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SECTION I

INTRODUCTION AND SUMMARY

A. INTRODUCTION

The objective of this contract was to design and assemble a
wideband video multiplexing system which would provide a means for
distributing several wideband video and sync signals on a single
coaxial cable to multiple video display terminalsg Figure I-i
depicts system architecturey 4-e--Tn s-tw-sparate signal

buses. Intercoinection of the transmitter and receiver units is
accop-1isfhed with wideband passive devices and double-shielded
cooial cable.

SFrequency Division Multiplexing (FDM) is employed in this
system. It divides a particular portion of the RF spectrum into
discrete information channels. Each channel contains separate
composite video and sync signals for subsequent display. Five
separate channels are provided with an assigned channel bandwidth
of 6 MHz per channel. Channel frequency is determined by the
modulator (transmitter) unit, which generates the appropriate RF
carrier. Channel assignments conform to the commercial TV band and
include channels 2, 4, and 5 for bus 1 and channels 7 and 9 for
bus 2. Selection of these channels insures sufficient channel
spacing to minimize interference._,

Typical signal processing oc /rs
curs in the following manner.

Video and sync (composite) signals are applied to a transmitter
terminal designated as T in Figure I-1. The terminal frequency
translates the composite signal onto a selected radio frequency
(RF) carrier. The RF at the terminal output is an amplitude
modulated vestigial sideband signal.

Signals from the various transmitter terminals are applied to a
passive summing junction (E), which provides the multiplexed
output. A passive power splitter (+) is inserted to provide the
required signal distribution paths as shown. The multiplexed
signals are subsequently applied to a series of directional coup-
lers to provide a tap for each receiver's input terminal. Each
receiver can be switched by a digital signal to any of the TV
channels and to either bus. The receiver demodulates the RF signal
and delivers the composite video signal to the cockpit display.
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The complete system is housed within two standard equipment
racks shown in Figure 1-2. Figures 1-3 and 1-4 show each equip-
ment rack in greater detail.

B. SUMMARY AND CONCLUSIONS

System implementation was accomplished by modifying commer-
cial equipment designed for cable television service. The system
was completed during the fourth quarter of 1979 with demonstra-
tion and acceptance testing for NADC taking place on 17 December
1979.

Specified system parameters were measured and evaluated, with
the data and results being reported in Section III of this docu-
ment. The test results indicate compliance with the specifica-
tions, and satisfactory operation was achieved during a complete
system operational demonstration.

C. APPLICABLE DOCUMENTS

Prime Item Development Specification AIDS 78-1511A dated
for Advanced Integrated Display 15 October 1979
System/Advanced Development Model
(AIDS/ADM) Wideband Multiplex Sub-
system (WMS)

Test Plan for Wideband Multiplex 15 January 1980
System

Monthly Progress Reports Nos. 1 December 1979
through 9, Wideband Multiplex
System
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SECTION II

EQUIPMENT DESCRIPTION

A. GENERAL

The equipment employed to implement the Wideband Multiplex
structure consists of modified commercial units normally utilized
with cable television multiplex systems. This equipment consists
of modulators (transmitters), demodulators (receivers), summing
networks, signal splitters, and directional couplers, and was sup-
plied by Jerrold Electronics of Pennsylvania. System coaxial wir-
ing, supplied by Times Wire and Cable Co. of Connecticut, is type
MI-2040, which is double-shielded, and has a silver plated copper-
weld center conductor. The impedance of 75 ohms is compatible
with other system components, while the double-shield provides
high noise immunity, and the rigid center conductor gives reli-
able contact with good durability. Improved "F" type connectors,
installed on all system components, were selected for terminating
the coaxial cable. The connectors (type GF59AHS, supplied by
Telewire Supply, Great Neck, N.Y.) have extended back shells to
provide improved gripping of the coax shield.

The equipment is designed to be housed in standard 19 inch
racks as shown in Figure [-2.

B. MODULATOR

The modulator accepts composite video and sync signals, trans-
lates the frequency to a VHF TV channel, and suppresses a portion
of the lower sideband to provide vestigial sideband signals at
the output.

Five of these units are incorporated within the system. Each
unit operates on a specific VHF channel (2, 4, 5, 7, or 9) as de-
termined by the IF-to-RF Converter (IFC) plug-in module. Specifi-
cations for these units, type CCM-AB, are covered in document No.
78-1511A.

The only modification required for these units consisted of
incorporating a built-in test (BITE) capability. Figure II-i is
a block diagram of the test circuitry. A small sample of the RF
output is detected and integrated, and the resulting smoothed
voltage is applied to the threshold detector. The threshold

7
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MODULATOR
RF OUTPUT

P

RF THRESHOLD DIFFERENTIAL BITE
DET DET LINE DRIVER OUTPUT

+5V

I FRONT

-'20 DC PANEL
REGULATOR LED

Figure II-1. Modulator Test Circuitry Block Diagram

detector drives a differential line driver, which is connected to
the BITE output connector. A light emitting diode (LED) has been
incorporated on the front panel of the IFC module to indicate
BITE status. The loss of signal output will cause the LED to
glow and will also be reported by the BITE line driver output. A
DC voltage regulator is incorporated in the BITE circuitry to
utilize the internally available +20 VDC of the module. The
regulator converts the +20 VDC to +5 VDC for the BITE circuitry.
All added circuitry is housed within the IFC module, and the BITE
signal output utilizes spare pins on :he module's power con-
nector. Twisted-pair wiring interconnects the module connector
to the added external BITE connector located on the rear main
frame apron.

C. DEMODULATOR

The demodulator shown in Figure 1-4 selects any one of ten
VHF channels and demodulates the composite video and sync signals
for direct application to an appropriate display. Five of these
units are incorporated within the system. All ten channels are
capable of being set to receive any channel in the VHF TV band
(channels 2 through 13). Specifications for these units, type
UD-283A, are covered in document No. 78-1511A.

Extensive modifications were incorporated into these units to
obtain remote digital tuning, bus selection, and determination of
the validity of the input digital control signal. Figure 11-2
depicts both a modified and an unmodified unit. These modifica-
tions included:

(1) New front panel

8
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(2) Addition of a wire wrapped board containing control and
decision logic

(3) Addition of a +5 VDC power supply

(4) A new VHF coaxial switch

(5) New connectors for RF and control signals

(6) Wiring harness additions.

The block diagram in Figure 11-3 details the control and de-
cision logic incorporated into the demodulators. The design
utilizes standard dual-in-line packaging (DIP) throughout, with
low-power Schottky devices used wherever possible. Provisions are
incorporated for control from two separate sources, A or B. The
controlling source will be determined by the status of the command
(C,ID) lines from sources A or B. The controlling source will
control frequency and bus selection (bus 1 or 2). In addition,
these parameters can be manually selected by the controls located
on the receiver front panel. With the front panel IODE switch in
LOCAL position, the receiver is controlled by front panel controls
and ignores all external control inputs. The REMOTE position of
the MODE switch enables external control of receiver frequency and
bus selection. The front panel indicates operating channel (LED
display), controlling source (A or B), and operating bus (1 or 2).
An LED indicator, identified as LOCAL/CMD, serves two functions:
(1) with the MODE switch in LOCAL position it indicates local
control ON. (2) With the MODE switch in REMOTE, it indicates
invalid command codes (i.e., if both sources are attempting to
control the receiver, the LED will glow).

Figure 11-4 is a logic flow diagram for channel frequency
control. Note that invalid commands disable sources A and B and
the receiver is tuned to a channel determined by the manual channel
selector switch. Figure 11-5 depicts the logic flow diagram for
establishing bus control. Invalid command codes cause the receiver
bus selection to be determined by the front panel manual BUS SELECT
switch position.

The decision logic, which consists of four logic elements, re-
ceives all local and remote control information. This information
is used to determine which source will be enabled and generates the
appropriate enable, control, and advisory output signals. The flow
diagrams depict the operation of this circuitry.

Referring to Figure 11-3, a four digit BCD (Binary-Coded
Decimal) signal is applied to a tri-state receiver from source A or
source B for controlling frequency selection. The tri-state
receiver data output is applied to a four-line data bus when
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enabled by the decision logic (enable line A or enable line B).
Data is subsequently applied to:

(1) A line driver to externally report the received operating
channel

(2) A BCD-to-decimal decoder which allows selection of one of
ten potentiometers

(3) A second BCD-to-decimal decoder for low VHF or high VHF
band selection

(4) A seven-segment LED channel display.

The line driver output (RCVR FREQ) is designed to drive
twisted-pair wiring and is connected to the control connector JI.
Four differential outputs are provided to duplicate the received
four-digit BCD signal.

Each potentiometer can be set for any voltage between +4 and
+24 VDC, which enables tuning all VHF TV channels (2 through 13).
Table 111-2 on page 22 presents a voltage vs. frequency calibration
chart for each receiver. The selected potentiometer output is
summed with the AFT (automatic fine tuning) voltage via a resistive
summing junction and subsequently applied to a varactor tuner. The
tuner also requires a band select voltage; low VHF for channels 2
through 6 and high VHF for channels 7 through 13. This is provided
by the second BCD-to-decimal decoder and the ten individual band
select switches. Discrete transistor circuitry provides the
interface between the band switches and the varactor tuner. The
-10 VDC applied to the tuner band switch terminal enables receiving
LOW VHF, while the +20 VDC enables HIGH VHF.

The seven-segment LED numeric display accepts the BCD signal
directly and displays a numeral indicating the receiver operating
channel in digital format.

Receiver frequency can also be controlled manually by the
channel select switch shown connected to the four-line data bus via
the tri-state buffer. The switch directly outputs a four-bit BCD
signal to the tri-state buffer, which is enabled by the enable
channel switch line originating from the decision logic.

Remote advisory signals, which indicate receiver status,

include:

(1) Receiver frequency

(2) Local/invalid command code

(3) Bus selected

(4) Receiver BITE

14



All of these output signals are applied to drivers with
differential outputs, designed to drive twisted-pair wiring. The
status signals exit the unit via the J1 control connector on the
receiver rear apron.

Receiver BITE circuitry is shown in Figure 11-6. The cir-
cuitry is contained on the decision logic wire wrap board. A DC
voltage proportiona' to the received signal level is developed
within the unit. This voltage, which monitors the receiver video
output, is applied to a threshold detector and subsequently to a
line driver and front panel LED indicator. The output of the
driver is designed to drive twisted-pair wiring and is fed to
control connector Jl.

(RECEIVER VIDEO
OUTPUT

VIDEO LEVEL

100K22 I

THRESHOLD10 10 I ET

22 1 LN B I T

DRIVER }OUT

VIDEO LEVEL CONTROL L
(TO CALIBRATE LEVEL METER) m

I THRESHOLD
ADJUSTMENT TEST

(FRONT

ADDED CIRCUITRY PANEL! _

Figure 11-6. Demodulator Test (BITE) Circuitry

D. SYSTEM PASSIVE ELEMENTS

Interconnection of the modulators and demodulators is accom-
plished with wideband passive devices. Individual device param-
eters are covered in specification No. 78-1511A.

An eight input port signal combiner (summing network), type
HC-8, is used to combine transmitter terminal outputs. The out-
put of this network consists of a single port containing all ap-
plied input signals, and enables single coax wire distribution.
Each bus utilizes one combiner, with the unused input ports ter-
minated in 75 ohms.

15
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A signal splitter, type 1597A, consisting of one input port
and four output ports, follows the HC-8. This network enables
distribution of the combined signals to various points within the
system. Each bus utilizes one splitter, with the unused output
ports terminated in 75 ohms.

An output port from the signal splitter is applied directly
to a demodulator through 20 dB of attenuation. This attenuation
is incorporated to ensure correct signal level at the demodulator
input.

A second output port is applied to a series of directional
couplers, type DCT4-19, which provide for distribution of the bus
signal to several demodulator terminals.

The coupler exhibits low insertion loss to the main bus sig-
nal, while providing a convenient tap-off point with good
isolation between tap and main line. Four output tap ports are
provided, with the unused ports terminated in 75 ohms. Identical
couplers are used throughout bus 1 and bus 2.

E. RECEIVER CONTROL SIMULATOR

A test set was designed and built to exercise the digital
control circuitry added to the receiver; see Figure 1-4. This
set simulates all external digital input control signals and can
monitor all receiver digital output signals. Connection to the
demodulator is accomplished via a 50-pin ITT-Cannon type DD-50P
connector. The +5 VDC required for the logic circuitry is ob-
tained through the cable from the unit under test.

A block diagram of the unit is shown in Figure 11-7. The
unit provides simulated external control signals for both source
A and source B which include:

(1) Channel select

(2) Command source select

(3) Bus select.

It also can monitor demodulator digital output signals in-
dicating receiver status as follows:

(1) Selected channel (7-segment LED display)

(2) Local/invalid command (LED indicator)

(3) BUS 1 or BUS 2 (LED indicator)

(4) Receiver operation (LED indicator)

16
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All input/output signals utilize differential line drivers
and receivers interconnected by twisted-pair wiring.

A digital multimeter was incorporated into the test set to
provide a convenient method of setting the DC voltage from the
channel tuning potentiometers. By using this meter in conjunc-
tion with the associated receiver calibration data, a potenti-
ometer can be adjusted to enable receiving any one channel in the
VHF TV band (2 through 13). Internal batteries serve as the
power source for this meter and must be replaced periodically.

18
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SECTION III

ACCEPTANCE TESTS

A. GENERAL

Tests were performed on the completed system in accordance
with the Test Specification (CDRL Sequence No. AO01, Item 0002).

All tests were performed in the General Electric laboratory
at Utica, N.Y., with several of the tests witnessed by an NADC
representative.

B. RESULTS OF TESTS

1. Test: Receiver Remote/Local Control Operation.

Purpose: The purpose of this test was to determine satis-
factory operation of the Receiver Remote/Local Control
capability.

Results: All receivers performed satisfactorily in this
test.

Data: See Table III-1.

2. Test: Transmitter BITE

Purpose: The purpose of this test was to determine satisfac-
tory operation of the Transmitter output BITE indicator.

Results: All transmitters performed satisfactorily in this
test.

Data:

Step 5 .Step 5 Step 6 Step 7
BITE Scope BITE Scope

Transmitter LED Level LED Level
TV Channel On >2V Off <0.8V

2 SAT SAT SAT SAT
4 SAT SAT SAT SAT
5 SAT SAT SAT SAT
7 SAT SAT SAT SAT
9 SAT SAT SAT SAT

Date: 14 November 1979

19
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3. Test: Receiver Frequency Calibration/Adjustment

Purpose: The purpose of this test was to determine the
Receiver tuning voltage level required for receiving each VHF
channel.

Results: The final tuning for all receivers has been
adjusted as follows:

Front Panel
Channel Switch TV

Position Channel

1 2
2 4
3 5
4 7
5 9
6 2
7 4
8 5
9 7
0 9

Any of the 10 channels available on the front panel can be
set for receiving TV channels 2 through 13. The procedure
for resetting a given channel is:

1. Set AFT switch to OFF.

2. Remove front panel access door.

3. Set meter to measure DC volts. Connect digital volt-
meter on Receiver Control/Test Simulator to tuning
voltage test points behind access door.

4. Program bandswitch for LOW VHF (TV channels 2 through 6)
or HIGH VHF (TV channels 7 through 13).

5. Refer to data for the particular receiver and adjust
corresponding potentiometer for DC voltage indicated.

Data: See Table 111-2.

21



TABLE 111-2. RECEIVER FREQUENCY
CALIBRATION/ADJUSTMENT DATA

Tuning Voltage
Center Receiver Rcvr 1 Rcvr 2 Rcvr 3 Rcvr 4 Rcvr 5

TV Chan Freq (MHz) Bandswitch Ser # Ser # Ser # Ser # Ser #
571935 572103 572128 572118 571836

2 57 LOW VHF 4.5 4.3 4.4 4.3 4.5
3 63 " 6.5 6.3 6.4 6.3 6.5
4 69 " 8.5 8.4 8.6 8.4 8.6
5 79 " 13.5 13.0 13.4 13.2 13.4
6 85 " 22.5 20.0 21.3 20.1 22.5
7 177 HIGH VHF 10.0 10.2 10.7 10.4 10.3
8 183 " 11.0 11.1 11.3 11.1 11.1
9 189 " 12.3 12.3 12.7 12.6 12.3
10 195 " 13.6 13.6 13.8 13.7 13.6
11 201 " 15.5 15.3 15.7 15.4 15.5
12 207 ' 18.2 17.9 18.3 18.1 18.3
13 213 22.2 21.3 22.4 21.8 22.3

4. Test: System Signal Levels at Receiver Inputs

Purpose: The purpose of this test was to ensure that all
signal sources (Modulators) were aligned to obtain equal
signal levels on the bus.

Results:

1. Modulator RF levels were set in accordance with the
procedure for this test. This ensured that the signal
levels at the first and last receiver were operating
within the dynamic range with sufficient signal/noise
ratio.

2. The signal input to the receiver associated with the
modulator equipment rack (serial 571836) resulted in 3.5
to 4 mV PP (+10.8 to +12 dBmV).

Date: 14 November 1979

5. Test: System Signal Losses

Purpose: The purpose of this test was to determine overall
system losses in the passive devices, including signal
splitters, summing networks, cable, and directional couplers.

Results: All measured losses were w-ithin 6 dB of the
calculated loss.

22



Data:

LAST MEASURED CALCULATED
RCVR MODULATOR SYSTEM SYSTEM
INPUT MODULATOR OUTPUT LOSS LOSS

BUS mV PP CHANNEL mV PP dB dB

1 3 2 400 -42.5 -46.1
1 3 4 420 -42.9 -46.5
1 3 5 500 -44.4 -46.5
2 3 7 550 -45.3 -47.4
2 3 9 560 -45.4 -47.4

Date: 16 November 1979

6. Test: Adjacent Channel Carrier Rejection

Purpose: The purpose of this test was to determine the level
of channel interference caused by the adjacent channel
picture carrier.

Results: Carrier rejection exceeded 50 dB for all channels

on Bus 1 and Bus 2.

Data:

BUS 1
Channel Carrier Rejection

2 -56 dB
4 -56 dB
5 -55 dB

BUS 2
Channel 

Carrier Rejection
7 -53 dB
9 -53 dB

Date: 17 December 1979

Witness: Mr. Frank Uphoff, NADC

7. Test: Gray Scale

Purpose: The purpose of this test was to determine the
ability of the system to reproduce the required shades of
gray between the black and white extremes. Gray scale is
indicative of the system dynamic range.

Results: The data indicated satisfactory reproduction of the
standard gray scale. The receiver which initially presented
poor definition was corrected by alignment.

23



Data:

RCVR STEP 4 STEP 5 STEP 6
SERIAL 8 SHADES UNIFORM AMPLITUDE

CHANNEL BUS NUMBER GRAY DISTORTION

*,? 1 572118 SAT SAT SAT
*2 1 572128 SAT SAT 1
*2 1 571935 SAT SAT SAT 2
*2 1 572103 SAT SAT SAT
2 1 571836 SAT SAT SAT
4 1 572118 SAT SAT SAT
5 1 572118 SAT SAT SAT
7 2 572118 SAT SAT SAT
9 2 572118 SAT SAT SAT
*7 2 572103 SAT SAT SAT

1 Noted slight differential in two shades below black level.
2 Gray scale on this receiver presented less definition than

the other receivers. Subsequent tests indicated misalign-
ment of receiver bandwidth. Receiver was realigned and
test repeated with satisfactory results 19 December 1979.

Date: 19 December 1979

*Tests witnessed by Mr. Frank Uphoff, NADC 17 December 1979

8. Test: System Resolution

Purpose: The purpose of this test was to determine the
system horizontal resolution.

Results: The data indicated resolution capability between
339 and 433 lines. The receiver exhibiting 339 lines
exhibited narrow bandwidth. This unit was subsequently
realigned and retested 19 December 1979 resulting in 390
lines.

24



Data:

RESOLVED CALCULATED
RCVR SERIAL PULSE WIDTH HORIZONTAL

CHANNEL BUS NUMBER s LINE RESOLUTION

2 1 572118 .18 us 433
2 1 572128 .19 ps 410
2 1 571935 .23 ps 339*
2 1 572103 .19-.21 Uis 371-410
2 1 571836 .19 Us 410
4 1 572118 .19 us 410
5 1 572118 .19 Uis 410
7 2 572118 .19 us 410
9 2 572118 .19 us 410

Date: 17 December 1979

Witnessed: Mr. Frank Uphoff, NADC
*After realignment Pulse Width = .20 is or 390 lines

9. Test: Crosstalk at RF Output

Purpose: The purpose of this test was to measure crosstalk
(undesired signal coupling) between BUS 1 and BUS 2 at the
Receiver RF inputs.

Results:

1. No signals were detected on BUS 2 when all modulators
(TV Channels 2, 4, 5) connected to BUS 1 were active.
The Spectrum Analyzer was set to maximum gain.

2. No signals were detected on BUS 1 when all modulators
(TV Channels 7, 9) connected to BUS 2 were active. The
Spectrum Analyzer was set to maximum gain.

Date: 17 December 1979

Witnessed: Ir. Frank Uphoff, NADC

10. Test: Crosstalk at Receiver Video Outputs

Purpose: The purpose of this test was to measure crosstalk
(undesired signal coupling) between BUS 1 and BUS 2 signals
at the Receiver video output.

25



Results:

1. No signals were detected in the receiver video output
over the range of 0 to 10 MHz while monitoring BUS 2
channels. All modulators (TV channels 2, 4, 5)
connected to BUS 1 were active.

2. No signals were detected in the receiver video output
over the range of 0 to 10 MHz while monitoring BUS 1
channels. All modulators (TV channels 7, 9) connected
to BUS 2 were active.

Date: 17 December 1979

Witnessed: Mr. Frank Uphoff, NADC

11. Test: System Bandwidth

Purpose: The purpose of this test was to determine overall
system bandwidth from the Modulator inputs to the Receiver
outputs.

Results: The data indicates a mean -3 dB bandwidth of 3.03
MHz, and a mean -6 dB bandwidth of 3.48 MHz.

Data:

Receiver -3 dB -6 dB
Modulator Serial Bandwidth Bandwidth
Channel Number BUS .Iz Mz

2 1-572118 1 1.07-4.05 .73-4.15
* 2-572128 1 1.07-4.17 .85-4.3

3-5719351 1 .83-3.9 .6-4.1
4-572103 1 1.25-4.24 1.06-4.36
5-571836 1 .95-3.75 .68-4.0

4 1 1 1.26-4.16 .85-4.3
2 1 1.08-4.27 .85-4.38
3 1 .75-3.75 .58-4.06
4 1 1.1-4.08 .92-4.32
5 1 .83-3.35 .6-3.93

5 1 1 1.1-4.05 .8-4.2
2 1 1.1-4.31 .88-4.4
3 1 .85-4.0 .65-4.15
4 1 1.18-4.3 1.0-4.47
5 1 .9-4.23 .66-4.34

7 1 2 1.1-4.12 .75-4.22
2 2 1.36-4.36 .92-4.5

26



Data: (Continued)

Receiver -3 dB -6 dB
Modulator Serial Bandwidth Bandwidth
Channel Number BUS MHz MHz

3 2 1.05-4.2 .75-4.35
4 2 1.0-4.35 .87-4.55
5 2 .82-3.73 .66-3.9

9 1 2 1.1-4.05 .75-4.15
2 2 1.5-4.55 1.0-4.7
3 2 1.05-4.17 .72-4.32
4 2 1.2-4.26 1-4.4
5 2 .76-3.5 .55-3.8

1Receiver was initially misaligned. Realignment resulted in

the above data.

Date: 19 December 1979

*Witnessed by Mr. Frank Uphoff, 17 December 1979

12. Test: Modulator and Demodulator Bandwidths

Purpose: The purpose of this test was to determine the
individual bandwidths of the modulators and demodulators
employed in the system.

Results:

1. The results indicate good conformity with idealized
response curves published for this equipment. These
idealized curves are shown in the following sketch:

IDEAL DEMODULATOR
WJI RESPONSE
5 il Z/ XE

CL Ul IDEAL MODULATOR
/-RESPONSE

I/I/I

_M 0 7 5  4 MHzMHz,--

IMIN I
01.25 - 4.5 MHz

SMHzMHz
ALLOCATED CHANNEL BANDWIDTH

FUNDAMENTALS OF TELEVISION ENGINEERING, GLENN M,. GLASFORD,
McGRAW-HILL, 1955 Pg. 278.
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The data indicated that the picture carrier falls well
within the flat portion of the measured modulator
responses. Modulator upper frequency fall off, while
not ideal, appears to conform closely at the -6 dB
level.

2. The specification for the demodulator units indicates a
-6 dB bandwidth of 3.8 MHz. Measurements shown in the
data indicate close correlation with this specification.

3. The picture carrier, as depicted in the reference
sketch, should occur near the -6 dB level of the
demodulator response. Examination of the data for TV
channel 2 indicates the -6 dB level occurs at 55.3 Mfz
to 55.6 MHz for the various units. Picture carrier
assignment for channel 2 is 55.25 !Hz indicating the
demodulator responses were positioned reasonably close.
Positioning of the response is controlled by the DC
voltage applied to the varactor tuner.

Mlodulator Bandwidth Data

-3dB -3 dB -6 dB -6 dB
Bandwidth A Bandwidth A

Channel M z BW M'z BW

2 .28-5 4.72 .12-5.4 5.28
4 .28-5 4.72 .12-5.4 5.28
5 .28-5 4.72 .11-5.4 5.29
7 I .9-5 4.10 .3-5.4 5.1
9 .8-4.8 4.00 .5-5.2 4.70

Demodulator Bandwidth Data

Rcvr -3 dB -3 dB -6 dB -6 dB
Serial Bandwidth 6 Bandwidth a

Channel Number Mlz BW MHz BW

2 572118 55.5-59.1 3.6 55.3-59.2 3.9
4 572118 67.7-71.2 3.5 67.5-71.3 3.8
2 572128 55.7-59.3 3.6 55.4-59.4 4.0
4 572128 67.9-71.4 3.5 67.6-71.5 3.9
2 572103 56-59.5 3.5 55.6-59.57 3.97
4 572103 68-71.5 3.5 67.7-71.6 3.90
2 571836 55.8-59.4 3.6 55.6-59.6 4.0
4 571836 67.9-71.5 3.6 67.5-71.5 4.0

Date: 17 January 1980
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13. Test: System Operational Demonstration

Purpose: The purpose of this test was to demonstrate full
system operation with modulation applied to all transmitters,
and, in addition, to compare a direct video signal to a bus
processed signal.

Discussion: During this test, all modulators were active
with the following modulation applied:

Modulator
TV Channel BUS Type Modulation

2 1 Gray Scale
4 1 Color Program (TV Monitor Test)
5 1 Crosshatch Pattern
7 2 Gray Scale
9 2 Digital Signal ml Mbps

A high resolution black and white monitor and a color monitor
connected to the receiver video outputs were used to observe
the TV-type signals. An oscilloscope connected to a receiver
video output was used to observe the digital signal.

Results:

1. All channels exhibited good picture quality with no
interference observed from adjacent channels on adjacent
bus structures.

2. The comparison of the direct link (relay switched
signal) with the same bus-processed color signals
resulted in bus signals exhibiting a slight increase in
overall picture noise level, coupled with slight flesh
tone changes. Neither effect appeared objectionable.

Date: 18 December 1979

Witness: Mr. Frank Uphoff, NADC
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SECTION IV

DIGITAL INTERFACE SIGNALS

A. GENERAL

The digital interface signals for the Wideband Multiplex Sys-
tem can be categorized within three major areas:

Receiver Control
Receiver Built-In Test
Transmitter Built-In Test

B. RECEIVER CONTROL

Each receiver is designed to accept control inputs from two
independent sources, such as external computers or the Receiver
Test Simulator. In the event both external sources attempt simul-
taneous control, or faults occur in the external sources/lines,
the decision logic contained in each receiver will determine the
controlling source. This is accomplished by accessing the status
of the command lines originating from each source. The logic
states of the command lines together with the resulting receiver
response is contained within the specification for the Wideband
Multiplex System 78-1511A dated 15 October 1979 and reproduced
later in this section. When valid commands are received, the ex-
ternal controller (source) will control both the receiver operat-
ing channel (frequency) and bus selection (bus 1 or 2).

Figure IV-l depicts the necessary connections and hardware
required to externally control the receiver. Recommended differ-
ential line drivers type 26LS31 are available from Advanced Micro
Devices, Inc. Twisted pair wiring is also recommended at each
differential output as shown.

Individual devices and lines for each receiver (demodulator)
can be implemented (repeat Figure IV-l's devices and wiring for
each receiver) or a bus structure can be created by wiring re-
ceiver inputs in parallel. If a bus structure is implemented,
the 120 ohm termination resistors within each receiver differ-
ential input must be removed with the exception of one receiver
at the far end of the bus. This modification is essential to
prevent excessive driver loading. Since the logic levels are
continuous (latched) for each control state, line reflections and
the associated difficulties with clocked data are minimized.

30



.SV '--n RCVR I/O
16 ITT. CANNON

8--- TISWTED O0-0SOP

, 4i 26LS31 PAISTE

12___ P- - 1"O'C N R L1 9
/A FREQ 8 1 1 ,

OUTPT - 2,- -- A FREQ CONTROL (SL) 10
7-,- t=--S .- ,-,'5 ' A FREQ C ON TROL (4) " '

COMPUTER A A FREQ 4 C 6 .,_.A FREQ CONTROL (4L) 12
(CTANFRE A FRED 2 h it A FREQCONTROL(2) 13
(CHANNEL), 1-0 ..- , A FREQ CONTROL 12L) -, '4

A FREQ I - is 13 ,- A .- A FREQ CONTROL (I) 115

14 4 A FEQCONTROL I L) 16

6

12

3 FP~ 8 ,F12 ]3 - B---8 FREQ CONTROL 8)

2 -4 FREQ CONTROL (8L) 2

5 F--9 RE CONTROL (4) 3

COMPUTER B FRE CONTROL (4L)
OUTPUT FREQ - B 1 -41-B FREG CONTROL (2) 5

CiANNEL) S FREQ z - 9 1C
10 -*+-"-BFREO CONTROL (2L) 6

FREQ 1 , -- -3 FREG CONTROL (1} - 7

4 BEQ ,5-COCONTROL( L)-

-SV
16

Z4 26LS31 
8

_ _2. ACOMMAND .5
COMPUTER A A 0 A 7 , A-, OMMANO 1L--- ' 26
COMMANO .- 46 ,ACOMMAND --- ' 9
OUTPUT LA A COMMAND

A CMO 2 -A 7t---COMN C M 5 AR - - COMMAND I

C0OSMOAMAN 23
C MUT.R SCMD IB 9

0,.,-11 S-9-S COMMAND2
COMMAND 14 -- 8~ COMMAND 2 23

OUTPUT 3 , a COMMAND 2 L , il24
-5V

16

F 1 26LS3112

COUTPUTEFA BUS A BUS CONT. - I E- .-- BUS CONT. SOuRCE AL 33
OUTPUT iO 3 B US CONT. SOURCE AL.-.. 32

COMPUTER B... CN -7-6 --- auSCONT SOURCEB 1
aBus BUS CONT. s B-'- -SUS CONT SOURCE SL- :0
OUTP% " " I,-.

0- 11
- 4

13

Figure IV-1. Receiver Control Interface
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The following describes the requirements for external re-
ceiver control and is extracted from the referenced specifica-
tion. It should be noted that:

" all signals are TTL levels, i.e., 1 = voltage level 1
2.5 V 1. 5.0 V, and 0 = voltage level 1 0 V . 0.6 V

* all logic states 1 or 0 shown are referenced driver
(26LS31) data input terminals

" all input levels must remain in a continuous logic state
for each defined operating condition.

(1) Remote Controls Control by application of remote
digital signals shall be provided to enable selection of
receiver channel and VHF input bus. Provisions for
remote control from two independent sources of frequency
and bus selection shall be provided. The remote source
(A or B) controlling these parameters shall be deter-
mined by the command line status from each source. The
front panel MODE switch must be positioned at REMOTE to
enable external control.

(2) Channel (Frequency) Two sets of identical input channel
control lines shall be provided for receiver frequency
control from two sources. Each set of input control
lines shall consist of four differential receivers as
shown in Figure IV-2, with a terminated input of 120
ohms. The channel frequency shall be selected by a
digital code (referenced to the driver (26LS31) data
input terminals) per the following table:

Channel Driver Data Input Lines
Selection 8 4 2 1

1 1 1 1 0
2 1 1 0 1
3 1 1 0 0
4 1 0 1 1
5 1 0 1 0
6 1 0 0 1
7 A 0 0 0
A 0 1 1 1
9 0 1 1 0
0 1 1 1 1
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DATA L 120 2632 DATA
INPUT >OUTPUT

Figure IV-2. Control Tnterfac 

(3) Bus Select Two sets of identical input bus seleo-t -)n-
trol lines shall be provided for selection of bus )r
bus 2 from two sources. Each set of input -ontroi iines
shall consist of one differential r-ceivor as shown :n
Figure IV-2 with a terminated input of 120 ohms. 3us
shall be selected when a "0" level ,s applted t) the
driver (26LS31) data input terminals F'igure IV-2' and
bus 2 selected when a "I" level is applied to thet- driver
data input terminals.

4) Command Two sets of identical input command lines shall
be provided to establish which external soirce will -)n-
trol receiver frequency and bus selection. Each set t
input command lines shall consist of two differontial
receivers as shown in Figure IV-2 with terminated power
inputs of 120 ohms. With the front panel MODE swit.,.
positioned in REMOTE, receiver frequency and bus seir-
tion will be determined by the status )f the command
i tnes (referenced to the driver 2bLS31 lata input 'tlrmu-
nals) per the following table:



P. ...

Command Lines
Source A Source B
1A 2A 1B 2B Receiver Control

0 0 0 0 LOCAL
0 0 0 1 LOCAL
0 0 1 0 SOURCE B
0 0 1 1 LOCAL
0 1 0 0 LOCAL
0 1 0 1 LOCAL
0 i 1 0 SOURCE B
0 1 1 1 LOCAL
1 0 0 0 SOURCE A
1 0 0 1 SOURCE A
1 0 1 0 LOCAL
1 0 1 1 SOURCE A
1 1 0 0 LOCAL
1 1 0 1 LOCAL
1 1 1 0 SOURCE B
1 1 1 1 LOCAL

Wht-n the command line code generates LOCAL, the receiver
channel and bus selection will be determined by the corresponding
front panel control settings.

C. RECEIVER BUILT-IN TEST (BITE)

Digital output signals have been provided to enable external
assessment of receiver operational status. These signals in-
,lude:

* Receiver operating channel (frequency),

* Local/Invalid command,

* Bus selected, and

* Receiver video output.

All outputs are configured with differential line drivers type
26L531 designed to drive twisted pair wiring with type 26LS32
differential line receivers as shown in Figure IV-2. The follow-
ing describes the requirements for external receiver (demodu-
lator) BITE monitoring. It should be noted that:

* all signals are TTL levels

* all logic states I or 0 are referenced to the driver
(26LS31) data input terminals, and

* all output levels remain at a continuous logic state for
each defined operating condition.
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(1) Remote receiver status outputs Capability for remotely
assessing receiver status shall be provided in the form
of digital outputs configured with differential drivers
(26LS31) as shown in Figure IV-2.

(2) Receiver operating channel The receiver operating chan-
nel will be present on four differential drivers coded
in the following manner:

Operating Driver Data Input Lines
Channel 8 4 2 1

1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 1 0
7 0 1 1 1
8 1 0 0 0
9 1 0 0 1
0 0 0 0 0

(3) Advisory outputs The following advisory outputs shall
be available from individual differential drivers:

Output
Identification Driver Data Input Lines

LOCAL/INVALID COMMAND 1 = LOCAL/INVALID COMMAND

BUS SELECTED 0 = BUS 1, 1 = BUS 2

RCVR BITE (VIDEO) 1 = FAULT (NO RECEIVER
OUTPUT SIGNAL)

D. TRANSMITTER BUILT-IN TEST (BITE)

The transmitter terminal RF output shall be continuously
monitored and reported as a digital output. This output shall be
provided from a differential driver (26LS31) per Figure IV-2. A
"I" level on the driver DATA INPUT line shall represent loss of
RF output.
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SECTION V

HARDWARE REDUCTION

A. GENERAL

The present system was built without regard for minimum
physical size. In order to estimate the minimum physical size
required by the Wideband Multiplex System, the following assump-
tions have been made:

1. Present state-of-the-art techniques shall be used.

2. Development of custom devices using Large Scale Integra-
tion (LSI) shall not be considered.

3. Specifications relating to performance and operation of
the new hardware shall be equivalent to those of the
present Wideband Multiplex System, with the exceptions
noted below in 4.

4. Deletion of the audio processing function and internal
power supplies shall be assumed. It shall also be assumed
that the necessary DC voltages are available externally.

B. MODULATOR

The present modulator (transmitter) unit is designed for stand-
ard 19-inch rack mounting. It occupies a volume of approximately
1800 cubic inches. Deletion of unused functions and substitution
of a Surface Acoustic Wave (SAW) filter for the presently used
discrete vestigial sideband filter will significantly reduce the
volume required. Coupling these changes with other circuit and
component changes results in an estimated volume of approximately
40 cubic inches for the required circuitry.

C. DE.ODULATOR

The present demodulator (receiver) unit is designed for
standard 19-inch rack mounting. It occupies approximately 665
cubic inches. Deletion of unused functions, along with other
circuit and component changes, results in an estimated volume
requirement of approximately 25 cubic inches for the new circuitry.
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D. SYSTEM PASSIVE ELEMENTS

Signal combiners, directional couplers, and signal splitters
are all available in reduced sizes from vendors specializing in
these components. The devices are available for direct mounting on
the circuit boards or with connectors.

The present eight-input port combiner, designed for standard
19-inch rack mounting, occupies a volume of approximately 50 cubic
inches. A miniature version is available requiring a volume of
approximately 9.4 cubic inches (not including connectors).

The two-port signal splitters currently occupy a volume of 1.1
cubic inch, while miniature versions of similar devices require
approximately one-half of this volume.

The present directional couplers require approximately 7 cubic
inches. The miniaturized directional couplers occupy approximately
.55 cubic inches, and further volume reductions could be made if
the couplers were incorporated into the demodulator unit.
Connector and coaxial wiring sizes can also be reduced in volume by
one-half if miniaturized versions are used.
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APPENDIX A

LIST OF EQUIPMENT
IN THE

WIDEBAND MULTIPLEX SYSTEM

Quantity Item Serial No.

1 Modulator, Model CCMi-AB-2 A0836032
1 Modulator, Model CCM-AB-4 A0836013
1 Modulator, Model CCM-AB-5 A0836019
1 Modulator, Model CCM-AB-7 A0836256
1 Modulator, Model CCM-AB-9 A0836238
1 Demodulator, Model UD-283A 571836
1 Demodulator, Model UD-283A 572118
1 Demodulator, Model UD-283A 572128
1 Demodulator, Model UD-283A 571935
1 Demodulator, Model UD-283A 572103
2 Signal Combiner, Model HC8 N/A
2 4-Way Signal Splitters, Model 1597A N/A
8 Directional Coupler, Model DCT4-19 N/A
1 Receiver Control/Test Simulator N/A

With Control Cable
2 Rolls 50 Ft. Coaxial Cable N/A
1 19" Equipment Rack Height , With N/A

Coax Cable and Power Strip
1 19" Equipment Rack Height 72", With N/A

Coax Cable and Power Strip
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APPENDIX B

LIST OF SCHEMATICS WITH GE MODIFICATIONS

Receiver Control/Test Simulator for Video Multiplex System B-2

Built-in Test for CCM-AB (Part of Video Multiplex System) B-3

Control Logic for UD-283A Demodulator (Part of Video B-4
Multiplex System)

B-1



31. 3

26 -15--' A

CgA'j SELECT 15.

L '2

35- '1 I 1 3

49 -4t

c 2
7  

- 9 - (Z L 4 6. -jt'-- 30.S # 'L

39 - A-- ~ACMMA2I) 1 L Z5

f ~ 0 A c . .. C, I

S.cQ . A Zt '3 3
Z - L Z. 7'u

6 SL ZL 24I

41

A~ L' 3 ' 3 , I l ' . E l i1

8 L



4 5 8

J 2

42 ---0,

ilb -(. -- " 1.-;e ((4 L

133111L

-- I

493 - Z' ____

A3 -4U

14

oo ~01 l o I, *,&At

3 I. $I Ts'1~1' A, 2T AlLF54

P* E-2 1.A I SlL- 2 7

2~tf tLM-C 'SO WA1

- 35 t~~lII I ME__r4z_

B-2



- 3 r a I-3

I0 
I3 

' T. 
" "

LC I SC 
_

IML



hD 13r1-A

~M-tl - '-L

--- IT -,TI

;=, R,

US e)F iIf)



I-

AF~ Fid '0

24LS 

3Z

43(4 Lr --

0
r- F9C ~>' L 4 --

7 1 I

L

e2 L
41~.$.-

13 A& G Il4 ~) F 2v



jA 4

oI 4

4A1 A

717

j VAL-

cmb

LCCA. F' 1t e

-, I k



'14 4 - .C.

833

TF - - '-

-" (St4 11 r

44

- ~ AA
12,

A4 '1 .4 .. e *

A -0 13 1



-iiA.

' A 
"

I 
k 

/i

/AtF

N. Al'

13*

0 t

if.,

-, 'I, :

I ''

, 

*1 ..;: ...

I

I 

I

. , 
O: At,U 7m',(AA.t-W1'NI() 

I1 v

iif 

-



A

-I

* .. ~*,, 4*. 4--

,- - -

, C. -- - --

1-

p.,

C ~ ~

------------------------
- ---- .- t --

.4 - --

WI--.- ... -

-A
I -

-z

S

-. V.' 4 . 4 4 ,,tot

H'

IF.' * , , 4
*..-A ~ -

4,
.4'

4 - . , - . ,

*......, .- ,

* p,,-* *

* A II * '*''' -. ,*,* - . . 4



L , 4

I . ... . t

\..

i.~

, 
i.

I 4 . .

4--- ... 3.,E L -

' ' V4  , 'I

3111 1 ... i ,l ,tB,

( C,- t

A, A~45 4A4 - F 0-A fl''"'''

... .. ,,, , , III 1/ 111



APPENDIX C

LIST OF JERROLD SUPPLIED DRAWINGS

Instruction Manual for "COMMANDER IMODULATOR" Equipment C-2
435-439-03 including description, operation, schematics
and parts list.

Instruction Sheet for Television Demodulator, Model UD-283A C-36
including description, specifications, and operation.
DWG No. 435-849-00

Schematics pertaining to Demodulator Model UD-283A:

Television Demodulator (Main Frame) D865-043 C-39

Video I.F. Circuit D865-035 C-40

Sound I.F. Circuit D865-036 C-41

Metering Circuit C865-037 C-42

AFT Circuit D865-038 C-43

±12V Power Supply C865-039 C-44

20-30 VDC Power Supply C865-033 C-45
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El JERROLD ELECTRONICS CORPORATION
A subsidiary of INSTRUCTION MANUAL
GENERAL INSTRUMENT CORPORATION

435-439-03

"COMMANDER MODULATOR" EQUIPMENT

Models CCM-A*, CCM-AB*, and CCM-C*

mJm

CY-560

Fig. 1 Commander Modulator for Output Channel 6-Front View

DESCRIPTION mander Modulator equipment can be mounted harmoniously
in the same rack and interconnected as required by head end

Models CCM-A" and CCM-AB" are designed for CATV, design. The necessary mounting screws are shipped with the
.IATV, ETV, or similar video and sound distribution systems. equipment.
Installed at the head end, the unit serves as a single-output Fig. 2 illustrates a typical head end where both units are
channel modulator, which accepts video and audio signals used.
from any local source and generates a standard television
channel for distribution over the system. Each modulator ;s Models CCM-A" and CCM-AB ° house the following plug-in
factory-equipped with the IF-to-output channel converter modules.
module necessary for producing the channel designated by 1. MODEL DIP Delay Equalizer
the user. 1 OE E ea qaie

This module provides interface between the incoming
Model CCM-AB ° is the same as Model CCM-A" except video signals and the video modulator module and has
Model CCM-AB ° is provided with an audio matching trans- two basic functions:
former which permits the use of a balanced audio input, a. to pre.distort the phase-frequency characteristic of

Model CCM-C* is the same as Models CCM-A* and CCM the incoming video to conform to standard FCC
AB* except that instead of an audio modulator module it has pre-distortion requirements.

a sound carrier module which accepts 4.5 MHz aural sub-car- b. to pre-distort the phase-frequency characteristic of
rier signals and is primarily intended for use as an interface the incoming video to equalize the variation in
with microwave terminals. Model CST-4.5 external audio/ phase-frequency characteristic introduced by vesti-
video separator is required in such applications. gial sideband transmission.

CCM equipment is designed to meet FCC specifications for 2. MODEL VIM Video Modulator
equipment of this kind. This module accepts the video signal from the DEP

module and modulates the signal onto a 45.75 MHz
Because the power supply and output channel modules are carrier. The output of the video modulator is a broad-
the same as those used in Jerrold Channel Commander II band double-sideband modulated carrier. The unit also
equipment. the number of spare modules of this type can be provides a 45.75 MHz carrier reference signal required
kept to a minimum wherever both equipment types are used by the audio modulator module Model A.MM. or the
together. Tn addition, the housing is physically the same for sound carrer module Model SCM. A modulation control
both types; hence, both Channel Commander II and Com- is provided on the VIM front panel.
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3. MODEL VSB Vestigial Sideband Filter MODEL CCM-C*
This module accepts the 45.75 MHz video modulated This ,int omprists aill the above modules except that it has
carrier from the VIM module and the 41.25 MHz sound in SC'M module :nstead of the AM.
carrier from the AMM or SCM module and provides a
composite video-sound IF signal to the IFC module. 1. MODEL SCM Sound Carrier Module
The vestigial sideband amplitude frequency character-
istic is developed in this unit. This transmission mode This nodule a'cepts the 4.5 MHz aural sub-carrier and

makes the CCM equipment usable for adjacent chan- tle unimodulated 45.75 l~lz reierence signal for mix.

nels. ng iii order to provide a ound camer output of 41.25
MHz. A CARIIER I.EVEL control is provided on the

4. MODEL AMM Audio Modulator SCM front patiel.

This module accepts an either 600-ohm balanced or un-
balanced audio input and provides the standard fre- ACCESSORY EQUIPMENT
quency-modulated 41.25 MHz sound carrier. The AMM
front panel has the deviation and carrier level controls
as well as test jacks necessary for monitoring and ad- 1. MODEL CST-4.5 Video/Audio Separator
justing deviation and audio. Model CST-4.5. a required opton on CCM-C* equip-

5. MODEL IFC-* (SER. 2) IF-to-Output Channel Converter ment. is used at microwave terminals for separating the
4.5 MHz aural sub-carrier from the video carrier before

This module is a crystal-controlled converter/amplifier application to the CCM-C. The unit is a three terminal
which accepts IF signals from the VSB module and network which accepts the combined video and aural
provides a single channel output as specified by the sub-carrers at its input and provides separate video and
user. The operational output level is set in accordance 4.5 MHz outputs. Separation is accomplished without
with system application and as described in the oper- loss to the video output and with a 10 dB loss to the
ational instructions. The necessary control and test jacks 4.5 M, Hz aural sub-carrier. Terminal Match is specified
are provided on the IFC- ° (Ser. 2) front panel. One of at 18 dB over a frequency range of 30 Hz to 4.18
five basic modules is supplied, each factory-tuned to MHz.
cover one channel in either the sub-band, low-band,
mid-band, high-band, or super-band. 2. MODEL PBF. Bandpass Filters

6. MODEL PSC-2 Power Supply Whenever non-standard TV channels are distributed in

Power supply PSC-2 operates from a 100 to 130V 60Hz a system, or where by system design the modulator out-
or a +24 VDC source. It provides a regulated 20 VDC put is higher than +54 dBmV, the use of these filters
output and has foldback current limiting capability. A is strongly recommended. Jerrold makes available on
power on-off switch, a pilot lamp, and DC test jacks special order single-channel bandpass filters. These fil-
are provided on the front panel. All CCM-* versions ters are the same as those used with Channel Com-
consume 20 W of power. mander II equipment under similar circumstances.

45.5 MHz PLUS 4125 MHz

AUDIO IN
OR

I s4.MHz FM
VIDEO NM v

IN FM CHANNEL1 45.75MHz MOD. OUr

V'T0 4575 rM z CW
DEP V A R F

MOOULATION DEVIATION CARRIER RF
(AMM ONLY) LEVEL LEVEL

Fig. 3 CCM Equipment-Funcional Block Diagram
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SPECIFICATIONS

1. VIDEO SCTION

Input Impedance 75 L unbalanced VSWR 128:1 max.

input Type Composite Video, SYNC Negative.

Input Level Continuously variable, 0.50 V p.p min. for 87.5%
depth of modulation.

Output Level +45 dBmV to +60 dSmV.

Output Frequency Any Standard VHF Channel, 2-13; Sub-Band, 17.
T11; Mid-Band, A-1; Super-Band. J-R.

Output Amplitude, Frequency Response Within -=1 dB of ideal demodulated response.

Tilt/Sag 1% max. on 60 Hz square wave.

Differential Gain 1 dB max. at 87.5% depth of modulation, 10%,
50%. 90% APL.

Differential Phase 20 max. at 87.5% depth at modulation, 10%,
50%, 90% APL Adjustment provided to obtain
minimum differential phase at operating level.

Group Delay Response Conforms to FCC predistortion requirements.

AC Hum and Noise 60 dB below 100% modulation.

Sync. Compression 0.5 dB max.

2. AUDIO SECTION

IL CCM-A*, CCM-AS*

Input Type Basetiand Audio.

Input Impedance 600 f, unbalanced-CCM-A*.
600 f. balanced-CCM-A8.

Input Level Vanable, 0.5 VRMS, (-35 dBmV) minimum for 25
kHz deviation.

Amplitude,r Frequency 50 to 15,000 Hz =1 dB, including standard pre-
emphasis.

Harmonic Distortion 1% max., 50 to 15,000 Hz ±25 kHz deviation.

Carer Stability = 1 kHz, referred to video carrier.

FM Hum and Noise 60 dB below -25 kHz swing.

41.25 MHz Output Level 6 d8 below video carer, max.

L CCM-C*

Input Type 4.5 MHz FM.

Input Level 5 m V rms min.

Input Impedance 75 fl, unbalanced.

41.25 MHz Output Level 6 dB below video carrier, max.

Operating Ambient
Temperature Range -20 0 F to -1206F.

C-5



INSTALLATION

1. CONTROLS AND CONNECTIONS

Before any attempt to instalI and operate CCM equipment, become familiar with the functions of the various controls.
test points and connections.

UNIT DISIGNATION DESCRIP. & SCF. 11M. REF. SITION FUNCTION

Power Supply PSC-2 Power S1O, SPST On Energizes the equipment.
Switch Off De-energizes the equipment.

+20 VDC J101, Tip Jack - For testing Power Supply DC output.
GNO J102, Tip Jack - .

DS1O1 Pilot Lamp - Indicates Status of Power Supply.

Pot., R109 - Factory-set for +20 VDC.

Video Modulator Modulation Pot.. R302 max. For adjusting depth of modulation.

Audio Modulator Deviation Pot., R568 max. For adjusting depth of sound carrier.

Carrier Level Pot., R526 ( max. For adjusting IF level of sound carrier.

Deviation Test J502, Tip Jack For monitoring deviation of sound carrier with

GND J503, Tip Jack oscilloscope.

Audio Test J501, Phone Jack For monitoring modulation quality and deviation of
sound carrier on 600 f audio.

4.5 MHz Modulator Carrier Level Pot., R608 (:"*max. For adjusting IF level of sound carrier.

IF-to Channel RF Level Pot., R403 ( max. For setting the video and aural RF carners.
Converter (Ser. 2) IF Test-30 d8 Test Jack - For monitoring the video and aural IF carriers.

Vestigial Sideband Filter SND IF IN J701, Connector - Input terminal for sound signal.

VID IF IN 1702, Connector - Input terminal for video signal.

IF OUT J703, Connector - Output terminal for combined video and sound.

4.5 MHz and Video Video and Sound J801, Connector - Input terminal for combined video and sound.

Separator Video J802, Connector - Video output terminal.

4.5 MHz J803, Connector - 4.5 MHz sub-carrier output terminal.

Rear Panel of Housing Terminal Block TBI 1 Input terminal 600 fl, Unbalanced audio--
Model CCM-A*.
Input terminal 600 fl, Balanced audio-
Model CCM-AB*.

2 Ground Terminal.

3 Not used-Model CCM-A., Input terminal 600 fi,
Balanced audio--CCM-AB*.

4 For connection of DC microammeter to measure sound
_ _ _ carrier level.

5 For connection of DC microammeter to measure sound
carrier deviation where AMM module is used.

Output JI, Connector - RF output terminal.

Input 14. Connector - Video input terminal,

4.5 MHz i J5. Connector - Aural sub-carrier input terminal.

C-6
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2. ADAPTING THE COMMANDER MODULATOR 4.4 Where necessary irtall appropnate bandpass & aie.
FOR IF PROGRAMMING connect the filters between the Commander Modulator

OUTPUT terminals and the associated DC-' couplers.

The Commiaider Modulator must be adapted for IF
programming before rack mounting. Proceed as de- 5. INPUT CONNECTIONS
cnbed below.

5.1 Video input. Connect the video source through a 75-
2.1 Construct two 16-inch coaxial cables with appropriate ohm coaxial cable, equipped with appropriate coanec-

connectors at bxth ends. tors. to the video INPUT Terminal J4 on the rear panel
of the modulator.

2.2 Remove the screws holding the cover ,n the rear top of
the unit and remove the cover. 5.2 Audio input. Model CC.M-A*, connect the 600-ohm un-

balanced audio source through a pair of wires (prefer-
2.3 Remove the button caps .rom holes J2 and J3 on the ably color-coded) to terminal block TBI on the mod-

rear panel of -he hous. Install a 5, 18" diameter fe- ulator rear panel, using terminal 1 for signal input and
male coupling connector irto each hole. J2 will ierve rs terminal 2 for grougd connecton. Model CCM-AB is

IF input terminai and J3 will serve as the IF out- equipped to accept a 600-ohm balanced audio source.
put terminal. Connect the audio signals wires to TBl terminals 1 and

3. connect the shield to terminal 2, circuit ground.
2.4 Disconnect and remove the jumper between the IF IN

t--rminai J406 on the IFC , Ser. 2) module and the IF 5.3 Aural sub-carner input. Connect the 4.5 MHz aural sub-
OUT terminal J703 on the VSB module. Then connect carrier source through a 75-ohm coaxial cable, equipped
sne of the two jumpers between J3 on the rear panel with appropriate connectors, to the 4.5 MHz IN ter-
and the IF OUT terminal J703 ,n the VSB module. minal J5 on the modulator rear panel.
Connect the second jumper between J2 on the rear
panel and the IF IN terminal J406 on the IFC (Ser. 2)
.module. OPERATION

This procedure wiU require the removal and insertion of
2.5 The imit can now be rack-mounted, one or more modules of the Commander Modulator

the use of a ,Model LXM-l module extender is recom-

3. RACK-MOUNTING mended.

3.1 Commander M.odulator units should be rack-mounted so I. SETTING DEPTH OF VIDEO MODULATION
that their outputs can be mixed in the most opt.mum
manner with the outputs of other head end equipment. 1.1 ADJUSTMENT WITH A FIELD STRENGTH METR

3.2 1-',e all four 10-32 %c Y" screws supplied with each unit
.o ensure a sturdy mount. f

4. OUTPUT CONNECTIONS _ I
4.1 There ae several methods currently practiced by sys- E 1

tem designers for combining the various outputs of J an N, vAO v
head end equipment. Jerrold recommends the use of
-trectional couplers for separately combining the vanous
bands and then mixing the outputs of these bands bv a Fig. 4 Test Set-p for Adjusting Depth
c.ombining network into a single !ine. This method of. of Video Modulation
'ers all the advantages attendant %%nth high isolation be-
tween individual units. Fig. 2 illustrates and the follow- 1.l.l Connect the OUTPUT terminal J2 on the modulator
ing procedure describes this method, rear panel through a variable attenuator to the RF IN

jack on a field strenich meter, and the VIDEO OUT
4.2 Monting holes for Jerrold DC-' couplers are provided jack of dhe field strength meter to the ,ertical input

tiear the output terminals on the Commander Modula- lack if an oscilloscope set for DC couphne as illus-
for 'ear panel. trated in Fig. 4.

4.3 onsrct .he required number of coaxial jumpers and 1.1.2Switch on the Commander Moduiator and ,st nitru-
-quip each ;umper end with an appropriate connector ments. Fnr a sitaircase presentanion et 'he 'scifloscope
-umper length is not critical. DO NOT vet connect the vertical seiisiti'tv of (.V cm. swee t rite -o 20 gsec
,impers t,. the output 'ermiiia on the m(dulator rear cm. iid the sv-nc to internal. F)r ,"roeram ideo set
-anel. the sweep -ate to 2 nisec cm aid 'he svnc 'o line.
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1. 1.3 Tune the FSM to the camer frequency of the video 1.3.1 Adjust the attenuator Ass required to prov-ide an oper-
output signal and set the FSSM step attenuator to obtain Atonal Input level to the dmodula. -. A 75-ohni ter-
a meter reading between 0 dB And 10 dB. iliatioi must be provided at the osclloscope input.

1. 1.4 Remove 30 dB from the FSM Step Attenuator and then 1.3.2 Adjust the demodulator for An operational output level.
turn the Modulation control on the VI module clock- The oscilloscope gratacul. inay now he calibrated in
wise to obtain a video waveform display on the oscil. depth of modulation percentage as follows:
loscopec continue to increase the modulation until peak 133\ihdrc-ope ie upt
clipping is displayed. Slightly reduce the modulatioii .. ihdietculd ie upt
just below that level. A. Adjust the oscilloscope vertical sensitivity anid posi-

tion controls so that the svnc uips coincide with the
1.1.5 Insert attenuation into the vaniable attetiuator corres- bottom line of the 4cope graticuile and the top gra-

ponding to the desired depth of vitdeo modulation. ticule is at 0V DC.
IS dBl for 855 1). The graticule may iiow be read directly Aind linearly
16 i113 for "A.0% in depth of mod'ulation percentage from bottom t'o
15 dB for 80.0% top.
12 dB for T75.0%
11 dB for- 70.t0% c. Example: for 8713% depth of modulation, with ans S

cmn graticule, adjust the MODULATION control o

1.1.6 Increase the vertical Sensitivity of the oscilloscope to the CCNI until the peaks of the %ideo reach to the
0.05V CM and adjust the presentation so that the sync 7 em level. For 75%, the peaks should reach the 6
tips are displayed on a convenient graticule line. cm level.

1.3.4 With AC coupled %ideo output it will be necessary to
1.1.7 Remove the attenuation inserted in the variable atten- use one of the following methods to locate the zero satl-

uator in step 1.1.3. adjust the modulation control until tg r10 et fmdlto ee nteoclo
the peaks of the video waveform coincide with the level tage or1di dptsfpoultollvlanthyscl.
established in step 1.1.6. soedsly

a. A 100)% reference line can he generated by inserting
NOTES a high-speed RF chsopper or switcher between the

a. Werethevide sorcesignl des ot iclue ademodulator channel iiiput and the modulator chan-
a. Wher al ths vide soxiurc ignalhdes note ieernce. at n output. It may be necessary to operate the de-

Vi reimmnalea th aimum wephitflevelatrefeeit modulator in the maniual gain control mode. Adjust
is recomende tha evepth ofer moduinlaton. e the oscilloscope vertical sensitivity And positioning

at 8% o les toprevnt ver-oduatio laer osso that the sync tips lie on the bottom grasicule line
b. Since the field strength meter has a relatively nar- when the chopper generated 100% reference level

r-ow band detector, it may he necessary to reduce coincides with the top Lraticul- inc. The depth of
the maximum depth of modulation from 47% to al- modulation mas' now% lie set as in Step 1.3.3. excvpt
low for the contribution of high frequency coin- that it will he necessary to readjust !he vertical [x).
ponents. sitious control to keep the vnic iii the correct position

on the gratmcule
1.2 ADJUSTMENT WITH A PASSIVE DETECTOR bi. If a chopper is not available increase the NMOD-

A pasiv 73ohmdetcto mavhe ubsitued or he LATlON control setting iiitil clipping or flatten-
A pasiv 75-hm etecor ay e sustiutedfortheing of the video peaks 15 o)bserved. Now adjust the

field strength meter in Fig. 4. oscilloscope vertical iensitivity And po~sition) controls
so that. wvith the sync tips on the bottom gratictile

1.2.1 Prnceed as in 1. 1. 1 through 1. 1.7 except that the initial hune, the level of clipping is at the top line of the
oscilloscope vertical sensitivity setting in 1.1.2 will de- graticiile. Now reduice- the MIODULATION control
pend on the detector sensitivity. Adjust for a full scale %ettunt: to obtain A lisplav %xhose- pe- ik .to-pe-.k amn-
display as before in 1. 1.4. plittide. expressed in iicu-at 4 foil scale. is pil

to the desired ptrcemt i~pth itf rodvilami i
1.2.2 Detector loiw-level nonlinearity may cause loss of res-

olution and accuiracv. partictilarks At high depth of mnod. 1.4 ADJUSTMENT WITHOUT INSTRUMENTS
ulation settings. Ii addition, the A\N1 I audio) module, if Two int-iliosls f-r -utthug iii ilit ion . I-pill 1siii 1\
uased. ihould he inplugiztd to remove the sound carrier Au tm cii ouuai t. lvu-s 511 Itlad-ast it-i s are as all-
from the utit sinl Abtle W~hile having~ macw\hat l.-ss ."MAiu tcIhian the

,tbosc methodls. !h,-\ are a. ictrors, f r is appi

1 .3 ADJUSTMENT WITH A TELEVISION ti101% 'Iind ikre t pl ii l s i , .Ii.-t. In kht ii i taId

DEMODUL.ATOR t ialtit ri--s-iiIuioiiii ii niil.it iou
A standard television irmodliflator snch .is lerralu
Modeull ((D-* may he used it, plaoe of 'Ile fiv-!m 1.4.1 C oi ..-.. Iu thr .iimiu- It '11'm. 1-4 ilt . -t~ h
strength meter in Fig 4 ktten IuI.,tt-d I ' I s I, qa r.- I,-s r



1.4.2 If broadcast "aw" signals are available: POWEP and restore the IFC Ser. 2) module to

a. Adjust the MODULATION control until the overall Its compartment.

contrast level of the picture is comparable to that of c. Channel Sound Carrier. Connect the modulanon
a broadcast program. meter to the OUTPUT terminal J1 on the modula-

b. In the case where a broadcast signal is demodulated tor rear panel Turn the CARRIER LEVEL CON-
S. I di cae were bradcst igna iSdemdultedTROL on the ASMM module fullv clockwise. Ad.

and remodulated, this method can be considerably t the ATO C OL fo r
improved by providig a means whereby the re- ust the DEVIATION CONTROL on the AMM for
cetver can be quickly switched between the "o a 25 kHz indication on the meter.
air" signal and the 5re) modulator output. Adjust
the MODULATION control for contrast equal to 2.1.2 OSCILLOSCOPE METHOD
that of the directly received signal.

1.4.3 If no reference air signals are available proceed is fol- a. Connect the vertical input of an oscilloscope to the
DEVIATION TEST and GND test lacks on the

!ows: AMM module.

a. Adjust the MODULATION control until whitening
and loss of detail can be seen in the bright areas oi b. Set the sweep rate to 10 msec.,cm and adjust the

DEVIATION CONTROL on the AMM for a 0.20Vthe picture, peak-to-peak deflection on audio peaks.

b. Reduce the modulation setting until no whitening
can be seen. If possible, this method of adjustment
should be performed when program material has a 2.1.3 V*U METER METHOD
very high white content to avoid overmodulation at
at later time. a. Connect a bridging type VU meter to the AUDIO

TEST jack on the AM'M module.

b. Adjust the DEVIATION control on the AMM for a2. ADJUSTMENT OP AUOIO MODULATION reading of - 7VU on audio peaks.

Several methods of operational setting of audio mod-
ulation on the AMM module are possible, most of which
take advantage of the deviation and audio monitonng 2.2 ADJUSTMENT WITH FIXED TONE
circwuts built into the AMM. The methods described AUDIO INPUT
here are in order of preference, starting with the most
desirable one. The user will have to select one for If a fixed tone input is used. the DEVIATION control
which he has the necessary test eqwpment. setting should be made with the tone level 7 dB higher

than the anticipated peak level of the normal audio in-

2.1 .DJUSTMENT WITH NORMAL INPUT put as measured on a standard VU meter.

2.1.1 An FM Modulation Meter. such as Marconi Model 2.2.1 USING AN OSCILLOSCOPE
TF2300 and a Jerrold extender module Model EXM-l
are required for deviation adjustments which can be a. Model CCM-A*. apply a I kHz tone from an audio
made at any one If three frequencies. Ocillator at the proper level to terminals 1 and 2 on

a. 4.5 MHz: Switch off the Commander Modulator TBI on the rear panel of the modulator. Model
Power and remove the AMM module from its con. CCM-AB'. apply the audio input to terminals I and
partment. Insert the EXM-I into the AMM com. 3 of TBI on the rear panel of the modulator.
partment and attach the AfMM to the EXM-l. b. Connect the DEVIATION TEST and GND test
Switch the power back on. Connect the modulation lacks to the vertical input of an oscilloscope and ad.
meter between !est point TP 502 4.5 MHz Test) just the DEVIATION control for 0.20V peak-to-
on the AMM pnnted circuit board and chassis peak deflection on theoscilloscope.
grmund. Slowly adjust the DEVIATION control on
the AMM module for a =25 kHz indication on the
meter Shut off POWER and restore the .4MM 2.2.2 USING A VU METER
module to its compartment.

h. 11.15 MHz: Shut MT( POWER. remove the IFC a. .4pplv a I kHz tone as under step 2.2.1. above.

Ser. 2) module from its compartment. Insert the b. Connect a bndging type VU Meter to ,he AUDIO
EXM-I in its stead and connect the modulation TEST tack ,)n the k.lINI module and adjuist 'he DE-
meter to the bttom qttini on the front of th, VIATION control for a reading of zero VV.
EXl-1. Tirm POWER back ,n and turn the CAR-
RIER LEVEL CONTROL on the ,MM fuillv cl(ock. A .temativelv to a VU \Ieter an AC Voltmeter may
wise Set the DEVIATION mntrol on the- #01M he ised and the DEVIATION control adjusted to
Or a =25 kHz .ndication in -he meter. Switch off 4ive a meter reading of ) 79 V rms.



3. SETTING OF OUTPUT LEVELS 41.25 MHz FM from the SCM or AMM enters the
rhe IFC Ser. 21 module may be operated with a max- VS8 at input terminal J701 where it is coupled by
mum RF video carer output level of -60 dBmV and (C701 to a high.Q cnucally-coupled, double-pole filter

inewor cosstn ofde (2702,orpu (2703, of2704, and 72aural carner output level of -45 dbmV. These output network conshit cg of C702, C703, C704, and L702.

levels may be %aried by adjustment of the RF LEVEL This filter rejects all frequencies other than 41.25.
Control on the trount panel. This control has a range of MHz. The output of this filter is coupled through C705
greater than 15 dl. Any output level may be used, al- to the directional coupler circuit. The second input to
though a 10 d1B pad is iecommended for output levels the directional coupler is 45.75 MHz video from the
below 45 dBmV. VIM applied through input terminal J702, and a "I-

pad consisting of P,703, R704, and 8705.
rhe above procedures should be followed for every

Commander Modulator installed at the head end. When The directional coupler consists of 11701, R702. and
checking head end output levels during system tests, it 1702. Its function is to combine the sound and video
may be necessarv to adjust one or more of the Com- careers at the ouput with high isolation between the
mander Modulator output controls to obtain satisfactorv input.
system performance. The directional coupler output is then applied to a

bandpass filter having a high-pass section and a low-

CIRCUIT DESCRIPTIONS pass section. The high-pass section consists of C706
through C710, L703 and L704. The low-pass section

1. MODEL VIM Video Modulator Modulo consists of C711 through C715, L705. and L710. The
combined sections provide the desired vestigial side-The purpose of the video modulator module is to trans- band characteristic. Composite video-sound IF is then

form a video input into a 45.75 MHz video modulated applied to output terminal J703 where it is jumpered to
IF output. the IFC (Set. 2) module.
Video is applied to J301 and coupled across a lowpass
filter consisting of L301 through L303 and C301 3. MODEL AMM Audio Modulator Module
through C304 to the :,Modulation control R302. The sig-
nal, taken fiom the wiper arm of R302, is coupled The purpose of the audio modulator is to transform an
across 11303 and C305 to the base of buffer Q301. The audio input into a frequency modulated 41.25 MHz
signal is then emitter coupled to the base of amplifier output.
Q302. The signal is amplified and applied to buffer Transistor Q501, crystal Y501, and associated circuitry
Q303, C301 and C310 make up the AGC portion of make up a 4.6 MHz reference oscillator and provides
the amplifier. This AGC voltage is applied to Q304 one input to the 100 kHz mixer Q502. The other input
and emtter coupled to the base of Q301. The video is 4.5 MHz coming from L-C oscillator Q505, CR506,
output of Q303 is emitter coupled through C309 and and associated circuitry. The 100 kHz output of Q502
R304 to the negative side of C305, to form a negative is coupled across a one-section Pi filter to an overdriven
feedback loop. The video output of Q303 is also in- amplier Q503 which produces a 100 kHz square wave
jected into the mixer stage through the center tap of This square wave is differentiated and applied to the
isolation transformer T301. C315 is used to control the base of Q509.
differential phase of the output. Q509 and Q510 make up a single-shot multivibrator.
Integrated circuit amplifier Q305, crystal Y301, and as- This circuit generates a pulse train of constant ampli-
sociated circuitry make up the 45.75 MHz oscillator. tude and constant pulse width of approximately 3iisec
The oscillator output is coupled across C318 and in- Any increase or decrease in the 4.5 MHz frequency
jected into the mixer stage across transformer T302.The oscillator uiotput is also coupled across L304 and will appear in the 100 kHz difference frequency as the

same amount of frequency change (1 kHz change atC314 to J3(4. 45.75 MHz OUT Terminal. The signal is 4.5 MHz -1 kHz at 100 kHz). This produces an
then transferred to the AMM or SCM and IFC modules equivalent change in the 100 kHz pulse train output of
where it is used as a reference earner, the multivibrator and a directly proportional change in
Video modulated 45.75 Mltz from the bridge mixer is the ,otput of DC amplifier Q5I 1. The pulse train is in-
coupled from the %econdarv of T301 across matching tegrated ius to develop a DC voltage which is a direct
network R 316 through B 314 to the Video IF OUT ter- function of the pulse train repitition rate. This voltage
minal J,301. change is then amplified hv the DC and modulation

amphifier (Q512 and applied to the voltage vanable ca-
2. MODEL VSS Vestigial Sideband Filter pacitor CR2506 n the 45 MHz oscillator circuit. Thet ,tal pslaritv of this AFC loop is such that the voltageThe purpose of the vestigial sidehand filter is to con mhanot, presented to the 4.5 MHz oscillator will move

brie the -,tpuuts of the AM\\I module ,r SCM module I ,scllatioi frequency II a direction opposite to the
.rii the VIM\ mi lule. frljuencv chane that produced the AFC voltaae. The

ile circuit stag-s (,omsit if a 41 2 \lHz handpass il- 5 lIf -riquencv control R550 is used to bring the
ssr at ins, ifniitnt. k hrectiom .l -l -lr it the sec rid in- 4 -) \1[z l t, the '-sact frequv ocv (hangin g its seti ing

Frt.t a 4. 75 \1jf/ adr)s ,s filt,.r it h,.. )lip
1 t  

' an, s ,mparsed to -hanginv the zero crossover on a
Ai. slop !h viiii isdehand harats-tenstics rs-u,)o lat lvp frequency discrrruinator.
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Audio is applied to the base of Audio input amplifier minated storage facility for off channel conversions. The
Q513 from pin "A" of P501. DEVIATION control output of the crystal oscillator is applied to the bal-
R568 is u~ed to set the input of the audio amplifier to anced RF mixer through T401 and T402.
a level that provides 10tA modulaion on audio peaks.Thouptfte Fmxrsculdtrugmaj-
The .audio signal is coupled across C544 and R558 to Threr otut. T4f 4 the aF mier isfou lte thog ans-F
the emitter of Q512. the DC and modulation amlfir amlfer consstin oftansastndos 4l0er Q4o2 and RF-
Audio voltage variations are amplified, appear at the sapl ifir cunitsg a traonsistore sing0 Q403. and the
collector, and frequencv modulate the 4.5 MHz oscil- oatdcrurascodtgesngQ3adth
lator. Modulated 4.5 MHz is applied to the base of output stage using Q404. Feedback is used to reduce

mixer butfer amplifier Q506. Carrier level control R526 ~ te conerter. threeg stage.Th ltrduptexs
in the collector of Q50 6 adjusts the amplitude of the tecnee hog 47
4.5 \MHz applied to the RF mixer. TP502. 4.5 MHz
TEST, is provided for maintenance purposes. S. MODEL SCM Souund Carrer Module
The HF mixer consisting of T501, T502, and CR507 The purpose of the Sound Garner .'.odule is to accept
through CR510 provides 41.25 MHz FM. This is ac a 4.5 \IHz FM sound carnier and a uninudulated 45.73
complished by mixing the 4.5 MHz modulated input MHz earrier and mix these sgnals to provide a 41.25
from the mixer buffer amplifier Q5 0 6 and the 45.75 %tHz FM output.
\IHz reference carrier supplied by the video modulator
module. The 100 kHz pulse train is also applied to The circuit stages consist of A variable input attenuator,
audio buffer amplifier Q508. This amplifier provides and RF amplifier. limiter, a buder amplifier, a mixer,
solation between the single-shot multivibrator and the and a output level control circuit.
15 kHz low-pass filter. Thie 15 kHz filter consistinjg of The FM sound earner is applied through input ter-
L.305. L.506, and C533 through C535 removes the 100 mlJ0toavrbeatnuo ewrkcsiig
kHz component from the pulse tramn allowing the audio ofna R601 to0 an varabenttetr Retwor cosinalng

feunvvariations of the1 pulse andi poenimee pass Therognlgh
the bas .of3Q07. ithe ulse taitor apifes Thrug then coupled through C801 to a single-tuned network

constthee audio monitori amplifie r.sethed rat C604 and L602. The signal is then applied through

cnuted udIO T Siga slfe and prIAIO ESentedkat C605 to IC amplifier., lmiter QOWl which removes any
the UDI TET ad DVIAIONTES jaksamplitude variations and provides a constant 4.5 MHz

output level.

4. IFC (SER. 2) IF-to-Output Channel Converter The output of Q601 is tuned to 4.5 MHz by the net-

The purpose of the IF-to.Output Channel Converter is work consiting of L603 and C6 14. From there the sig-
to transform the IF input to a TV Channel designated nial is coupled through C615 to the base of buifer am-
by the user. The Channel can be in the sub-band, low- plifier Q602. CARRIER LEVEL control potentiometer
band, mid-band, high-band, or super-band. R608 develops the output of Q602. The 4.5 MHz signal

from the wiper of R608 is applied to one input of the
The following description is representative of the sig- HF mixer. 45.75 MtHz unmodulated, obtained from the
nal flow in the IFC i5cr. 2) modules. Circuit configura- VIM module via J602,. is applied to the second input of
tions a component values vary with band and mndi- the RF mixer.
viduai channels in each band. T601, T602. CR602 through CR605 make up the RF

IF is applied through J402 to as handpass; filter consist- mixer circuit. The miuxer output in the fornm of .41.25
ing of inductors L401 through L404 and capacitors MHz is applied to output terminal J603 and subse-
C401 through C403. The signal is applied to an atten- quentlv jumrpered to the VSB module.
tiation pad consisting of R402, R403A and B. and R404
and to IF TEST _30dB test lack on the front panel. 6, MODEL PUPF Bandpass Filters
HF LEVEL control B403A and B on the front panel al-
lows for adjustmsent if the attenuation provided by the The purpose of bandpass filters is to aissist in overcom-
pad from a minimum of 20 dB. The attenuated signal ing semiadjacent channel overload problems at the
is then applied througih T401 and T40-2 to a balanced head end. They may also be used )n the output if
mixer cunsisting of CR401 throu4h C13404. head end equipmeiit to eliminate spurious signals.

.1 shielded crvstal-controlled oscillator, Models CCO.* The filters are a Chebvshev type consisting of five
or ICO-*. consisting of Q901, Y901 and associated cir- quarterwave length hellicalv wound resonators. Input
cuitr generates the fundamental frequency which is and output from the fiters are through matching capac-
qsed to convert the IF input -o the desired output. The itors CO and C II which are tied to the 7-'s)hm points
*,scillatnr freqiiency in -midlules outuliting a high-band of the end resonators. Coupling eic:erscv is determined
or super-band channel is ioubled. The lundamenta1 fre- bv the spacing between the resonators and fine adjust-
iiuencv is also doubled in -nodules oucouting miud-band m ent is accomplished by varying trimmer ..apacitors
channels E through 1. The frequencv Jouibbing cirut (7 through CIO. The resonant frequency of *he indi-
consists of CR901. L903A .nd B. and Associated cir- vidual resonatnrs LI throuLgh US is adjusted bv the
cuitrv. Modules )utputing .a !ow-hand or high-band tuning screwvs in the center of ea.ch resonator These
channel have a separate coaxial -.able output from the tuining screwvs ..ssentiallv ..irv !he capacitance shunting
?ocal iSCilator. This lead ,oidbe yje-ted to the Per- e ich oiil and ire label-ed C I thrriigh C5



7. MODEL PSC-2 Pawo Supply applied to QIOl and Q102, reducing their conduction

The power supply model PSC-2 is designed to operate so as to produce current limiting.

from an input voltage of 100 to 130 V Q 60 Hz or Foldback is produced by connecting R107 to a refer-
24 V DC. It delivers constant output voltage of 20 V ence source formed by CR105 and R114. When the
DC. This unit is arranged in a self-contained plug-in output voltage drops during current limting, an addi-
module for the Commander Modulator. tional base current to Q103 flows through R107, mag-
The input voltage is connected to pins A and C of the rfying the effect of Q103 so that further limting takes

plug-in socket P101. From Pin A this voltage is con- place at a lower load current

nected to the fuse Fi01, the on/off switch, and to When the excessive load is removed, transistor Q103 is
transformer TIO. A power indicating light DS1I01 is turned off and the circuit operates normally.
connected from the emitter of QI01 to ground. Capacitor C106 is placed across the output to stabilize

The secondary voltage of transformer TI01 is applied the regulator against reactive loads.
to bridge rectifier CRI01-104. The rectified output is
fed to a filter consisting of capacitors C102-104, to the The positive and the negative potential are then con-
collectors of the series regulator transistor Q101, reg- nected to pins H and E. respectively, of the plug-in

ulator driver transistor Q102, and through resistor R114 socket P101.

and Zener diode CR 105 to ground. Pin F of P101 is provided to operate the power supply

The output passes from the emitter of QI01 through a from an external DC source of 24V. It is connected to

current sensing network consisting of R102. R103, the collector of Q101 through diode CR108 which pre-

R104, R105 and thermistor RT101 to the 20 V DC out- vents backup currents from flowing through this path,
put pin H of plug P101. and the process of regulation is completed in the same

manner as described previously.
Regulation is accomplished in the following manner:

The potentiometer R109 in the output voltage divider MAINTENANCE
circuit is adjusted to the desired voltage +20 V DC.
The wiper of R109 is connected to the base of Darling- I. The solid-state circuitry with resulting low power con-
ton amplifier Q104 which is referenced to Zener diode sumption should make the CCM- equipment virtually
CR106. Any change in the collector current of Q104 maintenance-free. All that may be required for proper
develops a change in the base voltage of the driver- operation are routine checks on signal levels and firm-
regulator Q102, which in turn drives the series pass ness of cable connections.
transistor QIOI into increased or decreased conduction,
thereby altering the base voltage on a negative feedback 2. Should it happen that for some reason a module be-
basis. The collector load resistors for Q104. R113, and comes inoperative, it should be replaced with a spare,
R112 are filtered by C105 to remove ripple, and the faulty one be returned to Jerrold Electronics

Corp. Service Dept. where it will be repaired at no
A portion of the voltage drop produced by the output charge under warranty conditions; otherwise it will becurrent flowing through R13 is developed across R04. repaired at a nominal charge.

R1O5, and RT101. This voltage is applied through R106
to the base of QI03. When this voltage, because of an 3. Where qualified personnel desire to repair a module on
overload, exceeds the semiconductor drop in the emit- site, the parts lists and schematic circuit diagrams gven
ter junction it turns Q10 3 on and the collector-emitter here will facilitate bench testing and repairing the de-
current path of Q103 bypasses the base-emitter signal fective unit.

C-12



INSTALLATION OF MODEL CST-4.5 2. Connect one of the jumpers supplied vith the CCM-C"

ON MODEL CCM.C* between the VIDEO termumdi on the CST-4.5 and the
INPUT terminal on the CCM-C rear panel Connect

1. Slightly loosen two of the screws holding the VSB as- the seaond jumper between the 4.5 MHz terminal on
sembly to the CCM-C* rear panel, then mount the CST- the CST4.5 and the 4.5 MHz IN terminal on the
4.5 through its keyhole slots and re-tighten the screws; CCM-C ° rear panel
See Fig. 6.

Fig. 6 Top View of Medil CST-4.-
Mounted on Model CCM.C CY-425

REPLACEMENT PARTS LIST REPLACEMENT PARTS LIST REPLACEMENT PARTS UST

MODEL DEP MODEL CST-4.5 MODEL PSC-2

DRAWING NO. CU3.13i DRAWING No. CUS3-168 DRAWING Ne. 0113-296
SCNtKATIC DESINATIOS 111101.9

SCiEriC DESIGNATIOIS I RI OR PART DISCAIPTIONS PART N SCNMIATIC DESIGNATIONS 19111101.
01 PAT OECRIPTIONS 'ART NPT a1n PUT DILCNIPTIONS PArT &

CAPACITORS CAPACITORS TRANSFORMER
C201. 223 1265214 C801CTORS124 T11 8141.260

C802. 805 128-538 T
C202. 221 126-212 C803 22&102
2.03. 222 126-034 C804 126-111 TRANSISTORS
C204, 05 126-168 C806 126-183 Q101 S130-270-15
C206.:07 126-087 0102 130-208
C208 126-194 CONNECTORS 0103 130-166

C209.,210. 211 126-156 J801. 802.803 CS21-155-0 0104 130-273
C212. 213 I 126-122
C214 126-124 FUSEC215. 216 125.033
C217.218 126-153 REPLACEMENT PARTS LIST FIOI 101-236

C219, 220 126-167
C=4 126-192 MODEL PSC-2 PILOT LIGHT

'ONNECTORS DSIOl 102020

i201. 202 8821-195 DRAWING No. D313-296 RESISTORS
scNuAtIC DESIMATIOe )[Kae RIOI 112.290

RESISTORS 0 PART OI5CRIPTIONS PARt ML R102 113-215
R201, 204 112-079 R103 112-128
R202. 203 112-101 CAPACITORS R104 112-054

ClOI 124-076 RiO5 112-179
C102. 103. 104 S127-161 R106, 108. 114 112-362
C105 127.075 RIO7 112-557
2106 S127-160 R109 S11841002
C107 S127-171 R10 112-232Rill 112-374
CONNECTORS R111 112374

III I. 113 112-410
PIOI 184074
TPIOI 185-133 SWITCH
TPI02 185-144 SIOI 162.018

DIODES THERMISTOR
CRIO1-104. 108 137-686
CR105 137.781 RTIO1 110-026
CRI06 137-738
CRI07 137-824

.01 data subiect to change wnthout notie. Published by

Z2 JERROLD ELECTRONICS CORPORATION

7 .. ,n: a DibI:c s Dep m t

Pnntcqj in L.S.A. OKE.iO,'4 435-439-)3



:20' 201

L20 O C 7 -V C11 4202 203 L200 C 20

C207 -,cZ,6 c2 22

I '_2

C215 CoZ ° 2 ° '2530_ 0 __1500 1j500 o V 7.
206 C' T c,(m 3750 201 -

00 § f.o222o

T ,o o , ?o q .

' 1L E5S o'Mf*WSE Sp %",Ell.

RESiST0*S ARE NVMS. 5%. '4-W DELAY EQUALIZER MODEL DEP
5 ALL CAPACv0*S ARE e

C863-130 REV. A

LOI 02 .LOIOA ceoz

C 40 <-G0
VIDEO IgoSO

IOUc. coe4 f VIDEO

IS Z S O 4 * MU N I

NOTE VIDEO AUDIO SEPARATOR MODEL CST-4 5

ALL CAPOCITO S ARE 1111 f 863-168 REV. A

C-14



C,,

n 6

- 0 
+ , " ! 

' o I )

, .

O 

- | € 

- - --

S o X

Now"

+ I- -

I I

I "+,. __ ,0

--- i--~ -

".-. 4 
. ,.

I.

¢- 5



0

07 7..

ol

CA

olo

-- VAVA, ----- 4

-00

U z

0 -3

fa ~



0 c0

0 0 y39C

C0

o m
0

-,00

OX 0
Z< 0 -

00

:L 0

fat

gIn

LA

-~~f w - . r .. e- E, W'::
,A Z 0 C

_ _ _ _ _ 0

-- --- _ _ _ _ _ _ _ _ _ _ __7



C-4

00

cn m

innC

0 co 0 0

In 0

In P-

0 02

-j2 z
0 0 0

00

0- 0

uj
(r

02 0

* -- C

Zu 4

cc.

-~-oC -1-



4 zz

C.4 2 (0)
00X

~0 UU (a ~(

0- z 0

100

Fn 0

a0 N
50 xi 0-* ("a(a

Q, cc

~ ~U.

0~~~ a ~ =~~

0 li tojii

(jjU

---- Z E --- -----

a-

-.x-

In 0 Un



IFA

0 - Cc

CC-

I z 2
fn 2 - N

00

00

4x 000

* S.. S

1 at

4 4

'Ai

t2~is 4 -. iA I



Q0

43 LL4

Ii Nt

-u 7

Ub a0 L

wl 0
cI

10 0

*12

-o z 4 g

0a



10 ow

Ii,

50 COD

-J
-ril

IfL

-20

, Q

>

i ~~~s i .. i 'IU

0

0 J

N4

C-22

- - - -I -- C

I •
- :

r-ln I, oI

5o C-22



.-.

Ci

U)L I

0< 4-4-

I C-2'

*V27



zQ

0 ql

I: a,...>

z. Z

-- 2 4



i
z

,~ ..... "-'

, I,

- I1 -

- . - . WI--

A-..-

e 1We I

, .

-4-W ; - i
'7-25~



-- --

-4 z - '

K A ,mt

UA Q .f 2 C- - 05!~Q Q R - -- deja - al, a,
=2C: C, oa4,5

CL -u~ --

uw q.) I- uc

w an
Lim ~ '~

MA 4

- -- - - 'a - a--,
4,.A a

LU .. 'I nfl((N 4*1fla:2 *fr. 0..l-0 Z a,



II ~II ~

- I' ii* a o
- S 2~.

II

- i
* * H

*- * 30
* a

1 a'k..,'~ * a -~

0 0 ~ ~

~ ! ~ A; 1~ g -
a S

a

-4----~i' S j I
0 I

a a

-@ I

Ca I,
I~~2 .4-

a

--------------------- ;~ ~

a -- 4eua
a

- - - - - -

C-27 A~



Sjj

- - ____ - - -i-il
~1~~ -~

~ ~I C

- - I. II 'I

$1 Iii~ ~-~I
~-,--*----I~~ K

5*, ~ j.~ ~j 12 1! j
V. *0 IIt

a ~ ~.1 I I ~!
-. *0 1r I!

.2

t"! 3~ I
-4---. *~.-~*

* F

.. ~J- ~ 01

I - ~ ~
.-. t-4

p 1.
- I

-I--I' 9
:i-N

-'

*~~0
____________________________________ 3,

I H
~ I V

.0 -~

-HI' .- VA--~

:!!'~3 e~t
0*

00 5 ~
0 *0 ~4-.*-*----* Ii

;1 i~ ,j ;~
r

0~

0~ , ~i;-4
II

i~ I:

-I -(..-~.S - - -

~~~~.~4~- V2j7:l



a. A*
- . - ' 40o t -

z ai

I'A W

LU 4
t30 -0N '. - -N,. -0, -2

ca a)

-3 -a - , - -

caa

40 6,

-
io

uj CZ 0- ci 2j 222.7222C)2 2t2)2 mw

88 8

%A~

z 4

1 4 - - - - a - ~ ~ ,t4 a .
z' N N N N N N N N - - - - - - - * . f fL6 . 2 0 7 . f . . . . . . N C e Je v . - f . .

Cb-

U UA 0 ~



i 

.
I II

--- . I - -

r -

* . *..

. I.

--- -- .-30

II i ll ll .. .. ..... ... .
-l : " .. . .. . .. ...j . .. . ... . .. . . ..J .. ..

5~...~' ~ *____________i



- __ ____ __ iji.~ ,~ 4

I ,-- 
i .'

': 1 - _ _ -_ _ _ . . . . .
*, N- ;i:

I I .-1.;

S ,,. ,.-- - . - - - - -. 7

• - i i , --- 4

,....!

I 'i

I

* 44._ I



II L

- ---- -

C-3- 4



00-

.9 ~ ~ -O-c. c o -

88818,888 888a SC,8

4c2

L 0 -I G(W 0 ~ ~
Int)c jucjQ4 . . 0 0C-) w 0 c. . ac Z<

fl 7 Q1 ~ 00~O
4LA((WtWW(- (O 00 (W WWWW W ~ Je ' ' N(J(

* 0 Z.

4 'A0.

.W.
2 0.

CL----- - (0 --

- - - - - N

C-33q



I !.

,+ ,_

.---

! - I i

-_.-.

-li

_ _ - - . ... . : .. .,,.,. .

__ _ _ __ _ __ _ _ 3 "-



I ag

I ~ i* I

:VT.

.~~~~~7 ..........



0 JERROLD ELECTRONICS CORPORATION Instruction Sheet
A subsidiay of
GENERAL INSTRUMENT CORPORATION 435-849-00

" UNI - DEMOD

TELEVISION DEMODULATOR Model UD-283 A

DESCRIPTION

Model UD-283A is designed for receiving all OFF-AIR television signals in the VHF and

UHF bands. Tuning is accomplished by modern varactor type tuners for all 12 VHF chan-
nels and for 8 UHF channels which can be preset by the user as required. The demodulator

has automatic fine tuning circuitry ( AFT ) for proper frequency acquisition and for pro-

viding the feedback necessary to maintain the quality of video and audio signals. The

video IF, sound IF audio, sound AFT, and metering circuits are individual plug-in

type cards for easy servicing. The unit provides audio monitoring via a front panel speaker

and video monitoring via the rear panel auxiliary output jack.

SPECIFICATIONS

RF INPUT TV channels 2 through 13 and any S preselectable

UHF channels: separate 75. VHF and UHF inputs.

R F TUNERS Varactor type with automatic fine tuning ( AFT i

RF SENSITIVITY 0 dBmV for high quality output.
NOISE FIGU RE . average VHIF: 9 dB: UHF: 12 dB
AUTOMATIC GAIN CONTROL Amplified sync derived.

IF REJECTION 60 dB.

VI-DEO IF: Bandwidth 3. - MHz at -6dB, for best group delay.
Adjacent Chl. Rejection Video: 50 dB: Sound: 60 dB.

VIDEO OUTPUT: main output 1 V p-p: with 1:6 dB level control range.

auxiliary output I V p-p fixed, for monitoring.
AUDIO OUTPUT: main output 600 2 unbalanced, with audio level control, front panel

loudspeaker and volume control monitoring,
auxiliary output 600 2 unbalanced for remote monitoring of AFT action.

RF TERMINAL MATCH, at 75 Q 15 dB minimum return loss, all terminals.

POWER REQUIREMENTS 117 V, 60 Hz, +10%, approx. 10 W.

INSTALLATION

1. Unpack the equipment and visually inspect it to ensure that no external damage was caused

during transport.

2. Install the unit in a 19 inch standard relay rack or cabinet: use the four 3,'" x 10-32 nickel-

plated mounting screws provided in the accessory bag.

OPERATIONAL SET-UP

1. Make sure the PWR switch is in the "off" position and that the fuse on the rear panel is

properly seated; then plug the line cord into a 117 V 3-wire ( grounded ) outlet.

2. Connect the c,).txial cahles. equipped with - F . type connectors, carrying the VH F and UI14F

C- 36



I.v

signals to their associated rear panel terminals.

3. Connect the video and audio outputs to a TV monitor or to a modulator which feeds a

standard TV receiver. If desired, connect equipment for remote monitoring of AFT

action to terminal 42 on the rear panel. If desired, connect a TV monitor to the AUX

video output terminal on the rear panel.

CHART OF CONTROL AND CONNECTOR FUNCTIONS

a. Rear Panel

INPUTS, VHF Off-air VHF channel input, 75 2 "F " type fitting.

U"HF Off-air UHF channel input, 75 02 "F " type fitting.

VIDEO OUTPUTS , MAIN Video output, single channel, 7502 SO-239 type fitting.
AUX Video output, fixed I V p-p level, 75 2 SO-239 type

fitting. for on-line video monitoring.-

AUDIO OUTPUT, terminal =1 600 ii unbalanced audio output.
terminal -2 Remote AFT monitoring.

terminal 43 common rround.
1 2 A SLO-BLO Line fuse.

b. Front Panel

PW\R. ON Lighted rocker switch apolies AC to unit.

Channel Selector Rotary Switch for selection of desired channel( A-H for UHF)

FINE TUNING Thumbwheel type control for presetting and fine-tuning
of desired channel.

AFT, ON Applies AFT operating mode.

OFF Bypasses AFT circuitry.

LEVEL, VIDEO Permits adiustment of MAIN video output level.
AUDIO Permits adjustment of AUDIO OUTPUT level at

terminal 1 ,)n rear panel with terminal #3 as common ground.

MONITOR VOLUME Volume control for front panel loudspeaker.

Meter Mode Switch., AFT Indicates VU-Meter status of AFT action.
VIDEO Indicates VU-Meter status of video output level.

AUDIO Indicates VU-Meter status of audio output level.

4. Set the PWR switch to the ON position and allow 30 minutes warm-up for the oscillator circ-

uitrv to stabilize with normal operating temperature.
5. Set the AFT toggle switch to the OFF position.

6. Turn the channel selector to the desired channel; the channel number ( 2-13,or 14 to 53 group
will also appear in the slot of the FINE TUNING control.

7. Use the thumbwheel for placing the red indicator in the slot at the top or the right hand edge

Of the channel number in the FINE TUNING control.

i. Check the TV monitor or TV receiver for best picture while adjusting the FINE TU NING

control thumbwheel.

9. Set the metering mode switch to the AFT position and the AFT switch to the ON position;
now check the position of the indicator on the }vU-meter and use the FINE TUNING control

for checking that the indicator will swina above and below center of scale. Then set the

control *or centeri'ng the indicator.
,0. Set the metering mode switch to the VIDEO position and adjust the VTDEO LEVEL contr)l

for center scale indication on the Vu-meter. At this indication, the unit is calibrated to de-

ver i i V p-p video siznal it 'he MAIN :eo .)utuut term:nal.



11. Set the metering mode switch to the AUDIO position and adjust the AUDIO LEVEL control
center scale indication on the Vu-meter. Note that at this indication the unit is calibrated
to deliver a 0 dBm audio signal at terminal #1 on the rear panel.

This completes the installation and operational set-up of Model UD-283A.

NOTE: Any Model UD-283A units requiring repair should be shipped, with freight and
insurance charges prepaid, to : Jerrold Electronics Corporation, Factory
Parts and Service Dept., 1322 Atlantic Street, North Kansas City, Mo. I41 16.

All data subject to change without notice.

( JERROLD ELECTRONICS CORPORATION
Technical Publications Dept.
BKE, 8/78 435-49-00
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APPENDIX D

- Released Apr. 1 175

A Rev. 1I Changed 0.D. .270 to .250 Sept. 11/75

3

PHSIALCARACTERISTICS U.S. System Metric System

1. '22 Ga Silver Plated Cooverweld 0.0253" nom. 0.642 mm
2.Soii Polvethelene 0.146Z" nom. 3.7C mm
3. _%Sti - 34 Ga cooPer 0.175' nom. 4.445 MM
4. 96% Braid - 34 Ga copoer 0.04" nom. 5.182 mm
5. Low temp -PVC - BlacK 020nom. 6.350 mm

Put-UPS - 500 ft. reels
1 .000 ft. reels

ELECTRICAL CHARACTERISTICS

Shielding - 90 db down nom.

Nom. Afttenuation

Frequency
(mhz) 5 30 s0 216 240 260 270 300

Attenuation (t 0.69 1.70 2.21 4.71 4.98 5.20 5.30 5.60
(db/100 ft)

fAttenuation (1) 2.263 5.576 7.249 15.448 16.334 17.056 17.384 18.3681
(d,0 meters

t La 68-F. (Attenuation varies :t1% per 10'F ambient variance)
$ @ 20*C. (Attenuation varies :t 2% per 10*C ambient variance)

0 -1 p. C.!.L TimES wIRE AND CABLE COMPANY

.5S 1ArbVi,,.gfd. Conn*c. ut,

~5 FRAC.. C"AKr
!nI-?04O HEPADEND

-cc'~. ,nio, R. .oICR 59/U DOUBLE COPPER ERA D

SIZE Owo NO.

Of -bo. 86 A SALES

~.,* ~ A',C.SC.A LE -jC r L SMEEt of I
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APPENDIX E

~7

D -DY

Coaxial TD

. -'

PECA's DS-2 is a solid state RF transfer switch which offers
many advantages over conventional diode, and reed switches.

High isolation: cable. This high degree of return loss makes it pos-
Shielding and construction techniques are carefully sible to match switches to each other in special test
controlled, reducing potential co-channel problems in equipment.
RF switching systems.

Compact, Low Power:
Low Insertion Loss: Because of its small physical size and low power con-
The design of the DS-2 allows a minimization of in- sumption, the DS-2 is an ideal choice for high density
sertion loss which can be important in switching low switching applications.
level signals.

Self-Termination: Reliable:
The OS-2 offers a unique feature of self-termination Because of its solid state construction the DS-2 offers
of its blocked port. (Some equipment must always see fast switching times and long life; also it can be

matched load-class C amp., some preamplifiers, etc.) mounted in any position.

Excellent Return Loss: Reasonable Price:
Possibly the most outstanding feature of the DS-2: Considering its performance and'quality the DS-2 offers
when closed it looks like a small piece of coaxial the most for your switching dollar.
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•~ ~~ ' :.-T.,:. : n'l, ",T 1,: 3 $3 ,c': T * 3 r 3', n

:-.' -QUENCY Usable to 500 '.'Hz
iAG.'GE 1 a 3CO.MHz At Reduced Specification

> 55 c3 !o 300 'Hz

> S3 c3 to 2Z: ',:-iz

Cc -: d rt > 30 dB t 330 0. H z I- ce

Con Port > 30 d3 ,o 300 r',Hz 7S ci.ns
oc; d Port > 16 dB to 3CC ,MHz 50 ohr;s on S.: if 7 st

< 0 5 :,B
LC SS

AtoC White -10V Red +1OV TackGnd. 20 na.
3 toC Whit +10V Red -iOV "-:kGGnd. , 23 ;,a.

S 7_E31/2, x 1Vill x 1 '

DS-2 See Price List
,OE3LS Custom Models C:ntact Factory

,1 ',' nl A1.,e. * ,:1,, .. '. 'ia, P3. 19114 ( (215) g-5 * -22-2_53 / . ..
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