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Telephone Channels for 

DATA TRANSMISSION 
Although telephone channels are used primarily for the transmission 

of voice conversations, they can also be used to transmit a variety of other 
kinds of signals. These other signals are sometimes given the broad name 
"data.” 

This article discusses the meaning of data, various methods of trans¬ 
mitting data, and the conditions limiting the operation of voice telephone 
channels for data transmission. 

The purpose of a communication 
system is to transmit intelligence from 
one place to another. The intelligence 
may originate in many different ways, 
but before transmission it must be con¬ 
verted into either of two forms—con¬ 
tinuous or pulse-type electrical signals. 
A generalization is sometimes made in 
which all communication by means of 
electrical impulses is called data trans¬ 
mission. 

The most familiar forms of data 
transmission are telegraph, signaling, 
remote control, and telemetering. More 
recently, different forms have been de¬ 
veloped which include photo facsimile, 
high-speed telegraph, air warning data 
from radar installations, and numeri¬ 
cal information for the operation of 
electronic business machines. In each 

case, alphabetical, numerical, or sym¬ 
bolic data must be transmitted. 

The high-speed operation of these 
new systems has created a need for 
rapid transmission of large amounts of 
data with minimum error. As a result 
of this need, scientists and engineers 
have been taking a closer look at what 
constitutes information and how it can 
be transmitted most efficiently with 
presently available types of faci-'-Lies. 

Information 

One of the first steps in determining 
the exact nature of information was 
the selection of a unit, or yardstick, by 
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which information could be measured. 
This unit had to be such that it could 
easily be determined and did not de¬ 
pend upon the importance of the mes¬ 
sage, since a message’s importance is 
difficult to evaluate mathematically. 

It turned out that the simplest and 
most basic unit was the amount of in¬ 
formation necessary for a receiver 
(person or machine) to make the cor¬ 
rect choice between two equally pos¬ 
sible messages. This choice may be be¬ 
tween the messages yes-or-no, on-or-off, 
A-or-B, 0-or-l, black-or-white, etc. 
Since the two possible messages corre¬ 
spond to the two symbols in the system 
of numbers called the binary digit sys¬ 
tem, a unit of information based on 
two symbols (messages) came to be 
called a binary digit and was abbrevi¬ 
ated bit. 

A simple electrical pulse has the in¬ 
formational value of one bit because 
the presence or absence of the pulse 
permits the receiver to choose the cor¬ 
rect message from a set of two. As 
shown in Fig. 1, the transmission of 
two pulses permits the receiver to se¬ 
lect the correct message from four 
equally possible messages. Three 

pulses, or bits, will enable the correct 
selection from a set of eight. This se¬ 
lection process gives the average 
amount of information which must be 
transmitted to specify a message from 
a set of equal possibilities. There is no 
method of transmitting information 
which uses less than this amount of 
information per message. 

The letters of the alphabet are an 
example of a practical set of possible 
messages. The desired message might 
be any particular letter. If all the let¬ 
ters appeared equally as often, about 
five bits of information would be 
needed to select an individual letter. 
However, only about two bits per let¬ 
ter are needed because certain letters 
appear much more frequently than 
others. 

Channel Capacity 

An important factor in evaluating 
the utility of a communication channel 
for data transmission is its maximum 
information carrying capacity. Using 
the bit as a measure of information, 
the maximum capacity of a communi¬ 
cation channel can be determined from 

FIG. 1. Information requirements for specifying a particular message. 
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bandwidth, signal-to-noise ratio, and capacity. FIG. 2. The relationship between 

the channel bandwidth, signal power, 
and noise. 

The relationship between band¬ 
width, signal power, and noise is com¬ 
plex and depends upon many factors 
such as the kind of noise present in the 
channel, the nature of the power limi¬ 
tation, the type of modulation used, 
and the method of encoding the infor¬ 
mation. The relationship for the par¬ 
ticular case where the noise in a chan¬ 
nel of limited bandwidth is assumed 
to be random noise (equal noise power 
across the frequency band) and the 
channel is operating at a particular sig¬ 
nal-to-noise ratio is shown in Fig. 2. 

This figure shows that increasing 
the bandwidth or the signal-to-noise 
ratio will increase the capacity of the 
channel. A wider bandwidth permits 
shorter pulses to be transmitted well 
enough to be detected. Consequently, 
more pulses can be sent in the same 
period of time, thereby increasing the 
capacity of the system. Increasing the 
signal-to-noise ratio permits easier de¬ 
tection of the pulses. This permits 

faster transmission and results in an 
increase in capacity. 

Because of the inter-relationship of 
factors affecting channel capacity, it is 
possible to exchange bandwidth for 
signal-to-noise ratio and still maintain 
the same channel capacity. For a given 
system, the occupied bandwidth can 
be decreased provided that the signal-
to-noise ratio is increased sufficiently, 
or vice versa. Roughly, the bandwidth 
can be decreased one-half if the signal-
to-noise ratio in db is doubled. 

Transmission Methods 

The most common method of trans¬ 
mitting alphabetical and numerical 
data is by binary pulse transmission; 
that is, pulses which are either present 
or absent. Familiar examples of this 
method are Morse and machine teleg¬ 
raphy. The transmission of informa¬ 
tion by Morse telegraphy is accom¬ 
plished by means of coded pulse 
groups utilizing both long and short 
pulses (Fig. 3a). The more frequent 
characters are given the shortest code 
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MORSE TELEGRAPH 
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Fig. 3. Pulse code systems for two types of telegraph. 

groups. For example, one short pulse 
represents E while a short and a long 
pulse represents A. The use of differ¬ 
ent length pulses permits the transmis¬ 
sion of an extra bit of information 
which shortens the code groups. 

Machine telegraphy is a somewhat 
different type of data transmission. It 
utilizes a standard length code group 
in which there are five possible infor¬ 
mation carrying pulse positions (Fig. 
3b). A pulse may or may not appear 
in any of these positions. The five bits 
of information contained in the code 
group would permit selection of only 
32 characters if each character appeared 
equally as often. However, since cer¬ 
tain characters appear very infre¬ 
quently, the information necessary to 
transmit over 50 different characters 
averages less than five bits per charac¬ 

ter. 

Machine telegraph systems usually 
transmit information at a rate of 60 
words per minute. This is achieved 
with a pulse rate of 30 pulses (bits) 
per second, plus the necessary syn¬ 
chronizing pulses, over a channel 120 

cps wide. 

The transmission rate of a binary 
system, such as machine telegraphy, 
can be increased by transmitting more 

pulses per unit of time. Information 
theory shows that this can be most 
easily accomplished by increasing the 
bandwidth of the channel, enabling 
the transmission of shorter pulses at a 

faster rate. 
Another method of transmitting in¬ 

formation more rapidly is by causing 
each pulse to contain more informa¬ 
tion. This permits the pulse repetition 
rate to remain constant, but more in¬ 
formation is transmitted per pulse. 
The increase in the information carried 
by the pulse is accomplished by pulse 
modulation. 

Pulse Modulation 

The informational content of a pulse 
can be increased by modulating it with 
respect to amplitude or position. In 
pulse amplitude modulation, the dis¬ 
tance between pulses remains constant, 
but the height of the pulse may be any 
one of a specified number of possible 
amplitudes. By modulating a pulse's 
position, its amplitude remains con¬ 
stant and its time of occurrence is 
varied over a range of discrete posi¬ 
tions. These methods are shown in 

Fig. 4. 
In either type of pulse modulation, 

each step of amplitude or position has 
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a definite code value. As a pulse is 
permitted to occupy more steps, its in¬ 
formational capacity increases. For ex¬ 
ample, the correct message of a set of 
eight can be specified by a pulse which 
has eight possible steps. The pulse 
therefore contains three bits of infor¬ 
mation as compared to one bit when 
a single step pulse is transmitted. 

Systems utilizing pulse modulation 
are relatively sensitive to noise because 
it obscures the transmitted amplitude 
of a pulse and also causes a slight vari¬ 
ation in the precise location of the 
pulse. Therefore, as the number of 
modulation steps is increased, the sig-
nal-to-noise ratio must also be im¬ 
proved to enable the receiver to detect 
exactly the transmitted amplitude or 
position. 

The limiting capacity of a channel 
can be approached most closely by us¬ 
ing modulated pulses with a large 
number of steps. Of course, as this is 
done the transmitters and receivers 
must become more complex to inter¬ 
pret the large amount of information 
contained in each pulse. Consequently, 
a point is reached where the maximum 
theoretical capacity of a channel is not 
yet reached, but where further increase 
of the information rate is impracticable. 

A Data Transmission System 

A practical example of a high-speed 
data transmission system using tele¬ 
phone channels is the SAGE (Semi-
Automatic Ground Environment) 
network. This network is being estab¬ 
lished to increase the speed of infor¬ 
mation processing and weapon direction 
in the national air defense system. 

Data transmission for SAGE is bas¬ 
ically similar to machine telegraphy; 
however, information must be trans¬ 
mitted at rates up to 1600 bits per sec¬ 
ond. This is equivalent to a telegraph 
system operating at a speed of over 
2000 words per minute. While main¬ 
taining this high speed, the system 
must operate with a maximum error 
rate of 1 bit per 100,000. 

SAGE transmission consists of pulse 
groups of standard length. The begin¬ 
ning of the pulse group is signified by 
a high-amplitude pulse, and the trans¬ 
mitted information is contained in 
pulses which may or may not be pres¬ 
ent in 11 positions following the start 
pulse. Also being transmitted continu¬ 
ally at the pulse repetition rate is a 
low-amplitude pulse which maintains 
synchronization of the system. 
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Because the system is binary, the 
receiver must determine only if a pulse 
is present or absent at every position. 
Therefore, a well-shaped, square pulse 
is not necessary for proper detection. 
This results in conservation of band¬ 
width because the higher component 
frequencies of the pulse need not be 
transmitted. It is necessary, however, 
that the component frequencies which 
are transmitted remain at the same 
amplitude and that they all be delayed 
by the same amount of time. 

Most telephone channels can trans¬ 
mit the component frequencies without 
amplitude distortion because they nor¬ 
mally have a flat attenuation character¬ 
istic over their passband; however, they 
may require delay equalization. 

For SAGE data transmission, tele¬ 
phone channels are required to be rela¬ 
tively flat between 500 and 2500 cps 
(no more than 3 db deviation from 
midband to band edge). Also, the dif¬ 
ference in transmission time of any 
two frequencies in the band from 1000 
to 2500 cps should not exceed 500 
microseconds, and the number of im¬ 
pulse noise peaks which come within 
18 db below the synchronizing signal 
level should not exceed 1 per minute. 

SAGE-type data transmission usually 
can operate over any type of facility 
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which provides these necessary require¬ 
ments. However, certain types of facil¬ 
ities require special treatment such as 
delay equalization and impulse noise 
reduction to make them suitable. When 
the circuits are provided by carrier, the 
delay equalization requirement is not 
too great a problem since most of the 
data circuits are expected to be rela¬ 
tively short and simple in make-up. 
Thus, the primary consideration on 
carrier data circuits is the suppression 
of impulse-type noise. 

The control of impulse noise on car¬ 
rier channels is principally a matter of 
plant layout, since very little such noise 
is contributed by the carrier equipment 
itself. In general, a conservatively de¬ 
signed system which provides high¬ 
grade toll service without compandors 
is probably satisfactory for data trans¬ 
mission. In some cases, data transmis¬ 
sion may be possible on normally com-
pandored circuits if the impulse noise 
level can be controlled. 

All Lenkurt 45-class equipment, if 
installed in a suitable plant layout, can 
meet SAGE requirements. In addition, 
it has certain particularly desirable fea¬ 
tures—significant when used for data 
transmission—such as channel regula¬ 
tion and carrier frequency interconnec¬ 
tion. 

jmes New Duties 

Beginning with this issue Asa M. 
Seymour, former Editor and now Man¬ 
ager of the Technical News Depart¬ 
ment, will supervise the Demodulator, 
and will be assisted by Staff Writers 
Joseph R. Mensch and John A. Dippel. 
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A Graph for 

DETERMINING COMBINED POWER 
of Two Signals 

The above chart simplifies the power 
addition of two signals whose levels 
are expressed in decibels. It is especially 
useful for determining the resulting 
power when two sources of crosstalk, 
speech, or noise are combined. 

To use the chart, locate the decibel 
difference between the two known sig¬ 
nals on the horizontal axis. The point 
on the vertical axis corresponding to 
this difference shows the number of 

decibels to be added to the larger quan¬ 
tity to get the combined signal level. 

For example, a cable carrier and a 
microwave system are to be connected 
in tandem— the cable carrier producing 
29 dba of noise and the microwave 26 
dba. Since there is a 3 dba difference, 
a value of 1.76 dba (according to the 
graph) must be added to the larger 
quantity. The total noise is therefore 
30.76 dba. 
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Texas Towers 
This microwave chan¬ 

nelizing system (both ter¬ 
minals shown) will pro¬ 
vide telephone and data 
transmission facilities 
between an off - shore 
Texas radar tower and 
the mainland. 
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