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Fig. 22 - Grounding technique. 

input to the baseband amplifier that little voltage gain is needed and 
the amplifier noise is relatively unimportant. The controlling design 
requirements for this amplifier were impedance transformation to the 
124-ohm output, differential balance, and frequency response. The 
low-end frequency response of 3 dB down at 0.6 Hz led to the choice 
of dc coupling between stages and a circuit configuration permitting 
the use of low-voltage output coupling capacitors to minimize space 
requirements. 

Emitter followers were chosen for the input stages of the amplifier 
to provide a high impedance load for the discriminator. Resonant 70 
MHz traps in the emitter follower outputs attenuate the IF signal and 
its harmonics. These IF signals are further attenuated by the low pass 
filter in the amp1ifier output to be less than 3 millivolts from tip or ring 
to ground. The high end frequency response is controlled by an adjust­
able RC filter which is connected between the inputs of Q6 and Qs 
to adjust the over-all transmitter and receiver frequency response flat 
to ±0.1 dB from 6 Hz to 10 MHz. 

The baseband signals from the two halves of the discriminator 
must be subtracted to cancel their first-order nonlinearities. The dif­
ferential amplifier, Q6, Q7, and Qs, performs this combining function. 

An optional IF level alarm is used to detect the loss of IF signal 
in the receiver. The discriminator diode detector outputs are dc 
coupled through the baseband amplifier to the emitters of Q6 and Qs. 
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The IF level on both halves of the discriminator as well as baseband 
amplifier bias conditions are therefore monitored by summing these 
emitter voltages. The monitored voltage is stored in a capacitor and 
compared to a reference voltage by a zero center, latching-type, meter 
relay. The meter relay will operate with either an increase or decrease 
in monitored voltages equivalent to 3 dB changes in IF level at the 
discriminator. The capacitor smooths rapid voltage changes to pre­
vent alarms on hit type failures. It also stores sufficient energy to 
latch the meter relay when circuit power is removed. The meter 
relay contacts energize alarm relays in the control unit to provide 
external alarm indications, and a local visual indication of trouble. 

4.4 Receiver control Unit 

The receiver control unit serves the same purpose and is very similar 
to the corresponding transmitter unit. In this case, however, the 
meter relay which responds to loss of IF signal at the discriminator 
is located on the discriminator-baseband amplifier unit. 

V. POWER REQUIREMENTS 

The FM terminals operate from a -24 volt office battery. The 
transmitter requires a maximum of 3.0 amperes from the -24 volt 
supply (signal battery) with a typical requirement of 1.5 amperes 
at ambient temperatures around 20°C. The dependence on tempera­
ture results primarily from variations in power requirements on the 
deviator oven. The -24 volt receiver drain is 0.75 ampere. "\Vhen 
equipped with alarm and control units, the transmitter and receiver 
each require a maximum of 0.2 ampere from the -24 volt alarm 
battery supply. 

In both the transmitter and receiver, the signal battery supply is fed 
through a voltage regulator providing an output of - 20 volts ± 1 per­
cent. 

VI. TANDEM PERFORMANCE 

Based on laboratory and production experience, the tandem per­
formance of the FM transmitter and receiver has shown a very satis­
factory degree of reproducibility so that the quoted performance 
can be regarded as typical. Compared with similar vacuum tube 
equipment, performance variations with time are relatively small 
and in most instances there is not yet enough experience to quan­
titatively characterize the stability. 
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6.1 N O1'se Load Performance 

The most satisfactory measure of terminal performance from the 
standpoint of message applications is based on the use of band­
limited fluctuation noise to simulate the multi-channel speech load. 
Noise and cross-modulation performance measured in this manner 
is presented in Figs. 23, 24, and 25 corresponding to 600, 900, and 
1200 channel message loading, respectively. The performance at ref­
erence drive with 1200 channel loading is well within the TD-3 ob­
jective of 21 dBrneO. 

6.2 Fluctuation Noise 

Fluctuation noise, generated by a tandem transmitter and receiver, 
and measured at the receiver output, is shown in Fig. 26. This total 
noise is made up of several distinguishable contributors as indicated 
in the figure. Fluctuation noise at high baseband frequencies is con­
trolled by the noise figure of the transmitter amplifier-limiter which 
has a relatively low input signal power of -26 dBm. In the baseband 
region below about 1 MHz, the main fluctuation noise sources in 
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Fig. 24 - 900 channel noise load performance of a terminal pair;, reference 
drive at -23.5 dBm. 

order of importance are the transmitter baseband amplifier, the 
deviator, and the receiver. 

For television, in addition to the spectral nature of the noise, the 
ratio of signal to total noise is of interest. This is usually expressed 
as the ratio of peak-to-peak video signal to weighted (rms) noise 
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Fig. 25 - 1200 channel noise load performance of a terminal pair; reference 
drive at -23.2 dBm. 
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Fig. 2,6 - Composition of FM terminal fluctuation noise. 

where the color weighting curve is as shown in Fig. 27. For the noise 
measurement, the weighted baseband noise is generally separated 
into two regions, one encompassing the low frequency end of the 
band up to 4 kHz and the other encompassing the range from 4 kHz 
up to approximately 4.5 MHz. The noise is measured at the FM 
receiver output following the video de-emphasis network. Typical 
values for signal-to-weighted low frequency noise and signal-to­
weighted (color) high frequency noise are 91 and 84 dB, respectively, 
meeting the corresponding 40 and 73 dB objectives with a comfortable 
margin. 

6.3 Baseband Amplitude Response 

Figure 28 shows a typical baseband response characteristic. 
For television purposes the low frequency response is frequently 

characterized by the response to a 60 Hz square wave. Slope on the 
square wave output, expressed as a percentage of the peak-to-peak 
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Fig. 27 - Color TV noise weighting curve. 

signal is a measure of the phase fidelity at the fundamental frequency. 
Typical slope, measured at the output of a 3A terminal pair, is 1.5 
per cent, which is consistent with a lower 3 dB cutoff frequency of 
approximately 0.5 Hz. 

6.4 Differential Gain, Differential Phase and Linearity 

With 8 MHz peak-to-peak deviation, the differential gain is 0.1 
dB and the differential phase is 0.15 degree; both are predominantly 
linear in shape. Since pre-emphasis reduces the low frequency video 
components by 12 dB, the differential gain and phase experienced 
by the TV signal will be a factor of four less and is therefore well 
within the design objectives. Over-all nonlinearity is primarily deter­
mined by the transmitter which has a residual parabolic component 
of typically 1.5 per cent for 8 MHz peak-to-peak deviation. 

I 

1/ 
1 

0.01 0.1 I 10 100 1000 10,000 
FREQUENCY IN KILOHERTZ 

Fig. 28 - Baseband frequency response of a terminal"pair. 
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Fig. 29 - Envelope delay distortion of a terminal pair. 

6.5 Envelope Delay Distortion 

For all practical purposes the F1VI transmitter and receiver are sep­
arately delay equalized. In the transmitter there is residual envelope 
delay distortion of approximately 2 nanoseconds parabolic at ±10 
l\IHz. The residual delay distortion of the over-all terminal pair is 
shown in Fig. 29. 

6.6 Spurious Transmitter Output Tones 

Spurious tones present in the deviator output are band-limited 
and amplitude-limited in succeeding portions of the transmitter. The 
resulting relative amplitudes of these spurious tones are listed in 
Table II. 

VII. TEST FACILITIES 

Because of the expected frequent application of 3A FM terminals 
in existing TD-2 stations, it was decided to make maximum use of 
existing terminal test facilities. For the maintenance of 3A terminals, 
the TD-2 FM terminal test console is supplemented by a new test 
panel which replaces a blank panel in the test console. The composi-

TABLE II-OUT-OF-BAND TONES AT THE FM TRANSMITTER OUTPUT 

Tone frequency 
(MHz) 

23.33 
46.67 
93.33 

116.67 
140.00 
186.67 
256.67 

Product 

4V-3C 
3V-2C 
5V-4C 
2V-C 
2C-2V 

V 
C 

Power relative to 70;MHz 
IF output (dB) 

<-87 
,..-76 
-79 
-69 
-23 
-86 

<-87 
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tion and functions of the test panel are described fully in Ref. 8. 
The general approach to maintenance testing has been to confine 

routine tests to input-output measurements. Trouble on individual 
units is isolated by substituting a spare unit for the suspected de­
fective unit. 

VIII. EQUIPMENT FEATURES 

All maj or components in the 3A transmitter and receiver are 
plug-in units for easy replacement and maintenance. They are 
located in an open box framework suitable for mounting on a 19-inch 
duct bay. The transmitter has two rows of plug-in units totaling 
10% inches high. The receiver has one row of units totaling 51,4 inches 
high. The transmitter and receiver weigh a bout 45 and 18 pounds, 
respectively. 

The terminals also are available in portable carrying cases. A 
companion 117 volt, 60 Hz rectifier unit is available with an output 
capacity of 4 amperes at -24 volts. This unit can power a transmitter 
or receiver individually or both units simultaneously. Since the FM 
receiver may be used more frequently in portable form and because 
its power requirements are modest, an optional 117 volt rectifier unit 
is available, mounted inside the rear cover of the receiver case. In 
all instances the portable terminals are equipped for optional con­
nection direct to the -24 volt office battery. Figure 30 shows the 
portable terminals with front covers removed and stacked for use. 

APPENDIX 

A.l Linearity of Varactor Diode Voltage Controlled Oscillator 

In the region where a quasistationary analysis is appropriate, the 
relationship between instantaneous frequency and modulating volt­
age may be expressed as a power series of the form 

f(v) = fo + 2: aiv' 
i 

where f(v) = instantaneous oscillator frequency 
fo = oscillator rest frequency 
v = applied signal voltage. 

(1) 

Using an approach similar to that discussed in Appendix A of Ref. 
3, the following relationships can be defined in terms of the coef­
ficients in equation (1). 
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Deviation sensitivity 

First order nonlinearity = 4a22Af 
at 

Second order nonlinearity = 3a33Ar 
at 

where Ai == peak frequency deviation. 

Fig. 30 - Portable transmitter and receiver equipped for dc operation. 

1455 

(2) 

(3) 

(4) 
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Notice that equation 3 defines peak-to-peak nonlinearity in con­
trast with Ref. 3, which defines the peak value. The choice is some­
what arbitrary except that the peak-to-peak definition is more in 
keeping with values commonly measured on linearity test equipment. 

Consider the parallel resonant tank circuit of a voltage controlled 
oscillator as shown in Fig. 31. 

L = effective shunt inductance 
Cs = total stray capacitance 
C.(v) = varactor diode capacitance. 

The resonant frequency of this circuit is 

f(v) = 2~ [L(Cv(v) + Cs)r l/2
• 

The diode capacitance Cv(v) can be written in the form 

C.(v) = (Vo

C
-+- vf 

(5) 

(6) 

where Co is constant, Vo is the fixed bias voltage on the diode junc­
tion and n is an exponent which depends on the doping profile at the 
diode junction. For abrupt junction diodes n is approximately 112 while 
the exponent for graded junction devices is close to 113. 

By substituting equation 6 in equation 5 a closed form expression 
for f(v) in terms of the modulating voltage v is obtained. This ex­
pression can be expanded in a MacLaurin series about v = 0 and the 
resulting coefficients can be equated with those in equation 1 to give 

at = ;~o (1 - g;) (7) 

a, = ~ (21;), (1 - g;)(n - 3n g~ - 2) (8) 

1 nfo ( Cs) 
a3 = (3 (2 Vof 1 - C B 

. [n' - 6n + 8 - 6n(2n - 3) g; + 15n'(gJl (9) 

Fig. 31- Voltage controlled oscillator tank circuit. 
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In the above expressions, C B is the total tank circuit capacitance 
with v = 0 or 

CB = Cs + ~~. (10) 

Equations 7, 8 and 9 may now be substituted III equations 2, 3 
and 4 to yield the following results. 

Deviation sensitivity = ;~o (1 - g~) (11) 

b. f [2 (n - 3n ~ - 2 )] 
First order nonlinearity = -t' B ) (12) 

a (1 C .• n --CB 

Second order non-linearity 

= (b.fr[n2 - 6n + 8 - 6n(2n - 3) ~ + 15n2(~rl. (13) 

to 2n2( 1 - g~r 

Notice that the deviation sensitivity is inversely proportional to 
the bias voltage and that the nonlinearities depend on the percentage 
deviation. 

A.2 Linearity of the Heterodyne Deviator 

The heterodyne deviator in the 3A transmitter uses two voltage 
controlled oscillators whose rest frequencies differ by 7011Hz and 
which are deviated by baseband signals in antiphase. The desired 
difference frequency at the mixer output may therefore be expressed as 

f(v) = fh(V/2) - ft( -v/2) = fOh 

- fat + L (1/2)i[aihvi - aile _V)i] (14) 
i 

where the subscripts hand f refer to the high and low frequency oscil­
lators, respectively. Also notice that v in equation 14 is the total balanced 
input voltage to the deviator which accounts for the (!) i term in the 
power series. 

With Val and CsdCBI defined, there are two degrees of freedom in the 
high frequency oscillator, namely, VOh and c.h/e Bh . This permits satis-
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fying two arbitrary conditions by appropriate choice of these quantities. 
In the 3A deviator it was chosen to design the two oscillators with equal 
sensitivities and equal a2 terms. To satisfy these requirements, Gah/GBh 

must be related to G.e/GBt in the following way. 

2(n + 1)(1 - g;:) 
(15) 

3n(1 - GBI) _ fOh _ fOh [n - 3n G31 - 2J 
GBI fOI fOI GBI 

When the preceding conditions have been satisfied, the first order 
nonlinearity is zero and the dominant second order nonlinearity is given 
by 
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TD·3 SYSTEM: 

Test Equipment 

By R. T. COONEY, F. M. KLISCH, and C. P. SUSEN 

(Manuscript received January 4, 1968) 

This paper describes the transmitter-receiver test set and the FM termina 
test panel, designed for maintaining the T D-3 radio equipment, and 
discusses the instrumentation and measuring techniques used to achieve 
accuracy consistent with the high performance of the TD-3 system. Circuits 
of special interest are covered in some detail. 

1. INTRODUCTION 

The TD-3 test equipment for routine maintenance and trouble­
shooting procedures is designed to match the high performance of 
the TD-3 system and is simple and convenient to operate. The units 
have good long term stability and may be readily interconnected for 
testing or self-calibration. This is desirable because much of the TD-3 
equipment is located in remote, unmanned sites where testing time 
must be kept to a minimum. 

The equipment consists of a transmitter-receiver test set mounted 
in a rolling console and an FM terminal test panel mounted in (and 
used with) the existing TD-2 FM terminal test set. 

The maj or functions of the test set are to measure amplitude and 
return loss in the 3700 to 4200 MHz (RF) and the 50 to 100 MHz 
(IF) frequency ranges, AM noise figure, frequency, and RF and IF 
power. These are similar to the functions of other test consoles,!. 2 

but significant advances have been made in implementation. Solid 
state devices and RF coaxial instrumentation made such advances 
possible. Accurate IF frequency markers, low level power measure­
ments, and direct reading frequency measurements are used exten­
sively. 

The FM terminal test panel is designed to enable the T'D-2 FM 
terminal test set to test TD-3's 3A FM terminals. A major influence 
to this approach was that the 3A terminals3 are now standard equip­
ment in TD-2 production and are replacing TD-2 terminals in the 
TD-2 improvement program. Because many 3A terminals are being 

1459 
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installed in TD-2 stations, it was decided to use existing terminal 
test equipment wherever feasible. The test panel has the greater ac­
curacy required for 3A terminals. 

The new test panel, which replaces a blank panel in the TD-2 FlYI 
terminal test console,2 measures FIV[ transmitter deviation sensitivity, 
deviator oscillator frequencies, baseband transmission, and sensitivity 
of the frequency alarm and level alarm circuits. 

II. TRANSMITTER-RECEIVER TEST SET 

The transmitter-receiver test set is used to measure IF and RF 
amplitude characteristics, IF and RF return loss, IF and RF power, 
frequency, and Al\1 noise figure. Its major instruments are the IF 
and RF sweep oscillators, RF and IF detectors, oscilloscope, power 
meter, counter, IF amplifier, and noise lamp. They are integrated into 
a single console with a common control circuit, their power supplies, 
and peripheral equipment. The common control circuit is a centralized 
point for interconnecting many of the instruments. 

Figure 1 shows the console, which also houses cables, coaxial to 
waveguide transducers, attenuators, and similar items. 

2.1 Design Considerations 

In recent years high quality test instruments have become increas­
ingly available from many sources. Such instruments have been in­
corporated in the test set, usually with minor modifications. New 
circuits were developed to perform specific functions for which instru­
ments were not available. 

One of the most stringent functions that the test set must perform 
is to measure amplitude deviations of approximately one hundredth 
of a dB on IF to IF, IF to RF, RF to IF, and RF to RF measure­
ments. This usually is achieved in laboratory and factory test ap­
paratus by the comparison technique; that is, comparing the ampli­
tude characteristic of the unit being tested with the characteristic of 
a known standard. But this is not practical for field tests. 

The TD-3 transmitter-receiver test set uses the simpler and more 
economical direct method of amplitude measurement, which consists 
of inserting the unit to be tested between a signal source which has 
constant amplitude vs frequency and a detector which gives constant 
dc output vs frequency. This method trades the complexity of the 
comparison method for more stringent requirements on the swept 
signal source and the detector. 
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OSCILLOSCOPE 

POWER METER 

Fig. 1-The transmitter-receiver test set. 

Measuring amplitude deviations of approximately one hundredth 
of a dB by direct techniques ideally would require test apparatus 
with deviations much less than 0.01 dB. This is beyond present tech­
nology. The over-all deviations in the test set IF amplitude measur­
ing apparatus are less than 0.15 dB from 60 to 80 MHz and in the 
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RF apparatus the deviations are less than 0.02 dB over any 20 MHz 
portion of the band. This is considered sufficient for routine TD-3 
maintenance and adjustment. 

The test set components must have excellent level stability and 
low power supply "hum" to display amplitude characteristics on the 
oscilloscope at high sensitivities. The sensitivity may be as high as 
0.05 dB per centimeter of vertical oscilloscope deflection. This corre­
sponds to an oscilloscope sensitivity of approximately 1 mv per cen­
timeter. The level stability of the IF and RF units must be such 
that the oscilloscope trace changes considerably less than 0.05 dB 
while the measurement is being made and the power supply hum 
must be kept much lower than 1 mv. 

The required stability was achieved by using stable power sup­
plies/ temperature-compensated circuitry, and feedback techniques. 
Power supply hum is kept satisfactorily low by using low ripple 
power supplies,4 by eliminating ground loops, and by shielding dc 
leads from transformers, motors, and other sources of power supply 
hum. Ground loop problems have been severe in other test sets,! 
particularly when connected with radio bays whose ground potential 
is slightly different from the test set ground. The TD-3 test set 
eliminates the ground loop by using an IF detector mounted in the 
test set and by using a dc block with the RF detector. The total 
power supply hum on the test set oscilloscope trace is less than 0.001 
db, or 0.2 mv. 

Coaxial cables rather than waveguides are used through the RF 
portions of the test set for compactness and the convenience of the 
operator. Impedance interactions from the cable connecting the input 
of the unit being tested to the test set are eliminated by using a 
leveling detector. This detector is located at the end of the coaxial 
cable at the input to the unit being tested and provides a dc control 
voltage to regulate the output power of the RF oscillatpr. This 
insures a constant input level to the unit being tested regardless of 
any distortions introduced by the connecting cable. The output power 
of the IF oscillator is regulated within the test set since impedance 
interactions in the IF connecting cables are small. 

2.2 Transmission Measurements 

Figure 2 illustrates the method of making transmission measure­
ments. Either the RF oscillator or the IF oscillator may be the 
signal source. Similarly, either the RF or IF detector may be used. 
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RF OR IF 
DETECTOR 

This permits measurement of any IF or RF unit, modulator, or 
combination of units. The oscillators give constant output power 
and the detectors have flat frequency responses over their respective 
bands. This permits a direct display on the oscilloscope of the ampli­
tude characteristic without the necessity of any corrections for test 
set characteristics. 

The amount of patching required is kept to a minimum consistent 
with test set flexibility. The desired mode of operation is selected by 
a control switch which connects the output of the appropriate detec­
tor and frequency marker through the control circuit to the oscillo­
scope. The control circuit alternately connects the test signal and a 
dc reference voltage to the oscilloscope at a 31 Hz rate. 

The oscilloscope display consists of a plot of the amplitude charac­
teristic vs frequency of the unit being tested with appropriate 
frequency markers and a dc reference line. The vertical sensitivity 
is variable to 0.05 dB per cm maximum sensitivity. The sweep width 
is variable from 0 to 50 MHz and from 0 to 500 MHz for the IF 
and RF oscillators, respectively. 
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2.3 IF Return Loss 

The IF return loss bridge shown in Fig. 3 measures IF return Joss. 
The bridge separates the 'wave reflected from the unit being tested 
from the incident wave, and returns it to the test set to be amplified, 
detected, and presented on the oscilloscope. The oscilloscope displays 
return loss vs frequency. The dc reference line provides a calibrated 
reference which is set with the test set IF attenuator. IF frequency 
markers indicate frequency. The accuracy of the measurement is 
± 1.5 dB when measuring 40 dB return ]osses. Lower return losses are 
measured with correspondingly better accuracy. 

The bridge technique overcomes the disadvantages of directional 
coupler and refiectometer methods sometimes used. A directional 
coupler has a 6 dB per octave frequency characteristic which must 
be compensated for when displaying the return loss characteristic. 
This is generally difficult to achieve with sufficient accuracy. The 
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return loss bridge has a flat frequency response and requires no com­
pensation. Reflectometer measurements using amplitude modulation 
of the test signal are affected by nonlinear elements in the test circuit, 
thus resulting in poor accuracy. No modulation is required with the 
bridge method. 

2.4 RF Return Loss 

With this test set, RF return loss measurements can be made only 
on circuits having the reflecting discontinuity located at a consider­
able electrical distance from the test equipment. This restriction was 
imposed because it satisfies the TD-3 system requirements and al­
lows a simple measurement technique to be used. The technique 
consists of combining the incident and reflected waves in a detector 
by means of a power divider as Fig. 4 shows. As the frequency of 
the oscillator is varied, the phase difference between the incident and 
the reflected wave changes. For the normal 20 MHz sweep width and 
waveguide lengths of greater than 10 feet, several in phase and out 
of phase conditions exist over the swept frequency range. The output 
of the detector changes as the phase changes, thus producing a ripple 
on the oscilloscope. The amplitude of the ripple is a function of the 
return loss, and the frequency spacing of the ripples is a function 
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Fig. 4 - RF return loss measurement. 
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of the electrical distance between the power divider and the point of 
reflection. Thus, information on the magnitude and location of the 
reflection is obtained from this measurement. 

The magnitude of the peak to peak ripple in dB may be deter­
mined from the calibrated oscilloscope display. The ripple amplitude 
may easily be converted to return loss. As shown in Fig. 4, the mag­
nitude of the incident wave at the detector input is Ei and the magni­
tude of the reflected wave is Er12. The factor of 112 takes the 6 dB 
loss of the power divider into account. When the two signals are in 
phase the input is Ei + Erl2 and when the signals are out of phase 
the input is Ei - Er12. The magnitude of the ripple (R) in dB IS: 

R = 20 I [Ei + Erl2J = 20 I [I" + Ir l/2J. 
og Ei _ Er/2 og 1 - Irl/2 

r = reflection coefficient = EriE, 

Solving (1) for l' 

[
10

R
/

20 
- IJ 

Irl = 2 10R / 20 + 1 . 

But, return loss (RL) = -20 log III l' I 

[ 
10R/20 + 1 J 

RL = 20 log 2(10R/20 _ 1) . 

Figure 5 is a plot of equation (2). 

2.5 Frequency M arlcers 

(1) 

(2) 

Both IF and RF markers are provided to indicate frequency on 
swept measurements. Three IF markers are provided; two use crystal­
controlled tuned circuits and one uses a variable oscillator. The mark-

o~----------~----------~ 
0.1 1.0 10.0 

PEAK-TO-PEAK RIPPLE AMPLITUDE IN DECIBELS 
(LOG SCALE) 

Fig. 5 - Conversion of ripple amplitude to return loss. 
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ers are driven by a sample of the IF swept signal and appear as 
"birdies" on the oscilloscope presentation. The variable marker can 
be shifted from 55 to 95 MHz; the frequency is read directly on the 
counter, which minimizes marker frequency error. The "birdie" width 
is such that the frequency of any point on an IF characteristic can 
be determined within 0.1 MHz. 

Figure 6 is a schematic diagram of the IF marker circuit. The 
circuit consists of a 55 to 95 MHz oscillator associated with tran­
sistor Ql and two tuned circuits consisting of a 64 MHz and a 76 
MHz crystal. When the IF swept signal coincides with the frequency 
of the crystals or the oscillator, a "birdie" is produced at the collector 
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Fig. 6 - IF marker circuit. 
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of Q2. The "birdie" is amplified by transistors Q3 and Q4 and applied 
directly to the oscilloscope display. Amplitude controls are provided 
to adjust the amplitude of the markers. 

The IF markers are used for IF to IF, IF to RF, and RF to IF 
measurements. When the IF oscillator is used in the measurement, 
the sample of the IF swept signal is obtained from the IF oscillator. 
When the IF oscillator is not used, the sample of the IF swept signal 
is obtained from the IF detector. In each case, the output of the 
marker circuit is added directly to the oscilloscope display and does 
not pass through the unit being tested. 

The RF marker is provided by a resonant-cavity frequency meter 
which is lightly coupled to the output of the RF oscillator. The fre­
quency meter has a diode rectifier "\vhich provides a dc pulse when the 
frequency of the RF oscillator is at the resonant frequency of the 
cavity. The pulse is added directly to the scope presentation in the 
same manner as the IF markers. The RF frequency can be measured 
to about ±O.6 1\1Hz accuracy. 

The RF marker is used for RF to RF measurements and is avail­
able for RF to IF measurements. Its use for RF to IF measurements 
is usually limited to calibration because of the more accurate and 
more convenient IF markers available. 

2.6 Power IJ([ easurements 

The thermocouple type power meter measures IF and RF power 
from + 10 to -30 dEm, to an accuracy of 0.3 dB or better at room 
temperature. It consists of an indicating unit and three separate 
power heads, each of which houses a thermocouple. The head used for 
IF measurements has an impedance of 75 ohms. The heads used for 
RF measurements each have an impedance of 50 ohms. The IF head 
and one of the RF heads are used for measuring power outside the 
test set and are accessible by front panel connectors. The other RF 
power head is connected to a monitor point on the RF oscillator 
and provides a continuous measurement of the RF output level. This 
allows the output of the oscilln tor to be changed a known amount 
without the use of a precision variable attenuator. 

2.7 Frequency Measurement 

The frequency counter is used to measure the frequencies of the 
crystal oscillators in the microwave generator, carrier resupply, and 
shift oscillator of the TD-3 radio equipment as well as the frequency 
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of the IF marker. The counter is a direct reading unit and measures 
frequencies as high as 135 lVIHz. Its stability is such that an accuracy 
of 5 parts in 107 ±1 digit is maintained for a year. Using a gating time 
of 0.1 seconds, a 125 l\1Hz oscillator may be conveniently adjusted to a 
frequency within ±2 parts in 107

• 

A special technique is used to measure the frequency of the carrier 
resupply.5 The resupply provides a 70 l\1Hz carrier and a low level 
signal of either 61 or 63 MHz at its output. To measure the fre­
quency of the 61 or 63 MHz signal, it is first separated from the 70 
MHz carrier by a low pass filter. The amplitude of the signal is 
then increased by the test set IF amplifier to a power sufficient to 
drive the counter. However, the amplifier adds noise to the signal and 
this noise impairs the accuracy of the measurement. A band pass filter 
between the amplifier output and the counter reduces the effect of 
the noise. 

2.8 Noise Figure 

The AM noise figure of the TD-3 radio receiver is measured by 
comparing its noise with the noise of a gaseous discharge tube using 
the "Y factor" technique. The AM noise is measured rather than the 
more meaningful FM noise because of the simplicity and economy 
of the test apparatus. Despite its shortcomings, AM noise measure­
ment is a useful maintenance tool. 

The gaseous discharge tube is an argon lamp mounted in a coaxial 
structure. The noise output of the lamp is available on a type N 
connector located on the front panel of the test set. A noise measure­
ment using the Y factor technique is made in the following manner. 
The output of the noise lamp is connected to the input of the receiver 
being tested. The output of the receiver is connected through the test 
set IF amplifier and the band pass filter to the power meter. Power 
meter readings are noted with the noise lamp ON and with it OFF. 
The Y factor (in dB) is the difference in the two power meter readings. 

The noise figure is determined from the Y factor by the following 
rela tionshi p : 6 

where 

[ 
Tex ] F = 10 100" --- dB 

o y _ 1 

F = noise figure in dB 

(3) 



1470 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

Tex = excess noise temperature of noise generator and connecting 
cables 

Y = measured Y factor ratio. 

The excess noise temperature ratio of the test set generator and cables 
is 13.9 ± 0.5 dB. Figure 7 is a plot of equation (3) with F, Y, and Tex 
given in dB. The dotted curves show the accuracy limitations caused 
by the variation of the excess noise temperature. 

2.9 Control and Common Circuits 

The control circuit merges the several units of the test set into a 
single functional unit. A single switch in the control circuit makes 
many of the interconnections required for the different measurements. 
The control circuit also provides the oscilloscope drive circuit, and 
generates the 31 Hz IF sweep drive signal. 

The four-position switch makes the proper connections for IF to 
IF, IF to RF, RF to IF, and RF to RF measurements. It selects either 
the IF or RF detector, the IF or RF markers, and connects the appro­
priate sweep control voltage to the oscilloscope. The remainder of the 
connections are made manually on the front panel patch field. 

The oscilloscope drive circuit alternately connects the detector 
output and a dc reference voltage to the vertical input of the oscillo­
scope. The reference line is applied to the oscilloscope during the 
retrace interval of the sweep signal. The circuit is synchronized to 
either the 31 Hz sinusoidal IF sweep signal or the 31 Hz triangular 
RF sweep signal. There are separate synchronizing controls. The 
reference line is connected to the scope during the negative going 
portion of the sweep signal and the test signal is connected during 
the positive going portion of the sweep signal. Coarse and fine con­
trols position the traces on the oscilloscope. 

The dc reference line serves two functions. First, it provides a 
reference line on the oscilloscope whose relationship to the test signal 
is independent of any oscilloscope adjustments. This permits use of 
the oscilloscope controls to set up calibration and position without 
upsetting the reference position. Second, use of the sweep signal 
retrace interval for applying the reference line allows the RF and 
IF oscillators to be on continuously rather than being blanked during 
the retrace. This permits power measurements to be made while the 
RF and IF oscillators are being swept, which could not be done 
without error if the oscillators were blanked during the retrace. 

The sweep drive signal for the IF oscillator is provided by a modi-



Vl 
...J 
W 
ID 

18 

16 

14 

12 

U 
~10 
~ 
w 
cr 
::J 

£ 8 
w 
Vl 

6 z 

6 

4 

2 

TEST EQUIPMENT 1471 

\ 
'l\\ 
\\\ 

\~ \ \ 

~\ 

'~ 
\~I\ 

~ 
EXCESS NOISE TEMPERATURE RATIO 

\ ' 13.9dB 

\: .. '\ 
-------- 14.4dB 
----- 13.4dB 

'~ 1', 
\ 

~" 
,,,~ , 

" ~~ ,,~, , , 

"'" 
, 

" 1\ " 
f'~, 

"'~ 1', 
~ ~ 

'~ , " 

" 
2 4 6 8 10 12 14 

Y FACTOR IN DECIBELS 
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fied We in Bridge oscillator as shown in Fig. 8. It consists of a 4-stage 
RC amplifier, operating as an oscillator, followed by two amplifier 
stages. The amplifier stages provide an output level of 26 volts peak­
to-peak which is required to drive the IF oscillator to its maximum 
sweep width of 50 MHz. In order to achieve this voltage output, the 
amplifier stages are powered by a -40-volt power supply instead of 
the -19-volt supply. 

2.10 IF Detector 

The IF detector consists of two IF amplifier stages followed by a 
diode detector as shown in Fig. 9. The use of the amplifier stages has 
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great impact on the detector performance. First, the sensitivity is 
improved by the gain of the amplifier stages. Second, the input return 
loss is good since the input to the amplifier stages can be well matched 
to 75 ohms. Third, the amplifier provides an amplitude slope control 
which may be located outside the detector. Fourth, the nonlinear de­
tector diodes are isolated from the connecting circuit by the amplifier 
stages. These improved detector characteristics allow the IF detector 
to achieve high performance and allow the connection to the detector 
to be made with a long IF cable. 

Detectors used in earlier test sets had to be connected directly to 
the unit being tested. The return loss of the earlier detector some­
times was poor; in addition, the diode generated harmonics of the 
signal which appeared at the detector input. If a long cable were 
used to connect the detector to the unit being tested, interferences 
caused by reflected and phase shifted fundamental and harmonic 
signals caused a distorted signal envelope (for swept input signals) 
to appear at the detector output. The good return loss and harmonic 
isolation provided in the TD-3 test set detector virtually eliminate 
these problems and permit a cable to be used to connect the detector, 
mounted on the test set, to the unit being tested. With the detector 
mounted on the test set, ground loop disurbances, mentioned earlier, 
are less troublesome. 

The IF power available in TD-3 for detection is -7 dBm. This 
low power, in combination with the high sensitivity required, makes 
IF amplification in the detector necessary. The amplification con­
sists of two transistor transformer-coupled stages similar to those 
used in the TD-3 IF main amplifier circuits. (; A harmonic filter at 
the input reduces the detector response to harmonics present in the 
output of the unit undergoing the test. A signal approximately 30 dB 
lower than the input signal is provided by a monitor circuit to drive 
the IF marker circuit. 

An amplitude slope control in the detector compensates for slope 
introduced by the connecting IF cabling and test set variations. The 
control is a screwdriver adjustment on the front panel. As shown in 
Fig. 9, the slope control circuit consists of a PIN diode between the 
two amplifier stages. The amplitude slope of the amplifier is con­
trolled by the resistance of the diode which is varied by changing 
the direct current through the diode. 

The detector uses two diodes in a full wave rectification circuit 
with dc loading to give an output proportional to the average value 
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of the rectified input signal. This configuration was chosen to pro­
vide high fundamental sensitivity and low harmonic sensitivity. 

In contrast, the RF detector has higher power available for detec­
tion (0 dBm) and the RF harmonics are far removed from the TD-3 
frequency range. RF power is detected with a high sensitivity diode 
detector preceded by a low pass filter. Both these units have coaxial 
structures with type N connectors and are obtained commercially. 

2.11 Test Set IF Amplifier 

The test set IF amplifier provides increased sensitivity or power 
level for IF return loss, noise figure, and carrier resupply frequency 
measurements. The amplifier is the IF main amplifier described in 
Ref. 5 with the AGe function of the main amplifier removed, and 
with additional gain. The gain of the test set IF amplifier is manually 
adjustable from 45 to 60 dB. 

2.12 Power Supplies 

Most units in the test set operate directly from commercial 117 
volt ac power. Some use a power supply and a 19 volt regulator.4 

The power supply provides outputs of +300, -150, -40, and 
-24 V dc, and 6.3 V ac. The -24 V dc output drives the -19 volt 
regulator. The IF oscillator uses the +300 and -150 V dc, and the 6.3 
V ac. The control and common circuits use the +300 and -40 V dc in 
addition to the -19 V dc output of the regulator. 

2.13 Equipment Considerations 

Figure 1 identifies various parts of the transmitter-receiver test 
set. Power supply controls are available at the bottom rear of the 
console. The left side is a door, hinged full length at the rear, to 
allow access to a cable storage area. The console is slightly wider 
than similar consoles to concentrate useful functions at a comfort­
able working height. The base extends forward for greater mechan­
ical stability. 

The test bay and equipment undergoing tests are connected by 
75-ohm coaxial cables for IF, and by 50-ohm coaxial cable for RF 
measurements. Special stainless steel type N RF connectors are used 
in critical locations to maintain proper impedance characteristics. 
The patch field provides a convenient means of establishing various 
test connections by use of standard patch plugs and cables. 

Most front panel units and the power supplies are supported by 
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their front mounting screws and by horizontal aluminum angle rails 
running from front to rear. The storage drawer contains molded 
plastic inserts to hold small loose pieces of test equipment. 

III. FM TERM IN AL TEST PANEL 

The new 3A FM terminal test panel is used to measure and adjust: 
FM transmitter deviation sensitivity 
Deviator oscillator frequencies (186 and 256 MHz) 
Baseband transmission (0.1 to 10 MHz) 
Transmitter frequency and level alarms. 

Such measurements as FM linearity and the 60 Hz square wave test 
of low frequency transmission response are made with equipment 
originally designed for the TD-2 radio system. 

Since the 3A FM terminals have unprecedented stability and relia­
bility, the FM test panel was designed only to perform routine 
adjustments and locate defective terminal plug-in units. When a 
defective unit has been located, it is simply replaced with a spare unit. 

3.1 General Equipment Features 

The 3A FM terminal test panel, shown in Fig. 10, was designed to 
simply and easily make the precise measurements needed to insure 
that the terminals meet their stringent performance requirements. 
The panel has plug-in circuit packages for flexibility and to aid in 
trouble shooting. All of the circuits are transistorized and designed 
for maximum stability and long life. Two microammeters in a sepa-

Fig. 10 - 3A FM terminal test panel. 



TEST EQUIPMENT 1477 

rate case are connected to the panel by a detachable ten foot flexible 
cord. This separate case may be held in the hand or hung on the 
terminal bay for convenience when making adjustments. 

Connections to the terminal equipment being tested are made 
with flexible cables to the test panel patch field, which is laid out to 
connect the various test panel units by standard coaxial patch plugs. 
Figure 11 shows the test panel mounted in the TD-2 FM terminal 
test set, where previously there had been a blank panel. 

The test panel plug-in units are powered by a self-contained 20 
volt regulated dc power supply which operates from a 117 V ac sup­
ply. A pair of connectors on the front of the test panel makes the 20 
volt supply available for powering individual terminal plug-in units 
at a maintenance bench. 

3.2 F M Transmitter Deviation Sensitivity 

FM deviation sensitivity is defined as the ratio of the peak fre­
quency deviation to the amplitude of the input baseband signal. 
Deviation sensitivity is controlled by adjusting the baseband gain 
of the FM transmitter. The method used to accurately adjust the 
transmitter deviation sensitivity is known as the Bessel null, or 
Crosby, technique. 7 This technique uses the principle that the carrier 
component of a sinusoidally modulated FM signal vanishes for 
certain values of modulation index. Consider the FM signal M (t) 
which arises when the carrier C (t) = Ae cos wet is frequency modu­
la ted by the sinusoid V (t) = - Av sin wvt: 

M(t) = Ae cos [Wet + k J V(t) dt] = Ae cos [wet + kA" cos w.t] 
w. (4) 

= Ae cos [Wet + X cos w.t]. 

Here, the index of modulation X, or peak phase deviation, is ex­
pressed as the ratio of the peak frequency deviation kAv divided by 
the modulating frequency W v : 

(5) 

The FM signal M (t) may be expanded by use of the Bessel function 
identity to separate the various frequency components: 
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Fig. 11- TD-2 FM terminal test set with 3A FM terminal test panel in place. 

Here J n (X) is the Bessel function of the first kind of the nth order 
and of argument X. It is seen from equation (6) that the magnitude 
of the carrier component of the FM signal is given by A~ 0 (X). For 
certain values of the argument X, Jo (X) goes to zero, the carrier 
component of the FM signal vanishes, and all of the signal energy 
appears in the sidebands. The lowest such value of modulation index 
for which J 0 (X) = 0 is X = 2.405. 
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For TD-3 use, it is desired to establish the transmitter deviation 
sensitivity so that a -12 dBm sinusoidal baseband input signal will 
produce a peak deviation of 4 MHz. In actually adjusting deviation 
sensitivity, however, it is not important to use a -12 dBm baseband 
signal, and in fact, the actual signal level chosen was -16 dBm. The 
corresponding peak deviation is 4 MHz reduced by 4 dB, or 2.53 
MHz. The corresponding baseband frequency which results in a 
carrier null may be calculated from equation (5) : 

j = Lljc = 2.53 MHz = 1 05 MH 
~ X 2.405 . z. (7) 

Thus, to obtain the desired deviation sensitivity, a 1.05 MHz signal 
is applied to the baseband input at -16 dBm, and the gain of the 
baseband amplifier is adjusted until a carrier null is observed. The 
technique for measuring the carner null, shown in Figure 12, pro-
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CRYSTAL -< 
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2 -16 dBm +10 dBm 
~E -0:;,->-....,.) " 3A FM k~-----' 
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1----------------------1 
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I I 
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Fig. 12 - Measurement of 3A FM transmitter deviation sensitivity. 
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vides sufficient sensitivity and frequency separation to detect a carrier 
null of greater than 60 dB. 

The accuracy to which the deviation sensitivity can be adjusted is 
limited by the accuracy to which the frequency and power of the 
baseband input signal are known. Therefore, a 1.05 lVIHz crystal-con­
trolled oscillator is provided in the test panel, and the oscillator output 
is monitored by means of an external thermocouple power meter. 
The two stage oscillator provides an output power variable from +2 to 
+ 10 dBm into a balanced 124 ohm load, with a frequency accuracy 
of ±.005 percent. 

The test panel deviation and frequency test unit provides a sensi­
tive indication of the carrier null. To accomplish this, it must first 
separate the carrier from its sidebands, which are spaced at mUltiples 
of 1.05 MHz from the 70 MHz carrier. To achieve this separation 
without using a costly narrow bandpass filter at the carrier frequency, 
the input FM signal is heterodyned against a 70 MHz crystal-con­
trolled local oscillator. Following this frequency down-conversion, the 
sideband energy at 1.05 MHz and above is filtered, leaving only the 
carrier beat component which is amplified and detected. The detected 
level of the carrier beat component is displayed on the carrier level 
micro ammeter. 

To establish the proper transmitter deviation sensitivity, the trans­
mitter baseband gain is adjusted until a dip is observed on the carrier 
level meter, indicating a carrier null. The gain range of the transmitter 
baseband amplifier is limited to prevent any carrier null except that 
corresponding to the first zero of the Bessel function Jo(X). Use of 
the Bessel null technique results in an accuracy of better than ±0.05 
dB in the adjustment of the transmitter baseband gain or deviation 
sensitivity. Figure 13 illustrates the accuracy to which the transmitter 
deviation sensitivity is adjusted as a function of the null achieved on 
the test panel carrier level meter when using the Bessel null technique. 

3.3 F M Transmitter Rest Frequencies 

An additional feature of the deviation and frequency test unit is 
that it may be used to accurately adjust the frequency of an un­
modulated input signal to 70 MHz. This is accomplished by a fre­
quency counting detector which provides a dc voltage proportional 
to the frequency of the carrier beat signal. This voltage is displayed 
on the hand-held frequency microammeter and is proportional to the 
frequency difference between the input signal and the local oscillator. 
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Thus, if the frequency of the input signal is adjusted until a null 
shows on the frequency micro ammeter, the input signal will be identi­
cal in frequency to the 70 MHz local oscillator. 

In addition to establishing an accurate 70 MHz transmitter carrier 
frequency, it is necessary that the rest frequencies of the 256 and 186 
MHz voltage-controlled oscillators in the transmitter deviator be ac­
curately established. This is important because the rest frequencies 
have been carefully selected to minimize the interference created by 
high order modulation products which fall in the baseband spectrum. 
Therefore, there is a 256 lVlHz crystal controlled oscillator in the test 
panel as a stable reference, composed of oscillator, buffer, frequency 
doubling, and output amplifier stages which will deliver + 13 dBm into 
a 50 ohm load with a frequency accuracy of ±0.006 percent. 

Figure 14 shows the procedure for adjusting the rest frequencies of 
the varactor diode controlled oscillators in the FM deviator. The ref­
erence signal is injected into the 256 MHz deviator oscillator and the 
varactor bias is adjusted until the 256 lVIHz oscillator becomes phase 
locked to the reference oscillator, as indicated by the detected output 
voltage of the deviator oscillator. When the 256 MHz oscillator is 
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Fig. 14 - Adjustment of varactor oscillator rest frequencies in the 3A FM 
transmi tter. 

locked, the 186 MHz deviator oscillator is brought to its proper rest 
frequency by adjusting for 3. 70 lVIHz carrier frequency as measured 
by a null on the frequency meter of the deviation and frequency test 
unit. The 256 MHz reference oscillator is then removed, and the 256 
MHz deviator oscillator is adjusted for a 70 MHz carrier frequency. 
With this method, the oscillator rest frequencies can easily be set to 
within ±5 kHz of their nominal values. 

The frequency micro ammeter has a high sensitivity range with a full 
scale deflection of 20 kHz and a low sensitivity range with a full scale 
deflection of 100 kHz. The desired range is selected with a push-button 
on the hand-held case. Figure 15 illustrates the accuracy of the trans­
mitter 70 MHz IF output frequency as a function of the deflection of 
the frequency meter. 

3.4 Baseband Transmission 

The baseband frequency response of an FM terminal pair must be 
maintained flat within ±0.1 dB from 6 Hz to 10 MHz. It is interesting 
that this allows less transmission shaping than the frequency roll-off 
of only twelve feet of cable. To achieve such accuracy, a comparison 
test circuit with an external signal generator and a thermocouple power 
meter was chosen. This test circuit can be used to measure the baseband 
transmission of either an Fl\1 terminal pair or a transmitter baseband 
amplifier plug-in unit at a maintenance bench. A typical arrangement 
of this test circuit, illustrating an FM transmitter baseband amplifier 
under test, is shown in Fig. 16. 
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Since the balanced to unbalanced transformer and the test set base­
band amplifier are employed in the common transmission path, their 
frequency response is not critical with respect to the over-aU transmis­
sion accuracy. The test set baseband amplifier is a three stage, direct­
coupled feedback amplifier which provides approximately 12 dB of 
gain between 100 kHz and 1011Hz. Cables for patching between the 
terminals and the test panel are provided with the test panel, primarily 
to increase the accuracy of transmission measurements by controlling 
the cable length. A length of cable is placed in the reference arm of the 
comparison test circuit inside the test set in order to maintain equal 
lengths in the reference and test paths. 

3.5 Frequency and Level Alarms 

The 3A FM transmitter activates station alarms whenever the carrier 
frequency drifts by more than 200 kHz from its nominal center fre­
quency of 70 MHz, or whenever the transmitter IF output power 
changes by more than 3 dB from its nominal value of + 10 dBm. A 
70.2 MHz crystal-controlled oscillator in the test panel is a standard for 
adjusting the sensitivity of the transmitter control circuits. This three 
stage circuit provides a variable output power of +7 to +13 dBm into 
a 75 ohm load, with a frequency accuracy of ±0.006 percent. 
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Fig. 15 - Accuracy achieved in adjusting FM transmitter output frequency. 
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TD-3 SYSTEM: 

Power System 

By W. E. JEWETT and S. MOTTEL 

(Manuscript received December 13, 1967) 

This paper describes the power required by the TD-3 radio relay system. 
It discusses the battery plant which serves as the basic source of power, 
the traveling-wave tube power supply, the regulated -19-volt power 
supply, the transmitter-receiver test set power supply, the dc distribution 
arrangement, and the radio grounding circuit. 

L INTRODUCTION 

The transmission equipment in the TD-3 radio system is designed 
to be powered from common, -24-volt battery plants. Where voltages 
other than -24 volts are required, for the traveling-wave tube, the 
IF circuits, the microwave generator, and the like, they are furnished 
by power supplies which are powered from the common -24-volt 
battery plant. An exception is the transmitter-receiver test set power 
supply which is powered from commercial 60 hertz ac. 

The stringent noise requirements of the TD-3 radio system dictated 
a precisely-controlled approach to dc power distribution. DC power 
feeders from the common -24-volt battery plant through a battery 
distribution circuit breaker board are segregated into noisy, quiet, 
and undesignated groups. The noisy group, those feeders on which 
there is appreciable noise, feed primarily converter-type power sup­
plies. The quiet group consists of feeders whose loads are susceptible 
to noise, such as the regulated -19-volt power supply. The unde­
signated group primarily feeds alarm battery supply loads which 
generally are not noisy, but will on occasion, such as when a relay 
drops out, produce noise. 

With rare exceptions, a separate ground return feeder of equal 
cross sectional area is run with each hot (off ground) feeder from 
the circuit breaker board to the equipment bays. This minimizes 
current flowing in the equipment bay frameworks and thus reduces 
system noise. 

In the TD-3 main and repeater stations of the initial installation, 

1487 



1488 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

the tower is an integral part of the building. Therefore, it was essential 
that the radio grounding circuit be designed with extreme care to 
protect persons and equipment from lightning. In addition to the 
usual internal and external ring grounds, another ring ground is em­
bedded in the roof of the building. The four tower legs are connected 
to the internal and external rings as well as to the roof ring. Inside 
the building, all equipment bays are directly connected to the internal 
ring ground; and when mechanical bonding of adj acent bays does not 
result in a good electrical connection, these bays are interconnected 
electrically. 

II. BATTERY PLANT 

From a power point of view, one of the objectives in the design 
of the TD-3 radio system was that it be compatible with existing, 
common, -24-volt battery plants. This includes II-cell plants with 
emergency cells, and 12-cell plants with or without emergency cells. 
This design objective was met. However, a 12-cell plant with emer­
gency cells is preferred because there is greater reserve time during 
a commercial power failure, and less dc distribution copper is needed 
because of the increase in the allowable loop feeder drop from the 
battery to the equipment bays with such a plant. 

The float voltage of II-cell plants is 23.9 volts ±1 percent, while that 
of 12-cell plants with or without emergency cells is 26.0 volts ±1 per­
cent. The TD-3 radio system will perform satisfactorily with battery 
plant voltage from 22 to 28 volts. 

III. POWER SUPPLIES 

3.1 Traveling-Wave Tube 

The traveling-wave tube power supply is a solid state, dc to dc 
converter which furnishes power to all of the TWT electrodes. The 
electrical requirements for the supply are shown in Table I. 

A dc to dc converter was obviously required to convert the battery 
voltage to the relatively high dc voltages required by the T\VT elec­
trodes. The converter was designed to have an oscillating frequency 
of 2 kHz. This frequency was selected because it offered the best 
compromise between power supply size and cost. At 2 kHz, reason­
ably small transformers and filters are required, yet relatively slow 
switching, inexpensive transistors can be tolerated. 

Figure 1 is a simplified block diagram of the power supply. Notice 
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TABLE I-TWT SUPPLY REQUIREMENTS 

Voltage Ripple 
Electrode Voltage stability Current (rms) 

Anode Adjustable, +60 ±60 V with 0-1 rnA 0.3 V 
to +500 V with respect to 
respect to the cathode 
helix voltage 

Helix Adjustable, +2500 ±12 V with 0-4 rnA 0.14 V 
to +2900 V with respect to 
respect to the cathode 
cathode voltage 

Cathode Fixed, -1420 V 1185 to 1615 V 35-40 rnA 1.0V 
with respect to the with respect to 
collector voltage collector 

Collector Connected to - - -
ground 

Heater* 7.5 V below the ±0.15 V (70°- 0.8-0.95 A 0.075 V 
cathode 80°F) ±0.375 V 

(40°-140°F) 

* Heater voltage is 9.1 V upon initial turn-on of the power supply and auto­
matically drops to 7.5 V after an adjustable 120 to 300 seconds. 

that complete input-to-output dc isolation is obtained from the trans­
formers in the supply. The description which follows relies on Fig. 1. 
Input power from the -24-volt battery plant, by way of an input 
filter, flows into the 2 kHz inverter which serves as the source of 
power for all of the rectifiers in the supply. Power for the cathode is 
derived from the 2 kHz inverter through the cathode transformer 
and the cathode rectifier and filter; one side of the cathode rectifier 
and filter output is connected to the collector which is grounded. The 
other side is connected to the cathode. Anode and helix power is fur­
nished from their respective rectifiers and filters, by way of their 
transformers, through a common ac series regulator. Power for the 
heater flows through an electronic time delay relay to the heater 
transformer and then to the heater rectifier and filter. 

The helix potential and, to a lesser extent, the anode potential, both 
relative to the cathode, are regulated by sampling the helix-to-cathode 
voltage with a voltage divider and comparing this sampled voltage to a 
reference voltage. The difference or error voltage is amplified, chopped 
at a 2 kHz rate, passed through a dc isolating transformer, and used to 
adjust the bias of the ac series regulator so as to vary the voltages 
applied to the primary windings of the helix and anode transformers 
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Fig. 1- Simplified block diagram of TWT supply. 
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according to the dictates of the error signal. Because the helix-to-cathode 
voltage is sampled, it is regulated to better than ± 12 volts for any 
helix voltage between 2500 and 2900 volts. The anode voltage, be­
cause of the open-loop output impedance of the helix circuit and the 
output impedance of the anode circuit, will be regulated to a lesser 
degree, ±60 volts for any anode output voltage between 2560 and 
3400 volts. The heater voltage is regulated by the heater regulator 
which maintains the primary voltage to the heater transformer to better 
than ±2 percent during normal operation. 

Figure 2 illustrates, in simplified form, the high voltage circuits, 
excluding the heater, and the ac series regulator. Variable transformer 
T 1 permits the anode voltage to be level-set from 60 to 500 volts 
above the helix. The regulated rectifier consisting of diodes CR1 , 

CR2 , CR3 , C~, and resistor Rl provides a 44-volt bias which insures 
that the anode will always be positive with respect to the helix. 

The helix-to-cathode voltage divider consisting of resistors ~, R 3 , 

and R4 is designed so that the input voltage level to the error detector 
circuit is near ground potential. The output voltage of the feedback 
isolation transformer is rectified by diodes CR5 and CRG and controls 
the collector-emitter voltage drop of the transistor in the ac series 
regulator. Because this transistor is in series with the parallel com­
bination of variable transformer Tl and transformer T 3 , it controls 
the amplitude of the square-wave voltage applied to these trans­
formers according to the dictates of the helix voltage regulator 
feedback loop. 

Figure 3 is a simplified schematic diagram of the heater regulator 
circuit. Heater regulation is accomplished by maintaining voltage V 
of Fig. 3 constant. This voltage plus the drop across either diode 
CR3 or CR4, (which conduct on alternate half-cycles), is the voltage 
applied to the primary of heater transformer T 2. The power supply 
has an adjustable electronic time delay relay which permits the 
heater voltage at the tube to be high initially for a period which is 
adjustable from 120 to 300 seconds. VVhen the TWT supply is shipped 
from the factory, the time delay is set to 180 seconds. During this 
initial time the voltage at the heater is -9.1 volts. After the relay 
has timed out, the heater voltage is reduced to -7.5 volts. 

When the polarity of the primary winding on cathode transformer 
T 1 is positive at terminal 1 and negative at terminal 2, diode CR2 

will conduct and diode CR1 will block. For this condition, current 
will flow from terminal 1 of T 1 through CR2 , through the time delay 
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Fig. 3 - Simplified heater regulator circuit. 
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relay, and into terminal b of heater transformer T 2 • This current 
leaves the primary of T2 by way of center tap terminal c, through 
heater regulator series transistor Qt, and back to the negative side 
of the input filter. On the alternate half-cycle, primary current will 
flow through CRt, through the time delay and into terminal d of T 2. 
This current also leaves by way of terminal c of T 2. During the 
initial overvoltage period, the time delay relay connects terminals 
band d of T2 to the cathodes of CR2 and CRt, respectively. After 
the overvoltage period has passed, terminals a and e are connected to 
the cathodes of CR2 and CRt. The heater is regulated by the auto­
matic variation of the de voltage across transistor Qt according to 
the dictates of voltage V. Potentiometer R t level-sets the heater 
voltage. 

The TWT power supply will be made in considerable quantity; 
its mechanical design, testing, and assembly, and their associated 
costs, are of considerable importance. In addition, it should have 
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a pleasing appearance. Figure 4 shows the general mechanical fea­
tures of the power supply, which consists of two units in a metal case. 
The inverter and heater regulator unit (left) and the rectifiers and 
helix regulator unit are both inserted into an over-all metal housing. 
The two are joined through connectors at the rear of the housing and 
at the rear of the plug-in units. A plug-equipped cord from the recti­
fiers and helix regulator unit connects to the traveling wave tube 
which is mounted above the power supply. The same cord connects 
to the test load, described later in this section. 

Because of the electrical potentials in this unit, personnel safety 
had to be considered. The entire power supply is mounted in the 
metal housing in such a way that the inverter and heater regulator 
unit on the left must be removed before the high voltage right-hand 
unit. The right unit actually extends behind the low voltage left­
hand unit, and an attempt to remove the high voltage unit first will 
automatically eject the low voltage unit. Removing the left-hand unit 
disables the circuits to the high voltage unit so that high voltages 
are no longer present. There is further electrical interlocking to the 
traveling-wave tube by the internal wiring through the associated 
connectors of the power supply and the traveling-wave tube. 

Figures 5 and 6 show a number of design details. The low voltage 

Fig. 4 - TWT power supply. 
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Fig. 5 - Inverter and heater regulator unit of the TWT power supply. 

unit in Fig. 5 uses three castings for mounting components, tran­
sistors, diodes, and connectors. This permitted the use of an integral 
heat sink and a mechanical structure to dissipate the heat generated 
within the low voltage package. The unit may be opened for assembly 
and repair by dropping the hinged front panel and dropping the 
vertical casting on the left (viewed from the front). The castings on 
the left unit include fins for dissipating the heat from the transistors 
and diodes mounted on it with insulating washers. 

The rectifier and regulator unit shown in Fig. 6 has two die cast­
ings; the panel casting with beveled edges for the meter openings 
and a chassis casting which holds the transformers, capacitors and 
associated high voltage components (mounted on insulating panels 
because of the high voltages). A printed wiring board in the rectifier 
regulator unit holds the helix regulator circuit which operates at 
high voltages. vVhen the hinged front panel and a hinged plastic panel 
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Fig. 6 - Rectifiers and helix regulator section of the TWT power supply. 

at the rear are opened the apparatus is accessible for assembly, repair, 
and troubleshooting. The panels can be dropped only when the power 
unit has been removed from its housing. Insulating sheets and high 
voltage wire have been used extensively because of the high potentials. 

The coils in the power unit are given standard dielectric and corona 
tests. The high voltage coils are epoxy encapsulated with metallic 
shields to reduce noise which could couple into other circuits in the 
repeater bay and finally appear in the baseband of the TD-3 system. 

Figure 7 shows two molded high voltage diode assemblies devel­
oped for the TD-3 power supply.1 With these molded assemblies, 
the diodes occupy less space compared with conventional individual 
mounting, and there are fewer exposed solder connections (with their 
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corona generating possibilities). These packages permit the use of 
the enclosed diodes to the full limit of their voltage rating without 
derating for altitude, as has been necessary for discrete diodes be­
cause of the very small tubulation to body spacing. 

If a faulty TWT power supply is connected to a good TWT, it is 
possible that the power supply will damage the tube. For this reason, 
and for one other, a test load for the TWT power supply was de­
signed and is provided at each radio station. vVhen the TWT power 
supply is first installed on a transmitter-receiver bay it is checked with 
the test load connected to its output terminals. Once it has been 
determined that the TWT power supply is functioning properly, the 
test load is removed and the TWT connected. The second reason 
for a test load is to help maintenance people determine, in the event 
of a TWT amplifier failure (TWT and its power supply combined,) 
whether the TWT or the power supply is faulty. 

The test load is shown in Fig. 8. It consists of resistive loads which 
simulate several quiescent states of TWT electrode voltages and 
currents, a multipurpose voltmeter, a cathode current milliammeter, 
a helix current milliammeter, and a heater voltmeter. The multi­
purpose voltmeter can be switched to measure the anode-to-cathode, 
helix-to-cathode, and collector-to-cathode voltages. The test load 
attaches to the same plug-in connector as the TWT. 

When used to check the TWT power supply, the test load is mounted 
on top of the power supply in front of the TWT, as Fig. 9 shows. 
Connections pass through a cutout in the top of power supply case 
and the bottom of the test load. The test load has a handle at the 

Fig. 7 - Molded high voltage diode assemblies used in the TWT power supply. 
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Fig. 8 - Test load for the TWT power supply. 

top for easy carrying. When not in use it will normally be stored in 
a spare parts cabinet. One test load per station is sufficient. 

3.2 Regulated -19-V olt Supply 

This supply which powers the IF circuits, microwave generator, and 
so on, in the transmitter-receiver bay is a solid state, active, series 
line regulator which drops the battery plant voltage to -19 ± 0.2 volts. 
Two of these supplies are used in each bay in a switching main station 
and one is used in each bay in a repeater station. One is also used in the 
transmitter-receiver test set. The requirements for this power supply are: 

Input range 
Output 

21-27 V dc 
-19 V dc 
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Output stability (75 ± 5°F) 
Output stability (40-140°F) 
Output current 
Output ripple voltage 
Output high voltage alarm at 
Output low voltage alarm at 

±0.2V 
±OA V 
0-4 A 

1 mv rms 
-20V 
-18 V. 

1499 

Fig. 10 depicts a simplified circuit of the regulated, -19-volt 
power supply. Output voltage is regulated by varying the emitter­
collector de voltage drop of transistor Ql, which is in series with the 

Fig. 9 - Test load atop TWT power supply. 
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Fig. 10 - Simplified -19-volt regulator power supply circuit. 

TO -19V 
LOADS 

battery and the load, according to the dictates of the feedback loop. 
Should the output voltage of the regulator increase by an amount 

D.V, (this could result from a decrease in load current), the voltage 
across resistor R2 would increase by D.V because CR2 is a voltage 
reference diode operating in the breakdown region. The increase in 
voltage across the series combination of Rs and the upper part of 
R4 would be equal to kD.v where k is a real number less than unity. 
The base to emitter voltage of transistor ~ would decrease by an 
amount equal to (l-k) D.v. The net result would be a decrease in the 
base current of Q4 and thus a decrease in the collector current of 
this transistor. Because the base current of Qs is the same current 
flowing in the collector of Q4, it is also reduced, and so is the collector 
current of Qs. This chain of events will result in a decrease in both 
the collector current of Q2 and the base current of Ql. The decrease 
in the base current of Ql will result in an increase in the emitter­
collector dc voltage drop of this transistor and this, in turn, will 
return the output voltage of the regulator to -19 volts. 
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Similar reasoning can be applied if the output voltage of the regu­
lator decreases by D.v. The result will, of course, be a decrease in 
the emitter-collector dc voltage drop of transistor Ql. The -19-volt 
output is level-set with potentiometer, R4 • 

Circuit breaker CB2 , rated at 5 amperes, is the overload protection 
device for the power supply when the battery voltage is in the normal 
range of 24 to 26 volts. CBl , a companion circuit breaker to CB2 , 

is rated at 2 amperes and serves as the overload protection device 
when the battery voltage is low. The series combination of CRl and 
Rl provides a starting current path for the power supply during 
turn-on. 

The regulated -19-volt power supply is shown in Fig. 11. It is a 
plug-in unit which consists of a combined one-piece, die-cast frame, 
heat sink, and handle. The volume allotted for this unit at the bot­
tom of the radio bay, coupled with the need for a heat sink that could 
dissipate 38 watts, indicated that the most efficient and economical 

Fig. 11- The regulated -19-volt power supply. 
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approach would be an aluminum die-cast one-piece plug-in unit. Over­
all, it is about 10 inches wide, 2 inches high, and 13% inches deep. 
The epoxy glass printed board which contains most of the com­
ponents is mounted within the frame. The heat sink area accom­
modates a power transistor and several other heat dissipating com­
ponents. The face of the unit has such maintenance components as 
a pair of pin jacks for external connection to a dc voltmeter, and a 
potentiometer for adjusting the output voltage. A plug which makes 
external connections is mounted on the rear of the frame. The unit 
is fastened in place by two quick-release fasteners attached to the 
frame assembly. It is designed so that two power supplies may be 
placed beside each other in the bottom space of a TD-3 radio bay. 

3.3 Transmitter-Receiver Test Set 

The power supply for the transmitter-receiver test set2 is a mag­
netically and electronically regulated unit which furnishes power at 
five different voltage levels. The requirements for this power supply 
are given in Table II. 

Shown in Fig. 12 is a simplified block diagram of the power sup­
ply. Two ferroresonant regulators designated No.1 and No.2 receive 
60 Hz, 117 V ac power through the 4-ampere circuit breaker, CB. 
Two ferroresonant regulators were needed to prevent excessive cross­
regulation and because two different short circuit droop character­
istics were required. The droop characteristic of ferroresonant regu­
lator No. 2 protects the +300-volt active series regulator against 
overloads. All other outputs are protected by fuses. 

The 6.4 V ac output is derived from an unregulated winding on 
ferroresonant regulator No. 1. Therefore this voltage follows the 60 

TABLE II-TRANSMITTER-RECEIVER TEST SET POWER 

SUPPLY REQUIREMENTS 

Output Voltage Output Ripple 
voltage stability current (rms) 

+300 V de ±0.3 V 80-130 rnA 1 mV 

-150 V de ±0.8 V 7-10 rnA 1mV 

-40 V de ±0.3 V 5-10 rnA 1mV 

-24 V de -22.5 to -26 V 250-950 rnA 300 rnV 

6.4 V ae ±0.83 V 3.3-3.9 A -
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Fig. 12 - Simplified block diagram of the test set power supply. 

-40V DC 

-150V DC 

+300VDC 

Hz input voltage. The ac input voltages to the four rectifiers are 
regulated to minimize the voltage variations at the inputs of the 
three active series regulators. All of the active series regulators are 
conventional in design. 

Figure 13 shows the power supply for the test set. It mounts at 
the rear bottom of the test set. The power supply consists of an open 
aluminum structure with most of the apparatus mounted on top, 
and the wiring on the bottom of the chassis. The transformers, re­
sonating capacitors and -24-volt filter capacitors are on the chassis. 
The front panel of the power supply has fuse holders, fuses, circuit 
breaker, and access to the four plug-in units. Die-cast frames and 
guides are used to mount the four plug-in cards. One card contains 
all the rectifiers and protective diodes for the entire power supply. 
The other three cards are the voltage regulators for the +300-, -150-, 
and -40-volt outputs. 

The input to the power supply is protected by a circuit breaker 
on the front panel. The input· and output connections are made 
through quick-disconnect plug and jack assemblies located on the 
rear of the chassis. Various voltage adjustments, test points, and 
controls are mounted on the front panel. An extender assembly is 
used for servicing the power supply. The extender has a protective 
grid so that the plug-in units, when inserted, may be checked with 
safety. In order for the extender and the plug-in to be engaged the 
grid must be in a position to protect the users against the potentials 
present. 
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Fig. 13 - Test set power supply. 

IV. THE DC DISTRIBUTION CIRCUIT 

The two paramount considerations which influenced the design of 
the dc distribution circuit were system electrical noise, and reliability. 
To minimize electrical noise, dc power feeders from the -24-volt 
battery plant fuse panel via the battery distribution circuit breaker 
bay are segregated into three groups: the noisy group which pri­
marily feeds converter power supply loads, the quiet group which 
feeds noise-sensitive loads, and the undesignated group which feeds 
loads which can, on occasion, produce noise on their dc power feeder 
leads. The reliability criterion is that no more than half of the 
channels in one transmitting direction (one end) shall be lost as 
the result of a battery distribution fuse failure. 

The allowable loop voltage drop from the -24-volt battery is 
determined by the type of battery plant used. For an II-cell plant 
with emergency cells, 1.25 volts are permitted; for I2-cell plants 
with emergency cells, 1.75 volts are permitted; and for I2-cell plants 
without emergency cells, 1.0 volt is permitted. These allowable drops 
include the voltage drop across the circuit breaker in the circuit 
breaker bay, and agree with the recommended discharge loop voltage 
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drops which appear in common systems -24-volt battery plant 
drawings. 

Figure 14 illustrates a simplified schematic of the -24-volt dc dis­
tribution circuit for one direction of transmission. Half of the chan­
nels transmitting in one direction receive their -24-volt distribution 
from quiet Q bus 1 and noisy N bus 1; the other half receive theirs 
from Q bus 2 and N bus 2. Not only is dc power distributed to the 
transmitter-receiver bays in such a manner as to preserve the relia­
bility objective of the system, but both plus and minus 24-volt dc 
power also is distributed to all equipment associated with each trans­
mitter-receiver bay in such a manner as to preserve the reliability 
objective. The other equipment includes 100A protection switching 
and 3A FM terminals. 

In other words, it is not possible for the loss of one fuse at a battery 
plant fuse panel to cause a station to lose, in one transmitting direc­
tion, the transmitter-receiver bays associated with channels 1 through 
6 (or any other designations they may have) and channels 7 through 
12 of the 100A protection switching or other channel associated 
equipment. Four circuit breakers at the circuit breaker bay are re­
quired for each transmitter-receiver bay in a main station, and three 
for each in a repeater station.s Figure 14 shows that at least five 
-24-volt dc distribution fuses at the battery plant fuse panel are 
required for each direction of transmission. 

Overcurrent tripping or the inadvertent turn-off of any circuit 
breaker in the breaker bay will set off a major office alarm. An alarm 
cutoff button on the circuit breaker bay can be pushed to silence the 
bell, turn off the red aisle guard lamps and turn on the white. Lamps 
on the alarm panel indicate which bus is affected. 

The battery distribution circuit breaker bay is available as a 
7-foot high unit in the same kind of cabinet as the newer -24-volt 
battery plant, or as a 9-foot duct type bay typical of radio equip­
ment. The 7-foot cabinet is typically positioned adjacent to the 
battery power plant. The duct bay, which is compatible with 100A 
protection switching and 3A FM terminal equipment, is placed close 
to the load center of the equipment. In most instances it is expected 
that the 7-foot cabinet will be adequate for the TD-3 radio bays in 
main or repeater stations, and the 9-foot duct bay will be used to 
distribute to the various IF terminal and associated equipment. Both 
arrangements may be furnished with groups of circuit breaker panels. 

The 7-foot cabinet includes ground bus-bar details so that a metallic 
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paIr IS available for each circuit to be served by the cabinet. The 
9-foot bay has two removable rear covers, for the upper and lower 
sections. Covers are for access where circuits are being added. 

v. RADIO GROUNDING CIRCUIT 

Tower-integrated buildings, as might be expected, are extremely 
vulnerable to lightning strokes. It is very important, therefore, that 
the radio grounding circuit for such a building be extremely well 
designed. The circuit design objective is to minimize the impedance 
to ground seen by the lightning-produced current. This, in turn, 
minimizes the potential differences within the building produced by 
this current. 

Figure 15 illustrates, in simplified form, the radio grounding circuit 
for the tower-integrated, TD-3 radio buildings. Outside the building 
the external ring ground, which consists of No.2, bare, tinned, copper 
wire, connects 5-foot, 112 inch diameter ferrous ground rods a maxi­
mum of 10 feet apart. The external ring ground is buried not less 
than l-lh feet below the final grade level. The internal ring ground 
consists of bare, No. 2 copper wire and is on the walls inside the 
building high enough to eliminate possible mechanical damage, yet 
low enough for visual inspection. The roof ring ground, which is also 
bare, No. 2 copper wire, is embedded in the concrete roof slab. The 
three ring grounds are electrically connected at many well spaced 
points, and are connected to the reinforcing steel of the building. 
Structural building steel, including the tower, is connected to the 
three ring grounds in many places. The four waveguide hatch plates 
are connected directly to the roof ring ground and all waveguides are 
connected to their respective hatch plates as well as to the internal 
ring ground. 

Inside the building, two bare No. 2 copper wires run the length 
of the building, one on each side of the main aisle. These two wires 
are connected at both ends to the internal ring ground and, thus, 
form part of the internal ring. Each equipment bay is directly con­
nected with a bare No.6 copper wire to a bare No.2 copper wire 
which runs along the cable rack of each bay line-up. This arrange­
ment can be seen in Fig. 15. When the station is completely filled, 
the internal ring ground will be a mesh suspended above and elec­
trically connected to all equipment with leads as short as practicable. 
When a station is grounded in this manner, large differences of 
potential between adj acent equipment during a lightning stroke are 
impossible. 
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TD-3 SYSTEM: 

Microwave Radio Equipment and 
Building Considerations 

By R. J. SKRABAL and J. A. WORD 

(Manuscript received January 29, 1968) 

This paper points out salient equipment and building considerations 
peculiar to the T D-3 radio system and in particular emphasizes the im­
portant differences in station design that exist for T D-3 compared with 
TD-2 radio. 

1. INTRODUCTION 

Microwave radio relay stations have existed in the Bell System in 
several forms since 1950.1 In this time, the equipment and the lay­
outs within the buildings have changed to accommodate the new 
designs that have been introduced into these systems. 

The introduction of the TD-3 repeater bay offers further opportu­
nities for improvements particularly in the simplification of power 
requirements. The basic power for a TD-3 station is -24 volts dc. 
Those power plant elements peculiar to TD-2, namely the +250, 
+ 130, and -12V dc plants have been eliminated. Voltages other than 
-24V dc are furnished by dc-to-dc converters, except for +24V dc 
which may be furnished by a separate plant in some stations. 

Except for the power plant, the typical TD-3 station will not dif­
fer greatly from recently constructed TD-2 stations, since the 100A 
IF protection switching system,2 the 3A FM terminals, and the 3A 
solid-state wire line entrance links have been previously introduced 
into the TD-2 system. The 200A protection switching system for use 
with the 3A FM terminals and wire line entrance links has been de­
veloped for long haul microwave radio systems. 

II. TYPES OF STATIONS 

There are two general types of TD radio stations: main radio sta­
tions and radio repeater stations. Main stations may be end points 
or intermediate points in the system where signals are accepted from 

1511 
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and delivered to terminal facilities. In addition, main stations provide 
points of flexibility in the system for facilities such as IF patching 
and monitoring, automatic protection switching, dropping or picking 
up local or spur radio signals and maintenance switching from regu­
lar to protection channels. Such stations also are convenient locations 
for performing system tests and may include baseband multiplexing 
equipment. Main stations may be partially or fully attended. 

The radio repeater stations provide transmission gain and maintain 
line-of-sight paths. They comprise the majority of the stations in any 
large system and are normally unattended. Unlike main stations, the 
repeater stations are quite uniform in their makeup and are more 
adaptable to standardized floor plans and building construction. 

III. MICROWAVE EQUIPMENT 

The general design concept for all TD-3 equipment is to provide, 
insofar as practical, for assembly, wiring and testing of complete 
bays in the manufacturing shop. This results in a reduction of job 
engineering, installation, and field testing effort. For convenience and 
speed in restoration of service in the event of failure and, to reduce 
routine maintenance effort, extensive use is made of plug-in units 
which are carried as spare parts in the stations and at centralized 
maintenance repair centers. The major equipment required in a radio 
station is listed in Table 1. 

The microwave transmitters, receivers, and associated equipment 
in the radio room are mounted on 9-foot unequal flange, duct-type 
frameworks (see Fig. 1). This applies in general to all items except 
power plants which are mounted on 7-foot frames. The transmitter­
receiver bays require only front access for maintenance and may be 
mounted against a wall or back-to-back with other bays. In general, 
the remaining equipment requires front and rear access. The color 
scheme in a TD-3 station is light gray with border items such as 
guard rails and end guards in a contrasting darker blue gray color. 
The superstructure with cable rack is just above the tops of the 
frames. Indoor waveguide arrangements are similar to TD-2 and, as 
in the latest versions of TD-2, use close tolerance flanges to assure a 
return loss of at least 40 dB. 

Use has been made of a short piece of flexible waveguide to con­
nect between the dropping networks of adj acent bays thus insuring 
a better connection and less possibility of RF leakage. This also sim­
plifies to a considerable extent installer effort in accurate alignment 
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TABLE I-MAJOR EQUIPMENT IN A RADIO STATION 

Unit 

1. Transmitter-receiver 
bay 

2. Transmitter-receiver 
auxiliary channel* 

3. Multiplex equipment 
to derive voice cir­
cuits on auxiliary 
channels 

4. 01 alarm and order 
circuit equipment 

5. 100A protection 
switching equipment 

6. IF patch and access 

7. 3A FM terminals and 
FM terminal patching 

8. 200A FM terminal 
and wire line en­
trance link pro­
tection switching 

9. IF restoration 

10. IF and baseband 
monitoring 

11. Test equipment and 
spare parts 

12. Dehydrator for dry 
air supply to antenna 
system and to the 
transmitter-receiver 
bays 

Main 

Maximum of 12 for 
each route direction 

One for each route 
direction 

x 

Station 

Maximum 7 bays (21 
scans-882 alarms and 
or indications and 
490 orders) 

3 bays for each route 
direction 

One bay provides for a 
maximum of 12 2-way 
radio channels in each 
of four directions 

1 bay for each 4 pairs 
of transmitters and 
receivers 

Approximately 3 bays 
in the radio room and 
2 bays in the multiplex 
area for each 1 X 12 
switching system 

x 
1 bay 

x 

1 or more as required 

Repeater 

Maximum of 24 for 
a through route 

Maximum of 2 for 
a through route 

x 

Maximum 2 bays 
(3 scans) for most 
stations 

Maximum 2 bays 
if required to 
protect dropped 
channels 

As required for 
drop or pickup 

x 

1 for average 
station 

* This channel is used to provide order wire service, and to carry control tones 
for IF protection switching and alarm systems. Alternatively, wire lines may be 
used instead of the auxiliary radio channel. 
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Station 

Unit Main Repeater 

13. Tower obstruction X X 
light controls 

14. AC power distribution X X 

15. Engine alternator X X 
plant 

16. IlIA -24 volt power 
plant 

X X 

17. -24 volt battery X X 

18. lIlA +24 volt power 
plant and associated 

X If required 

battery 

19. 24 volt battery dis-
tribution circuit 

Two One 

breaker board 

20. Heating and air X X 
conditioning equip-
ment 

21. Antennas and as- X X 
sociated waveguide 

X = as required. 

of bays which was required in initial TD-2 systems when hard wave­
guide fittings were used. 

Attention is given to isolation of particularly noisy leads on the 
cable racks to reduce noise interference problems. This is accom­
plished by segregating such leads in metallic duct, thin walled con­
duit, or assigning such leads to dedicated cable racks or runs. Power 
leads to high-transient producing loads such as dc-to-dc converters 
come under this classification. 

In addition to the above, leads carrying control signals between 
radio bays and units, such as alarm bays, are paired or looped insofar 
as practical to minimize noise problems. This also applies to power 
leads. 

IV. FLOOR PLANS 

Figure 2 is a block schematic diagram of a main station complex 
with two-way radio channels in each of four directions. This figure 
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illustrates the most efficient arrangement of equipment for a main 
station with the 70 MHz IF patch and access bay, shown as an 
octagon, as the focal point of the office. If the equipment could be 
laid out in this manner, the IF cable lengths would be minimized. 
Reducing cable length reduces the cross modulation noise resulting 
from echoes and facilitates the program to standardize IF levels in 
the radio station. 

The typical floor plan (Fig. 3) shows a similarity to the ideal ar-

Fig. 1- Microwave radio equipment bays in a station lineup. 
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Fig. 3 - Typical main station equipment layout. 

rangement of Fig. 2. The IF patch and access bay is centrally lo­
cated and the other equipment is located so as to minimize the lengths 
of IF cables and thus approach the ideal as far as practical. The 
location of the transmitter-receiver bays and the use of two wave­
guide hatches, as depicted in Fig. 3, minimizes the length of the in­
side antenna waveguide. Figure 4 shows the layout for a repeater 
station. In this case there are no IF cabling problems since each 
transmitter-receiver bay is internally connected as a through circuit. 
The floor plans in Figs. 3 and 4 are typical of new stations now being 
engineered. Figures 5 and 6 are floor plans for main and repeater 
stations, respectively, used on the Arkansas-Mississippi trial. The 
primary consideration in these layouts is the placement of the trans­
mitter-receiver bays in the strategic area directly under the tower 
in order to minimize the length of the waveguide runs. 

V. PATCH AND ACCESS BAY 

The IF patch and access bay (see Figs. 7 and 8) has jack fields for 
terminating the inputs and outputs of radio channels (both regular 
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and protection) for flexibility and for maintenance and testing. This 
bay can be considered as a hub which interconnects the IF cabling 
from the protection switching bays, FM terminal patch bays, monitor­
ing bays, restoration bays, and so on. The IF patch and access bays 
contain jack mountings for twelve incoming and twelve outgoing 
channels with their associated monitoring taps for four directions of 
transmission. The channels appearing in this bay may also be con­
nected to reed type coaxial switches and coaxial type directional 
couplers for connecting through restoration equipment associated 
with FM terminal facilities or they may be connected through to 
trunks directly associated with FM terminal equipment. Since not 
all incoming circuits require switches and directional couplers, this 
bay has been designed to have a maximum capacity for 36 switches 
and couplers. 

A revision of the monitoring bay is being developed to be asso­
ciated with the patch and access bay. This monitoring bay will in-
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elude a 3A FM terminal receiver to reduce IF signals to baseband, 
a de-emphasis network to compensate for the preemphasis of the 
signal at the originating terminal, an IF amplifier to compensate for 
the inherent loss of a monitoring tap, and a video monitoring ampli­
fier and an "A" scope for visual observation of the signal. Facilities 
for local and express order circuits will also be included. 

VI. ALARMS AND MAINTENANCE ORDER CIRCUITS 

The individual audible and visible alarm equipment in TD-3 of­
fices are decentralized with the individual alarm relay circuits located 
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Fig. 8 - Typical application circuit for IF patch and access bay with monitor­
ing taps. 

in the equipment units where the alarms originate. The alarm sys­
tem, which directs maintenance personnel by means of pilot lights on 
the aisles to the point of the alarm, is adapted for both main and 
repeater stations. Relays for common office alarm circuits such as 
open door and tower navigation lights, are mounted together at one 
location. These circuits also connect to the aisle pilot system. The 
existing 01 alarm and order system3 or the new E1 system may be 
used as the connecting link to transmit alarm and status information 
from unattended stations to the attended control point and to trans­
mit orders outward from the control point. The 01 alarm and order 
system is in wide use in the field. It uses relay type circuitry and has 
a maximum combined capacity of 882 alarm and station indications 
and 490 orders for each of as many as 12 stations per system. The 
new E1 system, using a combination of solid state and relay circuitry, 
has expandable capacity and will fulfill any foreseeable requirements 
for TD-3 radio with respect to transmission of information and the 
number of stations served. It has also been drastically reduced in size; 
that is, a maximum 01 system requires 7 frames of equipment whereas 
a comparable E1 system requires only a single frame. 

New maintenance order circuits also are being introduced which 
include these basic improvements over the existing systems: (i) solid 
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state circuitry is used, (ii) the order circuits are independent of the 
El transmission facility (iii) conventional dialing arrangements are 
available for signalling between stations, and (iv) the express and 
local order circuits may be interconnected when required. 

VII. DEHYDRATORS 

A dehydrator is available for TD-3 offices to provide dry air at a 
positive pressure to the outdoor antenna waveguide system to prevent 
water accumulation thru condensation or leakage. Dry air is also used 
to charge the transmitter-receiver critical waveguide filter elements. 
These Invar filters require regulation of temperature and humidity to 
maintain frequency stability. By direct introduction of dry air into 
the filter cavities the station temperature may be allowed to vary within 
reasonable limits namely, 70 ± 20°F and no requirements need be 
placed on humidity. The dehydrator operates on a combined refrigerat­
ing and desiccant principle and will provide 100 cubic feet per hour of 
-40 0 dew point air at a pressure of approximately 7 inches of water. 
It is estimated that a leakage of about 0.8 cubic foot per hour per bay, 
or approximately 20 cubic feet per hour for a repeater station with 24 
bays, will occur. Available information shows that an average antenna 
system may leak about 8 cubic feet per hour, or a station equipped with 
4 antennas may leak at a rate of about 32 cubic feet per hour. However, 
corrective maintenance is not undertaken until antenna system leakage 
approaches 15 cubic feet per hour. This leakage rate, therefore, deter­
mines the ultimate air usage and results in a total approximate require­
ment of 80 cubic feet per hour for a repeater station. This amount can 
be furnished by a single dehydrator. At larger repeater stations and at 
main stations additional dehydrators are needed. The dry air for the 
antenna system is delivered to the waveguides at the pressure windows 
by a manifolding arrangement. This dry air to the channel dropping 
filters is introduced through the inside waveguide using a flange-type 
fitting located adjacent to the waveguide pressure window. When two 
separate dehydrators are furnished, separate manifolding runs are used. 
A manual transfer valve is provided so that in the event of failure of 
one dehydrator, the remaining unit can provide the total supply at 
some reduction in pressure. 

VIII. ANTENNA SYSTEM 

The horn reflector antenna with circular waveguide and systems 
combining (or separation) networks, used in the earlier TD-2 and 
TH systems, is also used with TD-3. This antenna system, capable 
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of simultaneously carrying orthogonally-polarized signals in the com­
mon carrier frequency bands of 3.7 to 4.2, 5.925 to 6.425 and 10.7 to 
11.7 GHz, has been described in detail in previous papers.4-B 

A vertical run of circular copper waveguide (2.81 inch inside 
diameter) connects the antenna to appropriate systems combining 
networks at the base of the antenna supporting structure. Since two 
polarizations, vertical and horizontal, are available for each of the 
three frequency bands, as many as six rectangular waveguides may 
connect from a single run of circular waveguide to the transmitter­
receiver bays in the microwave radio equipment room. The antennas, 
networks, and all outdoor waveguides are pressurized with dry air. 
An RF window in the waveguide at the building entrance separates 
the outside and inside waveguide sections. 

Generally, a repeater station is equipped with four antennas, one 
transmitting and one receiving in each direction, while stations lo­
cated at route intersections may have six or more antenna systems. 
Therefore, plans for fully-equipped stations must provide for as 
many as six rectangular waveguides per antenna-at least 24 wave­
guides at a repeater station and more at main stations. 

To avoid undue signal attenuation and to control noise contribu­
tions of the antenna system, the waveguide runs should be kept as 
short as possible and, therefore, must be carefully engineered and 
installed. Standardization or pre-engineering of waveguide runs is 
highly desirable but difficult to achieve with rigid waveguide. The 
arrangements for the tower-mounted circular waveguides and the 
indoor portions of the rectangular waveguides have been standard­
ized. The outdoor rectangular waveguide runs a.te generally specially 
engineered for separate building and tower structures-each situated 
according to its own requirements with respect to radio path direc­
tions and local site conditions. Nevertheless, they usually follow 
typical patterns. 

IX. BUILDINGS AND TOWERS 

The building and tower shown in Fig. 9 are typical of those being 
used for TD-3, TD-2, and TH. The building is a reinforced con­
crete structure with 1625 square feet of equipment floor space. 

The tower will accommodate four horn reflector antennas and a 
pair of 8-foot-diameter parabolic antennas. At the station shown in 
Fig. 9, the shrouded antennas, mounted approximately 50 feet below 
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Fig. 9 - This installation at Dumas, Mississippi, is typical of current TD-3 
repeater stations. 

the horn-reflectors, are used in a narrow-band space diversity system, 
operating at 4190 or 4198 MHz, which provides a high-reliability 
auxiliary channel for order and alarm circuits. 

The towers used at main stations have the capacity for mounting 
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eight horn reflectors on two top platforms. Both "four and eight 
antenna" towers of this tapered truss design are available in heights 
up to 350 feet. Galvanized ASTM A 36 steel is used, although for 
economy some leg sections are made of high strength steel (ASTM 
A 441). Pier-and-pad footings, independent of the building founda­
tions, are generally used so that the tower is 15 to 20 feet from the 
building. The separation is sometimes greater, although in recent 
construction it has been held to a minimum. For a four-antenna 
tower, the tower base width varies from about 18 to 53 feet, and is 
even larger for an eight antenna tower. 

The systems combining networks are mounted on the outside face 
of the tower. Waveguide support trusses carry the rectangular wave­
guides from these networks to the entrance panels in the rear wall of 
the building. Both the networks and the horizontal waveguide runs 
are covered to prevent damage from falling objects or ice. 

It is difficult to standardize outdoor waveguide arrangements with 
separate buildings and towers because of (i) the large number of 
variations in tower base dimensions and building-tower separations, 
(ii) the occasional positioning of the tower at an odd angle with respect 
to the building plan, and (iii) the need to connect antennas located 
in various positions on the tower with transmitter-receiver bays 
which are uniformly placed within the building. Furthermore, the 
building-tower separation and the relatively large dimensions of the 
tower base result in long rectangular waveguide runs. To eliminate 
many of the problems associated with outdoor waveguide arrange­
ments, a new approach was used on the TD-3 system installed be­
tween Alexander, Arkansas, and Arkabutla, Mississippi. A "unitized" 
building-tower arrangement with relatively short pre-engineered wave­
guide runs was used. In this arrangement, the tower is mounted di­
rectly on a reinforced concrete building. The tower legs are anchored 
to the building columns and the tower footings are integral with 
the building foundation. 

"Unitized" designs were developed for both repeater and main sta­
tions. The unattended repeater building provides approximately 1800 
square feet of equipment floor space, including separate engine and 
mechanical equipment rooms. Figure 10 shows the "unitized" type at 
Stuttgart, Arkansas, where the tower is about 287 feet high. Anticipat­
ing future growth, this tower is designed to support as many as six 
horn-reflector antennas. The availability of eight possible antenna 
mounting positions on a large platform offers a wide range of orienta-
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Fig. 10 - The repeater station at Stuttgart, Arkansas, on the initial TD-3 
route, uses a "unitized" building-tower arrangement. 

tion possibilities, so that it rarely will be necessary to orient the tower 
with respect to the microwave paths as must frequently be done with 
conventional towers for four antennas. 

Corresponding main junction buildings, such as those provided at 
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Alexander, Arkansas, and Arkabutla, Mississippi, are several times 
as large as those used for the repeaters. They provide additional 
space for the protection switching, terminal, order wire and alarm, 
patching, and test equipment, as covered in Table I, as well as multi­
plex or other locally required equipment. The building at Alexander, 
with a 137 foot tower (Fig. 11), is designed to support 12 horn­
reflector antennas-four on a second platform. A second floor on 
one side of the building (right in Fig. 11) houses air conditioning 
and heating equipment. 

The towers in the "unitized" construction are galvanized steel 33 feet 
on a side, up to 350 feet high. The legs are wide flange H sections of 
high strength steel (ASTM A 441), ranging from six inches deep and 
weighing 15.5 pounds per foot near the top, to 14 inches deep and 
weighing 150 pounds per foot at the base of the heaviest tower. Each 
baseplate is secured by anchor bolts to the building column on which 
it rests. For the heaviest tower, eight 3-inch diameter bolts are re­
quired at each leg. The towers are designed to withstand loads 
corresponding to approximately 100 mph winds. In a 70 mph wind, 
the antenna platforms will deflect less than 1U degree. 

The large and uniform tower cross-section permits the running of 
the circular waveguide straight and inside the tower, rather than in 
the sweeping arc (500-foot radius) which brings it tangent to the 
outside face of the usual tapered tower. Short rectangular waveguide 
runs connect from the systems combining networks, mounted inside 
the tower face at roof level, to one of four entrance hatches on the 
roof. Networks and rectangular waveguide are protected from falling 
objects or ice by steel grating supported at the top of the tower base 
section which may be at a level 18 or 31 feet above the roof. In a 
departure from usual practice, the rectangular waveguide is positioned 
with its long dimension vertical so that small amounts of water or 
other foreign matter which may enter the guide can collect on the 
narrow side, where it has less effect on transmission. 

Both the conventional and "unitized" buildings have exterior wall 
panels designed to facilitate their removal in the event the building 
must be enlarged. They also provide facilities for 100 kW engine 
alternators with room to expand the emergency power service to 
225 kW if necessary. 

Air conditioning in the trial installation was designed to maintain 
the radio equipment space at 75 ± 10°F, with relative humidity below 50 
percent. As the Invar waveguide filter elements are now being pres-
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Fig. 11- The main station at Alexander, Arkansas, on the initial TD-3 route. 

surized with dry air, the station temperature requirement for future 
construction is 70 ± 20°F with no limits on relative humidity. 

In accordance with Bell System plans for continuity of communica-
tions in the event of nuclear attack, all structures are designed to 
withstand 2 psi peak overpressure and associated blast effects. At­
tended main stations are equipped with decontamination and emer­
gency living facilities. Adequate shielding is provided to protect 
working personnel from fallout radiation. 



1530 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

REFERENCES 

1. Roetken, A. A., Smith, K. D., and Friis, R. W., "The TD-2 Microwave Radio 
Relay System," B.S.T.J., 30, No.4, part II (October 1951), pp. 1041-1077. 

2. Griffiths, H. D., and Nedelka, J., "100A Protection Switching System," B.S.T.J., 
44, No. 10 (December 1965), pp. 2295-2336. 

3. Pullis, G. A., "Alarm and Control Features of the TD-2," Bell Laboratories 
Record, 30, No. 12 (December 1952), pp. 477-481. 

4. Friis, R. W. and May, A. S., "A New Broadband Microwave Antenna Sys­
tem," AlEE Transactions Part I-Communications and Electronics, 77, 
No. 35 (March 1958), pp. 97-100. 

5. Harkless, E. T., "A Network for Combining Radio Systems at 4, 6, and 11 
kMc," B.S.T.J., 38, No.5 (September 1959), pp. 1253-1267. 

6. Haury, P. T. and Fullerton, W.O., "TH Radio System Equipment Aspects," 
B.S.T.J., 40, No.6 (November 1961), pp. 1495-1520. 



Contributors to This Issue 

T. A. ABELE, Dipl.-Ing., 1958, Dr. Ing., 1960, Institute of Technol­
ogy, Aachen, Germany; Bell Telephone Laboratories, 1963-. At Bell 
Telephone Laboratories Mr. Abele has been concerned with develop­
ing microwave transmission components for the TM, TD-3, TD-2B 
and TH-3 radio relay systems. He supervises a group responsible for 
designing and developing microwave networks and circuits. Mem­
ber, N achrichtentechnische Gesellschaft (NTG). 

ALFRED J. ALBERTS, B.S.E.E., 1957, Newark College of Engineering; 
Bell Telephone Laboratories, 1947-. Mr. Alberts helped design micro­
wave filters and networks for early experimental radio relay systems 
and for the TD-2 microwave system. He has been concerned with de­
signing and developing microwave and coaxial apparatus for sub­
sequent radio relay systems, and is engaged in the mechanical design 
of microwave transmission components for the TH-3 and TD-3 radio 
systems. 

JOHN F. BARRY, B.S., 1961, and M.S., 1963, both from Northeastern 
University; Bell Telephone Laboratories, 1961-. Mr. Barry's work 
has included circuit development for TH Radio, Bellboy® personal 
signaling set, and FM terminals. He now is designing IF switching 
circuits for broadband restoration. Member, Eta Kappa Nu, Tau 
Beta Pi. 

C. E. BRADFORD, B.S. (E.E.), 1942, Worcester Polytechnic Institute; 
M.S. and Ph.D. (physics), 1954, Illinois Institute of Technology; 
Bell Telephone Laboratories 1954-. Mr. Bradford has investigated 
the effect of manufacturing tolerances on the operation of electron 
guns, and has been involved in designing and developing Bell System 
and military traveling-wave tubes, Bell System masers and a military 
magnetron. Also, he designed and developed the traveling-wave tube 
for TH-3 radio system. He is responsible for design engineering for 
traveling-wave tubes in production by the Western Electric Company. 
Member, IEEE, A.I.P., Sigma Xi. 

1531 



1532 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

RICHARD T. COONEY, B.S.E.E., 1959, University of Rhode Island; 
M.S.E.E., 1962, Northeastern University; Bell Telephone Labora­
tories, 1959-. Mr. Cooney's work has included designing and devel­
oping analog portions of the 100A protection switching system, de­
veloping the TD-3 transmitter-receiver test set, a noise reduction 
program on the TH radio system and designing new protection switch­
ing systems for microwave radio. Member, IEEE, Eta Kappa Nu, 
Tau Beta Pi, Phi Kappa Phi. 

ELBERT J. DRAZY, B.S.E.E., 1942, Purdue University; Bell Tele­
phone Laboratories 1942-. Mr. Drazy has been concerned with de­
veloping test equipment for microwave radar and for microwave radio 
relay and video transmission systems, as well as developing carrier 
supplies for the L-type multiplex equipment, and FM terminals for 
long-haul microwave radio relay systems. Since 1964 he has super­
vised a group developing microwave networks for radio systems. 
Member, Tau Beta Pi, Eta Kappa Nu, Sigma Xi. 

HARRY E. ELDER, who coordinated the writing of the 14 other men 
who wrote sections for the article, "Active Solid-State Devices," re­
ceived his B.S. in E.E. from the University of Illinois in 1948, his M.S. 
in E.E. from Newark College of Engineering in 1954, and graduated 
from Bell Telephone Laboratories Communications Development 
Training Program in 1956. He joined Bell Laboratories in 1951 where 
he has been concerned with developing electron tubes and solid-state 
devices. Mr. Elder has been supervisor of microwave diode final devel­
opment, klystron development, and microwave masers. He is now su­
pervisor of microwave diode final development. He has one traveling 
wave tube patent and helped write Microwave Semiconductor Devices 
and Their Circuit Applications, McGraw-HilI, 1968. Member, Eta 
Kappa Nu, Tau Beta Pi, Sigma Tau, Phi Kappa Phi, Phi Lambda 
Upsilon. 

G. L. FENDERSON, B.S.E.E., 1960, University of Maine; M.S.E.E., 
1963, Northeastern University; Bell Telephone Laboratories, 1960-. 
Mr. Fenderson's early work at BeU Laboratories dealt with the de­
velopment of central office noncommon control switching apparatus. 
Since 1962 he has been designing and developing broadband solid 
state amplifiers for microwave radio systems. 

JAMES GAMMIE, B.Sc. (E.E.), 1944, University of Aberdeen, Scot­
land; B.Sc. (Mathematics), 1951, Birkbeck College, University of 



CONTRIBUTORS TO THE ISSUE 1533 

London; Bell Telephone Laboratories, 1952-. Mr. Gammie has been 
concerned with developing transmission systems, including the L3 
coaxial system and the TJ and TL short-haul microwave radio sys­
tems. He is now developing FM terminals and wire line entrance links 
for radio relay systems. Member, IEEE. 

ANDRAS HAMORI, Dipl. Eng., EE, 1955, Technical University of 
Budapest, Hungary; Bell Telephone Laboratories, 1957-. Mr. Hamori 
was engaged in developing the decoder and the line repeater for the 
T1 carrier system. Later he worked on developing the exerciser and 
the test set for the 100A switching system. He also was associated 
with developing the transmitter modulator and the microwave genera­
tor for the TD-3 radio system. He now supervises a group develop­
ing the TH-3 radio repeater. 

S. D. HATHAWAY, B.E.E., 1947, University of Virginia; M.S.E.E., 
1950, Virginia Polytechnic Institute; M.S.E.E., 1952, University of 
Illinois Bell Te!ephone Laboratories 1952-. Mr. Hathaway has been 
engaged in systems engineering on microwave radio relay systems. 
He is Head of Radio Systems Engineering Department. Member, 
IEEE, Eta Kappa Nu, Tau Beta Pi. 

W. G. HENSEL, B.S.E.E., 1929, Ohio Northern University; Bell 
Telephone Laboratories, 1929-. Mr. Hensel is Head, 4 GHz Long 
Haul Microwave Department. Member, IEEE. 

J. JAN JANSEN, S.B. and S.M., 1939, Massachusetts Institute of 
Technology; Bell Telephone Laboratories 1939-. His early assign­
ments included television terminal circuit design for the Ll coaxial 
system and the Al video transmission system. During World War II 
he worked on several military airborne radar systems. He partici­
pated in designing the A2A video system and the television terminals 
for the L3 coaxial system. Since 1957 he has headed groups in devel­
oping the L3, Tl, and microwave radio systems. Member, Sigma 
Xi, Eta Kappa Nu, IEEE. 

R. M. JENSEN, B.S. in E.E., 1937, Purdue University; Bell Tele­
phone Laboratories, 1937-. He first was engaged in developing audio 
equipment, and then worked in quality assurance. In 1938 he began 
developing L-type multiplex networks, and during World War II 
he was concerned with tuned amplifiers, coaxial filters, and crystal-



1534 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

controlled oscillators. In 1956 Mr. Jensen was assigned to develop 
microwave networks, and in 1959 he became a supervisor. In 1964 
he began supervising a group designing equipment for TL-2/TM-l 
radio relay, FM terminals, wire line entrance link, and TD-3 radio 
relay, and now his group is designing TH-3 radio relay equipment. 
Member, Sigma Pi Sigma. 

WILLIAM E. JEWETT, B.S.E.E., 1953, University of Kentucky; 
M.S.E.E., 1965, Stevens Institute of Technology; Bell Telephone 
Laboratories, 1953-. Mr. Jewett has worked on military and tele­
phone apparatus, and regulated power supplies for telephone systems. 
In 1962 he was made supervisor of a military and telephone ap­
paratus group, and in 1963 he became supervisor of a power con­
version group. Member, IEEE, Eta Kappa Nu, Tau Beta Pi. 

DOUGLAS R. JORDAN, B.S.E.E., 1952, University of Buffalo; Bell 
Telephone Laboratories, 1952-. He has worked primarily on the TH 
and TD-3 microwave radio relay systems. On TH, his assignments 
included work on the traveling wave tube amplifier, the auxiliary radio 
channel, the broadband channel equalization, and the antenna system. 
He supervises a TD-3 system analysis group responsible for estab­
lishing the requirements for the microwave transmitter and receiver, 
and evaluating the radio system performance. Member, IEEE. 

FRANCIS M. KLISCH, B.E.E., 1963, George Washington University; 
M.S.E.E., 1965, Northeastern University; Bell Telephone Labora­
tories, 1963-. Mr. Klisch has been engaged in designing FM ter­
minals and FM terminal test equipment for the TD-3 radio system 
and developing the new TH-3 6 GHz long haul radio system. Member, 
Tau Beta Pi. 

SHEE H. LEE, B.S.E.E., 1961, Tufts University; M.S.E.E., 1963, 
Northeastern University; Bell Telephone Laboratories, 1961-. Since 
joining Bell Laboratories, Mr. Lee has been involved in designing 
and developing IF circuits for microwave radio systems. 

N. E. LENTZ, B.S.E.E., 1952, Washington State University; Bell 
Telephone Laboratories 1952-. He completed Bell Laboratories' Com­
munications Development Training Program in 1955, and worked on 
video amplifiers and test equipment for the TD-2 radio system. Mr. 
Lentz holds several patents for the timing circuits he designed for the 



CONTRIBUTORS TO THE ISSUE 1535 

T-carrier PCM system. Since 1961 he has been developing circuits 
for FM terminals. Member, Tau Beta Pi, Sigma Tau. 

D. J. LEONARD, B.E.E., 1956, and M.E.E., 1960, New York Univer­
sity. Bell Telephone Laboratories 1956-. Mr. Leonard has been 
concerned with the circuit design and analysis of amplifiers, networks, 
and logic circuits for various transmission and signaling systems. He 
has led groups responsible for transmission system circuit develop­
ment as well as component design, including microwave circuits and 
networks. He is Director of the Transmission Technology Laboratory. 
Member, Tau Beta Pi, Eta Kappa Nu. 

R. C. MACLEAN, Assoc. E. E., 1958, Franklin Technical Institute; 
Bell Telephone Laboratories, 1958-. Mr. MacLean has been involved 
in the design of filters and equalizers for various communication sys­
tems and as programmer in the analog computer simulation of vari­
ous circuits and systems. He is now designing and evaluating active 
circuits and networks for communication systems. 

SAMUEL MOTTEL, B.S.M.E., 1950, City College of New York; 
M.S.M.E., 1968, Newark College of Engineering; Bell Telephone Lab­
oratories, 1952-. Mr. Mottel has been concerned with power equip­
ment and systems development since joining the Laboratories. He has 
worked on power for carrier systems, microwave systems, Bell System 
and military submarine cable systems, data systems and various mili­
tary communications systems. Since 1963 he has supervised a group 
working in systems power equipment development areas. Member, 
A.S.M.E. 

PAUL L. PENNEY, B.S.E.E., 1963 and M.S.E.E., 1965, Northeastern 
University; Bell Telephone Laboratories, 1963-. Mr. Penney had 
worked on developing microwave upconverter and downconverter 
circuits for the TD-3 radio system He is now working on broadband 
IF transistor amplifier circuits. Member, Tau Beta Pi, Eta Kappa 
Nu. 

RONALD C. PRIME, B.Sc. in E.E., 1958, University of Southampton 
(England); M.S.E., 1961, Princeton; Bell Telephone Laboratories 
1961-. His first assignment with Bell Laboratories was to design 
logic circuits for the 100A switching system which is used to protect 
TD-2 and TD-3 radio. Later he was engaged in TD-3 repeater bay, 



1536 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1968 

and system measurements. He supervises the systems analysis group 
responsible for TH-3 radio. Graduate member, lEE. 

CHUNG-LI REN, B.S.E.E., 1953, Taiwan College of Engineering; 
M.S.E.E., 1957, University of Notre Dame; Ph.D. (Electro-physics), 
1964, Polytechnic Institute of Brooklyn; Bell Telephone Laboratories, 
1965-. At Bell Laboratories, Mr. Ren has done modal analysis of 
waveguides with arbitrary cross sections, development of solid state 
down converters, analysis of coupled TEM line filters with non­
adjacent coupling, and the design of waveguide filters. He is now de­
veloping millimeter wave transmission components. Member, Sigma 
Xi. 

ROBERT E. ROWE, B.S.E.E., University of Maine, June 1960; 
M.S.E.E., Northeastern University, June 1962; Bell Telephone Lab­
oratories 1960-. Mr. Rowe worked on designing and developing 
the TL radio test set and the 100A protection switching system test 
set. Since 1965 he has worked on developing the TD-3 radio micro­
wave transmitter and receiver. Member, IEEE, Tau Beta Pi, Phi 
Kappa Phi. 

ROBERT C. SALVAGE, Associate degree in EE, 1955, Nework College 
of Engineering Night School; Western Electric Co., 1953-1955; Bell 
Telephone Laboratories, 1955-. Mr. Salvage started work in the 
TD-2 microwave system and has since contributed to designs in the 
TJ, TL, and TM short haul microwave systems. He is now doing de­
velopment work on FM terminals. 

R. E. SHEEHEY, E.E., Assoc., 1960, Wentworth Institute; Bell Tele­
phone Laboratories, 1960-. Mr. Sheehey has been involved in devel­
oping various types of electrical networks, and is now designing and 
developing networks for radio systems. 

ROBERT E. SHERMAN, B.S.E.E., 1944, Michigan Technological Uni­
versity; Bell Telephone Laboratories, 1946-. Mr. Sherman's early 
work consisted of designing high-frequency transmission transform­
ers, including those employed in the original transatlantic cable 
system. He has supervised groups designing resistors, inductors, and 
transformers. Since 1963 he has been supervising a group responsible 
for designing microwave radio repeaters, modulators, and micro-



CONTRIBUTORS TO THE ISSUE 1537 

wave generators for the new TD-3 system. Senior Member IEEE, 
member, Tau Beta Pi, Eta Kappa Nu. 

ROBERT J. SKRABAL, B.S.M.E., 1949, Columbia University; Bell 
Telephone Laboratories, 1953-. Since 1959, he has been supervising 
a group concerned with the mechanical and structural design of mi­
crowave antennas, towers and other structures for radio relay sys­
tems. He had been involved in the design of a 30-foot tropospheric 
scatter antenna for the DEW Line and in the development of special 
air conditioning systems for military electronic equipment. Member, 
A.8.M.E.; registered professional engineer in the State of New York. 

CHARLES P. SUSEN, B.E.E., 1953, Rensselaer Polytechnic Institute; 
Bell Telephone Laboratories, 1953-. Mr. Susen's work has included 
designing the microwave carrier supply and the broadband receiver 
for the TH radio system, work on the 100A protection switching sys­
tem, and designing the TD-3 radio transmitter-receiver test console. 
He was responsible for TD-2 equipment improvement, and now is de­
signing mastergroup branching and combining units for use with 
MMX2 on radio. 

GERD A. TUCHEN, Vordiplom, M.E., Technische Hochschule Dres­
den, 1954; M.S.M.E., CalifO'rnia Institute of Technology, 1957; 
M.S.E.E., New York University, 1959; Bell Telephone Laboratories, 
1957-. Mr. Tuchen was first engaged in the mechanical design of the 
SD ocean cable repeater and later in the mechanical design and sys­
tems integration of the Telstar® satellite and other communications 
satellites. He is supervisor of the Mechanical Group in the Trans­
mission Components Department. Member, A.S.M.E. 

JOHN A. WORD, B.S., 1930, University of California (Berkeley) ; Bell 
Telephone Laboratories, 1930-. Prior to World War II he worked on 
the design of toll terminal room equipment. During World War II he 
worked on sonar, communications counter measures and microwave 
radio. At present, he supervises a group in the equipment design of 
short- and long-haul microwave radio systems. Member, Tau Beta 
Pi and Eta Kappa Nu; associate member, Sigma Xi; senior member, 
IEEE; registered professional engineer in the State of New York. 




