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WARRANTY

THE SINGER COMPANY, LOS ANGELES OPERATION, (SELLER) warrants each new
instrument to be free from defects in material and workmanship, effective after delivery to
the original purchaser as follows:

TCXO OsClator euvevevecriimriiiiererneie e 2 Years
Electrical and Electronic Measuring Instruments....... 1 Year

Repair or replacement (at our option) without charge (F.O B. factory) will be effected when
our examination satisfactorily indicates that defects are due to workmanship or materials.
Electron tubes, semiconductors, batteries, fuses, lamps, thermoelements, and RatioTran
potentiometers are excluded from warranty coverage. Warranty returns must first be author-
ized by the factory.

If the instrument or any portion thereof, has been abused, misused, damaged by accident or
negligence, or if any serial number or seal has been removed or altered, the warranty is void.

This warranty is in lieu of all other warranties, express or implied INCLUDING THE M-
PLIED WARRANTY OF MERCHANTABILITY, or fitness for a particular purpose. In no
event shall the SELLER be liable for INCIDENTAL OR CONSEQUENTIAL damages. The
SELLER neither assumes, nor authorizes any person to assume for it, any other liability in
connection with sales of instruments manufactured by SELLER.

With respect to repairs, the foregoing warranty shall apply for a period of ninety days to
the repaired portion.

THE SINGER COMPANY, LOS ANGELES OPERATION
5340 Alla Road, Los Angeles, California 90066

REPAIR AND MAINTENANCE

Instruments should be returned only on prior authorization from the Singer Representative
or the factory. You will be advised of detailed shipping instructions at that time. Return
the instrument to the factory Prepaid. Validity of warranty will be determined by the
factory.

Chargeable repairs: |f requested, an estimate of charges will be made prior to repairs. Please
provide us with the following information in order to expedite the processing of your
instrument:

1.  Model or Type Bb.  Approximate number of hours in use.

2, Serial Number 6. Has maintenance action been previously
3. Description of trouble(1) requested.

4, Approximate date instrument 7. Other comments.

was placed in operation.

(1) Include data on symptoms, measurements taken, suspected location of trouble, maintenance action taken and any other
relevant data.



NOTE:

The following information is presented to indicate the serial number effectivity
of the RFM~10A and RFM-10B sections presented in this manual.

Sections referenced to RFM-10A are intended for serial numBers 101 thru 500.
Sections referenced to RFM~10B are intended for serial numbers 101 thru 125,

Sections referenced to RFM-10A and RFM-10B are intended for RFM-10A serial
numbers 501 and above and RFM-10B serial numbers 126 and above.
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SECTION IH
THEORY OF OPERATION

3.1 INTRODUCTION TO FM-10C SYSTEM

This section contains the theory of operation of
the mainframe and all plug-in modules. The information is
presented to assist the user in understanding the circuitry
employed and is also useful in troubleshooting and
maintenance of the equipment.

3.2 MAINFRAME, MODEL FM-10C

3.2.1 Introduction

This section contains the theory of operation of
the FM-10C mainframe. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to simplified block diagram, figure 3-1 and
detailed block diagram, figure 5-34, and the schematic
diagrams, figures 5-1 through 5-20.

3.2.2  General

The FM-10C is a direct synthesizer. The output
signal of the frequency synthesizer consists of various
frequencies which are derived from the 10 MHz TCXO
crystal oscillator by a process of frequency division and
multiplication. These frequency elements are mixed,
filtered, and amplified to produce the output signal.
Harmonic oscillators and phase lock loops of the indirect
synthesizer are eliminated by this method. The residual FM
which can result from a loop closure technique is
completely eliminated. All of the frequencies which
represent the decade elements are selected by the decade
switches. Each frequency is instantly available at the
output, :

Each step in the mixing process is filtered to
minimize the spurious responses which are close to the
desired frequency.

The internal signal which supplies the reference for
the frequency meter also functions as an extremely
accurate signal generator source.

Precise audio signals may also be generated
through a special adaptation of the beat-note circuitry and
are available at the front panel.

3.23 TCXO, Primary Dividers, and Multipliers

The output ~f the temperature-compensated
crystal oscillator (TCXO0), A1AS5Al, is applied to the
‘TIMEBASE switch, S13. When the TIMEBASE switch is at
the INT position, the TCXO output is applied to the 10
MHz buffer, A1A5Q1, and the buffered output is applied

. to the TIMEBASE jack on the rear panel. With the
TIMEBASE switch in the EXT position, an external 10

- » MHz signal with an accuracy greater than 1 ppm may be

applied to the TIMEBASE jack to increase the accuracy of
the instrument.

The output of the 10 MHz buffer is also applied to
" the 10 MHz buffer, A11Q3, and is amplified by 10 MHz
"amplifier, A11Q5. This output is designated “10 MHz #1”
and is used to supply the basis for the 60 to 150 MHz
frequency generators. The output of A11Q3 is also applied
to 10 MHz amplifier, A1A2Q1. The output of this amplifier
is designated “10 MHz #2” and is applied to phase
modulation board, A1A6, and to terminal 1 of the rear
connector of the MOD module and to terminal 5 of the rear
connector of the RF module.

The output of 10 MHz amplifier A1A2Q1 is also
amphﬁed by 10 MHz amplifier, A1A2Q2 and divided by 5
by A1A2U1A. The 2 MHz output is buffered by A1A2Q5

. and applied to frequency multiplier, A2Q5. The 6 MHz
output is amplified by A2Q6 and buffered by A2Q7. This
output is applied to the 1 MHz decade board, A6, when the
MODE switch, S9H, is in the GEN MOD CAL position, and
is also applied to the 100 Hz decade board, A3A, when the
VCO switch, S8B, is in the QUT position. When the VCO
switch is in the OUT position, the output of A2Q7 is also
applied to the 1 kHz decade board, A3B, the 10 kHz
decade board, A3C, and the 100 kHz decade board, A3D,
when the 100 Hz, 1 kHz and 10 kHz decade switches,
respectively, are in the V position. This output (output of
A2Q7) is also applied to the 1 MHz decade board, A6,
when the MODE switch, S9H, is in either TONE GEN, GEN .
MOD CAL or the MEAS position.

The 2 MHz output of A1A2U1A is also divided by
2 by A1A2UI1B and the 1 MHz output is buffered by
A1A2Q4 and multiplied by 9 by multiplier A2Q2. A2Q3
~and A2Q4 amplify the 1 MHz and the amplified output is
applied to the 100 Hz, 1 kHz, 10 kHz and 100 kHz decade
boards, A3A, A3B, A3C and A3D respectively. The output
.of A2Q4 is also applied to terminal 24 of the rear
, connector of the RF module.

The 1 MHz output of A1A2Q4 is also applied to
rear connector ACC jack, J3-D and to 1 MHz amplifiers,
A1A2Q7 and A1A2Q8, where the 1 MHz voltage is
rectified and doubled by A1A2CR4 and A1A2CRS5 and
utilized as a voltage reference for ALC amplifier, A1A2U5
and A1A2U6. :
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The 1 MHz output of A1A2U1B is also divided by
10 by A1A2U2 and the 100 kHz output is buffered by
A1A2Q3 and applied to frequency generator boards A12
through A21. The 100 kHz output of A1A2U2 is applied to
terminal 4 of the rear connector of the FIM module.
3.24  VCO Circuitry
The voltage-controlled oscillator (VCO) A2Q10,
which provides the 0-100 Hz component of the final
synthesized frequency, is controlled by a +9V dc voltage
adjusted by variable resistor, R1, when the VCO switch,
S8A, is not in the OUT position. R1 is part of the front
panel 0—100 Hz control. The dc voltage varies the
capacitance of the VCO control/frequency modulator,
A2CR1 and A2CR2 (variable-capacitance diodes) which
provide a tuning range of 5 to 6 MHz. The output signal of
the VCO oscillator cirucit is amplified by Q9 and Q8 and
the amplified output signal is applied to the VCO switch,
S8B. The 5—6 MHz output of the VCO board is switched to
the 100 Hz, 1 kHz, 10 kHz or 100 kHz decade boards when
any of these decade switches are at the V position. When
the 0—100 Hz control, $7, is at the OUT position, the VCO
is switched off and the 6 MHz signal supplied from A2 is
routed to the 100 Hz decade board.

325 F requenéy Synthesis Circuitry

100 Hz Decade )

/ The 100 kHz from the 100 kHz buffer, A1A2Q3,
is applied to the 3.6 to 4.5 MHz sections of frequency
generator boards, A21 through A12 respectively. The 100
kHz is multiplied by Q1, filtered by Y2, and amplified by
Ul. Q8 is a buffer. The 10 outputs (3.6 to 4.5 MHz) are
applied to 100 Hz switch, S4A.

The 6 MHz from A2Q7 or the VCO output of
A2Q9 is applied to the 100 Hz decade board, A3A,
depending upon the position of the VCO switch, S8B. This
frequency is divided by ten by A3AUl. The 9 MHz from
A2Q4 is mixed with this signal at A3AU2 and the sum
frequency is applied to mixer A3AU3. The 3.6 to 4.5 MHz
frequency selecfed by 100 Hz frequency decade switch,
S4A, is also applied to this mixer. The difference frequency
is filtered, amplified and then applied to 1 kHz decade
board, A3B, through 100 Hz decade switch, S4C.

1 kHz Decade

The 1 kHz decade board, A3B, is identical in all
respects to the 100 Hz decade board, A3A, except the 1
kHz decade switch, S5A, applies the 3.6 to 4.5 MHz
frequencies to the mixer A3BU3.

10 kHz Decade

The 10 kHz decade board, A3C, is identical in all
respects to the 100 Hz decade board, A3A, except the 10
kHz decade switch, S6A, applies the 3.6 to 4.5 MHz
frequencies to the mixer A3CU3.
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100 kl-fz Decade

The 100 kHz decade board, A3D, is identical in all
respects to the 100 Hz decade board, A3A, except the 100
kHz decade switch, S7A, applies the 3.6 to 4.5 MHz
frequencies to the mixer A3DU3.

! 1 MHz Decade

3.6 to 4.5 MHz is also applied to the 36 to 45 MHz
section of A21 through A12, respectively, from
amplifier-limiter Ul. The 3.6 to 4.5 MHz signals are
multiplied by ten and applied to the 1 MHz decade reed

, switch assembly, A4A. The output of the 100 kHz decade,
. A3D, is applied to the input mixer, A6U1-L, when the 100
'kHz switch is in any position except V and the MODE
switch, S9H, is in any position except GEN MOD CAL. (In
the GEN MOD CAL position, 6 MHz from the 6 MHz
buffer, A2Q7, is applied to the mixer, A6U1-L..90 MHz #1
derived from the 60 — 150 MHz section of A18 is applied
to the mixer A6UI-R; the sum frequency, 96 MHz, is
applied to-mixer A6U2-L.)

1 MHz decade switch, S3A and S3B, selects the 36
to 45 MHz from the A21 through A12 boards, respectively,
and applies one of the frequencies to mixer A6U2-R. The
difference frequency is applied to mixer A8Z1-L. -

10 MHz Decade

700 MHz is applied to mixer A8Z1-L and the sum
~ frequency is applied to mixer Z2-R.

The 60 — 150 MHz sections of the A21 through
A12 frequency generator boards derive their frequencies
from the 10 MHz #1 signal. This is multiplied by Q6 and
amplified by Q10 and Q11. There are two outpuis on these
sections, 70 through 120 MHz #1 outputs and 60 — 150
MHz #2 outputs.

The 60 — 150 MHz #2 outputs are applied to 10
MHz decade reed switch assembly, A4B, with the exception
of 70 MHz #1. These frequencies are selected by 10 MHz
switch, S2A, S2B and S2C and one frequency is applied to
mixer, Z2-L. v

- The difference frequency is applied to the gain
control amplifier (GCA), A7Q8 and A7Q9 where automatic
leveling & accomplished and applied to the amplitude
modulator, A7CR1 and A7CR2. -

The output of the amplitude modulator is applied

. tomixer Z1-L.

100 MHz Decade

The 70 MHz #2 signal and the 80 to 110 MHz #1
signals from the 60 — 150 MHz frequency generator boards
are applied to the buffer amplifiers on buffer amplifier
board, All, and the amplified_outputs are applied to the
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700 t& 1100 MHz multiplier board, A10, ‘where the
frequencies are multiplied by five and by two to produce

700 to 1100 MHz frequencies which are applied to the 100

MHz diode switch, A9.

The 120 MHz #1 signal from the frequency

generator board, AlS5, is. applied to the 1200 MHz
multiplier board, AS, where the 120 MHz is amplified and
-multiplied by five and by two to provide 1200 MHz which
is applied to the 100 MHz diode switch, A9.

The 700 to 1200 MHz signals at the 100 MHz
diode switch input are selected by the 100 MHz decade
switch, S1A and S1B, and one frequency is applied to
mixer Z1-R. The difference frequency is applied to the RF
OUTPUT jack via the RF module.

Programming Circuitry

The 1 MHz switch, S3, and the 10 MHz switch, S2,
and the 100 MHz switch, S1, are interconnected so that
when the MODE switch is at the MEAS position, the
synthesizer frequency is 11 MHz higher than the frequency
switch settings. In the GEN position, the frequency of the
synthesizer is the same as the frequency switch settings. In
the GEN MOD CAL position the synthesizer is at 11 MHz
for any frequencx ‘switch setting.

In the TONE GEN mode the synthesizer
frequency is 11 MHz plus- any frequency set by the
frequency switches to the right of the 1 MHz decade
switch.

Typical Frequency Synthesis

An example of frequency synthesis of 123.45678
MHz is as follows:

For this example, the frequency switches and
0—100 Hz dial are set to 123.45678 MHz.

When the 0100 Hz dial is set to 8, the VCO
output frequency is 5.2 MHz. This is divided by 10 in the
100 Hz decade board, A3A, to produce 520 kHz, which is
mixed in A3AU2 to produce 9.52 MHz.

When the 0—100 Hz switch is set to 7, the
generator output frequency selected is 4.3 MHz. The 9.52
MHz is mixed with the 4.3 MHz in mixer, A3AU3 to
produce a difference frequency of 5.22 MHz.

The 5.22 MHz is divided by ten by A3BUIl to
produce 522 kHz which is mixed with 9 MHz in mixer
U3BU2 to produce a sum frequency of 9.522 MHz. The 1
kHz switch selects 4.2 MHz in the 6 position and mixes
with the 9.522 MHz in mixer, A3BU3, to produce a
diffgrence frequency of 5.322 MHz5

The 5.322 MHz is divided by ten by A3CUl to
* produce 532.2 kHz which is mixed with 9 MHz in A3CU2
to produce a sum frequency of 9.5322 MHz. With the 10

&

kHz switch in the 5 position, 4.1 MHz is selected and mixed
with the 9.5322 MHz in mixer, A3CU3, to produce a
difference frequency of 5.4322 MHz.

The 5.4322 MHz is divided by ten by A3DU1 to
produce 543.22 kHz. This is mixed with 9 MHz in A3DU2
to produce a sum frequency of 9.54322 MHz. With the 100
kHz switch in the 4 position, 4.0 MHz is selected and mixed
with the 9.54322 MHz in mixer, A3DU3, to produce a
difference frequency of 5.54322 MHz.

The 5.54322 MHz is mixed with the 90 MHz #1 in
mixer, A6Ul, to produce a sum frequency of 95.54322
MHz. The 1 MHz decade switch selects 39 MHz in the 3
position and mixes with the 95.54322 MHz in mixer,
A6U2, to produce a difference frequency of 56.54322
MHz.

The 56.54322 MHz is mixed with 700 MHz in
mixer, A8Z1, to produce a sum frequency of 756.54322
MHz. The 10 MHz decade switch selects 80 MHz in the 2
position and mixes with the 756.54322 MHz in mixer, Z2,
to produce a difference frequency of 676.54322 MHz.

The 100 MHz switch selects 800 MHz in the 1
position which is mixed with the 676.54322 MHz in mixer,
Z1, to produce a difference frequency of 123.45678 MHz
which is presented to the RF QOUTPUT jack of the RF
module.

3.2.6 ALC Circuitry

The automatic level control (ALC) detector in the
RF module provides a dc output proportional to the RF
level at its input. This dc level is applied to the ALC dc
amplifier, A1A2U5 and A1A2U6. The amplified output is
buffered by A1A2Q6 and applied to the gain control
amplifier (GCA), A7Q8 and A7Q9, which controls the level
of synthesizer signal that is applied to the RF OUTPUT
jack of the RF module. This signal is continuously
monitored by the ALC detector and the output level is
continuously corrected. The GCA amplifier has a dynamic
range of 28 dB so that the output level will be corrected
throughout the temperature range specification of the
instrument.

3.2.7° Measure Input Circuitry

The signal applied to the MEASURE INPUT jack
of the RF module is mixed with the synthesizer output
(offset 11 MHz higher in frequency by the 1 MHz, 10 MHz
and 100 MHz programming circuitry) to produce an 11
MHz IF signal when the FM-10C is in a zero-beat condition.
The 11 MHz IF signal is mixed with the 9 MHz developed
on the A2 board, to produce a 2 MHz IF signal.

This 2 Mhz IF signal is applied to three 2 MHz
buffers, A1A5Q2, A1A5Q3 and A1A5Q4 and the buffered
outputs are applied to the ACC jack, J3-A, on the back
panel; to the MOD module to detect any modulation on the
signal; and to the FIM module, respectively.
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The 2 MHz IF applied to the MOD module is

utilized to demodulate any modulated signals at the

MEASURE INPUT jack. The recovered audio is applied to

the VOLUME control when the MEASURE MODE AUDIO

OUTPUT switch, S12, is in the RECOVERED AUDIO

position and the MODE switch, S9G, is in the MEAS

position. Also the recovered audio is applied to the

VOLUME control when the MODE switch, S9G, is in the
GEN MOD CAL position.

The 2 MHz IF applied to the FIM module is mixed
with 2.1 MHz derived from the 4.2 MHz from the A18
frequency generator board (which is divided by 2 to
produce 2.1 MHz) to derive a 100 kHz IF signal. This 100
kHz IF is applied to a discriminator. The FIM meter
connected to the discriminator output will indicate any
deviation from 100 kHz and display thJs deviation up to a
maximum of * 15 kHz.

A remote meter may be plugged into REM
METER jack, J4, if a display is required at a distance from
the FM-10C instrument. The internal meter will be
disconnected at this time. :

Also, the 100 kHz IF is mixed with 100 kHz
derived from A1A2U2 and the difference frequency (error
frequency) will operate the BEAT lamp at the rate of the
error frequency.

—_— .

Also the error frequency is applled to the

VOLUME control, R2, when the MEASURE MODE switch,
S12A, is in the BEAT NOTE position and the MODE
switch, S9G, is in the MEAS position.

The output of the VOLUME control is amplified ,

by A1A6U2 and the amplified output is applied to the
speaker. Headphones or a remote speaker may be plugged
into the AUDIO/TONE OUTPUT jack, J5, if desired. The
internal speaker will be disconnected at this time.

The FIM-3 module is equipped with a SQUELCH
switch. When the SQUELCH switch is ON and the
OPERATE lamp is lit, the diode switch in the FIM-3 is
turned off and the diode switch, CR4, in the mainframe is
turned on. This allows the recovered audio from the MOD
module to reach the speaker when modulation is being
measured by the FM-10C system,

3.2.8  Frequency Modulation Circuitry

For peak deviation up to 18 kHz either an external
signal may be applied to the MOD module EXT MOD jack
or the internal modulator within the MOD module may be
utilized. The FM audio signal is applied to the FM audio
buffer, A1A6Q1, when the MODE switch, S9E, is in either
the GEN or the GEN MOD CAL position and the
GENERATOR MODULATION switch, S11, is in the ON
position.

The 10 MHz #2 signal is buffered by A1A6Q2 and
multiplied by 7 to produce the 70 MHz #3 signal. The 70
MHz #3 signal is further multiplied by 5 and by 2 by A8QI
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and A8Q3 respectively to produce 700 MHZ which is
applied to mixer A8Z1. This mixer is part of the frequency
synthesizer circuitry.

The buffered FM audio signal is applied to the
phase modulator, A1A6CR1 and A1A6CR?2, which phase
modulates the 70 MHz #3 signal, which in turn phase
modulates the frequency synthesizer signal at A8Z1.

For peak deviations up to 60 kHz, an audio signal
must be applied to the ACC jack, J3-B, on the rear panel.
This signal is applied to the FM linearity potentiometer,
R3, which is part of the VCO control. The output of this
potentiometer is applied to the VCO control/frequency
modulator, A2CR1 and A2CR2, which frequency
modulates the VCO oscillator, A2Q10. The VCO oscillator
output frequency modulates the synthesizer signal
whenever the VCO switch, S8B, is not in the OUT position
and one of the 100 Hz, 1 kHz, 10 kHz or 100 kHz switches
is in the V position.

3.29  Amplitude Modulation Circuitry

An external audio signal may be applied to the
EXT MOD jack of the MOD module or the internal
modulator within" the MOD module may be utilized. The
audio signal is applied to the amplitude modulator, A7CR1
and A7CR2, when the GENERATOR MODULATION
switch, S11, is in the ON position and the MODE switch,
S9F, is in either the GEN or GEN MOD CAL position. The
amplitude modulator modulates the synthesizer frequency.

3.2.10 Tone Generator Circuifry

»

- The frequency synthesizer is set by the 1 MHz, 10
MHz and 100 MHz programming switches to produce 11
MHz plus any frequency switch setting to the right of the 1
MHz decade switch. This frequency is mixed with 9 MHz in
the RF module to produce an IF signal of 2 MHz + which is
applied to the 2 MHz IF buffer A1A5Q4. The buffered 2
MHz+ is applied to the FIM module where it is mixed with
2.1 MHz producing a 100 kHz+ IF signal which is mixed
with 100 kHz to produce the frequency set on' the
frequency switches to the right of the 1 MHz switch. This
tone frequency is applied to the VOLUME control when
the MODE switch, S9G, is set to the TONE GEN position.
The tone frequency is then amplified by A1A6U2 and the
amplified output is available at the AUDIQO/TONE
OUTPUT jack J5.

3.2.11 Power Supply Circuitry

Ac operation may be accomplished by connecting
the ac power cord to either 115 V rms or 230 V rms and by

_placing the AC/DC switch, S14, to the AC position and

115/230 V switch, S15, to the appropriate position. When
the power switch, S10A, is not in the OFF position,
transformer, T1, is energized and bridge rectifier, CR3
rectifies the transformer oputput voltage and applies

- approximately +17 Vdc to the reverse voltage protector,
. A1A3CR7.



The +9 Vdc output #1 at TB3-1,2 is sampled by
9V #1 adjustment potentiometer A1A3R7. Error amplifier
A1A3Q1 compares this level with the level at the cathode
of reference diode A1A3CR4 and amplifies this difference
and the buffered output is applied to series regulator, Q1.
Q1 regulates the +9 V #1.

The +9 Vdc output #2 circuitry is identical to the
+9 Vdc output #1 which is explained above.

The +9 Vdc #2 output operates POWER lamp,
DS1, and is applied to ACC jack, J3-E, on the back panel,
and to the RF and the MOD modules.

Overload protector A1A3Q7 and AlA3CR6
prevents the output voltage at terminal A1A3-9,10 from
exceeding approximately +12 Vdc. The +12 Vdc is applied
to A1A6U2 and the FIM module. :

12 Vdc operation may be accomplished by
connecting an external +12 V supply to the 12 VDC jack
using the 12 Vdc power cable provided. When the POWER
switch, S10B is not in the OFF position and the AC/DC
switch, S14, is in the DC position the +12 V is applied to
the power supply board, A1A3, and regulated at 9V as
explained in the ac operation above.

33 RADIO FREQUENCY MODULE, MODEL
RFM-10

3.3.1 Introduction

This section consists of the circuit description of
the RFM-10 plug-in module. The information is presented
to assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-2,
and the schematic diagrams, figures 5-21 through 5-23.

33 2 General

The RFM-10 plug-in module derives its power
supply and IF signal inputs via the rear connector, P2. The
unit is energized whenever the mainframe is operating.
Three major assemblies are contained in this unit: RF
switch assembly, A1A2, 11 MHz IF board, A1A3, and
broadband amplifier/mixer/detector assembly, A1A4.

The circuitry of the RFM-10 will be explained
according to functions of the mainframe MODE switch:
generate, measure, gen mod cal, and tone generate.

3.3.3  Generate Circuitry (Mainframe MODE switch set
to GEN)

The mainframe synthesizer output enters the
RFM-10 module via connector, P1, and is amplified by the
broadband amplifier, Q1/Q2/Q3, on the A1A4 board. Level
detector diode, CRI1, rectifies this signal and returns a dc
level proportional to the RF level to the AGC amplifier in
the mainframe via pin 3 of.connector, P2, for automatic
leveling of the RF output.

The leveled output of the broadband amplifier is
brought to the RF OUTPUT jack, J1, after it is attenuated
by two 10dB pads and a 40 dB variable attenuator, AT2.

3.3.4  Measure Circuitry (Mainframe MODE switch set to
MEAS)

The unknown signal enters the unit via MEAS
INPUT connector, J2. The RF switch, A1A2, is energized
and passes the signal to the beat detector, CR2, on the
Al1A4 board.

" The mainframe frequency switches and 0100 Hz
control are adjusted for zero beat. At this time the
frequency at the synthesizer input jack, P1, is 11 MHz
higher than the frequency switches (in MEAS mode only).
This frequency is also applied to the beat detector, CR2.

The difference frequency (11 MHz) is applied to
diode attenuator, CR3. This attenuator is switched out of
the circuit in MEAS mode and the 11 MHz is applied to the
11 MHz band pass filter on the A1A3 board. Diode
switches, CR1 through CR4, are utilized to switch the 30
kHz crystal filter, Y1, in or out of the circuit and are
operated by the MEASURE MODE switch, S2. In the
narrow bandwidth (30 kHz), NARROW lamp, DS1, lights.
The bandwidth in the WIDE position is approximately 175
kHz. After the diode switch, the signal is filtered by an 11
MHz bandpass filter, amplified by amplifier, Q2, and
applied to mixer, Z1.

9 MHz from the mainframe is applied to the other
input port of the mixer via pin 24 of connector, P2, and 9
MHz amplifier, Q3. The difference frequency (2 MHz) is
applied to pin 1 of connector, P2, via a lowpass filter, a
bandpass filter and a 2 MHz amplifier, Q4.

This 2 MHz is applied to the FIM module where it
is mixed with 2.1 MHz to produce an IF of 100 kHz which
is applied to a pulse-counting discriminator and the error
frequency is indicated on the FIM meter. Also the 100 MHz
IF is mixed with 100 kHz in the FIM module to produce
the error frequency, if any, which may be heard in the
mainframe speaker, or noted on the FIM BEAT lamp.

33.5 Gen Mod Cal Circuitry (Mainframe MODE switch
set to GEN MOD CAL)

The synthesizer input at connector, P1,is 11 MHz
and is either frequency modulated or amplitude modulated
by the right-hand module. This is amplified by the BBA and
applied to the beat detector.

The diode attenuator is switched into the circuit
and the attenuated output is applied to the A1A3 board.
The MEASURE MODE switch is bypassed so that the
WIDE position is in use.

The 9 MHz is mixed with the modulated signal at

mixer, Z1, and the modulated 2 MHz IF signal is applied to
the right-hand module where the modulation is detected.
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33.6 Tone Generator Circuitry (Mainframe MODE
switch set to TONE GEN)

In this mode the frequency of the synthesizer
input at connector P1 is 11 MHz plus any frequency dial
setting to the right of the 1 MHz decade. This frequency is
amplified by the BBA and applied to the beat detector. The
diode attenuator is switched into the circuit and the
attenuated output is applied to the Al1A3 board. The
MEASURE MODE switch is bypassed so that the WIDE
position is in use. 9 MHz from the mainframe is mixed with
thie signal producing a 2 MHzt IF signal. This 2 MHz+ IF
signal is applied to the FIM module where ii is mixed with
2:1 MHz producing a 100 kHz+ signal which is mixed with
a 100 kHz signal from the mainframe to produce the

frequency set on the mainframe dials to the right of the 1

MHz decade.

This-frequency is available at the AUDIO TONE
OUTPUT jack, J5, on the mainframe.

34 RADIO FREQUENCY MODULE, MODEL
RFM-10A

3.4.1 Introduction

This section consists of the circuit description of
the RFM-10A plug-in module. The information is presented
to assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-3,
and the schematic diagrams, figures 5-24 through 5-26.

3.4.2 General

The RFM-10A plug-in module derives its power
supply and IF signal inputs via the rear connector, P2. The
unit is energized whenever the mainframe is operating.

Three major assemblies are contained in this unit:
RF switch assembly, A1A2, 11 MHz IF board, A1A3, and
broadband amplifier/mixer/detector assembly, A1A4. The
circuitry of the RFM-10A will be explained according to
the functions of the mainframe MODE switch: generate,
measure, gen mod cal, and tone generate.

34.3 Generate Circuitry (Mainframe MODE switch set
~ to GEN)

The mainframe synthesizer output enters the
REM:-10A module via connector, P1, and is amplified by
the first broadband amplifier, Q1 through Q4, on the A1A4
board. Level detector diode, CR1, rectifies this signal and
returns a dc level proportional to the RF level to the AGC
amplifier in the mainframe via pin 3 of connector, P2, for
automatic leveling.

The output of the first broadband amplifier is also

brought to the RF output jack, J1, after it is attenuated by
two 10 dB pads and a 40 dB variable attenuator, AT2.

3-6

344  Measure Circuitry (Mainframe MODE switch set to
MEAS) :

The unknown signal enters the unit via MEAS
INPUT connector, J2. The RF switch, A1A2, is energized
and passes the signal to the mixer, Z1, on the A1A4 board
via a 3 dB pad.

The mainframe frequency switches and 0—100 Hz
control are adjusted for zero beat. At this time the
frequency at the synthesizer input jack, P1, is 11 MHz
higher than the frequency switches (in MEAS mode only).
This frequency is amplified by the first BBA and applied to
the second BBA, Q5-Q8, (which is energized in this mode
only). The output of the second BBA is applied to the
other input port of mixer, Z1, and the difference frequency
(11 MHz) is applied to the 11 MHz bandpass filter on the
A1A3 board via a 3 dB pad. Diode switches, CR3 through
CR6, are utilized to switch the 30 kHz crystal filter, Y1, in
or out of the circuit and are operated by the MEASURE
MODE switch, S2. In the narrow bandwidth (30 kHz),
NARROW lamp, DS1, lights. The bandwidth in the WIDE
position is approximately 175 kHz. After the diode switch
the signal if filtered by an 11 MEz bandpass filter,
amplified by amplifier, U1, and applied to mixer, U2.

9 MHz from the mainframe is applied to the other
input port of the mixer via pin 24 of connector, P2,and a 9
MHz bandpass filter. The difference frequency (2 MHz) is
applied to pin 1 of connector, P2, via a lowpass filter, a
bandpass filter, and a 2 MHz amplifier, Q1.

MEASURE SENSITIVITY switch, S1, switches 30
dB of attenuation in or out of the circuit by controlling the
gain of the 11 MHz amplifier, Ul. MEASURE
SENSITIVITY control, R1, controls the gain of the 2 MHz
amplifier, Q1, over approximately 32 dB of range. The 2
MHz output is applied to.the FIM module where it is mixed
with 2.1 MHz to produce an IF of 100 kHz, which is
applied to a pulse-counting discriminator and the error
frequency, if any, may be read on the FIM meter. Also the
100 kHz IF is mixed with 100 kHz in the FIM module to
produce the error frequency, if any, which may be heard in
the mainframe speaker, or noted on the FIM BEAT lamp.

34.5 Gen Mod Cal Circuitry (Mainframe MODE switch
set to GEN MOD CAL)

The synthesizer input at connector, P1,is 11 MHz
and is either frequency modulated or amplitude modulated
by the right-hand module. This is amplified by the first
BBA and applied to the mixer, Z1, through the second BBA
which is switched off at this time and acts as an attenuator.
The attenuated output is applied to the A1A3 board. The
MEASURE MODE switch is bypassed so that the WIDE
position is in use. '

The 9 MHz is mixed with the modulated signal at
mixer, U2, and the modulated 2 MHz IF signal is applied to

the right-hand module where the modulztion is detected.



3.4.6 Tone Generator Circuitry (Mainframe MODE
switch set to TONE GEN)

In this mode the frequency of the synthesizer
input at connector, P1, is 11 MHz plus any frequency
switch setting to the right of the 1 MHz decade switch. This
frequency is amplified by the first BBA and applied to the
mixer, Z1. The second BBA is switched out of the circuit
and the attenuated output is applied to the A1A3 board.
The MEASURE MODE switch is bypassed so that the
WIDE position is in use. 9 MHz from the mainframe is
mixed with the signal producing a 2 MHz+ IF signal. This 2
MHz+ IF signal is applied to the FIM module where it is
mixed with 2.1 MHz producing a 100 kHz+ signal which is
mixed with a 100 kHz signal from the mainframe to
produce the frequency set on the mainframe switches to
the right of the 1 MHz decade switch.

This frequency is available at ‘the AUDIO TONE

OUTPUT jack, J5, on the mainframe.

35 FREQUENCY INDICATING MODULE, MODEL
FIM-1

3.5.1 Introduction

This section consists of the circuit description of
the FIM-1 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-4,
and the schematic diagram, figure 5-7.

3.5.2 General

The FIM-1 plug-in module derives its 9 volt power
supply and IF signal inputs via the rear connector, P1. The
unit is energized whenever the mainframe is operating. A
single printed circuit board assembly contains the five
major sections of the FIM-1: operate lamp circuitry, beat
lamp circuitry, meter circuitry, calibrate circuitry, and * 5
V dc power supply circuitry.

3.5.3  Operate Lamp Circuitry

42 MHz from the mainframe is applied to

amplifier, A1Q2, via pin 12 of connector, P1. This ,

frequency is divided by two by A1Ul, a binary, producing
2.1 MHz which is applied to the LO port of mixer, A1TUSA.

The 2 MHz IF frequency from the RF module is
applied to the 2 MHz bandpass filter (adjusted by A1L1),
via P1-16 to the 2.2 MHz trap (adjusted by A1L4). The
output of the 2.2 MHz trap is applied through the 2 MHz
buffer, A1Q1, to the signal port of mixer A1US5A, to
produce a difference frequency of 100 kHz. The 2.2 MHz
trap prevents the image frequency (2.2 MHz) from mixing
with the 2.1 MHz at the LO port of the mixer and
producing an intermediate frequency of 100 kHz.

The output of mixer AIUSA, is amplified by 100
kHz IF amplifier, A1U5B, and is applied to 100 kHz IF

amplifier, A1USC, when RANGE switch, S1, is in the 1.5
kHz, 5 kHz or 15 kHz position.

Level detector,” A1U6A/A1C22, is adjusted by
variable resistor, A1R31, to fire operate lamp schmidt
trigger, A1U6B/C, when the 2 MHz IF input level is exactly
2.5 mV rms. This triggers operate lamp switch, A1U6D, and
lights the OPERATE lamp, DS1.

3.54  Beat Lamp Circuitry

100 kHz from the mainframe is applied to the LO
port of mixer, A1U7A, via pin 14 of connector, P1. This
mixes with the 100 kHz at the output of 100 kHz
amplifier, A1USC, and the difference frequency is
amplified by beat amplifiers, A1U7B/C and D, and drives
beat lamp switch, A1Q3, which in turn flashes the beat
lamp, DS2, at the beat rate. The beat note is also applied to
the mainframe via pin 1 of connector, P1. Audio squelch
diode, AICRI1, enables the beat circuitry to function
whenever the OPERATE lamp, DS1, is lit.

3.5.5 Meter Circuitry

The 100 kHz from 100 kHz amplifier, A1U5C, is .
converted into a square wave by limiter, A1U5D, and is
applied to one-shot multivibrator, A1U3, which operates as
a pulse-counting discriminator. The two complementary
outputs are amplified by the meter amplifier, A1U4A
through A1U4D, and applied to both plates of capacitor,
A1C9. If the intermediate frequency becomes higher,
Capacitor, A1C9, will become charged more positive on the
positive plate than the negative plate and the meter, M1,
which is effectively connected across A1C9, will indicate a
positive difference frequency. If the intermediate frequency
becomes lower, the opposite procedure will occur.
Calibration of the three ranges is accomplished by variable
resistors, A1R18, A1R21 and A1R23. When the schmidt
trigger fires and the OPERATE lamp is lit, meter enable
switches, A1U4E and A1UGE, allow the meter amplifier,

A1U4A through A1U4D, to operate.

3.5.6  Calibrate Circuitry

100 kHz from the mainframe is applied to the
discriminator, A1U3, via terminal 14 of Pl when the
RANGE switch is in the ZERO position. With the ZERO
control, R1, at mid-position, variable resistor, AI1RS, is-
adjusted for zero on the FIM-1 meter.

3.5.7 Power Supply Circuitry.
+9 Vdc is applied to voltage regulator, A1U2, via
terminal 9 of P1. Variable resistor, A1R4, is adjusted to

produce +5 Vdc which is required for some of the
integrated circuits employed in the FIM-1.
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3.6
FIM-3
3.6.1 Introduction

This section consists of the circuit description of.
the FIM-3 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, ﬁgure 3 S,
and the schematic diagram, figure 5-28.

3.6.2 General

The FIM-3 plug-in module derives its power supply
and IF signal inputs via the rear connector, P1. The unit is
energized whenever the mainframe is operating. A single
printed circuit board assembly contains the six major
sections of the FIM-3: operate lamp circuitry, beat lamp
circuitry, meter circuitry, calibrate circuitry, +5 Vdc power
supply circuitry, and squelch circuitry.

3.6.3  Operate Lamp Circuitry

42 MHz from the mainframe is applied to
amplifier, A1Q2, via pin 12 of connector, P1. This
frequency is divided by two by A1Ul, (a binary),
producing 2.1 MHz which is applied to the LO port of

mixer, A1USA. The 2 MHz IF frequency from the RF |

module is applied to the 2 MHz bandpass filter (adjusted by
Al1L1), via P1-16 to the 2.2 MHz trap (adjusted by A1L4).
The output of the 2.2 MHz trap is applied through the 2
MHz buffer, A1Q1, to. the signal port of mixer, A1USA, to
produce a difference frequency of 100 kHz. The 2.2 MHz
trap prevents the image frequency (2.2 MHz) from mixing
with the 2.1 MHz at the LO port of the mixer and
producing an intermediate frequency of 100 kHz.

The output of mixer, A1USA, is amplified by 100
kHz IF amplifier, A1U5B, and is applied to 100 kHz IF
amplifier, A1USC, when RANGE switch, S1, is in the 1.5
kHz, 5 kHz or 15 kHz position.

Level detector, AIU6A/A1C22, is ad]usted by..b«i

variable resistor, A1R31, to fire operate lamp schmidt”
trigger, A1TU6B/C, when the 2 MHz IF input level is exactly
2.5 mV rms. This triggers operate lamp switch, A1U6D, and
lights the OPERATE lamp, DS1.

3.6.4 Beat Lamp Circuitry

100 kHz from the mainframe is applied to the LO
port of mixer, A1U7A, via pin 14 of connector P1. This
mixes with the 100 kHz at the output of the 100 kHz
amplifier, A1USC, and the
amplified by beat amplifiers, A1U7B/C and D, and drives
beat lamp switch, A1Q3, which in turn flashes the beat
lamp, DS2, at the beat rate. The beat note is also applied to
the mainframe via pin 1 of connector P1. Audio squelch
diode, AICRI; -enables the beat circuitry to function
whenever ;the OPERATE lamp, DS1, is lit.
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3.6.5  Meter Circuitry

The 100 kHz from 100 kHz amplifier, A1U5C, is

.converted into a square wave by limiter, A1USD, and is

applied to one-shot multivibrator, A1U3, which operates as
a pulse-counting discriminator. The two complementary
outputs are amplified by the meter amplifier, A1U4A
through A1U4D, and applied to both plates of capacitor
A1C9. If the intermediate frequency becomes higher,
capacitor, A1C9, will become charged more positive on the
positive plate than the negative plate and the meter, M1,
which is effectively connected across A1C9, will indicate a
positive difference frequency. If the intermediate frequency
becomes lower, the opposite procedure will occur.
Calibration of the three ranges is accomplished by variable
resistors, A1R18, A1R21 and A1R23. When the schmidt

. trigger fires and the OPERATE lamp is lit, meter enable

switches, A1U4E and A1UGE, allow the meter amplifier,
A1U4A through A1U4D, to operate.

3.6.6 Calibrate Circuitry
100 kHz from the mainframe is applied to the
discriminator, A1U3, via terminal 14 of P1 when the

RANGE switch is in the ZERO position. With the ZERO
control, R1, at mid-position, variable resistor, A1RS, is
adjusted for zero on the FIM-3 meter.

3.6.7 Squelch Circuitry

Operate lamp switch, A1U6D, also operates
squelch diode switch, AICR2. When the OPERATE lamp,
DS1, is lit and the SQUELCH switch, S2, is in the ON
position, diode switch, A1CR2 is reverse-biased and the
diode switch, CR4, in the mainframe is forward-biased,
allowing the recovered audio from the right-hand module to
reach the VOLUME control in the mainframe and
eventually reach the speaker in the mainframe.

If the OPERATE lamp is not lit, diode switch,
A1CR2, is forward-biased and the diode switch, CR4, in the
mainframe is reverse-biased, and the audlo Cll’CUlt is open
circuited.

Wlth the SQUELCH sw1tch in the OFF position,
the diode switch, CR4, in the mainframe is always
forward-biased and the audio circuit is completed.

3.6.8  Power Supply Circuitry .

+9 Vdc is applied to voltage regulator, A1U2, via
terminal 9 of P1. Variable resistor, A1R4, is ad]usted to
produce +5 Vdc which is required for some of the
integrated circuits employed in the FIM-3,



3.7 AMPLITUDE MODULATION MODULE, MODEL
OAM-1

3.7.1 Introduction

This section consists of the circuit description of
the OAM-1 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-6,
and the schematic diagram, figure 5-29.

3.7.2 General

The OAM-1 plug-in module derives its operating
power and signal input from the mainframe via the rear
connector, P1. It contains its own power switch to permit
use of the mainframe while the plug-in is switched off. High
voltages for the CRT are developed within the module by a
dc-to-dc inverter operating from the +9 volts dc supplied by
the mainframe. There are four subassemblies in the OAM-1:
AM detector board, Al; high voltage power supply board,
A2; vertical amplifier board, A3; and horizontal amplifier
board, A4. The circuitry contained in the OAM-1 may be
divided into four major sections: vertical deflection
circuitry, horizontal deflection circuitry, internal
modulator circuitry and power supply circuitry.

3.73  Vertical Deflection Circuitry

The 2 MHz IF signal from the mainframe is
applied to a 2 MHz active filter, Q601/L601/L602/L603 via
pin 16 of connector P1. This is followed by a 2 MHz tuned
differential amplifier, U602/L606, and a buffer amplifier,
Q603. The gain of the differential amplifier is controlled by
CARRIER LEVEL potentiometer, R1.

The output of buffer amplifier, Q603, is applied to
operational amplifier, Q604/Q605, peak detector, Q606,
and buffer amplifier, Q607. The operational amplifier,
Q604/Q605, has 100% feedback so that the loop gain is
unity. The RC time constant of C628/R630 is sufficiently
short that the modulation envelope is accurately followed.
. An AGC loop from the output of buffer amplifier, Q607,
" to differential amplifier, U602, provides output stability
with fluctuations of 6 to 10 dB in IF input signal level.

The output of buffer amplifier, Q607, is impressed
across precision voltage divider, R656/R658/R659 and is
also applied to recovered audio amplifier, Q608, when the
VERT MODE switch, S2, is in any position except the EXT
position. The output of recovered audio amplifier, Q608, is
applied through buffer amplifier, Q609, to the mainframe
via pin 14 of connéctor, P1, and to distortion analyzer
output amplifier, Q105. This output is connected to DIST
ANAL jack, J2.

The output of buffer amplifier, Q607, is also
applied to buffer amplifier, Q101, whenever VERT MODE
switch, S2, is in either the MEAS AM or the CARR SET
position. (In the CARR SET position, capacitor C3 removes
the ac component of the modulated signal.) Q102 is a

constant current source for buffer amplifier, Q101, and the
output of the buffer amplifier is applied to the high gain,
dc-coupled vertical amplifier consisting of U101A/B, Q103
and Q104. (U101C is a constant current source for
U101A/B.) The vertical amplifier drives the CRT vertical
deflection plates and VERT POS control, R6, sets the bias
of U101B. When VERT MODE switch, S2, is in the EXT
position, an external signal may be applied to VERT IN
connector J1 for general oscilloscope use. VERT GAIN
control, R3, provides attenuation of this external signal.

3.7.4 Horizontal Deflection Circuitry

The sweep generator contains a current source,
Q200, and a regenerative trigger, Q201/Q202. Sweep speed
is controlled by SWEEP RANGE switch, S4, and SWEEP
SPEED control, R5. The output level is controlled by
variable resistor, R204. Synchronization is provided by the
vertical signal output of Q104. The sweep generator output
is applied to buffer amplifier, Q203, when MOD MODE
switch, S6, is in either the INT or EXT position. The
output of buffer amplifier, Q203, is applied to the
dc-coupled horizontal deflection amplifier, Q204/Q205,
having differential outputs which drive the horizontal
deflection plates of the CRT. HORIZ POS control, R8, sets
the bias of Q205. The horizontal amplifier may be driven
from an external source connected to the EXT
MOD/HORIZ IN receptacle, J4, when the MOD MODE
switch, S6, is in the EXT HORIZ position. The mainframe
may be modulated from the EXT MOD/HORIZ IN
receptacle, J4, when the MOD MODE switch, S6, is in the
EXT position and the RANGE switch, S3, is in the GEN
30% position via the amplitude modulation amplifier,
Q616/Q617, through pin 11 of connector P1.

3.7.5 Internal Modulator Circuitry

The 400 Hz/t kHz Wein-bridge oscillator,
Q610/Q611, is buffered by Q613 and automatically leveled
by level detector, CR602/CR603 and ALC control, Q611.
The oscillator frequency is selected by MOD/AUDIO OUT
FREQ switch, S5, which selects feedback variable resistors
R674 and R675 and frequency variable resistors R671 and
R673 corresponding to the frequency selected. The output
of the oscillator is impressed across INT MOD/AUDIO OUT
control, R2, and the wiper of R2 is connected to 400 Hz/1
kHz driver amplifier, Q614. The output of Q614 is applied
to AUDIO OUT connector, J3, via buffer amplifier, Q615.
When the MOD MODE switch, 86, is in the INT position,
the output from the Wein-bridge oscillator is first amplified
by the 400 Hz/1 kHz driver and buffer, Q614/Q615, and
then by AM modulation amplifier, Q616/Q617, and applied
to the mainframe through pin 11 of connector, P1, when
the RANGE switch, S3, is in the GEN 30% position.

3.7.6  Power Supply Circuitry -
The power supply is a dc-to-dc inverter that
converts +9 volts from the mainframe when the PWR

switch, S1, is on, to -1000 volts and +300 volts required by
the CRT. The inverter also supplies -15 volts required by
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the vertical and horizontal deflection amplifiers and the AM
detector board. 6.2 V rms required by the CRT heater is
also supplied. The inverter consists of a 400 kHz oscillator,
Q1/Q2, a power transformer, T401, and three rectifiers,
CR401/CR402, CR403/CR404, and CR405/CR406. The
astigmatism control, R217, utilizes the +300 Vdc while the
FOCUS and INTENSITY controls, R11 and RI13
respectively, require the -1000 Vdc.

38 FREQUENCY MODULATION MODULE
MODEL ODM-—1

3.8.1 Introduction

This section consists of the circuit description of
the ODM-1 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-7 and
the schematic diagram, figure 5-30. )

3.8.2 General

The ODM-1 plug-in module derives its operating
power and signal input from the mainframe via the rear
connector, P1. It contains its own power switch to permit
use of the mainframe while the plug-in is switched off. High
‘voltage power supplies for the CRT are also developed
within the module. There are four subassemblies in the
ODM-1: 2 MHz IF board, Al, high voltage power supply
board, A2, vertical amplifier board, A3, and horizontal
amplifier board, A4. The circuitry contained in the ODM-1
may be divided into six sections: operate and overload lamp
circuitry, discriminator output circuitry, vertical deflection
circuitry, horizontal deflection circuitry, internal
modulation circuitry and power supply circuitry.

3.8.3  Operate and Overload Lamp Circuitry

" A 2 MHz active filter consisting of Q501, L501,
L502, and L503 amplifies and filters the 2 MHz IF signal at
pin 16 of connector P1. The amplified output is buffered
by Q503 and amplified by Q504. Level detector,
CR502/Q505/C526, rectifies the IF signal and this output
is applied to two potentiometers, R527 and R528.
Potentiometer R528 is adjusted to fire the operate lamp
schmidt trigger, Q506/Q507, when the level of the 2 MHz
at pin 16 of connector, Pl is 2.5 mV. This triggers the
operate lamp switch, Q508 and OPER lamp, DSI1, lights.
R527 is adjusted to fire the overload schmidt trigger,
Q509/Q510, with 25 mVrms (2.5 mVrms + 20 dB) at the 2
MHz IF input, pin 16 of connector, P1, which triggers the
overload lamp switch, Q511, and OVLD lamp, DS2, lights.
Interlock diode, CRS503, prevents both lamps being lit
simultaneously.

3.84  Discriminator Output Circuitry
The output of the 2 MHz active filter is also
applied to the limiter-discriminator, U501. The

demodulated output is buffered by Q502 and applied to
pin 5 of connector, P1. The buffered output of Q502 is also
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amplified by the distortion analyzer amplifier, QIOS for
use at the DIST ANAL output connector, J2.

3.8.5  Vertical Deflection Circuitry

The output of the limiter-discriminator, U501, is
also applied to the voltage divider string, R2/R3/R4,
through potentiometer, R516. DEV RANGE switch, S2,
selects a voltage from the voltage divider string and when
the VERT IN switch, S1, is in the INT position. The
recovered audio is amplified by the recovered audio
amplifier, Q512/Q513/Q514, and applied to the mainframe
via pin 14 of connector, P1.

The signal level selected by the DEV RANGE
switch, S2, is also applied to the vertical deflection
amplifier, Q101/U101/Q103/Q104, and VERT CENT
control, R9, sets the bias of U101B. Q102 and U101C are
constant current sources for the vertical deflection
amplifier. ) :

3.8.6  Horizontal Deflection Circuitry

The sweep generator contains a current. source,
Q200, and a regenerative trigger, Q201/Q202, Sweep speed
is controlled by SWEEP RANGE switch, S3, and SWEEP
SPEED control, R11. The output level is controlled by
variable resistor, R204. Synchronization is provided by the
vertical signal output of Q104. The sweep generator output
is applied to buffer amplifier, Q203, when MOD MODE
switch, S4, is in either the INT or EXT position. The
output of buffer amplifier, Q203, is applied to the
dc-coupled horizontal deflection amplifier, Q204,Q205,
having differential outputs which drive the horizontal
deflection plates of the CRT. HORIZ CENTER control,
R12, sets the bias of Q205. The horizontal amplifier may
be driven from an external source connected to the EXT
MOD/HORIZ IN receptacle, J4, when the MOD MODE
switch, S4, is in the EXT HORIZ position, The mainframe
may be modulated from the EXT MOD/HORIZ IN
receptacle, J4, when the MOD MODE switch, S4, is in
either the EXT or INT COMB positions via the modulation
amplifier, U102, through pin 12 of connector, P1.

3.8.7 Internal Modulator Circuitry

: The 1 kHz Wein-bridge oscillator, Q515/Q516 is
buffered by Q517 and automatically leveled by level
detector, CR504/CR505 and ALC control, Q518. The
output of the oscillator is impressed across the INT
MOD/AUDIO OUT control, R13. The wiper of R13 is
connected to the audio driver amplifier, Q519/Q520. The
output of Q520 is applied to the AUDIO OUT connector,
J3. When the MOD MODE switch, S4, is in the INT COMB
position, the output from the Wein-bridge oscillator is
amplified by the modulation amplifier, U102 and applied
to the mainframe through pin 12 of connector, P1.



3.8.8  Power Supply Circuitry

The power supply is a dc-to-dc inverter that
converts +9 volts from the mainframe when the PWR
switch, S1, is closed to -1000 volts and +300 volts required
by the CRT. The inverter also supplies -15 volts required by

the vertical and horizontal deflection amplifiers and 2 MHz -

IF board. The 6.2 Vrms required by the CRT heater is also
supplied. The inverter consists of a 40 kHz oscillator,
Q1/Q2, a  power transformer, T401, and three voltage
doublers, CR401/CR402, CR403/CR404, and

CR405/CR406. The astigmatism control, R217, utilizes the

+300 Vdc while the FOCUS and INTENSITY controls, R21
and R18 respectively, require the -1000 Vdc.

3.9 FREQUENCY MODULATION MODULE,
MODEL MDM-1

39.1 Introduction

This section consists of the circuit description of
the MDM-1 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram, figure 3-8 and
the schematic diagram, figure 5-31.

3.9.2 General

"The MDM-1 plug-in module derives its power
supply and IF signal inputs via the rear connector, P1. The
unit is energized whenever the mainframe is operating. A

_single printed circuit board assembly contains the three
major sections of the MDM-1: Limiter current circuitry,
deviation circuitry, and modulating circuitry.

3.9.3  Limiter Current Circuitry

A 2 MHz active filter consisting of A1Q1, A1L1,
Al1L2 and A1L3 amplifies and filters the 2 MHz IF signal at
pin 16 of connector, P1. The 3 dB bandwidth of the filter is
approximately 50 kHz. The amplified output of the 2 MHz
active filter is applied to emitter follower, A1Q2, acting as a
buffer amplifier. The 2 MHz tuned amplifier, A1Q3, and
A1LS, supplies the voltage doubler rectifier, AICR7 and
A1Q4, which acts as a signal threshold detector. The output
of the threshold detector is a dc voltage proportional to the
IF signal level which is fed to the MTR switch, S3.

With S3 in the LIM position, variable resistor,
A1RA40 is adjusted so that the meter indicates the minimum
allowable 2 MHz input signal level required to achieve full
limiting of the limiter-discriminator, A1U2. A red line on
the meter scale indicates this level.

Meter protection is achieved by diodes CR8 and

CR9. The limiter, A1CR1 through A1CR6, is designed to
allow 20 dB of dynamic range at the 2 MHz IF signal.

3.9.4  Deviation Circuitry

The amplified output of the active filter is also

applied to the limiter-discriminator, A1U1 and A1L4. This
is a quadrature-type discriminator containing a de-emphasis
network, and its output is applied via the emitter follower,
A1Q5, acting as a buffer amplifier, to the front panel
SCOPE/DIST ANAL connector, J1, and to the rear
connector, P1-5, which is not used at the present time.

The discriminator output is also.applied to the
deviation range divider network, A1R16, A1R17, A1R18,
and A1R19. The DEVIATION RANGE switch, S1, selects
one of the three ranges: 1.8, 6 or 18 kHz, and applies the
signal to the phase splitter, A1Q6.

A1Q6 is a field effect transistor with a high input
impedance so that it will not load the deviation range
divider network. The two identical outputs from A1Q6,
180° apart in phase, are selected by the DEV switch, S2.
This allows positive or negative-going peaks to be read on
the front panel deviation meter. The signal selected by the
DEV switch S2, is applied to the recovered audio amplifier,
A1Q7 and A1Q8. A1Q7 is a field effect transistor with a
high input impedance so that the drain of A1Q6 is not
heavily loaded when the DEV switch, S2, is in the -position.
The output of A1Q2 is applied to emitter follower, A1Q9.

The output of the buffer amplifier, A1Q9, is
applied to the rear connector, P1-14, This supplies the
mainframe audio amplifier with the recovered audio signal.

The output of A1Q8 also is applied to the peak
detector, A1U2 and AICR10. The output of the peak
detector supplies a dc voltage proportional to the peak
value of the recovered audio to the MTR switch, S3.

With the MTR switch, S3, in the DEV position,
the meter indicates the peak deviation in kilohertz.

The meter is in series with the dc feedback path of
A1U2, Calibration of the meter is accomplished by variable

 resistor, A1R47.

3.9.5 Modulator Circuitry

The internal modulator circuitry consists of an
automatically levelled 1 kHz Wein-bridge oscillator. The
basic Wein-bridge oscillator consists of A1Q10 and A1Ql11
and is buffered by the emitter follower, A1Q12, and is
automatically amplitude levelled by the  field effect
transistor, A1Q15.

Automatic levelling is achieved by sampling the
output voltage of the emitter of A1Q12 and rectifying it by
the voltage doubler rectifier, AICR11 and A1CR12. The
output of level detector AICR11 and AICRI12, is a dc
voltage proportional to the level of the 1 kHz output and
varies the resistance between source and drain of the
automatic level control field effect transistor, A1Q15,
which in turn varies the bias of A1Q10. Variable resistor,
AIRSS8, is adjusted for the desired output level, and
variable resistor, A1RS6, is adjusted for the desired
frequency (1 kHz).
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With the MOD switch, S4, in the INT/COMB
position, the INT MOD/AUDIO OUT control, R63, may be
rotated to the desired peak deviation of the mainframe.
MOD switch, S4, couples the internal 1 kHz oscillator to
" the mainframe via the rear panel connector, P1-12, for
modulation purposes. With the MOD switch, S4, in this
same position (INT/COMB), an external test tone
frequency may simultaneously be injected into the
mainframe via the EXT MOD front panel connector, J2.

With the MOD switch in the EXT position, an
external test tone frequency may be applied to the EXT
MOD front panel connector for modulating the mainframe
with frequencies other than 1 kHz. In this switch position,
the internal 1 KHz oscillator output is applied to the front
panel AUDIO OUT connector, J3, for modulation of
external transmitters via the audio driver amplifier, A1Q13
and A1Q14. :

310 AM/FM MODULE, MODEL AFM-1

3.10.1 Introduction

This section consists of the circuit description of
the AFM-1 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of .
the unit. Refer to the detailed block diagram below, and,
the schematic diagram, figure 5-32. ,

P2 (FM MOD
OUTPUT,
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FM
©
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-

DETAILED BLOCK DIAGRAM MODEL AFM-1

3.10.2 General

The AFM-1 plug-in module has two functions:
frequency modulation, and amplitude modulation.

3.10.3 Frequency Modulation

The FM MOD jack, J1, is directly connected to the
mainframe via pin 12 of connector, P1.

3.10.4 Amplitude Modulation
The AM MOD jack, 12, is connected to the
mainframe via a dc blocking capacitor, C1, through pin 11

of connector, P1.
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3.1 AM/FM MODULE, MODEL AFM-2

3.11.1 Introduction

This section consists of the circuit description of
the AFM-2 plug-in module. The information is presented to
assist the user in the troubleshooting and maintenance of
the unit. Refer to the detailed block diagram below, and
the schematic diagram, figure 5-33.
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DETAILED BLOCK DIAGRAM MODEL AFM-2

3.11.2 General

The AFM-2 plug-in module has four functions:
frequency modulation, amplitude modulation, 2 MHz IF
output, and 10 MHz output.

3.11.3 Frequency Modulation

The FM MOD jack, J3, is directly connected to the
mainframe via pin 12 of connector, P1.

3.11.4 Amplitude Modulation

-The AM MOD jack, J4, is connected to the
mainframe via a dc blocking capacitor, C1, through pin 11
of connector, P1.

3.11.5 2 MHz IF Output

The 2 MHz IF from the mainframe is connected
directly to the IF OUTPUT jack, J1, via pin 16 of
connector, P1.

3.11.6 10 MHz Output

The 10 MHz from the mainframe is connected to
the 10 MHz OUTPUT jack, J2, through isolation resistor,
R1, via pin 1 of connector, P1.
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3.12 RADIO FREQUENCY MODULE, MODEL RFM-10D

3.12,1 Introduction
This section consists of the circuit description of the RFM-10D plug-in module.
The information is presented to as;isf the user in the troubleshooting and maintenance
of the unit. Refer to the déi'ailed block diagram, Figure 3-9, and the schemdtic
diagrams, Figures 5-35 tbrough 5-38.

3.12.2 General

The RFM-10D plug-in module derives its power supply and RF signal inputs via the
rear connectors, P2 and P1. The unit is energized whenever the mainframe is
operating.

Three major assemblies are contained in this unit: broadband amplifier assembly,
A1A2, 11 MHz IF board, A1A3, and broadband ampliﬁer/mixer/def;actor assembly,
A1A4, The circuitry of the RFM=10D will be explained according to the functions

of the mainframe MODE switch: generate, measure, gen mod cal, and tone generate.

3.12.3  Generate Circuitry (Mainframe MODE switch set to GEN)

The mainframe synthesizer output enters the RFM=-10D module via connector, P1,
and is amplified by the 42 dB broadband amplifier, Q1 through Q8, on the A1A4
board. Level detector diode, CR1, rectifies this signal and returns a dc level
proportional to the RF level to the AGC amplifier in the mainframe via pin 3 of
connector, P2, for automatic leveling.

The output of the 42 dB broadband amplifier is also brought to the RF OQUTPUT jack,

J1, through a 110 dB step attenuator, ATI1,
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3.12.4

3-30

Measure Circuitry (Mainframe MODE switch set to MEAS)

The unknown signal enters the unit via MEAS INPUT connector, J2. The 20 dB
broadband amplifier, A1A2, is energized and passes the signal to the mixer, Zvl,
on the A1A4 board via a 3 dB pad.

The mainframe frequency switches and 0~100 Hz control are adjusted for zero

beat. At this time the frequency at the synthesizer input jack, P1, is 11 MHz
higher than the frequency switches. This frequency is amplified by the 42 dB BBA‘
and applied to the 4 dB BBA, Q9. The 40 dB pad is bypassed by diode switch, CR3,
and the transistor switch, Q10, removes the 50 ohm load, R34, from the circuit.
The output of the 4 dB BBA is applied to the L port of mixer, Z1, and the
difference frequency (11 MHz) from Z1-R is applied to the 11 MHz bandpass filter
on the ATA3 board. Diode switches, CR3 through CRé, are utilized to switch

the 30 kHz crystal filter, FL1, in or out of the circuit and are operated by the
MEASURE MODE switch, S2. In the narrow bandwidth (30 kHz), NARROW lamp,
DS1, lights. The bandwidth in the WIDE position is approximately 200 kHz. After
the diode switch the signal is filtered by an 11 MHz bandpass filter, amplified by
amplifier, Q6, and applied to mixer, Ul.

9 MHz from the mainframe is applied to the other input port of the mixer via
pin 24 of connector, P2, and a 9 MHz bandpass filter. The difference frequency
(2 MHz) is applied to pin 1 of connector, P2, via a lowpass filter and a 2 MHz
amplifier, Q9.

MEASURE SENSITIVITY switch, S1, switches 30 dB of gain in or out of the circuit

by switching the output of the 11 MHz amplifier, Q6. MEASURE SENSITIVITY



control, R1, controls the output of the 11 MHz buffer, Q7, over approximately
30 dB of range. The 2 MHz output is applied to the FIM module where it is
mixed with 2, 1 MHz to produce an IF of 100 kHz, which is applied to a pulse-
counting discriminator and fhé en;or frequenéy, if any, may be read on the FIM
meter. Also the 100 kHz IF is mixed with 100 kHz in the FIM module to produce
the error frequency, if alf;y, which may be heard in the mainframe speaker, or
noted on the FIM BEAT lamp.

3.12.5 Gen Mod Cal Circuitry (Mainframe MODE switch set to GEN MOD CAL)

The synthesizer input at connector, P1, is 11 MHz and is either frequency modulated
or amplitude modulated by the right~hand module. This is amplified by the 42 dB
BBA and applied to the mixer, Z1-L port through the 4 dB BBA which is switched

off at this time and the 40 dB pad attenuates the signal. The aﬂenucﬁed output is
applied to the A1A3 board. At this time, mixer, Z1, isturned on via A1A4R44 and
acts as a closed switch. The MEASURE MODE switch is bypassed so that the WIDE
position is in use.

The 9 MHz is mixed with the modulated signal at mixer, U1, and the modulated

2 MHz IF signal is applied to the right-hand module where the modulation is
detected.

3.12.6  Tone Generator Circuitry (Mainframe MODE switch set to TONE GEN)

In this mode the frequency of the synthesizer input at connector, P1, is 11 MHz plus
any frequency switch sefting to the right of the 1 MHz decade switch. This

frequency is ampl ified by the 42 dB BBA and applied to the mixer, Z1-L. The
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4 dB BBA is switched out of the circuit and the attenuated output is applied to the
A1A3 board. The MEASURE MODE switch is bypassed so that the WIDE position

is in use. 9 MHz from the mainframe is mixed with the signal producing a

2 MHz + IF signal. This 2 MHz +-IF signal is a‘pplied to the FIM module where

it is mixed with 2,1 MHz pr§ducing a 100 kHz +signal which is mixed with a
100 kHz signal from the mainframe fo produce the frequehcy sei' on the mainframe
switches to the right of the 1 MHz decéde switch.

This frequency is available at the AUDIO TONE QUTPUT jack, J5, on the

mainframe.
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3.13 RADIO FREQUENCY MODULE, MODEL RFM-11A

3.13.1 Introduction
This section consists of the circuit description of the RFM-11A plug-in module.
The information is presented to assilst the user in the froubleshooting and maintenance
of the unit, Refer to the detailed block diagram, Figure 3-10, and the schematic

diagrams, Figures 5-39 thru 5-44,

3.13.2 General

The RFM-11A plug=in module derives its power supply and RF signal inputs via the
rear connectors, P2 and P1. The unit is energized whenever the mainframe is

operating.

Four major assemblies are contained in this unit: RF switch and broadband amplifier
assembly, A1A2; 11 MHz IF board, A1A3; broadband amplifier/mixer/detector
assembly, A1A4; and 700 MHz multiplier board, A1A5. The circuitry of the RFM-
11A will be explained according to the functions of the mainframe MODE switch:

generate, measure, gen mod cal, and tone generate.

3.13.3  Generate Circuitry (Mainframe MODE switch set to GEN)

The mainframe synthesizer output enters the RFM-11A module via connector, P1,
and is amplified by the 42 dB broadband amplifier, Q1 through Q8, on the A1A4
board. Level detector diode, ATA4CRI1, rectifies this signal and returns a dc level
proportional to the RF level to the AGC amplifier in the mainframe via pin 3 of

connector, P2, for automatic leveling.
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The output of the 42 dB broadband amplifier is also brought to the RF switch,

A1A2, through a 110 dB step attenuator, ATI,

When at the low band position, the RF output is applied to the RF OUTPUT connector,
J1. When at the high band position the RF output is applied to the X port of mixer,
Z1. 10 MHz from the mainframe is multiplied by 70 in the 700 MHz multiplier
board, A1A5, and applied to the L port of mixer, Z1 through bandpass filter, FL2.

The sum of the two frequencies at Z1 appears at the RF output receptacle, J2.

3.13.4  Measure Circuitry (Mainframe MODE switch set to MEAS)

The unknown signal enters the unit via one of the MEASURE INPUT connectors, J1

or J2. In the high frequency mode, the unknown signal is applied to the R port of
mixer, Z1. 700 MHz is applied to the L port, and the difference fréquency is applied
to the RF switch, A1A2. The difference frequency is amplified by the 15 dB nominal BBA

and then applied to the X port of mixer A1A4Z1,

In the low frequency mode, the unknown signal is applied to the RF switch, A1A2,
and amplified by the 20 dB BBA. This frequency is then applied to the X port of

mixer Al A4Z1,

The mainframe frequency switches and 0-100 Hz control are adjusted for zero

beat. At this time the frequency at the synthesizer input receptacle, P1, is 11 MHz
higher than the frequency switches. This frequency is amplified by the 42 dB BBA
and applied to the 4 dB BBA, A1A4Q9. The 40 dB pad is bypassed by aiode switch,
A1A4CR3, and the transistor switch, A1A4Q10, removes the 50 ohm load, A1A4R34,

from the circuit. The output of the 4 dB BBA is applied to the L port of mixer, A1A4Z1,



3.13.5

and the difference frequency (11 MHz) from A1A4 Z1-R is applied to the 11 MHz
bandpass filter on the A1A3 board. Diode switches, ATA3CR3 thrdugh ATA3CRS,
are utilized to switch the 30 kHz crystal filter, ATA3FL1, in or out of the circuit
and are operated by the MEASURE MODE switch, $2, In the narrow bandwidth

(30 kHz), NARROW lamp, DS1, lights. The bandwidth in the WIDE position is
approximately 200 kHz. After the diode switch the signal is filtered by an 11 MHz
bandpass filter, amplified by amplifier, A1A3Q6, and applied to mixer, A1A3U1. |
9 MHz from the mainframe is applied to the other input port of the mixer A1A3U1
via pin 24 of connector, P2, and a 9 MHz bandpass filter. The difference frequency
(2 MHz) is applied to pin 1 of connector, P2, via a lowpass filter and a 2 MHz

amplifier, ATA3QS9.

MEASURE SENSITIVITY switch, S1, switches 30 dB of gain in or out of the circuit
by switching the output of the 11 MHz amplifier, AIA3Q6. MEASURE SENSITIVITY
control, R1, controls the output of the 11 MHz buffer, A1A3Q7, over approximately
30 dB of range. The 2 MHz output is applied to the FIM module where it is mixed
with 2, 1 MHz to produce an IF of 100 kHz, which is applied to a pulse-counting
discriminator and the error frequency, if any, may be read on the FIM meter. Also
the 100 kHz IF is mixed with 100 kHz in the FIM module to produce the error fre-
quency, if any, which may be heard in the mainframe speaker, or noted on the

FIM BEAT lamp.

Gen Mod Cal Circuitry (Mainframe MODE switch set to GEN MOD CAL)

The synthesizer input at connector, P1, is 11 MHz and is either frequency modulated
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3.13.6

or amplitude modulated by the right-hand module. This is amplified by the 42 dB

BBA and applied to the mixer, ATA4Z1-L port through the 4 dB BBA which is switched
off at this time and the 40 dB pad attenuates the signal. The attenuated output is
applied to the A1A3 board. At this time, mixer, ATA4Z1, is turned on via A1A4R44
and acts as a closed switch, The MEASURE MODE switch is bypassed so that the WIDE

position is in use.

The 9 MHz is mixed with the modulated signal ot mixer, ATA3U1, and the modulated

2 MHz IF signal is applied to the right-hand module where the modulation is detected.

Tone Generator Circuitry (Mainframe MODE switch set to TONE GEN)

In this mode the frequency of the synthesizer input at connector, P1, is 11 MHz plus

any frequency switch setting to the right of the 1 MHz decade switch. This frequency

is amplified by the 42 dB BBA and applied to the mixer, A1A4Z1-L. The 4 dB BBA is
switched out of the circuit and the attenuated output is applied to the ATA3 board.

The MEASURE MODE switch is bypassed so that the WIDE position is in use. 9 MHz from
the mainframe is mixed with the signal producing a 2 MHz + IF signal. This 2 MHz +

IF signal is applied to the FIM module where it is mixed with 2.1 MHz producing a

100 kHz + signal which is mixed with a 100 kHz signal from the mainframe to produce

the frequency set on the mainframe switches to the right of the 1 MHz decade switch.

This frequency is available af the AUDIO TONE OUTPUT jack, J5, on the mainframe.
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3.14 RADIO FREQUENCY MODULE, MODEL RFM-10B

The Theory of Operation for the Model RFM-10B is the same as that of the Model

RFM-10A with the following exceptions (refer to Paragraphs 3.4 thru 3.4.6):

a) The detailed block diagram, Figure 3-3, should have a Broadband Amplifier
as the A1A2 Assembly.

b) The overall schemati¢ diagram, Figure 5-24, should have a Broadband Amplifier
as the ATA2 Assembly. |
1) The feedthru capacitor should be C12, 1000 pF.

c) The addition of a schematic diagram, Figure 5-45,

d) Alllfexf references to the RF switch should be replaced with the Broadband

Amplifier.
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3.15.

3.15.1

3.15.2

3.15.3

RADIO FREQUENCY MODULE, MODELS RFM-10A AND RFM-10B

Introduction

This section consists of the circuit descriptions of the RFM=-10A and RFM-10B plug-in
modules. The information is presented to assist the user in the troubleshooting and mainten-
ance of the unit. Refer to the detailed block diagram, Figure 3-11, and the schemdtic
diagrams, Figures 5-46 thru 5-49,

Generadl

The RFM-10A and RFM-10B plug-in modules derive their power supply and RF signal inputs
via the rear connectors, P2 and P1. The unit is energized whenever the mainframe is
operating.

Three* major assemblies are contained in this unit: broadband amplifier assembly, A1A2;
11 MHz IF board, A1A3; and broadband amplifier/mixer/detector asse'mbly, AlA4, The
circuitry of the RFM-10A and RFM-10B will be explained according to the functions of
the mainframe MODE switch: ;;enerafe, measure, gen mod cal, and tone generate.

Generate Circuitry (Mainframe MODE switch set to GEN)

The mainframe synthésizer output enters either the RFM-10A or RFM-10B module via con-
nector, P1, and is amplified by the 42 dB broadband amplifier, Q1 thru Q8, on the A1A4
board. Level detector diode, CR1, rectifies this signal and returns a dc level proportional
to the RF level to the AGC amplifier in the mainframe via pin 3 of connector, P2, for
automatic leveling. A

The output of the 42 dB broadband amplifier is also brought to the RF OQUTPUT jack,

J1, through a 23 dB attenautor, AT3, 40 dB variable attenuator, AT2, and a 10 dB

attenuator, ATI.

*The RFM-10A has no A1A2 assembly.
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3.15.4

Measure Circuitry (Mainframe MODE switch set to MEAS)

The unknown signal- enters the unit vig the MEAS“INPUT iconnector, J2. In the RFM-10A,
the signal passes directly t& the A1A4 board. *'In the RFM-10B, the 20 dB broadband
amplifier, A1A2, s enérg?zei:l and passes the signal to the mixer, Z1, on the' A1A4
board via a 3 dB pad.
The mainframe frequency switches and 0-100 Hz control are adjusted for zero
beat. At this time the frequency at the synthesizer input jack, P1, is 11 MHz
higher than the frequency switches. h'I'his frequency is amplified by the 42 dB BBA
and applied to the 4 dB BBA, Q9. The 40 dB pad is bypassed by diode switch, CR3,
and the transistor switch, Q10, removes the 50 ohm load, R34, from the circuit.
The output of the 4 dB BBA is applied to the L port of mixer, Z1, and the
difference frequency (11 MHz) from Z1-R is applied to the 11 MHz bandpass filter
on the A1A3 board. Diode switches, CR3 through CRé, are utilized to switch
the 30 kHz crystal filter, FL1, in or out of the circuit and are operated by the
MEASURE MODE switch, 52. In the narrow bandwidth (30 kHz_), NARROW lamp,
DS1, lights. The bandwidth in the WIDE position is approximately 200 kHz. After
the diode switch the signal is filtered by an 11 MHz bandpass filter, amplified by
amplifier, Q6, and applied to mixer, U1, -

9 MHz from the mainframe is applied to the other input port of the mixer via
pin 24 of connector, P2, and a 9 MHz bandpass filter. The difference frequency
(2 MHz) is applied to pin 1 of connector, P2, via a lowpass filter and a‘ 2 MHz
amplifier, Q9.
MEASURE SENSITIVITY switch, S1, switches 30 4B of gain in or out of the circuit
by switching the output of the 11 MHz amplifier, Q6. MEASURE SENSITIVITY
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3.15.5

3.15.6

3-50

control, R1, controls the output of the 11 MHz buffer, Q7, over approximately
30 dB of range. The 2 MHz output is applied to the FIM module where it is

mixed with 2. 1 MHz to produce an IF of 100 kHz, which is applied to a pulse-
counting discriminator and the efror frequency, if any, may be read on the FIM

meter. Also the 100 kHz IF is mixed with 100 kHz in the FIM module to produce

“the error frequency, if any, which may be heard in the mainframe speaker, or

noted on the FIM BEAT lamp.

Gen Mod Cal Circuitry (Mainframe MODE switch set to GEN MOD CAL)

The synthesizer input at connector, P1, is l.l MHz and is either frequency modulated
or amplitude modulated by the right-hand module. This is amplified by the 42 dB
BBA and applied to the mixer, Z1-L port through the 4 dB BBA ‘yvhich is switched

off at this time and the 40 dB pad attenuates the signal. The attenuated output is
applied to the A1A3 board. At this time, mixer, Z1, isturned on via A1A4R44 and
acts as a closed switch, The MEASURE MODE switch is bypassed so that the WIDE
position is in use, | |

The 9 MHz is mix;ad'wifh the modulated signal at mixer, U1, and the modulated

2 MHz IF signal is applied to the right-hand module where the modulation is

~ detected.

Tone Generator Circuitry (Mainframe MODE switch set to TONE GEN)

“In this mode the frequency of the synthesizer input at connector, P1, is 11 MHz plus

any frequency switch setting to the right of the 1 MHz decade switch. This

frequency is anml ified by the 42 dB BBA and applied to the mixer, Zl-L. The



"4 dB BBA is switched out of the circuit and the attenuated output is applied to the
Al1A3 board. The MEASURE MODE switch is bypassed so that the WIDE position

is in use. 9 MHz from the mainframe is mixed with the signal producing a

2 MHz + IF signal. This 2 MHz + IF signal is applied to the FIM module where
it is mixed with 2,1 MHz pfoducing a 100 kHz + signal which is mixed with a
100 kHz signal from the mainframe to produce the frequency set on the mainframe
switches to the right of the 1 MHz decade switch,

This frequency is available at the AUDIO TONE OUTPUT jack, J5, on the

mainframe.
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SECTION IV
MAINTENANCE

4.1 GENERAL

This section contains information for the
maintenance of the Model FM-10C mainframe and its
associated plug-in modules. Included are minimum
performance checks, alignment procedures, and fault
isolation procedures. ‘

All ac and dc voltages shown without tolerances
on the schematic diagrams in Section V are typical. The dc
voltages may vary widely (+100%, -50%) and the ac voltages
may vary widely (£ 6 dB) due to component tolerances and
wide beta ranges of the transistors. This does not imply that

.instruments in which measured voltages are at the tolerance

extremes will not perform to the specifications, since the
instrument has been designed to make allowances for these
tolerances.

4.2 TEST EQUIPMENT REQUIRED
FM-10C MAINFRAME)

(MODEL

The test equipment required for checkout,
alignment, calibration, and troubleshooting the model
FM-10C mainframe is listed in table 4-1. Minimum
parameters are provided to aid in the selection of equivalent

types.

TABLE 4-1

TEST EQUIPMENT REQUIREMENTS FOR MAINFRAME

" INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL -

Audio Oscillator

Signal Generator

Oscilloscope with
10 X Probe and
50 ohm load

Frequency Counter

ACVTVM

DC Digital
Voltmeter

RF Voltmeter with
50 ohm load and
high impedance
probe

Frequency range: 400 Hz — 1000 Hz
Level: 0to 2 V rms
Impedance: 600 ohms

Frequency range: 1 MHz to 250 MHz
Level: 0.2 mV to 90 mV rms
Stability: Better than *+ 0004%j/5 min
Output impedance: 50 ohm nominal

Frequency response: 100 MHz
Sensitivity: 5 mV/cm

Frequency response: 50 kHz to 500 MHz
Sensitivity: 10 mV rms
Accuracy: 1 x 1077

Frequency response: 50 Hz to 2 MHz
Level: 2 mV to 400 mV rms

Level: 10 mV to 30 Vdc
Accuracy: * 1%

Frequency response: 50 kHz to 1200 MHz
Level: 500 uVto 1V rms

Hewlett-Packard
Model 651

Singer Model FM-2748

Tektronix Model 454

Hewlett-Packard
Model 5246L

Hewlett-Packard
Model 400D

Hewlett-Packard
Model 3440A

Hewlett-Packard
Model 3406A/
11063A/6064




Table 4—1. Test Equipment Requirements For Mainframe (Cont.)

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Spectrum Analyzer

Sweep Generator

RF Detector
Speaker/Headset

Broadband
Amplifier

Signal
Generator

VOM

Distortion
Analyzer

DC Power Supply

DC Power Supply

Variable
Transformer

Meter with
Phone Plug

Peak Deviation
Meter

Oscilloscope
Deviation
Monitor Module

Oscilloscope
Amplitude
Modulation
Monitor Module

AM/FM Module
RF Module

FIM Module
Extender cables

Load resistors

Frequency response: 10 MHz to 1.2 GHz
Dispersion: 10 kHz/div to 100 MHz/div
Dynamic range: 60 dB minimum
Maximum level measured: +10 dBm

Frequency range: 500 to 800 MHz
Level: 0 dBm to -20 dBm

Frequency response: dc¢ to 800 MHz
Impedance: 8 ohm/2000 ohm

Frequency response: 50 kHz to 500 MHz
Gain: 20 dB minimum

Frequency range: 10 MHz
Output level: +5 dBm

Resistance range: 20 ohm to 50 k ohm

Frequency response | kHz
Input level: 1 V rms
Accuracy: £0.1%

Level: 12V at 2.5 Amps

Level: 0 Vto 5 Vat 10 mA
Regulation: + 5%

0-230 Vac

100-0-100 uAdce
Full-scale deflection

Peak deviation range: S kHz
Accuracy: £ 0.1%

Mainframe must be tested with this
associated plug-in module

Mainframe must be tested with this
associated plug-in module

Mainframe must be tested with this
associated plug-in module

Mainframe must be tested with this
associated plug-in module

Mainframe must be tested with this
associated plug-in module

Not applicable

10 ohin, 10 watt and 220 ohm, 4 W

Singer Model SPA-3000

Wavetek Model 2001

Wavetek Model D152
Not applicable

Singer Model BBA-1

Hewlett-Packard
Model 606

Simpson, Model 260

Hewlett-Packard
Model 333A

Harrison Model 6291 A

Hewlett-Packard
Model 721A

General Radio
Type 100-R

Singer P/N 1-937011-001
and phone plug

Singer Model FM-2748
/ODM-1

Singer Mode! ODM-1
Model ODM-1

Singer Model OAM-1

Singer Model AFM-2
Singer Model RFM-10
or RFM-10A

Singer Model FIM-1
or FIM-3

Singer Model PC 2652
and PC 2653

Not applicable
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4.3 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL FM-10C MAINFRAME)

The following performance checks verify that the
Model FM-10C mainframe is operating within specification.
These checks may be used as part of incoming quality
control inspection, as a periodic operational check, and a
check after repairs or adjustments have been performed.
Left-hand and center modules are required for these checks.

WARNING: High voltages are present
throughout the unit and appropriate
precautions should be taken while
operating the unit with cover removed.

NOTE: The FM-10C is supplied pre-set
to 115 Vac for use in North America,
unless otherwise indicated by a decal
over the AC/DC switch. Power cord
supplied is 3-pin for use with 115 V
grounded mains supply.

4.3.1  Tone Generator Mode Check
a. Install the left-hand module and center
module into the mainframe.

b. Connect powér source to mainframe.
c. Rotate PWR switch clockwise.
d. For ac power, set AC/DC switch on back of

unit to AC. (Approximate ac power required is 32 VA.)
For d¢ power, set AC/DC switch on back of
unit to DC. (2.5A maximum dc¢ cuirent required.)

e. Verify that power indicator lights.
f. Set mainframe controls as follows:
MODE TONE GEN
VOLUME Fully cw
Frequency 000.0000 MHz
Switches

MEASURE MODE IN-BEAT

AUDIO OUTPUT NOTE
TIMEBASE INT
(Rear of unit)
f. Adjust 0—100 Hz frequency control for a

BEAT lamp indication on the center module of
approximately 1 flash per second.

g. Set VOLUME control to desired level and
adjust 0—100 Hz frequency control throughout its range. A
0—100 Hz tone should be audible from the internal
speaker.

h. Rotate 100 Hz frequency switch from 0
position to 9 position. Tone frequency should increase at
each switch position.

j- Repeat step 4.3.1-h. with the 1 kHz
switch.

k. Plug a 45 ohm speaker or 2000 ohm
headset into AUDIO/TONE OUTPUT jack. Repeat step
43.14. Tone frequency from remote speaker/headset
should increase at each switch position.

1. Install the center module into the

mainframe and set the FIM RANGE switch to ZERO.

m. Verify that the remote 100—0—100-uAdc
meter indicates zero. Adjust mechanical zero on meter face
if necessary. Plug the remote meter into the REM METER
jack on the rear of the mainframe and adjust the remote
meter to zero with the FIM module ZERO control.

n. Set center module RANGE switch to 1.5
position.

o. Vary the mainframe 100 Hz and 1 kHz

" switches in 100 Hz steps up to 1.5 kHz. The remote meter

pointer should deflect to the left in 100 Hz increments.
43.2 Frequency Accuracy Check

a. Connect broadband amplifier input to
left-hand module RF OUTPUT jack with a 50 ohm coaxial

cable.

b. Connect broadband amplifier output to
frequency counter input jack.

c. Set RF OUTPUT control of left-hand
module to maximum output level.

d. Set frequency switches to 100.000 MHz
and 0—100 Hz frequency control to OUT position.

e. Frequency counter should indicate
100.000 MHz * 1 ppm.

f. Set 100 MHz frequency switch to 2, 3, 4,
and 5, while verifying frequency accuracy. ‘

g. Reset 100 MHz frequency switch to 1.

h. Set 10 MHz frequency switch to 1, 2, 3,

4,5,6,7, 8, and 9 while verifying frequency accuracy.

j- Set 100 MHz frequency switch to O and
10 MHz frequency switch to 1 and verify frequency
accuracy.

k. Check all positions of 100 kHz, 10 kHz, 1
kHz and 100 Hz frequency switch verifying frequency
accuracy.



1. Set frequency switches to 001.000 MHz
and rotate 0—100 Hz frequency control throughout its
range. Verify that frequency is within £ 5 Hz of frequency
control reading.

43.3  Output Level Check

a. Connect RF voltmeter to RF OUTPUT
jack of left-hand module.

b. Set RF OUTPUT level to 5 uV.

c. Set frequency switches to 100.000 MHz

and 0—100 Hz frequency control to OUT position.

d. Verify that RF voltmeter indicates 353
uV to 707 uV (500 uV £ 3 dB.)

e. Repeat for all frequencies in steps f.
through 1. of paragraph 4.3.2.

f. Verify that all levels are 353 uV to 707
uV (500 uV £+ 3dB.)

43.4 Remote 2 MHz IF Qutput Check

a. Set the mainframe MODE switch to
MEAS, MEASURE MODE AUDIO OUTPUT switch to
IN-BEAT NOTE, GENERATOR MODULATION to
OUT-OFF and frequency controls to 150 MHz.

b. Set the RF module MEASURE MODE
BANDWIDTH switch to OUT — WIDE and set the
SENSITIVITY to 6 mV.

c Connect the signal generator to the RF
module MEASURE INPUT connector. Set its frequency to
150 MHz and level to 6 mV rms.

d. Connect the ac VIVM with a 50 ohm
load resistor across its terminals to the mainframe ACC
connector, J3 pin A, and the ground terminal to chassis.

e. Adjust the signal generator frequency
slightly to obtain a zero beat indication.

f. The ac VIVM should read exactly 1.5
mV rms. If not exactly 1.5 mV rms re-adjust the signal
generator output level to obtain exactly 1.5 mV rms on the
ac VIVM. The signal generator output level should be
between 4.2 and 8.2 mV rms (6 mV * 3 dB).

4.3.5 External VCO Input Check

a. Connect the broadband amplifier mput to
the RF module RF OUTPUT connector.

b. Connect the broadband amplifier output
to the frequency meter /ODM-1 measure input connector.
NOTE: If an RF module with 6 mV rms or greater RF
output is installed in the mainframe, the broadband
amplifier is not necessary.
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c. Set the frequency meter frequency
switches to 17.000 MHz, 0—! kHz control out, aud1o
switch mod and 10 MHz SW1tch out.

d. Set the ODM-1 controls as follows:

deviation range: 5 kHz

vertical input: internal
modulation mode: internal combined

for trace at center
line of graticule

vertical center:

e. Set the mainframe frequency switches to
015.0V00, 0—100 Hz control to 0, MODE switch to TONE
GEN and GENERATOR MODULATION switch to OUT —
OFF.

f. Connect the audio oscillator and the ac
VTVM to J3-B and H (rear panel ACC connector). Set the
audio oscillator frequency to 1 kHz and output level to 500
mV rms * 5% as read on’'the VTVM.

g. The ODM-1 should indicate 5 kHz + 15%
peak deviation. :

h. Set the mainframe frequency switches to
014.9V00 and 0—100 Hz control to 10.

j The ODM-1 shouid indicate 5 kHz + 15%
peak deviation.

43.6 10 MHz TCXO Output Check

a. Connect the oscilloscope to the
mainframe TIME BASE connector. The internal time base
10 MHz waveform should be present. Level should be 0.5 V
p-p min.

43.7  External Time Base Input Check

a. Set the TIME BASE switch to EXT.

b. Connect the signal generator
(Hewlett-Packard Model 606) to the mainframe TIME
BASE connector. Set its frequency to 10 MHz and output
level to +5 dBm.

c. Set mainframe frequency ‘switches to
000.0000 MHz, 0—100 Hz control to OUT and MODE
switch to TONE GEN. Set the VOLUME control to
approximately mid-range and rotate the 0—1 kHz switch
from O to 9 and back. A varying tone should be heard from
the speaker.

43.8 1 MHz TCXO Output Check

a. Connect the oscilloscope to the

- mainframe ACC connector J3 pin D, ground to chassis.



b. A 1 MHz square wave should be present
at a level of approximately 2.5 V p-p.

43.9 +9 Vdc Power Output Check

a. Connect the DVM to the mainframe ACC
connector J3 pin D, ground to chassis.

b. The DVM should read +9 Vdc¢ + 1%.

44 ALIGNMENT AND ADJUSTMENT (MODEL
FM-10C MAINFRAME)

Refer to figures 4-1 through 4-19 for test point
and trimmer locations. Refer to figures 4-20 through 4-22
for PC board locations. Refer to figures 4-23 and 4-24 for
trimmer capacitor access hole locations.

4.4.1  Preliminary Adjustments

a. Measure resistance to ground from TB3-1,
2 and TB3-3, 4. Should be greater than 20 ohms.

b. Measure resistance to ground from the
cases of series-pass transistors Q1 and Q2 (mounted on
chassis, rear). Should be greater than 50 k ohms. Reverse
ohmmeter leads. Should be greater than 20 ohms.

c. Modify the AFM-2 as in figure 4-25 and
install the modified AFM-2 in the right-hand compartment.
Also install an RF module and FIM module in the left and
center compartments respectively.

d. Set 115/230V switch to 115V and plug
power cable into 115 Vac outlet. Set POWER switch on.
Measure voltage at TB3-1, 2 and TB3-3, 4. Should be +9
Vdc £ 0.5%. Reset A1A3R7 and A1A3R16 respectively, if
necessary.

e. Connect the oscilloscope to TB3-1, 2 and
TB3-3, 4 and verify that the ripple is less than 2.7 mV p-p.

f. Measure unregulated voltage at terminal
A1A3-3. Should be approximately +17.5V.

g. Measure voltage at A1A3-9, 10. Should
be+12V 12V,

h. Set POWER switch to OFF. Set 115/230
V switch to 230 V. Plug power cord into 230 Vac source.

j. Set POWER switch on and repeat steps
4.4.1-e. through 4.4.1-g.

k. Set POWER switch to OFF and
disconnect power cord from 230 Vac source. Set 115/230
V switch back to 115 V,

1. Set AC/DC switch to DC. Connect the dc

power cord to 12 VDC connector and to the dc power
source.

m Set POWER switch on. Set dc power
source output to 11.5 Vdc.

n. Measure the voltage at TB3-1, 2 and
TB3-3, 4. Should be +9 V £ 0.5%.

p- Set POWER switch to OFF and dc power
source off, disconnect dc power cable from unit; set AC/DC
switch to AC, plug ac power cable into 115 Vac outlet and
set POWER switch on.

44.2 10 MHz Amplifier Adjustment
a. Pull out A11 board.

b. Connect oscilloscope 10X probe to
A11-36. Observe that a 10 MHz waveform of
approximately 500 mV p-p is present.

c. Connect oscilloscope 10X probe to
A11-39. Adjust A11LS5 for maximum output. It should be
approximately 3.2 V p-p.

d. Dress all wires above center of board
toward top of chassis and all wires below center of board
toward bottom of chassis. Reinstall A11 board.

4.43 A2l Board Adjustment, 3.6 MHz and 36 MHz

a. Connect the RF voltmeter with a high
impedance probe to A6-14 and pull out board A21.

b. Set 100 kHz and 1 MHz frequency
switches to 0.

c. Connect oscilloscope 10X probe to
A21-6. Observe that a 100 kHz spike of approximately 1.5
V p-p is present. Connect oscilloscope 10X probe to
junction A21Y2 and A21Cé6. Adjust A21L1 for maximum
amplitude (approximately 100 mV p-p).

d. Tune A21L3, A21L4 and A21L5 for
maximum output on the RF voltmeter.

e. If output level is other than -20 dBm, 1
dB, select A21R28.

f. Dress all wires above center of board
toward top of chassis and all wires below center of board
toward bottom of chassis. Reinstall board A21.

444  A20 Board Adjustment, 3.7 MHz and 37 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 1. Pull out board A20 and repeat steps c.
through f. of paragraph 4.4.3, except substitute A20 for all
A21 designations.
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FIGURE 4—-3 TCXO/IF BOARD ASSEMBLY,
A1A5 (MAINFRAME)
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FIGURE 4-7

1 MHz AND 10 MHz DECADE SWITCHING PROGRAMMING ASSEMBLIES,

A4A AND A4B (MAINFRAME)
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FIGURE 4-15 ASSEMBLY, A5, A9 AND A10 (MAINFRAME)
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FIGURE 4-17 FREQUENCY GENERATOR ASSEMBLIES,

A12 — A15 (MAINFRAME)
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FIGURE 4-21

PC BOARD LOCATIONS
(MAINFRAME TOP VIEW)
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44.5 Al19 Board Adjustment, 3.8 MHz and 38 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 2. Pull out board A19 and repeat steps c.
through f. of paragraph 4.4.3, except substitute A19 for all
A21 designations.

44.6 Al18 Board Adjustments, 3.9 MHz and 39 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 3. Pull out board Al8 and repeat steps c.
through f. of paragraph 4.4.3, except substitute A18 for all
A21 designations.

447 Al7 Board Adjustments, 4.0 MHz and 40 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 4. Pull out board A17 and repeat steps c.
through f. of paragraph 4. 4 3, except substitute A17 for all
A21 designations.

44.8 Al6 Board Adjustment, 4.1 MHz and 41 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 5. Pull out board Al6 and repeat steps c.
through f. of paragraph 4.4.3, except substitute A16 for all
A21 designations.

449  AlS Board Adjustment, 4.2 MHz and 42 MHz
a. Rotate 100 kHz and 1 MHz frequency
switches to 6. Pull out board Al5 and repeat steps c.

through f. of paragraph 4.4.3, except substitute A15 for all
A21 designations.
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4.4.10 Al4 Board Adjustment, 4.3 MHz and 43 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 7. Pull out board Al4 and repeat steps c.
through f. of paragraph 4.4.3, except substitute A14 for all
A21 designations.

4.4.11 A13 Board Adjustment, 4.4 MHz and 44 MHz

a. Rotate 100 kHz and 1 MHz frequency
switches to 8. Pull out board A13, and repeat steps c.
though f. of paragraph 4.4.3, except substitute A13 for all
A21 designations.

4.4.12 A12 Board Adjustment, 4.5 MHz and 45 MHz
a. Rotate 100 kHz and 1 MHz frequency
switches to 9. Pull out board A12 and repeat steps c.

through f. of paragraph 4.4.3, except substitute A12 for all
A21 designations.

4.4.13 90 MHz No. 3 Adjustment

a. Connect the RF voltmeter with a high

impedance probe to terminal A6-4.

b. Set the frequency switches to 30.000
MHz.

c. Pull A18 board half-way out and adjust

A18C24 and A18C36 to obtain between 200 and 250 mV
rms on the RF voltmeter.

d. If not within tolerance, select the value of

A18C47.
CAUTION: A18C47 may cause

oscillation if too large in value.

e. Disconnect RF voltmeter probe and
install A18 board back in unit.
4.4.14 A2 Board Adjustment

a, Set mainframe frequency switches to “0”
position 0 — 100 Hz control to OUT.

b. Lift A2 board and connect oscilloscope

10X probe to terminal A2-3. Measure the amplitude of the
1 MHz input. Should be approximately 2.5 V p-p square
wave.

c. Connect oscilloscope 10X probe to
terminal A2-8, 2 MHz input. Should measure
approximately 3.0 V p-p square wave.

d. Connect oscilloscope 10X  probe to
terminal A2-7. Tune A2L1, A2L2 and A2L3 for 9 MHz
maximum output. Should be approximately 500 mV p-p.



e. Connect oscilloscope 10X probe to
terminal A2-9. Tune A2L4 for maximum output. Should be
2.2 V p-p minimum at 6 MHz.

f. Reinstall A2 board.

4.4.15 A3A Board Adjustment

a. Lift board A3A and connect oscilloscope
10X probe to A3A-3 (5-6 MHz input) and ground. Voltage
should be >> 2.2 V p-p.

b. Connect oscilloscope 10X probe to
A3A-6 (9 MHz input) and ground. Voltage should be
approximately 500 mV p-p.

c. Connect oscilloscope 10X probe to
A3A-8 (3.6 to 4.5 MHz input) and ground. Should be a
sawtooth waveform of approximately 700 mV p-p.

d. Connect oscilloscope 10X probe to
A3ATP1 (500-600 kHz output). Voltage should be
approximately 600 mV p-p.

e. Connect the oscilloscope 10X probe to
A3ATP2 and set the mainframe 0—100 Hz control to OUT.

f. Adjust A3AL1 and A3AL2 for maximum
voltage and purest sine wave (9.6 MHz). The voltage should
be approximately 150 mV p-p.

g. If the voltage at A3ATP2 is less than 150
mV p-p, increase the value of A3AC11 to obtain 150 mV

p-p.

h. Connect the oscilloscope 10X probe to
A3ATP3 and set the mainframe 100 Hz switch to “5”.

j. Adjust A3AR7 for 3 V p-p (5.5 MHz) AT
A3ATP3.

k. Rotate the 100 Hz switch between O and

9 and observe that the level is > 2.2 V p-p in all positions.
Return the 100 Hz switch to “5”.

L Reinstall A3A board.
4.4.16 A3B Board Adjustment
a. Pull out board A3B and repeat steps a.

through 1. of paragraph 4.4.15, except substitute A3B for
all A3A designations, and 1 kHz switch for 100 Hz switch.

4.4.17 A3C Board Adjustment

a. Pull out board A3C and repeat steps a.
through 1. of paragraph 4.4.15, except substitute A3C for
all A3A designations and 10 kHz switch for 100 Hz switch.

4.4.18 A3D Board Adjustment

a. Pull out board A3D and repeat steps a.
through 1. of paragraph 4.4.15, except substitute A3D for
all A3A designations, and 100 kHz switch for 100 Hz
switch.

4.4.19 A6 Board Adjustment

a. Lift board A6 and connect oscilloscope
10X probe to A6-6 (5 to 6 MHz input). Voltage should be
approximately 2.5 V p-p.

b. Connect oscilloscope 10X probe to A6-14
(36 to 45 MHz input). Voltage should be approximately 60
mV p-p.

c. Connect oscilloscope 10X probe to A6-4
(90 MHz input). Voltage should be approximately 630 mV
p-p at 90 MHz.

d. Set the mainframe 100 kHz switch to
“5”, 10 kHz, 1 kHz and 100 Hz switches to *“0”. Connect
the oscilloscope 10X probe to A6TP1. The voltage should
be approximately 150 mV p-p (95.5 MHz),

e. Connect the oscilloscope 10X probe to
A6TP2. Adjust A6L1 for maximum output at 95.5 MHz.
The voltage should be approximately 220 mV p-p.

f. Set the mainframe 10 MHz switch to “0”
and 1 MHz switch to 5. Connect the oscilloscope 10X
probe to A6TP3. The voltage should be approximately 120
mV p-p (55 MHz).

g. Unsolder wire on A6-8. Connect center
conductor of a 50 ohm coaxial test cable to A6-8 and
connect outer conductor to A69.

h. Connect the other end of test cable to RF
voltmeter with 50 ohm termination. Measure voltage level.
Level should be -1 dBm * 2 dB.

i. Rotate the 100 kHz and 1 MHz decade
switches throughout their ranges. The output level should
be -1 dBm + 2 dB.

k. Disconnect test cable from RF voltmeter
and connect test cable to the spectrum analyzer.

L. Rotate the 100 kHz decade switch to
Zero.

m. Set the spectrum analyzer dispersion for
100 kHz/division, frequency dial to 50 MHz and other
controls so that signal is 50 dB above the noise.

n. Adjust A21C5 for minimum 100 kHz
sidebands.
p. Repeat for all positions of 100 kHz

decade adjusting A20CS5, A19CS5, etc., as required.

r. Reinstall A6 board.
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4.4.20 A20 Board Adjustment, 70 MHz

a. Set the 10 MHz switch to 1. Pull board
A20 half-way out.
b. Unsolder the coaxial cable center

conductor from A20-17. Connect the BNC test cable center
conductor to A20-17 and shield to ground. Connect the RF
voltmeter with 50 ohm termination to the test cable.

c. Adjust A20C24 and A20C36 for 0 dBm *
1 dB on RF voltmeter.

d. If out of tolerance, check. the taps on
A20L6 and A20L7 (should not be greater than % turn up)
and select the value of A20C47. CAUTION: A20C47 may
cause oscillation if made too large in value.

e. Disconnect RF voltmeter from BNC test
cable and unsolder test cable from A20-17. Solder back
normal cable to A20-17.

f. Disconnect the BNC connector from
Z2-X port (center connector) and connect it to the RF
voltmeter (with 50 ohm termination). Peak A20C24,
A20C36 and A20C43. The output should be -1 dBm * 1
dB.

3 If out of tolerance, select the value of
A20R41.
h. Reinstall the cover and repeak A20C24,
A20C36 and A20C43.
j- Disconnect the RF voltmeter and

reconnect the BNC cable back to Z2-X port. Push board
back into compartment.

4.4.21 A19 Board Alignment, 80 MHz

a. Set the 10 MHz switch to 2. Pull board
A19 half-way out.

b. Repeat steps 4.4.20-b. through 4.4.204.
except substitute A19 for A20.

44.22 Al8 Board Adjustment, 90 MHz

a. Set the 10 MHz switch to 3. Pull board
A18 half-way out.
b. Repeat steps, 4.4.20-b. through 4.4.20.

except substitute A18 for A20.
44.23 Al7 Board Adjustment, 100 MHz

a. Set the 10 MHz switch to 4. Pull board
A17 half-way out.
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b. Repeat steps 4.4.20-b. through 4.4.204.
except substitute A17 for A20.

44.24 Al16 Board Adjustment, 110 MHz

a. Set the 10 MHz switch to S. Pull board
A16 half-way out.
b. Repeat steps 4.4.20-b. through 4.4.20.

except substitute A16 for A20.

4.4.25 AlS5 Board Adjustment, 120 MHz

a. Set the 10 MHz switch to 6. Pull board
AlS5 half-way out.
b. Repeat steps 4.4.20-b. through 4.4.20.

except substitute A15 for A20.
4.4.26 A2l Board Adjustment, 60 MHz

a. Set the 100 MHz and 10 MHz sw1tches to
0. Pull board A21 half-way out.

b. Disconnect the BNC connector on Z2-X
port (center connector) and connect BNC to the RF
voltmeter (with 50 ohm termination).

c. Adjust A21C24 and A21C36 for -1 dBm
t 1 dB on RF voltmeter.

d. If out of tolerance, check the taps on
A21L6 and A21L7 (should not be greater than % turn up)
and select the value of A21C47.

CAUTION: A21C47 may cause
oscillation if made too large in value.

e. Reinstall cover and repeak A21C24 and
A21C36. Dress all wires above center of board toward top
of chassis and all wires below center of board toward
bottom of chassis. Push board back into compartment.
Leave RF voltmeter connected as in step 4.4.26-b.

44.27 Al4 Board Adjustment, 130 MHz

a. Set the 10 MHz switch to 7. Pull board
A14 half-way out.

b. Adjust A14C24, A14C36 and A14C43
for -1 dBm = 1 dB on the RF voltmeter.

c. If the output is too high or low, remove
cover and repeak A14C24, A14C36 and A14C43.

d. If output is too high, decrease the value
of A14C47 or increase the value of A14R41 until the
output is -1 dBm = 1 dB. Repeak A14C24, A14C36 and
A14C43, after changing A14C47 or A14R41.



e. If output is too low, increase the value of
A14C47 or decrease the value of A14R41 until the output
is -1 dBm £ 1 dB. Repeak A14C24, A14C36 and A14C43
after changing A14C47 or A14R41. Check the taps on
Al4L6, A14L7 and A14L8 (should not be greater than %
turn up).

CAUTION: A14C47 may cause
oscillation if made too large in value.
f. Reinstall cover and repeak A14C24,

Al4C36 and A14C43. Push the board back into
compartment; dress all wires above center of board toward
top of chassis and all wires below center of board toward
bottom of chassis.

4.4.28 A13 Board Adjustment, 140 MHz

a. Set the 10 MHz switch to 8. Pull board
A13 half-way out.

b. Repeat setps 4.4.27-b. through 4.4.27-f.

except substitute A13 for A14.

44.29 A12 Board Adjustment, 150 MHz

a. Set the 10 MHz switch to 9. Pull board
A12 half-way out.
b. Repeat steps 4.4.27-b. through 4.4.27-f.

except substitute A12 for Al4.
4.430 Al1A6 Board Adjustment

a. Connect oscilloscope 10X probe to
A1A6TP1. Adjust A1A6T1 and A1A6T2 for maximum
amplitude at 10 MHz.

b. Connect oscilloscope 10X probe to
AlA69. Adjust A1A6C21, A1A6C27 and A1A6C33 for
maximum amplitude at 70 MHz

c. Disconnect oscilloscope 10X probe and
cable center conductor from A1A6-9. Connect the BNC
test cable center conductor to A1A6-9 and shield to
ground.

d. Connect RF voltmeter (with 50 ohm
termination) to the test cable connector. Qutput level
should be +10 dBm * 1 dB.

e. If out of tolerance, select A1A6R24 and
re-adjust A1A6C21, A1A6C27 and A1A6C33.

f. Disconnect RF voltmeter and test cable
and reconnect cable center conductor to A1A6-9.
4431 A7 Board Adjustment

a.  Remove mounting screws and lift out
assembly A7/A8. Disconnect the BNC connector from Z2-L

port and connect it to the sweep generator RF output jack.

b. Disconnect the center conductor of the
coaxial cable at A7-6 and connect the center conductor of
50 ohm coaxial cable (BNC connector on other end) to
A7:6, and shield to ground. Connect the BNC connector on
this cable to the RF detector RF input and the dc output
of the detector to the sweep generator demodulator input
jack.

c. Set the sweep generator output to -8 dBm

(Af).

d. Connect the oscilloscope vertical input
jack and external horizontal input jack to the sweep
generator vertical and horizontal output jacks respectively.

e. Adjust the sweep generator sweep width
and center frequency controls so that the 600 and 700 MHz
markers are displayed on the oscilloscope.

f. Disconnect the ALC lead at A7-1 and
connect the 0-5 Vdc power supply positive lead to A7-1.
Connect the negative lead to ground. Set the output voltage
to0OV.

g. Adjust A7C25, A7C26, A7C28 and
A7C31 for maximum output and flattest response between
600 and 700 MHz.

h. Disconnect the BNC connector at the RF
detector RF input and connect it to the RF voltmeter (with
50 ohm termination). Set the sweep generator mode switch
to CW.

j Verify that the level at A7-4 is -8 dBm.
Vary the sweep generator center frequency control from
600 MHz to 700 MHz. The output level should not change
more than + 2 dB from -12 dBm.

k. Increase the 0-5 Vdc power supply
connected to A7-1 to +5 Vdc. The output level should drop
a minimum of 28 dB from the level measured in previous
step.

L. Disconnect the test equlpment from the
board and reconnect the cables and wire to their proper
locations.

4.4.32 A8 Board Adjustment

a. With oscilloscope 10X probe observe 70
MHz at A8-5. The voltage should be between 1.8 and 2.2 V
p-p. Connect oscilloscope 10X probe to A8-1 and peak
A8C28 and A8C30 for maximum output.

b. Lift A8C13 from A8ZI1-L and connect
the BNC test cable center conductor to A8C13 and shield
to ground. Connect the RF voltmeter (with 50 ohm
termination) to the BNC connector. Peak A8C3, A8C6,
A8C9 and A8C12 for maximum output on RF voltmeter
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connected to L on A8Z1. Verify that RF voltmeter reads >
+5 dBm. Disconnect the RF voltmeter and connect
spectrum analyzer to the BNC test cable. Observe the 770
MHz spur. Should be at least 40 dB down from the 700
MHz level. If not, lower taps on A8L3 and A8L4 and
repeak A8C9 and A8CI12. Disconnect spectrum analyzer
and connect RF voltmeter to the BNC test cable. Repeak
A8C9 and AS8C12 and verify that output level is +5 dBm.
Disconnect RF voltmeter and BNC test cable from A8C13
and reconnect it to A8Z1-L.

c. Rotate 100 kHz and 1 MHz frequency
switches to 4. Disconnect the BNC connector from Z2-R
and connect the RF voltmeter (with 50 ohm termination)
to filter, FL1. Peak A8C21, A8C18 and select A8C33 and
A8C35 for +5 dBm £ 1 dB on the RF voltmeter.

d. Rotate 100 kHz and 1 MHz frequency
switches from 0 to 9. Output should be +5 dBm + 2 dB.

e. Disconnect RF voltmeter and reconnect
BNC to R port of Z2.

4433 A9,A10, A1l and AS Board Adjustments

a. Set the 100 MHz and 10 MHz switches to

b. Disconnect the BNC connector from
Z1-R and connect the spectrum analyzer input to this
cable.

c. Set the spectrum analyzer dispersion to
100 MHz/division with 700 MHz center frequency.

d. Remove cover from A10. Connect the
oscilloscope 10X probe to Al10-1. Tune A11CS5 for
maximum output -on the oscilloscope. Remove the
oscilloscope probe.

e. Tune A10C2, A10C5, Al0C8 and
A10C11 for maximum output with minimum sidebands, 30
dB down or greater, on the spectrum analyzer. Reduce
sideband levels as far as possible by moving taps down on
A10L1 through A10L4. Repeak A10C2, A10CS5, A10C8
and A10C11.

f. Disconnect the spectrum analyzer and
connect the RF voltmeter (with 50 ohm termination) and
repeak A10C11. The output should be +5 dBm, -2 +4 dB.

g. If the output is too high or low, select
value of A10C71, A10C70 or A10C76 until the output is
+5 dBm, -2 +4 dB. Disconnect RF voltmeter and reconnect
spectrum analyzer.

h. Set the 100 MHz switch to 1 and the 10
MHz switch to 1. Set the spectrum analyzer center
frequency to 800 MHz.

j. Connect the oscilloscope 10X probe to
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A10-5. Tune A11C21 for maximum output on the
oscilloscope. Remove the oscilloscope 10X probe.

k. Tune A10C1S5, A10C18, A10C22, and
A10C25 for maximum-output with minimum sidebands, 30
dB down or greater on the spectrum analyzer. Reduce
sideband levels as far as possible by moving down taps on
A10L5 through A10L8. Repeak AIl10C15, Al0CiS8,
A10C22 and A10C25.

IR Repeat step 4.4.33-f., except substitute
A10C25 for A10C11.

m. If the output is too high or low, select
value of A10C72, A10C21 or A10C77 until the output is
+5 dBm, -2 +4 dB. Disconnect RF voltmeter and reconnect
spectrum analyzer.

n. Set the 100 MHz switch to 2 and the 10
MHz switch to 2. Set the spectrum analyzer center
frequency to 900 MHz.

Connect the oscilloscope 10X probe to
A109. Tune Al11C28 for maximum output on the
oscilloscope. Remove the oscilloscope 10X probe.

I. Tune A10C29, A10C32, A10C36 and
A10C39 for maximum output with minimum sidebands, 30
dB down or greater on the spectrum analyzer. Reduce
sideband levels as far as possible by moving taps down on
A10L9 through A10L12. Repeak A10C29, A10C32,
A10C36 and A10C39.

s. Repeat step 4.4.33-f., except substitute
A10C39 for A10C11.

t. If the output is too high or low, change
value of A10C73, A10C35 or A10C78 until the output is
+5 dBm, -2 +4 dB. Disconnect the RF voltmeter and
reconnect the spectrum analyzer.

u. Set the 100 MHz switch to 3 and the 10
MHz switch to 3. Set the spectrum analyzer center
frequency to 1 GHz.

v. Connect the oscilloscope 10X probe to
A10-13. Tune A11C34 for maximum output on the
oscilloscope. Remove the oscilloscope 10X probe.

w. Tune A10C43, A10C46, A10C50 and
A10C53 for maximum output with minimum sidebands, 30
dB down or greater, on the spectrum analyzer. Reduce
sideband levels as far as possible by moving taps down on
AIOL13 through A10L16. Repeak A10C43, A10C46,
A10C50 and A10C53.

Repeat step 4.4.33-f., except substitute
A10C43 for A10C11.

y. If the output is too high or low, select
value of A10C74, A10C49 or A10C79 until the output is



+5 dBm, -2 +5 dB. Disconnect the RF voltmeter and
reconnect the spectrum analyzer.

z. Set the 100 MHz switch to 4 and the 10
MHz switch to 4. Set the spectrum analyzer center
frequency to 1.1 GHz.

aa. Connect the oscilloscope 10X probe to
Al10-17. Tune A11C40 for maximum output on the
oscilloscope. Remove the oscilloscope 10X probe.

ab. Tune A10C57, A10C60, A10C64 and
A10C67 for maximum output with minimum sidebands, 30
dB down or greater, on the spectrum analyzer. Reduce
sideband levels as far as possible by moving taps down on
A10L17 through A10L20. Repeak A10C57, A10C60,
A10C64 and A10C67.

ac. Repeat step 4.4.33-f., except substitute
A10C67 for A10C11.
ad. If the output is too high or low, select

value of A10C75, A10C63 or A19C80 until the output is
+5 dBm, -2 +4 dB. Disconnect the RF voltmeter and
reconnect the spectrum analyzer.

ae. Reinstall cover on A10 and set the 100
MHz and 10 MHz switches to 0. Push board A11 back into
compartment.

af. Repeat steps 4.4.33-c., e. and f.

ag. Disconnect RF voltmeter and reconnect
the spectrum analyzer.

ah. Repeat steps 4.4.33-h., k. and f., except
substitute A10C25 for A10C11 in step 4.4.33-f.

aj. Disconnect RF voltmeter and reconnect
the spectrum analyzer.

ak. Repeat steps 4.4.33-n., r. and f., except
substitute A10C39 for A10C11 in step 4.4.33-f.

al. Disconnect RF voltmeter and reconnect
the spectrum analyzer.

am. Repeat steps 4.4.33-u., w. and f., except
substitute A10C53 for A10C11 in step 4.4.33-f.

an. Disconnect the RF voltmeter and
reconnect the spectrum analyzer.

ap. Repeat steps 4.4.33-z., ab., and f., except
substitute A10C67 for A10C11 in step 4.4.33-f.

ar. Set 100 MHz and 10 MHz switches to 5.

as. Disconnect the RF voltmeter and

reconnect the spectrum analyzer. Set center frequency to
1.2 GHz.

at. Remove cover from AS. Connect
oscilloscope 10X probe to AS5-1. Verify that level is
between 560 and 710 mV p-p. Remove the oscilloscope
10X probe. :

au. Tune ASC1, ASC6, A5C10, A5C14 and
A5C18 for maxiumum output with minimum sidebands, 30
dB down or greater, on the spectrum analyzer. Reduce
sideband levels as far as possible by moving taps down on
ASL1 through ASLS. Repeak ASC1, A5C6, A5C10, A5C14
and A5C18.

av. Repeat step 4.4.33-f. except substitute
ASC18 for A10C11.

aw. If the output is too high or low, select
value of A5C9, A5C13 or A5C17 until the output is +5
dBm, -2 +4 dB.

ax. Reinstall cover on AS5.

ay. Repeat steps 4.4.33-au. and f., except
substitute ASC18 for A10C11 in step 4.4.33-f.

az. Disconnect the RF voltmeter from BNC
cable and reconnect the cable to Z1-R port.

4.4.34 Amplitude Modulation Adjustment

a. Disconnect the BNC cable from FL3 at
Z1-X port. Connect a 50 ohm termination to the
oscilloscope vertical input jack. Connect a 50 ohm BNC
coaxial cable between the 50 ohm termination and Z1-X
port.

b. Connect the audio oscillator to the AM
MOD jack on the AFM-2 (Right Hand Module) and the
oscilloscope external horizontal input jack.

c. Set the mainframe frequency switches to
5 MHz. Connect the ac VTVM to A7-2.

d. Set the audio oscillator frequency to 1
kHz and adjust its output level to obtain 75 mV rms at
A7-2.

e. Adjust the oscilloscope controls to obtain
a trapezoid pattern 5 divisions in width and 4 divisions in
amplitude for E max. E min should be between 2.3 and 2.0
divisions (24% to 36% modulation). If E min is not within
2.3 am 2.0 divisions, select A7R22 for approximately 2.15
divisions (30% modulation). Observe that there is no visible
distortion on the scope. Reconnect the BNC cable back to
Z1-X port.

4.4.35 ALC Adjustment
a. Set mainframe POWER switch of OFF

position and pull RFM module half-way out. Install
extender cable PC2652 and set POWER switch on.
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b. Disconnect BNC cable on input variable
attenuator and connect RF voltmeter with a 50 ohm
termination to the BNC jack (BBA output) mounted on
BBA enclosure.

c. Set synthesizer frequency to 250 MHz
and adjust A1A2R31 for an output of -23 dBm on RF
voltmeter.

d. Rotate 100 MHz, 10 MHz and 1 MHz
frequency switches throughout their ranges. Output should
not vary more than £ 1 dB. Re-adjust A1A2R31 if
necessary.

e. Disconnect RF voltmeter and reconnect
input to variable attenuator. Remove extender cable and
install RFM module,

44.36 VCO Adjustment

a. Measure at terminal A2-5 with the
oscilloscope with 10X probe. Set the 100 kHz decade
switch to V position. Set the 0—100 Hz control to zero.
Adjust A2L5 for approximately 6 MHz on the oscilloscope.
The level should be 2.3 V pp £ 0.2 V p-p. If not within
tolerance, select the value of A2R25. Set the 100 kHz
decade switch to zero. Set the mainframe frequency
switches to 1.0000 MHz.

b. Connect the broadband amplifier mput to
left-hand module RF OUTPUT jack and the output to the
frequency counter input. Set the RF OUTPUT attenuator
of the RF module to maximum output.

c. Set the mainframe 0—100 Hz control to
“0” and adjust A2L5 for exactly 1 MHz on the counter.

d. Set the mainframe 0—100 Hz control to
“5” and adjust A2R30 for exactly 1.00005 MHz.

e. Set the mainframe 0—100 Hz control to
“10” and adjust A2R31 for exactly 1.0001 MHz.

f. Repeat steps 4.4.36-c., d. and e. until the
frequencies are within * 5 Hz of setting of the 0—100 Hz
control.

g. Set the 0—100 Hz control to 5 and the
mainframe switches to 1.0000 MHz.

h. Connect the oscilloscope 10X probe to
A3ATP2.

j. Adjust A3AL1 and A3AL2 for maximum

voltage and purest sine wave.
4.4.37 Phase Modulation Adjustment

a, Connect the broadband amplifier input to
the RF module RF OUTPUT connector. Set the mainframe

frequency switches to 15 MHz and the MODE switch to
GEN.
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b. Connect the broadband amplifier output
to the frequency meter/ODM-1 measure input connector.
NOTE: If an RFM module with 6 mV rms or greater RF
output, such as an RFM-11A, is installed in the mainframe,
the broadband amplifier is not necessary.

c. Set the frequency meter frequency
controls to 17.000 MHz 0-1 kHz control out, audio switch
to mod and 10 MHz switch out.

d. Set the ODM-1 controls as follows:
deviation range: 5 kHz
vertical input: internal

modulation mode: internal combined

for trace at center
line of graticule

vertical center:

e. Connect the audio oscillator and ac
VTVM to the AFM-2 FM MOD connector. Set the audio
oscillator frequency to 400 Hz and output level to 100 mV
rms * 0.5% as read on the VIVM, Set the mainframe
GENERATOR MODULATION switch to IN — ON.

f. Adjust the RFM Module variable output
attenuator until the ODM-1 OPERATE lamp lights.

g. Select A1A6R33 for 5 kHz *+ 15%
deviation on the ODM-1.

4.4.38 Frequency Modulation (VCO) Adjustment
a. Repeat steps 4.4.37-a. through 4.4.37-d.

b. Set the mainframe frequency switches to
015.0V00, 0—100 Hz control to 0, MODE switch to GEN
and GENERATOR MODULATION switch to OUT — OFF.

c. Connect the audio oscillator and the ac
VTVM to J3-B and H (rear panel ACC connector).-Set the
audio oscillator frequency to 1 kHz and output level to 500
mV rms t 0.5% as read on the VTVM.

d. Set A2R44 to mid-range position.

e. Adjust A2R47 for 5 kHz + 15% peak
deviation on the ODM-1.

f. Set the mainframe frequency switches to
014.9V00 and 0—100 Hz control to 10.

g. Adjust A2R44 for exactly 5 kHz peak
deviation on the ODM-1.

h. Repeat steps 4.4.38-b. e, f. and g.
because there is interaction between the two trimmer
resistors.



4.4.39 AM Distortion

a. Remove the AFM-2 and install the
OAM-1 in its place.

b. Set the mainframe GENERATOR
MODULATION switch to IN — ON.

c. Set the mainframe MODE switch to GEN
MOD CAL. Allow 2 minutes warm-up time.

d. Set OAM-1 VERT MODE switch to
VERT SET.

e. Position CRT trace on VERTICAL SET

line of the graticule with VERT POS control.
f. Set VERT MODE switch to CARR SET.

g. Position CRT trace on CARRIER SET
line of the graticule with CARRIER LEVEL control.

h. Set RANGE switch to GEN 30%.

j- Set MOD/AUDIO OUT FREQ switch to
1 kHz.

k. Rotate INT MOD/AUDIO OUT control

for exactly full-scale deflection.

L. Connect distortion analyzer to DIST
ANAL jack and calibrate it to the modulating frequency.

m. Verify that measured distortion is less
than 3% at 30% modulation.

n. If the distortion is > 3%, slightly tune
A7C31. If it cannot be brought into spec with A7C31,
select the value of A7R21 and retune A7C31.

p. Switch off the OAM-1.

4.4.40 Calibration of TCXO

a. Mainframe must be turned off and remain
in a 25°C ambient for at least 2 hours.

b. Connect RFM module RF OUTPUT jack
- to input jack of the broadband amplifier. Connect output
jack of the broadband amplifier to the frequency counter.
(Broadband amplifier not necessary when RFM-11A is
used.)

c. Set the mainframe frequency switches to
10.000 MHz.

d. Remove protective cap screw on TCXO
cover (Figure 4-26)
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HEX CAP SCREW
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FIGURE 4-26. ACCESS TO TCXO -

e. Observe small slot-head frequency
adjustment trimmer behind cap screw and the frequency
offset given on the TCXO housing.

f. Turn unit on and quickly (within 60 sec)
adjust trimmer for 10 MHz * the offset given on the TCXO
housing,

4.5 FAULT ISOLATION PROCEDURE (MODEL
FM-10C MAINFRAME)

Fault isolation procedures are presented to provide
a guide in servicing the FM-10C mainframe. The procedures
follow the sequence of the minimum performance checkout
procedures, Section 4.3, with each subsection keyed to the
paragraph in Section 4.3 that first indicates a fault. When a
fault is noted during FM-10C mainframe operation, proceed
as follows:

a. Perform minimum performance checkout
procedures in Section 4.3,

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to a function,
such as the A1A6 board, refer to the alignment procedure
for that board in Section 4.4 and check alignment of that
board before proceeding with fault isolation.

d. After a fault is repaired, complete the

minimum performance checkout procedure to determine if
further alignment is necessary.
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4.5.1  POWER Indication Failure (4.3.1-d)

a. Refer to figures 5-2 and 5-17 and check
voltages and wavetorms.

b. If voltages and waveforms are within
tolerance, replace POWER indicator lamp, DS1.

452  BEAT Indication Failure (4.3.1-f)

a. Check for 2 MHz at J8-16. If 2 MHz is
present, check FIM module as described in FIM
maintenance section of the manual.

b. If 2 MHz is absent, check for 2 MHz at
J6-1;if 2 MHz is present, check buffer A1ASQ4,

c. If 2 MHz is absent, check for 11 MHz at
the synthesizer input jack, J7. 1f 11 MHz is present, trouble
is in the RF module. Check the RF module as described in
the RF module maintenance section of the manual.

d. If 11 MHz is absent, check the
synthesizer circuitry as described in paragraph 4.8.9.

4.53  0-100 Hz Control Tone Failure (4.3.1-g)

a. Check the VCO circuitry by referring to
figure 5-5 and utilizing the voltages and waveforms
indicated.

4.54  0-100 Hz Switch Tone Failure (4.3.1-h)

a. Check the appropriate frequency
generator board assembly, A12 through A21, and 100 Hz
decade board, A3A, and 100 Hz switch, S4, wiring.

4.5.5 1 kHz Switch Tone Failure (4.3.1-j)

a. Check the appropriate frequency
generator board assembly, A12 through A21, and 1 kHz
decade board, A3B, and 1 kHz switch, S5, wiring.

4.56 No Output from AUDIO/TONE OUTPUT Jack
(4.3.1k)

a. Check AUDIO/TONE OUTPUT jack, J5,
and its associated wiring.

4.5.7  Meter Fails to Zero with ZERO Control (4.3.1-m)

a. If FIM meter will zero with ZERO
control and remote meter will not zero, check REM
METER jack, J4, and its associated wiring. Also check FIM
remote meter wiring.

b. If FIM meter will not zero with ZERO
control, trouble is in the FIM module. Check as described
in FIM maintenance section of the manual.

458 Meter Fails to Deflect to the Left in 100 Hz
Increments (4.3.1-0) .

a. Trouble is in the FIM module. Check FIM
module as described in FIM maintenance section of the
manual,

4.59 Frequency Accuracy Out of Tolerance (4.3.2-e
through 4.3.2-1)

a. Check accuracy of TCXO output and
calibrate as directed in paragraph 4.4.40.

b. If all frequencies in a decade are out of
tolerance, check as in table 4-2.

c. If any digit is out of tolerance, check as
in table 4-3.

TABLE 4-2

DECADE FAULT ISOLATION

Decade Assembly Number
100 MHz AS5,A9,A10,A11
10 MHz A8
1 MHz A6
100 kHz A3D
10 kHz A3C
1 kHz A3B
100 Hz A3A
0-100 Hz A2
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TABLE 43

DIGIT FAULT ISOLATION

DIGIT 100 MHz. 10 MHz 1 MHz 100 kHz - 100 Hz
0 A9,A10 (700 MHz) A21 (60 MHz) A21 (36 MHz) A21 (3.6 MHz)
I A9,A10 (800.MHz) ~ A20 (70 MHz) A20 (37 MHz) A20 (3.7 MHz)
2 A9,A10 (900 MHz) A19 (80 MHz) A19 (38 MHz) A19 (3.8 MHz)
3 A9,A10 (1000 MHz) A18 (90 MHz) A18 (39 MHz) Al8 (39 MHz)
4 A9.A10 (1100 MHz) A17 (100 MHz) A17 (40 MHz) A17 (4.0 MHz)
5 A9/A5 (1200 MHz) A16 (110 MHz) A16 (41 MHz) A16 (4.1 MHz)
6 : - A15 (120 MHz) Al5 (42 MHz) A15 (4.2 MHz)
7 Al4 (130 MHz) A14 (43 MHz) Al4 (4.3 MHz)
8 A13 (140 MHz) A13 (44 MHz) Al4 (4.4 MHz)
9 A12 (150 MHz) Al2 (45 MHz) Al2 (4.5 MHz)

4.5.10 Output Level Out of Tolerance (4.3.4-f)

a. If output level out of tolerance at some
frequencies (not all frequencies), use the information in
paragraph 4.89 to isolate the trouble to the particular
assembly causing the trouble.

b. ., If output level out of tolerance at all
frequencies, verify that the level at J6-3 is -20 mVdc + 3
mV. If level is out of tolerance, check RF module as
described in the RF module maintenance section of the
manual and the gain control amplifier (GCA), A7, in the

4.5.14 External Timebase Input Inoperative (4.3.7-c)
a. Check TIMEBASE switch, S13, circuitry.
b. Check TIMEBASE jack, J2, circuitry.
4.5.15 10 MHz TCXO Output Out of Tolerance (4.3.8-h)

a. Check 1 MHz TCXO OUTPUT connector,
J3-D, and its associated wiring.

mainframe. , b. Check R7 between TB4-1 and TB4-3.
4.5.11 Remote 2 MHz IF Qutput Out of Tolerance ¢ Check for continuity between TB4-1 and
(4.3.41) AlA29,
a. Check 2 MHz buffer, A1A5Q2. 4.5.16 +9 Vdc Output Out of Tolerance (4.3.9-b)

4.5.12 External VCO Input Out of Tolerance (4.3.5-g and
1)

a. Check FM linearity circuitry, R3 and R4
and A2R47 and A2R44 and VCO circuitry, A2.

4.5.13 10 MHz TCXO Output Out of Tolerance (4.3.6-a)

a.  Calibrate TCXO as described in paragraph
4.4.40.

b. Check TIMEBASE switch, S13, circuitry.

a. Check +9 Vdc output connector, J3-E

“and its associated wiring.

b. Check adjustment of Al1A3RI16 as
described in paragraph 4.4.1.

4.6 TEST EQUIPMENT REQUIRED (MODEL
RFM-10 MODULE)

The test equipment required for the checkout,
alignment, calibration and troubleshooting is tabulated in
Table 4-4. Minimum parameters are provided to aid in the
selection of the equivalent types.



TABLE 44

TEST EQUIPMENT REQUIREMENTS FOR MODEL RFM-10

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Sweep Generator

RF Detector

Signal Generator

Oscilloscope with
10 X Probe

RF Voltmeter with
50 ohm load & T

ACVTVM

DC Digital
Voltmeter

Power Supply

Radio Interference/
Field Intensity
Meter

9 MHz Signal
Source

DC Amplifier

Mainframe/RF &
MDM-1 Modules
Connector
Connector
Connector

Resistor

Frequency range: 50 kHz to 512 MHz
Output level: -56 dBm to -23 dBm

Frequency range: 50 kHz to 512 MHz
Frequency range: 50 kHz to 500 MHz
Level: -53 dBm to -23 dBm
Output impedance: 50 chms

Frequency response: 11 MHz
Vertical sensitivity: 5 mV/cm

Frequency response: S0 kHz — 512 MHz
Level: -56 dBm to -27 dBm
Frequency response: 2 MHz

Voltage measurement: 1.8 mV to 3.5 mV rms

Level: 17 — 23 mV d¢
Accuracy: + 1%

Level: 9 Vdc at 250 mA

Frequency response: 250 MHz
Level: 50 uV

Frequency: 9 MHz
Level: 100 mV rms
Impedance: 50 ohms

Gain: 40 dB
Input & Output impedance: 2 M ohms

Required for testing RFM-10 plug-in module

24 pin, female
BNC
Push-on

200 ohm

Wavetek Model 2001

Wavetek Model D152

Singer Model FM-2748

Tektronix Model 531A

Hewlett-Packard
Model 3406A/
11063A/6064

Hewlett-Packard
Model 427 A

Hewlett-Packard
Model 3440A

Hewlett-Packard
Model 721A

Singer Model NM-30A

Singer Model FM-2748

Hewlett-Packard
Model 8875A

Singer Model FM-10C
Mainframe with RF &
MDM-1 plug-ins

Singer P/N 1-910072-002

Singer P/N 1-910022-004

Singer P/N 1-910173-001

Not applicable
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4.7 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL RFM-10 MODULE)

4.7.1  Power Requirements

All power required by the RFM-10 is supplied by
the mainframe.

4.7.2  Output Level Check

a. Install the RFM-10 module in the
mainframe left-hand compartment. Connect the RF
voltmeter (with the 50 ohm termination) to the RF
OUTPUT jack at the RFM- 10 module Set mainframe
MODE switch to GEN.

b. Set the RF QUTPUT attenuator to 5uV
on the dial. :
c. Set the ‘mainframe frequency sw1tches to

100.0000 MHz and the 0—100 Hz control to the OUT
position.

d. Thé RF voltmeter should indicate 500 uV
+ 3 dB (354—707 uV rms)

e. Repeat step 4.7.2-d. at 50 kHz, 1 MHz,
10 MHz and every 50 MHz up to 512 MHz.

4.7.3  Measure Mode Sensitivity Check

a. Install the MDM-1 " module into the
FM-10C mainframe right-hand compartment and a FIM
module into the center compartment. Set the mainframe
MODE switch to MEAS, MEASURE  MODE AUDIO
OUTPUT switch to IN-BEAT NOTE, GENERATOR
MODULATION switch to OUT -OFF and frequency
switches to 150 MHz.

b. Set the RF module MEASURE MODE
BANDWIDTH switch to QUT-WIDE.

c. Connect the signal generator to the RF
module MEASURE INPUT connector. Set its frequency to
150 MHz and level to 6 mV rms.

d. Set the MDM-1 MTR switch to LIM (IN)
position.

e. Adjust the signal genemrator frequency
slightly to obtain a zero beat indication on the FIM
module.

f. The MDM-1 meter should indicate “red
line.” If not, re-adjust the signal generator output level to
obtain exactly “red line” on the MDM-1 meter. The signal
generator output level should be between 4.2 and 8.2 mV
rms (6 mV % 3 dB).

48  ALIGNMENT AND ADJUSTMENT (MODEL
RFM-10 MODULE)

NOTE: The alignment and adjustment
procedure is performed with the RFM-10
disconnected from the mainframe so that
no problem in the mainframe will affect
the alignment of the RFM-10. Refer to
figures 4-27 and 4-28 for test point and
trimmer locations. Remove the five
screws from the back of the RFM-10 and
slide the cover off.

4.8.1 Broadband Amplifier Alignment (A1A4)

a. Place the connector P/N 1-910072-002
onto its mating plug at the back of the RFM-10. Fabricate a
BNC to “push-on” connector cable 10 inches long.

b. Connect the power supply positive lead
to terminal 9 and the negative lead to terminal 21 of the
connector at the back of the RFM-10.

c. Connect the RF output jack, A1A4J3, to
the detector RF input with a 6™ to 12** 50 ohm BNC cable.

d: Connect the detector dc output to the
sweep generator demodulator input jack.

e. Connect the sweep generator vertical jack
to the dc amplifier input jack and the dc amplifier output
jack to the oscilloscope vertical input jack.

f. Connect the sweep generator horizontal
jack to the oscilloscope external horizontal input jack using
a 50 ohm coaxial cable.

. Connect the sweep generator RF output
to the RF input connector at the back of the RFM-10 using

~ the push-on to BNC cable fabricated in step 4.8.1-a. Set the

sweep generator center frequency to 250 MHz, sweep width
to approximately 520 MHz, 50 MHz harmonic switch on
and output level to -33 dBm.

h. Set the oscilloscope vertical attenuator so
that the display covers % to % of the CRT graticule.

S Individually short one-half, one, or more
turns of Al1A4L1, Al1A4L2, Al1A4L4, and AlA4LS
together, using two insulated tuning sticks, to obtain the
flattest possible response curve. Solder the necessary turns
together.

j. To increase the level at the low frequency
end, increase value of A1A4R14.

k. If the high frequency gain is still too high
or the amplifier has tendencies to oscillate, reduce the value
of the A1A4R16 and/or increase the value of A1A4RS8
until’ the required flatness at the high frequencies is
obtained or the oscillation ceases.
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L. Once the response curve is flat within +
1.5 dB, disconnect the detector from the amplifier output
and replace with an RF voltmeter. Set the sweep generator
to the CW position. The amplifier RF output level should
be -23 dBm * 3 dB. Rotate the sweep generator center
frequency control from 50 kHz to 500 MHz. The level
should not change more than + 3 dB from -23 dBm.

4.8.2  ALC Detector Adjustment

a, Connect the digital voltmeter to the ALC

output (terminal 3) of the connector at back of the
RFM-10.

b. Set the sweep generator freﬁuency to 50
kHz and its output level to produce -23 dBm on the RF
voltmeter.

c. Observe the detected ALC voltage, it
should be -20 mV * 3 mVdc.

d. Set the sweep generator frequency to 500
MHz and adjust its output level to produce -23 dBm on the
RF voltmeter.

e. Observe the detected ALC voltage, it
should be -20 mV = 3 mVdc.

f. Select the values of A1A4R23 and
A1A4C13 to produce -20 mV + 3 mVdc at 50 kHz and 500
MHz respectively.

g Repeat steps 4.8.2-b. and 4.8.2<. at 1
MHz, 50 MHz and every 50 MHz up to 500 MHz, Maintain
the amplifier output level at -23 dBm at each frequency.
The ALC voltage shall not vary from the voltage observed
at 50 kHz greater than + 3 mVdc.

4.8.3 11 MHz IF Filter and Amplifier Alignment

a, Disconnect the 11 MHz IF plug, P5, from
A1A4J5. Connect it to the sweep generator RF output jack
via the BNC-to-phono jack cable or connector adapter.

b. Unsolder A1A3C15 at the junction of
A1A3C15 and A1A3C17. Connect a 50 ohm BNC coaxial
cable center conductor to the unsoldered end of A1A3C15
and connect the shield to ground. Connect the other end of
the cable to the detector RF input.

c. Connect the necessary cables for
displaying the swept signal on the oscilloscope.

d. Connect a jumper between terminals 9
and 10 of the test connector.

e. Set the sweep generator center frequency
to 11 MHz, sweep width to approximately zero, 10 MHz
markers on, and output level to -33 dBm. -

f. Set the oscilloscope for a display that
covers % to % of the graticule.
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g. Set the MEASURE MODE BANDWIDTH
switch to the OUT-WIDE position.

h. Adjust the sweep generator center
frequency control so that the 10 MHz marker is on the left
side of the CRT center graticule line.

j. Set the sweep generator 1 MHz harmonic
switch on and adjust both the sweep width and center
frequency controls so that the 11 MHz marker is exactly on
the center graticule line and the 10 MHz and 12 MHz
markers are approximately 4 cm away on either side of the
11 MHz marker.

k. Adjust A1A3L1, A1A3L2 and A1A3L3
to center the peak of the response curve exactly on the 11
MHz marker and for the best slope symmetry on either
side.

L Set the MEASURE MODE BANDWIDTH
switch to the IN-NARROW position. The narrow 11 MHz
crystal filter response should be exactly on the 11 MHz
marker and the NARROW indicator lamp should -be lit.

m. Set the sweep generator sweep time to
the 100-10 second position and the variable control to the
maximum cw position. Adjust the sweep width and center
frequency controls to spread the narrow response out to
approximately 2 cm wide. Note the average ripple level on
the CRT.

n. Set MEASURE MODE BANDWIDTH
switch back to the WIDE position. The wide response is
drastically spread out so that only the peak portion of it is
visible on the CRT. The level of the peak should exactly
equal the average ripple level of the crystal filter. If it is not
equal, adjust A1A3R25 until it is equal. Switch back and
forth from NARROW to WIDE a few times to make sure
that they are equal.

4.8.4 9 MHz Amplifier Alignment

a. Connect the oscilloscope 10X probe to
AlA3Z1-L.
b. Connect the 9 MHz signal source to

terminal 24 of the connector at the rear of the RFM-10.

c. Adjust A1A3L4 for maximum response
on the oscilloscope. The level should be 500-650 mV p-p.

4.8.5 2 MHz IF Alignment

a. Set the oscilloscope controls back to
sweep operation. Remove the 10X probe and connect a 50
ohm BNC coaxial cable between the vertical input jack and
the sweep generator vertical jack. Solder A1A3C15 back
into the circuit.

b. Connect a 50 ohm BNC cable between
the detector RF input and terminal 1 of the connector at
the rear of the RFM-10.



c. Unsolder the cable from A1A3-1 and
solder a 50 ohm coaxial cable with a BNC connector at one
end to this terminal. Connect the RF detector dc output
terminal to the sweep generator demodulator input jack.

d. Set the sweep generator center frequency
to 11 MHz, sweep width approximately zero, 1 MHz
harmonics on, level to -56 dBm. Set A1A3R21 to
mid-range.

e Due to the mixing action of the 9 MHz
input, the markers will be down-converted (the 10 MHz
marker will become 1 MHz, the 11 MHz will become 2 MHz
and the 12 MHz marker will become 3 MHz), Observe the
oscilloscope and set the volts/cm switch so that the 2 MHz
response curve covers % to % full scale on the CRT. The
peak of the response cuirve should be close to the 2 MHz
marker. If it is in between two markers switch out the 1
MHz markers and switch in the 10 MHz marker and move
the 10 MHz marker to approximately 4 cm to the left of
the center graticule line with the center frequency control.
‘Switch out the 10 MHz marker and switch the 1 MHz
markers back in. Adjust the center frequency control so
that the 2 MHz marker is exactly on the center graticule
line. Adjust the sweep width control so that the 1 MHz and
3 MHz markers are approximately 4 cm on either side of
the center graticule line (2 MHz). Adjust A1A3L6 so that
the center of the peak of the response curve is exactly on
the 2 MHz marker.

4.8.6 Measure Input Sensitivity Alignment

a. Set the sweep generator to the CW
position and the center frequency control to approximately
33 MHz. Calibrate the output level to -33 dBm in the CW
position.

b. Connect the signal generator RF output
jack to the RFM-10 MEASURE INPUT jack using a 50 ohm
coaxial cable. Set and calibrate its frequency at 22 MHz and
its attenuator for 6mV output level.

c. Connect the 50 ohm load to the RF
voltmeter. Set the RF voltmeter range to 10 mV and zero
the meter with the probe removed from terminal 1 of the
connector on the rear of the RFM-10. Connect the probe
pack to this terminal.

d. Connect the jumper between terminals 9
and 10 of the connector on the back of the RFM-10.

€. Observe the RF voltmeter. Adjust the
sweep generator center frequency control for maximum
deflection.

f. Adjust AIA3R21 for 2.5 mV on the RF
voltmeter.

4.8.7 Attenuator Dial Calibration

a. Connect the signal generator to the RF

Input jack P1, and connect the RF voltmeter to RF output
jack A1A4J3, using the 50 ohm load.

b. Set the signal generator frequency to 250
MHz and set its output level to read.-23 dBm on the RF

voltmeter.
L]

c. Calibrate the NM-30 so that at 250 MHz
and at a level of 50 uV, the meter indicates 20 dB
(mid-scale).

d. Remove the RF voltmeter from A1A4J3
and reconnect the cable from the variable attenuator, AT2.
Connect a 50 ohm BNC coaxial cable between the REM-10
RF OUTPUT jack and the NM-30 input jack. Adjust the
RFM-I0 attenuator for a 20 dB indication on the NM-30
meter. Loosen the two set screws on the attenuator dial and
rotate the dial, being careful not to disturb the attenuator
shaft position, until 0.5 uV on the dial lines up exactly with
the black line on the index. Tighten the two set screws.

e. Disconnect the cable at the NM-30 RF
input jack. Disconnect the cable from the signal generator
at the BBA RF input jack and connect it to the NM-30 RF
input jack. Adjust the signal generator output level to 500
uV. Recalibrate the NM-30 so that the meter indicates 20
dB.

f. Disconnect the cable from the NM-30 RF
input jack and connect it to the BBA RF input jack.-
Disconnect the cable from the BBA RF output jack and
connect the RF voltmeter to the BBA RF output jack.
Adjust the signal generator output level to -23 dBm and
remove the RF voltmeter from the BBA RF output jack
and reconnect the cable from the attenuator ta the BBA
RF output jack. Connect the cable from the RFM-10 RF
OUTPUT jack to the MN-30 input jack. Rotate the
attenuator dial until 5 uV lines up exactly with the black
line on the index. The NM-30 meter should now indicate 20
dB + 3 dB.

49 FAULT ISOLATION PROCEDURE (MODEL
RFM-10 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the RFM-10. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.7, with each subsection keyed to the
paragraph in Section 4.7 that first indicates a fault. When a
fault is noted during RFM-10 operation, proceed as
follows:

a. Perform minimum performance checkout
procedures in Section 4.7.

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to'a function,
such as the ALC detector, refer to the alignment procedure
for that function in Section 4.8 and check alignment of
that function before proceeding with fault isolation.
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d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

49.1  Output Level Not Within Tolerance (4.7.2-d. or
4.7.2-e)

a. Check alignment of broadband amplifier
as in paragraph 4.8.1.

b. Check alignment of ALC detector, as in
paragraph 4.8.2.

c. Check variable attenuator, AT2, and 10
dB pad, ATI.

d. Check mainframe as in mainframe section
of manual.

49.2 Measure Mode Sensitivity Not Within Tolerance

a. Check measure input sensitivity
alignment as in paragraph 4.8.6. and the associated
circuitry.

b. Check 11 MHz IF amplifier alignment as
in paragraph 4.8.3. and the associated circuitry.

c. Check 9 MHz amplifier alignment as in
paragraph 4.8.4 and the associated circuitry. '

d. Check 2 MHz IF alignment as in
paragraph 4.8.5 and the associated circuitry.

4.10 TEST EQUIPMENT REQUIRED (MODEL
RFM-10A MODULE)

The test equipment required for the checkout,
alignment, calibration and troubleshooting is tabulated in
Table 4-5. Minimum parameters are provided to aid in the

(4.7.31) selection of the equivalent types.
TABLE 45
TEST EQUIPMENT REQUIREMENTS FOR MODEL RFM-10A
INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Sweep Generator Frequency range: 50 kHz to 512 MHz Wavetek Model 2001
Output level: -81 dBm to -23 dBm

RF Detector Frequency range: 50 kHz to 512 MHz Wavetek Model D152
Signal Generator Frequency range: 50 kHz — 500 MHz Singer Model FM-2748

Meter

Level: -80 dBm to -13 dBm
Output impedance: 50 ohms

Oscilloscope Frequency response: 11 MHz Tektronix Model 532 with
with 10 X Probe Vertical sensitivity: 5 mV/cm 53/54B plug-in
RF Voltmeter with Frequency response: 50 kHz to 512 MHz Hewlett-Packard
50 ohm load & T Level: -56 dBm to -27 dBm Model 3406 A/
11063A/6064
ACVTVM Frequency response: 2 MHz Hewlett-Packard
Level: 1.8 mV to 3.5 mV rms Model 427 A
DC Digital Level: -20 mV dc Hewlett-Packard
Voltmeter Accuracy: * 1% Model 3440A
Power Supply Level: 9 Vdc at 250 mA Hewlett-Packard
Model 721A
Radio Interference/ Frequency response: 250 MHz Singer
Field Intensity Level: 50 uv Model NM-30A
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Table 4--5. Test Equipment Requirements for Model RFM-10A (Cont.)

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
9 MHz Signal . Frequency range: 9 MHz Singer Model FM-2748
Source Level: 100 mV rms
Impedance: 50 ohms
Mainframe/RF Required for testing RFM-10A Module Singer Model FM-10C
Module/MDM-1 Mainframe with RF &
Module MDM-1 Module
DC Amplifier Gain: 40 dB Hewlett-Packard
Input & Output impedance: 2 M ohms Model 8875A
Connector 24 pin, female Singer P/N 1-910072-002
Connector BNC Singer P/N 1-910022-004
Connector Push-on Singer P/N 1-910173-001
Resistor 200 ohms * 5%, % watt Not applicable
4.11 MINIMUM PERFORMANCE CHECKOUT b. Set the RF module MEASURE MODE

PROCEDURE (MODEL RFM-10A MODULE)

4.11.1 Power Requirements

All power required by the RFM-10A is supplied by
the mainframe.

4.11.2 Output Level Check

a. Install the RFM-10A into the mainframe
left-hand compartment. Connect the RF voltmeter with the
50 ohm termination) to the RF OUTPUT jack of the
RFM-10A Module. Set mainframe MODE switch to GEN.

b. Set the RF OUTPUT attenuator to 5 uV
on the dial.
c. Set the mainframe frequency switches to

1000,0000 MHz and the 0— 100 Hz control to the OUT
position.

d. The RF voltmeter should indicate 500 uV
+ 3 dB (354—707 uV rms).

e. Repeat step 4.11.2-d. at 50 kHz, 1 MHz,
10 MHz 50 MHz and every 50 MHz up to 512 MHz.

4.11.3 Measure Mode Sensitivity Check

a. Set the mainframe MODE switch to
MEAS, MEASURE MODE AUDIO OUTPUT switch to
IN-BEAT NOTE, GENERATOR MODULATION switch to
OUT-OFF and frequency switches to 150 MHz.

BANDWIDTH switch to OUT-WIDE. Set the MEASURE
SENSITIVITY switch and MEASURE SENSITIVITY
control to 6 mV.

Connect the signal generator to the RF
module MEASURE INPUT connector. Set its frequency to
150 MHz and level to 6 mV rms.

d. Insert the MDM-1 module into the
right-hand compartment and the FIM module in the center
compartment. Set the MDM-1 MTR switch to the LIM (IN)
position.

e. Adjust the signal generator frequency
slightly to obtain a zero beat indication on the FIM BEAT
lamp.

f. The MDM-1 meter should indicate “red
line”. If not, re-adjust the signal generator output level to
obtain exactly “red line” on the MDM-1 meter. The signal
generator output level should be between 4.2 and 8.2 mV
rms (6 mV * 3 dB).

412  ALIGNMENT AND ADJUSTMENT (MODEL
RFM-10A MODULE)

Note — The alignment and adjustment procedure
is performed with the RFM-10A disconnected from the
mainframe so that no problem in the mainframe will affect
the alignment of the RFM-10A. Refer to figures 4-29 and
4-30 for test point and trimmer locations. Remove the five
scrfews from the back of the RFM-10A and slide the cover
off.
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4.12.1 Broadband Amplifier Alignment (A1A4)

a. Place the connector P/N 1-910072-002
onto its mating plug at the back of the RFM-10A. Fabricate
a BNC to “Push-on” connector adapter, 10 inches in length.

b. Connect the power supply positive lead
to terminal 9 and the negative lead to terminal 21 of the
connector at the back of the RFM-10A.

c. Connect the sweep generator RF output
to the RF input of the RFM-10A using the 10" cable
adaptor fabricated in paragraph 4.12.1-a.

d. Connect the RF output jack, A1A3J3, to
the detector RF input with a 6" to 12'* 50 ohm BNC cable.

e. Connect the detector dc output to sweep
generator demodulator input jack.

f. Connect the sweep generator vertical jack
to the dc amplifier input jack and the dc amplifier output
jack to the oscilloscope vertical input jack using a 50 ohm
coaxial cable.

g. Connect the sweep generator horizontal
jack to the oscilloscope external horizontal input jack using
a 50 ohm coaxial cable.

h. Set the sweep generator center frequency
to 250 MHz, sweep width to approximately 520 MHz, 50
MHz harmonics on and output level to -33 dBm.

j. Set the oscilloscope vertical attenuator
switch so that ‘the display covers % to % of the CRT
graticule.

k. Adjust trimmer capacitors A1A4C9 and
A1A4C13 for the flattest response curve on the
oscilloscope.

L Individually short one or more turns of
A1A4L1 and A1A4L3 together using two insulated turning
sticks, to obtain the flattest possible response curve. Solder
the necessary turns together. Re-adjust A1A4C9 and
A1A4C13 as necessary.

m, Individually select resistors A1A4R7 and
A1A4R13 as necessary to obtain the flattest overall
response curve. Decrease the resistor value to decrease the
gain.

n. If the amplifier high frequency gain is too
high or too low, increase or decrease the value of A1A3C3
to obtain the flattest possible response curve. Repeat steps
4.12.1-k. through 4.12.1.-m. as necessary.

Once the amplifier response is flat within

+1.5dB, dlsconnect the detector from the amplifier output
and replace with an RF voltmeter with a 50 ohm load. Set
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the sweep generator mode switch to the CW position. The
amplifier RF output level should be -23 dBm * 1.5 dB.
Rotate the sweep generator center frequency control from
50 kHz to 500 MHz. The level should not change more than
% 1.5 dB from -23 dBm.

I. If the amplifier gain is too high or too
low, repeat steps 4.12.1-k. through 4.12.1-n. until the
required output level and flatness is obtained.

. Set the sweep generator mode switch
back to AF and the center frequency control back to 250
MHz. Adjust the output level for -23 dBm on the RF
voltmeter. Disconnect the RF voltmeter from the amplifier
output.

t. Connect terminals 9 and 10 of the test
connector together on the back of the RFM-10A. (Méeasure
Mode). Place the BNC 50 ohm load on the amplifier
output.

u. Unsolder the mixer end of A1A4C27
connected to the R port and connect a short BNC cable
center conductor to the unsoldered capacitor lead and
solder the shield to ground. Connect the detector to the
BNC end of the cable. -

v. Adjust trimmer capacitors A1A4C23 and
A1A4C25 for the flattest overall response curve.

w. lndmdually short one or more turns of
A1A4LS and A1A4L7 together, using two insulated tuning
sticks, to obtain the flattest possible response curve. Solder
the necessary turns together. Re-adjust A1A4C23 and
A1A4C25 as necessary. :

X. Individually select resistors A1A4R26

and A2A4R33 as necessary to obtain the flattest overall

response curve. Decrease the resistor value to decrease the
gain.

y. Once the amplifier response is flat within
+ 2 dB, remove the BNC 50 ohm load from the output jack
and connect the RF voltmeter to this connector. Set the
sweep generator mode switch to CW. Reset the sweep
generator output level to produce -23 dBm on the RF
voltmeter. Replace the 50 ohm BNC load onto the output
jack and disconnect the detector from the BNC cable and
connect the RF voltmeter to this cable. The amplifier
output level at this point should be +4 dBm * 2 dB. Rotate
the sweep generator center frequency control from 11 MHz
to 500 MHz. The level should not change more than + 2. dB
from +4 dBm.

z. If the amplifier gain is too high or too
low, repeat steps 4.12.1-v. through 4.12.1-y. until the
required output level and flatness is obtained.

. aa. Resolder A1A4C27 back onto the mixer
R port.



4.12.2 ALC Detector Adjustment

a. Connect the signal generator to the RF
INPUT jack using a 50 ohm BNC coaxial cable. Set the
source frequency to 50 kHz and output level to
approximately -33 dBm.

b. Remove the jumper from terminal 10 of
the test connector.

c. Connect the digital voltmeter to P2-3
(ALC output).

d. Connect the RF voltmeter (with 50 ohm
load) to A1A3J3.

e. Observe the RF voltmeter and adjust the

signal source output level for -23 dBm on the meter. The
ALC voltage indicated on the DVM should be -20 mV = 3
mV.

f. Repeat step 4.12.2-e. at 1 MHz, 10 MHz,
50 MHz and every 50 MHz up to 500 MHz. The amplifier
output level must be maintained at -23 dBm at each
frequency.

g. If the ALC voltage at 50 kHz is greater
than * 3 mV from -20 mV, increase the value of A1A4R17
to decrease the ALC voltage.

h. If the ALC voltage at 500 MHz is greater
than + 3 mV from -20 mV, add capacitor A1A4C28
befween the junction of A1A4R17 and A1A4CRI1 to
ground. Select a value of 1 or 2 pF (DM-15) to equal the
voltage level noted at 50 kHz.

i. Repeat step 4.12.2-f. to assure that ALC
voltage is -20 mV * 3 mV across the bandwidth.
4.12.3 11 MHz IF Filter and Amplifier Alignment

a. Connect the sweep generator RF output
jack to A1A3-3.

b. Unsolder A1A3C23 at one end. Connect
a 50 ohm BNC coaxial cable center conductor to the
junction of A1A3R19 and A1A3R21 and connect the
shield to ground. Connect the other end to the cable to the
detector RF input.

c. Connect the necessary cables for
displaying the swept signal on the oscilloscope.

d. Reconnect the jumper between terminals
9 and 10 of the test connector.

e. Set the sweep generator center frequency
to 11 MHz. sweep width to approximately zero, 10 MHz
markers on.

f. Set the oscilloscope for a display that
covers % to % of the graticule.

i
|
!
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g Set the MEASURE SENSITIVITY switch
on the RFM-10A front panel to the HIGH position and the
MEASURE MODE BANDWIDTH switch to the OUT-WIDE
position.

h. Adjust the sweep generator center
frequency control so that the 10 MHz marker is on the left
side of the CRT center graticule line.

j- Set the sweep generator 1 MHz harmonics
on and adjust both the sweep width and center frequency
controls so that the 11 MHz marker is exactly on the center
graticule line and the 10 MHz and 12 MHz markers are
approximately 4 cm away on either side of the 11 MHz
marker.

k. If the IF response is not visible on the
CRT, adjust A1A3R17 until it is visible.

1. Adjust A1A3L1, A1A3L2 and A1A3L3
to center the peak of the response curve exactly on the 11
MHz marker and for the best slope symmetry on either
side.

m. Set the MEASURE MODE BANDWIDTH
switch to the IN-NARROW position. The narrow 11 MHz
crystal filter response should be exactly on the 11 MHz
marker and the NARROW indicator lamp should be lit.

n. Set the sweep generator sweep time
switch to the 100-10 second position and the variable
control to the maximum cw position. Adjust the sweep
width and center frequency control to spread the narrow
response out to approximately 2 cm wide. Note the average
ripple level on the CRT.

p. Set MEASURE MODE BANDWIDTH
switch back to the OUT-WIDE position. The wide response
is drastically spread out so that only the peak portion of it
is visible on the CRT. The level of the peak should exactly
equal the average ripple level of the crystal filter. If it does
not, adjust A1A3R2 until it is. Switch back and forth from
narrowband to wideband a few times to make sure that
they are equal.

4.12.4 9 MHz Filter Alignment

a. Connect the oscilloscope 10X probe to
Al1A3U2-5.
b. Connect the 9 MHz signal source to

terminal 24 of the connector at the rear of the RFM-10A.

c. Adjust A1A3L4 for maximum response
on the oscilloscope. The level should be 240-360 mV p-p.

4.12.5 2 MHz IF Alignment
a. Set the oscilloscope controls back to
“sweep” operation. Remove the 10X probe and connect a

50 ohm BNC coaxial cable between the vertical input jack
and the sweep generator vertical jack. Solder A1A3C23
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back into the circuit. Set the MEASURE SENSITIVITY
control to the maximum c¢w position.

b. Connect a 50 ohm BNC cable between
the detector RF input and terminal 1 of the connector at
the rear of the RFM-10A.

c. Unsolder the cable from A1A3-3 and
solder a 50 ohm coaxial cable with a BNC connector at one
end to this terminal. Connect the RF detector dc output
terminal to the sweep generator demodulation input jack.

d. Set the sweep generator center frequency
to 11 MHz, sweep width to approximately zero. 1 MHz
harmonics on, and level to -44 dBm.

e. Due to the mixing action of the 9 MHz
input, the markers will be down-converted (the 10 MHz
marker will become 1 MHz, the 11 MHz will become 2 MHz
and the 12 MHz marker will become 3 MHz). Observe the
oscilloscope and set the volts/cm switch so that the 2 MHz
response curve covers % to % full scale on the CRT. If
unable to obtain this amplitude, adjust A1A3R17. The
peak of the response curve should be close to the 2MHz
marker. If it is in between two markers, switch off the 1|
MHz markers and switch on the 10 MHz marker and set the
10 MHz marker approximately 4 cm to the left of the
center graticule line with the center frequency control.
Switch off the 10 MHz marker and switch the 1 MHz
markers back on. Adjust the center frequency control so
that the 2 MHz marker is exactly on the center graticule
line. Adjust the sweep width control so that the 1 MHz and
3 MHz markers are approximately 4 c¢cm on either side of
the center graticule line (2 MHz). Adjust A1A3L5 so that
the center of the peak of the response curve is exactly on
the 2 MHz marker.

4.12.6 Measure Input Sensitivity Alignment

a. Connect the sweep generator to the RF
INPUT jack and set the sweep generator mode switch to the
CW position and the center frequency control to
approximately 33 MHz. Calibrate the output level to -33
dBm in the CW position.

b. Connect the signal generator RF output
jack to the RFM-10A MEASURE INPUT jack using a 50
ohm coaxial cable. Set and calibrate its frequency at 22
MHz and its attenuator for 600 uV output level.

c. Set the RFM-10A MEASURE
SENSITIVITY switch to the NORMAL position and the
MEASURE SENSITIVITY control to 0.6 mV (fully cw).

cd. Connect the 50 ohm load to the RF
voltmeter type N tee. Set the RF voltmeter to the 10 mV
range and zero the meter with the probe removed from
terminal 1 of the connector on the rear of the RFM-10A.
Connect the probe back to this terminal.

e. Connect the jumper between terminals 9
and 10 of the connector on the back of the RFM-10A.
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f. Observe the RF voltmeter. If there is an
up-scale deflection, adjust the sweep generator center
frequency control for maximum deflection. If there is no
deflection or greater than full-scale deflection, adjust
A1A3R14 to bring the pointer on-scale, adjust the sweep
generator center frequency control for maximum
deflection.

h. Set the signal source RF output level to
20uV.

. Set the RFM-10A MEASURE
SENSITIVITY switch to the HIGH position.

k. Adjust A1A3R17 for 2.5 mV on the RF
voltmeter.

1. Rotate the RFM-10A MEASURE

SENSITIVITY control to the maximum ccw position.

m. Set the signal source output level to 800
uV. The RF voltmeter should indicate approximately 2.5
mV. -

n. Set the MEASURE SENSITIVITY switch
to the NORMAL position and set the signal source output
level to 24 mV. The RF voltmeter should read
approximately 2.5 mV.

4.12.7 Attenuator Dial Calibration

a. Connect the signal generator to the RF
input connector, P1, and connect the RF voltmeter to RF
output jack A1A4J3 using the 50 ohm load.

b. Set the signal generator frequency to 250
MHz and set its output level to read -23 dBm on the RF
voltmeter.

c. Calibrate the NM-30 so that at 250 MHz,
50 uV, the meter indicates 20 dB (mid-scale).

d. Remove the RF voltmeter from A1A4J3
and reconnect the cable from the variable attenuator, AT2.
Connect a 50 ohm BNC coaxial cable between the
RFM-10A RF OUTPUT jack and the NM-30 RF input jack.
Adjust the RFM-10A attenuator for a 20 dB indication on
the NM-30 meter. Loosen the two set screws on the
attenuator dial and rotate the dial, being careful not to
disturb the attenuator shaft position, until 0.5 uV on the
dial lines up exactly with the black line on the index.
Tighten the two set screws.

e. Disconnect the cable at the NM-30 RF
input jack. Disconnect the cable from the signal generator
at the BBA rf output jack and connect it to the NM-30 RF
input jack. Adjust the signal generator output level to 500
uV. Recalibrate the NM-30 so that the meter indicates 20
dB. '

f. Disconnect the cable from the signal
generator at the NM-30 rf input jack and connect it to the



BBA REF input jack. Disconnect the cable from the BBA 1f
output jack and connect the RF voltmeter to the BBA RF
output jack. Adjust the signal generator output level to -23
dBm and remove the RF voltmeter from the BBA RF
output jack and reconnect the cable from the attenuator to
the BBA RF output jack. Connect the cable from the
RFM-10A RF OUTPUT jack to the NM-30 RF input jack.
Rotate the attenuator dial until 5 uV lines up exactly with
the black line on the index. The NM-30 meter should now
indicate 20 dB + 3 dB.

4.13 FAULT ISOLATION PROCEDURES (MODEL
RFM-10A MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the RFM-10A. The procedures follow
the sequence of the minimum performance checkout
procedures, Section 4.11, with each subsection keyed to
the paragraph in Section 4.11 that first indicates a fault.
When a fault is noted during RFM-10A operation, proceed
as follows:

a. Perform minimum performance checkout
procedures in Section 4.11.

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to a function,
such as the 11 MHz amplifier, refer to the alignment
procedure for that function in Section 4.12 and check
alignment of that function before proceeding with fault
isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

4.13.1 Output Level Not Within Tolerance (4.11.2-d. and

4.11.2-¢)

a. Check alignment of broadband amplifier
as in paragraph 4.12.1.

b. Check alignment of ALC detector as in
paragraph 4.12.2.

c. Check variable attenuator, AT2 and 10
dB pad, AT1.

d. Check mainframe as in mainframe section
of manual.

4.13.2 Measure Mode Sensitivity Not Within Tolerance

(4.11.31.)

a. Check measure input sensitivity
alignment as in paragraph 4.12.6.

b. Check 11 MHz IF alignment as in
paragraph 4.12.3. .

c. Check 9 MHz filter alignment as in
paragraph 4.12.4.

d. Check 2 MHz IF alignment as in

paragraph 4.12.5.

414  TEST EQUIPMENT REQUIRED (MODEL FiM-1
MODULE)

The test equipment required for the checkout,
alignment, calibration and troubleshooting is tabulated in
Table 4-6. Minimum parameters are provided to aid in the
selection of the equivalent types.

TABLE 4-6

TEST EQUIPMENT REQUIREMENTS FOR MODEL FIM-1

- INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Signal Generator F reqﬁency range: 2 MHz to 150 MHz Singer Model FM-2748
Level: 2.5 mV to 8.2 mV rms
Output impedance: 50 ohms
Oscilloscope ' Frequency response: 4.2 MHz Tektronix Model 531
with 10X Probe Vertical sensitivity: 5 mV/div with 53/54B plug-in
ACVTVM Frequency response: 2 MHz Hewlett-Packard
Level: 2.5 mV Model 400 D
DC Digital Level: +5 Vdc Hewlett-Packard
Voltmeter Accuracy: £0.1% Model 3440A
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Table 4—6. Test Equipment Requirements for Model FIM-1 (Cont.)

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
4.2 MHz Signal Frequency range: 4.2 MHz Singer Model FM-2748
Source Output level: +1 dBm
Output impedance: 50 ohms
100 kHz Signal Frequency range: 100 kHz Hewlett-Packard
Source Output level: 1.4 V rms Model 652A
Output impedance: 600 ohms
Power Supply Level: 12 Vdc = 10% at 100 mA Hewlett-Packard
‘ Model 721A
Power Supply Level: 9 Vdc at 250 mA Hewlett-Packard
Model 721A
Mainframe/RF Required for testing FIM-3 Module Singer Model FM-10C
Module Mainframe with RF
Module
Resistor 5k ohm, + 5% Y4 watt Not applicable
Connector 16 pin Singer P/N 1-910072-001

4.15 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL FIM-1 MODULE)

4.15.1 Power Requirement

All power requlred by the FIM-1 is supplied by the
mainframe.

4.15.2 Calibration Check

a. Install the FIM-1 part way into the center
compartment of the mainframe. Verify that the meter
indicates zero. Adjust the mechanical zero if necessary.

b. Install FIM-1 in mainframe and set FIM-1
RANGE switch to ZERO position. Adjust meter to zero
with the ZERO control.

c. Set mainframe MODE switch to TONE
GEN, frequency switches to 000.0000 MHz, 0-100 Hz
control to OUT and VOLUME control to approximately

+ mid-range.

d. Set FIM-1 RANGE switch to 1.5
position. Vary the mainframe 100 Hz and 1 kHz controls in
100 Hz steps up to 1.5 kHz. The FIM meter pointer should
deflect to the left in 100 Hz increments £ 5% of full scale
and an audio tone corresponding to the frequency should
be heard from the speaker.

e. Set the 100 Hz and 1 kHz controls to

zero. Set the FIM-1 RANGE switch to 5. Vary the 1 kHz
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switch up to 5 kHz. The FIM-1 meter pointer should
deflect to the left in 1 kHz increments £ 5% of full scale
and an audio tone corresponding to the frequency should
be heard from the speaker.

f. Set the 1 kHz switch to zero. Set the
FIM-1 RANGE switch to 15. Vary the 1 kHz and 10 kHz
switches in 1 kHz steps up to 15 kHz. The FIM-1 meter
pointer should deflect to the left in 1 kHz increments £ 5%
of full scale and an audio tone corresponding to the
frequency should be heard from the speaker (up to the
tester’s hearing limit).

4.15.3 Sensitivity Check

a. Set the mainframe MODE switch to
MEAS, MEASURE MODE AUDIO OUTPUT switch to
IN-BEAT NOTE, GENERATOR MODULATION switch to
OUT-OFF, frequency switches to 150 MHz and VOLUME
control to fully cw.

b. Set the RF module MEASURE MODE
BANDWIDTH switch to OUT-WIDE and set the
SENSITI’VITY to6 mV.

c. Connect the signal generator to the -RF
module MEASURE INPUT connector. Set its frequency to
150 MHz and level to 6 mV rms.

d. Adjust the signal generator frequency
slightly to obtain a zero beat indication.



e, The OPERATE lamp on the FIM-1 NOTE: The alignment and adjustment

should light. If not, re-adjust the signal generator output procedure is performed with the FIM-1
level to light the OPERATE lamp. The signal generator disconnected from the mainframe so that
output level should be between 4.2 and 8.2 mV rms (6 mV no problem in the mainframe will affect
+ 3 dB). the alignment of the FIM-1. Refer to

Figure 4-31 for test point and trimmer

locations. Remove the four screws from
416  ALIGNMENT AND ADJUSTMENT the back of the FIM-1 and slide the cover

(MODEL FIM-1 MODULE) off.
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FIGURE 4-31. CIRCUIT BOARD ASSEMBLY, A1 (FIM-1)
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4.16.1 Test Connector Wiring

a. See Figure 4-32 for schematic of test
connector wiring.

9 - +9Vdc

2

12 »— 4.2MHz SIGNAL SOURCE
3

14 ' » 100KHz SIGNAL SOURCE
66—

13 > +12Vd‘c

1o -+ SIGNAL GENERATOR

8 F——e

FIGURE 4-32. TEST CONNECTOR WIRING (FIM-1)

4.16.2 +5V Power Supply Adjustment

a. Plug the test connector onto the
connector on the back of the FIM-1.

b. Connect the digital voltmeter positive

lead to positive side of A1C4 and negative lead to chassis
ground.
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c. Adjust A1R4 for +5 Vdc on the digital
voltmeter.
d. Disconnect the digital voltmeter.

4.16.3 2 MHz IF Input Filter Alignment

a. Connect the ac VTVM to terminal 16 of
the test connector.

b. Set the signal generator frequency to 2.2
MHz and its attenuator to read 2.5 mV on the ac VTVM.

c. Connect the oscilloscope using 10X probe
to the Junctlon of A1IR64, A1L3 and A1C18.

d. Observe the oscilloscope and adjust A1L4
for minimum 100 kHz output.

e. Set the signal generator frequency to 2
MHz.

f. Observe the oscilloscope and adjust A1L1
for maximum 100 kHz signal output.

g. Repeat steps 4.16.3-a. through 4.16.3-f.

h. Remove the oscilloscope from the

junction of A1R64, A1L.3, and A1C18.
4.16.4 Operate Light Adjustment

a. Adjust AIR31 to the point where the
OPERATE lamp just lights.

4.16.5 Meter Calibration, 1.5 kHz Range

a. Set the mechanical zero on the FIM-1
meter.

b. Connect a jumper lead to pin 3 and pin
11 on the test connector.

c. Set ZERO control to mid-range.

d. Set the RANGE switch to the ZERO
position.

€. Adjust A1R8 for zero on the FIM-1
meter.

f. Set the signal generator frequency to
2.0015 MHz.

g. Set the signal generator attenuator to

produce 3.5 mV on the ac VTVM.



h. Set the RANGE switch to the 1.5 kHz
position.

k. Observe the FIM-1 meter and adjust
A1R18 for +1.5 kHz.

L Observe BEAT lamp. It should be lit.

m. Set the signal generator frequency to

1.9985 MHz. The FIM-1 meter should read -1.5 kHz.

4.16.6 Meter Calibration, 5 kHz Range

a. Set the RANGE switch to the 5 kHz
position,

b. Set the signal generator frequency to
2.005 MHz. '

c. Adjust A1R21 on the FIM-1 for +5 kHz

on the FIM-1 meter.

d. Set the signal generator frequency to
1.995 MHz. The FIM-1 meter should read -5 kHz.

4.16.7 Meter Calibration, 15 kHz Range

a. Set the RANGE switch to the 15 kHz
position.

b, Set the signal generator frequency to
2.015 MHz.

c. Adjust A1R23 for +15 kHz on the FIM-1
meter.

d. Set the signal generator frequency to

1.985 MHz. The FIM-1 meter should read -15 kHz.

417  FAULT ISOLATION PROCEDURES (MODEL
FIM-1 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the FIM-1. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.15, with each subsection keyed to
the paragraph in Section 4,15 that first indicates a fault.
When a fault is noted during FIM-1 operation, proceed as
follows:

a. Perform minimum performance checkout
procedures in Section 4.15.

b. ~ Start fault isoloation procedures at the
point where minimum performance cannot be satisfied.

C. When the fault is isolated to a function,
such as the discriminator, refer to the alignment procedure
for that function in Section 4.16 and check alignment of
that function before proceeding with fault isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignhment is necessary.

4.17.1 Meter Does Not Indicate Zero (4.15.2-a.)

a. Adjust the mechanical zero on the meter
for zero indication on the meter.

4.17.2 Zero Control Defective (4.15.2-b.)

a. Check for 100 kHz at the output of
limiter, A1USD.

b. Check both outputs of discriminator,
Al1U3.

c. Check meter amplifier, A1U4A through
A1U4D.

d. Check RANGE switch, S1A, and

associated wiring.

e. Check REMOTE METER jack on the
mainframe and associated wiring.

f. Check that meter enable switches,
A1U4E and A1UG6E, are operating. .

g. Check meter, M1.

4.17.3 Meter Does Not Deflect in 100 Hz Increments
(4.15.2d.)

a. Repeat paragraph 4.17.2.
4.17.4  Audio Tone Defective (4.15.2-d.)

a. Check for jumper between pins 30 and 31
on Al.

b. Check for audio at mixer, A1U7A,
output.

c. Check for audio at pin 22 of Al.

d. Check audio squelch diode, A1CR1.
4.17.5 Meter Does Not Deflect in 1 kHz Increments in §

kHz Range (4.15.2-¢.)

a. Check A1R21.

b. Check RANGE switch, S1.



4.17.6 Meter Does Not Deflect in 1 kHz Increments in 15 b.

4.17.7 Sensitivity th Within Tolerance (4.15.3-¢.)

kHz Range (4.15.2-f.)

a. Check AIR23.

b. Check RANGE switch, S1.

a. Check alignment of operate threshold
adjustment A1R31 as in step 4.16.4-a,

Check level detector, A1U6A, operate
lamp trigger, A1U6B/C and operate lamp switch, A1U6D..

4.18 TEST EQUIPMENT REQUIRED (MODEL FIM-3
MODULE)

The test equipment required for the checkout,
alignment, calibration and troubleshooting is tabulated in
Table 4-7. Minimum parameters are provided to aid in the
selection of the equivalent types.

TABLE 4-7

" TEST EQUIPMENT REQUIREMENTS FOR MODEL FIm-3

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MQDEL
Signal Generator Frequency range: 2 MHz to 150 MHz Singer Model FM-2748
Level: 2.5 mV to 8.2 mV rms :
Output impedance: 50 ohms
Oscilloscope Frequency response: 4.2 MHz Tektronix Model 531
with 10X Probe Vertical sensitivity: 5 mV/div with 53/54B plug-in
ACVTVM Frequency response: 2 MHz - Hewlett-Packard
Level: 2.5 mV Model 400 D
DC Digital Level: +5 Vdc Hewlett-Packard
Voltmeter Accuracy: £0.1% Model 3440A
4.2 MHz Signal Frequency range: 4.2 MHz Singer Model FM-2748
Source Qutput level: +1 dBm ,
Output impedance: 50 ohms
100 kHz Signal Frequency range: 100 kHz Hewlett-Packard
Source ‘ Output level: 1.4V rms Model 652A
Output impedance: 600 ohms
Power Supply Level: 12 Vdc + 10% at 100 mA Hewlett-Packard
Model 721A
Power Supply Level: 9 Vdc at 250 mA Hewlett-Packard
o Model 721A
Mainframe/RF Required for testing FIM-3 Module ~ Singer Model FM-10C
Module Mainframe with RF
Module
Resistor 5k ohm, * 5% % watt Not applicable ‘
Connector 16 pin Singer P/N 1-910072-001
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419 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL FIM-3 MODULE)

4.19.1 Power Requirements
All power required by the FIM-3 is supplied by the
mainframe.

4.19.2 Calibration Check

a. ~Install the FIM-3 part way into the center
compartment of the mainframe. Verify that the meter
indicates zero. Adjust the mechanical zero if necessary.

b. Install FIM-3 in mainframe and set FIM-3
RANGE switch to ZERO position. Adjust meter to zero
with the ZERO control.

c. Set mainframe MODE switch to TONE
GEN, frequency switches to 000.0000 MHz, 0—100 Hz
control to OUT and VOLUME control to approximately
mid-range.

d. Set FIM-3 RANGE switch to 1.5
position. Vary the mainframe 100 Hz and 1 kHz controls in
100 Hz steps up to 1.5 kHz. The FIM-3 meter pointer
should deflect to the left in 100 Hz increments £ 5% of full
scale and an audio tone corresponding to the frequency
should be heard from the speaker.

e. Set the 100 Hz and 1 kHz controls to
zero. Set the FIM-3 RANGE switch to 5. Vary the 1 kHz
switch up to 5 kHz. The FIM-3 meter pointer should
deflect to the left in 1 kHz increments * 5% of full scale
and an audio tone corresponding to the frequency should
be heard from the speaker.

f. Set the 1 kHz switch to zero. Set the
FIM-3 RANGE switch to 15. Vary the 1 kHz and 10 kHz
switches in 1 kHz steps up to 15 kHz. The FIM-3 meter
pointer should deflect to the left in 1 kHz increments £ 5%
and an audio tone corresponding to the frequency should
be heard from the speaker (up to the tester’s hearing limit).

4.19.3 Sensitivity Check

a. Set the mainframe MODE switch to
MEAS, MEASURE MODE AUDIO OUTPUT switch to
IN-BEAT NOTE, GENERATOR MODULATION switch to
OUT-OFF, frequency switches to 150 MHZ and VOLUME
control to fully cw.

b. Set the RF module MEASURE MODE
BANDWIDTH switch to OUT-WIDE and set the
SENSITIVITY to 6 mV.

c. Connect the signal generator to the RF
module MEASURE INPUT connector. Set its frequency to
150 MHz and level to 6 mV rms.

d. Adjust the signal generator frequency
slightly to obtain a zero beat indication.

e. The OPERATE lamp on the FIM-3
should light. If not, re-adjust the signal generator output
level to light the OPERATE lamp. The signal generator
output level should be between 4.2 and 8.2 mV rms (6 mV

3 dB).

4.19.4 Squelch Check

a. Adjust the signal generator output until
the OPERATE lamp just lights. There should be no
background noise from the speaker.

b. There should be no background noise
from. the speaker in either position of the SQUELCH
switch.

c. Decrease the signal generator level until
the OPERATE lamp extinguishes.

d. Background noise should be audible only
in the OFF position of the SQUELCH switch.

420 ALIGNMENT AND ADJUSTMENT (MODEL
FIM-3 MODULE)

NOTE: The alignment and adjustment
procedure is performed with the FIM-3
. disconnected from the mainframe so that .
no problem in the mainframe will affect
the alignment of the FIM-3. Refer to
Figure 4-33 for test point and trimmer
locations. Remove the four screws from
the back of the FIM-3 and slide the cover

off.
4.20.1 Test Connector Wiring
a. See Figure 4-34 for schematic of test

connector wiring.

+9Vdc

T

————= 4.2Miz SIGNAL Sm
——————a= 10D KHz SIGNAL SOURCE

————= 312V4c

o= GIGNAL GENERATOR

ITTITITT

1l
"

FIGURE 4-34 TEST CONNECTOR WIRING (FIM-3)
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4.20.2 +5V Power Supply Adjustment

a. Plug the test connector onto the
connector on the back of the FIM-3.

b, Connect the digital voltmeter positive
lead to positive side of A1C4 and negative lead to chassis
ground.

c. Adjust AIR4 for +5 Vdc on the digital
voltmeter.
d. Disconnect the digital voltmeter.

4.20.3 2 MHz IF Input Filter Alignment

a. Connect the ac VTVM to terminal 16 of
the test connector.

b. Set the signal generator frequency to 2.2
MHz and its attenuator to read 2.5 mV on the ac VTVM.

c. Connect the oscilloscope using 10X probe
to the junction of A1R64, A1L3 and A1C18.

d. Observe the oscilloscope and adjust A1L4
for minimum 100 kHz output.

e. Set the signal generator frequency to 2
MHz.

f. Observe the oscilloscope and adjust A1L1
for maximum 100 kHz signal output.

g. Repeat steps 4.20.3-a. through 4.20.3-f.

h. Remove the oscilloscope from the

junction of A1R64, A1L3, and A1CI18.
4.20.4 Operate Light Adjustment

a. Adjust A1R31 to the point where the
OPERATE lamp just lights.

4.20.5 Meter Calibration, 1.5 kHz Range

a. Set the mechanical zero on the FIM-3
meter.

b. Connect a jumper lead to pin 3 and pin
11 on the test connector.

c. Set ZERO controlto mid-range.

d. Set the RANGE switch to the ZERO
position.

€. Adjust A1RS8 for zero on the FIM-3

meter.

f. Set the signal generator frequency to
2.0015 MHz.
g Set the signal generator attenuator to

produce 3.5 mV on the ac VTVM.

h. Set the RANGE switch to the 1.5 kHz
position.

k. Observe the FIM-3 meter and adjust
AIRI18 for +1.5 kHz.

L. Observe BEAT lamp. It should be lit.

m. Set the signal generator frequency to
1.9985 MHz. The FIM-3 meter should read -1.5 kHz.

4.20.6 Meter Calibration, 5 kHz Range

a. Set the RANGE switch to the 5 kHz
position.

b. Set the signal generator frequency to
2.005 MHz.

c. -Adjust the A1R21 on the FIM-3 for +5

kHz on the FIM-3 meter.

d. Set the signal generator frequency to
l 995 MHz. The FIM-3 meter should read -5 kHz.

4.20.7 Meter Calibration, 15 kHz Range

a, Set the RANGE switch to the 15 kHz
position.

b. Set the signal generator frequency to
2.015 MHz.

c. Adjust A1R23 for +15 kHz on the FIM-3
meter.

d. Set the signal generator frequency to

1.985 MHz. The FIM-3 meter should read -15 kHz.

4.21 FAULT ISOLATION PROCEDURES (MODEL
FIM-3 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the FIM-3. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.19, with each subsection keyed to
the paragraph in Section 4.19 that first indicates a fault.
When a fault is noted during FIM-3 operation, proceed as
follows:

a. Perform minimum performance checkout
procedures in Section 4.19.
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b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to a function,
such as the discriminator, refer to the alignment procedure
for that function in Section 4.20 and check alignment of
that function before proceeding with fault isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

4.21.1 Meter Does Not Indicate Zero (4.19.1-a.)

a. Adjust the mechanical zero on the meter
for zero indication on the meter,

4.21.2  Zero Control Defective (4.19.1-b.)

a. Check for 100 kHz at the output of
limiter, AIU5D.

b. Check both outputs of discriminator,
A1U3.

c. Check meter amplifier, A1TU4A through
A1U4D.

d. Check RANGE switch, SlA, and
associated wiring.

e. Check REMOTE METER jack on the
mainframe and associated wiring.

f. Check that meter enable switches,
A1U4E and A1UGE, are operating.

g. Check meter, M1.
4.21.3 Meter Does Not Deflect in 100 Hz Increments

(4.19.1d.)

a. Repeat paragraph 4.21.2.
4.21.4 Audio Tone Defective (4.19.1-d.)

a. Check for jumper between pins 30 and 31
on Al.

b. Check for audio at mixer, AIU7A,
output.

c. ‘Check for audio at pin 22 of Al.

d. Check audio squelch diode, A1CR1.

~ 4.21.5 Meter Does Not Deflect in 1 kHz Increments in 5

kHz Range (4.19.1-e.)

a. - Check A1R21.

b. Check RANGE switch, S1.
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4.21.6 Meter Does Not Deflect in 1 kHz Increments in 15
kHz Range (4.19.1-f.)
a. Check A1R23.
b. Check RANGE switch, S].

4.21.7 Sensitivity Not Within Tolerance (4.19.3-e.)

a. Check alignment of operate threshold
adjustment A1R31 as in step 4.20.4-a.

b. Check level detector, A1U6A, operate
lamp trigger, A1U6B/C, operate lamp switch, A1U6D,
diode switch, A1CR2, and SQUELCH switch, S2.

4.21.8 Squelch Inoperative (4.19.4-d.)

a. Check diode switch, A1ICR2.
b. Check SQUELCH switch, S2.
c. If steps 4.21.7-a. and -b. operate

properly, trouble is in mainframe. Check mainframe as in
mainframe maintenace section of manual.

4.22 TEST EQUIPMENT REQUiRED (MODEL OAM-1
MODULE)

The test equipment required for checkout,
alignment, calibration, and troubleshooting is tablulated in
Table 4-8. Use the recommended type or equivalent.

4.23 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL OAM-1 MODULE)
4.23.1 Installation

Install the OAM-1 into the
compartment of the mainframe.

right-hand

4.23.2 Power Requirements

All power required by the OAM-1 is supplied by
the mainframe.

WARNING: Highisvoltages are present
throughout the unit and appropriate
ptecautions should be taken while
operating the unit with cover removed.

4.23.3 Focus and Intensity Check

a. Set POWER switch to ON position.

b. Rotate INTENSITY controi fully cw.

c. Rotate FOCUS control to mid-range.

d.  Set VERT MODE switch to VERT SET

position,



e.

f.

Set MOD MODE switch to INT position.

Allow 5 to 10 seconds for the CRT

filaments to warm up.

8.

Adjust VERT POS and HORIZ POS

h. Re-adjust FOCUS and INTENSITY
controls for sharpest trace with adequate intensity.

j. Verify the CRT trace is bright enough to
see in normally lit room. Verify that FOCUS, VERT POS,

controls until CRT trace is centered.

TABLE 4-8

and HORIZ POS controls are approximately at mid-range.

TEST EQUIPMENT REQUIREMENTS FOR MODEL OAM-1

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Audio Oscillator Frequency range: 45 Hz to 30 kHz Hewlett-Packard
Output: 100 mV rms to 3 V rms Model 200CD
AC VTVM Frequency response: 50 Hz to 2 MHz Hewlett-Packard
Range: measure 3 mV to 3 V rms Model 400D
Signal Generator Frequency range: 2 MHz Singer
Output level: <6 mV rms to > 20 mV rms Model FM-2748
Stability: better than + 0.0004%/5 min
Leveling: + 1 dB
Output impedance: 50 ohm nominal
Oscilloscope Frequency response: 2 MHz Tektronix
with 1X probe Vertical sensitivity: 5 mV/cm Model 531 with
Model 53/54B plug-in
Distortion Analyzer Frequency response: 400 Hz to 1 kHz Hewlett-Packard
Input level: 1 V rms Model 333A

Frequency Counter

DC Power Supply

VOM

DC Digital Volimeter

Mainframe/RF
and FIM Modules

Extender Cable

Connector

Resistors

Accuracy: £ 0.1%

Frequency response: 400 Hz to 1 kHz
Input level: 1 V rms

Level: 9 Vdcat 1 A

Level: 0 to 1100 Vdc

Level: 10 V to 1000 Vdc

Accuracy: 0.1% of reading
Required for testing OAM-1 Module
Not applicable

16 pin

62 ohm, 180 ohm, 240 ohm, 510 ohm,
510 ohm, 560 ohm
(all £ 5%, % watt)

Hewlett-Packard
Model 5512A

Hewlett-Packard
Model 6214A

Simpson
Model 269

Hewlett-Packard
Model 3440A

Singer
Model FM-10C Mainframe
with RF and FIM Modules

Singer
Model PC-2653

Singer
P/N 1-910072-001

Not applicable
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4234 Vertical and Horizontal Position Control Range
Check

a. Rotate VERT POS control from fully cw
to fully ccw.

b. Verify that CRT trace deflects off the
calibrated portion of the graticule vertically when VERT
POS control is at its extreme positions,

C. Return VERT POS control to mid-range.

d. Rotate HORIZ POS control from fully
cw to fully ccw.

e. Verify that ends of trace deflect
horizontally to at least mid-screen when HORIZ POS
control is at its extreme positions.

f. Return HORIZ POS control to mid-range.

g. Verify that trace is centered on CRT with
controls set at approximately mid-range.

4.23.5 Sweep Range Check

a. Rotate VERT GAIN control fully cw.

b. Set VERT MODE switch to EXT.

c. Connect audio oscillator and ac VTVM to
VERT IN jack.

d. Adjust audio oscillator frequency to 50
Hz and set ac VTVM to 300 mV scale.

e. Rotate SWEEP SPEED control fully ccw.

f. Set SWEEP RANGE switch to LO
position.

g. Increase audio oscillator output until sine

wave deflection on CRT is full-scale. Adjust audio oscillator
frequency for a stationary, one-cycle sine wave on CRT,

h. Verify that audio oscillator frequency is
less than 50 Hz (approximately 45 Hz).

j. Rotate SWEEP SPEED control fully cw.

k. Set SWEEP RANGE switch to HI
position. )

1 Adjust audio oscillator frequency for a

stationary, one-cycle sine wave on CRT.

m. Verify that audio oscillator frequency is
greater than 5000 Hz and is spread out across entire CRT.

n. Rotate SWEEP SPEED control fully ccw.
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p. Adjust audio oscillator frequency for a
stationary, one-cycle sine wave on CRT.

q. Verify that audio oscillator frequency is
less than 500 Hz (approximately 450 Hz).

r. Set SWEEP RANGE switch to LO
position.

S. Rotate SWEEP SPEED control fully cw.

t. Adjust audio oscillator frequency for a

stationary, one-cycle sine wave.

u. Verify that audio osicllator frequency is
more than 500 Hz (approximately 550 Hz).

4.23.6 Vertical Sensitivity Check

a. Adjust audio oscillator frequency to |
kHz.

b. Set SWEEP RANGE switch and adjust
SWEEP SPEED control for a stationary pattern on CRT.

c. Adjust output of audio oscillator for
full-scale deflection on CRT.

d. Verify that output of audio oscillator is
between 95 and 117 mV rms.

4.23.7 Vertical Amplifier Frequency Response Check

a. Adjust audio oscillator output to obtain
exactly full-scale deflection on CRT at 1 kHz frequency.

b. Increase audio oscillator frequency to 30
kHz and note p-p deflection on CRT.

c. Decrease audio oscillator frequency to 50
Hz and note p-p deflection on CRT.

d. Verify that signal on CRT did not change
more than 3 dB (less than 7 divisions p-p) from 50 Hz to 30
kHz.
4.23.8 Carrier Level Control Check

a. Connect signal generator to left-hand
module MEASURE INPUT jack.

b. Set signal generator frequency to 25 MHz
and output to 10 mV rms (CW).

c. Set mainframe frequency switches to 25
MHz and MODE switch to MEAS position.

d. Set VERT MODE switch to VERT SET
position.



e. Adjust VERT POS control so that CRT
trace is exactly on VERTICAL SET line of the graticule.

f. Set VERT MODE switch to CARR SET
positon.

g. Adjust signal generator frequency vernier

for maximum upward deflection of trace on CRT.

h. Adjust CARR LEVEL control so that
CRT trace is exactly on CARRIER SET line of the
graticule.

i Decrease signal generator output 3 dB
from 10 mV rms (7.07 mV rms).

k. Rotate CARRIER LEVEL control until
CRT trace is exactly on CARRIER SET line.

1. Vérify that CARRIER LEVEL control
has sufficient range to set CRT trace on CARRIER SET
line of the graticule + % division.

m, Increase signal generator output 6 dB
(14.1 mV rms). .

n. Rotate CARRIER LEVEL control until
CRT trace is exactly on CARRIER SET line.

p- Verify that CARRIER LEVEL control
has sufficient range to set CRT trace on CARRIER SET
line of the graticule + % division.

q. Re-adjust signal generator output to 10
mV rms and frequency for maximum upward deflection of
CRT trace.

. Recalibrate VERT SET and CARR SET
(step 4.28.8-d. through 4.23.8-h.}.

s. Set VERT MODE switch to MEAS AM
position.

t. Verify that CRT trace is on the O center

line of graticule. (A slight amount of noise on the trace is
normal.)

4.23.9 Modulation Measurement Accuracy Check

a. Recalibrate as specified in paragraph
4.24.8 steps d. through h., if necessary.

b. Set signal generator modulation mode

switch to external positon.

c. Connect audio oscillator to external
modulation jack of signal generator and also external
horizontal jack of oscilloscope.

d. Set audio oscillator frequency to 1 kHz
and output level to approximately 8 V p-p.

e. Set RANGE switch to 30%.

f. Adjust modulation amplitude control on
sngndl generator to obtain full-scale deflection (30%) on
CRT.

Remove signal generator cable from the
left-hand module MEASURE INPUT jack and connect it to
vertical input jack on oscilloscope.

h. On oscilloscope, set horizontal display
switch to external horizontal attenuator X1;adjust external
horizontal attenuator control for approximately 5 ¢m
horizontal deflection. Set time/centimeter switch to 2
seconds, and adjust vertical sensitivity to obtain exactly 4
cm-vertical deflection for E max on trapezoid pattern.

je Verify that E min on trapezoid pattern
on oscilloscope is between 2.3 and 2.0 cm (27% to 33%
modulation).

k. Remove signal generator cable from
vertical input jack on oscilloscope and reconnect it to
left-hand module MEASURE INPUT jack.

L. Set RANGE switch to 100%.

m. Adjust signal generator modulation
amplitude control to obtain 8 divisions (80% modulation)
deflection on the CRT graticule.

n. Verify that sine wave pattern on CRT is
symmetrical about the 0 center line of graticule and that no
clipping of the peaks is present.

Reconnect signal generator cable to the
vertical mput jack of oscilloscope.

q. Re-adjust vertical sensitivity to obtain 4
cm vertical deflection for E max on trapezoid pattern.

r.. Verify that E min on trapezoid pattern
on oscilloscope is between 0.70 and 0.21 cm (70% to 90%
modulation).

4.23.10 Mainframe (Internal) Modulation Capability and
Recovered Audio Distortion Check

a. Set mainframe MODE switch to GEN
MOD CAL.

b. Set GENERATOR MODULATION
switch to IN—ON.

c. Set VERT MODE switch to VERT SET.

d. Position CRT trace on VERTICAL SET

lme of the graticule with VERT POS control.

e. Set VERT MODE switch to CARR SET.
Position CRT trace on CARRIER SET line of the graticule
with CARRIER LEVEL control.

f. Set RANGE switch to GEN 30%.
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g. Set MOD/AUDIO OUT FREQ switch to
either 1 kHz or 400 Hz.

h. Rotate INT MOD/AUDIO OUT control
fully cw.

j- Set VERT MODE switch to MEAS AM.

k. Verify that recovered audio on CRT is

greater than full-scale deflection.

L Rotate INT MOD/AUDIO OUT control
for exactly full-scale deflection.

m. Connect distortion analyzer to DIST
ANAL jack and calibrate it to modulating frequency.

n. Verify that measured distortion is less
than 3% at 30% modulation.

4.23.11 External Modulation Capability, Frequency
Response, and Recovered Audio Distortion Check

a. Connect audio oscillator and ac VTVM to
EXT MOD/HORIZ IN jack.

b. Set audio oscillator frequency to 1 kHz
and its output to approximately 500 mV rms.

c. Set MOD MODE switch to EXT.

d. Recalibrate VERT SET and CARR SET

and set VERT MODE switch to MEAS AM.

e. Adjust audio oscillator output to obtain
full-scale deflection (30% modulation) on CRT.

f. Note VTVM reading.

g. Verify that external signal level required
to produce 30% modulation is SO0 mV rms + 20%.

h. Calibrate distortion analyzer at 1 kHz.

j- Vary audio oscillator frequency between
50 Hz and 3 kHz.

k. Verify that measured distortion is less
than 3% at 30% modulation and that recovered audio level

on CRT does not change more than 3 dB over the
frequency range of 50 Hz to 3 kHz.

4.23.12 External Horizontal Sweep Capability Check
a. Set MOD MODE switch to EXT HORIZ.

b. Set audio oscillator frequency to 1 kHz.
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c. Apply output of audio oscillator to EXT
MOD/HORIZ IN jack. :

d. Adjust output of audio oscillator until
trace is spread over the diameter of CRT.

€. Verify that level required for
full-diameter deflection is no greater than 600 mV rms.

4.23.13 Audio Output Frequency, Level, and Distortion

Check

a. Connect ac VIVM and frequency counter
to AUDIO OUT 600 OHM jack.

b. Connect a 600 ohm resistive load across
the ac VITVM terminals.

c. Set MOD/AUDIO OUT FREQ switch to
1 kHz.

d. Rotate INT MOD/AUDIO OUT control
fully cw.

e. Note

readings on ac VTVM and
frequency counter. .

f. Verify that frequency is 1 kHz + 5%. The
level should be 1 V rms minimum into 600 ohms.

g Disconnect frequency counter from
AUDIO OUT 600 OHM jack and connect distortion
analyzer. Set INT MOD AUDIO OUT control from 1 V rms
output into 600 ohm load.

h. Calibrate distortion analyzer at 1 kHz and
note the distortion. Distortion should be less than 1%.

j- Disconnect distortion analyzer and
reconnect frequency counter to AUDIO OUT 600 OHM
jack.

k. Set MOD/AUDIO OUT FREQ switch to
400 Hz.

L. Note

readings on ac VTVM and
frequency counter. ‘

m. Verify that frequency is 400 Hz + 5%.
The level should be 1 V rms minimum into 600 ohm:s.

n. Disconnect frequency counter and
connect distortion analyzer.

p- Calibrate distortion analyzer at 400 Hz
and note the distortion. Distortion should be less than 1%.



4.24 ALIGNMENT AND ADJUSTMENT (MODEL
OAM-1 MODULE)

NOTE: The alignment and adjustment
procedure is performed with the OAM-1
disconnected from the mainframe so that
any problem in the mainframe will not
affect the alignment of the OAM-1. Refer
to Figures 4-35 through 4-38 for test
point and trimmer locations. Remove the
five screws in the back panel of the
OAM-1 and slide the cover off the back.
4.24.1 Test Connector Wiring

a. See Figure 4-39 for schematic of test
connector wiring.

4.24.2 Location and Adjustment of Trace

a. Connect the test connector to the OAM-1
and set the OAM-1 controls as follows:

INTENSITY Fully cw

VERT POS Mid-range

VERT MODE VERT SET

MOD MODE INT

HORIZ POS Mid-range

b. Connect the VOM between pins E103
and E104 on the vertical amplifier board, A3.

c. Adjust A3RI10S for 0 Vdc on the VOM.

d. The trace should be visible. If so, set the

SWEEP RANGE control to LO and the SWEEP SPEED
control fully ccw.

e. If the trace is not visible, connect the
VOM between pins E212 and E213 on the horizontal
amplifier board A4. Adjust the HORIZ POS control for O
Vdc on the VOM.

f. The trace should now be visible. If not,
connect the DVM to pin E211 on the A4 board and
sround. Adjust A4R217 (astigmatism) for approximately
+150 Vdc on the DVM.

g. Once trace is visible, revert to step
4.24.2-d.

4.24.3 Trace Alignment and Focus
a. Loosen the CRT clamp screw and set the

trace on the O center line of the graticule with the VERT
POS control.

b. Grasp the large end of the CRT (away
from the high voltage) and rotate it until the trace is
parallel to the O center line, then rotate it so that the right
end -of the trace is 1/3 division high. This is to compensate
for the cw rotation of the CRT when the clamp screw is
tightened. Tighten the clamp screw.

c. Repeat step 4.24.3-b. as necesary to align
trace exactly parallel to the G center line.

d. Set the FOCUS control to mid-range and
adjust A4R217 (astigmatism) for the sharpest trace.

4.24.4 Vertical Gain Adjustment

a. Set the OAM-1 controls as follows:
VERT MODE EXT

VERT GAIN Fully cw

VERT POS Trace on O center line

b. Connect the ac VIVM and the audio
oscillator to the VERT IN jack.

c. Set the audio oscillator frequency to 1
kHz and output level to 110 mV rms.

d. Adjust A3RI112 for exactly full scale
deflection on the CRT graticule.

4.24.5 Sweep Range Adjustment

a. Set the OAM-1 controls as follows:
VERT POS Trace on 0 center line
HORIZ POS Trace centered on CRT
SWEEP RANGE LO

SWEEP SPEED Fully ccw

b. Set the audio oscillator frequency to 45

Hz and its output level for full-scale deflection on the CRT.
c. Adjust A4R204 for a one-cycle stationary
display on the CRT.

d. Set the audio oscillator frequency to 5.2
kHz. Set the SWEEP RANGE switch to HI and the SWEEP
SPEED control to fully cw.

Adjust A4R202 for a one-cycle stationary
display on the CRT.

f. Repeat steps 4.24.5-f. through 2.24.5-.
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FIGURE 4-39
TEST CONNECTOR SCHEMATIC (OAM-1)

g Set the SWEEP RANGE switch to HI and
the SWEEP SPEED control to fully ccw. Adjust the audio
oscillator frequency to produce a one-cycle stationary
display.

h. The audio oscillator frequency should
now be less than 500 Hz.

. Set the SWEEP RANGE switch to LO
and the SWEEP SPEED control to fully ccw.

k. Adjust the audio oscillator control to
produce a one-cycle stationary display.

L The audio oscillator frequency should
now be greater than 500 Hz.

m. Set the SWEEP RANGE switch to HI and
the SWEEP SPEED control to fully cw. Set the audio
oscillator frequency to 1 kHz.

n. Adjust A4R213 until the trace extends
slightly beyond the edges of the CRT.

4.24.6 2 MHz IF Amplifier Alignment
a. Connect the 2 MHz signal source to the
test connector (Figure 4-35). Connect the ac VTVM

between Al pin E601 and ground. Adjust the 2 MHz signal
source output level for 2.5 mV rms on the VTVM.
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b.  Connect the oscilloscope probe to TP601
on the AM detector board, Al.

c. Adjust A1L601, A1L602 and A1L603
for maximum amplitude on the oscilloscope. The voltage
should be approximately 30-40 mV p-p.

d. Connect the oscilloscope probe across
A1R62S.

e. Adjuét A1L606 for maximum amplitude
and re-adjust A1L601, A1L602 and A1L603. Disconnect
the oscilloscope probe.

4.24.7 Detector Offset Adjustment

a. Disconnect the 2 MHz signal source and
short circuit Al pin E601 to ground.

b. Set the OAM-1 VERT MODE switch to
VERT SET and adjust the VERT POS control so that the
trace is exactly on the VERTICAL SET line of the CRT
graticule.

c. Set the VERT MODE switch to CARR
SET and adjust AIR626 so that the trace is exactly on the
VERTICAL SET line. :

d. Repeat steps 4.27.7-b. and 4.24.7-c.

4.24.8 IF Dynamic Range Adjustment

a. Reconnect the 2 MHz signal source and
set its output level, at Al pin E601, to 3 mV rms on the
VIVM.

b. Set the OAM-1 VERT MODE switch to
VERT SET and adjust the VERT POS control so that the
trace is exactly on the VERTICAL SET line. Set the
CARRIER LEVEL control to fully cw.

c. Set the VERT MODE switch to CARR
SET and adjust A1R641 so that the trace is exactly on the
CARRIER SET line of the CRT graticule.

d. Set the 2 MHz signal source output level
at Al pin E601, to 6 mV rms on the VIVM. Set the
CARRIER LEVEL control to fully ccw.

e. Adjust AIR621 so that the trace is
exactly on the CARRIER SET line.

f. Repeat steps 4.24.8-a. through 4.24.8-e.

g. Set the VERT MODE switch to MEAS

AM. The trace should be exactly on the O center line of the
CRT graticule. If it is not, repeat paragraphs 4.24.7 and
4248,

4.24.9 Distortion Analyzer Amplifier Adjustment



a. Connect the DVM to pin 2 of the DIST
ANAL jack and verify that +9 Vdc £ 1% is present.

b. Connect the ac VTVM to pin 1 of the
DIST ANAL jack. The voltage should be between 270 and
330 mV rms. If it is not within this range, select the value
of A3R124 to obtain 300 mV rms.

4.24.10 Modulation Oscillator Adjustment

a. Connect the ac VTVM (with 560 ohm
resistor across terminals), frequency counter and the
distortion analyzer to the OAM-1 AUDIO OUT 600 OHM
jack.

b. Set the OAM-1 INT MOD/AUDIO OUT
control to fully cw and the MOD/AUDIO OUT FREQ
switch to 1 kHz.

c. Adjust A1IR674 for 1.15 V rms on the
VTVM.

d. Adjust AIR671 for 1 kHz + 1 Hz on the
frequency counter. Readjust AIR674 for 1.15 V rms if
necessary. If unable to obtain 1 kHz, set A1R671 to
mid-range and select the value of A1R670 to obtain | kHz
t 25 Hz. (Increase A1R670 to reduce frequency.)

e. Adjust the INT MOD/AUDIO OUT
control to obtain 1 V rms on the VTVM. Calibrate the
distortion analyzer at 1 kHz and measure the distortion. It
should be less than 1% and decrease as the audio output
level is decreased.

f. Set the MOD/AUDIO OUT FREQ switch
to 400 Hz and set the INT MOD/AUDIO OUT control to
fully cw.

g Adjust A1R675 for 1.15 V rms on the
VTVM.

h. Adjust A1R673 for 400 Hz £ 1 Hz on the
frequency counter. Readjust A1R675 for 1.15 V rms if
necessary. If unable to obtain 400 Hz, set AIR673 to
mid-range and select the value of A1R672 to obtain 400 Hz
* 10 Hz. (Increase A1R672 to reduce frequency.)

j- Adjust the INT MOD/AUDIO OUT
control to obtain 1 V rms on the VIVM. Calibrate the
distortion analyzer at 400 Hz and measure the distortion. It
should be less than 1% and decrease as the audio output
level is decreased.

4.24.11 Modulation Ampifier Adjustment

a. Connect the audio oscillator and ac
VTVM to the OAM-1 EXT MOD/HORIZ IN jack. Set the
audio oscillator frequency to 1 kHz and output level to 500
mV rms.

b. - Set the OAM-1 MOD MODE switch to
EXT and connect the ac VTVM across the 510 ohm resistor
on the test connector.

c. The VTVM should read 75 mV rms £ 5%.
If the level is not 75 mV rms * 5%, select the value of
A1R677 to obtain 75 mV rms * 5%. (Reduce AIR677 to
increase level.)

d. Connect the ac VTVM and the 560 ohm
load resistor across the AUDIO OUT 600 OHM jack.

e. Set the MOD MODE switch to INT and
adjust the INT MOD/AUDIO OUT control for 1 V rms on
the VTVM. Disconnect the VTVM, but leave the 560 ohm
load resistor across the AUDIO OUT 600 OHM jack.

f. Connect the ac VIVM across the 510
ohm resistor on the test connector. The VTVM should read
greater than 80 mV rms.

4.25 FAULT ISOLATION PROCEDURES (MODEL
OAM-1 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the OAM-1. The procedures follow the
sequence of the minimum performance ‘checkout
procedures, Section 4.23, with each subsection keyed to
the paragraph in Section 4.23 that first indicates a fault.
When a fault is noted during OAM-1 operatlon proceed as
follows:

a. Perform checkout procedures in Section
4.23.

b. Start fault isolation procedures at the
point where mimimum performance cannot be satisifed.

c. When the fault is isolated to a circuit,
refer to the alignment procedure for that circuit in Section
4.24 and check alignment of that circuit before proceeding
with fault isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to deterimine if
further alignment is necessary.

WARNING: High voltages are present
throughout the unit. Appropriate
precautions should be taken while
operating the instrument with the cover

removed.
4.25.1 No Trace (4.23.3-g.)
a. Remove socket from V1 (CRT) and
check V1 voltages per Figure 5-29.
b. If voltages are within tolerance, replace
V1.
c. If any voltage is absent or out of

tolerance, check voltage source on board A2, A3 or A4
output terminals.

4.25.2 Vertical Centering Defective (4.23.3-g.)
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a, Check voltages at pins 9 and 10 of V1.
Voltage should be adjustable over an 80 V minimum span
within the range of +95 Vdc to +235 Vdc as the VERT POS
control is rotated throughout it range.

b. If voltages are within tolerance, replace
V1.

c. If voltages are not within tolerance, check

voltage at E119 on board A3. This voltage should vary from .

less than +0.1 Vdc to greater than +2.3 Vdc as the VERT
POS control is rotated throughout its range.

d. If voltage at E119 is within tolerance, use
voltages and waveforms on Figure 5-29 to isolate fault on
board A3. ,

e. If voltage at E119 is not within tolerance,
check R6, R7 and associated wiring.

4.25.3 Horizontal Centering Defective (4.23.3-g.)

a. Check voltages at pins 6 and 7 of V1.
Voltages should vary over a 240 V minimum span within
the range of 0 Vdc to +330 Vdc as the HORIZ POS control
is rotated throughout its range.

V1.

c. If voltages are not within tolerance, check
voltage at E208 on board A4. This voltage should vary from
0 Vdc to +4.8 Vdc nominal as HORIZ POS control, R8, is
rotated throughhout its range.

d. If voltage at E208 is not within tolerance,
check voltage at E209. Voltage should be 4.3.Vdc to 5.3
Vdec.

e. If voltage at E208 is within tolerance, use
voltages and waveforms on Figure 5-29 to isolate fault on
the board A4.

4,254 Focus Defective (4.23.3-h.)

a. Check voltage on pin 5 of V1. Voltage
should vary over at least a 100-volt span within -650 Vdc
and 920 Vdc as FOCUS control, R11, is adjusted
throughout its range.

b. If voltage is within tolerance, change V1.

c. If voltage is not within tolerance, check
for -1000 Vdc + 10% at E417 on board A2. .

d. If voltage is within tolerance at E417,
check wiring and neon indicator DS-1.

e. - If voltage at E417 is out of tolerance, use
Figure 5-29 voltages and waveforms to isolate fault on
board A2.
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b. If voltages are within tolerance, replace

4.25.5 Intensity Defective (4.23.3-h.)

NOTE The OAM-1 operates in a
mainframe designed for 12 Vdc
operation. The normal maximum
intensity is not as high as that of
oscilloscopes designed for 115 Vac
operation because a lower power CRT is
used to conserve current drain in battery
operation.

a. Check voltage on pin 3 of V1 and
determine if the voltage varies over a 50-volt span within
the range of -850 Vdc to -1100 Vdc as INTENSITY
control, R13, is rotated throughout its range.

b. If voltage is within tolerance, replace V1.
c. If voltage is out of tolerance, check
voltage at E417 of A2. ,
d. If voltage is in tolerance at E4l7 check

associated wiring and INTENSITY control, R13.

e. If voltage at E417 is out of tolerance, use
Figure 5-29 voltages and waveforms to isolate fault in board
A2.

Insufficient Range of Vertical Position Control
(4.23.4b.)

4.25.6

a. Perform procedures of paragraph 4.25.2.

4.25.7 Insufficient Range of Horizontal Position Control

(4.234-c)
a. Perform procedures of paragraph 4.25.3.

b. Perform procedures of paragraph 4.25.21.

4.25.8 Sweep Speed Cannot Adjust Below 50 Hz on Low
Range (4.23.5-h.)

a.  Onboard A4, check resistance of E203 to
ground. If resistance is greater than 10 ohms, check wiring
of SWEEP RANGE switch, S4.

b. If E203 is grounded, check voltage at
E203 to determine if the voltage varies over a span of at
least 0.6 Vdc within the range of +7.4 Vdc to +9.9 Vdc.

c. If voltage is within tolerance, use voltages
and waveforms on Figure 5-29 to isolate fault on board A4.

4.25.9 Sweep Speed Cannot Adjust Above 5000 Hz on
High Range (4.23.5-m.)

a. On board A4, check resistance of E203 to
ground. If resistance is less than 100 k ohms, check wiring
of SWEEP RANGE switch, S4.



b. If resistance is greater than 100 k ohms,
check voltage at E202 to determine if the voltage varies
over a span of at least 0.6 Vdc within the range of +7.4 Vdc
to +9.9 Vdc.

4.25.10 Sweep Speed Cannot Adjust Below 500 Hz on
High Range (4.23.5-q.)

a. Perform procedures of paragraph 4.25.9.

4.25.11 Sweep Speed Cannot Adjust Above 500 Hz on
Low Range (4.23.5-m.)

a. Perform procedures of paragraph 4.25.8.

4.25.12 External Vertical Input
Specification (4.23.6-d.)

Sensitivity Out of

a, Apply a 1 kHz signal of 106 mV rms to
VERT IN connector and check voltage with an oscilloscope
at E101. Voltage should be 300 mV p-p.

b. If voltage is not 300 mV p-p, check
VERT GAIN control, R3, R4, and associated wiring.

c. If voltage is 300 mV p-p, use voltages and
waveforms on Figure 5-29 to isolate fault.

4.25.13 Cannot Adjust Trace to Vert Set Line (4.23.8-¢.)
a. Perform procedures of paragraph 4.25.2.

4.25.14 Cannot Set Trace to Carrier Level Set Line
(4.23.8-h,,1,p.)

a. Check signal level at E601 to board Al. If
level is not 11 mV p-p £ 10%, fault is in mainframe; refer to
mainframe Maintenance Section.

b. If signal level is correct, check dc voltage
at E603. Voltage should vary over a span of at least 1V
within the range of 0 to +2.0 Vdc as CARRIER LEVEL
control, R1, is rotated throughout its range.

c. If voltage at E603 is not within tolerance,
check R1 and associated wiring. Also, check voltages on
E602 and E604 to verify that levels are within tolerances
specified on Figure 5-29.

d. If voltage at E603 is within tolerance,
check dc voltage at E101 on board A3. Voltage should be
+0.3 Vdc  10%.

e. If voltage at E101 is within tolerance, use
Figure 5-29 voltages and waveforms to isolate fault on
board A3.

f. If voltage is not within tolerance at E101,
check voltage at E608.
g If voltage at E608 differs from voltage at

E101, check S2, S3, and associated wiring,

h. If voltage at E608 is the same as that at
E101, use Figure 5-29 voltages and waveforms to locate
fault on board Al.

4.25.15 Trace Not on CRT Centerline When Measuring
Unmodulated Signal (4.23.8-t.)

a. Measure dc voltage at E101 on board A3.
Voltage should be between 0.13 and 0.17 Vdc.

b. If voltage is within tolerance, use Figure
5-29 voltages and waveforms to isolate fault on board A3.

c. If voltage is not within tolerance, check
voltage at E611 on board Al. If this voltage differs from
voltage at E101, check S2, 83, and associated wiring.

d. If voltage at E611 is the same as voltage
at E101 and not between +0.12 Vdc and +0.17 Vdc, use
Figure 5-29 voltages and waveforms to isolate fault on
board Al.

4.25.16 AM Does Not Measure Within Specified Accuracy
(4.23.94.,r.)

a. Check waveform at E101 with
oscilloscope. Level should be between 270 and 330 mV p-p.
If not, use Figure 5-29 voltages and waveforms to isolate
fault on board A3.

b. If voltage at E101 is not within above
tolerance, check signal at E611 on board Al. If level at
E611 differs from signal at E101, check S2, S3, and
associated wiring.

c. If signal at E611 is the same as signal at
E101 and not between 270 and 330 mV p-p, use Figure
5-29 voltages and waveforms to isolate fault on board Al.

4.25.17 Trace Cannot Set on CRT Carrier Set Line
(Mainframe in Cal Mode) (4.23.10-¢.)

If procedures of paragraph 4.23.8 can be
accomplished and those of step 4.23.10-e. cannot, the
problem is in the mainframe. Refer to mainframe
maintenance section.

4.25.18 Insufficient Modulation Using Internal Source
(4.23.10k.)

a. Check signal level at P1-11 with
oscilloscope. Level should be greater than 300 mV p-p. If it
is, fault is in mainframe. Refer to mainframe maintenance
section.

b. If level at P1-11 is less than 300 mV p-p,
check level at E624 on board Al. If level at E624 differs
from level at P1-11, check S3 and associated wiring.

c. If signal at E624 is the same as signal at
P1-11 and over 300 mV p-p, check signal at E628. This
signal should be greater than 1.2 V p-p. If it is, fault is in
buffer stages Q616 and Q617.
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d. If level is less than 1.2 V p:p at E623,
check level at E614. If level at E614 differs from level at
E623, check AUDIO OUT control, R2, S6, and associated
wiring.

e. If level at E614 is the same as at E623
and less than 1.2 V p-p, use Figure 5-29 voltages and
waveforms to isolate fault on board Al.

4.25.19 Modulation Distortion Exceeds 3% at 30%
Modulation (4.23.10-n.)

a, Adjust INT MOD/AUDIO OUT control
for 1V rms out of AUDIO OUT jack into a 600 ohm load.

b. Connect distortion analyzer input across
600 ohm load and measure distortion.

c. Distortion should be less than 1%. If it is,
the fault is in the mainframe. Refer to mainframe
maintenance section.

d. If distortion is greater than 1% at AUDIO
OUT 600 OHM jack, check distortion at E617. If distortion
at E617 is less than 1%, fault is in stages Q614 and Q615.

e. If distortion at E617 exceeds 1%, use
Figure 5-29 voltages and waveforms to isolate fault on
board Al.

4.25.20 External Modulation Sensitivity Not Within
" Specification (4.23.11-g.)

a. Set external modulation input level to
exactly 500 mV rms and measure level at E623.

b. If level at E623 is not 500 mV rms, check
86 and associated wiring.

c. If level at E623 is 500 mV rms, check
level at E624. Level at E624 should be between 60 mV rms
and 90 mV rms. If not, fault is in stages Q616 and Q617.

4.25.21 External Horizontal Input Sensitivity Not Within
Specification (4.23.12-.)

a. Set audio oscillator output level to
exactly 600 mV rms and check level at E206 on board A4.
If level is not equal to input level, check S6 and associated
wiring.

b. If level at E206 is equal to input, use
Figure 5-29 voltages and waveform to isolate fault on board
A4

4.25.22 Frequency of Internal 1 kHz Tone Not Within
Specification (4.23.13-f.)

Use Figure 5-29 voltages and waveforms to isolate
fault on board Al.
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4.25.23 Audio Output Less Than 1 V rms into 600 Ohm
Load at 1 kHz (4.23.13-f.)

a. Check level at E618. Level should be
greater than 1.2 V p-p. If it is, fault is in stages Q614 and
Q615. Use Figure 5-29 voltages to further isolate fault.

b. If level at E618 is within tolerance, check
level at E617. If level at E617 differs from level at E618,
check R2, S6, and associated wiring.

c. If level at E617 is equal to level at E618
and is less than 1.2 V p-p, use Figure 5-29 voltages and
waveforms to isolate fault on board Al.

4.25.24 Audio Distortion Greater than 1% at 1 kHz
(4.23.13-h.)

Perform steps d. and e. of paragraph 4.25.19.

4.25.25 Internal 400 Hz Frequency Not -Within
Specification (4.23.13-m.)

Use Figure 5-29 voltage and waveforms to isolate
fault on board Al.

4.25.26 Aﬁdio Output Less than 1 V rms into 600 Ohm
Load at 1 kHz (4.23.13-n.)

Perform procedures of paragraph 4.25.23.

4.25.27 Audio Distortion Greater than 1% at 400 Hz
(4.23.13-p.)

Perform steps d. and e. of paragraph 4.25.19.

4.26 TEST EQUIPMENT REQUIRED (MODEL ODM-1
MODULE)

The test equipment required for checkout,
alignment, calibration, and troubleshooting is tabulated in
Table 4-9. Minimum parameters are provided to aid in the
selection of equivalent types.

4.27 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL ODM-1 MODULE)

CAUTION: High voltages are present
throughout the unit and appropriate
precautions should be taken while
operating the unit with cover removed.

4.27.1 Focus and Intensity Check
a. Install the ODM-1 into the right-hand
compartment of the mainframe. Set power switch to ON,
b. Rotate INTENSITY control fully cw.
c. Rotate FOCUS control to mici-range.
d. Set VERT IN switch to EXT.



TABLE 49

TEST EQUIPMENT REQUIREMENTS FOR MODEL ODM-1

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Audio Oscillator Frequency response: 45 Hz to 30 kHz Hewlett-Packard
Output level: 25 mV to 400 mV rms Model 200CD
ACVTVM Frequency response: 50 Hz to 2 MHz Hewlett-Packard
~ Level: 100 to 400 mV rms Model 400D
Frequency Source/ Frequency range: 25 MHz to 150 MHz Singer
Peak Deviation Output impedance: 50 ohm nominal Model FM-2748 with
Monitor Output: <6 mV rms to > 60 mV rms with ODM-1 plug-in
Stability: better than * 0.0004%/5 min
Leveling: + 1 dB
Oscilloscope Frequency response: 2 MHz Tektronix
with 1X probe Vertical sensitivity: 5 mV/cm Model 531 with
53/54B plug-in
Distortion Analyzer Frequency response: 1 kHz Hewlett-Packard
Input level: 1 V rms Model 333A
Accuracy: £ 0.1% :
Frequency Counter Frequency response: 1 kHz Hewlett-Packard
Input level 1 V rms Model 5512A
VOM Level: 0 to 1100 Vdc Simpson
Model 269
DC Digital Level: 1 mV to 1000 Vdc Hewlett-Packard
Voltmeter Accuracy: + 0.1% of reading Model 3440A
Sweep Generator Frequency range: 2 MHz Wavetek
Output level: -27dBm Model 2001
DC Power Supply Level: 9 Vdc at 1 Amp Hewlett-Packard
Model 6214A
Mainframe/RF & FIM Required for testing ODM-1 Module Singer
Modules Model FM-10C
Extender Cable Not available Singer
Model PC-2653
Connector 16 pin Singer
P/N 1-910072-001
Capacitors 0.1 uF, 100 uF Not applicable
Resistors 16 ohm (3), 62 ohm, 100 ohm, 180 ohm, Not applicable

560 ohm, 5.6 ohm (all * 5%, % watt)
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e. Set MOD MODE switch to INT/COMB.

f. Allow 5 to 10 seconds for the CRT
filaments to warm up.

g. Adjust VERT CENTER and HORIZ
CENTER controls until CRT trace is centered.

h. Re-adjust FOCUS and INTENSITY
controls for sharpest trace with adequate intensity.

j. Verify that CRT trace is bright enough to

see in a normally lit room. Verify that FOCUS, VERT
CENTER, and HORIZ CENTER controls are
approximately at mid-range. '

4.27.2 Vertical and Horizontal Center Control Range
Check

a, Rotate VERT CENTER control from
fully cw to fully ccw.

b. Verify that CRT trace deflects beyond
calibrated portion of graticule vertically when VERT
CENTER control is rotated throughout its range.

c. Return VERT CENTER control to
mid-range.
d. Rotate HORIZ CENTER control from -

fully cw to full ccw.

e. Verify that ends of trace deflect
horizontally to at least mid-screen when HORIZ CENTER
control is rotated throughout its range.

f. Return HORIZ CENTER control to
mid-range.
g. Verify that trace is centered on CRT with

controls set at approximately mid-range.

4.27.3 Sweep Range Check

a. Rotate VERT GAIN control fully cw.

b. Set VERT IN switch to EXT.

c. Connect audio oscillator and ac VTVM to
VERT IN jack.

d. Adjust audio oscillator frequency to 50
Hz and set ac VIVM to 30 mV scale.

e. Rotate SWEEP SPEED control fully ccw.

f. Set SWEEP RANGE switch at LO.

g. Increase audio oscillator output until sine

wave on CRT deflects to full-scale. Adjust audio oscillator
frequency for a stationary, one-cycle sine wave on CRT.
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h. Verify that audio oscillator frequency is
less than 50 Hz (approximately 45 Hz).

j. Rotate SWEEP SPEED control fully cw.
k. Set SWEEP RANGE switch to HI.
1. Adjust audio oscillator frequency for a

‘stationary, one-cycle sine wave on CRT.

m. Verify that audio oscillator frequency is
greater than 5000 Hz and deflects across entire CRT.

n. Rotate SWEEP SPEED control fully ccw.

p- Adjust audio oscillator frequency for a
stationary, one-cycle sine wave on CRT.

q. Verify that audio oscillator frequency is
less than 500 Hz (approximately 450 Hz).

I. Set SWEEP RANGE switch to LO.
s. Rotate SWEEP SPEED control fully ccw.
t. Adjust audio oscillator frequency for a

stationary, one-cycle sine wave.

u. Verify that audio oscillator frequency is
greater than 500 Hz (approximately 550 Hz).

4.274 Vertical Sensitivity Check

a. Adjust audio oscillator frequency to 1
kHz.

b. Set SWEEP RANGE switch and adjust
SWEEP SPEED control for a stationary pattern on CRT.

c. Adjust output of audio oscillator for
full-scale deflection on CRT.

d. Verify that output of. audio oscillator
output level is between 22 and 27 mV rms.
4.27.5 Vertical Amplifier Frequency Response Check

a. Adjust audio oscillator output to obtain
exactly full-scale deflection on CRT at 1 kHz frequency.

b. Increase audio oscillator frequency to 30
kHz and note p-p deflection on CRT.

c. Decrease audio oscillator frequency to 50
Hz and note p-p deflection on CRT.

d. Verify that signal on CRT did not change
more than 3 dB (less than 3 divisions p-p) from 50 Hz to 30
kHz.

4.27.6 Sensitivity Check



a. Install ODM-1 in mainframe.

b. Set mainframe frequency switches to 150
MHz and 0—100 Hz frequency control to OUT.

Connect signal generator to left-hand
module MEASURE INPUT jack and set signal generator for
an output of 150 MHz at the rated sensitivity of the
left-hand module. Set mainframe MODE switch to MEAS.

d. Tune signal generator until FM-10C
indicates zero beat. .

e. The OPER indicator should come on with
signal generator output within the rated sensitivity range of
the left-hand module.

f. Increase signal generator output by 20 dB
and verify that OVLD indicator comes on.

4.27.7 5 kHz Range Gain Check

a. Set mainframe to 000.000 MHz and
0—100 Hz frequency control to. OUT.

b. Set DEV RANGE switch to 5 kHz.

c. Adjust VERT CENTER control so that
trace is on O center line.

d. Set mainframe to 000.0050 MHz.

e. Verify that CRT trace is on bottom line +
1 division.
4.27.8 15 kHz Range Gain Check

a. Set mainframe to 000.000 MHz and
0—100 Hz frequency control to OUT.

b. Set DEV RANGE switch to 15 kHz.

c. Adjust VERT CENTER control so that
trace is on 0 center line.

d. Set mainframe to 000.0150 MHz.

e. Verify that CRT trace is on bottom line *
% division.
4.27.9 Internal Modulation and Vertical Gain Control

Check

a. Set MODE switch to GEN MOD CAL and
GENERATOR MODULATION switch to IN/ON.

b. Set MOD MODE switch to INT/COMB.

c. Set DEV RANGE switch to 15 kHz.

d. . Rotate INT MOD/AUDIO OUT control

to fully cw and verify that trace exceeds full-scale
deflection.

e. Adjust MOD/AUDIO OUT control for
full-scale deflection of CRT trace.

4.27.10 Internal/Combined and External Mode Check
a. Set DEV RANGE switch to 5 kHz,
b. Set mainframe to 000.000 MHz, 0—-100

Hz frequency control to OUT, MODE switch to GEN MOD
CAL, and GENERATOR MODULATION to IN/ON.,

c. Adjust INT MOD/AUDIO OUT control
for a full-scale trace.

d. Set MOD MODE switch to EXT.

e. Connect audio oscillator to EXT
MOD/HORIZ IN jack.

f. Set audio oscillator for 1 kHz output and

adjust output level for full-scale deflection on CRT.

g. Verify that audio oscillator output level is
80 mV rms £ 20%.

h. Set MOD MODE switch to INT/COMB
and verify display of two 1 kHz signals beating.

4.27.11 External Horizontal Sweep Capability Check

a. Set MOD MODE switch to EXT HORIZ.
Connect audio oscillator to EXT MOD/HORIZ IN jack and
set frequency to 1 kHz.

b. Increase audio oscillator output until
trace is deflected beyond the diameter of CRT.

c. Verify that amplitude required for
full-diameter deflection is less than 500 mV rms.

4.27.12 Audio Output Frequency, Level, and Distortion
Checks

a. Connect ac VTVM and frequency counter
to AUDIO OUT 1 kHz 600 OHM jack.

b. - Connect a 600 ohm resistive load across
the ac VTVM terminals.

c. Rotate INT MOD/AUDIO OUT control
fully cw.

d. Note readings on ac VIVM and
frequency counter.

e. Verify that frequency is 1 kHz + 5% level

should be 1 V rms minimum into 600 ohm.

f. Disconnect frequency counter from
AUDIO OUT 1 kHz 600 OHM jack and connect distortion
analyzer.
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g. Calibrate distortion analyzer at 1 kHz and
note the distortion. Distortion should be less than 1%.

4.28 ALIGNMENT AND ADJUSTMENT (MODEL
ODM-1 MODULE)

NOTE The Alignment and Adjustment
Procedure is performed with the ODM-1
disconnected from the mainframe so that
any problem in the mainframe will not
affect the alignment of the ODM-1. Refer
to figures 4-40 through 4-43 for test
point and for trimmer locations. Remove
the five screws from the back of the
ODM-1 and slide the cover off the back.

4.28.1 Test Connector Wiring

a. See Figure 4-44A for schematic of test
connector wiring.

4.28.2 Location and Adjustment of Trace

a. Connect the test connector to the ODM-1
and set the ODM-1 controls as follows

INTENSITY Fully cw

VERT CENTER Mid-range

VERT IN EXT

MOD MODE INT/COMB

HORIZ CENTER Mid-range

b. Connect the VOM between pins E103
and E104 on the vertical amplifier board, A3.

c. Adjust A3R105 for OV dc on the VOM.

d. The trace should be visible. If so, set the

SWEEP RANGE control to LO and the SWEEP SPEED
control fully ccw.

e. If the trace is not visible, connect the
VOM between pins E212 and E213 on the horizontal
amplifier board, A4. Adjust the HORIZ CENTER control
for OV dc on the VOM.

f. The trace should now be visible. If not,
connect the DVM to pin E211 on the A4 board and
ground. Adjust A4R217 (Astigmatism) for approximately
+150V dc on the DVM.

g. If the trace is still not visible, check the
CRT socket wiring. If the wiring is correct, substitute
another CRT.

4.28.3 IF Sweep Alignment

a. Connect the sweep generator RF output
jack to the test connector ‘‘sweep generator” input.

4-80

b. Connect the frequency source RF output

- jack to the test connector “marker generator” input.

c. Connect the BNC test cable via the 0.1
uF capacitor to A1TP2. Connect the BNC end to the
oscilloscope vertical input jack. (Figure 4-44B)

d. Connect the sweep generator horizontal
output jack to the oscilloscope external horizontal input
jack.

e. Set the sweep generator mode switch to
f, center freq control to 2 MHz, sweep width control to
approx. 100 kHz, and RF output level to approx. -27 dBm.

f. On the oscilloscope, set the horizontal
display switch to external horizontal attenuator X1 and
adjust the external horizontal attenuator as necessary to
display the response curve, set the time/centmeter switch to
2 sec., and adjust the vertical sensitivity as necessary to
display the response curve.

g. Set the frequency source to 2-MHz and
adjust its output level for a visible marker on the
oscilloscope. Adjust the sweep generator center frequency
and sweep width controls so that the response curve is
centered on the oscilloscope CRT and has approx. the same
width as in Figure 4-45A.

h. Adjust A1L501, A1L502 and A1L503
for maximum amplitude and to set the center of the
response curve on the 2 MHz marker.

j- Adjust A1L502 and A1L503 for the
flattest response and optimum balance on both sides of the
2 MHz marker.

k. Adjust the oscilloscope vertical sensitivity
so that the response curve is vertically deflected 4 cm.

L. Set the frequency source frequency to
1.975 MHz and 2.025 MHz alternately and verify that the
markers are not down on the slopes more than 3 dB (70%
of maximum deflection). (Figure 4-45B)

m. Disconnect the BNC test cable from the
oscilloscope vertical input jack and connect the 1X probe.

n. Connect the 1X probe to Al pin E518
and verify that an ““S” curve is present.

p- Disconnect the sweep generator from the
test connector and connect the ac VIVM to Al pin E501.
Set the frequency source output level for 2.5 mV rms on
the ac VTVM.

q. Connect the oscilloscope probe to A1TP3
and verify that a square wave of approx. 1.4V p-p is
present.

‘ I. Connect the oscilloscope probe to A1TP4

and venfy that 2 MHz sine wave is present with pips near
the peaks. Adjust A1L504 so that the pips are exactly on
the peaks of the sine wave.
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FIGURE 4—45A

FIGURE 4-45B

IF RESPONSE CURVES, ODM-1

4.284 Level Detector Adjustment

a. Connect the DVM to A1TP1 and adjust
A1L506 for maximum voltage on the DVM. Should be
1.8V dc or greater.

b. Adjust A1R528 until the OPER lamp just
turns on.

c. Set the frequency source output level to
25 mV rms at Al pin ES01.

d. Adjust AIR527 until the OVLD lamp
just turns on. The OPER lamp should be off.

e. Repeat steps 4.28.4-b. through 4.28.4-d.
until both lamps function as described.

f. Repeat step 4.28.4-b. and rotate A1L506
slightly in both directions while observing the OPER lamp.
If more than % turn in either direction is required before
the OPER lamp tumns off, repeat steps 4.28.4-b. through
4.28.4-1.

4.28.5 Trace Alignment and Focus
a. Loosen the CRT clamp screw and set the

trace on the O center line of the graticule with the VERT
CENTER control.
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b. Grasp the large end of the CRT (away
from the high voltage) and rotate it until the trace is
parallel to the O center line, then rotate it so that the right
end of the trace is 1/3 division high. This is to compensate
for cw rotation of the CRT when the clamp screw is
tightened. Tighten the clamp screw.

c. Repeat step 4.28.5-c. as necessary to align
trace exactly parallel with the O center line.

d. Set the FOCUS control to mid-range and
adjust A4R217 (Astigmatism) for the sharpest trace.

4.28.6 Offset and Vertical Amplifier Gain Adjustment

a. Set the VERT IN switch to EXT and
adjust the VERT CENTER control to mid-range.

b. Set the DEV RANGE switch to 5 kHz.
Adjust A3R105 (vertical position) to set the trace on the 0
center line.

c. Set the frequency source frequency
controls to 008.005 MHz, 0—1 kHz control to 0, 10 MHz
switch in, audio switch to the modulation position, and
output level to 2.5 mV rms.

d.  Set the VERT IN switch to INT and
adjust A3R112 (vertical gain) to set the trace on the +5
kHz line (top line of graticule).




e. A3R105 and A3R112 interact with one
another, therefore repeat steps 4.28.6-b. through 4.28.6-d.

f, Set the frequency source frequency
controls to 007.995 MHz, The trace should be on the -5
kHz line (bottom line of graticule).

g Set the frequency source to 2 MHz, 10
MHz switch out, and adjust A1R516 (offset adjust) to set
the trace on the 0 center line.

h. Set the DEV RANGE switch alternately
to the 5 kHz and 15 kHz positions and verify that the trace
remains on the O center line * % division.

4.28.7 External Vertical Gain Adjustment
a. Set the ODM-1 controls as follows:
VERT IN EXT
VERT GAIN Fully cw

VERT CENTER Trace on 0 center line
b. Connect the ac VI'VM and the audio
oscillator to the VERT IN jack on the ODM-1.

c. Set the audio oscillator frequency to 1
kHz and output level for full-scale deflection on the CRT.

d. The ac VTVM should read 25 mV mms +
10% (22.5 to 27.5 mV rms).

e. If the level required for full-scale
deﬂectlon is less than 22.5 mV rms, increase the value of
A1R511 from 9.1 k ohms to 10 k ohms. Disconnect the
audio oscillator and repeat steps 4.28.6-a. through 4.28.6-d.

f. If the level required for full-scale
deflection is more than 27.5 mV rms, decrease the value of
A1R511 from 9.1 k ohms to 8.2 k ohms. Disconnect the
audio oscillator and repeat steps 4.28.6-a. through 4.28.6-d.
4.28.8 Sweep Range Adjustment

a, Set the ODM-1 controls as follows:

To center trace
on graticule

VERT CENTER

HORIZ CENTER To center trace
on graticule

SWEEP RANGE LO

SWEEP SPEED Fully ccw

VERT IN EXT

V]ER'f GAIN ‘Fully cw

b. Connect the audio oscillator to the VERT
IN jack. Set the audio oscillator frequency to 45 Hz and
adjust its output level for full-scale deflection on the CRT.

c. Adjust A4R204 for a one-cycle stationary
display on the CRT.

d. Set the oscillator frequency to 5.2 kHz.
Set the SWEEP RANGE switch to HI and the SWEEP
SPEED control fully cw.

‘ e. Adjust A4R202 for a one-cycle stationary
display on the CRT.

f. Repeat steps 4.28.8-c. through 4.28.8-¢.

g Set the SWEEP RANGE switch to HI and

the SWEEP SPEED control to fully ccw. Adjust the audio
oscillator frequency control to produce a one-cycle
stationary display.

h. The audio oscillator frequency should
now be less than 500 Hz.

j- Set the SWEEP RANGE switch to LO
and the SWEEP SPEED control to fully cw.

k. Adjust the audio oscillator control to
produce a one-cycle stationary display.

1. The audio oscillator frequency should
now be more than 500 Hz.

m. Set the SWEEP RANGE switch to HI and
the SWEEP SPEED control fully cw.

n, Set audio oscillator frequency to 1 kHz.

0. Adjust A4R213 until the trace extends
slightly beyond the edges of the CRT.

4.28.9 Modulation Oscillator Adjustment

a. Connect the ac VIVM (with 560 ohm
resistor across terminals), frequency counter and distortion
analyzer to the AUDIO OUT jack.

b. Set the INT MOD/AUDIO OUT control
fully cw.
c. Adjust A1R562 for 1 kHz * 1 Hz on the
frequency counter.
o d. Adjust A1R566 for 1.15 mV rms on the
ac VTVM.
e. Repeat steps 4.28.9-c. and 4.28.9-d. until

both are as specified.



f. Set the output level to 1.0 V rms with the
INT MOD/AUDIO OUT control. Calibrate the distortion
analyzer at 1 kHz and measure the distortion. The
distortion should be less than 1%.

g. Disconnect the equipment installed in
step 4.28.9-a.

4.28.10 Modulation Sensitivity Adjustment

a. Connect the ac VIVM to the EXT
MOD/HORIZ IN jack and adjust the audio oscillator output
for 400 mV rms + 0.5%.

b. Connect the ac VT'VM across the 5.6 ohm
resistor on test connector.

c. Adjust A3R129 for 500 mV rms + 0.5%
indication on the VTVM.

4.28.11 Distortion Analzyer Amplifier Adjustment

a. Connect the DVM to pin 2 of the DIST
ANAL jack and verify that +9 Vdc = 1% s present.

b. Connect the DVM to pin 4 of the DIST
ANAL jack.

c. Select the value of A3R119 to obtain
+4.50 Vdc £ 0.25 V on the DVM.

4.29 FAULT ISOLATION PROCEDURES (MODEL
ODM-1 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the ODM-1. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.27, with each subsection keyed to
the paragraph in Section 4.27 that first indicates a fault.
When a fault is noted during ODM-1 operation, proceed as
follows:

a. Perform checkout procedures in Section
4.27.

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to a function,
such as the discriminator, refer to the alignment procedure
for that function in Section 4.28, and check alignment of
function before proceeding with fault isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

WARNING: High voltages are present
throughout the unit. Appropriate
precautions should be taken while
operating the instrument with the cover
removed.
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4.29.1 No Trace (4.27.1-g.)

a. Remove socket from V1 (CRT) and
check V1 voltages per Figure 5-30.

b. If voltages are within tolerance, replace
V1. :

c. If any voltage is absent or out of

tolerance, check voltage source on board A2, A3, or A4
output terminals.

d. If voltages are within tolerance at A2, A3,
or A4 output terminals check wiring harness for open or
shorted leads.

e. If any voltage is absent or out of
tolerance at output terminals of A2, A3, or A4 use voltages
and waveforms shown on Figure 5-30 to isolate the fault.

4.29.2 Vertical Centering Defective (4.27.1-g.)

a. Check voltages at pins 9 and 10 of V1.
Voltage should be adjustable over an 80 V minimum span
within the range of +95 Vdc to +235 Vdc as the VERT
CENTER control is rotated throughout its range.

b. If voltages are wi.thin tolerance, replace
V1.

c. If voltages are not within tolerance, check
voltage at E119 on board A3. This voltage should vary from
less than +0.1 Vdc to greater than 2.3 Vdc as the VERT
CENTER control is rotated throughout its range.

d. If voltage at E119 is within tolerance, use
voltages and waveforms on Figure 5-30 to isolate fault on
board A3.

e. If voltage at E119 is not within tolerance,
check R8, R9 and associated wiring.

4.29.3 Horizontal Centering Defective (4.27.1-g.)

a. Check voltages at pins 6 and 7 of V1.
Voltages should vary over a 240 V minimum span within
the range of 0 Vdc to +330 Vdc as the HORIZ CENTER
control is rotated throughout its range.

b. If voltages are within tolerance, replace
V1.

c. If voltages are not within tolerance, check
voltage at E208 on board A4. This voltage should vary from
0 Vdc to +4.8 Vdc nominal as HORIZ CENTER control,
R12, is rotated throughout its range.

d. If voltage at E208 is not within tolerance,
check voltage at E209. Voltage should be 4.3 Vdc to 5.3
Vdc.

e. If voltage at E208 is within tolerance, use



voltages and waveforms on Figure 5-30 to isolate fault on
board A4.

4.29.4 Focus Defective (4.27.1-h.)

a. Check voltage on pin 5 of V1. Voltage
should vary over at least a 100-volt span within -650 Vdc
and -920 Vdc as FOCUS control, R21, is adjusted
throughout its range.

b. If voltage is within tolerance, change V1.

c. If voltage is not within tolerance, check
for -1000 Vdc * 10% at E417 on board A2.

d. If voltage is within tolerance at E417,
check wiring and neon indicator, D51.

e. If voltage at E417 is out of tolerance, use
Flgure 5-30 voltages and waveforms to isolate fault on
board A2.

4.29.5 Intensity Defective (4.27.1-h.)

NOTE: The ODM-1 operates in
mainframes designed for 12 Vdc
operation. The normal maximum
intensity is not as high as that of
oscilloscope designed for 115 Vac
operation because a lower power CRT is
used to conserve current drain in battery
operation.

a. Check voltage on pin 3 of V1 and check
that voltage varies over a 50 volt span in the range of -850
Vdc to -1100 Vdc as INTENSITY control, R18, is rotated
throughout its range.

b. If voltage is within tolerance, replace V1.

c. If voltage is out of tolerance,‘check
voltage at E417 of A2,

d. If voltage is within tolerance at E417,
check associated wiring and INTENSITY control, R18.

e. If voltage at E417 is out of tolerance, use
iiigure 5-30 voltages and waveforms to isolate fault in board
4.29.6 Vertical Center Control Defective (4.27.2-b.)

Perform procedures of paragraph 4.29.2.

4.29.7 Horizontal Center Control Defective (4.27.2-e.)

Perform procedures of paragraph 4.29.3.

4.29.8 Sweep Speed Cannot Adjust Below 50 Hz on Low
Range (4.27.3-h.)

a. On board assembly A4, check resistance
of E203 to ground. If resistance is greater than 10 ohms,
check wiring of SWEEP RANGE switch, S4.

b. If E203 is grounded, check voltage at
E202 to determine if voltage varies over a span of at least
0.6 Vdc within the range of +7.4 Vdc to +9.9 Vdc.

c. If voltage is within tolerance, use voltages
and waveforms on Figure 5-30 to isolate fault on board
asssembly A4.

4.29.9 Sweep Speed Cannot Adjust Above 5000 Hz on
High Range (4.27.3-m.)

a. On board aséembly A4, check resistance
of E203 to ground. If resistance is less than 100 k ohms,
check wiring of SWEEP RANGE switch, S4.

b. If resistance is greater than 100 k ohms,
check voltage at E202 to determine if voltage varies over a
span of at least 0.6 Vdc within the range of +7.4 Vdc to
+9.9 Vdc.

4.29.10 Sweep Speed Cannot Adjust Below 500 Hz on
High Range (4.27.3-q.)

Perform procedures of paragraph 4.29.9.

4.29.11 Sweep Speed Cannot Adjust Above 500 Hz on
Low Range (4.27.3-u.)

Perform procedures of paragraph 4.29.8.

4.29.12 External Vertical Input Sensitivity Not Within
Specification (4.27.4-d.)

a. Apply a 1 kHz signal with a level of 25
mV rms to EXT VERT input connector and check voltage
with oscilloscope at E101. Voltage should be 70 mV p-p.

b. If voltage is not 70 mV p-p, check VERT
GAIN control, R7, R6 and associated wiring.

c. If voltage is 70 mV p-p, use voltages and
waveforms on Figure 5-30 to isolate fault.

4.29.13 Vertical Amplifier Frequency Response Not
Within Specification (4.27.5-d.)

a. Check voltage at pin E101. Verify that
voltage changes less than 1 dB from 50 Hz to 30 kHz.

b. If voltage changes more than 1 dB over
this range, check C1, R6, R7 (VERT GAIN), S1 and
associated wiring.

c. If voltage does not vary more than * 1

dB, use voltages and waveforms of Figure 5-30 to isolate
fault on board assembly A3.
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4.29.Al4 Operate Indicator Sensitivity Not Within
Specification (4.27.6-e.)

a. Connect high impedance probe of RF
voltmeter to pin E501 and ground. Verify that 2 MHz level
is 2.5 mV rms = 10%.

b. If level is not 2.5 mV rms * 10% at pin
E501, the fault is in the mainframe. Refer to mainframe
maintenance section of manual.

c. If level is 2.5 mV * 10% at pin ES01, use
Figure 5-30 voltages and waveforms to isolate fault on
board assembly Al.

4.29.15 Overload Indicator Sensitivity Not Within
Specification (4.27.6-f.)

a. Connect high impedance probe of RF
voltmeter to pin ESO1 and ground. Verify that 2 MHz level
is 25 mV rms £ 10%.

b. If level is not 25 mV rms £ 10% at pin
E501, the fault is in the mainframe. Refer to mainframe
maintenance section of manual.

c. If level is 25 mV rms + 10% at pin E501,
use Figure 5-30 voltages and waveforms to isolate fault on
board assembly Al.

4.29.16 5 kHz Negative Range Gain Not Within
Specification (4.27.7-c.)

a. Connect dc VIVM to pin E507 and
ground. Verify that voltage is +233 mV dc £ 20 mV.

b. If voltage is not +233 mV dc £ 20 mV at
pin E507, use Figure 5-30 voltages and waveforms to isolate
fault on board assembly Al.

c. If voltage at pin E507 is correct, check
voltage on pin E101 (vertical amplifier board assembly A3).
Verify that voltage is +233 mV dc £ 20 mV.

d. If voltage at pin E10l is correct, use
Figure 5-30 voltages and waveforms to isolate fault on
vertical amplifier board assembly, A3.

e. If voltage is not +233 mV dc + 20 mV at
pin E101, check DEV RANGE switch S2, R2, R3, R4 and
associated wiring.

4.29.17 15 kHz Negative Range Gain Not Within
Specification (4.28.8-¢.)

Repeat procedures of paragraph 4.29.16 except
that voltage at pins ES07 and E101 should be -400 mV dc *
40 mV.

4.29.18 Insufficient Vertical Amplitude at 15 kHz
(4.27.9-d.)
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a. Connect ac VIVM to pin E114 and
ground. Verify that voltage is > 480 mV.

b. If voltage at pin E114 is > 480 mV, the
fault is in the mainframe. Refer to mainframe maintenance
section of manual.

c. If voltage at pin E114 is < 480 mV,
check voltage between pin E116 and ground. Verify that
voltage is > 113 mV rms.

d. If voltage at pin E116 is > 113 mV rms,
connect audio oscillator to EXT MOD/HORIZ IN jack, set
MOD MODE switch to EXT, set oscillator to 400 mV rms
and adjust A3R129 for a 400 mV rms indication at pin
El14. ,

e. If unable to attain correct voltage at pin
El14, use Figure 5-30 voltages and waveforms to isolate
fault in U102 circuit on vertical amplifer board assembly
A3.

f. If voltage at pin E116 is not correct,
check R14, R15, R16 and MOD MODE switch, S4, wiring.
Verify that voltage at pin E513 is 321 mV rms = 10%.

If voltage at pin E513 is not correct,
check INT MOD/AUDIO OUT control, R13, and associated
wiring. Verify that voltage at pin E512 is 640 mV rms %
10%.

h. If voltage at pin E512 is not correct, use
Figure 5-30 voltages and waveforms to isolate fault in
modulation oscillator on board assembly Al.

4.29.19 Insufficient Vertical Amplitude at 5 kHz in
External Mode (4.27.10-g.)

a, Connect ac VTVM to EXT MOD/HORIZ
IN jack. Verify that voltage is 80 mV rms % 20%.

. b. If voltage is not correct, adjust audio
oscillator output to obtain this level.

c. If voltage is correct, verify that voltage at
pin E114 is 500 mV rms  5%.

d. If voltage at pin E114 is correct, the fault
is in the mainframe. Refer to mainframe maintenance
section of manual.

e. If voltage is not correct at pin El114,
perform steps 4.29.18-d. and 4.29.18-e.

4.29.20 External Horizontal Sensitivity Not Within
Specification (4.27.11-c.)

a, Set audio oscillator at 500 mV rms and
measure voltage at pin E206.

b. If voltage at E206 is less than 500 mV
rms, check S4 and associated wiring.



C. If voltage at E206 is 500 mV rms, use
Figure 5-30 voltages to isolate fault on board assembly A4.

4.29.21 Audio Output Frequency Not Within Specification
(4.27.12-.)

Use Figure 5-30 voltages and waveforms to isolate
fault on board assembly Al,

4.29.22 Audio Output Level Not Within Specification
(4.27.12¢)

a, Check the level at E513. This level should
be greater than 1.2 V p-p. If it is, the fault is in stages Q519
and Q520. Use schematic voltages, Figure 5-30, to isolate
the fault.

b. If the level at E513 is within tolerance,
check the level at ES12. If the level at ES12 differs from
the level at E513 check R13, R15, R15, R16, S4 and
associated wiring.

c. If the level at E512 is equal to the level at
E513 and is less than 1.2 V p-p, use the voltage and
waveform information on the schematic Figure 5-30, to
isolate the fault on board assembly A1l.

4.29.23 Audio Distortion Not Within Specification
(4.27.12-¢)

a. Connect distortion analyzer to pin E512
and calibrate it at 1 kHz. Distortion should be 0.5% or less.

b. If distortion at pin E512 is greater than
0.5%, use Figure 5-30 voltages and waveforms to isolate
fault on board assembly A!.

c. If distortion at pin E512 is less than 0.5%
the fault is in stages Q519 and Q520. Use Figure 5-30
voltages and waveforms to isolate the fault.

4.30 TEST EQUIPMENT REQUIRED (MODEL
MDM-1 MODULE)

The test equipment required for checkout,
alignment, calibration, and troubleshooting is tabulated in
Table 4-10. Minimum parameters are provided to aid in the
selection of the equivalent types.

4.31 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL MDM-1 MODULE)"
4.31.1 Installation

Install the MDM-1 into the right-hand
compartment of the mainframe.

4.31.2 Power Requirements

All power required by MDM-1 is supplied by the
mainframe.

4.31.3 Sensitivity Check

a. Turn power switch on.

b. Set mainframe frequency switches to
150.000 MHz.

c. Connect sxgnal source to left-hand

module MEASURE INPUT jack and set signal source for an
output of 150 MHz at rated sensitivity of left-hand module.

d. Set mainframe MODE switch to MEAS.

e. Tune signal source until mainframe
indicates zero beat.

f. Set MDM-1 MTR switch to LIM (IN)
position.

g. MDM-1 meter should indicate “red line”
with signal source output within the rated sensitivity range
of the left-hand module.

h. Modulate the signal source at a 1 kHz
deviation rate.

i. Set MDM-1 MTR switch to DEV (OUT)
posmon and DEVIATION RANGE switch to 6 kHz
position.

k. Adjust modulation level of signal source
for exactly 5 kHz on the MDM-1 meter.

L. Increase the signal source output level by
20 dB

m. The MDM-1 meter should read exactly 5
kHz.

4.31.4 Meter Range Checks

a. Set MDM-1 MOD switch to EXT (OUT)
position.

b. Connect differential voltmeter to MDM-1
SCOPE/DIST ANAL jack. Use care in connecting to
SCOPE/DIST ANAL jack as a short may damage the
MDM-1.

c. Set mainframe frequency switches to
000.0000 MHz, MODE switch to TONE GEN.

d. Measure and record for reference the dc
voltage reading on differential voltmeter.

e. Set mainframe frequency switches to
000.0050.
f. Méasure and record the dc voltage reading

on differential voltmeter.
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TABLE 4-10

TEST EQUIPMENT REQUIREMENTS FOR MODEL MDM-1

Peak Deviation
Monitor

Oscilloscope
with 1X probe

Distortion Analyzer

Frequency Counter

AC/DC Differential
Voltmeter
Sweep Generator

Power Supply

Mainframe/RF and
FIM Modules

Connector

Load Resistors

Capacitors

Output level: <6 mV — > 60 mV rms
Stability: + 0.0004%/5 min

Leveling: + 1 dB

Output impedance: 50 ohms

Frequency response: 2 MHz
Vertical sensitivity: S mV/cm

Frequency response: 1 kHz
Input level: 1 V rms
Accuracy: +0.1%

Frequency response: 1 kHz
Input level: 1 V rms
Input impedance: > 10 k ohms

Dc accuracy: * 0.01%
Ac accuracy: £ 0.3%

Frequency range: 2 MHz

‘Output level: -27 dBm

Output: 9 V at 150 mA dc

Required for testing MDM-1 Module

16 pin

16 ohm, 3 required, 62 ohm, 150 ohm,
180 ohm, 650 ohm and 5.6 k ohm
(all £ 5% % watt)

0.1 uF and 100 uF

" INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Audio Oscillator Frequency range: 400 Hz — 1 kHz Hewlett-Packard
: Output level: 100-500 mV rms * 20% Model 652A
Output impedance: 600 ohms
AC VTVM Frequency response: 1 kHz to 2 MHz Hewlett-Packard
Level: 120 mV—1.1 V rms Model 400D
Signal Source/ Frequency range: 150 MHz Singer

Model FM-2748/0ODM-1

Tektronix
Model 531 with
53/54B plug-in

Hewlett-Packard
Model 330D

Hewlett-Packard
Model 5512A

Fluke
Model 883AB

Wavetek
Model 2001

Hewlett-Packard
Model 721A

~ Singer

Model FM-10C Mainframe
with RF and FIM Modules

Singer
P/N 1.910072-001

Not applicable

- Not applicable
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g. Subtract voltage reading in step 4.32.4-d.
from that taken in step 4.32.4-f. and multiply the
difference by 0.707.

h. Set the differential voltmeter for ac and
dial in the result obtained in step 4.31.4-g.

i. Set mainframe GENERATOR
MODULATION switch to ON (IN) position and MODE
switch to GEN MOD CAL position.

j- Set MDM-1 MOD switch to INT/COMB
(IN). '

k. Adjust INT MOD/AUDIO OUT control
on the MDM-1 for a null on the differential voltmeter.

1. MDM-1 meter should indicate 5 kHz *

400 Hz in both + and — positions of the DEV switch.

m. Set the MDM-1 INT MOD/AUDIO OUT
control fully ccw and set the DEVIATION RANGE switch
to 1.8 kHz.

n. Divide the result of step 4.31.4-g. by 3.33
and dial this result on the differential voltmeter.

p. Adjust INT MOD/AUDIO OUT control
on the MDM-1 to null the differential voltmeter.

. The MDM-1 meter should indicate 1.5
kHz = 190 Hz in both + and — positions of the DEV switch.

r. Set mainframe frequency switches to
012.V00 MHz.
. Multiply the result of step 4.31-4-g., by 3

and dial this result on the differential voltmeter.

t. Adjust INT MOD/AUDIO OUT control
on the MDM-1 to null the differential voltmeter.

u. The MDM-1 meter should indicate 15
kHz + 850 Hz in both + and — positions of the DEV switch.

4.31.5 Internal Frequency Modulation and Audio Output
Checks

a. Verify that 18 kHz minimum may be
obtained on the MDM-1 meter by rotating the INT
MOD/AUDIO OUT control.

b.. Connect ac VIVM to AUDIO OQUTPUT
jack.

Connect a 600 ohm load resistor across
the VTVM terminals.

" d. Set INT MOD/AUDIO OUT control for
maximum output (fully cw).

e. Set MOD switch to EXT (OUT) position.

f. VTVM should indicate 1 V rms
minimum.

g. Remove VTVM and replace with

frequency counter.

h. Frequency counter should indicate 1 kHz
+ 50 Hz.

j. Remove frequency counter and replace
with distortion analyzer.

k. Measure distortion.
1. Should be 1% maximum distortion.
m. Remove distortion analyzer.

4.31.6 External Frequency Modulation Checks

a. Connect audio oscillator 600 ohm output
and ac VTVM to the MDM-1 EXT MOD jack witha BNC T
connector.

b. Set frequency of audio oscillator to 400
Hz.

c. Set MDM-1 MOD switch to EXT (OUT)
position and DEVIATION RANGE switch to 6 kHz.

d. Set the mainframe frequency switches to
000.0000 MHz.

e. Adjust output level of audio oscillator to

produce exactly 5 kHz on MDM-1 meter.

f. Note level of audio oscillator on the ac
VTVM. Should be 100 mV rms + 20%.

4.32 ALIGNMENT AND ADJUSTMENT (MODEL
MDM-1 MODULE)

NOTE: The alignment and adjustment
procedure is performed with the MDM-1
disconnected from the mainframe so that
no problem in the mainframe will affect
the alignment of the MDM-1. Refer to
Figure 4-46 for test point and trimmer
locations. Remove the four screws from
the top of the MDM-1 and remove the
shield.

4.32.1 Test Connector Wiring

a. See Figure 4.47 for schematic of test

connector wiring.
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FIGURE 4-47.

TEST CONNECTOR WIRING MODEL MDM-1

4.32.2 IF Amplifier Alignment

a. Connect the sweep generator rf output
jack to the “Sweep Generator” terminal of the test
connector.

b. Connect the positive lead of the power

supply to terminal 9 of the test connector and the negative
lead to terminal 2.

c. Connect the frequency source to the
“Marker Generator” jack of the test connector.

d. Connect the oscilloscope vertical input
jack to ALTPI through a 0.1 uF capacitor with a 50 ohm
BNC cable.

e. Connect the oscilloscope horizontal input
jack to the sweep generator oscilloscope horizontal jack.

f. Set the sweep generator to A f mode, 2
MHz center frequency, approximately 100 kHz sweep
width and approximately -27 dBm output level.

g. Set the signal source to 2.000 MHz and
adjust its output level so that the marker is visible on the
oscilloscope screen.

h. Adjust Al1L1, AIL2 and AIL3 for
maximum indication on the oscilloscope and to set the 2
MHz marker in the center of the response curve as on
Figure 4-48-A.

j. Adjust A1L2 and A1L3 for the flattest
response and optimum balance on both sides of the 2 MHz
marker.

k. Set the external marker (FM-2748) for
1.975 and 2.025 MHz and verify that the markers are not
down more than 3 dB (70% of maximum deflection). (See
Figure 4-48-B) ~

L Set the sweep generator to CW mode.

m. Connect the oscilloscope probe to
AlITP2.

n, A square wave of approximately 1.4 Vpp
should be displayed.

0. Connect the oscilloscope probe to A1TP3

and adjust A1L4 so that the ‘“‘pips” on the waveform are
exactly on the peaks of the waveform. (See Figure 4-48-C)

p- Connect the oscilloscope probe to
terminal 5 and verify that the “S” curve is displayed on the
oscilloscope. (See Figure 4-48-D)

'4,32.3 Limiter Current Adjustments

a, Remove the sweep generator signal from
the test connector and connect the ac VIVM to the
terminal 16 of the test connector.

b. Set the METER switch to LIM IN
position.

c. Set the output level of the signal source
(FM-2748) to obtain 2.5 mV rms on the ac VTVM.

d. Peak A1LS for maximum on the MDM-1
meter.

e. Adjust A1R40 for a reading of “red line”
on the MDM-1 meter.
4.32.4 Modulation Oscillator Alignment

a. Connect the ac VITVM and frequency
counter to the AUDIO OUT jack. Connect a 600 ohm load

resistor across the VI'VM terminals.

b. Set the INT MOD/AUDIO OUT control
for maximum output (fully cw).
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c. Set the MOD switch to the EXT/AUDIO
OUT position.

d. Adjust A1RS8 for a 1.0 Vrms indication
on the VITVM and adjust A1R56 for a | kHz + 30 Hz
frequency on the frequency counter. If AIRS8 has
insufficient range, select the value of AIRS57. :

e, Repeat step 4.32.4-d. as necessary.
432.5 Meter Adjustment

a. Set the METER switch to the DEV
position.

b. Set the DEVIATION RANGE switch to
the 6 kHz position.

Connect the ac/dc differential voltmeter
to SCOPE/DIST ANAL jack.

d. Set the differential voltmeter for + dc
voltage, the range switch to the 10 volt position and the
null switch to TVM.

e. Set the frequency of the signal source
(FM-2748) to 2.000 MHz and note the differential
voltmeter indication. Should be +4.5V dc + 10%.

f. “Null out” the differential voltmeter with
the differential voltmeter dials, switching the null switch
from 1 to 0.001 as required. Note the dial readings.

g. Set the 1 kHz dial on the signal source to
“5” and null out the differential voltmeter and note the
dial readings.

h. Subtract the reading in step 4.32-5-f,
from the reading in step 4.32.5-g.

j- Multiply the result of step 4.32.5-h. by
0.707.

k. Set the differential voltmeter to ac
operation.

L Set its dials to the result in step 4.32.5-j.

m. Insert the ODM-1 module into the

right-hand compartment of the FM-2748.

n, Set the FM-2748 frequency dials ‘to
0080VO0 and the 0—1 kHz control to zero.

p. Set the 10 MHz switch to the in position
and the audio switch to the out/mod position.

. Set the ODM-} deviation range switch to
5 kHz and calibrate the ODM-1.

S. Adjust the int mod out mod control of
the ODM-1 to obtain a null on the differential voltmeter.

t. Adjust A1R47 for exactly 5 kHz on the
MDM-1 meter.
u. Increase the input level 20 dB and verify

that the MDM-1 meter indicates 5 kHz + 400 Hz.

V. Divide the result in step 4.32.5-j. by
3.333 and set the differential voltmeter to this value.

w. Adjust the int mod audio out control to
null the differential voltmeter.

v X. Press the 1.8 kHz switch on the MDM-1
and note the MDM-1 meter reading. Should be 1.5 kHz +
190 Hz.

y. Press the 18 kHz switch and set the
differential voltmeter dials to 3 times the value found in
step 4.32.5-j.

zZ. Set the FM-2748 frequency dials to
008V00 and null the differential voltmeter with the int
mod aud out control of the ODM-1.

aa. Note the MDM-1 meter reading. It should
be 15 kHz + 850 Hz. '

bb.  Change positions of the DEV switch on
the MDM-1. The meter deflection should change 500 Hz
maximum.

4.33 FAULT ISOLATION PROCEDURES (MODEL
MDM-1 MODULE)

Fault isolation procedures are presented to provide
a guide in servicing the MDM-1. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.31, with each subsection keyed to
the paragraph in Section 4.31 that first indicates a fault.
When a fault is noted during MDM-1 operation, proceed as
follows:

a. Perform minimum performance checkout
procedures in Section 4.31.

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. When the fault is isolated to a function,
such as the discriminator, refer to the alignment procedure
for that function in Section 4.32 and check alignment of
that function before proceeding with fault isolation.

d. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

4.33.1 Sensitivity (“Red Line”’) Not Within Speclﬁcatlon
(4.32.3¢.)

a. Check alignment of 2 MHz active filter,
(steps 4.32.1-a. through 4.32.1-h.).
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b. Check alignment of signal threshold
circuitry (steps 4.32.2-a. through 4.32.2-h.).

c. Check MTR switch, S3, circuitry.

4.33.2 Dynamic Range of Meter Less Than 20 dB
(4.31.3-m.)

a. Check threshold limiter diodes AICRI1
through A1CR6.

4.33.3 6 kHz Range Not Within Specification (4.31.4-m.)

a. Check remainder of IF amplifier tuning
(steps 4.32.1-h. through 4.32.1-1.).

b. Check DEVIATION RANGE switch, S1,

circuitry; phase splitter, A1Q6, circuitry; DEV switch, S2,
circuitry; recovered audio amplifier, A1Q7 and A1Q8; peak
detector, A1U2;and MTR switch, S3, circuitry.

4334 1.8 kHz Range Not Within Specification
(4.31.4-q.).

a. Check voltage divider network, A1R16
through AIR19.

b. Check DEVIATION RANGE switch
circuitry.
4.33.5 18 kHz Range Not Within Specification (4.31.4-u.)

a. Check voltage divider network, A1R16
through A1R19.

b. Check DEVIATION RANGE switch
circuitry.

4.33.6 18 kHz Deviation Not Obtained (4.31.5-a.)

a. Check modulation oscillator alignment
(step 4.32.3-a. through 4.32.3-d.).

b. Check INT MOD/AUDIO OUT control,
R63.

c. Check MOD switch, S4, circuitry.
4.33.7 1 kHz Level Not Within Specification (4.31.5-f.)
a. * Check EXT MOD jack circuitry.

433.8 1 kHz Frequency Not Within Specification

(4.31.5h.)

a. Perform steps 4.33.6 and 4.33.7.

4339 1 kHz Distortion Not Within Specification

(4.31.51)

a. ‘ Perform steps 4.33.6 and 4.33.7.
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4.33.10 External FM Sensitivity Not Within Specification
(4.31.6-f.)

a. Check 1 kHz driver amplifier, A1Q13 and
A1Q14.

4.34 TEST EQUIPMENT REQUIRED (MODEL AFM-1
MODULE)

The test equipment required for the checkout,
alignment, calibration and troubleshooting is tabulated in
table 4-11. Minimum parameters are provided to aid in the
selection of the equivalent types.

4.35 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL AFM-1 MODULE)

4.35.1 Power Requirements

All power required by the AFM-1 is supplied by
the mainframe,

4.35.2 Amplitude Modulation Check

a. Install the AFM-1 into the right-hand
compartment of the FM-10C mainframe. Connect the
broadband amplifier input to the FM-10C RF module RF
OUTPUT connector.

b. Connect the broadband amplifier output
to the amplitude modulation meter (FM-2748/0AM-1)
measure input connector.

NOTE: The broadband amplifier is not
necessary if an RFM module with 6 mV
rms or greater RF output, such as an
RFM-11A, is installed in the FM-10C
mainframe.

c. Connect the audio oscillator and ac
VTVM to the AFM-1 AM MOD connector. Set the audio
oscillator frequency to 1 kHz and output level to 75 mV
rms * 0.5% as read on the VTVM.

d. Set the mainframe GENERATOR
MODULATION switch to IN—ON, frequency switches to
11 MHz, and MODE switch to GEN.

e. Adjust the RFM module RF OUTPUT
attenuator as required to produce an AM measurement on
the AM meter (FM-2748/OAM-1). Should be 24—36%.

4.35.3 Frequency Modulation Check

a. Connect the broadband amplifier input to
the FM-10C RF module RF OUTPUT connector.

b. Connect the broadband amplifier output
to the frequency modulation meter (FM-2748/ODM-1)
measure input connector.



TABLE 4-11

TEST EQUIPMENT REQUIREMENTS FOR MODEL AFM-1

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Amplitude Modulation

Modulation range: 30%

Meter Accuracy: 27-33% Model FM-2748/0AM-1
Sensitivity: 6 mV rms
Frequency Modulation Peak deviation range: 5 kHz Singer
Meter Accuracy: £ 5% Model ODM-1 Plug-in for
above FM-2748 mainframe
Audio Oscillator Frequency rangé: 400 Hz to 1 kHz .Hewlett-Packard
Output level: 75 mV to 100 mV rms Model 200CD
Broadband Amplifier Frequency response: 11 MHz ~ Singer
Gain: 20 dB minimum Model BBA-1
AC VIVM Frequency response: 400 Hz to 1 kHz Hewlett-Packard
Level: 75 to 100 mV rms Model 400D
Mainframe/RF Module Required for testing AFM-1 Module Singer

Singer

Model FM-10C mainframe
with RF module

NOTE: The broadband amplifier is not
necessary if an RFM module with 6 mV
rms or greater RF output, such as an
RFM-11A, is installed in the FM-10C
mainframe.

C. Connect the audio oscillator and ac
VTIVM to the AFM-1 FM MOD connector. Set the audio
oscillator frequency to 400 Hz and output level to 100 mV
rms * 0.5% as read on the VTVM,

d. Set the = mainframe GENERATOR
MODULATION switch to IN-ON, frequency switches to
11 MHz and MODE switch to GEN.

e. Adjust the RFM module RF OUTPUT
attenuator as required to produce an FM measurement on
the FM meter.

f. The FM meter should indicate 5 kHz +
5% peak deviation.

436 ALIGNMENT AND ADJUSTMENT (MODEL
AFM-1)

No alignment nor adjustment is necessary due to
the simplicity of the circuitry within the AFM-1.

4.37 FAULT ISOLATION PROCEDURES (MODEL
AFM-1)

Fault isolation procedures are presented to provide
a guide in servicing the AFM-1, The procedures follow the

sequence of the minimum performance checkout

procedures, Section 4.35, with each subsection keyed to
the paragraph in Section 4.35 that first indicates a fault.
When a fault is noted during AFM-1 operation, proceed as
follows:

a. Perform minimum performance checkout
procedures in Section 4.35.

b. Start fault isolation procedures at the
point where minimum performance cannot be satisfied.

c. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

437.1 Amplitude Modulation Out of Tolerance
(4.35.2-¢.)

a. Check for 1 kHz at 75 mV rms at P1-11.
If 1 kHz at 75 mV rms is at P1-11, trouble is in mainframe.
Refer to mainframe maintenance section of manual.

b. If 1 kHz at 75 mV rms is not at P1-11,
check circuitry between J2 and P1-11.
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4372 Frequency Modulation Out of Tolerance
(4.35.3-f)

a. Check for 400 Hz at 100 mV rms at
P1-12. If 400 Hz at 100 mV rms is at P1- 12, trouble is in
mainframe. Refer to mainframe maintenance section of
manual.

b. If 400 Hz at 100 mV rms is not at P1-12,
check wiring between J1 and P1-12.

4.38  TEST EQUIPMENT REQUIRED (MODEL AFM-2
MODULE)

The test equipment required for the checkout.
alignment, calibration and troubleshooting is tabulated in
table 4-12. Minimum parameters are provided to aid in the
selection of the equivalent types.

439 MINIMUM PERFORMANCE CHECKOUT
PROCEDURE (MODEL AFM-2 MODULE)

4.39.1 Power Requirement

All power required by the AFM-2 is supplied by
the mainframe.

4.39.2 Amplitude Modulation Check

a. Install the AFM-2 into the right-hand
compartment of the FM-10C mainframe. Connect the
broadband amplifier input to the FM-10C RF module RF
OUTPUT connector.

b. Connect the broadband amplifier output
to the amplitude modulation meter (FM-2748/0AM-1)
measure input connector.

NOTE: The broadband amplifier is not
necessary if an RFM module with 6 mV
rms or greater RF output, such as an
RFM-11A, is installed in the FM-10C
mainframe.

c. Connect the audio oscillator and ac
VTVM to the AFM-2 AM MOD connector. Set the audio
oscillator frequency to 1 kHz and output level to 75 mV
rms £ 0.5% as read on the VTVM.,

d. Set the mainframe GENERATOR
MODULATION switch to IN—ON, frequency switches to
11 MHz, and MODE switch to GEN.

TABLE 4-12

TEST EQUIPMENT REQUIREMENTS FOR MODEL AFM-2

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Oscilloscope with Frequency response: 10 MHz Tektronix ‘
10X probe Vertical sensitivity: S mV/div Model 531 with
53/54B plug-in
M Resistance range: 0 to 10 ohms Simpson
vo ¢ Model 260
Amplitude Modulation Modulation range: 30% Singer

Meter

Frequency Modulation
Meter

Audio Oscillator

Broadband Amplifier

ACVTVM

Mainframe/RF Module

Accuracy: 27-33%
Sensitivity: 6 mV rms

Peak deviation range: 5 kHz
Accuracy: * 5%

Frequency range: 400 Hz to 1 kHz
Output level: 75 mV to 100 mV

Frequency response: 11 MHz
Gain: 20 dB min

Frequency response: 400 Hz to 2 MHz
Level: 2.5 to 100 mV rms

Required for testing AFM-2 module

Model FM-2748 with
model OAM-1 plug-in

Singer
Model ODM-1 plug-in
(with above FM-2748
mainframe)

Hewlett-Packard
Model 200CD

Singer
Model BBA-1

Hewlett-Packard
Model 400D

Singer
Model FM-10C mainframe
with RF Module




e. Adjust the RFM module RF OUTPUT
attenuator as required to produce an AM measurement on
the AM meter (FM-2748/0AM-1). Should be 24—36%.

4.39.3 Frequency Modulation Check

a. Connect the broadband amplifier input to
the FM-10C RF module RF OUTPUT connector.

b. Connect the broadband amplifier output
to the frequency modulation (FM-2748/ODM-1) measure
input connector.

NOTE: The broadband amplifier is not
necessary if an RFM module with 6 mV
rms or greater RF output, such as an
RFM-11A, is installed in the FM-10C
mainframe.

c. Connect the audio oscillator and ac
VTVM to the AFM-2 FM MOD connector. Set the audio
oscillator frequency to 400 Hz and output level to 100 mV
rms = 0.5% as read on the VIVM.

d. Set the mainframe GENERATOR
MODULATION switch to IN—ON, frequency switches to
11 MHz, and MODE switch to GEN.

e. Adjust the RFM module RF OUTPUT
attenuator as required to produce an FM measurement on
the FM meter.

f. The FM meter should indicate 5 kHz +
15% peak deviation.

4.39.4 10 MHz Output Check

a. Connect the oscilloscope 10X probe to
the 10 MHz QUTPUT jack.

b. Should indicate a 10 MHz sine wave at
280 mV p-p minimum.

4.39.5 IF Output Check

a. Check the continuity between J1 and
P1-16 with the ohmmeter.

4.40 ALIGNMENT AND ADJUSTMENT (MODEL
AFM-2)

No alignment nor adjustment is necessary due to
the simplicity of the circuitry withiri the AFM-2.

a4 FAULT ISOLATION PROCEDURES (MODEL
AFM-2)

Fault isolation procedures are presented to provide
a guide in servicing the AFM-2. The procedures follow the
sequence of the minimum performance checkout
procedures, Section 4.39, with each subsection keyed to
the paragraph in Section 4.39 that first indicates a fault.
When a fault is noted during AFM-2 operation, proceed as
follows: '

a. Perform minimum performance checkout
procedures in Section 4.39.

b. Start fault isolation procedures at the
point were minimum performance cannot be satisifed.

C. After a fault is repaired, complete the
minimum performance checkout procedure to determine if
further alignment is necessary.

441.1 Amplitude Modulation Out of Tolerance
(4.39.2-¢)
a. Check for 1 kHz at 75 mV rms at P1-11.

If 1 kHz at 75 mV rms is at P1-11, trouble is in mainframe.
Refer to mainframe maintenance section of manual.

b. If 1 kHz at 75 mV rms is not at P1-11,

_ check circuitry between J2 and P1-11.

4.41.2 Frequency Modulation Out of Tolerance
(4.39.3-f.)

a. Check for 400 Hz at 100 mV rms at
P1-12. If 400 Hz at 100 mV rms is at P1-12, trouble is-in
mainframe. Refer to mainframe maintenance section of
manual.

b. If 400 Hz at 100 mV rms is not at P1-12,
check wiring between J1 and P1-12.

4.41.3 10 MHz Output Out of Tolerance (4.39.4-b.)

a. Check for 10 MHz at 280 mV p-p min at
P1-1. If 10 MHz at 280 mV p-p is not at P1-1, trouble is in
mainframe. Refer to mainframe maintenance section of
manual, '

b. If 10 MHz at 280 mV p- is at P1-1,
check circuitry between P1-1 and J2.
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4,42 TEST EQUIPMENT REQUIRED (MODEL RFM=-10D MODULE)

The test equipment required for the checkout, alignment, calibration and trouble-

shooting is tabulated in Table 4-13. Minimum parameters are provided to aid in the

selection of the equivalent types.

TEST EQUIPMENT REQUIREMENTS FOR MODEL RFM-10D

TABLE 4-13

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Sweep Gznerator

RF Detector

Signal Generator

Oscilloscope with
10 X Probe

RF Voltmeter with
50 ohm load & T
DC Digital Voltmeter

Power Supply

9 MHz Signal Source

Mainframe/RF Module/
FIM Module/MDM-1
Module

Frequency range: 50 kHz to 512 MHz
Output level: =81 dBm to =23 dBM

Frequency range: 50 kHz to 512 MHz

Frequency range: 50 kHz to 500 MHz
Level: =81 dBm to 0 dBm
Output impedance: 50 ohms

Freqbency response: 11 MHz
Vertical sensitivity: 5 mV/cm

Frequency response: 50 kHz to 512 MHz
Level: =56 dBm to =27 dBm

Level: =20 mV dc
Accuracy: +1%

Level: 9 Vdc at 250 mA

Frequency range: 9 MHz
Level: 100 mV rms
Impedance: 50 ohms

Required for testing RFM=10D Module

Wavetek Model 2001

Wavetek Model D152

Singer Model FM- 2748

Tektronix Model 454

Hewlett-Packard
Model 3406A/
11063A/6064

Hewlett-Packard
Model 3440A

Hewl ett=-Packard
Model 721A

Singer Model FM-2748

Singer Model FM-10C
Mainframe with RF,
FIM and MDM-1
Modules
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Table 4-13. Test Equipment Requirements for Model RFM=10D (Cont. )

RECOMME NDED MODEL

INSTRUMENT MINIMUM PARAMETERS
RF Module extender jig Required for testing RFM=-10D Module Singer Model PC-2653
Connector 24 pin, femadle Singer P/N 1-910072-002
Connector BNC Singer P/N 1-910022-004
Connector Push-on Singer P/N 1-910173-001
Resistor 200 ohms +5%, 1/4 watt Not applicable
4,43 MINIMUM PERFORMANCE CHECKOUT PROCEDURE (MODEL RFM-10D MODULE)
4,43.1 Power Requirements
All power required by the RFM-10D is supplied by the mainframe.
4,43.2 Output Level Check
a. Install the RFM=10D into the mainframe left=hand compartment. Connect the RF
voltmeter with the 50 ohm termination to the RF OUTPUT jack of the RFM-10D
module. Set mainframe MODE switch to GEN.
b. Set the RF OUTPUT attenuator to =53 dBm,
c. Set the mainframe frequency switches to 100,0000 MHz and the 0-100 Hz control
to the QUT position.
d. The RF voltmeter should indicate 500 uV £3 dB (354-707 uV rms).
e. Repeat step 4.43.2-d ot 50 kHz, 1 MHz, 10 MHz, 50 MHz and every 50 MHz
up to 512 MHz.
4,43.3

Measure Mode Sensitivity Check

a. Set the mainframe MODE switch to MEAS, MEASURE MODE AUDIO OQUTPUT
switch to IN-BEAT NOTE, GENERATOR MODULATION switch to OUT-OFF and

frequency switches to 151 MHz.

b. Set the RF module MEASURE MODE BANDWIDTH switch to OUT-WIDE. Set the
MEASURE SENSITIVITY switch and MEASURE SENSITIVITY control to 2 mV.
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4,44

4,441

4-104

C.

e,

Connect the signal generator to the RF module MEASURE INPUT connector. Set
its frequency to 151 MHz and level to 2 mV rms.

Insert the MDM=-1 module into the right-hand compartment and the FIM module
in the center compartment. Set the MDM-1 MTR switch to the LIM(IN) position,

Adjust the signal generator frequency slightly to obtain a zero beat indication
on the FIM BEAT lamp.

The MDM-1 meter should indicate "red-ine". [f not, readjust the signal generator
output level to obtain exactly "red-line" on the MDM=-1 meter. The signal generator
output level should be between é mV rms +3 dB (4.2 mV to 8.2 mV).

ALIGNMENT AND ADJUSTMENT (MODEL RFM-10D MODULE)

NOTE:
The alignment and adjustment procedure is performed with the
RFM-10D disconnected from the mainframe so that no problem
in the mainframe will affect the alignment of the RFM-10D.
Refer to figures 4-49 through 4-51 for test point and trimmer
locations. Remove the five screws from the back of the RFM-
10D and slide the cover off.

Broadband Amplifier Alignment (A1A4)

Ce

e,

Place the connector P/N 1-910072-002 onto its mating plug on the rear panel
of the RFM-10D. Make up a BNC to "push-on" connector cable adapter
(using the push-on connector P/N 1-910173-001) with an overall length of

approximately 10",

Connect the power supply positive lead to pin 9 and the negative lead to
terminal 21 of the rear panel 24 pin connector. Disconnect the positive
lead of A1A4C35 from the circuit board.

Connect the sweep generator RF output connector to the rear panel RF input
connector, P1, of the RFM=10D using the 10" BNC to "push-on" cable
adapter made up in step a.

Disconnect BNC coaxial cable W1 from A1A4J2 and connect A1A4J2 to the
detector RF input with a 6" to 12" 50 ohm BNC cable.

Connect the detector dc output to sweep generator demodulator input ‘
connector,



f. Connect the sweep generator oscilloscope vertical connector to the oscilloscope
vertical input connector using a 50 ohm coaxial cable.

g. Connect the sweep generator oscilloscope horizontal connector the the oscillo-
scope horizontal input connector using a 50 ohm coaxial cable.

h. Set the sweep generator center frequency control to 250 MHz, sweep width
control to approximately 520 MHz, 50 MHz marker switch on, and output level
to =33 dBm.
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FIGURE 4-49. BROADBAND AMPLIFIER ASSEMBLY, A1A2 (RFM=-10D)
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FIGURE 4-51. BROADBAND AMPLIFIER & MIXER ASSEMBLY, A1A4 (RFM-10D)
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P.

reo

Se

t.

v,

Set the oscilloscope timebase to external and adjust the horizontal and
vertical amplitude controls and switches so that the display deflects
approximately three-quarters of the CRT graticule.

Adjust the sweep generator marker amplitude controls to display the 50 MHz
markers. Adjust the center frequency control if necessary to display all
50 MHz markers between 50 kHz and 500 MHz,

Adjust trimmer capacitors A1A4C10, ATA4C11, ATA4C22 and A1A4C24,

and select A1A4C12 and A1A4C23 for the flattest possible response curve

on the oscilloscope. Readjust as necessary as there is interaction between
the adjustments,

Individually short one or more turnsof A1A4L2, A1A4L4, A1A4LS6 and AIA4LS
together, using two insulated tuning sticks, to obtain the flattest possible
response from 50 kHz to 512 MHz. Solder the necessary turns together.

‘Readjust the trimmer capacitors as necessary.

. * Individually select resistors ATA4R5, A1A4RI3, ATARIY and A1A4R25
- as necessary to obtain the flattest overall response. Decrease the resistance
values to decrease the gain.

_If the high frequency gain is too high or the amplifier has tendencies to
~oscillate, reduce the values of A1A4R20 and A1A4R26 until the required

flatness at the high frequency end is obtained or the oscillations cease.

After the response curve is flat within =1 dB from 50 kHz to 512 MHz,

‘disconnect the detector from A1A4J2 and connect the power meter to

Al1A4)2, Set the sweep generator to the CW mode. The output level at
A1A4)2 should be 0 dBm +1 dB. Rotate the sweep generator center
frequency control from 50 kHz to 512 MHz. The level should not vary
more than 11 dB from O dBm.

Rotate the sweep generator center frequency control to 250 MHz. Adjust
the sweep generator output level if necessary to obtain exactly O dBm on
the power meter.

Disconnect the power meter from A1A4J2 and connect the 50 ohm BNC
load to A1A4J2, Set the sweep generator to the & f mode. Connect @
jumper between pin 9 and pin 10 on the rear panel 24 pin connector.

Solder the positive lead of A1A4C35 in its printed circuit pad connected to
A1A4L9. Remove the negative lead of A1A4C35 from its printed circuit pad.,



X

z,

abo

ac.

ad,

ae.

af.

ag.

Solder the center conductor of a BNC test cable to the negative lead of
A1A4C35 and solder the shield to ground. Connector the detector to this
BNC cable.

CAUTION
Be careful not to short the case of A1A4Q9 to ground
as it is internally connected to the collector.

Select the values of ATA4R42, A1A4C32 and AT1A4C34 to obtain the
flattest possible response. Capacitor A1A4C32 may be deleted if necessary.

Set the sweep generator to the CW mode. Set the center frequency to
250 MHz. The output level at A1A4J4 should be +4 dBm +2 dB.

Disconnect the BNC cable from A1A4C35 and solder the negative lead
of A1A4C35 to the printed circuit pad.

Disconnect the BNC to push-on cable adapter from the sweep generator RF
output connector and connect it to the signal generator RF output receptacle.

Disconnect the BNC 50 ohm load from A1A4J2 and connect the power
meter to A1A4J2,

Set the signal generator frequency to 50 kHz and the output level to produce
+6 dBm on the power meter.

Reduce the signal generator output level 10 dB and reduce the power meter
range 10 dB. The power meter should read -3 dBm minimum,

Repeat steps aa and abat 1 MHz, 10 MHz, 50 MHz, and every 50 MHz up to
512 MHz.

Connect the digital voltmeter between pin 3 of the 24 pin rear panel connector
and the chassis.

Set the signal generator frequency to 50 kHz and the output to produce 0 dBm
on the power meter and observe the digital voltmeter indication.

Select the value of A1A4R31 until the indication on the digital voltmeter is
approximately =20 mV dc. (Increasing A1A4R31 increases the voltage.)

Set the signal generator frequency to 512 MHz and adjust the output level to
obtain 0 dBm on the power meter. ,
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ah. If the voltage on the digital voltmeter is more negative than -23 mV dc, add
capacitor A1A4C28 across A1A4R31 (value from 1 pF to 5 pF DM-15) until
the voltage is approximately equal to that at 50 kHz. If the voltage is less
negative than =17 mV dc, add capacitor A1A4C26 across A1A4R30 (value
from 0.1 pF to 1.0 pF tubular P/N 1-900066-001) until the voltage is
approximately equal to that at 50 kHz.

aj. Repeat stepae at 1 MHz, 10 MHz, 50 MHz and every 50 MHz up to
512 MHz. Maintain the amplifier output level at 0 dBm at each frequency.
The voltage should not vary greater than +3 mV dc from the voltage observed
at 50 kHz.

4,44.2 11 MHz and 2 MHz IF Amplifier Alignment (A1A3)

a. Disconnect the phono plug from A1A4J4 and connect the phono plug to the
BNC to phono plug adapter. Connect the BNC to phono plug adapter to the
signal generator RF output connector via a 50 ohm BNC cable. Set the signal
generator frequency to 11 MHz and set the output level to =39 dBm.

b. Connect a BNC test cable to the 24 pin connector on the rear panel; center
conductor to pin 24 and shield to pin 12. Connect the 9 MHz signal source
to the BNC test cable connector. Set the 9 MHz signal source output level
to 125 mV mns.

c. Set the front panel MEASURE MODE BANDWIDTH switch to the IN-NARROW
position, MEASURE SENSITIVITY switch to the HIGH position, and the
MEASURE SENSITIVITY control to 2 uV.

d. Connect the oscilloscope 10 X probe to the junction of A1A3R2 and ATA3R3.
Adjust A1A3L1 for maximum amplitude at 11 MHz. The level should be 30 mV p-p
approximately.

e. Connect the oscilloscope 10 X probe to the junction of A1A3C7 and A1A3RS.
Adjust ATA3L2 for maximum amplitude ot 11 MHz. The level should be
120 mV p-p approximately.

f.  Connect the oscilloscope 10 X probe to the junction of A1A3L6 and A 1A3R28.
The level should be 95 mV p=p approximately.

g. Set the MEASURE MODE BANDWIDTH switch to the OUT-WIDE position.
Adjust A1A3R17 (Wideband Gain Equalization) for same level measured in
step f. If ATA3RI17 has insufficient range to obtain the same level as in step f,
increase the value of ATA3R12 slightly and repeat steps ¢ through f.

h. Set AT1A3R31, A1A3R40 and A1A3R47 to mld-range. Connect the oscilloscope

10 X probe to A1A3-6. Adjust A1A3L8 for maximum amplitude. Ad|ust A1A3R40
(High Sens. Gain Adj.) for a level of 2.1V p-p approximately.
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Set the MEASURE SENSITIVITY switch fo the NORMAL position. Connect
the oscilloscope 10 X probe to A1A3U1-5. Adjust ATA3L13 for maximum
amplitude at 9 MHz. The level should be 370 mV p-p approximately.

Disconnect all jumper wires, test cables and test equipment previously
installed, except the wire between pins 9 and 10 on the rear panel 24 pin
connector,

Broadband Amplifier Alignment (A1A2)

a.

b.

C.

€.

g.

Connect the sweep generator RF output receptacle to the MEASURE INPUT
receptacle using a 50 ohm BNC cable.

Disconnect the BNC cable connector at A1A4J3. Connect the detector RF
input connector to this cable connector. Connect the detector output to
the sweep generator demodulator input jack.

Connect the sweep generator oscilloscope vertical connector to the oscilloscope
vertical input connector using a 50 ohm coaxial cable.

Connect the sweep generator oscilloscope horizontal connector to the
oscilloscope horizontal input connector using a50 ohm coaxial cable.

Set the sweep generator center frequency control to 250 MHz, sweep width
control to approximately 520 MHz, 50 MHz marker switch on, and output
level to =21 dBm,

Set the oscilloscope timebase to external and adjust the horizontal and vertical
amplitude controls and switches so that the display deflects approximately
three-quarters of the CRT graticule.

Adjust the sweep generator marker amplitude controls to display the 50 MHz
markers. Adjust the center frequency control if necessary to display all
50 MHz markers between 50 kHz and 500 MHz.

Adjust trimmer capacitor A1A2C11 and select A1A2C12 for the flattest possible
response curve on the oscilloscope. Readjust as necessary as there is interaction
between the two adjustments,

Individually short one or more turns of A1A2L2 and A1A2L4 together using

two insulated tuning sticks to obtain the flattest possible response up to

512 MHz. Solder the necessary turns together. Readjust the trimmer capacitors
as necessary,

Individually select resistors AIAZR8 and A1A2R13 as necessary to obtain the
flattest overall response. Decrease the resistance to decrease the gain. -
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.  Individually select resistors ATA2R18 and ATA2R19 as necessary to obtain
the flattest overall response. Do not decrease the value of A1A2R18 or
A1A2R19 to less than 680 ohms as it will affect the bias of transistors
ATA2Q2 and A1A2QM4,

m. When the amplifier response is flat within £1.5 dB from 50 kHz to 600 MHz,
disconnect the detector RF input connector from the A1A2 BNC cable and
connect the power meter to this cable.

n. Set the sweep generator to the CW mode, center frequency control to 50 kHz,
and the output level to -1 dBm, ~

p. Vary the sweep generator center frequency control from 50 kHz to 512 MHz.
The output level should be -1 dBm +1.5 dB.

r. |f the output level is not -1 dBm 1.5 dB, the value of the 3 dB attenuator pad

ATA2R1 through A1A2R3 must be changed. Select the proper resistor values
from Table 4-14,

TABLE 4-14, ATTENUATOR PAD RESISTOR VALUES

ATTENUATION +5% +5%
SERIES SHUNT
RESISTOR RESISTORS

2 dB 12 a 430 o
3 dB 16 A 300
6 dB 39 a 150
7 dB 43 a 130
8 dB 51 120
10 dB 68 a. 100
11 dB 82 A ' 21 A
12 dB 91 82 a

s. Set the sweep generator output level to =21 dBm. Rotate the center frequency
control from 50 kHz to 512 MHz. The output level should be -0.75 dBm
+1,25 dB (-2 dBm to 0.5 dBm).

t. If the output level is not within tolerance the amplifier must be realigned
so that it is not in compression with an input level of =21 dBm.
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4,44.4

u.

Disconnect all test equipment and associated cables from the unit. Reconnect
all internal cables within the instrument. Remove the 24 pin test connector
from the rear panel connector.

Measure Input Sensitivity and Calibration

a.

bo

C.

€.

Install the RFM-10D into the mainframe using the RFM Module extender test
jig. Install the FIM and MDM-1 into the mainframe.

Set the mainframe MODE switch to the MEAS position and the MEASURE MODE
AUDIO OUTPUT switch to the IN-BEAT NOTE position. Set the FIM RANGE
switch to ZERO and zero the FIM meter with the ZERO control. Set the FIM
RANGE switch to the 5 kHz position. Set the MDM-1 MTR switch to the LIM=IN
position. Set the RFM-10D MEASURE MODE BANDWIDTH switch to the IN-
NARROW position and verify that the NARROW lamp is lit. Set the RFM-10D
MEASURE SENSITIVITY switch to the NORMAL position and the MEASURE
SENSITIVITY control to the fully “cw position (0.064 mV).

Set the mainframe Frequency switches to a frequency above 11 MHz that does not
produce limiter current on the MDM-1 meter due to internal spurs. Connect the
signal generator RF output connector to the RFM-10D MEASURE INPUT connector, J1.
Set the signal generator frequency to that of the mainframe and the output level
to the minimum level required to produce a beat indication on the BEAT lamp and
the speadker.

Zero bedt the signal generator to the mainframe and reduce the signal generator
output level to =71 dBm,

Adjust ATA3R31 (Normal Sensitivity Gain Adj.) to obtain red line limiter current
on the MDM-1 meter.

Set the RFM-10D MEASURE SENSITIVITY control to fully ccw position (2.0 mV)
and set the signal generator output level to =41 dBm.

Adjust ATA3R64 (Meas. Sens. Limit Adj.) to obtain red line limiter current on the
MDM-1 meter.

Repeat steps d through g until the MEASURE SENSITIVITY control range is exactly
30 dB (0.064 mV to 2.0 mV).

Set the RFM=-10D MEASURE SENSITIVITY switch to the HIGH position and the
MEASURE SENSITIVITY control to the 2.0 uV position.

Set the signal generator output level to ~101 dBm. Adjust A1A3R40 (High Sens.
Gain Adj.) to obtain red-line limiter current on the MDM-1 meter.
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r.

Se

u.

V.

ab.

ac.

Temporarily disconnect the signal generator from the RFM=-10D and verify that
the MDM-1 meter indication is zero. |f the meter does not indicate zero, set
the mainframe Frequencyswitches to a frequency that internal spurs do not
produce limiter current on the MDM-1 meter.

If step e was performed, repeat steps b through k.
Set the signal generator output level to =71 dBm,

Set the RFM-10D MEASURE SENSITIVITY control to the fully ccw position
(64 uV) and verify that the MDM-1 meter indicates red-line limiter current,

Set the MEASURE SENSITIVITY switch to the NORMAL position and the
MEASURE SENSITIVITY control to the 1 mV position. Adjust the signal
generator output level fo obtain red-line limiter current on.the MDM-1

meter. The signal generator output level should be -47 dBm +3 dB.

Repeat step r except substitute 0.5 mV for 1 mV and -53 dBm +3 dB for
-47 dBm +3 dB.

Repeat step 4 except substitute 0,025 mV for 1 mV and =59 dBm +3 dB for
-47 dBm +3 dB.

Repeat step 4 except substitute 0.125 mV for 1 mV and =65 dBm +3 dB for
-47 dBm +3 dB.

Set the RFM-10D MEASURE SENSITIVITY switch to HIGH and the control

to 64 uV. Adjust the signal generator output level to obtain red-line limiter
current on the MDM-1 meter. The signal generator output level should be

=71 dBm.

Repeat step v except substitute 32 uV for 64 uV and =77 dBm +3 dB for =71 dBm.
Repeat step v except substitute 16 uV for 64 vV and =83 dBm 43 dB for =71 dBm,
Repeat step v except substitute 8 uV for 64 uV and -89 dBm +3 dB for ~71 dBm.
Repeat step v except substitute 4 uV for 64 uV. and =95 dBm +3 dB for =71 dBm.
Repeat step v except substitute 2 uV for 64 uV and =101 dBm for =71 dBm.

Set the mainframe Frequency switches to 1 MHz and the RFM-10D MEASURE |
SENSITIVITY switch to NORMAL. Set the signal generator frequency to 1 MHz
and set the output level to produce a zero beat note/lamp indication. Zero beat
the signal generator to the mainframe and reduce the signal generator output level
to obtain red line limiter current on the MDM-1 meter. The signal generator output

level should be 70 uV £30 uV rms (40 uV to 100 uV rms).
Repeat step ab at 50 MHz and every 50 MHz up to 550 MHz and at 512 MHz.



4,44,5 Gen Mod Cal Adjustment

a. Set the mainframe MODE switch to the GEN MOD CAL position and the RFM-10D
MEASURE MODE BANDWIDTH switch to the OUT-WIDE position. Set the
RFM=-10D A1A3R47 to mid-range.

b. Select the value of A1A4R35 to obtain a limiter current indication of approximately
15 on the 18 kHz scale.

c. Readjust A1A3R47 to obtain a limiter current indication of exactly 15 on the
18 kHz scale.

d. Remove the MDM-1 from the mainframe and install the OAM-1. Calibrate the
OAM-1 and verify that the OAM-1 CARRIER LEVEL control can position the CRT
trace above and below the CARRIER SET line of the graticule.

4,44,6 RF Output Leveling ' ok

a. Set the mainframe MODE switch to the GEN position, Frequency switches to
250 MHz and the RFM-10D RF QUTPUT switch to =30 dBm.

b. Connect the power meter, with 50 ohm termination, fo the RFM=~10D RF OUTPUT
connector, J1. Set the power meter range to =30 dBm.

c. Adjustthe mainframe A1A2R31to obtain =30 dBm on the power meter. Rotate the
mainframe Frequency switches to each position (100 MHz control 0 to 5 only).
- The RF output shall be -30 dBm +3 dB from 50 kHz to 512 MHz.
4,45 FAULT ISOLATION PROCEDURES (MODEL RFM-10D MODULE)
Fault isolation procedures are presented to provide a guide in servicing the RFM-10D.
The procedures follow the sequence of the minimum performance checkout procedures,
Section 4.43, with each subsection keyed to the paragraph in Section 4.43 that first
indicates a fault, When a fault is noted during RFM-10D operation, proceed as
follows:
a. Perform minimum performance checkout procedures in Section 4,43.

b. Start fault isolation procedures at the point where minimum performance cannot
be satisfied.
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4,45,1

4.45,2

4-116

c. When the fault is isolated to a function, such as the 11 MHz amplifier, refer
to the alignment procedure for that function in Section 4,44 and check alignment
of that function before proceeding with fault isolation.

d. After a fault is repaired, complete the minimum performance checkout procedure
to determine if further alignment is necessary.

Output Level Not Within Tolerance (4.43.2-d and 4,43.2-¢)

a. Check alignment of broadband amplifier as in paragraph 4.44.1.
b. Check alignment of ALC detector as in paragraph 4.44,2,

c. Check variable attenuator, ATI.

d. Check mainframe as in mainframe section of manual.

Measure Mode Sensitivity Not Within Tolerance (4.43. 3-f)

a. Check measure input sensitivity alignment as in paragraph 4.44.4,
b. Check 11 MHz IF alignment as in paragraph 4.44.2,
c. Check 9 MHz filter alignment as in paragraph 4.44.2,

d. Check 2 MHz IF dlignment as in paragraph 4.44,2



4,46 TEST EQUIPMENT REQUIRED (MODEL RFM-11A MODULE)

The test equipment required for the checkout, alignment, calibration and

troubleshooting is tabulated in Table 4-15. Minimum parameters are provided

to aid in the selection of the equivalent types.

TEST EQUIPMENT REQUIREMENTS FOR MODEL RFM-11A

TABLE 4-15

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Sweep Generator

RF Detector

Signal Generator

Oscilloscope with
10 X Probe

RF Voltmeter with
50 ohm load & T

DC Digital Voltmeter
Power Supply

9 MHz Signal Source

Frequency range: 50 kHz to 1.3 GHz
Output level: -81 dBm to +1 dBm

(20 wV to 224 mV)
Markers: 50 MHz and 10 MHz

Frequency range: 50 kHz to 1.3 GHz

Frequency range: 50 kHz to 1.288 GHz

Level: =81 dBm to O dBm (20 uV to 224
mV)

Output impedance: 50 ohms

Frequency response: 140 MHz
Vertical sensitivity: 5 mV/cm

Frequency response: 50 kHz to 1.3 GHz

Level: =56 dBm to -6 dBm (355 uV to 112
mV -

Accuracy: +1 dB

Level: -20 mV dc
Accuracy: =1%

Level: 9 Vdc at 250 mA

Frequency range: 9 MHz
Level: =7 dBm (100 mV rms)
Impedance: 50 ohms

Wavetek Model 2001
(Use Singer Model FM-
2748 below 200 kHz)
Wavetek Model D152

Singer Model FM-2748

Tektronix Model 454

Hewlett-Packard
Model 3406A/
11063A/6064

Hewl ett=Packard
Model 3440A

Hewl ett=-Packard
Model 721A

Singer Model FM-2748
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Table 4-15, Test Equipment Requirements for Model RFM-11A (Cont.)

INSTRUMENT MINIMUM PARAMETERS RECOMMENDED MODEL
Mainframe/FIM Module/ Required for testing RFM=11A Module Singer Model FM-10C
MDM-1 Module Mainframe with FIM
and MDM-1 Modules
Spectrum Analyzer Frequency range: 700 MHz Singer Model SPA-3000
Level: -60 dBm to +4 dBm
RF Module extender jig Required for testing RFM=-11A Module Singer Model PC-2653
Connector 24 pin, female Singer P/N 1-910072-002
Connector BNC Singer P/N 1-910022-004
Connector Push-on Singer P/N 1-910173-001
{Capacitor o 0.01 vF Not applicable
BNC to phono Not applicable
jack adapter

4.47 MINIMUM PERFORMANCE CHECKOUT PROCEDURE (MODEL RFM-11A MODULE)

4.47.1 Power Requirements

All power required by the RFM=11A is supplied by the mainframe.

4.47.2  Output Level Check

a. Install the RFM-11A into the mainframe left~hand compartment. Connect the RF
voltmeter with the 50 ohm termination to the 0.05-588 MHz MEASURE INPUT/
RF OUTPUT receptacle of the RFM-11A module. Set mainframe MODE switch™
to the GEN position.

b. Set the RF OUTPUT attenuator to =30 dBm.

c. Set the mainframe Frequency switches to 250.0000 MHz and the 0-100 Hz control
to the OUT position.

d. The RF voltmeter should indicate =30 dBm +3 dB (-33 dBm to =27 dBm).
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4,47.3

4.48

Repeat step c and d at 50 kHz, 1 MHz, 10 MHz, 50 MHz and every 50 MHz
up to 599 MHz.

Set the mainframe Frequency switches to 800 MHz. Disconnect the RF
voltmeter from the RFM-11A 0.05-588 MHz MEASURE INPUT/RF OUTPUT

receptacle and connect it to the 800-1288 MHz MEASURE INPUT/RF OUTPUT
receptacle.

The RF output level should be -30 dBm +4 dB (~34 dBm to =26 dBm). Rotate the
mainframe Frequency switches to 850 MHz, 9200 MHz and every 50 MHz up to
1200 MHz. The output level should be =30 dBm +4 dB (-34 dBm to -26 dBm)
for all test frequencies. '

Measure Mode Sensitivity Check

a.

Set the mainframe MODE switch to MEAS, MEASURE MODE AUDIO OUTPUT
switch to IN-BEAT NOTE, GENERATOR MODULATION switch to OUT-OFF
and Frequency switches to 151 MHz.

Set the RF module MEASURE MODE BANDWIDTH switch to OUT-WIDE. Set
the MEASURE SENSITIVITY switch and MEASURE SENSITIVITY control to
0.64 mV.

Connect the signal generator to the RF module 0.05-588 MHz MEASURE INPUT/
RF OUTPUT receptacle. Set its frequency to 151 MHz and level to =51 dBm,

Insert the MDM=1 module into the right-hand compartment and the FIM module
in the center compartment. Set the MDM-1 MTR switch to the LIM (IN)
position.

Adjust the signal generator frequency slightly to obtain a zero beat indication
on the FIM BEAT lamp.

The MDM-1 meter should indicate "red-line". If not, readjust the signal
generator output level to obtain exactly "red-line" on the MDM-1 meter.
The signal generator output level should be 0.64 mV rms +3 dB (0.45 mV to 0.89 mV).

ALIGNMENT AND ADJUSTMENT (MODEL RFM-11A MODULE)

NOTE:

The alignment and adjustment procedure is performed with
the RFM-11A disconnected from the mainframe so that no
problem in the mainframe will affect the alignment of the
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RFM=-11A. Refer to Figure 4-52 through 4-55 for test point
and trimmer locations., Remove the five screws from the
back of the RFM=11A and slide the cover off.

4.48.1  Broadband Amplifier Alignment (A1A4)

a. Place the connector P/N 1-910072-002 onto its mating plug on the rear
panel of the RFM-11A. Make up a BNC to "push-on" connector cable
adapter (using the push-on connector P/N 1-910173-001) with an over-
all length of approximately 10",

b. Connect the power supply positive lead to pin 9 and the negative lead to
pin 21 of the rear panel 24 pin connector. Disconnect the positive lead
of AT1A4C35 from the circuit board.

c. Connect the sweep generator RF output ¢onnector to the rear panel RF
input connector, P1, of the RFM-11A using the 10" BNC to "push_on"
cable adapter made up in Step a.

d. Disconnect BNC coaxial cable W1 from A1A4J2 and connect A1A4J2 to
the detector RF input with a 6" to 12" 50 ohm BNC cable.

e. Connect the detector dc output to the sweep generator demodulotor input
receptacle.

f. Connect the sweep generator oscilloscope vertical receptacle to the
oscilloscope vertical input receptacle with a 50 ohm coaxial cable.

g. Connect the sweep generator oscilloscope horizontal receptacle to the
oscilloscope horizontal input receptacle with a 50 ohm coaxial cable.

h. Set the sweep generator center frequency to 250 MHz, sweep width to
approximately 520 MHz, 50 MHz markers on, and output level to =33 dBm.

i. Adjust the sweep generator marker amplitude controls to display the 50 MHz
markers. Adjust the center frequency control if necessary to display all 50
MHz markers between 50 kHz and 500 MHz.

I.  Adjust trimmer capacitors A1A4C10, A1A4C11, AT1A4C22 and A1A4C24,
ddn select A1A4C12 and A1A4C23 for the flattest possible response curve
on the oscilloscope. Readjust as necessary as there is interaction !between
the adjustments.
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4-122



| .80 ms QA@W

N £
o N
—e e© . @Q%oa
™M
VN Lo
< )
$ < Q0 ﬂﬁ@l
& o=
SN N[N v
) N " "ne
' 2, O @
nco

Figure 4-54, Broadband Amplifier and Mixer Assemd y, A1A4 (RFM-11A)

4-123



(input Level Adjust)

Figure 4-55. 700 MHz Multiplier Assembly, A1A5 (RFM-11A)
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m. Set the sweep generator frequency range to 450 MHz to 600 MHz and

n.

re

S.

individually short one or more turns of A1A4L2, ATA4L4, A1A4L6 and
A1A4L8 together, using two insulated tuning sticks, to obtain the flattest
possible response from 450 MHz to 600 MHz. Solder the necessary turns
together. Readjust the trimmer capacitors as necessary.

Individually select resistors A1A4R5, AT1A4R13, ATA4R19 and ATA4R25
as necessary to obtain the flattest overall response. Decrecse the
resistance values to decrease the gain.

If the high frequency gain is too high or the amplifier has tendencies to
oscillate, reduce the values of A1A4R20 and A1A4R26 until the required
flatness at the high frequency end is obtained or the oscillations cease.

After the response curve is flat within +1 dB from 50 kHz to 600 MHz,
disconnect the detector from A1A4J2 and connect the RF voltmeter with
50 ohm load to A1A4J2, Set the sweep generator to the CW mode. The
output level at A1A4J2 should be 0 dBm +1 dB. Rotate the sweep generator
center frequency control from 200 kHz to 600. MHz. The level should not
vary more than +1 dB from 0 dBm. Use the signal generator to check the
flatness from 50 kHz to 200 kHz. :

Rotate the sweep generator center frequency control to 250 MHz. Adjust
the sweep generator output level if necessary to obtain exactly 0 dBm on
the power meter.

" Disconnect the RF voltmeter from A1A4J2 and connect the 50 ohm BNC

load to A1A4)2, Set the sweep generator to the Af mode. - Connect a
jumper between pin 9 and pin 10 on the rear panel 24 pin connector.

Solder the positive lead of A1A4C35 into its printed circuit pad connected

to ATA4L9. Remove the negative lead of A1A4C35 from its printed circuit
pad. Solder the center conductor of a BNC test calbe to the negative lead
of A1A4C35 and solder the shield to ground. Connect the detector to this

BNC cdble,

CAUTION
Be careful not to short the case of
A1A4Q9 to ground as it is internally
connected to the collector,

Select the values of ATA4R42, ATA4C32 and A1A4C34 to obtain the flattest
possible response. Capacitor A1A4C32 may be deleted if necessary.
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w. Set the sweep generator o the CW mode. Vary the frequency from 50 kHz
to 600 MHz. The output level at A1A4J4 should be +4 dBm +2 dB.

x. Disconnect the BNC cable from A1A4C35 and solder the negative lead
of A1A4C35 into the printed circuit pad.

y. Disconnect the BNC to push-on cable adapter from the sweep generator
RF output receptacle ‘and connect it to the signal generator RF output
receptacle.

z. Disconnect the BNC 50 ohm load from A1A4J2 and connect the RF voltmeter
with 50 ohm load to A1A4J2.

aa, Set the signal generator frequency to 50 kHz and the output level to produce
+6 dBm on the RF voltmeter.

ab. Reduce the signal generator output level 10 dB. The RF voltmeter should
indicate =3 dBm minimum.

ac, RepeatSteps aa and ab at 1 MHz, 10 MHz, 50 MHz, and every 50 MHz
up to 600 MHz. 4

ad. Connect the digital voltmeter between pin 3 of the 24 pin rear panel
connector and the chassis.

ae, Set the signal generator frequency to 50 kHz and the output level to produce
0 dBm on the RF voltmeter. Observe the digital voltmeter indication.

af, Select the value of A1A4R31 until the indication on the digital voltmeter
is approximately =20 mV dc. (Increasing A1A4R31 increases the voltage.)

ag. Set the signal generator frequency to 600 MHz and adjust the output level
to obtain 9 dBm on the RF voltmeter.

ah. If the voltage on the digital voltmeter is more negative than -23 mV dc,
add capacitor A1A4C28 across A1A4R31 (value from 1 pF to 5 pF DM-15)
until the voltage is approximately equal to that at 50 kHz. If the voltage
is less negative than =17 mV dc, add capacitor A1A4C26 across A1A4R30
(value from 0.1 pF to 1.0 pF tubular P/N 1-900066~xxx) until the voltage
is approximately equal to that at 50 kHz.

aj. Repeat Step ae at 1 MHz, 10 MHz, 50 MHz and every 50 MHz up to 600 MHz.

Maintain the amplifier output level at 0 dBm at each frequency. The voltage
should not vary greater than +3 mV dc from the voltage observed at 50 kHz.
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4'48Q2

700 MHz Multiplier Alignment (A1A5)

a.

b.

C.

Disconnect the jumper wires between pins 9 and 10 on the rear panel 24
pin connector. Connect a jumper wire between pins 9 and 11,

Solder the BNC test cable to the rear panel 24 pin connector, center
conductor to pin 5 and shield to pin 17.

Connect the signal generator to the BNC test cable. Set the frequency
to 10 MHz and the output level to -7 dBm.

Connect the oscilloscope 10 X probe to A1A5TP1. Adjust A1A5R]1 to obtain
a 10 MHz sine wave of approximately 320 mV p-p.

Connect the oscilloscope 10 X probe to the collector of A1A5Q4. Adjust
A1A5L1T for maximum amplitude at 20 MHz. If the amplitude is less than
6.5 p-p, increase the value of A1A5C16 to obtain 6.5 V p-p. If the
value of A1A5C16 is too large, it will cause the ATA5Q3 stage to
oscillate.

Unsolder the tap from A1A5L2 and connect a BNC test cable through a 0.01
uF capacitor to A1A5L2, approximately 1/2 turn from the grounded end.
Connect the BNC connector to the sweep generator RF output receptacle.

Unsolder the tap from AT1A5L3 and connect a BNC test cable through a 0.01
uF capacitor to A1A5L3 approximately 1/2 turn from the grounded end.
Connect the BNC connector to the detector RF input receptacle. Connect
the detector dc output receptacle to the sweep generator- demodulator
input receptacle.

Repeat Steps 4.48, 1-f and 4.48, 1-g.

Set the sweep generator center frequency control to 140 MHz, attenuator
to 0 dBm, and 50 MHz harmonic switch on,

Set the oscilloscope horizontal and vertical controls so that the display
deflects approximately three-quarters of the CRT graticule.

Adjust the sweep generator center frequency control so that the 150 MHz
marker is on the right side of the oscilloscope CRT graticule. Set the sweep
generator 10 MHz harmonics switch on. Adjust the sweep generator center
frequency and sweep width controls to place the 140 MHz marker (1st marker

on left side of 150 MHz marker) on the center graticule line and the 130 MHz

and 150 MHz markers so that they are present on each side of the 140 MHz
marker,
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m. Adjust A1A5C17 and A1A5C23; spread the turns of A1A5L2 and A1A5L3 to
center the response curve on the 140 MHz marker and for the best symmetry.

n. If the response curve is overcoupled (dip in the center), decrease the value
of A1A5C20 to obtain the narrowest possible response curve with minimum
insertion loss.

p. Disconnect the BNC test cable connector from the detector RF input receptacle
and connect the cable to the RF voltmeter.

r. Set the sweep generator mode to CW and adjust the output attenuator to
produce 0 dBm on the RF voltmeter.

s. Set the sweep generator center frequency control to 130 MHz. The RF
voltmeter should indicate =26 dBm minimum,

t. Set the sweep generator center frequency control to 150 MHz. The RF
voltmeter should indicate =26 dBm minimum,

u. Set the sweep generator center frequency control to 140 MHz. The RF
voltmeter should indicate -6 dBm maximum.

v. Disconnect the sweep generator RF voltmeter and BNC test cables. Resolder
the taps to A1A5L2 and A1A5L3, 1/2 turn from ac ground.

w. Connect the oscilloscope 10 X probe to A1A5TP2. The level should be 200 mV
p-p. If the level is less than 200 mV p-p, move A1A5L2 and A1A5L3 taps up
“to obtain 200 mV p-p (3/4 turn is the maximum allowed).

x. Disconnect the oscilloscope 10 X probe from A1A5TP2 and connect it to
terminal post A1A5-7. Tune A1A5C25 for maximum output level at 140 MHz.
The level should be 800 mV p-p. If it is less than 800 mV p-p, move A1A5L4
tap up (3/4 turn maximum) and increase the value of A1A5C29 if necessary
to obtain 800 mV p-p. If A1A5C29 is too large, the A1A5Q5 stage may
oscillate. If oscillation occurs, increase the value of A1A5R17 and decrease
the value of A1A5C29 until the oscillation stops.

y. Disconnect the oscilloscope 10 X probe from terminal post A1A5-7 and connect
it to junction of A1A5C37 and ATA5L6. Tune A1A5C32 for maximum output
level at 140 MHz. The output level should be approximately 3.2 V p-p.
If it is less than 3.2 V p-p, move AIA5C37 up on A1A5L5 (3/4 turn maximum)
and increase the value of A1A5C34, if necessary, to obtain 3.2 V p-p. If
A1A5C34 is too large, AIA5 Q6 stage may oscillate. If oscillation'occurs, increase
the value of A1ABR22 and decrease the value of A1A5C34 until the oscillation

stops.
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z. Disconnect the oscilloscope 10 X probe from the standoff terminal. Unsolder
the coaxial cable center conductor from standoff terminal A1A5-4 and
connect the BNC test cable to standoff terminal A1A5-4,

aa. Connect the signal generator fo the spectrum analyzer RF input receptacle.
Set the signal generator frequency to 700 MHz and center the 700 MHz
response on the spectrum analyzer.

ab. Disconnect the signal source from the spectrum analyzer and connect the
spectrum analyzer RF input receptacle to the BNC test cable installed in
Step z.

ac. Tune A1A5C39 and A1A5C45 for maximum output level at 700 MHz on the
spectrum analyzer. Move ATA5C41 on A1A5L7 to obtain the maximum
possible output level on the spectrum analyzer. Select the value of A1A5C42
to obtain the maximum possible output level on the spectrum analyzer. Move
ATA5C44 on ATA5L8 to obtain the maximum possible output level. Return
ATA5LT, ATA5C17, A1A1C23, A1A5C32, ATA5C39 and AT1A5C45 for
maximum output level with minimum sidebands. The sidebands are 10 MHz,
20 MHz and 140 MHz out from 700 MHz and should be =45 dB minimum.

ad. Disconnect the spectrum analyzer from the BNC test cable and connect the
~ RF voltmeter, with 50 ohm termination, to the BNC test cable. The output
level shall be +4 dBm minimum. If the output level is less than +4 dBm,
select the value of A1A5C42 and move A1A5C41 on A1A5L7 and A1A5C44
on A1A5L8 to obtain +5 dBm minimum.

ae. Disconnect the RF voltmeter and BNC test cable from standoff terminal
A1A5-4 and resolder the coaxial cable center conductor to standoff .
terminal AT1A5-4, Install the cover on the board.

af. Disconnect the 700 MHz filter, FL2, BNC cable from mixer Z1-L port and
connect it to the spectrum analyzer RF input receptacle. Tune the trimmer
capacitor on FL2 for maximum output with minimum sidebands ot 700 MHz.

ag. Readiust ATA5C32, A1A5C39, AT1A5C45 and the trimmer.capacitor on FL2 for
maximum output with minimum sidebands at 700 MHz. The sidebands are
10 MHz, 20 MHz and 140 MHz out from the 700 MHz and should be -60-dB
minimum,

ah. Disconnect the spectrum analyzer from the FL2 BNC cable and connect the
BNC cable fo the RF voltmeter with 50 ohm termination. The output level
should be +3 dBm minimum,

ai. If the output level is less than +3 dBm and the sidebands are less than 60 dB
down, disconnect the RF voltmeter from the FL2 BNC cable and connect the
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cable to the detector RF input receptacle. Connect the detector . dc output
receptacle to the sweep generator demodulator input receptacle. Remove
the cover from A1A5 and unsolder the coaxial cable center conductor from
standoff terminal A1A5-4., Connect the BNC test cable to the coaxial cable
center conductor and shield to ground. Connect the BNC connector of the
test cable to the sweep generator RF output receptacle.

aj. Set the sweep generator controls as follows: center frequency control to
700 MHz, sweep width control to approximately.550 MHz, output attenuator
to 0 dBm, 50 MHz harmonic switch to on and mode fo DF,

ah. Connect the sweep generator oscilloscope vertical receptacle to the oscillo-
scope vertical input receptacle with a 50 ohm coaxial cable.

al. Connect the sweep generator oscilloscope horizontal receptacle to the
oscilloscope horizontal input receptacle with a 50 ohm coaxial cable.

am, Set the oscilloscope time base to external and adjust the horizontal and
vertical amplitude controls and switches so that the display deflects approxi-
mately three-quarters of the CRT graticule.

~an, Adjust the sweep generator center frequency to position the 700. MHz marker
on the center line of the CRT graticule and adjust the sweep width control to
position the 650 MHz and 750 MHz markers on the outside lines of the graticule.

ao. Pull the filter, FL2, away freth the filter cover mounted on the side chassis.
Adjust the trimmer on FL2 to position the response curve peak exactly on the
700 MHz marker. Decrease the filter insertion loss by moving the input and
output cable coupling links (center conductors) equally closer to the resonator
while maintaining symmetry of the response curve.

ap. Install the filter into the filter cover and readjust the trimmer on FL2 if
necessary to center the response curve on the 700 MHz marker. Disconnect
the BNC test cable connector from the sweep generator RF output receptacle
and connect it to the signal generator RF output receptacle. Set the signal
generator frequency to 700 MHz and set the output level to 0 dBm.

aq. Disconnect the FL2 BNC cable from the detector RF receptacle and connect
it to the RF voltmeter with 50 ohm termination. The output level shall be -1.5
dBm minimum,

ar. Set the signal generator frequency to 690 MHz. The output level should be
-5.5 dBm maximum,

as. Set the signal generator frequency to 710 MHz. The output level should be
=5.5 dBm maximum,



at. Set the signal generator frequency to 840 MHz. The output level should be
~-20 dBm maximum,

au. Set the signal generator frequency to 560 MHz. The output level should be
-20 dBm maximum,

av. Disconnect the signal generator and the BNC test cable from the coaxial cable
center conductor on A1A5, Resolder the coaxial cable center conductor to
standoff terminal A1A5-4, Reinstall the cover on A1A5.

aw. Retune A1A5C32, ATA5C39, A1A5C45 and the trimmer capacitor on FL2 for
maximum output. The output level should be +3 dBm minimum,

ax. Disconnect the RF voltmeter from the FL2 BNC cable and connect the BNC
cable to the spectrum analyzer RF input receptacle. - Verify that the 10 MHz,
20 MHz and 140 MHz sidebands are 60 dB minimum below the 700 MHz level,

ay. Disconnect the FL2 BNC cable from the spectrum analyzer RF input receptacle
and connect it back to Z1-L port. Sport solder FL2 into the housing cover.

4.48.3  RF Switch and Broadband Amplifier Alignment (A1A2)

a. Connect a jumper wire between pins 9 and 11, in addition to the jumper wire
between pins 9 and 10, on the rear panel 24 pin connector.

b, Disconnect the coaxial cable center conductor from the junction of A1A2C22
and ATA2C23 and connect it to the deftector RF input receptacle using the BNC
test cable.

c. Connect the detector DC output receptacle to the sweep generator demodulator
input receptacle,

d. Connect the sweep generator RF output receptacle to the RFM-11A MEASURE
INPUT/RF OUTPU T 800-1288 MHz receptacle with a BNC cable.

e. Connect the sweep generator vertical receptacle to the oscilloscope vertical
input receptacle with a 50 ohm coaxial cable.

f.  Connect the sweep generator horizontal receptacle to the oscilloscope hori-
zontal input receptacle with a 50 ohm coaxial cable.

g. Set the sweep generator center frequency to 875 MHz, sweep width to approxi-
mately 160 MHz, 50 MHz markers on, and output level to 0 dBm.
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n.

q.

L

Se

t.

U.

Set the oscilloscope timebase to external and adjust the horizontal and vertical
amplitude controls and switches so that the display deflects approximately
three-quarters of the CRT graticule.

Note the flatness of the response curve.

Set the sweep generator center frequency to 1100 MHz and set the sweep width
to approximately 420 MHz. Note the flatness of the response curve.

The flatness should be +1.5 dB from 800 MHz to 1300 MHz.
Set the sweep generator mode to CW, center frequency to 800 MHz.

Disconnect the detector RF receptacle from the BNC test cable and connect the
RF voltmeter with 50 ohm termination to the BNC test cable. Rotate the sweep
generator center frequency between 800 MHz and 950 MHz and note the minimum
and maximum output level on the RF voltmeter.

Rotate the center frequency between 900 MHz and 1300 MHz and note the
minimum and maximum output level on the RF voltmeter.

If the output level variation between 800 MHz and 1500 MHz is greater than

+1.5 dB, disconnect the RF voltmeter and connect the detector RF receptacle

to the BNC test cable. Repeat Steps e through | and select the values of A1A2C24
and A1A2C26 to reduce the output level variation to less than +1.5 dB.

Repeat Steps m and'n.

Once the level is flat within £1.5 dB between 800 MHz and 1300 MHz, note
the average output level for use in a following step. The output level should
be approximately =12 dBm,

Disconnect the RF voltmeter from the BNC test cable and connect the detector
RF input receptacle to the BNC test cable.

Disconnect the jumper wire between pins 9 and 11 on the rear panel 24 pin
connector and connect it between pins 9 and 7.

Disconnect the sweep generator RF output receptacle from the RFM-11A
MEASURE INPUT/RF OUTPUT 800-1288 MHz receptacle and connect it to
the MEASURE INPUT/RF OUTPUT .05-588 MHz receptacle.

Set the sweep generator mode to& f, center frequency to 250 MHz, sweep
width to 520 MHz. '



Xe

z,

ad,

Observe the response curve on the oscilloscope. Set the sweep generator

- center frequency to 700 MHz and set the sweep width fo 500 MHz. The

flatness should be +1.5 dB from 50 kHz to 600 MHz.
Set the sweep generator mode to CW, center frequency to 50 kHz.
Disconnect the detector RF input receptaclé from the BNC test cable and

connect the RF voltmeter with 50 ohm termination to the BNC test cable.
Rotate the sweep generator center frequency between 50 kHz and 500 MHz

~ and note the minimum and maximum output level on ‘the RF voltmeter.

Rotate the center frequency between 450 MHz and 600 MHz and note the
minimum and maximum output level on the RF voltmeter.

If the output level variation between minimum and maximum is greater than
+1.5 dB, disconnect the RF voltmeter and connect the detector RF input
receptacle to the BNC test cable. Repeat Steps u and v and select the
value of A1A2C27 to reduce the output level variation to less than 1.5 dB.
Repeat Steps w, x and y. :

Once the output level is flat within 1.5 dB between 50 kHz and 600 MHz,
the average output level on this band must equal the average output level
on the 800 MHz to 1300 MHz band (Step q). This is achieved by selecting
the value of attenuator pad A1A2R15, A1A2R16 and A1A2R17. Determine
the number of dB that the 50 kHz to 600 MHz band average output level
must be increased or decreased by to equal the 800 MHz to 1300 MHz band
average output level and select the proper resistor values from Table 4-16.

TABLE 4-16. ATTENUATOR PAD RESISTOR VALUES

ATTENUATION ‘ +5% +5%

SERIES SHUNT
~ RESISTOR RESISTORS

10 B 68 . , 100 .
N 82 91
12 dB 91 82

2 dB ., 12 430 o
3 dB 16 o 300
6 dB 39 150 o
7 dB 43 130
8 dB | 51 120
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ab.

acl

ad.

ae.

af,

ag.

ah.

ai.

aj.

ak.

al.

am.

an.

Disconnect the RF voltmeter from the BNC test cable and the BNC test cable
from the junction of A1A2C22 and A1A2C23. Connect the coaxial cable
center conductor from A1A2A1-4 and A1A2A1-3 to A1A2C22 and A1A2C23.

Disconnect cable, W1, from AT1-J12 (front panel end). ‘Connect the sweep
generator RF output receptacle to AT1-J12 with a 50 ohm BNC cable. Set
AT1 to =20 dBm.

Connect the detector RF receptacle to the RFM-11A MEASURE INPUT/RF
OUTPUT 0.05-588 MHz receptacle.

Disconnect the jumper wire between pins 9 and 10 on the rear panel 24 pin
connecfor,

Set the sweep generator mode to & f, center frequency to 250 MHz, and sweep
width to approximately 520 MHz,

Observe the response curve on the oscilloscope. Set the sweep generator
center frequency to 525 MHz and the sweep width to 150 MHz. The flatness
should be 1.5 dB from 50 kHz to 600 MHz.

Set the sweep generator mode to CW, center frequency to 50 kHz.

Disconnect the detector RF input receptacle from the MEASURE INPUT/RF
OUTPUT 0.05-588 MHz receptacle and connect the RF voltmeter with 50
ohm termination to this receptacle.

Rotate the sweep generator center‘frequency between 50 kHz and 500 MHz.
The output level should be =20 dBm +1.5 dB.

Rotate the sweep generator center frequency between 450 MHz and 600 MHz.
The output level should be -20 dBm 1.5 dB.

If the output level variation is greater than £1.5 dB from 50 kHz to 600 MHz,
disconnect the RF voltmeter from the MEASURE INPUT/RF OUTPUT 0.05-599
MHz receptacle and connect the detector RF receptacle to this receptacle.
Repeat Steps af and ag and select the values of A1A2C28 and A1A2C29 to
reduce the output level variation to less than £1.5 dB.

If the average output level is not =20 dBm, set the sweep generator mode to
CW, and center frequency to 250 MHz.

Repeat Step ai, Select the value of attenuator pad A1A2R23, A1A2R24 and
ATA2R25 to achieve the output level =20 dBm 1.5 dB. The nominal value
of the attenuator pad is 9 dB. Select the proper resistor values from Table 4-16.



4.48.4

ao.

ap'

aq.

ar,

as.

at.

au,

av,

aw.

Disconnect the RF voltmeter from the MEASURE INPUT/RF OUTPUT 0.05-
588 MHz receptacle. Connect the detector RF input receptacle to the
MEASURE INPUT/RF OUTPUT 800-1288 MHz receptacle.

Disconnect the jumper wi re befween pins 9 and 7 and connect it between
pins 9 and 11 on the rear panel 24 pin connector. -

(:Sef the sweep generator mode toA f, center frequency to 250 MHz, and

sweep width to 520 MHz.

Observe the respbnse curve on the oscilloscope. Set the sweep generator
center frequency to 525 MHz. Set the sweep width to 150 MHz. The
flatness should be £1.5 dB between 100 MHz and 600 MHz.

" Disconnect the detector from the MEASURE INPUT/RF OUTPUT 800-1288

MHz receptacle and connect the RF voltmeter with 50 ohm termmahon to
this receptacle.

Set the sweep generator mode to CWand center frequency to 100 MHz.

Rotate the sweep generator center frequency between 100 MHz and 500 MHz.
The output level should be =20 dBm +1.5 dB. Rotate the center frequency
between 450 MHz and 600 MHz. The output level should be 20 dBm +1.5 dB.

If the output level is not =20 dBm +1.5 dB between 100 MHz and 600 MHz,
a compromise must be made in the attenuator pad value selected in Step .an.
Select a value for the attenuator pad that will produce the output levels on
both bands as close as possible to =20 dBm £1.5 dB.

Disconnect the sweep genera’ror RF output cable from AT1-J12 and reconnect
cable W1'to AT1-J12. Disconnect the RF voltmeter from the MEASURE
INPUT/RF QUTPUT 800-1300 MHz receptacle. Disconnect the jumper wire
wire between pins 9 and 11 on the rear panel 24 pin connector.

Broadband Amplifier Alignment (AIA2)

d.

b.

Connect |umper wn’es bei‘ween pins 9 and 7 and pins 9 and 10 on the rear
panel 24 pin connector.

- Connect the sweep generator RF output receptacle to the MEASURE INPUT/

RF OUTPUT 0.05-588 MHz receptacle using a 50 ohm BNC cable.
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C.

d.

n.

Disconnect the BNC cable connector at A1A4J3. Connect the detector
RF input connector to this cable connector. Connect the detector output
to the sweep generator demodulator input receptacle.

Connect the sweep generator oscilloscope vertical connector to the oscillo-
scope vertical input connector using a 50 ohm coaxial cable.

Connect the sweep generator oscilloscope horizontal connector to the
oscilloscope horizontal input connector using a 50 ohm coaxial cable.

Set the sweep generator center frequency control to 250 MHz, sweep
width control to approximately 520 MHz, 50 MHz markers on, and
output level to =21 dBm. .

Set the oscilloscope timebase to external and adjust the horizontal and
vertical amplitude controls and switches so that the display deflects
approximately three-quarters of the CRT graticule. '

Adjust the sweep generator marker amplitude controls to display the 50
MHz markers. Adjust the center frequency control if necessary to display
all 50 MHz markers between 50 kHz and 500 MHz,

Adjust the trimmer capacitors A1A2C10 and ATA2C11 and select A1A2C12
for the flattest possible response curve on the osci lloscope. Readjust as
necessary as there is interaction between the two adjustments.

Set the sweep generator to sweep from 450 MHz to 600 MHz.
Individually short one or more turns of A1A2L2 and A1A2L4 together

using two insulated tuning sticks to obtain the flattest possible response
up to 600 MHz. Solder the necessary turns together. Readjust the trimmer

‘capacitors as necessary.

Individually select resistors A1A2RB and A1A2R13 as necessary to obtain
the flattest overall response. Decrease the resistance to decrease the gain.

Individually select resistors A1 A2R18 and A1A2R19 as necessary to obtain
the flattest overall response. Do not decrease the value of A1 A2R18

or A1A2R19 to less than 680 ohms as it will affect the bias of transistors
A1A2Q2 and ATA2QM4.

When the amplifier response is flat within+1.5 dB from 50 kHz to 600 MHz,
disconnect the detector RF input connector from the A1A2 BNC cable and
connect the RF voltmeter with 50 ohm load to this cable.



p.

B

S.

U,

aa.

Set the sweep generator to the CW mode, center frequency control to
50 kHz, and the output level to =21 dBm.

Vary the sweep generator center frequency control from 200 kHz to 500
MHz and between 450 MHz and 600 MHz. The output level should be -21
dBm £1.5 dB. Use the signal generator to check the flatness from 50 kHz to
200 kHz.

If the output level is not =21 dBm +1.5 dB, the value of the 5 dB attenuator
pad A1A2R1 through A1A2R3 must be selected Select the proper resistor
values from Table 4-16.

Disconnect the RF voltmeter from the A1A2A1 BNC cable and connect the
detector RF input receptacle to this cable.

Disconnect the sweep generator RF output receptacle from the MEASURE
INPUT/RF OUTPUT 0.05-588 MHz receptacle and connect it to the
MEASURE INPUT/RF OUTPUT 800-1288 MHz receptacle.

Disconnect the jumper wire between pins 9 and 7 and connect it between
pins 9 and 11 on the rear panel 24 pin connector,

Set the sweep generator mode fo & f, center frequency to 875 MHz, sweep
width to 160 MHz, and output level to =21 dBm.

Note the response curve on the oscilloscope. Set the sweep generator center
frequency to 1100 MHz and the sweep width to 420 MHz. The output level
should be flat within +1.5 dB from 800 MHz to 1300 MHz.

Disconnect the detector RF input receptacle from the A1A2A1 BNC cable
and connect the RF voltmeter with 50 ohm load to this cable.

Set the sweep generator mode to CW, center frequency to 800 MHz, and
output level to =21 dBm.

Rotate the sweep generator center frequency control between 800 MHz and
950 MHz. The output level should be =21 dBm +1,5 dB. Rotate the center
frequency control between 900 MHz and 1300 MHz. The output level should
be =21 dBm +1.5 dB.

If the output level is not =21 dBm +1.5 dB between 800 MHz and 1300 MHz,
a compromise must be made inthe alignment performed in steps f through o

to make the output levels on both bands as close as possible to =21 dBm +1.5 dB.

If realignment is necessary, repeat Steps f thru.'y.

Set the sweep generator output level to =1 dBm. Rotate the center frequency

control between 900 MHz and 1300 MHz. The output level should be -0,75 dBm
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4.48.5

4138

ab.

+1,25 dB (-2 dBm to +0.5 dBm). Rotate the center frequency control from
800 MHz to - 950 MHz. The output level should be =0.75 dBm +1.25 dB
(=2 dBm to 40,5 dBm).

If the output level is not within tolerance between 800 MHz and 1300 MHz,
the amplifier must be realigned so that it is not in compression with a
measure input level of =1 dBm.

11 MHz and 2 MHz IF Amplifier Alignment (A1A3)

b'

C.

e.

Disconnect the jumper wire between pins 9 and 11 on the rear panel 24 pin
connector. Connect a jumper wire between pins 9 and 10,

Disconnect the phono plug from A1A4J4 and connect the phono plug to the
BNC to phono plug adapter. Connect the BNC to phono plug adapter to

the signal generator RF output connector via a 50 ohm BNC cable. Set

the signal generator frequency to 11 MHz and set the output level to =39 dBm.

Connect a BNC test cable to the 24 pin connector on the rear panel; center
conductor to pin 24 and shield fo pin 12. Connect the 9 MHz signal source
to the BNC test cable connector. Set the 9 MHz signal source output level
to 125 mV rms. |

Set the front panel MEASURE MO DE BANDWIDTH switch to the IN=NARROW
position, MEASURE SENSITIVITY switch to the HIGH position, and the
MEASURE SENSITIVITY control to 20 mV.

Connect the oscilloscope 10 X probe to the junction of A1A3R2 and
ATA3R3. Adjust ATA3L1 for maximum amplitude af 11 MHz. The level
should be 30 mV p-p approximately.

Connect the oscilloscope 10 X probe to the junction of A1A3C7 and A1A3R6.
Adjust A1A3L2 for maximum amplitude at 11 MHz, The level should be 120
mV p~-p approximately.

Connect the oscilloscope 10 X probe to the junction of A1A3L6 and ATA3R28.
The level should be 95 mV p-p approximately.

Set the MEASURE MODE BANDWIDTH switch to the OUT-WIDE position.
Adjust A1A3R17 for same level measured in step g. If A1A3R17 has in-
sufficient range to obtain the same level as in step g, increase the value
of ATA3R12 slightly and repeat steps d through f. :

Set ATA3R31, A1A3R40 and A1A3R47 to mid-range. Connect the oscilloscope
10 X probe to A1A3-6.. Adjust A1A3L8 for maximum amplitude. Adjust
ATA3R40 for a level of 2.1 V p-p approximately.



n.

Set the MEASURE SENSITIVITY switch to the NORMAL position. Connect
the oscilloscope 10 X probe to A1A3U1-5. Adjust A1A3L13 for maximum
amplitude at 9 MHz. The level should be 370 mV p-p approximately.

Disconnect all jumper wires. test cables and test equipment previously
installed except the wire between pins 9 and 10 on the rear panel 24 pin
connector.

Install the RFM-11A into the mainframe using the RFM module extender test
jig. Install the FIM and MDM-1 into the mainframe.

Set the mainframe MODE switch to the MEAS position and the MEASURE
MODE AUDIO OUTPUT switch to the IN-BEAT NOTE position. Set the

FIM RANGE switch to ZERO and zero the FIM meter with the ZERO control.
Set the FIM RANGE switch to the 5 kHz position. Set the MDM=-1 MTR
switch to the LIM-IN position. Set the RFM-11D MEASURE MODE BAND-
WIDTH switch o the IN-NARROW position and verify that the NARROW
lamp is lit. Set the RFM=11D MEASURE SENSITIVITY switch to the NORMAL
position and the MEASURE SENSITIVITY control to the fully cw position
(0.64 mV).

Set the mainframe Frequency switches to a frequency above 11 MHz that
does not produce limiter current on the MDM-1 meter due to internal spurs.
Connect the signal generator RF output receptacle to the RFM=11A MEASURE
INPUT/RF OUTPUT 0.05-588 MHz receptacle. Set the signal generator
frequency to that of the mainframe and the output level to the minimum level
required to produce a beat indication on the BEAT lamp and the speaker.

Zero beat the signal generator to the mainframe and reduce the signal
generator output level to =51 dBm.

Adjust A1A3R31 to obtain red-line limiter current on the MDM-~1 meter.

Set the RFM-11A MEASURE SENSITIVITY control to the fully ccw position (20 mV)
and set the signal generator output level fo -21 dBm.

Adjust A1A3R64 to obtain red-line limiter current on the MDM-1 meter.

Repeat Steps p through s until the MEASURE SENSITIVITY control range is
exactly 30 dB (0.64 mV to 20 mV).

Set the RFM-11A MEASURE SENSITIVITY switch to the HIGH posnflon and
the MEASURE SENSITIVITY control to the 20 uV position.
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v. Set the signal generator output level to =81 dBm. Adjust A1A3R40
to obtain red-line limiter current on the MDM~1 meter.

w. Temporarily disconnect the signal generator from the RFM-11A and
verify that the MDM-1 meter indication is zero. If the meter does not
indicate zero, set the mainframe Frequency switches to a frequency that
internal spurs do not produce limiter current on the MDM=1 meter.

x. If Step q was performed, repeat Steps n through v,
y. Set the signal generator output level to =51 dBm.

z. Set the RFM-11A MEASURE SENSITIVITY control to the fully ccw position
(640 uV) and verify that the MDM-1 meter indicates red-line limiter currnet.

aa. Set the MEASURE SENSITIVITY switch to the NORMAL position and the
MEASURE SENSITIVITY control to the 10 mV position. Adjust the signal
generator output level to obtain red-line limiter current on the MDM-1
meter. The signal generator output level should be =27 dBm +3 dB.

ab. Repeat Step aa except substitute 0. 5mV for 10 mV and -33 dBm +3 dB for
~27 dBm +3 dB.

ac. Repeat Step aa except substitute 2.5 mV for 1 mV and -39 dBm +3 dB for
~27 dBm +3 dB.

ad. Repeat Step aa except substitute 1.25 mV for 10 mV and -45 dBm +3 dB
for =27 dBm +3 dB. -

ae. Set the RFM-11A MEASURE SENSITIVITY switch to HIGH and the control
to 640 uV. Adjust the signal generator output level to obtain red-line
limiter current on the MDM-1 meter. The signal generator output level
should be =51 dBm.

af. Repeat Step ae except substitute 320 vV for 640 vV and -57 dBm +3 dB
for =51 dBm.

ag. Repeat Step ae except substitute 160 uV for 640 uV and -63 dBm +3 dB
for =51 dBm.

ah. Repeat Step ae except substitute 80 uV for 640 vV and -69 dBm +3 dB
for =51 dBm.
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ai. Repeat Step ae except substitute 40 uV for 640 uV and =75 dBm 3 dB
for =51 dBm.

aj. Repeat Step ae except substitute 20 uV for 640 uV and -81 dBm for =51 dBm.

ak. Set the mainframe Frequency switches to 1 MHz and the RFM-11A MEASURE
SENSITIVITY switch to NORMAL. Set the signal generator frequency to 1
MHz and set the output level to produce a zero beat note/lamp indication.
Zero beat the signal generator to the mainframe and reduce the signal
generator output level to-obtain red-line limiter current on: tive MDM-1
meter. The signal generator output level should be 675 vV 225 vV rms
(450 uV to 900 vV rms).

al. Repeat Step ak at 50 MHz and every 50 MHz up to 550 MHz and ot 588 MHz.

am. Set the mainframe Frequency switches to a frequency above 811 MHz that
does not produce limiter current due to internal spurs. Disconnect the
signal generator from the RFM-11A 0.05-588 MHz MEASURE INPUT/RF
OUTPUT receptacle. Connect the signal generator RF output receptacle
to the RFM~11A 800-1288 MHz MEASURE INPUT/RF OUTPUT receptacle.
Set the signal generator frequency to that of the mainframe and set the
output level just high enough to produce a beat note/lamp indication. Set
the RFM=11A MEASURE SENSITIVITY switch to the HIGH position.

an, Zero beat the signal generator with the mainframe and reduce the signal
generator output level to =81 dBm.,

ao. Adjust the RFM=11A MEASURE SENSITIVITY control to obtain red-line
limiter current on the MDM-1, It should indicate approximately 20 uV.

ap. Set the signal Qenerator output level to =75 dBm. Adiust the MEASURE
SENSITIVITY control to obtain red-line limiter current. It should indicate
approximately 40 vV,

aq. Repeat Step ap except suBsﬁtute =69 dBm for =75 dBm and 80 uV for 40 uV.
ar. Repeat Step ap.except substitute =63 dBm for =75 dBm and 160 uV for 40 uV.
as. Repeat Step ap except substitute =57 dBm for =75 dBm and 320 uV for 40 uV.
at. Repeat Step ap except substitute =51 dBm for =75 dBm and 640 uV for 40 uV.
au, Set thé signal generator output level to =45 dBm. Set the MEASURE
SENSITIVITY switch to NORMAL and adjust the MEASURE SENSITIVITY

control to obtain red-line limiter current on the MDM=1. It should indicate

approximately 1.25 mVY,
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av,
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ay.

Qaz,

ba.
bb.

Repeat Step ap excépf substitute =39 dBm for =75 dBm and 2.5 mV for 40 uV.
Repeat Step ap except substitute =33 dBm for =75 dBm and 5 mV for 40 uV.
Repeat Step ap except substitute -27 dBm for =75 dBm and 10 mV for 40 uV.
Repeat Step ap except substitute =21 dBm for =75 dBm and 20 mV for 40 uV.
Set the mainframe Frequency switches o 800 MHz and the RFM-11A
MEASURE SENSITIVITY control to 0.64 mV, Set the signal generator
frequency to 800 MHz and set the output level high enough to produce a
zero beat note/lamp indication. Zero beat the signal source to the
mainframe and reduce the signal generator output level to obtain red=line
limiter current on the MDM-1. The signal generator output level should be
700 uV £300 vV rms (400 vV to 1000 uV).

Repeat Step av at 850 MHz and every 50 MHz up to 1288 MHz.

Disconnect the signal source from the RFM-11A,

Gen Mod Cal Adjustment

a.

Set the mainframe MODE switch to the GEN MOD CAL position and the
RFM-11A MEASURE MODE BANDWIDTH switch to the OUT=-WIDE position.
Set the RFM-11A A1A3R47 to mid-range.

Select the value of A1A4R35 to obtain a limiter current indication of
approximately 15 on the 18 kHz scale.

Readjust A1A3R47 to obtain a limiter current indication of exactly 15 on
the 18 kHz scale.

Remote the MDM-1 from the mainframe and install the OAM-1. Calibrate
the OAM-1 and verify that the CRT trace can be positioned above and below
the CARRIER SET line of the graticule with the OAM-1 CARRIER LEVEL

control.

RF QOutput Leveling

a.

Set the mainframe MODE switch to the GEN position, Frequency switches to
250 MHz and the RFM-11A RF OUTPUT switch to =30 dBm.



4.49

4,49,1

C.

Connect the RF voltmeter with 50 ohm termination to the RFM-11A 0.05-588
MHz MEASURE INPUT/RF OUTPUT receptacle.

Adjust the mainframe A1A2R31 to obtain =30 dBm on the RF voltmeter.

Rotate the mainframe Frequency switches to each position (100 MHz control

0 to 5 only). The RF output shall be =30 dBm +3 dB (-33 dBm to -27 dBm)from 50 kHz
to 500 MHz. '

FAULT ISOLATION PROCEDURES (MODEL RFM=-11A MODULE)

Fault isolation procedures are presented to provide a guide in servicing the

RFM=11A. The procedures follow the sequence of the minimum performance

checkout procedures, Section 4,47, with each subsection keyed to the paragraph

in Section 4,47 that first indicates a fault. When a fault is noted during RFM-11A

operation, proceed as follows:

a.

b.

C.

Perform minimum performance checkout procedures in Section 4,47,

Start fault isolation procedures ot the point where minimum perférmance
cannot be satisfied.

When the fault is isolated to a function, such as the 11 MHz amplifier,
refer to the alignment procedure for that function in Section 4,48 and
check alignment of that function before proceeding with fault isolation.

After a fault is repaired, complete the minimum performance checkout
procedure to determine if further alignment is necessary.

Output Level Not Within Tolerance (4.47.2-d and 4.47.2-¢)

Check alignment of broadband amplifier as in Paragraph 4.48. 1,
Check alignment of RF switch as in Paragraph 4.48, 3,

Check step attenuator, ATI,

Check 700 MHz multiplier as in Paragraph 4.48.2,

Check RF output leveling as in Paragraph 4.48.7.

Check mainframe as in mainframe section of manual.
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4.49.2  Measure Mode Sensitivity Not Within Tolerance (4.47. 3-f)

a. Check measure input sensitivity alignment beginning at Paragraph 4.48,5-m,

b. Check 11 MHz IF alignment as in Paragraph 4.48.5.
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4,52

TEST EQUIPMENT REQUIRED (MODEL RFM-108 MODULE)
The test equipment requirements of the Model RFM-10B are identical to those of

the Model REM-10A (refer to Table 4-5).

MINIMUM PERFORMANCE CHECKOU'I: PROCEDURE (MODEL RFM-10B MODULE)
The minimum performance checkout procedure for the Model RFM=10B is the same
as that for the Model RFM-10A with the fol lowing exceptions (refer to Paragraphs
4.11 thru 4.11.3); |

a. The Measure Mode Sensitivity Check should require that the MEASURE

SENSITIVITY switch and the signal generator level be set to 0.6 mV.

ALIGNMENT AND ADJUSTMENT (MODEL RFM-108B MODULE)
The alignment and adiusfmenf procedure for the Model RFM-10B is tHe same as for
the Model RFM-10A with the following exceptions (refér to Paragraph 4,12 thru
4,12,6):
a) There is an additional figure, Figure 4-56, BROADBAND AMPLIFIER ASSEMBLY,
- ATA2 (RFM—..IOﬁ).

b) The MEASURE INPUT SENSITIVITY ALIGNMENT:

1) Step b should have the attenuator output level set at 60 uV.

2) Step c should have the MEASURE SENSITIVITY control set to 60 uV.

3) Step h should have the signal source output level set to 2 uV.

4) Step m should have the signal source output level set to 80 uV,

5) Si'ép n should have the signal source output level set to 2.4 mV.

¢) There is an additional alignment procedure for the A1A2 assembly, as follows:
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4.52.1 Broadband Amplifier Alignment (A1A2)

a. Connect the sweep generator RF output to the MEASURE INPUT on the Model |
RFM-108B.

b. Connect terminals 9 and 10 of the test connector together.

c. Connect the BBA (A1A2) RF output to the detector RF input using the BNC
to phono jack adapter.

d. Connect the detector dc output to the sweep generator demodulator input jack.
e. Connect the sweep generator vertical output jack to the dc amplifier input jack.
» f. Connect the dc amplifier output fo the oscilloscope vertical input jack.

g. Connect the sweep generator horizontal output to the oscilloscope external
horizontal input.

h. Set the sweep generator output level to =33 dBm.

j. Set the oscilloscope controls as required to display the 50 kHz to 500 MHz
response of the BBA amplifier.

k. Set the 50 MHz harmonics switch on the sweep generator on.

I. Individually short one or more turns of A1A2L1, A1A2L2, A1A2L4 and ATA2L5
together using two insulated tuning sticks, to obtain the flattest possible response
curve. Solder the necessary turns together.

m. To increase the level af the low frequency end, increase the value of A1A2R14.

n. |If the high frequency gain is still too high or the amplifier has tendencies to
oscillate, reduce the value of A1A2R16 and/or increase the value of ATA2R8
until the required flatness at the high frequencies is obtained or the oscillation
ceases.

o. Once the response curve is flat within +1.5 dB, disconnect the detector from
the amplifier output and replace with an RF voltmeter. Set the sweep generator
mode switch to the CW position. The amplifier RF output level should be =13
dBm +3 -0 dB. Rotate the sweep generator center frequency control from 50 kHz
to 500 MHz. The level should not change more than +1,5 dB -11.5 dBm,
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FAULT ISOLATION PROCEDURE (MODEL RFM-10B MODULE)
The fault isolation procedure for the Model RFM-10B is the same as that for the
Model RFM-10A with the following exception (refer to Paragraphs 4. 13 thru 4.13.2).

a) The Output Level Not Within Tolerance section should also refer to paragraph 4
for broadband amplifier alignment.



4,54 TEST EQUIPMENT REQUIRED (MODEL RFM-10A AND RFM-10B MODULES)

The test equipment required for the checkout, alignment, calibration and trouble-

shooting is tabulated in Table 4=17. Minimum parameters are provided to-aid in

the selection of the equivalent types.

TABLE 4-17

TEST EQUIPMENT REQUIREMENTS FOR MODELS RFM-10A AND RFM-108B

INSTRUMENT

MINIMUM PARAMETERS

RECOMMENDED MODEL

Sweep Generator

I

.RF Detector

Signal Generator

Oscilloscope with
10 X Probe

RF voltmeter with
50 ohm load & T

DC Digital Voltmeter
Power Supply
Radio Interference/

Field Intensity Meter

9 MHz Signal Source

Mainframe/RF Module/
FIM Module/MDM-1
Module/OAM-1 Module

Frequency range: 50 kHz to 512 MHz
Output level: -41 dBm to 0 dBm

Frequency range: 50 kHz ‘to 512 MHz

Frequency range: 50 kHz to 500 MHz
Level: =101 dBm to O dBm

Output impedance: 50 ohms

Frequency response: 15 MHz
Vertical sensitivity: 5 mV/cm

Frequency response: 50 kHz to 512 MHz
Level: +6 dBm to -40 dBm

‘Level: =23 mV dc
Accuracy: +1%

Level: 9 Vdc at 250 mA

Frequency response: 250 MHz
Level: 50 uV to 500 vV

Frequency range: 9 MHz
Level: 100 mV rms
Impedance: 50 ohms

Required for testing RFM-10A and
RFM=-10B Modules

Wavetek Model 2001

Wavetek Model D152

Singer Model FM-2748

Tektronix Model 454

Hewl ett-Packard
Model 3406A/
1 ]063A/ 6064

Hewl ett=Packard
Model 3440A

Hewlett-Packard
Model 721A

Singer Model NM-30

Singer Model FM-2748

Singer Model FM-10C
Mainframs with RF,
OAM-1, FIM and

MDM-1 Modules
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Table 4-17. Test Equipment Requirements for Models RFM=10A and RFM-108B (Cont.)

INSTRUMENT MINIMUM PARAMETERS RECOM MENDED MODEL
RF Module extender jig ReqUIred for testing RFM-10B and Singer Model PC-2652
RFM-10B Modules ‘
Connector 24 pin, female Singer P/N 1-910072-002
Connector BNC Singer P/N 1-910022-004
Connector Push-on Singer P/N 1-910173-001
Resistor 200 ohms, £5%, 1/4 watt Not appiicable
4,55 MINIMUM PERFORMANCE CHECKOUT PROCEDURE (MODEL RFM-10A ANDWFM-~ 108
MODULES)
4,55.1 Power Requirements
All power required by the RFM~10A or RFM-10B is supplied by the mainframe.
4.55.2 Output Level Check
a. | Install either the RFM-10A or RFM-10B into the mainframe left~hand compartment.
Connect the RF voltmeter with the 50 ohm termination to the RF OUTPUT jack of
either the RFM-10A or RFM-10B module. Set mainframe MODE switch to GEN.
b. Set the RF OUTPUT attenuator to -93 dBm.
c. Set the mainframe frequency switches to 100.0000 MHz and the 0-100 Hz
control to the OUT position.
d. The RF voltmeter should indicate 500 uV +3 dB (354-707 uV rms).
e. Repeat step 4.55.2-d at 50 kHz, 1 MHz, 10 MHz, 50 MHz and every 50 MHz
up to 512 MHz.
4.55.3 Measure Mode Sensitivity Check
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a.

Set the mainframe MODE switch to MEAS, MEASURE MODE AUDIO OUTPUT
switch to IN-BEAT NOTE, GENERATOR MODULATION switch to OUT-OFF and

frequency switches to 158 MHz.

Set the RF module MEASURE MODE BANDWIDTH switch to OUT-WIDE. Set the
MEASURE SENSITIVITY switch and MEASURE SENSITIVITY control to 0.64 mV for the

RFM-10A or 0.064 mV for the RFM-10B.




c. Connect the signal generator to the RF module MEASURE INPUT connector.
Set its frequency to 151 MHz and level to either0.64 mV rms or 0.064 mV rms respectively.

d. Insert the MDM-1 module into the right-hand compartment and the FIM module
in the center compartment. Set the MDM-1 MTR switch to the LIM(IN) position.

e. Adjust the signal generator frequency slightly to obtain a zero beat indication
on the FIM BEAT lamp.

f. The MDM-1 meter should indicate "red-line." If not, readjust the signal
generator output level to obtain exactly "red-line" on the MDM-1 meter. The
signal generator output level should be 0.64 mV rms +3 dB (0.45 mV to 0.89 mV) for
the RFM-10A or 0.064 mV rms +£3 dB (0.045 mV to 0,089 mV) for the RFM-10B.

4,56 ALIGNMENT AND ADJUSTMENT (MODEL RFM-10A AND RFM-10B MODULES)

NOTE:
The alignment and adjustment procedure is performed with the
RFM=10A or RFM-10B disconnected from the mainframe so that
no problem in the mainframe will affect the alignment of either the
RFM-10A or RFM-10B. Refer to Figures 4-57 thru 4-59 for test
point and trimmer locations. Remove the five screws from the
back of the RFM=-10A or RFM-10B and slide the cover off.

4,56.1 Broadband Amplifier Alignment (A1A4)

a. Place the connector P/N 1-910072-002 onto its mating plug on the rear panel
of either the RFM~10A or RFM-10B. Make up a BNC to "push-on" connector cable
adapter (using the push-on connector P/N 1-910173-001) with an overall length
of approximately 10",

b. Connect the power supply positive lead to pin ¢ and the negative lead to
terminal 21 of the rear panel 24 pin connector. Disconnect the positive
lead of the A1A4C35 from the circuit board.

c. Connect the sweep generator RF output connector to the rear panel RF input
connector, P1, of either the RFM-10A or RFM-10B,using the 10" BNC to
"push-on" cable adapter made up in Step a.

d. Disconnect BNC coaxial cable W1 from A1 A4J2 and connect A1A4J2 to
the detector RF input with a 6" to 12" 50 ohm BNC cable.

e. Connect the detector dc output to the sweep generator demodulator input
connector.
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f. Connect the sweep generator oscilloscope vertical connector to the oscillo-
scope vertical input connector using a 50 ohm coaxial cable.

g. Connect the sweep generator oscilloscope horizontal connector to the oscillo-
scope horizontal input connector using a 50 ohm coaxial cable.

h. Set the sweep generator center frequency control fo 250 MHz, sweep width
control to approximately 520 MHz, 50 MHz marker switch on, and output
level to ~33 dBm.

R 55 9]
-t ;

RIO o

R.aééggaz

n éms

Ci2

@ﬁm
Ema
gu

- .

Ve
ONnO~

6l ® [
FIGURE 4-57. BROADBAND AMPLIFIER ASSEMBLY, A1A2 (RFM-10B)
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n.

Fs

S.

u.

Set the oscilloscope timebase to external and adjust the horizontal and
vertical amplitude controls and switches so that the display deflects
approximately three-quarters of the CRT graticule.

Adjust the sweep generator marker amplitude ccntrols to display the 50 MHz
markers. Adjust the center frequency control,if necessary, to display all
50 MHz markers between 50 kHz and 500 MHz.

Adjust trimmer capacitors A1A4C10, A1A4C11, A1A4C22 and AT1A4C24,

and select A1A4C12 and ATA4C23 for the flattest possible response curve

on the oscilloscope. Readjust as necessary as there is interaction between
the adjustments. ’

Individually short one or more turnsof A1A4L2, ATA4L4, A1A4LS6 and AIA4LS
together, using two insulated tuning sticks, to obtain the flattest possible
response from 50 kHz to 512 MHz. Solder the necessary turns together.
Readjust the trimmer capacitors as necessary,

Individually select resistors ATA4R5, ATA4RI3, ATAR1Y and A1A4R25
as necessary to obtain the flattest overall response. Decrease the resistance
values to decrease the gain,

If the high fréquency gain is foo high or the ampliﬁ‘er has tendencies to
oscillate, reduce the values of A1A4R20 and A1A4R26 until the required
flatness at the high frequency end is obtained or the oscillations cease.

After the response curve is flat within +1 dB from 50 kHz to 512 MHz,
disconnect the detector from A1A4J2 and connect the RF voltmeter
AlA4)2, Set the sweep generator to the CW mode. The output level ot
A1A4)2 should be 0 dBm +1 dB. Rotate the sweep generator center
frequency control from 50 kHz to 512 MHz. The level should not vary
more than +1 dB from O dBm.

Rotate the sweep generator center frequency control to 250 MHz. Adjust
the sweep generator output level,if necessary, to obtain exactly 0 dBm on
the RF volimeter, , : l

Disconnect the RF voltmeter from A1A4J2 and connect the 50 ohm BNC

. load to AT1A4J2, Set the sweep generator to the & f mode., Connect a

jumper between pin 9 and pin 10 on the rear panel 24 pin connector.

Solder the positive lead of A1A4C35 in its printed circuit pad connected to
A1A4L9. Remove the negative lead of A1A4C35 from its printed circuit pad.
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V.

X

ab,

ac.,

ad.

ae.

af.

ag.

Solder the center conductor of a BNC test cable to the negbtive lead of
A1A4C35 and solder the shield to ground. Connector the detector to this
BNC cable. . ’

CAUTION
8e careful not to short the case of AIA4Q9 to ground
as it is internally connected to the collector.

Select the values of ATA4R42, A1A4C32 and A1A4C34 to obtain the
flattest possible response. Capacitor A1A4C32 may be deleted if necessary,

Set the sweep generator to the CW mode. Set the center frequency to
250 MHz, The output level at A1A4J4 should be +4 dBm £2 dB.

. Disconnect the BNC cable from A1A4C35 and solder the negative lead

of ATA4C35 to the printed circuit pad.

Disconnect the BNC to push-on cable adapter from the sweep generator RF

“output connector and connect it to the signal generator RF output receptacle.

Disconnect fhe BNC 50 ohm load from A1A4J2 and connect the RF valt-
meter to A1A4J2,

Set the signal generator frequency to 50 kHz and the output level to produce
+6 dBm on the RF voltmeter.

Reduce the signal generator output level 10 dB and reduce the RE voltmeter
range 10 dB. TheRF valtmeter should read =3 dBm minimum,

Repeat steps aa and abat 1 MHz, 10 MHz, 50 MHz, and every 50 MHz up to
512 MHz,

Connect the digital voltmeter between pin 3 of the 24 pin rear panel connecl'or
and the chassis. :

Set the signal generator frequency to 50 kHz and the output to produce 0 dBm
on the RF valtmeter and observe the digital voltmeter indication.

Select the value of A1A4R31 until the indication on the digital voltmeter is
approximately =20 mV de¢. (Increasing A1A4R31 increases the voltage.)

Set the signal generator frequency to 512 MHz and adjust the output level to
obtain 0 dBm on the RF voltmeter..



4,56,2

ah,

aj.

If the voltage on the digital voltmeter is more negative than -23 mV d¢, add
capacitor A1A4C28 across A1A4R31 (value from 1 pF to 5 pF DM-15) until
the voltage is approximately equal to that at 50 kHz. If the voltage is less
negative than =17 mV dc, add capacitor A1A4C26 across A1A4R30 (value
from 0.1 pF to 1.0 pF tubular P/N 1-900066-001) unhl the voltage is
approx:mately equal to that at 50 kHz,

Repeat Stepae at 1 MHz, 10 MHz, 50 MHz and every 50 MHz up to A
512 MHz., Maintain the amplifier output level at 0 dBm ot each frequency.
The voltage should not vary greater than +3 mV dc from the voltage observed
at 50 kHz,

11 MHz and 2 MHz IF Amplifier Alignment (A1A3)

d.

4

e,

Disconnect the phono plug from A1A4J4 and connect the phono plug to the
BNC to phono plug adapter. Connect the BNC to phono plug adapter to the
signal generator RF output connector via a 50 ohm BNC cable. Set the signal
generator frequency to 11 MHz and set the output level to =39 dBm.

Connect a BNC test cable to the 24 pin connector on the rear panel; center
conductor to pin 24 and shield to pin 12, Connect the 9 MHz signal source
to the BNC test cable connector, Set the 9 MHz signal source output level
to 125 mV rms,

Set the front panel MEASURE MODE BANDWIDTH switch to the IN-NARROW
position, MEASURE SENSITIVITY switch to the HIGH position, and the
MEASURE SENSITIVITY control to 20,yY on the RFM-10Aor 2 uV onthe RFM-10B.

Connect the oscilloscope 10 X probe to the junction of A1A3R2 and A1A3R3.
Adjust A1A3L1 for maximum amplitude at 11 MHz., The level should be ~
approximately .30 mV p-p.

Connect the oscn"oscope 10 X probe to the junction of A1A3C7 and A1A3RS.
Adjust A1A3L2 for moxlmum amplitude at 11 MHz, The level should be approximately
120 mV p-ps .

Connect the oscilloscope 10 X probe to the iunéti_on of ATA3L6 and A 1A3R28.
The level should be approximatety:95:inV-pp.

Set the MEASURE MODE BANDWIDTH switch to the OUT-WIDE position,
Adjust ATA3R17 (Wideband Gain Equalization) for same level measured in
step f. 17 ATA3R17 has insufficient range to obtain the same level as in Step f,
increase the value of A1A3R12 slightly and repeat $teps c through f.

Set ATA3R31, ATA3R40 and A1A3R47 to mld-rcnge. Connect the oscilloscope
10 X probe to A1A3-6, Adjust A1A3L8 for maximum amphfude. Adjust A1A3R40
(High Sens. Gain Adj.) for a level of uppro"klmately 2.1 V'p=p.
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Set the MEASURE SENSITIVITY switch to the NORMAL position, Connect
the oscilloscope 10 X probe to A1A3U1-5. Adjust A1A3L13 for maximum
amplitude at 9 MHz. The |eve| should be hpproxnmel‘ely 370 mV'p=p.

Disconnect all jumper wires, test cables and test equipment previously ,
installed, except the wire between pins 9 and 1) on the rear panel 24 pin
connecfor,

Broadband Amplifier Alignment (A1A2) (REM-10B only)

a.

.b.

C.

Connect the sweep generator RF output receptacle to the MEASURE INPUT
receptacle using a 50 ohm BNC cable.

Disconnect the BNC cable connector at A1A4J3. Connect the detector RF
input connector to this cable connector, Connect the detector output to
the sweep generator demodulator input jack,

Connect the sweep generator oscilloscope vertical connector to the oscilloscope
vertical input connector using a 50 ohm coaxial cable.

Connect the sweep generator oscilloscope horizontal connector to the
oscilloscope horizontal input connector using a50 ohm coaxial cable.

Set the sweep generator center frequehcy control to 250 MHz, sweep width
control to approximately 520 MHz, 50 MHz morker switch on, and output
level to =21 dBm.

Set the oscilloscope timebase to external and adjust the horizontal and vertical
amplitude controls and switches so that the display deflects approximately
three-quarters of the CRT graticule.

Adjust the sweep generator marker amplitude controls to display the 50 MHz
markers. Adjust the center frequency control if necessary to display all
50 MHz markers between 50 kHz and 500 MHz.

Adjust trimmer copocﬂ'or A1A2C11 and select A1A2C12 for the flattest possible
response curve on the oscilloscope. Readjust as necessary as there is interaction
between the two adjustments,

" Individually short one or more turns of ATA2L2 and A1A2L4 together using

two insulated tuning sticks to obtain the flattest possible response up to
512 MHz. Solder the necessary turns together. Readjust the trimmer capacitors
as necessary,

Individually select resistors A1A2R8 and A1A2R13 as necessary to obtain the
flattest overall response. Decrease the resistance to decrease the gain.



I.  Individually select resistors ATA2R18 and A1A2R19 as necessary to obtain
the flattest overall response. Do not decrease the value of A1A2R18 or
ATA2RI19 to less than 680 ohms as it will affecl' the bias of transistors
A1A2Q2 and A1A2Q4,

m. When the amplifier response is flat within 1.5 dB from 50 kHz to 512 MHz,
disconnect the detector RF input connector from the A1A2 BNC cable and
connect the RF voltmeter to this cable.

n. Set the sweep generator o the CW mode, center frequency control to 50 kHz,
and the output level to =41 dBrm.

| p. Vary the sweep generator center frequency control from 50 kHz to 512 MHz,
The output level should be=21dBm +1.5 dB.

r. Ifthe dufput level is not=21dBm £1.5 dB, the value of the 3 dB attenuator pad

ATA2R1 through ATA2R3 must be changed. Select the proper resistor values
from Table 4-18,

TABLE 4—]8. : ATTENUATOR‘_PAD RESISTOR VALUES

ATTENUATION +5% +5%
SERIES SHUNT

RESISTOR RESISTORS
2 dB ; ; 12 430 A
3 d8 16 300 A
6 dB - 39 e 150 A
7 dB ) 43 o 130
8 dB . 51 120
10 dB 68 ' 100 A
11 d8 82 A 91 A
12 dB . 91 82

s. Set the swbeep generator output level to =21 dBm. Rotate the center frequency
control from 50 kHz to 512 MHz. The output level should be -0.75 dBm -
1,25 dB (-2 dBm to 0.5 dBm).

t. Ifthe output level is not within tolerance the amplifier must be realigned
so that it is not in compression with an input level of -21 dBm.
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U.

Disconnect all test equipment and associated cables from the unit. Reconnect
all internal cables within the instrument. Remove and 24 pin test connector
from the rear panel connector.

4.56.4 Measure Input Senéiﬁvity and Calibration

4-160

a.

b.

e.

Install either the RFM~10A or RFM-10B into the mainframe using the RFM module extender
test jig. Install the FIM and MDM-1 into the mainframe. .

Set the mainframe MODE switch to the MEAS position and the MEASURE MODE
AUDIO OUTPUT switch to the IN-BEAT NOTE position. Set the FIM RANGE
switch to ZERO and zero the FIM meter with the ZERO control. Set the FIM

" RANGE switch to the 5 kHz position. Set the MDM=1 MTR switch to the LIM=IN

position. Set either the RFM-10A or RFM-10B MEASURE MODE BANDWIDTH switch
to the IN-NARROW position and verify that the NARROW lamp is lit. Set either
the RFM-10A or RFM-10B MEASURE SENSITIVITY switch to the NORMAL position
and the MEASURE SENSITIVITY control to the fully cw position | (0.64 mV for the
RFM=10A or 0.064 mV for the RFM-10B).

Set the mainframe Frequency switches to a frequency above 11 MHz that does not
produce limiter current on the MDM-1 meter due to internal spurs. Connect the
signal generator RF output connector to either the RFM=10A or RFM-108 MEASURE
INPUT connector, J2. Set the signal generator frequency to that of the mainframe
and the output level to the minimum level required to produce a beat indication on
the BEAT lamp and the spedker.

Zero beat the signal generator to the mainframe and reduce the signal generator
output level to =51 dBm for the RFM-10A or =71 dBm for the RFM-10B.

Adjust A1A3R31 (Normal Sensitivity Gain Adj.) to obtain red-line limiter current
on the MDM-1 meter.

Set either the RFM=10A or RFM=-10B MEASURE SENSITIVITY control to the fully;
ccw position (20 mV for the RFM=10A or 2,0 mV for the RFM~10B) and set the signal
generator output level to =21 dBm for the RFM=-10A or =41 dBm for the RFM-108B.

Adjust ATA3R64 (Meas. Sens. Limit Adj.) to obtain red-line limiter current
on the MDM~1 meter,

Repeat Steps d thru g until the MEASURE SENSITIVITY control range is exactly
30 dB (0.64 mV to 20 mV for the RFM=-10A or 0.064 mV to 2.0% mV for the RFM-10B).

Set eithef the RFM-10A or REM-10B MEASURE SENSITIVITY switch to the HIGH
position and the MEASURE SENSITIVITY control to the 20 uV position for the RFM=10A
or 2.0 vV for the RFM-10B.



We

Set the signal generator output level to -81 dBm for the RFM-10A or =101 dBm
for the RFM-10B. Adjust A1A3R40 (High Sens. Gain Ad|.) to obtain red-line
limiter current on the MDM=1 meter.

Temporarily disconnect the signal generator from either the RFM-10A or RFM-10B

- and verify that the MDM=-1 meter indication is zero. If the meter does not indicate
~ zero, set the mainframe Frequency switches to a frequency that internal spurs do
not produce limiter current on the MDM=-1 meter. -

IfStexp."‘e was performed repeat Steps b thru k.

- Set the signal generafor output level to =51 dBm for the RFM-10A or =71 dBm

for the RFM-10B.

.- Set either the RF-M-IOA or RFM-10B MEASURE SENSITIVITY confrol to the fully
- cew position (640 uV for the RFM-10A or 64 vV for the RFM-10B) and verify that

the MDM=-1 meter indicates red=line limiter current.

Set the MEASURE SENSITIVITY switch to the NORMAL position and the MEASURE
SENSITIVITY control to the 10 mV position for the RFM=10A or the 1 mV position
for the RFM-10B. Adjust the signal generator output level to obtain red-line
limiter current on the MDM-1 meter. The signal generator output level should
be -27 dBm %3 dB for the RFM=10A or ~47 dBm +3 dB for the RFM-10B.

Repeat Step r except substitute 5 mV for 10 mV and =33 dBm +3 dB for =27 dBm for

the RFM-10A or 0.5 mV for. ¥ m\ arid =53-dBm £3tdB fér ~4ifdBih &8 fdB for. the\RFM-10B.

Repeat Step r except substitute 2.5 mV for 10 mV and -39 dBm £3 dB for -~27 dBm
+3 dB for the RFM-10A or 0.25 mV for 1 mV and =59 dBm +3 dB for ~47 dBm

£3 dB for the RFM-10B.

Repeat tep r except substitute 1.25 mV for 10 mV and =45 dBm +3 dB for =27 dBm
+3 dB for the RFM=10A or 0.125 mV for 1 mV and -65 dBm +3 dB for =47 dBm

- +3 dB for the RFM-10B.

Set either the RFM-10A or RFM=-10B MEASURE SENSITIVITY switch to HIGH and

the control to 640 vV for the RFM~10A or 64 uV for the RFM~10B. Adjust the

signal generator output level to obtain red-line limiter current on the MDM-1
meter. The signal generator output |eve| should be =51 dBm for the RFM-10A or
-71 dBm for fhe RFM-108B.

Repeat Step v except subshtui'e 320 vV for 640 uV and =57 dBm +3 dB for =51 dBm
for the RFM~10A or 32 uV for 64 uV and -77 dBm +3 dB for =71 dBm for the RFM~10B.

Repeat Step v excepf substitute 160 uV for 640 uV and =63 dBm +3 dB for =51 dBm

for the RFM=-10A or 16 uV for 64 vV and -83 dBm +3 dB for =71 dBm for the RFM-10B.
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aag.

ab.

ac.

Repeat Step v except substitute 80 uV for 640 uV and =69 dBm +3 dB for =51 dBm
for the RFM-10A or 8 uV for 64 vV and -89 dBm +3 dB for =71 dBm for the RFM-10B,

Repeat Step v except substitute 40 uV for 640 vV and ~75 dBm +3 dB for =51 dBm
for the RFM-10A or 4 yV for 64 vV and -95 dBm +3 dB for =71 dBm for the RFM-108B.

Repeat Step v except substitute 20 vV for 640 uV and -81 dBm for =51 dBm for the
RFM-10A or 2 uV for 64 uV and -101 dBm for =71 dBm for the RFM~-108B.

Set the mainframe Frequency switches to 1 MHz and either the RFM-10A or
RFM-10B MEASURE SENSITIVITY switch to NORMAL. Set the signal generator

‘frequency to 1 MHz and set the output level to produce a zero beat note/lamp

indication. Zero beat the signal generator to the mainframe and reduce the
signal generator output level to obtain red-line limiter current on the MDM-1
meter. The signal generator output level should be 700 vV +300 uV (400 uV
to 1 mV) for the RFM-10A or 70 uV %30 uV rms (40 uV to 100 uV rms) for the
RFM-10B.

Repeat Step ab at 50 MHz and every 50 MHz up to 550 MHz and ot 512 MHz.

4,56.5 Gen Mod Cal Adjustment

4.56.6
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Q.

C.

d.

Set the mainframe MODE switch to the GEN MOD CAL position and either the
RFM-10A or RFM-10B MEASURE MODE BANDWIDTH switch to the OUT-WIDE
position. Set either the RFM=10A or RFM-10B A1A3R47 to mid-range.

Select the value of A1A4R35 to obtain a limiter current indication of approximately
15 on the 18 kHz scadle.

Readjust A1A3R47 to obtain a limiter current indication of exactly 15 on the
18 kHz scale.

Remove the MDM=1 from the mainframe and install the OAM=1. Calibrate
the OAM-1 and verify that the OAM-1 CARRIER LEVEL control can position
the CRT trace above and below the CARRIER SET line of the graticule.

Aﬂeﬁuaﬁon Dial Calibration

a.

Connect the signal generator to the RF input connector, P1, of either the RFM-10A
or the RFM=10B, and connect the RF voltmeter to the RF output connector A1A4J2
using the 50 ohm load.

Set the signal generator frequency to 250 MHz and set its output level to read
0 dBm on the RF voltmeter.

Calibrate the Fl meter so that at 250 MHz and 50 uV the Fl meter indicates
20 dB (mid-scale). Remove the RF voltmeter from A1A4J2 and reconnect the
cable from the attenuator, AT3.



d. Connect a 50 ohm BNC coaxial cable between either the RFM-10A or RFM-10B
RF OUTPUT connector and the Fl meter RF input. connectar,. Adjust_eitierRflid RFM-10A
or RFM-10B attenuator for a 20 dB indication on the Fl meter. Loosen the two
set screws on the attenuator dial and rotate the dial, being careful not to disturb
the attenuator shaft position, until 0.5 uV on the dial lines up exactly with the
black line on the index. Tighten the two set screws.

e. Disconnect the cable at the FI meter RF input connector. Disconnect the
cable from the signal generator ot the RF input connector, P1, and connect it
to the F| meter RF input connector. Adjust the signal generator output level to
500 uV. Recalibrate the Fl meter so that the meter indicates 20 dB.

f.  Disconnect the cable from the signal generator at the Fl meter and connect it
to the RF voltmeter. Adjust the signal generator output level to approximately
=33 dBm. Connect the cable from either the RFM-10A or RFM-10B RF OUTPUT
connector to the F| meter RF input connector. Rotate the attenuator dial until -
5 uV lines up exactly with the black line on the index. The Fl meter should
now indicate 20 dB 3 dB.

4.56.7 RF Output Leveling -

a. Disconnect the cable from A1A4~)4,

b. Disconnect the RF output cable at the variable attenuator connector and reconnect
to the A1A4-J4 receptacle.

c. Set the mainframe MODE switch to the GEN posuhon, frequency switches to
250 MHz,

d. Connect the RF voltmeter, with 50 ohm termination, to the RFM-10A or
RFM-10B RF OUTPUT connector, J1.

e. Adjust the mainframe A1A2R31 to obtain =10 dBm on the RF voltmeter. Rotate
the mainframe Frequency switches to each position (100 MHz control 0 to 5 only).
The RF output shall be 0 dBm =1 dB from 50 kHz to 512 MHz.

f. Reconnect all cables for normal operation.

4,57 FAULT ISOLATION PROCEDURES (MODEL RFM-10A AND RFM=-10B MODULES)
Fault isolation procedures are presented to provide a guide in servicing the RFM-10A
* and RFM-10B. The procedures follow the sequence of the minimumpperformance
checkout procedures, Section 4.55, with each subsection keyed to the paragraph in

Section 4,55 that first indicates a fault. When a fault is noted during either
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4.57.1

4.57.2
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RFM=10A or RFM=-10B operation, proceed as follows:

Q.

Perform minimum performance checkout procedures in Section 4.55.

Start fault isolation procedures at the goint where minimum performance
cannot be satisfied.

When the fault is isolated to a function, such as the 11 MHz amplifier,
refer to the alignment procedures for that function in Section 4,56 and
check alignment of that function before proceeding with fault isolation.

After a fault is repaired, complete the minimum performance checkout
procedure to determine if further alignment is necessary.

Qutput Level Not Within Tolerance (4.55.2-d and 4.55. 2-¢)

q.
b.

C.

Check alignment of broddband amplifier as in Paragraph 4.56.1.
Check variable attenuator, ATI.

Check mainframe as in mainframe section of manual.

Measure Mode Sensitivity Not Within Tolerance (4.55. 3-f)

a.

Check measure input sensitivity alignment as in Paragraph 4.56. 4.
Check 11 MHz IF alignment as in Paragraph 4.56.2.
Check 9 MHz filter alignment as in Paragraph 4.56.2.

Check 2 MHz IF alignment as in Paragraph 4.56. 2.
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Page 2.iIC

Figure 5-11, Schematic Diagram

Gain Control Amp/Amplitude Modulator
Assembly (A7) and FL2

(Main Frame)

Dwg. No, 1-501181-002
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7 VOLTAGES & POWER LEVELS SHOWN WITHOUT
TOLERANCES ARE TYPICAL.

8.ALL D.C. VOLTAGES TAKEN WITH NO SIGNALS APPLIED.

(DISABLE INTERNAL TIME BASE)

Figure 5-11 - Schematic Diagram
Gain Control Amp/Amplitude Modulator

Assembly (A7) and FL2
(Main Frame)
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Figure 5-12 - Schematic Diagram
10 MHz Decade Assembly (A8)

and FL1 and Z2
(Main Frame)

5-25/5-26



5.ALL PWR.LEVELS SHOWN WITHOUT TOLERANCES
ARE TYPICAL.

r“‘““'"""""""""_--"'-"_"""l SPURIOUS EMISSIONS (A9-11)
| | SIDEBANDS (NHz}
| CRI i CENTER 1077
Al0-4 4A ~ gl > cs c sug [S<BY, ¢+
+ & 700-1200MHz OUT FREQ fo - 1OMHZ
{TOOMH2)IN 1A L 5 Hl 650807 r MHz |HARM|HARN
[+7¢Br] 47uh Ry T D S L S5>—R 2 700 | 350 | 70 | 899
| = 22K L6 i | ! MIXER 710
I . VWAA 4Tuh [ 1 800 | 400( 80| 720
— | HA = 810
: 470 1 L Re L T X 900 | 450| 90| 890
Al0-2 ! 6 = = 270 = L?‘“_j 1000/ 500{100[333
20C T el X - =
(700MHzDC) i | L 1100 | 550|110 (1030
[ CR2 | T—e
AlI0-BBA _ - 2 A i |>__|_.. 1200 600 liz0 1519
é&(;om;lz)m 124 L2 I L~
dBm 47uh R2
| = 22K : wi S— (600-700 MHz )IN
I 2 VWA = | FL2-2
i a7 (—_' _L | RS ~-- -- F24dBm]
i , = = | | DC -600MHz LOW PASS FILTER —,
Al0-6 ' L? L8 '
(800MHz DCY e ] 12 Lo J7
: | :r T ‘T‘ ( 50KHz -5th:1le)OUT
AIO-12,12A . .3 __ . §3 i Fa2 | | o £33¢Bm NOM]
Fad " Ly 34 :
uh Ra
1 = 22K | = = = = =
l c3 L ‘ Lo - -
i 410 ,(———-J |
AI0-10 ! 8 = = !
z W.ROTATION
(900MHZz DC) ; ; CW
() |
| 3+ +9Vde
mo-6, 168 4 CR4 )
- l AL LA si
(éoggannﬁmm“""*‘;l,\ P | (2! (100MHz SW)
o |
1 = V| @ 2,
S w—i | [
o i
AlO-14 ' 9 = = )
(1000MHZ DC) H 1
|
A10-20,20A |
(1HOOMH2)IN !
G 7¢8m) |
i ]
| |
! i
AIO-18 ' L
(HOOMHZDC) | I
| (
A5-5,6 —t3 HE ;;Re |
%zoouuz)m- | I L7 ' ‘
5dBm 47uh | :
= R?
- 22K |
|
|
|
|

A s —— . — ———— —— —— — —— — — - o— — —— — ——

4. PARTIAL REFERENCE DESIGNATORS ARE SHOWN. FOR COMPLETE

i

DESIGNATION PREFIX WITH ASSY NO.(AS), EXAMPLE “ASC3
3.ALL DIODES ARE IN273
2. ALL CAPACITOR VALUESARE IN PICORRADS
I. ALL RESISTOR VALUES ARE IN OHMS, £10% 1 /4w
NOTES ; UNLESS OTHERWISE *SPECIFIED

Figure 5-13 - Schematic Diagram
Diode Switch, Mixer,
Low Pass Filter (A9) and A1, FL3 and S1
(Main Frame)
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(INCLUSIVE) 5-29/5-30




AlO-1,0A { 70 MHZ)OUT —
A10-3 (700 MHZ DC)—

[636 mv p-p} =

A20-15,16-Cgr
(70 MH2)%*| IN

{i
SRR . o SU—————

[2ve-p]

AlO-5,5A( 80 MHZ)OUT —

AlO-7 (800 MHZ DC)—

~AI347,18 (BOMHZ ™) IN
[e30mvp-g]

):I-}z- 7

}_ ___________ L
18-3h2_a_ .
X)) T3
RI2 219
] 470 cla ci? 10C
c6 .OIVF .OIUF

| Troevr i6 _[_ *
: - = RC23
1
1
1
'

AlAS-8, 9463440 )

QOMEDINT ¥ 8 _ R7 cis

[2 8mvp. o] (00IVF 2.2k a0
: = Jl(
1
]
‘35
] =
]

e e e e

T
ci9 Al ke
:[.oomr c20
27
= MK
P4l
c2)
1.7-1
RI6 +8.0v
39K +09V?\04
\%JV
RI8
22

t
- = -

—A6—4,5[(90 MHZ'lﬁ\N
630 mVp-p
iy

A

o :}

13 i4
R24
15
b AAA— .
c25 Rzzs c3c =<
100 470

R2|

.OWF

)

3.9K

c28
1L7-11

+82v

+L0V 2\06

Qs‘]{o.zv

L €29
> 470

AY]

if

R23
39

R34
560

NOTES :UNLESS OTHERWISE SPECIFIED.

1. ALL RESISTOR VALUES ARE IN OHMS, Y10% . 1/aw.

2. ALL CAPACITOR VALUES ARE IN PICOFARADS

8. ALL TRANSISTORS ARE 2NS5I179.

4.PARTIAL REFERENCE DESIGNATORS ARE SHOWN FOR COMPLETE
DESIGNATION PREFIX WITH ASSY NO.(A11),EXAMPLE “AlIC3’
COMPONENTS OMITTED ARE CIO,1,12,1316 44; Q.2;
RS,6 10M.32 AND L2,13

5.VOLTAGES *SHOWN WITHOUT TOLERANCES ARE TYPICAL.

G.ALL D.€. VOLTAGES TAKEN WITH NO SIGNALS APPLIED.
(DISABLE INTERNAL TIME BASE)

35

{

-

37 =

38

-+

T a1a2-56 (10MHZ) OUT

[500mvp-p]

T

[2vp-¢]

A10-13,13A (100 MHZ)OUT —
AlO-I5 {1000 MHZ DC )
<11(900 MHZ DC)

— Al0-9,9A (QOMHZ)0UT [2vp.p]

Immw( 100 MHZ*1)IN
r,_GSOmVp-p]

(--
Sallaiis

LAY

Relel}ils C33
15

S— A18-10 (IOMHZ*1)oUT

3’93 [3.2vp-g]
|

C7,46

REF DES. NOT
USED

L8
as
ca7
R37

[LAST REF DES

(INCLUSIVE)

V24
A7
C34
| NEgl]
nzs +8.0V
39% o9V NG7
+owv
A C35 R3S R27
]" 470 560 22

g
o — — -
22 73 Eﬂ

‘I:CBS

.OOIUF

)\
= Al0-19

IS
~
o]

c40
L7-H

26,
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Buffer Amplifier Board (A11)
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Figure 5-16 - Schematic Diagram
Frequency Generator (A12-21)
(Main Frame)
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