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LEA/Iflei7 ELECTRIC, 
a subsidiary of General Telephone 
& Electronics Corporation, is a ma-
jor manufacturer of communica-

tions equipment for the telephone 
industry, government, and com-

merce. We produce microwave 
radio, multiplex, carrier, and data 

transmission systems which find 
worldwide use. Lenkurt has estab-

lished a tradition n the telecom-

munications industry with a reputa-
tion for quality products and custo-
mer service. 



Products a 

MICROWAVE RADIO SYSTEMS 

Lenkurt microwave systems operate in the various common carrier, 
government, and industrial frequency bands between 406 and 13250 
MHz. Systems provide a wide range of service carrying voice, data, 
television and control signals for telephone, industrial, and government 
organizations. 

MULTIPLEX AND CARRIER SYSTEMS 

A wide range of modern multiplex systems for microwave radio, and 
carrier systems for cable and open-wire applications. New pulse code 
modulation ( PCM) and subscriber carrier systems add to a diverse product 
line. 

TELEGRAPH AND DATA SYSTEMS 

Family of solid state transmission systems operating at pulse rates of 75 
b/s to 40.8 kb/s. Special techniques developed at Lenkurt permit the 
most economical use of communications circuits. 
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Services 

SUPERVISORY AND CONTROL SYSTEMS 

Specialized communications systems to monitor and provide protection 
for microwave radio, multiplex, petroleum pipeline and power transmis-
sion systems. Systems make possible centralized supervision and control 
of unattended stations. 

AUXILIARY AND TEST EQUIPMENT 

To extend the application and flexibility of Lenkurt products, a wide 
range of auxiliary and test equipment is available. Included are 
compandors, adjustable equalizers, echo suppressors, in-band signaling 
equipment, 4-wire terminating sets, and noise weighting test equipment. 

CUSTOMER SERVICES 

Many valuable services are offered to ensure that customers receive all of 
the benefits and economies possible. Each service has been specially 
designed to help the customer plan, install, operate and maintain the wide 
selection of systems engineered and manufactured by Lenkurt. 



The Lenkurt Demodulator is a 
technical periodical published 
monthly and circulated without 
charge within the telecommuni-
cations industry and to educa-
tional institutions. 

This complimentary volume in-
cludes the twelve issues that 
appeared during 1968. If you 
wish to receive the Lenkurt 
Demodulator regularly, contact 
our office on company letter-
head. 

ADDITIONAL INFORMATION about Lenkurt's major systems is 
available on request. Included are product brochures describing 
our major communications systems, comprehensive technical pub-
lications and drawings containing' detailed information on equip-
ment engineering. 

For more information about Lenkurt products and services, 
please contact one of our sales offices or Government engineering 
representatives, or write directly to our Main Office. 
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361 E. Paces Ferry Rd., N.E. 
Atlanta, Georgia 30305 

Phone 404 — 261-8282 
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Data transmission speeds go higher and 

higher and line quality requirements 

increase correspondingly. 

Q uality, in a communications 
circuit, is relative. The 

same circuit may perform flawlessly 
for voice communications and not 
handle data traffic at all satisfactorily. 
Before the recent upsurge in the 
amount of digital traffic being handled 
by common carriers, this was not an 
especially serious problem. But nowa-
days, data is demanding an increasing 
amount of the telephone industry's 
attention. They are faced with the 
pressing requirement to improve their 
networks to more efficiently handle 
digital type traffic. 

Since it is not feasible to replace all 
existing voice-grade circuits or to in-
stall whole new networks dedicated to 
data transmission, the obvious solution 
is to upgrade existing circuitry. 
Two phenomena cause most of the 

difficulties encountered in attempting 
to send digital data over voice circuits. 
They are delay distortion and ampli-
tude distortion. But both can be over-
come by proper conditioning of the 
circuit. The Lenkurt 971B Adjustable 
Equalizer is designed specifically to 
cope with problems of distortion in 
voice circuits intended for data traffic. 
It corrects for both amplitude and 
envelope delay distortion, and condi-
tions circuits to meet C-1, C-2, C-3 
and C-4 standards. 

Delay Distortion 
Delay distortion of electrical signals 

is a type of distortion caused by the 

non-linear phase delay-versus-fre-
quency characteristics of a communi-
cations circuit. 

In voice-frequency transmission fa-
cilities, such distortion is caused main-
ly by the capacitive and inductive 
effects of transformers and amplifiers 
at the low frequencies. At the higher 
frequencies it is caused by loading 
coils and line capacitance. In carrier 
transmission facilities, channel bank, 
group, supergroup, and mastergroup 
transformers and filters are the main 
causes of delay distortion. 

Delay distortion is not a problem 
until it begins to interfere with the 
ability of the communications receiver 
to understand the information con-
tained in the signal. In the case of 
speech transmission, delay distortion 
has not been a problem, since the 
human ear is relatively insensitive to 
variations in phase-versus-frequency re-
lationships. 

However, digital signals are quite 
vulnerable to the effects of delay 
distortion. Data bits usually originate 
as rectangular-shaped pulses which are 
used to modulate a carrier at a parti-
cular keying rate for transmission over 
a communications circuit. The ana-
lagous AM or FM signals resulting 
from this modulation process are com-
posed of many frequencies. 
The envelope of these signals results 

from energy at the fundamental and 
harmonic frequencies adding together 

vectorially. If such a signal passes 
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through a circuit with non-linear 
phase-versus-frequency characteristics, 
it becomes severely distorted. In fact, 
the signal energy may "spread out" to 
the point where adjacent pulses begin 
to interfere with one another. Under 
such conditions, the data receiver may 
not be able to properly detect the 
information content of each bit, (for 
example, a binary 1 may be detected 
as a binary 0, or vice versa). 
When considering the cause of delay 

distortion, it should be noted that an 
appreciable impedance mismatch be-
tween line sections or between the line 
and office apparatus will influence the 
distortion characteristics of the facil-
ity. The presence of reflected currents 
sometimes causes an overall distortion 
much different from that which is 
indicated by analyzing the individual 
facility components. This is particu-
larly noticeable at low frequencies or 
with short lengths of line, where the 
loss is relatively low, and reflection 
and interaction effects are consequent-
ly greater. In the case of long loaded 
cable circuits, manufacturing toler-
ances and subsequent treatment of 
cables can cause appreciable variation 

from the delay determined by formula 
or from typical curves. Another pro-
blem is the spacing of load coils which 
varies from the ideal because of the 
necessity for spacing coils according to 
the location of manholes or telephone 
poles. 

Measurement Techniques 
There are two common techniques 

used to measure delay distortion in 
communications circuits. One consists 
of measuring phase shift, either with a 
phase meter or by means of an oscil-
loscope Lissajous pattern — a method 
mainly used in the laboratory. It is a 
tedious procedure because phase shift-
versus-frequency must first be compu-
ted and then point-by-point slope 
measurements made to derive the de-
lay curve. 

This method requires accurate fre-
quency measurement and is suitable 
only when both terminals of the cir-
cuit are available at the same location. 
The method is also occasionally used 
for transmission circuits where two 
similar circuits exist so they can be 
"looped back" to the measuring point. 
Figure 1 is a curve of frequency-

Figure 1. Frequency/ 
Phase Shift Characteris-
tic's of Typical Com-
munications Channel. 



versus-phase for a typical communica-
tions channel. 
The second technique consists of 

measuring the envelope delay charac-
teristics of a circuit rather than the 
f r e quency/phase-shift characteristics 
and is relatively easy to accomplish. 

Envelope delay of a particular fre-
quency is equal to the slope of the 
phase-frequency curve at the specific 
frequency. Therefore, envelope delay 
can be determined by measuring the 
phase shift of two incremental fre-
quencies and then computing the 
slope. The degree of resolution of the 
measurement depends upon the incre-
mental spacing of the two frequencies 
used to determine the slope character-
istics. The closer the spacing the great-
er the resolution of the measurement. 

Measuring the slope at various 
points throughout the passband of a 
circuit provides an indirect indication 
of the phase-versus-frequency charac-
teristics of the circuit. 

However, it is not necessary to use 
two incremental frequencies to make 
such a measurement. The usual prac-
tice is to transmit an amplitude mod-
ulated carrier through the circuit 

Figure 2. Envelope De-
lay at Amplitude Modu-
lated Carrier Frequency 
co 1. 
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SIDE BAND 

under test, and measure the resulting 
phase shift of the modulation enve-
lope. The result is the same as mea-
suring the slope of two incremental 
frequencies, and the measurement con-
cept employs much simpler computa-
tional techniques. 
When transmitting an amplitude 

modulated carrier through a circuit, 
energy at the carrier and upper and 
lower sideband frequencies will be 
displaced in time according to the 
frequency/phase characteristics of the 
circuit. This is illustrated in Figure 2. 
It means that the envelope of the 
signal will shift in phase from the 
carrier by an amount equal to the 
mean value of the slopes of the two 
sidebands (assuming both sidebands 
are equal in amplitude). The amount 
of this phase shift is called envelop 
delay. 
As a rule, the lower the modulating 

frequency, the more the envelope 
phase shift approaches the actual value 
of the slope of the phase shift at the 
carrier frequency. It can be assumed in 
practice that the envelope phase shift 
of the amplitude modulated carrier is 
equal to the slope of the frequency/ 
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phase curve describing the circuit at 
the carrier frequency. (See Figure 2). 
This means that if the amplitude mod-
ulated test signal is tuned or swept 
across the band of interest, the enve-
lope phase shift detected at the re-
ceiving end of the circuit provides an 
indirect measurement of the frequen-
cy/phase shift characteristics of the 
circuit. A curve of envelope delay-
versus-frequency for a typical com-
munications circuit is shown in Figure 
3. 

Delay measuring test sets have been 
developed to measure envelope delay 
in communications circuits. An ex-
ample of such a set is the Sierra Model 
340B, shown in Figure 4. The set 
generates an amplitude modulated car-
rier that can be manually adjusted or 
electronically swept over a frequency 
range corresponding to voice band, 
standard group and supergroup cir-
cuits. The carrier is usually 50 percent 
amplitude modulated with one of 
three frequencies. 
As mentioned previously, the lower 

the modulating frequency the more 
meaningful the measurement. How-
ever, variations in envelope delay are 

difficult to measure accurately if the 
frequency is too low and a compro-
mise is usually reached. Three modula-
ting frequencies, 25 Hz, 83-1/3 Hz, 
and 250 Hz, have become somewhat 
standard throughout the communica-
tions industry and are employed in 
most delay measuring test sets. 
The test set also processes the mod-

ulated signal after it has traveled 
through the communications circuit. 
The phase shift encountered by the 
envelope with respect to the carrier is 
measured by a zero-crossing detector. 
The difference in phase is read directly 
on a digital display or meter as delay 
in microseconds. Typically, these test 
sets are capable of measuring delays as 
great as 20 milliseconds. 

It is important to realize that the 
absolute envelope delay at a particular 
frequency is of no immediate concern 
in equalizing a circuit. It is only the 
relative delay that is important. This is 
the term used to express delay distor-
tion performance requirements in 
communications standards. Relative 
delay is the difference between the 
envelope delay (in microseconds) 
measured at some frequency within 
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Figure 3. Typical Rela-
tive Envelope Delay — 
46A Channel Equip-
ment (Measured With 
Channel Units Back-To-
Back). 
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Figure 4. Envelope Delay Test Set 

the band of interest and a reference 
delay and frequency established within 
the same band. 

In performance standards, envelope 
delay distortion is usually expressed as 
a maximum difference in envelope 
delay (in microseconds) between two 
frequencies within the passband of the 
circuit. For example, the envelope 
delay standards for a telephone trunk 
circuit might read: 

"Envelope delay distortion shall 
not exceed: 
80 microseconds between 1000 

and 2600 Hz. 
250 microseconds between 600 
and 2600 Hz. 
500 microseconds between 500 
and 2800 Hz." 

'Cowles, Sena EleCII0e, -F ard Corp.) 

This means that the difference in 
envelope delay (in microseconds) be-
tween any two frequencies between 
1000 and 2600 Hz cannot exceed 80 
microseconds, and so on. Using a delay 
measuring test set, the envelope delay 
characteristics of a circuit can be 
determined very quickly to see if they 
meet these requirements. 

Such a test can be accomplished by 
tuning the amplitude modulated car-
rier to a series of discrete frequencies 
across the band of interest (i.e. 1000 
to 2600 Hertz), and manually record-
ing the relative envelope delay reading 
at each frequency on the receiver of 
the test set. 

Alternatively, the carrier can be 
electronically or manually swept 
across the band of interest and the 
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envelope delay information recorded 
on an X—Y recorder or viewed on an 
oscilloscope. 

Subtracting the minimum delay 
reading from the maximum delay read-
ing provides a measure of the envelope 
delay distortion for the particular pass-
band. If the difference between 1000 
and 2600 Hz is greater than 80 micro-
seconds, then the delay performance 
of the circuit will not meet the stan-
dards described in the example and the 
circuit must be equalized. 

Delay Equalization 
It is not always necessary to mea-

sure the delay characteristics of a 
circuit to equalize it for data. There is 
a technique for equalizing a circuit 
known as the "eye pattern" method 
which is useful when conditioning a 
circuit for a particular data modem. 

With this method, a data modem 
such as the Lenkurt 26C which has its 
own test pattern generator is placed in 
the circuit with the modulator genera-
ting a random data pattern. An oscillo-
scope is connected to the data receiver 
(or demodulator) and synchronized 
with the receiver clock. The over-
lapping traces viewed on the oscillo-
scope provide an indication of the 
amount of phase distortion present in 
the signal. 

Equalizers can be added to the 
circuit and adjusted until the distorted 
eye pattern improves. This technique, 
although it does not assure that the 
circuit is equalized to certain specified 
limits, does provide the fastest adjust-
ment to optimum setting for the parti-
cular data modem involved. 

The job of equalizing a telephone 
circuit for data transmission has been 
greatly improved through the use of 
delay measuring test sets and variable 
equalizers. Most of the delay mea-
suring test sets provide analog output 

voltages that are proportional to the 
carrier frequency and envelope delay 
detected in the receiver. These voltages 
are used to drive an oscilloscope or an 
X—Y recorder to provide a visual 
display of the relative envelope delay-
versus-frequency characterisitics of a 
circuit. Such visual information is ex-
tremely helpful when attempting to 
equalize a circuit. 

There are several methods of setting 
up delay test sets to measure the 
envelope delay characteristics of a 
circuit such as loop back, end-to-end 
with return reference, and end-to-end, 
as shown in Figure 5. 

The loop-back method is used pri-
marily in the laboratory or in factory 
tests to measure the envelope delay 
characteristics of a circuit when both 
ends are available at the same location. 
The end-to-end with return reference 
method generally provides the most 
accurate measurement of a circuit be-
cause of better synchronization be-
tween the transmitter and receiver of 
the test set. 

The first step in equalizing a circuit 
with a delay measuring test set is to 
establish the test arrangement. The 
end-to-end method is generally the 
most convenient. 

In such an arrangement, an opera-
tor is required at each end of the 
circuit with an order wire facility so 
that the operators can talk to each 
other. At the transmit end of the 
circuit the terminal equipment is re-
moved and the delay test set transmit-
ter connected in its place. The test set 
receiver is then connected to the 
opposite end of the circuit. An X—Y 
recorder can be connected to the 
receiver to facilitate equalizing the 
circuit. 

It is important to understand that 
the absolute delay within a circuit 
cannot be reduced. Equalizers correct, 
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at a specific point in the circuit, for 
relative values of delay (and associated 
amplitude) distortion across the pass-
band. This point is usually at the 
receiving end of the circuit. Funda-
mentally, relative delay distortion is 
corrected by adding extra delay to 
those areas in frequency where the 
signal distortion value is low. This 
effectively flattens the passband by 
setting the overall distortion levels, 
across the band, at the value of the 
worst ( highest) condition. Even 
though system end-to-end absolute 
(total) delay has been increased slight-
ly for certain frequencies, the condi-
tioned signal will display very little 
effect from these forms of distortion. 

Relative delay distortion is usually 
determined by establishing, indivi-

dually, the lowest respective delay 
value and corresponding frequency 
within the passband as the reference 
point and comparing the values at 
other frequencies with this point of 
reference. For most applications, the 
reference point is arbitrarily set at zero 
microseconds of delay. In this way, 
measurements made at discrete fre-
quencies within the passband of the 
circuit will all read as positive num-
bers. Occasionally, the point of zero 
reference is set at a specific frequency, 
such as 1500 Hz. In this event, values 
of distortion throughout the passband 
may appear both as positive and nega-
tive numbers with respect to the refer-
ence point. Figure 6 shows the rela-
tionship between relative and absolute 
delay distortion. 

The February, 1969 DEMODULATOR, Circuit Conditioning, Part 2, 
will discuss amplitude distortion and the means for coping with it. 
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Regrettably, increased costs force us to 

change the price of the Demodulator three-ring 

binder. In an effort to make the price equitable 

to all of our subscribers, we have decided to set 

the new price at $ 1.00 each to both domestic 

and overseas readers. This cover both the 

higher cost to us as well as the increase in 

mailing and handling charges. 

New subscrtbers will be interested to know 

that one binder will handily accommodate two 

full years' issues of the Demodulator. 

The Editor 
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Demodulator, is available again. The quality and value are the same, and so is the 
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Amplitude distortion creates 

unique problems for data 

transmission over VF facilities. 

Even though amplitude and de-
  lay distortion are not neces-

sarily related and do not always appear 
in the same circuit, their causes are 
much the same. However, they are still 
two separate and distinct phenomena 
— consequently the means for correc-
ting them will also differ. 

By definition, amplitude distortion 
is a variation of loss or gain with 
frequency. It has two distinguishing 
characteristics — band edge roll-off 
and in-band ripple. 

Band edge roll-off is usually caused 
by filters in a voice multiplexing sys-
tem, or by loaded cable, or by high 
pass characteristics of transformers 
and series capacitors. In-band ripple is 
caused principally by impedance mis-
matches and their attendant reflection. 

Data Distortion 
For frequency division multiplexing 

(FDNI) equipment such as the Lenkurt 
25B or other low speed data transmis-
sion systems, band edge distortion in 
the voice channel may be so severe 
that it is impracticable to obtain more 
data channels by equalization. In-band 
amplitude ripple or delay distortion, 
however, is seldom so severe as to 
affect these low-speed channels. There-
fore, equalizers for frequency division 
multiplexing equipment need only cor-
rect the amplitude response at the 
corners of the channels. 

For higher speed data transmission 
— 1200 bits per second or more — 
delay distortion usually is controlling, 
and only moderate amounts of ampli-
tude correction are required. Usually, 
just enough to correct a general ampli-
tude slope through the frequency band 
is sufficient. 

However, in a switching network 
such as Autovon or Autodin, where 
high speed data is to be transmitted 
over several tandem switched sections, 
it is necessary that both amplitude and 
delay distortion be tightly controlled 
in each link of the switching system. 
This is so that the overall characteris-
tics of several sections in tandem 
(which are the sum of the characteris-
tics of the individual sections) will 
meet the requirements for data trans-
mission. 

In cases like this, the in-band ripple 
of the amplitude response becomes 
important and must be equalized. As 
previously mentioned, this ripple is 
caused by impedance mismatch; con-
ceivably it could even be caused by 
imperfect impedance matching of de-
lay distortion correction devices. 

Amplitude Equalization 
Treatment for amplitude distortion 

usually accompanies delay equaliza-
tion. As stated in Part 1 of this issue, 
the absolute delay within a system 
cannot be reduced from its total value 
at the point of origin. But, amplitude 
correction can be accomplished with 
gain devices. 

The Lenkurt 971B Adjustable 
Equalizer is designed specifically for 
the correction of amplitude distortion 
as a function of frequency as well as 
delay distortion to enable VF circuits 
to meet stringent C3 and military DCA 
requirements for data transmission (as 
outlined in DCA Circular 330-185-1). 
See Table 1. 

The 971B is usually operated from 
the receive end of the circuit. An 
exception would be in cases where 
intermediate switch locations occur in 
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long-haul circuits that can be separated 
into shorter segments for switching. In 
such cases, for purposes of equaliza-
tion, cadi segment is treated as a 
separate circuit. 

Correction is accomplished by add-
ing gain or loss in the areas of fre-
quency where distortion exists to flat-
ten the passband. Amplitude-versus-
frequency distortion is reduced over a 
particular frequency range. This, in 
turn, decreases the distortion of the 
signals being transmitted in that range 
or, conversely, increases the data trans-
mission rates. 

A good adjustable equalizer system, 
such as the 97113, generally consists of 
independent delay and amplitude 
equalizers. Since the delay systems 
were described in Part I of this article, 
only the amplitude equalizer will be 
discussed here. 

Basically, there are three methods 
of amplitude equalization. They in-
volve the use of either "bump" sec-
tions, band edge booster sections or 
cosine sections. 

The first method introduces vari-
able compensation shapes (bumps) 
uniformly across the frequency range 

Table I 

TYPE C3 CONDITIONING 

Type C3 — For access lines and trunks associated with a Switched 
Circuit Automatic Network or common control switching arrangerner t 

Access Lines 
— The envelope delay distortion shall not exceed: 

Between 1000 and 2600 Hz, a maximum difference of 110 micro-seconds 
Between 600 and 2600 Hz, a maximum difference of 300 micro-seconds 
Between 500 and 2800 Hz, a maximum difference of 650 micro-seconds 

— The loss deviation with frequency (from 1000 cps reference) 
shall not exceed 

Between 500 and 2800, —0.5 dB to + 1.5 dB 
Between 300 and 3000, —0.8 dB to +3.0 dB 

(+ means more loss) 

Trunks 
— The envelope delay distortion shall not exceed 

Between 1000 and 2600 Hz, a maximum difference of 80 micro-seconds 
Between 600 and 2600 Hz, a maximum difference of 260 micro-seconds 
Between 500 and 2800 Hz, a maximum difference of 500 micro-seconds 

— The loss deviation with frequency shall not exceed 
Between 500 and 2800, —0.5 to + 1.0 dB 
Between 300 and 3000, —0.8 to +2.0 dB 

NOTE: Conditioning in accordance with the above specifications is 
limited to: 

Each lnterexchange or local access line — between the 
customer's station and switching center 

Each trunk — between switching centers 

Exrracted from Tariff F.C.C. No. 260 Page 143.2 
— Effective August 7, 1967 
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to be equalized. It is effective for 
correcting moderate in-band distortion 
but has the problem of allowing too 
much interaction among the separate 
bumps in the line. However the bump 
method can deal with chosen sub-
divisions within the band on a one-by-
one basis. 

In facilities with steeply dropping 
band edges — such as loaded or sub-
marine cable — equalization is aided 
by the use of a tuneable high and low 
frequency booster section with shape 
controls. Such devices (the Lenkurt 
971B is one) are equipped for dealing 
with slope or band edge drop-off 
problems. But, unless another equali-
zation technique is used, they cannot 
cope with mid-band ripples. 

Cosine Equalization 
Bump section and band edge boost-

er sections are fairly conventional 
techniques for equalizing data circuits. 
There is, however, a method used by 
the Lenkurt Adjustable Equalizer 
called cosine equalization which is not 
so common. 

Cosine sections introduce a set of 
harmonically related cosine wave 
shapes of gain versus the log of the 
frequency. In general they are consid-
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Figure L Cosine section phase shift-
versus-frequency characteristic — 
Amplitude Equalizer. 

erably more effective than bump 
shapes for equalizing severe in-band 
amplitude distortion, especially since 
they require fewer sections. 

In a conditioning system which 
employs cosine equalization tech-
niques, the cosine equalizer consists of 
a number of identical phase-shifting 
networks connected in tandem. The 
networks are driven by compound 
transistors and unity-gain phase split-
ters the outputs of which are com-
bined in a summing amplifier. 

The 971B cosine equalizer provides 
five cosine shapes of amplitude versus 
logarithm of frequency. The shapes are 
continuously variable in amplitude and 
sign. Combinations of these shapes are 
used to cancel amplitude variations in 
the voice band of the circuit. 

Figure 1 shows the phase shift/ 
frequency relationship characteristic in 
a typical cosine stage. This relationship 
is almost linear. If the output voltage 
of the first phase shift stage is added 
linearly to the input voltage, the shift 
at 300 Hz will be zero and the 
summed voltage will be double that of 
the input voltage. 

At 3000 Hz though, the phase shift 
is 180 degrees, and if the two voltages 
are added their sum will be zero. So, as 
the frequency is varied between 300 
and 3000 Hz a half-cosine curve of the 
voltage-versus-log/frequency can be 
obtained. The curve will be on a 
logarithmic scale because of the loga-
rithmic relationship between phase 
and frequency. 

And, since the phase shift networks 
are in tandem, the output of the 
second stage (or section) will go from 
0 to 360 degrees as frequency is varied 
between 300 and 3000 Hz. Output 
shifts of the next three stages will be 
540, 720 and 900 degrees respectively. 
Consequently the five cosine stages 
will produce 1/2, 1, 1-1/2, 2 and 2-1/2 
cosine curves. All five situations are 
represented in Figure 2. 
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Figure 3. Actual ampli-
tude distortion condi-
tion — before and after 
e q ua lization. End- to-
end measurement of 
VP circuit consisting of 
four links of 46A Car-
rier and one link of 
3-kHz submarine cable. 
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Measurement Techniques 
Equipment for measuring ampli-

tude distortion is basically an oscilla-
tor and a VTVM; whereas an envelope 
delay test set is used for determining 
delay distortion. There are also some 
differences in technique. 

Whereas the reference point for 
delay measurements was arbitrarily set 
at zero microseconds on the test set, a 
specific frequency — usually 1 kllz 
with a O dB reference point — is 
chosen for amplitude measurements. 
Consequently, values of distortion 
throughout the passband may appear 
as both plus and minus figures with 
respect to the reference level. liut just 
as with delay measurements, a refer-
ence point is provided to which distor-
tion in other portions of the band may 
be compared. From this comparison, it 
can be determined whether or not 
equalization is feasible or even re-
quired. 

Absolute values of minimum distor-
tion and loss within a system are not 
directly related to the problem of 
correcting for relative distortion and 
its effect on a signal. Even though they 
may not be of immediate concern to 

3 4 

the equalizer system, absolute values 
are important for purposes of compari-
son, particularly in parallel circuits. In 
such cases, the circuit with the lowest 
distortion and loss figures is "built 
out" of the network by the equalizer 
to the value of the circuit having the 
highest figures. 

One of the most expedient methods 
of measuring amplitude distortion in-
volves the use of level tracers such as 
the Siemen's HEL 3 K 211G. A level 
tracer provides an oscilloscope trace 
pattern of the pass-band amplitude 
condition. Hence, the effects of adjust-
ments made on the equalizer can be 
readily seen and adjustment results can 
be recorded for reference. In this 
method, one level tracer's generator is 
used at the transmitting end of the line 
as a sweep signal source. The receiving 
portion of a second level tracer is 
connected to the output of the equal-
izer at the line's receiving terminal. 
'I'he tracer is then adjusted to track the 
sweep of the transmitting unit. The 
result is a calibrated amplitude-versus-
frequency curve of the pass band. 

By using a level tracer in conjunc-
tion with an adjustable equalizer such 
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as the Lenkurt 971B, off-line ampli-
tude equalization is possible. This is 
done by placing a mirror image of the 
trace (inverse tracing) before the 
cathode ray tube of the level tracer 
and matching to it the shape of the 
equalizer circuit. This technique is 
used when, for some reason or 
another, end-to-end alignment is not 
possible. 

Alignment for 
Amplitude Equalization 

Just as with delay equalization, 
three basic pieces of equipment are 
required — an adjustable equalizer and 
two sweep level tracers. 

The level tracers are connected to 
each end of the circuit and their 
controls are set for the desired trans-
mit/receive levels as determined by the 
particular system requirements. Re-
quirements differ widely depending 
upon the particular transmission facil-
ity being equalized. 

To determine the system's general 
amplitude response characteristics, the 
line response should be first observed 
and recorded off the level tracer with-
out the equalizer in the circuit. 

The five cosine equalizer section 
controls are then adjusted to get the 
best possible (flat) response across the 
entire pass band. These controls are 
especially effective for minimizing in-
band amplitude ripples. Each cosine 
section introduces a distinct positive 
or negative shape whose amplitude is 
directly proportional to the control 
knob setting. 

At the start, each cosine control 
should be varied in both directions 
from its zero setting to determine the 
relative effect on the response for that 
particular section. Experimentation is 
usually necessary to determine the 
various combinations of cosine control 
settings which will best equalize the 
circuit. 

From a simple operational point of 
view, it is not really necessary to know 
what each term is accomplishing ex-
cept for a general understanding. This 
is because cosine shapes, up to the 
third or fourth terms, can be reckoned 
reasonably accurately from the gain/ 
frequency response on the level tracer. 

For higher terms, reduction of the 
total gain spread over the whole band 
usually provides sufficient adjustment 
standards. But when adjusting the 
cosine sections sequentially, if a point 
is reached where no appreciable re-
duction in gain spread is noted, this 
and all higher order sections should be 
left at zero. A new combination is 
then started by setting the first section 
at a new level. 

In obtaining the desired amplitude 
response, it may be necessary to juggle 
the high and low booster sections and 
the 0 dB, 1000 llz reference values 
during alignment since cosine adjust-
ments can change the high and low 
end response. 

But if all goes well, and the desired 
amplitude response is obtained, the line 
should then be ready and capable of 
carrying digital information as well as 
analog signals. 
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LENKURT ELECTRIC CO., INC. 
SAN CARLOS, CALIFORNIA 94070 

DISTORTION LESS DATA 

To send digital data over voice circuits — error free — is a snap with the 

Lenkurt 971B Adjustable Equalizer. 
This little system does a big job. It compensates for both delay and amplitude 

distortion — quickly and easily. 
For more information on this or other Lenkurt communications systems, call 

or write Lenkurt, Dept. C720. 

SAN CARLOS, CALIFORNIA, U.S.A. 

LEA/KURT ELECTRIC VIDEO, VOICE & DATA 

GENERAL TELEPHONE & ELECTRONICS TRANSMISSION SYSTEMS 

Lenkurt Offices The Lenkurt Demodulator is circulated monthly to technicians, 
San Carlos Chicago engineers and managers employed by companies or government 
Stamford, Conn. Atlanta agencies who use and operate communications systems, and to 
Falls Church, Va. Dallas educational institutions. Permission to reprint granted on request. 
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The unique nature of power 
transmission introduces com-

munication problems not found in 
telephony and similar industrial com-
munications. "Faults" or outages in a 
telephone network interrupt valuable 
and important communications, but 
neither the uses nor the communica-
tions network are otherwise affected; 
the loss of communication and infor-
mation is the greatest harm that re-
sults. 

In power transmission, however, a 
different type of commodity must be 
moved — raw power, electrical energy 
which may achieve an incredible mag-
nitude. When power fails, almost 
everything around is affected. A break-
down in the power distribution system 
can literally paralyze any part of the 
country that is deprived of electricity. 
This was darkly evidenced by the 
outage that struck the American 
Northeast in 1965. 
No less important is the effect of a 

transmission breakdown on the genera-
tion and distribution network itself. 
Modern power transmission is a finely 
balanced operation in which great 
amounts of energy are transformed by 
generators into electricity and moved 
efficiently through distribution net-
works to the consumers. The power 
that is generated and transmitted is 
carefully matched to consumer de-

Vital Communications 

for Power Transmission 

mand and the load-carrying capacity 
of the transmission network. Faults 
upset this balance, possibly releasing 
the load from a generator without 
warning, or maybe doubling it, in the 
case of short-circuited lines. Such 
faults can suddenly release millions of 
watts of power which, if unchecked, 
can severly damage or destroy genera-
ting and transmitting equipment worth 
hundreds of millions of dollars. 

Because of the extreme importance 
of protecting equipment and maintain-
ing service despite the almost inevita-
ble occurrence of faults, many tech-
niques have been developed for mini-
mizing the effects of such occurrences. 
The most important of these is the 
organization of power "grids" or 
multi-terminal transmission networks 
which link many power sources and 
load centers. 

Successful operation of the power 
grid requires a rather elaborate com-
bination of sensing relays on each 
transmission line for detecting the 
presence of a fault on the line and 
swiftly triggering circuit breakers to 
isolate the fault before serious damage 
can occur. 

The Power Grid 
In the earliest days of electric 

power, transmission was necessarily 
local. Generating stations were located 
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Figure 1. The Bonneville Power Administration's EHV network in the Pacific 
Northwest is typical of modern extensive power transmission systems. Recently, 
consideration is being given to creating an intertie between this network and a 
similar one in the Southwest. 

close to the consumer, direct-current 
power was used, and voltage was low. 
Because of the low available voltage, 
current had to be high for a given 
amount of power. This limited the 
distance over which power could be 
transmitted, since transmission loss is 
proportional to I2R, (where I is cur-
rent and R is line resistance). 

With power distribution restricted 
to short distances, standby generators 
capable of meeting peak loads were 
required to permit routine mainte-

nance and to protect against failures. 
Naturally, this was very expensive. 

Since then, the practice has 
changed. Alternating current permits 
transformers to be used to step the 
voltage up to very high values for 
transmission. By raising the voltage 
and lowering current, transmission loss 
is reduced, permitting power to be 
transmitted efficiently over great dis-
tances. 

It soon became ev ident that widely 
spaced generators, each serving its own 
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Figure 2. Typical substation with adjacent switching yard. 

area, could be connected together to 
provide "mutual aid". If one generator 
or transmission line should fail, 
another could take on its load, thus 
maintaining service. As long-distance 
transmission became more efficient, it 
became possible to connect a greater 
number of widely separated power 
plants together in the network. 

This capability has been further 
enhanced through a technique known 
as load shedding. Through the use of 
supervisory control systems, generator 
frequencies can be monitored. When 
overloads are indicated, portions of 
the power load can be transferred to 
other generators' networks. If a given 
generator's frequency falls below a 
predetermined rate — usually 58.5 Hz 
— it is shut down automatically and its 
entire load transferred to other parts 
of the facility. 

Obviously power grids are more 
efficient and beneficial to all parties as 
they are increased in size and area. It is 
possible to adjust generating capacity 
to accept load changes more smoothly, 
since periods of peak demand in var-
ious parts of the grid may not neces-

sarily coincide. For instance, daily 
peak load often comes at nightfall. 
This will obviously occur at different 
times in cities which are widely separa-
ted in longitude. Similarly, there may 
be a considerable seasonal load diffe-
rence between cities of the far north 
where winter daylight hours are few, 
and in the far south where electricity 
is used in large quantities for summer 
air conditioning. The ability of each 
area to help the other permits more 
modest investment in generating plant. 
A catastrophic fault in large power 

grids, however, can affect far more 
consumers and more actual power 
than in simpler systems. Without some 
means of rapidly isolating a serious 
fault, literally hundreds of millions of 
watts from the grid could be released, 
causing serious damage to the trans-
mitting and generating equipment. 
Even individual generating sites may 
have a tremendous power capability. 
For instance, some large generating 
plants produce currents as high as 
50,000 amperes at 250,000 volts if the 
main bus (uninsulated circuit junction) 
is short-circuited to ground. In this 
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case, more than ten billion watts 
would be dissipated in the fault and 
equipment. At this rate, enough power 
would be liberated in one second to 
supply all the power requirements of a 
small town for a full year. A surge of 
this much power, if unchecked, can 
seriously damage transformers, genera-
tors, or transmission lines. 

To guard against such damage, fast 
acting circuit breakers must be used to 
disconnect a "faulted" circuit as rapid-
ly as possible. Speed of operation is 
essential in minimizing or preventing 
damage. Typically, modern high-power 
circuit breakers are built to break the 
flow of current within three cycles 
(1/20th second) of the occurrence of 
the fault. Even at this speed a major 
fault of the size mentioned above 
would still dissipate 150,000 kwh be-
fore the circuit could be broken. 

Even where less power is involved, 
speed is very important in isolating a 
fault. This presents a problem since 
accurate discrimination between true 

faults and such natural occurrences as 
switching transients requires time. For 
instance, switching transients or mo-
mentary heavy loads (surges) which 
are within the capacity of the system 
should not cause circuit breakers to 
trip as if a fault were present. How-
ever, actual faults must be promptly 
recognized and isolated swiftly. 

Protective Relaying 
To reduce uncertainty as much as 

possible, many special fault-sensing ar-
rangements have been developed. Most 
employ sensitive relays which are able 
to distinguish between normal condi-
tions and faults. One of the most basic 
types of protective devices is called an 
‘`overcurrent" relay. It protects against 
loads which are beyond the ability of 
the equipment to safely accommodate. 
Such loads may occur because of 
unusual peak demand, faults, or a 
combination of these. The overcurrent 
relay does not discriminate between 
faults and heavy demand. 
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Figure 3. Schematic representation of a typical transmission line. Distance relays 
must be adjusted to respond only to faults in "first zone," thus avoiding false trips 
due to ordinary switching transients in far-end switch yard. Different type of 
sensing arrangement is used to detect faults in second zone. Second zone includes 
portion of adjacent section, third zone includes everything beyond. 
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Figure 4. Microwave radio is fast becoming an indispensable adjunct to effective, 
reliable transmission of electric power. 

One of the basic types of protective 
relay which can distinguish between 
faults and normal overload is the 
"distance" relay. These devices moni-
tor voltage and current on the line 
independently. Under normal condi-
tions, increased voltage will result in 
increased current. In some fault condi-
tions, however, (such as a ground fault 
or transmission line short-circuited to 
ground), line voltage will drop and 
current increase. The relay is sensitive 
to the relative values of current and 
voltage, and the resulting impedance. 
When a fault occurs, line impedance 
will change and the relay will trip if 

not prevented from doing so by other 
relays which guard against false trips. 
Because the transmission line is re-
active, the impedance change varies 
with the distance from the fault. It 
thus becomes possible to adjust the 
relay to respond to faults which occur 
within a certain distance, but ignore 
those beyond. 

Another way of sensing line faults 
is to compare the phase of the current 
at one end of the line with the phase 
at the other. Under normal conditions, 
the two ends will be in phase. If the 
line is short-circuited or grounded, 
however, the phase at one end will 
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reverse with respect to the other. The 
phase reversal will be detected and 
cause circuit breakers at both ends of 
the line to trip. 

In order to achieve reliable tripping, 
yet avoid false trips, conventional re-
lay arrangements may be quite elabor-
ate. Often two or three back-up relay 
arrangements are employed to provide 
high speed and supplementary protec-
tion as well as preventing false tripping 
because of faults in adjacent transmis-
sion sections. 

Many different relaying methods 
may be used, according to circum-
stances and line characteristics. A typ-
ical basic arrangement for a two-
terminal transmission section is dia-
grammed in Figure 3. High speed 
distance relays are used at each end of 
the line to provide fast "first zone" 
protection. The relays are adjusted to 
respond to faults occurring within 90% 
of the distance to the far end of the 
transmission line. It is necessary to 
adjust the relay for less than the full 
length of the line to avoid responding 
to momentary transients and surges 
caused by normal switching at a dis-
tant switchyard. At the distant end, a 
similar arrangement is used. Thus, 
faults occurring within the center 80% 
of the line will be detected at each end 
and quickly isolated by tripping the 
breakers at both ends. 

If a fault occurs within the far 10% 
of the line, the distant breaker will 
immediately trip, thus disconnecting 
its end of the line. However, since the 
fault is beyond the reach of the 
near-end relay, it cannot respond. Con-
sequently, the generator at the near 
end will still be feeding power to the 
fault. 

To prevent this from continuing, an 
"overreach" relay (Figure 5) is used. It 
is a sensitive distance relay that is 
adjusted to respond to faults occurring 
not only on the protected transmission 

section, but also in the first 20% of the 
adjacent section. 

In order to prevent this relay from 
tripping the near-end circuit breakers 
for faults in the next section, a block-
ing signal is transmitted, which, in 
effect, identifies the fault as lying in 
the next section and prevents breakers 
in the local section from operating. In 
order to allow the blocking signals 
"first priority," the overreach relay is 
normally made slightly slower acting 
than the first zone relays and the 
blocking signals. This time delay also 
may tend to prevent tripping in re-
sponse to routine switching transients 
occurring at the far end. 

Obviously, some sort of indepen2 
dent communications channel or so-
called "pilot" circuit is required to 
link each end of a transmission line in 
order to trip the breakers at both ends 
of the line in case of a fault. Tradition-
ally, these pilot channels have taken 
the form of wire or cable circuits, 
"power line carrier" channels, or chan-
nels transmitted by microwave. 

Each of these methods has its own 
advantages and disadvantages. Physical 
circuits are generally limited to short 
distances, usually 10 or 15 miles, 
mostly because the shunt capacitance 
and series resistance of the line alter 
the currents which are put on the line 
to detect faults. This effect becomes 
excessive as distance increases. 

Power line carrier is widely used for 
protective relaying, but is gradually 
giving way to microwave because of its 
limited information capacity, relative-
ly high cost, and dubious reliability at 
the moment it is needed most — 
during a fault. Power line carrier sys-
tems transmit tones in the frequency 
range 30 to 200 Hz directly over the 
power lines themselves. Normally, the 
carrier transmitter and receiver are 
coupled to one phase wire of a three-
phase transmission line. If the fault 
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Figure 5. Typical "overreach" arrangement with third zone blocking. High speed 
distance relays at both ends detect first zone faults. Sensitivie overreach relay 
detects second zone faults, but is blocked by signal from far end which indicates 
when the fault comes from the adjacent section. A slight delay is built into the 
overreach circuit to allow the blocking signal to have "first priority" in acting. 

occurs on the particular line carrying 
the signal, there is some chance that 
the signal still may be able to get 
through the fault by inductive and 
capacitive coupling to the adjacent 
phase wires. 

During a fault (which may consist 
of a short circuit between phases or 
between one or more phases and 
ground), noise is extremely high, and 
this may obscure communication even 
if the phase wire carrying the signal is 
not involved. Because of these possible 
hazards to communication, many pro-
tective relaying arrangements which 
use power line carrier are arranged to 
prevent or block the tripping of a 
circuit breaker. Thus, it is not neces-
sary to transmit through a fault. If a 
blocking signal continues to be re-
ceived, it tends to confirm that the 
fault lies in another transmission sec-
tion. Of course, many other blocking 
arrangements may be used to prevent a 
circuit breaker from tripping in error. 
These blocking arrangements are effec-
tive and dependable but are generally 
most suitable for simple two-terminal 
transmission lines. 

As power grids grow more complex, 
there is greater use of multi-terminal 
transmission sections, that is, sections 
which have one or more branches. A 
fault in such a section is much harder 
to detect accurately than in a two 
terminal network since it may occur in 
a branch carrying some fraction of the 
energy appearing at the other ter-
minals. Fault detecting techniques 
such as phase reversal are particularly 
difficult due to a substantial loss of 
sensitivity to the fault condition. 

Multi-terminal sections also greatly 
increase the communication problem 
because it is necessary that each termi-
nal be able to signal directly to each of 
the others. In the case of power line 
carrier, this uses up the limited signal 
bandwidth very rapidly. For example, 
a two-terminal line would require only 
two frequencies, one for each direc-
tion. A three terminal line requires six 
frequencies, while a four-terminal line 
must employ 12 frequencies. Once 
used, these frequencies should not be 
used again in nearby sections of the 
grid because of the difficulty of re-
moving them from the power lines. 
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Although frequency traps are custo-
marily used, they are necessarily sim-
ple devices (since they must operate at 
hundreds of thousands of volts), and 
are thus not completely effective in 
blocking carrier frequencies. Since 
most carrier tones are used as blocking 
signals, undesired tones from a distant 
transmission section, even though at-
tenuated, might prevent a breaker 
from tripping during a fault. As a 
result, limited available bandwidth on 
power lines restricts the use of power 
line carrier in large or complex power 
grids. 

Transferred Trip 
One solution to these problems is 

the use of remote tripping or transfer-
red trip as it is often called. The 
principle of transferred trip is directly 
opposite that of conventional blocking 
schemes which prevent a circuit break-
er from tripping. With transfer trip, 
distant breakers are tripped on com-
mand of a signal from a terminal 
where a fault has been identified. 
Thus, all breakers in a section — even 
where there are several branches — 
may be tripped rapidly to isolate the 
fault. It is necessary to arrange the 
fault detecting relays to overlap their 
areas of sensitivity so that a fault 
anywhere in the line will cause at least 
one terminal to trip and transmit a 
signal to the other terminals. Naturally 
each terminal is still free to trip at high 
speed if the fault is detected by that 
terminal's high speed relays. 
A principal objection to transferred 

trip operation is that it lacks security. 
It may produce false trips as a result of 
noise or other interference — hence, it 
is not " fail safe". In the event that the 
communications channel over which 
the trip signal is sent should fail, 
protection of the grid would decline. 

Offsetting this argument are the 
inherent simplicity and adaptability of 

the transferred trip method, and the 
fact that it provides 100% backup for 
the relaying methods on the transmis-
sion line itself. 

Security, Speed, and Reliability 
Most faults consist of a short circuit 

between phases of the transmission 
line or between one or more phases 
and ground. Often these result in an 
arc. When this happens electrical noise 
is tremendous. Since a power line 
carrier channel must be assumed to be 
unreliable at the time of a fault, this is 
the basic reason that many conven-
tional protection methods use the 
transmitted signals to block the trip-
ping of breakers. 

Installation of modern microwave 
systems relieves this problem by estab-
lishing reliable communication chan-
nels that are not associated with the 
line, and are therefore free from the 
interference caused by line faults. In 
the past, microwave seemed too costly 
and was considered unreliable. Two 
factors are changing this, however. 
Modern solid-state microwave systems 
are now able to operate directly from 
batteries, thus eliminating outages due 
to power failures. In addition, substan-
tial improvements are achieved by 
increased use of transistors and by 
effective techniques for switching to 
standby equipment very rapidly in 
case of equipment failure. Further-
more, the cost of the coupling and 
frequency trapping equipment re-
quired for power line carrier has 
tended to increase greatly as higher 
and higher transmission voltages are 
used. This increased cost has not re-
lieved the shortage of carrier frequen-
cies or increased information capacity. 

Although microwave provides com-
munication channels that can be used 
for any of the conventional relaying 
methods which normally use a pilot 
wire or power line carrier, it is also 
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Figure 6. Lenkurt Type 937A achieves very high security against false trips due to 
noise by using overlapping and interlocking circuits which distinguish between 
noise and desired signals. Special care is devoted to time constant of filters used to 
separate noise and signals. Interposing relays are eliminated by SCR's. 

suitable for remote tripping. Accord-
ingly, its use in power transmission is 
growing very rapidly. 

With higher transmission voltages, a 
transmission line carries much more 
power than formerly. This makes it 
especially important to react to a fault 
with utmost speed. Modern relaying 
equipment and circuit breakers are 
able to isolate a line within about 
three cycles after a fault occurs. But 
additional time delay in responding to 
a fault may be introduced by the 
communications equipment and addi-
tional relays which may be used to trip 

the circuit breaker. Relays are often 
used in tone equipment of older design 
to control the fairly large amount of 
current required to trip the circuit 
breaker. However, with few excep-
tions, they contribute more delay and 
more unreliability than any other 
component in the system. In protec-
tive relaying the equipment may not 
be actuated even once a year, with the 
result that contacts may oxidize or 
become dusty, and fail to function 
when energized. In addition, relays 
add as much as 18 milliseconds further 
delay to the tripping of the breaker. 
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Both of these objections can be 
overcome by using modern solid-state 
components such as silicon controlled 
rectifiers (SCR's). These heavy-duty 
devices have no contacts or moving 
parts, and switch within a microsecond 
after being keyed, thus eliminating a 
major source of needless delay. 
Furthermore, the SCR is not subject 
to chatter or dropout. Once triggered, 
it goes on conducting, thus assuring 
that tripping will be completed. 

One of the biggest problems en-
countered in transferred trip protec-
tion is to provide positive tripping on 
command, but avoid false trips caused 
by noise, hum, or other sources of 
interference. This is essentially a com-
munications problem which yields 
readily to techniques developed for 
multichannel carrier equipment. 

The highly successful approach 
taken in the Lenkurt 937A protective 
relaying equipment is diagrammed in 
simplified form in Figure 7. One of the 
unique features of this equipment is 
the careful attention give to the most 
critical factor in protective relaying, 
time — that is, the absolute time delay 
required for electrical energy to get 
through the various electrical filters 
used. The time delay imposed on a 
signal by a filter is inversely propor-
tional to its bandwidth; the narrower 
the bandwidth of the filter, the slower 
the operation. In the 937A equipment, 
noise and signal tones follow separate 
paths having different time delays. The 
noise is given a "fast" path to a 
clamping circuit which overrides or 
blocks a multivibrator trigger circuit 

and prevents a false trip. Similarly, the 
guard tone filter is designed for a 
faster response time than the trip 
filter. This gives the guard signal 
"priority" and helps prevent spurious 
tripping. The circuit is arranged so that 
a trip signal can actuate the SCR 
output devices only if the trip signal is 
applied simultaneously with the re-
moval of the guard tone. Several addi-
tional protective circuits are also incor-
porated to eliminate improper opera-
tion under various other conditions 
which might occur in service. 

• Total elapsed time between keying 
and the rise of current in the circuit 
breaker trip coil is 8 milliseconds in 
the 937A, almost all of it contributeçl 
by the filters. Although it is possible 
to reduce this delay by increasing the 
bandwidth of filters, this would impair 
the ability of the equipment to dis-
criminate between noise and authentic 
tripping signals. In actual service, this 
design approach has proved more than 
adequate. Tripping signals never cause 
false trips, even if, during a major fault 
in an adjacent section, intense noise 
and heavy current surges occur in the 
switch yard. 

As ever increasing power loads are 
handled by ever larger and more com-
plex grids, tripping time becomes the 
most critical factor in protective relay-
ing. Because of this, more emphasis 
will be placed on the faster solid-state 
devices such as SCR's. For the same 
reasons, microwave radio and protec-
tive relaying systems working in con-
junction will also be subject to more 
attention in the future. 
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Radio-reflective surfaces offer design engineers 

an efficient and relatively inexpensive alternative 

to some path redirection problems. 

Because radio waves bounce 
off reflective surfaces in 

much the same way light is reflected 
by a mirror, radio reflectors can be 
thought of as radio mirrors. 

In actual practice, the use of radio 
mirrors is dictated essentially by topo-
graphical conditions where the rugged-
ness of intervening terrain either 
makes a direct path impossible or 
requires that the antenna towers be 
extremely high. 

Generally, speaking, radio mirrors 
fall into two categories — reflectors 
and passive repeaters. Those used in 
periscope antenna applications — rec-
tangles, ellipticals, or "flyswatters" 
(Figure 1) are referred to as reflectors. 
The large "billboards", usually found 
on isolated hilltops, and certain 
"back-to-back" parabolic reflector ar-
rangements are both classified as pas-
sive repeaters. (Figure 2). 

In order to determine the relative 
advantages of one antenna reflector 
arrangement over another it is conve-
nient to refer to some standard of 
measurement. In the case of micro-
wave antennas, performance is mea-
sured in gain and expressed in decibels 

(dB). Using the isotropic antenna as a 
standard point of reference it is com-
mon practice to speak of an antenna's 
performance as the gain improvement 
(in dB) over what could be expected 
of an isotropic antenna. 
An isotropic antenna would theo-

retically radiate or receive energy 
equally in all directions. (Figure 3). (A 
completely spherical radiation pattern 
is not really possible.) If an antenna 
could focus all its radiant energy into 
one-half a sphere, its gain (over iso-
tropic) would be defined as 3 dB, since 
all the radiated energy would be con-
centrated in half the sphere and twice 
as much would appear on any given 
area of the half-sphere. Therefore, gain 
is 10 log 2 = 3 dB. Common beams run 
as small as 1 to 2 degrees and provide 
gains in the area of 40 dB. 

The primary function of a good 
microwave antenna is to focus its 
radiant energy into the most concen-
trated and efficient beam possible. 

Reflectors 
All periscope antenna systems re-

quire a reflector of some kind to 
redirect the transmitted beam from 
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Figure 2. Passive repeaters are of two basic types: the "billboard" (A), so 
labelled because of its appearance, and the parabolic "back-to-back" passive (B) 
which uses two standard antenna dishes directly joined by a short length of 
waveguide. 

the parabolic antenna to some distance 
receiver. 

In most cases these reflectors are in 
close proximity to the transmitter-

tower complex. There are some excep-
tions and because there is no absolute 

dividing line between what constitutes 
a periscope reflector and a passive 
repeater it is generally held that any 
system in which there is more than a 
few hundred feet of horizontal separa-
tion between reflector and illumina-
ting dish is a passive repeater — not a 

periscope reflector. 

The decision to use a periscope 
antenna arrangement is dependent on 

several considerations. Economic 
studies reveal that when the waveguide 

run to the parabolic antenna ap-
proaches distances of 150 feet and 
beyond, it is usually less expensive to 
use the periscope arrangement and 
beam the signal from the ground to 

the reflector atop the tower. 
Tower height is not, however, the 

only consideration. Periscope antenna 

systems typically have somewhat 
higher side lobes and somewhat poorer 
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Figure 3. Energy radiation is theoretically assumed to radiate isotropically in all 
directions (B). Parabolic antennas are used to focus radiant energy into a 
directional beam (A) which has an obviously high amplitude gain over the 
hypothetical isotropic antenna. 

discrimination patterns for radiation 
or reception at angles off the main 

beam than do direct-radiating antennas 

with comparable gains. They thus have 
a greater likelihood of creating inter-

ference to or receiving interference 

from other microwave systems opera-
ting in the same geographical area. 

This characteristic is probably the 
most negative aspect of periscope an-

tennas. In areas of heavy microwave 
congestion it may be sufficiently im-
portant to preclude the use of peri-
scope antenna systems, even though 

they might be advantageous from 
other points of view. 

Another problem with the peri-
scope setup is the "sneaking" of the 
signal from the illuminating dish to the 
distant receiver. (Figure 4). This by-
passing of the reflector can occur 

when the direct path is not effectively 
blocked and allows a certain amount 
of the signal to reach the receiver 
ahead of the reflected main beam. This 
"sneaking" can produce troublesome 

noise levels requiring corrective engi-
neering. In some instances, it has been 
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Figure 4. In situations where the path is not effectively obstructed, the signal may 
sneak from the illuminating dish, directly to the distant receiver. This bypassing 
of the reflector causes noise at the receiver. Shielding is used to control this 
problem. 

necessary to place metal shields on the 
path sides of the illuminating dish in 

much the same manner blinders are 
used on race horses. 

The periscope system has wide 

usage. Although the efficiency does 
not change with different frequencies, 
periscope application can nevertheless 
be more expensive at the lower fre-
quencies (2 and 4 GHz) because the 

required dish sizes for these wave 
lengths are much larger. 

One unique advantage of a properly 

laid-out periscope arrangement is the 
possible gain improvement over what 
can be expected from the parabolic 
antenna alone. This complex matter 
was clearly described in the July 1963 

issue of the DEMODULATOR. By 

way of recapping, it is sufficient to say 
that the reflector's size, shape and its 
distance from the parabolic antenna 
can make it possible to reflect only 
first zone energy (Figure 6). When 
only first zone energy is reflected, the 

possibility of phase cancellation 
(caused by simultaneous reflection of 
the out-of-phase second zone energy) 

is almost completely eliminated. This 
arrangement produces sharper beams 
at distant points while giving net gains 
of from 2 to 3 dB for reflectors with 
flat faces. 

Additional gain can be achieved by 
curving the face of the reflector to the 

approximate shape of a section of a 
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paraboloid with the illuminating dish 
at its focus. (Figure 5) Actual practice 
has provided substantial evidence that 
a properly curved reflector can pro-
duce as much as 4 to 6 dB more gain 
than a flat uncurved reflector in the 
same application. This gain improve-
ment results from the fact that the 

phase relationships of the various por-
tions of a reflected beam are deter-
mined by the relative points at which 

the wavefront is intercepted by the 
reflective surface. It can be shown that 
because of this curving some of the 
second zone (out-of-phase) energy can 
be converted to in-phase energy there-
by actually boosting the gain beyond 
anything possible with a flat reflector. 

Passive Repeaters 
Erecting an active radio relay sta-

tion where inaccessibility and severe 

weather changes can inflate construc-

tion and maintenance costs beyond 
desirable limits is a situation every 
engineer tries to avoid. This is precise-
ly the kind of problem the engineer 
can resolve by using a passive repeater. 

The two general types of passive 
repeaters in common use are shown in 
Figure 2. One consists of two para-

bolic antennas connected back-to-back 

through a short length of waveguide. 
Because the size requirements and the 
associated cost, this type of passive is 
rarely used except for very short paths 
where small dishes are sufficient. The 
efficiency of this arrangement is ap-

proximately 30% compared to a 98% 
efficiency rating for the "billboard". 

"Billboard" passives range in size 
from 4' x 6' single panels to 40' x 60' 
connected panels. The reflective sur-
faces are generally made of aluminum 

Figure 5. To calculate 
the curve of a periscope 
reflector (B), it is con-
venient to consider the 
illuminating dish (A) as 
the focal point of the 
parabola represented by 
CC'. The reflector (B) 
may simply be consi-
dered a solid segment 
of the imaginary para-
bolic shell. 
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ILLUMINATING DISH 
(GROUND LEVEL) 

Figure 6. Microwave signals are transmitted in concentric bands of energy (fresnel 
zones). Each zone is 180° out-of-phase with its adjacent zone. All even numbered 
zones are in phase with each other and out-of-phase with all odd numbered zones. 
The 2nd zone energy which is picked up by a flat reflector (A) will tend to cancel 
it equivalent in first zone energy. By using a curved periscope reflector which 
extends into the 2nd energy zone it is possible to actually convert the 
out-of-phase 2nd zone energy to an in-phase relationship with the first zone 
improving the overall gain. 
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which has been treated to prevent 
corrosion. As a rule of thumb, face 
flatness should be within 1/8 the 
transmitted wavelength. It has been 
determined that the reflective surface 
of the passive must be flat to within 
1/8" for 11-GHz transmissions, 1/4" 
for 6 GHz, and 3/4" for 2 GHz. 

Once the existence of an obstruc-
tion makes it fairly certain that a 
passive must be used, it is then neces-
sary to calculate the most efficient site 

available. The efficiency of any micro-
wave path arrangement using a passive 
repeater has an inverse relationship to 
the product of the path distances. 

Because of this it is obvious that 
any arrangement which reduces this 
product will improve the overall signal 
strength. It logically follows that those 
arrangements which place the passive 
nearest either of the path ends are 
therefore the most desirable. An addi-
tional benefit to this kind of site 
locating is the fact that the required 
surface area of the passive decreases as 
the distance to the path-end is short-
ened. 

Some mention should be made of 
the fact that while certain topographi-
cal conditions appear to be well suited 
for passive repeater sites they may 
actually not be desirable at all. This 
has sometimes proved to be the case in 
heavily timbered areas immediately 
surrounding sites of small passive re-
peaters. Depending on their relation-
ship to the passive and the signal 
beam, trees can produce serious inter-
path noise problems. This is also the 
situation which is occasionally created 
by unwittingly placing a small passive 
in front of a rock wall or bluff. For 

these reasons it is advisable to deter-
mine passive sites only after acquiring 
a thorough awareness of the particular 
terrain involved. Once the most realis-
tic sites have been selected it is then 
possible to estimate their relative effi-
ciencies. 

Fields — Near and Far 
One practical approach to deter-

mining antenna-reflector efficiency in-
volves the calculated value of 1/K: 

ir X 
d1 

4a2 

Where: 
X = the wavelength in feet 
(11 = the path length in feet 
a = the effective area of the 

passive repeater 

When the value of 1/K is 2.5 or less, 
a near field condition exists. Once 
having determined a near-field condi-
tion it is then possible to decide the 
proper method to use in calculating 
the gain or loss of the proposed path 
arrangement. 

If the passive is found to be in the 
far field, its gains and those of the end 
antennas are independent and the 
two-way gain of the passive repeater 
can be calculated by the following 
formula: 

Gain in dB = 20 log 4 ir A cos CC 
x2 

Where: 
Œ = 1/2 the horizontal included 

angle 
X = wavelength in feet 
A = area in square feet 
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To find the net loss between the 
two end points, it is only necessary to 
calculate the two path attenuations, 
add them together, then subtract from 
the result the two-way gain of the 
passive and the gains of the end 
antennas. 

However, if the passive is found to 
be in the near field of either antenna 
then antenna and reflector gains are no 
longer independent but react with 
each other in such a way that the net 
gain would be reduced. In this case the 
above methods cannot be used, since 
they give overly optimistic results. 

One way to evaluate gain where the 
passive is in the near-field is to con-
sider the antenna and the nearby 
passive as a periscope antenna system. 
In this case a correction factor is 
calculated and applied to the gain of 
the antenna to obtain the net gain of 
the periscope combination. In these 
situations, the "path" is only taken to 

Figure 7. Double passive used to beam signal over a ridge. 

be the distance from the periscope 
reflector (passive in this case) to the 
far end — the distance between the 
antenna and reflector within this peri-
scope arrangement is disregarded. 

Double Passive Repeaters 
If the passive repeater location is 

behind or off to one side of the near 
end path, so that the included angle 
between the two paths at the repeater 
does not exceed about 120°, a single 
billboard reflector is most efficient. 
One reason the angle of the passive to 
the path should not exceed 120° is 
that the surface dimension require-
ments increase unrealistically beyond 
this angle. If, however, the passive 
location is more or less along the line 
between the two end points, it is 
possible to use a double passive instal-
lation. (Figure 7). 

Such an arrangement, in which two 
closely spaced billboards are so situa-
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Figure 8. An example of a "billboard" 
passive living up to its name. 

ted, can provide the desired beam 
displacement with only slightly less 
gain than a single reflector — it is also 
true that twice as much billboard 
surface is required. 

Reflections 
The basic fact that microwave radio 

transmission is line-of-sight has im-
posed rather restrictive limitations on 
the methods microwave engineers can 
use in getting signals from one place to 
another. These limitations, like so 
many others, only serve to stimulate 
deeper investigations and more imagi-
native solutions to the problems which 
arise. 

Although the use of radio mirrors 
in microwave path engineering is not a 
new development, it is indeed an 

excellent example of how imagination 
has provided a simple solution to a 
complex problem — both in terms of 
cost and performance. When viewed as 
simple components, these radio reflec-
tors may be considered the only tool 
at the engineer's disposal whose effi-
ciency approaches 100%. 

It is important to point out that 
there is a wide distinction between 
reflective efficiency and overall path 
efficiency. Without exception, the re-
flective efficiency of periscope reflec-
tors and passive repeaters is very close 
to 100%. Path efficiency is, however, a 
rather complex matter to determine 
and requires calculating whether or 
not a passive is in the near field or the 
far field. Additional figuring is then 
required to weigh the two-way an-
tenna and passive repeater gains 
against the total path attenuation. To 
complicate matters further, in the case 
of periscope arrangements, it is custo-
mary to think of the reflector as 
simply an extension of the parabolic 
antenna and not a reflector as such. 

These various approaches which ex-
perience has shown to be quite relia-
ble, make it somewhat difficult to 
assess with a blanket statement the 
path efficiency of reflectors and pas-
sive repeaters, because it varies consi-
derably with each application. It can 
be said without reservation, that the 
development of reflectors and passive 
repeaters has greatly increased the 
number of path engineering alterna-
tives while measurably reducing instal-
lation and maintenance costs. 
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Complicated voice and data loading 

requires special equations 

to calculate actual capacity. 

Mierowave communication 
systems, like most systems 

built for use in a constantly expanding 
consumer market, seem to reach their 
maximum capacity before they 
should. Even when extra capacity has 
been painstakingly engineered into a 
system, it is not at all uncommon to 
find that even this additional capacity 
has been consumed earlier than antic-
ipated. 

As an FM—FDM (microwave-
multiplex) system expands to its maxi-
mum capacity, problems arise as more 
circuits or services are required. In 
general, these systems consist of 
several microwave hops in tandem 
between the end points of the system, 
with spur or sideleg hops often branch-
ing from the intermediate points. 

When is a System Overloaded? 
In complex systems it is possible to 

have portions of the system operating 
at or near the overload point while the 
other portions are carrying much 
lighter loads. In determining an over-
load, it is only necessary to consider 
the single most heavily loaded micro-
wave hop. 

In an FM system there are several 
interrelated factors which limit maxi-
mum capacity. An overload exists 
when one or more of the following 
limits has been exceeded: 

1) All of the available or usable base-
band spectrum is in use. 

2) The point at which total baseband 
signal power (system loading) if 
increased would cause unaccepta-
ble performance. 

3) System usage is such that any in-
crease in either the top baseband 
frequency or the system loading 
would cause emission bandwidth 
to exceed that legally allowed for 
the particular frequency band. 

In FM systems, the first two of 
these limits often have some degree of 
elasticity. The third, however, is a legal 
limitation which cannot be exceeded 
without legal violation. Perhaps the 
best approach is to evaluate the nature 
of the emission, its limitations, a 
method by which it can be calculated, 
and how it is affected by various 
parameters of the microwave system. 

Legal Limitations of Capacity 
The allowable maximum bandwidth 

(necessary or occupied, whichever is 
greater) for microwave systems under 
the Industrial Radio Services is estab-
lished in Paragraph 91.111 of the 
Federal Communications Commission 
rules. It is: 

8 MHz in the 1850-1990 MHz band 
800 kHz in the 2130-2150 and 

2180-2200 MHz bands 
10 MHz in the 6575-6875 MHz band 
20 MHz in the 12,200-12,700 MHz 

band 

Paragraph 2.202 of the FCC rules 
defines the various emission character-
istics and provides formulas for calcu-
lating the "necessary bandwidth." 

The type of service and the allow-
able bandwidth for a particular service 
is formalized in an "emission designa-
tor," which includes first the band-
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width in kHz, then a letter indicating 
the type of modulation (F for fre-
quency modulated systems), then a 
code number indicating the type of 
transmission (usually "9" for compos-
ite transmission in case of FM systems 
with FDM multiplex). Thus the emis-
sion designators for the bands listed 
above would be 8000F9, 800F9, 
10000F9 and 20000F9 respectively. 

The formula given by FCC for 
calculating the necessary bandwidth of 
an F9 transmission is: 

(A) = 2 M + 2 DK 

where: 
Bn= necessary bandwidth in kHz 

M = maximum modulation 
frequency in kHz 

D = peak deviation in kHz, 
defined as half the difference 
between the maximum and 
minimum values of 
instantaneous frequency. 

K = a numerical factor depending 
upon the allowable distortion. 
A commonly used value for 
K in such systems is 0.9, 
though a value of 1.0 is 
sometimes used. 

The value of M for a particular 
system is easily established.' It i. 
simply the frequency of the top mod-
ulating channel applied to the base-

'Electronics Industries Association (EIA) has 
submitted to FCC a proposal that a peak factor 
of 11.5 dI3 be used instead of the 13 dB which 
has been customary, and that a value of 1.0 be 
used for the factor K for the present. The resub 
of these changes would reduce the calculated 
values of 2 DK by approximately 8%. This 
would allow a slight increase in channel capac-
ity for the same necessary bandwidth. 
Industry's interpretation is that M should pro-
perly be taken as the frequency of the top 
information-bearing channel in the system, and 
that a sinusoidal continuity pilot located Anne 
the baseband should not be considered to be 
the "top modular  frequency" and should be 
excluded from the determination of M. 

band. The value of D, however, is 
somewhat more elusive since the com-
posite load applied to the baseband is 
a varying and complex quantity whose 
peak value can only be described 
statistically. The value of K is, as 
stated, very close to 1.0. 

The multiplex used, except for 
systems of very low density, is almost 
exclusively of the single-sideband sup-
pressed-carrier type (SSBSC). 

Studies on operating systems llave 
led to the following equations for 
calculating the rms (root mean square) 
value of white noise power, simulating 
the equivalent busy hour load of a 
given number of voice channels multi-
plexed into a baseband by SSBSC 
techniques (Fig. 1). 

B 
P = (- 15 + 10 log N) dBm0 

(N is 240 or more) 
or: 

(C) 
P = (-1 + 4 log N) dBm0 

(N is 60 to 240) 
where: 
P = equivalent rms white noise 

power applied over the same 
baseband spectrum as occupied 
by the multiplex channels. 

N = number of voice channels 

dBm0 = dB with respect to the 
power of a single channel 
test tone at zero relative 
level. 

These equations, originated by 
CCITT and CCIR, are almost univer-
sally accepted as a basis for the design 
and testing of multi-channel micro-
wave systems and provide a basis for 
calculating peak deviation (Factor D in 
equation (A)). 

Calculating D for Voice Systems 
The starting point for the calcula-

tion of D (peak deviation) is the 
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Figure 1. This graph, 
based on equations 
(A) and (B), shows 
the busy hour load 
(in dBm0) for the 
various number of 
voice channels used 
in a particular sys-
tem. 
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known per-channel rms deviation and 
the known power of its signal. The 
per-channel deviation is a basic FM 
system parameter frequently chosen as 
200 kHz rms. The baseband power of 
the test tone producing this deviation 
is 0 dBm0 rms. 

The parenthetical expressions in (B) 
and (C), called the "noise loading 
ratio", express the dB ratio between 
the rms power of a white noise load 
whose peaks are equal to the peak 
values of the complex baseband signal 
during the busy hour, and the rms 
power of a test tone. 

The peak value of white noise 
power is a statistical parameter with 
no specific value, but is commonly 
taken as 13 dB above the rms power. 
The use of two different equations for 
calculating the white noise load equiv-
alent reflects the fact that the peak to 
rms factor of the complex signal from 
a number of voice channels is rela-
tively constant at 13 dB for systems 
with more than 200 channels, but is 
variable and somewhat higher for 
systems with fewer channels (Fig. 2). 

Deviation in an FM system has the 
dimension of voltage. Consequently, 
the effect of changes in deviation can 
be calculated as a 20 log function of 
changes in load power. 

The following equations can be 
used to calculate the peak deviation 
for a multichannel SSBSC voice sys-
tem: 

(D) 

D = 4.474871 -15 +201° N) 

(N is 240 or more) 

(E) 
-1 +240 log N) D = 4.47d(og-1 

(N is 60 to 240) 

where: 

D = peak deviation in kHz 

d = per-channel test tone 
deviation in kHz, rms 

N = number of SSBSC voice 
channels in system 

Peak factor = log-1 g= 4.47 
4 

Example A: 

A 300 channel radio system could 
typically have a 200 kHz per channel 
rms deviation. 

D = (4.47) (200)(0g-1 e) 
= (4.47) (200) (log -1 .4885) 

= (4.47) (200) (3.08) 

= 2753 kHz 

Equation (A) can be used to calcu-
late Bn, noting that M = 1300 kHz (top 
channel of a 300 kHz system) and 
taking 0.9 for K. Bn = 2 x 1300 + 2 x 
2753 x 0.9 = 7555 kHz 

For standard SSBSC multiplex con-
figurations of 120 channels to about 
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960 channels, the frequency of the top 
channel in an N-channel system can be 
very closely approximated as (4.13 N 
+ 60) kHz. By using this approxima-
tion for M, taking K as 0.9, and 
substituting the appropriate values of 
D from (D) and (E) respectively, the 
following equations for Bn in terms of 
N and d can be derived. (It should be 
emphasized that they apply only to 
systems used primarily for voice): 

(F) 
Ba— 120 + 8.26N + 1.43d N 0.5 

(N is 240 or more) 

(G) 
Bn= 120+ 8.26N+ 7.17d N °•2 

(N is 120 to 240) 

These equations provide insight in 
to the complicated way the necessary 
bandwidth varies as a function of the 
number of channels and per channel 
deviation in voice operation. 

The equations permit calculation of 
any one of the three variables (Bn, N, 
and d) provided the other two are 
known, and can be used to determine 
what combinations of number of chan-
nels and per channel deviation can be 
used without exceeding a specific 
value of B. 

Example B:  

A typical microwave system in the 
6 GHz industrial band has the limita-
tion of 10000F9 emission. (From Ex-
ample A, it is clear that there will be 
no problem with a 300 channel system 
using 200 kHz per channel deviation.) 

But suppose 600 channels are de-
sired in the same bandwidth. 

What per channel deviation will 
allow staying within 10000F9? 

By substituting 1000 for Bn and 
600 for N in (F) it can be easily 
calculated that the deviation must be 
reduced to 140 kHz. 

If d is left at 200 kHz per channel, 

it can be shown that N cannot exceed 
about 450 channels if Bn is not to 
exceed 10000 kHz. 

Thus seven complete supergroups, 
or 420 channels, can be accommo-
dated on a system using 200 kHz per 
channel deviation, within the 10000 
kHz bandwidth limitation, but eight 
supergroups create an overload. 

Calculating Voice and Data 
Present day systems have a signifi-

cant percentage of the derived SSBSC 
channels devoted to the transmission 
of systems of submultiplexed tones 
carrying data or telegraph. The num-
ber of tones of this type in an SSBSC 
channel can vary from one to 25 or 
more. Their power represents a rela-
tively constant rms load to the base-
band, since the tones are on continu-
ously. When the total number of indi-
vidual data signals on the system ex-
ceeds about 15, the peak to rims factor 
for their complex summation ap-
proaches that of white noise. 

If the levels chosen for each data or 
telegraph circuit are such that the total 
rms power of their tones submulti-
plexed in any SSBSC channel is 15 
dBm0, the data loading per SSBSC 
channel will be the same as if it had 
been used for voice. In this case these 
equations can be used to calculate 
deviation and bandwidth. 

The common practice of putting 
data at a somewhat higher level means 
the loading due to the number of 
channels devoted to data will be much 
greater than if they had been devoted 
to voice. This also means greater over-
all loading and deviation. 

The necessary calculations for a 
mixture of voice and data channels are 
simple in theory. They can become 
complicated in practice, however, be-
cause there are so many possible com-
binations of voice and non-voice cir-
cuits. The following equation is a 
generalized form of (D) and (E): 
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Figure 2. The patterns 
for the two peak fac-
tors - peak to mis 
ratios - of data and 
voice are essentially the 
same when the number 
of channels is large. 
However, restriction of 
data to low levels will 
affect the signal-to-noise 
ratios. 
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(H) 
D = 4.47 d(og-1 NLR to9 kHz 

20 
which leads to a generalized 
form of (F) and (G): 

(I) 
un= 120 8.26 PI + 8.05d 

(logNLRtot 20 

where: 
D, d, Bn, and N are all as before 
and NLRtot is the Noise Loading 
Ratio corresponding to the total 
equivalent voice channel power 
plus the equivalent power of all 
non-voice groups. 
(Note: N is the total number of 
SSBSC channels in the system, 
regardless of use. The function 
of N is only to establish the top 
modulating frequency M). 

Before (H) and (1) can be used, a 
preliminary calculation must be made 
to determine the value of NLRtot. The 
simplest way is to calculate separately 
the dBm0 equivalent noise power of 
the channels used for voice (using (B) 
or (C)), the equivalent dBtnO noise 
power of each non-voice group and 
then on a power summation basis, 
combine all the powers to obtain the 
equivalent total baseband load of 

white noise power. The NLRtot in dB 
is then numerically equal to the dBm0 
value of the equivalent white noise 
load. Once NLRtot has been calcula-
ted, it can be used in (I) to obtain Lin , 
or with (II) and then (A) to determine 
both D and 

The following example will illus-
trate the method. 

Example C: 

A 6 Gllz system with 300 SSBSC 
channels, of which 200 channels are 
used for voice transmission, 40 chan-
nels are used for data at a power of 
-10 dBm0 per SSBSC channel, and 60 
channels are used to carry submulti-
plex telegraph tones, each tone at a 
power level of -21 dBm0 and with 
each of the 60 SSBSC channels carry-
ing 20 such tones. The per channel rms 
test tone deviation is 200 kHz. To 
calculate necessary bandwidth: 

1. Calculate noise load power corres-
ponding to 200 voice channels, 
using (C), as (- 1 +4 log 200) = 
+8.2 dBm0. 

2. Calculate noise power correspon-
ding to 40 data channels at - 10 
dBm0 per channel as (- 10 + 10 
log 40) = +6.02 dBm0. 

3. Calculate noise power correspon-
ding to 20 tones in one SSBSC 
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channel as (-21 + 10 log 20) = —8 
dBm0 and the noise power corres-
ponding to 60 such SSBSC chan-
nels as (-8 + 10 log 60) = m + 
9.78 dBm0. 

4. Sum the three noise powers, +8.2 
dBm0, +6.02 dBm0, and +9.78 
dBm0 on a power basis, by using 
appropriate curves or by convert-
ing each value to its equivalent in 
milliwatts, adding, and reconvert-
ing to dBm0. The power sum will 
be found to be very close to + 13 
dBm0 or about 3.2 dB higher than 
the equivalent noise loading of 300 
voice channels. 

5. As indicated above, the NLR cor-
responding to + 13 dBm0 of noise 
power is 13 dB. Substitute this 
value for NLRtnt in (H), which 
gives the following: 

D = 4.47 x 200 x _g) 
= 4.47 x 200 x 4.47 

= 4000 kHz 

(It is coincidental that the noise 
loading factor equals the peak 
factor. Generally, they will be dif-
ferent.) 

6. With D known, use (A) to calcu-
late the "necessary bandwidth". 
The value of M is still 1300 kHz, 
corresponding to the frequency of 
the top channel of a 300 channel 
SSBSC system, and the 0.9 value 
is still appropriate for K. This gives: 

or: 

Bn= 2 x 1300 + 2 x 4000 x 0.9 
= 9800 kHz 

Equation (I) could have been 
used to calculate Bn directly. 

The methods used in Example C 
can be extended to cover other situa-

tions provided the basic principles are 
followed. 

To avoid possible confusion, these 
calculations of peak deviation are 
based on systems which do not have 
emphasis and whose per-channel test 
tone deviations have the same value 
regardless of the position of the chan-
nel in the baseband. When emphasis 
and deemphasis networks are used, per 
channel test tone deviation is not a 
constant but is a function of channel 
baseband frequency. Higher channels 
deviate more than lower channels, but 
systems are generally so arranged that 
the total deviation remains the same 
and the equations are still valid. 

Capacity Limitations 
Microwave equipments are gener-

ally designed with some specific maxi-
mum capacity in mind, usually in 
some multiple of the standard 60-
channel supergroup. In older systems, 
and in light route or spur legs, 120 
channel and 240 channel systems were 
often used. Present usage tends toward 
systems with 300 channel capacity, 
even higher for backbone routes. 

Selecting the proper equipment and 
employing the most effective field 
application necessarily requires some 
specific criterion of channel noise per-
formance. Noise performance is an 
intricate function of the number of 
channels, the per channel deviation, 
the presence or absence of emphasis 
networks, the per channel loading, the 
receiver noise figure, the RF signal 
level, the fade margin needed to give 
the desired reliability, and the i-f 
bandwidth — to mention a few. There 
are many trade-offs and balances in-
volved. The choices made when engi-
neering a system for 300 channels 
would not be the same as those for 
600 channels. 
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Actual capacity often can be 

extended by several methods 
short of costly updating 

W hen a microwave system 
reaches its capacity limitation 

and additional service is required, 
there are several practical alternatives 
which should be explored. 

Probably the most fundamental 
consideration is the nature of the 
equipment being evaluated; older 
systems with relatively small channel 
cross-sections often use older multi-
plex types such as transmitted carrier 
or double sideband multiplex — both 
of which use more bandwidth and load 
the system more heavily than single-
sideband suppressed-carrier (SSBSC) 
multiplex. In systems using these older 
multiplex types, the obvious imme-
diate solution is to update with the 
more efficient SSBSC system. 

Other alternatives include section-
alizing the system by using baseband 
blocking or multiplex interconnects; 
evaluating the legal and technical pos-
sibilities of increasing the number of 
channels; evaluating the noise perfor-
mance levels to see if modest relaxing 
might not permit an increase in capa-
city; and finally, considering whether 
it might not be more expedient to 
simply update the entire system. 

In a simple microwave system con-
sisting of only one hop or a few hops 
in tandem, with most of the required 
channels going end-to-end over the 
complete system, the problem is to 
increase the capacity of the individual 
hops. 

In complex systems, on the other 
hand, the key to a more efficient use 
of capacity may lie in sectionalizing 

the system in such a way as to allow 
portions of the baseband to be block-
ed off at intervals and reused in 
different sections. This principle can 
be demonstrated by the following 
hypothetical example. 

Example A:  

An in-line microwave system (no 
spurs) connects the imaginary towns 
of (A), (B), (C), (D); channels are 
required only between these points, so 
intermediate repeater stations, if re-
quired, will not affect the situation. 
All microwave hops are designed for 
300 channel capacity, and the full 
baseband is available at all four points. 
The system is operating at full capa-
city, with 60 channels in supergroup 
1 between (A) and (B), 60 channels in 
SG 2 between (B) and (C), 60 channels 
in SG 3 between (C) and (D), and 120 
channels in SG 4-5 end-to-end between 
(A) and (D). 

le i A Bffltiemei Clr  60 
60  

SG2 

4 
G3 6 

60 0 
G 

G 

Figure 1. 

In this system, a channel or group 
of channels once used anywhere in 
the system appear in the baseband 
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throughout the whole system and can-
not be used elsewhere. Consequently, 
this system is at full design capacity. 

Sectionalizing With Filters 
The system outlined in Figure 1 can 

be changed as follows: At (B) and at 
(C) the baseband can be sectionalized 
by putting in appropriate sets of high-
pass/low-pass filters which divide the 
baseband so that supergroup 1-2 pass 
through the low-pass side and SG 3-4-5 
through the high-pass side. At each of 
these stations there will be two sets of 
filters, one looking east and one look-
ing west. The high-pass sides will be 
cross-connected through the station so 
that SG 3-4-5 pass through end-to-end. 
But insofar as SG 1-2 are concerned, 
the system is now broken into three 
independent sections, and the full 120 
channels of SG 1-2 can be used in each 
of them creating the following situa-
tion: 

(A)---(3)--(C)---WD) 
SG 1  60  '  60 60 

60 60  SG2 60  _L _L 
SG3 

SG4 

60 

60 

60 

Figure 2. 

This relatively simple change pro-
duces a microwave system capable of 
providing 120 channels from (A) to 
(B), 120 from (B) to (C), 120 from (C) 
to (D), and 180 from (A) to (D) for a 
total of 540 channels, yet no portion 
of the microwave system is carrying 
more than 300 channels. This has 
required additional multiplex equip-
ment and some slight rearranging of 
original equipment. Figure 3 shows the 
filter arrangement used at the two 

intermediate stations. The cross-over 
point for the filters used in this partic-
ular application lies in the slot be-
tween SG 2 and SG 3, so that SG 1 
and 2 pass through the LP side but are 
blocked from the HP side, while the 
reverse is true with SG 3 and higher 
supergroups. 

Filters can be arranged either to 
pass the high groups through the sta-
tion and drop the low groups, as 
shown in Figure 3, or the reverse. (The 
filters shown handle only one direc-
tion of transmission. Another identical 
set is needed for the opposite direc-
tion.) 

There are many other possible filter 
arrangements. For example, filters are 
also available to split the baseband 
between SG 1 and SG 2, and others to 
split between SG 3 and 4, SG 3 and S. 
Combinations of filters can be used to 
separate and drop an intermediate 
supergroup, while passing through the 
supergroups above and below it. Fig-
ure 4 is an example of such a complex 
filter arrangement. It could be used, 
for example, to pass SG 3, 4, 5 (and 
higher if necessary) straight through 
the station via the HP side of the 
upper pair of filters; SG 1 passes 
through via the LP (Low Pass) side of 
the upper pair and the LP side of the 
lower pair, while SG 2 is dropped and 
inserted via the HP (High Pass) side of 
the lower pair. 

Figure 4 also shows another feature 
which may be needed — a pilot bypass 
arrangement. This might be required 
where a pilot must pass through the 
station which happens to be in the 
blocked section. The bypass equip-
ment then is used to pick off this pilot 
and reinsert it on the other side. 

Filter arrangements as shown in 
Figure 4 are relatively inexpensive and 
simple to apply, but they have some 
limitations. One is they are somewhat 
inflexible and difficult to modify or 
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Figure 3. An example of two supergroup separation panels arranged for dropping 
and inserting a supergroup. 

change without taking the system out 
of service. Another is the fact that 
separations between the higher super-
groups (SG 4 and above) generally 
involve the loss of a few of the carrier 
channels in the vicinity of the cross-
over point. Further, if a number of 
such filters are used in tandem in a 
long system, there may be enough 
degradation in the response of the 
through paths to affect the end-to-end 
channels. 

Sectionalizing With 
Carrier Interconnects 

The filter type of sectionalizing is 
done in the microwave baseband. An 
alternative method of sectionalizing is 
available which provides maximum 
flexibility and does not have the limi-
tations of the filter method, though it 
is somewhat more expensive. 

When this alternative method is 
used, there are no through baseband 
connections at the sectionalizing sta-
tion. Instead, each incoming microwave 

leg is completely terminated in a car-
rier terminal. Blocks of through chan-
nels are passed through the station by 
means of supergroup interconnects (60 
channels) or group interconnects (12 
channels) without demodulation. 
Those groups or supergroups destined 
for local drop are of course provided 
with channel modem equipment. 

This carrier type of sectionalizing is 
almost universally used today in the 
telephone industry. In industrial sys-
tems of relatively high density there 
are often situations in which it is 
desirable to use carrier interconnect 
sectionalizing at some of the inter-
mediate points. It is particularly ad-
vantageous, for example, at a junction 
station where several routes converge, 
with substantial numbers of channels 
terminating locally, but some blocks 
of channels needing to pass through 
the station in various ways. Setting up 
such a station on a carrier interconnect 
basis allows efficient use of the capa-
cities of all the microwave branches, 
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and perhaps even more important, 
allows great flexibility in any rear-
rangements which may develop as a 
result of changed requirements. Such 
rearrangements can be done without 
affecting service on anything except 
the particular blocks of channels being 
rerouted. 

Figure 5 shows a simplified 
example of a three-way junction sta-
tion arranged with carrier intercon-
nects. Circuits passing through the 
station as shown are: SG 1 West to SG 
2 North; SG 2 West to SG 2 East; SG 1 
North to SG 3 East. 

Thus this junction station could 
have 180 circuits to the west, 180 to 
the north, and 180 to the east, plus 
three supergroups passing through the 
station, giving a total of 720 channels. 

The great flexibility available for 
rearrangements or for future additions 
is quite apparent. Although only 
supergroup interconnections are 
shown in Figure 5, it is also possible 
to make group interconnects in blocks 
of 12 channels, providing an added 
degree of flexibility. 

Both types of sectionalizing have 
their advantages and disadvantages. In 
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Figure 4. Four supergroup separation panels are shown with pilot bypass shelf 
arranged for dropping and inserting an intermediate supergroup. 
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Figure 5. An example 
of a junction station 
with supergroup in-
terconnects. 

long microwave systems it is often 
desirable to use carrier interconnec-
tions to sectionalize at points of high 
channel density, and filter intercon-
nects to sectionalize at points of lower 
channel density. Almost every situa-
tion has its own special characteristics, 
and only by studying the actual situa-
tion in light of the overall require-
ments can a decision be made as to the 
best method to use in a given station. 

Noise Performance Criteria 
A relaxation of a few dB in the 

requirements for channel noise perfor-
mance can, under certain circum-
stances, permit a substantial increase 
in a microwave system's total channel 
capacity. This saine circumstance can 
often make possible a more efficient 
use of the existing communications 
system. 

The key lies in properly evaluating 
the true requirements for noise perfor-
mance in relation to channel arrange-
ments. Industrial microwave systems 
tend to perform essentially the same 
function as the public telephone net-
works. As a result they are designed to 
about the same standards of noise 
performance as long-haul telephone 
systems. For example, a common ob-
jective is 32 dBa0 or better in the 
worst channel for a system of 1,000 

miles. There are very sound reasons for 
establishing such an objective for the 
initial system design. But in using the 
system, the user may very well recog-
nize that a noise performance of 35 
dBa0 would still provide an extremely 
good circuit which would be adequate 
to his needs. It should be remembered 
that the switching hierarchy in the 
public telephone network is such that 
up to eight or more trunks in tandem 
may occur on a given call, and the 
intertoll objectives thus must be very 
stringent indeed. Private microwave 
systems, even when they are very long, 
are much less complex and are more 
easily controlled by the user. 

When it is not desirable to relax the 
end-to-end noise performance require-
ments in a system, there is still another 
useful possibility. This is to reserve the 
lower noise portions of the microwave 
baseband for the long-haul circuits, 
and use the higher-noise portions for 
short-haul circuits. This is in line with 
practices on the public networks, 
where considerably lower objectives 
are applied (on a per mile basis) for 
short-haul, toll-connecting and direct 
trunks than are applied to the intertoll 
trunks. 

In an imaginary example, expansion 
of a 300 channel system to 420 
channels could be accomplished by 
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Figure 6. Lenkurt's 78 Micro-
wave Radio System has been 
specifically designed with the 
wide flexibility needed to meet 
the rapid growth rates of mod-
ers message and data communi-
cations. 

adding SG 6 and 7. If deviation were 
left unchanged the noise in the original 
300 channels could be expected to 
increase by about 1.5 to 2 dB, but the 
noise in the top channel of SG 7 
would be perhaps 5 dB poorer than 
the worst original channel. If the 
original system were a 1,000 mile 
system with end-to-end performance 
of 32 dBa0, and if the new SG 6 and 7 
channels were used on relatively short 
sections of the system (up to 250 
miles), the new channels would be 
around 31 dBa0 (6 dB improvement 
because they would traverse only 1/4 
of the total system length, 5 dB 
degradation as indicated above) while 
the end-to-end channels would be no 
worse than about 34 dBa0. These 
values might well be thoroughly ac-
ceptable to the user. 

Obviously this approach would re-
quire careful evaluation and good judg-
ment. It must be recognized that it 
would not be satisfactory if the noise 
performance on the original system 
were marginal. But when properly 
used in combination with the other 
methods of system expansion, it can 
provide very worthwhile results. 

Update the System 
If other measures prove inadequate 

the possibility of upgrading the micro-
wave system itself should be consi-
dered at least in the most heavily 
loaded portions by such means as 
increasing antenna sizes or changing 
out i-f filters to provide wider band-
width. In many situations these 
changes may be relatively simple and 
inexpensive when compared to the 
increased capacity obtained. 
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In many respects, supercession and obsolescense might be 
called the "name of the game" in com-
munications technology. When a new 
product or process is announced, it is 
seldom very long before refinements 
or even a replacement comes on the 
market. 

The transistor replaced the vacuum 
tube and is itself being refined and 
improved upon daily. Data transmis-
sion rates climb ever higher as modems 
are improved and new modulation 
techniques are developed. Circuitry is 
being made constantly smaller and 
more reliable. 

These are but a few examples of the 
rapid and dramatic changes in the 
industry. This rule of change is ren-
dered even more noteworthy by some 

of its exceptions — the holdouts. Most 
notably, the klystron source for micro-
wave transmission has become so en-
trenched as to appear almost imper-
vious to change. It has been around for 
a long time and has performed well — 
it does the job. 

Now, even this old standby is being 
challenged. Solid-state technologists 
have long searched for a replacement 

Recent technological 
advances promise 

a new 

generation 
of microwave radios. 

for the klystron signal generator. 
Ideally this replacement will be a 
single, discrete, solid-state device — 
probably it will be of the Gallium 
Arsenide variety. 

But until that breakthrough occurs, 
there are many interim, compromise 
replacements for the klystron in the 
market today — and others should be 
forthcoming. 

The Venerable Klystron 
Invented more than thirty years 

ago, the klystron source revolutionized 
communications. In the intervening 
years, it has been continually im-
proved and now is the ultimate in 
reliability and efficient performance. 
Obviously, one of the advantages of-
fered by a device that is so familiar is 
that its problems have very likely all 
been long since solved. (One example 
of this in the klystron is how problems 
of heat dissipation have been over-
come.) Even though many improve-
ments have been made, the basic oper-
ating principles are the same. 

In essence, the klystron is based on 
the rule of the conservation of energy. 
When a moving electron is accelerated 
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it must draw its added energy from 
somewhere; conversely, when slowed, 
it loses energy which must go some-
where. In an electronic circuit, this 
energy is either taken from or supplied 
to the field. Interestingly enough, the 
"new" solid-state devices are based on 
the same set of principles. 

This being so, it should be worth-
while to review the operation of 
klystrons as an aid to understanding 
solid-state devices. 

Figure 1 shows a simplified circuit 
of a klystron amplifier. It works like 
this: A positive accelerator grid acts as 
a cathode gun drawing electrons and 
shooting them in a high velocity 
stream toward a pair of grids in the 
cavity resonator. The cavity acts much 
like a tuned LC circuit. The signal is 
fed into the cavity by means of a 
waveguide or a probe or by a coupling 
loop as shown. 

Applied signal voltage creates an 
electrical field between the grids, 
called buncher grids. During the posi-
tive half cycle of the input voltage, 
this field accelerates the approaching 
electrons and on the negative half 
cycle, the effect is just the opposite. 
At zero, of course, the field has no 
effect at all. As a result the electrons 
moving from the buncher grids have 
varying velocities — some have acceler-
ated, some decelerated and some show 
no change. 

Referring to Figure 1, the space 
between G 3 and G 4 is free of any 
fields and is hence called the drift 
space. 

Because of the varying velocities of 
the electrons, faster ones will overtake 
slower ones and form into groups or 

bunches in this drift space. These 
bunches form in another resonant cav-
ity equipped with a set of catcher grids 
(G4 and G5) and induce an r-f voltage. 
Given the proper phase relationship 
between this voltage and the incoming 
electron bunches, the field will cause 
the electrons to slow down as they 
pass through the catcher gap. In slow-
ing, the electrons surrender some of 
their energy which goes into the reso-
nator field and is extracted by a 
coupling loop. From here, the elec-
trons continue on and strike a collec-
tor plate which returns them to the 
cathode for regeneration and repeat of 
the cycle. 

The resultant amplification is due 
to the fact that, in passing through the 
gap, more electrons are slowed than 
are accelerated, thus surrendering 
more energy to the field than is taken 
out. Hence, the klystron has amplified 
the signal. 

In addition to amplifiers, klystrons 
are also used as oscillators and fre-
quency multipliers. The reflex kly-
stron is typical of the ones being used 
as oscillators for microwave radio, 
such as Lenkurt's Type 76 and Type 
78 radio families. 

Reflex Klystron 
The basic reflex klystron uses only 

one resonant cavity and one set of 
grids which acts as both buncher and 
catcher. In place of the amplifier's 
collector, the reflex klystron has a 
negative-voltage electrode for return-
ing the electrons. 

It works like this: The potential of 
the first grid draws electrons from the 
cathode through the resonator gap and 
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Figure 1. Simplified diagram of a klystron amplifier. An actual 
klystron usually has a set of electrodes at the cathode which focuses 
into a narrow beam. 
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toward the repeller. Since the elec-
trons' positions are random, they in-
duce small noise voltages in the gap — 
some of which will fall into the reso-
nant cavity's frequency range. Just as 
the signal source does in the klystron 
amplifier, these voltages will velocity-
modulate the electron beam, causing 
some electrons to have different 
speeds from others on their way from 
the gap to the repeller. And since they 
are traveling at different velocities, the 

saine bunching effect occurs as it did 
in the ldystron amplifier. 

In the reflex klystron, these elec-
tron bunches pass back through the 
gap toward the cathode and induce 
reinforcing voltages in the gap. This 
reinforced voltage modulates the ve-
locity of the other electrons coming 
from the cathode and the cycle repeats 
itself. A state of equilibrium is created 
when returned energy and circuit 
losses balance and the klystron oscil-
lates at the frequency of a resonant 
mode of the cavity. 

Since both frequency and power 
output are directly dependent on elec-
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Figure 2. Diagram of a reflex klystron. The output may be through a 
waveguide, coaxial cable or probe. 
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trou  transit time, they can be control-
led and the klystron tuned simply by 

varying the distance between gap and 

repeller controlling the grid voltage. 
Making the voltage more negative 
reverses electron flow at a point 

further from the repeller, thus decreas-
ing transit time and increasing fre-

quency. Frequency can be reduced by 
applying a less negative voltage. 

Microwave Transmitter 

In microwave radio transmitters, 
the reflex klystron is used as an 

oscillator tuned to produce a CW 
signal at a power of one to two watts. 
Baseband signals are applied through a 

modulating amplifier to the repeller of 

the klystron. The resultant FM signals 
are conveyed to the antenna through a 

ferrite isolator, a directional coupler 
and a waveguide filter. The isolator 
prevents reflections from disturbing 
the operation of the klystron. 
A small amount of RF energy is 

taken through the directional coupler 
into a highly stable AFC discriminator. 

Here the output frequency of the 
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klystron is compared with the refe-
rence, and any difference provides an 
error voltage to correct the operating 
frequency by changing klystron repel-
ler voltage. 

One primary advantage of reflex 

klystrons is that they produce a usable 
microwave frequency directly — with-
out the need for frequency multiplica-
tion of any kind. 

Even so, the klystron's long tenure 
as the industry standard is currently 
being challenged by solid-state sources 
which, however, do rely on frequency 
multiplication to achieve microwave 
output. 

Certainly one of the most success-
ful efforts in the area of solid-state 
source radios is the Lenkurt 71 type 
microwave system. Operating in the 2 
GElz range, this all solid-state radio 
was developed at Lenkurt over four 
years ago. With the 71 as a foundation, 
Lenkurt engineers continue vital work 
in the development of the solid-state 
art. 

"Solid-State Oscillators" 
Research engineers throughout the 

industry have long been involved in 

Figure 3. Typical solid-state local oscil-
lator design uses crystal oscillator fre-
quency reference source, varactor 
diode multiplier for times four multi-
plication and step recovery diode for 
times thirteen to times eighteen multi-
plication. Microwave frequency in the 
6 to 7 GHz range, determined by the 
step recovery multiplication, has from 
5 to 10 milliwatts output. 

CRYSTAL 
OSCILLATOR 

(100 - 129 MHz) 

AMPLIFIER 
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MULTIPLIER 

(X4) 

FILTER 

STEP RECOVERY 
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(X13-X18) 

ISOLATOR 

FILTER 
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Figure 4. This greatly simplified schematic represents multiplier's 
typically found in solid-state microwave radios. A six-stage multiplier 
would use three such circuits, a twelve-stage, six and so on. 
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the development of a solid-state fre-
quency source for microwave radio. 
Transistors, diodes and other devices 
of the same general description have 
been tried with varying degrees of 
success. The problems with such de-
vices are many, with efficiency as the 
knottiest. Up to now, engineers have 
been unable to develop a solid-state 
oscillator that is immune to prohibi-
tive power trade-offs. In order to 
achieve sufficient power output at the 
microwave frequencies, supplied pow-
er was necessarily so high that it was 

either too expensive or, more often, 
beyond the power handling capabili-
ties of the device itself. 

Although still awaiting the break-
through that will provide a single-
component microwave transmitter 
source, designers have a kind of inte-
rim solid-state device to work with. It 
is called the frequency multiplier, or 
semi-conductor varactor chain. More 
commonly, it is called a "black box". 

Using a very stable crystal reference 

source, it is possible to harmonically 
multiply the output through amplifica-

7 



tion. Currently this technique is being 

employed in both transmitter sources 
and local oscillators (LO's) in micro-
wave radio receivers. 

Basically, solid-state oscillators — 
receive and transmit — depend on the 
same physical principles for their oper-
ation as do klystrons. The rule of the 
conservation of energy is the operating 
principle for both devices. 

However, the electron movement in 
solid-state devices is much more con-
fined and, as the name implies, takes 
place in solids rather than in gases. For 
a detailed description of solid-state 
physics, see the December 1968 Len-
kurt DEMODULATOR. 

Semi-conductor manufacturers are 
providing packaged multiplier chains 
for use as solid-state local oscillators at 

2, 4, 6 and 8 GHz. All are used in 
various microwave systems manufac-
tured by Lenkurt. As a matter of fact, 
the Lenkurt Type 78 family of radios 
is completely solid-state except for the 
reliable transmit klystron. 

Varactor Chains 
By providing sufficient power 

amplification to a 100 MHz crystal 
reference source, it is possible to 
achieve microwave frequencies on the 
order of 6 GHz. This is done through 
the use of frequency-multiplier step-
recovery diodes, commonly called 
varactor chains. Obviously, one result 
of this kind of multiplication is loss of 
power — as frequency goes up, power 
goes down. However, this is not too 
critical in LO's. Typically, five to ten 

Figure 5. Construction of the Lenkurt 71F 2-GHz Microwave Radio 
typifies the advanced modular design and high density packaging 
afforded by total solid-state construction. 
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watts of power at 100 MHz will 
decline to about 10 milliwatts at 6 
GHz, which is sufficient for a local 
oscillator signal. (See Figure 3). 

The varactor is a simple p-n junc-
tion whose prime characteristic is the 
ability to generate harmonics of the 
signals or waveforms applied to it. 
Basically a capacitor, the varactor has 
the added characteristic of being able 
to continuously vary its capacitance as 
the applied signal wave or voltage is 
varied. The effect of this on the signal 
is quite complex. 

The changing signal value causes the 
circuit reactance to vary continuously 
while at the same time changing the 
amount of signal energy absorbed and 
returned to the circuit by capacitance. 
The result is a highly distorted output 
wave which is extremely rich in har-
monics. 
A simple varactor frequency 

doubler consists basically of two reso-
nant circuits coupled through a com-
mon impedance — the diode itself. The 
input circuit is series resonant to the 
frequency to be doubled. The output 
circuit is tuned to the 2nd harmonic of 
the input frequency. Return of either 
the basic frequency or its harmonic is 
blocked by frequency "traps" in the 
circuit. A simplified frequency doubler 
varactor is illustrated in Figure 4. It is 
possible to tune such circuits to obtain 
the third, fourth, sixth or even higher 
harmonic to achieve higher orders of 
multiplication. However, such circuits 
tend to become less efficient as they 
become more complex. Nonetheless, it 
is this higher order of multiplication 
that is of interest to designers of 
microwave transmitter sources. 

Recently, several manufacturers 
have introduced new microwave 
radios. They are new inasmuch as they 
are all solid-state — in both receiver 
and transmitter. But they do not yet 
employ the single semiconductor com-
ponent that will be the true all solid-
state source. Instead, they use the 
varactor frequency multiplication 
devices discussed above. Variations in 
the number of multiplication steps 
involved are considerable. They range 
all the way from eighteen down to six. 

Problems seem to be directly pro-
portional to the number of stages 
involved. Although the efficiency of 
each stage may be high, depending on 
the degree of multiplication, the total 
efficiency of the chain will be lower. 
For example, if six frequency doublers 
are used to convert a 100 MHz signal 
to 6 GHz for microwave transmission, 
and each link in the chain is 50% 
efficient, only about 6% of the input 
power would be converted to the 
microwave signal. Consequently, it is 
necessary to apply about 16 watts at 
the input to achieve an output signal 
power of one watt. 

Another obvious problem is one of 
maintainability. Each varactor in the 
chain consists of many discrete com-
ponents. The number of components 
in an entire system then, will increase 
geometrically with the number of 
multiplication steps involved. And 
here, as in any other system, difficulty 
in trouble-shooting and the likelihood 
of component failure will increase in 
direct proportion to the increase in 
complexity of the system. 

There are also some interesting sta-
tistical comparisons between micro-
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wave systems with klystron transmit-
ters and those using "black boxes" of 
varactor chains. 

From an engineering point of view 
it is interesting that klystron source 
radios such as the Lenkurt 76/78 
family are engineered for and rated at 
1200 channels. A comparable solid-
state system is fully loaded at 600 
channels. 

Now, whether or not 1200 channels 
are required is not nearly so important 
as the fact that the system is designed 
to meet requirements imposed by 
1200 channel loading. 

It follows then that such a system 
loaded with anything less than 1200 
channels would actually be loafing — 
hence its reliability and longevity in-
crease accordingly. 

This situation is further complica-
ted by the addition of inherent noise 
problems and lack of linearity in 
solid-state devices. This is because 
varactors are, by their very nature, 
non-linear devices. And, as in any 
electronic circuit, noise increases cor-
respondingly with the number of cir-
cuit elements involved. Consequently, 
sources employing higher orders of 
multiplication will contribute more 
noise to the system than those opera-
ting closer to the theoretically ideal 
single source. 

The mathematics of this developing 

technology are interesting indeed. De-
signed to overcome some of the prob-
lems encountered in the klystron — 
such as power requirements and heat 
resulting from the high power — a 
tradeoff stage is reached where newer 
problems, inherent in the device itself, 
all but cancel the advantage derived. 
At the current state of the solid-state 
art it seems about an even trade-off — 
familiar problems traded for new ones. 

This is not to say that the solid-
state varactor chain doesn't work — it 
does. But the art is in its infancy, and 
some of the problems that will surely 
develop — as they must with all new 
technologies — haven't even been anti-
cipated, to say nothing of being 
solved. 

But problems exist to be solved, 
and work goes on. One direction that 
the solid-state art seems to be taking is 
that the nearer designers come to 
eliminating multiplication altogether — 
that is, developing a single discrete 
source — the better the devices be-
come. 

Frequency multipliers now employ 
from eighteen to six multiplication 
stages. Development engineers are ap-
proaching the theoretical ideal geomet-
rically and it is a safe bet that a 
microwave transmitter source employ-
ing only four or even two stages will 
be forthcoming soon. 
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The Communications Satellite 
Act of 1962, a unique piece 

of legislation recommended by the late 
President Kennedy, called for the es-
tablishment of a new and unprecedent-
ed private corporation to act as an 
instrument of the United States in 
establishing a world-wide communica-
tions satellite system as quickly and 
expeditiously as practicable. 

This Act by Congress did not at-
tempt to prescribe the nature or form 
of the international arrangements, but 
left this responsibility to the President, 
the Department of State, and a new 
corporation which was formed a few 
months later, the Communications 
Satellite Corporation (COMSAT). 

After holding discussions with a 
number of countries around the globe, 
COMSAT drafted the Interim Agree-
ments and opened them for signature 
in August of 1964. The original body 
of signatories representing 11 coun-
tries, now represents over 68 countries 
and is known as the International 
Telecommunications Satellite Con-
sortium (INTELSAT). 

In the brief time since its founding, 
INTELSAT has become the largest 
international joint venture ever under-
taken. 

Under the Interim Agreements, 
COMSAT represents the United States 

In the four short years since 
the launching of Early Bird 
there have been dramatic 
advancements in both satellite 
and earth station technology. 

in INTELSAT, has 53 percent owner-

ship in the system, and acts as manager 
for the consortium. The Agreements 
provide joint ownership of the space 
segment of the global system, with 
voting power being proportionate to 
ownership of participants as represen-
tatives of the Interim Communication 
Satellite Committee (ICSC). Member-
ship of the interim committee is com-
posed of space segment owners or 
combinations of owners having quotas 
of 1.5% or more. The committee is the 
executive organ of INTELSAT while 
COMSAT is the manager. 

Geo-Stationary Satellites 
The successful launching and or-

biting of Telstar and Relay in 1962, 
with their low, non-synchronous orbits 
and brief 30 minute transmission 
periods assured the future of active 
satellite repeaters. 

Under a contract from the National 
Aeronautics and Space Administration 
(NASA) the synchronous*, geo-

*A satellite in synchronous, geo-stationary or-
bit travels around the earth at 6,870 miles per 
hour in a circular, easterly path 22,300 statute 
miles above the equator. Because it travels at 
the same angular velocity around the earth's 
center, it appears to stand still — hence the 
reference to such satellites as being "fixed" or 
"stationary". 

2 

COPYRIGHT 01100 LENRURT ELECTRIC CO, INC. • VOL IS. NO 



Figure 1. Accomplishing a synchronous, geo-stationary orbit requires the satellite 
be Munched in an elliptical orbit, whose apogee aproximates 22,300 statute miles. 
When the satellite approaches this point an apogee rocket motor, on command 
from the ground, is fired emplacing the satellite in "fixed" orbit. Additional 
thrusters are employed from time to time to maintain proper attitude and earth 
alignment. 

stationary satellite series termed 

SYNCOM was developed. SYNCOM 1, 

intended for a synchronous equatorial 

orbit 22,300 miles above the earth 
early in 1963, failed to operate. 

SYNCOM 11 was launched later that 
year. SYNCOM III was placed in a 

stationary, equatorial orbit over the 
Pacific Ocean in mid- 1964. The 
SYNCOM series dispelled any final 

doubts about the feasibility of a geo-

stationary satellite communications 
network. 

It is an interesting historical note 
that the concept of a geo-stationary 

satellite was first published in October, 
1945 in an article entitled "Extra 
Terrestrial Relays" by British scientist, 
A.C. Clarke. Although Mr. Clarke's 
article seemed pure fiction to many at 

the time, it now stands as a prophecy 
to the events which have come to pass. 
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Clarke's idea of a satellite 22,300 miles 
above the earth in a stationary 24-hour 
orbit anticipated the actual event by 
some eighteen years. 

The world's first commercial com-
munication satellite was orbited April 
6, 1965. This synchronous satellite, 
named Early Bird, was placed in a 
geo-stationary equatorial orbit over 
the Atlantic Ocean. From its vantage 
point 22,300 miles above the Atlantic, 
Early Bird linked North America and 
Europe with 240 high-quality voice 
circuits and made live television com-
mercially available across the Atlantic 
for the first time. Early Bird, although 
the oldest communication satellite, has 
far exceeded its expected lifetime of 
18 months and is still operating. 

Since Early Bird 
In the four short years since Early 

Bird was launched, six larger and more 
powerful satellites have successfully 
been placed in operation over the 
equatorial regions of the Atlantic, 

Pacific and Indian Oceans. 
Early Bird, designated INTELSAT 

I, was the first of the INTELSAT 
series. By September 1967 four IN-
TELSAT II satellites had been launch-
ed; the first of these failed to achieve 
orbit due to a malfunction of the 
apogee motor. The second was success-
fully parked in orbit over the Pacific 
Ocean, while the third was positioned, 
as planned, 6° W longitude over the 
Atlantic Ocean. The fourth of the 
INTELSAT II satellites was emplaced 
above the Pacific Ocean at 176° E 
longitude, only 2° W of the previous 
Pacific Ocean satellite. 

INTELSAT I and II satellites were 
designed with 240 channel capacities, 

about one fifth the channel capacity 
of the INTELSAT III satellites which 

follow ed. 
By May of 1969, three INTELSAT 

III satellites had been placed in orbit, 
one each over the Atlantic, Pacific and 
Indian Oceans. These three solar pow-
ered, 130 watt, giant satellites are 
capable of handling 1200 separate 
two-way telephone conversations, or 
four TV channels, or any combination 
of the two. In actual practice, part of 
their bandwidth has been assigned for 
TV use and the remainder for tele-
phone, telegraph, data and facsimile 
communications. 

There were seven commercial IN-
TELSAT satellites over the equator in 
fixed, operational orbits by June of 
1969 (See Figure 3). The objective, 
according to COMSAT's schedule, is to 
have an additional INTELSAT III 
satellite in orbit (over the Atlantic 
Ocean) by fall of 1969. 

In contrast to the communications 
system of the INTELSAT III series, 
which includes two earth coverage 

transponders, the INTELSAT IV satel-
lites will have a communications sys-
tem that includes twelve transponders. 
Each of these receiver-transmitters is 
an independent frequency translator 
and amplifier. One of the unique 
features of the INTELSAT IV satel-
lites will be the ability to switch the 
transponders in orbit to cover the 
precise earth area desired. This flexibil-
ity will make it posssible to adjust the 
satellite's capability to changing com-
munications requirements. (Figure 2). 

Using solar cells, the INTELSAT IV 
will generate more than 500 watts of 
power, about four times that of the 
INTELSAT III. This new model is 
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expected to provide about 3600 cir-
cuits if all transponders are used for 
earth coverage, but as many as 9000 
circuits if maximum use of spot cover-
age is made. It is expected that the 
mix of transponders will be such that 
each of these satellites will have a 
functioning capacity of at least 5000 
circuits. 

Earth Stations 
The possibilities confirmed by the 

success of the synchronous satellite 

were revolutionary. With a minimum 
of three satellites, global coverage 
could be achieved. This would provide 
telephone, radio and television ser-
vices, a vast communication and navi-
gation service for aircraft and shipping, 
and many more applications. 

The immediate implication of geo-
stationary satellites greatly concerned 
earth station technology and mechan-
ics. The huge tracking station antennas 
would require only very limited move-
ment to follow a "fixed" satellite. This 

Figure 2. Early Bird employs a toroidal transmission pattern (A) which loses much 
rf energy to space. The proposed INTELSAT IV satellites will employ a more 
sophisicated and efficient transmission pattern (B). 
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would permit tremendous savings in 
the cost of material and maintenance. 
Further, because the tracking station 
would be operating with a syn-
chronous satellite, the variable path-
delay compensation required for oper-
ating a system of moving satellites as 
well as the complex hand-over prob-
lems created as a satellite passes from 
one earth station area to another, 
would become unnecessary. 

Simplifying earth station technol-
ogy, particularly the complex tracking 
requirements, not only allowed more 
attention to be focused on the devel-
opment of new and better radio equip-
ment, it realistically meant that many 
more earth stations could be erected in 
less time at less expense. 

When Early Bird went into service 
in 1965, there were only a few experi-
mental earth stations in the United, 
States, Japan, and Europe. By mid-
1969, 25 earth stations were operating 
in 15 different countries. And 21 
additional earth stations in 14 coun-
tries were either under construction or 
contract. This made a total of 46 
stations in 29 countries (See Figure 3), 
around the world, with many more in 
the planning stage. 

In spite of the fact that the INTEL-
SAT group is not part of the space 
segment, it is understandable that they 
necessarily dictate the critical charac-
teristics for each earth station inter-
relating with its satellites. A "stan-

dard" station specification has been 

ATLANT 
OCEAN AR 

3. Earth station and satellite locations 
ated by the end of 1969. As of June 

9 only one of the indicated satellites re-
ined to be launched over the Atlantic Ocean. 
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written to cover technical characteris-
tics which may in any way affect the 
operation of the space segment or the 
use of it by any other earth station. 
Many features are specifically defined, 
such as the ratio of antenna gain to 
noise temperature, side lobe levels, 
maintenance of the transmit e.i.r.p. 
(effective isotropic radiated power) in 
the direction of the satellite to within 
el.5 dB of the nominal value, polariza-
tion, tracking modes, steering capabili-
ties, RF out-of-band emission and 
amplitude frequency characteristics — 
to mention a few. 

Improvements in earth station tech-
nology have not always received the 
same publicity as the launching and 
orbiting of the various satellites be-

cause of the more spectacular nature 
of the latter. There have been, how-
ever, some rather exciting develop-
ments in earth station systems. Some 
of these have been in specific response 
to unique problems accentuated by 
the satellite system. Lenkurt's 931C 
Echo Suppressor was especially de-
signed for this type of service. The 
solid-state 931C suppresses the echos 
which are a problem partly due to the 
tremendous distances radio signals 
travel through space, to and from the 
extra-terrestrial satellites. 

Molniya and Others 
The Soviet Union, on October 4, 

1957, launched Sputnik I. This event 
heralded man's first step into the field 
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Bird) 

INDIAN 
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Figure 4. Advanced domestic satellites will use more efficient " direct beam" 
transmission. 

of earth satellites with special atten-
tion going to the Soviet Union. 

Only seventeen days after the 
launching of Early Bird, the Soviet 
Union successfully orbited their Mol-
niya I on April 23, 1965. Molniya I 
was Russia's first experimental com-
munications satellite. This active re-
peater satellite followed a highly ellip-
tical orbit ranging from about 300 
miles above the earth to more than 
24,000 miles transmitting all forms of 
communication between Moscow and 
Vladivostok. 

To date, Russia has launched 
several Molniya-class satellites in 12 
hour elliptical orbits. Successful trans-
missions of many types of signals, 
including color television, have been 

carried out in joint experiments with 
the French. While the Russian satel-
lites have an apparent lack of channel 
capacity, they do boast, among other 
things, high-powered transmitters. The 
Molniya has a command receiver, 
40-watt transmitter, two reserve trans-
mitters, and two steerable parabolic 
antennas. 

Of the various nations which are 
non-members to the INTELSATgroup, 
the Soviet Union is the most note-
worthy. Even though they do not have 
a synchronous, geo-stationary satellite, 
the Soviet Union has constructed a 
network of earth stations and, by 
using several Molniya-class satellites, 
have established a domestic satellite 
communication system. 
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Figure 5. Unlike trans-oceanic cables, satellites can provide immediate communi-
cations at sea. 

Frequency Utilization 
All INTELSAT satellites presently 

employ radio frequencies within 
500-MHz bands allocated for that pur-
pose by the International Telecom-
unications Union (ITU) Radio Regu-
lations. Earth station-to-satellite trans-
missions have been assigned frequen-
cies in the 5925 to 6425 MHz band. 
Satellite-to-earth station transmissions 
use frequencies in the 3700 to 4200 
MHz band. These frequency bands 
are shared on an equal right-of-use 
basis with terrestrial microwave sys-
tems. 

The desirable range of frequencies 
for international communications lies 
within the range of 1 to 10 GHz. It is 
expected that the present band alloca-

tions will have been exploited within 
the next ten years. 
A more efficient use of bandwidth 

has resulted from the increased power 
of the INTELSAT III and IV satellites. 
Even though this makes it possible to 
decrease the per channel bandwidth, it 
will still be necessary to look for new 
bands to allocate for exclusive satellite 
communications use. 

Expansive Ideas 
Modern satellites are capable of 

transmitting all forms of communica-
tions simultaneously — telephone, tele-
graph, television, data and facsimile. 
Satellites can operate competitively 
with cable networks and have the 
advantage of multipoint, multiple 
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access. This means that synchronous 
satellites, in geo-stationary orbits can 
make possible direct communications 
between all countries having earth 
stations within a satellite's line of 
sight, eliminating much of the cir-
cuitous routing which has been so 
characteristic of international com-
munications. A large number of inno-
vations and expansions can be expec-
ted during the next decade. 

A pilot domestic satellite program 
has been proposed to make available 
the benefits of satellite technology to 
the people of the United States. The 
development and use of "direct beam" 
transmission (See Figure 4) is now 
being planned. 

In addition to people, computers in 
one country are now talking with 
increasing frequency to computers in 
other countries, and at speeds 20 times 
greater than anything possible by more 
conventional means. 

High-quality telephone service is 
now becoming available from the 
United States to a growing number of 
countries that were previously difficult 
to reach by cable or short wave trans-
mission. 

Entire news pages can be transmit-

ted via facsimile across the ocean and 
reproduced a matter of hours after the 
original publication. 

Weather maps are already being 
quickly transmitted via facsimilie from 
one country to another to assist inter-
continental airline pilots in charting 
plans for flights. 

Passenger and cargo data has also 
been transmitted across the Atlantic to 
customs officials in the United States 
while a plane was in flight. With all the 
necessary information on hand inspec-
tors were able to speed passengers and 
cargo through customs. 

Satellites will soon make available 
maritime communications systems at 
sea which will compare, in quality and 
reliability with services now common-
place on land. This can mean the 
potential saving of hundreds of ships 
that are lost at sea each year, many 
without any communication. 

The most dramatic role of the 
communications satellites is the part 
they play in the space program. 
Atlantic and Pacific satellites of the 
INTELSAT II series are a key part of 
the communications system developed 
for NASA's Project Apollo — the 
moonlanding program. 
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That old Chinese proverb about a picture being worth a thousand 
words is no less true in this day of highspeed electronic 
communications than it was in the early days of paper. As 
technology improves, the relative value of picture transmission 
may well exceed that of a thousand words. 

The art of sending pictures, 
maps or whole messages over 

radio, telephone, telegraph and cable 
facilities is known as facsimile trans-
mission, or "fax". The basic principles 
of fax have been understood for al-
most 100 years. Only in recent years, 
however, have transmission techniques 
improved to the point that this unique 
form of telecommunications can begin 
to be commercially exploited. 

Technological advances in the field 
of data transmission have, incidentally, 
made it possible to develop fax sys-
tems which significantly reduce trans-
mission time and thereby lower line 
cost. The expense associated with 
older transmission techniques has been 
the most limiting factor in the history 
of fax. A reduction of common carrier 
rates, in 1962, considerably improved 
the commercial outlook of fax, but 
future advances in data transmission 
technology will probably have a 
greater effect. 

Background 
The early applications of facsimile 

were essentially limited to the trans-
mission of photographs, telegrams and 
weather maps. One of the oldest com-
mercial users of fax is Western Union 
Telegraph Co., presently operating 

more than 30,000 units for the de-
livery of telegrams. Thousands of fax 
equipments are used by the military, 
weather bureaus and commercial air-
lines for the recording of weather 
maps. The advent of weather satellites 
has made this function more reliable 
and timely. 

The transmission of photographs 
and weather maps requires high resolu-
tion and good quality reproduction. 
Even early fax systems were capable of 
this kind of performance — quality 
was not the problem. The problem, 
until recently, has been providing eco-
nomical methods for the transmission 
of large volumes of lesser quality 
material, such as letters and line draw-
ings. Many similar applications do not 
require high resolution. 

The early uses of fax persisted 
because of the need to transmit certain 
kinds of high resolution graphic mate-
rial from one place to another regard-
less of cost. Photographs for news-
papers, emergency telegrams for 
people unreachable by phone, and 
weather maps to chart airline flights 
are examples of such indispensable 
services. The use of facsimile as a 
necessary tool in keeping the public 
informed was assured by the Federal 
Communications Commission when 
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they reserved a portion of the radio 
spectrum specifically for the transmis-
sion of fax by newspapers. 

In the light of its present develop-
ment, it is appropriate to reassess 
facsimile's role in the field of elec-
tronic communications. In a funda-
mental way, fax provides some unique 
advantages over other methods of 
communication. Visual material is of-
ten less ambiguous than audio mate-
rial; most people are better visually-
oriented than audio-oriented. Because 
of this, visual material is not as often 
misperceived as material which is only 
"heard". There is also the added bene-
fit of having a readily available per-
manent record for verification when 
accuracy is in doubt. Fax material can 
be more quickly copied for distribu-
tion or filing. It can also handle a 
broad scope of information without 
the problem of language barriers. 
Noisy rooms do not impair reception. 
Fax is as easy to use as a telephone. 
Another interesting facet is its capa-
city to transmit legally acceptable doc-
uments and signatures. 

Low resolution, black and white 
machines are now being widely manu-
factured. The availability of these new 
devices and prognostications of a sub-
stantial market, has ushered in a new 
nationwide business — the facsimile 
franchising service field which pro-
mises to become a booming enterprise. 
Offices already exist in more than 200 
cities across the U.S., making this new 
service available to any commercial 
activity wishing to participate. New 
offices are being opened with each 
passing week. 

There are two types of franchising 
currently in use. One method has a 
central office to maintain a pick-up 
and delivery service to subscribing 
customers for a monthly rate. The 
second method invites the franchise 
holder to establish a secretarial ser-
vice-type office where anyone desiring 

to transmit written information pre-
sents the information, by person or 
phone, and is charged on a cost-per-
copy basis. 

Basic Fax 
The principle types of fax are gray-

scale and black-and-white. Recently 
announced color fax is essentially an 
extension of gray-scale fax technology. 
All types require a revolving drum, 
upon which can be attached the copy 
to be transmitted, and a scanning 
device which "sees" the copy as it 
revolves. Line by line the scanner picks 
up the image, in the form of light 
impulses, as it sweeps across the page. 
The received light pattern passes 
through a precision optical system to a 
photocell which, in turn, converts the 
light impulses into an analog signal 
pattern. Both gray-scale and black-
and-white fax can be transmitted over 
common communications channels by 
analog means. 

Shades of Gray 
The signal pattern, or waveform, 

from a wide-range gray-scale fax sys-
tem differs from that of a black and 
white system. A wide-range gray-scale 
waveform may have an infinite num-
ber of tone values between black and 
white. The waveform produced is a 
precise electronic representation of the 
original image on the drum. This kind 
of waveform is both asynchronous and 
analog in nature. It is asynchronous 
because the waveform has not been 
"sampled" or "clocked" at measured 
time intervals (see figure 1) and is 
considered analog because its ampli-
tude varies in direct proportion to the 
illumination spectrum of the original 
material. Asynchronous, analog fax 
systems are well suited for the trans-
mission of pictures and other graphic 
material where good definition of a 
wide range of gray tones is necessary. 

Good quality gray-scale transmis-
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Figure I. By using a "sampling" device, a continuous, analog signal can be 
converted into a synchronized, pulse amplitude signal. This signal can further be 
quantized and encoded into binary digital form. 

sion is costly. Since it requires broad-
band facilities capable of high signal-
to-noise ratios. 

Fax in Black and White 
A simpler system operates only in 

black and white — no shades of gray. 
This system employs a scanning device 
which only registers a black or white 
impulse and therefore generates a 
waveform with only two values corres-
ponding to black and white. The dig-
ital binary waveform produced by this 
system is asynchronous and analog in 
nature because the time interval be-
tween two successive transitions cor-
responds directly to the original image. 
The application of the word analog is, 
thus, somewhat less meaningful when 
it concerns black-and-white systems; 
its common use is generally reserved 
for reference to gray-scale systems. 

The binary nature of a black and 
white waveform makes it convenient 
for this form of fax to take advantage 
of present and future advances in data 
transmission techniques. 

Fax Transmission 
In telecommunications transmission 

there is an inverse relationship be-
tween transmission bandwidth and 
transmission time. This is particularly 
significant with fax. As bandwidth is 
increased, the time is decreased, and 

vice-versa. In general, the bandwidth 
necessary for fax transmission depends 
on the required resolution and the 
speed of transmission. 

The relationship between resolution 
and bandwidth is such that doubling 
resolution requires four times the 
bandwidth — if transmission time re-
mains constant. In the future, any 
significant innovations in effectively 
reducing transmission costs must re-
duce both transmission bandwidth and 
transmission time. 

PCM and FAX 
A significant new development in 

the telecommunications industry took 
place in 1937 with the invention of 
pulse code modulation (PCM). How-
ever, not until the advent of transistors 
and integrated circuits was this new 
idea given serious attention. In the 
1950's, Bell Telephone Laboratories 
began to explore the PCM system. 

The basic concept of PCM was 
entirely different from frequency divi-
sion multiplex (FDM) which has ser-
ved the industry for so many years. 
Unlike FDM, which provides fre-
quency separation for all channels, 
PCM involves switching rapidly from 
one channel to another — producing a 
time division multiplex (TDM) system 
where each channel is allotted a separ-
ate time interval. 
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Figure 2. A "sampling" device applied to a black-and-white, binary signal, 
produces a synchronous, digital binary signal in one step. The binary nature of 
this mode effectively lowers transmission noise but introduces "jitter". 

The Bell System designated their 
24-channel time division multiplexing 
PCM system as Ti carrier. Although 
primarily designed for voice transmis-
sion, the Ti has proven to be ideally 
suited to the transmission of data or 
fax. 

The use of PCM systems in the 
telephone network is increasing very 
rapidly. An example of this growth is 
the increasing number of Lenkurt's 
91A (comparable to Bell's Ti) time 
division multiplex PCM systems now 
in operation. 

Lenkurt's 9003 and 9005 high-
speed data terminals are designed for 
use over 91A (or Ti) repeatered lines. 
Providing data rates of 50 Kb/s (and 
higher), these data terminals are well 
suited to the transmission of fax. 

The PCM mode of transmission is 
not greatly troubled by signal distor-
tion caused from noise. It has, how-
ever, another kind of distortion prob-
lem for black and white fax. When a 
black and white fax binary wave is 
synchronized by a sampling pulse it 
produces an error in the signal pattern 
which is called "time jitter" (see figure 
3). This "jitter" occurs because the 
sampling pulse rarely takes place at the 
actual point of transition between 
black and white. As a result, the 
synchronized waveform rounds-off the 
original pattern, causing the intervals 

to be stretched or compressed, accord-
ingly. The received image may there-
fore present a slightly fuzzy appear-
ance due to this "time jitter", al-
though legibility is not greatly im-
paired. 

One advantage of binary data trans-
mission is the fact that since there are 
only two possible waveform pulse 
values — one or zero, transmission 
distortion is relatively low and does 
not increase with distance. The effi-
ciency of this system results from the 
fact that each positive pulse is regene-
rated at full amplitude, regardless of 
signal degradation up to that point. 
Likewise, every zero pulse is regenera-
ted at zero amplitude. 

Data Compression 
Another promising field of investi-

gation for bandwidth and time reduc-
tion, is the elimination of image redun-
dancy. Nearly all graphic material has 
a dominant tone-value. For example, a 
page of typewritten material is essen-
tially white — even when filled with 
words. This repetition of the same 
tone, over and over, is redundancy. 
The conclusion has been logically 
drawn that if only the non-redundant 
data could be transmitted (the black 
letters on a typed page, for example) a 
reduction in required bandwidth and 
time might be accomplished. Several 

5 



I I I I I I 

ASYNCHRONOUS BLACK AND VVH TE WAVEFORM 

SYNCHRONOUS WAVEFORM SUPERIMPOSED ON ASYNCHRONOUS WAVEFORM 

I 

SAMPLING 
INTERVAL 

ORIGINAL ANALOG WAVE (ASYNCHRONOUS) 

PORTION OF SYNCHRONOUS WAVE WHICH CONFORMS 
ffl TO THE ORIGINAL ANALOG WAVE 

PORTION OF SYNCHRONOUS WAVE WHICH IS CALLED TIME JITTER" 

Figure 3. When a black and white analog waveform is synchronized by sampling 
pulses (vertical red lines), a certain amount of distortion occurs which is called 
"time jitter". This jitter results from the fact that the sampling eliminates changes 
in the original waveform which take place between pulses. The entire interval 
between pulses will read either "up" or "down" depending on the location of the 
original waveform at the time of the last pulse. Obviously, some complete 
white-to-black-to-white (and vice versa) changes can take place between pulses and 
therefore be completely eliminated from the synchronized wave (A). 

techniques are being explored to elim-
inate redundancy and some methods 
are presently in use. One system of 
this type encodes the location of 
black-white and white-black transi-
tions and transmits this information 
through digital transmission systems 
such as Lenkurt's type 26C or 26D 
data modems. Using Lenkurt's 26D, 
speed improvements as high as four to 
one have been achieved. 

Present Applications and 
Future Possibilities 

Early uses of facsimile have been 
enhanced and new uses are constantly 
being explored. Effective techniques 
for removing redundancy promise to 
place facsimile within the reach of 
many new applications. 

Significant improvements in facsi-
mile technology have reawakened the 
interest of police authorities around 
the globe. 

Police departments which have in-
stalled facsimile systems are finding 
their use indispensable in communica-
tion of fingerprints and "mug" shots. 
There has long been a need for rapid 
identification of suspected criminals. 
Court imposed restrictions on police 
detention practices served to highlight 
this need. Rapid and positive identifi-
cation not only makes it easier to iden-
tify wanted criminals, it has the added 
benefit of facilitating the release of 
innocent persons. 

The Chicago and Los Angeles police 
departments have had, for some time, 
operational facsimile systems using 
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high resolution data transmission 
equipment. This application requires 
good quality gray-scale reproductions 
and 200 line per inch resolution — 
twice the resolution of a typical copy-
ing machine. 

The newspaper industry represents 
one of the largest single markets for 
facsimile transmission systems. Many 
newspapers are now making use of 
various available devices for this pur-
pose. It has been found desirable to 
provide high resolution of this large 
format material with wide-range gray-
scale. It is necessary that newspaper 
pages be transmitted at very high 
resolution rates, on the order of 1000 
lines per inch, to maintain sufficient 
standards of quality of half-tone pic-
ture material. Perhaps a system could 
be devised to transmit newspaper 
printed material at about 200 lines per 
inch, then slow down for half-tone 
picture material at 1000 lines per inch. 

Facsimile systems have been used 
to transmit full size newspaper proof 
sheets from the main plant to remote 
satellite printing plants where the 
transmitted page is converted into a 
photographic negative which is then 
used for direct reproduction. At the 
present state of technological develop-
ment, this application is still relatively 
expensive. 

The future of facsimile transmission 
in the newspaper industry is very 
promising. Elaborate systems have 
been proposed which would require 
complete microwave networks capable 
of transmitting a standard newspaper 
page at 1000 lines per inch resolution 
within time limits of about four min-
utes per page between plants. 

The Wall Street Journal already 
achieves fast service to parts of Califor-
nia and other Western states by using 
facsimile to transmit page proofs. 
Many banks are now using facsimile to 
speed stop-payment notices on checks 

Courtesy of Decom, Inc. 

Figure 4. This black and white fax 
system transmitter produced by 
Dacom, Sunnyvale, California, makes 
use of Lenkurt's 26D data modem. 

by transmitting the notice from the 
bookkeeping office to the main bank-
ing office. Manufacturing companies 
are using facsimile equipment as an 
adjunct to their teleconferences in 
order to provide charts and diagrams 
so that each participant has precise 
references for the topics of discussion. 

It has been reported that there are 
over 18,000 current users of facsimile 
systems. This list includes railroads, 
hospitals, schools, airlines and general 
business. It can be safely predicted 
that as new advances are made in 
compression techniques, bandwidth re-
quirements will be reduced, costs will 
drop and new applications will become 
virtually endless. 
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The trend toward higher radio frequencies creates new problems in system design. 

Congestion of the radio-fre-
quency spectrum has been 

foreseen almost from the beginning of 
commercial radio transmission. As 
radio technology has advanced, in-
creasing demands for radio services 
have outpaced improvements in the 
efficiency of spectrum usage. 

The result has been a continuing 
trend toward the use of higher and 
higher frequencies. There is no end in 
sight, with the upsurge in data trans-
mission and other services that require 
the bandwidth of hundreds of voice 
channels. 

Not too many years ago, "higher 
frequencies" referred to the VHF and 
UHF bands, with the then-new con-
cept of line-of-sight propagation. Then 
came the microwave frequencies — 2, 
4, and 6 GHz — where the signal 
behaved even more like a light beam. 
Each frequency "plateau" required 
new approaches to systems as well as 
hardware design. 

Today, the 4 and 6 GHz bands 
form the heart of many communica-
tions systems. But new allocations in 

these bands are often difficult to get 
(impossible for some kinds of service). 
And in some major metropolitan areas, 
where the demand for service is the 
heaviest, no allocations are available at 
all. There is literally no place to go but 
up. For most types of service, the next 
available frequency bands are above 
10.7 GHz. 

The problems involved in building 
equipment for these higher frequencies 
were solved several years ago (Lenkurt 
introduced the highly reliable 76D 
Microwave Radio System in 1964). 
But the most reliable equipment is 
worth little if the system "goes down" 
because of propagation failure. 

Path Considerations 
In many ways, the higher micro-

wave frequencies behave just like the 
lower ones. The path-attenuation cal-
culations, for example, are identical. 
For a given path, they show that a 12 
GHz signal has 6 dB more path attenu-
ation than a 6 GHz signal. On the 
other hand, the gain of a parabolic 
antenna of given size is 6 dB higher at 

2 

COPYRIGHT 0 IRES LENKURT E LECTRIC CO. INC. • VOL. It. NO. 10 



12 GHz. Since both the transmitting 
and receiving antennas are involved, 
the 12 GHz signal would appear to 
have a 6 dB advantage. In practice, 
however, this advantage is essentially 
cancelled by higher receiver noise fig-
ures and higher waveguide losses at 12 
GHz. 

Selective fading at the higher fre-
quencies can be effectively combatted 
by methods used at lower frequencies. 
Space diversity, for example, with its 
redundant transmission paths, substan-
tially increases path reliability. The 
chance of both paths fading simulta-
neously is remote. In the types of 
service for which the allocations are 
available, in-band frequency diversity 
is an excellent defense against selective 
fading. Its chief disadvantage is the 
total amount of frequency spectrum it 
uses. 

The effect of selective fading varies 
only slightly with frequency. For any 
given path reliability, the required fade 
margin in the 11 GHz band is at most 
a few dB greater than that needed at 
the lower frequencies. 

Slightly less path clearance is re-
quired at the higher frequencies be-
cause the Fresnel-zone radii are 
smaller. Except in critical cases or on 
short hops, however, the difference is 
not likely to be very significant. For 
instance, on a 20 mile, 6.175 GHz 
hop, the first Fresnel-zone radius at 10 
miles is 64.9 feet. If the frequency on 
the same hop is increased to 11.2 GHz, 
the radius decreases by only 16.8 feet. 

Effects of Precipitation 
In the design of most microwave 

systems, the path attenuation is as-

sumed to be the same as that encoun-
tered in free space. This is a good 
approximation for frequencies up 
through the 6 GHz band. But as 
frequency increases, the signal be-
comes progressively more sensitive to 
precipitation. 

Rain attenuates a microwave signal 
in two ways: the water absorbs energy, 
and the droplets scatter it. The sever-
ity of the attenuation is a function of 
the drop size, the temperature, the 
volume of water involved, and the 
signal frequency. The most significant 
part of this complex relationship can 
be summed up this way: the harder it 
rains, the bigger the drops, and the 
higher the frequency, the more severe 
the attenuation will be. 

Of course, other forms of atmos-
pheric moisture also affect signal at-
tenuation, but rain is usually the domi-
nant factor. Fog and mist are essen-
tially light rain. Attenuation due to 
hail is only a small fraction of that 
caused by rain. The effect of snow 
varies widely, depending on the mois-
ture content, the flake size, and the 
temperature; but snow generally car-
ries a much lower volume of water 
than rain does. 

At the higher frequencies, heavy 
rain can be a real problem. The theo-
retical curves of Figures 1 and 2 show 
how frequency would increase excess 
path loss if the rainfall rate were 
constant along the path. While actual 
rainfall rates are never uniform along 
the entire path, a hypothetical ex-
ample based on Figure 1 gives some 
feel for the effect of extremely heavy 
rain (4 inches per hour) on signals of 
different frequencies. 
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Figure 1. Excess path loss caused by heavy rain increases rapidly with increasing 

frequency. 

A 6 GHz signal, with an excess path 
loss due to rain of only about 1.2 dB 
per mile, would be attenuated by 
about 24 dB over a 20 mile hop. That 
is centainly significant, but it is within 
the operating capability of a system 
engineered with, say, a 40 dB fade 
margin. 
A 13 GHz signal, on the other 

hand, would suffer rainfall attenuation 
of about 240 dB. 

As shown in Figure 2, a "heavy" 
rainfall of 0.6 inch per hour would 
cause excess path loss of only about 
1.1 dB per mile at 13 GHz — roughly 
the same as the 6 GHz signal would 
suffer at the much higher rainfall rate. 

The trouble with curves such as 
these is that they fail to take into 
account the changing nature of heavy 
rain. 

Local Rainfall Distribution 
It is relatively easy to measure the 

effect of rain on a microwave path. 
The difficulty arises in trying to mea-
sure the rainfall rates along the path 
for accurate correlation with the at-
tenuation measurements. The harder it 
rains, the more likely it is that the 
rainfall rate will show wide and almost 
instantaneous variations. Furthermore, 
there may be very heavy rain at one 
point, and almost none a short dis-
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Figure 2. Theoretical curves show how attenuation increases with rainfall rate 

(based on calculations by Ryde and Ryde). 
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Figure 3. The contours of this map are for fixed transmission outage time and can 
generally be used in conjuction with the curves of Figure 4, to predict the effect 

of rainfall on outage time. 

tance away. The cumulative figures for 
the total length of a microwave path 
are often irrelevant. 

Much work has been done in recent 
years on the nature of rainfall pat-
terns. The results are not conclusive, 
but they indicate that the most intense 
rain, the rain that significantly affects 
microwave propagation, occurs in re-
latively small cells. Available evidence 
indicates that these cells rarely exceed 
a few miles in diameter, and the 
rainfall rate varies even within the cell. 

This variation means that even an 
intense cell may not block a micro-
wave path for the entire time it takes 

to cross the path. A five mile wide cell, 
moving at 20 miles per hour, takes 15 
minutes to cross a particular path at 
right angles. But regardless of its inten-
sity, it may only cause some short 
outages. It is unlikely to block the 
path completely for 15 minutes. 

Rainfall Distribution 
Paradoxically, some geographical 

regions known for their large annual 
rainfall (such as the rain forests of 
Oregon and Washington) do not pres-
ent as difficult a transmission problem 
as do other "drier" areas. The reason 
is, of course, that the total annual 
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Figure 4. Expected outage time varies greatly with changing geographical rainfall 
distribution. These curves, for use with the contour map of Figure 3, are based on 
11 GHz paths with 40 dB fade margins. 

rainfall is of little consequence. Con-
centrated ram causes the trouble. The 
significant questions are: How heavy 
are the rainfall rates that can be 
expected? How often can such rates be 
expected? 

The problem in any area is compli-
cated by the fact that although much 
information is available on annual rain-
fall. very little is known about instan-
taneous rates. Gradually, however, the 
body of knowledge has built up so 
that it is now possible to generalize 
about many geographical areas. 

The key factor, of course, is the 
amount of outage time a particular 

system is likely to suffer. Some types 
of service can tolerate substantial out-
ages, while others cannot. Figures 3 
and 4, the results of empirical studies, 
indicate generally how expected out-
age time varies with geography in the 
United States. For example, an 
II GHz path, 30 miles long and engi-
neered for a 40 dB fade margin, would 
have an expected outage time of about 
0.2 hour per year on Washington's 
Olympic Peninsula (contour H). This 
translates to a reliability of 99.998 
percent. 

If the same path were located on 
the coast of the Carolinas (contour C), 
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Figure 5. Many CATV systems can use a secondary off-the-air antenna as a 
back-up for a microwave link. 

the predicted reliability would drop to 
99.92 percent because the expected 
outage time would increase to 7 hours 
per year. 
Now consider the same path on the 

Gulf Coast of Mississippi (contour A) 
and assume that the expected annual 
outage time must be held to the same 
7 hours. The path would have to be 
shortened from 30 miles to 22 miles, 
or the fade margin would have to be 
increased substantially. 

It must be remembered that these 
calculations are for a single hop. The 
outage time for the entire system can 
be expected to equal the sum of the 
single-hop outages. In terms of reliabil-

ity, 10 hops with 99.99 percent relia-
bility form a system that is only 99.9 
percent reliable. 

Living With the Problem 
It may appear from what has been 

said that the frequencies about 10.7 
GHz are a poor second choice, to be 
considered only when allocations at 
lower frequencies are not available. 
But this is only partly true. When the 
limitations of the higher bands are 
recognized, they give very good ser-
vice. This really means learning to live 
with the rainfall problem. 

First, of course, rainfall attenuation 
may not even be a problem. If the 
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system is located in an area where rain 
rarely falls in cloudburst proportions, 
it can probably be engineered like any 
other system, with little worry about 
excess outage time. 

Second, the type of service may be 
able to tolerate occasional outages of a 
few seconds to a few minutes. Some 
services, such as telephone common 
carrier, demand very high reliability. 
Others may be able to live with a few 
short outages. 
A case in point is a CATV relay. 

Typically, the system operates only 18 
hours a day. Thus, 25 percent of the 
heavy rains would be expected to 
occur during off-the-air hours. In some 
areas, heavy rainfall is consistently 
concentrated in these early morning 
hours. 

Furthermore, many CATV systems 
can use a kind of "microwave/VHF 
diversity". If there is an outage in the 
microwave link, the signal is simply 
taken from the secondary antenna as 
shown in Figure 5. This provides an 
inferior signal, but it is usually watch-
able for the short periods of rain-
induced outages. 

The third factor in living with the 
rainfall problem is the length of the 
proposed system. Outages are cumula-
tive. So a very long microwave system 
may have comparatively low reliabil-
ity, even though the reliability of 
every hop is high. The longer the 
system, the greater the chance of a 
severe rain cell moving across the path 
somewhere. An obvious solution is to 
use the higher frequencies for short 
systems, and to reserve the lower 
frequencies for long, cross-country 
systems. 

Diversity Arrangements 
Heavy rain is not the only thing 

that will put a microwave system 
temporarily out of business. The 
mechanisms of selective fading are 
completely separate from those of 
rainfall attenuation. When the effects 
of rainfall attenuation cannot be com-
pletely controlled, one way to keep 
annual outage time down is to pay 
special attention to selective fading. 
This implies some sort of diversity 
arrangement. All diversity arrange-
ments combat selective fading, and 
some provide protection against rain-
fall attenuation, as well. 

Space diversity is no defense against 
rainfall attenuation because the two 
transmission paths are quite close, and 
subject to essentially the same rainfall 
pattern. In the typical case, where one 
path is directly above the other, the 
same rain will block both paths simul-
taneously. 

While in-band frequency diversity 
also offers good protection against 
selective fading, it still provides no 
defense against rainfall attenuation. 
The two frequencies are so close to-
gether (typically separated by only 
two percent of the frequency) that the 
effect of rain is essentially the same on 
both. 

On the other hand, if frequency 
diversity is extended to include both 
the 6 GHz and the 11 GHz bands 
(cross-band diversity), it can provide 
excellent protection against both selec-
tive fading and rain. It is true that 
when the 11 GHz path fails because of 
rain the entire load falls on the 6 GHz 
path. Fortunately, however, severe se-
lective fading rarely occurs during per-
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Figure 6. Raising the fade margin by 5 dB, (as in B above) can permit transmission 
through a rain cell of substantially greater intensity. 

iods of heavy rain. This makes the 6 
GHz path exceptionally reliable during 
such periods. Thus, cross-band diver-
sity is probably the best solution — 

provided, of course, that frequency 
allocations and regulatory approval are 
available. 

Perhaps the ideal solution would be 
route diversity — an extreme form of 

space diversity. The same signal would 
be sent over two paths separated by 
several miles. This would all but elimi-
nate the possibility that rain would 
block both paths simultaneously. In 
practice, however, route diversity is 
not often used in present-day systems. 
The main reason is simple economics. 

Equipment and installation costs are 
quite high. Furthermore, the process 
of dropping and inserting channels is 
complicated — not to mention the 
difficulty encountered at the receiving 

end in trying to combine the signals 
from two paths of substantially dif-
ferent length. 

Conservative Engineering 

It is apparent that there is no easy, 
clear-cut way to avoid problems with 

rain. The most effective defense is a 
combination of techniques. And con-
servative engineering is the first one. A 
marginally engineered system is an 
invitation to excess outage time. 

10 



One thing that can be done, for 

example, is to increase the fade mar-
gin. This does not guarantee transmis-
sion through the heaviest rain, but it 

does effectively lower the expected 
outage time. 

Because of variations in the instan-
taneous rainfall rate, it is not always 
possible to specify exactly how much 

effect a higher fade margin will have 

on rainfall attenuation. But some idea 
can be gained from a hypothetical 
example like this: Suppose a particular 
11 GHz microwave hop can withstand 

an average rainfall along the path of 1 
inch per hour — an excess path loss of 
about 1.3 dB per mile. If the fade 
margin is then raised by 5 dB, the hop 
can still withstand the 1 inch per hour 

rain along the path, except for a two 
mile segment where it passes through a 
rain cell. In that segment, it can 

withstand excess path loss of 3.8 dB 
per mile — equivalent to a rainfall rate 
of over 2 inches per hour (see Figure 
6). In many areas, that much improve-

ment will not eliminate rainfall out-
ages. But it will reduce them. 

Of course, increasing the fade mar-
gin may not always be desirable. If it 
means an increase in the number of 
hops, for instance, any gains in path 
reliability may be more than offset by 

the decrease in equipment reliability as 
more transmitters and receivers are 
added. 

Equipment reliability is equally as 

important as path reliability. So is the 
reliability of the power source. And 
good maintenance is important, too. 

Improving the reliability of any one of 
these naturally improves the end prod-
uct — total system reliability. Thus, 
economics is the common denomina-
tor in improving system reliability. 

Where to Next? 

The move to the 11 GHz micro-
wave band is not the final rung on the 
ladder of ascending frequencies. This 
band will eventually become congested 

like all the others below it. What then? 

Still higher frequencies, with even 

more severe attenuation problems? 
Coaxial cable? Millimeter waveguides? 
Laser transmission? 

The second part of this two-part article, to appear in next month's 
Demodulator, will discuss the future of transmission technology. 
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Lenkurt's 75D and 75E microwave 

radio systems, operating at 10.7-

11.7 GHz and 12.2-13.25 GHz, 

transmit as many as 1200 SSBSC 

multiplex channels or a video signa 

with accompanying FM program 

subcarrier channels. Level stability 

and low noise performance of these 

members of the 75 family far exceed 

CCIR requirements. Both systems 

are long- haul broadband radio 

transmission systems; 75D is designed 

to operate in the common carrier 

band and 75E for the industrial 

and studio-transmitter- link bands. 

For additional information, write 

Lenkurt, Department C134. 

LEA/KURTHECTRip SAN CARLOS, CAL IF ORN IA, U.S.A. 

Le VIDEO, VOICE & DATA 

GENERAL TELEPHONE & ELECTRONICS TRANSMISSION SYSTEMS 

Lenkurt Offices 
San Carlos Chicago 
Stamford, Conn. Atlanta 
Falls Church, Va. Dallas 

The Lenkurt Demodulator is circulated monthly to technicians, 
engineers and managers employed by companies or government 
agencies who use and operate communications systems, and to 
educational institutions. Permission to reprint granted on request. 
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The electromagnetic spectrum still has much untapped potential. 
Some frequencies are suitable for radio transmission through the 
atmosphere, while others require different transmission methods. 

part one of this two-part arti-
cle discussed the transmission 

problems encountered as frequency 
congestion forces the shift to higher 
microwave frequencies. That discus-
sion was limited to what is commonly 
called the 11 GHz band, because that 
is the highest band in general use 
today. 

It is apparent to long-range plan-
ners, however, that this band will also 
become congested as the demand for 
more communications services acceler-
ates. This trend shows no sign of 
tapering off and rapidly increasing 
services such as video and wideband 
data transmission continue to require 
enormous bandwidths. 

The higher frequencies which can 
provide this bandwidth are unused, 
waiting to be tapped. They range in a 
continuous spectrum from the micro-
wave frequencies through millimeter 
waves and infrared to the visible light 
region. Eventually, they may even 
include the ultraviolet range. The 
problem is finding a way to use them 
in practical communications systems. 

The allocation of specific higher 
frequency bands is still under discus-
sion. (It will be considered at the 
World Administrative Radio Confer-
ence, to be held in 1971 by the 
International Telecommunications 
Union.) Considerable work has already 
been done on microwave transmission 
in the 18 GHz region and above. 

Atmospheric Considerations 
Since rainfall attenuation is one of 

the most significant problems in the 
11 Gliz band, and the effect increases 
with frequency, the problem can be 
expected to be even more severe at 
higher frequencies. Figure 2 shows 
theoretical rainfall attenuation as a 
function of rainfall rate for selected 
frequencies up to 40 GHz. (Some 
empirical studies have indicated even 
higher attenuation than predicted.) 

While rainfall attenuation is still the 
most significant atmospheric problem, 
fog and mist become increasingly im-
portant at the higher frequencies. The 
deciding factor is the volume of water 
in the air, which is perhaps easiest to 
understand in terms of visibility. At 30 
GHz, for example, fog that cuts visibi-
lity to 150 feet attenuates the signal 
by about 0.5 dB per mile. It takes 
more than twice the moisture concen-
tration to reduce the visibility to 100 
feet at which point attenuation is 
about 1.6 dB per mile. 

In this frequency region, another 
phenomenon — molecular absorption 
of the radio energy — also becomes a 
problem. Water vapor (not to be con-
fused with water droplets) absorbs 
more energy as frequency increases, 
with the significant absorption occur-
ing at resonant peaks. One such peak is 
at 22.4 GHz. At this frequency, a 
relative humidity of 60 percent pro-
duces absorption of about 0.4 dB per 
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mile. At 18 GHz, the same humidity 
absorbs energy at the rate of only 
about 0.05 dB per mile. 

Another minor effect is the 
molecular absorption of oxygen, 
which also increases with frequency. 
The loss only becomes significant, 
however at frequencies in the 50 GHz 
range. 

Modulation Techniques 
The frequency allocations for pres-

ent-day microwave systems are inten-
ded primarily for equipment that uses 
low-deviation FM, with RF band-
widths of 20 MHz or less. This tech-
nique is well suited for voice traffic, 
which is usually multiplexed by fre-
quency division. But, the nature of the 
traffic carried by microwave radio is 
being changed by two major factors. 
One is the tremendous increase in data 
communications, and the other is the 
increasing use of pulse-code modula-
tion (PCM) for voice communications. 
The two are essentially the same from 
the microwave engineer's point of 
view. Either way, he is faced with the 
necessity to transmit pulses at a high 
rate (approximately 70,000 per second 
for each voice channel). One method is 

to use digital microwave transmission. 
Such a system becomes one more step 
in the time-division multiplex scheme. 

An advantage of PCM is its relative 
immunity to noise. Because it is only 
necessary to detect the presence or 
absence of a pulse in a particular time 
slot (not its height, shape, or any other 
characteristic), a PCM system can 
operate at a very low signal-to-noise 
ratio. Consequently, it is quite tolerant 
of the severe atmospheric attenuation. 
A binary system can use relatively 

simple repeaters. They need only pro-
duce new clean pulses to replace the 
old distorted and attenuated ones. A 
simple repeater is an inexpensive one. 
Since economics really dictate system 
performance, route diversity, with 
paths separated to avoid simultaneous 
heavy rainfall, may become econom-
ically feasible (Figure 3). 

However, a more efficient use of 
bandwidth can be achieved by using 
multi-level transmission, rather than 
simple binary techniques. This, in 
turn, increases repeater complexity 
and cost. But, it still may be possible 
to build relatively inexpensive re-
peaters that are small enough for pole 
mounting. 
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Figure 1. Examination of the electromagnetic spectrum shows large 
•-'--- - ' ies above 10 GHz — where the 
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Figure 2. Attenua-
tion caused by rain 
can be a formidable 
problem at the high-
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quencies. These the-
oretical curves (after 
Ry de) should be 
used only as approx-
imations. Some mea-
surements have indi-
cated substantially 
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A potential problem here is the 
public's increasing consciousness of 
aesthetic values. Current trends are 
toward underground installation of all 
utilities. And some communities might 
not be willing to accept pole-mounted 
microwave repeaters at one to two 
mile intervals. 

Millimeter-Waves 
The millimeter-wave region, from 

30 to 300 GHz, is very attractive for 
wideband communications systems be-
cause of the tremendous bandwidth 
available. At these frequencies it is not 
at all unreasonable to think in terms of 
a 1 GHz baseband that could, in 
theory, accommodate over 200,000 
voice channels — or the equivalent in 
other forms of communications. 

Of course, the problems of atmos-
pheric attenuation are exceptionally 
severe at these frequencies. In fact, 
transmission through the atmosphere 
may not be practical except for certain 
applications. One such case is satellite 
communications. Here, route diversity, 

in the form of widely separated earth 
stations can provide the necessary re-
liability. Futhermore, the signal path is 
primarily in free space rather than the 
atmosphere (Figure 3). 

What about earthbound millimeter-
wave communications? One answer is 
to shut out the atmosphere. A long 
roof is not practical, but a waveguide 
is. 

The idea may sound strange to 
those used to thinking of waveguide in 
terms of the connecting link between a 
transmitter or receiver and a tower-
mounted antenna. A significant loss 
can occur in 100 feet of this type of 
waveguide, and the loss increases as 
the frequency goes up. Losses would 
be prohibitive in a long system. For 
example, at only 4 GHz, one type of 
rectangular waveguide has a loss on the 
order of 50 dB per mile. 

However, by using a circular elec-
tric wave in a round waveguide, the 
loss can be reduced dramatically (Fig-
ure 4). Also, the loss decreases as 
frequency increases. Since the physical 
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Figure 3. Route diversity provides protection against rainfall attenuation 
for microwave systems operating at high frequencies. If the paths are far 
ettough apart, heavy rain is unlikely to block aoth at once. 

size of the waveguide required also 
decreases with frequency, it is easy to 
visualize a small pipe carrying thou-
sands of communications channels at 
millimeter wavelengths — with very 
low loss. 

It happens that a 50 GHz signal 
loses only about 2 dB per mile in a 
waveguide with a 2 inch diameter — 
pros iding the mechanical tolerances 
are small enough. Theoretically, the 
loss would approach zero as the fre-
quency approaches infinity. But, the 
mechanical requirements become so 
stringent that they limit the usable 
frequencies. 

Any waveguide roughness or other 
imperfection causes mode conversion 
in the signal. Part of the energy gets 
"out of step" with the main signal. 
Not only is much of this converted 
energy lost, but the part that does get 
to the receiving end interferes with the 
desired signal. 

Some mode conversion is inevita-
ble, since a transmission line of any 
type cannot run indefinitely in a 

straight line and any bend in the 
pipe causes mode conversion. 

Consequently, the modulation 
method chosen must be resistant to 
interference. Once again. digital trans-
mission becomes attractive. Not only 
is it interference resistant, but its 
adaptability to the increase in digital 
traffic is as important here as it is in 
atmospheric transmission. 

Coaxial Cable 
Another form of signal pipe is 

coaxial cable. It may seem strange to 
consider such an "old standby" in the 
same light as more exotic forms of 
transmission, such as millimeter wave-
guides. But coaxial transmission still 
has great unrealized potential. Equip-
ment like Lenkurt's 46C Coaxial 
Transmission System carries 720 chan-
nels on routes of medium density. The 
Western Electric L4 system handles 
3600 channels on high-density routes. 
Such systems may be only the begin-
ning. Bigger systems are planned, with 
one intended to carry over 80,000 

5 



channels with multiple coaxial tubes. 
(Since the potential of coaxial trans-
mission has more immediate impact 
than some of the other techniques 
discussed here, it will be the subject of 
a future DEMODULATOR article.) 

Laser Transmission 
Few people have been more excited 

over the useful possibilities of lasers 
than have communications engineers. 
The reason for their excitement is 
quite simple: the information-carrying 
potential of any communications 
channel is proportional to its operating 
frequency. Because lasers operate in a 
frequency range about 100,000 times 
higher than today's microwave radio 
systems, they have the potential to 
carry 100,000 times more informa-
tion. 

But, potential is sometimes far 
from reality. While laser beams have 
been used to burn through steel in 
industrial applications, their penetra-
tion range is limited. They are still 
light beams, and light beams do not 
penetrate very far through heavy 
clouds and other atmospheric obstruc-
tions. For this reason, unprotected 
laser transmission is practical only for 
short distances or in space communica-

tions. Long-range laser communica-
tions systems will have to follow an 
optically aligned tube. Here again, 
difficulties arise when the beam is bent 
— even enough to follow the curvature 
of the earth. 

Therefore, any practical system will 
probably use a series of lenses to 
refocus the beam and change its direc-
tion slightly. In so doing, they will act 
somewhat as passive repeaters. Optical 
lenses can be used, but even the 
highest quality ones introduce substan-
tial losses. 

However, considerable promise is 
being shown by gas lenses. Such a lens 
can be formed by gas flowing through 
a heated tube. Because the gas is 
warmer near the tube wall and the 
cooler gas in the center is denser, it 
acts as a lens causing the beam to 
converge. The advantage of this type of 
lens is that it places no solid surface in 
the path of the light beam. Therefore 
the loss introduced by the lens is only 
that caused by the gas molecules scat-
tering the light beam. 

This principle sounds simple, but 
there are substantial obstacles to be 
overcome. A big problem is presented 
by the extremely critical mechanical 
tolerances required of a lens wave 

ELECTRIC INTENSITY 

Figure .1. Electric field lines in a circular electric wave close on themselves, 
preventing significant charge accumulation on the waveguide walls, thus 
keeping wall currents low. Since charge accumulation is even less at higher 
frequencies, loss decreases with increasing frequency. 
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Figiee 5. PM shows considerable promise for modulating lasers. The 
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guide. The costs may make such an 
arrangement impractical. 

Transmission is not the only area 
that presents problems for a laser 
communications system. Another 
hurdle is modulation and demodula-
tion — and the associated area of 
multiplexing and demultiplexing. 

One of the most promising modula-
tion techniques is PCM — primarily 
because a laser can produce high pulse 
rates and very narrow pulses. If a laser 
beam is split as shown in Figure 5, 
parts of it can be sent to parallel 
modulators to form similar trains of 
narrow, relatively widely spaced, pul-
ses. These pulse trains can then be inter-
leaved for time-division multiplexing. 

It is theoretically possible to add 
more multiplexing steps. If, say, 100 
time-multiplexed signals were fre-
quency multiplexed, the capacity 
would increase 100-fold. It is then 
conceivable that still another form of 
multiplexing, called spatial multiplex-

ing, could be used. This means sending 
a number of beams simultaneously 
through a waveguide in different pro-
pagation modes. 

Such a system does not exist, and 
may never exist. However, a system 
has been suggested that would time-
multiplex 32 channels in each of two 
polarization states, then frequency 
multiplex 100 of these "super chan-
nels," and finally use spatial multiplex-
ing to combine 100 such beams. 

The theoretical capacity of such a 
system staggers the imagination. The 
suggested bit rate would be about 2 x 
1014 bits per second — the equivalent 
of 1,920,000 video signals. 

The world has hardly begun to tap 
the potential of communications. It is 
not clear just what form the future 
uses of communication will take. But 
it is clear that man's capacity to devise 
communications systems has not been 
reached and the future is virtually 
unlimited. 
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leiLenkurt's 9003A and 
9005A Data Terminals 

provide data transmission 
at speeds from 50 kb/s to 

250 kb/s over standard 
PCM repeatered line facil-
ities. 

Among the specific uses of 
these highly accurate data 

terminals are direct com-
puter links, facsimile, en-

crypted voice transmission 

(at 50 kb/s), and transmis-

sion of radar, video, and 

data to microwave radio 

equipment. 

For additional informa-

tion, write Lenkurt, De-
partment C134. 

9003A Data Terminal 

9005A Data Terminal 
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Aristotle, in 330 B.C., to explain his philo-
sophies, developed a logic system dealing with 
statements that were either true or false. In 
1847, George Boole reduced Aristotle's logic 
to a mathematical shorthand that has become 
a universal logic language. 

Binary logic is a way of think-
ing that can be applied to the 

design of any system where the "in-
puts" and "outputs" are just on-off 
actions. The invention of transistors 
led to the development of a series of 
logic modules capable of performing 
basic binary logic functions in elec-
tronic systems. 

The complex PCM (pulse-code 
modulation) system can be broken 
down into subsystems whose inputs 
and outputs are simply on-off actions. 
This subsystem equipment is then 
designed using the principles of binary 
logic and implemented with corres-
ponding logic modules. 

Logic Modules 
Basic logic modules are called AND 

gates, OR gates, and INVERTERS. 
These modules can be combined to 
obtain NAND and NOR gates. Logic 
building blocks called flip-flops can be 
made from these gates. 

AND, OR, and INVERTER 
Consider the circuit with two 

switches (A and B) connected in series, 
a voltage supply (V), and a light bulb 
(L) shown in Figure 1. 

A B L 

-111 • • 

Figure I. 

The light will be on, if, and only if, 
switch A and switch B are closed. The 
logic AND gate gets its name from this 
simple circuit analogy. 

The "switching" circuit described 
above can be implemented with relays 
or diodes as well as with switches. All 
these circuits are cumbersome for the 
logic designer, so shorthand logic 
symbols have been developed. The 
logic symbol for the AND gate is 
shown in Figure 2. 
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AND LOGIC SYMBOL 

Figure 2. 

Using a truth table and representing 
an "on" condition as a " 1", an -off" 

condition as a "0", and the AND gate 

output as "Y", the combination of 
states for an AND gate is graphically 
displayed (Figure 3). 

o 

o 

u 

e 

o 

o 

AND TRU — H TABLE 

Figure 3. 

Using the "switching" circuit ana-
logy again, put the two switches in 
parallel rather than in series (Figure 4). 

Figure 4. 

With this arrangement, the current 
flows in the circuit and the bulb is on, 
if switch A or switch B or both are 
closed. The logic OR gate gets its name 
from this type of an arrangement. 
Figure 5 shows the logic symbol and 
truth table for an OR gate. 

Logic functions can be implemen-

ted with diodes for electronic applica-
tions. But, diodes have two weak-
nesses. First, the output of diode AND 
and OR gates is attenuated. Second, 

diode gates are passive elements and 

unable to drive a network of gates. 
Common emitter transistors have 

the ability to amplify a signal. By 
putting a transistor at the output of 
the diode AND and OR gate circuitry, 

the attenuated signal is restored to its 
original level. Because transistors are 
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OR LOGIC SYMBOL 

OR TRUTH TABLE 

Figure 5. 

active devices, they are capable of 
driving a network of logic functions. 

As well as solving the inherent 
problems of diode gates, transistors 
perform the logic function of inver-
sion. Regardless of the input signal 
state, the transistor output will be 
inverted (a " 1" becomes a "0" and 
vice versa). Transistors are known 
therefore, as INVERTERS. 

NAND and NOR 
The combination of a logic AND 

gate and a transistor INVERTER is 
called a logic NAND gate (for NOT— 
AND) (Figure 6). 

Figure 6. 

Y 

II 
AND I INVERTER 

NAND LOGIC SYM3OL 

NAND TRUTH TA3LE 

The output from a NAND gate will 
be negative, if, and only if, A and B 
are both positive. 
A logic NOR gate is the combina-

tion of a logic Or and an INVERTER 
(for NOT—OR) (Figure 7). 

If, and only if, both the NOR 
inputs are negative, the NOR output 
will be positive. 

Integrated circuit technology has 
made NAND and NOR gates less ex-
pensive than the use of discrete com-
ponents to construct NOT—AND and 
NOT—OR circuits. 

For simplicity, the inputs to the 
logic gates have been limited to two, 
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Figure 7. 

but in practice, the gates can have 
more than two. The same logic rules 
prevail. For a NAND gate, the output 

will be negative, if, and only if, all the 
inputs are positive. Similarly, for a 

NOB gate, the output will be positive, 
if, and only if, all the inputs are 
negative. The truth table for a NAND 

gate with three inputs is shown in 
Figure 8. 

Flip- Flops 
One of the most common circuit 

building blocks formed from groups of 

logic gates is a flip-flop — widely used 
for storing a single bit of information. 

A 

o 

Figure 8. 

o o 

o 1 

1 o 

o 

NAND TRUTH TABLE 

FOR THREE INPUTS 

The popularity of flip-flops is due to 
the following factors: 
I. They are available in integrated 

circuits or can be built from readily 
available discrete components. 

2. They are fast acting — can be made 

to change states in as little as a feu 
nanoseconds (depending upon the 
propagation delay of the logic 
family). 

3. They are active devices. 

Truth tables rather than circuitry 
will be used to explain flip-flops. The 

designer is interested more in what 
happens to his signal, than how it 

happens. Having selected his logic 
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modules from the same family (com-
patible power requirements, etc.), the 
designer works with a "black box" and 
its corresponding truth table. The flip-
flops discussed are from the 930 DTL 
(Diode Transistor Logic) family used 
in the Lenkurt 91A PCM system. 

The basic flip-flop is made of two 

NAND gates. It has two inputs (R and 
S) which determine what state ("0" or 
"1") the flip-flop will assume next, 
and two outputs (Q and Q) which 
determine the flip-flop's present state. 
The Q and 71? outputs from any flip-

flop are always opposite states; if Q is 
"1", Q is "0" and vice versa. 

The inputs and resulting outputs 
for an R—S flip-flop are shown in the 
truth table for a particular bit time 
(Figure 9). The output is a function of 
the flip-flop's outputs and its inputs at 
the previous bit time. 

INPUTS AT BIT OUTPUTS AT BIT 
TIME tn TIME t(n+ i) 

S 

Figure 9. 

If the R input is " 1" and the S 
input is "0", the Q output will be " 1". 
If the input states are reversed, the 
output states will also be reversed. If 
the input states are both "1", the 
output will be unchanged from what it 
was at the previous bit time. The "?" 
in the truth table indicates the output 

is undesirable, and therefore to be 
avoided, when the input states are 
simultaneously "0". 

Although it is possible to design a 

circuit such that the input states are 
never simultaneously "0", it is also 

possible to use a J—K flip-flop which 
tolerates all possible input combina-
tions (Figure 10). 

Regardless of what the output was, 
it will change to the opposite state, 
when both inputs are " 1". The output 
will be unchanged, if both J and K are 
Csol! 

The J —K flip-flop is essentially two 
R—S flip-flops in series. The J —K 
inputs affect the flip-flop only when 

synchronized with a clock pulse — a 

steady stream of signals used to allow 
the input voltages to reach their final 

value. The direct set and clear inputs 
(Sd and Cd), on the other hand, 
operate directly on the output without 
being synchronized with the clock 
pulse. The first R—S flip-flop reacts at 
time " 1" as shown in Figure 11; the 
second R—S flip-flop at time "2"; 
while the direct set or clear can react 
at anytime. 

If a "0" is applied at Cd, the J—K 
flip-flop is placed in the clear state 

(Q=0). If a "0" is applied at Sd, the 
J—K flip-flop is placed in the set state 
(Q=1). The Sd and Cd inputs dominate 
the output even if synchronized with 

the J—K inputs. 
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INIPUTS AT BIT OUTPUTS AT BIT 
TIME tr, TIME tui.1) 

a à 

Figure 10. 

Figure 11. 

Logic Modules for PCM Sampling 

The sampler at both transmitting 
and receiving terminals in Lenkurt's 

91A PCM system is basically a shift 
counter. This counter is the heart of 
the electronic mechanism that sequen-
tially opens and closes the sampling 
gates for each channel — thereby 
multiplexing or demultiplexing the sig-
nals. 

The number of stages in the shift 
counter is half the number of channels 
to be sampled; therefore, a 12 stage 
shift counter is needed to sample 24 
channels. 

Such a counter can assume 2" = 
4096 binary states. Only 24 states are 
required for sampling — the other 

4072 states are undesirable and must 
be suppressed. The counter is opera-
ting properly when these undesirable 
states have been eliminated and the 
desired mode 1 operation (Figure 13) 

is sequentially sending out 24 separate 
pulses to the gates of 24 separate 
channels. 

Mode 1 operation is accomplished 
by connecting 12 J—K flip-flops in 
series — one for each stage (Figure 14). 

These flip-flops are driven by a 
clock pulse. With each clock pulse, the 

flip-flop state is shifted one stage to 
the right — the state of stage I at time 
t1 will be the state of stage II at time 
t2; etc. At stage XII, the Q output is 
fed back to the K input of stage I and 
Ct is fed back to J of stage I. This 
" crossover"  of output to input causes 
the state to reverse. 

In a shift counter, the same state is 
shifted from one stage to the next 
with each clock pulse, reversing state 
when shifting from stage XII to stage 
I. Mode 1 fits this definition; there-
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CHANNEL 1 

Figure 12. Simplified PCM system (only 3 of the 91A 's 24 channels are shown). 

fore, once the register assumes a mode 
1 pattern, the counter will begin to 
cycle within this mode. 

Applying power to the counter, the 
register may contain any one of the 
4096 possible binary states 

(110001110000, for example). It is 

necessary to add either gate "X" or 

gate " Y", to suppress the undesirable 
states in the shift counter (Figure 14). 

Gate "X" is actuated when both 
stage 1 and stage XII are in state " 1", 
setting all the internal stages (11 — X1) 

to " 1". On the following clock pulse, 
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hgure 13. The 24 possible register patterns for mode 1. 

stage I goes to "O" and all other stages 
are " 1" as required for mode 1 opera-
tion. Figure 15 shows a sequence of 
patterns which starts with an arbitrary 
display when the power is applied and 

continues until the display matches 
mode 1. 

If gate "Y" is used instead of gate 
"X", all the internal stages (II — XI) 
are set to "O" when stages 1 and XII 

are both "O". 
For each of the 21 desirable states 

of the shift counter there is a readout 
gate made up of a two-input NAND 
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Figure 15. 

gate followed by a single input NAND 
gate. ( Figure 14) 

The register state can be deter-

mined by knowing where there is a 
transition from "0" to " 1" or vice 
versa, or by knowing that there is no 
transition (all "O's" or all " l's"). By 
comparing the outputs of adjacent 
stages (white areas in Figure 13), the 
register transition points can be deter-
mined. This comparison is done witE 
the readout gate. For each bit time 
only one readout gate will be in statt 

"1" — indicating the position of tht 

transition point or the lack of any 
transition. 

When a readout gate is in state " 1", 
it opens the corresponding channel 
sampling gate. The cycling of the 24 

readout gates for the shift counter 
successively opens and closes the 

sampling gates of each of the 24 
multiplexed channels in the 91A PCM 

system. 

Figure 14 shows that the "X" and 
"Y" gates used for mode suppression 
of the counter are required for readout 

— allowing the mode suppression with-
out additional logic modules. 

Binary logic and the 930 [)TL 

modules are also utilized in the quanti-
zing and coding equipment for Len-
kurt's 91A PCM system. 

Framework for Expansion 

PCM has achieved its present state 

in the communications industry be-
cause of efficient application of binary 
logic and the timely development of 
reliable, low cost logic modules. 

Binary logic provides the frame-
work for PCM's future expansion. 
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Lenkurt's 91A PCM Cable Carrier System economically fills the need for 
low-cost exchange, EAS, and toll connecting trunk services on cable 

spans extending up to 50 miles or more. The system adds 24 toll-quality 
channels on two cable pairs — featuring complete end-to-end compatibil-
ity with the Western Electric Ti system. For additional information, 

write Lenkurt, Department C134. 
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ee VIDEO, VOICE & DATA 

GENERAL TELEPHONE & ELECTRONICS TRANSMISSION SYSTEMS 

Lenkurt Offices 
San Carlos Chicago 
Stamford, Conn. Atlanta 
Falls Church, Va. Dallas 

The Lenkurt Demodulator is circulated montily to technicians, 
engineers and managers employed by companies or government 
agencies who use and operate communications systems, and to 
educational institutions. Permission to reprint granted on request. 
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