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EFFECTIVE DATE: MARCH 1,1981

CUSHMAN INSTRUMENT WARRANTY

A11 instruments manufactured by Cushman Electronics, Inc. are warranted against
defects in material and workmanship for one year from the date of original ship-
ment from the factory. Cushman Electronics will repair or replace, at its dis-
cretion, instruments which prove to be defective in manufacture or materials.

The customer must notify Cushman Electronics of any defects prior to the expira-

tion of the warranty period.

e During the first three months after the date of original shipment,
there will be no charge for parts, replacement printed circuit
boards, labor, or transportation charges for instruments serviced
at an authorized Cushman Service Center within the customer's
country. Method of transportation shall be designated by an
authorized Cushman representative or Service Center.

e During the fourth through the 12th month after the date of original
shipment, there will be no charge for parts, replacement printed
circuit boards, or labor for instruments serviced at an authorized
Cushman Service Center. A1l transportation charges for instruments,
parts, or replacement printed circuit boards shall be paid by the
customer during this period.

e During the first year, replacement printed circuit boards are
warranted only when the defective boards have been identified
by an authorized Cushman Service Center and the defective
printed circuit board is returned in accordance with Cushman's
exchange board policy.

The foregoing policy does not apply to repair service or parts sales, nor does
it apply to instruments or parts of instruments which, in the opinion of Cush-

man Electronics, have been altered or misused.

Cushman Electronics, Inc. limits its responsibility to the repair or replace-
ment of defective products as the sole and exclusive remedy provided to the
customer and it will not be liable for any direct, indirect, special, incident-
al, or consequential damages. This warranty statement is in lieu of any other
warranty either express or implied. Cushman Electronics disclaims any implied

warranties of merchantability or fitness for a particular purpose.

w Cushman

Electronics, Inc.
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EXTENDED LIMITED WARRANTY

There will be no charge for parts used by an authorized Cushman Service Center
to repair a Cushman product covered by this Extended Limited Warranty for a
period beginning the 13th month and continuing through the 36th month from the
date of original shipment from the factory. Batteries, cathode ray tubes, and
crystal oscillator ovens are excluded. A1l transportation charges shall be
paid by the customer during this period. The conditions and limitations of the
Cushman Instrument Warranty apply also to the Extended Limited Warranty policy.

Cushman Electronics, Inc.
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CIM CE-50

CE-50A-1 and CE-50A-1/TG

SPECTRUM MONITOR OPERATIONAL AIDS

Whenever the scan width of the CE-50A-1
HORIZ (per div) switch, or the 10 MHz or 100
MHz Frequency (MHz) Select switches are
changed, the CRT display will blank for a few
seconds while the automatic centering circuits
recalibrate the signal position to the center of
the CRT. This is a normal procedure. Blank-
ing prevents the reading of incorrect input
data while the phase-lock sweep circuits are
unlocked for the calibration procedure.

The phase-locked sweep circuit is used in
the CE-50A-1 to provide a stable and accurate
display over a spectrum as narrow as 10 kHz
per division. The swept phase-lock feature
eliminates any noticeable drift on the CRT dis-
play in this narrow scan width, and achieves
precise frequency tuning while sweeping.

If the FUNCTION switch is in one of the SIG
GEN positions, the oscilloscope, deviation meter,
and Frequency Error meter will not function if the
FINE control is in the OFF position,

Whenever the INTEN control is in the OFF
position while in the SPECTRUM MONITOR mode,
the unit will unlock.

While in the SPECTRUM MONITOR mode in

CE-50A-1/TG Communications Monitors, the signal
generator section FINE control should be OFF.

v/vi 560100075 *
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CIM CE-50

Circuit Description
RF Freq Sel Sw Mtg (11000)
Reference Freq Generator (37000)
Ref Freq Divider/Sinad (35000)
VCO & 1865 MHz Upconverter (63000)
1.7 GHz PLL (71000)
159, 3-169. 3 MHz IF (61000)
1865 MHz Filter & Ampl (66000)
Loops A & B Divide-By-N (28000)

R s R
O OO0 0o

Loops A & B Phase Detector (29000) -10
Digit Decode/Divide-By-P (34000) -11
YIG Main Coil Driver (33000) -11
208-307 MHz VCO /Divide-By-10/Sampler (73000) 4~12
Directional Coupler (76000) 4-12
3dB Pwr Splitter/Buffer Ampl (74000) 4-12
YIG FM Coil Driver (27000) 4-12
YIG FM Coil Drvr/Swp Drvr (27000) CE-50A-1 or -1/TG 4-12
10 MHz Sampler (72000) 4-13
RF Attenuator (51000) 4-14
1st Converter (52000) 4-14
2nd Converter (53000) 4-14
Bandpass Filter (25000) CE-50A-1or -1/TG 4-14
Log Converter (26000) CE-50A-1 or -1/TG 4-15
10.7 MHz IF (23000) 4-15
FM/AM Detector #1 (24000) 4-15
FM/AM Detector #2 (32000) 4-16
FM/AM Modulation (36000) 4-17
Tone Gen Sw Mtg/DC Pwr Control (12000) 4-18
210, 7 MHz IF (62000) 4-18
210.7 MHz BPF (64000) 4-18
2.075 GHz Upconverter (65000) 4-18
Final Mixer & 1.1 GHz Lowpass Filter (75000) 4-18
High Level Amplifier (82000) 4-18
Output Protection/Power Detector (81000) 4-19
Audio Synthesizer (22000) 4-19
Audio Control (31000) 4-20
ALC/Squelch /DC Control (21000) 4-20
Speaker Driver (93000) 4-21
Horiz Defl Sw Mtg (44000) 4-22
Vert Defl Sw Mtg (43000) 4-22
Vertical Amplifier (41000) 4-22
Time Base and Horizontal Ampl (42000) 4-23
AC/DC Switching Supply #1 (91000) 4-24
AC/DC Switching Supply #2 (92000) 4-25
10V/5V Regulators (39000) 4-26
DC/DC Converter (45000) 4-26
SECTION 5 MAINTENANCE
General -

Access and Parts Location
Performance Checks

Test Equipment Required

Signal Generator Mode

Monitor Mode

RF Power In Measurement Check

Sinad Opcration

Oscilloscope Check

Spectrum Monitor Check (CE-50A-1 or -1/TG)

Power Supplies Check
Troubleshooting
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SECTION 6 PARTS LISTS AND SCHEMATIC DIAGRAMS
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UNPACKING AND INSPECTION

When unpacking the Model CE-50A FM Communi-
cations Monitor, inspect the packing box and the
instrument lor possible damage. The instrument was
carefully inspected before shipment and should be ready
to operate properly when received. Confirm satisfactory
performance by following the procedures given in the
Operating section of the Instruction Manual. If the
equipment is damaged or [ails to operate properly, file
a claim with the transportation agency, or if insured,
with the insurance company.



CIM CE-50

SECTION 1
GENERAL

INTRODUCTION

1.01 The Cushman CE-50A Communications Mon-
itor is a portable test instrument designed
to aid in the repair of two-way radios operating
in the VHF/UHF range to 1000 MHz. Besides mea-
suring carrier frequency and modulation charac-
teristics of transmitted signals, it can measure
SINAD receiver sensitivity, transmitted RF power,
and display demodulated audio frequencies on its
internal oscilloscope for visual-signal monitoring.
The unit is automatically self-calibrating in the
monitor mode, and its full-service power supplies
allow its use at unpowered remote sites (by ve-
hicle power or optional battery) as well as in
the shop.

Cushman
. Eiecuronics inc
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1.02 The CE-50A monitor section is a sophistica-

ted triple conversion superheterodyne re-
ceiver. The input has an adjustable sensitivity
for monitoring signals of 2 uV to 500 mV in level.
This allows the testing of a transmitter output sig-
nal at any distance from a few feet to several
miles.

1.03 The CE-50A also generates accurate RF sig-
nals for testing sensitivity, alignment, and
performance of radio receivers. The generated
RF can be transmitted as a CW signal, or can be
AM or FM modulated by an audio frequency tone
synthesizer. It can also be Pulse Frequency mod-
ulated by an external signal. Modulation can be
selected in continuous or timed interval (burst)

CE-S0A FM/AM COMMUNICATIONS MONITOR
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CIM CE-50

durations. There is also a simultaneous 1 kHz
+ Tone Generator modulation capability to help
with signal tracing and receiver alignment.

1.04 The signal generator section is a highly
accurate frequency synthesizer with a fre-

quency range of 100 kHz to 999.999 MHz. Its
output can be connected directly to a transceiver,
and is protected from accidental transmitter key-
ing by an automatic electronic circuit breaker.

An output level from .1 pV to 300 mV rms is
selectable at the front panel through precision
attenuator switching.

1.05 There are also front panel switch positions

on the CE-50A for the CE-50A-1 Spectrum
Monitor functions. The CE-50A-1 will be a ver-
sion of the CE-50A with added Spectrum Monitor
features. The switch positions used for Spectrum
Monitor functions are identified in yellow, and
should be avoided when making measurements
unless called for.

DESCRIPTION

1.06 The CE-50A is a portable test instrument

designed to monitor the frequency charac-
teristics of transceivers operating in the VHF/UHF
range to 1000 MHz. It combines in one instrument
the functions of an RF signal generator, frequency
comparator, audio generator and modulator, RF
power meter, FM modulation deviation meter, % AM
modulation meter, oscilloscope, and SINAD receiver
sensitivity meter.

MOD
SECTION

|

1,07 In the SIG GEN mode, a 10,7 MHz VCO output

is modulated by the audio frequency selected by
the MODULATION Frequency (Hz) switches to make the
CE-50A signal generator First IF. The type of mod-
ulation is selected by the front panel FUNCTION switch.
The signal goes to two places, Inthe DEMOD section,
the modulating frequency is removed and displayed on
the front panel meter and oscilloscope. The signal is
also mixed with a 200 MHz reference to make the 210, 7
MHz Second IF. This signal is mixed with an 1865 MHz
L.O. and then again with the 2080 MHz YIG (Yittrium,
Iron, Garnet) local oscillator to make the 0-1000 MHz
RF output signal. The RF is directed to the front panel
SIG GEN OUT connector through a 0-120 dB precision
attenuator.

1.08 To monitor signals, the CE-50A FUNCTION
switch is placed in the MON mode. This al-
lows signals picked up at the antenna input to be
processed by the unit. The 0-100 MHz input signal
to be monitored is selected on the front panel MHz
(Frequency Select) switches. The input signal is
mixed with the 2080 MHz-3070 MHz YIG LO frequency
to make the 2075 *5 MHz 1st receiver IF. This is
in turn mixed with the 1865 MHz LO to produce the
210.7 MHz IF. When the signal is mixed with the
200 MHz reference frequency, the final 10.7 MHz
receiver IF is produced. This frequency is sent to
the DEMOD section where the type of modulation
selected by the FUNCTION switch is removed and
displayed on the meter and oscilloscope displays.
The 10.7 MHz IF is also mixed with a 10 MHz ref-
erence. The 700 kHz difference frequency is re-
moved and used to drive a frequency error dis-

2 ——]
'O(EME%‘ Moo 2107 2075+ SMHZ 5 0-12098 ST GEN OUT
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criminator., The discriminator output is displayed
by the frequency error meter to show the error
of the received signal from the dialed frequency.

1,09 Transmitted RF power is measured by the
CE-50A in two ranges, 0-10 watts and 10-
100 watts. Power is measured at the SIG GEN

OUT/PWR MTR IN jack on the front panel, so
automatic protection circuitry prevents input power
from damaging the CE-50A monitor input circuits.
An added advantage to this input/output circuitry
is that with only two cable connections the trans-
mitter/receiver functions of a transceiver can

be completely checked.

The CE-50A can also be used to measure
the SINAD sensitivity of rcceivers. The
word SINAD is an acronym for the ratio
Signal + Noise + Distortion
Noise + Distortion
This is an accurate measurement of the useful
sensitivity of a receiver as the measurement in-
cludes the receiver audio output stage.

1.10

(measured in decibels).

ACCESYRIES AND OPTIONS
1.11 FEach CE-50A is shipped with an accessories
package containing a telescoping whip an~
tenna which connects to the ANT input connector,
a 74" coaxial cable, a hood for improved CRT
viewing, a power cord, a front cover, a service
manual, and left and right chassis extender

boards for maintenance. Accessories also offered
include a shipping trunk, a soft zippered cover

1-3
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with shoulder strap, and a cigarette lighter
power cord.

1.12 Options available include an oven-controlled
crystal oscillator reference (OCXO) to
replace the standard temperature -compensated
crystal oscillator reference (TCXC), and an in-
ternal rechargeable battery for portable operation.
1,13 Also available are the CE-50A-1 and the
CE-50A-1/TG Communications Monitors.
The CE-50A-1 contains all the capabilities of the
CE-50A plus the added Spectrum Monitor function
with visual CRT display.

The CE-50A-1/TG Communications Monitor
(with tracking generator) provides in a
single portable instrument all the capabilities of
the CE-50A-1 plus continuous swept frequency
coverage from 450 kHz to 999.9999 MHz. Sweeping
is done in three ranges (100 kHz, 1 MHz, and

10 MHz) for precise dynamic measurement of
frequency-sensitive circuit elements. The flatness
and accuracy of the CE-50A-1/TG is normally
found only in combinations of expensive, non-
portable laboratory-type precision tracking gen-
erator/spectrum analyzer systems.

1.14

1.15 The addition of the tracking generator fun-
ction to the basic CE~50A-1 is accomplished
with no degradation in the Communications Mon-
itor's capabilities. All specifications published

for the CE-50A are applicable to the CE-50A-1/TG

also. See Table 1-1,

560100751
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TABLE 1-1

CE-50A SPECIFICATIONS

ITEM CHARACTERISTIC

RF SIGNAL GENERATION

Frequency
Range 100 kHz to 999.9999 MHz (usable to 10 kHz)
Resolution 100 Hz
Accuracy
CW and AM Modes 10.00001% * Time Base (with OCXO)
FM Mode +50 Hz additional
Level
Range .06 uV to 300 mVrms, continuous
Accuracy +3 dB overall; £2 dB typical for level
<-13 dBm
Modulation FM, AM, Pulsed FM, CW
FM
Internal
1 kHz 1000 Hz * Time Base stability
GEN 30.00 Hz to 9999 Hz *0.005%
GEN + 1 kHz Simultaneous 1 kHz tone + GEN frequency
Aging 20 PPM/Yr.
Deviation
Ranges 1.5, 5, and 15 kHz peak deviation full scale
ranges on meter and CRT
Accuracy +5%
External

Deviation Range
Sine (30 Hz - 10 kKHz rate) | 15 kHz maximum
Square (5 Hz - 300 Hz rate)| 2 kHz maximum

AM
Internal
1 kHz 1000 Hz + Time Base stability
GEN 30.00 Hz to 9999 Hz 10.005%
GEN + 1 kHz Simultaneous 1 kHz tone + GEN frequency
Aging 20 PPM/Yr.
Range 0-100% full scale on meter; *15%, *50%,
and *150% full scale ranges on CRT
External
Frequency 30 Hz to 10 kHz
Pulsed FM - External only
Frequency Range 5 Hz to 300 Hz (5% to 95% duty cycle)
Deviation Range 22 kHz

Spurious Outputs
Harmonics (Carrier Freq. >1 MHz) >40 dBc (Fine level set to <0 dB)

Non-harmonic Products >35 dBc (60 dB typical)
Residual FM <50 Hz typical
MOD OUT level range 0-2 Vp-p into 1 kilohm typical. Separately
adjustable controls for GEN and 1 kHz
Frequency Offset *+15 kHz about the dialed-in frequency
Automatic Overload Protection SIG GEN OUT/RF IN port protected

against keyed transmitters to 100W for
10 seconds.

56010007501 1-4



Table 1-1 CE-50A Specifications (cont'd)

CIM CE-50

ITEM CHARACTERISTIC
MONITOR
Functions Frequency error, FM deviation, % AM,
Power, SINAD, audio frequency (Lissajou)
Frequency
Range 0.45 MHz to 999.9999 MHz (usable to 50 kHz)
Resolution 100 Hz
Inputs 2 BNC connectors: a high sensitivity (2 pV)

Sensitivity (Selectivity NARROW)
FM, PFM ( 10 MHz t> 999. 9999 MHz)

AM

Squelch

IF Bandwidth
-3 dB Bandwidth (Selectivity NARROW)
(Selectivity WIDE)

FM Residual Noise (20uV input; Selectivity
NARROW)

DEMOD Output
Level

DISPLAYS

Frequency Error Meter
Ranges
Resolution
Accuracy

Functions Meter
Peak Deviation
% AM

Range

Accuracy
Power

Frequency

Ranges

Maximum level

Accuracy
SINAD

Frequency

Scope Display
Frequency Range (*3 dB BW)
Vertical Inputs, Internal Mode
Vert. Sensitivity (adjustable)
Vert. Sensitivity (calibrated)
+1.5 kHz FM/15% AM
+5 kHz FM/50% AM
*15 kHz FM/150% AM

antenna input and a high power input/out-
put for direct connection to transceivers
of up to 100 W transmitter power.

2uV (0.6uV typical) for SINAD = 10 dB (PFM
Mode)

2uV ( typically) for S/N = 10 dB. Frequency
210 MHz

A concentric adjustment on the SENSITIVITY
switch.

22 kHz typical
220 kHz typical

<100 Hz (measured in PFM; fc_>_10 MHz)

2V p-p for 15 kHz FM deviation, typical

+1.5 kHz, #5 kHz, *15 kHz
50 Hz _
+1 x 10 + Time Base stability

1.5 kHz, 5 kHz, and 15 kHz ranges

0 - 100%
+5% of full scale on meter for <80% modulation

10 - 500 MHz (usable to 1000 MHz)
1-10, 10-100 watts

100 watts for 10 seconds

+10% of full scale

1 kHz

7 divisions high x 10 divisions wide
DC to 1 MHz - Usable to 3 MHz

Continuous adjust between vert. ranges
5%

5%
5%

1-5
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Table 1-1 CE-50A Specifications (cont'd)
ITEM CHARACTERISTIC
Vertical Inputs, External Mode
Vert. Sensitivity (Adjustable) Continuous adjust between vert. ranges
Vert. Sensitivity (Calibrated) 5 mV/DIV, 50 mV/DIV, 500 mV/DIV,
and 5 V/DIV; #5%
Vertical Impedance 1 MQ, #5% in parallel with 30 pF
Horizontal Inputs, Internal Mode
Sweep Rate (Calibrated)
10 ms/DIV, 1 ms/DIV,
100 us/DIV, 10 us/DIV 459
1 us/DIV +10%
Vernier Range Continuous adjust between sweep rates
TIME BASE
TCXO 6
Stability +1 x 10 = per year

Warm-up Time

OCXO (Optional)
Stability
Warm-up Time

SPECTRUM MONITOR (CE-50A-1)

Frequency Range

Dynamic Range

RF Attenuator

Display Range

Level Accuracy

Scan Widths

Minimum Resolution (2 equal level signals)
Calibration Signal

POWER REQUIREMENTS

DIMENSIONS

WEIGHT

ENVIRONMENTAL
Temperature
Operating
Storage

30 seconds

2 x10 7 per year after 25 minutes at 25°C

Less than 5 min. from 20°C to 1 x 106

Less than 10 min. from 20°C to 1 x 10
after 1 hour on power.

Same instrument as the CE-50A with the
addition of a spectrum monitor.

10 to 999.9999 MHz

+0 to -115 dBm (usable to -130 dBm)

40 dB in 20 dB steps

70 dB (10 dB/division)

+4.5 dB (S/N >20 dB) after cal at 200 MHz
10 kHz/DIV, 100 kHz/DIV, 1 MHz/DIV

2 kHz

200 MHz at -20 dBm *1 dB

115 or 230 VAC, *10%, 50-400 Hz, 48W max.
11-15 VDC at 3 Amps (External power)
Internal rechargeable battery (Optional)

9 5/8" (24.4 cm) H x 11 1/8" (28.3 cm) W
x 18 1/4" (46.3 cm) D

38 Ibs. (17.3 kg) With optional internal
battery, 43 lbs (19.5 kg)

0°C to +55°C (32°F to 131°F)
-40°C to +75°C (-40°F to 167°F)

ADDITIDNAL CE-50A-1/TG SPECI

FICATIONS

Frequency Range

Display Range

Dynamic Range

Vertical Display Accuracy (after cal)
Horizontal Accuracy

Warm-up Time

Frequency Resolution (in 10 kHz/Div)

10 MHz to 999.9999 MHz, usable from 450 kHz
60 dB, typical

100 dB typical

+1.5 dB relative to 0 dB reference

5% of full sweep width

Instantaneous

3 kHz, typical

560100751 1-6
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SECTION 2
INSTALLATION

ENVIRONMENTAL REQUIREMENTS
Temperature

2.01 The CE-50A is designed to operate between

0°C and +55°C (ambient). In the field these
temperatures can easily be exceeded if proper
precautions are not taken. For instance, the in-
ternal temperature of a closed automobile trunk
may exceed 65°C during summer daylight hours.
Also, care should be taken not to block the cabi-
net'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 mal-
functioning.

RF Fields

2.02 Where extremely high RF radiation fields

exist (such as when the CE-50A 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.
In such cases the SELECTIVITY switch on the
front panel should be placed in the NARROW po-
sition. If satisfactory measurements still cannot
be made, direct connection between the transmit-
ter to be monitored and the CE-50A through a
suitable RF attenuator may be required. For
further information, contact the Cushman Elec-
tronics Customer Service Department.

NOTE

In the NARROW position the bandwidth
is reduced 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-50A may be operated from a 115V

AC *10% or 230V AC *10%, 50 to 400 Hz AC
source, an external +12V DC source, or optionally,
with an internal 12V battery. The AC and EXT
DC voltages are fuse protected at the rear panel.
The type of source voltage (EXT DC, BATTERY,
or AC) is selected at the CE-50A front panel,
while the AC voltage level is selected at the rear
panel switch. The rear panel switch should be
set so that the voltage of the AC source shows on
the switch. The instrument consumes a nominal
50 watts of power in the AC position of the front
panel switch, and a nominal 40 watts in the EXT
DC or BATTERY position.

2-1

BATTERY CONNECTION

2,04 To install the CE-50A battery, proceed as
follows:

a) Make certain the instrument is discon-
nected from the AC source. Remove

the battery compartment cover on the rear

panel by removing the four retaining nuts.

b) The optional 12V rechargeable battery
offered (Cushman Part Number 1046-
0010) will have a connector and cable as-
sembly attached to the battery terminals
when received. Place the battery near the
CE-50A rear panel battery compartment.

c) Locate the harness connector inside the
battery compartment and plug it into
the connector attached to the battery.

d) Insert the battery into the battery com-
partment with the terminals down, and
replace the cover on the battery compartment.

NOTE

Federal Regulations prohibit shipping instru-
ments with the batteries connected. Always
disconnect the batteries before shipping the
instrument.

BATTERY CHARGING

2.05 The CE-50A optional battery will charge
when the POWER-EXT DC/BATTERY/AC

switch is in the following position (the POWER-

STD BY/ON/OFF switch may be in any position):

a) If the CE-50A is connected to AC

power, the POWER-EXT DC/BATTERY/
AC switch must be in the AC position for
charging.

b) If the CE-50A is connected to external

DC power, the POWER-EXT DC/BAT -
TERY/AC switch must be in the EXT DC
position for charging.

¢) The battery will not charge in other
positions of the POWER switches.

SERVICE OR REPAIR
2.06 In the event that factory service or repair
is required, contact Cushman Electronics

Customer Service Department for further service
information or to make arrangements for shipment
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to the factory or to a Service Center. The facto-

ry address is:

Cushman Electronics, Inc.
Customer Service Department
2450 North First Street

San Jose, California 95131
Telephone: (408) 263-8100

2.07 Cushman Flectronics repair service is also
available from regional Service Centers list-
ed in the Appendix of this manual. Factory warranty
and other services may be performed at these loca-
tions. It is to your advantage to use the Service Cen-
ter nearest you in order to speed the return of your
equipment and lessen your shipping costs, when ap-
plicable. You must contact either the factory or the
regional Service Center nearest you before you ship
any equipment for repair. Service of your equipment
will be scheduled at that time and you will be advised
of the best method of shipment and other information.

PREPARATION FOR SHIPMENT

2.08 It is recommended that the shipping box and
foam packaging be kept in case it becomes
necessary to ship the instrument to the Service Cen-

ter or to the factory for service or repair.

2.09 The following is a general guide for repack-
aging the instrument for shipmemnt:

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 ac-
complished. Include the model number and
full serial number of the instrument. In any
correspondence, always identify the instru-
ment by model number and serial number.

56010075
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.11

If the original container is to be used, pro-
ceed as follows:

a) Place the instrument in the original con-

tainer. (If the original container is not
available, one can be purchased from Cush-
man Electronics.)

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

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

a) Wrap the instrument in plastic or heavy
paper before placing in an inner con-
tainer.

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

¢) Place the instrument and inner container
in a heavy carton or wooden box and
seal with strong tape or metal bands.

d) Mark the shipping container "DELICATE
ELECTRONIC INSTRUMENT", "FRAGILE".
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SECTION 3
OPERATION

GENERAL

3.01 The CE-50A Front Panel Controls, Indicators,

and Connectors are shown in Figure 3-1 and
listed in Table 3-1 with a brief description of the
function of each.

3.02 When received, the CE-50A can be operated
immediately on AC or external DC power.

If optional battery powered operation is desired it

is necessary to obtain a battery assembly (Cushman

Part Number 7041-0026) and install it as per in-

structions given in Section 2, paragraph 2.04.

TURN-ON AND WARM-UP

3.03 For AC operation, plug the power cord into

a 115/230V *10% 50-400 Hz source receptacle.
For external DC operation, connect the rear panel
external DC receptacles into a +12V DC source (pos-
itive to positive and negative to negative). There
is no connection necessary for battery operation.
The battery recharge circuit is operational in any
position of the POWER OFF/ON/STD BY switch as
long as the AC/BATTERY /EXT DC switch is in
AC or EXT DC. To fully charge the optional bat-
tery, assure that the Power switch is on OFF and
connect the CE-50A to an external AC or DC
source for a minimum of 12 hours. A fully charged,
battery powered CE-50A can be operated for ap-
proximately 30 minutes (typical) before recharg-
ing is required.

NOTE

When the CE-50A is used with an internal
battery source, be sure the battery power
indicator registers in the green area before
operating. Fully discharging the battery
may cause it to be damaged and require
replacement.

3.04 Select the power source used with the AC/
BATTERY /EXT DC switch and turn the

3-1

OFF/ON/STD BY switch to ON and allow the in-
strument to warm up as specified in Table 1-1
(Specifications) under TIME BASE.

3.05 The standard CE-50A contains a tempera-
ture compensated crystal oscillator (TCXO)
time base. The maximum time required for warm-
up is 30 seconds. Placing the OFF/ON/STD BY
switch in the STD BY position will not reduce
this time. The position functions only when the
optional thermostatically controlled oven crystal
oscillator (OCXO0) is used in place of the TCXO.
Also, the OVEN LED is not functional unless the
CE-50A is equipped with the OCXO option.

3.06 If the OCXO is used in place of the TCXO

a longer warm-up period is required before
CE-50A measurements can be made. See the entry
in Table 1-1 (Specifications) TIME BASE under
OCXO Warm-up Time. This warm-up period can
be eliminated if the STD BY position of the QFF/
ON/STD BY switch is used instead of OFF (see
NOTE below). The OCXO will maintain the mas-
ter oscillator crystal at a constant temperature
for optimum CE-50A measurement accuracy. If
the instrument has been stored at a temperature
below 0°C (32°F), additional warm-up time may
be required.

NOTE

Oven operation is independent of the posi-
tions of either the OFF/ON/STD BY or AC/
BATTERY/EXT DC switches while the
CE-50A is connected to an AC power source.
However, if a battery or external DC power
source is used, the AC/BATTERY /EXT DC
switch must be in the position indicating

the power source, and the OFF/ON/STD BY
switch in the STD BY or ON position for
oven operation. To conserve battery power,
the initial OCXO warm-up should be done
with the unit connected to an external
power source.
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Table 3-1.

CIM CE-50

CE-50A Front Panel Controls, Indicators, and Connectors

1.

2.

10.

11.

12.

13.

ANT

CRT DISPLAY

VERT
HORIZ
FOCUS

INTEN/SCOPE OFF

FREQ ERROR

FREQ OFFSET

UNLOCK

OVEN

RANGE (kHz)

VERT

HORIZ

Antenna or high sensitivity input to monitor.

In normal oscilloscope mode, displays the
modulated signals received or generated by the
monitor. Using EXT SCOPE INPUTS, can also
be used as a 1 MHz oscilloscope. An automatic
sync circuit locks the sweep to the incoming sig-
nal. In the CE-50A-1 spectrum monitor mode,

it displays signal spectrums up to 1 GHz in fre-
quency over a 115 dB dynamic range.

Controls the vertical position of the CRT display.
Controls the horizontal position of the CRT display.
Adjusts sharpness of trace.

In the SCOPE OFF (detented) position, removes
CRT display power. In other than SCOPE OFF,
adjusts the brilliance of the CRT trace.

Meter indicates the. difference in frequency between
the received or generated frequency and the CE-
50A dialed frequency.

Adjusts the signal generator output * 15 kHz
about the dialed frequency.

LED lights when the frequency synthesizer is
not locked on frequency.

LED lights to show that the optional OCXO temp.
is not yet stabilized. Not operational with TCXO.

Range selection switch for FREQ ERROR meter.

The outer 8-position switch selects calibrated
vertical sensitivities for the CRT display. The
inner detented vernier control increases the
sensitivity (detented position) and the next higher
(CCW) sensitivity of the switch.

The outer 10-position switch selects calibrated
time frames (in time per division) for the CRT
oscilloscope display. When the optional SPECTRUM
MONITOR positions are used, the CRT display is
calibrated in frequency per division with the
CE-50A dialed-in frequency displayed at the CRT
center. The inner detented vernier control
increases the time per division continuously from
selected (detented position) to the next higher
time per division.
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Table 3-1. CE-50A Front Panel Controls, Indicators, and Connectors (count'd)

14. POWER (STD BY/ON/OFF)| Applies power to instrument. In STD BY
position, power is allowed to muintain the
optional OCXO heater temperature while
power to the remainder of the unit is off.
Lighted LED signifies power is ON.

See paragraphs 3.05 - 3.06.

15. POWER (EXT DC/BAT- Selects the input power source for the
TERY/AC) CE-50A.

16. UNCAL (VERT/HORIZ) LEDs indicate that the VERT and HORIZ
vernier controls are not in the detented
(calibrated) position.

17. VOLUME Adjusts the volume of the CE-50A internal
speaker.
18. MODULATION (X1.0, Three-position lever switch selects the
X0.1, X.01) multiplier for the MODULATION-Frequency (Hz)

switches., This sets the modulation frequency
range. For example, the maximum modulation
frequency in X1.0 is 9999 Hz; in XO0.1 it is
999.9 Hz; in X.01 it is 99.99 Hz.

19. MODULATION-Frequency |The four thumbwheel switches select the audio

(Hz) frequency (to 9999 Hz) used in the CE-50A.
The audio is used for internal modulation and
for the MOD OUT signal as either a continuous
tone or for selected tone bursts.

20. MODULATION (GEN/ Modulation source select switch. GEN position

OFF/GEN + 1 kHz) selects dialed in frequency. The OFI position
turns off the internal audio generators. The
GEN + 1 kHz position causes a 1 kHz tone to be
added to the dialed frequency.

21. ENABLE Pushbutton switch turns on the audio oscillator
for a period of time selected by the BURST
control.

22. MOD IN Input BNC for an external modulation source.

23. BURST (SEC) Selects the duration of the audio tone dialed

on MODULATION-TFrequency (Hz) switches
and turned on by the ENABLE switch.

24. INTERRUPT Used with BURST (SEC) switch in CONT position,
the INTERRUPT phone jack allows external
control of the modulation frequency duration.

25. MOD ADJ Adjusts the audio generator output level for
internal modulation or external output at the
MOD OUT jack.

26. MOD OUT BNC jack makes the modulation signals available
for external use.
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CE-50A Front Panel Controls, Indicators, and Connectors (cont'd)

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

1 kHz MOD ADJ

DEMOD OUT
BATTERY COND
EXT SCOPE INPUTS
(VERT)

EXT SCOPE INPUTS
(AC/DC)

EXT SCOPE INPUTS

(HORIZ)

FUNCTION

SIG GEN LEVEL
(Meter)

FINE (OFF)

CAL OUT (200 MHz/
-20 dBm)

SINAD IN

SIG GEN OUT/RF IN

Adjusts the level of the 1 kHz tone generator.

Makes the recovered audio from the RF signal
available for external use.

Meter indicates battery status. Arrow in green
area means battery is charged, and red area
indicates recharge is necessary before using
unit on battery power.

External input for vertical CRT deflection.
Used when the CRT is used as an external
oscilloscope.

Selects AC or DC coupling on the EXT SCOPE
INPUTS (VERT) jack.

External input for horizontal CRT deflection.
Used when external control is needed for the
CE-50A oscilloscope horizontal deflection.

Eight-position switch selects either signal
generator or monitor mode of operation and

the type of modulation (SIG GEN) or demodulated
signal (MON) desired. Also used to select the
Spectrum Monitor function in the CE-50A-1.

Meter has three scales and is used directly with
the SIG GEN LEVEL attenuator. The left scale
is marked 0-10, and is used with the attenuator
positions marked with pVolt, mVolt, or Volt
levels of 1, .1, or .01. The center scale is
marked 0-3, and is used with the uVolt, mVolt,
or Volt levels of 3, .3, or .03. The right
scale is marked from -10 dB to +3 dB, and
gives a vernier reading of the SIG GEN output
level between the 10 dB attenuator steps as
adjusted by the FINE (OFF) control.

Provides an adjustment of the SIG GEN OUT
level between the 10 dB settings of attenuator
to give continuous coverage of output Ievel.
The OFF position turns off the output RF.

BNC output provides a precise internal 200 MHz
signal at -20 dBm to be used for calibrating the
CE-50A-1 Spectrum Monitor display, and as a
troubleshooting aid for CE-50A monitor functions.

BNC input to measure the 12 dB SINAD sensitivity
of a receiver under test. Reading is made on
the FM deviation/% AM/POWER /SINAD meter.

BNC connector for the output RF signal generated
by the CE-50A, or the input power to be measured.
Protected against accidental transmitter keying

into connector by automatic overload protection.
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Table 3-1.

CE-50A Front Panel Controls, Indicators, and Connectors (cont'd)

39.

46.

41.

42.

43.

44.

45.

46.

417,

48.

49.

SIG GEN LEVEL
(attenuator)

SIGNAL LEVEL

MHz (FREQUENCY
SELECT)

DEVIATION (LEVEL SET)

DEVIATION (+, -)

DEVIATION (PEAKS)

LEVEL CAL

METER FUNCTIONS

SELECTIVITY (50 kHz
WIDE, 22 kHz NARROW)

SENSITIVITY (SQUELCH)

FUNCTION METER

RF output attenuator adjusts the SIG GEN OUT
level in 10 dB steps from a .1uV to 300 mV rms.

LED lights when selected RF signal at ANT

input (in MON mode) exceeds the squelch level set
and is capable of being measured, or when unit is in
SIG GEN mode.

Switches used to select the frequency of interest
(in MHz) for frequency monitor, spectrum
monitor, and signal generator modes of operation.

Potentiometer sets a preset level above which
peak deviations in FM modulation will cause
the PEAKS LED to light.

Selects whether positive or negative peak
deviations are to be measured.

When lighted, the LED indicates when I'M
modulation deviation has exceeded the level
preset on the LEVEL SET pot.

This screwdriver adjustment sets the IF gain
(is for Spectrum Monitor use only).

Seven-position switch selects the functions to
be measured on the DEV (kHz)/% AM/PWR/
SINAD meter.

Selects the receiver IF bandwidth for AM,
FM, or PFM MONITOR functions.

The outer knob selects RF input attenuation
(increase sensitivity, decrease attenuation)
for MONITOR SIGNALS. The inner concentric
knob adjusts the receiver squelch.

Meter measures DEV (kHz)/$AM/PWR/SINAD
when functions are selected by the METER
FUNCTIONS switch.
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MONITOR OPERATION

Carrier Frequency Measurements

3.

07

Make the following connections and control
settings:

a. Turn on the instrument and allow it to
warm up as shown in paragraphs 3.03-
3.06.

b. Connect an external antenna, or the

telescoping antenna supplied with the
instrument, to the ANT connector on the
front panel.

c. Set the MHz (Frequency Select)
switches to the frequency to be moni-
tored.

d. Set the FUNCTION switch to any MON-
ITOR position other than SPECTRUM.

@

ANT

REMOTE

CE-50A TRANSMITTER

Figure 3-2. Remote Monitoring set-up.

e. Turn the Squelch control (the concen-

tric control on the SENSITIVITY
switch) to maximum sensitivity. Adjust
the SENSITIVITY switch from 0 dBm REF
LEVEL position to the sensitivity position
in which the SIGNAL LEVEL LED lights
when the transmitter under test is keyed.
Adjust the squelch control until the SIG-
NAL LEVEL LED just lights when the
transmitter is keyed.

f. Set the RANGE (kHz) switch to the
lowest frequency range which will
give an on-scale reading of the FREQ
ERROR meter. The reading is a differ-
ence between the dialed frequency and
transmitter carrier frequency.

Frequency Deviation Measurements

3.

08

FM or Pulsed FM frequency deviation can
be measured as follows:

a. Repeat steps a-c of paragraph 3.07.

b. Set the FUNCTION switch to MONI-
TOR FM or PFM position as required.

3-7
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NOTE

For narrow band (3 kHz peak deviation)
radios, the PFM mode has the best sensi-
tivity.

c¢. Adjust the SENSITIVITY control (from

the least sensitive position) until the
SIGNAL LEVEL LED just lights as the trans-
mitter under test is keyed.

d. Set the METER FUNCTIONS switch to
the lowest DEV kHz range which will
give an on-scale reading of the FUNCTIONS

meter.

e. If it is desired to view the demodulated

FM or PFM on the oscilloscope, turn on
the oscilloscope with the INTEN/SCOPE OFF
control. Adjust the INTEN and FOCUS con-
trols for a sharp, clear trace on the CRT.
Center the trace on the CRT with the HORIZ
and VERT oscilloscope controls.

f. Key the transmitter and read the FM

deviation on the FUNCTIONS meter or
on the oscilloscope. On the oscilloscope
CRT, peaks appear above and below the
horizontal center line of the display. The
FUNCTIONS meter indicates either positive
or negative peaks depending on the setting
of the DEVIATION (+, -) switch. Deviation
peaks exceeding the level set by the DEVIA-
TION LEVEL SET control will cause the DEVI-
ATION PEAKS LED to light. Refer to para-
graph 2.02 for use of the WIDE/NARROW
positions of the SELECTIVITY switch in the
presence of strong RF fields.

g. Adjust the VOLUME control for the

desired level output of the demodulated
FM through the speaker. The demodulated
output is also available at the DEMOD OUT
connector.

AM Measurement

3.09 Measure the % of AM modulation as follows:

a. Repeat steps a-c of paragraph 3.07.

b. Set the FUNCTION switch to the MONI-
TOR AM position.

CE-50A

TRANSCEIVER

SIG GEN OUT
SINAD IN Q@

Figure 3-3. Bench test set-up.
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c. Adjust the SENSITIVITY control a. Turn on the CE-50A (refer to para-
(from the least sensitive position) graphs 3.03 - 3.06).
until the SIGNAL LEVEL LED just lights
as the transmitter under test is keyed. b. Set the FUNCTION switch to SIG GEN,
CW and set the seven MHz (Frequency
d. Set the METER FUNCTIONS switch to Select) switches to the desired frequency.

the % AM position.
c. Turn the MODULATION, GEN/OFF/GEN +

e. If it is desired to view the demodulated 1 kHz switch to the OFF position, and
AM on the oscilloscope, turn on the make certain there is no connection to the
oscilloscope with the INTEN /SCOPE OFF MOD IN connector.
control. Set the VERT switch to the IF
position, and adjust the INTEN and FOCUS d. Set the SIG GEN LEVEL 10 dB attenuator
controls for a sharp, clear trace on the to the level desired between -120 dBm
CRT. Center the trace on the CRT with and 0 dBm. To set the level between 10 dB
the HORIZ and VERT oscilloscope controls. attenuator steps, adjust the FINE/OFF control.
f. Key the transmitter and read the % AM NOTE
on the FUNCTION meter or on the
oscilloscope. The OFF position of the FINE/OFF control
removes the output signal from the S1G GEN
g. Adjust the VOLUME control for the de- OUT connector. The control cannot be in
sired level output of the demodulated the OFF position for signal generation.
AM through the speaker. The demodulated
output is also available at the DEMOD OUT e. The level at the SIG GEN OUT/RF
connector. IN connector is displayed as a combined
reading of the SIG GEN LEVEL 10 dB attenu-
Modulation Measurement Using INT TONE ator setting and SIG GEN LEVEL meter,
which displays the additional attenuation pro-
3.10 The following procedure is to be used to duced by the FINE/OFF control setting.
measure transmitter modulation using the
CE-50A in INT TONE. f. Connect the SIG GEN OUT connector to
the instrument to be tested. The CE-50A
a. Set the CE-50A controls as in para- is protected against inadvertent transmitter
graph 3.09 a-d. keying by an automatic switching circuit which
directs transmitted power to the power meas-
b. Turn on the oscilloscope with the INTEN uring circuits.
SCOPE OFF control. Adjust the INTEN
and FOCUS controls for a sharp, clear trace AM Mode
on the CRT.
3.12 Make the following connections and control
¢. Set the MODULATION-Frequency (Hz) settings:
thumbwheel switches to the modulation
frequency to be measured. a. Turn on the CE-50A (refer to paragraphs
3.03 - 3.06).
d. Center the trace with the VERT oscil-
loscope control and turn the HORI1Z b. Set the FUNCTION switch to SIG GEN AM
control to INT TONE. and select the desired RF output frequen-

cy on the MHz (Frequency Select) switches.
e. Turn the MOD ADJ control until a

circular or elliptical Lissajou pattern c. Set the MODULATOR-GEN/OFF/GEN + 1
can be seen on the CE-50A CRT. kHz switch to the GEN position.
f. Adjust the MODULATION-Frequency (Hz) d. Set the MODULATION-Frequency (Hz)
switches until a steady, non-rotating switches to four figures representing the
Lissajou pattern is observed. The input mod- desired audio frequency. Set the multiplier
ulation frequency is that frequency selected switch (MODULATION-X1.0/X0.1/X.01) to
on the MODULATION-Frequency (Hz) switches place the decimal point in the four figure set-
when the Lissajou pattern is steady. ting. For example: set the thumbwheel
switches to 4677. Set the multiplier switch
SIGNAL GENERATOR OPERATION to X.01. The modulating frequency will be
45.67 Hz.
CW Mode
e. The amount of AM modulation can be set
3.11 Make the following connections and control from 0-90 percent by the MOD ADJ con-
settings: trol. To set it to the level desired, place
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the METER FUNCTIONS SWITCH to the

% AM position and monitor the FUNCTIONS
meter while adjusting the MOD ADJ con-
trol. The modulating signal can be moni-
tored by turning on the oscilloscope as
shown in paragraph 3.09 e. and viewing
the displayed signal.

f. For continuous modulation, set the
BURST (SEC) control to the CONT po-
sition. The modulated RF output frequency
will be available at the SIG GEN OUT con-
nector. The modulating frequency is also
available at the MOD OUT connector.

g. If tone bursts are desired, set up as

above but set the BURST (SEC) con-
trol for the length of tone burst. Settings
are in fractions of seconds to a maximum
of 1 second. Each time the ENABLE push-
button is pressed, a tone burst of the
length to which the BURST (SEC) control
is set will be delivered.

h. For external modulation, connect an ex-

ternal signal source to the MOD IN con-
nector. Both the internal modulating signal
arrd ‘the external frequency will modulate the
output RF if the MODULATION-GEN /OFF/
GEN + 1 kHz switch is in the GEN position.
In the OFF position, only the external
source will modulate the RF signal.

i. An INTERRUPT connector is available

to allow an external source to control
the duration of the modulating frequency
generated by the CE-50A. This interrupt
function is available when the BURST (SEC)
control is in the CONT position and a modu-
lating frequency is selected (either AM or
FM).

j. To simultaneously modulate the CE-50A

output RF with an audio frequency plus
a constant known frequency, place the MOD-
ULATION-GEN /OFF/GEN + 1 kHz switch in
the GEN + 1 kHz position. The audio fre-
quency is selected by the MODULATION-
FREQUENCY (Hz) switches, while the 1 kHz
is constantly applied. The 1 kHz modula-
tion level can be changed from 0-100 per-
cent by the 1 kHz MOD ADJ control.

FM Mode

3.13 Make the following connections and control

settings:

a. Turn on the CE-50A (refer to para-
graphs 3.03 - 3.06).

b. Set the FUNCTION switch to S1G GEN

FM and select the desired RF output
frequency on the MHz (Frequency Select)
switches

CIM CE-50

c. When the FUNCTION switch is set to

SIG GEN-FM the FREQ ERROR meter
may peg. Allow 10 - 15 seconds for the
meter to return to zero before proceeding.
If the meter does not return to zero, ad-
just the FREQ OFFSET control. This cali-
brates the FM center frequency to the same
frequency as that dialed on the MHz (Fre-
quency Select) switches for error-free
meter readings.

d. Set the MODULATION-GEN/OFF/GEN +
1 kHz switch to the GEN position.

e. Set the MODULATION-FREQUENCY (Hz)
switches to four figures representing
the desired audio frequency. Set the multi-
plier switch (MODULATION-X1.0/X0.1/S.01)
to place the decimal point in the four figure
setting. For example: set the thumbwheel
switches to 4567. Set the multiplier switch
to X.01. The modulating frequency will be

45.67 Hz.

f. The amount of FM modulation can be set
from 0-15 kHz deviation by the MOD ADJ
control. To set it to the level desired, place
the METER FUNCTIONS switch to the DEV
kHz 15 position (if less deviation is needed,
a lower deviation frequency position may be
used). Monitor the FUNCTIONS meter while
adjusting the MOD ADJ control to the de-
sired FM frequency deviation. The modula-
ting signal can also be monitored by turning
on the oscilloscope as shown in paragraph
3.09 e. and viewing the displayed signal.

g. For continuous modulation, set the
BURST (SEC) control to the CONT po-
sition. The modulated RF output frequency
will be available at the SIG GEN OUT con-
nector. The modulating frequency is also
available at the MOD OUT connector.

h. If tone bursts are desired, set up as

above but set the BURST (SEC) control
for the length of tone burst. Settings are
in fractions of seconds to a maximum of 1
second. Each time the ENABLE pushbutton
is pressed, a tone burst of the length to
which the BURST (SEC) control is set will
be delivered.

i. For external modulation, connect an

external signal source to the MOD IN
connector. Both the internal modulating
signal and external frequency will modulate
the output RF if the MODULATION-GEN/
OFF/GEN + 1 kHz switch is in the GEN po-
sition. In the OFF position, only the extern-
al source will modulate the RF signal.

j.  An INTERRUPT connector is available

to allow an external source to control
the duration of the modulating frequency
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generated by the CE-50A. This interrupt
function is available when the BURST
(SEC) control is in the CONT position and
a modulating frequency is selected (either
AM or FM).

k. To simultaneously modulate the CE-50A
output RF with an audio frequency
plus a constant known frequency, place
the MODULATION-GEN /OFF/GEN + 1 kHz
switch in the GEN + 1 kHz position.
The audio frequency is selected by the
MODULATION-FREQUENCY (Hz) switches,
while the 1 kHz is constantly applied. The
1 kHz modulation level can be changed
from 0-100 percent by the 1 kHz MOD ADJ
control.

EXTERNAL OSCILLOSCOPE OPERATION
General

3.14 The CE-50A oscilloscope can be operated

separately from normal monitor operation
as a DC-1 MHz oscilloscope. To operate, make
the following connections and control settings:

a. Turn on the CE-50A (refer to para-
graphs 3.03 - 3.06).

b. Turn on the oscilloscope with the IN-

TEN/SCOPE OFF control. Adjust the
INTEN and FOCUS controls for a sharp,
clear trace on the CRT. Center the trace
on the CRT with the HORI1Z and VERT
oscilloscope controls.

Prolonged display of a stationary signal or
trace of high intensity may damage the
CRT phosphor coating. The intensity
should not be set higher than necessary
for comfortable viewing.

c. Set the EXT SCOPE INPUTS (AC/DC)
switch to the position corresponding
to the type of signal being measured.

Internal Horizontal Sweep

3.15 For oscilloscope operation using internal
horizontal sweep function, make the follow-
ing connections and control settings:

a. Place the VERT switch to the EXT 5V/

DIV position and the HORIZ switch to
the luys to 10ms position which gives the
best signal for viewing.

b. Connect the external signal to the
VERT input connector. The signal
level or VERT switch may now be changed
to display a signal on the CRT of sufficient

amplitude for viewing.
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Figure 3-4. SINAD test set-up

External Horizontal Sweep

3.16 For external horizontal sweep (x-y) opera-

tion of the oscilloscope, set the VERT con-
trols as in paragraph 3.14 above, and make the
following additional connections and control sct-
tings:

a. Set the HORI1Z switch to the EXT posi-
tion.

b. Connect the external horizontal signal

to the HORIZ input eonnector. 1f it is
necessary to adjust horizontal gain, it must
be done at the external signal source.

SINAD MEASUREMENTS

3.17 The SINAD measurement of receiver sensi-

tivity is actually a measurement of the quali-
ty of the output signal delivered to the speaker,
and can be a useful tool in performing receiver
alignment. 7To make SINAD measurements using
the CE-50A, make the following connections and
control settings:

a. Turn on the CE-50A (refer to para-
graphs 3.03 - 3.06).

b. Set the CLE-50A FUNCTION switch to

SIG GEN FM and tune the MHz (l're-
quency Select) switches to the receiver
frequency. Place the four MODULATION-
Frequency (iHz) thumbwheel switches to
1000 and MODULATION-GEN/OIF/GEN + 1
kilz switech to GEN. Set the MODULATION
X1.9/X0.1/X.01 switech to X1.0. Turn the
FINLE/OFF control to minimum (before OI'l),
and adjust the SIG GEN LEVEL attenuator
to the 1 mVOLTS position.

¢. Conneet the two conductors of a coaxial
cable (such as RG-55) across the
speaker terminals of the receiver to be
tested (center conductor to the positive side,
and shield to the negative side). Make sure
that there is no DC voltuge on the speaker
terminal, and conneect the other end of the
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cable to the CE-50A SINAD BNC input
connector. This allows the receiver
speaker to be used as an audio load
for the measurement.

d. Adjust the receiver volume control un-
til the output power to the speaker is
at its rated level.

e. Set the CE-50A METER FUNCTIONS

switch to the SINAD position. The
SINAD meter should deflect full scale to
the right. Adjust the FREQ OFFSET con-
trol until the FREQ ERROR meter shows
Zero error.

f. Reduce the CE-50A RF output level

by increasing the SIG GEN LEVEL at-
tenuator setting until the CE-50A FUNC-
TIONS meter shows a -12 dB SINAD read-
ing. This level is the -12 dB SINAD ref-
erence sensitivity, and at this level the
receiver audio power output should be at
least 50 percent of its rated value.

g. If the receiver audio power output is

less than 50 percent of ts rated value,
increase the CE-50A RF output level (by
decreasing the SIG GEN LEVEL attenuator
setting) until it is 50 percent.

h. For precise measurements of SINAD

sensitivity, the operator should refer
to the Electronic Industries Association's
Standard #RS-204-A titled, "Minimum Stan-
dards for Land Mobile Communications FM
or PM Receivers, 25-470 MHz".

TRANSMITTER POWER MEASUREMENTS

3.18 The CE-50A can read transmitted RF power

on the FUNCTIONS meter from 10 MHz to

500 MHz in two ranges: 0-10 watts and 0-100

For power measurements make the follow-

ing connections and control settings:

a. If the signal to be read is known to be

less than 10 watts power, set the
METER FUNCTIONS switch to the PWR x 1
position. If the signal level is greater than
10 watts, or is unknown (but less than 100
watts), set the METER FUNCTIONS switch
to the PWR x 10 position.

b. Connect the signal to be measured to
the SIG GEN OUT/RF IN jack.

NOTE

Anytime an RF input is sensed at ti SIG
GEN OUT/RF IN connector when the
FUNCTIONS switch is in other than the
PWR x 1 position, the circuits will :tp- .
matically switch to the PWR x 10 le® 'l and
display the power level on the FUN. T'"NS§
meter.
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c. Read the input power level displayed
on the FUNCTIONS meter.

To prevent circuit damage, observe the fol-
lowing precautions during power measure-
ments.

For P in not greater than 5 watts, power
can be applied for three minutes maximum
with 10 minutes between measurements.

For P in greater than 5 watts, but less
than 100 wafts, a maximum 10 second power
measurement can be made with a minimum
of 90 seconds between measurements.

SPECTRUM MONITOR OPERATION (CE-50A-1 only)
General

3.19 The CE-50A-1 Monitor has the identical
functions of the CE-50A with the added

capability of a spectrum monitoring function.

When in the spectrum monitor mode, the CE-50A-1

has selectable scan widths of 10 kHz, 100 kHz,

and 1 MHz per division, and can read RF levels

to at least -115 dBm. For spectrum monitor opera-

tion, perform the following procedures.

Calibration

3.20 Make the following connections and control
settings:

a. Set the FUNCTION switch to the SPEC-
TRUM position. This will disable all
front panel controls not connected with the
spectrum monitor function (printed on the

front panel in yellow characters) except

for FOCUS, INTEN/SCOPE OFF, and Fre-
quency (MHz) Select switches. It will also
cause the UNLOCK LED to light and re-
main on to alert the operator that the
CE-50A-1 is not fully in the spectrum moni-
tor mode until Step (b) is completed.

b. Place the HORIZ (per div) switch to

the SPECTRUM MONITOR position (scan
width) of 10 kHz, 100 kHz, or 1 MHz de-
sired for signal monitoring.

NOTE

Whenever the CE-50A-1 HORIZ (per div)
switch scan width, or the Frequency (MHz)
Select switches are changed, the CRT dis-
play will blank for a few seconds while the
automatic centering circuits recalibrate the
signal position to the center of the CRT.
Blanking prevents the reading of incorrect
input data during this calibration period.

c. Set the Frequency (MHz) Select switches
to 200.0000 MHz.
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d. Set the SENSITIVITY/RF LEVEL dBm

switch to the -20 position. The level
selected will be the level at the REF
LEVEL dB "0" line on the CRT, and the
other CRT readings will be from that ref-
erence. For example, if the SENSITIVITY/
RF LEVEL dBm switch is placed in the -20
position, the CRT REF LEVEL dB '"0" line
will be -20 dBm. Then the -10 dBm line
would be at -20 plus -10 dBm, or -30 dBm,
and so on to -70 (would be -20 plus -70,
or -90 dBm).

e. Connect the CAL OUT (200 MHz/-20

dBm) jack to the ANT input connector.
A 200 MHz signal should appear at the cen-
ter of the CRT on the baseline trace, and
extend from the baseline to the REF LEVEL
dB "0'" line on the CRT. The signal amp-
litude can be adjusted by the recessed
LEVEL CAL adjust on the front panel.
Calibration is now complete.

Spectrum Monitoring

3.21 Make the following connections and control
settings:

a. Set the FUNCTION switch to SPECTRUM.

b. Set the HORIZ (per div) switch to the
SPECTRUM MONITOR position (scan
width) of 10 kHz, 100 kHz, or 1 MHz desired
for signal monitoring. $See the note following

paragraph 3.20 (b).

c. Set the Frequency (MHz) Select switches
to the frequency of the signal to be
monitored.

d. Set the SENSITIVITY /RF LEVEL dBm
switch to the level necessary for mon-
itoring the signal spectrum.

e. Connect the signal to be measured to
the ANT connector on the CE-50A-1
front panel.

f. The absolute level of the input signal
will be the RF level selected on the

SENSITIVITY/RF LEVEL dBm switch plus
the signal level measured on the CRT.
For example, if the switch setting is -40,
and the signal amplitude is at the -15
level on the CRT, the signal amplitude is
-40 plus -15 dBm, or -55 dBm.

g. The amount by which the input frequency
differs from the frequency selected on
the Frequency (MHz) Select switches can be
determined by multiplying the scan width
selected on the HORIZ (per div) switch by the
number of major divisions from center at
which the input signal appears on the CRT.
For example, if the frequency selected is 300
MHz, and the scan width is at 1 MHz per div,
then a signal two divisions to the left or right
of CRT center would be 2 MHz away from the
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300 MHz center frequency (f,). To determine
the frequency of the off-center signal, algeb-
raically add the amount by which the signal
differs from the selected center frequency to
the center frequency (f,). If signals to the
left of f, on the CRT are negative, and those
to the right are positive, then in the example
above, a signal two major divisions to the left
(-2 MHz) of the 300 MHz f, would be at 298
MHz, while the signal to the right (+2 MHz)

is at 302 MHz., Typically, a frequency with
15 kHz accuracy can be read directly from the
CRT. If a more precise frequency deter-
mination is needed, switch the FUNCTION
switch to the FM or PFM position and read
the frequency deviation on the FREQ ERROR
meter. This reading can then be algebraically
added to the center frequency as described
above to determine the signal frequency.

TRACKING GENERATOR OPERATION (CE-50A-1/TG)
General

3.22 There are no additional front panel controls.
indicators, or connectors used for the
CE-50A-1/TG Tracking Generator function. Existing

connectors and controls are assigned additional
functions as follows:

a. The SIG GEN O UT/RF IN connector

becomes the tracking generator output
connector when the FUNCTION and HORIZ
switches are both in the SPECTRUM MONITOR
position,

b. The HORIZ display switch, besides set-
ting the Spectrum Monitor dispersion

rate of 1 MHz, 100 kHz, or 10 kHz per division,

also sets the tracking generator sweep range

of 10 MHz, 1 MHz, or 100 kHz. The center

of the tracking generator sweep range is still

the frequency selected on the front panel

FREQUENCY (MHz) Select switches.

c. The tracking generator output level is

set by the 0-120 dB STEP ATTENUATOR,
with the FINE (OFF) control for vernier level
settings.

d. All other functions remain as listed in
Table 3-1 of the Instruction Manual.

Tracking Generator Uperation

Sweep Measurements

3.23 Except for the frequency and output level set-
tings, the CE-50A-1/TG control settings and
connection s for tracking generator sweep operation

are the same for all applications. See Figure 3-5.

a. Set the HORIZ display switch to the 1
MHz, 100 kHz, or 10 kHz per division
Spectrum Monitor dispersion rate as needed.

b. Set the FUNCTION switch to the SPEC-
TRUM MONITOR position and set the

N



FREQUENCY (MHz) Select switches to the
center frequency needed for the application.

c. Set the CE-50A-1/TG SENSITIVITY con-
trol for the approximate output level

(0, -20, or -40 dB) needed from the tracking

generator for the circuit element test. The

MAX position may be used for uncalibrated,

relative measurements.

d. Tune the CE-50A-1/TG to the test fre-

quency of operation and connect the SIG
GEN OUT/RF IN connector to the ANT input.
Set the SENSITIVITY switch to -20, RF
Attenuator to -10 dB, and adjust the FINE
control for -10 dB on the SIG GEN LEVEL
meter. If the trace on the CRT is not on the
0 dB REF LEVEL, setthe LEVEL CAL
adjustment. To maintain calibration, this
adjustment should be checked any time the
frequency is changed more than 100 MHz.
Response level measurements are made from
this reference, and measured in dB.
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Figure 3-5. Two-port element test connection

e. Connect the input of the circuit element
to be tested to the SIG GEN O UT/RF IN
connector on the CE-50A-1/TG.

f. Connect the circuit element output to the
CE-50A-1/TG ANT connector.

g. The trace on the CRT will outline the
frequency response of the circuit under
test around the selected center frequency.

3.24 The procedure given in Steps a. - g. above
will test most two-port circuit elements. To

accurately test three-port elements (such as dup-

lexers) the unused port must be properly terminated.

Return Loss (VSWR) Measurements

3.25 Voltage Standing Wave Ratio (VSWR) measure-
ments can be made with the CE-50A-1/TG
indirectly, but accurately, by measuring the return
loss of the circuit under test. Return loss is a
measurement of the decrease in reflected signal

CIM CE-50

power from the level of a signal which is 100% reflected
(0 dB return loss). The higher the return loss, the
lower the VSWR. 1If VSWR must be known, the meas-
ured return loss can be converted to VSWR by the

chart of Figure 3-G.

YSWR

0 20 a0 e
RETURN LOSS (dB)

IFigure 3-6. Chart to convert return loss to VSWR

3.26 Return loss can be measured by connecting
a directional coupler or VSWI bridge (such
as the Anzac RB-3-50) between the CE-50A-1/TG and
the circuit to be tested. See Figure 3-7.
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Figure 3-7. Return loss measurement connection
3.27 Return loss measurements are made as follows:

a. Set the CE-50A-1/TG controls as in
Steps a. - c. of the Sweep Measurements
paragraph 3. 23 above,

b. Connect the directional coupler or VSWR
bridge as shown in Figure 3-7. Place

a short on the "unknown' test port of the bridge

and terminate the remaining port in its charac-

teristic impedance (for impedance reference -

normalily 50 Uhms).
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¢. Adjust the output level of the tracking

generator to place the Spectrum Mon-
itor trace at the 0 dB reference (top line of
the display). This is the 0 dB return loss
(or infinite VSWR) line to which the following
measurement is referenced.

d. Remove the short from the bridge and

connect the circuit element whose return
loss is to be measured to the "unknown' port.
The trace will now show the return loss of the
element for all frequencies over the sweep
range displayed on the CRT.

Antenna Isolation

For maximum isolation of system antennas,
proceed as follows:

560100751

a, Connect the tracking generator output

(SIG GEN OUT/RF IN connector) to one
of the antennas, and the ANT connector to the
other antenna to be isolated.

b. Set the CE-50A-1/TG FREQUENCY

(MHz) Select switches to the center
frequency of the antenna on the tracking gen-
erator output connector.

c. Set the 0 - 120 dB STEP ATTENUATOR

to 0 dB. The Spectrum Monitor trace
will now display the antenna isolation on the
CRT directly for the dispersion rate selec-
ted. Adjust the antenna positions as required
for maximum isolation at the frequency of
interest.
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SECTION 4
THEORY OF OPERATION

INTRODUCTION
4.01 The Theory of Operation section is divided
into four sub-sections. The first is a
description of the Circuit Reference Series which
is used for circuit and component identification.
The second is a general overview of the instru-
ment operation. The third describes the over-
all functioning of the instrument from a block
diagram viewpoint. The fourth is a description
of the operation of the circuits as mounted on
the circuit boards.

CIRCUIT 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 dia-
grams, the parts lists and the text of the manual
with a minimum of effort.

4.03 The series of numbers assigned to the
CE-50A are as follows:
10000 Front Panel
20000 Main Chassis, Left side
30000 Main Chassis, Right side
40000 Scope Module

MOD
SECTION

50000 Receiver Casting
60000 Main Casting, top
70000 Main Casting, bottom
80000 RF Output Casting
90000 Rear Panel

Right and left sides refer to the instrument view-
ed from the front in an upright position. Board
circuits of the 50000 through 80000 series are
mounted in three microwave castings, although in-
dividual components associated with the castings
can be located elsewhere on the instrument.
Figure 5-1shows the CE-50A circuit board loca-
tions.

4.04 Under each main grouping the circuits are
further divided into 10000 number groups
(e.g., 41000, 42000, 43000), each of which repre-
sent circuit 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 designated by a letter or
letters. The complete reference to any compon-
ent includes the circuit reference number, the
individual component number and the letter type
indicator. For example, the first resistor, R1,
in the 21000 circuit will be R21001, the second
transistor, Q2, will be Q21002, and so on. The

10 MHZ :
gep 210.7 2075+ SMHZ > 0:12008 5oLl Mff‘UlT
100 KHZ UATOR
vEF
10.TMHE 200tne 2.08-3.076R
RE IsSTLO
9s¢ 3 KL L.O. —
100 MHE S Yi6
jomuz 0sC
FREG SWITCHES 165 MHZ
I MHE ——= + SMHE 1T6AE 50 KHE REF
o] Basic 7 0s¢
i o sYNTH oes R
100 HZ ——unt / N0 L0,
100 MH:
ReF MHZ R
30-40MH1J 10 MHZ REF
1STIF g
3RD IF 2ND IF 2075 MHZ
y 10.7TMHZ 210.7 MHZ T EMME
MONITOR IN
0-1000 Mi#

A

Figure 4-1.

CE-50A Basic Operational Block Diagram
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printed circuit board plugs and connectors are
similarly designated with pin numbers following
the component reference as a dashed number.

For example, the first plug for the 21000 circuit
would be P21001, and pin 4 of that plug P21001-4.

4.05 When the individual circuits are described
in the Circuit Description the component
references will be abbreviated for convenience.
Thus, R1 will refer to the first resistor on the
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 1n 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. Also 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 1780-xxxx series. In
cases where the board is too small for the com-
plete number, only the last four digits are used.

The basic number, along with the assembly num-
ber and the circuit reference number, also ap-
pears in the parts list for each board.

GENERAL OVERVIEW

4.07 Operated as a Communications Monitor, the
CE-50A functions as a triple-conversion

superheterodyne receiver over the VHF/UHF fre-

quency range to 1000 MHz. See the CE-50A

Basic Operational Block Diagram, Figure 4-1,

Fixed internal frequencies are derived from a

stable and accurate temperature compensated crys-

tal oscillator (TCXO), or optional Oven Controlled

Crystal Oscillator (OCXO) Time Base.

4.08 The first Local Oscillator (L.0.) is a YIG

oscillator. Its 2.08-3.07 GHz frequency is
set by the position of the l'ront Panel MHz (Fre-
quency Select) 10 and 100 MHz switches when the
FUNCTION switch is in one of the MONITOR
positions.

4.09 The 1859.3-1869.3 MHz second L.O. is de-
rived from mixing the 30.7-40.7 MHz Basic

r——"""""""-"-"-"="-"-"=-"="—-""—""">""'""=7"=-"""="=""7""=—"=' "7 —/” =~/ —_, /.~ -
| (63000) |
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| !
| I
| I
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! !
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I I
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Figure 4-2, 1859.3-1869,3 MHz Second L. O.
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BOARDS 28000a

Figure 4-3.

Synthesizer output with a 200 MHz reference

and then mixing it again with the 1.7 GHz oscil-
lator frequency. The Basic Synthesizer frequen-
cy is determined by the setting of the 100 Hz to
1 MHz Front Panel MHz (Frequency Select)
switches.

4,10 When the second L.O. (1859, 3 -1869.3 MHz)
is mixed with the 2070-2080 MHz first L. F.,
the second 1. F, of 210, 7 MHz is formed. This fre-
quency is then mixed with a 200 MHz third L,O. and
the difference frequency becomes the third and final
10,7 MHz L. F.

4.11 This final I.F. is sent to the demodulation
section where the signal characteristics are
removed for display on the oscilloscope and meter
circuits. Since all CE-50A L.O. frequencies used
to achieve the final I.F. frequency are very stable
and accurate, the signal characteristics present on
the 10.7 MHz [.F. are the same as those on the
original signal and not just equivalents.

4.12 Signal generation is achieved by a reverse

process of the monitoring sequence. A
10.7 MHz VCO output is modulated by an audio
frequency selected by the MODULATION Frequen-
cy (Hz) switches to make the first signal genera-
tor I.F. The type of modulation is selected by
the Front Panel FUNCTION switch, and applied
to the 10.7 MHz signal.

29.7-3%,7 MMz

MIXE 1
ORIVFR

LOOY B
veo

I

nd 28000

Basic Synthesizer Loop Block Diagram

4.13 Part of the modulated 10.7 MHz signal is sent
to the Demodulation circuits and displayed by
the oscilloscope and meter circuits while the remain-
der is mixed with a 200 MHz L.O. to make a 210.7
MHz signal. The 210.7 MHz is then mixed with the
1859.3 MHz - 1869.3 MHz L.O. to make a 2-75 +5 MHz
intermediate frequency This I, F, is then mixed with
the 2.08 - 3.07 GHz YIG oscillator frequency and the
difference used to make the output 0-1000 MHz RF
signal. This output RF is amplified and then applied
to the Front Panel SIG GENOUT connector through a

0-120 dB attenuator to make an RF output level selec-
table from +3 dBm t> -127 dBm.

FUNCTIONAL DESCRIPTION

4.14 The PC boards of the CE-50A are here divi-
ded into eight basic functional groups for
ease of explanation. The groups are: (1) Fre-
quency Entry; (2) Reference Frequencies; (3)
Frequency Loops; (4) Monitor Section; (5) Signal
Generator Section; (6) Audio Synthesizer; (7)
Display Conversion, and (8) Power Supplies.
Each of these groups contain PC boards and cir-
cuits which together perform all the CE-50A
functions.

Frequency Entry

4.15 Because it is used in many different CE-50A
functions, the RF FREQ SELECT SW MTG

560120075 *1
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Figure 4-4, CE-50A YIG Frequency Loop

P.C. board (11000) is considered separately. The
seven MHz (Frequency Select) switches are mount-
ed on this board with the switch terminals connec-
ted by traces to a plug. The plug is attached to
a connector which directs the switch coding
through a flexible P.C. board to other circuits
requiring frequency code data.

Reference Frequencies

4.16 All CE-50A reference frequencies are de-

rived from the 10 MHz TCXO or optional
OCXO Time Base (94000). This 10 MHz is input
to the REF FREQ GENERATOR (37000) PC board
where it is buffered and output to other circuits.
It is also multiplied to obtain 200 MHz and 100
MHz reference frequencies.

4.17 One of the 10 MHz outputs of the REF

FREQ GENERATOR board is also sent to
the REF FREQ DIVIDER/SINAD (35000) board,
where it is divided into reference frequencies of
100 kHz, 50 kHz, 1 kHz, and 100 Hz. This board
also contains circuits for measuring the Sinad sen-
sitivity of RF receivers.

Frequency Loops
4.18 The major frequency determining circuits

in the CE-50A Communications Monitor are
the 1859.3-1869.3 MHz circuits, the 1.7 GHz Loop,
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the Basic Synthesizer Loop, and the YIG Frequency
Loop.

4.19 The 1859.3-1869.3 MHz frequency is used as
the CE-50A Second L.O. (Figure 4-2).

After being generated on the VCO & 1865 MHz UP-

CONVERTER (63000) board, it is sent to the 1865

MHz FILTER & AMPL (66000). The 1859.3-1869.3

MHz is derived from the summation of the 1.7 GHz

Loop, and the Basic Synthesizer output mixed

with a 200 MHz L.O. on the 159, 3-169. 3 MHz

I.F. board (61000).

4.20 The 1.7 GHz Loop is on two boards: The
VCO & 1865 MHz UPCONVERTER (63000) and

the 1.7 GHz PLL (71000). The loop output goes
to the VCO & 1865 MHz UPCONVERTER board
(63000) mixer where it is mixed with the output

of the 159.3-169.3 MHz IF (61000) board to make
the 1859.3-1869.3 MHz sent to the 66000 board.
The 159.3-169.3. MHz IF (61000) board output is
derived from the mixing of a 200 MHz L,O, signal
with the 30.7-40.7 MHz Basic Synthesizer output.

4.21 The Basic Synthesizer Loop is primarily con-
tained in the LOOPS A & B DIV-BY-N (28000)
and LOOPS A & B VCO/PHASE DET (29000) boards.
The MHz (Frequency Select) 1 MHz switch controls
the frequency set by the LOOP B DIVIDE-BY-N cir-
cuits, and the 100 Hz to 100 kHz switches control
the Loop A frequency. The 30.7-40.7 MHz output

N
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from the Basic Synthesizer goes from the LOOIS loop will now lock to the 10 MHz SAMPLER output
A & B VCO/PHASE DET (29000) board to the for fine tuning of the YIG frequency.

159.3-169.3 MHz IF (61000) board.
Monitor Section (Figure 4-5)
4.22 The CE-50A YIG Frequency Loop is the

largest of the frequency loops and includes 4.26 In the monitor mode of the CE-50A Communi-
seven PC boards and the 2.08-3.07 GHz YIG cations Monitor, the 0-1000 MHz input signal
oscillator assembly. is received at the RF ANT input and routed
through the sensitivity select circuit on the RF
4.23 The YIG oscillator frequency is coarsely ATTENUATOR (51000) board where pin diode' atten-
set by the position of the 10 MHz and 100 uators set the input sensitivity of the unit.
MHz Front Panel MHz (Frequency Select) switches.
The BCD code of the switches is input to the 4.27 The signal then goes to the 1st CONVERTER
DIGIT DECODE/DIV-BY-P (34000) board where (52000) board where it is mixed with the
it is processed and sent to the YIG MAIN COIL 2.08-3.07 GHz output of the DIRECTIONAL
DRIVER (33000) board in two parts. One part COUPLER (76000) board.
goes to the YIG oscillator Main Coil where it
coarse tunes the oscillator frequency. 4.28 The resultant mixer frequency output of
2.08-3.07 GHz goes through a bandpass fil-
4.24 The second part is amplified and filtered ter to the 2nd CONVERTER (53000) board. Here
and then used to set the frequency of the it is mixed with 1859.3-1869.3 MHz from the 1865
208-307 MHz VCO on the 208-307 MHz VCO/DIV MHz FILTER & AMPL (66000) board to produce a
10/SAMPLER (73000) board. The VCO output is 210.7 MHz IF. The IF is mixed again with a 200
multiplied X10 and applied to a phase comparator MHz reference L.O. to make the final IF frequency
where it is compared with the output of the YIG of 10.7 MHz, and sent to the 10.7 MHz IF (23000)
OSC (69000) as sent to the comparator through and (for CE-50A-1 only) to the BPF (25000)
the DIRECTIONAL COUPLER (76000) and 3 dB boards.

PWR SPLITTER/BUFFER AMPL (74000) boards.
4.29 In the CE-50A, the output of the 10.7 MHz
IF board goes to the FM/AM DETECTOR

.25 Th lified output of the 2. 08-3. 07 GH , )
4.25 The amplified output of the 2.0 7 GHz NO. 1 (24000) board where the signal is demodu-

phase comparator now goes to the YIG FM

COIL DRIVER (27000) board. If the signal is within lated and sent to the FM/AM DETECTOR NO. 2
the lock range of the 208-307 MHz phase lock loop, (32000) board. Here the signals are conditioned
the loop will lock. If not, the search oscillator will and sent to the meters and CRT for display.
sweep the YIG to steer it within the lock-up range.
Once the 208-307 MHz phase lock loop is locked, the 4.30 In the CE-50A-1, the 2nd Converter 10.7
sampler switching circuits on the board will switch MHz output also goes to the BPF (25000)
to the 10 MHz SAMPLER (72000) board. The YIG board (in the SPECTRUM MONITOR mode) which
2,07 u;, ’z"un (619 nrE mwl::"n VFRT AMDP [ To CRT
25000 26009 41000
‘:E::u;)—— RF ATTEN st CONVFRTER 2nd CONVFRTER lﬂ.l'i}flz DET‘FT‘/I'AO: " DFT:("'/T:V: “ o s
> To Meler
51000 52000 53000 23000 24000 32000

b .

200 Mliz

DIRECTIONAI 15 ML, 100 MMz

COUPLER FILTFR & AMP ‘__g‘.d 1,7 GHz PLL,

6000 H6000

11000

t, R TSt R L R¥ FREQ TOXO
UPCONVERTER GFNERATOR o M2y

63000 37000

YIE O BASIC 159.3-169.3 MHz 200 mlLJ
- le——— 220 M

(2. OR=1. 07 Gilz) SYNTHESIZER _ s

Zuonn/ 20000 61000

Figure 4-5, CE-50A Monitor Section
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Figure 4-6.

sets the IF bandpass of 2 kHz, 15 kHz, or 100
kHz. The signal then goes to the optional LOG
CONVERTER (26000) board where the signal is
conditioned for a Spectrum Monitor display on
the CRT.

Signal Generator Section (Figure 4-6)

4.31 In the Signal Generation mode, the genera-
tion of the RF output signal begins at the
FM/AM MODULATION (36000) board. Here, a
10.7 MHz IF is generated, and modulated by the
frequency and type of modulation selected at the
switches on the TONE GEN SW MTG/DC PWR CON-
TROL (12000) board. It is then sent to the

210.7 MHz IF (62000) board where it is then mixed
with a 200 MHz reference to make the 210.7 MHz
board output.

4.32 The output is sent to the 210.7 MHz BPF

(64000) board and then to the 2.075 GHz
UPCONVERTER (65000) board. Here it is mixed
with 1859.3-1869.3 MHz from the 1865 MHz
FILTER & AMPL (66000) board.

4.33 The 2.075 GHz signal then goes through a

BPF to the FINAL MIXER/1.1 GHz LPF
(75000) board where it is mixed with the 2.08~
3.07 GHz YIG Oscillator output from the DIREC-
TIONAL COUPLER (76000) board.

4.34 The output of the FINAL MIXER/1.1 GHz
LPF board is the modulated 0-1000 MHz

RF frequency selected at the MHz (Frequency

Select) switches. It is now sent through the
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CE-50A Signal Generator Section

Hi Level Amplifier (82000) board to the OUTPUT
PROTECTION/PWR DET (81000) board through a
0-120 dB attenuator which sets the output signal
to the desired level. The output of the PROTLEC-
TION board then goes to the IFront Panel SIG
GEN QOUT connector.

Audio Synthesizer

4.35 The Audio Synthesizer section of the CE-50A

generates the internal modulation and MOD
OUT signals used by the unit. The MODULATION
Frequency (Hz) switch codes are used to generate
an audio output from the AUDIO SYNTHESIZER
(22000) board. The output goes to the AUDIO
CONTROIL (31000) board and from there to the
I'ront Panel MOD OUT connector and the I'M/AM
MODULATION board input.

Display Conversion

There are four different circuit types on the
ALC/SQUELCH/DC CONTROL (21000) board.
The first is the Power Meter Driver circuit for
measuring input power levels. There is also a
Meter Driver circuit containing 10 frequency cali-
brating potentiometers for the SIG GEN output
level meter. A third type is the ALC circuit,
which takes the output of the Output Level Cal
circuit (through the FINE adjust on the Front
Panel) and uses it to hold the output level of the
HI LEVEL AMPL (82000) board to within 1 dB of
the output level set. The fourth circuit type is
the Function Monitor LED circuits which are used
in troubleshooting CE-50A problems.

4.36



4.37 The SPEAKER DRIVER (93000) board has
two circuits. The first is the circuit to

amplify the audio frequency output to go to the

speaker. There is also a current sensing cir-

cuit on the board to light the OVEN LED if

the optional OCXO temperature is low.

4.38 The HORI1Z DEFLECTION SW MTG (44000)

board serves as an interface to transfer
the HORIZ (per div) deflection switch and assoc-
iated vernier CAL potentiometer information to
the CRT circuits.

4.39 The VERT DEFLECTION SW MTG (43000)
board also serves as an interface. It trans-

fers the VERT deflection switch and associated

vernier CAL potentiometer information to the

CRT circuits.

4.40 Vertical deflection of the CRT display is

done by circuits on the VERT AMPL (41000)
board. Likewise the TIME BASE & HORIZ AMPL
(42000) board controls the horizontal deflection
of the CRT display.

Power Supplies (Figure 4-7)

4.41 Power supplied to the CE-50A is converted

to different voltages by four PC boards in
the unit. The input AC supply voltage comes in-
to the AC/DC SWITCHING SUPPLY NO. 1 (91000)
board where it is converted to +12 VDC.

4.42 The AC/DC SWITCHING SUPPLY NO. 2

(92000) board takes the input +12 VDC
from SUPPLY NO. 1, the +12V battery or the in-
put External DC. Here the +6 VDC and -7 VDC
are developed as well as the +14.1 VDC battery
charging voltage.

4.43 The +12 VDC from the AC/DC SWITCHING
SUPPLY NO. 1, battery, or External DC

is also routed to the 10V/5V REGULATORS (39000)

board. This board has voltage regulators and

the battery charge status meter circuit.

4.44 The final power supply board is the DC/DC
CONVERTER (45000) board which develops
the high voltages for the CRT deflection circuits.

AC/DC AC/DC

CIM CE~50

CIRCUIT DESCRIPTION

4.45 The Circuit Description of the CE-50A
boards follows the outline set in the
Functional Description of the unit operation. It
begins with the RF Freq Select Sw Mtg (11000)
board and goes through the 10V/5V Regulators

(39000) board.

RF Freq Select Sw Mtg (11000), Figure 6-2

4.46 On this board are mounted the seven MHz

(Frequency Select) switches. The frequency
position code from the switches is transferred by
traces to the board connector. This connector is
on a flexible PC board which carries the switch
coding to other circuits requiring frequency code
data.

Ref Freq Generator (37000), Figure 6-23

4,47 The TCXO (or optional OCX0O) Time Base
(94000) frequency of 10 MHz comes into the
board at J1 and is applied to the base of input
buffer Q1. Taken from the emitter of Q1, the
10 MHz signal is buffered by emitter-followers
Q15, Q16 and Q17 for output to other boards.
At the collector of Q1 the 10 MHz signal is detec-
ted by Ul and lights LED CR2 if 10 MHz is not
present. It is also buffered by emitter-follower
Q2 and applied to the input of the differential
pair Q3, Q4 acting as a limiter to assure a con-
stant output level. The limited output goes
from the collector of Q4 to the Q5, Q6 differential
pair input. The emitter current to Q5, Q6 is con-
trolled by R32, and the input symmetry altered
by R33 to increase the harmonic content at the
Q6 collector output of the differential pair.

4,48 The 10 MHz and its harmonics are taken
from the collector of Q6 and the 10th har-
monic (100 MHz) extracted by the filter made up
of R37, C25, L7, C26, C27, C28 and L8. The
100 MHz signal is amplified by Q7, Q8 and emitter
coupled to the bases of Q9 and Q10. From the
collector of amplifier Q10 the 100 MHz signal goes
through rectifier CR7 to detector Ul which Jights
LED CR8 when the 100 MHz signal is not present.
It is also coupled through C67 for off board use.

?nc’ >_<§\j>_ SWITCHING o swiTcHING
SUPPLY #1 SUPPLY #2
91000 92000

EXT DC <
IN

12V BATTERY

———® To Vert Amp

10V/5v DC-DC o CRT
t—— To
REGULATORS CONVERTER
39000 45000 | To Horiz Amp

.
.
g Voltages to bds,
.
L

Figure 4-7. CE-50A Power Supplies
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4.49 At the Q9 collector, the 100 MHz signal

is coupled to the base of emitter-follower
Q11. Base bias for Q11 is controlled by R54,
which also controls the input symmetry of the
signal to Q12, Q13 differential pair through Q11.
R62 controls the Q12, Q13 pair emitter current
and output harmonics. The second harmonic of
100 MHz (200 MHz) is removed in the filter
formed by C47, L11 and C49-C54 with L12, and
input to the base of buffer Q14. The signal is
taken at the collector of Q14, rectified by diode
CR5, and input to detector Ul. The output of
U1 lights LED CR6 as an indication that the 200
MHz circuit is not working. The 200 MHz is also
output from the emitter of Q14 to provide three
200 MHz outputs to other boards.

Ref Freq Divider/Sinad (35000), Figure 6-21

4.50 The input to the Ref Freq Divider circuits

is 10 MHz at P1-13,P. The 10 MHz input
is amplified by buffer Q1 and converted to a TTL
compatible square wave at Ul pin 3. The output
of Ul pin 6 is reinverted (to original phase) for
input to the U2 Divide-By-10 circuit. The 1 MHz
output of U2 pin 12, goes to Divide-By-10 U3.
The 100 kHz output of U3 pin 12 goes to buffer
U4, whose pin 6 output goes to P1-L and pin 3
output to P1-M, 11 for distribution to other PC
boards. The 100 kHz also goes to the buffer in-
verter U4 pin 12, 13. Inverter output U4 pin 8
reestablishes the original phase of the signal for
input to the +2 input of U5, pin 14. The 50 kHz
output of U5 pin 12 is buffered by the double in-
verter U6, whose pin 8 output goes to P1-10 for
distribution of the signal to other PC boards.
The 50 kHz output also goes to the double inver-
ter U6 pin 1, 2 whose pin 6 output is the 50 kHz
input to the U5 pin 1 Divide-By-5 section. This
gives a 10 kHz output at U5 pin 11 for input to
Divide-By-10 U7 pin 1. The 1 kHz output at U7
pin 12 goes to buffer U8 pin 12, 13 whose pin 3
output is sent to P1-7, H for distribution to
other PC boards. The 1 kHz also goes to buffer
U8 pin 9, 10. The U8 pin 6 buffer output drives
the 1 kHz Divide-By-10, U9 which has an output
at pin 11 of 100 Hz going to P1-8,d.

4.51 The sinad circuits input signal comes in at
P1-3, C from the front panel SINAD IN
jack. The input consists of the required 1 kHz
tone output of the receiver being tested, plus all
additional frequencies of noise harmonics, and
other distorting signals generated in the receiver.
This composite signal of 1 kHz tone, noise and
distortion goes to pin 3 of dual operational ampli-
fier U10. The two U10 amplifiers are connected
in cascade, so that the output of the first drives
the second, and amplifies the input. The output
signal is positive limited by CR1 and used to con-
trol the current through Q2. This causes Q2 to
act like a variable resistance, controlling the gain
through the cascade amplifier pair and keeping
the output level constant regardless of input
level changes from .03-3 volts RMS from the
receiver under test. Another automatic gain
control (AGC) circuit consisting of the four
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cascaded amplifiers contained in dual operational
amplifiers U1l and Ul2, provides additional level-
ing of the SINAD input signal to assure there is
no level change in the signal to give erroneous
readings. The output of U12 pin 7 is fed back
through AGC control potentiometer R38 to the U1l
pin 5 second amplifier. It is also used to drive
the Q3 gate, causing Q3 (like Q2) to operate as a
variable resistor controlling the Ull pin 1 output
level.

The output of Ull pin 1 is now a constant level
composite signal of 1 kHz, with components of the
receiver noise and distortion. It is applied to the
1 kHz Notch filter, Ul13 where the 1 kHz signal is
removed, leaving only noise and distortion in the
signal. The noise and distortion components are
then amplified and rectified in the Ul3 precision
average value rectifier circuit, and the U13 pin 7
output to P1-5, E (Meter +) and P1-4, D (Meter -)
used to drive the indicating meter.

VCO & 1865 MHz Upconverter (63000), Figure 6-38

4.52 The VCO & 1865 MHz Upconverter board

contains the 1.7 GHz VCO circuit, a filter
for the 159.3-169.3 MHz input signal, and a mixer
circuit. The 1.7 GHz VCO is composed of Q1 and
associated circuitry. The VCO tuning is controlled
by the VCO Control Voltage input, from the 1.7
GHz PLL (71000) board, to varicap CR3. The VCO
bias voltage is controlled by on-board regulator Q2
which prevents external line variations on the +10V
input from being transferred to the VCO output
frequency. The 1.7 GHz VCO output goes to buf-
fer amplifier Q3 for output through 3 dB pad R14,
R15, R16 to the 1.7 GHz PLL (71000) board. The
VCO output also goes through 3 dB pad R10, R11,
R12 to the mixer circuit where it is mixed with the
filtered 159.3-169.3 MHz IF (61000) boarc input.
Resistors R1, R2, R3 and R17, R18, R1# agre 10
dB pads used only for test purposes. The mixer
cutput is the sum of the 1.7 GHz VCO and 159.3-
169.3 MHz frequencies, of 1859.3-1869.3 MHz to
the 1865 MHz Filter & Amplifier board (66000).

1.7 GHz PLL (71000), Figure 6-43

4.53 The 1.7 GHz PLL has two signal inputs and
two outputs. The first input is 100 MHz
from the Ref Freq Generator (37000) board. The
signal is amplified by Q1, Q2 100 MHz amplifier,
while Ul provides a negative feedback which main-
tains the amplifier output level constant. The out-
put of the 100 MHz amplifier is taken from the col-
lector of Q2 and applied to step recovery diode
CR5 which acts as a 100 MHz harmonic comb gen-
erator. The second input to the 1.7 GHz PLL
board is the VCO Input from the VCO & 1865 MHz
Upconverter (63000) board. This 1.7 GHz signal
is compared with the 17th harmonic of the 100 MHz
comb generator in the CR4, CR6 phase detector
circuit. If the signals are 90° out of phase, there
will be no input to U2 pin 2, and the VCO control
voltage output of U4 will be a steady-state voltage
with no signal imposed. If the phase detector
does detect a frequency difference between the
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100 MHz reference 17th harmonic and 1.7 GHz
VCO input, there will be a signal at U2 pin 6
whose frequency is determined by the amount
of difference, and whose level will be greater
than or less than +6V depending on whether

the VCO is higher or lower than the reference
frequency. The signal passes through Q3 FET,
which is connected as a loop switch, and goes
to the loop filter, U4 pin 2, where the signal is
filtered and then amplified. The VCO control
voltage output is at U4, pin 6, and goes to the
1.7 GHz VCO tuning diode on the VCO & 1865
MHz Upconverter board. The U4 pin 6 output
also goes to the "Out of Lock Indicator" drivers,
Q4 and Q5, to drive the loop UNLOCK indicator.

4.54 The U2 pin 6 output signal also goes to

the loop lock-out circuit comprised of Q6,
Q7, Q8, and U5. If the frequency at U2 pin 6
is greater than approximately 80 kHz, the C38
coupling capacitor from Q6 emitter to the base of
Q7 will pass the signal. It is detected and recti-
fied by CR7, CR8 and if the C42 averaging cap-
acitor level causes U5 pin 2 to exceed the pin 3
reference level, U5 pin 6 will go low and switch
off Q3. This opens the 1.7 GHz PLL and causes
the U4 pin 6 control voltage to be driven through
its search range. When the signal at U2 pin 6
is less than approximately 80 kHz, or near lock,
the Q6 emitter coupling capacitor C38 will not
pass the signal. The U5 pin 2 input will then
be less than the pin 3 reference and U5 pin 6
will go positive, turning on switch Q3 and clos-
ing the 1.7 GHz PLL to enable loop lock-up.

A +6V reference voltage is generated on the board
using U3 as a regulator, and deriving the refer-
ence from the +10V input supply.

159.3-169.3 MHz IF (61000), Figure 6-36

4.55 The 200 MHz input from the Ref. Freq.
Generator (37000) board is coupled through
C6 to a 3 dB impedance matching pad made up of
R7, R8, R9. The signal is then split. One out-
put of the power splitter is coupled through C13
to the 200 MHz output (-4 dBm) going to the 210.7
MHz IF (62000) board. The other power splitter
output is coupled through C4, and passed through
C5, L2 lowpass to the base of Ql, a 200 MHz
amplifier. The collector output of Q1 is filtered
through inductor L10 and coupled through Cl1 to
the LO input of mixer Z1 at approximately +6
dBm. The RF input to Z1 is the 30.7-40.7 MHz
output of the Loops A & B VCO/Phase Detector
(29000) board. It is coupled through C1 to the
50 MHz lowpass filter made by C2, L1, C3. The
filter output is then passed through the 5 dB
impedance matching pad composed of R1, R2, R3
to the mixer RF input. The Z1 mixer output is
applied to the lowpass filter made by C16, L5,
C17 which selects the difference frequency com-
ponent of the composite mixer output, on 159.3-
169.3 MHz. The diplexer circuit C14, C15, R14,
L6 at the Z1 mixer output is used for impedance
matching, It holds the IF mixer port at 50 ohms
impedance for products above the 159.3-169.3
MHz frequency of the lowpass filter to prevent
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reflected products causing spurious outputs.

The 159.3-169.3 MHz signal is coupled by C18

to the base of amplifier Q2, Q3. The collector
output of Q3 is filtered by the tuned lowpass C20,
L9, C24. It is then coupled through C26 and

the 159.3-169.3 MHz output is sent to the VCO &
1865 MHz Upconverter (63000) board.

1865 MHz Filter & Amplifier (66000), Figure 6-41

4,56 The input to the 1865 MHz Filter and Amp-

lifier is from the VCO & 1865 MHz Upcon-
verter (63000) board. The 1865 MHz signal enters
the board at terminal 1 and goes to a three-pole
microstrip interdigital bandpass filter. The filter
removes mixing products from the signal which
might still remain from the Upconverter output.
The filter output goes through a microstrip
impedance match section to the base of amplifier
Q1. The output of Q1 is taken from the collector
and coupled through C7 to another microstrip fil-
ter which can be tuned by C8 to center the 1865
MHz signal in the bandpass. This filter output
is also impedance matched into the base of Q2,
which together with Q3 make a (nominally) 18 dB
amplifier. The collector output of Q3 is coupled
through C21 to terminal 3, where it goes to the
Receiver Casting when the CE-50A FUNCTION
switch is turned to the MONITOR position. When
the FUNCTION switch is in SIG GEN, +10V is
applied to terminal 5. This turns on Q4. The
collector output of Q3 is then transferred through
a directional coupler to the base of Q4. The
1859.3-1869.3 MHz output frequency is then
coupled through C23 to the 2075 MHz UPCON-
VERTER (65000) board.

Loops A & B Divide-By-N (28000), Figure 6-14

4.57 There are two divide-by-N circuits on the
Loops A & B Divide-By-N board. The
divide-by-N associated with counters Ul, U2, U3,
and U4 is used to provide the correct Loop A freq-
uency output, while counters U13, Ul1l4, and U15
are part of the Loop B divide-by-N circuitry. The

purpose of each divider is to divide the output
frequency of a VCO by a number, determined by
the setting of the Front Panel Frequency select
switches, which will make the divided output
frequency equal to a constant reference frequency
when compared in a phase detector circuit. Each
setting of the Front Panel Frequency select
switches changes the division number in the
divide-by-N, so to keep the divided output equal
to the reference, the VCO frequency must change
by the correct amount to maintain a zero frequen-
cy error. Loop A VCO output frequency is mixed
with the Loop B VCO output to obtain the correct
division frequency for the Loop A divide-by-N to
equal the reference. So while Loop B can achieve
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phase lock by itself, Loop A requires the Loop B
VCO output frequency to be mixed with jts own be-
fore phase lock can be achieved. See Block Dia-
gram, Figure 4-3,

4.58 The Loop B counters U13, U14, Ul5 are
preset to the 9's complement of the 297-387
<+ N number by the output of code converter U9,
U10, U1l and U16, which derives the code from
the setting of the Loop B 1 MHz Frequency
Select switch. If the Loop B VCO input fre-
quency to the counters is correct, the divide-by-
N output at P1-T will be exactly 100 kHz. The
Loop B VCO input frequency comes into the
Divide-By-N board at P1-S. The signal is ampli-
fied by clock drives Q2, Q3 and converted
to a TTL compatible signal in U12 to be applied
to flip-flop U19B, pin 13 clock input. The flip-
flop U19B is used as a divide-by-2 together
with the divide-by-5 portion of presettable de-
cade counter U1l3 to make one of 3 divide-by-
10's in the circuit. The other two divide-by-
10's are Ul4 and U15. Counters U13, Ul4 and
U15 will count the input signal pulses, with the
input signal being divided by 10 in U19B/U13, by
100 in U14, and by 1000 in U15. As the count-
ers count, reset flip-flop U19A is held reset by
the "LOW" clear input from U12 pin 4, so that
the clocked inputs to the J side are not allowed
to change its state. The count of the counters
U1l5, U14, U13 increases to 9-8-9 (respectively)
and then, on the next clock pulse, to 9-9-0.
At this time the 9 counts in U15, U1l4 cause U20,
pin 8 to go "LOW", forcing U20, pin 6 "HIGH"
and the output of Ul2 pin 1 goes "LOW". With a
"LOW" at pins 5 and 6 (U17 and U18 are held re-
set by the clear input from the Q output of U19
pin 5) the output of Ul2 pin 4 will go "HIGH",
enabling the U19 pin 3 (J) input. When U13 has
increased to count from "0" to "4", the input at
U19, pin 3 will be enabled so that at the next
clock time U19 pin 5 will be "HIGH". When U19
pin 5 goes "HIGH", pin 6 will go "LOW". This
causes the clear input to U19B, pin 14, to stop
the input signal from going to the U13, U14,
U15 counters, and the "HIGH" at U19 pin 5 en-
ables U17, U18 delay clock so the input signal
is input to the delay, which now takes up the
final count of the counters to 9-9-9. The U19
pin 6 "LOW" also enables the pin 1 preset loading
circuits on U13, U14, U1l5 so the output of the
code converter circuits is input to the counters.
Now when the counters are next enabled for
counting, the count will start from the count
they hold from the code converter circuits. At
the time the 3 clock delay circuit took over the
count, it was 9-9-6 (the J input to U19 was at
9-9-4, and was at the Q output the next clock
period, which is twice the input clock period, or
at the count of 9-9-6). The next clock time,
when the count would have been 9-9-7, UJ7 is
set. At clock count 9-9-8, U18B (pin 9) is set,
and at count 9-9-9 time, flip-flop U18A (pin 5)
is set. When U18 pin 5 goes "HIGH", it causes
the U12 pin 4 output to go "LOW" clearing (re-
setting) U19A Reset F/F. The "HIGH" at U19
pin 6 removes the clear signal from U19B pin 14
and the preset counter load signal from U113, U14,
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U15 which now begins counting (with the next
clock pulse, which is time "zero) the input sig-
nal pulses from the preset count held by the
counters to 9-9-9 again. This causes P1-T out-
put from Reset F/F U19 to be a pulse of 3 clock
times duration which, because of the code conver-
ter preset count (divide-by-N), recurs at a 100
kHz rate.

4.59 The Loop A divide-by-N circuits operate
identically to the Loop B circuits, except
Loop A doesn't require code conversion or clock
delay. Also, its divide-by-N frequency output
is 100 Hz (when the VCO is locked) instead of
100 kHz as in Loop B. The inverted BCD code
from the 100 Hz, 1 kHz, 10 kHz, and 100 kHz
Front Panel frequency select switches is input to
presettable decade counters Ul, U2, U3, and U4.
The Loop A is buffered by Q1, converted to TTL
at U8 pin 6 and input to the first divide-by-10,
Ul. The count increases from the preset count
until the counters are all 9's. This 9-9-9-9 count
causes U7 pin 8 to go "LOW", and applies a
"HIGH" to U8 pin 10. The signal at U8 pin 9 is
from the flip-flop U6 pin 12, which will be "HIGH"
from a count of 9 (in U4)-0-0-0 to 9-9-9-9. At
the count of 9-9-9-9 U8 pin 8 will go "LOW", trig-
gering both U5 one-shot multivibrators. The 100
ns one-shot output, U5 pin 9, enables Ul, U2,
U3 and U4 preset inputs to accept the frequency
switch setting code (divide-by-N), while U5 pin 7
is "HIGH" for 1 ms, and is the 100 Hz divide-by-
N output to the VCO/Phase Detector board circuits.

Loops A & B VCO Phase Detector (29000),
Figure 6-15

4.60 The Loop A divide-by-N output frequency

is input to the loop phase detector at P1-
6/F along with the 100 Hz rcference frequency at
P1-5/E. If the two frequencies are equal, the
signals will be in phase, and when input to Ul
pin 5 and Ul pin 1 will cause both flip-flops to
be set simultaneously. When this happens, NAND
gate U3 pin 6 will go "LOW", resetting both flip-
flops. As long as these 100 Hz signals are in
phase (same frequency), the Ul flip-flops will be
set and reset at the same time. The pin 9 (Q)
output of Ul passes through low leakage diode _
Q5 to averaging capacitor C5. The Ul pin 13 (Q)
output goes to C5 through diode Q6. Since U1l
pin 9 is "HIGH" when U1l pin 13 is "LOW", the
net result will be no change in the normal bias of
approximately 2.5V on C5. However, if the divide-
by-N input is either higher or lower in frequency
than the reference 100 Hz, the bias on C5 would be
more positive or more negative as the Ul pin 9 out-
put occurs before (frequency is higher) or after
(frequency is lower than) the 100 Hz reference.
The C5 bias input is amplified in low noise oper-
ational amplifier U4. The gain of U4 is controlled
by the setting of the 100 kHz frequency select
switch. When 0-5 is selected on the switch input
P1-9 or P1-10 turns on switch Q1, which turns on
Q2 gating bias and in turn gates on FET Q3.
When Q3 is turned on it effectively shorts across
gain resistor R10 and reduces the U4 amplification.
The short is removed (Q3 turned off) in the
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higher 100 kHz switch positions. This increases
the U4 gain to compensate for the frequency roll
off caused by the Loop A divide-by-N range of
10000-19999. The output of amplifier U4 goes
through a notch filter, C10, C11, C12, R12, R32
and R33 to remove the 100 Hz component from
the amplified output. Additional filtering is done
in the 50 Hz, 3 pole active filter made up by the
U5 circuit. The very stable dc voltage is now
buffered and linearized through U6 to the CR4,
CR5 tuning input of the Loop A VCO, Q9, where
it tunes the VCO to the correct output frequency.
The U6 output is also fed to voltage comparator
U9. As long as the U6 output is above = + .7V
DC, the comparator U9 will hold switch Q8 on
and inhibit the 100 Hz trigger input. However,
if the U6 output is below + .7V DC, indicating a
false, or incorrect, lock mode, U9 will allow the
trigger to be applied through Q8 to the U8 trig-
gering input, and the "HIGH" one-shot output is
inverted by Q7 and holds Ul pin 6 in reset (clear)
for 1.1 seconds. This forces the Loop A circuit
out of the false lock mode so lock can be re-
acquired when the "Clear" signal to Ul pin 6 is
removed. Now that it is locked to the correct
30.7000-40.6999 MHz frequency, the Loop A VCO
output goes to two places. One output goes
through driver Q10 and output matching circuit
R49, C24, L12 to the 159.3-169.3 MHz IF (61000)
board. The other output goes through buffer
Q12 to the Q15, Q16 L.O. driver amplifier where
it is used to drive the M1 LO input port.

4.61 The RF input port on mixer M1 is driven
from the Loop B VCO output circuit. Loop

B phase detector U2 operates identically to the
Loop A Ul phase detector except that the input

reference frequency and divide-by-N frequency
are at 100 kHz instead of 100 Hz. The bias on
averaging capacitor C37 is fed from the phase
detector through diodes CR7 and CRS8, and input
to loop amplifier U7 doesn't require gain switch-
ing as was used in Loop A. The U7 pin 6 output
is filtered by the C41-44, L4-6 lowpass and
applied to the Loop B VCO tuning diodes CRY,
CR10 to tune the Q11 29.7-38.7 MHz VCO to the
correct frequency. The VCO output then goes
to two places. One output goes through Q14
output driver to P1-15, S where it is sent to
the Loop A & B Divide-by-N (28000) board as
the Loop B VCO input. The other VCO output
is through Q13 mixer driver to the M1 mixer RF
input, where it is mixed with the Loop A VCO
output and the difference frequency of 1-2 MHz
sent to the Loop A & B Divide-by-N (28000)
board as the Loop A VCO input.

Digit Decode/ +P (34000), Figure 6-20

4.62 The Digit Decode and Divide-by-P circuits
have inputs from the 10 MHz and 100 MHz
front panel Frequency Select switches, and the
Divide-by-10 output of the 208-307 VCO /+10/
Sampler (73000) board. The frequency code
from the 10 MHz switch (P1-4, L, 8, 9) and 100
MHz switch (P1-H, J, 5, 6) are input to the BCD
to Binary code converter U8 and U9. The
binary coded output of U8 and U9 is input to

CIM CE-50

adders Ul0 and Ull where it is added with a 9's
complement preset code of 2 (in the U10 100's
adder) and 8 (in the Ull 10's adder) for a total
preset of a 9's complement 208. This preset is
added with the binary switch code so the output
is a code of 208-207, depending on the setting

of the 10 MHz and 100 MHz switches. The count-
er input of 208-307 is the divide-by-P. The 208-
307 MHz VCO input to the circuit is divided by
10 and input at P1-10 as a 20.8-30.7 MHz frequen-
cy. This input is divided-by-2 in U15 and input
through driver U5-4 to the U12, Ul3 counters
clock input. The UP/DN enable inputs to Ul2,
U13 are held "HIGH" by U5-12, so the counters
will only count down. When the +2P clock input
to U12, U13 has counted down to 0-3 (Ul12-2, 3,
6, 7 outputs all zero, and U13-6, 7 zero), and
there is no carry input from adder U1l0, gate
U14-6 will go "HIGH". At the next clock count
(0-2), flip-flop U7 will be set. At Ul2, U13
count 0-1, the U7 pin 11 output will be enabled,
so that at count 0-0 the U1l2, U13 LD input, pin
11, will be "LOW" and enable loading of the adder
inputs to the counters. 1f the combinations of
binary input and 208 offset in the adders causes
U10 to generate an overload, or carry (pin 14
"HIGH"), output U7 pin 14 will inhibit an output
from Ul4 pin 6 until the counters have counted
down the carry.

4.63 Also on the Digit Decode/+ P circuits are

some components of the sampler switching
control circuits. Input to the circuit is the phase-
lock switch pulse at P1-S from the YIG Main Coil
Driver (33000) board. This normally "LOW" input
will go "HIGH" if the YIG or 208-307 MHz VCO
Ioop is unlocked. This "HIGH" input to U2 pin 9
sets the one-shot for 300 milliseconds during
which the loop is allowed to lock. At the end of
the 300 millisecond lock period, the output of U4
pin 3 will go "LOW". This sends a "LOW" switch-
ing signal to the YIG FM Coil Driver (27000)
board to switch the FM coil driver to the 10 MHz
Sampler output. It will also send a "HIGH" signal
to P1-N to light the YIG UNLOCK indicator, and
to set the Ul pin 9 one-shot "KICK" oscillator.
The "KICK" one-shot sends a 5 millisecond pulse
to cause it to start searching from the high end
of the tuning voltage range.

YIG Main Coil Driver (33000), Figure 6-19

4.64 The binary coded output of the 100 MHz and
10 MHz switches is taken Digit Decode/-P
(34000) board and applied to the Digital to Analog
(D to A) converter (U8) in the YIG Main Coil
Driver circuit. The output of the D to A, US,
is input to operational amplifier U9. Potentiometer
R58 is used to set the input current level to U9
when the 100 MHz and 10 MHz switches are at 00,
while R51 adjusts the output current change
(gain) from 00-99, with a maximum setting at 99.
The output of U9 pin 6 then goes through output
driver Q6 to the YIG (69000) main coil.

4.65 The 208 P.L. (phase lock) input is the --2P

input to U1-12, 13 and 50 kHz input to
Ul-4, 5. The inputs are applied to phase
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comparator U2, pins 1 and 3. If the +2P and 50
kHz reference signals are the same phase (fre-
quencies are equal), the pin 13 and 2 outputs of
U2 will both remain high. If the+2P input to
U2-3 lags in phase to the U2-1 50 kHz reference
frequency, it will cause the U2-13 output go
"LOW" while U2-2 remains "HIGH". The U2-2,
13 outputs are applied through switches Q1 and
Q2 to pulse averaging capacitors C14, C15 which
average the U2 output pulses to a de value to be
applied to U4 loop amplifier. The U4 output will
go above or below its reference output depending
on the phase of the U2 input signals. The U4-6
output is filtered by C25-32, R19, R22-24 50 Khz
notch filter to remove the input frequency com-
ponents and assure a constant dec voltage output
through buffer Q3 to the 208-307 MHz VCO /+10/
Sampler (73000) board for VCO tuning. The
U2-2, 13 outputs also go to the U1l lock detect
gate which will have an output at pin 3 mostly
"LOW" if the loop is locked. If the loop is un-
locked, the U1-3 output will pulse high more and
more often (depending on how far the +2P fre-
quency is from the 50 kHz reference), and C13
averaging capacitor will have a more and more
positive charge until the U3 pin 6 output exceeds
the threshold set by R21 at the U6 threshold de-
tector input. At this point, if the 208-307 MHz
VCO is unlocked, and the phase lock switching
is enabled at the Digit Decode/+P (34000) board,
or the YIG HAS become unlocked, the output of
U7-8 will be "HIGH", and enable the phase lock
switching pulse output at P1-6 to the 34000
board. Switches Q4 and Q5 enable troubleshoot-
ing LED's on the ALC/Squelch/DC Control (21000)
board.

208-307 MHz VCO/DIV 10/Sampler (73000),
Figure 6-45

4.66 The 208-307 MHz VCO steeering voltage is
from the YIG Main Coil Driver (33000) board,
and is applied to CR1, CR2 tuning diodes of the
Q1 VCO. The 208-307 MHz VCO output is applied
through driver Q2 to the power splitter circuit
of T1, and to the centertap of T2. From here it
is sent to two places. One output goes through
buffer Q4 to the U2 divide-by-10. The U2-11
output is 20.8-30.7 MHz, and is sent to the
Digit Decode/+P (34000) board. The other output
of the splitter goes to the power amplifier Q3, Q5,
Q7. The bias of Q7 is controlled by Q6. The
amplifier output of Q7 is then applied to step
recovery diode CR4 which generates harmonics
of the 208-307 MHz signal of which the tenth, or
2080-3070 MHz, is selected to be output to the
CR7-CR10 sampler. In the sampler, the signal
Is compared with the 2080-3070 MHz YIG output
from the 3 dB Power Splitter /Buffer Amp (74000),
and the difference detected by the sampler buffer
U3 which outputs the sampled difference to the
YIG FM Coil Driver (27000) board.

Directional Coupler (76000), Figure 6-48
4.67 The 2080-3070 MHz output of the YIG Osc-

illator Assembly (69000) is applied to the
input of the Directional Coupler board. The
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coupler is made up on the PC board as a micro-
strip circuit and has 3 outputs. The first output
is to Receiver Casting 1st Converter (52000) board,
The second is to the Final Mixer and 1.1 GHz LPF
(75000) board. The third output is to the 3 dB Power
Splitter/Buffer Amp (74000) board.

3 dB Power Splitter/Buffer Amp (74000) Figure 6-46

4.68 The 3 dB Splitter and Buffer input is from
the Directional Coupler (76000) and goes to
two places from the 3 dB splitter L1, R1. One
output goes to the 10 MHz sampler (72000) board.
The second output is buffered by Q1 to go to the
208-307 MHz VCO/Div 10/Sampler (73000) board.

YIG FM Coil Driver (27000), Figure 6-12

4.69 The YIG lock-up circuit inputs to the YIG
FM Coil Driver are from the 208-307 MHz
VCO/Div 10/Sampler (73000) board (Sampler Out-
put), and the 10 MHz Sampler (72000) board (Sampler
Output). The signals are applied to their respective
Q8, Q9 FET switches to await the Sampler SW input
signal to switch Q6. The sampler SW input is a nor-
mally "HIGH" signal from the Digit Decode/+P (34000)
board sampler switching control circuits. This "HIGH"
holds switeh Q6 off, which allows its collector to go to
-5V, and turn off FET's Q7 and Q8. The -5V turns on
switch Q10, which turns on FET Q9 and allows the 208
MHz Sampler input through the switching circuits. If
there is a failure in the 208-307 MHz VCO loop,
or if the YIG is unlocked, the Sampler SW input
to Q6 will go "HIGH", turning on Q9 and turning
off Q8 FET switches. This allows the 208 MHz
Sampler input to go through the switching circuit
to control the YIG oscillator frequency. The 208
MHz Sampler input holds the YIG oscillator fre-
quency within the acquisition range of the normal
10 MHz control on unit turn-on and during failure.
The 208 MHz or 10 MHz Sampler signals are fed
to the U3-2 YIG lLoop amplifier and search
oscillator input. The loop amplifier output will
be a dc tuning control voltage to the YIG FM
coil which sets the YIG output frequency if the
loop is locked. If it is not locked, the output
will be a search voltage which oscillates within
the voltage range Ilimits of the loop-locking cir-
cuits. U4 and Q12 make a driver circuit for the
U3 output to the YIG FM coil. The 208 Sampler
input also goes to the FET switch Q11, which is

turned on if the Sampler SW input to Q6 is "HIGH".

It inputs the signal to U2 pin 2 which outputs an
automatic offset control (AOC) voltage to the
208-307 MHz VCO/Div10/Sampler (73000) board.
The Lock Detector circuit on the YIG FM Coil
Driver board also takes as its input the 208 MHz
Sampler voltage, The signal is amplified through
Q2 and Q3 and applied through Q4, Q5 differ-
ential input stage to comparator Ul. The output
is sent to the YIG Main Coil Driver (33000) board
Sampler Switching circuits YIG Unlock input.

YIG FM Coil Driver/Sweep Driver (CE-50A-1)
(27000), Figure 6-13

4.70 The 208 Sampler and 10 MHz Sampler in-
puts to the YIG FM Coil Driver/Sweep
Driver board are identical to their CE-50A 27000
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board counterparts. The 208 Sampler input goes
to the FET Q21. If "Spectrum Monitor" is selec-
ted on the CE-50A-1 then there will be +10V (SW)
at the base of switch Q13, turning it off. This
causes Q12 to be held off so that the only control
to the Q21 gate is Q14. The base of Q14 can be
turned on by two inputs. The first is from the
Sweep Lock Timing one-shot, U6 pin 12, which
will trigger "LOW" for approximately 5 milli-
seconds during the time the 0-6V sweep ramp
from the Time Base and Horiz Ampl (42000) board
is low. As the sweep input to U5-2 goes toward
6V, the voltage will cross the R47, R48 threshold
set at pin 3 and cause the normally "HIGH" U5-6
output to go "LOW". The output will remain
"LOW" until the sweep ramp reaches 6V and then
drops back to 0V. As it drops, the ramp will
again cross the U5-3 threshold, and U5-6 output
will return to its normal "HIGH" output state.
This positive going transition of the U5-6 output
will trigger the 5 millisecond sweep lock timing
one-shot, U6-10, causing the Q output to pulse
"HIGH" and Q output to pulse "LOW". The low
going @ output turns on Q14 and applies +5V to
the Q21 gate. This turns on the FET switch for
a 5 millisecond sampling (held by R63, C31 cir-
cuit) of the 208 Sampler input. The second input
turning on Q14 to enable FET Q21 is from the
U7-3 Sweep Reacquire Timer output. If U7-3
goes "HIGH" it will turn on Q15, which turns on
Q14 enabling Q21. Timer U7-3 will go "HIGH"

if one of the inputs to U2-2, 3 remains "LOW"
after they were both "LOW" together. This would
occur if an unlocked condition were detected by
the Q1, Q3, Q4, Q5, Ul Lock Detector circuit.
The unlock would cause Ul-6 to go "LOW", and
it would be "LOW" as the Lock Timing one-shot
U6-12 goes back "HIGH". The U2-1 output
would then go "LOW" triggering U7-2 input, and
causing pin 3 to go "HIGH".

4.71 After passing switch Q21, the 208 Sampler
input goes through the U8 buffer amplifier
to FET switch Q25. In other than spectrum mon-
itor operation, this switch is closed, and allows
the sampler signal to pass, if the 208 Sampler
input is selected by the Sampler Switch input
from the Digit Decode/ +P (34000) board. If this
signal is "HIGH" (208 Sampier is selected) it turns
off switch Q22. Its collector will go to -5V and
turn off Q23 and Q24 while turning on Q26. The
collector of Q26 will then apply+5V to the Q25
FET gate input, turning on the FET and passing
the 208 sampler signal. A "LOW" Sampler Sw
input would turn on Q22, Q23, and Q24 while
turning off Q26 and gating FET Q25 off. This
enables the 10 MHz Sampler path while disabling
the 208 Sampler path to the loop main amplifier
and search oscillator U9. In spectrum monitor
operation, Q22 is held off by the +10V (Sw) input
to its base. If during sweep time the YIG loop
latches in a false lock mode, the Q6, U2 False
Lock Detector circuit will cause the input of the
U9 main loop amp and search oscillator to be
pulsed "HIGH", and the U9-6 output "LOW". The
signal passes through the FET sample and hold
switch Q27, which is gated on by Q14 simul-
taneously with FET sample and hold switch Q21.
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It is then applied to the U1ll, Q33 YIG FM Coil
Driver circuit where it is added to the output of
the YIG Sweep Driver circuit to be sent to the
YIG FM Coil.

4.72 The YIG Sweep Driver circuit input comes
from the Sweep In at P1-T. The 0-6V
sweep input ramp goes to two transistors, Q7 and
Q1ll. Emitter follower Q7 buffers the ramp input
through a voltage threshold circuit to U3-10 one-
shot. When the sweep ramp peaks and starts to
fall back toward zero, it will trigger U3 as it
crosses the voltage threshold and cause U3-5 to
have a positive going pulse of approximately 13
milliseconds as set by R31. The output then goes
to Q31 at the YIG FM Coil Driver input, turning
the normally "ON" transistor "OFF". This puts
-5V to the gate of FET switch Q32, turning it off,
and adds 10K resistor R100 to the C50, R99 pole
to ground at U11-3 input during the time the unit
is not sweeping. This reduces the amount of
jitter which is passed through the YIG FM Coil
Driver circuit.

4.73 The threshold input to U3-10 also goes to
U3-2 one-shot input. The output of this
one-shot is a negative going pulse which starts at
the same threshold as the other one-shot and ends
at approximately 5 milliseconds later as set by R34.
This one-shot output, at U3-4, goes to normally
off switch Q9, turning it on. This puts +5V
through CR2 to Q10 gate, turning it on and allow-
ing the 208 sampler input to go to U4-2 input.

The U4-6 output is the result of a level comparison
between the 208 Sampler input and the level at
U4-3, and will compensate the level difference sent
back to the 208 MHz (73000) board sampler cir-
cuit to correct for any offset.

4.74 The Sweep In signal to Q11 emitter follower
is buffered through Q11 to potentiometer
R98 where it is added to the centering voltage
reference output of U10. The adjustment of R98
(in 1 MHz/Div), R107 (in 100 kKHz/Div), and R112
(in 10 kHz/Div) set the width of the sweep selec-
ted by the input (low) signal at P1-S and 14/R
from the Horizontal Deflection Switch Mounting
(44000) board. The centered and width controlled
signal at the input to Ul2-3 is then amplified and
buffered by U112 and Q20, and used to control the
YIG FM Coil frequency for the spectrum monitor
sweep.

10 MHz Sampler (72000) Figure 6-44

4.75 The 10 MHz Sampler board -is used in the
CE-50A to lock the YIG oscillator to the
correct frequency after being steered within range
by the 208 MHz Sampler signal when front panel
frequency selectors are changed. A 10 MHz ref-
erence frequency comes into the 72000 board from
the TCXO. It goes through lowpass filter C1, L1,
C4 and through amplifier Q1, Q2 to a 3 pole low-
pass filter L6, L7, L8, C8, C9, C13, C15. The

10 MHz output of this filter is applied to step
recovery diode CR1, and the resulting frequency
comb applied through T1 to the detector bridge,
CR2, CR3, CR4, CR5. Also applied to the detector
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bridge is the 2.08-3.07 GHz input frequency from
the 3 dB Splitter and Buffer (74000) board. )
Buffered by Q3, the 2.08-3.07 GHz input is off-
set by a voltage set by potentiometer R20 to
compensate for the detector bridge offset caused
by unwanted comb harmonics. The detector
bridge voltage output is taken at the junction of
CR4, CR5 and buffered by Ul for output to the
YIG FM Coil Driver (27000) board.

RF Attenuator (51000) Figure 6-32

4.76 The RF Attenuator controls the input level
of a selected RF input frequency at the
CE-50A antenna. The input goes to the RF IN
on the attenuator board, and the input level is
either amplified or attenuated to produce an out-
put to the 1st Converter (52000) board within
the circuits range. The RF Attenuator board
operation is controlled by the front panel SEN-
SITIVITY (REF LEVEL dBm) control. In the
MAX position the input RF is amplified +20 dB.
A +10V level is applied to test point 1, and goes
through R12, turning on CR2. It also applies
power to Q1, Q2, Q3, Q4 and goes through R6,
R11 to turn on CR10. This gives the input RF
at test point 6 a path through CR2 to Q2, and
through the +20 dB amplifier Q2, Q4 (whose bias
is controlled by Q1, Q3) to CR10 and output at
test point 8. In the -40 position of the SENS-
ITIVITY switch, the path goes through the board
with no amplification or attenuation. The -40
Position applies +10V to test point 2. This turns
on diodes CR3, CR4. The +10V also goes through
CR11 to turn on CR6 and CR8 to give a straight-
through path for the input RF from test point 6
to test point 8. When the SENSITIVITY switch
is turned to -20, the RF Attenuator board must
attenuate the input RF by 20 dB. To do this,
the switch applies +10V to test points 3 and 5.
The +10V at test point 3 goes through R24 to turn
on diodes CR6 and CR8. At test point 5 the +10V
turns on CR1 and CR5 to open a path from the
test point 6 RF input through CR1 to the 20 dB
attenuator pad R20, R21, R22 and out to test
point 8 through diodes CR5, CR6, and CR8. In
the 0 position, the SENSITIVITY switch must turn
on 40 dB of attenuation in the RF attenuator
board. It does this by applying +10V to test
point 4. This opens a current path for the input
RF signal through both 20 dB attenuator pads by
forward biasing CR7 and CR9, and through CR12,
CR1, and CR5. The input RF path then is
through CR1, 20 dB pad R20, R21, R22, CRS5,
CR7, 20 dB pad R26, R27, R28, and CR9 to the
output test point 8. From test point 8, the sig-
nal goes to the 1lst Converter (52000) board.

1st Converter (52000) Figure 6-33

4.77 In the 1st Converter the input RF signal
from the RF Attenuator board is eonverted
to the first intermediate frequency for processing
in the CE-50A receiver circuits. The 100 kHz to
1 GHz input RF signal comes into the board at
test point 1 and goes through an etched PC board
microstrip lowpass filter to diode mixer CR1. The
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L.O. input to CR1 is from test point 3, and is a
2.08-3.07 GHz signal from the Directional Coupler
(76000) board. The 2.08-3.07 GHz signal is amp-
lified through L.O. amplifier Q3, Q1 (bias con-
trolled by Q4, Q2) and applied to the mixer. The
mixer output will be the difference frequency of
2080 MHz to 2070 MHz (3.07 minus 1 GHz). This
2080 - 2070 MHz intermediate frequency (IF) is
amplified by Q5, Q6 and output at test point 4
through a bandpass filter to the 2nd Converter.

2nd Converter (53000) Figure 6-34

4.78 In the Second Converter the first 1F input
signal is converted to the second IF (210.7
MHz) and then the third IF (10.7 MHz) which is
output from the board. The output of the First
Converter comes into the Second Converter board
at test point 6. It goes to diode mixer CR1, CR2
where it is mixed with the test point 5 input from
the 1865 MHz Filter and Amplifier (66000) board.
The mixer output is the 210.7 MHz difference fre-
quency which is amplified by Q2 (Q3 is a bias
control) and applied through a tuneable bandpass
filter to amplifier Q6. The amplified 210.7 MHz
signal is taken from the collector of Q6 and applied
to mixer Z1 with a 200 MHz input. The 10.7 MHz
difference frequency is amplified through Q4 and
passed through a 10.7 MHz bandpass filter to re-
move unwanted mixing harmoniecs. The output is
then buffered through Q1 for output at test point7.

Bandpass Filter (25000) CE-50A-1 only. Figure 6-10

4.79 The Bandpass Filter board has three band-

pass filters to give the needed resolution
for input signal spectrum monitoring. The 2 kHz
filter allows the resolution of signals which are
close together and need to be looked at separately.
The 100 kHz bandpass filter allows widely separated
components of a signal, or widely separated signals,
to be monitored simultaneously for evaluation. The
10 kHz bandpass allows an intermediate range of
signal resolution on the signal spectrum. The
Bandpass Filter input is from the Second Converter
output, which also goes to the 10.7 MHz II' (23000)
board. The 10.7 MHz comes in at P1-17, and goes
through amplifier Q1 whose gain is adjustable by
potentiometer R6. The output of Q1 is buffered
through Q2 to amplifier Q3, Q4, and the collector
output of Q4 is applied to the anode sides of diodes
CR1, CR3, and CR5. The bandpass filter selected
is determined by the position of the HORIZ (Per
Div) switch in the SPECTRUM MONITOR positions
of 10 kHz, 100 kHz, and 1 MHz. If the switch is
in the 10 kHz position, the input to P1-15,8 will
be ground, turning on CR5 and CR6. This allows
the Q4 output to go through the 2 kHz bandpass
filter. The 100 kHz switch position turns on CR1
and CR2, and the 1 MHz position turns on the
CR3, CR4 100 kHz bandpass path. The output of
the selected bandpass filter goes to the emitter of
amplifier Q7, and then to amplifier Q6. The out-
put of Q6 is buffered through Q5 emitter to the
P1-2,B output pin, and then to the Log Converter
board.

N

»\



Log Converter (26000) CE-50A-1, Figure 6-11

4.80 The Log Converter takes the input 10.7
MHz signal, and converts the analog
levels to a logarithmic scale for display on the
spectrum monitor CRT. The 10.7 MHz input sig-
nal comes in at board pin P1-16 and goes to the
base of Q11. Amplifier Q11 and common-base
amplifier Q12 together make up an IF amplifier
whose gain is controlled by Q10 according to the
setting of the front panel LEVEL ADJ control.
The output of Q12 is filtered by the parallel res-
onant (bandpass filter) circuit L11, C42 and ap-
plied to the base of Q13. The circuits of Q13-
Q17, and Q1-Q7 are used to provide the inputs
needed by the Ul log converter circuit. The
attenuation of R56, R57 at the base of buffer
Q13 provide the -30 dB input needed at the Ul
pin 7 input, while R24, R23 further reduce the
level to the -60 dB needed for Ul pin 4. When
amplified by the Q14-Q17 15 dB IF Amp /Limiter,
the signal at Ul pin 9 is at the 0 dB reference
level needed, and limited to 5 volts P-P. The
emitter output of Q17 goes to Q1 through the
input level control potentiometer R1. This pot
controls the output level of the 30 dB log amp
circuit, Q1-Q7, so the input to Ul pin 12 will
be at +30 dB. The output of Log Converter Ul
is adjusted by setting gain control potentiometers
R27, R28 and R29 for the low, medium and high
level gain break points needed for the correct
logarithmic output curve. The output is ampli-
fied in Q8, Q9 and detected in CR2, CR3 log
detector. The detected input drives differential
amplifier U2 which amplifies it and outputs it at
P1-4, D to the Vertical Amplifier (41000) board.
The GAIN potentiometer R70 adjusts the gain
through U2, and signal amplitude. Potentiometer
R71, the REF control, adjusts the no-signal zero
reference trace on the CRT.
10.7 MHz [.F. (23000), Figure 6-8
4.81 The 10.7 MHz output of the Second Con-
verter (53000) board is input to the 10.7
MHz I.F. Amplifier at P1-2, B. The input signal
is amplified and filtered to obtain a signal which
is undistorted and of sufficient amplitude to
measure its parameters with precision. The in-
put 10.7 MHz is applied to amplifier Q1, Q2
through 1.F. ATTEN potentiometer R119. The
potentiometer is used to adjust the input signal
level so the overall gain of the 10.7 MHz I.F.
Amplifier board is 80 dB. The collector output
of amplifier Q2 goes to the 10.7 MHz parallel res-
onant filter circuit L3, C12, and through the CR1
cathode to the 10.7 MHz, 22 kHz BW filter, FL1.
If the front panel SELECTIVITY switch is in the
NARROW position, +10V will be switched to P1-5,
E. This voltage is applied to the cathodes of
CR3, CR5, turning them off, and to the anodes
of CR1, CR6 turning them on. This allows a
path for the input signal through CR1, FL1,
CR6 to source-follower Q3, and through FET Q3
to emitter follower Q4. In the WIDE position,
the signal level at P1-5, E will be ground. This
opens a signal path for the 10.7 MHz I.F.
around the filter FL1 through CR1, CR3, CR5,
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and CR6 to source-follower Q3. Part of the Q4
emitter output is applied to amplifier Q22, Q21.
The emitter output of Q21 is detected by CR11,
CR12, and the detected voltage applied to Schmitt
trigger Q19, Q20. If the signal exceeds the
overload level set by the Schmitt trigger, the
collector of Q20 will go "HIGH". This turns on
switches Q18 and Q23. The "ON" Q18 turns

off Q16, which puts the normally bypassed R5
into the Q1 emitter bias circuit. When Q23 is
turned on, it places attenuating resistance R87
at the Q4 output. The resistance changes effec-
ively reduce the 10.7 MHz input signal to the
I.F. amplifier by approximately 10 dB when the
input is overloaded.

4.82 The emitter output of Q4 goes through
amplifier Q6, Q7 to the 10.7 MHz filter
FL2, with a bandwidth of 280 kHz. The FL2 out-
put is amplified through Q8, Q9 and sent to the
second AGC controlled amplifier. The Q9
emitter output is also amplified throu AGC amp-
lifier Q25, Q24. The output of Q24 is detected
in CR16, CR17 and the detected level used to
control the Q5 bias set by R88, and the feedback
from Q5 to the 1st AGC amplifier. The Q9
emitter output of the lst AGC amplifier is ampli-
fied through the 2nd AGC amplifier Q11-14,
with AGC feedback through Q27, Q26, detected
in CR21, CR23, and applied through Q10 to the
base of Q11. The 2nd AGC amplifier gain con-
trol level is set by R98. Its output is through
buffer driver Q15 to P1-17, U and the FM/AM
Detector No. 1 (24000). The Squelch circuit is
on the 10.7 MHz I.F. Amplifier board and is
composed of Ul and associated components. The
inputs to Ul are the detector outputs of CR16,
CR17 and CR21, CR23 compared to the setting
of the front panel SQUELCH control. The Ul
squelch detector also controls the Schmitt trigger
Q28, Q29 output to P1-16 which sets a signal
level LED on the ALC/Squelch/DC Control
(21000) board when the squelch range has not
been exceeded.

FM/AM Detector #1 (24000), Figure 6-9

4.83 The purpose of the FM/AM Detector #1
board is to remove the modulation signal
from the 10.7 MHz IF input, and output it for
display and further processing for display as
necessary. The 10.7 MHz input comes onto the
board at P1-4 (from the 10.7 MHz [.F. (23000)
board) if the CE-50A front panel FUNCTION
switch is in one of the MON positions, or P1-D
(from the FM/AM Modulation, (36000) board)
if in one of the SIG GEN positions. The input
10.7 MHz is buffered through Q3 and applied
to CR1, which acts as a variable attenuator.
The diode bias is set by Q5, and its attenua-
tion is controlled by the AGC loop amplifier UlA.
After CR1, the 10.7 MHz is amplified through
Q4, Q6 and Q7. At Q7 the FM signal would be
directed through buffer Q15 to mixer Z1. The
AM signal path continues through amplifier Q8,
Q9 to AM detector CR2, CR3. Here the positive
portion of the modulation signal is detected, buf-
fered by U1B, and output at Ul-7 to three places.
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If the % AM is selected for meter display on

the front panel, (Q28), the detected AM signal
is switched through Q10 and output at P1-F
(AM Audio). The second output at Ul-7 goes
to the AGC loop amplifier, UlA. The signal

is filtered by R44, C34 and input at U1l-2,

The loop bandwidth is set by C91. The AM
AMP potentiometer, R38, is adjusted to give a

1 volt P-P signal at the front panel DEMOD OUT
jack when the AM modulation is set to 50%. The
third U1-7 output is selected by switech CR4, if
the CE-50A is in the AM mode, and sent to P1-7
(DEMOD AM) and buffer U2A to go to P1-N and
the DEMOD OUT jack. The U2A input also goes
to P1-M for output to the Speaker Driver (93000)
board.

4.84 The 10.7 MHz signal taken from Q7 and
buffered through Q15 to Mixer Z1 is
mixed with a 10 MHz reference signal amplified
through Q16 to Z1. The 700 kHz mixer output
frequency is attenuated by 3 dB pad R39, R40,
R127 (for impedance matching) and filtered by
lowpass C38, L6, C43. It is then amplified by
Q20, Q21 for output to three places. One out-
put is to P1-12, where the signal is sent to the
Vert Deflection Sw. Mtg. (43000) board for dis-
play on the CRT. A second output is buffered
through Q22 to analog switch U7. Also input to
U7 is the 700 kHz output of Q18, Q19 buffer
amplifier. The 700 kHz signal is derived from a
100 kHz reference input from P1-V to amplifier
Q17. The seventh harmonic of the 100 kHz sig-
nal (700 kHz) is filtered out in the C24-C29, LT7-
L9 bandpass filter and buffered by Q18, Q19 to
U7. The switching of U7 is controlled by the
Vosc * SQ and Vosc + SQ signals input from the
FM/AM Detector #2 (32000) board at P1-J and
P1-8. In the automatic calibration mode, Vosc +
SQ selects the reference 700 kHz input_from the
100 kHz x 7 circuits. Otherwise, the Vosc - SQ
input selects the normal 10.7 MHz IF signal in
U7 for input to limiter U10. The U10 output is
the P1-6 Sig/Cal Out. The third output of the
Q20, Q21 700 kHz amplifier is the input to the
U4 limiter, which triggers one-shot U5. The
U5-6 (Q) output is to P1-10 where it is sent to
the FM/AM Modulation (36000) board as AFC OUT.
The U5-1 (Q) output is voltage translated by
Q23 to improve the signal-to-noise ratio and in-
put to the switchable bandwidth lowpass filter
U6 to demodulate the FM signal. If PFM is
selected (P1-16) input), Q25 will turn on, turn-
ing on Q24 and Q26. This adds C79 and C82 to
the U6 lowpass filter circuit, and reduces the
bandwidth of its pass band. The demodulated
signal at U6 is input to U8A, where it goes to
three places. One output goes to P1-M where
it is sent to the Speaker Driver (93000) board.
A second output is applied to the base of Q11
and U2B-2. If the +/- PEAKS switch is in the
(+) position, Q11 is turned off, and it turns on
in the (~) position. This allows Q11 to switch
the input signal from the pin 2 (inverting) input
of U2B for (+) peaks to pin 3 (non-inverting) in-
put of U2B for (~) peaks. The amplified output
of U2B is applied to comparator U3, whose refer-
ence input is set by the front panel LEVEL SET
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potentiometer input at P1-S. The comparator
output triggers one-shot multivibrator U9, turn-
ing on Q27 and lighting the PEAKS LED for the
one-shot timing cycle of approximately 240 milli-
seconds for each peak detected. The third out-
put of audio amplifier U8A is through 80 kHz
lowpass R69, C93, R70 to U2A-6. If the CE-50A
is in the FM or PFM mode, switch Q12 will be

off and switches Q13, Q14, Q29 turned on. This
puts U2A-5 at ground and allows the FM audio in-
put to be amplified by U2A and output through
P1-N to the DEMOD OUT jack. If the CE-50A

is in the AM mode, switch Q12 is turned on,
placing the U2A-6 input to ground through the
10K of R70. The Q12, Q14, Q29 switches at
U2A-5 are turned off, allowing the AM audio
input to be amplified by U2A and output to P1-N.

FM/AM Detector #2 (32000), Figure 6-18

4.85 The FM/AM Detector #2 board contains
circuits for meter display, automatic
calibration, signal switching, and signal proces-
sing for other circuits. The front panel METER
FUNCTION switch AM audio input (P1-F) and FM
audio input (P1-D) are from FM/AM Detector #1.
When % AM is selected, the AM audio input goes
through R12 and C10 to halfwave rectifier input

U2A-2. The FM audio input is applied to
switches Q1, Q2, Q3 and its path through the
switches depends on the deviation range selected
on the METER FUNCTION switch. Potentiometers
R18, R19, and R20 adjust the meter deflection
for full scale at the appropriate deviation fre-
quency. The pin 1 output of U2A is rectified
by CR4, CR5, and the dc output used to con-
trol the function meter deflection for AM or FM
signals.

ﬂ

4.86 Separate AM Audio input (P1-9) and FM

Audio input (P1-8) signals, plus the
DEMOD OUT signal which is used in the PFM
mode, are used to develop CRT deflection signals.
The AM and FM Audio signals are input to U7B
where they are amplified and applied to switch
U8-11. If PFM is selected, the DEMOD OUT sig-
nal from Detector #1 is input at P1-10 to U9A-3.
The amplified U9A-1 output is applied to switch
UB-8. The switching of U8 is controlled by Q4
and Q5. If PFM is selected, Q4 will turn on and
switech the U8-8 input to U8-9 output where it
goes to P1-H and the CRT circuits. If AM or FM
is selected, Q4 will turn off and Q5 will turn on,
switching U8-11 input to U8-10 output to also go
to P1-H.

4.87 The Sig/Cal Out signal from Detector #1

is the signal input to be measured and
is controlled by the automatic calibration cir-
cuits on the Detector #2 board. The auto-cal
oscillator Ul puts out a 4 millisecond pulse
every 400 milliseconds which goes to the Detector
#1 board as Vosc + SQ (P1-P) and its logical
opposite Vosc * SQ (P1-14). On the Detector #1
board, the oscillator signals select as the Sig/
Cal signal to Detector #2 either a reference 700
kHz signal (during the 4 millisecond calibration
time) or the 700 kHz signal IF (during the re-




mainder of the 400 millisecond period, or meas-
urement time). The Sig/Cal signal comes onto
the board at P1-A and triggers one-shot U3.
The 50% ADJ potentiometer at the one-shot is
adjusted so the Frequency Error meter input is
exactly equal to the +2.5V reference voltage at
U6-2 (from reference voltage generator U9B)
when the input IF at P1-A is exactly 700 kHz to
get a symmetrical meter swing. Potentiometers
R76, R77 and R78 are adjusted, when selected
by their respective switch Q18, Q19 or Q20, for
full scale Frequency Error meter deflection. The
output of one-shot U3 is filtered by 17 kHz
active lowpass filter U4. The U4-6 lowpass out-
put is filtered again by 3 kHz lowpass R46, C21,
R49 during the 4 millisecond calibration period.
After calibration, the input to switch Q8 (the
Vosc + SQ signal) goes low, turning on Q8, and
FET switches Q12, Q14. This changes the low-
pass to 4 kHz by adding C22 and C23 to the
lowpass for the duration of the 400 millisecond
measurement period. The output of the lowpass
is now applied to amplifier U6-3 input. During
the 4 millisecond calibration period, the cal sig-
nal is amplified by U6 and applied to FET switch
Q17 which is closed only during calibration time.
The signal is input to sample-and-hold amplifier
U5-2 where its average value is held in holding
capacitor C26. Potentiometer R58 is adjusted for
zero on the Frequency Error meter in the AM or
CW modes. During the measurement period, FET
switch Q17 opens up, preventing any change in
the C26 holding voltage as long as the input to
U6-3 is equal to it. This means the measured
signal is equal to the calibration signal (both
are exactly 700 kHz), and there is no frequency
error. If there is a frequency error, the C26
holding capacitor voltage will be either higher or
lower than the U6-3 input. This causes the
current at U6-3 to change and the amplifier +2.5
V output will be changed by an amount directly
related to this frequency error current change.
The output is applied to another sample-and-hold
made up of FET switch Q15 (controlled by Vosc
+ 85Q and Squelch signals to Q7, Q8, and Q10)
and C24. This sample-and-hold smoothes out
the U6-6 output changes by averaging the
sampled voltage changes. The output is then
buffered through U6A to the Frequency Error
meter.

FM/AM Modulation (36000), Figure 6-22

4.88 The CE-50A Modulation board inserts

modulating frequencies into the fre-
quency being generated in SIG GEN OUT con-
nector. The circuits are operated on the board
by +10V which is made available at P1-14, R
only in the SIG GEN positions of the front
panel FUNCTION switch. Circuits are also
turned on and off in certain positions of the
FUNCTION switch within the SIG GEN mode.
Those positions control switches Q1 (AM select
at P1-E), and Q2, Q3, Q4 (FM, PFM select at
P1-N).
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4.89 When the FUNCTION switch is in the

SIG GEN-AM or CW positions, the
circuits powered by voltages +10V, +10V (FM),
and +10V (AM) are turned on and the +10V (FM)
powered circuits turned off. The 100 kHz
reference input at P1-P is amplified through Q5
and the seventh harmonic (700 kHz) extracted
by the tuned bandpass filter C13-C18, L2, L3,
L4. The 700 kHz output is buffered through Q7
and amplified by Q8-Q10 to be input to the M1
mixer L.O. input. Here it is mixed with 10 MHz
from P1-B and amplified through Q6. The 10.7
MHz summed frequency output of M1 is amplified
by Q14 and sent through the bandpass filters
F1 and F2. Then it is amplified by Q15, Q16 and
buffered by Q18 to switch Q17. The signal is
then buffered through Q19 to the AM modulator,
U3, where it becomes the carrier signal for the
audio modulation frequency. The audio frequency
(AF) input comes in at P1-M, and is buffered
through Q23. 1If the FUNCTION switch is in
the SIG GEN-AM position, switch Q22 and Q20
will be turned off and CR6 turned on to allow
the signal to get to the AM Modulator U3-4 input.
The AM ADJ potentiometer (R82) is adjusted to
give 100% amplitude modulation on the Function
meter when the audio frequency input is at
maximum,

4.90 When the CE-50A front panel FUNCTION
switch is in the SIG GEN-FM or PFM
positions, the circuits powered by voltages
+10V and +10V (FM) are turned on while all
others are turned off. The AFC input from the
FM/AM Detector #1 (24000) comes onto the board
at P1-D. It is filtered by lowpass R16, C44,
buffered by Ul, and then filtered again by the
200 kHz lowpass filter made up of C50, C53, C55-
C57, L6, L8. The output of the 200 kHz lowpass
is then summed into U2-2 with the FM CAL (OFF-
SET) potentiometer level. The OFFSET potentio-
meter R24 is adjusted to give the front panel FM
CAL (OFFSET) control a frequency range of +15
kHz about the 10.7 MHz carrier. The modulating
audio frequency, at P1-M, is switched through
CR7-CR9 to amplifier Q21. The collector output
of Q21 is to U2-2 where it is summed with the FM
CAL (OFFSET) potentiometer input and AFC input.
The loop summing amplifier U2 drives the CR4,
CR5 tuning input to the 10.7 MHz VCO. The
output of the VCO then is an FM modulated and
frequency controlled 10.7 MHz carrier signal
which can be offset from the selected center
frequency by 215 kHz. This signal is buffered
through Q12 and switched through Q13 to Q19,
which buffers it into the U3 AM modulator to be-
come the carrier signal. The Q19 output to U3
then is the carrier signal in SIG GEN position of
the FUNCTION switch. The output of U3 is the
modulated 10.7 MHz carrier whose level is adjust-
able by R111. The output is buffered through
Q24 and Q25 and filtered through lowpass filter
C76-C80, L16, L17 to P1-L. The lowpass output
is also buffered through Q26 to P1-H.
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Tone Generator Switch Mtg/DC Power Control
(12000), Figure 6-4

4,91 This board contains the switches used

to select the audio modulation to be
added to the SIG GEN output signal, and relays
used to prevent meter and circuit damage from
input RF levels while the CE-50A is in the SIG
GEN mode. The 4 section FREQUENCY (Hz)
switch, S1, selects the numerical value of the
audio tone to be generated on the Audio Synthe-
sizer (22000) board. The audio tone's output
value is determined by selecting a multiplier of
X1.0, X0.1, or X.01 at the multiplier switch
S2. The GEN/OFF/GEN + 1 kHz switch, S3,
controls the output of the audio tone on the
Audio Control (31000) board. Relays K1 and K2
are operated simultaneously (the same signal
actuates both), and protects the CE-50A Func-
tion meter and other sensitive circuits from an
input of RF power even if the unit is in other
than a power measurement mode. Switch Q1 will
turn on and actuate the relays if the METER
FUNCTION switch is in the PWR X1 position
(+10V to CR2) or the PWR X10 position (+10V to
CR3), or if the input Power Detector circuit on
the Output Protection/Power Detector (81000)
board detects an input RF signal at the RF
IN/SIG GEN OUT connector at the CE-50A
front panel (diode CR4 turned on). When K1
and K2 are energized, the CE-50A is automatic-
ally in the power measurement mode, and if they
are energized by CR4 (an input RF signal de-
tected) the unit will automatically be placed in
the PWR X10 measurement mode no matter what
the position of the METER FUNCTION switch
with one exception. If the switch is in the PWR
X1 position, and the RF detected is less than 1
watt the circuits won't switch to PWR X10.

210.7 MHz 1.F. (62000), Figure 6-37

4.92 The 10.7 MHz output of the FM/AM Mod-
ulation board is coupled onto the 210.7
MHz I.F. board through C1 and passed through
lowpass filter C2, C3, L1 and 6 dB pad R1, R2,
R3 to the double-balanced mixer, BM1. In
the mixer it is added to a 200 MHz reference
input from the 159.3-169.3 MHz I.F. power split-
ter circuits. The 200 MHz is coupled through C4,
and filtered through C5, L2. It is then ampli-
fied through Q1 and input to mixer BM1. The
output of the mixer is the sum of the input fre-
quencies, or 210.7 MHz, and is filtered by C10,
L5 before being amplified through Q2. The out-
put of amplifier Q2 goes through lowpass C15,
L6 to pin attenuator CR2, CR1l. The attenuation
presented by the diodes to the signal is con-
trolled by the automatic leveling control (ALC)
circuit of the ALC/Squelch/DC Control (21000)
board, and gives the CE-50A SIG GEN circuits
a controlled output level. The signal is ampli-
fied again in Q3 and output to the 210.8 MHz
BPF board.
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210.7 MHz BPF (64000), Figure 6-39

4.93 The purpose of the 210.7 MHz Bandpass

Filter (BPF) board is to remove unwanted
mixing products and harmonics from the 210.7
MHz I.F. signal. The input signal from the 210.7
MHz I.F. board is filtered through L1-L9, and
C1-C7 and output to the 2.075 GHz Upconverter
board. Inductors L6-L9 are microstrip inductors.
Capacitors C2-Cé6 are variable to allow adjustment
of the filters passband and frequency rejection
around the 210.7 MHz center frequency.

2,075 GHz Upconverter (65000), Figure 6-40

4.94 The filtered 210.7 MHz 1F signal now

goes to the 2.075 GHz Upconverter board.
1t is passed through impedance matching pad
R8, RY9, R10 and coupled through C6 to lowpass
C10, L' (a microstrip inductor) and to mixer
CR1, CR2, T1l. At the mixer, the 210.7 MHz 1F
is mixed with the 1859.3 MHz - 1869.3 MHz input
from the 1865 MHz Filter and Amplifier (66000)
board. The mixer summation frequency of 2.070 -
2.080 GHz is amplified through Q2, Q1 and out-
put to the Final Mixer/1.1 GHz LPF board through
a 2075 *5 MHz coaxial bandpass filter.

Final Mixer & 1.1 GHz Lowpass Filter (75000),
Figure 6-47

4.95 The filtered 2.07 - 2.08 GHz input to the
Final Mixer goes through impedance
matching 3 dB attenuation pad, R1, R2, R3, and
highpass filter C1 with a microstrip inductor, to
the CR1, CR2, T1 mixer circuit. Here the sig-
nal is mixed with the 2.08 - 3.07 GHz YIG fre-
quency from the Directional Coupler board, and
the 0-1 GHz mixer difference frequency extrac-
ted. It is filtered by an on board microstrip
lowpass filter, and sent to the output casting

assembly High Level Amplifier board.

High Level Amplifier (82000), Figure 6-51

4.96 The High Level Amplifier consists of a
pair of wideband feedback amplifiers
which amplify the 100 kHz - 1 GHz input signal
to the needed output level, and an ALC detector
circuit which allows the Automatic Level Control
on the ALC/Squelch/DC Control (21000) board to
control the signal generator output level. The
two feedback amplifiers, Q1, Q2 and Q3, Q4
have their feedback controlled to maintain input
and output impedances at each amplifier of 50
ohms and an overall amplifier gain of*236 dB.
The output of the wideband amplifier is sampled
at the collector output of Q4 and input to the Ul
ALC detector. The signal is rectified by CR1
and the RF filtered by C19, C20. Variations in
CR1 over temperature are compensated by CR2
to maintain an input to ALC amplifier Ul which
changes only with the output level of the wide-
band amplifier. The ALC detector output is



sent to the ALC/Squelch/DC Control board, and
the RF output of the wideband amplifier goes to
the 0-120 dB variable attenuator on the CE-50A
front panel to control the level to the Output
Protection/Power Detector board.

Output Protection/Power Detector (81000),
Figure 6-50

4.97 The RF input signal comes onto the

board at WT 8 from the 0-120 dB atten-
uator, and is coupled through C7 to the CRS5,
CR6, CR7, CR9 limiter. The limiter prevents
any signal of greater than *1.0 volt from being
accidentally coupled from the SIG GEN OUT/
RF IN jack on the CE-50A front panel to the sig-
nal generator circuits, and causing possible
damage. If an RF signal is input to the CE-50A
SIG GEN OUT/RF IN connector, it comes onto
the Output Protection/Power Detector board at
WT 1 where it is detected, and the detected
level goes to the K1 relay on the Output
Casting assembly. It also goes through posi-
tive detector diode CR2 while negative limiter
CR1 clips the signal negative portion. Capacitor
C3 averages the voltage variations to make a dc
input signal at the U1-3 input. The level of the
signal is determined by the input RF level, and
if it exceeds the limit set by R1 at the U1l-2
reference input, the U1-6 output will go "HIGH"
turning on Q1 and Q2. When Q2 conducts it
puts a ground on the Output Casting assembly
relay K1, causing it to actuate and switch the
SIG GEN OUT/RF IN connector from the signal
generation circuits to the 20 dB RF Antenna
Load attenuator on the CE-50A rear panel. The
output of the 20 dB attenuator comes back to
the Output Protection/Power Detector board
at WT 10. The signal is peak detected by CRS,
and the detected level output at WT 9 to the
ALC/Squelch/DC Control (21000) board power
measurement circuits.

Audio Synthesizer (22000), Figure 6-7

4.98 The purpose of the Audio Synthesizer is
to take the audio switch position code from
the Tone Generator SW Mtg/DC Pwr Cont board,
convert the code to an audio frequency, and
use the audio frequency for internal CE-50A
modulation and as an audio output. The audio
frequency codes from the front panel MODULA-
TION-FREQUENCY (Hz) switches are input to a
Decimal Rate Multiplier made up of Ul (whose in-
put is the MSD of the MODULATION switches)
U2, U3, and U4 (input from the LSD switch). A
clock input to the Rate Multiplier comes from the
Q1, Y1 oscillator Time Base circuit. The oscil-
lator frequency of 5.1 MHz can be adjusted by
C31, and is buffered through U14 to the CLK
inputs of Ul, U2, U3 and U4 of the Decimal Rate
Multiplier. For every 10 clock pulses input to
each multiplier unit, its output rate will be the
number of pulses to which its corresponding
frequency switch is set. For example, if the
MODULATION-FREQUENCY (Hz) LSD switch is
set to 4, the output rate of U4 would be 4
equally spaced pulses for every 10 input clock
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pulses. If set to 7, U4 would have 7 equally
spaced output pulses for every 10 clock pulses

in. Since the multipliers are decaded, meaning
the Enable Outputs of Ul, U2, and U3 are con-
nected to the Enable and Strobe Inputs of the
following multiplier (U1l to U2, U2 to U3, and

U3 to U4), the clock rate at each succeeding
multiplier is effectively divided by 10. This

means that the output frequency of each multi-
plier will be a function of the input clock times
the switch setting (or multiplier rate) divided

by 10. So with the MODULATION-FREQUENCY
(Hz) switch setting of 2345, the output of Ul
would be 5.1 MHz times 2 divided by 10 (.2); U2
is 5.1 MHz times 3 divided by 100 (.03); U3 is 5.1
MHz times 4 divided by 1000 (.004); U4 is 5.1 MHz
times 5 divided by 10000 (.0005). In other words,
the total four unit multiplier output would be, at the
2345 switch setting, 5.1 MHz times .2345, or
1,195,950 bits.

4.99 The outputs of Ul and U2 are cascaded by
connecting the Z output of Ul to the
cascade input of U2. In the same way, U3 and
U4 are cascaded together. This causes the out-
puts of Ul and U2 to appear at the U2 (Y)output,
and of U3 and U4 to appear at the U4 (Y) output.
These outputs are inverted through parts of Ul4
and input to OR gate U15-9, 10. At the U15-8
output, the total output of the 4 multipliers
appears as a continuous bit stream depending on
the setting of the MODULATION-FREQUENCY (Hz)
switches. In the switch setting of 2345 discussed
above, the frequency would be 1,195,950 bits
per second. If the MODULATION - X1.0/X0.1/
X .01 switch is in the X1.0 position, the U15-8
output is gated through U15-6 and U7-6 to the
U8-14 Clk input of the Up/Down Counter. In
the X.01 position, the U15-8 output is input to
the U5-14 Divide-by-10 counter, and its U5-11
output gated through U16-8, U7-8, U15-11, and
U7-6 to the U8-14 Up/Down Counter input.
When set to the X.01 position, the output of U15-
8 goes through both Divide-by-10 counters U5,
U6 and is gated from U6-11 to the U8-14 Up/
Down Counter input. The ripple clock output of
U8-13 is connected to the U9-14 clock input
effectively making the 2 counters one Up/Down
Counter with 8 binary outputs. The up-down
count is controlled by J-K flip-flop Ul0 which is
triggered to change states at maximum or minimum
counts from the 2 counters (U10 pin 12 "HIGH"
means count down; "LOW" means count up). The
counter will count up and down for a total count
of 255 in each direction (the full count of the 8
binary outputs). So for each cyele of output
frequency, the cycle requires 510 bits. In our
example of the modulation switch setting of 2345,
therefore, the bit count into the up-down count-
ers of 1,195,950 will be divided by 510 for every
cycle of output frequency, for an output fre-
quency of 2345 (the number selected on the
switches).

4.100 The eight binary outputs from the Up/

Down Counters U8, U9 are connected to
the D/A Converter, Ull. The DL/A Converter
changes the linearly progressing binary input
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count to a linearly 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 current waveform with a
total range of 0-2 mA from minimum to maximum.
One cycle of this waveform is produced for 510
input counts to the D/A Converter. The D/A
output is connected to operational amplifier U12.
Operational amplifier U12 converts the current
input from the D/A Converter to a triangular
wave voltage and applies it to the Sine Conver-
ter. The output of Ul2 is biased by R22 to
center the output around ground.

4.101 The Sine Converter takes the Ul2 triangu-
lar wave and converts it into a sine wave.
The circuit makes use of the fact that in a field
effect transistor (FET), for a fixed voltage, the
drain current as a function of drain voltage be-
tween zero and pinch-off resembles a quarter
sine wave. Since drain and source are symmet-
rical they may be switched back and forth to pro-
vide 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 R28 in the U12
feedback loops and with the source resistance,
R35. Output level to the Output Amplifier U13
is adjusted by R23. Amplifier U13 provides an
output voltage at P1-14, R of 3.0 volts across
600 ohms. Temperature compensation for U13
is provided by thermistor R39.

Audio Control (31000), Figure 6-17

4.102 The Audio Control board selects and
directs the audio frequency signals to
ensure that the correct audio signals are avail-
able for modulation or output as needed. The
audio input from the Audio Synthesizer comes
onto the board at P1-J and is coupled through
C8 to FET switch Q2. Four actions can turn
off the normally on FET switch. First, if the
BURST switch is not in the CONT position, the
setting of the BURST potentiometer controls
the timing of the U4 monostable multivibrator
(1-shot) period. During the time the period
is "LOW", the FET Q2 is turned off, and when
"HIGH" Q2 is on. This allows the audio to pass
through Q2 in "bursts" controlled by the tim-
ing of U4 and the setting of the BURST con-
trol. Second, if the BURST control is in the
CONT position, pressing the INTERRUPT push-
button will enable switch Q3 and interrupt the
input of the audio signal. The FET Q2 is also
turned off if the OFF/GEN/GEN + 1 kHz switch
is in the OFF position, or if the FUNCTION
switch is in the SIG GEN-PFM position. With
Q2 turned on, the signal is amplified through
UlA and U1B, and output from the board at P1-
2 to be sent to the MOD ADJ potentiometer,
which controls the modulation level. Also input
to UlA-2 from P1-4 is the external MOD IN
signal from an external modulation source.
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4,103 The modulation signal returns to the

board from the MOD ADJ control at P1-
11 and is amplified through modulation amplifier
UZ2A and input to the modulation output summa-
tion amplifier U3A-6. Also into U3A-6 is the
output of the 1 kHz amplifier U2B-1. A 1 kHz
square wave is input to the Audio Control board
at P1-14 when U5-12 causes P1-R to enable the
1 kHz Switched TTL circuits on the Reference
Divider/Sinad (35000) board. Inverter U5-12
goes high if the OFF/GEN/GEN + 1 kHz switch
is in the GEN + 1 kHz position. The switched
TTL input goes to R32, 1 kHz adjust which sets
the input level to the Q5, Q6 wave shaper cir-
cuit for a 1 volt P-P output sine wave. The
signal goes to the 1 kHz LEVEL ADJ potenti-
ometer on the front panel through P1-M. The
controlled modulation level is then input at P1-
L to be amplified through U2B-1 and input to
U3A-6.

4.104 The modulation signal at U3A-7 consists

of the synthesized audio input, or the
synthesized audio plus 1 kHz. This signal goes
to P1-N where it is sent to the MOD OUT con-
nector on the CE-50A front panel. It also goes
to the inputs of FET switches Q7, Q8, Q9 which
are gated on if selected by the position of the
FUNCTION switch. Potentiometer R53 (AM),
R57 (FM), and R60 (PFM) are set to adjust the
gain of U3B which goes through P1-9 to the FM/
AM Modulation (36000) board circuits.

ALC/SQUELCH/DC Control (21000), Figure 6-6

4.105 This board contains four separate circuits
used in the CE-50A. Three seemingly
separate circuits, the ALC Ckt, Meter Driver,
and Output Level Cal circuit, are actually parts
of the same circuit. The other circuits are used
to (1) drive the power meter, (2) detect the unit
input signal level for squelching, and (3) visu-

ally indicate (with LED's) loop unlocked conditions.

4.106 The ALC circuit receives its input from
the High Level Amplifier (82000) board at
P1-T. The input signal is amplified through U7.
The Det Zero adjust, R10, removes any DC off-
set within the ALC loop to insure that the S1G
GEN output voltage will be proportional to the
voltage at U8-3. The input to U8-3 is a ref-
erence level used to control the signal generator
output level, and comes from the Output Level
Cal circuit driver at P1-S, through FINE (OFF)
adjust potentiometer on the front panel, and
into U8-3 from P1-15. The Output Level Cal
circuit input is the 1-2-4-8 code from the 100
MHz Frequency Select switch to P1-17, 18, U,
V. The code drives U6, a BCD to Decimal (1
of 10) Decoder. The code for each position
(0-9) of the 100 MHz switch causes one of the
U6 outputs (QO0 through Q9) to be enabled,
switching in a different calibration adjustment
of R50-R59 for each 100 MHz range of signal gen-
erator output frequency. This means the output
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of reference amplifiers Ull can be adjusted to
give any output voltage from 0-10 volts for every
100 MHz change in signal generator output fre-
quency selected. The U1l output goes through
P1-S to the FINE (OFF) control on the front
panel, and through the wiper of one of its dual
potentiometers to P1-15. From here the cali-
brated voltage is applied to U8-3 where it is
used as an adjustable reference to allow the U8
-6 ALC output to hold the CE-50A signal gen-
erator output level nearly flat over its 0-1 GHz
range. The second potentiometer of the FINE
(OFF) control is connected through P1-14 to
the SIG GEN LEVEL meter driver, U10. MET
CAL adjust R26 is set for full scale meter de-
flection with the meter measuring the signal
generator output level relative to the attenuator
control setting.

4.107 The Power Meter Driver has 2 inputs.
The P1-13 input is the detected power
input from the Output Protection/Power Detec-
tor (81000) board, and goes to U12-3 input.
The P1-9 input is the control voltage for the
U5 Quad Bilateral switch, and comes from the
Meter Function switch on the CE-50A front
panel. When the switch is in any position other
than PWR X1, the P1-9 input is open, and the
U5 pin 1 to pin 2 and pin 8 to pin 9 switches
are held closed by the +10 volts on control pins
6 and 13. This connects the U12-6 output
through R44 (the 100W set adjust) to U4-2, and
U4-3 to the R46 (10W set adjust) center.
When the Meter Function switch is in the PWR
X1 position, the P1-9 input will be +10 volts.
This voltage turns on switch Q8 and opens the
U5 pin 1 to pin 2 and pin 8 to pin 9 switches
which had been held closed by control pins 6
and 13. The +10V also goes to the U5 control
pins 5 and 12, closing the pin 10 to pin 11
and pin 3 to pin 2 switches. This connects
the U12-6 output through R43 to U4-1, and the
R42, R45 voltage divider to U4-3. The U4-6
output drives Ul. The 1W to 10W range can be
adjusted at Ul by R61 (10W adjust) and R62
(1W adjust). The power driver output is taken
at P1-12 and N and applied to the power meter.

4.108 The Squelch and DC Control circuits
have some interacting functions. A
Squelch In signal from the 10.7 MHz IF board
comes in at P1-8., In the SIG GEN position of
the FUNCTION switch, +10V is applied through
CR18 to the cathode of CR19, turning it off.
In the SPECTRUM MONITOR position of the
FUNCTION switch, +10V is applied to P1-L and
J, turning on Q6 and energizing DC Pwr Con-
trol relay K1. With K1 energized, +10V is
applied through CR15 to the cathode of CR17,
turning it off. With the FUNCTION switch in
one of the MON positions (FM, PFM, AM),
CR19 and CR17 are forward biased and the
squelch signal is applied to the bases of Q5 and
Q7. A positive voltage to the base of Q7 turns
it on. This turns off LED CR13, and applies a
ground level signal to P1-K. Switch Q5 is also
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turned on by a positive voltage applied to its
base, and applies a ground level signal to
P1-10.

4.109 The Loop Unlock Detector circuits on

this board are generalized trouble-
shooting circuits which light an LED to give a
visual indication of problems in the CE-50A
phase-lock loop circuits. This localizes most
problems which might occur in the CE-50A to a
section associated with the failing loop, and is
an important troubleshooting aid. A loop un-
lock condition will cause P1-4 output to the
front panel UNLOCK LED to go "HIGH", either
through LED CR5 (S) or the conduction of Q1.
Transistor Q1 will conduct if a "HIGH" is pre-
sent at P1-C (turning on CR1) signifying an
unlocked condition exists in the YIG on the 208
phase-lock loops. It will also conduct if P1-D
goes "HIGH" (turning on CR4) signifying an
unlocked 1.7 GHz phase-lock loop. The Basic
Synthesizer phase-lock loop unlock indicator,
CR5, will be turned on and apply a "HIGH" to
P1-4 if the basic synthesizer loop A or B is
unlocked. The Loop A Divide-by-N output
comes onto the board at P1-E and goes through
logic inverter Q2 (for phasing) to the U2-11
clock input. The U2-12 input is a 100 Hz ref-
erence level. If Loop A is locked, the Loop A
Divide-by-N input will also be at 100 Hz, and
the U2-9 flip-flop will be "HIGH" into NAND
gate U3-4. At the NAND gate U2-5 input is
the output of flip-flop U2-5, which will also be
"HIGH" if the Loop B Divide-by-N output fre-
quency at P1-H is equal to the 100 kHz refer-
ence frequency input at P1-F, meaning the loop
is locked. As long as the two loops are locked
the output of U3-6 will be "LOW", and there will
be no input to the U3, CR6, R5, C12, C9 delay
circuit to CR5. If one of the loops becomes un-
locked, the delay circuit input rjses "HIGH" and
lights the Basic Synthesizer Phase-lock loop
unlock LED, CR5. The 100 Hz and 100 kHz
reference frequencies are also monitored through
Q3, Q4 drivers. The output of Q3 is rectified
through CR8 and filtered by C13 to produce a
"HIGH" while the 100 Hz frequency is present.
The Q4 100 kHz output is rectified by CR9 and
filtered by C14 to hold the U3-2 input "HIGH".
If one of the frequencies is lost, the U3-3 out-
put will go "HIGH", turning on the 100 Hz or
1000 kHz Ref Failure LED, CR10.

Speaker Driver (93000), Figure 6-55

4.110 The Speaker Driver board contains

two circuits. One is to amplify the
audio signal to the correct level to drive the
CE-50A internal speaker. The second circuit
determines if the optional OCXO heater circuit
is operating. The audio signal to the Speaker
Driver comes from the FM/AM Detector #1
(24000) board, and is input to Ul-2 from J2-2.
The gain of Ul is variable, and controlled by
the feedback combination of the photoconductive
resistance of photoconductor U3 in parallel
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with R4. If the audio output signal level at

U1-2 attempts to increase (which might occur
with an increase in the % of AM modulation for
example), the amplified U1l-6 output is de
averaged through C3, R5 and negative limited

by CR1. Rectifier CR1 also prevents excess
reverse bias on the photo diode input. Since

the increase at Ul-2 is amplified through the IC
the positive dec average at the U3 photodiode
anode will also increase. This causes an in-
crease in current through the diode which
increases its light level and decreases the
photoresistance across R4. This decreases the
Ul gain and holds the output level to a cons-

tant amplitude. The leveled audio output is

then coupled through C2, R6 to J1-10 where it
goes to the front panel volume control. The
controlled volume level returns to the board at
J1-8, and is amplified in the Q1, Q2, Q3, Q4
amplifier to be applied to push-pull amplifier Q5,
Q6. The push-pull output goes to J1-1, 2 to drive
the CE-50A speaker.

4,111 The U2 comparator circuit determines
if the optional Oven Controlled Crystal
Oscillator (OCXO) heater circuit is operating,
and if it is, lights the front panel OVEN LED to
alert the operator that the oven temperature is
low. Since heater operation requires the OCXO
to draw much more current than it does during
operation of the oscillator circuits, the OCXO
input power is applied through R20 on the
Speaker Driver board. An increase in the OCXO
current will increase the current through R20,
causing a larger voltage drop across the resistor
to J2-4. The voltage at J2-4 is divided across
R24, R23 and the voltage at U2-2 compared with
a constant reference voltage at U2-3 across
dividers R21, R22. The increased voltage drop
across R20 causes a decrease in the U2-2 com-
parator input. This decrease causes the output
level to go high, turning on the OVEN LED. If
the voltage drop across R20 decreases, the
level at U2-2 will increase, causing the U2-6
output to drop and turn off the OVEN LED.

Horizontal Deflection Switch Mounting (44000)
Figure 6-29

4.112 The board is a switch mounting and
interface board for the eight deck
HORIZ (per div) switch S1, and its concentric
CAL switch/potentiometer vernier adjustment,
S2/R3. The S1 switch sections are drawn in

the 10 ms position, and as viewed from the front.
Four separate connectors are used to connect

the switch position data to appropriate circuits
in the CE-50A. The vernier R3 scan width
adjustment is functional only during oscilloscope
operation of the CE-50A.

Vertical Deflection Switch Mounting (43000)
Figure 6-28

4.113  The Vertical Deflection Switch Mount-
ing board is used as a switch mount-

ino and interface board for the four deck VERT
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switech S1, and its concentric CAL switch/pot-
entiometer vernier adjustment, S2/R1. The S1
switch sections are drawn in the 1.5 kHz/$ AM
X10 position, and as viewed from the front.
The vernier R1 adjustment will vary the signal
amplitude on the CRT only during oscilloscope
operation of the CE-50A.

Vertical Amplifier (41000) Figure 6-26

4,114 This board contains circuits for amp-
lifying and converting the selected

input signal to the voltage levels needed to
transform the signal data to a visual display,
representative of the input signal, on the CE-50A
CRT. There are also circuits for controlling the
CRT functions which position and display the sig-
nal characteristics so they can be seen and
understood.

4.115 The signal input comes onto the board at
J1-8 (demodulated AM or FM from FM/AM
Detector #2 board for normal oscilloscepe operation)
or J1-6 (the Log Converter board output for
spectrum monitor operation). For oscilloscope
operation, the signal gain is set by R59 and its
offset level controlled by R61. The signal is then
sent to J4-8. The signal is acted on through
Vertical Deflection Switch Mounting board switch-
ing and then returned to the Vertical Amplifier
board through J4-1 to the gate of one of the dual
FET amplifiers of Q2. The two FET's of Q2, plus
Q1l, Q3, Q4 and Q5 make a low noise, high input
impedance, dual differential feedback amplifier for
the signal. The input FET of Q2, plus Q1 and

Q4, make up the first differential feedback ampli-
fier. Its output is taken at the Q1 collector and
sent to the Q6 base input of the Q6, Q7 differen-
tial amplifier. The second Q2 FET gate is biased
through voltage divider R14, R15, and BAL poten-
tiometer R71, and its output taken from the collec-
tor of Q3 to go to the base of Q7. The BAL adjust,
R71, is adjusted to prevent changes in the R10
VERT CRT position potentiometer from causing

a dc level shift in the amplifier output. The dif-
ferential output of Q6, Q7 goes through J2-4 and
J2-9 to the Horizontal Deflection Switch Mounting
board. If the HORIZ (per div) switch is not in
one of the SPECTRUM MONITOR positions (10

kHz, 100 kHz, or 1 MHz), the signal is returned
through J2-6 and J2-7 to the base inputs of Q8,
Q16 differential amplifier. The Q15 circuit is a
current source for the Q8, Q16 amplifier, which

is cascaded with the Q11, Q14 differential amp-
lifier using CR10-12 as a current source. The
Q11, Q14 differential amplifier is used to drive

the Q9, Q10, Q12, Q13 current sinking network
which powers the Q8, Q16 collector differential
output. Increased current requirements of

higher frequencies are met by using C11 and

C15 to short across Q9, Q10 and Q12, Q13 at
higher frequencies. This reduces the trans-
istors current gating effects and makes more
current available to meet the increased speed
requirements. The output of the deflection
amplifier goes to J3-2 and J3-1 where it drives

the CRT vertical deflection plates.
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4.116 In spectrum monitor operation, the in-
put signal comes into the board at

J1-6 from the Logarithmic Amplifier board.

The HORIZ (per div) switch is in one of the SPEC-

TRUM MONITOR positions (10 kHz, 100 kHz, or
1 MHz). This causes the deflection amplifier
Q16 base to be grounded (J2-7 to J2-8), and
the base of Q8 to be connected (from J2-6 to
Jd2-2) through R45 to the J1-6 input. 1t also
connects the GAIN (R49) and VERT SHIFT
(R47) potentiometers to the deflection amplifier
input to control the input signal amplitude and
offset during spectrum monitoring. This causes
the vertical amplifier circuits to be by-passed
during spectrum monitor operation so that only
the deflection amplifier and CRT display control
circuits are used. Astigmatism control R54 is
set to assure good focus of the trace at either
end of the CRT. The Trace Rot (R62) pot-
entiometer allows the trace of the rectangular
CRT to be rotated without moving the tube it-
self. The X POS potentiometer is a centering
control for the CRT display, and the INTENS-
ITY (R66) and FOCUS (R67) controls are set
to make the CRT display readable.

Time Base and Horizontal Amplifier (42000)
Figure 6-27

4.117 The board's Time Base section con-
sists of Ul, U2 and Q1-Q15, plus all
associated circuitry including timing capacitors
C1-C4 on the Horizontal Deflection Switch
Mounting board. Its function is to synchronize
the horizontal sweep rate, in both the oscillo-
scope and spectrum monitor modes, to the input
signal, and to generate the correct sweep range
for each selected sweep speed. The Horizontal
Amplifier section amplifies the sweep to a level
which can be used to drive the CRT deflection
plates, and controls the intensity of the display.
4.118 The input signal to the Time Base is

the synchronous input signal from the
Vertical Amplifier (41000) board. The signal

is input at J2-8 and applied to the base of
buffer Q1. The emitter output of Q1 is sent to
differential pair amplifier U1-10 with a dc input
bias controlled by R1. The synchronous input
signal is amplified through U1l and buffered
through emitter-follower Q2 to the U2-3 Clock 1
input. The +5V Vece for U2 and other circuits

is provided by the Q2 +5V regulator circuit.

The Q3 emitter output also goes through C11 to
the Q4, Q5 Preset Trigger pulse detector circuit.
The Q4, Q5 output through CR4 is one input of
a three input OR feeding the U2-4 Preset input,
and is normally "LOW" (Q4, Q5 off). The other
two inputs to U2-4 are the free-run Preset
enable through CR7 (presets U2-5 output "HIGH"
when there is no trigger input), and the free-
run disable signal through CR13 (for spectrum
monitor operation).

4.119 The operation of dual "D" flip-flop U2
sets the timing for the oscilloscope
horizontal sweep as follows: When there is a
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trigger input signal, it is detected by Q4, Q5
and the detector output through CR4 is a posi-
tive pulse. This pulse is applied to U2-4, and
disables the preset hold which places the circuit
in a "free-run" condition. The pulse is also out-
put from the U3 emitter and applied to the Clock 1
input at U2-3. Since the U2-5 has been preset
"HIGH", it stays set, and the "LOW" at U2-6
holds the ramp reset switch, Q12, off. With
Q12 off, the oscilloscope ramp generator current
source Q7 will be turned on and pull current
(set by R9-R14) to charge the holding capacitor
selected by the Horizontal Deflection Switch
Mounting sections A and B. As these capaci-
tors charge, the ramp output of Q12, Q14

ramp generator goes more positive. This turns
on Q8 and removes the preset hold from U2-10
without resetting it. The ramp will go more
positive until it crosses the threshold set at

the base of Q9 by R45, R48. When this thresh-
old is crossed, Q9 will conduct, resetting the
U2-9 output "LOW". This "LOW" enables the
U2-1 clear input, and resets U2-5 to a "LOW",
and U2-6 "HIGH" (possible now because the
U2-4 preset hold was removed by the Q4, Q5
detected trigger pulse). The U2-6 "HIGH"
turns on Q12 and discharges the selected hold-
ing capacitor, resetting the ramp to its low
starting level. This "LOW" ramp voltage then
turns off Q9 and Q8, enabling the U2-10 Preset
(setting U2-9 "HIGH"), and disabling the U2-13
Clear input. The Q4, Q5 detector output now
returns to its normal "LOW" and the timing flip~
flop is ready for another trigger input.

4.120 When the HORIZ (per div) switch is in
one of the spectrum monitor positions
(10 kHz, 100 kHz, or 1 MHz), the switch sec-
tion E on the Horizontal Deflection Switch
Mounting board applies a switched +10V to the
CR13 input to U2-4 Preset, and to switches
Q18, Q10, and Q28. The Q10 switch disables
the squelch blanking circuits. Switch Q28

base is enabled by the sweep trigger input
(through the forward biased diodes CR31-33)
from the YIG FM Coil Driver/Sweep Driver
(optional 27000 board for CE-50A-1)at J3-1.
The sweep trigger is a normally "LOW" input
with positive going sweep trigger pulse.
Switched through Q28, the input to U2-3is a
normally "HIGH" signal with a "LOW" going
pulse. The switched +10V through CRI3 holds
the U2-4 Preset input "HIGH", so the U2-5
output is set by the input sweep trigger pulse.
When the trigger from J3-1 sets U2-5, U2-6
goes "LOW" and holds the ramp reset switch,
Q12, off. The current source for the spectrum
monitor sweep is Q6, which now starts charging
the C10 spectrum monitor current holding cap-
acitor. The Q6 collector output is switched
through the Horizontal Deflection Switch Mount-
Ing section B to the input to the ramp genera-
tor, Q13, Q14. As C10 charges, the ramp out-
put of Q13, Q14 becomes more positive, turning
on Q8. With Q8 turned on, the input to U2-10
Preset goes "HIGH" disabling the preset hold on
U2-9 output. When the ramp exceeds the
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threshold at the base of Q9 set by R45, R48,
Q9 will conduct, resetting the U2-9 output to

a "LOW". This "LOW" enables the U2-1 Clear
input and resets U2-5 "LOW" and U2-6 "HIGH".
The "HIGH" at U2-6 turns on Q12 and dis-
charges C10, resetting the ramp to its "LOW"
starting level. The low ramp voltage turns off
Q8 and Q9, and presets U2-9 "HIGH" again.
The timing circuits are then ready for another
spectrum monitor sweep trigger input at J3-1.

4.121 The Q13, Q14 ramp output goes to

the junction of R56 and R57. In all
positions of the HORIZ (per div) switch other
than spectrum monitor, switch Q15 shorts out
R59, and Trace Width potentiometer R58 alone
sets the base bias to the horizontal amplifier
Q19 input. In the spectrum monitor mode, R59
is in the circuit. External input signals used
to control the horizontal sweep are input to the
board at J4-1 from the front panel. The sig-
nals are amplified through Q16, Q17 and
switched through the Horizontal Deflection
Switch Mounting board to the Q19 horizontal
amplifier input. The horizontal sweep ramp
signal is amplified through the cascaded differ-
ential amplifier Q19, Q20, Q21, Q23, while
Q22 provides the constant current source. The
differential output is adjusted for balance by
R87 in the spectrum monitor mode (the FET
Q24 is turned on by switch Q18), and output
through J7 to the CRT horizontal deflection
plates. Amplifier Q25, Q26, Q27 controls the
voltage differential between the CRT cathode
and grid #1 at J5 pins 1 and 2 to set the
intensity of the CRT display.

7

AC/DC Switching Supply #1 (91000) Figure 6-53

4.122 The AC/DC Switching Supply #1 board

contains the circuitry for converting
the input 115 volts or 230 volts AC power source
to +12 volts DC. The converted +12 volts, or
+12 volts DC from the external dc input or op-
tional battery, is used on other boards to
derive all voltages used in the CE-50A.

4.123 The input AC comes onto the board at
wireties 1 and 2, and is passed through
line filter transformer T1. If the 115/230 volt
slide switch on the CE-50A rear panel (S90001)
is in the 115 volt position, CR1 is connected as
a half wave rectifier, and C4, C5 are connected
as a voltage doubler for the rectified output.
The negative half wave of the 115 volt input is
rectified through CR1 and charges C5 to its
peak voltage (115 x 1.414, or approximately
163 volts) through thermistor R3. The positive
half wave of the 115 volt input is rectified
through CR1 and attempts to charge C4 (through
R3) to its peak, but since the top of C5 is al-
ready at 163 volts, it has to charge to approxi-
mately 325 volts to achieve the 163 volt differ-
ential across C4, thus doubling the voltage.
With 590001 in the 230 volt position, CR1 is
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connected as a full wave rectifier, and C4, C5
as a single output filter capacitor. Since the
combination of C4, C5 tries to charge to the
voltage peak, the rectified voltage at the top of
C4 will still be approximately 325 volts as it was
when S§90001 was in the 115 volt position. Diode
CR2 is a gas filled, two element device with a
very fast response time used to suppress transi-
ent voltage excursions in the output.

4.124 The purpose of thermisters R1 and R3

is to reduce the initial turn-on surge
current charging capacitors C4,C5, Then as
they warm up their resistance decreases to a
low value for full circuit efficiency. However,
if the CE-50A is turned off, and then turned
back on while R1 and R3 are still warm and C4,
C5 are discharged, the surge to charge the
capacitors won't be restrained by the resistance
of the thermisters. The circuits of Q4 and Q6
protect the AC/DC Rectifiers from this. The
input ac voltage, divided down by R11, R12,
turns Q4 off and on at a 60 Hz rate. With Q4
on, C17 is discharged. It charges while Q4 is
off through R16. Due to the long R16, C16
time constant, the capacitor can't charge enough
before Q4 discharges it to make the Q6 emitter
more positive than its base, and Q6 will remain
off. However, when CE-50A power is turned
off, Q4 can't turn on, and C16 will charge suf-
ficiently to turn on Q6. This applies a positive
voltage to the Ul shutdown input, turning off
the base drive circuit. This prevents the dis-
charge of C4, C5, and they will maintain a
charge long enough for R1 and R3 to cool and
again have enough resistance to protect against
surge current.

4.125 To assure operation of the +12V conver-
ter circuits at unit turn-on, the board
has a starting circuit consisting of a switch (Q3)
controlled latching circuit (Q5 and Q7), and a
power rectifier feedback loop (C21, CR20, CR21
and T 3 secondary coil). When the CE-50A is
initially turned on, there is rectified ac at the
CR1 bridge rectifier output, but no voltage to
the transformer, T3. Therefore, the T3 second-
ary feeding CR20, CR21 will have no voltage im-
pressed upon it, and Q3 will be turned off.
With Q3 off, the rectified ac at the CR1 output
will be felt across R17 at the emitter of Q5, and
C15 will start to charge. As the charge on C15
reaches 30 volts, it will turn on CR18, which
turns on the latch Q5, Q7. When Q5, Q7 are
turned on, the 30 volt charge (which was formerly
on C15) will be divided between C15 and C21,
As C21 becomes charged, it supplies power for
the Ul, Q8-11 control circuits. This starts the
T 3 output transformer operation, and as the T3
feedback loop secondary begins supplying volt-
age to the rectifier circuit of CR20, CR21, and
C21, Q3 is turned on. When Q3 turns on, it
turns off latch Q5, Q7, and the base drive con-
trol circuit power is sustained by the feedback
loop of output transformer T3.
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4.126 The control circuit output is determined
by the operation of the regulating pulse
width modulator, Ul, whose output pins 12 and
13 control the push-pull drivers Q8, Q10 and
Q9, Q11 to the primary of T2. The oscillator
frequency of Ul is approximately 36 kHz, and

is set by R29 and C17. In push-pull operation,
the oscillator enables first one and then the
other output, which divides the output frequency
by half, or to approximately 18 kHz. If the pin
12 output goes "HIGH", pin 13 will be "LOW".
This turns on Q8 and Q11, opening a current
path through Q11, to the dotted side of the T2
primary, then through the primary to the
emitter of Q8 and through Q8 to ground. If pin
13 goes "HIGH", pin 12 will be "LOW", and Q9
and Q10 will be turned on. This opens a current
path in the opposite direction through the T2
primary, from Q10 to ground at the collector of
Q9. The amount of time the pin 12 or pin 13
outputs of Ul stay "HIGH" is determined by the
amount of error in the output +12 volts. This
error is determined on the AC/DC Switching
Supply #2 board error amplifier circuit, and re-
turned to the AC/DC Switching Supply #1 board
at the wiretie 6 Feed Back input. A positive
error (+12V too high) will increase the current
to U2 and cause its output at pin 4 to become
more positive. This goes to Ul-1 Pulse width
modulator and causes the output pulse width at
pins 12 and 13 to compensate for the higher
level by decreasing the output signal positive
pulse width. This reduces the base drive to
the rear panel Q90004, Q90005 transformer
drivers, and reduces the rectified output +12vdc
at wiretie 8 to the AC/DC Switching Supply #2
error amplifier circuits.

4.127 The starting load circuit of Q90006 (on
the rear panel), CR25-CR29, and R40-
R42 provides a dynamic load for the power
supply when the front panel POWER (STD BY/ON/
OFF) switch is in the OFF or STD BY position,
and the POWER (EXT DC/BATTERY /AC) switch
is in the AC position.

AC/DC Switching Supply #2 (92000), Figure 6-54
4.128 The AC/DC Switching Supply #2 board
contains four power supply circuits. The
Error Ampl circuit is the error amplifier circuit
for the AC/DC Switching Supply #1 rectified
+12vdc output. The 14.1 volt Battery Charging
Ckt is used to recharge the optional +12 volt
battery when an AC or External DC voltage
source is available. And the -7vdec and +7vdc
supply circuits provide additional voltage needed
for CE-50A operation.

4.129 The error amplifier's +12vdc input comes
onto the board at J1 pin 3, and its output
level set by R6. The output +12vdc is filtered
through L1, C2 and goes to wiretie 2 to be sent
to the front panel POWER switch S10006. Error
detection is done in the Q2, Q3 differential
amplifier. Base-emitter bias for Q3 is set by

4-25

CIM CE-50

CR1 and the voltage drop across R9, which also
sets the Q2 emitter voltage. The base voltage

for Q2 is set by the voltage drop across R1, R6,
R7 and selected by the setting of R6. Any fluctu-
ation in the +12vdc will cause an increase or de-
crease in the base voltage of Q2 and cause it to
draw correspondingly more or less current through
R3. This causes the base voltage of Q1 to vary
also, and the error is amplified through Q1 and
sent to wiretie 3 and from there to the AC/DC
Switching Supply #1 board as the error Feedback

signal.
4.130 The 14.1 volt battery charging circuit
converts +12vde input to +14.1 volts for
maintaining the correct output voltage from the
optional battery when an AC or External DC
voltage is selected by S10006. The charging cir-
cuit is operational in any position of the POWER
(STD BY/ON/OFF) switch, S10005. The +12V
input comes onto the board at wiretie 9 and goes
to two places. First it actuates relay K1 to allow
the charging line to be connected to the battery.
1t also goes to filter capacitor C3, and inductor
L2 which is part of a voltage boost circuit which
works as follows. Timer Ul is connected as an
astable multivibrator whose approximately 16.6
kHz free-running duty cycle is set by the charg-
ing of C11 through R21 and R45, and the discharge
of the capacitor through R45 only. The U1-3
output pulses go to the base circuit of switch con-
trol Q5, Q6. When the pulse goes "HIGH", it turns
on Q5 which draws emitter current through R13,
turning on switch Q4. This opens a current path
for the +12vdc through L2 and Q4 to ground.
This current flow builds a current field in L2.
When the U1l-3 output pulse goes "LOW", it turns
off Q5, Q6 which also turns off Q4, and the field
of L2 begins to collapse to maintain the current
flow. However, the current path has changed
now from Q4 to the battery, and the difference

in the load causes a boost in the voltage felt on
the line going to wiretie 8 to approximately +14.1
volts. This voltage can be adjusted by R27 and
regulated by U2. The U2-10 regulator output is
applied to the charge on C11 to vary the timers
output pulse duty cycle. This varies the amount
of time in which L2 is allowed to maintain the cir-
cuit current flow, and therefore the amount of
voltage boost felt at wiretie 8.

4.131 The -7vdc and +7vdc supplies are both
controlled by the U3 regulating circuits.
When the CE-50A is first turned on, Q8-Q11 are
turned off, and +12vdc is applied to U3-12 V+
input. This turns on the +7 volt U3-6 reference
voltage circuit to the R36, R38, R39 divider.

Since there is no +6 volt output yet, the U3-4
comparator inverting input will be low, while the
noninverting input to U3-5 is some positive value.
This enables the U3-11 Vc output, turning on Q9
and Q10, and enabling Q8 and Q11. The output
of Q11 goes through R20 to one secondary winding
of T1l. This voltage opposes the voltage induced
in this secondary by the primary T1 winding fed
by Q8, and prevents Q8 from saturating at turn-on.
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The primary also induces a voltage in the second
secondary winding which is rectified by CR8 and
filtered by C9, C13 before being sent to wiretie
7 as the -7 volt output. As the input +12 volts
saturates the T1 primary, the U3-4 inverting in-
put will start to exceed the reference level set
by R38 at the U3-5 noninverting input. This
disables the Ve output and turns off Q8, Q9,
Q10, Ql1. The saturated field in T1 will start to
collapse, now pulling current through CR7. As
the field collapses, U3-4 will again be less than
the level at U3-5, enabling Vc and Q8, Q9, Q10,
Q11. The U3-11 Ve output will continue to
oscillate like this as long as the POWER (STD BY/
ON/OFF) switch S10005 is in the ON or STD BY
position. The output +6 volts is filtered by L4,
C18 to remove the regulator switching fluctua-
tions, and sent to wiretie 5 for output.

10V /5V Regulators (39000), Figure 6-24

4.132 The 10V/5V Regulator board contains the
circuits which provide the CE-50A with

+10V, +5V, and -5V mecca power sources, plus

-2V and the battery condition monitoring circuits.

4.133 The input voltage used to produce the
+10V mecca power source is +12vdc from
the front panel POWER (STD BY /ON/OFF) switch.
When it is in the ON position, and the POWER
(EXT DC/BATTERY/AC) switch is in the position
from which the power source is to be derived,
+12V comes onto the board at P1-1, A. It is
filtered through L1, C1 and sent to the rear
panel series pass transistors Q90001 through P1-2,
B. Initial regulator turn-on start and IC bias
isolation is provided by Q1 and Q2. Current
regulation of Q90001 output is used to control the
voltage and is done by Ul. A precision, tempera-
ture compensated zener reference input is pro-
vided for Ul by CR11. Voltage fluctuations at
the +10V mecca are felt at the Ul-2 inverting in-
put through resistive divider R12, 13, 14, 15 and
17. Potentiometer R13 is the +10V adjust. The
output of Ul-6 is amplified and inverted through
Q3, Q4 to control the base bias of Q90001. If
the +10V mecca voltage tries to decrease, the
base bias is increased to allow more current
through the series pass regulator, Q90001.

4.134 The battery meter indicating circuit of
Q4, CR1-5 and R8-11 monitors the output
voltage of the +10V mecca source to P1-6, F at
all times. With the POWER (EXT DC/BATTERY/
AC) switch in the battery position, the indication
sent to the front panel BATTERY COND meter
through P1-C and P1-5, E shows the voltage
level of the optional battery to the regulator cir-
cuits. As the battery voltage decreases, the
current through Q4 increases causing an increased
voltage drop across R10, R11 and a decreased dif-
ferential to the meter, resulting in the meter
needle moving toward the red marked area.
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4.135 The +5V mecca power source is produced
from a pre-regulated +6V  input at P1-5
from the AC/DC Switching Supply #2. The input
is filtered through L2, C7 and sent through P1-L
to the Q90002 series pass regulator. The regula-
tor return is at P1-K. The +5V source is regula-
ted by controlling the emitter-base bias to Q90002,
and is done by the circuits of Q5, Q6, and voltage
comparator U3. The +5V mecca source is moni-
tored at U3-2 and compared with +5V derived
across divider R31, R32 from the previously regu-
lated +10V mecca source. Any fluctuations in the
+5V output are amplified and inverted across Q5,
Q6, and the fluctuations eliminated by increasing
or decreasing the emitter-base bias of Q90002 as
needed . The differential amplifier U2 monitors
the current through R25 by checking its voltage
drop. If the current is too high, the U2-6 output
will go "LOW", turning off the Q5, Q6 emitter-
base bias control to Q90002 and turning off Q90002,
also. This is called "Fold-back protection"”, as
the current will increase through the +5V source
circuits until it becomes too high, and U2 begins
to then reduce it, or fold it back. Then as more
current is needed, less is supplied through the
circuit. Additional protection for the circuit is
given by the overvoltage protection circuit of
Q90003. Normally off, Q90003 will conduct only
when the +5V output voltage exceeds the level
set by CR9 zener value. This turns on CR9
causing it to draw current through R33. If the
voltage drop across R33 exceeds the Q90003
emitter-base turn-on bias, the transistor will
conduct and turn off the +5V output.

4,136 The input voltage for the -5V and -2V

regulator circuits also comes from the
AC/DC Switching Supply #2 board. The -7V
regulated input at P1-9 goes to the series pass
regulator Q7. The conduction of Q7 is controlled
by its emitter-base bias which is set by the volt-
age comparator Q8, Q9. The base voltage of Q9
will be equal to the base voltage of Q8 (zero
volts) if the output of series pass regulator Q7
is -5V. When the Q7 output goes more positive
than -5V, the conduction of Q9 decreases. This
decreases the voltage drop across R35 making
the emitter of Q8 more positive. The increased
forward bias on Q8 causes it to conduct more and
increase the conduction of Q7, which makes the
Q7 output more negative. This cancels the
output attempt to go more positive. The -2V
output is derived from the -5V regulated output,
and regulated by Q10.

DC-DC Converter (45000), Figure 6-30

4.137 This board converts an input +10vdc

to dc voltage levels needed to operate
the CRT and CRT deflection circuits of the CE-
50A. The +10vdc comes onto the board at J2 pin
3, and is filtered by C1 before being applied
through R1 and L1 to transformer T 1. Resistor



R1 is a current limit for the T1 terminal 3, 4, 5
secondary winding. L1 is a current feed control
for the circuit. The input +10vdc to the T1
terminal 1, 2, 14 primary winding stores current
in L1 to be used when the output load requires
it. This reduces output fluctuations by having
an available current source for short-term load-
ing demands.

4.138 When the +10vdc input comes into the
board, it is applied through R1 to the
T1 center-tap terminal 5, and is felt at the
bases of both Q1 and Q2. Due to normal transis-
tor differences, one will begin to conduct before
the other, and for purposes of explanation it
will be assumed to be Q1. As Q1 begins conduct-
ing, it pulls current through L1, and from the
terminal 14 center-tap through the primary
winding to terminal 1, and then through Q1 col-
lector to emitter, or ground. As the current is
pulled through the primary winding from termin-
al 14 to terminal 1, it induces an opposite flow
of current in the terminal 3, 4, 5 secondary
winding, or from terminal 4 to terminal 3. This
makes terminal 4 more positive and turns on Q1
harder. Since terminal 3 is the more negative
terminal, Q2 is held off. The conduction of
Q1 will increase until the field in the primary
of T1 reaches the maximum voltage of the input.
At this point, since the input to the primary
is a dc voltage, the field will start to collapse.
The current through the primary winding will
now reverse, going from terminal 14 through
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terminal 2, and through the collector of Q2 to its
emitter, or ground. Now the induced current
through the terminal 3, 4, 5 winding will cause
terminal 4 to change from positive to negative
and terminal 3 from negative to positive. The
bias on Q1 will decrease, and on Q2 will increase,
until Q1 turns off and Q2 turns on. The opera-
tion of switch Q2 is identical to Q1 except that
the direction of current flow through the trans-
former is reversed. Switches Q1 and Q2 will
alternately switch on and off at the natural oscil-
lating frequency of the circuit.

4.139 The four remaining secondaries provide

the voltages for CRT operation. The
addition of C2, C3, C4, and C5, in conjunction
with the transformer windings, places a tank
circuit in the T1 primary (C4 and C5 are re-
flected back by transformer action) which stabi-
lizes the natural oscillating frequency and the
transformer operation. The secondary winding
at terminals 8, 9, 10 works with CR1, CR2 to
make a full wave negative rectifier. The output
is filtered by L2, C8 and the resulting -10V
output sent to J1-1. The secondary winding
from terminal 6 to 7 (center-tapped to ground
at terminal 9) and CR3, CR4 make a full wave
positive rectifier to produce +90V, filtered by
L3, C9, at J1-3. The -960V CRT cathode volt-
age is output at the board wire tiepoint 2, and
the 6.3vac CRT filament voltage is developed
across the secondary on terminals 11, 12 and
sent to board output tiepoints 7 and 8.
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SECTION 5
MAINTENANCE

GENERAL
5.01 This section of the manual containsthe
information necessary to check the per-
formance of the CE-50A and to make the recom-
mended field adjustments, and a troubleshooting
procedure for locating system problems down to
the PC board level.

5.02 Due to the complexity of some CE-50A cir-
cuits, and the special procedures necessary
for their adjustment, it is recommended that the
instrument be returned to the factory or authorized
service center for recalibration or repair. Refer to
paragraph 2.06-2.11 of Section 2 for procedures to
be used in returning an instrument for recalibration
or repair. Please contact the Cushman Electronics,
Inc. Customer Service Department for further in-
structions before returnine an instrument.

5.03 In the following discussions it is assumed
that the technician is familiar with the
operating procedures described in Section 3.
5.04 Prior to making any adjustments to the
CE-50A circuits, the instrument should
be warmed up for two hours with all covers in-
stalled.

Access and Parts Location
5.05 Printed circuit boards and assemblies can
be reached in the CE-50A by removing
the two side covers. Each cover is held in place
by eight screws, and to each other by two addi-
tional screws. To remove the covers, stand the
instrument on its back to facilitate removal.

5.06 Figure 5-1 shows the location and access
for all CE-50A circuit boards and assem-
blies. The drawing also shows, by their position

in relation to the main chassis, the direction in
which the components must be moved for removal.

PERFORMANCE CHECKS
Test Equipment Required
5.07 The following test equipment is required
to check the CE-50A for correct perform-

ance within published specifications. Any equiva-
lent instrument may be substituted.

Frequency Counter, EIP 351D
Digital Voltmeter, Dana 4300
Power Meter, HP436A

Spectrum Analyzer, HP8555
Modulation Meter, Boonton 82AD
Distortion Analyzer, HP331A
Oscilloscope, HP180C

Signal Generator, Exact Model 120

Thruline Wattmeter, Bird Model 4340

VHF Band Transmitter, 60-80 watts

VHF Band Transmitter, 20-40 watts

VHF Band Transmitter, 6-8 watts

VHF Band Transmitter, 2-4 watts

VHF Band Receiver, without DPL or chan-
nel guard and having a 12 dB SINAD
sensitivity of 0.1-0.3 uV with a final
IF bandwidth of approximately 7 kHz.

Attenuator (132 dB), Kay Model 460A.

Signal Generator Mode
5.08 The following tests are to be done to check
the operation of the CE-50A signal genera-
tion circuits. Test equipment required for these
tests will be:

Power Meter, HP436A

Spectrum Analyzer, HP8555

Modulation Meter, Boonton 82AD

Distortion analyzer, HP331A

Oscilloscope, HP180C

Attenuator (132 dB), Kay Model 460A

VHF Band Receiver, without DPIL or channel
guard and having a 12 dB SINAD sensi-
tivity of 0.1-0.3 uV with a final IF
bandwidth of approximately 7 kHz.

To check the signal generator output level,
perform the following tests:

a. Connect the CE-50A SI1G GEN OUT/
RF IN connector to the HP436A Power
meter.

b. Set the CE-50A FUNCTION switch to

the SIG GEN CW position; the RF Atten-
uator to -10 dBm; and FINE (OFF) level con-
trol fully clockwise.

c. Adjust R26 on the ALC/Squelch/DC
Control (21000) board for +2 dB on the
CE-50A SIG GEN Output Level meter.

d. Starting at 90 MHz, check for level
accuracy every 100 MHz up to 990 MHz.
The output level measured on the HP436A
power meter should be -8 dBm *1.7 dB. If
not, on the ALC/Squelch/DC Control board,
adjust the R51-R59 adjustment marked with
the number of the 100 MHz digit selected
(i.e., 2 for 290 MHz, 3 for 390 MHz, etc.).

e. Set the FINE (OFF) level control for -10

dB so HP436A power meter now reads
-20 dBm. Repeat step c. using -20 dBm
+1.7 dB for output measurement.
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f. Adjust R10 on the ALC/Squelch/DC
Control board for -10 dBm on CE-50A
SIG GEN Output Level meter.

g. Set the FUNCTION switch to SIG GEN
FM, the GEN/OFF/GEN + 1 kHz switch
to GEN + 1 kHz, and turn the MOD ADJ con-
trol fully CCW. Adjust the 1 kHz MOD ADJ
control for 3.3 kHz deviation. Set the Step
Attenuator on the CE-50A to -10 dBm and
the Meter Function switch to SINAD. Turn
the Kay attenuator to 110 dB attenuation
and connect it to the SIG GEN OUT/RF IN
jack on the CE-50A. Set the CE-50A Fre-
quency (MHz) select switches to the re-
ceiver frequency and connect the output
of the Kay attenuator to the receiver.

CAUTION

If the receiver used is a transceiver, care
must be taken not to key into the Kay
attenuator as this would damage the atten-
uator.

h. Connect the audio output of the re-
ceiver to the SINAD IN jack and ad-
just the FINE (OFF) control for a 12 dB
reading on the SINAD meter scale. Set
the CE-50A Step attenuator to -20 dBm
and remove 10 dB from the Kay attenu-
ator, noting the change in SINAD read-
ing. The amount of change in the
SINAD can be determined to the nearest
dB by switching the appropriate amount
of attenuation in or out on the Kay
attenuator to bring the SINAD meter
reading closest to the 12 dB mark.

i. Continue stepping down the CE-50A

Step attenuator in 10 dB steps while
removing attenuation on the Kay attenu-
ator and noting the change in SINAD
reading. The maximum error allowable
in the reading is:

-10 dB to -110 dB on the CE-50A
Step Attenuator must be 2.5 dB

0 dB and -120 dB on the Step Atten-
uator must be *3 dB.

These errors include .3 dB maximum
error from the Kay attenuator plus a .2
dB mismatch error.

Spurious responses in the CE-50A can be
checked as follows:

a. Connect a calibrated spectrum analyzer

to the CE-50A SIG GEN OUT/RF IN
connector. Set the spectrum analyzer
sweep to 100 MHz/DIV with the 0 fre-
quency position on the far left of the dis-
play and 1 GHz on the right, 20 dB RF
attenuation, and 100 kHz IF.
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b. Set the CE-50A to SIG GEN CW mode,

RF attenuator to 0 dBm, and the FINE
(OFF) control set for -9 dB output level
on the spectrum analyzer.

c. Step the CE-50A in 100 MHz steps

and observe the spectrum display.
All spurs must be 35 dB down, including
the harmonics.

d. Set the CE-50A to 557 MHz and slowly

narrow the spectrum analyzer disper-
sion down to 100 kHz/DIV, observing the
spur level at all times. The spurs should
never exceed -35 dB. Move the CE-50A
MHz position switch through its 0-9 range
to check for spurs.

Perform the following tests to check the
CE-50A AM modulation characteristics.

a. Set the CE-50A FUNCTION switch to

SIG GEN AM mode, the SIG GEN OUT
level to -10 dBm %2 dB, FREQUENCY (MHz)
switches to 999.0000 MHz, MODULATION
FREQUENCY (Hz) switches to 9.9 kHz, and
Meter Function switch to $ AM. Set the
HORIZ switch to EXT.

b. Connect the Boonton 82AD Modulation
Meter to the CE-50A SIG GEN OUT/

RF IN jack, and the HP331A Distortion Ana-

lyzer to the Boonton AF output.

c. Set the Modulation Meter Function to
% AM, Range to 100, Peak to +, Low-
pass to 30, and Tuning to Auto.

d. Set the CE-50A scope VERT switch to
50% AM, and adjust the MOD ADJ
control for 30% reading on the Modulation
Meter. The CE-50A Function Meter and
scope should both read 30% #5%, and the
Distortion Analyzer show a distortion of

less than 4%.

e. Repeat Step 5.11 (d) above except
set the VERT switch to 150% AM,
and the modulation to 80%. The CE-50A
Function Meter should read 80% *5%, and
the scope should be within *8% of 80%.

If adjustment is necessary, refer to
step 5.17.

To check the CE-50A FM modulation, these
tests must be performed:

a. Set the CE-50A FUNCTION switch to

SIG GEN-FM, and adjust the FM CAL
(OFFSET) control to 0 offset on the Fre-
quency Error meter. Adjust the Sig Gen
output for -10 dBm, MODULATION FRE-
QUENCY (Hz) to 1 kHz, the frequency
select switches to 152.15 MHz, HORIZ switch
to EXT, and the Meter Function switch and
VERT switch to 1.5, 5, or 15 kHz as re-
quired.
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b. Connect the Boonton 82AD Modulation
Meter to the CE-50A SIG GEN OUT/

RF IN jack, and the HP331A Distortion

Analyzer to the Boonton AF output.

c. Set the Modulation Meter Function to
kHz DEV, Range to 100, Peak to +,
and Tuning to AUTO.

d. Connect an HP180C oscilloscope to
the CE-50A DEMOD OUT.

e. Adjust the CE-50A MOD ADJ control

for 1.4 kHz deviation on the Modu-
lation Meter. The CE-50A Function Meter
and scope should show 1.4 kHz deviation
*+60 Hz with a distortion reading of 3% or
less. The scope connected to the DEMOD
OUT jack should be observed for any an-
omalies in the display.

f. Repeat the test for 4.9 kHz deviation.

The CE-50A scope and Function Meter
should agree within +200 Hz and 3% or bet-
ter distortion. Again observe the scope
at DEMOD OUT jack for any anomalies.

g. Increase the CE-50A modulation to
14 kHz and repeat the test. The
CE-50A should agree within #600 Hz with

a distortion of less than 3%.

h. Repeat the 14 kHz deviation test with
the FM CAL (OFFSET) control set for
15 kHz offset on the FREQ ERROR meter.
The CE-50A Function Meter and scope
should not change from Step (g) readings.

Monitor Mode

5.13

To check the operation of the CE-50A in
the monitor function, perform the follow-

ing tests. Test equipment required will be:

5.14

Signal Generator, HP8640B
Distortion Analyzer, HP331A
Modulation Meter, Boonton 82AD
Thruline Wattmeter, Bird Model 4340
VHF Band Transmitter, 60-80 watts
VHF Band Transmitter, 20-40 watts
VHF Band Transmitter, 6~8 watts
VHF Band Transmitter, 2-4 watts

The frequency error meter calibration is
checked as follows:

a. Set the CE-50A FUNCTION switch

to the MON-PFM position, frequency
selector switches to 200.0000 MHz, the
SENSITIVITY switch to MAX, SELECTIV-
ITY switch to WIDE, METER FUNCTION
switch to 1.5 kHz, and Frequency Error
RANGE (kHz) switch to 1.5 kHz.

b. Connect the CAL OUT jack on the

CE-50A front panel to the ANT jack.
Adjust the SQUELCH contol so that the

5-5
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SIGNAL LEVEL LED just comes on. Turn
the scope on, and set the VERT switch to
1.5 kHz. Center the trace on the CRT
with the VERT control.

c. The frequency error meter should

read 0 Hz, *50 Hz, and the Devia-
tion meter show less than 100 Hz devia-
tion. If incorrect, adjust the Freq Adj
potentiometer R58 on the FM/AM Detector
#2 (32000) board.

d. Switch the FUNCTION switch to MON-
AM position. The scope trace must
stay within 2 divisions. If not, adjust R115

on the FM/AM Detector #1 (24000) board
and repeat steps (c¢) and (d). Switch back
to MON-PFM.

e. Set the CE-50A frequency to 200.0015
MHz. The FREQ ERROR meter and
scope should indicate -1.5 kHz #50 Hz. If
not, adjust R59 on the Vertical Amplifier
(41000) board for the scope, and R76 on
the FM/AM Detector #2 board to correct

the FREQ ERROR meter.

f. Set the frequency of the CE-50A to
199.9985 MHz. The FREQ ERROR
meter should read 1.5 kHz *30 Hz.

NOTE

Before each of the following frequency
error meter calibration tests, zero the
scope trace with the VERT control at a
CE-50A frequency of 200.0000 MHz.

g. Set the CE-50A RANGE (kHz) switch

and VERT switch to 5 kHz, and fre-
quency to 200.0050 MHz. The FREQ ERROR
meter and scope should both indicate -5 kHz
+100 Hz. Adjust R77 on the FM/AM Detec-
tor #2 board if not correct.

h. When set to a frequency of 199.9950
MHz, the CE-50A FREQ ERROR
meter and scope should read 5 kHz *100 Hz.

i. Set the RANGE (kHz) switch and VERT

switch to 15 kHz, and frequency to
200.0150 MHz. The FREQ ERROR meter
and scope should both indicate -15 kHz
+600 Hz. Adjust R78 on the FM/AM Detec-
tor #2 board if not correct.

j. Set the CE-50A frequency to 199. 9850
MHz. The FREQ ERROR meter and
scope should read 15 kHz 600 Hz.

To check the CE-50A monitor function FM
sensitivity, perform the following tests:

a. Set the CE-50A FUNCTION switch to
the MON-PFM position, SENSITIVITY

switch to MAX, SELECTIVITY to NARROW,

and METER FUNCTION switch to SINAD.

560Q01+007S
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5.17

b. Connect the CE-50A DEMOD OUT jack
to the SINAD IN jack.

c. Connect an HP8640B signal generator

to the CE-50A ANT jack. Set the sig-
nal generator to INT FM modulation at 1 kHz
rate and 3.3 kHz deviation, output level to
-60 dBm, and frequency to 999.xxxx MHz.

d. Tune the CE-50A to the HP8640B fre-

quency. The SIGNAL LEVEL LED
should come on, and a sine wave display
appear on the CE-50A CRT.

e. Center the scope display. When the
FREQ ERROR meter reads 0 fre-
quency error, decrease the output level
from the HP8640B until 10 dB SINAD is

read on the Function Meter. The level
from the HP8640B must be less than -101
dBm.

f. Repeat the tests of 5.15 (d) and (e)
for frequencies of 124.xxxx and

10.2xxx MHz. The sensitivity at each

frequency must be better than -101 dBm.

g. At a frequency of 124.xxxx MHz, set

the CE-50A SENSITIVITY control to
-40, and adjust the HP8640B output for a
10 dB SINAD on the CE-50A. When the
CE-50A SENSITIVITY switch is changed
from -40 to -20 and to 0 dBm, the HP8640B
should only have to be changed 20 *2 dB
at each position to compensate.

To check the AM sensitivity of the CE-50A
the following tests must be performed:

a. Set the CE-50A controls as in step
5.15 (a) above, except place the
FUNCTION switch in the MON AM position.

b. Set the HP8640B signal generator con-
trols to INT AM, 1 kHz rate and 50%
modulation. Repeat steps 5.15 (d) through
(g) above. The sensitivity should be -101

dBm or better.

To check the CE-50A AM Demodulation cir-
cuits , perform the following tests and ad-

justments:

a. Set the CE-50A frequency to 152.1500
MHz, the FUNCTION switch to MON
AM, SELECTIVITY to WIDE, SENSITIVITY

to MAX and METER FUNCTION to % AM.
The VERT switch is set as required by
test, and the HORIZ switch is set to EXT.

b. Connect an HP331A Distortion Ana-
lyzer to the CE-50A DEMOD OUT jack.

c. Set the HP8640B signal generator for
a modulation frequency of 1 kHz and
30% modulation as read on the Boonton 82AD

56010075
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Modulation Meter. Set the output signal level
to -70 dBm and connect to the CE-50A ANT
input jack.

d. The Function Meter and scope of the

CE-50A should read 30% +5% modulation
while the Distortion analyzer should read a
distortion of not more than 4%.

e. Repeat the above test for 80% modulation.

The Function Meter of the CE-50A should
read 80% 5% with a distortion reading on the
HP331A of less than 8%.

f. Adjust R64 % AM control on the CE-50A
FM/AM Detector #1 (24000) board for
correct AM modulation if necessary.

The following tests should be used to check
the CE-50A FM demodulation circuits:

a. Set the CE-50A controls as follows:

Frequency to 152.1500 MHz, FUNCTION
switch to MON FM, SELECTIVITY switch to
WIDE, SENSITIVITY to MAX, METER FUNC-
TION switch to 1.5, 5, or 15 kHz DEV as re-
quired, HORIZ switch to EXT, FM CAL (OFF-
SET) to 0, and VERT switch to 1.5, 5, or 15
kHz as required.

b. Set the HP8640B signal generator to
INT FM modulation at a 1 kHz rate,
modulation to 1.4 kHz deviation, and output

level to -70 dBm.

c. Connect the HP8640B to the ANT input
of the CE-50A and the HP331A Distor-
tion analyzer to the DEMOD OUT jack.

d. Adjust the CE-50A SQUELCH control

until the SIGNAL LEVEL LED lights.
The Function Meter and scope should both
show 1.4 kKHz deviation #60 Hz, and the Dis-
tortion analyzer should show less than 3%
distortion.

e. Repeat test at 4.9 kHz deviation. The
CE-50A should agree within *200 Hz
and with a distortion again of less than 3%.

f. Repeat test at a 14 kHz deviation. The

CE-50A Function Meter and scope
should agree within #*600 Hz and have less
than 3% distortion.

g. Repeat step 5.18 (f) with the HP8640B

output frequency set to 152.1515 MHz.
There should be no changes in the CE-50A
Function Meter reading.

The following tests will check the CE-50A
residual FM:

a. Set the CE-50A FUNCTION switch to
the MON PFM position, SENSITIVITY
switch to MAX, SELECTIVITY to NARROW,

~
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and METER FUNCTION switch to 1.5 kHz
deviation.

b. Set the HP8640B signal generator to

20uV output level with no modulation
and connect to the ANT input of the
CE-50A.

c¢. Check the residual FM on the CE-50A
Function Meter at 999.xxxx, 124.xXxX,
and 10.2xxx MHz. The residual FM should
be less than 100 Hz.
5.20 The CE-50A can measure 500 MHz RF sig-
nals to a level of 100 watts at the SIG GEN
OUT /RF IN jack. Anytime an RF input is sensed
at the SIG GEN OUT/RF IN jack when the METER
FUNCTION switch is in other than the PWR x 1
position, the circuits will automatically switch to
the PWR x 10 level and display the power level on
the Function Meter. To test the level measurement
and protection circuits, perform the following tests:

a. Set the CE-50A front panel controls

as follows: SENSITIVITY switch to
-20 dBm position, RF Attenuation to -10
dBm, METER FUNCTION switch to PWR
x 1.

b. Connect the output of the 2-4 watt
VHF band transmitter to the Bird
Model 4340 wattmeter input, and the watt-
meter output to the CE-50A SIG GEN OUT/

RF IN jack.

c. Key the transmitter and note the power
reading on the Bird Model 4340 watt-

meter.
z CAUTION ;

Do not key the transmitter for longer than
30 seconds. Allow a two minute cooling
period fo the CE-50A between transmission
periods.

d. Check the CE-50A power meter reading.
It should read within *1 watt of the
Bird 4340 reading. If not, adjust R62 on

the ALC/Squelch/DC Control (21000) board.

e. Repeat step (d) using the VHF band

6-8 watt transmitter. If needed, ad-
just R61 on the ALC/SQUELCH/DC Control
board.

f. Repeat steps (d) and (e) for best re-
sults.

g. Switch the CE-50A METER FUNCTION
switch to the PWR x 10 position and re-

peat step (d) using the VHF band 20-40
watt transmitter. The power reading on
the CE-50A should be within *10 watts of
the Bird Model 4340 reading. If not, ad-
just R46 on the ALC/Squelch/DC Control
board.
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CAUTION

Do not key the transmitter for longer than
10 seconds. Allow a 10 minute cooling
period before transmitting again.

h. Repeat step (d) using the VHF band
60-80 watt transmitter. If the CE-50A
power reading is not within *10 watts of the
Bird Model 4340 reading, adjust R44 on the
ALC/Squelch/DC Control board.

i. Repeat steps (g) and (h) for best
results.

5.21 The CE-50A SINAD measuring circuits have
a null set for 1 kHz. Any frequency outside
this null is considered noise. This means the CE-
50A Audio Synthesizer (internal modulation) circuits
can be used to check SINAD operation when set to
the GEN + 1 kHz position. The dialed frequency is
noise, and must not be harmonically related to 1 kHz
and at least 100 Hz away. Check SINAD operation
as follows:

a. Set the CE-50A MODULATION FRE-

QUENCY (Hz) switches to 2111 Hz, the
MODULATION (GEN/OFF/GEN + 1 kHz)
switch to GEN + 1 kHz, BURST control out
of the CONT detent, and the METER FUNC-
TION switch to SINAD. Adjust the 1 kHz
MOD ADJ control for maximum output at the
MOD OUT jack, and connect the MOD OUT
jack to the CE-50A SINAD IN jack.

b. On the Reference Frequency Divider/

SINAD (35000) board, adjust R40 and
R46 for minimum deflection on the Function
Meter.

c. On the CE-50A front panel, set the

METER FUNCTION switch to 15 kHz
DEV, the FUNCTION switch to SIG GEN
FM, and adjust the 1 kHz MOD ADJ for 15
kHz on the Function Meter.

d. Switch the MODULATION (GEN/OFF/

GEN + 1 kHz) to GEN, BURST control
into the CONT detent, and dial 2111 Hz on
the MODULATION FREQUENCY (Hz)
switches.

e. Set the MOD ADJ control to read 5 kHz

deviation on the Function Meter, and
then switch the METER FUNCTION switch
to the SINAD position.

f. Adjust R57 on the Reference Frequency

Divider/SINAD board until the FUNC-
tion Meter reads full scale (on the SINAD
scale).

g. Switch the MODULATION (GEN/OFF/
GEN + 1 kHz) switch to the GEN +1
kHz position and adjust R48 on the Refer-
ence Frequency Divider/SINAD board for

12 dB on the Function Meter.
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h. Repeat steps (f) and (g) above as
necessary for correct reading.

Oscilloscope Check

The following tests and adjustments can
be made to assure proper operation of

the CE-50A oscilloscope circuits.

a. Connect the 200 MHz CAL OUT jack
on the CE-50A front panel to the ANT
input.

b. Turn the FUNCTION switch to MON-
FM, and set the Frequency Select
switches to 200.0000 MHz.

c. Set the VERT switch to 1.5 kHz
position

d. Center the trace on the CRT with the

VERT position control. If the trace

is not lined up horizontally with the CRT

face, adjust R62 TRACE ROT control on

the Vertical Amplifier (41000) board.

e. Change the VERT switch from 1.5

kHz to 5 kHz to 15 kHz. The scope
trace should not move. If it does, adjust
R61 DEMOD SHIFT control on the Vertical
Amplifier board.

f. Set the FUNCTION switch to SIG GEN

FM and modulate the signal with 1
kHz on the MODULATION FREQUENCY
(Hz) switches. Adjust the MOD ADJ con-
trol for 5 kHz peak deviation on the
Function Meter.

Set the RANGE (kHz) switch to 1.5
and adjust the FM CAL (OFFSET) con-
trol to center the FREQ ERROR meter to 0.

g.

h. Place the VERT switch in the 5 kHz
position.

i. Check the CE-50A CRT display. If it

doesn't show 5 kHz deviation adjust
R60 MOD GAIN on the Vertical Amplifier
board.

Switch the HORIZ (per div) control to
INT TONE. A tilted line should be
seen on the scope.

j.

k. Connect the MOD OUT jack to the

VERT EXT SCOPE INPUTS jack, and
switch the VERT switch to EXT (per div)
-50 mV/DIV. Set the HORIZ switch to 1

ms position.

1.  The CE-50A scope should display a
1 kHz signal.
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m. Set the VERT switch to 5 kHz, and
the HORIZ switch to EXT. Connect
the MOD OUT jack to the HORIZ EXT
SCOPE INPUTS. A sloped line should be

seen on the scope.

n. Change the VERT switch to IF, and
HORIZ to 1 ms position.

o. When the FUNCTION switch is moved
to the SIG GEN-AM position, the scope
should display a trapezoidal signal.

Spectrum Monitor Check (CE-50A-1 only)

5.23

follows:

The CE-50A-1 Spectrum Monitor horizontal
calibration can be tested and adjusted as

a. Connect the 200 MHz CAL OUT signal
to the ANT input. Set the CE-50A-1
frequency to 200.0000 MHz.

b. Set the HORIZ switch to SPECTRUM
MONITOR/10 kHz and FUNCTION switch
to SPECTRUM.

c. The display should be within #+.5 divi-
sion of CRT center. If not, adjust the

10 kHz CENTERING control, R92, on the

YIG FM Coil/Sweep Driver (27000) board.

d. Switch the HORIZ switch to SPECTRUM
MONITOR /1 MHz and check that the
display is within *.5 division of CRT cen-
ter. If not, adjust R10 1 MHz/DIV CENTER-
ING on the YIG FM Coil/Sweep Driver board.

e. Check the CRT centering at the HORIZ

switch 100 kHz SPECTRUM MONITOR
position. It should be within *.5 division
of CRT center.

f. Repeat steps (b) through (e) above
for best centering.

g. Connect the HP8640B signal generator

set to 155.000 MHz and 0 dBm, to the
CE-50A~1 ANT input. Set the CE-50A-1
frequency to 155.0000 MHz and HORIZ
switch to SPECTRUM MONITOR/1 MHz.
Adjust the REF LEVEL dBm switch for an
on-scale CRT displayv.

h. Adjust the signal generator output fre-
quency to the CRT center and LOCK
the frequency so it won't drift.

i. Switch the CE-50A-1 frequency to

159.000 MHz. The display should be
4 +,5 divisions to the left of CRT center.
If not, adjust R48 1 MHz/DIV on the YIG
FM Coil/Sweep Driver board.
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j. Change the CE-50A-1 frequency to
151.000 MHz. The display should be
4 +.5 divisions to the right of CRT center.

k. Set the HORIZ switch to SPECTRUM

MONITOR 100 kHz. Change the CE-
50A-1 frequency back to 155.000 MHz and
assure that the signal generator frequency
is still locked.

1. Switch the CE-50A-1 frequency to

155.4000 MHz. The display should be
4 +,5 divisions to the left of CRT center.
If not, adjust R107 on the YIG FM Coil/
Sweep Driver board.

m. Change the CE-50A-1 frequency to
154.6000 MHz. The display should be
4 +.5 divisions to the right of CRT center.

n. Set the CE-50A-1 HORI1Z switch to
SPECTRUM MONITOR 10 kHz. Set the
CE-50A-1 frequency back to 155.000 MHz
and make sure that the HP8640B signal
generator frequency is still locked.

0. Switch the CE-50A-1 frequency to

155.0400 MHz. The display should be
4 +.5 divisions to the left of CRT center.
If not, adjust R112 10 kHz/DIV on the
YIG FM Coil/Sweep Driver board.

To check the Spectrum Monitor vertical
calibration, perform the following tests

and adjustments:

a. On the CE-50A-1, set the HORIZ

switch to SPECTRUM MONITOR 100 kHz,
the SENSITIVITY switch to 0 dBm Ref Level,
and frequency to 150.0000 MHz. Preset the
LEVEL CAL control to the center of its range.

b. Set the HP8640B signal generator to
150.0000 MHz, and the RF level output

to 0 dBm. The display on the CE-50A-1 CRT

should be at the center of the screen and

at the 0 dBm level.

c. Step the signal generator level down to

10 dB steps to -60 dBm. Note the level
accuracy and tracking of the scale on the
CE-50A-1 CRT.

d. On the CE-50A-1 Vertical Amplifier
(41000) board, adjust R49 S.M. GAIN
and R47 S.M. SHIFT along with the BPF
(25000) board R6 GAIN control for best
tracking and accuracy. It should be bet-
ter than *2.5 dB down through -60 dB.

e. Set the HP8640B output level to -30

dBm and the CE-50A-1 SENSITIVITY
switch to -20 dBm. The display should be at
the ~10 dB line within *2.5 dB.
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f. Set the HP8640B output level to -50 dBm

and the CE-50A-1 SENSITIVITY switch
to -40 dBm. The display should be at the
-10 dB line within *2.5 dB.

g. Set the HP8640B output level to -70

dBm and the CE-50A-1 SENSITI1VITY
switch to MAX. The display should be at
the -10 dB line within %6 dB.

Power Supplies Check

5.25

Problems in the AC/DC Switching Supply #2
and 10V /5V Regulators PC boards can be

found using normal troubleshooting techniques given
in the General Troubleshooting Diagram, Figure 5-2.
However, problems in the AC/DC Switching Supply
#1 board require special procedures for trouble-
shooting. These procedures are given below :

I
Hazardous voltage levels are present on |
the AC/DC Switching Supply #1 PC board |
when the CE-50A is connected to AC power.
The unit must be operated only in a three- |
wire system. Use extreme caution when |
troubleshooting in this area. N
Prior to making tests, the folowing set-up
and checks must be made:

a. Connect the CE-50A to an AC power

source through an ungrounded isoclation
transformer which has a minimum rating of
150VA.

b. With the Dana 4300 voltmeter set to

RANGE 100, check the CE-50A Chassis
for voltage to earth ground. If thereis a
voltage measured, replace the failed Q1 or
Q2 on the CE-50A rear panel.

c¢. Apply an earth ground to the low side
of R8 on the AC/DC Switching Supply

#1 board. All measurements will be refer-

enced to this point unless otherwise noted.

If the CE-50A is blowing power fuses, check
the following:

a. Check that the 120V /220V POWER
switch is not defective.

b. Check for excessive current loading at
the AC/DC Switching Supply #1 P1-8.

c¢. Check the AC/DC Switching Supply #1
rectifier circuit, C9 and C12 (for
leakage), CR3 through CR12, CR13, CR14,

CR23, and CR24.

d. Check Q1 and Q2 on the rear panel for
leakage to the chassis.
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Figure 5-2 Main Casting Cable Interconnect
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5.28 If the AC/DC Switching Supply #1 will
not start, check the following items:

a. A 12V starting pulse of 1-1/2 to 2 sce-

onds duration is generated every 2 to
3 seconds by the Q3, Q5, Q7 Circuit. It
can be measured at the cathode end of
CR20.

b. Check that there is no surge shut-
down control voltage on Ul pin 10. 1t
should be 0V.

c. Check for an approximately 5V P-P
square wave at Ul pins 12 and 13
switching control output.

d. Check the emitters of Q8 through Q11
for square waves at approximately
20 kHz.

e. Check the cathode side of CR11 for
+340V DC.

TROUBLESHOOTING

5.29 The troubleshooting procedures for CE-
50A circuits are prescnted in a series of
flow diagrams showing a logical process of trouble-
shooting for problems which might be encountered
in normal operation. The troubleshooting diagrams
do not show, and are not intended to show, all
problems which might occur, or all avaialble solu-
tions. They are presented as guides which are to
be used to isolate the problem to a printed circuit
board by a logical process of elimination. When

l DM - Goes to
Front Panel

P - Cable goes to bottom
of fixed attenuator

O - Cable goes W fixed
atten. behind speaker

Goes to front
pancl Step Atten .

=

N Goes to Rec.
Casting

x Goes to top of
Step Attenuator

J Goes Lo Main
Casting

Figure 5-3. Output Casting Cable Interconnect
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the failed board is located, it can be exchanged
for a working board under Cushman Electronics’
PC board exchange program. This will reduce
instrument down-time due to failures to a mini-
mum.

5.30 Test equipment required for the trouble-

shooting procedures is the same as that
needed for checking instrument performance, and
is listed in paragraph 5.07.

5.31 The CE-50A Functional Flow Diagram, Fig-
ure 5-2, an overall view of the operation
and interaction of CE-50A circuits. The General
Troubleshooting Diagram, Figure 5-3, is to be used
to locate the functional section of the CE-50A
causing the problem, and for troubleshooling
SINAD, power supply. and RF power measurement
troubles. The Signal Generator Troubleshooting
Diagram. Figure 5-4, is for troubleshooting
problems traced to the signal generator function
of the CE-50A. The Monitor Function Trouble-
shooting Diagram is Figure 5-5, and is to be used
to locate problems in the Specctrum Analyzer, oscil-
liscope, Monitor, and modulation circuits. Figure
5-6 is the Phase Lock Loop Troubleshooting Dia-
gram, and is for locating problems in the YIG
and VCO loops used in the CE-50A.

5.32 If it becomes neccessary to disconnect the
cabling to the castings, the Main Casting
Cable Interconnect (Figure 5-2), Output Casting
Cable Interconnect (I'igurc 5-3), and Receiver
Casting Cable Interconncct (Figure 5-4) drawings
can be used as refercnces for cable replacement.

N(Comes from output
casting)

Al(Gues to front pancl
by selectivity or
"tall red switch")
H (Goes to Main
casting)

:J B (Gocs to filter)

I (Goes to Main
] casting)

](Z (Goes to filter)

j"” {Comes from

harness)

Q (Comes from P/C
hoird)

Figure 5-4, Recciver Casting Cable Interconnect
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