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2. The Standardis to be used in design,installationand operat”on
of new CommunicationSystemsand Equipment. Deviationsshouldonlyb$
permittedwhen thereis an overridingnecessityand only afterthe adverse
effectsof the deviationon suchfactorsas logistics,training,cost and
interoperationhavebeen considered.The standardsshallbe adheredto
in developmentof new equipment$but care shouldbe exercisedthat the
standardsdo not inhibitadvancesin communicationstechnology.Revi-
sionsof this documentand new standardsfor the futurewill be generated
by suchadvancesin technology.

2.1 It is not intendedthat existingsystemsbe immediatelycon-
vertedto complywith the requirementsof this Standard. New systemsand
thoseundergoingmajormodificationor rehabilitationmust conformto
theseStandards.
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F(REWCRD

1. The previousissueof MIL-STD-188,“B”revisionand change
Notice1 of the l!Bflrevision,containedstandardsfor GlobalCommunica-
tions. This issue,the IICIIrevision,containsonlythosestandards
pertahing to tacticalcommunications.Globalcunmunicationstandards
sre containedin standardspublicationsof the DefenseCommunicaticm
Agency.
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IDENTZFSC.ATIONOF
lNTERNA!KLONALSTANDARDIZATIOXAGREEMINT

Certainprovisionsof this standsrdare the subjectof international
standardizationagreement.When revisionor cancellationof this
stazndardis proposed,the depdmental custodianwill informhis respec-
tiveDepartmentalStandardizationOfficeso that appropriate”’actionmay
be takenrespectingthe internationalagre~mentconcerned.
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●
✍✎ 1. SCOPE

1.1 Purpose. Thepurposeof thisstandardis to providetechnicsl
designstandardsfor militaryccmnunicationssJstems.TheseWotide the
basictechnicalparametersof communicationsequipmentsand systems. The
parametershavebeenchosenfor futurestate-of-the-srtvalueswherever
thesecanbe determinedwithreasonableaccuracyaswellas to definethe
minimumacceptableperformancevaluesfor interimuse. The standardsare
to be usedin developmentof new equipmentaswell as procurementof
productionmodelsof standardequi~entas statedin the promulgation
letter,pageii. Referto the definitionsfor STANDARDS,SYSTEM(par.
2.633)and OBJECTIVE,DESIGN(par.2.434)for theirmeaningwithinthe
contextof thisstandard.

1.2 Objective.Theobjectiveof thisstandardis to enableengineer-
ing,installationand operationofmilitarycommunicaticnssystemsto be

; accomplishedwithoutunduedifficultyfromequipmentinterfaceproblems
i andproblemsof incompatibilitybetweensystemsand equipments.Thishas
I beenaccomplishedby thefollowing:

1.2.1 Standardizationof operatingfeaturesof end instruments,not
of detaildesign,but of otherfactorswhichgoverntheirinterface
characteristicswithsystemsinwhichtheywillbe used. Examplesare type
of signal,bandwidth,level,etc.

1.2.2 Specifyingthemsximumextentof the communicationsystem.

● 1.2.3 Specifyingmaximumpermissible
processof transmissicmand allocatingthe
variouspartsof the system.

1.2.4 Standardizationof thetypeof
conununicationsystem.

NOTE: In additionto standards,this

degradationof a signslin the
permissibledegradationamong

signalat variouspointsti the

documentcontainsconsiderable
technic&1backgroundinformationto explainhowmanyof the standaxdswere
derivedand howtheyare applied.Thisinformationis intendedas a
referencefor theuserto assisthim in determininghow the standards~e
to be appliedto his partic%llarproblem.
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2. TERMSAND DEFIN13!IONS

2.1 Q&~EmIGIn~. SeeWEIGHTING,344-LINE.
;-...<

2.2 ll+l@ECEIVERl#EIGHTIIU. SeeWEIGIHJ!ING~ J.l@IECEIVER.

2.3 ACTIV33?YFACT(R, SeeFACTORSACTIW1l’Y.

2.4 ADDRESS.Addressin commum“cationtiageis the tidedre~esenta.
tim of the destinationof a message. lh dataprocessingit is an identi-
ficationsrepresentedby a name,Libelor nmber$ for & reg$sti+ror Loca-
tionin storage+Addressss@e alsoa partof an instructionword aloqj
withcommands~tagsand othersymbols.

2.6 ALPHABET.
,-,.:

seeUPHABm$ lmT’M.LO ‘“’

2ti~ALPHABEP~ DIUI!ML.A-iabiec?fcow6spo#efic?’.~ti.~fic~acters
andt%nctkiasand’thebit stfitureswhichrepre~nt”t@~? ~~ : ~‘,,,, ,,,-...

,, .,, ,:..,. .,,,.
2.8 ALPHABEITRANSIATIONeSeeTRANS~UMs ,~% 0... . ...,. t;, ,.,..., .’. 4!.

‘2;9 &_C@ QlhdleticM nuhe~ic,*T* l@5rs9. A*Ps$’
and symbols. ,. ...,, .,:.

:. 2.31 AMPLTlWDi3V% FRIQUENCYDISTORTION.See DISTOR!l?IOli9AMPLITUDE
W FREQUENCY.

2.2.3ANAI&GSIGNAL. SeeSIGN&L~ANAL(X.

2.14 ANTENNAGAN. SeeGAINSANTENNA.

2e15 AREA,ELEMENTAL(FAX). Aqy segment
subjectcopythe dimensionofwhichalongthe
tJM mxmlnallirmWidth. lWIE: Elemntalareais not necessarilythe
sameas the scanningspot.

of a scanningUne of the
lineis e%actly equ6dto

2,16 W SYSTEM. SeeSYSTEM$ERRORDEX%CTINGAND FEEDB4CK.

2.2.7ASSIGNEDFREQUENCY.SeeFR3QlENCY$ASSIGNED.

2018 ASYNCHRONOUS

2.19 ATl%NU&TION.
powerof an electrical

TRJNSKISSION.See TRANSMISSXON9ASYNCHRONOUS.

The actionby which~or th result h which$tlk. ,
s&gnalis decreased;qressed in @.

2
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●
2.20 ATTENUATION,ECHO. Ih a four-wire(ortwo-wtie) circuitin

whichthetwo directionsof transmissioncsxibe separatedfromeachother,
the attenuation,Re$ of the echocuments (whichreturnto the input0$ the
circuitunderconsideration)is determinedb~ theratioof tk transmitted
power~, to theechopowerreceived,P2; expressedin ~.

2.21 AVA~LE LINE. See LINE,AVAILABLE. ,

2.22 EALANCED.Electricallymetrical withrespectto ground.

2.23 WCE, IQNGI!NJDIIUiL.The electrical,sfietry of the two
whes of a pairwithrespectto ground. .SeeWCED’. ~

2.24

2.25
a marginof

2.26

,,

BALANCEDWRE CIRCUIT.See’CIRCUTl,BALANCEDW&E.’

W, GUARD. A frequencyband&tween two ckels whichgives
safetyagainstmutualinterferemeo ..,,. ,’.“:

BAND,TIMEGUARD, A timeintervalbeforeor after.(orboth)
the detection/in~egraticminteqmlwhichmay @used, *o redticdthe,e.ffw!s
of intersynibolinterference& the timedomain.

,“. ,,, , .,, .,, ,

2.27 BANIl$IIYIH,F~S&LE. k a given‘f&sim&e s@&n, the dif-
ferencein Hertzl@ween the highest+d, the.luwestf~quency c~p~ents
requiredfor adequatetransmissionaf the f=”s~e signals. .

0
2.28 13ANWDTH$NECESSARY.For a given,classof emission,themini-

mum valueof the occuptidbandwidthsufficientto insurethe transmission
\’ of infomnationat the rateandwith thequalityrequiredf~ the system

employed$underspecifiedconditions.Rnissionsusefulfor the goodfunc-
tioningof the receivingequi~ent as, for example,the.emissioncorres=
pendingto the carrierof reducedcarriersystems,shallbe includedin.the
necessarybandwidth.(Thisis usedforfrequencyassignmentpurposes.)

2.29 MNDJIDTH,NOMINAL. Themaximumbandof frequencies,inclusive
of guardbands,ass~ed to a channel(notto be confusedwithtie term
radiofrequencyemission).

2.30 BAlwxrmH,cccuPIED(Fa ATmSMITTER). The frequencyband-
widthsuchthat,belowitsluwerandaboveitsupperfrequencylimits,the
meanpowersradiatedare eachequalto 0.spercentof the totalnean power
radiatedby a givenemissidn.h somecases,forexample,multichannel
frequencydivisionsystems,the percentageof 0.5percentx@y leadto
certaindifficultiesin thepracticalapplicationof the definitionof
occupiedandnecessary,bandwidth; h suchcasesa d$fferentpercentagemay
proveuseful.

2.31 BANIMIDTH,~ (F~ A TR41@M13!TER).The differencebetween
the highestaiidthe lowestemissionfrequencies,in theregionof the
carrieror principlecarrierfrequency.‘NOTE: ~ practicethe regionof
the carrieror @nciple carrierfrequencybeyondwhichthe amplitudeof any

3
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frequencyresultingfrommdulation by signal.and/orsubcarrier fre-
qwncies and theirdistortionproductsis lessthan5 percent(-26dB)
of theratedpeakoutputamplitudeof:

a. The carrieror a single-tonesideband$whicheveris greater$
for single-channel emission;or

b. Any mbcarrieror a single-tonesidebandthereof,whichever
is greater~for mwltipbx emission.

2.32 RASEHAND.h theprocessof modulattin$thefrequencyband
occupiedby the aggregateof thetransdttedsignalswhenfirstusedto
modulatea carrier. The termis commonlyappliedto caseswherethe
ratioof theupperto the luwerlimitof thefrequencybad is largecom-
paredto unity.

2.33 BASEBAND$MUUIPLEX. Thefrequencybandoccupiedby the
aggrega~of’t~ ~=tted ~~s appliedb thefacilityintercon-
necting the xd.tipleximg and radio or line equipments.The multiplex
basebandis alsodefinedas thefrequencybandoccupied~ the aggregate
of thereceiveds~nah obtainedfromthe facilityinterconnectingthe
radioor lhe d nmltiph3.ngequipment.

2.% UEUNDs RADIO. The frequencybad availablefor thetrans-
missionof all theccmbimd telephonechannelsand/orothercommunication
channelse

2.35 BAUD. Thetit of moddationrate. Onebaudcorrespondsto a
rateof onsunitintervalper second. Themodulationrateis expressed
as the reciprocalof the durationin secondsof theumitinterval.
Example2 ‘Ifthe durationof the unitintervalis 20 millisecondsthe
lBOfiUhtiOllrate is SO bauds.

2.36 BUSS IIWEFWAL(TEWFYPEWIUTER).Thatbias,eithermarkingor
SpaCing3thatmay occurwithina start-stopteletypewriterreceiving
mechanismsndwhichwillhavethe sameeffecton themarginof operation
as biasexternalto the“.aceiver.See DIS’N3RTION~BIAS.

2.39 BINARYDIGIT. See DIGIY~BIHARY.

2*4I BmmY NUMmRe seeHmRER, BXNARY*

2~42 B1’T.A contractionof the termbinary
typesof bits.

digit. Thereare sevaal,
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●
2.44 BIT,ERRONEOUS.A bitwhichis not in accordamewiththat

whichshouldhavebeenreceived.

2.JtsB~, FRAM31U. A bit usedto denotithe beginningor end of a
predeterminedgroupof bits.

2.46 BI!J!$ 13UURMATION.A bitwhichis generatedlqythedatasource
andwhichis not usedby the datatransmissioneystmh

2.47 BIT,OVBRNEAD.A bit otherthanan informationbit.

2.48 Bl!i!,PARITY. A bit associatedwitha character,arblock,for the
PWPOSe of uheckhg the absenceof error withinthe character,or block.

2.~9 BTl,SIHWICE.An overheadbitwhichis nota paritybit (i.e.,”
requestfor r&etition,numberingseqwnce,etc.). - -

2.50 BIT PURllU. See PAIRIN3,BIT.

2.51 BITERNARYTRA?WISSION. SeeTRANSMISSION,BITERNARY..

2.52 B~ INVERSION.

2●53 BLACKFACSIltCLE

2.54 BLOOK. A @OUp

See llVERSION,BIT.

TRANSMSSXO?J.SeeTIUNSKISSION#BLACK

of bits,or binarydigits,transmitted

FAOSMILE.

as a unit
overwhichan encodingprocedureis gener~ a@lied for error-control
purposes*

2.55 BLOCK,ERmNROus. A blockin whichthereare one or more
errO1100USbits.

2.56 RREAK. To break,in a communicationcircuit,is for tlw re-
ceivinguserto interruptthe sendinguserandtakecontrolof the cir-
cllitjusedespeciallyin connectionwithhalf-duplextelegraphcircuits
and two-wqrtelephonecircuitsequippedwithvoice-operateddevices.

2.$7 BWUIQWf OPEUITION.See OPERATION$BROADCASf.

2.98 BRWXIASTR?WEATER.SeeRBPEATER$BROUOASl!.

2.s9 BUFFXR,IMTA. A storagedeviceusedto canpensatefora
ciifferencein rateof fl- at hformationm timeof occurrenceof events.

2.60 BURST,ERRoR, A groupof bitsin whichtwo successiveerroneous
bitsare alwaysseparatedby lessthana givenmmber (X)of correctbits.

2.61 C-XBSSW!WEIGHHNG. seeWEIGHHNG, C-MESSAGE.

2.62 CARRIER.a. A wavesuitableformodulationby the intelligence
to be trmsmittedovera communicationsystem. The carriercanbe a
simosoidalwaveor a recurringseriesof pulses. See alsoSUBCMUER.
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b, An mnodulat%demission.

2.63 GARRm FREQUENCY.seeFlUX2UENOY~CA$RIEt*

2.@ CARRIERNOISEIJ!XEL.SeeLEVEL$CARRIERNOISE.

2.65 CARRIERPOMER. seePOl#ER9CARRIER(RADIOTMMSMITTER)e

2,66 m3tTER9Simwsm3. (Ano Caued S@tckimg Faoility~switching
Exchange$or CentraJ.QHice.) An iwtaKLatiIx3in a Conmnnlicationsystem
in Whichwitchingequipmentis usedto 511te3?connectCommunicationcir-
cuitson a messageor circuitswitchingbaeise

a broadsenseto includeseparationby frq~ncy divisionor ti& ditisiono

2.69 CHARACTERSCODE.
qnnbolin accordancewith a

2.70 Cwc’m m BIT
A?lIlBITCOUNF.

The representation& a discrete
code. SeeA3HMBET~ DIG33AL.

com m~wo seO INTMRmY,

(FAX). A relationbetweenthe density2,73 CHARACTXRIST?C~ HALFTONE
of the reoo.rdedcopyand the densityof the subjectcopy~ NOTE: The -
termmay aho be wed to relatethe amplitudeof the facsimilesignalto
the densityof the sub$ec%copyor therecordcopywhen ozilya portion
of the systemis underconsideration.In a frequency-modulationsystem
an appro~iateparsmeteris to be usedinsteadof the amplitude

2.7’LCHARACTERISTIC~ SQADm (MULTICHANNELTELEPHONYSYSTEMS).Load-
ingforIUuU&-channel,+&@@lony systemsindicatesfor the busyhourthe
e@valenti_ power=axkdtba peakpowerof milti-channdSysteusas a
functiond thenumberof voicechannels~ The equivalentpowerof a
complexmkil,ti-channelSigI@L$referred%0 zero relativelevel(0 dRr) is
a Aulctionof the numberd dannels
meanvoiceChannelpower.

2.76 CHARACTERISTICFREQUENCY.

a.?adhas tO~ itsbasisa specified-

See DIS’T~lOl?~CIWWTBIUSTIC.

SeeFREQUIQKX~CHAUCTIWWIC .

Walaeor

CHARACTER

2*77 CE3ZKme See B3T9PARITY*

6 ‘o
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a

2.78 CIRCUJT.The ccmplsteelectricalpathbetweenend-teminal
instrumentsoverwhichtwo-waytelecommunicationsare provided.

2.79
two sides
and other
whosetWO

2.8o

CIRCUIT,BALANCEDWIRE. A balancedwire circuit is me whose
are electrically&Likeand _trical with respectto ground
conductors.The t- is commonlyusedto indicatea circuit
sides &d?fa O* by chance.

CXROUIT,COMRX31TED.A canpositedcircuitis a circuitwhich
. can be wed sh&aneously for teleph&yand d&ect-currenttelegrapw~

or signalingsseparationbetweenthe two beingacconqilishedby frequency
discrialination.

:
2.81 CIROUIT,DUPLEX. A duplexcircuit$or system, is a telegraph

circuitor systemwhichafforalsshultaneousixdepetientoperationin
oppositedirectionsoverthe samechannel.

2.82 CIRCUIT,FOUR-WIRE.A four-wirecircuitis a two-waycircuit
usingtwopathsso arrangedthatthe e~ctric wavesare trtitted in
one directiononlyby ons pathand in t~ otkr directiononlyby the
Othlitl?path. ~E : The trananissionpaths~ or ~ not aqiloyfour
wires.

2.83 CIROUJ3!,GROUND-REfURN,A groundreturncircuitis a circuit
which has a conductor (ortwo or morein parallel)betweentwo points
andwhichis completedthroughthe

‘o 2.84 CIRCULT,HALF-DUPLEX.A
\ butwhichon accountof the nature

operatedalternatelyonly.

groundor earth.

circuitdesignedi%r duplexoperation,
of th brminal equi~ent,Canbe

2.85 CIRCm, METALLIC.A BIS~C circuitiS
the groundor earthformsno park

2.86 CIROUIT,SIMPLEX.A simplexcircuitis a
a pairofwiresby usingthewiresin parallelwith

a circuitof which

circuitderivedfrom
groundreturn.

2.87 cIRcurr,smPLEKED. A simplexedcircuitis a two-wiremetallic
circuitfromwhicha simplexc~uit is derived,thenstallicand simpl~
circuitsbeingca@ble of sinmltaneoususe.

2.88 CIRCUIT,TWO-WIRE.A two-wixecircuitis a ~tallic circuit
formed~ two conductorsimnilatedfromeachother. MOTE: The termis
alsousedin contrastwithfour-wirecircuitto indicatea cixcuitusing
onelineor channelfor transmissionofelectricwavesin bothdirections.

2.89 CIBCUIT,UNEALAMCEDWIRE. h mbslancedtire circuitis one
whosetwo sidesare inherent~electric~lyunlike.

2.90 CIRCUIZS#llCHIW. See SWITCHIM2,CIRCUIT.

7
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2.91 cmmbNIRKm$ CLOSED. A methodof single-currentoperation
in whicha curwentflowsin the circuitwhik the transmittingdeviceis
a! reste

2.92 mcm hmxm~ Om. A &Wthodof singleCur’r’exxtoperation
inwhichno Curr’entflowsin the circuitwhilethe tl?$lnslaittingdetice
is at rest.

2.93 CLOCK. A referencesourceof tildngWcxn?lationfor’a BIJaohine
or Isystt?aao

2.94 ClXX3ED-CIRCUITWIRKIBG. See CIRCUX3k$ORKI!$G~CLOSED.

f’lri%lthis
dldwc%edo
to Cmwey

2.99
necessary’

WllEi%fmwtiin&r!the ?c=Wei.%mdtdgxa.s Wii be Wbom&?d,ly
such Cxxks requireUntu?eagmal EaeinMmts than areiwfsesv

the f~ti Nonnation.

Com$ m~ o A codewing mm% Sigral.@WW’Wafx3Wan
to rqx%3Sentthe intrinsicmfbm’laticm.Rx’ ex.ampb:
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2.102 CODEELEMENT. See~S C@E*

2.103 CODESET at DIDITALAUHAMXO *e ~, DIGITAL.

2.104 COEFFIC=, REFLECTION.a. me refl=ti~ coeffici~ at
the junctionof a tiorm transmissionlineand a mismatchedtermznating
impedanceis the vectorratioof tb electricfieldassociatedwiththe
reflectedwaveto thatassociatedwiththe ticidentwave.

b. At ~ specifiedplaneiA a uniformtransmissionlinebetween
a sourceof powerand an absorberof power,the reflectioncoefficient
is the vectorratioof the rilectricfieldassociatedwith the reflected
waveto thatassociatedwiththe incidentwave. It is givenby the
forlmila

(-
%3

Z1)/(Z2+ Z)or(~-l) /(~ ‘1)
whereZl is t iimpedanceof t e sourceand @ is the impedanceof the
load*

2.105 C@lMONDATTERYSIGNALING.See SIGNALING,CCWON BATT=Y.

2.106 COMMUNICATIONSSINK. See SINK,COMMUNICATIONS.

.2.107 CC$!MUNICATIOHSSOURCE. See SOURCE,C~@fI@J&

2.108 COMPANDER.A contractionof the termscompressorazxieXpandor.
The compressoris usedto compressthe dynaWLcrangeof an analogsignal

‘o

which is to be ~ocessed m tr-tted. The expndcr invertsthe com-
, pwssor functionto restorethe originald-c rangeof theprocessed

or trwtted analogsignal. The compandor may act on theinstantaneous
amplitudevaluesof the analogsignalor on a t~ averageof pasta@i-
tudes. Dependingon thereactiontime,compandorsare oftenref-ed to
as slowacting, syllaMc, fast

2.109 CQ@ATIBLESIDEEAND
cmATIBLE.

2.11o C!XPOSITRECIRCUIT●

2*3J2 COMPUTERWm. see

acting or instantaneous.

TRANSMISSION.SeeTW@lISSIDN, SIDERAND,

see CIRCUIT,CQ4FOSITED.

WORD,cOMPurl%

2.112 CONFERENCEOPERATION.See OPERATIONSCONFERENCE.

2●113 CONFERENCEREPEATER.See REPEATFR,CONFERENCE.

2.114 COIURUENCY(FAX). The abilityof a facsimiletransmitteror
receiverto performin an identicalmanneras an equi-t of another
facstie systcua.

2.lls COIWRAST,SIGNAL(FAX). The ratioexpressedin decibelsbe-
tueenwhitesignalsndblacksignal.

9
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2.u6 CCNTROLEQUU?lENT~ IUIMm. t%e a~atus usedfor ~eZfOX
mQxWmmlg9 controung$ SIxpervisixlgjlor a.combinationof these,a pre-
scribedfunctionor functionsat a distanceby ehc*rica3m-.

2J17 CONVERSIONCODE. T%@ processby whicha codeof sore@pre-
determinedbit structure(forexsmple~5$ 7* U bitsper characterinterval
ml,) is convertedto a secondrodewithmore or lessbitsper character
intervsl.No alphabeticalsignificanceis assumedin thisprocess. W
certainCases$suchas the comrsion fromstart/stoptelegraphequipment
to aymchmonousequipmentsa codecormersionprocessmay onlyconsistof
diSCSi’dL@the .StOp@ s@’t ehmnt ad &@dimga sixth~eWnt tO ilRdi-
Cate fallsstopand startcondition.ti otharcases~it mqy consistof
additionor deletionof controland/orparitybits.

2.U8 CONVNRTER$FACSIMILE.A devicewhichchangesthe typeof
mo&ZationO

2.XL!?CONWXRTERSFACSXMXLERECEIVING.(FSTO AM 60NVERl!ER.) A de-
vicewhichChamgesthe typeof modulationfrom~x’equencyshiftto sn@i-
tude.

.,,,, ...., .:.

2.120 GOtiTIR~ FACS&tLETRANSWTTING. (AMTO FS CO@ER3ER.)’‘k’“
dmieq whichchangesthe t@& modulationfromsmplitwjleb frequency
SW%. . ,-:,.

2.122 COOPEWTION~INDEXCiF~IKLAMETRALOR INTERWTIONAL(INFA!XIMII.J3),
The prodnct& the drumdiamebarand the Em advancein scanninglines
Wr unitMngtkb Theunitlengthmustbe the - as thatwed for
elqq?essingthedmm CMameter.

203S24aWsTALK* TIM @?@xmmel?+onin whicha signaltransmittedon
one circuitor channelof a transmissionsystemis detectablein another
circuitor dlamMiLa

2.12g CROSSTA~$FAR-END.Far end crosstalkwhichis propagatedin a
disturbedcommunicationchannelin the samedirec%$onas the propagation
in the dlsturb~ tibannal.The tannhalS of tha disturbedCbI?J163~and
the energizedterminalof the disturbingcharnelare~ remotefrom
eaohother’.

2.226 CRWW~9 muubmo Me d c~omak iS C~OSstdk ww2h iS
propagatedin a distwbed channelin thetiection oppositeto the d&ec-
ti,on& propagationof the currentin the disturbingCbanns%e The terrdnal
of the diatw?bedchannelat whichthe nearend crosstalkis presentM!
ordimrilymar or coincidesw%th the enargizedtezminalof the disturbing
Cham?sl.

I
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2.127

2.128

2.129
to ~vide

2.I.30

2e131

2.I.32

2.133

2.134

2.135

CROSSTALKCOUPLIN3LOSS. seeLoss,CRC?SSTALKCOUPLIN.

CYCLICDISTORTION.SeeDISTORTION,CYC13C.

DATA. (ANAILX3OR DI?31XAL.) Materialtranauittedor processed
information,or to controla pxess.

DATA

DATA

DATA

RATA

RATA

DB.

BUFFER. SeeBUFFER,DATA.

SIGNALINGRATE. SeeR&l%,IJATASIGNALING.

SINK. See SINK,DATA.

SOURCE. See SOURCE,RATA.

TERMINAL.SeeTERM13?AL,DATA.

Decibel. The standardunitfor ~ressing transmission
gain or- io= andrelativemmr ratios. The dsG%b&lis oa-tenththe”
~izeof a %1 whichis too-largea unitfor contient us% Bothunits
are eqx%ssed in termsof the logtithmto thebase10 of a powerratiog
* decibelformulabeing: dB = 10 loglo~

y

Powerratios~ be expressedin termsof voltageor current. IX the
resistancesfor boththe powernteasurementsare the same,theycancelout
in the powerratioso thefomulas in * of voltageor currentbeccme

o
as follows:

/

d13=1010g Ef 1# =10 log I;

5F
*

dB=lOlog~ =10 log I;

Weightedcticuitnoisepower,in dB re-
ferredto 3.16picowatts(-85@n), ‘which is O dba. Useof --W or
HA1-receiverweightingshallbe indicatedh parenthesesas required. See
WEIGRTING,NOISE.mE: A onemilliwatt,1000CJ)StonewiJlread +85 dBa,
but the suns power as white noise,randaulydistributedovera 3 kc band
(~ 300 to 3300CPS),will.read+82dBa,due to thefraquency
weighting●

2w?
Une&a

DBa (FM). Weightedc~nit noisePoWW m ~a~
noisemeasuringsetwithFIA-lineweighting.See

measuredon a
WEU2RTING,NOISE,

11
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2.138DBa (HAl). Weightedcircuitnoisepowerin dBa,measured
across the receiverof a 302 typeor shnilarsubset,by a noise~asuring
setwithHA1-receiverweighting.See WEHIHTING$NOISE.

2.139 DBaO. Circuitnoisepowerin dBareferredto or ~sured at
a pointof zerorelativetransmissionlevel(OdBr). NOTE: It is pre-
ferredto convertcircuitnoisereadingsfromdBato dBaO,as thismakes
it unnecessaryto knowor statethe relativetransmissionlevelat petit
of actualmeasurement.

2.lhO DBm. a. DB referredto oneMlliwatt;azployedin cotica-
tionworkas a xneasureof absolutepowervalues. ZerodBm equalsone
tiiwatt.

b. In noisepowermeasyrement$noisepowerin dB referredto one
swilliwat$.N3TE: In hwicanpractice unweightedmea~~nt is nornAlly
understood~applicableto a certainbandwidthwhich~st ~ statedoi
-lied. ~ Europeanpracticespsopqtric wei@ting..ma~be implied,as
indicatedby context;equivalentb dBmOp,whichis prefbed.

24M DM ~Psoph).Awxtt’ ofnoisepowGrfidBm,’ka~dw iti,
psophometricweighting.SeeWEIGHTING$NOISE. NOTE: Cohvers$onre~rn

‘ tionswithotherweightedunits:
,,.,

dM(psoph)=lO1Oglopwp -90=dBa-84 “,”,,

1 2a42 ImmC. h noisepowerMa ~nt$ noisepowerin dBn$referred
‘;,h ormeamredat a pointof zerorelativetranstissionl~vel(OdBr).

2.ti3 lN3mCONVERSIONTOVU. -3.9d13m=O!na.

Z?el.u$ DBn@p. Circuitnoisepowerin dBmO$measuredon a linebya
Psophometeror noisemeasuringsethavingpsophometricweighting.See
WEIGHTING~NXSE.

2*145 DB~. (DecibelsJ@oveReferencelVoise.) Weightedcircuit
noisepower$in dB referredtb 1.0picowatt(-90dlh),whichis O dllrn.
Use of W-line$ 1.44-receiveror C-~ssageweighting,or flatweighting,
shall.be indicatedin parenthesesas required.SeeWEIGHTING,NOISE.
NOTE: (1) WithC-~ssageweighting,a oneWliwatt, 1000Hertztonewill
read+90 dBrn$but the sauwpower as white noise, randody distributed
overa 3 kHz band (nominally 300 to 3300 Hz) willreadappro-tely +88.s
dBrn$(roundedoff to +88@m) ~ due to the frequencyweighting.
(2) With~ weighings,a onemilliwatt,MOO Hz tom willalsoread
+~ -$ Mt the _ 3kHZ white noise &wer willreadO*
due to the differentfrequencyweighting.

2.U6 DBrn (w LINE). Weightedcircuitnoisepowerin
on a lineby a noisemeasuringsetwithI&line weighting.
NOISE.

.

+82ah,

dBrn,measured
SeeWEIGHTING,

12

http://www.abbottaerospace.com/technical-library


MIL-STD-188C

● 2.UL7 D&n (M-REOEIVER). k$eightedcircuitnoisepowerh ~r%
measuredacrossthereceiverof a subsetwith a No.l&receiver$ by
a noisemeasuringsetwith144-receiverweighting.SeeW~mING~ ~ISE ●

2.M8 DRrn(C-XESSAGE). Weightedcircuitnoisepowerin dBrn,
=asured on a lineby a noise~ing setwith C-sSage weighting.

2.49 DBrn (FI.-F2). Flatnoisepowerin dlhn,measuredoverthe
f~uency bandbetweenfrequenciesfl and fz. seemmING~ ~~d
(FLATWEIGHTING).

2.150 DWIY TIME,PULSE. The timerequiredfor the instantaneous
amplitudeto go from9@ to 10$ of the peakvalue.

2.151 DEFINITION(FAX). Distinctnessor clarityof detailor
outlinein a recordsheet,or otherreproduction.

2.352 DIERE3GE’DISTCRTIOIJ.SeeDISTORTION,DEGREEOF.

2.153 DE3REEOF INDIVIDUALDISTORTIONOF A PARTICULARSIGNIFICANT
INSTANT(OFA NODUIATIONOR OF A RJBTITUTION). See DISTORTION,~REE
OFINDIVIDUAL.

2.@ D~m m ISOCHRC8?OUSDISTORTION.See DISKRTION,DEGREEOF
ISOCHRONCNBO

o 2.%55 DEX3REEOF SIGIUl?ICANTINSTANTDISTOKUON. SeeDISTORTION,
. DKGREEOFINDIVIDUAL.

2.1s6 DEGREE(l? Sl!JWl!-Sl’OPDXYMR!HON. See DISTORTION,DEGREEOF
srm-sToPo

2.157 DELAY,PHASE(FAX). In the tranaferof a singlsfrequency
wavefromonspointto anutherin a qwtan, the timedel~ of a part
of thewave identifyingitsphase. NCWE: The phaSSdelayiS measured
~ theratioof thetotalphse shiftin cyclesto thefrequencyb
cyclesper

2.158

2.159

20160

2.161
modulation

second.

DELAYDISTmION. See DIS!#)RTION,ENVEWPE DELAY.

DEIAYDISI!ORTION(FAX). See DISTORTION,ENVmPE DELAY.

DEIIAMODULATION.SeeMODULATION,DEUTA.

DEMODULATION.A processwbrein a waveresultingfronprevious
is em@oyed to derivea wave havingsubstanti@ the C-kUW-

teristicsof the originslmodulatingwave. See RESTITUTION.

2.162 DENSITY(FAX). A measureof the Iight-trananittingor reflec-
tionpropertiesof an area. It is expressedby the coxmnonlogarithu of
the ratio of incident to transmittedor reflectedlightflux. NOTE:There

13
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am mamytypesof density whichwillusua13yhavedifferentnumerical
valuesfor a givenmaterial;e.g.DiffuseDensity~DoubleDiffuse
Density;Sped.a.?fDmsityo Tbe relevanttypeof densitydependsupon
the gem%ry C& the opticalsystemin whichthematerialis used.

stateh binarynotation

.,.., . ,,
SeeALP- ~ DIGITAL..,. .

,.. , ,, ..’

2.174 DISNIRTION$AMPLITUDEVS IUUWRNCY (ofa transmissionsystem).
T%atdistortioncausedby the mnunifarmattenuation,or gain,of the
qystxmwithrespectto frequency~er specifisdterminalconditions.

2.3.~~DHT~XON$ BIAS. Distortionaffectinga two-condition(or
binary)~odulaticnin whichall the si@ficant intervalscorresponding
to one of’the two significantconditionshaveunifo~ longeror shorter
durationthanthe correspondingtheoreticaldurations.

2017’6lmToE3m$ CJURACTERIWICe Distortioncausedby transients
which~as a resultof ~dulation$are presentin the transmissionchannsl
and dependon its transmissionqUSlitieS.

2.177 DISTORTIONCYCLZC. (Oftelegraphsignals.) Distortionwhich
is nsitharcharacteristic*bias~nor fortuitousandwhich,in general,has
a pw?iodiccharactere Itscausesaresfor example,irregularitiesin the
durationof contacttimeof the brushesof a transmitterdistributoror
intmrfamc~ by disturbingalternatingcuments~ etc.

a
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●
2.178 DISTORTION,DMIREEOF. A measurementof the detiationof a

digitalsignalfromthe theoreticallyperfectsignal. It is expressedas
a percentof thetheoreticallyperfectunitinterval.

2.1’79DIS!K)RTIONjDEGREE0FINDIVYDUAL3OFA PARTICULARSIGNHTOANT
INSTANT(OFANO~TIONOR OFA IUE3nTtIffION).RatiOtO theunit titerm
of the displacement,expressedalgebraically,of thissignificantinstant
froman idealinstant.Thisdisplacementis consideredpositivewhena
significantinstantoccursaftertheidealinslant.Thedegreeof indivi-
dualdistortionis usuallyexpnssedas a percentage.

2.180 DISTORTION,DEGREEOF ISOCHROIKNJS.Ratioto theunitinterval
. of the~ measureddifference,irrespectiwof sign,betweenthe

actualand the theoreticalintervalsseparatingany two significantin-
stantsof modulation(orrestitution),theseinstantsbeingnot necessarily
consecutive.The degreeof distortion(ofan isochronousmodulationor
restitution)is usuallyexpressedas a percentage.MITE: Theresultof
themeasurementshouldbe completedby an indicationof theperiod,usually
limited,of theobservation.For a prolongedmodulation(orrestitution)
it will-beappropriateto considertheprobabilitythat~
of the degreeof distortionwillbe exceeded.

..
2.18i’DISmRTIOiJ,DEGREEOF SIGNIIWUW INST&iT, See

DEGREEOF INDIVIDUAL,

2.182 DISTORTION.DE@&EEOF START-STOP.Ratioto the

assignedvalue

DIS!lXIRTION,

unitinterval.

0
of themaximummeasumd difference,irrespectiveof sign,betweenthe

. actualand theoreticalintervalsseparatingany significantinstantof
\. modulation(orof restitution)fromthe significantinstantof the start

elementimmediatelyprecedingit. The degreeof distortionof a start-
stopmodulation(orrestitution)is usuallyexpressedas a percentage.

2.183 DISTORTION,DELAY. See DIS!NMTION,ENVELOPEDELAY.

2.184 DISIURTION,DELAY(OFA TRAWMIWION SYSTBl). The distortion
of a coR@ex wavefona,madeup of two or ~re differentfrequencies,caused
by thedifferencein arrivaltti of eachfrequencyat the output.

2.185 DIS!N)RTION,END (OFSTART-STOPTELEj!YPEWRITERSIGNALS). The
shiftingof the end of all.markingpulsesfromtheirproperpositionsin
relationto thebeginningof the startpulse.

2.186 DISTORTION,ENVEUIPEDELAY. Envelopedelaydistortionis the.maxumm differenceof the envelopedelaycharacteristicin a bandbetween
anytwo specifiedfrequencies.Referb DelayDistortionin AppendixB
fordetailedeqd.anation.

.
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2,187 DISTORTIONFORTUITOUS(OFTELW31WH SIGNALS)~Distortion
resultingframcausesgenerallysubjectto randomlaws$for exsmple$
accidentalirregularitiesim the operatingof the apparatusand moVing
parts~disturbancesaffectingthetransmissionChannel$etc.

2Q88 DISTORTIONSXNTERMODU’LATIOM.Nonlineardistortioncharacterized
by the appearanceof frequenciesin the output~ equalto the sumsand
differencesof integralmultiplesof the componentfrequenciespresentin
the input. Nm : Hamonic componentsalsopresentin the outputare
usuQy not includedas partof the interinodulatioxadistortion.Wn
hsrmonicsare inchded~a statementto thateffeetshouldbe made.

2.189 DmOm10N9 Nommm. Distortioncausedby a deviationf’rom
a linearrelationshipbetweenthe inputand outputof a systemor com-
ponent.

2.290 DISTORTIONSPHASE. See DISTGRTION~ENVELOPEDELLY.

2.191 DLSTORTION~SINGLE-HARMONIC.The ratioof the po’~rat the
fqndsmentalfrequency$measuredat the outputof the transmissionsystem
considered~h thepowerof any singleharmonicobservedat the outputof
the systembecause02 itsnotiiaearity$when a singlefrequencysignal
of specifiedpoweris appliedto the inputof the system;expressedinme

2.192 DISTORTIONSTART-STOPTTY, The shiftimgof the transition
of!the sign&lpulsesfromtheirproperpositionsrelativeto thebeginning
of the startpulse. Themsgnitudeof the distortionis expressedin o
percentof a perfectunitpulselength.

2.193 DISTORTIONSTELETYEEMRITRRSIGNAL. See DE5TORTION~START-$TOF
TTY.

2.194 DIST@tTI@l~TCWALHARMONIC.Theratioof the powerat the
fundamentalf%equency$measuredat the outputof thetransmissionsystem
consideredto the powerof all harmonicsobservedat the outputof the
qystembecauseof itsnodinearity~whena singlefrequencysignal&
specifiedpoweris appliedto the inputof the system;exp?essedin dB.

2.195 DYVERSXTY.Thatmethodof transmissionar@or %wceptimswhere-
by3 in orderto reducethe effectsof fading,a single receivedinforma-
tionsignalis derimd froma combinationof~ or selectionfrom$a phu?a-
Zityof signalscontainingthe sameinformation,Iinprovementgainedshall.
be expressedin ~.

2.296 mmts~$ DW. The termappliedto the simultaneouscombiniug
of~ or selectionfrom~two signalsand theirdetectionthroughtb use of
spacesfrequency~angle$or polarizationcharacteristics,/

.
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●
2.197 DIVERSITY,FREQUENCY.AIWmethodof transmissionand reception

whereinthe sameinformationsignalis transmittedand receivedsimul-
taneouslyon two or moredistinctfrequencies.

2.198 DIVERSTIY,FWARIZATION. A methodof transmissionar4/orre-
ceptionof informationaccomplishedby theuse of separatevertically
snd horizontallypolarizedantennas.

2.199 DIVERSITY,QUADRUPLE.The termappliedto the simultaneous
combiningof, or selectionfrom,four signslsand theirdetectionthrough
the use of space$frequency,angle,or polarizationcharacteristicsor
combinationsthereof.

2.2CKlDIVERSITY,SPACE. Anymethodof transmissionand/orreception
whichemploysante?ms havingspatialseparation.

2.203,DOPPLEREFFEOT, See EFFECTSDOPPLER.

2.202 DOUBLR-CURRENTTRANSMISSION.SeeTRANSMISSION,DOUBLE-CURRENT.

2.203 DOUBLESIDEBANDTRANSMISSION.SeeTRANSMI~ION,SIDEBAND,
DOUELE,REDUXO OR SUPPRESSEDCARRIEland lWWMISSION, SIDEBAND,IWELE.

2.204 DRUMFACT~ (FAX). SeeFACTOR,DRUM (FAX).
>’

2.205 DRUMSPERD(FAX). See WEED, DRUM(FAX).

a\, 2.206 DUALDIVERSIYY.See DIVERSITY,DUAL.

2.207 DUPLEXCRWII’T. See CIRCUTl!,DUPLE&

2.208 DUPLEXOPERATION.SeeOPERATION,DUPLEX.

2.209 DUPLEXSym OR OIWIJIT.see Cmcull’,D-.

2.210 EOHO. The effectof a waw which,havingbeenderived(for
example~ reflection)froma primarywave,arrivesat eitherend of the
samecircuitwith sufficientmagnitudeand delayto be distinctlyrecognized.

2.211 ECHOATTBNUTION. SeeATTENUATION,EOHO.

2.212 EFFICIENCYFACTOR,IN T~ (OFA TELB3RAPHCOMMUNICATION).See
EFFICIENCY,TELUYUPH COMMUNICATIONS.

2.21.3EFFECTIVERADIATEDPW’ER. See K%JER,EFFl!XTIVERADIATED.

2.214 EFFECT,DOP=. The phenomenonewhlencedby thec-e in the
observedfrequencyof a wavein a transmissionsystemcausedby a timerate
of changein the effectivelength& thepathof travelbetweenthe source
andthe pointof observation.

17
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2.215 mm$ KMDU& (FAX]. J&spuriouspatternor otherdistortion
h a facsimilerecordcausedby unwantedmodulationpmoduotsarisingfrom
the transmissionof a carriersi@ and appearingin the formof a
rectifiedbasc$xmdthatinterfereswiththe lowersidebandof %be carrier.
NGTE: This.occursprincipallywhenthe singlesideban$widthis greater
thanhalfthe facpimilecarrierfrequency.

2.216 m~cnafox~ TIEZEX2WHGoMMUNWJWIOW T~ effi~te~yf~t~r ~f
a communicationM theiatioof’the timeto transmita %%xtautomatically
and ?t a specifiedlllodulktionrate$to the the actuallytakento receive
the sametextwitha spacifiederrbmra%e. NOTE: (al ThewhQleof t~
apparwbm compris~ the communicationis assumedto be in the normalcon-
dition0$ adjlwb?wmtand operation.(b) A telegraph‘communicationmay
havea &Ltfere& efficiencyfactorin,timefor thetwo directionsof
tmnsmission. (c) The practic~ conditionsof measurement$lvmi?Jh
specified;

20218
Pakm?ime

!,

2.229
(FAX).

20220

2.221
MECHANICAL

2.222
@’Ax).

20223
@i3x)o

2.224
(FAX)*

2.226

in particukr$the duration.

ELECTRZ~,UYOPOME$WDTIWWHQI’U.SW T-HO%$ EL3!XTRICAUY-=

,., ,,, .

mmmumt~ mmmm (mu). * mioomlws ‘m&mmmm (FAX).

ELEXTRUIWCL~ SCANNXNG(FAX). See SCMWIRO$ ELE$TRONJELxw

ELBCTROSI%TICRE%XRDINU(FM). SeeRECORDING~ EX3CTMX5TATIC

ELECTR(YI!HERMALRECORDING(FAX). See REO@DlN39lHiECTWNl$RWL

EU14ENT9C(21M$0Oneof a finiteset of? parksof whichthe
in a giwenode may be m’nposedo

ELEMEPW$SISM.ALoEachof the partsccmstitw%inga telegraph
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●
2.230 END INSTR-. See Instrument!,END.

2.231 ENVELOPEDELAYDISITRTION.See DIWRTION, KU9E10PEDELAY.

2.232 EQUALIZATION.The processof reducingfrequencyan~or phase
distortionof a circuit~ ths introductionof networksto compensatefor
tk differencein attenuationand/ortimedelayat the variousfrequencies
in the transmissionband.

2.233

2.234

2.23s

2.236

2.237

2.238

2.239

EQuIFNEm> REMm’ECONTROL ● SeeCONTR(ILEQUIPME!W, REW71!E.

EIWNEOUS BIT. See BIT,ERRONEOUS.

ERRCNEOUSB14)CK.See B14)CK,ERRONEOUS.

ERM& See ERR(R;SIN3LE,DOUBLE,TRIPLE,BTC.

ERROR-CCRRWTIN3c(mE. see CODE, ERRcR-ca?REcTIMG.

BRROIbC(XUWTINGSYSTEM See SYSTH, ERR(RCQtRECTIN3.

=CR-~ING AND FEEDBACKSYSI!R4.See SYSTEM.ERROR-DETECT-

2.40

2.241

2.242
ths number
llndetected

ERRCR-DEIWTINGCODE. See CODB3lEUUIR-DETECTIlX3.

ERROR-DETECTINGSYSTBf. See SYSTEM,E3UiORDK1’WT~.

ERR(R-RATERESIDUAL. (Undetectederror-rate.) The ratioof
of bits,&Uments, characters,blocksincorrectlyreceivedbut
or uncorrectedby the error-controlequipment,to the total

numberof bits,unitelements,characters,blocksS&Z& -

2.243 ERR(RBURST9 See -, KREUXt.

2.244 XRRCllRATE. SeeRATE,lHUUIRo

2.W ERRCi?:SIMGLE$DOUR’LE,TRIPLg,EN. A groupof 1, 2, 3, etc.,
consecutiveerroneousbits,characters,words,blocksor elementspre-
cededandfollowedimmxtiately~ at leastone correctbit,character,
word,blockor element.

2.246 EXAEPEDCARRIERRECEPKU3?J.SeeREC13Pl!ION$KXAUTBDCARRIE1.

2.2~7 FIA-LINBWEIGHl!Il#3.SeeWEIGHTING,FIA-L131E.

2.2h8 FACS131JLE-SYGNALLEVEL. See SYGNALLEVEL,FACSIMILE.

2.249 FACSIMILE.A linescanningsystemof telecommunicationfor ths
transmissionof f-d images,withor withouthalf-tones,with a viewto
thairreproductionin a pexnjanent form. (W*photo and telephotoare

19
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fac@l?daethl?onghwire Cil?claits; IMkk@aoto is facsimilevia radio),
See CRMilX&

20250 FACSLMILE

2.251 FACSIMILE

2.252 FACSIMIJJ3

2.253 FAMIMILE

2*254 FACSIHLE

2e255 I%CSZ?IILB

2.2S6 FAOTOR$AOTXVITT.Activityfactorsfor a voicecommunication
Channel$is thepercentageof the timedurimgthebusiesttiraf’fichour
whena signalis presentin the channelin onedirec%ione

2.257 FACTORSDRUM (F’JU).The druafactoris theratioof drum
lengthusedto drumdiameter.Mheredrumsarenot usedit is the ratio
of the equivalentdimmsions.

2.258 FADING. m fhdua%bn in intensity and/or relative plwe of
w or Q frequency ccun~nents of the received r@iO s- due to changes
in the characteristicsof thepropagationpath.

2.2s9 F’ADIMG$FLAT. “Thatt$q)eof fadingin WhiCh ail

~nm&3 of Wa reoei,ved radio sigx@ flhctaate in the wme
--o=~.

f%’eqtwncy conk
proportion a

2.260 FADm$ SBLECTIVEL?hatt~ d f- in whichtheV?ll?iOllS
frequencyCoqonentsof the receivedradio&@na3 fluctuateindependentdye

2.262 FAR-ENDCROSSTALK.See C3MX?STA.LK$FAJMMD.

2.263 FAULT’.A maUhnCtiOn that is reproducibleas contrastedto an
arror$whichis dafw as a lldfunctionwhichis not reproducible.A
lEdfW2C%iO~ i$ COW3i&M’ed reproducible
the - Girculllstanoels.

2*264

2.266

2.267

2.268

Fax. A d)orthmdI$w%rence

FmmTT. seemwE4mTYe

FIXEDRlmmENcElMODULATION.

U it occurs consisten~ under

$0 facsirdleo

m I?%.lmm.seeFAD13!U$FTA!r.

mm wmnm. fw 14EXWrm$

20
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2.269 FORMAT.

o

Arrangementof bitsor chsracterswithina group,such
as a wad, message,or language;shape,sizeand generalmakeupof a document.

2.270 Fomrrous DISTORTION.* DI~oIi31~,mznnxous.

2.271 FOUWURE CIRCUIT.SeeCIRCUIT,FOUR-WIRE.

2.272 FFRA14E(FAX). A rectangular ax%, the widthofwhichis the
availablelineand the lengthofwhichis determinedby the servicere-
quirements.

2.2’j’3FRAMING(FAX). The adjustmentof thepictureto a desired
position in the directionof lineprogressia..

2.2711FRAMINGBIT. SeeBIT,~G~

2.2’/SFRIQUENCIES$PICTURE(FAX). Thefrequencieswhichresultsolely
fromscanningsubjectcopy. NOTE: Thisdoesnot includefrequencieswhich
are partof a modulatedcarriersignal.

2.276 FRK.jUENCY-CHANGESIUUUZNG. See SIGNALING,FREQUENCYCWil.

2.277 FREQUENCY-EXCHIMESIGNALING,TWO-SOURCEFREQUENCY.See
‘SIGNALING,FREQUENCYEXCHAN3E.

2.278 FREQUENCY.The numberof completecyclesperunitof tdme.
When theunitof tjmeis one second,themeasurementunitis Hertz(c~ycles

o
per second).

2.279 FRJYJUENC’Y,ASSIGNED.The frequencyat the centerof theradiated
bandwidthshallbe designatedthe assignedfrequency.(Thefrequenoyof the
RF carrier,whetheriWppressedor radiated,shallbe referredto in paren-
thesesfol.lowingthe:assignedfrequencyand shallbe thefrequencyappearing
in the dislsettings.of.RFequipmentintendedfor a singlesidebandor in-
dependentsideband.) NOTE: The frequencyof theRF carrieris usuallyre-
ferredto in thisstandardas f* and theassignedfrequencyas fc, i.e.,in
Figures15 and16.

2.280 FRE2UENCY,CARRIER.Thefrequencycf the unmodulatedcarrier.-

2.281 FREQUENCY,CHARACTERISTIC.A frequencywhichcanbe easily
identifiedandmeasuredin a givenemission*

2.282 FREQUENCY,MAXIMUMKEYZNG(FAX). Ths frequencyin cyclesper
secondnumericallyequalto the spotspeeddividedby twicethe IIscanning’
spotX dimension.II

2.283 FREQUENCY,MAXIMUMMODULATING(FAX). The highestpicturefre-
quencyrequiredfor the faosimiletransmissiwsystem. NOTE: Themaximummod-
ulatingfrequencyand themaximumkeyingfrequencyarenut necessarilyequal.

21
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2.284 FRzQuEs?cY~I@?E@?O& A frequencyhavinga fixedand specified
positionwithrespectto the assignedfrequency.Thedisplacementat’this
frequencywithrespectto the assignedfrequencyhasthe sameabso~wte e
valueand signthatthe displacementof the characteristicfrequencyhas
withrespectto the centerof the frequencyW occupiedby the emission.

2.28S FR?B2UI!3?CY$wPLIN3. The rateat whichsignalsin an individual
channel~ s=pled for subsequentmodulationsquantizatim$and/orcoding.

2*286 FREQUENCY9SOANKUW LINE (FAX). See SPEEDSSTROKE(FAX).

2.287 FREQUENCY,SPECTRUMDESIGNATIONOF. A methodof Men- h a
rangeor bandof ccmmmnicationfrequencies.In Americanpracticethe
designatoris a two or three letterabbreviationof thenarae~In DU
practicethe designatoris a numeric. Theserangessor b-s ax’e:

AmericanBand Frequency Tl!uBand

Below330 m
300-3000 Hz
3-3okHz $
30-300 kHz
3CD -3000 kHz 6
3-30HHZ 7
300300 MHz 8
300-3000 MHz 9
3-30 GHz

EHF 30-300 GHz E

2.288 FREQUEZKY’DIVERSITY. See DIVi3RSl?i’Y$F’lZIBQUEWYe

2.289 FRE%WBWYUIQZ?JOItMULTSI%FiX(FDM)e See MUIXWLIEK$IWJKWNU
DIVISION(EUBl).

2.290 l?REQtlE3tcYMODU!LATK)M.See MODUIATI031$KRBQUE2fCY~

2.291 ~UBNOY S-$ S~NAL (FM). n ~ freqm S* fa.ctie
Systemt the numerical difference between the frequencies correspmdixg
to Whit8 S= d blackSi@@ at ~ petith thS SySt8M.

2.292 mwmcY

2.293 FREQUENCY

2.294 FREQUENCY
SIGNATIONOF.

2●295 FRJEluENcx

SHIFTKEYING*—fkrKEYIlW3FREQUENCYSHIFT.

SHIFTs31HUlLINU@ See KEYTXG$FRWENCY SHIFT.

SPEOTFUMDESIGNATION.SeeFREQUENCY$SPEOTRUMDE.

TO~E. Themaximumremissibledemrture of the
centerfrequencyof thefrequencybandoccupied~ an emissionfromt

%assignedfrequencyor of the characteristicfrequencyof an emission cm
the referencyfrequency.The frequencytoleranceis expressedin parts
in lNs in Hertz~or in percentages.

22
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2,296 FULLDUPLEXOPERATION.See -TIms DU~~.

2.297 GAIN. The actionby which~or tie re~t in w~ch~ the Power
of an electrical.signal.is increased;expressedin ~.

2.298 GAIN,ANTENNA.AINSnnag- iS COIIBROIWdef~d aS the ratio
of the maximumradiationtitensityin a givendirectionto themaximum
radiaticmintensityproducedin the samedirectionfroma referenceantenna
with the _ powerinput.

2.299 GAIN,INSERTION.The insartiongainof a transmissionsy8tem
(orcomponentthereof) insertedbetweentwo impedancesZe (transmitter)S@
% (receiver)is theratioof thepowermeasuredat thereceiver~, after
insertionof the transmissionsystemconsidered,to tk powermeasured
beforeinsertion;expressedin d% If theresultingmznberin dB thus
obtainedis negative,an insertionlossis indicated.

2.300 GAIN,m. seemss, m.

2.301 GHZ. GIGAHERTZ.10 TO MJ’ERW 9, =Z.

2.302 GRAPHICS.The art or scienceof conveyingintelligencethrough
the use of graphs,letters,lines,drawings,pictures$etc. (Facsimileis
a technologyfor electricallytransportingintelligencein graphicform
fromonepointto another.)

2.303

2.304

2.305

2.306

2.307

2.308

2.309

2.310

2.311
(FAX).

2.312

2.31.3

2.34

GROUND-RETURNCJRCUIT. See CIRUJIT,GROUND-RENJRN.

GROUP, TRUNK. Two or moretrunksbetweenthe sametwopoints.

GROUPII13(FAX). Periodicerrorin the spacingof recordedlines.

GUARDBAND, See EAND,GUARD.

GUARDW, TIME. See E4ND,TIMEGUhRD.

HA1-RECEIVERWEIDK1’ING. SeeWEIGHTIIKi,HA1-RECEIVER.

HALF-rNJPLEx CIRCUIT. See CIRCUIT,HALF-DUPLEX.

HALF-DUPLEXOPERATION.See OPERATION,HUE-DUPLEX.

HALFTOHECHARACTERISTIC(FAX). SeeCHARACTERISTIC,

HERTZ. A unitof frequency- one cycleper second,

~. HighfI’0qU5nCy,3 to 30

HIDHP3RFORWNCEB2UIPNENTS.

23

HALFTONE

1 Hz.

m.

See PERRXM4NCE~EQUIPMRW’S,HIGH.
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2.315 m Hertze

2.316 m. hfra IOW f&equenoy9 x)0 to 3000HZ.

2.31’/ DWEDANCE$TBU4W. The complex impedanceas seenat theun-
loadedoutputlmminals of a transmissionequipmentor linewhichis
otherwisein normaloperatingCOIldi’biOXk.

2.319 INEAMDSIONALIMG.Seo SIGNAL~$ INBAND.

2.320 IN WANN’ELNOISEPOWERRATIO@JxirmlANNELEQUIPMENT)o See
NOISEPWER RATM2$IN 6HANNEL@’ULTUXANNELEQUIPMENT.

2.321 INDEPENDENTSIDEBANDTRANSMISSION.SeeTRANSMISSIONSIDEBAND$
mPENDENr *

2,322 INDEX@ COOPERATION(FAX)* see CoOPERATION$INDEXOF (FAX)*

2.323 INDEXOF COOPERATIONDIMElY&4LOR INTERNATIONAL.$ss CCXWER4-
TION,INDEXOF (FAX).

2J214

2.32S

.. 2,326

2.327

2.328

2.329

2,330

INFORMATIONBIT. S- BIT~ lNFOl@lATIONe

INFORMATIONTRANSFER.SsoTRU?SFER$INFORMATION.

INK VAPORRECORDING(FAX) o See RIECORDIM3, INK V.HR (FAX) o 0

mm-oUTPw DEWICEO seeDmcll$ mln’-ourPuTe

IN~ION GAIN. S~ GAIN$IMS~IONe

IWERTIONLoss, See LOSS$INSERTICINe

INSTANTSSSIGNIFICANT.‘Theinstantsat whichthe successive
significantconditionsrecognizedby the appropriatedeviceof themodu-
lationor restitutionbegin. Eachof theseinstantsis determinedas
soonas the appropriatebvice takesup the significantconditionusable
for a recordingor a processing.

2.331 INSTRUMENTSme A dewicewhichis connsctedto the terminal
of a cticuitandusedto convertusableintelligenceintoelectrical
Bignalsor vice-versa.

2.332 IWL’EMtITY$UIARACTERAND BIT COlJl$3!. ?hatconditioninWhiCh
the precisenumberof Characters$orbits$thatare originatedin a message
text (inthe caseof messageccsmmnication)or perunittime (inthecase
of a userto userconnection)arepreserved.

2e~3~ XNIWR6HARACT~~AL. ~ INT’ERVAL$~HARACTHi.

2h
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● 2.33b IN’fERFACE.A conceptinvol~ the specificationof the inter-
connectionbetweentwo equipmentsor systems.The specificationincludes
the type,quanti~ and functional?the interconnectioncircuits- the
typeandformof signalsto be interchangedtia thosecircuits.

2.335 INl%RMODUIATIONDIS1’CRTION.See DISTORTION,INIERMODULATION.

2.336 INTEl?lKIDULATIONNOISE. SeeNOISE,INTERMODUIATIONO

2.337 INTEWAL BIAS. See BUS, INI!ERNAL.

2.338 INTERVAL,CHARACTER.The totslnmber of unitintervals(in-
cludingsynchronizing,intelligence,errorchecking,or controlbits)
req~d to transmitmy givencharacterin any givenConanunicationsystem.
=a signalswhichare not associatedwith individualcharactersare not
Wluded. Forexample,additionaltimeaddedbetweentlm end of the
customarystopelementand thebeginning& the next start ebment as a
result of a speedchange,buffering,etc.,is definedas the intercharacter
interval.The intercharacterintervalmay be of anylengthand is of the
esmesenseon the stopelement,i.e.~ 11111(marking)* See INTERCHARACTER
INTERVAL*

2.339 I?JTEBVAL,INN!RCHARACTER.The intercharacterintervalis that
timeperiodbetween-theend of the stopelementof onecharacterand the
beginningof thefollowingcharacter.The signalsenseof the inter-
characterintervalis alw~ the sameas the senseof the stopelement,

‘o i~e,,“1”or mark5ng. seeINTERVAL,CHARACTER.

2.340 ~ERVAL, Significant.Timeinterval.betweentwo consecutive
significantinstants.

2.3hl INTERVAL.UNIT. In a systemusingan equal-lengthcodeor in a
~stem duringisockonow modulati~n(ord~dulation), it-isthe interval
of t- suchthatthe theoreticaldurationsof tb significantintervals
of a telegraphmodulationare all.wholemultiplesof thisinterval.

2.3k2 mmsm, m. The deliberateor fortuitouschangingof the
stateof a bit to the oppositestate.

2.343 ISOCNRONOUSMODULATION. SeeMODIJLNfION,ISOCHRONOUS.

2.3M JXPTER(FAX). Raggednessin the receivedcopycausedby
erroneowdisplacementof recordedspotsin the directionof scanning.

2.345 JITTER,

2.346 KENDALL

2.31J7KEYING,

PHASE. see PERTURBATION,PHASE.

EFFECT(FAX). SeeEE’FEOT,KENDALL(FAX).

FREQUENCYSNIFT,FREQUENCYSHIFlSIGNALING(FSK)● A
frequency-changesignalingmethodh whichtlmfrequencyor frequencies
arevariedin accordancewiththe signalsto be transmittedand character-
izedby continuityof phaseduringthe transitionfromone signslingcon-

●
ditionto another.
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2.348 KEXIMI$m-IWJE~ TEmW. A SyStelk!emplo@ng
tmulsmisshapathcomprisingtwo dlaxmslsin the samedirectionalOm
transmissionof the spacingelementsof binarymodulationthe other
transmittingthemarkingelements.of the samemodulation.

2.3b9 KHZ. KiloHertz.10 to power’of 3$ Hertz*

a
for
for

2.3$0 LENGTH,SOANNINGLINE (FAX). The totallengthof scanningline
is equal%0 the spotspeeddiwidedby the scanningMne frequency.NOTE:
Thisis generallygreaterthanthe le@h of the availableline.

2.3g LEVEL$CARRIER?K)ISE.Thenoiselevelproducedby undesired
variationsof a carrierin theabsenceof any intendedmodulation.

2.3S2 LEVELS=TIVE ~ssIoH. The ratio0$ the signalpower
in a transmissionsystemto the signalpowerat somepointchosenas re-
ference.Theratiois usuallydeterminedby app- a standardtss%tone
(SeeTONE,S%ANDARDTEST)a% zerotransmissionlevelreferencepoint[or
ad$astsdtesttinepowerat any otherreferencepoint)andmeasuringthe
gainor lossto the locationof intsrest.Noteshouldbe madeas to the
distinctionbetweenthe standard$eSttonepowerandthe expectedmedian
powerof theactualsignalre@red as thebasisforthe designof trans-
ldssionSystemlse

2.3s3 LEVEL$SINGLESIMBAND ~~=$ REFERENCE*(voiceEkequsmoy
InputPowerto a Transmitter$OneSidebandOmlyo) Thepowerof oneof two
equaltinesw~ch togethercausetie transmitterto dsvelopits fullrated
peakpoweroutput.

2.3A LF. LOW frequency30 to 300 kHz.

2.3Ss LIlfrfEReA -ce whitirduces thepowOrOf m electrical
sigml when it exceeds a specified v8bh3. The amo?mtof’l%$dl@iOnor

* compressionincreaseswithincreaseof the inputpower.
.

2.3% LINE,AVJLHASLE[FAX). Theportionof the scanninglinewhich
canbe usedspecificallyforpicturesignals.

2.357 LINE$LOCAL. See LOOP$LINE.

2.3s8 LINESUSEFUL(FAX). See LINE,AVAILABLE.

.

2.361

2.362

2.363
centersof
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@

2.36!ILINK. a. A portionof a commum“cationc&cuit●

b. A channelor circuit designedto be conmcted in
otherchannelsor circuits●

tandemwith

c. A radiopathbetweentwo points,calleda rad30 link; the re-
sultant circuit may be unidirectional,half-duplex,or duplex. NOTE: The
term ‘li.nklishouldbe definedor qualifiedwhenWed. It iS gener~
acceptedthatthe signalsat eachendof a linkare in the sameform.

.
2.365 LISIENERSGRADEOF SERVICE. Idstenersgradeof-semice ratings

for telephonecommunicationsratethe receivedvolumeand or othertrans-
. missionvariablesby evaluatingthe circuitperformance~ listenersjudg-

ment intothreemajorcategoriesof llGood,t?llFair,IIand ItPooror worse.’1

2.366 LOADIIUCHARACTERISTIC(MULTICHANNELTELEPHONYSYSM14S).See
CHARACTERISTIC, LOADING.

2.367 LCXXLLINE. SeeIL)OP,LINE.

2.368 LOCALSIDE. See SIDE,LOCAL. .

2.369 ILXJHTUDIN4LWCE. See BALANCE,LON31TUDMAL.

2.370 L(xP. A loopis a singlemessagecircuitfroma switching
centerancVorindividualmessagedistribution point to the terminalsof an
end instrument.

o 2.371 MOP, LINE. The portionof a radioor wirecircuitthatconnects
a user’send titrumentand a centraloffice. (~nymous tem ~ UIOC~
line”and Wsers line.~)

2.372 IOES,CRCSSTALKCOUPIJ3U.(Betweena Disturbingand a Di~turbed
Circuit.) The ratioof thepowerin the disturbingcircuitto the induced
powerin th disturbedcircuitobsermd at definitepointsof the cticuits
underspecifiedterminAlccmditions;expressedin dll.

2.373 IOSS,INSERTI(R1.The insertionlossof a transmissionsystem
(orcomponentthereof) insertedbetweentwo impedancesZ (transmitter)
and ~ (receiver)is theratioof thepowermeasured at ~he receiver~
beforeinsertionof the tranmnissionsystemconsidered,to thepower
measuredafterinsertion;aqressed in dB. If theresultingnumberin dll
thw obtainedis negative,an insertiongainis indicated.

2.374 LCSS,NET (GAIN).Net lossor gainis the lossor gainoverall
of a transmissioncticuit. It is measured~ applyinga testsignalaf
someconvenientpowerat the beginningof the circuitandmeasuringthe
powerdelivaredat the otherend. The ratioof tlxmepowersexpressedin
dB is thenet gainor lossof tlw circuitunderobservation.
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2.375 Loss$REruRN. Thereturn3.0ssat the junction d a transmission
line and a terminating impedance is the ratio, expressed in dB, of the
reflectedwaveto the incidsntwave. Morebroadly$the returnlossis a
measureof the dissimilaritybetweentwo impedancesbeingequalto the
mumberof decibelswhichcorrespondsto the scalarvalueof the reciprocal
of thereflectioncoefficientand hencebeingexpressedby the fomula:

20 log

1

Z* + zl
10 @

‘2 - ‘1
where Z1 and Z are the two impedances.

2
ee Figure10~Append4.xB.

2.376 MW PF43R)WCE llJUIFMENTS.See PHUTXUUNCE,IVJJIMENTS$LOW.

2.377 MARGINsSINGING, The singingmarginofa transmissioncircuit
is definedas tAemaximumamountby whichthenet 10ssof eachof the two
directionsof transmissionin a two-wirecircuitthathas a four-wire
portionmay be reducedsimultaneouslybeforesingingoccurs.

2.378 MRKINGmsE. see HME, MW!uGe

2.379 MAXIMUMKEYINGFREQUENCY(FAX). See
(FAX).

2.380 MAXIMUMMODULATZNOFREQUENCY(FAX).
B$3DULATING(FAX).

2.381 MEAN I?W!x!i(RADIOTRANSMITTER).See
MITTER)o

FREQUENCY,MAXIMUMKEYING

see F’REQUENCY9WUxux

FOWER,MEAN (RADIOlY&4NS-

2.382 Ml?M FOWEROF THE TALKERVOLUMEDXYfRIEUTIOlil.See MIXER
VOLUMEDE3TRIBUTION$MEAN FOWEROF THE.

2.383 MEANVOLUMETALKER. See TALKER9MEANVOLUME.

2.384 Mwuwwxwr UNITSOF NOISE. See NOISE$WURWm UNITS.

2.385 mm$ REnon (Fax). The p~sical mediumon whichthe facsidle
recorderformsan imageof the sub$ectcopy.

2.386

2.387
tionsin a

2.388

2.389

MEDIUMKWER TALKER. See !EALKER$MEDIUMFOWER.

MESSAGE. A co-cation - a sourceto w or moredestina-
suitablelanguage.

MESSAQESWITCHING.See SWITCHING$ME3SAGE.

XETALLICCIRCUIT,See CIRCUIT8‘METALLIC.
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2.390 MF. Mediumfrequency300 to 3ooo~ ●

2.391 MHZ. ~m-z. 10 to powerof 6, Hertz.

2.3g2 MoDEM. Acrow formodtiator-d~od~tor*

2.393 MODULATION.The processof varyingsomecharacteristicsof the
carrierwavein accordancewiththe instantaneousvalueof samplesof the
imtel.ligenceto be transmitted*~ -~.

2.3S14MoDULATION,AMPLITUDE(AM). The formof mod~ationin which
the amplitudeof the carrieris variedin accordancewiththe instantaneous

. valueof themodulatingsignal.

2.395 MODULATION,DELTA. A techniquefor convertingan analogsignal
to a digitalsignal. The techniqueapprmcimatestheanalogsignalwith
a seriesof segments.The approximatedsignalis comparedto tlw original
analogwaveto determinean increaseor decreasein relativeamplitude
The decisionprocdssfor establishingthe stateof successivebinarydigits
is determne“ d by thisComparison.Thereare severalvariationsto the
simpledeltamodulation,~stem.

2.396 MODULATION,DJFFJZRENIIU.A typeof modd.ationin whichthe
choiceof tk significantconditionfor w signalelementis dependent
on the choicefor theprevioussignalelement. Deltamodulationis an
ale.

‘o 2.397 MODULATION,FIXEDREFERENCE.A type of modulationin whichth
choiceof the significsmtconditionfor ~ signalelementis basedon a
ftiedreference.

2.398 MODULATION,FREQUENCY(FM). Thefomn at modulationin whichthe
instantaneousfrequencyof a sinewavecarrieris causedto departfromthe
carrierfrequency~ an amountproportionalto the instantaneousvalueof
themodulatingS-.

2.399 MODULATION,ISOCHRCI?OUS.Modulation(ordemodulation)in which
thetimeintervalseparatinganytwo significantinstantsis theoretically
equalto theunitintervalor to a mulkipleof this.

2.@O ~mION, PHhSE(PI’).The formof modtiationti w~ch the
anglerelatiweto theunmodulatedcarrierangleis variedin accordance
withthe instantaneousvalueof the amplitudeof themodulatingdgnal.

2.401 MODULATION,PULSEAMPIJTUDE(PAM). The formof modulationin
whichthe

L
plitudeof the pulsecarrieris variedin accorti with

successive les of themodulatingsignal.

2.J402 MODULATION,PUISEC~E (FCN). Thefom of modulationin which
themodulatingsignslis sampled,and the samplequantizedand codedso
thateachelemetiof informationconsistsof differentkindsand/or
numbersof pulsesand spaces.

29 ----
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2.403 MODULATION,PULSEFREQUENCY(~). The for’mof mod~ation~
whichthepulserepetitionfrequenoyof the csrrieris variedin accord-
ancewithsuccessivesamplesof themodulatingsignal.

2.~~ JMODULATION$PULSETIME (FM). The formof modulationinwhich
the timeof occurrenceof somecharacteristicsof thepulsecarrieris
variedin accordancewith successivessmplesof themodulatingsignal.
(’Thi.Sincludespulsepositionand ptisedurationor pulsewidthmodulation.

2&05 MODULATIONSIGNIFICANTCC$JDITIONOF. A conditionassumedby
the appropriatedevicecorrespondingto thequantizedvalue(orvalues)
of the characteristic(orcharacteristics)chosen to formthemodtition~
The follmwinEequivalefitdecimations
conditionsfor ~inarymodulation:

Passive

o
Ourrentoff
Tone(M
Space

No hole(paper
FrequencyHigh

tape) Hole (papertape)
Frequenoybw

2.406 MOWLATIOi’JRATEeSee RATESMODULATION.

2.407 MULTIPLESP(YfSCANNING(’FAX).See SCANNING$MULTIPLESP~.

2.~08 MULTIPLEX$FREQUENCYDIVISION(F’DM).Frequencydivisionmulti-
plexingis amethod of derivingtwo or more simultaneow~continuous
chsmnelsfroma mediumconnectingtwo pointsby assigningseparateportions
of the availablefrequencyspectrumto the several.channels.

2.409 MULTIPLEX,TIMEDIVISION(TDM). The DivisionMultiplexingis
a methodof derivingseveralchannelsfroma givenfreqwnoy spectm~ by
assigningdiscretetimeintervalsin sequenceto the differentchannels.
Duringa giventtieintenal the entireavailablefrequencyspectmm can
be usedby the channelto whichit is ass5gned~Ingeneral$timediwision
multiplexsystemsuse pulsetransmission.The multiplexpulsetrainmay
be consideredto be the interleavedpulsetrainsof the individualcl?umels.
The individualchannelpulsesmay be modulatedeitherin an analogor a
digitalmanner.

2.42.0M’ULTIPLEXB&SEBAND.See BASEBAND$MULTIPLEX.

2.4U MULTIPLEXBASEBAMDRECFWETERMINMS. SeeTERMINAM~MULTIPLEX
R4SERANDRECEIVE.

.

are usedto identifythe significant

Active

1
CurrentOn
ToneOn
Mark

+

2.412 MULTIPLEXM3EBANDSENDTERMINAM. $eeTERMINALS,MULTIPLEX
BAsEw SEND.
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2.h13 MUX. A shorthandreferenceto multiplex.

2.m NBAR-ENDCROSSTALK.See CROSSTAIK,NEAR-END.

2.Ias NECESSARYBANIXJIIY1’H.See BANIW~H, NECESSARY.

MIL-STD-188C

2.Q6 NET OPERATION.

2.@i’ NEU1’RALDIRECT
DIRECT-CURRENTTELEXWWH.

See oPERATION,NET.

XRRENT TELEGRAPHSYSTEX. See SYST124,NEU1’RAL

2.418 NODE. (Also c il.ledJunctionPoint,BranchPoint,or Vertex.)
A terminalof ~ branchof a networkor a terminalcommonto two or
morebranchesof a network.

2.109 NOISE,INl!ERMODULATION.In a transmissionpathor derlce,
thatnoisewhichis contingentuponmodulationand resultsfromany non-
linearcharacteristicin thepathor device.

2.@?O NOISE,MEASUREMENTUNITS. Noiseis usuallymeasuredin terms
of power,eitherrelativeor absolute.The decibelis the baseunitfor
thesemasur~nts. A suffixis usuallyaddedto denotea particular
referencebase,or specificqualitiesof themeasurement.(SeeWEIGHTIl12,
NOISE.) Noise‘measurementunitsdefinedin thisstandardare dBa,dBa(FIA),
dBa(HAl),dBaO,‘Win,dRnO,dllnPsoph.,dRnOp,dllrn,dlh?n(lbb-line),dBrn
(W-recei~r); d~(C-mes~e~, ~(fl - f2),PW and PWP.

‘*
2.421.NOEE, QUANTIZING.~ a modulationsystemthatemploysa

quantizingprocess,quantizingnoiseis thatnoisethatis causedby the
errorof approximation.It is an undesirablerandomdistortionsignal
whichis solelydependenton the particularquantizationprocessused
andthe statisticalcharacteristicsof thequantizedsignal.

2.422 NOISEPOWEROF A RADIOTRANSMITTER(PN). See PoWER,NOISE,OF A
RADIOTRANSMITTER(PN).

2.h23 NOISEPGJERR&TIO,INBAND(NPR)(MULTICHANNELEQUIPMENT)● The
noisepowerratio,formultichannelequipnent,is the ratioof tb mean
noisepowermeasuredin any channel,withall channelsloadedwithwhite
noise,to theman noisepowermeasuredin the samechannel,with all
channelsbut themeasuredchannelloadedwithnoise.

2.424 NOISE- WTIO, ~ C~ (~) (MULTICHANNELEQuIPMEttf).
The noisepowerratio,formultichannelequipment,is the ratioof the
mesn noise powermeasuredin ~ channel,withno input loadingon the
channels,to themeannoisepowermeasuredin the sane channel,with only
themeasuredchannelloadedwithwhitenoise.

2.425 NOISBPWER RATIO,SIIUE SIDEBUtD(NPR)(SSB). NPR (SSB)iS the
ratioof the
thenotchin
poweroutput
ment.)

meannoisepowe~smeasuredin the‘notch‘fil~r-dth for
and thenotchout conditionswithtotalsystemmeannoise
equalfor bothconditions.(SeeSection9, Methodsof Measure-
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.,.,.

,,

2.426 ~ISE
noiseis a ratio

RATIO>SIGNAL-PLUS-NOISE
of the signalplusnoise

TO. The
arriving

signalplusnoiseto
at a locationin a

transmissionpathto the noisenormall ypresentwhenthe signalis re-
movedat the sendingend andrep~acedby a termination.

2.427 NOISEWEIGHi’ING.SeeWEIGHTING$NOISE.

2.428 NoMINALBANI%?mH. See BAWJDYrH$NOMINAL.

2.429 NOMINALLINEWIDPH(FAX). See LINEWIIll!H$NOMINAL(FAX).

2e@ N~~-DISTCRTI~. See DNTORTION~NONLINEAR.

2.431 lWYTATION$BYNARY. A schemefor representingnumberscharacter-
izedby the arrangementsof digitsin sequencewith the under~anding
that successivedigitsare interpretedas coefficientsof successive
powersof thebasetwo.

20432 m. Noise%wer Ratio.

20433 N-S BINARY. A nuniberexpressedin binarynotation.

2.434 0BJ12CTIV’E$DESIGN. An electrical(ormechanical)performancti
characteristicfor canmu@ation circuitsand equipmentswhichis based
on engineeringjudgmentof performancedesiredbutwhichfor a numberof
reasonsit is not consideredfeasibleto establishas a SMNDARD at the
t* this*andard is written. E%am@es of reasonsfor designatinga
performancecharacteristicas a (DO)ratherthanas an (S)are: It ~y
be borderingog an advancementh state-of-the-art;the requirement~
not havebeenfullyconfirmedby measurement or experiencewithoperating
circuits;it may not havebeendemonstratedthatit canbe met considering
otherconstraintssuchas costand size$etco A (DO)shallbe considered
as guidancefor Departmentof DefenssAgenciesin preparationof specio
ficationsfor developmentor procurementof m equipmntor systems
whichshallbs usedif technicallyandeconomicallypracticableat the
the suchspecificationsarewritten. $keS3,SOSTANDARDS$ sYsrEM.

2043~ wC~DBANIMIIYFH~ See Ml?DdIDTH$~CUP13D.

2..436OFFICE,CENPRAL. See CENPER$SWITCHING.

2d$37 m-WUREVERSDILE OI%RATION.See WERATION,ONE-WAYREVERSIBLE.

2.438 OPEN-CIRCUTEWORKINGO See CIRCUTIW~$ OPEN-O

2.439 OIWRATION~BROADGAST.Thattypeof operationin whicha trans.
fittingpointemitsinformationwhichmsy be receivedby one or more
stationse

2.440 OHRATUXJ$
of operationin which

CONFERENCE.a. Inatelephone qyskm~ thattype
more thantwo stationscan carryon a conversation,

.

,
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●
b. ~ telegraph

half-duplaxoperationin
exchangeinformation,carryon conversationsor passmessagesamongone

or datatransmission,thatformof simplexor
whichmorethantwo stationsmay sinniltaneous3y

another.NUTE: In radio systems, the stations receivesimultaneously,
butmusttransmitone at a time. The commonmodes are l~pwh-to-tdlk:l
(telephone)and l@sh-to-typel~(telegraph,datatransmission).

Z.u OPERMION,DUPLEX. A typeof operationin whichshittaneous
two-wayconversations,messagesor informationmay be passedbetweenany
two givenpoints.

2.442 OPERATION,FULLDUPLEX. See OPERATION,DUPLEX.

2.U3 0PRU4TION,HALF-DUPLEX.Thattypeof siqlex operationwhich
wes a half-duplexcircuit.

2.444 oPERATION,NET. Nets(nettedoperations) are orderedconfer-
enceswhoseparticipantshavecommoninformationin needsor likefunctions
to perform. Netsare characterizedby adherenceto stsndardformats.
Thsyareresponsiveto a cosnnonsupervisorentitledthe Net Controller
(NetControlfiations)whosefunctionsincludepermittingaccessto the
Netandmaintainingcircuitdiscipline.

2.bh!)OPERATION,ONEWAY REVERSIBLE.Simila to half-dupl=opera-
tion.

0
2.446 OPERATION,PUSH-TO-TALK.(Press-to-talk) In telephonesystems,

thatmethodof Conununicationovera speechcircuitin whichtransmission
occursfromonlyOM stationat a time,thetslkerbeingrequiredto keep
a switchoperatedwhilehe is talking.

2●447 OpmTIoN~ PUSH-TO-TYPE.(Wess-to-type) In telegraphor data
transmissionsystems,thatmethodof communication,in whichthe operator
mustkeepa switchoperatedin orderto sendfromhis station. It is
genersl&usedin radiosystemswherethe samefrequencyis employedfor
transmissionandreception.~E: Thisis a derivativefarmof trans-
mission,andmay be usedin simplex,half-duplexor duplexoperation.

2.h48 OPERATION,SIMPLEX.Thattypeof operationwhichpermitsthe
transmissionof signalsin eitherdirectionalternately.NUI%: In radio
telegraphor &ta transmissionqystems,it may be either(a)theuse of a
singlefrequency,timeslotor codeaddressfor transmission,and another
frequency,timeslotor codeaddressfor reception,or (b)theuse of the
samefrequency,timeslotor codeaddressforbothtransmissionand re-
ception. tiwiretelegraphsystems,simplexoperationmay be emplmd.
overeithera hslf-dupkxcircuit,or overa neutraldirectcurrentcircuit.

2.449 @mTI~s S-H-PLJJS-DUPIXX. Thatmethodof operationin which
speechand telegrap~ (duplexor stiplex) aretransmittedsiJ@taneowly
overthe s=e circuit,be- keptfrommutualinterference~ we of filters~
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2.J&O QPERATION$UNDIRWTI@?AL(SENDONLXSRECEIVEONLY). A ~ethod
of operationbetweenterminala$oneof whichis a transmitterand the ●othera.receiver.

2.452 WT-OF-EMD SIGNALING.See SIG~$ 0~-m-WO

2Jf& p~~~$ B~. Tb p~acticeof establishing withina codeSet$
a numberof subsetsof two characters each that have an identicsll,bit re-
presentationexceptfor the stateof a specjfiedbit. For ale $ ~
the ITANumber5 and theMilitaryStandardCodefor InformationInter-
change~theuppercaselettersare relatedto theirrespectivelowercase
lettersby the stateof bit six.

2.456 PARALLELTRANSMISSION.SeeTRANSICCSSION~PARALLEL

2.45’7PARITYBITe SeeBIT~ PARITY.

2.458 PATTIMUI,ADDRESS. M a digitalsystcnna prescribedrecurring
patternof bitstransmittedovera digitSltransmissionsystemto enable
the receiverto achieveframesynclx’onization.

2.459 PEAKENVEWPE PWER (RADIOTRANSMITTER).See PO%?_ER$PEAK
ENVELOPE(RADIO’TRANSMITTER).

2.)460PERF(XOfAl?CE$ECUJIPMENTS$HIGH. ThO~ equipmentha- suf-
ficientlyexactingcharacteristicsto permittheirme h trunkor link
circuits.Thoseequipmentsdesignedprhnari~for use in globaland
tacticalservicewhichare requiredto operatewherethemaximumperform-
ancesminimumelectromagneticinterferenceand capabilitiesarerequired
for operationjn a varietyof netsor for fixedpoint-to-pointcircuits.
MYTE: Requirementsfor globalandtactics2highperformanceequipmwrts
msy differ.

2,h61 PERFORMANGE$EQUIPMENTSLG$$.Thoseeqtipmetishavingin.
sufficientlyexactingcharacteristicsto permittheiruse in trunkor link
circuits.SUchequipmentsmay be employedin loopcircuitswheneverthey
meetloopcircuitrequirements.ThosetacticaJ.groundand airbornee@p-
mentswhosesize$weightscomplexitymustbe keptto a mirdmumandwhere
theprimaryrequirementis to operatein netswith similarminimumper.
tormancestandarch

2.462 PERTUBATI~$PHASE![PHASEJITTER).T%M axistenceof this
phenomenonhaslongbeenrecognizedby telephonetransmissionengineers$
h~ever due to therelativeinsensitivityof the humsnear to thisform
of channeldisturbancerelativelylittleattentionhasbeenpaidto it.

http://www.abbottaerospace.com/technical-library


m-sTD-188c

●
Attentionis calledto thisphenanenonbecauseof the seriousdetrimental
impactit can haveon datatransmission,partictiarlythattypeof modu-
lationwhichis dependenton the signalphasemorethanthe amplitudeor
frequency.It is not preciselydefinedsinceso little,widelyunderstood
or agreedtechnicaldataexists. For purposesof a workingdefinition,
therefore,PhasePerturbationor PhaseJitteris definedas thatphenomena
fromcausesknownor unkmownwhichresultsin a relativeshifting(often
quiterapid)in thephaseof the signal.

The shiftingin phasemay appearto be random,cyclicor both.
It is notedthata similarphenomenonrelatedto amplitudepertubatioti
existswhichis alsonot sufficientlyunderstoodto be acceptablydefineti
at thistime.

The amountof phaseperturbationmaybe expressedin degreeswith
~ cycliccomponentexpressedin Hertz. The instantaneousrelativephase
may or may not be significant,however,for the sakeof clarityit should
be assumeda Dhasemrtubationof 36°wouldbe takento mean + 18° relative
to a single s“-.
phaseof 36°.

2.463 PHASE

2.464 PHASE

2.465 PHASE

2.466 PHASE

W& signalor + ‘M”wouldassumeleadings~ting in

DELAY(FAX).

DIS!KRTION.

MODULATION.

SeeDELAY,PX4SE(FAX).

See DISTORJ210N,DELAY.

See lKIDULATION,PHASE.

PERTURBATION(PHASEJITTER). SeePERIUBATICYN,PHASE.

2.467 PHASING(FAX). The adjustmentof picturepositionalcmgthe
scanningline.

2.1/.68PHOTOSENSITIVERECmDINO (FAX). SeeRECQRDIN2,PHCYIWSENSITIVE
(FAX).

2.469 PICTUREFREQUENCIES(FAX)● SeeFREQUENCIES,PICTUtE(FAX).

2.470 PIK)T. (Ina transmissionsystem.) A signalwave,usuallya
singlefrequency,transmittedoverthe systemad usedfor eitherlevel
control,spchronization$or both.

2.471 PIIJYT.A signalwave,usuallya singlefrequencytransmitted
overthe systemfor supervisory, contm 1, synchronizationor reference
purposes. Sometimesit is necessqy to employseveralindependentpilot
frequencies.Mostradiorel~ systemsuse radio or continuitypilotsof
theirownbut transmits3.sothepilotfrequenciesbelongingto the
carrierfrequencymultiplexSystem.

2.472 POINT,ZEROTRANSMISSIONLEVELREFERENCE.A pointin a cticuit
to whichall relativetransmissionlevelsarereferred.SeealsoLEVI&
RELATIVETRMSMISSION. NOTE: The zeropointmay nut be Convenient&
avail.a~ein somesystems.
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2.473 POLARDIRECTCURREM!TEI@3RAPHSYSTEM. See SYIHHM$POLAR
DIRECT-CURRENTTEIXXXULPH.

2.474 POLARIZATIONDIVERSXTY.See DIVERSIXY~POLARIZATION.

2.4’?’5KWER3CARRIER(PC)(RADIOTRANSMITTER),The averagepower
suppliedto the antennatransmission line by a transmitterduringone
radiofrequencycycleunderconditionsof no modulation.Thisdefinition
doesnot apply-to-pulsemodulatedemls$ionsor FSK.

2.47’6POWER$EFFECTIVERADIATED(ERP). The power
antennamultipliedby the relativegainof the antenna
tione

suppliedto the
in a giwendirec-

2.h’/7POWER,MEAN (PM)(R4DI0TRANSMITTER).The powersuppliedto
the antennatransmissionlineby a transmitterduringnormaloperation$
averagedovera timesufficientlylongcomparedwith the periodof the
lowestfrequencyencounteredin themodulation.A timeof 1/3.0second
duringwhichthemeanpoweris greatestwillbe selectednormally,

2.4’78p@fER3NCIISE(PIJ)(RADIOTRANSMITTER).Themeanpowersupplied
to the antennatransmissionlineby a transmitterwhenloadedwithwhite

~noisehaing a Gaussianamplitudedistributiono

2.1!79PWER5 PEAKENVEILIPE(PEP)(RADIOTRANSM-). The power
suppliedto the snbennatransmissionlimeby a transmitter during one
radio frequency~cle at the highestcrestof themodtiationenvelope$
takenunderconditionsof normaloperation.

2.L80 POWERRATIOSNOISE,SINGLESIDEBAND,NPR (SSB). See NOISE
P(MERRATIO$SINGLESIDEBAND$NPR (SSB).

2.481 PSOPHOMETRICJUUWEIGHTEDDEM. Seem (Psoph) and DR@p.

2.482 PSOPHOMEIRICVOLTAGE. See VOIllhiGE$PSOPHOMEl!RIC.

2.~83 PSOPHOMETRICWEIGHTIN3.SeeW’EIGHT~~ PSOPHOMETRIC.

2.484 PULSE. A signalcharacterizedby theriseand decayin time
of a quantitywhosevalueis nomally constant.

2●k85 PULSESMARKING(TTY). Thatsignificantconditionof a modula-
tionwhichresultsin an activeselectingoperationin receivingapparatus.
We MXIULATXON$SIGNIFICANT~NIIITIONOF A.

2.486 PIJLsE$SPACING{TTY). ThatsigmSficantconditionof a modula-
tionwhichresultsh a passiveselectingoperationin a receivingappara-
tus. SeeMODULATIONSI~FICANT CONDITIONOF A.

2.487 PULSE

2.488 PULSE

AMPLITUDEMODULATION.SeeMODULATIONPULSEAMPLITUDE.

CODEMODULATXCN.SeeMODULATIOM$PULSECODE.
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2.489

2.~90

2.b91

2.h92

2.h93

2.494

2.495

PULSEDECAYTIME. SeeDBCAYTIME,PULSE.

PUISEFREQUENCYMODULATION.SeeMODULATION,PULSEFREQUENCY.

PULSERISETIME. SeeRISETIME,PULSE.

PIJISETIMEMODULATION.SeeMODULATION,

PUSH-TO-TALKOPERATION.See OPERATION,

PUSH-TO-TYPEOPERATION.SeeOPERATION,
.-

PULSETIME.

PUSH-TO-TALK.

PUSH-TO-TYPE.

PW. (Picowatt.Equalto 10-XZWatt,or = - 90 ~.) A tit of
absolutepowercommonlyusedfor bothweighted* unweighedwise.

——. -—

Contextmustbe observed.

~Om2.496 ~ (PIJ,~OPHOMETRICALLYWEIGHTED).SeePWandIJEZGHTING,
●

2●497 QwR_ DI?J=SIX’Y.See DIVERSXTY,QUADRUPLE.

2.498 QUANTIZATION.The processof convertingthe exactsample
valuesof a signalwaveto tk ir nearestequivalenth a finiteset of
discretevaluesto permitdigitslencoding.

2.499 QUANTIZINGMUSE. SeeNOISE,QUAIJITZm.

o 2.~OO QUASI-ANJiIOGSIGNAL. See SIGNAL,QUASI-ANALWJ.

2.s01 RADIOBASEBANDRECEIVETERMINAIS.SeeTERMINALS,RADIOBASE-
BANDRECEIVE.

2.502
SEND.

2.503

2.5ol&

RADIOBASEBANDSENDTEMINALS. SeeTERMINUS,RADIOBASEBAND

RADIORASEBAND.See BASEBAND,RADIO.

RANIKMBINARYBTI’STRE4MSIGNALING.SeeSIGNALING.RANDOM
BINARY-BITSTW.

.

Ibferto AppendixB ReferenceChartfcm
IU&~qmRl~3 ~1’~kyofi & DataSi~ing Rates.

2.506 RATE,ERRCR(BIT,BLOCK,CHARACTER,ELTMFM!). The ratioof
thenumberof bits,elements,characters,or blocksincorrectlyreceived
to thetotalnumberof bits,elements,characters,or blockssent.

2.507 RATE,MODULATION.Reciprocalof the unitinterval.measured
in seconds. (Thisrateis expressedin bau~)

2.508 RATIN3,oU1’PUl!.See PCMER.
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2.509 RECEZVER9FACSIMILE.The apparatusemployedto translate
the signalfromthe communicationschannelintoa facsimilerecordof
the subjectcopy.

2QO RECEIVINGCONVERTER$FACSIMILE.See CONVERTERSFACsIMm W-
CEIVING.

2.511 RECEPIION$EXALTEDCARRXER.A methodof receitingeither
amplitudeor phasemddul.atedsignalsin whichthe carrieris separated
fromthe sidebands,filteredand smplified$and thencombinedwith the
sidebandsagainat a higherLevelpriorto demodulation.

2.512 REUXUIMEDIUM(FAX). SeeMEDIUM$RECORD(FAX).

2.g13 RECCRDSHEEP(FAX). See SHEE1’$REC@ (FAX).

2.Slh RECORDEDSPUTX DIMENSION(FAX). See SPOT,X DIMENSIONOF
RECORDED(FAX).

2.sl~ RECCRDRDSPOTY DIMENSION(FAX). SeeSP(Yl!$Y DIMENSIONOF
RECCRDED(FAX).

2.516 RECORDEDSRX (FAX). SeeSPOT,RECORDED(FM).

~ 2.517 RECORDER.FACSIMILE.Thatnartof thefacsimilereceiverwhich
I perforis -thefinal.;onversionof elect;ic~
! of the subjectcopyim therecordmedium.

2e~18 RMXRDING SP~ (FAX). See SPOT~

2.99 RECORDING(FAX). The pocess of
I signsl to an image on the recordmedium

picturesignal.to an image

RECORDING(FAX).

convertingthe electrical

2.520 RECORDING$DIRECT(FAX). Thattypeof recordinginwhicha
visiblerecordis produced$withoutsubsequentprocessing~in responseto
thereceiwedsignals.

2.521 REC(RDIN$EJJWTR(MECHANICAL(FAX). Recordingby meansof a
signal-actuatedmechanicaldevice.

2.522 RECCRDING$ELECTRCXXIWCAL(FAX). Recording by means of a
chemicalreacticmbroughtaboutby thepassageof signal-controlledcurrent
throughthe sensitizedportionof therecordsheet.

2.S23 RECCEtDING$ELECTROLYTIC(FAX). Thattypeof electrochemical
recordinginwhichthe chemicalchangeis madepossibleby the presenoe

I of an electrolyte.
I

2.52h
contro33ed

REC~ING , ELECTROSTATIC(F=). Recording by means of a signal-
eIectrosta%ic field.
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.

0
2.S2S RECORDINO,ELECTRCYMERWL(FAX). Thattypeof recordingwhich

is producedprincipallyby signal-controlledthermalaction.

2.526 REW?DING, INKVAP(X?(FAX). Thattypeof recordingin which
vaporizedinkparticlesare directlydepositeduponthe recordsh?et.

2.527 RECCRDIl?3,PHOTOSENSITIVE(FAX). Recordingby the ~osure
of a photosensitivesurfaceto a signal-controlledlightbeam or spot.

2.S28 mum CR SUWRESSEDCARRIERDoum SI.DEWTRANm*ION.
SeeTRANSMISSION,SIDEBAND,DOUBLE,REDUCEDORSUPPRESSEDCARRIER.

2.S29 REDuNDANrcoDE. See tom, RmnmNr.

2.530 REFERENCEFREQUENCY.SeeFRBWENCY,REFERENCE.

20531 mERJNM KENT, ZFJiOTRANSMISSIONLEVEL. SeePOINl,ZERO
TRANSMISSIONLEVELREFERENCE.

2.S32

2.5.33

2s34

2.535

REFLECTIONCOEFFICIE~. SeeCOEFFICIENT,REFLECTION.

RD2ENERATIVEREPEATER.See REPEATER,FUDENERATIVE.

RELATIVETRANSMISSIONLEVEL. See LEVEL,RELATIVETRANSMISSION.

RR4UTECONIROLEQUIPMENT..See CONTRCUI~ ~$ REMUIE.

● 2.s36 REPEATER.A devicewhichamplifiesor reshapesanwor retirees
an inputsignalforfurtherretransmission.

2●537 ~mTn, BROADCAST.A repeaterconnectingseveralchannels,
one inccsningand the othersoutgoing.

2.538 ~~TER, CONFERENCE.A repeaterconnectingseveral.circuits,
whichreceivestelegraphsignalsfromanyone of thecirctitsand auto-
maticallyretransmitsthemoverallthe others.

2.539 RE~TER, REGENERATIVE.A repeaterin whichthe signalsre-
transmittedarereshapedandretimed.

2.540 REPROINETIONSPEED(FAX). See SPEED,REPRODUCTION(FAX).

2csb mIDUAL ERRCR-RATE.See ERRCR-RATE,RESIDUAL.

2.542 Restitution(DEMODULATION). SeriesOf significantconditions
determinedby the decisionstakenaccordingto th productsof thedemodu-
lationprocess. SeealsoDEMODULATION.

2.Sb3 RETURNLOSS. See IJJSS$~URN.

2.5U$4RF MNDWIDTH. SeeBANIWDTH,RF.
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2.545 RINGDCMWSIGNHJXG. See SIGNAHNG~RINGDCM’N.

2e5415~~~ T~$ p~Ea The timerequiredfor the instantaneous
amplitudeto go from10% to 90% of thepeakvslue~

2.547 RTTY. A shorthandreferenceto radio-teletypewriter.

2S48 SAMpL~ FREQUENCY.SeeFrequency$AMPLING.

2.5~9 SCANNER(FAX). Thatpartof thefacsimiletransmitterwhich
systematicallytranslatesthe densitiesof’the subjectcopyintosignal-
waveforme

2,550
densities
pattern.
bottomof
direction
The IEEE,

SCANNING(FAX). Theprocessof analyzingsuccessivelythe
of the subjectcopyaccordingto the’.elementsof a predetermined
NCYJ!E:The normalscanningis fromleftto rightandtop to
the subjectcopyas whenreadinga pageof print. Reverse
is fromrightto leftandtop to bottomof the subjectcopy.
ASA,andWMO Standardsconsiderthenorm& scsnningdirection

to be fromleftto right.

2.SS1 SCANNING,DIRECTIONOF (FAX). At thetransmittingapparatus
,the plane(developedin the caseof a drumtransmitter)of themessage
surfaceis scannedalonglinesrunningfromrightto leftcommencingat
the top so thatscanningcommencesat the topright-handoorx?arof the
surfaceandfinishesat thebottomleft-handcorner;thisis equivalent
to scanningovera right-handhelixon a drum. The orientationat the “.
messageon the scannimgplanewilldependuponitsdimensionsand is of
no consequence. ●

At thereceivingapparatusscssuuingtskesplacefrcmrightto
leftandtop to bottom(tithe abovesense)for Ilpositive’1receptionand
fromleftto rightand topto bottom(intheabovesense)for bgativeli
reception.NOTE: Thisis them Standardfor Phototelegraphicappara-
tus. (SeeSCANNING(FAX))

2.552 SCANNING$ELECTRONICLINE(FAX). Thatmethodof SC~~ which
providesmotionof the scanningspotalongthe scanninglineby electronic
means.

2~SS3 m~s ~TIILE SWT (FAX). Themethodin whichscmning
is carriedon simultaneously~ two or more scanningspots,eachone
XX itsfractionof theto~ scrod ma of the subjectCOPY.

2e554 SCANNIM$ SIMPLE(FAX). Scanningof O* one scanningspotat
a the duringthe scanningprocess.

20555 WANN~ LINEFREQUENCY(FAX). See SPm, STROKE(F”).

2.556 ScANNniGLINELENGTH(FAX). See LENGTH,SCANNING

ho

LINE (FAX).
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2.5S7 SCANNING

● SCANNING(FAX).

2.5S8 SCANNING
SCANNING(FAX).

2.SS9 SCANNING

M&sTD”188c

SFOTX DIMENSION(FAX). See SPOT,X DIMII?SIONOF

SKYI!Y DIMENSION(FAX). See Sm, Y DIMENSIONOF

SPOT.(FAX). See SPOT,SCANNIN3(FAX).

2.560 SELECTIVEFADING. SeeFADm, ”SELECTIVE.
v

2.561 SERIALTRANSMISSION.SeeTRANSMISSION,SERIAL.

2.562 SERVICEBIT. See BIT,SERVICE.
.

2.563 SET,CHARACTER.A Ilcha,ractersetIIas usedhereinis a ~sic
groupof definednumeric,alphabetic,punctuationand specislsymbol
charactersof one style. The termis mostmeanhgfulwhenaccompanied
~ a qml.ifyingdescriptor.For example:The graphiccharacterset
USASOII*

2*564 m> Cc@E. SeeALPHABIX,

2.565 SHEET,RECORD(FAX). The
visibleimageof the subjectcopyin
&e recordsheetmay be identical.

DIGITAL.

mediumwhichis usedto produce
recordform. Therecordm dium

of

a
and

2.566 SHF. Super highfrequency,3 to 30 GHz.

●’ 2.s67 SIDE,LINE. Thatportionof a devicewhichlookstowardthe
transmission path (linecircuit,loop,trunk).

2.’$68SIDE, LOOAL. Thatportionof a devicewhichlookstowardthe
internalstationfacilities.

2.569 SIDERANDS.The spectralenergydistributedaboveandbelow
a carrierresultingfroma modulationprocess.

2.570 Smdw TRANSMISSION.See TRANSMISSION,SIDEEAND.

2.571 SDWTONE,TELEPHWE. Telephonesidetoneis the transmission
andreproductionof soundsthrougha localpathfromtrammdttingtrans-
ducerto thereceivingtransducerof the sametelephoneset in orderthat
thetalker~ hearhisvoiceh th receiver.

2.572 SIGNAL,ANALOG. A -nommlly continuouselectricalsignalthat
variesin somedirectcorrelationto a signalimpressedon a transducer.
The electricalsignalmay v~ itsfrequencyor amplitude,for “instance,
in responseto changein phencmenaor characteristicssuchas sound,light,
heat,position,or pressure.

2$73 SIGNAL,DIGITAL. A
that changes fra onestateto

nodnally discontinuous electrical signal
another ti discrete steps. The electrical

u
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signalcouldchangeitsamplitudeor polarity~for instancesh response
to outputsfrcmcomputers~teletypewritersetc. AnalogS-S my be
convertedto a digitalformby quantizing.

2.574 SIGNAL9FACSIMILE(PICTURESIGNAL).A signalresultingfrom
the sc+nimg process.

20575 S~~~ QUAs~-~o ~ ~~si-=~og si~ ~S a digit~
signal$ after conversionto a form suitablefor transmissionovera
specifiedanalogchannel.The specificationof an anslogchannelwould
includefrequencyraige$frequencybandwidthsS/l!ratio$and envelope
dslaydistortion.When thisformof signalingis usedto conveymessage
trafficoverdialed-uptelephonesystemsit is oftenreferredto as
voice-data.

2.576 SIGNAL$START(FAX). A signalwhichinitiatesthe transfer
of a facsimileequipmentconditionfromstandbyto active.

2.577 SI!MJAL,STARTRECCRD(FAX). A signalusedfor startingthe
processof converi%gthel,electricsl”signal to
sheet.

2.578 HCHU& STOP(FA)L).A signalwhich
a facsimileequipmentconditionfromactiveto

an imageon the re;ord

initiatesthe transferof
standby.

2.s79 SIGNAL,STOPRECORD( AX).
\

A signalusedfor stoppingthe
processof convertingthe electrial signalto an hnageon the record
sheet.

20580 SIGNAL$SYNCHRONIZING(FAX). Maintenanceof predetermined
speedrelationsbetweenthe scanningspotandrecordingspotwithimeach
scanningline.

2.s81 SIGNALSVOICE-DATA.See SIGNAL$QUASI-ANALOG.

2$82 SIG~L

20583 SIGNAL

2.$84 SIGNAL

2.s8~ SIGNAL
(FAX).

2.586 SIGNAL

C(M’NMT (mix). See CONTRAST9 SIMAL (FAX).

c(N3ERTm. See CWVERW3R$SIGNAL.

ELEMENT. See ELEMEIW$SI!3NAL.

mxxnmcY sm (FAX). SeeFREQUENCYSHIFT$SIGNAL

LEVELSFACSIMILE.The maximumfacsimilesignalpower
or voUage (rmsor do)measuredat any pointin a facsimilesystm~ NOTE:
It msybe eqmessed in decibelswithrespectto somestanckwdvaluesuch
as 1 milliwatt.

2.587 SXGNAL-PLUS.NOISETO NOISERATIO. SeeNOISERATIO$SIGNAL=
PLUS-NOISETO.

u

,

http://www.abbottaerospace.com/technical-library


MIL-STIM88C

●
2.s88 STJNALTRANSITION.SeeTRANSITION,SIGNAL.

2.S89 SIGNALING,COMMONBATTERY.A methodof actuatinga lineor
supervisorysignalat the distantend of a telephonelineby the closure
of a do circuit.

2.590 SIGNALING,INBAND. Signalingwhichutilizesfrequencieswithin
the voiceor intelligencebandof a channel.

2.591 SIGNALING,OUT-OF-BAND.Signalingwhichutilizesfrequencies
withinthe guardbandbetweencmlsor bitsotherthaninformationbits
h a digitalsystem. Thistermis alsousedto i@icate theuse of a portion
of the channelbandwidthprovidedby themediumsuchas the csrrierchannel$
mt deniedtolhespeechor intelligencepathby filters. It resultsin a
reductionof the offectiveavailablebandwidth.

2.!$92 s~~fi~, ~CM BINARYEUTS’NWUl(13fT_~EW TIMllW). The
methodof COMMullicationthatemploysbit intermittenttransmissiond
signalson a unitintervalbasiswithoutregardto the ~esence or absence
of codeor alphabet.

2.593 SIIWALING,RINXIOW. The applicationof signslto theline
fm the purposeof bringingin a linesignalor supervisorysignalat a
switchboardor ringinga wer’s instrument. (Historically,thiswas a
lowfrequenoysignalof about20 Hz frcunthe useron thelinefor calling
theoperatoror for disconnect.)

o 2●594 SIGNKLIN3, FREQUENCYCHANGE. A signslingmethodin whichone
or moreparticularfrequenciescorrespondto eachdesiredsignaling
coxitionof a code. The transitionfromone set of frequenciesto the
othermay be eithera continuousor a discontinuouschangein frequency
or in phase.

2.595 SIGNALING,FREQUENCYEXCHANGE(TWO-SOURCEFREQUENCYKEYING).
A frequencychangesignalingmethodin whichthechangefxom one signaling
conditionto anotheris accompaniedby decayin amplitudeof one or more
frequenciesandby buildupin amplitudeof one ormore otherfrequencies.

2.5% SIENALIW$FRBWENCY SHIl?l.See KEYING, FRX32UENCYSHIFT.

2.S97 SmNmIcANT CONDITIONOF A MODUL4TlDN.SeeMODULATION,SIG-
NIFIX&NTCONDITIONOF.

2●598 S~~IC~ INSTANJ!S. See INSTANTS,SIGNIFICANT.

2.s99 SIGNR?ICANfINTERVAL.See INTERVAL,SIGNIFICANT..

2.600 SIMPLE SOANNIN3 (FAX). See SW!NING,SIMPLE(FAX).

2.601 SIWIJZX

2.602 s~

cmuIT. see CIRCUIT,SIMPLEK.

OPER&TION. SeeOPERATION,SIMPLEX.
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2.603 Sml%EXEDCIRCUIT. See CIRCUIT$SnWLEXED,

2.604 SI1’W2UMARGIN. SeeMARGIN$smm.

2.605 SINGLECURRENTTRANSMISSION.SeeTRANSMISSIONSSIN?XLE-CURRENT.

2.606 SINGLEWIXWU?D lQUIPMENTREFERENCELEVEL. See LEWEL$SINGLE
SIDERANDEQUIPMENTREFERENCE.

2.607 SINGLESIDEBAND
SINGLEo

2.608 SINGLE-HARMONIC

2.609 SIN&
Controlor other

2.610 SINK$
tran-ssion.

TRANSMISSION.We TRANSMISSIONSIDEDAND$

DLSTC13TION.SeeDISTCRTION$SIN3LE-MRMONIC.

(XNMUNICATIONS. A devicewhichreceivesinformation
signalsfromcommunicationssource(s).

DATA. The equipmentwhichacceptsdatasignalsafter

2.6H SW (FAX). The deviationof the received’~ramefromrectan-
gularitydue to a~chronism betweenscannerandrecorder.Skewis ex-

~~ pressednumericallyas thetangentof the angleof thisdeviation.

2.612 SOUND-PWEREDTEW~ONE. seeTELEmO~$ solllpp~o

\
i’ 2.623 SOIJRCEjCOMMUNICATIONS.A devicewhichgeneratesinformation
1. control$or othersignalsdestinedfor communicationssink(s).

2.614 SOURCESDATA. The equipmentwhichsuppliesdatasignalsto be
tmnamitted.

2.62.5SPACEDIVEIWJN’.SeeDIVERSITY$SPACE.

2.616 SPAcm PULSE. See PULSE$SPACIN3(TTY).

2.617 S-m DESIGWTIONOF FREQUENCY.seeFmmy$ SPECTRUM
DESIGNATIONOF.

2.618 SPEECH-PLUS-DUPLEXOPERATION.See OPERATION$SPEECH-PLUS.
DUPLEX.

2.619 SPEED$DRUM (FAX). The anguLarspeedof the transmitteror
recorbr drwm NOTE: Thisspeedis msasuredim revolutionsperdimte.

2.620 SPEED$REPRODUCTION(FAX). The areaof copyrecordedper
unittime.

2.621 SPEED,SIWT(FAX). The speedof the scanningor recding spot
withinthe availableline. NOTE~ Thisis generalll$measuredon the
%ib~~=apy or on the recordsheet.

u
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SPEED,STROKE(FAX). (SCANNN OR RECORDINOLINEFREQUENCY.)
of timesper minute,unlessotherwisestated,tlata fixed●

2.622
The number
lineperpendicular
tionby a scanning
mechanicalsystems
thepicturesignal
speedis twicethe

t~ the direc%ionof scanningis crossedin onedirec-
or recordingspot. NOTE: Inmost conventional
thisis equivalentto drumspeed. lh systemsin which
is usedwhilescanningin bothdirections,the stroke
abovefigure.

2.623 SPOT, RECORDED(FAX). The imageof therecordingspoton the
recordsheet.

2.624 SPOT,RECORDINO(FAX). The imageareaformedat the record
mediumby thefacsimilerecorder.

2.625 SP(Yf,SCANNIW (FAX) The areaon the subjectcopyviewed
instantaneouslyby thepickupsystemof the scanner.

2.626 sPm, x DIMENSIONOFSCANNIW (FAX). The effectiveSCanning
spotdimensionmeasuredin the directionof the scanninglineon the
subjectcopy. NOTE: The numericalvalueof thiswilldependuponthe
typeof systemused.

2.627 SPOT, X DIMENSIONOFRECORDED(FAX). The effectiverecorded
spotdimensionmeasuredin the directionof therecordedline. NOTE1:
By effectivedimensionis meantthelargestcenter-to-centerspacingbe-
tweenrecordedspotswhichgivesminimumpeak-to-peakvariationof den-
sityof therecordedline. NOTE2: Thistermappliesto thattypeof
equipmentwhichrespondsto a constantdensityin the subjectcopyby a
successionof discreterecordedspots.

2.6Q8 SPOT,Y DIMENSIONOFSCANNIN3(FAX). The effectivescanning
spotdimensionmeasuredperpendicularlyto the scanninglineon the sub-
jectcopy. NOTE: The numerical.valueof thiswill dependuponthe type
of systemused.

2.629 SPUT,Y DINENSIONOF$RECORDED(FAX). The effectiverecorded
spotdimensionmeasuredperpendicularlyto therecordedline. NOTE: By
effectivedimensionis meantthe largestcenter-to-centerdistancebe-
tweenrecordedlineswhichgivesminimumpeak-to-peakvariationof
densityacrosstherecordedlines.

2.630

2.631
spotalong

2.632

2.633

SPOT SPEED (FAX). seeSPEED,SPa (FAX).

STAOGER(FAX). Periodicerrorin the positionof therecorded
therecordedline.

STANDARDS.SeeSTANDARDS,SYSTEM.

STANDARDS,SYSTEM. a. The minimumrequiredelectricalmr-
formancecharacteristicsof communicationcircuitswhichare based&
measuredperformanceof developedctrcuitsunderthe variousoperating
conditionsforwhichthe circuitswere designed.
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b. The specifiedcharacteristicsnot dictatedby electricalper-
formancee reqtiementsbut necesearyin orderto permitinteroperation.
(Forexample,thevaluesfor centerfrequenciesfor telegraphchannels,
testtone$etc.) SeealsoOBJ’ECTIVZ$’DESIGN.

2.634 STANDARDTESTTONE. SeeTONESSTANDARDT~.

20635 START-STOPTTY DISTORTION.See DISTORTIONSTART-STOPTTY.

2.636 STARTRWWSIGWL (FAX). See SIGNAL$SI’AIiTRECORD(FAX),

2.63? START SIGNAL(FAX). See SIGNAL,STJJ?P(FM).

2.638 STOPmc~ SIGNJiL(FAX). see SIGmL$ sTOPREcoRD(FAX).

2.63g STOPSIDN.AL(F’). See SIGN.U, ST@ (F~)~

2.640 STQRE-AND-FORJMRD.See SWTNXIING$MESSAGE.

2.6@ STROKESPEED(FAX). SeeSPEEDSSTROKE(FAX).

2.6h2 SUBCARRIER.A carrierwhichis appliedas modulationon another
Carrier$or on an intermediatesnbcarrier.SeealsoCARRI~.

2.643 SUBJWTCOPY(FAX). See 60PY$ SUBJECT(FAX).

2.644 SWTlV2HING$CIRCUIT.The termappliedto the methodof handling
trafficthrougha switchingcenter$eitherfromlocalueers$or from other,,:
switchingcenters$wherebya distantelectricalconnectionis established
betweenthe callingand calledstitions~

2.645 SWTCHING$MESSAGE. The te~ appliedto w indirectOr store-
and-forward(S/’F) trafficthrougha switchingcenterseitherfromlocal
usersor ft?o~otherswitchingcenters.Messageswitching~or store-and-
forward$is thetechniquewhereby=SS%FS ~ ~et~ 1~ W ~
throughthe c~cation networkof switchingcenters.

2.647 SYNCHRONIZING(FAX). Themaintenanceof predeterminedspeed
relationsbetweenthe scanningspotandthe recordingspotwithineach
scanningHJaeo

2.61$8SYNCRRONIZIN’G

2.649 SYNCHRONOUS.
SYNCHRONOUSo

SIGNAL(mix). See SIGNAL$SYNCHRONIZIIW(FAX).

See SYSTEM$SYNCHRONOUSand TRANSMISSION

.

.,

2!&o mmmwx?s SYf$rEMosee SYSTEM$smfcHRoNfNs.

2.6S1 SYI$CHRONCX%9TRANSMISSION.SeeTRANSMISSIONSSYNCHRONOUS.

l&6
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2.652 SYSTEM,ARQ. SeeSYSTEM,ERRCR-DEI!ECTIIUAND FEEDRACK.

2.653 SYSTEM,DUPLEX. See CIRCUIT,DUPLEX.

2.6!54 SYSTEM, ERMR DEI!ECTING. A sgstememployingan error-detecting
codeand so arrangedthatany signal.detectedas beingin erroris -

a. Eitherdeletedfromthe datadeliveredto the datasink,in
scmecaseswithan indicationthatsuchdeletionhastakenplace;

b. Or deliveredto the datasinktogetharwithan indication
thatit hasbeendetectedas b~ ng in error.

2.655 SYSTEM,ERROR-CORRECTING.A systememplo~ an error-correct-
ing codeand so arrangedthatsomeor all signalsdetectedas beingin
errorare automaticallycorrectedat the receivingterminalbeforede-
liveryto the datasinkor to thetelegraphreceiver.

2.656 S~EM$ ~OR-DEfECTINGAND-mCK (DWISIONF~McK SYSTEM,
REQUESTREPEATSYSTEM,ARQ SYSTEM).A systememployingan error-detecting
codeand so arrangedthata signaldetectedas beingin errorautomati-
callyinitiatesa requestfor retransmissionof the signaldetectedas
beingin error.

2.657 SYSTEM,NEUTRALDIRECT-CURRENTTEL?BRAPH(SIN3LE-CURRENTSYSTEM$
SINGLEMORSESY~EM). A neutraldirect-currenttelegraphsystemis a

o

telegraphsystem~ploying currentduringmarkingintervalsand zero
currentduringspacingintervalsfor transmissionof signalsaverthe line.

2.658 SYSTEM,FOLARDIRECT-CURRENTTELE3RAPH.Apobr direct-current
telegraphsystemis onewhichemployspositiveand negativecurrentsfor
transmissionof signalsovertheline.

2.659 SYSTEM,SYNCHRONOUS.A systemin whichthe sendingand re-
ceivinginstrumentsare operatingcontinuouslyat substantiallythe same
frequencyand aremaintained,
desiredphaserelationship.

2,660 SYSTEMsrANDARDs.

2.661 TAILING(HANGOVER)
decayof the signal.

2.662 TALKER,
themeanvolume
thevaluein an
equalnumberof

2.663 TALKER,

by meansof correctionif necessary,in a

See STANDARDS,SYSTEM.

(FAX). The ~cessiveprolongationof the

MEANVOLUME. Themean-vohxme-talkeris onerepresented
of a groupof talkersmeasuredat a givenlocation.It
orderedsetof valuesbelowand abovewhichthereare
values.

MEDIUMPWER. Themedium-power-talkerof a lognormal
distributionis thatvalueof talkervolumeswhichliesat them~ium
powerof all talkersdeterminingthevolumedistributionat thepointof
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interest.Whenthe distributionfol.lowsa log-normalcurve(valuesex-
pressedin dB)themeanand standarddeviationcan be usedto computethe
~edium-power-talker~ The,talkervolumedistributionfollowsa log normal
curveand the medium-power-talkeris uniquelyde%ernrinedby the average
talkervolwneand the standarddeviationas givenin thefollowing
equationz

WhereTo is the averageof thetalker* ~stri~tiong ~km~i~dt~
volumecorrespondingto the average-power-talkerexpressed
is the standarddewiationof thedistribution.

2.6@ TALKERVOLUMEDISTRIBUTIONW FOWEROFTHE. me mea Wwer
of the talkervolumedistributionis themean-power-~er volumeless
a conversionfactorto convertfromvu to a. NOTE: The factoriS
takenas 3.9 dBbY scmeauthorities~d ~oh ~ by others” ~is st~~d use
2.9 dE as the conversionfactor.

2.665 TELEC~CATIONS. @ trtissiong ~ssion~ or reception
of signs$signsils$Writingsjimagesand soundsor informationof any
natureby Wire$radiosvisual$or otherelectromagneticmeans.

2.666 TELE12RAPH$TWO-Tree See ~Ym9 ~~TO~.

2.668 TELEPHONESE~CTRICAI&Y-PWERED,A telephonein whichthe,.
operatingpoweris obtainedeitherfrombatterieslocatedat the telephone
(localbattery) or froma telephonecentraloffice(commonbattery).

2.669 TELEPHONE,SOUND-PCWERED.A telephonelmwhichthe operating
poweris derivedfromthe Speechinputonly.

2.670 TELEPHONESIDEPONE.See SIDEl!ONE,TELEPHONE.

TTY.

2.672 T~$ DATA. Equiwentemployedat the exxlof a trans-
missioncircuitforthe transmissionand receptionof data. It my
includeend instrumentsor signalconvertersor both.

2.673 Tl!iRMIrULS~MULT~EX BASEBANDRECEIVE.The poZntin the base-
bandcircuitnearestthemultiplexequipmentfromwhichconnections
normallymadeto the radiobasebandreceiveterminalsor intermediate
facility.

2.674 TERMIMALS$MULTIPLEXBA$FJMNDS3ND. The petitintbe baseband
circuitnearestthemultiplexequipmentfranwhichconnectionis normally
madeto the radiobasebandsendte~s or intermediatefacility.
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2.675 TERMINALS,RADIOBASEBANDRECEIVE.Thepointin thebaseband

circuitnearesttheradioreceiverfranwhichconnecticmis normallymade
to themultiplexbasebandreceiveterminalsor intermediatefacility.

2.676 TERMINALS,RADIOBASEBANDSEND. Thepointin the baseband
circuitnearesttheradiotransmitterfromwhichconnectionis normally
madeto themultiplexbasebandsendterminalor intermediatefacility.

2.677 TERMINALIMPEDANCE.See IMPEDANCE,T~o

2.678 THZ. THZ.TeraHertz.10 to powerof12, Hertz.

2.679 TINE,FALL. See DECAYTIMB,PULSE.

2.68o TIMEDIVISIONMULTIPLBX(TDM). SeeMULTIPLEX,TIllEDIVISION
(TDM].

2.681 TIMEGUARDRAND. See

2.682 TONE, STANDARDTEST.
of a circuit: shall be one mW(0

.

BAND,TIMEGUARD.

For use at the 6000hms audioportions
dRn)witha frequencyof 1000Hz and

sl@l be appliedat a zerotransmissionlevelreferencepoint. NOTE: The
StandardTestTonein CCITTrecommendationsis 800 Hz.

2.683 TOTALHARXONICDISTORTION.SeeDISTORTION,T(XCALHARMONIC.

2.6U TRANSFER,INFORMATION.(USER) Thefinalresultof a data
transmissionfroma datasourcetoa datasink. The informationtransfer
ratemay or may not be equal.to the transmissionzmhd.ationrate.

2.685 TRANSITION,SIGNAL. The changefromone signalingcondition
to another;for example,the changefrommarkto spaceor from spaceto
mark. SeealsoPULSE,M4RKIlJJ,TE~~ER.

2.686 TRANSLATION,ALPHABET.Thatprocesswherebythemeaningin a
particularbit structurein a particularcodeis caweyed to oneor more
differentalphabetsin the sameor differentcode.

2.687 TRANSMISSION,ASYNCHRONOUS.A transmissionprocesssuchthat
betweenany two significantinstantsin the samegroup,~thereis always
an integralnumberof unitintervals.Betweentwo significantinstants
locatedin differentgroups,thereis not alwaysan integralnumberof
unitintervals.*Indatatransmissionthisgroupis a blockor a char-
acter. In telegraphythisgroupis a character.

2.688 TRANSMISSION,BTI%RNARY.A methodof digitaltransmissionin
whichtuo binarypulsetrainsare combinedfor transmissionovera system
in whichtb availablebandwidthis onlysufficientfor transmissionof
one of the twopulsetrainswhen in binaryform. The biternarysignalis
generatedfromtwo synchronousbinarysignals,operatingat the samebit
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rate, The twobinarysignalsareadjustedin timeto havea relativethe
cUf erenceof one-halftk binaryintervaland are combinedby Itiar
additionto formthe bite- signal. Eachbiternarysignslelementcan
assumeany oneof threepossiblestates$i.e~s+1$OS or -1. lkchbiter-
narysignalingelementcontains.informationon the stateof the two bi-
- si-- e~~ent~ as def~d in the fo~ow= t~th table:

EL B2 Biterhary

Themethodof additionof BI and B2 as describedabovedoesnot permit
the biternarysignalto changefrcm-1 to +1 or +1 to -1withoutan inter-
mediatebiternarysignalof O. Sincethereis halfa unitintervaltime
differencebetweenthe binarysignalsBI and B2 onlyons of themcan
changeits stateduringthe bi.ternaryunit interval.Thismakesit
possiblein the decodingprocessto ascertainthe stateof thebinary
signalthathas not changedits stateand thusavoidambiguityin decoding
a bitxmxarysignalof’0.

2.689 TRANSMISSION,BLACKFACSIMm. Tn an am@itude-moduMtion
systems~hatformof tr&smissioninwhichthe tium transmitted,power“
correspondsto.the maximumdensityof.thesubjectcopy. Ma frequency-
moddation sys~m, thatformof transmissionin whichthe lowesttrans-
mittedfrequencycorrespondsto themaximumdensityof the subjectcow.

2.690 TRANSMISSIONDOUBLE-CURRENT(FTMdiRDIRECT-CURRENTSYSTEM).
A formof binarytelegraphtransmissionin whichpositiveand negative
directcurrentsdenotethe significantconditions.

2.691 TRANSMISSIONPARALLEL.The simultaneoustransmissionof a
certainnumberof signalelements.

ExampleA.: Use of a codeaccordingto whicheachsignalelement
is characterizedby a combinationd 3 out of 12 frequenciesAmultaneously
transmittedoverthe channel.

Ikample E~ Use of’a separate wire or circuitfor each signalele-
ment of a character$or Word$so ~t the signalelementsof a ch=acter~
or word$are simultaneouslytransmitted

2.692 TRANmSSION$ smia (fmwm!l!m Transmission).Transmission
at successive intervals of signal eMn6n3ts constitutinga dataor tele-
graphsignal. NOTE: The sequentialelementsmay be transmittedwithcm
withoutinterruptionprovidedthattheyare not transmittedsinmltaneou~*

*

2.693 TRANSMISSIONSIDEBAND.Whena carrierfrequencyis modulated
by a modulatingSignal$the bandof frequenciesproducedon eithersideof
the carrierfrequencyincludecomponentswhosefrequenciesare$
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respectivelythe sum or differenceof the carrierandthemodulating
frequencies.The sumfrequenciesformthe Wpper sideband,~land the
differencefrequenciesformthe Itlowersideband.l! Severalformsof side-
bandtransmissionare alsodefined.

2.694 TRANSMISSION,SIDEEAND,CCMPATIELE.Thatmethodof trans-
missionin whichthe carrieris deliberate~reinsertedat a lowerlevel
afteritsnormslsuppressionto permitreceptionby conventionalsmpli-
tudemodulationreceivers.Thismethodof transmissionis oftenreferred
to as Com atibleSSB or Amplitude

? w
ulationSxaivalent(AME).Thenmmal

methodo transmittingcompatible B or AllEis tk carrierplusupper-sideband.

20695 TRANSMISSION,SIDEBAND,DOUBLE. M doubb sidebandtransmission
boththeupperandlowersidebandsandthe carrieraretransmittedwithout
reductionor suppression.

2.696 TRANSMISS1ON,SIDERAND,DOUBLE,REDUCEDOR SUPPRESSEDCARRIER.
Thatmethodof doublesidebandtransmissionin whichthe carriermay be
reducedor suppressed.

2.697 TRANSMISSION,SIDEBAND,INDEPENDENT.In independentsideband
transmissionthemodulationproductsin theupperandlowersidebands

k arenot relatedto eachother,but representtwo or more separatesets
of modulatingsignals.The carrierfrequencymay be eithertransmitted
fully,reducedor suppressed.

2.698 TRANSMISSION,SIDEBAND,SllKILE.h singlesidebsndtransmission
oily one of the sidebandsare transmitted.The othersidebandis sup-

0
pressedto themaximumextentpossible.
fully,reducedor supwessed.

The carriermay be transmitted

2.699 TRANSMISSION,SIJEBAND,VESTIGIAL.In vestigialsidebandtrans-
mission,partialtransmissionof one sideband(the‘Westigialsideband’1)
in the neighborhoodof the carrieris exactlycompensatedby partialsup-
pressionof the correspondingpartof the othersideband(the%mnsmitted
sideband~~). The carriermay be transmittedfullyor reduced,or it may be
suppressed.

2.700 TRANSMISSION,SINGLE-CURRENT(NEUI’RALDIRECT-CURRENTSYSTEM).
A fop of telegraphtransmissioneffectedby meansof undrectional
currents.

2.701 TRANSMISSION,SYNCHRONOUS.A transmissionprocesssuchthat
betweenauytwo significantinstantsin the overallstream,thereis
alwaysan integralnumberof unitintervals.

2.702 TRANSMISSI~,WHITE (FAX). In an smplitude-modulation~tem,
thatformof transmissionin whichthemaximumtransmittedpowercorres-
pondsto theminimumdensityof the subjectcopy. In a frequency-modula-
tionsystem,thatform of transmissionin whichthe lowesttransmitted
frequencycorrespondsto theminimumdensityat the subjectcopy.

s’

I
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2.’?’03TR4NSMITTER$FACSIMILE.Tha apparatusempl~d to translate
the subjectcopyintosignslssuitablefor deliveryto the communication
system.

2.704 TRANSMITTINGCOI?WERTER$FACSIMILE.See CONVERTER$
kAcsIMILE.

2.70~ TRANSPOSITION(DATAOR TELEGRAPHTRANSMISSION).A

TRANSMITT~

transmission
defectin which$duringonecharacterperiod,one or more signalelements
are changedfromone sigtiicantconditionto the othersand an equal.
numberof elementsare changedin the oppositesense.

2,706 TRUNK. A singlecircuitbetweentwo points,,bothof tiichare
switchimgcentersdor inditidusldistributionpoints.

2.707

2.708

2.709

2.710

2.7u

2.73.2

2.723

2.724

2.715

2.716

2.717

2.718
vEsTmIAL.

2.~9

2.720

2.7’21

2.7’22

TRUNKGROUP. SeeGROUP$TRUNK.

TTY. A shorthandreferenceto teletypewriter.

TWo==Tm mm. See KEYING~ TWO-TONE.

TWO-TONETELEGRAPH.SeeKEXING~m-To~.

TWO-WIRECIRCUIT. See CIRCUIT~ TWO-WIRE.

UHF. Ultrahighfrequency~300to 3000MHz.

UNBALANCEDWIRECXRCIIIX.See CIRCUIT,UNBALANCEDWIRE.

UNIDIRECTIONALOPERATION.SeeOPERATION$UNIDIRECTIWiL.

UNITINTERVAL.See INl?ERVAL$UNIT.

USEFULLINE(FAX). See LINE,AVAILABLE(FAX)e

USER$S LINE. See W@$ LIME.

VESTIGIALSIDERANDTRANSMISSION.SeeTRANSMISSIONSIDEBAND$

m. vw highf-U~CY$ 30 tO 300~.

VLFe verylowfrequency$3 to 30 m.

VOICE-DATASIGNAL$ f!= SIGNKL$QUASI-ANALOG.

VULTAGE,PSOPH(llEITRIC(PSOHKMETRICP*D.). Circuitnoisevolt.
agemeasuredin a linewithPsophometerwhichticludesa CCIF-1951weight-
ingnetwcn?k.SeeNOISEWEIGHTll!G.N(M!E:1. Do not confusewithpso-
phometricemf~conceivedof as the emf in a generator(orline)with600
ohmsinternalresistanceawl hence~for practicalpurposes,numerically
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doublethe correspondingpsophometricvol~e. 2. psophometricvol~e
readngs are commonlyconvertedto dh (psoph)by therelation:

dBn (psoph)

2.723 w.
speechpowerin
scribedmanner.

+20log10V -57.78 (V in psophometricmillivolts).

VOLUMEUNIT. Theunitof measurementfor electrical
cannunicationworkas measuredby a vu meterin thepre-
The vumeter is a volumeindicatorin accordancewith

AmericanStand&dsAssociationc 16.5-1942.It has a dllscaleand speci-
fieddynamicandothercharacteristicsin orderto obtaincorrelated
readingsof speechpowernecessitatedby therapidfluctuationin level
of voicecurrents.Zerovu equalszerodRn in measurementof sinewave

~; testtonepower.

2.724 WCONVERSIONFACT(IlFROMVOLUMEUNITSTOPWER INdRn. To
convertthe volumeof analogsignalfromvolumeunits(VU)to ti~ 3.9 dB
mustbe subtractedfranthe volumereadingto obtaindlln$i.e.sOVU= -3.9
dRn.

2.725 WEIGHTING,M-LINE. A noiseweightingusedin a noisemeasur-
ing setto measurenoiseona linethatwouldbe terminatedbyan
instrumentwithNo. M-receiverj or a s~lar instrument.Themeter
scalereadingsare in dBrn(14+-1ine)o

2.726 WEIEHl!ING,U-RECEIVER. A noiseweightingusedin a noise
measuringsetto measurenoiseacrossthereceiverof an instrumentequip-
pedwith No.M receiver.Themeterscalereadingsare indRrn (~-
receiver).NOTE: Thistypeof subset,deskstandwithhandreceiver,is
obsolete.

2.727 WEIGHTING,C-MESSAGE.A noiseweightingusedin a noise
measuringsetto measurenoiseon a linethatwouldbe terminatedby a
~y~peq~ si3nilarinstrument.Themeterscalereadings are in CU3rn

●

2.728 WEIGHI’ING,FIA-LINE.A noiseweightingusedin a noisemeasur-
ing setto measurenoiseon a lim thatwouldbe terminatedbya 302 type
or similarinstrument.Themeterscalereadingsare in dBa (FIA).

2.729 WEIGHTIN3,FIAT. A noisemeasuringset amplitude-frequency
characteristicwhichis flatovera specifiedfrequencyrange whichmust
be stated. Flatnoisepowermaybe expressedindRrn (f-f2\, or in
dlkl(f~—f2). The terms3kc flatweightingandl~kc h at weighting
are alsousedfor characteristicsflatfrom30 Hz to theupperfrequency
indicated.

2.730 WEIGHTING,HA1-RECEIVF& A noise-weightingusedin a noise
measuringsetto measurenoiseacrossthe HA&receiverof a 302 typeor
similarinstrment. Themeterscalereadingsin dBa (HAl).

2.731 WEIGHTING,
cuitnoisea specific

NOISE. ~ a measuringsetdesignedto measurecir-
amplitude-frequencycharacteristicor noiseweighting
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characteristicis includedto respondto amplitudesndfrequencyof an
interferencevoltagesndlpermitthemeasuringsetto givenumericalread-
ingswhichapproximatethe interferingeffectsto an averagelistener
usinga particularclassof telephoneinstrumentmd receiver.Noise
weightingmeasurementsare madeon linesterminatedeitherby themeasur-
ing setor the classof instrument.NOTE: The noi= weight~s gener-
a13yusedwere establishedby agenciesconcernedwithpublictelephone
servicesandare basedon characteristicsof spec~ic commercialtele-
phoneinstrumentsrepresentingsuccessivestagesof technologicaldeve-
lopment. The codingof commercialapparatusappearsin the nomenclature
of certainweighttigs.The sameweightingnomenclatureandunitsare
usedin militaryversionsof commercialnoisemeasuringsets. For
weightingcurvesseeAPPENDIXB.

2.7.32WEIGHHNG$ PSOPHOME3’RIC.A noiseweightingestablishedby the
InternationalConsultativeCommitteefor Telepho~ (CCIF9now CCITT)$
designatedas CCIF-1951weighting,for use in a noisemeasuringsetor
Psophomter. The shapeof thischaracteristicis *tually identicalto
thatof FIAweighting.The psophometeris,however,calibratedwitha
toneof 800Hz, O dBm,so thatthe correspondingvoltageacross600 ohms
producesa readingcalled0.775volt. This htioduces a ~ dB qus~nt

in theformulasfor conversionwith *. SeeDIM,PSOPHOMETRICALLY
WEIGRl!ED.

2.?33 WHITETRANSMISSION?(FAX). SeeTRANSMISSIDN$WHITE (FM}.

2.734 ‘WIRE,ORDER. (AY.socalJ.edServicel?ire,EngineeringCircuit,
or SpeakerCircuit.)A circuitfor use by maintenancepersonnelfor com-
municationincidentto lineupandmatitenanceof communicationfacilities.

2.73S ;WCEUl(TEIJXH?APH).By def~tion a telegraphword shallconsist
of sixcharacterintervalswhenccmputingtrafficcapacityin wordsper
minute.- ‘

~. Mod rateX 10
Unitsper characterinterval

20736 WORDSCOMPU2ER.h computing~a sequenceof bitsor characters
whichoccupiesone storagelocationand are treatedbythe computerctr-
cuitsas a unitand transferredas such.

2.737 ZEROTRANSMISSIONLEVELREFERENCEPOINT. See POINT$ZERO
TRANSMISSIONLEVELREFERENCE.
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3. OVERALLTACTICALSYSTZMPIAN

3.1 General.The standardscontainedin thisdocumentare applicable
to communicationssystemsusedprimarilyby tacticalmilitaryforcesfor
supportof theirmilitaryoperations.Normallythese communicationsystems
are installedand operatedby tacticalmilitarypersonnel.Theyinclude
typesof systemsthatrangefrantacticalradionetsto largetransportable
communicationcomplexesandfixedstationinstallations.The standardsmay
in somecasesnot be applicableto highlyspecializedsystemswithunique
requirements.Suchsystemsshould,however,followthesestandardsat any,. interfacewithothertacticalsystems.

.A,
i.’ 3.1.1 Scope. The conditionsunderwhichtacticalequipmentwill ope-
-... rateare subjectto widevariability.Thismay includecommunicationsfor
. highlymaneuverableforcesas wellas relativelystabletactical.installa-

tions.

In general,for highlymaneuverable’tactical.forces,littlehistorical
dataon t.% desiredcircuitpathcharacteristicsis available,and it is
notknownbeforehandpreciselywhat sites,distances,terrainsetc.>will
be encountered.Thus,no particularsystemconfigurationmay be specified.
Instead,emphasisis placedon weight,size,portability,ruggedness,quick

i, installationtime,vehicularinstallation,abilityto operateat,extremes
... of ambienttemperatureand humidity,andpowerdrainwithinthe capability

of mobilemotor-generatorsets. Furthermore,hunanengineeringis an
extremelyimportantaspectof equipmentdesignto compensatefor minimal
technicaltrainingon thepartof usersor operators.

On the otherhand,whererelatiwilystabletacticalinstallationsare
fivolved,the constraintson equipmentdesigndueto mobiliti~requirements
canbe relaxedto someextent. In general,however,the equipmentinstall-
ations arerequiredto be air transportable.Morsttieis usuay avail-
ablefor installationandfrequentrelocationis not usuallyrequired.
Theseinstallationsare ableto employlargerantennasizes,morepower
andfrequentlyhaveavailableto thema reliable,sourceof primaryac
power. Humanengineeringof equipmentdesignis an importantrequirement.

3.1.2 Interconnectionof GlobalandTacticalSystems.
thathaveinterconnectionswithglobalsystemsshallfollow
standardsreferencedin Section8 of thisstsndsrd.

Tacticslsystems
the interface

3.2 General.Descriptionof TacticalSystems.

3.2.1 Typesof Traffic.The tacticalmilitarycommunicationsystem
,shallprovidecommunicationsservicein everyessentialfunctionalarea:
comnsndand control,logistics,intelligence,weather,andadministration.
Trafficin the systemmay be in theformaf voice,graphics,teletype-
writer,and data,andmay be transmittedeitheras analogsignalsor as
digitalsignals.The systemshallaccepttrafficfromand deliverto indi-
vidualuserstationsand othersystems.
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3.2.2 Network.An electricalcommunicationnetworkconsistsof a
numberof userstationsequippedwithvariousend instrumentsintercon-
nectedby transmissionfacilitieswhichmay be carriedthroughoneor
morenodesor centerswheresuchfunctionsas Switching$processing~
servicesupervisionand technicalcontrolmaybe provided.Thetransmis-
sionsystemconsistsof allthe transmissioncircuitsbetweenuser stations
and nodes, and between nodes. It may make use of any means of electrical
signalingover metallic or radio mdia. l$xtensive.useis made of multi-
plexing to obtain various numbers of channelsby providing parallel,
simultaneouspaths of various bandwidths~or by successivelyassigningthe
entirebandwidthof a facilityto eachof a numberof channelsin rapid
timesequenceto givethe effectof parallelcontinuouschannels.Trans-
missioncircuitsmay be usedin a varietyof ways$andmay be considered
withrespectto theirfunctions,the signal.modeshandled,kindof multi-
plexingused~and the typeof transmissionmediumoverwhichtheyare
provided. <

3.2,3 Functionsof TransmissionCircuits. A tr~smission circuitmaY
be classifiedas a loop (or a line)2 a trunk$ or a link, depending on the
function it performs in the system. See definitionsfor c~c~g Loops
TRUNK, and LINK.

3.2.~ SignalModes. A transmissioncircuitcenbe classtiiedby the
mode of signalit is designedto handle. Acceptedsignalsmay be contin-
uousor discretesignals(frequentlycalledI’analog”and “digital’!signals
respectively)0 In generaljthe transmissionrequirementsfor thesetwo
signal.modesvarywidely.

3.2.4.1 AnalogSignals.Transmissioncircuitsfor analogsignals
mustbe ableto transmitjwithacceptablefidelity>signalsthatmay take
any value within spectiiedranges of amplitude frequency and phase. They
cannotbe providedwith signal regeneration,since there is no physical
way to di:t~guish the desired signal from noise and distortionat inter-
mediate or receivjmgPoti.tseHowever$ its smplitudemaybe restoredby
amplification.

3.2.L.2 Digitsl SignalsO Trsmmission circuitsfor di~ital signals
are only required to transmit signals constrainedto two or more defined
and discrete states. For example, a binary digital link can only handle
signalswhich alternatebetween two states, such as marking and spacing>
1 and 0$ on and off, etc. The signalwhich is transmittedbetween transi-
tionsfromone stateto anotheris a “signal.element.l’In a binarysystem
a signalelementrepresentsonebit,thatis, either1 or 0. In a quater-
narydigitalsystem,fourdiscretestatesmay be transmitted,therefore~
eachsignalelementrepresentstwobits. Thatis,for thefirstand
secondof a pairof adjacentbitsin the input,the four available signals
are assignedvalues of 1, 1; 1, 0; 09 1; and 090. Due to the discrete
nature of signals~digital circuitscan be providedwith signal.regenera-
tion becatise$in generalsthe receivingdevice selectsthe output state
whichmo% closely correspondswith the signal state received, Ifj in
addition,the digital signal conformsto a known timing patterns the
received signalmay also be retimed.!,,}

%
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3.2.h.3 Quasi-anal.og.Signals. Because an analog circuit,within its

amplitude,frequency and phase limits, imposesno limitationson the
.

signalswhich it can handle, it can be the medium for the tranmnissionof
digital.signals if thqy are convertedinto a form which meets its quali-
fications. Therefore,a signal may be designedto transmit digital signals
over an snalog circuit,by choosinga suitablefrequency,modulation
principle,and power level appropriateto the characteristicsof the medium
providingthe analog circuit. For example,physicalwire circuitsworking
at audio frequencythroughout,will alloialmost any modulationprinciple

. to be used. Analog circuitsprovided over frequency division systemswith
independentcarrier generationmay suffer audio frequ6ncy displacement;the
modulation scheme for the quasi-analogequipmentmustallowfor this. Some

. radiotransmissionti~stemssuffermul.tipatheffectswhichmay persistfor a
numberof milliseconds;in suchcases,signalelementdurationslongerthan
themultipathdelaysofferonemethodof copingwiththe problem,and this
may, in turn,requiretransmissionon a numberof parallelfrequency
channels.

0

An importantconsiderationin the use of quasi-anslogsignal trans-
mission is that as long as digital sigtis remain in the quasi-analogform,
no full regeneration(retimingand reshaping)can be performed on them.
.%oulclregenerationbe required the signal.is usually demodulatedand
restored to digital form. Also, all the anomaliesof the analog media such
as thermal, impuWe, and fading-connectednoise, jitter due to envelope
delay distortion,frequencybandwidth cutting, and level variations,tend
to accumulatealong the circuit. Over a sufficientlylong analog circuit,
these effectsmay cause the receiving device to make a large number of
errors.

3.2.5 MultiplexingSystems. Transmissionlinks maybe providedby
nonmultiplexedfacilities,by frequency divisionmultiplexingsystems,
and by time divisionmultiplexingsystems. Each method has distinctive
characteristicsaffectingthe objectivesand use of circuits so derived.

3.2.5.1 NonmultiplexedCircuits. Multi-paircables provide parallel
pairs for.simultaneoustransmissionof signalsalong the route.

3.2.5.2 FrequencyDivisionMultiplexingSystems.Frequencydivision
multiplexingis amethod of derivingtwo or more simultaneous,continuous
channelsfroma mediumconnectingtwopointsby assigningseparateportions
of the availablefrequencyspectrumto the severalindividualchannels.
Themostextensiveexploitationof thisprincipleis the transmissionplant
whichprovidesmessagequalitytelephonecircuitsoccupyingadjacent4 kHz
slotsin widebandmedia;bothmetallic and radio, and provides an effective
bandwidthfrom about 300 to 3500Hz. Theproceduresfor placingmany
telephonechannelsin adjacentpositionsin multiplexbasebandsextending
as highas 8 to 12 MHz havebecomehig~ standardized,and thepractices
for utilizingthe availablespectrum,whicharefollowedbythe North
Americancompsniesand thoserecommendedby the CCITTand CCIR,follow
similarprinciples.

Military practice is characterizedby a great use of modtiar principles,
resultingfrom the relativelyhigh cost of electricwave filters which
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provide the separationbetween channelsand.groups of channels. Common
practice is to assemble twelve voice channelsby modulationprocesses in
the basic group frequencybarid60 kHz to,108kHz~wheretheyappearas
lowersidebandsof twelvecarrierfrequencies.This groupis thebasic
buildingblockof largersystems.Fivesuchgroupsare assembledby fur-
thermodulationprocessesto adjacentpositionsin the basicsuper-group
frequencybdhd~312 to 552kHz. Largesystemsextendthisprincipleby
furtherhigherordergroupings~suchas master-groupsand supermaster-
groupsjto providea currentmeximumof 2700voicechannelsin a nominal
12 MHZ band.

3.2.5.3 The DivisionMultiplexingSystems. A time divisionmulti-
plexing system is a method of derivingtwo or moreapparentlysimultaneous
channels‘frori’agivenfrequencyspectrumof a transmissionmediumconnec-
tingtwo pointsby assigningthe entirespectrzqnto the differentchannels
at differenttimes(usuallyat regularintervalsandby automaticdistri-
bution). fi generalstimedivisionmultipl~ systemsuse pulsetrans-
mission. The multiplexpulsetrainmay be consideredto be the inter-
leavedpulsetrainsof the individualchannels.The individualchannel
pulsesmay be modulatedeitherin an analogor a digitalmanner.

3.’2.5.3.1‘TDMsystemswith Analog Modulation, The stream of pulses
representinga given channeimay be modulated to carry analog information
by changinga selectedpzmmeter of each pulse over a continuousrange of
values within specifiedlimits. The pulse rate must be adequate to pre-
serve all of the analog information. This is achievedbyusi~”a ssmpling
rate at least’twiceas high as the highest frequency in the analog base-
band. The selectedparametermay be pulse amplitude5duration$or timing.

: ~ pulse amplitudemodulation(PAM) the smplitudeis varied in an analog.,
manner while the duration and timing are constant;in pulse duration
modulation (PDM) the smplitudeand ttiing remain constantwhile the dura-
tion varies’accordingto the samplinginformation;in pulse position
modulation (PPM) the amplitudeand duration of pulses are const,@$ while
the relativetime of arrival of each pulse with respect to a nominal time...
is varied. ‘kuismissionswith analog pulse modulation are not digital;
that is$ they canriotbe regeneratedsince the receiver has no way to dis-
tinguishthe desired signal modulationfrom the effects’”ofdistortionand
noises althoughthe unmodulatedcharacteristicsof pul!.sescan be restored.
An +Log TDM system can handle both analog signalsand quasi-analog
signals9tk$ latter representingdigital data.

3.2.5.302TIM Systemswith DigitalModulation. lh a time division
multiplex @stem with digitalmodulation a.selectedparameter of each
pulse isv~ied ti”a digit~ manner. That is$ each pulse is constrained
to assume one state out of a set of two or more defined and discrete
states. Such a signalmay be regeneratedbecause the receiving device’can
be designed so that it is limited to assume a set of output states which
correspondto the states of the trammissioneignal. If noise or distor-
tions or both$ cause the receiver to select an erroneous output statej the
apalog causes of the digital error are liquidated;the “erroris l[cleanl~.
Therefore$the noise and distortiondo not have cumulativeeffects as such;
o+ the errors add up. The sme parametersused in analog pulse modula-
tion may also be used for digitalmodulation. The amplitudemay be varied
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in steps (thisincludesreversalin polarityor phase)~the durationmay
be variedin steps,or the pulsepositionmay be discretelyvaried. In

.,radiosystems,pulseswe representedby groupsof carrierfreqyency
oscillations;inmetallicsystems,eithercsrrieror lldirectcurrentll
pulsesmaybe used.

Digital.informationtransmittedover the Tillsystem onan elementfor
element basis requires either that the contributingindividualchannels
be heldin bit synchronismwith theTDM systemor that saneformof buffering
be employed.Analoginfomationmaybe transmittedovera digitalsystemif
.itis firstplacedin digitalform. Thisrequiresthatthe analogvsluesbe
quantizedand coded. h pulsecodemodulaticm(PCM)the designationof the
quantumlevelis generallyexpressedin binqy code. Sincethe stairstep
natureof a quantizedsignalpreventsit fromperfectlyrepresentinga acooth
‘iwve,quanti.zjngerroror distortionis produced.Thisis minimizedby adopt-
inga relativelylargenumberof quantizinglevels. DifferentialPCM anddelta
modulationoperateon sjmil.arprinciplesexceptthatthedigitalcodetrans-
mittedis basec?on the changefr~ theprecedingsamplin~timeratherthanthe
totalamplitudevalue. Speech transmittedin coded digital.form does not suffer
directlyfrom analog noise and distortionof the transmissionmedium. The
errors in the received code ~~illhave a random noise effect on the recovered
speech,as opposed to the progressiw analog degradationin bandwidthand
,speech-to-noiseratio which occurs in very long analog circuits..,

3.2.6 TransmissionMedia. The transmissionfacilitiesof transmission
+nks may be provided over metallic lines or over radio. The latter may be
divided into relativelystablemedia such as millimeter and microwave;
varying medi&such as troposphericscatterand ionosphericscatterand those
media subjectto wide and often prolongedvariations,such as high frequency
(HP) radio systems.

\3.2,6.3.Mets31acIdnes. Thetermmetalliclinesincludesallfacili-
tiesobtainedby use $f twisted pair snd coaxial cable. Characteristicsof
these lines which affect the parametersof transmissionsystemsdesignedto
“operateover them inch.uleattenuation,noise and mutual coupling. Attenuation
which increasescontinuobg$yand smoothlywith increaseof frequencybut is
relativelystablewith temperature. Noise on metallic lines tends to be
fairly continuous,canprisinginductionfrom e~ectricpowersystems,and
crosstalkfromotherstiar psrsllelcircuits,the lattertendingto rise
withvolumeof traffic. Tmpulsivenoisemay alsobe introducedbynatural
static,transientsfromsignalingcircuits,and switchingtransientsfrcm
pawersystems. k someareas,electricrailwaysandlocalrailservicesmay
inbroducenoise. Thefactthatattenuationof bothpairedand coaxialfacili-
tiesrisesprogressivelywithfrequencyhasled to veryetiensiveuse of FDM
systemswitha naninalc@ne2 widthof k kHz.

3.2.6.2 Radio Relay $cvtems. The term radio relay is genersllyapplied
to radiosystemswhichare suitablefor the applicationat eitherfrequency
or timedivisionmultiplexingandwhichoperatein radiofrequencybands
where transmission,
relatively stable...

wh-fiev&ying continu-~lywithin a restr&ted-range~ is
The radio spectrumclassifiedas VHF, UHF, and SHF is
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currentlyexploitedby radio relay systems of various types, The channel

capacity of these systms varies from about 12 to several hundred chan-

nels. The loosely defined term ‘%icrowavelfis also commonlyapplied’to
such systems.

Although several types of transmissionmay be present at the same
time on a given link, radio paths for radio relay systemsmay generally
be classifiedas line of sight$ forward scatter,and satelliterelay. An
importantcharacteristicof radio relay systems is the use of highly
directional.antenna systems,which may allow extensiveduplicationof
radio frequency channel assignmentson a geographicalbasis.

3.2.6.3 High Frequency (HF) Radio Systems. Radio systemsusing
frequencieslower than about 30 MHz are subjectto wide level changes due
to slew and rapid fading. This may affect differentfrequencies~even in
the same telephone channelband~ differently. Offsettingthis handicap is
their range9 made possible by the reflectionor refractionpropertiesof
the ionosphere when frequenciesappropriateto We time of day, seasonj
and distance are chosen. The range of such HI?SJetemsmakes them useful for
maintainingcontac%with tacticalforces with wide operatingradii,although
subhcircuitswe frequentlyof lawperformance.Due to congestedspectrumcon-
ditions~.telephonechannelsare limitedto a 3 kHzmsximm.audioinput$ and sin-
gle sidebandand tiependentsidebandtechniquesarewidelyusedfor efficiency.

3.2.6.L RadioSystemsBelowHF. Radio systemsusing waves classified
as MF9 LF9 WJ’j and’ILF have propagationcharacteristicswhich are rela-
tively stables and which may cover long distances. They are usedfor
specialpurposes~suchas reachingtacticalvehiclescapable,dfbeing
locatedanywherein theworld. Due to thetilimitedbandwidths~their

~~largepowerand extensiveantennasystemrequirements,and theirone-way
onlytransmissioncapabilities,suchsystemsare of limitedinterestin
a tacticalsystemintendedto servea largenumberof diverseusers.

3.3 msi.cSystem Characteristics. In paragraph3.1.1the wide
variabilityin tactical communicationsystem requirementsand the condi-
tions under which the systemsmust operatewere discussed. In order to
meet these wideLy differentconditionsit is necessarythat the basic
referencetactical transmission‘systemfor the highly maneuverablerequire-
ment be differentthan the reference systemfor the more stable system
requirement. In a highly maneuverablesystem the makimm distances over
which switchedtelecommunicationsare required has been taken as 200 miles
and a hypotheticalreference systemwith transmissionperformancefor such
a system is given. The more stable systemwould be expected to meet much
longer distancerequirementsand a hypotheticalreference system for 1000
miles is given.

3.3.1 Wsic 200 Mile Wothetical ReferenceSystem. This system is
based on the probablemaximum requirementsof a system in which the
communicationcenters are highly maneuverableand subject at tties to
veryfrequent relocation. Experienceindicatesthat 7 switchesconnected
in tandem will satisfy the maximum needs of such a communicationsystem.
A connection“involving7 switches in tandemwill require 6 reference trunks
and subscribersloops at each end of the connectionas shown in Figure 1.
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●
The referencetrunks are assumed to be 30 miles in length obtainedfrom
line a= sight radio relay. Long izunlccircuitsobtainedfrom tropospheric
scatter or repeateredline of sight radio relay may also be used providing
the transmissionrequirementsof the referencetrunk are met. Cable
systemsmay also be used if the transmissionrequirementsare met. The
transmissionstandardsof Section4 will meet the transmissionrequirements
of the 200 mile reference system.

3.3.2..1System Layout. In a geographicalarea where from the stand-
point of milit-~ commandand organizationit is possible to engineer a
communicationsystem layout the followinggeneral ground rules shall be
followed:

a. l?etweenmost of the subscribersin the system it sh,allbe possible
to place a call involvingnot more than three intermediateswitchespro-
viding there is not some blocking encounteredirLthis first choice route.

b. In case blocking is encountered,alternateroutesshallbe provided.
The systams’hallbe designedto provideat leasta talkingcircuitthatcan
be ratedas KFa.ir”whenas manyas five intermediate,switchesarerequired
to setup the callusingalternateroutes. In a smallpercentageof calls
wherethe tactical.systemsare extensiveit may be thatfiveintermediate
switkhesare requireafor firstchoiceroutes.

c. The system shall be capable of providi~ a ‘lPoor”but usable
connectionwhen as many as seven intermediateswitchesare involved in
setting up the connection.

d. Constraintsshall he placed on the number of subscribersauthorized
to place calls through gateways or over tie trunks to other systems. This
is particular~ necessaryfor interconnectioninto tb SwitchedGlobal
Commwication System (AUTOVON). The 200 mile reference system shall be
designed in such a mmer that subscribersauthorizedsuch calls will not
have to go through more than three switchesto enter another system. It
may be necessaryin some cases to provide special direct trunks to permit
certain groups of users such access.

3.3.1.2 PerformanceObjectives,200 Mile Reference System. The
quality of voice transmissionis determinedby subjectivetests mployi.ng
actual.talkers and the judgment of actusl listeners. A substantialsample
of talkers and listeners is required to obtain a distributionof values
for the output of telephoneinstrumentsand the judgment of listenersas
to circuitqualiti~or listenersgrade of serviceunder varying conditions
of attenuationand noise. Listeners IIgradeof service’!ratings for tele-
phone communicationrate the receivedvolume and/or other tran.mnission
variablesby evaluatingthe circuit performanceby listeners judgment into
three major categoriesof WOOCII1, ~lFairt~,and !!Pooror Worserlc The trans.
mission factors which influencethe listenersgrade of servicefor the 200
mile reference qwrtem are shovm in Table I. Subjectivelistener tests
f~r voice transmissionhave indic~tedthat a signal to noise ratio, S/N,
of 1.3dBwil.1.provide a llPoorllqualitiybut usable circuit. The tandem
c’pnnectionslisted in Table I, if met, will provide Good, .Fairor Poor
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grade of servicedepending on the number of trunks in tandem$ the dis-
tribution of values and whether the system is 2-wire or ]~-wire. See
Section!!for details of transmissioncharacteristicsof telephones~
loops~ switches$trunks, etc. thatimakeup the .~stem.

3.3.2 Basic 1000 Mile HypotheticalReferenceSystam. In order to
systematizethe characteristicsof the 1000mile tactical hypothetical
reference System$ the parametersof a reference circuit~OtX sUCh
distancerequirementsare defined. It is assumed that tandem connections
of 7 switcheswith 6 switchedtrunks$ and with subscriberloops at each
end of the connection in a network configuration will result in an
end-to-endcircuit distance in the order of 1000 miles (length of loops
not .includecl).Alternaterouting capabilityis included. Systemswhich
observethe standardsof Section )4will obtain satisfactoryservice
under these conditions.

3.3.?.1 Four-Wire TransmissionDiagram. To exemplifythe character-
istics of the System$a transmissiondiagram is delineated (referto
Figure 2 and Tables IIamd 111). This diagram$Figure 2$ applies to a
L-wire switchedFIll systemwith 6 trunks (modulationsections)in tandem,
making up the 1000 mile hypotheticalreferencecircuit. For planning
WPoses each modtiation section of 167 miles can be assumed to comprise
six radio or repeater links of correspondingaveragelength of 27.8
mil.esjproperly sited. The tandem trunks are adjustedfor a zero &l net
loss between switchboardswhich are at a -4 dBr systemreferencetraris-
mission level point. It is assumed that a 6 dB loss between the -4 dBr
T.L.P. and the .4-wiretelephone instrumentis made up of external.cable
and/or pad to constitutea fixed wilue of loop loss for control of overall
net loss in the user loops.,: The end-to-endoverallnet circuit loss shall
be 17 dB minimum and 21 dB maximum to ensure speech signal levels within
the range of -21.5 vu to -33.5vu for an average of -28.0 vu at the tele-
phone receiver9for a 85% ‘Igoodor betterltgrade of service.

The compositetransmissionlevel from any h-wire end instrumentshalJ.
provide or be adjustedfor a mean power N(p) of -10 dFknOe

Switchboardinsertion IOSS sh~ be of the order of 005 dBO

The acceptedvalue for noise performancefor satisfactoryservice has
been set at 38 dBaO (44 dBrnCO) for a 4000-milecircuit. This is the
total noise contributionfromall sources~e.g.~power hum$ radio receiver
noise} modulator noises intermodulationand atmospherics if any. The
figure of 38 dBaO is then divided among the maqy pieces of electronichard-
ware so that each section of the total .4000-milecircuit has a particular
noise specification, As a consequenceof the applicationof the design
criteria$the measure of satisfactorycommmications is gauged by a
specifiedminimum requirementfor the signal-to-noiseratio at the end
instrument.

The signal-to-noise(S/N)@performanceof the transmissionsubsystemis
actuallydeterminedby two criteria.One is thenoisecontributionof
intermodulation~whichresultsfrcmthemultiplicityof signalsthatthe
electronicequipmentsmustprocessand the otheris the thermalor fluctu-
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●
ation noise which is esserttisllya function of the received signal strength.

For the case of a multi-channeltransmissionwstem utiliz~ a micro-
wave radio-relayconsistingof a series of hops, tie overall S/N-perfor-
mance is a function of each individualrepeater section.

The hypothetical1000 mile referencecircuit for tactical system
applicationsas delineatedin Figure 2, provides for & end-to-endcircuit
distance of 1000 miles, subdividedinto six switchedlinks, each of about
16’7mules. Each of these links is desibaateda ‘Modulationsection!!and
is used as a referenceunit for system planningpurposes. The noise in
the singlemodulation sectionsis,generall.yadded powerwise and can be
taken as representativefor the whole referencecircuit.

The subdivisionof the noise as contributedby each of the single radio
repeater sectionswithin the 16’7mile modulation sectiondepends on the
twypeof modulationemployed and the method of signal.through-connection
at each repeater station. Baseband,intermediateor radio frequency inter-
connectioneach give a differentweight to the various sources of noise.
For planningpurposes 6 radio or repeater sectionscan be assumedwith an
averagelength of 27.8 miles.

As noted generallyabove, the noise specificallyin a radio relay..
sysfem is caused by thermal noise of the receivers,jitter of self-excited
pulse transmitters,equipmenthum and impulse noise, semi-conductornoise,
distortionnoise and finally outside interference. The latter influence.

o

of outside interferenceis not fully predictablebut has to be kept at the
lwfiestpossibleminimum by careful equipmentdesign and appropriatefre-
quency selection.

In the allocationof the overallnoiselimits,the mainsourcesof noise
arethermalnoise,and distortionor inte?nnodulationnoise.

Two basic arrangementsare of importancein the treatment of the noise
power in the referencemodulationsection,namely intermediateor radio-
frequencythrough-connectionat the repeater or demodulationdown to base-
band and baseband through-connectionon all stationsof the system.

l~ithIF or RF through-connection,modulationand demodulationare
required only once within the modulation section. For the case of base-
band through-connection,modulation and demodulationare involved six
times. For the latter arrangement,Table III exemplifiesthe Noise
Distributionapplicableto a 167-milemodulation section. These figures
should only be taken as an example of the order of magnitudefor the
various contributionsinvolved.

Independentlyof the system layout am accountingshould be made of
the noise dependenceon the position of the telephonechannelwithin the
baseband. At the higher basebandfrequenciesthermal noise predominates
even if pre-emphasisis employed,while at the lower frequenciesit is
distortion,semi-conductornoise and where applicable,shot effect of
modulatortubes.
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It canbe noted that the total noise in the weighted telephonechannel
of 1260@@O correspondsto 25 dBaO and that a 6 dB simultaneousfading margin ●assumptionis made in all repeater hops of the referencemodulation section$
whereti this is feasiblewith reasonabletechnicaleffort.

In generalfor systemslongerthan200miles,the allowablenoisecan
be treatedas directlyproportionalto length. Currenttelephonepractice
allows4.8 picowattsper milefor themicrowavetransmissionsystemalone
and 6.4 picowattspermilefor themicrowaveplusmultiplex.

3.4 Quasi-AnalogData. A signal-to-noiseratio (R.M.S.signal to R*M.
S. noise) of 26 dllor better is required for high performancequasi-analog
data transmission. A L-wire system engineeredfor switched voice service
shouldmeet this requirementon either dedicatedor switched connections.
A possible exceptionmay be in the case of mobile radio loops where special
precautionsmay be required to reduce the noise level.

3.5 CommunicationSecurity. Most tactical communicationsystemshave
requirementsfor handling traffic on a secure basis. This has increased
the use of digital transmissionand switchingin tactical communications.
Both end-+~-endand link encryptionmethods are used. Characterandbit
countintegritymustbe ensured.Many of the standardscontainedin this
documenthave beenestablishedto facilitateencryption,however,due to
the securityclassificationthatwouldbe involvedno standardsare con-
tainedhereinfor securibydevices.

3.6 PrecedenceRecognition. The Systems shall handle traffic in
accordancewith several precedencelevels as dictatedby military opera-
tional requirements. It shall be an objective to reduce the number of
precedencelevels employedto the minimum necessary to meet user and
system requirements. Precedencelevels are recognizedby switchingsystems
and handled accordingly.

3.7 pointto PointsFullTimeAllocatedCircuits.Circuitswhichare
providedtacticaluserson a fulltime,nonswitchedbasis$are in great
demandand frequentlyoccupya highpercentageof themultiplexedtrunks
betweencenters. Thisresultsin a highlyinefficientuse of the communi-
cationsystem. Thedemandforthesecircuitscanbe reducedby a better
gradeof servicein switchingcentersandhigherqualitytransmission.
The standardshavebeenestablishedwithsuchimprovementsas an objective.

!J$
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NoiseDistributionin a 167mileModulationSectionof a multi-

channell?!- Radio- RelaySystemwithBasebandthrough-connection

at Repeaters(SeeFigure2)
&

.,; Multiplexer pWJQ

Total loaded noise contributionof channel translating

equipmentin any nominal .4kHz channel 320

TransmissionSubsystem

Noise, 6 Modulator/Demodul.ator
-a

Thermal noise, RF equipment6 repeater sections

Distortionnoise,RF equipment6 repeatersections

o
Distortionnoise,Antennas,feeders,margin,6

repeatersections

245

170

200

325

Total Noise in the telephonechannel,

weighted,at zerorelativelevel 1260PWP
(25dBao)

TABLE III
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4. TACTICALTRANSMISSIONSXSTEMS

M W@wmnce Objectives.

4.1.1 voice. Xn switchedtelecommunication~stems the designof the
variouspartsof the system$hops, switches,trunks,etc,9is arranged
to providea usableconnectionbetweensubscribersfor the mostextreme
conditionthe systamwfflbe requiredto meet ti termsof distanceand
numberof tandemswitches$trunks$etco Constraints,suchas size,weight,
mobiMty~ cost,etc.,mustbe consideredand %rads offsllmustbe madebe-
tweentheseconstraintsandthe gradeof servicethatcan be given.

4.1,1.1 ListenersGradeof Service.The telephonesetvolume,loop
losses.ewitchlossesand interofficetrunksshsllbe ezuzineeredto wovide
the fokming Msteners preference rat,ings
ences:

85% of theuserswill rate the
10$ of the users will rate the
5% of the users will rate the

in terms of tisteners prek-

circuit ‘Uocd.W
Cticuit Tair ● a
CiZ’CUit‘PcorlIor WorW. IS

bL2 Data. For highperformancequasi-analog data transmission a
signal to noise ratio (R.M.S.signalto RX.S. noise)of 26 dB or better
is required. Other performance stmdards for envelope delay distortions
harmonic distortion phase jitter, frequency trsnslation$ etc., have been
establishedfor circuits to facilitate high performance quasi-analog data
transmission.

h.1.3 Idne-of-SightRadioRelayTrunks. The fademargin of radio
relay trunks shall be such as to insure that noise on trunks shall not
exceed tmnk noise standards more than1% of the time.

4.1.4 TroposphericScatter Radio RelayTrunks. The fademarginof
tropospheric scatter trunks shall be suchas to ensurethatnoiseon
trunksshall.not exceedtrunknoisestadardsm~e than1% of thetbe
duringtheworstpropagation month.

b,l.5 InterferenceControl.All electrical-electronic taotical
equipments shall be design@ constructed and installed to conform to
Units specified in MIHD-L63 andMUrSfD-~62. Wotisions shall be iQ-
wrporated in taotical equipments to reduce to a minimum the affects of
interferencelikelyto be encounteredin friendlye-onments.

4A6 @Cuit L@kiag. lftwquencydivision dtiplex (FDM)oarrier
derivedtrunksshallbe engineeredto not overloadmorethanl% of the
busyhourfor mice traffic.The assumptihshall.be madethatduring
thebusyhourall trunksbusyconditionswiILbe frequentlyencountered.
For designpurposesan activityfacturof 25SsMU be used. As ~ as
10% d the channelsshallbe consideredas c~ quasi-analogmessage
or datatraffice It shall
ccxmuunicaticnequipment be

be a Design Objective that all multichsnnel-
designedfor X)@ digitaldataloading.
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Timedivisionderivedtrunksemployingpulsecodemodulation(POM)
{pssa4.4.2)arenot subjectto multichanneloverloadingproblems.Over-/.
loadingindivid- channelsdoesnot affectotherchannels.The standards
for volumeof voice signals and power of quasi-analog and control signals
if followedwillnot overloadindividualchannelsad willprotidethe
bestqualityof transmission.

401s? who Attenuation in Two-WireC&mitS andwtm LOSS h ~w.
Wire Circuits.Timedelaysin transmissionovertwo-wireawi returnloss+
in four-wire circuits are usual@ so small that ethos resulting from two-
wire terminations and couplingfromthereceiverto the transmitting
transducerarenot disturbingto the mar endusers. U’ ths tactical

. circuits are extended ~ worldwidetrunksand satellitecircuitsthe
overallcircuit shouldmeetDCA requirements as covered ~ DCAC330-175-1.

4.2 TelephonesetVolume. The telephoneinstrumentsused in the 200
milereferencesystemand in the 1000milereferenceqyetm (seepara3.3)
havesomewhatdifferentoutpntvolme characteristicsdueto tlm environ-
mentsin whichtheyareused.

4.2.1 TSMPbnS InstrumentsUsedin the 200MileReference~stem.
The averageof the talker volume distributionfor militarytalkersover.

i- two-wirefieldtelephonesis -13 VUwith a standard deviation (sigma) of
5 VU. Xn four-wira systans tb average of the talker volwm distribution

teleh&es is -10 VUwithS W sip. In bothcasesthe dis-
fi~~?~~consi~~d to be normalor Gaussian.

..0 b.2.2 TelephoneIhstrmentsUsedin the1000MileReference$stem.

4.2.2.1 Two-Wire Field Type. A two-wire telephone set supplied with
100miUimperes of talking battery current, far a mean sound pressure
mice directly into the transducer, delivers a mean volum of about-1.3
W intoa 600 ohmLx& A universeof talkerswill havea log normal
distribution d tallcar volumes with a standard deviation of about ~ W
about the mean. This means a variation at +x W (3 sigm ). Talkervol-
umes~ increasedirectlywith a reasondb increase in -ient noise.

4.2.2.2 Four-WireHeld Type. A fO~-wire talephonesetusing
essentiallythe samecircuit elements as for the two-wire telephone set

=r=%ed to o~ra~ four-me W~ ~~= abo~ -10m intoa 600 oh
load. A universe of talkerswill.havea lognomal distribution with a
stadard deviation of about 5 W. This means a nmaal. vssiation of +M W
(3 S*) about the mean. Talkervolumeswill increasewith a reaso-~e
Increasein ambientnoise. NOTE: See definitionsfor T-, MB&MVOLUME;
T-, MEDITlfP(klEIz;TAMER VOLIUEDI~IBU1’IOI?,ME&W~ (X’THB;for
conversionof W valuesto dRn.

k.3 C&aCteristiCS of TacticalTranmlssionCircuits.
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4.3.1.1,1Loops in the 200 Mile Reference System. (Referto para 3.3)
The lossesfor bothtwo-wiresndfour-wtieloopsat 1000Hz shallbe 3.5 dB
meanper loopwith a standarddeviation(sigma)of 2.9dB. Thisis considered
to be a normalor Gaussiandistribution.

e
,,,.

4.3.1~1.2Loopsin the 1000MileReferenceSystem. (Referto para
3.3.2.1and TableII) The specificationsfor looplossarenot statedin
statisticalform,ratherminimumvaluesare givenwithrecommendedmaxima. Th?
recommendedmaximumlooplossat 1000Hz for the ~-wiresystemsshal be 8.5 dB
and a minimumlossof 6.5 dB. It is to be notedthatan added4 dB pad or equi-
valentmeansis associatedwiththe4-wiretelephoneset (receiver)on thebasis
of presuming2-wiretelephonesetsarepresentlyto be accommodatedin the4-
wire systemand an equivalentgrade-of-serviceis to be providedto eachtypeof
telephoneinstrument.For the 2-wireaccessloopstherecommendedlimitsare
12.5dB maximumand 6.5dBminimum~whichlossesincludethe hytiid2~tie
terminatingsetand 2-wireswitchlosseswhereapplicable.

Sinceit is not practicalto adjusteachindividualloopon thebasisof
lossmeasurements,looplosspadsshallbe providedas partof switchingcir-
cuitsand/ormtitiplexterminalequipment.When theuser is connectedto the
switch~alternateterminalsshallbe rovidedto ad”ustfor thelengthfalling
withinthe fourdistancerangesof O-? 8000ft.,100 -~oooft.$5000-10,000ft*
andgreaterthan10s000ft. Eachof tkeseconnectionsto approximatethemini-
mum lossof 6.5 dB at 1000Hz for the -e indicated,whereinthe eff~c~ive

i,1OSS of the accessloopitselfat the -wineswitchis lessthanthemmmum.

4.3.1.1.3RadioIOOpS. Radioloopsshallbe four-wireand operatedat
O dB32 dBloss (measuredat 1000Hz).

,,
.4.3.1.2Noise, Noiseon wireand cable100 s is uswillyso muchlower

Lthannoiseon trunksthatitseffecton a subscri r to subscribercircuitmay
be ne lected. ‘IYoubleconditionsmay~however~produceexcessivenoiseand

5 0<shoul be clearedfor satisfactoryoperation.

The noise measured at the receiv” en of radio100 s~ o cratingbelow
30MHz shallnotexceeds2 dBa (DO$wdBa!. Above30&z ra~ioloopsshall
have38 dBaOas a DesignObjective.Thsnoiseshallbe measuredwitha trans-
missionmeasuringsetTS-559()FT,or equalausingFIA lineweighting.,.

4.3.1.3 TerminalIinpedance.Theterminal.impedanceof four-wireradio-
100 s shsllbe a nominal600 Ohmsin the bandbetween300 and 3040Hz for a
3 ~z channeland between300 and 3500HZ for a 4 kHz channel.This impedance
shsllhavea returnlossof 26 dB O*
the specifiedband.

The impedanceof wireand cable
temperaturesmoistureand lengthand

h.3.l.h TestTone. The simal

more againsta 600 Ohmresistanceacross

loopsvarieswidelywithfrequency,
is nut specifiedas a standard.

used for transmissiontesting on loops
E&U havea.frequency~ 1000~ +25Hz snd shallbe at a powerof O dRnO.
Testtonepowerof -10dRnOmaybe-usedas an optionprovidingit doesnot
cause operational~oblems.

403.10~ bop Cticuits$Two-Wire. Two-wireloops will be used as long as
two-wtie switchboardscontinue to be used in tactical systems Two-wireradio
loops shall Me operated in one of the foUlm@.ng two ways:

U
1 F~~;$rrt

‘the subscriberend and two-wire at the switchboardend$ or 2 - .
(one-way-at-a-time)employingradio-wtie integrationdevices. ?& -wire loop
circuits shallmeet the same standsrdsas four-wire loop circuits.
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●
4.3.2 ChanWl Characteristics.The normal“voice”channelwed for

voiceanddatacummnicationsshallhavea nominalbandwidthof h kHz. A
specialnadnal 3 kHz‘channelshallbe utilizedfar voiceand datacommL-
cationswhentb chanml is derivedfromradiocircuitsoperatingbelow
about30 MHz.

k.3.2.l ThreekHz Channel.Thsfollowingchannelcharacteristicsare
for a singletransmissionlinkwhichis properly terminated. A single
linkcomprisesa circuit which joins two points wbrein the signal is
modulated sml demoddated to/from the ncminal frequency band of the link
under consMeration. Unless othrwise specified a link will be understood
to include only four-wires cm equivalent four-wire, pmtions of a circuit
and will not include l@rids,

4.3.2.1.1 Channel Audio Input/Output Impedance. The ado input and
output impedance of the three kHz ctil shall be 600 Olzzs, balanced to
ground, with a ndninmn return loss of 20 &l (DO 26 dB) against a 600 olnn
resistance overthefrequency range of 300 Hz to 3020Hz. The electrical
balance shall be sufficient to suppress longitudinal currents at least
@ dB below the reference s,%nal level.

f+.3.2.l.2Attenwtim vs Frequency.TIB ndxzal 3 dH pointsfor the
bamlshdllbe at 300 and3020Hz. For allfrequenciesbetween1000Hz
and350 Hz, th attenuation shall be within th9 limits of -1 dB axxl+2 dB,
with respect to the attenuation at l(XXI Hz. For allfrequenciesbetween
M200Hz and 3000Hz, tlwattenuationshallbe withintlMlimitsof :1.5dB~
withrespectto the attenuationat 1000Hz.

It shallbe a DesignObjectivethattleattenuation shallbe within +1
dB for all frequencies between 350 and 3000Hz withrespectto theat~-
ationat 1000Hz.

4.3.2.1.3 Rmmlope DeUy Ibtortion. The envelope delay distortion
shall not exceed @ microseconds in the frequency band between 600 and
3020Hz*

b.3.2.l.4TotalHarmonicDistortion.The totalhamonic distortion
withinthebandbetween300 and 3020Hz, produced~ any singlefrequency
testsignal,shallbe at least30 dB belowreference(-30dRzO). The test
signalshsllbe introducedintothelinkat tk zerotransmissionlevel
referencepointat O d.Ra.The powerof tlm testsignalshillbe adjwted
when introducedat transmission level points other thsn the zero point.

The Design @jective aball be at least 40 dB below reference (-40
dhlcl).

4.3.2.1.5~odulation Ustortion. The individualintermodulatin
distortionproducts,withinthebandbetween300and3@l Hz producedby
any two equalleveltonesin~oducedat -3 dRQ in thatband,shallbe no
greaterthan-38dM (Do40 dB).
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!!.3.2.3 Rm?t.y-4uf#rtIdIza3anxl& The fouowmg daxmel.Chracteris”
tics m for a si?@.BtI?ansmiSSiOE!linkwhich W ~0~~ te?3miI’Htd, A
W3g3.e Un?K ccmprises a cimuit which joins two points wherein the signal
is modmat%d and demodulated Wfrcm fbllsXmmim2 a?q’uency band CK the
2@k Imde7rmnisidera.tioae

It &MIULbe a IW* Objectivethat130 Ohm and MO Ohm impedance
temaiaatimsbe proticbdas strappingop%im.

h.3.2.3.3J Four Hz Channel or Ekpxivslent.Tbe test tone output (per
h Hz C-cl} *u M -12 m. The compositiaudio mtput C& speech (for
each b HZ ‘chWu2Je2) shall have a mean pQweXQof -10 WmO o m multitm?a
(Y!.Itjfmtpower (for each 4 MW dm’mel) &MIULbe -3.3dlhoe
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h.3.2.3.6 Noise. The basic noise occurringfti a band cd’ frequencies

@

corresponding to any h kHz channel, shall not ~eed ~0 #fPO. The total
noisein a bandof frequencies,correspondingto
not exceed100 pwpOwhenallthe remaining kHs

4.3.3 Four-Wire -So

h03.301 TransmissionLevelReferencepoint.
sionlevelreference point shall be at tls four-wireswitch, and the re-
lative levelthm shallbe -b dBrforbtih transmitting ami receiving.

=lybwc-l,ehau
channels are loaded.

The four-wiretranmn.is-

k3.3.2 Test Tone. The signalusedfor transmissiontestingon 4 kHz
charnelsshallhavea frequencyof 1000Hz +25Hz and shallbe at a power
of O d13n0(i.e.,when introducedat the -~ ~ pojnt it shall be a power
of -h (U). As an option, a test tone power of -IQ dRaO may be usedpro-
vidingit doesnot causeoperationalproblm.

h.3.3.3 TmziMJ. Ihpdance. The terminal&pedance shallbe mmhally
6000hme intlm’bandbetween300and3@0 Nzforaj ldlzchanne landbe-
tween 300d\ 3500Hzfor a 4 kHz channel.Thisimpedanceshallhavea
returnlossat 26 dB or moreagainsta 600Ohmresistanceacrossthe speci-
fiedband.

4.3.3*4 brtion LOSS of m~e TZWUIIC.‘fhenominalinsertion loss
of a single trunk circu$t at 1000 Hz shaZl be O dB + 0.S dB. Permissible
regulation variations skill not cusceed: 2 dB or a ‘Ztadard deviation of
O*7dBb

● ke3.3.~ Q’ossWUC. The UWSStdk COUpliW 10SSbetween~ two t-s
shallbe at leastSS dB (65dB as a Msign ~jective)whenmeamed at or
referredto equaltrenmissionI.emlpoints. Thenearend crosstalk coupl-
ing loss of a trunk circuit shdll be numerically greater then 50 dB in the
frequamybad transmittedwhenmeasuredat or referredto equaltransmis-
sionlevelpoints.

The near end cromtalk coupling 10ss in cable qwtemswhere go and
return Ch?cuits are in close ~oXilwLty (i.e., Spiral-four cable) She31 be
numerically greater than 25 dB at equallevelpoints.

4.3.3.6 Noisea hunks. %ise on trunkcircuitsshall?M low enough
to pexmt ~f ormanceobjectivesof tbe 200miletacticalreferencesystem
d the 1000ndletactics3 reference ~em to be met. Permissiblenoise
on tmnks for thesesystemsare givsnin paragraph3.3 and TaUes 1, II
and III.

L3.3.6.1 TlmeekHz TrunksDtived fromSSBNE’-o circuits.TIMSS
trunkshaveMmited use in specialcasesfor wry longhaultrunkcticuits.
m~ @neralJy Camnotmeet Amdards for generalpurposetrunkcircuits.
Noiseon thesecircuitswhenusedas trunksshaJlnot acceedSO dBaO.
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be3.3.602 W- -d -MS TXTWUCS.
implqyh+llgwimand Ca .& SyStemsd’or
and Cabb tirumlcsis seldoma probbnl.

Tacwwil.’ qy-i3tesRsmrlnauy 6 m%
cmmu-d,catims and noiseonwire
Noise on these trunk circuits&M13.

k3e3.&3 MS W?iV’d fk~ KM W Oth* T?* DiViSi~ 3&?lt@kOS
t@ts%ns@ TkSe Systealsare Chlaraoterized$3s&nriXlgw’eqyb%? noise when
dgndb are not present bllthalda’lgXLdse tJ’MtWXXqpsdes the signal Wken
present. Noise in MM ~ is due to the process of ‘quantizatiode and
the interfering effect on trtissions d mech and other signals is
quite differantfrom%h% Omlmimg in frequencyditieionsystem. Qwan-
tdzfll$noiseSlan&mb are ‘cOmeldin paragraphLbLj*2e3JLh? X24 multi”

plscs trunks.

L3*3.7
Cuitad?au
%0the Zer’o

MllMi.ng m T&mlcs. meUmiti.ng action on the tmamk c5.rJ-
be $Uch as %0 compresstest %One plwer inJ3e@edat or referred
*_ssion ?levelreferencepoint M fo%hws:

mpaatR$wer-dBr&o &mpressiam- dB

MA fro- ~. ‘me --w for’ $wO+ire tmmks inchde the
effec%d the bybridse

U3.4A T.k?mmbsf.cm I&n?’@.lhf’er’encePoint. The Zero taansmissim
&?m31 refcmnce point Sw be takenat taletwo-wire switchboard +xmnmd.
of tb tmank drotit in the trs.nsmit’bingdimedaone me relative %x’alls-
missiolabm?3. * this point is’o mr.

U*M ma ?!-. The $fgna wed for bmlmnission teetagon the
channelshdlkhaveafreqwncy ctMOO=~25Hz@d@l beata3eve2
ofodRno.

b*3.b5 EOheAW?Ja?aatiOa.Thet&#@Ck&qysm %ransnzssianaQW@WtaC-
tiuil two-wire circuits are w3uaUy so small that edmes xwnitting fmm
two-tie %emdnatims am Itm’bdisturbing to takers using the circuits.
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1+.3.L6 crosstalk.
two-m trunksshallbe
points.

MIL-STD-M8C

The crosstalkcouplinglossbetweenany two
at least55 dB whenreferredto eqpallevel

4.3.4.7 Noiseon Trunks. The samestm$ards apply as for f o=-w%re
trutdts.

4.3,4.8 I@iting on ‘&UkS. Thelimitingon tWO-WilY3trunk ckrcnxits
shall followthe ssm6standards

,- graph b.3.3.?.
;~i.
$ , 4.3.5 Trarlanls“ Sion 143velse
...#

+ “ k.3e5J Fow-Wm SYSteIZS.,.’, switch SW be -& d& for both

Ss for four-wiretmnm

me transmissionlevels

IM%!r to paRw-

at thefOUr0W5mB
directions of tmmsnlissiab At multm.exers

$,

i-

the transmissionfivelsshallbe -~ dRrfor babhMrectims of trana&sion.
As an option,transmission levels at nmltiplexers ~ be -16@ at the
inputto themultipkxerand +7 &r at th output. Meansshillbe protided
for ad@sting theseoptionallevelsto the -h dRrlevelat the switch.

4.3.5.1 Tuo-Wrqw. The trmmission level at two-wise switch-
bomis iA a two-wire system shed.1 be OdE&in the tramuitting directicm
t- the tz’unlc. m Imiltiphxers Uitll two-wire temlula“ time @yln%is) the
trand.ssion levels at th f our=.~e point of connection to tti ~brid
shall be -k dBr tmumitting into the multiplexer and +1 dBr receivimg
fromthemultiplexer.As an Opticau,
plsxerat t& four-wirepoti and +?
* four-wirepointJILqybe provided.

k3.6 @gnaIhwer.

b.3.6.l WtCez~. &wrier

le=b” af -16dW intothemulti:
dBr receiving f’xwmtb

derivedtrunk circuits

nmiltiplemr at

are designed
tooperate at a specific mean power with a variation about the mean as in-

. dicated ~ the stmdard deviation used in the design. The userscircuits
mustbe arrangedas far as possibleto a- the designfor eithertwo-wire
or four-wireoperatiom.Theu- man pcwmrtalkerap~ed at themodu-
laterinputmnst correspondto thetransmissionlevelasatgnedwhichmay
be either-4 ~ or -16~. Themeans- powersa@ied a% these
transmissionlevelsare -U u and -26~ respecti~. LOOPSmustbe
adjustedto giw thesemeansignalpowersat themodulator-t (except
in the caseof the 200milereference-em whereadjustamtof loop
attenuationis not feasible).(Seealsopara~.4.l.3,3.2.l for FM channel
-* )

- 4.3.6.2 mti -. w8i~g ** *XS SW be tiattd
St a total power of -1.3dM for the composite of al tones applied to cm
voice channeI. (R@er also to paragraphs b.h.l.l.h.l _ b.k.l.3.3.2.2 )

I

I

4A Mm@l=bg. =tensim use isX&e of multipledmgtechniques
to obtainvariousnumbersof channelsby providingpara31el, simultaneous
@hS of various bandwidths (frequency di*icn) or by successively assign-
ing the entire bandsridthof a facilityto eachof a number of chammls in
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●
carrierlinesideshallbe
of26aagainst a6000hm
analogchannel.

MIL-STD-188C

nadnaUy600Ohmswith a minimum return loss
resistance over the frequency bandw5dth of the

4.4.1.1.4 Telegraph Channel Multiplexer.

40&.1.1.4.1 AudioMiLtitoneOut@ p=er. me -o ~tit~ o~-
put power,thatis f@d ti the analogchannel,shallbe -13dMO. The
outputpower,per telegraphchannelshallbe equalto -1.3dRu -10logtl
wheret is thenumberof telegraphchaunels.Themnltitoneoutput power
shall readjustable over aminhum rangeof-20 dRnto @dRu. MOTE:
Higher multitone output power may be used on analog chanmls that are not
subject to the multichannel overloa@ probhans encountered in frequency
division multiplex qwtems. For example,anynumberof analogchaxmls
derivedfrompulsecodenodulatedmultiplexedsystemsmay be loadedwith
multitonesignalsor datawithoutcausinginteumodulationbetweenthe
analogchannels*

~.h.l.l.~ Telegraph Channel Ikmmltiplexer.

k.4.1.1e5.1AndioMaltitonsInputPower. The audio input powers that
is received i%xn the analog channels shall be a adnal -13 &Ml. The
sensitivityof the demultiplexershallM suchas to accommodateaudioin-
put powersovera minimumrangeof-25 dButo Od.Ru.

4.4.1.1.6Crosstalk.The crosstalkcouplinglossbetweentelegraph
channels,on a singletramsnissionlink,shallbe numerically greater

● than 50 dB, when referred to equal level points.

—
444.1010? ~ion. Withthe transmitandrecel.veterminaZscon-

nsctedbackto back,sendingandreceivingloopsproperly terminated,and
all transmittonesactivatedat proper levals, raxicm undistorted signals
keyedsimultaneouslyintoeachsendingloopat themaximummodulationrate
of the terminaldesign;themaximumdistortion,as measuredin there.
ceivingloops,sldl not exceed4%H- 0 - J@ S. Thisdistortionshall
not increasemarethan1% for lowermodulationrates.

4.4.1.1.8 T*gr@ ChmnelLoop Urcuits. It is t~ usualpractice
to terminatethe individualtelegraphchannelsin a do loopcircuit.The
~ Uow levelInterfacen (Figure5, AppendixB) shsllbe provided
for do telegraphloops.

b.&l.2 ThreeklizChannels,FI@l~stem. Several 3 ldh chanwla msy
be multiplexed,on a freqwncybasis,ontothe transmissionmediumconnect-
ingtwo points. m a tacticalen~t~ tla transmissionmediumwill
~ ~ ~ ~ r~o c~ctitg opemtx bShW 30 HHs. In t~ CW,
thefrequencydivisionmultiplexingSquipllentis an integralpartof the
RF radioequipment.(Seeparagraphh*~.7)

b.4.1.3 FourkHz @uII@.s, l!!121L_@dxans.

I

I

I

MQ.3.1 Oeneral.The skndrdizad typesof freqwncy division
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umd.s of -296- -t - +’?* ~fx-w~c~ fXXTSSPO@tO Q~O=
S@XiaY?d$ are iho available.~ OrdS~ that the tIWWQiSSiO13 kW&b for
tactical ajmtems should be prodded, internalpads,or othm appropriate
meam~ SllaUbe Wd to aqua the tmnmission I#welsto -4 dBr h and
outwhichare standardfor tactioalfour-wireswitihedsystem%

a, me numberand distribution at’channelsaotivsly tranamitwlg

speed.

b. m Vohkes d Speech b the individual dMnllels*

~ determiningthe duuuaelloadingof a fitichannelvoiceqwtm,
cmsideralibadmntagenay be takenof the statisticaldistributionof the
speechsignals.For exsaple~tlm activityfactorfor a danuel or tlw
percentageof tdmain thebusiest@affic houra channelmightbe activa
- dtichanml q@ellls,is about25$.

For aniaUergroups & channelsthispercentage~ be larger,bat it
is highlyunlikelythatany increasein groupsizewouldchangeii
apprmia~o UWlizaticm of this aotitity f@tor9 xwnilts in a decrease
C& the mean power (-ZO dMl)of a voice channel (shart term averags channel o
wtive ) tw a mean power of -16dm for a voicechannel(longtermaverage).

The volumes of qmeoh in active wioe cbmmels willaL30affectthe
totalbad. SpeechVOlm-S arenot constantin a channel,but varycon-
ti~rably~dependingon thecharacteristicsof tilsMM@s speechand the
Unldnessof Ms Voioe.

Eowemw$ it is the total iaputvcWagt3qqil.ied %0 the aqilifier$ ami
m% just the E71M3pmtion~ tkt detmaines whsthr ths amplifier will orer-
Load. TW3 total wd,tage b tie motor sum of the instantaneous vdtagea
in *km s%pamte &mne2s awl 5.sa %’motim of both tb phaseand -tude
d eaohspeeohas.

Ih mnsi,deratim of’the above statistical aspects at voice ad the
amociatsd probabXLities$ UxuMng fmnalas were estdilished ~ Siolbrook
and Dixon and are reocmsaendedby GCI!CT. These foznmlas giva the mean
absdwte pawer (P ) of the distributed speech @.gn&ls that the system must
w Qqpaue d Q*S NM O$gnal pcmr de
involved$ and is Calculated from ale of the P

on the number of dlsnnel
o forlmllas: (See Figure 30.7

w
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Pm = -1 +4 lq N, (forN lessthan2b0 channels)dRnO

or
Pm = -1S + 10 log N, (forN greaterthan2k0 channels)dFhnO

Theformulasincludea smallmarginfor loadscausedby signalingtones,
pilotsignals,and carrierleak.

4.4.1 .3.3.2.2 Wgital Data Loading. Datas~nals are,more or less of
constantamplitude;in contrastto thewidevariationsof speech. Thus,the
averagepowerof a datasignalis continuousand imposesgreaterloadson the
multichannelamplifierthanthatof a voicesignalwhichis ~esent partof
the time. The loading,imposedby telegraphanddatasignals,is calculated
fromthe followingfomnula: (SeeFigure30.)

Pm = Pc+lolog N
wherepm = rms powerof themultichannelsignal(dRnO)

Pc = rms powerof the inputtelegraphor datasignal
N = numberof channelscarryingtelegraphor datasignals

It shallbe a Des”
%

Objectivethatallmultichannelcomunicationequip-
mentbe designedfor 10 digitaldataloading.

NOTE:
mean.power # W&f’@W?yofo?W 91&~$4d&&J”+9tWWfc$ +g&&

stems switched carrying 1 ~vozce (2 telet
J!&~#=hat~he combinationof the applicable=Iues for (1T 2~ ( ~ of

voice ckel loading togetherwith the number of channels so ocated~pro-
ducesa resultanttransmissionlevelthatis compatiblewiththe specificover-.. loadcharacteristicsof themultiplexe~ui
FM-system,etc.

nt~ the emissionbandwidthof the
Obhefisea reductionn he h italdataloadingto -13dMO

‘emeanpowerper channelmay be necesssryto meet he requirednoiseperfmance.
i

,0

4.4.1.3.3.3 Cti\l Equipnent.(SeeFigures4, 5 and 6.)
; 4.4.1.3.3.3.1ChannelTranslatingEquipnent.The channeltrsmlating,.

:} equipnentshalltranslate12 each4 kllzchannelsto/froma basicgroupIIBI1
channel(48kliz).

b.4.l.3.3.3.1.1 Clmmel Mdulationand DemodulatimPlan. The Channel
I’ranslatingmuipment shallmodulateanddemodulatetwelve,four-wireaudio

!
channelsto the 60 to 108 kHz frequencyspectrumas shuwnin Figure7 a). he
translatedchannels.shallappearat the GroupDistributionFrame(GDP or

~ equivalentpointas singlesidebandsuppressed-carrier4 ldhwpacedchanmls
withlowersidebandorientationfur all channels.The translatedchannelsare
identifiedas a BasicGroupllB1lat the GDP poirit.

4.4.1.3.3.3.1.2ChannelInput/OutputPower. The input and otiput
levels specified apply to channel translating equipment and provide a net
gain af 23 dB in each oneway path. Thesepcwerlevelsshall.applyto all
channelsof themultiplexequipment,withoutregardfor the net lossto be
providedfor ~ particulartrunk,whethertennhatedon a two-wireor a
four-wireksis. All channelssh&llbe maintainedon the samebasisso
thata -16dlhtesttoneat aqy inputto the channeltranslat~ equipnent
shall.resultin a +7 dlh levelat tb corresponding chsnneloutputaf the
demodulator>insuringthatall channel~~areinterchangeableandmay be
freelypatchat multiplexaccesspointswithoutmed to changeadjustments
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r CHANNEL TRANSLATING EQUIPMENT

GDF (OR EQUIVALENT POINT)

I “ ‘? A ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘

12

F

VIRTUAL CARRIERS
II

10
9

64 68 72 76 80 84 88 92 96 KM 104 108
8

A
7 +

!

04 KHz “;
7 6 5 4 3 2 II

60k Hz
4

~Hz‘2 “ ‘0 ‘
3 “x “
2

I

A. ChannelModulationandDemodulationPlan:Formationofthe
12-GhannelBasicGroup

GROUPTRANSLATING EQUIPMENT

,.

GDF

OR EWIVALENT POKVT

5 BASIC GROUPS

k CklI
CH 12

60 kHz 108 kHz

IIx!!

!lyll

+ SGDF OR EQUIVALENT POINT

BASIC SUPERGROUP *

312kHz 408k Hz 504kHz
\ /w

“Y“
representsa groupof 12dmnnslsinwhichtheaudiofrequenciesareinverted.

represents5 groupsof12channelsinwhichtheaudiofrequenciesareupright.

followingca-fi;rtie@encies9 respectively:

B. GroupModulationPlan:

* The basic supergroup(Y) is formedby modulating5 groups (X) with the
&2q, b68,516,%4 and612Idiz.

GROW M0WL4T&0~ PLAIN

@

Formationof S Group Basic
Supergroup.

(FDM)

.
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●

✌✎✌✍✌
Y
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,, ,,.

;..-.

.;.

o

integral to the Inatiplex Wuimwrt.

a. The test tone, at the audio input to * channel traz@ating

=W=nt, sMU be -16dBQ.

b. The testtom, at theaudiooutputfrm the cMuuMing equip,
shaUba+7- +O.ldBwith anad$ustineatrangeofnotlesstban+3dB
to aocoanodatev’&iatimsin tk reoeivsdireotionat th WE’ or qWalant
point.

c. The test tom level, at lb CMIFor equivalentpoint int- tranadt
direction, shall ba -34.5 m, : ●75 -0

d. The tisttonele~, in Ij&reoeiw direction at theGDF or equiva-
laatpoint,ehallbe -12dRn.

404Je3*3*3J03 ~1 m-es*

a. AudioIaptrtandOutpwt. ‘fheimpedam eattheaudioinput and out-

Wb BlMk8Wd OV01?tb~lMWybSUd of300t03400 Hs, shsuba 600 @sns
witha MR@tudlnal balauceof act18s6thsn40 dB. TW return10SSahsll
bsliotlMathan2$d Buhencallparadagatnstanenreaotiveimpadancad
600 Cbs. H& thi@requirement,th teattonelevelehallbe USed.

b. QEF Inputamd Ch@ut. Ths impedanoeof the channeltranslating
=@~attJ=G~aMUW135- balancedwitharetura losscf not
lassthan 20dB(M) 26dB)whanoonparadwitha nonmaotiveixpsdanoeof
13SQnns. Itehall alsobea Dasign@jeotivethat1300Manclu001an
~~ ~ti- ~ mtim = *qP* options.

k.k.L3.3.3.L& OhIB-1 InsertionIms-FrequmoyOharaoteristic. Ths
iadividti trazUUuitting and l%iCF#~~ branohinaartionloss-frequency
charaotwristics,i.e.,audioto OIIFor GllFb audio,shallbe uithinthe
fdllwingval,s s

600- 2@0 Hz + 0.35 dB
400- 3000EE
3oo-31@oEz

= 0.35 dB+ 0.75 (IB
-0.35 dB+ 1.50 @

Positive figures indioate a loss, and mgativa figurssindicatea gaia,
*tive to tlm iXSOrtiOA lees at 1ooo H%.

4Jhl*3.3.3ol.5 e-l Bmlepa XkmyDistortion, The envalops
dalaydistortionofachaxmel franaadioto CMIFiathetranamitd irection
and fwm Cm? to audio in tti receiva direotion, taksa indiwMMiuJT* ahau
notaxnssd90mioromootisovarthe 600te3200Hs portionof achannel
and 55 mioroseoodsovertM 1000to 2500Hz portionot a channsl.

r ..:,
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bAoM*3J3.2.2
pt3d4mct!lib?dnw 3..35

(m 26 w) f@imd2 a

Cw?mpmrql@/ow@m-b

PCmiE’.m gz’mp tea %CPn!@input
‘mm gm?4upfwwttxmeCw3fqp4%mihau

E?qM?sc%wicm.‘Ii%@gz?txpmqm%im.
OMm?l$l!Mdkm2@to gm?m19 WiMRIQmwm3 Missoff 20 ml
135 Chmlm@ik&m!c@ aqmx’%b irmqw%rwybm5?CM *ea.

.

.
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... MIATD-188C

m ITPOUP output impedanceu * ?5 -S rebalanced,with a returnloss
of 20 d13(DO 26 dB] against a 75 ohmresistance over the frequencyMu@
of interest.It shallba a M1.gn Cbjectivethat1.30m @ @ ~
impedame tenainationsbe providedas strappingoptions.

4.4.1.3.3 .4.3.2 GrOUP~t/~put ~esc Ths ~CUP -~ ~-
pedaxlce shall be 75 chUS,UXMWXed,witha tiurn loss d? 20 dB (Do 26
dB)againsta 75 Ok resistanceoverthe freqm rangeof interest.The
mOUP wtput~~e ~~ be U5 0*$ ~CSd ~ PO=& With a ~-
tum lossof 20 dB (DO26 dB) aga3nsta 135 - resistameovarthe fre-
qm - & interest.It shallbe a Design (bjective that 130 (Manand
UO Obm ~e temainations be provided ae strapping options.

,
,. a. Transmit Direction. In tb transmit direction, tb insertion bse

characteristics shall have a maxismm spread of 0.s’dB. The test freqwm-
ciesshallbe sentat the testtonelevelat the GDF in M frequencyraage
of 60.6to 107.7km and~ts mde at the WI@ or equivalentpoint
at thecorrespondingsidebandfmqumoies~

Orerw bandof fmqpenciescorrespmdingto a k ldizchaaml, the
m Su * exceed0.3dB.

b. ReceiveDirection. In the xwceive direction the insertion loss
characteristic shall have a ~ _ of 0.5 dB. The test frequencies
ahallbe sentatthe testtoneleval atthe HFDForequivalent point ami
masured at tb GIX!’or equimlsntpointin the 60.6to 107.?M% bamL

Over w baxi of frequencies correspcmhg to a 4 klk chanzM31the
spread shall not acceed 0.3 dB.

a. Trannnit.In the Imnsmit directionthe envaloped- distortion
overth bamiof frequenciescomespmiing to a h ldh channelin th range
of db to lM I&z shallnot exceedu lUiCZ’08eCOIdS.The delay dietortioa
over the 64 to 104 IcHzband shallnot exceed50 microseconds.These
amsurmmts ehkllbemade at the XFDFuhen sendiagatthe GDF.

b. Receive. m thereceivedirectionthe ~velope delaydietortlca
overthe bandoffreqwncies correspondingtoany4kHz chanml in the
rangeof 16 to-56HZ shallnot exceedM nd.croseconds.me _ distor-
tibnover the64to lo4Hzbandshau nOtexCeed50miaWSeCoItds*‘$hial
meamraxwnt shall bemade at the WFwhene ead@gattheHFDF.
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4.J$.L93.3*LJ.6 W4mp m Bandiw.s@. withthe groap %r@tx equip-
ment mz?’r@ot7?Jroped at the 3240 km taie~the+M3iswmm?rirg.ixh -a!my
noldxm.h m bamd~mmwpfi$nd.m?gto my dameq $3ha not excews50
pwpo.

L$.!$.L303J$.7 Chmp Q?& d Bandm.see withWw group trantaatb!lg
equipment awrrec- hmped at the MAO Wz dde$ tb totalkaadd noise
cMJn’tributYim*of the groupim’amaatimg @quQskent fxkoludi.nggrmp’ rq@Jafb-
* qti-t, m w $3iOti Cwreqmxtha$ to my MmiIAd h km danrkea
SRdL Ewt3$axc$asdi.200p%%po, Th.@mi&w2%mPce S&LaM.ba Wnd-kbwi.%sdto tlw
60+.M Mz spc%mma44JMthe inputlevelto the groqp tmknsbting qtipnt
shallb -w% %0 -s d%lo per’dmma.

Lbad.koz mwup“B”mddmaon and DemoduathollF’uanoh Systa3m
coridsting of a largemniberof! dwmels~ five basic groups (B) are trans-
Zated9‘bya secondmodulationprocess$to adjacentpoaitioAsh the basic
_rgroup fmuency band312 to 552 kllz.Theprocessis indicatedin
- ~, - Be Fivegroupmodulatingcarriers are required,from@O
to 6U M%. Theseare suppmssed$andthe lowerSMOWGS formed13y
Wxi!iLatioad the basicgroupband9‘areselectedby iuteme m thispr’o-
cess$the sidsbandsof W MvMM channelsaretuned overh frequemy
fromtha invertedpmitim they eccupyin thebasicgroup(Figure7’oWWt
A) so thatthey’- Wlmc%9“ Withthe Mgher audiofrequenciesZocatedin
the Mgh@r frequencypwti.cm d the k Idi5 dm Wxupied in %la Sqpergrfmp.

UAC3J!.3. (h%mpMumtA@f!aiar.

.

n SMu k a IkmignOibjeotnethat3,30* and IS() C$xm@3&Mbce *.
milMktiox9Ai3be pmtidd as strappingOpwms e
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● 4.M.364Jt Grcup rkalultiplexsr.

4,U,3.4.4.1 Groupl@ut/Oatput Power. m ~cup ti~ *= -
(P= 4 = c~) shall be -28dRu The @Wlp testtme outputs-
be -12a (per4 a channel).

4.4.1.3.4.4*2 -UP InPwmmt Bllp@me ● ThegrouP*Lti-
pedanceshallbe 75 Ohms,unbalanced, titha minhulaNturn lossof 20 tm

* (DO26 dB] againsta 7S Ohmresistanceoverthe frequency band of ixrtereeh
The grow Outm impedance shall be X35 Otaus,balanced to ground, with a
~ ~turn xoss of 20 dB (DO26 d.B)againsta x35Ok reds-e O=
the frequencyband of mm’este

;

4A* L3*4.4.3 GrOup Insertion Loss and Ekqaency Response Character-
istic.

a. Tranmtdt Direction. In the transmit direction the insertion loss
characteristicshsllhavea mwcimm spreadof 0.5 dB. The testfrequencies
shallbe semtat thetesttonelevelat tiw GI@ in thefrequencyrangeof
60-3.08ldlzand shallbe measuredat the SIDFor equivalsxtpointat the
comespmding sidebandfrequency.Owr thebandof frequenciescorres-
pxtit~b=~~dth ofanychannel, the~tish~
not exceed0.4 dB.

● ✍ b. ReceiveDirection.In thereceivedirectionthe Imsertionloss
/ characteristic shall have a nwdnunn spread of 0.S dBO ‘fhe test frequencies

sl@l be sent at the test tone level at ths 8GDFat the d.debarxi frequen-
cies carmspcding to tb demodulated range of 60-108 IKHzfor each group
andmeasud attke LMM’or
Comesponding tothebwz
shell not exceed0.35dBe

Lko2.3.k.&h @OUP

equivalent Poht. War the bandof frequencies
nmixlalbenduidthofauychannel,th spread

Mvelmpe DeJaFRi.stortiono‘

a. Thetotaldelaydistortionoverthe
weed 25 microsecorxls.Thesemasurenenta
memtloopedat the 8GIW,sendingat GDF and
dlrectionc

b. The totaldelaydistortim Ovm tlm

band@ to108kMzshaU not
shallbe madewiththe equip-
meating at the GDF,receive

band68t0100kHz shallnot
exceed 5 microseconds km transmitting at the GIF andmeamring at the
S31X,or whenreceivingat the =X@ @ measuring at the MF.

c. In the twanamit or receive direction, the delay distortion war

~km~tmmspoxto achamsl intherange 60to108kEs
shall not Sacceed2 microseconds.

93
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equigtwmt?‘cOrmwtaiy
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● 4.4.1.3*M.-. shall enable the

141L-STD-188C

-h GZYXPMm-t. me throughgroup equipment
patching of a basic group ‘B”damltim- @@ (rs-—.

ceive ) to the input of a basic group ‘B”mlti@a (transmitj. II@
patc~ abUty shall provide the capabilityof PsZ@mg withoutdemodu-
Zatd3qto the 4 kHz chanrMISandl!@iSLiZ~th c*1 dSgr-tiOn.

4.4.1.3JJ.5.1 s d m8erti0n~. * c-* te* ~ 18*
at the ixput to th thruzgh group equipment SW be -12-~ m c~

. . testtonelevelat the outputof thetln’waghgroupequipment- ~ -3k.~
~. The inserticmlossmeasuredat 83 ldfz shaU be 22.5a g O*5 OQ,

h 4.4.1.3JM.2 ~bes~ me ~~e at the m @ Oatmt~. ‘ * through group eqpi~nt, ZE3asuredovsr the frequency band of 60.6kXz
to 107.7Ms, shallbe X35 Olzasbalancedwitha retwralossof not less
than20dB whenmasured agdnst a nonreactiveimpedanceof XX Ohms.
bngi~ balanceshallnot be XessthankO dlh

4.4. L3.M.3 InsertionLoss~acteristi.c. The _ of tb iaa-
sertion10SScharacteristic0= thefrequency= of 60*6~ tO 10?o7
kHashaU bel.OdB~. Theqread over~14kHs channelshaU not
exceed0.5dBbetueen 6hkHz atad104kXz. Imaddition,thespwadintb

1 bandof L03.7to 204.6km sheU nut =ceed Q*3Wo

4.4.103.405.4 Hope MMy Mstorticne - ==ilOPe - U-=
tionover~bldlzsegmexx tcorrespmdlngtoachamel inthe rangeof
68-100 klk shall.be notmorethan 20ZliCmSOCOlld&4S‘%’hsSZIVdOpSda~

●
disixn%ionwar the 68 Mz to 100 Mz band shallnot exceedkO microseconds-
The enmlope delaydistortionoverthe 60.6MIs to 107.7kHzM U M
-eed 170 microseconds. The envdope delay distortion corresponding to
the 600 -3200 Hz pOrtiOIU3of ChanROS 2 to U shall not exceed 40 da-
SSCOFldS, lb fZfltiOpS dd.ay distortion COrlW~ to the ~ - 3200~
pcrtia of Channels1 or 12 shall ad exceed90 Mcrosecc@s.

4.40103.k.5.5 =i= m &oS_O - tot81noisemd CrOS_ in
aqy dtot,correspmdingto a chamel~ shallbe notmorethan10w with
the tbrcmghgroupequigwwntbaded withnoiseat a levelof -S.0dRnO
per channel(exceptfor the dmmel beingsmswred).

4.&.l.3.k.5.6 _
foranyfrequency in the

ldl.1.3es Upto 600

Stabffl@. ThelevelstabililvsMU be :0.2 dB
60.6to lQ7.7 ldis raTW for W 30 * period.

ChannalWdxxU. (See Figures5, 6* 8.) ‘

UU.3SJ mpergroupTranslatingEqlx@mte The basic supergmup
translating equiplM9ntshall translate up to 10 each basic supsrgroup
charnels (312 kHz to 552ldiz) W.. a maskr group.

4.4. L3.5.2 wpergroupHodaatm+nad Imwdlaatioa Elan, In *
tzanaldt direction, tha Sllpergrouptmnslatdmgequiplent ahdll modulate
the 60-cH ~iC supergroqp (312 to 552 Ms) to em of tlm ten sqer-

group lias fWUmCY allocations shorn in Figure 8. l&cept for mpeqpmp
2,ausupergralps are againreversedlnfr&#emy senseby theIzcdlaation
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MASTERGROUP TRANSLATING EQUIPMENT

SGDF OR

EQUl~ALE~T~
POINT &

T312kHz 552kHz

BASIC SUPERGROUP

/

\

MASTERGROUP
(SUPERGROUpS)

.

●

Frequency in kHz

A
Representsa supergroup

L

Representsa supergroup
(6o channels)in which the (60 channels)in which the
audio frequenciesare upright. audio frequenciesare inverted.

Formationof the Line Frequency Allocation, One to Ten Supergroups.

,,
,d. MASTERbROU;GMwO:~LAT!ON PLAIN (FDM)

‘.

9’6 -
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o
p’ocesses, thusMakingtb indivmlal ChsnnelSidebaadsbecale Inmrtede
SZEXXNPUP2 is alreadyin the correct position andis trtitted tithcut
further MOCUaticnat Mis stage● Its mdivi- channelsthereforere-
m erect, In tlmreceivedirection,the mwer~oup *-t* qP-
ment shalldemodulatethe 60-chanM1baSicsuPsr@mPs (= ~ 552Mz)
fromthe supexgmupu frequencyaocatims shonnin - 8.

404J*3.5.4 Basic WPerfgroup-tiluemr.

4~4.1*3.5.461 ~rgroup E4nthtput Power. The supwmup test
toneilxput (per41cHz channel) dlall be-15 dRlL0‘l!helmpea?grouptestt one
Cd@’@ (per h kHz channel) shall be -28~.

IA.1.3.S.4.2 ~UP IhmMktput ~-es. me SUPSXIPXXP~-
pat/cutputinpxknceashall be 75 OIMNS,@kLanced, tith a ndnhnanreturn
lcsscf20U (m26m) againsta 750hmzwistanceoverthefrequsncy
bandof interest.

It shallalsQbe a DssignObjectivethat135 OlnnandW m q-
temhations be providedas straPP~ OptiOXIS.

a. Traad.t Direction.Theni=imum- in tb insertion10ss
characteristicin tk transmitdirectionshallnot azceed1.0 dB. The test
~*s~~*at*~*ti_ levalat tb~~ or equivalent
point in the fmqumcy rangeof312t05521d?a azdshall remeasured at the
lIFDFor equivalent point at the ccrrespcmling sideband frequencies. The
~spread cver~band ct frequenciescorrespondingtoah81diz group
allocationshillnot exceed0.5dB. Th9~ spreadover the band of
frequenciescormqxmling to a & ldIzchanuslallocationshallnot exceed
0.25dB when Mxwpcla tedfke the aboreSmswaMnt.

b. RsoeivaIllrection.ThemMimum SPreadof the insertionlosschar-
acteristicin IAsreceived~ctdon shallnot axceed1.0 dB. The test
~ies~h*at*ti*ti* level atthe HFDForewd~
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&&k3.506 kSiC Super f&roW Emfelq?e Delay M$tortitw

These E?#amratientsSMlu be made at the mm whaita*-itw at taae
SGDFO

UL*L3*%8 Blw.c Sl@ergraap cm-dasnd MMJ3e. %#it%kifawEnxp%r$rap
exmreciayhoped at tb mlF or equivau?l%kpdnt$ the tots. lwaded Xtds@
axltr’ibu’tionof the Super$lmup translating eq?d.pml@l -MMMg =Pa’gmw
Yeg%aaation @@pment#%fanygtia!$kH% tfaotma’mt3poEw@j?gtxJac92annd

kb&3e509 Basic alpeqroup Xmm% Stabikttye
trawlatimdg @q@xMnat Cm’recwy hoped at tTJhm’nF9

●

“

X?
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● stabilitymeasuredat the SMIFor equivalentpoint(receive
~ shallbe~O.5~m*tt=mrW 30 Wperiod.

MIL-STD-188C

direction)

L4*1.3.5.1O PilotR’equency.The aapergrmpreferenceandcontrdl
ntoni.tor

%
pilotfraquex shellh 3U~920 ~ ~ 1 Hz. me grOW On

pilot (1 .080 kHz ) translated to 315~920w ~ the WOUPrn-tor s~
be usedfor thispilot.

.. 4*U*3.5.1O.1 Hlot Level. Thepilot level of tb supergrouprefer-
.’ enceandcontrol n@nitoringpilot at tb HFIJFor equivalent point shall be
$“ -2od&O withan adjustmxataccuracyaf :0.1 dBc
‘%

● 4.4. L3.5.U Ww@ ~rmw ~~m=fic ~ t~@ m=ww
equipnentshall enablethe patchingof a basicsupergroupdemodulatorout-
put (recein) to the inputof a basicsupergroupmultiplexer(transmit).
Thispatchingabilityshallprovidethe capabilityof relayinguithout
daxdulatingto eitherthe groupor k MU channelsandminimizingthe
channeldegradation*

4.4.1.3.5.11.1TestTonePowerLevel and 33mertiw Gain. The channel
test tone power level at the input to the through supea?group equipmnt shall
be -28dh.q~ channel test tone power leml at the output of the through

xt sMU be -18dh. The insertiongain,measured at 433
k=~~ be 1~~ ~ 0.3d3.

4.k.l.3.5.11.2Ihpedences.The hqmlanceat th inputand outputof
tm throughsupergroupequipzent,m~d O= We ~ 312to 552 ~~

●
@haUbe750hms unbalanced.Thereturnlassmeasuredat the inputand
outputshallbe not lessthan20 dso

4*4J*3AJL4 -Ow ~x ~tortio~~ The-~ow *W ~s-
hrtion over any 4 kHzsegmentc~espoq to a c-l ~ t~ r-e of
316kHz to 548 kHz shall not exceed30 microseconds. me mMope de-
distortion overthe 316 kHz to !548 kHz band shall not exceed 70 micro-
seconds ● T~ envelope delay distortion over the 312kHz to SS2kHz bend
shallnot exceed170microseconds●

4.4.l.3.5.11.sNoiseand Crosstalk.The totalnoi- md cros- b
any slotcorrespondingto a channelshallbe not mm thanSO pWpOwith
thethroughsupergroupequipmentloadedwithnoiseat a powerlevelof -s.0
dlM per channel(combinedloadof +12.8dRao).

h.4.l.3.5.11.6LevelSability. The lsM stabilityshallbe ~ 0.2 ~
for ~ frequencyin the312 to 592km rangefor w 30 @ Wriodo

Re@rements. (See Figures ~ @ 6.)
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4.4.1.3.601 Qeaeralo me tam ~aet~Ui?ed in %MM?epelr?fmmanoe ??a-
quiremdm RWfem %0 a complete La@3d .miltQ.w3’x @q@lmmt, ixlcmling
d’larmd$ group and Sqperfgrwp Itwdhdator $Md derFNxitnMtor equi.pntmt with
associated carrier generationand. distribution equipmentand power t3q@Ly
equiplfmh ‘me perfornmo‘a qxcifid herein Shau be demonstrated with
tbs Set correctly adjusted. for t9est tom WmM3 indicatedb Figure6.

a. With We sat Imped Wack at the High *qw~ DistributingW-
or equivalentpoint through appropriate looping equi~ent andwith tests
~rformed on a back-to-back*iS.

b. In thw3e cases where sets km aiky am mpwgxwup9 tba twbs
Specified in [a] above Sw be Comiactaii with Wa%equipment hoped 13aok.
at the &aup DM%ributimg Frame. (See mare 5.)

600-2@0
@O-x100
300-3400

Loss Rderexwct b 1 I&3

Ilwel.mm 150ss$ &
w Looped at HFmP Looped at m?

a dB

+ Lo + .7’
= 1.09+ 2.0 = .7,+ 3.5
-1.09 + ~.~ “ .79 + 3.0
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●
usingan appropriatelycalibratednoisemeasuringinstrument,shallnot
exceed20 dllsfor setsloopedat the NEW or 17 dBafor setsloopedat
the GDF. Fourchannelsin eachgroupshallbe testedsequentiallyfor
loadednoise,with onlyonechanuelunloadedat a time and theremaining
ChZUEldSin th te~ loaded.

4.4.2 PUI.SOCOdebidation - Time~YiSiOn?!d.’ti@.exing~tms. The
followingcharacteristicsapplyto timedifisionnziltiplexed(TDX)circuits
USin$pulseCOdSno-tion (PU4)for trsxMzIAesionof voicead digital
informationh quasi-anslogform. Thesestadards shallbe folluwedfor
TDM-P(24equi~ts designedfor USS in tacticalcoumnicatim SySt-JC
(Additbnaldwahrds willbe developedin the futurefor new digitalmod-
ulationtechniqueswherethe specificapplicationwarrantsa deviationf=
thesestmdards.)

&4e2.1 b IsNzchannel.The followingckracteristicsarefor a single
Unk whenproperlyterdnated. (A singlelinkin thiscontextcaaprises
a channelwhichjoinstwo pointsaulwtireintb analogsignalis coded
intodigitalfom at the originatingend of the channel,for tmmsmissicn
uverthe entirechannelunderconsideratia,and decodedintoanalogat
the terminatingend of the channel.) The characteristicsof this4 kNz
channelsre specifiedfor the four-wireanaloginputand outputterminals
d the link,

4.4.2.1.1TransmissionLevels. Seeparagraph4:3.5.

4~4.2.L2 TestTone. SSIMas paragraphs4.3.3.2and4.3.4.2.

k.4.2.l.3IhsertionLossof Sngle Link. The nominalinsertionloss
ofasingle 4kEzlinkat 1000Hzshall be OdBplusorz@us 0.5dB.

4*42.1.4 TerminalIhq=d=ce. SEUMas paragraph&.3.3.3.

4.MJS *U. * mar d or far end signal-to-noiseplus
crQseWk ratioin any idlechanme~due to W testtonemodd.ationaf
w otherchannelshallbe at least53 dB.

4.4.2.1.6 Idlec-l Noise. Thenoisemeasuredat the recei@ng
end,whenconvertedto the serotransmissionlevelreferencepointon k kNz
channel,shallnot exceed30 dBaOper linkusingFM Mne weighting.

4.4JU.7 ~ Noise. The CharSctdStiC of the idlechannelnOiS9
shallbe as closeto whitenoiseas possible.Thiscanbe accomplislmdby
the injectionof an appropriate,randomnoise source into the comon PM,
_ befox’sthe ~~ CO*, at a 1-1 w~ch willcausea variationof
one coderlevel.

4.4.2.1.8EwuW@mut Linearity.The input/outputcharacteristics
ofabkll zchannslshsllbelimarwitMnplw orminue 0.5dB (witha
aean of zero)for inputsignallewls fromMnus &O dM” to * 4 dM,
tour-wire._(DOj
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bek.2.l.9Attenuationw Frequency.Forall frequenciesbetween200
and I.000X2$ the attenuationshallbe withinthelimitsof’-0.5to + 0.5 dB o
with respectto We attenuationat MOO Hz. Forall fmquenoiesbetween
WC@ and 3500 Hz, theattenuationshallbe withinthe limitsof -1.0to
+ 0.25dB withrespectto the attenuationat 3..000Hz. ForaU frequencies
b%wem 3500and xkO Hz$ the attenuationshallbe betweenthelimitsof
-3.0h + 0.25dB withrespectto theattenuationat 1000X2.

M!0201010 Envelope Delaylhtortdoxa.The envelopedelaydistor-M
tim b the bsq32encYkd betw~n 600 m 3200HZ *u ~t 6MW6MMI200
itdcmsmxmds(Im microsecondsDesignObjeotive)sand in the frequency
bandbetweenWOO and 2500 Hz shallnot exoeedW microseconds.

k.b.2030U Signabttblioiae(Quantized),@/Nq) Ratio. With twotiti-
pkx terminalsconnectedtogetherat the tranatissionmadiuminterfaces,
the totalsignal-to-noise(quantized)(S@q) ratioof a sinewave signal
at any fkequenqybetween300and *(M Hz$whenmeasuredbetweentlm fOur-
wiretransmitand * four-wirereoeivePQintSjshallbe as fbllows:
[seeFig%m’em)

Uzpatsignal MinimumSignalb Quantizing
NoiseRati.09dB

m IMarhi Wandard

IA2*1.X2 LaagitwixldBahmiOe. ‘li%elmgitadinalbalancem a k kHz
‘ohs.med.dlaJ.1be at leas%ho &.

J-

-,

38 Umm]o

ldb2 S2 @wwteri@%iw d theMultiplex
actaristiesapplyto the fimdioneof the P@
Aamkel groupsignala% theixkterfaceitks%wean
tmansmkssimWxM4. @9e Eigure9.)

Csiglwil* The?Mllowinguaar-
mdtdpbxer and to themilti-
theH14multiplexerand the

t’ltgittramnd,ti%edf’i.z?sth

M.2.2.3 C’ampa@er
ba U&w& ‘m@ Cmmpreswr

—

C%aractarisi%i.cso An ina%antanecmsCwmpanderSbau
shallham a 3-w3gmen%9@amightA$nQs transfer
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MIL-sm-uw

&arac%er%stic9withbmalqmhts at hWIS I$M aul.&7-h8. The exgramkr
mall ham tie CmJ’@mentar,y-tWm3ferCMu’acteristiceThe wxqmessim x=atio$
tii’@ecias the initialh auwrageSkpe$ shallbe 20 dB plusor minus1.0
&l. Ths charac$%risticsof”thismmpmder are shqm inF&me 11 (single
bm?ak$positivw!hfmona!.y)o

TM stmaiglrtlinetransfercharacteristicshownin RLgureH hasbem
WISedin a cxmsidtxmbleimwdxry d equimt. 1% is$ howwm?r$a m?LPrO-
Ulis@sm$adto simplifynetworkdesign. (hm.sid.mablensducthn in quantizhg
noiseOwera widerdpamic ramgecanbe achievedif a logarithmdxmrve is
usedas shownin FigureU. It shallbe aDesigm Objectiwefor fitum
equipmentdesignto employ*e/u= 100 Cwmm of Figure11, me /u= 100
curveswaybs appz=wdwatedby sui’ficierrblinearsegmentsto achiewsthe
Sh’lqpmmmmamm o$b.b.2.10ue

b.!J.2.2.)tStabi3.i@d Ml@Code. R’I@Xmmal codeh’wd.@m’wsp3nd-
ingh zeropodulatim & .adaannelsWhmdti~ktiem Mmls32md 32.
TIM channel%0 cha.melvariation,O& codeMwe2Lcenterhgat 5eromdtition
da$lxk,not exceedplusor * 3 WweL30 The zero mfhahtion code lewd, of’
w channel shall not vary morethan pha m?minus 2 levelsin a 2~ hourpkmiod.

l!.!J402.2.5Fs’JawmSymchronizath-hF?ram?3sy@mmxizafidJminf’m%wmcm
.,,~~SI’&d.l.be addedtm we Pm Cmtpu’tof?theM?ld.fiapkcer.Thishmmi%aticm
shallcxmsistof 1 addressprd,sfimbstitutadfor * least weightpiik of
the lastdwmd at the Cham’wlgrmpo Theaddresspadreshallhawe*
sameshapeand amplitade characteristicsas the mmainiq codepdses.

bJ$02.206Ahx’mS6’Ahm!s shallbe J?mtidedwhichwill.indicate10ss
at fkaxeat thereceivefxmind.

forbinarytransmissionaa~as law
@%hragm4phsb.u.n, kh3,503,

●
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d

● kk2.3 6 ChaxmelHaltipk ~tem.
.

k4.2.3.l lhxmsmissionllate.?hetransmissionratef’arthe 6chame1
W’St= Shsllti 288Uobits per S8COlld.

4.4.2.3.2Canposition&C_ls. Ihafrsmeof 125microseco@s
comprisiw36 pilses,eachchannel& the 6 channelsystemexceptchannel
6 SMU bS almted 6 COMC*iVO PUMOS. The first6 pulsesin t~ frm

% SW tm allottedto channel1, tk secoti6 @J30S to c~ 2$ etC.
FUses 31, 32,33, 3h d 35 shaU be allot= * ch~ 6$ =d *SS 36
shaU be rammed for framinginformation.Tlm firstpulsein eachcknnel
sMU be themost si@ficant bit of thebimarycodewithmibsequsntpdses

. weightedIn descendingorder.

in
be
10

4.4.2.3.3.RWIW ~hroni=tion AcqtaisitionTim. The nominalfrsme-
Izhwfor themultiplexerreceivecircuitsin a 6 chanmiltenuinslehall
I$odllisecondsor less. As a DesignObjectivea fksme-intim of
Millisecondsis desirable.

&.!L.2.3.&R’am &XkChrOlliWhiOIlHoldTkne. Mcminalk holdt-
fol&iwing&m&ts losiat’signalshallbe at least1 millisecond.As a
Ms* ~jectivea fiaueholdtimeof 100millisecondsi8 fkdrable@

4.4.2A U Ohamel Miltiplex&stem.

k.hd.hd !hUSIdSSiOXi Rate. Thetransmissionratefor tlm12 chaaml
_ U be 576 kilobitsper second.

4.4.2.4.2 Compositionat 0hanm31s.Ih a frsansof 125tiCI’OSSCOlldS
cqising 72 -s, -h ChaIUM33Of the32 C~ _ exceptchannel
12shsUbo sIAotted6 consecutive~ssS. Thefirst6puxse~in theframe
shsllbe allottedto chsmnel1, the secoxxl6 @Lses to channel2, etc.
Ftihses67,68,69,70and71d@lbe dJotted tochanmel12, and PuIse72
shsllbe reservedfor framinghafonuaticn.Thefirst*SS h eachchannel
@Ml be themost si@ficant bit of tb binaryCCdOwithsubsequentpulses
weightedin descendingcircler.

4.h.2.4.3mms mwmlzation *quMtion T&so. The xmuinalfranc
in timefor tb multi@axerreceivecircuitsin a 12 chanml teminal
shallbe 150mUlisecondsor less. As a DesignObjectivea frame-intine
of 10 mlllisecoadsis desirable.

M02.4.4 * m=b~=tia ~M T=. ~ fIWS ho~ t~
followingcmplete lossof signalshsllbe atleast lmilliseccnd.Asa
DesignL%jectivea friawholdtinwof 100milliseccwisis desirable.

4A.2.5 2kcaannelMuIti.pux Systxm.

4A.2.5.1 ‘frammmicm miite.The trsamissicnratefor the * chaaud
systemS- be 1152kilobitsper second,- two pamllel sad bit synciu?o-
nous576kilobiteper secondpulsestreamsat thedAichsxuml group
interfacewithtkmtransmissiontit.
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U,205.3 Fmam -Wdzatim AcqllLisitim!r’ima.‘ma WJmhM!afmB#3-
&a fbihtefax=%%%$2% Ch%m%l -tw4dx@ .d?2aub .300Ui.uisecmm or I.eiw.As
a Ik@gJnmjwu,, ahfk%maeda‘MM?d ILoiduiswxmds is dJw3i.rab3&

,.i.na
be

\ 10

.
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●
As a DesignCbjectivea frsme-int- of 10 millisecmdsia dmiralik.

4.4.2.8 ‘hM8nKi.SSimChannelsfar Multichannelluuro~ ms
followimgcharacteristicsap@y to ‘W Uidebazdinputand outputteminals
of the trammissionfacility(seefigure9). Thesecharacteristi~ars
dependentuponthe transmission medium en@loyed.

4e4.~.&l -0 Transmissionof KMGroups.ThefollowingSWxkrds
raferto th interfacebetweenthe transmissionunitif used or th RX!
equipnentW a transmissionwnitis not eql~d as shownin Figure9 and
the radio. Outputs- inputsreferto the transmissionunitor the PM
d-.

U.2.8.1.1 Mplitude vs FrequencyRSSPOnSe-acteristic. ~
ovwcaU basebandfrequenoyresponseof the radioshallhavea gausslan
characteristicto at leastthe40 dB point. The nominalsystem3 dB
bandwidthshallbe as givenin thefollowingtable:

vmso BAmmn!H

Mianberof 225-MOO i+@O-5ooo f@o-5ooo
Chanuels m, L@ m, Tropo.

6 235ICHS2

12 235 Icx5z 210kH52 ZuJkHs2
24 23 ld ao kHzl 420kHz2
48 - 950kHz2 950 ldfs2

96 950 lcHzl .

NKn’Es:1 - Biternarytl%uumissioa
2 -- tr-ssiQn

4.4.2.8.1.2 mse Responseof videoChannel.m bssebsnd@lSW
responsesMQI.be hO degreesplus* minus10 degreesat 300 Hz,relative
to 1000 B&

4.4.2.8.2.3 inputand mtput ~ing Ihpedmce. The outputcir-
cuitsshdllbedesigmd to driveaZosdof ~Ohmsplusorminus M
peroent.

4.4.2.8.1.4 RX Signal~kWtS3?j,StiCS.‘h Ch#WUtOri&!tiCSof PM
@lsesshaU beinaccordanceuithTUE IVand Figuras12aZU313.

4.4.2.8.26112/24A8(Mnnel CaWe !&USmiSSim. The folldng stan-
dardsrefarto tkm interfaoebetweenthe transmissionunit@ the oalils
(X _ 9). titputsand inputsXwf= tQ thetranmlssionunit.
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LOGIC “l”

PCM ( DATA)

LOGIC “O”

=
t.
,.

LOGIC “l”
;

....-, TIMING

.,,

;..
,..,

● ✎✌✌✌

LOGIC “O”

.
PEAK AMPL
RELATIVE TO

BASELINE

PEAK AMPL
RELATIVE TO

BASELINE

PEAK AMPL

RELATIVE TO

BASELINE

PEAK AMPL

RELATIVE TO

BASELINE

m-
OV (GND)

Zum3i

FIGURE PCM AND TIMING

r *=)----- --

.

PULSES

/ ‘\
TIMING PULSE

5090

>j $>+ $

50Vo

\.

PHASE RELATION
MEASURED AT 50~opT

FIGURE PCM –TIMING PHASE RELATIONSHIP

t
PULSE Wi TH
MEASURE AT 500/0 +

390%0

500/0

---4100/0

4“RISE TIME ME~SURED :
FROM 160/0 PT TO 900/0 PT

K
PEAK AMPLITUDE

+

FIGURE12

PCM-TIMING PULSE WIDTH MEASUREMENTS
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‘i INARY NUMB”ER PULSE TYPE

+V

10

-v

20

-v

+-v

30

-v
+V

40

-v
+V

5 ‘o

-v

+V

60

!kI 0.
+V,,,‘,

70

-v

BINARY NUMBERS

I I I o I

NOTES

POLAR NRZ

UNIPOLAR NRZ (TACTICAL PCM)
( V SHOWN NEGATIVE HERE, V
COULD BE POSITIVE)

BIPOLAR RZ

DIPHASE NRZ

,!

DipuLsE (TAcTIcAL PCM CABLE)

UN IPOLAR RZ
( V SHOWN POSITIVE HERE, V

4
00

COULD BE NEGATIVE)

o

— BITERNARY

.

i NUMBERS I THRoum 6 ARE ALL BINARY Sk3NALS

,.-

.

2 NUMBER 7 IS A TERNARY SIGNAL

FIGURE1.3

VARIOUS TYPES OF SIGNALS
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4.4.2.8.2.1 Inputand
CELtsshallbe designedto
overthe bandfr= 500kH5

Oatput Terminating
drivealoadof56
to 3 Mm.

404.2A202 R24 S&ma3 OharSCteristiCs.

MIL-STD-188C

~e. The output cir-
Chsphsorminuslo percent

Dipulsetransmission(see
FigureX3) at the 23@ ~obit per secondrateshallbe usedf= A
transmission.In dipulsetransmi~on a si~ is sentO* whena ~onen
is present,no signalis sentfor a Wero.u The dipulsesignalafter
pat- mti~s a complete c@e of a sinusoidalwave, whose dura-
tionisequal to oneunitMxmval in bimry modulation.The first half
Cycls is positivein thiscase. The characteristicsof the Pm pulses
sMiLlbe inacmrdancewithTABIS IVti Figuree12andl&

k.h.3 OtharTim X&visionMultiplexingSystems.Tkre is alreadya
consideraMsimentory of the foregoing6-bitF(M EWStemim militaryuse.
The applicationof TIB!~ formilitaryuse is,howevar, h early
stagesand is expectedto increaserapidlyin tb future. T& foregoiag
FCH s@n&&ds are not mteded to iabibitadvancaumteiD TLMtechnology
fAc&mLkaryry&catioms and developmentof new and improvedTIH systems

. W@ardsfor othr TIRlsystamsuillbeincludedwWn
amllable in futwreissaesof thisstaukrd.

4.5 Radio circuits.

4.%1 WQSXXCL.The radio circuttsdefinedhereinare treatadf’rm
severalpointsof view,i.e.,on thebasisof functtinalmplogmentami
on a frequencybandallocation.

.-{
4.5.1.1 RadioRegulations.The use of the fi’eqmq spectrumis

regulatedby internatiauQagreemsatsembodiedin Wadio Regulations,
GeneralSecmtartatof the IhtermationalTeleccmamicatimsUhion,W Mmeva,
1959. Theseregulationsare fwrtbr qualifiedat the nationalleml
throu@ Gmemment (~p=t=nt RadioMIdsory Candttee, II?Ac)awl
nUi~ agencies(JointOhiafsof Staff,JOS,and XIULtaryOcsmamicatia
electronicsR9ard,WEB).

For normalpeacetimeuse,the choiceml performame of equipult,as
wellaa ~ies and emissionsof aqy radiosy6tem,shillsatisfythe
provisienof thoseregulations.Adequatef~i~ with th latter is,

therefore,reqired d designersand usersof radio systms.

~- ~q P-$ ml- jointfumctionfrequencyalloca-
$i~?o~&~iW w a jom adlitaryactionarea_ ths ~

!? %ticsre s withthe
uencybands,operatingmalesand equipnt characerL3-

4.5.1.2 F&dio hrp&mnt. HO transmittersandreceiversare ~t~
in threegeneralt

%
s of tacticalradiosystems:Singlechsnue

pointsystems;sing li&32m -channel,radionet QYstems;amimulticti s.
Theradio‘systemmay be usedin tacticalloop,linkor trunkchuits, where
the characteristicsof tk radioequipnentmeetthe zwquirexmmtsfor such
circuits●
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&5eLJ mta.’@-M.cm of lm’e- singleCbna. R@io ?@lipmmtse
me fbu- mq~ ts q@y txlradioeqW&mentswhichSs’eto be
connectdin $xandemto othercwmmmicaticmfacilities.’

1$.$LLJ$.R controlU.rcuitae

h.5AA3A Tmuaemitt-sr-%. kJhezathemodulationinputcircuitis
GhMed *Xh m! ax%erml circuithavtnga do resistancewithintherange
c&OOhms toat3mstUXMOhms$the tmnsmi%tercarriershaUbetmrned
on within2 seed of suchCMSOSS (DO-MO mXLUseconds). If security
eqti~eat U to be msed$thetrammitt+eroarrier@MLl be tuzmxlon and
shaU reach50$ of fuU ratedpowerwithin20milliseconds(DO-4milli-
seconds) andfullratedpowarwithin50 mUUseco@s (DO-7milliseconds)
& sulcllChsWse

LJ%L3.U RaAOta-rol A@@iqm@e TheremoteCoatrolappliqwe(or
radiomt incorporatingequivalentfeatures)de$ignedto prmide a two-wire
mxnaactiontom radiotransmitter- rwei.veroperationshallconfoxmto
?!Jkei%lbwing %W@xemetis@

.

4& A3JLAU2 ‘TmmsmitterCmtml. JIw Ghmre @aoeclacrossthe
two-*e Ia?a,ecameetwlb W mrR0&3ICOr&rO&appliquesiMU providea do
dbmm to the tmimsndtterinputcimcuft.The bqmimce of thetwo-wire
linepmmitting*table operattinshallincl@e at leastthemangeO to
WOO ti lx m.m.stancee
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o
4.5.1.3.1.2.1.3Wire-to-RadioMngdoun ~. tF@onrecemng a

15t025m sigmloffrm15tim Voltsrms*the tWo-uirelina,it
~. shsllprovidea do closureto the trananitter input d.rcuit aui shall

f@nisha 1600Hs, +30Hs, signalof-12 dBns:2d.B tothemcdilation
inputterminalsof %he radiotransmitter.

4.5.l.3.l.2.l.kBadio-to-Wim~ &ignaIing.@on recei~ a
160011z,+3011z,signalwithinthe rangeof-uto+lD ~fromthecm

. nettedrdio receiver,theremotecontrolappliqueshallprotidea 20 Ez
% ES s@xU & not moretl= 110 Voltsnas to the two-wireline. The
70 Hz parersourceshallhe capsbleof delivering1.75-Wto a 2000- load.

4.5.1.3.1.2.2Pull-duplEuK(@matian..

ko%l.3.le2.2.lhpedame. The inputsad outputcircaitssi3sXLk
bslanwd ardhave thessmeteminal impedanceas thatspecifiedfor single
Unk or trunkcircuitsat the samebandwidth.The returnlossshallbe a
minimumof20dBagainst thenanix@ impmkce overthe tiidth of
interest.

4.5.1.3.1.2.2.2eanaaitterhnfrd d CcsunaBatw signsW%
Uhen a comon batterytelephoneInstrumntis connectedto thetwo-wire

,’linekm5nals of theremotecontrolapplique,the do closureprovidedby
. tlm telephoneinstmmentshallcausethe remotecontrolappliqueto pro-

videa dc closureto thetransmitterimputcircuit,andt~ remotecontrol
appliqueshallgenerateand furnisha 1600Hs +JO Hz signalof -12dM,
+2 m ti tb ~ti~ -t t~ of the radio transmitter for a

~, 3urationafatleast 3secondsbut notnomthan5 seconds.The~e
h’ of the tuo-uirelixepemittimgsuitableoperationMl incl~, at Mast,

therangeO to 1000(Mm do resistance.

k05.1.3.l.2.2.3~-to-~o Transmit* controlRin@own SignaMW.
- Whenthe resIoteccntmilappliqueis connectedto a telephoneor suitch-

I?mardwhichoriginatesringdownsignsls$aUto2SHz signaloff&emu
to 110 Voltame appliedto the two-wirelineshallprovidea dc closure
to thetransmitterinputcircuitand tk remotecarol q@ique shall
sinailtsneouslygenerateandfurnisha 1600Hz signslof -12@ +2 dB to
theIuodd.ationinputtemhale of the radiotransmitterfar a &-ation of
at Zeaet3 secondsbutnot morethan5 seconds.

4&weuo2sh -o-to-b TramsmltterCOtiol ad Oomon Battery
~. *- C@U=C~ tC a c=aon Mtk?y switchboardlinecircuit
andUp(xlrecei* a 1600Hz, +30Es, SignlaWitidm* rangeof -4 Cm
to +X0dBnfrcmathe connected~adioreceiver,therenoteControlSPPl@ue
shallpro- a dc closmreacrossthe tuo-wireMm and shdllprovidea do
closureto th connectedtransmitterinputcircuit.

4.5.1.3.1.2.2.5Badio-to-WireTransmitterContzBOland RingdownSi~-
*. -n cmcted to a telephoneor switchboardwhichrespOndStO ring-
domsignals amlapon receivinga1600 Hz, +JOHzslgnalwithin*range
of -S to +loW frcmthe connectedradioreceiver,the remoteccntrdl
~~s@Upro*a20Hz:5 Hzsignal ofnotmore thsnllOVWs rms

XL5
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m43m-M.Mc

$0 thlat%m-%d.mIuJIlsamiddaau pxwid% a do C3.omrtah
m!5.Mfa”inpu-tidmca.%o ‘The20 Hz powersmK@’%dla!xlbe
* 1.75wto a 2000mm M@&

lrho5.LJ402‘RbwDiwidm Wtipiis m- (TIM). Theorderwire daaXL
be ixwm=kd aa$%m rout* Wa%im & W’MlTmi pma.seWJahb me %meo
dwmm’dLpr’o’wa..by WI TM X%id&9*yD &l&$~d fatM.M X%Weivw=’ Q@i-
put &$hul&w’eamuf&’fbalwyloHz W*pkse@atamwu
T!3eLoo + J!Q”withmspwt fhflW@ @Mb$&$aEgk’eat moo Ha. ma Mm$?dsithC&
$1’mTID#roJnd!’a=Wir@SkMfLu,Tb@MLEiitd+343MM bandbetween300 Xz and Wo Hz.

Mlmd. mqpm-tmmwaz?wax%

116
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4.51.4.5 output characteristics.

4.5.1.4.5.1 CMtpUi Impedaace. The outputimpedanceof receivers
shallbe 600 Ohms,bslancedb ground,uitha xkhman returnlossat
zo dB, againsta 600 C@Uresistance,overthe frequencyrange.

4.5.1.4.5.2 outputWuer. The outputPowertkt the receiversde-
liverto headsets,IGdsets anwor
continwusly_ble from -20dBn
receiversdeliverto loudspeakers,
lodIhlto30dml.

4.5.1.5 singleChanlwl-,

for &rp&es of reiulotingskillbe
to O @n. The outputpowerthatthe
shallbe ContinuouslyVariald.efrca

m- shiftlG@xlg.

4.5.1.5J Freqwmy ShiftFacsimile.Theradiofrequencyshiftshall
be 800HZ. lh white(IW@IMJB)signalshallshiftthe radiocarrierfm-
WWy&hooM inak Jwerdirection andtheblack(ninimm )--
shiftthe radiocarrierfrequencyby km Ha in a higherdirection.The
shiftin fmqyenq skillbe linearuithrespectto tlm voltageor sqilitude
of themodulatingSignsl.

4.5.1.5.2Requency ShiftM@ Teletypewriter,850 HZ. The mark
f=lWWY-be X75 m */- 50 Hz (m@us/* 25 Hz). The
- f=l=W - be &5 m, pros/- 50 Hz (Doplus/laims25 Hz).

4.5.1.5.3Ihmency Wt KeyedTeletypewriter,85 Hz. For speech
PI.USsinglechanuelTTY operatim,the 2805Hz centerfrequencyshallbe
used. For in bandfrequencydiversi~ operation$the M Hz and the 2805
Hz centerfrequencies@Ml be used. For mul.tichanuelteletypeoperatia
referto L4.1.1*

4.5.1.5.4DoubleI!&equencyWift Keying. For doublefrequencyshift
or similar~stems, thefollq signalingsenseshallbe amployed:

C~A S Florldghestfrqumcy
CHANMELB S

CH4NNBLA S F2
CHAHNBLB H

CHAHHELA M F& or lowast frequeacy
CHAHNHLB M

4.5.106 ==~c ~erence (=)~ctmmagmtic _ti-
bfflty(PMc)

4.5.1.6.1mdpneut. AW item inc- ~S and ptiS,
_ ~tiq @ el.ec~tically gemrating,tranmittdmg,
CO~g =fmiz@s receiming,storing,pmxessingorutilising
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Moxlaationh the broadestsenseSw W@?%‘&heappropriaterequirements
d MIZ-SID461exceptas specifiedherein.

k.5.l.6.2subsystemsti Systems. Systemsand associatedsubsyatsms
shallbe designsdto achievetitraand intersystemelectromagneticcom-
patibiMty. %$ereIshallbe neitherunacceptableresponsesmarmalfunctions
in any itemof the systemor -Stem beyondthetd.erancesestablished
by the individualmaterialspecifications,

~.~a? EMaen@y LawRquerwy Bar@(Below300Hz)0 Formulation*-
fkrredpedmg establishmentof a needi’ortechdcal standards.

h5.3 lhfraLOW FrequencyE&md(300Hz -3000 HZ). Formulationde-
ferredpendingeztablishzmtof a needfor techni- standards.

MA Wry LOW Erequenq Ban& vLF(3kHz-3okxz). Themrybw
frequency(VW) bandis employedprimarilyfor broadcastin the Maritime
MobileServiceandfor Mzited longhaulccummnicationsof a tactical
basis.

b.~ehel FXWDWWT Cmmrage. 31U@IWXI%shd.1be capableof ha- its
carriertunedand aligned9overthefrequencyrange& the equipment$in
stepsof 10 Hz at integral10 HZ frequencyincrements.

W.4.2 FNCNWXWTokwnce.

., &50k.2.1 Frquancy CalibrationResoktiome The frequencyadjustment
controlof a transmitteramdreceivershallpermiteit r equipmentto be

!?! periodicaX&ycalibratedor alignedwithin1 partin 10 of any cksignated
: fz%qu!sncy.,.

&.5.k.2.2R?equmcy Stability.The frequencystabilityof the equip-
lllent~withrespect%0 he initialfrequency$shallbe with 2 part in UP

%P= @Y~ ~ -S ~ lo _ %* f~fi 30 _ _ C~ brat~ne The
1!stabilityshallnatbe degradedby more%hank P=ts in 10 PSr e=h 30 ~

periodthereafter.

k.5.k2.3 PhaseJitter. The phaseclifferencewmraged overany two
succesaiws20 millisecondperiods(U .33millisecondperiods- alsobe
used)shallnot axceed20 degreesfor mmcoherentsystemsand3 degreesfor
coherentsystemswhenmeasuredbetweentb signalinputand outputtezmi.=
nalsof a transmitteror a receiver.Measurmentsw be performedfQr
at least100 sampletimeperiods.

U0403 k’rier NoiseLmQ. W, ripplem otheraxtrsneousnoisem
the carriershallbe at least40 dB bd.uwtheunmod~ted or 4X carrkr
level.

h$.h.k ElectromagneticCompatibilityRe@reme ntse The equipment
shallmeetthe electromagneticcompatibilitymequihamenbsof paragraph
k05el.6.
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lh5.4.5 DODigitalIMx@?aceCharacteristics.The informationband-
widthis limitedin thisfreqaencyband. Tbe traxmissions/receptionsare
gener~ FSK or G?. The radioequipnentshallinterfacewiththe DC digi-
tal transmitter/recei=rin accordancewith therequirementsof tb Stmdard
~rface (LOWLevel)$paragraph7.2J0

4.5A.6 Modulation.The transmissionsare gener
weF&kbw&~band frequencymodulation(NEW))wheredatamsy correla

ikequencystatsor RF signalphase,suchthatthewmmfonu is alwws con-
tinuous,althaughCW (amplittiemodulation)~ be employed. It is snti-
cipatidthatanalogMEW techniqueswillbe usedin futurec~cation
-*.

b.5.i4.6.1FISK~ddation T@SX. I%Sno~ation indexshau be LO for
L phasecoherenttransmission(0.5DesignObjective).

M.4.6.2 FSKResponsem l!requency.Thefrequencyresponseof the
radioset (backto back)shallbe plusorminus1.S dlloverthe FSKmodula-
tionrange.

4S.4A3 F= FPSWenCyAccuracy.The FSKfrequencyaccuracyfor a
phasecokmnt trammissionshallcmrespondto thefrequencytolerance
~reluent s af k.5.4.2andfornoncohsrenttransmissionshallnot axceed

$

kS.W5e4 ~~ta ~te. The Stan&u%modulationrateshallbe SO
baud. (MXl,200 and 800baudshallbe a Design@jective.)

,+ 4.5.4.? I@-- Bandwidth.The necessmy bandwidth in Nz f= FSK
tranaissionshallbe twicetb transmissionratein baudsfor a modula-
tionindexof 1.0and equalto the tranmxs“ sionratein bawlsfor a modula-
ticnindexof 0.5.

W.5 w Frque@y Band (30kNz -300 Mz). The loufrequency(LF)
bandis eqit+~d for a limitedamountof tacticalcomuunioationservices.
Thisusageis restrictedby the limitedinformationbandwidthink’ent to
t~s f~Y -0

It is ccmuonformilitaryLF communicationreceiversto covera portion
afthe IF bandaswell astocomra portiontithe VI#band. Themili~
LF communicationtransmittergenerallycoversa narrowerrange& frequen-
ciesthandoesthe U’ canmmicationreceiver.

4.%5.Z R’ewencY Coverage.Bqu@ent sha13be capableof _ its
carriertunedand aligned,overthe frequencyraugeat tis equipment,in
stepsof 10 Nz at integrsl10 Hz frequencyincrements.:’

L5S.2.1 -+mlenc$yCaMlration Resolution. The frequencyadjusialent
coxdmolof a tr=tter and receivershallpermiteitherequipnentto be
periodica33ycalibratedor alignedwithin1 partin lQ9 of auy designated
-W*
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4.5S.5 IX Ugital titerfaceCharacteristics$The Womation bamd-
widthis udted ti thisi%mq=acy band. T~ ti_issti=/~ce@i~
are gene- RX or Ck$.The radioequipmentshaU interfacewith the DC
digitaltransmitter/receiwwmh accordancewiththe rqairements of the
standardinterface(IW level)9paragraph7e2010

lh5Je6 I%Xhdatim. me i!mgleChanswlta?azmniamxmsare gexlerauy
FSK (’b- na?m’awbandf%quemcyRmdli!altim(MBE’M))wheredata* cmrre-
latewith eitherf’requmcystateor RF signalphasesuchthatthewaveform
M tiwaysCOn__9 althoughw (Quttie mxhiktion~~ be =@m.
@ to eightF= chal?nehmaybe mdtiPkOd OtiOtb C=ier, US@ _
sickband(SSB) teckiqms~ at the highmad of the fxwquencyMA The
Cwmwnt type& mw@l’Em@g is Freqmemy Diwiwm ?MLtipUxing(FmO. It
is anticipatedthat-g NBB’MtechniquesKU be used in futurecommmi-
CationSystellkso

M*5*U KM Ho&iMwm IMeEce ‘memodulationindexshallb@ 1.0
(0.5m) for pMSe coherent t?rmsmistion.

k5JJL2 F= Yio@lati-mmwiatim.o TM mo$wl.aticmdeviation$maKL
be mom plmsW * 20 Hz to paw or minus200Hz for I’incoherentIIWdemse

b.5.5.6& ModtikticmRate, The equipmentshaU havethe capabilityof
nodula%ionratesof’SO and 75 baudper channel. (1009200 and 800baud
I?esignObjectiva.1

I
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transmissionsshallbe 1!3)0Hz,EBximum.

Rwwxv BmvJ (0.3~ -3 H!Iz)eThemediumfrequency
(HE’)bandis primarilyutilizedforbroadcast- purposes.However,cer-
tainsegmentsof thisbamiareusedin militarycommunicationservices.
Assignedbsdwidths,in accordancewithAppemibKA, mV be up to 12 Us.

It is camuonfor militaryhighfrequency(W) ccmmmnicationequipment
tocover the2MHz to3MHz portionof theMF band. Inthisevent, tW
perfonuancestmhrds of the highfrequencyMM shallapplyto the extend-
ed frequencycoverage.

&5.6.I. High-LowperformanceWWti. Highperforulnce14Fequip-
ment canbe utilizedin radioloopsor in radionets,wkra tlw character-
isticsaf * equi~nt meetthe cumunicationcircuitrequirements.IOU
perf!omanceHP equiz may be employedin radioloopcircuitsor in those
tactical radio camunicationfacilitieswhichare selfsupporting.The
lowperfomal’lce equipaentmustbe ableto operatewith highperformance
equipuentin a radioloopctiuit or radio net; althmgh tlm chauml
qualityof tla communicationckuit may be degraded. It is a Design
ObjectivethataU multichannelM? equix shallmeetthe highperfonn-
me re@rementsh

4.5.6.2 l%wquency(hvmage. l@ipnumts shall be capable of having
itscarriertunedand alignedoverthefrequencyrangeof 0.3MHz to 2
MHz,or itsoperatingf’requancyrange,in stepsnot greaterthan10 Hz at
integrdllo Hz fzmquency~rements. ~ui.paantsshaU be capableof
havingitscarriertreedand alignedoverthe fhequencyrange& 2 MHz to
3MHzinsteps oflOOHs at integralU(IHZ frqwncy ~mmnts for high
performanceequ@lnent. Ste
for low performancetacticx

of lldh?lshall.be Optiondlin lieuof l(X)-HZ
equipmentswheresiseandweightconstraints

ma??the 100 Hz stepsInqnmctical.

4.5.6.3 F@quezwTolerance.

4.5.6.3.1FrequencyCalibrationResolution.The fkequencyadjustment
coutrolof a trananitterand receivershallpemit 81qpm?Wuip=nt to be
periodically caUbratador alignedwithin1 partin 10 for highperforJR-
anceequipmmtand5partsin107 i%rlowparfCmaanceequipllmntof auy
Cim@ated frequeacy.

k.5*6*3@2~ *~tY.

4.5.6.3.2.1 H@ performance--. Thefrequency
tb highperformance ?@mlent, with respectto the initiai

?b8withinlpartti10 perdsy, 5partsin107_t~ f@@ 3C)-~
after~calibratlon.The stabilityshallnotbe degradedw more thank paints
inlO°per each30~ periodthereafter. - -

4.5.6.3.2.2 Low Perfomance Bquipnent.Thefrequencystab$lityof the
low perfonmsnceequi

P
~ withrespectto initialfrequency,Shallbe

Withinspsrtsin pW91~til duringthefirst30d4ys after
calibration.The Stabffltyshmnotbedegradad bymrethanbpartsin
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!4.5.6.5wm’@me/He=hwb Cmxd.$o ‘mm inputtanld‘outputdMlxwdwr-
isti’cs ‘ofthemi6wc#pmat9a.!adheadsetC*U5.% WM Zw@r’ed$ Eha2JLbe in
acwm?dfuwewitkl-Mm It’+eqt?m’emedmd’ pm=agraplns)40501.404ad WOMMO

ka$5*&7 .hdm Dw6at$i@fN.Power. me test tone-t to @@JdlWLdio
Chanlmd#mau!be -20dl?i%The Cmmpoaswaucihimpxtd’ ‘q$f9ech$(3eadl
a$xkkdw’mme~@$au.ham a EMan, paww of -10tu$n$dstamed tkm a db$-
tmi%na%bn wi$ha ziwanwahme d’ -20m witha Stadard deviationd 5 W&

TheE&M.tme pwas=$ tram*tic-l ciam.%artelegraphs fd %0 fm.eh
audiochaumd shall.be -10*o %%8 audio*t & awh tom @mJLLb
eqti to -10dEiFa-3,0log %* %hre % L23themmber & t’fmea.
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4.5.6A0.1.3 mmuoni;nhtortion. with
WeadL%2Hzand3000Hz. andwiththe iNdiO

any audioinput frequencyb-
-t @u@ed forgo%W&

lation~tb total-hamodc distortionat rated&war &tput (RF- trane-
mitter~Audio- receiver)shallnot exceed-25dB (-20dB for lW perform-
anoeequipmnt)withreferenceto a detectedoutputvoltageobtainedfrom
the carrier,9@ modulatedwith a 1000Hz tone. TheDesign(bjectiveeh@U
be at leastMI dB Mlti therefemmce level.

k$.~.lo.l.b IntemodulationDistortion.With~ twoequallevel
audioIqputfrequenciesbetween300 Hz and 3000Hz, andwiththe audio
inputadjuetedfor 90$mochilation,tb imtenndilatimdistortionpredwts
at ratedpoweroutput(RF - Transmitter,Awiio- receiver)shallnot exceed
-38@ (s30dB for1- perfonaanceequipment),withreferenceto a detected
outputvoltageobtainedfromthe Carrier$90%modulatedwitha 1000Hz tone.
The DesignObjectiveshallbe at least)40dD balm thereferexm level.

k.5.6.lo.1.5Attenuationw _llCy (AUdiO)e l’he nanind 3 ~
pohts for theradiochanml shallb at 300 Hz W 3000Hz. Far all fre-
_ies ~tw=n 325 Hz -1000 Hz, the attenuationshaU be withinthe
linitsof -1 dB and +2 dB,withrespectto & attenuationat 1000Hz.

‘ For all fraqumciesbetween1000Hz and 2gS0Hz, the attenuationshallbe
withintlw limitsof + 1.5 dB$withrespectto the attenuationat 1000Hz.
It shallbe a lbsign~jective thatthe attenuationbe within+ 1 dB for
allfrequenciesbetween32S Es and 2950Hs,withrespectto ~- attenuation
at 1000Hz.

4.5.6.10.2 mti sidebend.

4.5.6.1o.2.1 Mngle SMeband Missions. TM dSSi@lEktOZIC& @ngle
SidS~ (~) emissionsand bandwidthCh8kYWtSriStiCB~ bS in @OOrd-
anm with Appendix A. The disp~d fMqumcy til be thatof the carrier,
wbther suppressedor not.

4.5.6.10.2.2OperatingWies.

k.5.6.10.2.2.lHighPerformanceEqtipnt. ‘fheequipmetiM accom-
aodateup toanuucbmm of fcxxrnodnal3kH2channels ~ueingmnltiplaxing
techniques.Figurelb showsfom channeloperationthathasequalband-

Widthi3 and is ca@?atible withthe pkSS _ and a@itUde ChSrUCtSri@icS
qnmifiedfor highparfonaance eqxdpwmt.

4S.6.1O.2.2.2 w w onmancellqui~nt. Lowperfamanceequipnext
eMU havethe capabilityof singlechannel,upperoide- operation.The
~~t ~ ~sO havethe capabilityat bothupperandlowersideband
operation.(’Withthe optionof simultaneousoperation.)

4056.10.2.2.3 CarrierLevslControl,=. The carrierlevelcontrol
sMllprovide foraainimn selectionoftb3foUouiqg lemls0fth0re-
insartadoamiar: +ldB$lOdB, 20dB; andmamUUm ~~stim with
referenceto t= outputlevelof a dngle tonsmoddatingthe equipmmtto
ratednoisepower(pn)omtput.
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● 4.5.6.10.22.3.1
ReducedCarrierIavel(A3A,for example).The re-

duc -ier ievelshallbe eitkr 10 or 20 dB (selectable)belowthe
outputlevelof a singletom modulatingthe equipnentto ratednoise
- (m) output.

,’.

0

k.5.6.lo.2.2.3.2SuppressedoarrierW (NJ, for example).The
suppressedcarrierlevelshallbe at leastSO dB (60dB DO) for highper-
fcumsnceequix sad at @ast koa (soa m) for low~~
equipaentbelouthe outputlsml of a singletinemodulatingthe s@-
to ratednoisepower(pm)output.

M.6.M.2.2.3.3 MU @rrier hvel (AX, fw ~). Thefull
carrierlev81shaU be appr~tely plus1 dB abovea singletonemodulat-
ingtheequipmentto rated,ZMXLSSPCWRW(~) ~t~.

k.5.6Jo.2.2*3.4~ c=wtibility. ‘fhIs=wuty Of ths ~~m~
for compatibleAM operationis r~uhed for highperformanceequipment
(optionalfor lowperformanceeqqxnent).

.4.5.6.10.2.2.4IndependentSideband.~ipnent, thathas thecapability
‘ of simultaneousindependentsidebandoperation,shallbe recmiredfor all

highperformanceequipmnt.

4.5.6.10.2.3 Ih BandMstortion.

W.6.ZO.2.3J H@ performancexuipuent. - noisepowerratio
(NPR(SSB))shallbe at least40 dB (b3dB DO)whenthe equipnentis
loadedto ratednoisepower(pm)outputwith the spectiiednoise signal
(s). (seeparagraph9.3),

&L.5.6.10.2.3.2Low PerformanceBquipnent.The noim powerratio(~
(SSB)) shallbe at least30 dB,when the equipmnb is loadedto rated
noisepower(pn)outputwiththe specifiednoiseAgnal(s). (Seepara-
~ph 903)

4.5.6.10.2.k out-of-rend
T

tral B&sims. Whenthe transmitteris
loadedto ratednoisepower(pn outputwithtti specifiednoisesignal(s)
(seeparagraph9.3)In eachaudiockmnel, the powerspectraldensityof
the out-of-bendedssion sMK not aced theleml establishedby straight
linesconnectingthe pointsgiveniR the followingtable:

AttenuationBelau
-~Y ~ Ill-bandPowerDensity

HighPerfamance Equipmt: (SeePigure1S) Standard DO

fm = f’c : (L: B + 500 HZ)

fm=fc~l.OB 45dB #dB

fm”fc:2.5B 6odB 65 dB
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mlx3nw*icm. IMOW
FrequencyM%as%melnent Xn-bandP- Dmsity

where

CeAte.rf’rtqencyOurIn&?cetwaz=yban(hddtihs

mecemary bandwidth

W.6*M.2A.2
Rwp@Mmay)o m

..
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2 dB andfrom350Hz to 530 Hz shall.be 3 dB. The attenuationshallbe at
least30dBfroruo Hz(f)tof -300 Hz. The attenuationduillnot be
lessthan60dBat&OO0 &zaud &her freqwnciesandatfo-300Hz and
lower~encies. SeeFigure18.

4.5.6.10.2.6.3one/TwoChannelFquipnent(IX!@tsl).Themaximum
variationbetween300Hz and 3050Hz shallbe 1.5 dB andfrom3050Hz to
3200HZ skillM 3 dB. ‘lbattenuationshallbe at least20 dB from (f.)
to fo - 415 Hz. Theattenuationshallbeatleast40dBfrcm fo-415Hz
to f. -1500 HZ and at least60 dllbelowf. - ISOOHZ. The attenuation
shallbeatleast 30dBfrom @200Hzto5000Hz a@atleast60 dB above
SoooHz. seeFigure20.

4S.6.1O.2.7 WYS1OW Iklay Distortion.

~.5.6.lo.2.7.1ngh p*o~e ~~t (~tter andReceiver,
Respectively). ‘lb eme30pe delayMstortion characteristicsshallbe in
accordanceui,tithe follwing: (Seeme 17.)

a. ~ envelopedeleydistortionof 500microsecondsfrom300 Hz
to 3020Hz.

b. Maximumenvelopedelaydistortionaf 100microsecondsfor any
100Hz ~U8nCy bxezwnt between300 HZ to 3100Hz.

c. !l%eabsolutidelayis not to exceed8 milliseconds(DO-4 milli-
seconds) overthef’kequsncyrangeof 300 Hz to 3020Hz (relativeto the
carrierfbequency)●

k.5.~.lL2.7.2 LOW womce _nt (Transdtterand Weiwer,
Respectively).The envelopedelagdistortionCharacteritiicsShallbe in
accordancewiththe following:(SeeHgure 18.)

a. The envelopede- distart~with referenceto tk delayat 82SHZ,
shallnot vary more than minus 300ticrcmecondsto plus5(X)microseconds
from 825Hz to 2750Hz.

.
Xaxmum envelope - distortion d 40 microsecondsfor any 100 Hz

freq&cy ilwreslerrtbetween750Hz to 2750Hz.

c. Maxhmm envelopedelq distortionof 250microsecondsfraz 27S0Hz
to 2850Hz.

d. Maxizm emmlqm dew di@ortion& 350microsecondsfrcm600Hz
to 750Hz.

e. ~absolute ddayisnottoexoeed 6milli.seconds(Do.2xlUi-
seconds)uverthefmqvemy rangeof 600HS to 27S0HZ.

4.5.6.10.2.7.3(l#hro OhaxmelEquipBsnt(uital). The euvelope
delaydistortioncharacteristicsshallbe in accordancewiththe follcwi.ng:
(seeFigure20.)
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a. MaXhm
to 3050Hz.

be Maximum
tO 800 ~ZcI

envelopedelaydistortionof s~ microsecondsfrom 800Hz

envelopedelaydistortionof 900microsecondsfrom495 Hz

c. Theabsolutedelayisnot to exceed2.~mil.liseconds(DO- 2milli-
seconds)overthe frequency rangeof

4.5.6.11NecessaryBandwidth.
frequencybandemissionsshallbe as

AmplitudeModulation:

SingleChannelVoice

495 HZ h 3050Hz.

The necessarybandwidths.formedium
follows:

6 kHZ$ maximum

SingleSidebandModulation:

SingleChannel 3 kHz or 6kHz, maximum
TWO Channels 6kHz or 12 kHz~maximum
FourChannels 12 kHz,maximum

4.~.? HighFrequencyBand(3MHz -30 MHz). Thehighfrequency(HI’)
band is utilizedfor point-to-point$and ground-to-ahtacticalmilitary
communications.Unmilitaryequipmentextensionof the frequencycoverage
to 2 MHz is common. Severalmodesof propagationareutilized: The iono-
sphericrefractionmode (singleor multi-hop)is capableof sustaining
serviceof up to 5~000milesin range$butvariesdue to suchnatural
phenomenaas sunspotactivityand auroras.The groundwavemode is usedfor
shortrangecommunicationsup to severalhundredmiles. Oroundequipment
for ground-to-airserviceis fundamentallyidenticalto otherHE’equipment.
tithe military;thepreferredformaf emissicmin thisbandis SSB.

h*~.7~1 High/LowPerformanceEquipment.Ihthe highfrequency(HF)
,.band~channelassignmentsarenominal.3 kHz bandwidths.Highperformance
HF eqyipmentcanbe utilizedin radioloopslink~or trunkcircuitswhere
the characteristicsof the nominal3 kHz channelwillmeetthe communica-
tioncircuitrequirements.Low performanceHF equi~entmaybe employed
in radioloopcircuitsor in thosetactics3radiocommunicationfacilities
whichare self-supportingin the sense thattheyrarelyconnect’intoother
communicationsystems.The lowperformanceequipmentmustbe ableto
operatewithhighperformanceequipnentin a radioloopcircuitor ra~o
,net;althoughthe channelqualityof the communicationcircuitmay be
degraded.AU HF transmitterwhoseratednoisepower(pn)outputexceeds
51.75dh (l~okk@S) (DO-43 dRn (20Watts))9sh~meett heout.of.band
spectralemissionlimitsof the h$ghperformanceequipment.WhereIX com-
@tible operationis reqtiired~HF transmittersshallalsohavea single
tonepower(PC)otitputcapabilityof 6 to 1’dB abovethe outputlevelof
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● a singletonemdulatingthe eq@_ h ra~n~= _ (m) out-
_theratd nois8~rti@sstW 60dRn(l XM)d3ti6Wwk
theratednoisepcuer(m) is greaterthan60 dRn (1 K@.

4S.7.2 R’eq=mcY@verage.

b.~.7.2.lHi@ Pticmmnce Eqgipment.The highptiomanc e equigment
ahallbe capableof-its-ier tunedandalignedow--~
freqUSIICYrangeof 2.0000MHz to 29.9999HHz in stepsof 100Hz at integral
100 Hz fkequency*relwnts*

4.5.7.2.2Low IbrfomaQceI$@meat. Lowperformance
be capableof hav5ngits

e ti~nt AsXl
carriertunsdand alignedoverits operating

frqumcy rangein stepsof 100Hz at integral100Hz frequency incremmts.
StepsoflkHz shallbe optionalin UeuoflOOHzfor-t ic~eWi_X
wheresizeandweightconstra3n“ ts makethe 100 Hz stepsinpracticdl.It
shallbe a DesignObjectiwethatthe low perfomsnce equipzentoperating
rangecoversthe entire2.0000W ti 29*9999~ fXWUSW U*

4.5.7.3.1Wquency CalibrationResoMtiom me f-=Y q~
control& a transmitter and receiver skll pemit eitherequlpumt to be
periodi~ oakib=tedor alig~d within1 p=t in :@=&m~h&XW~-
anceequieandspartsti 10 forl.uwpmfomanc
designatedfreqyency.

4.5.7.3.2Frem=cY stabmty.

4.5.7.3.2.1 HighPerfcmmce wpuent. ‘fhefrequ~ ~=g,at
thehi$hperfomsnce equi~ t, withrespectto th

II Fshallbewi.thinlpartin10 perdsy,9partsin10 duringthef&st30
ation. The SkaMlityShallnot be degradedby mozwthan--yk

4 -s h 1 per e=h 30 dsYperiodthe~~

k~.7.3.2.:WI Perfmzancs%@==’h ‘NM frequencystabili~of tb
lawpertcamanc t, withrespectto

r P
initialfrequency,shallbe

Withinsparts inlo perd4y, lpart inlo dllring*fmst 30--
-titiOn. ThC$stab~ty SW not be degradedby n- than2 PSZ%Sin
10?per each30 C@ periodthereafta?.It shallbe a DesignObjectivetmt
thefrqmncy staUitysh&Kbe 5.5 partsin107duringt@f~~30q
afterCaMhraticn,andthatthe 8tabilityahsllnot be degradedby more
than4 partsin 108 per each30 day periodthsrea?kr.

4.$.7.3.2.3 - Jitter. The p- ~f~e a~qed OV= sxw*O
successive10 dllieeccmdperiods(13.33XKUMsecondperiodsanayalsobe
used)shallnot exceedS -S (DO- 2.5de@ees) whenmasured between
thelzlgnulinputalxioutputteminlm of a txwuwltteror a receiver.
MWmWWte shallbeperfcmed for atleast MOsaR@et llueperiode.

4*5.7.& Xlec~C Compatibilityk@XWMSl ts.
shallmeettheelec~tic ccz@Xbillty requirawnts
1.6.

The equipwnt
of paragraph4.5.
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W07.8 JmfmoOu’tm%%signalPowem04wage BMeb%wi).The %eSt tone
output of %Ibaxwxd.war @kd.2, be @justed to amfozm tc the tramIKLssicn
Zmm21 M the equipmentm the trananiwdam t’aci2ity to which the mceimr
Ouxtpnti Ml to be m!medad. Uthestmdard test tcmeo%-10cUh (as
‘i?pAm.edin pwa* 4.5.7.7) hasbeen inswted Uat#o fhe audio fhaxma
& the traltlwatter at 0 @ taansdssim levelpoint$ the fo210wiRg ex-
atipM$3are gimnfor Wx%”Wt El?sasmemedx of test toneat the xwceitrar
audiodmmmel a%pu%i’amdiff’erearb twmsmissiora levelsg

TwarMmissicfnLm%31.
a% AudioWawAL ‘%&s%Tons
mtpat d RmeiV@P Measured

(*) (-)

.
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● M.7.1O Sin@.e SidebandE2nissions.The designationof s@le side-
bandemissionsandbadwidth c~acteristicsshallbe in accordamewith
4~?~A.m~t@@@d fiqw s~ be thataf the aarrier,whether

&.~.7.10.lThe classificationof @pical auissionsis tabulatedas
follows:

~ of Modulatioxl

AmplitudeModulatial

AmpUtude Modulation

Aluplitude Modulation

Amplitude Mxhaatim

AmgUtiudeModulation

Aiupki.tudsModulation

Amplitude Modulation

AmplitudeM9duUltixxl

Typeof Transmission

Singlechaxmelmice
iYequencytelegrap~

singlecMIlx@l
telephony

Multichannel
telephony

singlechannel
telephony

Singlechannel
telep~

Facsimile

Multichannelvoice-
ikquewy telegrap~

Canbinationat tele-

%R%%$acll symbol

SSnglesideband,*J
~s-d carrier

SinglesicMmnd, 3A3A
reducedcarrier

~’oz- -B

singlesideband,3A3J
~sa CSrTier

Singlesidebsnd,343H
fullCamier

- aidebsnd,+?Al@
reducedcarrier

~ti sideband,3A7A
XWiuced carrier

Two independent 4wA9B
sidebsn&

s detemimd ~ ccmmuuication_ m@remmts.

w W usingtitimexing techniques,the availabbbsnchddth(upto a
max&m of-12IcHz-)canZcc!llmodite
F’igure4*)

4.5.7.10.2 opera- Modes.

4.5.7.1O.2.1Uh perfo~

imltiple IKaEbal3 kHz channels.(see

J@uipmnh Highperformanceequipmnt
s@ll havethecapab~ityof singlechannel,uppersidebsndoperation.The
equipnentmay alsoaccomtnodateup to a maximm d fournaninal.3 klizchannels
@ usingmultiplexingtechniques.Figure4 showsfourchanneloperationthat
hasequalbandwidthsand Is ccm %Iblewiththe phasedelqrand amplitude

rdaracterieticsspecifiedfw h gh perfoxmanceequipnent.

4.5.7.10.2.2Lou PerformanceE@pnent. Lowperformanceequ@aent
sluUlhavethe capability of single channel, uppersidebandoperation*The
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J4.5.7’JO.2.3.3FWLlCarrierLevel[AX& f= eumuple). The fullcar-
rierI#WLl?$W b appmxilllatelyplus3!m abovea singletoneXW’dulating
the @q@pent to ratednoisepower’(pn]‘oW@’t.

!E%tednoisepaw’er

Paragraph9.30

M.7’JO.302
MB)) Siilaube at
paxer(pn)output

h PerformanceEquipment. The noisepower ratio (MPR
bad 30 dB$when the equipmentis loaded*O ratednoise
tith tha specifiednoiseSignal(a).(seeparagraph9.3.)

.
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R’equency of Measurement

HighPerformanceEqu@mnt: (SeeFigure15)

.fm= f’c:(10:B+5m m)

. fm=fc+l.OB..,,

fm = f= + 2.5 B

,. ,,

fc + 4.0 B <fm <l.@ f=
or’

0.95fc > f~> fc -4.0 B

Low PerformanceE@@ment: (SeePigure16)

fm+fc+( l.0B+500H z)”.—
2

fm=fc~l.o B

fm = f= + 2.5 B

●~,.
,,

/. fc + 4.0 B <fm <1.05 rc
or

0.95fc > f> f= -4.0 B

mL&’D-188c

AttenuationBeluwIn-Band

whare

fm = _nCy of measurement

f= = COntisfrequencyof necessargbendwidth

B = necessaryb8ndwidth

Power-spectralD4nsity

Do

43dB

80 dB

Xlcm

35 dB

50 dB

6odB

L5.7.1O.5 DiscreteFrequency$puriousMissions. Whenthetransmitter
is loadedwith a single tone in eachaudiochmnel to ratednoisepower, ,
(P) ~t~t, * ti-~ and OUt-Of-M (t + % f.) discrete~~y
supriousemissionsshallbe at least80 dB krow thereferencesingletom
outputfor highperformancee ~Pnt~ ~ at leati60 dB belowthe refer-
encesingletoneoutputfor low performanceequipment.WY3!E:MGSTD-l@
specifiestheout-of-bendemissionsforbandwidthsgreaterthanf. ~ 5%.

4.5.7.1o.6 Awplitude- ~y wspmse (Audio)*
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ac&rdanmini.th?M ffdkwim!g8

a. Wximm WT!mbpe U%31qy
‘tml3020m.

T!3CIMardmm eImiL.Opedid.qy’
m fmqiaemy’mCmmemb bdWWMl

(-* -1’7 )

&MortA.ond.?530 Idxz’osetmnds f2rw@,300 m

didt@rM.olc5Jd m) d.cTJ0mxmKu3 Jt%m?any’Jmo
~~ m to Smo ~.

& me @mml.opi3(kn.@yd!.ist63r%bnWMidIimmFEKW@ %0 W9 dlda$y’at 825 Rzi9
i3tlaulnmtWarymmm maxll* 300miOrWWxmdlsh pm$ 500n&?x’aiFJ&xmKi@
ft?rm825Hz %0 2%”!43m.

R% Iwm?mlmml’w’dbpsCkJlaly&st’orti.emoffR@ mkxw?43cx9m&3ftxf’&q$’Ulf3 H5
&@qlwmJw maw=ant IMm@@n 750w to 2750M.

*

co MWKimimm’WaCp43dd.ag?=dlidmt=ikam6X?250miatW3etxmdsI&6m2’750mki
lb 2850Mo
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● ✎
d. Msxhmsnenvelopedelaydistortionof 350microsecondsfrom600E@

to 750 Hz.

e. The absolutedelayis notto exceed6 milliseconds(DO- 2 wWM-
seconds) overthe frequencyrangeof 600 Hz to 2750Hz.

4.S.7.M3.7.3W/Two Channel4uiment (DigiW ). The envelopedelay
distortioncharacteristicsshallbe in accordancewiththefolMuing: (We
IHgure20).

a. Wxinlum
to 3050Hz.

b. Msximum
to 800HZ.

envekpe _ distortionof 500microsecondsfrwa 800HZ

envelopedelaydistortionof 900microsecoxmisfrazW5 Hz

c. The absolute_ is notto exceed2.5dlliseconis(DO.2 mdRliO
seconds) uverthefrequencyrangeof 495 Hz to 3050Hz.

k.~.?.h l’Jeces=ryBandwidth.The necessarybandwidthsfor high$&Is-
qlencybaldmissions shallbe as follows:

SingleSidebandModulation

Single channel
Two channels

3-or6MM-
6kHzor12~z madmum

Four channels 12kHzmx5munl

4.5.8 VW -h ~ Rand(30MHz - 300MHz). TheveryMghfz=ak
quency(VHF)bandis usedby bothmilitaryandnonmili~ services.A
portionof thisbandis allocatedto commercialFM azdTV broadcasting.
Howevar,certainsegmentsof thisbandareusedin militarycomzunioation
-. ~~ a ~tary tacticalcomnunicationewbwpoint,this?xmdis
~~ SRXPl@ for w--ground, ground-aerospaceand limitedextended
rangebeyondline-of-sightapplications.Theradioequipuent,through
multiplexingtechniques,canprovidemultichannelcapability.

It is CaulloXlfor ~tra ~@ _llCy (~) ~tsry squi~entto @XO
tendthe UHFfrequencycoverageto 225MHz,resultingin a UHFmilitary
Calzmlnicationband of 225MHz to 4mMHZ,Thiscoverageis discussed
furtherin thsultrahighfrequencybandsection.

4.5.8.x High/Low Fbrfomance@uiqt. HighperformanceVHF equip.-
canbe utilizedin radio loops or radionets,wlmrethecharacteristicsof’
the equipuexxtmeetthe commum“cation circuitreq “UUwzlents.Xauperfcm’manm
VHF equi~t my be emplqmd in thosetacticalradiocamunications
facilitieswhichare self-supporting;in the sensethattlmyrarelyinter-
connectwith othercommunicationqptems. The lowperformanceequipment
howevar,zniStbe ablsto 0P8ZW’ withhighPtiomanc e qtipzumtW- -d
in a radioloopcircuitor radiont; althoughtb channelqualityof %bs
communicationcircuit~ be degraded.

1.41
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b.5.8.2 FrequencyCoverage.Theequipmentshallbe capableof ha-
itscarriertunedand alignedoveritsfrequencyrangein stepswhichallow
operationiu conformancewiththe channelingplanspromulgatedor approved o
by theMC’EB.Receiverselectivityshallbe suchas to allowsinglechannel
equipmentsto operatewithina singlechannelas outlinedin t@esechanneling
planse

4.5.9.3 Frequenw Tolerance.

4.5,8~3.lFrequencyCalibrationResolution.Thefrequencyadjuslanent
controlof a transmitterandreceivershall.permiteitherequipnentto be
periodicallycal.ibratedor alignedbetweenthe following:

a. HighPerformanceEquipment

b. Lm

AM(30-76 MHZ) 5partsin16
AM (76-300MHz) 1 partin 10?
FM 5 partsin 106
SSB lpart in log

PerformanceEquipment

AM (30-76MHz) 5 partsh 1(/6
AM (76-300MH%) lpsrt inlo
FM 5 partsh 106
SSB 5 partsin 108

b.5.8.3.2Wwuenw stability.

4.5.8.3.2.1 HighPerformanceE@@nent. Thefrequencystabilityat
o

the highperformanceequi~ent$withrespectto the initislfrequency$shall.
be withinthe following:

Reqtiement Afio-’76)FM(%76) AM(7500) FM(I%174) SSB
,,.

per 5 psxts 2 psrts 1 part
&

5 ‘&rts 1 part
day til in 16 h 106 in 106‘ in 108

first 5*5 parts 2 parts 2 pargs 5 parts
30 dqys ird id in 10 in 106

5 pqs

in 10

each30 5 parts 2 parts 1 part 5 parts 4 parts
dqys
thereafter

in 106 in I& in 106 in 106 in 108

FormobileFM equi~entsw“th a power’outputof lessthsn3 Watts~a
stabflityof 5 partsin 1d
h.5.9.l.3,1.2.

is allowedexceptas providedin para
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4.5.8.3.2.2 Low PerformanceEquipment.Thefrequencystabfiityof
the low performanceequipment,withres~ct to the initial.frequency,shall
be withinthe following:

Re&rement AM(&76 ) FM(%76 ) AM(7~y03 FM(1%74 ) SSB

per 5 F=ts 2 parts 1 part 5 paxts 5 parts
day inl& inld inl$ in 106 in 106

first 5s parts 2 parts 1.5parts .5pal?ts
30 days inl & inl d inl 0$ in 106

1 part
in 106

each30 5 parts 2 parts 1 part 5 parts 2 parts
days
thereafter in 106 inl & in 106 in 106 in 107

FormobileFM equipmentsw“tha poweroutputof lessthan3 Watts,a
stabilityof 5 partsin 1&
~.5.9.l.3ol.2.

is allowedexceptas providedin para
For SSBthe Design bjectiveshallbe S.S psrtsin 107 for

8theftrst30 daysand 4 partsti 10 for each30 day periodthereafter.

4.5.8.4 ElectromagneticCompatibilityRequirements.The equipmentshall.
~,.2. meetthe electromagneticctipatibilityrequtiementsof paragraph4.5.1.6.~“.,

4.5.8.5 Microphone/HeadsetCircuit. Theinput/outputcharacteristics.
of themicrophoneand headsetcircuits,whenrequired,shallbe in accordance
withthe requirementsof paragraphs4.5.l.4.handb.~.l.l.~.

4.5.8.6 Audiohput/OutputIinpedances(MessageBaseband).The audioin-
put and outputimpedancesof the VHF equipmentshallbe nominally600 Ohms,
bslancedtoground,withaminimnm.returnloss of 26 dB againsta 600 Ohm
resistanceoverthefrequencyrangeof 300 to 3500Hz. The electrical.bshnce
shallbe sufficientto suppresslongitudinalcurrentsat least40 dB below
therefere~e signallevel. WhenmultiplexedVHF equipmentis used,the input/
outputimpedancesshallbe canpatiblewith themultiplexedequipnent.The
characteristicsof themultiplexedequipnentshsll.be.& accordancewith.the
requirementsof paragraph4.~.9.2.S.

b.5.f3.7Audioil’iputSignalPower(MessageEaseband). The testtone
inputto eachaudiochannelshallbe -10dRn. Thecompositeaudioinput
of speechto eachaudiochannelshallhavea meanpowerof -10@m, obtained
frm a distributionwitha meanvolumeof -10vu witha standarddeviation
of 5 vu. The multitonepower,frommultichannelcarriertelegraph,fed to
eachaudiochannelshallbe -10dh. The audioinputof eachtone shallbe
equalto -10dBn - 10 log t, where’t is the numberof tones. The,characteris-
ticsof themultiplexedequipmentwhenused shallbe in accordancewith the
requirementsof paragraph4.5’.9.2.5.

4.5.8.8 AudioOutputS@nal Power(Message
pragraph4.5.7.8.

U3

Baseband).Referto
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:0

b. AudioInputSignalLevels- 0 dfi.

c. AudioOutputImpedance600 Ohms.

d. AudioOutputSignalLevelO dlin.

AttenuationversusFrequency(Audio) (Inputand Output).Nominal
3 dB&nts for theradiochannelshallbe at 3~ Hz and 23
erenceto attenuationat 19.2kHz,the attenuationshallbe
greaterat 32 kHz and at least30 dB greaterat 37 kHz.

kHz. Withref-
at least20 dB

,!L.~.8.10.2Frequencyor PhaseModulation.

.4.5.8.10.2.1 NoiseLevel. The detectedoutputvoltageobiai:wd.froman
unmodulatedcarriershallbe at least40 dB (DOSO d!d)belcmthe d.etectcd
outputvoltageobtainedfromthe carrierfullymodulatedat 1000Hz with
rateddeviation.

4.5.@.10.2.2&viation. Whena zerodBm audiosignal,between300Hz
and 3500Hz, is appliedto the audioinputcircuit,the RF carriershallbe
frequencymodulatedto therateddeviation.For singlechannelanalogvoice
equipments,thecapabilityto operate.witha frequencydeviationnot to exceed
+5 kHz mustbe provided.

4.S.8.1O.2.3H=nonic Distortion.Withany audioinputfrequency,be-
tween30@ Hz and3500Hz, andwiththe audioinputleveladjustedfor ratecl
deviation,the totalharmonicdistortionat ratedoutput(RF-Transmitter,Audio-
Receiver)shallnot exceed-30dB (-20dB forlow performanceequipment)with
referenceto the outputlevelof the inputaudiotone. TheDesignObjective
shallbe at least40 dB belowthereferencelevel.

4.5.8.1o.2.4IntermodulationDistortion.With anytwo equallevelaudio
inputfrequenciesbetween300 Hz and 3500Hz,andwith the audioinputad-
justedforrateddeviation,the intermodulationproductsat ratedpoweroutput
(RF-Transmitter,Audio-Receiver)shallnot exceed-38dB (-30d.Bforlow per-
formanceequipment)withreferenceto the outputlevelof eitherinputaudio
tone. The IksignObjeciiveshallbe at leastLO dB belowthe refereme level.

4.5.8.10.2.5Attenuationvs Frequency(Audio).Thenmifial3 d~points
for theradiochannelshallbe at 300 Hz and 35C0Hz. For allfrequenciesbe-
tween325 Hz and1000Hz, the attenuationshallbe withinthe limitsof -1 dB
and +2 dB,withrespectto theattenuationat 1000Hz. For allfrequenciesbe-
tween1000Hz and 3450Hz, the attenuationshallbe withinthelimitsof +1.5
dB,withrespectto the attenuationat 1000Hz. It shallbe a DesignObj=ctive
thatthe attenuationbe within:1 dBfor allfrequenciesbetween325 Hz and
3450HZ withrespectto the attenuationat1000 Hz. The transmitterShallbe
providedwithan audiolowpass filterinstalledbetweenthemodulatorlimiter
and themodulatorstageto insurethatat frequenciesabove12.5kHz,the at-
tenuationshallbe at least25 dB greaterthanthe attenuationat 1 kHz.

4.5.8.10.2.5.1 Pre-emphasisan~ De-emphasis.Theuse of pre-eniphasis
and de-emphasiscircuitryis an optionalrequirement.

4.5.8.1o.2.6Widebandllode(ConditionedBaseband).Theradioequipment
shallhavean auxiliarywidebandmodewiththefolJmwingcharacteristics:

W
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a. DigitalInputMpeCknCe?’2 k Ohis(Do-50 Kohs).

be D@.td Ikqsutsigma Levels: PMS ad * 6 Vd.ts.

c. DigitaloutputhqwMmce ‘i 200 ohms [Do“ 50 ohms).

radio damel tmau be at m HZ-and YL3
Wm ad moo ‘HZ9the fawnaaticmShau
20 a at 2% Id@ 30 dB a% 23 klwo

&5.80m03 SingleSideband.

km withrefemzacelx)the attemaa-
13eW3s thm 10 CilBat u m;

4.5.$.10.30201mghR& ormanceEqu@mx& Theequipmentq accan-
Mi@3dateUp to a Ma2KiMmd? ffm nmia&L 3 m dlannelsby usingmultiplexing
*hI@Wo I!WgW”eu showsfourchanneloperationthathas equalbaad-
widtkw of ~00 Hz %0 30Q0W and is cqtible withthe phasedelay@
awlplitudecharacteristicsBpEWifiedfor highperforWuWeequip?!lente .

L!*5.8SA0.3J2.2Low WrmmnaWe Eq@,pmedhlM perfmmance equqment ●
SRkauMm the ‘qaabil.i’qyof tm@?J d’kama$ uppersidebanda)perationeThs
EK@JMW$ may alsohavethe capabilityd bothq)perandkwer sideband
operationbutnot titanswlm operation.
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levelshallbe approximatelyplus1 dB abovea singletom modulat-
equipmentto ratednoisepower(pn) output.

for
4.5.8.10.3.2.3.4M Capatibility.The capabilityof tb equi~nt
ccaqxkibleAM operationis an optionalreq~nt.

4.5.8.1o.3.2.4IMependentSide=. We, t~t ~S the cap-
abilityof simultaneousindependentsidebandoperation,shsllmeet there-
uiremnts of highperformanceequiment.q

U.8.1O.3.3 In BandDistortion.

4.S.8.1O.3.3.1HighPerfomsnceEquipnent.Thenoisepouarratio(NPR
(SSB))shall.be at least3S dB (~ dB DO)whenthe equipmnt is loadedto
ratednoisepower(pn) outputwiththe specifiednoisesignal(s).(See
p=~qh 9*3)

4.!L8.1O.3.3.2xaw Performnce Equipent. The noisepowerratio(HPR
(SSB)) shallbe at least30 dB,whenthe equi-t is loadedto ratednoise
power (pn) outputwiththe specifiednoisesignal(s).(Seeparagraph9.3)

4.5.8.1o.3.4out-of-~ @ectr~ WSsims. wan thetransmitteris
loadedto ratednoisepower(pn) outputwiththe specifiednoisesigml(s),
(W paragraph9.3)in eachaudiochannel,thepowerspectraldensityof
the out-of-bandmission shall.not exceedthe levelestablishedby straight
linesconnectingthe pointsgivenin the followingtable:

Rwquency of Measureiuent

High‘Performance$qu@uent: (~ Figure15)

fm=fcJ(l.:B+500~)

fm =.fc+ 1.0 B

fm=fc~2.SB

fc + h.O B < fm< 1.05fc
or

0.95fc > fn> f. - 4.0 B

Lou l%rforma=e lB@pment: (SeeFigure16)

fm+fc~(loOB+ @~)
T

fn=fc+l.OB

AttenuationBelowTn-Band
PowerSpectralDensity

ko dB

4$idB

60 m

70 dB

30 dB

35 m

Do

u dB

l@dB

65 cm

80 dB

30 dB

35 a

47
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Law Fw’f!’ormaxm

fc + 2.5fm” _

frequency’d maswement

Cent@?frequencyof necessarybandwidth

XE@ess’aryMminLdth

standard Do

45 dB 50 a

5odB 4odB

J.$05.8.10.5Amplifmde- m’equenqy Response(Audio).

4.5.8.10.5.1HighPm=fCnmWICeE@lipnent@mmSml“tter andlkceiver~
ReqlectiYe&y).TheWudJmanVariationhtween 250Hz ad 3100Hz @lallbe
1 dBO The sWmwaticm SW be not leasthan40 dB at 50 Hz and 32!$0Hz.
TM attamationshallbe not 3sssthan60 dB at 3550Hz and hi@er fre-
quenciesand at f’.- 250Hz ad Umr freqwmcies. SeeFigure17.

h.~.~.lo.~d Omho ChannelEcpaQment (Digital).Themaxhum varia-
tionbetween~00 Hz and 360 ~Z shdll be le~ dB ad from 3050Hz tO 3200Hz
shallM 3 m. Tk a%*tion shallbe at least20 dB from (f.) to f. -

Mduromt~”41mztof’””
Hz. The attenuationshallL at
3east60 m above5ooo~. see

ll@
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I%@-t (Tranemittirand Receiver,
distortioncharacteristicsSW be in●

4.~.8.10.6.lHigh Performance
Respectively).The envelopedelay
accordancewiththe following:(seeFigure17)

a. Msximumenvelopedelay
to 3020Hz.

b. Mazimumenvelopedelay
Hz frequencyincrementbetween

distortionof 500microsecondsfrom300 Hz

distortionof 100microsecondsfor am 100
300Hz to 31CXIHz.

c. Theabsolutedelayis not to exceed8 milliseconds(DO-
seconds) overthefYequencyrangeof 300Hz to 3020Hz (relative
carrierfrequency).

4~.
to the

k.5.8.10.6.2Low Performance~pment (Transmitterand Heceiver,Re-
spectively). Tk emelope delaydistortioncharacteristicsshallbe in
accordancewiththe follwing: (SeeE3gure18)

a. The envelopedelsydistortionwithreferemeto the delayat 825Hz
Shdlnot vary motithanktlw

from 825 Hz to 2750Hz.

Hz

to

to

b. lhxiznmenvelop dew
frequencyincramentbetween

c. Wrinum envelopedelay
2850HZ.

. l@xhUllenvelopedelay
7:0 Hz.

300microsecondsto plus500microseconds

distortionof 150microsecondsfor q 100
750 HZ to 27S0Hz.

distortionof 250microsecondsfrom2750Hz

distortionof 350microsecondsfrom600 HZ

e. The absolutedelaYis not to exceed6 milliseconds(DO. 2 milli-
seconds) overthefreq- rangeof 600Hz to 2750Hz. -

~.s.8.10.6.3-One/Two~1 Equimeat (uital), The envelopedelay
distortioncharacteristicsshaU be in accordancewith thefollcwing:(See
- 20)

a. Maximumenvelopedelq distortionof SOOmicrosecondsfroIz800HZ
to 3050Hz.

b. Mw5imm envelopedelw distortionof 900microsecondsfraz495 Hz
to 800Hz.

c. The absolutedelayi.snot to exceed2.5milliseconds(DO-2dlli-
seconds) overthe frequencyrangeof 495 Hz to 3050Hz.

4.5.8.sL HecessaryBandwidth.TIM necessarybandwidthsfor veryhigh
frequencybandemissionsshallbe as follows:

8 kHz,mxinnzn

lb9
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8 km$ W.ximm

AmplitudeModulation

SingleChannel

FrequencyModulation

SingleC&lUM?l(analogvoice) UptohokHz (n-3y161iz)
XJJle-of-sightand RadioRelaySer%ice Dspenclentuponnumberof Emllti-

@aced h w Chnnels and
deviationindex.

$ingleSideban$IEodd.atim

Siagh3 channel 3kHsar6Mz~mwinnna
Two channels 6 MS or 12 m%$ wurdnwn
FburOhamels a2kHz EW@Uun

W.9 ~tra HighRRXUenCYBand(300MHz -3000 MHz). me d$ra high
frsqwnoy (UHF)bandis exbsively mployed for &acticalcamunications
servicein suchgeneraluse as Ihe-af--sightradiorelay9 troposphericscatter$
ground-aerospaceand fortaotfcalsatelliteccmmnlnications.

It i$ commonforniili~ communicationequipmentto covermrtain 13eg-
mentsof thisband. Qnssegmentis 3m MHz - 4CQm (this fqgIIc3nt.is
extendedintothe VHFfrequencybandto include225MHz to 300MHz$re-
sultiJ’lgina UHFmiE&u?yc ommunicationbandof 225MHz - 400m). me
225W % LOOM&Lbmdis mnmmtlyusedfar singlecharneltactical
applicationsand in tactic~ radiorelayformultichannelapplications.
Othersegmentsof the UHFfrequemy bandare currentlyusedforsmiLti-

0

chsnneltacticalapplicati~. xt LS s3J30COINOW~7fOZUtiwhww33 m
equipnentto be instaUed

1?
th a WLpergroupdtiplexer$11eventhoughin-

it@y ody OIW ~@’~ ~ i@WKE@ is requixed.~hiS d$wign .d.bwa for
-ion d the radiorelaysystem.

U09.1 225m -400 UHFBquipllent.

L5.9.1.I High/LowPerfCUIWNW mtiwnto - ~fb~e m -p.
nlexltCanbe utilizedillrdiO ~OOpS9kidW9 Or _ CirmJitSw H@to )D?3%S$
wherethe characteristicsof’the equigmentmet the communicationcircuit
~UiXWIEEhSe bW pSrf~C~ UHF eqUi@l@Jltw M ~l@O@ h ~diO 100~
drouits or in thosetacticalradioCom?mmicati.a!lsf’aoiliti,eswhichare
self-supporting;ti W sensetbt theyrarelytiterconnedwith other
conmmmicationsystems.me low pex$oxmaxwe eqaipment~kwever$ ImWtkm
ablsto operatewithhighperfox’manoez~ent whenusedin a X’SdiOb-
cticui%or radionet;althugh the channelquali~ of’tie oomkmanicationmay
be de@?aded.

4*5.9.1.2FrequencyCO-~e.

SingleChannel.The singlechannel225I&z - @O MHz m
be.capableof havingitsca?riertunedand alignedown?

150
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the entin frequeacyrsngeof 225.00MHz to 399.95MHz in stepsof 50 kHz

● at integral50 kHzfrequencyincrements(DO25 kHz at integral25 kHz fre-
quencyincrements)0

4.5.9.1.2.2 Phltichannel.The multichannel
equipmentshallbe capableof havingitscarrier
the entirefrequencyrangeof 225.0to 39905~
integrsl500 kHz frequencyincrements.

225MRz -400 MHz UHF
tunedand aligned0=
in stepsof 500 IcHzat

4.5.9.103FrequencyTolerance.

4.5.9.1.3.1.1FrequencyCalibrationResolution.The frequencyadjust-
mentcontrolof a tranazitterandreceivershALlpermiteitherequipment
to be periodicallycalibratedor al

P
d within1 partin 107 for highper-

formanceequipmentand 1 partin 10 for lowperformanceequipmentof any
designatedfrequency.

4.5.9.1.3.1.2FrequencyStability.

4.5.9.L3.L~Ol fig~~o=ce qfi~fio The freque~y stab~ity
of the highperformanceequi ent,withrespectto t

T !?
initialfrequency,

shsllbe within1 partin 10 per day$2 XS in 10 duringthe first30
c@s afterc ibration.

e
Th stabilityshsllnot be degradedby morethan

1 part~ 10 per each 30 dayperiodthereafter.

● b.5~9.l.3.l.2.2LOWPerformanceEQuiwent. Thefrequmy Stabfiity
of the lowperformsnceequi ent,withrespectto tlm

3
“tialfrequency,

Shallbewithinlpartinl Pperd~~ 1.5 partsin 1
30 daysaftercalibration.

duringtb first
The stabilityshallnot be degradedby more

than lpa%in

4*5.9.L4
shallmeetthe
4.5.1.6.

10b per each30

Electromagnetic
electromagnetic

~ periodthereafter.

CompatibilityRequirements.The equipment
compatibilityrequirementsof paragraph

Microphone/HeadsetCircuit.The input/outputcharacteris-4.5.9.1.5
ticsof themicropho-&and headsetcircuitsshaU,-wlmnrequired,be in
accordancewiththerequirementsof paragraphs4.5.1.4.4and 4.5.1.4.5.

4.5.9eM Autio~t/out@ Impedance(MessageBaseband).

4.5.9.1.6.1 ShgleChmml. Theaudio/outputimpedancesof the UHF
equipmentshallbe nominally 600 @ns, balancedto ground,witha minimum
returnlossof 26 dB againsta 600 &m resistanceoverthe frequencyrange
cf 300 to 3500Hz. The electricalbalanceshall.be sufficientto suppress
longitudinalcurrentsat least40 dllbelowtlmreferencesignallevel.

the multiplexed
of paragraph

i$L
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adWsted for 90%modulation,the intermodulation
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distortionproductsat

● ra~d poweroutput(RF-Tran&mitter,Audio-Receiver) ahs31net exceed-38dB
(-30W for low performanceequipmmt)withreferenceto a detectedOutput
voltageobtdned fromthecarrier$90$modulatidWith a 1000HZ tim ● ~
DesignObjectiveshallbe at least40 dB bslcuthereferencelevel.

k.5.9.l.10.l.5Attenuationvs Frequency (Audio). Thencmimal3dB
pointsfor the radiochannelshallbe at 3@ Hz and 35~ Hz. Forell fre-
quenciesbetween325 Hz and1000Hz, the attenuationshallbe withinthe
limitsat’-1 dB and +2 dB,withrespectto the attenuationat 1000Hz.
For allfrequenciesbetween1000Hz snd U50 Hz, theattenuationshallbe
witlxtnthelimitsaf +1.$dB,withrespectto the attenuationat 1000Hz.
It shallbe a Design6bjectivethattheattenuationbe within:1 dB for
all.frequenciesbetween325 Hz and NSO Hz withrespectto the attenuation
at 1000Hz.

4.5.9.1.1o.1.6~ids= w (Diphase). The r~ eq~m~t -l
havean auxiliarywidebandmodewith thzfoXkwing characteristics:

a. Audio

b. AUdiO

c ● Audio

d. Audio

Input SignalLevels-0 CWZ.

Output Impedance-600 Ohms.

ckltput signalIevel-0 (ml.

e e. Attenuationvs Wequency (Audio)(llqnztand (M@ut). Nominal3 dB
‘ pointsfor theradiochannelsluillbe at 300 Hz and 23 kHz,withreference

to attenuationat 19.2kHz,theattenuationshallbe at least-20dB at
32 kliz and at least-30dB at 37 kllz.

4.5.9.1.10.2~~y %dmti.on-

4.5.9.1.10.2.1~- ~USnCY ~tion (225NHZ - kM NHZ).

4S.9A1O.2.1.1 FSK
be 1.0.

k.~.9.lJO.2.le2FSK
shallbe@sorminus20

k.~.9.1010.2.l.3FSK
& the radioset (backto
theFSKmodulationrange.

b.~.90Llo.2.Ub FSK

ModulationIndex. The

ModulationMviation.
ldkz.

ResponssVs Frequency.
back)shallbepluscr

modulationindexAaU

W modulatimdeviation

The _nCy XWSpOnSO

minus3dB(DOldB) over

FrequencyAccuracy.The FSK frequencyaccuracy,
for the fixedmoduJatiantition, shallbe wikhinplusorminus1 kHz.

4.5.9.1.10.2.1.5Signalingrote. The equipnentshallhavethe cap-
abilityof signaUngrateof 5 k bitsper secomi.

153
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b.~.9,2 B%ilti.chanmlUIIF(300MM -3000 MRz).

U09J+J ?iRwwwy Covwwbge.me W@plN?nt shallw capableOf hav-
ing itscarriertunedand alignedovm itsentirefrequencyrangein steps
ot 100 kllzat integral100 IcHzfbequenoyincrements(XTALcontrolledequip-
ment) and500kHz stepsat integral!500IcHzfrequencyincremnta (synthe-
sizercontrolled).

k05Q9.2~2 F2wquencyTolerance.

4e5*9.2~2.1 FrequencyCalibrationResolution.Thefrequencyadjust-
wat contiolof a trananitterand receivershallpemit eit r equipnent

%to be periodicallycalibratedor aMgned within1 partin 10 & any
designated f%’eqxmcy.

b.~.9.2.2.2~qUU$y
equipment9withrespect%0
in lo~ perC&$5pm%sh
The stabilityshallnotbe
@y peri@ thertiter.

Stability, The frsquemqr@ability & the
the imiti.alfxwquency$shsllbe within1 part
10~ duringthef!krst30 daysaftercalibration.
degradedby mre than1 partin 10~ per each30

J.4.5*9.2.3
shallmeetthe
M.I.6.

&5.9.2,4

ElectromagneticCompatibilityRequimmetis. The equipment
electromagneticcompatibilityrequirementsof para&a~h

Slq3exwisorymaxmao

h.509.2.sU AudioInput/OutputImpedance.‘Themultichannelradio
equipments&U hwe$ in additionto themessagebasebandcircuitry$a
supervisorychannelwhoseaudioinput/outputimpedancesshallbe nominaUy
600 Qhms3balancedtQ gmund$ witha minimummtum lossd 20 @ABagsimt
.a6(I3* resistanceoverthefrequencyraageof 300 to 3W0 HZ.

h~~.9.2,4.2 AudioInputSLgnaALeve?+s.The test tone input lewd to
the supawiwwy channd shall * O dlh The ccnqmstteaudioinputlewd
of’speechm nmltitonepmer fed %0 %he supervisorychannelshall,‘be-10
*. The audioinputlevelof’mch toneshallbe equalto -10@m .10 log
t$ Wh?e t is the Ja’mberof tones.

k5.9e2.k3 AI=O OutputsigniidLswels. The testtoneoutput& the
mpemiiwmy charred,SW Ibd3O cU3m0The coqpoaiteaudiooutputRevelof
speechor m?ilttton$prom?Sw b “IOmm.

$.

.

ho5~9~2.5,1.1 ~ N%XhiLatorlhput/DemodulatorOutputxdances. The
llwwagebasebandinput/Qw@Utimpedancesshallbe ’75Ohms$UnbaLmced$with
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a minimumreturnlossof 20 dB (DO26 dB) overthe

o
shallalsobe a DesignUbjectivethat130 Ohmsand

..,. providedas strappingoptions.

MIL-STIM88C

frequencyrange. It
150 Ohs, balanced,be

40~.p.?.~.l.2FM ModulatorInputIk=ls. The per channel teSt tone
levelat the inputto the Fl$modulatorshallbe -L5dRn (-k~dErT.LJ’.).
(DO- the FMrnodulatorshallhavethe capabilityto accommodateinputtest
tonelevelsovera range.of -15dlh to -~8da for basebandinterfacingthe
modulatorat the GDF,SGDFor%F’ multiplexoutputtransmissionlevel
points.) Thecompositemultichannelpowerinputto the FM modulatorshall
be equalto -55to +10log N dEh,whereN = numberof 4 kHz channels(for
systemswhere&llmultiplexedchannelsare loadedwithdigitaldata)..For
systemswhereaQ multiplexedchannelsareloadedwithvoice,thenthe tiput
powershallbe equZ3to-45 + (-3 + 4 log N) dlh,whereN = up to 24o chan-
nelsand shallbe equalto -45+(-15+ 10 log N) d13n,whereN = numberof
channelsgreaterthan2h0 channels.Referto Figure30.

4.5.9.2.5.1.3FM DemodulatorOutputLevels. The perchmel testtone
levelatthe output.oftheFM Demodulatorshallbe -ISdIh + 0.S dB (DO+ 0.1
dB) (-15dllrT.L.P.). (DO- TheFM demodulatorshallhaveThe capabilit~to
acconmmdateoutputtesttonelevelsovera rangeof -9 dRn to -31d13n;for
interfacingwiththeITMriultiplexequipmmt at the HFDF,SGDFor GDF inter-
face transmissionlevelpoints.) Theper channelccmpositeaudiooutput
levelof speechor multitonepowershallbe -25dRn.

4.5.9.2.5.1.4Bandwidths.Themessagebasebandbandwidthshallbe
capableof interfacingwiththe FDMmultiplexersetsby theuse of filters

‘o”

whichshallnarrowthe 0.1dB referencepointsto the following:

,. a. 12 channeloperation: 12 kHZto 60kHz

b. 24channeloperation: 12 kHz to 108kHz

c. 60 channeloperation: 12 kHz to 252kHz or 60 kHz to 3(X)kHz

d. 120channeloperation: 60kHz to 552kHz

e. 240channeloperation: 6okHz to 1052kHz

f. 300 channeloperation: SO kHz to 1300kHz

L.5.9.2.5.2TimeDivisionMultiplex(TDM). Standardsfor radiotrans-
missionof TIM (PCM)pulsegroupsarecoveredin paragraph4.4.2.8.1.

4.5.9.2.6~ Output/InputImpedances.(SeeFigure19) The radiofre-
quency(RF)output/input.hpedancesfor the UHFradiosetwhencoaxialcable
is used,shallbe a nominalSO Ohms,unbalanced.Wam guidemsy alsobe used.

4S.9.2.6.1 *turn Loss. Thereturnloss,as measuredin eitherdirec-
tionfromthe RF interfacepoints,shallbe at least32 dB
than1.0S:2)as measuredovera frequencybandcenteredat
frequency(orfrequencies)withthe bandMnits determined
minimum3 dB bandwidth.

1!%

(VWRnot greater
the carrier
by the reqvtied
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be5.9.2.7.Ll CarrierBMw Level. me r’e@lluaAM in thebaseband
for m semdce shallbe at least50dBbaowthe leveld the umlmhikted
Carrieroperatinga% itsratedpowerO??mpute ResidualFM shallbe at
Ie* -70CIBmoin = h kmad h theba$elmndam 12 ldiz.

bJ.9.2@7eL5*2’millchannelMm%. me X@xl.o of any channelrmisepower
(residual rd.= power ),withm input5DAoiseIhdmg, to the same chamsl
noisepwer$ when talechannel ia M$dd with ratedgau$sian noises m.&aJbe
57.dB (m - 62-CM!) b th WK3sage baseband and 52 dB (DO - s? m) 3JQthe
Supex’vismy bast?Jbaind4.
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●
4.5.9.2.7.1.5.3Attenuatiavs IYequenw. The back-to-backbaseband

frequencyresponseof tb radioset shallbe ~ 0.5dB in themessageband
~ + 1 ~ h the supervisory channel.Thenominal0.1dB ~dths
s@ be in accoae withthe fi.ltersusedto accommodatethe different
numberof channeloperationalcapability.

4.5.9.2.7.1.5.4Recei- AutomaticGainControl.= receivershall
employautanaticgaincontrolcircuitrysuchthattb outputwillnot vary
by morethan0.5 dB as thereceimd s@@ lewl ~ies ~ 5 ~ to 60 m
abovethreshold.(DO5 dB to 75 m)

k.5.9.2.7.l.5.5LevelStability.Tk radioset shallbe designedwith
sufficientregulationandfeedbackto providelongtime stabilitysuchthat
for a constantlevelinput,the outputwillnot varyby mom tm J O*5~
dur~ a 30 dayperiodwithoutadjustments.

k.5~9.2~7.l.5.6XOU8 wsi~o All ~iow
f. + ~ ~ andf. ~ {5$f.) shallbe suppressedbelow
lem-l,as measuredat theRF interface,withgaussian
basebandandwithf~ transmitteroutputPowero For

emissionsbetween
a -50dRn power
noiseloadingof the
frequenciesbeyond

f. + 5% f. the ~io~ emissionrequirementsof I!IL-STD-461shallapply.

4.5.9.2.7.1.5.7BhvelopeD- Distortion.The back-to-backenvelope
de- distortionof the radioset shallnot exceed200nanosecondsover
themwsage baseband.

●
4.5.9.2.7.2.Tmuency kdulation. Formulationdeferredpending

the establishmentof technicalstandards.

4.5.9.2.8-o _ @eration. The IF portionof the multichannel
radioset shallmeetthefdllouing:(SeeFigure19)

l!m?’1 mURUW@Nr

Frequency 70 MHz,:0.070 m

ImpedanceandReturn The impedanceshsdlbe 75 OhmSs~~~
Loss and shallhavea return10ssagainstthe

nominalimpedanceof at least20 dlh

signalZevels Tls nminal 70 NHz signallevel.at the IF
interfaceshallbe + 1 dlh. At eachsource
(FMmochilatoroutputandradioreceiverout-
put),theleml shaU be continuouslyadjust-
ableoverarangeof+lto +5dRn. The
requiredradiotramadtterand FM demodtila-
tor IFinputsshallbewithin~Oo5 dBof
the nominalsignallevel.

4.5.9.3 ~ces~ ~~dth. The neces~ ~~d~ for the ~tra
Mgh frequencybandemissionsshsllbe as folluws:
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Amplitude-~dulation

Singlechannels225 - 400 MHz 8 kHz~maximum

FrequencyModulation

Singlechannel$225 - 400 MHz LO kHz
Line-of-Sight~MultiplexandVideo; up to 20 MHz
3W - 3000MHZ

Radio RelaysMiltiplex;300 - 3000~ up to 10 MHz
(TroposphericScatter)

4.5.10 SuperHighFrequencyBand(3-30GHz). The superhighfrequency
banditsemployedin tacticalmilitarycommunicationsprimarilyin line-of-
sightrelaysfor tactical.satellitecommunicationsand for otherlimited
applications.

It is commonformilitaryconmmnicationequipmentto coversegmentsof
thisband. It is @so commonformultichannelFDMequi~ent to be instslled
with a super~!groupmultiplexer~11eventhoughinitial&onlyone ‘~group
multiplexer”is required.Thisdesignallowsfor expansionof theradio
relaysy3tem.

4.5.10.1mewmy cmerfgeeThe radiosetshallbe capableof having
itscarriertunedandslignedoverits entirefrequencyrange. Thefre-
quencygeneratingsourceforthe frequencyband4400-4990.M,Hzbandshallbe
in incrementsof 100 kHz (S0kHz DO). Thegeneratingsourcefor thefre-
quencyband7125-8400MHzshallbe in incrementsof 1 MHz.

4e5eI-o02FwwencyTolerance.
4S.1O.2.1 ~equency CalibrationResolution,The frequencyadjustment

controlof a transmitterandreceivershallpermiteiter equipnentto be
bperiodicallycalibratedor alignedwithti1 partin 10 for highperformance

~ui~ent and S partsin 108for lowperformanceequi.pnentof any designated
frequency.

4.5.10.2.2 FrequencyStability.

u.~.loezez.lHighPerformanceEQuipment.Thefrequencystabilityof the
highperformanceequipwnt$withrespectto the initialfrequency$shallbe
within1 partin 107 per day$5 partsin 107 duringthefirst30 daysafter
calibration.The stabilityshallnotbe degradedby morethanl partin 107
pereach30 dayperiodthereafter.

4.5.10.2,2.2 kw PerformanceEquipment.Thefrmuency stabilitvafthe
luwperformanceequi ent$withresfic~to he initiaifre&ency$sh~l be

T iwithinS partsin 10 per day,1 partin 10 duringthe first30 daysafter
calibration.The stabilityshallnotbe degradedby more
107per each30 dayperiodthereafter.

k*5.10P3“UectromagneticCompatibilityRequirements.
shallmeetthe electromagneticcompatibilityrequirements

158

than2 ptitsin

Theequipment
of paragraphk.5J.6.

●

*
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e 4.5.10.4Shlgle
.7 single channelradio

MILSTD-188C

Cha3melRadio FQuixment. It is @icipated t~t
equipnent w be usedfortacticalsatellitecom-

4.5.10.4.1AudioInput/OutputIh@ames. The audioinput/out@
impedancesof tla SHF equipmentshaXlbe nmimlly 600 @ins,balancedto
ground,witha minianmreturnlossof 26 dB againsta 600 ohmresistance
overthefrequencyrangeof 300to 3500Hs. The electricalbalanceshall
be sufficientto suppresslongitudinalcurrentsat least40 dB belowthe
referencelevel.

,
4.5.1O.4.2Audio-t SignalLevels. The testtoneinputlevelto the

audiochannelshall.be O dlh. The compositeaudioinputlevelat’speech
fed to the audiochannelshallbe -10dRn. The compositeaudioinputlsvel
of multi,tonepowerfed to theaudiochannelSW be -10*. The atio
tiputlevelof eachtoneshallbe equalto -10dl?m-10 log t, wheret is
tlmnumberof tones.

4.5.1005 mtic-1 -0 aui??nmt.

4.5.10.5.1superviso~ channel.

●
4.5.20.5.1s1 A*o InpWoutm Imwdanc% memultickl r-o

SquQxnentshall.have,in additionto themessagebasebandc~uitry, a
supervisorychannelwhoseaudioinput/outputimpedancesshall.be nminally
600Wins,ba3sncedto ground,witha minimm returnlossof 20 dB against
a 600 ohmresistanceovertb frequencyrangeof 300to 35c0Hz.

4.5.1o.5.1.2Audio Ihput Signal JAvels. The testtone@ut levelto
the supervisorychannelshallbe O dlln.The compositeaudioinputlsvelof
speechor multitonepowerfed to the supervisorychannelshallbe -10dBII.
The -O inputlevelof eachtonsSW be equalto -10dlh -10log t,
Wkre t = nlmlberof tones.

4.5.1o.5.1.3AudiooutputSi$nal-S. The testtoneoutput of the
supervisorychannel shall be O dh The compositeaudiooutputlevelof
speechormultitonepowershallbe -10cUM.

4.5.10.5.2 Mm=ge -band.

4.5.10.5.2.1 FYequencYMvisiOn Multi lax (FM). (SeeFigure19)
Referto paragraphs4.4.1.3.3$4.401.3.4$[.4.1.3.5and4.4.1.3.6for FDM
standards.

4.5AoS.2.1.1 M MuMtor Inputfleno_tm output~edances. ‘fhe
messme basebandixmut/outt3utinmdanceashallbe 75 Ohms.mbslanced.with
a * return lo&3 of 2b
shall.be a Design Objective
vialedas strappingoptions.

dB (-m26 dB)
tha 130ohms

S9

.- .
over the frequency range.
and UO Ohms, balanced,be

it

m-
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4.5.10.5.2ol~2 FM ModulatorliqnatLevels. Theper channeltesttone
levelat the inputto theFM modulatorshmbe -45da (-h~dm T.L.p.).
(DO- theFM modulatorshallhavethe capabilityto accommodateinputtest
tonelevelsovera rangeof .15~ to .48da for basebandinterfacingthe
modulatorat the GDF~SGDFor HFDFmultiplexoutputtransmissionlevel
points.) The compositemultichannelpowerinputto &he FM modulatorshallbe
equslto -SSto +10log N dBm~whereN = numberof’~kHz C-%8 (fOrSystems
whereallmultiplexedchannelsare loadedwithdigitsldata). For systems
whereallmultiplexedchannelsare loadedwithvoice$thenthe inputpower
shallbe equalto -45 + (-l+ 4 log N) dEtn$whereN = up to 2h0 channelsand
shallbe equalto -45 + (-1S+ 10 log N) dlh$whereN = numberof channels
greaterthan24o channels.Referto Figure30.

4.5.10 .5,2.1.3 FM DemodulatorOutputLevels. The per channeltesttone
levelat the outputof theFM Demodulatorshallbe -ISdh + O.SdB (DO+ 0.1
dB) (-15dllrT.L.P.)..(DO- TheFM demodulatorshallhave~h??capabilit~to
accommodateoutputtesttonelevelsovera rangeof -9 dfi to -31dBm;for
interfacingwiththe FDM multiplexequipmentat the HFDF$S(2DFor GDF titer-
fa.c,etransmissionlevelpoints.) Theper channelcumpositeaudiooutputlevel
of speechor multitonepowershallbe -25dlh.

4J.1o.5.2.I..4Bandwidths.The messagebasebandbandwidthsshallbe
L,capableof interf~,ingwith the‘FDMmultiplexersetsby the use of appropriate
:filters. Theactualbandwidthis a functionaf the conmmnicationsystemre-
quirements.~ical line-of-sightrelaysystemsmay containup to 3 super
groups(300voiceChannels)$hatinga 1-.3@z baseb-~d$or may-containboth
supergroupsand a TV/radarvideochannelormay onlycontaina TV/radarvideo
channel.

4.5.1O.5.2.2TimeDivisionlhltiplex(TDM). (SeeFigure19) Standards
forradiotransmissionof TDM (pCM)pulsegroupsare coveredin paragraph
4.4.2.8.1.

4.5.1O.A RF Output/I@utImpedances(SeeFigure19). Theradiofrequency
(RF) output/inputimpedancesfor the SHFRadiosetwhen coaxialcableis used,
shallbe a nominalSO Ohms$unbalanced.Wave guidemay alsobe used.

4.5.I.o.6J ReturnLoss. The return10SS$as meas&ed in eitherdirection
fromthe RF interfacepoints$shallbe at least32 dB (I@tRnot greaterthan
1.0S:1)asrneasuredovera frequencybandcenteredat the carrierfreqaency(or
frequencies)withthebandlimitsdeterminedby the requfiedminimum3 dB
bandwidth.

4.~.10.’/Modulation.FWquencymodulationis currentlyusedin this
band. The basebandinputsignalsmay be eitherFrequencyDivision~tiplexed
(FDM)signslsor TimeDivisionMialtiplexed(TDM)signals.

4.5.10.7.1FW’FkequencyModulation.

,,.

4.~e10.7.l.lCarrierNoiseLevel. The Residus3.AMinthebaeebandf@ FM
serviceshallba at least50 dB belowthe levelof the unmodulatedcarrier
operatingat itsratedpoweroutput. ResidualFM shallbe at least-TOd13n0
im anyh kHz slotin thebasebandabowe12 lcHz.
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a 4.5.10.7.1.2 DeviationCapability.The testtonesignaldeviation
(-) (withoutpre-emphasis)SW be a~us~ble ~ 35 kHz to 2~ ~ vr
channel.All performancecharacteristicsspecifiedhereinshallbe met
whenusinga testtonesignalper channeldeviationof 40 klizand 200 ldiz.
Thepeakdetiationcapabilityshallbe at least~.OMHz. If pre-~hasis
is employedtheper channeltesttoneRMS deyiationrquimmmts shall
amb to themeanbasebandfrequency,i.e.thatfrequencyat whichthe

.0>

d~-ti~tionis the

4*5.1o.7.1.3
from0.5 to 10.
highestbaseband

4.5.10.7.104

samewithor &thout pre-emphasis.

DmLation Ratioe
Thisratiois the
flreqzency.

pre-&@WiS and

The deviationratioshallbe
ratioof carrierdeviationto

ne-IBllDhasis. circuitrYshall

adjustable
the

be pro-
videdfor greaterdeviationsat hi~er b~sebandfrequenciesin orderto
compensate-fortriangularnoiseat the discriminatoroutputsand to main-
tain a cons-t basebandoutputsignalto noiseratio(SNR)acrossthe
entirebasebandfrequencyspectrum.Thepreferredemphasischaracteristics
and insertion 10SS of thenetworkis describedin CCIRReports275 m ho40

4.5J0.7c105 =fer Rmction ParWtirs. (SeeN- 19). With
theradioset connectedback-to-back,at theRF interfacewithappropriate
frequencytranslationdeticesand attenuatorsto providea receivedsi@al
levelof -30 dRmwhenthe transmitteris operatedat Ml poweroutput,
theoverallperformance,whenmeasuredbetweenthebasebandinterface
pointsshallbe as follows:

b.!?J.10.7.l.5.lIn BandNoise. Theback-to-backequipmentnoisepower
ratio(NPR)shallbe at least55 dB (DO- 60 dB) forw 4 Uz ~1
slotin themess- basebandandminus50 dB (DO-~~m) ~ tie super-
visorychannel. Thegaussiannoisepower input levelshallbe definedby
the equation:POWer(dlln)= -SSdRm + 10 log N whereN = numberof
chaxmelsand themixdnmminputlevelper channel= -45dBm.

4.5.1.o.7.1.5.2In OhannelNoise. The ratioof a4y channelnoisepower
(residual.noisepower),withno inputnoiseloading,to the samechannel
noisepower,whenthechannelis loadedwithratedgaussiannoise,shallbe
minus57 dB (DO- minus62 dE) in themessagebasebandandminus52 dB
(DO- minus62 dll)in thesmsage basebandandminus52 dB (DO- minus57
dB) in the supervisorybaseband.

k.5.10e7.105.3At-ation VS ~w~Y. Theback-b-backbasemd
frequencyresponseof theradioset shallbe ~ O.5 dB in themessageband
and~ I.~ in the superviso~channel. Thenominal0.1 dB W&dths SW
be in accordancewiththe filtersusedto accommodatethedifferentnumber
of channeloperationalcapability.

4.5.10.7.1.5.4ReceiverAutomatic@in Oontrol.ThereceiversW1
mloY automaticmin controlcircuitrysuchthattheoutputwillnotvam
by” S& h ().~ & as the receiveds@nal
abovethreshold.(DO~ dB h 75 ~).

levelvariesfrom5dBt@ 606

-—. .
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kS.10.?.l.~.gLevelStability.The radioset s&l-lbe designedwith
sufficientregulationand feedbackto protidelongtimestabilitysuchthat
fora constantlevelinput$the outputtillnot varyby morethan$0.5 dll
duringa 30 daypertodwithoutadjustments.

1$.5elo*7.1.!L6spuriousMission. AU spurious emissions bdween
f. ~ !5MHz and f. ~ (5%fo) shall. be suppressedbelowa -!$0dBmpower
Iwrel$as measuredat theRF interface$wi%hgausstannoiseloadingof
thebaseband@ with iblltransmitteroutputpower.

4.5.M.7.~.5.7 13MW10pS DelayDistortion. TM bwk-to=hck emmlope
delay distortionof the radioset shallnot exceed200 nanoseconds aver
theiessagebaseband.

4.5s10.7.2 TIM/FrequencyModulation.
theestablishmentof technicalstandards.

Le~e10.8 RadioRelayOperation.me
radioset shallmeet the following:(See

Formulationdeferred pencuag

IF pum=td.onof the mltMaantael

Figure 19)

Frequency 70MHz, ~ 0.070MHz

Iri3pedams and The impdawe shall be 75
F&harm Loss Shall have a Pehxm h es

impedance of at least 20

SkniL Levels Thenominal7’0MHz Sil?mal
faceshallk + 1 tia (XIO~ At eachsource
(m modulatorWtpat andradiomceiw?lrL?411tpat),
the levelsMI be continuouslyadjustableaver
a rangeaf + 1 to + 5@3m). Themaquiredradio
-nsmitter S@ FM damo$ulatorIF inputsshall
be within~ 0.5 dB @ the nmaimalsignalIewel.

4.5.~0.9 ?i3cessaryBaXMWidthm
,,,

me n%c%ssaryband-widthsforthe
superhighf’kequencybandemissionshallbe as follows:

FrequencyModulation

Line-of-SightService

Multiplexand Video Up %0 20 MHz

Tactic?alsatellite
RadioRelayService llpta7’MIL?J

!$.5LL aCtreI$s43yELghFr’eCpnoy13M%dR@ge (jo-~m (lHz). Th%present
state-of-the-artand the limitedexpsrhme withequipmentfor c43mmu@ca-
%ionpawposesin the EHFrangedo no% permitthe establishmentof rwason-
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0. ablestandazxlsat thistime. BquQmentdesignedfor operationin the BHF
~ shaU be compatiblewith the existing stmdards forcommunication
circuitsad shallbe capableof interoperationwithtelephoneand tele-
graphnnltiplexedc-ier equipmentdesignedin accordancewiththeir
standards●

&*6 mUO Sets,HanPacked,Handheldor Helmet-mounted.liadiosets
thatnmstbe carriedby one individualin fieldoperationshavesevere
constraintsin theirdesignfromthe standpointof size,weight,ruggedness
reliabilityand easeof operationby non-technicalpersonnel.Theremay
alsobe severeconstraintson costdueto the extrez@ylargequantities
required.Where,due to theiremployment,it is possibleto ml= certain
of the standardsforradiocircuitsgivenin paragraphh.5 “Radiocircuits”$
the followingstandardsshallapplyas exceptions.

4,6.1 FrequencyToleranceand Calibration.The applicablelowperfor-
mancerequirementsset forthin paragraph4.5 l’HadioCircuits’~shallapply
for HF equipmentwithSSB serviceand forallUHF andVHF equipment.Fbr
HF equipzentwithAH, OW,MCW service,the followingshallapply.

4.6.1.1 CalibrationAccuracy.The fkequencya4justazentcontrolof a
_tter and receiver shall penait eitherequipzentto be periodically
calibratedto be within50 Hz of any operatingfkequency.

4.6.1.2 AccuracyafterCalibration.ITM frequencystab$lityand
accuracyof the equipmentwithres ct to the designatedoperatingfrequency

a

?shallbe within~ S.Spartsin 10 duringthe first30 daysaftercalibra-
tion. Thisaccuracymay be progressivelydegradedby an additional~ 5
partsin 106 foreachmonththereafter.

~.6.2 AudioInput/outputInterfaces.The audioinput/outputinterface
reqdrementscoveredunderparagraphs,4.5.?.6,4.5.?.7,4.5.7.8~4.5.8.6$
4.5.8.7,h.5.8.8,4.5.8.10.1.2,and 4.5.8.I.o.2.2neednot apply. The
followingrequirementsshallapply.

4.6.2.1 Mcrophone InputImpedance.A microphoneinputcircuit,if
requtid, shall.havea nominalimpedanceof 150 Ohmsoverthe frequency
rangeof 300to 3000Hz. Thisshallbe as closeto pureresistanceas
possibleandmay be unbalancedb ground.

4.6.2.2 AudioInputLevel(formicrophoneinput). !lhenominalinput
powerlevelshallbe as suchas to acceptthe nominaloutputrangeof the
microphone.(Fordynamicmicrophones,thisis approximately-x dBm.)

4.6.2.3 OutputCircuitryof SuitableImpedancesforConnecticmto
Headsetssnd/orLoudspeakers.Theoutputimpedanceof receiversshallbe
suitablefor connectionof the followingaudioaccessories:A singleesr-
pieceheadsetor handsetwithen impedanceof 1000 Ohms ~ 20% and a dual
earpieceheadsetwithan @edance of 500Ohae~ 2@ and loudspeakerswith
an impedanceof 6000OhM ~ 2@.
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i!a.6.3m? outptwhpartmpidaracesome RF OUtpwinpatimpedances
thatare Xxx@r@ under’paragraphsb.5.7’.9and l!05.8.9m not required.
1% is a designob~ec%iveto provideRF inputand/ormtpa% terminalswith
50 ohmsimpedancefox’testpurposeso

rfxp.dmd

b.7
for suoh
d.rcalits
withthe

for thoset3@pmentswhose d.y mode is analog voice.

Radio Ehsts$AirbornaaforLaw PerformanceAirmail%.Radiose%s
airlcraf’tshallmeetW s@nda&ds for IIlowperformanceltradio
as Contatiedin section1$05Wadto Gircuitsli@ thisstandard
followingexception:

h.~sl AudioMPIt/OUtWat-dance. Theaudioinput and OUtpUt
ilupedmcefar am aircraft shall be Ml Ohm$Olmr the frequency Iran@
of 300 to 3000Hz. TheySW b as close% a pureresistanceas
possibleand baMWed withrespectto ground.

1.6.8.I speech(mannd. Speech plus I.W&uiuphx W not be usedas
a trankcircmitbecauseit oausesdegradationh speechamd alw precludes
theuse of tie channelforhighspeeddata.
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●
4.8.2 TelegraphChannel.

tacticalmodemfor lm baudor

MIL-STD-188C

The telegraphchannelshallemploythe
lesscomred by paragraph7.3.8.

4.8*2.1@litUde vsWequeWMtirtion. Thereshau not be a
greaterdifferencebetweenthemaximm andminimumattemationthan4 dB
for frequenciesin thebandbetween1200and 1350Hz.

4.8.2.2 &OSStdk @@in$j LosS. The crosstalkcouplingloss from
the telephonechannelintothe telegraphchannelshallbe greaterthan80,
dB forany freqmcy between300 Hz and3500Hz.

h.9 SpeechPlusItiXHh@ex. SpeechplusW duplexshallfollow
% the samestadardsas forspeechplushalf-duplex.

m,.
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s. SWITCHINGSYSTIRIS

~.1 Automtic SwiWrhg Equipment(Analog VoiceBand). T’actical
automaticswitchingequipmentshallbe designedfor switching4 kHz cir-
cuits(trunksand loops)on a 4-wirebasis. Itis rticognizedthatsome
switchdesignshavetransmissioncharacteristicsthatpermitthe switch@g
of widebandcircuits(greaterthan4 kHz)$howeverthe transmissionchar-
acteristicsof switchingequipmentfor cticuitsgreaterthan4 kHz in band
widthshallbe consideredas optionaland arenot specifiedas standards
herein. It is alsorecognizedthatautomatic,4-wire’stitchesmust fre@nt-
ly interfacewitha largeinventoryof 2-wiresystems. Conversionequip-
mentshouldbe providedin theautomaticswitcheswheresuchrequirements
exist. ForinterfaceswithAUTOVON~the DOS GlobalSwitchingSystem,refer
to theDCS-NOIWX2Sinterfacesixmdards,Section8 of thisstandard.

50~.1 !lhnmissionCharacteristics.

~.1-.l.linsertionLoss. The insertionlossof any h-wireconnection
thrua switchshallbe O dB ~ O.5 dB whenmeasuredwitha 1 kHz testtone.

5.1.1.2 TransmissionLevels. ThetransmissionlevelsforL-wire
automaticswitchesshallbe -4 dBr forbothtransmittingand receiving.

5.1..1.3Limiting.The4-wireconnectionsthrua switchshall”not
overloadand startlimitingwhena 1 kHz testtoneat a powerof +4 dBm

‘is transmittedthruthe connection.Thetesttoneshallbe ‘introduced
at the -4 dBr transmissionlevel point. (Ineffectthismeansthatswit-
chesshallnot startl@iting for signalpowersthatare 8 @B higher than
the standardtesttonepowerusedto estabfishthe -~ dBr transmission
levels.)

~.1.L4 Amplitude‘vsFrequencyDistortion.For all.frequencies.
between300 Hz and 3500Hz theattenuationshallbe withinthelimitsof
~ 1.0 dB (+O.S dB D.O,)withrespectto the attenuationat 1000Hz. The
3 dB potit~s~ll be below275Hz and above36OOHz.

5.1.1.5 HarmonicDistortion.The totalharmonicdistortionproduced
by thetransmissionof any singletestfrequencybetween300 Hz and 3500
Hz thruany of the4-wireconnectionsof a switchshallbe at least35 dB
(LOdD D.O.) belowthepowerof the testfrequency.The test frequency
shallbe at a powerof -4 dBmandbe introducedintothe switchat the -4
dBr transmissionlevelpoint.

5.101.6 Wvelope DelayDistortion.The envelopedelaydistortion
fora singleb-wireconnectionthrua switchshallnot exceed25 micro-
secondsin the frequencybandbetween600 Hz and 3200Hz.

5.1.1.7 Noise. The noiseon any connectionthruthe switch$when
idleandproperlyterminatedcausedby the switchitselfshallnot exceed

.+
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on any

whenmeasuredat
connection,when

the -4 dBr transmissionlevel
idleandproperlyterminated,

lYIL4YlT)-188C

point. Impulsenoise
due to switehimon—

anotinerconnectionor due to w otherswitchfunctionsnot associa~ with
the connectionmeasuredshalltit’exxeed.004voltspeakamplitudemeasured
acrossa 600Ohm terminationat the -4 dBrtransmissionlevelpoint.

5.1..1.8C1’’osd%dk. The crosstalk couplinglossbetweenany two
connectionsthrutM switchshallbe not lessthan60 dB (70dB D.O.)
whenmeasuredat the -b dBr transmissionlevelpoints.

S.1.1.9 TerminalImpedance.The inputand output
switchin the frequencybandbetween300 HZ and3500HZ
return lossof 20 dB or morewhenreferredto a 600Ohm

impedance of the
shallhavea
resistance.

S.1.1.10 LongitudinalBalance.The longitudinalbalanceof ~
h-tireconnectionthruthe switchshallbe at least40 dB foreachdj.rec-
tionof transmissionoverthe frequency band between300 HZ and 3500HZ.

~.1.l.11 TestTone. The standardtesttonefrequencyof 1000Hz
~ 25 Hz shallbe used formeasuringtransmissionlevelswithinthe switch.
Whenintroducedat an inputto a switchconnectionit shallbe at the -4
d13rtransmissionlevelpointand thepowerof the testtoneshallbe -4
@n:

5.1.2 Numberingplan, The followingnumberingplanshallbe used:
Eachlocaltermination(i.e. subscriber)locatedat an automaticelectronic

.0
switchboardshallbe identifiedby a 7-di@t number(PRSLIXX)andby a
3-digitabbreviateddialingnumber. Thenumbersand explanationsare shown
in TableV. Eachautomaticcentral.officecanbe locatedby PRSLwhileeach
manualswitchbo~d(seepara 5.2) is designatedIXX. The P.RSLwillident-
ify theautomatictrunkrouteto themanualswitchboard.When a callis
placedto a subscriberor attendantat someotherautomaticswitchlmard,
eitherthe T-digitnumberor the abbreviatedj-digitlocalcallingcode
may be used. Whena callis placedto a subscriberor attendantat some
othermUBULlswitchboard,the appropriate7-digitnumber must be keyed.
The localattendantat an automaticswitchboardshouldbe reachedby
ke@ng O or the 7-digitnumberl?RSLOOO.It shouldbe notedthattheSL
designatemay be usedto describesomemanualswitchboarduntilsubstantial
numbersof automaticequipmentsare fielded.
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Digit Position

PR

SL

xxx

Identification

PrimaryArea

AutomaticSwitchboard
Identification

3 digitsubscriber
Identification

AbbreviatedLooal
Dialing

CentralswhichareManual:

AvailableNumbers

70-99

00 -99

lxx, 2XX, yCx
4X, 5=, 6XX

0, URc, 2X,X,3XX
4=, XX, 6x

?=, 8XX,9x

TABLEV

c~ WHICHARE AU’!KMATIC:PRSLIXX

.

2$8
,.-

.
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5.1.3
signall.ing

HIJATD-188C

Control and SignalingSupervisionProcedures.Controland
supervisionproceduresshallbe as follows:

a. The seizuresignalshallbe an untimedsignaltrammittedin
the forwarddirection(callingto calledswitchingcenter).

b. The calledswitchingcenterafterproperdetectionand iden-
tificationof W seizuresignalshall‘initiateinstructionsfor connecting
an availableidleregister receiverto the tmnk requestingservice.

c. Whentheregisteris readyto receiveaddressand routing
informationa DTMFRe-StartSignal(R,startsending)shallbe sentto
the callingswitchingcenter.

d. The callingswitchingcenterupondetectionof the (R)signal
shallceasetransmittingthe seizuresignalto the calledswitchingcenter.

e. The calledswitchingcentershallcontinueto transmitthe (R)
signaluntilthe callingswitchingcenterstartssendingthe firstDTMF
digitsignalin the addresssequence.

f. Whenthe calledswitchingcenterreceivesthisdigitsignal,
it shall.confirmitsreceiptby sendingthe complementof thereceived
addressdi#itsignalto the callingswitchingcenter.

The callingswitchingcenterupondstectionand verification

o of the c&lemmtary signal.shallproceedto sendthe interdigitsignal(X).

h. The calledswitchingcenter,uponreceiptof the (X)signal
shallreturna ProceedSignal(P)to the callingswitchingcenteras an
instructionto sendthe netidigitin theaddresssequence.

i. Thisprocedurebetweenthe callingand caJledswitchingcen-
ter shallbe repeateduntilthe lastdigitin the ofYicecode (PRSL)is
sentand conftrmed.

j. When the calledswitchingcenter registerreceivesthenext
inter-digitsignal,afterthe officecode,the calledswitchingcenter
shall.examinethe receivedofficecodedigits.

k. If it determinesthe callhas to be transferredto another
switchingcenter,it shallseizean idletrunkand proceedto sendto the
nextswitchingcenterthe tmnk seizuresignal.

/
1. Oncethisseizureis accomplished,in the sanemannsras it

was accomplishedbetweenthe callingand thefirstcalledswitchingcenter$
a register receiverin the thirdswitchingcentershallbe connectedto
the callingtrunkcircuit.

m. An (R)signalshall.thenbe sentin the reversedirection
fromthe thimito * secondswitchingcenter.
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n. When this (R)signalis recei’vsdin the secondswitching
centerthe regis$er,ti thisofficeshallbe released,and a connection
shallbe establishedbetweenthe two$r@cs (switchingcenters1 and-3).

o. The (R)‘si@@ whichis stillbeingsentfromwe third
switchingcentershall&w be receivedin the firstswitchingcenter
and this‘shallbe interpretedas a start
the calledaddress.

P“ Therefore,the firstoffice
firstdigitin the addresssequence, and
repeatedbetweenthe firstand the third
firstand second.

(R)signalto rest& sending

SW startanewto sendthe .
the entireprocedureshallbe
switchingcenterinsteadof the

q. ltienthe officecodeand the (X)signalis sent,the digits
shallnow be examined,but thistimeby the thirdswitchingcenter. This
procedurecanbe repeatedforestablishingtrunk(tandem)connections
througha numberof switchingcenters.

r. 11’hena switchingcenterdiscoversthatthereceivedoffice
codeis its own,the addresssendingshallcontinueuntilthereceiving
registierdetectsthatthelastdigitis received.

s. The last (X)six sentforwardshallstopthe sendingof
the lsstcomplementin the reversedirection.Thenthe registerin the
callingswitchingcentershallbe releasedad the calledswitching
centershallthenproceedto processthe callto the subscribercorrespond-
ing to the receivedaddress.

5.1,)4OcmfimationSignaling.For eachdigitor precedencesignal
sentovera trunk,a confirmationsignalshallbe returned.The following
liststie frequenciesand theirconfirmationfrequencies:

Hz Hz

( 697 943.
Low ( 770 8s2
Group ( 852 770

( 91@ 697

( 1209 16;;
H@ ( 1336
Group

[
1477 1336
1633 1209

S.1.s VoiceGuard. Thedesignof the equipmentshall be suchthat
mt morethanone releasesignalin WOO shallfailto be recognizedby
simgleor tandemconnections.N&bmorethanone callin 10,000fourmimte
callsshallbe falselyreleasedas a resultof voicesimulations.

5.1.6 SignalingandSupervision.Signaling and supervisionshall
be MMF andSF in accordancewithTableVI.
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e FromAutomaticSwitchboard I
Single

Function l?reqHz ToneLeveldRm

Digits 1 ~697/1209\
2 ;697~336

.697/3-477
i

!
770/1209 ~

. 5 770f1336 [
6 .77m477 !
7 852/1209 !
8 852&336 !

. 9 :85211&77 !

[
Seize ;2250

SeizeAcknow-~570
ledge(Lines)

SeizeAclmow-
ledge(Tmnks)
Restartsignal

●
(R)

DialTone

RingLoOp
(Normal)

RingLooP
(Priority)

Line~Sy
Tone

TrunkBusy
Tone

RingBack
Tone

852fi209

425

570 ‘

570/h2~
Yeq Shift

425

425

kme as
m

-421.

-421

0,:1””

0:1

TABLEVI

Duration Remarks

The totaltime fromthebeginning
of trsnsmiqsionof one @igitun-
til thebeginningof transmission
of the‘next,includingconfirma-
tionsignalingand interdigit
plusproceedor restartshall.
not exceed200millisecond.No
digittoneshallbe transmitted.
forover one (1)“second.

Continuousup, min of 2s0msec
to 1.5 sec’ outoffby seize

Continuousup
to 1.S sec,.

Continuousup
td 1.s sec

,.
Continuous
m 10 sec

1aok
l“”
‘untilseize
stopsplus 250
msec

iuntil seize
stopsplus 250
:msec

shutoffby

!
firstdigit

3min*Min ~50msecon
Cutoffby ring SO msecoff
trip

I

2 sec on
4 secoff

jminfalfin
Cutoffby ring
trip

10 sec:3 sec ~ sec on
k sec off

10 sec23 sec
I

% secon
~ secoff

.:.13min -*minor Sameas Ring
until”ringstops

AUTOMATICSWITCHBOARD‘SIGNALS
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I FromAutomaticSwitchboard ~
Single ~ ●

Function 1-q Hz ,ToneLevel&m Duration Remarks

Ri& :ig- ’570 ;

ReleasedPartyI570 ~
FreemptTone [

PreemptTone ;’57W425
‘Freqshift

Precedence IV-697/1633
Levels F -770f1633

I -852/1633:
~ -94M633 \

Release !2600 ~

Release j’2600 ,
Acknowledge ~
(Trunks) :

TestTone :1000

Response ~

Proceed ;9u/1209
signal

I
Interdigit ‘94W77
signal

THEFWJLOWINGTHJ‘“eToneF
Trunksignal 1600
Tone

Trunksignal 20Hz &S Hz

I

-1.431

-U& :1

.1411

-4:1

-I& :1

,Continuousup
,to15 sec

jhme as
~Digit
~Duration
I

~Continuous
~upto 3 sec

~continuous
~upto 3 sec

/
;Continuous

jhtflRecall
;Stops

@me as Digit
@rration
~

kkme as Digit

P

ation

until ring trip
stops.Min Of

250msec

50msec 57’0,
SO msec425

~Cutoffby re-
leaseacknowledge
t
Cutoffby the
end of release.
Min of 250msec

~Cutoffby digit
Isignal.
[
Cutoffby Pro-
ceedor Restart
signals

3 SIGNALSPERTAINTO SPECIALCIRCUITSONLY——. ~-

90 volts ~lo%

5Jxto!moo
Ohm load

1*25~ .25
sec

1025:.25
sec

Sentto Ringdown
trunkswhenidle

If idletoneis
on, shutoff.
If idletoneis
off,turnon.

TABLEVI

AUTOMATICSWITCHBOARDSIGW (CONTrD~
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CordlessSwitching
equipmentshallbe

B!IL-STIH88C

4u@ent. Semi-auto-
designedfor switching●

5.2 Semi-Automatic,Manual
maticmanualcordlessswitching
4 kHz circuits(t-s W 100PS)on a 4-.* basis. Theseswitchesshall
be designedto operatewithtacticalautomaticswitchingequipment,para-
graph5.1. Whererequirementsefistit shallbe providedwithconversion
equipmentforan NJIDVONinterfaceor for interfaceswith2-wiresystems.

5.2.I TransmissionCharacteristics.Sameas paragraph5.1.1.

5.2.2 NumberingPlan.Sameas paragraph501.2.

5.2.3 ControlandsignaltigSupervisionProcedures.Sameas para-
graph5.1.3.

5.2.~ Ckmfimationsignaling.Sameasparagraph~.1.h.

5.2.5 VoiceGuard. &me as paragraph5.I..6.

502.6 Sigmling-d supervision.Signalingand supervisionshallbe
DTMFand SF in accordanceuithTableVII.
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I fW@e

Function !l?reqHz
,,~To&)evel

Duration Remarks a
..— —.

1 I !
Digits1 ~697/1209

2 \697A336
3 :697/L!J77
4 770f1209
5 ,77W336
6 77WU77
7’ 852/1209

Operator
{controlled

/

8 8$2/1336
9 852ti77
o 9W1336

win of 250msecWt-
/offby SeizeAck4

)

I
!ContinuousSeize :2250

570

425

570

SeizeAcknow-
ledge

;Continuousuntil.
~seizestops

,

\Shutoffby first
\digit

Di~ Tone
(intoAuto
Swbd)

\ContinuousMax
;10sec

,
!

\

j3@n&~lnin
@utoffby Ring-
\trip

~off,2 sec on>4 sec
;Off

150msecon. 50 msec
o

Ring$LoOp ~ 570~2S
(Priority) freq.shift

3111in*%*
@toff by Ring-
\trip

~off,1 see”On$1 sec
Ioff

RingbackToneSaneas Ring

RingTrip- ! 570
‘hip 1

\

Sane as Ring~sameas Ring
1i
lMillOf 250xnsec
I
i
1 k-.,OperatorControl-4 secon$% secoff

II

led or Timed

perator
Controlled

bscriberContr.~ secon,% secoff

PreemptTone 1000
.

m 697/1633
F 770/I.633
I 852/1633
P 94W633

1000

Precedence
Levels

All Links
Busy
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e .. Ihnction

Recall/Line
Priority

Recau
Response

F
Release

>-
ReleaseAck

. .
.’”

TestTone

TrunkSignal
Tone

.
Trunk
Signal

●

\Single
;ToneLevel

Duration

Operator
Control

UntilRecall
Staps

Continuousto
3 to 10 sec.,

Continuousto
10 sec.

Continuous

1.25:.25 sec

1.25:25 sac

Remarks

Cutoffby Release

Outoffbyendof
Release.Min 250
msec

If idletoneis on
shutoff.If idle
toneis off turnon.

TABLEVII

MANUAL CORDIJESSWITCHINGAND CONVERTERSIGNALING (CONPDL
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503 ManualSwitchboards.

5.3.1 Trunksignaling.

5.3.1.1 MetillicTrunks. Switchboardsshalltranstita 90 Volt-
+10%r*tig signal acrossa @OO Ohm load,at a frequencyof 20 Hz ~10%.
me ringingsignalshallhavea durationgovernedbymamal operationof
a keysor equivalentdevice. A 20 Hz ringtigsignalfroma 12 Voltrms
4000Ohm sourceskll operatethe signalreceitig devicesin the switch-
board.

S.3.I.2 R.epeatered,CarrierDerivedand RadioTrunks. Switchboards
shallemploythesamesignalsas formetallictrunks. The 20 Hz signals
shallbe convertedto 16OOHz signalsfortransmissionoverthetrunk.
The16OOHz transmittingpowershall.-8 dllm+4 dB. The receivingsensi-
tivityshallbe at leastsufficientfor sati~factoryoperationon a 1600Hz
(~30Hz) receivedsignalof -25dBm.

5.3.2 LOOPSignaling.Loop signalingshallbe one of two types~i.e.$
commonbattqy or ringdo~m$or shallbe compatibletherewith.

,.
~.3.2.l OommonBatterySignaling.Commonbatterysignalingshall.

,,...mploy a dc closureat theuser;s telephoneto signifyto the switchboard
I“thatthe telephoneis offhook. A dc opencircuitat theuser~stelephone
shallindicateto the switchboardthattheuservstelephoneis on t~ hook.

I The switchboardshallemploya 20 Hz ringingsignalof 90 Voltsrms b
theuser$.stelephone.

5.3.2.2 RingdownSignaMng. RingdownsignalingShalllemploy20 Hz
signalsfor signalingboththe switchboardand theuser. The switchboard
shalltrantit a signalof at least90 Volts- at 20 Hz and shall
operatesat@factorilyon a receiwedsignalof 12 Voltsms, or higher~
in the rangeof 16 Hz to 25 Hz.

503.3 LOSS*sedby Sign=MngDevice. At frequenciesbetween300
and 3500Hz$ the losscausedby trunksignalingequipmentbridgedacross
the4 kHz trunkshallbe lessthanO.S dB.

1%5
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6. END INSTRUMENTS

6.1 Teletypewriterand DataEquipnent.

6.1.1 StandardCodedCharacterSet. The standardcodeand alphabet
for teleprinterand digitaldata,characterconsciouscommunicationsequip-
ment SW be the USA StandardCodefor lhformationInterchange(USASCII)
X3.4-1967as presentedin AppendixC of thisstandard.lhternationalTele-
graphAlphabetNo. 5 (llANo.5) is the internationalversionof USASC~.

USASCIIdoesnotnecessarilyapplyto equipmentor systemssuchas
centralprocessors,peripheralor otherrelatedequipnentused substantially
fulltimeas partof the controlelementin a largersystem,where that
larger system(weaponscontrolfor instance)is not itselfprimarilycon-
cernedwith informationactivities.Neitherdoesit applyto suchestablished
specializedfunctionsas telephonesignaling,telemetry,pulsecodemodula-
tion,vocodedspeech,brevitycodesystems,etc.

6.1.1.1 BasicCode. Thiscodeis composedof sevenunits(bits)as
providedfor in USA Standard(USAS)X3.4-1967and one parityunitas provided
for in =s x3.16-1966.However,theparityunitas discussedin paragraph
6.1.1.3belowdiffersin itsuse f- asynchronoustransmissions specified

:, h usAsx3.16-1966.The paritybit shallfollowthemost significantbit,b7,
of the characterto whichit appliesas providedfor in USASX3.15-1966.The
codedcharacterset is to be transmittedlow orderftistas alsoprovidedfor
in D.15-1966;thus~ willappearon-ltiefirstandb7 last,fol.1.owedby
theparitybit.

●, /< 6.1.2.2 Ch~acterSubstituticms.Charactersubstitutionsin the USASCII
(FIPS1) charactersetsare nonpermissiblewithoutspecificapprovalof US
Departmentof Cammerce/NationalBureauof Standardsas specifiedin FIPS
fib7, Section9,Waivers.

6.1.1.3 ParityBit. For transmissimfromend instruments,the eighth
bit,whenusedfor parityor controlpurposes,is set so thatthe sum of the
binaryonesof the eight-bitcodecharacteris alwaysodd (oddparity).At
reception,the detectionof an evensumof thebinaryonesindicatesa
charactererror. For recordingon papertapeand edge-punchedcardsthe
paritybit is invertedso thatthe sum af thebinaryonesis even (even
parity). (InAUTODINodd/eventechniquesare employedfor jnternalsystem
controls,errordetection/correction,etc.,whereincommunicationterminsl
equipnents,willtrsnsmitthosecontrolcharactersfor channelcontroland
coordinationustigevenparity.)

6.1.1.4 Applicationof StandardCodedCharacterSet. The standardset
definedabovewW. be usedin the applicationslistedbelow.

6.1.1.4.3Itwillbe the
and supervisoryinformationh
conscioustype.

6.1.l.h.2It willbe the
interchangingWormation.

alphabetusedfor transmissionof switching
datacommunicationssystemso? the character

commonuseralphabetof tiput-outputdevices
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6.1.1.5 CharacterIhterval.

6.L1.5.L Transmitting~Start/Stop.The preferredstandardstart/
stopcharacterinterval.shsllconsistof ten signalelementshavingequal
timeintervals;one ‘~01~(spacing)startekment~ sevenUSASCIIelements~
one characterparityehment~ and,one(marking)stopelement.The inter-
characterintervsl(thetimebetweenthe endof the stopelementandthe
beginningof the nextstartelement)maybe ~length$ ‘&ndis of the
samesenseas the stopelementsi.e.~marking. An eleven-unitcharacter
inverval.is permissi~ewheresuchoperationis technicallymore satis-
factory provided,thatow of the standardmodulationratesis emplcgmd.

6.3..1.5.2R.eceiving8tiart/Stop.The standardstart/stopcharacter
interval(asregardsfunctioningof thereceimr apparatus)shallbe 9.6
units~i.e.~the receivedeviceshallbe preparedto correctlyacceptthe
nextcharacterinterval.by not morethan9.6unit intervalsfromthe be-
ginningof the startpulse. The receiverdeviceshallbe capableof
operatingwithan inter-characterinterval.of any length..

6.1.1.5.3@chronous. An eight-unitcharacterinterval.shsllbe
standardfor synchronoustransmissionas providedfor in U5ASx3.16-1966.

6.1.1.6 ModulationRate. Themodulationformulatortacticalequip-
mentsshallbe 75 x # baud~wherem is a positiveinteger. For low
speedserialstart/stopequipments~m shallbe O or 1. For highspeed
serialstart/stopequipments~m may haveany at the values0,...7,(i.e.,
the valuesthatmaybe assignedto m are specMiedas opposedto the
numberof valuesof m to be providedin an equipment).

6.1.1.7 hterface Characteristics.lk@pmentwhich utilizesthe
StandardCodedCharacterSet shallpruvidethe StandardInterface(para o
7.2.3)0

6.1.1.8 Keyboards.Standardsfar keyboardsusedin tacticalend
instrumentsshallbe in accordancewithMIL-STD-1280$Military‘Wuxiard
KeyboardArrangements.

6.1.1.8.1communicationService.The arrangementof the MIL-STD-
1280keyb~d usedfor tacticalcommunicationsenriceis shownfor infor-
mationpurposesin AppendixC.

6.1.1.8.2WeatherDataService.The presentindicationis thata
k~board withspecialweathersymbolswillnotbe requiredin the future
for thisservice.

6.1.1.8.3DataSemrice.The numericclusterarrangementof the MIL-
STD-1280keyboardusedfor dataserviceis shownfor informationpurposes
in Appendixco

..

6.X.l.8.~ ~stem ApplicationeMIL-STD-1280includesa notation
systemto be usedin adoptingthe generalpurposearrangementsto particu-
lar systems.The notationdiagramis shownfor Wormation purposesin
Appendixc.
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CharacterSet. The interim standard
anddizital.datacommunicationsequip-●

6.1.2 InterimStandardCoded
codeand alphabetfor teleprinter
mentshall.be the Ilkernational.TelegrapfiAlpkbet NO. 2 (nA NO● 2)>
AmericanVersion,reproducedin AppendixC. Itsuse is currentlywide-
spreadand it will continueto be usedfor an indeterminateperiod.
Duringthisperiodthefollowingstandardsshallgovernin thoseareas
wherea changeoverto ITANo. 5 is not advisableor feasible.

6.1.2.1 BasicCode. Thiscodeis composedof fiveunitsas indi-
catedin AppendixC. The codedcharacterset is to be transmittedlow
orderfirst;thusbl will appe= on-ltief~st ~ b~ ~st.

6.1.2.2 Chtiacterlhterval.

6.1.2.2.1Transmitting,Start/Stop.The stamMmd start/stopchar-
acterintervalfor 5-unitcode,printingtelegraph~transmittingequip-
ment shallbe 7 units;i.e.> a l-unit_ el~nt~ 5 l-unitintel~-
genceelementsand a l-unitstopelement. (Thedesigneris r@nded
thatthereis currentlyin widespreaduse transmittingequipmentwhich
usesa 7.42characterinterval.)

6.L2.2.2 Receiving,Start/Stop.The standm?dstart/stopcharacter
. intervsl(asregardsthefunction@ of the receiverapparat~) shall.be
:“ 6e6”units,i.e.,thereceivedeviceshallbe preparedto correctlyaccept

the nextcharacterinterval.by not morethan6.6unitintervalsfromthe
beginningof the startpulse. The receivedeviceshw be capableof
operatingwithan intercharacterintervalat any length.

6.1,.2.3ModulationRate. Themodulationratefor new equipnentwhich
incorporateselectronicinput/outputis SO and 75 baud. (Thedesigner
is remindedthatthe equipnentcurrently h widespreaduse has modulation
ratesof 45.45,SO,56.9and 74.2baud.)

6.1.2.4 ModulationRateAccuracy.Seeparagraph6..1.4.2.

6.1.2.5 Ma&ace Characteristics.Seeparagraph7.2.2. NW ~iP-
ment shallprovidebothinterfacesduringtheperiodwhenhighlevelin-
terface equipmntis beingphasedout.

6.1.2.6 Keyboards.See AppendixC.

6.1.3 Printing~legraphllquipment,Functional.Description.

6.t.3.1 PageF?rintingDquipment.The basicunitemployedin printing
‘ telegraphyis thepageprinter.Thisis a deticewhichgenerallytypes,

on paperfed froma rollsa lineof printedchaxwters. somemachines
alsouse fanfoldpaper. The paper~ be fed by friction,or sprockets
or both. Thereare two standardcharactersetsin use witMn theDCS,
weathersymbolsand communicationsymbols. (SeeAppend= C.)
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6.1.3,1.2,I&neLength$PageCOW. InAUIODIN~80 characters{print-
ingpositions)per lineis stardard.Thiswas chosenso thatan 80 char-

acterunitrecordcardwillfit on one lineof a printedpage. In the
weathersertice$76 charactersperlineis standard.W CONUSmessages~
72 charactersper line is common practice. ~ US/NATOmilitarycircles$
69 charactersper lineis the agreeduponstandard.

6.S.3.2 TapeReaders. Thereare twobasicclassesof mechanical
tapereaders: (1)Coincidentselectioninwhichsll pinsof the tape
readersensethetapeshultaneously;and (2)sequentialselectionreaders
in whichpm 1$ 29 3, 4 and 5 me successivelypresentedto the tapeto
determinethe presenceor absenceof a perforation.Eachmethodof selec-
tionhascertafimechanicaldesignadvantages.Someof the tapereaders
appearingin the DCS inventoryhaveprowisionfor readingadditional.tracks
in the tapeas futurerequirementsdevelopfor 6$ 7 or 8 tracktape.

Manyof themoderntapereadersanploya photosensitivetechniquefor
determiningthe presenceor absenceof a perforation.Someof these
readersoperateon the I!sequentialselectionllprincipalbut operationon
the ~~coticidentselection~lprincipalis morepredominant.

Thereareno standardsestablishedat thistimefor themethodof
sens~ punchedtapebeyondthatthe readercan correctlysensethe stan-
dardtapewithoutmodificationof$ or damageto$the standardtape.

6.1.3.3 Tapel%nches.Thereare twobasictypesof punches:

(1) Nonprintingpunchesin whichonlydataand feedholesare
punchedin the tape.

(2) Printingpunchesin which,in additionto punchingdataand
feedholes$the charactersare printedon the tape.

Thereare twomethodsof printingon the tape:

(1) Theprintingis ti linewiththe feed
actersbehindthe correspondingdataholes.

(2) Theprintingis betweenthe sixthand
followingthe correspondingdataholes.

~ eachtypeof punchtherearetwomethodsof

(1) Chadlessor partiallypunchedholes.

(2) Chaddedor fullypunchedholes.

Eachpunchingmethodhas itsadvantagesbut the
punchedmethodis standardunmilitaryequipment.

.

holesand sixchar-
,,

seventhfeedholes

punchingthe holes:

chaddedor fully

6.1.J$Performance Characteristicof

MO

PrintingTelegraphEquipment.
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0.
6.1.11.1DistortionCharacteristics.The distortionpercentages

spectiiedare applicableat themodulationrateanployedby the equiP-
ment,

6.1.4.1.1 Transmitting&vices. Electromechanicalsequentialselec-
tiontransmitting(keyboard,tapereaders).

6.1.4.1.1.1HighP=formanceBquipmentOutputDistortion,All -s.
l.OgMark-O-l.0%Space.

6.1.4.1.1.2LOW PerformanceEquipmentCMput Distortion,AllTyp6s.
k$ Mark-O-h%Space.

6.1.4.1.2ElectromechanicalCoincidentSelectionTransmittingDe-
tices(keyboard$tapereaders).

6.1.4.1.2.1HighPerformanceEquipmentOutputDistortion,All.Types.
lZlkwk-O-1%@ace.

6.1.4.1.2.2IOW Performancelk@pnentOutputDistortion,AU TYIWS.
3Z Mark-O-3%Space.

6.1.4.1.3Transmittingdevices,electromechanical,electronic,or
composite,incorporatingelectronicoutputs(eithersequentialor coinci-
dentselection),outputdistortionall typesnot to exceedlzMark, 0, 1%
Space.

6.1.4.1.4ReceivingDevices,XLectromechanicsl.

6.1.4.1.4.1HighPerformance4uipmentDistortionTolerance.Switch
BiasDistortion:k~%Mrk-O-b~% Space. BiasDistortion:45% Mark-O-45%
Space. End Distortion:~% Mark-O-4~%Space. C@lic Distortion:22.5%
Mark-O-22.~%Space.

6.1.h.l.4.2LUW Psrformance @uipmentDistorticmTolerance.Switched
BiasDistortion:30zMark-O-30%Space. BiasDistortion:30% Mark-O-30Z
Space. EndDistortion:30xMark-O-30zSpace. @clic Distortion:15%
Mark-O-M%Space.

6.1.4.1.5Recei~ Devices,ElectronicInput. SwitchedBias
Distortion:49% Msrk-O-b9%Space. DiasDistortion:49%Mark-O-49$
SpaCee End Distortion:h9%Wk-O-49% Space. -C Distortion:24.5%
Mark-O-24.SgSpace.

6.1.4.2ModulationRateAccuracy,Start/StopTransmission.The trans-
mittingequipmentshallmatitaina modulationrateaccuracyso that,in
anygiwn ch=acterinterval,everytransitionshallbe withinlg of the
theoretical&correcttransitionpointmeasuredwithreferenceto the stop-
to-starttransitionof thatcharacterat the givenmodulationratefor high
performanceequipnent;for lowperformanceequipmentthe toleranceshall
be 5%.
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6.~.Le3 ClutchMagnetSensitivity.At modulationratesup to 100
baudsthe sensitivityof the clutchmagnetof electromechanicalequipment
shallbe suchthata 25 + 5 millisecondDC pulsenot in excessof 130
voltsand 60 mil.liampere~shallcausecorrectoperationof the tran@t
device. For electromechanicaldevicesincorporatingelectronicinput/oat-
put and/orsteppingcircuits~the dc digitalinterfacecharacteristics
apply(seepara7.2.1).

6.1.~.hWordsPerMinute. Theuse of thistermin technicaldescrip-
tionis deprecated.However3wordsperminutefor print’ing%eLegraphyis
expressedby the formula:

~m . 10 XMxiRate (inbaud)
ts per characterinterval

e.g. 150WPM = 10x 150
10

when a ten-unitcharacterintervalUSASCIImachineoperatesat 1~0baud.

601C405-r L~e Feedoperatio~oNewstart/stopreceivingequipmentfor
15 charactersper secondor lessJshallbe capableof~ in onecharacter
interva15returningthe printingpointto the left sideof thepageani
advancingthe pageone step(1 or 2 lines)in responseto the codecom-
binationfor LineFeed. (Forhigherspeedequipnentappropriatetechni-
quesmaybe applied.)(Seealsopar 2.6.SSpecialConsiderationsin Append& c.)

6.1.4.6 ClockOparaticm.New start/stopequipmantemployingelec-
tronicinput/outputshallbe capableof operatingunderexbernal.(master
or station)clockcontrolat the applicablemodulationratein the bit
synchronoustransmissionmodewith 7 thru16 unitsper characterinterval.
(Referto para7.2610and Glock-lhtaPhaseRelationships,AppendixB.)

6.1.4.7 CharacterSteppedOperation.New start/stopequipmentshall
be capableof operatingunderstepcontrolwherethe stepintervalis equal
to or greaterthanthe characterintervalat the applicablemodulation
rate.

6.1.~.8 RemotedControlsExclusiveof Clockor Data. An openremote
controllineshallhaveno effecton the deviceto be controlledand a
closedremotecontrollineshall.causethe deticeto be controlledto ex-
ecutetheapplicablefunction.The contro~device shal.lprovideonly
tk switch. Thereshallbe a maximumof 6 voltsand 1 milliampereon a
remotecontrolline.

6.1.4.9 ElectromagneticInterferenceCharacteristics.Referto MIL-
STD=461.

. .

,,

.

6.I.4.10ReliabilityCkacteristics. The theoreticalreliability
characteristicsfor electromechanicalprintingtelegraphequi~ent are
difficultto achievein practicedue to thewiderangeof environmental
andmaintenanceskillsto whichthe equipnentis subjected.Mechanical
printhg telegraphequipmentshouldbe consideredhighperformanceif it

1$2
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operatescorrectly(essentiallycontinuously)for 1500hoursat 75 baud~

● 7-unitcodeor 150baud lo-unitCOW. NOTE: The chang~. of pper or
ribbonsis not consideredmaintenance.Thefailureof equqxnentassoci-
atedwith,but not a partof,the actualtyping,punchingor readimg
unitsshallnotbe consideredin the l@O hourcharacteristic.

6.1.5 TeletypewzxiterRecmiing Media.

6.1.5.1 TeletypewriterRollPaper..The standar drollpaperis for
. frictionfeed,is ~incheswide~ and is in accordancewith FederalSpeci-

ficationUU-P-547.

6.1.5.2 Teletypewriter~Fanfold Paper. The standard~fanfold
?.

Wper is for sprocketfeedand is in accordancewithMilitarySpecifica-
tionlIIL-P-@023.The papercolorsand thenumbercd?partsmaybe varied
sincetheseparametersdo not adyerselyaffectthe standardizationof the
~inting machines.

6.1..5.3PaperTape.

6.3..5.3.1InformationTracks. The standardfor identifyinginforma-
tiontracksis establishedas a two partstandardfor the following

.,- machinesystems:

a. For machinesystemswiththe capabilityof utilizingthree
informationtracksbetweenthe guidingedgeandfeedhole,in accordance
withFigure2, AppendixB.

o b. Formachinesystemswiththe capabilityof utilizingtwo in-,,
formationtracksbetweenthe guidingedgeand feedhole,in accordance
withFigure2, AppendixB. This staridardisnot to be usedin future
design. NOTE: Whenpreparingpunchinstructions,the symbolOwill re-
presentan informationelement.Therefore,whn denotingthe feedhole
use the symbolF rather,thanO.

6.1.5.3.2TapeWidth.

6.1.5.3.2.1Amidmum tapewidthof one inch(withtolerancesas
specifiedin Federa3SpecificationUU-T-120)is establishedfor systems
withthe capabilityof utilizingthreeinformationtracksbetweenthe
guidingedgeand the feedhole (Figs2 and 3, AppendixB).

6.1.5.3.2.2 ~ twe widthsof 11./l6inchand 7/8 inch(with
tolerancesas specifiedin ~ederalSpecification
for systemswiththe capabilityof utilizingtwo
betweenthe guidingedgeand the feedhole (Figs

6.1.5.3.2.3 ChaddedTape. lbre perforated
be completelyperforated(chadded).

UU-T-120)are established
informationtracksonly
2 and 3, AppendixB).

tapeis used,holesshall

6.1.6 PolarRelays.
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6.1.6.]..QectromechanicalPolarRelays. Thereme no st-d elec-
tromechanicalpolarrelaysspecifiedfor US militaryapplications.The. .mnmnum requiredperformancecharacteristicfor electromechanicalpolar
relaysare:

6.1.6.1.1SideStable. Therelaysshallbe sidestablesi.e.~they
shallremainin the lastsignaledcontactposition.

6.1.6.1.2OperatingDifferential.Not in excessof 5tid

6.1,~.le3Distortion.l%xhilationratesup to 75 baud shall~
handledwithlessthan 2Z distortion(alltypes)introducedbythe relay
performance.

6.1.6.1.4WindingCurrent.Maximumoperatingcurrentperwinding
SW not exceed80 tie

*

6.L6.M

6.1.6.~e6

6.1.601.7
*ions: 150mA;

6.:,6.1.8
frombottomd

Windingdc resistance:100-200Ohms.

Reactancenot specified.

Contactmaterialis
26o Volts. ~iCd.

InternationalOctal
socket.)

not specified.ExtremeG~”at~ condi-
batterysourceimpedance160 Ohms.

BasePin Connections.(Pinsviewed

Pin#ls Coil#l positive(potesxti~causingrelayezmatureto
makemarkingcontact)termination. o

Coil #2 negativetermination.

Coil#2 positivetermua‘ tion.

Spacecontact.

Groundof relaycaseif applicable.

Armature(tongue)of relay.

inking dontact.

Coil#l negativetermination.

6.1.6.2 T!ILectronicPolsrRelays. Greatcaremustbe made in accept-
ingan electronic(solidstate)substitutefor the electromechanicalpolar
relay. It shallmeetthe followingminimumrequiredperformancestandards.

6.1.6.2.1SideStable. The relaysshallbe sidestablesi.e.~they
shallremainin the lastsignaledcontactpositioh,

%816
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6.1.6.2.2OperathgDifferential:2mA (maximum).

6.1.6.2.3Modulation-Rates.Mxhilationratesup to 48OObaud are
considereddesirable.However,to minhize therelaylsresponseto
transients,itmsybe usefulto dampentherelayin a mannerthatlimits
its opmation in a givenapplicationto rangesunder100,500,1000,
1500,2500,5000,etc.baud.

6.1.6.2.4Distortion.Therelayshall.not introducedistortion(all
types)in excessof 1% at the applicablemchlationrate.

6.1.6.2.5
ingcurrent:

‘ 6.1.6.2.6
200 ohms.

6.1..6.2.7

NumberofWindings(orequivalent):Two. Maximumoperat-
80 ti.

Windingdc Resistance(orequivalent):Not in excessof

Reactanceof input/outPutessentiallyO Ohmswith re~ard
to the applicablemodulationr~te-. -

6.1.6.2.8output)jnpedance:hssthansoohtns. ~ signal
current:lsomll. Ma@llumpotentialappliedacrossthemark and tongue
or spaceand tongue: 260Volts. Maximumvoltagereferencedto signal
ground: 130 Volts.

6.1.6.2.9International.OctalBasePin Connections.(Pinsviewed

o frombottanof socket.)

Ph#l, Coil#l positive
markingcontact)termination.

Pin#2,

Pin #3,

Pin#4,

Pin#5,

Pin#6,

Pti#7,

Pin#8,

Coil#2 negative

Coil#2 positive

Space contact.

(potentialcausingrelayarmatureto make

termination.

termination.

Groundof relaycaseif applicable.

Amature (tongue)of relay.

Markingcontact.

Coil#l negativetermination.

6.2 TelephoneInstruments.

6.2.1 Two-wireFieldT@e. Standardsfor two-wirefieldtypetele-
phonesapplyto a largeinventoryof telephoneinstrumentsthatare lnwide-
spreaduse for tacticalfidldapplications.It is to be @cpectedthatthey
willbe usedforq yearsuntilphasedoutby four-wireinstrmnentsor
othermoremoderndesigns.
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602.1.1 TerminalTmpedance.The terminalimpedanceof the telephone
set shalJ.be 600 Ohms+ 10%. Permissiblephaseshiftshallliebetween
the limitsof 0° and +~0°0

6.2.1.2 Sidetone.A soundpressureof 28 -s per squsrecentimeter
froma 1000Hz sourceintothe transmittershallproducea soundpressure
of 6 dynesper squarecentimeterfromthe
six,cubiccenttietercoupler.

6,2,1.3 ~ectromagneticlhterference
MD-sTD-461.

6.2.1.4 TransmitDirection.

receiverin conjunctionwitha

Characteristics.Referto

6.2.1.4.1outputPowerLevel. A 1000Hz signalwith a soundpressure
of 28 dynesper squarecentimeterat the gridof the transmittershall
produce-6 dRn + 2 dBinto a 600 Olmloadmeasuredatthe 2-wireoutputof
the telephonesat.

6.2.1.4.2Amplitude~ipping Level. NO amplitudeclippingshall
occurbelowa soundpressurecorrespondingto +3 @.,.

6.2.1rn&.3Amplitudevs FrequencyCharacteristic.The outputin the
transmitdirectionshallhavea 2 dBper octavesloperisingfrom500 Hz
to 3000Hz. The outputat 300Hz and3SCXlHz shallnot be morethan3 dB
downrelativeto the extrapolatedvalueof the slope.

6.2.l.h.4
be not greater

6.2.1.U.5

Noise. The noiseoutputin the transmitdirectionshall
than-40dEinwithno inputsoundpressure.

SignalingGeneratorOutput.

6.2.1.4,5.1Level. The outputpoweravailablefromthe signaling
generatorshall.be 1.75Wattsinto1~00Ohms.

6.2.~.4.~.2Frequsncy.A crankspeedof 200rpm~5 rpm shallpro-
ducea freque~y of 20 Hz.

6.2.1,5 ReceiveDirection.

6.2.1.5.1 sensitivity.A 1000Hz inputto the telephonesetat a
levelaf -32dlihat the 2-wireinputto thetelephonesetsshallproduce
a soundpressurefromthereceiver~in conjunctionwitha six cubiccenti-
metercouplers

6,2.1.S.2
with in@S of

6.2.1.5.3
sponseat 1000

of 2 dynes per square centtieter.

AmplitudeClipp@ Level. No amplitudeclippimgshalloccur
+3 d~ or ZessO

Amplitudevs llrequencyCharacteristic.Relativeto the re-
Hz. emal inmt rowerat frequenciesfrom E@Jto 3000HZ

*

shallproducean outputsoundpressurewithin3 dB of the soundpressure
at 1000Hz.
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.

●
6.2.1.5.4HarmonicDistortion.The totalharmonicdistortionin the

receiwr directionshallbe lesst~ ~% for al ~Put s-s ~~in t~
band300 to 3500HZ fith input

6.2.1.6 Ringer.

levelat O dlh

6.2.1.6.1hpdance. The
than6000Ohmsat 20 Hz and 35
shallbe not lessthan15 Henriesat”2Voltsand 900 Hz.

impedanceof theringershallbe not less
Volts,andthe inductanceof the ringer

6.2.1.6.2&put Semitivity. The ringershallbe actuatedby an in-
put to theringerof 25 Voltsat 15 Hz, and38 Voltsand 25 Hz.

6.2.1.’IControland Supervision.

6.2.1.7.1LOcalI?attery.For tk loc& batterymode of o~ration,
microphonepowershallbe integralwiththe telephoneset. Signalingto “
the otherendof the line (magnetoswitchboardor othertelephone)skill
be achievedbya handdrimen20 Hz generatorintegral.to the telephone
set. A 20 Hz ringingsignalintroducedatthe far end of the I@e (magneto
switchboardor
telephoneset.

other-telephone)shall.actuatean alarmintegralto the
Tbisalarmshall.be tisualor audibleor both.

CommonBatterySupervision.In the commonbatterysuper-
operation,microphonepowershallbe integralwiththe
Simslinzto otherendoft~ line (switchboardoti)

6.2.1.7.2
visionmodeof
telephoneset.

●
shallbe achieved~ydc ~losure.Ringingfromthe far end of the 1-~
shsllbe an integralalarmactuatedby a 20 Hz signal.

6.2.1.7.3Cmmon Battery.In the common batterymode of operation,
microphonepowershallbe providedby tb switchboardoverthe line.
Signalingto the switchboardshalJbe by dc closure,Ringingfromthe
switchboardshallbe by an integralalarmactuatedby a 20 Hz signsl.

6.2.2 Two-wire andFour-wireCommercial.Whennecessarytoemploy
commercialtelephonesin themilitarycommunicationsystem,thesetele-
phonesshallmeetthe applicableelectricalrequirementsforfieldtele-
phonesinsofaras practicable.A military’versionof a comnercid.tele-
phoneis usedin sometacticalsystems.For a descriptionof its electri-
cal.characteristicsreferto DCAC370-~65-1. For furtherini’ormationon
use of thistelephonsin tacticslsystemsreferto paragraph4.2.2.

6.2.3 Four-wireFieldType.

6.2.3.1 TransmissionCharacteristics.

6.2.3.1.1Output(TransmittingDirection).A1OOO Hz acoustictone,
witha soundpressureof 28 dynesper squarecentimeter,appliedat a
distanceof %inch fromthemouthpieceof themicrophone,shallproducean

%rmi.G::2TG;r2&n
electricaloutputpowerof -4 dRn intoa 600 0
w&e outp@ of the telephoneset.
thelillitsof -2 dBm and -9 dR1l.
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6.2.3.1.2Limiting~TransmittingDirection.Limitingshallnot occur
for outputs(para 6.2.3.1.1)below+3 dlh.

6.2.3.1.3Receiversensitivity.A 1000Hz signalat a powerof -32 a

dlh insertedat the h.wirereceive..terminalsof thetelephoneset shall~o-
ducea soundpressurefrcmthereceiver~in conjunctionwitha 6 cubicc6mti-
metercouplersof at least2 dynesper squarecentimeter.(InL-wtie
transmissionit is permissiblefor theacousticalvolumeof the receiverto
be adjustableto suitthe listenerspreferencefor loudness.)

6.2.3.1.4Idmitimg9ReceivingDirection.Limitingshallnot occurfor
inputsto the~-wiretermimls of thereceimr of +3 dRn or less.

6.203.1.5HarmonicDistortion,Transmitteror Receiver. The tolXQ
harmonicdistortionwithinthe bandbetween300Hz and 3500Hz producedby
any singletestfrequency~of lesspowerthanthatwhichwouldcauselimiting
to occursshallbe at least25 dB belowthepowerof the testfrequency.

6.2.3.1.6Sidetone.Sidetonecouplingwithinthetelephoneset shall
be provided.Thecouplinglossfromtransmitterinputto receiveroutput
shouldbe approximately16 dB. Thevalueis not critical~but shouldnotbe
so low as to causesingingnor so highas to be ineffective.

6@2.3@le7AudibleSignal. The audilileringingsignalproducedbytele.
phonesetsshallbe at least80 dB for fieldtelephonesmd SO dB for desk
telephmesabovea soundpressureof .0002dynesper squarecentimetermea.
suredat a distanceof 3 feeth any tiectionfromthe telephoneset.

6.2.3.1.8Inputand OutputIinpedance,The tiput_ outputimpedances
shallbe 600 Ohtns~balancedto groundzwitha minimumreturn10ssof 20 dB
againsta 600 ohmresistanceoverthethquencyrange of 300 to 3500Hz. The @
electricalbaUnce shallbe sufficientto suppresslongitudinalcurrentsat
leastkO dB.

6.2,3.1.9Noise. Thenoiseoutputh the transmitdirectionshallbe
not greaterthan-30dRnwith no inputsoundpressure.

6.2.3.2 Signaling.SignaJ.~,shallbein accordancewith TableVIII.

6.3 Facstie Ik@pment.

6.3.1 MeteorologicalFacsimileEquipmnt. Facsimileis extensive~
employedthroughouttheworldformeteorologicalcommunications.Themajority
of the systemsin use are scheduledbltidbroadcastsempbyingwire or radio
facilities.When employingwire~amplitudemodulationis empl~ed anciwhen
radiofacilitiesareused~an ancillaryamplitude/frequencymodulationcon.
versiondeviceis required.

●

6.3.1.1 MeteorologicalFacsimileTransmitter.

6.3.l.i.ZOriginalCopySize.
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IMnction

Digits1
2

:
5
6

:
9
0

Seize

M& Trip

Recallm.ne
Priority

R&lease

Conference

Conference
Release

Freq.Hz

697/1209
697A336
697/477
;;?0;:

770/lJJ77
852/1209
:327;

941/1336

2250

2250

9~/1209

2600

941fi77

9~~209

?romTelephones
;ingleTone
XWel -dEm

.722

Duration.—

Subscriber
Controlled

Continuous

Continuous

Subscriber
Controlled

Contiguous
withmaximum
of3 tolo
sec.

Subscriber
Controlled

Subscriber
Controlled

Remarksd

W of 250msec
cutoffby SeizeAck

Minof 250msec
c@off by Ring-
trip-trip

Cutoffby Release
Ack.

NOTE: Thetoleranceon all frequenciesis + 1.3$ unlessotherwisenoted.

TABLEVIII

TELEPHOWESIGNALS
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6.3.1.2.1.1 mum Scanners.The SC- systemof the tr~”.tter
SW acceptan originslcopy18 5/8 indheswide (k73mm)@th tolerances
not to exceed+1/3.6to -3/32inchesand12 ‘inches(305mm) (orintegral
multiplesthereof)in lengthand of thicknessno greaterthanO.O1Oimch.

6.3.1.1.1.2ContinuousScanners.A continuous(flatbed scanner)
sh&LIacceptandproper~ scanan originalcopy18 5/8 inches(473~)
wideand at least2 incheslong. Thecopyneednotbe preciselysizedor
havesquareedges. NOTE: It is desirablethatflatbed scanningdevices
accept$but notnecessarilyscan9originalsof greaterwidththan~~ ~/8
inchesand of indefinitelen@h.

6.3,1.1.2OriginalCopyCharacteristics.Thefacsimilescannershall
be designedtoacceptany originalcopyno.rmal.lyusedformeteorological
chartsand shsllhavea spectralsensitivi~correspondingto the RMA S-h
photo-surface.It shsdltransmitmarksontho copymadeby any visible
colorusedfor printing.NOTE: The inclusionof an automaticlevelaon-
trols?ystemcapableof compensatingfor variationsin the background
densityor colorof the originalcopyis desirableto eliminatemanual
adjustmentsbetweencopies.

6.3.1.1.3ScanningLineLength. The totallengthof the scanning
lineshallbe 18.85inches(478.8inn).

6.3.1.1.4Scanrbg Direction.The scanningdirectionshsllbe normal
(correspondingto aleft-handHelix).

6.3~1.1~5DeadSector. A sectorat the endof the scanningline O.~
~~inchesin lengthshallbe providedwhichshallnotbe optic- scanned.
Thisdeadsectorshallcoincidewith thetimepositionof the pk&ing
signal(seepara6.3.l.l.13.2)whenthephasingsignalis transmitted.
The signaltransmittedby the transmitterwhen scanningthe deadsector
shallbe the equivalentofscanning ~ tichof fullblackand then~ inch
of full.white.NOTE: Thischaracteristicsignalis specifiedto permit
manuallyphasinga facsimilerecorderunderadversetransmissioncondi-
tionsand to provideinformationfor an automaticcontrolqystemfor the
recorder.

6.3.1.1.6SCanningSpeeds. The scanningspeedshallbe 60~ 90~ and
120 strokesper ntiute. The selectionof the scanningspeedshallbe by
meansof a suitablecontrolon the deviceandrapidLymadeby th?machine
operator~

6.3.1.1.?me Advance. The lineadvanceSW be 2/96inch(0.2~mm).

6.3,1.1.8ScanningSpotSize. The scanningspotsizeshsllbe .010
inchx O.010inch~and be constantalongthe scanningline.

6.3.1,1.9kdex of Cooperation.The indexof cooperationshallbe
576.
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protectthe dimensionalfidelity
the scanningspotshallnot de-

partfrc&thetheoretical.positionthereofby morethanl/96 inchper
inchof scannedCOPY. Thisrelationappliesin the directionof the
scanninglineas well as perpendicukrto it.

6.3.z.I.11Signal.Characteristics.

6.3.1.1.3J.1SignaloutputCWact6ristics. The signal.outputof the
facsinr~letransmittershallbe adjustablebetween+10W and -10dltn.
The outputimpedanceshsllbe 600 Ohms,balancedto ground,with a minimum
returnlossof 20 dB againsta 6~ Ohmresistanceoverthefrequencyrange
of 300 to 35X Hz. Theelectricalbalanceshallbe sufficientto suppress
longitudinalcurrentsat least40 d& NO signal.SW be trandtted when
thetransmitteris in standbyor idlecondition.A suitableoutputsi~
levelmonitorwillbe provided.The carrierfrequencyshsllbe a sinusoi-
& .ol@?e of 2@0 HZ maintainedat an accuracyof at least3 partsper

●

6.3.L.I.u.2 SignalContrast.The signalcontrastshallbe 20 dB
+ 2 dB andblacktransmissionshallbe employed.NOTE: It is desirable
thateitherblackor whitetransmissionbe providedon a selectablebasis.

6.3.1.1.11.3HalftoneCharacteristic.The voltageoutput/copydensity
relationof the transmittedsignalshsllbe nominallylinear.

e’ 6..3.1.1.12Synchronization..The scanningratesof th transmitter
shallbe controllsdby a self-containedfrequencystandardmaintainedat

, theass~gnedfrequencywithin3 partspermillion. Thefrequencydriving
the synchronousdrivesystemof the scannerskillbe 300 Hz or an integral
multiplethereof.

6.3.1.1.13Control.I’unctions.To effect
necess~ to transmitto a facsimilerecorder
permitrecorderphasing,and a stopcomand.
cycleshallconformto thiscycleas follows:

6.3.1.1.13.1 StartTone. When activated,
tit alternateblackandwhitelevelsmodulated
timesper secondfor a periodof fiveseconds.

6.3.1.1.13.2PhasingSignal. Innnediately
signal,a blacksignal,interruptedbJ a white

nxtomaticoperation,it is
~ startcommand,a signalto
rhetransmitteroperating

the transmittershalltrans-
at a rateof 3~ +0.1

aftercessationof the start
pulseof &ration of not

lesstb 2.Sfiani-not-moreth& s% of the scsn&g lineand coincident
withthe leadingedgeof the deadsecton(seepara6.3.2..1.S) ~ be
transmitted.Thissignalshallbe transmittedfor between25 and 20 sec-
onds. Uponterndnationat thissignalthe transmittershallinitiate
scanningof the copy.

6.3.1.1.13.3 StopTone. Uponcompletionof the scanning,the trans-
mittershallautanaticsllytransmitan alternateIiLackandwhitesignsl
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interruptedat a rateof 450 ~ 0.1timesper secondfor a periodof not
lessthan4 normorethan10 seconds.

6.3;1.1.13.4ManualOperation.Controlsshall.be providedon the
transmitterto permitthe operatorto startsor stopthe transmitteror
transmitphasingsignalsmanually.Provisionss~l alsobe included
withinthetransmitterto permitthe operatorto transmitunmodulated
blackor whitesignalsindefinitelyfor circuitadjustmentpurposes.

6.3.1.I.u PowerRequirements.No powerrequirementsare stipulated
in thesestandards,howem?r~no informationor frequencyobtainedfrom
the powersourceshallbe utilizedto deriveany frequencyor timingrates
withinthe transmitter.

6.3.1.2 wteorologic~ FacsimileReceiver.

6.3.1.2.1RecordedCopySize.

6.3,1.2.1.1DrumRecorders.The drumof theserecordersshsllac~ept
recordingmedia18 5/8 incheswidewithtolerancesnot to exceed+1./l.6to
-3/32inchesarid12 (orintegrslmulkiplesthereof)incheslong.

6.3.z92.1.2ContinuousRecorders.The continuousrecordershall
accepta 400footrollof recordingmedia,woundon a coreof 1 inch~
~ inch,insidediameterg18 5/8 (+1/I.6to -3/32)incheswide. If pres.
suresensitiverecordingtechniquesare employed~the transfertissue
shallbe suppliedfroma spool400 feetin lenggh~woundon a coreof 1
inch~~inch insidediameter9and 18 5/8 inches(+3/8to -O inches)wide.

6.3.1.2.2scanningIdneIengths Thetotalle&th of the scanningline
SWbe 18.85inches(b78~).

6.3.1.2.3scanningWction. The scanningdirecticmshallbe normal
[correspondingto a left-handHe15x).

6.3.2.2.JScam@ Speed. The scanningspeedshsllbe 60, 90~ and
120 strokesperminute. The selectionof the scanningspeedshallbe by
meansof a suitablecontrolon the receiverandmadeby themachineopera-
tor.

6.3.1.2.5LineAdvance. The lineadvanceshallbe 1/96inch(0.25m).

6.3.1.2,6RecordingSpotSize. The recordedspotshallbe 0.010x
0,010inches.

~-,6.3.1.2.7lixiexof Cooperation.The indexof cooperationshallbe
!J-(0e

6.3,1.2.8DeadSector.
transmitteris scanningthe
ifqerationaUy desirable.

The signal
deadsector

transmittedduringthe intervalthe
maybe blankd withinthe recorder
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●

6.3.1.2.9DimensionalStability.Mensio@ distortionbetweenthe
transmittedandreceivedcoFyshallnot exceed0.010inchper linearinch
whenmeasuredalongthe scanninglineor perpendicularto the scanning
line.

6.3.1.2.1oSignal@wacteristics.

6.3.1.2,1o.1InputCircuit.The inputcircuitshall.havenominsl
impedanceof 600 Ohms,balancedto ground, withaminhmmreturn lossof
20 dB againsta 600 Ohmresistanceoverthe frequencyrangeof 300 to
3500Hz. The electricalbalanceshallbe sufficient”tosuppresslongitu-
dinalcurrentsat least40 dB. The inputcircuitshallbe designedto
withstandtheringingvoltageimpressedon a telephonecircuit.

6.3.1.2.10.2InputPowerLevel. Thereceivershalloperateproperly
when inputsignalcorrespondingto whitesignalpowerlevelsbetween-10
dRz and -56@ is received.

6.3.1.2.11OperatingControls.A gaincontrol,an independentden-
sitycontrol,a manualphasingcontrol,anda startand stopcontrolshall
be providedin a convenientlocationon thereceiver.Awhite/black
transmissionselectoris desirable.

6.3.1.2.12synchronization.The scanningratesof the recordershall
be controlled~ a self-containedfrequencystandardmaintainedat the
assignedfrequencywithin3 partsperUon. Thefrequencydrivingthe
synchronousdriv?systemof the receivershall.be 300 Hz or an integral
multiplethereof.

6.3.1.2.u ControlFunctions.The facsimilerecordershallreliably
start,phase,and stopwhen signalsarereceivedfromthe transmitter.It
shallbe possiblefor the operatorto overrideany automaticfunctionwith
operatingcontrolsdescribedabove.

6.3.1.2.U PuwerRequirements.No powerrequirementsare stipulated
in thesestandards,however,no informationor frequencyobtainedfromthe
powersource,shallbe utilizedto deriveanyfrequencyor timingratewith
the receiver.

6.3.2 MeteorologicalFacsimileReceiver(9nallFormat).

6.3.2.1 General.. Thefacsimilereceivershallemploycontinuousre-
cordingtechniquesand a recordingmediumcapableof resoltingat least
200linesper tich. The receivershallemploya record-medium thatis
stablein its operatingentionment,has indefinitestoragelife,and does
not fadeuponexposureto light. The capabilityof the receiverto pro-
ducemultiplecopiesand reproducibleon officetypeduplicatorsis
desired.

6.3.2.2 RecordedCopySize. The recordedCOFJshallbe ~ inches
wide. The lengthis dependenton the durationof the transmission.The
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recordershall‘accepta 400 footrollof recordimgmediumspooledon a
3.+ ~inch insidediametercoreandif carbontissueis employed$the
c~-bontissueshallbe suppliedfroma separaterollof 400feet spooled
on

be

a core1 + ~ inchinsidediameter.

6.3.2.3 scanningLineLength. The totalscanninglinelengthshall
8.64inches(22omm).

6.3.2.~ ScanningDirection.The scanningdirectionshallbe normal
(corresponding to a left-handhelix).

6.3.2.S ScanningSpeed. The scanningspeedshallbe 609 90~ 120,and
180 strokesperminute. The selectionof the scanningspeedshallbe by
meansof a suitablecontrolon the receiverandmadeby themachineopera-
tor.

6.3.206 Wdex of Cooperation.The indicesof cooperationshallbe 576
and 261&eSelectionof the indexshallbe accomplishedby a suitablecon-
trolon thereceivw andmadebjjthemachineoperator.NOTE: Certain
meteorological.chartsaretransmittedat an indexof 288. Operationusing
an indexof 264*whenrecordingthesetransmissionswill~esultin negligible
dimensionaldistortion.The capabilityto operateat an indexof coopera-
tionof 26b standardaffordsinteroperabilitywithotherfacsimilesystems
‘tithoutdi.mensiotidistortion.

6.3.207
‘( selectedby

6.3,2.8
inchX 1/200

6.3.2.9

LineAdvance. The lineadvancesh~l be l/20g.Sor 1/96inch
the indexof cooperationcontrol).

RecordingSpotSize. Therecordedspotsizeshallbe 1/200
inch.

Dead &ctor. The signal.transmittedduringthe intervslthe
transmitteris scanningthedeadsectormay be blankedif operationally
desirable.

6.3.2.10 SiyAl Characteristics.

6.3.2.10.1InputCircuit.The inputcircuitshallhavea nominalim-
pedanceof 600 Ohms,balancedto ground$witha maximumreturnlossof 20 dB
againsta 600 obmresistanceovertk frequencyrangeof 300to 3500Hz.
The electricalbalanceshallbe sufficientto suppresslongitudinalcurrents
,atleast40 dBO A hightipedancebridginginputof at least2500Ohmsshsll
alsobe provided.The inputcircuitsshallbe designedto withstandthe
ringingvoltagenormallyimpressedon a telephonecircuitfor signaling.

6.3.2.1o.2InputPowerLevel. The receivershall.operateproperly
whenan inputsignalcorrespondingto whitesignal.powerlevelsbetween
-10 @and -56dh is received.

6.3.2.u operat~ COntiOls.~ gaincontrolsan independentdensity
controlsa manualphasingcontrolsa start/stopcontroland a white/black
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●
transmission’selectorshallbe providedin a convenientlocationon the
receivsr,...

6.3.2.12 Synchronization.The scanningratesof the recordershall
be controlledby a self-containedfrequencystsndsrdmainta-d at the
assignedfrequencywithin3 partspermillion. The frequencydrivingthe
synchronousdrivesystemofthereceivershallbe 30t.Hzor an integral-
multiplethereof.

.
6.3.2.13 ControlIMnctions.Thefacsimilerecordershallreliably

start,phase,and stopwkn activatedby the transmittedsigti* It shm
be possible.forthe operatorto overrideany automaticfunctionwiththe

b operatingcontrolsdescribedin WlperatingControlsllabove. The receiver
shillstartoneto threesecondsafterreceiptof a 240G,Hzsignalfrom
the transmitter;automaticallyswitchintoa phasingmodefor 10-12
seconds;and thenautomaticallyswitchintothe recordingmode. The re-
ceivershallstopthreeto fivesecondsafterthe 24CCIHz si~ disappears
and shallthenbe capableof immediaterecycling.

6.3.2.U PowerRequirements.NO powerrequirementsare stipulated.
ti thesestandards,however,no hformationor frequencyobtainedfranthe
powersourceshallbe utilizedto deriveanyfrequencyor thing rate
withinthe receiver.

6.3.3 GeneralRmpcse (Black/White)FacsimileI@ipment.This&ps of
equipment is intendedfortransmissionof message,sketches,-ps, hand-
writteninformationand otheressentiallyblackandwhitegraphicalinfor-
mation.

6.3.3.1 originalCopySize. The cow shallbe anywidthup tQ ~
inchesand of anylength(continuousscanning).Due to man-=chineprob~
of aligrllnglongcopypracti.callhits mayhavs to be appliedas determined
byuserts requirements.For examplea fivefootlmgthmay satis~the
requiremsntto sendoverlays.

6.3.3.2 ScanningDirection.The scanningdirectionshallbe normal,
thatis at the transmitter,the planeOf the originalcopyshallbe scanned
at a uniformratealonglinesrunningfromtheupperlefth theupper
right,comendng at the topleft-handcornerof the scannedareaand
finishingat thebottomright-handcorner(lefihandhelix).

6.3.3.3 ScanningWMLeng#. ~ TotalScanningLineLengt&shall
be 8.64inches. The TotalLimeLength is defimd as the seaming spot
velocitydividedby the scanning1* fPequency(linesper unit time) and
thereforeincludesa pseudolengthcorrespondingto a deadsectororthe
flybacktimeof flatbedscanners.

6.3.3.b DeadSector. Betweenthe endof the seaming of theavailable
lineand the startofthe scanningof the foil.ouinglinethereshallbe a
deadsectoror non scanning period during whichblacksignalshallbe trans-
mitted. The durationof the deadsectorsignalshallbe 2% of the total
scanlineduration.
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6.3.3.5 Smumiagsp%eds. ‘m@BMmma Wua@.ng ipeds shallbe 90 ad
180 strokesor linesperminute[LFM). Thesep@r@t operationover“u’oic@
banaWMthwireor radioCimcuitscm O’wm2MXIbi%/.secdigitalda’cui%so
F&’WM43r?Mmdeix=cuitsMgher Wwming &%peedsam possibleand thesedlaH
be selectedas multiplesor 280LM.

6.3.3.6 LineAdvance. The Mn@ladvanceshallbe 1/96inch(0.26m)
per lineof copy.

6.3.3.7 Resohl!tioln.!fw$reshallbe 800or mm dalents m we Total
ScaaningLineL@J’@he

6.3.3.8 Iti~ d Cooperation. T1’Miladexof moperaticm shall be 24.

6.3.3.9 si@ Chaxaetd$rwkdw*

‘ThereceiverSW be capable of opra%ing fromthe transmitter via.
CA.rouitswitha gam-mwdlarwma’istiobdnreen+ 3.’00and -36dBe
Moeimr impedancesW Rm at least2500Ohmsforbridging.Inputdrc-
cm%ts AaU be designed to witbtand ringing voltages BOmally impressed
on a %31e@xme cdmuit for .signaX@g.

white -3.3.
Lqh% g%ay - 3LQ
Darkij$x?ay-ol
Black -m

.

.

.

outputlevelsaid.nb +6 T’ewisfor ou~%xam!iwm and =4 W%?afmfor WY
conditicm. T’mnsd.fG*and Im2aher $ihd.1match the Digi&rd Wax$daA
Ilatier’fma (M)WLm’el]~ paragraph‘7.2*1e
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●
6.3.3.10 Recording.Recordingshallbe of the continuoustypeand

preferablybe on plainpaper 8%’ wide (nominal)at least 1* feet long.
Papersupplyshallbe rolledon a corewithinsidediameterof 3/8 h
1 3/8 indms. It~diisirablethat,by a changein stockto a transparent
material,recordings be made which can be used for display by projection.
_ we of Other reCOZ’diW media it is desirablethatreproducible
mastersbe obtaineddirectlyforuse on repnxluctionequipmentcoraaonto

\ userel~nts.

6.3.3.IJsynchronization.* SC- X%itOSOf the tI=lSXIdttWand
recorder shall be controlledby a frequencystandardcontainedin eachset
andmaintainedat theassignedfrequencywithin3 partspermillion. The
scanningrateshallalsobe capableof beingcontrolledby an external
clock. For digitaloperationthetransmittedbit rate shall be controlled
by the internal standardor by the clock of tie external s@em.

6.3.3.12 Control*tiOllSe Manual aid automaticcontrol of the
facslndleequipmentshallbe provided.

O,,

6.3.3.12.1 ~ ~eration. Controlsshallbe providedon the trans-
mitter to permit the operator to start or stop the transmitter. Usinga
hold-downstitch the operator shall also be able to transmit steadyblack
or white s%gnals indefinitelyto permit circuit or equipmentadjustment.
The receiver shall have a gah control, an independentdensity controlsa
manual phasing controla start/stopcontroland a black/white-transmission
selector.Thesecontzmlsshallpermitthe operator to override ~ auto-
matic function.

6.3.3.12.2 AutomaticOperation.Uponinsertionof a copyto be sent
or uponoperationof a Itsendltcontrolthe transmittershallau~tically
sendthe Startgphasingjinformation (picture)and stop signals as follows:

a. AM.

start Transmittersends 2400 Hz carrier for5
seconds.Receiverstartsin one to 3
secondsthensuitchesto phasingmode.

Phasing Whitesignalinterruptedby blacklevel
for 2% of scanline~ priorto start
of eachllneand in linewithdeadsector.
Phasingsigna2is sentfor4 seconds.
Mceiver automaticallyphases.

Information

stop

Modulated camier.

No carriersent.
restart Within 2

197

Receiver is ready for
to 3 secondsQ
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b. FM.

ni.tial condition Sendsteadywhitesignal. Receiving
converterlooksforphasimgsignalsthen
provides2bO0Hz to facsimilereceiver
for 5 secondse

Phase Sendwhiteinterruptedby b2ackfrequency
for 2% d scan line time priorto start
of eachlineand in Itiewithdeadsector.
Signalsemtfor15 seconds. Receiver
automaticallydarts andphases.

Information FrequencyShift

stop Transmitterr+swerts%0 imitid.condition.
Receiverstopsand is in readinessfor
nextcycleQ-

co .Digital

Initial Con(uticm Sendsteadywhite (mark).
for phasing s%gnale

J%lasislg White interruptedby black
of scan line tiresprior to
line and in Une with dead

Receiwerlooks

signal for 2%
start of’each
sector. Send

:or Is seconds for speeds up to 18QLIM
and for M scanMnes forhigherspeedsO
Recei’werstarts@ phases.

Information Digitalstreamof O~sandl~ls(spacesand
marks).

stop TranSdtterE%wer’tsto initial condition
(steadywhite). Receiverstopsandis in
readinessfornextphasingsignal.

6.3eh GmmonalitybetweenMeteorologicaland @neral PurposeF’acshaile
F#quipalentoXn practiceIt is feasibleto wanstrmatsingleequipmentsa?setimg
the interoperabilit.yrequirementof themsteordogicaland generalpurpose
equipments.In a specificinstancethe gmeral purposereceivercapableof
recordingat~widecopyat 90 and 180LFM and an Indexof Cooperationof
264 mm by meansof eperatorcontrolsalsooperateat themeteorological
speedsof 6Q~ 90 and L20LPM withan Indexof Cooperationof S76. Signal
s-e =St a%w be reversedsinceWhi% is ~
~e set@ blackiS

levelfop W general
maximumformeteorological$acsimile.Recording

in thiscaseis M forbothQqxx9of recxmdingbut b aeemodatitbeIndex
of CooperationchangethenumberOS linesper inchis @hangedfrom96 to
209.~. Thereis lessreent for * tmsmitter to wmmoda$e both
standaads$hanforthe recordersincemosterlginalcopymastbe utilized
in itsorigimalsize.
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7. TELEGRAPHAND RATATRANSMISSION

7.1 General. Thissectiondealswith stsndardsfor singlechannel
andmultichannelbinarych?cuitsthatprovidefor transmissionof binary
dc signalsbetweenend instrumentsor betweenswitchesto whichsuchend
instrumentsmay be ccnnectedby loops. Transmissionis usuallyaccom-
plishedby convertingthebinarydc signslintoa quasi-analogformfor
transmissionoverchannelsthatwillnottransmitsignalsin dc digital
form. Cluu?acteristicsof a numberof conversiondevices(modems)are
standardizedin orderto accommodatethe varietyof datato be transmitted
and the clifferenttypesof transmissionmediaavailable.Forwire and
cabletransmissionmedia,signalsmay be transmittedin dc digitalform
(withoutconversionto quasi-analogform)overrelativelyshofidistSnceS.

7.2 DC DigitalTransmissionReferenceSystems.

7.2.1 StandardInterface(LowLevel). Thefollowingcharacteristics
shallbe applicableto signal,clock,and controlcircuitsfor allmili-
tarydigitaldc communicationequipmentwherea binaryinterfaceappears.
The stsnda?dinterfaceshallapplyto all.equipmentotherthaneq~pment
in a controlledenvironment.For thesepurposesa controlledenvironment
is definedas equipmentwhichwillnot normallyinterfacewiththe equip-
mentof otherservices,or whichis packagedso as to forma completely
functioningunitwhichwillnot normallyhaveits internalstagesor
componentsconnectdirectlyintothe communicationsnetwork.Wherethis
complexinterfaceswiththe transmissionmedium,itwill observethe
stsndard.F@ipment specificallyincludedwherethe interfaceis applied
shallbe teletypewriter,dataterminal,the localsideof signalconver-
sion(modem)equipment,and boththeloopandlinesideof cryptographic
or cryptographiccontrolequipment,as applicable.The standardinterface
shallbe applicableto remotelyoperatedequipmt wherethe interfaceis
at the dc baseband.Thisstandardinterfaceshallapplyto equi~entwith
modulationratessuitablefor transmissionover4 kHz analogchannels,and
may be anployedat transmissionrateshigherthanthis. Alarmand control
circuitsnot directlyrelatedto the dataor clocktimingmay be =cluded.
Thisstarkiardshallnot be construedto implythatequipmentoperating
overa modulationraterange in excessof thatsuitablefor 4 kHz anslog
channelsmusthavedifferentinputcharacteristicsoverdifferentportions
of its operatingrange. Thestandardlow’levelinterfaceis specifiedin
Figures, AppendixB.

7.2.1.1 Tran*tter OutputVoltage. The opencircuittransmitting
voltageshallbe positiveand negative6 : 1 Volts. Rippleshallbe less
than0.5%undernormalo ratingcqditi ns.

E
The balancebetweenthemarking

and spacingvoltagessh 1 be w~thm 10??ofeachother.
7.2.1.2 TransmitterSourceIinpedance.The transmittingsourceim-

pedanceshallnotexceed100 Ohs (S0OhmsN) for currentswhosemagni-
tudeis lessthan0.01Amperes. Tb maximumshortcircuitcurr’entde-
liveredto the interfaceshallnot @steed0.1Amperes.

7.2.1.3 TransmitterWave Shape. Thewave shapedeliveredto the
interfaceshallhavea risetimeno fasterthan5% of the durationof the

199.,
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Unitinterval.
(definedas the

Thewaveshapeshallbe suchthatthe riseand
timerequired.forthe pulseto go from10% to

falltimes~
90% of its

peak-to-peakvalue)sh~-lbe within5g-toIS% of the unitintervalat the
applicablemodulationrate. (Seep&agraph 7.10.~~foran exceptionto the
15%maximumwaveshapelimiton clocksignsls.) Transitionsin bothdtiec-
ticmsshall.be reasonablyequalwithinthe limitsspcif.iedaboveandbe
equallyaffectedby shuntcapacitancee acrosstb ltie. Properlyshaped
wavefonm shallexhibitsmoothexponentialcurvesand containno pointsof
inflectionpriorto obtainingmaximumamplitudes.(SeeFig 21.] For those
deviceswhichoperateat one specificratejthewaveshapingnetworkshall
be selectedto meetthe5 to 15$ requirementsfor thatrate. I?orthosede-
viceswhichmay be manuallyor automaticallyshiftedto differentmodulation
rates9therequiredwaveshap,@gshallbe accomplishedat leastat the hig~est
modulationrate. Thewaveshapeshall.be measuredat the outputterminals.
of the transmitdeviceifwaveshapingis providedtiternally.Ifwaveshaping
is accomplishedexternally~interconnectingleadsbetweentransmitdevice
andwaveshapingunit shallnot exceed8 inchesin length. Themeasurement
shallbe accomplishedat the outputterminalswhichshallbe terminatedin
h? to68 kOhmsresistiveloadfor the purposeof thetest.

7.2J.L ReceiverInputResistance.The minimuminputresistanceof a
singlereceiver’.deviceSW be 6000Ohms. (~, 45 kOhmsto 68 kOhms.)
Theinputresistanceof devicesto operateat modulationratesin excess
of 200 kilobaudis not definedat thisthe due to thelimiteddataavail-
ablefor standardizationpurposes.

7.2.1.5 ReceiverInputCapacitance.The inputcapacitance of the
receiverdeviceshall.not exceed2500pico@rads.

7.2.1.6 Receiwr sensitivity.Maximumoperatingcurrentrequired
(thatcurrentat whichthe devicechangesits statefrommarkto spaceor
viceversa)shallbe .0001Ampereswitha minimuminputresistanceof 6000
Ohms. (DO,45 kOlmmto 68 kOhmsis 25.6to 7.4microampereovera Voltage
rangeof 5 to 7 Volts.) Minimuminputcircuitsensitivityrequiredshall
be ~ch thatcorrectoperationof the deviceshallbe effectedon current
levelsof thesemagnitudes.A markingcurrentnot in excessof .0001Amperes
(Do,15.6to 794microhperes) shall.causethe receivedeviceto correctly
assumethemarking(one)statejwhilea spacingcurrentof the samemagnitude
shallcausethereceivedeviceto correctlyassumethe spacing(zero)state.
The ba3ancebetweenthe~king and spacingcurrentactuallyrequiredshall
be within10~ of eachothei.

7.2.1.7 SignalingSense. A positivevoltagebetweenlineand signal
groundshallbe usedto indicatea markingstate;a negativevdLtageshall
be usedto tidicatea spacingstate.

7.2.1..8SignalConnection.The primsrystandardfor connectimbe-
tweenend instrumentsand communicationlinksshall.be by serialtransfer
or bitson a singledataline.

.

7.2.1.801-SerialConnection.The primarystandardfor connecting
sourcesto shks shallbe by a serialtransferof bitson a singledata
line (onepab of wires). When the sourceis connectedto severalsinks

200
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Simultaneously$
linecurrentat
all sinksshall

the numberof suchsinksshallnot causethe steady
the sourceto exceed0.001Amperes~plus/minus20g$
be conuectedin psrallel.

state

7.2.1.8.2Ps3wllelConnection.As an optionalmethodsparalleldata
linesmay bc.usedto connectsourcesto sinks. The informationtransfer
h thisconnectionis serial-by-characterspsrallel-m-bit.The modula-
tionratesspectiiedin paragraph7.2.6.

7.2.2 InterimStandardIhterface(HighLevel). In thefollowing
paragraphsthe interimstandardinterfacefm militarysystemsis defined.
Howeverjtheuseris cautionedthattelegraphsystemsof differentcharac-
teristicsare encountered.The followingis providedfor guidance:

In the UnitedStates:

Voltages:24,48$60$75$Uo ~.

Currents:20,60$ 65$ 75 milliamperes.

Sense:Positiveandnegativein neutral,polarand polarential
...

circuits*,.

BatterySourceImpedance:Highandlow.

In OtherCountries:

volts MillMmperes Sense(Mark)

UnitedKingdom 80 20

l&ance lJ8 20 +

.1
Spain 80 20 +

Norway ,, 60 20

Gemany 60 & 2h 20 -&+

lhternational:The standardfor internationalboundarycrossing pur-
posesis 48 Vdc polar,20mA, positivemarking. (SeeFig 4$ AppendixB.)

All normallyutilizepolarand low impedancebatterysources.

7.2*203 TransmitterOutputCurrent.The interface(highlevel)shall
be apolar signalat 20mA (+10%). Aneutrsl interface(highlevel)is
acceptableandmay’beeither-acurrentof 20mA (23%) or 60 m4 (:3%).

7.2.2.2 TransmitterWtput Magnitude.The standardpolarcircuit
shall.be ~60 V (~ 2%)for highperformancefacilitiesand~60 V (24%)

..
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● .

for lowpsrfomancefacilities.,TheS- neutralcircuitshallbe 130
Voltq (~2%) forhighperformancefaciltiesand 130Volts (~k%) for lowper-
fcmuancefacilities.BJTB: Certdn US Military,electronict@legraphter-
minalequipzmntsutilizeupwardsof 30 Vdc (referencedto thesignalground)
in theiroutputcixcuit.Suchequipmentshallw isolatedfromthe cable
plantby suitablerelqs or otherisolation@hes to ~event destruction
of the cableor hazardtohumanlife. ..

7.2.2.3 SourceImpedance.

,,

The batte~ (oreq@mlent) sourceace
v at the transmitcontacts,or equivalents)shmildnot exceeel1S0Ohms,

essentiallyresistive.

7.2.2.4 Wawsha~. ‘f’he~~’ po~ waveshaper,”for dc telegraphsig-
nalswithmmtulationratesup to lx baudshellbe 200 Ohm,10Watt~-”
wound,+ U@ resistorconnectedbetweenthe transmit~ deviceand theline
(seeXik4, AppendixB). The linesideof theresistorshallbe shuntedto
* signal.groundby a 1 microfaradcapacitor,10$ lalerance,witia c8paci-
tor workingvoltageof 200Volts. Localcircumstancesmay dictatea reduc-
tionin the sizeof thecapacitoron longlines(inexcessof 10 stiles)or
on lims exhibitinghigh capacity. The objectiveis to “pr@de the maximum
wweshaping possible at the transmittingpoint”to reduce or el*te near
end crosstalkand/or to zzbximizethe tendencyof the receive relay to bounce.
The RC network indicatedabove has beeiI@own adequate in almost all cases
within and outside of the US. The waveshaperfor neutral si~s is not
specified.

7.2.2.5 Co@act Protection.Tat co~cts (orequivalents)shall
be protectedby fhses,ballastlamps(suchas lBN5905-335-0@4)and/or

●
resistors(notto exceed1* (Nunsin eachmarkand spacecontactlead).

7.2●2.6 ReceiverSasititityi The inputsensitivityof nmcha@~
or el~ctronic,polarrelaydriven,printingtelegrapheqyipmentshallbe
in the 2 to 4 mA operatdag~ferential region. Thabis, a changefrom
32 W @ 28 mA on a 60 ti neutralsignalshallcausecorrectoperationof
thereceiwedevice,or, in the caseof a polarsignal,a changefrom+2 mA
throughO b, -2 mA shouldcausecorrectopera~on of the receivedevice.

7*2-2.7 SignalingSense. A positivevoltage between the line and si~
_ or tie ~wer ~uewy of a two-tone FSK signal shall be the -~
state.

7.2.3 SignalPaths. The Stazxlarddo Sigxnllpathshallbe either2+rire
withmtallic ground or earth return or 4-wire full metallic fm a single
ftll=duplexcircuit. It is to be notedthata distinctionis impliedbe-
tweenmd andearthxwturn. Useofthe first temismsnttc X
#at a single metalllc path, either hsulated or am% insulatedfkomthe
earth is e$apl~ for the return path of one or mre do circuits;whereas
use of the tam earth return is mant to 5mpl,ythat the signal.current
literallyflows throu~ the earth on a noxsaetsllicbasis.

7.2.4 CommunicationPLW l%rfonzance.Thequalityof a circuitshall
be expressedby the fallowingformulasz

. a* PathErr6rRate%= numberof incorrectcharactersor bits ~ ~w
‘numberof charactersor bits sent

203
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b. PathUtilization% =

c. PathEfficiency% =

numberof charactersor bits sent
theoretical# of charactersor

x 100 @
bitsthatcouldbe sentwith error
detection/correctionsystems
numberof corregtlyreceived
charactersor b~ts x 100
tow number~mcMxUng repeated
and/orcontrolcharacters)sent

7.2.5 DistortionIntroducedbyaLine or Loop(dcDigital.).The
maximumtotaldistortionMtroducedby the Iine$or 100P9dueto any com-
binationof causes(bias~fortuitous~cyclicor characteristic)shsllnot
exceed1%. (Thereare a numberof titlesappliedto varioustypesof
distortion.To avoidconfusionstheusageof thetitleslistedabove
togetherwiththeirinterpretationas definedti Section2 is encouraged.)

7.2.6 ModulationRates. The preferredmodulationratesat the stan-
darddigitalinterfaceshallbe:

(1) 25x 2-mbaud
(2) ~O.Obaud
(3) 75.ox~~l-ld
Wherem is the positiveintegersOj Is 2~”&...$eto.

7.3 Digif-alDataModems. Digitaltransducersor modems(modulator-
demodul.ators)employavtiiety of techniquesfor convertingbinarydata
signalsintoa formsuitablefor transmissionoveran analogcommunication
jchannel.Variousmodulationtechniquesare in camnonuse unmilitarycom-
municationqystems$andno singletechniquehasbeenfowd to be optimum
for all applications.The fol&mdnggenerslstandardsare applicableto
all digitsldatamodemequipnents:

7’.3.1saard Interface(LowLevel). Seeparagraph7.2.1.

7.3.2 ModulationRates. Seeparagraph7’.2.6.

7.3.3 T- characteristics. see paragraph7.20.

?’J04 signal htemd-~ ‘l’he device shallacceptanddeliverunit in-
tervalsignals.

7.3.5 HF DataModems. For thoseapplicationswhere16 datatones
differentialphaseshiftkeyingis usedas themodulationtechniquefor
generslbit synchronousdatatransmissionoverHF radiopathsat data
signaUmgratesup to 2400bitsper secondsthefollowingstandardsapply:

7.3.5..1FrequencieseThe modulatorshalltransmitsixteendifferenti-
a31y-coherentphaseshiftkeyed(DPSK)tones. The16 tonesshsllbe s@ul-
taneouslykeyedto producea signalelementintervalof 1.3.33milliseconds
for eachtone. Jh additionsa separatetonefor dopplercorrectionslxiUJ
be providedwherarequired,The tonefrequenciesand spacingshallbe in
accordancewithTableIX” Tonefrequenciessha31maintainan accuracyof
0.1 Hz.
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7.3.5.2 ModulationZhcoding.Themodulationschemeshallemployfour
phaseencodingfor 2400and 1200bit per seconddatasignalingratesand
two phaseencodingfor 600j300$1S0 and 75 bit per seconddatasignaling
ratesin accordancewiththe followingdiagram:

0oOe(-2250) l~oe(-315”)
For two phase
encodingthe -45°
and -225°vectors
shallbe used

x

—. -—o”

o~le(-135”) lo!e(-45”)

FIOURH22

The subscriptsreferto the odd ardeven’bitnumbersand thephasein
degreesiswithregardto theprevioussignal.element.

7.3.5.3 Mwhlation%te. Themodulationrateof thecompositeaudio
sign&1shsllbe 75baud. TIEmodulationrateshallbe ccmtant for all
inpqtdatasignalingratesup to 2&O0bitsper second.

7.3.5.4 ModulatorOutputLevel. The outputlevelof themodulator
shallbe adjustablebetweenminus20 and O &in.

703.S$ ~Pe*Ceo The trans.titandreceive-dance on the trans-
missionchannelsideof themodemshallbe 6~ Ohms~~ 10% resistiveand
balanced.

703*50~ ModUtOr InputLevel. The demodulatorshallhavea dynamic
rangesufficientto acceptandprocessjwithuniformperformancesinput
signalsfrommi.nus40 dBm to O dBme

7.345.7 @cfionizationo Uponreceiptof a “transmit”comand~ the
modemshu initiatea synchronizationpreambleconsistingof two tones$
60~Hz and170~ Hzfor adurationof five sigti elements(66.~~milli-
seconds).The 605 Hz toneshallbe unmodulatedandusedfor doppler
correctionwhenrequired.The 1705Hz tone shallbephaseshifted1800
for eachsignalelementand usedto obtainpropermodem~chronizationby
the receiver.Duringthe preamble,the levelof the 605 Hz toneshallbe
? + 1 dB higherthanthe levelof-the1705Hz,tone.The BMSvalueof the
cofipositeaudiooutputduringthepreambleshallbe within1 dB of theRI&S
vslueof’thetransmitteroutputduringnormaldatatransmissionwhen all.
datatonesare transmitted.At the completionof the preambleall data
toneswil.l.be turnedon for atine equivalenttoonesignalebment (13.33
milliseconds)priorto transmission,ofdatain orderto establisha phase

x%
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reference.Followingthe synchronizationsequencessynchronizationshall
be maintainedby samplingthe signalenergyin the 825 Hz slot. No tone
shallbe suppliedin themodulatorat the 825Hz frequency.

7.3.5.8 Doppler Correction,For thoseapplicationswherea doppler
correctioncapabilityis required,the 605Hz toneskillbe used.

7.3.5.9 InbandDiversityCombining.Inbanddiversitycombiningshall
be accomplishedat all datasignalingrateslowerthan 24(Mbitsper
second. The channelsshallM combinedh accordancewith TableIXto pro-
videeitherratiosquaredor linesrcombining.The degreeof diversity
combiningshallbe two timesat 600 or 1200bps~fourtimesat 300 bps~
eighttimesat 1S0bps and sixteentimesat 75 bps.

7.3$.1O Modtiator Si@A.larm. Provisionshallbe made in the
demodulatorto activatean .alarmwhenthe inccuningsignalfromthe trans-
missionchannelfallsbelowa presetlevel. The specifictechniquesand
levelsto be usedwil.1.be definedin the applicablemodemspecifications.

7.3i6 PSK DataModems. For thoseapplicationswheredtiferential
phaseshiftkeying(DFSK)is usedandwherea voicechanneldatainterface
with the DCS is requiredoverotherthanHI?radioat modulationratesup
to ?400baud (a datasignalingrateof 2LO0bitsper second)thefollowing
standardsapply:

7’~3~6d OperatingRequirements.Themodemshallprotidefwllduplex
operation$iee.~it shallbe capableaf simultaneousconversionof serisl
digitslsignalsto a modulatedanalogsignalon the transmitchanneland
demodulationof.voicefrequencyanalogrepresentationd independentserial
digitalsignalsoriginatingfroma distantmodulatoron the receivechannel.
Themodulatorshall.accepta serialdigitaldatasignalat modulationrates
Of 1200 or 2400baud~

7.3.6.2 ModilatorCarrier.The carrierfrequencyof the modulator
shallbe 1800Hz and shellbe manuallyadjustable+ 0.SHz. The lon term

&frequencystabilityof the carriershallbe better-thanlpart inl per
2b hourperiod.

7.3.6.3 BinaryEncoder/Decoder.A dataencodershall.be providedin the
modulatorand a correspondingdecoderin the demodulator.The encoder/de-
codershallconsistof a modulo2 adderand a 2-bitshiftregister or equiva-
lentas shownin Figure23. Encoding/decodingshsllbe accomplishedat a
datasignalingrateof 2400bitsper secondfor the two datarates. Provi-
sionshall~ made.to employthe encoder/decoderon an optionalstrapping
or switchselectablebasisto maintainsynchronismduringdatainputsof
steadyl~onesllor llone-zerol~reversals.

.

7~3~6.4 Modulatoroutput~gnal. The datasignalat the outputof the
modulatorshallbe a synchronousdifferentiallycoherentQuarternaryphase
shiftkeyedsignal. For a datasignalingrateof 1200and 24OObitsper
secondat themodulatorinput,the Linesignalis always1200baud, The

208
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●
linesignalsliallbe
digitalsignalsfrom
encoderis bypassed)

obtainedby groupingthe serialstrem of binary
the binaryencoder(orfromthe datasourceif the
intodibits. Upondeterminingwhichof fourpossible

bit sequencesare containedin the dibit,the phaseof the 1800Hz carrier
is shiftedrelativeto the phaseof the carrierat thebeginningof the
immediatelyprecedingdibitinterval.The dibit-phaserelationshipis
shownin thefollowingdiagram:

o,I(+135q 0,0(+45”)

.x

—- ‘- O“ REFERENCE

1,1(-1350) 1,01-45”)

FIGURE24

Phasevectorsdenotecarrierphaseshiftrelativeto the phaseof the
immediately~eceding dibitinterval.

7.3.6.5 ModulatoroutputLevel. The outputlevelof themodulator
shillbe adjustablefrom -18& to O dlh.

7.3.6.6 Demodulator~put Signal..The demodulatorshallacceptthe
~chronous Quarternaryphaseshiftkeyedsignal.describedin paragraph
7.3.6.4asmodified~ passagethroughthe transmissionchannel.

7.3.6.7 DemodulatorDynamicRange. The demodulatorshallhavea
dynamicrangesufficientto acceptand process,withoutdegradationof
performance,inputsignallevelsfrom-35dlhto -5 dRn.

7.3.6.8 Ihpdance ReturnLOSSand E&Lance.The outputimpedame of
themodulatorandthe inputtipedanceof the demodulatorshall.be 600Ohtns
balancedwitha minimum returnlossof at least26dB overthe frequency
rangeof 370 Hz to 3400Hz. The electricalbalanceshallbe sufficientto
suppresslongitudinalcurrentsat least40dB belowprevailingmetallic
currents.

7.3.6.9 @chronization. Synchronizationbetweenthemodulatorand
demodtitorshalzbe accomplishedautomatically~the demodulatorwithout
the needfor transmissionof separatesynchronizationsimals frcxnthe
modulator.Themodem
timingoutputsignals

shallpro~de bothuncorrectedand-phasecorrected
at eachof the selectablemodulationrates.
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7.3.6.10..DemodulatorClockCircuits.The tfing sig~ at
of the demodulatorshall-bephasecorrectedto the digital data

the output
signalit

the outputof the demodulato~.The rateof phasecorrectionshallbe such e
thatno morethan150 serialdi~italdatatransitionsshallbe requiredto
correctforphase differencesofup to % of a ,dataunitinterval.The
maximumallowablerateof phasecorrectionshallbe limitedto a valuesuch
thatthe phasejitterof thecorrectedtimingsignaldoesnot exceed+ 1%
of a dataunitinterval.The phasecorrectionshallbe automatically-in-
hibitedif the linesignalis interrupted.

‘?.3.6.11Demodulator-SignalAlarm. Provisionshallbe madein the de-
modulatorto activatean alarmwhenthe incomingsignalto the receiver
fallsbelowthe presetlevel. The specifictechniquesandlevelsto be
usedwillbe definedin the applicablespecifications.

7.3.6.12 TransmissionChannelPhase’Jitter.Themodemshallbe cap-
ableof operationovera voicechannelfacilitywherephasejitteris
presentso thatthe bit errorrateversusGaussi~ noiseperformanceshall
not experienceadditionaldegradationin excessof 1 dB whm + 20 degrees
of peakphasejitterat any jitterratefrom20 to120 Hz is.~ntroduced.

7.3.7 FSK DataModems. In thoseapplicationswherefrequencyshift
keying(FSK)is usedas a modulationtechiquefor bit synchronousdata
transmissionat datasignalingratesup to and including1200bitsper.
second~thefollowingstandadsapply:

7030’?~lFrequencies.Where modemslimitedto datasignalingratesof
600bitsper secondor lessareused,theyshsllemployphase-continuous

: frequencyshift,keyingat the followingfrequencies:,

Markfrequency

Centerfrequency

Spacefrequency

Wheremodemslimitedto data
om?ationor lessareused.thm

1300~!j’Hz.

1500~5 Hz.

1700~S Hz.

simal~ ratesof 1200bitsPer second
Stil el?l;loy

sh2ftkeyingat the followingfrequencies:

Markfrequency

Cehterfrequency

Spacefrequency

phase-continuous-frequency

7.3.7.2 mpe~celietw nbcsssndlw-ce. .Theoutputim danceof the
!?modulatorandthe inputimpedanceof the demodulatorshallbe 00 Ohms,bal.ancd

8withamixrhnumreturnlossof at least26 d13overthe frquencyrange of.370 z
to 3400 l%, The electricalbalanceshallbe sufficientto suppressbngiku-
dinalcurrentsat least~0 dB bebwpremailingmetalliccurrents.

7’.3.7’~3ModulatorOutputPower. ThemoduLatoroutputpowerto
transmissionlineshal.lbeadjustablebetween-16dlknand+4 dlh.

the
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7.3.7.hD~odulator_c Range.

be capableof providingfulloperational
receiverbetween-40dRn and O dlh

7.3.7.5 ModulatorOutputSpectrum.

HIL-STD-188C

Thereceiver(demodulator)shall
performanceat lflleinputsto the

The transmittedsignalenergy
duringmaximumspeedoperationshallbe suppressedat least-hOdB fo~-
frequenciesof 3400Hz,and above.

7.3.8 Tactic&LData Modemfor 1S0 Baudsor Iess. For theseapplica-
tionswherea requirementexistsfor dataat ratesof 1~0baudor lower,
the followingstandardsshallapply:

7.3.8.1,MochiLationoBinaryFrequencyShiftKeying.

7.3.8.2 CarrierFrequency.1232.~Hz for a ~1111(Mark)

1317.5 Hz for a “0’1(Space)

(tolerance=:4 Hz)

NOTE: The abovefrequenciesformarkand spacearereversedin a large
existinginventoryof equipments.New equipmentsprocuredshouldhavea
readymeansof reversingthe senseofmark and spacein orderto operate
withthe olderequipments.

7.3.8.3 ModulationRate. @rate up tolSO baud.

7.3.8.4 Modulator OutputIevel. Themodulatoroutputlevelshallbe
adjustablefrom -16to +4 dRn in stepsno greaterthan2 dB. The dif-
ferencein outputlevelsbetweenmarkand spacefrequenciesshallbe less
thanl dB.

7.3.8.5 MarkHold. The demodulatoroutputshallbe heldina steady
‘1111conditionand an alarmsignalprovidedwhenthe receivedsignaldrops
belowthe lowerlimitof the dynamicrangeselected.

7.3.8.6 Demodulator@amic Rawe. Thereshallbe two (2)selectable
optionsof demodulatordynamicrange. In one optionthe equipmentshall
detectsigna3sfromO + 3 dRn to minus25 dRn + 3 dRnwithoutadjustment.
In the secondoption,~t shalldetectsignals?&m 0~3 dh to minus48
dIh~ 3 dRnwithoutadjustment.

7.308.7 CarrierSuppression.Ming periodsof no transmissionthe
modulatoroutputshallbe removedautomatically.The carriersuppression
timedelayshallbe suuhthatthe outputshallpersistfor 2.5~0.~ sec-
onds.

7.3.8.8 One-Way Reversible@ration. Themodemshallbe capableof
operationovereithertwo (2)or four (&)wirecircuits.Whenconnected

~~fortwo-wireoperations,themodemshallbe capableof generatinga break-
in signalthatstopstransmissionfromthe‘remotemodulatorand allowsthe
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directionof dataflowtobe reversed.Thebreak-infrequencyshallbe
1180Hz + 3 Hz. The normalbreak-insignalmodulatoroutputpowershall
be O dh~ The break-infrequencydetectorof the demodulatorshall
operatewith signalsdownto minus30 dh

7.4 Digital~fering Equipment.

7.L.1 ModulationRate Converters.A modulationrateconversionpro-
cessmay takeplacein aqynumberof equipments;however~the equipments
referredto in the followingparagraphs=e deviceswhosebasicpurposeis
to changethe tiput/outputmodulationraterelationship.

Modulationrateconverters(MRC)findapplicationin suchareasas
thoseinvolvingthe electricalconnectionbetweenb~.~and 75.0baud
teleprinterequipment.

It is to be understoodthatin connectinga higherto a lowermodula-
tionratedevicesprovisionmustM ~de to controlthe average~orma-
tionrateof the fasterequipmentin orderthatthe informationrateof
the slowerdeticeis not exceeded:e@gO$1,00wpm-60wpm operatesat m
averageof 60 wpm~ 100 cardsperminuteto 10 cardsper minuteoperates
at an averageof 10 cardsperminutegetc.

The inherentcharacteristicsof anMRC9 regenerativerepeaterg~s-
tortionmonitor$and delaylinecanlxdceon a closeresemblancethatmay
be usefullyexploitedin combiningthesefunctionalareas.

7.4.1.1 ClockingMethods.

7.4.10101start/stopInput. The inputto the MRC inputsamplingt-
shouldbecomequiescentand/orreadyto cmmmencesamplingthe character
followingthe one justsampled,at somepointafterthebeginningof the
stopintervaland in no caseh excessof hsU the durationof theunit
intervalat the applicablemodulationrate. lY the start/stopcharacter
intervalis 10 unit intervals(1unitstarts8 unitintelligenceand a
1 unit stopelement)the inputlogicshouldbepreparedtocorrectlyaccept
the fo12mwingcharacterat any timebetween9.6 and 10 unitintervalsfrom
the stop/starttransitionof thatch=acter interval..

7.4.1.1.2start/stOpoutput. The outputcharacterintervalmay not be
shorterthanthe inputcharacterintervalto circumventtheneedfor various
amountsof storagecapabilities:

7.4.1.1.3Wtput Ch=acter Wtewal. The outputcharacterintez?val
mustbe equalto or greaterthanthe inputcharacterintervalto avoidany
requirementfor storagefacilities.Thereare two situations~depending
onwhetherthemodulationrateis increasedor decreasedby themdulation
rateconverter.

a. ModulationRate lhcreased.In thiscasethe outputmodulation
rateis greaterthanthe inputmodulationrate. Sincethe informationrate

2?.2
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is controlledby the characterrateof the inputsignal.,eachoutput

o...
charactermustconsistof a characterof the samecharacterstructure.as
the inputsignal,butwiththe stopelementextendeduntilthe timedura-
tionis the sameas thatof the inputcharacter.In termsof the output
modulationrate,the outputcharacterintervalmustcontainat leastas
- unitinte=S as the inputcharacter,multipliedby the ratioof the
outputmodulationrateto tb inputmodulationrate. EXAMPLE1. Givenan
inputwith a characterinterval.of 7.0units,and a modulationrateof
75.Obau~. withthe outputtobe deliveredat therateof 1S0 baud. The
outputcharacterinterval.must thenbe at least:

7co~ U@.o = U+*Ounits*
75.0’

b. ModulationRateDecreased.~ thiscasethe outputmodulation
rateis lessthanthe inputmodtiationrate. The characterrateof the
inputsignalsmustbe reducedto tht of the outputcircuit,or lower,so
as not to outrunthemodulationrateconvertercapability.A typicalway
to accomplishthisis to use steppedoperation,wherebythemodulation
rateconverter,or someacternsldevice,generatesstepimpulsescausing
the inputcircuitto deltieronlythenextcharacter.The stepimpulses
are spacedsufficientlyto allowthe converterto deliverthe outputsignal
withthe correctcharacterinterval.EXAMPLE2. Givenan inputwith a
characterintervalof 11.Ounits,and a modulationrateof 110.Obaud,
with the outputto be deliveredat therateof ~0.Obaude The stepping
impulsesmustbe spacedby an interval,in termsof the inputmodulation
rate,of at least:

.0
-J-Joo~ 11o.o

‘m
= 24.2units.

7.4slti2~put/outputfigtiingCharacteristics.Seeparagraph7.1o
for timingcharacteristicsandparagraph7.2.1for interfacecharacteris-
tics.

7.5 DigitalRegenerativeDevices.

7.5.1 RegenerativeRepeaters.Regenerativerepeatersreshapeandre-
timedigital’signals.It is generallyacceptedthatretimingcharacteris-
ticsmakea regenerativerepeaterdistinctfroma nonregenerativerepeater
whichreshapesbut doesnot retimethe signal. Thereare twobasicclasses

, of

is

regenerativerepeaters,synchronousand start/stop.

7.~.l.1 W 3@ut/OutputCharacteristics.Seeparagraph7.2.1.

7.S.1.2 SynchronousRepeaters.

7.5.1.2.1Wdulationl?ateCoverage.A rangefrom25 to 38,4oo@ud
desirab~e.

7.5.1.2fi2The deviceshallacceptunitintervalsignalsonly.
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7.5.1.2.3 h internal equipment
than one-halfand lessthantwo unit
tionrateis desired.

propagationdelaytimeof greater
intervalsat the applicablemodula-

~.~.le2.4It is to be assumed:’thatnoreq~ement
userremovalor insertionof theregenerativerepeater
channel.

7.5,1.2.SDistortion.Synchronousrepeaterinput
tiesare:

Mtched biasdistortion.,......49$M-O-49%S

Biasdi~otiim .................49% M-o-h9%s

Qclic distortion...............49%M-O-49%S

Fortuitousdistortion...........h9%M-O-49Xs

existsfor remote
fromor intoa

acceptingcapabili-
.

.,

Thesedistortionfiguresassumethe inputsignalmodulationrateand the
clocksignal are within1% of eachotherand areapplicableto either
externallyor internallyclockedrepeaters.

7.5.1.2.5.1Meansshallbe incorporatedtocausethe regenerative
repeaterto alarmlocalstationattendantsif the inputsignalexceedsa
distortionfigureof 49%for a threesecondperiod. At the sametimesthe
~outputs@al shallbe forcedto assumea markhg stateuntilsuchthe as
the inputsignalcanbe acceptedby the repeater.The purposeof thisre-

,,qub?ementis to,insurethattheregenerativerepeaterwill not Unnecessarily
confusecryptographicoperations.

705.1.2.6ftmchronousRepeatersControlled StationClocks.

7’.5.1.2.6.1T- source. see paragraph7.10.1.

‘?.5.1.2.6.2 When controlledbystationor masterclocks(external.
clocks)~the inputsignal.clocktding relationshipshouldbe arrangedso
thatthe phase.ofthe incomingsignalmaybe shifted270°~earlyor late~
fromthb centerof theunitintervalat the applicablemodulationrate.
The decisionas to whetherthe phaseadjustmentbe manualssemiautomatics
or fullyautomaticis leftto the decisionof the equipmentdesigner.The
adjustmentat thephaseof the inputsignal/clockrelationshipshouldbe
reflectedim a similarshiftin thephaseof the outputsignal. Rather2
the outputsignsllshouldmaintainthephaseof the stationclocksuppliedto
the regenerativerepeater.

7$.1.2.6.3 The clockmodulationrateshallbe suppliedattwicethe
applicablesignalmodulationrate (seepara7.10).

7.5.1.2.7 SynchronousRepeatersNot Controlledby ‘StationClocks.
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7.5.1 .2.7,.1 TimingSource.$lperationalexperienceto dateindicates
thatgreatcaremustbe made indetennininghowthe clockis derivedfrom
synchronousregenerativerepeatersoperatingin systemsnot emplo~ng
stationclocks. A fundamentaloperationaldifferenceacistsbetweenthe
designof synchronoustransmissionterminalequipmentand synchronous
regenerativerepeaters.Thatdifferenceis physicallocationin the com-
municationplant. Therepeatermaybe severalthousandties fromeither
terminalend of the communicationlink. In the typics3caseof stations
presentlyoperatingmultiplesynchronoustransmissionequipment(each
operatingwith itsown clocksystem),it willbe foundthat,generallyno
two similarlinksoperatecloselyenoughto the sanemodulationrateto be
consideredsynchronousexceptwiththeirassociatereceivingterminal.
Highlystable(butwithoutthestabilityofmasterclocksystems)regenera-
tiverepeatersoperatingundersuchconditionshavebeenfoundto drive
the synchronoustransmissionequipmentrapidlyoutof phase$particularly
duringdegradedcircuitconditions.

7.5.1.2.7.2The frequencycontrolsignalsof synchronous regenerative
repeatersnot controlledby stationclocksshouldbe derivedby an inte-
gratingprocessso thatthe repeaterwilltendtofolkw the averagesignal
modulationrateratherthanattemptto dictatea rate. Suchfrequency
controlwouldbe anslogous to the automaticfrequencycontrolanployedin
radioreceiverequipment.

705.1.2.7.3Themeansfor settingtb modulationrateshouldincor-
poratea techuiquesimilarto tuninga radioreceiver,e.g.,settingthe

.. controldialto the grossmodulationratewouldthenallowtheAFC to lock..

.0’ on to the inputsignalmodulationrate. A five secondlockon timeis
consideredadequate.Thismeansthatwithinfive secondsof receiptof an
initial.inputsignalthe correctinputsignal./clockphaserelationshipwffl
be established.The stabilityof the regenerativerepeaterfrequencycon-
trolshouldbe suchthatthe lossof the inputsignalfor periodsof one
secondor lessat 38.4 kilobaud.shsllnot causethe inputsignsl\clock
phaserelationshipto deviatein excessof s% of t~.durationof the unit
intervaluponresumptionof tiputsignaling.For lowermodulationrates,
the hold-intimeshallbe inverselyproportionalto themodulationrate.

7.5.1.2.7.4It is expectedthatthe changesin phaseof the input “
signal/clockphaserelationshipwillappearin the outputsighsl,consider-
ablysmoothedor dsmpenedby the integrationfactorof the AFC equipment.

7.5.1.3 Start/StopRegenerativeRepeaters.

7.5.lc3.lGenersl. In start/stopregenerativedevicesit is expected
thatan equipmentpropagationdelaytimeequal.to the numberof bitsnorm-
allystored,plusone-halfthe durationof the unitintervalwill.be
encountered.(For8 unitcode,start/stopsignalingwitha unitinterval
startanda unitintervalstopsa propagationdelaytimeof 10.~wouldbe
consideredreasonable.)

7.5.1.3.1.1Nomally, start/stopregenerativerepeaterscannotre-
generatedistortionencounteredat the stopelement.Therefore,the

m

http://www.abbottaerospace.com/technical-library


MnPsAD-mc

distortionof.,thestopelementmay appearat the outputof the regenerative
repeater.Thereare exceptionsto thisproblem$for example,synchronous
transmissionequipmentfittedwith start/stop~input/outputbuffers. In
thiscase,due $0 the stora~eand timingfunctionsof the synchronous
equipmentsthe stopelementis regenerated,Thetypeof start/stopregen-
erativerepeatercoveredby thisstandardis not of thisnature.

7.5.1.3.2~stortion. Start/stopregenerativerepeatersshouldhave
the capabilityof accepting:

Switchedbiasdistortion........497M-o-b9gs

Biasdistortion.................49$ M-O-49$s

(&clicdistortion...............24.5%M-O-24.~%S

Fortuitousdistortion...........24.S$M-O-24.~%S

“ These,distortionfiguresareapplicableassuniingthatthe
modulationrateandrepeatertimingarewithin1~ of each

inputsignal
other. The

durationof measurement’isnot spedified~but it is assumedthatthese
figuresare normaUy obtainedduringroutinetesteitherunderlaboratory
or’fieldconditions.

7.5.1..3.3Alarms. See psragraph7.5.1.2.S.1,

7.5,1.304Timing. Seeparagraphs‘?.4.1.1and 7.10.

7.6 CodeConverter.

7.6.1 Gemeral..Codeconvertersgenerallyare an inherentpartofj
or at leastcloselyassociatedwith~,otherequipmentssuchas the inputor
outputof timedivisionmultiplechannel.tranmni.ssionequipment.Uhfor-
tunatel.ya degreeof confusionexistsin differentiatingbetweencodecon-
verterssnddevicesmoreproperlycalledalphabettranslators(seepara
?.9). Codeconvertersare thosedeviceswhosebasicfunctionis to accept
a digitslsign@.in o’hecodeand convertit to another,,code.The sixth
unitor bit in e’achcharacterintervalmightbe usedto signifythe start
or stopcondition.The codeconversionprocessin thisexampledoesnot
manipulatethe fiveintelligencebits. Rather3thesebitsare passedto
the outputin the samephysicalrelationshipto eachotheras theywere
presentedto the converterinput.

A codeconversionprocessmay alsoincorporatean alphabettran&lation
process: e.g.,the,conversionof InternationalMorseto fiveunitcode,
start/stop9InternationalAlphabetNo.2.

?.6.2 DC Input/outputCharacteristics.Seeparagraph?.2.

7.7 ErrorControlDevicesi
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7.7.1 General..Automaticerrorcontroldevicesare assembledinto
threebasictypesof errorcontrolsystems,error correctingsystems,
errordetectingsystems,and errordetectingandfeedbacksystems(see
Section2, Termsand Definitions).The choiceof errorcontrolsystemto
be used is a functionof theparticulartransmissionmdiaemplo~d and
the datasourceand sinkrequirementsof theusers. Errorcontrolde-
vicesto be used in the tacticslsystemmustbe designedto protectagainst
the particulartypeof interferenceencounteredin ccommunicationsystems~
suchas impulsenoisebursts,multipatheffects,deepfading,selective
fading,etc. No attemptis madeto standardizeon onetypeof errortech-
niquebut themostcommontechniqueusedin presentccommunicationsystems
is the errordetectingandfeedbacksystem. Regardlessof thetypeof
systemused,errorcontroldevicesusedinth systemmustmeetthe
followingstandardsat the interfacepoints:

7.7.2 StandardInterface.Seeparagraph7.2.1.

7.7.3 ModulationRates. Seeparagraph?.2.6.

7.7.4 ‘f- characteristics. see wwaph 7.100

7.705 w- interval.

7.8 SecurityDevices.

7.8.1 Currenteditions

Seeparagraph7.3.4.

of the followingdocumentsshouldbe referenced

@

priorto implementinga
restrictionsmay apply:

development or productionprogramin whichsecurity

DCAC300-175-1

FED-STD-222

7.9 AlphabetTranslators.

7.9.1 General.Alphabettranslatorsin communicationsystemshave
tendedto be separatedevicespeculiarto themselves.On the otherhand,
it ks been”afairlycommonpracticein thedataprocessingindustryto
accomplishalphabettranslationas a partof computerprograms.Thereis a
basicdifferencebetweenthecommunicationfieldand the dataprocessing
field. The communicationsystemis intendedto conveyinformationfroma
!Isourcel!to a l~sinldtwhereasthe primarytaskof the dataprocessingin-
dustryis to manipulatethe datain accordancewith a desiredresult. The
communicationsystemmusttakeparticularcarenot to.arbitrarilymutilate
the informationflowingin thepath. Therefoie,ihmust be assumedthatthe
communicationsystemhas no knowledgeof the informationcontentof the data.

It is to be presumedthatalphabettranslatorswillbeccmewidelyused
to facilitateintercomectionof otherwiseincompatibleequipnent.

It is possibleto have
a codeconversionprocess,

●

an alphabettranslationprocesswith or without
e.geaS“unitcode, XhternationalAlphabetNo. 2
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translatedto,5 unitcodesBaudotAlphabet.A codeconversion~d alPha-
bet translationprocess@kes placewhena S unitcodestart/stopInter-
nationalNo. 1 Alphabetis changedto an 8 unitcode~start/stop~IW4
of 8 Alphabet.

7.9.2 Restrictions.Thereareno restrictionsto accomplishinga
codeconversionprocess~ovided allpermutationsof a codebeingcon-
vertedc= be processedeitkerto or fromthefirstto the secondjor from
the seccmd to thefirstcode. On the otherhandsthereis an absolutere-
strictionthatan alphabettranslationshallnot be accomplishedexcept
at therequestof the dataoriginator.It is presumed~however$thatthe
originatorshallstatethe alphabetwhichis to be translated.

7.9.3 N Wput/GutputCharacteristics.The interface
statedin paragraph7.2.1apply.

7.9.4 ModulationRatefor Applicable.ModulationRates
Considerations.Seeparagraph7.2.6.

characteristics

andTiming

7.10 ClockEquipment.The clockis the devicewhichprovidesthe time
basefor controlof operationin digital.equipment.An equipmentC1OCK
providesthepeculiarneedsof its equipmentand.in somecasesmay control
theflowof dataat its equipment,interface.A masteror stationClock$

~ regardlessof itsphysicallocationjcontrolstwo cr moreequipmentswhich
arelinkedtogetheras a system. It is withmasteror stationclocksthat
thesepragraphsareprimarilyconcerned.

7J0.1 Clock Control.

7.10.1.1 TransmissionModes. All.futuremilitarycommunicationequip-
mentrequiringa stableclockor precisecharacter‘intervalcontrolshall
makeprovisionsfor operatingfromstationclocksin eitheror both of the
followingmodes.

7.10.1.1.1Bit @chronous@ Inbit synchronousoperationC1OC!Ctiming
shallbe deliveredat twicethedatamodulationrate. (Forthispurpose,
Wata” includesinformationbitsplusallbitsaddedto.thestreamforwhat.
everpurposetheymay servein the systeii~i.e.,errorcontrolsframing...
etc.) Thedeviceshallrelease9withinthe durationaf one clocksignsl~
onebit. Ih bit-by-bitoperationit is assumedthatrapidmanualssemior
automaticshiftsin the datamodulationratewillbe accomplishedby varying
the clockmodulationrate. It is possiblethatequipmentmay be operated
at SO baud.onemanentand thenextmomentat 1200or 24OObaud. It Sh@.1
be assumedthat$duringperiodsof communicationdifficulty~a clocksignal
mightbe deliveredto a senddeviceoccasioneJlyor not at allfor periods
extendingto hours. Duringperiodswhen the sendingequipmenthas no
trafficto send9an idlepatternor sll ~tones!lmay be transmitted.

7.10.1.1.2Ch=acterIntervalSynchronous.In characterintervalsyn-
chronizedequipment~any characterintervalfrom4 to 16 unitintervals
per characterintervalshallbe permitted.It is assumedthat$
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havingprogrammeda givenfacilityfor a particularcharactertiterval,

● no.othercharacterintervaloperationwouldbe expectedexceptby re-
programming.An exampleof suchoperationwouldbe a 7.0unitsper char-
acterintervaltapereaderbeingsteppedat 8.ounitsper characterinter-
val.

7.1o.2 clock~ModulationRates. The standardclockmodulationrates
for compatibilitywithpreferredmodul.ationratesin paragraph7.2.6shall
be: (1)SO x 2-mbaud (2)100.Obaud (3)150.Qx 2mbaUd=wheremis

# the positiveintegersO, 1, 2,...etc.

7.10.3 ClockModulationRate.Stability.The stabilityof synchronizing
or clocktimingsuppliedin all ~chronous digitaltransmission,switching,.
terminal,and securityequipmentshallbe sufficient.to~ thap Syndl?m-
nismis maintainedwithin+ 25% of the unitintervalbetweentransmitted
and receivedsignalsf

Y
~-riodsof not lessthan100,000consecutivesec-

onds (1partin 4 x 10 x mod rate). Accuracyof the clocktimingshallbe
suchas to assurethatthe actualmodulationrateis within1 part107 of
the nominalrate.

7.1O.3.1ModulationRatePhaseAdjustment.Meansshsllbe provided
in all digitaltransmission,switching,terminal,and securityequipment
so that,at theapplicablemodulationrate,a shiftin phaseof the clocking
pulsewithrelationto the incomingsignal.streamshallbe possibleovera
periodof 3 unitintervals(i.e.,a shiftof 1.5 unitintervalsearlyor
latefroma theoreticalcenterof the unitintervalat the applicablemodu-
lationrate). Whetkr thisadjustmentis to be manualor automaticis left

o to the discretionof the equi~ent&signer.

,’,- 7●10.4 ClockOutput. The outputof the clockshallbe an alternating
qmmetricallyshapedwave,or sinewave,at therequiredclockmodulation
ratesand in accordancewithparagraph7.2.1. Whenthe clockis quiescent
the clocksignalstateshallbe negative.(Inthisstandarda clockperiod
or cycleis definedas havingonehalf-cycleof positivepolarity(sense)
and one hslf-cycleof negativepolarity(sense).Thus,in thebinary
sense,eachclockperiodor cycleis composedof two unit i.ntervalsj and it

followsthata clockrateof~O Hz,isa clockmodulationrateof 100 baud.)

?.10.5 Clock/DataPhaseRelationship.Arrangementswhichmay be used
to supplyclockpulsesto sourcesand sinkssre shownin AppendixB. Typi-
CS3 standardarrangementsare shownfromwhichonemay be selectedto meet
a specificapplication.For thosedigitaldevicesoperatedat DC baseband
whichare interconnectedby metallicwire (orotherequipmentwhichpro-
tidesh effectthe samefunctionas a metallicwire)the foll&Lng clock/
dataphaserelationshipsapplyif, and onlyif, interfacecircuitlengths
permit. It is notedthatdue to signal.propagationdelaytimedtiferences
over differentDC wire circuitsor DC equivalentcircuitsat datamodulation
rateshigherthan2400to 48OObaud,theremay be a relativeclock/data
phaseshiftsufficientto warrantcompliancewithparagraph7.10.3.1.
Rracticsloperatingexperienceindicatesthattypical.multiplepairpaper
or PVC insulatedtelephoneexchangecableplantm~ be expectedto function

219

http://www.abbottaerospace.com/technical-library


HIL-SITH88C

at modulation,ratesof 48OObauddata/96~baudclockat distancesup to
3000cablefeetwithoutanyneedfor concernoverrelativephases~t or
noiseif the standardlow levelsignalinginterfaceis appliedto both
clockand datasignalsin accordancewithparagraph7.2.1.

All datatransitionsemittedby a sourceunderdirectcontrolof ex-
ternalclockshalloccuron (becausedby) negativeto positivetransitions
of thatclock. The designobjectiveis-aminimumdelaybetweenthe clock
transitionand theresultingdatatransition,but in no caseshallthisi
delayexceed12.57of the durationof the dataunitinterval.For each
equipmentoncethisdelayis fixedin hardwsre~it shallbe consistent
within; 1% of itselffor eachclocktransitionwhichcausesa data
transition.Thesedelaylimitsshallapplydirectlyat the sourceinter-
face. SeeFigure25.

Samplingof the datasignalby the externalclockat a sinkinterface
shalloccuron (becausedby) positiveto negativeclocktransitions.See
Figures25 and 27’.

&eh the clockis usedfor controllingintermittentdatatransmission~
datamay not changestateexceptwhenrequestedbya negativeto positive
clocktransition.The quiescentstateof the clocksh~l be at negatiw
voltage.The quiescentstateof th? datashallbe thatstateresulting

. fromthe lastnegative to positiveclocktransition.SeeFigure26.

For devices~inwhichthe externalclockis oti~relatedindirectlyto
sourcedata~to maintainsynchronismbetweena transmitterand.a receiver
for a constantmodulationratesignalfor example$the phaserelationship
betweenexternalclockand datais not specified.However~whateverthe o
phasedelaysit shallbe consistent to within+ 1% of the dataunitinterval
at theapplicablemodulationrate. If clockat twicethemodulationrate
of the samedatais alsosuppliedas an outputsthendatatransitionsshall
coincidewithin+ 1% of the dataunitintervalwiththe negativeto positive
transitionsof t~e outputclock. See Figure28. Directcontrolmeanscon-
trolof databy a clocksignalat twicethemodulationrate of the data,
~direct controlmeansuse of a clockat somehigherstandardmodulation
rate,e.g.~4, 8, 128 timesthemodulationrate.

For devicesin whichinputdatato the sinkis sampledfroma clock
not directlyrelatedto the datamodulationrate~the phaserelationship
of datato clockshallbe maintainedin sucha way thateachdataunit
intervalshallbe sampledwithin+ 1% of the theoreticalcenterof the data
unitinterval.

In the s~cial caseof s~chronousdevicesoperatingfromexternalclock
directlyrelatedto dataand outputtingstart/stopformatsignalsjdata
transitionssha31be coincidentwithnegativeto positiveclocktransitions
Within~ lx of the da~ unitinterva10

For start/stopformatdevicesutilizinginternaltlow stabilitysampling
sourcesjit shallbe permissibleto sampleincomingdata+ 12.5%of the data
unitintervalawayfromactualcenter. Thisdistortion,~owever~shallnot
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be passedon to any outputinterface.Any furthertransmissionof this . “’
signalshallbe regenerated.

7.3.0.6Monitoring.The standardmethodsof monitoringdc circuits
shallbe an essenti~ nonreacti=tapwitha minimumdc resistanceof
10,000ohms(Do,45Kt0 68K Ohms)for polarsieing and~essenti~~
nonreactiveseriesinsertionwitha maximnndc resistanceof 200Ohmsfor
neutralsignalimg.

7.10.7 ControlledEnvironmentIYkerface.Systemswhichareautonomous,
in the sensethattheywillrarelyinterfacewith tk equipmentsof other
systems,or whichhaveoverridingmilitaryor technicalrequirements,shall
utilizethe interconnectionmethodpracticablefar theirapplication.

7.33,.1 General..Formatmessagecomposersof the automaticor semi-
automaticalpha-numerictypewhichconnectintothe globalcommunication
systemshallmeettk applicablerequirementsof ACP-127( ) or JANAP128
( ) as appropriate(seeAppendix13)formessagefomat and switchingin--
structionsand shallmeetthefollowingstandardsat the interfacepoints.

7.11..1.1StandardInterface.Seeparagraph7.2.1.

7.L1.2 l~odulationtites.Seeparagraph?.2.6.

7.11.1.3 TimingCharacteristics.Seeparagraph7.10.

7.IJ..1.4 signal 3Merval. Seeparagraph7.3.b.
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The sourcedatasignaltransitionshalloccurconsistentlytithin124 of
the durationof the dataunitintervalfromtheclockinputtransitionfrom
negativeto positive.Whateverphasedelayis chosenjthe equipmentdesi+n
shallinsurethatdatatransitionsare releasedwitha consistentphase
delaynot to exceedplusor minusonepercentmfthatdelay. Measurements
shallbe madeand theselimitsapplydirectlyat the sourceinterface.

.,

>.

EXTERNALDIRECTLYRELATEDSOURCECLOCK/DATARELATIONSHI?

FIGURE25
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The inputdatasignalto the sinkshaLlbe sampledconsistentlywithin
+ 1% of the durationof the unitintervalaf the datasignalassumingthe
fiodu.lationrateof the clockis twicethat of the data. Positiveto nega-
tiveclocktransitionsshallbe utilizedfor samplingof the data.

Fl?2URE2’7

. .

.

EXTERNALDIRECTLYRELATEDSINKCLOCK/RATAREIATIOAISHIP
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EXTERNALCLOCK XM
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The datatransitionsshallbe coincidentwithin+ 1% withthenegative
transitionsof the sourceclock. No phaserelat~nshipbetweendataand
externalclockis specifiedexceptthatmodulationrateandphaseshiftof
the outputclockshallbe constantwithinlx of the durationof tlm unit
intervalof dataat the applicablemodulationrate.

FIGURE28

EXTERNAL INDIRECTIXRELATEDSO~CE CLOCK/DATAREIATIONS~P
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8. NTERFACESTANDARDS

8.I. Oeneral. Tactical,,communicationsystemsare frequentlyrequired
to interfacewithothermilitarysystemsandwithcommercialsystems.The
tacticalstandardsfacilitatethe establishmentof suchinterfaceto a
largedegree$however$due to differencesin militaryrequirementsenviron-.
xnentsandoperations,thereare differencesbetweentacticalstandardsand
standardsforothersystemsin a few specificinstances.It maybe neces-
Sary$in suchcases~to providespecialconversioncircuitsat interface
pointsto permitinteroperationacrossthe interface.Followingare listed
othermilitarysystemsand theirstandardsdocuments.Interfaceswith
thesesystemsmay be expectedto occurwithsomefrequency.

8.1,1 InterfaceBetween‘E~cticalCommunicationSystemsand Global
CommunicationSystemse The standardsfor interfacesbetweentacticaland
globalmili~ systemsare coveredby DCS-Non-DCS(DefenseCommunications
System) interfacestmdardsin theDefenseCommunicationsAgencyCircular
330-175-1.The interfacestcdardsfor tacticalcommunicationsystems
shallfollowthe interfacestandardsspecifiedin thisDCA Circular.

8.1,2 TacticalDataLinkStandards.Thesestandardsare forspecific
%acticalcmnand and controlapplicationsand includelargelystandards
,formodems9messageformats~and signalingschemes.Whereinterfacesmay
existthere hasbeena concertedeffortto coordinatestandardsand avoid
interfaceproblems.Thesestandardsare coveredbytha JointChiefsof
StaffPublicationJCS PUB10.

..

.
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9. METHNJSOF MEASUREMENT

9.1 Methodsof Measurementof Distortionin DC DigitalSignals.

9.1.1 Digitaldistortionanalysisequipmentshouldreveal non-
ambiguouslythe following:

a.

b.

c.

d.

e.

f*

9.1.2

Modulationrate.

Unitsper characterinterval.

Biasdistortion.

Fortuitousdistortion.

C@ic distortion.

Characteristicdistortion.

Digitaldisto~on analyzerequipmentshouldincorporatethe
followingfacilitiesor fictions.- liowe~er~it is not inten&d b limit
suchanalyzerequipmentto the facilitiesor ihnctionsmentioned.(Main-
tenanceor monitoringequipmentmay or may not incorporateall the ihnc-
tionsrequiredforcompletedistortion analysis.)

a. A calibratedscale

b. A meansto set the
(seeFig 12, Awdh B).

c. A meansto setthe
‘Wls●

to indicatethe signalmodulationrate.

samplingpositionon the signaltransition

characterintervalfhm 1 to 16 unit inter-

d. Provisionforoperationon positiveand negativemarking,
polarand neutralsignals.

e. The inputoperatingdifferentialshouldbe in accordancewith
theStandarddc Digital.InterfaceCharacteristic(seepara 7*2.1).

f. Meansshouldbe providedto displayall signaltransitionsin
eachcharactertiterval.Meansmay alsobe providedto displaysuccessive
sigr@ transitionsin eachcharacterinterval.

g. The displayfacilitiesshouldhavean accuracyof 2% at the
applicablemodulationrate.

h. Ihxnisionshouldbe made foracceptingtimingfroma statia
master_ source(seepara7.2.7).

.i. For start/stoptransmissionmodulationrateaccuracy,see
paragraph6.1.4.2.
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j. Means
2.0 stopelements

k. Means

for generatingstart/stopsignalswith1.0s1.5$and
shouldbe provided.

for generatingstart/stopsignalswiththe capability
of shiftingthe stop-~-startt&nsition 702 o~ marking through-Oto -
70% spacingat theapplicablemodulationrateshouldbe provided.The
purposeof thisrequirementbeingto permitmeasuringthe rangeor margin
of start/stopreceivingdevices.

1. Meansfor generatinga testmessageutilizingthe start/stap
~-uit COde,InternationalTelegraphAlphabetNo. 2, AmericanVersion,
(seeAppendixC) shouldbe provided.

m. Provisionfor generatinga testmessageutilizingthe start/
stop8-unit codesMilitary-Standard-Coded
shouldbe provided.

n. Meansrepetitivelygenerating
8-unitcodeShOUldbe prOtided.

Charact&?Set (see-AppendixC],

anypermutationof a %mit or

9.2 Noise$kasurementson Radio Relay SystemsUsingErequencyDivision
MultiplexEquipment.
,,,;.

9.2.1 wise. Twobasictypesof noiseexistwithinLOS or tropo=
sphericscatterradiorelaysystems. IdlenoiseandIntemdulation noise.

Idlenoiseswhichis alwayspresentwithor withoutmodulationconsists
of thermalnoisegeneratedwithinthe equipmentsby mixerdiodes~low level
amplifiersshotnoisefromHystronsJthenoiseoftengeneratedbysemi-
conductormultiplierchahs~ etc.

Intermodulationnoiseis introducedintothe systemasa resultof
heavysignalloador increasedoperatinglevel. The greaterthe traffic
loador thehighertheoperatinglevel~themoreintermodulationnoise
is introduced.Usuallyintemdulatioraincreasesslowlyuntila “break
Point(tis reachedafterwhichi~increasesveryrapidly. Gener~~ it
is desirableto operatethe systemat as higha levelas possible(but
shortof thebreakpoint)in orderto improvethe S/Nratio.

In an FM system9higheroperatinglevelscausegreaterfrequency
deviationwhichis very effectivein overcomingsQ~,of theidlenoise.
There is a limitshowever$to the amountof deviationpossiblebefore
nonl.inearitiesin the equipmentincreasethe titermodulationnoiseto am
unacceptablevalue.

If theamountofpe-ssible deviationis sharedby onlya few
channels,the S/Nratioin eachchannelwillbe quitegood. However~as
thenumberof channelsare inmeased~intermodulationnoiselimitations
demandthatthe per-channelfrequencydeviationbe reduced.witha conse.
quen$increasein
greaterdeviation

idle noise. If thi systemlinearities
canbe obtained~thusrestoringsystem
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process;however,

Thus,ths equipaantusedrepresentsan engineeringcompromisein the
degreeof idlecharneland intermdulation noise that may be economtcaX&
designed into then.

9.2.2 General Nethod of NoiseMeasumnent (a- ~ 29). Themost
desirablemethodof ms~ the performance of radiorelaysystaM iS by
theuse of ‘whitenoise~loading. It has beenlongdeteminedthata white
noise signal (a signal with a continuousunifom spectrum)has statistical
propertiessimilar to those of a multichannelF121and can,therefore,be
effective~used for systemand equipnmtamluation,testing,or alignment.
Thisis accomplishedby usinga whitenoise_ator producinga baseband
correspondingto themultiplex si@ it replaces,but with specifiedgaps
or slotswklchmay be producedby stopfilters at the lower, middle and U-
edges of thebaseband.The fUters at the edgesmay be justwithineither
ths IB (inside band) or OB (outsideband). Thesefiltersare soJWt*s
refined to as bandstip,slot>or notchfilters.The noise~
aremade in the stopbandsthroughsuitablerecei~ filters,withthe stop
filtersfirstin and thenout of the ds’cuit.

9.2*2.1 WhiteNoiseSignalSpectrum TableX givesthe noisebandwidth
for systqs with60 to 600 chanmls, fortk allocationstartingat 60 Mz
at the lower edge.

9.2.2.2 WhiteWise signalFWer Levels. The powerof the white moise

o

signal shall be computedaccording to the followingformslas,relativeto
1 luWat a pointof zerotransmissionlevel,wheren is thetotalnumberof
~ls * the -t.

Wi- the specifiedband,the - noisevoltagelevel~d witha
narrowbandwidthofabout21CHz shallmtmrybymoretknldB* outside
this band, thepower shall drop sharply andbemrethan 25dBdown at all
frequenciesgreaterthanI.0%aboveand 20%belowtheband.

9.2.2.2.1VoiceLoadingOnly.

For

systemswithfrom60 to 240 telephonechannels:

IWer = [-1 + 4 loglon) dB@

(Pxwisionally appliesdownto mininmmof 12 ChaDa?szs)

systemswith24o to 600 chamnels(ormore):
Power= (-15 + 10 log~on) dBmO

9.2.2.2.2 Data Loading.

For systemswith from12 to 600 telephonechannals:
Power= (-10+ 10 logzon) _

See NoteParagraphb.4.l.3.3.2.2

9.2.2.2.3StopBandFilters. To clear the measurementchannelsof
whitenoise,atopbandfiltersarerequiredat the outputof thewhite
noisegenerator.The centerfrequenciesof thesefiltersshallbe the
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same as formeasuringchannelsshownin tableX. Threefiltersshallbe
usedin a given case: forthe centerchannel,and foreitherthe two
outsideband (OB)or two insideband (IB)channels.The attenuationof
noisein eachstopbandat the generatoroutputshall.exceed80 dB over
a bandat least3 kHz wide~and shallnot exceed3 dB at frequenciesof
f (0.02f + ~) kHz9wheref is the centerfrequencyin kHz. The shapeof
the filtercharacteristicsshallbe suchthatwhenall threeband filters
are simultaneouslybroughtin the circuitsthe errorsin measurementas
comparedwitha measurementcarriedoutwith a perfectlyuniformsource
andan indefinitelynarrowstopbandshallnot exceed1 dB. Errorhere
meansthe lossdue to insertionof filters9to changesin spectral
distributionof thermaland intermodulationnoiseproducedby the insertions
and to othercauses.

9.2.2.2.4MeasurementFilters. Intermodulationnoisemeasurements
shall.be performedon the samebands usedfor the stopband filter”s.The
use of thesechannelsis preferredforspecialtestssuchas acceptance
tests~calibrationetc. Theeffectivebandwidthof themeasuringfilters
in the receitig equipmentshallbe designedto be narrowenoughto
providesatisfactorymeasurementsstakingintaaccountthepossibilityof
stopband filterattenuationas low as 3 dB at the frequencies~ (0.02F + 4)
kHz withrespectto the centerfrequencies,as allowedin the stopband

x~filterrequirements.Additionalor alternativemeasuringchannelsmay be
usedas re@red by circumstances.

9.2.3 NoisePowerRatio(lWR)or SlotNoisePowerRatio. Thisis
theratioof thenoisepowerappearingin a measuredchannelwiththe
appropriatestopband filter5firstout of$ thenin the circuit.The
changein levelis independentof the precisewidthof the measurement
channel.The phrase“notch-to-no-notchratio” is sometimesusedto
indicateNPRmeasurements.The NPRprovidesa goodindicationof system
performancessficeall aspectsof equipmentperformanceare takeninto
account.

Notethatin measuringintermodulationdistortionsboththe transmitter
and receiverparticipatein the testand the resultingNPRpertainsto
bothoperatingtogether.It is not properto assignan NPR separatelyto
thereceiverand transmittereventhoughthenumberforeachappearsto
be 3 dB better(higher)thanthe NPR forthe transmitter-receivercombin.a-
tion~i.e.}a transmitterthatis ratedwithan NPR of SO dB and a receiver
thatis ratedwithan NPRof 50 dB actuallyyielda trueNPR for the
systemof L7 dB~ twiceas noisyas suggestedby the splitin figures.

9.2.3.1 ConvertingNPR to OtherRatingScales. Althoughthe NPR
providesa goodindicationof systemperformance~it is sometimesdesirsble
to rateequipmentin termsof the qualityof a communicationschannelji.e.j
h termsof dBa. Thispermitsradiochannelsto be compareddirectlywith
thosetransmittedoverwireor cable.

Per-channelnoise(expressedas ei&er dBa or S/NratiossincedBa
equals82 - S/N)canbe derivedfromthe NPRby relatingthenoisein
the slotto a referenceleveland thenapplyinga weightingfactor.

232

.

.

http://www.abbottaerospace.com/technical-library


m-sTD-188c

.

●
Mostcommerciallyavailablenoise test equi~entis calibratedto express
noisein temnsof pico-wattsor S/N ratio.,...,

The conversionof the NPR to S/N requiresthatthebandwidthratio(13fR)
of the systembe calculatedas followsin orderto obtaintheproper
relationshipbetweenthebandwidthof the entirebasebandand thebandwidth
of the slotor,channel:

Em = 10 log~() Baseband NoiseTestSignal
CharnelTest-ToneSignal

If thebasebandnoisetestpoweris expressedin @@, theNLR equals
dBmOand no calculationis necessary. Rigure 30 showsthenoise power“.
equivalentto variousnumbersof mice channelsand tonesignalsas
recommendedbyCCIRand theUS ElectronicsIndustriesAssociation(EIA).

Wlen theBWR and NLR havebeendetermined,theper-channelS/N ratio
may be calculatedfromtheNPR.

S/N=NPR+BWR-NLR

As an example,figure31 showstheper-channelS/N
radiosystemin whichtheintermodulationis quotedin

“ SdB. It is specifiedthatthe NPRwasmeasuredina

of a 300 channel
terms of NPR of
3kHzslotandthat

thebasebandwas loadedwithwhitenoisein the frequencyrangeof 60 to—.,.,.1300kHz. Then,

Q ..—
= SO + 10 log 1300-60

3
-9.8

= so + 26.2 -9.8

S/N = 66.bdB

The.conversionof NPR to S/N givestheS/N ratioof the channelwithout
weightingor ~djustmentforthe responsesof $hehumancommunicatoror his
handset. In systemswherethe channelresponseis essentially‘Iflat!tand
is beingmeasuredwithan unweighedmeter,the FIAweightedS/N ratiomay
be obtainedby addingj dB to theunweighedmeterreading.

9.2.3.2 CorxvertingS/Nti dBa. By definitiondBa refersto deciBels
of noisepower abovea referencenoisepower,withan adjustmentfactor
includedto compensateforweighting.Thereferencenoisepowerto which
~ is referredis -85 &m. To obtaindBa,it is onlynecessaryto cal-
culatehowmanydB the signalis abovethe referencepower. For flat
voicechannels,the correctedreferencelevelis -85 +3 = .82 &. There-
fore,ma =82 - (S/N). Thus,a channelfora S/N ratioof 60 dB exhibits
22 dBa of noise. To converttheper-channelS/N of the hypothetical300
channelsystemdiscussedabove (Fig31) to a mlue in dBa:
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NOISEPOWERRATIO-DB

Relationshipbetweennoisepowerratio,per-channelsign@-
to-noiseratio,and dBa is calculatedfor 240-channelsystem
accordingto 3XlectronicfidustriesAssociationformula.
NXE: PerchannelS/N ratiois withequipmentconnected

backto back.

FIOURE31
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Noise= 15.6 dM (FIAweighted)

9.2.4 Measurementof Noisein Actual!haffic.Oncea radiorelay
systemis placedin servicesit may be difficult>if not impossible~to
withdrawit fromtrafficto measureitsnoiseby theuse of whitenoise
signals.Also~theremaybe no assurancethatthe identicalstandby
channelswouldbe availableon successiveoccasionsfor thispurpose.
lhrthermore~maintenancemeasurementsof the totalnoise(idleand inter-
tiulationnoise)are of use to determinethe qualityof the systemsand
mustbe made duringtraffic. It isj therefore~desirableto specify
measurementchannelsoutsidebut reasonablycloseto the totalbandwidth
of themultiplexsignalin orderto measurethe intermodulationpm”ducts
due to thanonlinearityof the system. l?iltercostand designproblems~
however$requirea reasonableseparationbetweenthemeasurementbandsand
thetitiplex signalband. It is desirableto measurenoisein a channel
justabovethemqltiplexband$sincethisis generallymore sensitiveto
changeso.fidleandintennodulationnoisein the RF and IF partsof the
.,eq@pent. On theotherhandjmeasurementsin a channelbelowthemultiplex
bandaremore sensitiveto changesin themodulatorsanddemodulators.It
is usuallynecessary”.touse stopband filtersat the inputof a systemto
minimizenoiseon the ticomingcirouitin the bandsoccupiedbythemeasur-
ingchannels.The followingrequirementssm derivedfromCUR Recommenda-
tion293 (LosAngeles,1959).

9.2.4.1 stop )%iti~ltel=. The attenuationof the stopband filters
at theinputof the systemshallexceed@ dB overa minhum frequenoy
band~ (0000~f + 2) kHz3wheref is the centerfrequencyof themeasuring
channelin Mz. The additionalattenuationcausedby the insertionof
,thestopfiltersat theloweredgeand at theupperedgeof the total
multiplexsignalbandshsll not exceec10.3dB referredtotie additional
attenuationcausedin the centerof themultiplexsignalband. The center
frequenciesof thenoisemeasuringchannelsare givenin TableX. When
the centerfrequencyis 10 kllzminimumfrequencybandis b be ~lldiz
imsteadof thebanddeterminedusingthe formulagivenabove.

9.2.b.2 MeasurementFilters. The characteristicsof themeasurement
fi.ltersjthecenterfrequenciesof whichare givenin TableX shallbe
designedto be sufficientlynarrowto givesatisfacta?y.measurements~
taktigintoaccountthe characteristicsof the stopband filters.

9:2.4.3 Continuity~lots. Frequenciesgivenin TableX forcontinuity
pilotsagreewiththe centralfrequenciesof thenoisemeasurtigchannels
abovethemultiplexband. It maybe of use to combinethe evaluationof
thepowerof the conttiitypilotwiththemeasurementof the noisearound
it.

236

http://www.abbottaerospace.com/technical-library


MIL-STD-188C

● ✎✎

,,
-.;,

o ,.’}

. ..

9.2.h.]~FilterDesigns. It is
andmeasuringfiltersshouldenable

desirablethatdesignof bandstop
themto be usedboth formaintenance—

measurements and formeasurementsof whitenoise.

9.2.h.~ Disconnectionof CertainChannels.In certaintelephone
channelsand in combinationsof them,harmonicdistortionmay be produced.
Thismay makeit necessaryto leavethesechannelsdisconnected(for
_le, if the secondor thirdharmonicscoincidewiththe central
frequenciesof thenoisemeasuringchannels).

9.2.11.6CarrierNoiseMeasurements.Generally,it is impractical
to obtainaccuratefieldmeasurementsof the intermodulationnoise
contributedby the carrierequipment;thiswouldrequiret?hatall channels
be loadedsimultaneouslyby suitabletestsignals.However,the inter-
modulationnoisecontributedby the carriersystemmay be estimatedat
periodsof peaktrafficif thenoiseperformanceof the radiohas been
determinedpreviously.Suchestimatesmay notbe veryaccurate,however,
sincethe loadimposedby a largenumberof voicechannelsvariesfrom
momentto momentandmay neverreacha valuewhichcanbe identifiedas
a peakload. Forthisreason,msaningfhlevaluationsof carriernoise
usuallyconsistof back-to-backmeasurementsof idlenoise.

Unlikecableor open-wirecarriersystems,carriersystems,foruse
withradio,transmitand receiveon the samebandof frequencies.This
permitsthe outputof the.transmitterminalto be connectedbackintothe
receiveterminalon a back-to-backbasis,thuspermittingmeasurementsof
thecarrierresidual noiseat one terminal.

For theback-to-backmeasurementsof idlenoise,the carrierequipment
is disconnectedfromthe radioeqyipnentand the inputof the channelin
whichthenoiseis to be measured(MODIN) is terminatedin its character-
isticimpedance.If the normaloutputor transmit levelof the carrier
terminalis the sameas the receivelevel,it is then onlynecess~to
patchthetransmitteroutputtithe receiverinput. If differenttransmit
and receivelevelsareused in the system,it willbe necessaryto adjust
the transmitlevelto matchtherequiredreceivelevel,eitherby adding
or removingattenuators,or by adjustingthe transmitlinesmplifiergain.
Thismay requirethata testtonebe appliedto the channelinputbefore
it is terminated;thenthe lineamplifier gainis adjusteduntilthe
correctreceivelevelis obtained.A suitableterminatedvacuumtube
wltmeter connectedacrossthe demodulatoroutput(DE-MODOUT)willprovide
a directindicationof the channelidlenoisepower,providedthat
allowanceis made forthedifferencein levelsof the actualmeasurement
pointand the zerotransmissionpoint.

If the necessarytestpointsareavailablein the carrierequijnnent,
noisemeasurementsmay be madeat arwmodulationstepin the system
channel,group,or supergroup.As in the caseof mice channelmeasure-
ments,themodulatorinputmustbe terminatedin its characteristic
impedance,and the transmitleveladjusted,if necessary,to matchthe
requiredreceivedlevel.
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9.2.h.7 SystemPerfo-~~ we noiseperformanceof a communication
systemis the sumof the noisecontribu,tidby the carrierequipmentand the
individualradio’sectionsoIn orcbrto add thesenoisecontributions
diretly~theyxmst firstbe convertedintowatts (or rather$picowatts~

!10- 2W:att). It may be more convenient to use figare Ij, AppendixB
to makethe additionin”dsciBelso

The titalnoiseintroducedby a systemhavingmanyrepeatersmaybe
easilycalculatedif the noise,contributionof eachsectionis known9
and all contributeequally.Totalnoiseequals%hanumberof sections.
Acoordix@Y,in a two sectionsystemin whicheachsectioncotiributes
18 mat -

Assurea
18 ma.

TOW noise = 18 + MI kg z

=,18 43

=:21 dBa,

systemhaving16 eecti0ns3eachsectiontitha radionoiseof
Theper-channelradionoisewcnildthenbe:

@iIo noise= 18 + M log16
=18 ,.+12

= 39 dm

NOTE: Totalper-channelnoisefora systemis computedby add$ngthe
carriermultiplexand radio pewernoisecontributions,not the ratios of’
thesevalues’.Thusin a 16,hop system,assumiagcarriernoise(multiplex,
idleback-to-back)of 23 dBa,combinedwiththe 30 dBaradionoisesthe
per-channelsystemnoiseis 30.8dBa sincecmverting23 dB and 30 dB“to
powerratios:

thenconverting

Thenoisepower

80 tha%

-1 * = loglog ‘1 3.0 “ 1000

Tdal powerratio = 1200
backto dB

10 log 1200= 10 X 3.08= 30.8dB (dBa)

in dBa is convertedto psophmstricpicowattsby:

30.8 + 6 = 36.8
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●
9.3 NoisePowerRatio(NPR(SSB))Measurements

9.3.1 SingleSidebandand IndependentSidebandEquipment.Noise
4,

fromcausesotherthannoiseintezndulationdistortionproductsalso
contributesto the spectralcontentwithintheclearedportionof a
notchednoisesignalin stiglesidebandor independentsidebandequipment
output.

.,,
.

9.3.1.1 Methodof NoisePowerRatio(SSB)Measurement. (SeeRig32).
Themethodof measuringnoisepowerratio(NPR(SSB))is to loadthe trans-
missionchannel(s)witha whitenoisesignalof Gaussianamp~itudedistri-
butionhavingan insertablenarrownotchlocatednearthe centerof the
channelpassband.The level.of theappliednotchednoise signal is set
to drivethe equipmentto ratednoisepoweroutput. A frequencyselective
voltmetermeasuresthe relativenoisepowerof the outputsignalin the
notchfilterbandwidthforthenotchin and thenotchout conditions.

Therelativepowermaybe establishedeitherby switchingtheliotch
out andreadjustingthe signalforratedequipmentoutput,by tuningthe
selectivevoltmeterto differentfrequencies,or by ~ othermeansthat
providean accuratemaeure of NPR (SSB)as definedin paragraph.2.42~.

.. 9.3.1.1.1NoiseTestSignalPer Channel.

$> 9.3.1.1.1.1NoiseSpectrum.Thenoisegeneratoroutputshallbe
flat(constantpowerper Hertzof bandwidth) :1 dB from100 Hz to 6000Hz.

‘0
.!,,. 9.3.1.1.1.2NoiseAmplitudeDistribution.Thenoisetest-signal,,

amplitudedensitydistributionshallbe as indicatedbelowwhenmeasured
in a windowof 0.2 (sigma)wheresigmais the standarddeviationof nns
valueof the noisevoltage.

Voltage(inSigma) AmplitudeDensityDistribution

+1 0.0484 : o.oo~

+2 0.0108 : 0.003

+3 0.000898: 0.0002

9.3.3,1.1.3NoiseBandLimiting.Thenoisegeneratoroutputshall
be bandlimitedto a 3 dBpassbandfromlooHz to 6000Hz with6 dB/octave
cutoffslopes. Thepassbandtoleranceshallbell dB.

9.3.l.l.l.hNoiseBandNotching.Thenoisegeneratoroutputshallbe
notchedby thenarrowstopbandof a notchfilterlocatednear the center
of a 3 kHz channel passband to cleara portionof the channelof noisefor
measuringequipmentwith3 kHz or 6 kHz channels.

9.3.’1’.1.2NotchFilter. (
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9.3.1.1.2.1 StopBandCenterl?requency.The stopbandcenter

o
frequencyshallbe 16OOHz ~ 1s0 Hz.

—
9.3.1.1.2.2 StopBandEandwidtheThe 3 dB bandwidthof the stop

bandshallnot exceed350 Hz. Theattenuationskirtsof thenotchfilter
shallprovidesufficientsignalrejectionwhenused in conjunctionwith
thenarrowbandpassfilterin the frequencyselectivevoltmeterto achieve
themeasurementc@amic rangedesired(5OdB typical).

9.3.1,1.3 FrequencySelectiveVoltmeter.

9.3.1,1.3.1 BandpassFilter. The3 dB bandwidthof the bandpass
filtershouldbe sufficientlywide (S0Hz typical)to minimizeintegration
timerequiredfora reasonablysteady(~O.~ dB typical)m@terindication.
The60 dB bandwidthshall.be sufficientlynarrow(100Hz typical)to allow,
whenusedin conjunctionwiththenotchfilter,forthemeasurementdynamic
rangedesired(s0dB typical).WTE: A 100 kHz crystalfilterdesign
canmeetthesetypicalcharacteristics.

9.3.1.2.3.2FrequencyTranslator.The dynamicrangeof the frequency
translatorshallbe wide (90dB typical).lRITE:Thephasenoise associated
withtheconversioninjectionsignalshall.be sufficientlysmall.so as to
not”affectthe NPRmeasurement.

9.3.1.1.3.3 Voltmeter.The voltmetershallbe of the typeto indicate
eitherthe averageor therms voltagelevel.

,0 ,. 9.3.1.1.4 MultichannelEquipment.NPR (SSB)testingof multichannel
equipmentis carriedoutby successivelyapplyingtheaforementioned
singlechannelnotched-noisetestsi~l to eachchannel. Theunnotched
inputsto eachof theremainingchannelsshallconsistof uncorrelated
noise,havingthecharacteristicsspecifiedin 9.3.1.1.1.1j9.3.1.1..1.2
and 9.3.l.l.l.3.In all cases,eachof the channelsshallcontribute
equallyto the outputnoisepower and thetotaloutputnoisepowershall
be maintainedequalto the ratedoutputnoisepower.

9.3.1.1.5 EquipmentOperationDuringMeasurement.The eqqipment
shallbe tunedandoperatedin itsnormalcondition.

9.4 MeMods of Measurementof’lknmi ssionPerformanceof Digital
DataModemsin F?esenceof AddedGaussianNoise.

9.4.1 Backto BackPerformanceTestingWithAddedOaussian Noise.
lDTE: Thismeasurementis not to be construedas a completeindication
of theactualperformanceof a modemwhenused over actualcommunications
circuits.Othertestsforthemodemperfomancein thepresenceof other
circuitphenomenasuchas phasejitter,envelopedelaydistortion,impulse
noise,etc.are alsorequired.

9.L.1.1 Determiningg Signalto NoiseRatio. Althoughthisconceptof
establishingtheperformancecriteriaof variousdigitaland quasi-analog
datatransmissionsystemsis widelyaccepted,themeasurementtechniques
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usedthroughoutthe engineeringcommunityoftendifferto somedegreeand
agreementof resultsis not alwaysachieved.It is consideredappropriate
to presenta standardmethodof measurementb alleviatethissituation.

Basically$thismeasurementtechniquestrivesto establisha plotof
bit errorrake (BER)as a fhnctionof signalto noiseratioS/N. It is
oftenassumedthatS/N in &l takenfromthe ratioof:RMSsignal.vo~tage
to RMS noisevoltageas measuredwitha trueRMS~ol~ter is i~~ic~
to any otherequivalentS/N simplymeasuredin the samemanner. Difference
in theresultsachievedunderapparentlyequivalentor identicaltest
configurationscan oftenbe ascribedto inattentionto certaindetailsof

~ the signaland noisecharacteristicswhichproducesybtledifferences.
In additionsmanytestengineersprefera normalizedS/N ratioto facilitate
comparisonof resultswiththeoreticalresultswhichare oftenpresentedon
a normalizedbasisusingthe ratioof bit energy in Joulesto noisepower
densityin wattsper cycleof effectivenoisebandwidth(Eo/No).Thismethod
hasbecomeso prevalentwhileprovingto be sufficientlyconvenient,thatit
willbe presentedhereinas a preferredmethod. TheS/Nmeasurementeasiest
to obtainis theRMS signalvoltageto RMS noisevoltageratiowherethe
voltagemeasurementsaremade witha TRUERMS Voltmeter.Afterdetezmbing
thisratiosa convenientconversionconstant(k)to xiormalizethe ratioin
termsof E@o’is necessary.The procedureforfindingk follows:

,+. 9.4.1.2I%ndingthe kValue

Signalto NoiseMeasurements.The actualmeasurementsmadewithTRUE
RMSVoltmeterswillestablishes/en,theratioofRMS signalvoltageto RMS
noisevoltagein deciBels.In orderto convertthisdB valueto an ~/N.
dB valueit willbe necessaryto add (orsubtract)~deciBels. o

Calculatingthe kValue

SinceE. = Bit Powerx SignalElementLength

=e 2
x 1 sees

+ Bit Rate

and No = en2
x 1 whereENB

T m
bandwidth

is the effectivenoise

foundbelowin 9.4.1.3

2
then ~ = 10 loglo ‘s x ENB (ifthe bit rateis 2@ BPS)

No ‘m 7
‘n
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● ✌✌
ThereforeE. =k+2010g es

F ~“
o

.Examplq,if the ENB is 2730Hz

2730 i 10 loglo1.13 ‘ ,, :
k = 10 10%O. 2m-

!.,
k=lOx O.Os=O.sdb

Therefore,0.S all-shallbe addedto everyes/e ,deciBelvalue
: measured.(e.g.13.sdB becomeslb dB onthe Eo/N6P1o?.)
,“’

9.4.1.2.1FindingEffectivkNoiseBandwidth(ENB).The Effective
; NoiseBandwidth(ENB)referredto aboveisthe equivalentrectangular
bandwidthof a noisebandlimitingfilterplacedbetweenthenoisesource
and,thesignalaridnoisemixerunit. Thisbandpassfilteris often~en
as onewithitshalfpowerpointsat 300 and 3000Hz and its -20dB power
points at approximately12~Hz,and 7s00Hz. The exactroll-offcharacter-
isticsarenot criticalsincethe areaunderthepowerplotmustbe found
graphically(outto the -20~ pofits)and convertedto an equivalent
rectangularbandwidthcenteredaroundthepeakpowerresponseof the actual
plot. Afterdeterminingthe equivalentrectangularbandwidth(ENB)the
noisedensityNo is establishedas shownin 9.4.1.2above.
., . ....

9.4.1.3 PerformanceMeasurements.’A typicaltestconfigurationfor

●
detennining theperformancecharacteristicsof a digitaldatamodemsystem

“1 underlaboratoryconditionswithaddedGaussiannoiseis shownin figure
33. The 6m*hm noisefilterandmixerbox shouldcontaintheband
limitingnoisefiltermentionedabovein 9.h.l.2.1,attenuatorsfor ccm-
trollingtheS/N ratioand a 600 Ohmbridged“tee~!or similartypeof
linearmixer. Thetestpatternshouldbepreferablyseveralhundredbits
longwitha smallportionof the sequence(e.g.,16 bits)usedfor frame
synchronizationby,thepatternsynchronizationrecoveryunitwhichis
simplya shiftregisterandmultipleinputlogical.llANDllcircuit.

,,.

Errorratesat chosenS/Nratioscanbe determinedby calculating
thenumberof bitsof the total.transmittedwhichare in error. Test
runsshouldbe of sufficientlengthto realizeseveralerrors(say
approxima~ly10) in orderto establishvalidprobabilitystatistics.
Plotsshouldbe madeon 6 cyclesemi-logpaperwithbit errorrateon.
the log ordinateand E /N. on theabscissa.A typicalplotcanbe
realizedwithEo/l?ova!uesof approximately8.5,10.S,12.5,U.S and
16.5dB.

9*h..l.hsetup. The followingsetup
tatethesemeasurements.

a. Setthe simal attenuatorat

procedureis suggestedto facili-

-8dBm(320milliVolts,~ into
6000hms) andnotethe-setting.Remve the
_a.ttenuation(e.g.,30 dB)or substitutinga
Sigml path.

signalby insertingmaximum
6000htnresistiveloadfor the

.2U
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b. Setthe noiseat -16 dhn.

c. Reinsertthe signalat its originalattenuatorsetting. (The
settingwhichestablishedtheRMS signallevelat -8 dBm). The es/enis
now setat 8 dB. Make fivetestruns,averageandplotthepoint.

d. Insertadditionalattenuation(in2 dB steps)in the noisepath
to raisees/ento 10 dB, 12,14 and16 dB andmakerunsand averageat each
pointas in c.

9.4..1.5Plotting.The resultsfoundabcivemaybe plotteddirectly
4.,as RMS signalvoltageto RMS noisevoltageratios(es/en)expressedin

deciBel,sversusthe correspondingbit erzmrrates. If signalto noiseis
to be expressedinnomallzed ternsof bit energyto noisepowerdensity
(Eo/No)thek valueindB mustbe algebraicallyaddedto thees/envalue.
(Forthepositivek valueof O.5 ~ givenin theexampleabovethe initial
setupvalueof 8 dB becomes8.5 dB etc.) NOTE; K is positivewhenthe
ENB“h Hz is numericallyles8thanthebit ratein bitsper secondand
actsto degradethe es/enplotwhenncmnallzing.A negativek value
upgradesthe es/enplot.

9.L.1.6 ~ecautions. In addition,to theproceduresoutlinedin
. settingup a modemperformancetestunderconditionsof addedGaussian

noise,thereare someotherprecautionswhichmastbe observedif con-
sistent,repeatableresulteare to be achieved.

a. It shouldbe verif’iedthatonlysignaland Gaussiandistributed

0’
noiseare enteringtheportsof themixer,(I.e.,make surethatother
extraneoussignals,noise,hum orunbalanoedcurrentsarenotbeing
introduced)

b. TheGaussiannoisesourcemat be reasonablyflatandunclipped
withinthe flatportionof the frequencyredponseof thebandlimiting
noisefilter.

c. ThepresumedGaussIandistributionshouldbe verifiedas
Gaussianbysom formofdlstrlbutionanalysis.If verificationis not
achievedreplacementor adjustmntof the noisesourceshouldbe
investigated.

d. Make surethatthe drlvlngimpedancesandloadimpedanceof
the bridgedllTeelldxer are properlyterminated.(Occasionallya careless
doubleterminationswillpresentconfWingresults.)

e. A controlmodem,theperformancecharacteristicsof whichare
well.established,shouldbe usedto veri~ the testconfiguration.
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,, ,.~,.... . APPENDIXA

● IIEsIGNiiiItiOF”EMISSIONSAND BAMMIM’H

The contentof thisappenddxis derivedfrom ITURadioRegulations,
Geneva,1959. Iimissionsare@signated accordingto theirclassification
and theirnecessarybsndwidth.

1. DESIGNATIONOF RMISSIONSAND BM’UMIIJfH

1.1 cLASSIFICATIONOF EMISSIQNS.~ssi~ are c~ssflied@
~bolized accordingto the followingcharacteristics:

(a) Typeof modulationof main carrier.
(b) Typeof transmission.
(c) Supplementarycharacterihicso

1.1.1 Typesof moddation atmaincarrier.
-1

(a) Amplitude..O.o.........o.......Oo..O@.OOO@~.@.*.~.oo
(b] Frequency(orpkse) ...............*....~......~...O~. ~
(c) ~se ........eo......................o...O.o..O.o..O

‘0

1.1.2 -s of tranmnissione
(a) Absenceof ~modulation intindedtocarry

information.o.O....O......e.O......e............~..
(b) Telegrapmtithouttheuse of amodulat~ audio

muw..*. *.**............*.e..e.eee..*..*....e.
(C) Telw=pkv IV the on-off keyiw of a modtitx

audiofrequencyor audiofrequencies,or by the
on-offkeyingof themodulatedemission(special.
case: an unkeyedmodulatedemission)o.o.~~~e.O*.*.

(d) Telephony(incl_ soundbroadcast-)............
(e] Facsimile(withmodulationof main carrier

eitherdirectlyor by a frequencymodti~d
subcarrier)..............ee.oe.. . . ..o*.**.oe*e9****

{f] Television(visiononly)............................
(g) Four-f~ueW diPleIctelegram. ...................
(h) Multiclumnelvoice-frequencytelegrapw.............
(i) Casesnot coveredby the above......................

1.3.3 SupplementaryCharacteristics.
(a) Doublesideband..................................~s.
~) S@gle sideband:

reducedcarrier..~.-o....● COOOSOCOCOOC.OaOO 00000

fullcarrier...~~O.......~~O..O.........sO..O..O
qpressed c~riere.o@.o....*.o..o..o..o...O.@OO

(c) Two independentsidebands...........................
(d) Vestigialsideband.......................~........~.
(e) Pulse:

SnIplitude

width(or

o

1

4
5
6
7
9

None

A
H
J
B
c

modulated.*.@.@*Q..**..e.e*.*.***m.s. D
duration)modulated....*.....o.... . . . E
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sions is 4kbuht3d as follows:

modulation
of main
carrier

Amplitude
modulation.~

Type of
transmission

Withno modulation...
Telegraphywithoutthe
use of amodulating
audiofrequemy (by
on-offkeylsg).
Telegraphykgrtheon-
offkey3agof snsm-
plitude-moduhting
audiofrequencyor
audiofrequencies~or
by the on-otf’lceying
of themodulatedemis-
sion(specialcase: u
unkeyedemissionm-
plitudemodulated).
i!elephony............

Facsimile(withmodula-
tionof maticarrier
eitherdirectlyor by
a frequencymodulated
subcarrier.

‘I’tievision..e,......
KhQtichannelwoice-
frequency%elegrap@.
Casesnot coveredby
the abowe~e.g.~a
combinationof tele-
phorwd telegraphy.

Supplementary
characteristics

DOttbl@ SidOkld.. a e o e .

Single sidebandsre-
ducedcarrier
$inglesidebandssup-
pressedcarrier
Singlesideband,full
carrier
Two independentside-
bands

eoaeoeodeaeaaeee eeeoeee

Single sideband,&e-
1 duced carrier
Vestigialsideband
Singlesideband,re-
ducedcarrier
Tuo imlependent#@ie-
bandt?

4

Ao
Al

M

Q
AM

A3J

A3H

A3B

a

u

A5c
A7A

A9B
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●
Type of
modulation
Of mein
cexrier

Fhqwncy (or
phase)modu-
lation.

.

Pulse ‘
modulation●.

Typeof
trassion

Telegraphyby frequency
shiftkeyingwithout
theuse of amodulat-
ingaudiofrequency:
one of twofrequencies
beingemittedat ~
tistant.
Telegraphyby the on-
offkeyingof a fre-
mnCY modulating
audiofrequencyor w
the on-df keyingof a
frequencymodulated
emission(specialcase:
an unkeyedemission
frequencymodulated.
Telephony...............
Facshile by directfre-
quencymodulationof
the carrier.
Television..............
Four-frequencydiplex
telegrap~.
Cases not covered by the
above, in which the
main carrier is fre-
quencymodulated.
A pulsedC-ier without
any modulationintended
to carryinformation
(e.g.,radar).

Telegraphyby the on-off
keyingof a pulsed
carrierwithoutthe use
of a modulatingaudio
frequency.
Telegraphy~ the on-off
keyingof a modulating
audiofrequencyor au-
diofrequencies,or ~
the on-offke@ng of a
modulatedpulsedcarrie
(specialcase:an un-
keyedmodulatedpilsed
carrier).

hpplementary
characteristics

Bee** e**e *e*** ● **e **e

huiiofrequencyor au-
diofrequenciesmodu-
latingthe amplitude
of the pdses.

3??!?PQ
Fl

F2

F3
Fb

F5
P6

w

PO

PID

P2D
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modulation
of main
carrier

,,.,

Typeof
transmission ~

Telephonydo...........

Cases not coveredby the
abovein whichthemaia
carrieris pulsemodu-
lated.

supplementary
characteristics

Audiofrequencyor au-
diofrequenciesmodu-
latingthewidth (or
duration)& the
pU1.S~Se

kudiofhxlquencyor au-
dio frequenciesmodu-
lating the phase(or
position)of the
pulses.
Amplitudemockil.ated
pulses.
Width(orduration)
modulatedpulsese
Phase(orposition)mo”
dulatedpulses.
Codemodulatedpulses
(aftersamplingad
quantizatioxl).

eeeeoeoeeeeeeoeo OOoe .06

-?z!!kQ
P2E

P2F

P3D

P3E

P3F

P3Q

m

1.2 RMWIDNE. Whmsver the fti designattinof an emissionti
neces~, the symbol for that emission$as givenabove~shallbe pre-
cededby a numberindicatingin kiloHertz the necessaryband-
widthof the emissiom.Bandwidthsshallgener~ be expressedto a.
mmwaum of threesignificantfiguresathe thirdfigurebeingalmostti~s
a noughtor ‘afive.

1.2.1 E@mp3es of necessarybandwidthsand designationsof emission.
‘henecessarybsndwidthmay be determinedby one of thefollowingmethods:

(a) Useof the formulaeticludedin the f’olbalmgtablewhich
alsogives_ples of necesssrybandwidthsand designa-
tionof correspondingemissions.

(b] Computationin accordancewith C.C.I.It.recommendations.
(c) Measurement,in casesnot coveredby (a)or (b)above.

The vslue so determinedshouldbe wed whenthefulldesignationof
an OmiSSi~ ts required.However3the necessarybandwidthso detenuined
is not the O* characteristicof an emissionto be consideredin eval.
uatingtie interferencethatmay be cawed by thatcaxission.
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,/

In the formulationof thefollowingtable,theseterms

description
and clam
of emission

continuous
wave tele-
gragy,

Telegrap~
modulatid
by an audio
fryency,

Telephony,
A3

Necessarybandwidthin Hz.
Telegraphspeedin bauds..Msxmum possiblenuuiberof blackplw
transmittedper second,in facsimile.Maxmm modulationfrequencyin Hz.
Subcarrierfrewenm in Hz.

MIL-STD-188C

have been
,.

“.

whiteelementsto be
andtelevision.

Halfthe di.ffex%ce-betweezathemaximumd mizxbmmvalues
of the instantaneousfrequency.Instantaneousfrequency
is therateof changeof phase.
Pulsedurationin seconds.
An overallmmric~ factorwhichvariesaccotiingto the

emission andwhichdependsuponthe allowablesignal
distortion.

1- 1
Designa-

Necessary tionof
bandwidth(Hz) es - dews emission

I. AMRLI!J!UDBMODULATION

~=BK ● ***9***

K = 5 for fad-
ing circuits

K = 3 for non-
fadingcir-
cuits

~= BK+2M...
K= S for fading
circuits

K = 3 for mmtad.
ing circuits

~s~d~~csingle.

~ = 2M for doublt
sideband.

Morsecodeat 25wordsper
minute. B = 20, K = s;
Bandwidths:100 Hz.....

Four-channeltime-division
multiplex, 7-unit code, ,
42.5 bfitis, per ch8nn81,
B.=170$K=~j
Bandwidth:850 Hz . . . . . .

M6rse code at 25P, B = 20
M=lOOO, K=5;
Bandwidth:2100 Hz

Doublesidebandtelephm,-.
M = 3000;
Bsndwidth:6000’Hz.....

Singlesidebandtelephony,
reducedcarrier,M = 3000;
Bandwidth:3000Hz.....

Telephoqy,two independent
sidebands,M = 3000;
Bandwidth:6000Hz.~.~.

o.IA1

0.85u

2*U2
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M3cessary r--~ionof ●
of emission bandwidth(HZ) l$umples- d’ataizs emissioxa

x. A1’rPImummmkzm? - Ckmtimed

R&a %0 %?ebRant

C*C,L& doQu-
mmts for the
bandwidthsof!
thecolmoli&UW
televl#Jim
system%

sew o

62mA&

0.6FI
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● Description De igna-
and class INecessary t:onof
of dssion bandwidth(Hz) Exsn@es - details mission

II. FREQUENCYMODULATION-Continusd

Comercial
telephony,

F3
sound-
broadcast*

F3

Four-fre-
quencydl-
nlsxtele-

Unmodtaated
Pullm,

~ = 2M+2DK...,*
KisnorzAl@l
but underCertail
conditionsa
highervalue~
be necessary.
~ = 2M+2DK*:*,.

~ = KN+2H+2D...

K = 1,5

ZFthechsnnels
are not syn-
chronized,
%=&.:y$7g

speedof the
channel.
m the Chanmls
are VhrOnized
thebandwidthis
as for Fl, B be-
ingths speedof
eitherchannel.

Foran a~rage case
mercialtelepho~,
H = 3000;
bdwidth: 36OOO

of conl-
D = 15(XX

Hz.s....

‘Q&sKH==lx5m@
Bandwidth:i80000Hz....

(SeefacsWle, anplitude
ndil.ation.)IMzeter of
cylinder= 70 ztz,numberof
linespernzn=5 speedof
rotation= 1 rps$N = Ilm,
M=1900, D=1OOOO;

Bandwidth:2~50 Hz.....
~o=-f~ ~P- -
with400 Hzspaoing between
-wies, channels not
synchronized,170 baudskey-
ingineach channel,D=60C
B = 170;

~dth: 2027wi.Q,....

III. PULSE140DUIATION

Bn=$

K deptkisuponthe
ratioof’pulsedu
rationto pulse
riset-. Its
valueUsluiLQfal
between1 and10
andinmanycasm
it doesnot ex-
ceed6.

t=3x10-6, K=&s

Baudwidth:4 X106 Hz...,

s
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Description
and Clswl

l)es~~~
P+4cessary tionof

of emission bsndwidth(Hz) -10s - details emission

III. PUISEMODULATICi?- Continued

ModuUted
pusse,

Pi?or’
P3

The bsndwidthde-
pendsOn the
particulsxtypes
of modtition
used$msny of
thesebeingstill
tithe develop-
ment stage. I
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HIIATD-188C -1

fq
000000

12 F345
11/169

●

●

●:00
● ● ● 0
● 00

000000

12 F345
~ 718”—

●

●

●

•~oa
● ● ● 0
●+
ooaooo~

oooeooo~
ooo@oooo+
000000000”
● 0 ● e,

● 0 ●

● ● ●

123 F4567U
~l’ -

LEGEND

t –hlOTIONOFTAPEWliH RESPECTTO PUNCH

G–6UIOE EDGE

1-8-TRACK NUMBERS

F–FEED HOLE

ABC-PRINTING POSITIONS

0–HOLE POSITION

● –HOLE PUNCHED

NOTE:

WHEN ASCIIISUSED,THE PARITY(CHECK)BITIS
PUNCHEDINTRACKNUMBER8,

— 5 UNIT CODE
— 6 UNIT CODE
— 7 UNIT CODE

— 8 UNIT CODE

FIGURE2 STAN DARDPRINTING AND PUNCH INGPLAN FOR PAPER TAPE
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STHNDARD OICITALINTERFACE

T

VOLTS
)

(TRANSMITTER)SOURCE
i
iNOTEl (RECEIVER)SINK

w
[
1

I< l.Omo
~filr

I
.

S16HAL

NOTEONE

There is no technicallimiton the
numberof sinksthatmay be connected
(inparallel)to one source. Thereis
a limitof onemilliamperefor the
steadystatecurrentto be utilized
fornormaloperationof the interface,
Where morethanone sinkis connected
in paral.lel$the sumof
throughall sinksshall
ma. The combinedinput
all sinksshallbe 6000

the currents
not exceed1.0
resistanceof
Ohmsminimum.

NOTETWO

The sourceimpedanceshallnot exceed
100 Ohms (includingthe shapingnetwork)
for currentwhosemagnitudeis lessthan
.01amperes. It is to be notedthatgood
installationpra@lce shouldprovide
suitableprotectionfromexcesscurrent
per para7.2.1.2.Whetherthis
protectionis incorporatedin thelogic
itselfor betweenthelogicoutputand
the lineis leftto the discretionof
thedesigner.

NOTETHREE

Clockand controlsignalsmay
be sinewavesor shapedsquare
waves.

NOTEFOUR

Themodulaticmrateof the
controlW!@aUng shallnot
exoeedthatof the clock.

NOTEFm

Thistiterf’memaybe imple-
meritedwith one side of the
ninegroundedtosignal(or
Circuit)ground(UdxUnced)$
or withneitherlb

Y
ounded

tO si#@ (orcirctit ground
(balanoed). Withinan equip-
mentssignaland chassia(or
earth)shallbe separateand
independent.In eitherhple-
mentation$the accidentalor
titenti.onalchassis(oreamth)
groundingof one Une external

●

✍✍✍

to the equipmentshaU not causa
dmage to, or malfunctionof,
thO interfacelogic.

STANDARDDIG~U INTERFACE(LawIavel).
FIGURE~
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CLOOK/RATAPNASBREUTIONSNIP

1. The followingdefhitionsaPPJJ:

a. Data modulationrate= X.

b. Clockmdilationrateindirectlyrelatedto thedatamodula-
tionrate= xM. Specialcasez whenx = 2, clockis directlyrelatedto
datamodulationrate. lMernEQ clock,suppliedat a highermodulation
rate and ditided within equipmmt to xowtde a data modulation rate of M,
wouldbe definedas some xumbsr multlplisdby the datamcchilationrate;
e.g.,128Mdesignatesthatclockis 128 timesthe datamodulationrate.

the

the

2. Thereare five typical cases considered in this StSnda@ d
user witha uniquecaseshouldattaaptto relatehis caseto one of
examplesgiven.

CASEONE: Sourceto sinkdatamodulationrateis detemimd ~
an externalclock(s). ~ sam CaSe8 th axtsmsl clock is supplied to

the sourceand sinkand in othercasestheremy be two separateexternal
clocks.

T-

DATA M
SOURCE SINK

1 1

I 4 CLOCK

L 1–CLOCKxII——— — —— .— J
XM

CASE I

FIOIKZE 6

For electrical collocatedsource@ Slnkdrivenbgthe samsex-
ternalclockat rate-xlf,x may equal2; clockis directly-relatedto data
modulationrate@ centersampling,witkinplus/Mnusl% of the dataunit
interval,dlallbe assured.

For colhcatedsourceand sinkdriven~ differentclocks,or driven
~ the sameclockwhenx Is greaterthan2, or for electricallyseparated
sourceand sink;phasingtechniquesshsillbe eapl~d whichpermitinitial
adjustmentof samplepointto withinplue/minusl% of the theoreticaldata
unitintervalmeasuredfranthe canterof the dataunitintervalsarriving
at the sink.

CASETWO: External clockis suppliedto the somce deviceat xl!;
divideddownto 2X toserveas adirectly
the datamodulationrate;the 2M clockis
to act as an instructionto the sinkthat

relatedclock,and determines
releasedalongwith theM data
the dataleadcontainsdatathat
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is to be sensed. ~e methodof gatingthe 2M clockis considered&n
equipmentdesignconsideration.Thephase re~tionshipsofMto 2M ~~
shall’%maintahiiwhethergated or noti-gatedclockis furnished,,:

DATAb!
+ +

cLOCK”214‘ SINK ,,

AExTERNALcLocK

L-- .————
T

———. . -J
CLOCK Xhi

FIGURE7

Thereis no specificphaserelationshipbetweenXM and 2M or XM and
M definedor implied.Thereis a specificmodulationraterelationship
whichis determinedby the ratioxl@M or xl@l.

CASETHREE: Casethreeis similarto casetwo exceptthe 2M
clockissupplied~ronitb sinktowaidthe source. Thisclockmay be

!<.gatedor’tin-gated;ih effectit requeststhe souce to releasedata. -
Tk?e is no specificphaserela~ionshipbetweenXM and 2M defined’or in-’
plied. Thereis a specificphasereUtionshipdefinedbetweenM and 214 ““’
at the source: datatransitionsC* onlyoccurafternegativeto posi- “
ti~ transitionsof 2X. The datalineshallnot again“changeStitetifl,
the nextnegativeto positivetransitionat the 214lead. The sourceshall
maintainthephaserelationshipof the dataM to clock2M withinplus/
minusl%. The 231clockis notpermittedto changestateexceptat transi-
tionsof a continuoussquarewave of the samemodulationrate. Thisis
intendedto precludedataintervalsoccurringat otherthanintegral
multiplesof the unitinterval.

The durationof the unitintervalof the datamoddationrateshall
be maintainedwithinthe accuracyof the externalclockto plus/minuslx.

L .——————————
f

-J
CLOCK XM

FIGURE 8
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CASEFOUR: No externalclockis requiredor implied.The
controlo?!ti modulationrateis completelyunderthe controlof
the source. A 2M clockandM dataleadare suppliedto tb sink. The
IIstatel~of t~ clocklead&te-s t~ sens~ of the datahad at
the sink. The 2M clockshallrequest(cause)changesin the stateof the
dataonlyon the negativeto positivetransitions.The nceiv~ s=
determinethe stateof tb dataleadonlyon thepositiveto negative
transitionsaf the 2M clock.

EI==EI
CASE 4

FIGURE9

CASEFIVE: For start/stopformatsinksutilizinginternal,low
stal$ility’~~ sourcesor externalclockat ratexM; it shallbe
permissibleto sampleincomingdatawithinplus/minus12.5%of the *-
oreticaldataunitintervalmeasuredfromthe actualcenterof the data
unit intervalsarriving at the sink. Any data

o

ment shallbe retimedto preventpassingon to
tortioncaused~ thissamplingtechnique.

regenerated~ thisequip-
any outputinterfacedis-
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POLAR SIGNAL A

NEUTRAL SIGNAL B

N(lfE: Dueto the shapeof thewaveand dependingon the actualpointon
thewaves~pe thatthemeasurementis madeja signslmay be saidto be
distortedor not distorted-It is furtheremphasizedthatwhenthewave-
shapebecomesdegradedat locationsremotefromthe source,distortioncan
increase.

FIGURE12

MEfHODOF DISPLAYONAWAVE FRCMTHEACTUALPOINTOF MEASUREMENT
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T

POWEROFSPMRIOUSEMIWOMSSUPPLIEDTOAIHEMF!AIRlllfl
REIATIVETO POWER Of flJMOAMEMTAL
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REFERENCECHARTFOR MODULATIONRATES

The folbwing chart,Table1 and Figure15, givesthepertinent
technicalcharacteristicsof militaryand commercialconmmnicationsystems
plannedor commonlyin use. It is intendedprimarilyto serveas a handy
referencechartfor communicatorswho mustinterfacewith othersystems.
It alsopointsup the difficultiesand advantagesof standardizedmodula-
tionrates. Thesestandardizedmodulationratesare identifiedin the
chartby underlines.

w,
The followingdefinitionsapplyto symbolsusedin Table1, ??igurel~

,. and Formulas:

1*W=
2. c1 .

3.3!=
4.13=
SON=

& $:
7. Su=
8.c=
.0=

1:. F =

Wordsperminute.
Charactersper second.
Modulationrate (Ba@.
Bitsper second.
Unitsper characterinterval,or unitintervals,or character
interval..
Wholebitsper characterinterval. .
Unitinterval(sizein milliseconds).
Durationof stopintervalinmilliseconds.
Characterintervals(sizein milliseconds).
Operationsperminute.
Normalbandwidthto pass~thhannonic(roundedoutfroma
factorof P~to a factorof 3) in Hertz

Data Signaling

where:

Data

NOTE1 -

N(Yl?E2 -

m=
Ti =

‘i =

Signaling

DATASIGNALINGRATE
m

Rate =
2

1— log2Ni
Ti=

numberof parallelchannels
minimumintervalfor the i th channelexpressedin
seconds
nmber of significantconditionsof themodulationin
the i th channel

Rate is expressedin bitsper second

For a singlechannel(aerialtransmission)it reducesto
1 log2n; witha two-conditionmodulation(n = 2), it is l..
T T

For a paralleltransmissionwithequalminimumintervalsand
equal.numberof significantconditionson eachchannel,it is

+ 10g2n ( ~inthe caseof at~o-~ondjtiam~~ation).
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(!) (:)’ 10(i) (:1) (i) (:) (L) (:) (:) (F)

(5Unit).,

35.71 3*57 25”’ 25 7.0 40 40 280 219.2 7S _
boo 7;0

6:: :2
::o~ ;~;.: 250,;:

$6:
(10)~ 6.s :g.s :;.5 R 21197 21197 ;z~ei’ 390(A)~$.s

21.’7 21.7 151.9 396
(1)71.3 ;::3 49.9 49.9 ;:: 20., 20. Uo
(9)7.42 7.14 50 SO 7.0

L27.8 U9.73
20* 20. 140. 428.s(A~so

7*5 S2.5 7.0 19* 19. 133 157,5
100 10.0 70 7:”’ 7.0 14.2 14.2 9904 608 210

74.2 74.2 7.0
(9):8.1 R 75 75

13.5 13.5 94.5 636 222.6
13.3 ‘13*3 93.1 642.8 (A)2J

1.42.714.27 100 .100 ;:: 10.0 10.0 70 8.2 30CM
(2)6,00 60,0 420, 420 7.0 2.39 2.39 16.73 3600 1260

40
60
61.3
66
67.L
73
100
101

“ (3)122.7

(4);.7

100

%
800
1000
1600

:.;

6h3
6.6
;.j4

16
10.1
12.27

29;68
44.52
45*5
$.97

5$.:5-

75”
91

28
4?
42,91
46.2,
&7el

70.7
85..89

45 ~2

50
5625 $.:

75” 0
150

go

450 420
600 560
750 700
1200 1120

7.42
7..42
7.42
7.42
7.42
7.]J2
7.42
7.42
7eh2

7.5
7.5
7*5
7.5
7.5
7.5
7.5
7.5
7.5

33.6
22.46
21● 97
20.4
20
17.97
13.47
13.33
10.98

22.2
20
17.6
13.33
6.66
1,66
1.25
1.
0.62S

47.7
31.9
31.2
28.97
20.4
25.5
19.1
18.9
31.2

33.3
30
26.4
19*99
9.99
2.49
1.87
1.5

0.937

249.3
166.6
163
151.3
148.4
133●3
99.9
98,9
80.5

166,5
150
132
99*97
49.5
12.45
9.37
7.5
4.68

240
360
367.8
396
404
450
600
606
736

360
400
450
600
1200
3600
:%

9600

89
133.5
136.5
&oe9

166.9
222.6
225
273

135
150
168
225
450
1350
1800
2250
3600

(6Unit)

(5)60 48 48
(6)61.3 {613 l&04 $:.04 $:

20.8 20.8 166.4.360 44
20.4 20.11 163.2 367.847

(7)100 8.5 11.76 17.6 99.96 600 2!%
(8)100 10 100 100 10.0 10.0 10. 100. 600 300

TABLE1

REFERENCECHARTFt)RMODULATIONRATES
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3 4’ 5.6 10
(i) ($ (M) (B) ‘(N) (U) (k) (:) (:) (F)

8 Unit (synchronous)

9.375 75 75 8 13.33 13.33 196.6 562.5 225
18.75 1~0 53.3 U25 450
37.5 300 ;0: 8 3:33 :3 2250 900

~~o ;50 600 600 1.667 Q? :3:3 1800
1200 1200 8 0.8330.833 90% 3600

3000 300 2MI0 2400 0.4160.416 3:33 18000 7200

8 Unit (asynchronous)

42.9
53.3

4.29
5.33

71*Ll 7.I-4
U2.8 U.28

42.9
57.1
71.4
114.3
133.3

g

75
150
450
600
750
1200
400

g.;

71:4
142.8
429
571
71.4
1143
1333

Ml .,5
10.5
lo.!5
1o.5
10.5
10.5
10.5
10.5
10.5

22.2
18.7
i3.33
7.
2.33
1.66
1.33
0.833
O.?ll!

33.3
28.1
19.99
10.5
3.49
2.h9
1.99
1.24
1.07

233.1
196.3
1.40
73.5
24.4
17.4
13.9
8.7
7.1188

2$7.4 135
319.8 168
428.4 225
%*8 :;&+
2574
3426 1800
4284 2250
6858 3600
7998 4200+

8 Unit (asynchronous) ,

‘“” “###=75
1C(l

7.5 75 75 J-”*”A>. 133.3 450(A) 225
~dw 15 10.0 900(A) k50
300 30 ;: X 10.0 33:3 1800(A)900
600 60 600 10.0 1.667 1.667 16.67 36CO(A)18OO
1200 120 1200 1% 10.0 0.833 0.833 8.33 7200 (A)3600
2400 240 2400 2400 10.0 0.416 0.416 4.16 u400(Aj7200

11oO 13.33 26.66
13;:4 l;.:1$ :50 :50 11.0 6.66 13.33

146.63’409.l(A)225
73.26 818.2(A)450

NOTES:
[;]

p]

(5)
(6)
(7)
(8)
(9)

(lo)

(A)

Telex-Euro~e.
TTY Elec.~ist.
TeletypeDiplex.
CCITTStandard.
IBMStart-stop.
Teletypesetter.
StockTicker.
IBMStart-stop.
Standardratesfor electronicreplacementsformechanical
teletypewriterequipments.
Rateprovidedin new electronicequipmentsfor compatibility
with existing60 WFMmechanicalequipments.
A nominalfigurewhichis notmeaningfiilin the new electronic
teletypewriterequipments

TABLEl(Cont’d)
REFERENCECHARTFORMODULATIONRATES
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* Typicalcapabilityof theAN/FW-61, ~/F@-29, etc (about
50 cardsper minute).

# Typical100 cardsper minute.

* Permissivestandardrates.

Underlinesindicatepreferredstandardrates.

——

TABLE1 (Oont~d)

REFERENCECHARTFORMODULATIONRATE
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--

63ION
1. W = 10M/N = M/O.lN

Wu

2. c1“ O.1w

63

c1
= N/N

0.1w

6)1000 “
3. M =1000/U = O,INW

Mu

m
4. E =O.INW

w
0.1N W

5. N =C/U

0“
6. U =C/N

7. C=UN

8,0=6W

9. F=3M

@

c
“ loM/w

NU

6)c
“ 1000I-M

UN

@

c

UN

‘Go6W
@

F

3M

MIL-STD-MMC

@ “c’o’@

63M

I

& “CIN GE)

63IOU

NW

631000
u...

M

= M/Cl 6)M,

N C,

REFERENCE CHART FOR MODULATION RATES (CONTINUED) -FORMULAS

RmutE 15
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DELAYDISTORTION

1. ‘Thefollowingexplanatoryinformationis providedfor a better
understandingof definitionsfor DelayDistortion,EnvelopeDelayDistor-
tion,PhaseDistortion,~d .Sandardsfor lhits on thesedistortion
phenomena. ,’

1.1 PhaseDelay(T ). The timedelaybetweenan inputsinusoidal
+?waveformto a circuito networkand the outputwaveformis calledPhase

Delay. Thismay be deteminedfromthephaseshiftcharacteristicas
shownin thefol.lowipgfigure. The phasedelayat anyfrequency( ~1 )
canbe computedas:

PI radiansT=
P

, whereu, = 27rf~; also
UI radians/second

T&
at frequencyf2$whereU2 = 2T f2*

P=~2
B

-o I

~ ‘R?K&J!$torti~nofacLplex waveform,made1.2 DelayDistortion(T ).
up of two or morediffezwntrequencies$causedby the.diff,erericein arrival.
timeof eachfrequencyat tk output,is calleddelaydistorticm.It is the
directresultof a nonlinearphase-shiftcharacteristicin the transmission
medium. Delaydistortionmaybe definesas:

P~ B,
.

‘d== ‘—‘1
whichis the differencein phasedelaysat thetwo frequencies,

1.3 AbsoluteEnvelopeDelay(envelopedelay)is the smountof delay
encounteredby themodulatingenergyin a signalbetweenthe inputand
outputof any circuit. It is measuredby transmittinga narrowbandsignal
at thefrequency(s)of interestandusingthe samereferenceat the re-
ceiver, It is the derivativeof th phase-shiftcurve(asshownin Fig 16)
atthefrequencyof measurement,

27h
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4~

3 -

2 -

,,
I -

ABSOIUTEENVELOPEDELAY ATIOOOHZ
o I
o I 2 3 4

FREOUENCYKHz

1.4 RelativeEnvelopeDelay.
encein envelopedelayat various
selectedas a referencepointfor
referencefrequencyis considered

@ative envelopedelayis the differ-
frequenciesbutwitha specificfrequency
all otherfrequencies.The delayat the
to be O microseconds,and all otherfre-

quencieswilleitherhavemore (positive)or less (negati.Ve)delaythanthe
referencefrequency(Fig18).

..
4–

&
*
=-3-
z
d
-2 -w

L
(POSITIVE)

n.0 RELATIVEEIIVELOPEOELAYAT3KIIz
d~1 - WITHIKHZASREFEREUCEFREOUEUCY.-— ——
Iu

I
I T

0 I I I
0 I 2 3 4

FREOUENCY,KHz .
FIG M

,’

.,

,..,
.,.

,,

,.
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Idj &Velope Delay Distortion.Truedelaydistortionas determined
fromthephasecharacteristicis oftenconfusedwithenvelopedelaydis-
tortionas determinedfromthe envelopedelaycharacteristic.Envelope
delaydistortionis themaximumdifferenceof the envelopedelaycharacter-
isticin a bandbetweenany two specifiedfrequencies(Fig19). It is
not directlyrelatedto delaydista?tion(Td).

-L
UAXIWNDIWERENCEill BAND

I OETWEII600Ati0 3200Hz

I f-

m 19
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.,

. ..,...

..

● ✎✎

EQUIVALENT FOR ANY TONE OR TYPE OF NOISE sONLY 3-KC WHITE NOISE
I ( r~
PSOPHOM ETRIC PSOPHOMETRIC PSOPHOMETRIC

VOLTAGE POWER POWER LEVEL FIA- LINE C- MESSAGE
IN 600 OHMS (pw) REF TO Imw WEIGHTING WEIGHTING
I mvp I I pwp- 1 ‘dbmp ‘ I dbo I ‘ dbrnc ‘

3000

2000
F

1-
.t

400

.$0’0!=6

-1
4

2

610gslmv

6.
4

2

-+ In
t

. ,-
t

poo

+0-+84E=49
l=

1-245

k

lo”—
200 : E E-.

‘oii””’ ho’ t-’o i60 h
40- L )-

–2

--24.5
,.6

E8
: -30 :60

20- =6
-4 V50

10 ~ -2

6 r—’, ‘6 - 105 - -40 :50
6 - -:

-4 ;40
4 -

-2

-– 2.45— =eld --50 -40
2 - ❑ 6

-4 =30

I -2
-57.8-

0..9- 0,775 =,103 - -60 :30
0.6- ‘6

-4
0.4-

:20
-2

‘-0.245 — =
,02

0.2 -
: -70- - 20

I&
>10

[20 LO%O(KIVP)-S’6] = [’OL@IO(PWP-913]= [dbmp] = [dbo- 134] = [dbrnc- 90]

BASISFOIQ CHART cZMSTRUCTION

A. dbm, PSOPH, WTD (dbmp) = dbo’84 READINGSOF NOISEMEASURINGSETSWHEN
B. ONEmu UNWEIGHTEO 3-kc WHITE NOISE CALIBRATED ON ONE MILLIWATT OF TEST TONE:

READS +E2dba = +88.5 dbrnc (C ‘MESSAGE), FIA - LINE: AT I(XIO ~ZREADS +85 dba
ROUNOED OFF TO:+ 86.0 dbrnc C- MESSAGE: AT 1000 Hz READS +90 dbrn

C. ONE mw INTO 600 OHMS = 775 MILLIVOLTS=
PSOPHOMETER (1951), 800 Hz READS O dbm

O dbm = 109 PICOWATTS

CONVERSION CHART: PSOPHOMETRIC , FIA
AND C- MESSAGE NOISE UNITS

TJ’mE 11
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EQUIVALENT FOR ANY TONE OR TYPE OF NOISE =ONLY 3-KC WHITE NOkE

I I I (
PSOPH”OMETRIC PSOPHOMETRIC PSOPHOMETRIC

VOLTAGE POWER POWER LEVEL FIA-LINE C-MESSAGE
IN 600 OHMS (pw) REF TO Imw WEIGHTING WEIGHTING
1 tmvp 1 pwp. t dbmp ‘ I dba I t dbrnc ‘

z ~7.75— c
IO* – 40 44 50

Z9
~7 =8

—7
—6

— 40

-45 45

=4

—3 —1.5
— 35

I—2.45— z ,04 -50 40
=9
~a

:2 —7
—6

5

~1.5
—4 — 30

:3 -55 35

—2

VI

GO.9 —25

==0.775 — — 103 -60— — 24 30

[20

A

B

c.

L(3.7

LOGlo(mvp)- 57.8] = [IO LOGO(PWP)-W] = [dbmp] ~ [dba-84] = [dbrnc ’90]

BASIS F~ CHART COVSTRUCTK?N

dbm, PSOPH WTD (dbmp) = dba -84 REAOIN8S OF NOISE MEASURING SETS WHEN
ONE mw UNWEIGHED 3-kc WHITE NOISE CALIBRATED ON ONE MILLIWATT OF TEST TONE:

READS +82 dbc = +88.5 dbrnc (C- MESSAGE), FIA - LINE: AT 1000 Hz READS +85 dba
ROUNDED OFF TO: + 88.0 dbrnc. C- MESSAGE: AT 1000 Hz READS +90 dbrn

ONE mw INTO 600 OHMS= 775 MILLIVOLTS u
PSOPHOMETER ( 1951), 800 Hz READS O dbm

O dbm = 109 PICOWATTS.

mvD

Clf21RT IS AL!4PTAL9LE TO RANGES A THROUGH E WITH LIMITS AS FOLLOWS:

A 775.

B

\

7?.5

c
7.75

0
0.775

E
0.0775
0.0245

pwp dbmp—

IOU o
I(37 -20
Ios -40
103 -80
10 -80

I -90

dba dbrnc—

+ 84 90

+ 64 70
+44 50
+ 24 30
+4 10
‘6 o
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:.,..
APPENDIXC

CODEDCHARACTiIRSb~S (ALPHAB~S)

1. I~ODUCTION. Teletypewritermessagetransmissionsystemshave
beenusedin Departmentof Defensecommunicationsfora numberof years
and are expectedto be used forsometime. The fiveunitteletypewriter
codedcharacterset (seetable3) usedthroughoutthesesystemshas for
manyyearsbeenestablishedas a standardand is ficludedin thispublica-
tionas an interimstandardsinceit willremainin use for an undetermined,...
interval.In thepastdecade,an extensiveautomaticelectronicinformation

,. processingindustryhas beendeveloped.Numerous codesandmediapractices
,“ havebeendevelopedfor inputand outputuse witha greatvarietyof proces-

singequipment.

The codedcharacterset of table3 has notbeenextensivelyused for
inputor outputin automaticinformationprocessingfora numberof reasons.
One reasonis the requirementfora caseshiftto representthe characters
in the set;anotherreasonis the lackof orderin codeassignmentsfrom
the standpointof informationprocessingby machinemethods.

9..,.* Recognizingthata standardcodedcharactersetwas requiredto trans-
mit databetweenthe variousautomaticinformationprocessingcentersand
theirassociatedequipment,theDepartmentof theArqydevelopedan eight
unitcode (FIELDATA)whichwas approvedas a MilitaryStandardin 196o

,@

(seetableb)i Thiscodehasbeenusedin a numberof communicationsand
automaticdatasystemsdevelopedby theDepartmentof Defenseas well.as
b somecommercialautomaticdataprocessingequipment.The greatmajority
of dataprocessingequipmenthas;however,usedcodes;mediaand recording
formatchosenby eachmanufacturer..Theproblemof informationinterchange
betweentheseequipmenthas grownmoreacuteas theiruse has increased,
not onlyin theGovernment,but in commercialapplicationsas well.

Duringrecentyearn,throughthe cooperativeeffortof representatives
of thedataprocessingindustry,the communicationsindustry,and the
FederalGovernment,a codedcharactersethasbeendevelopedand approved
as a USAStandardCodeforInformationInterchange(~SCII) x3.k-lg67,
revisionof n.b-196~. Thiscodedcharacterset,ir additionto having
- of the featuresof the FIELDATAcode,possessesa characterordermore
acceptablefordatamanipulationandprocessingpurposes.The USASCIIis
intendedto serveas a universalcodefor input/outputpurposesand for
informationinterchangein automaticdataprocessing,datatransmissionand
datacapturewherecodedcharactersareused. The generaluse ofa standard
codedcharactersetwillmiqimizerequirements.forcodeconversionand
relatedtypesof intermediateprocessingoperationswhenexchanginginfor-
mationh machinecodeformthroughouttheDepartmentof Defense.
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Duringthe pastsixyesrs$intensiveefforthasbeenappliedto obtain
international.agreementon a codefor informationinterchange.Thecoded
characterset shownin Table1 reflectsa considerableamountof interna-
tional.considerationbeforeMay1966. At thistimethe International.
StandardsOrgtization(1S0)andthe InternationalConsultationCommittee
Telegraphand Telephone(CCITT)of the InternationalTelecommunications
Union(ITU)$as specializedagencyof the UnitedNations$and the USA
Standardslhstitul%(USASI)proposedcertainminorchangesnow incorporated
in Table1. Thesechangeswerenot reflectedin ChangeNoticeNo. 1 to
MIL-STD-188Bbecausetheyhadnot beenofficiallyapprovedby the USASI.
The changeswere approved,however$on J~7$ 1967. fi 1966the CCITT
announcedthatthe international version of the codeshallbe knownas the
International TelegraphAlphabetNo. s (ITANo. s). The internationalver-
sionhasreservedcodetablepositions4/0$s/13.$S/12$5/13$ 7/11$ 7/12
and 7/13fornationaluse. The USASIhas assignedrelativelyunimportant
charactersto thesepositionsso thattheirusemay be dispensedwithin
certaininternational.trafficwitha minimnunof difficulty.

The USA StandardCodefor Information Interchangej commonly referred to
as USASCIIor ASCII$was made a FederalStandardby a Memorandumof the
Presidentof the UnitedStatesonll March1968. ThisAppendixis therefore
in accordancewith the July79 1967revisionof USASCIIandthe Federal
Standardestablishedin the PresidentialMemorandum.

Certainmajorprocurementsweremadebaseduponthe pre-May1966ver.
sionof USASCII.Theseequipmentsshouldnot be considerednonstandardun-
lessoperationalincompatibilitiesresultbut a plannedeffortshouldbe
madeto convertto Table1 operationat the earliestnecessarydate$depend-
inguponoperationaldifficulties.The changesmadein the USASCIIwere:

a. h positionl/10the SS (SpecialSequence)was replacedwithSUB
(Substitute).

The l@ltwas movedfromposition6/o to 4/0 and the ‘9graveaccent~l
from~&itionb/()to 6/o.

c. The llTildellin positions/12was changedto %xwerse slant.~1

d. The ~~overscore’~was movedfromposition7/12to 7/14and represented
by the “Tilde”whichit doublesfor andthe ~lvefiic~~ine~!was movedfrom
position7~ to 7/12andrepresentedby a two-segmentbrokenverticalItie.

The informationcontainedin thisappendixis derivedfromthe USA
StandardCodefor InformationInterchangex3.4-1968and is includedin this
standardwiththe permissionof the USA StandardsIhstitute.

Thatportionof x3.4-2968thatconcernsthe UJewI&net!(W) convention
hasnot beenadoptedas a FederalSkndardwhereas the provisionsof X3.4-
1967havebeenpursuantto Federal.InformationProcessingStandardsPublica-
tions1 and 7 (FIPSPUBS1 and 7)Publishedb-yths US Departmentof Comnerce/
NationalBureauof Stsmdards.
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2. usAsmuwwmCODEFOR INFCEi14ATIONIN--E (H.SCII).

●
2.1 The USASCIIis to be usedfor the generalinterch=geof informat-

ion amonginformationprocessingsystemsand canmunicationsystems,of a
characterconscioustype,usedby the DeparhientsandAgenciesof the
Departmentof Defense.

2.2 Table1 containsR’intingSymbolsfor the 128 charactersof
USASCII.Wherestandardsfor printingsynbolsfor the controlcharacters
havenot yet beenestablishedfor USMCII,Table1 containsrecanmended
symbolsfor controlcharactersin columnsO and 1 andfor “delete”in posi-
tion7/1s. Table1 slsohas addedtwo noncodedgraphics;the diamond( O )

,..as the symbolto indicatea detectederrorand theheart(Q ) as a
generalsymbolto indicatecontrolcharacters(seepar.2.5.3).

2.3 Character Representation.The standard7-bitcharacterrepresen-
tationwithb7 the high-orderbit and~ thelow-orderbit, is shownbelow.
(Orderof bit transmissionis specifiedin paragraph2.6.4of thisappendix.)

EXAMPLE:The bitrepresentationforthe character“K” (seeTable1) is:

;7 ;6 ?));4 ;3 ~ ~

The codetablepositionfor the characterIIK!’may alsobe represented
by thenotation‘tcolumnb, row IJ.tlor alternativelyas !;4/11.’1The decimal
equivalentd thebinarynumberformedbybitsb7Sb6S andb~~ collective~~
formsthe columnnumber,and the decimalequivalentof the binarynumber
fomnedby bitsbb, b3, b2 andbl col.lectivelYs

SOH
STX
ETX
EUl!
m
ACK
BEL
Bs
HT

LF

;
CR
so
S1
DLE
DC1
DC2

2.~ LEGEND

2eb.1 ControlCharacters:

Null

Startof Heading(CC)
Startof Text (CC)
Endof Text (CC)
End of lh.%mmission(CC)
Enquiry(cc)
Acknowledge(CC)
Bell(Audibleor attentionsignal)
Backspace(FE)
HorizontalTabulation(punchedcard
skip)(FE)
L&neFeed (FE) ‘
VerticslTabulation(FE)
FormFeed (FE)

IX3
DC4
NAK
SYN
ETB
CAN
EM
SUB
ESC
FS
GS
Rs
us
DEL

formsthe rownumber.

Device Control 3
DeviceControlb (Stop)
NegativeAcknowledge(CC)
SynchronousIdle(CC)
End of TransmissionBlock(CC)
Cancel
End of Medium
Substitute
Escape
FileSeparator(IS)
GroupSeparator(IS)
RecordSeparator(IS)
UhitSeparator(IS)
Del.etel

CarriageReturn (FE) NOTE: (CC) Communi.cationControl
shiftout (FE)FormatEffecter
ShiftIn (IS) InformationSeparator
DataLinkZscape(CC) (1) In the strictsense,
DeviceControl1 DEL is not a control
DeviceControl2 chamcter.
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2.4.101 Whena control
symbol$the symbolshallbe
abbreviationin table1.

characteris representedby a singlegraphic
thatwhichappearsto the rightof the c&mol

2.4.2 GraphicCharacters:

column/Row
2/0
2/1
2/2

2/3
2A
;;~

2/7

2/8
2/9
2/lo
2/3.1
2/12
2f13
2/14
2/15
3/lo
3/11

3/’l-3
3/J-4
3/M
4/0
5m
!XL2
5/’l3
WA

7ZL1
7/12
7/1-3
7/14

Not Coded
Not Coded
.

symbol
SP
!

#
$
%
&
?

(
)
*
+

Name
Space(normallynon-printing)
ExclamationPoint
Quotation rks (Diaeresisl)
NumberSignf

DollarSign
Percent
Ampersand
Apostrophe(ClosingSingleQuotationMark;
AcuteAccentl)
OpeningParenthesis
Closing Parenthesis
Asterisk
Plus
Comma(Cedillal)
Hyphen(Minus)
Period(DecimalPoint)
slant
Colon
semicolon
LessThan
Equals
GreaterThan
QuestionMark2
CommercialAt
OpeningBrack~t2
ReverseSlant
ClosingBracket2
Circumfl.e&>2
Underline
GraveAccmtl,2

(Openingsinglequotationmark)
OpeningBrace2
VerticalLine
Closing race2
Overline!?(Tilde;GeneralAcceptl)
Diamond
Heart

.,

~ The symbolsin 2/2,2/7j2/1295/49 6/o and 7/1.4may be used as
diacriticalmarksby precedingthexnwithan alphabeticcharacter
and BS (Backspace)in thatsequence.

2 Thesecharactersshouldnot be usedin internationalinterchange
withoutdeterminingthatthereis agreementbetweensenderand
recipient.
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2.5 DEFINITIONS

2.5.1 General:

(cc) CommunicationControl:A functionalcharacterintendedto
contiol”orfacilitatetransmissionof informationavercommunicationnet-
works.

(FE) FormatEffecter:A fhnctiomlcharacterwhichcontrolsthe
layoutor positioningof informationin printingor displaydevices.

(IS) InformationSeparator:A characterwhichis usedto separate
and qualifyinformationin a logicalsense, Thereis a groupof four
suchcharacters,whichare to be used in a hierarchicalorder.

2.5.2 ControlCharacters:

NuL: Theall zeros character.

SOH (Startof Heading):A communicationcontrolcharacterusedat the
beginningof a sequenceof characterswhichconstitutea machine-sensible
addressor routinginformation.Sucha sequenceis referredto as the
‘theading’t.An STX characterhas the effectof terminatinga heading.

!,

STX (Startof Text): A communicationcontrolcharacterwhichprecedes
a sequenceof charactersthatis to be treatedas an entityand entirely
transmittedthroughto theultimatedestination.Sucha sequenceis

o ‘
referredto as “text”. STXmaybe usedto terminatea se~ence of charac-

,- tersstartedbySOH.

ETX (EndofText): Acommunicationcontrolcharacterusedto terminate
a sequenceof charactersstartedwithSTXand transmittedas an entity.

MIT (Endof Transmission):A communicationcontrolcharacter,usedto
indicatethe conclusionof a transmission,whichmay havecontainedone
or moretextsand anyassociatedheadings.

ENQ (hqUiry) : A comtnunicationcontrolcharacterusedin datacommuni-
cationsystemsas a re~est for a responsefroma remotestation.It May
be usedas a Who Are YOU1l(WRU)to obtainidentification,or maybe used
to obtainstationstatus,or both.

ACK (Acknowledge):A communicationcontrolcharactertransmittedby
a receiveras an affirmativeresponseto a sender.

BEG: A characterforuse whenthereis a needto callforhuman
attention.It may controlalarmor attentiondevices.

BS (Backspace):A formateffecterwhichcontrolsthemovementof
theprintingpositiononeprintingspacebackwardonthesamePr*nt%g
line. (Applicableto displaydevices).
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HT (Horizo~talTabulation):A formateffecterwhichcontrolsthemove-
mentof theprintingpositionto thenextin a seriesof predetermined
positionsa}ongtheprintingline.(Applicablealsoto displaydevicesand
the skipfinctionon punchedcards.)

LF (LineFeed): A formateffecterwhichcontrolsthemovementof the
printingpositionto thenextprintingline. (Applicablealsoto display
devices.)Whereappropriatethischaractermay havethemeaning‘lNewLinef~
(l’JL),a formateffecterwhichcontrolsthemovementof theprintingpoint
to the firstprintingpositionon thenextprintimgline. Use of this
corsventionrequiresagreementbetweensenderandrecipientof data. (s0
longas the currentoperatingprocedureof ending(orbeginning)a lime
withCR-CR-LFis observedno operationalproblemarisesfrominterconnecting
!t~t!and ll~n-~11machines.)

, VT (VerticalTabulation):A formateffecterwhichcontrolsthemovement
of theprintingpositionto the nextin a seriesof predeterminedprinting
lines, (Applicablealsoto displaydetices.)

FF (FormFeed): A formateffecterwhichcontrolsthemovementof the
printingpositionto the firstpredeterminedprintinglineon the next
formor page. (Applicablealsoto displaydevices.)

CR (CarriageReturn):A formateffecterwhichcontrolsthemovement
of theprintingpositionto the firstprintingpositionon the same
printingline. (Applicablealsoto displaydevices.)

so (shiftOut): A controlcharacterindicatingthatthe codecombina-
tionswhichfollowshallbe interpretedas outsideof the characterset
of the standardcodetableuntila ShiftIn character(s)is (are)reached.

SI (shiftIn): A controlcharacterindicatingthatthe codecombina-
tionswhichfollowshallbe interpretedaccordingto the standardcode
table.

DLE (DataLink =Cap~): A communicationcontrolcharacterwhichwill
changethemeaningof a limitednumberof contiguouslyfollowingcharac-
ters. It is usedexclusivelyto’providesupplementarycontrolsin data
communicationnetworks.DLE is usuallyterminatedbya ShiftIn charac-
ter(s).

DC1,DC2,DC3,D@ (DeviceControls):Characters-forthe controlof
ancillarydevicesassociatedwithdataprocessingor telecommum“cation
systems~more especially switching devicesIlonllor IIoffrl.(Ifa single
“stop”controlis reqyiredto interruptor turnoff ancillarydevices~
@ is thepreferredassignment.)

NM (NegativeAcknowledge):A communication control character tram-
mittedbya receiveras a negativeresponseb the sender.

SYN (SynchronousIdle): A camn.micationcontmol characterusedby a
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●
synchronoustransmissionsystemin theabsenceof any othercharacterto
providea signalfromwhichsynchronismmay be achievedor retained.

ETB (Endof TransmissionBlock): A communicationcontrolcharacter
usedto indicatethe endof a blockof dataforcommunicationpurposes.
ETBis usedforblock@ datawheretheblockstructureis not necessarily
relatedto theprocessingformat, .

CAN (Cancel): A controlcharacterusedto indicatethatthedatawith
whichit is sentis in error or is to be disregarded.

-.

EM (Endof Medium): A controlcharacterassociated with the sent data
. whichmay be usedto identifythephysicalendof themedium,or the end

of theused,or wanted,portionof informationrecordedon a medium.(The
. positionof the characterdoesnot necessarilycorrespondto thep~sical

end of themedium.)

SUB (Substitute):A characterthatmay be substitutedfora character
whichis determinedto be invalidor in error.

E5c (Escape):A controlcharacterintendedto providecodeextension
(supplementarycharacters)in generalinformationinterchange.The Escape
characteritselfis a prefixaffectingthe interpretationof a limitednumber

ie. of contiguouslyfollowingcharacters.ESC isusuall.yterminatedbyaShift
In-character(s).

IS (RileSeparator),GS (GroupSeparator),RS (RecordSeparator)and US

● +4(UnitSeparator).Theseinformationseparatorsmay be usedwithindatain
optionalfashion,exceptthattheirhierarchicalrelationshipshallbe:
IS is themost inclusive,then@, thenRS, and US is leastinclusive.
(Thecontentand lengthof a File,Group,Record,or Unitare not specified).

DZL (Delete):Thischaracteris usedprimarilyto ‘Ierasel!or ‘lobliter-
atellerroneousor unwantedcharactersin perforatedtape. (Inthe strict

. senseDEL is not a controlcharacter).

Note: SO, ~C, andDLEareall characterswhichcanbe used,at the
discretionof the designer,to indicatethebeginningof a sequenceof
digitshavingspecialsignificance.

2.S.3 GraphicCharacters:

“ SP (Space):A normallynonprintinggraphiccharacterusedto separate
words. It is alsoa formateffectarwhichcontrolsthenmvementof the
printingposition,oneprintingpositionforward. (Applicablealsoto
displaydevices.)

(Diamond):Anoncodedgraphicwhichshallreprintedby a printing
deviceto denotethe sensingof an errorwhensuchan indicationis
required.As an interimstandard,an asterisk(x)may be used forthis
ihnction.
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(Heart):A noncodedgraphicwhichmay be primtedby a“printing
dewicein lieuof the symbolsfor the controlcharactersshownin columns
O and 1 in table1 of thisappendix.

2.6 Genera considerations

2.6.1The relativesequenceof any two charactersof the codetablej
whenusedas a basisfor collation$is definedby theirbinaryvalues.

2.6.2No specificmeaningis prescribedforany of the graphicsin
the codetableexceptthatwhichis understoodby theusers. Furthermore
thisstandarddoesnot specifya typestyleforthe printingor displayof
the variousgraphiccharacters.

2.6.3 Formilitarypurposes~a paritybit,b8 is alwaysaddedto the
standardcharacter.Requirementsforparityare describedin paragraph
6.1.1,3of thebasicStandard.

2,6.L In serialby bit transmissionsthe codedcharacterwillbe
transmittedlow orderfirst;i.e.~thebitswillappearon-linein the

bh~ b~~ b69 b7~ 8orderbl$ b2~ b3~ b (parity).

2.6.5SpecialConsideration.An optionis availablein theuse of’
ASCIItouse linefeedas new line (seethe definitionof line feedabcve).
In theMilitarySystems~the currentpracticeof transmittingtwo carriage
returnsand one linefeedwillbe conttiued.However9it shallbe standard
tcprocurenew linee~ipmentwhenatiilableatno increase(oran insigni-
ficantincrease)in costanduse it in accordancewiththe oldpractice,
Thishas the advantageof becomingprepared~at no additionalcostsh
cuttingoverto new lineoperationshouldthiseverbe desirablewhile
maintainingcompatibilitybetweenold andnew equipmentsin the interim

2.7 minting $@TIbOb

2.7.1 128-s@M1 Set. The completestandardset
symbolsis givenin table1. Thereare actuallyonly
sincethe spaceis non-printing.

of 128p~inti.ng
127printing symboIs

2.7.2 96-SymbolSet. The standard96 symbol subsetof printing
symbolscomprisesthe symbolscontainedin columns2 through7 of table1.
(9~printX smbols plusspace).The heartsymbolmaybe printedin lieu
of the symbolfor the controlcharactersshownin colunnsO and 1 in table
1 of thisappendix.

2,7.3 64-symbolSet. The standard64-symbolsubsetofprintimg
symbolsforpageprinterapplicationsis givenimtible 2. Theheart
symbolmaybe printedinlieu of the symbol.fer-the--cont~lcharacters
shown in columns O and 1 in

3. FOUR-RQIJKEYBOARDS.
implementationof ASCIIand

table1 of-thisappen-.

FoUr-l?OW keyboardsare standardforthe
forOCR messagepreparationunits. The
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AMEI?ICAN STANDARD CODE FOR INFORMATION INTERCHANGE

~128-SYMBOL PRINTING SET-[

COLUMfTJ+ 0 I 4 5 6 7

bT ~6 00 0 0; 0; I I I I

bs o ‘1 o I 00 ‘1 ‘o 11 :
b4bs b2 b! “ NON-PRINTING-(4 - —96-SYMBOL PRINTING SUBSET ● 1

0000 NUL \ DLE 0 SP @ @ P P 0

0001 SOH r DCI (9 ! I A Q a q I

0010 STX 1 DC2 0 “ 2 B R b r 2

0011 ETX J DC3 Q “ 3 c s c s 3

0100 EOT A DC4 .0 $ 4 D T d t 4

0101 ENQ + NAK @ % 5 E ,,U e u 5

0110 ACK - SYN @ 8 6 F v f v 6

ml BEL R ETB @ ,A& 7 G W g w 7

1000 BS a CAN ❑ ( 8 H x h x 8

1001 HT - EM Ill ) 9’ I Y i y 9

1010 LF = SUB m *“ : J z j z 10

1o11” VT V ESC R ~ ; K [ k { II

1100 FF Y FS E , ‘ L \ I ! la.

1101 CR <( GS f!l - = M 1 m } is

1110 SO A RS Q ● ‘ N “ n “ 14

1111 SI v us n / ? o . 0 == is

NOTES:
(1) ColumnsO&l showthemnemonicatsbrc%’iationsandthe printingsymbolsfoqthecontrolcharacters M-64-900D
[2) Thediamond@)isprintadto indicafethedetactionof an error. 1 Dec1964
(3)Theheart(C7)maybeprintadtoindicateacharacterof the controlcharactersub-set. Rev.07-13-67
(4 Non-printingcodesinthe9&symbolPrintingSet.

TableL AmericanStandardCodefor Information

28’7

Rev.l&l+69

Interchange

http://www.abbottaerospace.com/technical-library


MIL-STD-188C

SCL-4713

.

14MEI?WW ~~~~~~~~ (XXX FIXi WOFW/iWXi! INWE6?CHAIWE

64-SYMBOL WGE PRINTIN6WBSH

TfIefJiamonsf(Q) is printsdto indiwteth~detectionof an error.
Theheart(Q) maybeprintedto indicateacharacterof the controlcharactersub-set. M-64W1D

1 Da 1%4
RN.07-13-67

Table2. 64-SymbolSubsd ( Page Printer Application) -Kw.wld-m
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●✌✌

CHARACTERS CODE SIGNALS CCITT NO.2

LOWER UPPER CASE UPPER CASE31F
CASE COMM WEATHER START I 2 3 4 5 STOP

A— t / ‘//,
B ? e ///

,
/// ‘///

c: 0 / ‘// /// /
D ‘$ /

<
A / //, WRU

\ f/A
1//1 //Y/A ~ UNASSIGNED

r a 1

n . ‘

/-// UNASSli3NED
~ UNASSIGNED

1 .. —-. -—— --- .---—

{/ A

F 1 - , 1/ Vl[ //
G a \ J /
H STOP i //-

I 88 / ‘//.
J / /[ / lq/ AUDIBLE SIGNAL

K ;- / (// /// ‘7-/
L )R /
M, /-// ;-

‘N 6
/ /

0 ;9
P 00 /// ‘//

/ /1
Q I I //x_//i
R 44 d
s BELL BELL //A Y// , ‘(APOSTROPHE)

{
/ / I /

T 55
u 7 / /// ‘/
v ; ; //x//’/
w 22 / ‘//,
x /1 ///

Y 6 6 z//l t’/A

/ J I Y//

z n + 1 v

BLANK - //,
SPACE //, /

CAR. RET.
LINE FEED
FIGURES
LETTERS /

m
0

. . -—.— ,.
NOTE: UPPER CASE H (COMM) MAY BE STOPOR ~

MARKING PULSE

SPACING PULSE

~ble 3 InternatiomlZkI.egraphAlphabetNo. 2, AIIB?rlcanVariation
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ozax1
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FIGURE- 5. THREE ROW KEYBOARDS

295

http://www.abbottaerospace.com/technical-library


MIL-STD-188C

standardsarrangementsare includedas Figures13 2 and 3. For detailson
the applicationof thesearrangementsthe designeris advisedto consult
MIL-sTI)-1280~KeyboardArrangements.Figure4 is the standardnotation
systemfor keyboardarrangements.

k. THREE-RW KEYBOARDS.Referto YigureS for three-rowconnnunica-
tionandweatherkeyboards.

~. INTERNATIONALTEIZGF24PHALPHABETNO. 2, USAVARIATION.SeeTable
3. This is nowclassifiedas interimstandard.

6. INTERIMSTANDAR.DCODEDCHARACTERSETF(IZINFORMATIONINTERCHANGE
(FIELDATA).SeeTable4.

7. CODEC@lESPONDIJICE.This is a reference paragraph orilye It does
not in itselfestablishany codeas a standard.Itmerelyestablishesthe
relationshipbetweensanecommonlyusedcodesso thattranslationsmay be
made. Althoughthe USASCIIis standardthe USAStandardPunchedCardCode
andthe EXDIC is alsoused. The firsteightcolumnsof Table5 presents
the 128 hole-patternsfor the 128 c~acters of USASCII. Thelasteight
columnspresent<the extensionaf the codeto 2S6characters.Thisextension
hasbeenapprurkdbyUSASIandwillbe publishedas USASIStandardX3.26-1969.
For the presentsonlythe hole-patternshavebeenassignedto thebit-
patternsin the exb~sion. Table6 is a crossreferencefrcTMthe Hollerith
hole-patternsto the USASCIIgraphicand controlcharacters.

As of March19689 theAUl?ODINDigital.SubscriberTerminalIQuimenthas
the capabilj.tyof operatingwith a hole-patterns.However~onlySO hole-
patterns=e currentlyactive. Plansfor activatingthe remainingu hole-
patternsandfor aligningthe equipmentwiththe StandardHollerithPunched
CardCodearenot firmat thistime. The correspondencebetweenAUl!ODIN
punchedcardpracticeand the StandardHol.lerithPunchedCardCodefor all
YJSASCIIgraphiccharactersis presentedin TableT.

The interimstandardpunchedcardpracticefor theWorldwideMilitaqy
Comnandand ControlSystanwas publishedin Chapter11~ Section2 of JCS
Pub7 of 3 February1964. Itscorrespondencewith the StandsrdHollerith
PunchedCardCodeandwithAUTOD~{is alsogiven in Table7. Notethat
thisinterimstsmiardusescharacterswhicharenot in USASCII.

The EBCDICis presentedin Table8. Notethatheretoo in 128 instances~
onlythehole-patternshavebeenassignedto the bit-patterns.The other128
are the assignedpositionsof the USASCIIcharacters;

.
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I

na

~.

j

na

na

k

na

na

I

na

na

m

na

na

n

na

na

o

na

na

P

na

na

q
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na

r

na

na
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na
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na
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na

na

v
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na
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na na

na na
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C-Standar&’Hollerith

-AUWDIN

*’JCS Pub 7

na meansnot assigned

Table 7. Comespondenceof Standard Hollerith, ‘AUTODIN

and JCS Pub 7 PunchedCardCodes.
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~1,12-0-9-8-1 “5. No Punches *9. 12-0 *13. O-1
*2; 12-11-9- 8-1 “6; 12 *lo, 11-0 *14;11-0-9-1
‘3, 11-0-9-8-1 *7, 11 ‘11,0- 8-2 *15,12-11

Table 8. EBCDIC Card Code
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APPENDIX D

STANDARD SWITCHING INSTRUCTIONS AND BIT STRUCTURES FOR START/STOP
AND SYNCHRONOUS AUTOMATIC TELEPRINTER SWITCHING EQUIPMENT

UTILIZING ITA No. 2

This appendix sets forth guidance with regard to switching instruc-
tions and bit patterns as they apply (1963) for teletypewriter switching
equipment. In case of conflict between any specific instructions in this
appendix and any applicable portion of ACP-127 ( ), the requirements of
ACP-127 ( ) shall govern.

NOTE: JANAP 128 ( ) AIJTOMATIC DIGITAL NETWORK (AuTODIN) OpERATING
PROCEDURES has been published by the Joint Chiefs of Staff and
prescribes the standard data communication policies, practices,
procedures, and routing doctrine for operation of the Defense
Communication System AUTODIN. The latest issue in effect of
JANAP 128 ( ) should be referred to fo~ all AUTODIN Operating
Procedures. ...

,. 1. GENERAL

The switching instructions listed inthe standard message format
permit a subsystem to forward messages without difficulty and in accord-
ance with present world-wide equipment and agreed practices.

1.1 Start of message instruction, channel designator and serial
number: format line # 1.

1.2 Precedence instruction: end of format line # 1, beginning of
format line # 2.

1.3 Routing Instruction: format line # 2.

1.4 End of routing instruction: end of format line # 2, beginning
of format line # 3.

1:5 Format lines 3 and 4 are not generally utilized by automatic
switching equipment at this time except as noted in processing ACP 127
messages into AUTODIN.

1.6 Format lines 5 thru 10 are standardized procedurally but are
not utilized at this time for automatic switching.

1.7 Format line 10 is used to count code groups in the text.

1.8 End of addressinstruction,startof textinstruction:format
line11.
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1.9 End of message instruction: end of format line 15.

2. Between the channel designatorlserial number instructions and
the precedence instruction, extraneous bits or instructions may appear
provided the total n~ber of bits inserted does not exceed 400 unit bits,
and the extraneous bits are not standard switching instructions out of
sequence in the standard message format.

3. No’extraneous bits or instructions may appear between the prece-
dence instructions and the routing instructions or between the routing
instruction and the end of the routing instruction.

4. Additional instructions may be inserted between the end of rout-
ing instruction and the end of format line 3 up to a maximum of 400 bits,
provided the extraneous bits are not standard switching instructions out
of sequence in the standard message format.

5. No extraneous bits or switching instructions shall be recognized
in the address or delivery section of the message format. This area of the
message format is yet to be standardized for equipment switching purposes.

6. For automatic equipment to effect delivery it is necessary that
the routing line contain a routing instruction for each address or two or
more addresses if served through the same station. It is required that
the routing instruction line will be “segregated” as the messagepasses
through the system.

7. It is presumed that equipment will be developed to effect distri-
bution or delivery once a message has been passed over the world-wide trunk
network. It is furtiherpresumed that message delivery equipment would
accomplish its function by reading the precedence instruction and, having
checked the routing instruction to determine that the message was in fact
intended for that station, by processing the address portion of the mes-
sage (format line 7-8) automatically.

8. Standard Switching Instruction Bit Structures. No departures
from these bit structures are permissible. All sequences are shown pre-
ceded by a one or marking bit which represents the marking or resting
state of the line.

“8.1 Format Line #1: (1) START OF MESSAGE (SOM)
VZCZC (See Symbol Schedule, paragraph 8.7)

(2) CHANNEL DESIGNATION AND SERYALNUMBER, (CDSN)

** * + # # # +
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Bit Sequence:

1 00111110100011

* Sixth, seventh,
the letters which

0011101 0100011 0011101 * * * 0110111# # # 0111111

and eighth characters (Bits 37 thru 57 inclusive) are
denote the channel designation.

# Tenth, eleventh, and twelfth characters (Bits 65 thru 85 inclusive)
are the serial number of the message.

.

8.2 End of Format Line #1 (EOL #1) Beginning of Format Line”#2
and PRECEDENCE:

<< : * *>

Bit Sequence:

1 0000101 00001010010001**0001001 ,

* Fourth and fifth characters are the precedence of the message and can
be either RR, PP, 00, or ZZ, e.g., message with FLASH precedence (ZZ).

~.,.:..
1 00001010000101001000101000110100011 0001001

Other poss-iblePrecedences:

PRECEDENCE SYMBOL BIT SEQUENCE

RR 0010101 0010101
PP 0011011 0011011
00 0000111 0000111
Zz 0100011 0100011

813 Format Line # 2“: ROUTING INDICATORS

Note: This format line may consist of a number of printed
lines all of which constitute format line #2.

At the end of each routing indicator (which may include up to
49 bits) there are seven additional bits denoting a space. At the end
of each printed line of nine routing indicators there are twenty-one
additional bits (two carriage return and one line feed).

8.4 End of Format Line #2 (EOL #2 and PROSIGN PRECEDING ORIGINATOR’S
STATION DESIGNATOR OR END OF FORMAT LINE #1 PILOT
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Bit Sequence:

1 0000101 0000101 0010001 0100101 0100001 0001001 or

1 0000101000010100100010100011 * * 0001001

* Fifth and sixth characters may be any two applicable characters (7 bits
each) of the Z-signal series.

8.5 Format line #n:

<< z B T<< z

Bit Sequence:

START OF TEXT (SOT)

8.6 Format Line #13: END OF TEXT (EOT)

<< ! ~ T<< E

Bit Sequence:

See Paragraph 8.5

8.7 END OF MESSAGE (EOM)

<<5:

(Future

Bit Sequence:

1 0000101

0010001

* Minimum

0000101

0010001

—-— ——=—. ——— =NNNN+ 4 + + + ++ + + + + + *

Switching Equipment shall respond to S E N N N N)

0010001 0010001 0010001 0010001 0010001 0010001

0001101 0001101 0001101 0001101 0111111 0111111, etc.*

of twelve letter shifts.

SYMBOL SCHEDULE

+ Letter Shift

< Carriage Return

+ Figure Shift

❑ Line Feed

> Spare
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APPENDIX E

OPTICAL -CHARACTER RECOGNITION E61LlIPPlENT
{OCRE}

FOR PROCESSING MESSAGES

FOREWORD

1* Optical character recognition {OCR} is a comparatively new
art. In applying a new art there is a tendency for users to
choose their operating parameters in a divergent manner because,
of a lack of standards. The resulting incompatibilities of the
past indicate a requirement for development of standards early
in the progress of an art. On the other handl the application
of too rigid a standard tends to limit experimentation in a
search for optimum operating conditions. Because the Nilitary
Departments and Agencies are still learning how to apply OCR to
message handling. this standard has been made permissive in
certain instances. As experience is gained it will be possiblen
in some instances to be more specific.

12= A standard message format has been developed {see Figure 1}.
There are four annexes to the format which constitute instruc-
tions to the printer, administrator, COPlt”lCENTER/Plessage Center.
and drafter’s typist.

3* A “character set” as used herein is a basic group of

0’

defined numeric. alphabetic. punctuation and special symbol
characters of one style. A character set is monocase if it

, contains only upper case alphabetic characters and dual case if
it includes both upper and lower case alphabetic characters.

4. From a narrow operational standpoint no standard for OCRE
is required as long as each message reader is compatible with

the DoD switching system into which it feeds the message read.
However. such a narrow viewpoint is unacceptable. There is
more to satisfactory use of OCRE than compatibility with the
message switching system. These standards involve the follow-
ing concepts=

a= Logistical interchangeability. A reader should be
capable of operating satisfactorily in any location within the
DoD. not just one.

bm Minimum training of personnel. This requires a stan-
dard message form for all locations and the preparation of
these forms in a standard manner. Thus personnel need not be
retrained when reassigned.

C* Mutual assistance capability. Two or more headquarters
using OCRE in a given building or area should be able to process
the other’s traffic in case of equipment failure. This requires
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a standard message format. standard processing and an agree-
ment on at least one character set that all OCR readers will be

capable of reading- e

d. Ilinimum costs This requires standard message forms and
OCRE with a limited character set capability An increase in
the cost of a reader utilizing more than one character set over
that of a single character set reader may be sufficient to pay
for many new typewriters. Furthermore there are so many character
set styles ‘that an OCRE with a capability of 10 character sets
can read the character set of only a small percent of type-

writers chosen at random-

5* Standards are of no value if not observed and to a certain
extent unenforceable if not accepted by userso Thus a standard
must not appear to be arbitrary or illogical OCR is a new art
requiring explanation of certain concepts= For that reason
there are explanatory remarks in the following standard? making
it more tutorial. than is generally the case for a standard-

b. DoD Policy on Character Sets. Current policy at the time
I’IIL-STD-18AC is published is that ‘DoD should not adopt any
standard font at ‘this time.= Guidance provided is that ‘eval-
uation and selection of potential fonts for communications OCR
equipments will be based on cost effectiveness and growth
potential analysis of each specific application.”

7. Character Sets- Within the scope of this standard {MIL-STD-
1813C} the OCR-A is established as the minimum capability re- 0
quirement for all OCRE. The OCR-A character set for monocase
OCRE is shown in Table II of this Appendix..
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APPENDIX E

OPTICAL CHARACTER RECOGNITION EdlJIPl”lENT

#G RE+

l:’ Introduction. This Appendix concerning Optical Character
-Recognition Equipment {OCRE} is applicable to communications
only., This OCRE is to be “used to generate binary electrical,,..’.
signals in the appropriate code and alphabet by a process of

read,ing,{scanning} messages prepared in a standard manner on a

standard message format using typewriters suitable for preparat-
ion of messages accurately readable by OCRE. The message for-
mat is discussed in paragraphs L.E!.of this appendix. Suitable
typewriters ’are discussed in paragraph 5 of this appendix. The

“,OCRE may be used on-line. feeding the generated signals directly
to the line or to any of a number of lines as required-by the
traffic situation; or’ the OCRE may be u.Sed off line’by recording
on pape,r tapel magnetic tapel a druml etc. When used off-line
the recorded message is subsequently read to the appropriate line”.
Which method of operation is used.is a matter.of command pre-
rogative but the design should be such, that both on-line and
off-line ’operation is possible.

J ,,

2.” OCRE Signals.

2=1 Code and Alphabet. The binary signals generated by

●
the OCRE shall be coded in the International Telegraph Alphabet
No= 2 {ITA NOI Z}”{USA !/ersionl or the International Telegraph
Alphabet No= 5 {ITA No. “5} {USA Version} as, applicable. These
coded character sets {alphabets} are discussed’in Appendix C=
The latter code was formerly known as ASCII {American Standard
Code for Information Interchange} and was later renamed USASCII.
ITA No= 5 is the name applied by the CCITT.

12~2 Low Level Signaling. The signals generated by the OCRE
shall be in accordance with paragraph 7=2.1 Standard interface
{low level} of the basic standard.

2.3 Modulation Rate. Whether used on-line or off-line the
modulation rate of the OCRE signal shall be as specified in
paragraph 7=2=L {Modulation rate} of the basic,standard=

2=9 Character Reading Rate- The character reading
{scanning} rate bears a definite relationship to the rate at
which signals are dispersed to the line unless a buffer storage
is provided between the two. The maximum scanning-rate shall
be consistent with the headquarters traffic loadl economics.
accuracy in reading. and sound engineering practices.
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2.5 bit Transmissions Bits {per character} transmission
between the OCRE and the off-line recorder may be in serial or
parallel form- When the OCRE is operating on-line the bit

stream must ultimately be serialized before transmission”

d-b Parity” When the ASCII is used pursuant to ~agraph ?.1

of this appendixl the parity bit shall be generated by th~ OCRE
in accordance with paragraph b.1.l.3 {Parity Bit} of the basic
standard.

3~ Major Associated Devicesm

3.1 Recorders- The paper or magnetic tapel etco recording
devices shall conform to the basic standarde

302 Cryptographic Equi,pmenta The OCRE need not be required
to operate with off-line cryptographic devices~ Ordinarily any
off-line encryption required shall be effected after the clear
text message is ‘readw and recorded on the recording media”
Howeverl the OCRE may be associated directly with off-line
cryptographic equipment.for encryption of the body of the
message if desired.

303 Switching EquipmentO The OCRE will not be required to

switch messages on the basis of what is in the routing line-
Switching will be accomplished in the switching center into
which the OCRE {if on-line} or the recording medium {if the OCRE
is off-line} operatesm Howeverq the OCRE may be assigned the
function of forwarding messages to the Local Digital Message e

Exchange for local distribution~

3.9 Routing Line Segregation Equipmen~@ Routing line
segregation shall not be performed by the OCREa This shall be
performed by the switching equipment of other device designed
specifically for this functiono

3m5 Heading Generator” An apporpriate headingmust be
generated for the message that. is in accord with the design of
the local switching centerl generally. JANAP J280 This may be
accomplished by one of the following techniques.

305s1 Manual Preparationm This method of generation of
the heading is not recommended except for emergency operation
and small amounts of tbaffic to seldomly addressed headquarters.

3~5.2 Semiautomatic Generation. By this method the heading
is generated from information recorded in a punched card {or
equivalent. One card is prepared for each headquarters
ordinarily addressed. When a message is addressed to a head-
quarters for which no address card has been prepared, su h a card
must be prepared manually. kThis method is permissible ut
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automatic. generation of the heading should be a. design ob-

●
jective.

:.,. 3=5=3 Automatic Generation. This method. which is pre-”
ferred over manual or semiautomatic generation. is considered
standard. A computer associated with the OCRE generates auto-
matically the appropriate headingl using the inlbrmation read
from the message heading by the OCRE in conjunction with other
information stored in the m“ernory of the computer. Fully auto-
matic operation would require sufficient table look-up in the
memory to hold a record of all headquarters with the associated
routing indicator for each. It shall not be considered non-
standard to omit seldomly addressed headquarters from the table
look-up and to handle manually certain components of such
message headings.

3-L Distribution Equipment.

305~1 Manual Distribution. In order to obtain satisfactory
copy for local distribution. reproduction facilities may be
employed or one or more page copy machines may be associated
with the OCREC

.,
3Qb~2 Automatic Distribution. If Local Digital llessage

Exchange {LDMX} is employed. the OCRiZ may be designed to feed
the message directly to the LDMX for automatic d~stribution.
{See paragraph b.2.5.8 of this appendix.]

e ‘ 9. OCRE Capabilities.

9=1 Nonocase ASCII OCRE <Preferred standard for message
preparation}. The minimum reading capability of monocase OCRE
operating in an ASCII communication link shall be the characters
given in Table I of this appendix. Any additional character
reading capability shall be limited to those characters given
in Table I of Appendix C.

9.2 Dualcase ASCII OCRE. Dualcase readers shall have the
same capability as monocase readers but with the additional
capability of reading lower case alphabetic characters printed
in the same font design as the upper case alphabetic characters.
Dualcase OCRE is not recommended for ordi’nary communications
use because dualcase receiving teleprinters will not generally
be available= The use of dualca’se OCRE is appropriate only in
properly equipped closed networks. when dualcase ,receiving
teleprinters are generally available and when using ASCII. or
the ITA No. 5 Alphabet.

4“3 t’lonocase ITA No= 2 OCRE {LISA Variation}. It shall
be standard to design OCRE operating in the ITA No. Z Alphabet
to have’ a read capability the same as that for monocase ASCII
OCRE so, that conversion to ASCI~ operation may be readily
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accomplished when requiredo Five characters of Table I are
not included in the ITA Noo 2 namely: percentl asteriskl
plusqequals and vertical line- In order to maintain character
count integrity of the message? these may be transmitted as
exclamation point. The software of the OCRE must provide some
special handling of these five characters-

4.4 Dualcase ITA No. 2 OCRE {USA Variation]= The use of
dualcase OCRE operating in the ITA No= 2 Alphabet is entirely

inappropriate because I’TA No- 2 is stirctly monocase with
respect to the alphabetic characters. Only as part of a phased
program for changeover to dualcase processing in ASCII can such
a use find justification~

4.5 Character Set Capabilities.

9.5.L Single Character Set OCRE {Monocase}a The use of
monocase character set OCRE {upper case only} has the disadvan-
tage of necessitating more complete standardization of message
preparation typewriters throughout the headquarters than does
OCRE utilizing dualcase and multiple character setse Howeverl
monocase OCRE has an advantage in cost and reliability of
reading over dualcase OCRE and it has a very considerable ad-
vantage in cost and reliability of reading over multiple char-
acter set OCREO For DoD policy and guidance on fonts refer to
the foreword of this appendix-

9.S.? Multiple Character Set OCRE~ OCRE having multiple
character set capability allows more flexibility in the use of
typewriters but it costs considerably more and is much less
reliable in reading than the single character set OCRE~ rlul-
tiple character set OCRE shall have the capability of the
character set described in Table I and paragraph 4WL0

9.L l“linimum Character Set Capability. OCRE shall have the
minimum capability of reading a character set defined by Table.
I when thes

Horizontal character spacing is 10 per inch
Vertical character spacing is 3 per inch
I“laximum character height. H- is 0.0q9 inches
Plaximum character widthl 1111is 00055 inches
Nominal stroke widthl T? is OMOlq inches

The character height and width are defined as centerline
height and width= Therefore the actual maximum height is H+T
and the actual maximum width is W+T.

9.’7 MultipleCharacter Set Capability. One of the
character-sets shall be as described in paragraph 4.Lo All
other character sets are specified only to the extent of having
the character spacing of paragraph 4070
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q.11 Au~omat~c Plessage Heading. OCRE equipped for autom-
atic message heading, generation’ shall read the heading ele-
ments which are typed in the ‘appropriate places on DD Form 173.

Using this information the OCRE shall automatically generate
an appropriate message heading as described in paragraph 3~5=3
of this appendixe

9.q “Automatic Message Ending. OCRE equipped for automatic
message heading generation shall also automatically generate
a compatible and appropriate end of message format:’

s. Typewriters;
.

501 General Per formance,.Cha racteristics_ Adequate typing
quality is mandatory in order to minimize OCRE reading errors-
This requires appropriate typewriter’sl rib,bonsl, maintenance and
a consistently strong touch. All of this ‘can be obtained most
adequately by using electric typewriters and one-time ribbons.
Making such practice mandatory will pay dividends in ‘added
message ,reliabili”ty.

. ..”

50Z Print Qua-lityn Print quality is a combination of the
:, following: Minimum: print. contrast signal {PCS} within character

outlinel the maximum PCS outside the character outlinel voi”dsl
extraneous ink areasl stro”ke width variation and conformance
of character shapes to nominal character shapes specification-
These. factors a,re.largely determined by the printing systems

,. employed:” The performance of OCR systems depends to a large
extend ,on the print quality. Hence-’ ev,ery effort should be made
to provide “Wgoodm print qualityl i.e.:

a. The printed character should present, as high a con-
trast as possible to the background document.

‘bri Stroke width sho’ul:d be held as close as possible to
the nominal.

c. Insofar as possible. there ,shouldbe no voids within
the stroke out-line. When these’ cannot be prevented the
number of void areas’ within a stroke should be minimized. The
size of individual “voids should not exceed” half, of the nominal
stroke widthl and the distance between individual voids should
be as great as possiblee

d. Insofar as possible there shouldbe no extraneous ink
within the c-lear area. ‘When this cannot be prevented the ‘
number of extraneous ink spots should be minimized. the size of
the spots should not exceed half the nominal strike width. and
the distance between unit ‘spots should be as great as possible.

..’,”i,. ‘..’ ,.
,., !.. . . .. ,,
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5.3 Dualcase Typewriters Dualcase typewriters shall
ordinarily be used for message preparation so that they also
may be used for other work~ The lower case characters may be
any suitable style unless the headquarters is equipped with an
OCRE with both an upper and a lower case reading capability
In such a case the ’lower case characters shall be the appropri-
ate characters as

5.9 I’lonocase
ordinarily not be
messages normally
letters ohlyo

5s5 Keyboard

provided in paragraph, q.d of this appendix-

Typewriters. Monocase typewriters shall
used for message preparation even though
will continue to be prepared in upper case

Arrangement~ ~he standard keyboard arrange-
ment for OCR typewriters is shown for information purposes in
Figure 3 of Appendix CC The detail requirements are given in
llIL-STD-121!0-i 17ilitary Standard Keyboard Arrangements”

b. Standard Message Form lJse~

L=l Paper Specifications~ See Inclosure J to Figure 10

L.F! Printed Format~

L~2El First Sheet {DD Form 1733” The joint message form
is sttoun in Figure 10 This sheet includes the heading infor-
mation required for a computer to generate the appropriate
standard format for the message heading in accordance with
JANAP-IJ2B {AUTODINl~ ACP-127 {NATO Traffic Only} or other
a“ppropria’te format as determined by the requirements

L.202 Continuation Sheet~ The same form is used as a con-
tinuation sheet for those messages that require more than one
page-

h0203 Printed Details” See Inclosure 1 to Figure l“

b=E!.q Use of Formats See Enclosures 27 3 and g to Fig-
ure ,10

L.F!.S Message Component Symbolization~

b.E!~501 Orientation {Benchmark} Symbol@ It shall be
standa~d not to use a special printed symbol for the OCRE to
orient itself with respect to the printed page- The equipment
shall ofiient itself with respect to edges of the paper by the
difference between the paper reflectance and that of machine
backqroundq or may be oriented on the first typed character-
In the ei?ent
ability-i ‘\the
symbol at\ an

a reader is used that does not have such a cap-
typist may be instructed to type in a special
appropriate place on the page. In any event the
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. .

0

..

OCRE shall be programmed to start ”its scan at the first line
of typing after becoming oriented.

L.Z=!i.E! Start of Heading {SOH3~ No start of Heading {SOH}
symbol is used in the interest of economy= Such a symbol would
have to be printed in black- A two color form would be more
costly than a single color {blue} printed form. To have the
typist type in a SOH would complicate her job unnecessarily=
The OCRE shall be programmed to recognize the Start of Heading
by t,he.message pagination that is page ‘Jn of “Xn pages.

b~2=5=3 Action Addressee Symbol= Not usedl handled by
software- The first Action Addressee may be recognized by the
OCRE as being indented 20 spaces- Subsequent Action Addressees
if any% are also indented 20 spaces. Double spacing is used
vertically.

L=2=5s9 Information Addressee Symbol~ The sequence
‘INFO:n shall be used to indicate the first Information Addres-
see= The colon is used to prevent a random sequence “INFO” in
the message from giving a false result= “INFO:n is typed by
the drafter’s typist two lines below the last Action Addressee-
starting immediately to the right of theleft blue margin line
using no indentation. The Info Addressees are indented 20
spaces as are the Action Addressees and are also double spaced
vertically. The OCRE may thus recognize the end of Action
Addressees and the beginning of Information Addressees by the
typed “INFO:n starting at the margin= If there are no Infor-
mation Addressees the OCRE will recognize this fact by finding
‘Xf’lT:” at the left margin line. no indentation. using double
spacing from the last Action or Information Addressee as the
case may be. The exempted headquarters or routing indicators}
shall be typed in starting directly under the start of the
addressees- namely 20 spaces from the left margin line. If
there be more than one line of exempted routing indicators the
second line shall also be indented ?0 spaces. Thusl the OCRE
can recognize the Start of Text by. the next nonindented typing=

Lc205~5 Start of Text {STX} Symbol- Not used- handled by
software.

b.E!~5.b End of Text {Message} {ETXI Symbol. Not used-
handled by software. The OCRE can recognize the ETX by the end
of the printing in the last page of the message. The last page
is identified by the ,pagination in the page block in the first
line of typedmaterial. On the last page the page number is
the same as the number of pagesl such as page 2 of 2S

b.2.5.7 Indentation Symbol- It shall be standard to pro-

gram the computer to effect indentation and tabulation at the
receiver by counting and transmitting the appropriate number of
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spaces. This method allows for tabulation without any pre-
arrangement between the originator or drafter and the addressee
ldhen the ASCII is, used~ howeverl ta~ul,dr material can be sent by e
prearrangement ‘behween the”transrnitterand receiver= This ‘re-
quires sending tabular codes rdthe~,thqn: spaces and, also employ-
ing appropriate page printe’rs at the recelv,ere

L.2!05.~ Automatic Local Distribution. If t’he OCRE is used
in conjunction with a Local Message Di~tribution IJnit {LDMX3
the local distribution may be typed in the, appropriate place on
the Joint flessage form’.” ,4 vertical line is’ used, ,t,o indicate’
that this da”~a is for local distribution “and not part of the
message.

L.i!ab Use of Erase Symbols. ,,

b.l?.h.~ Group Erase Symbol. It shall be standard to use a
long dash {Group Erase Symbol] through the first three characters
in a line to indicate that the line is in error and must be
‘orni\ted by the OCREE This symbol is shown in Ta@le 110

L.Z.L.? Character Erase Sjmbol. It shall be standard to
~ use the Character Erase Symbol ‘tw print~d over a“ character to

indicate that the character is.in, error and should be omitted
{ignored} by the OCREO This symbol is shown in Table 110

,L.?.L.3 Alternative to Llse of Group Enas,e and Character
,,

Erase Symbols- An alternative to, the”use of cjrotip erase and
character erase symbols is the perfect typist or the erasure.
Pe’rfect typists are scarce and the use of the erasure.” unless
done very ca;’efully. will cause O’CRE reading errors. Messages
destined to 132mailed may contain, erasures in order to obtain
satisfactory copyo The preparation of messages destined for
the OCRE. should make use of the group erase and chayacter
erase symbols.

., ... . . . . .... . . .. ...... . .,, ,

,,.
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TABLE I
. . . ,,.

APPENDIx E

Repertoireof Charactersto beusd in MessagePreparationfor OCREHandling(Basedon”ASCll Table, AppendixC)

COLUMN + 0 I 2 3 4 5 6 7

b7 0’
b6 ~5 00 ‘o ,. ’10 ’11 ‘o ‘ ‘1 ‘1

o 0 I o I :
)qb~bzb[ < NON-PRINTING. 96-SYMBOL PRINTING SUBSET ● I

0000 SP

0001

0010 II

0011

0100 $

0101 ,%

0110 &

0111 !
(APOS)

1000 (

1001 )

1010 *

1o11 +

1100 t

1101

1110 ‘.. “ .

1111 /

v

0 P 0

I -A Q I

2 B R 2

3 c s 3

4 D T 4

5 E u 5

6 F v 6

7 G w 7

8 H x 8

9 I Y 9

.. J z 10

.9 K Ii

L I 12

= M 13

N 14

? () 15

,,
NME: ITA #2 (USA version] &es nd incltie Percml. Asierisk, Plus, Equal or Vertical Line.

-.
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,..,. ., ..,,
Ap+cNDIX E .; ,.. : :.

,.
,..., .,. .

OCR-A CtlARACTER SET FOR NONOCASE ,0.CRE

OCR-A Character Set Representing ASCII Characters

Alphabet Numerals Punctuation

AN
Bo
c p
DQ
ER
F s ~~
GT
H u
IV
JW
Kx
LY
M z

Symbols
.

=
+
/

$
*
ET

!

Special USASI Symbols

Symbols Name Use—, .

d’ Hook
Y Fork
d Chair

Group Erase
1’.&l Character Erase

“..,. ,.

Name
Period
Comma
Colon
Semi-Colon
Equals
Plus
Slant
Dollar Sign
Asterisk
Quotation Nark
Ampersand ‘
Apostrophe
Hyphen
Left Parenthesis
Right Parenthesis
Percent
Question tlark
Vertical Line

,,,

None ‘
None
None
Erase complete line
Erase character

,...

,.
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ENCLOSURE II TO FIGURE 1

PRINTING INSTRUCTIONS FOR JOINT MESSAGE FORM [OCRE APPLICATION}

1. Essential instructions are as follows:

a. Sheet size: A x 10 1/? inches-

b. Line color: Drop out bluel not visible to optical
readers {all lines and printing}~

c. Margin lines:
a-

<1] Left and right margins: 1/? inch from paper edge?
plus or minus 1/10 inch, always maintaining sixty-nine typing
characters at 10 per inch between ,margin lines.

{d] Top margin 1/8 inch. bottom margin 3\& inch. from
paper edge.

d. Typewriter line-up lines; Distance between the two
short lines in the upper right and left ”marg,ins: li~ inch.
These lines delineate the first line of typing and ‘are used
to line up the paper in the typewriter. Therefore both pairs
of lines should be equidistant from the topof the page and
centered about 7/A inch from the top margin line=

e. Block spacing on first line: The width of each block
in the first line of typing is given below. The numbers are
based upon ’ten typewriter characters per inch. An additional
space separates each two adjacent blocks= The separating line
between adjacent blocks appears in the center of the space
between blocks.

BLOCK

PAGE
DRAFTER OR RELEASER TIME
ACT
INFO
LMF
CLASS
CIC
UNNAMED
DATE-TIME
MONTH
YR
TOTAL NUMBER LINE SPACES

TYPEWRITER CHARACTER
SPACES (IJCIPER INCH)

TOTAL SPACES b7

3%6
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fe Block spacing on second line:,,..,,, ,.,; ,,.,.
,,13LOCK ,. , > ... ,, TYPEWRITER CHARACTER SPACES

,..’

BOOK 3
TOTAL NUMBER i.~N”E SPACES ‘ :- 1
MESSAGE HANDLING INSTRUCTIONS L5

,.. ,.,

TOTAL SP4CES , ,, L7

9“ The bottom line delineating; the Message Handling ’In-
structions Block shall be 3/n inch below the line above~,..

h. ‘FRORW and ,w~O” lines: The ‘FROtlw and ‘TO” must be four
ahd six typewriter llnes {at six lines per ,inch}” respectively.
below the ‘first ‘iiypew’ritten line as delineated by the afore-
mentioned short lines in the margins- The T’in TO should be
directly below the O in FROM= The colon following the TO and
FROM in’ each:” c’asemust be 17 typewritten characters from the
left margin. 107 inches.

i. The .vertical:’ d~stance. between,,the centers of the numbers
..

in the lower left margin must be, lib ,inch”fl The” center of the.
first number {U} must be the center of ,t&34th typewritten line
{at b, Iines’:per’”inch}l or 5 ~z3.inches; below the first line of
typing as del-ineat,ed’in paragraph d’a;bove.

..,. ..

j“. We, upper and lower lip- delineating.the ‘DRAFTER TYPED
NArnEo~=~ w and ‘RELEASER TYPED’NAMEco=jw in- each instance are
spaced 3/i!’inch vertically ; ;

,. ;. “,’ .,:- ,-. ,., .,

‘ k= The quality,of :the’paper ‘used’’$nrnessageforms must, be
controlled for OCRE -applicktions~ A suitable specificatltin for
paper quality may be obtained by reference to paragraph 41
Paper Specifications.of the ‘USA Standard Character Set for
Optical C~aracter” R@co,gn:i’t’ionw{USAS X3~17-17Lb}~ This ‘standard
is published b~’.th’e .United States of America Standards Insti-
tute 10 East ~tlth Streetl New Yorkl N= YW 100JL= Paragraph 4.5
of this standard defines opacity- A paper of mediym,’opacity is
suitable if no writing is to be put on the back- Howetiern if
writing of any kind is to be placed on the back of the forml the
paper should havehigh opacity as given in paragraph ,1 below.

“.

1. Paper Wetght: Recommended paper weights used should be
301 323 YO and ~h pounds. These are Federal Standard weights
based upon the weight of llJOO 17x22 inch sheets= Commercial
weights are half these figures based upon 500 17x22,inch sheets-
The preferable weights are 40 and 98 in that order= Forty weight
paper is the recommended minimum weightto be used when back~.,..
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printing or writing is usedo In such instances the paper must
have a minimum opacity of d5 percent and the back-printing must
have a minimum surface reflectance of 50 percent.

e

RI.The blue ink ’used for the forms must be ‘Drop Out Blu@sW

No attempt has been made to formulate a US Standard that defines
this shade of blue. However- ink consisting of 31 parts white
and one part of process blue has been found to be satisfactory
Droup out Blue should have. as should all nonread colorsa a
defused reflectance reading. based on the reflectance of
magnesium oxides of 72 percent. Any lower reflectance is un-
acceptable. All readings should be derived in the Sq photo
area.

320
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‘m,.

ENCLOSURE 2. TO FIGURE L ,,

ADMINISTRATIVE INSTRUCTIONS FOR JOINT tlESSAGEFORPl {OCRE APPLI-
CATION

1. All stampsl signatures or initials must remain outside of

the blue margin lines that delineate the area reserved for
typing to be read by the Optical Character .Recognit.ion Equip-
ment {OCRE}= This may require authorities coordinating on the
message to initial a block on the cover sheetl the back of the
sheetl or elsewhere to be determined by the commander- If the
initials of coordinators or any other writing is placed on the
back of the form it must be behind the administrative portion
at the bottom of the form- Dependence should not be placed
upon the inks used being sufficiently reflective or the paper
being sufficiently opaque to preclude back writing or printing
interfering with the optical reading process- If corrections
and changes are made on the typed form in pencil or ink. the
form must be retyped before inserting on the OCREO

“a

These instructions may be supplemented as required-
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ENCLOSURE 3 TO FIGURE 1

MESSAGE CENTER AND-(OR COMMUNICATIONS CENTER INSTRUCTIONS FOR
JOINT MESSAGEFORM {OCRE APPLICATION}

IJ. Examine each Optical Character Recog.ni~ion Equipment {OCREI
joint message form when received for completeness and neatnessm
Refer incomplete- mistyped. or smudged’ forms to the I)uty/Watch
Officer for coordination, and corrective actions with the office
originating the. message.

E!m Only the first page of the messageform will be stamped
with the date-time-group~ and file timel upside down at the
bottom of the back side- To accomplish this. reverse the first
page about the horizontal axis, and insert the bottom left por-
tion of the form into the time clock for the date-time-group
and the bottom right portion of the form for the file time in
accordance with local instructions- This procedure will allow
typists to read the stamped figures and transcribe them as
required into the FOR MESSAGE CENTERICOFlflUNICATION:S CENTER ONLy
block. after inserting the page in a typewriter. by glancing
over the carriage at the bottom part of the backside of the
message form= Care should be ta,ken that, the size of the time
stamp and its position at the bottom of the page is such .that
the stamped material will all be below the line on the front
that delineates the lower message area f,rom the, top of the ad-
ministrative area of the form. This precaution,must be taken
to preclude ink on the back from showing through the paper and
confusing the optical readero

3. :Only character sets approved for OCRE use will be ,used to
type any information on the messagef,orm=

Y. The following instructions are for automatic heading prepa-
ration. If the message headinga ready for transmission? is
prepared manually. existing procedures. modified as required.
are suggested

a. The messagel after being inserted in the typewriter
will be properly aligned with a minimum of line skew and ‘adjuste-
d vertically so that the characters to be typed in will be
even with those already printed between the two short horizon-
tal blue lines on the upper left and right margins of the form.

,-.

b. The typist in the MESSAGE CENTER and/or the COMMIJNICA-
TIONS CENTER will read the date-time-group and file time
stamped on the back and. where appropriate. will assign a cite
number {if required by service or command instructions}. He
will then:
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(1), Type the file time and the cite number (if
required) in the appropriate blocks-

(E’) Type the date-time-groupl including the month and
year in the appropriate block. Some OCRES and associated com-
puters are programmed to automatically generate the date. time.
month and year. but this information must still be typed on
the form before return to the office of origin.

(3) Type in the appropriate message handling instruc-
tions as required by local procedures-

(~) The area marked .’’DISTR:W is for local distribution
which will be typed inl or omittedl in accordance with service
or command instructions= Type a vertical line (1) in front of
the first addressee. If only one line.of local distribution is
needed.. ,it may be placed in the. last typing line above the lower

blue line with text going down to that line. If no local dis-
tribution is needed. the text may be typed down to the last
typing line= However. if more than one line of. local distribu-
tion is neededl the text must not be typed below the first blue
line at the bottom of the page-

5. In a completely automated system the OCRE will supply the
routing indicator for addressees

b. In a partially automated system the routing indicator is
obtained from the ACP 117 series and annotated on the message-
form by Communications Center personnel= The routing indicator
andlor operating signals must be typed in front of each addres-
see both INFORMATION and ACTION and must begin six spaces from
left margin. .The origin.ating” routing indicator is automatically
assigned. by the OCRE processor.

7. If one or more characters are typed in errorl 5.trike over
each such character with the appropriate delete symbol= In
some instances there will be no room for additional characters
due to typeovers~ Thus care must be exercised in typing to
avoid errors-

tie These instructions may be supplemented as required-

●
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....., ..

“!ZNCLO$URE 9 TO”-FIGURE 1

TYPIST IiISTRUCTION$,FOR’ ;JOINT rnESSAGEFORM (OCRE APPLICATION)
,:. , :,. ,,’””i,.. . ;’, . ,,, ,,

1. ““T~is office is-serviced by a ,c’ommunication center that is
equi’ppe~ with an Optica~C’haracter Recognition-Equipment (OCRE)
device that reads what you have typed on the standard me5sage-
form and. with the assistance of a computer. electronically
prepares the message for transmission. ‘The system is programmed
with these instructions. If you make any mistakes in formatting
the heading or smear the paper with your fingers or by poor
erasing. the machine is likely to make a mistake or activate
an alarm to get human assistance.

i?. Your typewriter is equipped with an approved OCRE “type face
(character set). Non-approved character sets. if used. will
require manual, processing of the message. (.,

3. “The following instructions must be followed: . .

a. Select an OCRE joint messageform.
‘,,,

,“ “’ b. Insure,that,the form is straight in the t’ypewr.iter ‘-
‘carriage using horizontal bluk’ lines at the left and right,,,
margins. ,.

c. Correct’ the vertical alignment so that characters will
print between the horizontal lines in the upper left margin of
the form.

d. Type all li?t;ters (orwords) incapitalletters.

e. Type, in the page number and message’page count. taking
care to locate the page number immediately to the right of the
blue left margin line. Adjust the margin” set-at this point
because all non-indented lines of the message must line up under
this page number. ‘In some instances th’etnessage page count will
not “be known until later and must be typed in at that time.
Considerable care should be e~ercised i’nlining up’th’e type-
writer both horizontally and vertically as it originally was
when typing in the page count.

.,‘,,

f. In the DRAFTER or RELEAS’ER’T IME bl”ock typein the
DRAFTERWS or RELEASER’S Date and Time in accordance with local
instructions. ;“I,,fthis’b lock- is’ filled in”’after -thep receding
data is typed. extrernec.are must’ be;e’xekcised i.g:’lihing up the
‘typewriter as nea’r~’to’’’the previous l’ineup. both horiz.onta-11’y
and ‘vertically aS- possible. Thi’s”is not the message. reference
DATE-TINE GROUP which is assigned by the FIESSAGE CENTER/COl’lNUNI-
CATION’S CENVERT ahd written ‘in””the,u’pper, rig’ht’’hand corner of

.,.. .,, ...,,,,..,,,,’ ,.<, .:. ,!~’,..’. . ., ., -., ,,, ,
.-“.> ,,,
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t“he message form which. you will leaveb lank” Your return copy
will ha,ve the message reference DTG typed in-

,,

“9” In the” PR~CEDENCE blocks type the code characters for
the desired message precedence doing so for both A.CTION and
INFORMATION addresseesas applicable. Leave the INFO block
,blank if there is.no INFORMATION addressee; Proper code charact-
ers are as follows:”

ZZ for Flash precedence.?.

00 for Immediate Precedence

PP for Priority Precedence

RR for Routine Precedence

h. The block marked LNF is designed for the Language Media
Format of the message= “LMFs are listed in JANAP L28 and are
not generally used at present- The LMF will be”typed in or
om.itte.d. in accordance with local instructions’ ..

i. In the CLASS block type the characters of the security
classification and/or handling instructions as indicated below-
If the message is a Special Category (SPECAT)l type AA immediate-
ly following the security characters=

Exdrnples, follow;

Uu Unclassified

EE Encrypt for Transmission Only

cc Confidential

Ss Secret

TT Top Secret
,,

CCAA Confidential SPECAT .:

SSAA Secret SPECAT’ ‘,

TTAA TOP Secret SPECAT.

j= The blockm arked CIC i’s designed for the Content Indica-
tor .Code or general sub,ject of the message. CICS are listed in
JANAP 128 and are not generally used at present= The CIC will
be. typed in or omitted, in” accordance with local instructions.

k= In the BOOK, block type in ‘YesW if the messageis a
BOOK MESSAGE and “Now if it is a. single. or, multiple address
message. ..
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PIIL-STD-l/18C

1. Type,,the originating organization following the word
‘FROMW starting 20 spaces over from the left margin line.
Space down and type in the first ACTION addressee following the
word ‘TO:nl being sure to start the addressee directly under
the FROM headquarters. Double space down and type in subsequent
ACTION addressees. starting in the space directly below the
start of the first ACTION addressee. Continue until all ACTION
addressees are typed. If a second sheet is used for additional
ACTION or INFORMATION addressees. be sure to start all addressees
20 spaces over from the left margin line. Additional addressees
placed on the second page should start after the ‘FROM:n. The
reader does not see the FROM and is programmed to consider this
an addressee when occurring on a page other than the first. If
there are any INFORMATION addressees. double space down and type
in ‘INFOW: starting at the left blue margin line. Space over
and type in the first INFORMATION addressee. starting directly
under the start of the last ACTION addressee. If there is a
second INFORMATION addressee. double space down and type in the
second addressee. starting directly under the first one. and so
on.

m. Never type below the first blue line at the bottom of
the page if there is more than one line of internal office dis-
tribution symbols to be listed in this space between the blue
lines at the bottom (see paragraph p)s

n. After completing the INFORMATION addressees there are
two possibilities. starting the text or writing in exempted
addressees if any~ if an Address Indicating Group has been
used as an ACTION or INFORMATION addressee. If there are any
exempted addressees type in ‘XflT:W1 starting at the left margin
line and then type in the name of the exempted addressee.
starting directly under the last addressee (20 spaces over from
the margin line). If room is available. double space down from
the last addressee and start the text. Typing of the text must
begin immediately to the right of the left margin line (no in-
dentation for the start of text is permitted). Continue across
the page for not more than L7 characters which places the last
character at the beginning of the right margin line. The text
must be double spaced. The first word of the text must be the
classification. or the abbreviation UNCLA.S.

0. The numbers in the lower left margin will remind you of
how many single spaced lines are left for addressees or text as
applicable.

P“ The area marked ‘DISTR:W is for local distribution which
will be typed inl or omittedl in accordance with service or
command instructions. Type a vertical line (1) in front of the
first addressee. If only one line of local distribution is
needed~ it mdy be placed in the last typing line above the lower
blue line with text going down to that line. If no local

3ZL
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distribution is needed. the text may be typed down to the last

●
typing line. Howeverl if more than one line of local distribu-
tion is needed. the text must not be typed below the first blue

line a:t the bottom of.the pages

q“ The lower part of the OCRE Joint Nessageform is reserved
for administrative details that are not necessary for the optic-
al reader to considero All hand writingl special instructional
coordination. initials and signatures must remain in the area
below the lower heavy blue linen

r. The Joint Messdgeform is used as both a first page and
a continuation sheet. When used as a continuation sheetl leave
blank all of the first line of typing except the “PAGEW and
‘DRAFTER or RELEASER TIME” blocks- In the “PAGEW block enter
the page number and. when determined. the message page count.
Fill in the DRAFTER or RELEASER TIME block as on previous pages
of the same message. Ignore the ‘BOOKW ‘MESSAGE HANDLING IN-
STRUCTIONSW1 ‘FRON:W and ‘TO:W in blue and type over as required.
Do not type below the lower heavy blue linen

s= As on the first page the security classification of the
message must be stamped on the top and bottomt in the boxes

‘. marked SECURITY CLASSIFICATION of all subsequent pages-

to If any erasures are made they must be done very care-
fully and completely in order to preclude chances of erroneous
reading by the machine. Erasures are not recommended If one

or more characters are typed in errorl strike over each such
character with the single delete character symbolo Its use
advises the reading machine that the overprinted character(s)
must be deleted and its (their) used space filled up with the
next character(s) whether printed or a spaceo When it is
desired to delete a whole line of typing use the group(line)
delete symbol (a long dash) by typing over the first three
characters, in the lin”em

l+. These instructions may be supplemented as required.
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MIL-STD-188C

INDEX.----

Address Patterns$PCM$1.06
A1.arms$ 94$ 106
Alphabets~279
AM Compatibility,12S,138,147
AmplitudeVS Frequency
Telephones186
SpeechPlusDuplex~lm
SwitchingEquipment,166
PCMGrOUPS9109
Ml?RadioSets~1269127
HF RadioSets$1399140
VHFRadio Sets,148~~9

~og sims~ S6
ASCIIj1779279
Attenuationvs Frequency

Multiplex Channels ~73$749i’6$102
AudioChannels>RadioSets91239
~, ti~,1S3,164
Basebands1573161

AudioMultitonePower$81
AutomaticGainControlsReceivers
1s79161

Bandwidth
MessageBaseband$lss~16o
Designationof~ 247,250
Necessary9XL9#20313hSllil.S149S
157jz62~2so

Basic Code$ 1779 179
Easiq C&cup ~tAl~Equipment (12 kHz
to 6OkHZ)$ 90

Basic System Characteri.s-tics$60
Basic 1000 Mile Hypothetical.Re-
ference system~ 64

Basic 2~ Mile ljypotheticsl Refer-
ence systems 60

Baudot Code (~Alloe 2)$ 296
IittSequences286
Bufferingl?quipment~212
CalibrationAccuracy(Manpacked
&diO Sets)J163

CarrierLevel
Contro19SSB,123,138,146
F@KL$12S9u8, 1.b6
Reduced$12Sj~89 1.46
SuppressedJ12s32.38,146

CarrierNoiseMeasurements$237
CarrierSuppression$211
Centerl?%quencies~80
Channel “
Characteristics739 82

328

Channel(Continued)
EnvelopeDelay989 ●
IQuipment ~ 85
lnpedances$ 73$ 743 89
k Band lfoise~ 90
lhput signal Powers 76
Input/Output hpe~ 76
~put/wtput power, W
In3erbion LOss-Frequency~ 89
Level Stability$ 90
Iihhiting$90
Mbd-DemodPlan$ 85
Out of Band Noise$ 90
output Signal power$ 76
Translating ~.$ 85
3kHz, 73
4kHz9 82
4 kHz TDM$ 101
hnpositiori~ TIIM~107$ 108 ‘

Character Jhterval.$ 178$ 179
Character Sets

Alphabets$ 279
OCR$ 305

Character$ Steppedoperations182
CharacterSubstitutions177”
Characteristics
of TransmissionCircuits~71
MultiplexSignals102 *
Channelj73
Cafipander9102
DC Iilput/output$213$216$218
PCM Signals1099113
RadioReceiverOutput$117
RadioSet hpdt$ 116

Circuit
Ioading(FIM),70
Noise9@
Microphone/Headset~1.228136~ti391$L
TechnicdlChannelLoop381
Pointto Potit268
Radios13.3

clock
Circuits(Modems)9210
Equipment,218
Operation(Start/Stop),182’
I@thodss212

Codeshterim Stsndard~179
Code,Standard$177
CodedCharacterSets$ 279
CommunicationSecuxity968
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NIL-STD-188C

Control

● CircuitsjRadio, IU, US
Functions,Fax., 191, 193, 19~.,
197
Remote TTY. TZ., 182

Convert, Code, 216, 218
Mod. Rate, 212”
NPR, 232
SIN to DIM, 233

(hosstallc, 77,78,79,81,9s,131,167
Data ?ransm., 70, 79, 85, 199
DC DigitalTrans. Ref. Systems,199
DD F’om 173(Xessage ~orm), 317

Delay Time, 21.4,215
Deviation,Us, 1%, 161.
Digital.Signals,56
Distortion
Telegraph/Data,81,181,1!34,185,
204,2U,21~,216,227
hp. vs Freq., 164, 166
Envelope Delay, 73,74,76,89,91,
93,95,98,99,~oo,lo2,~27Jhosu~s
157,162,164,166
Hsrmonic, 123,.44,145jl~2,154~
156,187
In -d, NPR(SSB),125,138,~7
I.ntermo&lat~onj?3,74;102;123,

● 44,145,UZ
DiversityCombfijag,208
Doppler Correction,208
DrumRecorders,192
Drum Scanners,190
Echo Attenuatim,j71,’78
Electromagnetic’CompatibilityRe-
quirements,lS1,IJ.7,2J.8,120,122,
13~S~3j15h,158,182,186

tiissions$ 123,125,126,137,138,
139,U6,UJ7,48,U7,162>247j21J8S
250

fid Jhstruments,177
Error Contiol, 216
FacsimileEquipment,1!38
FDM Performance,Requtiem=ts,99
Forty-EightKHz Channel,76
Four Channel f&rtkn, 82
Fou.r kHz Channel$ 74,76381$101
Fw-wi.re Transmission,64,71,77,

79
Frame Sync., PCM, 107, 108
Frequency

E!and,tidiO, u8,1M,12U,IA,IJL,
1s0,1s8,162

Frequency (Continued)
klibration, .Radio,”I.I.8,319, 121,
U~,~2,151,1S~J,158,163
Co~terage,Radio, 118,.1.19,121,13Sj
U2,1S0,151,1S4,158
FiJM@stm, 57, 80
FM Radio, 153
FSK systems, 80,U7,119,120,1$3,
21O,2U
Pilot, 94, 99
Stability, Radio, 118,120,121,135$
142,151,154,1s8,163
Telegraph,Mux., 80
Tolerance,Radio, 80,118,119,121,
IS5,1M;151,154,1W
Trmslatjion, 7~, IOOS 164

Functicms of Tramanission Circuits,%
Grade of Serv5ice,Voice, 70
Group ‘lA”and ‘lB”Translating Equip-
ment, 90, 91, 92

Hea&ig Generation, 309
linpedance
Audio, Trunk, hops, Order Wires,
etc., 73?77,78,80~89j101$tilj115j
l16,11?,122,136,~3,1Sl,lSb,lg9,
163, 161J
Group and Super Group, 90,91,92,

93, 97
Low Ievel DC Interface, 199,203
Microphones, 1.63
Modems, 206, 209, 210
PC}I,Video, 109, 113
Polar Relays, 185
RF, 122,136,~,1.52,1sS,1603161~
Ringer, 187
Telephones, 186, 188
Switchboards, I-67

lkdependentSideband,125,138,1.47
Index of CooperationjFats., 190,
192,194,196

l&&erface
Globs and TacticalSys., 55,226
High LevelDC, 202
LOW Level DC, 15!9,2@,217,221

IiO&arference Control, 70
International Telegraph Alphabet
No. 2,.296

hkmational TelegraphAlphabet
No. ~, 287

Wtroductionto the Stand~d @de,279
K(@oard, 173 179, 286, 296, 312

GL@=l,79,82,9 ;9S,99,101$157,162,166
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KEL-STJ-N38C

Ljlniting$ 78>79990j166$l.86j188
Line Advancesl?acs.~1902192S1943
196

Ltie Lengths Page Copy, 190
Linearityjtiput/Output$PCM$ 10%
ListenersGrade of Service,70
Load~~ 70j76j84$85j229
bOpS9 719 72
Loss 1
Group/SuperGroupj91j93j9$j97s
99,100
bOpS9 719 72
Returns719 15S>160
Switches./Ringers,1669176
Trunks/Channels$71$ 72s 101

Manual Operation$ Fats.~ 192, 197
Measurement,Methods of, 227
Message Baseband

d
82~ 154, 159

Modemsj Dataj 2 ~208~210$21.1.~243
Modulation
Freq. ~v., 85~90,9i~9~
Modemss 206$ 208j 211
Pulsa Code (Time Div.),58,’101
Radio ’Sets,1199120j122~~>~~$
152,153,156j1609247
Rates$ 119j120j153317aJ1799181;
18s,20h,206,211,21392ti,217,218,
219.221,307

M.iltifilex”
Freq.!liv.,~80~ 819 82
?ystems$ 57, 79
Telegraphs 80
Time Div.$ 101

lkw~ine, 192, 286
Noise
Group/SuperGroup,,92294,9S,98,99
Loops$72
Measurement,100j228$232,239,243
PCM Systems,101,102;106
Radio Sets, 1.18,120,122,U14,1.4~,
lS? ,156
&ti&hes/Tel. Se%s, 166, 186
Trunks/Channelsj 61.1,77,78$79$90

One-Way Reversible Operation; T?TY$
211

Optical CharacterRecognitionI@ip-
ment$ 305

Orderltire,829 106$ 116
Paper Tape$ 183
Paper~ TTY~ 183
Parity$ 177$ 286

Performance~uipmentj High$,121j,
123$125,126,127j134,135gU7;133j
ti0,Ul$UP,tib,14?, UB,U~,l~fl,,,,
151$158,181. ●

Perlomance EquiApnenb,LOWS 121$
l?3$12s9126~127J13h913S~137$138$

uO$~,ti3$fi6,147jti8,~9~150,
151,158j181

Perfmmance Objectives~ 61$ 70 ~
Phase Jitter$ 1185120~122~135~210
Pil.ot$Group$ 94 ‘,
point to point Circuits$ 68
Point$’T!runkTransmission Level,
Reference$ 77, 78

Pow Relays~ 183j 18)4
Power
Audio$ In/Outj Radios 122$136$
lh3,152,154,1559159~i60
Data LOadfig~ 79
Facsimiles 1935194
Group/Super Group$ 90~91~92j93~97
Modems~ 206$209~210s211
Tel. Setx@icrophones9 Handsets$
116,n~9163,164$18$,1979188
TrurJcs/Channels$70j79$8S
VF Telegraphi81

Precedence Recognit~onj 68
Pre-emphasis/De-emphasis~l.45$lJ6~16I.

l?rinthugTelegraph Equ.i@ent$ 179
Pulse Code Ibdulation, 101

@

Quasi-Atiog Si@ls, 57> 68
Radio Circuits~ u.
Radio IOOpS$ 72
Radio Regulations$11.3$247
Radio t%lay Operation$ 1579 162
Radio Setsj Airbofie$for Low Per-
formance Aircraft, 164

Radio Sets$ Manpackedj Handheldor
Hel.met-Mounted~163

Radio Trtismissiony- PCMGroups~109
Recording$Facs~$ 192$193$1943197
Reliability$TTY$ 182
Repeaters$Regenerative~21392149215
Resolution Fats.$ 196
Ringer, 187 :
ScanningFats.$ 190j191$192,19h$19~s
196

Seclurity$217
Serisitivity$DC Digital Receivers
200s 203

Sensitivity,Rfiger~ 187
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Sensitititiy,TelephoneAudio, 186,
188 ‘-

Serial Connection,200
Signal(hg)
CIOck W., 213,215,217,221
Data, S/N~ ‘?~
~ Digital, 200, 203
Facsimile,191,193,194,196
Loading, 79
Modems, 2&
Quasi--log, 57
Radio-liireIntegration,IX
Switchbo=ds, 170,1?3$176
system, 56
Telephones,186, 188
VF Telegraph, 80

s~gle Channel Radio, FSK$ U?
Single Sideband,123, 239
Speech H-US ~plex, 16~4
Stability,Level, 90,92,9h,95398
SupergroupTranslat@ Equipment,
95

SupervisoryChannel,154, 159
Switch@ hstnction~~ st~
Digital.,301

switchingSystems,166
*chronization, l@,1913193J95s
197,206,209

system
200 Mile Reference,60
lc)oo~fie,64
Peri’ormancebjectives, 70
Plans, %
IWltiplexFD14,81
Multiplex FtX, 101
Multipl-3 Telegraph, 80
Radio, 1.13
Switching,166

Tape Punches/Readers,180, 181
Tele=aaph and Data Transmission,199
Telegraph ChannelssFDM sYst~s~
80,81

Telephone Control and Signaling
Procedures,169, 173

Telephone Instruments,71, 185
Teletypewriterand Ikta Equipment,

TDiu!Systems,
Timing, 204,

221
Traruslators~
‘Transmission

58
2U, 215, 216, 217s

Alphabet,21’7~213
Channelsfor PC!!

Groups, 109
TransmissionXevel Reference Point,
’77, 789 799 82

TransmissionLosses @ LOOpsJ 71
TransmissionMedia, 59
Transmissionof PCM Groups by
Radio, 109

Transmissionof Quasi-AnalogData,63
TransmissionPerformanceObjectives,
70

TransmissionPerformance,Xethods of
Measurement of, 24-1

Transm“ssionRate, Pcllsl~7y 105
!tkansmissiollSecurity,68
TransmissionSystems,Tactical, 70
Transmission$Fow-~Jires64
Transmission,~ ~dio~ 60
Transmission,l~t~ic ~ess 59
Transmission,~~io Relay$ 59
Trananission,Voicet 70
~mmfission, Cable, PCM, 109
TransmitterlJaveShape, 199
Transmitting’Devices, Electromech-
anical Teleowaph,181

TroposphericScatterRadio Relay
TrUllks,70

Trunks, Four-Mire, 77
Trunks, TWO~~i.?=,78
Voice, 70
Voice frequencyRtigi~, ?6
VoiceGuard,170,173
VoiceLoading,79, ~
VoiceTransmission,70
Volume,TelephoneSets,71
lJaveshaper,203
]~ite ]IoiseTest Signal, 229
Wireand CableTrunks,78
WordsPerI;inute,182

177
TeletypewriterRecordingMedia, 183
Test Tone, 72s?7S78~101~167
Three kHz Channel, 73, 77s 81
Through Group ~tipment~ 95J 99
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