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Figure 1-1. CE-4B Communications Monitor 
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CUSHMAN INSTRUCTION MANUAL ClM CE-4 

GENERAL 

SECTION 

INTRODUCTION 

1.01 The Cushman CE-4 Communications Mon-
itor meaSures the carrier frequency and 

the modulation characteristics of radio frequency 
signals received from radio transmitters. It also 
generates accurate RF signals for testing sensitivity, 
alignment and performance of radio receivers. It 
will also generate a 1 kHz tone for use in modulation 
tests. 

1.02 In addition, a variable audio frequency tone 
synthesizer (M10) and a +10 dBm output 

level (M11) are available as separate options. When 
both options are installed the CE-4 becomes a 
CE-4B to which this manual also applies. 

1. 03 The si.gnal generating system is a modern 
frequency synthesizer which provides high 

accuracy and stability and permits rapid digital 
frequency selection. The frequency range is from 
10 kHz to 999.9999 MHz. The RF output may be 
either CW, FM or AM. Frequency deviation or 
percentage of modulation may be monitored with 
appropriate plug-in units. 

1.04 In the Signal Generator mode the calibrated 
output level range is from -127 dBm to 

-67 dBm (.1-100j.iV) at the output of a 40 dB isolating 
pad. Approximately 100 times this level, uncali
brated, is available if the isolating pad is not used. 

1.05 The frequency range covered and the RF 
input signal strength required for monitor 

operation depends on the RF plug-in used. Wide
band mixer plug-ins require approximately 10 
millivolte, or less and operate over the frequency 
range of 20 MHz to 99~J. 9999 MHz. A High Sensi
tivity Mixer operates over this range, but with a 
sensitivity down to 1j.iV. The Preselector plug-ins 
operate with approximately 20 microvolts or less 
and the frequency range is determined by the plug-in 
used. All the Preselectors, the AM Monitor and 
the Wattmeter/Duplexer Tester also have a wideband 
mixer. The High Sensitivity FM/ AM/SSB Monitor 
has a high sensitivity mixer. 

1.06 The frequency of either the received or 
generated signal is dialed in with seven 

Frequency Selector switches. The difference be
tween the dialed in frequency and the received carrier 
frequency or the generated FM center frequency is 
read on the FREQUENCY meter. The generated 
frequency may be modulated, either FM or AM, by 
an internally generated 1 kHz tone, or by an exter
nally generated tone from an audio oscillator or by 
a combination of both. 

DESCHIPTION 

1. 07 The CE-4, with various plug-ins, forms a 
superheterodyne receiver. It uses plug-in 
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units to provide maximum versatility. This makes 
it possible to tailor the instrument to fit a large 
number of applications with maximum efficiency. 
A plug-in unit must be in each of the two compart
ments when the instrument is to be operated. 

1. 08 Plug-ins for the purpose of measuring the 
frequency deviation of FM signals are used 

in the left hand compartment. An oscilloscope plug
in provides a visual display on a calibrated screen 
so that modulation characteristics may be seen in 
addition to the measurement of deviation. An FM 
Deviation Meter plug-in provides slightly higher 
accuracy deviation readings than the oscilloscope 
and in addition has an adjustable peak level indicator. 

1. 09 The RF plug-ins fit into the right hand com-
partment. Here either the Broadband 

Mixers, the Preselectors, the AM Monitor or High 
Sensitivity FM/AM/SSB Monitor or the Wattmeter/ 
Duplexer Tester may be used to receive the RF 
signal. The Broadband Mixers, the AM Monitor, 
and the Wattmeter/Duplexer Tester cover the full 
bandwidth of 20 MHz-1000 MHz. The High Sensitivity 
Mixer and High Sensitivity FM/ AM/SSE Monitor 
provide additional sensitivity over the full bandwidth. 

1. 10 The Preselectors also provide additional 
sensitivity, but their frequency range is 

limited to the land mobile radio communication 
bands. The Preselectors are also equipped with 
wideband mixers so that they may be used over the 
full 20-1000 MHz bandwidth, but at reduced sensiti
vity. Both the AM Monitor and the Wattmeter/Du
plexer Tester are equipped with a wideband mixer 
so that they may also be used for FM measurements. 
Brief specifications for the plug-in units will be 
found in Table 1-2. 

1. 11 The incoming signal in the RF plug-in is 
mixed with a Local Oscillator (LO) from 

the CE-4. The LO is generated by a frequency syn
thesizer which is referenced to a crystal oscillator 
in a temperature controlled oven. The synthesized 
LO, based on the highly accurate crystal frequency, 
is the standard to which the incoming RF signal is 
compared. The LO is always 10 MHz above the 
incoming Signal, therefore a 10 MHz Intermediate 
Frequency (IF) is produced by the plug-in. The IF, 
which contains all the frequency error, deviation 
and modulation of the original RF signal, goes to the 
second IF and discriminator circuits in the CE-4 
where the information is removed and applied to the 
metering circuits. The FM signals are demodulated 
and reproduced in a speaker mounted in the CE-4. 
This FM demodulated signal is also available at the 
DEMOD OUTPUT connector on the front panel. 

1.12 The metering circuits of the CE-4 are 
disabled until the received signal is strong 

enough for reliable measurements. A squelch 
voltage from the RF plug-in enables these circuits 
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and turns on the SIGNAL LEVEL light on the CE-4 
front panel to indicate that the metering circuits 
are operating. 

1. 13 Signal generation is accomplished by 
automatically removing the 10 MHz dif

ference between the dialed in frequency and the 
local oscillator frequency and then using the resulting 
LO as the output signal. This signal now corresponds 
exactly to the frequency that is dialed in. The 
output may be CW, FM or AM according to the 
setting of the FUNCTION switch. 

1.14 Frequency Modulation is accomplished 
with a voltage controlled oscillator and 

is introd uced in one of the early mixing stages. 
The signal is Amplitude Modulated with a PIN 
diode modulator in the voltage controlled atten
uator circuit. 

1. 15 The output level of the generated signal 
is adjusted in a voltage controlled atten

uator which is made up of a network of PIN diode 
attenuators. Levels are calibrated from -127 dBm 
to -67 dBm (.1-100J.tV) at the output of the 40 dB 
pad (furnished with the instrument). If modification 
CE-4, Mll is installed, the output signal is also 
amplified through a Wide Band Amplifier to give 
a -30 to + 10 dBm output signal at the High Level 
output connector. A fuse is mounted in the 40 dB 

Items furnished with the CE-4 

Description 

Fuse, 1/10 A 
Three prong/two prong AC plug adapter 
Extractor, P. C. Board* 
Extender Board* 
40 dB Fixed Attenuator/Adapter cable Assy 
RF Cable Assembly 
Antenna Assembly 
Manual, CE-4 
Frequency Card 
Front Cover 
* In circuit board compartment in bottom 

of instrument 

1-2 

attenuator and at the output of the Wide Band 
amplifier to protect the instrument circuits. The 
specifications for the CE-4 are listed in Table 1-1. 

ACCESSORIES 

1. 16 Two types of accessories are available 
for use with the CE-4: units that plug into 

the Monitor and obtain operating power from it, 
which must be purchased separately, and items 
furnished with the Monitor but are not integral 
parts of it. 

1. 17 The plug-in units are the FM Deviation 
Meter and Oscilloscope, the RF plug-ins 

with their various measurement capabilities, as 
listed in Table 1-2, and the audio frequency syn
thesizer, which can be installed in the Signal Gen
erator Modulation section of the front panel and 
provides thumb wheel switch selected audio fre
quencies in addition to the standard 1 kHz frequency. 
(Para. 3.14-18). 

1. 18 The items furnished with the Monitor but 
not part of it are a telescoping antenna 

which may be attached to the RF plug-ins, and a 
40 dB pad and cable which is connected to the out
put when the Monitor is being used as a signal 
generator. 

CE Stock No. Quantity 

1955-0032 2 
2535-0001 1 
3875-0036 1 
7001-0140 1 
7040-0048 1 
7037-0102 1 
2346-0007 1 
5601-0065 1 
5500-0004 1 
7005-0034 1 

5601"0065"1 
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Table 1-1. Model CE-4 Specifications 

ITEM 

RF SIGNAL GENERATION 

Frequency 
Range 

Resolution, Digital 
Accuracy 

AM and C W Modes 
FM Mode (Freq. meter 

1. 5 kHz scale) 
Level (after 40 dB attenuator) into 50rl 

Range 

Accuracy (b'tep attenuator +40 dB) 
Dial attenuator -107 dB) 

.01 MHz to 512 MHz 
512 MHz to 999.9999 MHz 
Dial Attenuator (Relative to 

-107 dB) 
Step Attenuator (Relative to 

+40 dB) 
Output Impedance 

MODULATION 

FM 

AM 

Internal 
Fixed Frequency 
Variable Frequency optional(MlO) 

External 

Resolution 
10.00 Hz to 99.99 Hz 
100.0 Hz to 999.9 Hz 
1000 Hz to 9999 Hz 

Aging 

Frequency Range: Standard, Sine 
Optional: Sine 

Square 
Pulse 

Deviation Range 
Sine 
Square 

Deviation Sensitivity (Mod. Adj. 
full CW) 

(for optimum performance, the 
sum of the modulating frequency 
and deviation should be S 45 kHz) 

Input Impedance 
Distortion, S 15 kHz 

Modes 
Standard 

Optional 

Internal 
Fixed Frequency 
Variable Frequency (optional) 
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CHARACTERISTIC 

.01 MHz to 999.9999 MHz 
100 IIz 

± .00001% I, Time Base 

J, 50 Hz additional 

-127 dBm to -G7 dBm 
(0. II_LV to 100f-LV HMS) 

± 2 dB 
± .5 dB additional 

CIM CE-4 

± 1. 0 dB at dial setting of -117 and -127 (± 1 dB 
typical at other settings) 

± 2 dB 
50rl nominal 

1000 Hz ± Time Base 
10 Hz to 5000 Hz (usable to 9999 Hz) ±. 005% 

0.01 Hz 
0.1 Hz 
1 Hz 
20 PPM/year 

20 Hz to 5 kHz 
5 Hz to 5 kHz 
5 Hz to 1 kHz 
5 Hz (5% to 95% duty cycle) 

0-25 kHz minimum 
0-2 kHz minimum 
1 kHz/GmV RMS typical 

1 KrI nominal 
S5% 

Internal; External or Internal plus External 

Internal 1 kHz at 3.3 kHz ± 5% deviation plus 
Internal Variable at 0-25 kHz deviation plus 
External 

1000 Hz ± Time Base 
10.00 Hz to 9999 Hz ± .005% 
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Table 1-1. Model CE-4 Specifications (cont) 

ITEM 

Resolution 
10.00 Hz to 99.99 Hz 
100.0 Hz to 999.9 Hz 
1000 Hz to 9999 Hz 

Aging 

External 
Frequency Range 
Sensitivity 
Input Impedance 

Range 
Distortion 

30% Mod. 
80% Mod. 

Modes 
Standard 
Optional 

SPURIOUS OUTPUTS (after 40 dB Attenuator) 
Harmonics (Carrier Frequency 1 MHz) 
Non-Harmonic Products 

MONITOR 

Frequency 
Range 

Resolution 
Digital (dialed frequency) 
Frequency Meter 

Accuracy (Freq. meter on 1. 5 kHz scale) 
Sensitivity 
Demod Output 

Level 
Distortion 
Frequency Response 

MOD OUTPUT 

Level 
Distortion 

TIME BASE 

Aging 

Stability 
Warmup Time 

POWER REQUIREMENTS 

DIMENSIONS 
Height 
Width 
Depth 

WEIGHT 
ENVIRONMENTAL 

Temperature, Operating 
Temperature, Storage 

1-4 

CHARACT ERISTIC 

0.01 Hz 
0.1 Hz 
1 Hz 
20 PPM/year 

60 Hz to 3 kHz (usable to 20 kHz) 
150 m V RMS for 80% Mod. 
1 KQ nominal 
o to 80% 

~5% 
~10% 

Internal; External; Internal plus External 
Internal 1 kHz plus Internal Variable plus External 

-40 dB typical 
-35 dB maximum, -40 dB typical (~60 Hz from 

Carrier) 
-100 dBm maximum (-130 dBm typical) at integer 
multiples of 100 MHz and at integer multiples of 
5 MHz for output frequencies ~30 MHz 

0.05 MHz to 999.999 MHz (range determined by 
plug-ins) 

100 Hz 
50 Hz 
± 50 Hz ± (.00001% ± Time Base) 
See Plug-in specifications 

~3V RMS into 1 KQ, for 25 kHz FM Deviation 
~5% 
± 3 dB, 5 Hz to 5 kHz 

o to >3V RMS into 1 KQ 
~5% at 1. 5V RMS 

<3 x 10-9/Day avg. over 7 day period 
<5 x 10-8/Mo. avg. over 6 month period 
<2 x 10-7/Yr. (during first year calibrate at 

6 month intervals and thereafter at 
12 month intervals) 

<5 x 10-8 O°C to 55°C 
10 min. from 20°C to 1 x 10-6 (typical) 
<25 min. from 25°C to 1 x 10-7 
<45 min. from O°C to 1 x 10-7 

115 or 230V AC, ± 10%, 50-400 Hz, 150W max. 

12 1/4" (31.1 cm) 
13" (33 cm) 
18" (45.7 cm) 
40 lbs (18.1 kg) approx. w/o plug-ins 

O°C to +55°C 
-40°C to +75°C 

5601"0065"2 
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Table 1-2. Brief Plug-In Specifications 

ITEM 

Model 30lA 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 
Nominal Input Impedance 
Bandwidth (3 dB) 

Broad 
Narrow 

Sensitivity: Less than 

RF Preselector Plug-ins 

Frequency Coverage 
Nominal Input Impedance 
Bandwidth (3 dB) 

Broad 
Narrow 

Sensitivity: Less than 

Frequency Coverage 
Nominal Input Impedance 
Bandwidth (3 dB) 

Broad 
Narrow 

Sensitivity: Less than 

Model 317 High Sensitivity FM/AM/SSB Monitor 

I Frequency Coverage ! Nominal Input Impedance 

" 

Bandwidth (3 dB) 

~:~~~w 
! Sensiti vity 
I <1 MV 2 MHz - 520 MHz I <.1 MV 50 kHz - 2 MHz, 520 MHz - 1 GHz 

~ ;::lMV 

I MOO::::t::C:::::n::g~:cumcy 
I External Inputs 

External Vertical Sensitivity 
External Horizontal Sensitivity 
External Frequency Response Vertical 
External Frequency Response Horizontal 

,601""0065 1-5 
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CHARACTERISTIC 

± 5% full scale in three ranges: ± 1. 5 kHz, 
5.0 kHz, 15.0 kHz 
Vertical and Horizontal 
5mV, 20mV, 100mV per division ± 5% 
100 kHz 

± 4% full scale in 3 ranges: 0-2.5, 0-6, 0-25 kHz 

20-1000 MHz 
50 ohms 

75 kHz 
13.5 kHz 
10 mV 

Model 30m 

25-50 MHz 
50 ohms 

65 kHz 
20 kHz 
20 microvolts 

Mode1306E 

450-520 MHz 
50 ohms 

65 kHz 
20 kHz 
20 microvolts 

50 kHz to 1000 MHz 
50 ohms 

150 kHz typical 
22 kHz typical 

2fJ.V typical 
10fJ.V typical 
1 mV to 500 mV typical 

Model 316 

140-175 MHz 
50 ohms 

65 kHz 
20 kHz 
20 microvolts 

Model 314 High 
Sensitivity Mixer 

20-1000 MHz 
50 ohms 

75 kHz 
22 kHz 
1 microvolt 

± 5% full scale in three ranges: ± 1. 5 kHz, 
:I: 5. 0 kHz, :l: 15 kHz 

Vertical and Horizontal 
5mV, 20 mY, 100mV/Div. ± 5% 
5 Om V /Di v nonimal 
5 Hz to 100 kHz min. 
20 Hz to 100 kHz min. 
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Table 1-2. Brief Plug-In Specifications (cont.) 

ITEM CHARACT ERISTIC 

Model 313 AM Monitor 
Frequency Coverage 20-1000 MHz 
AM Modulation (Meter) Range 0-100% 
Nominal Input Impedance 50 ohms 
Bandwidth (3 dB) 

Broad 100 kHz 
Narrow 22 kHz 

Sensitivity 
50-950 MHz 10mV 
950-1000 MHz 20mV 
20-50 MHz with CE-5, CE-6 10mV 
20-50 MHz with CE-3, CE-7 50mV 

Model 330 Wattmeter/Duplexer Tester 

Frequency Coverage 20-1000 MHz 
Power Range 1-25 watts 

Accuracy ± 4% reading plus 1% full scale 
Broadband Section 

Frequency Coverage 20-1000 MHz 
Nominal Input Impedance 50 ohms 
Bandwidth 

Broad 100 kHz 
Narrow 22 kHz 

Sensitivity: Less than 10mV 

1-6 5601··0065 



SECTION 2 

I NST ALLA TlO N 

ENVIRONMENTAL REQUIREMENTS 

Temperature 

2.01 The CE-4 is designed to operate between 
O°C and +55°C (ambient). In the field 

these temperatures can easily be exceeded if 
proper precautions are not taken. For instance, 
the internal temperature of a closed automobile 
trunk may exceed 65°C during summer daylight 
hours. Also, care should be taken not to block 
the cabinet's ventilating ports. 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 actual malfunctioning. 

RF Fields 

2.02 vvbere extremely high RF radiation fields 
exist (such as when the CE-4 is used near 

a transmitter) the telescoping antenna should be 
pushed together to reduce pickup. Where many 
high-power transmitters are in use adjacent-channel 
interference may be experienced if the transmit
ters are operating within 90 kHz of each other. 
In such cases the SELECTIVITY switch on the 
Broadband mixers should be placed in the SHARP 
position. If satisfactory measurements still cannot 
be made, direct connection between the transmitter 
to be monitored and the C E-4, through a suitable 
RF attenuator, may be required. Contact Cushman 
Electronics Customer Service Department for 
further information. 

NOTE 

In the SHARP position the bandwidth 
is narrowed so that Deviation readings 
may be degraded unless the sum of the 
modulation frequency plus the frequency 
deviation is less than 11 kHz. 

POWER REQUIREMENTS 

2.03 The CE-4 may be operated from a 115V AC 
± 10% or a 230V AC ± 10%, 50 to 400 Hz 

AC source. Power consumption is 150 watts. 

WARMUP REQUIREMENTS 

2.04 The accuracy of the CE-4 measurements 
depend on maintaining the master oscil

lator crystal at a constant temperature. This is 
donc in the C E-4 by a thermostatically controlled 
oven which requires a warm-up period prior to 
use. See warm-up time under TIME BASE in 
the Specifications, Table 1-1. If the instrument 
has bcen stored at a temperature below O°C (32°F), 
additional warm-up time may be required. Oven 
operation is independent of the ON-OFF power 
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control switch. It is recommended that the instru
ment be installed so that it may be kept connected 
to the power source. If this is done, the CE-4 will 
be ready to make precise measurements within 
seconds after it is turned on. 

SERVICE OR REPAIR 

2.05 In the event that factory service or repair 
seems to be required, contact the Cushman 

Electronics Customer Service Department for 
further service iniormation or to make arrange
ments for return of the equipment to the factory or 
for shipment to one of the regional Service Centers. 
The factory address is: 

Cushman Electronics, Inc. 
Customer Service Department 
2450 North First Street, 
San Jose, California 95131 
Telephone: (408) 263-8100 

2.06 Cushman Electronics authorizes warranty 
and other service may be performed by 

the regional Service Centers. It is to your advantage 
to use the Service Center nearest you in order to 
speed the return of your equipment and to lessen 
your shipping costs, when applicable. 

2.07 You must contact either the factory or 
the regional Service Center nearest you 

before shipping any equipment for repair. Service 
of your equipment will be scheduled at that time 
and you will be advised of the best method of ship
ment and other information. 

2.08 For the address and telephone number of 
the regional Service Center nearest you, 

contact the Cushman Electronics factory Customer 
Service Department listed above. 

PREPARATION FOR SHIPMENT 

2.09 The following is a general guide for re
packaging the instrument for shipment. 

NOTE 

If the instrument is to be shipped, attach 
a tag to the instrument identifying the 
owner and indicate the service or repair 
to be accomplished. Include the model 
number and full serial number of the 
instrument. In any correspondence, al
ways identify the instrument by model 
number and serial number. 
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2.10 

2.11 

If the original container is to be used, 
proceed as follows: 

a. Place the instrument in the original 
container. (If the original container 

is not available, one can be purchased 
from Cushman Electronics.) 

b. Make sure that the container is well 
sealed with strong tape. 

If the original container is not used, 
proceed as follows: 

2-2 

a. Wrap the instrument in plastic or 
heavy paper before placing in an 

inner container. 

b. Place packing material around all 
sides of the instrument. 

c. Place the instrument and inner con-
tainer in a heavy carton or wooden 

box and seal with strong tape or metal 
bands. 

d. Mark the shipping container: "DELI
CATE ELECTRONIC INSTRUMENT", 

"FRAGILE". 

5601"0065 
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SECTION 3 

OPERATION 

GENERAL 

3.01 Before the C E-4 is operated a suitable 
plug-in unit should be installed in each of 

the compartments (they maybe omitted for CW/AM 
SIG GEN use only). Sec Table 1-2 for a list of 
plug-in units that may be used in the C E-4, with 
some of their more important characteristics. An 
FM Deviation Meter or an Oscilloscope is used in 
the left hand compartment. In the right hand com
partment one of the Pl'eselectors, Wideband Mixers 
or Monitors may be used. 

Turn power off before removing or re
placing plug-ins. Wait 30 seconds before 
removing oscilloscope. 

3,02 In the Monitor function the input signal is 
connected to the ANT connector on the 

plug-in and the carrier frequency of the signal is 
dialed up on the CE-4 Frequency Selector switches. 
The carrier frequency error will then be displayed 
on the FREQUENCY meter and the frequency de
viation will be displayed on the FM Deviation Meter 
or on the oscilloscope. For AM the percentage 
modulation will be displayed on the oscilloscope, 
or on the AM Monitor meter. Both FM and AM are 
demodulated and reproduced by a speaker, either 
in the plug-in or in the CE-4. 

3.0:3 In the SIG GEN function the dialed in fre-
quency il:l available at the 0-1000 MHz 

output connector. The type of output, FM, AM, CW 
is determined by the setting of the FUNCTION 
switch. Modulation may be either internal 1 kHz 
(10-9999 Hz with Variable Frequency option) or 
external, within the frequency range of 20 Hz -
20 kHz, or both internal and external simultane
ously. RF output is calibrated from -127 dBm to 
-67 dBm (0.1 to 100j.lV RMS) at the output of the 
40 dB pad when connected to the 0-1000 MHz output. 
Approximately one hundred times the calibrated 
output is available at the 0-1000 MHz connector 
when the 40 dB pad is not used, but attenuator 
calibration will not apply. The -dB settings are 
relative to full scale of the Variable Attenuator 
for any setting of the step attenuator. 

FRONT PANEL CONTROLS 

3.04 The front panel controls, indicators and 
connectors seen in Figure 1-1 are listed 

in Table 3-1. The seven knobs just below the MHz 
dil:lplay windows are used to dial in a frequency. 
They are referred to in the text as Frequency Sel
ectors. Operating controls for the plug-ins are 
det;cribud in the instruction manuals for those units. 
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TURN ON AND WARM UP 

3.05 Plug the power cord into a 115V (230V) 
± 10% 50-400 Hz Source receptacle and 

turn on the power to the instrument with the switch 
on the VOLUME control. 

3.06 Allow the instrument to warm up for ap-
proximately 25 minutes. This is to allow 

the crystal oven to come up to temperature. If the 
instrument has been stored at temperatures below 
32°F (O°C) additional warmup time will be required. 
The crystal oven is on whenever the power cord 
is connected to an AC source. If the instrument 
is left plugged in with the power switch OFF, the 
oven will be maintained at operating temperature, 
and the instrument will be ready for use a few 
seconds after the power switch is turned on. 

FREQUENCY DEVIATION MEASUREMENT 

3.07 In the following procedure it is assumed 
that the RF plug-in is either a Model 303 

Broadband Mixer or one of the Preselectors or 
Monitors operating in the broadband mode. In the 
Preselector mode the procedure is the same except 
that the Preselector dial must be set to the frequency 
dialed in by the Frequency Selector switches on 
the Monitor. The Model 302 Deviation Meter must 
be plugged into the left hand compartment of the 
Monitor. 

3.08 Make the following connections and control 
settings: 

a. Turn instrument on and allow time 
for warmup, paragraphs 3.05 and 

3.06. 

b. Connect an external antenna, or the 
telescoping antenna supplied with the 

instrument, to the ANT connector on the 
RF plug-in unit. If the telescoping antelma 
is used, extend it to its full length for HF 
measurements, to apprOximately 18 inches 
for VHF, and minimum 16ngth for UHF 
measurements. 

c. Turn the FUNCTION switch to CAL 
and adjust the inner knob (on FUNC

TION switch) for zero (mid-scale) reading 
on the FREQUENCY meter. 

d. If a Model 301A Oscilloscope is being 
used, set Vertical and Horizontal 

s\\1tches to the INT position and adjust 
VERT POS control so that the trace is on 
the zerO reference line while the Deviation 
range switch is in the ± 1.5 kHz position. 
Adjust the INT ENSITY and FOC US control 
for a sharp clear trace on the screen. 

e. Change the FUNCTION switch to the 
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Table 3-1. Model CE-4 Controls, Indicators and Connectors 

Control, Indicator or Connector 

FREQUENCY Meter 

kHz 1.5, 5, 15 

SIGNAL LEVEL Indicator Light 

FUNCTION CAL 

MONITOR 

SIG GEN FM AM CW 

OVEN ON Indicator Light 

UNLOCKED Indicator Light 

MHz Frequency Selector Switches 

MONITOR 
DEMOD OUT Connector 

VOLUME/PWR OFF 

SIGNAL GENERATOR MODULATION 
1 kHz ON OFF (Standard) 
MOD ADJ Control 

FM CAL Control 

MOD INPUT Connector 

3-2 

Function 

Indicates received or generated signal error 
above or below the dialed in frequency. 

Range switch for FREQUENCY meter. Indicates 
full scale ranges in MONITOR and in SIG GEN FM 
modes. In CAL the range is ± 1.5 kHz only. 

Lights when a received signal is strong enough 
for reliable measurements in MONITOR function 
only. Meter circuits disabled when not lighted. 
It is lighted but has no signal level significance 
in other FUNCTION switch positions. 

The FREQUENCY meter is zeroed with the inner 
knob of the FUNCTION switch. FREQUENCY 
meter range is automatically set at ± 1. 5 kHz. 

Receive-Monitor operation. Both carrier fre
quencyand FM deviation of the received signal 
may be measured. With the Model 313 and 317 
plug-ins the AM percentage of modulation may 
be measured. 

Signal Generator operation. The output frequency 
is the same as the dialed in frequency. Type of 
signal generated depends on setting of FUNCTION 
switch. Modulation or deviation measured by 
plug-ins. 

On after oven warms up, when connected to 
AC power. 

When lit, indicates an unlocked condition in the 
Frequency Synthesizer. 

Each frequency selector knob is associated with 
a number indicating the dialed in frequency in 
MHz with reference to the fixed decimal point. 

Demodulated output of FM signals. 

Counterclockwise turns off AC power, except to 
oven. Clockwise turns on AC power and controls 
audio level to internal speaker. 

Turns on or off internal modulation. 
Adjusts AM percentage of modulation or FM 
frequency deviation according to setting of FUNC
TION switch. 

Adjusts center frequency of generated signal when 
in the FM mode according to reading on FREQUENCY 
meter. Center frequency may be offset up to 
± 15 kHz if desired. 

Input for external tone modulation. Signal mod
ulated whenever tone applied to this input. Both 
internal and external modulation may be used at 
the same time if desired. 
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Table 3-1. Model CE-4 Controls, Indicators and Connectors (cont'd) 

Control, Indicator or Connector 

MOD OUTPUT Connector 

SIGNAL GENERATOR LEVEL 
o dB (xl), +20 dB (x10), +40 dB (x100) 

-127 to -107 dB (. 1-1f.!V) 

OFF 

0-1000 MHz w/40 dB Pad 

MONITOR position and dial in the assigned 
frequency of the transmitter with the seven 
Frequency Selector dials. 

f. Key the transmitter. The SIGNAL 
LEVEL light should come on. If it 

does not, move the Monitor closer to the 
transmitter, or vice versa, until the 
received signal is strong enough to tUrn 
on the light. Measurements can usually 
be made when the Monitor is between 25 
and 50 feet from the radiating antenna. 
When a Preselector or High Sensitivity 
wideband plug-in is used, measurements 
can be made many miles from the trans
mitter provided an adequate antenna is 
used. 

g. The FREQUENCY meter reading is 
the difference between the assigned 

frequency (dialed in) and the actual trans
mitter radiated frequency. Select the 
lowest meter range that will give an on
scale reading. 

h. Modulate the transmitter and read 
the FM deviation on the FM Deviation 

Meter or on the Oscilloscope. Select the 
appropriate Meter or Oscilloscope range. 
On the oscilloscope screen peaks appear 
above and below the horizontal center line 
of the display. The Deviation Meter in
dicates either positive or negative peaks 
depending on the setting of the FM DE
VIATION PEAKS switch. If the DEVIA
TION PEAKS indicator level on the De
viation Meter plug-in has been set, all 
modulation peaks that exceed this level 
will cause the indicator to light. Refer 
to paragraph 2.02 for use of the SHARP
WID E switch on the RF plug-in unit in 
the presence of strong RF fields. 

i. Adjust the VOLUME control for the 
desired level output of the demod

ulated FM through the speaker. The de
modulated output is also available at the 
DEMOD OUTPUT connector. 
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Function 

Buffered output of modulation used, internal or 
external. 

Step attenuator. Selects dB level to be added to 
the outer scale on variable attenuator. 

Variable attenuator. Selects dB level to be added 
to setting of step attenuator. 

Switch on variable attenuator. Reduces output to 
negligible level. when step attenuator is on 0 dB 
position. Remainder of instrument circuits remain 
on. 

Signal Generator output. 40 dB pad must be con
nected for attenuator calibration to apply. Cali
brated for dB setting of step and variable attenuator. 

AM MEASUREMENT 

3.09 Plug the Model 313 AM Monitor into the 
right hand compartment and follow the 

procedure of paragraph 3. 08 a-c and e-g. AM 
modulate the transmitter and read the percentage 
of modulation on the Model 313 meter. The de
modulated audio output may be monitored with the 
speaker in the M313 plug-in (adjust SPEAKER 
volume control) or at the DEMOD OUTPUT con
nector on the front panel of the CE-4. 

3.10 To measure AM with a 317 plug-in, use 
a 30lA or 311 Oscilloscope in the left hand 

compartment. Connect the 317 AM/SSB AUDIO 
OUTPUT to the input of the 301A or 311 using a 
BNC connector coaxial cable. Set the oscilloscope 
input sensitivity to 100mV /DIV. The percentage 
of modulation is 10mV p-p/% AM and will indicate 
100% AM full scale. SSB measurements are made 
the same as AM, except percentage of modulatim 
may not be determined, only the wave shape ob
served on the oscilloscope; also the CLARIFICA
TION control must be adjusted to maximum intel
ligibility when monitoring the Audio output. 

SIGNAL GENERATOR OPERATION 

CW Output 

3.11 Make the following connections and control 
settings: 

a. TUrn on the CE-4, refer to para
graphs 3.05 and 3.06. 

b. Set the FUNCTION switch to SIG 
GEN CW and set the seven Frequency 

Selector dials to the desired output fre
quency. 

c. Turn the Internal Frequency 
Generator switch to OFF. 

Make certain that no external sig
nal is COnhected to the MOD INPUT 
connector. 
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d. Set the SIGNAL GENERATOR step 
attenuator switch and variable at

tenuator control for the desired output 
level. Connect the 40 dB pad to the 0-1000 
MHz connector and connect the other end 
of the pad cable to the instrument to be 
tested. (The output level calibration does 
not apply unless the 40 dB pad is used). 

Whenever a direct connection is made 
between the CE-4 and a transceiver, 
keying the transceiver will damage the 
40 dB fixed attenuator and possibly the 
C E-4. A fuse is mounted in the 40 dB 
attenuator as a protective measure. DC 
connected to the Monitor output without 
the 40 dB pad may damage the RF switch 
board and with the 40 dB pad may blow 
the fuse in the pad. 

FM Output 

3.12 Make the following connections and con
trol settings: 

a. Turn on the CE-4, refer to para
graphs 3.05 and 3.06. 

b. Set the FUNCTION switch to SIG 
GEN FM and set the seven Frequency 

Selector dials to the desired frequency. 
(When the FUNCTION switch is set to 
SIG GEN FM the FREQUENCY meter will 
peg. Allow 10-15 seconds to permit the 
meter to come on scale before making 
the adjustment in paragraph c. If the 
meter remains pegged the FM CAL con
trol should be readjusted to bring it back 
on scale). 

c. Adjust the SIGNAL GENERA TOR 
MODULA TION FM CAL control for 

a zero reading on the FREQUENCY meter. 
This adjustment sets the FM center fre
quency to the same frequency that is 
dialed in on the Frequency Selector switches. 
Set Meter switch to 1. 5 kHz for maximum 
resolution. The center frequency may be 
offset ± 15 kHz for test purposes if re
quired. 

d. Set the 1 kHz internal modulation 
switch to ON or OFF as desired. 

For external modulation connect the 
external source (20 Hz to 20 kHz) to the 
MOD INPUT connector. The external 
source may be a single tone or several 
tones summed together. Both internal 
and external modulation may be used si
multaneously if desired. 

e. Use the SIGNAL GENERATOR MOD 
ADJ control to set the frequency 

deviation. Deviation may be read on 
the Model 30lA oscilloscope or the Model 
302 Frequency Deviation plug-in. The 
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modulation Signal applied to the modulator 
may be monitored at the MOD OUTPUT 
connector. 

f. Set the SIGNAL GENERATOR step 
and variable attenuator controls 

for the desired output level and connect the 
instrument to be tested to the output of the 
40 dB attenuator. Observe CAUTION note 
of paragraph 3. 11 d. 

AM Output 

3.13 Make the following connections and control 
settings: 

a. lnstall a Model 313 AM Monitor in 
the right hand compartment of the 

CE-4. 

b. Turn on the CE-4, refer to para
graphs 3.05 and 3.06. 

c. Set the FUNCTION switch to SIG 
GEN AM and set the seven Fre

quency Selector dials to the desired fre
quency. 

d. Set the 1 kHz internal modulation 
switch to ON, or set to OFF if ex

ternal modulation is to be used. For ex
ternal modulation connect the external 
source (20 Hz to 20 kHz) to the MOD INPUT 
connector. The external source may be a 
single tone or several tones summed to
gether. Both internal and external modu
lation may be used simultaneously if de
sired. 

e. Adjust the SIGNAL GENERATOR 
MOD ADJ control for the percentage 

of modulation. Read percentage on Model 
313 meter. The modulation signal applied 
to the modulator may be monitored at the 
MOD OUTPUT connector. 

f. Set the SIGNAL GENERATOR LEVEL 
attenuator controls for the desired 

output level and connect the instrument to 
be tested to the output of the 40 dB atten
uator. Observe CAUTION note of para
graph 3. 11 d. 

VARIABLE FREQUENCY TONE GENERATOR 

Description 

3.14 The Variable Tone Generator is a frequency 
synthesizer, digital switch-controlled unit 

for the purpose of testing the audio signalling por
tions of radio receivers and for all audio frequency 
applications within the range of the instrument. 
The Tone Generator covers a range of 10.00 Hz 
to 9999 Hz in three ranges selected by a front 
panel range switch and four thumb wheel switches. 
Tone accuracy is ::I:: 0.005%, the waveshape is 
sinusoidal and distortion is less than 1%. True 
output is either continuous or a tone burst which 
may be set for a duration of from. 03 to 1 second. 
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Controls 

3.15 The following controls are used to operate 
the instrument: 

FREQUENCY (Hz) A four digit thumb
wheel switch that sets the basic frequency. 

Xl. 0, XO.l, X.Ol A three-position 
lever switch that selects the multiplier of the 
basic frequency to set the frequency range. 

GEN, OFF, GEN + 1 kHz A three
position Function switch that selects Tone Gen
erator output only, Tone Generator Off, or Tone 
Generator plus a fixed 1 kHz signal having a fixed 
3.3 kHz deviation. 

BURST (SEC) A variable control that 
sets tone burst time in seconds. In the CONT 
(detent) position the tone is continuous. 

ENABLE A push button that triggers 
one tone burst. 

Operation 

3.16 Set the FREQUENCY (Hz) thumb wheel 
switch to four figures representing the 

desired audio frequency. Set the multiplier 
switch (Xl. 0, XO.l, X. 01) to place the decimal 
point in the four-figure setting. For example: 
set thumb wheel switches to 4567. Set multiplier 
switch to X. 01. The modulating frequency will 
be 45.67 Hz. 

3.17 
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Set BURST C W into the detent position. 
Set the Function switch to GEN, if only 
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the frequency of the Tone Generator is desired 
for modulation. Set the Function switch to GEN 
+ 1 kHz if the Tone Generator frequency and the 
1 kHz internal frequency having a fixed 3.3 kHz 
fixed deviation are desired simultaneously for 
modulation. If no modulation is desired set the 
Function switch to OFF. 

3. 18 If tone bursts are desired set up as above 
but set BURST (SEC) control for the length 

of tone burst as indicated on the BURST dial. 
Maximum burst length is 1 second. Other settings 
indicate fractions of a second. Press the ENABLE 
push button switch. A tone burst of the length to 
which the BURST control is set will be delivered 
every time the ENABLE push button is depressed. 

OPERATION NOTE 

3.19 An 800 MHz antenna which will plug into 
the ANT connector of the plug-in may be 

made from a banana jack (GC Electronics # 
33-002) and a 3 inch length of #12 tinned wire. 
Assemble according to the following illustration: 

==='!g 
_,I ___ 2_.)5" , 
, . L "I 
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SECTION 4 

THEORY OF OPERATION 

INTRODUCTION 

4.01 The Theory of Operation section is divided 
into three sub-sections. The first is a 

description of the Circuit Reference Series which 
is used for circuit and component identification. 
The second describes the overall functioning of the 
instrument from a block diagram viewpoint. The 
third is a description of the operation of the circuits 
as mounted on the circuit boards. 

CIRCmT REFERENCE SERIES 

4.02 The Circuit Reference Series is a series 
of numbers assigned to the circuits of 

the instrument to make it possible to relate the 
actual circuit board or assembly to the schematic 
diagrams, the parts lists and the text of the manual 
with a minimum of effort. 

4.03 The series of numbers assigned to the 
CE-4 are as follows: 

1000 - Front Panel 

2000 - Main Chassis, Left Side 

3000 - Microwave Casting 

4000 - Main Chassis, Right Side 

5000 - Rear Panel 

Right and left sides refer to the instrument viewed 
from the front in an upright position. Board cir
cuits of the 2000 and 4000 series are mounted in 
the main chassis. The 3000 series are mounted 
in the microwave casting, with the exception of 
board circuit 3100, which is mounted in the main 
chassis. The microwave casting covers are 
labeled with the circuit board locations. The main 
chassis circuit board locations are marked on the 
bottom cover. 

4.04 Under each main grouping the circuits 
are further divided into 100-number 

groups, and in two cases into 50-number groups 
(3450, 3750). These groups represent circuit 
boards, most of them plug-in boards. On each 
circuit board the components are individually 
numbered in a series starting with 1, each type 
of component having a separate series as deSig
nated by a letter or letters. The complete ref
erence to any component includes the circuit ref
erence number, the individual component number 
and the letter type indicator. For example, the 
first resistor, Rl, in the 2100 circuit will be 
R2101, the second transistor, Q2, will be Q2102, 
etc. 

4.05 When the individual circuits are described 
in the Circuit Description the component 

references will be abbreviated for convenience. 
Thus, RI will refer to the first resistor on the 
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board under consideration only. If reference is 
made to a component outside that board or when 
more than one circuit is being described the full 
reference deSignation will be used. 

4.06 In order to identify each board a cross 
reference table is given at the beginning 

of Section 6 listing the basic board numbers in 
sequence. These numbers are etched on each 
board. AlsD listed are the board title, assembly 
number, circuit reference number and the figure 
and page number of the schematic diagram. The 
basic board number is the 17S0-xxxx: series. In 
cases where the board is too small for the complete 
number only the last four digits are used. The 
basic number, along with the assembly number and 
the circuit reference number, also appears in the 
parts list for each board. 

FUNCTIONAL DESCRIPTION 

4.07 The CE-4 Communications Monitor func-
tions on the principle of a superheterodyne 

receiver. The RF front end consists of various 
plug-in units. A frequency synthesizer generates 
a Local Oscillator (LO) signal that is both stable 
and accurate. The Intermediate Frequency (IF) 
generated in the RF plug-in is 10 MHz and mixing 
always takes place on the high side (the LO is 
1011Hz higher in frequency than the received sig
nal). 

4. OS In the Signal Generating mode the Frequency 
Synthesizer-generated signal that was 

used as the LO is shifted down by 10 MHz and used 
as the signal output. This automatically takes 
place whenever the FUNCTION switch is placed 
in any of the SIG GEN positions. 

4.09 All the fixed frequencies, including the 
internal modulation frequency, are derived 

from a very stable Ovenized Crystal Oscillator 
Time Base. The fixed frequencies are phase 
locked to a frequency derived from this oscillator 
so that high accuracy and stability are maintained 
in the generated LO and in the output frequency. 
Refer to overall block diagram Figure 4-2, 4-3, 

4.10 The received signal is brought into the 
Monitor through an RF plug-in. This 

may be a Broadband Mixer or an RF tuned Pre
selector. In either case the input frequency is 
mixed with the LO to generate a 10 MHz IF as the 
output of the plug-in. In the Monitor the 10 MHz 
IF is mixed with a 9.9 MHz fixed LO to generate 
a 100 kHz second IF. Since both LO signals are 
standards generated by the synthesizer, the fre
quencyerror, if any, will appear on the second 
IF signal. Frequency error detector circuits 
display this error on the FREQUENCY meter 
which is calibrated directly in kHz. 
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4. 11 The modulation (FM) is recovered and the 
deviation measured either with the Oscil

loscope or Deviation Meter plug-in. The audio 
modulation is displayed on the Oscilloscope and 
reproduced in the speaker. 

4. 12 In the Signal Generator mode the output 
may be modulated (FM or AM) by an in

ternally generated 1 kHz modulation frequency or 
by an external signal (60 Hz to 20 kHz) or both 
internal and external modulation may be used si
multaneously. 

Frequency Synthesizer 

4. 13 The circuits of the Frequency Synthesizer 
make up the major portion of the instru

ment. Frequency generation starts with the Time 
Base which provides two 5 MHz outputs. One is 
a logic level Signal to the Reference Divider, 
2700, and the other is a sine wave which goes to 
the Frequency Multiplier, 2200. Refer to Main
frame Block Diagram, Figure 4-2. 

4.14 The four least significant digits, 100 kHz, 
10 kHz, 1 kHz, 100 Hz of the frequency 

selector switches control a 20-21 MHz Voltage 
Controlled Oscillator (VCO) in a phase locked loop 
which varies the frequency in 100 Hz steps from 
20 MHz to 20.9999 MHz. This is accomplished by 
the circuits 100 Hz+N, 2600, and the VCO and 
Phase Detector, 2800. Since a X10 multiplication 
of the signal takes place later on, this oscillator 
output is divided by 10 to make the circuit output 
2-2.09999 MHz. See Overall Block Diagram, 
Figure 4-2. 

4.15 The 2-2.09999 MHz frequency is mixed 
with either 20 MHz or 21 MHz in the 

17.9-19 MHz mixer, 2400, to produce 17.90001-18 
MHz or 18.90001-19 MHz. 21 MHz is used in the 
Signal Generator mode and 20 MHz in the Receive 
Monitor mode. This 1 MHz difference is changed 
to 10 MHz in the X10 multiplier later on to provide 
the 10 MHz difference required between the Signal 
Generator output and the Receive Monitor LO. 

4.16 The 20 MHz for mixing is obtained from 
the Frequency Multiplier circuit, 2200. 

To obtain the 21 MHz, a 10 MHz output from the 
Reference Divider, 2700, through the 10 MHz 
modulator, 4400, is brought to the 17.9-19 MHz 
mixer, 2400, divided by 10 and mixed with the 
20 MHz signal to produce the required 21 MHz. 

4.17 Output from the 17.9-19 MHz mixer is 
connected to the RF mixer, 2100, where 

it is mixed with a fixed frequency of 125 MHz ob
tained from the Frequency Multiplier, 2200. 
Output from this mixer is 143.9-144 MHz (Sig Gen) 
or 142.9-143 MHz (Rec Mon). This output is con
nected to the 119-130 MHz mixer where it is mixed 
with 14-23.9 MHz from the VCO phase lock loop 
controlled by the 10 MHz and 1 MHz digits of the 
Frequency Selector switch. Output from this 
mixer is either 120-130 MHz (Sig Gen) or 119-129 
(Rec 1\10n). 
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4. 18 The 14-23.9 MHz frequency generator is 
made up of two circuits: 100 kHz VCO and 

Phase Detector, 2500, and 100 kHz+N, 2300. This 
phase locked loop which is controlled by the 10 
MHz and 1 MHz digit switches and is referenced 
to the 100 kHz output of the Reference Divider, 
2700, generates a frequency variable in 100 kHz 
and 1 MHz steps. Because of the later X10 mul
tiplication these steps become 1 MHz and 10 MHz 
in the monitor output. 

4.19 The output of the 119-130 MHz mixer goes 
to the 1190-1300 Phase Lock Loop, 3750, 

and Oscillator, 3700, in the Microwave Casting 
where it serves as the Reference frequency. The 
Microwave Oscillator is locked to the 10th har
monic of this Reference frequency. 

4.20 The output of the Microwave Oscillator is 
connected to the voltage controlled atten

uator (VCA), 3600, which is made up of a series 
of PIN diodes. These diodes are used to amplitude 
modulate the oscillator output when in the SIG GEN 
mode. The also serve to attenuate the output sig
nal and are controlled by the variable and step at
tenuator switches on the front panel. Output from 
the VCA goes to the Microwave mixer, 3500, 
where the final mixing takes place. 

4.21 The other frequency required for the 
final mixing is generated by the 1300-

2200 MHz oscillator, 3800, and phase lock, 3900. 
The reference is the 100 MHz output of the Fre
quency Multiplier, 2200, and the oscillator is 
controlled in 100 MHz steps by the most significant 
digit, 100 MHz, switch of the Frequency Selector 
dials. Individual oscillators are phase-locked to 
the 13th through the 22nd harmonic of 100 MHz. 

4.22 The final microwave mixer output will be 
10 kHz to 999.9999 MHz in the Signal 

Generator mode and 10-1009.9999 MHz in the 
Receive Monitor mode. This latter signal serves 
as the LO frequency for the RF plug-in. 

4.23 The internal modulation frequency in SIG 
GEN is selected by the front panel SIG 

GEN MODULATION 1 kHz switch. For AM the 
modulating signal is routed through the Attenuator 
Control circuit, 3100, to the VCA circuit, 3600, 
where it controls a PIN diode modulator. For FM 
the modulating signal is applied to a VCO in the 
10 MHz modulator circuit, 4400. The FM CAL 
control also is connected to the VCO so that the 
center frequency may be set exactly on by using 
the Monitor FREQUENCY meter. A feedback loop 
from the Modulator output is connected to the dis
criminator in the second IF Discriminator, 4700, 
to provide an AFC voltage which is also connected 
to the VCO in the modulator. An RF plug-in must 
be in the right hand compartment to complete the 
loop. The FM modulated 10 MHz output of the 
modulator goes to the 17.9-19 MHz mixer circuit 
where it is divided by 10 and mixed with the 20 
MHz input to provide the 21 MHz mixing frequency 
required by this mixer for Signal Generation. In 
this way the output frequency is modulated. 
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External modulation is accomplished in the same 
way with an external modulating signal. 

4.24 In the 1190-1300 MHz oscillator, 3700, 
3750, to make sure that phase lock takes 

place at the proper frequency, a steering voltage 
is required to bring the frequency within locking 
range. Tllis is supplied by the Reference Voltage, 
to the 1190-1300 MHz circuit from the Varactor 
Control on the 4S00 board, which is controlled by 
the 10 MHz switch of the Frequency Selector dial. 

CmCUI'f DESCH.IPTION 

Reference Divider. 2700 

4.2G In tllis circuit, Figure 6-9, the 5 MHz 
output from the Time Base is processed 

to provide most of the fixed frequencies required 
for frequency synthesis. Outputs from this board 
are: 9.9 MHz for the second IF circuit, 1 kHz 
Reference 20% duty cycl.e to the 100 Hz Phase 
Detector, 100 kHz Reference 20% duty cycle to 
the 100 kHz Phase Detector, 10 MHz to the 10 
MHz Modulator, and 1 kHz Logic Signal to the 
Audio Filter/Amplifier as the 1 kHz internal mod
ulation frequency. 

4.26 5 MHz Time Base output is divided by 5 
in IC1 and by 10 in IC2 to obtain 100 kHz. 

Outputs IC2-S and IC2-12 are buffered and com
bined in an AND gate in IC3 to produce a 20% duty 
cycle 100 kHz output to board pin S. The other 
gates of IC3 are connected as buffers. 

4.27 The 100 kHz output of IC2 is divided by 
10 in IC4. The 10 kHz output of IC4 is 

divided by 10 in le5. Outputs IC5-S and IC5-12 
are combined in a NAND gate in IC6 to produce a 
20% duty cycle 1 kHz output through board pin 2. 
IC5-12 is connected to pin 2 of NAND gate IC6-1, 
2, 3, which is controlled by the SIG GEN MOD
ULATOR 1 kHz switch on the front panel through 
board pin 7 to turn the modulation on and off. 

4.28 100 kHz from IC2 is also connected 
through a buffer IC3-4, 5, 6 to the input 

of the 3.3 MHz tuned amplifier, Q1-Q4, where 
the thirty-third harmonic is selected and amplified. 
Tuned amplifier, Q5, selects and amplifies the 
third hannonic of 3.3 MHz to produce a 9.9 MHz 
output at board pin 21. 

4.29 An output from the 5 MHz Time Base is 
also connected to one side of a NAND 

gate in IC7. The ather side of the NAND gate is 
connected to the Function switch S1007 through 
U4402-1, 2, 3. In the AM, CW, and CAL modes 
the gate is opened and closed in the FM and MON 
mode. The 5 MHz thus controlled is connected 
through the buffer amplifier of IC7 to the frequency 
douLler circuit, T1, Q6, Q7. The doubler output 
is jJ3ssed through a 10 MHz filter to provide the 
10 ;\IlIz output at board pin 16. 
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Frequency Multiplier. 2200 

4.30 This circuit, Figure 6-4, furnishes the 
other three fixed frequencies required 

for frequency synthesis, 20 MHz to tht: 17.9-19 
MHz mixer, 125 MHz to the 142. U-l44 MHz mixer 
and 100 MHz as a reference for the 1300-2200 
MHz phase lock. 

4.31 Input to the circuit is 5 MHz from the 
Time Base. This sine wave input is 

amplified and shaped in Q1, Q2, IC1 to produce 
a 5 MHz pulse. This pulse is applied to the inputs 
of the X4 and X5 harmonic amplifiers. Q3, Q6, 
QS is a tuned amplifier that selects and amplifies 
the fourth harmonic to produce a 20 MHz output 
at board pin B. In the same manner the tuned 
amplifier, Q4, Q5, Q7, Q9, selects and amplifies 
the fifth harmonic to produce a 25 MHz output 
which is connected to the input of another set of 
X4 and X5 harmonic amplifiers. Q10, Q12, Q14, 
Q16 amplify the fourth harmonic to produce 100 
MHz output at board pin N. QU, Q13, Q15, Q17 
amplify the fifth hannonic to produce 125 MHz 
output at board pin Y. 

100 Hz Loop 

4.32 The 100 Hz loop is made up of two cir-
cuits, 100 Hz Divide-by-N, 2600, and 

100 Hz VCO and Phase Detector, 2S00, Figures 
6-8, 6-10. See also these circuits on overall 
block diagram, Figure 4-2. 

4.33 The 2. 00000-2.99999 MHz required by 
the 17.9-19 MHz mixer, 2400, is gen

erated by this loop circuit according to the setting 
of the Front Panel Frequency Selector switches. 
This is accomplished by dividing down the 20.0000-
20.9999 MHz output of the VCO in a divider con
trolled by the Frequency Selector switches to 
produce a 100 Hz output when the VCO frequency 
is correct. The 100 Hz output of the Divide-by-N 
circuit is compared with a 100 Hz reference fre
quency derived from the Time Base in a Phase 
Detector. Any deviation of the Divide-by-N out
put frequency from 100 Hz generates an error 
voltage in the Phase Detector. This error voltage 
is amplified and applied to the Varicaps in the 
VCO with a polarity such that the VCO output 
frequency is corrected to the proper value. In 
this manner any frequency dialed up on the Fre
quency Selector switches is referenced to the 
Time Base. 

100 Hz Divide-by-N. 2600 

4.34 Since the input to the Di vide-by-N circuit 
is the VCO output of 20. 0000-20. 9~)9U 

MHz the divider circuit U2-U7 must be able to 
divide this input by 200.000-209.999 in order to 
always have a 100 Hz output. This is accom
plished by setting the presettable dividers, U2-
U5, to the nines complement of the front panel 
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Frequency Selectors. The front panel switches 
are wired to read out the nines complement of the 
number to which they are set. With the additional 
dividers, U6 divide by 10, and U2 divide by 2, it 
is possible to divide by up to 200,000. The cir
cuits of U8, Ul-4, 5, 6. 8, 9, 10, and U7-5, 7, 
9 inhibit u-t, 2, 3 from allowing the first 10,000 
count to go through from U5 to U6. This makes 
possible a division of up to 209,999. See Figure 
6-S. 

4.35 Input from the VCO, 2800, comes in 
through board pin 2 to the input amplifier/ 

clock driver, Q1-Q4 and inverter, U1-Il, 12, 13. 
This circuit not only providcs the proper logic 
level, but also squares up the pulses so that there 
will be no ambiguity in clocking. 

4.36 After the reset pulse, which presets the 
counters U2-U5 and resets to zero U7-12, 

U7-9 and U1-S, the counters U2-U5 count up to 
9999 starting at the preset number. The count 
cannot go through Ul-2, 3 because Ul-1 is low. 
However US detects the 9999 count and sets U1-S 
and therefore U7-7 high and at the same time 
clocks U7-5, but since both pulses arrive at ap
proximately the same time U7-9 remains low. 
The divider U2- U5 starts over at zero and again 
counts up to 9999 and US again detects this con
dition. U1-S is not changed, but U7-5 again re
ceives a clock and U7-9 goes high so that the 
20,000 count from U5 goes through to U6. At 
the count of 100,000 U7-12 goes high, enabling 
Ull-3, and the count continues. When U6 reaches 
9 on the last count through, Ull-4 is enabled. At 
the continued count of 9993, in U2-U5, total count 
of 209,993, U9 detects this condition and Ull-5 
is enabled. With all the inputs of Ull enabled the 
next clock pulse, 9994 causes Ull-S to set high 
and the load/reset pulse for the counters is gen
erated at Ull-6. This reset pulse enables U12-1 
allowing it to respond to the clock. Prior to the 
reset pulse, U12 is preset to the number 4 and U12 
takes up the count at 209,994, with the clock input 
at U12-S. At the count of 999S U12-12 enables the 
K input of Ull so that at count 9999, total 209,999, 
Ull resets and the counters start over again from 
the preset number. This 5-clock delay is nec
essary to give time for loading and reset of U2-U5. 
When Ull-S sets high at a total count of 209,994 
this pulse also triggers the one-shot, U13, to 
generate the output pulse. When the frequency is 
correct according to the Frequency Selector set
ting this output will be 100 Hz. 

100 Hz veo and Phase Detector. 2S00 

4.37 Input from the 100 Hz Divide-by-N circuit 
comes in through board pin 19 through an 

inverter to the Phase Detector U2-3, see Figure 
(i-10. A reference frequency of 1 kHz from the 
Reference Divider, 2700, enters through board 
pin IS and is divided by 10 in U1 and the 100 Hz 
output inverted and applied to the Phase Detector, 
U2-1. 

The outputs of the Phase Detector, U2-2, 
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13 are both high (2.4V) when both 100 Hz Divide
by-N and the 100 Hz references are in phase. If 
the 100 Hz Divide-by-N input lags in phase U2-13 
goes low and if it leads U2-2 goes low. These 
transitions are used to control the Unlock Detector 
circuit and to generate the VCO control voltage. 

4.39 The Unlock Detector circuit is U3-1, 
2, 3, 11, 12, 13 and U5 contains a one

shot, U5-1, 2, 3, 4, 5, 6, that triggers for every 
transition, but the output gate, U5-Il, 12, 13 
does not allow the one-shot output to pass through 
unless a transition is of more than 100J.!s duration. 
This is controlled by the 100J.!s delay of the circuit 
R4, C9. 

4.40 The narrow pulses from U2 either add 
to or subtract from the 1. 5 volt bias on 

C7, depending on whether the fN output leads or 
lags the reference. Q1 is an inverter and Q2 is 
an emitter follower. CR1-CR4 with R3 and R12 
form a soft limiter at 2.4V. Q2, Q3 arc used as 
low leakage diodes. 

4.41 The Loop Amplifier U4 provides high 
DC gain to minimize the phase error 

between the f N input and the 100 Hz reference. 
C16-C1S, R1S-R20 is a notch filter to remove 
100 Hz ripple. Q5-Q10 form active low pass fil
ters for 50 Hz and 70 Hz to remove other residual 
signals. The DC control voltage is applied to the 
VCO, Q12, L2, CR5. Q13 is an output buffer for 
the 20-21 MHz output. Qll is a power supply 
filter for the VCO. 

4.42 To produce the required 2. 0-2. 1 MHz 
output an output from the VCO is buffered 

into the decade divider, U6. Output is filtered 
with the low pass filter L3, L4, C3S-C40 and 
passes to the 17.9-19 MHz mixer, 2400. 

17.9-19 MHz Mixer. 2400 

4.43 In this circuit, Figure 6-6, the 2.0-2. 1 
MHz output of the 100 Hz VCO, 2S00, is 

mixed with 20 MHz to produce the 17. 9-1S MHz 
required for the Receive-Monitor function, or 1 
MHz is mixed with the 20 MHz to produce 21 MHz, 
which is then mixed with 2.0-2. 1 MHz to produce 
the lS.9-19 MHz required for the Signal Generator 
function. The selection of either condition is con
trolled by diode switches CR9-CR12. 

4.44 \V'hen the Function switch is in the MON-
ITOR position the voltagc at board pin 9 

is +20V and at pin 7 it is -12V. This tUTIlS diodes 
CR10, CRll on and diodes CR9, CR12 off. 20 
MHz from the Frequency Multiplier, 2200, through 
pin S passes through CR10, CRIl to T2 of the 
double balanced mixer T1, T2, CR1-CR4, R7, R9, 
RIO, C13, C14. Here it is mixed with 2.0-2.1 
MHz to produce 17. 9-1S MHz. Output from T1 goes 
through a 19 MHz low pass filter and the level 
adjust control, R12 to output amplifier Q5 and the 
17.9-19 MHz bandpass filter to board pin 21. 

4.45 In the 51G GEN or CAL position of the 
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FUNCTION s\\itch input to pin 7 is +20V and to 
pin 9 it is -12V turning CR9, CR12 on and CR10, 
CRll off. 20 MHz is now connected to T4 of the 
mixer made up of T:3, T·1, CR5-CRS. The other 
input comes from the 10 MHz modulator through 
pin 4 to the 10 MHz amplifier, Q2, Q3, and decade 
divider, IC1, the 1 MHz output of which is con
nected to T3. Output from T3 is connected to the 
input of tuned amplifier Ql. It then passes through 
the 21 MHz bandpass filter to the tuned amplifier, 
Q4, through CR12 to the input of T2 in the double 
balanced mixer. This mixer output is now the 
18.9-19 J\IHz required for the Signal Generator 
mode. 

RI<' ;\1ixers. 2100 

4.4G Inputs to this circuit, Figure 6-3, are 125 
MHz from the Frequency Multiplier, 

2200, and 17.9-18 or Vl.9-19 MHz from the 17.9-
19 MHz mixer, 2400. These are connected to the 
balanced mix2r T6, 1'7, CR5-CRS through Balun 
transformers T5, T8. The Balun transformers 
are used to obtain a more accurate balance in the 
mLxer. Mixer output is 142.9-143 MHz o.r 143.9-
H4 MHz. It passes through a bandpass filter to 
the tuned anlplifiers Q3, Q4 to the 119-130 MHz 
mixer. This circuit is very similar to the 142.9-
144 Mixer. Inputs from the 142.9-144 MHz mixer 
and 14-23.9 MHz from the 100 kHz loop are com
bined in the balanced mixer 1'2, 1'3, CRI-CR4 
through the Balun Tl, T'l. 119-130 MHz output 
passes through a bandpass filter to the output am
plifiers Ql, Q2 and to board pin Y. 

100 kHz Loop 

4.47 This loop is made up of two circuits, 100 
I,Hz Divide-by-N, 2300, and 100 kHz VCO 

and Phase Detector, 2500. The VCO output is 
variable from 14-23.9 MHz. One output goes to 
the RF mixers, 2100, see block diagram, Figure 
4-2. The other output goes to the Divide-by-N 
circuit, 2300, where control by the Frequency 
Selector 10 MHz and 1 MHz digits is introduced. 
Control is in increments of 100 kHz per step, but 
thit' is lllcrcased to 1 l'vIHz per step in the X10 
multiplication which takes place later on. Output 
of the Divide-by-N circuit is 100 kHz when the VCO 
frequency is correct. This output is compared 
with the 100 kHz reference frequency in a phase 
detector circuit, the output of which is amplified 
to use as a control voltage for the yeo. 

100 kHz Divide-by·-N. 2300 

4.48 The purpose of this circuit, see Figure 
6-5, is to divide the output of the 100 kHz 

veo by a factor that \\ill result in a 100 kHz output 
when the frequency is correct. Since the VCO out
put range must be 14-23.9 MHz the division range 
mllst bl' 140-239. The 14-23.9 MHz input goes 
through a buffer amplifier. Q1, to three gates U6, 
one of which, UG-6 is always enabled. For the be
ginmng portion of the count U6-12 is enabled and 
U6-8 is low. The input through U6-12 goes to U3-B, 
the input of the three decade dividers U1, U2, U3. 
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4.49 The dividers are preset by the 10 MHz 
and 1 MHz Frequency Selector switches 

to the nines complement of the division ratio re
quired. Thus if the division ratio is 140 (corres
ponds to a dial setting of 00) the dividers are pre
set to 999-140=859. For a division ratio of 239 
(corresponds to dial setting of 99) the dividers are 
preset to 999-239=760. Since the most significant 
digit of the division ratio is only either 1 or 2, 
U1 is connected to be set only to the nines com
plement of 7 or S. The dividers start counting 
from the preset number and count up to 993. At 
the count of 994 the dividers are reset to the pre
set number. 

4.50 When U1, U2 each reach a count of 9 
pins, 5 and 12 are high which causes a 

high on U7-5. The other two inputs, U7--4, 3 
remain low until U3 has continued to the count of 
3, at which time both pin 5 and 9 go high, which 
now makes U7-3, 4, 5 high so that at the trailing 
edge of count 994, U7 changes state. U7-6 goes 
low which resets the dividers VI, U2, U3 and also 
disables U6-12. At the same time U7-8 goes high 
enabling U6-S so that the next cOlmt goes to U4-S 
which has a permanently preset number equal to 5. 
Counts 995-998 bring IC4 up to a count of 9 which 
makes pin 5 and 12 high, making U7-10, 11 high 
so that the count of 999 causes U7 to change state. 
This disables U6-S and enables U6-12 so that the 
next count starts a new sequence in U1-U3. At 
the same time U4 is reset to its preset number by 
the low to pin 1. The sequence then repeats. 
When the input frequency is correct the output from 
U7-8 to board pin 19 \\ill be 100 kHz. 

100 kHz veo and Phase Detector. 2500 

4.51 The VCO Oscillator, Q1, L4, CR2, 
eli;:!, covers the range of 14-24 MHz. 

See Figure 6-7. The varicaps CR2, CR3 are 
tuned by the voltage out of the phase detector UI, 
which compares the phase of the 100 kHz ref
erence signal from the Reference Divider, 2700, 
\\ith the 100 kHz output of the Divide-by-N 
circuit, 2300. 

4.52 The error voltage out of the Phase 
Detector, U1, is filtered, R1, R3, C7, 

amplified in U4, and the control line connected to 
the varicaps through the low pass filter L1-L3, 
C12-C15. CR1 prevents the control line from 
going negative, 

4.53 The Unlock Detector and Indicator Driver 
is made up of U2-B, 9. 10, 11, 12, 13 

and U3. U3GS, 9, 10, 11, 12, 13 is a one-shot 
which turns on switch Q4 with a series of pulses 
in the unlocked condition to turn on the front panel 
indicator light. When the Phase Lock Loops are 
locked the input to U3-12 is low and the one-shot 
is not triggered. Whenever one of the loops goes 
out of lock the frequency drifts through the ref
erence frequency at U2-9, 10 or U2-12, 13 causing 
a series of pulses to OCCllr at U3-12 which trigger 
the one-shot and cause the front panel indicator 
to show an unlocked condition. 



ClM CE-4 

1190-1300 MHz Phase Lock. 3750 

4.54 Output from the RF Mixer (2100) is cOllllec-
ted to the input amplifiers through Jl. Re

fer to Figure 6-18. Q1, Q5 amplify the signal suf
ficiently to properly operate the step recovery diode, 
CR2. R38 adjusts the bias on this diode. The step 
recovery diode acts as a capacitor that, on every 
cycle, returns the stored charge to the circuit 
very rapidly. The result is a very sharp pulse of 
approximately 500 psec duration. This pulse is 
applied to both T1 and CR4. The rectified output 
of CR4 is connected to the Automatic Level Control 
Amplifier IC2-2, the filtered DC output of which 
is cOllllected to PIN diode CRl. The PIN diode 
functions as a resistance which may be varied ac
cording to the applied bias. Thus CR1 functions 
as an attenuator controlled by the output of IC2 to 
produce automatic level control. The reference 
voltage connected to IC2-3 is determined by the 
divider R43, R44, with CR3 providing temperature 
compensation. 

4.55 The narrow output pulse from CR2 appears 
at the output of the secondary of Tl as a 

positive and a negative pulse (because the secondary 
center tap is connected to ground). These pulses 
are applied to the anode and cathode sides of the 
diode sampling bridge, ZI, to turn it on for a very 
short time. Since there is a fixed back bias on the 
bridge determined by CR9 and CRI0 only the very 
narrow upper portion of the pulses turn on the 
bridge, giving a sampling width of approximately 
100 psec. 

4.56 The waveform that is sampled is the input 
from the 1190-1300 MHz VCO, 3700, which 

is brought in through J2 and connected across the 
sampling bridge. When the frequency of the VCO 
is correct every tenth cycle is sampled at exactly 
the same point on the waveform so the output of the 
sampling bridge to IC3 is constant. This output 
is filtered and stored by C35, C45, R55. If the 
VCO frequency tries to drift, sampling takes place 
at different places on the waveform and the output 
of the sampling bridge will go up or down depending 
on the direction of frequency drift. 

4.57 DC output from IC3 is amplified by the 
differential amplifier, ICl, Q2 and the 

output is applied to the input of amplifier Q3, Q4. 
When the phase loop is locked, Q3, Q4 function as 
a differential amplifier, with Q6 not functioning in 
this mode. Q4 output is anlplified by Q7, Q8 to 
become the varicap control voltage for the 1190-
1300 MHz VCO, through board pin 5. 

4.58 When the frequency is shifted out of lock-
ing range the output of the sampling gate, 

Z1, will be zero and the input to Q3 will be zero 
volts. When this occurs, Q3, Q4, Q6 function as 
a low frequency Wien bridge oscillator causing 
the vco to swing through its frequency range. As 
soon as tllis frequency comes within the locking 
range there will be an output from the sampling 
gate and the loop will be closed. The high loop 
gain overrides the oscillator gain of Q3, Q4, Q6 

and Q3, Q4 return to the amplifying function. R8 
is an adjustment to set the input to Q3 at zero volts 
when there is no output from the sampling gate. 

4.59 When the circuit is out of lock, search 
oscillator output from Q6 is cOllllected 

through CR11 to QI0 turning it off. The oscillator 
pulses are stored as a DC level by C12, R27 to 
hold QI0 off. This low output from QI0 is fed 
through summing amplifiers Q3910, Q3911, Q3912 
to the unlock detector circuit IC2503, IC2505 to 
turn on the UNLOCKED light. 

4.60 An offset voltage from the Audio Amplifier 
and Varactor Control Circuit, 4800, is 

applied to the input of Q9 to set the varicap voltage 
according to the 1 MHz and 10 MHz Frequency 
Selector dial settings to bring the VCO into locking 
range for the frequency selected. 

1190-1300 MHz Oscillator. 3700 

4.61 Oscillator Q1 is connected in the common 
collector configuration and output is taken 

from the base. See Figure 6-17. The output tuned 
circuit is formed by the inductance in the board 
trace and the inductance and capacitance in the 
varicap, CRI. Frequency is controlled by the 
output of the phase lock circuit and the offset 
voltage from the varacitor control, 4800, which in 
turn is controlled by the 1 MHz and 10 MHz Fre
quency Selector switches. C2 is the coarse fre
quency adjustment. R4 adjusts the base voltage 
on Q3 which adjusts the bias on Q1, and thus ad
justs the output amplitude. The traces from the 
emitter, base and varicap to the bypass capacitors 
are apprOximately one quarter wavelength and 
appear as RF chokes to the oscillator circuit. 
Output is coupled to the buffer amplifier, Q2, through 
C8. It then passes through a low pass filter, 
etched on the board, to the Voltage Controlled At
tenuator. A directional coupler takes a sample 
of the oscillator output for the Phase Lock circuit 
and is connected through Jl. 

Voltage Controlled Attenuator. 3600 

4.62 Two functions are performed by the 
Voltage Controlled Attenuator (VCA) cir

cuit, amplitude modulation of the Signal Generator 
output when required and level control of the 8ignal 
Generator output. Both functirn s are accomplished 
by means of PIN diodes. Refer to Figure 6-16. In 
addition an automatic level control circuit maintains 
the input to the variable attenuator at a constant 
level, using the same attenuator as is used for mod
ulation. In order to have matched input and output 
impedance through the attenuator the PIN diodes 
are connected as variable pi attenuator networks. 
In the modulator this is modified to satisfy the 
loading requirements of the oscillator. 

4.63 In the attenuators the shunt diodes are all 
initially set for a fixed bias. When the 

series diodes are biased from the control circuits 
to be fully conducting, the fixed bias on the shunt 
diodes is set so that they just begi.n to come on 
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(they aTe at their high resistance value). As the 
bias on the series diodes is decreasccl by the atten
uator control (to increase the series resistance) 
the voltage at the junction of the two sets of diodes 
changes to cause the shunt diode resistance to 
decrease. Thus each pi network becomes a very 
effective attenuator of the RF output. In the mod
ulator attenuator the zero modulation level is set 
by the modulator DC output so that no clipping will 
occur on the positive modulation peaks. Atten
uation range for the variable attenuator CR5-CR9 
is 0-20 dB, and for the step attenuator CR10-CR13 
the steps are 0-20-·±o dB. The variable and step 
attenuato!'s are both set with the front panel SIG
NAL GENEllATOH LEVEL controls. 

4.64 Bia s for the modulation attenuator, CRl, 
CR2, is controlled by H5. The variable 

attenuator bias is controlled by lUI through emit
ter fol1owl'r amplifiers Q1, Q2 which provide cur
rent gain. The step attenuator bias is controlled 
by R19. 

4.65 To provide Automatic Level Control 
(ALC) of the input to the variable atten

uator a sample of the signal is taken with a di
rectional coupler and rectified by CR4. To pro
vide temperature stability another diode, CR3, is 
placed close to CR4 in the same temperature en
vironment and the same DC bias is applied to both 
of them. CH3 is connected to the non-inverting 
input to the operational amplifier IC3451, the 
modulator detector amplifier mounted on the 1000 
MHz Low Pass Filter board, 3450, and CR4 to the 
inverting input. In this way DC variations due to 
temperature changes are cancelled out. 

4.51) The detected RF output from IC3451 is 
c,)nnectcd to the inverting input of opera

tional amplifier IC3102 mounted on the Attenuator 
Control Board. Output from this amplifier, 
through buffer amplifier Q3103 is connected back 
to the veA board as the control voltage for CRI 
to accomplish the ALC function. The other input 
to 1('3102 is from the modulating source. This 
causes the output of IC31{)2 to vary at the mod
ulation frequency. Since this output controls the 
modulation attenuator CR1, CR2, the RF signal 
is amplitude modulated. Thus both ALC and 
Modulation are accomplished with the modulation 
attenuator. Output from the attenuator passes 
throu?,h J1 to the Microwave Mixer, 3500. 

1300-2200 MHz Phade Lock. 3900 

4.67 The 1300-2200 MHz Phase Lock circuit, 
Figure 6-20, is the same as the 1190-

1:300 :\JHz Phase Lock. See paragraphs 1.54-
4. GO lor deSCription. The differences are that no 
()ffSl~t cOEtrol is required. Included on this board 
are the summing amplifiers, Q10, Qll, Q12 for 
the Ul1locked indication. 

~. no Input rderence to Q1 is 100 MHz from 
the Frequency Multiplier, 2200. The 

veo output ;:;ample to the sampling gate is 1300-
2200 :\UIz. Control outpd from Q9 passes through 
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board pin 12 to the 1300-2200 VCO. 

1300-2200 l\UIz Oscillator. 3800 

4.69 The purpose of this oscillator is to fur-
nish frequencies at 100 MHz intervals to 

the Microwave Mixer. This is accomplished by 
using ten fixed frequency oscillators which are 
switched on one at a time according to the setting 
of the 100 MHz dial of the Frequency Selector 
switches. See Figure 6-19. The circuits of the 
ten oscillators are the same except for the values 
of the elements forming the tuned circuits. For 
the three highest frequencies the transistors used 
have a higher frequency specification than the 
others. 

4.70 The transistors Q1-Q10 are soldered 
directly into the transmission lines etched 

on the circuit board. Parts of the line are ex
panded to form reactive elements. Oscillator 
number 1, 2.2 GHz is typical of the ten and will 
be used for the description. (Figure 6-19). The 
100 MHz Frequency Selector switch connects -12V 
to the emitter of Q1 through bias adjusting resistors 
R1, R11, R21. The varicap control voltage from 
the 1300-2200 MHz Phase Lock circuit is brought 
in through terminal 2 and through R31, C31, RFC 
L1 to the proper point on the transmission line. 

4.71 C21 is connected to the transmission line 
one quarter wavelength from the emitter 

of Q1. This transforms the capacitive reactance 
to an inductive reactance at the emitter so that 
the quarter waveline appears as an HFC. The in
ternal input capacitance of the transistor is part 
of the feedback network. Feedback necessary for 
oscillation takes place through the internal collector 
to emitter capacitance. The etched area of the 
transmission line connected to the collector of Q1 
is enlarged in area and forms the inductive part 
of the tuned circuit. The circuit is tuned by the 
output capacitance of the transistor. The output 
capacitance varies with the width of thc depletion 
region at the collector to base junction. Since the 
depletion region wieIth, and therefore the output 
capacitance, varies with applied collector voltage 
this is used to fine tune the oscillator. The control 
voltage is connected to the collector through L1 
and thus provides fine tuning control. Between 
the point at which L1 is cOlllected and C 11 i;:; a 
quarter wavelength. Thus the capacitance of C41 
is transformed into an inductance at the point at 
which it is connected to the collector tuned circuit 
and in thiii way forms a coarse tuning adju;:;tment 
for the oscillator. 

4.72 Each oscillator is capacitively coupled to 
the 50 ohm output transmission line by an 

etched-in capacitance. A directional coupler is 
also etched on the board to sample the signal on 
the output line for the phase lock circuit. 

4.73 Output from the 100 MHz-per-step LO is 
connected to the primary of the l11.ixer T1, 

CR1, CR2, Figure 6-15. HF from the Voltage 
Controlled Attenuator is fed to the junction of the 
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mixer diodes CRl, CR2 through the 50 ohm atten
uator CR3, CR4, CR5. 0-1000 MHz or 10-1010 
MHz is taken out through J2. 

4. H The calibration attenuator is a pi config-
uration of PIN diodes. Fixed bias is ap

plied to CR3, CR5 so that they have a low resis
tance when CR4 is biased for high resistance. As 
current through CR4 is increased the voltage at 
the junction of CR4, CR5 increases so that CR3, 
CR5 are biased toward a higher resistance as CR4 
is biased for lower resistance. In this ",ay the at
tenuator is maintained at a 50 ohm impedance over 
its full attenuation range. Calibration Level con
trol R3120 sets the attenuator to the calibrated 
level. When the FUNCTION switch is in the MON
ITOR position the VCA and the mixer attenuator 
are biased for miuimum attenuation. 

1000 I\IHz Low Pass Filter. 3450 

4.75 This board, Figure 6-14, includes the 
modulator detector amplifier, ICl, which 

was described in paragraph 4.65, 4.66. This cir
cuit board also has a 1000 MHz low pass filter 
etched on the board through which the output from 
the microwave mixer passes. The filter removes 
the high order frequencies generated in the mixing 
process. 

RF Switch. 3200 

4.76 The RF Switch, Figure 6-13, routes the 
Frequency Synthesizer output to the out

put connector or to the RF plug-in uuit. The 
switches are PIN diodes and only one switch is 
on at a time. +20V applied to the junction of one 
of the diode pairs, CRl, CR3 or CR2, CR5 turns 
on the switch while -12V turns it off. CR4, CR6 
are turned on by the -12V to provide a low impe
dance path to ground so that there will be no signal 
feed through when the switch is off. 

4.77 With the FUNCTION switch in the SIG GEN 
position, switch CR1, CR3 is closed. 

This connects the signal to the 0-1000 MHz output 
connector. With the FUNCTION switch in the 
MONITOR position switch CR2, CR5 is closed 
and the signal goes to the plug-in as the LO signal. 

Audio Amplifier and Varactor Control. 4800 

4.78 The Varactor Control section of this cir-
cuit, Figure 6-23, supplies the offset 

voltage required to set the 1190 MHz-1300 MHz 
Voltage Controlled Oscillator within the proper 
locking range whenever the 10 MHz or the 1 MHz 
Frequency Selector dials are changed as noted in 
paragraph 4.60. When switching between SIG GEN 
and MONITOR an additional offset is required from 
this circuit because of the 10 MHz shift in output 
frequency. The output offset voltage is supplied 
by operational amplifier U2. 

4.79 The inverting input, U2-2, is connected 
to a current summing junction of all the 

control currents. Current is supplied through R21 
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to the junction of R22 and the calibrating resistors 
R1-RZO. Ul is binary to decimal decoder and the 
input to it is the output of the 10 MHz Frequency 
Selector switch. When a number is selected on the 
10 MHz Frequency Selector dial, the binary output 
of the selector switch is decoded by U1 and the 
selected output is brought low. This changes the 
current flowing to the operational amplifier, U2, 
and thus changes the output voltage. 

4.80 In a similar way the 1 MHz switch digits 
0-2 supply +20V through board pin U and 

R25 to the input of U2, digits 3-5 supply +20V 
through board pin Wand R24, R26 and digits 6-9 
supply zero volts through these inputs to provide 
the required offset for this switch. In the MONITOR 
setting of the FUNCTION switch -12V is applied 
through board pin V, CR1, R27 to U2-2 to offset 
the frequency by the required 10 MHz. 

4.81 Modulating signals are connected to the 
modulation pre-amp, U3A-6 either through 

board pin J for the external MOD INPUT connector 
or from the 1 kHz output of the Reference Divider, 
2700, through the 1 kHz Shaper, Q1, Q2. Output 
from U3A is amplified by U3B and U4 and the out
put connected directly through board pin N to the 
10 MHz VCO for FM modulation. Output is also 
taken through U6B to the MOD OUT front panel con
nector. In addition U6A is the AM Driver for the 
modulator in the Voltage Controlled Attenuator, 
3600. The AM Driver, U6A, is inhibited in all 
positions of the FUNCTION switch except AM by 
the control line through board pin P. CR3, CR6, 
R35 form a clamp circuit to prevent overloading 
the Voltage Controlled Attenuator when AM is not 
used. 

4.82 Demodulated FM from the Second IF/Dis-
criminator, 4600, comes in through board 

pin E to the Audio Pre-amp, U5A. One output 
from U5A goes to the front panel DEMOD OUT con
nector. The output also goes to the front panel 
VOLUME control through board pin F and back 
from the control through board pin C to the Audio 
Power Amplifier, U5B, Q3, Q4, and then to the 
internally mounted speaker. 

Attenuator Control. 3100 

4.83 The attenuator control, Figure 6-12, fur-
uishes the required voltages for the proper 

functiouing of the PIN diode attenuators in the 
Voltage Controlled Attenuator, 3600 (see paragraphs 
4.62-4.66) for the operation of the Calibration At
tenuator in the Microwave Mixer, 3500 (paragraph 
4.73), and to furuish a modulated output to the AM 
mouitor plug-in through boarn connections P3101-2. 

4.84 Output from the Modulation Detector Amp-
lifier on board 3450, is connected to the 

inverting input of IC2 and through buffer amplifier, 
Q3, and goes to the PIN diode modulator in the 
Voltage Controlled Attenuator (VCA), 3600, to pro
vide automatic leveling of the signal. The mod
ulating signal enters through P3101-3, passes 
through buffer amplifier, Q2, to the non-inverting 
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input of IC~ and thus modulates the attenuation of 
the PIN diode attenuataI'. R16 is the calibration 
adjustment for modulation level and R7 sets the 
attenuation to 8 dB with no modulation. 

4.85 The front panel variable attenuator con-
trol, R1004, is a variable voltage divider 

with a range of zero to 2V, the maximum voltage 
being set by R14. This voltage level is brought 
in through P3101-7 to the non-inverting input of 
rC3. The output goes to the PIN diode attenuator 
in the VCA. Connected to the inverting input of 
IC:'; is the shaping network necessary to convert 
the linear rotation of the variable attenuator con
trol to the log characteristic of the PIN diode at
tenuator. R27/28 fixes the break point, R44 sets 
slope 1 and R50 sets slope 2, R39 sets the max
imum attenuation. Q7, Q8 are current sources, 
while R46 provides temperature compensation. 

4.86 Control for the PIN diode Step Attenuator 
enters from the front panel function and 

level switches at P310l-4 and goes to the PIN 
diode attenuator through P3l02-A. When the SIG
NAL GENERATOR LEVEL switch is in the +40 dB 
position, +20V is connected directly through to 
the attenuator and level output is set by calibration 
level control R26. In the +20 dB position the input 
to P3101-4 is open (zero volts) and the level set
ting of the PIN diode attenuator is determined by 
adjustment of R40 which is adjusted to set the 
level 20 dB lower than in the +40 dB position. 
In the 0 dB position -12V is connected to P3l01-4. 
Diode CR2 isolates this voltage from the rest of 
the circuit but R5, R6 are turned on to form a 
voltage divider between +20V and -12V, the level 
of which is set by R37. This adjustment brings 
the output 40 dB below the +40 dB position. The 
Signal Generator output is calibrated by adjusting 
R26 as noted above. 

4.87 In the MON pOSition of the Function switch 
all the PIN diode attenuators in the VCA 

and the microwave mixer are turned on (minimum 
RF attenuation). +20V applied to P310l-D turns 
on Q1 which sets the modulation attenuator to 0 dB; 
the calibration attenuator is set to 0 dB through 
CR3 and the variable attenuator is set to 0 dB 
through CR1. +20V to P3101-4 turns on the step 
attenuator through CR2, and through P310l-D 
turns off the modulator buffer amplifier Q2 so that 
modulation may not be applied. 

10 MHz Modulator. 4400 

4.88 This circuit, Figure 6-21, furnishes the 
required 10 MHz for the SIG GEN mode 

of operation (paragraph 4.45). In CWOI' AM the 
10 MHz comes from the Reference Divider, 2700, 
through board pin C and then either directly out 
to the plug-in through board pin D, or through 
buffer amplifier Q5, and out through board pin B 
to the 17.9-19 MHz mixer. 

4.89 In the FM mode a high FM (switching) 
level to Ql turns on Q1 so that +20V is 

applied to the VCO, turning it on. This +20V 
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through CR3 and Rl forces the Discriminator 
(4600 board) to unsquelch. The varicap, CR4, which 
determines the VCO frequency, is controlled from 
three sources. The modulating signal, either in
ternal or external, is applied through board pin F 
to FM the VCO, Q3, L2, CR4. The AFC voltage 
from the 2nd IF and Discriminator circuit through 
board pin H also controls the frequency to complete 
the AFC loop. The FM CAL control from the front 
panel comes in through board pin E to adjust the 
center frequency. Output is through buffer amplifier 
Q4 and Q5 and board pin B to the 17. 9 -19 MHz 
Mixer, 2400. 

4.90 The FREQUENCY meter calibration circuit 
is also on this board. The meter is effec

tively connected between the discriminator output 
at board pin H and pin J. CR1, CR2 are the shunt 
overload diodes. R13 is the shunt calibrating re
sistor. R3-R5 are the variable and R9-R11 are 
the fixed series calibrating resistors. Board pin L 
goes to the 15 kHz range switch position, pin M to 
the 5 kHz and pin S to the 1. 5 kHz pOSition. 

4.91 Board pins Rand l' go to ground closure 
contacts on the FUNCTION switch, S1007, 

at FM and MON positions. The level is inverted in 
U2 ~ovide FM and MON levels and used directly 
for MON. FM controls the 10 MHz VCO switch 
and MON and MON control the SIG GEN Select Driver, 
Q11, Q13, Q15, Q17, Q18 and the Monitor Select 
Driver Q12, Q14, Q16, Q19. Output from each 
driver is either +20V or -12V DC. SIG GEN Select 
Driver output through board pin W goes to the RF 
switch, 3200, to 1190-1300 MHz oscillator, 3700, 
and also to the 17.9-19 MHz Mixer, 2400. 
Monitor Select Driver output through board pin Y 
goes to the RF switch, 3200, and to the 17.9-19 MHz 
Mixer, 2400. FM and MON switch levels also op
erate the 10 MHz Ref. enable switch U2-1, 2, 3, 
which controls the 10 MHz Ref output from tho Ref
erence Divider, 2700. 

4.92 Board pins U and V are connected to the Step 
Attenuator switch, S1010, and receive a 

ground closure to either one, or to neither, to con
trol the Step Attenuator pin diode in the Voltage Con
trolled Attenuator, 3600. Each input goes through 
NAND gates Ul-4, 5, 6 and Ul-11, 12, 13 which 
are controlled by the MON level from the FUNCTION 
switch. This sets the attenuator to minimum inser
tion loss in the Monitor mode to supply the LO Sig
nal to the plug-in unit. The step Attenuator Drivers 
Q6-Q10 supply either +20V, -·12V or zero volts 
through board pin X to the Attenuator Control, 3100, 
for control of the Step AttenuataI'. 

Second IF/Discriminator. 4600 

4.93 The Second IF mixer takes the 10 lVIHz from 
the plug-in and the 9.9 MHz from the Ref

erence Divider and mixes them to produce a 100 kHz 
output. See Figure 6-22. Since the plug-in output 
will be 10 MHz ± the frequency error, the mixer 
output will be 100 kHz ± the frequency error. The 
9.9 MHz output is amplified by tuned amplifier Q7 
and the 10 MHz by tuned amplifier IC L The outputs 
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go to lC2 which is connected as a mixer. Output 
passes through a bandpass filter to Q8. 

4.94 The 100 kHz signal from IC2 is ampli-
fied by Q8 and applied to squaring cir

cuit Q9. The output of Q9 is differentiated, R42, 
C33, and the positive pulses are passed by CR3 to 
trigger a one-shot multivibrator, Q10, QU. The 
one-shot can operate only when the received signal 
is strong enough to turn on Q3 which then connects 
the emitters of Q10, QU to ground. 

4.95 The one-shot output has a pulse width 
of 5 microseconds (one-half the period 

of 100 kHz) at the collector of QU. This pulse 
width remains the same throughout a frequency er
ror range of from 75 to 125 kHz. The wid~h between 
pulses, however, depends on the interval between 
input pulses (pulse frequency) and therefore will be 
longer for a lower frequency and shorter for a 
higher frequency. The duty cycle will therefore 
vary with frequency and will be 50% only when the 
frequency is 100 kHz. Output at Q10 collector will 
be the opposite of that at Q 11. The outputs from 
QI0, QU collectors are connected to a meter bridge 
circuit. See Figure 4-1. 

LLLLL 
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_______ . ______ --.J 

Figure 4-1. Frequency Meter Bridge Circuit 

4.96 The outputs of Q10, QU are averaged 
in the circuits LU, C36 and L12, C37. 

Refer to Figure 4-1. When the intervals between 
pulses are longer than the pulses the voltage at the 
top of C36 rises and that at C37 goes lower and the 
meter deflects to indicate below center frequency. 
\\lhen the intervals are shorter than the pulse the 
voltage levels are the opposite and the meter de
flects to the high frequency side. When the pulses 
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and intervals are equal (50% duty cycle) there is 
no voltage difference between the two capacitors 
and the meter rests on zero. An FM signal averages 
out across the meter and does not affect the reading. 

4.97 R53 is the calibration adjustment for the 
meter. R1003 is the front panel CAL 

control to set the meter to zero when the internal 
calibration 10 MHz signal is applied to the second 
IF mixer. The calibration adjustments for the dif
ferent meter ranges are R4403, R4404, R4405 lo
cated on the 10 MHz modulator board. 

4.98 The Signal Level Detector is operated by 
a voltage output from the plug-in to board 

pin 15 that is proportional to signal level. When 
this voltage reaches a level of 1 volt the Schmitt 
Trigger Q1, Q2 changes state and turns on switch 
Q3. This enables the meter one-shot Q10, Q11 by 
providing a connection to ground for the emitters, 
and also connects one side of the SIGNAL LEVEL 
light to ground, turning it on. 

4.99 The FM, still present on the signal at 
the collector of QU, is fed through the 

isolation diode CR11 to the base of emitter follower, 
Q4. The output of Q4 goes through a low pass filter 
to remove the carrier frequency. The audio output 
is connected to the oscilloscope plug-in through pin 
2. It is also connected to the base of emitter fol
lower, Q5, the output of which goes to the power 
amplifier on the Audio Amplifier board, 4800, and 
then to the speaker. 

Power Supply Regulator. 5100 

4.100 The Power Supply/Regulator board, 
Figure 6-25, is mounted on the rear 

panel. The rectifier blocks, Zl-Z3 are bolted to 
the board but are in contact with the rear panel to 
provide them with a heat sink. The series regulator 
tr.ansistors, Q5001, Q5002, Q5003, are mounted 
on the rear panel, under the cord bracket, to pro
vide them with a heat sink. Each regulator is fused, 
the fuses being mounted on the 5100 board. 

4. 101 The regulators are conventional. CR4, 
CR5, eR6 are the reference diodes, er

ror amplifiers are Q7, IC 1, IC2 and regulator 
driver amplifiers for the series regulators are Ql, 
Q2, Q3. Resistors RIO, RU, R12 are current 
sampling resistors for overload current control 
transistors Q4, Q5, Q6. Output voltage adjustment 
is provided for each supply by the controls R17, 
R21, R24. The +20V and +5V supplies are tied 
together in that the +5V reference is taken from the 
+20Voutput. Zener diodes CR7, CR8, CR9 prevent 
excessive power supply output on turn-on, or in 
case of a circuit malfunction. 

TONE GENERATOR, MI0 OPTION 

4. lO2 The Tone Generator is available as op-
tional equipment when the need exists 

for audio modulating frequencies other than the 1 
kHz tone available in the CE-4. 
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4.103 The only change in the CE-4 is an addi-
tional connection on the 4800 circuit, 

Audio Amplifier and Varactor Control, where a 
connection from pin K through R70 is connected to 
U3A-6. See Figure 6-29. 

Functional Description 

4.104 Tone generation begins with a crystal 
oscillator. The oscillator output fre

quency passes through a rate multiplier where it 
is multiplied by some fraction of one, according to 
the front panel FREQUENCY switch settings. It 
may then be divided by ten or one hundred or passed 
through directly according to the front panel range 
switch setting. 
q 
4.105 The signal then goes to an up/down 

counter and a digital to analog (D/A) 
converter where a triangular wave is produed con
sisting of a large number of steps (510 steps per 
cycle), each step produced by one cycle of the out
put frequency of the rate multiplier/range divider. 
The triangular wave then passes through a sine 
converter where it is converted into a sine wave 
havi!lg less than one percent distortion. 

4. 106 The sine wave output passes through 
an output gate, a FET switch, which is 

turned on and off by the burst time generator, or 
biased on for continuous tone output, according to 
the setting of the BURST control. An output amp
lifier provides the required output signal. The amp
litude of the output is adjusted by the front panel 
LEVEL control. 

Circuit Description 

Frequency Synthesizer. 4900 

Time Base 

4. 107 The Time Base is a crystal controlled 
oscillator, Q1, Y1. Fine adjustment 

of the output frequency is provided by adjustable 
capacitor C2. The oscillator output is buffered by 
part of U1 to provide a logic signal output, which 
is the clock input to the Digital Rate Multiplier. 
See Figure 6-30. 

Digital Rate Multiplier 

4.108 Four integrated circuits U3, U4, U5, 
U6 make up the Digital Rate Multiplier. 

The output rate of each rate multiplier unit at the 
Z or Y output is determined by the setting of the 
front panel FREQUENCY switch connected to that 
unit. The switches are wired for BCD (0-9). See 
Figure 6-31 and 6-28. When a switch is set to a 
decimal number, for every 10 clock input pulses 
there will be the number of output pulses to which 
the switch is set, that is, if the switch is set to 7, 
there will be 7 output pulses for every 10 clock 
pulse;;. 

4.109 
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When the Enable output, pin 7, is con
nectoo to the following Enable input, 
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pin 11, the multipliers are decaded, that is, there 
is one Enable output pulse for every 10 input clock 
pulses. When the Enable Out is connected to the 
following Enable In of the four multipliers, it gives 
the same effect as though the clock rate of U4 were 
divided by 10, to U5, divided by 100, and to U6 
divided by 1000. 

4. 110 The outputs of U3 and U4 are ORed to-
gether, using the Internal OR gate in U4, 

by connecting the Z output, pin 5 of U3 to the CASC 
input pin 12, on U4. U5 and U6 are connected in 
the same manner. The ORed outputs appear at the 
Y outputs, pin 6, of U4 and U6. These outputs are 
ORed together in the external OR gate made up of 
part of U1 and U2. In this way the total output of 
the four rate multipliers appears as a single fre
quency to be applied to the up/down counter. This 
output may be applied directly to the up/down count
er when the range switch is set to Xl. 0, or divided 
by ten, range switch set to XO. 1, through the decade 
divider U7, or divided by 100, range switch set to 
X.01, through both decade dividers U7, U8. 

Up/Down Counter 

4.111 The Up/Down Counter is made up of two 
synchronous, reversible up/down count

ers, U9 and U10, each having four binary outputs. 
The ripple clock output, pin 13, of U9 is connected 
to the clock input, pin 14, of U10 making them ef
fectively one up/down counter having eight binary 
outputs. The up/down count is controlled by J-K 
flip-flop, U11, which is triggered to change state 
on the coincidence of max. or min. outputs from 
the two counters. The eight binary outputs provide 
a total count of 255 in each direction, or a total of 
510 for each cycle of up/down operation. These 
outputs are connected to the D/ A converter, U12. 

D/ A Converter 

4. 112 The D/ A Converter changes the linearly 
progressing binary input count to a lin

early increasing or decreasing, depending on the 
direction of the count, output current. The current 
increases or decreases in small steps, one step 
for each count. This produces a triangular cur
rent waveform having a total range of zero to 2 mA 
from minimum to maximum. One cyclo of this 
waveform is produced by 510 input counts to the 
D/A Converter. 

4. 113 The D/ A output is connected to opera-
tional amplifier U13, which is given a 

DC offset, +5V applied through R22, so that the 
output triangular waveform of the amplifier is 
centered between ± 1 rnA. 

Sine Converter 

4.114 The &lne Converter, which is an active 
fHter, takes the triangular wave output 

of U13 and converts it into a sine wave. The filter 
makes use of the fact that in a field effect transistor 
(FET), for a fixed gate voltage, the drain current 
as a function of drain voltage between zero and 
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pinch-off resembles a quartcr sine wave. Since 
drain and source are symmetrical they may be 
switched back and forth to provide a complete sine 
wave. The FET transistor is Q2 and CR1, CR2 
are the switching diodes. Adjustment for minimum 
distortion is made by adjusting the input level with 
R23 in the feedback loop of U13, and the source 
resistance, R28. Output level to the following buf
fer amplifier, U1S, is adjusted by R29. 

Output Gate 

4.115 The Output Gate is an FET switch, Q5, 
that is turned on or off by the output of 

the Level Translator, Q3, Q4, which is controlled 
by S1103 through NAND gate U2-1, 2, 3, 8, 9, 10. 
When switch S1003 is not in the OFF position S1013 
selects either continuous tone or tone bursts when 
S1014 i8 depres8ed. The output of Q4 back biases 
CR3 to turn on QS. The signal then passes to the 
front panel LEVEL control, R1002. 

Output Amplifier 

4.116 From the LEVEL control the signal 
passes to the Output Amplifier, U16, 

which provides the required output voltage. U16 
is an operational amplifier capable of providing 
3.0 volts output across 600rl. R30 is a thermistor 
which provides temperature compensation. 

Burst Time Generator 

4.117 In the BURST mode the burst time is 
controlled by the timing unit U14. The 

time that U14 delivers a positive output to Q3 to 
turn on the output gate is determined by the timing 
resi8tor8 R35, R1005 and capacitors C15, C16. 
(The time is t = 1. 1 RC, where R = R35 + R1001 
and C = C15 + C16). R1005 is the front panel, 
Figure 1-1, BURST (SEC) control. Thus when 
R1005 is minimum the burst time is .03 seconds, 
and at maximum it is 1 second. The BURST is 
keyed on by the front panel ENABLE control. 
R31, C14 differentiates the start pulse to a short 
spike to properly trigger the timing unit, U14. 
One burst will be delivered each time the ENABLE 
control is depressed. 

HIGH LEVEL AMPLIFIER, M11 OPTION 

L 118 An available High Level Amplifier, MIl 
Option, has a typical uncalibrated signal 

output level of -30 dBm to +10 dBm (7mV to 700mV) 
from .01 MHz to 512 MHz, with a maximum output 
at 999.9999 MHz of >-7 dBm (100m V RMS). 

4.11\J Change8 necessary are to add one switch 
to the Front Panel, add High Level Amp

lificr and Wide Band Amplifier Fuse Assemblies, 
uxchange HF Switch assemblies, and make changes 
in cable cOlmections as shown in the Microwave 
C ul:'ting Iuturconnuction Diagram, 3000, Figure 6-11. 
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Functional Description 

4.120 The Frequency Synthesizer output is 
routed by the RF Switch to either the 

Front Panel 0-1000 MHz connector, the High Level 
Amplifier, or the RF plug-in unit as the L. O. signal. 

4.121 In the High Level Amplifier the signal is 
amplified to produce an output level at 

the Front Panel High Level connector (when selected) 
of up to +10 dBm. 

4.122 The High Level Amplifier is protected 
against the application of excessive voltage 

levels at the High Level output connector by the 
Wide Band Amplifier Fuse Assembly. 

Circuit Description 

4.123 RF S\VlTCH. 3200, M11 

4. 124 The RF Switch, Figure 6-33, routes the 
Frequency Synthesizer output to either of 

the two output connectors or to the RF plug-in unit. 
The switches are PIN diodes and only one switch 
is on at a time. +20V applied to the junction of one 
of the diode pairs, CR1, CR4 or CR2, CR6 or CR3, 
CR7 turns on the switch while -12V turns it off. 
CR5, CR8 are turned on by the -12V to provide a 
low impedance path to ground so that there will be 
no signal feed through when the switch is off. 

4.125 With the FUNCTION switch in the SIG GEN 
position, and the High Level switch not 

selected, switch CR1, CR4 is closed. This connects 
the signal to the 0-1000 MHz output connector. If 
the High Level switch is selected, switch CR2, CR6 
is closed and the signal is routed to the High Level 
Amplifier. With the FUNCTION switch in the MON
ITOR position switch CR3, CR7 is closed and the 
signal goes to the plug-in as the L. O. signal. 

4.126 HIGH LEVEL AMPLIFIER. 3300, MIl 

4.127 IC1, Q5, Q6 are wide band amplifiers 
capable of producing +10 dBm into 50 ohms 

over a frequency range of 20 MHz to 1000 MHz. See 
Figure 6-34. Q1-Q4 are wide band amplifiers that 
work over the range of 10 kHz to 20 MHz, capable of 
producing an output of +10 dBm over this range. The 
two sets of amplifiers work in parallel to cover the 
full 10 kHz to 1000 MHz High Level range of the in
strument. The amplifier is switched on by applying 
+20V to pin 1 when the FUNCTION switch is in the 
SIG GEN position and the HIGH LEVEL switch has 
been selected. 

4.128 WIDEBAND AMPLIFIER FUSE ASSEMBLY 
3050, M11 

4.129 Overload protection for the wideband amp-
lifier is provided on this circuit board, 

Figure 6-32. Fuse, F1, and diodes CR1-CR4 protect 
the amplifier from excessive voltages which might 
be applied to the output connector. 
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SECTION 5 

MAINTENANCE 

GENERAL INFORMATION 

5.01 This section of the manual is divided into 
two parts: "Adjustment" and "Trouble

shooting". It is recommended that for adjustments 
other than those described, the faulty sub-assembly 
or the entire instrument be returned to Cushman 
Electronics, Customer Service Department, for 
calibration and alignment. Refer to paragraph 
2.05, 2.06. 

5.02 In the following discussions it is assumed 
that the technician is familiar with the 

operating procedures described in Section 3. 

5.03 The instrument should be warmed up for 
30 minutes before any adjustment is at

tempted. 

Access and Parts Location 

5.04 Components in the top part of the instru-
ment can be reached by removing the side 

covers. Each cover is held in place by six screws. 
The speaker leads must be disconnected before 
the right hand cover can be removed completely. 
Speaker leads should be secured so that they will 
not short to the chassis. Stand the instrument on 
its back to remove the bottom cover. This will 
expose all the circuit boards that plug into the 
chassis. 

5.05 Figure 5-1 shows the location of the cir
cuit boards in the bottom of the instrument. 

The same drawing is screened on the inside of the 
bottom panel. The component identification drawings 
on the inner leaf of the circuit board schematics 
show the location of the adjustable components. 

5.06 The fuses for the three regulated power 
supplies are on the rectifier board which 

is mounted on the inside of the rear panel near the 
upper left hand corner. The board is marked with 
the voltage to identify each fuse. The fuse for the 
oscilloscope plug-in is mounted above the jack of 
the left hand plug-in jack panel. The main fuse is 
mounted on the rear panel near the power cord and 
is accessible from the outside of the instrument. 

5.07 A board extractor and an extender board 
are furnished. They are inserted in a 

compartment in the bottom of the instrument. Be
fore removing or inserting a circuit board, be sure 
to turn off the power to the instrument. 

5. OS All available adjustments in the center 
casting are accessible through the casting 

covers and are appropriately marked. 

ADJUSTMENTS 

Equipment Required 

5.09 The following instrmnents or their equi
valent may be used. 

Oscilloscope HP IS0A 
Digital Multimeter HP 10004B 
20 dB Fixed Attenuator Weinschel 50-20 

~,-----------------------------------~ 

J4007 I 
I I I 

4800 J4008 4700 

I iii] Eiii 
4600 J4006 4500 

I I p-
4400 J4004 4300 , 

I I 
I E 

0000* )4002 4100* 

FRONT OF 
INSTRUMENT ~ 

3100 

I =-;J I 
2800 J2008 2700 

I I ! 
2600 J2006 2500 

C====:3 I 
2400 nOO4 2300 

f I E 
2200 J2002 2100 

_iii] 
I I !~ 

I I ??l 
J4003 

_i±J 

II 
J4001 TURN POWER OFF 

BEFORE INSERTING 

III 
OR REMOVING 
PRINTED CIRCUIT 

J 
BOARDS 

nOO7 

III I 
J2005 

3 II i::~~ 

BOTTOM VIEW 

Figure 5-1. Circuit Board Location 

* With MIO Option installed, 0000 becomes 4900; 4100 becomes 0000. 
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40 dB Fixed Attenuator 

VHF /UHF Receiver 

Signal Generator 

Power Meter 

Electronic Counter 

Wide Band Amplifier 

Weinschel 
Model 50-40 

CE-5 or CE-6A 
with a 304 (B) or 
305 (B) plug-in 

HP 8640 

General Micro
wave 460B and 
Power Head 
N422C 

EIP 350C 

HP 8447D 

Power Supply Voltages 

5.10 Remove the side covers of the instrument 
and measure voltages at the marked ter

minals on the left side of board 5100, which is 
mounted on the rear panel. Adjustment controls 
are adjacent to the terminals. 

NOTE 

The regulated power supplies are set to 
within 20mV of the rated output at the 
factory. They should not be adjusted un
less a voltmeter with greater accuracy 
is available. 

a. Measure the +20V with the DMM at 
terminal 15 (red wire). Adjust 

R21 for +20V ± O. 02V. 

b. Measure the +5V at terminal 13 
(green wire). Adjust R17 for +5V 

± O. 02V. 

c. Measure the -12V at terminal 14 
(orange wire). Adjust R24 for 

-12V ± O. 02V. 

1300-2200 MHz Phase Lock Loop 

5.11 Remove plug button. Insert the XI0 
probe through the hole in the center 

casting right rear cover plate, marked 3900, 
and connect to the U-shaped wire directly under 
the hole. 

a. Set oscilloscope (or DMM) to IV 
DC and connect XI0 probe to os

cilloscope input. 

b. step the 100 MHz frequency sel-
ector dial (most Significant digit 

on left) through 0-9. Observe voltage 
at each step. 

c. Adjust the appropriate capacitor 
on the 3800 board for DMM reading 

of -0. 4V DC. Holes on the cover plate 
over the 3800 board are marked 1. 3 
to 2.2. The proper capacitor is 0.1 the 
dial setting plus 1. 3. Dial 0 Is 1. 3, dial 
1 is 1.4, etc. (Remove four flat head 
screws from bottom of plug-in tray and 

5-2 

move out of the way to reach rear ad
justments). 

d. Recheck voltages after making ad
justments. Voltage may be between 

-0.3 and -0.5V, preferably close to 
-0. 4V. Remove probe. 

1190-1300 MHz Phase Lock Loop 

5.12 Insert the XI0 probe through the lower 
hole in the center casting left rear cover 

plate, marked 3750, and connect to the U-shaped 
wire directly under the hole. Remove plug-in unit 
to gain access to the hole. 

a. Set oscilloscope (or DMM) to IV DC 
range and connect XI0 probe to os

cilloscope input. 

b. Set the 1 MHz frequency selector 
dial (third most Significant digit, 

third from left) to zero for this adjust
ment. 

c. Switch the 10 MHz frequency sel-
ector dial (second most significant 

digit, second from left) through positions 
0-9 and observe voltage at each step. 

d. Adjust the appropriate resistor on 
board 4800. See Figure 5-1. (Re

move bottom cover and stand CE-4 on 
its back). The adjustable resistors are 
in order from back to front. Dial 0 is 
adjusted by resistor toward rear and 
dial 9 is adjusted by resistor toward 
front. 

e. Adjust each dial position for a 
reading of -0.4V on the DMM. 

Voltage may be between -0.2 and -0.6V 
but should be set to -0.4V as closely as 
possible. Disconnect probe. 

step Attenuator 

5.13 Set monitor frequency to 150 MHz, 
FUNCTION to SIG GEN CW, Step Atten

uator to +40 dB and Variable Attenuator full clock
wise. 

a. Connect a DC Voltmeter to the AGC 
output of a VHF/UHF receiver. 

A poor VSRW in the receiver can cause 
large errors. 

b. Connect the 20 dB fixed attenuator 
between the receiver and the 0-1000 

MHz output connector of the CE-4. Tune 
receiver to signal. 

c. Note the signal level as indicated 
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by the reading on the DC voltmeter con
nected to the receiver. Make certain 
that the receiver is not saturated. (20-
50J.tV input to receiver). 

d. Switch the CE-4 step Attenuator to 
+20 dB. Remove the 20 dB flxed 

attenuator and connect the receiver to 
CE-4 output. Adjust R40 (marked 20S) 
on the 3100 board for the same level 
reading as noted in step c. 

e. Reset CE-4 step attenuator to 
+40 dB, insert the 40 dB fixed at

tenuator between the CE-4 output and 
the receiver. Note the signal level as 
indicated by the reading on the voltmeter 
connected to the receiver. 

f. Set the C E-4 step attenuator to 
o dB. Remove the 40 dB fixed 

attenuator and connect receiver to CE-4 
output. Adjust R37 (marked 40S) on the 
3100 board for the same level reading 
as noted in step e. 

Output Power Calibration 

5.14 Set the C E-4 Monitor Frequency to 150 
MHz, FUNCTION switch to SIG GEN CW, 

Step Attenuator to +40 dB, Variable Attenuator to 
-107 dBm. 

a. Set the Signal Generator (HP 8640) 
for 150 MHz and -27 dBm output. 

Connect it to the Power Meter and note 
the meter reading. 

b. Connect the Power Meter to the 
0-1000 MHz output connector on 

the CE-4, using 40 dB fixed attenuator. 
Adjust R26 (marked CAl on the 3100 
board for the same meter reading as 
noted in step a. 

Time Base Calibration 

5.15 Set the CE-4 Monitor Frequency to 
900.0000 MHz, FUNCTION switch to 

SIG GEN, Step Attenuator to +40 dB, Variable 
Attenuator to -107 dBm. 

a. Connect wideband amplifier (900 
MHz, 26 dB) to CE-4 0-1000 MHz 

output. Connect counter to amplifier 
output. 

b. Set counter for 900 MHz input and 
observe frequency counted. 

c. Using a non-metallic adjusting 
tool, adjust the trimmer in the 

crystal oscillator enclosure mounted on 
chassis just behind left plug-in tray un
til the counter display reads 900,000,000 
± 20 Hz. Remove counter and amplifier. 

Frequency Meter Calibration 

5.16 Set the C E-4 Monitor FUNCTION switch 

560 I" 0 0 6 5 5-3 
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to SIG GEN. Set CAL control to 12 0' clock position. 
Set meter range switch to 1. 5 kHz. 

CE-4 

a. Turn off the CE-4 and mechanically 
adjust the FREQUENCY error 

meter to center zero. Place the 4600 
board on extender. 

b. Turn on the CE-4 and adjust R53 
on the 4600 board (see component 

identification drawing on Figure 6-22) 
for a zero reading on the FRE.'QUENCY 
error meter. Turn off CE-4 and replace 
4600 board. 

c. Turn on CE-4. Set FUNCTION 
switch to SIG GEN FM. Set FM 

CAL control to 2 0' clock position. Ad
just L2 on 4400 board (see component 
identification drawing on Figure 6-21) 
for a zero reading on the FREQUENCY 
error meter. 

d. Set the CE-4 frequency to 50.0550 
MHz, set FUNCTION sV\>itch to 

MONITOR, set FREQUENCY meter 
range switch to 1. 5 kHz. 

e. Set the signal generator (HP 8640B) 
to 50.055 MHz and lock at this 

frequency. Connect signal generator to 
the input of the RF plug-in in the Wide 
Band mode. Set plug-in SENSITIVITY 
to WIDE. Adjust signal generator out
put until the CE-4 SIGNAL LEVEL light 
comes on. 

f. Set FREQUENCY meter on the 
CE-4 to zero with the CAL control. 

g. Set the CE-4 frequency dials to the 
following frequencies and the 

FREQUENCY meter range switch to the 
following settings: Adjust the indicated 
control on board 4400 for a full scale 
reading, either plus or minus, for each 
range. (The signal generator must be 
left at the locked frequency, 50.055 MHz). 
The first setting gives the minus full 
scale reading and the second the plus 
full scale reading. 

Meter Range Adjustment 
Frequency SV\>itch Control 

50.0565 1. 5 kHz R4405, marked 1.5 
kHz, adjust for (-) 
full scale 

50.0535 1. 5 kHz Check for (+) full 
scale ± O. 5 div. 

50.0600 5.0 kHz R4404, marked 5 
kHz, adjust for (-) 
full scale 

50.0500 5.0 kHz Check for (+) full 
scale ± 0.5 divo 

50.0700 15 kHz R4403, marked 15 
kHz adjust for (-) 
full scale 



CE-4 
Frequency 

50.0400 

Meter Range 
Switch 

15K 

TROUBLESHOOTING 

Adjustment 
Control 

Check for (+) full 
scale ± 0.5 div. 

5.17 Before making extensive checks of 
other circuits the power supply reg

ulated outputs should be checked according to 
paragraph 5.10. 

5.18 Check the instrument in both Monitor 
and Signal Generator modes to determine 

whether the trouble i.s confined to either mode. 
Also check to see whether it is localized in either 
CW, AM or FM. If another CE-4 is available, 
suspected boards may be substituted. In shooting 
trouble, use the block diagrams, Figures 4-2, 

Table 5-1. Troubleshooting Chart 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

TROUBLE 

CE-4 inoperative 

CE-4 inoperative 
except oven light 

Frequency Meter 
pinned, Signal Level 
light on 

POSSIBLE CAUSE 

Main fuse 

Fuse on power supply 
regulator board 

No -12V DC 

No RF signal reception, RF plug-in 
Signal Generation OK 

No Signal Generation, 40 dB attenuator fuse 
reception OK, CAL OK 

No Signal Generator 
FM or CW, no CAL, 
reception OK 

No CW Signal Gener
ation, FM Sig Gen OK 

No FM Sig Gen, CW 
Sig Gen OK 

No CAL, no SIG GEN, 
no reception, unlocked 
light on 

10 MHz modulator 

No 10 MHz output from 
Reference Divider 

VCO on 10 Hz Modulator 
board 

Reference Divider board 
or Time Base 

4-3 to trace signals through the instrument. 

5.19 To further narrow down the area of 
trouble, a high frequency oscilloscope 

such as the HP 180 series or equivalent, or a 
frequency counter such as the EIP 350C or equi
valent may be used for signal tracing. The fre
quencies and voltages into and out of the circuit 
boards are given in many cases on the block dia
grams. 

5.20 In the troubleshooting Table 5-1 some 
front panel indications of possible troubles 

are listed with the possible cause and the circuits 
or boards that should be checked. 

5.21 If trouble is traced to the Microwave 
Casting it is suggested that the instrument 

be returned to Cushman Electronics, Customer 
Service for repair. See paragraph 2.05, 2.06. 

CHECK 

Check and replace if necessary. 

Check and replace if necessary. 

Check -12V fuse on rectifier board. 

Check for signal through plug-in, check 
for proper squelch output 

Check 40 dB attenuator 

Check 10 MHz outputs from 10 MHz board, 
4400 

Check for 10 MHz output from Reference 
Divider board, 2700 

Check VCO output at board pin J4004-U 

Check board 2700 for proper outputs and 
input. 

10. Frequency meter 
pinned in CAL or Sig 
Gen. SIGNAL LEVEL 
light on 

Second IF and discriminator Check 9.9 MHz to board 4600, check di::<
criminator input and output. 

11. 

12. 

SIGNAL LEVEL light 
on. No RF in. Fre
quency meter pinned 
in MONITOR 

Unlocked light on, 
but C E-4 appears 
to work OK 

RF plug-in 

Unlocked light logic 
or pulse stretcher 

5-4 

Squelch misadju ::;tor!. 

Check unlocked light circuits on 2500 board. 
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SECTION 6 

SCHEMATIC DIAGRAMS 

Schematic Diagrams 

6.01 The following schematic diagrams have 
been arranged in order according to the 

Circuit Reference Series numbers. Refer to para
graphs 4.02 - 4.06. Each schematic diagram is 
identified with this number. The circuit boards in 
the instrument are marked with an identifying As-

sembly Number. The PC Board number is etched 
on the board. See Cross Reference Table 6-1 
below. 

6.02 Component identification drawings show-
ing the location of the individual components 

on the circuit board are placed on the facing sheet 
of the schematic diagram to which they apply. 

Table 6-1. Printed Circuit Board and Circuit Reference Numbers Cross Reference 

Ckt. Bd. Ckt. Assembly Fig. Page 
No. Circuit Title Ref. No. No. No. No. 

1780-0264 17. 9-19 lVIHz Mixer 2400 7001-0165 6-6 6-13 
1780-0271 1190-1300 MHz Phase Lock 3750 7001-0158 6-18 6-35 
1780-0274 1300-2200 MHz Phase Lock 3900 7001-0160 6-20 6-39 
1780-0275 Voltage Controlled Attenuator 3600 7001-0156 6-16 6-31/6-32 
1780-0278 1300-2200 MHz Oscillator 3800 7001-0159 6-19 6-37 
1780-0281 RF Switch 3200 7001-0401 6-13 6-26 
1780-0283 Microwave Mixer 3500 7001-0155 6-15 6-29 
1780-0288 Power Supply and Regulator 5100 7001-0168 6-25 6-49 
1780-0297 Frequency Multiplier 2200 7001-0147 6-4 6-9 
1780-0299 100 kHz Divide-by-N 2300 7001-0144 6-5 6-11 
1780-0737 40 dB Attenuator ---- 7001-0430 6-27 6-51/6-52 
1780-0312 1000 MHz Low Pass Filter 3450 7001-0154 6-14 6-27 
1780-0314 1190-1300 MHz Oscillator 3700 7001-0157 6-17 6-33 
1780-0517 Attenuator Control 3100 7001-0402 6-12 6-25 
1780-0523 AC Filter 5200 7001-0415 6-26 6-50 
1780-0525 Second IF/Discriminator 4600 7001-0400 6-22 6-43 
1780-0528 Reference Divider 2700 7001-0399 6-9 6-19 
1780-0707 100 Hz VCO and Phase Detector 2800 7001-0375 6-10 6-21/6-22 
1780-0708 100 Hz Divide-by-N 2600 7001-0376 6-8 6-17 
1780-0709 RF Mixer 2100 7001-0377 6-3 6-7 
1780-0710 10 MHz Modulator and Switch Logic 4400 7001-0442 6-21 6-41 
1780-0711 Audio Amplifier and Variable Control 4800 7001-0379 6-23 6-45/6-46 
1780-0712 100 kHz VCO and Phase Detector 2500 7001-0380 6-7 6-15 

Front Panel Interconnection Diagram 1000 6-1 6-3/6-4 
Microwave Casting Interconnection Diagram 3000 6-11 6-23 
Main Chassis Interconnection Diagram 2000/4000 6-2 6··5 
Rear Panel Interconnection Diagram 5000 6-24 6-47 

1780-0711 Audio Amplifier and Varactor Control M10 4800-M10 7001-0416 6-29 6-55 
1780-0713 Switch Mounting M10 1100 -M10 7001-0382 6-28 6-53 
1780-0714 Frequency Synthesizer M10 4900-M10 7001-0383 6-30 6-57/6-58 

Tone Generator Interconnection Diagram M10 6-31 6-59 
1780-0263 Wideband Amplifler Fuse Assy Mll 3050-Mll 7001-0455 6-32 6-60 
1780-0281 RF Switch Mll 3200-Mll 7001-0152 6-33 6-61 
1780-0516 High Level Amplifier Mll 3300-Mll 7001-0263 6-34 6-62/6-6:~ 
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Figure 6-30. Frequency Synthesizer Assembly. 4900 - M10 
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CIM CE-4 

SECTION 7 
PARTS LISTS 

GENERAL 

7.01 The Parts Lists in this section are given 
in reference designator order beginning 

with the lowest numbered Assembly, continuing 
through the highest numbered Assembly, and 
ending with the Assemblies used in the various 
modifications. Individual components on the 
Assemblies are listed by reference designator in 
alpha-numeric order. 

7.02 Each Parts Lists consists of the circuit 
reference designator number, a descript

ion of the assembly or component, the Cushman 
Electronics stock number, the manufacturer's 
name, and the manufacturer's part number. 

5601"0065'°2 7-1 

ORDE RING PARTS 

7.03 To order a replacement part from the 
Parts List, contact the Cushman Elec

tronics Customer Service Department or the 
nearest regional Service Center. Always indi
cate the Cushman stock number, a description 
of the part and the quantity required. 

7.04 To order a part or item of hardware 
not shown in the Parts List, give the 

Instrument model and serial number, a descrip
tion of the part and its function and the quantity 
required to the Cushman Electonics Customer 
Service Department or the nearest regional 
Service Center. 



CIM CE-4 

Front Panel, 1000 

CKT. REF. DESC RIPTION CE STOCK NO. MFR. MFR. NO. 

1000 Panel Assy, Front 7003-0112 Cushman 

DIODES 

CR1 Diode, red, light emitting 1281-0113 Dlaloo 559-0101-001 
CR2 Diode, red, light emittlng 1281-0113 Dlaleo 559-0101-001 
CR3 Diode, red. light emitting 1281-0113 Dlaleo 559-0101-001 

, 
PANEL LIGHT 

OSl Lamp, Oven On 2900-0007 Dialeo 507-4537-1437-640 

CONNECTORS 

J1 Conn, BNC Jack Rect. Panel Mt. 2536-0010 Kings KC79-35 
J2 Conn, BNC Jack Rect. Panel Mt. 2536-0010 Kings KC79-35 
J3 Conn, BNC Jack Rect. Panel Mt. 2536-0010 Kings KC79-35 

METER 

M1 Meter, Frequency w/Bezel 1402-0018 Cushman 

RESISTORS 

RI/S2 Pot, 10K, 20%, Aud Tpr Cmrsn Dpst 1203-0084 CTS Brnev LM2903A FR-027-45-8D 
R2 p/O S7 
R3 Pot, lK, 500K, Linear Dual 1204-0003 Allen-B r8LUey JJC91400C 
R4/s12 Pot, 2.5K, 20%, 1/2W w/Spst 1203-0053 CTS Brnsv GC321 X4P1385 
R5 Res, 150 Ohm, 5%, 1/4W Comp 1066-1515 Allen-Bradley CB1515 

SWITCHES 

Sl Switch, Rotary 2 Pole 10 Position 1851-0074 Cushman 
S2 p/o R1 
S3 Switch, Rotary 5 Pole 10 Position 1851-0101 Cushman 
S4 Switch, Toggle Spdt 1850-0008 C&K 7101 
S5 Switch, Rotary 5 Pole 10 Position 1851-0075 Cushman 

S6 Switch, Lever 1851-0063 Cushman 
s7/R2 Switch, Rotary Cnctrc 4 PI 5 Pos Pot 1851-0104 Cushman 
S8 Switch, Rotary 4 Pole 10 Position 1851-0105 Cushman 
S9 Switch, Rotary 4 Pole 10 Position 1851-0105 Cushman 
S10 Switch, Lever 1851-0063 Cushman 

Sl1 Switch, Rotary 4 Pole 10 Position 1851-0105 Cushman 
812 p/o R4 
S13 Switch, Rotary 4 Pole 10 Position 1851-0105 Cushman 

-. 
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CIM CE-4 

Main Chassis, 2000/4000 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2000/4000 Assy, Main Wiring 7030-0142 Cushman 

CAPACITORS 

C4001 Cap, 1000PF, 20%, 500V Feedthru 1005-0008 Erie 357-001-X5UO-102M 
C4002 Cap, 1000PF, 20%, 500V Feedthru 1005-0008 Erie 357-001-X5UO-102M 
C4003 Cap, 1000PF, 20%, 500V Feedthru 1005-0008 Erie 357-001-X5UO-102M 
C4004 Cap, lOOOPF, 20%, 500V Feedthru 1005-0008 Erie, 357-001-X5UO-102M 
C4005 Cap, lOOOPF, 20%, 500V Feedthru 1005-0008 Erie 357-001-X5UO-102M 

FUSE 

F2001 Fuse, 2/10 Amp 1955-0009 lBussman MDL 2/10 

CONNECTORS 

J2001 Conn, 44 Pin Double Row Female 2535-0023 Viking 2VK22D/1-1 
J2002 Conn, 44 Pin Double Row Female 2535-0023 Viking 2VK22D/1-1 
J2003 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J2004 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J2005 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 

J2006 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J2007 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J2008 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J2009 Socket, Oct.al 2605-0001 Cinch Jones 8 EM 
J2010 Conn, 24 Pin Female 2535-0020 iAmphenol 25-190-24 

J2011 Conn, 3 Pin Mini Receptacle Housing 2535-0035 Molex 03-06-1032 
J2012 Conn, 6 Pin Mini Receptacle Housing 2535-0049 Molex R03-06-1061 
J2013 Conn, 24 Pin Female 2535-0020 ~mphenol 25-190-24 
J2014 Conn, BNC Push On 2536-0039 ~ecialty Co. 28JS140-3 

J4001 Not Used 
J4002 Not Used 
J4003 Not Used 
J4004 Conn, 44 Pin Double Row Female 2535-0023 Viking 2VK22D/1-1 
J4005 Not Used 

J4006 Conn, 22 Pin PC Bd Female 2535-0018 Viking 2VK22S/1-1 
J4007 Not Used 
J4008 Conn, 44 Pin Double Row Female 2535-0023 Viking 2VK22D/1-1 

INDUCTORS 

L4001 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4002 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4003 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4004 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4005 Choke, 47 OJ.LH , 5% 1585-0019 Delevan 2500-12 

SPEAKER 

LS2001 Speaker 1715-0003 ~uam 74-6248 

CRYSTAL 

Y2001 Osc, Ovenized, 5 MHz 2001-0002 Cushman 
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ClM CE-4 

R. F. Mixers, 2100 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2100 PCB Assy, RF Mixers 7001-0377 Cushman 
PC Board 1780-0709 Cushman 

CAPACITORS 

C1 Cap, • 002~F, 20%, SOOV Disc 100S-0003 Erie 831-596-ZSU-202M 
C2 Cap, 100PF, S%, SOOV Mica 1002-0011 Elmenco DM15-F-101J 
C3 Cap, • 002~F, 20%, SOOV Disc 1005-0003 Erie 831-S96-Z5U-202M 
C4 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie' 831-596-Z5U-202M 
C5 Cap, 100PF, 5%, SOOV Mica 1002-0011 Elmenco DM15-F-101J 

C6 Cap, 2-8PF, 350V Vert Trim 1001-0004 Erie S38-002A-2-8-89A 
C7 Cap, 1.5PF, .25PF%, SOOV Tub. 100S-0041 Erie 301-000-COKO-1S9C 
C8 Cap, 12PF, S%, 500V Mica 1002-0017 Elmenco DM1S-C-120J 
C9 Cap, 1. SPF, .2SPF%, SOOV Tub. 1005-0041 Erie 301-000-COKO-1S9C 
C10 Cap, 15PF, 5%, SOOV Tub. 1005-0010 Erie 301-000-COGO-150J 

Cll Cap, • 002~F, 20%, SOOV Disc 1005-0003 Erie 831-S96-7.5U-202M 
C12 Cap, 2-8PF, 350V Vert Trim 1001-0004 Erie S38-002A-2-8-89A 
C13 Cap, 15PF, 5%, SOOV Tub. 1005-0010 Erie 301-000-COGO-1S0J 
C14 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-S96-Z5U-202M 
CIS Cap, 9-3SPF, 200V Vert Trim 1001-0006 Erie S38-002-94D 

C16 Cap, • 002~F, 20%, SOOV Disc 100S-0003 Erie 831-596-Z5U-202M 
C17 Cap, • 002~F, 20%, SOOV Disc 1005-0003 Erie 831-596- Z5 U-202M 
C18 Cap, • 002~F, 20%, SOOV'Disc 100S-0003 Erie 831-S96-Z5U-202M 
C19 Cap, • 002~r, 20%, SOOV Disc 1005-0003 Erie 831-596-Z5U-202M 
C20 Cap, 5. 5-18PF, 350V Vert Trim 1001-0008 Erie 538-002A-5.5-18 

C21 Cap, 3. 3PF, .25PF%, 500V Tub. 1005-0011 Erie 301-000-COJO-339C 
C22 Cap, 10PF, 5%, 500V Mica 1002-0016 Elmenco DM15-C-100J 
C23 Cap, • 68PF, .25PF%, 500V Tub. 1005-0039 Erie 301-000-COKO-688C 
C24 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C25 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C26 Cap, 3. 3PF, .25PF%, SOOV Tub. 1005-0011 Erie 301-000-COJO-339C 
C27 Cap, 10PF, S%, SOOV Mica 1002-0016 Elmenco DM1S-C-100J 
C28 Cap, • 002~F, 20%, SOOV Disc 1005-0003 Erie 831-596-Z5U-202M 
C29 Cap, 24PF, 500V Mica 1002-0051 Elmenco DM15-C-240J 
C30 Cap, 5PF. • SPF%, SOOV Mica 1002-0028 Elmenco DM15-C-050D 

C31 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C32 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C33 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U -202M 
C34 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C35 Cap, 24PF, 5%, 500V Mica 1002-0051 Elmenco DM15-C-240J 

C36 Cap, 5PF, .5PF%, 500V Mica 1002-0028 Elmenco DM15-C-050D 
C37 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-S96-Z5U-202M 

DIODES 

CR1 Diode, HPA2800 1283-0001 HPA 5082-2800 
CR2 Diode, HPA2800 1283-0001 HPA 5082-2800 
CR3 Diode, HPA2800 1283-0001 HPA S082-2800 
CR4 Diode, HPA2800 1283-0001 HPA S082-2800 
CR5 Diode, HPA2800 1283-0001 HPA 5082-2800 

CR6 Diode, HPA2800 1283-0001 HPA S082-2800 
CR7 Diode, HPA2800 1283-0001 HPA 5082-2800 
CR8 Diode, HPA2800 1283-0001 HPA 5082-2800 
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CIM CE-4 

R. F. Mixers, 2100 (cont) 
---

CKT. REF. I DESC IUPTION CE STOCK NO. MFR. MFR. NO. 
I .-
1 

I · INDUCTORS 
, 

L1 ! Choke, 2 1/2 Turns Wide BaM 1586-0003 VK 20020/4B 
L2 • Choke, .33J.lH, 5% 1585-0052 Delevan 1535-04 
L3 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4 Assy, Coil Variable 3 1/4 Tum 1596-0052 Cushman 

I 
L5 Assy, C oil Variable 3 1/4 Tum 1596-0052 Cushman 

, ! L6 Assy, Coil Variable 3 1/3 Tum 1596-0052 Cushman 

I 
L7 ! Choke, • 15t.tH, 20% 1585-0048 Delevan 1537-00 
L8 i Choke, 2 1/2 Turns Wide Band 1586-0003 

IVK 20020/4B 
L9 I Assy, Coil Variable 4 3/4 Tum 1596-0062 ,Cushman 

1 L10 i Assy, Coil Variable 3 1/4 Tum 1596-0052 I Cushman 
i 

Lll ; Assy, Cuil Variable 3 1/4 Tum 1596-0052 Cushman 
L12 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L13 · Choke, U-250 Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L14 · Assy, Coil Variable 13/4 Tum 1596-0051 Cushman 
L15 i Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 

L16 ,Assy, Coil Variable 1 3/4 Tum 1596-0051 Cushman 
L17 Choke, 2 1/2 Turns Wide BaM 1586-0003 VK 20020/4B 

· TRANSISTORS 

Q1 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q2 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q3 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q4 Trans, 2N4121 1272-0023 Fairchild 2N4121 

RESISTORS 

R1 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R2 Re5, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R3 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R4 Re8, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R5 Res, 2.7K, 5%, 1/4 W Comp 1066-2725 Allen-Bradley CB2725 

I R6 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
I 

i 
R7 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R8 Res, IX, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

I 
R9 Res, 51 Ohm, 5%, 1/4 W Comp 1066-5105 Allen-Bradley CB5105 
RIO Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 , 

I 

I Rll Res, 4.7K. 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 
R12 Res, 1. 5.K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 

1 R13 Not lfsed , 
R14 Res, 4. '"i Ohm, 5%, 1/4 W Comp 1066-0001 Ohmite , 

i 
R15 Ile.s, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 

I R16 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 
I 

R17 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 I I ) , 
TH.A.NSFORMERS j 

I 

I 1'1 Assy, Transformer Bifilar Toroidal 1579-0025 Cushman 

I 
1'2 Assy, Trifilar Coil 1579-0017 Cushman 
T3 Assy, Trifi.lar Coil 1579-0017 Cushman 
T4 AJGY. Transformer Bifilar Toroidal 1579-0025 Cushman 

I T5 I Assy t Transformer Bifilar Toroidal 1579-0025 Cushman 

I T6 ! Assy, Trifilar Coil 1579-0017 Cushman I 1'7 I Assy, Trifilar Coil 1579-0017 Cushman 

I T8 I Assy, T ransIorm 8r Bifilar Toroidal 1579-0025 Cushn::an 
I -,-"-" 
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ClM CE-4 

Frequency Multiplier. 2200 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2200 Assy, Multiplier Frequency 7001-0147 Cushman 
PC Board 1780-0297 Cushman 

CAPACITORS 

C1 Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-I01J 
C2 Cap, .04lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C3 Cap, .01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C4 Cap, 30PF, 5%, 500V Mica 1004-0010 Cornell-Dub. CD10ED300J 
C5 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C6 Cap, .01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C7 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C8 Cap, .01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103 Z 
C9 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C10 Not Used 

Cl1 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C12 Not Used 
C13 Cap, 390PF, 5%, 100V Mica 1004-0017 Cornell-Dub. CDlOFA391J 
C14 Cap, 240PF, 5%, 500V Mica 1002-0030 Elmenco DM15-F-241J 
C15 Cap, 10PF, 5%, 500V Mica 1002-0016 Elmenco DM15-C-100J 

C16 Cap, 51PF, 5%, 500V Mica 1004-0012 Cornell-Dub. CD10ED510J 
C17 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103 Z 
C18 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C19 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-I03Z 
C20 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-I03Z 

C21 Cap, 10PF, 5%, 500V Mica 1002-0016 Elmenco DM15-C-I00J 
C22 Cap, 240PF, 5%, 500V Mica 1004-0015 Cornell-Dub. CDI0FD241J 
C23 Cap, 10PF, *5%, 500V Mica 1002-0016 Elmenco DM15-C-100J 
C24 Cap, 390PF, 5%, 100V Mica 1004-0017 Cornell-Dub. CDI0FA391J 
C25 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-I03Z 

C26 Cap, • 01~F, :+-80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103 Z 
C27 Cap, 15PF, 5%, 500V Mica 1002-0001 Elmenco DM15-C-150J 
C28 Cap, 240PF, 5%, 500V Mica 1004-0015 Cornell-Dub. CD10FD241J 
C29 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C30 Cap, 27PF, 5%, 500V Mica 1004-0009 Cornell-Dub. CDI0ED270J 

C31 Cap, 390PF, 5%, 100V Mica 1004-0017 Cornell-Dub. CD10FA391J 
C32 Cap, .01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C33 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-I03Z 
C34 Cap, .002~F, 20%, 500V Disc 1005-0003 Erie 831-596- Z4U-202M 
C35 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 

C36 Cap, 240PF, 5%, 500V Mica 1004-0015 Cornell-Dub. CDI0FD241J 
C37 Cap, .002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C38 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C39 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C40 Cap, 22PF, 5%, 500V Mica 1002-0023 Elmenco DM15-C-220J 

C41 Cap, 22PF, 5%, 500V Mica 1002-0023 Elmenco DM15-C-220J 
C42 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C43 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C44 Cap, 2. 2PF, .25PF%, 500V Tub. 1005-0017 Erie 301-000-COJO-229C 
C45 Cap, 30PF, 5%, 500V Mica 1004-0010 Cornell-Dub. CD10ED300J 

C46 Cap, 2. 2PF, .25PF%, 500V Tub. 1005-0017 Erie 301-000-COJO-229C 
C47 Cap, 15PF, 5%, 500V Mi-::a 1002-0001 Elmenco DM15-C-150J 
C48 Cap, .002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C49 C1.p, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C50 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
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ClM CE-4 

Frequency Multiplier. 2200 (cont.) 

CKT. REF. DESC RIPTlON CE STOCK NO. MFR. MFR. NO. 

C51 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C52 Cap, 2. 2PF, .25PF%, 500V Tub. 1005-0017 Erie 301-000-COJO-229C 
C53 Cap, 30PF, 5%, 500V Mica 1004-0010 Cornall-Dub. CDlOED300J 
C54 Cap, 2. 2PF, .25PF%, 500V Tub. 1005-0017 Cornell-Dub. CD10FA391J 
C55 Cap, 15pF, 10%, 500V, P100 Cer Diso 1005-010S RMC CG P100 

C56 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C57 Cap, .002J.LF, 20%, 500V Disc 1005-0003 Erie, 831-596-Z4U-202M 
C58 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C59 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C60 Cap, 3. 3PF •• 25PF%, 500V Tub. 1005-0011 Erie 301-000-COJQ-339C 

C61 Cap, 30PF, 5%, 500V Mica 1004-0010 Cornell-Dub. CDlOED300J 
C62 Cap, 3.3PF, .25PF%, 500V Tub. 1005-0011 Erie 301-000-COJQ-S39C 
C63 Cap, 15pF, 10%, 500V, P100 Cer Diso 1005-0103 RMC CG P100 
C64 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C65 Cap, • 002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 

C66 Cap, .002J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C67 Cap, 2-8PF, 350V Vert Trim 1001-0004 Erie 538-002A-2-8-89A 
C68 Cap, 30PF, 5%, 500V Mica 1004-0010 Cornell-Dub. CD10ED300J 
C69 Cap, • OQ2J.LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z4U-202M 
C70 Cap, 2-8PF, 350V Vert Trim 1001-0004 Erie 538-002A-2-8-89A 

C7l Cap, 15pF, 10%, 500V, P 100 C er Diso 1005-0103 RMC CG P100 
C72 Cap, 27PF, 5%, 500V Mica 1004-0009 Cornell-Dub. CD-10ED270J 
C73 Cap, 270PF, 5%, 300V Mica 1004-0016 Cornell-Dub. CD10FC27lJ 
C74 Cap, 27PF, 5%, 500V Mica 1004-0009 Cornell-Dub. CDlOED270J 
C75 Cap, 68PF, 5%, 500V Mica 1004-0014 Cornell-Dub. CD10ED680J 

C76 Cap, 270PF, 5%, 300V Mica 1004-0016 Cornell-Dub. CD10FC27lJ 
C77 Cap, 56PF, 5%, 500V Mica 1004-0013 Cornell,..Dub. CDlOED560J 
C78 Cap, • o 1J.LF , +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

INDUCTORS 

L1 Choke, 180J.LH, 5% 1585-0035 Delevan 1537-88 
L2 Choke, 18 OJ.LH , 5% 1585-0035 Delevan 1537-88 
L3 Choke, 180J.LH, 5% 1585-0035 Delevan 1537-88 
L4 Choke, 15J.LH, 10% 1585-0034 Delevan 1537-40 
L5 Not Used 

L6 Coil, 4 Turn 31 MHz 1596-0110 Cushman 
L7 Coil, 4 Turn 31 MHz 1596-0110 Cushman 
L8 Coil, 4 Turn 31 MHz 1596-0110 Cushman 
L9 Coil, 4 Turn 31 lVlliz 1596-0110 Cushman 
L10 Coil, 4 Turn 31 MHz 1596-0110 Cushman 

L11 Coil, 4 Turn 31 MHz 1596-0110 Cushman 
L12 Coil, 4 Turn 31 MHz 1596-0110 Cushman 
L13 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L14 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L15 Coil Assy, Variable 7050-0122 Cushman 

L16 Coil Assy, Variable 7050-0122 Cushman 
L17 Coil Assy, Variable 7050-0122 Cushman 
L18 Coil Assy, Variable 7050-0122 Cushman 
L19 Coil Assy, Variable 7050-0122 Cushman 
L20 Coil Assy, Variable 7050-0122 Cushman 

L21 Coil Assy, Variable 7050-0122 Cushman 
L22 Coil Assy, Variable 7050-0122 Cushman 
L23 Coil Assy, .08J.LH 1596-5702 Cushman 
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CIM CE-4 

Frequency Multiplier. 2200. (cont.) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

L24 Choke, .56IlH, 10% 1585-0036 Delevan 1840-07 
L25 Assy, Coil, .061'H 1596-5701 CushI;rl3.n 

TRANSISTORS 

Q1 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q2 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q3 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q4 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q5 Trans, TIS 37 1271-0003 TI TIS 37 

Q6 Trans, TIS 37 1271-0003 TI TIS 37 
Q7 Trans, TIS 37 1271-0003 TI TIS 37 
Q8 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q9 Trans, TIS 37 1271-0003 TI TIS 37 
Q10 Trans, 2N4121 1272-0023 Fairchild 2N4121 

Q11 Trans, 2N4121 ·1272-0023 Fairchild 2N4121 
Q12 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q13 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q14 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q15 Trans, 2N4121 1272-0023 Fairchild 2N4121 

Q16 Trans, 2N4121 1272-0023 Fairchild 2N4121 
Q17 Trans, 2N4121 1272-0023 Fairchild 2N4121 

RESISTORS 

R1 Res, 110 Ohm, 5%, 1/8W Comp 1065-1115 Allen-Bradley BBl115 
R2 Res, 2.2K, 5%, 1/8W Comp 1065-2225 Allen-Bradley BB2225 
R3 Res, 1. 5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R4 Res, 220 Ohm, 5%, 1/8W Comp 1065-2215 Allen-Bradley BB2215 
R5 Res, 1K, 5%, 1/8W Comp 1065-1025 Allen-Bradley BB1025 

R6 Res, 1K, 5%, 1/8W Comp 1065-1025 Allen-Bradley BB1025 
R7 Res, 1K, 5%, 1/8W Comp 1065-1025 Allen-Bradley BB1025 
R8 Res, 1. 3K, 5%, 1/8W Comp 1065-1325 Allen-Bradley BB1325 
R9 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
RIO Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 

R11 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
R12 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
R13 Res, 10K, 5%, 1/8WComp 1065-1035 Allen-Bradley BB1035 
R14 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
R15 Res, 3.9K, 5%, 1/8W Comp 1065-3925 Allen-Bradley BB3925 

R16 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
R17 Res, 3.9K, 5%, 1/8W Comp 1065-3925 Allen-Bradley BB3925 
R18 Res, 3.9K, 5%, 1/8W Comp 1065-3925 Allen-Bradley BB3925 
R19 Res, 1K, 5%, 1/8W Comp 1065-1025 Allen-Bradley BB1025 
R20 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 

R21 Res, 560 Ohm, 5%, 1/8W Comp 1065-5615 Allen-Bradley BB5615 
R22 Res, 3.3K, 5%, l/8W Comp 1065-3325 Allen-Bradley BB3325 

R23 Res, 220 Ohm, 5%, 1/8W Comp 1065-2215 Allen-Bradley BB2215 
R24 Res, 3.9K, 5%, 1/8W Comp 1065-3925 All en-Bradley BB3925 
R25 Res, 3.9K, 5%, 1/8W Comp 1065-3925 Allen-Bradley BB3925 

R26 Res, 3.9K, 5%, 1/8W Comp 1065-3925 Allen-Bradley BB3925 
R27 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
R28 Res, 10K, 5%, 1/8W Comp 1065-1035 Allen-Bradley BB1035 
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elM CE-4 

Frequency Multiplier, 2200 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R29 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R30 Res, lK, 5%, 1/8W Comp 1065-1025 All en-Bradley BBI025 
R31 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R32 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R33 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R34 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R35 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 

R36 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R37 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R38 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R39 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R40 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 

R41 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R42 Res, lK, 5%, 1/8W Comp 1065-1025 All en-Bradley BBI025 
R43 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R44 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R45 Res, 560 Ohm, 5%, 1/8W Comp 1065-5615 Allen-Bradley BB5615 

R46 Res, 2.2K, 5%, 1/8W Comp 1065-2225 Allen-Bradley BB2225 
R47 Res, 4.7K, 5%, 1/8W Comp 1065-4725 Allen-Bradley BB4725 
R48 Res, 560 Ohm, 5%, 1/8W Comp 1065-5615 Allen-Bradley BB5615 
R49 Res, 220 Ohm, 5%, 1/8W Comp 1065-2215 Allen-Bradley BB2215 
R50 Res, 220 Ohm, 5%, 1/8W Comp 1065-2215 Allen-Bradley BB2215 

!NT EGRA TED CIRCUIT 

VI IC, SN7400N TTL Nand Gates 2025-0003 TI SN7400N 

I 
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CIM CE-4 

100 kHz Divide-By-N, 2300 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2300 Assy, Divide-by-N, 100 kHz 7001-0144 Cushman 
PC Board 1780-0299 Cushman 

CAPACITORS 

C1 Cap, 100/-lF, 10%, 25V, Elect 1013-0003 Sprague 30D107G025DD5 
C2 Cap, • 05/-lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C3 Cap, • o l/-lF , +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C4 Cap, • 05/-lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C5 Cap, • 05/-lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

C6 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C7 Cap, • o l/-lF , +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C8 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C9 Cap, • o l/-lF , +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C10 Cap, .01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

Cll Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C12 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103 Z 
C13 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103Z 
C14 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C15 Cap, • O~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

I 
C16 Cap, • 01/-lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z i 

I 
C17 Cap, 100PF, 5%, 100V, Min Cer 1005-0082 Erie 8121-100-COG-101K I 

INDUCTORS 

L1 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L2 Choke, 22/-lH, 10% 1585-0012 Delevan 1537-44 I 
L3 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B i 

TRANSISTOR 

Q1 Trans, 2N4275 1272-0016 Fairchild 2N4275 

RESISTORS i 
I 

R1 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R2 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R3 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R4 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R5 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 

R6 Res, 2.7K, 5%, 1/4W Comp 1066-2725 All en-Bradley CB2725 

I R7 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R8 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R9 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 [ RIO Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 

I 
Rll Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R12 Res, 1.5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R13 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen-Bradley CB5615 

INTEGRATED CmCUITS 

U1 IC, SN74196N 2025-0016 TI SN74196N 
U2 IC, SN74196N 2025-0016 TI SN74196N 
U3 IC, SN74196N 2025-0016 TI SN74196N 
U4 IC, SN74196N 2025-0016 TI SN74196N 
U5 IC, SN7420N, Dual 4 Input Nand Gate 2025-0008 TI SN7420N 

U6 IC, SN74HllN, TTL and Gate 2025-0017 TI SN74HllN 
U7 IC, SN74H72N 2025-0023 TI SN74H72N 
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17.9 MHz-19 MHz Mixer. 2400 

CKT. REF. 

2400 

C1 
C2 
C3 
C4 
CS 

C6 
C7 
C8 
C9 
C10 

Cll 
C12 
C13 
CJ4 
CIS 

C16 
C17 
C18 
C19 
C20 

C21 
C22 
C23 
C24 
C25 

C26 
C27 
C28 
C29 
C30 

C31 
C32 
C33 
C34 
C3S 

C36 
C37 
C38 
C39 
C40 

C41 
C42 
C43 
C44 
C4S 

C46 
C47 
C48 
C49 
CSO 

5501"0065 

DESCRIPTION 

Assy. PC Bd. Mixer 17.9-19 MHz 
PC Board 

CAPACITORS 

Cap •• 01I-'F. +80-20%. 2SV Disc 
Cap •• OSI-'F. +80-20%. 2SV Disc 
Cap, • OSI-'F. +80-20%. 2SV Disc 
Cap •• OSI-'F. +80-20%. 2SV Disc 
Cap. 100PF. S%. SOOV Mica 

Cap, • OSI-'F, +80-20%. 2SV Disc 
Cap. lSPF, S%, SOOV Mica 
Cap. 2. 2PF •• 2SPF%. 500V Tub. 
Cap. 96PF, 1%. SOOV Mica 
Cap. 1. SPF •• 2SPF%. SOOV Tub. 

I Cap. 110PF. S%. 500V Mica 
Cap. 330PF. 5%. 500V Mica 
Cap. 2-8PF. 350V Horiz. Trim 
Cap, 5PF •• 5PF%, SOOV Mica 
Not Used 

I 
Cap. 2. 2PF •• 25PF%. 500V Tub. 
Cap. 110PF. 5%, 500V Mica 
Cap •• 00221-'1". 10%. 100V 
Cap. 220PF. S%, 500V Mica 
Cap. 15PF, 5%. 500V Mica 

Cap, 96PF. 1%, SOOV Mica 
Cap. 180PF, 5%. 500V Mica 

I Cap. • 05J.1F. +80-20%. 25V Disc 
Cap •• OlJ.lF. +80-20%. 25V Disc 
Cap, • 011-'F, +80-20%. 25V Disc 

Cap, 

'

Cap, 
, Cap, 
I Cap. 

Cap. 

Cap, 
Cap, 
Cap, 
Cap. 
Cap, 

• OSI-'F. +80-20%, 2SV Disc 
100PF, S%, SOOV Mica 
• OSI-'F, +80-20%. 2SV Disc 
• OSJ.lF, +80-20%. 2SV Disc 
• 051-'F, +80-20%. 2SV Disc 

.01I-'F. +80-20%, 25V Disc 
• o lJ.IF , +80-20%. 2SV Disc 
20PF, S%, SOOV Mica 
• 011-'F, +80-20%. 2SV Disc 
100PF, S%, SOOV Mica 

Cap, • OSI-'F, +80-20%. 2SV Disc 
Cap, lSPF, S%, SOOV Mica 
Cap, • OSJ.lF, +80-20%. 2SV Disc 
Cap, 10PF, S%, SOOV Mica 
Cap, 96PF, 1%, SOOV Mica 

Cap, 8. 2PF, .2SPF%, SOOV Tub. 
Cap, 120PF. S%, SOOV Mica 
Cap, 8. 2PF, .2SPF%, SOOV Tub. 
Cap, 120PF, S%, SOOV Mica 
Cap, 10PF. 5%, SOOV Mica 

Cap, 120PF. S%. SOOV Mica 
Cap, 96PF. 1%, SOOV Mica 
Cap, 39PF. S%. SOOV Mica 
Cap •• 0SJ.lF. +80-20%, 2SV Disc 
Cap, 270PF. S%. 500V Mica 

CE STOCK NO. 

7OO1-016S 
1780-0264 

100S-0013 
100S-0014 
100S-0014 
100S-0014 
1002-0011 

100S-0014 
1002-0001 
100S-0017 
1002-0049 
100S-0041 

1002-0026 
1002-0032 
1001-0010 
1002-0028 

100S-0017 
1002-0026 
1008-0020 
1002-0029 
1002-0001 

1002-0049 
1002-000S 
100S-0014 
100S-0013 
100S-0013 

100S-0014 
1002-0011 
100S-0014 
100S-0014 
100S-0014 

100S-0013 
100S-0013 
1002-0060 
100S-0013 
1002-0011 

100S-0014 
1002-0001 
100S-0014 
1002-0016 
1002-0049 

100S-0043 
1002-0010 
100S-0043 
1002-0010 
1002-0016 

1002-0010 
1002-0049 
1002-0018 
100S-0014 
1002-0031 

7-11 

MFR. 

Cushman 
Cushman 

Erie 
Erie 
Erie 
Erie' 
Elmenco 

Erie 
Elmenco 
Erie 
Elmenco 
Erie 

Elmenco 
Elm en co 
Erie 
Elmenco 

Erie 
Elm en co 
Sprague 
Elmenco 
Elmenco 

Elmenco 
Elmenco 
Erie 
Erie 
Erie 

Erie 
Elmenco 
Erie 
Erie 
Erie 

Erie 
Erie 
Elmenco 
Erie 
Elmenco 

Erie 
Elm en co 
Erie 
Elmenco 
Elmenco 

Erie 
Elmenco 
Erie 
Elmenco 
Elm en co 

Elm en co 
Elm en co 
Elmenco 
Erie 
Elmenco 

CIM CE-4 

MFR. NO. 

S83S-S12-YSU-103Z 
S8SS-S0S-YSUO-S03Z 
S8SS-S0S-YSUO-S03Z 
S8SS-S0S-YS UO-S03 Z 
DM1S-F-101J 

S8SS-S0S-YSUO-S03 Z 
DM1S-C-1SOJ 
301-000-COJO-229C 
DM15-F-960F 
301~000-COKO-1S9C 

DM1S-F-111J 
DM1S-F-331J 
S38-006A(2-8) 
DM1S-C-OSOD 

301-000-COJO-229C 
DM1S-F-111J 
22SP22291 WA3 
DM1S-F-221J 
DM1S-C-1S0J 

DM1S-F-960F 
DM1S-F-181J 
S8SS-50S-YSUO-S03Z 
S83S-S12-YSU-103Z 
583S-S12-YSU-103Z 

S8SS-505-YSUO-503Z 
DM1S-F-101J 
S8SS-S0S-YSUO-S03Z 
S85S-S0S-YSUO-S03Z 
S8SS-S0S-YSUO-S03 Z 

S83S-512-YSU-103Z 
583S-512-YSU-103Z 
DM1S-E-200J 
S83S-S12-YSU-103Z 
DM1S-F-101J 

S8SS-S0S-YSUO-S03Z 
DM1S-C-1S0J 
S8SS-S0S-YSUO-S03Z 
DM1S-C-100J 
DM1S-F-960F 

301-000-COHO-829C 
DMlS-F-121J 
301-000-COHO-829C 
DM1S-F-121J 
DM1S-C-100J 

DM1S-F-121J 
DM15-F-960F 
DM1S-E-390J 
S8SS-S0S-YSUO-S03Z 
DM1S-F-271J 



ClM CE-4 

17" 9 MHz -19 MHz Mixer, 2400 (cont) 

CKT. REF. DESC RIPTION CE STOCK NO. MFR. MFR. NO. 

DIODES 

CR1 Diode, HPA2800 1283-0001 HP 5082-2800 
CR2 Diode, HPA2800 1283-0001 HP 5082-2800 
CR3 Diode, HPA2800 1283-0001 HP 5082-2800 
CR4 Diode, HPA2800 1283-0001 HP 5082-2800 
CR5 Diode, HPA2800 1283-0001 HP 5082-2800 

CR6 Diode, HPA2800 1283-0001 HP 5082-2800 
CR7 Diode, HPA2800 1283-0001 HP 5082-2800 
CR8 Diode, HPA2800 1283-0001 HP 5082-2800 
CR9 Diode, G633 1282-0005 ITT G633 
CRI0 Diode, G633 1282-0005 ITT G633 

CRll Diode, G633 1282-0005 ITT G633 
CR12 Diode, G633 1282-0005 ITT G633 

INDUCTORS 

Ll Choke, 22~H, 10% 1585-0012 Delevan 1537-44 
L2 Choke, 22~H, 10% 1585-0012 Delevan 1537-44 
L3 Choke, 22~, 10% 1585-0012 Delevan 1537-44 
L-! Choke, 22~H, 10% 1585-0012 Delevan 1537-44 
L5 Not Used 

L6 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L7 Choke, 22~, 10% 1585-0012 Delevan 1537-44 
L8 Coil, 8 Turn 16 l'vIHz 1596-0111 Cushman 
L9 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L10 Coil, 8 Turn 16 MHz 1596-0111 Cushman 

Lll Choke, 120~H, 5% 1585-0033 Delevan 1537-80 
L12 Choke, I~H, 10% 1585-0027 Delevan 1537-12 
L13 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L14 Choke, l~H. 10% 1585-0027 Delevan 1537-12 
L15 Coil, 8 Turn 16 MHz 1596-0111 Cushman 

Ll6 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L17 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
Ll8 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L19 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L20 Coil, 8 Turn 16 MHz 1596-0111 Cushman 

L21 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L22 Choke, 22~, 10% 1585-0012 Delevan 1537-44 

TRANSISTORS : 
I 

Ql Trans, 2N3563 1272-0022 Fairchild 2N3563 ! 
Q2 Trans, 2N4275 1272-0016 Fairchild 2N4275 ! 
Q3 Trans, 2N4275 1272-0016 Fairchild 2N4275 i 
Q4 Trans, 2N3563 1272-0022 Fairchild 2N3563 

I Q5 Trans, 2N3563 1272-0022 Fairchild 2N3563 
f 

RESISTORS 
t 

Rl Res, 1. 8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 I R2 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R3 Res, 47 Ohm, 5%, 1/4W Comp 1066-4705 Allen-Bradley CB4705 
R4 Res, 1.5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R5 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-B radley CB2225 
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CIM CE-4 

17.9 MHz-19 MHz Mixer, 2400 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R6 Res, 1. 5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R7 Pot, 100 Ohm, 10%, 3/4W 1215-0010 Helitrim 89WR 
R8 Res, 560 Ohm, 5%, 1/4W Camp 1066-5615 Allen-Bradley CB5615 
R9 Res, 51 Ohm, 5%, 1/4W Comp 1066-5105 Allen-B radl ey CB5105 
RIO Res, 51 Ohm, 5%, 1/4W Comp 1066-5105 Allen-Bradley CB5105 

Rll Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R12 Pot, 100 Ohm, 10%, 3/4W 1215-0010 Helitrim 89WR 
R13 Res, 47 Ohm, 5%, 1/4W Comp 1066-4705 Allem-Bradley CB4705 
R14 Res, 1. 5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R15 Res, lK, 5%, 1/4W Camp 1066-1025 Allen-Bradley CBI025 

I 

R16 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R17 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R18 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R19 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R20 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 

R21 Res, 1.5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 I R22 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R23 Not Used 
R24 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R25 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 

TRANSFORMERS 

Tl Assy, Trifilar Coil 1579-0017 Cushman 
T2 Assy, Trifilar Coil 1579-0017 Cushman 
T3 Assy, Trifilar Coil 1579-0017 Cushman 
T4 Assy, Trifilar Coil 1579-0017 Cushman 

INTEGRATED CIRCUIT 

U1 IC, SN7490N 2025-0002 TI SN7490N 

i 

I 
1 
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CIM CE-4 

100 kHz VCO and Phase Detector, 2500 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2500 PCB Assy - 100 kHz VCO & Phase De 7001-0380 Cushman 
PC Board 1780-0712 Cushman 

CAPACITORS 

C1 Cap, • Olj..lF, +80-20%, 25V Disc 1005-0013 - Erie 5835-512-Y5U-103Z 
C2 Cap, .01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103Z 
C3 Cap, 10~F, +50-20%, 35V 1011-0006 ITT 10/35-20 
C4 Cap, 10~F, +50-20%, 35V 1011-0006 ITT 10/35-20 
C5 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie' 5835-512-Y5U-I03Z 

C6 Cap, • 05~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C7 Cap, 240PF, 5%, 500V Mica 1002-0030 Elmenco DM15-F-241J 
C8 Poly •• 047&-1F. 10%. 100V 1008-0049 Sprague 225P47391WA3 
C9 Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-I01J 
C10 Cap •• 05~F, +80-20%. 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

Cll Cap, 10~F, +50-20%, 35V 1011-0006 ITT 10/35-20 
C12 Cap, .008~, 10%, 100V 1008-0095 Plessey 60C822V630 
C13 Cap, • 022MF, 5%, 400V Polyester 1008-0094 Electrocube 232A1E223J 
C14 Cap, • 022MF, 5%, 400V Polyester 1008-0094 Electrocube 232A1E223J 
C15 Cap, .008~, 10%, 100V 1008-0095 Plessey 60C822V630 

C16 Cap, 22PF, 5%, 500V Mica 1002-0023 Elmenco DM15-C-220J 
C17 Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-I01J 
C18 Mylar, .22&-1F, 10%. 100V 1008-0091 Electrocube 232AlB224K 
C19 Cap, lO~F, +50-20%, 35V 1011-0006 ITT 10/35-20 
C20 Cap, • 002~F, 20%. 500V Disc 1005-0003 Erie 831-5961Z5U-202M 

C21 Cap, • 05~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C22 Cap, 10~F, +50-20%, 35V 1011-0006 ITT 10/35-20 
C23 Cap, • 05~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C24 Cap, 10~F. +50-20%, 35V 1011-0006 ITT 10/35-20 
C25 Cap, .05~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

C26 Cap, 150PF, 5%, 500V Mica 1002-0021 Elmenco DM15-F-151J 
C27 Cap, 270PF, 5%, 500V Mica 1002-0031 Elmenco DM15-F-271J 
C28 Cap, 270PF, 5%, 500V Mica 1002-0031 Elmenco DM15-F-271J 
C29 Cap, 150PF, 5%, 500V Mica 1002-0021 Elmenco DM15-F-151J 
C30 Cap, 220PF, 5%, 500V Mica 1002-0029 Elm en co DM15-F-221J 

C31 Cap, • 221lF, 10%, 100V 1008-00.1 Electrocube 232 AlB224K 
C32 Cap, 10~F, +50e20%.35V 10U-0006 ITT 10/:35-20 
C33 Cap, 1000PF, 2:5%, 100V Mica 1002-0015 Elmenco nM15-F-1025 

DIODES 

CRI Diode, MVAM-2 1281-0120 Motorola MVAM-2 
CR2 Diode, HPA2800 1283-0001 HP HPA5082-2800 
CR3 Not used 

INDUCTORS 

Ll CH,4.7MH, 10%, RF Molded 1585-0082 Delevan 2307-475 
L2 CH,4.7MH, 10%, RF Molded 1585-0082 Delevan 2307-475 
L3 CH, 4.7MH, 10%, RF Molded 1585-0082 Delevan , 2307-475 
L4 Coil, 1.4~, 5% 1596-0045 Dale 

: 
IDHI041-27 

L5 Choke, • 47~H, 20% 1585-0031 Delevan 1537-06 
I 

L6 Choke, • 56~H, 10% 1585-0036 Delevan I 1840-07 
L7 Clloke, • 47J.lH, 20% 1585-0031 Delevan 1537-06 
L8 Choke, 100J.lH, 10% 1585-0054 Delevan 1025-68 

5601"0065"2 7-14 



CIM CE-4 

100 kHz VCO and Phase Detector, 2500 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

TRANSISTORS 

Q1 Trans, 2N5089 1272-0031 Motorola 2N5089 
Q2 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q3 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q4 Trans, 2N4275 1272-0016 Fairchild 2N4275 

I 

RESISTORS 

R1 Res, 6.81K, 1%, 1/8W 100 PPM 1075-0140 Dale MFF 1/8 
R2 Res, 3.3M, 5%, 1/4W Comp 1066-3355 Allen-Bradley CB3355 
R3 Res, 6.81K, 1%, 1/8W 100 PPM 1075-0140 Dale MFF 1/8 
R4 Res, 15K, 5%, 1/4 W Comp 1066-1535 Allen-Bradley CB1535 
R5 Res, 18.2K, 1%, 1/8W MF 1075-0075 Dale MFF 1/8 

R6 Res, 1.62K, 1%, 1/8 W MF 1075-0070 Dale MFF 1/8 
R7 Res, 1K. 1: 5%, 1/4W Comp 1066-1025 Allen-B radley CB1025 
R8 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen-Bradley CB5615 
R9 Not used 
RIO Res, 6.SK, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6S25 

Rll Res, 36K, 5%, 1/4W Comp 1066-3635 Allen-Bradley CB3635 
R12 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 
R13 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
Rl4 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
RI5 Res, 300 Ohm, 5%, 1/4W Comp 1066-3015 Allen-Bradley CB3015 

R16 Res, 15 Ohm, 5%, 1/4W Comp 1066-1505 Allen-Bradley CB1505 
R17 Res, 1.6K, 5%, 1/4W Comp 1066-1625 All en-Bradley CB1625 
R18 Res, 2.7K, 5%, 1/4W Comp 1066-2725 All en-Bradley CB2725 
R19 Res, 2K, 5%, 1/4W Comp 1066-2025 Allen-Bradley CB2025 
R20 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen-Bradley CB5615 

R21 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R22 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R23 Res, 1.3K, 5%, 1/4W Comp 1066-1325 Allen-Bradley CB1325 
R24 Res, 51 Ohm, 5%, 1/4W Comp 1066-5105 Allen-Bradley CB5105 
R25 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 

R26 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 
R27 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R28 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
R29 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen-Bradley CB5615 

INTEGRATED CIRCUITS 

U1 IC, MC4044P Phase Detector 2025-0066 Motorola MC4044P 
U2 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 
U3 IC, SN7402, Quad 2 Inpt Pos Nor Gate 2025-0059 TI SN7402N 
U4 IC, LM308H, 8-Pin Type Op Amp 2025-0057 National LM308H 
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em CE-4 

100 Hz Divide-By-N, 2600 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2600 PCB ABsy, 100 Hz Divide-by-N 7001-0376 Cushman 
PC Board 1780-0708 Cushman 

CAPACITORS 

C1 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C2 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C3 Cap, • 04LF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C4 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-5 03 Z 
C5 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 

C6 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C7 Cap, • o 5J.1F , +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503 Z 
C8 Cap, • o 12J.1F, 10%. 100V 1008-0040 Sprague 225P 12391 WA3 
C9 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

TRANSISTORS 

Q1 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q2 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q3 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q4 Trans, 2N4275 1272-0016 Fairchild 2N4275 

RESISTORS 

R1 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R2 Res, 560 Ohm, 5%, 1/4 W Comp 1066-5615 Allen-Bradley CB5615 
R3 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R4 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
R5 Res, 12 Ohm, 5%, 1/4W Comp 1066-1205 Allen-Bradley CB1205 

R6 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R7 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R8 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R9 Res, 2. 7K, 5%, 1/4 W Comp 1066-2725 Allen-Bradley CB2725 
RIO Res, 2. 7K, 5%, 1/4 W Comp 1066-2725 Allen-Bradley CB2725 

Rll Res, 2. 7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R12 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R13 Res, 2. 7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R14 Res, 2. 7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R15 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 

R16 Res, 2.7K, 5%, 1/4WComp 1066-2725 Allen-B radley CB2725 
R17 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 I R18 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R19 Res, 2. 7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R20 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 

R21 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R22 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R23 Res, 2.7K, 5%, 1/4WComp 1066-2725 Allen-Bradley CB2725 
R24 Res, 2.7K, 5%, 1/4WComp 1066-2725 Allen-Bradley CB2725 
R25 Res, 6.2K, 5%, 1/4W Comp 1066-6225 Allen-Bradley CB6225 

INTEGRATED CIRCUITS 

U1 IC, SN7 400N, TTL Nand Gates 2025-0003 TI SN7400N 
U2 IC, SN74196N 2025-0016 TI SN74196N 
U3 IC, SN74196N 2025-0016 TI SN74196N 
U4 IC, SN74196N 2025-0016 TI SN74196N 
U5 IC, SN74196N 2025-0016 TI SN74196N 

.... , .....•..... _ ...... 
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CIM CE-4 

100 Hz Divide-By-N, 2600 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

U6 IC, SN7490N 2025-0002 TI SN7490N 
U7 IC, SN7473N, Dual JK Flip Flop 2025-0055 TI SN7473N 
U8 IC, SN7430A Nand Gate 2025-0004 TI SN7430A 
U9 IC, SN7430A Nand Gate 2025-0004 TI SN7430A 
UlO IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 

un IC, SN7472N, TTL Dual Flip Flop 2025-0007 TI SN7472N 
U12 IC, SN74196N 2025-0016 TI SN74196N 
U13 IC, MC8601P Monostable Multi 2925-0053 Motorola MC8601P 

: 
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CIM CE-4 

Reference Divider, 2700 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2700 PCB Assy. Reference Divider 7001-0399 Cushman 
PC Board 1780-0528 Cushman 

CAPACITORS 

C1 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C2 Cap. 560PF, 5%, 300V Mica 1002-0037 Elmenco DM15-F-561J 
C3 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C4 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C5 Cap, 12PF, 5%, 500V Mica 1002-0017 Elmenco DM15-C-120J 

C6 Cap, 510PF, 5%, 500V Mica 1002-0036 Elmenco DM15-F-51lJ 
C7 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503 Z 
C8 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C9 Cap, 510PF, 5%, 500V Mica 1002-0036 Elmenco DM15-F-51lJ 
C10 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

Cll Cap, 12PF, 5%, 500V Mica 1002-0017 Elmenco DM15-C-120J 
C12 Cap, .05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C13 Cap, 680PF, 5%, 300V Mica 1002-0022 Elmenco DM15-F-681J 
C14 Cap, • 0039JlF. 10%, 100V 1008-0052 Sprague 225P39291 WD3 
C15 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 

C16 Cap, • 05JlF. +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C17 Cap, • 0056JlF. 10%. 100V 1008-0022 Sprague 225P56291 WA3 
C18 Cap. 470PF, 5%. 500V Mica: 1002-0035 Elmenco DM15-F-471J 
C19 Cap. • 05JlF, +80-20%, 25V Disc 1005-0014 Erie I 5855-505-Y5UO-503Z 
C20 Cap, 9-35PF, 200V Vert Trim 1001-0006 Erie 538-002-94D 

C21 Cap, 100JlF. +75-10%, 12V 1013-0011 Sprague 30Dl07G012CC5 
C22 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C23 Cap. 100JlF, +75-10%, 12V 1013-0011 Sprague 30D107G012CC5 
C24 Cap. • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5U-503Z 
C25 Cap, • 002JlF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C26 Cap, .05JlF, +80-20%. 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C27 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C28 Cap, .0 lJlF. +80-20%. 25V Disc 1005-0013 Erie 5835~512-Y5U-103Z 
C29 Cap. 270PF, 5%, 500V Mica 1002-0031 Elmenco DM15-F-27lJ 
C30 Cap, 100JlF, +75-10%. 12V 1013-0011 Sprague 30Dl07G012CC5 

C31 Cap, 36PF, 5%, 500V Mica 1002-0041 Elmenco DM15-E-360J 
C32 Not Used 
C33 Not Used 
C34 Cap. 390PF, 5%, 500V Mica 1002-0033 Elmenco DM15-F-39lJ 
C35 Not Used 

C36 Cap, 15PF, 5%. 500V Mica 1002-0001 Elmenco DM15-C-15OJ 
C37 Cap, 390PF, 5%, 500V Mica 1002-0033 Elmenco DM15-F-391J 
C38 Not Used 
C39 Not Used 
C40 Cap. 68PF, 5%, 500V Mica 1002-0013 Elmenco DM15-E-680J 

C41 Not Used 
C42 Cap, • o 82JlF • 10%, 100V 1008-0023 ~rague 225P82391 WA3 
C43 Cap, 10JlF. +50-20%. 35V 1011-0006 P'T TAG 10/35-20 

INDUCTORS 

L1 Chcke, 68J.LH. 5% 1585-0023 ~levan 2500-20 
L2 Chcke, 47JlH, 5% 1585-0010 ~levan 1537-60 
L3 Chcke. 680JlH, 5% 1585-0023 !Deleva:"l 2500-20 
L4 Coil, 3.9 MHz 1596-0104 !cushman 
L5 Chcke, 2 1/2 Turns Wide Band 1586-0003 ~ 20020/4B 
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CIM CE-4 

Reference Divider, 2700 (cont) 

CKT. REF. DESC RIPTION CE ST0CK NO. MFR. MFR. NO. 
.~ --. 

L6 Coil, 3.9 MHz 1596-0104 Cushman I 
L7 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B I L8 Not Used 

I 
L9 Clioke, WOIili, 5% 1585-0017 Delevan 1537-76 
LW Coil, 3.9 MHz 1596-0104 Cushman 

L11 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
Ll2 Not Used 
L13 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L14 Coil, 8 Turn 16 MHz 1596-0111 Cushman 

TRANSISTORS 

Q1 Trans, TIS 37 1271-0003 TI TIS37 
Q2 Trans, TIS 37 1271-0003 TI TIS37 
Q3 Not Used 
Q4 Trans, TIS 37 1271-0003 TI TIS37 
Q5 Trans, 2N3563 1272-0022 Fairchild 2N3563 

Q6 Trans, 2N4275 1272-0016 Fairchild 2N4275 ! Q7 Trans, 2N4275 1272-0016 Fairchild 2N4275 I 
RESISTORS 

R1 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 
R2 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R3 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 
R4 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CBW35 
R5 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

R6 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 ! 
R7 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 ! R8 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 
R9 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CB1005 
RIO Res, 6.8K, 5%. 1/4W Comp 1066-6825 Allen-Bradley CB6825 

R11 Res, 8.2K, 5%, 1/4W Comp 1066-8225 Allen-Bradley CB8225 
R12 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R13 Res, 2. 2K, 5%. 1/4 W Comp 1066-2225 Allen-Bradley CB2225 
R14 Res, 3.3K. 5%. 1/4W Comp 1066-3325 Allen-Bradley CB3325 
R15 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 

R16 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 I 

R17 Res, 150 Ohm, 5%, 1/4W Comp 1066-1515 Allen-Bradley CB1515 

TRANSFORMER 

T1 Assy, TIifilar Coil 1579-0017 Cushman 

INTEGRATED CIRCUITS 

U1 IC, SN7490N 2025-0002 TI SN7490N 
U2 IC, SN7490N 2025-0002 TI SN7490N 
U3 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 
U4 IC, SN7490N 2025-0002 TI SN7490N 
U5 IC, SN7490N 2025-0002 TI SN7490N 

U6 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 
U7 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 

CRYSTAL i 

Y1 Xtal, 9900.000 kHz Metal 2035-0004 Cushman 

I 
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CIM CE-4 

100 Hz VCO and Phase Detector, 2800 

~ 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

2800 PCB Assy - 100 Hz VCO & Phase Det 7001-0375 Cushman 
PC Board 1780-0707 Cushman 

CAPACITORS 

C1 Cap, 10J.lF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C2 Cap, 47J.1F, 20%, 20V 1011-0009 Dickson D47GSC20M 
C3 Cap, 10J.lF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C4 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C5 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

C6 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C7 Cap, • 22MF, 10%, 100V Mylar 1008-0091 Electrocube 232AIB224K 
C8 Cap, • 1J.1F, 10%, 100V 1008-0031 Sprague 225P10491 
C9 Cap, .01J.1F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C10 Cap, • 39J.1F, 10%, 200V 1008-0037 Electrocube 625B1C349K2 

C11 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C12 Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-101J 
C13 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C14 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C15 Cap, l0J.lF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 

C16 Cap, .47J.1F, 100V, 10% Met. Mylar 1008-0038 Electrocube 210B1A474K 
C17 Cap, .47J.1F, 100V, 10% Met. Mylar 1008-0038 Electrocube 210B1A474K 
C18 Cap, 1. OJ.lF, 10%, lOOV 1008-0033 TRW X663F 
C19 Cap, 10J.lF, 10%, 20V 1011-0007 Kemet K10C20K 
C20 Cap, 100J.lF, +75-10%, 12V 1013-0011 Sprague 30D107GO 12CC5-

C21 Cap, 1. OJ.lF, 10%, lOOV 1008-0033 TRW X663F 
C22 Cap, 100J.lF, 20%, 20V 1011-0010 Kemet T362D107M020AS 
C23 Cap, 10J.lF, 10%, 20V 1011-0007 Kemet K10C20K 
C24 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C25 Cap, 1.0J.lF, 10%, 100V 1008-0033 TRW X663F 

C26 Cap, 100J.lF, 20%, 20V 1011-0010 Kemet T362D107M020AS 
C27 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C28 Cap, • 05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C29 Cap, • 01J.1F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C30 Cap, 220PF, 5%, 500V Mica 1002-0029 Elmenco DM15-F-221J 

C31 Cap, 15PF, 5%, 500V Mica 1002-0001 Elmenco DM15-C-150C 
C32 Cap, 220PF, 5%, 500V Mica 1002-0029 Elmenco DM15-F-221J 
C33 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C34 Cap, • 002J.1F, 20%, 500V Disc 1005-0003 Erie 831-596-Z 5U-202l\I I 
C35 Cap, • 01J.1F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C36 Cap, .01J.1F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C37 Cap, 10J.lF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C38 Cap, 220PF, 5%, 500V Mica 1002-0029 Elmenco DM15-F-221J 
C39 Cap, 240PF, 5%, 500V Mica 1002-0030 Elmenco DM15-F-241J 
C40 Cap, 820PF, 5%, 300V Mica 1002-0039 Elmenco DM15-F-821J 

C41 Cap, 36PF, 5%, 500V Mica 1002-0041 Elmenco DM15-E-360J 
C42 Cap, .05J.1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

DIODES 

CR1 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR2 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR3 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR4 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR5 Diode, MVI04 1281-0058 Motorola MV104 
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elM CE-4 

100 Hz VCO and Phase Detector, 2800 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

INDUCTORS 

L1 Choke, 1000 Iill , 5% 1585-0020 Delevan 2500-28 
L2 Coil, Var IF .85-1. 2UF 1596-0114 Cushman 
L3 Choke, 561ill, 5%, RF 1585-0042 Delevan 1537-64 
L4 Choke, 331ill, 5%, RF 1585-0022 Delevan 1537-52 

TRANSISTORS 

Q1 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q2 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q3 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q4 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q5 Trans, 2N5962 1272-0059 Fairchild 2N5962 

Q6 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q7 Trans, 2N5962 1272-0059 Fairchild 2N5962 
Q8 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q9 Trans, 2N5962 1272-0059 Fairchild 2N5962 
Q10 Trans, 2N3565 1272-0017 Fairchild 2N3565 

Qll Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q12 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q13 Trans, 2N5089 1272-0031 Motorola 2N5089 
Q14 Trans, 2N3563 1272-0022 Fairchild 2N3563 
Q15 Trans, 2N3563 1272-0022 Fairchild 2N3563 

RESISTORS 

R1 Res, 510 Ohm, 5%, 1/4W Comp 1066-5115 Allen-B radley CB5115 
R2 Res, 6.81K, 1%, 1/8W 100 PPM 1075-0140 Dale MFF 1/8 
R3 Res, 1. 5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R4 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-B radley CB1025 
R5 Res, 6.81K, 1%, 1/8W 100 PPM 1075-0140 Dale MFF 1/8 

R6. Res, 22 Meg, 5%, 1/4W CC 1066-2265 Allen-Bradley CB2265 
R7 Res, 130K, 1%, 1/8W MF 1075-0114 Dale MFF 1/8 
R8 Res, 680 Ohm, 5%, 1/4W Comp 1066-6815 Allen-Bradley CB6815 
R9 Res, 200K, 1%, 100 PPM Film 1075-0148 Dale MFF 1/8 
RIO Res, 3K, 5%, 1/4W Comp 1066-3025 All en-Bradley CB3025 

R11 Res, 1K, 1%, 1/8W MF 1075-0037 Dale MFF 1/8 
R12 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R13 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R14 Res, 7.5K, 5%, 1/4W Comp 1066-7525 Allen-Bradley CB7525 
R15 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 

R16 Res, 18.2K, 1%, 1/8W MF 1075-0075 Dale MFF 1/8 
R17 Res, 1. 62K, 1%, 1/8W MF 1075-0070 Dale MFF 1/8 
R18 Res, 1. 62K, 1%, 1/8W MF 1075-0070 Dale MFF 1/8 
R19 Res, 3.4K, 1%, 1/8W MF 1075-0020 Dale MFF 1/8 
R20 Res, 3.4K, 1%, 1/8W MF 1075-0020 Dale MFF 1/8 

R21 Res, 1K, 1%, 1/8W MF 1075-0037 Dale MFF 1/8 
R22 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MFF 1/8 
R23 Res, 1K, 1%, 1/8W MF 1075-0037 Dale MFF 1/8 
R24 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R25 Res, 715 Ohm, 1%, 1/8W MF 1075-0085 Dale MFF 1/8 

R26 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MFF 1/8 
R27 Res, 1.62K, 1%, 1/8W MF 1075-0070 Dale MFF 1/8 
R28 Res, 715 Ohm, 1%, 1/8W MF 1075-0085 Dale MFF 1/8 
R29 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MFF 1/8 
R30 Res, 2K, 1%, 1/8W MF 1075-0079 Dale MFF 1/8 
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elM CE-4 

100 Hz VCO and Phase Detector, 2800 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R31 Res, 2.74K, 1%, 1/8W MF 1075-0071 Dale MFF 1/8 
R32 Res, 1K, 1%, 1/8W MF 1075-0037 Dale MFF 1/8 
R33 Res, 4.75K, 1%, 1/8W MF 1075-0038 Dale MFF 1/8 
R34 Res, 2.2lK, 1%, 1/8W MF 1075-0010 Dale MFF 1/8 
R35 Res, lK, 1%, 1/8W MF 1075-0037 Dale MFF 1/8 

R36 Res, 1. 5K, 1%, 1/8W MF 1075-0039 Dale MFF 1/8 
R37 Res, 2.21K, 1%, 1/8W MF 1075-0010 Dale MFF 1/8 
R38 Res, 26.1 Ohm, 1%, 1/10W MF 1074-1011 Dale MFF 1/10 
R39 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R40 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CJ31025 

R41 Res, 200 Ohm, 5%, 1/4W Comp 1066-2015 Allen-Bradley CB2015 
R42 Res, 430 Ohm, 5%, 1/4WComp 1066-4315 Allen-Bradley CB4315 
R43 Res, 680 Ohm, 5%, 1/4WComp 1066-6815 Allen-Bradley CB6815 
R44 Res, 820 Ohm, 5%, 1/4WComp 1066-8215 Allen-Bradley CB8215 
R45 Res, 510 Ohm, 5%, 1/4WComp 1066-5115 Allen-Bradley CB5115 

INTEGRA TED CIRCUITS 

U1 IC, SN7490N 2025-0002 TI SN7490N 
U2 IC, MC4044P Phase Detector 2025-0066 Motorola MC4044P 
U3 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 
U4 IC, LM308N, Op Ampl 8 Pin 2025-0070 National LM308N 
U5 IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 

U6 IC, SN7490N 2025-0002 TI SN7490N 

5601"OO.S 
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CIM CE-4: 

Microwave Casting Assembly, 3000 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3000 Microwave Casting Assembly 7046-0036 Cushman 

CAPACITORS 

C1 Not Used 
C2 Not Used 
C3 Not Used 
C4-C19 Feedthru, 1000pF, GMV, 500V 1005-0083 Sprague 514C1 
C20 Elec, 25",F, +75-10%, 25V 1013-0010 illinois 25T25 

DIODES 

CR1 Si, 1N3064 1281-0013 Teledyne 1N3064 
CR2 Si, 1N3064 1281-0013 Teledyne 1N3064 

CONNECTORS 

J1 Submini Straight 2536-0046 Phelps-Dodge 700006 
J2 Submini Straight 2536-0046 Phelps-Dodge 700006 
J3 Submini Straight 2536-0046 Phelps-Dodge 700006 
J4 PC Board 12 Conta<i:, Double Row 2535-0052 Viking 2VK6D/1-1 
J5 Submini Straight 2536-0046 Phelps-Dodge 700006 

J6 Submini Straight 2536-0046 Phelps-Dodge 700006 
PI Sub mini , Right Angle 2536-0044 Phelps-Dodge 700085 
P2 Sub mini , Right Angle 2536-0044 Phelps-Dodge 700085 
P3 Sub mini , Right Angle 2536-0044 Phelps-Dodge 700085 
P4 Not Used 

P5 Submini, Right Angle 2536-0044 Phelps-Dodge 700085 
P6 Submini, Right Angle 2536-0044 Phelps-Dodge 700085 , 

INDUCTORS 
I 

L1 RFC, • 22/ili, ±20% 1585-0039 Delevan 1537-02 
L2 RFC, .22",H, ±20% 1585-0039 Delevan 1537-02 
L3 RFC, .22",H, ±20% 1585-0039 Delevan 1537-02 
L4 Not Used 
L5-7 RFC, Ferrite Bead ~250 1586-0004 Ferroxcube 56-590-65/4B 

L8 Not Used 
L9-11 RFC, Ferrite Bead ~250 1586-0004 Ferroxcube 56-590-65/4B 
L12 Not Used 
L13 Not Used 

, 
Ll4-26 RFC, Ferrite Bead ~250 1586-0004 Ferroxcube 56-590-65/4B 

I RESISTORS 

Comp, 2.4k, :1:5%, 1/4W 1066-2425 Allen-Bradley 
I 

R1 CB2425 I 
R2 Comp, 2.7k, :1:5%, 1/4W 1066-2725 Allen-Bradley CB2725 I 
R3 Res, 51 Ohm, 5%, 1/4W CC 1066-5105 Allen-Bradley CB5105 I 

I 
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CIM CE-4 

Attenuator Control, 3100 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3100 PCB Assy - Attenuator Control 7001-0402 Cushman 
PC Board 1780-0S17 Cushman 

CAPACITORS 

C1 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C2 Cap, 270PF, S%, SOOV Mica 1002-0031 Elmenco DM1S-F-271J 
C3 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C4 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
CS Cap, 10PF, S%, SOOV Mica 1002-0016 Elmenco DM1S-C-100J 

C6 Cap, 10~F, 10%, 20V 1011-0007 Kemet K10C20K 
C7 Cap, 10~F, 10%, 20V 1011-0007 Kemet K10C20K 
C8 Cap, • 04tF, +80-20%, 2SV Disc 1005-0013 Erie S83S-S12-YSU-103Z 
C9 Cap, • 05~F, +80-20%, 2SV Disc 100S-0014 Erie S85S-505-YSUO-S03Z 
C10 Cap, • OS~F, +80-20%, 2SV Disc 100S-0014 Erie S85S-S0S-YSUO-S03Z 

C11 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C12 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C13 Cap •• 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C14 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
CIS Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-Y5U-103Z 

C16 Cap, • 04tF, +80-20%, 2SV Disc 100S-0013 Erie S83S-S12-YSU-103Z 
C17 Cap, • OS~F, +80-20%, 25V Disc 100S-0014 Erie S8SS-S0S-YSUO-S03Z 
C18 Cap, • OS~F, +80-20%, 2SV Disc 100S-0014 Erie S85S-S0S-Y5UO-503Z 

DIODES 

CR1 Diode, 1N3064 1281-0013 Teledyne IN3064 
CR2 Diode, IN3064 1281-0013 Teledyne 1N3064 
CRa Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR4 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CRS Diode, 1N3064 1281-0013 Teledyne IN3064 

INDUCTORS 

L1 Choke, • 22~H, 20% lS8S-0039 Delevan 1537-02 
L2 Choke, • 22~H, 20% 1585-0039 Delevan 1537-02 
L3 Choke, • 22~H, 20% 1585-0039 Delevan 1537-02 
L4 Choke, • 22~H, 20% 1585-0039 Delevan 1537-02 
L5 Choke, • 2~, 20% 1585-0039 Delevan 1537-02 

L6 Choke, • 22~H, 20% 1585-0039 Delevan 1537-02 

TRANSISTORS 

Q1 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q2 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q3 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q4 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q5 Trans, 2N3906 1272-0037 Motorola 2N3906 

Q6 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q7 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q8 Trans, 2N3565 1272-0017 Fairchild 2N3565 

RESISTORS 

R1 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R2 Pot, 10K, 10%, 3/4W 1215-0014 Hel1trim 89WR 
R3 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R4 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R5 Res, 22K, 5%, 1/4W Comp 1066-2235 Allen-Bradley CB2235 
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CIM CE-4 

Attenuator Control, 3100 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R6 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R7 Pot, 5K, 10%. 3/4W 1215-0012 HeUtrim 89WR 
R8 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 
R9 Not Used 
RIO Not Used 

Rll Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R12 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R13 Res, 6.8K, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6825 
R14 Pot, 20K, 10%, 3/4W 1215-0021 Beckman 89WR 
R15 Res, 18K, 5%, 1/4W Comp 1066-1835 Allen-Bradley CB1835 

R16 Pot, 10K, 10%, 3/4W 1215-0014 Helitdm 89WR 
R17 Res, 5.6K, 5%, 1/4W Comp 1066-5625 All en-Bradley CB5625 
R18 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R19 Res, 3.6K, 5%, 1/4W Comp 1066-3625 Allen-Bradley CB3625 
R20 Res, 10K, 5%, 1/4 W Comp 1066-1035 Allen-Bradley CB1035 

R21 Res, 51K, 5%, 1/4W Comp 1066-5135 Allen-Bradley CB5135 

I R22 Res, 2K, 5%, 1/4W Comp 1066-2025 Allen-Bradley CB2025 
R23 Res, 9.1K, 5%, 1/4W Comp 1066-9125 Allen-Bradley CB9125 I R24 Res, 27K, 5%, 1/4W Comp 1066-2735 All en-Bradley CB2735 
R25 Res, 3.6K, 5%, 1/4W Comp 1066-3625 Allen-Bradley CB3625 

R26 Pot, 20K, 10%, 3/4W 1215-0021 Beckman 89WR 
R27 Res, 20K, 1%, 1/8W MF 1075-0096 Dale MFF 1/8 
R28 Res, 1.05K, 1%, 1/8W MF 1075-0086 Dale MFF 1/8 
R29 Res, 27K, 5%, 1/4W Comp 1066-2735 Allen-Bradley CB2735 I R30 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 

I R31 Res, 4.3K, 5%, 1/4 W Comp 1066-4325 Allen-Bradley CB4325 
R32 Res, 68 Ohm, 5%, 1/4W Comp 1066-6805 Allen-Bradley CB6805 I 
R33 Res, 4.3K, 5%, 1/4 W Comp 1066-4325 Allen-Bradley CB4325 I 
R34 Res,!. 8K, 5%, 1/4W Comp 1066-1825 All en-Bradley CB1825 I R35 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Ailen-Bradley CB8215 

I R36 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R37 Pot, 20K, 10%, 3/4W 1215-0021 Beckman 89WR 
R38 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Ailen-Bradley CB5125 
R39 Pot, 20K, 10%, 3/4W 1215-0021 Beckman 89WR 
R40 Pot, 10K, 10%, 3/4W 1216-0014 Helitrim 89WR 

R41 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Ailen-Bradley CB5125 I 

R42 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R43 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Ailen-Bradley CB5125 
R44 Pot, 20K, 10%, 3/4W 1215-0021 Beckman 89WR 
R45 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R46 Thrmis - 1K 1253-0002 Veco 31E2 
R47 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R48 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
R49 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Allen-B radley CB5125 
R50 Pot, 5K, 10%, 3/4 W 1215-0012 Helitrim 89WR , 

R51 Res, 4.3K, 5%, 1/4W Comp 1066-4325 Ailen-Bradley CB4325 
R52 Res, 43K, 5%, 1/4W Camon Comp 1066-4335 Ailen-Bradley CB4335 

INTEGRATED CIRCUITS 

U1 IC, SN72741P 2025-0067 S1gnetics UA741CV 
U2 IC, LM30lA Op Amp 2025-0032 National LM30lA 
U3 IC, SN72741P 2025-0067 Signetics UA741CV 
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CIM CE-4 

R. F. Switch, 3200 

CKT. REF. DESC RIPTION CE STOCK NO. MFR. MFR. NO. 

3200 PCB Assy - Switch RF 7001-0401 Cushman 
PC Board 1780-0281 Cushman 

CAPACITORS 

C1 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-A100- W5RO-221K 
C2 Cap, 6. 8J.!F, 20%, 20V 1012-0001 Kemet T411D685M020AU 
C3 Cap, 1000PF, +100-0%, Feedthru 1005-0077 Allen-Bradley FW5N 
C4 Cap, 1000PF, +100-0%, Feedthru 1005-0077 Allen-Bra41ey FW5N 
C5 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-AI00-W5RO-22lK 

C6 Cap, 6. 8J.!F, 20%, 20V 1012-0001 Kemet TH1D685M020A U 
C7 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-A100- W5RO-22lK 
C8 Cap, 6. 8J.!F, 20%, 20V 1012-0001 Kemet T411D685M020A U 

DIODES 

CR1 Diode, MPN3401 1281-0050 Motorola MPN-3401 
CR2 Diode, MPN3401 1281-0050 Motorola MPN-3401 
CR3 Diode, MPN3401 1281-0050 Motorola MPN-3401 
CR4 Diode, MPN3401 1281-0050 Motorola MPN-3401 
CRS Diode, MPN3401 1281-0050 Motorola MPN-3401 

CR6 Diode, MPN3401 1281-0050 Motorola MPN-3401 

INDUCTORS 

L1 Choke, U-250 Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L2 Choke, U-250 Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 

RESISTORS 

Rl Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R2 Res, 680 Ohm, 5%, 1/4 W Comp 1066-6815 All en-Bradley CB6815 
R3 Res, 680 Ohm, 5%, 1/4W Comp 1066-6815 Allen-Bradley CB6815 
R4 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
R5 Res, 1K, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBI025 
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ClM CE-4 

1000 MHz Low Pass Filter, 3450 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3450 Assy, PCB Filter Low Pass 1000 MHz 7001-0154 Cushman 
PC Board 1780-0312 

CAPACITORS 

C1 Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-101J 
C2 Cap, • 0021-'F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5V-202M 
C3 Cap, 12PF, 5%, 500V Mica 1002-0017 Elmenco DM15-C-120J 
C4 Cap, • 0021-'F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5V-202M 
C5 Cap, 1000PF, 10%, 100V Min Cer 1005-0081 Erie 8121-100- WSR-102K 

RESISTORS 

R1 I Res, 680 Ohm, 5%, 1/4W Comp 1066-6815 Allen-Bradley CB6815 
R2 Res, 680 Ohm, 5%, 1/4W Comp 1066-6815 Allen-Bradley CB6815 
R3 Res, 470K, 5%, 1/4W Comp 1066-4745 Allen-Bradley CB4745 

\ R4 Res, 470K, 5%, 1/4W Comp 1066-4745 Allen-Bradley CB4745 
R5 Res, 4.3K, 5%, 1/4W Comp 1066-4325 Allen-Bradley CB4325 

I INT EGRA TED CIRCUIT 

V1 IC, LM30lA Op Amp 2025-0032 National LM30lA 

I I 
I 

I 
! 
I 

I 

I 
i 

I i 
~ 

i 
I 
! , 
I 
I 
I 
I 

--

5601"0065 7-27 



CIM CE-4 

Microwave Mixer, 3500 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3500 Assy, PC Bd. Mixer Microwave 7001-0155 Cushman 
PC Board 1780-0283 Cushman 

CAPACITORS 

C1 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C2 Cap, 2.2PF, .25PF%, 50V 1012-0003 Varadyne 3BN050S2R2C(S) 
C3 Cap, 1.5PF, .25PF%, 50V 1005-0121 ACI FD35NP01H1R5C 
C4 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C5 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) 

C6 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) 
C7 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) 
C8 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C9 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
CIO Cap, lOOOPF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 

Cll Cap, 220PF, 10%, 100V MiDi 1005-0075 Erie 8101-AlOO-W5RO-22lK 
C12 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-A100-W5RO-22lK 
C13 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-AlOO-W5RO-221K 
C14 Cap, FSV Chip 

DIODES 

CR1 Diode, HPA2900 1283-0003 HPA 5082-2900 
CR2 Diode, HPA2900 1283-0003 HPA 5082-2900 
CR3 Diode, Microwave Pin, lSV34 1281-0075 Nippon Elec lSV34 
CR4 Diode, Microwave Pin, lSV34 i 1281-0075 Nippon Elec lSV34 
CR5 Diode, Microwave Pin, lSV34 I 1281-0075 Nippon Elec lSV34 

i 
INDUCTOR ! 

LI Choke, 22Ot-lH, 5% I 1585-0018 Delevan 1537-92 
I 

RESISTORS 

R1 Res, 12K, 5%, 1/8W Comp 1065-1235 Allen-Bradley BB1235 
R2 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 All en-Bradley CB4715 
R3 Res, 6.8K, 5%, 1/8W Comp 1065-6825 All en-Bradley BB6825 
R4 Res, lK, 5%, 1/8W Comp 1065-1025 Allen-Bradley BBl,025 
R5 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley BB1025 

R6 Res, FSV 1%, 1/8W MF 1075-xxxx Dale MF 1/8 
R7 Res, 100 Ohm, 5%, 1/8W Comp 1065-1015 Allen-Bradley BB1015 
R8 Res, 49.9 Ohm, 1%, 100 PPM, 1/20V 1075-0141 Dale MFF 1/20 

TRANSFORMER 

T1 Transformer, Toroidal Bifilar 1579-0026 Cushman 
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CIM CE-4: 

Voltage Controlled Attenuator, 3600 
... -..... _ ..... _. 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3600 Assy, PCB Atten Voltage Control 7001-0156 Cushman 
PC Board 17BO-0275 Cushman 

CAPACITORS 

C1 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX05 OS 10 1K( S) 
C2 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100- W5RO-221K 
C3 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
C4 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
C5 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S10 lK(S) 

C6 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100-W5RO-221K 
C7 Cap, 4. 7PF, .25PF%, 50V 1012-0009 Varadyne 3BN050S4R7C(S) 
CB Cap, 1.3-5. 4PF, Air Var. 1000-0012 EF Johnson 1B7-0103-005 
C9 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie Bl01-A100-W5RO-221K 
ClO Cap, 1. 3-5. 4PF, Air Var. 1000-0012 EF Johnson 1B7-0103-005 

I 
C11 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
C12 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 

I C13 Cap, 1000PF, 10%, 100V Min Cer 1005-00B1 Erie B121-100-W5R-102K 

I C14 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100-W5RO-221K 

I 
C15 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S10 lK(S) 

I C16 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
I C17 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100-W5RO-221K 

C1B Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) 
C19 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 

! C20 
I 

Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
J I 

C21 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100-W5RO-221K t 
C22 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) I 
C23 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N 
C24 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N i , 

I 
C25 Cap, 1000PF, +100-0%, Feed Thru 1005-0077 Allen-Bradley FW5N I 
C26 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie B101-A100-W5RO-221K I 

I C27 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S101K(S) 

I C28 Cap, 1000PF, 10%, 100V Min Cer 1005-0081 Erie B121-100- W5R-102K 
C29 Cap, lOOOPF, 10%, 100V Min Cer 1005-00B1 Erie 8121-100-W5R-102K 
C30 Cap, 10PF, 10%, 100V Mini 1005-0074 Erie 8101-100-COG-100K 

DIODES , 
I 

I 
CR1 Diode, Microwave Pin, 1N5767 12B1-o140 HP 1NS767 

! 

CR2 Diode, Microwave Pin, 1N5767 12B1-0140 HP IN5767 
CR3 Diode, HPA2811 12B3-0004 HP 5082-2811 
CR4 Diode, HPA2811 1283-0004 HP 5082-2B11 
CR5 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 

CR6 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR7 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR8 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR9 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR10 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 

CR11 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR12 Diode, Microwave Pin, 1N5767 1281-0140 HP 1N5767 
CR13 Diode, Microwave Pin, 1N5767 12B1-0140 HP 1N5767 
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CIM CE-f 

Voltage Controlled Attenuator, 3600 (cont) 

CKT. REF. DESC RlPTION CE STOCK NO. MFR. MFR. NO. 

INDUCTORS 

L1 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L2 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L3 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L4 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L5 Assy, Coil, • 004J..tH, Half Turn 1596-6301 Cushman 

L6 Assy, Coil, .004J..tH, Half Turn 1596-6302 Cushman 
L7 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L8 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L9 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 5C-590-65/4B 
L10 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590j.,65/4B 

Lll Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L12 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L13 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
L14 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
LI5 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 

L16 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 
LI7 Choke, U-250, Ferrite Bead 1586-0004 Ferroxcube 56-590-65/4B 

TRANSISTORS 

Q1 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q2 Trans, 2N3904 1272-0032 Motorola 2N3904 

RESISTORS , 

R1 Res, 47 Ohm, 5%, 1/4W Comp 1066-4705 Allen-Bradley CB4705 
R2 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 All en-Bradley CB4715 
R3 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R4 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R5 Pot, 20K, 20%, 1/2W 1203-0055 Bourns 3339H-1-203 

R6 Res, 47 Ohm, 5%, 1/4W Comp 1066-4705 Allen-Bradley CB4705 
R7 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R8 Res, 51 Ohm, 5%, 1/4W Comp 1066-5105 Allen-Bradfey CB5105 
R9 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 All en-Bradley CB5615 
RIO Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

Rll Pot, 5K, 20%, 1/2W 1203-0054 Bourns 3339H-1-502 
R12 Res, 750 Ohm, 5%, 1/4W Comp 1066-7515 Allen-B radley CB7515 
R13 Res, 6.8K, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6825 
R14 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 , 
R15 Res, 6.8K, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6825 

R16 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R17 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
RIB Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen-Bradley CB5615 
R19 Pot, 20K, 20%, 1/2W 1203-0055 Bourns 3339H-1-203 
R20 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 

R21 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R22 Res, 390 Ohm, 5%, 1/4W Comp 1066-3915 Allen-Bradley CB3915 
R23 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R24 Res, 1. 2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
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CIM CE-4 

1190 MHz-1300 MHz Oscillator, 3700 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3700 Assy, PC Bd. Osc 1190-1300 MHz 7001-0157 Cushman 
PC Board 1780-0314 Cushman 

CAPACITORS 

C1 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C2 Plate, Double Sided Cap 2245-0044 Cushman 
C3 Cap, lOjlF, 10%, 20V 1011-0007 Kemet K10C20K 
C4 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C5 Cap, • 01jlF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C6 Cap, 22PF, 5%, 50V 1012-0007 Varadyne 3BN050S220J(S) 
C7 Cap, 10PF, 10%, 100V Mini 1005-0074 Erie 8101-100-COG-100K 
C8 Plate, Double Sided Cap 2245-0044 Cushman 
C9 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C10 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S10lK(S) 

C11 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C12 Cap, 1. 5PF, .25PF%, 50V 1005-0121 ACI FD35NP01H1R5C 
C13 Cap, 100PF, 10%, 50V 1012-0004 Varadyne 3BX050S10lK(S) 
C14 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-IOlK 

DIODE 

CR1 Dio, Varactor SI, 11. 5PF, at 3V 1281-0078 Alpha Ind DKV6533B 

TRANSISTORS 

Q1 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
Q2 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
Q3 Trans, 2N3567 1272-0014 Fairchild 2N3567 

RESISTORS 

R1 Res, 130 Ohm, 5%, 1/4W Comp 1066-1315 Allen-Bradley CB1315 
R2 Res, 33K, 5%, 1/4W Comp 1066-3335 Allen-Bradley CB3335 
R3 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R4 Pot, 5K, 20%, 1/2W 1203-0054 Bourns 3339H-1-502 
R5 He,. 49.9 Ohm. 1%. 100 PPM. 1/201 1075-0141 Dale MFF 1/20 

R6 Res, 330 Ohm, 5%, 1/2W Comp 1067-3315 All en-Bradley EB3315 
R7 Res, 49.9 Ohm, 1%, 100 PPM, 1/20 1075-0141 Dale MFF 1/20 
R8 Res, 49.9 Ohm, 1%, 100 PPM, 1/20\ 1075-0141 Dale MFF 1/20 
R9 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
RIO Res, 390 Ohm, 5%, 1/2W Comp 1067-3915 Allen-Bradley EB3915 

R11 Res, 1.6K, 5%, 1/4W Comp 1066-1625 All en-Bradley CB1625 
R12 THRMIS, lK 1253-0002 Veco 31E2 
R13 Res, 2.4K, 5%, 1/4W Comp 1066-2425 Allen-Bradley CB2425 
R14 Res, 1. 6K, 5%, 1/4W Comp 1066-1625 Allen-Bradley CB1625 
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CIM CE-4 

1190 MHz-1300 MHz Phase Lock, 3750 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3750 Assy, PCB Phaselock 1190-1300 MHz 7001-0158 Cushman 
PC Board 1780-0271 Cushman 

CAPACITORS 

C1 Cap, • 002j.(F, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C2 Cap, • 002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C3 Cap, 5PF, .5PF%, 500V Mica 1002-0028 Elmenco DM15-C-050D 
C4 Cap, • 002j.(F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C5 Cap, 1. 5j.(F, 10%, 35V 1013-0001 Sprague 150D155X9035B2 

C6 Cap, • 002j.(F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C7 Cap, • 002j.(F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C8 Cap, 10j.(F, +50-20%, 35V 10ll-0006 ITT TAG 10/35-20 
C9 Cap, 3. 3j.(F, 10%, 15V 10ll-0008 Kemet K3R3C15K 
C10 Cap, • 027J.!F, 1%, 50V 1008-0064 TRW 863UW 

Cll Cap, 3.3j.(F, 10%, 15V 10ll-0008 Kemet K3R3C15K 
C12 Cap, 3. 31lF, 10%, 15V 1011-0008 Kemet K3R3C15K 
C13 Cap, 56PF, 5%, 500V Mica 1002-0019 Elmenco DM15-E-560J 
C14 Cap, 5. 5-18PF, 350V, Vert Trim 1001-0008 Erie 538-002A-5.5-18 
C15 Cap, • 002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C16 Cap, .002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C17 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C18 Cap, 180PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-181J 
C19 Cap, lS0PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-1S1J 
C20 Cap, 9-35PF, 200V, Vert Trim 1001-0006 Erie 538-002-94D 

C21 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5 U-202M 
C22 Cap, .002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-20211 
C23 Cap, • 002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C24 Cap, 180PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-181J 
C25 Cap, 30PF, 5%, 500V Mica 1002-0043 Elmenco DM15-E-300J 

C26 Cap, • 05J.lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C27 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5 U-2021\1 
C28 Cap, • 002j.(F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C29 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C30 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-A100-W5RO-221K 

C31 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C32 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C33 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C34 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C35 Cap, 4.7PF, .25PF%, 50V 1012-0009 Varadyne 3BN050S4R7C(S) 

C36 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C37 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C38 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5 U-2021\1 
C39 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C40 Cap, • 05J.!F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

C41 Cap, 150PF, 5%, 500V Mica 1002-0021 Elmenco DM15-F-151J 
C42 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5lJ-202M 
C43 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5 U-202M 
C44 Cap, .002IlF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C45 Cap, 12PF, 5%, 500V Mica 1002-0017 Elmenco DM15-C-120J 

C46 Cap, o 002J.!F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5 U-2021\1 
C47 Cap, 1000PF, 10%, 100V Min Cer 1005-0081 Erie 8121-100- W5R-102K 
C48 Cap, 47J.lF, 20%, 20V 10ll-0009 Dickson D47GSC20M 
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CIM CE-4 

1190 MHz-1300 MHz Phase Lock, 3750 (cant) 

CKT. REF. DESC RlPTION CE STOCK NO. MFR. MFR. NO. 

DIODES 

CR1 Diode, Microwave Pin, 1SV34 1281-0075 Nippon Elec 1SV34 
Z1 Diode, HPA2206 (CR5,6, 7, 8) 1281-0067 HP 5082-2206 
CR2 Diode, HPA0136 1282-0006 HP 5082-0136 
CR3 Diode, HPA2811 1283-0004 HP 5082-2811 
CR4 Diode, HPA2811 1~83-0004 HP 508~-2811 

i 
IN3064 1281-0013 Teledyne IN3064 

I 
CR9 Diode, 
CRI0 Diode, IN3064 1281-0013 Teledyne IN3064 I CR11 Diode, IN3064 1281-0013 Teledyne IN3064 
CR12 Diode, IN3064 1281-0013 Teledyne IN3064 
CR13 Diode, 1N3064 1281-0013 Teledyne 

I 
1N3064 

CR14 Diode, 1N3064 1281-0013 Teledyne 1N3064 

INDUCTORS 

I L1 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L2 Assy, Coil. 064J.ili, RF 1596-5802 Cushman 
L3 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L4 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L5 Assy, Coil, .1l4J,LH, RF 1596-5804 Cushman 

L6 I Assy, Coil, .098IJH, RF 1596-5803 Cushman 
L7 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B I 
L8 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B I 
L9 Choke, 1.5J.lH, 10% 1585-0038 Delevan 1537-16 ! 
L10 Assy, Coil, .131J.lH 1596-5805 Cushman 

Lll Assy, Coil, .047J.lH, RF 1596-5801 Cushman 

T RAN SISTO RS i 
I 

Q1 Trans, 2N3643 1272-0066 Fairchild 2N3643 I Q2 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q3 Trans, 2N5089 1272-0031 Motorola 2N5089 I 

I 
Q4 Trans, 2N5089 1272-0031 Motorola 2N5089 

, 
I 

Q5 Trans, 2N3866 1271-0005 RCA 2N3866 

I 
Q6 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q7 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q8 Trans, 2N3904 1272-0032 Motorola 2N3904 I 

Q9 Trans, 2N3904 1272-0032 Motorola 2N3904 I 
Q10 Trans, 2N3906 1272-0037 Motorola 2N3906 I RESISTORS 

Rl Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 

I 
R2 Res, 1.2K, 5%, 1/4W Camp 1066-1225 Allen-Bradley CB1225 
R3 Res, 75 Ohm, 1%, 1/8W MF 1075-0035 Dale MFF 1/8 
R4 Res, 2.43K, 1%, 1/8W MF 1075-0019 Dale MFF 1/8 
R5 Res, 5.6K, 5%, 1/4W Camp 1066-5625 Allen-Bradley CB5625 

R6 Res, 56 Ohm, 5%, 1/4W Comp 1066-5605 Allen-Bradley CB5605 
R7 Res, 1. 8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R8 Pot, 10K, 20%, 1/2W 1215-0019 Beckman 66WR10K 
R9 Res, 8:20 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
RIO Res, 10K, 5%, 1/4W Camp 1066-1035 Allen-Bradley CB1035 

Rll Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R12 Res, 4.99K, 1%, 1/8W MF 1075-0095 Dale MFF 1/8 
R13 Res, 820 Ohm, 5%, 1/4W Camp 1066-8215 Allen-Bradley CB8215 
R14 Res, 15K, 5%, 1/4W Camp 1066-1535 Allen-Bradley CB1535 
R15 Res, 3K, 5%, 1/4W Comp 1066-3025 All en-Bradley CB3025 
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CIM CE-4 

1190 HHz-1300 MHz Phase Lock, 3750 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R16 Res, 22 Ohm, 5%, 1/4W Comp 1066-2205 Allen-Bradley CB2205 
R17 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R18 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 
R19 Res, 1. 8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R20 Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 

R21 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R22 Res, 1.5K, 5%, 1/4W Comp 1066-1525 Allen-Bradley CB1525 
R23 Res, 1.3K, 5%, 1/4W Comp 1066-1325 Allen-Bradley CB1325 
R24 Res, 1. 3K, 5%, 1/4W Comp 1066-1325 Allen-Bradley CB1325 
R25 Res, 6.2K, 5%, 1/4W Comp 1066-6225 Allen-Bradley CB6225 

R26 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R27 Res, 75K, 5%, 1/4W Comp 1066-7535 Allen-Bradley CB7535 
R28 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R29 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R30 Res, 5.6K, 5%, 1/4 W Comp 1066-5625 : Allen-Bradley CB5625 

R31 Res, 15K, 5%, 1/4WComp 1066-1535 , Allen-Bradley CB1535 
R32 Res, 680 Ohm, 5%, 1/2W Comp 1067-6815 . Allen-Bradley EB6815 
R33 Res, 3.3K, 5%, 1/4W Comp 1066-3325 . Allen-Bradley CB3325 
R34 Res, 15 Ohm, 5%, 1/4W Comp 1066-1505 Allen-Bradley CB1505 
R35 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 

R36 Res, 8.2K, 5%, 1/4W Comp 1066-8225 Allen-Bradley CB8225 
R37 Res, 390 Ohm, 5%, 1/2W Comp 1067-3915 All en-Bradley EB3915 
R38 Pot, 20K, 20%, 1 W Trim 1200-0028 CTS 360T203B 
R39 Res, 1K, 5%, 1/4 W Comp 1066-1025 Allen-Bradley CB1025 
R40 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R41 Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R42 Res, 10 Meg, 5%, 1/4W Comp 1066-1065 Allen-Bradley. CB1065 
R43 Res, 18K, 5%, 1/4W Comp 1066-1835 Allen-Bradley CB1835 
R44 Res, 22K, 5%, 1/4W Comp 1066-2235 Allen-Bradley CB2235 
R45 Res, 10K, 5%, 1/4 W Comp 1066-1035 Allen-Bradley CB1035 

R46 Res, 100 Ohm, 5%, 1/8W Comp 1065-1015 Allen-Bradley BB1015 
R47 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R48 Res, 100 Ohm, 5%, 1/8W Comp 1065-1015 Allen-Bradley BB1015 
R49 Res, 49.9 Ohm, 1%, 100 PPM 1/20W 1075-0141 Dale MFF 1/20 
R50 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R51 Res, 240 Ohm, 5%, 1/4W Comp 1066-2415 Allen-Bradley CB2415 
R52 Res, 240 Ohm, 5%, 1/4W Comp 1066-2415 Allen-Bradley CB2415 
R53 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R54 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R55 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 

R56 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R57 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R58 Res, 1.5K, 5%, 1/ 4W Comp 1066-1525 Allen-Bradley CB1525 
R59 Res, 15K, 5%, 1/4 W Comp 1066-1535 Allen-Bradley CB1535 
R60 Not Used 
R61 Res, 301 Ohm, 1%, 1/8W MF 1075-0048 Dale MFF 1/8 

TRANSFORMER 

T1 Assy, Transformer Totoidal Bifilar 1579-0028 Cushman 

INTEGRATED CIRCUITS 

U1 IC, CA3028B 2025-0061 RCA CA3028B 
U2 IC, SN72741P 2025-0067 TI SN72741P 
ua IC, LM302 Voltage Follower 2025-0029 National LM302H 
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ClM CE-4 

1300 MHz-2200 MHz Oscillator, 3800 

CKT. REF. DESC RlPTION CE STOCK NO. MFR. MFR. NO. 

3800 Assy, PC Bd. Osc 1300-2200 MHz 7001-0159 Cushman 
PC Board 1780-0278 Cushman 

CAPACITORS 

C1 Cap. .002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C2 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C3 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C4 Cap, .002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C5 Cap, .002~, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C6 Cap, .OO2/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C7 Cap, .002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C8 Cap, .002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C9 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C10 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

Cll Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C12 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C13 Cap, • 002/-LF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5U-202M 
C14 Cap, • 002~, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C15 Cap, • 002~, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C16 Cap, • 002/-LF, 20%. 500V Disc 1005-0003 Erie 831-596- Z5U-202M 
C17 Cap, • 002/-LF. 20%, 500V Disc , 1005-0003 Erie 831-596-Z5U-202M 
C18 Cap, .002/-LF, 20%, 500V Disc 

, 
1005-0003 Erie 831-596-Z5U-202M 

C19 Cap, • 002/-LF, 20%, 500V Disc 
i 

1005-0003 Erie 831-596-Z5U-202M 
C20 Cap, • 002j.LF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5U-202M 

C21 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C22 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C23 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C24 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C25 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 

C26 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C27 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C28 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C29 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C30 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 

C31 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C32 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C33 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C34 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C35 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 i 

C36 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C37 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C38 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C39 Cap, 100PF, 20%, 250V Feed Thru 1005-0080 Aerovox EF-5 
C40 Cap, 100PF, 20%. 250V Feed Thru 1005-0080 Aerovox EF-5 

C41 Plate, 5'ingle Sided Cap 2245-0043 Cushman 
C42 Plate, Single Sided Cap 2245-0043 Cushman 
C43 Plate, Single Sided Cap 2245-0043 Cushman 
C44 Plate, Single Sided Cap 2245-0043 Cushman 
C45 Plate, Single Sided Cap 2245-0043 Cushman 

C46 Plate, Single Sided Cap 2245-0043 Cushman 
C47 Plate, Single Sided Cap 2245-0043 Cushman 
C48 Plate, Single 5'ided Cap 2245-0043 Cushman 
C49 Plate, Single Sided Cap 2245-0043 Cushman 
C50 Plate, Single Sided Cap 2245-0043 Cushman 

5601··0065 7-35 



ClM CE-4 

1300 MHz-2200 MHz Oscillator, 3800 (cont) 

CKT. REF. DESCRIPTION C:\ STOCK NO. MFR. MFR. NO. 

CONNECTORS 

J1 Conn, Submini RF Straight Coaxial 2536-0036 Sealectro 50-051 
J2 Copper Strip --------- Cushman 
J3 Conn, 12 Contact Double Row 2535-0052 Masterite 2MC6D/1-1 

INDUCTORS 

L1 Assy, Coil Air Core 1596-0061 Cushman 
L2 Assy, Coil Air Core 1596-0061 Cushman 
L3 Assy, Coil Air Core 1596-0061 Cushman 
lA Assy, Coil Air Core 1596-0061 Cushman 
L5 Assy, Coil Air Core 1596-0061 Cushman 

L6 Assy, Coil Air Core 1596-0061 Cushman 
L7 Assy, Coil Air Core 1596-0061 Cushman 
L8 Assy, Coil Air Core 1596-0061 Cushman 
L9 Assy, Coil Air Core 1596-0061 Cushman 
L10 Assy, Coil Air Core 1596-0061 Cushman 

TRANSISTORS 

Q1 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
Q2 Trans, FMT5789 1272-0061 Fairchild FMT5789 
Q3 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
Q4 Trans, FMT5789 1272-0061 Fairchild FMT5789 
Q5 Trans, FMT5789 1272-0061 Fairchild FMT5789 

Q6 Trans, FMT;j789 1272-0061 Fairchild FMT5789 
Q7 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
Q8 Trans, FMT5789 1272-0061 Fairchild FMT5789 
Q9 Trans, 2SC1424 1272-0071 Nippon Elec 2SC1424 
QI0 Trans, FMT5789 1272-0061 Fairchild FMT5789 

RESISTORS 

Rl Pot, 1K, 20%, 1WTrim 1200-0024 CTS 360TI02B 
R2 Pot, lK, 20%, 1WTrim 1200-0024 CTS 360T102B 
R3 Pot, 1K, 20%, lWTrim 1200-0024 CTS 360TI02B 
R4 Pot, lK, 20%, 1WTrim 1200-0024 CTS 360T102B 
R5 Pot, lK, 20%, lWTrim 1200-0024 CTS 360TI02B 

R6 Pot, lK, 20%, 1WTrim 1200-0024 CTS 360T102B 
R7 Pot, lK, 20%, 1WTrim 1200-0024 CTS 360TI02B 
R8 Pot, lK, 20%, lW Trim 1200-0024 CTS 360T102B 
R9 Pot, 1K, 20%, lWTrim 1200-0024 CTS 360TI02B 
RIO Pot, 1K, 20%, lW Trim 1200-0024 CTS 360TI02B 

Rll Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R12 Res, 470 Ohm, 5%, 1/4WComp 1066-4715 Allen-Bradley CB4715 
R13 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R14 Res, 470 Ohm, 5%, 1/4WComp 1066-4715 Allen-Bradley CB4715 
R15 Res, 470 Ohm, 5%, 1/4WComp 1066-4715 Allen-Bradley CB4715 

R16 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R17 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R18 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R19 Res, 470 Ohm, 5%, 1/4WComp 1066-4715 Allen-Bradley CB4715 
R20 Res, 470 Ohm, 5%, 1/4WComp 1066-4715 Allen-Bradley CB4715 

R21 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R22 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R23 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
R24 Res, 120 Ohm, 5%, 1/4WComp 1066-1215 Allen-Bradley CB1215 
R25 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 
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CIM CE-4 

1300 MHz-2200 MHz Oscillato..:', 3800 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R26 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 All en-Bradley CB1215 
R27 Res, 120 Ohm, 5%, 1/4WComp 1066-1215 All en-Bradley CB1215 
R28 Res, 120 Ohm, 5%, 1/4WComp 1066-1215 Allen-Bradley CB1215 
R29 Res, 120 Ohm, 5%, 1/4WComp 1066-1215 Allen-Bradley CB1215 
R30 Res, 120 Ohm, 5%, 1/4W Comp 1066-1215 Allen-Bradley CB1215 

R31 Res, 100 Ohm, 5%, 1/4WComp 1066-1015 Allen-Bradley CB1015 
R32 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R33 Res, 100 Ohm, 5%, 1/4WComp 1066-1015 Allen-Bradley CB1015 
R34 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R35 Res, 100 Ohm, 5%, 1/4W C omp 1066-1015 Allen-Bradley CB1015 

R36 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R37 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R38 Res, 100 Ohm, 5%, 1/4WComp 1066-1015 Allen-Bradley CB1015 
R39 Res, 100 Ohm, 5%, 1/4WComp 1066-1015 Allen-Bradley CB1015 
R40 Res, 100 Ohm, 5%, 1/4WComp 1066-1015 Allen-Bradley CB1015 

R41 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R42 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R43 Res, 49.9 Ohm, 1%, 100 PPM, 1/20W 1075-0141 Dale MFF 1/20 

, , , 
! 

I 
I 

I 
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CIM CE-4 

1300 MHz-2200 MHz Phase Lock, 3900 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3900 Assy, PCB Phaselock, 1300-2200 MHz 7001-0160 Cushman 
PC Board 1780-0274 Cushman 

CAPACITORS 

C1 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C2 Cap, • 0021lF. 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C3 Cap, 5PF, .5PF%, 500V Mica 1002-0028 Elmenco DM15-C-050D 
C4 Cap, .0021lF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C5 Cap, 1. 51lF, 10%, 35V 1013-0001 Sprague 150D155X9035B2 

C6 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C7 Cap, • 0021lF, 20%. 500V Disc 1005-0003 Erie 831-596- Z5U-202M 
C8 Cap, 10llF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C9 Cap, 10llF, 10%, 20V 1011-0007 Kemet K10C20K 
C10 Cap, • 047J.lF, 10%, 100V 1008-0049 Sprague 225P12391WA3 

C11 Cap, 10llF, 10%, 20V 1011-0007 ITT TAG 10/35-20 
C12 Cap, 3. 31lF, 10%, 15V 1011-0008 Sprague 225P33291 WA3 
C13 Cap, 56PF, 5%, 500V Mica 1002-0019 Elmenco DM15-E-560J 
C14 Cap, 5. 5-18PF, 350V Vert Trim 1001-0008 Erie 538-002A-5.5-18 
C15 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C16 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 83l-596-Z5U-202M 
C17 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C18 Cap, 180PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-18lJ 
C19 Cap, l80PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-18lJ 
C20 Cap, 9-35PF, 200V Vert Trim 1001-0006 Erie 538-002-940 

C2l Cap, • OlllF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5 U-103 Z 
C22 Cap, • 05JlF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C23 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 83l-596-Z5U-202M 
C24 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 83l-596-Z5U-202M 
C25 Cap, 180PF, 5%, 500V Mica 1002-0005 Elmenco DM15-F-18lJ 

C26 Cap, 36PF, 5%, 500V Mica 1002-0041 Elmenco DM15-E-360J 
C27 Cap, • 051lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C28 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C29 Cap, • 002J.lF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C30 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-l00-COG-l01K 

C3l Cap, 1000PF, 10%, 100V Min Cer 1005-0081 Erie 8l21-100-W5R-102K 
C32 Cap, 220PF, 10%, 100V Mini 1005-0075 Erie 8101-AlOO-W5RO-22lK 

I C33 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-101K 
C34 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-10lK 
C35 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8121-100-COG-10lK 

C36 Cap, 4.7PF, .25PF%,50V 1012-0009 Varadyne 3BN050S4R7C(S) 
C37 Cap, 100PF, 5%, 100V Min Cer 1005-0082 Erie 8l2l-l00-COG-10lK 
C38 Cap, • 0021lF, 20%, 500V Disc 1005-0003 Erie 83l-596-Z5U-202M 
C39 Cap, • 051lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C40 Cap, 1000PF. 10%, 100V Min Cer 1005-0081 Erie 8l2l-l00-W~R-102K 

C4l Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-lOlJ 
C42 Cap, l2PF, 5%, 500V Mica 1002-0017 Elmenco DM15-C-120J 
C43 Cap, .0' IlF, +80-20%, 25V Disc 1005-001S Erie 5835-5l2-Y5U-l03Z 
C44 Cap, 820PF, 5%, 300V Mica 1002-0039 Elmenco DM15-F-82lJ 
C45 Cap, • OlIlF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-l03Z 

C46 Cap, 560PF, 5%, 300V Mica 1002-0037 Elm en co DM15-F-56lJ 
C47 Cap, .011lF, +80-20%, 25V Disc 1005-0013 Erie 5835-5l2-Y5U-103Z 
C48 Cap, lOIlF, +100-10%, 25V Elctlt Rdl 1013-0035 Sprague 503D106G025AS 
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CIM CE-4 

1300 MHz-2200 MHz Phase Lock, 3900 (cont) 

eKT. REF. DEse RIPTION CE STOCK NO. MFR. MFR. NO. 

DIODES I 
CR1 Diode, Microwave Pin, 1SV34 1281-0075 Nippon Elec 1SV34 I CR2 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR3 Diode, HPA0136 1282-0006 HP 5082-0136 
CR4 Diode, HPA2811 1283-0004 HP 5082-2811 
CR5 Diode, HPA2811 1283-0004 HP 5082-2811 

I 
CR6 Diode, 1N3064 1281-0013 Teledyne 1N3064 I CR7 Diode, IN3064 1281-0013 Teledyne 1N3064 
CR8 Diode, 1N3064 1281-0013 Teledyne 1N3064 I CR9 Diode, 1N3064 1281-0013 Teledyne 1N3064 

I CR10 Diode, IN3064 1281-0013 Teledyne 1N3064 

CR11 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR12 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR13 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR14 Diode, IN3064 1281-0013 Teledyne 1N3064 

INDUCTORS 

L1 Assy, Coil, • 06~H, RF 1596-5802 Cushman I 
T') Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B I 
A"~ I 
L3 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 

I 
L4 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B 
L5 Choke, .22J.lH, 20% 1585-0039 Delevan 1537-02 

L6 Choke, • 1J.lH 1585-0041 Delevan 2307-101 I 
L7 Not Used i 
L8 Choke, 2.2¢I, 10% 1585-0013 Delevan 1537-20 i 

I 

L9 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B I 
I 

L10 Choke, 2 1/2 Turns Wide Band 1586-0003 VK 20020/4B r 
i 

L11 Choke, l.5tM, 10% 1585-0038 Delevan 1537-16 I L12 Assy, Coil, .134LH 1596-5805 Cushman 
L13 Choke, 2. 2¢I, j.lO% 1585-0013 Delevan 1537-20 
Ll4 Assy, Coil, . 064tM RF 1596-5802 Cushman 
L15 Choke, 2.2J.lH, 10% 1585-0013 Delevan 1537-20 

1 

L16 Choke, 2.2J.lH, 10% 1585-0013 Delevan 1537-20 

TRANSISTORS 

Q1 Trans, 2N3643 1272-0066 Fairchild 2N3643 
Q2 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q3 Trans, 2N5089 1272-0031 Motorola 2N5089 
Q4 Trans, 2N5689 1272-0031 Motorola 2N5089 
Q5 Trans, 2N3866 1271-0005 RCA 2N3866 

! 
Q6 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q7 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q8 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q9 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q10 Trans, 2N3906 1272-0037 Motorola 2N3906 

I 
Q11 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q12 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q13 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q14 Trans, 2N3565 1272-0017 Fairchild 2N3565 , 
Q15 Trans, 2N4393 1272-0055 Teledyne 2N4393 i 
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CIM CE-4 

1300 MHz-2200 MHz Phase Lock, 3900 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

RESISTORS 

R1 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R2 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
Ra Res, 75 Ohm, 1%, 1/8W MF 1075-0035 Dale MFF 1/8 
R4 Res, 2.43K, 1%, 1/8W MF 1075-0019 Dale MFF 1/8 
R5 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 

R6 Res, 56 Ohm, 5%, 1/4W Comp 1066-5605 Allen-Bradley CB5605 
R7 Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R8 Pot, 10K, 10%, 3/4W 1215-0014 Helitrlm 89WR 
R9 Res, 12K, 5%, 1/4W Comp 1066-1235 Allen-Bradley CB1235 
RIO Res, 1.3K, 5%, 1/4W Comp 1066-1325 Allen-Bradley CB1325 

R11 Res, 3.6K, 5%, 1/4W Comp 1066-3625 Allen-Bradley CB3625 
R12 Res, 3.3K, 5%, 1/4W C omp 1066-3325 Allen-Bradley CB3325 
R13 Res, 1. lK, 5%, 1/4 W Comp 1066-1125 Allen-Bradley CB1125 
R14 Res, 18K, 5%, 1/4W Comp 1066-1835 Allen-Bradley CB1835 
R15 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 

R16 Res, 43 Ohm, 5%, 1/4W Comp 1066-4305 Allen-Bradley CB4305 
R17 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R18 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 
R19 Res, 8.2K, 5%, 1/4W Comp 1066-8225 Allen-Bradley CB8225 
R20 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R21 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R22 Res, 820 Ohm', 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R23 Res, 270 Ohm, 5%, 1/4W Comp 1066-2715 Allen-Bradley CB2715 
R24 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 
R25 Res, 75K, 5%, 1/4W Comp 1066-7535 Allen-Bradley CB7535 

R26 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R27 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R28 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R29 Res, 15K, 5%, 1/4W Comp 1066-1535 All en-Bradley CB1535 
RaO Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 

Ra1 Res, 15K, 5%, 1/4 W Comp 1066-1535 Allen-Bradley CB1535 
R32 Res, 680 Ohm, 5%, 1/2W Comp 1067-6815 Allen-Bradley EB6815 
Ra3 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
Ra4 Res, 15 Ohm, 5%, 1/4W Comp 1066-1505 Allen-Bradley CB1505 
R35 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 

R36 Res, 8.2K, 5%, 1/4W Comp 1066-8225 Allen-Bradley CB8225 
R37 Res, 390 Ohm, 5%, 1/2W Comp 1067-3915 Allen-Bradley EB3915 
R38 Pot, 20K, 20%, 1 W Trim 1200-0028 CTS 360T203B 
R39 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R40 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R41 Res, 10 Meg, 5%, 1/4W Comp 1066-1065 Allen-Bradley CBI065 
R42 Res, 18K, 5%, 1/4W Comp 1066-1835 Allen-Bradley CB1835 
R43 Res, 22K, 5%, 1/4W Comp 1066-2235 Allen-Bradley CB2235 
R44 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R45 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 

R46 Res, 200 Ohm, 5%, 1/4W Comp 1066-2015 Allen-Bradley CB2015 
R47 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R48 Res, 49.9 Ohm, 1%, 100 PPM, 1/20V 1075-0141 Dale MFF 1/20 
R49 Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 
R50 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
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ClM CE-4 

1300 MHz-2200 MHz Phase Lock, 3900 (cont) 

CKT. REF. DESC RlPTION CE STOCK NO. MFR. MFR. NO. 

R51 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
R52 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 All en-Bradley CB2215 
R53 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R54 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R55 Res, 4.3K, 5%, 1/4W Comp 1066-4325 Allen-Bradley CB4325 

R56 Res, 470K, 5%, 1/4W Comp 1066-4745 Allen-Bradley CB4745 
R57 Res, 15K, 5%, 1/4 W Comp 1066-1535 Allen-Bradley CB1535 
R58 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 
R59 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 
R60 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 

R61 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R62 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CB1005 
R63 Res, FSV 5%, 1/4W Comp 1066-XXXX Allen-Bradley CBXXXX 
R64 Res, 18K, 5%, 1/4W Comp 1066-1835 Allen-Bradley CB1835 

I 
R65 Res, 4.3K, 5% , 1/4W Comp 1066-4325 Allen-Bradley CB4325 

R66 Res, 1.6K, 5%, 1/4 W Comp 1066-1625 Allen-Bradley CB1625 
R67 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

I 
R68 Res, 270K, 5%, 1/4W Comp 1066-2745 Allen-Bradley CB2745 
R69 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R70 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 

R71 Res, 36K, 5%, 1/4W Comp 1066-3635 Allen-Bradley CB3635 
R72 Res, 2.4K, 5%, 1/4W Comp 1066-2425 Allen-Bradley CB2425 
R73 Res, 7.5K, 5%, 1/4W Comp 1066-7525 Allen-Bradley CB7525 
R74 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 

I 
TRANSFORMER 

T1 Assy, Transformer Toroidal Bifilar 1579-0027 Cushman 

INTEGRATED CmCVITS 

VI IC, CA3028B 2025-0061 RCA CA3028B 
U2 IC, 72741, 14 Pin Hi Perform Op Am 2025-0022 TI SN72741N 
V3 IC, LM302 Voltage Follower 2025-0029 National LM302H 
U4 IC, SN72741P 2025-0067 TI SN72741P 

I 
I BRIDGE RECTIFIER I 

Zl Bridge Quad 1281-0067 HPA HPA2206 

I 
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CIM CE-4 

10 MHz Modulator and Switch Logic. 4400 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

4400 PCB Assy. 10 MHz Mod & SW Logic 7001-0442 Cushman 
PC Board 1780-0710 Cushman 

CAPACITORS 

C1 Cap. • 051lF. +80-20%. 25V Disc 1005-0014 Erie 585S-S0S-YSUO-S03Z 
C2 Cap. • OSIlF. +80-20%. 2SV Disc 1005-0014 Erie 5855-505-Y5 UO-S03 Z 
C3 Cap. .05IlF. +80-20%. 25V Disc 1005-0014 Erie 5855-505-YSUO-S03Z 
C4 Cap. • 0271lF. 10%. 100V 1008-0032 ~rague 225P27391 
C5 Cap, 1MF 50V DC 10% Electrolytic 1013-0004 ~rague 30Dl05G02SBAS 

C6 Cap. • 01llF. +80-20%, 2SV Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C7 Cap. 180PF. 5%. 500V Mica 1002-0005 Elmenco DM15-F-181J 
C8 Cap. 22PF. 5%. 500V Mica 1002-0023 Elmenco DM1S-C-220J 
C9 Cap. 22PF, 2%, SOOV Tub. 1005-0007 Erie 301-000-U2JO-220G 
C10 Cap. 470PF. S%, SOOV Mica 1002-0035 Elmenco DM1S-F-471J 

C11 Cap. 470PF. S%, 500V Mica 1002-0035 Elmenco DM15-F-471J 
C12 Cap •• 01llF. +80-20%. 25V Disc 1005-0013 Erie 583S-512-Y5U-103Z 
C13 Cap •• 01llF. +80-20%. 25V Disc 1005-0013 Erie S835-512-YSU-103Z 
C14 Cap. 30PF. S%, SOOV Mica 1002-0043 Elmenco DM15-E-300J 
CIS Cap. • 0 11lF, +80-20%. 2SV Disc 100S-0013 Erie S835-512-Y5U-103Z 

C16 Cap, • 011lF, +80-20%. 25V Disc 1005-0013 Erie S835-512-Y5U-103Z 
C17 Cap. 39PF, 5%. 500V Mica 1002-0018 Elmenco DM15-E-390J 
C18 Cap. 390PF. S%. 500V Mica 1002-0033 Elmenco DM 15-F -391J 
C19 Cap •• 01llF, -1-80-20%. 25V Disc 1005-0013 Erie S835-S12-YSU-I03Z 
C20 Cap, • 01llF. +80-20%. 25V Disc 1005-0013 Erie 5835-S12-YSU-I03Z 

C21 Cap •• 01llF. +80-20%. 2SV Disc 1005-0013 Erie S835-512-Y5U-I03Z 
C22 Cap •• 011lF. +80-20%. 25V Disc 1005-0013 Erie 5835-512-Y5U-I03Z 

DIODES 

CRl Not used 
CR2 Not used 
CR3 Diode. IN3064 1281-0013 Teledyne IN3064 
CR4 Diode. V33 1281-0010 TRW V33 

INDUCTORS 

Ll Choke. 821lH. 5% 1585-0032 Delevan 1537-72 
L2 Coil. 3. 8 to 7. 31lH 1596-0025 Delevan 4000-18 
L3 Coil. 8 Turn 16 MHz 1596-0111 Cushman 
L4 Choke, 821lH, 5% 1585-0032 Delevan 1537-72 
L5 Choke. 821lH. 5% lS85-0032 Delevan 1537-72 

TRANSISTORS 

Q1 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q2 Trans, 2N3638 1272-0015 Fairchild 2N3638 
Q3 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q4 Trans, 2N3906 1272-0037 Motorola 2N3906 
Q5 Trans. 2N4275 1272-0016 fairchild 2N4275 

Q6 Trans, 2N3565 1272-0017 ~airchild 2N3565 
Q7 Trans, 2N3565 1272-0017 ~airchild 2N3565 
Q8 Trans, 2N4249 1272-0024 ~airchild 2N4249 
Q9 Trans, 2N4249 1272-0024 lFairchild 2N4249 
Q10 Trans, 2N3565 1272-0017 lFairchild 2N3565 
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CIM CE-4 

10 MHz Modulator and Switch Logic, 4400 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

Ql1 Trans, 2N3565 1272-0017 FairchiW 2N3565 
Q12 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q13 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q14 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q15 Trans, 2N3565 1272-0017 Fairchild 2N3565 

Q16 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q17 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q18 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q19 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q20 Trans, 2N3565 1272-0017 FairchiW 2N3565 

RESISTORS 

Rl Res, 3.6K, 5%, 1/4W Comp 1066-3625 Allen-Bradley CB3625 
R2 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R3 Pot, 10K, 10%, 3/4 W 1215-0014 Helitrim 89WR 

I R4 Pot, 5K, 10%, 3/4W 1215-0012 Helitrtm 89WR 

I 
R5 Pot, 1K. 10%, 3/4 W 1215-0013 lHelitrim 89WR 

R6 Res,!. 2K, 5%, 1/4W Comp 1066-1225 iAIlen-Bradley CB1225 I 
i R7 Res, 220K, 5%, 1/4W Comp 1066-2245 Allen-Bradley CB2245 I R8 Res, 1.5 Meg, 5%, 1/4W Comp 1066-1555 Allen-Bradley CB1555 
I R9 Res, 27K, 5%, 1/4 W Comp 1066-2735 Allen-Bradley CB2735 

RIO Res, 6.8K, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6825 

Rll Res, 330 Ohm, 5%, 1/4W Comp 1066-3315 ~llen-Bradley CB3315 
R12 Res, 910K, 5%, 1/4W Carbon Comp 1066-9145 Allen-Bradley CB9145 

I 
R13 Res, 4.7K, 5%, 1/4W Comp 1066-4725 iAllen-B radley CB4725 
R14 Res, 10K, 5%, 1/4 W Comp 1066-1035 iAllen-B radley CB1035 

I R15 Res, 20K, 5%, 1/4W Comp 1066-2035 !Allen-Bradley CB2035 

I R16 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 

I R17 Res, 10K, 5%, 1/4W Comp 1066-1035 JAIlen-Bradley CB1035 
R18 Res, 8.2K, 5%, 1/4W Comp 1066-8225 lAuen-Bradley CB8225 
R19 Res, 8.2K, 5%, 1/4W Comp 1066-8225 !Allen-Bradley CB8225 
R20 Res, 2.2K, 5%, 1/4W Comp 1066-2225 ~llen-Bradley CB2225 

I R21 Res, 10K, 5%, 1/4W Comp 1066-1035 iAIlen-Bradley CBI035 
R22 Res, 8.2K, 5%, 1/4W Comp 1066-8225 iAllen-Bradley CB8225 
R23 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-B radley CB1005 
R24 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 Allen-Bradley CB2215 
R25 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Br-...dley CB1035 

R26 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R27 Res, 1K, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R28 Res, "22 Ohm, 5%, 1/4W Comp 1066-2205 Allen-Bradley CB2205 
R29 Res, 10K, 5%, 1/4W Comp 1066-1035 ~llen-Bradley CB1035 
R30 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 

R31 Res, 20K, 5%, 1/4WComp 1066-2035 iAllen-Bradley CB2035 
R32 Res, 20K, 5%, 1/4WComp 1066-2035 iAllen-Bradley CB2035 
R33 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 
R34 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 
R35 Res, 20K, 5%, 1/4WComp 1066-2035 iAllen-Bradley CB2035 

R36 Res, 10K, 5%, 1/4WComp 1066-1035 ~llen-Bradley CB1035 
R37 Res, 10K, 5%, 1/4WComp 1066-1035 ~llen-Bradley CB1035 
R38 Res, 20K, 5%, 1/4W Comp 1066-2035 ~llen-Bradley CB2035 
R39 Res, 10K, 5%, 1/4W Comp 1066-1035 Wlen-Bradley CB1035 
R40 Res, 10K, 5%, 1/4W Comp 1066-1035 lAuen-Bradley CB1035 
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CIM CE-4 

10 MHz Modulator and Switch Logic, 4400 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R41 Res, 20K, 5%, 1/4WComp 1066-2035 iAllen-Bradley CB2035 
R42 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 
R43 Res, 20K, 5%, 1/4W Comp 1066-2035 iAllen-Bradley CB2035 
R44 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 
R45 Res, 10K, 5%, 1/4W Comp 1066-1035 !Allen-Bradley CB1035 

R46 Res, 20K, 5%, 1/4W Comp 1066-2035 iAllen-Bradley CB2035 
R47 Res, 10K, 5%, 1/4WComp 1066-1035 iAllen-Bradley CB1035 
R48 Res, 10K, 5%, 1/4W Comp 1066-1035 iAllen-Bradley CB1035 
R49 Res, 20K, 5%, 1/4WComp 1066-2035 [AIlen-Bradley CB2035 
R50 Res, 20K, 5%, 1/4W Comp 1066-2035 iAllen-Bradley CB2035 

R51 Res, 10K, 5%, 1/4WComp 1066-1035 iAllen-Bradley CB1035 
R52 Res, 10K, 5%, 1/4WComp 1066-1035 !Allen-Bradley CB1035 
R53 Res, lOOn, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R54 Res, lOOn, 5%, 1!4W Comp 1066-1015 All en-Bradley CB1015 
R55 Res, lOOn, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 

INTEGRATED CIRCUITS 

VI IC, SN7400N, TTL Nand Gates 2025-0003 TI SN7400N 
V2 IC, SN7402, Quad 2 Iopt Pos Nor Gate 2025-0059 TI SN7402N 
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CIM CE-4 

Second I. F. /Discriminator, 4600 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

4600 PCB Assy, Second IF /Discrimlnator 7001-0400 Cushman 
PC Board 1780-0525 Cushman 

CAPACITORS 

C1 Cap, 151lF, 10%, 25V 1013-0005 Sprague 30Dl56G025BB5 
C2 Cap, • 051lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C3 Cap, 151lF, 10%, 25V 1013-0005 Sprague 30Dl56G025BB5 

i C4 Cap, 470 OR, 500iJF, 25V Elctlt 1014-0020 m. Cap. 25T470 

I C5 Cap, 470PF, 5%, 500V Mica. 1002-0035 Elmenco DM15-F-47lJ 

i C6 Cap, .027/-1F, 10%, 100V 1008-0032 Sprague 225P27391 I 
I C7 Cap, .027/-1F, 10%, 100V 1008-0032 Sprague 225P27391 
I C8 Not Used I C9 Not Used 
I C10 Cap, • 0271lF, 10%, 100V 1008-0032 Sprague 225P27391 

I Cll Cap, • 027/-1F, 10%, 100V ~008-0032 Sprague 225P27391 I C12 Cap, 15/-1F, 10%, 25V 1013-0005 Sprague 30Dl56G025BB5 , 
I C13 Not Used I C14 Cap, • OliJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

j 

C15 Cap, • OliJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C16 Cap, • 0 liJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C17 Cap, 100/-lF, +75-10%, 12V 1013-00ll Sprague 30Dl07G012CC5 

j C18 Cap, • 011lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C19 Cap, .0 liJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

! C20 Cap, .04lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

j C21 Cap, .OliJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
i 

I C22 Cap, 430PF, 5%, 500V Mica. 1002-0034 Elmenco DM 15-F -43lJ 
C23 Cap, 3. 3PF, .25PF%, 500V Tub. 1005-0011 Erie 301-000-COJO-339C 

I 
C24 Cap, • 05/-1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C25 Cap, 2. 2PF, • 25PF%, 500V Tub. 1005-0017 Erie 301-000-COJO-229C 

, 
I C26 Cap, 430PF, 5%, 500V Mica. 1002-0034 Elmenco DM15-F-43lJ I 

~ C27 Cap, • 05/-1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z , 
C28 Cap, .0liJ.F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z i 

; C29 Cap, 470PF, 5%, 500V Mica. 1002-0035 Elmenco DM15-F-471J 
~ 

C30 Cap, • O~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z I 
C31 Cap, 470PF, 5%, 500V Mica. 1002-0035 Elmenco DM15-F-47lJ 
C32 I Cap, • 05/-1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503 Z 
C33 Cap, 100PF, 5%, 500V Mica. 1002-0011 Elmenco DM15-F-10lJ 
C34 Cap, • 05/-1F, +80-20%, 25 V Disc 1005-0014 Erie 5855-505-Y5UO-503 Z . C35 Cap, 470PF, 1%, 500V Mica. 1002-0044 Elmenco DM15-F-471F 

C36 Cap, • 05/-1F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503 Z 
C37 Cap, • 051lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 

DIODES 
! 
! 

CR1 Diode, G633 1282-0005 ITT G633 
CR2 Diode, 1N3064 1281-0013 Teledyne IN3064 
CR3 Diode, G633 1282-0005 ITT G633 
CR4 Diode, G633 1282-0005 ITT G633 
CR5 Diode, 1N3064 

I 
1281-0013 Teledyne IN3064 

I CR6 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR7 Diode, n:3064 1281-0013 Teledyne IN3064 

I CR8 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR9 Diode, G633 1282-0005 ITT G633 
CR10 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CRll Diode, 1N3064 1281-0013 Teledyne 1N3064 
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CIM CE-4 

Second 1. F. /Discriminator, 4600 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

INDUCTORS 

L1 Choke, 470flH, 5% 1585-0019 Delevan 2500-12 
L2 Choke, 2200J.lH, 5% 1585-0030 Delevan 2500-44 
L3 Choke, 4700J.lH, 5% 1585-0006 Delevan 2500-60 
L4 Choke, 4700J.lH, 5% 1585-0006 Delevan 2500-60 
L5 Choke, 2200flH, 5% 1585-0030 Delevan 2500-44 

L6 Choke, 470flH, 5% 1585-0019 Delevan 2500-12 
L7 Coil, 8 Turn 16 MHz 1596-0111 Cushman 
L8 Coil, 8 Turn 16 lVIHz 1596-0111 Cushman 
L9 Choke, 82j.LH, 5% 1585-0032 Delevan 1537-72 
L10 Choke, 82flH, 5% 1585-0032 Delevan 1537-72 
L11 Choke, 22MH, 15% 1585-0029 Delevan 2534-56 
L12 Choke, 22MH, 15% 1585-0029 Delevan 2534-56 
L13 Choke, U-250 Ferrite bead 1586-0004 Ferroxcube 56-590-65/4B 

TRANSISTORS 

Q1 -Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q2 Trans, 2N3565 1272-0017 Fairchild 2N3565 I 
Q3 Trans, 2N3567 1272-0014 Fairchild 2N3567 
Q4 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q5 Trans, 2N3565 1272-0017 Fairchild 2N3565 

Q6 Not Used 
Q7 Trans, TIS 37 1271-0003 TI TIS37 
Q8 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q9 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q10 Trans, 2N4275 1272-0016 Fairchild 2N4275 I 

Q11 Trans, 2N4275 1272-0016 Fairchild 2N4275 I 
RESISTORS 

, 

R1 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-B radley CB1025 
R2 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 
R3 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 
R4 Res, 22 Ohm, 5%, 1/4W Comp 1066-2205 ' Allen-Bradley CB2205 

f R5 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 

R6 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-B radley CB1025 
t R7 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 

R8 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 I R9 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 
RIO Res, 12K, 5%, 1/4W Comp 1066-1235 Allen-Bradley CB1235 

Rll Res, 150 Ohm, 5%, 1/4W Comp 1066-1515 Allen-Bradley CB1515 
R12 Res, 15 Ohm, 5%, 1/4W Comp 1066-1505 Allen-Bradley CB1505 
R13 Res, 3.24K, 1%, 1/8W MF 1075-0092 Dale MFF 1/8 
R14 Res, 10K, 1%, 1/8W MF 1075-0009 Dale 

I 
MFF 1/8 

R15 Res, 332 Ohm, PPM Metal Film 1075-0024 Dale MFF 1/8 

R16 Res, 2.21K, 1%, 1/8W MF 1075-0010 Dale MFF 1/8 
R17 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R18 Not Used 
R19 Res, 475 Ohm, PPM Metal Film 1075-0023 Dale MFF 1/8 
R20 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 

R21 Res, 3.9K, 5%, 1/4W Comp 1066-3925 (llen-B radley CB3925 
R22 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
R23 Res, 220 Ohm, 5%, 1/4W Comp 1066-2215 All en-Bradley CB2215 
R24 Res, lK, 5%, 1/4W Comp 1066-1025 IAllen-Bradley CB1025 
R25 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 
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CIM CE-4 

Second I. F. /DiscriminatoC', 4600 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R26 Not Used 
R27 Not Used 
R28 Not Used 
R29 Res, 1. 2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 
R30 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 

R31 Res, 51 Ohm, 5%, 1/4W Comp 1066-5105 Allen-Bradley CB5105 
R32 Res, 1.5K, 5%, 1/4WComp 1066-1525 • Allen-Bradley CB1525 
R33 Res, 1.2K, 5%, 1/4W Comp 1066-1225 Allen-Bradley CB1225 , 
R34 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 
R35 Res, 820 Ohm, 5%, 1/2W Comp 1067-8215 Allen-Bradley EB8215 

R36 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
R37 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
R38 Res, 22 Ohm, 5%, 1/4 W Comp 1066-2205 ,Allen-Bradley CB2205 
R39 Res, 2.2K, 5%, 1/4WComp 1066-2225 Allen-Bradley CB2225 
R40 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen -Bradley CB2225 

I 
R41 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
R42 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R43 Res, 12K, 5%, 1/4W Comp 1066-1235 Allen-Bradley CB1235 

I R44 Res, lK, 1%, 1/2W MF 1076-0007 Dale MFF 1/2 T1 
R45 Res, 357 Ohm, 1%, 1/2W MF 1076-0012 Electra MF7C-D-3750-F 

R46 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R47 Res, 1.2K, 5%, 1/2W Comp 1067-1225 Allen-Bradley EB1225 
R48 Res, 14.7K, 1%, 1/4W MF 1077-0002 Electra MF6C-D-1472-F 

I R49 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen-Bradley CB4725 

I 
R50 Res, 3. 3M, 5%, 1/4W Comp 1066-3355 Allen-Bradley CB3355 

R51 Res, 33K, 5%, 1/4W Comp 1066-3335 All en -Bradley CB3335 

I R52 Res, lK, 1%, 1/2W MF 1076-0007 Electra MF7C-D-1001-F 

I R53 Pot, 200 Ohm, 10%, 1/4W Trim 1200-0016 Allen-Bradley F-FR20lU 

I R54 Res, 274 Ohm, 1%, 1/2W MF 1076-0013 Electra MF7C-D-2740-F 
R55 Res, FSV, 5%, 1/4W Comp 1066-xxxx Allen -Bradley CBxxxx 

INTEGRA TED CmCVITS 

I 
VI IC, CA3028A, RF Amp 2025-0012 RCA CA3028A 
V2 IC, CA3028A, RF Amp 2025-0012 RCA CA3028A 

I 

-
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CIM CE-4 

Audio Amplifier and Varactor Control, 4800 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

4800 PCB Assy, Audio Amp. & Varactor 7001-0379 Cushman 
Control 

PC Board 1780-0711 Cuslunan 

CAPACITORS 

C1 Cap, 100",F, 10%, 25V 1013-0003 Sprague 30Dl07G025DD5 
C2 Cap, 100/lF, 10%, 25V 1013-0003 Sprague 30Dl07G025DD5 
C3 Cap, • 05/lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C4 Cap, • 002/lF, 20%, 500V Disc 1005-0003 Erie 831-596- Z5 U-202M 
C5 Cap, 100J-lF, 20%, 20V 1011-0010 Kemet T362D107M020AS 

C6 Cap, • 1J-1F, 10%, 100V 1008-0031 Sprague 225P10491 WA3 
C7 Cap, .01J-1F, 10%, 200V 1005-0065 Aerovox CK06BXI03K 
C8 Cap, • IJ-1F, 10%, 100V 1008-0031 Sprague 225P 10491 WA3 
C9 Cap, .0 lJ.IF, 10%, 200V 1005-0065 Aerovox CK06BX103K 
C10 Cap, .047J-1F, 20%, 100V Mini 1005-0096 Erie 8121-100-651-473M 

Cll Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-I01J 
C12 Cap, 100J-lF, 20%, 20V 1011-0010 Kemet T362D107M020AS 
C13 Cap, .047pF ,10%, 35V 1005-0096 Erle 8121-10G-651-473M 

I C14 Cap, 100J-lF, 10%, 25V 1013-0003 Sprague 30D107G025DD5 
C15 Cap, 10 OJ-l F , 20%, 20V 1011-0010 Kemet T363Dl07M020AS 

C16 Cap, 250J-lF, +75-10%, 16V 1013-0016 Sprague 30D57G016DF2 
C17 Cap, .05i-LF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 

DIODES 

CR1 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR2 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR3 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR4 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR5 Diode, 1N3064 1281-0013 Teledyne 1N3064 

CR6 Diode, 1N4733 1281-0015 Motorola lN4733 

TRANSISTORS 

Q1 Trans, 2N3565 1272-0017 FaircJ:rild 2N3565 
Q2 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q3 Trans, 2N3642 1272-0018 Fairchild 2N3642 

I 
Q4 Trans, 2N3644 1272-0040 Fairchild 2N3644 

RESISTORS 

Rl Res, 5.1K,5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 I 
R2 Res, 3 K, 5%, 1/4W #3 1066-3025 All en-Bradley CB3025 
R3 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R4 Res, 4.7K, 5%, 1/4W Comp 1066-4725 Allen -Bradley CB4725 
R5 Res, 5.6K, 5%, 1/4W Comp 1066-5625 Allen-Bradley CB5625 

R6 Res, 3K, 5%, l/4W Comp 1066-3025 Allen-Bradley CB3025 
R7 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
R8 Res, 3.9K, 5%, 1/4W Comp 1066-3925 Allen-Bradley CB3925 
R9 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
RIO Res, 2.2K, 5%, l/4W Comp 1066-2225 Allen-Bradley CB2225 

Rll Pot, 50K, 10%, 3/4W 1215-0023 Bedunan 89WR 
R12 Pot,50K, 10%, 3/4W 1215-0023 Beckman 89WR 
R13 Pot, 50K, 10%, 3/4W 1215-0023 Beckman 89WR 
R14 Pot, 50K, 10%, 3/4W 1215-0023 Beckman 89WR 
R15 Pot,20K, 10%, 3/4W 1215-0021 Beckman 89WR 
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CIM CE-4 

Audio Amplifier and Varactor Control, 4800 (cont) 

CKT. REF. DESC ill PTION CE STOCK NO. MFR. MFR. NO. 

R16 Pot, 10K, 10%, 3/4W 1215-0014 Helitrtm 89WR 
R17 Pot, 10K, 10%, 3/4W 1215-0014 Helitrtm 89WR 
R18 Pot, 5K, 10%, 3/4W 1215-0012 Helitrtm 89WR 
R19 Pot, 5K, 10%, 3/4W 1215-0012 Helitrtm 89WR 
R20 Pot, 5K, 10%, 3/4W 1215-0012 Helitrtm 89WR 

R21 Res, 2. 7K, 5%, 1/4 W Comp 1066-2725 Allen-Bradley CB2725 
R22 Res, 10K, lo/c, 1/8W MF 1075-0009 Dale MFF 1/8 
R23 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MFF 1/8 
R24 Res, 43K, 5%, 1/4W Carbon Comp 1066-4335 Allen-Bradley CB4335 
R25 Res, 470K, 5%, 1/4W Comp 1066-4745 Allen-Bradley CB4745 

R26 Res, 910K, 5%, 1/4W Carbon Comp 1066-9145 Allen-Bradley CB9145 
R27 Res, 200K, 5%, 1/4W Comp 1066-2045 Allen-Bradley CB2045 
R28 Res, 16.9K, 1%, 1/8W 1075-0059 Dale MFF 1/8 
R29 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R30 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

R31 Res, 3OK, 5%, 1/4W Carbon Comp 1066-3035 Allen-Bradley CB3035 
R32 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-B radley CB1035 
R33 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R34 Res, lOOK, 5%, 1/4W Comp 1066-1045 Allen-Bradley CB1045 
R35 Res, 560 Ohm, 5%, 1/4W Comp 1066-5615 Allen -Bradley CB5615 

R36 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R37 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R38 Res, 1. lK, 570, 1/4W Comp 1066-1125 Allen-Bradley CB1125 
R39 Res, 8.2K, 5%, 1/4W Comp 1066-8225 Allen-Bradley CB8225 
R40 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

R41 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R42 Res, 33.2K, 1%, 1/10W MF 1075-0098 Dale MFF 1/10 
R43 Res, 1. 5K, 5%, 1/4 W Comp 1066-1525 Allen-Bradley CB1525 
RH Res, FSV, 5%, 1/4W Comp 1066-XXXX Allen-Bradley CBXXXX 
R45 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 

R46 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R47 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R48 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R49 Res, 2. 2K, 5%, 1/4 W Comp 1066-2225 Allen-Bradley CB2225 
R50 Res, 1. 5K, 5%, 1/4 W Comp 1066-1525 Allen-Bradley CB1525 

R51 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R52 Res, 3K, 5(,0, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R53 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R54 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R55 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 

R56 Res, 68K, d)T 
OJ ,a, 1/4W Comp 1066-6835 Allen-Bradley CB6835 

R57 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R58 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 
R59 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R60 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 

R61 Res, 270K, 5%, 1/4W Comp 1066-2745 Allen-Bradley CB2745 
R62 Res, 5. lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R63 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R64 Res, 82 Ohm, 5%, 1/2W Comp 1067-8205 Allen-Bradley EB8205 
R65 Res, 82 Ohm, 5%, 1/2W Comp 1067-8205 Allen-Bradley EB8205 
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CIM CE-4 

Audio Amplifier and Varactor Control, 4800 (cont) 

CKT. REF. DESC RIPTION CE STOCK NO. MFR. MFR. NO. 

R66 Res, 10 Ohm, 5%, 1/4 W Comp 1066-1005 Allen-Bradley CBI005 
R67 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CBI005 
R68 Res, 22 Ohm, 5%, 1/4 W Comp 1066-2205 Allen-Bradley CB2205 
R69 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB2205 

INTEGRATED CIRCUITS 

Ul IC, SN7445N, BCD to Deml. Dedr Drvr 2025-0046 TI SN7445N 
U2 IC, LM301A Op Amp 2025-0032 National LM30lA 
U3 IC, N5558V, Dual Op Amp 2025-0058 Signeties N5558V 
U4 IC, SN72741P 2025-0067 TI SN72741P 
U5 IC, N5558V, Dual Op Amp 2025-0058 Signeties N5558V 

U6 IC, N5558V, Dual Op Amp 2025-0058 Signetics N5558V 

I 

I 
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CIM CE-4 

Rear Panel Assembly & AC Filter Assembly, 5000, 5200 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

5000 Panel Assy, Rear 7003-0113 Cushman 

FUSES 

F1 FU, 11/2 Amp/125V, 3AG, Slo-Blo 1955-0018 Bussman MDL 1 11/2 
F2 FU, 2/10 Amp/250V, 3AG, Slo-Blo 1955-0009 Bussman MDL 2/10 

TRANSFORMER 

T1 Xfmr, Power 1575-0019 Cushman 

TRANSISTORS 

Q1 Xstr, 2N3055. NPN Si 1272-0041 RCA 2N3055 
Q2 Xstr, 2N3055, NPN Si 1272-0041 RCA 2N3055 
Q3 Xstr, 2K3055, NPN Si 1272-0041 RCA 2N3055 

I 

5200 ~CB A~~y - Filter AC 7001-0415 Cushman 
IPC Board 1780-0523 Cushman 

ICAPACITORS 

Cl Cap, 2200pF, 20%, 3K, Disc 1005-0098 Sprague 30GA-D22 
C2 f.ap, 22000F, 20%, 3K, Disc 1005-0098 Sprague 30GA-D22 

'DUCTORS 

L1 hoke, 100J..LH, 20%, 2 Amp 1585-0040 Cushman 
L2 ihoke, IOO/ill, 20%, 2 Amp 1585-0040 Cushman 

I 
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CIM CE-4 

Power Supply/Regulator, 5100 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

5100 Assy, PCB Power &lpply/Regulatof 7001-0168 Cushman 
PC Board 1780-0288 Cushman 

CAPACITORS 

C1 Cap, 2000~F, +150-10%, 50V 1014-0015 ill. Elna 50T2000 
C2 Cap, 4700~F, +150-10%, 25V 1014-0017 ill. Elna 25T4700 
C3 Cap, 2000~F, +150-10%, 50V 1014-0015 ill. Elna 50T2000 
C4 Cap, 50~F, 50V 1013-0007 Ill. Elna 50T50 
C5 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 

C6 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C7 Cap, • 01~F, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C8 Cap, 250~F, +75-10%, 16V 1013-0016 Sprague 30D257G016DF2 
C9 I Cap, 500~F, +100-10%, 25V 1014-0002 ill. Elna 25T500 
C10 I Cap, 500~F, +100-10%, 25V 1014-0002 Ill. Elna 25T500 

DIODES 

CR1 Not Used I 
I 

CR2 Not Used I 
CR3 Not Used I 
CR4 Diode, 1N747A Zener 1281-0076 Motorola 1N747A 

I 
CR5 Diode, 1N827 1281-0038 Transitron 1N827 

CR6 Diode, 1N827 1281-0038 Transitron 1N827 
CR7 Diode, 1N47J7 1281-0026 IR 1N4737 
CR8 Diode, 1N4750 1281-0052 Motorola 1N4750 
CR9 Diode, 1N4744 1281-0028 Motorola 1N4744 

I 
FUSES I 

I 
F1 

I 
Fuse, 2 1/2 Amp, Slo Blo 1955-0023 Bussman MDL 2-1/2 SiB 

F2 Fuse, 2 1/2 Amp, 810 Blo 1955-0023 Bussman MDL 2-1/2 SiB 
F3 Fuse, 2 1/2 Amp, 810 Blo 1955-0023 Bussman MDL 2-1/2 SIB 

I I TRANSISTORS 
I I 

Q1 Trans, 2N3053 1272-0011 RCA 2N3053 I Q2 Trans, 2N3053 1272-0011 RCA 2N3053 
Q3 Trans, 2N3053 1272-0011 RCA 2N3053 I 
Q4 Trans, 2N3567 1272-0014 Fairchild 2N3567 

I Q5 Trans, 2N3567 1272-0014 Fairchild 2N3567 

Q6 Trans, 2N3567 1272-0014 Fairchild 2N3567 I 
Q7 Trans, 2N3567 1272-0014 Fairchild 2N3567 I 

RESISTORS I 
I 

R1 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 I 
R2 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 I R3 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R4 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R5 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 

R6 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R7 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
R8 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R9 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CBI025 
RIO Res, .5 Ohm, 3%, 3WWW 1159-0002 Dale RS-2B 
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ClM CE-4 

Power Supply/Rcgulator, 5100 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R11 Res, .5 Ohm, 3%, 3WWW 1159-0002 Dale R8-2B 
R12 Res, .75 Ohm, 1%, 3W WW 1159-0005 Dale RS-2B 
R13 Res, 6.8K, 5%, 1/4W Comp 1066-6825 Allen-Bradley CB6825 
R14 Res, 1.6K, 5%, 1/4W Comp 1066-1625 Allen-Bradley CB1625 
R15 Res, 1.8K, 5%, 1/4W Comp 1066-1825 Allen-Bradley CB1825 

R16 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CB1005 
R17 Pot, 100 Ohm, 10%, 3/4W 1215-0010 HeUtrim 89WR 
R18 Res, 270 Ohm, 5%, 1/4W Comp 1066-2715 Allen-Bradley CB2715 
R19 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R20 Res, 887 Ohm, 1%, 1/8W MF 1075-0022 Dale MFF 1/8 

I 

R21 Pot, 500 Ohm, 10%, 3/4W 1215-0011 HeUtrim 89WR 
R22 Res, 2.21K, 1%, 1/8W MF 1075-0010 Dale MFF 1/8 
R23 Res, 475 Ohm, PPM Metal Film 1075-0023 Dale MFF 1/8 
R24 Pot, 500 Ohm, 10%, 3/4W 1215-0011 HeUtrim 89WR 
R25 Res, 475 Ohm, PPM Metal Film 1075-0023 Dale MFF 1/8 

I R26 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 
R27 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 

I R28 Res, 820 Ohm, 5%, 1/4W Comp 1066-8215 Allen-Bradley CB8215 I 

I INTEGRA TED CIRCUITS 

1 U1 IC, SN72741P 2025-0067 TI SN72741P 

I U2 IC, SN72741P 2025-0067 TI SN72741P 

I BRIDGE RECTIFIERS I I 

I 
Zl Dio, VS148 Si Brdg Rect 100 PIV 2A 1281-5003 Varo VS148 
Z2 Dio, VS148 Si Brdg Rect 100 PIV 2A 1281-5003 Varo VS148 

I 
Z3 Dio, VS148 Si Brdg Rect 100 PIV 2A 1281-5003 Varo VS148 

I 
I 

I 

I 
I 

I 
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CIM CE-4 

40 dB Attenuator 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

Pad Assy, 40 dB 7001-0430 Cushman 
PC Board 1780-0737 Cushman 

FUSE 

F1 FU, 1/10 Amp/125V Mintr Fast-Bl 1955-0032 Littelfuse 273.100 

CONNECTOR 

J1 Assy, Connector BNC Type Modified 2536-0050 Cushman 

RESISTORS 

R1 Res, 61. 9 Ohm, 1%, 1/10W MF 1075-0007 Dale MFF 1/10 
R2 Res, 249 Ohm, 1%, 1/10W MF 1074-0098 Dale MFF 1/10 
R3 Res, 61. 9 Ohm, 1%, 1/10W MF 1075-0007 Dale MFF 1/10 
R4 Res, 232 Ohm, 1%, 1/10W MF 1074-0097 Dale MFF 1/10 
R5 Res, 61.9 Ohm, 1%, 1/10W MF 1075-0007 Dale MFF 1/10 
R6 Res, 200 Ohm, 1%, 1/8W MF 1075-0082 Dale MFF 1/8 
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CIM CE-4 

Audio Amplifier and Varactor Control MI0, 4800-MI0 

I CKT. REF. DESC RlPTION CE STOCK NO. MFR. MFR. NO. 

4800MI0 PCB Assy, Audio Ampl & Varactor 7001-0416 Cushman 
PC Board 1780-0711 Cushman 

CAPACITORS 

Cl Cap, 100~F, 10%, 25V 1013-0003 Sprague 30Dl07G025DD5 
C2 Cap, 100~F, 10%, 25V 1013-0003 Sprague 30Dl07G025DD5 
C3 Cap, • 05~F, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 
C4 Cap, • 002~F, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C5 Cap, 100~F, 20%, 20V 1011-0010 Kemet T362Dl07M020AS 

C6 Cap, • l~F, 10%, 100V 1008-0031 Sprague 225P10491 
C7 Cap, • 01~F, 10%, 200V 1005-0065 Aerovox CK06BX103K 
C8 Cap, • l~F, 10%, 100V 1008-0031 Sprague 225P10491 
C9 Cap, .01~F, 10%, 200V 1005-0065 Aerovox CK06BX103K , C10 Cap, • 047~F, 20%, 100V Mini 1005-0096 Erie 8121-100-651-473M 

Cll Cap, 100PF, 5%, 500V Mica 1002-0011 Elmenco DM15-F-101J 
C12 Cap, 100~F, 20%, 20V 1011-0010 Kemet T362Dl07M020AS 
C13 Cap, 2. 2~F, 10%, 35V 1011-0001 Dickson D2RdGSB35K 
C14 Cap, 100~F, 20%, 20V 1011-0010 Kemet T363D107M020AS 
C15 Cap, 100~F, 20%, 20V 1011-0010 Kemet T363DI07M020AS 

C16 I Cap, 250f.lF, +75-10%, 16V 1013-0016 Sprague 30D257G016DF2 
C17 I Cap, • 05f.lF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5 UO-503 Z 

I , 
I DIODES 

I CR1 Diode, IN3064 1281-0013 Teledyne 1N3064 
CR2 

I 

Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR3 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR4 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CRS Diode, 1N3064 1281-0013 Teledyne 1N3064 

CR6 I Diode, 1N4733 1281-0015 Motorola 1N4733 

I TRANSISTORS 
I 

Q1 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q2 Trans, 2N3565 1272-0017 Fairchild 2N3565 
Q3 Trans, 2N3642 1272-0018 Fairchild 2N3642 
Q4 Trans, 2N3644 1272-0040 Fairchild 2N3644 

RESISTORS 

R1 Res, 5. 1K, 5%, 1/4WComp 1066-5125 Allen-Bradley CB5125 
R2 Res, 3 K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R3 Res,2.7K, 5%, 1/4WComp 1066-2725 Allen-Bradley CB2'P25 
R4 Res,4.7K, 5%, 1/4WComp 1066-4725 Allen-Bradley CB4725 
R5 Res, 5.6K, 5%, 1/4WComp 1066-5625 Allen-Bradley CB5625 

R6 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R7 Res, 2.7K, 5%, 1/4W Comp 1066-2725 Allen-Bradley CB2725 
RS Res, 3.9K. 5%, 1/4W Comp 1066-3925 Allen-B radley CB3925 
R9 Res, 3.3K, 5%, 1/4W Comp 1066-3325 Allen-Bradley CB3325 
RIO Res, 2.2K, 5%, 1/4W CQmp 1066-2225 Allen-Bradley CB2225 

Rll Pot,IOOK, 10%, 3/4W 1215-0006 HeUtrlm 89WR 
R12 Pot,100K, 10%, 3/4W 1215-0006 Helltrlm 89WR 
R13 Pot, 50K, 10%, 3/4W 1215-0023 Beckman 89WR 

I R14 Pot,50K, 10%, 3/4W 1215-0023 Beckman 89WR 
R15 Pot,20K, 10%, 3/4W 1215-0021 Beckman 89WR 
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CIM CE-4 

Audio Amplifier and Varactor Control M10, 4800-M10 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R16 Pot, 10K, 10%, 3/4W 1215-0014 Hel1trtm 89WR 
R17 Pot, 10K, 10%, 3/4W 1215-0014 Helitrim 89WR 
R18 Pot, 5K, 10%, 3/4W 1215-0012 Helitrtm 89WR 
R19 Pot, 5K, 10%, 3/4W 1215-0012 Helitrim 89WR 
R20 Pot, 5K, 10%, 3/4W 1215-0012 Hel1trtm 89WR 

R21 Res, 2. 7K, 5%, 1/4 W Comp 1066-2725 Allen-Bradley CB2725 
R22 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MF 1/8 
R23 Res, 10K, 1%, 1/8W MF 1075-0009 Dale MF 1/8 
R24 Res, 43K, 5%, 1/4W Carbon Comp 1066-4335 Allen-Bradley CB4335 
R25 Res, 470K, 5%, 1/4W Comp 1066-4745 Allen-Bradley CB4745 

R26 Res, 910K, 5%, 1/4W Carbon Camp 1066-9145 Allen-Bradley CB9145 
R27 Res, 200K, 5%, 1/4W Comp 1066-2045 Allen-Bradley CB2045 
R28 Res, 16.9K, 1%, 1/8W 1075-0059 Dale MF 1/8 
R29 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R30 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-B radley CB1035 

R31 Res, 30K, 5%, 1/4W Carbon Comp 1066-3035 Allen-Bradley CB3035 
R32 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R33 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R34 Res, lOOK, 5%, 1/4 W Comp 1066-1045 Allen-Bradley CB1045 
R35 Res, 560 Ohm, 5%, 1/4 W C omp 1066-5615 Allen-Bradley CB5615 

R36 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen -Bradley CB1035 
R37 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R38 Res, 1.lK, G%, 1/4W Comp 1066-1125 Allen-Bradley CB1125 
R39 Res, 8. 2K, 5%, 1/4 W Camp 1066-8225 Allen-Bradley CB8225 
R40 Res, 10K, 5%, 1/4W Comp, 1066-1035 Allen-Bradley CB1035 

R41 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen"'B radley CB1535 
R42 Pot, 50K, 10%, 3/4W 1215-0023 Beckman 89WR 
R43 Res, 1. 5K, 5%, 1/4 W Comp 1066-1525 Allen-Bradley CB1525 
R44 Res, 240K, 5%, 1/4W Comp 1066-2445 Allen - Bradley CB2445 
R45 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 

R46 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R47 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R48 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R49 Res, 2.2K, 5%, 1/4W Comp 1066-2225 Allen-Bradley CB2225 
R50 Res, 1. 5K, 5%, 1/4 W Comp 1066-1525 Allen-Bradley CB1525 

R51 Res, 100 Ohm, 5%, 1/4W Comp 1066-1015 Allen-Bradley CB1015 
R52 Res, 3K, 5%, 1/4 W Comp 1066-3025 Allen-Bradley CB3025 
R53 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R54 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CBI035 
R55 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 

R56 Res, 68K, 5%, 1/4W Comp 1066-6835 Allen-Bradley CB6835 
R57 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R58 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 
R59 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R60 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 

R61 Res, 270K, 5%, .1/4W Comp 1066-2745 Allen-Bradley CB2745 
R62 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R63 Res, 3K, 5%, 1/4W Comp 1066-3025 Allen-Bradley CB3025 
R64 Res, 82 Ohm, 5%, 1/4W Comp 1066-8205 Allen-Bradley CB8205 
R65 Res, 82 Ohm, 5%, 1/4 W Comp 1066-8205 Allen-Bradley CB8205 
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CIM CE-4 

Audio Amplifier and Varactor Control M10, 4800-M10 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

R66 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CB1005 
R67 Res, 10 Ohm, 5%, 1/4W Comp 1066-1005 Allen-Bradley CB1005 
R68 Res, 22 Ohm, 5%, 1/4W Comp 1066-2205 Allen-Bradley CB2205 
R69 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R70 Res, 130K, 5%, 1/4W Comp 1066-1345 Allen-Bradley CB1345 

INTEGRATED CIRCUITS 

U1 IC, SN7445N, BCD to Oem! Dcdr Dvr 2025-0046 TI SN7445N 
U2 IC, LM30lA Op Amp 2025-0032 National LM30lA 
U3 IC, N5558V, IAlal Op Amp 2025-0058 Signetics N5558V 
U4 IC, SN72741P 2025-0067 TI SN72741P 
U5 IC, N5558V, IAlal Op Amp 2025-0058 Signetics N5558V 

U6 IC, N5558V, IAlal Op Amp 2025-0058 Signetics N5558V 
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CIM CE-4 

Frequency Synthesizer and Switch Mounting M10, 4900/1100-M10 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

- 4900 PCB Assy, Frequency Synthesizer 7001-0383 Cushman 
PC Board 1780-0714 Cushman 

CAPACITORS 

C1 Cap, 30PF, 5%, 500V Mica 1002-0043 Elmenco DM15-E-300J 
C2 Cap, 9-35PF, 200V Vert Trim 1001-0006 Erie 538-002-94D 
C3 Cap, 100PF, 2%, 500V Mica 1002-0050 Elmenco DM15-F-101G 
C4 Cap, 390PF, 5%, 500V Mica 1002-0033 Elmenco DM15-F-391J 
C5 Cap, • 04lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C6 Cap, • 01flF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C7 Cap, • 002flF, 20%, 500V Disc 1005-0003 Erie 831-596-Z5U-202M 
C8 Cap, 39PF, 5%, 500V Mica 1002-0018 Elmenco DM15-E-390J 
C9 Cap, .04lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C10 Cap, .01flF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 

C11 Cap, 30PF, 5%, 500V Mica 1002-0043 Elmenco DM15-E-300J 
C12 Cap, 200PF, 5%, 500V Mica 1002-0042 Elmenco DM 15-F-201J 
C13 Cap, 4lF, 20%, 50V 1011-0013 ITT TAG-F-20-1/50-20 
C14 Cap, • 01flF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C15 Cap, 1. 5flF, 10%, 35V 1013-0001 Sprague 150D155X9035B2 

C16 Cap, • 22MF, 10%, 100V Mylar 1008-0091 Electrocube 232A1B224K 
C17 Cap, • 04lF, +80-20%, 25V Disc 1005-0013 Erie 5835-512-Y5U-103Z 
C18 Cap, 30PF, 5%, 500V Mica 1002-0043 Elmenco DM15-E-300J 
C19 Cap, 150PF, 5%, 500V Mica 1002-0021 Ehnenco DM15-F-151J 
C20 Cap, 47flF, 20%, 20V 1011-0009 Dickson D47GSC20M 

C21 Cap, 4lF, 20%, 50V 1011-0013 ITT TAG-F-20-1/50-20 
C22 Cap, • 05flF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C23 Cap, • 05flF, +80-20%, 25V Disc 1005-0014 Erie 5855-505-Y5UO-503Z 
C24 Cap, 390 pF, 5%, 500V Min Cer 1002-0033 Ehnenco DM15-F-391J 
C25 Cap, lOpF, 10% lOOV, NP 0 Min C er 1005-0074 Erie 8101-100-COG0-100K 

DIODES 

"CR1 Diode, HPA2800 1283-0001 HPA 5082-2800 
CR2 Diode, HPA2800 1283-0001 HPA 5082-2800 
CR3 Diode, 1N3064 1281-0013 Teledyne 1N3064 
CR4 Diode, 1N4744 1281-0028 Motorola 1N4744 
CR1101 Diode, 1N3064 1281-0013 Teledyne 1N3064 

CONNECTORS 

J1101 Conn, 22 Cntct. Rtang PCB Edge HSG 2535-0098 Molex 09-02-2222 
J1102 Conn, Rtang 9 Contact 2535-0100 Cushman 
J1103 Conn, 6 Pin Locking Mintr JK 2535-0074 Cablewave 700169-002 
J4002 Conn, PC Board 44 Pin Dbl Row 2535-0023 Viking 2VK22D/1-1 

INDUCTORS 

L1 Choke, lOOflH, 5% 1585-0017 Delevan 1537-76 
L2 Choke, 100flH, 5% 1585-0017 Delevan 1537-76 

TRANSISTORS 

Q1 Trans, 2N3904 1272-0032 Motorola 2N3904 
Q2 XSTR, 2N4119 1272-0078 National 2N4119 
Q3 Trans, 2N4275 1272-0016 Fairchild 2N4275 
Q4 Trans, 2N4249 1272-0024 Fairchild 2N4249 
Q5 Trans, 2N4391 1272-0042 Teledyne 2N4391 
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ClM CE-4 

Frequency Synthesizer and Switch Mounting M10, 4900/1100-M10 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

RESISTORS 

R1 Res, 20K, 5%, 1/4W Comp 1066-2035 Allen-Bradley CB2035 
R2 Res, 2K," 5%, 1/4W Comp 1066-2025 Allen-B radley CB2025 
R3 Res, 470 Ohm, 5%, 1/4W Comp 1066-4715 Allen-Bradley CB4715 
R4 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R5 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

R6 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R7 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 
R8 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R9 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen -Bradley CB1035 
RIO Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

Rll Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R12 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R13 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-B radley CB1035 
R14 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 
R15 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 

R16 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen -Bradley CB1035 
R17 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-B radley CB1035 
R18 Res, 10K, 5%, 1/4WComp 1066-1035 Allen-Bradley CB1035 
R19 Res, 10K, 5%, 1/4 W Comp 1066-1035 Allen-B radley CB1035 
R20 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 

R21 Res, 2.49K, 1%, 1/8W MF 1075-0027 Dale MF 1/8 
R22 Res, 4. 99K, 1%, 1/8W MF 1075-0095 Dale MF 1/8 
R23 Pot, 5K, 20%, 1/2W 1 Trn Cer Trim 1203-0071 Beckman 91AR5K 
R24 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R25 Res, 1 Meg 5%, 1/4 W Comp 1066-1055 Allen-Bradley CB1055 

R26 Res, 1 Meg 5%, 1/4W Comp 1066-1055 Allen-Bradley CB1055 
R27 Res, 5. lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R28 Pot, 2K, 20%, 1/2W 1 Trn Cer Trim 1203-0072 Beckman 91AR2K 
R29 Pot, 50K, 20%, 1/2W 1 Trn Cer Trirr 1203-0070 Beckman 91AR50K 
R30 Res, 300 Ohm, 5%, 1/4W Comp 1066-3315 Allen-Bradley CB3315 

R31 Res, 20 Ohm, 5%, 1/4W Comp 1066-2005 Allen-Bradley CB2005 
R32 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R33 Res, 27K, 5%, 1/4W Comp 1066-2735 Allen -Bradley CB2735 
R34 Res, 5. lK, 5%, 1/4 W Comp 1066-5125 Allen-Bradley CB5125 
R35 Res, 15K, 1%, 1/8W MF 1075-0081 Dale MF 1/8 

R36 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R37 Res, 2.2K, 5%, 1/4W Comp 1066-2225 All en-Bradley CB2225 
R38 Res, 2.2K, 5%, 1/4 W Comp 1066-2225 Allen-Bradley CB2225 
R39 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 
R40 Res, 30K, 5%, 1/4W Comp 1066-3035 Allen-Bradley CB3035 

R41 Res, 15K, 5%, 1/4W Comp 1066-1535 Allen-Bradley CB1535 
R42 Res, 5.1K, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
R43 Res, 1 Meg, 5%, 1/4W Comp 1066-1055 Allen-Bradley CB1055 
R44 Res, 51K, 5%, 1/4W Comp 1066-5135 Allen-Bradley CB5135 
R45 Res, 10K, 5%, 1/4W Comp 1066-1035 Allen-Bradley CB1035 

R46 Res, 430 Ohm, 5%, 1/4W Comp 1066-4315 Allen-Bradley CB4315 
R47 Res, lK, 5%, 1/4W Comp 1066-1025 Allen-Bradley CB1025 
R48 Res, 12K, 5%, 1/4W Comp 1066-1235 Allen-Bradley CB1235 
R49 Thrmis, 1K 1253-0002 Veco 31E2 
R50 Res, 5.lK, 5%, 1/4W Comp 1066-5125 Allen-Bradley CB5125 
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Frequency Synthesizer and Switch MOilllting M10, 4900/ll00-M10 (cont) 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

INTEGRATED CIRCUITS 

U1 IC, SN74LSOON, TTL Nand Gates 2025-0114 TI SN74LSOON 
U2 IC, SN7 4LSOON, TT L Nand Gates 2025-0114 TI SN74LSOON 
U3 IC, SN74167N, Syn Decade Rt. Mltplr 2025-0097 Tl SN74167N 
U4 IC, SN74167N, Syn Decade Rt. Mltplr 2025-0097 TI SN74167N 
U5 IC, SN74167N, Syn Decade Rt. Mltplr 2025-0097 TI SN74167N 

U6 IC, SN74167N, Syn Decade Rt. Mltplr 2025-0097 TI SN74167N 
U7 IC, SN74LS90N, Decade Counter 2025-0113 TI SN74LS90N 
U8 IC, SN74LS90N, Decade Counter 2025-0113 TI SN74LS9ON 
U9 IC, SN74LS191N, Syn Up/Dwn Cntrs. 2025-0115 TI SN74LS191N 
U10 IC, SN74LS191N, Syn Up/Dwn Cntrs. 2025-0115 TI SN74LS191N 

Ull IC, SN74LS73N, DJal J-K Flip Flop 2025-0110 TI SN74LS73N 
U12 IC, MC1408L-7 D-to-A Converter 2025-0089 Motorola MC1408L-7 
U13 IC, LM301A, Op Amp 2025-0032 National LM30lA 
U14 IC, MC1455P1, Timing Circuit 2025-0091 Motorola MC1455P1 
U15 IC, LM301A, Op Amp 2025-0032 National LM30lA 

U16 IC, HA-29ll, Wide Band Op Amp 2025-0033 Harris Semi HA2-911-5 

CRYSTAL 

Y1 Xtal, 5.1 MHz 2035-0022 Cushman 

SWITCHES 

S1101 Sw assy 4 Sect Thumbwheel 7011-0028 Cushman 
S1102 Sw, Lever 1 P 3 Pos PCB Mount 1851-0094 Cushman 
S1103 Sw, Lever 1 P 3 Pos PCB Mount 1851-0094 Cushman 
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CIM CE-4 

WIDE BAND AMPLIFIER FUSE ASSEMBLY. 3050-Mll 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3050 Wide Band Ampl 

I PC Board Assy 7001-0455 Cushman 
PC Board 1780-0263 Cushman 

I CABLE ASSEMBLY 

3" RG-188 Right Angle Plug to Ferrule 7032-1702 Cushman 
15" RG-188 BHD to Ferrule 7032-5243 I Cushman 

I FUSE 

F1 1/8 Amp AT 125V 1955-0019 Littelfuse 275.125 

DIODES 

CR1 Pico Second Computer 1281-0061 Fairchild FD700 
CR2 Pico Second Computer 1281-0061 Fairchild FD700 
CR3 Pico Second Computer 1281-0061 Fairchild FD700 
CR4 Pico Second Computer 1281-0061 Fairchild FD700 

I RESISTORS 

Rl Comp, 3.9K, ±5%, 1/4W 1066-3925 Allen-Bradley CB3925 
R2 Comp, 3.9K, ±5%, 1/4W 1066-3925 Allen-Bradley CB3925 

I 

~ 

I 

I 
I 

I 

, 
I 
I 
I 

I 
I 
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CIM CE-4 

RF SWITCH. 3200-M11 

CKT. REF. DESC ill PTION CE STOCK NO. MFR. MFR. NO. 

3200 RF Switch 
PC Board Assy 7001-0152 Cushman 
PC Board 1780-0281 Cushman 

CABLE ASSEMBLIES 

Straight Bulkhead 7032-0010-01 Cushman 
Straight Bulkhead 7032-0010-02 Cushman 
Straight Plug 7032-0018-02 Cushman 

CAPACITORS 

C1 Cer, 220pF, ±10%, 100V 1005-0075 Erie 8101-A100-W5RO-221K 
C2 Tant Chip, 6.8J.LF, ±20%, 20V 1012-0001 Kemet T411D685M020AU 
C3 Feed Thru, 1000pF, +100-0% 1005-0077 Allen-Bradley FW5N 
C4 Feed Thru, 100OpF, +100-0% 1005-0077 Allen-Bradley FW5N 
C5 Feed Thru, 1000pF, +100-0% 1005-0077 Allen-Bradley FW5N 

C6 Cer, 220pF, ±10%, 100V 1005-0075 Erie 8101-A100-W5RO-221K 
C7 Tant Chip, 6. 8J.LF, ±20%, 20V 1012-0001 Kemet T41ID685M020AU 
C8 Not Used 
C9 Tant Chip, 6. 8J.LF, ±20%, 20V 1012-0001 Kemet T41ID685M020AU 
C10 Cer, 220pF, ±10%, 100V 1005-0075 Erie 8101-A100-W5RO-221K 

C11 Tant Chip, 6. 8J.LF, ±20%, 20V 1012-0001 Kemet T41ID685M020AU 

COILS 

L1 Choke, Ferrite Bead, U-250 1586-0004 Ferroxcube 56-590-65/4B 
L2 Choke, Ferrite Bead, U-250 1586-0004 Ferroxcube 56-590-65/4B 
L3 Choke, Ferrite Bead, U-250 1586-0004 Ferroxcube 56-590-65/4B 

DIODES I 

CR1 Si, Pin Switching 12S1-0050 Motorola MPN-3401 
CR2 Si, Pin Switching 12S1-0050 Motorola MPN-3401 
CR3 Si, Pin Switching 1281-0050 Motorola MPN-3401 
CR4 Si, Pin Switching 12S1-0050 Motorola MPN-3401 
CR5 Si, Pin Switching 1281-0050 Motorola MPN-3401 

CR6 Si, Pin Switching 12S1-0050 Motorola MPN-3401 
CR7 Si, Pin Switching 12S1-0050 Motorola MPN-3401 
CRS Si, Pin Switching 1281-0050 Motorola MPN-3401 

JACK 

J4 RF Straight, Subminiature 2536-0036 Cushman 

RESISTORS 

R1 Comp, 1K, ±5%, 1/8W 1065-1025 Allen-Bradley BB1025 
R2 Comp, 680n, ±5%, 1/4W 1066-6815 Allen-Bradley CB6S15 
R3 Comp, 680n, ±5%, 1/4W 1066-6815 Allen-Bradley CB6S15 
R4 Comp, 680n, ±5%, 1/4W 1066-6S15 Allen-Bradley CB6S15 
R5 Comp, 1K, ±5%, l/SW 1065-1025 Allen-Bradley BB1025 

R6 Comp, 1K, ±5%, 1/8W 1065-1025 Allen-Bradley BB1025 
R7 Comp, 1K, ±5%, 1/8W 1065-1025 Allen-Bradley BB1025 
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CIM CE-4 

HIGH LEVEL AMPLIFIER. 3300-Mll 

CKT. REF. DESCRIPTION CE STOCK NO. MFR. MFR. NO. 

3300 High Level Amplifier 
PC Board Assembly 7001-0263 Cushman 
PC Board 17BO-0516 Cushman 

CAPACITORS 

C1 Tant, lO/-IF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C2 Cer, .01/-1F, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C3 Not Used 
C4 Cer, .01/-LF, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C5 Tant, 10/-lF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 

C6 Cer, .01/-1F, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C7 Cer, • 01/-LF, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
CB Cer, 1000pF, ±10%, 100V 1005-00B1 Erie B121-100-W5R-102K 
C9 Cer, • l/-1F, ±20%, 50V 1005-0097 Erie B121-050-651-104M 
C10 Cer, FSV, ±10%, 100V 1005-XXXX Erie 

Cll Tant, lO/-IF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C12 Tant, lO/-IF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C13 Cer, 1000pF, ±10%, 100V 1005-00B1 Erie B121-100-W5R-102K 
C14 Tant, 10/-lF, + 50-20%, 35V 1011-0006 ITT TAG 10/35-20 
C15 Tant, 10/-LF, +50-20%, 35V 1011-0006 ITT TAG 10/35-20 

C16 Cer, • 01/-LF, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C17 Cer, 1000pF, ±10%, 100V 1005-00B1 Erie B121-100- W5R-I02K 
CIB Cer, .01/-1F, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C19 Cer, .01/-1F, ±20%, 100V 1005-0100 Erie B121-100-651-103M 
C20 Cer, 100pF, ±10%, 100V 1005-0082 Erie B121-100-COG-101K 

CONNECTOR 

J1 Right Angle Jack, 5012, &Ib Min 2536-0041 Sealectro 50-053-0000 

INDUCTORS 

L1 RFC 2 1/2T, Wide Band 1586-0003 Ferroxcube VK20020/4B 
L2 RFC 2 1/2T, Wide Baocl 1586-0003 Ferroxcube VK20020/4B 
L3 RFC, .15/-1H, ±10% 15B5-0065 Delevan 1025-00 

I 

i 
INTEGRATED CmCUIT I 

I 
I 

IC1 Wide Band Amp ATF 417 2025-0065 Amperex ATF417 I 
I 

I 
RESISTORS 

R1 Comp, 3912, ±5%, 1/8W 1065-3905 Allen-Bradley BB3905 
R2 Met. Film, 7. 68K, ±1%, l/BW 1075-0054 Dale MFF 1/8 T1 
R3 Comp, 33012, ±5%, 1/4W 1066-3315 Allen-Bradley CB3315 
R4 Comp, 15012, ±5%, 1/4W 1066-1515 Allen-Bradley CB1515 
R5 Comp, 15012, ±5%, l/BW 1065-1515 Allen-Bradley BB1515 

R6 Met. Film, 3. 16K, ±1%, 1/10W 1074-1016 Dale RN55D 
R7 Comp, 5W, ±5%, 1/8W 1065-5105 All en-Bradley BB5105 
R8 Comp, 68012, ±5%, 1/4W 1066-6815 Allen-Bradley CB6815 
R9 Comp, 68012, ±5%, 1/4W 1066-6B15 Allen-Bradley CB6815 
RIO Comp, 1K, ±5%, l/BW 1065-1025 Allen-Bradley BB1025 

Rll Comp, 30K, ±5%, 1/8W 1065-3035 All en-Bradley BB3035 
R12 Comp, 12K, ±5%, 1/8W 1065-1235 Allen-Bradley BB1235 
R13 Comp, 1. 8K, ±5%, 1/8W 1065-1825 Allen-Bradley BB1825 
R14 Comp, 82012, ±5%, 1/8W 1065-8215 Allen-Bradley BB8215 
R15 Comp, lOOn, ±5%, 1/8W 1065-1015 Allen-Bradley BBI015 
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CIM CE-4 

HIGH LEVEL AMPLIFlER. 3300-Mll (contd) 

CKT. REF. DESC RIPTION CE STOCK NO. MFR. MFR. NO. 

R16 Comp, FSV, ±5%, 1/8W 1065-XXXX Allen-Bradley BBXXXX 
R17 Comp, 1.6K, ±5%, 1/8W 1065-1625 Allen-Bradley BB1625 
R18 Comp, 3.9K, ±5%, 1/8W 1065-3925 Allen-B radley BB3925 
R19 Comp, lK, ±5%, 1/8W 1065-1025 Allen-Bradley BB1025 
R20 Comp, 2400, ±5%, 1/4W 1066-2415 Allen-Bradley CB2415 

R21 Comp, 2400, ±5%, 1/4W 1066-2415 Allen-Bradley CB2415 
R22 Comp, 220, ±5%, 1/8W 1065-2205 Allen-Bradley BB2205 
R23 Comp, 2400, ±5%, 1/4W 1066-2415 Allen-Bradley CB2415 
R24 Met. Film, 3320, ±l%, 1/8W 1075-0024 Dale MFF 1/8 T1 

TRANSFORMER 

T1 TorOidal, Bifilar 1579-0035 Cushman 

TRANSISTORS 

Q1 SI, NPN, 2N3904 1272-0032 Motorola 2N3904 
Q2 SI, PNP, 2N4121 1272-0023 Fairchild 2N4121 
Q3 SI, NPN, 2N3904 1272-0032 Motorola 2N3904 
Q4 SI, NPN, 2N5179 1272-0060 Motorola 2N5179 
Q5 SI, NPN, 2SC1424 1272-0071 NEC 2SC1424 I 

Q6 SI, NPN, Microwave V021 1272-0076 NEC V021 I 

I 
I 
I 
I 
I 
I 

I 
I 
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