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HAVAL COVMUNICATIONS SYSTEES

- ABSTRACT. This paper attempis to deterzine the require-
ments of communiaatien\systems in general, and naval
communications specifically. Unlike commerclal commune
ieations, naval system desizn must solve the problem of
extreme speed without the loes of relisblility, and ex~
treme flexibllity without o?ercomplicatiug operation or
inereasing physical hgix.‘ 4 comparison is drasn betwesn
present naval communication prectice and systens which
are practically asttalnable if the potentialitien of the
commmication art are fully exploited. Althoush the
field saléated for this paper is so broad that 1t is
dlscunsged, for the most partd, in general terms, some
phases are treated in deiail to 1llusirate the menner

in which seeningly unimportant detail affects overall
gystem desisn. The fundamental truths and relationships
are emphasized, for they then serve as 2 point of de-
parture into the more complicated relastions of system

. details. ¥inally, the deslizn requirenments of a prac-
ticsl intere-ship naval émmmunicatien gysten are digcussed
and a solution offered as mn exsuple of gystem design. |
The problem of cempunication security, and the many
gpeclial systems for obitalining security, is purposely

not discussed.



HAVAL COMIUNICATICHS SYSTE

I {OE8ERAL

1. 5&ckgrﬁuﬁd |
Radic was but ten years of aze when the United

States became involved in the First World ®ar. In 1907
UsSe ?&tent-&&lﬁ@?ywaa obtained by lee deforest and the
vacuun tube, which had been merely a laboratory toy of
gome intereat, became the powerful tool which in forty
jﬁars was $0 cause a revolution in every fleld of human
activity. By 1917 the infant radlo had cut 1ts teeth
in disaster at ses and the eleciron art was emerzing as
& full fledzed science in its own rizht, with the con=
tinuing developﬁant~aﬁé applicntion of physicnl theory
o the desisn of equipment. 7Tn that year, trans-oceanic
telephony and radio brosdcasting were beling played with
on an experimental basis, but for the most part radloc-
telegraph§ was well intrenched in commercial and milie
tary practice, and the "“brass poundsr® ruled the radie
wavéiengths.

In the two decgdea intervening between the FPirst
Torld War and the outbresk of the Second World war, radie
commmications matured and expanded with the full force
of mass research by the commercial comrunications labor=

atories, employing hundreds and thousands of individual



specialists, each contributing his szall share to the
total understanding. ﬁs‘the art expsnded, the role of
the iﬁdividual-in this expsnsion became smaller and
more specialized following the well sstzblighed pattern
of the growth of sclentifTic knowledge. The early exs
perinenters were versatile fathers to their growing
child, mserving alike as desizner, bullder, and operator.
1t was still possible for one mind to encompass complete-
1y and understand the then limited fisld of radio and
electronics. %ith growth, howsver, the functions of
regsearch, desizn, and operation becacze separated smonsg
'gréups of specinl 1ntaresh}an& the operating functions
becams, 1n,genera1,rdiviﬁed from the desizn function,
with the operating interests determining the pattern of

development.

The operator is concerned, not éith things, but
with methode and the economic implications of those
mothods. Under the compulsion of these sconomlc consid-
erations, and under the zuldance of the operating groups,
commercial communications have incressed in afficlency
by exploiting new technical develcpments and putting
then L0 work economlcally in transporting intelligence
from place to place. The old fashiana& telegrapher has
digappeared from commerclal éomzunieation practice,

being replaced by the automstic telegraphers, -- the



sutomatic Forse syastems, and the teleprinter. The new
-art of volce transmission has cereated systems opera-
tionally simpler than telesraphy, the raéioételaphona,
of which radlo broadcasting is a branch. 7The even newer
arts of television snd facsimile have yet to prove theme-
gelves sconomically in wide scale operation, being In
many respects yet in the experimental and developmental
staze. At every level in the rise of aeﬁmercial commun~
ications, new proposals have been made and subjected to
the most searching exsninatlon from the operating view-
point, for regardless of the ingenuity of the technical
desimn, the new proposals sust compete with other syge

tema on an egonomic basgis.

2; Pregent ¥aval Fractice

There is no need to belabor the obvious., It is
widely known that, commercislly, radio communications
have had a continucus record of progress an&;ineraaagd
efficiency through the econonmic exploltation of the ad-
vances of physical research from the days of deForest's
patent. I¢ bas been mentioned hers only to provide a

self evident contrast with naval comsunications.

In the Second Torld var, thouzh technieal advance-~
mants had besn made in materlel far beyond that of ¥World
Ear I, the technique of handiing traffic had not advanced



apace to utlilize fully the new capacities developed in
commercial practice during the intervening years, The
flaet radio circuits were mamed in %World %ar I by the
014 profeasional telezrapher. ¥World Fer II recrulted
the amateurs, the "hams", 10 san the code circults. 7The
telegra§her has now disappeared and the amsteur is turn-
ing to the more exciting realm of phone. There is no
longer any group in the United States that recains well
versed and interested in telezraphy to serve as a pool
of trained commumication personnel if we persist in
handling fleet traffic by msnual ccde. Therse are clear-
1y but two alternatives. The lgvy can embark upon a
progran of systen modernization desizned to slioplify
operationg, or it can prepare to train personnel in cute-
moded and 4difficult operational techniques for the next
emersency. The forrmer w#ill sllow us to train s few
groups in simple system practices; the second will re«
quire us to train large nucbers 1& complicated procedures

and mechanical operationa.

Althouzh the shere communioation syatem# have been
modernized by the smployment of commercial squipment and
technigques, the ses going equipment has seen little im~
proverment, 3ystematically; since the first days of radio.
The day of mechanizztion has yet to come, and the srest
bulk of traffic is still handled by manual labor.



Fleet comnunications pose & problem pecullar to
itself and unlike any met in commercial practice. The
_.prﬁbiem is not so much one of seales, but of complexity.
commarcial communicastions invelve, for the moat part,
point to point elircultry with gubsidiary switching prob-
lema ta»aehiave flexibility. Fleat communications cire
cuiis are larzely multie-point conference circults,
inherently more complicated than point to point. In
addition, fleet circuits must be provided by radio,
ratbher than wire, because of the water borne, mcbile
nature of the siations, and rzdio in itself impogea re-
strictions ﬁgcn systeme desizn not encountered in the

equivalent wire clrcuits.

The speed of a communlicstions system is measured,
not alone in words-per-minute of transmission, but also
in the slapsed time from originator to addressee. The
true test of syastem speed must include time lost in prapé_
aration befores transmission and processing after recep-
tion. Any time during which the messcage iies idle in
the channel {ronm sender to recelver must be charged as
undue delay to be eliminsted. The bast system will have
a uniform rate of traffio flow over ite entire length,
and traffic will not pile up in the bottle neck of a
slon traffic link.

In present practice, the zreatest delays do not



occur belween the sending key and the recelving head=~
phone, for even moderate sending speeds are ususlly
sufficlent to eclsar walting traffic on mest fleet cire
cults. The greatest delays ccour beforg transmission
and after recepticn. Ho real attempt has been made to
extend the compunication system o include the province
of Internal message hanﬁling before and after trange
misszion ns san eloment of the technical desipgn problem
for comrunicatlons equipmont. It has nolt been suffi=-
clently recegnizéd that the communicatlion gysten 1s s
manemachine combination, and, in any such system, ths
machine must be designed to comply with the limltatlions
of the human element. In the early days of radio, the
capabilities of the man wers superior to the machine he
operated and the human limitatlicns wers not evident.
The &am&nﬁa ef wodern noval compunications are graatér
than the human operator can handle, and the machine has
been developed technically to the point where it can
handle traffic much faster than the zsn. It is now time
to desizn the machine to relieve the load on the human

and thus increase the over all speed of the system.

The operational steps In the communication chemnel
are set forth in Flzurs 1. Actual systems may be more
glaborate, but no system can have fewer operations with~

out some saerifice to perforzance. The present province
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of system degiag is that ahieh.cencerna itransmlesion and
reception, the e§e§azians within the dotted rectanzgle.
The laft hani,diagram repragents the present chain of
messags handling. The mescage leaves the orizinator and
enters the communication system for filing, transcribiné,
and internsl distribution. The movement from one opera-
tion to the next is manual. Fach operation represents
~a fairly ayecializeﬁ function requiring personnel devot-~
ing their entire attention to that operation and subject
to the possibility of sver prevalent human error. The
operation of encoding and check decoding entalls the
greatest delay and opportunity for error because of its
complexity. |

At no point in this chalin, after the message leaves
the originator, is there any operation that caunot be
performed automatically by electronic or mechanical
rachinery, anﬂ»perforaed faster and mcrekaceurately. The
installation of such equipment would serve the triple
fuaéiian,nf eliminatinz human error, improving the sys-
ten sgea&.by elaetr&cal'ayeratzan and distribution, and,
incidentally, eliminating thereby the need for a large
staff of hizhly tralned operatins personnel. The right
' hand line 4lagram chows that, althouzh none of the baslc
ateps are eliminated, most of the operstions can be mech-

anized anad 1ntercqnaacted electrically.



3. Pousibilities of fodernization

The teleprinter was developed commercially to re-
vizsce the ftelegrapher and the manuax message handling
problgm which he entaliled. The Input motivation ree-
guired for the teleprinter la particularly sdapted 1o
the human operator. There is no unusual problem presen=
ted by zha-teleprintér‘that cannot be mastered by the
arﬁiﬁary stﬁnngraghgr, or ypoman, in a2 very shert time.
in‘fact, a person completely inexperienced as to typing
technique can s%ill operate the teleprinter faster than
most telesraphers can clear traffic with the Lorse key.
The output 1s in the form of electricsl telegsraphic inm=
pulzes which automatically actnateﬁall siniler machines
conneclted on the same wire or radio link, Therein lies
the greateat virtus of the teleprinter; the ability to
make a positive, direct record of the intellizence being
tranamitted or recelved in many different stationa at
once, makinz at the same time a murdber of coples for in-
ternal distributicn. This eliminetes the redundant ope
erations of transcribing and manusl ﬁistrib&ticn. In
addition, the teleprinter lends iteelf admirably to the
mechanical transpositions and substitutions required for
machine coding snd deccding which further permits the
elimination of the redundant motiong involved in coding
end check decoding. and lastly, the intellizence from
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cne teleprinter may bes recorded for automatlic retrange

rission or relay.

It is readily evident that there iz wmuch to be
gained by mechanizatlon of the communicstion system. In
every branch of engineerinsg 1t is well knoen that the
husan element of & machline~pan combination 1s the weake-
ent and most susceptible to error when perforning rep-
etitious or monotonous operations. FPresent naval prace
tice renuires personmel to spend many hours performing
operations of duplicatlion end monotonous repetition.

The reception of the Yorse radlo signale is 8 subjective
recording operation and must operate throush a human link
with the attendmnt susceptibility to error from fatigue.
After recordinz, the mesesge zZoes through several sub=
sequent stages of itranseription in deccding and internsl
dlstribution. And at no stage sre the operationg pere
formed in a positive, nonesublective manner which ellge

inatens the chance of humsn eérror.

‘he degree of human error present in sny operation
is s function of experience, complexity of the operation,
tﬁe physical and mental condition of the human link, and
environnent, Experience iz not a controllable factor In
warticze, for the prass of mobilization will not always

allow adequate tralninz of personnel in the many exacting
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duties of comunications. Some ogeratians‘len& thems
selves nicely to humesn manipulsaticn, shile cthers are
mechanically or psychically 4ifficult for the human
boedy %o perform. These factors are partislly control=
lable if the system is designed with conaideration for
the adaptability to the human machine {and this provid-
ing that the luman oachine can be analyzed suffiasently
accurately as to ite best modes of operstion.) The
phyeliecal and mental condltlion of the human machine is
an almost wncentrollabls factor, for it is sublect Lo
éany variable influences. Likewlse, the environment is
only partially controllable, for it is seeénﬁary to many
other censlderations, particularly on shipboard.

It 1s evident, though, that 1f s mechanical or elec-
trical systen can be subsilituted for the very rfallible
human, many of the problems of procurewment, tralning,
and pystem ervor which the human slement engenders, can
be eliminated. The design and procurement of the neces-
sary complicated equipment, and the training of competent
persomnel to pervice and meintain that equipment, does
pose a separate problem, but a problem that can be solved
in the leisure of peacetime operations, and nol under
the press of national mehiliz&tiunQ It is probable that
any future war will develop so rapidly as to preclude

the opportunity $o develop a competent comunication



personnel, and the traininzg cennot be accomplished suc~
cessfully in pescetime. It is jumpoarative that a progras
of survey and mpdernizat:an be undertaken now, when tinme
is not of the essence, rather than to walt until a time
of national erisis when 1t will become apparent that ocur
present concepls of systems deslign are too hﬁpelessly
inadequate and antiquated to cope with the rapid fire

developmenta of modern warfare.

The electrical system is designed within the frama-
work of natural laws, and these laws are, unlike t&a
lews of human behavier, constant and knowable. Con-
gequontly the machine afstem can be exactly ccontrolled
and ?arie&}to meet the requirements of the particular
service, and made independent of undesirable factors.
Such & system will be invariant, not only with widely
varying operating conditlions, but alee with time. Com=
munlcétiuna represents & hasic sceial relationship which
iz independent of mny speciasl equipment used. The very
basle concept of comsunications is tc get intelligence
from nna‘yeracn in one place to other persons in other
places throush channels desizned to overcome interven-
ing obstacles. It is immaterial to the intelligence
how these channels are established ss long as they are
capable of handling the intelliszence and overcoming the
obstacles. If these channels are once established, it



should then be possible to alter the component design
of the sysiem elements, without the necessity of alter-
inz the gystem design, if the end result of the opera-
tion remains unaltered.  Reforring azaln to Flgure 1,
it 1s evident that the component equipment at eny gingle
point of operation may be altered if the function of
the egquipnent remains unchanzed. 2 bsslic system czn be
built up, ﬁeaigﬂaé for the special re§uiraments of the
naval service, which is invariant, but =ill allow for
expansion and modernigzation without in any eay affect-
inz the baslic mamer of operation. This is predicated
upon the premise that the basic system 1s denizned ace
cording to the needs of the service and within the
limitations of the natural lawp of enzlneering. It is
firgt necesgary to delermine the requirements of the
service, and then to determlne the natural technicesl

limitations to fulfillinz these requirements.

IT COCHEUNTCATICHE SYSTEMS

1. Havsl Communications

It has been mentioned that cne of the dlstingulsh-~
inz features of naval comrunications is multiplicity.
The orizinator seldom addresses his communication to
‘one single;activity, nor in the same messaze of the
same degree of importance to all addrescees. That which

is highly important to one party may be of only inform-
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atlive Interest to another. Alsc messages &cvnnt all
have equal imporiance in their impsct on the naval eas~
tablishment. It is necessary that the various classes
and levela of traffic be defined and classified accord-
“ing to the structure of the navy itself.

The exercise of effectlve naval command ls depen~
dent upon two factors; efficlent organization and
efficlent communications. The naval commander cbviously
cannot hope to accomplish his task unless the forces
under ﬁis conmand are efficlently organized and deployed
towards that sné; It 1s also clearly spparent that he
cannot accomplish his task if he is unable t0 communie
cate his wlll to hls command. The first aim of communi-
cations is to perve naval command, and must slwasyse be

subordinated to this purpose,

Command is not the cnly function of the naval
ecmmaﬁdar. Froblems subordinate to his basic command
problenm are the complementary freedom of sction problems
involving security, lozistics, training, intelligence,
and communicationg itself. 2All of these problemse must
be solved by the commander himself, and they éannot be
inplemented unless he can make his decisions knoun,; not
only within his command, but to all the coordinate and
superior organizatlons aiﬁh whom he must coordinate his

decliaslons and actinné. Thus logistics regquire the in-
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terchange of inforzmation between the commander and the
legistic agenelen upon which he is deopendent. Intelli-
gence requlres channels cf communicationg from the ine
telligence source to the commender. Communications
involves the caﬁm&nﬁer in complementary detalls of
traffic handling sné procedures within the limitatlions
of the gystem equipment provided to hlm. The batter
the equipment with which he is to work, the better and
zore offective will be his handling of the other probe
lems in furthering his stratesic or tactical sims.

The commmication reguirements of s particular
frasdom of section sphere do not romain statlic, but vary
nith the nature of the operations which the commgadar
underiskes. It 1s therefore igpractical to classify
messages according to the operational functions of come
mand, but it is rather nocessary to classify them as to

{1} the adninistrative and cperational orzanizatien of

command, and {2) the operaticnal import of the message

itoolf.

The flve complementary functions of a naval com=
mander are subordinste to his command funcilon, but

N gituations cften arlse wherein the subordinate problems

%’ are of greater operational imporiance than any pending

~ conmand problems. 4 messase to 3 fleot unit at sea



directing it to obtain fuel and supplies at a certain
base 12 8 lozgistlic order with operatlonal importance
outwelzhing the partlicular operatlons underway; for the
operating units are ever dependent upon their logistic
train and cammol long opesrate without it. But to the
logistic agency supplying thenruel, the message is of

routine administvativa importance.

In general, n division may bs made of comrunication
traffic into two categorles. MNessages that require some
action or movement by navsl units are classed as opera-
tionnl traffic. Other megsazes, which require no sction
of an oparational nature, but merely notice of thelr con-
tents, are classed ag administrative traffic. All naval
- tealfic can be e¢lassed, wlth soms desgree of certsinty,
Into one class or the other. The dlviding line is not
distinct, however, and the classificatlion is often a
question of experience and Judgment rather than arbie
trary definition. The best test l1s usually that of the
time slement. Cpeprational traffic is cozetimes defined
as messages which require the movemsnt of navsl vessels
within a specified pericd of time aftsr receipi. Thus
8 rmovement order directing a ship to proceed from one
place to another within a few hours after recelipt is
definitely an operational messzze, whereas a movement

crder directing such movement some days iIn the future

16
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ray wall be classed as adoinistrative, thouzsh it may'
well becone operational as the day specified for the
movement approaches. Llkewise, a task foree commander
operating at sen wmay signal his night maneuvre inten~
tions some hours in advance, and the message could be
handled as adminlistrative trafflcs but the same orders
vhen issued minutes ashezd of execution become ogaraé
tional traffic of the moat uréeaa tactical nature. 1t
;s thlis tendency of uessages to chanse classification
with time that makes neval systems desizn difficult to
analyze ahen deternining chennel alleoeations and trans-
oisnlion priority. Tt 18 adventazeous Lo segregate ad-
ministrative and nperatinnal traffic for separate
handling, dut the éagregatien is st best impermanent
and imperfect.

The trarfiu pattern is but partially determined by
the above considerations. The communication channels
shaulﬁ follow the command orzanization, for the normal
flow of information and command is from superior to
subord ingte, with fregquent intercaurse-betxeen coordli-
nate levels of command. The naval esteblishment is
orzanized with a predominant line structure exercising
command vertically throush successive echelons ezpand=-
ing downward. ?heré is a collateral horizontsl staff

function of specislizationa, such as lozistics,



medicine, technical engineering, lezal mattera, etc.
which serve as service adjuncts to the line function.
The navallurganizatsan is taé complex to be dlsmissed

in two lines, tha#gh these features are sallent. There
are vertical lines of sdministrative responsibility
within the staff functions but the interchanze of ine
formation is carried on throuzh the 1ine function as

far as communications gystenms are ccﬁcerned, for 1t 1a
1ﬁpractica1‘ta provide separste chamels for the copmand

function and for each of the ataff functiono.

Thare iz no published study éf nzval compunication
trafflic ag to the orzanizaticnal pattern with a bresk
down aa o relative importance. Dut even though we can~
not uzake any quantitative conclusions as to the traffic '
pattern, 1t 3s«puséible to make some general qualitstive

remarks as to naval treffic.

Traffic usually follows the operatlional 1ine of
command, rather than the administrative line. In pezce~
tize operations, the cpersticonsgl and administrative
lines of cocmmand uguslly ccineide, but in wartlime it 1s
rers that the operational line is the same as the admine-
istrative line, for the operating task forces are or-
ganized on & functicnal rather than zdministrative or
type basis. 71t has been mentioned that sdministrative

traffic 15 uzually not as pressing in time 2z 1s opers-
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tional traffic, snd therefore such traffic is often
handled by systems of communication other than radio;
f.e. mall, messenger, etc. Thus the copmunication
system will handle operationsl traffic in a preponderate
{@rﬁpcrtian'to the adninisirative traffic. This placses
a requirement of flexibility upon the system design,

for the operational ormanization of & naval force ia
fiuid and subject $to rapid chanse.

As to the import of the message itscelfl, wmessages
fall into two classes which have been described as op=
erational and administrative, {applyinz to the #atura
of the messaze itself spart from the command orizin).

Tt has been mentioned that the division is usually made
en 8 time basis, so that messages classed as operational
are of higher priority in transmission than adminlstira~
tive nmescapges. There is a8lso g difference in the ine
ternal message struciure. Cperational messsges are
usunlly szhort, peremptory commands g&ving,apecific in-
atrustiﬁns or Iinformation and requiring definlte sction
or prompté reply in scknowledgement. Administrative
messages are usually longer in nature, setting forth
ideas in some detail, end not requiring 2mmééiate reply.
Cperationasl traffic cannot gsnerally wailt upon admine-
istrative traffic and the two ghould be kept in separate

channels of communicatlions,



~ There 15 ono other considerstion involved in an
anglysis of system organization. It has been determined
that there should be two chamnels of comwmunications
following the chain of operntional commend. These chane
nels should not extend through the entire chalin of |
command from the highest echelon to the lowedt element,
for it ia.unﬁesirable to have 21l messages delivered
Q; all echelona indlscriminately for two reasons, First,
ezch channel could then handle but one message at & tive,
and aecondly, it mey nah\ﬁe'éeslrable, from & privacy
and organizational viewpeint, to make nll the informa-
tion containsd in all the messages available to all the
echelons. On the other hand, it is equally undesirable
to transmit messages from & hizher echelon to a lower
echelon without passing throush the intermedliste levels
of command., The charmels, thersfore, zust not be con-
tinuous, but pmust consist of dlscrete links which may
be Joined or disconnected at will to form the particu~
lar distribution desired. The menner of connecting
these links mnd controlling therm is s technlcal matter
which will be dlscussed somewhat later. Ib’is suffl-
c¢ient for the present to point out that such an organ~-
izational separation can be made on a switching basls
to pormit the naval commander to esctablish chunnels to
any part of his command, or to all of it, as desired.
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Likewlse, chammels to goordinate commends can be made
intezrsl with the common supericr cosmander o that he
18 always kopt informed of the latersl traffic within

the ocommatnd.

2. ZIheory of Communications Nelworkg

It is depirable to consider some of the zeneral
aapécta of the baslc technicsl nature of communications
as applied to naval communications before preoceeding

with dotailed consideration of the component detaile.

Comunications 1s baslcally intercourse betiwesn
people by means of words, letters, pictures, etc. to
convsy idean or infermat&as‘batwaan individusls or
sroups. Of the Pive humsn senses, only ihe nense of
hearing and the ssnse of sight are normslly employed
for communication purposes. Until sodern tlmes, comw
mnieations eould only be carried on directly; either
vis~a~vin orally or by direct wvisuzl signals or messag-
es. These forms of communications wmizht bg classed as
gengory; that i, detectable by ihe human senses. Dut
when physicezl barriers greveat &lrectvaensoﬁg énmmnnzﬁ
sationa, resort pust be made to some other means of
intercourse which are necessarily extra-sensory. Hodern
technolozy has provided the extra-sensory semmunicaticn>

medla by which the physical barriers of distance or



interveninz obstacles may be overcome. The sensory
matter ia transliated into the extra-sensory medium,
transnitted cver zll barriers, receilved and then re-
translisted into the orizinal gense. A congideration of
the available extra-sensory transmission medis indl-
cates that the electro-maznetic wave 1s the most prome
ising of all the pcasibilities‘ They may be listed in
order of merit.

1. Radio.

2. ¥oatalllic wire.

3. ¥odualted 1izht,

4., Infrae-red radiastion.

. 5. Ultra-sonlcs.

tetallic wire systems are geﬁer&lly natAQ?plicable in
naval systems as the major link, but 3reluseﬁ extenslive-
1y in shore nets, and as auxilisry circuita on ghlp
board. The three subsequent medla suffer handleaps of
varicus dezrees which preclude their use as primary
systems althoush they can still be ugsed ss adjuncts in
special circumstances. Thelr zreatest limitstion is
that of adequats range, which is the greatest acget of
radic a8 a transnission medium. The remainder of this

- paper will Aiscusc the technicsl aspects of radio cnly

as 4 transmisslion medium in naval communication systeme.

It appears that a communication chamel is really
a2 sort of pipeline into which intsellizence, in familiar

sensory forms, is placed, carrled over all the barriers



of spsce and dlstance, snd delivered to the addressee
in the save sensory form in which 1t wes transmitted.
it provides, in its hizhest concept, an extension in
gpace to the radius of normal human intercourse. Fut
practical 1y, and undesirably, it also introduces an ex=-
tengion in time as well; that is, intellizence is
delivered, not instantly as in direct intercourse, but
after an apprecliable delny in time. 7This delsy is not
directly attributsble to the extra-sensory link itoslf,
but to the procesgaes attendant to preparing that link,
preparing the intellisence into special forms required
by the particeulsr type of transmission, and upon recepe-
tion and distribution at the receiving station. In set~
ting the channel up for transmigsion, contact must be |
estgblisheﬁ,ﬂith the dasir@é'adéreaaee, the circult
tested, and procedure assreed upon. Then the messaze
rmist be filed, transcribed, released, coded, checkeqd,
and Tinally tronsmitted with simllar procedures obtaine

ins at the receiving end.

This dlstortion in time is not present in direct
forms'af cormunicationa and representa an undesired abe
eration in the communication chanmel to be eliminated.
It haa heen polnted oul that this aberation occurs, not
becnuse of any inherent Insufficliency of the extra-

gsensory portion of the chamel, for traffic in thils
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portion of the chamol moves »ith the speed of light.
The delay 19 caused rather by the mismatch of the channel
terminations $c the extiraegensory link. There is, 8o
+0 speak, an insertion loss™ at the polints where the
extra~senpory {radio) link Jjoins to the husmsn terminal
link. This miematch rapréaents the different capablle
$ties of the two parts of &ﬁe,man“machiae combination.
The machine is capsble of super-human speeds In trana-
misslion and performance of complex a?eratians, but the
combination must be slowed to a speed consistent with
the abilities of the human component. As in any transe
mispion problem, the solution is to remove the mismatcohs
in thils case, to extend the maa&ineApurticn of the come
bination to replece the humen slements. The channel
should extend directly from the orisinator all the way
to the addressee{s).

The next step in the analysls is, then, Lo examine
the techniecal aspects of extending the machine to this
end. Such an extension is not a simple matter for the
machine lacks the one ma jor ssset of the human, the
abllity to think and reason. The husan can aclt accord-
inz to advance bnowledze of a gitustlieon and according
to the reaaaﬁed diectates of the particular situastlon.
The machine can only reapond to a set of orders after

the receipt of the orders, and even then only within the



framework of the desizned functions of the machine. Yor
this reason, the machine rust be bullt, in each case,

to ths particular reguirements of the communication
gystem 1t is 10 serve. The next sections will deal wmith

the baplic building dblocks of asystem designe.

- I1T  COMMUNICATION CIRCUITS
The rule has been sitated that a communicstion
channel should in no way impede the free interchanze cof
intelligence among the several widely separated parties
to that channel. Strictly interpreted, thls means that
the channel gust be operated in full duplex with facile
itiles for multipling the connectlions. As will be geen,
such a systen is inherently extravazant of equipment
and frequency spectrum, and, as a practlcal matter, 1t
1s desirable to ampproximate this degree of service by
systeng lesns extra?aganh and expensive. The degree 1o
which this approximation may be carriled, and still pro-
vide a sstlsfactory system, ls s functlon of the type

of service to be carried by the gysten.

‘?he circuit of Fizure 1{a} represents the simplest
of all communication circults. It io essentlally a
broadcast system wherein nll traffic is transmitted
"blind" and received by all the partles to the circult

wilthout receipt or acknowmledgement. It 18 easily con-
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nected in multiple, and requires little eguiprent. Its
chief disadvantasge ag & system Is that it provides no

reverse chammel of communication.

The next obviosus step iz to provide s reverse chane
nel in parallel to the one-wny channel and thus form a
tﬁe-agy chamel. Fizure l{%) illustirates such o cire
cult. fﬁis is & 4e-wire full éuélex circuit and is the
norzal clircult for point=to=-point radic circuits in both
comrercial and military shore installations. Traffic is
sent In both directions simultanecusly when used for
telegraph clrcults, or the terminstions wmay be reduced
0 8 2=wire circult snd uged for full duplex telerhony.
In fleet radlio nets, the two-w¥ay circuit is more often
operated with both chznnels on the same freguency, for
thiz eircuilt eamnol be operated in multiple without an

7
excgusive amount of equipment. The circult then operas-

tes on a half duplex basis but with the possibility of
exploying break~in procedure, 7To operaste s syster in

this manner reguires a human acency at the terminating
ends, for g machine cannot be built with the discrimie

nating qualities of the humsn ear.

A more exhaustive ex&minatzan of the drawbascks of
g d=wire circuit is warranted for a rzdio net 1z ine

herently and inescapably s 4-wire system and cannct be
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reduced to a Z2-wire circuit by any such means as serve
when usinz metallic wire circults. Figure l{c) shows
8 2-wire moetallic circult foer which there is no equi-
valent radioc circult. This elrcuit 1s not actually
used in wira»plants‘fér this purpoee but represents the
basic idea of reduction of a 4-wire clrcuit to two met-
tallic conduciora. In wire plents, the capitsl ocutlay
in the outside wire plant would be exhorbitant if some
such reduction were not possible for not only would all
loops have to be run with four conducting wires, but
the switching prsblem\in the terminals would be quite
eomplicated. In the Ze-wire circult, the sysatem i siill
operzted in full duplex, but the problems of truﬁklng,
gaitching snd multiple connoetionsg are sreatly simpli-

fied at a grent saving in equipment and money.

In this eircuit, (Pizure l{c)) the anti-sidetone
colls sct as directional couplers at each statiocn. The
degree of E=¥ chamel crosstalk is a functlion of the
halancé and return losg of ths lmpedance net Z. Thls
net, for zerc cross chamel coupling, rmust exactly
mateh the line impedsnce both as to masnitude and phase
at all transmission frequencies. It ia not too Aiffi-
cult to cbtain an i&pedance networks of this kind which
will perform satisfgct&filg at volice frequencies on

wire lines, but as the frequency goes up, 1t is



1ncrnésinglg difficult te obtain the requisite degree
of match, and 1z nearly lmpossible to perform at radio
frequonclies, althouzh some progress is belngz made
towards this end in the microwave resion.

Cn vwire lines, the differentisl in power levéls on
the send aa§>receiv§ channels at one station amounts to
only a few 4b so'thaé the returmn loss of the directicn~
al coupler need only be 20 or 30 db for satlisfactory
gervice. In radio, because of ito low transmicsion ef-
ficlency as coméareﬁ to & wire line, this power 4iffi-
rential is of the order of 120150 db and the return
loss of the directional coupler for radio work would
have to be 150 db or more to zlve adequate Ireedom from
crosg~channel medualtion. 3Such a loss 12 unobtainable
at present thoush the dividends in research and develop~-
gent of such a de~coupler will be tremendous, It would
then be gosslﬁle to bring\ta radio 21l the flexibility
of wire cirocults, using the szme frequency for both
transnmit ting and recelvinz in full duplex on the same
antenna. Until such e device is developed, 1t is necesw
sary to develop the radlo system desizn according to

the principles of L-wire circultry.

A A-wire mettalic eircuit can be ensily develobed

and built with full switehing and multiple facilitles.



Figurs 1{d) i1llustrates the basic switch plsn for Just
four 4-wire t&ﬁdem connected circults which are to be
oo arransed that any two may conneect without hindering
the operation of the other circuits, or three or mﬁre
eircults may be comected in multiple with full duplex.
ALl p&ﬁ;i&s on such & circuit may freely converse ex~
actly as thoush they were all gathored together in one
place. &cﬁ&ally, fullAduplex ia defined as & systen
§hich,ai1} allév transmipsion and receiption of messages

over s circuit simaltaneously. %hen s d-~wire two

statlon circuit 1s zultiped with & third statlon, the
 cireuit losces its full duplex characteristic, for the
two directions lose mieﬁyity gt the third station aéd
will mutunlly interfere. Thle represents no handicap
for veice communications for it ig entirely wlthin the
realm of ordirary human axyséienee that & third person
can understand nothing if two other people are shouting
at one another and it is ordinarily expected that only
one person shall talk at a time. This difficulty could
be overcome by use of sultiplezx prinsipleé with fre-
quency sapafaticn of &harchaﬁael directions, or by
direct trunking, but in either csae the expense would

be incommensurate with the retwrns.

On the switch frame of Fizure 1{d)}, the number of

switeh opsratlons required to complete a call is:
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where n is nurber of stotlione reguired to be intercon-
néqtaé, It 1s rasdlily eviéent that the number of op-
@ratiaﬁa mounts to astronomical proportions with even
moderate &ult!ple demands and the problem éf actuslly
bullding a saltch board of this type would be most
difficult, |

For every switch that 1s plosed, its conjusate on
the switch chart {?igure 1{e)) must also be closed.
Fhen gsevearal circults are to be interconnected, all
awiteh pointas haoving the desired channel numbers for
both digita muasl be closed. Thus, if chganel I is %o
be connected to chamel II, switch points 12 and 21 -
must be closed. If chénnézs T, 1T, énﬂ I71 are 1o be
intercomected, then éwitchpsints 1z, 21, 13, 31, 23,
and 32 must §§ closed. If one hundred stetlions are 4o

be interconnected, 9900 switch opsrations are necsseary.

To zoneralize the switch frame into a radio nei,
it 15 neteasary perely to note that each tie goint on
the crossbars ia aquivalant te 8 radio trancmitter,
eaéh swifch point iz emuivalent to a radio recsiver,
and ench vertical bus represents g separate operating
frequency for the network. Thus, for & four statlon

radio néh cperating in full duplex, there must be a
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separate frequency for each station of the net, requir-
ing four transnitters and twelve recelvers. This is
rather.mcre‘equipment.ﬁhaﬁA2& ordinarily justifiable
'Qtfar_justrfaur stations and, unlesa the requirements of
'ihéﬁcammnnicatien‘aervice betwaen then justified this
great outlay in squipment and monopoly of spectrum, |
sama,ecﬁgrcmise nodle afvgyaiam operation con ususlly be

found less demonding of squippente.

There is one interesiing feature to be noted. The
radio net‘is truly fullldg§lax,1n operastion and does
not suffer the llmitation of the equivalent metallic
wire set. Traffic may be sent slmultoneously between
all atatiéns without any limitations of 1ﬁterference.
This is one of the advantages of radlec nets; that the
very #azura of radic iz s frequency discriminating
principle which in itself constitutes a vast directly
trunited system. Thus the equivalent tc¢ B new wire line
can be estadblished by a mere twist of the dial. ﬁnéreas
in a wire plant, the cost ef srecting snd mainhaining
2 wire line may be considerable, the radlo 113& is
" %wire~-less®™ and coats nothing. The discussion is now
trespassing upon that region reserved for a lnter sec~
tion and will be developed more fully in the conslder-

ation of truniin:s problems.

There are & nucbar of ways in which the size and
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expense of & 4~wire radic nét may be aveided and yet

retain most of the advantages.

Cne method s the familier pushe~to-talk procedure
of the police, sirway, and milltary nets. This is a
half duwplex system; for messages can be transmitted in
but one direction st a time. To reverse the direaticn
of traffic it is necessary to alter the circuit config-
uration by a posidive sction of the operator. This
syoben i very economliceal of egquipment and freguenciles
.%nt at a2 sacrifice to traffic handling csprecity. In a
true full durlex systen operating on a 4-wire basis,
the agcunt of trérfza handled at any Gﬁé statlion In the
net {the total of incoming and outsoing maséagea} is
squal to the number of stations in the net. In the
pusih=towtalk nystes:, the net can handle but one messaze

st a time, Tor all stations share a comon frequencye.

The push-to-talk circuit iz the nearest squivalent
to 2=-9ire netallilc net that exists in radlio. The de-
coupling function of the hybrid coil is replsced by a
trancfer relay #hich glternately connects {irst the
reéei?av and then the transmitter aecérﬁing,tc the will
of tﬁe operator. It thus has most of the advantages of
2-wire systesms with two very important drawbacks.

Mrat, when a station is transmitting, 1t cannot recelve
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too, snd there is no way af‘hrsakinglin on a ciicuit
until the sending stetion releases 1t. Second, the op-
aratidn of the transfer relay by a §ush§hutten ia in~
convenient and awkward, There are ﬁ?&%é&& whereby the
transfer is aaaaﬁplisheﬁ by volce operated devices
which sutomatically transfer the sende-receive function
when 2 speaker starts to talk, These systems are 80
larse and clumsy that they are gencrally not used if 1t
;Qéﬁ be avoided. BDut in all other respects, the pushw
to-tnlk technique offers all the advantages of connec-
ting simplicity and eccnomy inherent in the Zewire
system. The traffic hendling charscteristlic could be
1mproved by uge =¥ hizh speed telegrephy, or by provid-

ing multiple independent chamels.

The TﬁZ*Rﬁﬁ Qﬁ?Vaquigmenb represents an nttoeopt
to improve the trafflc capaeclity of the push-to=talk

eircult by the provislion of a number of separate chan-

nels which may be selected optionally by a‘éiax selector

device. %hile such & system will improve the overall
network capzcity, it is reaslly little better than a
aingle channel gyaten as far as the indlividual statlions
are concerned; for they still heve but\cné traffic
earry ing chamel available st & time, (unless, of .
course, equipment is duplicated, in which cage thg

system loses its economic advantage). If, within a
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glven net, all traffic 1o squally dietributed amont the
stations, both as to sendinz and reeaiving,'thls’methad
of Incrensing trafflc capaclity will be setisfactory;
,Eut‘aﬁ soon as the circuit becomes unbmlsnced snd all
traffic tends to gravitate towards one particuler sie-
tion, all the aﬂ?antﬁae of multichamnel operatlon are
loot. Thus if within a ten station net, five nf the
stationa orizinate traffic sdéressed, one each, to the
other five stations, the traffic may be cleared simul-

taneausly on five different channelas. Tut 1if nine of

the stations all ariginate traffic addressed to the cone |

remnining ntation, the net miszht just as well have but
one channel, The difficulty 3s, of course, that the
. TDZ=-R]DZ equipment has ten chsnnele asvaeilsble which are
mutuslly exclusive, while whet i3 needed to improve the
pushsto=talk traffic capscity ls to have all channels

available gimultenecusly to sll stationa. This lnvolves

consideration of an aéaquate toerminael system to control
the net, for the problem of coordinating and controle
1inz the communicatlon mctivity of, say, thirty
stations on ten different chamels would be of super-

human propoertions.

Fith but 1ittle desiun effort and sli:zht expense,
the control and circuit discipline feslures of commun-

ication system can bs bullt directly into the system.
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It takes sxperienced, well iraineﬁ peraénnal.ts maintain
circult diseipline on a crcwﬁe&.heavily loaded circulit.
if instead of depending on human discipline and traine
ing to malntain order on the network, the equipment is
80 designed that a communication error cannot be made
by the operating persomnel, a large step will have been
taken towards eliminating the nesd for trained person-
nel. It must canst&ﬁtly be berne in mind that one of
the major alims of system desizn is to permit the opera-
tion of the gystem by inexporienced persommel wlth
little coommunicatien background. v?he sy sten must be so
simple that sny tyro can operate 1t, yet at the sonme
time it smst be foolproof so as nei to upeel the systeu

in case of srror.

Tt my be arzued that menpower ig cheap and there
is no need to désigﬁ expensive sutomstic equipment to
‘40 that shich anybedy can learn to do with time. We
have paid the price for that attitude in the past with
snarled communicationc, lost traffic, and ineffsctive
operations, Therse are times when a messaze 1s of no
ﬁae if 1t camot be sent in seconds, and there is no
time thon to hunt for chamels or beg for prlority.

The equipﬁent must be inherently sble to find or creete
a clear channel whenever needed, and cnly a8 wachine

can do 1t fast encugh.



. The ThS was the workhorse eauigméﬁiﬂaf the paat
war and 414 yeoman duty as s fleet tactical circuit.
It had, however, twe glaring faults, not from the
equipmont dosiazn viewpolint, but frow the system deslan
aspect. The trancmitter was, in the normsl idle con-
d;tiaﬁ.'comgletelg’6eeneraizad and required sbout \
thirdy seccnds warmp-up before it could be used, This
delay proved unacceptible under opersiing conditions
and the transmitter was often kept in continucus stande~
by, & condition for which the eguipnent was not desigﬁw
ed, with subgequent mmintenance trcoubles in the power
units. 4 desizn alteration was finally made which
allowed 1ns£ant operation without warm-up. 4 more
serious defect wns the sbsence of lock-cut to prevent
intorference by unﬁiseiﬁllneﬁ transoissiong. ¢hen two
stations are transmitting on a pushe-to~talk net,
nelther station is moniterinzg the trancmisslon and is
thus not aware of the interference. Tho result is that
both transmissions are mutually zarbled. The answer is
lockout device which will not sllow more than one stae
tion on the air at a time. Even in very urgea# cages,
-1t 1s usuallyrlesa confusing to allow current trafific
to be completed rather than tnging to interrupt the
traffic. In a pusketo-talk clrcult, thore is nc: hope

of intorrupting existing traoffic anyway so it would be
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far better to prevent destruction of that traffic by
attempts (o breake«in. 3Such & devige uas never buils
intoc the TB3 system slthouzh its inclusion would have

been a very simple matter.

| The si&giest'type of communication net is the

broadecast netwocrk. The transmitting statlon sende

Yones-way" without requiring or walting for answer or
acknowledgement. Figure e 111u§traﬁea the sicplest
feature of & broadeast systen. Since only one transmite
ter 13 used, the ontire area is covered by btut one chan-
nel, and station i sust schare the sare incoming channel
with stations B and C. This means that station A must
guard and copy all traffic, even that addressed to § or
S, 1n order not to miss any traffic addressed to A.
This represents waste time as far as A is concerned,
both in pan power and equipment, and should be elimina-
ted,. ?ignre % illuptrates threoe channel coverass of
the‘sa$é area wherein three lo® power stations handle
the traffic on a basls of seographic dlstribution of ade
dreszoes. This method may be termed as space channel-
inz, for the stations are widely separated and sey {or
may not) opernte on the same common frequency. %lth
this coverace the three receliving stations wnill recelve
only traffic addressed t¢ them and the system capacity
is tripled.
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If the transmitting stations are geographieslly
separated and operste on geparsate frequency channels as
w8ll, Zensrous évarlag may ba establehé& iving come
plete coveraze to a larze srea of moblle operations,
The mobile stations now need to change frequency as
they pass from one area to ancther, but this is no
great handicap. The principles of space channeling and
frequancy chamneling could be carried out reductio ad
shourdus to the extent that esch little srea will have
a separata chennel for traffic dellvery and no station
will ever receive traffié not addrecsed to it. Figure 4
represents six channels covering the same are of Flzure

2 zgivinz a si#feld iratfic capacity to the gystesis

There are definite tactical and strategic dras-
backs to rultichannel brosdesst systems. First, space
charnelinsg will, by methods of traffic analysls, reveal
the geographic dlstribution of the meblle units. Sec~
ondly, frequency channeling, will reveal the operational
orzanizetion of the mobile units., {Assuming that the
frequency chennels are assizned on an organizational
b&sis.} It could equally be argued that, with modern
metheods of recomnaisance and intelllzence, thesce matters
are not secure from enemy detection anyway. ¥Heverthe-
‘less, there is no need to make 1t essler for the enomy

to determine these matters and scme basis for channeling



which would conceal thess faots should be devised. The

possibilities of greater traffic handling as agalnst

the pnasiﬁ@g~é§aﬁd¥an¥agea of decressed security must
be halancaﬁ; #ith Judicinl desizn and operation there
should bg no loss of aeeurity‘;nvclved acd the advantag-

es will far outweizh the dispdvantages.

One baslic principle of systems desizn iz here ile
lustrated. Trom the economy and security viewpolnt,
one gcentrally located powerful statlion 1s the best for
braa&east service. From the aspect of tralffic capaclty
and speed, numercus ssall low powered siations are re-
quired. The two are not recencilable except on a com=
promise basis. This basgic principle lc equally appli-

cable in other services but not sc readily evident.

The greatest volume of traffic, both commereially
aﬁd militarily, is carried in point-to-point networks,
Such circults are estallished under very stable opera=-
ﬁing conditions and are 1daslly sulted to the employment
of all the technical tocls avallsble to the communicae

tionsg enzineer.

%1th the cutbresk of war, the point-to-point naval
commmmication net was the first to fecl the welght of
the growing traffic, for all fleet and sheore establlishe

ment traffic eventually passss throuzh some point-io-
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poelint trunk for ultimate delivery. Censequently, the
point-to-point nets received the full attention of the
communications experts kﬁila the fleet communication
problem went degzing. There are ne particularly diffi-
cult aystem problems in point-tee-point communications and
1t offers the greatest scope to the ensineer in multi-
plex and high speed techniques. The greatest problems
involve trunking patterns and channel efficlency.

Fhen 1t becomes necesssry to provide connections
between many stations, there are but iwe ways these cone
nectlions can be pade: either dirget or in tandem. Flg-
ure 5 demonstrates the large nuzber of trunk connections
needed for direct trunkinz. TFilgure € 1llustrates the
altermative form of trunkihg wherein all astations are
guitched throuzh a centrsl contrel station . In prac-
tice, a3 combinntlion of direct and tandem trunking is
employed in conformity with a Seneral Switch Plan based
on study ﬁfvtraffie experience. In general, large
centrals bhaving large volurmes of iraffic are directly
trunked and the smaller centrals required to tandem

connect throuch the larger ones.

The tandem net has the advantaze of employing a
fewer number of more efficlent trunke, but suffers in

that traffic at the contral station is in competition



5, A

Fie. & Direct Net

S 3

5 cl

/

/
/

s, s,

Fisc. 6 Tandem Net



45

for any particular trunk which reduces the traffic
handling abllity of the system. Also each station is
entirely é@genéaat upon one truék line, which, 1f des~
traygﬁ, will isolate that station from the net. A
direct net is more sxpensive but has the advantose of
greater traffic capacity than s tandem net. It has been
- pointed cut that a radlo net is Inherently e directly
caana#ted systen for 1t costs nothing to breadeast to
peveral staltions at once, whereas in the equivalent
wire aaﬁ, éaeh atation muel be connected with a separate
pair of matallic conductors. Thus a rzdlic net con ene
Jory ail tﬁa advantages of direct trunizing without the
added cost to the cuteide plant, and the tandenm trunk

pogsibllities can be reserved for relay communications.

There is s definite limit to the nusber of times
a si#cnit may be tandem trunked without excesslve de-
agradation, uglesa the iﬁtelzigﬁnéa csn he ressnernted
in the tanden central. Eech commectlon of the cire
cuit will add s certaln amount of ncise to the clrcult
until finally the signal-to-nolse ratic will be un- |
acceptable, Oenerally, if the overall circult loss
exceeds 30 db, the circuit perit will become margingl,
and this determines, in ésnjnnction with the loas per

comection, the nurber of connectlions that mey be rade.

Provisions for relay comnectlon require the most
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rigid overall enzineering standords, for all circuits
s st hé‘abla to Interconnect without resciing adversely
on the other connectlions in the eircuit. 4 circult
from A to B way be entirely satisfactory, snd iikewiae
for a leop from & to g, but, ualaéﬁ overall engineering
standards of a high quality are éaintaineé over the ene
tire oystem, a tandem comnection of A to ¢ through B

nay be unaeéeytable.

, If‘nsisq considerstions detormine that the maximum
tanden loss cannot exceed 30 db, and 1t i@ desired that
it should be poazible to make ?enr tandem connections, fi;}f,
the loss of each trunk cannot exceed 6 db., Thus in any
relay net, the quelity of each trunk must far exceed the
permissable standard of the overall reloy, both as to
bénﬁwiﬁth and loss. And further, these standards will
have Lo be maintalined with unrelenting attention
throushout the networkz, for 1f even one part of the

eircult 1s substsndard, the entire connection will be

rendared unaocceplable.

™imures 7, 8, 9, 10, and 11 are self eovident 1l=-
lustrations of radio nets employing various trunk plong.
Fisure 7 represents the plan of the commén push~to-tali
net with several channels evallable copmon to all the

“ ptations. Figure 8 iz a full duplex circult. Hote that

-
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thers must be as many frequencies employed as there are
stations in operation, if thers is to be ne mutusl in-
terferance. ?15953'9 chows a tandem radic net in full
duplex. Agein note that there are as meny frequencles
employed as there are staticns in the nét, slthouzh
here there is but one channel. I% is inherent and
axiomatie that there must be as many frequencies employ-
ed in full duplex operation as there are stations to be

éﬁ??@iln o

Figure 10 is a sinzle station relay net. It cannot
bﬂraxten&ea;any further than as aﬁawn, and if a further
s?ateg éxteﬁsion ia required, it must be obtalined by
some such réiag gystem as Figur& 11, {althuugh;it may be
extended by comecting 32 to another link employing two

sther frequencies.)

Afier this elementary conslderation of communica=
Ction eircuits, it is time to consider scme of the more

detailed techniecszl aspects of Systems FPngineering.

1V SYSTEWS ENGIREFRING
Systems angineering\dﬁvidea nsturslly into two
ma jor provinces; those of transmlssion engineering and
of switch enzineering, The former has as its field all
the conaiderations of traffic, trunking, line leveols,

amplifier sains and circult lospes, crosstalk, multiplex
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operations, etc. or in short, all the forces that move
traffic in the communicatlon network. Switchlng must
arranze for slznalling, selection, controllini, supere-
vising, guarding, and all the functions which suide
traffic in the system. The concept of transmission 1s.
familiar to anyone cennected with radio communications,
but the concent of gwitching 1s one that has zrown
slmost entirely from the art of telephony. The tele=-
phone gompanies early realized that to mave the tele—
phone econcmiecally feamgible it muet be so simple as to
require no experience or technical training to operate
it, and it must be so inexpensive thot everyone could
afford 10 use it. The problem of swltching is inherent
. in the telephone system, and 1f it were to be done on
an entirely manual basis, the operating staff aould be
80 large as to makxe the cost incormensurate to the qual-
ity of service that could be rendered. The cost aspect
waz early understood and the invention of the autoratlc
telephone switch system followed that of the telephone

1tself by only tlroe years.

This paper is basiocally concerned with the ldea
that systems enzlneering has notl been fully explolted
and applied to naval communications, particularly the
aspects of csntrorlaé aselection and ewitching, and aulo=-

matic trafflo handling in fleet circulls.



1., Transmisaion

The most fundemental problem of redio comnunica=
tions 12 that of propogation and rellisble range. The
definition of rellabdle ranze is necessarily sn arble
trary one for it is dependent upon what is coneidered a
satisfactory signal level, AL & gliven range, ah ade=
quate siznal lavel :&r one type of service or egquipment

may be entirely Inadequate for ancther.

The characteristics of radie provogation are well ?»
known and voluminous data have been cbtained on propo-
gation at nearly all frequencies. Tor purpcses of
system iesign, the apectrum may be divided into three
‘essentisl bands.

1. Low 7requenciesg, {1.5 mca. and belew) Basle

proposstion is of the ground aave which suffers
but low attenuation. Rangze {for a siven fleld
'atrength} varies directly ss the square rcot of
the power énﬁ inversaly to the frequency. Frop-
ozation is tut little affected by ionosphera
éoﬁditian or solar sctivity. Fleld 1s remark-
ably steady and free from fade particularly at
the very low frequencles. zoise level is hlgh=
est in this band with a diurasl and sessonal
varistion in Intensity.

2. ¥edlun aﬁﬁ $21zh Frequenclies. (1.5 = 30 mCSe)




Growmd wave highly altenusted and little used
except for short ranze low power cystems., Skye
wave propogntion is g'ecﬁp1$x‘runctiaa of fro=
quency, incspheric conditlon, solar aetlivity,
relative(530§raphical poslitions, etc. and rela-
tively independent of traznamitter pover. The
field Intensity is varisble with distance and
sub;ectfﬁc fade with fime due to variable mul-~
tipath reflections from the loncaphere.

3« YIF _and YT {30 mes. and above) The propogation

characteristics of the radic wave sre guasi~
~optical and partlally predlictable by optical
theory. The circult coefflcient is relatively
Andependent of all variables and remains cone
stant w;thin the service ares shich is determlin-
... ed as a proportionate function of the optical
" horizon. Fleld strenzth 1s independent of the
tonospheric condition tut fade effecte are scme~
times experlenced because of multipath reflec-

ticns from &ha'aurf&ee of the earth.

Fech band 1s inherently better sble to provide
some types of service better than the other bands. The
low frequencies are botter able to provide long range
oircuits where roliability is paramount and cost consid-

erationz are secondary. The higher freguencies have
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replaced the low freguencles for most of the long ranze
point=to=-point circuits because of the lower cost of the
equipment and the fact that reliaiility cen be mede
-aatisfantﬁry by dlveraiiy receptlion of the skywanve,

The UHF mnd ?E? bands ars in the process of explor-
sation and axpioitaticn and provide extremely reliable
and sgabie service for short range systems such as
nolice networks, moblle communmication nets, and ahort
distance éﬁhstitutea for wire links. The chliefl advane~
tages of this band are the high 8tebility asnd larse
capacity §f the c#rcuita provided as againat the low

cogt and compact #ize of the smqulpnment.

The demands for padlio service have go crowded the
frequency spectrum that expansion has been reguired into
the higher and hizher raﬁgea for more room. The fre=-
quency spectrum has a logarithmic structure which means
that at the higher freguencles the svailable spectrum
increazses at an exponential rate. Since the spectrum
denmands of any particular service are independent of the
operating frequency, more service channels can be pro-
vided in the same percentage band st the higher frequen-
cies. A 1Y band at 100 mes. can carry 1000 times a8
such traffic as a 1¥ band at 100 kcs. tMore lmportant,

perhans, tﬁe nand width of tuned circults is 8 fixed
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petééntaga of the operating frequency. 7Thus the 6 mc.
bandwidth requirsd for televisicn is ap easily cobtained
at 60 mes. as the S5ko.band required for volce at 60 keS.,
and at 4000 mes., we éan exsily put 480 volce chamels
in the same percentage banﬁ‘ﬂiﬁth. For tﬁasevreasaag
the VHF « URF bands are replacing the lower f{requency

: channels wherever the limited ranze is not a limiting

factor.

2ince the ranze and upefullness of a circultd is
Qetarminéé by its 3§gnallta nolse retion, the mafar
problem of transmission enginesring is to improve this

factor,

Radio nolse may be divided into four classiflice-
tions, depending on origin.
1. Atmospheric nolige.
2. Cosmle nolses
3e Han=mde nolge.
"4, Receiver and antems noise.

Atmoanheric noise 1s dominant below 1 mc. as & functlon

of tire, frequency, geozraphic position, weather, snd

senson of the year, Little has been done to reduce the
effects of atmospherlc noise althoush extensive studles
are afoot to developn noise reducing circulits.  The modu-

lation systems which dlscriminate agalinet atmospherle

»
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and manemade noise are practically opersble only in the
rezlons above 10 me. and in that resion atmospheric
neiaelia of neglizible importances,

Cosmic noise originates in outer space and represents &

universal noise level at about =10 db (referred to 1
uv/z). VZn_tha absence of manepmade and atmospheric noice,
copmic naxsa reprosents an ultimate limit to system
sensitiviny.

¥Yan-wade nolse 1is ﬁhe noise of c!viliaatisn gener&ted

by electriﬁal sgulipment and machinery wshich profuce nolse
radiahinn. ilke iIndustrial sudic nolse levels it csn be
reduae& aﬂlg by & concerted effort on the part of the
5esigner5 of ghs offending equipnent. For isclated
atatloﬁa, such as ships at sez, 2 resl sffort to reduce
the’alectric neige level coulsd pay real dividens in ine
créaséd clrcﬁit corit of ﬁhﬁ commmications clircuits.
Fanenade noise is dominant in the range from 1 me. to
about 500 nmc. |

Recelver noise represents the internsl random neolse of

resistors and vacuum tubes of the tra&smitting and re-
celving squipnment. Thls represe&ta the most fertile
field for sclentific design reduction of nolse in com=
mmnicntion circulls but therse are theoretieal limits to
the smount of éedunbicn that ¢an be accomplished. Com=

parisons of actusl receivers are cade to an ideal
receiver having nolse derived only from the antenna



radiation resistance, the irreduciblie minimum, Holse -
fizures for ordinarily zood recalvers‘run from 10 db.
{zbove ideal receiver néise) in the frequency range up.
to 500 mes., to 15 or 20 db, for recelvers cpérabiﬁg in
the range of 1000 mcs. and sbove,

 Holse reduction is gﬁ important aspect of systems
eﬂg&nearing, fbrliﬁe one aim of system desian is to ob-
talin thevhesi c&ﬁ&ﬂﬁia&tlﬁn$ §ith the least amount of
equipment. g 10 abﬁvimpra?améntrin circuit nolse figure
is equivalent to iﬁéresslns tr&ﬁsmitter power by s fac-
tor of 10, a saving not to be lightly iznored. The
minimus /% ratio which produces a satisfactory communi-

" eation circuit is 10 db. with a 20 or 25 db. ratio being

required for good guallty circuits to carry volce,

facsimile, ote.

Since noise is proportionsl to the square root of
the band width, the best circult hoise figure cean be ob-
tained with the narrow banﬁ sorvices such as Lorse
telegraphy and telsnrintars* For modulators requiring
a graater band width, such ag vaice, facsimlls, ete.,
sueh speciasl systems as single or gesymatria side band
mnaﬁlation improve the ¢/N ratios over double eide band

mcdulatian by decreasing the pand width spectrum. Slnce
noise i 5enarally distributed uniformally with frequnnqy
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{within any smell band) and has an emplitude modulatien
charzcteriatic, narrce band FY¥ systema natuéally dig=
eriminate agzinst noise to a certain extent. The pulse
modulation systems, because of the high pulse pesk
powers employed mnd the tecinigues of limiting and clipe
ping of fer syatems which inherently zive very high /%
ratios. The alteraative to reducing nolse iz to ine
crease the carrier {l.e. transmitter) power. It is
generally less costly to reduce naise~thaa,t6 bulld and

operate larger transmittera.

> The next nost lrportant aspect of transéiaeion
eﬁgineering is cireuit stability. As oprosed to nolee,
shieh 1slﬂha‘prﬁblem of adequate circult quality, sta-
b1lity is the problem of maintalning the circuit con-
nection and suarding azsinst Interference with or by
other circuits. Thie is for the most part a problem of
technical equipment design. Radlo transmisslon involves
thé‘generaticn and radlation of electrical emerzy of a
partlcuslr frequency and recelving titat particular fre-
quency by a selective receiver. The stability of the
-gireult w11l e é function sf the stability of the trans-~
mitting device as to frequency and power level, the
efficlency of the tranomitting medium, and the selective

ity and freguency stability of the recelving device.

Freguency atability of both the transmitters and
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receivers is determined by the technical aspects of clre
cult design subjJect to the restrictions of léﬁ and inter-
naticnal agreement. For Lthe purposes of establishing
order in the radic spectrum, the laws define the meximum
iasaability'ta be allowed in the various frequency bands
but for many services greater -than lezal stabllity is
required. Services that require great selectivity also
éaqu&re great atablility for #xeaasi?eyrraquency ariftt
will destroy the sircuit comection. The exact smount
of drift to be allowed is deternmined by & complex con=~
sideration of side band spectrum of the transnitted sige
nal, the selectivity characteristic of the radlo
receliver, and thé anmount of side band energy that can be
lost before the intelligence contalned in the side band
18 geriously affected. In general, the scount of arift
of elther the transmitter or receiver cannot excesd one
quarter of the recelver selective band beferg the intel-
ligence is serilously impasired and it 1s usually neces-
sary to maintain stability well below this limit. Thus
1f the transmitted spectrum is 10 Xe. wide, and‘the
_fenaiver has & lé kc. band width, the transmitter and
racéiver would have to be maiﬂtained'on frequency wlthin
| sbout 1 ke. to maintain sn adequate clrcult serit. This
degree of stability is more difficult to maeintain the

higher the operatinz frequency znd wlll.rgquire & relaxe
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ation in the receiver selectivity in order to maintain
the connsction. Bat to widen the receiver band width

is to ralee the nolse leﬁei at the detector. An slter-
native method is to provide an autosatic frequency cone-
trol device on the recslver so that it will follow the
transmitter in frequency arift. Elther methed 1o equally
fennlible and the choice must be made on the basla of the
quglity service desired, as against the conzideratlons

of cost and slze of equipment.

Aside from the problem of mersly maintalning the
ceﬁhecticn, there is the wore exacting problem of pro=
venting cross chﬁhnel interference due fo the inastabil~
ity and inzdequete selectivity. ?ha—prablé& here is
self éxplanatmry‘ %ith frequency apectfua at & prenium,
it 1s becominz increasinzly important not tc lose any of
the spectrum to excessive zsuard margins on the ehangelag
It is desirable to space the chamnels as closely to-
gether as 1s consistent with channel stability and
selectivity. The censequence of instability are here
more serious than in the previously consldered clroum~
stance, for it involves interference with cther channels
as well as the loss of own channel. C(nece a channel
allotment has been determined, 1t is imperative that thne
operating ahanaalé remain within thelir nssigned fre-

QQency band.



¥hen operzting s multipoint net, stability e a
very serious consideration. If one transmitter 1as send~
ing to asveéal receivers, s8ll recelvers sust be kept on
frequency with the transmitter, a more dlfficult problex

than in direct point=to-point nets. In fact, stability

. has & very zrsat bearing on the reliability of the ¢ir-

cult for naval communications, Ir &ﬁera is any question
that sven one station will fall t§ receive & meSscLze,
the circult 1s unrellable, a0 if one of the many sta-
tionas fails to epaintain frequency, the entire system is
discredited.

There is another source of cross chamel medula=-
tion which is very difficult to eliminate; that due to
spuribus radiaticns and responses. These sre most
seriously present in nets censisting of many etatlone
in close proximity, for ctherwise the effects are
usuzlly down 30 to 80 4b. bLelow the mgin c&rrieé, dependw
ing upon the particular equipment. ¥ell deslgned trans-
mitters will have spurious radiatione down at least €0

‘db. below the carrier, althcugh more would be desirable.

Recelver responges are s bit more compllceated.
spurious responses are due to (1) image-frequency
éignala; (2} signals of intermedlate frequency; (3)

haroonics of the internediate frequency generateﬁ,by
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the second detector; and (4) hsrmonics of the incozming
8lgnal generated in the ceonverter tube. A recelver may
have very zood diacrimingiinn gzeinat adjacent channel
eross talk but m2y have spurious response due to one of
tha above. A zood recelver will not respond to spurious
siznals giving input voltages of 5-15 micro vaita;
depending npon the frequency.

The entire problem of spurious responses and radia-
tiéns raquirea close attention by the systems enzineer
no less than by the equipment englineer. And theva'are
not only the spurlous responses inherent in the equipe
ment itsolf, but ihere are also external spuriocus
gignals, or "stay® noise, developed by nonlinesr or
rsctzfging connectlions in the vicinlity of the recelving
equipment, such s in conduit joints, oazbles, lizht
wireg, etc. which develcp all mamers of barmonic and
beat frequencies. This 18 particularly evident in ship-
board installations where so much cormunications ﬁguiyn
ment ia concentrated into such 2 small spsce. The com-
mnications gystems designer cannot blithgly select the
few frequencies he will need mnd then ignore the rultlie
tude of parasitic radiations which he has conjured up.

Cnce the enslneer has sslected the operating band

- for the partlcular comsunication system he 18 to bullg,
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1t is necessary that he decide upon the method of
modulation he 1s to employ. From the systems viewpoint,
the exact method of performing the modulation is not as
important as determining the advantazes and disadvan=

© tages, transmisslion~wise, of ezch of the modulation
processes In terme of transmission clrcult constants,

In Table I are esppended some of the sallient dala on the
transmission characteristics of each of the modulator
and modulation systems listed below. The basic bulld-
ing dlocks of radio transmission engineering may be set

forth te show their relation, the one to the otker.

Sense Carrler ¥odulators Yodulation
Sound Redlio Hand xey Arnplitude
8ight ¥ire ' futomatic Yorse Frequency
_ {Lizht) Facsinile Fhaso
{ Infra-red) Telephone - Pulse
{ Supersonicn) Television g.poslition
Teleprinter b.width
c.arplitude
d.numbers

The criteria of excellence should be how falthfully does
- each oystem iranomit 1nf¢rm&t;cn? how fast? how relle
ably? how much tra;ﬁiag is required?, and how much will
the equipment cost, in nize and welsht, s well as

money? The ideal communicetion system should approach
méntgl telepathy for economy of equipment, speed, and
independence of physieal,haériars, thouzh mental tele-
pathy leaves much to be desired as to relisbility.

2. Switch Ensineering



Sultch ensineering is the second major province of
systems engineerinz. As a branch of the eolectrical or
electronic sciences, 1t has hed little xide spread
attention and hés rennined an escteric art, rather than

an exact aclence, until very recently.

S§1ichiag involves an almoat inflinite nuober of
permntaziana’aﬁﬂ conbinations of the simple operstion of
cponing or closing 8 circult by means of & switch. It
.is the boast of the switch &ngineer that any coomplex
series of operations can be performed autcmetically by
electric relay clircuits faster and more accurately than
by humans. and tho operations need not ba confined to

© the mere opening and clesing of gwitches, but the
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processes of hunting for and selecting the correct switch

t0 bo cperated, ordinarily the dowain of humsn opere-~
tion, can be performed automaticelly with less alli-
bility than the,huméﬁ; in fact, ziven enoush wire,
ralzys, time, paper, and pencil, thke pwitch englineer
ean denizn & circuit to perform any greaetréesired
gequence of operations. v

Thereln lies the difficulty. The machine cannot
think, and each operation it iz to perform muct be
thouzht out by the human desizner beforehsnd and bullt
into the pachine. Any operation nct provided by the



desizner cannot be performed by the smchine, and the

machine cammoet react to unforeceen ecircumatances,

The first problem of the desisgner is to determine
exactly what his machine is to de, not in genorsl terms,
but in precise step~by=-step analéais of the cperations
to dbe performed and the centingénaies té be met, Then,
and not until then, the designer cen sit down and cale
gulate the relay circulis required to pﬁr:erﬁ the steps.

The first part of such & problem 1s not $oco 4iff-
icult for it invelves functional consideraticns of
operating factors familinr to every engineer. the
difficult part of the tasgk is the iaylaéeat&;ien 6:
these considerntions with sctual eguipment'design. The
awitch engineer has, in the pest, been & unique person-
age of great ingenuity and inventiveness, attaining his
almsg bé exhaustive detalled examination of the problem
and endless trial and error experizentation cocupled -
with empirgeal rulea derived from past experienceé or
inherited from former masleres of the art. Like &n art,
1t has remained more s craft than a sclence, until re-
eently, when a systematic analysis éf the art of switche
inz hap produced, by the motheds of statistical mathe-
matiéa, a seﬁ of rulee which clearly define the cepa-

bilitien of any particular switch eircult. It is safe
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to asy that any &gsiraé.saquenca of oparaticns can now
be confidently provided by the switch engineer, which
azain throws the problem back to the systems enzineer
to decide what is wanted in the way of automatic switch
facilitles. ,

 since the machine cannot think, butl can only provide
a tranafer of skill from the experienced desizner to the
- Inexperienced operator, it 1s manifestly impossible to
require the machine to performs every possible operstion
required by unf&raaeabie»cirnuﬁstgnsss.- The machine ean
only do that for which 1t was designed. This places a
very strict limitation on the flez:bilit§ of a systenm
that is bullt entirely dependent upon the limlitatlions of
the machine. B3But a naval communication system nust be
rlexlb;a above all. There must be provision for human
direction and supervislion. The human, It has been
poeinted out, has Just about reached the full limits of
his capability to provide direction to a complex come=
- comunications circuit. fhia is because he 1s requlired
to perform many operations of discrimination and
gselaction of a routine n&tureAleaviﬁg;lzttle time for
attention to the unique problems of communications. The
machine can be a ver§ valuasble adjunct to the human in
the realm cf the lterative operations of everyday

routine, leaving the human free to glive his full stten-
ticﬁ to the presaing operational matters.



~ ©ne of the major uses of switch circults ls that
of asslection; that is to plck out and comnect one of a
mltiple of pcssibla~ccﬁnac;ionsu_ This cay be done in
two ways; first, the selector may comnect to a;circuit
on the basls of a set of determinate orders from s
7 direetnr mechaniom, or secondly, it may connect in ac-
carﬂance with the raquiraﬁent that tha circuit to be
eanﬁecte& zust fulfill certain specific conditions.
This second cgeratisn mizht be ¢alled hunting or asarche
ing, for 1t is forward icaking, as oppcsed to selection,
which is backward locking. The two 1déaa are siéiiar
bt to different ends. Selection wmay be used to ener
 2ize a particulgr circult fros & mulzipia, whereas
search circuits will £ind the particular clreuit of a
multiple that is enerzized.

‘ Bwltech circuits say perfora a maltitude of funce
tions such as holding, locking, reieasing, transfer-
ring, and 1nterloeking’ahich are useful in nmany ways.
It 1z often desired that & certain circult conflzura=
tion be malntsined indefinitely until z certalin signal
is receive@ tc break the cénnectiona‘ Theee are hold
or lock eiréuits, dopeonding ﬁgon,hca the operation ls
porformed. The ﬁisconnacting sisnal then orizinates a
release operst ion which breaks up the hold or lock cire

cult. The interlock circuits may determine the exact
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aaﬁuenoe in which a complicated switch or transfer op-
aration will be performed and will not allow false or
unwanted signals to opsrate the sequence, nor allow

essential stens to be omitied.

To proceed further 1e really fruitless for the
nusber of pessible functione whioch switeh circults mgy
perforn are infinite. It is not the intention of this
parer to deseribe the art of ewitch engineering, but to
mention the posaibilities of the employment of switch
saglnaaring in naval eeméunicatian circuits. The above
mentioned operatlions are theose of most interest in thils

discunsion.

The most fundamenisl reqairamsni before aegigniag
an intezrated comsunication system, 1s the determinstion
of an overall plan of comection and interconnection,
that is, an overall trunkinzs plan. This will determine
which atstions wiil be directly comected, snd which -
will be tandem connetted. Then it must be determined
howt these conneotions will be made, either asutomatically
in response to c¢alling siznals, or manually., The com~
bination of the trunking znd switching plans form a
Zeneral Switchinz Plan by which rll deslgzn considera-
tions are governed, The switching aspect 1s paramount

in radio nets for nearly all nets are directly trunked



by the very nature of randlo itself and the major ques-

tion 1s then, how wlll the connectiong be made.

It has been mentloned that automatic terminal
equipment Isncls mony of the advantazes of the manuasl
tercinal in terms of flexibility and complexity of
equipment. Q# the other hand, autamaﬁie.eaaiggeat ean
perforn 1ts allotted duties faster and more sccurastely
than the humsn can do t&e@ manuslly. It would seem,
therefora, that & juditiaug eambiﬁgtzen of automatic

and manual would have most cf the-aévaﬂtagae of bothe

To iliaatrata this point, consider a mystem having
tanlssgaraie-coméuaicatian chamels g1l1 motually avalle-
able to all statiﬂnég It is desired that no circult
may bo broken or preempted by other calls when a call is
already in progress. A searching mechanism at the calle
ing station 1z put intoc operation when the ¢all 1s put
up which tests all chamels and commects to the first
free channel it finds. The mechanism will refuse to
connect into a circult in which a céll is already 1n
progreas. After sclecting the channel, the sepnding op-
erator may then send s series of calling siznals which
operate selectlion mechanisss in g1l the other stations,
¥hen the prescribed set of signels are received by the

cazlled station, 1ts seslection mechanism will operate to
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complete the comection while all other selection mech= -

anisms will refuse to comnect. The incoming call would
then be put up on 2 sanual board in the called station
enly snd the o2ll handled .from there to the particular
internal substation desired. The autcmatic portion of
the network Ims done the necessary Job of selactiﬁg and
guarding the communication chamel yet the manusl opers-
tion provides the neceeaarj tlekiﬁilzty and humsn agency

to handle the calls in an intellizent mamer.

The requirements of a Jeneral Switching Plan are
that all elements of the communicatlion net be deaigned
intesrally to perform in a certain standard, predeter-
mined sanner. As lonz zs each elewent of the net
éﬁgfsrma to these sténéards, they mny be comnected in

any Eannarvpreacribed Sy the Zeneral Seitching Plan
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without fear of providinz inferior circults. The crudest

11lustration of this would be that it would not do for
some stations to employ freguency modulation on their
carriers while others employ amplitude modulation. This

example iz B0 blatant ss5 4o be ridiculcus but thers are
other consideratlons more subtle that can casuse as much
trouble but are not sc obvious. For inatancs, 5 Jensral
Switch Plan would bave to gspecify the modulation levels
of the transmitiers and the conversion loss of the

recelivers, for all stations must, within certaln limits,



provide the same signal level inte the communication
channel. To fail in this specification would mean that
some stations would always be recelved better than |
others, or that some stations would recelve all stations
poorly, due to impropsr adjustment of the “line" levels.
Such irresmularities in the circult coefficients sould
spell the difference between uniformly good communica=
tlons and erratic, unrelliable communications. This
.difference may hinsze upon very small ﬁeéails. ‘Yhen a
net 1s completely menual in operation, the human element
- may correct for many of the gmall errors that threaten
to destroy communications, and each connection may be
made on 1its individual circumstance. Put when 2 termi-
néi”ia operated sutomatically, or even partially so,
the secmingly unimportant detaile of the circuit must be
rizidly contrclled if the systen is to operaste satls-
factorily. To accomplish this air, the ﬁenéial Switch

Plan for the system must be very cumﬁlate and detailed.

3« Component nasigp

This paper 1s not directly concerned with the
aspects of component desicn except as it affecte the
~ operability and relisblility of the system zs & whole.
Heedles: to say, inferior equipment will rénder inferior
servicse. Put in a large ccmaﬁnicaticn net conslsling

of many diverse put interrelzsted components, the
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relisbility of the system is not even as good as the
worst caﬁpéucﬁt relisbility. A good analosy may be
made of the problem of equipment life as deiermiﬁe& by
vacuzrn tube life. If a picce of eguipment has but one
vacuum tube end it will last one thousand hours {assum-
ing all other factors constant) the equipment will
operate for one thousand hours without breskdcen. Put
if the equipment hss one thousand vacuum tubes, each
good for Gne>thsusand hours, the equipment is due to
break down once every hour. The analozy is epparent,
Aa the size and complexity of an integf&teﬁ ayctem in-
ereases, the reliazbility of the component parts must be
incre&aeﬁ proportionately if the overall reliability ia

‘0 be maintanined.

Similar cansiésrntiéaa are true for maintenance of
system quality, as was discussed under the problem of
tandem trunking. The capacity of each componant 1ink
. of the system mustrbé greater in terms of band width,
"line" loas, and distortion than that of the overall

system.

4, Test and Usintenance
| ¥sintenance plays a very large part in all phages
of angineering, for machinery camnnot repair itself. For

complete reliability, trouble must be corrected, not
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after it ocourg, but before it cccurs, Incliplent
troubles eanhet normally be detected by ordinary opera-
tion of the system, but must be ferreted out by com=

- pvehénﬂive detailed test of the system components, litem

hy 1tom.

Since the 3auara1 Switeh Plan daterﬁiaea tre over-
all aperatian, it will also &atsrmiae the operating
conditicn of esch of the camgcnentg. %ith this as &
sbﬁrting point, it is then peosible to develop teat
pééceéures 0 deternine that eoach of the component
elémenﬁs is perforaing according to specifications. Fur-~
%har; if the systenm is thoroughly integrated, #hnle gac~
tions may be glven routine periocdic tests which will
. quickly determine satisfactory conditlon of the secticn.
These tests could be given frequently and then, when
trﬁubleAdavalcpﬁ, the entire sectlion can be teated unit
by unit to isolate the troudble.

Auzan nature beiﬁg shat it 18, there iz no use

. having a test procedurs that is awkwsrd and inconvenient
to employ, for then 1t will not be employed. The tent
~equipment should be designed and bullt into the system
a8 an intogral part of the system and facilitlies provid~
ed to male test procedure as eagy and convenient as

posaible. The test equipment should be installed at one
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position convenlent to the operating personnel snd test
cutlets provided at that position to all the cruciasl

T test geintﬁ in the Bystem, Thus 2 brief routine opera-
ﬁi&n at'the tosl position will determine the opersting
conditlion of the system and adjustment can impmediately
be nade to ccrraﬁt ungatisfactory conditions. Too, when
'tbeﬁble develops, it can be quicklg'ﬂatevmined‘sné
isolated by use of the test board.

V SYSTEM DESIGH

1. gZeneral Requirements

Thic section is intended to provide on example of
the methods of sgstemfﬁeaign,as‘csntr&atsﬁ to the
approach of technical desizn. It 1z the credo of the
g#dern schools of architecture and sllled branches of
enzineering, that form must f&llaa'functicng zn the
past history of comrunication enzineering this rule hss
besn practiced in reverse, for the techknlesnl daszghers
are 1little inforred as tb the particular requirecents
of naval communicatlons and have provided equipment with
excellent technical design butgwhich lack the speci&l
features which make them sspecially ndsptable to the

naval organlzation.,

The first step of system desisn 1s to state the use
0 which the commnication systen iz to be put.



In intership communications, the problem of hande
linz long administrative messages is a difficult one.
They are ususlly toevlaﬁg to be sent via the tactical
~eircults and tba cém@lex ta be intrusted to volice trans-

mission, Visual means of communication sre 1limited in

ranze and in tinme. It is necessary thai scme~hew method

of rapidly éisﬁeaiﬁating gdministrative inforaaticn be
‘devised that will not conflict with the existing tacti-
i e&ilcivcuits,_ﬁhicﬁ will have a lorge traffic handling
caﬁacityg and will reproduce hhé meapages at the recelv-

ing terminals in positive form.

In the absence of definite statlstical information
as to traffic experlence, the following data will be

assuned.
1. Typen of g86rvice = « = = = « = = =~ Talelype
{ In order of expected use) Facsimile
volice

. 2+ Average lenzth of mesasge =~ = « = 150 groups

3. Faxinpum nuober of messages per
station served per hour = = « « « 3

4. Service aref = = ~ =~ = « = = - « « 25 nile
dizmater

5. Relay extensions = = = =« = - = = =~ 75 miles {two
tandem con-
nections)

6. Cireuit gquality (Carrier/uolgse) == 20 db

Ts ginimnm,lina lovel « = = = « « = « 57 AbRH

8, ¥aximum number of siations = - =« = 25
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Snecificaticns. Cchannels are to be provided in
sufficient nunhers so that, on the statistical
average, there will always be a chamel available
for use, All chamels will be aAvallable to all
stations in the system but wiil be used on a
rutually exclusive basis; that is, privacy is to
be provided snd the chamels are to bte invulnere
able to inadvertent preeuption by other stations
when in use by one station. {Privacy requires a
seleotive ealling syotem and sutomatic lockout of
unwanted stations.) }

' Teletype is to be the primary
method of communication with alternstive provisions
for facainile and volce. These facilities are to
be providsd at s nurber of substations within each
gtation. The internal distribution system ig to be
kept separate from the main intershlip system
throuzh use of & manual board commecting from sub-
system into the external sysiem. The internal sys~
ten will thus be avallsdle for intraship communica-
tlons when not comected through the manual board.

Ce 'ﬁysteﬁ Deslimn

The number of chamels required for this system can
be determined by the equation

fio. of Ave. length
N, = (gtations){of messaze ){¥essages/station/hour)

He = 1g§%%21L2} = 3 and 3/4 (or 4)

¥ith four charmmels, the system wlll handle &ll the

traffic among twenty-five stations with the probabllity
that thers will always be one ehanpél free. This is
based, of course, upon the predlicated traffic experlence
outlined above, and il it dovelops that the average
length of messnge 1s longer than three minutes, or that

during the busiest hours there are more messases



originated than aasumé& above, the system wlll have to
be expanded teo provide gdﬁ&tiansl.chanﬁéla¢

?er aﬁminiétrative'traffie it is sél&om.necesaary
‘that the chamels be full duplex, féf administrative
'éessages ugually dévalep idens or dispenminate plans and
inféfmﬁtivn in considerable deteil and do not involve
the rapid interchange of thought and commands required
in tactical circults. The channels can thus be Yone~
way" or breadeast chemnels, with one aﬁaticn.uaiﬁg thé
chamel exclusively for transmitting, and all others.
remaining in a passive receiving conditlen on that
‘ﬁhanael, The system will then have four frequencies,
one for each chamnel, and each station wlll have facile
itles for sending or receiving on all four chamnels

simaltanccucsly.

For geveral reagons, it cay be desirable ﬁhaz no
one station be allcéea‘to transmit on two chamels at
once. ©One reascn is technical in nature. =with two
“transnitters operating in close proximity, the posal-
biiity of crosstalk and intermodulation is increased
with interference developing on other chénnels.' It is,
from a ayatemgtie viewpoint, undesirable that one station
chould be able to “capture™ more than one channel for

this would decrease the number of channels thecretically
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avallable to other stationa. As & matter of good
practice, each station should be limited to the employ=

- ment of one channel at a time., This precludes the neces-

8ity of having four transmitters, and one transmltter
per statlon will suffice, providing it ie readily tun~ .
gble to any of the four channel frequencies.

o The aygteg‘will také advantaze of the dlrect tru§k~
‘ing featuwre of raéio ia cover the service aréa, but
beyénd the service éraa, reagort nust be madath tandes

, trunkiﬁg, or relay. This can be done in aevéral wWEYS,
but.cnly one will be desoribed here as belng the mc%h

é&tiﬁfactcrg.

It 18 not desirable that sny of the chamnel fre-
quencies uged in the service ares be used for relay
work, for this would reduce the number of avalilsble
chznnels for zeneral service. Relsy traffliec should be
cousidered as separate frem general traffic for 1t is .
net charzeable to the messaze count within the service
Séea when taking data for traffic experlence. Thus the
fizure of thrse messagesn per station per ﬁuaiast hour is
sxclusive of relay traffic, for this traffic does not
exint as part of the general srea traffic, but ia really

switch=throuzh trafiic.

Referring back to Fizure 11, it is sesn that the



‘same two fregquencles are used in zlternate links of the
relay. Starting at'gtaﬁian‘l.. frequency 1 may be one
sr'tﬁa general aervichfréquencies and is picked up at
‘the Tirst relay station. The 1nzaiiigence 13 extracted
and used to meﬁul&te a speclal relay freqﬁency fo. This
relay frequency does not then interfers with any of the
iai&er géneral ares channels but occupies much the seme
gaégtian in the General switch Plan as & toll cirpult
?9c¢§pies in a telephone deneral Toll Plan. It is s
_apocial throuzh cireuit for the excluslve use of long
distance traffic. This relay link is terminated at the
~ @scond relay station which delivers the traffic on an=-
other one of the general gervice chamels. ﬁyrthe use
nf.ﬁae ad&itibnal channel, ihe system has been extended
thraﬁgh two relay points. %ith two rela} channels, the
syatég“canl& be extended indefinitely {until 1lmited by
| signal degeneration), with & reverse chamnel provided; or
outgaing relay traffic csn be pent on two chamnels from
the gsme area, and reloy circuits may psss throusgh
severzl genersl pervice areaa'nithsnt preonpting chane

nelg reserved for loeal traffice.

3. Ranze of Tysten
The service ares hns begen defined ns a circle of
25 milon diacmeter. This represents a constructive fizure

for the nacéssary ares of communications for any in-
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dependent command £t ses. The mctusl service area is
really not definsble in.genmstric terns but is dependent
upon the relative positlona of the varlous ststions to
the center of gravit§’éf the system. BDut If eceh station
can provide coverase of 25 ﬁiiﬁﬁ radius,; the coveraze
arss 1o then but 25 miles in dlimneter, for stations on
,thé4pari?§ery of & 25 miles radiug from the centﬂf of
zravity will be then fiftg niles apért and out of radic
ranze, ¥ith uze of VHF=-UHF equipnmeni, ithe radio path
cannot be relisbly extended much beyond 25 miles and thus
represents the technleal limitation to the range of tﬁa

systen.

The ranze of a radic link 1s dependent upcn two
factors; the ameuﬁt of power in the transmitter, and the
sencitivity of ihe recelver. ?™ut the senglilvity of
recelivers has reached the ultimate in that the random
acisa'level sets the lower limit to the lnput sensitive
iIty. In the gﬁ?~3ﬁ?'regiqn, Figure 12 represents the"‘
threshold level of nocise below which a recelver cannot
o to detect wesk signals. BRelow 300 mes. the man-mads
noiss predonminates, but sbove 300 mos. 2ll external
nolse gources have dissppeared below the internsal nolse
sourcas of the receivoer itsslf. Al abcuZVBGO mes. thers

1z a minipum of nolce in the radio spectrum.

Using the nolse distribution Fizure 12 and the well



Figﬁreizinoi‘sevs?mm
- (greph)

Reproduce full Seale



83
established expirical formula

w-SE
Ewm d sin(2 ?E'hgh?} valtgfmet&r
{ ia b}

where £ is the field strensth at the recelving antenna,
# 1s radlsted power in watis
he 18 the helisht of the transmitting antenna in
moters
hyp 1o the helsht of the receiving antema in
“meters
‘ 1 is the wavelength in maters
and 4 is the dlstance bhetween tranamitter and reeaivsr
in meters. _
(1t is to be noted that this formule is valid only sith-
in the radio path horlzon.} The ¢arrier to neiss ratio
at the receiving station casn be calculated. In Flaure 13

this has besn done for & radioc path lensth of 25 statute
miles {22.4 nzutical miles) and antennas heights of 70

feete Tor a given confisguration such as this, the
carrier Lo nolse ratlico riges &t 8 rate of sbout 10 &b,
per octave. This is bsczuse of the decrense of effective
anteuna ares as 2 ncise rgceiﬁing device {neiae remain-~
ing substantially constant in field strength) whereas
the carrier {ield strength incresces with frequency to
exnctly counteract the decreassc in effective antenns
area. The curvature at the uyﬁer end is due to the
sharp rise in ncise level wmith frequency sbove 300 mceo.
The dotted curve regfeaeﬁis ratics merelnearlg cbisin-
able with sctual receivers for above 300 mes. the

recoliver nojise fizure falls of € at sbout the rate of 5
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db. per eﬁtave or more. In ﬁlatting thzé-cur?e the
worot condition has Deen aseuped ps regards e nolse
level, receliver noise fizure, receiver band width, etc.
é,reeai&er band width of 10 ke. heso been hoere ncsumed
thouzh only & or 7 ic. will be required for the proposed
types of gervice. Likewise the noige level sssumed was
that for urben dlstricts which have above medlan nolse
levels, %he result ig thet g zystem bullt on these cone
servative fizures will operste betier then required most
of the time and will oporate satisfactorily under even the
woet difficult conditlons., This oreates a reserve of
*quality® asainst trouble from faulty eguipment and pro=-

vides a2 margin for relay oporations.

The selection of as hizgh & frequency as technical

desisn 1o able to provide has several asdvaniegec.

{1) Reduced transmitter power requirsments.
{2} Small physienl antennse permititing use of
‘ arraybs ,

{3) Ample Rand w»idth 2vallable.

{4) Low nolse.

{5) Fewer anomclous propogation effeqtse
Prom Figure 13 1% cazn be seen that an égtimumfaperatlng
frequency would be at about HD0=-500 mcg., a8t which frew
quency a 35 watt transmitter would provide the specified
20 4b, carrier %o noise ratic. Begzuce of the present
frequency allocations of thig Land %o aviation ailds,

radiosonde, and similar services as well as to military
communications, it mey be necessary teo use g somewhatl



lower frequency, say st 300 mes. but only a slisht &if-

ference in C/5 ratic would result.

4., Yodulation f

?régneﬁcy modulation has one guality ss 3 communi-
cation link not to be found in amplituds modulation.
‘¥uch has been arzued about the nolse reducing capabll-~
' iéiaa of fﬁéqaeacy modulation but the real sore of the

aa&tér has been sopewhat underesphasizsed.

The mest difficult problem in redic comnunicstions
1s that of maintaining line levels constand regerdless
of weather, time, or varying geosrephical positions.
¥ith amplitude forme of modulation, the siznal to nolse
ratic of the recelver outpuf is variable mith distance
a3 the carrier smplitude decreases. Of the tiree attri-
tutes of a‘raﬁia wave, anplitude iz the mopt susceptible
to distortion whereas frequency 1z the least suscspiible
$£0 variation in the progess of transmission. Since
frequency, unlike amplitude, is invariant with distance,
then the sizgnzl level in z freguency medulsted carrier
1s Indespenient o¢f the radic path. This festure ig very
important in mebile comunications where the radio path
is continually chansiinz. The facﬁ that the sisnal level
in a freguency rmodulated carrier chaonnel will remain

gonotant mokes 1t pessible to assizn the elircult a

86
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definite coefficient and to enzineer the systen ezsctly

ag thoush 1t were s wirs line,

- The chlef disadvantage of freguency modulated
systems iz its susceptidility to interferenco, intentional
or otherwise. The sang caplure effect, uhich zakes fro-
quency modulation so impervicus to interference in fixed
services such as brondceast, sorikes Lo its dissdvantase
when ugsed in movile services shere it is apt to ke in
closer contsct with unwanted esrriers. If the wonted
pignal is as little as 6§ db. stronger, the receiver muill
diseriminate very heavily in faver of the santea”signal
and the wnwanted siznal =ill not cause interference.

Rut if the roilc is reversed, the unwanted esiznal will
cap%aré the veceiver and block the circult. This is
serious in shipbosrd instslletions, for the spuriocus
radistion of transaitters on cther charmels may 8$ﬁ11¥
be 6 db. stronser than the incoming sisnal and thereby
block the circuit. #ith ampliiude modulation, the in-
tarfering sizgnal must literelly Ydrown ocut® Lhe wanted
siznal by sheer power and the smount of interference in
the cutput is directly proporticnal to ratio of inter-
farence to carrier at the antemma. This is not sc fop
frequency modulation, fer there is an improvenent factor
operating in_favar of the strongzer siznal. Infortunate~

1y, the receiver is umidble to dlstinzulsh which slgnal



is ﬁhﬁ wanted aiznasl, but merely rencte in faver of the
strongzer. ; ‘

‘ The asny'fazt&%s concerned, when considered in thelr
entirety, tend fo favor frequency modulstiion. The fact
that, within the service ares, the clircuit coefflclent
rexaling oonstent regaprdlsse of rg ie-§a$h prozises more
uniforns ant stable communicetions with frsquency modulas
~ tlon. Put alsc there are several other factors not to
ylﬁﬁjignﬁreﬁ. #ith & siven set of tubes, 2 frequency
modulated transmitter mey be operated to the full rating
of t&a %ﬁba, an increage in geé@r of about ten percent.
The modulation equipment is nezlisible, fgr modulintion
may be performed st low levels and Class € amplifiers

usad theresfter.

There 1s no resson why the relay links cannot, on
scoasion, erploy medium or high frequsney smplitude
,aaﬁalgtad earrlers for long distance links without in

any way affecting the oOperation of the local ssrvice.

Having selected frequency modulation, 1t is tipe
to consider tie requirements of the types of modulatora

specified for service on this pysten.

The hishest frequency required Lo be sent is 3000
eps. Both voles and fecsimile regulire this band width
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“thouzh the lower limit for voice 12 250 cps. and that
for facsimile is about 2100 cps. For teletype, 1t 1s
‘posslible to use fraguaﬁey ghift methods of modulation,
;;fervfrsguaacy shifs koying ic closely allled to frew

, guéaeyiﬁaﬁﬁlatinug ¥ithout geoling Intoe the technicsl
*éétaiia, it is posslble to place any of the three types
‘arhgaéﬁlaznra upen the carrier within the same band
wﬁéﬁh and with the paze freguency modulation ﬁaviat:aﬁ.
éﬂg of the threo may be placed upon the circult glter~
natively without sny slisrstion of the emuipment or the
mode of operation of the elrculit. Zince thls s a

- broadesst system, there must be & prearranzed operating
procedure, for there is no opportunity to talk back anéd
forth on the elireuli. It 1s expected thet isletyy& #1ill
be the main service chamel with facsimile and velce
being used for spscial services. 311 stations will
ordinarily recelve with teletypss on the line and will
shift o the other forms only when directeds

5. ESwitehing

Thip entire system ig dependent upen the suscesaful
desizn of the terminal sclecting and awitching eugulpment.
#any of the functions r&quirea of the system can only be
‘done by autonmatic switching and zeneral employment of
the traffic eniling technigues developed in telephony

syetome. For flexibility and spesd, it 1e necessary to



usg both sutomatic and msnual switching, with the aubo=

matic switching dolng the vast majfority of the sork.

There are two reguirements for thisg gysteni suto-
matic lockoul of unwanted slatlions, and privacy. The
first ean be providsd by the use of sutomstic chamel

salezetion at the sending statiﬂaskas that the equipmentd

~ @ill never comnect to & busy channel. The second re-

| éuiragegt can be meot by selective dinllinzg connections
ét'the regoiving atations. Selective dialling can be
made most flexible; and calls may be dislled to comeot
one atation, particular groups, or the entire aﬁ£ Ry

ba ﬁiallsﬁ,‘sailzag in ézi‘staniens for a general cone
ference. Any dialling combination desired can be pro=
yided such that every shilp, every command, &nﬁ.every C OB
mand echelon could have separate call deslgnations. 1#
this way, the problem of channelins calls o the desired
addressees $s gutomatlcslly solved. & destroyer squade
ron commander could connesct separately to any one ship
within his command, connect separately to any one of his
division commanders, or comect ¢ 81l of hile division
commandsers collectively, or to sny division @s & whole,
or to his entire sguadron salleetivels,‘&araly by dlale

1inz tho correct combination.

{nee & connectlion is mede throush the sutomatic
terminal, 1t io put up on the msnusl board of the called



staticn. The four recelvini channels are brousht out at
this board, along with the a§§%ra§¢eé for the relaﬁ link
trananitiers and recsivers. 5lst appesring on this
board are all the substations of the internal systen.

Tn incoming calls, the connection must be made throuzh
the pwitchboard (though it mey be patch connected fTor
eny desired lenzth of tLisme) to the internal system whlch
2111 have its own desizn patlern to it the neods of the
particular ship or station. The ocnly raéuzremaﬁ&s on
the internal system of the stiaticn is thet it meet the

external gystesm with a mateh in impedance, line level,
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and frequenoy responge characteristic. Seyond that, the

systems are independent. On outsoinz calls, the order
is given 1o the switchbosrd operator shio then connects
the internal gystem to the external system and &lala.

ipon releasss of the dinlling key, his work iz done,

The exact configuration or lay out of the switch-
ing terninal is nat 1@@@?&&5& in this discussliocn as
lonz as thevsalieni featuros of 1t c¢peratlion are clear.
The main points in its operation may be set forth in
samﬁary as follows = |

1. The channel Selector tests the cutpuit of each
race wer {(with CCDAN) and wlll stop only on an
1dle channel. The etepping sction of the selec~
tor also selects the propaer channel for the
transnitter, brinzs it %o that channely, snd puts
it on the air, The lost time between channel
solection and transmitter tune up rmet be small.
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If the gelector finds no idle channel, 1t will
step slonz to a busy conneotion, and glive &
BUSY indlcation to the operator. The above
gequencg of opersticns is activated by the ine-
sertion of the input comnecticn in the board.

2. The operator disls the desired station. The
fact that there is now g carrier on the aly pree
vonts interference Ly zmny. other station inadvers
tently attempting t0 use the channel, This
provides lock out of other stations. An emer-
gency provision could be mede thal the cperstor,
by elosing an epergency swlich, could cause the
channel selector -t6 connect to the {irst channel
in its course, and the transmitter then be
enerzirzed. The operator could then break~in
and direct the channels be cleared for emersency
traffic. This detsil would be guite Gifficuls,
and ghould be unnecHsaary.

3. The inconmins siznnl onerates the CODAN which
connocts L0 Lne selective rinzer. The dlal
pulses operate the ringer and connect the recelye
er cutpui throuzh to the monuzl board., The ope
&ratar ansRers zhe indleator light by connecting

2 teletype reperforator and awveits further con-
aectin% instructions,. Ee may be instructed to
connact throuzh Lo scope particular azubststion,
or he may t&k& the entireg mepsage on his reper=
forator and then retranssit on the internsl
gyastem for delivery and routing,

4, The relsy links are brought out entirely inde~
pendent of the rest of the terminsl snd is
handled on a full manual basis, Supervisory
slonals may be by volice, or by sslecliive tsnes.
from the sending operator. ,

6. Fature Planninz

Thiis system hias been bullt on the unit of four |
~channels which is also the normal number of shkipa in a
tactical division. € independent maneuvers, esch ship
in a divisicon gould thus preempt cne channel and provide

full duplex operation. There ls no rsason, hovwever,
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uh# suitching pravisiaﬁs for, say, ten channels should
not be built inte the syaten so that it is merely neces-
gary to add anciber t?anamitiar and fﬁnr rea&iveré-in |
order to double the systenm eagéaity. iarze ships ang |
commands rizht even héve elzht channels uwhile the smeller
units have but féura The channels would be split at the
‘manual bosrd so that the larze units could use half the
?aﬁiliﬁies»fcr comsunicntions amons themselves, reaarv~-
ing tha.nther chanmels for the smeller units, which,
t&ﬁu%h greaster in number, do not orizinate so such trafl-

fic.

vI CQUCLUBICHS

The succesaful systeme designer must have three
attributes.

1. Techknieal knowledse of the possibilities
an3d limitations of electronics to perfornm
required fasks in the projected systenms
plan.

2. Cperetional knowledze of the reguirements
cf the particular gervice tec be served
coupled with a complete understanding of
the ohilosophy and structure of comaunics~
tiong. .

3, Imazination.

The principles of systems desizn are very broad and
defy strict classification. This ie due In part to the
many diverse purposes of communications systems and in
npart to the fact thet any particular probles may be

. pueccessfully solved in severanl differsnt wsys. It 1s
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the attribute of imazination on the part of the ensineer
that ensbles him to devise and select the best solution
for 1nsnrpc?atien.intn the particular éyatem under cone~
sideraaien; it misht slmost be said that the only really
genersl principle of gystems deszizn is attention o
minute details in sgniheaizing the soluticn, and strict
adherence %o the hizhesi, most ex&czing'staaaaras of
enzgineering desizn dﬁnsiateﬁ$.ﬁit§ the economic conslid-

erations of the problem.



TABLE I

Thig table is not intended to be definitive in all
the technical aspects of medunlations and modulators,
but is meant {0 provide salient information on t&e par-
ticulor aspaeta affecting system deslizn.

Vaice-zaleyhﬁny Spasotrum: 250-3000 eps. The human
volce 1o n complex of the freguencies
from 100 to 10,000 cps. but zdequete
gquality is provided using only the band
2503000 cps. The power of the volce
resides In the low frequencies wheresas
the intelligence is modulated in the
hizher frsquencles. The normal pouner
level of the voice ig sbout 100 4gb.
below 1 watt/ sauere ceatimeter, with
a variation of »lusz or ninus 10 db.
betwsen the gtrons and weag talkers.
Converted inte elecirical enersy by
siandard miorophones, thease lsvels core-
raspond to normal line levels of about
=4 dbm. ®with a spread of plus or minus
3 4b. botwesn atronz and wesk talkers.
Porks of the order of § to 10 4b. above
the norm may be czused by broad vowel
gsounds which have hizh power content,

A volce to noise ratio of 6 db. ig the
sinioue ratio for merginsl intelligle
bility and 13 db. should be the minie
pun allowable for enginesring purposes.

¥anual

telegraphy  Spectrum: 0=-50 cps. Telesraphy is a
direct current sizsnalling system whers=~
in the current is Iinterrupted in cone-
formity to an intslligence code. The
transient harponics senersted by the
Feying are a function of the keying
speed, If tone modulaticn is used, the
spectrun is thst of the tone, plus and
minus the keyinz spectren. The sverage
telegrapher can schlave 2 apoed of as
muech as £5 or 30 net words per minute
for short bperlods, thouzh 15 - 20 net
words per ninute $z tho ususl averazs
for long periods. {Het words per ain*
ute is based on words of text per mins
ute of clrcult time., The tize concumed



futomatie
telegraphy

Teleprinter

facoinile
Black & ¥hite

in headinss, addresses, and operating
instruetions iz charged as circult
tims.} However, manual telezraphy has
the advantaze of belng able Lo cperate
under marsinal conditions when all
other systems are blanked out by noige,

Spectrum: 0~-300 epe. High spped Forese
code gent from prepared tapes and ro«
cordsd automaticslly on inked $avpes.
Provides a poaitive rescord of trafflc,
eliminating the peycholozteal effects
on the recelivinz operator. {perstes at
hizgh spesd {300-400 net words per mine
vte), Experienced persommel still re-
quirsed for operation of eguipment and
transeription of messazes from receivs-
ing tape.

Speotrun: 0«23 ops. Teyboard printing
gperationg are converted into direct
current telezraphic code siansls for
transmigsion on wire or radio links.

- Eeyboard operations can also be zade to

prepare tape for gsutomatic sending, or
gperste cther zwachines 4o print nmessags
in page or tape fornp. Hes adyvantage
cvar cther forms of telegrephy in that
transeription from code is done autpow-
matically by the machine and no exper-
ienced rersommel are required to trans~
cribe text. Inexperienced personnel
can achleve speeds of 20-25 nel words
ner minute in keyboard sending while
tape gending is at & standard aspeed of
about 50 net words per minute., (60
words per minute sending speed.)

Spectrum: 0=-500 c¢ps. {dependent upon
definition). ¥ill transmlit printed
page copy or line drawvings. Scamning
of copy determines whether black or
white siznal is to be sent and systexms
operetes In an on-off aanner. Speeads
of ag hizh as 300 werds per sinute pay
be obtained when sending from the best
copy {clean black print) snd photo=
graghlic pethods of recording are usei,



Facainlle
Half tone

Televianion

Crdinary spesd from typewritten copy
and direct recordinz is nesarer 50 net
gords per minute, One dissdvantage of
faceimlile 1 that the quality of ree-
celved copy cannot be resenerated st
relay points except by preparing new
orizinals. ©On the cother hand, {oce
simile records the actuzl received
slgnal permitting reconstruction of
text destroyed by nolse. This 4iffers
from teleprinter wvhich makes an interw~
pretive declanlion as to the inconing
siznal snd then prints a charscter.
The teleprinter cannct dlicerizinste
except asxninst impossible code combinae-
tions. If noise aliers the aspparent

ecde, the teleprinter will print what

£% thinksg 3t receives, not thaet shich
iz setually received, Pecsuse of thias
fzetor, focsinlle can operate under
more sdverse nolse conditlons than
teleprinter.

Spsctrum: 92000 cps. Transmisslion
reqjuliresents are ruch nore strinzent
for half tone prianting than for any
other type of cosmunicsation circult.
Line levels must be kept mithin 1 db.
dupring transmission and delay distore
tion pust be less than 3 millliseconds.
variastions in line level will change
the pleture contraat and chanze the
lavel of black and white. variation in
d4eley will csuss the formation of
Fzhostas® and shadows.

aneotrum: 04,000,000 aps, [Tepend~
ent upon definition). Television ia
essentially high speed facsimile using
tranaient recordins on a cathode ray
tube, enabling it Lo transmit moving
scenss. The value of telsvision as &
pure cosmunication system is proble-
eatical because, for Just compunica=
tion work, it does nothing thet other
aysteme don't do better. It may have
limited usefulness in intellizence
comunicailons and for broadessiing
fast moving operationa {such aa & CIC
plot in combat operations.) The



extremely hizh guail %y cifﬁﬁ*ta

- guired for &Bievizien do rot ﬁi?@
refurns cosmensuraLe «is& aawrgy and
~equipment vaqnirva, _

iaﬁu&aﬁic

%ﬁﬁlitﬁﬁﬁ mﬁéai&tzaa.

Prequency modulation.

The aagiitu&s-6f th@ enitted

earriaer 3o varisd in accopdance

eith the podulator sigosal. Pax-
frue modulation spplitude is
equal Lo the oarrisr asplifude
shich makes the circuit net lone

7 rariatle itk &lstznee. The

gideband snerzy ls cupplied by
the medulstor syolem end amounis
te £5% of the czrriesr power st
1007 modulation. For given tube
pize, the carrisr power, when -
nodulzted, musdt nobt be more than
80% of power capabilities of
tukes. Holise hes a2 predominately
amplitude chzwracteristic oo thset
amplitude moduletion systens are
inherently unsbhle to ﬁiseri&&na&a
azainst nolse.

he frequency of the varrier la
ghifted in sccordance gith the
pmodulated intellisence. The ag~
plitude of the carricr is nog
altered szeept as incldent $0 the
frenuency modnlation process.

™1l medulstion s sn arbltrary
deslan definition dependent upon
syaten reoulrerents, end mey be
gent at any level, Cvermodulstion

‘hes no soenling 9zaﬂpﬁ.aa & denlsgn

gefinition, Y¥oduletion level is
indenondent of caryier smplitude
and thug independent of radio
path. Fodulator need suprly no
poser 40 the side bande fTor zlde
band poper is derived at the axe
panog 0f the sarrimr Qase?. The
cuiral tubss in an i %#an@ﬁi%ter
thus may be sﬁcfﬂﬁeﬁ & waye ob
full output §ﬁ§ﬁ¥'?&tﬁﬁ§a_ﬂﬁ?
limiter zotion In Lhe resoclver, PE
dlgorininntes azzinst nolise.
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Pulse modulation.

There is no signzfinant‘éiffareace
botwean F¥ and phase modulation in

- operadicnal aspects. The main dife
- Terences are of t&chuicai slgai£1~

gance ocnly.

Fulese modulation ig asaentlally &
ferm of amplitude modulation since
the carrier is first pulse modulsw
ted and then the pulses are theme
selves modulated in agcordance vith
the modulater intellligence. 3ince
the receliving equippont 1z sensie
tive cnly to the particular modulas~
tion on the pulse, and not to the
medulation of the carrier itself, 1%
iz ingensltive to the varicus types
of distortion whick affect the
carrier. Pulss modulation can be
achieved in four wWays.

1. azplitude-amplitude of pulpe
varied as Iin copdinary carrier
goplitude modulatiocn.

Ze time - position of pulse in tinme
is varisd about the sverage or
mesn position. Is likze phose
wodulation.

3. ®width - the duration of the pulse
iz varied with modulation.

4, umbera = the number of pulses
which ccour in & unit interval
a§ time iz varied with nmoduln-
ticn.

The chiel advantazes of pulze node
ulation are {1) the high peak power
level possidle in pulse tachnigque,
{2) popsibilities of clipping to
eliminate ncise, {3) multiplexing
by time sharing of carrier since nc
chamel needs the carrler longer
than for its pulse 1o be regsister-
ed., The band vldth of the system
varies inversely with the pulse
length avd for a 1 mlerosecond pulese
is about 2 mesacycles. At the
present state of the art, direc-
tive arrays are necsssary to cons-
centrate the power towards the



receiver. For ihis rea&ém pulse
modulation gy etiems are not sulted
to naval communicatlons.
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