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WARRANTY

CUSHMAN ELECTRONICS, INC. WARRANTS EACH OF THE INSTRUMENTS OF THEIR
MANUFACTURE TO BE FREE FROM DEFECTS IN MATERIAL AND WORKMANSHIP
FOR A PERIOD OF ONE YEAR FROM THE DATE OF ORIGINAL PURCHASE. THE
FOREGOING IS IN LIEU OF ANY OTHER WARRANTY, EXPRESS, IMPLIED OR
STATUTORY. THE COMPANY, UNDER THEIR LIBERAL WARRANTY, WILL REPAIR
OR REPLACE ANY INSTRUMENT FOUND DEFECTIVE.

THIS WARRANTY MAY NOT APPLY TO INSTRUMENTS WHICH, IN THE OPINION
OF THE COMPANY. HAVE BEEN ALTERED OR MISUSED.

This manual is intended to give the user a comprehensive knowledge of the instrument and its
operation or repair. In the event of trouble, study the manual carefully. Most instrument malfunctions
can be corrected by the user with a minimum of lost usage time.

For assistance or information of any kind, contact the factory. Give full details of the nature of your
problem and include the model and serial number of the instrument,

Should it appear that the instrument needs to be returned to the factory for service or recalibration,
let us know. Shipping instructions will be promptly given to you. There will be no charge for repair on
instruments within the one year warranty other than transportation costs after 90 days of ownership.
Estimates of charges for non-warranty or any other service will be supplied by the factory upon request
before work is begun and such work will be done on an actual cost basis only.

CLAIM FOR DAMAGE IN SHIPMENT

Your instrument should be inspected and tested as soon as it is received. The instrument is insured
for safe delivery. If the instrument is damaged in any way or fails to operate properly, file a claim with the
carrier or, if insured separately, with the insurance company.

We sincerely pledge our immediate and fullest cooperation
to all users of our precision electronic instruments.

PLEASE ADVISE US IF WE CAN ASSIST YOU IN ANY MANNER

CUSHMAN ELECTRONICS, INC.

830 Stewart Dr. [] Sunnyvale, Cal. 94086 [] 408—739-6760

iii/iv




SECTION 1

SECTION 2

SECTION 3

SECTION 4

560100151

CONTENTS

DAARARIN o & 50 4% PG 6 3 55 TIF0E B 5 B 4 wonen bt & 0 1 eiosint 1 o
GENERAL DESCRIPTION: v e 5 v o i e om0 % 0 5 6 s & @ & & S0ems & 8
1.1  TAtPodUETIon & ¢ oo 6 e o & 8 & 6 % D0 4 ¢ & 8 0 W @ 5 5 & e 7 s
1.8 ACCESSOTIER i oo miame o v € 54 @i o 8 @ & 8 0@ o & F 5 apsie o
' 1.2.1 Plec=Tn UNIES o 5 o o 0 o0 i paices o0 5 m i on o mpasmm 6 & » o wiamins £ &

1.2.2 Externg] InSTAUmenis « « < s o 6 o 0 0 wiwie: & 8 8 8 imw @

1.2.3 AUNRTIIELY TEOTIE o c v w5 o o & & & & & & wowy & & & & @ emeiad
1.8 SpeciflCAltiONS « o 5w wovw v g % & & 6 wiwre o2 % % 5 % Wi & o % 5 Bieie ¢ s
INSICATTATION o o oan s e soiemens o 5o o6 10 om0 o K s 8 5 WOMLE 8% 5 9 e o »
2.1 Unpacking afid THSPECLION & w s w w wow o & 9 @ 5 % owviw & 5 & & =i o s
202 Envaronientadl s e soviense v e e 5 9 @ 6 9 8 6 6 e @ B N B enene g

221 Temperallule oo oy e s a5 oeia o s 54 Qe & 6 % @ 58 &

2:2.2 RE FBiclds naees assssmamdsndsmbe s ok
2«8 Power REQUITEIENLE wowim o » s 3 0 0 momie o & s 0 o eisss & o = o ssie e
2.4 Warm=up ReGUIreTEnts: «w o+ « 5 ¢ 4 woerwe 6w w 0 % e & s @ & 4 wwee 6 3
2.8 ‘Preparation for Reshipment .. . e cew e s s 5 e e s s s 6 sowie o

OPERATING INSTRUCTIONS

Fud  IREPOAUCTIGI & o « o o avevnnms o 0 0 6 5 6 s & @ 8 e 6 e © K 8 e ST 6 ¥
3.2 Contrels and IAICEtorS v v us s o %ave & 5 5 5 8 B0 @ W@ %G R & §
3.3 Starting ProcedUPe e« s a6 66 mee s s s 66 @niie s 88 5 5 656 & s
S¢d: Operaling ProcedUres «ha v uw s @ abie v 5755 mem o 56 % & 655 &
3.4.1 Frequency and Deviation Measurement ... ........
3.2 CW=Righal GEmBTATION. « « arees « & » = o 0w « % % W 5 0w & s
3ad.3 PM-=8ignal Generation « « < e o o5 w5 s i o % 4 4 %% o
3.4.4 [E=bignal Generation o« s aiew o 5 5 % 5 i & & & & & 60w o &
3.4.5 Installation and Removal of IF-Oscillators . .. .. .. ..
3.4.6 Antenna Installation . . . .« v o v v o ot v v o v o0 o0 o o
3.4.7 Installation and Removal of Crystals . .. .. ........
Be5: TOPN=0OE PEOBEHANTE s o ¢ & % 6 5 oo & 5 56 8 9 SE0me o % & @ e e
CIRCUIT DESCRIPTION: % v 2 o 5w s % o il o & 5 4 @y o & § & 7 @y & §
4.1 IntroduCtion . . v v v v i it it e s e e e e e e e e e e e e e
4.2 Second IF and Discriminator Board . ...« ..o «. i e
4.3 Power=Supply Bodl@ wiew oo o v 6 6 wane w v v 5 6 e ¢ w6 8 e @ 8
4.4 Frequency Error Meter Board . . « v o v v v v v v e v vt s o v v s v o
4; &5y Harmonic:'Generalor Boavd s cic i was i s vaimam 65 83 5 o o o
4.6 DMulti-Oscillator Board . . . . v v v v v ot et et e e e e e e e
4.7 TR BOSEE soamm o o a0 o @ e e 5 & 6 6 IS ¥ 6 6 SRR &
4.8 Signal-Generafor MiXer w . cvuis e wwwowssswws os s 3 i
v

0

wwwwww:?:wwwww

1
OO -<1T-100000OFHKFHKM

i3
[

] (]
= = 0 0o =1 b
(S

B R R



SECTION 5 MAINTENANCE & v v v vt et ettt ot emmnneeenn e
Sell: TEFOdUCEION: & v o & & wrsm ¢ & © © o SaEst s 6 ¥ 4 B G B A 8 R E 8 G RV
52 ACCEST isniw s v s ams o es s W@ @ s 566 SREE 58 % b pla
5.3 Fuses AR A R L o o
5.4 Adjustment Procedures and Check .. .. ..+ oo v esrevess

5.4.1 Power=-Supply Board, Voltage Adjustment ... ......
5.4.2 Crystal-Oscillator Adjustment . . . . ... ..........
5.4.3 Frequency-Meter Adjustment ... ..............
5.4.4 20-dB Fixed-Attenuator Loss Check ... ..........
5.4.5  Signal-Generation-Output Level Adjustment . ... .. .
5.4.6  Signal-Generator-Mixer Input Level Check ........

SECTION 6

5.5 Troubleshooting Procedures

SCHEMATICS, PARTS LISTS, AND PARTS PICTORIALS

6‘
6

h
2
2
2
2
2
« 2
2
2
2
2
2
2

2,13

1 Introduction
.2 Schematics, Parts Lists, Parts Pictorials

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

--------

-----------------------------------
..............

Second IF and Discriminator Board

Power Supply Board s & & wisie o & & % % 5 eialel v 8 8 5 0 4 e
Frequency Error Meter Board . . . .. .. ... ... ....
Harmonic Generator Board . . ... . vt v vt v v v,
MUItI=OSEIHALET BOEPA & wivuw o o v o 5 5 wismenss & o ¥ 5 &
T Oscillator Board: s o s wvevs ¢ v 5 & 3 o v % el & € 8 8 5 @
IE Oscillator Board : : 4 sne oo v s 4 b et oo ¥ 55 s
Signal Generator MIXeY .« .. s s o000 0000 0355 00

Crystal Oven Assembly
Main Chassis
Front Panel
Rear Panel

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

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

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

CUSTOMER-COMMENT CARDS

CE-7 Multi-Channel FM Communications Monitor (Equipped)
Installation-Removal, IF-Oscillator Boards

CE-7, Block

~ Second IF and Discriminator Board, Block Diagram

ILLUSTRATIONS

------
..................

Diagram

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

Frequency-Meter Bridge, Simplified Schematic Diagram

and Waveforms

Audio-Output
Waveforms

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

Filter, Simplified Schematic Diagram and

Page

i
=

[ Y B B

h chcn o ¢ cr O A en en Cn
o = GO PO DD e

[=2]
|
=

o
e W W WM -WWR
HODM=Ju Wik ~3wWkH

—q
b |

1199199999749 419

X

[

B |

—
i

q

- &

; L T o T
19444444444 8%



Figure

|
[41]

e rll. 18

bbb

I
D 00 =1 O 1 s 0O DD = LN =]

i
[

mmasmr.lnmmm

e
[
no

T

W
o
—
o]

T s T
o

G‘:U’lUlU!OlUIOlU!t_lnolcnmﬁhwlﬂH
PR R OO0 U kR WN RN

Le+0 0] 521

Power-Supply Board, Block Diagram . .

Harmonic-Generator Board, Block Diagram

Multi-Oscillator Board, Block Diagram
CE-7 Right Interior View Without Plug-In
CE-7 Bottom Interior View ........ 3
CE-T7 Left Interior View Without Plug-In

Second IF and Discriminator Board (0054), Schematic Diagram

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

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

Power Supply Board (0100), Schematic Diagram ...............

Frequency-Error-Meter Board (0101), Schematic Diagram ....... :

Harmonic-Generator Board (0102), Schematic Diagram .. ........

Multi-Oscillator Board (0103), Schematic

Diagram .............

IF Oscillator Board (0104), Schematic Diagram ........... s
IF Oscillator Board (0105), Schematic Diagram ... .. e w o R T

Signal Generator Mixer (CH-A3), Schema

tic Disgram . .ou e o ss s i

Crystal Oven Assembly (CH-A4), Schematic Diagram ...........

Main Chassis, Wiring Diagram ......
Front Panel, Wiring Diagram ...... -
Rear Panel, Wiring Diagram . .......

TABLES

Auxiliary Items Furnished with the CE-7
SPECLHCALIONS « viv o v o 2 0 0 wicwi e 5 @
Controls and MAICators < . woawwa v 66 s
Channel Frequency Chart ..........
Power Supply, Resistances to Ground . .
Power-Supply Board, Voltage Adjustment
Crystal-Oscillator Adjustment . ... ...
Frequency-Meter Adjustment. . ... ...
20-dB Fixed-Attenuator Loss Check . ..

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

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

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

Signal-Generation-Output Level Adjustment .. ....... O THCHTTD O 1 55
Signal-Generator-Mixer-Input Level Check . . . v v v v v v v v v v vv..

Troubleshooting, Frequency-Deviation-M
Troubleshooting, Signal-Generator Mode
Troubleshooting, I. F.-Generator Board

Troubleshooting, Crystal-Oven Assembly
Reference Designators and Abbreviations

vii/viii

easure (FDM) Mode ......

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

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

:

L S [ Y L
—

Y CEY [N /1N R O |
C=_IW oWk wWL K

WWWNRNNMNNEEEOWU WENFH©o=]

Page

L O T
=

[ R
DO e e o W WO N s O

0o =1 = WMo

mmwmwmmm?mmmﬁxwl-'l—'




SECTION 1
GENERAL DESCRIPTION
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Figure 1-1. CE-7 Multi-Channel FM Communications Monitor (Equipped)

1.1 Introduction

The Model CE-7 Multi-Channel FM
Communications Monitor (Figure 1-1) is
designed to measure the frequency and
frequencyv-modulation deviation of trans-
mitters and other signal sources. The
CE-7 is crystal controlled and can oper-
ate on any one of 23 frequencies between
20 MHz and 1150 MHz. Which frequencies
are assigned to the 23 positions is speci-
fied by the customer. Any number of cry-
stals between one and 23 may be selected
and the operation of the instrument is not

56010015

compromised if only one or two crystals
are installed. The Cushman Model MCO-6
Multi-Channel Oscillator (accessory) offers
an additional 23 frequencies should the need
for other crystal frequencies arise.

The CE-7 can also generate FM and CW
signals within the frequency limits stated
above. The output level of the generated
signal may be adjusted from 0.1 to 100
microvolts and provides the capability of
determining the sensitivity of FM commu-
nication receivers. Signal generation of
up to ten optional crystal-controlled IF



frequencies is available between 250 kHz
and 13.5 MHz. The output levels of the IF
signals are continuously variable.

The CE-7 must operate with either a
Model 301 Oscilloscopeora Model 302 FM
Deviation Meter inserted into the left-hand
plug-incavity, anda Model 303 Broadband
Mixer or one of the RF plug-ins inserted
into the right-hand plug-in cavity. The
combination of the plug-insisatthediscre-
tion of the customer.

1.2 Accessories

Three types ofaccessories areavailable
for use with the CE-7: 1) units that plug
into the monitor and obtain operating power
from it; 2) external instruments; and
3) auxiliary items supplied with the moni-
tor, but not integral parts of it.

1.2.1 Plug-In Units

A cavity accessible through an opening in
the left-hand part of the monitor front panel
accepts either the Model 301 Oscilloscopeor
the Model 302 FM Deviation Meter. One or
the other of these must be used to provide
FM deviation measurements. A similar
cavity in the right-hand part of the front
panel accepts a Model 303 Broadband Mixer
ora Model 304, 305, or 306 BRF Preselector.

The Model 301 Oscilloscope permits
visual examination of exact modulation of
the transmitter carrier. Unbalanced modu-
lation, power-supply pulses, unusual clip-
ping, and other problems become immedi-
ately apparent so that appropriate repairs
can be made. The Model 301 has an auto-
matic sync circuit, similar to that found
in the most advanced laboratory instruments,
to lock on and precisely display waveforms.
The scope graticule is calibrated to show
devation on any one of three ranges:
+1.5 kHz, +5 kHz, and +15 kHz. Switches
on the front panel permit use of external
vertical inputs while using the internal
sweep. External signals may also be con-
nected to the horizontal input. This per-
mits independent use of the Model 301 of

5601+=0015-+1
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the monitoring function for routine testing,
troubleshooting, displaying Lissajous pat-
terns, etc. The Oscilloscope can also be
used for receiver IF-bandwidth measure-
ment and discriminator alignment.

The Model 302 FM Deviation Meter pro-

vides three ranges: 0 to 2.5 kHz, 0 to 6 kHz,

and 0 to 25 kHz. An instantanecus-peak-
indicator light flashes when the absolute
peak deviation of the incoming carrier ex-
ceeds an amount preset by the operator.
Operation and accuracy of the peak indicator
are not affected by modulation frequency,
repetition rate, or waveform. A switch
permits selection and measurement of either
plus or minus deviation peaks. A scope jack
is provided for simultaneous meter indica-
tions and oscilloscope observations of devia-
tion (a separate oscilloscope, nota Model 301,
must be used).

NOTE

Remote display of FM deviation
is possible only when the Model
302 FM Deviation Meter is used.

The Model 303 Broadband Mixer operates
on all frequencies covered by the CE-7.
Sensitivity is less than 10 millivolts, for
close-in monitoring and in-shop measure-
ments, A crystal filter in the broadband
miser provides sharp selectivity in areas
where many strong RF signals are present.

Three different RF Preselector plug-ins
are available for use in the CE-7. The
Model 304 operates from 25 MHz to 50 MHz,
the Model 305 from 145 MHz to 175 MHz,
and the Model 306 B from 450 MHz to 520
MHz. The sensitivity of these preselectors
is less than 20 microvolts and enables it to
monitor base stations up to 50 miles away.
The preselectors also have a crystal filter
that permits sharp selectivity.

A telephone jack on the front panel of the
304 and 305 preselectors permits use of an
external meter for reading the AGC voltage,
which is indicative of the level of the in-
coming signal.
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1.2.2 External Instruments

Three accessory instruments, the Model
MCO-6 Multi-Channel Oscillator, the Model
107 I'M Deviation Calibrator, and the Model
3098 Remote Meters can be connected to the
CE-7. The Model MCO=6 Multi-Channel
Oscillator provides up to 23 additional
crystal-controlled frequencies. The multi-
channel oscillator is connected to the CRY~-
STAL OUT AUX. IN connector on the CE-7
front panel by the RF cable supplied inside
the front cover of the CE-"7.

The Model 107 FM Deviation Calibrator
provides a means of verifying the accuracy
of the FM deviation ranges of the Model 301
Oscilloscope and the Model 302 FM Devia-
tion Meter. The calibrator must be con-
nected to the CE-7 bya cable to the auxiliary
equipment connector (CH-J4) on the left side
of the CE-7, and must be used in conjunction
with an external oscillator with a frequency
range of 2080 to 2100 Hz.

The Model 309B Remote Meters consists
of an FM DEVIATION meter and a FRE-
QUENCY meter mounted in a cabinet that can
be located at a distance of up to several hun-
dred feet from the CE-7. The cable from

Table 1-1. Auxiliary Itemis Furnished with the CE-7

the Remote Meters plugs into the accessory
receptacle on the back of the CE-7. A
switch near the receptacle permits selec-
tion of internal or external meters.

1.2.3 Auxiliary Items

Auxiliary items (Table 1-1) supplied with
the instrument are: a 30-inch telescoping
antenna; a 20-dB fixed attenuator with adap-
ter cable, which must be used when the CE-7
is operated as a signal generator; an AC
plug adapter (three prong/two prong); an
RF cable assembly for interface between
the CE-7 and external equipment; and a
spare fuse package for replacing a defective
fuse contained in the 20-dB fixed attenuator.
Installation of the antenna is covered in Para-
graph 3. 4.6, and operation of the 20-dB fixed
attenuator is described in Paragraph 3.4. 2,
step e.

1.3 Specifications

Table 1-2 lists the specifications for the
CE-7 as well as those for the plug-in units
that can be used with the CE-7.

ITEM DESCRIPTION CUSHMAN STOCK NO. QUANTITY
1 Antenna Assembly 7040-0019 1
2 20-dB Attenuator/Adapter 7040-0016 1

Cable
3 RF Cable Assembly 7030-0014 1
4 AC Adapter Plug 2535-0001 1
(three prong/two prong)
5 RF Fuse, 1/32 Amp 1955-0005 2
6 Channel Freq.uency Chart 5500-0006 1
T - Front Cover 2180-0033 1
8 Equipment Manual, CE-7 5601-0015 1

1-3

560100151



Table 1-2. Specifications

Model CE-7 Multi-Channel
FM Communications Monitor

TFrequency Deviation Measure
Frequency Coverage
Frequency Accuracy
Frequency Error Ranges

Frequency Error Resolution
RF Signal Generation - CW and FM

Frequency Coverage
(calibrated in microvolts)

Output Level

Frequency Accuracy

Internal FM

External FM Modulation

IF Signal Generation

Frequency Coverage

Output Levels

Power Requirements

Dimensions

Operating Temperature

Oven Warm-Up Time

Net Weight

20 MHz to 1150 MI—iz (23 crystal-controlled channels)

+0.0001% (long term)
500 Hz, +1.5 kHz, +5.0 kHz

20 Hz

20 MHz to 1150 MHz

0-1, 0-10, 10-100 uV; +2 dB into 50 ohms, Calibrated
in pV and dB with external 20-dB fixed attenuator,
(100-1000 pV without 20-dB fixed attenuator.)
+0,0001% (long term)

1.0 kHz modulation frequency. 0 to 25 kHz deviation,
less than 2% distortion,

60 Hz to 20 kHz modulation frequency. 0 to 25 kHz
deviation, 500 pV sensitivity.

250 kHz to 13.5 MHz (10 crystal controlled channels)
0-1V, 250 kHz to 900 kHz into 600 ohms; 0-0.5 V,
1.0 MHz to 13.5 MHz into 600 ohms.

115 or 230 vac +£10%, 50 to 400 Hz, 175W during oven
warm up, 75W max, after warm up,

12-1/4 in. high, 13.0 in. wide, 16.0 in. deep
+10°F (~12°C) to +130°F (+55°C)
30 minutes

28 pounds less plug-ins, 35 pounds with plug-ins

560100151
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Table 1-2. Specifications (Continued)

Model 301 Oscilloscope Plug-in

Deviation Measurement Accuracy

"External Inputs
External Vertical Sensitivity
External Frequency Response (3 dB)

Model 302 Deviation Meter Plug-in

Accuracy of Measurements

Model 303 Broadband Mixer Plug-in

Frequency Coverage

Sensitivity
Input Impedance (nominal)
Receiver Bandwidth (3 dB):
Broad
Narrow

RF Preselector Plug-ins

Frequency Coverage
Nominal Input Impedance
Bandwidth (3 dB):

Broad

Narrow

Sensitivity: Less than

+5% full scale in three ranges:
+1.5 kHz, 5.0 kHz, 15.0 kHz

Vertical and Horizontal

300 mv for full scale

30 kHz

+4% full scale in three ranges:
0-2.5 kHz, 0-6 kHz, 0-25 kHz

20 MHz to 1150 MHz

Less than 10 mv below 512 MHz

50 ohms

80 kHz

13.5 kHz
Model 304

25-50 MHz

50 ohms

80 kHz
20 kHz

20 microvolts

Model 305
145-175 MHz

50 ohms

80 kHz
20 kHz

20 microvolts

Model 306B
450-520 MHz

50 ohms

80 kHz
20 kHz

20 microvolts

560100151

1-5/1-6




SECTION 2
INSTALLATION

2.1 Unpacking and Inspection

When unpacking the Model CE-7 FM
Communications Monitor, inspect the pack-
ing box and the instrument for signs of
possible shipping damage and see if the
auxiliary items listed in Table 1-1 and
shown in Figure 1-4 are present. Verify
satisfactory performance as outlined in
the Operating Instructions (Section 3).

If the instrument is damaged, fails to
operate properly, or if any of the auxi-
liary items are missing, file a claim
with the transportation agency or, if
insured separately, with the insurance
company,

2.2 Environmental Requirements

e

.2.1 Temperature

The CE-7 is designed to operate be-
tween +10°F and +130°F (ambient). Es-
pecially in the field, these temperatures
can easily be exceeded if normal care is
not taken. (For instance, the internal
temperature of a closed automobile trunk
may exceed 150°F during summer dav-
light hours.) Avoid using the instrument
outside in bright sunlight on a hot dayv.

Do not block the cabinet ventilating louvers.
Exceeding the upper or lower temperature
limits for extended periods may not result
in noticeable damage to the instrument,

but may cause poor performance or
malfunctioning.

2.2.2 RF Fields

Where extremely high RF radiation
fields exist (such as when the CE-7 is used
near a transmitter), the telescoping antenna
should be pushed down to reduce pickup,
Where many high-power transmitters are
in use, adjacent-channel interference may
be experienced if the transmitters are oper-
ating within 90 kHz of each other. In such
cases, the SELECTIVITY switch on the
Model 303 Broadband Mixer should be
placed in the SHARP position.

NOTE

In the SHARP position, the IF
bandwidth is narrowed to the ex-
tent that absolute accuracy of the
deviation display on the Oscillo-
scope or the meter readingonthe M
Deviation meter may be slightly
degraded. The SHARP position
should, therefore, be used only
when absolutely necessary.

2.3 Power Requirements

The CE-7 operates from a 115- or 230-
volt (£10%) ac source, 50 to 400 Hz. Power
consumption is 75 watts.,

2.4 Warm-up Requirements

The accuracy of CE-7 measurements
depends on maintaining all oscillator cry-
stals at a constant temperature, so that
any one of them may be selected as the
"master-oscillator' crystal at any time.

A thermostatically controlled oven which
requires a 30-minute warm-up period
houses up to 23 crystals. Oven operation
is independent of the VOLUME POWER OFF
control: it is recommended that the instru-
ment be installed such that it can be kept
plugged into its power source and be ready
to make precise measurements within sec-
onds after power is applied to measuring
and generating circuits.

NOTE

If the instrument has been stored at
a temperature below +32°F, addi-
tional warm-up time may be required.

2.5 Preparation for Reshipment

No special instructions are required for
packing the Model CE-7 Multi-Channel FM
Communications Monitor, if it becomes
necessary to return the instrument to the
factory for service or repair, however, it
is recommended that the shipping box and
foam packaging be kept for this purpose,

2-1/2-2
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SECTION 3
OPERATING INSTRUCTIONS

3.1 Introduction

Section 3 contains instructions for
operating the CE-7 Multi-Channel FM
Communications Monitor, and includes

functional description of all controls
and indicators. Refer to Table 3-1.

The CE-7 can be operated on one of
three modes, depending on the position
of the black/red concentric control knob
located on the left side of the front panel
directly below the MULTI-CHANNEL
MONITOR.

NOTE

For the purpose of discussion
the 5-position, outer black knob
will be referredtoas the''function
switch' throughout this manual.

In the FREQ.-DEV, MEASURE position
of the function switch the CE-T operates
as a receiver-monitor. The incoming
signal is applied through the ANT. con~-
nector on the Broadband Mixer or
Preselector, either from an antenna or
other signal source. The received signal
frequency is measured by selecting the
assigned carrier frequency of the trans-
mitter by means of the CARRIER FRE-
QUENCY SELECTOR switch and reading
the frequency error on the FREQUENCY
meter. Simultaneous with the frequency
error, modulation deviation is indicated
by the FM DEVIATION meter on the
Model 302 FM Deviation Meter or on the
screen of the Model 301 Oscilloscope,
whichever is used. A built-in speaker
makes the modulation on the incoming
carrier audible.

In the CAL./CW or FM position of the
function switch the CE-T operates as a
signal generator. The desu‘ed signal
frequency is selected by means of the
CARRIER FREQUENCY SELECTOR
switch. The generated signal (CW or
FM) isavailable at the SIGNAL GENERATOR
OUTPUT connector. The attenuator pro-
vides calibrated outputs of 0 to_ 1, 0 to 10,
or 0 to 100 microvolts when the 20-dB fixed
attenuator is used. When FM has been
selected (instead of CW) the modulation can

560100151 3-1

be varied from zero to 25 kHz deviation.

The FM DEVIATION meter or the oscillo-
scope can also be used to read the modula-
tion of this generated signal. An internally-
generated, 1-kHz modulating frequency or
an external audio source can be used.

In the I. F. position of the function switch
the CE-T operates as a generator of frequen-
cies that are usually found as IF frequencies
in communications receivers. The desired
frequency is selected by means of the I. F.
GENERATOR SELECTOR switch. The gen-
erated IF frequency is available at the I. F.
GENERATOR OUTPUT connector and its level
is varied by means of the I. F. GENERATOR
LEVEL control. When setting the SELECTOR
switch, refer to the Channel Frequency Chart
located inside the front cover of the CE-7 for
the position associated with the desired IF fre-
quency. See Paragraph 3.4.5 for installation
and removal of IF Oscillators.

3.2 Controls and Indicators

The Model CE-7 controls and indicators
are listed in Table 3-1. For all other equip-
ment or accessories, refer to the applicable
equipment manuals.

3.3 Starting Procedure

a. Plug the power cord into an ac-
power outlet (115 volts, 50 to
400 Hz) and energize the set by
means of the power switch on
the VOLUME POWER OFF
control.

NOTE

The Crystal Oven Assembly is
energized as soon as the CE-7
power-eord is plugged in.

b. Ascertain that the channel pilot
light is on.

c. Allow the CE-7 to warm up for ap-
proximately 30 minutes. The
OVEN ON light will begin to cycle
on and off. If the CE-7 has been
stored at temperatures below 32°F
additional warm-up time may be
required.



Table 3-1. Controls and Indicators

NADME

REF

DESIG,

FUNCTION

I. F. GENERATOR
OUTPUT

LEVEL

SELECTOR -

Function Switch

HARM. AMP. TUNING

CAL.

FREQ.-DEV.MEASURE

VOLUME POWER OFF

Jl

R2

S1

S5, R3

A BNC-type female connector which provides
access for the output of IF frequencies in the
range of from 250 kHz to 13.5 MHz.

Permits adjustment of the I. F. GENERATOR
OUTPUT.

Permits selection of up to ten different fre-
quencies in the range of from 250 kHz to
13.5 MHz.

Outer black control knob permits selection of
I. F. HARM. AMP, TUNING, CAL./CW, FM,
or FREQ.-DEV. MEASURE.

Inner red control knob permits zeroing of the
FREQUENCY meter.

In this position, the CE-7 is an IF-signal gen-
erator and provides the capability of generating
up to ten frequencies in the range of from

250 kHz to 13.5 MHz.

In this position the harmonic amplifier can be
tuned for maximum signal output of the selected
carrier frequency with the HARM. AMP,
TUNING control.

In this position the inner red control knob is
used to zero the FREQUENCY meter. The
FREQUENCY meter range is automatically
in 0.5 kHz regardless of the position of the
=kHz (FREQUENCY lever).

In this position, the CE-7 generates a CW signal.

In this position, the CE-7 generates an FM
signal. The frequency of the generated signal
is shown on the FREQUENCY meter, and FJM
deviation is indicated by the Oscilloscope or
FM Deviation Meter plug-in.

In this position, the CE-7 is a receiver-
monitor and both carrier frequency and FM
deviation of an incoming signal can be measured.

In the POWER OFF position, no AC power is
being supplied to any circuits except the Cry-

‘stal Oven Assembly. In any position other

than OFF, AC power is supplied to all circuits
of the CE-7. The VOLUME potentiometer pro-
vides a means for adjusting the audio-amplifier
output. '

\.
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Table 3-1. Controls and Indicators (Continued)

: REF
. NAME DESIG. : FUNCTION
DEV. ADJ. R4 Black/red concentric controls used when the
" FM CAL. R5 function switch is in the FM position. The
= outer black control knob, DEV.ADJ., permits

: adjustment of the amount of deviation of the FM
..— _ signal generator output and the level of the in-

- ternally generated 1-kHz output. The inner red
control knob, FM CAL., permits adjustment of
the generated-FM center frequency. The
FREQUENCY meter is automatically in the
+5.0 kHz range when the function switch is in

FM.
FM MOD. INT.~-EXT. S6, J2 With the function switch in the FM position, the
1 kHz OUT FM MOD. switch permits selection of the modu-

lation source. In EXT., an external modulation
signal can be applied through the BNC connector
just below the switch. In INT., an external
1-kHz source is turned on. This same 1-kHz
signal is available at the BNC connector for

[ external use.
CRYSTAL OUT J4 A BNC-type female connector which provides
AUX, IN the capability to monitor the crystal frequency

of the selected channel. (The output level should
be greater than 600 mv unterminated.) It also
provides a connection point for 23 additional
crystal-controlled frequencies from the Model
MCO-6 Multi-Channel Oscillator.

FREQUENCY BELOW S3 Permits reversing the polarity of the FRE~
40 MHz - ABOVE 40 MHz QUENCY meter so any carrier-frequency
error measured will always be indicated in the
correct direction. This is also applicable to
the Model 301 Oscilloscope. (When operating
BELOW 40 MHz the CE-7 local-oscillator fre-
‘ quency is higher than the frequency to be
monitored.)

: HARM. AMP. TUNING C5 Permits tuning of the harmonic amplifiers for
) the selected RF channel. Tuning is indicated
on the FREQUENCY meter. Refer to the
Channel Frequency Chart for approximate
settings associated with each channel listed.

SIGNAL GENERATOR

LEVEL SET R7 When set to the number listed with the desired
: carrier frequency on the Channel Frequency

MICROVOLTS - R8, R9 Chart, the signal-generator output level will be

(Attenuator Vernier) as indicated by the MICROVOLTS (0.1 to 1.0
microvolts) and X1, X10, X100 (Multiplier)

X1, X10, X100 ST settings. The 20-dB fixed attenuator must be

(Multiplier) used.

OUTPUT J3 A BNC-type female connector which provides
signal generation output for the frequency
selected.

3-3
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Table 3-1. Controls and Indicators (Continued)

NAME

REF
DESIG.

FUNCTION

CARRIER FREQUENCY
SELECTOR

SIGNAL LEVEL

CHANNEL

OVEN ON

+KkHz
(FREQUENCY lever)

FREQUENCY (meter)

METERS
INT.-EXT,
(rear panel)

FUSES
(rear panel)

Auxiliary Equipment
Connector (left side-
lower left corner of

instrument)

S1 (CH)

DS1

DS1 (Al)

DS2

52

M1

J1 (RP)
S1 (RP)

F2 (RP)
F1 (RP)

J4 (RP)

Provides selection of any one of 23 RF channels
for frequency error and FM deviation measure-
ment or signal generation. Channel numbers 1
through 23 are associated with specific carrier
frequencies as recorded on the Channel Fre-
quency Chart. The AUX. position permits con-
nection of additional crystals to the CRYSTAL
OUT AUX. IN connector on the front panel.

In FREQ.-DEV. MEASURE position, this lamp
will light'when a received signal is strong enough
for reliable frequency measurements. In CAL./
CW or FM position, the lamp will always be on.

Indicates that the CE-7 is on. i

Indicates that there is power to the Crystal

Oven Assembly. The oven will normally be on
for approximately 30 seconds and off for ap-
proximately 90 seconds after the operating temp-
erature of 76.2°C has been reached. -

Permits selection of the three directly calibrated,
full scale FREQUENCY meter ranges of +0. 5 kHz,
+1.5 kHz, or +5.0 kHz.

Provides indication of received-signal frequency
error. This error, and whether it is above or
below the selected frequency, is directly indi-
cated in +kHz. The meter is also used to indi-
cate the center frequency of the signal-generator
output. The meter is automatically in the

+5. 0 kHz position when the function switch is

in FM.

The 8-pin connector permits use of the Model
309B Remote Meters when the associated slide
switch is in the EXT. position.

Main AC-power to fuse (1.0 amp slo-blo).
Provides protection (2/10 amp slo-blo) to the
Model 301 Oscilloscope.

A 12-pin connector for the Model 107 FM
Deviation Calibrator.

NOTE

The Model 107 FM Deviation
Calibrator must be used in
conjunction with an external
oscillator with the capabilities
of 2080 to 2100 Hz.

560100151
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3.4 Operating Procedures

3.4.1 Frequency and Deviation Measurement

It is assumed that the CE-7 is equipped
with a Model 303 Broadband Mixer and either
the Model 301 Oscilloscope or the Model 302
FM Deviation Meter, For measurement of
frequency and deviation with one of the RF
Preselectors instead of the Model 303, the
same procedure is followed except that the
preselector frequency dial must be set to

the frequency selected with the CARRIER

d.

‘FREQUENCY SELECTOR.

Connect the telescoping antenna, an
external antenna, or other signal
source to the ANT. connector on the
Broadband Mixer or Preselector. If
the telescoping antenna is used, ex-
tend it to its full length for meas-
urements of signals below 30 MHz
to approximately 18 inches for VHF
measurements; use minimum length
for UHF measurements.

Select the desired carrier frequency
with the CARRIER FREQUENCY
SELECTOR,

Place the function switch in the HARM.
AMP. TUNING positionand adjust the
HARM. AMP. TUNING control for a maxi-
mum readingonthe FREQUENCY meter.
The HARM. AMP, TUNING control
should indicate the appropriate number
recorded on the Channel Frequency Chart,

Turn the function switch to CAL./
CW. The SIGNAL LEVEL lamp
should light.

Adjust the inner red knob (concen-
tric with the function switch) for a
zero (mid-scale) reading on the
FREQUENCY meter.

If the Model 301 Oscilloscope is
being used, set the toggle switches
for horizontal and vertical inputs
to the INT, positions and adjust

the VERT, POS, control so that
the trace is on the zero reference
line while the deviation range switch
is in the +1.5 position. Adjust the
scope INTENSITY, FOCUS, and
ASTIGMATISM controls for a sharp
trace on the screen.

3-5
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Set the function switch to the FREQ. -
DEV, MEASURE position.

CAUTION

The signal level applied to the
ANT. connector should not ex-
ceed 5 milliwatts or the plug-in
may be damaged.

Key the transmitter or other signal
source to be monitored. The SIG-
NAL LEVEL lamp should come on.
If it does not, increase the signal
level at the ANT, connector. Nor-
mally, if the telescoping antenna

is used, measurements can be made
easily when the CE-7 is between

25 to 50 feet from the radiating
antenna., When a plug-in prese-
lector is being used, measurements
can be made at distances up to 50
miles from the transmitter if an
adequate external antenna is used.

The difference between the measured
signal frequency and the CE-7 carrier
frequency is indicated on the FRE-

QUENCY meter according tothe posi-
tion of the tkHz (FREQUENCY lever),

Modulate the transmitter or other
signal source to be monitored when
FM deviation is to be measured.
Select the appropriate full-scale
sensitivity with the range switch
(kHz) onthe deviation plug-in being
used. When the oscilloscope is
used, positive modulation peaks
appear above and negative peaks
below the zero reference line;
the FM deviation meter will indi~
cate either positive or negative
peaks depending on the setting of
the FM DEV. PEAKS switch. If
the DEVIATION PEAKS indicator
on the FM Deviation Meter has
been calibrated (see Model 302 FM
Deviation Meter equipment manual)
all modulation peaks which exceed
a preset level will cause this indi-
cator to light. The accuracy of
deviation measurement may be
affected by the position of the
SELECTIVITY switch on the
Broadband Mixer or Preselector.
(Refer to the applicable plug-in
operating instructions.)



3.4.2 CW-Signal Generation

a.

Set the CARRIER FREQUENCY
SELECTOR to the desired carrier
frequency.

Place the function switch in the
HARM. AMP, TUNING position
and adjust the HARM, AMP.
TUNING control for a maximum
reading on the FREQUENCY
meter. The HARM, AMP,
TUNING control should indicate
approximately the appropriate
number recorded on the Channel
Frequency Chart.

Place the function switch in the
CW position and zero (mid-scale)
the FREQUENCY meter with the
CAL. control (inner red knob).

Adjust the LEVEL SET control

to the SIG, GEN, SET LEVEL
number listed on the Channel Fre-
guency Chart for the desired car-
rier frequency.

CAUTION

When the CE-7 is directly con-
nected (via the 20-dB fixed at-
tenuator) to a transceiver, its
transmitter should NEVER be
keyed. Any input in excess of
2 watts will blow the fuse in the
20-dB fixed attenuator and may
damage the instrument.

A coaxial cable with a 20-dB
fixed attenuator is stored inside
the instrument's front cover;
connect the cable to the front-
panel connector marked SIGNAL
GENERATOR OUTPUT, The
signal-generator attenuator set-
tings are only valid if the 20-dB
fixed attenuator is used.

The desired frequency is now being
generated. The output level can be
adjusted by means of the X1, X10,
X100 (Multiplier) and MICROVOLTS
(Attenuator Vernier) controls.

5601+*0015+1
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'3.4.3 FM-Signal Generation

a.

Perform steps 3.4.2a through f.
These steps calibrate the CE-7 in

preparation for FM signal generation.

Place the function switch in the
FM position,

Set the DEV, ADJ, control fully
counterclockwise.

Zero (mid-scale) the FREQUENCY
meter with the FM CAL. control
(inner red knob).

Set the FM MOD. switch to INT,
or EXT. as desired. In the

INT. position the modulating
frequency will be 1 kHz; exter-
nal modulation frequencies can
be applied through the BNC
connector when the switch is in
the EXT. position. When the
FM MOD, switch is in the INT,
position, the 1 kHz signal is avail-
able at the 1 kHz OUT connector.
The level of the 1 kHz OUT is
adjusted with the DEV, ADJ,
control, which is also used to set
the level of external modulation
applied to the EXT, connector.

NOTE

The FREQUENCY meter will now
show the modulator center fre-
quency and the FM Deviation Meter
or Oscilloscope will now indicate
the amount of deviationof the gen-
erated modulation. The FM CAL.
control varies the center frequency
ofthe FM signal and permits testing
of receivers for alignment and max-

imum sensitivity., The FREQUENCY

meter is automatically in the +5.0
kHz range when the function switch
is in the FM position, and it cannot

be changed by the +kHz (FREQUENCY

lever).



3.4.4 IF-Signal Generation

Place the function switch in the
1. F. position.

da.

NOTE

On earlier models of the CE-7 the
IF position ON switch is part of

the I. F. GENERATOR LEVEL
control. If the instrument has an

I. F. position on the function switch,
place the switch in that position
rather than in FREQ.-DEV.
MEASURE.

b. Set the SELECTOR switch to the
desired IF frequency listed on the
Channel Frequency Chart.

c¢. The IF signal output is available
at the I. ¥, GENERATOR OUTPUT
connector and the output level may
be adjusted by the I, F, GENERATOR
LEVEL control.

3.4.5 Installation and Removal of IF-Oscillators

The IF-Oscillator boards 0104 and 0105

are pin mounted on the Multi-Oscillator

board 0103 inside the left-hand side of the
CE-7. See Figure 3-1. When an IF-
crystal frequency is added, deleted, or
changed to a different position, the fol-
lowing procedure for removing and instal-
ling an IF Oscillator board should be used:

Turn the VOLUME POWER OFF
controi to the OFF position,

a.

b. Remove the left-hand L-shaped
cover (six screws).

c. Carefully remove the IF-Oscillator
board from the Multi-Oscillator
board, When inserting an IT-
Oscillator board ensure that the
guide pins on the Multi-Oscillator
board are aligned with the sleeves
on the IF-Oscillator board.

Log any additions, deletions, or
changes in crvstal frequency posi-
tion on the Channel Frequency
Chart.

e. Replace the L-shavned cover and
secure with the six screws.

SiEELh
i

Figure 3-1. Installation-Removal, IF-Oscillator Boards
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3.4.6 Antenna Installation

Remove the telescoping antenna from
the front cover of the CE-7. Insert
the telescoping antenna into the ANT.
connector on the RF plug-in used and
turn the connector collet until finger-
tight.

CAUTION

When removing the telescoping
antenna from the ANT. connec-
tor DO NOT rotate the antenna
before loosening the connector,
otherwise damage will result.

3.4.7 Installation and Removal of Crystals

The following procedure should be
followed when field installation or re-
moval of frequency-determining crystals,
inside the Crystal Oven Assembly, be-
comes necessary.

NOTE

The CE-7 must be disconnected from
the AC outlet whenever the insulated

Crystal Oven Assembly cover is re-

moved, The oven is energized when-
ever power is present.

a. Place the CE-7 on its rear panel
with the bottom cover toward the
operator.

b. Remove the six bottom-cover
SCrews,

c. Remove the four screws securing
the insulated Crystal Oven Assem-
bly cover.
the center screw.

5601+0015+1

DO NOT try to remove

3-8

d. Install the new crystai(s} in the
desired position,

NOTE

Be careful to install the proper frequency
crystal for the desired operating fre-
quency. The correlation between cry-
stal frequency and operating frequency

is shown on the box in which the crystal
is packed.

e. RECORD THE POSITION IN
' WHICH EACH CRYSTAL IS IN-
STALLED ON THE CHANNEL
FREQUENCY CHART.

f. Replace the insulated Crystal Oven
Assembly cover with the four screws.

g. After the insulated Crystal Oven
Assembly cover has been replaced,
allow the oven to stabilize its temp-
erature for approximately 30 minutes.

h. Calibrate the crystal oscillator
according to the instructions con-
tained in Paragraph 5.4.2 and
Table 5-3.

i. Replace the bottom cover with the
six screws,

3.5 Turn-Off Procedure

To turn the CE-7 off, simply place the
VOLUME POWER OFF control in the OFF
position. If possible leave the AC plug
connected so that the Crystal Oven Assem-
bly stays on. Unless the crystals in the
oven are kept at a constant temperature,
frequencies will vary and precise meas-
urements cannot be made without a mini-
mum warm-up period of 30 minutes,
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_ Generator board (0102),

‘oscillator signal.

SECTION 4
CIRCUIT DESCRIPTION

4.1 Introduction

The circuits of the Model CE-T7 Multi-
Channel FM Communications Monitor are
on five printed circuit boards: the Second
IF and Discriminator board (0054), the
Power Supply board (0100), the Frequency
Error Meter board (0101), the Harmonic
and the Multi-
Oscillator board (0103). Figure 4-1 is
the functional block diagram of the CE-7.
The 115-vac-supply fuse RP-F2, is on
the inside of the rear panel.

The CE-7 is basically a multi-channel
superheterodyne receiver and a signal
generator. Inthe FREQ,-DEV, MEASURE
mode of operation the RF signal, the fre-
quency and frequency deviation of which
are to be measured is applied through
the ANT, connector of the RF plug-in
that is being used (a Broadband Mixer
or one of the three Preselectors). The
RF signal is mixed in the RF plug-in
with the local-oscillator signal from the
Harmonic Generator board in the CE-T.

The local oscillator signal has a
frequency that results from mixing the
output of a selected crystal oscillator
(associated with the selected channel) with
the output of a 10- MHz crystal oscillator.
When an RF signal must be measured for
carrier-frequency accuracy, the frequency
that has been assigned to the transmitter
of the RF signal is the same frequency
that is selected on the CE-7. Thus, the
CE-7 can only monitor a signal for which
it has a crystal of appropriate frequency.

The incoming signal is mixed with the
internally generated ''standard" or local-
If the transmitter of
the incoming signal is on-frequency, the
result of this mixing will be an IF of
exactly 10-MHz. If the frequency of the
incoming signal is not correct, the IF
signal will be 10 MHz plus or minus the
frequency error.

56010015
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The 10-MHz signal (+ frequency error)
is fed to the Second IF and Discriminator
board where it is amplified and mixed with
a 9.9-MHz signal from the Multi-Oscillator
board to form a second IF and 100 kHz
(+ frequency error). This second-IT sig-
nal is amplified and applied to the frequenc; =
error detector

A squelch detector in the Broadband
Mixer or Preselector rectifies the 10-Hz
signal. The resulting dc voltage is ampli-
fied and fed to the signal-level detector in
the CE-7. If the 10-MHz signal exceeds
a preset level, the SIGNAL LEVEL lamp
lights to indicate that accurate measure-
ments can be made and the frequency-
error detector is energized. The frequency-
error detector is adjusted to give a zero
indication on the FREQUENCY meter when
the second IF signal is exactly 100 kHz.

If the frequency of the monitored signal is
above or below the frequency selected with
the CARRIER FREQUENCY SELECTOR,
the input to the frequency-error detector
will be exactly the same amount above or
below 100 kHz. The detector output will
cause the FREQUENCY meter to deflect
toward the plus (+) or minus (-) side, in-
dicating the direction and amount of fre-
quency error.

If the monitored signal is frequency
modulated, the modulation will be present
in the output of the frequency-error detec-
tor. This output is demodulated and a sig-
nal representing the modulation is amplified
and fed to either the Model 302 FM Deviation
Meter or the Model 301 Oscilloscope. If
the Model 302 is used, its FM deviation
meter will indicate the peak deviation of
the FM signal. On the Model 301 Oscillo-
scope, the amount of deviation and frequency-
error will be shown on the CRT.

The CE-7 can be used as a CW- or FM-
signal generator but its range is limited to
the frequencies for which crystals are in-
stalled (if the Model MCO-6 Oven-Oscillator
is used, the range is extended to include the
auxiliary crystals).



A signal generated with the CE-7 is
derived from the same sources as the LO.
signal with which anincoming signal is mixed
to form the first IF and to determine fre-
quency error. Because there is always a
10- MHz difference between the selected
frequency and the LO. signal, this 10-MHz
difference must be removed before the LO,
signal can be used as a signal-generator
output of the selected frequency. The re-
moval of this difference is accomplished
by mixing a 10-MHz signal originating on
the Multi-Oscillator board with the LO.sig-
nal in the Signal Generator Mixer. For
both CW and IFM signals, this 10-MHz sig-
nal is passed through a step attenuator be-
fore being fed through the Signal Generator
Mixer. This attenuator permits control of
the signal-generator output level, but the
calibration is only valid if the 20-dB fixed
attenuator provided with the CE-7 is con-
nected to the output connector,.

An M signal can be modulated by an
internally generated 1-kHz signal or a
modulating signal from an external source
can be applied at the FM MOD./1 kHz OUT
connector.

The amount of peak FM deviation is
adjustable by the DEV. ADJ, control and
is read on the FM Deviation Meter or
Oscilloscope in the same manner as when
monitoring an incoming RF signal. When
the FM MOD. toggle switch is in the INT,
position, the 1-kHz signal is available at
the FM MOD. /1 kHz OUT connector for
external use and the output level is ad-
justable with the DEV, ADJ, control.

The CE-7 can be used as a generator
of frequencies that are usually encountered
in IT stages of commercial receivers if
crystal-controlled IF oscillators are ob-
tained for installationonthe Multi-Oscillator
board. Up to ten of these plug-in units can
be used at one time and crystals with any
frequency between 250 kHz and 13.5 MHz
can be made available. The desired fre-
quency is selected and the signal level is
adjusted with front-panel controls. The
output is available at the I, F, GENERATOR
OUTPUT cornector.
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In the following paragraphs reference

< will be made to two groups of figures. The

first group consists of figures numbered

4-1 through 4-7 which are interspersed

with the text; the second group consists of
schematics number 6-1 through 6-9

which are part of Section 6. Each schematic
in Section 6 is placed adjacent or in close
proximity to associated parts lists and

parts pictorials.

+.2 Second IF and Discriminator Board

Figure 4-2 is a block diagram and
Figure 6-1 is the schematic diagram of
the Second IF and Discriminator board.
In the FREQ®.-DEV, MEASURE mode the
first IF of 10 MHz from the Broadband
Mixer or Preselector to the Second IF
and Discriminator board is amplified by
IC1 and mixed in IC2 with a 9,9-17\Hz
second local oscillator signal from the
Multi-Oscillator board buffered by Q1.
The resulting 100 kHz second-IF signal
is filtered and then amplified by Q2 and
®3. The square wave out of Q3 is dif-
ferentiated by R20 and C22 and sent to
pulse shaping network CR1 and CR2,

Only the positive alternations are used

to trigger @4, the normally-off side of
the one-shot multivibrator; Q4 turns on
and @5 turns off, The multivibrator re-
mains in this state for 5 microseconds
before reverting to its normal state.

This 5 microsecond period is constant
regardless of the frequency with which
the multivibrator is triggered and is
calibrated by adjusting the CAL. control.
If the incoming signal is on frequency,

and the second-IF signal is, therefore,
exactly 100 kHz and if there is no modu-
lation on the second-IF signal, the time
between triggers is 10 microseconds and
square waves result at the collectors of Q4
and Q5. Refer to Figure 4-3. When there
is an error or the second-IF signal is
modulated, then the time between triggers
will be longer or shorter than 10 micro-
seconds. When the time between triggers
is longer than 10 microseconds, Q5 is
turned ON for a longer period than it is
turned OFF. When the time is less than
10 microseconds, Q5 will be OFF for a
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longer period than it is on. The resulting 00 ofo] e
rectangular waveshape at the collector of i T
Q4 will be high for a time longer or shorter 1K
than 10 microseconds and the waveshape X L7 o ey
at Q5 will be correspondingly low. These (—{i )T-n_.g R30
[ < 2
push-pull signals are filtered and turned c33 _,_) w5 %
into unbalanced dc signals at the bridge R23 = +05 [FREQUENCY] :._];-Ds -
output. The FREQUENCY meter is o st
then driven negative or positive depending
on the magnitude and the direction of the COLL & 0 6 CoLL
error. ot _{EM EM{QS
The output of the multivibrator is taken N PO s (I [;;:m:u .
from the collector of Q5 and is fed to the INPUT TRIGGER | | | i i 1
base of emitter follower Q9. Q9 drives (Q% BASE)
the 20-kHz lowpass filter which removes
the 100 kHz content. wpa X UHL LT LU
The output of the 20-kHz lowpass filter POINT Y Uy Lo man
consists of the average dc value of the
square wave at the collector of Q5 with no C23 VOLTAGE —_—
modulation. This value is 3.2 vde with . et i
the FREQUENCY meter at zero. See o5 VOLTAGE  ———— -
Figure 4-4, detail A. During the positive G A S e e e e I
cycle of modulation, the 5-microsecond
pulse at the collector of Q5 occurs at
shorter intervals. Therefore, the voltage Figure 4-3. Frequency-Meter Bridge,
at the output of the 20-kHz lowpass filter Simplified Schematic Diagram and Waveforms
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will be of a higher value. See Figure 4-4,
detail B. During the negative cycle of
modulation, the pulses occur at longer in-
tervals producing a lower voltage at the
output of the filter. See Figure 4-4, de-
tail C. The output of the filter follows
the frequency modulation of the IF signal,
The resulting audio signal is fed to the

VOLUME control and to the Oscilloscope

or FM Deviation Meter foranindication of
the amount of modulation.

When the monitored signal is of suf-
ficient amplitude, a dc control voltage
from the Broadband Mixer or Preselec-
tor, turns on Schmitt trigger Q6 and Q7.
This results in switch Q8 supplying a
ground to the one-shot multivibrator and
the SIGNAL LEVEL lamp, turning them
on. Thus, reliable measurements can
be made providing the signal is of suf-
ficient level.

Two controls are provided to adjust

the zero reading of the FREQUENCY meter,

Potentiometer R30 is for coarse calibra-
tion of the bridge and frequency measuring

circuit. The front panel CAL. control
(FP-R1-1) is for fine calibration and com-
pletes the bridge circuit,

When the CE-7 is used as a C\W- or FM-
signal generator, the action of the second
IF and discriminator circuits is the same
as described for the measuring mode. The
10-MHz input to the board, however, origi-
nates on the Multi-Oscillator board and the
output is amplified in the Broadband Mixer
or Preselector (last two stages). After ampli~
fication the signal is fed to the second mixer

~ in the Second IF and Discriminator board.

4.3 Power-Supply Board

The CE-T7 contains three power
supplies providing regulated outputs
of +5 volts, +20 volts, and -12 volts.
Refer to Figure 4-5 for the block diagram
and Figure 6-2 for the schematic diagram
of the Power Supply board. AC power
is fed through power transformer second-
ary windings to the +20- and -12-volt
rectifiers, The 117-volt AC line power
is fed directly to the oven control circuit.

VOLUME I
2ND IF AND S . AUDIO
DISCRIMINATOR i‘T I AVPLIFIER I
' |
= ]
|
| |
I
I
t + 20 VDC
MODEL 301 : g
0SCILLOSCOPE £ i |[ et —— 45 VDC
I
l 3 E (REGULATED) = —le voC
I
: ) —= +13 VDC
: (UNREGULATED)
| POWER OFF [: |
115/230 VDC o\%
50-4 CRYSTAL
-400 HZ OVEN ] OVEN
L
CONTROL ASSEMBLY
0100J
‘ CH-AS
OVEN .
ON

Figure 4-5. Power-Supply Board, Block Diagram
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The +20-volt regulator consists of:
bridge connected rectifiers CR1, CR2,
CR3, CRi; a filter capacitor, C1; a con-
stant current source, Q1; series regula-
tors, Q3 and CH-Q1; a reference element,
CR6; differential amplifiers, Q5 and Q6;
a dc amplifier, Q4; and an over-current
protection circuit, Q2. Potentiometer R9
is the control for adjusting the +20-volt
supply to the proper voltage.

The -12-volt supply is similar and the
unregulated +13-volt supply is simply the
fused output of the bridge rectifiers for
the -12-volt supply. Potentiometer R27 is
the control for adjusting the -12-volt supply
10 the proper voltage. The +5-volt supply
is derived through means of zener diode CR7
from the +20-volt supply.

The audio input from the VOLUME
control is amplified by IC1 and fed to the
speaker.

The oven-control circuit controls.the
AC power supplied to the heat windings
of the oven. Fast heat is controlled by
the snap-action thermostat which opens
at 65°C. Regular heat is controlled by
the mercury column thermostat which
rloses at 76.2°C and shorts out gate Q13,
which shuts off the triac and removes the
power from the winding. When the temp-
erature drops below 76. 2°C, the column
opens. This permits the triac to be trig-
gered on the next time the AC voltage goes
through zero. The front panel OVEN ON

lamp is energized whenever the regular
heat is on.

The Crystal Oven Assembly (Figure 6-9)
is protected against overheating by thermal
fuse TF1. Any time the temperature in-
side the oven exceeds 81.1°C, thermal fuse
TF1 will open and cause the oven to become
inoperative,

1.4 Frequency Error Meter Board

Figure 6-3 is the schematic diagram
of the Frequency Error Meter board. The
push-pull de outputs from the discriminator
.nd lowpass filter are routed through the
FREQUENCY BELOW 40 MHz - ABOVE

4-8
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40 MHz switch. The switch reverses the
polarity of the signals to the meter as the
LO is above or below the desired signal

to be monitored or generated. The signals
are then routed through the function switch,
the EXT. METERS switch located on the
rear panel, the tkHz (FREQUENCY lever)
switch, and to the calibration potentiometers.

In the FREQ.-DEV. MEASURE position
of the function switch the range of operation
of the meter is selectable by the +kHz
(FREQUENCY lever) switch for 0.5 kHz,
+1.5 kHz or #5.0 kHz. In the FM or CAL./
CW positions of the function switch, the in-
puts to the meter are through specific re-
sistors to provide fixed ranges of +0.5 kHz,
and 5.0 kHz, respectively. Diodes CR1
and CR2 provide meter protection in the
event of overdrive.

In the HARM. AMP. TUNING position
of the function switch, one side of the meter
is grounded and the other side is supplied
with the de tuning voltage coming from the
Harmonic Generator board.

4.5 Harmonie Generator Board

Figure 4-6 is the block diagram and
Figure 6-1 is the schematic diagram of the
Harmonic Generator board. Depending on
customer requirements, up to 23 crystals
in a frequency range of from 6.2 MHz to
9.4 MHz can be installed in the Crystal
Oven Assembly. Any one of these can be
selected by the CARRIER FREQUENCY
SELECTOR switch. The selected crystal
is capacitively coupled to the modifed
Colpitts oscillator Q8, and amplified by Q7.
The output of Q7 is fed to both limiter Q5
and emitter follower Q6; the latter feeds
the CRYSTAL OUT AUX. IN connector.
This connector is a convenient monitoring
point for measuring the frequencies of the
crystals and also serves as the input con-
nector for inputs from external crystals
(Model MCO-6 Multi-Channel Oscillator).
Whetheraninternaloranexternal crystal is
used asa signal source, the signal is passed
through limiter @5, and capacitively coupled
to tuned amplifiers Q1 and Q2. The 6.2 MHz
to 9.4 MHz signals are multiplied by Q1 and
tuned by Q2 to give a frequency range of
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Figure 4-6. Harmonic-Generator Board, Block Diagram
from 14 MHz to 28 MHz. This frequency that the tuned amplifiers linearly follow
range is doubled by CR1 and CR2 and amp- (track) the manual tuning.
lified by tuned amplifier Q3, to achieve a
signal in the range of from 28 MHz to The Channel Frequency Chart (Table
56 MHz. 4-1) provides a means to determine the
crystal frequency when the channel fre-
This signal is matched by emitter quency is known., Locate the applicable
follower @4 to the low impedance of channel frequency range in the CHANNEL
step-recovery diode CR4., The step- FREQUENCY RANGE column. Add or
recovery diode conducts during the subtract 10 MHz as indicated in the ADD
positive half of the input-signal and stores OR SUBTRACT 10 MHz column to deter-
that charge. During the negative half it mine the first LO frequency re-
is quickly driven towards cutoff and snaps quired. The resultant frequency should
back to form an extremely narrow pulse be within the range in the LO FREQUENCY
that is rich in harmonics. RANGE column. Divide the LO
frequency by the number given in the
The fundamental frequency output is DIVIDE BY column. The resultant fre-
- 28 MHz to 56 MHz and the harmonics quency is the crystal frequency required
are usable to 1150 MHz. These pulses and should be within the range in the
and the resulting harmonics form the CRYSTAL FREQUENCY RANGE column.
- LO signal. See Table 4-1.
The board output feeds coaxial relay Example:
CH-K1. Diode CR3 rectifies a sample
of the fundamental frequency range of 153.123 MHz - Assigned frequency
the harmonic generator that is filtered
to form the dc tuning voltage which drives 10.000 MHz - Subtract
the FREQUENCY meter when the harmonic
2 amplifier is being tuned by the variable 143.123 MHz - 1st LO frequency
capacitors (C5). The capacitors are con-
nected to the HARM, AMP, TUNING control. 143.123 + 18 - Divide by
Transformers T1, T2, and T3, and the
trimmer capacitors (C6) are adjusted such 7,951.277 kHz - Crystal frequency
4-9
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Table 4-1. Channel-Frequency Chart

CHANNEL FREQUENCY ADD OR L.O. FREQUENCY CRYSTAL FREQUENCY
RANGE SUBTRACT RANGE DIVIDE RANGE
(MHz) 10 MHz (MHz) BY (kHz)
18.0 to 27.4 Plus 10 MHz 28.0 to - 37.4 4 7,000 to 9,350
27.4 to 40.0 Plus 10 MHz 37.4 to 50.0 6 6,233 to 8,333
40.0 to 47.4 Minus 10 MHz 30.0 to 37.4 4 7,500 to 9,350
47.4 to 66.0 Minus 10 MHz 37.4 to 56.0 6 6,233 to 9,333
66.0 to 84.8 Minus 10 MHz 56.0 to 74.8 . 8 7,000 to 9,350
84.8 to 122.0 Minus 10 MHz 74.8 to  112.0 12 6,233 to 9,333
122 to 178 Minus 10 MHz 112 to 168 18 6,222 to 9,333
178 to 234 Minus 10 MHz 168  to 224 24 7,000 to 9,333
234 to 290 Minus 10 MHz 224 to 280 30 7,467 to 9,333
290 to 346 Minus 10 MHz 280 to 3386 36 7,778 to 9,333
346 to 402 Minus 10 MHz 33  to 392 42 8,000 to 9,333
402 to 514 Minus 10 MHz 392 to 504 54 7,260 to 9,333
514 to 626 Minus 10 MHz 504 to 616 66 7,637 to 9,333
626 to 794 Minus 10 MHz 616 to 784 84 7,333 to 9,333
794 to 1018 Minus 10 MHz 784  to 1008 108 7,260 to 9,333
1018 to 1186 Minus 10 MHz 1008  to 1176 126 8,000 to 9,333
4.6 Multi-Oscillator Board
Figure 4-7 is the block diagram and oscillator is energized by +20 volts when
Figure 6-5 is the schematic diagram of the function switch is in the CAL./CW
the Multi-Oscillator board, The Multi- position, Its output is amplified by Q2
Oscillator board consists of: 10-MHz, and fed to emitter follower Q3 . The
9.9-MHz and 1.0-kHz oscillators; an signal is then fed through a 12-dB im-
amplifier for up to ten plug-in IF os- pedance matching circuit and emitter fol-
cillators; and a 10-MHz frequency lower Q9 to tuned amplifierQ10. The out-
modulator, put 0fQ10is fed to the Broadband Mixer or
Preselector and is used as a reference sig-
Whenever a frequency is selected nal to zero the FREQUENCY meter., It
(measuring mode as well as signal gen- - is also fed to the Signal Generator Step
erating modes) the crystal oscillator as- Attenuator,
sociated with that frequency is activated.
As has been stated, the output of each To modify the LO signal so that it can
crystal oscillator is always mixed with he used as a signal generator output, an-
a 10-MHz signal to produce the LO sig- other 10-MHz signal must be mixed with
nal. This 10-MHz signal is generated the LO signal. This 10-MHz signal is
by transistor Q1 in conjunction with a generated by voltage-controlled oscillator
10~ MHz crystal which is located in the Q7, which is energized by +20 volts when
Crystal Oven Assembly. The 10-MHz the function switch is in the FM position.,
4-10
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Figure 4-7, Multi-Oscillator Board, Block Diagram

Its frequency is set to 10 MHz with the ADJ. potentiometer, which provides ad-
FM CAL. control FP-R5, which adjusts justment for the amount of signal being
the voltage to Varicap CR2 in the tuned delivered to Varicap CR2 of oscillator Q7
circuit of the oscillator. When adjusted and via amplifier Q5 and emitter follower
to exactly 10 MHz, the oscillator fre- Q6, to the 1-kHz OUT connector. The
: quency is kept constant by the AFC volt- Varicap changes capacitance and thus
age from the frequency-error-detector frequency-modulates the 10- MHz output
= circuit in the Second IF and Discriminator of Q7.

board which is also applied to Varicap CR2.
' To produce a second-1F signal of 100

The internally-generated modulating kHz, the first IF of 10 MHz is mixed with
signal (for FM signal generation) is pro- a 9.9-MHz signal. This signal is pro-
duced by the 1-kHz oscillator. Transistor duced by crystal-controlled oscillator
Q4 in this oscillator circuit is energized Q13. The 9.9-MHz crystal is not

s when +20 volts is applied by turning the installed in the Crystal Oven Assembly but
FM MOD. switch to the INT. position. The operates at ambient temperatures. Transis-
output of the oscillator is fed to the DEV, tor Q13 is always energized except when the

4-11
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function switch is in the 1. F. position.
Its output is amplified by Q14 and Q15,
and fed to the buffer amplifier in the
Second IFand Discriminator board where
it is mixed with the first IF signal.

4.7 1I Oscillator Board

The Multi-Oscillator board provides
10 receptacles into which IF oscillator
boards may be inserted at the option of
the customer. Refer to Figure 4-7.
The frequencies that may be selected
for these crystal-controlled oscillators
lie in ranges of from 250 kHz to 900 kHz
(see Figure 6-6) and from 1 MHz to
13.5 MHz (see Figure 6-7). When the
function switch is in the I. F. position,
the I. F. GENERATOR SELECTOR may
be turned to one of its numbered posi-
tions (1 through 10), thus a +20-volt
energizing voltage is applied to the cor-
responding receptacle. The output of
the activated oscillator circuit is amp-
lified by Q11 and Q12, and is available
at the I. F. GENERATOR OUTPUT con-
nector. Ifadditional IF frequenciesare
neededor if it isdesirable to change the
frequency that isavailablein a particular
position of the SELECTOR, refer to Para-
graph 3.4.5 forinstallation and removal
of IF Oscillator boards.

560100151

4.8 Signal-Generator Mixer

Figure 6-8 is the schematic diagram
of the Signal Generator Mixer. The LO
signal which reaches the Signal Generator
Mixer from the Harmonic Generator board
via the coaxial relay (CH-K1) consists of
narrow pulses with a frequency between
28 MHz and 56 MHz. This LO signal is
mixed with a second input signal with a
10 MHz frequency from the Signal Gen-
erator Step Attenuator. The resultant
signals are coupled out to the SIGNAL
GENERATOR OUTPUT connector.

If the desired signal output is below
40 MHz then the Harmonic Generator out-
put is higher than the desired signal by
10 MHz and the lower sideband is used,
and vice-versa for the above. The
FREQUENCY BELOW 40 MHz-ABOVE
40 MHz switch should be switched accord-
ingly for proper readout.

The multi-turn LEVEL SET control
feeds a dc voltage to mixer-diode CR1
and forward-biases it at different cur-
rents for calibrating the signal genera-
tion output in the different communica-
tions frequency bands.
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SECTION 5
MAINTENANCE

5.1 Introduction

This section contains the necessary
procedures to perform adjustments and
troubleshooting of the CE-7. If adjust-
ments other than those described are re-
quired, it is recommended that the instru-
ment or subassembly be returned to
Cushman Electronics, Customer Service
Department for calibration and alignment.

It is assumed that the operator is
familiar with the operating procedures
described in Section 3. The instrument
should be warmed up for at least 30 min-
utes before any adjustment or trouble-
shooting is attempted. For most of the
tests and internal adjustments, the side
covers and bottom cover must be re-
moved. The test equipment required
for each adjustment is given after pre-
liminary instructions (Paragraphs 5.4.1
through 5.4.6). For ease of following
the adjustment procedures or checks,
the steps are given in tabular form (Tables
5-2 through 5-7). Troubleshooting guides also
intabular form (Tables 5-8 through 5-11)
are provided to assist the operator in lo-
calizing malfunctions. Interior views of
the instrument are included to aid in lo-
cating the various test and adjustment
points.

5.2 Access

Components in the top part of the instru-
ment can be reached by removing the two
L-shaped side covers. Each cover is se-
cured to the chassis by six screws. The
speaker leads must be disconnected before
the right-hand cover can be removed com-
pletely. Components in the bottom part of
the instrument can be reached by setting
the CE-7 on its rear panel, with the bottom
facing forward. The bottom cover is se-
cured to the chassis by six screws.

The Model 302 FM Deviation Meter

or the Model 301 Oscilloscope is removed
by loosening a small knob on the rear panel

560100151

of the CE-7 and pushing in on this knob.
The Model 303 Broadband Mixer and Models
304, 305, or 306B Preselector are re-
moved by loosening the LOCK knob on the
front panel of the plug-ins, and pushing in
on the knob to disengage the plug-in con-
nector from the CE-7 receptacle.

5.3 Fuses

There are three regulated power sup-
plies within the CE-7: +5 volts, +20 volts,
and -12 volts. The +5-volt supply is derived
by means of a zener diode from the +20-volt
supply and does, therefore not have a sep-
arate adjustment or fuse. Separate fuses
and adjustments for the -12- and +20-volt
supplies are on Power Supply board 0100
located on the right side of the instru-
ment. See Figure 5-1, The -12- and
+20-volt supplies are protected by 1.0 amp
slo-blo fuses. The upper-adjusting potenti-
ometer and upper fuse are for the +20-volt
supply. The lower-adjusting potentiometer
and lower fuse are for the -12-volt supply.
If one of these fuses blows, the resistance
between the regulator output terminal and
ground should be measured to make sure
that there is not a short circuit. Table 5-1
gives the approximate resistances to chassis
ground for each supply (or, in the case of
the plug-ins, for the load across each supply).

There are two separate AC fuses lo-
cated on the rear panel of the CE-7. A
1.0 amp slo-blo fuse is for the main
AC power to the instrument. The other
is a 0.2 amp slo-blo fuse that provides
protection to the MNodel 301 Oscilloscope,
which has a regulated power supply.

5.4 Adjustment Procedures and Check

The following paragraphs (5.4.1
through 5.4.6) interspersed with their
respective tables provide preliminary
instructions and test equipment required
for performance of the tests given to
maintain the CE-7.
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Figure 5-1. CE-7 Right Interior View Without Plug-In

5.4.1 Power-Supply Board, Voltage Adjustment 5.4.2 Crystal-Oscillator Adjustment
Preliminary Instructions: Preliminary Instructions:

Adjustments for the power supplies
(Table 5-2) are on Power Supply
Board 0100 (CH-A5) located on the right
side of the instrument. See Figure 5-1.

a. The crystals and trimmer capaci-
tors for each of the 23 channels are
in the Crystal Oven Assembly (CH-A4).
Access to the trimmer capacitors is
NOTE through the bottom of the instrument.
See Figure 5-2. The Crystal Oven
Assembly cover has a revolving disc
with one tuning hole, which can be
rotated to line up with the access
holes for each of the 23 crystal
trimmers. The tuning tool used to
adjust the trimmer capacitors must
be an insulated female-slotted tuning
driver, Refer to Table 5-3 for Cry-
stal Oscillator Adjustment procedures.

The -12-volt and +20-volt regulated
power supplies are factory set to
within 0.5 percent of rated output
voltage and should not be changed
unless a voltmeter having an ac-
curacy of at least 1.0 percent is
used.

Test Equipment Required:

a. Volt-Ohm-Milliammeter, Simpson b. A separate 10-MHz crystal, also
Model 270 or equivalent, (20,000 located in the Crystal Oven Assem-
ohms-per-volt or higher sensitivity, bly (see Figure 5-2), is used when
1.0 percent accuracy, +5V and the function switch is in the CAL./
-50V ranges.) CW position. Its trimmer capacitor

access hole is located diagonally above

b. VTVM, Hewlett- Packard Model crystal position 21 on the Crystal Oven
400H, Assembly cover,

5-2
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c¢. Place the instrument on its rear .
panel with the Crystal Oven
Assembly facing forward.

5.4.3 Frequency-Meter Adjustment

Preliminary Instructions:

a. Balancing the Second IF and Dis-
criminator board 0054 (CH-A2) should
precede adjustment of the FREQUENCY
meter. Perform the following CAL,
and FM CAL. centering adjustments.

Test Equipment Required:

a. Frequency Counter, Hewlett- Packard
Model 5245L, or equivalent,

b. Tuning Tool, GC Electronics No. 8279. NOTE

The SIGNAL LEVEL lamp must
be on before proper adjustments
can be performed. '

c. Signal Generator, Hewlett-Packard
Model 608 or 612,

Table 5-1. Power Supply, Resistances to Gronund

T
| +5V (green wire) -12V (orange wire) +20V (red wire) ’
Measured Res. Measured Res. Measured Res.
at (ohms) at (ohms) at (ohms)
CE-7 Monitort | Pin 15 of 750-1700%* Pin 14 of | 400-450 Pin 17 of 500-550
(less plug-ins) RF plug-in RF plug-in RF plug-in
I receptacle | receptacle receptacle
' |
Aodel 301 Not used - Pin 14 of 4,5K-7.5K 1t Pin 13 of 1.5K-1.8K*
Oscilloscope connector connector
—5
’ Model 302 | Not used - Pin 14 of 8.2K-8.5K* Pin 13 of 1.7K
Deviation | connector connector
| Meter
Model 303 Pin 15 of 3.5K* Pin 14 of 500 Pin 16 of 1.8-2. 4K+ 111
Broadband connector connector connector
Mixer Pin 17 of 10K*
connector
Model 304 Pin 14 of 1.25K-50K* Pin 14 of 265 Pin 16 of 800
Preselector connector connector connector
Pin 17 of 22K-30K*
| connector
Model 305 Pin 15 of 1.25K-50K* Pin 14 of 265 Pin 16 of 3.8K
Preselertor connector connector connector
Pin 17 of 24K
J connector
Model 306B Pin 15 of 5.3K Pin 14 of 500 Pin 16 of 3K
Preselector connector connector connector -
Pin 17 of 12K
connector

NOTE: All recistance readings taken with a Simpson 270 using RX100 scale.

All resistance readings of modules taken with module removed from set.
*Depended on ohmmeter test-lead polarity. The readings may also vary depending upon ohmmeter range.
t Measure resiztance to. chassis of supply lines.
ttResistance readings taken with ''vernier' pot in mid position.

tttResistance readings taken with selectivity switch in "normal",

S5601+0015+1 %




10-MHZ

TRIMMER

CRYSTAL OVEN
ASSEMBLY (CH=-AY)

CARRIER
FREQUENCY
SELECTOR

Kl-J3

COAXIAL RELAY
(CH=-K1)

A3-Je

SIGNAL GENERATOR
MIXER (CH-A3)

Figure 5-2. CE-7 Bottom Interior View

Table 5-2. Power-Supply Board, Vollage Adjustment

TEST POINT OR PERFORMANCE
STEP FUNCTION ADJUSTMENT STANDARD
1A Measure -12-volt supply to chassis TB1-3 (orange -12 volts
ground (see Figure 5-3). wires)
1B Adjust lower potentiometer R27 (CH=-A3) -12 volts
(see Figure 5-1).
2A Measure +20-volt supply to chassis | TBl-1 (red wires) +20 volts
ground (see Figure 5-3).
2B Adjust upper potentiometer R9 (CH-A5) +20 volts
(see Figure 5-1). ’
3A Measure +5-volt supply (see CH-J6~15 (green Between 4. 8 and
Figure 5-1). wires) 5.2 volts.
4A ‘Measure -12- and +20-volt ripple Less than 1.0
at test points specified in steps millivolt.
1A and 2A with vtvm.

560100151
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Table 5-3. Crystal-Oscillator Adjustment

TEST POINT OR PERTORMANCE
STEP FUNCTION ADJUSTMENT STANDARD
1A Connect input of the counter to the
CRYSTAL OUT/AUX, IN connector.
CAUTION }
The level at this point is ap- The crystal fre-
proximately 200 millivolts into quency selected
50Q (0.2 volts). Ensure that , should be within
the counter can be used at this 3.0 Hz of the spec-
level. ified frequency.
1B Set CARRIER FREQUENCY
SELECTOR to "1",
1C Align rotating oven disc to posi-
tion "1".
i
1D With the tuning tool, adjust trimmer Appropriate Crystal frequency
i to the crystal frequency listed Trimmer listed for position
on the Channel Frequency Chart. Capacitor. "1" on Channel
Frequency Chart.
‘ 1E Repeat steps 1A through 1D for

= each of the other 22 crystals.
NOTE

The following steps are to be
l- performed when installing new,
or changing crystals.

2A Connect the output of the signal
generator to the ANT. connector
of the RF plug-in being used.

2B Set the signal generator to the ap-
l proximate frequency of the carrier
channel desired.

i 2C Adjust the output level of the signal
_ generator to approximately 20
millivolts.
| 2D Set the function switch to HARM,

AMP, TUNING and CHANNEL
FREQUENCY SELECTOR to the

3 carrier channel desired.
i 2E Rotate the HARM, AMP, TUNING
. L control fully counterclockwise.

560140015+ 5-5
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Table 5-3. Crystal-Oscillator Adjustment (Continued)

—

TEST POINT OR PERFORMANCE
STEP FUNCTION ADJUSTMENT STANDARD

2F Rotate the HARM, AMP; TUNING
control slowly clockwise to the
first peak reading on the FRE-
QUENCY meter.

2G Set the function switch to FREQ. -
DEV. MEASURE and ensure that
the SELECTIVITY switch is in the
NORMAL position,

2H Set the +kHz (FREQUENCY lever)
to 5 and the FREQUENCY BELOW
40 MHz - ABOVE 40 MHz control
to the appropriate position.

2J Vary the signal generator around
the channel frequency until the
SIGNAL LEVEL lamp lights,

NOTE

False responses may be en-
countered when varying the sig-
nal generator frequency too far
above or below the assigned
frequency.

2K If the SIGNAL LEVEL lamp does
not light, the HARM, AMP,
TUNING control may be tuned to
the wrong peak.

2L Set the function switch to HARM,
AMP, TUNING and rotate the
HARM. AMP, TUNING control
slowly clockwise to the next peak.
Repeat steps 2G through 24J.

2M When the SIGNAL LEVE Llamp lights,
center FREQUENCY meter with
signal generator frequency control.

NOTE

Ensure that the FREQUENCY

. meter deflects towards the plus
(+) side when increasing the sig-
nal generator frequency.

5601*°0015-1
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Table 5-3. Crystal-Oscillator Adjustment (Continued)

[ 1 TEST POINT OR PERFORMANCE
STEP FUNCTION  ADJUSTMENT STANDARD

—

2N Reduce the output level of the signal
generator until the SIGNAL LEVEL
lamp goes out.

2P Slowly increase the signal generator - Sensitivity less
output level until the SIGNAL LEVEL than 5 millivolts
lamp lights. if operating below

500 MHz, less

~ than 10 millivolts
if operating above
500 MHz (using a
Broadband Mixer).

NOTE

When using one
of the RT" Pre-
selectors the
sensitivity should
be less than 20
microvolts.

2Q Record the number indicated on the
HARM. AMP. TUNING control on
the Channel Frequency Chart.

NOTE

The following steps are to be
performed for the 10-MHz
adjustment.

3A Disconnect coaxial connector atop CH-A3-J2
Signal Generator Mixer, which is
above the Crystal Oven Assembly.
(See Figure 5-2.)

3B Connect the coaxial connector
(A3-J2) to the input of the counter
with a suitable adapter.

3C Set the function switch to CAL./CW.

3D Set the SIGNAL GENERATOR at-
tenuator multiplier to X100 and
vernier control for maximum

output.
3E Adjust 10-MHz trimmer with tuning Trimmer 10.0 MHz £10.0 Hz
tool. Capacitor. as indicated on
counter.
3F Reconnect coaxial comnector to

Signal Generator Mixer.
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CAL. centering:

1.

Set the function switch to CAL. /CW.

Set the CAL. control (inner red knob)
to a twelve o'clock position.

Adjust R30 on the Second IF and Dis-
criminator Board 0054 (CH-A2) for a
zero reading on the FREQUENCY
meter. Refer to Figure 5-3.

FM CAL. centering:

1.

Set the function switch to CW.

Zero FREQUENCY meter with the
CAL. control.

Set the function switch to FM.

Turn the DEV. ADJ. control fully
counterclockwise.

Set the FM CAL. control (inner
red knob) to a ten o'clock position.

Adjust L5 on the Multi-Oscillator
Board 0103 (CH-A1) through the
access hole in the left frame of

the chassis (remove FM Deviation
Meter or Oscilloscope) for a zero
reading on the FREQUENCY meter.
Refer to Figure 5-3.

The FREWQUENCY meter ranges are
adjusted by means of an oscillator
which can be offset from 10 MHz

by exactly 0.5 kHz, +1.5 kHz,

and +5.0 kHz. Refer to Table 5-4,
The CE-7 first IF is 10 MHz and its
discriminator will detect and display
frequency error above or below this
frequency.

The Model 303 Broadband Mixer
must be installed in the CE-7 before
any adjustments can be performed.

On the Frequency Error Meter board
0101 (FP-Al) mounted on the back of
the FREQUENCY meter are three po-
tentiometers. The top one (R2) is for
+0. 5 kHz, the middle one (R4) for
+1.5 kHz, and the bottom one (R6) for
+5.0 kHz. See Figure 5-3.

MULTI-OSCILLATOR
BOARD 0103 (CH=-Al)

SECOND IF AND DISCRIMINATOR
BOARD 0054 (CH=A2)

R30

LS

FREQUENCY ERROR METER
BOARD 0101 (FP-Al)

Figure 5-3. CE-7 Left Interior View Without Plug-In
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Test Equipment Required: b. Frequency Counter, Hewlett- Packard
: Model 52451,

a. Signal Generator, Hewlett-Packard ¢. Tuning Tool, JFD Electronics Co.,
Model 606. No. 5284.

Table 5-4. Frequency-Meter Adjustment

TEST POINT OR PERTORMANCE
‘ STEP FUNCTION ADJUSTMENT STANDARD
1A Set the function switch to CAL./CW R1

and zero the FREQUENCY meter
with the inner red control knob.

1B Set the FREQUENCY BELOW S3
40 MHz - ABOVE 40 MHz switch
to ABOVE 40 MHz.

1€ Set the function switch to TREQ. -
DEV. MEASURE and connect the

output of the signal generator to both
the input of the Model 303 Broadband

Mixer and input of the counter
(using a ""T'" adapter).

NOTE

The SIGNAL LEVEL lamp
must be on before proceeding
with steps 1D through 1G.

1D Set the tkHz (FREQUENCY lever) | S2
to . 5.
1E Adjust the signal generator to 0.5 kHz as
10,000,500 Hz. indicated on
FREQUENCY
meter.
1F Adjust the top (0.5 kHz) potenti- R2 (FP-Al)
ometer for full scale.
1G Repeat steps 1D through 1F but R4 (FP-A1l) and 1.5 kHz and
adjust the signal generator to R6 (FP-Al) 5.0 kHz as in-
10,001, 500 Hz when the =kHz dicated on
(FREQUENCY lever) is set to FREQUENCY
1.5, and 10,005,500 Hz when meter.
the tkHz (FREQUENCY lever)
is set to 3.

56010015 5-9




5.4.4 20-dB Fixed-Attennator Loss Check
Preliminary Instructions:

a.

A 20-dB fixed attenuator is supplied

with the CE-7 and is stored inside
the front cover. The CE-7 attenuators

are calibrated in terms of signal volt-
age at the output of the 20-dB fixed
attenuator. Refer to Table 5-5. The
fixed attenuator must therefore, al-
wayvs be used if the output levels
indicated by the position of attenuator

knobs are to mean anything. The

Table 3-5. 20-dB Fixed-Attenuator Loss Check

purpose of the fixed attenuator is to
protect the instrument when the CE-7
is directly connected to a transceiver
which is accidentally keyed to trans-
mit. Keying a transmitter will
normally burn out the RF fuse. But
before the fuse blows, the resistors
in the fixed attenuator may have been
subjected to a transient overload
severe enough to damage them and
change their values. Changed

ohmic values would cause changed
attenuation.

STEP

FUNCTION

TEST POINT OR
ADJUSTMENT

PERFORMANCE
STANDARD

1A

1B

Ic

1D

2A

2B

2C

Feed a 10-microvolt signal from
the signal generator into the
receiver,

Note the receiver meter reading.

Feed a 100-microvolt signal through
the attenuator into the receiver.

Note the two receiver meter
readings,

NOTE

The 20-dB fixed attenuator loss
may be checked using an RF
Voltmeter such as the Boonton
91D in place of the receiver,
Perform the following steps as
required.

Counect the output of the signal
generator into the RF Voltmeter
through a 50Q termination using a
509 coaxial cable,

Set the signal generator output level
to approximately 100 millivolts and
note the reading on the voltmeter.

Insert the 20-dB fixed attenuator
between the signal generator and
voltmeter, and note the difference
in readings.

The two readings
should be within
0.5 dB of one
another,

20dB+0.5dB

560100151
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Since it is essential that the fixed

attenuation is precisely 20 dB, the
checks listed in Table 5-5 must be
performed if damage is suspected.

When it becomes necessary to
repair the fixed attenuator, re-
move the single screw and slide

the cover off. A decal on the side
of the fixed attenuator casting shows
the component values. The resis-
tors are standard 5 percent values,
The fuse is a special RF fuse (Buss-
man #GFA1/32A).

Test Equipment Required:

d.

Signal Generator, Hewlett-Packard
Model 608.

Metered receiver with 509 input
impedances capable of operating
at the required frequencies.

RF Voltmeter, Boonton Model 91D,
or equivalent.

5.4.5 Signal-Generation-Output Level Adjustment

Preliminary Instructions:

a,

The output levels are adjusted by
signal substitution. Refer to Table
5-6. First, a signal from a cali-
brated source is fed into a metered
receiver and the meter reading
noted. The CE-7 is then substituted
for the calibrated source and the
output LEVEL SET control of the
CE-7 is adjusted until the meter
reads the same as before. The
receiver should be metered at a
point where saturation is least
likely to occur (for example, the
first and second IF stage) and the
RF input signal should be preferably
1.0 microvolt.

Select a frequency at which the
adjustment is to be made, This
frequency must be within the cap-
abilities of the external receiver,
the external signal generator, and
the CE-T.

5601*0015+1

c. Set the signal generator to this

frequency by monitoring it on the
CE-17.

NOTE

When using frequencies higher
than 100 MHz, the signal generutor
must be tuned very slowly to uc-
commodate the narrow bandwidth
of the CE-7. If a Presclector is
being used, ensure that its
SELECTIVITY switch is sct to
NORMAL.

Test Equipment Required:

a. Signal Generator, Hewlett-Packard
Model 608.

b. Metered receiver with 508 input
impedances capable of operating
at the required frequencies,

5.4.6 Signal-Generator-Mixer Input Level Check

Preliminary Instructions:

a. The signal generator mixer may be
damaged in the same manner as noted
for the 20-dB fixed attenuator (Para-
graph 5.4.4). When it becomes nec-
essary to repair the signal generator
mixer, it will also be necessary to
readjust the signal generator output
levels (Table 5-6).

b. The two inputs to the signal generator
mixer are: a 10-MHz signal from the
Multi-Oscillator via the Signal Genera-
tor Step Attenuator, and a signal that
may contain frequencies of from
28 MHz to 1150 MHz from the Har-
monic Generator via the coaxial relay.
Refer to Table 5-7.

Test Equipment Required:

RF Voltmeter, Boonton Model 91D.
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Table 5-6. Signal-Generation-Output Level Adjustment

STEP

FUNCTION

1A

1B

1C

1D

1E

1¥

TEST
POINT
OR
ADJUST-
MENT

PERFORMANCE STANDARD

Adjust the signal generator output
to 1.0 microvolt.

Feed the signal generator output in-
to the receiver and note the receiver
meter reading. (Be cautious of sig-
nal generator frequency drift.)

Set the function switch to CW.
Adjust the CE-7 to generate a
signal with a 1. 0-microvolt
level.

Disconnect the signal generator
from the receiver, and connect the
output of the CE-7 to the receiver.
Use the 20-dB fixed attenuator fur-
nished with the instrument.

If the receiver meter does not read
the same as in step 1B, adjust the
10-turn LEVEL SET attenuator on
the CE-7 for the same meter reading.
Record the new LEVEL SET number
on the Channel Frequency Chart.

NOTE

The LEVEL SET number for
various frequencies in the same
band will be the same. Tor this
reason, it is not necessary to
make the adjustments for every
channel frequency.

Set the function switch to FM and
center the FREQUENCY meter with
the FM CAL, control, Turn the
DEV, ADJ, control fully
counterclockwise.

Typical calibration frequencies
are as follows:

NOMINAL FRE-
FREQUENCY QUENCY for

BAND CALIBRATION
20 to 80 MHz 35 MHz
120 to 180 MHz 155 MHz
450 to 512 MHz 460 MHz
900 to 1000 MHz 960 MHz

Less than 1.0 dB from CW
reference.

5601%00151
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Table 5-7. Signal-Generator-Mixer-Input Level Check

—

TEST POINT OR

PERTFORMANCE I

STEP FUNCTION ADJUSTMENT STANDARD
| 10 MHz INPUT LEVEL CHECK
1A Set the function switch to CW.
1B Disconnect the coaxial cable from CH-A3-J2
the BNC connector atop the signal
generator mixer (see Figure 5-2).
_1C Terminate RF voltmeter in 50g.
1D Measure cable output voltage. 200 millivolt
+2.0 dB (atten-
uator controls
must be set at
maximum output),
COAXIAL RELAY LEVEL CHECK
2A Set the function switch to CW.
2B Disconnect the coaxial cable from CH-K1-J3
left side of the coaxial relay (see
Figure 5-2).
20 Terminate RF voltmeter in 509.
2D Set the function switch to HARM.
AMP. TUNING.
2E Select any (used) channel with
CARRIER FREQUENCY SELECTOR
switch,
2F Tune HARM, AMP, TUNING control
for maximum reading on FRE-
QUENCY meter,
2G Measure cable output voltage At least 700
millivolts.

5.5 Troubleshooting Procedures

The following tables (5-8 through 5-11)
detail tests required to localize malfunc-
tions in the CE-7. The malfunctions

listed are not necessarily all of the problems
that may be encountered. For further
information, contact Cushman Electronics,
Customer Service Department.

5-13
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Table 5-8. Troubleshooting, Frequency-Deviation-Measure (FDM) Mode

CAL./CW

No SIGNAL LEVEL light or

No SIGNAL LEVEL light
indication. FREQUENCY
meter OK.

SIGNAL LEVEL light on, no
FREQUENCY meter deflection
in CAL./CW.

FREQUENCY meter indication.

Channel crystal.
(Select another crystal
position and retune).

Channel oscillator output
at CRYSTAL OUT AUX,
IN connector.

Harmonic amplifier out-
put at SIGNAL GENERA-

TOR OUTPUT connector.

Wiring or loose contacts
on function switch,

RF Plug-in

10-MHz generator.
{(Try FDM position
on function switch. )

+5V power supply.

Lamp and connector,

METERS INT,-EXT,
slide switch position.

Function switch or
FREQUENCY meter
movement.

(Set function switch to
FM and adjust DEV.
ADJ. control for a
reading on FM DEVIA-
TION meter,) If nor-
mal, check L7 and L8,

Other positions on
function switch.

Greater than 0.3

on FREQUENCY
meter.

200 MV at FP-J4.

700 MV at
CH-A2-J1.

200 MV at
CH-J1-14,R.

=3.0V =0, 2V
at CH-J6-15.

Lamp on in
CAL./CW
position,

Set in INT.
position.

NORMAL
TROUBLE CHECK INDICATION REFER TO
SELECTING PROPER CHANNEL
Pilot light out Lamp Front panel of CE-7.
Output of -12V regulator -12V £0.1V. Power Supply Board
B 0100 (Figure 6-2).
Fuse A5-F2 Power Supply Board
0100 (Figure 6-2).
AC line fuse CH-F1 Rear panel of CE-T.
HARM, AMP, TUNING
No meter movement METERS INT.~-EXT. Set in INT, Rear panel of CE-7,
slide switch position. position.

Crystal Oven Assembly
(Figure 6-9).

Harmonic Generator
board 0102 (Figure 6-4).

Harmonic Generator
board 0102 (Figure 6-4).

Front Panel Wiring
diagram (Figure 6-11).

Applicable instruction
manual,

Multi~Oscillator board
0103 (Figure 6-5).

Power Supply board
0100 (Figure 6-2),

Front Panel Wiring
diagram (Figure 6-11).

Rear panel of CE-7.

Front Panel Wiring
dé;ram (Figure 6-11).

Second IF and Dis-
criminator board
0054 (Figure 6-1).

Front Panel Wiring
diagram (Figure 6-11).

56010015+
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Table 5-8. Troubleshooting, Frequency-Deviation-Measure (FDM) Mode (Continued)

-

The preceding trouble-
shooting procedures also
apply to the Signal Gen-
erator mode of operation.

.FREQ.-DEV, MEASURE

Inoperative in this position only.

No audio, SIGNAL LEVEL
light on. (Normal operation
of FM Deviation Meter,
Model 302.)

FREQUENCY meter operative
but FM DEVIATION meter on
Model 302 does not indicate or
no trace on Oscilloscope,
Model 301.

CARRIER FREQUENCY SELECTOR

Erratic FREQUENCY meter
action in one or more of the
crystal positions.

NOTE
This is also character-

istic of the Signal Gen-
erator mode of operation,

RF Plug-in or Broad-
band Mixer. Pin7,

Local oscillator connec-
tor or coaxial relay
cable,

Coaxial relay CH-K1 or
Harmonic Generator
output. (Listen for relay
operation while switching
function switch to dif-
ferent positions,)

Speaker connection.

Audio amplifier,

Speaker,

FM Deviation Meter or
Oscilloscope

Q9

Switch contacts on
CARRIER FREQUENCY
SELECTOR,

Greater than
600 MV.

700 MV at CH-J7

700 MV at
FP-A2-J1.

Audible tone in
FM position,

1.0 audio at
CH-A5-17
output with
50 MV input,

3.0Q de
resistance,

3.2 vde

NORMAL
FROUBLE CHECK INDICATION REFER TO
SIGNAL LEVEL light on, Qutput of -12V regulator -12V 0.1V Power Supply board
FREQUENCY meter reads at CH-J6-14. 0100 (Figure 6-2),
off scale,
9.9 MHz generator, 80-100 MV at Multi-Oscillator board
NOTE CH-J1-2, B. 0103 (Figure 6-5).

Second IF and Dis-
criminator board 0054
(Figure 6-1).

Applicable instruction
manual.

Figure 5-1.

Figure 5-2, and Har-
monic Generator board
0102 (Figure 6-4).

Power Supply board
0100 (Figure 6-2),

Power Supply board
0100 (Figure 6-2).

Right-hand side cover,
Applicable instruction
manual,

Second IF and Dis-

criminator board 0054
(Figure 6-1).

Figure 5-2.

5601+0015++1
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Table 5-9. Troubleshooting, Signal-Generator Mode

TROUBLE

CHECK

NORMAL
INDICATION

REFER TO

CAL./CW operative as verified in
Table 5-4, but no output.

No modulation, No indication on
Model 302 FM Deviation Meter,

20-dB fixed attenuator.

Coaxial relay CH-KI.
(Listen for relay opera-
tion while switching
function switch to dif-
ferent positions.)

Harmonic amplifier
output at SIGNAL
GENERATOR OUTPUT
connector.

Signal Generator Mixer;
local oscillator signal
from coaxial relay
CH-K1.

10-MHz signal from
attenuator. (Defective
function switch, atten-
uator, or wiring,)

Orange/white wire,
(-12V bias diode CR1).
LEVEL SET potentio-
meter or wiring.

FM MOD, INT.-EXT,.
1 kHz OUT switch.

1 kHz generator.

(1 kHz OUT connector
with FM MOD, INT.-
EXT. 1 kHz OUT switch
in INT, position.)

10-MHz FM Generator,
Set FM MOD, INT,-
EXT. switch to EXT,
with external source

of 1 kHz at 1,0V fed

to EXT. connector.

Model 302 FM
Deviation Meter,

Greater than
700 MV,

Greater than
700 MV at
CH-A3-J1.

200 MV at
CH-A3-J2.

-12V with
LEVEL SET
control set to
zero.

Set to INT,
position,

Greater than
1,0V at FP-J2.

Control of
deviation with
DEV. ADJ,
control,

Figure 5-2.

Front panel of CE-7.

Figure 5-2.

Front Panel Wiring
diagram (Figure 6-11).

Signal Generator Mixer
(Figure 6-8).

Front panel of CE-T7.

Front panel of CE-7.

Multi-Oscillator board
0103 (Figure 6-5).

Applicable instruction
manual.

20-dB fixed attenuator.
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Table 5-10. Troubleshooting, L.E-Generator Mode

SELECTOR switch, all other OK.

+20V present from SELECTOR
switch,

+20V not present from
SELECTOR switch.

Oscillator board.

Crystal or transistors.

SELECTOR switch
wiring associated
with that position,

NORMAL
TROUBLE CHECK INDICATION REFER TO
No output in all positions of the IF Oscillator output. 600 MV at Multi-Oscillator board
the SELECTOR switch, CH-J1-P. 0103 (Figure 6-5).
600 MV not present at 'pin P +20V to the selected IF +20V 20, 1V. IF Oscillator board
on Multi-Oscillator board, Oscillator board position 0104 (Figure 6-6) or
on the Multi-Oscillator 0105 (Figure 6-T7).
board.
Q11 or Q12 Multi-Oscillator board
0103 (Figure 6-5).
Wiring of SELECTOR Front Panel Wiring
switch. diagram (Figure 6-11).
600 MV present at pin P on Attenuator potentio- Front Panel Wiring
Multi-Oscillator board. meter and associated diagram (Figure 6-11).
wiring.
No output in one position of the +20V to selected IF +20V +0, 1V. IF Oscillator board

0104 (Figure 6-6) or
0105 (Figure 6-7).

IF Oscillator board
0104 (Figure 6-6) or
0105 (Figure 6-7).

Front Panel Wiring
diagram (Figure 6-11).
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Table 5-11. Troubleshooting, Crystal-Oven Assembly

for approx. 30
seconds and off
for approx. 90
seconds after

NORMAL
TROUBLE CHECK INDICATION REFER TO
Excessive frequency error on all
channels,
OVEN ON light on continuously. Shorted triac 40529, Q13. Oven light on Power Supply board

0100 (Figure 6-2).

560100151

warm-up,
NOTE
Thermal fuse TF1
blows if triac shorts,
Mercury column thermo-
stat (regular heat).
OVEN ON light will not energize. Blown thermal fuse TF1. Crystal Oven Assembly
(Regular heat failure). (Figure 6-9),
Open triac 40529, Q13, Power Supply board
0100 (Figure 6-2).
Snap-action thermostat Crystal Oven Assembly
(fast heat). (Figure 6-9),
Mercury column Crystal Oven Assembly
thermostat, (Figure 6-9),
OVEN ON light Front panel of CE-7.
connector,
OVEN ON light stays on for Open snap-action Crystal Oven Assembly
more than twenty minutes. thermostat, (Figure 6-9).
(Slow warm-up noticed, but
cycles normally after warm-up.)
OVEN ON light cycles normally. Mercury column Crystal Oven Assenbly
thermostat, (Figure 6-9),
Temperature with 164°F .
thermometer.
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of this manual. If an error is discovered please
notify us on the postpaid cards attached.

Please indicate where the error has been made.
To improve future manuals your comments are re-
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CUSHMAN ELECTRONICS
PUBLICATIONS DEPARTMENT
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SECTION 6

SCHEMATICS, PARTS LISTS, AND PARTS PICTORIALS

6.1 Introduction

Section 6 contains schematic diagrams, wiring diagrams, parts lists, and parts pictorials for
the CE-7 Multi-Channel FM Communications Monitor. Table 6-1 lists the reference desig-
nations and abbreviations used.

Paragraphs6.2. 1through6.2.9 contain: 1) partspictorials, 2) parts lists, and 3) schematics
for the various subassemblies in the order in which they were described in Section 4. Figures
6-10 through 6-12 are the main-chassis, front-panel, and rear-panel wxrmgdlagrams and are
accompanied by the associated parts llsts and parts pictorials.
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Table 6-1. Reference Designators and Abbreviations

REFERENCE DESIGNATORS

A
BM
B
c
CH
X
DS
CR
A4
E
FL
FP

J R

ABBREVIATIONS

AC
ADJ
AFC

AMP
AMPL
ANT,
AUX
BP

Cl
CAL
cCcw
CER -
COAX,
COEF
COM

assembly
balanced mixer
board

capacitor

chassis

crystal

device, indicating
diode

electron tube

electronic part, misc.

filter

front panel

fuse

heater

hertz

inductor, RF choke
jack

meter

plug

rear panel

“reélay

resistor

silicon controlled
rectifier

speaker

switch

terminal board

. test point

thermal fuse
thermistor
thermostat
transformer
transistor
wiring tiepoint

alternating current
adjust

automatic frequency
control

amperes
amplifier
antenna
auxiliary
bandpass
centigrade
calibrate
counterclockwise
ceramic

coaxial
coefficient
common
composition
connector
cathode-ray tube
clockwise
continuous wave
decibel

direct current

INCD

MEG

SEC
Semicond
Si

Ta
TGL
TOL
TRIM
TYP

K

UHF

A

VAR
VDCW
VERT--
VHF

degree

deviation
electrolytic
encapsulated
external
fahrenheit

farad

frequency mnodaiziion
frequency
germanium
ground

henry

harmonic

hertz

integrated circuit
intermediate frequency
incandescent
inch

internal

kilo (103)

linear

local oscillator
logarithmie
lowpass

milli (10-3)

mega (106)
manufacture
miniature

mylar

nano (1079)

peak

printed circuit
picofarad (10-12)
peak inverse voltage
position(s)

. potentiometer

peak-to-peak
part of -
rectifier
replace

radio frequency
slo-blo

second
semiconductor
silicon

tantalum

toggle

tolerance
trimmer

typical

micro (108)
ultra high frequency
volt

variable

de working volts
vertical

very high frequency
watt
wire-wound
with

without

5601*0015
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6.2.2 Power-Supply Board

€3 ab Cl% c2 Q4 QS

cl (Cle Ql2 €12 Qll Q0 @7 09 Q8

R1D R1S

clo Cll

R3

R2?

R2L R24 R28 R25 CR13 R23 R22 RIS

6-17
56010015

CRS R21 R20 CR12 Rl

c8 <9 gL ICL €& €5 CH

Q3 F2 F1 €15 CRL 013 CRIO CR9

Rl R13 RL? R2 Rll Rl2 R1B CR?

CRL1

CR2 CR3 R29 R3O0



4.2,2 POWER SUPPLY BOARD 0100

6.2.2 POWER SUPPLY BOARD 0100 {Continued)

CKT. REF. DESCRIPTION C/E STOGK NO. MFR. EXT. REF. DESCRIPTION C/E STOOK MO. | MFR..
CH-AS Board Assembly, Power Supply 7001-0005 Cushman FUSES
. " : Fl 3AG. 1 amp. slo-blo 1935-0006 Littlefuse
Noard, Printed Circuit 1780-0100 Cushman F2 3AG. 1 amp. tlo-bla 1955-0006 Littlefuse
CAPACITORS INTEGRATED CIRCUIT
c1 Elect., 2300 wF, 50V 1014-0004 Sprague Ic Ampl, Audio, PA222 2025-0015 G.E
ca Elect., 100 uF, 12V 1013-0011 Sprague
3 Elect., 500 uF. 23V 1014-0002 Whale JACK
c4 Cer, 0.05 uF *8O0T -20%, 25V 1005-0014 Erie : ;
5 Mica, 470 pF, 5%, 100V 1002-003% Eimencs J1 PC Board, Mounted Phone 2536-0007 Keystane
ca Mica, 470 pF, 5%, 100V 1002-0035 Elmenco -~ RESISTERE
c? Elect, i 15 pF, 25V 10190008 Sprague Rl Comp, 1.5k, :5%, 1/4W 1066~ 1825 Allen-Bradiey
c8 Elect., 100 uF. 25V 13-0003 Sprague R2 Comp, 1007, =5%, 1AW 1066 Allen-Bradley
(s} Cer, 0.05 pF *80% -20%. 25V 1005-0014 Erie R3 Fixed, WW, L.00, =37, aW 1159 Ohmite
C1o Elect., 250 uF, 16V 1013-0018 Sprague R4 Comp, 4707, =3%. 1AW 1066-4715 Allen-Bradley
i Eiect., 100 uF, 25V 1013-0003 Sprague 2 Comp A Sy Wegrazen llenzBeadtes
ciz Elect., 2300 pF, 50V 1014-0004 Sprague RS o o
c13 Elect,, 100 uF, 12V 1013-0011 Sprague a7 g::::: el atlen-Tradles
cH Elect,, 500 uF, 25V * 1014-0002 - Whale 8 Pt 10353913 \llen-Bradics
cls Poly, 0.22 uF, «10F, 400V 1008-0042 Sprague RY var, | 1200-0003 cTS i
R10 Comp, 56- 1025 i ;
- omp, 1066~ 1025 Allen-Bradley
. *R11 Comp, 114w 1066~ 1045 Allen-Bradley
Fuse 50008 Cluz RI2 Comp. 1w 1064-2235 Allen- Bradiey
RI13 Comp, i4w 1065-2205 Allen-Bradley
DICDES R Comp, 12w 1047-1005 Allen- Bradley
R15 Comp, R L '
cRl S, IN$0O2 1231-0023 ITT Bl omp. FO 1065~ 1025 Allen-Bradley
gke :i. :tiggf :gg:‘gggg |$T Rl Comp, L 1AW 1065~ 1005 Allen-Bradley
R i, .‘-1 2 i ITT RI7 Comp, 14w 10651005 Allen-Bradiey
CR4 St, 1N3002 ‘~3““g?3 ITT R18 Comp, 2w 1067-6815 Allen- Bradley
CRS Sl 113064 12g1=0y13 Svivania R19 Comp, . 1w 10651825 Allen- Bradiey
R20 C hy 19w . 5 i .
cRE SI, Zener, 6.8V, 1N957 1281-0007 Continenta! SR Mos-inle AlEn-Bradiey
Devices R21 Fixed 3T, AW 59-
CRT Si, Zener, 5.1V, 1N4733 1281-0031 Motorola R22 CI;;:; - : ',.-:“ :,;:2 E?‘:; m:;lﬂsudw?
I 51, 1RA002 28]- T f ! ¥
s e i TEE R23 Comp, 1w 3215 Allen-Bradley
10 Si. 1¥1002 1281-0023 T nel coma, HRAS e AllaasRridiey
L2 Lyt R23 Comp. 1w 10551035 Allen-Bradiey
CRI1 Si, 1M4002 1281-0023 ITT ; 5
CRI2 Si, 1N3084 1281-0013 Svlvania A7 o, s plieReadlsy
cnila Si, Zener, 6.8V, 15957 1281-0007 Contineate R23 e Allen-Bradiey
el R25 ) Allen- Bradiey
R0 L 1063-3335 Allen-Bradiey
*Faclory Select, T'j'ch:'..r.llng shown, -
6.2.2 POWER SUPPLY BOARD 0100 (Continued)
S22 POWET SLIP]
| exT. REF. DESCRIFTION C/E STOCK M. R
TRANSISTORS
Q1 P Channel FET, 2x4342 1272-0027 Fauirchile
Q2 Sl NPN, 2N3416 1271-0008 G
Q Si, MPXN, 233033 1272-0011 RCA
(=2 Si, NPXN, 2N3063 1272-0017 Fairchi
Qs Si, PXP, 24249 1272-0024 Fairchiiz
@k 8i. PNP, 2X4249 1272-0024 Fatrehs €
o P Channe! FET, 2N4342 1272-0027 Fairchile
Q8 Si, NPN, 2N3416 1271-0006 G.E.
@ Sl, NPXN, 2N3053 1272-0011 RCA
QLo Si, NPYN, 2N3416 1271-0006 G.E.
Qu Si, PXP, 234249 1272-0024
Q12 Si, PXP. 2N4249 1272-0024
Q13 Trize, 40326 or 40529 1272-0029

56010015
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6.2 Schematics, Parts Lists, Parts Pictorials

Paragraphs 6.2.1 through 6.2.9, on
the following pages, provide schematics,
parts lists, and parts pictorials for the

various subassemblies described in Section4.

6.2.1 Second IF and Discriminator Board

c2q €31 cl

!‘b.l'lul'a

y

The parts lists and parts pictorials for the
main chassis (CH), front panel (FP), and
rear panel (RP) are shown in Paragraphs
6.2.10 through 6.2.12. A parts list for
the CE-7 covers and carrying cases is in-
cluded in Paragraph 6.2, 13.

€27 CR3 CRY CRB CR10 CR7 CR2 CR1 €22 €9 a2l ca0 TPl C4 ¢ Cl9 Cl8 Clb C17

€30 €32 €28 €33 CRS C2% €23 CRb (€25 CRY C2b Cll C13 C8 €3 C@ ¢t C? Cl% cl2 Clo C1S

R4b R4S R#% R23 R24 R25 R31 R23 R27 R28 R20 Rlb R1B R17? R14 RS Rl R13 RIl Rl2

R#3 R48 R4l R4Y? R24 R3c R30° RY2 RY0 R33 R34 R3S R38 RZ R? Rb R%Y R3I RQ R10

5601**0015
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6.2.1 SECOXD IF AND DISCRIMINATOR BOARD 0034

L10 @8

o4 Q8

Li2 Qlo0

Qs

R21

Q3 RIS RIS 0 L4 L

§.2.1 SECONDIF AND DISCRIMINATOR BOARD 0034 {Continued)

56010015

6-4

M1, REF. DESCRIPTION C/E STOCK MO. | VFR. | exr. REF. DESCRIPTION C/E STOCK HO. WFR.
CH-AZ Board Assembly, Second IF and coILs
Discriminator - T001-0004 Cushm
i i " Ll RF, 470 uH #6% 1585-0019 Delevan
Board, Printed Circuit 1730-0054 Cushman L2 RF, 470 .H »57% 1585-0019 Delevan
L Var, 0.5-0.75 uH 1596-0011 TRW
GABACITORS: L4 var, 4.3-0,75 pH 1596-0011 TRW
& Elect., 15 uF, 25V {615-0006 Sprague L3 Choke, RF, B2 LH 5% 1585-0032 Delevan
H . -0011 Sprague % . <
o Cor 6,00 uF 0% - 10050013 Erie Ls Choge: RE. b2 4H 13850032 Delevan
P Cer. 0.05 uF 480 1063-0014 Erie LT Choke, RF, 22 kH 1535-0029 Delevan
s Cor. 0.05 WF 807 -2 L E G014 Erle L Choke, RF, 22 wH +5% 1585-0029 Delevan
e : LYy Choke, RF, 2.2 wH 57 1385-0030 Delevan
cs Cer. 0.01 uF 4807 -207, 25V Erle L10 Choke, RF, 4.7 mH 15 1585-0006 Delevan
cT Cer, 0.01 Erie . " —
'y . L1l Choxe, RF, 4.7 mH 5% 1585-00065 Delevan
% -
o Cer U 01 nE 003 a0, 2o Ece L2 Choke, RF, 2.2 .H 15% 1585-0030 Delevan
clo Cer, 0.01 Erie DIODES
cu Cer, 0.01 pF *30% -20%, 25V Erie . S o
ciz Mica, 430 pF £3%, 100V Elmenco e Dol e e ur
c13 Mica, 430 pF 5%, 100V Elmenco e irT
c14 Cer, 3.3 pF 0,25 pF, 600V Erie CR3 S, 153084 1281-0013 Sylvania
clis Cor. 2.2 bF 20,25 GF. 300V Erie CRi S, 1NI064 1281-0013 Sylvania
SLLS et ; CRS Si, 153064 1281-0013 Sylvania
cl§ Cer, 0.01 uF +807% -203, 25V 1065-0013 Erie :
cit Cer, 0.05 uF +80% -20%, 25V 10%5-0014 Erie g:? f; lc'\,f:? :gg;-uoég f’?‘?am
c1s Mica, 470 pF 157, 100V 10i:2-0035 Elmenco et mt"’g} i
ci9 Cer, 0,05 uF +807 -20%, 25V 1065-0014 Erie gﬁq Ge C-SMH 1232-guu§ ;?;;ama
c20 Mica, 470 pF 257%, 100V 1002-0035 Elmence a3 it ko]
CRI0 Si, 183064 1281-0013 Sylvania
c21 Cer, 0.05 pF 80 -20%, 25V 1065-0014 Erie
c22 Mica, 100 pF =5%, 100V 1602-0011 Elmence INTEGRATED CIRCUITS
c23 Cer, 0.05 pF *80% -207, 25V 1005-0014 Erie = =
c24 Mica, 470 pF 41%, 100V 1062-0044 Elmenco 164 PRARRE I St Loxs Q12 RCA
c25 Cer, 0,05 uF *H0E -20%, 25V 1005-0014 Erie Icz mpl, RF, CAIUZ3A 25-001 RCA
c2s Elect., 15 uF. 12V 10130015 Sprague RESISTORS
7 Mica, 470 pF 153, 100V 1602-0033 Elmenco . =
ggs EII::L.. 10(? ;rlF.%E:'a\' 1013-0003 Sprague L Comp, 3200, 250%, 12w 1067-8215 Allen-Bradley
29 Poly, 0.027 pF 1103, 100V 1063-0032 Sprague 2 Comp, 3.9k0, t/aw 1066-3925 Allen-Bradley
€30 * Poly, 0.027 uF £10%, 100V 1005-0032 Sprague ns Comp, 3 14w 1066-3925 Allen-Bradley
R4 Comp, 3. /4w 1066-3325 Allen- Bradley
c31 Mica, 2000 pF 5%, 100V 1062-007T Elmency R3 Comp, 1 aw 1066-1225 Allen- Bradley
027 %, 100V 200 5 . .
3 leci.y 15 uh, 23V 1013-0005 | Spragee & Comp. 2.2, 5%, 1/4W 1066-2225 | Allen- Bracley
- L A RT Comp. 510, , 1w 1066-5103 Allen- Bradley
R3 Comp, 22, *3%, 1/4W 1066-2215 Allen-Bradley
Rs Comp, Lk, 1066-1025 Allen-Bradley
|_ RiD Comp, 1.9k0, =57, 1/4W 1066-3925 Allen-Bradley

9999999999999 4949999RECEREAARAERAIEIT IATATATTINIRTRATY
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20 V
CH-al
2N3I05Y

FROM
RP=T1-8

FROM
RP=T1-7

02
2N305Y

+13 V T0
CH=Kl=-2

FROM
RP-T1-b

FROM
RP=T1=5

5601200151

20 V
03
2H3053 L/ CR
+2l v B
+33 V
al
FULELES o
el
Rl
1.BK
L D s
- T ewn
+]
SRS
> 2.2
=0.3 ¥V

1. RESISTORS - 1/YW, 5% VALUES IN OHMS UNLESS OTHERWISE NOTED.
2. CAPACITORS = VALUES IN pF UNLESS OTHERWISE NOTED.

3. INDUCTORS = VALUES IN uH UNLESS OTHERWISE NOTED.

Y. C“FACTORY SELECT. TYPICAL VALUE SHOWN.

S. ALL VOLTAGES ARE DC UNLESS OTHERWISE NOTED.

«0.b V
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ot LM
" &
2N3C53
o) :
N d W12 V
19 v AC
al
E
12)
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=T 2300
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|
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. N. =21 (ARG
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S Ve L L
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Figure 6-2. Power-Supply Board (0100)
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6.2.3 Frequency-Error-Meter Board

6.2.3 FREQUENCY ERROR METER BOANRD 0101

XT. REF. DESCRIPTION C/E STOCK WO, MFR.
FP-Al Board Assembly. Fregquency Error
Meter TOO) =T Cushman
Board, Printed Circuit 1780-u i Cushmun
DIODES
CRl Si, 188316 1281-000 0 S lvania
CR2 Si. 1N516 i S BT Slvania
LAMP
DS1 Incandescent, *1820 25200012 G.E
METER
M1 Frequency Errer 4020013 Cushman
RESISTORS
Rl Comp. INRD, 257, 174% Allen- Bradie.
R2 Pot., W, Jki 172w Helitrim
R3 Comp. 1.2k, 57, 1w Allen-Bradie:
R+ Pot., WW, 5ko, 12w Helitrim
R3 Comp, 10RC, »57, 144W JULTES g Allen- Brudler
RE Pot., WWw, 10k, 172w 12150005 tieliteim
R Comp, 47K, «37. 17w INGG-47 3. Allea-Brac ey

5601*°0015+-1
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ATl

10-0-10 uA

R2 [ R3
LK g, @ 1.2 K e
ANV 6 TO FP-S2-1
0.5 KKFZ ADJ.
TO FP=S1-E-3
RY I RS
S K @ 10 K /L\
AN \Z} TO FP-52-2
+1.5 KHZ ADJ.
Rb R7?
10 K [ @ 4?7 K N\
'A% 8 T0 FP-52-3
5.0 KHZ ADJ. \wj\\\_
TO FP-S1-E-4
{(9)— 70 RP=s1-5
CR1
INBLE
4n
CR2 (ﬁ\///—-To RP-S1-2
1NBlG
4 3 TO FP-51-C-b
\ZJ

0101’

= ~ [FREQUENCY
=_=-3 Wy '
Rl
S10kK
M1
= 3%
2= &
= ()
oeu1-2 &
DSl
) 757
= 2N ICHANNEL
oe-Tm1-3 3
==

L. ®ESISTORS = 1l/%W: S% VALUES IN OHMS UNLESS OTHERWISS NOTED.

FP-AL

Figure 6-3. Frequency-Error-Meter Board (0101)
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6.2. 4 HARMOXNIC GENERATOR DOARD vz

CKT. REF.

FP-a2

6-14

DESCRIPTION

Board Assembly, larmonic
Generator

‘Board, Printed Circult
CAPACITORS

=207, 25V
, 60OV

Cer, 0,01 uF #2075
Cer, 0,002 puF =20
Cer, 0,01 pF 3 207, 25V
Cer, 0,01 pF =50 0%, 25V
Capacitor, Var, 8,1-117.5 pF,
3 sectlon, Type B1000-0006 with
180" stop

Cap, Var, P/DC5

Mica, 100 pF, +3%, 100V
Cer, 0,002 pF, =207, 600V
Cer, 0.002 yF, 207, 500V
Cer, 0.01 uF #4807 -20, 25V

Cer, 0.002 uF, £207%, 600V
Mica, 180 pF, 57, 500V

Cer, 0.002 uF, «20%, 600V
Cer, 0,002 pF, £207%, 600V
Cer, 0.002 pF, 2205, 600V

Mica, 270 pF, 5%, 100V
Mica, 39 pF, =3%, 100V
Cer, 0.002 uF, «207, 600V
Cer, 0,002 pF, «20%, 600V
Mica, 82 pF, 3T, 100V

Cer, 0.002 pF, =207, 600V
Cer, Var, 9-33 pF

Cer, 0.002 uF, 201, 600V
Cer, 0,002 pF, 2203, 600V
Miea, 100 pF, =57, 100V

Cer. 0.01 pF +80% -207, 25V
Cer, 0,01 pF #80% -20%, 25V
Cer, 0.0) uF 0% -20%, 25V
Cer, 0.01 uF 0% -207, 25V
Mica, 130 pF, 57, 500V

Mica, 180 pF, 257, 500V
Cer, 0,05 uF 807 -207, 25V
Cer, 0.05 uF 4807 -207, 25V

C/E STOCK MO. MFR.
T001-0007 Cushman
1780-0102 Cushman
1005-0013 Erie
1005-0003 Erie
1005-0013 Erie
1005-0013 Erie
1000-0006 TRW
1ogz-0011 Elmenco
1005-0003 Erie
1005-0003 Erne
1005-0013 Erie
1005 -0003 Erie
1002-0005 Elmenco
1005=-0003 Erie
1005-0003 Erie
1006-0003 Erie
1002-0031 Elmenco
1002-0018 Elmenco
1005-0003 Erie
1005- 0004 Erie
1002-0%20 Elmenco

1005-0003 Erle
100 1-0006 Erie
1005-0003 Erle
1005-0003 Erle
1002-0011 Elmenco
1005-0013 Erie
1005-0013 Erie
1005-0013 Erie
1005-0013 Erle
1002-0005 Elmenco
1002-0005 Elmenco
1005-0014 Erie
1005-0014 Erie

*Factory select. Typical value shown,
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4.2.4 HARMONIC GENERATOR BOARD 0102 {Continued) .
[ our. mer. OESCRIPTION C/E STOOK MO WERL I
Lb
82
CONNECTOR - +20 V BUSS 3 — L
n Female, KC 75-35 2536-0010 King PRON. Frenlates J_CBB ,L c3z2
DIODES I .05 I .05
CRI 8, 2800 1283-0001 - = =
CR2 1, 2800 12830001
CR3 Ge, GA13 1282-0005 :
CR4 S, 0138 1282-0008
CR3 51, Zener, 8.8V, 18957 1281-0007
DNevices
INDUCTORS
L Choke, RF, 12 uH, +10% 1585-0011 Delevan 13
Lz Choke, RF, 5.8 uH, £10% 1585-0028 Delevan
L3 Choke, RF, 3.9 kH, 5% 1595-0014 Delevan CRYSTAL INPUT 5 »
L4 Choke, RF, 5.6 uH. +10% 1585-0028 Delevan FROM CH-A%~2
L5 Choke, RF, 0,1 uH. 15% 13850041 Delevan
s Chokte, RF, 82 uH, 5% 1585-0032 Delevan
JACKS
a2 PC Board, moanted, phone 2586-0007 Keystone =
J PC Board, mounied, phone 2586 -0007 Keyatone
R3b ) §
RESISTORS 10K T 180PF
.§} Comp, 1000, »5%. 1/4W 10661015 Allen-Bradley
2 Comp, 2.7kp, 5%, L/4W 1066-2725 Allen-Bradley -
(1%} Comp, 22, 5%, 14w 1066-2235 Allen- Bradley 12 - -
R Comp, 22D, 5%, 1/4W 1068-2235 Allen-Bradley
RS Comp, 100, 15%, LW 1066~ 1005 Allen- Bradiey CRYSTAL OUT C\ =
AUX.IN /S ke
RS Comp, 100D, W%, L/4W 10661015 Allen-Bradiey
R Comp, 2.7k0, 5%, 1/4W 1086-2725 Allen=Bradley FROM FP=J%
R8 Comp, 213, #5%, LA4wW 1096-2225 Allen- Bradley
RS Comp, 22, #5%, LAW 1086-2235 Allen- Bradley
RIO Comp, 1.BkD, 8T, 1/4W 1066~1825 Allen-Bradtey
v
§.2.4 HARMOXIC GENERATOR BOARD 0102 o]
OiT. REF. DESCRIPTION C/E STOOX M. WR. Li
iz
.{. A1l Comp, 2760, #5%, 1/4W 1066-2728 Allen-Bradiey YT
. Ri1z2 Comp., 5600, #5%. 1AW 1064 -5815 Allen-Bradley
R13 Comp, 1.3, a5%, 1/4W 1046-3325 Allen-Bradley |_cl0 : C1
Rl4 Comp, 109, 15%, 1/4W 1646~ 1003 Allen- Bradiey o1 - .01
1 R13 Comp, 8200, 5%, 1/4W 1066-3215 Allen- Bradiey I = b
'}
.ﬁ RIS Comp, 3300, 5%, /4w 1066-3315 Allen-Bradley = Fines
R17 Comp, 650, %, Lizw 10678405 Allen- Bradley Y
RIB Comp, 820, «5%, 1/2wW 1067 -8205 Alles-Bradiey
R1% Comp, Wk, 5%, 14w 1088-1025 Allen-Bradley
*R20 Comp, 27k}, 5%, 1AW 1066-2735 Allea-Bradiey Rl RS
4 R21 Comp, 1000, 15%, 1/4W 1086-1015 Allen-Bradiey >1loo 3 10
h R22 Comp, 1000, +5%, 1/4W 1066-1015 Allan-Bradiey
RI3 Comp, 5600, &%, 1AW 1066-5615 Allen-Bradley R2 R:
A24 Comp, 430, 5%, LAW 1066-8805 Allea- Bradiey 2.9 3
25 Comp, U, 5%, 1/4W 1066-1025 Allen-Bradiey ® ei
—\A——
1 R26 Comp, 10k, «5%, 1/4W 1066~ 1035 Allen- Bradley
g R27 Comp, 10kD, &%, 1AW 1066~ 1035 Allen-Bradley
R28 Comp, 510, 5%, 1AW 1086-% 105 Allen-Bradisy ce c3a
Rz0 Comp, 2.2k, B, 1AW 1088-2225 Allen-Bradiey -~ _noz = o1
- R30 Comp, 1.2k, &, 1AW WEE-1225 Allen=Bradiey - -
- A3l Comp, 2700, 5%, LAW 1066-2T 15 Allen-Bradiey
b A32 Comp, 2.2, 5% 1AW 1086-2225 Allen-Bradiey
R33 Comp, 1.5kD, 15%, 1/4W 1068-1525 Allen-Bradiey
- M Comp. 2.2k, 5T 14w 1066-2225 Allen-Bradley +12 V BUSS
RS Comp, 10D, 5%, 1AW 1066-1035 Allen-Bradley FROM CH-TB1-3
-'_ s Comp, 10k, 5%, 1/4W 1066-1035 Allen-Bradiey
TRANSFORMERS
- Tl 0F, Tunable, 1.0 pH T050-0025 Cushman
T2 RF, Tunable, 1.0 uH 7050-0028 Cushman
- - T3 RF, Tunable, 0.25 uH T050-0027 Cushman L —
“ TRANSISTORS NOTE:
- T S1. PNP, TISHT 1211-0003 TL 3
" G s PYp, TISIY uncoms | TL 1. RESISTORS = 1/%W, 5% VALUES IN OHMS UNLES
= o N : Wioame || Tactia 2. CAPACITORS - VALUES IN uF UNLESS OTHERWIS
& §l, NPH, ZNISED 1£72-0022 Falrenild — 3. INDUCTORS — VALUES IN uH UNLESS OTHERWISE
4. *FACTORY SELECT. TYPICAL VALUE SHOWN.
o S, NPN, ZNIG42 1272-0018 Falrchild
qr 51, NPN, 2N1543 1272-0022 Falrehild S. ALL VOLTAGES ARE DC UNLESS OTHERWISE NOTE
@ 8. NPH, 2N1563 1272-0022 Farichild

* Factory Select. Typlcal value shown,
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LR!B R30 %Rah R23
2 L.5K l.2K < 10K (%] R
) +13.5 V +19.8 V b
*eA ¥ _l_ceq H ; §+J.'+.B v
CRS .0l H ! H
INgs? |CB I a7 : o g9s
2NISKI = 2NI5b3 S 2NTb42 Y 3 2N35k3
!l ;l =| ,
cau : = ce? ik
180PF RI2 2 €28 o = 1oop
2.2K H .0l 100PF
hrir e A gnen i b T |} )
PR TRY {¢ |
€3l R3% R3L > R29 < R28 -L R27 c2b
Ilncpp 2.2K 27 ie.ax 25l 10K :[-Ul
1
/
/
/
_____________ m ma mmmma L
vy /
/ /
/ /
/ /
/ _{—
Rl
_ 1'153‘.' HPAZ800 —z
LB .{ it T2 ok a3 T
s i ) gh-08 v ci2 EELTE I :52_
H}ﬂ"F 112.5¢F
C58 l"ll* [
g.1- Ced = =
317.30F < ilmnﬂmum- R1O
aex 2 1.8¢
l = HPAZBOD
L ca RS cll L2 =
.002 eex .oo2 5.b cl3
I .oo2
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Figure 6-4. Harmonic-Generator Board (0102)
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6.2.5 Multi-Oscillator Board

¢22 ¢21 (1S Clb Cl? Ceo c32 ¢31 €35 C3% (3?2 C9 cg Cib C7 €3 43 (e

€30 c28 €33 CYl Lb C3b L1l €47 C5 CRL C4 Cl Ll
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560100151

- 6§ 2 5 MULTI-OSCILLATOR BOARD 0103 6.2.5 MULTI-OSCILLATOR BOARD 0193 (Contlnued) 4.2.6 MUL
T, REF. DESTRIPTION /T ST KO, MR LT, REF. DESCAIPTION C/E STOOK MO, MR Y. REN
o CH-AL Board Assembly, Malti-Osgillator T001-0008 Cushman . E;: gﬂ‘. 0,91 uF *80% -10‘5. 25V 1002-0013 Erle
er, 0.01 uF =80% +20%, 25V Eric
Baard, Printed Cireuwt 1730-0103 Cushman £3h Gor: C-SEUE T 208, 20 Ere o
=g er, W L . Erie o]
CAPACITORS (=1 Cer, 0.01 uF =907 -207, 25V 1005-0013 Ere Il-i
ct Cer, 0,01 uF =0T -207. 23V 1605-0013 Eri¢ Cil Cer, 0.00 uF =0F =207, 25V 10050013 Erie Ly
e cz Cer, 0,03 uF 0% =207, 23% 1005- 0003 Erie Ci2 Cer, 0.05 uF 80 205, 26V 10050003 Erle
ca1 Cer. 0,05 uF 0} 203, 23Y 1005-0003 Erie c43 Cwr, 0.05 uF ¥80% -20%, 25V 10050001 Erie ! Lt
C4 Cer, 0,05 uF =807F -20%, 253V 10U5- 0000 Erie C44 Cer, 0,05 4F «807 -20%, 25V 1005-0003 Eric L7
= L5 Mica, 470 pF, o3 %, OOV 1002-0015 Elmenco C4a Cer, 0,05 pF =90 [ =301, 25V 1008 -0003 Eric ::;'
cs Mica, 220 pF, 15T, 100V 1002-002% Elmenco Cab Cer, 0.00 wF 80T -20%, 25V 1005-0013 Eric L
1 Mica, 39 pF, « ooy 1002-0018 Eimenco <47 Mica, 470 pF, o5%. 100V 1002-002% Elmcnce
. ca Cer, 0.01 uF «40% -20%, 25V 1005-0013 Erie cas Poly. 0.0022 uF, 100V 1008-0020 Sprague Lu
= Cer, 0.0) pF *R0% -20%, 25V 1005-0013 Erie (=t ] Miga, 1000 pF, . ooy 10020015 Elmenco LIz
cw Elect , 15 oF, 25V 1013-0005 Sprague s Cer, 0.05 uF #0F -20%, 25V 16030003 Eric
== Poly, 0 082 uF, «10F, 100V 1004-0023 Sprague (3] Cer. 0.05 uF 0% -20%, 25V 1008- 0003 Efic
Iy, 0.27 wF, «10F, 100V 1008 -0028 Sprague c52 Cer, 0.03 uF +80% -20%, 33v 1005-0001 Eric R
Elect.. 13 uF, 25V 10130063 Sprague €51 Mica, 47 pF, 8. 100V 1002-0012 Eimenco nz
e Poly. 0.1 uF, »10%, 1000 1008-0041 Sprague C54 Elect., 1.0 xF, 25V 1013-0004 Spraguc n
Elegt.. 1.0 oF. 23V 1013-0004 Sprague C5% Cer, 0.03 F *80% -20%, 23V 1005 - 0003 Erir :l
3
- C1 Cer, 0.0} JF 0% =205, 25V 1003-0013 Erie €36 Cer, 0.05 uF 80T -20F, 23V 10050003 Erte
cir Cer, 0.0 oF =80 =201, 25V 1005-0013 Erle cs7 Miea, 10 pF, 15%, 190V 1002-0918 Elmeren L5
Ci8 y, €.027 wF. «10T, v 1008-0022 Sprague <58 Miea. 27 pF, 435, 104V Elmerca AT
cis i uF. 25V 1013-0004 Sprague =11 Cer, 0.05 uF 50 -200, 25V Ene Ra
- czo 4 pF, a3%. 100V 1002-0005 Elmento cio Mica, 470 pF, a3}, 100V Elmenco :i
c21 Mica, 160 pF. #5%. 100V 1002-0005 Elmenco Chl Mica, 220 pF. a5, 100V 1002 -0027 Elmence
_ c2z Elect., 1.8 uF. 25V 1013-6004 Sprague C82 Cer, 0,05 yF =0% -20% 25V 1005-0003 Eric =R
c23 Eleet., 15 4F, 25V 1013-000% Sprague Cal Cer, 4.7 pF. W55, 60OV 1008-001% Erle R12
c24 Cer. 0,01 oF 0% -20%, 25V 1095-0013 Erre [<T] Cer, 0,00 uF 0% -20%, 25V 1005-0013 Erie A3
25 Cer. 0.03 uF 0% -20%, 25V 1063-0003 Erie <85 Cer, 0,01 uF 40% -20%, 25V 1005-0013 Erie g:;
“
(=11 Cer, 22 pF, 2%, 600V, NPO 100%-0007 Centralab CLIPS
car Cec. 0.05 F *80% -203, 25V 1603-0003 Erie . A1
28 F, (5%, 100V 1002-0023 Elmence Terminal P.C. 37680004 Elco Rl
- ca3 5%, 100v 1002-0035 Elmenco Culde Pin 37680005 Eico nis
cu 5%, 100V 1002-0035 Elmenca Ri9
DIODES no
4 €1 1002-0018 Elmenco
32 1 313 Erlt CRI Si, Zener, 6.8V, 18957 12681-0007 Contraental :N
<l y ¥ 1. rie Devices 2
cH Mien, 27 pF. ol §, MV 1692 - 6004 Elmeneo CHZ Valtage Variable C, V33 1281-0010 M2y
ot 33 Mics, 390 pF. o5 %, M0V 10020633 Elmence ::i:
1 L
* Factory Sel
% 2.8 MULTI- ECILLATOR DOARD D103 iContznued) £.2.5 MULTI-OSCILLATOR BOARD 0103 (Continued)
= [ OxT. REF, GESCRIPTION C/E STOCK Moo WR. oHT. REF. DESCRIPTION C/E 3TOOL MO, R,
r
A28 iods- 1823 Allen-Bradley @ 8, 230563 1272-0017 Fairchild
N | R ] 1065-1035 Allen-Bradley @ SI. NPN, 283561 12720022 Fairchild
R2s Comy, B, 26, o35 1/4W 1066 -8225 Allen- Bradley Q8 i, . TIS37 127 1-0003 T.1,
| A9 Comp, B. 2k o451, 19W 1CR6-8225 Allen-Bradley = E's 2¥1563 1272-0022 Fairchild
” R Comp, 10k 3G, 194w 106R=-1035 Allen=-Dradler aw sl L 23642 1272-0018 Fairchiid
R31 Comp, 10a4-472% Allen-Bradiey 1" i L, 233563 1212-00%2 Fasrchiie
| aps Comp, 16452705 Allen-Bradiey iz 3 Spx 2haee 1272-0022 Furenid
- An Comp, 10853323 Allen-Bradiey QI 8, {1563 1272-0022 Fasrchild
I'IJ} Comp. Wia- 152? Allen=-Bradisy QM S0, XPN, 2%3361 1272-0022 Fairchild
L1 Comp. Jes6-a122 Allen-Bradiey Qs 5, NPN, 23563 1272-0022 Fairchild
R Comp, 5 1L56-5615 Allen-Bradiey
R3T Comp, 1n68-1013 Allen-Bradley
Ris Camp, 0e-4713 Allen=Bradley
- *RiE Camp, 1reA-8225 Allen-Bradley
Rav Comp. MeGh 2205 Allen-Bradley
mal Comp, 1656-1035 Allen-Bradiey
Az Comp, 10551835 Allen-Bradiey
R4l Comp, i W4E-2227 Allen- Bradley
Ra4 Comp, 1066-1025 Allen-Bradiey
- 4% Comp, 8g-1213 Allgn-Bradiey
813 Comp, H£5-2219 Alfen-Bradiey
HaT Comp, 1eds- 1029 Alles-Bradley
R43 Comp, 1eds Allen-Bradley
49 Comp, 1056 -5635 Allen- Bradiey
ain Comp, 12 31 14w 1045-123% Allen-Bradiey
: (=3 ] | Comp, Allen-Bradiey
RizZ Comp, Allen-Dradicy
R Comp, 2.2, o35, 1:4% Allen- Bradiey N
. | R4 Comp, 2,70, o8, 1/4% Allen-Bradiey
| R:3 Comp, 38001, »5%, 1AW Allen-Bradiey
- Ris Comp, 1h 8% 68~ 1025 Allen-Bradiey
R3% Comp, 4.7, o3F, 14w 1068-4725 Allen=Bradiey|
TRANSISTORS
.
Q | S, KPN, 213362 1272-0022 Falrekild
Q2 51, NPN, 230961 1212-0022 Fairehild
- Q3 S, NP, 153181 1212-0022 Fairchild
=N Si, NPN, 233367 1272-C014 Falrehild
@ SI. NPN. 2NISE 1272-0017 Falrehild
Lo
*Tactory Select. Typical value shawn,



BULTI-OSCILLATOR BOARD 0103 (Contnued) | L

I I g W T ———
REr, CESRIPTION C/E STEOM MO, R 4 o
e N 20 ¥ FROM P,
DRCCTORS FPogife le la = e
Chae. AF, 32 uH, 5 13880037 Delevan T.m T.m -
Tieed, 0.5 uH 1579-0003 Pulse Engr o= S
Tocme. RF. 81 M. 5% 13350032 Delevan Fags DUisly 8.5V |
Cizaw, RF, 52 pH, 233 15330032 Delevan SR L) = W J,,r.- ™ |
Esictar, Var, 3.8-7.3 oM Adrb- (025 Delevan | o S10k T 05 h 157 sl
= — Eere . =
Idazier, Var, 0.50-0.73 K W ey o e -
e it {E i
Toeke, AT, 82 4N, 0} Delevan PPUT Faom 1t b —
Cizca. RF, 82 uM, s3% Delevan Oehnay s s = -
Cucxel RE 82 a¥, 0] [ievan | n R =252 = =
» Cuexn, RF, 82 4H, 437 Delevan 0 3 = =
4 sl v
] msector, Var, 0.50-0,%5 aM TRW 1 [ a 2
] Coexe. RF, 82 wHo 37 Delevan 5 H e jé'" :‘?:‘ ::l.‘la ;:
= =
RINISTORS = =
W0ET, ST 1w Allen-Bradiev 20 ¥ Faom =
' L 8%, 1AW Allen-Bradle) GTal-l
L 15KD, f3T, 1AW Allen-Braley
2ok, o33, 10w Allen=Dradies
o s \len- Bragd
1ekD, oF, 1w Allen-Bradies R N
2.2k, o5, 140 Allen=Bradley Feiizoah
L Allen-Bracle, R
2200, =T, Y uw - 1066=2213 Allen-Bradies I FROM Fa CAL. "
5401, k3%, 174A VEad- 3613 Allen-Bracie [
|} 2.8, W57 1w 10032221 Allen-Bradle,
| 330m, =53, 19w 10442313 Allen-Bracley
10090, 5%, 14%W 1n48-1013 € FROM ™ —
E 100, o587, 1AW y FPoslB-12
L3k, 3T 1% v | |
L 3.9k, #3%, 1 4% Allen-Bradl t\ L ®Hl IMPUT -
| | FRm FP-av-7
¥ T2, aSh. 104 Allen~ Bradhbey ]
P Allen-Bradles 1 ff::: AT e =
Allea-Bradler | <12 v Buns _._@ = = L
Allen=Bracies RO CAeTBL-3 Rz 2““
Allen-Dradies | K54 it g o i — 1w e o
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Figure 6-5. Multi-Oscillator Board (0103)
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6.2.6 IF Oscillator Board

6.2.7 IF OSCILLATOR BOARD 0104

ce

¥l

CKT. REF. DESCRIPTION C/E STOCK MO, | MFR.

CH-AB Board Assembly, IF Qegl! 7001-0002 Cushman
Board, Printed Circait 178G-01%4 Cushman
CAPACITORS

c1 Poly, 0.083 uF 106y 1008-0435 Sprague

c2 Mica, 27 pF, v 1002-0608 Elmenca

Ca Mica, v 1002-461% Elmenco

(<] Mica, ok 1002-0032 Elmenco

c3 Mica, v 1002-002% Eimenco
CLIPS
Sleeve, Guide 3765-4605 Elco
Termina!, Printed Circw: ATBE- OG0T Eleo
CRYSTAL

— i Y1 Crystal (Customer Request) Cushman

DIoDE

CR! S, 153064 1241-0013 Sylvania
RESISTORS

Rl Comp, 10, 14w 1066-1023 Allea-Bradley

R2 Comp, 4Tk0, =53, 14w 1066-4733 Allen- Bradley

R Comp, 10kD, 5%, 174w 1066-1035 Allen- Bradley

R4 Comp. 2.2k0, . Haw 1066-2225 Allen- Bradley

*R5 Comp, 3.3k, =57, LGW 1066-3325 Allen-Bradiey
TRANSISTOR

Q Si. NPN, 223363 1272- 0082 Fairchild

*Factory Select, Typlcal value shown.

5601*0015+1



+20 V FROM \I
IF GENERATOR ——2>—VWA\—y '
SELECTOR Rl
i 1K R2
T~ S 42K
.068 c2 18.1V
27 FF
I LW al
A l 2N3563
3 2.5V
| . Eu K ot
==Yl : 330 PF CR1
LN30bY
l P AN— &— OUTPUT
*RS i
g s R4 3.3 K
10 PF "‘aeu PF 2.2 K
GROUND —>> :
010Y
NOTE: CH-Ab
1. RESISTORS - 1/%W, 5% VALUES IN OHMS UNLESS OTHERW(SE NOTED.
2. CAPACITORS - VALUES IN pF LNLESS OTHERWISE NOTED.
3. INDUCTORS - VALUES IN pH UNLESS OTHERWISE NOTED.
4. *FACTORY SELECT. TYPICAL VALUE SHOWN.
5. ALL VOLTAGES ARE DC UNLESS OTHERWISE NOTED.
b. CUSTOMER REQUEST.(1.0MHZ TO 13.5MHZ .

Figure 6-6. IF-Oscillator Board
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6.2.7 IF-Oscillator Board

RI11 R? RS RY al R1 Cl

6.2.7 IF OSCILLATOR BOARD 0103

CKT. REF. DESCRIPTION C/E STOCK MO. MFR.

CH-AT Board Assembly, IF Oscillator T4 - Gug Cushman
Board, Printed Circuit 173h-0105 Cushman
CAPACITORS

1 Cer, 0,01 pF *807 -20%, 25V Erie

cz Cer, 0,01 wF #6507 =207, 25V Erie

ca Cer, 0,01 pF w07 -207%, 25V Erie

c4 Mica, 200 pF, 1535, 100V
CLIPS
Sleeve, Guide 3736-0006 Flco
Terminal, Printed Circuit 3753 -0007 Elea
CRYSTAL

Yl Crystal (Customer Request) Cushman
DIODE

CR1 §i, 1NJO64 1231-0013 Transitran
RESISTORS

Rl Comp, 1000, 3%, 1/4W 1655-10135" Allen-Bradiey

R2 Comp, 2TkD, 5%, 1/4W Allen-Bradley

R3 Comp, B.2KD, 137, 1/4W Alien-Bradley

R4 Comp, 1.BKD, 25%, L/4W 1155- 1925 Allen-Brudley

RS Comp, 2700, #5%. 14W 1655-2715 Allen- Bradiey

Ré Comp, 4700, =37, /AW 1055-3715 Allen-Bradley

R7 Factory Select (Customer Request)

né Comp, 1.5k, =573, 1/4W 1455-1525 Allen-Bradiey

RS Comp, 330, #5%, 174W 1055-3305 Allen-Bradiey

R0 Comp, 6300, 57, 1AW 1055-6315 Alien-Bradley

*R11 Comp, 13k0, 5%, 1/4W 1055-1535 Allen-Bradley
TRANSISTORS

Q1 Si, NPN, 2N3563 1272-0017 Fairchild

Q2 Si, PNP, ZNI2Y 1272-0023 Falrchild

* Factory Select. .Typical value shown,
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6.2.8 Signal-Generator Mixer

Je2

ce

Cl

R1

J3

R4

1 R2 CR1 L1 €3 L2 o cs

6.2. 8 SIGNAL GENERATOR MIXER

56010015

a CXT. REF. T DESCRIPTION C/E STOCK MO. ! MFR, !
CH-A3 Assembly, Signal Generator Mixer T001-0003 Cushman
‘_ CAPACITORS
” c1 Cer, 0.01 uF +80% -20%, 75V 1005-0013 Erle
= c2 Cer, Stand Off, 100 pF, GMV, 500V 1005-0049 Erie
c3 Cer, 0,002 pF, «20%, 500V 1005-0003 Erie
n c4 Cer, Feedthru, 0,001 uF, e20%,
- 500V 1005-0008 Erie
o] Cer, 0.05 pF +80% -20%, 25V 1005-0014 Erie
.._, COILS
e LI Choke, RF, 0.47 pH, «20% 1585-0031 Delevan
L2 Choke, RF., 0.47 pH, #207F 1585-0031 Delevan
9 CONNECTORS
Ji Connector, BNC 2536-0006 Startronics
5 J2 Connector, BNC 2535-0006 Startronics
J3 Connector, BNC 2536-0010 King
9 DIODE
CRI1 51, HPA2900 1283-0003 HPA__
5 RESISTORS
0 RI Comp, 820, 3%, 1/4W 1066-8205 Allen-Bradley
R2 Comp, 10k, 5%, 1/4W 1066- 1035 Allen-Bradiey
R3 Comp, 220, «5%. Lf4W 1066-2205 Allen-Bradiey
a 8 Comp, 1200, 15, 1AW 10661215 Allen-Bradiey



LO INPUT
FROM
CH-J1-Ke

10 MHZ
FROM
FP-R8-1

NOTE:Z

J2

R1
82

CR1
HPA2900

.01

SIGNAL
GENERATOR
QUTPUT TOC
FP=J3
——  FROM
C|+ —r_ FP-R?“’-
T .05
CH-A3

1. RESISTORS = 1/4W.: 5% VALUES IN OHMS UNLESS OTHERWISE NOTED.
2. CAPACITORS - VALUES IN puF UNLESS OTHERWISE NOTED.
3. INDUCTORS = VALUES IN puH UNLESS OTHERWISE NOTED.

Figure 6-8. Signal-Generator Mixer (CH-A3

6-25/6-26



6.2.9 Crystal-Oven Assembly

c24 THRU C4b @,9 e £a
(TYPICAL) ~ L

REAR VIEW

. €l THRU C23
@r, Y1 THRU Ye3
g CTYPICAL)

(TYPICAL)

PIAITIIIIAI I 1
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£2 § CRYSTAL OVEN ASSEMBLY Raq ]
| oo, rer. DESCRIPTION C/E STOOK M. MFR. \ e
i A
CE-a4 Assembly, Crystal Oven 7601-0017 Cushman 2
¢1s | R
| Assembly, Oven Body 7001-0018 Cushman I \
I
| . Assembly, Cryvstal Base T001-0019 Cushman —AA—
Assembly, 10-MHz Crystal Bracket T001-0020 Cughman 3 MRL
r FAST HEAT
Assembly, Oven Cover T001-0021 Cushman al3 .
woseq | >
CAPACITORS 2 | &
1
Mica, 51 pF, :1F, 100V 1002-0056 Elmenco 2
Mica, 51 pF, +1%, 100V 1002-0036 Elmenco
Mica, 31 pF, 1%, 100V 1002-0056 Elmenco st\
Mica, 51 pF, «1%, 100V 1002-0056 Elmenco \ —
Mica, 51 pF, 1%, 100V 1002-0056 Elmenco | M‘_
= Mica, 51 pF, «13, 100V 1002-0056 Elmenco |
o Mica, 31 pF, 13, 10DV 1002-0056 Elmenca Linaicd
cs Miea, 51 pF, :15, 10OV 1002-0056 Elmenco . - REGLLAR
o Mica, 31 pF, 13, 100V 1002-0036 Elmenco | — HEAT
C3e Mica, 51 pF, 1%, 100V 1002-0036 Elmenco | | GvER o4 (2}
LA
Mica, 51 pF, =13, 100V 1002-0036 Elmenco m
Mica, 51 pF, 1%, loov 1002-0056 Elmenco s |
Mica, 51 pF, +1%, 100V 1002-0056 Elmenco =
Mlca, 51 pF, =17, 100V 1002-0036 Elmenco
Mica, 51 pF, «1't, 100V 1002-0036 Elmenco ‘ @ A==
Mica, 1%, 100V 1002-0056 Eimenco : |
Mica, 1%, 100V 1002-0056 Elmenco
Mica, L 1R, 100V 1002-0056 Elmenco
Mica, =1%, 100V 1002-0056 Elmenco
Mica, «1%, 100V 1002-0036 Elmenco
~ Mica, 3 , 217, loav 1002-0056 Elmenco | |
Mica, 3 L al%, 100V 1002-0056 Elmenco
Mica, 51 pF, 1%, 100V 1002-0056 Elmenco | L ey
= var, glass, 1-14 pF 1001-0001 J.F.D. 200 CH=AS=2130 | T &1
Var, glass, 1-13 pF 1001-0001 J.F.D.
‘ ~ Var, glass, 1-18 pF loo1-0001 JF.D
Var, glass, 1-138 pF 1001-0001 J.F.D.
a Var, glass, 1-13 pF 100 1-0001 J.F.D.
i Var, glass, 1-18 pF 1001-0001 J.F.D.
” Var, glass, 1-18 pF lo01-0001 J.F.D. (__
| =
[ =
- Hew
I = M 1-18
” 5.2.9 CRYSTAL OVEN ASSEMBLY (Continued
| = T, REF. DESCRIPTION C/E STOCH NO. MWFR. i
”g_ r var, glass, 1-18 pF 1001-000! I.F.D E{C‘iu
cad var, glass, 1-18 pF 1001-0001 J.F.D L
‘ 23 var, glass, 1-13 pF 1001-0001 J.F.D =
- (=1 Var, glass, 1-13 pF 1001-0001 J.F.D
Cis Var, glass, 1-19 pF 1001-0001 J.F.D (
F L
‘_; 25 var, glass, 1-13 pF 1001-0001 JF.D | A lo1s
(= 1) Viar, glass, 1-13 pF 1001-0001 J.F.D
= cas Var, glass, 1-18 pF 1001-0001 J.F.D. si
— Ciy Var, glass, 1-18 pF 1001-0001 J.F.D.
C44 Var, glass, 1-18 pF 1001-0001 J.F.D. CAFRIER B
” | emgouency 7o
= Cil Var, glass, 1-18 pF 1601-0001 J.F.D. SELECTOR i-13
C42 Var, glass, 1-18 pF 1001-0001 J.F.D, i
a ci1 Var, glass, 1-18 pr 1001-0001 J.F.D.
= Ci4d Var, glass, 1-18 pF 1001-0001 J.F.D, —=i=
[=H Var, glass, 1-18 pF 1001-0001 J.E.D. P
‘-! ci3 var, glass, 1-18 pF 1001-0001 J.F.D. 119
*C47 Mica, B2 pF, #2%, 500V 1002-0003 Elmenco
a *C4i Mica, 27 pF, :5%, 100V 1002-0008 Elmenco
= (5] Var, glass, 1-18 pF 1001-0001 J.F.D. =
[=L]
= CRYSTALS 118
11 tirough | 1 T
ﬁ Y Crystal, (Customer Request) Cushman e
- Yai Crystal, 10-MHz 2035-0005 Cushman
] FUSE
==, TFI Thermal 1955-0010 Micro Devices k = s
: 51
= INSULATION — . -
a Oven Body 4871-0010 Durven I_
a SWITCH
51 Motary, 24 pos 1851-0028 Cak NOTE:
L. CAPACITORES = WALUES IN PF UNLESS OTHERWISE
*._ TUERMOSTATS WOTED,
2. SFACTORY SELECT. TYPICAL VALLE SHOWN.
51 Switch, #32410-0 1345-0002 Fenwal 3. ¥l THROUG- Y23 PLUG=IN CRYSTALS. (CUSTOMER
a 2 Mercury Col, 4A011102 1345-0091 Princo REGUEST)
Y. ALL POSITIONS SLA INTERCOMWECT 518 EXCEPT
a PIN 2% A5 SHOWM.
—
Q *Factory select. Typical value shown.
™M 5c010015
.
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Figure 6-9. Crystal-Oven Assembly (CH-A4)
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6.2.10 Main Chassis, Wiring Diagram

RIGHT SIDE
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@dan

t oo I o
= T .05
1 ®
s _L c2
I .05 |
@
]
1
e
!
TO FRONT
e PAMEL (FP) —=
| WIRING
|
& §.2.10 MAIN CHASSIS
OiT. REF. DESCRIPTION C/E ATOOK MO. T
CH Assembly, Main Chasais T001-0011 Cushmas
- Assembly. Right angle Drive T040-0027 Cughman
! Assembly, Handie 42300004 Phila Handie
1 Q.
— CAPACITORS \— CH=J} —
c Cer, £.05 uH +80% -20%, 25V 1005-0014 Erle
= c2 Cer, 0.03 oF +80% -20%, 25V 10050014 Erie
CONNECTORS
— a1 Female, 44 pln 2335-0023 viking
Jz Female, 22 pla 2535-0018 Viking
a3 Female, 24 pin 25250020 Amphesal
I Female, 12 pia 2533-0013 CMhck-Jotes
= g5 Female, 22 pla 2535-0018 Vikirg
J6 Female, 24 pin 2535-0020 Amphenol
& a Connector, BNC, KC 79-43 2536-0003 King
DIODE
= CR1 Si, %4002 1281-0023 Sylvania
RELAY
= K1 Coaxial, 500, 250W, 29% 1313-0003 Dow-Key
SPEAKER
=
| Ls1 3in, % §in Speaker 1715-0003 Guam
L TERMINAL
TBI Terminal Rrip, *20V,-12V 1780-0004 Cinch-Jones
Py
TRANSISTORS
L QI Si, NRE. 253054 12730001 RCA
Q2 Sl, NPR, 2)2054 1271-0001 RCA
=
P —
in
S601#0015+1
bt
= : — - = e — * =




- N J2 ‘ 13
! ; SECOND IF AND FM DEVIATION METER
WULTI=OSCILLATOR DISCRIMINATOR OR 0SCILLOSCOPE
——— FP-S1-G-b —
+a FP=S1-6-5 CH-WT-1 1 ——  RP-Fl- 113
. - CH-J3-11 2 B -
24 B [——t————— CH-J2-21 ——— RP=T1-2 2 |14
——— CH-J1-18V 1 — 4
34C 3 3|15
p—— cH-J2-17 & =
FP-S4-b 4 5= el ——le—d Y
] R [} FP-Sh=l FP-R3-1 4 |16
- ] Eehias FP=S4-7 s|E FP-S4-2 S s |17
— St F T CH=Jb=12 ——————
] S geiae FP-S4-8 ) b FP=S4-3 b |18
5 ? 54— [__ ?
Dz Hotot? FP-54-9 H FP-g4-4 -2 | ? |19
: —54- J _54-5. p-R1-1 8
Y FP=-54-10 8 FP-54=5 FP-R1 FRES
94K FP-5b=1 FP-53-5 q 5 |21
$—— FP-A2-2 - BT
FP=51=H=7 10 FP-Sb-1 FP-Ds1-2 10 10|22
e - W FP-53-7 11 | 33 i e
—RY= e FP-Sb-7 - =S 2-2 3
_ PR FP-RY-2 1 11 P-Sh L — o) e
E) ] S yEs FP=R5=-2 12| N FP=51-B-12 12 12|24
| FP=S1-D=-10 13| . FP-R2-1 13
= $—— CH-J2-18 . \.\ N 5
dE T 4+ R -9 —Jbe ¥
| CH-13-14 CH=Jb=1 1 - bt  CH=Jb CH=Jb=3 —\ = )
- CH-TB1-3 =
$———— CH=J4-10 I l;: T ™ il .}-—1;—
. e i -
| O S FP-DS1-1 st
12 v 19U e FP-57-% CH-TB1-1 17
9 CH=Jb-14 Sl
184 v CH-TB1-1 CH-TB1-3 18 .
— 194w FP-51-D-9 CH-Jb-? ————19
204 x 41 L%
214 Y e CH-AY-Y4 CH-Jl-28 ————— 21
2212 CHuWT-1 j 22
CH-WT-1
A
K1 Y Y 45 N A4
COAXIAL RELAY o POWER SUPPLY CRYSTAL OVEM ASSEME .~
Iv_ ‘I 2N305% 1 CH=AY-TB2-3 — —
N FP=Sl-Aeb —] 2 CH-A¥=TB2-1 — ] [——
| Bl N O
g o© N——  Rp-TBI-3 D eHory-TB1-1 —]
FP-Al-y —r| ~—— FP-D52=1 ——ﬁ— 5 CHoAY-TB1-3 — @
CHess-8  — N—— FPoDs2-2 —+—T & CHeAY~TBL=% —] @
O = ?
‘\— CH=-Kl-2 —ﬁ B ® —
FPopz-ll  — K_ q I——-—
— H-TBl-3 ———— ' pt / -
11 RF-Tl-b —
el 12 = pp-Tl-s  —~ @ —
2M3054 13 RP-T1-7 — @
1%
[T — 15 ®_"
[ 16
L FP-R3-2 — 17 @
e A 18 Cielbe1s  — — |
18 @ I
20 = 1
fP-RE-l —r L CH-TBL-1 21 ®—_
22 CH-WT=1 —/

7




2 . J ’ i i Ja ; .

IF AND F™ DEVIATION METER 5
{INATOR 08 0SCILLOSCOPE AUXILTARY ECUIPMENT CONNECTOR
3| o RPFI-1 113 CH-TBL-1 —
3 1 CH-TB1-3 ' CH-WT=l  ——
* o RP-T1-2 -4 4 p— - ——-\‘
| 3|15
: $ (1 ———— RP-sl-B — [_ ’/
: § |17 }———— ‘BP-siy o —1 S CH-Jb-l2
N 1 2 3 = \
| b |18
' 7|19 ] o Oo——F—————— CH=Jb=15
il + 5 b \
1 B |20 ) r.—. RP=T1-% S
1 g |2l f——— FpP-s53-2 e | B
) : —— RP-TI-3 o ° °
a 10 |22
1 ——  C(H-J3-2 ————{1123 — (H-TBl-3 ——————0 o o——————— CH-TBL-1
=1 L 10 1 12 1
2 12 |24 CHT-L —
3]
4 FP-GRD
. RP-TB1-b
B wT RP=J1=5
7 gsg;m CH-J1-z2z
- CH=J2-1
;- i 9— CH=J2=-22
? CH=J3=-24
T ) CH=J4=2 —.\
= CH-J5-22 —
- CH-b-24 ]
TO REAR
AL AN - - L PANEL (RP)
A A4 W WIRING
Ay TRYSTAL OVEN ASSEMBLY
7
Cr=A4=TB2-3 —] 5 Lo 1HeUT
CH-AY-TB2-1 —]
® 'z B y @——— CHeKl=dl  —]
CH—I‘—TBI—I-—J =
o-At-Te1-3 —] @ i
BT y
L @ \ Sl =5 BROADBAND MIXER
OR PRESELECTOR
@ a5t — l——j
— N CH-J1-19R — 113
FP-T1-8 — 82 2 | 14 ———— CH-TBL-3 i
RP-Tib  — N— CHeJe-15 3 15— CH-5-18  —|
5 e / ® ci-ss-2 — i oo —
RP-T1-7 — s |17 FP-S1-D-11 —
@ . mL-— (H-1Bl-1 —
G O st — P — cuode-1a %7 1
@ |8 g P
N O Jl-F 1 q|a1
Gi-lb=1s  — — Ltz
®_l____ EPaAZo]3 —|~—— CH-J2-b ,_—:.\ 11|23 CHowT-l  —
— N CH-l4-3 L: 12| a9
®—_.:.__ cH-dl-2ly — \
CH-WT-1 ol : | |

Figure 6-10. Main Chassis, Wiring Diagram
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- 6.2.11 Front Panel, Wiring Diagram
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6.2.11 FRONT PANEL

6.2.11 FRONT PANEL (Continued)

CHT. REF. DESCRIPTION C/E STOCK NO. MFR. CXT. REF. DESCRIPTION C/E STOOK NO. W=,
— - - ——
FP Assembly, Front Panel TO01-0010 Cushman LAMPS
BEZEL D31 Incandescent, cartridge, 10V, 14MA 2870-0010 Dialce
Dse MNeon, ecartridge 2900-0007 Dvales
Front 4560-0005 Cughman
PANEL
CAPACITORS
- Front 2500-0031
€1 Cer, 0.002 pF, =20%, 600V 1005-0003 Erie
c2 Cer, 0.1 pF *50% -30 , 75V 1005-0019 Centralab RESISTORS
c3 Cer, 0.05 pF =90% =20 7, 23V 1005-0014 Erie
(] Cer, 0.05 pF =30%F -20 ., 25V 1003-0014 Erie R1 Pot., comp, lin, 1009, 2W p/01831-0040
. 2 Pot., comp, lin, 2506, 2W 1203-Q019
CONNECTORS R3 Pot,, comp, lin, LOko, 2W p/ol203-0018
1T Pot., comp, log. 1k, 2W p/01204-0003
Ji BNC. Female, Us-10904 L 2336-0010 King ns Poi.. comp, lin, O.5M0, 2W p/01204-0003
J2 DNC. Female, Us-1094°0 2536-0010 King
J3 BNC. Female, U6-1084.1 2536-0010 King Ré Comp, 470K0, =537, 174w
Ja BNC, Female, U6-1094'L 2335-0010 King 4 Poi., 10 turn, 10k
RS Pol., comp, lin, 3K0, 2W
DiaL R9 Pot., comp, lin, 500, 2W
R0 M Fim, 54.9G, 1%, 1/10W 1073-0005
Readout 2750-0012 Cushman
Rl AL Film, 61.97, =15, 1/10W 1075-0007
KXOBS Ri2 M Film, 4990, «1%. 1710W
R13 M Film, 4997, «17, 1710W
C5 Contrel 2780-0008 Kurz-Kasch
R1 Control 2730-0009 Kurz-HKasch SWITCHES
R2 Control 2730-0015 Kurz-Kasch
R4 Conteol 2750-0007 Kurz-Kasch s1 Rotarv, special
RS Contril 2750-0003 Kurz-Kasch 52 Lever, 2P3 pos. range
51 Rotary, 4 P2 pos.
R7 Control 2750-0010 Amphenal - & Rotary, 1P10 pos,
RS Control 2150-0015 Kurz-Kaseh 55 2P2 pos, with pot,, power off,
51 Contral, Chassls 2780-0022 Kurz-Kasch vol. control p/o1203-0018 Aliez-Zzadley
51 Contr 2730-0007 Kurz- Kasch
52 Cont 2730-0021 Oak 5 Toggle., JP2 pos. Als
57 Rotary, 1P3 pos. CRL
53 Contreol 2780-0015 Kurz-Kasch
i Contral 2780-0015 Kurz-Kasch
5 Contrai 2730-0015 Kurz-Kasch
1 Control 2750-0015 Hurz-Kasch 'I

5601+0015

6-36

- .
ok ."l .—‘u e

- o a4 o alaln n

- Lm



ATV IINNTINININININITIN

54

i 5 —| 52
L}
5 15 5
. 11 Me
T
R 10, =
o
3
q0 -0—
g° ¥
g 4%
FP-53-9 4
== FP=52-l2 ——
KL=l = ann Seis
FP-53-5  — ‘ 53
Cl-dl-N  — N
ZEhi FREGUENCY |
/— FP=Al-b
L —— FP-5%
FP-S3-b
FP-S1-D-12 bst
FP=SleH-12——t
| — Bl LEVEL
O-Jl-1A
FP-Al-3 =
o-J1-13 fR=S1=6:b
B i 1 FPuSlab-]2——r% ps2
-Jm
\/—— CHeTBl-l ——— OVEN ON
™1l-
H=TB1-1 —-.,/_ o = e
FP=51-H=12 ﬂ R =
FP=51-G-b o
o
o
— CHeJl-10 4 o
Cl-lay —
TO MAIN CHASSIS oA
{CH) WIRING N
: . w Ry
k] RP-TEi=t 1 DEV. AD1.] 1k =
" : L e 2 & 1
CH=J2=1b P-TB1-3
190 < | 03
1
[caL, '
o-il-s — ‘. e
PR T, U 1 /
O i16-1 —— Oi5-17 VOLUME & o3
tH-J1-8 s6 (oo o & -
CHaJ1-D I
CH-t1-E ? 8 q
InT.
e N O J1-P |
H=Jlr .-_-) 12 N
= 3 %
CH=J1-% — =
CHeil-5 —~ =

[SELECTOR |
e —

[1.F. GEWERATGR

56010015

| LA e i e B



FP=51= E-5
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Figure 6-11. Front Panel, Wiring Diazram
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6.2.12 Rear Panel

6.2,12 REAR PANEL
©OXT. REF. CESCRIPTICN C/E STOCK MO, MFR.

RP Assembly, Rear Panel TO01-0012 Cushman
BEZEL
Aear 4560-0005 Cushman
CAPACITORS

e Cer, 0.0! uF, £20%, 1.4KV 1005=-0051 Sprague

cz Cer, 0.002 uF, £20%, 600V 1005-0003 Erle

c3 Cer, 0.002 uF, 220%, 600V 1005-0003 Erie

c4 Cer, 0.01 puF, «20%, 1. 4KV 1003-0051 Sprugue
COILS

L1 Choke, RF, 100 pH, =10%, 600V 1585-0040 Miller

2 Choke, RF, 100 uH. «10%, 00V 1383-0040 Miller

FUSES

F1 3AG MDL, 2/10 amp.slo-blo 1933-0009 Bassman

F2 3AG, 1 amp, slo-blo 1855-0006 Littlefuse
FUSEHOLDERS

X1 Fuseholder 1963 -0004 Littlefuse

N2 Fuseholder 1965-0004 Littlefuse
JACK s

1 Female, 6 pin 2535-0003 Clneh-Jones
PANEL
Aear 2800-0032 Cushman
PLUG

Pl Moulded, 3 wire, 18 gauge 3170-0001 Belden
SWITCH =~

=1 Ride, 3 P,D.T. 1850-0011 Switcheralt
TERMINAL

TBI1 Rrip, AC Filter 1760-0013 Cinch-Jones
TRANSFORMER

T Traneformer, Power 1573-0008 Cushman

Bl

Le

Pl

xa
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Figure 6-12. Rear Panel, Wiring Diagram



6.2.13 CE-7 Covers and Carrying Cases

SE01+¢eC1s

SHIPPING TRUNK
(4 PLUG=INS)

CARRYING CASE
(3 PLUG-INS)

$ 2.13 COVERS AND CARRYING CASES

PROTECTIVE
ZIPPER COVER

CHT.

REF.

DESCRIPTION C/E STOCK MO. WFR.
Cover Assembiy, Front F001-0015 Cushman
Cover Assembly, Bottom T001-0016 Cushman
Cover, Left-Side 7001-0013 Cushman
Cover, Righti-Side T001-0014 Cushman
OPTIONAL ITEMS
Cover, Prolective Zipper 3287-0013 Cushman
Trunk, Shipping 5287-0014 Cushman
Carrying Case. Plug-Ins
{holds 3 RF Plug-ing) 32B7-0009 Cushman
Shipping Trunk. Plug-ins
tholds 3 RF Plug-ins plus one
deviation or Oscilloscope plug-in) 3287-0015 Cushman

6-41/6-42

SHIPPING TRUNK
(CE=-7)



8.3.1 SECOND IF AND DISCRIMINATOR BOARD 0054

{Cantinued)

OXT. REF. CEICRIPTION C/E STOOK MO. WFR.

Rl Comp, 1.2k, o8, 1/4wW 1066-1225 Allen-Bradiey
Rz Comp, 2.2k0. +5%. LW 1086-2225 Allen-Bradiey
R1 Comp, 1.5k, +5%, 14w 1066-1525 Allen- Bradiey
RM Comp, 3.3k, 23, 14w 1086-3323% Allen-Bradley
RIS Comp, 3.3k, «3%, 1AW 1066-3325 Allen-Bradiey
g Comp, 2.2k, 855, 1/4W 10862225

R17 Comp, 2201, o5%, 1AW 1066-2205

Rig Comp, 2. 2kr, a3%, LW 1085-2225

RS Comp, 3.3k, «3%, 1/4W 1066-3325 ©

R0 Comp, 10k, o3%, 1/4W 1066-1015

Rzt Comp, 120k, «3%, 1AW 10d6-1235 Allen-Bradiey
Rz M Film, U@, «1%, 1W 1076-0007 Electra

R21 M Film, 3570, «1%, 3/ 4W 10750012 Electra

R Comp, 1.2k0, 25, 1/2W 1067-1225 Allen-Bradiey
25 Comp, Ik, 85%, 1/4W 1066- 1025 Allen-Bradioy
A2 M Film, 4.7k, a1%, 1/2W 1076-0011 Elecira

R27 Comp, 4.7k, 5%, 1AW 1086-4725 Allen-Bradiey
R28 Comp, 33kD, o5, LA4W 1068-3335 Allen-Bradley
R23 M Film, Ik, #1%, 1W 1076-0007 Electra

R30 Pol,, comp, 2000, 1/4W 1200-0018 Allen-Bradiey
Rl M Film, 2740, 213, 34w 1076-0013 Elecira

Ra2 Comp, SA00, 8%, 1AW 1066-5615 Al radley
R33 Comp, U@, 15%, 1AW 1066~ 1025 Allen-Bradiey
=1} Comp, 4.7%0, &3, 1AW 10664725 Allen- Bradley
R3S Comp, 2.2%0, 85, 1AW 1066-2225 Allen-Bradley
R36 Comp, 3.9k, 3%, LW 1066-3925 Allen-Bradiey
R37 Comp, Lk, a8%, 1AW 10661025

R18 Comp, 220, «5%, 1/4W 1066-2205

R13 Camp, 2.2k, o5%, 1AW l066-222% Allen-Bradley
Ri0 Comp, 2.2, +5%, 1AW 1086-2225 Allen-Bradley
Rél Comp, 880, 5%, 1/4W 1066-8303 Allen-Bradley
Ré2 Camp, 12k, &5%, 1AW 1086-1215 Allen-Bradley
R43 M Film, 2,210, o1%, 1AW 1675-0010 Electea

Rda M Fllm, 10k0, al%, 1/4W 1075-0009 Electra

R4% M Film, 3320, +1%, 1/4W 1075-0024 Elecira

Rag M Flilm, 2.2Md1, al%. 1/4W 1075-0010 Electra

R47 M Film, 4750, 1%, 1/4W 1075-0023 Electra

R43 Comp, 4700, +5%, /AW 1086-4715 Allen-Bradiey

§.2.1 BECONDIF AND DISCRIMINATOR BOARD 0054 |Continued)
CXT. BEF, DESCRIPTION C/E STOCK WO R,
TRANSISTORS

Ql ', TISIT 1271-0003

Qz N, 2X3563 1272-0017 4

@ L 2H4275 1272-0016 Fairchild

u 284275 1272-0015 Farchild

21 M5 1272-0016 Fairchild

o i, TMIS6I 1272-0017 Fasrchild

o 2N3365 1272-0017 Fairchild

(=] ¥, ZNISET 1272-00014 Farchild

o TNISE3 1272-0017 Fairchild

Qo . 2MI565 1272-0017 Fabrehild

560100151

20 V BUSS
FROM CH-Thi=1

10 MHI. 100 MV AC
FROM BATADBAND MINER
OA RF PLLG=IM

O Jb=7

Ga9 M2y 125 MV AL
FROM MLT-05CILLATOR
Oli-

FROM CHASIS 6RO
[ )

1.2 ¥V DC SOUELOH
VA TAGE FROM
BRIASBAND MIXLR
o] BF PLUG-TN
O =3

=12 v Buss
FRid CH-TBL-]

]

NOTE
1.
3.

Y.
5.
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