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11 Ootober 1945 

KtPOld or uiM lkltlP'.dir cplr,.q tm 

I. ~.C.iL1.L.EU WI -"hl.J:il&.. lt. 1& tbe obJective ot this CODIIUt.t.ae to .:.1atline a 
prouam f'or tbe deYalopRent of taaill ties f'or transmission ot telephone and 
telegra.1il signals and. other fOl"'IB of' iDtelli1enoe OYer wire linea in the 
!'raT CCIIIIUD1cat1oa nAtsm-lr= I!: ~..!! e~"!!!!f:Ct!cm,. A;he=e 1a a turttusr require
met that tbe a1gnala traum1 tted over the wiro Unea ahall be capr:~.~e ot 
!'Eih'B!!..,."!!eiO!! b:" '!lot!ael" transmission mediums, partioularq radio vitbout 
additioDSl. com.pllcated ectul:Pilenli or operating procedures. 1be t"ollo~lng 
gmeral ttpes ot equ!paent and .t"aa1lit.1es are reqUU"ed for solution ot th:l..a 
problem. .. 

A. ~ares and cables to serve as a tresmission modi•· 

B. i:quipment I&Dd tools for iDatallb.tion ad malnt.arumcG or the wire 
linea. 

C. ~tat1ou aquipaent tor conversion ot Jntellipnce to and. trc. 
electrical eoergr. 

D. ~vdtah!Dg equip!ellt suitable for .lratercOftDectiDg a..ll similar 
00111m1m1aa t1011 alu:aanela. 

1. fnnsmission equipment tor greater utilisa.tioD ot tbe transmiasi011 
m.edium. 

II. ADV.Adeul WI'.IiG ,.uzu..D tUft II. Dllring tba t:t. between tbe oponing ot the 
Eu.ropear& .. ar ill 1939 and tbe Ullited States• ent17 1D 19411 lllBD3" sil611t1cBDt 
developm&J'lta were IIU&de 1n the Arrq wire cCI!IIIIUD.ications equipaent. f'ne ex
ploitation of mobile warfare by the Germans 111 th the grea:t.l.J' lncrG&aed 
distances for •1ich commurdcations ,;ere required placed great .a11pbaais oa 
the ncod. tor better t.ranaaiaaion. DDri:.ng tbia period, all presently a'V&:I..l
able carrier telepo.one and telep-apb. equipment, a,piral-f'our cable, the two
wire f.epeater IE-691 and. tho tour-wire lfspeater .tE-99 wore developod. Iz~aproved 
construction IIIDtt.lOds aucn aa rapid pole line coust.r.zction t.ad tne develo unent 
or t.;,e cablo plow .rere also conwmma.ted, bu.t were never c;enerally accepted 
tor uae ..n the field. SUbsequent to tr1e Urdted States• entr7 iD tue 11111"1 no 
geo.on..l tad."Yr&nCe in tue art ot llire cOIIIIIllmlcatioD was m • .d.e, most it the etiort 
bein .. • e:x.peaded 1n a search ior rnwstitut.es for critical -.tvr1ala1 1m)D.-ove-
111811t of the perf"Ol'DIIID08 Of the equipment b,p' cbunges iD ~echlmical &JUl 
electrical ciasit"D, and the mo:i,s t.ure and. tuDgiprootia.g oi' eql.dpnent tor use 
in tne troa)ic11. Prior to the cessation ot M8til1ties, a nUIIIber ot an 
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projects were aut4or1zed, soma o:l 11t1iah arc a•Jproaahing complEJtion such 
ns hi~ speed coile 11 lightweight field wire, a new field Bilitchboard, and 
a ligh.twEJijlt telettpewriter. Other projects have more rocen~ been 
aut.:.oriled, ad no significant pl"Obl"eBB has been mtt.de to date. These 
projects are included in the general diBCUBsion of required research 
and dovelopnan t outlined in otuer parts of this report. 

Ill. Pl!»iEijJ §'W'U89 

A. GeaeraJ.. !here are a good m11117 items which compriae tbc list of 
wire aO'IIIllmie&tion equipmeats. Many of tb.ese are adapted from the coa:mercial 
field. vitb little or n0 cnange in design, either because ot' ~lar Department 
policy, ' lack or developnent tlmds or lack o£ time to prosecute developoent. 
This hu resulted in IIOJI8 equipnent being extremely heavy and bul1q for 
milit.ar)" use, p.rlicular~ when man-packed or used by p.~ollute troops, 
and haa aggraw.ted the suppq problem beoauae or the necessity to~:- using 
non-intercr..nngM.ble parte made by di££8l"GJlt manufacturers for tee same 
piece of equipment wnen expansion or the sources of supply' became necessary 
1n .,·l&l"tim.e. In addition, a great J:II8.D1' wiro equipnents or vari.ous delligna 
and. J!'.akes wenJ beugbt tar use in tb.e fixed plant. All this equipment was 
handled by the aame supply organiaationa and as a rEJsult, t.be number of 
parts waich were kept in stock was enormous. It is believed tba t this 
trend hW5 been roaognizEJCl and in tbe future, developnent oi' equi:pnent which 
is sui t.otblo tor both fixed plant and tactical use will be oo.de wherever 
possible. Discussion of the present atatus or the various clb.sses of' Ydre 
communications equi:pnent follows. 

B. Wire and Cab1e. 

1. 1he maJor standard it8ll18 of' equipDent "" &S f'ollowsa 

a. Wire \'1-130-( ) , lightweight assault Y:ire for t'orward uae. 

b. Wire W-110-B, general purpose field wire. 

c. Wire \'1-143, lone distance fiEJld wire. 

d. Cable Assembly' CC-358, spiral-tour cable. 

e. Cable ?IC-5.34 and f.C-535, five and ten-pair cable ueed u an 
entrance cable for field wire linea at command pouts 11 and other concentrationa • .. 

2. The development. of ligntnigh.t. field Wires '1"D-1( )/'n and 
\1D-l4( )/rr is rapidl.7 approaching completion. T'nese- wires employ new 
insulating and protective materials and have the range of present field wire 
wi tb about 2/3 of the atralgth and l/3 or the weight. 
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,3. It io aicPU'ioant tuat. all mres listed are 8Uitable oraJ.y for 
voice-froquea07 t.rau&Rn1•aion, UOGpt epiral~tour oablo which is aatiatc.cto17 
for transmiaaioD of fl'equanoi~• up to 16 ko or 4 or 5 voice cbalmela. 

1. '!be tol.l.owiDg maJor items ot equipment are now stf.o..ndard 1u. 
t..&is oatego17a 

a. Carrim" tele}ilone and telegraph equipuent or the or eeriaa. 
This equipment providee tour telephone ohamlels tor tnmaission over spiral
four cable on a f'aar-w:l.re baaia or over open-wire linea on a t.wo-wire basis 
and is capable ot utilising 8117 voice ahwmel to derive eix C&lTior telegraph 
channels. 

b. &peater D-89, two-wire, battery operated, 21:.type voice 
repea. ter for f'iald lines. 

c. 1\epeater EB-99, tour-wire battery operated, voice repeatc-.r 
tor field llnea. 

d. Repeater TP-14, t110-1dre ba.ttery or power opon.ted, 22-type 
repeater tor e;eneral use. 

e. Telegraph Terminal 'ID-l( )/TOO-l, equipment wnioh prondes oae 
carrier telegraph cbaDDel 1n tbe middle or ILD1' 'ftice chamlel wi'dle ret..L1 n1 ng 
tl:le use ot the latter. 

t. Telephone TP-9, telephone set w1 th vacuum tube amplitiers for 
both talld.ng and Usteaing use on extended field llnes tor point-to-point ooa
munica tion. 

2. It is aignitiC81lt that a 'IIIB.X1.mum of four VPice channels can be 
placed on field L'aoUitJ.es with these equipmenta. Voice-frequenc7 communica
tion ia:~ still U~S!t£ exclusively in the lower echelons. 

D. Line E9u1pgent. A large number of items arc includeci il'l tb1tl class 
of equiJ,D€1Dt includ~a reels, recl. units, cable h.t:lngers,. poles, pole hard
ware 1 m"Osaal'D!S, insula tors, J.iDemen 1 a personal aqui:pDent, eta. For tactical 
line constrllction in torll&l"d area.a. Axle RL-27 and P.eel UDits m.-26 and HL-31 
are the main items oi' ec:tuisment used. field wire is extensively used tor 
ties. In pol.e line COD&truction, the methods and eq,·""'-PIIlent used tor rural. 
telephone lines in this country, IIUoh as Class 9 poles and truck 1:-44 pole 
set.tiDg equipuent, are still 1D use by the Arlq. lruoks lt-4.3 and K-44 are 
still listed as standard itau on rablee of Equipaent. Hcr.rever, axperience 
in the European Theater indicated that these trucks were not aatis£~:£Ctol'J', 
ei toer as a motor vehicle or aa a piece ot Signal Corps equipment. At the 
close of the war in that theater, oue field Arrq bad disaarded both vehicles 
referred to 1n favor of the sta,ndard. 2-1/2 ton, 6 :x 6. Rapid pole line rmd 
multi-airline oonstru.ctiou methods using structural timber havo been used to 
a limited extent. Plow-in methods using Plow LC-61 or a modif'1ed plow, were 
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omployed larg~ cm an experimental scale, llo\1ever, it is felt t.uc..t there is 
a very dei~inite opportunity tor d,velopent in tnia reapoct.. Overall trunk 
line construction equipmea t romaine too bul.kJ and heavy, aud trur.k line con
struction methods aro ownborsome and. far too slow. 

E. TeJ.emone Mtchboard§ anc1 Station &mianept. 

1.. f~ephope S!itohbgards. 

a. .All preseut standard telephoae swi tcbboards are of the 
manual type, fhe major telephone centnl. ottice seta and swito...~boarda now 
standard are Uated belowa 

(1) 

(2) 

~elepbcmfJ Central. Officae Set 1'0=19, t!ajor component 
Sw1 tohboard BD-UO. Ca.paci tq a muimul1 ot 6 poa_ .. ions 
with 4 trunks, 60 CODDDOil battery and .30 magneto li11es 
per position. Used at Arrrq and Anq Group. 

1'ele~ otrice S!t i'tbi· Kajor component 
Std.toh B • CapaeitJ' a maximum ot 2 positions 
(non-multiple) with 40 common battery, 20 IIIL:.f.llato 
l:lnes and 4 trunks per posi,tion. Used at Corps, 
(This aet •• recently replaced by Telephone Central 
Office Set AN/'l'TC-3. i..ain component Switchboard BD-120, 
Capacity- or J positions with 30 COJr.mon battery and .30 
magneto lines and a truDka per position.) 

(3) Telephone C"JQ Office §et TC-J.. MaJor component 
Switchboard • Capac! 'G,y one position with 40 
~eto linea, Used at Division. 

(4) Tel.ephsme Centra! Office Set TC=J,2. l£jor component 
Switchboard BD-91, Capacity one position wi~ 20 
magneto linea. Used in echolona bel.ow Division and 
1n AAl 1m1 ts. . 

(5) mtchboards BD-n agd BD-12, Six or 12 line 1101100ord 
eld switab.boards used at Fiegiment and Battalion 

levels. 

(6) @!itchbo&rd 88-ls/Q%, Very amall, emergmcy, six 
line field nitchboU'd1 usiug Adapter PlUg U-4/GT as 
line unit. Tel.epbone E!-8 is used as the operator's 
aat. 

b. It w1ll be noted that there are tour different tqpea ot 
the larger telephone central office seta. 1110st of tb.ese types are made bf 
at least tbree di£terent IIBDU:f'acturera. Component parts of 1:he awitahboard 
made by one IDBDutacturer &1'€1 ra.rel.Jr 1n terchaugeable w1 th those made by 
another. As a result, the oomponent parts ot aU manufacturers must be 
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kept. 1n stock Beparateb. It will a.:t.o be noted tbat the hea.v, b.1l.lq field 
Swi tchboarcla BD-71 and lJD-72 were designed about revtt.mped rJorld • ar I sw1 tab
board uni ta in ..mat was though tr to be an eOODODJl' move at the time because of 
the la.rge stock on hand. Fortunately this bo&rd will aoon be replaced by 
Switchboard ~PT, an eipt-line lightweight field switchboard of the 
paton cord type wnich 1B leas than 1/2 of the weight of: the present switchboard. , 

2. TSL•t!hon• Station Bit&· 

a. The major items of equipoent no:.Y standard Wld in use in 
this aa teSOlT follo•,.,. 

(1) 'rele!Xlone EE-8, standnrd field set with leather or 
oanvas case, capt.ble or baing opE..-ra.ted on eitl1ar 
local battery or common bat;tery lineu, ar.ploys 
Handset 'f8-9 and derives pcmer tram two Battmiea 
BA-30. 

(2)'l'elet:wme rP-3, this telepaone is similar to felepb.one 
.EI!:-8 except the. t it uses llandset rs-10, sound-powered 
type. • 

(.3) felf){ilone TP-6, a standard commercial desk telephone, 
w1 th certain minor ch...ngaa to make it n.dE..ptc.ble tor 
Arm7 use. 

b. The perf02'111tlllce of this category ot· equifG18Dt has been 
generally aa.tiatactory, except that the handsets in general do not fit well 
under the ~.-1 br:A.ttle helmet. 

r. 'l"olegn.JJb Switchboards and Station Equipment, One of tbe major 
ad.va:nces in wire oomnnmications during this war mul the grea.t17 expanded 
use ot• the toletypewri ter for communion tiona. The speed, accuraa,y, and 
dependabUity of this type of communication by any metl1ud of t.ransmiasion 
has been a veey important factor in the m'ticieney o£ communication S)'lltemll. 

1. Telesra.gh Swi~ Fa~. Telegraph Centre.l Office Set 
Tc-.3 with its major oomponent 8\'ii.tchboard BD-100 .tS.s genera.lJ¥ and liidely' used 
in the field. The nitcnboard operates on a neutral basis with 10 line capa
city~ ll.tree swi tchbot.rda u:ry be opera ted toget..1or to g1 ve a tot.a.l capac! ty 
ot 30 lines • • 

2. TelesratJb. wtat1on Eguipmt!lt. Itanrs of equipment in tl'ds category 
which are no~~ sta.ndnrd follow. 

a. Telegru.:ph Set TG-5, a emall, manual.l7 operated, telegr.o~.ph aet 
i'or transmission ot 1nterDali10Dal Morse code. ifitb the advent or the tele
typewriter 1 the use o:t' tnis set has grea t11' declined. 
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b. ~~~~- 8et1 EI-97-A an4 P-98-A. Principal CODlponaat 
!eletTpewri tar m-~~ ibis 1a the Talr~'tJpe C.JZ"p. ;1.5 Printer w1 th etancJard 
kqboazd adapted for Arlq usa. It ia very c;eneral.ly uaed :lD all echel.oDs f'l-aa 
Division upward 8lld in fiDel plant, 

c. Nat.tptlirit!r Se1; l:Z-l,Q2. Prinoipal 001!lPOJIODt felatn-
writar M-37-( ). !his aqulpacm.t 1e s1prllar to the fG-7-( ) acept that a 
•teorologiaal keyboard 11 EIJIPlo7od. 

d. Reparforato£ f-tetypaw£11;ar Set TC-16.._ Principal. camponmt 
Bepa:rforator lranlll!littar fC.:Z,..:( • Tlda oarapcxu."Dt ooaaiat.s o£ two UDita, the 
printer ropertontor for prepar1Dr. tbe tape ei thar by local k'Q'board opel"atioa 
or .froz:t received 11Do llisuala, BDd a tranm..itter-distributor tor trcnamitt!.Dg 
the p1-epu.rod :aeeaap a¥er tbe li!ae. Used quite G:Xteua1 veq in the fixed plaDt 
at telet,r~ewriter centers a.uri to a limited extent at J:I:JfT BeadqUilZ"tara ud 
higher echelons, although not authorized equipment. 

e. Repeate;r ~t N-18· llt'jor COIIPOJl&nt Repeater 1'0-3(). Polar
mtial type d-e term111al ·~elegzoa)il repeater tor extending telet.,-,l:lErai.tar opwa
t.irlg raap on f'iold and opm-wire 11Des and alao to interconnect U, s. Bl2d 
British tel.egraph equipa.•tfl· 

· t. .Rewter Set TQ-19. Major aomponPnt Rop•ter ·:ro-31. Polar-
entia! type d-o 1Dt8l"'\edie.te telegraph repeater tor long field an4 open-wire 
ll.Dea. lq be operated on attondod or UD&ttended basis. 

IV.ctlfamt~r ~D Of J)!.'YILQPlDit. Devel.opments ncn1 iD :Pror.::a:·ees ware initiated 
wt.c the el!!pb.asis \i&B placed en tho Paoific ~Jar and ratleot the lessons learned 
in that var. In g&Deral, empbaaia is placed on ligtLtoninr. of equij;)IWnt because 
or the necessity' for D18D-packinc JllU01l of tbo eq,uipnent used 1D tl!is tbetLtor. ' 
..\s r i,:tht be •peoted, there 11e.J~ boa no call for now or 1'bdical. depu.rturea 
from prosent OOL1I"'Unicat.ton 87stoms since the introduction of such l!Httal"da iD 
an ,.~ aat1sta.ator1 syat. in the uid.dle of a war ''IOUld bo difi"ioult, it", 
not hlpoaaible. Desaription o£ the devolo,:aents now being p:&:oseauted tollo\'ls. 

A. High §peed Coila, itle desire to elimiDate tr1e clumsy, cum."beraome, 
reels and reel urd.ta required iD lqing out field lines reuultod in the ini-t
iation ol the developumt of bisb speed coila. A bir,b speed coil. con.sists of 
a procision ~d aou ~ fielcl wire inalosed in a li~tnitb t conttdner 
and wound iD aucr1 a marmar that the coil may be unwouzu:l from the cwtar with
out rotation or uae ot other auxiliary equlpaent, By' this met...~ad wire .,_,.be 
laid at higt1 speed from a plame or at law apeed from a· pa.okboa.rd or a 801d:ler • s 
baclc wi tb equal ff.LCili t7. This J:Jetbod o£ packing wire has beeR succesafalll" 
applied to \,:lre U-130 of all trpea Wlliab :1.11 this fOl'l:l. is packaged in \~ire 
Dispenser :.:X-301/G. Prior to V-J DaJ' 1 tbGl"o was l:Jz.i ted production oi' t(da 
dispmaar f'or field use.. It ia believed tb&lt the method oa.w.~ be general.q 
appliod i;o tleld nres and cables ara.d 1 t is now baing investigated tor 
application to field YlireH ~'D-1( )/ft 8Dd ~iD-14( )/rf, wb.ioh wUl be pack-
aged in ~·ire Diapena• 111-306/0. 
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B. 7rb·aa i'P=l( )/U tp4 i.p-14( l/ft1 ~t of' tll&ao w!na na 
:1n1t1Rted to provide " :re-.uaaem•t tor \'l.l:rea 'lt-llo-.B UZld "'-130-( ) ill the In
tantrJ D!:r.Lataa.. 1\l.eJ' -.ploJ a. new, mare eftiotea.t, 11ghtwe1Jjlt 1D.aala.t1oza 
\'li tb. a t41D, ErXtrudecl plaatia or bra1da4 aover. feel k:ln,.; -r&DP is equal to or 
BJJ.~tq bat.tar t.luiD tialcl nire \~-~ &ith 1/3 b wight BD4 2/3 ot the 
atll'eDgtlh Ill 1"811p1 a'linaltn., azul du1'ab111 1;J' 1 it far ezoeeda wires of tbe 
1-130 tne wltb reJatiftll' ..U 1.Do1'ell8e :lD waipt. bae wires iJ&ve beea 
atandlizocliHd aDd ac:ae prodution ot Vlin V.'D-1( )/ft was obtained. prior to 
V..J na,. 

0. Mt.sllbolircl • gztn, .&a II&DtiOMCi above, tbe preeent atHzldal-4 
field Sw1 tch'b&i:rd~BD-71 aDCl BD-72 Wl'8 daaiped about awi tahboll.Z'd UD1 ta of 
World \.a.:r I YiDtage. 'l"D.e;r were ~ be&V ~~ lllllll-paak 1llld as a reault 
dnelo~DGDt ot Switctibaud 88-22/rt, liD eifib,t l.iDe, .satoh cord type boari 
was authorl•ed.· Preset 1Dd1aat1oDa ue that the 'boazt4 wUl be about 1/2 
tbe wigbt ot the pree-.t nit.oliboDZ'dl OD equiftlc:at tuuot.ioDal 'baa1~t• 
Latest advances :lD· acmponeDt deaip aDd moiatu:reproot1Dg toclmiqUH azoe 
be1Ds 1naorAl01"1Lted.• 

n. tWtnznritar n...um. u 111111t1cmed abave, ~i•t teJ.eQpe
•itera 1D uao in thEt Al'llJ' networks e&re atandal'd ~ maah1Dea adoptact 
to:r m1li'tlll7 ue, 1bei:r bulk 8Dd wlpt prGftD.ta man-pLCk and restricts 
use to the higher eaheJ.cma, Dnelopunt of relet.Jpewritar H-4/'lG aa 
autboriaed to produce a machine 11b1ab. ._. eapea1al.l1" deal£Ud for Arrq use. 
By aomplete meohard.cal redeaip1 B1mpl1tioation1 doilt.iOD of un tealmlq,uaa 
and elimiDati'-"11 ot ae:rt&in extftm801UI tea.turea uot raeectac1 :I.D ArJv cirauita, 
a considerable :red.uotioD iD weipt baa beeD. f'OUDd possible, Dn"eloJ:a&nt ia 
118ll UDC1erwa.7 &DC1 fTam pNsent :lndiaationa • the completed IUOb:lDtJ ._.....11 weigb 
oaq about 25" of the wipt ot the p:reaet standard telet.rpewrl t;.:_.r 1'0-7-( ) • 

Y. p .. 1-J!i!1di~Fu!!f.!1'8 .V~AI§JT i.'t CLOg Ot •..AK1 'Die potentialities gf ~.-oapous 
unda:r developuaBDt at end. of \;orld ilazo II are auah that tbe future of' 'Dllit.ary 
tact:f.cs CIIIZID01; bfol tortttold with flD7 degree of a.asurauoe, It ia obvious thu:t. 
tbe !JrOoesaea of w.r 1d.ll qe 1,e: GDselJ' speaded uo, Pnd tbat the scope ot 
t1.0tual aumb&t 1ril.l DOt. be local1aecl. ~ti:LrJ dewlo);Df~Dta in t.'e u. s. l.rf'lY 
4uriDg • or lei itV II were. all 1n the d:l.reation ol bieber apaoializa tiou 1D all 
.t'iel.ds 1io1lllrd the and of ea01illouaq 1DoreaaiDg the GIIIDUIL t rmrl the mobUi fiT ot 
clealiruative fi:re pon:r- P"'J' o0111'bat ·unit ot both lalld aDd a1:r torcea. !her., waa 
a aorreaponciiDgq gl"'tat 1Dcrea.se 1D the requirements tor ClaiiiiUD:l.cation far 
p.i.lllm:ing and et1'eati.Dg tbo coordinat40D and aoutro:L ot tbe ~ apeoia.Uaed 
al.emmte iDvolved 1D auppqtq aac:l deliftZ':f.Dg tbia tire power. BYert pr'eaent 
1Dd.i011.t1on aleu.rl7 points to a tu:ture course or great17 !Dcr•aecl tecbnical. 
B.Pea:lal1atiau1 greatly inonued deatruative aapacitiea aDd h:lgbl,y OOilples 
techrliaal defensive arad ott8D81ve Q'lltaaa. The aaaoomitallt need for gZ"OH'Ii11' 
iD.Ol"G&IIecl capabil.itiea tor COIIIIIIUDicati:I.OD IDd. data trauam:laa:lon are iuvitable, 
Aooord1neq1 the bend ot 111lit.al7 COIOIIIUDiaatloas IIILI81i be toYtard a flexible, 
h:l~ gi'ILde aoaunicatioDa systaa wi&ioh atf'ords. tbe CJ'(Iateat JIUGibe:r ot olwmelll 
for the tranead.aaion ot in teUigonce in the shortest t1ma over BD1' Uiateuoe 
8Dd bettieGA WJ7 ci'tWl points. Farther, tae equipaent invol.'rild IIIUIIt be 
l!~tar, ..Uer, I!!OZ'e durable, BDd aa deaiga.ed. that it is posllibl.e to :rapidq 
1nterch&nge 8DCl Jmltiple units to:r the .ooat e:rtiaient operation as the situat:l.oD. 
OlulZipl. 
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A. !be pa.mtpat4gp,a S:ratw• A dl•cuallioD ot tbe requiJW~.eata tor 
tbe fUtuTe ooaam1catiODe IJ'B'tem aDd tbe ftri.OUII cluaea ot wire co..~nm1cat10D 
equi,llll8ftta u t.hq aow appear f'ollo1ra. ~.1 tb tbe growth ud aise of tile Am, 
&Dd p-eatar illtaJ:depeadause of' 0118 Uld.t OD anotber1 tbe ft8t llt!OUD.t ot J:~atm-ial. 
.required, BDd the iDereal!d 1110ft1L81lt it bas bea0111e more lllld more imparatlve 
that all aaamm1 aati01&8 bla :lDtepoa.ted iDto a aompl.ete 8J11t.l. 1he f'ollawilll 
are ~R~pated Z'8qu.irelalte tor 8Uch a aptaaa 

le Coll.plet.G ~lltegn&tiOD of rire and rad1a OGIIIIUDiaatioDS in IL &iD.v).o 

2. .Four-wire or eqUiftleat tour-win O'lC"atiOD of l!l.l truzlk (loq 
distanoe) o:ll-ouita either wire or radio. · 

), lour-wdre mtehiDtt ot traat o1rau:l.ta lit all awitcl .. 1.Dg oea.tera 
110 tw:.t higb lftde 6 db loaa cirauita 1187 be eatahU.abed oYeZ" 10118 diatanoe 
wh1~:fred 11DC1 so tbat all c1rau.1 ta _,. be iD.teraormeoted r::.t w!ll OD a 
'9'0 c 118DOJ" buill. I 

4. Da11ip of equip:~tmt to be 8Wih tba t a ataadud 'li8ftdJial b:Pf'(iance 
will be uae4, auab &a 600 abma, tbe noiae a-81"ated :I.D. the eq\Jl}llleDt will be 
lesa t.h8D 15 dbm, the distortion ot tbe Q'Bt.l leaH tilaD one percent, the 
fr8Q.1l8DOJ' reapaue llllbetautiall;r flat Oft1" tbe aperatiDg raap, rt&dio receivers 
capable of' ~Yerizlg an output of plu 10 4la aDCi rudio tnnllllli ttera capubl.e 
of aooeptiag Bipa1a troa mlllu8 .30 1b 0 4bm 1'11 tb full !&Odulat10D. 

'· .l tane aouroe &Dd trBDBIDiaa1an ll8&SuriD&I equipment to be provided 
idth ill :radlo amlld.re truak teniDU equ1~t and at otber poirlts iD tb.e 
BJ"IIta& 111Lero tnn•1aliQDleYel.a ttre illlportant. 

6, 11!Um1Mt,e diroot CUZ"1'811t dum.war possible ud pe.rtiaul.nrly 011. 
all oiraulta tba.t require nitohiilg. 

7. Laoal loope, botl'l wire and ftdio• be operated on a two-wire bs.sia, 
In CODD.eat:lon with tbe operution at l;ooal radio loops, the fallo,.i.Dt, require
mente r.:re BUi~ ..... ateda 

a, Opwatioll to be full aupla: on a aontirauous or iDterad.ttct 
'balie. !n"t.a1:"ad.tteat tul1 duplex aerd.oe ia det1n.od u that type ot operation 
1D 1ih1ah tbe tranSidtter 1a UDder CODtrol of the nltab.baard apel'lltar, 

b, .&. a1D.cJ..e raDDte control un1 t be devU.opod. to aoccm:.pll.ah tL.ia 
t,rJJe 01' service witb DO cb:mge 1D the usual telepholle opera.t:bl~ pi'OOedurea 
&Dd wi tb.out aubatant1al. chaDiltt 1n the awl tchbaard, 

b. 1ohmoeve:r practicable aqui!mmt l:lhould be ae&i,bDed to I£Z'Ve bat.h 
:In t&Je~ t1xed mad tact:l.oal. plant, thua mmpl.:l.171Dr; 1'11Wlt.ounce, auppl.7, izlliD
:I.Ds ad o.)ltl"&tirag problca, 

B. Wire pel Qab],e1 the equipu.mt which prcnidea the tr&:n,m.as1an aedlwa 
, between llld.tch'boarda oi II. ~'lire oanmmioation E.,flltel& COD&tltut.-a the l".ajar r.e4;ht 
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ud 'fOJ..e ot lllCb a 1171t1a lind conwaeiS, 111 ita in~ttlal.latioa. ud 1181Dt811&Dae, 
a hiP perOBDtap ot the ........taaur11 :uaeaBU7 tor the cmtnll ope:n.tioa ot eaal& 
a s.rata. It :l.a iape!'l&t1'ft1 tbereto:re, tdat tb:l.a. equ1pa•t be -ndiaall.J :IJI
proftd. !be tollo1r:I.JW o~eotlft• llbaJI1d be apt 1D lliDda 

1. Reduae tbe aiu IIIICl we!pt. of 'Uulae tac1l:l.t:l.es by •plo,riq 1101'11 
eftla1•t coadllator, inBalatiDs Wld pzroteatift •te:riala liDd qy •pl.oJJae'llt ot 
Dn des1p •tboda. 

2. Bedace the wluae ot tlulae fac111 t:l.es required b.r illproviq 
••-.. OU'I'I'iJll ab111'tV :lD aaa.1unct1GD 11:1. tb new i t.ema at truaaisld.on equ1P-
118Dt. ft&ia nsolvea itself f'uldallantalJ.r i1ito :I.Dcre~:.&irlg the Ull&bl.e tnqcaa07 
paaa blmcl. It ia dea1n.ble tbat the tacd.l1t; be capable at pa.aa1ng video or 
otbez' telev1fr1aa ei.p•l a aa wall &li C0119'811.t:I.OJUal c~cat.:l.on fzrequ.eDcies. 

). Iapan tb8 dunbUJ:~ ot t.hese facU1t1ea 1naotU' a& poa;s:l.ble 
Yd. thollt lllbataDtial aaol'1ftce ol electrical .,:ro,Pertiea. 

c. L1De lqglE!!!!rt.• !be COD&t1"1lct1on U1Cl ~t. ot wi:re l:l.aas ia a 
dtmtl.O}IUIIt t.l.eld where new •ethods waald be ot gre~~.t 'bellen.t :lD the overall 

~ wire ccaam:l.aa:U.on .,..t.a. With :I.IIFoftd metbada., the aouDt of wire aDd 
cable raqu:l.rtd woald be ndu.aad Wid tilt rel1ab111 f4r of ttle qat• 1rlcreued. 
Salle of tbe appii1'8Dt :requlz.aata tor develop181lts in th111 cataso17 follaw. 

1. De'fiae Mtbod& for iJ]aa.ent lllld COIIII1iru.Ct10D Of Wire liD8L wJ.l 
off tn.ftlle4 1'Q8da. !he method devieed shaJ.l Dot &ll&il&qar caaa:.tmctioa per-
10111181 1W' nquirillg ~ to work at aides ot :roads where ll1ne fields ure of'ta 
preHilt. .Uao, it llhall aot opeD nmr tnils or road• t.b1'oulh the uae ot a 
larp vehicle 1D the coastmctiDD V01'k. 

2. Improve 88ClU":I:t.f of wire .11Des tzraa the etteata o£ tn~~1neR'& 
coaatnct:I.OD !JqU!:paeat, 'bambiD&ts, dlell tire 11.11d 'nhiclea. 

3. Inczreaae the speed ot pliLct~tWDt &ncl conastruction of l1Jutu ccm
aiateDt dth aeGIU'ifi' ud relie'bili"V. 

4· Reduce the a.ise Wld weight ot the equ1p1lellt requ:ll"ed, part1CDlar]3 
reelu, :reelllllits, plows, eta • . 

5. !U•iu:te open-wire liae11 11.8 a tl"llllani.aaioD •d1ua, thu redua:I.Dg 
the UIGUilt UlO biJ.k of ).1M C~b'tol'UCtiCJil 8G(Ui.pnent. 

6. Provide faul-t, l-ocatlOD equipment which ~1fta speed~' preciae 
loaat:I.ODa t:ll trouble on the .l.izla, both *• lo01Lted 1.D the field or at a 
C&Dtral otnae. ~ 

D. Tnlle1aaioD lqpipaep.t. fh111 trpe ot equ1p~t~nt n.L•t1rat ater.bi.v.q 
used :lD 11111tar.r ......,n1aat1cJils cJ.uzoiD1 the war .just eded. It 1M •ppareDt that 
its use will be peatl7 ~ :lD the tutun beaaue it :redDae& the llllaallt ot 
011tBide plant eqa:l.~•t. required, iapzove~~o the pertoi'II&Dae of the ._.aaiaat.:l.oa 
fJJ'&tall LDd faaUitatea 1Dt8p'&tioD ot wire lllld radio s.rst.r.. ac.e ~til 
tor equipa.Dt 1D th11' aat.e1017 now app&Nilt follow. 
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1. Redllatioa in size and weight ot equipment to p~it 111811-pa'* 
'throQsb •ploJment ot new materiELls Blld techniques. !hia will make po~;sible 
the extenaion Ot t.be use ot this equipnent to lower echelons. · · 

.2. lalpicvment of the unit principle to increaae ~ tlex1b1ll'Q' of 
tbe equipaeDt few ue 111 both radio Uld wire applicatioas. 

3. IDonase ·the . .-eaaaae caft1inl ab111 q of wire taclli ttea bT 
the develo~t of carrier telephone. equl~t capable ot placiJII IUV'. ma
ber up to 200 voice chalmels on a ·siJllle fQIII'-.wire fac111 t7 •· 

4. Improve the qual:l. v of the "V0104t channel b,v' widening tbe hequenq 
band, thus permitting the operation ot a. greater IIWilber of lillk& iD talldem aa 

· vel). as provid1Dg ·high qualitw' cir~t11 for special· a_ppl1cat10JLs. 

5. Provide voice-trequenq carrier telegraph equipuent usable on 
arrr carrier telephone charmel ud capable of· at least 100 l:otds J:)er minute 
speed on each telesraph cbannel. . · 

. . . 
6. Provide equip11ent for placing v1d89 or other t.elevision .signals 

OD the CODIP'Ilic&tiOD. &JPtaB. 

7. Investigate the po:.sibili tJ ot ut.Uizing aim!)litied carrier 
equipment OD local- or COIIillland post telephone sye;tems. · 

. . 
E. telephoi'l! Equ111D81lt. Bequir.&llts appuent at the close ot the war 

for this type ot equipDBDt follow.. · · 

. 1. A: redui1'tloia ;l.ra the number of 14fp8s ot ni.tchboard~:~ ~ devalopiq 
one Universal m~~peto-caaon bt.Ltter.r DDltiple Switchboud; capable of extension 

. to a eapac1 fl' ot at least 1000· lines w1 th · aa 1DUJ!¥ poai tious a& required by 
traf'f'ic cs~siderations. 

. 2. AD all magneto DW.tiple bo&rd ot ·approximatel,j 40 liDa oapacitr 
is required at Divisicm. !bis board a;hOuld be capable ot being 111111 tipled for 
approxillate~ 120 liDe capac1 V ·· 

. . 
. 3. !he developnent of the ligbtve:lcht field Switchboard OB-~ 

should be continued to meet the requirements tor a light tield n1 tahbo&rd. 

4-. Camponents emploJ'ed in the 8111 tch~rds should be standardized 
in design so aa to siiapl:l;fy ~ntezuance and w.ppq procedures. 

5. In f!IV8'q case, min:I.Dlum. . size aDd weight should be achieved in 
both the ~verall equipment 8l1d the components •ployed. 

. P. Telecraph .Eauipmeiat. One of the important advar.ces ill mill tar,r ·cca
JDUDications in· this war was the great]¥ increased· u11e ot the teletypewriter. 
As e. ·consequence, the use or D1ai1Ual telegraplv' 1rl the wire system practicallT 
disappeared. With the development ud em,P~nt of voice-frequeac,y carrier 
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telesrapb eqld.pteDt, the use. ot d-o telegraph transmissiOD was contiDeci 1D 
greater part to short loops. h'oll theae treDds, tba follo1ring nquiraaente 
for equipment, 1n this catacoZ7 were apparent at the close of the n.r.a · 

1. Deftlopaerit of.' telet¥p81D'1 tar for m1li tar,y uae Wi tb greatJT re
cluced size ad weight aDd illprovement in rugednetis. Development of auah a 
tele1:j,y'pewriter .Ul extencl the use of this eqllipment tc -the_ lower ·echelons. 

2·. Dnelopmeut o£ equipaeut' tOr extendi~ voice-treqwmoy telegraph 
operatiOD thl'aa&bcmt tbe telegraph VS'liem includizag the local loops. Devel
opaent of such equipaent pl'OYides advuttLgea .tD simplified sw1 tchi!ll metbods 
and irrma~saion teclmiques. 

3. Drlelolllleat. ot iiD ultra-ligbt.weilht teletypewriter po1:1si'bq ot 
tbe tape fi'pe tor uae 1D the Q'treme forward areas with optiollal manual 01" 
eleo~ioal power dri.n. 

YI. REQUIRE~! RESF.ARCH .tiMD Dli'i&OPIIDf. 

A. Proposed C9pl\ll!ieation §rstegl. In order to more fUl.q illustrate 
the neoeasi't7 for and use of the various qpes of equipm8Dt which are q
geated tor dnelopa.ent, a qstaa for their •ployment. is W.Ustrat.ed in 
Figure 1 attached, and described below. The center of the system is the 
System Control Board which is essentialq a £0111"-wire and four-wire - two
wire patching board. All trluak circuiU., wire and radio, waal.d tem1nate 
1D this board on a· voice-t'l'equeney fO\U'Ioowire basis.· ·At the· board theJ _,. 
be extended to tbe local telephone 01" telegraph switchboard on a two-wire 

I . • . 

basis b,r meaDs of a tour-wire te:nainatiq ·set or be patched through to 
another trunk an a tour-wire basis. The w.ricus voice-trequanq trunks 

· emillating tram tbe control board paaQ to c.&rrier equipment for tranmusion 
OYer wire linea or -radio. The wire facU11;f" would be ·spiral-£~ cable 
where oral¥ a few channels are required &nci twill coaxial cable tor e. ·greater. 
DWilber of chanllels. Where coaxial cable is uaed it is also possible to 
tranaai t television or other ·video sipals over the same tacili ty wi tb proper 
equipnent. !he optioDal use ot 'Video filter equipnent for this purpo&e is 
provided. It ia anticipated that there will. be a great need tor rapid trans
aiasion of this 'tiP• of intol'll&tion in air waming srstema of the tu'blre. 
B7 proper operation of this s,ystem., it is possible to obtain a good 6 db 
loss circuit. tram the Pentagon to L. foxhole cODEend post in a far ott .theater 
1t neces&a17. In other words, it seem::; to provide the necessar,r flexibility" 
and ~ity which the best milita.ry COIDIIIJ:Ilications of the .fUture will require. 
The individual COilJ:)OileDts, development of which 111 required are dia011ssed in 
the fol.l.cnriDg paragraphs. 

·s. Systal. control Board..; As indicated _above· this will be essentiall7 
a voice-traQuenCJ' patching board providillg tau-wire or four-wire - two-wire 
switching w1 th auxili8.17' equipment con&oisiirg ot tour-wire terminating sets_, 

. VOioe-trequeDCJ' "rinsiDC equipaent and neceSS&r1 test equipment. Two 'tqpes 
of boards are cmvisioned f1B follows• · · 
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1. The 81'8tem ocmtrol board for the J.arser installations, probabq 
echelons aboft DJ.Yiid.OD iDalwlills the fixed plaDt, WOIIld be iL tle:xible _pll.tch
illg bo~ providillg the necesaar,y sri iahing tac1li ties ~md awd.lla17 equipaent. 
The latter woW.d CODSist of fOUI"-wire. tel'lllillatilll sets with a .. }JTbrid coil aDCl 
other necessarr equipaent, ~ice-treqwmq rillgiDg equipaent fQr insertion iD. 
those two-wire liDes requirizw 1 t BDd a J*llel or test equipment, ir.oludiag u 
oscillator aDd transiasioli meaauri~~g equipment. It is ·eusential that the 
method of establ1sh1Dc·cozmecti~s be completel.J fluible ud r&pid end that 
the wire · chie.t :lD charge be taUiar with cirClli t CODdi tion aDd requir.e~Jts 
at all times. ·This required fiexib111t.7 IIUSt be taken. into ·cODsiderat10D iD 
the ~esip. · 

2. 'lo'r the lower echeloD~, a &aaller versiou or this board it re
quired consiatilll essentially of & jack panel iand patchir~g facilities With 
the necessU7 four-'llire tel"'llinat,ing sets, voice-t.requ.ency ringiag equisaeDt, 
transmissiOD. m.eaL'\Irtrlg set md tault location &(luipment .pretorabl8 iD sepan.te 
packages to tacUi t.ate transportation. 

c. Trailsmission Egul~t. 

1. Carrier Telephone Eauipment. Essent1alq it is r&ClUireci that 
carrier telephone equipment be developed which is capable ot obtaining &1fT 
number or channels fi'Oil 4 to ·40 or .more for transmission over a. single f'OUI'I
wire f'acilit¥ or tuitable radio circuit. Tiro methods of achieving this 
objective, both of 11hich uhOul.d be inYes:tigated follow. 

a. te -ste Grou Modulation u1 en Method. In tbis 
method., (Figure 2 , there ~d be a l:asic tour-channel unit with group 
modulation equipnent for integrating three of these un1 ts ·to derive 11 or 
12 ch&Dnels and .turtber gl'OU.p modW.at10D equipaent to ·integrate three or 
f'our of· the latter to derive from 33 to 46 chalmels as design l1iai tations 
mq di.ctate. The. group modulation tecbDiq ue llllil' be carried out further to 
derin &£reater DWDber of cbannels provided the tranBBissicm :mediwD is 
capable of acCOIIDOdating th•. At ~resent,· a minimum or 40 channels. is 
the goal. 'lith this "method, the three d1tferent units or equipment &re 81-
pect.ed to ·be ·about the 8811le size. A descriptioD of the equipnant ~pment 
required follows. · 

(1) lour-Charmel Curier Telephone Eauipment. This wauld 
Bernt as the basic unit ill the syotem.. It would sam 
to :modulate the 'Voice-frequency si.pals to oover a brmd 
from 200 to 16000 CiJS •i th ~ to 3500 cpu · OOnd width 
per cbmmel. lliDt..ture desiga. techDiques woald be 

· •plO)"ed as far as possible and pt.:.ckoge weight· would be 
kept to 40 pOunds or. less. lilit&.ry clu.i.re:.cteristics tor 
Telepbone "Tel'lllinal .AN/TCC-3 recently· sulmitted appear · 
aat1atacto17 tor this item. 

(2) G1'011p Modulator - u· or 12 Chli.nnel. This equipment 
· WOIIld serve to step-up the signals from ~· be.alc 
f'our-chamlel urd. ts to occuw au.ccessi ve band If in the 
trequenq spectrmu making it possible to apply ll or 
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12 ohmmels to a siD.gle tow-wire or radio facili tJ. 
tillimum weight and sise would, ot course, be the goal 
ill d.esign inolud1ng c~side:ratioa ot 017Stal tiltera. 

(3) Qroup ;tcx!ul•tgr - M l!!epnel!., 1'his eq'Dip1811t would 
step-up tDe aipls f'rCIIl tb.ree ot the 110dulator equip
meats preY101.1SlY described to ooouw auooesaiw channela 
in tbe frequency 1pectrum tor aiJPlication to a four
wire or radio tacilltq. Jl1n1mum weight and sisa would, 
of courae, be the goal. in design. 

b, ~pmel Qroup l§adnl •f4op Eau1Ji!ll!At Alethoci• In th1s 
•thad, (f11QN J:tb8 basic un1 t would be tbe f.our-oha!iDel md t deaoribed 
1D subperaara.ph C-1&(1) above, for stepping-up the signals tram the ballio 
'QD1 t to the pro~ plaae :l.D the frequeDCJ' spectrum a. single tqpe ot modnl•tor 
would be developed w1 th Yllriable carrier oscUla tor and ne:oeasuy plut;-:lD 
ru• UD1ta. 'fh.is aystem has tbe adwm~ of pertnittiDg dropp:f.Jig ot .four
oluml)el £I'OUP8 a.l.ong the liDe with a m1n1_, of equi}:'Dellt. However, tlle 
ayatem raqairQ close ocmtrol to pr8't'mt interference and w11l require ocm
aiderable adldniatratioa. 

o, V14!o l1l.ter !'tguiljSent. '!bere is evflrT indir•tion that the 
t.nnam1sBion ol te.Leviaion and ot4er 'Video signals to widely scattered pla.pea 
will be BD essenti-al requirement or· tho Arrrt tactioal plan. lor thia reuoD, 
1 t is bel18'f'eci tba t equipumt liW-ould be developed which will perm1 t. transaissioa 
of these aignals azui OQJJIIDUI'Ii cation lignal.s over IIIIi table cOIIIDUDioa tion trana-
1Disa1CJD. mediuma. fhe equlpmea.t would consist essent1ally of' line termiQ&ting 
equipaent, modulat.1ng equ1p~ent~ filters and broadband. amplitiers, 11' noce&8&1"1o 
At f1rst gl.anoe it appears that the JDDSt feasible metb.od would place tbe Yideo 
t.:ranamisaion in me lower region ot the frequency spectrum and the cOJII!IRIDicati0118 
aignala above it. 

d. Rep!!fter FeuiJ11!9t, J'rcm preset conoid.erationa, there are 
three 1;Jpe1 ot tbis equi~DCt required. All will be of' tile broadband, four-w:I.H 
tqpe. ODe will be required for each ot the four-chamlel1 12-cbaailel., aud 44-
ohalmel qatema~ llaau tor dropping chamJela by bridging a carrier terminal 
Ullit at ~&peatar pointe ahould be providado llilitary characteristioa for the 
four-cbazmel repeater have been reoentl¥ aubmittaci. To decrease atteadance r&

q1drecl on tbe 4()-abaDnel. aptem, it is expected tbat poer for operating repeaten 
wUl be transai\ted oa the llrie so tbat a power eouroe wiU ODl7 be raquirecl a.t 
even:y third repoatero 

. 
eo !Q1ot=lreguepv Carrier''~"''* JQuiJpmt• ~el voioe

frequscy carriBl" tel.egrapb. eqllipaent ca~ e .of being applied to BD7 cbamlel 
ot the f.aur-abaDnel basic carrier tela~ equ1p!1Gilt deecribeicl above, or to 

, other voioe-i"reql18DOY' tacUi tiiea is required. Design should. be IIIli table IOZ' 
100 ~ per mimlte teleg:ra}il transmisaiono IW.ite.r.f csharacteriatica reoeatq 
aul:mtted tor telegraph Terminal .U/'rOC-4 are sat1stacto17 tor this developnent. 
In additicm, :l.t is believed that there is a 1"8qUiremeat tor ~uipaet similar 
to presea.t Talag:raph TermiDal. Til-l( )/'lCQ-1 (speacb plus duplex). iii tb the 
antj,oipated devel.o.zent ot voice-fl'equellCJ' telegraph operation, there 1a a 
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posaibili ty -~t--very simple equi~ent could be made to u.cilieve this method o£ 
operation using the components of one channel o£ rcl.egraph Terminal AN/TCc-4 
when developed. With the wide frequency band in the carrier telephone channel, 
consideration should be ·given to operating this equipment at tlle upper end of 
'the ··voice band. · 

. 2. foict!!'eguenw hepeate£ l!iauiPneni;. For this type o£ equi:t:inent, 
investigation of· methods· o£ obtaining bidirectional transmi.ssian of' inteUi
genc'e w:i:tnout .use o£ the balance "principle is required.. Voice rela'y sri tohing 

·and ~se switching of amplifiers are possible paths to follow. 

3. · Voice-Frequepgy Ringing Eauipllent• A requirew.ent exists for 
the development of voice-frequency ringing· equipment for general use. One 

·universal unit c~pable of converting low frequency ringing .signals to a. 
suitable voice-frequency signal for 11$8. in the two-""A'ire ·portion of e:ny. tele
phone channel. '-s required. This unit. will be used with· the System Control 
Board carriar telephone equipment When used separately, or any otber voice 
circuit. Some investigation and coordination is required to detonrd.ne the 
mo•t desirable t'requenc;y for ringin~ signta.l.s in the voice bti.nd. · · 

4. 'rransmisdpn Measuring EayiJ]IWlt.., this ty-t?f3 of equip~~~ent is 
t. very necessary for proper operation of the system. The Signal Corps baa 

neglected operational teat equipnent in the past considering that testing 
was primarily an equipment repair problem. This is far .f'rom .true since 
proper setting for ~perational controls is dependent on transmission loss 
of the circuit which is best deterr.:ined by meafSUl"ement on ~,~. trw1smission 
measuring sat. Fortunately present carrier ·telephone sets incorp(,rate such 
equipment. A single tone source and transmission measuring set is needed 

· in tl1e test panel of the proposed System Control Board. A compact, portable 
version is requit·ed for general. use. For (lircui t maintenance, the develop
ment of a continuou~ variable voice-frequency oscillator c~d recording 
tranamis<;ion measuring set would be e. desirable addition. 

5. Research• The follo~·•ing generai research is desirable if 
advances are to be m3de in tbis type of equipment& 

a. Expanded use of electron tubes as basic .circuit elements. 

b, 1 New filter methods. 

a.· Investigation of new method• of modulation to determine if' 
they are better adapted to message security. 

D. Wire and Cable. Baaed on the. requiz·ernents of the system outlined 
above, three types· of facilities appear to be requii·ed. Coaxial cable for 
· i.~ band multi-channel and video transmission systems, spiral-tour cable 
tor four and 12. channel. carrier tel~phone transmission, and field wire for 
voice-frequency transmission over lOCal extensions. The discussion of the 
&G,uipment, required for d.evelo-pm.ent foll.ows. 

. I 
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1. CoWal Cable. !o tnasllllt tiJe wide band cf f'Nql!eDeiea eonte'!l
pl.Ated i.n the .,..te1111 a bin coasial cable or t"Fa ldA~le cou:ial eablee rill btt 
reouired. It 11 •nt1c1pated that it ~tlU be of the solid dlelectrlo 't;Jpe eon
atrot"tiOD ri:th n1.tabl• cando.cto1"1 111.11\llat.ica, 8h:lel4 end co"Rrl:rL!• 1ttenua.t1cma 
ot a';out GDe •nd ODe-belt db pttr 1000 teet at ODe upqcle t:ith a orble of 
opprosl•tcl.J ·' inch ia now ooalli~. '!hla "oulci glft a repater soacing of 
bet'W'Hn fiy~ od •l:a II!Ue• ed with potter t.ran..Utted. tt'rOII.Ijb th~ csble to 
adjaC"ent repetere, atteDdecl ~ater apaetng wou1.4 be lppl'Orlmate.l7 lS to 
20 mUea. CoDatmt 1apeclaDce cmmecton are a neosee1t7 tor jo1Dlng two 
legthe of IIICh cable. Coasiderable developHnt ia required on this itn. 
It t• anttclpa.ted. thl!t oa'blea of this ~ witb their SUiler1o1" 11eaaage llenc.Utng 
abUiqr ~n4 illberent ate.bllttJ will r8i)].ace ooa wire constr.ucticm in the 
!rBy of th• future. It •1U b6 nitable: toJ' both the- tllctical and fixed 
plltftt end capeble of aer1t.l 11 eartace or subteT'rtmean place~nento r~1U tl!:rJ 
c.Mraateriatic• recet~ aubnittltd for eoaxlal ceble e.?pear to be aatt.atactoJ7. 

2. Mrrl-tgp.r Ctble. Mle:re trP.aamleaiOD. le eODf!Jutd to :!'recyuencie• 
ill the lo.-er otc.rt o! the sooctruDI1 !'leld l'a-tlee of tl'le api!"a~f'our t:\'!)6 •re 
JIIO'Z"e (!fticiect ,Pr unit Of weitht than cou1al t.ypeliJ. Ji'rollt preent CCDsldera
tiOD.B, it appears the:t two 't.Jpel Of tbia facility MY be requt.red. 

I 

a. '.l'be first t)'pe, IIZl ultra lleht1te1ght cable 11oul.d be inteD~ecl 
arbre.rl..l.y i"or u.1e- •1 thin the- d1'de1on md wculd have e. tnqu.enq pa11 bm4 
l1li tr-llo 102" trt:.ns<~~ltting !our-channe-la of tr.e Cf'M'ittr talllr!Jbon~ tyste::~. In 
thia connect1011, 1 t 11-ould replace field wll'e ror 1lSe on tb! truDk clrcnd ta 
in the: divi~lon. It "'ould ~robf>.bl.J' be eul~nt&pov.a ta cmpl07 loadinc collt 
with t11i!: teci.li't1 conaidering the rel•tiYeq low cut-off frequenc7 required. 
!tala r-ou.ld. be ?J"'vided 1D. tbe cmmector 11.1aoc1eted w1 th tbe ce'hle. 

b. The secoa.d tJ'pa1 a Upbtweil!ht apirel-four cable, would be 
em~lOJed for trfl.naiaa10D of 12 charm.el carrier telepbcme "Q"atellle between 
Corps •~c!l to!:rielcra. Ina8MDCb •• the cu.t-orr frequency 1£ ecmsiderabl.J td~er 
th~D 1n tJ!e prniou• cue, it te doubttal tbr.t eff1clea.t loadl.ng can be pro
Tided. honftl", ccmneeto1"e for jo1D1Dg two lengthe of aable together ,.ill l"e 
required. 

3. lltl,f ~§· At the prertwlt ata~e or the art., 1 t ap•,eere tllat 
a wiN of the :rD-1 or D-U( )/ft tJr3'e wha. !'ul.ly" developed l'a" all the 
11ece1nzy chc.raaterl.at1ce for use in lCK'•l loo:pe end extended fon u·d are& 
operett,ons oa. fl ::.olce-trequenq bade. Com:tinuat!.oD of the development or 
tbflee two Qpe8 Of wire, it 18 bel18'ftdt ftll t'UlfUl the ~.(1U\1'emmt8 for 
J:rtq field nre. 

lu Eeeur¢. ID 'fin of the l.ar~ wl'Wle o! tht~t '1f•\er11Ll ccmewaed 
du:rinr, nr t1.'1te 1 lt 1s e&Sit1tial tt-et £.- contlnuirlg study on !neulating11 con
dnctin.g end proteetiye 'll&t..rlal.a be Mede iD o'l"der t.het BdYentage can be taken 
of euot. ill •roventer~te :l.n tbe art. na &.l'8" mcde end in ol"Oer t.l' at tte J.r-oly UJ 
be f~~lis.r vi tli ell tbdlor vtertale frbi.oh r.IPJ' be propor.ed u poad..Jle 
nbiJti tutea. 
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1. Teltphop.t" Fgulp!ept. 

1. UDiDr!41 S!it9hbgarcl. M1i1 ta17 aharactmetlca t.RYe recen.tl.7 
been approwd !'oJ" a. uniwnal, CO'JI!ZIOft. ~ttH)', loct.l bttte17 awltohboF.rt:l, pert. 
of .&:-1/'l'!C..J.. !his bo~.rd ·•111 haft • capab:lU.ty or ·~·prozimatel7 1000 u.~·· 
find. trill be oape,.ble of exterla1cm to r.a 1118117 poai tiona u the traffic requirea. 
It ia .untic1pete4 thet. lt will be built wi.tb bookcase tJpe coastruction •ltb 
a milli~~UJ&~ or 15 cord ·ctrcui ta -at each operator' a pos1t.1aa. !ach of the 11De 
circuits trill be capable of be1ng !!Jipl.oJed 88· either a .COIII'IQD letter, OJ" local 
battery circuit nth 111a,,~e wiring clluce. b a 'UDi.wrul e•itchbotrd, it 
will be capable ~f •ccommod~tlDI all radio oircuita Which &J"e requt~d to be 
emplored iD. the· integrated coftiiiUDicatiODa eyatem. At pn~ent; pl.aDa . are 
be~€' made ror accoMOdatlng .-o-calle4 full dupln radio clrcu1ta ope-rated 
on a cont!Duov.a or.1Dt.ermittent buia·•• diacuased !lrevioaiq. Deoialon ia 
req~red. ... to .whether other tome or radio olrcu.it operation •111 be per-

.· illitted. ill. the 1nteg:re.ted qetem so that th.e d.eaip will include the proper 
prodsiona. !he· 3ack eppearan,cea at eaoh position w1U be eimlle.r. Th~ tnJe 
of constru~tion tii:Ld clrcu!ts ·e:;nplo)?ecl will proY!.de e YeJ:f.fle:xible· nl.tchboard 
t:hict. la eapeble of expensi011 f'roa 6o to 1000 lizl.ee wl th a 111D1!IRDI. at equf.:pmeDt 
and inetall,.tion effort. · : . . · ' · . · 

. 2. Memeto 5J1tcbtoam. · Inas1!1Uch as eomon ~ttery opere.t.ion is 
never used !!•t di Yid.cm !l.eadquarters, AJ'!D,J' · G~uud f·orces 'has !,]roposecl .. the · 
dnelop..11P.D.t. or a mqneto sv;itch~crc! with ' capacity of 40 lines per position,· 
t<.nd capablE' or e11:pana!CJD. to a tbne poe1 tiOD mul. t:lpl.e board w1 th 120 lbuii · 
capacit,.. While it would be destre.'ble to empl07 the uniYersal nitchboard ·· 
dttambed aboft, eTan.·et D1'91.i5ion bee.dquartera, it 1a felt the.t the lllle· 
rela..,va and otber utre equ1p1181'1.t uaed 1.ra. thl'.t awitchboard 1DU18etl£ariq 
comp11cat..d the divlsioa. bee.dquel"ter8 problem. DJ.aauss:l.ob of pro..S.eioni 
for. ,_ccOIIIIIOdr~tiJlg re.dio c:l.:retli..t.iD the ·parattraph Jut abaft, appq to 
this swi tchboc::rd also. Nomccle.ture Tele'l)bone Centr11l Office· !et AN/,TC-S 
hRa been e.aEtgned to this itn and n.1.11tf.l"Y c'hrrr.ctertatlca n.tm.tted by 
the J.rrv. Grounc! Ji"orcea. · · · 

3. Field Syitchbo!rd• Switchboard ·eB-22/PT nq~ under d"-:lopmnt · 
is m el,gbt-11Do patch C!)rd type or board whicli t.a capable of etackin!!: in . 

· suetJ. r:. !3Pnr.er tbet four of tt~eae board1 "!DIQ" be- operated togett1.er without 
undue effort givtll,g B. totE.l ca\)•c:tty of 32 .linea. It 1& bellnK tbat COID
pletton of this d~opmer.t will eol'ft the l1~t1reigbt. field awl tchboard 
pl:'Obl" at tte ;;;resent tiwile. · 

I 

4. pit'l Telephope Sxata. TheN baa been cODslder~ble d~acmsa101l." 
of. tt..a possibili tiea of l'.ppl.yi.n~- tho dial telephcme pr1no1ple to Al"fff1 com
munication systems. The u.se or dial switchf.llg equipment at' Corps· ud higher 
eoheloas oen matertallj 

1
red.uce the opertt:tor load "Witb e correa!l()llding ~ 

duct1on ill oper.iting persoanel :requl:red on tlteae ·nitchbonrda. It ia ~erall7 
ccmceded thttt dial ftitchiag e(lu1p~ent as at preser:t d~sJ.gned, is not suite.ble 
for tl.cttet\1 use, due prlncipell.J to its 1retgr.t _snd. structurGl. desip. P.ow
~mtr, t.t "is tbe op!Dlon or· tlre2e Laboratories tlth.t a c~ful atu.tr coulc! 
Nault ln tbe deS1gl' of die.l SWitchi'l'lt equiplllfi'r:t· of ilu.ch. Weight end 'UD.it 
canatruction ae to he •daptable to tacticel ~••• 
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a. In order to a1'11ipllf7 dill. equipM!lt for field use, it ie 
'§)TOp05ed ti'ILt e.ll local calli iJ2 a Corp•, Artr¥ or .l.f'f!r1 Group Centl"l'l be coa
pleted by stE.tiOD dial.1Dg. ~ •ovart.c.U.ng war feetura• Yill bfi an.U.sbl• to 
the nitchboa.rd operator ::-o ttoet prlorit7 I eemce rill resnaill avaUable to 
authorised p~501mel. C•lla to out.lde n1 tchboarda Ylll be c~leted by 
.IIDmllll operflt101l" u.dng 'lelephaa.e CentrDl Office Set. 1.1/TfC-4, 1 c!ie.l aD 
the 'te:rehelr of tbi& bot.~ nU prcni.de a trunk db~iDg r .. ture. 

b. In order to detemi...,.e the utent to which a dial, qat.. 
'Tiey l"oe efficietl,y empl01ecl 1n the 1rtq cOJU!IUJl! oatic:m 11J11'tu, • c!i•l E)"8ta. 
e1pecil.ll.7 designed. for 110bile !leld ue Oft!' tactical coaaication cireuite 
lhould be j:roV14e4 for i'1el4 trl.ale. !lo'IHilcla't.u'N !elephOile Central orfioe 
Set AN/T'l'c-6 ttaa beCl ••eiened tor a trial en tohboe.rd 11nd aggested lllill ta17 
ehcracteriatica prepared. ' 

5. BtJ!Ote Coptrol ll11ip!Rell\. 'ftlere t.e a requirement for univereal 
reMOte control equip11ent !"or operetiCIJl ot alu!lle obannel rrdio trenaeiver• 
fro!:'! e. two-wire line where the rs.d1o oircutt la operated OD a tuJl. du.pltt.lr 
or equlwlent fou..--..tre ~iB ed the OpETPt.ioa or the, radio trennttter 
i.a 1mder -the cOD.tro1 o:C the nitobboarcJ opere.tor. !wo propoula for equip
•at to .t:chieft thtl !lletbo4 or opentian haw been f'lftl'l preli.Jiint.rY teet 
uc! e •peer fe•a.ible. ~th ~poeala pei'JII1t normal rnrit.chboard operaUDD 
(.n~ ~re little or no edditicmal. a;)p~~retu1 at tte mtcl'boerd.. 

6. 'lelei?bcpe C'k ~or& Set. ~alt te:.ry cbancter1st1ca; J'lave bes 
.!!~pTOYed for Teleohcxu: 'l'A~:fP'illhil'!h is 11 uniwreal telepbout: set !or 
f tU.chrt~an\ to ei 'til'er locr~ ttl" ("OillllOil be.twrr linea to ""8pla.ee felephonP 
FE-8-( ) • \'11111• extre;us light. weight appet.ra to be the ~'llpOrt:.nt oonelden. 
tia in dtrnlepmm't of this telephcm.e1 P rmmber of cODf"li.et1n8 additioa.f~ 
!'Muiroment.a he.w been a&lec! to COI&Plleate t.he ~eai.p. It is felt the.t 
BO"M of these J-equireTenta ere of use in ODq a Y8l"1 S111ell iJercer..teN of' 
the C~Jsea [lnd "llight be elirninf'tfld wi tt..out detraatizle from the u.Nflll.neae 
o!' tl-e telephone eet. IIUI8D1Uah oe t!•e handaet 11 the moat 1mportort teature 
of tt>o telephcra.e, the report of ~e ap::;ropriate committee conaiderlng the 
1 te, rlll be o.r 'ftlue in anticipating tl"e ultilll&.te dealp.. 

l. Telegnmb. fguifJPI!Pt.• 'fhe dnelopment ot equipment for 'lil'e iaprcmu! 
telerrvph a,-stel'.l of tne ru.ture fol.loY;B two genenl trends, i'll~ft:'lent of 
tJ"e- telet)"}Jewri ter for J:r:q use e.nd axteDr.iOD or t.rausmiB&ion Oil a Y01ce
~ey ha.•l• th:!'Oitibout tl"e- ayetem1 including tile loce.l loopa. A des
cription of the required equipment deftlopment to aohieft tllis obj~ctlft 
follo1ra. 

1. ~'fl!' 'ttp! Teltttpmiter• ~lopaw:Gt of a pe.ge t,"pe t9letype
wr1 ter a-::~eclallT designed for Jr:q use ia now being conducted. Iloaenolature 
!elet)'~nrtter 'l"l'-.6/'!'G, pli.J"t of !eletJpewri ter Se\ .&B/PGC-11 lwa betm aeaigned., 
Ia ,,_.tiOJLed preri.oul,-11 1t la upected that tl'le 'IJeight of ttia \D11t ldll be 
only 2~ of tl'>e pre•llrlt aurde.rd tfelet,pewriter !0-7-( )·. Improwment lD. 
veho.nicsl :reliab1llt7 ud ftllthe~roortng tedmiq•a will alao be tu.tuna 
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0 : tJ-1• -:.r.cfoine.. Tbe equip'ICUt wtll he atlc to o!)E-r"te d;rectlr 011 r1e7d 
11ae1 'l"l t2'1out tl-e u11e of a U.n~> ntle.y or Hpr.rste 1\ne t;n .. t. lnssMUcll .,.~ ... 
develop.!le.r1t. of this oa.ci' i:ne watt inl tltt.ted an HI exo6dt ted ball I before t. e 
end of tJ'!e PrcUic t'&r, ~u the aeatre.ble fer~- rea '"~ cl'ere.cte-rlst.~e• rtll 
POt be tn<:or;-or ... te.d ltJ tJ-e :rtret "!odell Md !'Urther 1:t'!'t'OV8'tlftlt choulc! t'4t 
!''!!"2'".11 tted ou t lqng trN bteie. 

2. '1'~?6! 'tYpe 'l!letxoeritgr. I tepr t..utypettriter 1 a illherently 
li!'l~ter in ''"'lt;:.t ttan the pt.ge ty:>e machine 1"1 tr t!'le a ••• ~-;e ··eul c"nttn.t!t.ion 
F1nce tl' e bu1.Jt1 cl'lrri.e.ge1 papt"r holder and }"a:;»e.r feed -n~char.ifi:l r;re not neeeGa&l'J. 
D~lop"tE-nt o~ &n ~tr••lifb,tl'l'elr.ht !IIScl'.ine of tl't•s ty_pe f(:r llft !.~ extre~N 
fonr:rd e.ru.e to ft;,"'..,lel!lent or re;>hce tt. e tel~phcme r.:ad ~'.ore«- code telegrapb,-
111 requ.tred. .Ae "'isuBllHcJ, tJds Wllt •C'Uld be &rrflfi~ fllr Oj)eretiDil eltnar 
"' T.enutl.l.,v- e.c·"Plied ;ow&r or ~ a. low curre~t 61-aiD. ~lectric notor ~t '!.1:!.8 opt10D 
o:t the user. It \rould u&o be capable or ope!'ed.an on a po1nt-tc-po1nt '-Ill• 
und 11nuld int•ro-pt~rl'te ~~ tt- pege tJpe telet,.pewritEre nmt bl u&!' uu! t.nder 
OeftlopnlEnt, 

3. Ua1vtrul !oice-FTecrupgy 'feltqeu:•h Tmu5£!iff~O!) Unit. In 
order to -exted 'tJ' r r: dftntagee t"Jf YOice-frequenq trenAiiiB'l on oi' telt!trfpb 
dp;1uhe tb1oau.~out the r.y•te-'1, it ill l'TOpOI:!'d to dewlop • ura.it wt.t.cl'- ie 
C.fl..pBble o.f 0'9ert-t1t~~ 011 e. half d\l'Dle:z beais 011 telephone- ll,nee h•.rtng 
lo,ese• ftryi'D' f:rttil 0 tQ ~ db nthout adjustment. Jle'ftlOpr.aellt of liiUCh 
equipment dU ell:a1n•.te t.ht" nece&si;ty for •epr.nte telefft.t"1h 8T"itehbot.t"Cie1 
~epeaters, l!t'C! othe-r ar.i tchi.nl! rt.r..d tnn8Mi..:Bion e.vpl'.nl.tue. fvo generr:l 
1\ppllc~:tioae !re v18WiliHCl ca tollowea 

~. Cgmbi11.eticp Telephcae-Metn,eiDt.er ftrt1on Set. 'rl3e 
s~t~on s~t connected to the tele~ane 8Witcr.board ~ld ba e&poble of 
o'3ontion f'i tter u a telephone or tele'typelr.rl.ter f>t tl c. opti.Oil of th• u•er. 
l>J.t. ce"'tert en4 rece1·tioa of ooUs .,auld be by u&e of tl'e telephoue. 'ftie 
t.el.typewri tar could te oU.ced em tt~ Une Then oellli'!'Pc! by O.r)en tiCID of c:. 
siraple niter e-nd wroulC! trens"Jit rmd reea1ve 't.t'roudl tha 1'otae-£reqvmey UJJit 
d•ecrl.bed a'bo'Ye. Alttematic t'eatorr.t1an to the teleahcne position *en the 
£.t,..t1on eet ie ia the et.9rld-bJ condittm vould be E !.wtJ.re. lft.i.c- eqtd.p~t 
is orutote-d to l'IA'ft eonsidere.ble "'Pl'li~tion for u~e ttr str.ff of !!cera wt:ere 
aecur1t) r-nd aecuraey or cor.mamico.Uon fra1· eutioo to atation Ls i"'l'porttnt. 

b. 'l'elttxnr•r:ttor Ste:liipp. yn1t. i!be'I"'J tiH? voice-tJ""eauency 
1mlt ie !'ll\rt of a telet,pnrit.er ett.tiOD ret cormectf-d to e wlety:::~nriter 
ce¥~trfl o!'fice ~M I'Mt&ne o:f et~&Uin; tho opel'1. tor -r.n:art. t'& 1~ltovictrtt. 
Since 1t is O.::J9Ct.ed tr-~t tt.e t.ele~:t"ltl!,.. atritctbo··:rd v.ill be ope~ted 
si~ilf...r tc en ell ~~gnC!to tel!'I)hone mri.tct.boaid, :lt ir. eJt-..octetiJ t..}l&t 20 
a,.cle rlng!.no:; ~ere tor& will be llBed o.t ttet Gt' ti<m eet !"or ~ t"Tli•Uilai 
~J.lOE"tus. Cca!!ider2ble Upllri;ut=nt will 'toe reqn1r~ to detl!'r:.!li.n~ trtt- be&t 
mev od of eol!·RU11CC.tiD¢ witr the ou.rt-tor &nd p4c1ng calle. 
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.. 4. falet;,ypevlter S!r1tgl:lb9ard.· l'i.tn "t.1e wide •~ret&d ucse ot voira-
f'ret1ueno;v telefCI"&l"l trllDa&isaioa, it iu expected tua.t se1]1il'd.te deve.).oplaat 
ot tel.egraptl .aw1taa.board8 wU1 not be :required since tolr,jlone nitahborzda 
wUl be adequate tor tl1e pgrpoee. lhe lliBGileta switcb.bo&l'd of re.Lepbone Cen.
tnl Oftiae bet JB/rfC-5 -sbould proYicle all MCBSihU'J fa.cili t1•• !be 
operator's telety..,ewriter set 1fOUld be similar to the station teleliJpewritoz' 
set diaGWiaal ill subparagraph .3 Jut above, ad woulc be connected 1n plaofl 
o£ the operator•a telephcme sat. SipuJ ling OY81" loaal loops would. be by' 
meem& ot a ao C70].e riDg:I..DK a-erator but the mothoa ot a:lpall.iq OYer 
trunks will require BOllE) apar1moutat1an to de'lieJorl'ine. lt is apected ttw.t 
l:levelo,tl:lent ot eq,ui}W&Dt o! tr.1a t7pe 'llil.1 gl"BILIA.q :llrprove the eaae, tla
ib:l.lit,'_, aud accuracy of taletJ'pe oporation RDd "COD81dera.bl¥ :reduce ~e mra"• 
ot equipaente requil"e4 1D wire OODIIIUD1aaticma. 

5. IeyesW.at;t.pn apd f.ll"rah• For OOD.tinu1Dg taprovament of th4t 
telegrapb a;vat., it is oons1derecl uecea..a17 that tl.r.e tollow ng 1Dveat1pti.ons 
be parsued on a lone tom baaiaa 

a. Iuveatiption of tbe telautops.pb principle to det81"111ne 
ita applioation1 ,1t arq1 1D the Arlq caanmlaatioua BJ"Stan. lreseDt tal
autoJraph &:9PILftl.tua is o-al&ftted on a d.-a basis and is he&"f71 aumbersome, an~ 
not too acourate. !nare is same ax~atation that u.teuioll ol tnis 1:xriDoi1J.Le 
to o.lel"ation on a VCJ1ce-treqU8!107 basis would prov.l.de lighter wight,. more 
reliable equipmeat tOJ.• 'lirrmlll!lission ot written Uteaeapa. 

b. Detem!.Daticm of optiaal keyboard H.I"I'8D{(emeat tor the tele
type.lri.tL-zo. there has been aonsid.era.ble contention tht..t the preaoat Bl'l'fll'll8-
ment or the let.t.era on the tel.et,.,..TitQr ke,yboard are not the nout ideal for 
t~~.&t O!:)Cl"&tioa. It ia augpat.ed that the Army pcuoticipeLte with indust.ry and 
ather Govern~~~•t de"..-,rtkenta iD tletarmiDing a. auitable ltep .. ard. ..aft'.nf(8118Dt. 

o. IDYeatip.tion o£ lubriC&Dta and 1Dks eu.ploJ'ed in te.Let.ype
writers wttb the aim ot p1'0'Viding improved b81"9ioe over atenckJd clilaatic 
ooa.cii t;Lou. 

d. Investigation tor improvement ot te.LGtypewriter paper ADd 
~\..,ol" nrmdliDg dn1oe•· 

•· DetermiDation ot an optillml t.nuu1aa1011 speed. ~ile the 
aorr.ttl t.ra&nlllliBsion apeed u t present ia 6o 'IIOZ'da per minute 1 1 t is en t1rt»q 
tuasible to mu.terill.lq' incrawte this rate. 'filere hCI.8 beea ccmsiderable 
opora ticm oa CICXIIIleroial fa.c1l.1 ties a.t 75 1IOZ'd8 per miDute aad 100 words pel' 
Jllinute, al~ the latter :l.s still cost:q in 811 experimental stage, Altu.ough 
!nol-eased speed 1s proba.bq dos:l.rabJ.e 1 it t1CNld appear impractical to :l.ncreu.ae 
it b8JO!ld. a. certain lbd.t. lacim'a po:rtain'Di to this l.ild.t l.rttl 

(1) Incnased s.ipt&l.l.iDg apGed. reduces tile range IIDd 
m.rpa or liDe ana. station equipmeDt. 

(2) Increaaad. siczu·u'"l frequaDq requires broader baud 
w:l.dtiia and c0118equ•t17 reduces toe number ot che&anala 
awdl.!.ble 1D 11ft7 gi.YeD band width. 
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(J) At speeds above the I10l"RIAl. operator t,;d.Dc ra-:.te, ., ,r.,.. 
portionate incr&~~.ae 1n pc-.ll"l:l':mnel md cqui911cmt .1 &1r1 u1J-ed 
to preJ).I.l'W tr~.a.tric tor aut.omatic tr6.1lSmiooioa 1n o~'Uel· to 
eft"bot most ~~:::t.fi.cie.at cirouit utili•ti.on. 

(4) f.e.Liabili ty and c:aintem.noe l"eCt,llire.QJ.ta for meolumical 
equip:umt ure atteoted e.d:veraely at inoreased speeds, 

G. Lipe w1uir.J1!Dt. In tala aH.tegol"7, radioa.ll.r nc"U equilZD.mt ~.!lei tech
nir.ucs are l"OquirfJd., )litb tile -r&~t.t im.pl·ovem.mt 1n o&ble II!SII&ai.& al&.Ddl.iDg 
ubili-ty t.n~ t:..o usc of Dew tranEIIIlission equipnent, it is upected tr.u.t 
t.l(..re .. "111 IJe little .Jr no )llr ... ce in the Arlv' oommunioat!an ST&tom tor open
'll.re line construction ~-• n lmo. it tadlq. Less than 1/2 the weight ot 
equiJ:llil"'Dt l1.nd conaioerably less eftart will be required to i1111tall cable ot 
e~uivtll.mt meaaqe b&.DdliD.g abili'tJ', Discussion of line aonatruotion nq,uip
ment ia divided into two pbaaea, eQuip!18l'lt required tor the tactical • .r--!1. BDd 
tb.... t required tor tbe 11011e ot coDDUDiaationa or otDor stable areas. 

1, raot1gal Line Ccm.strLJ.ctioa Eguiwpt. It is expected tbat t.be 
SJJeed amd. BDO'Ul"i ty' c.a.• .ncied. in the COD.StruotiOD o£ -:,ire liDea 1D tactical &reu.B 
will ~e suah tb~:..t no possible oonstructiOD techDique 8l"&ould be allcmed to ' 
rm:.ain unexplored. E.quipnent development und illvestigations required follow. 

a, Hi6h SWed Co:Ua. Devel.o);lll8Dt ot tnia met.lod or packaging 
wire and cr:..blu snould be exteDded to cover all types used in the ttLctical 
plwnt. lmprovanent of the •uet4oda and macn.iDery used Sl!oJula. be lllKde DoJ that 
11ire .,\lUi e...ble ma:r be pb.Y8d out at speeds up to 200 miles por hour. 

b. Pol.!•• .Levalo1JII8Dt ai-.ould be conc:l.uctr..d to produce Bl"'..U 
light\vei.;tt polea to conserve ahippiDe:. spu.ca ami recluce total weibht ot liDe ' 
aontttructiou equi·meat, ~tal poles Rre indicated. lhe follo~"1118 88D..t"ral 
t.oaa are IJ'Ur.to"!ltedl 

(l.) JioUDd sectional ,tJOles similar to pipe sections. 

(2) l.!perad aect1oaal poles. 

(3) TripOd auppo1 ted structures Which kl"8 sui table tor ph.ae
n.ent tram a helico.,tor oz· otbt4" urpluno wi tl~out the 
neceaa1Q" tor diegiDg pole holes. 

c. io.Lo kecti,gn. Truck lt-44 po1e hole cL1ggin1 equiJI!iont is 
unbu.t1Hf'"l.Otol7 in H.Ll :teS!»cta, A C.Jmpl&teq DEM_and much cora I'UMr"'Cl veticulur 
,t)Olo .aole diC~.;in.. u,ui,lZent, deai.,:ned b.l'ound a stwldu.rd. Ordnance or Corps ot 
l•1: ineer1 s e.'UI.&IIil:l is required. Portable t.ole difZin.: eq,Uipnent is re:;,uired. 
~'u.rthc.r inTe&tl,Kation or explosive mat.&Ods of pruduoi.Dg suitable pole "'olea is 
BUP"gested, tb.tr.. tue uae ot smaller diameter poloa, it is quite ?')SE»iblo tlu..t 
s:iJ:Ipler methods sucl.L t...b t...o uso or a band ..ugel' or mll.tlt ELDd spike r::ay be 
GUl'i.iciont in r..oat ina'blmcea. 
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d. .Air flotation ot ·•ire U "01. It tbo wei!$ t of t.ntt Ydre ud. 
ou.bla etm. be mud.a sufficient]¥ light lilbilo rotainint-. ita longitudirml strength, 
aonaidorabl,J' laager apana can be toleratacl. 1h1a would be particularly adw.nt.
aceoua tor traverains ditticul t and 1Dacoesa1ble azreaa wbere poles can not be 
ree.d:ll,y ezreatecl. Investigation of empl.cvmeut of BW&ll kite baJ.l.ocms tl"'OIl wt&ich 
tnc cable or wire 11 BUpellded u a means tor obtaining iDcreJ~.sed air f'lotc. tion 
ill sur;gested. 

' e. Jahlolea and Plapes. Inasmuch as the erection ot cournmica-
'Mon ll.D.ea 1o a ci'V'il ongineeri;ng oODatruction problon aildJ.u to tbosfil encoun
tered by the Corps of l:.ngincers, 1 t is considered that special purpose vou!clea 
are justU"iPd.. tor this WOJ:"k. Some of trw vehicles and pllllles m1cL Bl ould. be 
considered follow. 

(1) 1 llne conut.Tuctitm. truck equiPllOd w1 tb •.n at.rnsible 
s1cle ,lftt:f'orm ana derrick so tb.u t poles u.:y be ern9ted 
and et,.uip~t~ant Poved oft th..;) side ot tl.e ro. d wi tLout the 
nccessi ty !"or the p, ... ruonnel cominll- in con tact with the 
ground und ancountorint mine fJ elds sl.ould be developed. 

(~) EbB he~icoptar bas considerable potontiali~ for line 
construction use. It can be used aa.es &.uxilitU'l"' to the 
line construction and supply truck for :pl:-..aing a line 
wall oft tho roc.d, re::soving 1 t from denger OJ.' d.u:.age 
by tricm~ vehicloa. It is visua.lized. that ,tX)las ban 
be set ana oab.les placed by t.tJo use of' tl is I'!I.Lchine. 
:tr a h~icopter ot suf'tioient aapaci ty ies uvuilable, 
it is poasihle that it could be used to C8ZT7 the 
eqllipment Ea.Da. carry on the conutruction •40rk with )Ut 
the necessitJ' tor t"raquaDt trips to the supply truck. 

(3) It ia believed tbat in 111mJ3" ca.ses aub-surt'ace con
struction JIKil' be i"oo.aible and de airable even o.a tar 
fOl"WU'd as dinsion cODI".tmd peats. This 111 particularl.J' 
true wuaa the si tw:..tion is such that f'oll,J •inr hi('hor 
echelons will in turn take aver .'!14 .. supplar.•mt the 
old.sting ooll!ilUD.ica.tton axis. .For this "PUl'poae, it is 
required tbat a Bll!all pJ.o,, oaoable of plow.iDg-in two 
lip,htw9igbt a-~ral.-tour cables lY- develo1-.ed tor use in 
conjunction n tb. tlle n\leaaal• or td.mile.r tro.ck,,d vehicle. 

b. Layin;- or 'lire un tile surf'ace or the ground. troe. planes nas 
~eady been Buoce:ud'ul~ o.ccOL'l.:.uiahed. J!'urtnAr FOC .... rimtnt&.tion •o~.lon;c t...tlia 
line sh.CJUJ.d. be darricd. out. Some consiclerat.ion mi~t be givm tc. the uoe of 
the rocket ,.uoinciple tm· ..Lccom-,J.ishiD..:, t:.\is mission. 

2. Conutrugtiop for btable Ani'• It is believed tuE.t !iD(: oon
struction 1n this 1et-1on will OF.i =•ostl.v' subterranean, since t.. is a .,,c.t.rs to 
be th.e os t. oecure oi tbc vur J.OUS ooustruction motn.Jds. In i!Cneral., cOJ...xial 
oa.ble will be w ~oycd and a uui t.Mblo ven.iole :tor placing tt.iL cable id 1 u
qu1red. Since t.&~ll tJpe or construction is &. maJor civil cnt:inccrin, problem, 
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::l.t 1u ttca:ln aonoinmoed that special purpose vehicles tsimiL"U' to tbo&~t used 
by tho CorpD ot lAt.;1neora 11111 be :twequ1:red. lbe p:.ow cud prime u:over iolOUld 
be one UDit equ1p:')Cd with treads for travera~iDe Hll types ot torrrdn. .L'be 
'9'81 icle ahauld be capablo of b1J!'11Dg two cables simW.tancouaq to depti.1s ot 
at. lealit. .3Q inctloa vben operat.iDts, at speeds up to 15 miles per hour. lD 
pJ.t..ces it &ill oe required tb&t aer1al ocmstruat::l.cm be rell01"tod to. Ez:tcmaion 
ot the aorial constluction teotmiquea discussed Jut aboYe to cover this field 
llhould taoet requirements. 

3. fault LpgaM,OIJ Eaui'P&t• r.ith the g:rea.tly incra..se uae of 
aablea, espoaiallJ' coaxial cables, az~d tbe hiiber trec..uPnC::I.es ~ in 
tn.asnd.s1:1iOD1 it; is pt'.rtioula.rq important that improved fault locatioll 
equ1plll8Dt be proY::I.dod for use at a teut baarcl 1D the central oti:l.ce and by 
tba liDEIDGD in tnu field. Davel.opment ol" the tollo.·t~~ ty',l)o& ot ~Kiu:l.J8ent 
11:1 requl.s: edl • 

a. Pplu IletJ.gqti• lluil!ll!llt• !llui,pu.ent employing this 
method tirbn111~ta h:Lga lrfiK1ueney pulsaa .,.::l.ch are rcllected back along the 
liDo wnm imped..'UI.ce irre~britJ.es are enaoua.terbd. hewi1ngs .:.re obtfLiraed. 
an ea. caU1o..10 rc..:J tube. lhis iu easmt:Lal.l¥ a Itudar te01mlque ayplled to 
w.lra l:lneu. It ::1.1:1 ca.rab.L~ o.L uctfoctintli"aults &Dd potentiul ltwlts wtl::l.ah 
&.re not found by 8'117 other method. lhile SCilla cieYelotment of tbi~=r tyoe ot 
equi.zaent waa w..de durin{j "orld War II, turtner deYalo.;meat ia required 
since tt.o need. Yd.l1 be r 01 ca G.CUte in tu"Gm·e cuo.mun1oat1on rgs~a. It is 
viawll.:zaci t.&lat t.&ld B-I,Ui!~Dent will oe the uttin cor.1ponnn t; of 11. o~irc ab::l.ef'' B 
test board uaed t.t .::rvaey tty.;t.aa C..:ntrol Center. Davalo}:Bont ot a aiJ:::I.l.t~ 
type «a,ui.JUtent oi' conuld£.-rtt.bl¥ BDIAller uize for uae 'btJ tbe liDemen iD 
local.izinc. troubJ.o ib also requ!nd. 

b. tone rest Seta. 'lhe use ot sub-audio tolle test seta &Del 
electrostatic and a.r.Lf.D8t::l.o pick-up devices for locution ot taulta on cable~~ 
is now Ubed to aaawe extent in the COJm:iercial ;llmlt. It 11::1.ll. be neceaiJS17 
to uda.pt ar..d im;rove tb.is equipment tor A1"fll3 field uae. 
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