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Many of the higher-speed cryptographic machines develDped at NSA ore
required to operate over leLephnne channels. Because 1M te/$p~ plant
WU8 not det;ignea fOT digital devices, data transmission equipmen/s are
oJlffl used as intermediaries between l/use machines and tkt tran-smission
medium. This artick reviews the fundamentals of digital signab, tk­
scribes t.M problems tnvolved in lransmiUing digit4/. data over telephone
circui11l, and presems some oj the data-transmiosion lech'll1quts employed
in COMSEC equipmenlR.

IN'I'ROIJUCTIO:>j

Digital data in binary form is perhaps the simplest and most rugged
language for electronic machines from the standpoint both of processing
and of relaying information. Samuel Morse first used it in 1832 with
the hand telegraph, and it has since been extended to machine telc­
graphy, the dial pulses in telephony, and more reC€ntly to digital com­
puters, telemetry, and secure communication sysWms. Since Morse
slowly hand.keyed "What God hath wrought ..." over a forty-mile
wire line, high-speed data has spanned continents and oceans by radio
and telephone. Yet basically little has changed in the interim except
the "keying" rate and the communication facilities.

The problems involved in transmitting electrical signals over tele­
phone circuits for any distance are essentially these: the channel favors
cerlain of the various frequency components wbich in combination
constitute a signal in such a way that some arrive at the destination
sooner than othen-, and all are not equally attenuated; and the signal
may be further corrupted by noise picked up in transit. These diffi­
cultit;>6 affect voice and digital signals alike, but the ear is oblivious to
the delay variations and tolerant to some extent of the other two_
With high-speed data, however, all these factors--but especially delay
distortion-have to be carefully considered.

GJ;Nr.nAULEP [liCIT"". COMMUNI(;AnOI'i S'l"STt:M

A generalized digital communication system is shown in Fig. 1. The
"raw" information fed to the input processor could conceivably be
temperature fluctuations OJ' speech. These are converted by the input
processor into a series of discrete pulses. arbitrarily called the "mes­
sage." The transmitter portion of the transmission equipment suit-
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Fig. 2.

duration by the pulse repetition frequency (PRF) is unity. The stream
shown below would be described a.~ a !Iynchronou8 quaternary signal of
33%-duty-factor pulses.

A standard measuring unit or signaling speed or modulation rale that
will apply to any of the possible digital.signals is M)rely needed by the
data community. For digital data the baud, borrowed 1'rom telegraphy,
is probably the one mO!lt widely employed. It is defined as being equal
to the reciprocal of the shortest signaling element's duration (in 1Ie(:­

onrls). A speed of one baud is therefore one element per second. but
one element per second is not necessarily one baud. The unit bitsjRU
is also often used, although, as defined by Shannon [ll it is a unit of
information, mpasuring the entroP'll (uncertainty) oC an information
source or the capacity of a channel {4]. When denoting speed, bit3/sec
can be defined as the product of tbe number of binary choices or bits
per symbol by the number of symbols per second. To illustt"d.te an
ambiguity that often arises when these units are employed indiSO"imi­
narely, let us refer to the quaternary signal sketched over-leaf. Here
the modulation rate is six baud, or four bits/sec -assuming all choices
to be equally probable--, or two symbolsfsec. Only in the hal\Cband
ca~ are bauds, bitsisec, and symbols/sec synonymous.

From the examples, we notc that speed expressed in baud may not
always convey what a system is doing, but rather indicates its maxi­
mum capability and so can be directly related to the bandwidth re-

,",OLUGE

-.·....",.,ou."o.

~,

Fla. l.

ably prOCL'S61'S thl~ message {or tran.<;mission over the channel. Because
of noisf' and the transmissivu pro~rtiL'8 or the channel, the received
mes.~age may not necessarily be that which was sent. The rl..'Cciver
portion of the equirmenL operate!'! on the incoming signal 1n f;uch a way
as to minimil.(· the disruptive effects of the channel and presents a rep­
lica of the message to the output processor. 111

The two ends of the chain (the input and output processors) have
been diHcussed in a previoll~ article in the Journal \21; we shall deal
here with the prorerties of the parts between-the transmission equip­
ment and the channel.

Digit<ll signals represent information by a sequence in time ur dis­
crt'tp ~ymbolR or signaling clements. Each sign<lling clement is a choice
from a finite set of allernative':!. The simplest embodiment of a digital
signal is one offering a choice between two pos.<;ibilities lor each signal­
ing element: the lJinary signal. With a ternary signal there are three
such pos.sibilitil!s; with a quaternary, four; and so on. If the tran!>.itions
from one ,;tate to another on1r occur at prescriberl time intervals thf'
sign;, I is synchrONOUS or fime-quantiud. Signaling elements may be rep­
resented by the magnitude of a current. pulse (telegraphy), the fre­
quency of a sub-c:1rtier frequency (Frequency-Shirt-Key Telegraphy),
the relative phase of a sub-carrier frequency (Collins Kineplex) 13j, the
po"ition or Juration of a pulse (Pulse Position or Pul!lE' Duration Mod­
ubtion) or a eombination of the above.

One common message format, called baseband, is shown in Fig. 2a.
It consists of a synchronous stream of binary elements of equal dura­
tion, wiLh no intervals betw~n them. In this cast' we say that the
signalin~ element has a HIO% duty factor; i. e., the product of the pulse
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I For Fill". 2a it I~'

J(I) ~ Hif - Tl - H(! ~ 2T) + H(t - 3T) - U(I - bTl + 1/(/ - 7fl ­
H(f - BT)

ro, t <.
WhereH{!-z) ~ \l, ,~.

• So that the message of Fill. 20 could alllo be written:
I(I} "'" AJ'l. + A, sin (",,1+4>1) + AI Bill (:.!"'ll+4>.l+ •.• A. ~in (_,1+;,.),

where: ",," 21<1 KT, KT being the duration 01 the mellSBge.
A. _ Il.mphlUde of frequency nil - n"'I/2... n _1. 2, 3•.
4>... initial phllRe of frequency 11f,
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lLLI:I'HOl'E CIRCUITS " ... 1.1""1",\ CO~UIUNICATIO~ <:HM"lNr.;LS

Mrssage-grade telephone circuits are cUlTt'ntly being exploited al­
most eXClusively for u!w as high-spc('d data channels; program circuits
from t. to 15 kc are available on a limited basis at premium Uriffs, as
are 48 kc, 240 kc, and video channels. We shall restrict ourselves.
however, to the message-grad(' circuits, which consi!lt of loaded and
non-loaded 19, 22, 24, or 26 AWG cable, found in the local plant, a 4
kc channel in a cable carrier, anti open wire lines-to name a few­
combined in variou!' and sundry proportions, plus the associated
central-office equipment and line repeaters.

The majority of thel'.e facilities in the telephone plant have' been in
existence s.ince long before the era of high-speed digital machines and,
unfortunately. do not posses.'l the characteristics needed for optimum
data transmission. Modifications of the telephone plant that would
improve its data performance would likewise help speech transmiSl:iion,
but would he economically unsound, considering the present prepon­
derance or spet.'Ch traffic and the very slight degree of improvement
that would be achieved. For this TCason data transmission equipment
designers. s.trive to pattern their systems to the existing plant. Con­
siderable elTort is. now being expended in this area by the military
establishment and by commercial firms. A much publicized data­
transmi~ion system i!; the Collins TE206 Data Transceiver. which is
rateti at 2400 bits per second ov('r a normal 3 kc channel. This i'lystem
is cUlTently being field-tested on message-wade telephone circuit."'. but
as of this writinR" no conclusive performance data are available.

The telephone-circuit channel characteristics that will be given
primary attention in what rollows are bandwidth, linear distortion,
and noise; non-linear distortion and level control will already have been
taken care of because of their importance in telephony.

(b)(3)-"p;t·186-36 .....J

quency space of this siKIlaJing element extends to infinity and its phase
characteristic is linear. But what is the minimum bandwidth needed
to accommodutl.' ba~hand at a speed of liT bauds?

Nyquist has provl'u that the minimum bandwidth lleedt,u for dil;­
tortionless tr.l.nllmission at liT bauds is 1(2T cycles per !.;(.'cond. He
furth",r ~howed that the rrequcncy spectrum of ba~bund, if partitioned
into band!\ 1/2T wide centered at multiples of 1fT, contained the same
information 151. From any on~ or these "fundamental band,," the
original signal could be uniquely recovered; recovery from n funda­
mental bands (n = 2,3. .J only yields a more exact replica of the
signaling element. This gave telegraphers of 1928 and the present­
day data transmission engineers an important criterion as to tnu mini­
mum bandwidth nE'f'derl for distortionless transmission of rligital
signals.
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quiremcnts of u cnannrl-which is doubtless the reason why it is pre­
ferred by communicators. l3ils!fIf'c, on thp other hand, if properly
applied, is a truer measure of actual performance.

From now on, we !!hall C'onsirler only .'Jynchronous binary signals, and
express Spct'd in bauds. It is, of course, true that many data systems
arc nol binary or even time-"ynchronous-for instance, thu Start-Stop
Teletype but the simplicity and the prevalence of the caM' chosen
makl' it peculiarly suitable .lor elementary discussion.

In the foru!o:oing, the ml'Ssage has heen represented as a time func­
tion 1; to evaluate the effects or requirements of the transmission
mec1ium, however. it becomes nece~<;3.ry to expres..'i the message charac­
teristics in the I-larameters of the medium. TheRe are generally given
in terms of the circuit's steady-state loss and phase characteristics; i. e.,
how the telephone circuit attenuates .~inU80idal signals of various fre­
quencies and how it affects their transmission velocities. The former
is called the amplitude or (requency-rel;ponse of the circuit and tht!
latter the delay or phase-response.

Through Fourier-transform calculus we can deRCribe each signaling
element of Fig. Za. as the sum of an infinite number of sine waves of
various periods (21r/1JJ~), ampliLudL'S (A~), and initial phases angles (d>~).

Or by the same token the entire message may be tran.'lfonncd into a
series of sint! waves. 1 With the signaling element sorepresented, we may
readily compare its frequ~ncy and phase characteristic with that or
the channel on a common ba..~i.'l of A. and tP~. A plot of the A. and
tP~ versus frequency obtained by tranSforming one digit of Fig. Za­
is shown in Rig. 2b. The figures inrlicat.e thaI.. the bandwidth or fre-
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and will yield identical outputs. The received message will then con­
sist of the sum of such waveforms.

If the channel output is examined or synchronously sampled at
intervals of T seconds. the effect of all preceding inputs at the sampling
instant for lhe pul!>f! being considered is zero; lurthennorc, the ~ignal is
at its peak value. thereby maximizing the siKnal-to-noise ratio. Trans­
mission at this rate over a channel of less bandwidth would result in inter­
:;ymbol interference and thereby reduce the aignal-to-noiilC ratio.

Thc choice of a different typt' of signaling element, c. g., a unit­
impulse as shown in Fig. 3c, would not. alter the output signal if the
amplitude rE'spon!'te of the cbannel were rectangular instead of skewed.

This constitutes an elementary proof that distortionless transmission
in the Nyquist sense can be attained by signaling over a channel,
matched to the signalinl{ t:e>lcment, wbose bandwidth is one-half the
modulation rate. 1n practice, the characteristics of the ideal channel
do not exist, and modulation rates leAA than one-half of the Nyquist
maximum for a given channel bandwidth are used.

Linear Distortion Considerations

"Linear distortion" refer.. to both the delay and the amplitude dis­
tortion cauSl..'<! by a transmission facility whose amplitude and phase
characteristics are not compatible with tho!.'.e of the transmitted signal,
owing to imperfect filters and equalizers or to tht' fact that the effective
bandwidth of the telephone circuit itself decrease9 with line length.
Such departures cause the varioWi frequency components of the signal
to be unequally attenuated, and also to undergo unequal transmission
delays. The net effect at a receiving terminal is "echocs"; i. e., the
amplitUde and zero cro!'IMing of the received signal arc altered, thereby
hindering the decision proce!'.S, eRpecially in the presence of noi~. The
correlation between echoes anJ the steady-state tran9mission charac­
teristics was first publi8hed by H. A. Wheeler, and the reauer is refer­
red to his work (6j for a detaited presentation or this subject.

One way of undoing linear distortion is by performing the inverse
process by menM of a handicapping sy.'~tem of amplitude and delay
equalizers that appropriately atLenuare and delay each frequency com~

ponent of tht· signal. This insures that the received componen t parn
correcLly combine in both amplitude and pha:;e into the desired signal,
by making the over-all uelay and loss characu'ristics flat. Equ<t!i;o:a­
tion in eff~t maLches the channel to a particular signal. Very often,
however, this may not offer the most practical solution: for example,
baseband transmission over long rtistance telE'phont' circuits is selrlom
feasible, because most of its energy is concentrated at the low fre­
Quencies, just where the channel characteristics, shown in Fig. 4, are
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The bannwidth requirements of a di,'lital signal were ~hown to be
dependent on the' modulat.ion rate and on how faithful a replica of the
signalinp; element wa~ rle....irecl. To illustrate what happens when the
banowidth is rerluced, let us consider the case of sending ba~band at
liT bauds over a channt'l 1/2T cyclE'S in bandwidth. The channel,

-C I
2T T

30 MATCKED CHARACTER19T1C

shown in Fig. 3<1., is ideal. in that its rreQuency and phase response
have been tailored t.o this signaling element. The channel output,
per signaling element, has the form (l/T)(sin ..tJTH frtlT) and, as shown
in Fig. 3b, is zero at integral multilJles of T; successive inputs can occur
only at integral multiples or T scconds- since the signal is synchronous-
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poorest. EqualizinR; below 700 cps, though possible, is impractical.
But by fI'('qucncy-trnnslating a fundamcntnl band of the signal to n
more suitable position relative to the channel charactcrl':ilic, using some
modulation method,l Wl' can readily overcome this difficulty. Even
after modulation some equali:r.ation is generally required, but tht,
amount is comparatively slight .

Noise Considerations
One definition or noise is that it is any extraneous fluctuation tend·

ing to interfere with the proper and easy perceptiun of the :;ignal.
Noise in the over-all communications system comes from many dj{·
rerent sources in varying degrees. The main types may be classed as
man-made, atmospheric, and thermal.

Man-made noise covers a multitude of sins ranging from crosstalk to
extraneous interferenct' by auto ignitions. Atmospheric conditions,
such as lightning and temperature-humidity variations, are nature's
way of plaguing our efforts at communication by introducing noise
impul!>e~ and diurnal changes into a circuit's frequency characteristics.
Thennal noise is an inherent characteristic of all the components in
the communications system from the wireline to the electronic hard­
ware.

Man-made (dial PUlse3) and certain kinds of atmospheric noise share
the qualities of abruptness and transience and are usually c1CLSSoed to­
gether as "impulse noise" by the communications engineer. Because
of it.~ nature, impulse noise defies mathematical analysis, so that most
studies of it are empirical. If the signal spectrum it corrupl:.s is nalTOw
in comparison to the spectrum of the impulse, it resembles thermal or
white noise in many respects. Tn any case, our attempt at providing
an adequate defense againflt it leaves much to be desired. Thennal
noise can be described, but in a probability !lense only; for exam'ple, if
all of the possible voltage levels of a thermal noise signal were plotted
versus their relativl' frequency of occurrence, the ~ultingcurve would
be Gaus~ian with a mean value of zero, and the value of the second
moment about the mean (variance) would be a ffil'asure of the noise
power. In the case of synchronous binary signals, if the noise level
exceeds half the peak-to-peak signal-level at the time of sampling, an
error may result.

One obvious way to reduce the e1Tecls of noise and linear distortion
introduced along the transmission path is to regenerate the signal
before the damage becomes irreparable. In voice telephony, despite
good repeater design, noise effecls are cumulative, thereby limiting
the number oC tandem links, bul synchronous binary signals can be
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regenerated without error if the total perturbation never exceeds half
the peak-to-peak sign3.1 amplitude: all that b; requiTt'd is a binary
decision ;\nrl a retransmission or a givcn waveform. Since the noise­
ll;:'v~l limits cannot be guaranteed, errors may occur ucspil\:' regenera­
tion, and will increase monotonically with the number or linkg in
tandem. The error rale, however, will be considerably lower than in
the nonrep;enerative ca~e. But unless such rL""cnerative repeaters
rould be provirlpd by the telephone company they would be of little
value.

Timinfl Considerations

As has tM.'t.'n previously implied, timing is an imporlanl factor in the
decision process at a regenerative repeater or receiver. This was
illu!\Lrated previously in the example or binary signaling through a
minimum bandwidth "matched channel;" in the case of linear dil\­
tortion with the resulting t!choes or "cro.''',,,over jitter," accurate timing
is even more essential because !laffipling margin is decreased. Timing
plays an additional role in on·line additive-key cryptosystems bf>cause
synchronous operation of remote key generators during the absence of
incominR" signals mWit he maintained. Both these considerations
could be satisfied by extremely accurate clocks (timing wurces) at the
transmitter and the receiver, which after initial alignment would run
o:;ynchronously for the cryptoperiod. Such devices art' at pre!;ent im­
practical bccuw;,e of their cost and size. Other scheme!!, which make
use of the received message, have been successfully employed in
COMSEC equiJ.lmenl.s. Three of these will be discussed.

One method used to maintain synchronism, called lime-base rtrover-y,
derives the receiver timing by differentiating, rectifying, and filtering
the received signaling elements. ThiR is po!'.~ihle !linee synchronous
el~ments inherently posst"Ss timing information. Such a means of fre­
qu{'ncy recovery is simply in~trumentcd, but has the disadvantage
that signal failure or long periods of slRad.v mark or space will defeat
it' Although the latter condition is very improbable in cryptographic
transmission, the former is common in HF radio transmis.o:;ion during
~vere fading-. The effectiveness of time-ha.c:;e rpcovery ii\ dependent on
the "mf'mory time" or "Q" of the timing--recovery circuitry and the
stability of the transmitter clock. Time-baS(' r(~covery is used in
ciphf"itext autokey systems which arc self-1'lynchronous cryptograph­
ically, and in additive-key systems where "cryplo-synchrony" is
established on a push-to-talk basi!>, 50 th<lt long ll~rm frequency stability
is not n.~l.luir('d.

• An evpn more direct and flelible means of time-h~'*l rPcovery iK pos~ible with a
sync:hmnous AM signa1ini elf'menl called "DipulN!" (described in thl! neKt section).
Here the re~iver timing can IX' derived directly by limiting the 8irnal.

A second mean~ of synchronization employs a local liming source in
each repeater and the receiver. This consisl'! of an accurate clock
which is automatically phased or synchroniu.->d by the incoming signal.
Recovery systems of this type can m<lintain sy~tem fiynchronism for
relativeLy long periods in cases of signal lo!l.<\, but are more expensive
to instrument.

A third method transmit.'! the timing information on a separate chan­
nel !limultaneou.o:;ly with the normal output siRnal. Although it simpli­
fies the receiver, it is costly from a tran!lmiJl,."ion banrlwidth and power
standpoint. The last two methods are common in cases where gyn­
chrony must be maintained for th~ cryptoperiod.

The data tran!lmission techniques used in COMSEC equipments may
be divided into two broad categories: time-division modulation (TDM)
or serial methods and frequency-divislon modulation (FDM) or paral­
lel methods. For mo!!t of the applications within the telephone plant,
TD!Vf suffices and is the choice on the basis of tenninal-cquipment
size and economy, whereas F'DM equipments are used for high fre­
quency radio applications and are IaTRer and more expensive \7].

TDM
Various time-division techniques are used for the transmi!\9ion of

binary data over telephone circuits, the selection being dependent on
signaling speed and the particular lransmission facility. Some of these
preponderantly ust.'<I in COMSEe systems, with speeds ranging from
1500 to 50,000 bauds, will be described.below.

Baseband Transmission
As the name implies, this refcrs to direct transmission or binary

pulses over the telephone circuit. B~band transmission in the 25 -50
kilobaud range is possible on non-load(·d cable pairs at distances up to
20 miles without regeneration. Here the channel characteristics can
be made substantially compatible with those or the baseband signal by
the use, above 3 kc, of simple amplitude equalization to oft'set t.he
slowly faJling channel response. Although the channel greatly at­
tenuates frequencies below 300 cps, the resulting linear distortion is
negligiblp at theflE! speeds, because ~urh a small percentage of the
signal ener~y is affected.

Svnckronous Amplitude Modulation
A common method or synchronous amplitude modulation, by which

the signal is frequency-translated to match the channel, utilized in
COMS~C systems, is "dipulse"; its gignaling element and spectrum are
illustrated in Fig. 5. In this technique, the baseband signal amplitude
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modulates a 'lynchronous carrier who!le frequency is equal to the
modulation rate. At the receiver the baseband can be recovered by a
conventional AM envelope detector, and since timing information is
always prescnt In the form of a synchronous carrier, it can easily be
ext.racted, as noted earlier. Altho~h this technique requin"S about
twice as much channel bandwidth as the baseband caS(~. it.o;; frequency
translation properties make it desirable on circuits having adequate
banrlwidth but a poor low-frequen~y respon~.

S'llnchro7WU8 Phase Modlluuicm
An embodiment of phase modulation termed "diphase" is also used

when the low frequency response of thc circuit is not suitablc for base­
band trd.n.~mis.sion. and offers somewhat the same advantage as dipulse
in regard to frequency recovery. In diphase the basic signaling
element is one cycle of a synchronous carrier frequency that is equal
to the modulation rate, who!'e phase is varied 1800 in accordance wilh
mark-space information of the message. The salient features of di­
pha&' are illustrated in Fig. 6. Here we note that its spectrum re­
semble:; that of dipulse, except that the carrier is suppre!iSed.

Baseband, r:Iipul~J and diphase technique;; have been successfully
applied to COMSEC equipments operating up to 50 kilobaud!>.

Ves/iatal Sideband
Vestigial sideband transmission, proposed originally by Nyquist [5J.

offers the advantages of frequency tranl'latioD in fitting the signal to
the channel at a small (as compared to dipulse and diphase) bandwidth
price, but at the expense of vulnerability to noise. lSI Although both
dipulse and diph~ signals are in a sense frequl:'ncy~translated versions

. :j ~:F'r- ~_II
.... .

of the baseband signaJ, the amount of translation is governed by the
signaling rate. and may not optimally match the signal to the channel.
This is not the case with vestigial sideband.

A vestigial sideband signal consists of one sideband of a normal AM
signal plus a modified version or the other, with the carner frequency
so selected that the signal is translated to the linear portion of the
channel characteristic.· (To clarify the bandwidths implied; if a
rundamental band requires one unit, AM will require two units but
VSB only about 1.15.) The various st:.agcs of vestigial sideband
generation are shown in Fig. 7. As indicated, the baseband signal is
first pre·shaped to limit its frequency-spread before modulation. The
baseband is recovered by conventional AM detection.

FDM
Frequency division moclulation entails more than the frequency

multiplexing used in carrier telephony and teletype. The latter is
simply a device by which many messages are channelized or "stacked"
in frequency for transmission purposes, whereas FDM is a method
used to combat delay distortion encountered in HF radio and wire­
line transmission of hiR"h-speed data. In FDM a serial binary stream
is converted to many slower-~peed parallel streams, which in turn are
frequency-division multiple;t[ed. If an input message at r bauds is

a The picture portion of a b/'l)adcallt televi..ion silnal is a common example of a
vatirial-9idebllml transmiS9ion
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CONCLUSIONS

The ideal data-transmission preparation equipment, neglecting con­
~iderations of cost, should be a flexible device that periodieally scans
the channel and selects the optimum transmission technique to match
it. Until the advent or such a device, reliable data transmission over
me~-gradc circuits on a random-call ba...is in the existing telephone
plant appears to be limited to about 1000 bauds; higher-speed systems
will require special circ.uitc; at higher tariffs. High capacity FDM
transmission ~ystems for use on voice circuits, though available, are
not a panacea, because they are not readily compatible with serial­
data processing systems, and are costly. Serial transmission techniques
such as vestigial sideband, on the other hand, ate economical and di­
rectly compatible with serial-data processing systems. The advent of
low-cost high-speed data channels will certainly make them highly
competitive.

In conclusion the author desires to acknowlcdgl' his debt to Mr. E. A.
Enriquez, whose unfinished draft of an article on this 8ame subject he
has consulted exten~ively and repeatedly.

such that a "mark" and a "space" correspond to oscillations of fre­
quency 1m, and f., respectively (where the numerical subscripts denote
the channel rrequencil:ls which arc SpaCL'tI throughout. the voice band al.
intervals or 200 cps). The FSK outputs are linearly added for trans~

mi!'.Sion, aml the receiver performs the reverse process.

Frequency division modulation techniques have been successfully
used in COMSEC sy!'.tems at 1500 bauds over existing message-grade
circuits in tht! telephone plant. For "attended" operation their salient
advantages over TDM are decreased vulnerability to delay distortion
and to noise, although this may be offset somewhat by crosstalk due to
intermodulation distortion and system alignment.
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converted to n parallel streams, the modulation rate per transmission
channel in FDM is thtm R = Tin bauds. Since the modulation rate
per channel is low ir n i~ lurge, the effect of echoes due to linear dis­
tortion or multi path is les.<; pronounced, but the narrow band channels
require gooo frequency stability and level control in both the terminal
equipment and the tran~mi::,;::,;ion facility in ordcr to prevent crosstalk
and intermodulation distortion.

UNCLASSIFIED

f'IIl·8.

A typical FDM system is shown in Fig. 8. The message is time-de·
multiplex~ by the input commutator, and each of the derived chan­
nels excites a frequency-Hhift oscillator in the voice frequency band

(b) (3)-P.L.
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