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NEWS RELEASE
October 15,1986

M8CR0WAVE RADIO CORPORATION
Purchases

M/A-COM ENG Product Line

SERVICE

SALES
Contact Ed Dahn at the Corporate Office: (617) 459-7655 or one of the following Sales Representatives:

• SUPER 2MX
• 2MX
o 2MR
• MRC

MIDWEST CORPORATION, Jay Adrick (606) 331-8990
TODD COMMUNICATIONS, Tom Uppman (612) 941-0556 

BENNETT ENGINEERING ASSOCIATES, Stan Bennett (206) 232-3550 
HAWAII BROADCAST ASSOCIATES, Chuck Hartman (808) 947-7470

° 40MX
o 40MR
o SUPERSCAN
• MINISCAN

• MICROSCAN
• OMNIPOLE
• SKYPOD
•NAVTRACK

M/A-COM MAC:
Dan McCarthy, Sudbury, MA (617)443-5139 

Carl Gustaferro, San Jose, CA (408) 978-8611 
George Hardy, Atlanta, GA (404) 476-4405 

David Ericson, Chelmsford, MA (617) 272-3100

micRowAve radio corporation ■ 847 Rogers Street, Lowell, MR 01852 ■ (617) ■^59’7655—*

SUPER 2MX. 2MX. 2MR. MRC. SUPER 7MX, 2 + 7MR, 13FA. 13CP, 40MX. 40MR, SUPERSCAN. MINISCAN. MICROSCAN. OMNIPOLE. SKYPOD, and NAVATRACK are 
trademarks of Microwave Radio Corporation.

ffllCROWfiVf RfiDSO corporation

° SUPER7MX
° 2 + 7MR
o 13 FA
<13CP)

MICROWAVE RADIO Corporation has purchased the electronic news gathering product line from M/A-COM MAC. 
This management buy-out included the entire team of experienced professionals and skilled production people. 
MICROWAVE RADIO will manufacture, sell, and perform service and warranty work on all ENG 
products previously manufactured by MA/COM. The current product line includes:

MICROWAVE RADIO is dedicated to prompt professional service on all ENG products previously 
manufactured by M/A-COM.

Contact Bob Morrissette for Scheduling and Spares
or

Al Doyle for Technical Assistance
Call

(617)459-7655
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System Description

PROGRAM AUDIO CHANNEL SYSTEM
PAC-4

1.0 FUNCTION

band allocation and composite baseband signal intermodulation.

Implementation of the typical four channel duplex system requires the use of four PAC-M

modulators, four PAC-D demodulators and four PAC-PS power supplies at each end of the microwave

8932 1

quencies of 6.2, 6.8, 7.5 and 8.3 MHz.

with PAC-4 systems because they provide the best compromise of signal-to-noise ratio versus video base­

In addition to the choice of subcarrier operating frequency, both the PAC-M modulator 

and PAC-D demodulator are supplied with the optional configurations listed in table 2.

The PAC-4 Program Audio Channel System provides up to four FM broadcast quality sub­

carrier channels suitable for frequency division multiplexing with wideband video and other microwave 

baseband signals which are transmitted via microwave carrier equipments.

PAC-4 Program Audio Channel System

8932

or PAC-D demodulator units and one PAC-PS power supply that furnishes -20 vdc operating power for both 

modulator and demodulator. The PAC-PS power supply is capable of servicing two units in any combina­

tion of types. In one channel simplex systems the modulator used at the transmitting end of the link and 

the demodulator used at the receiving end of the link would each require their own power supplies and 

blank panels would be supplied for the unused modulator or demodulator.

are used in a particular system will depend on the number of audio subcarrier channels required and the 

type of system to be implemented, that is, simplex, duplex, or relay type systems. Figure 2 is a block 

diagram of a typical four channel duplex PAC-4 system operating at the factory pre-set subcarrier fre-

These subcarrier center frequencies have been selected for use

The PAC-4 system components are the PAC-M modulator, PAC-D demodulator, and PAC-PS 

power supply. These components are supplied mounted in rack-panels which are designed for installation 

in standard 19-inch wide El A equipment racks. See figure 1. The quantities of PAC-4 components that

transmission link. One rack-panel provides mounting facilities for one or two PAC-M modulator units,
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Figure 1. PAC-4 Program Audio Channel System Components
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2.0 SPECIFICATIONS

System CapabilitiesTable 1.

Frequency ModulationType of Modulation

6. 2 MHz, 6. 8 MHz, 7. 5 MHz and 8. 3 MHzSubcarrier Frequencies

+75 kHzSubcarrier Deviation

0 dBm, 1kHz test toneAudio Input Level

Audio Input Impedance

Subcarrier Output Level

Bridging or 75 ohms unbalanced

Audio Output Level

Audio Output Impedance

+ 1 dB, 50 Hz to 15 kHzAudio Response

70 dB minimumSignal-to-Noise Ratio

1. 5% maximumHarmonic Distortion

Input Power Requirements

Dimensions

Weight 9 lbs, maximum

8932 3

Subcarrier Output and Input 
Impedance

Demodulator Subcarrier Input 
Level

600 ohms balanced, unbalanced option 
available

50 mv peak-to-peak nominal adjustable 
between 20 mv and 150 mv peak-to-peak

50 mv peak-to-peak nominal, range 
between 20 mv and 250 mv peak-to-peak

+7 dBm nominal, adjustable between 
0 dBm and +9 dBm

600 ohms balanced, unbalanced option 
available

19
10

120 or 240 vac +15%, 50 to 400 Hz at 0. 2 
ampere when PAC-PS power supply is 
installed as part of system. Otherwise 
-20 vdc to -24 vdc regulated at 500 ma 
is required. (-48 vdc input can be used 
with optional factory modification.)

1. 75 inches
inches
nnches (inclusive of connectors)

Height:
Width:
Depth:
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Available OptionsTable 2.

Function ProvidedUnit Options

A, - 30 db rf padModulator

Modulator B, Carrier Alarm

Modulator C, -48 vdc Input Powei

Demodulator A, Series Regulator

Demodulator B, -48 vdc Input Power

Demodulator C, Carrier Alarm

89324

Allows use of an external -48 
vdc input power supply instead 
of the normally supplied -20 
vdc PAC-PS power supply.

Provides a visual alarm in­
dication and a relay contact 
closure in the event of loss of 
the subcarrier output. The 
front panel of the demodulator 
includes the carrier alarm 
indicator (red) and the nor­
mally open carrier alarm 
output is made available at

Provides additional regulation 
of normal system -20 vdc input 
or optional -48 vdc input.

Allows use of an external -48 
vdc input power supply instead 
of the normally supplied -20 
vdc PAC-PS power supply.

Provides a fixed -30 db output 
level for monitoring the rf sub­
carrier at a locator external to 
the PAC-4 system. The normal 
rf monitor is removed when the 
fixed -30 db pad option is in­
stalled and the -30 db rf moni- 
toi' level output is available at 
TP101.

Provides a visible alarm in­
indication and a relay contact 
closure in the event of loss of 
the subcarrier output. The 
front panel of the modulator 
includes the carrier alarm 
indicator (red) and the nor­
mally open carrier alarm 
output is made available at 
the rear panel CONTROL 
connector J101 for use at a 
location external to the 
PAC-4 system.
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Available Options (cont)Table 2.

Function ProvidedOptionsUnit

MECHANICAL DESCRIPTION3.0

Access to the internal circuitry

is readily available by removing top and bottom covers.

the rear of the equipment.

3.1 MODULATOR

for the following input and output signals:

Audio Input Signala.

b.

c.

BNC type connectors:

PAC-4 Program Audio Channel System Components, Rear ViewFigure 3.

8932 5

The -30 db RF Output Level (optional) test points (TP101) replaces the normal SUBCARRIER

OUTPUT MON test point when used. Also contained on the modulator rear panel are the following four

The PAC-4 system is a miniaturized, solid state equipment.

All signal and power connections are made at

As shown in figure 1 the front panels of the modulator, demodulator, and power supply con-

The modulator contains DEVIATION MON

DC Power Input

Alarm Output (relay contact closure) (optional)

the rear panel CONTROL 
connector J201 for use at a 
location external to the 
PAC-4 system.

R128). The rear panel of the modulator (figure 3) contains a

tain the following monitoring test points and adjustments.

(monitor) test points (TP103 and TP 104) and an access port to the associated DEVIATION ADJ (adjust) 

control (potentiometer R150). Also provided are SUBCARRIER OUTPUT MON (monitor) test points (TP101 

and TP102) and an access port to the associated SUBCARRIER OUTPUT ADJ (adjust) control (potentiometer

CONTROL connector (J101) which provides
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SUBCARRIER NOTCH FILTER IN (J102)a.

b. SUBCARRIER NOTCH FILTER OUT (J103)

BASEBAND (+ SUBCXR) IN (J104)c.

d. BASEBAND + SUBCXR(s) OUT (J105)

carrier monitor calibration adjustment).

DEMODULATOR3.2

Audio Signal Outputa.

Alarm Output (relay contact closure) (optional)b.

DC Power Inputc.

Also contained on the demodulator rear panel are the following four BNC type signal input

and output connectors:

SUBCARRIER NOTCH FILTER IN (J203)a.

SUBCARRIER NOTCH FILTER OUT (J202)b.

BASEBAND + SUBCARRIER(s) IN (J205)c.

d. BASEBAND + SUBCARRIER (s) OUT (J204)

Refer to figure 2 for an illustration of typical signal interconnections. One adjustment

6 8932

access port is contained on the rear panel of the demodulator: LIMITER DRIVE ADJ (potentiometer ■ 

R201).

Refer to figure 2 for an illustration of typical signal interconnections. One adjustment 

access port is contained on the modulator rear panel: SUBCXR MON CAL ADJ (potentiometer R157, sub-

The demodulator front panel (see figure 1) contains the AUDIO OUTPUT LEVEL MON 

(monitor) test points (TP201 and TP202) and access port for the associated AUDIO OUTPUT LEVEL ADJ 

(adjust) control (potentiometer R222). The rear panel of the demodulator (figure 3) contains a CONTROL 

connector (J201) which provides for the following input and output connections:

The front panel of the power supply contains a neon indicator type fuse for the 120 or 230 vac 

line input power, and a test point (-20 VOLT MON) to monitor the -20 vdc output. The rear panel contains 

two identical connectors, OUTPUT 1 (JI) and OUTPUT 2 (J2). Either connector can be used to supply 

power to the modulator or demodulator.
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4.0 TECHNICAL DESCRIPTION

OVERVIEW OF TYPICAL SYSTEM4.1

same modulator.

MODULATOR DESCRIPTION4.2

8932 7

PAC-4 Program Audio Channel System

8932

+ SUBCARRIER(s) OUT connector (J202) to the SUBCARRIER NOTCH FILTER IN connector

(J203) which allows a video filter to remove that particular subcarrier at a +200 kHz notch thereby pro­

viding a clean video output signal at the SUBCARRIER NOTCH FILTER OUT connector (J202). This video/ 

subcarrier signal, less the first subcarrier, isnext applied to the BASEBAND + SUBCARRIER IN connector 

(J205) of the next demodulator. The subcarrier demultiplexing and demodulating process, and the video 

signal filtering process described above, continues until any third and fourth subcarriers are recovered. 

The final video baseband output signal (less the four subcarriers) is taken from the SUBCARRIER NOTCH 

FILTER OUT connector (J202) of the last demodulator.

Refer to figure 2. At the transmitting end of the microwave link the audio modulation input 

signal is applied to the CONTROL connector (JI01) on the first of up to four modulators. Simultaneously 

the video baseband input signal is applied to the SUBCARRIER NOTCH FILTER IN (J102) connector on the 

A video filter in the modulator removes spurious video signals in a +200 kHz notch cen­

tered at the subcarrier frequency. The notched video signal appearing at the SUBCARRIER NOTCH OUT 

connector (JI03) is then bridged onto the modulated subcarrier via the BASEBAND (+SUBCXR) input con­

nector (J104). The video/subcarrier signal appears at the BASEBAND +SUBCXR(s) OUT connector 

(J105) from where it is applied to the SUBCARRIER NOTCH FILTER IN connector (J102) on the next 

modulator in line. The second audio modulation signal is applied to the second modulator via the CON­

TROL connector (J101) and the above interconnections are repeated until a maximum of four subcarriers 

are frequency division multiplexed above the video baseband. The BASEBAND + SUBCXR(s) OUT signal of 

the last modulator is applied to the associated microwave transmission equipment.

A block diagram of the modulator is shown in figure 4. This unit consists of an input am­

plifier, VCO, limiter amplifier, audio AFC stage, rf output amplifier, deviation monitor, notch filter, 

rf monitor, and voltage regulator. The options for -48 vdc operation, carrier alarm, and -30 db rf pad 

for the rf output level are also shown in figure 4.

At the receiving end of the microwave link the multiplexed video baseband/subcarrier signal 

is applied to the BASEBAND + SUBCARRIER(s) IN connector (J205) on the first of up to four demodulators 

having corresponding operating frequencies. The subcarrier is demodulated and the audio output signal is 

taken from the CONTROL connector. The video/subcarrier signal is bridged from the BASEBAND
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4.3 DEMODULATOR DESCRIPTION

8932 9

The audio modulation input is coupled into a differential amplifier that has provision for in­

put signal optimum return loss adjustment and maximum common mode rejection. Subcarrier channel 

deviation adjustment and pre-emphasis control are also provided.

PAC-4 Program Audio Channel System

8932

The modulator normally operates with a -20 vdc regulated input supplied by the system power 

supply. The modulator will operate, however, with other power supplies furnishing up to -24 vdc, with­

out modification, since the internal voltage regulator provides a regulated -16. 5 vdc source for operation 

of the modulator circuitry. If the available external power source is -48 vdc, an optional modification 

can be made to accept this supply. Complete details of the PAM-M Modulator are given in Unit Descrip­

tion 8933.

A block diagram of the demodulator is shown in figure 5. The unit consists of an rf input 

amplifier, limiter-discriminator, low pass filter, output amplifier, and video notch filter. The options 

for -48 vdc operation, the series voltage regulator and the carrier alarm are also shown in figure 5.

The output of the rf amplifier is applied to a bridging output configuration through a high and 

low (75 ohm) impedance matching network. The 75 ohm output is normally used in transmission systems 

employing hybrid networks and phase equalized video low pass roofing filters. In this instance the BASE­

BAND (+ SUBCXR)OUT connection (J105) is used without the bridge. The high impedance output is nor­

mally used with the associated video notch filter. The video notch filter and bridging connections are 

shown in figure 4.

The unit provides a high impedance bridging input for use with the video notch filter and also 

allows strapping for a 75 ohm low impedance input when fed from a hybrid network.

The amplified audio modulation is applied to a VCO where it is converted to frequency modu­

lation at a preselected subcarrier frequency. Both subcarrier frequency and linearity adjustments are 

provided on the VCO. The frequency modulated subcarrier is next passed through a limiter amplifier and 

final rf output amplifier. A portion of the limiter amplifier is fed to an audio AFC discriminator. The 

output of the discriminator stage is applied to the AFC input of the VCO and to a deviation monitor stage.



PAC-4 Program Audio Channel SystemMicrowave Associates
8932System Description

S3

T

893210

Q_

2

E 
2 
bn .s

o 
2

UJ 

g

£I
”o 

E a
Q 

i
O <

in
oB)

*

Fi
coo

r

§g
§

L

UJLU ZZ> 
— ►— «o

ig

5^

§
s^g

g

£->
ss =?

a: uj 
< a:

* X * * *

£
HI* §

1
5
S

s

I— —I

0—1 e =1 I
I I
L___J

§
S“2i II

7

S
5 
s 

gl
TT C3 
CM U-l

?i

* i, aj errlu* 

“5=S| 
- Q

i p= i
L° - J

§ 1 
liMil 

CO QC 
UJ QC 
GO -X 
«tr co 
CO co

r_i;
lp!g;
i° ■ &L .



Microwave Associates

System Description

put terminals of the CONTROL connector.

specification is required.

Complete details of the PAC-D demodulator are given in Unit Description 8934.

POWER SUPPLY DESCRIPTION4.4

5.0 MAINTENANCE

GENERAL5.1

118932

PAC-4 Program Audio Channel System

8932

The rf amplifier has a bandwidth of +200 kHz, limiter drive adjustment, and adjacent sub­

carrier channel series resonant traps which reduce possible interference and sharpen skirt response of 

the bandpass filters especially useful in multi-channel systems. The audio signal is recovered at the output of 

the limiter-discriminator which is preset for the desired subcarrier frequency. The output of the dis­

criminator is balanced (by adjustment) and low-pass filtered to recover audio modulation signals out to 

15 kHz. The filter has both null and pass limit adjustments. An output amplifier incorporating frequency 

de-emphasis and return loss adjustments controls the level of the output signal appearing at the audio out-

The demodulator normally operates with a -20 vdc regulated input furnished by the PAC-PS 

power supply. It will operate at inputs up to -24 vdc regulated without modification, and at an input of 

-48 vdc with modification. A series regulator is also available when a more stringent ripple voltage

To properly handle wideband subcarrier multiplex signals, the transmission system must be 

in a good state of alignment. Parameters of prime importance are differential phase shift, amplitude re­

sponse and the signal-to-noise ratio existing at the subcarrier operating frequency.

The PAC-PS power supply is a solid state, full-wave, series regulated -20 vdc power source.

It is rated for a 500 ma output current drain. The ac power transformer can be strapped for 120 vac or 

240 vac operation, +15%, at 50 to 400 Hz. The input line is fused with a neon type blown fuse indicator.

In the event that the output load current should exceed 600 ma the series pass regulator circuit is cut off 

and the -20 vdc output automatically removed until the excessive current condition is removed. Full de­

tails of the power supply are covered in Unit Description 8935.



PAC-4 Program Audio Channel SystemMicrowave Associates

System Description 8932

SYSTEM PRE-INSTALLATION TESTS5.2

The recommendedback-to-back on the bench in lieu of in the actual microwave transmission system.

signal input and measurement equipment (or equivalent types) is listed in table 3.

Table 3. List of Recommended Test Equipment

Recommended Type (or Equivalent)Test Equipment

High Impedance VTVM HP Model 410C

Multifunction VTVM HP Model 400D

Distortion Analyzer HP Model 331A

Audio Oscillator HP Model 651A

Test Oscillator HP Model 651A

12 8932

ratio and a secondary affect on the video signal-to-noise ratio, 

subcarrier systems are employed in a common baseband channel.

Unless otherwise indicated by a supplementary data sheet supplied with the particular PAC-4 

system, the modulators are factory set for +75 kHz subcarrier deviation using a 1 kHz tone with a 0 dbm 

600 ohm balanced input. This deviation level can be checked at the front panel DEVIATION MON test 

points using a high impedance VTVM which should measure 0. 75 vac.

Also the rf output is normally factory wired for the bridging configuration. This output is 

set for a 50 to 100 mv peak-to-peak signal with a 75 ohm source coax line terminated in 75 ohms.

Transmission system misalignment will have a primary affect on the audio signal-to-noise 

particularly when two or more wideband

Perform the following system pre-installation tests when first installing a PAC-4 Program 

Audio Channel System or after repairing any frequency sensitive parts in the modulator and/or demodu­

lator. The pre-installation tests should be performed with the modulator and demodulator connected

As a rule, satisfactory subcarrier performance will be realized if the differential phase 

measured at 3. 58 MHz is less than 1° and the amplitude response is down no more than 3 db from the mid­

band response, and exhibits a gentle roll-off characteristic. Additional wideband subcarrier signals or 

other baseband signals should be isolated 400 kHz or more for broadcast quality performance, depend­

ent upon each carrier individual power level compared to the subcarrier power level.
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NOTE

To couple the subcarrier system to and from the test equip­

ment, it is necessary to provide 600 ohm balanced to 600 ohm

unbalanced line transformers. The transfomers must be

calibrated for insertion loss, amplitude response and dis­

tortion at the operating signal levels employed.

The insertion loss should not exceed 0. 5 db per transformer,

impedance VTVM above ground. The subcarrier system cannot

be used to overcome greatei1 transformer losses.

5.2.1 Amplitude Response Test

5.2.2 Total Harmonic Distortion

8932 13

and may be measured by comparing the transformer input 

level with the output level, properly terminated, using a high

The combined total harmonic distortion of the signal gen­

erator and transformers should not exceed 0.1% at +7 dbm.

Unless otherwise indicated by a supplementary data sheet supplied with the particular PAC-4 

system, the demodulator is factory set for proper limiting with an rf bridging input of 50 to 100 mv peak- 

to-peak from a 75 ohm source coax line terminated in 75 ohms. Also, the demodulator is set for a bal­

anced +7 dBm 600 ohm output (1.75 vac) with a 1 kHz tone as measured across the AUDIO OUTPUT 

LEVEL MON test points using a high impedance VTVM connected above ground.

Set up a balanced 1 kHz 0 dbm signal (0. 75 vac with a high impedance meter at the DEVIATION 

MON test points of the modulator.) Set up a balanced +7 dbm (1. 72 vac) output from the demodulator into 

a 600 ohm termination. Measure the total harmonic distortion, insuring that it is 1% or less.

To compensate for the frequency emphasis employed in the subcarrier system, set up a 

balanced 1 kHz tone and reduce the signal generator output to -20 dbm into the modulator. Establish a 

balanced signal level reference output from the demodulator into a 600 ohm termination. Using 1 kHz as 

the zero reference, make response measurements from 50 Hz to 15 kHz, insuring that the response holds 
within +1 db.
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Signal-to-Noise Ratio5.2.3

NOTE

system video notch filters, the signal-to-noise ratio

will be the same as the residual noise system or de­

grade no more than 1 db.

5. 3 FINAL INSTALLATION TESTS.

Interconnect the PAC-4 system with the transmission system. Insure that the PAC-4 system

video notch filters are employed when there is no low pass video filtering employed in the transmission

system.

5.3.1 Subcarrier RF Levels

893214

In a properly aligned transmission system employing 

equalized low pass filters, or the internal subcarrier

The rf output level must be carefully set and is affected by (1) whether or not the video notch 

filters are employed, (2) the source and terminating impedance of the transmission line and, (3) whether 

the subcarrier signal is injected before or after video emphasis circuits such as those employed in micro­

wave transmission systems. It is good practice to operate the subcarrier level -20 to -26 dB down 

from the P-P composite, the subcarrier level should be adjusted between 50 and 100 mv P-P.

Set up a balanced 1 kHz 0 dbm signal (0. 75 vac with a high impedance meter at the DEVIA­

TION MON test points of the modulator.) Set up a balanced +7 dbm (1.72 vac) output from the demodulator 

into a 600 ohm termination. After establishing reference level, remove the 1 kHz tone and measure the

residual system noise. Insure that it is down 70 db or better.

After establishing the desired rf operating level, the SUBCARRIER OUTPUT MON test point 

output is now calibrated by the use of potentiometer R157 (labeled SUBCXR MON CAL ADJ) for a de out­

put equivalent to the P-P rf voltage. For example, a 50 mv P-P rf output could be calibrated for 0. 5 vdc 

output at the SUBCARRIER OUTPUT MON test points, as measured with a high impedance meter. An 

optional circuit may be supplied with a 30 db pad for establishing the rf output level with a 75 ohms fre­

quency selective voltmeter.
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Recheck the test for amplitude response, total harmonic distortion and signal-to-noise ratio.

NOTE

Improvements in signal-to-noise ratio compensating for nonlinear

noise on heavily loaded transmission systems can occasionally

be made by adjusting demodulator potentiometer R201, labeled

Limiter Drive Adjust.

Caution must be observed to insure that the demodulator is

Further improvements in noise can be made by adjusting

the demodulator adjacent channel traps. Again, caution

checked, again, by repeating the distortion test.

5.3.2 Modulation Levels

The proper setting of modulation levels is a function of the program information, dynamic

8932 15

At the receiving terminal, insure that the subcarrier rf signal to the demodulator is between

50 to 100 mv P-P.

still limiting properly. This can be quickly checked by re-

If the distortion has greatly in-peating the distortion test.

creased, it will be necessary to readjust the limiter drive.

must be observed to insure that no trap is inadvertently 

tuned within the subcarrier bandpass. This is quickly

PAC-4 Program Audio Channel System

8932

range, whether or not a compander is employed, and operator technique. In general, average program 

levels should be set at -4 to-6dbm, insuring that program peaks do not greatly exceed 0 dbm. If higher 

program levels are desired, the deviation control on the modulator can be adjusted while insuring that 

modulation peaks do not greatly exceed 0. 8 vac, as observed at the modulator monitor terminals with a 

high impedance meter. Conversely, the demodulator output program peaks should be set so as to never 

greatly exceed +7 dbm.
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Parts List for Program Audio Channel PAC-4 DN 801871

Page 1 of 1

QTY.DESCRIPTION

* 801870Modulator Assembly, Audio
*Demodulator Assembly, Audio 801850

801859Power Supply Assembly a

Front Panel Assembly * 801851
* 801882
* 801869
*Cable Assembly 800192-5

FORM- 1120

-— Tinned

Figure 6. Cable Assembly, 801882

8932-16-

REF.
DES.

Cable Assembly (Figure 6) 

Blank Panel Assembly

MA 
STOCK NO.

SIMILAR
TO

9-Pin Plug 
Amphenol 
126-220

9-Pin Plug 
Amphenol 
126-222

*
As Required
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PAC-M MODULATOR

P/N 801878

1. 0 FUNCTION

lator at the receiving end of the microwave link (see Unit Description 8934).

SPECIFICATIONS2.0

Tables 1 and 2 list the modulator operating specifications and available options .

PAC-M Modulator SpecificationsTable 1.

Program Input

Level 0 dbm

Impedance

Pre-emphasis 75 usee

RF Subcarrier Output

Modulation 50 mv Peak-to-Peak, Nominal FM

Level 20 mv to 150 Peak-to-Peak

Bridging or 75 Ohms UnbalancedImpedance

+50 kHz, Minimum

+75 kHz Nominal

+100 kHz, Maximum

Power Requirements

18933

The PAC-M Modulator (figure 1) provides a frequency modulated rf subcarrier for high 

quality broadcast audio input signals. The FM subcarrier can be frequency division multiplexed with 

other FM subcarriers and broadband video signals into a composite signal suitable for transmission by

Deviation
(At 1 kHz Test Tone)

-20 to -24 Volts de, 90 ma, 10. 0 mv 
Maximum Ripple (modulator can be 
modified for use with -48 vdc input 
power when option C used).

600 Ohm Balanced; Unbalanced Option 
Available

microwave systems. The modulator operates at factory pre-set subcarrier frequencies of 6. 2, 6. 8, 7. 5, 

and 8. 3 MHz. The recovery of the audio signals is normally performed by a compatible PAC-D Demodu-
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Front View

Rear View

PAC-M Modulator P/N 801878Figure 1.

89332

(+SUBCXR) SUBCXR(S) SUBCXR 
MON CAL
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PAC-M Modulator Specifications (cont)Table 1.

Temperature Range

Dimensions

1. 7 inchesHeight

5. 5 inchesWidth

8. 5 inchesDepth

3. 0 lbs. maximumWeight

M/A BlueColor

Modulator OptionsTable 2.

FunctionOption

-30 db RF Output Level PadA,

Carrier AlarmB,

-48 vdc Input Power ConversionC,

3.0 MECHANICAL DESCRIPTION

standard 19-inch panel width EIA electrical cabinet.

Typical systems are described in Microwave Associatesof a complete program audio channel system.

PAC-4 System Description 8932.

TECHNICAL DESCRIPTION4.0

Refer to figure 2 for the following technical description.

The Modulator consists of the modulation amplifier, VCO, limiter amplifier, deviation mon­

itor, output amplifier, video filter and power regulator.

8933 3

Provides a -30 db monitoring level 
for rf subcarrier output.

Provides front panel alarm indica­
tion (red) in event of loss of sub­
carrier signal and set of relay 
contact closures for use at a loca­
tion external to the modulator.

Allows conversion of modulator 
from operation with -20 to -24 vdc 
input power to an external -48 vdc 
power source.

The PAC-M Modulator is designed for mounting in an M/A rack-panel that in turn fits into a

All connections are made at the rear of the unit and

-20°F to +160°F

can be identified in figure 1. Unit interconnecting data is supplied when the modulator is included as part
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and QI02.

turn, isolate and restore the gain lost by the frequency pre-emphasis network comprised of capacitor

C105 and potentiometer R116.

Modulation is next coupled to the VCO where it is converted to frequency modulation. Fre­

quency and linearity adjustments are provided on the bottom of the VCO.

The FM rf output from the VCO is coupled through amplitude modulation limiter amplifiers

Q105 and Q106. The limited rf output is then coupled to both the deviation monitor and the rf output

amplifier.

The limited rf signal is amplified by discriminator amplifier driver Q108. The demodulator

signal is then coupled to deviation output amplifier Q109, where the monitor output level is adjusted to be

equivalent to the modulator deviation by potentiometei’ R150.

8933 5

The 75 ohm output is normally used in transmission systems with hybrid networks and phase 

equalized video low pass roofing filters. The bridging output is generally used with the Video Filter. The 

bridging output is taken from resistor R137 and the 75 ohm output is taken at the junction of resistors 

R138 and R139.

The limited rf signal is also coupled through rf output level potentiometer R128 to a broadly 

tuned rf output amplifier comprised of transistor Q107, inductor L101 and capacitoi' C118. If desired, the 

high and low impedance outputs of this amplifier can be used simultaneously. The choice of output, with 

or without the video filter, is generallj7 made on the following basis:

The modulating signal is coupled into a differential amplifier comprised of transistors Q101 

Potentiometer R109 adjusts the circuit for maximum common mode rejection. R103 is set 

for optimum return loss at an input impedance of 600 ohms. The signal is then coupled through DEVIA­

TION ADJ control R110 to the modulation amplifier comprised of transistors Q103 and Q104 which, in

The rf output level is monitored by a de voltage developed by diodes CR105 and CR106. This 

voltage is calibrated by potentiometer R157 to be equivalent to the rf voltage existing on the video coaxial 

cable. For example, a de output of 0. 5v is usually established representing an rf output level of 50 mv 

P-P. The rf output level can be monitored by an optional -30 db pad (when the monitor is terminated in 

75 ohms,) comprised of resistors R159 and R158.
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will be a function of the line source and terminating' impedance, and will depend whether or not the video

notch filters arc used.

the subcarrier frequency.

An input power source of from -20 to -24 vdc is coupled to the voltage regulator comprised

of transistors QUO, Qlll and Q112. Resistor R151 may bn optionally added to permit use of the modulator

with -48 vdc input power.

5.0 MAINTENANCE

GENERAL5. 1

The following adjustments must be accomplished with the bottom shield (printed circuit

board side) in place.

List of Recommended Test EquipmentTable 3.

Recommended Type (or Equivalent)Test Equipment

HP Model 410CHigh Impedance VTVM

HP Model 400DMultifunction VTVM

HP Model 331ADistortion Analyzer
HP Model 651AAudio Oscillator

HP Model 651ATest Oscillator

Wideband Oscilloscope (CRO) HP Model 140 A

Video Sweep Generator Kay Model 154 A

HP Model 524 BFrequencv Counter

Calibrated Demodulator
M/A PAC-D P/N 801880

89336

Due to the various output circuit configurations, it is necessary to calibrate the rf monitor 

to the actual subcarrier level on the main video line for each installation, since the actual rf output level

The video filter, employed when low pass filters are not used, minimizes the subcarrier rf 

level returning to the video source and attenuates video signal components in a 400 kHz notch centered on 

Due to the impedance of the video filter at the subcarrier frequency, the rf 

The video filter greatly improves the subcarrier S/N ratio, but, misalign-output level is nearly double.

ment can cause degradation in the subcarrier and video system signal-to-noise ratio.
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5.2 MODULATOR ALIGNMENT

5.2.1 Frequency

STEP PROCEDURE

Strap out the discriminator output circuit with a jumper across the fork test terminals pro-1.

vided.

2.

10 minutes or more to stabilize before proceeding.

Connect the frequency metei' to the rf output and adjust the VCO frequency control to the3.

desired frequency.

Replace the discriminator shorting strap across the test terminals with a 5. 6K composition4.

carbon resistor and connect the VTVM, above ground, across the resistor. Adjust secondary

a sudden polarity reversal back to a 0 vdc reading.

5. Again strap out the 5. 6K resistor and re-zero the VCO frequency. Remove the strap across

the 5. 6K and readjust secondary capacitor C124 for the operating frequency at 0 vdc and

allow it to stabilize, touching up as required. Remove the 5. 6K resistor and retouch the

secondary for center frequency.

5.2.2 Input Impedance

Place a VTVM across the balanced 600 ohm transformer output terminals with the test tone

adjusted to 1 kHz at +6 dbm output. Then couple the tone into the modulator while adjusting potentiometer

R103 for an exact 6 db drop in level.

Frequency Response5.2.3

8933 7

Adjust the test tone output to -20 dbm and couple the VTVM to the junction of R121 and the 

collector of Q104. Adjust potentiometer R116 to track the following pre-emphasis curve.

Apply -20 to -24 vdc, insuring that the current does not exceed 95 ma. Allow the modulator

capacitor C124 to maximum or minimum capacity. Adjust secondary capacitor C121 for a

maximum deflection. Next, adjust secondary capacitor C124 for a continued deflection with
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DBFrequency

0300 kHz
+ 1.83 kHz

+14.611 kHz
+1715 kHz

When finally aligned the system response through the demodulator wil usually track within +0.2 db from 1

to 15 kHz.

5.2.4 Deviation

Connect the deviation test set to the rf output. Reduce the test oscillator tone output to zero

and adjust the frequency to precisely 10 kHz. Slowly increase the test oscillator output level, observing

At this point , stop and place the VTVM across the deviation monitox* outputthe rf carrier for 3 nulls.

R150 after this adjustment. Return the test oscillator frequency to 1 kHz at 0 dbm or any other required

NOTE

If a deviation meter is used merely adjust input level for

0 dBm 600 ohms @ 1 kHz and adjust for a peak deviation of

75 kHz as read on the meter, then adjust R110 for a monitor

output of 0. 75 vrms.

5.2.5 Distortion

insertion loss.

89338

level between -4 and -7 dbm, and adjust deviation potentiometer R110 for a monitor output of 0. 75 vrms. 

This represents 100% modulation at+75 kHz deviation.

While measuring the total harmonic distortion, carefully adjust the VCO linearity control for 

minimum distortion (bottom shield). This control will also compensate for demodulator non-linearity, 

therefore, insure that the demodulator is absolutely linear.

terminals and adjust deviation calibration potentiometer R150 for 0. 865 vrms which equals jj_86. 5 kHz

deviation. Repeat this procedure, insuring that there are exactly 3 nulls. Never readjust potentiometer

up a 1 kHz low distortion signal to the modulator with the deviation adjusted for +75 kHz. (0. 75 vrms.) 

Adjust the demodulator for an output of +7 dbm into the balanced line transformer terminated in 600 ohms 

on the distortion analyzer. The actual output level may be somewhat lower due to the line transformer

Adjust the modulator rf output for 50 mv P-P terminated in a calibrated demodulator. Set
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Using a CRO at the monitor terminals of the distortion analyzer, observe that the residual power supply

5.2.6 Signal-to-Noise Ratio

NOTE

In a properly aligned transmission system employing

equalized low pass filters, or the internal subcarrier sys­

tem video notch filters, the signal-to-noise ratio will be

the same as the residual noise system or degrade no more

than 1 db.

Video Filter Alignment5.2.7

If

98933

BASEBAND + SUBCARRIER(s) OUT connector in 75 ohms at the CRO. 

as a frequency marker. Detune inductors L104, LI 05, and L106.

Adjust inductor LI06 for a maximum rf output, observing that the notch is exactly centered 

on the subcarrier frequency. Next, adjust L105, centering the notch on the subcarrier frequency. 

Adjust LI04 for an equal bandpass on each side of the rejection notch. Apply a 1 kHz tone to the 

modulator and observe that there is essentially little tone modulation-on the video sweep waveform, 

necessary, retouch inductor L106 or L105 to minimize any residual AM component.

Set up a balanced 1 kHz 0 dbm signal (0. 75 vac with a high impedance meter at the DEVIA­

TION MON test points of the modulator.) Set up a balanced +7 dbm (1. 72 vac) output from the demodulator 

into a 600 ohm termination. After establishing reference level, remove the 1 kHz tone and measure the 

residual system noise. Insure that it is down 70 db or better.

hum or test equipment ground loop components are not interfering with the distortion measurements. Gen­

erally, the 1 kHz distortion will fall between 0.15 and 0. 3%. The 50 Hz distortion is generally between 0.4 

and 0.8%.

Couple the video sweep generator to SUBCARRIER NOTCH FILTER IN connector; coax jumper 

between the SUBCARRIER NOTCH FILTER OUT and BASEBAND (+ SUBCXR) IN connectors. Terminate 

Use the unmodulated subcarrier
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NOTE

It is vital that this component be at the lowest possible level

to prevent it appearing as a video signal to the transmission

system.

RF DC Calibration5.2.8

into a 75 ohm source and terminate coaxial line.

meter R157, labeled SUBCXR MON CAL ADJ, for a de output equivalent to the P-P rf voltage. For ex­

ample, 0.5 vdc output at the rf monitor terminals would be equal to 50 mv P-P existing on the coax line.

Unbalanced Operation5.2.9

The Modulator may be converted to unbalanced input by cutting the ground bus to resistors

R101 and R102 (330 ohms) and grounding either the orange or red input wire to achieve the desired signal

polarity.

10 8933

Adjust the modulator SUBCARRIER OUTPUT ADJ control for an output level of 50 mv P-P

The rf monitor de output is now calibrated by potentio-
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Parts List for Modulator DN 801878

Page 1 of 3

QTY.DESCRIPTION

Module Assembly Voltage Control Oscillator 801887A101 1

Capacitor, Tantulum, 15 mfd, 20%, 25% vdc 89719-115

Capacitor, Silver Mica, 10,000 pf 1 89008-6C105

Capacitor, Ceramic, . 05 mfd, 20% 88212-12C106 1

Capacitor, Silver Mica, 10 pf, 5% 1 89116C108

Capacitor, Ceramic, . 01 mfd, 20% 13 89014

Capacitor, 7 Trimmer 8-50 pf 89100-21C121

Capacitor, Silver Mica, 20 pf, 5% 89008-53

89017-32Capacitor, Trimmer, 2.7-20pf 1C124

Capacitor, Silver Mica, 50 pf, 5% 890985(4)

Capacitor, Ceramic, 470 pf, 10% 89082C127 1

Capacitor, Ceramic, .1, 20% 88212-14C142 1

Diode, 1N191 2 89439-14

Diode, Silicon, 1N4152 89439-134

L101 Inductor, 22uh 89161-011

L102 [nductor, 8. 2 uh 872641

L103 [nductor, 18 uh 872681

L104, L106 [nductor, AC8004 89169-182

L105 [nductor, AC8002 89169-171

8933 15

C103,C104 
C107,C129, 
C133

C109,C110, 
C111,C112, 
C115, C116, 
C117,C119, 
C120,C126, 
C128,C134,
C141

C118,C122
C123

C125,C130,
C131,C132, 
C143

CR105,
CR106
CR101, 
CR102, 
CR103, 
CR104

REF.
DES.

MA
STOCK NO.

SIMILAR
TO

_____
FORM- 1120
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Parts List for Modulator DN 801878

Page 2 of 3

QTY.DESCRIPTION

87223-5 PNP 2N370211Transistor, Silicon

PNP MJE 37087223-111QUO Transistor, Silicon

892052R101, R102

Potentiometer, Carbon, 25K, 30%, l/4w 3 88453-15

Resistor, Carbon, 8.2K, 30%, l/4w 89237R104 1

89200-14R105 1

Resistor, Carbon, 15K, 5%, l/4w 89275R106 1

892341R107

89200-10R108 1

Potentiometer Carbon, 10K, 30%, l/4w 2 88453-14R109,R157

Resistor, Carbon, 91K, 5%, l/4w 3 89200-16

Resistor, Carbon, 22K, 5%, 1/4w 5 89228

Resistor, Carbon, 240 ohms, 5%, l/4w 89200-45

Resistor, Carbon, 75 ohms, 5%, l/4w 89280R114,R139 2

Resistor, Carbon, 750 ohms, 5%, l/4w 89487R117 1
Resistor, Carbon, IK, 5%, l/4w 892204

Resistor, Carbon, 100 ohms, 5%, l/4w 892025

Resistor, Carbon, 820 ohms, 5%, l/4wR121 892071

Resistor, Carbon, 75K, 5% , l/4wR122, 89200-81

Resistor, Carbon, 10K, 5%, l/4w 892274

R128 88453-191

FORM- 1120

16 8933

Resistor, Carbon, 470 ohms, 5%, l/4w

Resistor, Carbon, 620 ohms, 5%, l/4w

QI01, Q102, 
Q103,Q104, 
Q105,Q106, 
Q107,Q108, 
Q1O9,Q111, 
Q112

R103,R110, 
R116

R111,R118, 
R126
R112,R119, 
R127,R145, 
R146
R113, R131, 
R132,R140, 
R141

R115, R125, 
R136,R137
R120,R124,
R135,R144, 
R155

8123, R134, 
R143,R149

REF.
DES.

MA 
STOCK NO.

SIMILAR
TO

Potentiometer, Carbon, 250 ohms, 30%, 
l/4w

Resistor, Carbon, 330 ohms 5%, 1/4 w

Resistor, Carbon, 20K, 5%, 1/4 w
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Parts List for Modulator DN 801878
33 ofPage

QTY.DESCRIPTION

Resistor, Carbon, 56K, 5%, l/4w 89238-36R133,R142 2

Resistor, Carbon, 2K, 5%, l/4w 2 89488R138, R148

Resistor, Carbon, 6.2K, 5%, l/4w 89200-51R147

Potentiometer, Carbon, 500 ohms, 30%, l/4w 89453-201R150

Resistor, Carbon, 1.5K, 5%, l/4w 892361R153

Resistor, Carbon, 680 ohms, 5%, l/4w 892061R154

Resistor, Carbon, 5. 6K, 5%, l/4w 892261R176

Resistor, Carbon, 390 ohms, 5%, l/4w 891801R129

Diode Zener, 16 vdc, 5%, lw 89439-161ZD101

Modulator OPTION A (-30 db RFPAD) DN 801878

Resistor, Carbon, 1.2K, 5%, l/4w 892211R158

Resistor, Carbon, 82 ohms, 5%, l/4w 89238-441R159

Modulator OPTION B (Carrier Alarm) DN 801878Parts List for

Capacitor Ceramic, .Olmfd, 20% 3 89014

89439-14Diode, Germanium INI91 2

Lamp, Incandescent, Red, 24 vdc 89904-7DS101 1

Transistor, Silicon, PNP 2N3702 87223-5Q113,Q114 2

Resistor, Carbon, 10K, 5%, l/4w 89227R156 1

Resistor, Carbon, 22K, 5%, l/4wR160 892281

RelayK101 1 89980-3

Parts List for Modulator OPTION C (-48 VDC INPUT POWER) DN 801878

Resistor, Wire Wound, 300 ohms, 5%, 5w 88539-151R151

FORM- II2O

178933

C113,C114, 
C135

CR107, 
CR108

REF.
DES.

MA
STOCK NO.

SIMILAR
TO

Parts List for
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PAC-D DEMODULATOR

P/N 801880

1.0 FUNCTION

The PAC-D Demodulator (figure 1) provides the capability of recovering high quality broad­

cast audio signals which have been processed at the transmitting end of a microwave communications link

with video and other microwave baseband signals.

formed by a compatible PAC-M Modulator unit (see Unit Description 8933).

The demodulators operate at factory pre-set frequencies of 6.2, 6. 8, 7.5, and 8.3 MHz.

2.0 SPECIFICATIONS

Tables 1 and 2 list the operating specifications and available options for the demodulator

respectively.

Table 1. PAC-D Demodulator Specifications

RF Subcarrier Input

50 mv, Peak-to-Peak, NominalLevel

Adjustable 20 mv to 250 mv Peak-to-Peak

Bridging or 75 Ohms, UnbalancedImpedance

Audio Output

Level +7 dBm

Adjustable 0 dBm to +7 dBm

Impedance

De-emphasis 75 usee

350 kHz, +0.5 dBRF Bandwidth

Power Requirements

8934 1

by frequency modulation of rf subcarrier signals, and frequency division multiplexing of the subcarrier, 

The system modulation functions are normally per-

-20 to -24 Volts de, 125 ma, 2mv Maximum 
Ripple (demodulator can be modified for use 
with -48 vdc input power when option C is 
used)

600 Ohms Balanced; Unbalanced Option . 
Available
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Front View

Rear View

PAC-D Demodulator, P/N 801880Figure 1.

89342
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PAC-D Demodulator Specifications (cont)Table 1.

-20°F to +160°FTemperature Range

Dimensions
1. 7 inchesHeight
5. 5 inchesWidth
8. 5 inchesDepth

3.0 lbs. maximumWeight

M/A BlueColor

Demodulator OptionsTable 2.

FunctionOption

A, Series Regulator

B, Carrier Alarm

C, -48 vdc input Power Conversion

3.0 MECHANICAL DESCRIPTION

Typical systems are described in Microwavepart of a complete program audio channel system.

Associates PAC-4 System Description 8932.

4.0 TECHNICAL DESCRIPTION

Refer to figure 2 for the following technical description.

The Demodulator consists of a video notch filter, rf amplifier and output amplifier.

8934 3

Allows conversion of demodulator from 
operation with -20 to -24 vdc input power 
to external -48 power source.

Provides means of improving de supply 
voltage regulation when system use re­
quires a more stringent regulation 
specification.

Provides front panel alarm indicator 
(red; in the event of loss of subcarrier 
signal and set of relay contact closures 
for use at a location external to the 
demodulator.

The PAC-D Demodulator is designed for mounting in an M/A rack-panel that in turn fits into 

a standard 19-in panel width EIA electrical cabinet. All connections are made at the rear of the unit and 

can be identified in figure 1. Unit interconnecting data is supplied when the demodulator is included as
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15,750 Hz.

58934

The output from the low pass filter is coupled through a frequency de-emphasis network 

comprised of potentiometer R225 and capacitor C222. High frequency response equalization at 15 kHz is 

achieved by capacitor C220 and potentiometer R224. The signal is then coupled through impedance con- 

verter Q207 and Q208 to the output amplifier stages comprised of Q209, Q210, Q211 and Q212.

The final hard limiters are an integral part of the discriminator. In addition to the frequency 

and linearity adjustment controls on the bottom of the limiter/discriminator, a limiter rf monitor test 

point is provided.

The discriminator output is coupled through a low pass filter combined with a rejection notch 

centered at the horizontal line frequency to remove any residual sync components. Forked terminals are 

provided to facilitate the addition of a pad capacitor for alignment at horizontal line frequencies lower than

The rf amplifier stages are unique in that emitter followers arc employed to achieve gain by 

impedance transformation. Phase linearity is established by the bandpass filters and precise skirt 

selectivity is controlled by series resonant traps. The limiter discriminator is driven by a Class C am­

plifier comprised of transistors Q205 and Q206. This amplifier, is cut off to all signals below a preset 

level which further improves the co-channel signal-to-noise performance.

The video notch filter is essentially identical to that used in the associated PAC-M Modulator 

unit, but is primarily employed to attenuate the subcarrier signal fed to the terminal or re-transmission 

facilities. It has little effect on the subcarrier signal-to-noise ratio (unless misaligned,) other than the 

fact that the rf level into the Demodulator is increased 4 to G db due to the high impedance offered to the 

subcarrier frequency by the video filter. Misalignment can cause degradation in the transmission system 

signal-to-noise ratio and subcarrier system harmonic distortion.

The choice of rf input configuration (low impedance or bridging with or without the internal 

video filter) depends on how the Demodulator is to be used in the transmission system. For example, 

75 ohm resistor R254 may be strapped in as a termination when the Demodulator is fed from a hybrid net­

work. The high impedance bridging input is employed when the subcarrier signal is looped through the 

Demodulator and passed on to other terminal or re-transmission equipment.
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5.0 MAINTENANCE

5.1 GENERAL

Apply -20 vdc, insuring that the input current does not exceed 130 ma.

The following adjustments must be accomplished with the bottom shield (printed circuit board

side) in place.

List of Recommended Test EquipmentTable 3.

Recommended Type (or Equivalent)Test Equipment

High Impedance VTVM HP Model 410C

Multifunction VTVM HP Model 400D

Distortion Analyzer HP Model 331A

Audio Oscillator HP Model 651A

Test Oscillator HP Model 651A

Wideband Oscilloscope HP Model 140A

Video Sweep Generator Kay Model 154A

HP Model 524 B

M/A PAC-M P/N 801878Calibrated Modulator

TEST PROCEDURES5.2

5.2.1 Video Filter Alignment

Lightly couple in an

the subcarrier frequency. Adjust L208 for an equal bandpass on each side of the
rejection notch.

6 8934

Frequency Counter with High 
Gain Amplifier

Couple the video sweep generator to the SUBCARRIER NOTCH FILTER IN connector. Ter­

minate the SUBCARRIER NOTCH FILTER OUT connector in 75 ohms at the CRO.

Adjust inductor L210 for maximum rejection at the subcarrier frequency. Next, adjust L209 
centering the notch on

accurate external generator to provide a frequency marker. Detune inductors L208, L209 and L210.
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CARRIER NOTCH FILTER IN connector.

L209 to minimize any residual AM component.

NOTE

re-transmission equipment.

5.2.2 Frequency

PROCEDURESTEP

1.

2.

78934

When changing frequencies, it will be necessary to increase the sweep generator input level 

to 500 mv P-P inorder to have a large enough signal available to put a preliminary alignment 

on the rf amplifier stages. After this preliminary alignment, reduce the sweep generator 

output to 50 mv P-P and proceed with the final alignment.

It is vital that this component be at the lowest possible level 

to prevent it appearing as a video signal to the terminal or

Next, couple the video sweep generator to an associated test Modulator at the BASEBAND

(+ SUBCXR) IN connector. Couple the Modulator BASEBNAD * SUBCXR(s) OUT to the Demodulator SUB-

Terminate the Demodulator SUBCARRIER NOTCH FILTER OUT

Sequentially adjust inductors L202, L203, L205 and L206 for maximum gain, while gradually 

adjusting potentiometer R201 to insure that the rf signal is not limited. Next, increase 

LIMITER DRIVE ADJ potentiometer R201 until the rf signal is slightly into limiting. Re­

adjust inductor L205 and L206 to compensate for the limiter loading effect and, if required, 

touch up bandpass filter inductors L202 and L203 for a symmetrical bandpass, centered on

Couple the video sweep generator to the BASEBAND + SUBCARRIER(s) IN connector and ter­

minate BASEBAND + SUBCARRIER(s) OUT connector in 75 ohms if internal termination

R254 is not employed. Accurately calibrate the video sweep generator for 50 Me P-P output, 

22 500 kHz, centered precisely on the subcarrier frequency. A lightly coupled RF signal from 

the Modulator may be used as a frequency marker. Place the CRO probe at the fork limiter 

test point. Completely detune adjacent charnel traps L201, L204, L211 and L212. Set limiter 

drive adjust potentiometer R201 to a mid position.

connector in 75 ohms at the CRO. Apply a 1 kHz tone to the Modulator, observing that there is 

essentially little tone modulation on the video sweep waveform. If necessary, retouch inductor L210 or
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STEP PROCEDURE

the high and low side of the band-

the high side of the bandpass, L211 should bo tuned to the low side of the bandpass. Similarly,

L204 and L212 should each bo tuned to opposite sides of the bandpass. When not adjusting

these traps to a specific interference signal, they are generally tuned 300 to 500 kHz above

and below the center frequency.

3.

Accurately adjust the bottom limiter/discriminator controls for an S curve with the positive

Modulate the

8 8934

Set the CRO to the de position and couple the probe to the sweep arm terminal of de 

balance potentiometer R216, set to a mid position.

Adjacent channel traps L201 and L204 are now adjusted on

pass to sharpen skirt selectivity. Traps .L2.ll and L212 should be adjusted in frequency so 

that L201 and L211 are not tuned to the same frequency. For example, if L201 is tuned on

Replace the video sweep generator with the subcarrier Modulator rf signal.

Modulator with a 1 kHz tone, insuring that the sinewave is equally centered above and below 

the 0 vdc CRO reference. If necessary, touch up potentiometer R216.

tain the subcarrier system modulation polarity, the positive peak is tuned low and the nega­

tive peak is tuned high in frequency. During initial adjustment, the linearity controls greatly 

affect the amplitude of the discriminator curve. As final adjustment is approached, the 

linearity adjustment will precisely affect bowing in the S curve more than the amplitude. 

Retouch the frequency controls for a peak-to-peak bandwidth of 400 kHz, precisely centered 

on the subcarrier frequency. Retouch the linearity controls for the straightest possible slope 

(minimum bow.) Recheck the de position on the CRO by momentarily shorting CRO input 

and adjust de balance potentiometer R216 for 0 vdc at the subcarrier frequency.

and negative peaks precisely tuned 200 kHz on each side of the center frequency. To main-

the subcarrier frequency. Continue increasing limiter drive adjust potentiometer R201 for a 

flat rf bandwidth of approximately 400 kHz. The limited rf level will be 6 to 9V P-P.
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Low Pass/Reject Filter Alignment5.2.3

dip in signal amplitude while adjusting filter null potentio -

NOTE

The top cover shield causes the rejection notch frequency

to generally shift lower approximately 3 Hz.

For operation at other line frequencies such as 15,625 Hz, fork terminals have been pro­

vided to facilitate the addition of a padding capacitor. The above alignment procedure is then repeated at

the new line frequency.

5.2.4 Frequency Response

5.2.5 Output Impedance

Calibrate the return loss test set at a test oscillator input of +7 dbm at 1 kHz. Adjust

Then

98934

Adjust the test oscillator to the horizontal line frequency of 15,750 Hz, +1 Hz. Set the output 

level to -20 dbm and couple to the subcarrier Modulator. While observing the Demodulator output with the

Adjust the test oscillator tone input to the subcarrier Modulator to -20 dbm at 1 kHz. While 

observing the Demodulator output, adjust de-emphasis potentiometer R225 to maintain an output of about 

■r0.2 db from 1 to about 15 kHz. Potentiometer R224 is now adjusted in conjunction with de-emphasis 

adjustment R225 to hold the response within about 0.2 db up to 15 kHz or several hundred cycles higher. 

When finally aligned, the system response usually tracks within +Q. 3 db from 50 Hz to 15. 2 kHz.

Output level potentiometer R222 must be used to compensate for changes in 

amplifier gain as potentiometer R247 is varied foi' impedance notch. *

VTVM, adjust variable capacitor C221 for a

return loss test set is not available, place a VTVM above ground across the output terminals of the De­

modulator and remove the 600 ohm termination. Adjust the Demodulator output level for +6 dbm.

alternately terminate and un-terminate the Demodulator output while adjusting potentiometer R247 for an 

exact 6 db drop in level.

potentiometer R24 7 for the maximum return loss. Spot check at other frequencies as desired. When a

meter R223. Continue alternately between these controls and as maximum rejection is approached, place 

the top cover shield over the filter module before the final adjustment of capacitor C221.
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Total Harmonic Distortion5. 2. 6

the distortion.

NOTE

5.2.7 Signal-to-Noise Ratio

the system with a video signal, insure that either the Modulator internal video filter or an equalized low

10 89348934

With the Modulator and Demodulator calibrated for + 75 kHz deviation, usually 0 dbm input 

to the Modulator and +7 dbm output from the Demodulator set up a 1 kHz tone and calibrate the distortion

pass video filter is employed with the video signal. The signal-to-noise ratio in a properly aligned sys­

tem should not vary more than a few db with or without video. A good reference may be had

repeat the de balance procedure outlined in paragraph

5.2.2, Step 3. Except on those systems not employing 

frequency pre- and de-emphasis, distortion cannot be 

tested above 1 kHz.

While the adjacent channel traps have been tuned for optimum skirt selectivity, they may 

also be used to improve the S/N ratio on transmission systems employing multiple subcarriers, pilot and 
control tones. Again, caution must be observed to insure that no trap is inadvertently tuned within the 

subcarrier bandpass. This is quickly checked, again, by repeating the distortion test.

Set up a 1 kHz low distortion signal to the Modulator and adjust the deviation for +75 kHz 

(0.75 vrms). Adjust the Modulator RF output for 50 mv P-P, terminated in 75 ohms at the Demodulator. 

Assuming that the discriminator frequency was precisely aligned as outlined in paragraph 5. 2.2, Step 3, 

only a slight touchup of the linearity controls on the limiter/discriminator module will be required to dip

This adjustment will cause a shift in the de center of the 

discriminator curve. If more than 0.1 vdc shift is noted,

analyzer for 0 db. Remove the input tone and measure the signal-to-noise ratio. It should read between

with a IV P-P color stairstep set for a 50% APL. If there is a considerable change in the signal-to- 

noise ratio, the rf limiter drive adjust potentiometer R201 may require adjustment. Caution must be 

observed to insure that the Demodulator is still limiting properly. This can be quickly checked by 

repeating the distortion test to insure that the distortion is well within the 1% maximum specification.

residual waveform at the test set monitor terminals. If it is desired to test the signal-to-noise ratio of

-70 and -80 db if no power supply hum or test equipment ground loop components exist. Observe the
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5.2.8 Final Alignment

Touch up any controls required for optimum performance. Fasten down allrejection, and distortion.

shield lids.

5. 2. 9 Unbalanced Operation

The Demodulator is changed to unbalanced output by removing resistors R248 and R249

(680 ohms) and grounding the orange or red output wire to achieve the desired signal output polarity.

118934

Place the top cover shield on the Demodulator without fastening and terminating the output 

in 600 ohms at the distortion analyzer. Recheck the Demodulator for frequency response, 15,750 Hz
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Parts List for Demodulator (NO OPTIONS) DN 801880

of 3Page 1

DESCRIPTION QTY.

801881Demodulator PWPDD & AM 1

88249Terminals 1558-2 3

Module Assembly, Limiter/Discriminator 801885A201 1
801883A202 Module Assembly, Low Pass Filter 1

Capacitor, Silver Mica, 15 pf, 5%C201 891171

Capacitor, Ceramic, . 05 mfd, 20%C202,C209 88212-122

C205,C212 Capacitor, Silver Mica, 3 pf 2 89079

Capacitor, Ceramic, . 01 mfd, 20% 890149

Capacitor, Ceramic, . 001 mfd, 20%C218,C235 2 89212-10

Capacitor, Silver Mica, 120 pf, 5%C220 89017-121

C221 Capacitor, Trimmer, 8-50 pf 89100-21

Capacitor, Silver Mica, 1000 pf, 5%C222 890991

Capacitor Ceramic, .1 mfd, 20%C223 1 89212-14

Capacitor, Tantalum, 15 mfd, 20%, 25 vdc 6 89719-10

Capacitor, Silver Mica, 50 pf 11

*L237 87139-141

Inductor AC8003 8 89169-16

Inductor, 1 mH, DEL1025-92L207 89169-191

L208,L210 Inductor, AC 8004 89169-182

L209 Inductor, AC 8002 1 89169-17

L213 Inductor, 22 uh 89161-11

FORM- 1120

16 8934

Capacitor, Electrolytic, 1000 mfd, 25 vdc 
(Value changes for OPTION A)

C224, C225, 
C226,C227, 
C228,C229

L201, L202,
L203, L204,
L205, L206, 
L211,L212

REF.
DES.

MA 
STOCK NO.

SIMILAR
TO

E201, E202, 
E203

C232, C233, 
C234, C238, 
C203,C204, 
C206,C210, 
C211,C213, 
C239

C207, C208, 
C214,C215, 
C216, C217, 
C230,C231, 
C246
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Parts List for Demodulator ( NO OPTIONS) DN 801880

Page 2 of 3

QTY.DESCRIPTION

87223-94Transistor, Silicon, NPN 40468A

87223-58Transistor, Silicon, PNP 2N3702

Potentiometer Carbon, 10K, 30%, l/4w 88453-141R201

Resistor, Carbon, 240 ohms, 5%, l/4w 6 89200-4

Resistor, Carbon, 470 ohms, 5%, 1/4 892343w

Resistor, Carbon, 100 ohms, 5%, 1/4 892026w

Resistor, Carbon, 4.7K, 5% l/4w 892251R206

Resistor, Carbon, 6.2K, 5%, l/4w 89200-51R211

Resistor, Carbon, 430 ohms, 5%, l/4w 89238-312R212,R215

Resistor, Carbon, 330 ohms, 5%, l/4w 892051R214

Potentiometer, Carbon, 25K, 30%, l/4w 88453-152R216, R247

Potentiometer, Carbon, 50K, 30%, l/4w 88453-162R222,R224

Potentiometer, Carbon, 100K, 30%, l/4w 88453-172R223, R225

Resistor, Carbon, 3M, 5%, l/4w 89200-61R226

Resistor, Carbon, 5.1M, 5%, l/4w 89200-71R227

Resistor, Carbon, IK, 5%, l/4w 892204

Resistor, Carbon, 75K, 5%, l/4w 89200-81R231

Resistor, Carbon, 10K, 5%, l/4w 892274

Resistor, Carbon, 22K, 5%, l/4w 892281R235

Resistor, Carbon, 43K, 5%, l/4w 89200-92R239, R242

Resistor, Carbon, 620 ohms, 5%, l/4w 2 89200-10R245,R246

Resistor, Carbon, 680 ohms, 5%, l/4w 2 89206R248, R249

Resistor, Carbon, 10 ohms, 5%, l/4w 892311R250

Resistor, Carbon, 33 ohms, 5%, l/4w 894781R251

FORM- II2O

178934

Q201,Q203, 
Q205,Q207

Q202, Q204, 
Q206, Q208, 
Q209, Q210, 
Q211, Q212

R202,R205,
R207,R210, 
R215, R213

R203, R208, 
R228

R204, R209,
R229, R233, 
R241, R244

R230,R234, 
R237,R238

R232, R236, 
R240, R243

REF.
DES.

MA
STOCK NO.

SIMILAR 
TO
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Parts List for Demodulator (NO OPTIONS) DN 801880

Page 3 of 3

DESCRIPTION QTY.

R254 892801

Resistor, Carbon, 18K, 5%, l/4wR273 892791

Demodulator OPTION A (Series Regulator) DN 801880

Capacitor, Tantalum, 15 mfd, 20% 2 89719-10

Q213 Transistor, Silicon PNPMJE370 87223-111

Resistor, Carbon, 270 ohms, 5%, l/4wR253 894851

ZD201 Diode, Zener, 18 vdc, 5%, lw 89439-171

Demodulator OPTION B (Carrier Alarm) DN 801880

C240 Capacitor, Ceramic, . 01 mfd, 20% 1 89014

C242 Capacitor, Silver Mica, 15 pf, 5% 1 89117

Capacitor, Ceramic, . 05 mfd, 20%C243 1 88212-12

CR203 Diode, Silicon, 1N4152 89439-131

DS201 Lamp, Incandescent, Red, 24V 1 89904-7

Q214,Q215 Transistor, Silicon, PNP 2N3702 2 87223-5

Resistor, Carbon, 22K, 5%, l/4wR256 892281

K201 Relay 89980-31

Demodulator OPTION C DN801880

R252 Resistor, Wire Wound, 2250 ohms, 5%, 5w 88539-141

FORM-II2O

18 8934

REF.
DES.

Resistor, Carbon, 75 ohms, 5%, l/4w 
(optional)

MA
STOCK NO.

SIMILAR 
TO

C236, 
*C237.1
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POWER SUPPLY

P/N 801859

1.0 FUNCTION

It is used as a lowsource.

ripple, well regulated general purpose power source for various Microwave Associates systems such as

the PAC-4 Program Audio Channel system.

The power supply ac power transformer is normally strapped at the factory for operation with

also be strapped for a 240 vac line power input. In

A neon indicator fuse, mounted oneither case the line frequency variation can be between 50 and 400 Hz.

the front panel, protects the power supply from short circuits to the input line and provides a visual blown

The regulator circuit design incorporates an overcurrent protection feature in the eventfuse indication.

that the load exceeds 600 ma.

2.0 SPECIFICATIONS

Input Power Requirements

Output Voltage -20 vdc at 0. 5 ampere maximum

Ripple component 1.0 mv rms maximum

Current Protection 0. 6 ampere

-20°F to +160°FOperating Temperature Range

Dimensions

Width: 5. 5 inches

Height: 1. 6 inches

Depth 8. 0 inches

Weight: 2. 8 lbs.

M/A BlueColor:

3.0 MECHANICAL DESCRIPTION

The power supply is primarily designed for installation in a three position rack-panel that is

19-inches wide and 1.75-inches high. This rack-panel mounts in a standard EIA equipment cabinet. Nor­

mally, the rack-panel provides installation for two other units that receive identical -20 vdc inputs from

8935 -1-

120 vac oi' 240 vac, 50 to 400 Hz, 
at 0.2 ampere maximum

Power Supply P/N 801859 (figure 1) is

It provides a -20 vdc output at a maximum continuous load of 0. 5 amperes.

a 120 vac primary line power input, however, it can

a solid state, full wave, series regulated power
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Rear View

Power Supply P/N 801859Figure 1.

-2- 8935

Microwave Associates
Unit Description

I

-
1



Power SupplyMicrowave Associates
Unit Description 8935

The -20 vdc output voltage can be monitored on the front panel test point. The output voltage

adjustment is accessible inside the unit case.

4.0 TECHNICAL DESCRIPTION

Refei* to figure 2 for the following discussion:

in a Darlington configuration, with transistor Q2.

A portion of the output voltage is coupled through zener diode CR1 to the base of transistor

Q3. The base and emitter junction of Q3 establishes the reference voltage that is compared with the

voltage developed across potentiometer R3 causing transistor Q3 to act both as a voltage reference and

amplifier. The resulting current flow of Q3 develops a bias voltage across collector load resistor R4,

which in turn controls the current of the Darlington configuration Q2 and Q4.

8935 -3-

and potentiometer R3. Capacitor Cl provides RFI suppression. Ferrite bead Z1 reduces the tendency of 

high frequency oscillations.

The 120 vac line input voltage is applied to the primary of power transformer T1 via line cord

Pl and through indicator fuse Fl. Capacitors C5 and C6 provide RFI suppression. Indicator fuse Fl pro­

vides a visual indication that a fuse is blown.

the power supply rear panel OUTPUT 1 and OUTPUT 2 connectors (see figure 1). It should be noted, how­

ever, that the power supply can be adapted to a wide range of physical installation configurations.

Ac voltage from the secondarj' winding of transformer T1 is rectified by the full-wave 

bridge rectifier consisting of diodes CR2, CR3, CR4, and CR5. Filtering is accomplished by capacitors 

C3 and C4. The output of the full wave rectifier is applied to series pass regulator Q4 which is connected

Current protection is provided by transistor QI which is connected in a Darlington configura­

tion with transistor Q3. As the current drawn from the power supply approaches 600 milliamperes, a 

bias voltage is developed across sensing resistor R5. The bias voltage causes QI to conduct and the bias 

voltage across resistor R4 changes, decreasing the conduction of transistors Q2 and Q4. Capacitor C2 is 

used to reduce the ripple of zener diode CR1 and the associated voltage divider network, resistors Rl, R2
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5.0 MAINTENANCE

power transformer T1, and

This adjust-

The power supply assembly diagram is shown in figure 4.

'/
C4 +

o

Z/CW A POR 240 ✓ OPERATION

"Power Supply, Component LocationFigure 3.

-5-8935

I
L

tjX"
c5 ce

The output voltage is adjustable to -20 ±2. 0 vdc by the use of potentiometer R3. 

ment should be set to provide precisely the -20 vdc output.

Corrective maintenance procedures should not generally be required on the power supply 

since (1) the input line is fused by FL1, (2) the suppression of transient due to the resistance of

(3) the load current limiting provided by transistor QI.

to 240 vac operation, remove the top and bottom

Cut the bus straps available on the

l
I
I
l
I
L

----------f YEu O-«=»-OZ?£D .

I 
I 
I 
I 
I 
I 
o

I 
I 
I 
I 
I 
I 
I
I 
I 
I

—--Cl
------------------------f YE1. O-*=X~OKD .

°-«=»-oa^y-

In the event of a regulator circuit failure, series pass transistor rarely needs to be replaced, 

but it is advisable to replace QI, Q2 and Q3 even though only one of these transistors has failed.

To change the power supply from 120 vac 

covers of the unit. Refer to the component layout diagram, figure 3. 

top of the printed circuit board. Then add a bus strap between the red and orange leads.

----------- 1
I

- , C/r*'T|
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Parts List for Power Supply PAC-PSDN 801859 See Figure 3

1Page 1 of

QTY.DESCRIPTION

88305-2Cord, Line, AC, 18GA, 3 conductor 1 FALMAT F-17237-BPl

87223-111Q4 Transistor MJE370

88200-5 Little fuse V3442501Fuse Holder, 250V

Fuse, 3/10 amp., 125V, 3 AG Little fuse #312-3001 89199-20Fl

2 88-350-5Connector, 9 pin, Type 34JI, J2

B-801889 Lambda MP112201TransformerT1

1 801868Printed Circuit Board Assembly

89161-201Bead, FerriteZ1

Ward-Leonard RS2X1Resistor, WW, 1 ohm, 10%, 2w 88539-121R5

Resistor, 3. 6K, l/4w, 5% 89200-15 RC071R4

Potentiometer, 250 ohm, l/4w RC0788453-191R3

Resistor, 160 ohm, l/4w, 5% 89200-13 RC071R2

Resistor, 330 ohm, l/4w, 5% RC071 89205R1

87223-5Transistor, Silicon, TI 2N3702 2Q2,Q3

87223-10Transistor, Silicon, 2N4058 1QI
89431Diode, 1N4002 5

SchauerDiode, Zener, 16. ov, 5%, lw 89439-161CR1

88212-10 ErieCapacitor, . 001 uf, 801-000-X5F0102K 2C5„C6

89719-11 SpragueCapacitor, 2300 uf, 50V, 39D238G050ST4 2C3,C4

Hilton SWT 1589719-10C1,C2 Capacitor, 15 uf, 25V 2

FORM- 1120

8935 -7-

CR2,CR3, 
CR4, CR5, 
CR6

REF.
DES.

MA 
STOCK NO.

SIMILAR
TO
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8509AIntroduction

INTRODUCTION

GENERAL1.0

This instruction manual contains the information necessary to operate and maintain your

Microwave Telecommunications System manufactured by Microwave Associates, Inc. , Burlington,

U.S.A.Massachusetts 01803,

The contents of this manual are as follows:

TitleSection

Introduction1
System Specifications2
System Description3
System Installation and Operation4
Maintenance and Troubleshooting Procedures5

System Alignment, Adjustment,a nd Test6

Transmitter Chassis and Module Descriptions1

Receiver Chassis and Module Descriptions8

9

DAMAGE IN SHIPMENT2.0

Inc.

RETURN AUTHORIZATION3.0

Material forwarded to Microwave Associates must be accompanied by a Return Authorization

Tag which is available on request.

8 50 9A

Subject to standard terms of the warranty policy, Microwave Associates will repair all 

defective equipment or component modules at its Burlington, Massachusetts factory.

Power Supply and Equipment Option 
Module Descriptions

After unpacking this system, should any damage be discovered, immediately file a claim 

with the carrier. A full report of the damage should be made and a copy forwarded to Microwave Associates.

We will then advise you what disposition is to be made of the equipment.
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B-PORTABLE

SYSTEM SPECIFICATIONS

MA-5BMODEL MA-4B MA-7BMA-IB MA-2B MA-8B MA-13B

Electrical:

3.7-4. 2 GHz 4.4-4. 9 GHzFrequency Band 1.7-2. 5 GHz 5. 9-7. 2 GHz 7.1-8.4 GHz 10. 5-13.25 GHz.82-. 88 GHz

120 MHz 120 MHz 250 MHz 250 MHz • 250 MHz50 MHz 70 MHz

± 0.05%

8.0 MHz 8.0 MHz 8.0 MHz 8.0 MHz 8. 0 MHzDeviation (P-P) 8. 0 MHz 8.0 MHz

Modulation FM FM FM FM FMFMFM

Input Power:

AC (± 10%)

AC Frequency 47-63 Hz 47-63 Hz 47-63 Hz 47-63 Hz 47-63 Hz47-63 Hz 47-63 Hz

RF Input and Output:

Impedance 50 ohms 50 ohms 50 ohms 50 ohms 50 ohms 50 ohms 50 ohms

Connector Type N WR-112 WR-75N-EIA N-EIA N WR-137

+35 dBm +25 dBm +20 dBm+ 28 dBm + 27 dBm + 27 dBm

8.5 dB 9.5 dB 11.0 dB 11.0 dB 12.0 dB10. 0 dB 10. 0 dB

5.0 dB 5.5 dB 5.5 dB 6.0 dB 6.0 dB 6.5 dB5.5 dB

Intermediate Frequency (Output Option):

Frequency 70 MHz 70 MHz 70 MHz 70 MHz70 MHz 70 MHz 70 MHz

Level 0.5 V 0.5 V0.5 V 0. 5 V 0.5 V 0.5 V0.5 V

Impedance 75 ohms 75 ohms75 ohms 75 ohms 75 ohms 75 ohms75 ohms
Return Loss 26 dB 26 dB26 dB 26 dB 26 dB 26 dB 26 dB

± 0. 002% over a 30°C temperature range for all models except MA-IB and MA-2B.1

8502

Receiver Noise
Figure 
(with low noise 
amplifier)

117V
220V

60W
30W

60 W
30 W

+33 dBm
+30 dBm

60W
30W

60W
30W

60W
30 W

60W
30W

60W
30W

117V
220V

Consumption
Transmitter 
Receiver

117 V 
220V

117V
220V

± . 02%
i . 005%

Transmitter Power 
2.1-2.5 GHz

± 0. 02%
± .005%

117 V
220V

± 0.02%
± . 005%

117V
220V

± 0.02%
i . 005%

117V
220V

i 0.02% 
± . 005%

± . 02%
± .005%

Tuning Range
(switchable)
Stability1

With AFC
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MA-5B MA-7B MA-8B MA-13BMA-IB MA-4BMA-2B

1.0%1.0% 1.0% 1.0'71.0%1.0% 1.0%Tilt (60 Hz)

± 0. 25 dB ± 0.25 dB ± 0.25 dB ± 0. 25 dB± 0.25 dB± 0.25 dB ± 0.25 dB

Differential Gain

Differential Phase

63 dB 63 dB63 dB 60 dB65 dB68 dB 65 dB

46 dB48 dB 48 dB 46 dB 46 dB48 dB50 dB

Audio:

1. 0% 1.0% 1.0% 1.0% 1.0%1.0% 1.0%

60.0 dB 60.0 dB 58.0 dB60. 0 dB 60.0 dB 60.0 dB 60. 0 dB

600 ohms 600 ohms 600 ohms 600 ohms 600 ohms 600 ohms 600 ohms

Measured with -40 dBm receiver input level.2

Wideband systems are available on special order.3

-2- 8502

Signal to Hum 
(ELA weighted)

1.5%
1.0%
1.25%

75 ohms
26 dB

1.5%
1.0%
1.25%

Response-10 KHz 
to 4.5 MHz 
at 6. 0 MHz (no 
audio)^ 
(no audio)

Signal to Noise 
(EIA weighted)

Signal to Noise (sin^
- window)

Input and Output
Impedance

Return loss

Distortion (one 
subcarrier)

Input and Output 
impedance

Input and Output 
levels (peak) 
Adjustment

10% A PL
50% A PL
90% A PL

10% A PL
50% A PL
90% APL

± 0.5°
± 0.3°
± 0.5°

± 0.5°
± 0.3°
± 0.5°

0.5 dB
0.25 dB
0.5 dB

9.0 dBm
5-11 dBm

+ 0. 5 dB
-1.0 dB

0.5 dB
0. 25 dB
0.5 dB

9. 0 dBm
5-11 dBm

Response 
at 50 Hz 
100-7500 Hz 
at 15 KHz

Distortion (two 
subcarriers) 
50-100 Hz 
100-7500 Hz 
at 15000 Hz

+ 0.5 dB
-1.0 dB

75 ohms
26 dB

+ 0.5 dB
-1.0 dB

9. 0 dBm
5-11 dBm

•‘0.5 dB
-1. 0 dB

75 ohms
26 dB

-1. 5 dB
-1.0 dB
-2.5 dB

75 ohms
26 dB

-1.5 dB
-1. 0 dB
-2. 5 dB

±0. 5°
±0.3’
±0. 5°

75 ohms
26 dB

9. 0 dBm
5-11 dBm

75 ohms
26 dB

0.5 dB
0.25 dB
0.5 dB

9.0 dBm
5-11 dBm

0.5 dB
0.25 dB
0.5 dB

-1.5 dB
-1.0 dB
-2.5 dB

9. 0 dBm
5-11 dBm

0. 5 dB
0.25 dB
0.5 dB

75 ohms
26 dB

9. 0 dBm
5-11 dBm

-1.5 dB
-1. 0 dB
-2. 5 dB

± 0.5°
± 0.3°
± 0.5°

+0.5 dB
-1.0 dB

-0-5 dB
-1.0 dB

± 0.5°
± 0.3°
± 0.5°

1.5%
1.0%
1.25%

-1.5 dB
-1.0 dB
-2.5 dB

^0. 5 dB
-1.0 dB

-1.5 dB
-1. 0 dB
-2.5 dB

± 0.5*
± 0.3°
x 0.5°

-1.5 dB
-1.0 dB
-2. 5 dB

± 0.5°
± 0.3°
± 0.5°

1.5%
1.0%
1.25%

1.5%
1.0%
1.25%

0.5 dB
0.25 dB
0.5 dB

1.5%
1.0%
1.25%

1.5%
1.0%
1.25%

MODEL

Video":

0. 5 dB
0.25 dB
0.5 dB
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MODEL MA-4B MA-5B MA-7B MA-13BMA-8BMA -IB MA-2B

Mechanical:

Environmental:

14,000 ft (all models)Altitude

95% (all models)Humidity

8502 -3-

Dimensions (H x W x D) 
Transmitter 
Receiver

Weight
Transmitter
Receiver

Temperature range: 
To spec 
Operating 
Storage

7.5 MHz
6.5/8. 5 MHz

-10 to 50°C (all models)
-30 to 60°C (all models)
-54 to 71°C (all models)

14 l/2"x 17 l/2"x 10 l/2"(all models)
14 l/2"x 17 l/2"x 10 l/2"(all models)

7. 5 MHz
6. 5/8. 5 MHz

40 lbs (all models)
40 lbs (all models)

7.5 MHz 7.5 MHz
6. 5/8. 5 MHz 6. 5/8. 5 MHz

7.5 MHz 7.5 MHz
6.5/8. 5 MHz 6.5/8. 5 MHz

Subcarrier frequency 
Chi 7.5 MHz
Ch 2 6.5/8. 5 MHz
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B-LINE

SYSTEM DESCRIPTION

GENERAL1.0

Microwave Associates B-Line telecommunications equipment (Figure 1) is a total solid­

analog or digital data transmission.

when equipped with an external inverter supply.

contained power supply. The power supply can

receive relatively wide input variations and

unnecessary maintenance costs.

The transmitter and receiver

B-Line TransmitterFigure 1.

8515

still deliver precisely-regulated voltages to 

the transmitter and receiver subsystems: a

capability which insures component longevity, 

eliminating shutdown losses and preventing

equipment faults. Front panel metering is 

provided on the units to permit operational 

checks of vital functions.

Test points are external and clearly labeled to 

facilitate sectionalization and localization of

subsystems are of a modular configuration which 

makes them readily accessible for replacement. hi

All units operate on ac power or, as an equipment option, units may operate on de power

Each transmitter or receiver unit has its own self­

state, high-performance, frequency-modulated, microwave system. The equipment utilizes a solid­

state rf power source which eliminates the necessity for klystrons, mechanical relays, power tubes, 

and their associated high-voltage requirements. The use of solid-state circuitry throughout the equipment 

provides the advantages of instantaneous operation, in addition to increased system stability and reliability. 

The virtually trouble-free operation of the B-Line system enhances its suitability as a communication 
link for color-television and multiplex-telephone transmission, and for handling high-speed-computer
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panel removal.

TRANSMITTER UNIT DESCRIPTION (reference Figure 2)2.0

NOTE

Refer to the module-description section of this

manual for as-built module configurations for

servicing purposes.

2.1

Amplifier where it is terminated into 75 ohms. The Transmitter Video Amplifier has the necessary

gain stages and a video gain control to maintain the input signal level at 1 volt peak-to-peak to insure an

2.2

8515—2 -

optimum signal-to-noise ratio for the system. This module supplies two video outputs; one output is 

used for monitoring purposes and the other is fed to the Master Oscillator for further processing. When

audio options are employed in the system, the second video output is supplied to the Subcarrier Adder 

where it is combined with the audio subcarrier. The resulting composite signal is fed to the Master 

Oscillator.

to carry the audio programming, or other information, without interference to the video signal. The 

7.5- or 8.5-MHz subcarrier oscillator output is supplied to the Subcarrier Adder for additional 

amplification of the subcarrier and combination with the video signal whereupon the composite signal 

is fed to the Master Oscillator for further processing.

The incoming audio signal is processed by the Audio Subcarrier Oscillator to frequency- 

modulate a 7.5- or an 8.5-MHz subcarrier. This subcarrier is inserted above the video frequencies

TRANSMITTER AUDIO SYSTEM (optional). Two 15 KHz program channels multiplexed 

above the video signal at 7.5 MHz and 8.5 MHz are available as equipment options.

The transmitter and receiver units are encased in housings designed for mounting in 

standard EIA equipment racks. Each unit occupies 12-1/4 inches of vertical rack space. The bezel of 

each unit has integral mounting flanges and standard open-ended slots to secure the unit to the equipment 

rack. A removable front panel permits ready access to the unit subsystems, adjustments, and test points, 

which will satisfy most servicing requirements once the unit is installed. A hinged door panel permits 

access to the operating controls and meter without completely removing the front panel. Four quick­

release (turn-lock) fasteners secure the front panel to the bezel frame. These fasteners facilitate front-

TRANSMITTER VIDEO SYSTEM. The incoming video signal enters the Transmitter Video
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2.3

2.4

-4- 8515

The de voltage is supplied by the highly-regulated 35 volt supply (positive or negative 

depending upon system requirements) through the Tuning Voltage Network and channel-selector switch. 

A FINE TUNE potentiometer located on the front panel permits correction of the master oscillator 

frequency to compensate for aging and drift. The VCO generated carrier frequency is approximately 

350 MHz, depending on the specific channel in use. The fm VCO output is applied to a buffer stage for 

isolation and then to the RF Power Amplifier module.

The incoming signal is fed directly into the pre-emphasis network which intentionally alters 

the signal waveform by emphasizing the higher video frequencies with respect to the lower frequencies 

to improve the transmission parameters. Jumpers are provided to conveniently patch-out the pre­

emphasis network when the system is employed in multiplex-telephony or data-transmission applications.

An Isoductor provides isolation and an improved impedance match between the RF Power 

Amplifier and the RF Frequency Multiplier Chain.

FREQUENCY MULTIPLICATION. The RF Power Amplifier output (approximately 350 MHz) 

is multiplied to the final transmitter frequency by the rf multiplier chain. The rf multiplier chain contains 

the appropriate combination of varactor multipliers and associated isolators and cabling to perform this 

function in accordance with the individual system requirements.

The pre-emphasized signal is applied first to a lowpass filter in the voltage-controlled- 

oscillator portion of the Master Oscillator to remove unwanted highei' frequencies, and finally to the resis­

tance network. The equalizing variable resistor may be varied to compensate for the loading effect of the 

deviation variable resistor. The resistance network provides the correct video terminating impedance. 

This signal is capacitively superimposed on the de tuning voltage to the varactor diode. The mean 

frequency of the oscillator, that is, the carrier frequency, is determined by the de tuning voltage applied 

to the varactor diode connected across the frequency determining elements of the VCO.

The fm signal from the Master Oscillator is applied to the RF Power Amplifier module where 

it is amplified through five stages of gain with a resulting output signal power on the order of 6 to 10 

watts at the VCO frequency (approximately 350 MHz). The collector current of the last amplifier stage 

is tapped and applied to the front-panel meter at the PA position. This yields an indication of trans­

mitter performance up to the last transistor.

RF GENERATION AND AMPLIFICATION. The composite signal from the Subcarrier

Adder is routed to the Master Oscillator module which is the primary frequency-generating source for the 

transmitter. The Master Oscillator consists of a Voltage Controlled Oscillator (VCO) and a VCO 

Deviation Control and Pre-emphasis Network. The VCO Deviation Control and Pre-emphasis Networks 

are contained on a printed circuit board mounted above the VCO.
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2.5

of the transmitter.

Ultra High Frequency Automatic Frequency Control2.5.1

2.5.2 Microwave AFC

2.6 METERING.

a) rf output power (OUTPUT)-35 volt de supply f)
b) AFC discriminator output(-12) g)

AFC error voltagec) (+12) h)
(AFC XTAL)#d) AFC crystal currenti)(+35)

e)

8515 -5-

*Transmitters with negative master oscillator tuning voltage.
^^Transmitters with AFC.
#Transmitters with Micro wave AFC.

The Microwave AFC system samples the rf output frequency of the transmitter, except 

in 13 GHz systems in which the rf is sampled at the second multiplier in the rf multiplier chain.

The Microwave AFC system also provides an "air-view (off-air) monitor" output at the 

transmitter site which depicts the baseband quality of the transmitter output signal.

-12 volt de supply

+12 volt de supply

AUTOMATIC FREQUENCY CONTROL (optional). Two types of automatic frequency 

control (AFC) systems are available as equipment options in order to increase the long-term stability

(-35)*
(AFC DISC)**

(AFC ERROR)**

+35 volt de supply

rf power amplifier output (PA)

A front-panel meter on the transmitter unit permits monitoring of all power 

supply voltages and vital performance functions as follows:

The rf sample signal is mixed with a crystal-controlled local oscillator signal heterodyning 

it to 70 MHz. The 70 MHz IF signal is amplified, limited, and demodulated, and then amplified further 

and applied to the Master Oscillator to maintain the transmitter on the assigned frequencies.

The UHF AFC system provides an error-loop system referenced to a crystal-controlled 

source. The UHF Mixer module samples a 1 milliwatt portion of the RF Power Amplifier output and 

heterodynes it down to 10 MHz by mixing it with the third harmonic of a crystal oscillator. This 10 MHz 

signal is applied to a UHF Discriminator and the resultant error voltage is amplified by the AFC 

Amplifier and applied back to the Master Oscillator to close the loop and maintain the transmitter on 

the assigned frequency. An AFC switch is incorporated after the AFC Amplifier to disable the AFC 

error voltage for testing purposes and to correct the transmitter frequency.
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RECEIVER UNIT DESCRIPTION (reference Figure 3)3.0

NOTE

servicing purposes.

3.2

chain contains the appropriate combination of multipliers and attenuators or isolators in accordance

with the individual system requirement.

3.3

-6- 8515

The resulting LO signal is routed to the balanced mixer portion of the Mixer-Preamplifier 

where it is heterodyned with the rf signal to produce the 70 MHz IF signal. The IF preamplifier portion 

of the Mixer-Preamplifier provides low noise amplification of the resultant IF signal.

A Microwave Transistor Amplifier (MTA) or Tunnel Diode Amplifier (TDA) may be incorpo­

rated into the preselect section of the receiver. These options provide low-noise preamplification of the 

incoming signal thereby improving the noise figure and system gain characteristics.

Refer to the module description section of this 

manual for as-built module configurations for

The local oscillator signal originates in the Crystal Oscillator Switch Assembly which 

produces a crystal-controlled signal as determined by the position of the CHANNEL selector switch, 

which selects one of up to ten preset channel frequencies. The approximately 100-MHz crystal­

oscillator signal is routed to the LO Driver/X4 Multiplier where it is amplified, multiplied by a varactor 

diode, and filtered by a series of fourth-harmonic filters. The signal is then fed to the Local Oscillator 

multiplier chain where it is multiplied to the final frequency of the local oscillator. The LO multiplier

RECEIVER IF SYSTEM. The IF signal is fed to the IF-filter-network portion of the IF

Filter-Equalizer module to limit the IF bandwidth. The signal is amplified through seven stages of gain

LOCAL OSCILLATOR SIGNAL. The local oscillator (LO) signal to the Mixer-Preamplifier 

is a stable, crystal-controlled signal which is 70 MHz lower in frequency than the incoming rf signal.

3.1 RF INPUT. The rf input signal from the receiving antenna is coupled through waveguide or 

coaxial cable to the rf input connector. The rf signal passes through a channel filter (in single-channel 

equipment) or a band filter (in multi-channel equipment). These filters attenuate undesired-out-of-band 

signals to prevent their introduction into the mixer-preamplifier.
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Baseband Filter Notch Equalizer.

3.4

filtered video signal.

distortion introduced by the notch filters. Final filtering of the video signal is performed by a lowpass-

filter network, which attenuates the high unwanted frequencies.

feedback type amplifier with a de-emphasis network incorporated in the feedback loop to de-emphasize

the high frequencies that were pre-emphasized in the transmitter unit. The amplifier contains a video

3.5

The 7.5- or 8.5 MHz audio subcarriei' is routed to the Audio Filter Limiter where the

subcarrier is bandpass-filtered, limited, and amplified.

-8- 8515

The Audio Discriminator demodulates the subcarrier and a notch filter removes any 

residual horizontal video sync from the recovered audio signal.

gain control and provides the necessary amplification to deliver a signal level of 1 volt peak-to-peak 

into 75 ohms at dual isolated outputs.

RECEIVER AUDIO SYSTEM (optional). The 7.5- and 8.5-MHz audio subcarrier outputs 

from the Baseband Notch Filter Equalizer are routed through isolation resistors to the Audio Filter 

Amplifier. This circuit eliminates the unwanted video signal and separates the two subcarriers by 

means of notch filters.

Each audio subcarrier output from the Audio Filter Amplifier is processed separately in 

the following manner.

in the IF Amplifier which incorporates an automatic gain control (AGC) loop. The IF amplifier output 

is applied to the phase-equalizer network portion of the IF Filter-Equalizer module to equalize the group 

delay. The IF signal is then routed to the limiter stages of the Limiter-Discriminator which limits the 

amplitude variation of the signal prior to supplying it to the discriminator portion of the circuit. The 

discriminator networks demodulate the fm signal, reproduce the baseband signal and apply it to the

RECEIVER VIDEO SYSTEM. The baseband signal from the Limiter Discriminator is 

routed to the Baseband Notch Filter Equalizer to be divided into the appropriate audio subcarriers and a

The video signal passes through a series of notch filters for removal of the 7. 5- and 8. 5-

MHz audio subcarriers. The signal is then fed to an equalizer network which reduces the delay

The filtered video signal is routed to the Receiver Video Amplifier. This is an inverting,

The baseband signal is processed through notch filters to separate the 7.5- and 8. 5-MHz 

audio subcarriers. Each subcarrier is amplified and routed to the audio system for further processing.
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The Audio Discriminator output is routed to the Audio Amplifier for final amplification

level.

(600 ohms), audio channel output.

3.6

LO drive (XTAL 1)a)

b) (XTAL 2)LO drive

-12 volt de supply (-12)c)

+12 volt de supplyd) (+12)

received rf signal level (AGO)e)

f) discriminator output (DISC)

8515 -9-

and the audio gain control located on the backplate of the receiver provides adjustment of the signal 

The output of the audio amplifier is coupled to the Audio Transformer to provide a balanced,

METERING. A front-panel meter on the receiver unit permits continuous monitoring of 

all power supply voltages and vital performance functions as follows:
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B-LINE

SYSTEM INSTALLATION AND OPERATION

This section of the Microwave Associates B-Line Equipment Manual contains unpacking and

installation instructions, illustrated descriptions of the transmitter and receiver operating controls and

indicators, as well as procedures to be followed during initial checkout and alignment of the equipment.

1. 0 UNPACKING AND INSTALLATION

Each system is packed in a corrugated container lined with specially fabricated1.1 UNPACKING.

shock-protection packing material. Care should be taken when removing any of the units from the shipping

container to prevent damage to the units.

Ensure that all parts and accessories are removed from the container before discarding the

container or any packing material.

Power cords, spare fuses and instruction manuals normally accompany the system and are

located in special depressions in the top of the packing material.

1.2

1.3

the equipment in accordance with the procedure below.

NOTE

It is recommended that the equipment be operated on a test

bench using path-loss test attenuators for path simulation to

gain operational familiarity with the equipment and to detect

any damage which may have occurred in transit.

1.3.1 Transmitter Installation

1. Install transmitter in the assigned rack space using four rack screws.

Open the front panel; turn the POWER switch OFF; check the power supply input voltage.2.

8512

INSTALLATION. After removing all of the equipment from the shipping containers, assemble

DAMAGE IN SHIPMENT. After unpacking the system, should any damage be discovered, 

immediately file a claim with the carrier. A full report of the damage should be made and a copy for­

warded to Microwave Associates, Inc.. The company will then advise what disposition is to be made of 

the equipment.
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Connect the power cord to the power input connector and to a voltage source compatible3.

4.

Attach the video and audio input cables to the appropriate transmitter input connectors.5.

6.

1.3.2 Receiver Installation

1.

2.

Connect power cord to the power input connector and to a voltage source compatible3.

4.

Attach the video and audio output cables to the appropriate receiver output connectors.5.

Termination of unused connectors is not necessary.

Turn power switch ON and proceed with initial checkout and alignment of equipment.6.

-2- 8512

with power supply input requirements.

Attach the antenna cable/waveguide to the transmitter output connector.

Termination of unused connectors is not necessary.

Turn the POWER switch ON; proceed with initial checkout and alignment of equipment.

with the power supply input requirements.

Attach the antenna cable/waveguide to the receiver input connector.

Install receiver in the assigned rack space using four rack screws.

Open the front panel; turn POWER switch OFF; check power supply input voltage.
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2.0 OPERATING CONTROLS, INDICATORS, AND FUSES

2.1 TRANSMITTER FRONT-PANEL OPERATING CONTROLS, INDICATORS, AND FUSES.

(i

Figure lb. Transmitter (without AFC)

Operating Controls, Indicators, and Fuses. Front-Panel Operating Controls, Indicators,

and Fuses.

NOTE

The AFC Switch, S4, and the AFC DISC, AFC ERROR, and

AFC XT AL meter switch positions are provided only on

transmitters with AFC.

8512 -3-

Figure la. Transmitter (with AFC) Front-Panel
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The following table lists the transmitter controls, indicators, and fuses, indicating the

function of each.

Control FunctionPosition

Meter, Ml, provides current indications fromMeter, Ml (1)

zero (center) to 4-50 ga (right) and -50 pa (left)

in increments of 5 pa for the designated positions

of the METER SWITCH, SI.

When SI is set to any one of its seven positionsMETER SWITCH, SI (2)

(a 7-position rotary switch) (10, for transmitters with AFC) indications are

(For transmitters with AFC as follows:

SI, is a 10-position rotary Meter Ml should read approximately -35 pa,-35

switch) indicating that the -35 volt supply is functioning

properly.

-12 Meter Ml should read approximately -24 pa,

indicating that the -12 volt supply is functioning

properly.

Meter Ml should read approximately +24 pa,+12

indicating that the +12 volt supply is functioning

properly.

NOTE

The meter circuit is modified to indicate ± 24 pa when

”-12" position.

Meter Ml should read approximately +35 pa,+35

indicating that the +35 volt supply is functioning

properly.

Meter Ml should read greater than +15 pa,P.A.

indicating that the driver output power is normal.

Meter Ml should read greater than +20 pa,OUTPUT

indicating normal output power of the final

multiplier stage.

Meter Ml should be approximately 0+0.5 pa.♦AFC DISC

♦Transmitters with AFC

8512-4-

the METER SWITCH is set to either the ”+12” or the
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Control FunctionPosition

MFC ERROR Meter Ml indicates a value proportional to the

♦MFC XTAL

at the IF amplifier.
REMOTE The REMOTE position is provided to remove

Meter Ml from the circuit.

CHANNEL switch, S2 (3) The CHANNEL switch, S2, selects any one of

(a 10-position rotary switch) the ten preset channels for system operation.

It is detented and stopped for the assigned

channels only.

NOTE

The Microwave Associates B-Line rack transmitter

may be obtained with one basic channel and up to a

These channelsmaximum of nine additional channels.

are installed and preset at the factory. Field modifi­

cation may be accomplished to pi’ovide additional

channels at the request of the customer.

FINE TUNE, Control, R6 (4) The FINE TUNE control, R6, fine-tunes the

channel selected by the CHANNEL switch. If

the AFC option is installed, then the METER

SWITCH is set to AFC DISC, adjustment of the

FINE TUNE control is indicated by zero deflec-

not installed, the receiver DISC Meter is adjusted

for zei'o meter deflection.

The POWER switch, S3, when set to the ON

position provides line voltage to the transmitter
toggle switch) power supply.

^Transmitters with AFC

-5-8512

AFC error and should indicate zero when the AFC 

DISC reading is zero.

Meter Ml should read approximately +20 pa, 

indicating that the 70 MHz signal is present

POWER Switch, S3, (5) 

(a two-position ON/OFF

**Transmitters with Microwave AFC

tion on the METER, Ml. If the AFC option is
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FunctionControl Position

The AFC Switch, S4, provides AFC error

correcting voltages to the master oscillator for

AFC operation.toggle switch)

LINE FUSES Fl and F2, provide line-voltageLINE FUSES, Fl & F2 (6) & (7)
circuit protection to the transmitter.(bayonet-based)

NOTE

The correctly rated fuse should be used with the

following suppl}' voltages.

Suipply voltage

2. 0 amperes115 volts ac 1. 0 amperes
1. 0 amperes230 volts ac 0. 5 amperes

8512-6-

AFC Switch, S4, (8) 

(two-position ON/OFF

Transmitter with 
Auxiliary Supply

Transmitter with 
Single Supply
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The2.2 RECEIVER FRONT PANEL OPERATING CONTROLS, INDICATORS, AND FUSES.

following table lists the receiver controls, indicators, and fuses, indicating the function of each.

Control FunctionPosition

Meter M2 provides current indica-Meter, M2 (1)

tions from zero (center to +50

(right)and -50 (left) in increments

of 5 pa for the designated positions

of the METER SWITCH.

When SI is set to any one of theMETER SWITCH,

seven positions provided,SI (2) (a seven­

indications on Meter M2 are asposition rotary

follows:switch)

Meter M2 should read approxi-XTAL 1

mately ± 20 pa indicating that

LO drive is present at the

mixer-preamplifier.
CrlANNEu

Meter M2 should read approxi-XTAL 2

mately -± 20 pa indicating that

LO drive is present at the

mixer-preamplifier with

reverse polarity of XT AL 1

reading.
-12 Meter M2 should read approxi­

mately -24 pa indicating that the

-12 volt supply is functioning

properly.

Figure 2. Receiver Front-

Panel Operating Controls,

Indicators, and Fuses

8512
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FunctionControl Position

Meter M2 should read approximately +24 ga,+12

indicating that the +12 volt supply is function­

ing properly.

Meter M2 should read greater than +25 /xa,AGC

indicating a normal rf signal-level input at

the receiver.

NOTE

A meter reading of less than +25 p.a. indicates either

excessive path loss or* excessively low signal-to-noise

rf signal level of -40 dBm.

When the METER SWITCH is set to the DISCDISC

position, the transnritter FINE TUNE control

may be adjusted for zero meter* deflection on

Meter, M2. This procedure sets the trans­

mitter* to the assigned frequency.

The REMOTE position is provided to removeREMOTE

Meter* M2 from the circuit.

CHANNEL switch, S2 (3) The CHANNEL switch selects any one of ten

(a ten-position rotary switch)

POWER switch, S3 (4) The POWER switch, S3, provides line voltage

to the receiver* power supply.

LINE FUSES, Fl & F2 LINE FUSES Fl and F2 provide the receiver

(5) & (6) (Bayonet-based) with line-voltage circuit protection.

—8- 8512

preset channel crystals for initiating receiver 

operating frequency. This switch has been

detented and stopped to cover only the 

assigned channels.

ratio. A reading between +40 and +45 p.a indicates an
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NOTE

The correctly-rated fuse should be used with the

following supply voltages:

Supply Voltage Fuse

0. 75 amperes115 volts ac

0.5 amperes230 volts ac

3.0 INITIAL CHECKOUT AND ALIGNMENT

The Microwave B-Line communication system has been fully system-tested before leaving

the factory, therefore only minor adjustments should be necessary to compensate for any effects due to

shipment.

The following procedures are recommended for initial checkout and alignment of the system.

Two basic test methods are used:

The preferred method is to perform a bench test using path loss test attenuators to1.

simulate the path loss.

The more common method, however, is to use the actual operating path as an2.

two operators are required and partially because of the inaccuracies inherent in

using different test equipment for setting levels and reading outputs.

Station records on alignment data obtained during installation should be entered into a

maintenance log and kept for reference and comparision during subsequent alignment checks.

3.1

Equipment Required

1. Transmitter unit

2. Receiver unit

3. (2) Line cords
4. (2) 75 ohm video cables

5. 75 ohm termination

6. Video test signal generator; multiburst
7. Waveform monitor or calibrated oscilloscope

8512 -9-

TEST EQUIPMENT. The following test equipment is required to perform the equipment­
alignment checks:

attenuator. This second method results in a loss of precision partially because
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For 2 GHz operation

60 dB, 20 dB and 10 dB coaxial attenuators.8a.

10 foot length of RG-9 coaxial cable with type N terminations.8b.

For 7 GHz operation

8a. 60 dB, 20 dB and 10 dB coaxial attenuators.

3 foot length of RG-9 coaxial cable with N terminations.8b.

(2) waveguide to type N transitions.8c.

For 13 GHz operation

60 dB, 20 dB and 10 dB WR-75 attenuators.8a.

3 foot length of WR-75 flexible waveguide.8b.

3.2 INITIAL CHECKOUT AND ALIGNMENT PROCEDURE

Place transmitter and receiver units on a large test bench.1.

Set the transmitter and receiver to the same operating frequency.2.

Check that the receiver input filter is for the proper frequency.3.

*For 2 GHz operation

4a. Interconnect the transmitter output to the receiver input with 70 dB of

attenuation and the RG-9 coaxial cable.

4b. This completes the radio frequency connection.

*For 7 GHz operation

4a. Attach waveguide-to-type-N-transition to the waveguide output and input

connections on the back of the transmitter and the receiver units, respectively.

4b. Interconnect the transition with 70 dB of attenuation and the RG-9 coaxial cable.

4c. This completes the radio frequency connections.

4a.

4b.

4c.

4d.

-10- 8512

Attach the flat flange of the WR-75 flexible waveguide to the transmitter waveguide output 

connector. Besurethe waveguide opening is properly aligned. Secure with screws.

Attach the 60-dB WR-75 attenuator to the receiver waveguide input connector. Be sure 

the waveguide opening is properly aligned. Secure with screws.

Connect the WR-75 flexible waveguide to the 60-dB WR-75 attenuator.

This completes the radio frequency connections.

*To simulate longer paths or check propagation variations, additional attenuators may be inserted between 
the rf heads.

For 13 GHz operation*
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5. Connect ac line cords.

Turn transmitter and receiver ON and allow sufficient warmup time (approximately6.

7. Note transmitter meter readings. Typical readings are given below.

ReadingPosition

-35 pa-35

-24 pa-12

+24 pa+12

+35 pa+35

P. A.

OUTPUT

0 ± 2 paMFC DISC

0 ± 2 paMFC ERROR

♦MFC XTAL +15 pa

Note receiver meter readings. Typical values are given below.8.

ReadingPosition

XTAL 1 +15 pa or -15 pa

XTAL 2 -15 pa or +15 pa

-12 -24 pa

1-12 +24 pa

AGC ^ +25 pa

DISC 0

NOTE

The transmitter FINE TUNE control should be

positioned to midrange prior to taking transmitter

meter. If automatic frequency control (AFC) is

installed refer to the appropriate AFC module

checkout procedure.

-11-8512

♦With AFC option
♦♦With micro wave AFC option

AFC DISC or receiver DISC readings and then 

adjusted for a zero reading on the receiver DISC

+25 pa

+25 pa

one minute) for the units to stabilize.
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VIDEO SYSTEM INITIAL CHECKOUT AND ALIGNMENT PROCEDURE.3.3

1.

2.

3.

4.

5.

reproduction of the input.

NOTE

The deviation control, located on the top deck of the

master oscillator module, is factory preset using the

Bessel function carrier-null method for proper deviation

with a 1 volt peak-to-peak signal at the transmitter video

installed and then switched to the operational channel

where transmitter video gain control should be reduced

equipment to insure proper frequency deviation is available.

6.

-12- 8512

Adjust the video test signal generator on multiburst position for exactly 1 volt 

peak-to-peak with proper amplitudes of sync, setup, and bursts.

Connect the video test signal generator to the transmitter video input. No 

external termination is required. Transmitter input is 75 ohms.

Connect the calibrated oscilloscope to transmitter video monitor jack. Insure

the calibrated oscilloscope is terminated in 75 ohms.

Adjust the transmitter video gain control on the video amplifier board for

1 volt peak-to-peak signal at the video monitor output. Response adjustments 

may be made to the video amplifier if the output signal is not a faithful

Connect the terminated calibrated oscilloscope to the receiver video 1 output. 

Adjust the receiver video gain control on the receiver video amplifier card for 

1 volt peak-to-peak output. Response adjustments may be made to the receiver 

video amplifier card if the output signal is not a faithful reproduction of the 

transmitter input signal.

channel operation, the system should first be adjusted 

for 1 volt peak-to-peak operation on the highest channel

to obtain 1 volt peak-to-peak signal out of the receiver. 

Note the transmitter video monitor output peak-to-peak

reading. This is the value for proper system deviation 

for the particular channel in use. Do not adjust the 

master oscillator deviation control unless adequate test

Connect the video test signal generator to the calibrated oscilloscope with a 

75 ohm cable and a 75 ohm termination on the oscilloscope.

monitor jack on the highest installed channel. To insure 

correct deviation of a transmitter furnished for multiple-
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NOTE

Connect the terminated calibrated oscilloscope to the receiver VIDEO 2 output7.

and observe the video signal. It should be the same as the VIDEO 1 signal.

This completes the system video checkout. Video system tests maybe performed at

this time.

AUDIO OPTION - INITIAL CHECKOUT AND ALIGNMENT PROCEDURE. After completing3.4

Connect a -t-9 dBm, 1000 cycle test tone from a balanced 600-ohm audio

2.

termination connected to the AUDIO 1 output connector on the receiver.

3.

4.

appropriate controls and connections.

8512 -13-

Adjustthe receiver audio Igain control (on the receiver rear panel) for +9 dBm output.
Repeat steps 1 through 3 for AUDIO 2 if the option is installed using the

generator to the AUDIO 1 input connector on the transmitter.

Connect a balanced 600-ohm audio distortion meter across a 600 ohm

If the system is adjusted for proper operation on the 

highest installed channel but operation is to be on a 

lower channel, set the receiver video amplifier card

the initial checkout and alignment procedure for the video system, perform the following steps for 

initial checkout and alignment of the audio system (if installed).

This completes the system audio checkout. Audio system tests may be performed at 

this time.

response for the highest channel operation and vary 

the master oscillator equalization adjustment for proper 

response on the operational channel. DO NOT ADJUST 

THE MASTER OSCILLATOR DEVIATION ADJUSTMENT.
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MAINTENANCE AND TROUBLESHOOTING PROCEDURES

1.0 SCOPE

Maintenance of Microwave Associates microwave relay eouipment consists of trouble­

shooting. repair, adjustment and test of subassemblies.

CAUTION

When troubleshooting or making repairs in

this eouipment, be careful not to contact

power input connections. Use insulated test

probes when making measurements. Always

disconnect power from a unit before touching

any internal parts.

2. 0 TEST EOUIPMENT

The following test eouipment (or equivalent) is recommended for troubleshooting the
system.

ITEM USE /M E ASUR EMENT

Voltmeter DC voltage and current Simpson model 260
RMS Voltmeter RMS voltage Hewlett-Packard(HP) 3400A
Oscilloscope Waveform Tektronix model 545A
Power meter RF power HP model 431C
Thermistor mount RF power

a) MA2B, MA4B. MA5B HP 478A

HP J486A

HP H486A
d) MA13B HP X486A

Spectrum Analyzer HP 851B/8551BRF spectrum
Electronic Counter Frequency HP 5245L with plug-in modules

a) 0.2 to 2.4 GHz 5254B

b) 3 to 12.4 GHz; 1 to 200 MHz 5255A
c) 8 to 18 GHz; 1 to 200 MHz 5256A

8507

b) MA7B

c) MA8B

MANUFACTURER’S TYPE 
(or equivalent)
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USE/MEASUREMENTITEM

HP 3701/3702/3703Link Analyzer Link analysis

Siemens D2 100/W2100/G2 100Selective Voltmeter Baseband, freouency response

Signal Generator HP 65IBa) Baseband freauencies

b) Freauencies below 42 o MHz HP 608C

HP 8616Ac) 1. 8 to 4. 5 GHz

d) 3. 8 to 7. 6 GHz HP 618C

e) 7 to 11 GHz HP 620B

f) 10 to 12. 9 GHz HP 626A

Waveform Monitor Video performance Tektronix 530
Multiburst Generator Video performance Telemet 3508B

Video performance Tektronix 520

Distortion Analyzer Audio distortion HP 331A
Audio Signal Generator Audio performance General Radio 1310A
Path Loss Attenuator Kit Pathloss simulation

a) 1 to 4 GHz

b) 5 to 8 GHz MA85A07DC
c) 10 to 13 GHz MA85A13DA

Extender Card and Cable Kit

—2— 8507

Differential Phase/Gain 
(Vectorscope)

Extender Card
(double sided)

In-circuit
Module Testing

MANUFACTURER'S TYPE 
(or equivalent)

Microwave Associates
MA85A02DF

Hewlett- Packard 
5060-0049

Microwave Associates
MA85A0UAE

In-circuit
Module testing
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3. 0 TROUBLESHOOTING

3. 1

to the transmitter or receiver unit.

Sectionalize the fault by tracing the fault to the major component responsible for the

Certain assemblies, as noted in the module descriptions, should not be repaired, butsubassemblies.

must be replaced.

further damage to the equipment may result.

with any repair effort.

which might occur because of improper servicing methods, and also is valuable in preventing possible

future failures.

TRANSMITTER TROUBLESHOOTING.3.2

transmitter should be subdivided into operational subsystems and each subsystem checked in descending

order to isolate the problem.

These operational subsystems are:

1. Power Supply (paragraph 3.2. 1)

Frequency Generation and Amplification (paragraph 3.2.2)2.

Frequency Multiplication (paragraph 3.2.3)3.

4. Video Subsystem (paragraph 3.2.4)

Audio Subsystem; if applicable (paragraph 3.2. 5)5.

3.2. 1 Transmitter Power Supply Troubleshooting

8507 -3-

transmitter power supply voltages for proper operation by advancing the meter switch through the power 

supply voltage positions and noting the meter readings.

If no power supply voltages are present, check the input power, the fuses, the power switch 

and the interconnecting wiring.

Troubleshooting this equipment should be undertaken only by experienced personnel, or 

Perform a visual check of the equipment before proceeding 

A visual inspection is valuable in avoiding additional damage to the eouipment

to the defective module and then tracing the fault to the defective component with the aid of the applicable 
module description. Microwave Associates does not recommend repairing all of the modules or

abnormal condition. Once the fault has been sectionalized, localize the fault by tracing the trouble

In accordance with the above listing, the power supply of the transmitter unit will be tested 

first. To accomplish this, turn the transmitter meter switch counterclockwise to the stop. Check all

GENERAL. The first step in troubleshooting the eouipment will be to isolate the fault

The transmitter will be checked first. The
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Consult the power supply unit description in the module section of the manual for special

tests and servicing information.

When the power supply is operational, further testing may be accomplished.

Frequency Generation and Amplification Troubleshooting3.2.2

The frequency generation and amplification subsystem of the transmitter unit is the next

area to be tested.

Place the transmitter

-4- 8507

If one or more voltages are not present, remove the load for that voltage to check that 

the overcurrent limiter in the power supply has not operated because of an overloaded condition.

excessive ripple or permit an out-of-regulation condition to exist, 

be out of regulation.

or receiver may be used

If the voltage does not return to normal when the load is removed replace the applicable 

power supply board. If the voltage does recurn to normal, use an ohmeter to isolate the defective external 

component which is causing the overload.

This subsystem is comprised of the tuning voltage board, the channel select switch the fine 

tune potentiometer, the master oscillator, and the radio frequency power amplifier.

meter-selector switch in the P. A. position to check this entire subsystem. In this position the meter 

indicates the current flowing in the collector of transistor Q5 of the radio frequency power amplifier 

which is operating in the Class C mode. Any variation in the tuning voltage, master oscillator, or rf 

power amplifier acting to reduce the drive voltage available to this transistor will be immediately apparent 

in the meter reading. If this meter reading is normal it may be assumed that the subsystem is 

operational but not necessarily on the correct frequency.

If one or more voltages are higher or lower than normal, use an external meter to verify 

this condition and an oscilloscope to determine the percent of ripple. Too low an input voltage will cause

An internal power supply board may

If the P. A. meter reading is not normal, first check the tuning voltage applied to the 

master oscillator. When the transmitter is placed in service record this voltage for each transmitting 

channel using an accurate high-impedance meter. A minor change in this voltage will cause off- 

freouency operation. A major change in this voltage will result in the master oscillator operating outside 

the passband of the radio frequency amplifier. When the tuning voltage is correct, check the master 

oscillator for rf output and correct frequency. The rf output of the master oscillator may be checked by 

using either an rf power meter or a 10 dB attenuator in series with a crystal detector, and a de oscillo­

scope. The de deflection on the oscilloscope will indicate available rf power. The master oscillator 

output power should be between 5 and 10 milliwatts. A connector, wavemeter
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be suspect.

The

output should be more than 6 watts at 400 MHz rising to 10 watts at 300 MHz depending upon the particular

15 MHz portion of the band being used.

Frequency Multiplication Subsystem Troubleshooting3.2 3

system design requirements but consists of one or more varactor multipliers, associated circulators.

and cabling. These multipliers are used to raise the generated freouency from the radio freouency

power amplifier to the desired operating frequency.

power is connected to the input and the correct harmonic is available at the output.

If no OUTPUT meter reading is indicated check the frequency multiplier cables for open or short-circuits

matter.

An indication of OUTPUT power on the meter means that rf energy is being delivered.

8507 -5-

to check the master oscillator freouency which will be a direct submultiple of the output freouency and 

may be obtained by dividing the output frequency by the multiplication ratio of the multipliers

If a power meter or attenuators, a crystal diode, and de oscilloscope are available,measure 

the power out of each multiplier to isolate the problem.

Place the meter-selector switch in the OUTPUT position to check the operation of all the 

frequency multipliers. This meter position is a rectified sample of the power available to the antenna.

Once isolated to a multiplier, inspect the filter for broken or loose parts or foreign 

Replacement of the varactor without realignment is not recommended.

The third subsystem is the frequency multiplier chain. This subsystem varies with

If the rf power and freouency are correct, the radio freouency power amplifier would 

Check individual transistors by refering to the schematic diagram and by reading the 

voltages at Ol's emitter resistor and all the other transistor collector resistors. This may be 

accomplished without removing the base plate as these resistors are mounted on the top surface 

current drawn by each stage may then be computed. If a power meter or sufficient attenuators, and a 

crystal detector and de scope are available, the output power of this amplifier may be measured. This

No de voltages are required for operation. The rf
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3.2.4 Video Subsystem Troubleshooting

For

Audio Subsystem Troubleshooting3.2. 5

audio board disabled.

RECEIVER TROUBLESHOOTING.3. 3

Check each subsystem

1.

2.

3.

4.

5.

-6- 8507

Check the receiver in the same manner as the 
transmitter unit. The receiver is subdivided into operational subsystems, 

in descending order to isolate the problem.

audio subcarrier may be removed for a better presentation by unplugging the audio subcarrier oscillator 

board.

These operational subsystems are:

Power Supply (paragraph 3. 3. 1)

Local Oscillator (paragraph 3.3.2)

Intermediate Freauency (paragraph 3.3 3)

Video Subsystem (paragraph 3.3.4)

Audio Subsystem, if applicable (paragraph 3. 3. 5)

The audio subsystem, if installed, can be checked at this time by removing the video 

signal from the transmitter input and observing the remaining audio subcarrier. If +9 dBm peak at 

1 KHz is applied to the audio input, a 1 kHz AM modulation at about 5% depth should be apparent on 

the audio subcarrier. If dual audio is installed observe each audio subcarrier with the other

The video subsystem is the next subassembly in the transmitter. This subassembly is 

comprised of the video amplifier card: the pre-emphasis network, a portion of the master oscillator, 

and associated cabling. Application of a video test signal to the video input and observation of this 

signal returning at the video monitor position will adeauately check most of the video circuitry, 

more complete test, use the oscilloscope with probe to check the video signal actually applied to the 

terminating video line resistor in the master oscillator. This resistor (75 ohms) is one of the two

resistors located on standoff on the master oscillator printed circuit board. The video signal at this

point will be pre-emphasized and, if audio is used, the audio subcarrier will also be present. The
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Receiver Power Supply Troubleshooting3.3, 1

To

voltages for proper operation.

Local Oscillator Troubleshooting3.3.2

10 and 20 mw.

The local oscillator driver X4 multiplier is tested by reading the emitter resistor

At 10 to 14 GHz a

operation.

problems.

3.3.3 IF Subsystem Troubleshooting

discriminator, and associated cabling.

The patch panel may

8507

In accordance with the above listing check the power supply of the receiver unit first.

accomplish this, advance the receiver meter switch through the power supply voltages and check these

All power supply troubleshooting indications called for in the transmitter power supply 

troubleshooting (paragraph 3.2. 1) will apply.

crystal oscillator and channel-select switch, the local oscillator driver multiplier, the associated

Place the receiver meter-select switch in the XTAL 1

A patch panel is incorporated to facilitate testing this subassembly, 

be used to bypass individual modules, to replace modules, or to introduce test signals.

The intermediate freouency subsystem is comprised of mixer-preamplifier, the 

intermediate freouency filter, the intermediate freouency amplifier, the phase eoualizer, the limiter

power outputs are typically between 10 and 30 mw to 4 GHz and between 5 and 10 mw to 10 GHz 

requiring 10 dB and 3 dB attenuators, respectively, for proper input to the mixer.

X5 or X6 multiplier is used. The mixer input power should be in the range of 1 to 3 mw for best 

Bad cables, loose or broken parts, and foreign material are the most freouent multiplier 

Replacement of the varactors without realignment is not recommended.

voltages on the top of the unit to determine if the transistors are operational. The output power of 

this module will be between 150 and 300 mw. at four times the crystal frequency. The multipliers

Check the local oscillator subassembly next. This subassembly is comprised of the

multipliers, attenuators (if used), and cables.

and/or the XTAL 2 position to check this entire subassembly. If an indication is apparent on the meter,

used below 10 GHz are similiar to the transmitter multipliers and are tested in the same manner. The

the local oscillator should be operational. If there is no indication begin servicing the subassembly 

by measuring the frequency and the power output from the crystal oscillator. The crystal oscillator 

freouency for each assigned channel is stamped on the identification tag affixed to the receiver beside 

the assigned operating frequency. The power output from the crystal oscillator should be between
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transmitter fine tune control, with the AFC option turned off, indicates that the intermediate frequency

to the intermediate frequency subassembly are set using a microwave link analyzer and should not need

Video Subsystem Troubleshooting3. 3. 4

Audio Subsystem Troubleshooting3.3.5

PREVENTIVE MAINTENANCE4.0

4. 1

-8- 8507

Use standard oscilloscope 
tracing procedures to follow the signal through this subsystem to its two outputs.

The audio subsystem (if included) is comprised of an audio filter amplifier, one or two 

of the following boards: the audio filter limiter, the audio discriminator, the audio amplifier and the 

audio transformer, and associated wiring A wide-band oscilloscope can be used to trace the subcarrier 

freouency to the audio discriminator. Standard audio techniques should be used for the following stages. 

Reference to the audio subcarrier module description will provide any information necessary.

The video subsystem is comprised of a notch equalizer and a video amplifier board, 

and associated cabling. The composite baseband signal is reduced to a clear video signal in the notch 

equalizer board, and de-emphasized and amplified in the video board.

readjustment. The intermediate frequency subsystem output is a composite baseband signal.

With the receiver meter select-switch in the AGC (Automatic Gain Control) position, the 

meter reading will be a relative indication of received signal strength. This reading, derived from the 

output of the IF Amplifier, indicates that the system is operational to that point. Advancing the meter 

select switch to the DISC (Discriminator) position will give a meter reading indicative of the frequency 

offset of the incoming signal from the assigned operating frequency. This meter reading is derived 

from the frequency discriminator crossover point in the limiter-discriminator module. Varying the

subassembly is operational if the meter reading follows the frequency offset. A signal generator may be 

used to simulate frequency offset of the incoming signal in the above procedure. Factory adjustments

GENERAL. Preventive maintenance is the systematic care, servicing and inspection of 

equipment to prevent occurrence of trouble, to reduce downtime, and to maintain the equipment in 

serviceable condition. Preventive maintenance procedures normally are performed daily and monthly; 

specific procedures are provided herein. The daily checks should also be performed when the equipment 

is initially installed, and when the equipment is reinstalled after removal for any reason.
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4.2

4.3

that do not interfere with operation of the eauipment.

a.

b

c.

dials and switches are free from internal and external binding

d. METER READINGS.

Operate the transmitter METER SWITCH through each position and check(1)
that the readings are as follows:

METER SWITCH Normal

Position Reading pA

-35 -35

-12 -25

+12 +25

+35+35

>+25P.A.

AFC DISC «0

AFC ERROR «0
AFC XTAL

OUTPUT

8507 -9-

20

>+30

maintenance source log, the normally nonvarying meter readings so that equipment performance over 

time may be monitored. A daily comparison of the meter readings entered in the log is a means of 

determining any long-period changes in eauipment performance. Microwave Associates does not 

recommend periodic adjustments to the eauipment. If station operating policy reauires that operational 

checks be made on a periodic basis, these checks should be limited to those which do not unnecessarily 

alter eauipment adjustments. Adjustments should be made only in the event that the eauipment fails to 

meet performance specifications. The periodic maintenance log should be examined to determine 

whether any failure that occurs is gradual or catastrophic. If the failure is of an abrupt nature, refer 

to the troubleshooting procedures in paragraph 3. 0 before readjusting the eauipment.

PERIODIC MAINTENANCE. On a daily basis, station personnel should record in a

DAILY MAINTENANCE. If the equipment is in continuous use, perform only those steps

KNOBS, DIALS AND SWITCHES. While making operational checks, make sure knobs,

EXTERIOR SURFACES. Clean outside of case, front panel and meter glass.

CABLE CONNECTIONS. Check all cable connections and finger-tighten if necessary
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Operate the Receiver METER SWITCH through each position and check(2)
that the readings are as follows:

METER SWITCH Normal

Position Reading pA

XT AL 1 + 15 or -15

XT AL 2 -15 or +15
-12 V -25

+12V +25

>25AGC

DISC 0

Perform the following checks on a monthly basis.MONTHLY MAINTENANCE. If the4.4

eouipment is in continuous use, perform only those steps that do not interfere with operation of the

equipment.

HARDWARE. Tighten loose screws and replace missing hardware as required.a.

b. CONTROLS AND SWITCH KNOBS. Tighten loose control and switch knobs on shafts.

CABLES. Inspect for wear and fraying, and repair with electrical insulation tapec.

if necessary. Replace cable assemblies in which wiring insulation or connectors are defective.

d. PAINTED SURFACES. Clean and, if necessary, paint bare metal spots, blistered.

pitted or flaking areas.

-10- 8507
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SYSTEM ALIGNMENT, ADJUSTMENT, AND TEST

1.0 GENERAL

fications.

SYSTEM ALIGNMENT AND ADJUSTMENT PROCEDURES.2.0

Each system is separated into three functional subsystems for alignment and adjustment

purposes:

1.

2.

3. audio, if applicable.

NOTE

8508

System alignment, adjustment, and test procedures for Microwave Associates solid-state 

communication equipment are outlined in this section of the manual.

The information included under the alignment and adjustment procedures is furnished for use 

by skilled technicians who are competent in servicing solid-state microwave equipment and adequately 

supported with proper test equipment. The manufacturer’s original alignment is accomplished with 

sophisticated test equipment not generally available in the field. Replacement of faulted modules with 

factory-adjusted units is recommended whenever necessary.

radio frequency, 

video,

Complete realignment is almost never justifiable. Only 

those adjustments, which tests indicate require correction, 

should be varied from the factory-preset position.

The adjustment and alignment procedure for each subsystem is developed by using test 

equipment to establish the operating performance of the basic oscillator or transmitter and then using 

this unit as a standard for alignment completion.

A properly aligned system will perform in accordance with the established system speci- 

System test procedures provide a standard means of determining whether or not the system is 

in alignment. Should these tests indicate the need, system alignment and adjustment procedures are 

provided to restore system alignment.

Any adjustment to a subsystem will usually require complete realignment of the entire 

subsystem and could affect the alignment of other operating subsystems as well.
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SYSTEM PERFORMANCE TEST PROCEDURES3.0

are conducted using the same test equipment.

operators.

4.0 MAINTENANCE LOG

-2- 8508

The less accurate but more common method utilizes the operating path as an rf attenuator.

This method requires two operators, duplicate test equipment, and good communications between the

Record the results obtained and the components readjusted, during the performance of 

the system alignment, adjustment, and testing, in the maintenance log as reference information for use 

in future alignment and testing, or maintenance and troubleshooting.

System test procedures are enclosed as a separate section to provide a standard method of 

determining system performance parameters. Two basic procedures are possible. The preferred method 

is a bench test using path-loss test attenuators to interconnect the transmitter and receiver. More accurate 
results and a shorter test time will be required if one operator has access to all adjustments and if all tests
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RADIO FREQUENCY ALIGNMENT

1.0 GENERAL

NOTE

1.

2.

3.

8604

Radio frequency (rf)alignment is indicated whenever impairment is noted or an rf module is 

repaired or replaced.

Prior to field rf alignment, ensure by maintenance and troubleshooting procedures that 

modules or components are not faulted.

Complete realignment is almost never justifiable. Only those 

adjustments which tests indicate need correction should be 

changed from the factory-preset position.

The rf alignment procedure for each functional section is developed by employing test equip­

ment to establish the operating performance of the basic oscillator and then using this module as a standard 

for further alignment.

Record the results obtained and the components readjusted during the performance of the rf 

alignment in a maintenance log as reference information for use in future alignment, .testing, and trouble­

shooting.

This field rf alignment procedure is furnished for the use of skilled technicians, competent 

in servicing solid-state microwave equipment and adequately supported with test equipment. The field rf 

alignment procedure is not as comprehensive as the original factory rf alignment and replacement of 

modules with factory-adjusted units is recommended. The field rf alignment is not intended as a substitute 

for troubleshooting to locate faults, but is an emergency procedure that may be used until factory-adjusted 

modules are available.

Any adjustment made to an rf module may require a complete realignment of all rf modules 

in that functional system, and may require a complete system realignment.

As varactors are extensively used in this system for modulation and harmonic multiplication, 

a review of varactor theory and applications is included as Section 2.

The rf alignment instruction is separated into three functional sections, as follows:

the transmitter rf assembly,

the receiver local oscillator assembly,

the receiver IF subsystem.
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2.0 VARACTOR DIODES

Varactor diodes (Figure 1) are used for

electronic tuning and modulation and for harmonic

These diodes are semiconductor PN

junctions exhibiting a voltage-dependent junction

capacitance varying with the applied voltage

between the forward-conduction region and the

reverse-breakdown region.

2.1 ELECTRONIC TUNING AND MODULATION.

The voltage-dependent junction capacitance

characteristic of the varactor is utilized to control the
Figure 1. Varactor Diode

oscillator output frequency. Since the varactor is

-2-8604

generation in Microwave Associates microwave 

relay equipment.

Electronic tuning and modulation is accomplished by 

a single varactor diode in the master oscillator module.

If the rf output frequency is compared against a crystal reference source, an error-correct­

ing voltage may be generated and applied to the varactor to maintain the oscillator on the required frequency. 

This function is performed by an Automatic Frequency Control (AFC) system in units equipped with this 

option.

Superimposing a small ac voltage on the de tuning voltage causes frequency modulation to 

appear on the oscillator output. This superimposed ac voltage is the baseband signal and may be at any 

frequency between fractions of a hertz and 10 MHz.

effectively connected across the frequency-determining

circuits of the oscillator, any change in the varactor's junction capacitance will result in a corresponding 

change in the oscillator’s output frequency. The function of the varactor in this case is roughly analogous 

to that of the variable capacitor; whereas the capacitance of a variable capacitor is varied by mechanically 

changing the capacitor plate separation, the capacitance of the varactor is varied electronically by vary­

ing the applied de voltage. Therefore, the oscillator output frequency may be tuned to the desired 

frequency by adjusting the de timing voltage to the correct setting.



Microwave Associates B-Line and BX-Series
Alignment Instruction 8604

2.2 HARMONIC GENERATION.

Harmonic generation is performed by microwave­

junction in the reverse bias region and in the

VOLT

Figure 2. Harmonic Generation
here.

2.2.1 Basic Doubler Circuit

of two resonant circuits coupled together through

a common impedance which is the diode itself.
INPUT f

Ordinarily the varactor impedance is small com-

current flows in the second loop. Coupling linksFigure 3. Basic Doubler Circuit
are added to the two inductances for input and

output connections.

-3- 86048604

1

I

right represents the input charge variation as a 

function of time. Below, also as a function of

time, is shown the resultant voltage wave which 

may be deduced from the nonlinear charge-vs- 

voltage curve. The resultant voltage wave is 

strongly distorted and rich in harmonics. This

pared to the reactances at undesired frequencies 

in either of the two separate loops, so there is a 

natural division of current. The major portion 

of the fundamental current flows in the first loop, 

and substantially all of the second harmonic

junction diodes designed to make use of the non­

linear charge-vs-voltage characteristic of a PN

positive region close to the origin. Figure 2 

shows the basic principle which is commonly 

used for harmonic generation with these devices.

curve, of course, merely represents a schematic 

concept of the principle used. In actual practice, 

the charge, voltage, and current waves are all 

non-sinusoidal and more complex than indicated

Figure 3 shows a simple 

doublex' circuit. This is merely a combination

VARACTOR CHARACTERISTIC
I
I
I
I

OUTPUT 2fr'

-A ’.A_____/ \ CHARGE/ \

TIME------*- \ / \

\ J APPLIED
CHARGE

The graph at the upper left of the figure represents 

schematicaHy a charge-vs-voltage characteristic 

typical of such a diode. The sine wave to the
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Tripiers and Times 6 (X6) Multipliers Utilizing an Idler Circuit

Tripier and X6 Multiplier circuits are somewhat similar to the doubler circuit configuration.

The tuning procedure for thisA practical 150 MHz to 450 MHz tripler circuit is illustrated in Figure 4.

circuit is outlined in a later paragraph.

Three resonant frequen­

cies, again coupled together by the
OUTPUT 3fcommon impedance varactor, form

the basic tripler circuit. One loop,

resonant with the diode at the funda-
7" 7"mental frequency, is coupled to the

o- -d- -o- ■Q
input. The second loop, resonant

with the diode at the second harmonic

frequency, is added in shunt with the Figure 4. Varactor Tripler
varactor.

The basic difference between the tripler and the X6 multiplier is that the output loop is

resonant with the diode at the sixth harmonic, the "idler" frequency remaining at the second harmonic.

Coaxial Doubler Circuit.2.2.3

structure, and finally an output bandpass

filter network. Circuits of this type are l2Li

suitable for frequencies in the 1-15 GHz INPUT OUTPUT
range.

2fl

PRACTICAL VARACTOR MULTIPLIER2.3

CIRCUITS. Once the capability of doubling, tripling, _L
or sextupling efficiently at these frequencies is

achieved, the next logical step is to connect a num-
Coaxial DoublerFigure 5.ber of these devices in tandem such that one will

drive another. Starting at a frequency such as

-4- 8604

2f

COAXIAL 
LONG LINE 

INPUT
OUTPUT 

BAND PASS
FILTER

fl

Another type of multiplier circuit is the coaxial doubler, shown in Figure 5,which utilizes an 

input long-lines filter comprised of an appropriately chosen length of line, a varactor inserted in the

quency which achieves maximum efficiency by allowing second harmonic currents to flow. The third loop 

is resonant with the diode at the third harmonic and is coupled to the output.

2. 2.9

INPUT fn

This is the "idler" fre-
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ISOOUCTOR ISOLATOR ISOLATOR

RF

Multiplier Chain, Block DiagramFigure 6.

2.3. 1 Self-Biasing.

2.3.2 Modulation.

8604 -5-

X6 
MULTIPLIER

X3 
MULTIPLIER

X2
MULTIPLIER ----- ""OUTPUT

+ I2V

_L
-I2V

L
MASTER

+ 35V

L
RF POWER

Since a harmonic generator is inherently a non-linear device, certain modifications and dis­

tortions may occur when a modulated signal is applied at the input.

Within the normal bandwidth limitations of the multiplier, frequency modulation is always 

acceptable. It should be recognized that the deviation frequency is multiplied along with the frequency in use. 

For example, a 350 MHz input signal which is deviated +1 MHz might be multiplied by a X6 multiplier to 

give 2100 MHz +6 MHz. The modulation index is also multiplied by 6. If this modulation were accomplished 

at a rate of 100 KHz, this rate would not be multiplied. The output continued to be frequency modulated at 

a 100 KHz rate, but with a much higher frequency deviation and modulation index.

350 MHz with sufficient drive power, useful power is achieved at microwave frequencies up to 13 GHz.

Figure 6 illustrates a total solid-state chain in block-diagram form. At the left is the master oscillator at

INPUT ___ ________ ... . ........
OSCILLATOR ---- AMPLIFIER

DC TUNING
VOLTAGE

a convenient frequency, usually in the 300 to 400 MHz range. A transistor power amplifier generates the 

required power. Following this, harmonic generator stages can be placed in tandem to achieve any desired 

microwave frequency. From a practical point of view, higher order multiplication is desirable, since fewer 

stages are required and overall simplification is obtained. However, the bandwidth of such circuits is some-

SeIf-bias is recommended for most practical multiplier circuits. The varactor should be 

shunted with a resistor, as shown in Figure 7, to provide a controlled de path across which the bias voltage 

is developed. Such a self-bias circuit accommodates both wide variations in applied power and slight 

changes in de characteristics when one varactor of the same catalog type is substituted for another. The 

bias resistor selected should allow the varactor to be fully driven and to take advantage of the tremendous 

charge-storage capabilities of the region from 0 to 0.6 volt.

what narrower than that obtained by the tandem circuit arrangement.

A strongly driven varactor will generate many harmonics simultaneously. A multi-stage 
device designed for the n^1 harmonic will usually include small amounts of the (n - l)^1 and the (n + l)th 

harmonics, and may contain others as well. To achieve pure signals, bandpass filtering is desirable at 

the output. Isolators prevent undesired interaction between stages.
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2.3.3 Power Requirements.

2.3.4 Efficiency.

Solid-state multiplier chains produce overall efficiencies that compare with reflex klystrons.

The main advantages of solid-state chains include reliability,longer operating life, elimination of

The varactor tripler circuit shown inA PRACTICAL VARACTOR MULTIPLIER CIRCUIT.2.4

Cl,3,4,5,7 1 - 9 pf

C2,6

LI,2

L3
"Ivi

^G5 XC7Cl L4,L5-TC4

R1 33K

MA-4061BVI

Figure 7. Practical Varactor Multiplier Circuit

8604-6-

L2 L4 
—'TWJV

[L3

0.4-20 pf

7T, 1/4” dia #20

5T, 1/4" dia #20

3-1/2T, 1/4" dia #20

, 150MHz

The bandwidth of each stage of multiplication must be sufficient to accommodate such modula­

tion, otherwise distortions will occur which may include simultaneous amplitude and frequency modulation 

of the output.

tripler circuit described in Figure 7 decreased in overall efficiency by only 7 percent when the temperature 

was varied over a range of 150°C. The circuit was not retuned as the temperature was increased.

Figure 7 is capable of being driven with 20 watts at 150 MHz and will deliver 8 to 10 watts output into a 

matched load at 450 MHz. The circuit consists basically of a double-tuned bandpass filter tuned to the 

input frequency (L-^C^ and L2C3V1 coupled through C2); a second bandpass filter tuned to the output 

frequency (L4C4Vj and LgC? coupled through Cg); and an idler circuit tuned to the second harmonic, 

300 MHz (LgC^Vj). It is important to note that varactor VI is common to all three circuits. Resistor R; 

provides a suitable self-bias to the varactor.

Tuning a circuit which contains 12 variables requires special techniques to provide maximum 

efficiency, bandwidth, and freedom from spurious responses. The following procedure is recommended:

C2^

LI

C6

L5

Varactoi’ frequency multipliers differ from tube or transistor multipliers in that all of the 

power in the output stage must be supplied by the input stage whereas in the latter case some of the output 

power is supplied by the de power supplies. No de power is required for varactor multipliers.

z^ Rl
C3

expensive high-voltage power supplies, and extremely stable operation.

Efficiency as a function of temperature is surprisingly stable. Tests have indicated that the

450 MHz r
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set for minimum capacitance, resonate L1. and C

to 450 MHz.

Install the multiplier chain in a test circuit similar to that shown in Figure 8.2.

20 W I0WSWEEP
ATTENUATOR

150MHz 450MHzOSCILLATOR

HORIZONTAL VERTICAL

Figure 8. Test Configuration

Using an absorption wavemeter, insure that the drive frequency is actually 150 MHz and3.

that the detector is observing 450 MHz. Precautions should be taken to guard against

the possibility of tuning up on the wrong harmonic.

With 10 watts of drive power and maximum sensitivity, there should be some visual4.

indication of the 3rd harmonic on the oscilloscope. Tune for maximum output by

5. Stop the sweep oscillator at the band center and using a directional power meter,

C , C , for minimum reflected power. It should be

8604

MHx

HARMONIC 
GENERATOR 

(UNDER TEST)

WAVEMETER
DIP

WAVE 
METER

VERT

♦IN -IN

o o

RF POWER 
AMPLIFIER 

TRANSISTORIZED

at 300 MHz and L.Cc4 5

HORIZ

♦IN -IN

o o

and L_
5

peaking C^, C3> C^, Cg, and C? in sequence.

r- I MILL I WATT

/ CRYSTAL

---- DETECTOR -

readjust the input filter, C^, C2, k>3 

possible to obtain a low input VSWR.

resonate Lo and C
3 4

and 7

With Cn and C set for minimum capacitance, resonate L_ and L by C and C zb 1 z 1 o
respectively using a grid dip meter to the input frequency of 150 MHz. Similarly,

£ 12 
5" 
? 10 
' 9

a. 7 
= 6 
° 5 
5 4 
a 3 
Q. 2
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Restart the sweeper and observing the output trace, make small6.

adjustments of the C

shown in Figure 8.

As a final precaution, both the efficiency and output frequency7.

circuit has been tuned to the wrong harmonic. Since tuning

adjustments are somewhat drive sensitive, final adjustments

should be made with the driver actually planned for the system.

8.

-8- 8604

When practical varactor circuit operation and alignment are fully 

understood, proceed with the system adjustments.

B-Line and BX-Series
8604

! , C_, C_ combination to optimize the output 5 6 7
trace over the broadest bandwidth. A typical clean output trace is

should be checked. Low efficiency may be an indication that the
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3.0 TRANSMITTER RADIO FREQUENCY ASSEMBLY

GO Hz sweep,a.

b.

c.

d.

e.

oscillator.

a.

b.

c.

d.

e.

f.

8604 -em­

power output, 

frequency,

power output, 

frequency, 

deviation sensitivity, 

temperature stability.

For alignment and adjustment purposes, the rf assembly is considered to be comprised of 

the master oscillator, the channel-select circuitry, the rf amplifier, and associated harmonic multipliers 

and isolators required to operate at the assigned frequency. Prior to any adjustment, it is necessary to 

read and understand the adjustment procedure and to ensure that all necessary test equipment is available.

The basic rf alignment will be performed on the master oscillator, which will be tested for 

acceptable performance in the following areas:

The 60-Hz sweep alignment is performed by introducing a 60-Hz sine wave into the master 

Since the master oscillator is frequency modulated and 1 volt-peak-to-peak will deviate the 

carrier frequency approximately 1 MHz, a 15 volt peak-to-peak signal will deviate the carrier frequency 

approximately 15 MHz. Synchronize an oscilloscope display of the detected rf output signal with the 60-Hz 

sine wave input to produce a swept response display on the oscilloscope screen.

When the master oscillator is functioning correctly, use it to test the rf amplifier by adding 

the amplifier to the master oscillator and checking the 60-Hz sweep alignment and the power output. When 

the rf amplifier performance is also satisfactory, add the isoductor and first multiplier to the rf chain and 

check the GO Hz sweep alignment and power output for acceptable performance. Continue this procedure 

until all multipliers and isolators have been added to the rf chain and tested for 60-Hz sweep alignment and 

power output. Insure that the harmonic multipliers are not adjusted for operation on the wrong harmonic.

When the complete rf assembly has been adjusted to the required frequency, power, and 

bandwidth, the following additional tests are necessary to insure proper system operation:

60 Hz sweep,

spectrum purity, 

video response, 

temperature stability.

The entire rf assembly must satisfactorily pass all the above tests before being incorporated 

into the transmitter or the system will not operate to specifications.

3.1 MASTER OSCILLATOR ALIGNMENT, The master oscillator module may be aligned while

connected to the transmitter with an extender cable, or it may be removed and aligned in a test set up.

If the latter is used, external power supplies will be required.
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^est Equipment Required.3. 1. 1

Equipment Manufacturer's Type

60 Hz sweep box (See Figure 9)1.

oscilloscope with external sweep2. Tektronix 504

digital voltmeter3. USC 201

10 dB attenuator4. General Radio 874-G10

BNC adapter5. General Radio QBJA

6. T-adapter General Radio 874-T

N-adapter7. General Radio QNPL

350-MHz frequency meters8. PR D-587-A

9. crystal detector General Radio 8740VQ

50-ohm load10. General Radio 874-W50B

11. thermistor Hewlett-Packard HP478B

12. Hewlett-Packard HP481Cpower meter

frequency counter13. Hewlett-Packard HP5245L

14.
Hewlett-Packard HP5253B

15. temperature chamber

16. external power supplies

+12 volts Hewlett-Packard HP723A

-12 volts Hewlett-Packard HP723A

-35 volts Hewlett-Packard HP723A

3. 1.2 Master Oscillator Alignment Procedure.

1. Install the master oscillator in the test set up as shown in Figure 10. Disconnect the

75-ohm video signal terminating resistor on the master oscillator so that the 60 Hz

position of the deviation control, increase the deviation control setting to maximum

for the duration of the test. Turn the AFC switch OFF.

Attach the 350 MHz detector assembly.2.

Configure the sweep box for ”1/2 width" sweep, with sweep ON and power OFF.3.

Configure the oscilloscope for external sweep horizontal input and 0.2 volts of de4.

vertical input.

-10- 8604

sweep will not exceed the resistor wattage rating. When pre-emphasis is located on 

the master oscillator, bypass the pre-emphasis circuit and, after marking the initial

50-500 MHz plug-in frequency 
converter
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110 V feO'v

ZL

IK

Figure 9. 60-Hz Sweep Box

TO SCOPE HOP.

360 MHz

11'

POWER BRIDGETHERMISTOR

O'GlTAL

■O

Figure 10. Master Oscillator Test Set up
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5.

6.

voltages with the digital voltmeter.

7.

Rotate frequency meter dial until meter dips indicating center operating frequency.8.

9.

Perform system tests as indicated below:10.

60 Hz sweepa.

mately 15 MHz.

b. Power Output

Frequencyc.

-12- 8604

The tuning volts should be turned on and adjusted with the digital voltmeter for the exact 

value of the tuning volts used in the transmitter. (For multi-channel equipment, adjust 

for the tuning voltage used in the center channel.)

Set the sweep box SWEEP switch to CW. Remove the 350-MHz detector assembly 

and replace it by the thermistor and power meter. Measure and record the power 

output after correcting for all attenuation in the output circuit. The power output 

must be greater than 5 milliwatts.

Remove the thermistor and power meter and replace with the frequency counter. 

Reconnect the video line terminating resistor. Adjust the oscillator tuning capa­

citor or the tuning volts potentiometer slowly to the desired master oscillator 

frequency for the assigned transmitter output frequency.

Adjust the master-oscillator, buffer-stage tuning capacitor for maximum flat 

power output as indicated on the oscilloscope. The sweep box WIDTH control may 

be increased to facilitate this adjustment. Move the frequency meter dial to 

measure the width in MHz of the flat portion of the sweep which should be approxi-

Adjust the master-oscillator VCO frequency-tuning capacitor and the frequency meter 

until the indicated center frequency is that specified in Table 1, 2, or 3, as the appro­

priate master-oscillator frequency for the assigned transmitter output channel. (In 

multi-channel equipment, adjust for master-oscillator frequency of the center channel.)

The + 12 volts should be suitably current limited and applied to the master oscillator.

The current drawn should not exceed 30 milliamperes at each voltage. Check the

Turn the sweep box power switch to ON. Displacement of the de reference line on the 

oscilloscope indicates rf detection. Adjust vertical oscilloscope sensitivity as necessary 

for proper deflection.
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d.

should be recorded. Return the tuning volts to the original value.

Temperature Stabilitye.

the temperature tests until the master oscillator is temperature compensated.

This completes the master oscillator adjustment.

3.2 RF AMPLIFIER ALIGNMENT.

3.2. 1 Test Equipment Required.

Equipment Manufacturer's Type

1.

2. 10-dB, 10-watt attenuator Weinschel 693-10

20-dB, 2-watt attenuator3. Weinschel 530A-20

4. External +35 volt power supply Power Designs 5015T

RF Amplifier Alignment Procedure.3.2.2

1.

-16- 8604

All the equipment called for in 
paragraph 3.1. 1 above.

In multi-channel equipment, switch to each individual channel and adjust the poten­

tiometer for that channel to the assigned master oscillator frequency. Record 

the channel number, tuning volts, and master oscillator frequency for each channel 

of operation. Return switch to the center frequency.

Place the master oscillator assembly in a temperature chamber and, at 10 degree 

centigrade intervals from -10°C to +50°C, alternately check and record the sweep 

power and frequency, without making any adjustment. If the frequency falls outside 

the proper frequency tolerance, without AFC, replace the VCO emitter thermistor 

(temperature sensitive resistor) with one of a slightly different value and repeat

Connect the master oscillator output to the rf amplifier input. Connect the rf amplifier 

output to the 10-dB, 10-watt attenuator input. Connect the 10-dB, 10-watt attenuator 

output to the 20-dB, 2-watt attenuator input. Connect the 20-dB, 2-watt attenuator 

output to the 10-dB master oscillator attenuator input. Connect the 10-dB master 

oscillator attenuator output to the master oscillator test equipment input as previously 

shown in Figure 10.

The rf amplifier module may be aligned while connected 

to the transmitter with an extender cable or may be removed and aligned in a test set up. If a test set up 

is used, an external power supply will be required.

Read the tuning voltage using the digital voltmeter. Record the tuning voltage and 

the master oscillator frequency. Increase the tuning volts exactly one volt. The 

frequency difference is the oscillator deviation sensitivity in MHz per volt and
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2.

3.

bandwidth and power out put.

4.

This completes the rf amplifier alignment.

HARMONIC MULTIPLIER ALIGNMENT.3.3

3.3. 1 Test Equipment Required.

1.

2. crystal detector Hewlett-Packard HP423A

frequency meter3. Hewlett-Packard HP536A
4. Hewlett-Packard HP5245L
5. Hewlett Packard HP5254-5, -6 series

3.3.2 Harmonic Multiplier Alignment Procedure.

1.

2.

3.

power output.

8604 -17-

frequency counter

frequency converter, plug-in module

Repeat master oscillator tests for sweep, power, and frequency. Adjust harmonic 

multiplier from the input adjustment to the output adjustment for bandwidth, power, 

and frequency as required for system operation.

All the equipment called for in 
paragraphs 3. 1.1 and 3.2. 1 above.

Connect the rf amplifier output to the isoductor input (if used) and the isoductor output 

to the harmonic multiplier input. Connect the harmonic multiplier output, through 

sufficient attenuation to reduce the output to 1 milliwatt to the frequency meter and 

then to the crystal detector and to the de oscilloscope.

Repeat master oscillator tests for sweep bandwidth with "sweep” on and for frequency 

with "sweep” in CW position, as for the master oscillator. Adjust rf amplifier stages 

from the input stage to the output stage for bandwidth, power, and frequency required 

for system operation.

The harmonic multiplier modules may be aligned while connected to the transmitter or may 

be removed and aligned in a test set up. No external power will be required.

Repeat temperature chamber tests as for master oscillator. Record bandwidth and

Repeat and modify temperature chamber tests as used for master oscillator. Record

Connect the isoductor to the rf amplifier output and the isoductor output to the 10-dB, 

10-watt attenuator. Measure and record power output. The insertion loss should be 

less than 0.8 dB maximum.
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Connect the harmonic multiplier output to the proper isolator input. Connect the isolator4.

output to the first attenuator. Measure and record the power output. Note that the

insertion loss of the isolator is within the specifications.

Repeat the above procedure for every harmonic multiplier used in the transmitter5.

rf assembly.

This completes the harmonic multiplier alignment.

3.4 TRANSMITTER RF SYSTEM ACCEPTANCE TESTS

Previous tests have insured that each module is operating with the required power, bandwidth.

and temperature stability. The next step is to observe system requirements of spectrum purity and video

response as shown in Figure 11.

DC.SCOPE

RF AMPLIFIER

o ATTENUATORS | >
temperature chamber

THERMISTOR POWER METER

>-----

DISC OUT

R J $ POLY SKOP

SWEEP OUT

Figure 11. Test Configuration
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Test Equipment Required.3.4. 1

Manufacturer's TypeEquipment

1.

Hewlett-Packard HP8551A/851BSpectrum analyzer2.

System receiver3.

Allen 960/1000 GMVideo sweeper 100-kHz to 10-MHz4.

Video waveform monitor Tektronix 5295.

Video baseband signal generator Hewlett-Packard HP651B6.

Rhode and Schwartz Polyskop I7.

3.4.2 Transmitter RF System Acceptance Test Procedure.

To insure proper system reaction, to a swept response perform the following sweep1.

Check for proper output power of all installed channels at the rf output frequency.2.

3.

4. Perform system tests as indicated below:

Spectrum Puritya.

8604 - 19-

Al 1 equipment called for in para­
graphs 3. 1. 1. 3.2. 1 and 3.3. 1 above

Video sweep frequency generator 
and display unit

Check the rf system in swept response for maximum flat power output as indicated 

on the oscilloscope. The sweep box WIDTH control may be increased to facilitate this 

adjustment. Move the frequency meter dial to measure the width in MHz of the flat 

portion of the sweep which should be adequate to support the installed channels.

frequency test at the output frequency (2-GHz, 4-GHz, 7-GHz, 13-GHz, or special 

frequency range).

Check the system temperature stability by placing the complete system in a temperature 

chamber and cycling it over the required temperature range (see system specifications) 

while performing the following tests. Proper operation over the entire temperature 

range is necessary for satisfactory system operation after installation.

Connect the rf system, through the required attenuators, to the spectrum analyzer 

input. Observe the spurious outputs of the rf system. All spurious outputs must 

be attenuated at least 60 dB below the main carrier. All outputs shall be observed 

over the entire temperature range.
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b. Transmitter Deviation

Video Responsec.

Major variations may be corrected by small adjustments of the master-oscillator

NOTE

This completes the transmitter rf alignment.

-20- 8604

The video response check requires the use of a standard receiver and a swept 

video frequency generator and display unit. If the transmitter is to be used with 

a matched receiver, the matched receiver may be considered a standard.

Connect the transmitter output to the receiver input through the appropriate path­

loss attenuator kit. Adjust the transmitter fine-tune control for a receiver 

discriminator zero reading.

buffer stage or the first three rf amplifier stages without seriously altering the rf 

swept response. Observe the P.A. output meter reading during adjustment for any 

drop in rf output power.

Any adjustments made will require rechecking the rf swept response, 

power output, and frequency of operation over the entire temperature 
range.

Adjust the swept video frequency generator for operation from 500 kHz to 8 MHz 

and apply this signal to the master oscillator video input connector with the requred 

amplitude to produce +4 MHz of deviation as determined in Step 5. Apply the 

receiver discriminator output to the display unit and check the swept response. A 

small linear rise or fall may be corrected at the video subsystem.

While the system is connected to the spectrum analyzer, adjust for transmitter 

deviation. Reconnect the video subsystem to the master oscillator. Connect the 

video baseband signal generator to the video input and adjust for a 1.66 MHz sine 

wave (without pre-emphasis), or a 2.33 MHz sine wave (with 525-line pre-emphasis), 

at 1 volt peak -to-peak to the transmitter video input terminal. At the transmitter 

video monitor output terminal, adjust for 1 volt peak-to-peak into a terminated 

load. Adjust the deviation control for the first Bessel carrier null on the spectrum 

analyzer at the transmitter rf output frequency. Readjust the transmitter video monitor 

output for 1 volt-peak-to-peak into a terminated load. Record the peak-to-peak 

voltage at the master oscillator video input connector. This is the voltage required 

to deviate +4 MHz at the rf output frequency.
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R E CETVER LOCAL OSCILLATOR ASSEMBLY4.0

1.

2.

3.

Precautions should be taken to insure that the harmonic multipliers are not adjusted for

operation on the wrong harmonic.

1.

2.

8604

Prior to any adjustment, it is necessary to read and understand the adjustment procedure 

and to ensure that all necessary test equipment is available.

When theLO driver/X4 multiplier is performing satisfactorily, add the first harmonic multi­

plier to the LO assembly and check the alignment and power output for acceptable performance.

Continue this procedure until all the harmonic multipliers have been added to the LO assembly 

and check the alignment and power output of each for acceptable performance.

When the complete LO assembly has been adjusted to the required frequency, power, and 

bandwidth, the following system tests are also necessary to insure proper system operation:

If the entire receiver LO assembly does not satisfactorily pass all of the above tests before 

being incorporated into the receiver, the system will not operate to specifications.

power output, 

frequency, 

temperature stability.

spectrum purity, 

temperature stability.

For alignment and adjustment purposes the local oscillator assembly is considered to be 

comprised of the crystal oscillator, the channel-select switch, the local oscillator driver / X4 multiplier, 

and the associated harmonic multipliers and attenuators necessary to deliver 2 +1 milliwatts of power at 

a frequency 70 MHz below the assigned transmitter frequency.

The basic alignment will be performed on the crystal oscillator, which will be tested for 

acceptable performance in the following areas:

When the crystal oscillator is functioning properly, test the local oscillator driver/X4 

multiplier by adding it to the crystal oscillator or, for multi-channel operation, use a sweep signal 

generator operating at the crystal oscillator power and frequencies for swept frequency response adjustments 

similar to that used for transmitter alignment.
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The crystal oscillator module may be alignedCRYSTAL OSCILLATOR ALIGNMENT.4. 1

while connected to the receiver with an extender cable, or it may be removed and aligned in a test set up.

If a test set up is used, external power supplies will be required.

4.1. 1 Test Equipment Required.

Manufacturer's TypeEquipment

thermistor head Hewlett-Packard HP478B1.

Hewlett-Packard HP431C2. power meter

Hewlett-Packard HP5245Lfrequency counter3.

frequency converter, plug-in module Hewlett-Packard HP5253B4.

10-dB attenuator5.

adapter, Sealectro to BNC Sealectro 51-075-68016.

temperature chamber7.

External power supplies

Hewlett-Packard HP723A+12 volts

-12 volts Hewlett-Packard HP723A

4. 1.2 Crystal Oscillator Alignment Procedure.

Connect the crystal oscillator rf output lead to the 10 dB attenuator. Connect the 10-dB1.

attenuator output to the thermistor head and power meter.

Power Output

Turn the crystal oscillator on and check the power output which should be between 10

and 20 milliwatts.

Check all channels installed. If necessary, adjust crystal oscillator and buffer amplifier

tuning adjustments for maximum flat output on all channels.

Frequency

Remove the thermistor head and power meter and replace with the electronic counter

and frequency converter plug-in module. Read the crystal oscillator frequency and

compare with crystal oscillator frequency specified in Table 1, 2, or 3 for the assigned

receiver operating frequency.

-22- 8604
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Temperature Stability

NOTE

frequency offset.

Record power output and crystal frequency.2.

This completes the crystal oscillator alignment.

The LO driver/X4 multiplier may be alignedLO DRIVER/X4 MULTIPLIER ALIGNMENT.4.2

Test Equipment Required.4.2. 1

Manufacturer's TypeEquipment

i.

Telonic PD-22.

3.

External power supplies
Hewlett-Packard HP723A+12 volts
Hewlett-Packard HP723A-12 volts

LO Driver/X4 Multiplier Alignment Procedure.4.2.2

1.

8604 -23-

All equipment called for in 
paragraph 3.1 above, except 
Item 1 (sweep box).

Sweep generator; 50 to 150 MHz

20-dB attenuator

Configure the sweep generator to provide a frequency and power output the same as the 

crystal oscillator frequency and output. Adjust for a sweep width of 4 MHz.

Place the crystal oscillator in a temperature chamber and alternately check the power 

output and frequency at 10°C intervals over the system operating range without making 

any changes. Start and stop the oscillator by applying and disconnecting the power at 

each 10°C point to insure reliable operation.

In multi-channel systems check the operation, power output, 

and frequency at each assigned channel. Variable capacitors 

are installed near each crystal to correct individual channel­

test setup is used, an external power supply will be required. As the crystal oscillator is a continuous wave 

(CW) device, it is recommended that the LO driver/X4 multiplier and all receiver harmonic multipliers be 

aligned using a sweep generator in place of the crystal oscillator. Sweep alignment is necessary for multi­

channel equipment.

while connected to the receiver with an extender cable, or may be removed and aligned in a test setup. If a
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The LO2.

3.

4.

5.

NOTE

limitations.

6.

7.

power output at each crystal frequency.

This completes the LO driver/X4 multiplier alignment.

HARMONIC MULTIPLIER ALIGNMENT.4.3

Test Equipment Required4.3. 1

Manufacturers TypeEquipment

1.

Hewlett-Packard HP423A2. Crystal detector
3. Hewlett-Packard HP536-532 series

-24- 8604

The harmonic multiplier modules may be aligned 

while connected to the receiver or may be removed and aligned in a test set up. No external power supplies 

will be required.

Connect the sweep generator output to the LO driver/X4 multiplier input.

driver/X4 multiplier output connects to the 20-dB attenuator input. The 20-dB attenuator 

output is fed through the crystal detector assembly to the de oscilloscope.

Configure the de oscilloscope for external sweep horizontal input from the sweep generator 

and 0.2 volts of de vertical input from the crystal detector.

Adjust the LO driver/X4 multiplier from the input adjustment to the output adjustment 

for bandwidth, power, and frequency as required for system operation.

Frequency meter (for frequencies of 
interest)

For multiple frequencies, center the middle crystal frequency 

and identify all other assigned crystal frequencies for bandwidth

All equipment called for in paragraphs
4.1. 1 and 4.2.1 above

Rotate the frequency meter dial to find the fourth harmonic of the crystal frequency as 

indicated by an absorption dip. Rotate the sweep generator frequency dial to center the 

frequency meter absorption dip on the oscilloscope display.

Repeat temperature chamber tests as for crystal oscillator. Record bandwidth and

Apply the +12 volts to the LO driver/X4 multiplier. Detection of rf should be indicated 

by displacement of the de reference line on the de oscilloscope. Adjust vertical oscillo­

scope sensitivity as necessary for proper deflection.
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4. 3.2 Harmonic Multiplier Alignment Procedure

1.

2.

operation.

Repeat temperature chamber tests as for the crystal oscillator.3.

Repeat above procedure for all other harmonic multipliers used in the receiver LO4.

assembly.

This completes the harmonic multiplier alignment.

RECEIVER LOCAL OSCILLATOR SYSTEM ACCEPTANCE TESTS. Previous tests have4.4

1.

2.

This completes the LO system acceptance tests.

RECEIVER INTERMEDIATE FREQUENCY SYSTEM5.0

TEST EQUIPMENT REQUIRED.5. 1

Manufacturer's TypeEquipment

Microwave Link Analyzer HP3701A, 3702A, 3703A

8604 -25-

insured that each module is operating with the required power, bandwidth, and temperature stability.

It is now necessary to observe the system requirements of LO system power output.

Repeat LO driver/X4 tests for bandwidth, power, and frequency. Adjust harmonic 

multiplier from the input adjustment to the output adjustment as required for system

Calculate attenuation needed for an LO system output power of 2 +1 milliwatts and insert 

the necessary attenuation to reach this level.

Perform the transmitter rf system acceptance procedure tests for spectrum purity 

(paragraph 3.4.2 step 4a) if the necessary test equipment is available.

For alignment and adjustment purposes, the receiver intermediate frequency system is 

considered to be comprised of the preamplifier module of the mixer-preamplifier, the IF filter, the IF 

amplifier, the IF phase compensating or equalizing network, the limiter/discriminator, and all associated 

cabling. Prior to any adjustment it is necessary to read and understand the adjustment procedure and to 

insure that all necessary test equipment is available.

Connect the LO driver/X4 multiplier output to the first harmonic multiplier input.

Connect the harmonic multiplier output through enough attenuation to reduce the output 

to less than 1 milliwatt into the HP 536 frequency meter. Connect the frequency meter 

output to the crystal detector and de oscilloscope.
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Each module of the receiver

The following tests should be performed:

1. gain,

bandpass,2.

AGC output level and range,3.

return loss ,4.

demodulator sensitivity,5.

6. linearity ,

group delay ,7.

sweep IF alignment will not guarantee the accuracy necessary for proper system performance.

This completes the rf alignment procedure.

-26- 8604

The microwave link analyzer manual contains information on the standard method of performing 

the above tests and the modular performance characteristics provide the standards to be achieved. Standard

5.2 RECEIVER INTERMEDIATE FREQUENCY ALIGNMENT.

intermediate frequency amplifier system should be tested on the microwave link analyzer for compliance with 

the stated performance characteristics as listed under the receiver modular descriptions.



B-Line.Microwave Associates
8602Alignment Instruction

B-LINE

VIDEO ALIGNMENT

GENERAL1.0

System video alignment is indicated whenever video impairment is noted or a video module

is repaired or replaced.

Prior to any video alignment ensure that the radio frequency alignment is correct, since

deficiencies in the rf section may adversely affect the video , and that the following tests have been

successfully completed.

transmitter frequency,a.

b. transmitter power,

transmitter deviation,c.

received signal level,d.

rf video response.e.

Video alignment and testing should be performed on a test bench using path-loss test

More accurate results and a. shorter test time will be required if one operator has accessattenuators.

to all adjustments and all tests are conducted using the same test equipment.

Record all readings taken during the performance of the alignment1. 1 MAINTENANCE LOG.

procedure in a maintenance log as reference information for use in future alignment or maintenance

and troubleshooting.

2.0 TEST EQUIPMENT REQUIRED

Manufa cturer' s TypeEquipment

Video signal generator Telemet 3508

Video waveform monitor Tektronix 529

Tektronix 520Video vectorscope

75 ohmsTermination load

Path-loss test attenuator kit

1 to 4 GHza.

b. 5 to 8 GHz

MA8513DA10 to 13 GHzc.

8602

Portable
Rack

Portable
Rack

MA8507DC
MA8507DD

MA85A02DF
MA85A02DG

Assorted interconnection cables , 
Coaxial, UHF connectors.
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TEST PROCEDURE3.0

PROCEDURESTEP

Interconnect the transmitter and receiver for operation using path-loss test1

attenuators as called out in initial checkout and alignment procedure. Adjustment

locations are shown in Figure 1.

Check the transmitter PA and OUTPUT meter readings and the receiver AGC2

control for receiver DISC reading of zero (center) indicating correct operating

frequency.

NOTE

IF the AFC option is installed, turn AFC switch OFF. Correct

AFC DISC reading using transmitter FINE TUNE control; then

correct AFC ERROR meter reading with the AFC amplifier

balance variable resistor. Check that receiver DISC (discrim­

inator) reading is zero.

Turn AFC switch ON.

Correct minor offset, if present, of receiver DISC reading by varying AFC

amplifier balance variable resistor for a zero indication.

3 With the video signal generator on MULTIBURST, connect its output to the

terminated video waveform monitor. Adjust the video signal generator for

proper amplitudes of sync, setup, bursts, and flat response at 1 volt peak-

to-peak. Repeat for STAIRSTEP position.

Connect the video signal generator to the transmitter video input as shown in4

Figure 2. Connect the terminated video waveform monitor to the receiver

troubles should be corrected.

-2- 8602

VIDEO 1 output. Perform tests for video response, video differential gain and 

phase, and audio intermodulation if the audio option is installed. Obvious

and DISC meter readings for proper rf operation. Adjust transmitter FINE TUNE
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STEP PROCEDURE

NOTE

Complete realignment is almost never justifiable. Only

those adjustments that tests indicate need correction

should be changed from the factory-preset position.

Adjust transmitter video amplifier first. Remove the terminated video waveform5

monitor from the receiver VIDEO 1 output connector and reconnect it to the

transmitter video monitor output connector.

NOTE

Systems containining the microwave AFC with ’’off-air”

to extend this video signal to the terminated video waveform
monitor.

6

7

8 If no audio options are installed:

8602 -5-

Bias adjustment is correct if video differential 

phase and gain tests are correct.

the receiver VIDEO 1 output connector. Adjust the receiver video amplifier 

board for gain, bias, and high- and low-frequency response.

monitoring option will require an adapter, Sealectro 51-075-6801, ' 

to be inserted into the video input lead to the master oscillator

Any adjustments made to a video module will probably 

require a complete realignment of all video modules.

Test for video differential phase and adjust the IF phase equalizer portion of the 

IF filter and phase equalizer for best differential phase. This completes the 

video system alignment. Measure and record the system video response, video 

differential gain and phase, video signal to noise, and video signal-to-hum for 

compliance with system specifications.

Remove the receiver baseband notch filter equalizer board and configure for 

video-only option. Reinsert on an extender card for video-only option. Remove 

the terminated video waveform monitor from the transmitter and connect it to

Adjust the transmitter video amplifier for gain, bias, and high-frequency 

response. The audio subcarrier board (s) may be removed if subcarrier 

levels are objectionable.
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PROCEDURESTEP

If audio options are installed:9

compliance with system specifications.

NOTE

Do not adjust factory-preset controls unless tests indicate

a correction is necessary.

10

will also vary the audio intermodulation and video differential phase readings and

should be adjusted at this time as necessary.

NOTE

Remove the transmitter video input signal and disable the

audio subcarrier by removing the subcarrier oscillator boards.

Adjust the baseband notch filter equalizer for video-plus-audio subcarrier(s) in the

following order

Adjust L5 and L8 so that the slugs are as far out as possible.a.

Connect the 8. 5 MHz audio subcarrier board in the transmitter; adjust LI,b.

L2, and L7 for 8. 5 MHz subcarrier rejection in the receiver video output.

Adjust CIO and LI for proper 8. 5 MHz audio in simulated fade condition.c.

Connect 7. 5 MHz audio subcarrier board in the transmitter; adjust L3, L4,d.

and LIO for 7. 5 MHz subcarrier rejection in receiver video output.

Adjust C12 and L3 for proper 7. 5 MHz audio in simulated fade condition.e.

-6- 8602

Insure that audio alignment is completed, and then adjust video differential 

phase as in Step 7 and then remove the baseband notch filter equalizer and 

configure for video-plus-audio-subcarrier option. Reinsert for video-plus- 

audio-subcarrier operation. Perform all video and audio system tests for

Baseband notch filter equalizer adjustment requires the monitoring of both video 

and audio signals. Video multiburst response, video differential phase, and Sin^ 

plus window transient response should all be optimized while adjusting for best 

audio intermodulation and audio signal-to-noise ratio. The IF phase equalizer



PROCEDURESTEP

f.

8602 -7-

Remove the simulated fade consition; connect the video signal generator to the 
transmitter video input with a Sin^ plus window signal. Adjust L5 and L8 in 

equal increments, as if ganged together, for best transient response and 

check at intervals with a multiburst signal for best frequency response.

This completes the video and audio alignment. Perform all video and audio system tests 

for compliance with system specifications.
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AUDIO ALIGNMENT

I GENERAL1.0

System audio alignment is indicated if audio impairment is noted or whenever an audio

module is repaired or replaced.

Deficiencies in either section may adversely affect the audio.correct.

completed:

differential gain,and video differential phase.

It is recommended that audio alignment and tests be performed on a test bench using path

tests are conducted using the same test equipment and if one operator has access to all adjustments.

Record meter readings obtained during the performance of the1.1 MAINTENANCE LOG.

alignment procedure in a maintenance log as reference information for use in future alignment, maintenance,

and troubleshooting.

2.0 TEST EQUIPMENT REQUIRED

GR-1310-AAudio signal generator

Audio distortion analyzer HP333A

FM modulation meter Marconi TF2300

Oscilloscope, wide band Tektronix 545A

Frequency counter HP5245L

Marconi TM6221

RN55D601F

Telemet 3508

HP651B

Tektronix 520

Sealectro 51-075-6801

Assorted interconnection cables BNC-to-BNC (RG-59)

8603

Before proceeding with the audio alignment, the following tests should be successfully 

transmitter frequency, transmitter power, received signal level, video response, video

600 ohm balanced-to-unbalanced 
transformers (2)

600 ohm termination resistor

Video signal generator

Baseband signal generator

Video vector scope

Adapter Sealectro-to-BNC

Prior to any audio alignment, ascertain that the radio frequency and video alignments are

loss test attenuators. More accurate results will be obtained and a shorter time expended if the
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TEST PROCEDURE3.0

rPROCEDURESTEP

I
1

2

transformers.

connected to the audio distortion analyzer and is terminated in 600 ohms.

3

NOTE

Complete realignment is almost never justifiable.

Only if tests indicate a correction is necessary

should adjustments be changed from their factory­

preset position. Adjustments made to any audio

module will probably require a complete realignment

of all audio modules.

4

Insert the Sealectro-

terminate in 75 ohms.

Disable the transmitter subcarrier oscillator(s) by removing the subcarrier adder

-2- 8603

Connect the system as shown in Figure 2 by adjusting the balanced-to-unbalanced

Connect the balanced transformer output to the transmitter audio

or the subcarrier oscillator boards. Apply multiburst video signal to the video 

input, adjust for 1 volt peak-to-peak at the video monitor, and observe on the

Interconnect the system transmitter and receiver using the path-loss test attenuators. 

Adjust for video-unity gain of 1 volt peak-to-peak. Check for proper receiver AGC 

and DISC readings indicating that the rf is functioning. Test for video response, 

video differential gain, and video differential phase to indicate the video is in 

adjustment. Adjustment locations are shown in Figure 1.

input connector. Connect the receiver audio output connector to the balanced input 

of the second balanced-to-unbalanced transformer. The unbalanced output is

oscilloscope. Record the peak-to-peak value as a reference. Remove the video 

signal. Reconnect the subcarrier oscillator.

response. Obvious troubles should be corrected.

The indicated audio output should be +9 dBm, adjustable by receiver audio gain 

control. Perform tests for audio distortion, audio signal-to-noise,and audio

Check the transmitter subcarrier oscillator first. Disconnect the video input lead 

to JI by connecting the transmitter as shown in Figure 3. 

to-BNC adapter into the cable; extend the video lead to the oscilloscope, and
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VECTORSCOPE

I
r600Q TERMINATION

TRANSMITTER RECEIVERATTN
VIDEO IN VIDEO OUT

AUDIO IN AUDIO OUT

I I

Test Configuration 1Figure 2.

OSCILLOSCOPE£
TRANSMITTER

Test Configuration 2.Figure 3.

STEP PROCEDURE

Record the peak-to-peak amplitude of the subcarrier. Convert this reading into

decibels down from the video value.

31.6% of the video value in 10 dB down

19% of the video value is 14 dB down

10% of the video value is 20 dB down.

The subcarrier injection level is normally about 14 dB down from the video level.

The injection level is variable and dependent upon system requirements.

-4- 8603

AUDIO 
OSCILLATOR

AUDIO 
OSCILLATOR

PATH LOSS TEST 
ATTENUATOR

FREQUENCY 
COUNTER

DISTORTION 
ANALYZER

DISTORTION 
ANALYZER

VIDEO SIG 
GENERATOR

__ MARCONI AM/FM
MODULATION METER
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PROCEDURESTEP

r 5

I

6

deviation should be 200 kHz peak with +9 dBm input.

7

greater than 5 mv.

8

distortion and audio signal-to-noise ratio.

9 To simulate a fade condition, add path-loss attenuators between the transmitter

10

NOTE 1

portion of the signal sidebands.

8603 -5-

At the simulated fade condition, readjust the audio filter limiter and audio dis­

criminator if necessary, for best signal-to-noise ratio with acceptable distortion 

of a +9 dBm level. Discriminator adjustment will change the audio level.

Apply the master oscillator video input to a frequency counter; remove the audio 

modulation and check the subcarrier for proper frequency.

Apply the am/fm modulation meter 600-ohm audio output to the distortion analyzer 

and check that the audio distortion is less than 0.70%.

The transmitter subcarrier oscillator will now be operating correctly. Return the 

system to test configuration 1 (Figure 1) by connecting the input lead to JI on the 

master oscillator.

At the receiver, connect the oscilloscope probe to the input test point on the sub­

carrier filter amplifier. Observe that the subcarrier is available at a level of

If not, rf or video troubleshooting or adjustment is indicated.

An excessively wide passband will have a detrimental 

effect on the signal-to-noise ratio; an excessively 

narrow passband will cause distortion by removing a

Apply the master oscillator video input to the Marconi am/fm modulation meter.

Reconnect the audio modulation and check the subcarrier deviation. The fm

obvious clipping or distortion. Remove the oscilloscope. Measure the audio

Remove the video modulation if present and adjust the audio output gain control 

for +9 dBm output. Observe the output signal with the oscilloscope. Correct

and receiver to reduce the received signal level to -67 dBm input. Measure the 

audio distortion and audio signal-to-noi se ratio. The audio distortion should be 

within 0. 3% of specifications and the audio signal-to-noise ratio greater than 50 dB.
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PROCEDURESTEP

t
NOTE 2

I

grossly out of adjustment, a baseband signal-generator

signal may be introduced into the subcarrier receiver

The audio bandpass filters and audio discriminatorinput.

NOTE 3

For single audio options, adjust the audio subcarrier

rejection traps (notches) to their highest frequencies

the subcarrier notches need be adjusted and should be

optimized for best dual audio operation.

11

12

received signal levels.

-6- 8603

If no malfunctions requiring troubleshooting procedures 

are indicated but the controls are suspected of being

adjustments may then be made at specified frequencies. 

(Refer to Figure 3.)

audio options, adjust the audio subcarriers individually 

for best operation. When the audios are combined, only

Measure and record the audio frequency response, audio distortion, and audio 
signal-to-noise with a video sin2 window signal for compliance with system 

specifications. All values should be within the system specifications at -47 dBm

A sin2 window signal should be applied to the video input of the transmitter and the 

audio signal checked for video-to-audio intermodulation. If intermodulation 

is present, adjust the 15.75 kHz notch on the audio discriminator for maximum 
rejection of the horizontal sync signal. Change the sin2 window video signal to a 

modulated stairstep video signal. Measure the video differential phase. Measure 

the audio signal-to-noise ratio. Adjust phase equalization for optimum differential 

phase and best audio signal-to-noise ratio.

and to have no effect on the video or audio. For dual
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SYSTEM PERFORMANCE TESTS

GENERAL1.0

NOTE

1. 1 MAINTENANCE LOG.

8513

The tests necessary to establish individual transmitter or receiver operating parameters 

will be made prior to incorporating these units into the system.

The system performance tests 

system performance parameters.

These system tests are provided for use by a skilled technician, familiar with the operation 

of the test equipment required. Test-equipment operating instructions are not included herein except for 

precautionary notes or when simple operating instructions are included for the technician’s convenience. 

Substitute test equipment may be used if due allowance is made for test-equipment variations and limitations. 

All test cables should be as short as possible, and all impedances matched and terminations correctly 

located and used. System video waveforms used for testing are shown in Figure 1.

Record all readings taken during the performance of the system 

performance tests in a maintenance log as reference information for use in future alignment or maintenance 

and troubleshooting.

If difficulty is experienced in obtaining the proper 

performance during any system test, the test 

equipment including all cables, transformers, and 

terminations should be interconnected and tested

to determine whether the test setup is contributing to 

the system performance readings in any manner.

are provided to establish standard procedures for measuring

Either of two basic system-test configurations may be used. The preferred method consists 

of operating on a test bench using path-lass test attenuators to control the received-carrier signal level. 

This method is similar to that used in factory testing and should provide comparable results. The second 

method uses the actual operating path as the rf attenuator. This method results in a loss of precision due to 

the use of two operators and duplicate test equipment, as well as the inaccuracies inherent in using different 

test equipment for setting levels and reading outputs.
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2.0 TRANSMITTER UNIT TESTS

The transmitter must be tested to insure the following transmitter performance parameters

are properly met before it can be incorporated into an operating system.

1. transmitter power,

2. transmitter frequency,

3. transmitter deviation.

2. 1 TEST EQUIPMENT REQUIRED.

Manufacturer’s TypeEquipment

1 to 4 GHz

5 to 8 GHz

10 to 13 GHz

TRANSMITTER TEST PROCEDURE. See transmitter test configuration (Figure 2).2.2

j
TESTR.F, SPECTRUM ANALYZER

OUTPUT
]o

FREQUENCY COUNTEROUTPUT

HI 1111111

i

Figure 2. Transmitter Test Configuration

-4- 8513

1>
I

VIDEO WAVEFORM 
MONITOR

1
2
3
4
5

SYSTEM
TRANSMITTER

Hewlett-Packard HP651B
Tektronix 529
Hewlett-Packard HP434A
Hewlett-Packard HP8551B/851B
Hewlett-Packard HP5245L
Hewlett-Packard 5254B
Hewlett-Packard 5255A
Hewlett-Packard 5256A

MA85A02DF
MA85A02DG
MA85A07DC
MA85A07DD
MA85A13DH

CALORIMETRIC
POWER METER

~L Ki>
ATTENUATORS |

I

Video baseband signal generator 
Video waveform monitor 
Calorimetric power meter 
Spectrum analyzer 
Electronic Counter

6a.* Counter plug-in (0.2 to 2.4 GHz) 
6b.* Counter plug-in (3.0 to 12. 4 GHz
6c.* Counter plug-in (8 to 18 GHz)
7. Path-loss test attenuators 

Portable 
Rack 
Portable 
Rack 
All

l>
THERMISTOR

r&i

I
I

BASEBAND '
SIGNAL GENERATOR I

I
INPUT
VIDEO

* for assigned transmitter frequency
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Transmitter Power Test Procedure2.2. 1

PROCEDURESTEP

Connect the transmitter rf output directly to the calorimetric power meter input.1

NOTE

If either an interconnection cable or waveguide and transition

are used, allow fox’ losses encountered.

2
Remove

all modulation. Place AFC option (if installed) in ON position.

Turn transmitter ON. Record all transmitter meter readings and calorimetric3
power meter output readings in the maintenance log.

4

Correct calorimetric power readings for external cabling losses and compare5

with system specifications.

Transmitter Power Test Procedure, Alternate #1.2.2. 1. 1

2.2.2 Transmitter Frequency Test Procedure .

PROCEDURESTEP

1

2 Connect the path-loss test attenuator output to the frequency counter input.

3 Configure the transmitter for the highest assigned channel. Position the trans-

8513 -5-

Connect the transmitter rf output to a sufficient number of path-loss test 

attenuators to reduce the transmitter power-output level below 1 milliwatt.

mitter FINE TUNE control (if used) to center range. Remove all modulation. 

Place AFC option (if installed) in ON position.

Switch to the next lower assigned channel (if installed) and record transmitter 

PA and OUTPUT readings and the calorimetric power meter reading. Repeat 

the above procedure for all assigned channels.

Path-loss test attenuators , a thermistor head (HP478A) and a power meter (HP431B) 

may be substituted for the calorimetric power meter in the procedure in paragraph 2.2. 1 above with a 

resultant loss in accuracy unless all attenuation in accurately accounted for. Ensure that all attenuation 

is incorporated into power readings to accurately determine actual transmitter power output.

Configure the transmitter for the highest assigned channel. Position 

the transmitter FINE TUNE control (if used) at center range.
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PROCEDURESTEP

Turn transmitter ON and allow one hour for frequency and temperature4

stabilization with doors in place.

Read and record transmitter output frequency.5

Turn AFC OFF. Adjust to correct frequency, if necessary, and turn AFC ON.6

Correct AFC if necessary.7

Repeat the above procedure for all assigned channels.8

Transmitter Frequency Test Procedure, Alternate #1 .2.2.2. 1

NOTE

with the FCC regulations.

2.2.2.2 Transmitter Frequency Test Procedure, Alternate #2 .

2.2.3 Transmitter Deviation Test Procedure.

STEP PROCEDURE

1 Connect the transmitter rf output to a sufficient number of path-loss test

attenuators to reduce the transmitter power-output level below 1 milliwatt.

2 Connect path-loss test attenuator output to the rf input of the spectrum analyzer.

3

-6- 8513

Path-loss test attenuators, a frequency meter (HP536 or HP532 series), a crystal 

detector (HP423A) and a de oscilloscope or a 0 to 50 pa meter may be used to provide an acceptable 

frequency indication.

The overall accuracy of this method does not approach that of the 

AFC crystal-controlled oscillator and adjustments utilizing this 

method should be made only when the transmitter is not in compliance

Since the system receiver is crystal controlled, a check of the receiver crystal frequency 
multiplied by the harmonic multiplier ratio and a measurement of the resultant intermediate frequency 
may be used to indicate transmitter operating frequency.

Configure the transmitter for the highest assigned channel. Position the 

transmitter FINE TUNE control (if used) at center range. Remove all 

modulation. Place the AFC option (if installed) in the ON position
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PROCEDURESTEP

Turn transmitter ON and display transmitter carrier frequency on spectrum4
analyzer screen.

5

DEVIATION control to a minimum and then advance the control to the FIRST

carrier null.

I waveform monitor.

Transmitter Deviation Test Procedure, Alternate ill.2.2.3. 1

2.2.3.2 Transmitter Deviation Test Procedure, Alternate #2.

NOTE

8513

Once the proper deviation has been established on one transmitter, a receiver 

limiter-discriminator and receiver video amplifier, operating as a matched 

pair, may be adjusted for 1 volt peak-to-peak output and installed in any 

receiver to properly establish the associated transmitter deviation by adjusting 

the transmitter deviation control for 1 volt peak-to-peak output at the receiver 

with the matched receiver limiter-discriminator and video amplifier installed. 

After the transmitter is adjusted the original Um iter-discriminator and video 

amplifier should be reinstalled and readjusted.

Adjust the transmitter monitor gain control for 1 volt peak-to- 

peak output.at the transmitter video monitor output into a terminated video

A deviation calibrator, a device that switches from 66 MHz to 74 MHz at a 200-Hz rate , 

will produce a square-wave output equal to +4 MHz deviation when introduced into the receiver IF 

subsystem. A video multiburst signal may be applied to the transmitter video input and adjusted to have 

the same peak-to-peak amplitude at the discriminator output for proper deviation.

If the spectrum analyzer will not observe the transmitter output frequency directly, the 

receiver intermediate frequency is a direct frequency translation of the transmitter output frequency. 

If a spectrum analyzer is not available, a narrow band communications receiver with BFO and S-meter 

may be used to observe the transmitter carrier frequency at the receiver IF of 70 MHz for the carrier 

null.

Configure the video baseband signal generator for operation at 2.33 MHz 

(with 525 line pre-emphasis installed) or 1.66 MHz (without pre-emphasis). 

Connect the video baseband signal generator output for 1 volt peak-to-peak 

into a terminated video waveform monitor. Connect the video baseband signal 

generator output to the transmitter video input. Adjust the transmitter video 

gain control for 1 volt peak-to-peak at the transmitter video monitor output into 

a terminated video waveform monitor. Observe the spectrum analyzer for 

a carrier null with sidebands. If no carrier null is present, reduce the video
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3.0 RECEIVER UNIT TESTS

The receiver must be tested to insure the following receiver performance parameters are

properly met before it can be incorporated into an operating system:

receiver noise figure,1.

2. receiver 3-dB quieting,

3. receiver AGC calibration.

3. 1 TEST EQUIPMENT REQUIRED

Equipment Manufacturer's Type

noise generator1. AIL-70
2. noise- generator power supply AIL-71
3. 75-ohm step attenuator for 70 MHz Telonic T6-9075
4. power meter HP 43 IB

thermistor mount5. HP478A
6. signal generator HP8616A, 618C, 626A

calibrated cable.7.

3.2 RECEIVER TEST PROCEDURE. See receiver test configuration (Figure 3).

I*

□

VIDEO IOUTPUT

VIDEO WAVEFORM MONITOR

*

Figure 3. Receiver Test Configuration

-8- 8513

SYSTEM
RECEIVER

MODIFIED
I.F. OUTPUT

R.F. SIGNAL 
GENERATOR

FOR FREQUENCY BAND 
OF RECEIVER

’’RMS ___
VOLTMETER

POWER
METER

R.F.
INPUT

□ 
M-l
^AGC

R.F. NOISE*i
GENERATOR 1

1 THERMISTOR
—

7
I
I
I
I
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Receiver Noise Figure Test Procedure.3.2. 1

One of the more accurate,Receiver noise figure can be measured by several techniques.

the "Y” method, is outlined below.

PROCEDURESTEP

Place the noise generator ON/OFF switch in the OFF position.1

Connect the noise generator to its power supply and to the receiver rf input2

connector.

Disable the receiver intermediate frequency amplifier AGC circuit by removing3
the AGC circuit input wire within the IF amplifier module.

Connect the output of the modified IF amplifiei' through the 75-ohm step4
attenuator to the thermistor mount and power meter.

5

Turn the noise generator ON.6

Vary the step attenuator until the reference level is obtained.7

8

Restore the receiver intermediate frequency amplifier AGC circuit to normal9

operation.

10

11. Record the receiver noise figure in the maintenance log for future reference.

3.2.1. 1 TDA or MTA Noise Figure Measurement Procedure.

8513 -9-

To measure the noise figure of either a tunnel diode amplfier or a microwave transistor 

amplifier (depending on the frequency band) insert the module to be tested between the noise generator and 

the receiver input and follow the procedure outlined in paragraph 3.2. 1 above.

The noise figure may also be computed using the equation NF = 34. 5/(G - 1) 

where G is the power-times factor.

Record in the maintenance log the difference in decibels between the present 

setting and the initial attenuator setting. This difference is the ”Y” factor and 

may be used in conjunction with Figure 4 to obtain the noise figure.

Using the step attenuator, set the power meter to a convenient reference 

level (usually 0 dBm) and record the setting in the maintenance log.

The equation used to determine the noise figure for either the MTA or the TDA is

- 1
Noise Figure^TA/TDAy

NF„Rx
Gain(MTA/TDA)

Noise Figure.(overall)



Microwave Associates B-Line and BX-Series

System Performance Tests 8513

Y IN DB

Figure 4. Factor

3.2.2 Receiver 3-dB Quieting Procedure.

STEP PROCEDURE

Connect the signal generator to the receiver rf input connector with the1

calibrated cable.

2 Place the signal generator in the CW position, and using a strong signal

NOTE

Avoid setting the signal generator to the image

frequency.

-10- 8513

UJ

I

CD
Q

Z

(-30 dBm) adjust the signal generator for the receiver operating frequency 

and check for a DISC reading of zero.

LU

o z

Noise Figure vs. ”Y"
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PROCEDURESTEP

Bring the IF amplifier output lead from the receiver to the thermistor head3

and power meter.

Turn the signal generator OFF or set for maximum attenuation (-120 dBm) .4
The power meter NOISE reading should be about 6 dBm.

5

Add the calibrated-cable loss to the attenuator setting. Record this number6

in the maintenance log as the 3-dB quieting point.

NOTE

Signal generator output accuracy may be checked by

setting the signal generator to 0 dBm and connecting

the thermistor head to the signal generator output and

reading the power meter. Any deviation from 0 dBm

should be added or subtracted from the 3-dB quieting-

point as recorded. (See typical receiver-sensitivity

graph, Figure 5.)

60-^

50

40

30-

Figure 5. Receiver-Sensitivity Graph

8513
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Turn ON the signal generator and change the signal level attenuator setting 

for a 3-dB reduction in the NOISE reading on the power meter.
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Receiver AGC Calibration Procedure.3.2.3

PROCEDURESTEP

Connect the signal generator to the receiver rf input connector with the1

calibrated cable.

2

NOTE

Avoid setting the signal generator to the image

frequency.

Calculate receiver input power which is the combined total of the cable loss3

plus the attenuator reading (i.e. 1 dB cable loss plus -39 dBm attenuation

setting yields a receiver input power of -40 dBm).

Construct an AGC calibration chart of input power vs AGC meter reading in pa4

in 5-dB steps from -30 dBm to -70 dBm and record this chart in the maintenance

log.

NOTE

This AGC calibration chart may be used for path-loss

testing and as an indication of received signal strength.

AGC CALIBRATION CHART
RF INPUT LEVEL AGC READING

-30 dBm pa

-35 dBm pa.

-40 dBm pa

-45 dBm pa

-50 dBm pa

-55 dBm pa

-60 dBm pa.

-65 dBm pa

-70 dBm pa

-12- 8513

Using a relatively strong signal (-30 dBm) adjust the signal generator to the 

operating frequency as indicated by a DISC reading of zero.



SYSTEM PERFORMANCE TESTS (Reference video waveforms shown in Figure 1.)4.0

video unity gain,1.

2.

3.
video differential phase,4.

5.

6.

7.

8.

9. audio distortion,
10. audio signal-to-noise.

8513 -13-

If the audio option is incorporated the following system performance tests should be performed 
for all audio channels installed.

video signal-to-noise, 

video signal-to-hum.

audio unity gain, 

audio response,

The system should be tested to insure the system performance parameters are properly 

met before the system is declared operational and at regular intervals to insure compliance with operational 

requirements. The following system performance tests should be performed:

video response,

video differential gain,
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TEST EQUIPMENT REQUIRED .4. 1

Manufacturer’s TypeEquipment

Telemet 3508Video signal generator1.
Hewlett-Packard HP652ABaseband signal generator2.
Tektronix 529Video waveform monitor3.
Tektronix 520Video vector scope4.
Tektronix 545Oscilloscope, calibrated5.
Hewlett-Packard HP3400ARMS voltmeter6.

EIA-RS-250-A Figure 5EIA weighting filter #17.
EIA-RS-250-A Figure 6EIA weighting filter #28.
EIA-RS-250-A Figure 7EIA weighting filter #39.
Tektronix 011-0102-0075-ohm terminating resistor10.

Path-loss test attenuators11.

1 to 4 GHz

5 to 8 GHz

all MA85A13DA10 to 13 GHz

Audio Option
GR-1310AAudio signal generator12.

HP333AHewlett -PackardDistortion Analyzer13.

Marconi TM622114.

600-ohm termination resistor15.

-14- 8513

600-ohm balanced-to-unbalanced 
transformers

Portable
Rack

MA85A02DF
MA85A02DG

MA85A07DC
MA85A07 DD

Portable
Rack
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4.2 VIDEO SYSTEM PERFOEMANCE TEST PROCEDURES (See Figures 1 and 6.)

Perform the tests below in the order listed:

4.2. 1 Video Unity Gain.

Prior to performing any other test, adjust the video system to unity gain at 1 volt peak-
to peak.

PROCEDURESTEP

Configure the video signal generator foi' multiburst operation into a terminated1
video waveform monitor.

Adjust the video signal generator for proper output at 1 volt peak-to-peak2
and connect it to the transmitter video input.

Connect the terminated video waveform monitor to the transmitter video3

monitor output.

Adjust the transmitter video gain control for 1 volt peak-to-peak signal.4

Connect the path-loss test attenuators (70 dB below 10 GHz and 60 dB above

10 GHz) between the transmitter rf output and the receiver rf input.

Connect the terminated video waveform monitor to the receiver VIDEO 1 output.5

Adjust the receiver video gain control for 1 volt peak-to-peak signal.

Connect the terminated video waveform monitor to the receiver VIDEO 2 output.6

Che’ck the received video signal is 1 volt peak-to-peak.7 ]
This completes the video unity gain adjustment.

VIDEORECEIVERTRANSMITTER ATTN
VECTORSCOPE

VIDEO I OUTVIDEO IN

VIDEO 2 OUTVIDEO MO N.

NOTE n I 75 OHM TERMINATION
SCOPE

Test Configuration #1 (Video)Figure 6.

85138513 -15-

VIDEO
WAVEFORM 
MONITOR

VIDEO 
SIGNAL 
GENERATOR

BASEBAND 
SIGNAL 
GENERATOR PATH LOSS TEST 

ATTENUATOR

VIDEO 
WAVEFORM 
MONITOR

RMS 
VOLT 
METER

I

I 
I
I

I

NOTE4* I

EIA

I SEE NOTE ** 1 

k
EIA EIA 

—
SEE NOTE ttl r-
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Video Response.4.2.2

PROCEDURESTEP

Connect the baseband signal generator to the transmitter video input.1

Configure the baseband signal generator for 200 KHz at 1 volt peak-to-peak.2

Connect the terminated RMS voltmeter to the receiver VIDEO 1 output.3

Configure RMS voltmeter for upper third scale reading and record reading

in the maintenance log.

4

in decibels between each reading and the reference reading at 200 KHz.

Video Response, Alternate Method #1.

A terminated video waveform monitor, horizontal sweep on 2-field position, may be used

in place of the RMS voltmeter. Record frequency response as percent difference referred to 100% at the

200 KHz reference and convert to decibels.

4.2.2.2 Video Response, Alternate Method #2.

A video sweep from 50 KHz to 5 MHz may be connected at 0. 7 volts peak-to-peak to the

transmitter video input.

A terminated video waveform monitor, at the receiver output,will view the recovered

signal. Record frequency response as percent difference referred to 100% at 200 KHz reference and

convert to dB.

Video Differential Gain.4.2.3

STEP PROCEDURE

1 Configure the video signal generator for stairstep signal with 3. 58 MHz

2

4.2.3. 1 Video Differential Gain, Alternate Method #1.

-16- 8513

subcarrier at 50% average picture level (APL). Connect the video signal 

generator to the transmitter video input.

Connect a terminated video vectorscope to the receiver VIDEO 1 output.

Measure and record differential gain. Repeat for 10% and 90% APL.

A terminated video waveform monitor, with the vertical input selector at high-pass position, 

may be used to measure differential gain at 50%, 10%, and 90% APL.

4.2.2. 1

Holding input-signal level constant, take readings at 10KHz, 100 KHz, 500 KHz, 

1 MHz, 2 MHz, 3 MHz, 3.58 MHz, 4.0 MHz, 4.3 MHz. Record difference
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4.2.4 Video Differential Phase.

PROCEDURESTEP

1

video input.

2

4.2.5 Video Signal-to-Noise.

Refer to Electronics Industries Association Standard RS-250-A published February 1967,

available from EIA. 2001 Eye Street, N. W. , Washington, D. C. 20006.

PROCEDURESTEP

1

the filter in 75 ohms.

2

Remove the transmitter video input signal and terminate the transmitter video3

input terminal.

4

noise ratio.

8513 -17-

Connect a terminated video vectorscope to the receiver VIDEO 1 output.

Measure and record differential phase. Repeat for 10% and 90% APL.

Obtain a high-

This filter will be referred to hereafter

Configure the video signal generator for stairstep signal with 3. 58 MHz 

subcarrier at 50% APL. Connect the signal generator to the transmitter

Connect EIA highpass filter #2 across the termination and connect the filter 

output to the RMS voltmeter.

Read the residual noise voltage on the RMS voltmeter, and convert this reading 

to signal-to-noise in decibels by reference to Figure 7. Filter loss has been 

included in the chart preparation and, therefore, if 1 volt peak-to-peak unity 

gain exists in the system the solid-line conversion is the system signa1-to- 

Record this value in decibels in the maintenance log.

Obtain a random-noise weighting 

network, similar to that shown in RS-250-A—Figure 5, which conforms to the relative attenuation chart 

RS-250-A—Figure 4. This network will be referred to hereafter as EIA weighting filter #1. 

pass filter similar to that diagrammed in RS-250-A—Figure 6. 

as EIA highpass filter #2.

Connect EIA weighting filter #1 to the receiver VIDEO 1 output. Terminate
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Video Signal-to-Hum.4.2.6

STEP PROCEDURE

Terminate the receiver in 75 ohms.1

2 Connect EIA lowpass filter #3 across the termination and connect the filter

output to the oscilloscope.

3

4

This completes the video system performance tests.

-18- 8513

Remove the transmitter video input signal and terminate the transmitter 

video input terminal.

Refer to Electronics Industries Association Standard RS-250-A published February 1967.

Obtain a lowpass filter similar to that diagrammed in RS-250-A— Figure 7. This filter will be referred to 

hereafter as EIA lowpass filter #3.

Read the residual hum voltage on the oscilloscope in peak-to-peak amplitude 

and convert this reading in millivolts to signakto-hum in decibels by reference 

to Figure 7. If 1 volt peak-to-peak unity gain exists in the system, the dotted 

line conversion is the system signal to hum ratio. Record this value in decibels 

in the maintenance log.



B-Line and BX-SeriesMicrowave Associates
8513System Performance Tests

80

WEIGHTED VIDEO SIGNAL/NOISE

UNWEIGHTED VIDEO SIGNAL/N OISE  
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Signal-to-Noise Conversion ChartFigure 7.
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4.3 AUDIO SYSTEM PERFORMANCE TEST PROCEDURES (See Figure 8.)

If the audio option is incorporated, perform the following system tests for all audio

channels installed:

audio unity gain,1.

2. audio response,

audio distortion,3.

audio signal-to-noise.4.

Audio testing should be performed after all video testing has been completed.

VECTORSCOPE

ATTN

AUDIO IN AUDIO OUT

Test Configuration #2 (Audio)Figure 8.

-20- 8513

AUDIO 
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Audio Unity Gain.4.3. 1

adjust the audio system for unity gain of +9 dBm.Prior to any other audio test,

PROCEDURESTEP

1

NOTE

transformers must be calibrated for insertion loss,

2

8513

Configure the audio signal generator for 1 KHz at the required level and connect 

the signal generator to the audio channel input using a 600-ohm unbalanced-to- 

balanced transformer.

Insertion loss should not exceed 0. 5 dB per transformer, 

and may be measured by comparing the transformer input 

level with the properly terminated output level using a high- 

impedance VTVM above ground. The subcarrier system 

should not be used to overcome greater transformer losses.

amplitude response, and distortion at the operating 

signal levels employed.

The combined total harmonic distortion of the signal generator 

and transformers should not exceed 0.1% at +9 dBm.

NOTE
In some system configurations, other input and output 

signal levels are required. Check system specifications 

for required input and output levels, if different from +9dBm.

Connect the audio channel output to the balanced-to-unbalanced transformer 

and then to a 600-ohm terminating resistor. Connect the audio distortion 

analyzer configured for voltmeter use across the 600-ohm terminating 

resistor. Adjust the audio channel receiver gain control for the required, 

output level (+9 dBm).

To connect the audio system to and from the test 

equipment, it is necessary to provide 600-ohm-balanced- 

to-600-ohm-unbalanced line transformers. These
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4.3.2 Audio Response.

in dBm for each frequency.

NOTE

4.3.3 Audio Distortion.

4.3.4 Audio Signal-to-Noise.

STEP PROCEDURE

1

2

3

4

This completes the system performance tests.

-22- 8513

Find the highest dBm reading and convert all other readings to dB down from this reading.

This is the audio response. Repeat for all audio channels installed.

If pre-emphasis is employed in the audio system (as in the PAC-4), 

it will be necessary to reduce the audio signal-generator output level 

by 20 dB prior to making audio response or audio distortion measurements.

Configure video system for 1 volt peak-to-peak unity gain with Sin^ plus window 

signal.

Configure audio system for required level (+9 dBm) unity gain with 1 KHz 

audio signal.

Remove video signal and read audio noise output. The difference in db between 

this reading and the previous audio signal-to-noise reading is the video-audio 

intermodulation.

Audio distortion readings will be taken at the following frequencies: 50 Hz, 100 Hz, 400 Hz, 

1 kHz, 5 kHz, 7.5 kHz, 10 kHz, 12 kHz, 14 kHz, and 15 kHz. These readings may be taken simultaneously 

with the audio response readings. Record the distortion foi' each frequency. Repeat for all audio channels 

installed. Comply with note in paragraph 4. 3.2 above regarding pre-emphasis.

Audio response will be taken at the following frequencies: 50 Hz, 100 Hz, 400 Hz, 1 kHz,

5 kHz, 7.5 kHz, 10 kHz, and 15 kHz. Hold the input level constant and record the output level readings

Remove audio input signal and read audio noise output. Convert to audio 

signal-to-noise ratio and record in maintenance log.
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MICROWAVE ASSOCIATES

B-LINE

TRANSMITTER CHASSIS AND MODULE DESCRIPTION

PART #TITLEITEM PUB. »

Chassis
Transmitter Chassis Description1.

Video Modules

Video Amplifier2. aoiJ8"’8556
Pre- and De-emphasis Networks85913.

Audio Modules (optional)

Audio Subcarrier Oscillator4. 8526
8575 ' Subcarrier Adder5.

RF Modules
830073Tuning Volts Assembly6. 8558
830142Master Oscillator7. 8557'.
85394RF Amplifier8. 8539
852728541 Isoductor9.
8539210. X6 Multiplier8581

11. Isolator (2 GHz output)8578
8538712. X3 Multiplier8579

Isolator (7 GHz output)13. 8577
830107X2 Multiplier (13 GHz output)14. 8582

UHF AFC (optional)

□ UHF Automatic Frequency Control15a. 8570
8561015b. AFC Amplifier8567
8562115c. UHF Mixer8568

UHF Discriminator 8561815d. 8569

I •

830039
_ 6016.4

' All items are located in this section in the order in which they are listed. Optional and alternate configura­
tions are included only if the corresponding block j ] is checked.
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B-LINE TRANSMITTER

GENERAL1.0

The B-Line transmitter (Figure 1)

is a reliable solid-state, lightweight, compact,

self-contained microwave transmitter arranged

0b
accept a standard video signal, and two optional

audio signals, for processing and impressing

upon an internally generated microwave carrier

for transmission through the atmosphere to an

B-Line Transmitterassociated receiver. Figure 1.

PERFORMANCE CHARACTERISTICS2.0

1. 0 volt peak-to-peakVideo input level

75 ohmsVideo input impedance

1. 0 volt peak-to-peakVideo monitor level

75 ohmsVideo monitor impedance

Audio input level +9 dBm

600 ohm balancedAudio input impedance

Input power

Output level see system specifications

Output frequency see system specifications

Output impedance 50 ohms

Output deviation +4 MHz

Output modulation frequency (fm)

3.0 MECHANICAL DESCRIPTION

rack.

8535

P/N 830225-2
P/N 830225-4 W/AFC

117 volt, 47-63 Hz, 60 watts 
or 220 volt, 47-63 Hz, 60 watts

li '

The B-Line transmitter (Figure 2) is designed for mounting in a standard EIA equipment 

The enclosure is 19 inches wide by 10 inches deep by 12.2 inches (7 rack units) high.

? -
.-A

■

I

: 9 3

!© ©

for EIA rack mounting. The transmitter will
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The wiring harness, module sockets, cable sockets, modules, and card cage, all mount on

the backplate.

An RFI box at the rear of the unit (Figure 3) provides external Interconnection facilities for

power, video, and audio.

A hinged door panelA removable front door allows access to the transmitter modules.

permits access to the operating controls and meter without completely removing the door.

ELECTRICAL DESCRIPTION4.0

in Figures 4 and 5.

servicing.

The input ac power is filtered, fused, and switched before application to the power

supply (ies).

A video monitor output signal is available to observe the video output of the card cage.

-3-

The audio and video signals are connected to the appropriate audio and video cards in the 

transmitter card cage. A transmitter interconnection board configured for the required interactions 

electrically interconnects the cards to produce a baseband signal.

The rf amplifier, the isoductor, and the required multipliers and isolators, mounted on an 

L-shaped bracket comprise the rf system. The microwave output of the rf system is applied to the 

rf output connector.

Component locations and a schematic wiring diagram of the transmitter are shown

The wiring diagram follows the mechanical layout, where practical, to facilitate

An auxiliary (receiver) power supply is installed for the +12 volts whenever option require­

ments exceed the current available from the transmitter power supply.

The basic enclosure is comprised of a backplate, a wraparound, which encloses the bottom 

and forms the two sides and a control panel attached to the front left side. A rack bezel, slotted for 

standard rack mounting, completes the enclosure and provides a place to attach the door.

The baseband signal is applied to the master oscillator where it is pre-emphasized and 

then varactor-modulates the oscillator. A tuning voltage, derived from the channel-select switch and the 

tuning volts board, is also applied to the varactor where the de voltage level sets the desired center 

frequency of the oscillator.

Back and top dust covers maintain RFI integrity. The transmitter coaxial/waveguide output 

connector is attached to the appropriate spot on the back cover.
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■■®oe

Z/y/ODE.L
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j

METE# SIV/7CN

j-<]

fi >i u

Figure 4. B-Line Transmitter, Major Component Configuration
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determine whether all transmitter functions are normal.

OPTIONS.4. 1

Audio Option.

TheUp to two audio subcarriers can be inserted into the baseband above the video signal.

The other audio subcarrier is normally ad-first audio subcarrier is adjusted for operation on 7. 5 MHz.

AFC Options.4. 1.2

Two AFC options are available.

The UHF-AFC option samples the rf amplifier output and provides an error voltage to

A modular description of this option is available.correct the master oscillator.

The microwave AFC option samples the rf output at a microwave frequency and provides an

An off-air monitor addition to this option is available for

1
B-LINE TRANSMITTER, MECHANICAL PARTS LIST

MA STOCK NO.DESCRIPTION

820082Transmitter Rack Bezel

85287Transmitter Rack Door

820059-2Transmitter Rack Door Gasket, Large

Transmitter Rack Door Gasket, Small 820059-1

Transmitter Rack Door Latch Assembly 88299

820171-1Transmitter Rack Top Dust Cover
810186Transmitter Rack Back Dust Cover

Transmitter Rack Chassis Backplate 830007
830015-2
830120

Transmitter Rack Chassis Control Panel W AFC 830121

Transmitter Rack Chassis Power Supply Bracket 85687-99
830038-1Transmitter Rack Chassis Card Cage

Transmitter Chassis RFI Box 830125

-6- 8535

justed for 8. 5 MHz but may also be obtained for operation at 6. 5 MHz. A subcarrier adder accepts the 

audio subcarrier outputs and adds them to the video output to produce the baseband for the master oscillator.

Front panel controls arc provided for power ON/OFF, AFC ON/OFF (if option is installed), 

transmitter fine tuning, channel selection, and meter monitoring. A meter provides a quick check to

error voltage to correct the master oscillator.

video and audio monitoring of the transmitter signal. A modular description of this option is also available.

Transmitter Rack Chassis Wraparound

Transmitter Rack Chassis Control Panel W/O AFC
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VIDEO AMPLIFIER

P/N 801187

FUNCTION1.0

PERFORMANCE CHARACTERISTICS2.0

Video (0.3 Hz to 10 MHz)Input frequency

75 ohmsInput impedance

0. 25 to 1.4 volts p-pInput level

(1.0 v p-p nominal)

two independent video signalsOutput frequency

75 ohmsOutput impedance

1. 0 v p-p nominalOutput level

MECHANICAL DESCRIPTION3. 0

wide by 6.50 inches long.

TECHNICAL DESCRIPTION4. 0

terminate the video line.

amplifier. R19 is provided to set the correct bias.

The differential amplifier output signal, from the collector of Q9,is coupled to amplifier

applied to the base of emitter follower Q5.

follower.

8556

The video input signal is applied to pin 7 and then to resistors R27 and R30 which

R27 is made variable to provide a gain adjustment. The video signal is

The video amplifier is assembled on an epoxy printed wiring board measuring 3.25 inches 

Electrical connection is by insertion into a keyed card edge type connector.

The video amplifier is used in the transmitter and in the remote control unit or where- 

This card terminates the incoming video signal.ever a video signal needs amplification or isolation.

amplifies it, corrects for minor frequency rolloff and provides two isolated outputs.

then applied to a differential amplifier Q9 and Q8. Q10 serves as a dynamic current source for this

Q7 through a zener diode to correct the de voltage. The output signal from the collector of Q7 is

Transistor Q6 is a dynamic load resistance for the emitter
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applied from the output of amplifier Q7 to the differential amplifier.

The feedback loops are used to stabilize the circuits and to improve the frequency

response.

Ferrite beads are used throughout to prevent unwanted frequency response beyond 10 MHz.

MAINTENANCE AND TROUBLESHOOTING5.0

The transistor voltages should be checked by operating the card on its extender card.

A video generator may be substituted for the input signal to facilitate fault location.

The bias resistor, R19, should be adjusted for +2 to +4 volts at the collector of Q6.

-2- 855G

If system operational tests indicate a failure in the video amplifier, the card should be 

either removed and replaced, oi’ repaired if a replacement is not available.

Visually inspect the card for burned or discolored components, broken leads, connections, 

or components.

De voltage regulators are installed in series with the de operating voltages to isolate the 

active circuits from voltage fluctuations and to prevent internal signals from influencing other circuits.

Prior to repair, check that the input signal is available at TPI and that the de voltage 

input regulators are operating properly.

The frequency response capacitor C18, is adjusted for flat frequency response with a 
video sweep generator.

The output of the emitter follower Q5 is split, ac coupled, and connected through impedance 

matching series resistors to the two isolated outputs. A correcting network is connected across the 

series resistors in the transmitter version only. De feedback is applied from the output of Q5 to the 

differential amplifier. Ac feedback, which contains the frequency compensating adjustment C18. is
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TRANSISTOR VOLTAGES

+9.3 + 10 +112N3904QI

+11+11.6 +9.3Q2 2N2905

-9.4-9.3 -11Q3 2N3906

-11.8 -11. -9.3Q4 2N1711

+3.4Q5 2N3866 +2 to 4 +8

QG 2N3866 -7.8 -7. 1 +2 to 4

Q7 -9. -8.2 +3.4MPS 918

Q8 -1.2 -0.8MPS 918 +7. 7

Q9 -0. 6MPS 918 -1.2 +4.6

Q10 -4.2MPS 918 -5.0 -1.2

8556 -3-

TRANSISTOR
TYPE

EMITTER
VOLTS

BASE 
VOLTS

COLLECTOR
VO ITS

REF.
DES.



it

£

©■- —
—J©

-4-
8556

r®

Microwave Associates

Module Description

-5

IS| t

i

i q 
I® l'I

z 
cu
g
so

<«■>

0
o

£ o 
O

S g 
r-H

£<
8

r—<

g
o
-2o
§
§
<D

£w 
rt
H

■d I
I
I

g J (y

Transmi tter/Remote Control Video Amplifier

8556

|VI'
'■WS Vs Hr*

w 
I 
k 

I?

0 
Hj 
0 
2

n n

__in:;;

#73~u/ r
rnnr
|Hl li

(
\
\

s'
I

zZN /+ o / .

II 
il 
II 

,)■ 

/©I i’ll
1 ik/--£-|EI '*> s I

k

in qc> £

Q

§ N
" I

TTfT7 
i ! i 11 i 
i 11 i, i liil?

'"LII
~V-\ (V bQ

hssM

u _ .

! £ * ?" h
r- <n

k

<?
0
8 N

7---v
I <----- £i_ny; (v—/,



Microwave Associates

Module Description

in
tsj

£

® £

o

CJQ>'

ft|l-

|l-

5

2*:
a'

U-

M-

8556 -5-

I
I
I
I

®8 trioSi
8

CM r-j

I

<D
N

I

cm®
CEIO

r^- mr* > 
QtflO

<
m
N

858

§6 
Ht—|l-

o
®

s
o

tM<
?

88 arm

<N
CD 

a 
E

IDO
(XI CM 
ar®

UJ & z
UJ 
UJ 
in 5

<n

CT>

rMH'
§98

-if—

[Hi1 
it5-§

qCD —

H(—Jl-
* no

CM CM 
ar®

a
N

I

1

-aw
®
35
2
2

cm* ar —

<d® ♦ 
o® 'T'

rs—' ® 
di4

am

tg arm
■Wv-

Q* 
CDUjCD 
<1 UJ<urn d4~ 

m^ > 
ar ® m 
<D® ~ z

s
5 
PU

cd s 
'H 
£ < 
s 

'O 
> 
*o

u 
a) 
o 

I
o 
£ 
g
c 
rt
H

Transmitter/Remote Control Video Amplifier

8556

si

8
0>

CM__ u

o

?1

-§?
a.-*-

7^ 
m

5§8

a?

-XiHI a: o 

ar^< o

____ rn
CM I

2 hl
■•0 ] Ul 
OJ-L-— Ui 
o"T“Ow 

u J-AAM" 
Ug^y4 29

IO 
<D 
® 
m

® t'J

u i »-AA/V—1|- 

sfgp-
®i
m

ci,.—,

i \ o
| eSar®

I

Eg
ID

QiT

IM
■A/SAr-jl' 

e3
<
®

ToS
I -m

§s

5

^lf—

O \ J <n X. m

7k8#

5&°K-

Hh

8^9_

gss-

go

SlDQ

■ 74

9qO

Sin 
art'- 

A/wHi’

8§*'="
a> Q 

\ fsj n 0 <
7 $ $

— CM

<
) X> ?

i
I

<n
E 7

- Bi: o ar 
>- UJ 

Z Z u. 
3 “ Zi 

I— in «; 
<X UJ g 

o <= 

25 2 
2 -uI9 
2 S -i> 
ar .££□ 

sgSs 
“’sTE

pssi 
<n uj i— 

m uj x 

2^o 
O^gS 
a. *<i co

Z UJ y 

f^2 
uj & <r

Ul ® CD O 
322x6 
< Z <1 IM 

.. > OO CD 
UJ , "

®
CMSC

ino 
asm 

i °3



Trans mitter/R emote Control Video Amplifier rMicrowave Associates

8556Module Description

P/N8O1187Parts List for TRANSMITTER/REMOTE CONTROL VIDEO AMPLIFIER

Page 1 of 2

QTY.DESCRIPTION

8970747mF/50C1,C6 2Capac i tor,

897658.2 g F/15V 3Capaci tor,C2,C7,C19

89719-3C3,C8 47 ^F/15VCapaci tor, 2

890731200 MF/6VC4,C5 Capaci tor, 2

89719-910 MF/25VCapaci tor, 2Cl 0, Cl 3

61.5 Mf 50VCapaci tor, 89016

89709C16 68 MF/15VCapaci tor, 1

Determined at final testC17 Capaci tor, 1

89017-36C18 2 to 8pf TRIMMER ERIECapaci tor, 1

89014C20 Capaci tor, 1

89064120 m F/15VC21,C22 Capaci tor, 2

8721 1C23,C24 01 M F/25VCapaci tor, 2

89438-15IN758ACR1.CR2 Diode, 2

IN964A 89438-16CR3 Diode, 1

89438-13CR4.CR5 Diode, T. I .G130 2

897002N3904Q1 Transi stor, 1

89728-12 MotorolaQ2 Transi stor, 2N2905 1

2N3906 89727Q3 Transi stor, 1

Q4 Motorola89728-11Transi stor, 2N1711 1

Q5,Q6 2N3866 87510T ransi stor, 2

MPS918 89774Transi stor, 4

Resistor, 10R1 ,R5 1/2W 892441% RC20 2

R2,R6,R17 1/4WResistor, 390 5% 891803

1/4WResi stor, 892201k 5% 4

FORM-1120

-6- 8556

C9,C11,C12, 
C14

R3,R7,R22 
R28

REF.
DES.

MA 
STOCK NO.

SIMILAR
TO

Q7,Q8.Q9, 
Q10

.01 mF



, Microwave Associates Transmitter/Remote Control Video Amplifier
Module Description 8556

P/N8O1187Parts List for TRANSMITTER EMOTE CONTROL VIDEO AMPLIFIER
22 ofPage

QTY.DESCRIPTION

R4,R8,R18 89238-29680. K 1 AW 5% 3Resi star,
892751 AW 5% 2R9.R1O Res istor, 15K
896141% 2Res istor, 75 RNGOR11,R12

1 AW 89480R13.R16 5% 2Res istor, 39
1 AWR14 892235%Resi stor, 3.3K 1
1 AW 89207820R15,R25,R26 5%Res i stor, 3

89788IK POT. 77RRRes istor, 1R19

1/4W 8927768K 5%Res i stor, 1R20
892271 AW 5%Res istor, 10 2R21,R29

1/4W 892215%Resistor,R23 1.2K 1
R24 1 AW 892805%Res i stor, 75 1

89466156-2 1Res i stor, 100 POTENTIOMETERR27
1 AW 89205R30 Res i stor, RC07330 1
1/4WResi stor, RC07 2R31,R32 2.2K

D801186PRINTED WIRING BOARD 1

FORM-1120

8556

REE
DES.

MA 
STOCK NO.

SIMILAR
TO



Microwave Associates Pre and De-Emphasis Network

Module Description 8591

PRE- AND DE-EMPHASIS NETWORKS

1.0 FUNCTION

The de-emphasis network restores the pre-emphasized signal to its original television­

signal waveform.

2.0 PERFORMANCE CHARACTERISTICS
Pre-emphasis Per CCIR Rec #405

525 lines 625 lines
Crossover frequency 761 KHz 1.512 MHz

for ± 4 MHz deviation

Attenuation at 15 KHz -10 dB -11 dB
Attenuation at 4.5 MHz +3.2 dB +2.5 dB

Impedance input/output 75 ohms 75 ohms

3.0 MECHANICAL CHARACTERISTICS

4.0 TECHNICAL DESCRIPTION

8591

This prevents over-deviation and reduces the differential gain and differential phase distor­
tion in the system.

Use of a pre-emphasis network before modulation and a de-emphasis network after demodula­

tion will reduce the high-level, low-frequency components in the video waveform during transmission.

The de-emphasis network, normally associated with the receiver video amplifier, is 

incorporated as a part of this module. Separate de-emphasis networks are also available. All components 

are matched to within one percent.

The pre-emphasis network intentionally alters the television-signal waveform by emphasizing 

the high frequencies with respect to the lower frequencies.

The pre-emphasis network is normally associated with either the transmitter video amplifier 

or the transmitter master oscillator and is incorporated as a part of the appropriate module. Separate 

pre-emphasis networks are also available.



Pre and De-Emphasis NetworksMicrowave Associates
8591Module Description

dation 405, Geneva 1963.

4

-2- 8591

The de-emphasis network complements the pre-emphasis network to restore the television 

video signal to its precise original waveform and contains a variable inductance to compensate for minor 

component tolerances'to insure a precise match to the pre-emphasis network.

The pre-emphasis circuit is a minimum phase-shift, bridged T-network comprised of 

resistors, capacitor, and an inductor arranged to conform with the required network in CCIR Recommen-



Microwave Associates Pre- and De-Emphasis Network

Module Description 8591

525 LINES 525 LINES

NOTE I NOTE 2

20.4 NOTE I

750 =2—750750—

!7.35pH

PRE-EMPHASIS NETWORKS DE-EMPHASIS NETWORKS

625 LINES 625 LINES

NOTE I NOTE 2

18.75 NOTE I 18.75
750. 750.

5424pF9.54pH

Figure 2. Pre- and De-Emphasis Networks

-3-8591

Two or more components may be used to arrive at correct value. 
Coils may be variable for precise matching.

INg-^AAA/
75

AAAA-«out
75

AAAt^out
75

AAAA“^out
75

AAAA-^out
75

INc—AAA/
75

Notes:
1.
2.

30.5 pH

AAA/
300

AAA/
275.8

AAA/
300

1 l3085pF

1 ll695pF

50.2 pH

S 20.4

~L89I9dF



Microwave Associates Audio Subcarrier Oscillator

Module Description 8526A

AUDIO SUBCARRIER OSCILLATOR

P/N 830039

1.0 FUNCTION

The audio subcarrier oscillator processes the incoming audio signal to frequency-modulate

This subcarrier is inserted above the video frequencies to carry thea 7. 5 MHz or 8.5 MHz subcarrier.

audio programming, or other information,without interference to the video.

2.0 PERFORMANCE CHARACTERISTICS

Audio input level +9 dBm peak

600 ohms balancedAudio input impedance

Audio input range 50 Hz to 15 kHz

Subcarrier output frequency 7.5 to 8.5 MHz

Subcarrier output deviation 140 kHz rms

Subcarrier output level 0 to 140 mv (see system requirements)

Subcarrier output impedance 75 ohms

Audio response 50 Hz to 15 kHz

well under 1%Audio distortion

Audio signal-to-noise well under 60 dB

3.0 MECHANICAL DESCRIPTION

The audio subcarrier oscillator is assembled to a printed wiring board which measures

Electrical connection is by insertion into a

4.0 TECHNICAL DESCRIPTION

The balanced audio input signal is received by the audio subcarrier oscillator at pins 21 and

23.

8526A

3.312 inches wide by 6.5 inches long by 0.06 inches thick, 

keyed 15-pin edge-card type connector.

This signal is attenuated and applied to a differential amplifier comprised of transistors QI, Q2, and 

Q3. Any common mode signals, such as hum, impressed on both inputs are effectively rejected by the 

differential amplifier. The balanced signal is transferred to emitter-follower Q3.



Audio Subcarrier OscillatorMicrowave Associates

Module Description 8526A

The differential amplifier output is applied to the deviation control R9 which has been factory-

adjusted to provide 140 kHz rms deviation of the subcarrier oscillator with +9 dBm audio impressed on

the inputs. (This maj' be modified to suit individual system requirements.)

Capacitor C13 provides proper temperature compensation for the oscillator.

The double-diode, choke, and capacitor network, CR1, CR2, L4, and C15 helps to improve

the AM rejection.

4.1 ADJUSTMENTS TO THE SUBCARRIER OSCILLATOR ASSEMBLY (Refer to Figure 1.)

Control Function

R9 Deviation adjust Adjusts audio level necessary to deviate the

subcarrier oscillator.

R15 Linearity adjustment Adjusts subcarrier driver (Q5) amplitude response
L2 Adjusts subcarrier oscillator frequencyTuning control
C6 Frequency control Fine-tunes subcarrier driver, Q5
L5 Buffer control Adjusts subcarrier amplifier(Q6) frequency
R22 Level control Controls subcarrier amplitude.

5.0 MAINTENANCE

Perform routine maintenance in accordance with the procedure outlined below (See Table 1).

STEP PROCEDURE
1

2.

8526A-2-

This audio signal is then fed to the subcarrier driver Q5 to frequency-modulate the subcarrier 

oscillator, Q4. A linearity adjustment R15 is incorporated to increase oscillator linearity thus improving 

distortion characteristics.

Visually inspect the unit for broken leads, discolored components, apparent shorts, etc. 

Remove the unit and replace with extender card P/N 820069. Insert unit into the top 

connector of the extender card.

The subcarrier oscillator frequency is set by adjusting L2 for coarse setting and C6 for 

fine settings.

The subcarrier buffer amplifier, Q6, isolates the oscillator from the output and is broadly 

tuned by L5. The output level impressed on the video baseband is set by potentiometer R22 to the proper 

level for system operation.



Audio Subcarrier OscillatorMicrowave Associates

Module Description 8526A

The differential amplifier output is applied to the deviation control R9 which has been factory-

the inputs. (This may be modified to suit individual system requirements.)

Capacitor C13 provides proper temperature compensation for the oscillator.

4.1 ADJUSTMENTS TO THE SUBCARRIER OSCILLATOR ASSEMBLY (Refer to Figure 1.)

Control Function

R9 Deviation adjust Adjusts audio level necessary to deviate the

subcarrier oscillator.

R15 Linearity adjustment

L2 Tuning control

C6 Frequency control Fine-tunes subcarrier driver, Q5

Buffer controlL5 Adjusts subcarrier amplifier(Q6) frequency
R22 Level control Controls subcarrier amplitude.

5.0 MAINTENANCE

Perform routine maintenance in accordance with the procedure outlined below (See Table 1).

STEP PROCEDURE
1

2.

8526A-2—

This audio signal is then fed to the subcarrier driver Q5 to frequency-modulate the subcarrier 

oscillator, Q4. A linearity adjustment R15 is incorporated to increase oscillator linearity thus improving 

distortion characteristics.

The double-diode, choke, and capacitor network, CR1, CR2, L4, and C15 helps to improve 

the AM rejection.

Visually inspect the unit for broken leads, discolored components, apparent shorts, etc. 

Remove the unit and replace with extender card P/N 820069. Insert unit into the top 

connector of the extender card.

Adjusts subcarrier driver (Q5) amplitude response

Adjusts subcarrier oscillator frequency

The subcarrier oscillator frequency is set by adjusting L2 for coarse setting and C6 for 

fine settings.

adjusted to provide 140 kHz rms deviation of the subcarrier oscillator with +9 dBm audio impressed on

The subcarrier buffer amplifier, Q6, isolates the oscillator from the output and is broadly 

tuned by L5. The output level impressed on the video baseband is set by potentiometer R22 to the proper 

level for system operation.
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