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Fig. 5 - Transmission characteristic of channel separating networks.

frequency (IF) of 70 me. The IF signal is amplified and detected to yield
the original baseband intelligence, which is then further amplified. In a
diversity system, the signal is then fed to the diversity switch, which
selects either this signal or the one from the other receiver of a diversity
pair to be applied to the order wire and alarm panel. In this panel, the
baseband is split into two parts by high-pass-low-pass filters, the high
frequencies being used for the multiplexed message channels and the
low frequencies for order wire and alarm purposes. At a terminal, these
portions of the baseband are applied to appropriate terminal equipment.
At a repeater, any dropping or adding of message circuits that is desired
is done at this point, and the order wire and alarm operations are per-
formed. The two portions of the baseband are then recombined with
another set of high-pass-Iow-pass filters and supplied to the transmitter,
or transmitters for a diversity system, via a splitting pad.

A transmitter baseband amplifier increases the signal voltage to be
applied to the repeller of the transmitting klystron. The resulting fre-
quency-modulated RF signal is combined with outputs of the other
transmitters by means of channel separation networks and connected
to the antenna via the polarizer.
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The baseband-type of repeater just described is especially useful and
economical in short-haul microwave systems. Message circuits are fre-
quently dropped at repeater points. Having the message multiplex
frequencies available without requiring special terminal equipment, as
would be required in an IF-type repeater, is economically advantageous.
It also facilitates the order wire and alarm appearances.

4.2 Radio Transmitter-Receive'/'
The radio transmitter-receiver panel consists of the frequency-

modulated (FM) transmitter, a heterodyne-type FM receiver, a control
unit to provide certain metering and adjustment features, and one or
more channel separation networks appropriate to the application of the
bay. The radio transmitter section of the panel is shown in the more
detailed block diagram of Fig. 6. The transmitter baseband amplifier is
a three-stage feedback amplifier using Western Electric 150 germanium
diffused-base transistors. It provides a nominal voltage gain of 31 db
from the 75-ohm unbalanced input to the high impedance of the klystron
repeller, supplying a maximum voltage of eight volts peak-to-peak re-
quired to modulate the klystron ±6 me from rest frequency. Adjustable
over a gain range of ±4 db to accommodate the modulation sensitivity
of all klystrons, the amplifier has a frequency characteristic flat to ±0.4
db from about 100 cycles to 6 me. A photo of the amplifier and a typical
characteristic are shown in Fig. 7.

The transmitter output is obtained from a Western Electric 457A
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Fig. 6 - Transmitter block schematic.
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Fig. 7 - Transmitter baseband amplifier.

klystron oscillator, which is illustrated in Fig. 8. This tube was developed
specifically for the TL system with special emphasis in the design on
obtaining long life and a low frequency-vs-temperature coefficient.' The
same tube is used for the receiver local oscillator. Since both tubes are
operated in the 31 mode, only one set of voltages is required from the
power supply. Typical operating characteristics are summarized in
Table 1.

The average dependence of the power output of the tube upon its
operating frequency is shown in Fig. 8, from data on a typical tube.

The desired frequency stability for the transmitter and receiver is
achieved by controlling three important parameters of klystron opera-
tion: (1) the frequency-temperature coefficient of the tube; (2) the
electrode voltages; and (3) the klystron temperature environment. The
first is determined by the design of the tube itself. A low coefficient of
0.15 mc;oF or less has been achieved. The second is accomplished by
the design of an extremely stable power supply, aided by the fact that
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Fig. 8 - 457A klystron.
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the voltage-frequency coefficients of the repeller and resonator of the
tube are to a large extent canceling and that the small variation of the
-600 and -400-volt outputs of the power supply, as a function of
temperature, are in the same direction.

The third factor is controlled by an extremely well performing, yet

TABLE I - WE 457A KLYSTRON: TYPICAL OPERATING CONDITIONS

RF power output
Resonator voltage
Resonator current
Repeller voltage
Repeller modulating sensitivity
Electronic tuning range

Mechanical tuning range
Repeller capacity
Mechanical tuning sensitivity
Output
Heater current
Heater voltage
Oscillating mode
Frequency-temperature coefficient
Anticipated life

100 milliwatts (minimum)
400 volts
40 rna

115volts
1.5 me/volt (minimum)
116 me at 10.7 ge
80 mc at 11.7 gc

10.7 -11.7 gc
2.5 ppf, typical
1/3 me/angular degree
matched to WR90 waveguide
0.9 amp
6.3 volts
3t
<±0.15 mcfOF, mid-band
>40,000 hours
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Fig. 10 - Frequency stability of 457A klystron, power supply and VPC vs
ambient temperature.

coupler which gives two samples of the transmitted energy for monitoring
purposes. One sample is immediately detected for power monitoring;
the other is transmitted through a calibrated attenuator, high-Q cavity
filter, and then to a detector for frequency monitoring and deviation
adjustment purposes. This latter function will be described in the section
on maintenance and test equipment.

From the output of the directional couplers, the transmitted signal
is applied to the antenna system via the channel separation networks
previously described.

Fig. 11 - Isolator.
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Fig. 12 - Forward and reverse loss characteristic of the 1B isolator.

The radio receiver section of the transmitter-receiver panel is shown
in Fig. 13. The incoming RF signal from the antenna is selected and
routed by the channel separation networks to the propel' receiving
modulator through a bandpass filter, a waveguide tuner, and a waveguide
spacer. The filter provides attenuation to interfering out-of-band signals,
and improves the noise figure of the modulator by reflecting out-of-band
modulation products back into the converter in the proper phase. The
proper phase relationship is maintained at the different channel fre-
quencies by choosing a suitably dimensioned waveguide spacer, which
determines the electrical path length traversed by the modulation
products between the converter and filter. The modulator input im-
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Fig. 18 - IF and baseband unit.

4.3 Divcl'sity Switching A rromqemenis

4.3.1 General

It is expected that there will be many applications of TL radio which
take advantage of the most economical arrangement possible, that of
the nondiversity system. However, where the additional reliability is
required, a one-for-one frequency diversity system provides protection
against service interruptions caused by multipath fading and equipment
failures. In addition, alternate facilities are then available during main-
tenance periods. With diversity, these periods can be scheduled at con-
venient times.

The unit which selects the better of the two radio channels for diver-
sity operation is the diversity switch panel (Fig. 20). At each repeater
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Fig. 19 - Control unit.
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Fig. 20 - Diversity switch panel.

station, this panel selects one baseband output from the two receivers
and in turn supplies the selected output to the order wire and alarm
panel. The signals are split by means of a three-way pad and applied
simultaneously to two transmitters operating on two frequencies sepa-
rated by 240 me. The selection of the better signal from the receiver
output is controlled by a logic circuit utilizing information from two
pilot monitoring circuits and a signal comparator circuit.

4.3.2 Detailed Description of Diversity Switch Panel

A block diagram of the diversity switch panel is shown in Fig. 21. A
pilot monitor having a high impedance input is bridged across the base-
band output of each radio receiver to sense the presence of the 2600-
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Fig. 29 - Battery reserve vs temperature.

Fig. 30 - Power supply panel.



2336 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1963

Fig. 31 - AC distribution and lightning protection.
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and cross-modulation characteristics of the system is measured as a
function of the level of the "message circuits" applied to the transmitter.
Fig. 34 gives typical results of such tests on the Conway-Harrison,
Arkansas system.

The contribution of thermal noise to the total noise in a message
channel output will depend upon the carrier-to-noise ratio in the IF
amplifier at the limiter. The noise figure of the receiver, including the
three- or four-cavity bandpass filter preceding the modulator, is a max-
imum of 15 db at low RF signal levels, and averages somewhat less than
this. The relationship between the RF carrier level and the thermal
noise in the top channel of 240 channels in a typical link is shown in
Fig. 3.5 for a peak frequency deviation of ±6 me and a deviation per
channel 17.5 db below 6 mc for a O-dbmsignal at the zero transmission
level point. .

An important characteristic of the system from the standpoint of the
maintenance man is the performance of the order wire. The frequency
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Fig. 33 - Net loss stability vs temperature for one hop.
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Fig. 41-7-foot X 7-foot shelter equipped with two 5-foot paraboloidal
antennas.

5.3 Towers
An "H" frame wood-pole antenna tower specifically designed for TL

radio, as shown in Fig. 38, is available. This guyed structure, having
a maximum height of 60 feet, is particularly adaptable to installation
by telephone company plant personnel, since handling this type of avail-
able pole hardware is a commonplace everyday task with them. This
frame supports the antenna and reflector, and as many as four cabinets
(single-channel diversity repeater) can be accommodated. Where high
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Fig. 42 - Installation of small shelter.
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steel towers are required, a short "H" wood pole stub structure is used
to support the outdoor cabinets and vertically beamed antennas.

A new series of general-use lightweight steel towers, either guyed or
self-supporting ("e" type), is also available for use with TL Radio.
These towers vary in height up to 105 feet and are triangular in cross
section. The self-supporting tower is tapered from a 4-foot face at the
top to approximately 17 feet at the bottom of a 105-foot tower. The
guyed tower has parallel sides 2 feet in face width. Both of the above
towers are designed to support two 6 X 8-foot reflectors up to maximum
height or two 5-foot or lO-foot paraboloidal dish antennas up to a maxi-
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mum recommended height of 75 feet. Both the "H" pole and steel struc-
tures are designed to withstand wind loads of 30 pounds per square foot.

5.4 Waveguide lvIoisture Problems

Many microwave stations provide equipment for charging the wave-
guide runs with dry air to minimize the possibility of water in the wave-
guides through condensation or leakage. In TL radio stations, where
the lengths of horizontal waveguide runs are short as compared to the
vertical runs, use is made of a waveguide "T" junction as a drain to
prevent the accumulation of condensation or moisture at the bottom
of the vertical waveguide run. In central offices where long horizontal
runs may be encountered, available dry air systems may be used. In
the TL radio shelter, a barrier (waveguide pressure window) is placed
in the waveguides at the wall entrance plates to prevent breathing and
possible condensation.

VI. MAINTENANCE AND TEST EQUIPMENT

6.1 General
The basic objectives of the TL system design, from the maintenance

viewpoint, were to keep the testing to a minimum, to use simple proce-
dures, and to require no elaborate test equipment. For the more com-
plex circuitry, this was achieved by designing stability into the circuits,
making the circuits easily replaceable, and requiring only simple over-all
measurements for the determination of proper operation. If a unit is
determined to be faulty, the whole unit is replaced. Many of the meas-
urements are simple voltage and current measurements, so the means
for accomplishing them have been built-in to achieve a high degree of
convenience.

6.2 Built-In Test Features

A quick and convenient determination of the operating condition of
a radio transmitter-receiver panel can be made by observing the two
meters on the control unit. One is a zero-center meter which is used to
monitor the IF frequency or the transmitter frequency. The second is a
multi-scaled meter which can be used with a multiposition switch to
monitor the klystron voltages and currents, battery voltage, modulator,
diode currents, RF power output, received signal level, and the regu-
lated transistor circuit supply voltage.

As mentioned in the section describing the transmitter, a diode de-
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tector, a high-Q invar cavity bandpass filter, and a two-position at-
tenuator are used for monitoring transmitter frequency and adjusting
transmitter deviation. A sample of the transmitter output is passed
through the cavity filter for frequency monitoring. The filter is tuned
to the particular transmitting frequency of the bay. When the trans-
mitter is "on frequency," the reading on the control unit meter will be
a maximum. When the transmitted RF carrier is frequency modulated,
the detected output through the cavity filter will decrease because the
sidebands that are generated (and take some of the power previously
in the unmodulated carrier) are attenuated by the cavity filter. The
reduction obtained can be calibrated for a given deviation, modulating
frequency, and cavity filter. This calibration is made in the two-position
attenuator in its "loss" position. Thus, by applying a particular fre-
quency (100 kc is used for TL) at a given level, the transmitter base-
band amplifier gain control is adjusted to give the same reduction in
output from the cavity filter as is obtained when the attenuator is in
its calibrated loss position and the carrier is unmodulated. Without this
adjustment, klystrons having different modulation sensitivities being
periodically put into the system would cause excessivenoise in the mes-
sage channels because of improper deviations.

Another transmitter adjustment built into the control panel is a simple
means for improving klystron deviation linearity. It was determined
that near-optimum linearity could be obtained by offsetting the repeller
voltage by a small fixed amount from that which gives maximum out-
put power. A final frequency adjustment is then made with the klystron
cavity tuning.

Other built-in maintenance aids are pin jacks on the order wire and
alarm panel, IF and baseband unit, transmitter baseband amplifier,
and power supply which bring out important operating points primarily
for trouble location.

6.3 Test Sets
The main item of test equipment for the TL system is an especially

designed portable unit comprising three main sections: (1) the signal-
generating section, which supplies IF and baseband frequencies for
various tests at calibrated levels; (2) the voltmeter section, which per-
mits measurement of baseband levels; and (3) the attenuator section,
which permits adjustment of IF and baseband signal levels. Fig. 43 is a
photograph of the unit, which measures approximately 10 X 10 X 16
inches and weighs less than 30 pounds.

This unit uses solid-state circuitry and is ac powered. With it, the
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Fig. 45 - Billings-Hardin TL system.

7.2 Denver-Limon-Burlington System

Originally, this 8-hop TL system, shown in Fig. 46, extended eastward
from Denver 85 miles to Limon and from Limon eastward 78 miles to
Burlington. This system has now been extended two more hops to
Cheyenne Wells. Initially equipped with 24 channels of ON, this rapidly
growing system now carries 36 channels between Denver and Limon
and 52 channels between Limon and Burlington. This system employs
one-for-one frequency diversity protection.
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