001 mcs.
Basic Synthesizer selection: Nixie lights: 20 . 000 1
Indicator Deck Frequency
1 3100 3.9 KC
0] 3200 36.0 KC
0 330C 410,0 KC
0 3400 3800.0 KC

4249.9 KC or 4.2499 mcs.

High frequency loop selection:

Indicator: 20 V-3502 Frequency 66.5 mec
Harmonic, 7-3502 26.0  mc
V-3506 Diff LO.5 mc
V-3502 frequency 6.5 me
HFO frecuency 21,7501 mc
V-3505 Diff bl 749 me
V-3511 input 1 L7499 me

V-3511 input 2 4045 me
V-3511 Diff L.2L99 me




C. Detailed Discussion of Model HFS-1 Circuitry:

1.

The detailed discussion of the circuitry of the Model
HFS-1 will be presented as follows:

a) Blocking Oscillator Circuit.

b) Phase Detector Circuit.

c) Phantastron Divider Circuit.

d) 3100 Deck.

e) 320C Deck.

f) 3300 Deck.

g) 3400 Deck.

h) 3500 - 3600 Deck.

i) 3700 Deck. ( Regenerative Divider)

Where necessary, simplified schematics and diagrams will
be provided. It should be noted that all waveforms
shown in this part of the lesson plan are idealized.
inother section of the lesson plan will provide significant

waveforms as actually observed on an oscilloscope, with
peak to peak voltages indicated.



Circuit of the Blocking Oscillator - Cathode Follower Circuit of
the 3400 Deck, with Idealized Waveforms.
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3. Discussion of the Blocking Oscillator - Cathode Follower Circuit:

Assume that B Plus has just been applied, and that no triggers are
present from the previous circuit, at R-3419.
Initially, ep is B Plus.

ip is zero.

eg is zero.

ek is zero.

As plate current commences to flow, a CEMF builds up in the plate
winding of T-3402, of such polarity as to oppose any increase in
plate current. This makes the end of the plate winding at the
polarity dot positive.

Due to the polarity inversion of T-3402, a positive voltage appears
at the grid of V-3403B, pin 6. This causes an increase in plate
current, a decrease in plate voltage, an increase of CEMF, and

Ky

an increase in the cathode voltage.

This increase of CEMF causes a further increase of the positive
voltage applied to the grid, a further increase in plate current,
a further decrease of plate voltage, and a further increase of
the cathode voltage.

The action is cumulative and rapid; since the grid, pin 6, is
positive with respect to the cathode, the conducting grid resistance

- shunts R-3426, greatly reducing the charging time constant of
{1; N, C€-3413, which charges rapidly.
')

%:‘ﬁp}v The charge path of C-3413 is via R-2423, rgk, T-3402 and R=3419.

At time tl, ep is minimum, ip is maximum, ek is maximum, and

CEMF is maximum. At this time, grid saturation is reached; that is,
further increases in grid voltage fail to cause a corresponding
increase in plate current.

The instant plate current becomes static, the field around the
plate winding of T-3402 starts to collapse; the polarity of the
CEMF reverses; the polarity inversion of T-3402 causes a large
negative voltare to be applied to the grid; this voltage is in
addition to the voltage stored in C-3413; the tube is driven

waveform chart.

At this time, ek becomes zCro, ip becomes zero, and the plate
voltage rises to B Plus. The plate voltage may actually rise
above B plus due to the CEMF of T-3402,

The grid is now negative with respect to the cathode. C=3413
starts discharging exponentially through the long time constant
path of R-3426, R-3419 and T-3402. This is the period t2 = t3
on the waveform chart. At one point on the decay exponential,
 egk equals eco, and Lhe tube is again able to conduct. The

- circuit re-cycles.

(28)



The result is a series of pulses of short duration at the cathode
of the tube, at the natural resonant frequency of the circuit.

The circuit shown is designed such, that the pulses have a duration
of about one microsecond. The time between pulses is in excess

of ten microseconds. Thus, the natural frequency is lower than

the actual triggered freguency.

In actual operation, triggers, locked to the 1 mc standard, at
a frequency of 100 KCS, are applied to the circuit at R=3419,
These triggers arrive before the instant of natural recycling.
This locks the circuit to the 1 mc reference.

The re-shaping of the 100 KC triggers is necessary to assure

sufficient harmonic content for the creation of the 29th through

the 38th harmonics of 100 KC in subsequent circuits.

cR/D
WRVE F2£1M

JOOKC
THRIESER |
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Simplified Circuit of the Phase Detector of the 3400 Deck:
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Basic Phase Detector Circuit with Significant '‘aveforms:

AL &)y

S

The plot shows e-l, the standard,
at a phase angle of O degrees,
with e-2, the second input, at
various phase angles with
respect to e-l, relative values
of correction voltage are

shown.

For simplicity, the voltages are
shown as square waves, even
though, in actual practice, they
may be sinusoidal. This in no
way detracts from the validity
of the discussion.




L.

Discussion of the Basic Phase Detector Circuit:

a) the purpose of the phase detector circuit is to compare the phase
difference between two nominally identical frequencies and to
produce a correction voltage proportional to the amount of
phase error.

b) one input to the phase detector is locked to a frequency standard
or reference. This is termed the "reference" or "standard"
input,

c) the second input to the phase detector is a source whose frequency
it is desired to control.

d) the correcticn voltage produced by the phase detector is passed
to control circuits, which act to correct the frequency of the
second input.

e) in the typical TMC phase detector circuit, the two frequencies
are "locked in" when their phase difference is plus or minus
90 degrees. In this situation, the average correction voltage
produced by the phase detector is zero.

f) when the frequency of the non standard input drifts by an
extremely small amount, a change of phase is seen by the phase
detector, which immediately produces a correction voltage of the
proper amplitude and polarity to correct the frequency.

the phase difference between the two inputs is continuously
changing by small increments, but the average frequency of the
corrected source is maintained constant.

h) refer to the simplified schematic and waveforms on the preceding
page. An AC voltage, e-l, is applied to T-1; this is the
reference signal, locked to an accurate standard.

This voltage is developed across terminals 3 and 4 of T-1, which
is center-tapped to ground.

i) when terminal 3 of T-1 is positive, diodes CR-1 and CR-2 are
back biased and no current flows in R-1. At point "A" is a
high impedance to ground. VWhen terminal 3 of T-1 is negative,
diodes CR-1 and CKH=2 conduct, developing a voltage across R-1.

j) at the electrical center of R-1, with the diodes conducting, there
appears an effective ground, because of the center tepping of T-1,
Thus, with conduction through R-1, the wiper is at ground if
moved to electrical center, and any signal at point "A"™ will
be lost.



k) the correction voltage is developed at point "A™,

-

Note the similarity between the basic pha

This voltage
is a portion of e-2, the non standard signal source, also

connected at point "A"™, ‘Vhether this voltage is allowed to

appear or not depends on the phase relationship between e-1

a simple relationship is given as an aid in analyzing the
waveforms on the preceding page:

(1) when e-l is positive at terminal 3 of T-1, e-2 will be
developed at point "A™,

(2) when e-1 is negative at terminal 3 of T-1, e-2 will not be
developed at point "A",

se detector circuit Jjust

discussed and the simplified circuit of the actual phase detector
circuit of the 3400 deck on page 30 of this lesson plan.




Schematic of Basic Phantastron Divider Circuit, with Idealized
Waveforms: Voltages and circuit values are for illustration
purposes only; no particular circuit is represented.
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5.

The Basic Phantastron Divider Circuit:

All voltages and circuit values are for illustration only.
The actual observed waveforms, with peak to peak voltages,
will be found in another section of this lesson plan.

a) Static Condition:

(1) the screen grid is returned to B Plus through a 20 K ohm
resistor; a large screen current, 5ma., flows; this

places the screen voltage, esgn, at Plus 100 Volts.

——

(2) for all practical purposes, the screen current is total
cathode current. This current places the cathode,
pin 2, at Plus 10 Volts.

(3) the control grid, pin 1, is also returned to B Plus
through a large value of resistance. A very small
amount of control grid current flows. This places the
control grid voltage, egn-1l, at Plus 10 Volts.

(4) the suppressor grid, pin 7, is returned to a voltage
divider circuit; this places the suppressor at Plus 5V.
The suppressor, then, is =5 volts negative with respect
to the cathode. This cuts off the plate current.

(5) with no plate current, static plate voltage is B Plus.
Actually, the trigger diode conducts slightly, placing
the plate just under B Plus.

(6) the feedback capacitor is charged to the difference
between epn and egn-l, or Plus 190 volts.

(7) the negative triggers arrive at a stable rate; they are
applied at the cathode of the trigger diode. Without
triggers, the circuit remains in a static condition.

(8) the output is taken from the screen grid; it is applied
to a differentiator network, which is not part of the
Phantastron circuit proper.

b) Phases of Cperation:
(1) Phase #1: (t0)

this is a rapid, almost instantaneous change in the
condition of the circuit, similar to multivibrator
action. It is initiated by the first trigger. This
phase causes a sharp drop in ep, eg-l, ik, and ek, and
a corresponding rise in esg.



(2) Phase #2: (to = t-1)

this is the linear period of operation, over which

the rate of change of certain circuit values is constant.
ep and esg fall; eg-l and ek rise. It is this linear
period which makes the Phantastron effective as a
frequency divider,

(3) Phase #3: ( t-1 = t=2 )

this is the rapid recovery period; the circuit returns
to its quiesent state just prior to the arrival of a
predetermined trigger pulse. The other triggers in the
interim do not affect the circuit.

¢) Circuit Operation:
(1) Phase #: ( t=0 )

when the initiating negative trigger arrives, it is
passed by the diode and momentarily drops the plate
voltage. The feedback capacitor attempts to discharge,
driving down the control grid voltage. This reduces the
screen - cathode current considerably; esg rises and

ek falls. The amount of this change depends on circuit
parameters and the tube characteristics,

Since the trigger diode anode voltage is now reduced,

and the diode cathode voltage is approximately 180 volts,
subsequent triggers will have no effect on the circuit.

(2) Phase #2: ( t-0 - t-1)

the suppressor voltage, at Plus 5 volts, is no longer
negative with respect to the cathode, and plate current
commences to flow. As the feedback capacitor discharges,
the control grid voltage rises; plate current increases;
ek rises, esg falls, and ep falls. The fall of ep
causes the feedback capacitor to see a new Voltage
change, and this action continues throughout the linear
period, t-0 through t-1. The action has the effect of
greatly increasing the discharge time constant of the
feedback capacitor, so that the discharge takes place
in the initially linear portion of the discharge
exponential.

(36)



(3) Phase #3: ( t-1 - t=2 )

at a time determined by the discharge time constant

of the feedback capacitor, the voltage ek will rise to
a point where the suppressor grid is again negative
with respect to the cathode. Plate current cuts off;
plate voltage rises to B Plus, and the feedback
capacitor quickly charges via the now positive control
grid. Other circuit voltages guickly return to their
static values. The recovery is accomplished, in the
case of the 5:1 divider circuit shown, just prior to
the arrival of the 5th trigger after the initial
trigger. This is a period 10 usec after the initial
trigger. Thus, triggers at a rate of 500 KC are
applied, and one cycle of output is accomplished in

10 usec, corresponding to a frequency 1CO KCS.

The disclarge time constant is controlled, to a degree,
by the 100 K ohm divider adjust potentiometer in the
control grid circuit.

d) Disposition of the screen grid output waveform:

the screen output is applied to a differentiator circuit,
which produces spikes, as shown below. Subsequent circuits
reduce the effect of the negative spikes, resulting in
triggers at a new frequency of 100 KCS.

Application of the Phantastron in the lModel HFS-1:

The Model HFS-1 contains four Phantastron circuits; the
3,00 deck contains a 5:1 divider, and the 310C, 3200 and
3300 decks each contain a 10:1 divider.

JT
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Discussion of the 3100 Deck:

Refer to schematic CK-582;

a)

pulses at a frequency of 1 KC arrive at J=-3101 from the 3200
deck; these may be monitored at TP-3101. The pulses are
applied to a 10:1 Phantastron divider circuit, V-3101.
R-3104, the 100 cycle adjust potentiometer, is set for a
frequency output of 100 cycles.

the 100 cycle output at pin 6, V-3101, is applied to V-3102
via a differentiator network, C-3104, R-3110. The time
constant of this network is 500 usec; the period of the 100
cycle pulses is 10,000 usec. Positive and negative spikes,
then, are applied at pin 6 of V-3102. The positive spikes
occur at a frequency of 100 cycles; the negative spikes are
removed by the grid clamping action of the circuit.

The 100 cycle output appearing at the cathode of V-3102

is rich in harmonics of 100 cycles; this output may be
monitored at TP-3102.

the harmonic rich 100 cycle pulses are applied to one of ten
crystals in the range 4 KC - 3.1 KC in .l KC steps; the
individual crystals are selected by S-31C1E and S-3101D.

Each crystal has an associated trimmer capacitor connected

in series. The crystals are operated as narrow band filters;
they are tantamount to high ¢ resonant circuits, responding
to the 31st through the 40th harmonics of 100 cycles.

switch section S-3101A is arranged, together with J-3105 and
the .1 KC nixie light on the 30C0 deck, to illuminate the
numeral corresponding to the selected frequency. B Plus is
applied to pin "M" of J-3105; the wiper of S=3101A grounds
the appropriate pin of J-3105 to complete the circuit
through the proper nixie light.

the selected frequency from the wiper of S-3101D is applied
to amplifier V-3103 via filter - coupling network C-3110,
C-3109 and R-3114. C€=3110 has a high reactance (90 K ohms)
at a frequency of 4 KC but acts as a low impedance to
ground for the much higher orders. C-31C9 and E-3114 form
a coupling circuit.

the grid circuit of V-3103 is untuned, since the frequencies
are supplied in discrete steps over a small range.

Effective cathode bypassing and bias is provided by R-3115
and C-3162. The plate circuit is tuned by means of a single
inductor, L-3101, shunted by various values of capacity
selected by S-3101C front and rear.



g) the output of V-3103 is applied, via C-3114, to output

h)

amplifier V-3104. Effective cathode bypassing and bias

is provided by R-3126 and C-3163 in this stage. The plate
circuit it tuned by shunting the primary of RF transformer
T-3101 with various values of capacity selected by S-310C1B
front and rear. The output at the plate may be monitored

at TP-3103. The output at the secondary of T-310l, at an
impedance of 50 ohms, is applied to J-3102, from which point
it is delivered to the 3200 deck.

V-3104 employs an AGC network to insure re:sonably constant
output amplitude regardless of the frequency selected.
A simplified version of the circuit is shown below:
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when the signal amplitude at C-3119 is less than 25 volts
peak, no AGC voltage is developed since C-3119 is prevented
from changing its charge; CE-3102 is back biased with 25V,
and CR-3103 is connected in such polarity that it prevents
an increase of charge.

When the peak signal amplitude at €-3119 exceeds 25 V, C-3119
charges on the positive excursions via CR-3102 and
discharges, via CE-3103, on the negative excursions, into
C-3117. The pulsating AGC voltage is filtered by k-3125
and C-3116, and delivered to the grid of the tube.

The excess signal over 25 volts peak, and the ratio of
C-3119 to C-3117 determine the voltage developed.

k-3124 allows C-3117 to discharge as reauired.

(39)



i) the 31CC deck also houses the 1 mc standard and comparator
circuits. A James Knights sealed 1 mc standard is utilized.
This is Z-3101, an octal socket plug in unit containing the
crystal standard, transistor oscillator, oven circuits and
trimmer adjustment. Pins 2 and 3 of 7-3101 connect to a 28 volt
supply, which originates in the Model HFR-1l. The standard
supplies 1 mc, accurate to 1 part in 100,000,000 per day, at
pin 6; this is applied, via Cc-3158, to:

(1) the 1 mc amplifier circuit, V-3105A.
(2) the 1 mc comparator circuit, V-3105B.

1 mc amplifier is conventional; it amplifies the 1 mc input

1d applics it to the "internal" - "external"” standard switch,
-3102, a DPDT toggle. With S$-3102 in the internal position,

B Plus is applied to V-3105A and the output of the 1 mc amplifier
connects to J-3103, the 1 mc output jack.

with S-3102 in the external position, 3 Plus is removed from
V-3105A and the 1 mc signal from an external standard at J-3107
is connected to J-3103, the 1 mc output jack.,

e
A
Q

k) the phase comparator circuit, V-3105B, receives the internal 1 mc
input at the control grid, pin 2; it receives the external
standard input at the cathode circuit, via C-3161. The circuit
is connected a2s shown below:
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with no signal inputs, the voltage at pin 3 rests at some value
of static plate voltape. R-3140 is adjusted to provide the same
value, resulting in a zero center scale reading of the phase
comparator meter on the 3000 deck. Uith two nominally identical
1 mc inputs applied, the plate voltage at pin 3 will swing

_ higher and lower, as the two inputs swing in and out of phase.

Fa The ratc of swing is a measure of the error, in cycles per

-~ second, of the internal standard. TFor example, if one complete
y swing occurs in 5 seconds, the error is 1/5 cycle.
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Discussion of the 3200 Deck:

Eefer to schematic CK-583:

a)

trigeers at a freguency of 10 KC arrive at J-3201 from the
3300 deck. These triggers, which may be monitored at
TP-3201, are applied to V-3201, a 10:1 Phantastron divider
circuit. R-3203, the divider adjust pot, is set for an
output frequency from pin 6 of 1 KC.

the 1 KC output at pin 6 is applied to V-3202, an amplifier-
cathode follower circuit, via differentiator network C-32Ck,
E-3210. The plate output, consisting of negative triggers,
is applied to 1 KC output Jjack J=3202 for delivery to the
3100 deck.

the cathode output, consisting of positive triggers, may be
monitored at TP-3202. This output, rich in harmonics of

1 KC, is applied to one of ten crystals, in the range 27 KC =
36 KC, in 1 KC steps. The selection is made by switches
S-3201F and S-3201E. Each crystal has an associated trimmer
capacitor connected in series.

S-3201A, in conjunction with J-3206 and the 1 KC nixie light
on the 30C0O deck causes the numeral corresponding to the
selected frequency to be illuminated.

the selected frequency at the wiper of S5-3201E is applied to
V-3203, an amplifier circuit. The plate circuit of this
stage is tuned by the primary of T-3201 and selected values
of capacity connected in shunt by S-3201D front and rear.
Trimmer capacitor C-3272 1is ad justed for best overall
response in the frequency range 27 - 36 KC.

The plate output of V-3203, which may be monitored at TP-3203,
is applied, via the secondary of T-3201, to a balanced
modulator circuit, consisting of plug in diode unit CR=-3202
and associasted components.

the second input to the balanced modulator circuit is applied
at the wiper of the balance ad just potentiometer, 1=-3219,
from J-3203. This signal, the output of the 3100 deck, is a
frequency in the range 3,1 - 4 KC, as selected by S$-3101

on the 3100 deck.

The balanced modulator produces sum and difference frequencies,
but only the sum frequencies are passed. The significant
output, then, is a frequency in the range 30.1 - 40 KC, in

.1 KC steps. The exact frequency depends On the setting of
S-3101 on the 3100 deck and S-3201 on the 3200 deck.

his sum output is applied, via T-3202, to V-3204, the

output amplifier. This range of frequencies represents an
overall band width of 9.9 KC, with 1C0 possible discrete
frequencies in 1CC cycle.steps.

The balance pot is set for minimum output from the balanced
modulator of the 27 - 36 KC injection frequency.

(L1)



g) the grid circuit of V-3204 is tuned by the secondary of
T-3202 and selected capacities inserted by S-3201C front
and rear. The grid input to V-3204 may be monitored at
TP-3204. The plate circuit of V-3204 is tuned by the
primary of T-3203 and selected capacities inserted by
S-3201B front and rear. The plate output of V-3204 may be
monitored at TP-3205. )

Note that trimmer capacitors are inserted in both the grid
(C-3273) and plate {C=3274) circuits.

h) the tuning of these circuits hinges upon two important
considerations:

(1) the overall bandwidth must be about 10 KC, to pass
the range 30.1 - 40.0 KC.

(2) for each position of selector switch S-32Cl, the
bandwidth must be at least 1 KC, since the input
frequency from the 3100 deck covers the range
3.1 - 4 KC.

The correct tuning procedure will be discussed in detail
in another section of this lesson plan.

An idealized version of the resulting response curve is
shown below:
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i) assume that S-3201 is placed in position 9, and that S-3101 on

30./ KC |

the 310C deck is placed in position 9 also. The sum frequency
from the balanced modulator is 30.1 KC and the difference
frequency is 23.9 KC. 1In this case, the difference frequency
is outside the overall bandpass.

assume that 5-3201 is set to position 8, and S-3101 is set to
position 9. The sum frequency from the balanced modulator is
38.1 KC and the difference frequency is 31.9 KC.

For any given position of S-32C1, the effective bandwidth of
the tuned circuits of V-3204 is 1 KC. 1In this case, with S-3201
in position 8, the bandwidth is from 38.1 KC to 39 KC. The
difference frequency is thus rejected.,
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fézgg) k) the 30.1 - 40.0 KC output at the secondary of T-3203 is
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applied to output jack J=3204, from which point it is
delivered to the 3300 deck.

associated with V~3204 is an AGC network similar to that
encountered in the 3100 deck. The signal at the plate of V-3204
is presented to the network via C-3222, CR-3204 is the delay
diode, biased back by voltage divider network R-3221 and R-3220,
Ch-3203 is the AGC diode; C-3218 is the AGC capacitor, which

is allowed to discharge through R-3231, as necessary.



8. Discussion of the 3300 Deck:
Refer to schematic CK-580:

a) triggers at a frequency of 100 KC arrive at J-3301 from the
3,00 deck. These triggers, which may be monitored at TP-3301,
are applied to V-3301, a 10:1 Phantastron divider circuit.
R-3303, the divider adjust pot, is set for an output
frequency of 10 KC from pin 6.

b) the 10KC output from pin 6 is applied to V-3302, an amplifier-
cathode follower circuit, via differentiating network
C-3304, R-331C. The plate output, consisting of negative
10 KC triggers, is applied to 10 KC output jack J-3302
for delivery to the 3200 deck.

c) the cathode output, consiting of positive 10 KC triggers,
may be monitored at TP-3302. This output, rich in harmonics
of 10 KC, is applied to one of ten crystals in the range
320 KC - 410 KC, in 10 KC steps. The selection is made by
switch sections S5-3301F and S-3301E. Each crystal has an
associated trimmer capacitor connected in series.

d) S-33ClA, in conjunction with J-3306 and the 10 KC nixie
light on the 3000 deck, causes the numeral corresponding to
the selected frequency to be illuminated.

e) the selected frequency at the wiper of S-3301lE is applied to
V-3303, a 320 - 410 KC amplifier, the plate circuit of which
is tuned by the primary of T-33Cl and selected capacities
inserted in shunt by S-~3301D front and rear.

Trimmer capacitor C-3370 is adjusted for best overall
response in the 320 - 410 KC range.

The plate output of V-3303, which may be monitored at TP-3303,
is applied, via the secondary of T-3301, to a balanced
modulator circuit consisting of plug in diode unit CR-3302
and associated components.

f) the second input to the balanced modulator circuit is
applied at the wiper of balance adjust pot R-3330C, from J-33(3.
This signal, the output of the 3200 deck, is a frequency in
the range 30,1 - 4C.0C KC, in .1 XC steps, as selected by
S5-31C1 on the 3100 deck and S-3201 on the 3200 deck.
The balanced modulator produces sum and difference frecuencies,
but only the sum frequencies are passed. The significant
output, then, is a frequency in the range 35C.1 - 45C KC,
in .1 KC steps. The exact frequency, which depends on the
setting of S-3101, S-3201 and S-3301, is applied, via T-3302,
to V=3304, the output amplifier. This range of frequencies
represents an overall bandwidth of 1CO KC.
The balance adjust pot 1s set for minimum output from the
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g) the grid circuit of V-33C4 is tuned by the secondary of T-3302
and selected capacities inserted by S-3301C front and rear.
The grid input may be monitored at TP-330L.
The plate circuit of V-330L is tuned by the primary of T-3303
and various capacitors inserted by S-33C1B front and rear.
The plate circuit may be monitored at TP-3305.

Note that trimmer capacitors are inserted in both the grid
(-3370) circuit and the plate (C=3372) circuit.

h) the tuning of these circuits hinges on two important
considerations:

(1) the overall bandwidth must be about 100 KC, to pass the
range 350.1 KC - 450 KC.

(2) for each position of selector switch S-33Cl, the bandwidth
must be at least 10 KC, since the total input frequency
range from the 3200 deck is 30.1 - 40.0 KCS.,

The correct tuning procedure will be discussed in another
section of this lesson plan.

An idealized version of the resulting response curve is
shown below:
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i) assume thet S-3301, S-3201 and S-3101 are all set to position 9;
the sum frequency from the balanced modulator is:

320 KC from the 3300 deck, plus
27 KC from the 3200 deck, plus
3.1 XC from the 3100 deck, or 350.1 KCS.

If 5-3101 is now rotated through all its positions to 0, the
sum frequencies from the balanced modulator become:

S-3101 position & 350.2 K
7 350.3 KC
6 350.4 KC
5 350G.5 KC
4 350.6 KC
3 350.7 KC
2 350.8 KC
1 350.9 XC
0 351.0 KC

If S-3201 is now rotated through all its positions to O, the
sum frequencies from the balanced modulator become:

S=3201 position & 352 KC
353 KC
354 KC
55 KC
6 KC
7 KC
8 KC
9 KC
360 KC

OHFHMNDWE UL O\
Wlowilwow

Thus, for each position of 5-3301, 10 KC of the overall spectrum
must be reserved. This is shown in the sketch below:
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Discussion of the 3400 Deck:
Refer to schematic CK-58)

a) the 1 mc signal from the standard circuits in the 3100 deck
arrives at J-3401; the input may be monitored at TP-3401.
The 1 mc signal is applied simultaneously to:

(1) a 1 mc output Jack, J-3402, from which point the 1 mec
signal is delivered to the 3500 - 3600 deck.

(2) RF transformer T-3401, which incorporates a voltage
step up of the 1 mc signal.

b) the 1 mc signal at the secondary of T-340)1 is coupled via
C-3402 and diodes CR-3401, CR=3402, to both grid circuits
of an Lcecles-Jdordan type FLIP-FLOP multivibrator, V-3401.
The characteristics of this multivibrator are such that
a certain amplitude of negative voltage will cut off the
conducting section, causing its plate voltage to rise.
This action causes the other section to conduct, with a
corresponding drop in its plate voltage. The circuit
remains in this condition until the arrival of another
negative trigger. The circuit is never free running,

c) the sketch below shows the relationship of the plate
voltages at pins 1 and 6 of V-340l to the applied 1 mec
signal.
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d)

o
——

the output of the multivibrator is taken from pin 6; this
is an essentially square waveform with a period of 2 usec,
corresponding to a frequency of 500 KCS. The slight phase
lag is due to the fact that a certain value of negative
voltage is required to cause the circuit to flip or flop.
The 500 KC output, however, is still phase locked to the

1 mc standard.

the square wave at 500 KC is applied, via C-3406, C-3407,
R-3409 and CR-3403 to V-3402, a 5:1 Phantastron divider
circuit. The cathode of CR-3403 is back biased by the
positive excursions of the square wave. Only the negative
triggers (leading edges of the negative excursions) are
effective in triggering the Phantastron.

R-3411, the divider adjust pot, is set for an output
frequency of 100 KC from pin 6 of V-3402. This 100 KC
signal, differentiated by C-3409 and R-3418, is applied to
an amplifier - cathode follower circuit, V-3403A,

the plate output of V-3403A, positive triggers at 100 KC,
is applied to output jack J-3403, for delivery to the
3300 deck.

the cathode output of V-34034, positive triggers at 100 KC,
is applied to a blocking oscillator circuit, V-3403B,

The output of the blocking oscillator circuit at the cathode
consists of harmonic rich 100 KC pulses, which may be
monitored at TP-3403,

These triggers are applied to one of ten crystals, in the
range 2.9 - 3.8 mes, in 100 KC steps. The selection is
accomplished by S-34C1G and S-3401F. Each crystal has an
assoclated trimmer capacitor connected in series.

The crystals respond to the 29th through the 38th harmonics
of 100 KC., The crystal output, at the wiper of S-3401F,

is applied to V-3404, an RF amplifier, via coupling circuit
C-3499 and R-3429. The plate circuit of V-340L is tuned

by the primary of T-3403 and selected capacitors inserted
oy S-3401E front and rear. There are ten such capacitors,
one for each position of S-3401. All are trimmers, with a
nominal range of 1 to 12 uuf. Xach capacitor is adjusted,
in the appropriate position of S-3401, for maximum signal
in the 2.9 - 3.8 mc range.

The output of V-340L4 is applied, via the secondary of T-3403,
to a balanced modulator circuit. The plate output may be
monitored at TP-3404.

the second input to the balanced modulator circuit arrives
at the wiper of the balance adjust pot, k3432, from J-3.4CL.
This input arrives from the 3300 deck; it is a frequency in
the range 350.1 - 450 KC, in .1 XC steps. The exact
frequency depends on the setting of S5-3101, 3-32C1 and
S5-33C1.



i) the balanced modulator circuit produces sum and difference
frequencies, but only the sum frequencies are passed.
The significant output, then, is a frequency in the range
3,2501 m¢ - 4.25 mc, in .1 KC steps. The balance adjust
pot is set for minimum 2.9 - 3.8 mc injection frequency
output from the balanced modulator. R-3433 and R-3434
provide a "phantom ground} which effectively centertaps
the secondary of T-3403 and the primary of T-3404 to ground.

j) the balanced modulator output is applied, via the secondary
of T-3404, to V-3405, the basic synthesizer output tube.
The grid input, which may be monitored at TP-3405, is tuned
by the secondary of T-3404 and selected capacities
inserted by S-3401D front and re=r.

The plate output, which may be monitored at TP-3406, is
tuned by the primary of T-3405 and selected capacities

inserted by S-3401C front and rear. The plate and grid
capacitors are all trimmers, with a nominal range of

1 to 12 uuf.

k) the tuning of the plate and grid circuits of V-34L05
hinges on two important considerations:

(1) the overall bandwidth must cover a range of 1 mec,
that is, from 3.2501 mc to 4.25 mc.

(2) for each position of S$-3401, the effective bandwidth
must be 100 KC, to cover the range 350.1 - 450 KC.

N
!’iém‘/f The tuning of these stages will be discussed in detail in
S another section of this lesson plan.

An idealized version of the required response curve 1is
shown below:
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1) associated with V-3405 is an AGC loop similar to those
encountered in other decks. The signal at the plate of
V-34C5 is presented to the loop by C-3432; CR-3413 is the
delay diode, back biased by a voltage divider network,
R-3437 and R-3438.

CR-3412 is the AGC diode; R-3436 and C-3428 form a filter -
storage network. FE-3435 provides a path for C-3428 to
discharge. The AGC voltage is applied to the grid of
V=3405 via T-3404.

m) the output of V-3405 is applied to a phase detector circuit
via T-3405. .

n) the 3.25 = L4.25 mc output of the 3500 - 3600 deck arrives
at J-3407, and is applied to T-3406. The output of the
secondnry of T-3406, which may be monitored at TP-3408,
is applied to the grid circuit of V-3406, a 3.25 - 4.?5 mc
EF amplifier circuit. The plate circuit of this amplifier
utilizes a single inductor, L-3401, and trimmer capacitors
selected by S-3401B front and rear, for tuning.

The plate output of V-3406, which may be monitored at
TP-3407, is applied:

(1) via C-3441 to the basic phase detector,
(CR-3409, CR-3410, R-3442)

(2) via C-3441 and C-3439 to the tandem phase detector
(CR-3408, CR-3411, L-3446 and R-3447).

H

o) the basic phase detector compares the phase of the two
input signals in the range 3.25 - 425 mcs. The signal
from the basic synthesizer is locked to the 1 mc standard;
this is the reference signal. The signal from the high
frequency loop contains the error of the HFQ circuit.

This is the frequency to be corrected,

The correction voltage is developed at the wiper of the
balance adjust pot, K-344L4., The amplitude and polarity of
the correction voltage depends on the direction and
amount of the phase error. The correction voltage is
applied to a low pass filter, R-344L5, C-3438 and C-3437;
the average DC correction voltage is made available at
J-3405; from this point it is delivered to the VARICAP

in the HFO circuits of the liodel HFR-1.

1t should be noted that, for zero correction voltage from
the basic phase detector, the two input signals are 90
degrees out of phase, as illustrated below:
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p) the sketch below shows the tandem or quadrature phase
detector circuit, with significant phase relationships;
the reference input, e-l, is applied at T-3405, as for
the basic phase detector. The input from the 3500 - 3600
deck is applied via C-3439. This is input e-2.
The voltage output of the phase detector is e-3; this appears
at the junction of R-3446 and R-3L447.
The reactance of C-3439 is approximately 20 K ohms; this is
ten times the resistance of R-3446 or R-3447. Voltage e=3,
then, leads e-2 by 90 degrees.
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g) the output at J-3408-L4 is delivered to the filter panel
on the 3000 deck. Here the voltage is used to control a
transistor controlled relay, which operates the SYNC light.
The relay will also control an automatic tuning device
on a later model.

r) the output at J-3406, after processing by low pass filter
R-3448, C-3440, is delivered to the lfodel HFA-1 Audio and
Detector unit for use as a tuning and alignment signal,
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10. Discussion of the 3500 - 3600 Deck (High Frequency Loop)
Fefer to schematic CK-585:

a) the 1 mc standard input arrives at J-3501 and is coupled to
the control grid of 1 mc amplifier V-3501B via C-3569,
R-3506, and parasitic suppressor PS-3501,

b) the plate circuit of V-3501B is tuned by the primary of
EF transformer T-3505. three outputs from the 1 mc
amplifier are taken, as follows:

(1) one output from the second:zry of T-3505 is applied to
1 mc output jack J-3502,

(2) one output from the plate of V-3501B is applied to
a 2nd harmonic generator circuit, V-3501A, via

C-3562.

(3) one output from the plate of V-3501B is applied to
a 1 mc pulse generator via C-3607 and R-3528,

¢) the plate circuit of V-3501A contains a tuned E¥ transformer,
the primary of which is tuned to 2 mes. The 2 mc output
at the secondary of this transformer, T-3503, is applied
to 2 mc output jack, J-3505.

d) the 1 mc signal applied to the 1 mc pulse generator,
o V-3503, is of large amplitude., 7This stage purposely

. distorts the sine wave input to provide a great number
of harmonics of 1 mc, since the 8th through the 37th
harmonics of the 1 mc input will be recuired.

e) the output of the 1 mc pulse generator is applied to
Z-3502, a low pass filter, via differentiator network
C-361C, R-3530. The differentiator network has an
exceptionally short time constant in comparison with the
1 usec period of the 1 mc waveform. The cutoff frequency
of the low pass filter is 37 mcs. The output of the
low pnass filter is delivered to the cathode circuit of
LO.5 mc converter stage V-3506.

f) V-3502 is an independent oscillator circuit, operating in
the frequency range 48.5 - 77.5 mcs. The feedback peth
is between the plate and control grid circuits; these
points connect to selector switches S-3501D and 5-35C1C.
‘"hese selector switch sections have 30 active contacts;
As noted on the schematic, they select one of 30 crystals
in the range 48.5 - 77.5 mcs, in 1 mc steps.

Associated with each crystal is a series capacitor and
a trimmer capacitor to ground. The capsacitors form a
voltage divider circuit; the ratio of the capacitors is

adjusted by the trimmers.
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g) the output of the 48.5 - 77.5 mc oscillator is applied to
two circuits:

(1) to V=3505, a 43.75 - 44.75 mc converter, at the control
grid.

(2) to V=3504, a 48,5 - 77.5 mc amplifier circuit.

h) selector switch sections S-3501A and S-3501B, in conjunction
with the "MC" nixie lights on the 3000 deck, cause the
nixie numerals corresponding to the selected crystal
freguency to be displayed. The numerals progress from "02"
to "31" correSLondlng to the 1 mc 1ncrements of the
receiver freguency. Thus, when the 48.5 mc crystai is
selected, the numerals "02" are displayed. “hen the 77.5
mc crystal is selected, the numerals "31" are displayed.

i) the output of amplifier V-35C4, in the range 48.5 - 77.5 nc,
is the second input to converter stage V-3506. The plate
circuit of this converter is sharply tuned to pass a
single frequency, 40.5 mcs. This frequency represents the
difference between the selected crystal freguency and the
appropriate harmonic of 1 mc passed by the low pass filter,
Z-3502, to produce a freguency of 40.5 mcs.

—y j) the following examples show the relationships among the
,’j fﬁ% nixie l;ghts, the §elected crystal freguency and the
SRS appropriate harmonic of the 1 mc pulse:

| Nixie Lights Xtal Frequency Harmonic Difference
2 L8.5 mc 8th LG.5 me
03 4L9.5 mc 9th 4LC.5 mc
0oL 5C.5 me 10th LC.5 me
05 51.5 mc 1lth L0.5 mc
06 52.5 mc 12th LC.5 mc
o7 53.5 mc 13th 40,5 me
o8 54.5 mc 14th 40,5 me
C9 55.5 mc 15th 4Co5 me
10 56.5 mc léth LO.5 me
31 77.5 mc 37th LC.5 me



k) the 4C.5 mc converter is followed by two stages of
amplification; V-3508 and V-3510. DBoth are type 6AK5
pentode EF amplifiers. Parasitic suppressors are incorporated
in the grid and plate circuits of these stages.
Test points are provided as follows:

(1) TP-3504, between plate and grid circuits of V-3506 and

V-3508 respectively.

(2) TP-3505, between plate and grid circuits of V-3508 and
V-3510, respectively.

1) the plate circuits of these stages are tuned by fixed
inductors and trimmer capacitors as follows:

(1) V-3506: L-3509, C-3623
(2) v-3508:
(3) V-3510:

m) the output of V-3510, the final 4O.5 mc amplifier, which
may be monitored at TP-3506, is delivered to the control

grid circuit of V-3511, the final converter stage in the
high freguency synthesizer.

L-3522, C-3625

n) a sample of the HFO frequency in the NModel HFE-1 arrives
at J-3503. This frequency encompasses the range 3.75 -
33.75 mcs, and is maintained 1.75 mc above the assigned
receiver frequency. From J-3503 this signal is conducted
to Z-35C01, a low pass filter with a cutoff frequency of
34 mcs. The output of Z-3501 is applied to the cathode
circuit of 43.75 -~ 44,75 mc converter stage V-3505,

o) V-3505 receives its companion input at the control grid;
this is a frequency in the range 48.5 - 77.5 mc, selected
by S-35C1.

p) the plate circuit of V-3505 contains a double tuned circuit,
configured by T-3501, C-3581, and C-3582, The circuit must
be adjusted to pass, egually well, freguencies in the
range 43.75 - LL.75 mcs. The plate output of V-3505 may be
monitored at TP-3501.

q) the following examples show the relationships among the
two input frequencies and the output frequency, for
various assigned receiver frequencies:

RCVR FREQ HFO FREGQ XTAL FREQ NIXIE V-35C5 QUTPUT
02.CC00 03.7500 42,5 02 L1,.75 me
CZ.0001L 03.7501 L8.5 Gz Ly 7499
$2.0010 03.7510 L8.5 02 L .74L90
02.0100 03,7600 L&.5 0)4 L1 .74L00
C2.1000 03.8500 L8.5 02 4l . 6500
02.9999 Ok« 7499 L8.5 02 43.7501
03.0000 04,7500 L9,5 03 WL, 7500



r) the output of converter V-3505 is applied to two stages

w

~—

in cascade, V-3507 and V-3509; both stages employ type
6AK5 pentodes. The plate circuit of V-3507 contains a
double tuned RF transformer, configured by T-3502, C-3588
and C-3590. The plate circuit of V-3509 contains a
resonant tank, configured by L-3520, C-3594 and trimmer
C-3593. This tank is "swamped" by E-3519, a 10 K ohm
resistance, to obtain the required bandpass characteristic.
The plate outputs of these stages may be monitoreéd at
TP-3502 and TP-3503. The L3.75 - L4.75 mc signal 1is
applied to grid i3, pin 7, of the final converter stage,
V-3511.

v-3511 alsoc receives the constant LO.5 mc signal at the
control grid, pin l. The stage develops a difference
frequency in the plate circuit, in the range 3.25 - L.25 mec;
this is applied to V-3512, the output amplifier stage,

via coupling circuit C-364k, R-3555. The plate circuit

of this stage contains a tuned KF transformer, T-3504.

The plate output may be monitored at TP-3507. The
secondary of T-350C4 delivers to output jack J=3504 a
frequency in the range 3,25 - 4,25 mc, containing any error
of the HFO circuit. This output is delivered to the

phase detector circuit in the 3400 deck.
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11, Discussion of the 3700 Deck: (Regenerative Divider)

kefer to schematic CK=-537:

a)

b)

1

e - —pT—————————

the 3700 deck is a regenerative divider circuit; it receives
a 1 mc reference input and delivers an output, at 250 KC,
locked to the standard.

the 250 KC output of the 370C deck is used:

(1) as a synthesized reconstructed carrier in the Model
HF4-1 Detector and Audio Unit.
h

in
in

ect.ion freguency in the alignment

(2) as a syn 3
n of the liodel HFR-1 "front end'.

thesize
generator secti
the 1 mc reference signal arrives at J-3701, and is applied
to EF transformer T-3701. the signal 3t the secondary of
T-3701 may be monitored at TP-3701.

from the secondary of T-3701, the signal is coupled, via
Cc-3701, to the control grid circuit of cathode follower
V=3701. The output at the cathode, pin 7, is delivered
to the control grid circuit of converter stage V-3702 via

coupling circuit c-3702, R-3705.

when power is first applied, V-37034 acts as a noise
generator; after completion of initial transients, V-3703A
operates as a tripler circuit. The tuned tank in the plate
circuit of this stage is resonant to 750 KC3. This tank
has a high Q, with resulting narrow band pass in the
vicinity of 750 KC3. When power 1is applied, plate current
flows; noise at 750 KC 1is amplified, and delivered to grid
43, pin 7, of converter V-3702. With 1 mc applied at the
control grid of V-3702, mixing action produces a small

250 KC signal component at the plate of the converter
stage; the plate tank of the converter stage is tuned to
250 KCS, and has a high «. The output of this circuit is
applied:

(1) to the grid circuit of 250 KC amplifier V-37038B.
(2) to the control grid circuit of V-3703A.

the small component of 250 KC signal apolied to the grid

of V-3703A is tripled in this stage, to produce an
increased value of 750 KC signal in the plate circuilt; this
output is fed back to pin 7 of V-3702, resulting in
increased 250 KC output at this stage. The cycle continues;
finally, a healthy 750 KC signal is produced at the plate
of V-3703A; a strong 250 KC signal is produced at the plate
Of V-3702. Final amplification is undertaken by 250 KC
amplifier V-37C3B, the plate circuit of which contains

a high & tank tuned to 250 KCS. The 250 KC output is
applied to J=-3702; this signal may be monitored at TP-3702.
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g) when the circuit is properly aligned, the following

condition should be realized:

with a signal generator set to 1 mc connected at J-3701,
and with a VIVM connected to TP-3701 reading 3.0 V RMS,
a VI'VM connected to a 56 ohm dunmy load at J-3702 should
read 1 - 1.5 V RIS,

h) the complete interconmection scheme for the 3700 deck is

p——————
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12. Discussion of the 3000 Deck: (Main Chassis)

Refer to schematic CK-578:

a) the 3000 deck, or main chassis, contains:

—

{

) input and output terminal connections for the HFS-1.

) the nixie lights, cables and plugs.

N

(3) the phase comparator meter, 1M-3001, with cable and
plug.

(L) the filter panel, which supplies B Plus and
filament voltage to the various decks.

(5) the transistor operated sync relay, k=3001.

no discussion of items (1) through (4) will be
undertaken, since these are self explanatory.

relay K-30Cl is operated by a transistor circuit, Q-3CCl,
in conjunction with the output voltage of the
quadrature phase detector circuit in the 3400 deck.

the relay is shown in the energized position: this
corresnonds to an "in sync" condition. Contact "J" of
J=3001 is grounded; contact "N" of J=-3001 is open.

the grounding of contact "J" of J=3001 is of no
significance in current models.

when contact "N" of J-300l is open, the SYNC light on
the HFR-1 is lighted. %“hen the system is not in sync,
K-3001 is de-energized; contact "N'" is grounded, and
the sync light is out.

with no input voltage from the gquadrature phase
detector circuit at J-3006-4, the collector circuit of
(,=3(Cl passes insufficient current to enercize K-3001;
tre collector is retumed to a positive 28 volt supply,
which back tiases the collector circuit.

vith a voltage from the guadrature phase detector at
J-3006-L, for a "sinc" condition, CL-3001 conducts,
developing a voltage across E-3C01 which forward biases
the emitter-base circuit. Collector current increases,
and k-3001 energizes.



D.

Alignment, Testing and Troubleshooting of the Model HFS-1:
This section contains:

a) Oscilloscope Waveforms taken at significant test points.
b) Tynamic voltages at test points.

c) Field Alignment Instructions.

d) Resistance Checks.

e) Voltage Checks.
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Model HFS-1 Synthesizer: Voltage Checks:

==
@)
ct
o
»

!.

211 FF meosurements were made with the Hewlett Packard rfodel
L10B VIVM to ground.

-

n a receiver system

P

T oL L o ) - . PSR | —~ an P ~
AILUOWIL LU UE adlldgplitu aliu Vel

2. The unit was completely interconnected
b A + 2 B
v ~od Ur/

ing I

3, Maximum and minimum measurements are given for test points
at which the voltage may vary with different settings of
the nixie selectors.

TP-3101: .7 volt

TP=3102: 4L5.0 voltis

TP=-3103: .28 volt to .34 volt, depending on .1 KC selector

TP-3201: .2 volt

TP-3202: 52.0 volts

TP-3203: 2.2 volts

TP=3204: .1l volt to .32 volt, depending on .1 KC and 1 KC
selectors

TP=3205: 45 volt

TP-3301: 3.0 volts

TP-3302: L0.0 volts

TP-3303: .8 volt to 1.2 volts, depending on .1 KC, 1 KC, and

10 KC selectors.,

TP=-3304: .1 volt to .38 volts, depending on .1 KC, 1 KC and
10 KC selectors

TP-3305: .44 volt to .5 volts, depending on .1 KC, 1 KC, and
10 XC selectors

At this point, the system was synchronized at a frequency of
2.28 mcs; this corresponds to a frequency from both the basic

" synthesizer and the high frequency synthesizer of 4.0 mcs;
No nixie selectors were moved for these measurements. The RF head
should be set at 2.28 mcs, and the sync light should be on. The
TUNE SYNC OPEEATE switch on the EF head should be in OPERATE.

-

¥
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TP-3401: 2.4 wvolts

TP-3402: 12,0 volts

TP-3403: 3.7 volts

TP-3404 .8 to 1.2 volts

TP-3405: .12 to .5 volts

TP=-3406: 2.4 to 2.6 volts

TP-3407 2.8 volts

TP-3408: .23 volt

TP=-3409: 5.4 volts

Note: The DC voltage at TP-3409 will vary from approximately

plus 1.5 volts to minus 1.5 volts as the TUNE control is
slowly moved in both directions over the sync range.

-
P
i
*

TP-3501: .14 volt
TP-3502: .22 volt
TP-3503: .5 volt
TP-3504: .1 volt
TP-3505: .17 volt
TP-3506: .95 volt
1TP-3507: 2L volt
TP-3701: 20.0 volts
TP=-3702: 74 volt



liodel HF3-1l Synthesizer: Field Alignment:

1. The alignment procedure presented here has been developed
for field maintenance.

2. The following tools are required for the alignment:

a) JFD Tool #5824: for piston capacitor adjustment.

c) 5/16 hollow spintite to receive concentric screwdriver.
3. The following test equipment is required:

a) a good, high gain, wide band oscilloscope with calibrated
time base and calibrated vertical amplifiers. A response
of at least 5 mc will be recuired for the alignment of
decks 3100, 3200, 3300 and 3400. The response should
extend beyond 50 mc if the scope is to be employed in the
alignment of the 350C deck.

b) a good VTVi, such as the H.P. lodel 41CB.

¢) a 50 ohm, 1/2 watt dummy load resistor, with miniature
coaxial cable and plug. Cable: RG-174/U.
Plug: TMC=-PL-204.

d) a good EF signal generator, such as the keasurements
Corp. Model 82,

e) a frequency Counter such as the H.P. Itodel 524C,

L. The waveform and voltage charts for the HFS-1 should be kept
at hand, for reference.

5. In the adjustments of the dividers, the time bases are
extremely important. The correct waveform shapes will be
obtained with incorrect divider adjustment, but the time
relationships will be wrong.

Alignment Procedure:

1. Check the following:

a) unit is installed in the cabinet; all cables are connected;
all interconnections are made.

b) receiver system is in an OPEEATE condition. 'The receiver

must have had at least 6 hours warmup in a STANDBY condition
before the alignment is attempted.
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3.
L.

10C.

¢) the voltage at TP-8C0l and TP-8002 on the power supply
must be 200 volts exactly. If it is not, adjust regulator
potentiometers R-801) and/or E-8025 as required.

d) connect the oscilloscope to J-3019. A 1 mc waveform
should be observed. See the Vaveform Chart.

d.

Check the waveform at ;
i and

ia}
L
f it is not, check con

the 3400 deck.

'P-3401. If it is correct
t i e the 1 me

3
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Check the waveform at TP-34C2.

Check the waveform at TP-3403; if it is correct, proceed;

if it is not correct, unlock k-3411 and adjust it for the
proper indication. Leave F-3411 in the center of its lock in
range and lock the adjustment.

Check the waveform at TP-33Cl.

Check the waveform at TP-3302. If it is correct, proceed;

if it is not correct, unlock E-3303 and adjust it until the
proper indication is obtained. Leave k=3303 in the center

of its lock in range and lock the adjustment.

Check the waveform at TP-3201.

Check the waveform at TP-3202. If it is correct, proceed;
if it is not correct, unlock E-3203 and adjust it until the
correct indication is obtained. Leave E-3203 in the center
of its lock in range and lock the adjustment.

Check the waveform at TP-3101.

Check the waveform at TP-3102. If it is correct, proceed;
if it is not correct, unlock R-3104 and adjust it until the
correct indication is obtained. Leave R-31C4 in the center
of its lock in range and lock the adjustment.

This completes the alisnment of the divider chain.



1l. Alignment of the 3100 Deck:
a) set the .1 KC nixie selector to "O",
b) connect the oscilloscope to TP-3103.
c) adjust C-3128 for maximum amplitude at TP-3103. (4 KC)
d) set the nixie selector to the positions indicated below,

and ad just the corresponding capacitors for maximum
indication at TP-3103:

1 C-3129 3.9 KC
2 C-3130 3.8 KC
3 C-3131 3.7 XC
b C-3132 3.6 KC
5 C-3133 3.5 KC
6 C-3134 3.4 KC
7 C-3135 3.3 KC
8 C-3136 3.2 KC
9 C-3137 3.1 KC

e) remove P-3102 from J-31C2. Connect the 50 ohm dummy
load to J-3102. Connect the oscilloscope to the dummy
load. Check the waveform for the "O" through "9"
positions of the .1 KC selector. The waveshape should
be sinusoidal; the peak to peak amplitude should b
between .5 and .8 volts. If a VIVM is used, the
voltage should be between .2 and .3 volts RMS.

f) remove the dummy load; reconnect P-3102 and J-3102,
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12. Alignment of the 3200 D ck:

a)

b)
)

(2]

[o P
~—

f)

connect the oscilloscope probe to TP-3203.
st th 1 KC nixie selector to position "O",
adjust C-3232 for maximum amplitude at TP-3203,

=3272 for maximum amplitude at TP-3203.

(@]

-~ ol
adjust

set the 1 KC nixie Selector to the positions indicated
below and adjust the corresponding capacitors for
maximum indication at TP-3203,

1 C-3233 35 KC
2 C-3234 34 KC
3 C-3235 33 KC
4 C-3236 32 KC
5 C-3237 31 KC
6 C-3238 30 KC
7 C-3239 29 KC
8 C-3240 28 KC
9 C-3241 27 KC

set the 1 KC selector to "O". Run the selector through
all positions, observing the amplitude of the waveform
at TP-3203. Adjust C-3272 to maintain the amplitudes

of the signals within plus or minus 1.5 db of each other.
remove P-3103 from J-3203,

connect the oscilloscope probe to J-3203.

adjust R-3219 for MINIMUM indication on the oscilloscope.
reconnect P-3103 and J-3203.

set the .1 KC selector on the 3100 deck to "8" (3.2 KC)

set the 1 KC selector to position "O" (36 KC)



m) connect the oscilloscope probe to TP-3204.

n) adjust C=3273 for maximum indication at TP-3204.

o) move the 1 KC selector through positions 1 through 9,
observing the signal amplitude on the oscilloscope.
If necessary, re-adjust C-3273 to maintain the amplitudes
within plus or minus 1.5 db of each other,

connect the oscilloscope probe to TP-3205.

o Bt

set the .1 KC nixie selector to position 1 (3.9 KC)

2]
e

cat the 1 KC nivie gelaector
set the | KU nivie selector

.0 noeition O ( 36 KC)

~ L5

w

ct

adjust C-3274 for maximum indication at TP-3205.

move the 1 KC selector through positions 1 through 9,
observing the signal amplitude on the oscilloscope.
If necessary, re-adjust C-3274 to assure that the
amplitudes remain within plus or minus 1.5 db of each
other,

w) remove P-3204 from J-3204. Connect the 50 ohm dummy load
to J-3204., Connect the oscilloscope probe to the load.

v) set the 1 KC selector to "O". Set the .1 KC selector to
"g”", Rotate the ,1 KC selector through all positions to
"0", The output voltage must be at least .56 volts
Pk-Pk or .2 volts RMS for the entire range,

w) rotate the 1 XC selector through all positions to "9",
The conditions in (v) above should be repeated.

x) remove the oscilloscope probe and the dummy load from
J-3204. EKe-connect P-3204 and J-3204.
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13.

Alignment of the 3300 Deck:
a) connect the oscilloscope probe to TP-3303:
b) set the 10 KC Nixie Selector to position "C" (410 KC)

c) adjust C-3328, then C-3370 for maximum amplitude at
TP-3303,

d) set the 10 KC NIXIE selector to the following positions,
and adjust the corresponding capacitors for maximum
indication at TP-3303:

1 =3329 LOO KC
2 C-3330 390 KC
3 C-3331 380 KC
L C-3332 370 KC
5 C-3333 360 KC
6 C-3334 350 KC
7 C-3335 3L0 KC
8 C-3336 330 KC
9 C-3337 320 KC

.e) move the 10 KC Nixie selector again through positions
"g" through "O", observing the indications at TP=-3303.
If necessary, adjust C-3370 to maintain the amplitudes
within 3 db of each other.

f) disconnect P-3203 from J-3303. Connect the oscilloscope
probe to J-3303, Adjust R-3330 for MINIMUM indication
on the oscilloscope. Remove the scope probe and
reconnect P=3203 and J-33C3,

g) set the NLXIL selectors as follows:

.1 KC selector to *CV L K
1 KC selector to "G™ 27 KC
10 KC selector to '@" 32C KC

351 KC total

h) adjust C-3371 for maximum indication, with the scope
probe connected at TP-3304.

1) move the 10 KU Nixie seleclor Lhrough Lhe remaining
nine positions, observing the amplitude of the signal at
TP-3304. If necessary, readjust C-3371 to maintain the
amplitudes within 3 db of each other.

i) move the oscilloscope probe to TP-2305,



L e

1)

p)

set the nixie selectors as follows:

.1 KC selector to "O" L KC
1 KC selector to "1" 35 KC

10 KC selector to "O" 410 KC
: 149 KC total

adjust C-3372 for maximum indication on the oscilloscope
connected at TP-3305.

move the 10 KC selector through the remaining nine
positions, observing the signal at TP-3305.

If necessary, readjust C-3372 to maintain the signal
amplitudes within 3 db of each other.

disconnect P-3304 from J-3304. Connect the 50 ohm
dummy load to J=3304. Connect the oscilloscope probe
to the dummy load.

set the nixie selectors as follows:

.1 KC selector to "O"
1 KC selector to "O"
10 KC selector to "O"

while observing the indication on the oscilloscope,

rotate the .1 KC selector through all its positions to "9V

Then rotate the 1 KC selector through all its positions
to "9", The output amplitude for all positions must be
.2 volts RMS or .56 volts Pk-Pk.

place the 10 KC selector to position 1.

repeat step (p), moving the selectors from "9" to "on,
The indications should be the same,

move the 10 KC selector to position "2".

repeat step (p), moving the .1 KC and 1 KC selectors
from "O" to "9", The indications should be the same.

continue this procedure for the remaining positions of
the 10 KC selector.

remove the oscilloscope probe, and dummy load.
Reconnect P-3304 and J-3304,



14, Alignment of the 35C0 Deck:
MNote:

The alignment of the 3500 deck is undertaken prior to the
alignment of the 3400 deck in order to simplify the overall
procedure.

a) disconnect FP-301l from J-3503. This removes the EFC input
from the BF Tuner. Set MC nixie selector to a BLANK position.

b) disconnect P-3014 from J-3501. This removes the 1 mc
input to the 3500 deck.

c) alignment of the 40.5 mc IF Amplifier Chain:

(1) connect an RF signal generator at LO.5 mec to TP=35C9.
In tunis and subsequent steps, reduce the signal
generator output to the minimum required for an
adequate indication to prevent overloading and to
discourage oscillation.

(2) connect the indicator (VIVM or scope) to TP-3504.
Ad just C-3623 for maximum indication.

(3) connect the indicator to TP-3505. Adjust Cc-3628 for
maximum indication.

(4) connect the indicator to TP-3506. Adjust C-3634 for
maximum indication.

(5) connect the freguency counter to TP-3506 after removing
the indicator. The counter should read 4C.5 mc
plus or minus 3 KC.

(6) remove the signal generator and counter. This strip
will be "peaked" again after the alignment of the
3400 deck.

d) set the 1C nixie selector to "C2". (L8,5 mc)

e) connect the LF indicator to pin 6 of V-35C5 by means of
a tube socket adapter, with the tube inserted.

f) adjust €-35C1 for maximum indication on the indicator.
lg) set the MC nixie selector to the positions listed below;

adjust the corresponding capacitor for maximum indication
on the EF indicator connected to pin 6 of V-3505.

3 C-3502 4L9.5 mc

| L C-3503 5C.5 mc

. ; 5 C-3504 51.5 mc
6 C-3505 52.5 mc



7
8 C-3506 |
9 o 53.5 me
] e 5L.5 mc
N C-3509 e
. o 56,5 me
; C=3511 e
. - 58.5 mc
- o 59.5 mc
: — 0.5 o
: . 61.5 me
ji M . o 62.5 mc
- : o 63.5 me
: o 645 me
N C-3519 .
: - 66.5 mc
: - 67.5 me
: - 68.5 mc
3 C-3523 —_—
: o 70.5 mc
: o 71.5 mc
. o 7Z2.5 mc
. o 73.5 mc
. o 745 mc
C-3529 | .
76.5 mc

-~
! { _"2 5 %‘ i 7 ; 5 mc
) PSS rfire .
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h) alignment of the 43.75 - L4L4.75 mc IF amplifier chain:

(1) connect a signal generator at 44.25 mc (the mean frequency),
to TP-3508, Maintain the generator output at the minimum
required for an indication of tuning during subsequent
steps. Set the MC nixie selector to a BLANK position.

(2) connect a VIVM to TP-35C1,

(3) adjust C-3581 for maximum indication. Reduce the signal
generator output to zero. The indication should drop to
zero; if it does not, the stage is oscillating. FKepeat
step (3) at another point, until an indication can be
obtained which follows the signal generator output
amplitude.

(4) adjust C-3582 for MINIMUM indication.

(5) connect the RF indicator to TP-3502.

(6) adjust C-3588 for maximum indication and C-3590 for
MINIMUM indication.

(7) connect the indicetor to TP-3503. Adjust C-3593 for
maximum indication. Remove the RF indicator.

(8) reconnect P-3011 to J-3503 and P-3014 to J-3501. Connect
the frequency counter to TP-3503. hemove signal generator.

(9) set up the RF tuner at any even mc; say, for example: 2.0 mc.
(10) set up the nixie selectors to the same frequency: 02.0000.
(11) the counter should read in the vicinity of 44.75 mcs;

move the tune control to 2.99 mcs; the counter should

read in the vicinity of 43.75 mcs.

i) alignment of T-35C4 and T-3406: (340G and 350C decks)

(1) connect the RF indicator to TP-3507.

e (@

S, Nas

the nixie selectors to $?2.0000 and the PF tuner to
c

wn @

N

) adjust T-3504 for maximum indication.

3

(4) connect the RF indicatcr to TF-2.LC0,

5) adjust T=-3406 for maximum indication.

6) rock the tune control from 2.0 to 2.99 mcs; the indication
should bhe rensonahlv constant, with a neak at 7.5 mes.
if the dropoff at the ends is extreme, T-3504 and T-34C6
may be adjusted to emphasize either the "highs" or "lows”.
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j) alignment of the 1 and 2 mc circuits, 3500 deck:
(1) connect the RF indicator to J-3019 (1 mc output)
(2) adjust T-35C5 for maximum indication.
(3) connect the indicator to J-3010, 11, 12, or 13: (2 mc output)

A AN -2

(4) adjust T-3503 for maximum indication Note t
charts; an oscilloscope is preferre d for this

(5) remove the EF indicator.

This completes the alignment of the 3500 deck,
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Mod 1 HFS-1: Identification of Piston Capacitors on 3400 Deck:

Unit viewed from top, front. Numerals in center indicate NIXIE
indication at which capacitor is aligned.
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15. Alignment of the 340C deck:

a)

b)

c)

0]

connect the oscilloscope to TP-3404. Place the 1CC KC
nixie selector to position "O" (3.8 mc)

adjust C-3454, then C-3463, for maximum indication.

set the 100 KC nixie selector to the positions listed
below, and adjust the corresponding capacitors for
maximum indication.

1 C-3453 C-3462 3.7 me

2 C-3452 C-3461 3.6 nmc

3 C=-3451 C=3460 3.5 me

4 C-3450  C=3459 3.4 mc

5 C-3449  C-3L58 3.3 me

6 C-3,L48  C=3464 3,2 mc

7 C-3457  C-3465 3.1 mc

8 C-3456  C-3466 3.0 me

9 C-3455  C-3467 2.9 mc

remove P-3303 from J-3404. Connect the oscilloscope to
J=3404. Adjust ER-3432 for NINILUM indication on the
oscilloscope . Femove the scope probe. Reconnect
P=33C3 and J-3404.

connect the scope probe to TP-34C5.

set the nixie selectors as follows:

.1 KC selector non L, XC
1 XC selector non 36 KC
1C KC selector ngn 320 kKC
1C0C KC selector ro

3.8 NC

L.16 MC total

locate the anode of CR-3413 on the terminal board,
underneath the 3400 deck. Ground this point. ‘'this
disables the AGC loop to obtain an indication of tuning.

adjust C-3473 for maximum indication on the oscilloscope.
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i)

set the 1CC KC selector to the following positions, adjusting
the indicated capacitors for maximum indication.

1 C-3472 L, 06 mc
2 C-3471 3.96 mc
3 C-3470 3.86 mc
L C-3469 3.76 mc
5 C-3468 3.66 mc
6 C-347k 3.56 me
7 C-3475 3.46 me
8 C-3476 3.36 mc
9 C-3477 3.26 mc

connect the scope probe to TP-3406. Set the nixie selectors
as follows:

.1 KC selector "o" L KC
1 KC selector "c" 36 KC
10 KC selector vy LOC EC
100 KC selector non 3.8 G
L.2L MC total

adjust C-3483 for maximum indication.

advance the 100 KC selector to "1" (4,14 mc)
ad just C-3482 for maximum indication.

advance the 100 KC selector to the positions indicated below,
to generate the total frequencies shown. ~djust the indicated
capacitors for maximum indication on the oscilloscope.

2 L.CL mc C-3481
3 3.94 mc C-3480
b 3.84 mc C-3479
5 3.74 me C-3478
6 3.64 mc C-3484
7 3.54 mc C-3485
8 3.44 mc C=34,80
9 3.34 mc C-3487



remove the ground from the anode of CR-3413.

Leave the scope probe at TP-3406.

Set the 100 KC, 10 KC, 1 KC and .1 KC nixie selectors
to "O",

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

advance the 10C KC selector to "1". Then retard the
10 KC, 1 KC and .1 KC selectors to "O", in succession.
The amplitude should not change more than 3 db.

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

continue this procedure for the remaining positions of
the 100 ¥C selector.

alignment of the L4.25 - 3.25 mc amplifier:
(1) set the 100 KC selector to "O", the MC selector to "02".

(2) on the RF tuner, set the band and tune controls for
a frequency of 2.05 mes. This corresponds to a
synthesizer frequency of k.2 mcs from the 3500 deck
into J-3407.

(3) connect the FF indicator to TP-3407.
(4) adjust C=3493 for maximum indication.

(5) carefully rock the TUNE control plus and minus 50 KC
around 2.05 mes. The amplitude at TP-3407 should
remain within 3 db.

(6) repeat this procedure for the remaining positions of
the 100 KC selector. The associated EF tuner
freguencies, capacitor adjustments, and synthesizer
frequencies are listed.

1 2.15 mc C-3492 L.l mc
2 2.25 me C=3491 L.0 mc
3 2.35 mc C-3490 3.9 mc
L 2.45 mc C-3L89 3.8 mc
5 2.55 mc Cc-3488 3.7 mc
6 2.65 mc C-349L 3,6 mc
7 2.75 me C-3495 3.5 mc
) 2.85 mc C-3496 3.4 mc
9 2,95 mc C-3497 3.3 mc

(7) remove the indicator from TP-3407.

(86)



Title: Model HFR-1l Continuous EF Tuner

Military Nomenclature:
Tuner, E.F.: TN-376/UK

Objectives:

1

a) to discuss the role of the Model EFR=1 in the LDR-5 rececivin
system.,

b) to discuss the circuitry of the ilodel HFR-1, pointing up
significant circuit parameters and characteristics.

c) to demonstrate, with appropriate test equipment, the alignment
of the unit.

d) to discuss the interconnection of the ilodel HFR-1 with other
units of the DilEk=5 receiving systeii.

Feferences:

a) CKk-601: complete schematic, iiodel HFH-1.
b) CK-546: complete schematic, Hodel HFP-1 Fower Supplye.

Training iids:

a) Model EFR-1 installed in complete receiving system, ready for
operction.

b) VIVM: H.P. Model 410B, or equivalent,

c) Oscilloscope: Tektronics ifodel 5454, or equivalent.

d) Signal Generator: lMecsurements Corp. liodel &2, or eqguivalent.
e) Frequency Counter: H.P. l.odel 524C, or equivalent.

Introductiocn:

‘he Model IIFL-1 is the "front ond"™ of the llodel DDRE-5 receiving
system. It contains, like other front ends, EF amplifier, mixer
and oscillator circuits; these circuits are anything but "usual’,
however. They have been carerully refined to insure stability,
excellent sensitivity, a good noise figure, excellent image and
spurious frequency rejection, and ease of tuning with an absolute
minimum of controls.
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Presentation:

A, General Description and Orientation:
( to be accomplished with actual HFR-1 Unit and the General
simplified block diagram)

1. The lodel HFRK-1 is an RF tuning unit designed for either
synthesized operation in 100 cycle steps or non synthesized
coverage in the frequency range 2-32 mcs, in eight bands,
as listed below:

BAND FEELUENCY EANGE
1 2 - 32 me
2 3 - L4 me
3 L - 6 mc
A 6 - 8 mc
5 8 - 12 mc
6 12 - 16 mc
7 16 - 24 me
8 2L = 32 mc

5 2. The BaND control mechanically rotates the slide rule tvpe
| Lo dial, mounted on an illuminated cylinder, and a drum tvpe
- turret assembly, which engages the appropriate components
for operation on the selected frequency band.

3. The TUNE control moves the hairline of the slide rule dial
along the illuminated cylinder, and tunes a multi-gang
capacitor in the EF and HFO circuits, to select a
particular frequency., This control is fitted with a lock.

L. The input signal is applied to four stages of RF
amplification. %The input signal may arrive at the antenna
jack, J-1001, or from an alignment generator at J-1((Z2,
devending on the position of K-1001, the ANT - CAL relay,
which is controlled by the NCISE LILITHERE - OFF - ALIGNMoNT
SIGNAL switch on the front panel.

5. AGC voltage is aprlied to the 1lst, 3rd and 4th EF
amplifiers; the AGC voltage is applied to the first stage

via a delay network.
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10,

11.

“he output of the RF amplifier chain, in the range 2-32 mc,
is apprlied to a mixer stage, V-1005. The second input to
V=10C5 arrives from the HFO circuit via an isolation
amplifier stage, V-10C6. The HFO input tracks 1.75 mc above
the incoming RF signal. The significant output at the
mixer plate is an IF signal at a frequency of 1.75 mcs.

T . -~

mi. ITIMNY AS anArs s+ Srmad 3w o
The HI"0 circuit is contained in & k,drt:J.U.J.J._y ucnl%‘l’hﬁu oven,
regulated by a prooortlonal oven control, A-10l17. The

temperature 1n the oven is maintained at 75 degrees, (C),
plus or minus 3 deg Jree, over an ambient temperature range
of 0-50 degrees (C). "The oscillator frequency is controlled,
ovir a limited range, by a VARICAP circuit which receives

a NC contrnl voltage from the lodel HFS-1 syvnthesizer unit.
A front vanel rl' LieViL meter is calibrated in db above

1 microvolt. This meter is associated with the AGC circuit.
The meter 1is operated by the 4iGC voltage, which increases
with signal strength.

“he alignment generator consists of two stages; V-13(1, a
special balanced rodulator circuit, and V-1302, a mixer
circuit. V-1301 receives two synthesized frecuencies from
the lodel HFS-1: one at 250 kC, the other at 2.0 mcs.

The resulting 1.75 mc synthesized frequency is fed to
mixer V-1302. The second input to V-=1302 arrives from the
HFO isoclation amplifier, V-1CC&€, at J-13Cl. This is a
signal in the range 2.75 - 33.75 mcs. ‘1he difference
freguency output is a signal in the range 2-32 mcs. This
signal leaves the alignment generator at J-1309, and is
applied to the input circuit of the receiver at J-1002,
Thus, the lodel HFE-1l contains its own signal generator,
which 1s used for calibration and sensitivity checks.

The HFO frequency from the isclation amplifier, V-1CCE,
leaves the HFR-1 at J-1302; this o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>