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FOREWORD
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1. In the past * decades MIL-S’f’D-l 86, a Military Standard oovex Miiitary Com -
muniodmion system Technical Stsndards, hae evolved from one appl.iuable to all mi~ .ary
communications (kIIL-STD-l 88, hflL-STD-188A, and MIL-STD-188B) to cae applicable
to taotiofd ccnnmurdcations only (WL-STD-188C).

2. in the past decade, the Defenee Communication Agency (DCA) has published DCA
Cimmlara pmmmlgating standards and criteria applicable to the Defemee Communications
System and to the technical support of the National Military Command System (Nh9CS).

3. FWure atanda fis for all milihq communications will be published as part of a
MIL-STD-188 series of documents. kf.i~tary Communication Syatam Technical Standazxb
wilI be eubdfvided into Common f%audarde (MIL-STD-1 88-100 eeries), Tactical Standamfs
(MI L-STD-I 88-200 eeriee), and Long Haul Standards (MIL-STD-188-300 series),

4. This document dealg with system, subsystem, and equipment standards petinent to
multichannel commticatime cl rcu.its which traverse both long haul and tactical com-
munications ayetem6. The standards contained herein are common to both syatema un-
I58S atited otherwiee.

5. Values appearing herein mey differ from thoee previously publiohed in MIL-S?’D-1 88-
300, based on later data or errata ccrrectione. In caae of con~~, ~L-STD-l 88-100
shall govern.
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1. SCOPE

L

1.1 IWrpcse. This document provides common standards (exoept where
stated otherwise) for long haul and tactical ocmrnunicatlan systems. It speclflee electrl -
cal ohannel and loop cbaract.erititios neoeasary for the establ ishment af I.nterooxmeating
circuits between long haul and tactical ueers for voice and data service. Parameters
are provided for nominal 3-kHz and for nomtnal 4-kHz voice bandwidth circuk.s between
two-wtre and four-wire users. Pammeters for a nominal 48-kHz FDM group bandwidth
channel are provided for data service between long haul and tacthsllessmaneuverable
users.

1.2 Application. Thi6 sfmdsrd is to be used in the desigp and installation of
new communication facilities for both the long haul end tactical systems. In addition, for
tactical systems, this standard 1s to be used for the operation of new oomrmmlcatlon fa-
cilities. These standards are not applicable to commercially leased oommunlcatkne
facilities. b a few oases reference is made to other documents which provide standardb
for specific appltcatLons. In cases of conflict between this Military Standard and other
long haul or tactical standards documents, the stanckds herein will prevail.

It is not intended that existing systeme be immediately converted to compIy wtth the re-
quirements of this Standard. New systems aod those undergoing major modification or
rehabilitation must conform to this Standard if economically feasible. Deviations ahouki
only be permitted when there ia an overriding necessity and only aftar the adverse effects
of the deviation on such factors as interoperation, coat training, end logistics have been
conslder~. The standards shall be adhered to in development of new equipment end facili-
ties, but care should be exercised that the s-dards do not inhibit advances in communi-
cations technology. Revisions of this document and new standards for the future will be
generated by such advances in technology.

1.3 Technological Level of Pwrameter Values. TM pararnet.ara oontai.ned Ln
this document are alwaya Communication System Standarda, unless a parameter la speolfl-
cally identified es a Design Objeatlve (DO).

I
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2.

2,1

2.2
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3. TERMS AND DEFINITION@

AppeDcUX F ocmaiste of a set of Terme and Definition wbioh have been extraoteci from
Appendix A d MIL-STD-168-300 . This appendix ie provided ae an interim referenoe

+X k developm@ of a comprehensive aet of term8 and definition applicable to
all faoete of oommamicetions aad electronic taobnology and praotioes to be published m
MIL-STD-188-120 .
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4. SYSTEM STANDARDS AND DESIGN OBJECTIVES

4.1 General, This ~ection deals with overall system atandarda and design
objectives for telecommunications tiversing long kul and tactical systems. ~se
overall system staodards Lnolude those user-to-user requirements and hypothetical
reference “build@ blocks” whid -e essential for developing overall system plans and
subsystem standards. GeneraI remarks about the systems and subsystems with which ‘
this dooumemt is ocncerned follow. Appendices A and E are provided to e%plaln technical
facts which, in the past, have been found ta be ooxdusx. Appemdlx D contains Informa-
tion on standard measuring procedures. All these appendloes apply to appropriate para-
graphs of thle eection and will not he referenced further.

4.1.1 Dit3tinction Between Long Haul and Tactical Systems. A precise deline-
ation between long haul and taotka.1 communications cannothe clearly stated because
characterletios of each type are sometimes Ldentkxd. Generally, the long haul system
consl.eta off lxed or recoverable assets acd is described tn greater detd in Section 4 of
MLL-STB188-300. Tactical systems range from highly maneuverable to less maneuver-
able wmmun lcatione and even some fIxed installations used by strategic and tactical
forces for support of mUitary operations. Tactical communications are currently further
described in Section 3 of MIL-STD-188C (to be replaced by MIL-STW188-200 series. )

4.1.2 General Descrlution of I.KXMHaul/Tactical SYstema.

4.1.2.1 Types of Trafftc, The long haul/tictical mflltary communications clr-
cuite provide ocmmunlcations service in every essential functional area command and
control, logistics, lntell igenoe, weather, and administration. Traffic in the systams
may be In the form of voice, graphics, tele~ewrlter, W data, end may be tranemltted
either as analog or quasi-analog .slgnals, or as dI@al algnals. The systems aocept
ttilc f mm and deliver to individual user atatlone and other systems and eubeysteme.

4.1.2.2 Network, An ehotrioal commumicatlon network eonaiete of a number of
user stations equipped with various end !.nstruments tnteroonnected by tranamls8Lon
facf.lities, which may be etther direct or carrhxi through one or more nodes or centers
where such funotlons as switching, patohlng, processing, ~ervice supervision, and
tech.nicd control mSy be provided, The tranemlssion system consists of all the trane -
mkskm oi-rcuits between user stations, between uOer stationa and nodes, end between
nodes. It may make use of several means of electrical signallng over metalllo or radio
media. Extensive use is made of multiplexing to obtain vamoue numbers d channels by
providtng parallel, slmultaneoua paths of various handwldthe, or by succesolvely asulgn-
Ing the entire bandwidth of a facllt~ to each of a number of channels In rapid time ee-
quence to gtve the effect of parallel continuous channels. Transmission circulti maybe
used in a variety of ways, and may be considered with respeot to their funetbns, the
algnal modes handled, kind of multlplexkg used, end the type of trauemlesion medium
over which they are provided.

I

4.1.2.3 s itrnal Modes. A trar18mlssion ctrcult maybe clasalfled by the slgnd
mode it 1s designed to handle. Accepted eignale may be continuous or discrete stgnals
(frequently called “analog” and “digital” signals respectively). in general, the trane-
mimion requirements for these two e @ml modee vary widely,

9

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


MIL-STD-168-1OO
16 November 1972

4.1.2.3.1 klaloff Slirnalo . Tranamiss ion circuits for imdog signals must be tie
to txmnsmit, with acceptable fldel lty, slgmds thst may take sny value withLn epedfied
ranges cd amplltude, frequency, and phase. They camot be pmvlded wtth algnal regener-
ation, sixtoe them la no physioai way to diatLnguleh the des hwd signal from ncdse and
distortion ●t bramnedate or reoelvlag pdnta. However, their amplltude may be =-
etored by amplifioatkm.

4.1.2.3.2 D&Tltal Simala . Transmission ciroutts for dtgitad signtde are only re-
quired to transmit tUgnals oonstratrd to two or more defined and discrete atataa, For

tie, a _ Ma 1* c= -y ~e si-~ wM~ ~te~ ~~ two ~,
suoh se mark- and opachag, 1 and O, on end off, eto. The sfgnal whioh Is tmmamtt@f
be~een transitions from m state to another ts a “s@al element”, h a binary syotem
n slgiml element repreoente cme bit, that lm, either 1 or O. In a quatemary digital 8ys-
tem, e.g., a four-phase syW.em, four dimmete states may be tranemittad; therefore,
eaoh s@ml elemtmt repreaants two blta; that la, for the f[mt snd seomxi of a pdr d ad-
jaoent bite In tbe input, the ftmr avatlahle 8tgnals are aselgaed valuee d “1, 1“; “1, W;
O, 1“; and “O, O“. IXe to the discrete nature d signals, digital clrouits ean be provided
with algnal regeneration beoauee, in g-eral, the re~lvtng device selecte the out@
state whlah moat olosely corresponds with the signal state reoelved if the nlgnal is above
threshold.

4.1.2.3.3 Quasi-m M Shinal s. Ananalog olroukaan bethemedtum fortbe
transmission of dlgltal dgnals lf they are oonverted @to a form whioh me&e the npeotii-
oationa & an dog ciroult. Thardore, a system may be des@md to transmtt dtglkl
signals over an analog oirouit, by otmoe~ a suitable frequency, modulation priaoiple,
and power level appzwprkte ta the chazwterlutics of the medium providing b analog
Olrsult. For euample, phynkml wire ciralti wo*iag at ho frequency tbwgkut wffl
allow almost w mockdatlon prlnoiple to be used. habg clrmlts provided over f~-
cy diviakon multiplexing systane with iadepa@ent oarrier ~ratlon may enlffer ado
fr6queawy displacement; the mochdatton soheme for b quaeI-analog equlpmatt must
allow for -. Some radio tzmnsmiaaion oyatema mffer multlpath dfecta whloh may
peraiat for ● number of mllllaeocmda; la mmh oasee, s@ml elament durationa l-r than
the multipath dehuya @er om method af ooping with the protdem axd, tn WXll, tldll May
require tmmmniaslm on a number of parallel f mqulu%ly Ohannels .

4.1.2.4 -~. ~ealtmk may beprovt(bdby =
mulU@exad or by multqkxed facllttiea, In g~zmi, mdtipleuad faotltties am dtvkied
into f~y dlviaioa muItipl~ am-l -e dl~ion tiu@ax~, Eaob m4&xi ha
d@tkOtive Oharaoterlstloe affect- the ob)eotives * w d oLr9,aitaso dertmd.

to
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4.1.2.4.1 hkXIIIIUltkDkXSd Clroults. Multlpalr OabAeaprCWkh parallel pairs for
simultaneous tranamlssbn of eignals along the route. TMa h often referred to ae spaoe
dlvislon multlpl~.

4,1.2.4.2 Freuuencw Div1810n MuMlnlexK (FDM) SubeYsteme. FDM is a method
of deriving two or more nlmultaaeous, contlnuoua ohannels from a traaamission m 3dium
oormeotlng two pdnte by aealgnhg separate portions of the avallshle frequenoy Bpectrum
to eaeh cd the individual oharmels. The most extandve exploitation of tills prhcipie is
the Watmmisalon plant whtoh provtdea message quality telephone oiroulte oooupyln? ti-
jaoemt moxninal 4-kHz slots in widebaod made, both metalllc and radio, ad provldea an
effeothm Ixmdwldth from shout 300 Hz to 3400 Hz. The prooedur 8s for placing mazy
telephone channels in adjaoent posltlone 10 multiplex baaebenda extamfhqf to 12 MHz and
higher have beoome highly mandardlzed and the practices for utilizing the available spo-
trum, whioh are followed by the No* Amerioan oompanies and thoee moommended by
the CCITT and CCIR, follow ehilar principles.

MULta.ry praotioe in ohuaotsriaed by extensive use of modular prtnolplea. Common
praotioe La b assemble twelve uoioe ohanoels by Xnodu.Wion prooe6eea in the baaic group
frequmoy band60 kHz to 108 kHz, called “group B“ by the CCITT, where ~ 4mar w I-er
sMebaads of twelve oarrier frequenoles. ThM group is the baeio building blook of iarger
subsystems . Five suoh groups (60 ohennsls) are esaembled by further modulation proo-
eases b adjaaent positions Lothe basic aupergnxtp frequeocy band, 312 kHz to 552 KHZ.
u~~er subs ysterns extend this principle by further higher order grouplnge, such as
maetergroups and supermaatergroupa, ta provide a roaxlmum of 2700 voice ohannels Ln
a mmtnel 12-MHz band, and a correspondingly greater number of voioe channels tm still
wider baaebanda.

4.1.2.4.3 Time Division MultiDlexixIII (TDM) Eubemmeune. TDhf is a method of
derlvLng two or more apparently atznultsneous ohmmeh km a given frequenoy speotx’uM
of a transmission medium connecting two polnte by aesl@ng the entire spectrum to the
different chmmels at different times (usually at regular Intervals and by automatic dlstrl-
butlon) . In geneml, pulse transmission is used in TDM. The multiplexed puh$e trtdn
may be oonsLdered b be the interleaved pulse tralne of the individual ohanneh. Tbe
individual *el pulses may be modulated in an analog or a digl~ manner.

Dkgital Lzdormation transmitted over the TDM subsystem on an element for element ba8is
requires that either the oontributlng individual ohaanels be held in blt sydmmism with
the TDM subsystem or that some form of buffering he employed.

4.1.2.5 Analog to D@ltal Conversion Teohniuues.

4.1.2.5.1 Pulse Modulation (AnaloE or Non-DAeoreta). The stream of pukes repre-
seatbg a given chaanel may be mockdated to oarry analog Information by obmging a se-
ieoted parameter of each pulse over a eonthmoue range of valuea within speolfied llmit4,
The pulse rats muet be adequate to preserve all essential anaAog information. This is
aohieved by udng a sampltng rate at l-t twioe as h@b as the hlgheet frequ~y tn the
analog channel (Nyqui8t rate). The eelected parameter may be pulse amplltude, duration,
or tlmWg. In pulse amplitude modulation (PAM) the amplitude in varied In tm anaAog
manner whSle the duration and timi,og are constant; LBpulse ckwation modulation (PDM)
the amplltude and Uming remain constant while the duration varies aooordlng to the
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~~ ~o~- ~ P~8e pOOitia MOdUiattOD(PPM) the aI@UUde ad chwatlm d
pulsee are ~. whue the relative the cd arrival of eaoh pulee with reeped to ●

tmmtml u- lo varied, ~mleeLom with analog pulse Modllauom are - digital;
that is. tby oaanot be regenenited oboe the reoeiver baa no way to distinguish tbe de-
sired ●- mo&lW- from the effeote c# dlatortion aad nolee, although the ummMatd
~rtstioe of pulses can be reetored. AI amalog pulse modulation sobeme may han-
dlo both analog d@uls and quaebanalog signals, tbe latter rqreeerltq *i- data.

4.1.2.6.9 ihl or Dleorete). with digital pulse modumttoQ a
~~~r~~-e~-l~~adiw~ mamnr; tbat is, cmohpelsels
mtmined tousumeooe state Outofaaet oftwoormoretiined amddleemtedatee.
fklahas@ud m8ybe~mtedbeoaue tbereoehdagd evheoanbededgned eotbatu
h ltmftuf to asmunea mofoutfmtmueewhloh oorreepomd tothestatesdthe~-
mlulon ~. E uAae or distortkm, or both, i.nduoe tbe reodver to seleot an e~-
oua outtmt state, the mulog oaueee of the digital e-r are llquidstad; tbe error La “ol-.”
TheAore, the ache end dlotortkm do not have mumdatl ve et!feou aa mtolu only * erro-
addup. ‘f%eaam eparameter eueedlnanalogpulee mocuauon maydeobeuaedfor

-~ Wamplltude mayhevarledinstepe (thle&oludea revemal!n
PoJ=wor*),*~ may bev8ried in EtqloatbepuLee poeiuoaatiybe
dlsordaly mried. h radio Systems, puleee Ue repm!wmted by~of-tirf~
~ cW01119Urn; h metallio syetema, either oarrler or %tlreot ourrunt” puleee mBy
be Uerd.

A-fMs ~o~ may be traanmitted over a (i&ml mlbayatam u ltla firet ph.oed tn

*I.G -zmswbmqtiwabpusddmmw~e.
moduiatton (pCM) the designation of the quantum level is gazully ex-

pN& hi ~ 00de. Shloe tb tititep =ture of a ~id a- pI’QW* it fRJM

pdeoMy r’qlreeat&g a smooth wave, quantizing erxwr or dletortion b produoed. This
ta MMmlaed by e&pUrtg a rdekively law mumher of quanticlng levels. DlffemmtAal
PCM and delta modhati~ operate on shollar prino@W exoept thattbedigftal oode tralw-
mtUedta Wontbeoh8ageirom &iepreoed@ aamplhg Umetntber thantbetohl
8mpfituda value.

NOTE: ~ra for dlfferemtlal PCM @ for delta xnotil-
htkmareaotlnoludedlnth lndooument alnoestadardafor
theee dlgltd modulatlcm eohemea have not yet becm estabXt8hed.

- ~- hooded digital form cbea mt uuffer dlreotiy from analog noiee auf
d@tortion od the tmnmnisskm medium. w errors b the reoetved oode will have a

maiom mlee dfeot cm the reoovered speed, aa oppoeed m the pmgreasive analog
degLwdWLM In bandwickh ad qmeoh-to-noise mtio whioh oooure in very kmg OZISAOg
oknalta. In addkkm, 10IM of synohmnlaatkm, drop-outi, and similar signal dlntxmUnui-
Uee In PCM -mlsekm oaa oauee a diatlnot clhk~ noise at the telephcme reoelver.

4.1.2.6 -mlsslon Media. TIM tmumrdeokm faollltiee for llnka may be pm-
vlded by m@ellio Mea or radio, ~ latter may be divided into relatively stahl. media
9UOh U MWlm4Mr ad miorowave line of *@at (L@t3) end eatdlitea, vary* media auoh
W ~rfu ~r, ad those media subject ta wide aod oftno prolonged vall@iOM,
SuObaehighfrquenoy (HF) MdiO 9UblJyfJt9MfJ .
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“i- 4.1.2.6.1 Metallic Line$. The term metallic lines includes all facilities obtained
by use of twisted pair cable, mult[paf r osble, oosxial cable, and waveguides. Charac-
teristics of these linee which affeot the parameters of transmission systems designed to
operate over them lnolude attenuation, noise, and mum ooupling. At@nuation increases
continuously and smoothly with increase of frequency and 1s also sensitive to temperature.
Noise on metadl ic lines oim be induced by electric power systems and croesUdk fro n other
simiiar parallel cirouits, the latter tendfng to rise with volume of traffic. Impulse noise
may also be introduced by natural static, transLenta from signaling clrouita, and swUch-
Lng transients from power syaterna. In some areas, ehotric railways, local rail serv-
ioee, and radar equipment may introduce no be. k the ease of baaebmd dc digital trana-
miss ion over meta.11ic circuits, the oable shunt oapaoitanoe is the principal factor whLoh
determines the upper bound of the data signaling rats. In the case of quasi-tmalog data
transmission via FDM subsystems, the insertion lees versus frequency cbaraoteriatio,
envelope delay distortion, and noise are the lLmiting factore of the modulation rate.

4.1.2,6.2 Radio Relay Subsystems. The term radio relay is generally appiiecf to
radio subsyatema whioh are suitable for the application of either FDM or TDM and whioh
operate in radio frequency bands where tranemiss 10% while -vU oOtih@lY w~thb
a restricted range, is relatively stable. The radio spectnun classified as VHF, UHF,
and SHF is ourrentiy exploiti by radio relay subsyistem~ of various types. The dannel
capacity of these subsystems varies from about twelve to hundreds of channels. The
lc*c=lY def Lned term “microwave” is also commonly applied to such subsystems.

Although several types of radio propagation may be present at the same time over L
given section, radio paths for radio reiay subsystems generally may be classified as
line of sight, forward scatter, and sstellite relay. In general, an important character-
istic of nadio relay subsystems is the use of hLgLdy directional antenna configurations,
which may allow extensive dupl lcation of radio frequent y channel assignments in a reM -
tively srnkil geographical area.

4.1.2.6.3 High Frequency (HF) Radio Subsystems. Radio subsystems uaLng
frequencies lower than about 30 MHz are subject to wide level changes due to slow and
rapid fading. This may affect various frequencies differently even in the same audio
channel bandwidth. @fsetting thisbandioap is their range, made possible by the reflec-
tion or refraction properties of the ionosphere, when frequencies appropriate to the time
of day, season, and distance are chosa. The range of suoh HF subsystems makes them
useful for maintaining contact with tactical forces with wide operatbg radii, although
suoh circuits are frequently of low performance. Due to the aongested spectrum oondi -
tiona, telephone channels are limited to a 3-kHz maximum audio input, and single side-
band and independent sideband techniques are widely used for spectrum efficiency.

4.1. 2.6.4 Radio sUbSYSt.elTIS Bdow HF. Radio subsystems using waves classified
as MF, LF, VLF, ILF, and ELF have propagation characteristics whioh are relatively
stable and which may cover long distances. They are used for speoizd purposes such
as reaching mobile and fixed elements capable ~ being located anywhere in the world.
Standards for radio subsystems bglow HF are not included in this dooument.

4.1.2.7 Basic Communication System Characteristics. The tiic long haul/
tacticai communication system shall provide analog and digital service to Lb@long bud
and tactioai users. The baaic communication systim oonflguration (Figure 4. l-la)
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consists of a long haul user and a Wctical user which are intawonneoted by a trana-
mlssion circuit transveming both the long haul network and the tactical network (see sub-
paragraph 4,1.2, 2). The user or emd instrument may be an analog devioe (see paxa-
graph 5.7) or a digital device (see paragraph 5.8). The tranamissLon circuit may acmsist
of a long haul ctrcuit and a tactical circuit with an interface at a technical aontrol fa~ ility.
The basic communication system configurations are represented by Figure 4.1-1. Figure
4. l-lb showe two mudog end instruments interconnected by an analog transmission clr-
cutt. Figure 4.1 -lc shows two analog end instruments interoonnecti by a digital trane-
misslon cirault through the use of “analog-to-digital” and “digital -to-amUo&’ communica-
tion equipment (see subparagraph 4.1. 2.5). Figure 4. l-ld ehowe two digital end icstm-
rnentsinterconnected by a digital tranemIaaton circuit (see subparagraph 4.1, 2.4. 3).
Figure 4.1 -le shows two dtgt&al end instrument lnteraonneoted by en analog or digttal
transmission circuit through the use of data cornmun icat;on Squipmsmt. The data
communloation equipment is required to interface the digital and Instruments with the
tranamiesion circuit (see subparagraph 4.1.2.4. 3), Where It is desired to interface with
en analog circuit, the data communisation equlpmcmt converts the binary dc signals into
a quasi-analog elgnal (eee subparagraph 4.1.2.3, 3). The baeic etystem conflguratio,sfi as
represetxted by IUgure 4.1-1 are aot inclusive of all posBible user-trsnemlsslan olrauit
variations. However, these system oonfiguxnttcne am considered ae bsslo syatam
layoute.

Znmmagraph 4.1.1, a dtetlnction ie made between tactical and long haul ocmmumkmticma.
LQng haul ommnuniaattons are characterized by the globcil distamee traversed; henoe,
the allocation of electrical characteristics for the dLfferent lti and seatlona mu8t z.o-
herently be more stringent than those for the relatively short dtstanoes traversed by
tactiaal aomnmnications. ~ls is valid for any analog FDM or analag/digital {FDM/TDM)
transmission subsystem. The requirements for come tactical txwnmunioation systems
are not only different from those for long haul oommunicaticma but a further dtatinctton
must be made between highly maneuverable and Ieaa maneuverable taotlaal system cols-
f iguratlona. In a tactical highly msneuvembie system the maximum nomhml distame
over which switched communication !s requtmd has been taken ae 300 kilometers (km)
or 167 nautical miles (nml); the transmleeion perfonnanc e of a hypothetical referenoe
system for suoh a distance wU1 be ~bliahed in MIL-STG188-200 series. When a FDM
circuit of a tactical highly maneuverable oystem is connected in tsmdem wttb a lcmg had
circuit nominaliy 22, 000 km (12, 000 nmi) long, then the len@h of the tactiael Awult is
limited to keep the total circuit noise, user-~-user, at an acoepteble level (see Figure
4.7-3, page 103). Examples of hypcthetl cal common long haul/tsctical highly maneuver-
able reference circuite with performance parameters arc given in paragraph 4.7. The
tactical less maneuverable system would be expected to meet much longer ~S-O ~~~-
ments thsn the tactical highly manewemble eytitem. In a tactical leas maneuverable ~ystem
the maximum nominal distance over which ewitabed comrnunltion is required has MNM
taken as 1850 km (1000 nmi); the transmission performance of a hypothetical referenoe
system for euah a dtstsaoe wUI be @dished in IWL-STD-1 88-200 series. Examples C4
hypothetical tactkal less meneuvsrable referenae oircuita for ncmtnslly 1860 km
(1000 nrni) oanneoted tn taxiem with hypothetical long haul refereatoe otrauits are givem
inparagraph 4.7.

15

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


MIL+TD-188-1OO
15 November 1972

4.2 Parameters for AnaloK 8ervioe.

4.2.1 General. The followbg nubparagmpha 4.2.2.1 through 4.2.3. S deal
with stadads ad design objectives for votoe (subparagraph 4.2.2) and faoslmlle
(st@amgr@ 4.2.3) transmission over voice bandwidth chouits on a user-to-user
basis between the Me termlnsls of the end tnetmmente of a oommon long hm.d/tactioal
clmult. -se standanis and design objectives are expressed in the form of teohnlosl
~am, auoh as reoelved noise power or tmansmltted bandwidth, whlob shall be
aohLeved em all oommon 1- haul/taotioal voiae circulta regamiless of user-to-41S9r
dlstaaoes of up to approxlmatedy 22,000 km (’lz, 000 nmi), trnnemission media, ad
multlplexlag scheme uscxl (FDM, TDM, or a mtx d FDM and TDM). Part of tbOSe

~ parameters am srnted as design objectives rather than as standards due to a laok of
maumred ad vsrifbd data available at the present time or due to a laok of general
consensus in the interpretation of the data.

4.2.2 Parameters for Voice Servioe.

4.3.2.1 Transmitted Smeoh Volume. The talker volume distribution at the llne
terminals of a tdephone set has been foum! to approximate a normal or Gaussian dtstrl-
buuon when expressed b Volume untte w). -on * -r volume d~tr~~,
the transmlti mean speeoh volume of a two-wire as well se a four-wire tdepbone Set
used in etther a long haul or tactical system 1s assumed to be -10 VU witi a Stiard
devlatioa (sigma) of 5 W.

4.2.2.2 F@oelved i%eech Voiume. ~bjectlvc tests Indloate that reoelved @eeoh
vuiume at* lime terminals d tbe listener tahphone set fmm -21.5 W to -33.5 W
results tn ~ry servioe. The mean mmeived speeoh volume at the line temnbab
of b lLstcmer telephme set should tn?nomhally -28 W. T8bAe 4.2-l ShOUs * ~-
Iatimsblp bdwemt reoelved q“h volume - the ~tsge d oalls rated good or
better - the asecmlabd nolee level Jaiaooeptably low.

Table 4.2-1, Subjective Ratings of Reoeived Speeoh Volume

Read ved Speeoh
I

Per~ of Calls
volume w Rati Good or Better

Maximum -21.5 96
Mean -28.0 100
MiXdnmm -33. s 96

IWTE: The mean received speeoh volume of -28 W and the
values gtv= k Table 4.2-1 aze based oe subjeot!ve tem made
wti ● amunemial type d tdqhoas ia ● typioal ot!floe envlmm-
mat. &tbjtmtive -O for milttary teiephomee h ● field
adxammtuenotavaIls Meai tbe~time. Experlenoa
has shown tint mean reoelved speeoh volumes tn ● taotid fteld
emvlroxunent have to be higher thnn -28 W for aatiafa.@my
servloe due to a genemlly h!gher hckgmud noise levei &ml to
higher mcelved noise power.
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4.2.2.3 Raceived Noise F@wer. With a mean reoelved speeoh volume of -28 W
the value of noise power for aooeptable 8ervlce has been set at 44 dBrne (DO: 38 dBxmo)
at the line termlnnls of the IIstener telephaue set (see Figure 4.2-l). This In the towl
noise contribution from all souroes.

4.2.2.4 Ykeertion Loss Versus Fremmncy Characteristic. The inaerticm A-s
versus frequency clumacteriatic referenced to 1000 Hz, over the frequency baadwidb
from 400 Hzto 2800 Hz, shall be within the limite of -8 dB ~ +24 dB, exoept over*
frequency bandwidth from 600 Hz to 2400 Hz itshall be within the limits of -7 @ to
+12 dB. The tnaertion loss below 400 Hz and above 3800 Hz shall be equal to or grtukw
than -8 dB. I.#MEI18 lndioated by a (+) and gain by a (-) gign (see Figure 4.2-2). ln-
aertion 10ss versub frequency oharaotsrletto for data iservto8 is given in subparapaphe
4. S,2,5 and4.3.3.5.

4.2.2.5 Envelom Delay Diatortlon. No standard or design objative is given for
envelope delay distortion with regamf b voice servioe since the human ear la not samai-
tlve b this type of dietortlon. However, delay dIstotiion plays a Bignifioantrole In data
transmission through 8udio chsnnds. Envelope delay distortion for &ta eervioe 18 given
in mbparegraphs 4.3. 2.6 and 4.3.3.6.

4.2.2.6
~.

@e Tone Interference. No interfering tme cd a dn#e freqlumoy ahali
exceed 30 dBrnc (DO: 2A dBrnc), meaaurd at the line termlna.la of tha list.mw tele~
se;.

4.2.2.7 Croestalk. Subjective listemer tasta hav8 indicated that lntelltgibie
crosstalk is more disturbing than unintelligible oroaatslk of the 8ame level. Tharafors,
a distinotkm is made between intelligible and UrdnteIligihle oroaetalk even U zw objeetfv8
measurement udu.tlque exists to separat8 these two orooetdk oompmed4s. Unlntalligible
crosstalk is considered noise forwhichthe acoepM value ie IYtabcl in subparagraph 4.2.2.3.
Both the near * and far end lntdligitde oroestalk shall eaah be at les8t 56 dB below
dgn.al level in the frequency hand trenam *.

4.2.2.8 Echo. In a talephone oonneotion, ueer-to-ueer, whloh is oompletdy
4-wire, Lnclud@= telephone sets but exoluding any side-tone. ciroults, aleotrioal eoho
need not b8 oon8idered. However, if there are 2-wi~ seoticme or alementa at ellher or
both ends of be connecti~ eoho will ex18t. This is due to lnck of petieot eleotrioal
helaaoebeiween the @XdM1088 of tbs “line” Sld ‘babUIOiDg tWtWO~’ 0~ aSOOO&t8Ci
with the hybrid cirouita at the potita where the 2-wire and 4-wti oirouita join. WhUe
both parties may hear eoboso, the talker is tbemore dieturbed by them, so that talker
echo eonaiderationa govern overall oireuit design. Figure 4. 2-S chows the remdte &Q
subjective teist8 giving the relationship between eoim magaltude and &day. AM POW
above the curve represent oombinationa of eoho path 10ss @ delay ~idered aooepzahle
@ 99peroentor more ofalItbetadk8rs. Anypolnt oorreapndin gtoaspeolliovahwtd
round trip echo loss and a speoffied value of mxutd trip delay time of uw mmrmotion ehall
fail on or above the ourve of Figure 4.2-3.

NOTE: No etmxhud or ddgn objeotive for ramd trip eoho
loss over otrouits traversing satellite synterne Oan be pro-
vided at tbs present time. An objeotive of SO dB la used by
oommeroiai oarriem.

i
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4.2.2.9 Frequency Dhmlacsment. No standard or design objeotive is given fOr

speeoh sinoe the frequenoy displacement generally encountered over voioe-grade circuits
has a negMgLble effect an Intelligibility. Frequency displacement for data servioe is
speoifted in subparagraph 4.3.2.11.

4.2.2.10 Net Loss Variation. The net loss varLatioa between users shall not
exoeed *5 dB over w 30 aonsewtlve dSYS. Net 10ES VIUW~on for dam eem~e LSh
same.

4.2.3 Parameters for Faosfndle ServLoe.

4.2.3.1 Tranemkted SLgnal Power. The faodmile transmitter output leval oorre-
spondtng to n high s lgnal oont-st shali be adjustable from -10 dBm to +1 O dBm. Con-
sidering the loop loss, the traoemlt leve! shall be -13 dBm at a OTLP (-19 @mO) of tie
long haul or the tactical less maneuverable aystam and -10 d33m at a 4 TLP of the taoti-
OSI hLghLymaneuverable system.

4.2.3.2 Received Simal Power. The faosirde reoeiver Lnput level c%mrespoxf~
to a high sLgnal contrast shall range from -9 dBm to -36 dBm. The average received
level should be approximately -2o dllm. The exact value of the moelved level depends
on the insertion loss of tk loop.

4.?.33 Received Noise Power, The value of noise power for acceptable serviue
has been set at 44 dBrnc (~: 38 dBrnc) at the line termt,nab of the facshnfle receiver.
This is the total noise contribution from all sources.

4.2.3.4 Insetilon Loss Versus Frecmenoy Characteristic. Same as sub-
paragraph 4.2.2.4.

4.2.3.5 Envelo w Delay Distortion. No standard or design objeotive Le given for
envelope delay distortion with regard to voice servioe on a user-to-user basis. However,
delay distortion may play a s@dfio~t role for analog facsi.mfle _mi86ion td dLgitd
transmission requiring the use of data grade cirouite. The envelope delay dtst.ortkm for
t.bese data gra& circuits are given in subparagraphs 4. 3.2.6 and 4.3.3.6.

4.2.3.6 Single Tone Interference. No interferhg tone of a dnglc frequency shall
exceed 30 dBrnc (DO: X dBrnc), measured at the lb termhals of the facsbnfle receiver.

4.2.3.7 Frcxiuency Displacement. No staodard or des&n objectLve is given for
snnlog faosLmLle service since the frequency displacement generally encountered over
voice grade circuits has a negl igibie effect on analog facsimile quality.

4.2.3.8 Net Loss VarLation. The net loss varLatLon between user and fnatrum~
shall not exoeed *5 dB over any 30 consecutive days.

4.3 Rm-ameters for Data Service.

.

4,3.1 General DW.al Parameters, The followLng subparagraphs 4.3.1.1
through 4.3.3.12 deal with standards end design objectives for s@gle channel ad multl-
cbannel clrcui~ whLch provLde for transmmsion of bLnary dc signals between end lnatru-
ments. These tK.andards and design objectives are expressed in the form of bchnkal
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Ikta t.raaamiaeion 1s uawdly accomplished by convetinK the btnary dc signal MCI a qUMl-
antdog form for tmnamlw.ion over cbaunel F which aw not ~pable of transmltt~ aigmih
b dc diglti form. Characteristics of a number of conversion devioes {modems) sre
studardlzed in order ti accomrnodat.e th xariety of data to be transmitted over the dtffer-
uat @pea of tranemleeion media amilabl~. The qwwl-amdog signal does not have to be In
binary form shoe multi-level (m-aryj modulation schemes also are being utlltzed for
ocmverttng the binary dc slgxud MO a qunsi-azwlog form. For wire md cable traMm@-
slon media, signala may be tranamittad in dc dlgltal form. wlt.bout conversion to quasl-
aaalog form over relatively short distances.

The thta 8~hig r8te shall be expreesed in bite per second (h/a); tbe modtdatlon *
aball bu =preaeed ID Baud (IM). Data @gnaltng ratis b b/s and modulation ra$es LnBd
are tbe came K, and only K, all pulses are the same lcmgth, all puloea ocmIPy WI oom-
plete unit interval, and bl.nmn (rather than m-~ry) siwlhu? M used.

(a) Bb.ag ‘ Synchronous Serial Syeteum, la suoh uvs’kma, the stgnal at
the stuniard digital tntorface is serfaI and lsochronous, i, e. , it is a two-state s4PA,

with all s@ial elements nominally equal to the unit mt.erval, or multiple thereof. 10 We
Oaae the mOdUlatlOII rate in W and the Lnforrnatton rate tn b/s are numerically equtd and
either brm is correot for a b~ry Isochronous signal

@) Quaei-mox si.gnJLJ~. A modem genemtes quzml-analog a@mls ault-
*e for tbe azlalog olrcuit, If tbe qua.ei-anfuog signak axe buumy m a synchroaoua Sy8-
tem, & nommai time structure J~ fhe dC dig;.tid stgnd ig not Rffectd by the modem, and
the ~ d the quaal-axm.log signal may br: eq)rewied in either EM clr b/a. But, in more

-m~~ ey~tim, us 1s genemdly not triie. .For instance, a 4-phaee modem
bdl~ 2400 b/s at tkM etandard dlgltal hterface emite a line s@wd mochdated at
1200 Bd. Tbe modulation rate b Rds ghmdd be used at * quaa} -analog side of the modem
nnd at the tranemhmlon equ~pment WI & more .K.em.lngful term, Parenthetical additions
shcmld be ueed with tbe modulation rate where t.hks w UI heip ciarify the @xt, e.g.,
2400 Bda @nary), 1200 Bds (4 l-e]”},
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4.3.1.1 Modulation and Data SimalimI Rates. The modulation rates (expressed

in EM)and tbe da~ slgnali.ng rates (expressed in b/s) at the standard interfkoe (Figure
4. 3-1) shall be as follows:

(a) 25 x 2-m Bdm or b/B

(b) 50,0 B& or b/e

(c) 75 x 2m Bds or b/s, up to and including 9600 Bds or b/s, where m
is a positive tnteger O, 1, 2, , . . . 7.

(d) T~ m~ation rates @PXW@EIedin ~s) and the data @cnsI.@ m ‘-n
(expressed in b/s) above 9600 Bds or b/s are based on 8000 x N and shall be as
follows:

Recognf.zad Ratee

Sttmdard Rates Based on Current Inventory

16 M3ds or kb/s 50 kBda or kb/s*

32 kBds or W/s 288 kBds or kb/s

48 kBds or kb/s** 576 kBda or W/s

56 M3ds br kb/s 1152 ~s Or kb/S

84 kBds or lb/s 1S36 kBds or kb/s

1344 kBds or kb/s 2048 kBde or kb/s

1544 kBds or kb/s 2304 kBde or kb/s

6312 kBds or kb/s***

6336 kBds or kb/s***

*This rate is not based on 8000 x N.

**48 ~S ~r @/s is ~ ~te-tio~y prefefi x for ~ortim t~er o~r

48 kHz group bandwidtb channels, It M also recognized as a ourrent xnflltary rate for
TDM/PCM traaamlesion.

NOTE: For the tranamieslon over nominal 3-k13z and nmnlmd
4-kHz oluumels, only tbe latarfaoe rates spea!fkd under {a), (M,
and (C) shall aPPly.
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OA~A~E~~,~~ - DATATRAMMISSW CIRCUIT

( Oigittrlcr A-)
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t t

STANDARDtNTERFACE STANDARDIMTERFACE
(Dlglto[ or ollosi+rtelw) ( Digltolor OWS~J

LEWM7
DTE - Data Tmmlnol E@@wont

DCE - Dora Communkofh Ewb.nt

NDTE - ModJMon md Deto SWOW ~f- @ * s~ Int- ~ -f~
h W- 4.3.1.1

* MoyIndti Matom, Error (kntrol M*, CentrolLhltl, endOthOr
E@onunt os rqdrui

Figure 4.3-1. Standard l@erface Between Data Terminal Equipmerd
and Da@ Communication Equipment

4.3.1.2 Application of Federai Information Pmoet3slng !kdarde (FM%].
Federal Information Pmoeeslng Sbmdarda Fublicatlona (FIPS PUBS) Meted tn Seotlon 2
(Referenced Documente) are the official publioatione wit.hln the Fedeaul Government for
lnformntton relatbg to atandarde adopted and promulgated under provimkme d Public
UW 89-306 and Bureau of the Budget Clroular A-86, titled: Stan&rdizatiom of mta
Elemente ad Code@ in IXta Syfttmna. This Rerlee of publioationa ammunoea tbe atbption
of s~, provides @ 1~j, smd acl.mlrdsh+t w @dance infommtion for tbdr effective
implementation and utiIiziWioE.

FI~ PUB 1 epeo~les the atamkrd ode for tnformatlon Lm.erohange that will be used in
tboee networks of tbe Federal Govemmmt whose primary function La tbe traM-km
of reoord eommunioatlona or the tranamLsskm cd chta reiati to information p~w
(see Appendix B).

HE% PUB 7 (Supplement to FIR3 PUW3 1, 2, ad 3) prescribes the me@ntl Of @e_
the oode ta media, aucb aa perforu~d tape, magnetic tape, and punohed csrde. Other
Wan&de which deal w ltb Kbe use of the $&.ndam! ~Xnie for lmformation inta~ 8U0b
aa F’IPS PUB 16, Subeete of tbe S&zWard code for Information Interchange; F~ PUB 16,
Bit Sequ-ing of the Code for KuCcmmat!onmzuhazqge in Serial-By-Bit Data Treasmt.o-
siom; @ FIPS PUB 17, Charaoter Structure and Character Pmlty SCMMM?for Sertal-By-
Bit Iktta Communication in the Code for Information InLerohange, are prescmted in

-tx ~.

4.3.1 .2.1 Standamf Code for ~OTTOf3tklD ki@rChXU? c, ‘l’be standml ode wodflod——. ..—- .. ---------- --—
lD FIPS PUB 1 skll be umxi for r.hr Iwpwmmaaticm of ukmmter coded informatb b

tldormation lIit4W_& fmd f L1m L?S,?” ‘7 fbtx FIWCWW5@ , oomrnun@atloM , and rehted
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equipments by the Departments aod Agencies of the Department of Ikfemee. Imple-
mentation of the oode for information interchange @ related media standards ehsll be
applied in accordance with FM?5 PUB 7. [Detafls concernktg the applioabUity and uee of
these standards are provided IXIAppendix B,)

4.3.1 .2.2 Interim Codes and Alphabets. Supplemenumy codes and alphabete are
currently l.n use and wfll be treed for an indeterminate period. In such oaeee the htter-
national Telegxnph Alphabet No. 2 @I’A No. 2), Amerioan version, ehall be ooneidered
first in meeting the requirements of users whezw a changeover to the atandnml code is
not advisable or feasible (see Figure 14 of Appendix B),

4.3.1.3 Low Level Digital Intefiaoes.

4.3.1 .3.1 General, The low level dlgitd lnterfaoe has two beelc oonfiguratlcam,
one unbalanced and the other balanoed. Both are required. The tdanoed digital intexfaoe
allows for longer cable tranemiaslon dietanoes than the unimlanoed lnterfaoe. The bal-
anced hwerface also reduces interference from groud potential differenoee betwetm
source (driver) and sink (terminator). The use of a balanced cable pmduoes a lower
level of “near end” crosstalk in the metallic cable plant without a requirement for
s ignlficant shaping at the souroe.

in the past, use of low-~evei balanoed dc transmlsshm was not popular due primarily to
tbe tmavallabi.lity of low-cost solid-state clevtma for converting unbaleaoed dc signah to
ba.mnced dc s[gnals. With the Lncreaaed availability of these devioes it is likely that the
balanced dc interface will experience greater usage. The mo6t llkely lmmedW wide-
spread application of balanced Meroonaections is between the main or intermediate
distribution frame and the cable palr8 to the dlataat frame.

In general, however, the unbalanced interface will still result in lower syetem ooet since
two fUtera, two wires, two jack sprl.nga, two cross oonnecte, etc., are reqdred for the
balanced intercamectione whereas unbalanced interoonnectione require only OIMof these
(see respective paragnph of MIL-ST-188-300).

Technology In 1972 permits the manufacture of hI@gmted” cirouite whloh WW awltab up to
aPProxl-teQ 10 megabaud. Under conditions ‘where the length of the tranemisaion lIM
approaches zero, both the balanced and unbalanced hztexfaoe wffl, therefore, funotlon up
to about 10 megabaud.

4.3.1 .3.2 ArmlicabUity. The following characterlstloe shall be applicable to siL@,
clock, and oontrol cirouits for all digital dc oommunioation.e where a blna~ InMrfaoe
appeara. The interface standard applies to taletypewrttirs, data terminals, the do de
of signal convers lon (modem) equipment, both terminaI and line side of cryptographic
or cryptographic control equlpmemt, ad remotely operated equipment where the inter-
face La at the dc Imsebend (see Ftgure 4. 3-2). Tbeee standard fnterfaoes are applloable
at all data rates regardless of the type of transmleskm medhnn used, e. g., n nominal
4-kHz channel, a nominal 48-kIiz channel, or a metallic wfre or ooaxial cable circuit.
These interface standards are dea@ objectives for alarm and contrnl @rcufta whidi
are not direct!y related to the data or thing.
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These standard interfaces 13hdl apply ti all equipment other than an equipment oanplex
oonneoted so as to form s oompietely functional unit and whioh does not normally have lti
internal stages or components oonneoted dlreotly into the oommunicatkma network.
Where this type of equipment oomplex interfaces with the tran8mLornion media, it nhall
observe the standmd

The ohoice d the standard interfaoe, either balartoed or unbalanced, is left to the deuigner
and depends upon the data rote, the diatanoe between driver and tmnnlnakm(s) and otl.er
faotore. For oertain applications the unhhmoed driver oan @ cameo tedtithebslanoed
terminator and the balanced driver oan be oonneoiad to the unhalanoed terminator.

4.3.1 .3.3 Unbalanced bW LSVd m ital Interface. An equivalent cirouit of the

unbalanced low level digital interface is i.llustr’std in Figure 4. 3-2a. This inbrface w
represented between a driver and one or more terminators, including an interconnecting
cable. The driver is represented by @rame*rs VO, %, CO, * Vd. T@ ~r~~r
is represented by parameters Vt @ ZLN. The of@e t==etere ps~~ce (R),
Muctance (L), Capacitance (C), and length] are not standardized but will be deterxnhed
by application engineering.

4.3.1 .3.3.1 Driver CMtput Resistance (I&J. The total eHeotive driver output ree.st-
arme (RCJ shall not exceed 500 hma including the shaping network for driver line current
(IL) with magnitude lese then or equal to 0.01 amperes (10 milliamperes). The mmnmum
short cirouit current delivered @ the interfaee sbdl not exoeed O. 1 amperes.

NOTE: The purpose of the ourrent of 10 milliamperes is
to permit the interfaoe with mercury-wetted meohanic~
relays orI low-to-high level dtgltal cirouita,

\-

4.3.1 .3.3.2 Driver Cxxput Capacitance (Coj. The to@l tieotive driver output oapact-
tanoe includes the iatemal driver capackaoce and SDY capacitance required to meet wave
ehape requirements (see subparagraph 4.3.1.3.3. 5), ‘IIWvalue of Cois not standardized
but must be oonsidereci with respect to the ability of the driver to reset the output voltage
and wave fomn requirements.

4.3.1 .3.3.3 Driver Output Voltaxe. @e n Circuit WA. The open circuit driver
voltage (Vo) meaaured at the unloaded drivel output terminals shall be positive or nega-
tive 6 H volts.

4.3.1 .3.3.4 Driver Gt@ut Voltage, Loaded (V$). The loaded driver Output vol%e
(Vd) meaaured at the output terminals shall be positive or negative 6 k 1 volts when
terminated in a 6000 ohm =10 peruent resistive load. The difference in magnitude be-
tween the marking and spacing voltages shall be such that the larger voltage magdtuce
is within 10 percent of the smaller.

4.3.1,3.3.5 Drtver Outzmt Vol tage Wave Shape. The voltage wave shape delivered
ta a 6000 ohm resistive load shall be such that the rise and fall time (defined as the time
required for the pulse to go from 10 peroent to 90 peroent and from 90 percent to 10 perc-
ent of ita peak-to-peak value, respectively) shall eaoh be within 5 peroent to 15 perceat
of the unit interval at the $ipplicfible data signaling rate. Transitions in bob a~cti~
shall be reasonably eqwd within the limits specified above and be eQ@ly MeObBd bY
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shunt oapaottanoe aormm the output. Properly shaped wave terms shall exhlblt smooth
axpcmcmtlal ourves awl oontaln no POWS of Luflection prior to obtalnlng maximum ampli-
tudes (Bee Figure 4. 3-3). For tbae devbetl which operate at one speatflc rate, the
wave ahaphg network shall b selected to meet the 5 percent to ]6 peroent requkement.a
for that rote, For those devioes whioh may be manually .~r aut.oms:ically ahlfted to differ-
ent modulation rates, the required wave shaping shall be accomplished at least at the
hlgheat modulation rate. The wave shape shall be meaaured at the output terminah of
the wave shaper or the otiput terminals of the driver if wave shaping 1s provided Mr-
nally, X wave shap~ is aooomplhthed eud.ernally, interconnecting leads betvveaI the
driver and wave tthaplag unitshall not exoeed 8 inches in length to minimize near did
Crotmmlk.
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4.3.1 .3.3.6 Terminator Input Impdanoe (ZM). The reslatlve oomponent of each
tirm~r @@ im-ce (zL~) 8W be between 47, 000 ehms and 68,000 ohms. The
reaotlve 00mpcment 1s mt s~rdized but should Mt be wative. MultipAe termlnatora
are permlttd provid~ that the cnmb~~ p~e~ re~ isawe (z ~ doe6 not become leas
than 6000 ohms as presented to the driver, ‘The may Lnclude the oable reelstanoe (R).

4.3.1 .3.3.7 Cable Termination Resistance f~j. W, cable tsrm~uon re~iaxe IS

~ or swdfied.
—.——.—. .

4.3.1 .3.3.8 Ter mlnator VolWea.

4.s.1.3.3.8.1 Input SensLtiviv (s~. A mark iag voltage :nagnkucie of O. 6 vdta or leao
tlhdl Oauae the terminator to asstiin-; the .ctul~.,4 \CllW ) mate 00 rrectl y; a a~olng voltSgSI

x-~ 0.5 VOltS or leSS ~~~i -*e the WI tnmator u assume the spaolng (ZERO)
Mate corrgotly (see Figure 4.3 -4).

?8
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4.3. 1.3.3.8.2 Operation. The terminator sludl operate correctly up to a maxtmum
voltage magnftude of 7 volts.

4.3. 1.3.3.9 Protection. Interface circuit protection shall be provtded so thatany driver
or terminator shall not be damaged by occurrence of any of the foliow-lng contingencies:

(a) Voltage magnitudes of 25 volts on tbe @rminator leads.
(b) shorting of the input or output leads to ground or to each other.
(c) Crossing of the leads with any other physloal leads of the Intarfaoa.
(d) Opening of either or both of t.kwinput or output leads.
(e) Whenever the driver or terminator hJ oonnected by a metallic ohcult

directly to pairs of an outside cable plant, additional protective ctrcuitry shall be provtded
to protect the driver and terminator against the spurious voltage tranelen@ and power
surges commonly experienced across a sable pair or between either ccmductor of a osble
pair and ground. The protective circuitry shall be adequate to ensure that the driver or
terminator will not be damaged by the appeaxnnce across the cabie pair or between either
conductor and ground, of (1) a voAt.agetrwlent of up to 1000 volta peak vol~e with a
5 microsecond rise time and decay- to 50 peroti ~ peak voltage In 600 mloroseoonde,
(2) a Voltage tm.nsient of up to 350 volts peak with a 10 micmeecond rhJe time ad deoay-
ing to 50 peroent of peak voltage Ln2000 microseconds.

4.3. 1.3.4 Balanoed Low Level Dig Ml Interface. An equivalent clrouit of the
balanced low ievel digttaJ lnkmface is illustrated in Figure 4. 3-2b. TM fnterfaoe ts
represented bekveen a driver and one or more terminators, Lnoludlng an lnte~ tlq
oable. The driver M represented by Parametim Vo, ~, ~, and Vd. The terminator”
is represented by pammeters Vb F+, R , and ZM The oable parameters &oistanoe
(R), Inductance (L), Capacitance (C), an%hngth] a;e not standardized but wffl be dekir-
mlnad by application engtneerlng.

NOTE: Some of the pzrametem of the bahumaj low bevel dtgital
interface may be subject to modification pending final coomifnation
of a proposed FederaI Information Proeess~ Standaml (FIPS)
which will supersede the swnwds gfva in this paragraph. There-
fore, before st.andatie of t,his paqrafi are usti, the status of tie
pending PIPS should be checked,

4. 3.1.3.4.1 Drfver Output ResitMnce (~/ The total effective dxiver output redst-
Snce (RJ sht@ be 100 ohms *5O percent balmced to groumi for cirfver lf.ne CUr’K’9@lOL)
with magnitudes less than or equal to O,15 amperes. ‘f’he resistance balsnce ~ _
shall be withfn 10 percent, The maximum short circuit current delivered to the inter-
face shall not exceed O.25 amperes,

4.3. 1.3.4.2 Driver Output Capacitance (Cm), ThE total effectfve drfver ouQmt oapacl-
tance la not standardized.

4.3.1.3,4A Driver Output Voltage, Open Circuft (V~ . Not st.amdardfzed,

4. 3.1.3,4.4 Drtver Output Voltage, Loaded (V~, The loaded driver OUtp@ VOlq ~d)
shall be positive or negative O, 8 volts to 6. 0 volf~ peak-to-peak across the terminals d
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b.,lanced to ground (*O. 4 volta to *3. 0 volts, when measureu from either terminal to ground).
Fur measuring the loaded dfiver output voh.age (V ), the driver output shall be terminated in
n balanced 100 ohm *1O percent resistive load. Tie voltage balance to ground shall bt wltbin
I (I percent. The difference in magnitude betwtmn the marking and spactng voltsgea shall be
shch that the larger voltage magnitude is within 10 percent of the smaller.

1.3 1. 3.4,5 Driver Output Voltage Wave Shape. The driver output voltage wave Aape
.s not standardized. Wave 8haping is not required.

!,3. 1.3.4.6 Termfnatcr Input Impedm ce (ZT N). The resistive component of eacn
til-m~ator input impedance (Z LN) shall be greater than 5000 ohms. me reactive co~--
Sonentis not standardized but should not be inductive, Multiple terminators are P r-

mitted providing that the combined parallel resistance (zL) does not become less thSO
500 ohms as presented to the drfver. This may include tie cable resistioe (R).

4,3, 1.3.4.7 Cable Termination Resistance (IQ. Tine cable termhatlon resig~ce
(l$), if required, shaIl be 100 ohm s*1O percent center tapped through a 125 ohme *1O
percent re6istor (~) to ground. Resistance balance to ground shall be wtthtn 10 pert-mt.

4. 3.1.3.4.6 Terminator Voltages.

4,3.1 3.4, 8,1 Input sensitivity (~. A rnarktng voltage magnitude of O.06 volts or less
shall cause the terminator to assume the marking (ONE) state correctly; a spacing voltage
magnitude of O. 05 volts or less shall cause the terminator b assume the spacing (ZERO)
state correctly (see Figure 4. 34).

4.3. 1.3.4.8.2 Operation, The terminator droll operate correctly up to a maximum
voltage magnitude of 6 volts (3 volts when measured from. either terminal to ground).

4,3.1 .3.4.9 Protection. Same as subparagraph 4.3.1.3.3.9.

4.3.1.3,4.10 Performance in the Presence of Noise.. A drtver Comecti to ~ tsrrni-
nator shall operate without error in the presence of longitudinal noise or dc common
return potential dtffe ren c es (common return offset) as follows:

(a) With =2 volts @eak) noise present longitu_tially, i.e. , algebraically
added to both terminator input terminals simultanamdy wth respect & the cozmnon return; or

(b) With *4 volts common return offset;
(c) If common return ot%et and longitudinal noise are present simult.une-

ously, satisfactory operation shall be achieved when:

Common return offset
2

+ lo~~al noise (peak) = 2 volta “or leas,

4.3. 1.4 High Lewel Digital Interface. This paragraph descrtbes the high level
interface used in some emsti% facilities THE FOLLO~G SuBPARAG~PHs,
4,3. 1.4.1 THROUGH 4. S, 1.4.6, DESCRIBING THE HIGH LEVEL INTERFACE HAVE
BEEN EXTRACTED FROM MIL-ST’D-1 &8C FOR INFORMATION PURPOSES ONLY, “:~
INFORMATION IS NOT TO BE USED AS STANDARD FOR THE DESXGNOF NEW EQUIP-
MENT OR SYSTEMS. The ueer cautioned that telegraph systems with different cha=cter-
istlca can be encountered throughout the world. The following is provtded for guidance.
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Ic the United S@tes:

Voltages; 24, 49, 60, 75, 130 Vdc.
Current: 20, 60, 65, ‘f5 milliamperes.
Seine: Positive tmd negative In neutral, poiar, and

polnmntial c!rcuits.
Battew Source Impedance: High and low.

In otier countries:

volts Milliamperes Same fIUa*)

United Kingdom 80 20
France 48 20 +
Spain 80 20 +
Nomay 60 20
Germany 60 and 24 2G --d+

International: The .etaadard for ictenational boundaxy crossing purposes ie 48 Vdc polar,
20 MA, Posihve marldng. All normally utilize polar and low impedance b8ttew eouroee.

4.3. 1.4.1 Transmitter Outmt Curremt. The interface (b@ level) shall be a polar
nignal at 20 mA (+1Opercent). A neutmd interface (high level) is acceptable and may be
either a current of 20 mA (i3 percent) or 60- (i3 percent).

4.3. 1.4.2 Transmitter Output Ma@ tude. T@ standard polar circuit shall be
*6O V ~2 percent) for high perfommume facilities and +-60V & Peroent) for low Per-
formance facilities, The standard neutral circuit shall be 130 volts &2 percent) for high
petiormance facilities and 130 volts & perc~t) for low performance fi@liUeS,

NOTE: Certain US hfilita~ electrnn.ic telegmpb terminal
e@pment uUIize upwards of 300 Vdc (referenced to the
signal ground) in their outputcircuit. Such equipment shll
be isolati from the cable plnnt by suttable relays or other
isolation devtces to prevent deetructlon of tbe cable or hazard
to human lffe.

4. 3.1.4.3 Source Imsmdance. The batteg (or equivalent) source impedance at the
tranemit contacts (or equivalents) ehould not exceed 150 ohme, essentially reeietivt?.

4.3. 1.4.4 Wave Shaper. The Etandafi polar wave shaper for dc telegraph slgcala
with data signa~ up to 150 b/e shall be 200 ohm, lo watt wlrewound, *1 Opercent re-
sistor connected between the trtmem!m ng dew ce and me line (Figure 4. 3-5). The line
side of the resistor shall be ehunti @ the slgcal ground by a 1 microfarad capacitor,
10 percent tole~oe, with a capacitor workLng voltage of 200 VOlt!3. LOCtilCt_-
s~ces may dictate a reduction in the size of the capacitor on long lines (in excess of
10 miles) or on Mea exhibiting high capactty. The objective is ta provide the IMXh!IUm
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wave ahaping possible at the transmitting pointh reduce or eliminate near end cross-
talk and/or b minirni ze the tendency Of the receive relaY ~ ~~ce. me RC ne~ork
indicated above has been shown adequate in almost all cases wfthiD and outside of the
US. The wave shaper for neutral signals ia not spedfWd.

Ngure 4.3-6. High Level Digital Intart’aoe

4.3.1 .4.5 Contact Protection. Tranamtt oontaote (or equivalents) shall be prO-
tected by fuse6, ballast lamps (such se FSN 6906-335-0644), and/or reelstors (not to
exceed 150 ohms in each mark and spaoe oontaot lead).

4.3.1.4.6 Receiver Senaltivltv. The input senaLtivtty of meohanioal or ehsotronic,
polar-relay driven, println.g telegraph equipment shall be l.nthe 2 to 4 mA operating
differential region; for swim pie, IS*We~mm32ti @2sdma60timutdsg-
1A shall cause correct ope~mtion of the receiver device or. tn the case of a polar aigual,
a change from +2 mA through O to -2 mA stall oauee oorreot operation of the receiver
devioe.

4.3.1.5 LO@Cd and Simal Sense for Binary Signal s. For data or tlmtng clrcuite,
the signal voltage with respect to stgnal ground shell be positive to represent marking,
and negative to represent spactng, These and other logioal and signal states are tabu-
lated se follows:

APP1icatkm

Vol@ge to algnal .gmumd
Collvemtional tam
B1.nary digit value
Timing signal state
Paper tape
FSK signal state
Neutral system current
Tone, single AM system
Tone, dual AM system

Conditioo

Positive (+)
Marking
One
Qn
Hole
Lower fmquenoy
cm
on
Lower f requenoy

Cmditkm

Negative (-)
%-a
Zero
CM
No hole

Higher frequmoy
m
CM
Higher frequmoy
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Application.-. Condition

Magnetic Tape (See Note 1}
NRZI (See Note 21 Change polarity No change
Phase Encod in~ (see NOW31 (See Note 4)

NOTE 1: Two mehods d’ reoordbg on magnetic tape have been
standardized by the American NationJ Standards Institute. The
first is NRZI l%cn~ximg (see Nott 2) standardized for recordLng
denstties up t.u 500 C’PI (Chxactc r Per loch). The second is
Phase Encoded recording (#et? NoLes 3, 4, and 5) used at 1600
CPI,

NOTE 2: NFLZ1= Non Return ta Zero, change orI one. Thie
means c-e polarity for “1” dab bits and make DOchange
in polarlty for “’O’” data bite,

NOTE 3: In Pba3c Encoded recording a “1”’ data bit is a flux
reversal ta the polarity of the r.nt.crtdock gap, when reading
in the fomvard direction (see Note 5).

NOTE 4: In Pbe Encoded recording ? “()” dau bit is a flux
revereaI to the polarity oppos lte to that of the interbiock gap,
when reading in the forward direction (see Note ~).

NOTE 5: A flux reversal sha!l be writ!m fit the nombml mid-
point between success Ive “1” bits or between successive “O”
bits to establish proper polarlty. This flux revered shall be
oalled a phase flux reversal.

NOTE 6: An alternative capabUicy to interface with equipment
conforming to other stand arda, e. g. industrial and CCITT,
standards, shall be provided tc accept signals which may
have polarities opposite ‘~ those stated in this paragraph.

4.3.1.6 Clock E(?uiprnen[, cory@. ad ‘r MiL~,. The clock is the device whloh—. .-
provklee the time base for controll @ operation 0[ d,gitai equtpment. An equlpmetrt
clook provides the peculiar need~ of itb equipment and in somd cases may control the
flow of data at lb equipment lntcfiaoe. A master Gr station clock, regardless of lta
phyiiri~ looatlon, controls two or more equij~mentx which are linked @getber as a
system. The following subparagraphs, 4.3 1, G. 1 ‘hmugh ‘I ~ 1. ~. ~. 1, are prtmarilY
concerned with master or station cl(,cks.

4,3.1 .6.1 Trammission Mv(les, .A1I fuw w. , IIJU1nludcation equipment requlrlng
a stable clock or precise chiiracte ~ ;.tlwYwd cfmtr:)] :IiiaiJ rrai~e provisions for operating
from station clocks In any or al 1 01 the followi~ -IICI:%5, specified in subparagraphs
4.3.1,6 .l,lthroLrgh 4.3.1.6. l. 3.

4.3.1 .6.1.1 Bit Synchronous. In hit syncn rotw JS operation, clock timing hall be
delivered at twice the data rmxfu.iatIor. rate, (F’:)I ‘his purpose “data” includes Imfor-
mation bite plus all bits adcbl m [he strwm fo - whatever ourpose they may serve in
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the system, i.e., error control, f raining. . . etc. ). The device smI r~ue -e blt
wlthln the duration of one olook cycle. It shsli be assumed that, during periods of com-
munioatbn cftfficulty, a clock signsd might be dellvered to a send devloe occss lcmal.ly
or not at all for periode extendtng to hours. During periods when the aendlng equipment
has no traffic to send, an idle psttorn or all “ones” may be trsnsmittad.

4.3.1 .6.1.2 Bit-By-Bit Asynchronous. In btt-by-bitaaynohroncw operation it 1s
assumed that mpid manual, aemlautomat ic or automatic ahffta f.nthe datximodulation
rate will be accomplished by gatlng or slew fng the clook modulation rats. It 1s possAie
that equipment may be operated at 50 b/s one moment d ~ next mom- at 1~ bls
or 2400 b/6, etc. It eha!l be assumed that, during periods of ccmmurdcatton difficulty, a
clock sigzml mIgbt be delivered to a send devtoe occasionally or not at all for periods
extendtng to hours, During periods whe~ the tmndlng equipment has no traffic to semi,
an idle pattern or all “ones” may be transmitted.

4.3.1 .6.1.3 Character Knterval Synchronous. Zn character interval synchronized
equipment, any character interval from 4 to 16 unit f.ntemmls per oharacter tnterval
shall be permitted, Itis assumed that, havtng programmed a given facillm for a pa~-
ticular oharacter lntmwal, no other oharacter tnterval opez%itlon would be expeoted
exoept by reprogramming. ~ exmnple of such operation would be a 7.0 units per
character interval tape reader bet.ng stepped at 8.0 unite per character lnbsrvsl.

4.3.1 .6.2 Clock Chanmteristtos.

4.3,1 .6.2.1 Modulation Rates. The standard clock modulation rates for compsti -
bility with modulation or data signaltng rates shall be two times the standard mtes speni-
fied in subparagraph 4.3.1.1.

4.3.1 .6.2.2 Modulation Rate StsbilltJ. The stsbfllty of Bynchronlztng or chok timing
supplied in all synchmmo~ digital transmission, swU&i.ng, termtnal, and eecurily equip-
ment shall be sufficient to ensure that synchronism 1s rnahtalned wlthln @6 pement of
the unit interval between transmitted and received signala fcr perlcds of not lees than
100,000 consecutive seconds.

4.3.1 .6.2.3 Modulation Rate Phase Adjustment. Means shall be provided k all
dlgttal transmission, switching, terminal, and aeourlty equipment eo that, at the appli-
cable mtx.tulatlon rate, a shift LCphase of the fncomlng data stream with relation to the
ckoklng pulse shall be possible over a period of three unit ~tervals (1. e., a shift cd
1.5 unit intervals early or late f mm theoretical uenter of the unit interval at the appU-
cabie modulation rate).

4.3.1 .6.2.4 Output Signal. The output of the clock shall be an alternating symmetri-
cally-shaped wave at the required dock moduhtion rate. IIIthe oaee of an ucbalanoed
digital intirface, the clock output etgnal shall comply with the voltage sod wave shaping
requirement of subparagraphs 4. 3.1.3.3.4 and 4.3.1.3.3.5, respectively. in the case
of a balanced digital interface, the clock output signal shaIl comply with the voltage re-
qutrementa of subparagraph 4.3. 1.3.4.4 and shslI contain no points of inflection prior
to reaching the maximum amplitudes. When the clock is quiescent, the clock signal
state shall be negative,
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4.3.1 .6.2.6 ao& Period. A clock period or cycle la defined 8s having one haif-
ayde d pcaltive polarity (aase) arui one half-cycle d negative polarity (aenae). Tba
*ty cycle ahail be 60 peroeat &l. O percent. Thus, in th?binary senee, each olooic
period or c@e la oompoaed of two olook unit intervals, and It follows that a ciook *
of 60 Hz la a olook modulation rate of 100 Ma.

4.3.1 .6.3 UOok/m ta Phase Relathmehip. Air8ngem=t8 Whid m8Y be wed to
supply clock pubea to wurcea and sinks are shown in subparagraph. 3.1.6.3.1. Typical
atandmd armngomeu$.a are shown fmm which one maY be eebcted to meet a specitic
applioati-. For those4@tai devioes operated at de txmehmd which are intercomtac tui
by matallio wire (or other equipment which pmxldes in dfeot tJMsame function ad a
metallic w*) the folhwixig olook./da& phaee relaticmehips apply if, and only if, interfaoe
oirouit i- permit. E la noted that, due to signal propagation delay time difXerentw@
over different dc wire cirouite or dc equivald circuits at data modulation rates higher
than MOO Bd, there MAYbe a significant relative clock/data phase shift which must be
adjuamd in accordance with subparagraph 4.3, 1.6.2.3. Practioal operating experience indi -
oatee &t typical multiple pair paper cable or polyvix@ chloride (PVC) inmdated exchange
grade t.dephow oatie may be expeotd & function at mochdatioa xntes of 4800 Bd data/
96OOBd clock at dietanoes up to 3000 cable feet without any need for ccmcern over relative
pbmneahift ormMaetf tiwstandard low level digital interface la applied to both clock and
@ signals in aooo-ce with subparagraph 4 3.1.3.

All data transition emitted by a source under direct control of an external clock shall
oomr on (be caused by) negative to positive tranaitione d that clock. The design ob-
jeotlve la a minimum delay between the clock txnnaition and the resulting data traneltlon,
but la no ~ aball this &day exceed 12.5 percent of the duration of the data unit interval.
For each eqtipmemt, once this delay is fixed in hardware, itshallbe coneiatent within
il percent d itaalf for e80h clock transition. Theee delay limits shall apply direotly at
the driver interfaoe (cae Figure 4. 3-6).

-qof~ea~bywm- ciookatasinklnte~e~-ourm (be
nauaeci by) positive to negative olook traneitiona (see Figure 4. 3-?).

Whamtbe cdook iswad for oont.rdling intermitint daUt transmission, data may not
obamge state emept where roquaoted by a negative to positive clock tranaiticn. The
@aooemt state ot the olook shall be at negative voltage. Tbe quiament state of W ~
SiMli ba * SMte mwaiting from the ia8t negative to positive clods t.rmwiUon (s99
Figure 4. 3-8).

I%e phase Mhtiomabip between ax%ernai clock and data la not specified for devices in
whioh * axtemal olook in related only hxiireotly to the Bouroe data; for exam@e, to
~ =~ betw.an & dah sjowye @ 1 da@ efn~ for a signal with a oorbatant
mo&datb ~. However, whatever the pbaae dalay, it shall be consistent to wtthill
i.1 per-d tba ~ umit intemval at theappiioabie modttAation rate. ff the clock at
twioetbe mothlattt mmtedtbeal.me data lsalsosupplied aa an output, than data tran-
sitioc4f EM coincide within fl peroont of the data unitintervalwith the nq@ive to
positive trmml~ of the outputdock (ma Figure 4. 3-9). Direct catrol means OOM-
tmA of the data by a clock signal at hvice the modulation rate of the data. b~ti
ccmtml meane use of a clock at some Mr’ler staodnml modulation rate, e.g. , 4, 8,
128 tima the mwhhtion r~@

36

--

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


MIL-STD-188-1OO
15 November 1972

t=-”

I

I

El=
OAT&OUTPUTM

DATA
SOURCE M- MODULATION RATE

CLOCKINPUT2M

c:~”
w CLOCKPERtOD4
I I i ~
I I I
I THEORETICAL

MOB.z f“/’ OF “B”

O;:;: :O;’’!dwfy +
MORETHAN :

;12.5% OF “A” 1

~--- —

I
I I DATA

DATA
I I I I

ZERO

I I 1’ II AXIS

- Vd 1 J l–-l ‘ZERO” j *
I I f
~ MTA UNl~lNTERVAL~ t [AC)

(TCI

The source data signal transition shall occur consistently within 12.6
percent of the duration of the data unit interval from the c]ock Input
transition frrm negative to positive. Whatever phase delay I ● chocon,

tho ●qu ipmont design shal I insure that data t rmsl t Ions ● re roleosod
with ● cmnsistont phsse delay not to oxcood plus or ●inus one porcont
of thatdelay.
dl roct) y at the

Figure 4.3-6.

Nmsuremant. shall be ude urd those I\mits APply
wirce Interface.

External Directly Related Source Clock/
Data Relationship
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clock transitions shall b utilized for sampling

The input data si~nal to the sink shall be sampled consistently within

pluc/minuo one percent of the duration of the unit interval of the data

signal ●asurning the modulation rate of the clock is twice that of the data.
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The data trmsition~ ●ha]) be coincident within plus/minus one percent with

the xqative to positive transitions of the internal clock. No phase rela-

tionship between data ●nd external clock is specified. The modulation ;ate

snd the ph-m shift of the internal clock shall be constant within plus/

.inus one percent of the duration of the unit intervel of data St the ●p-

plicablo modulation rate.

l’igure4.S-9. Ex$eroal lndtreotly ltxhtedlntarnnl
ck!k/DRt8ReMonsbip
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For devices tn which input data to the terminatm are sampled from a clock notdlreotly
related to the data modulation rate, the Phaae relat Ionship cd data to olook shall be main-
tained in suoh a way that each data unit interval shall be wunpled wlthb il pero=t of the
theoretical center of the data unit Lnterval.

In the ease of synchronous devlcee operating from an external olook directly relateci to
dStS ld OU@ltt~ StM%/St.OP fO_t t3@f@3, dStS tIUUSitiCUL9 6~ b oolncldsnt With

negative ti positive oJook transitlcms withl.n d peroent of ti dam tit lDterv~.

For sta~stop format devloes utfllzlng internal, low stability aa.mpllng aouroes, It dall
be permieslble to sample inoomtng data within S.2. 5 peroent cd the data unit interval away
from the aotual center. This distortion, however, dull not be paesed on to any output
Lnterfaoe. Any further transmission of thts stgmd shall be regenerated.

4.3.1 .6.3.1 Standard Arrang emerita for Clock/Data Phaae Relationship. The following
definitions tlf@y:

(a) Xhta modulation rate = M.

(b) Clock modulatitm rate= 2M. (Clook modulation rate la direotly
reiated to data modulation rate. )

\- ‘.-

I
I

I

(c) C!look modulation rate = XM. (Clock modulation rate 1s lndlrectl y
related to data modadatlon rate. ) An external nlock, supplied at a ht.gher modulation
rate and divided within the equipment to provtde a data modu.lacion rate of M, would be
defined an some number (x) multiplied by the data modulation rati; e. g., 12ilM desig-
nates that the oiock 1s 128 times the data modulatkm rate.

There are five typical oases considered IIIthla standard and the user shall relate MS
case to one of the examples given.

~~: (See Figure 4. 3-lo) Source to sknk data modulation rate is detarmimed by
external Clook(f?) . in some cases the external olook ls supplied to the source and stnk
and & other ca8es there may be two separate external clooks.

For collocated source and sink driven by the same external clock at rate xM, x may
equal 2; clock is direct,l y related to data motia.tion rate and center sampling, within
i.1 percent of the data unit interval, shall be assured.

DATA M
SOURCE SINK

,
4 b

cum Xhf
CL~K XM

CLo= Ku

6 J-— --- ---- ----- --

Figure 4.3-10. Case 1T Standard Arrangement for Clo&/IXLta
Phase Relationship where x L 2
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For ooll~ted souroe and ehk driveo by dlHerent obcks, or driven by the came olook
W- x la greater than 2 or for eleotritiy separated souroe anti sink, phae~ teOh-
niquea aball be employed whioh permit initial at@nment of eample point to withtn U
peroent d the theoretiod data unit interval meaeurd from the cehter of the data tit
hltervals arriving at the sink.

CASE TWO (See F@ure 4. 3-11) Extexnal clock b euppl ted to the eouroe devloe at xM;
divided down to 2M to nerve aa a dlreotly related olook, tutd determines tkMdata modula-
tion rate; the 2M olock is releaeed al- with the M data to not aa an lnetmotion to the
slnktbat thedata leadooatalma datathut areiobeeenaed. Themethod ofgathgtbe2M
olook IS ocmakiered an equ@nent d~ign Ooneideratlom The phaee relathn@MM of M W
2M shall he maintained whether gated or nongated olook la fuxmhhed.

There [s no speoffic phaae relatbaahip between XM ad ~’ or between XM and M ddlned
or implied. l%ere is a spedfic modul@im rata relationship which ia determined by the
ratio xM/2M or xM/M.

JSOURCE

IEXTERMAL CLOCU

I

EXTERNAL W

k ------ .-. r----- --- d

CLLXKXN

Figure 4.3-11. Came 2: ~rd Ar~emt for Clook/DUti
Phase Re Iationehip where x > 2

CASE T-E: (&e Flgure 4. 3-U?) -e bee is sl,mihr to oaee tsvo ~OO@ tk 2M
olook is supplied from tie sink towafi the source, This oAook may be ~ted or mmgated;
b effeot It mqueete the aouroe to releaee data, There La no Spedfk pb8S@ Tdatlmb
IMW- XM and 2M daftned or implied. ‘I%ere La8 speolflo phase reAaUonehlp dufbed
betweai Maad2Mattheeouroe: &ta traneltime oan ooour ooly altar negative to poai-
Uw traasltlam of 2M. The &ta lti shall ~t egab -e state untfl the next nagMh
tO positive t~UICM at the 2M lead, The eouroo ahal.1matih th8 ph@Se X’td8t_
& the datll M to clook 2M Within il peIWtZlt. The 2M CbOk is not permiti to _
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I

state exoept attransltiomsof ~ ocmti.maoussquare wave of the same modulation rate. Thie
1s intended to preoiude data intervals ocourring at other than Integmd multlples of the
unit interval ,

Tbe duration of the unit Lntervai of the data modulation rate shall be maintained within
the accuraoy of the external ciook to i-l peroent.

r
SOWE

A

-. -.. . ---- ---
T

CLOCK XM
Ftgure 4,3-U. Case 3: Standard Arrangement for Clook/Dets

Phaee Relatlonddp where x >2

CASE FOUR (See Figure 4. 9-1S) No external clook la required or implied. Tbe ocmtrol
of the data modulation rate is oompleteiy under tlw mntrol of the aouroe. A 2M alooh and
M L!:’A i-d are supplied t.a the stnk. The ‘Iatata” of the olook lead deterdnes the aeneing
of the data lead at the sink. The 2M clock shall request (muse) ehsnges in the state of
tie data only on the negative to positive transitions. The reoelver shall determine the
state of the data lead only on the positive to negative transitions of the 2M C1OOIS.

NOTE: For time division multiplsxera under development,
the exact cxmf@uration for the reoovery of timing from tbe
receLved data is under consideration.

D4TA Al
SOURCE Cmcu Zu

Figure 4.3-13. Case 4: Standard Arrangement for CIOOIC/Data
Phase Relationship

CASE FIVE: For start/stop format sinks utii iztng internal, low stabLLity, samplLng
sources or externai clock at rate xM, it shali be permissible to sample Inooming dnta
witbin fi2. 5 percent of the theoretical dsta unit tntervai measured f mm the aotuad oenter
of the data unit intervals arrlvbg at the sink. *Y daLS regenerated by this equipment
shai.i be retimed to prevent any Interfaoe distortion, oaueed by this eampMng teobnique,
to be passed on to the equipment output,

4.3.1.7 Distortion, As a DesigTI Objective, the maximum totai distortion, intro-
duced by the data channel carryLng binary cic EIignala, due to any oombbmtion of oausee
(bias, fortuitous, cyclic, or characteristic) sbali not exceed i25 percent of the unit
intervai, on a user-to-user basis,
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4.3.1.8 Digital Error Rates. As a Design Objective, during 99 Pero-t of the
ttme that a user utilizes the network, the error rate provided by the network w the user
shall not exoesd 1 ermumous bit b 105 lnformst.ion bits at a data slgnahng rate of 1300
b/s employktg FSK modulation. As an addltkxud Design Objective, during 89 peroent
of the time that a user utilizes the network, the user throughput shall be squal to or
greater than 50 percent. The 99 percent Ume period, as specLfied in the two above
destgn objectives, may occur in a continuous unintermpted interval or may occur accurnu-
Iatlvely.

NOTE 1: The two above DesLgn Objeotlves are applioabie to
system de6Lgna utlllzlng a matbematioal model of emor
protmkdllty distributions. For other applioatba, such
as acceptance @sta, the unit of time (Spectfied above se
a percentage of Ume) has to be determined Ixmed on the
epeclal requirements of the system under cons[derstlon.

NOTE 2: Automatic-request-repeat (ARQ) systems are gener-
ally sensitive to rotmd trip deAays. For example, block-by-
blook data transmission In AUTODI.Noyer a satellite system
has throughput appreciably 1sss then 60 peroent. In addition,
the throughput as a ftmotlcm of ermm rate is ahm a function of
blook sLze. These throughput requirements oarmot be ln-
teqmeted as requirements on transmission facLIUies but
rather must IM interpreted as requlremtmts on the entire
system.

Error oontrol necessary @ satisfy special requirements shall be accomplished by anoU-
lary devbes or by input/output line unite designed for the purpose and shall not be
Inoluded tn the basic Comrnunioattona Detwork design, In caees of speci,a.1error rate
~iremm, it @l be the respom lbu ity of the orig-tor of the requirement to
supply the means, compatible with the oommunlcation system, to meet this requirement.

4.3.1.9 signal Fatbs. The standard dc s@al path shall be either two-wire with
metallic gmnmd or four-wire full metallic for a s lngle full -duplex circuit.

NOTE: The use of earth return is not recommended. U la to
be noted that a dtatinction is impltecf betweeo grcund and earth
return. Use of the first term is meant to imply that a single
metallic path either insuIated or not tnsula=d from the earth
is employed for the return path of one or more dc circulte;
whereas, use of the term earth return is meant to imply that
the signal current literally flows thrcwgh the earth on a non-
metallic basis.

4.3.1.10 Monltorlng. The standami methods of monitoring dc circuits s~ be an
euentislly nmreaotive tap with a mtnl,mum dc IV@staaoe of 10, 000 ohms (~ 47,000
ohms to 68,000 ohms) for polar stgnal~, and an essentially mozmeaotive sertes Inaertioe
w~tb a maxtmnm dc reslataoce of 200 ohms for neutral signal@,
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4.3.2 Parameters for Ikta Servloe Over Unconditioned Voloe Bandwidth
Clrculte (User-to-Ueer).

4,3.2.1 Genem.1, The followlng subpamgmphe 4.3.2.2 through 4,3.2.12 ee-
@hl ish standards and design objectives for urmonditioned voice baudwidth circuits which
are used for transmission of d~gltsl information b quasi-analog form, Theee standmda
and design objectives are applicable to circuits connecting data referenoe termi.nah for
hvmarnlssion of digital hdOrmiOn With data Bil@@ rates of UP to 1200 We. mese
unoonditloned clrculta maY also be used for satlsfaotory voice and faostmile servtoe.
SUChcircuits are provided by the use of contdled 100P charaoteristlos and by the use
of TDM derived channels and of those FDM derived chaanels which are best suited for
quaei+nalog data eervioe. FDM CHANNEXS 1 AND 2 OF GROUP 1 OF SUPERGROIJP
1 AND CHANNELS 11 AND 12 OF GROUP 5 OF SUPERGROUP 3 ARE NOT RECOIU-
MENDED FOR THIS PURPOSE. In geoerzd, experience has shown that signal disoon-
tinuities, such as phase and amplltude hits, impulse noise, sad dropouts as well as the
envelope deiay distortion and the Lnaertion lees versus frequency charack?rlstlc are
major causes of unsatkfactory data transmission in the form of exoeaslve digital error
rates. M tbe circuit parameters described herein are achieved. experience has shown
that the design objective for the digital error rate stated h subparagraph 4.3. 1.8 should
also be achievable.

As general guidance for Ioog haul/tactkal applications, the data circuit should be equipped
with a regeneration capability if the parameters listed l.nsubparagraphs 4.3.2.2 through
4.3.2.12 cannot be achievai. Regeneration is generalIy not employed on tactical data
circuits; however, when tactical data circulte are tnt.erconnected with long haul da@
circuks, regeneration may be neoessary at the Interface potnt. In any cane, regener-
ation points have to be determhmd on an Individual basis.

4.3. 2.2 Transm!tt.d Level (Quasl-Ana.lo@. The quasi-analog tranamltted Ievel
of the data modem shall be adjustable from -18 dBm to +3 dBm, so ae to provide -13
dBm at the OTLP (-13 dBmO) at the fnput of the data trunk or switohbard of the long
haul or the tactical less maneuvera~e system and -10 dBm at a -4 TLP of the taotloal
highJy maneuverable system, The power of each data tae, with refereaae to -13 dBm,
shall be equal to -13 dBm -10 log t, where t is the number of tones.

4.3, 2.3 Received Level (Quaai-halog), The quasi-analog received level cd the
dam modem shall range from -35 dBm to -5 dBm. TIM average received level should
be approximately -20 dBm. The exact value of the received level depemda on the tneer-
tion 10ss of the looP.

4. 3.2.4 Received Noise Power. The nonimpulse type of clreuit notire, tm
measured at the input termlnale of the data modem, shall not exceed 50, 000 pWpO
(approximately 47 dBrncO) referenced to the long haul OTLP durtng 99 percent or more
of the time and shall not exceed 316, 000 pWpO (approxknatel y 55 dBrnoO) referenced to
the long haul OTLP for 1 percent or less of the time. l%i.a standard appllee to FDM
transmission and metallic ciroulte @y.

NOTE 1: The commonly used nolae measuring Beta will measure
total rms noise power including the average impulse noise power.
However, the contribution of the avemge impulse noise, as
regi@ered by these metsm, is small emmgh to be negAeoted.
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NGTE 2: Tbe allowable IKAEMspeclfkd tn tkI&.sstamiarxi for
alroults and ohannels La50,000 PWPO(appmxtmatdy 47 dBrnoo).
Clroult engineering must always take the aoturd loop motee M
aooount, e.g., the channel wise may bealkwed to - the
flil 50,000 pwpo if, and OIdy If, the IKAae d the loops is negli-
gitie.

4.3.2.6 @leerttcm Xmes Versus FreuuencY Charaoterietic . The -ertlom 10M
venue f~ y obaraoterIatlc referemoed to 1000 Hz ahnll not eaoeed the valuea gtva
* No 4.9-1 over the freqwmoy baadwkikhs indicated. Loos LBIndLoa@i by ● (+) awl
gatn by a (-) olgn (-es Figure 4. 3-Ma).

Tdde 4. 3-I. Ineertla Loss Versus Freqwaoy Cbaraoterlstic

BaxIdwidtb in Hz

Below 300

900-2700
(exmpt 1000-2400)

1OOO-W)’O

2700-S000

Above 3000

Ineefioo Less In m

Greater than -2

-2to+6

-1 to +3

-3 to +12

Grea@r than -3

4.3.2.6 Enveicme DelaY Dietotiion. Tbe envelope delay chetortlon over the
f reauenoy bandwidth from 1000 Hz to 2600 Hz shall not exceed 1760 microseeoxKis,
ex&pt &wean 1000 Hz and 2400 Hz the envelope delay dintortlon shall not exoeed
1000 mlaroeeotxle (Bee Figure 4. 3-14b).

4.3.2,7 Total Harmonic Dlstortlon, As a Des@ Ob@otive, the total ~0

aatortim plwiuoed banymh@ef requemoy teat signal, within b band between 900 Ha
ad 2000 Hz, dAl be at hut 40 dB below rderenoe (-40 dBmO). Teat slgxud 10VOIS
for meammbg total barnmrdc distorthm are given in aubparagrapb 4.4.3.2.7.

4.3.2.8 @termodulation Dlstortkm. (Under consideration.)

4.3.2.9 8 m DLaoodlaUMes .

4.3.2.9.1 Impuhe Noise. As a Ikmign Objective, the impulse noise idmll not ex-
ceed 15 oounts over any 15 carwecutive mhmtes above a level of 71 dHrnoO. The W9t
lnstnunemt ahdlbeoapahleof oount.ing rates of upto7.5counta perseoomi.

NGTE: Impube nolae performaaoe of a cormeotkm ie meet
oioaely redated to the type of switching maohineaadtotal
site ooaplax, tn terms of relays, ktZery charging ad
fikrlng, etc. Electronic switnhlng @olid state) aubeyateme
are apprcxlmatel y 10 dB quieter than mechanical relay
awltohbwUd8 .
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Figure 4.3-14. Parameters for J.kta &rvlce Over Unomdltlcmed
Voice B8rIdwi&b CirouitS (Uoer-to-Urnr)
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4,3.2.9.2 Signal Level DrtXKW.S, (Under considemtkm. )

4.3.2.9.3 Sknal Level CbaDKe. (~lnder ~neide~t.ion. )

4.3.2.9.4 Phase Jitter. The total peak-to-peak phaae j lttar tmparted to a test
tone trnveratng the ciroutt at any frequency betwem 300 Hz and 3000 Hz shall not exoead
15 degreea (DO: 10 degrees),

4.3.2.9.5 Phaee Hlta. As a Design Objective, the number of phaee hlta of greater
than *20” oocurr~15-minute test period shall not exceed 15.

4.3,2.9.6 Amplitude Hits. (Under oonsideratlon, )

4.3.2.10 Slngle Tone Interference. No interfering tone of a single frequenw
SW exceed 30 dBmc (DO: 24 dllmic), measured at the input tennlnals of the data
modem.

4.3.2.11 FreauenoY Dilmhlo ememt. Any audio frequawy txnnamltted over a FIX
derived long haul/tactical cirouit shall be reproduced at the data modem (or regener8thn
polat) with a frequency error of not more than M Hz. Frequency dl.splacement fOr PCM
derived circulta Launder consideration.

4.3.2.12 Net Leas Variation. The net 106s Yarkatlon from data modem to data
modem (or regeneration point) shall not exceed b dB over any 30 consecutive daye.

4.3.3 Parameters for IMa service Over Conditioned Voice Bandwidth CLrOUlte
jUser-to-User).

4.3.3.1 GaMmd. TbefoUowLng subParagm@s4 .3,3.2 througb4 .3.3.12 eatab
lish standards and design objeottves for condlti~ed voloe ~Mth cirouits (aiao -ed
data grade circuits) wbloh an used for tmnamission of digital Information tn quaai-
analog form. These atandarde and design objectives are applicable to clroulta comwot@
dati__rederemce terminala for transmission of digital information with modulation * d
1200 Bd8 or 2400 Bda, depending on the modulation techniqtm uoed. Multilevel or !’m-a@’
modulator emit a llm signal Imwhich each qusei-aoalog sigmil element carriea lmfor-
matlon of two or more bite of the dc - signal. Special ocadltiord.ng devloes (whloh
provide equalization for the envelope delay distortion and the lneertion Ioaa veraua
fraqucmoy eharaotarlstlc of a voioe bandwidth chamiel) wU1 be required for higher sfgnal-
Ing -, such an 4300 b/s or 9600 b/8. Staa&rde for these special mndlthm@ device6
are not included tn this document. Development work oontlnuea with the objective of ln-
CXWM~ tbe &ta dgmillng rate achievable over voice bandwidth circuits.

C~ltloned voioe bandwidth oirculte are provided by the use & oontrol.lcxl W aIwUtl-
100P ol.mraotur18tioa and by tbe use of TDM derived channeA8 ad of tboee FDM derived
obanneh whhh are heat aulted for quaai-analog data servtoe, FDM CHANNELS 1 AND
2 OF CiiOUP 1 OF SUPERGROUP 1 AND CHANNELS 11 AND 12 OF GROUP S OF SUPER-
GROU.’3 ARE NOT RECOMMENDED FOR THYSPURPOSE. IrIgeneral, experleame baa
shown that signal dlacuntinulties, such as phnee and amplitude hits, lmpuhe ~t8e, ard
dropouts as wdl as the envelope delay dintofiitm and the insertion 10ss versti f~~y
cbaracterlstio are major causes of unaattafactory data trammtsslon in the form d ex-
oosaive digital erxwr rates. E the circuit parameters descrlbd herein are achieved,
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experience has shown tit the design objective for the ciigRal error rate stated IDsub-
paragraph 4.3.1.8 should also be achievable.

As gene~ guidance for long hau.1/*#ct:cal appi lcationa, the data circuit should he
equipped with a regeneration capabU ity if the parameters 1isted in subparagraphs 4. 3.3.2
through 4.3.3.12 cannot be achieved. Regeneration is generally not employed on taottcal
da@ c[rouits; however, when @ctiOal data circuits are in.taommected with long haul data
ci rculte, regeneration may he necessary at the interface potnt. In any case, regenera-
tion pointa have to be determined on an mdivldual basis.

4.3.3.2 TransmLCted Level (ii? Same as subparagnph 4.3.2.2.

4.3.3.3 Received Level (Qua8i-Ana.lo@. Same asmtbparagra@4 <3.2.9.

4. 3.3,4 Hecelved Noiee Power. Same as subparagraph 4.9.2.4.

4.3.3.6 Insertion bsa Versus Frequency Characteristic. The insertion 10SS
versus frequency characteristic referenced to 1000 Hz, over tie frequency bandwidth
from 300 Hz to 3000 Hz drill be witbln the limits of -2 dB to +6 dB, exoept over the
frequency bandwidth from 500 Hz to 28(JI3Hz shall be within the llmita of -1 dB to +3 dB.
The insertion loss beiow 300 Hz and above 3000 Hz shall be equal to or greater than
-2 dB. Loss 1s indicated by a (+) and gab by rt (-) sign (see Figure 4. 3-15a).

4.3.3.6 Envelope Delay Dietnrtion. The envelope delay distortion over the
freouencv bandwidth from 500 Hz to 2800 Hz shall not exceed 3000 micmseccmds, e%cept
from 60~ Hz to 2600 Hz the envelope delay distortion shall not exoeed 1600 microseconds
and between 1000 Hz and 2600 Hz it shall not exoeed 500 microaeoonda (see Figure
4. 3-15b) .

4.3.3.7 Total Harmonic Diatoruon, -e as subparagraph 4.3.2.7.

4.3,3.8 Intermodulatlon Distortion, (Under consideration).

4.3.3.9 Shmal Discontlnulties. Same as subparagraph 4.3.2.9,

4.3.3.10 Single Tone Interference.

4.3.3.11 Freuuency Displacement.

4.3.3.12 Net Loss Variation, Same

Same as subparagraph 4,3.2.10.

fkune as subparagraph 4.3.2.11.

as subparagraph 4.3.2.12,

4.3,4 Parameter for Data Service Over Nominal 46-kHz FDM Group
Bandwidth Cirotdte (User-to-User). No detailed parameter for dam servloe over FDM
derived nominal 48-kHz group bandwkith circuits are provided on a user-ti-user haste,
stnoe loop Ohantctermtics for this service ~t * specl.fied at the p~ent time (see
wbparagraph 4.4. Z. 4). until ~ese IOCIpcha~~fistica are av~lable, the ohannel
parameters stated in subpm-agmph 4.4, 3.3 sbuld be used am a general guidance for
data sefice over FDM derived nominal 4B-kHz group bandwidth ddts.
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4,3.5 IM.a Reference Terml.nais and Circuits.

4.3.5.1 General. The Dats Reference Termlnala common b long haul and
tactical data communications are depicted in Figure 4,3-16. The IAta Referenoe
Terminal together with an equivalent termhation at the distant end and the tranamiwsion
clrouit constltut.e the DEL*Referenoe Circuit. The purpose of Figure 4.3-16 is to fihow
where standards and design objectives for data service shted in various paragraphs nf
this dooument are to be applied and to facllimte lntarfaclng tactioal with long haul txta
communications, As general guidance for Icing haul spplLoations the &@ tranamiasion
clroult should be equipped with a regeneration oapablllty Lfthe parameter 1lated herein
cannot be aohieved. Regeneratkm 1s generally act employed on taotioaldatachouita;
however, when tactical data circuits lntetiace with hag had SYSt8XnS,XXIVitIerationmay
be necessary.

4.3.5.2 Charact+=riatics of lkm Rederemoe Terminals and Ciroulte.

4,3.5 .2,1 DC fnterfaoe Characte.rietlos. The dc interfaoe characteriatioa at tie
pdnt labeled “Digital Interface” In Figure 4. S-16 are identioal to those specified in sub-
paragmph 4.3.1.3. RED/BLACK requirements are specified h MIL-HDBK-232.

4.3.5.2.2 Quasi-Analoi? Charaoteriatics. The quasi-analog charrmterlstics at the
~lat labeled ‘! Quaei-Analcg Interfacet’ in Figure 4.3-16 are identical to those specified in
subparagraphs 4, 3.2, 4,3.3, and 4.3.4. Technical control configuration are preati
LnMIL-ST&188-31 O, Mi.1itary Standard, Subsystem Ihsign and Engineering Sam&da
for DCS Teohmoai Controls.

4.3.6 .2.3 AUTODIN Intefiace and Control Criteria. Circuits travex73ing long
haul end tactioal transmission subsystems utilizing AUTODLN shall oonform to the
criteria specff led in DCAC 370-DI 75-2, DCS AL7TODIN Intetiaoe and Control Cr&mia.

4.4 TmnamissIon Clrcuite.

4.4.1 ~eneral. The tranemiesion clroult is the oomplete eleotrioal path be-
tween the user’s end-terminal Lnstrumente (may be either analog or digital) over whioh
two-way telecommunications are provided. The tranamlssion cirouit will consist of
loops and of a channel (see Figure 4. 4-l). paragmph 4.4 LSdivided Into two parts. The
first part, subparagraph 4.4.2, deals with the cbaractexistice of the loops (1OCSIline or
user’s line) which connects a user’s end Instrument and a trunk or indlvtdual meas~$e
distribution point, or a swltdd.cg center, or a central office, or a node. The seoond
part, subparagraph 4.4.3, deals with the overall cha=eteristica of the ChSIIWAwhich
interooonecta the two user loops. In geneml, a channel will consist of a series of links
cxmnectsd l.ntandem. The links may be either FDM modulation links (see mbparagrapb
4. 5.2) or TDM/PCM voice bandwidth llnke (see eubparegraph 4.5. S). A channel may
also oonslet of a ml.x of FDM vo~oe Muiwidtb links ad TDM/PCM voioe bandwidth links
in tandem.

I
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Figure 4.4-1. Baaic Transmission Clrcujt Configuration

4.4.2 Loop Characteristics. The loops may he identified as either an analog
loop or a digital loop. The analog loops are used for analog end instruments (see para-
gmph 5.7) and for digital cnd instruments when the digital data modems are located at
the user’s terminals (see paragraph 5.4). The dlgttsd loops are used for digiti end
instruments (see paragraph 6.8) when the transmission circuit ,is all digital or the dLgital
dam modems are located at the (digital) loopl(analog) channel interface. Figure 4.4-7
she’.’.s selected parameters at the chtumel/hop and at the end instrument/loop interfaoe
poums.

4.4, 2.1 Parameters of Si@e Loop for AnaloE Service (Voice or Facsimile).
The characteristics of analog loops wiil vary widely among tacticai highly maneuvo-hle
users, tactical less maneuverable users, and long haul users. In addition to the atie~
types of loops, the actuai loops may range from very short loops, comisting =tire~y of
local plant facilities, loaded or nonloaded cable pairs, to very long loops, consistbg of
one or more facilities of a long haul plant, such as loaded toll grade asble or oarrier
plus an end section consisting of local plant facilities. As may be expeoted, the charac-
teristics of the loops will vary wide) y and are predictable only when the epecific mai(eup
of a loop is known. Each loop is a separate problem and each loop must be fadiviciudly
engineered to ensure adequate user-to-user communication servioe. Each loop will act

as a frequency filter-attenuator and will degrade the circuit characteristics (see Figure
4.4-2).

4.4. 2.1.1 Insertion Loss of Simzie Loop.

4.4. 2.1.1.1 Lou Haul Loop, The insertion 108s of long haui loops is controlled at
the Technical Control Facility (TCF) and each loop is adjusted on an individual baais.
The insertion loss of a four-wire loop shall be 6 dB measured at 1000 Hz k25 Hz. The
insertion loss of a two-wire loop shall be adjusted for an average lose of 3 dB, meaaured
at 1000 Hz k’25 Hz, with a maximum loss of 7 dB, depend~ on tmtnk arrrmgement and
loop configuration. When a two-wire loop is connected to a four-wire PBX, an additional
4 dB of 10SS is allowed for a two-wire/four-wire hybrid transformer resultfng in aa over-
all muimum loop loss of 11 dB. For detailed ioop configuration see DC!A Ciraular
370-V1 75-6, AUTOVON Interface Criteria.

&
.. .
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4.4.2 .1,1.2 Tactical HIKMy Maneuverable tip. The insertion loss of @otioal
high.1y maneuverable loops is not controlled and no adjustmeote are made for loop in-
sertion 10Ss. A statistical distribution of tbe loop imeertion loss M assumed for the
purpose of system englneerhig and clrouit design. The loss of one loop (two-wire fJr
four-wire) measured at 1000 Hz i25 Ha is assumed to be exponential distributed with a
mean lose per loop of 3. S dB and with a standsti dsvlation (sigma) of 3.5 dB.

4.4.2,1 .1.3 Tactical Lese Maneuverable LooP. The specffkatloaa for looP lneertkm
10ss are not stated in statistical form; rather, recommended minimum and maximum
values are given. The recommended loop 10S8 measured at 1000 Hz i25 Hz for OM four-
wire loop is between 6 dB end 8 dB with a mean loop 10SS of 7 dB. For one two-wire
access loop the rwommended loop loss measured at 1000 Hz 425 HZ is between 6 dB and
12 dB with a meen loop loss of 9 dB. T%*e losses include the txwo-wire/four-whe
hybrid transformer insertion lose and the two-wire switchboard insertion 10S6, lf
applicable.

SLnce It ie not practicaI to adjust each individiai loop on the basLs of loss measurements,
loop 10SS pads shall he provided as part of switching olrouits snd/or multiplex terminal
equipment. When the user 1s connected to the switch, a meane shall be provided to ac$ust
for the kngth falling within the four distance ranges of approximately 0-300 meters
(0-1000 feet), 300 meters -1500 meters (1000 feet -6000 feet), 1500 meters -3000
mebrs (5000 feet -10, 000 feet), and greater than 3000 meters (10, 000 feet).

4.4.2.1.2 Insertion LOes Versus Freuu ency characteristic of SMe LOOP. The
ineertlon loss versus frequemcy characteristic, referenced to 1000 Hz, over the frequencY
bandwidth from 400 Hz ta 2800 Hz shall be within the limits of -5-dB to +13 dB, except
over the frequency bandwidth from 600 Hz to 2400 Hz shall be withtn the llmlts of 4 dB
to +8 dB, Loss is indicated by a (+) and gain by a (-) eign (see Figure 4. 4-2a).

4.4.2.1.3 Envelope Delay Dlsturtion of Single LOOP. No swrd or dedgn ob-
jective is given for envelope delay distortion with regard to voice and analog faoaimlle
service (see subparagraphs 4. 2.2.5 and 4, 2.3, 5). However, delay dlstortlonplays a sl@lfi-
cant role in data transmission through audio-channels. Envelope delay dkmmtion ot kops
for data service is given in subparagraph 4,4.2.2.3.

4.4.2.1.4 Noise of Single Uuq. The noLae power contributed by a single long ti
or tactical less maneuverable 100P (two-wire or four-wire) to the @.aI circuit noise is
assumed to be 6250 PWPO(approxbnatel y 38 dBntcO) refer~ced to the long haul OTLP.

Noise on field wire end cable loops in the tactical highly maneuvemdie system ie usually
so much lower than noise on tnmka that ka effecton a user-to-user circuit may be neg-
lected. Trouble conditions may, however, prochme sxoessive nd.ee which should be
cleared for satk!f actory operation.

4.4. 2.1.5 Impedance. The impedance of wire and cable loops varies widely with
frequency, temperature, moisture, and iength and is not specified as a standami. How-
ever, the IiOmbl value of the impedance is assumed to be betwecm 600 ohms and 900
ohme, balanced to ground.
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4.4.2,1.6 Net LoEIeVariation of SW e Loop. The net loss varlationof a IMgie
long haul or taothxd less maneuverable loop shsll not exceed il. 5 dB over any 30 oon-
secmtive days,

NOTE: This value of ~.5 dEi does not teke MC amount net
10SIIvariations ckfunpxvtaoted 100PS, such as field wire 100pa
geeerally installed in the ta,tikal highly maneuverable system.
Nst loeses of unprotected loops may very up to 0.7 dB/km
(1. 3 dllhrnl) between wet and dry weather oondltions.

4.4.2.2 Parameters of Sixwle x for ~ &m40e over Uncondltioaed Voice
~idtb Cirtmit. lt should be noted that an uncondttloned volcie bandwidth clromt 1s
Imoondittoneld only in @rme of dm.a Coaditionilg . Such unconditioned voice bamtwtdth
clroult# may be “ocmditloned” in terms of voice service by tbe use of loading 00US, etc.

4.4.2.2.1 Insertion Loss of Single LooP. Same as subparagraph 4.4.2.1.1.

4.4.2.2.2 Insertion Loss Versus FreuuencY Characteristic of Single LooR. Tbe
ineertion loss versus frequenoy characteristic referenced to 1000 Hz, over the frequemcY
baadwidth from 300 Hz to 3000 Hz, shall he within the limlta of +2 @ to +6 dB, except
over the frequsnay hsnchvtdth from 300 Hz to 2700 Hz it shall be within the MmU# of
+2dBto+3dB. Loss is indicated by a (+) sign (see Figure 4.4-3a).

NOTE: No gain is allowed on loops for data service over
unconditioned voioe bandwidth circuits, as opposed to loops
for analog service (voioe or faosimile) where the Lnsertion
loss versus frequenoy Oharacterlstic given Lasubparagraph
4.4.2.1 SliOWSloop @in.

4.4,2.2.3 Envelorle DelaY Distortion of S&le -P. The envelope delay diaUmtiOn
over the frequeao y bandwidth from 500 Hz to 2800 Hz shall not exceed 3000 miome~,
except between 600 Hz and 2600 Hz the enveAope deiay distortion shall not exoeed 1500
miorosecu@e and between 1000 Hz and 2600 Hz the envelope delay dlatortion shell MM
exceed 500 mLcroseoomla (see Flgum 4. 4-3b).

NOTE: Delay dietoxtion pa-meters on uxmondltloned loops
are based on worst tolerable cadltiona. They are not im-
tended to “add up” tn total allowable delay distortion for
urmomliticmed oimmite. Ciroult engineering which may in-
clude the use of neoeseary mgenemtton must take this
situstkm into acoount.

4.4.2.2.4 Noise of Single LooP. -e u subparagraph 4.4.2.1.4.

4.4.2.2.5 IrnsAance. Same as wbparagraph 4,4.2.1.5.

4.4.2.2.6 Net Lose Variation of Si@e Loo~. Same as subparagraph 4.4.2.1.6.

4.4.2.3 Parameters cd Skuzie LOoDfor Imta Service over Conditioned Voioe
BaJxiwkitb Ciroutt8.
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4.4.2.3.1 @3ertlon Lo8s cd Slnxle Loop, Same as subparagraph 4.4.2.1.1.

4.4.2.3.2 Insertion Loss Versus F reauency Characteristic of Sinide Loot). The
insetion 10ss vereus fmquenoy oharaoteriatkc of a single loop for data servioe over
ooditloD6d voice bandwidth circuite should he equal to or better than the Oharaoterbtiti
of a slmgle loop for data servioe over uncoaditltmed voice bandwidth chouite giveQ in aub-
PW- 4-4.2.2.2. The uee of ~i-tim equipment wiU be required to meet the
user-to-user circuit oharaoterLetics (see subparagraph 4.3. 3).

4.4.2.3.3 EnveAoDe DeAaYDletortion of Sb@e LOOD, The eaveiope delay distortion
of a sbgle loop for * aervioe over mmditioned voice haxuhvidthcircuits should be eq@
to or better than the characteristioa of a single loop for data service over tmocmditiomd
voice bandwidth cimulta given in subpar~raph 4.4.2.2.3. The use of equalization s@p-
ment will be required to meet the user-tu-user circuit characteristics (see subparagra@
4.3.3).

4.4.2.3.4 Noise of Slmzle Loop. Same aE subparagraph 4.4.2.1.4.

4.4.2.3.5 Immdame< Same as subparagraph 4.4.2.1,5,

4.4.2.3.6 Net Loss Variation of Single hop. Same aa subparagraph 4.4.2.1.6.

4.4.2.4 Parameters of S1.agle LooP for ~ta service over Nominal 48-~z ~M
GronD BandwidLb Cimuita. (Under Conaideratiou. )

4.4.2.5 Parameter of Single Loov for Dip&al Servloe. The oharaoterlstlos &
a loop for dgltal service will vary widedy among taotiod highly maneuverable tWOrO,
tacthml less maneuverable ueers, and long lmul users. In addition to Oe diffe~ t-
cd 100PS, the oable pa-etezn (impedanoe, dc reahtsume, Oapaci=e, td 10II@I) are
not otandardlzed and will be determined by appl hxtion engineering. For digiti b@r-
faoe parametem see subparagraph 4.3.1.3.

4.4.3 Channel (haraatirlatics. In gemeral, a long haul/tactloal oharmel wffl
be a nominal 4-kHz voice bandwidth channel (ace subparagraph 4.4.9. 2). There ia al~o
within the communication network a nominal 3-kHz voice batiwidth channel (see subpara-
graph 4.4.3. l), oonalating in lb bamc conf@unMioaI of nominal 4-- ihka m tanoem
with Mm@al 3-kHz Ilnka derived fmm certal.n submarine oahle circuits, HF -o lti~,
etc. Additionally, a nominal 48-kHz group bandwtdth channel (see subparagraph 4.4. S. S)
may be provided through the uae of FDM equipment (eee Figure 4. 5-1). Figure 4.4-7
(see page 71) shows aelecti tibrface par~eter~ Of a nomin~ 48-Mz ch~el and
Of a nominal 3-kHz ~d a no~aI 4-kHz c~el at the ioop/’c~Mel interface point.

4.4.3.1 parameters for Nominal 3-kHz Voice Bandwidth ChanlMJ.

4.4.3 .1.1 General. A long haul/taotioal oharmel will oonshzt of several lbkB h
Midem. T%e Charaaterlstloa of the O&.IUM1 w~ be de@rmlneci by the mmxna.tlcm methods
of the transfer charaoteriatkce of the Individual llnka in tandem (Bee parage 4.6 ~
4. 6). When the chanuel contains noml.nal 3-JCHZl~s, SUChas submarine oat4e linkfi or
HF rtidlo ihks, the smaller f~ency r-e of the ~mti 3-kHz link (aa opposed tO a
nominal 4-kHz Ilnk) will determine thoee channel cbaxacteristics depending m flVtlu~Y
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parameters, The following subparagraphs 4.4.3.1.2 thxmugh4.4.3.1.12 deal with
standards and design objeotivea of a nominal 3-kHz channel between orlginat@ node
and termlnatLng node of a long haulhactkal cirouit. These channels do not include the
loops to and from the user. The Wandarde and design objeottves are expressed Lnthe
form of teahnioal parameters, such as reoeived noise power or transmitted baadwidth,
which shall be achieved on all long haul/tactical voloe olrcuite regardless of channel
distances of up to approximately 22,000 km (12, 000 nmi), transmission media, end
multiplexing scheme used (FDM, TDM, or a mlx of FDM and TDM). ~rt of these
pammeters are stated as design objectives rather ttuin as ~rde, due to a lack of
measured a.ml verified data avallatie at the present tl.me or due to a laok of general con-
sensus in the lntmpretatlon of the data. The olmraoteristioa for submarh oable Mnka
are bektg established mid wfll be published in MIL-HDBK-314. Therefore, the oba-o-
teristlcs of a nominal 3-kHz channel derived from submarine cable llnks are not con-
tained in this document (eee subparagraph 5.2.2. 1). The characteristics of a nomtnal 3-kHz
channel, with an internal HP radio ltaik, are stated in the foil-ing sb~~
4.4.3 .l.2throqgh 4.4.3 .l.12.

4.4.3.1.2 Chanoel- InPut Levels. Same as subparagraph 4.4.9.2.2,

4.4.3.1.3 Channel Outmt Levels,

4,4.3,1 .3.1 SDeech Volume. Same as subparagraph 4.4.3.2.3.1.

4.4.3 .1.3,2 Rata Level (~ asi-halog). Same as subparagraph 4.4.3.2.3.2.

4.4.3,1 .3.3 Noise Power. The nonimpulse type of ciroult noise shall not exceed
250,000 pWpO (approximately 54 dBrncO) refemmoed to the long haul OTLP durl.og 99 per-
cent or more of the time and shall xmtexoeed 316,000 pWpO (approxLmt@ly 55 dBrncO)
referenced b the long haul OTLP for 1 percent or less of the time. This standard applies
to FDM transmission and metallic circuits only.

NOTE: The commonly used noise meaeurlng sets will
measure total rme noise power inoluding the average
impulse noi8e power. However, tie contribution of the
average impulse nohre, as registered by these meters,
hi small enough to be neglected,

4.4.3.1.4 Channel lnmlti (l@mt Impedances. The input and output hnpedamee cd
a nominal 3-kHz channel shall each be 600 ohms, balanoed to ground, with a mtnlmum
return ioss of 26 dB against a 600-ohm reslstanoe over the frequency range from 360 Hz
to 3000 Hz. The electrical symmetry shall he sufficient to suppress longitudinal cur-
rents at h.et 40 dB below the referenoe signal level.

4.4.3,1.5 Ineetikon Loas Vereua Fr@menoY Charaoterlstic. Z%e Insertion has
versus frequency characteristic referenced to 1000 Hz over the frequenoy bandwidth
from 350 Hz to 3000 HZ shall be wlthla the ltmlte of -5 dB to +8.5 dB, exoept over the
frequenoy bandwidth from 400 Hz to 3000 Hz it shall be wltllln the lkmlts of M. 6 dB.
The insertion loss below 350 Hz and above 3000 Hz shall be equal to or greabr than
-5 dB. Loss 1s tndioated by a (+) and gain by a (-) a&D (see Figure 4.4-4a).
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4.4.3.1.6 Envelope DelaY D@ortion.
frequenoy ~bandwkithfrom 600 Hz to 3000 Hz
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The envelope delay dLatortlon over the
shall not exoeed 3000 mioromccmie, except

between 1000 Hz and 2400 W the envelope delay distortion ehadi not exceed 2400 .micro-
seoonda (ace F@ure 4. 4-4b).

4.4.3.1.7 Total Harmonio Dletotilon. As a De61gn Objective, the W4al harmcnla
distotilon produced by any @@gle frequeney test slgmd, wltlda the frequenoy bad between
350 Hz and 9000 Hz, shall be at leaat 40 dB below referfmce (40 dBmO). A steadard teat
6tgmQ of O dBm dal.1 be tntroduoed late a long haul or tnotioal 1606 mmeuverable chaxmel
atthe OTLPand thetet3tnlffD81 tbatappeara atthetn@&~m@tiPl~ ekmllbe O
dBmO. The test signal level introduced into a tictical htghly man&verable channel at
the 4 TLP shall be -4 dBm or OdBmO referenced to a taetlcal htgidy maneuverable
OTLP (see mibparagrapha 4.4.3 .2.2.3 acd 4.7.9.1.1).

4,4,3.1.8 lntermodulation Distortion. (Under oonaideratbn. )

4.4.3.1.9 Slitnal Disconthndties. (See subparagraph 4.4. S.2.9. )

4.4.3.1,10 Sicgle Tone Interference. (Same as subparagraph 4.4.3.2. 10, )

4.4.3.1.11 Fregueacy Dhmdacement. (Same 88 subparagraph 4.4.3.2. 21. )

4.4.3.1.12 Net LOss Variation. The net 10SI3variation of a channel shall not exceed
*8 dB over any 30 consecutive days.

4.4.3.2 Parameters for Nominal 4-k.Hz Voice Bandwidth Channel.

4.4,3.2.1 General. A long haul/taotical ohannel will consist of several hnk.a lu
tandem. The obaracterlstlcs of a channel wUI be determined by the summation methods
of the transfer characteristics of the individual li.nke b tandem (see paragraphs 4.5
and 4.6). The fOllOW@ SUbpIlrS@lfdM 4.4.3.2.2 through 4.4.3.2.12 deal With s&mdSrds
and desigc objectives of a nomb.@ 4-kliz channel between ortgtnattng node - terminat@g
node of a long haul/tactioal circuit. These channels da not include the loops to and from
the ueer, The standards and design objectives are expreeaed in the form of teohnicd
parameters, such as received noise power or transmitted bandwidth, which abdl b
achieved on all long haul/ taotical voice c Lrcuits regardless of charmel dLetancea of up
to approximately 22,000 km (12, 000 nmi), trsnemissifm media, and multiplexing echeme
used (FDM, TDM, or a mlx of FDM and TDM). Part of these parameters are stated as
desigc objeotlvea rather than as standards, due to a laok of mealmred aad verffbd data
avatlable at the present time or @e to a lack of gcmed coneenaus tn the interpretation
of the data.

4.4.3.2.2 Channel Input Levels.

4.4.3 .2.2.1 S~eecb Volume. The speech volume at the obemel input ia a fimatlon of
the transmitted epeech volume given in abparagraph 4. 2.2.1 and of the loop ineertioc
loos given in subparagraph 4.4.2.1.1,

4.4.3 .2.2.2 Iklta Level (Quasi-A.naio@. The quasi-analog data level at the
channel Input shall be -13 dBm at a OTLF’ (-13 dBmO) of a low haul or tactical 168s
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msaeuvemble channel and -10 d13m at a 4 TL P f+ dBmO) of a tactical highly maneuver-
able OtumDS1. The power of eaob data tone, with twferenoe h -13 dBm, eball be equal
to -13 dBm -10 loglo t, where t is the number of tones,

4.4.3,2.2.3 St8adard Teot Signal. (See Tsk4e 4.4-l. ) Tbe stanrkdtewt 81gD81la
generally used for testing tbe peak power tmnmnlssion capability and for measurm the
total harmonic distortion of a channel. in the taotloal hlgbly maneuverable eyntem, the
standard test slgzml 1s also used for level aligmmmt d llnke in tandem provldbg that
the ctrouit to be aligned does not inolude links & tbe long haul or the taotid lees ma-
neuverable ey~tem. The etaadud test 8@ml should not be used in the lag bad or the
aotioal 10ss maaeuverakde sysbm for level alignment of Mnks in tamfem oboe the t4a8t
signal may overload FDM derived abaxmele (see ~u&amgraph 4.4. S. 2.2. 4).

‘l’able 4.4-1, Test Uwels

q Haul and Tao- Taotioal Highly
tieal I.AUMManeuverable Maneuverable

Systems (dBmO) Sy6tem” (dBmO)
I
gtandard Test 13@nal o

Sendard Test Tone -lo

Monitoring Test Tone -15

Intermodulation DIstorthm
Measurements (IMD):

Compmlte Two-Tone I -3

0

-3

+**

-3

I Single Tme I -6 -6

*Referenced to a taotfcal highly zomieuverable OTLP wbloh bee to be oonaidered
internal to this sy~m and must not be related to a OTLP of eitlnm tbe lomg
haul or tlw taotical less maneuverable eystem (see eubparagrapb 4.7.9.1. 1).

*wormally not used.

The sbndard test sigzial shall be OdBmO with a frequeney d 1000 Hz, i25 Hz (1020 Hz
nrderred for PCM).

The standard test signal d o dBmo shall not be tnmemltted aomms a long bd/_od
highly maneuverable lnt.erfaoe or acmes a taotloal lees meneuvezable/taotioal hi.i@Y
maneuverable intetiace in eltber direotion S~CE ANY TLP C)FA TACTICAL HK3HLY
MANEUVEIWBLE SYSTEM HAS TO BE CO~XDERED XNTERNAL TO ~ SYSTEM
AND MUST NOT BE RELATED TO A TLP OF EXTHER A LONG HAUL OR A TACTICAL
LESS IW4NEUVEFbkBLE SYSTEM IN TERMS OF SIGPUiL LEVEL9, For interfacing a
tactical less ~verable circuit see subparagraph 4, 7.9.1,

4.4.3 .2.2.4 Standard Test Tone, (See Z!abit14.4-l. ) Theateadard Wt-b
generally used for level alignment af single links and of linice in tandem in the iaig hd
and in the tactioal leas maneuverable systeme. The s~rd @m ~ @ ~~ ~ ~~

-
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haul and tactical less maneuverable oharcMls to preveat overhx+dlag of those multi-
channel wideband tranamiss ion subsystems whioh use FDM and radio equipment which
have bean designed for voice servioe with an aotlvity factor as low as 25 percent (see
t3ubparagn@ 4.5.2.1. 1),

in addition, the Btandard test tone shall be used for h%d al@nment d taotioal highly

maneuverable llnke if these links interface and form a channel with long haul or tactmal
less maneuverable links. Detal.ls of thh level al@mmnt aoxwss the Lntexface are pro-
vided In subparagraph 4.7.9.1.

In the long haul and in the taotlaal lees maneuverable sygtems the standard teat tone uhal.1
be -10 dBmO with a frequency of 1000 Hz, ~ Hz (1020 ilz praferred for PCM). In the
tactical highly maneuverable system the test tme shall he -3 dBmO wltb a frequency of
1000 Hz ~-5 HZ

4.4.3 .2.2.5 ,

(1020 Hz preferred for PCM).

NOTE: The dlf.feremoe in test tone levels between the
tactical highly maneuvemible system and the long haul or
the tactical leas maneuverable system 1s oauaai by differ-
ent ttiic aIgnal levels pmioe and data) at the respective
OTLP of the system under Oonalderation. The dtfferent
traffic signal leveh are baaed cm dlffereat overload oharac-
terlstics of the oommunloatlon equipmeat employed in these
system9, THEREFORE, ANY TLP QF A TACTICAL HIGHLY
MANEUVERABLE SYSTEM HAS TO BE CONSIDERED
LNTERNAL TO THIS SYSTEM AND MUST NOT BE RE-
MTED TO A TLP OF EITHJ31 A LONG HAUL OR A
TACTICAL LESS MANEUVERABLE SYSTEM IN TERMS
OF SIGNAL LEVEM. For interfacing a taotioalhighly
maneuverable clrcult with a long haul or a taotioal leas
maneuverakde circuit see subparagraph 4.7.9.1.

Monitor Ing Test Tone. (See Table 4.4-1. ) The monitoring test tone Is
used for testing chaxmels of the long bad and the tactical 1sss maneuve~ble systems

when the teet perbd exoeeds approximately 4 hours, e.g., during net 10ss variation
meaaurementa. The monitoring test tone 1s used because it is oomparahle to the long
term loading of the FDM and radio equtpment (see subparagraph 4.5.2. 1). l%e monitoring
test tone ie not required in the tactical highly maneuverable system sknce the overload
characteristic of the communication equipment employed b this syetem allows moni-
toring with the test signal of O dBmO or wtt.bthe test tone of -3 dBmO {see Table 4.4-1)
stated lo eubparagraphg 4. 4.3.2.2.3 and 4.4.3.2.2.4, respectively,

The monitoring test tone shall be -15 dBmO with a frequenoy of 1000 Hz *25 Hz for use
in the long haul and tactical less maneuverable systems.

NOTE: If the monitoring teat kme 1s tranamltted acrmrm a
long haul/tactical highly me,mmverable lnterfaoe, it wUl
appear at a level of -12 dBm at the -4 TLP (-8 dBmO) of
the mctlcal h@ly maneuverable system (see subparagraph
4.7.9.1.1). ,

I
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4,4.3 .2.2.6 Intermodulation Dlstofikm (IMD) Measurements. The level of the
composite two-tone tast signal for IhfD measurements of long haul end tactbal leas ma-
neuverable charnels shall be -3 dBmO (each aimgle tone @hall be -6 dBmO). The power
level of -3 dBmO, oomposlte, results Ln a comparable peak power loadlng of either
voioe or quasi-analog data signals (see subparagraph 4.5.2. 1). The level of the oompcmiti
two-tone test slgiud for IMl) measurements of a @ctical highly maneuverable ohannel
shall be -3 dBmO (each single tone shall be -6 dBmO) referenced to a taotical highly
maneuvexnble OTLP, remtltlng h a composite two-tone signal of -7 dBm or a nlngle
tone signal of -10 dBm at a taoticxd highly maneuverable 4 TLP.

4.4.3 .2.2.7 Test Levels. The vartoue @at levele described III subparagraphs
4,4,3,2.2.3 @rough 4.4.3.2.2.6 for the l= haul, the kctloal lese maneuveraMe, and
the tactloal highly maneuverable syetams are shown in tabular form for ready referenoe
in Table 4.4-1.

4.4.3.2.3 Channel output Levels.

4.4.3 .2.3.1 Speech Volume. The speech volume at the channel output should he the
same as the tnput speech volume if the ohanmA ie adjusted for zero dB 108s. In order
to meet interface requirements, there are transmission circuits where the baa of the
channel is different from zero such as long hauL/tacticaI highly maneuverable connections
ShOWl in Figures 4.7-8 and 4.7-9. It should also be noted thet the loss of the loops is
used to attenuate the user tmn.amitted speeoh volume to the desired user received speech
volume (see subparagrapha4. 2.2.1, 4.2.2.2, end F@ures4. 7-8 through4. 7-13),

4.4.3 .2.3.2 ~ta Level ( QuaeI+lla.iogj . With zero loss channels, the quasi-analog
data level at the input of the channel should be the same as the quasi-analog data level
at the channel output. However, there are oases where the loss of the channel is differ-
ent from zero b meet interface requirements, such as long haul/tacticaI h@ly ms-
neuverahle oormeotloos shown in Figures 4. 7-8 and 4.7-9.

4.4.3 .2.3.3 Notse Power. The nonimpulse typed aircuit noise shall aot exceed
50,000 pWpO (appmx!mately 47 dBrncO) referenced to the long haul OTLP during 99 per-
cent or more of the time and shall rmt exceed 316, 000 pWpO (approximately 55 dBrncO)
referaoed to the long haul OTLP for 1 percent or iese of the time. This stidard
applies to FDM trsnsmLesion and metallic circuits only.

NOTE 1: The commonly used noise measuring sets wLU
measure W rrns noise power lnoiudng the nverage lmpu18e
noise power. However the oontributlon of the average im-
pulse noise, as registered by these meters, is small enough
to be neglected.

NOTE 2: The allowable noise spectfied in this standard for
cLrcuits and channele ls 50,000 pWpO (approximately 47
dBrncO). Circuit engineering must always take the actual
loop nobe into account, e. g,, the channel imlae may be
allowed to reach the full 50,000 pWpO if, and oxdy lf, the
noise of the loops M negl t~lbie.
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4.4.3.2.4 Cbmmel LnPut/Output Impedances. The input and outPut impedances
of a nominal 4-kHz channel shall each be 600 ohms, balanced to ground, with a minimum
return loss of 26 dB against a 600-chm real.stame over the frequency rauge from 300 Hz
to 3400 Hz. The electrical symmetry shall be aufflcknt to suppress kngitudinal curre-
at least 40 dB below the reference sigmd level.

4.4.3,2.5 Insertion Loss Versus Frequency Characteristic. Tk ineetilon leas
versus frequency characteristic referenced to 1000 Hz, over the frequency bandwidth
from 300 Hz to 3400 Hz, shall be within the limits of 4 dB ta +8 dB, exoept over the
frequency bandwidth from 400 Hz to 3000 Hz it dalX be within the limits of ~ dB. The
insertion loss below 300 Hz and above 3400 Hz shall be equal to or greater than 4 dB.
Loss is indicated by a (+) and gain by a (-) sign (see Figure 4 .4-6a).

4.4.3.2.6 EnveIope Delay Distortion. The envelope delay distortion over the
frequency bandwidth from 600 Hz to 3200 Hz shall not exced 2600 mlcrcseconds, except
between 1000 Hz and 3000 Hz the envelope delay distortion shall not exceed 17S0 micro-
aeocnds (see Figure 4. 4-5~).

4.4.3.2.7 Total Harmonic Distortion. As a Design Objective, the total harmonic
distortion produced by any single frequency test signal, within the frequency band between
300 Hz and 3400 Hz, shall be at least 40 dB below reference (40 dBmO). A standard test
signal of OdBm shall be Mrcduced into a long haul or tactical less maneuverable channel
at the OTLP and the test signal that appears at the input of all multiplexer shall be
OdBmO. The test signal level Introduced into a tactical highly rntmeuverable channel at
the 4 TLP shall be 4 dBm or OdBmO referenced to a tactioal highly maneuverable
OTLP (see subparagraphs 4.4, 3. 2.2.3 and 4, 7.9. 1.1).

4.4,3,2.8 Internmdulatlon Distortion, (Under consideration. )

4.4.3,2.9 Simsl Discontimdties. The statlstlcsl characteristics of tbe various
s@al discontinuities are not well enough known to establish prcratbg or aurmnatko~
methods at ibe present time. Tbe wide variability of the loop characteristics further
complicates the prorating problem (see paragraph 4.4. 2). However. experience k
shown that, on a user-to-user basis, a single modulation link or, in some cases, a
loop will normally be the major source of s@MI disconttnultles. Further, the signal
disconttnuities may often be traceable to excessive drive levels in the transmission
circuit, to propagation anomalies, or to maintenance procedures. lt 1s recommended
that the e- discontinuity charauterlstioe given on a user-to-user basts in subpa~rapb

4.3.2.9 b used as general guidance for the channel signal disocntlnulties.

4.4.3.2.10 SinEle Tone Interference. No interfering tone of a single frequency
shall exceed 30 dBrncO, measured at the output terml.nals of a channel.

4.4.3.2.11 Frettuency Displacement. Any audio frequency transmitted over a FDM
derived long haul\tactical channel shall be reproduced at the channel output with a
frequency error of not more than il Hz. Frequency displacement for PCM derived
channels 1s under consideration.

,&. .

4.4,3.2.12 Net Loss Variation. The net loss variation of a channel shall mt exceed
S.5 dB over any 30 consecutive days.
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4.4.3.3 Parameters for Nominal 48-kHz FDM Gro up Bandwidth Channel.

4.4.3.3.1 General. This paragraph establ Ishea standards and design objectives
for analog group bandwidth channels which are used for the transmission of high speed
d@ftal data signals. Such channels are provided over those FDM groups which are best
suited for high speed digital servioe. GROUP A (12 kHz to 60 kHz), GROUP 1 OF SJPER-
GROUP 1, AND GROUP 5 OF SUPERGROUP 3 Am NOT RECOMMENDED FOR THIS
PURP@3E. The group channel normally terminates at each end of the group distribution
frame (GDF) or equivalent polate. Its nominal bandwidth extends f rem 60 kHz to 108
kHz; however, the standard group pUot for system regulation and alarm appears at 104.08
kHz, which effectively preventa the use of the 104-kHz ti 108-IcHz portion of this band-
width for hLghspeed data. This portion ean be used for a voloe or medium speed data
circuit for coordination and control of the high s-d data channel. The remalnlng band-
width 1s suitable for high speed data transmission. In systems having pUots at frequen-
cies other than 104.08 kHz, such pilots must be disabled and the fflters aesooiated u’ith
them removed from the group channel bef@e this channel may be used for high speed
data. -p characteristics are not inciuded herein but must be earsfully considered and
engineered for user-to-user service. The common standards which foLlow supplement
parsgxaph 4.3.1, General Dlgk.al Parametem, Lndescribing those parameters which
are essential for quality high speed digital data service. Experience has shown that it
may be necessa~ for the date to be regenerated after 3 tandem data trunks to provide
sa’iufactiry data service.

4.4.3 .3.2 Channel Imput Levels.

4.4.3 .3.2.1 IM.a Level Kluasl-AnslofJl . The power of the high speed modulated
data carrier signal when hsmfling traffic shall not exceed 5 dB below standard test eignal
level (-5 dBmO). The power of any single frequency oomponent of the data signal shall
not exceed 13 dB below standard test signal level (-13 dBmO).

4.4.3 .3.2.2 Test Sifma.1. The test signal level at a group channel input, measured
at the group distribution frame (GDF), shall be -34.5 @m,

4.4.3.3.3 Channel Output Levels,

4.4.3 .3.3.1 Test Si grid. The test signal level at a group channel output, measured
at the group distribution frame (GDF), shall be -12 dBm @.5 dBm.

4,4.3 .3.3.2 Noise Power. The long term median circuit noise shall not exceed
-30 dBmO (DO: 40 dBmO) of unweighted noise over the nominal 48-kHz bandwidth.

4.4.3.3.4 Channel Input/Output impedances. The input and output ~mpedances of
a nominal 48-kHz channeI shall each be 135 ohms, balanced to gmmnd, with a mhilmum
return loss of 20 dB (DO 26 dB) against a 135-ohm resismnce over the frequency band
of knterest. The electrical symmetry shall be s~tcient to suppress longltudimd currents
at least 40 dB below the reference signal level. For the purpose of interfacing with other
equipment, a strapping option for 150-ohm impedance termhistion, balanced to ground,
shall be provided.
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NOTE: If this strapping option is used, the multiplexer
gain may have to be adjueted to meeL the testsignallevel
at the group ckmmel o’.NPut given in subparagraph ~. 4.3.3.3.1.

4.4.3 .3.5 Insertion Loss Versus Frcuuency Characteristic. The insertion 10ss
versus frequency characteri~tic of an unoonriitioned nominal 4WLHZ FDM group bad-
widtb channel, referenced to 63 I&z over tbe frequency bandwidtb from 60.6 kHz to 107.7
kHz, shall be withii the llmits of *8dB (see Figure 4. 4-6a). Conditioning of the channel,
if required, will be provided ext.erna.11y to ‘& grout equipment on a case-by-case basis.

4.4,3.3.6 Envelo x Delay Distortion. Tbe envelope deiay distortion of an urJoon-
ditioned nominal 48-kHz FDM group bandwidth charmed, ovt:r the frequency bandwidth
from 64 W tQ 104 kHz, shall not exceed 800 micmseconds, except between 68 kHz and
100 kHz the envelope delay c!lstortion shall not exceed 500 microseconds (see Figure
4, 4-6 b). This standard assumes thatsuitable dela} equal ~zers, if required, wUI be XII
of the group data modem.

4.4.3 .3.7 I.m@se Noise. The unweighed impulse noise at a group channel output,
measured at the group distribution frame (GDF), shall not exceed 45 souats over any 30
oonsecutlve minutes above a level which is 5 dB below the totsd signal power level.

4.4.3 .3.8 Net Loss Variation. The net 10ISSvartation, meaeured between group
distribution frames (GI)Fs j or equ tvd en! points, sI,P,LIRJ ex r ee(f :2.5 dB over any 30
consecutive days.

4,4.3.4 Parameters for Di~ital Channel. (Under consideration. )

4.5 Reference Modulation Links.

4.5.1 General, The reference mcdula:im !inb discussed herein deal with
“butiding block” configurations Of trmsrniseion and modulation. Htstorioa.lly, these eon-
figurationa were developed for analog speech service and as such they did not deal with

tichnmal control configurations, nor w~ti ~Witched subsystems or networks. However,
with the advent of quasi-analog data service and AC TOVON and AUTC)DINswitched net-
work applications, additional conditioning and regeneration equipment must be introduced

to tbe basic configurations to ensure satisfactory performance, Hypothetical configurs -

tiona fOr voice, rhlta, AIJTOVON and AYTODiN sc nice arc ixcludcd in this document.
Additionrd detailed Information about these and otker possitie configurations ia contained
tn the fot.lowl.ng documents. III case of conflict, MIL-STD-188-100 shall govern.

(a) MIL-STD-1 MC, !,liJiLarJ St&rII?im.t, 1’ d 1*.-:’ Communication System
Technical Standards, 24 November 19C9 (to& Yp!?cetib: ~!! L-STD-188-200 series).

(b) MIL-STD-188-300, M1.lltary Standard, Standarde for Long Haul Com-
munications, System Design fkandarck Applicable to the Defense Communications System,
15 JUIY 1971.

;;.
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(f) D(2AC 370-D17L-1, lKS AL ‘i’(>fiM4 intex’tace and Control Criteria.

tg) DCAC 370-tcl 85-9, A{lTOSEVOCOM Network %vltchimgPlan.

In the hypthettcal reference circuit exampie~ ~-~ered in paragraph 4.7, some of the
cameideratlcas from the documents noted above w~i he ~truduced to illustrate where
the referenee voice bandwldlh iink9 fit inl.> & ;werfdl ufmr -t.o-u.~er cOntMWtion.

4.6.2 Charactertetlcs of Sing.le F’DM Re.ierence Modulahou Links. Tb oon-
fIguratlon ot a common long hauUtactical less mzmeuvembl~ FIM1 rticrence modulation

link is shown fn fUgure 4.5-1. This llnk, called a Type I link, has no multiplex tN-
lation.a between the Lnltlating and the termlnathig liFDFs - the transmission medtum
=y ooneist of L(X4 radio relay, tropoecat-r satellite relay, or aubmarlne cable and
eaob medium may cover dffferent homlna.1 dtetancea. in tbe long haul system, the Type I
link 1s either a nominal 617 km (333 nml) nsdlo or czdda j!nk or a rmmti 5556 km
(3000 nmi) submarbe oable or retell lte twlay 1Lnk. In thr !actlcal l.css maneuverable
Syewm, the Type I FDM reference mwiulatloo 11A can M aeeumed ta comprise six LX3S
radio repeater llnka of average bmgt.h of about 51 km (2s mni), properly sited, reeulting
in a nominal length of 308 km (167 nml) of the reference modulation llnk. Regamibs of
the nomln.al diatsmce, Figure 4.5-1 shows tbe basic configuration of a Type I llmk. The
FDM reference voice bandwidth link begins at the left of Figure 4.5-1 at audio f mquency
(A), is modulated Lo successive stages to baB!c group frequent) band (G) and basic super-
groUP fr%~~cy W (S) =d then, as requ; red, ta .. !ther baseband frequency (B) for
radio tranemls8ion or ti line frequency W (L) fcr metiil. ic ] (ne transmlss 10% over

the appropriate medhun. At the re celvhg end Gr tie 1ink, mrrespondmg demodulation
W8ges returo to audio frequency (A). The FDM refemmce pup bandw~dtb1ine (Type I)
begins at the left of Figure 4.5-1 at group frequenc~ band (G), M mtiulated and demodu-
lated tn a stmtiar manner, and t.ermha.tas at (G) orI the right. Figure 4.5-1 shows OdY
one direction of trnaamlssion; the other dkuctlon is ~dm.tkal ,

Special requiremeote for t.hc tadical highly fnsr,euvez%bie system have led to the de-
velopment of FDM equipment with Chaunei group- dlftereot frum tie cordi~
shown in Figure 4.5-1. This type of FDN! equipmeJI ra.nci mt!e! 8.11of the standad3
of tbe ~0~ haul or the tactical ltxw rnax.euw :ti>; e FEIX:reierence ;.liodLiktiOD link glV8Zi

tn ~mgrapb 4.5.2. Therefore, ~~dards aatj design ob)ecdveu for tbe tactkalbigbiy

maneuverable FDM reference voice kdwkkb i LOkare stated h separate SU@SLWF~,
whenever they are different f rwm the co r res~ding pramcters of the long haul or t8cti -
cal less maneuverable FDM reference voic~ handu .rltl link. However, all FDM derived
chantwh of the tactical highly nmneuvem.ti e ny~t.e,~ sLaN w.eet the cbaonel obaracter-
istics given in MIL-STD-ltWC (to bc rep~~m EIyLJMlfi~L-b’r~. 166-200 eeriee).

Figure 4.5-2 depicts a typicalcrmligumi.Lonof e JOLIghSU} 1’1}Ivlreference modulation
llnk with a nomhal length of 185!) km (100(! KI.ml}, l%JR Ilr,k, called s TYpe II Ilnk as

Oppoecd to a ‘rype I link shown u; F“#.1, ,1. ! : !.:: l,t::. :1,!!:1:IdI(I,mif nml.tl,plex tranala-
ti~ between the Imttiatimgand theWrm:.tmlmg au ;li I I , !.qw:xic Y term ME (A). The
t~hit]~ are accomplished by e~icj’~lg through sapeqrmp equtpment -d th~h

—
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OTHER OTHER
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L-
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B-

1 I I 1 I
GDf S60F WOF HFDF SOOF tt:F

Lq#ad .
WFrequemcy 4- Wr@ Nmin~ ~ k~z circ~if

Basic Group Frequency Band, 60 kt+z -108 ktiz

Basic Supergroup Frequeno Bend, 312 kHz -552 k~z

Baseband Frequency for Rodio Reloy Tmnsmission

Lint FreWency Bond for Cable Tronsndssian

Access Point, Nominal 48 kllz Circuit (Through Gr~p or
High Speed Oata Modem)

Access Point, Nomirtal 240 k Hz CJrcult

~ to AO - Reference Voice Bandwidth Link

GA to GA- Retmetie ~rau~ B~ Link

o-
GOF -

SG(tr -

FtFW -

Access Point, Nomi~l 4 kHz Circuit

Group Dtstributian Franc

Supergmup Oistribuf ion $rome

Hi9h Frequency Distribut”m Frome

F Igure 4.5-1. Common Long Haul/’l’soticaI Less Maneuverable FDM

Referenae Modulation Lti Wype I)

I

I
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group equipment at the Teohnical Cantzwl FaoUlties. Figure 4.5-2 is ehown k order

Illuetrab the oonf@ratioZA6 of common low haul/tactical reference circuit exarogdee
given in paragraph 4.7.

Other Ohw Other Oh-r Otwr
s~?groups supSr9rouPS suPSwfLwS suww~w Supwgrouvs

,&# jq$

Gs 8/L S-S B/L s G-G s B/L S @

to

s

G

4

f For Media Noise see porogmoh 4.5.2.3.3)

LEGEND
A-

G-

s-

B-

L-

o-
A-

o-

TG-

13-

kdio Frequency +Wi re tiiirel 4 kllz Circuit

Satic 6roup Frequency Sand, K) kHz - 10S ktlz

Bmic Super9roup Frequency Smd, 312 kHz - 552 kltz

Baseband Frequency for RsdIo Relay Tranmisaim

Line Frequency Band far Cable Transmission

ACCOSSPoint, Itcminal 14kHz Ci rcuit

kce.s Fmint, Itmin*l us kltz Circuit (Through QrouP or High 3peed ht~ ~)

-s. hint, ~inal 2Wj kliz Cirouit

Through tiup Equipment

lhrwgh 3upergroup Equiment

Figure 4.5-2, Nomtnal 1850 km (1000 nml) Long Haul Modulation L* fl’gpe 11)

Parameters for both typee of FDM referance modulation Mnka (Type I akwn in FAgure
4.6-1 and Type H shown in Figure 4.5-2) are given tn tlw fcdlowhtg sruhparagm@a
4. S.2.1 through 4.5.2.7. Some of the values appearing Lnthese auhpamgmpha are
bwed on r- multlplex teote ad are dtfferent f mm the values appear- In MLL-S’TW
188-300 whioh will he revised accordingly.

4.5.2.1 -.

4.5.2.1.1 Vohe Loading @tab@, The total load applied to a mttltl~ @l-
fier s tlw auzn of the loade IZIthe individual *ela, There are oertaln faotora about
IS- tmnemisslon that tend ti reduce aad e~fl~e the @t,aJ load se the mUmh9rd
ObamAels Inoreaeea. These factors are

(a) Tk munber and diatrlbuticm d ohatmeh aotlvely txm- ●-.

(h) The volumes of spoe~ b the indivichud olmzmehs.

74
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10 determtntng the channel loadlng C4a multloharmel voice ayabsm, aoaaLderabAe advan-
~e may be taken of the etatlstiod dlatri.butLon of the speech signals. For example,
the actlvlty faotor for a ohannel or the pementage of time in the busiest traffic hour a

channel might be active in multiehamel syatetna 1s about 25 peroent.

For smaller pp’cmpe of ohannds this peroed.age may be larger, but It in highly unllkely
that any increase in group she. would change it appreciably. Utilization of this aotivity
factor results Lna decreaee of the mean power (-10 dBmO) of a votoe ohannel (short
term aveznge of aotive obmmal) to a mean power, of -16 dBmO for a voioe obaxmel (long

temm average).

The volumes of speech in aotlve Wolce ahannels will also affeotthatoULIhad. Speeoh
volumes are not oonatant LIIa ohaanel, but vary oonaidembly, depending on the oharac-
teristtcs of the talker’s speeoh and the loudness of his voice.

The ohmges in aotive Aa.noels and In apeeoh volumes ooncern only the maximum rma
load on a multichannel ampllfler, caualng more and more gradual varLationa as the
number & channels @creases.

However, It 18 the total input voltage applied to the amplifier, and not just the rma por -
tion, that determines whether the ampllfier w[lI overload. This total voltage 1s the
vector sum of the hatantaneoua voltages in the separate channels and 1s a funotion of
botb the phase and amplitude of each speech signal,

in oonaidemtion of the above statistical aspeota of voice and the aesociati probabilities,
loadlng formulas were established by Holbrook and Dixon and are recommended by CCIR.
These formulas give the mean absolute power (Pm) of the distributed apeeoh signals that
the system must be capable of oarrylng. The signal power dependa on the number of
channels iavolved, and is calculated f mm one of the two formulas (see Figure 4.5-3):

Pm = -1 .4 log N, (12 ~ N <240 channels) dBmO

or

Pm = -15 + 10 log N. (N ~ 240 channels) dBmO

The formulas Inohxle a small margin for loads oauaed by signaling tones, pilot signais,
and carrier leak.

4.6.2.1.2 Data Loading (QuaSi-halog) . Data s@als are, more or Iesa, of
constant amplitude in contrast b the wide variattona of speech. Ttma, the average
power of a data signal is contkmus and lmpoees greater loads on the multichannel
amplifier than that of a voioe signal which is present only part of the time. The loading
imposed by telegraph and data aigoals is oaioulatad from the following formula (see
Figure 4. 5-3):

P =Pc+lolog N
m
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where

L
Pm = rms power of the multichannel signal (dBmO)

‘c = rms power of the ixtput telegraph or data signal

N = mmber of charnels oarrylmg telegraph or data signala.

NOTE 1: b contemporary switched mu3ticbannel systems,
the oomblnation of voice, teletype, and data loading (with a
data loadlng of -10 dBmO mean power per channel) pro-
duces a resultant composite Mu@ level that is rea.eonablY
compatible with the specific overload characteristics of
FDM equipment based on Holbrook ad Dixon and on CCIR
criteria.

NOTE 2: When all or nearly all of the FDM channels are
devoted to data, telegraph, or digital fats imile, the re-
sultant loading (-10 +10 log N) dBmO is approximately
3.2 times higher than the CCIJ3 loadt.ng. Thus, if there

were a need for 300 data channels, and only voice type

FDM and radio equipment (not designed for continuous
data loading of (-10 +10 log ~ dBmO are available, then
the system engineering loading must be the same as if a
960-channel voice loaded system were deployed. in actual
system practice, where both types of FDM and radio equip-
ment (ales igned for voice service only or for voice and data

service) may be found, the data losdlng is reduced from
-10 dBmO to -13 dBmO mean power per channel In order
to prevent overloading the system.

As a Des@ Objective, all multichannel communication
equipment shall be designed for 100 percent data loading.

4.5.2.2 Standsrd Test Signal Levels. The test signal levels of a long haul or
of a tactical FDM reference modulation 1ink shall be as showo in Table 4.5-1. Figure
4.5-4 summarizes test and traffic levels for iong haul and for tactical (h@hl y ad less
maneuverable) FDM reference voice bandwidth links.

4.5.2.3 Noise TINS parameter is divided into multiplex noise (idle and loaded)
and noise due to =r”ansmisslon media. Noise values for voice bandwidth links are
psophometrically weighted (pWpO) nnd noise vaiues for group bandwidth ltnke are flat
weighted (PWO) over the nominal 48-k?fz bandwidth. For the highly maneuvemble bctical
system, meda noise and multiplex noise for FDM transmission are not sepamN.d but the

total noise (mult@lex plus media) is allocated on a per link basis as shown in SUbPSrS-

graph 4.5.2 .3.4.

4.5.2.3.1 Multiplex Noise of Voice Bandwidth Links. The multiplex idle channel
noise and the loaded noise of a long haul or of a tactical less maneuverable FDM refer-
ence voice bandwidth link when referenced to a OTLP shall not exceed the values given
in Table 4.5-2.
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Table 4.5-1. Standard Test signal Levels of FDM Refemme
ModulatiorI Link

Staadud Test
signal Levels

Teat Wint *atero (dBm)”

I cbannd Modulator b @qmt to channel I LOX Haul/Tactioal, I -16 I
traalllatiI@equipment) loos maaueverable

Taotioal , I@@ -4

maneuverable

Channel Demodul&or Out (Output from IJOIUtHmlVTaatleal, +7

chaaneI tranelatiug equipment) less maneuverable
Tactioal , htghly -4

maneuverable,
4-wire termioatioo

maneuvemble,
2-wire terminathm

Transmit Group Distribution Frame Long Haul/Taotioal -34. s

IReceive Group Distribution Frame I ~ Haul/Tactical I -12 I

ITransmit SUpCIrgWIPDiatYibUticmFrame ILong H8ul/Tactical I -lB I
Receive Supergroup Distribution Frame Long Hmd/Taotical -28

Trammit High Frequenoy Distribution Long Haul/Taotioal -46
Frame

Reoeive High Frequenoy Distribution ~ Hmul/Taotical
1

-15
Frame I
7%eae values equate to a 1000 Hz +25 Hz teat signal level of O dBm (1 mW acmes

600 ohms) at the OTLP (O dBmO) (seeatipam~pb4. 4, 3.2, 2. 3), ~d~hodd~tb

eonfuaed with t.lm standard teat tow of -10 dBmO for the long haul and taotical less
maneuverable ayet8ms aod of -3 dBmO for the tactiual highly maneuverable ayatem
(w SUtffM~Ph 4.4.3.2,2.4).
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Table 4.5-2. Multiplex Idle Channel and Loaded Noise of FDM
Reference Voioe Banchvidth Links

W
Configuration (W@)

Pair, channel translatl 00 ,sets 10
+

Pair, group translation sets 40

Pair, mupergroup translation eets 25
I

Through group equipment N/A

Through supergroup equlpmext 25

Multiplex Noise of FDM Reference 75
Voice Bandwidth Link (Type I)

Multiplex Noiee of FDM Referenoe 245
Vobe Bandwidth Link @ype H)

AUooaticm
Loaded Noh

(pWpo)

31

50

50

10

50

131

341

4.5.2.3.2 Multiplex Noise of Gro up Bandwidth Linke. The multiplex idle channel
ndse and the loaded noise of a long haul or af a tactkal less maneuverable FDM rder-
enoe group ixyxhvidth link when referenced h n OTLP shall not exceed the v~ues g[v~
b Table 4.5:3.

Table 4.5-3. Multiplex Idle Channel and Loaded Noise of FDM

4,5.2..3.3

Reference Group BandWidth Links

Configuration

Pair, group trandation sets

Pair, eupergroup traneiiation sets

Throqgb group equipment

Through supergroup equipment

MukipAex Noise of FDM Referenoe
Group Bandwidth IJ* (1’ype I)

Multtplex Noise of FDM Referenoe
Group BanckkRb I@ ~ype II)

FDM Noise Allocation
Idle Noise Loaded Noi8e

(pWo) (pwo)

1,140 1,425

710 1,425
I

N/A 284

710 1,426

1,860 2,850

5,120 8,834

Media Noise. The alkmation of notse due to the transmisakm madla
(see Flguraa 4.5-1 ami 4.6-2) da OMthe type ~ medium ad cmtinj type of oom-
=Wi~ ●yaWm, The media ncdee when mferenoed to a OTLP shall ~t SXOCMUItbe
V81UeSgivsn LnTable 4.54, Media noise for a taotical Mghly maatawe~ble syd,sm is
giverlln euhpamfpph4.5.2.3.4.
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Table 4.5-4. Noise Allocation of Transmiaaion Media

I

4 kHz 48 kHz
Media 8ystem Media Noiee Media Noiee

Land metatlic or Long HauI 3-1/3 pWpO/nmi 100 pwohni
radio relay

IRadio relay I Taothal, lese I 6-2/3 pWpO/nni I 200 pWO/nmi \
maneuverable

Submarine cable Long Haul 1.5 pwpohni 60 pwo/Qnd

Communication Long Haul 10,000 pwpo/hop Slo, ooo pwo/hop
satellite

NOTE: The referemoe ctroulte addreased in tMa standard
do not include short links. Nolee for short LOS linke (with
the exception of the highly mantmverahle taotioal system)
can be calculated aa follows:

8ection Length
pautical Mileo~ Allowable Noise

27< Lc161nm 2.76 L pwpo + 85.5 Pwpo

L~27nm 160 PWPO

where L is the distance of the hop of mtbeyetem in nautical miles.

4.5.2.3.4 Total Noise for Tactical Highly Man-verahle System. The total noise
(multiplex plue media noise) of R tactical highly mammverable FDM referemoe voioe
bandwidth link when referenced to a tactical hlghl y maneuverable OTLP shall not exoeed
26,000 pWpO (approximately 44 dBrnaO) per link during 99 peroent or more cd the time.

4.5.2.4 Link hwut~outmlt Iomedan cam.

4. S.2.4.1 Voioe Bandwidth Link. The audio input end output impdmoee cd a aoml-
na.14-kHz channel of a long haul or of a taotical FDM refer-- voice bandwidth llnk
shall eaoh be 600 &me, balanoed to gxw,md, with a minimum return loss of 26 dB against
a 600-obm reeletanoe over the frequency raoge of 300 Hz to 3400 Hz. The eieotrlcd
symmetry shall be sufficient to supprees longltudlmd curreota at least 40 dB below the
refer=ce s@al level,

4.5.2.4.2 Grow Bandwidth Link. The input and output Lqwdancee of a nombal
48-k.Hz channel of a long haul or of a tactical FDM r&eremce group baxxhvldth link ahali
each be1360hme, baknoedtogrvxmd, wltbamiahrmmr eturnlosaof20d B (XXX 26dB)
aga.lnet a 136- reelstaooe over the freqwmoy hand of intcment. The eleotrlcal symme-
try shall be aufXioiemtto suppress lon@tudinaI ourremta at least 40 ti below tbe refertmoe
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signal level. For the purpose of interfacing with other equLpment, a strappLng option
for 150-ohm impedance termination, balanced to ground, shall be provided.

NOTE: If this stropping option i8 used, the multiplexer gain
may have to be adjusted to meet the stztodid test eignal level
at the group chanael output giveo in subparagraph 4.5.2.2.

4.6.2,4.3 Mult@lex Baseband. The Lnputand output hnpedanoes at the muitiplex
baeeband of a long haul or of a tactical FDM referenoe modulation link shall eaah be
75 ohms, one side grounded, with a ml.aimum return loss of 20 dB (LO 26 dB) against
a 75-ohm resla@nae over the f requenoy baud of tntereat.

4.5.2.5 Inaetilon Lam Versus FreQuenoY Charaaterbatic,

4.5.2.5.1 Vo[ce Bandwidth Link of LOW Haul or Tactical Lees Maneuverable
System. The insertion lose versus frequency chamcteristic referenced ta 1000 Hz of a
long haul or a taotiad less maaeuverahle FDM referenoe voice bandwidth Milt shall not
exceed the values given LnTable 4.6-5. LoM b indicated by a (+) and gain by a (-) sign.
The oontributkns to the Insertion lom veruuo freqa~y aharaoteristic of widetmnd t=-
mh!!ion subayetems are considered msgligibie for stile mcda (@ee Figures 4.5-5a and
4.5-6a).

Table 4.5-5. Insertion Loss Versus Frequeney Characteristics
of FDM Reference Voice Bandwidth Lidt a

Lees in dB referenced
to 1000 Hz . Below S00 Hz

300 Hz-3400 Hz (ex- 400 Hz- and abave
Configuration 3000 Hzcept 400 Hz-3000 Hz) _ 3400 Hz

Pair, akrmel translation Beta -0.3, +1. 5 ●o, 3 -0.3

Pair, group translation Beta ●o. 3 *O. 3 -0.3

Pair, aupergroup traAation aeta *o. 5 *o. 5 -0.6

Through group equipment M. 5 *o. 5 -0.5

Thr~h mpergq equipmeut *o. 5 Ml. 5 -o. s

I?DM Re&renae Voice Bandwidth -0.7, +1.9 *o. 7 -0.7
M* 0’YP@ n

FDM Referenoe VOiOSBandwidth -1.1, +2.2 +1. 1 -1.1
Link (Type II) i

4.5.2.5.2 Volae Bandwidth Ltnk of Taatioai Highly Maneuverable Syatem. T&
Lxmertion 10s0 vereua frequency eharactetistic refer-d to 1000 Hz of a taatloal h@dy
~uv@rable FDM rederenae voioe &I& 1~, over b frequenoy bamhvldth fzmm
300 Hz to 3400 Hz, shaJl be within the lhlta of -1 dB ti +2 dB, exoept over tbe frequemay
IMXkidtb frOm 400 Hz to 3000 Hz it slmll be wlthb * limits Of d dB. Tbe Lns4mWon

h9sbeiow3001 izaadahove3400Hz ab,allbe ~@orgMterthaa-ldB. Imaa18
M- by ● (+) UMIgnLnby a (-) sign (ace Fi~ 4. 6-7a).
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4.6.2. S.3 mvnm Bamiwkdth Link of Lonu Haul or Tactkxl Leas Manauve-a
syetem. The spread of the Luaertion baa veraua frequermy Oharaaterl.atio of a long haul
or a taotloal leae maaeuverahle FDM referenoe group baadwldtb llnk shall wt exoead tbe
values given In Table 4.5-6. Loee 1s indlomad by a (+) and gala by a (-) sign. The ooo-
trt~tkm to the lnaerticm loos of wkieband tramamisoion suboyakwna are oomalderad
megligtble for 6t8Me media.

Table 4.6-6. IneertlotI Loss Versus Freqmracy Chrao@rletlo
for FDM Group Baadwi&.h Liaka

IAu@ ill cm
60.6 kHz-

Cmfiguratim 107.7 kHz

Pair, group tmumlatlon mta *O, 6

Pair, eupargroup traaalation eats *2. o

T~h group equtpmant 41.0

~ -~ =llli- ●1, 4

FDM Refereaoe Grtmp Bamlwidth G. 1
Link (Type I)

FDM Refe~ Clroap Bamiwl&b 4.0
Ltnk(Tgpe II)

4.6.2.6 plvdolle mAaY Inatortbll.

4.6.2.6.1 Voioe Baaldwidth LIDkof &mHaulor~ Leas Maneuverable
~. ~ ~v~op WY dtitortioo C$● 1- haul or ● &ml laes maneuveratio
FDAf voim bandwldthllnk aball not axoead tba dues gtven la lXMe4.5-7. The oootri-
~ to the atvehpa delay distortion of widetmnd tmn8mle610u subeyatema are ooO-
sidered ~lgtble for W&hle media [see Flguras 4. 5-6b ad 4. 5-6b).

4.6.11.6.2 Vo@a Bamiwidtb Link d Ttid -Y Maneuverable 8Y8t0m. m

envelope de18Y diatortkm of a taotioal blgbly maneuverable FDM refereaoe mloa lmd-
w~ llnk over the f~oy badwkitb fmm 600 EC to 3200 Hz ehaU not OXO- 200
mlo~ (DG 160 microeaooada), eumapt between 1000 Hz and 2500 Hz tbe -Oh@
dday dldol’ticta W not exoaed 100 mkmoaaotmda (see Ftgure 4.6-7b).

4.5.2.6.3 GI’OUDBadwldth Ltnk. The envelope deday dlstortbm of a lmg bad or
a taothal lees manauveraiie FDM group baxhvidth lU shall mt exoeedthevalues@m
b ‘hbh 4.6-6. TbO ~~icitle to the 4SlVdOfM deby (tUltirum d WidObOd _-
mhelon mibeya~ma are oomeldered negligible for etable media.

4.5.2.7 Net Loaa Variation.

4.5.2.7.1 Mod@a tlon Link of LoIE Haul or Taotloal Lee B Maneuverable 8m@n .
Tba net Iosa variation of a 10X haul or a taotkal lees mameuverakde FDM refemmoa
makalatkm Mnk over ~ 30 oonaecutive &ya shall not exoeed the values giv~ IB
Table 4.5-9.
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Table 4.5-7. Envelope Delay Distortion of FDM Referenoe
Voioe Bandwidth L&&I

Configuration

Pair, ulwmnel translation sets

Pair, group translation eats

Pair, aupergroup translatia sets

Through group equipment

Through supergroup equipment

FDM Reference Voice Bandwidth
Link (Type I)

FDM Reference Voioe Bandwidth
Link (’rype xx)

Envelope Delay Dletortion in

=
(4 ps lnaay4-kHz ohannel
slot, 60 kHz-106-kHz band)

(3 IASin any 4-WE clmnnel Blot, exoept
channels land2, group l, supergroup 1

and channels 11, and 12, group 5,
-WOUP %

20 20

30 30

12’7 87

187
I

14’7

Table 4.5-8. Envelope Delay Distortion of FDM Referenoe
Group Bandwidth Links

ErIw?IlopeDemy ~etortion ti 1

Pair, mzpergroup translation sets 10* 10*
se.. 20**

IThrough group equipment I 120 I 40 I

Through IBupergroup equipmemt I 70 I 70
I

FDM Referemoe Group Bandwidth 22* 22*

Link (Type I) (58** 32** I
FDM Referenoe Group Bandwidth 2.44● 16.4*

Link @ype II) 382** 1***

NOTES

*Only for Supergrap 2, and 4 through 10.
** For Supergroup 1 and 9, exoept CkWP 1 of ~IP~ ~

and Group 5 of ~rgroup 9.
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Table 4.5-9. Nt;t L06F Vari~tifm of F ])M Reference
Modulation Link

! Net Lass
Conflgurati on \~ati ation (dll

Pair, cbsnnel translatlon sets ●O.5

Patr, group transla::m octa ●o. 5

Pair, aupergroup traneiat lam sets

Through group equipment

Through uupergroup cquipmeti

FDM Reference Voice Bandwidth
Link Cf@e 1)

FDM Referenoe Voice Bandw]dtb
Ltnk (Type II)

FDM Referenoe Group Bandwidth
Link (TyFw I)

FDM Reference Group Bs.ndwidth
Link (Type n)--

*O. 5

%0.2

●o. 2

*1. o*

*1.4*

●o. 9*

*1.3*

●These values include ‘an estimate of *O. 5 d33due
to tbe medium and art> baaed on the Root-Sum-
Square MW specified ~n#uhw!ragmph 4. G.5.

4.5.2.7.2 Voice Bandwldtb Link of Tnotlcal Hiddy Maneuverable System. Ao a
De81gn Objeotlve, the net Ioas variation of a tactical hlgbly maneuverable FDM raferomoe
voioe bsndw~dtb Malt shall not exceed jj? dB over any 30 consecutive days.

4.s.3 Cbar8aterlstios of Sin@ e TDM/ PCM R8ferance Voice Bandwtdth L@k.
Buic features of PClkf have been outlined tn subparagraph 4.1.2.5.2. IXe to tb advsm-
tages of digital transmission in general @ cd P(X in particular, thts modulatkn soheme
!s gsining wide aooeptanoe not oniy h mllltary but also LOccmmercld oommunioatkme.
Slnoe PCM transmission is compatible wPA the qudio channel described ID8~rII@
4,4.3.1 ad 4.4.3.2, TDM/PCM refermoe mice &ux!wkkh llnka u be oonneabci In
tandem with FDM reference voice banh idtb ltaka on an audio channel-by-c~ tnsIs.
TIMUI,a hybrid oommunhation system can be engineered employlng digiti (TDM/PCM)
and hog (FDM) tranamissione. An example of such a hybrid system 1s tbe plumed
inttictkm of TDM/PCM satellite tmnsmlsoion 1inks LM.Othe DCS. This satellite sub-
system will employ 8-bit PCM with a sampl Ing ratk of 8000 samples per aeoond resulthg
Lna digital bit stream of 64 kbj ~ for each Bur:\ocbrmel, Ch the other band, the QIOtlOd
WY maneuverable communication sys:e.r,i uses a 6-bit PCM Scheme with 48 kb~s for
CU.011audio okmel, resulting in iese bandwdt.h requirement of the radio speotnun -d k
lower voice quality as oompared w!* tb KS sfitell ite subsystem,

Tbe TDWPCM reference voice bandwidth link for kmg haul and tactical oommunio@i_
is ahownln F’igure 4.5-8. Tk vo~ct ba.ndwhlth Link starts with a group of audio channels
M tbe multiplexer input. Each audto dmnml htw a nominal bandwidth of 4 kliz and la
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ca~ble of t~rnittk.ng voice or, under certain cOIditiOIIS, &ta k qLK@i-SIldOg fO17.Xl.
The amplitudes of the analog signal oarried in sach audio channel are periodically
sampled t..ntime and oonverted into a time division multtpiexed PAM stgnal. Each PAM
sample @ then coded into a n-bit code word and this PCM signal, together with framing
and eynchronlzation pulees, appears at the multiplexer output where’ it is fed into a cable
interfaoe convertar or a radio for transmission.

Au4io Audio
Chemcb Chmmah

taput thtput

I

m

ruw&vv#Eaw..

E

I

2 10MtpCM wIDE.A4V CABLE}
2

TDM/PCM
(A) MUX ‘ ---------- OEMUX [A)

N N

Figure 4.5-8. TDM/PCM Reference Voice Bamiwidth Link

The coding prooeea of PCM approximates the tnflnfte number of possible sampled ampli-
tudes of the anaiog signal by a discrete and therefore finite number of digital code wo-
(quantization). Due to the quantization process, a certain amount of approximation
error is inherently introduced. This type of error is oalled quantiz~ noise which is
an impoztant parameter for describing and measuring the quality of digitized voioe trens-
mmsion. CXce the aealog information Is converted Into a quantizad d&Ml signal it oan
be tmnemltted over taoticsl end global distances by using regenerative repeaters with
little or no additkmal degradation if the signal is above threebold, Noise oen oause er-
rors which regemmation including error oontrol may not be able to oorreot. Tbue, the
consideration of media noise speclfled in subparagraph 4.5,2.3.3 1s not applioahle to
PCM transmission. However, demodulating the dLgltel signal b analog baseband for
analog procesehig (switching, patching, etc. ) and modulating U baok Into a digltel form
for further transmission will tntroduoe add[tlonal quantizing noise and thus degrade the
voice quality, Therefore, in suoh systems, the number of analog/d&ttel-digttal/analcg
conversions has to be limited in order to keep the received quaatizhg noise sufficiently
low .

At the receivbg end the pulse stream is demfkmi, demultiplexed, and the PAM samples
are demodulated to analog baseband. PCM quantizing noise ts not present per se when
the audio channel is idle but appears together with the analog signal at the reoeiver and
varies wtth the instantaneous arnpl ltude of the analog sigaal. However, PCM idle ohannel
noise is present whenever Information is not transmitted (see subparagraph 4.5.3.4. 1).
Therefore, quantizlcg noise hKlueneee QttelMgibtlity h a different way than thermal noise
does. One method of determIn@ the influanoe of quantizing noise on intelligibility is by
comfwlng subjective listener teste of qweob received through two pmallel audio ohan -
nels. In one channel the speech ie tranemlttad in digitized form derival from P(!M; in
the other channel the same speech is transmitted tn analog (non-digitized) form. For

09

L
‘r

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


MSL-STB188-1OO
16 November 1972

I

W comparison, the thermal noise in the mm-digitized speech channel ie st.mukted by a
noise generator whloh k an ad@tabAc noise power output. An amount of thermal noise
power in the non-digltlzed speech chaonel can be determhmd such that the thermal mise
h a dmil~ dfeot m tbe speech quaiity ae the quantizing noise wtdob Is geme~ iB
the PCM ohannel. Tim amount of thermal noise power determined by this oompu- 18
called the equivalent PCM ndse. For the purpose of this 8Xrd, the equlvelcmt PCM
nolae ie used to determine the contrlbutia by TDM/PCM lt.nk.sto the total olroutt noiee
wh~ FDM and TDWPCM ltnks arc connected in Umdem for voice servLce (see euhpa=-
graph 4.6.3.4.3).

The follow~ perametars given in subparag~ 4. S.3.2 through 4.5.3.12 are for a
si@e link whtm properly terminated. A single link in this context comprises a chamted
which joine two pointe and wherein the analog signal is coded Lntodigital form at the
originating end of the ohaunel, for tranemiaEion over the entire channei uder oone~der-
ntion, and deooded into analog at the terminating ad of the ohannel. The ohamoterletioe
of tMs nominal 4-kHz channel a= specified for the four-wire analog input and output
termtnals of the link (see Figure 4. 6-8). The Ohaxaoteristlcs of the TDM/PCM refer-
8UNXvoioe bandwidth Milt are baaed on the characterietioe of the multiplex signal c4 the
TDM/PCM equipment described ID subpanagrapb 4.5.3.1.

4.5.3.1 Characteristics of the Multiplex Siznal.

4.5.3.1.1 samDUllg Rate. Eaoh nominal 4-kXz ohamml of a 10X haul or & a
tiotkd TDM/PCM referenoe voice bandwidth link shall be sampled at a nominal rate of
8000 eamples per aecxmd.

4.5.3.1.2 Number of Difctts per Samole.

4.5.3 .1.2.1 LonK Had TDM/PCM Ref erenoe Voloe Bandwidth Link. Eaoh aa.mple
from a nominal 4-k.Eiz audio channel shall be encoded into an 8-bit folded binary oode
WOrd With the most lJif@fiormt bit tranenilttedfirst.

4.5,3 .1.2.2 ~otioal TDAK/PCM Referenoe Voioe Bandwidth Ltnk. Eaoh -e
fmm a nomiaal 4-kHz audio ohanDsl sl@ be ~ M a 6-W binary oode word with
the meet sigmifioant blt tmnemi~ fixut.

4.5.3.1.3 $0 Umamior Cimrtmtertetioa.

4.5.3 .1.3.1 Lonit Haul TDM/ PCM Referenoe Voice Bandwidth Link. An inetantane-
oue oompsndor shall be used. As a msi~ Objective, the compressor shall have a 1~-
Oegmtmt okraoterietic with the input step size on each segment twice that of the 00g1IW@
next aloeemt to the oeater of the -e. ‘I%e expander dhall have the oomplem~
transfer chamotertitic of the compressor.

4.5.3 .1.3.2 Tactkml T Ml/ PCM Referenoe Vobe. ~wkith Link. An Lna~
oompuidor shall be used. The oornpretmor aball have a 3-m@nent, straLght-1- _-
fer charmteristlo. The expsador ahsll have the complementary transfer oharaotex4sUC
of tl e oompreesor. Tbe compression ratio, defined as the Initial to average alopa, SW
be 20 d.B, s dB. For details see MKL.-S1’D-18&C (to lX replaced by the MIL-ST&188-
200 seriee).
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4.5.3.1.4 ~rame Syrmhronia@lm.

4.5.3 .1.4.1 L= liaui TDM/PCM Referenoe Voice Baadwldth Link. There presently
is no standard PCM frame synohroatzatlon teohnlque used in 10M haul oommumioathns.
Currently two metboda are applloable and will rematn hi effeot umtll ●ob the that ●

teohnique has been s@ndardhwd, The two metbode presently applhsable on a subaystem-
by-subsystem basifI are deaaribed below:

(a) The f ramlng Information shall be geneaated at the tranamlt portlona
of the PCM multtpkxer and added to the P(2M output. The framing Laformation shall be
submultipkxed into the PCM output uahw the l-t dgnl.fkantbit of the 8-btt oode word
of each channel tn one out of every twelve frames. Deteotors at the PCM -t to the
demultlpkxer ehall extraot this informatkm for eqmohronlzing the reoelve olroui- WW
the Inooming PCM bit stream.

(b) l%aming informatlop shall be generated at the traxwmltportloa of
the PCM multiplexer and added to the PCM tmtput. The fram~ bifO~ti@l eihtdl he
obtained by addtng an addltiome.1bit (193’ rd bit) after eaoh twenty-four 8-bit ehmmels
(192 bite). Deteotor8 at the PCM input to the darnuMplaxer nball extraot thla ldorma-
tion for synchroaizlng receive clrouita with the inoomlng PCM bit stream.

4.5.3 .1.4.2 Tactical TDM/ PCM Reference Voice Bandwidth Link. Frame synohro-
nizat. on information shall be added to the PCM output cd the multiplexer. This lrdorma-
tion shall ooneiat of one frame bit auhstituted for the haat significant blt d the binary .
oode word in the laat channel of the ohaamel group. The frame bit shall have the same ‘
shape and amplitude charaderletics ae the remaining code word bit#.

4.5.3.2 Standard Te8t Sitmal Levd8 .

4.5.3 .2.1 Long Haul TDM/PCM Referenoe Voice Bandwidth Link. The test nlgnal
level at the four-wire inp& of the long had TDM/PCM referenoe votoe bamiwidth link
shall be -16 dBm. The test signal level at the four-wire outPut of the long haul TDM/
PCM reference voice bandwidth link dull be +7 dBm.

4.5.3 .2.2 Tactioal TDM/ PCM Referenoe Voioe Bandwidth Lti. The teat signal
levels at the four-wire input and at the four-wire outputof the tactka.1 TDM/PCM refer-
ence voioe bandwidth link shall be -4 dBm. in taotioal TDM/PC!M rdeuwnee votoe tmnd-
widtb llnka with two-wire termbmtbna (hybrlde), the teat sigI@ levels at the four-wlrw
point of a oonoeotion to the hybrid shall be 4 dBm tranamittlnginto the referenoe voice
bandwidth llnk and +1 dBm reoeivlng fxmm the referenee voloe bandwidth link.

4.5.3.3 Standmd Test 8lmud Freauency. The signal ueed for tranamitmien
testing on bog haul and t$mtioal TDM/PCM refereeme voice bandwidth links ahll have
a frequency of 1000 Hz *25 Hz, preferably 1020 Hz.

NOTE: PCM s@al pncesatng oen generate unique forma d
nonlinear distortion which have no direot counterpart in
analog transmission, The sources of these types of noxdlnaa.r
PCM distortion are samplhig, quantizing, mlstraeking of the
inetantaneouE oompan&m, and filtering.methods ueed to llmlt
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the demultiplexed PAM samples to audio bandwidth signals.
Ted signal f requenciea which are exactly rational f ract ions
of the 8000-Hz P(7M sampling rate, such ee 800-Hz, 1000-Hz,
1600-Hz, ek., can cause Aonlinear PCM dbatotilon and
&r&ore should not be used. This nonlinear PCM distortion
results b fluctuat@ meter reaclings which can be avoided by
cbangLng the 1OOO-HZtest signal frequency by a few hertz.
Changing the 1000-fiz test signal frequency could have an
impact on current test equipment.

4.5.3.4 Noise.

4.5.3.4.1 fdle Channel Notse. PChf idle channel ZIOieeof a singie voice bandwidth
link axxi of several links k tandem is genersJly much lower than FDM idle ohannel noLse.
Theredore, to the operation/maintenance personnel and to the user, the PCM channel may
appear out cd servioe when Information is not transmitted. One method of avoiding tbts
mtaju~ent Ls employing a noise generator In the PCM multiplexer whiob inserts a

● small amount of thermsd noise into the TDM/ PAM s@al oornmonto an audio channel
- ~0~ the PAM aI14@d LScoded into a PCM signal. The noise generator is adjusted
at a mean noise level whioh wtll oauee a varLation of one coder level. l%ie random change
of a coder level wU1 create the subjective impression of an FDM idie channel noise level
at eaoh PCM audio ohannel output.

4.5,3 .4.1.1 Long Haul TDM/PCM Raference Voice BamJwidth Link. Ae a Ikelgn
Objective, the noise measured at the receiving end of any idle audio channel of a kmg
kund TDM/PCM reference voice bandwidtb link, when referenced to the Zero Transmi@-
atcm Level PoLnt (OTLP), shall not exoeed 400 pWpO (approxLxnately 26 dBmoO).

4.6.3 .4.1.2 l%iotbalTDM,/ PCM Reference Voice Bandwidth Lhdc. The ?.>ise mea-
sured at the reeelving end of any idle audLo channel of a @ctiotd TDM/PCM reference
volue bamkwidth Nnk, when referenced to the tactical, highly maneuverable OTLP, shall
not exoeed 4000 pWpO (approximately 36 dBrncO).

4.5.3.4.2 Test Signal -to~ iz W Noise Ratlbi

4.5.3 .4.2.1 LonR Haul TDM/PCM Referenoe Voioe Bandwidth Link. As a Mrtgn
objective, a sine wave signal with a frequency cd 1000 Zfz M6 Hz, preferably 1020 Hz,
at the Lnputof any audio channel of a long haul TDM/ PCM reference voice bandwidth link
skdl produce at tbe output of the same audio channel a minimum test stgnal-to-quantiz~
noise ratio, C-message weighted, as follows:

Minimum Test Signal-to-
Inputsignal Input Signal in Quantizing Noise Ratio
in dBmO I dBm at -16 TLP I in dB

1 /

I o to -25
I

-16 to 41
I

34
i

-26 to -30 1 -42 to -46 I 33 I
-31 to -40

I
-47 to -56

I
27 I

-

-41 to -45 I -57 to -61 ] 22 J
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4.5.3 .4.2.2 Tactical TDM/PCM Reference Voice Bandwidth Link. A sine wave
signal w ith a frequency of 1000 Hz i25 Hz, preferably 1020 Hz, at the input of any audio
channel d a taotbal TDM/PCM referemce voice bsndwidth link shall produce at the out-
put of the same audio channel a minimum test signal-to-quantizing noise xzttio se stated
below . ~ quantizing noise absll be meaeured with fiat weighting over tbe frequenoY
bandwidth from 300 Hz to 3400 Hz of a nominal 4-kHz ohannel.

I

L-hput Signal
in dBmO

o

-1 tO -16

Minimum Test Signal-to-
Quantizing Notes Rstfo

Input Signal in in m
dBm at 4 TLP m ] Stsndard

-4 90

-5 to -20 30 17

-17 to -26
1

-21 to -30 I 25
I

15 I
1--27 tO -36 -31 to -40 16 14 J

4.5.3.4.3 Equivalent PCM Noise.

4.5.3.4 2.1 Long Haul TDM/PCM R8ferenoe Voioe Bandwidth Link. As a Design
Objective, the equivalent PCM noise of a long haul TDM/PCM reference voice tmndwidth
link when referenced to a OTLP shall not exceed 160 pWpO (approximately 22 dBrnoO).

4.5.3 .4.3.2 Tactical TDM/PCM Reference Voice Bandwidth Link. Ae a Design
Objective, the equivalent PCM noise of a tactical TDM/ PCM reference voice bandwidth
link when referenced to a tactical highly maneuverable OTLP shall not exaeed 12,500
pWpO (approximately 41 dBrnoO).

4.5.3.5 Link Input/ Outmt lrmmdances . The audio tnput and output impedances
of a nomuial 4-kHz channel of a long haul or of a tactical TDM/PCM referesme voioe
bandwidth link shall each be 600 ohms, balsnoed to ground, with a minimum return loss
of 26 dB againet a 600-ohm resistance over the frequency bandwidth from 300 HZ to
3400 Hz. The electrical symmetry shall be sufficient to suppress longitudinal ourrents
at Ieast 40 dB below the reference signal level.

4.5.3.6 Link hlpUt/otltDUt Linearity.

4.5. 3.6,1 Long Haul TDM/PCM Reference Voice Bandwidth Link. As a Design
Objecti\-e, the input/output level aharaoteristic of a nominal 4 -kHz channel of a long
haul TD31 ‘PCM reference voice bandwidth 1ink shall be linear within *O. 5 dB for input
signais fmm -16 dBm to -53 dBm; kl. O dB for input signals between -53 dBm and
-67 dBm; and *3. O dB for input s@nals between -67 dBm and -70 dBm; at an input level
of -11 dBm, the output level shall not be greater than +11.2 dBm.

4.5.3 .6.? Tactical TDM/PCM Referenoe Voice Bandwidth Link. As a “Msign
Objective, the input/output level charactermtic of a nominal 4-IcHz four-wire channel
of a tact id TDM/PCM reference voice bandwidth link shall be linear within N. 5 dB
(with a nlean of zero) for input signai leveis from -4 dBm w 40 dBm,
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4.5.3.7 insertion Lmas Versus Freauenw Charaoterk7tic.

4.5.3.7.1 Lonx Hnul TDM/PCM Refereame Voioe Badwldtb Lldt. Aa a XkAgn
Objective, tbe Insetilon 106s versus frequenoy Oharaoteriatio refereemaui to 1000 Ha of
a long bad TDM/PCM referenee voice baadwidtb Hnlc shill not exoeed the vahefJ given
in Table 4.5-10. baa is Lndlcated by a (+) and gain by a (-) sign (see Figure 4.5-8a).

Table 4.5-10. InsertIon LoEIaVersus Frequenoy Cbaraoterlstic of Long
Haul TDM/PCM Referenoe Voioe Bandwldtb Link

Frequency inHz I Inseltlon JAWSin dB

Below 200 Greater than O
200-300 Greater than -0.7
300-400 -0.7 to +3. o
400-600 -0.7 to +1.5
600-2400 -o.7to+o.7

Z400-3000 -0.7 to +1.5
3000-3400 -0.7 to +3. o
3400-4600 Greater thm -0.7
Above 4600 Greater than +40. O

4.5.3.7.2 TaoticaI TDM/PCM Referanoe Voloe Bamhvidtb Llzk. Tbe -?WO
leas veraua frequency characteristic, refereamed to 1000 Hz of a tactioal TDM/PCM
reference voioe bandwidth link over the frequency baxlwtdtb fmm 300 Hz to 3400 Hz,
shall be within tbe llmits of -1 dB to +2 dB, exoept over
400 Hz to 3000 Hz N 13ballbe wltbin the llmlta of *1 dB.
gain by a (-) sign (see Figure 4.5-10a).

4.5.3.8 Envelope Delay DbWortion.

the frequency bamdwkith from
IAMBSis indicated by a (+) and

4.5.3,8.1 Long Haul TDM/PCM Referemoe Votoe Bem3wldtb Link. A6 a Deei&I
Chjectlve, the envelope delay distortion of a long haul TDM/PCM rderenoe vohe hsnd-
wkttb link over the frequency badwktth from 600 HZ to 3200 Ha shall not exoeed 800
microseconds, exoept between 1000 Hz and 2600 Hz tlM envelope delay distortion _
not exoeed 125 mlczwseoonde (see FLgure 4. S-9b).

NOTE: Tbe rather large value of tbls parameter es
compared to tbe envelope delay distortion of a taotloal
(6-bit) TDM/PCM reference voice bandwidth llnk ie due
to other obaraoterletioa of tbe 8-bit PCM multiplexer
equipment.

4.5.3.8.2 ractlcal TDM./PCM Referenoe Voice Bezuiwldth Link. The atvelOIM
delay distortion of a tactical TDM/ KM refer-e voioe Mtdtb link over tlm f~~
bandwidth fzwm 600 Hz tQ 3200 Hz shall not exoeed 200 micxvseoonde (DO: 150 mlcro-
seconcie), extmpt between 1000 m @ 2500 HZ tbe envdope delay distortion @d mt
exoeed 100 microseoonde (eee Figure 4. S-1ob).
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4.5.3,9 Total Harmonic Distortion.

4,5,3.9.1 Long Haul TDM/PCM Reference Voice Bandwidth Link. As a Design
Objective, the td.al harmonic distortion of any audio channel of a long haul TDM/PCl,.
reference voice bandwidth link produced by anY single frequency testa@al withLn the
frequency band between 300 Hz and 3400 Hz shall be at least 34 dB below the demulti-
plexer output signal ievel. Ths test signal shail be Introduced into the llnk at a level of
0 dBmO, that is, -16 dBm at the -16 TLP (8ee subparagraph 4.4,3.2.2.3).

4.5.3.9.2 Tactical TDM./ PCM Referenoe Voice Bandwidth Link. The total har-
monic distortion of any audio ohannel of a tactical TDM/PCM refercmoe voloe bandwidtb
link produoed by anY single frequency test signal within the frequency band between 300 HZ
and 34OOHz shall beat least 30 dB (DO: 40 dB) below the demultiplexer output signal level.
The test sl@al shall be introchmed into the foupwke link at a level of O dBmO, that is,
4 dBm at the 4 TLP (see subparagraph 4.4.3.2,2.3).

4.5.3.10 Intermodulat l.on Distortion.

4.5.3 .10.1 Long Haul TDM/PCM Reference Voice Bandwidth Link. As a Design
Objective, the individual intermodulation ciistortlon products of any audio channel of a
long haul TDM/PCM x%ference voice bandwidth llnk produced by any two equal leveI
singl~ frequency tones within the frequency band between 300 Hz and 3400 Hz shall be at
least 38 dB below the demultlplexer output signal level. Each single frequency tine shall
be introduced into the reference voice bandwidth link at a level of -6 dBmO, that is,
-22 dBm at the -16 TLP.

NOTE: ‘rhe nominal knputkevel of the long haul 8-bit
PCM multiplexer is -16 dBm (-16 TLP), The power
level of each sbgle f requeucy tone has been chosen so
that the sum of the powers of the two equal level tones
iB -19 dBm which 1s 3 dB below the nominal input level
of the multiplexer. This power level of -19 dBm results
in a peak power identical with the nominal -16 dBm input
level of the multiplexer.

4.5.3 .10.2 Tactical TDM/PCM Referenoe Voice Bandwidth Link. The tit viduaI
intermoduAation distortion products of any audio channel of a tactical TDWPCM refer-
ence voice bandwkith link produced by any two qual ievel sbgle frequency tones within
the frequenoy band between 300 Hz end 3400 Hz shall be at least 38 dB (DO 45 dB)
below the demultiplexer output signal level. Each single f rsquency tone shall be intro-
duced fnto the reference voice bandwidth Lmk at a leveI of -6 dBmO, that is, -10 @m
at the 4 TLP,

NOTE: The nominal input level of the tactical 6-bit PCM
multiplexer is 4 dBm (4 TLP). The power level of
each single frequency tone has been chosen so that the
Sum of the powers of the two equal level tones is -7 dBm
whioh is 3 dB below the ~minal input level of the multi-
plexer. This power level of -7 dBm results in a peak
power identical with the nominal + dBm input level of
the multiplexer.
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4.5.3.11 Crosstalk.

4,5,3 .11,1 lxmg Haul TDM/PCM Reference Voi= Bsndwidth Link. As a Def31gn
Objective the near end or the far end test-signal-m-noise plus crosstik ratio in sw
idle audio ohmmel of a long had TDM/PCM refertutce voice bandwidth link, due to ftdl
test signal mochdation of -16 dBm at the -16 TLP of any other audio channel, shall be
at least 65 dB, C-message weighted, below the demu.ltiplexer output signal level,

4,5.3 .11.2 Tactloal TDM/PCM Reference Voice Bandwidth Link. The near ad or
the far end test-signal-to-noise plus crosstalk ratio h any kUe audio channel of a tact.iod
TDhf/ PCM referenoe voice bandwidth llnk due to fu.U test stgnal modulation of -4 dBm at
the 4 TLP of any other audio channel shall be at least 53 dB FIA weighted below the
demultiplexer output signal level.

4.5.3.12 Net Loss Variation. As a Design Objective, the net loss variation of a
long haul or of a tactical TDM/ PCM referenoe voice bandwidth link shall not excaed
M. 25 dB over any 24 consecutive hours (short term variation) and shall not exueed
~. O dB over any 30 consecutive days (long term variation).

4.6 Tzzmefer Charaoterlstics of Relerenoe Links in Tandem.

4.6.1 General. Assumed methods for summation of the individual link transfer
chara~rlstics to obtain the Corresponding tiem ~racteristic are given in the follow-
@ SUbpS~hS 4.6.2 through 4.6.5. In general, these ammmed methods should only
be used if the parameters contributed by the single links are spectfied over identical
frequency ranges. However, if the parameters are specified over different frequency
ranges, then the smaller frequency range will govern the overall frequency msponee
and the summation rule should only be applied to the smeller frequency range. For
example, when the insertion loss versus frequency ciamacteristic of loops and llnka in
tandem are combLned to obtain the reference circuit charaoteristios of paxag~pb 4.7,
the 8ummation rules have been applied with respect to the frequency bandwidth assumed
for the loops.

These sUmmation methods are applicable to analog service (voice and faus hnlle) on a
user-to-user basiB by considering hop and ChSMel chamctertstice Lntandem. These
methods are also applicable to data service from the tre.namltttog quasi-analog modem
output b the receiving quasi-dog modem @w, provid@ there 1s no regeneration
QmPloYed -eStI the modems. If regeneration 1s employed then each regeneration
point acts ss a data sink./data nource combhtim aIXJthe summation methods wUI dY

he ~plkahle from regeneration poht to regene~tion po~t ~d not on a circuit baSiS

from user-to-user.

4.6.2 w. It is assumed that the toti noise power in pioowatts of FDM or
TDM/ PCM reference llnks in @xlem is the sum of the ~olse powers in phmwatte contrib-
uted by the single links, provided the noise powers am referenced to the same trans-
mission level point (TLP) and represent the s-e type of noise, e. g., worst hour medlsn
noise or s.11Year medlsn noise. If the noise powers are not referenced to the same TLP
Lheo they have to be converted to a common TLP before they CSDbe summed, Noh3e
powers expressed in unite of dB cannot be added ~ebral&ly but must be oonverted
first to units Of picowatta. When FDM and TX)M/PChl links are connected In tandem for
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voice service, the equivalent PCM noise is used to determine the contrlbutlom! by TDM./
PCM links to the total circuit noise (see suhpamgraphs 4.5.3 and 4.5.3.4.3).

NOTE: For the purpose of this skndard, the following
apprOXiRWtS I’dS.thRShij) bStWSSO y llILitSOf ~~ and
X uni- of pwf) iS used: y = 10 loglo X.

4.6.3 Insertion Loss Versus FreauencY Characteristic. It is assumed that
the insertion loss versus frequenoy characteristic (in dB) over the = of intarest of
FDM or TDM/PCM reference him in tandem is obtained by summing the squares of the
meertion loss (in dB) contributed by the single linkn and taking the square root d this
sum (Root-&m-SqWre Law).

4.6.4 Envelo w Delay Distortion. It is assumed that the envelope delay dis-
tortion of FDM or T-DM/PCM referfmoe Jinks in tandem is the sum cd the envelope delay
distortion contributed by the single links.

4.6.5 Net Loss Variation. It is assumed that the net 10ss variation (h dB) of
FDM or TDM/ PCM reference linics in tandem is obtained by summlmg the squares of tne
variations (in dB) contributed by the single lixdca and taking the square root of this sum
(Root-Sum-S@are Law).

4,7 Hypothetical Reference Circuit Exe mples.

4.7.1 General. Common long haui/tactical hypothetical reference cirouits
consist of combinations of the PIXW1OUSIYciefined reference voice bandwidth links con-
nected in tandem, Because of the large number of hypothetical combinations which are
possible, only a selected number of examples of hypotbetioal oonnectione are discussed
in the following subparagraphs.

The first four examples depict the use af noise proration or aUocation in tandem trunks
and do not include the effects of 100PS.

The parameters of Examples 1 through 4, suoh as noise and envelope delay distortion
shown in subparagraphs 4. 7.2 through 4.7.5, are only applicable to analog service
(voice and faosimile) and to quasi-analog data service without regeneration between the
end terminals of a channel. See subparagraph 4.6.1 for calculating the transfer oharac-
terist ics of data links in tandem with regeneration employed.

Examples 1 and 3 depict worst case examples where the long haul TDM/PCM links are
not available. Example 1 considers a hypothetical connection inoludtng taotioai less
maneuverable assets whUe Example 3 oonaiders one includtng tactical Mghly mumuver-
able assets.

Examples 2 and 4 show what is hypothetkslly possible utilizing the long haul TDM/PCM
1inks. Examples 5, 6, and 7 address AUTOVON and AUTODIN service.

Example 8 extends Examples 1 through 4 to include the hypothetical effects of loop charac-
teristics on the overall user-b-user circuit.
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Examples 9 tbrmgh 12 show signal level diagrams for a user-to-user ciroult traversing
1- haul and taotioel tnmke and boptl ,

4.7.2 Examnle 1: Long Haul/Tactical LeBB Maneuverable FDM Connection.
Figure 4.7-1 shows SD example of a hypothetical connection over long haul/tactical less
maneuverable channels utilizing FDM techniques exclusively. At the left of the figure is
a line diagram to facilitate vhwdhtation, but it is not drown to scale, The clroles IDthe
llne diagram represent nodes which may include technical control facilities and swkohes.
The flrot oolwnn from the left shows the nominal length of the reference links between
the nodes. TIM Roman numeral I indicates a referenee vo~ce bandwidth link Type I with
M multiplex translationsbetwam the end multigdexera of the link (see Figure 4.5-l),
whereas ROmM numeral II indicates a reference voice bandwidth link ~pe II with multi-
plex tmmslatlona between the end multiplexer’s of the link (see Figure 4.5-2).

4.7.2.1 Noise. For Example 1, addition of the noise allocated to the medium
and multiplex equipment for each reference link indloates that an overall connection with
a noise performance of about 35,000 PWPO(approximately 45.5 dBrncO) 1s possible. This
addition utfllzes the summation method defined in”subparagraph 4.6. ~.

4.7.2.2 faeertion Loss Versus Frequency Characteristic. By applying the sum-
mation method defined f.n subparagraph 4.6.3, the following are the expeoted values of
the insextion loss versus frequency characteristic referenced to 1000 Hz for the connec-
tion of Example 1:

300 Hz to 3400 Hz
@xoe@ 400 Hz to 3000 Hz)

-3.3 dB, +8.1 dB
400 Hz to 3000 HZ

*3.3dB

4.?.2.3 EnveioDe Delay Distortion, By util lzing the eummation method defined
in subpamgraph 4.6.4, the following are the expected values of envelope delay distortion
over the -e of frequencies indicated:

600 Hz to 3200 HZ

@tcept 1000 Hz to 2500 Hz) 1000 Hz b 2500 Hz
2,339 microseconds 1, 659 microseconds

4.7.2.4 Net L9es VariatLon, By utUiz@g the summation method defined in sub-
IWZIIT- 4.6.5, the expeoted due of net 10ss variation ia M.5 dB.

4.7.3 Example 2: LaUZ Haul/Tactical Less Maneuverable FDM-TDM/PCM
Connection. Figure 4.7-2 shows an example utilizing TDM/ PCM technique on s long
hnui Satellite system and FDM techniques on other imks. The general iayout iB the same
as described in Example 1.

4.7.3.1 Noise. The results indicate that a connection with a noise performance
of but 26,000 pWpO (approxknately 44.2 dBrricOj is hypothetically attainable, following
the summation method defined in subparagraph 4.6.2.

10U
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t
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I

(1000 nml) ,g&,
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1-——I I 1 I I I
5556 km I
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4,500 [31
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\
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t
I 1 L

I
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4,500 I 131
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———
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.——
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x RADIO 1,111 131

——— I I I I

I
617 km

( 333 nmi) I RAOIO 1,111 131
—-— I [

22,214 km
(12,000 nm\l

TOTAL NOISE 32,332 2857

r TOTAL 35,189 PWPO
NOISE ( APPROX. 45.5 dBrmeO)

Reference Channel Example 1: Long Haul/Tactical Less
Maneuverable FDM Connection Excluding Loops
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Figure 4.7-2. Referenoe C-l Example 2: Long Hau1/Tactkml Less

Maneuverable FDM-TDM/PCM Cosmeation Excluding Loope
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L.
4.7.3.2 Insertion Lam Versus Frequency Characteristic. By applyfng the sum-
mation method cleflned in Bubpars6wh 4.6.3, the following are the expeoted values of
the Insertion 106s versus frequency characterietlc referenced & 1000 Hz for the comec-

tlon of Example 2:

300 Hz to 3400 Hz
JExce~t 400 Hz to S000 Hz) 400 Hz to 3000 Hz

-9.2 dB, +8. Z dB -3.2 dB, +3.4 dB

4. 7.3.3 Envelope Delay Distortion. By utilizing the summa tion method defkmd in
subparagraph 4.6.4, the fcllowLng are the expeoted values of anmlope delay distortion
over the range of frequendes lndioatect

600 Hz to 3200 Hz
~Except 1000 Hz to 2600 Hz. 1000 Hz to 2600 HZ

2,386 miaroeeoonda 1,610 micrcseoonda

4.7.3.4 Net Loss Variation. By utlltzlng the summation method defined k.n sub-

paragxwh 4.6.5, the expected value of met 10SS varhtion b i4.4 dB.

4.7.4 Example 3: LoniI Haul/Tactioal Highly Maneuverable FDM Connection.
Figure 4.7-3 (Example 3) shows a emmection of long haul FDM voice txmdwidtb ltnks in
tadem with Utotical h@hl y maneuverable FDM voioe bendwidth llaks. The general laY-
out 1s the same as described in Example 1.

4.7.4.1 Noise, In ~lgure 4.7-3, the total maximum noise of 1S, 000 pWpO of
three ~otlcal highly mnneuverahle FDM llnka in tandem is referenced to the OTLP of
the long haul olroult for bet@ dlreotlons of transmission. Using the sUmrn.ationmethod
deftned In subparagraph 4.6.2, the result indicates that a noise performance of shout
46,000 PWPO(approximately 46.6 dBrncO) 18 hypothetically attBinahle, provided that tne
taotioal portion of the oonnectlon Lallmi.td ta three tandem llnka,

NOTE: Amxmdtng to tmbparagraph 4.5.2.3.4, eaoh moti~
highly maneuverable FDM llnk oontrlbutes a maximum noise
of 25,000 pWpO at the OTLP or 10,000 pWp at the -4 TLP of
a tactioal highly maaeuverahle oh?cult. The toUd mudmum
nolee of three taetloal LI@hIy maneuverable FDM M&s in
tandem is 30,000 pWp atthe 4 TLP. Since the 4 TLP of
a taothal highly maaeuverahle ciroult 1s connected to the
OTLP of a lo= haul ckrcuit either by a 3 dB ampllfier or a
3 dB attenuator (see Figure 4. 7-8), the total maximum notse
of three taotical FDM tandem Ilaks is 15, 000 pWpO referanoed
to the iong haul OTLP for both transmission dlrecthma of the
common oonneotlon almwn In Figure 4.7-3.

I
%--.

4.7.4.2 Imertkxi Loam Veraua FreauencY Characteristic. By spply!ng the aurn-
matlon method daflned &nsub@rsgr@ 4.6.3, the following are the expected VSlU6S of

the In8ertion leas versus frequency Oharn.eterletic referenced to 1000 Hz for the ccnnsc-

tion of Ihample &
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(I ODD nrnl)
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—-
5556 km I sub Caole 4,631
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5556 km
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- --

! :i :
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—
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( I(IOOmi )
3,614

— -
1050km 33 RaOlo 3.674

(1000 nal)
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617 km I RaO!o 1,24?
(333 nml)
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617 km I rfadlo 1,241

( 333 nai)
— —— --

?7, 058 km TOTAL
I

45,B54p8po
(11,916 nral) I181s[ (APCI1O:.48,6 dSrncO)

Figure 4.7-3. Reference Chaumel Example 3: Ixmg Haul/Taotioal Highly
Manueverabie FDM Connection Exclud@ L@IM
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-r-

L

I

300 Hz to 3400 Hz
jExceM 400 Hz to 3000 Ik, 400 Hz to 3000 HZ

-3.4 dB, +’7.8 dB *3.4 dB

4.7.4.3 Envelope Delay Distortion. By utll izing the summation method defined
in subparagraph 4.6.4, the following are the expected values of envelope delay distort; on
over the range of frequencies indicated.

600 Hz to 3200 HZ
(Except 1000 Hz to 2500 Hz) 1000 Hz to 2500 HZ

2, 364 microseconds 1,564 microseconds

4.7.4,4 Net Loss Variation. By utilizing the summation method defined in sub-
pamgraph 4.6,5, the expected value of net loss variation is ~. 3 dB.

4. 7.5 ExamcJe 4: Lo w Haul/Tactical Hi@ly Maneuverable FDM -TDM/PCM
Connection. Figure 4.74 (Example 4) shows a connection of long haul FDhI voice band-
widt!hlinks including a TDM/PCM sateliite Iink in tandem with tactical highly maneuver-
able TDM/PCM voice bandwidth linfcs. The gene ral layout of the connection is the same
as described in Exampie 1.

4,7.5.1 Noise. In Figure 4.7-4, the total maximum noise of 15, 000 pWpO
(equlvslent PCM~e) of six tactical highly maneuverable TDM/PCM links in tandem 1s
referenced to the OTLP of the long haul circuit for both directions of transmission. Using
the summation method clefined in subparagraph 4.6.2, the result indicates that a noise
performance of about 27, 000 pWpO (approximately 45.7 dBrncO) is hypothetically attain-
able for the connection shown in Example 4.

NOTE: According to subparagraph 4.5.3.4.3.2, each tactical
highly nmneu verable TDWPCM link contributes a maximum
equivalent PChl noise of 12,500 pWpO at the OTLP or 5, 000
pWp at the 4 TLP of a tactical highly maneuverable circuit.
“rhe total maximum equivalent PCM noise of sti tactical h@l y
maneuverable TDM/PCM links in tandem k 30, 000 pWp at
the 4 TLP. Since the 4 TLP of a tactical highly maneuver-
able circuit is connected to the OTLP of a long bad circuit
either by a 3-dB amplifier or a 3-d.B attenuator (see Figure
4. 7-8), the total maximum equivalent PCM noise of six

tactical TDM/ PCM tandem links is 15, 000 pWpO referenced
to the long haul OTLP for both transmission directions of
the common connection shown tn Figure 4.7-4.

4,7.5.2 Insertion Loss Versus Frequency Characteristic, By appIying the sum-
mation method defined in subparagraph 4.6.3, the following are the expected values of
tbc insertion ~oSB versus frequency characteristic referenced to 1000 Hz for the connec-
tion of Example 4:

300 Hz m 3400 Hz
(Except 400 Hz to 3000 Hz) 400 Hz to 3000 Hz

-3.6dB, +8.6dB -3.8 dB, +4.0 dB
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I #ad10 BB6

(167 nml)
--

617 km I Rsdlo 1,242
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1850 km

II Radio
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3,014

1850 km
Kt Radio 3,674

f 1000 nmt}—-
617 km I Rad!o 1,242
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n I
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I
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I
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I
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(333 nml)

II Km

I II Radio 3 674. ..JO ml)
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F ‘
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Figure 4.7-4. Refererme Channel Example 4: ~ Haul/T&ctlcaI

Highly Maneuverable FDM-TDM/PCM Hybrid
Comectkm Excluding Mope
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By utilizing the summation method defined

in subparagraph 4.6.4, the follow- are the expeeted values of eQveiope delay distortion
over the ruwe of f re~encles ~laa~

600 Hz to S200 Hz
(Exoe@ 1000 Hz to 2500 Hz} 1000 Hz to 2600 Hz

3,010 mLcroeeoonda 1,836 mtommeocmds

4.7. s.4 Net LOSS Variation. BY utilizing the 6~La meti defined in eUb-
paragrapb 4.6. S, the expeoted vaiue of net loss varlatton is M.6 dB.

4.7.6 ExamPle 5: AUTODLN LoaK Haul/Taatkal Connection. Figure 4.7-5
(Exampie 5) illustrates how and where the rderenoe VOloe bamfwidth Iti ti the data
referenoe terminations are appi ioable in an AU~DI.N 1- haul/tzoUOd oonnectkm In
this example, applicable standards and criteria other than standards oited herein are
intmduoed to Uluatram the looatiom where they are applloahie. Othemviee, the figure
is Selkwpianatory .

4.7.7 Example 6: AUTOVON LonJzHaui/Tactical Connection with AUTOVON
4-Wire Instrument in Tactioal Area. Figure 4.7-6 (Exampie 6) Uhmtrates the aPPlioa-
bUity of the refer=oe voice bandwidth linke in an AU’IDVON oonMotion with a 4-wire
AUTOVON metrument h the taatical area. The figure zdso indioates other StalMkdS

SDG critedia i.a addition to those cited herein which me applicable.

4.7.8 Example 7: AUTOVON LonK Haul/ Tacticai Connection with 2-Wire
Switches at Both Terminations [Worst Ailowable Confi mration). Figure 4.7-7
(Example 7) shows a worst oaae exampie of an AUTOVON oonneotion with 2-wire switohee
in tandem at each termination; two of the switches are in tb taotical area. APP1icubie
etaodarde and oriteris are also shown in the figure. l%e 2-wire ewitoh (in the titioai
area) confecting the tacticai circuit with the long haui cirouit muet have AUTOVON com-
patible signaling specified in DCAC 370-V185-7, Overeeaa AUTOVON Ne*ork Switching
Plan .

4.7.9 Rummle 8: User-to-Ueer Chamwterietics Baaed on ExamDIee 1
throa 4. T~ user-to-user charaoteristios may be determined by oombiaing the obar-
acteristica of a hypothetical reference circuit (Ramplee 1 through 4) with the charac-
teristics of the loops, which comect the users to the reference circutt. The cbsracter-
istics of loops wSIIva~ widely among tactical highly maneuverable ueers, tactical lens
maneuverable users, and long haul users. In addition to the different types of 100pa, the
length may range from very short loops consisUng entirely of local plant facilities a’
loaded/nonloacied cable pairs, to very loog loops consisting of one or more sections of a
long haul plant, such as a loaded toll grade cable or a carrier plus an end section consist-
ing of local plant facilities. Aa may be expected, the inherent charaoteriatics of the
loops till vary widely and are predictable only when the specific makeup of a loop is
imown. Each loop is a separate problem and each loop must be Individuality engineered.
Thus, for purpoees of demonstrating the calculation of hypothetical ueer-to-ueer char-
actaristice (for Examples 1 through 4), itis necessary ta assume characterietice for
the loop. The reader is csutioned that these assumed characteristics are not real val-
ues and are not to be used ilterally for the calculation of actual user-to-user character-
istics .
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4,7.9.1 Signal Level and Interface Diagrams of LOW Haul end Tactical Reference
Clrouita (User-to-User). Figures 4,7-8 through 4.7-13 show examples of circuits con-

sisting of long haul and U@tlcfd (highly and lees maneuverable) links based on Examples 1
through 4, and of two-wire or four-wire 100PS extending to the terminal equipment. The
ins~rtlon 10.ss of the loops are kienticsl with the values given in subparagraph 4.4.2 1,1.
Figures 4.7-8 through 4.7-13 show test levels end traffic stgIwJ levels for voice and
data and the interface levels betweem any of the three systems, long haul, taotiosl highly
msmeuverabie, end tactical less maneuverable.

4.7.9.1.1 LOU H8ul/Tacticd Hl@lY Maneuverablee Four-Wire Reference Circuit.
Lhfferemt requirements for the loag haul and the taotioal highly maneuverable systems
have led to the development of equipment, auoh as muitlphxers and radios, with sAgnifi-
oantiy different traffic signal levels (voice and data) and overload characteristics.
THEREFORE, SPECLAL METHODS HAVE TO BE USED FOR INTERFACING LONG
HAUL WITH TACTICAL HIGHLY MANEWERABLE LINKS.

Figure 4.7-8 (Example 8a) shows a signal level a.xi I.ntetfaoe diag- of a long hsul/
tactical highly maneuverable four-wire reference circuit. The interface shall be =com -
plished on the basis of the stendard test tone defl.ned in subparagraph 4.4.3 .2.2.4 ss
-10 dBmO for the long haul and -3 dBmO for the tactical highly numeuverable system.
It should be emphasized that the standard test tone of -10 dBmO for the long haul system
is refersuced to the long haul OTLP, whereas the test tone of -3 dBmO for the tictical
WY ~uver8ble sYS@m IS referenced to the tactical highly maneuverable OTLP and
not to the long haul OTLP,

Tbe method of Interfacing on the basis of the standard test tone results in a 3 dB gain at
the tnterface point for signals traversing from the long haul to the tactical highly maneu-
verable portion of a circuit and in a 3 dB attenuation at the interface point for signals
traversing from the tactical highly maneuverable to the long haul portion of a circuit.
THE TLPS OF THE TA(?I’ICAL HIGHLY MANEUVERABLE SYSTEM CANNOT BE
DIRECTLY EQUATED TO THE TLPS OF -THE LONG HAUL SYSTEM, SAVE IN TERMS
OF ACTUAL POWER LEVEH (dBm). THEREFORE, THESE TLPS SHALL BE CON-
SIDERED AS INTERNAL REFERENCES FOR EACR SYSTEM ONLY, AND MUST NOT
BE TRANSFERRED ACROSS THE INTERFACE. For this reason, the standard test
signal and the signal for intermodulation disWmtion measurements (IMD) shall not be
transmitted across a long haul/tacticcd highly rnnneuverabie interface, as indicated in
Figure 4, 7-8. The monitoring test tone is not used in the tactical highly maneuverable
system (see subparagraph 4.4.3.2.2, 5). However, the monito~ testtansmay be
transmitted across the interface, U required, and would appear at a leve!l of -12 dBm

at a -4 TLP of a tactical highly maneuverable efreuit,

in Figure 4.7-8, the transmlti speeoh volumes at the telepbcmea have been assumed
as -10 W for both the long haul and tlm taotioal highly maneuverable users in aoeord-
anoe with aubparag+ 4.2.2.1. The received speeob volume of -16.6 W at the tauti -
cal h@ly maneuverable telephone is higher than the nominal udue d -28 W stated in
subparagraph 4.2.2.2 but the higher value Is ameiciered desirable for satisfactory serv-
100 in a taotloal highly mawuverab.le ~vlrasun~. The reoeived speeob volume of -22.5
W at the lmg haul telephone IS within the range of volume unite giv= in subparag~
4.2.2.2 Indloattngthatmore than 96 peroent of oalls would be rated good or better. _
data levels abown tn Figure 4,7-8 are identioal wltb tbe values stated in a~
4.3.2 .2and 4,4.3 .2.2.2.
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NOTE: The follou’ mg items have been conaidured fur zhe
development of au interi~.ce standard between the tactical
highly maneuvemble system and the long had or the tacti-
cal less maneuverable systems:

(a) The level dtfferenoe acxxms the interfaue is caused by
the current lnvethry which mot be changed dgxdficcntly

Ln the foreseeable future tied on eocnomic factors, such
as equipment life cycles.

(b) Any solution of the interface problem should have a
minimum impact on exhking procedures and practices
used b ILii SyStCXXS to be hd,erfaoeti .

(c) The introduction of a Dew deftrdtion into the tactical

highly maneuvemble system, naxriely the standard test
tone of -3 dBmO, is oonaidered less confusing to commu-
nications personnel then a chang-e of established procedures
and methods employed within a system, suoh as the TLP
concept.

(d) The methocl of tnterfactng on the basis of the standard
test tone will affect onl~ circuits traveratng the long haul/
tactical highly maneuverablee system or the tactied lees
maneuverablee/tact ical highly maneuverable system and
will not change established test or a.llgnrnent procedures
within any of these systems.

4.7,sl.l.2 Lon$! Haul/ Taotlcal Htghiy Maneuverahie ‘fWo-Wire Refereaoe Circuit,
Figure 4.7-9 cieptcts an example of a long haul/tactical highly maueuvcrahle two-wire

reference circuit showtng signal Jevels for testing and aligntng of ltnks and traffkc atgmd
levels (voioe and data) from user-to-user. The interface method is the same - 13bwn
in Figure 4.7-8 and described in subparagraph 4.7.9.1.1. The TLPs and the correelmnd-
ing test levels and apeseh volumes are the same as slmwn trt Figure 4.7-8, except the
two-wire termination tn the receiving dlratkm of the @cthm,l highly mtmeuvemhle links
has a+l TLP Inaocordertce wlthsubpamgrnpha 4.5.2 .2sx14,5.3.2.2. Thetxwtamitted
speech volumes at the tdepkmes have beem aammed as -10 W for botb the long haul 8Dd
the tactical highl}- maneuverable users b accordance with subparagraph 4.2.2.1. TIM!
received speech volume of -!M. 5 W at the tactical highly maneuverable tdephms IS
higher then the nombal value of -28 VU stated tn SIuhparagraph4.2.2.2 W tlM higher
vakue is considered deslmble for satiafsctory aer ~icJ tn a tactteal highly mawuvembie
environment. The received speech volume d -31..5 Watthelong haul telephone ia
within the -e of volume unite given & s@pa~raph 4.2.2.2 ixitoating tlmt nwre -
96 percerd & dls would be mted ~ or better, The data levels shown in F@ure 4.7-9
are ideatioalwith the values stated in eubparagmphs 4.3.2.2 and 4.4.3.2.2.2.

4.7,9.1.3 w nctioaiIAosMsM ,
A etgmi ievel and interfaoe diagram for al- hatd/tacttoal less maaeuvemhle four-
wlre circuit is shown tn Ftgure 4.7-10 (ExempAe 8c), h iaterfaee cxxmooua ‘beWeen

these two typee of systems te relatively stmple, inasmuch as both sy8tsms ampioy a
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OTLP at their respective Technical Control FacflLtLe6. The dlfferenoe between the two
8Yt3tsme is in the area cd 10CPS. ~ ~~ fou-wire r~eme Ql=im ~~ a ~ *

10SBin the loop. The less maneuverable taothml four-wire refermme circuits have 100PS
with a mean lose of 7 dB. This difference causes the trrmsmUted and reoelved levals of
speech and data to dtffer slightly as shown LnFigure 4.7-10.

4.7.9 .1.4 Lou HauL/ Tactbal Lees Maneuverable Two-WLre Reference Circ uLt.
F@re 4.7-11 (Example 8d) provhles a signal level and interfaoe diagram for a long haul/
taotkwd 1sss maneuverable two-wire reference cirouit. This is very sLmLLarto Figure
4.7-10 which addressee a long lia.ul/less maneuverable taotLcal four-wire refersnoe oir-
cult, the major difference betwecm them beLng the additional loop 10SS shown for both the
long haul two-wire reference clrouits (11 dB including a 4-dB two-wire to four-wire hy-
brid 10SS) ad the taotical less maneuverable two-wire mferenoe cirouite (9 dB hmludirig
two-wLre to four-tire hybrid loeD). As a madt of these atiditional loop loeses, the valuea of
data and voioe stgnal levels -e accordingly from the values shown on Figure 4..7-10
(Example 8c). Tbe major impaot 1s Lnthe reoeived speech volume (-30 VLJ)at both the
long haul and the tacticalless maneuverable telephone Lnatn.tment. However, tbk level

of -30 VU 1s within the range of received epeeoh volume requLred for satLefactory voice

114.2.2.2).servloe (See WbpSrSgrap

4.7.9.1.5 Tactical less Maneuverable/Tactical HLIzhlY Maneuverable Four-Wire
Reference Clrouit. Figure 4.7-12 (Example Se) providee a signal level and interfaoe
dmgram of a tactkalless meneuvexable/tactkmJ highly maneuvemble four-wire referenoe
cLr\wit. This diagram is almost identical to the long haul/tactical highly maneuverable
four-w~re oircuit aixnva in Figure 4. ?-8 (EWunpie &). Thadltferences in a@aal led
values ehown on the diagram are due to the 7-dB loop loss on the @otioal less rnzamwer-

abie system as comparcxl to the 6-dB loop 10S6 shown on the long haul system illustrated
Ln Figure 4.7-8.

4,7.9.1,6 TactLcal Iass Maneuverable/ Taotloal Highly Maneuverable Two-Wire
Referenoe Circndt. FLgure 4.7-13 (Exampie Sf) provides a signal level and interface
diagram for a tacthal less maneuverablejtaotiosl highly maneuverable two-wtre circuit.
The interfaoe arrangement shown M identical to the interface arrangement pmvLded Ln
Figure 4,7-9 (Example 8b) and is described ti subparagraph 4,7.9.1.2. The only change
between the level and intarface diagram shown LOFigure 4.7-13 and Figure 4.7-9 !s the

dlfferenoe LrI voice and data levels due to a Werenoe in loop loss b the tactical less
maneuverable two-wire rderenoe olrcuit (9 dB) and the iong haul two-wire rderence
Choult (11 dB) .

4.7.9.2 Calculation cd HYPCtbetlcai Noise Fwver at User Terminals. The total
reoelved ndee at the user terminals wfll oonsist of channel notes plus the nobre contrib-
uted by the two loops, attenuated by the one-way ineertkm loss of the loop commcting the
user terdmds to the charuml {eee FLgure 4.4-1). It is sooepted praotioe in olrouit
engineering to reference each noise power value, enntributed by the dLfferent porticaa
of a circuLt, to tbe OTLP d the oirouit ~er anskieratlon and thue arrivo at the tdal
olrcult noLee power expreesed in unLt8d pWpO or dBIT@), The totai eircuLt noise power
referenced to the OTLP oan be transferred fmm the OTLP to aay other TLP d the air-
cult by amelderfag the traXMmLIM@rIlend dtffe~ between the OTLP and the other
TLP (see Appemilx F, Terms ami Definltkxw, umier: ‘lhnamLasLon Levef).
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Table 4.7-1 shows the noise power contributed by a ciuuuhel and the loops, ad the to’d

reoelved circuit nohie power at the long haul or iaotiosl user t.erminale based on the
reference circuit Examples 1 through 4.

The parmnetcrs of Exampies 1 through 4, such as nohse and envelope delay diotortloa
shown m subparagraphs 4. 7.2 through 4.7. S, are ordy applicable to anaiog servioe (voioe
and facsimtie) and to quasi-analog data eervioe without regeneration between the d ter-
minals of a channel. See tmbpamgraph 4.6,1 for calculating the transfer oharsoteriBtios
of data 1inks in tandem with regenemition employed. In the fimt column of ‘fkble 1.7-1,
the numbers of the reference circuit examples are listed which correspond to Figures
4. 7-1 through 4.7-4. Tbe sewnd ooiumn af Table 4.7-1 shows the channel noise power
referenced to the long haul or the tactioai less mmwuvershle OTLP. The values of chan-
rwl noise power 1isted in 7iYtble4.7-1 are kientioal with the values shown in Fi~s
4.7-1 through 4.7-4. The noise contributed by one loop {see subparagraph 4.4.2. 1.4)
is listed in the third column of Table 4.7-1. It should be noted that in the ~otioal higidY
maneuverable system the loop noise is geamraily so muoh lmver than the noise oontritmted
by trunks and 1inks that the effect of loop noise on a user-to-user cirouit is ooneidared
negligible. Consequently, the total circuit mtse & E&mples 3 and 4 oon&iste of ohaanfd
noise plus noise of one iong baui loop, whereas the tatai circuit noise of Ewtmples 1 and
2 is the sllm of channel noise plus the noise contributed by one long haul loop and one
Wcticai less maneuve-ble loop. Tbe fifth column of Table 4.7-1 slmve a -6 TLP ae-
sumed at a long haul end instrument and a -7 TLP assumed at a tactical less maneuver-
able @d instrument, baaed on the four-wire loop insertion loss etatai in eubpam15ra@
4.4.2 .1.1.1 and4.4.2.l.l.3, respectively. @uunples3a nd4dso~a-6TLP
assumed at a long haul end instrument and a -7.5 TLP assumed at a tactloal highly ma-
neuverable end instrument in accordance with Figure 4.7-8. The last column of Table
4.7-1 shows the totai received circvit noise power attheassumed TLPs d loog haul or
t.acticitl end instruments. For Examples 1 and 2, the total noise at the user TLP is
calculated by subtracting from the circuit noise (expressed in dBmcO) 6 dB for a long
haul user or 7 dB for a tactical highly maneuverable user in accordsnoe with the corre-
spending assumed TLPs. Since the TLP of a tactical highly maneuverable cirauit is not
related to the long baui OTLP in terms of transmission power levels, the calculation of
totai circuit noise at the tactical highly maneuverable end instrument (EX8m@m 3 ~ 4
of Table 4. 7-1) must not be performed by the conventional method used for Examples 1
and 2 but has to be baeed on the interface diagran shown in Figure 4.7-8. Aoeording
to Figure 4.7-8, a signal traversing the interface frwm the long haul OTLP to the taetiesl
highiy maneuverable 4 TLP is amplified by 3 dB, Likewise, circuit noise power refer-
enced to the long haui OTLP, as shown in the fourth column of Table 4. ‘?-l, will be 3 dB
higher at the tactical highly maneuverable 4 TLP. This amount of noise power at the
4 TLP is atteumated by the loop loss of 3.5 dB at tbe tactical highly maneuverableuser
terminal. For ins=oe, referenoe oirouit ExampJe 3 d Table 4.7-1 has a tatal cirouit
noise of 47.2 dBrncO (referenced @ the lcmg haui OTLP) plus 3 dB (gain at the 1- haul/
tactical interface) minus 3.5 dB (of tactimd loop imserilon ioss) resulting in 46.7 d3-
of totai circuit noise power at the tactical (highiy mmmuver.~e) user termhla. The
total circuit noise shown in the hat column of Figure 4.7-1 is within the limits d re-
ceived noise power for voice, analog facsimile ad data servloe @v- in SUbPa~
4.2.2.3, 4.2.3.3, s@ 4.3,2.4 m3ap9CtiVfdy. The permissible noise of 44 dBrnc shown
in subparagraph 4.2.2.3 is based on a mean reaelved speech volume of -28 W. m
tactical highly maneuverable system has a higher received speech volume (see Figure
4. 7-8) arid therefore can tolerate more noise power at the user terminals thao stated in
eubpa~aph 4.2.2,3.
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Table 4.7-1. Noise Contributions and Circuit Noise for Reference Clrcuit Examplee 1 through 4

TOM1 Circuit Noise
Reference Circuit Noise of %e Long (Channel Noise Plus Total Circuit

Noise (Channel Haul or Tactical Noise of Lang Haul No%se Rece%ved
Reference Circuit Noise) at Iong MOP at Long Haulland Tacttcal Lopp) at TLP of User

Examples (see Fig- Haul OTLP

~ -~

OTLP .St ~n Haul OTti Asaumd TLP Terminals

ures 6.7-1 through Appr . Appr. Appr. of User Ter- Appr .
4.7-4) pwpo dBrncO pwpo dBrncO dBrncOPWPO __ mina Is pwp dBrnc

—.- -.—. -———- ———

Long Haul 6,250 38.o -6 TLP 12,000 40.8
1 Tactical Less 35,189 45.5

6,250 38.0 “47,689 46.8
Maneuverable -7 TLP 9,550 39.8

2k!%kT-126J0874’2W-138J587459 t---=+=+

*Noise of tactical highly nsneuverable loops is asaumed to be neRliRible (see subpsraRraph 4.4.2.1.4)

-he TLP of a tacticai h;ghly maneuverable-circuit i# not relate~ t; the TLP of a-lo& kul circuit “
in terms of transmission levels. See subparagraph 4.7.9.2 for detaila to calculate the noise

of a common long haul/tactical highly rnanewersble circuit.
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NOTE: Fttierenev O!rtXll+*3 aoc!4 seeLnlnglye\.. Jc’ the
44 d13mc sumdafi stated In %’hparngraph 4.2.2.3. une
must rsmernber, however, that the 44 dBrnc in subpara-
graph 4,2.2.3 is tied to a -28 W cipeecb volume. In the
rderence circuits, the spe=h level at the tacticxd hLghly
maneuverable user termlnah is considerably h@er
(-17 vu).

In real circuits there wU1 be some attenuationat all switch and interconnect points which
will amotmt to t3everal dB effective attenuation of the atgnaie arriving at either user te-
mimde, thus dropping the noise power within the standard llmit of 44 dBmtc while the
speech volume will stay ahove -28 W.

4.7.9.3 Calculation of HYPOthetlcal In8ertion Loss Versus Freauency Character-
istic at User Terminals. By apply@ the summation method defined in aubparagmph
4,6.3 the tatd resultant hypothetical Lneertion loss versus frequency charac=ristic at
the user terminsla may be obtained. This Lnvolves the summarizing of the inserthm 10SS
vemms frequency characteristic for the hypothetical referenoe ltoks Examples 1 through 4
described in subparagraph 4.7.2 and the loop c~racteriatica given @ subparagraph
4.4.2 .2.2 considering the contributions of two loops. The following examples are for
uncondlt ioned data loops and unconditioned data circuits only. The same method of sum-
marizing would apply to other types of loops and circuits.

(a) Example 1

300 Hz & 3000 Hz
(Except 300 Hz to 2700 Hz)

-1.7 dB, -11.7 dB

(b) Example 2

300 Hz to 3000 Hz
JExcerX 300 Hz to 2700 Hz)

-1.5dB, +11.8dB

(c) Example 3

300 Hz to 3000 Hz
(Except 300 Hz to 2700 Hz)

-1,9dB, +11.2dB

300 Hz to 2700 Hz
-1,7 dB, +5.4dB

300 Hz to 2700 HZ

-1.5dB, +5.4dB

300 Hz to 2700 Hz
-l,9dB, +5,4dB

(d) E xample 4

300 Hz to 3000 HZ
(Excerx 400 Hz to 2700 Hz) 40’_I Hz to 2700 Hz

-2,5 dB, +12.1 dB -2.5 dB, +5.8dB

4. 7.9.4 Calculation of HYPOthetioal Envelope Delay Distortion at the Utter
Terminah, By applyLng the summation method defined in subparagraph 4.6.4, the total
reetdQtnt hypothetical envelope delay distortion at the user terminal E may be obtaLned,
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This involves the summarizing ct the envelope delay diatortlon for the hypothetical rafer-
ence lhka Examples 1 through 4 described in subparagraph 4.7.2 and the loop chamoter-
mics given m subpa~raph 4.4.2.2.3 ~~ide- * CO~*~~tiOM ~ two 100PS. The
following exampAee are for uncondltkmed * loops sad uooonditbned data circultp only.
The same method of summa rizlng would apply to other type of loops ad clrculta. The
summed values exoeed the llmite established for uncmdlthned data circuits. Hence re-
generation. at int.ermedlate polnta, may be required (see s~ 4. S. 2.1 tmd
4.3.2.5).

(a) Example 1

600 Hz to 2800 Hz
(Excewt 1000 Hz to 2500 Hz)

8,339 miaroaecmnds

(b) Example 2

600 HZ to 2800 HZ
(ExceDt 1000 Hz to 2500 Hz)

8, 385 microeeocnda

(c) Example 3

600 HZ to 2800 HZ
(Exoept 1000 ?iZ b 2500 ifz)

8, 364 microseconds

1000 Hz to 2500 Hz
2,669 miomeemmds

1000 Hz to 2500 Hz
2,610 mioroseoomis

1000 Hz to 2s00 Hz
2, S84 mtoroeecoada

(d) Example 4

600 Hz to 2800 Hz
(Except 1000 Hz to 2500 Hz) 1000 Hz b 2500 HZ

9,010 microseconds 2,836 mloroseconds

4. 7.9.5 Calculation of Hypothetical Net Loss Variation at the User Terminals.
By applylng the summation method defined in subparagraph 4.6.5, the total resultant
hypothetical net 10S8 variation at the user terminah may be obtained. This Involves the
summarizing of the net loss variation for the hypothetical reference llnks Example 1
through 4 described in subparagraph 4.7.2 and the Atop characteristics given IrI subpara-
graph 4.4.2.2.6 oone~dering the contribuUone d two loops. The results are shown
below:

(a) Example 1: 5.OdB
(b) Example 2: 4.9 dB
(c) Example 3: 4.8 dB
(d) Example 4: 5.1 dB

4.8 Voloe Channel Network Standanis.

4.8.1 General, This paragraph dealo with network aepects of voice chmmels.
In other paragzapha, parameters for tmnsmission Ilnks such as insertion 10ss versus
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frequency characteristic, envelope delay dLetOri.ion, noise, etc. . are given, tmasd P
thdr contribution to the parameters for the appropriate bypothet~m.1 referenm oIr(*iL
However, circuit net 10ss end signaling are not covered. These are the 8ub@0t of tbe
following subparagraphs 4.8.2 and 4.8,3.

4.8.2 Net Imeo D@ trn. Net baa is the nombal taeertlca leee at test tme
freque5cy of any traeamhwlon lLnk, measured hetwetm polnte at which they Intemommot
with another link at a switohing equipment, or to the line termkmls of a “Aepheate. Thla
#mludes trunks, subacrlber or switch acoess lines, ewltah tie ltnes, and user lcope.
The sum of the net losses of all links l.n tandem between the line terminah of the two
tirconnected telephones la the net 10ss of the connection. The overall net kes aUoW-
able takes Lnto acoount the user-to-user requkem~ and, U there are any 2-wbe lMs
or 2-wire telephones which may form part of the connection, echo control must he ooD-
ekiered (see subparagraph 4.2.2. 8).

Although the net loss design of the tactical syst8ms ad the long haul system do*
enthwdy agree, the net 10ss of a 4-wire tnmk, between switching points, shall be O dB
and the net loss of a 2-wtre trunk, between swltuhing points, shall be 3 dB.

4.8.3 fkQ!!&

4.8.3.1 Dual Tone Multi -F requency Sumling . Jn general, stgnal~ b taeuoel
systems snd ic the long hmd (AUTOVON) systems M quite different in most de~lb. k#w-
ever, both make some use of telephones with Dual Tone Multi-Frequency (IITMF) dgnd-
@. Thenumbera l- Oaadthe fourprece&nce sigaaia are hkmtical . The DTM.F
signals shown in TabIe 4. 8-1 below are common.

Table 4.8-1. Dual Tone Multi- Frequency Signals

DTMF Key

1
2
3
4
5
6
‘t
8
9
0

, Preeedenoe O: (FO) Flash 0verr46?
Preoedenee 1: (F) Flash
Preoedeme 2: o) Immediate
Precedence 3: (P) Prtority

End of Sgrdlng

TosE Group
Frequent

Lower

697
697
697
770
770
770
852
852
852
941
697
770
852
941
941

5@2L
!Jpper

1209
1336
1477
1209
1336
1477
1206
1336
1477
1336
1633
163s
163s
1633
1477
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4.8.3.2 Dial Pulse 9ignaling. For telephone Bets mqulrlag dial pulslag for
operating with switahing equipment, the followlng etandarda apply. Two categories of
dbd pulslng are reoognlzed: low speed (for step-by -etep systems), and high speed (or
oommon oontrol aymteme, e.g., oroeebar eysteme).

Low fheed High SWed

(a) Break period percent 6M to 67% 60% to 67%
of oombl.wd make and
break period

(b) Speed, pulses per 9.5 & 10.5 17 b 19
seoond

(c) Minimum i.nterdigital 0.6 eec kS%
period

0.35 WC S%

-

I
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5 SUBSYSTEM STANDARJX ANLJ DESICN OBJE ff IVES,

5.1 General. In paragraph 4 overall system standards having general
application to both long haul and tactical syetems are given, with application to circuite
up to approximately 22,000 km (12, 000 nml). Paragraph 5 ts devoted to standards and
design objectives for multtplexlnu, tranamluslon, and end inst~ent s*sY@tems ‘r
equipments which may be employed to i mplernen! an overall system, in particular, this
paragraph is dtvtded Into the followhg:

Paragraph

52 FDM fhhtitydeme
5.3 T DM/PChf Subsystems
54 Digital Data Modem Subsystems
5.5 Radio Transmission Subayeteme
5.6 W re Tranamisaion Subsystems
5, 7 ELd Instruments, Analog
5,6 End Instruments, IXgttal

Some of the paragraphs listed above cannot be eupported at this time by a submarktal
number of common standard parameters. Therefore, several of theee subject headings
are included only for completeness and foresight ES revlaiona and expangione to the doc-
ument become appropriate

5.2 Frequen CY Divlslon Multiplexed (FDhf) subsystems

5.2, 1 General, Frequency d~vision m:fltipl exed subsystems can be catego-.—
rized according to type of multiplex channel used in tMs regard 3 -kHz FDM, 4-kHz
FDM, and voice frequency carrier tel egrapf. (V F’CT’I subsystem~ are of general interest.

52.2 Frequenoy Division Multiplex Equipment (3 kHz).

5.2. 2.1 Wideband Applications, Th18 type of 3-kHz channel multiplexing 1s
used on many wtdeband underseas cable t~n8~L!~fiion subsystems. Most -DoD mdereeae
cable subsystems are leased Military Standards for this application, therefore, are
limited and a common standard 18 not mcludml S.LMB ff.me (see subparagraph 4.4.3.1. 1).

6.2. 2,2 HF Radio Application, See subparagmpbe 4.4.3.1.1 and 5.6.2.

5.2 3 Frequency Divtoion Multiplex Etr@nent (4 kHz). Subparagraph 4.5.2
of this dooument lists numeroue characteristt cs of 4-kHz FDhf equipment which are appli-
cable to the development of the long haul;’tactical reisrence circuit examples of paxn-
graph 4, 7. For further information, reference should bt made to MIL-STD-188-311 and
MIL-!WD-1B8C (to be replaced by MIL-STD-188-200 nerles) for the respective long haul
and tactical otandarda. R eastw: ‘rechak.d rwm!ewmeos.

6.2.4 voice Rwq thenq Camier Telegrnph (V FCI I The Stid VF~ s@-
syatem is configured for 16 duplex telegmph ctrcuita. Frequ&my shift modulation ●=
he employed The mark signal shell & at tbe cenmr frequency minus 42, 5 Hz ad tbe
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space frequency shall be at the oenter f requenq PIUS 42.5 HZ. Table 5. 2-1 lists the
center, mark, and space frequencies for each of the 16 channels.

Table 5.2-1, 16-Channel &ystem Center, Ma*, and Space Frequencies

?
Channel

Dedgnation

1
2
3
4
5
6
7
8
9

10

12
13
14

L

15
16

.
h.

Ma*
Frequency (Hz)

382.6
552.5
722.5
892.5

1062.5
1232.5
1402.5
1572.5
1742.5
1912.5
2082,5
2252.5
2422.6
2592.5
2762. !5
2932.5

E=l=z=G
425 467.5
595 637.5
765 807.5
935 977.5

1105 1147.5
1275 1317.5
1445 1487.5
1615 1657.5
1785 1827.5
1955 1997.5
2125 2167.5
2295 2337.5
2465 2507.5
2635 2677.5
2805 2847.5
2975 3017.5

5. 24,1 IW3quen cy Tolerance, The tolerance allowed on the “mark” and
“space” frequencies, as generated, shall be @ Hz

5.2.4 2 Audio Input/Output Impedance, The output impedance of the telegraph
channel multiplexer and the input impedance of the demultiplexer shall be nominally 600
ohms over the voice frequency” bend. - The minimum return- loss shall be 26 dB measured
against a resistance of 600 ohms. The electrical symmetry shslI be sufficient to sup-
press longitudinal currents at least 40 dB below the reference signal level.

5243 Crosst81k. The cnmstalk coupling loss between telegraph channels, with
equipment connected on a looped basis, shall be numerically greater than 55 dB, when
referred to equal level points.

5. 2.4 4 Distortion. With the tranamit and receive terminale conneoted back to
back, wfth sending and ~i~g bops prvper]y teminated, wft,h all transmit tones ncti -
vated at proper levels, and with mom undistorted SI@S keyed simulmeous~ into
each sending hop at the mmdmuro mochdmion rate of the terminal design, the maximum
peak telegraph distortion, as meaeured in the reoeiving loops, shall nnt exceed 4 per-
cent, (DO: 2 percent),
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5,24.5 Low Level Interface for LeoP Circuits. It is the USufd practice to
terminate the individual telegraph channela in a digital loop circuit. The otandard low
level interface described in subparagraph 4.3.1.3 shall be provided for these kops.

5.3 T DM/PCM Subsystems. I%rngraph 4. 5.3 of this document compares
the respective long haul and tactical standards for T ‘3M.’PCM subsystems. This com-
parison readily indicates that there are very few subsystem commonallties In thfa area.
Reference is made to ~-ST D-l 88 C for further information on tactical TDM/PCM sub-
QyFteme .

5.4 Digital Kkta Modem Subsystems. Digftal data modems are devices
which allow digital information to be transmitted over analog facilities. The tsending
portion of the modem converts dc pulses into analog tones suitable for transmission
over analog circuits; the receiving portion of the modem accepts analog tones from the
t ransmiasion facility and converts them into dc pulses for use by the end instrument.
lnchxdecl herein are stanckrds which are common to modems used for tacticaf applica-
tions and those used on the long-haul system. The standards regarding interface and
timing criteria, although applicable to digital modems, are relevant to a wide variety
of other subsystems as well; therefore the discussion herein references the reader to
subparagraphs 4.3. 1, 3 and 4, 3. 1.6 for a detailed description of these parameters.

5.4, 1 Common Parameters for Low, Medium. and Hi gh -Speed Modems. In-
cluded herein are standards common to low, medium, and high-speed tactical and 10X-
haul modems, This paragraph has been formatted to allow for future expsmaion; at the
present time, ho~vever, the only parameters exhibiting the required degree of common-
sIltY are those faIIing within the standard cfigftal interface cfltenla.

5.4. 1.1 Low Level Digital Interface. All modems shall conform to the low
level digital interface criteria described in 4.3, 1, 3, Those existing modems whfob are

~~ed for high level operaHon shall be used in conjunction with dc level converters
to provide a low level interface; the interim high level digital interface crlterla de-
scribed in 4. 3.1

5.4. 1.2

5.4.2

5.4.2.1
throu@ 5.4.2.1,

4 shall apply to these modems.

Additional Parameters Common to All Modems. (Under

~gital rnta Modems for 150 b\s t~ 9600 b/a.

Consideration).

DPSK IXtd Modems. Tbe following su~~hs, 5.4.2. 1.1
13, establish standards -d &SIgJI objectives for 2400 b/e mo&uns for

those applications where differential phase shift keying :DPSK) Is used on nominal 4-kHz
voice channels.

5.4.2. 1.1 hlochdtir I.tqmt f31gnal Chrsoteristics. TJS modulator shall ●coapt u
8 modulating signal ayncbronous serial dlgitd ditta at data signaling rates of 1200 b/s
or 2400 b/s. This signal shall be presented to the modulator input as a bfn~ dc Al@
II) POhir form wfth IWIttd significant statm of plus and minus 6 volts *1 volt. Tiwse
states are rqresentatlve of a mark or apaoe, Mna.xy 1 or O codit.ion, reapectivdy, of
the hqmt dlf$ital signal. The mothdator. isball be ~ with a means of xwveroing tbe
eemoe of the received ckigftal data.
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5. 4.2.1,2 Isochronous Dstortion of Input Data. The modem shall operate in
accordance with the performance requirements specified herein when the isiochronouB
disi ortion of the input data is less than or equal to 10 percent measured at the data sig-
naling rate of the modem.

542? ,13 Bina~ Encoder. Prior to translation into a phase shift line signal, the
digital input signai, described in subparagraph S. 4.2.1.1, shall be subjected to an er.coding
process utilizing a binaty encoder. This encmder shall consist of a mochdo 2 addtr and
a z .hi t shift re@ster arranged as illustrated in FYgure 5.4-1. ?hCOdfllg sh~l be Jcoom -

plished at a data signaling rate of 2400 b/s for the two input data signal rates. The en-
coder shall be an integral part of the modem but capable of being inserted or bypassed
ori an optional basis,

54.214 Modulator Output Signal Characteristics. The information signai at the
o~i:put of the modulator shall be a synchronous differentially coherent quaternary phase
shift keyed signal. - I,’or a data signalirlg rate of 1200 bl’s or 2400 b/s at the !TW&IidLui .,,

put, the line signal shall aiways be 1200 baud. This line signal shall be obtained by
grouping the serial stream of binav digital signals from the binarj encoder (or, if the
encoder is bypassed, the data source) into cffbits. Upon determining which of four pos -
sibl e bit sequences are contained in the dibit under consideration, i. e. , 00, 01, 10, or
II, the phase of an 1800-Hz carrier shall be shifted by +45, +135, -45, or -135 degrees
re..~ ec, ively from the phase position of the carrier at the beginning of the imme~ateW
preceding dibit intcrvai (see Figure 5. 4-2). The left hand digitof the dibit is the one
occurring first in the data stream. Figure 5,4-3 is an example of the phase shifts of the
1600-H z carrier, prior to filtering, which would result from eight random bits at the
2400 b/s input data rate.

34. 2,1.5 Modulator Output Level, The output level of the modulator shail be ad-
justable from -18 dBm to +3 dBm in steps no greater than 1.0 dB.

54. ?. 1.6 Modulator Carrier. The carrier frequency of the modulator shall be
1500 Hz and shall be manually adjustable to within *O 5 Hz of the required carrier f re-
qu$ncy The long term frequency stabili~ of the carrier shall be better than 1 part in
10“ per day.

54.2.17 Modulator Output Impedance, Return Loss. and Balance, The output
impedance of the modulator, over the frequenq band 370 Hz to 3400 Hz, shall be 600
ohms balanced to ground with a minimum return loss of 26 cfB against a nonreactive 600-
ohtn resistances. The electrical symmetry shall be sufficient to suppress longitudinal
currents at least 40 dB below the reference signal Ievel.

.5 4. 2.1.8 Demodulator Inp ut Impedance, Return Loss, and Balance. The input
impedance of the demodulator, over the frequency band 370 Hz k 3400 Hz, shall be 600
oh-ns balanced to ground with a minimum return loss of 26 dB agatnst a nonreactive
600-ohm resistance, The electrical symmetry shall be sufficient to suppress longftudt-
nal currents at least 40 dB below the reference signal level.

5,4. 2,1.9 Demodulator Input Signal Characteristics. The demodulator tnput sfg-
na! shall be the synchronous quate~ary phase shift keyed signal cited in 5.4.2.1.4, as
modified by passage through the transmission channel. The demodulator tshall accept
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Figure 5.4-1. Binary Encoder

0, I [*SO*) o, 0 1+49*I

& RdOwuo

“.

\
1,I (-1X3*1

Figure 5.4-2.

1,0 ( -45*)

Vector Diagram
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this aigmd , eynohrodaa the timing mtsmt ci@ to *O re-ved cWW ~im~.UI~=0-
duoe regenerated and retimed dtgltal e@a!s at 1200 b/s or 2400 b\s reepectlveiy, cor-
responding to the SijpMle applied to the dtstant complementary modulator.

5.4,2.1,10 Demodulator L&namic Rw. Tbe demodulator tdmll have n @mamic
mnge of 30 dB, suffloient to aooept aid prooeos, WRbOUt degradation of performance,
input signal Ievela from -35 dBm to -5 dBm.

6.4.2 1.11 Binary Kwoder. FolbwIng demodulation of the signal describedin oub-
parag’rapb 5.4.2.1.9 and prior to the w1108MoD of the demodulated signal to tbe de-
modulator output termtnale, the demodulator shall eubject the eignal to a deeodng pXV-
oess using e Mnmy decoder. Thie deooder aball ooaaint of a modulo 2 adder and 2-bit
sblft reghter aa illustrated tn Flgura 5.4-4. Decoding shall be accomplished at a date
dgnaling rate of 2400 b/s for the two data raten. The deooder comph?unents the encoder
dlecuased in 5.4.2.1.3 and, like the eoooder, shall be oapable of being lneerted or by-
paosed on an optional baeis .

Figure 5.4-4, Binary Deooder

6.4.2.1.12 Ieoobrvmoua DMcmtlon of Demoduktor Chttm t, Tba boebromcma de-
tortkm of the -t data eignal when meaeured at the cpexatjng data dgmaling r8te ahdl
be lelm than ~reent (~: 1 peroont).

6.4.2.1.13 TimtmE Requl rementa. The modem shall be equ@ped wfth arI lnteraal
cl~k wMch 8hll provide all xwoeusary timing for gwmrdlon of tie multiplcu line 6is-
nala and data signal regeneration, as well ae timing for other modem o~ta d
aeaoctated temld equipment. In add Uon, the modem modulator and demodulator
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shall be capable of operation from an external station. clock. The characteristics of the
timing signals shal 1 be as described in 4.3.1.6.

5.5 Radio Transmission Subsystems,

5. 5.1 General. Radio transmission subsystems can be developed to utilize
almost the entire frequency spectrum through various modes of propagation. For pur-
poses of this document, these subsystems are presently limited to the areas listed in
subparagraphs 5. 5.2 through 5.5.5. These subsystems provide a suitable medium over
which multiplexed channels can be passed.

5. 5.2 High Frequency (H F) Radio Subsystems, Until common standards be-
come available, reference shall be made toMIL-STD-188C end MIL-STD-188-317 for the
respective tactical and long haul standards.

5. 5.3 Line-of -Sight (LQS) Radio Subsystems. The long haul standards for
LOS are currently being revised and updated (MIL-STD-188-313). Pending publication
of MIL-STD-188-313, reference shall be made to DC!AC 330-175-1 for long haul LOS
standards. Tactical LOS standards are covered in MIL-STD-188C (to be replaced “cy
MfL-STD-188-200 series). Until common IAX standards beoome available, reference
shall be made to the respective long haul and tactical LOS standards.

5, 5.4 T ropo spheric Scatter (Tropo) Radio Subsystems. The long haul stand-
ari’; ior tropc are currently being revised and updated and wfll be included as a part of
MIL-STD-188-313, Pending publication of MIL-STD-188-313, reference shall be made
to DCAC 330-175-1 for long haul tropo standards. Tactical tropo standards are covered
in MIL-STD-188C (to be replaced by MIL-STD-188-200 series). Until common tropo
standards become available, reference shall be made to the respective iong haul end
tactical trcqm standards,

5. 5.5 Communication SateIlf te Radio Relay Subsystems. Common standards
for satellite service have not yet been developed.

5, 6 Wire Transmission Subsy&tems. (Under Consideration)

5.7 End instruments - Analog.

5. ‘7. 1 General. The following paragraphs deaI with standards which are com-
mon to long-haui and tactical end instruments which transmit or receive an analog &ignal
over a nominal voice bandwidth channel. Specifically, telephone instruments (both 2-
wire and 4-wfre) and facsimile instruments (both meteorological and general purpose)
are discussed.

5.7.2 Teleph one Instruments,

5.7, 2.1 General. This seotion diseusces those parameters which are common
to long-haul and tactical telephone instruments. The instruments dlscuseed herein are
categorized as either 2-wire or 4-wire instnunents. When 4-wire instrument standarde
are identical to 2-wire instrument standards, the discussion of the parameter appears
under the 2-tire para~aph heading,
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5 7. 2.? Two-Wire instruments—. .——

5,7. 2,:.1 w= “~he :e rminal impedance of a 2-wire telephone subset wfit,-
CIULautomatic regulator fea!ums s}: (1 b~, 6u0 ohms +20% at 1000 Hz. The reactive poT’-
tion of this impedance shrill bt i~,;!,,.tiv: and shall not exceed 300 ohms at 100~ Hz. The
longitudinal terminal b.,lance for :c’cphone instruments shall be at least 40 db

5. 7.2.2,2 Acoustical/Electrical Conversion.

5. 7.2.2.2.1 Transmit Direction. A 1OOO-HZ signal with an rms sound pressure of
20 dynes per square centimeter at the Krid of the transmitter shaI1 produce -6 dBm
*2 & at he 2-wire output of the telephone set (see Figure 5. 7-la)

g“c”b’m?a-g”’
a. TRANSMIT DIRECTION

b. RECEIVE DIRECYION

Figure 5.7-1. Test Points for Measurement of Amplltude
Versus Frequency Characteristics

5. 7.2.2.2.2 Receive Direction. A 1OOO-HZ signal of -22 dBm at the input of the
te~eDhone set shall uroduce an rms sound pressure of not less than 3.6 dynes per square

centimeter at the receii”er outpu: (see Fikn~rt, ~, 7-; I.1) (DO: -32 dBm at the Z-wire [nPut
shaIl produce 2 dynes per square centimeter at the receiver outpllt. )

5. 7.2.2,2.3 Sidetone, A dcsigm objet’ti~ e for sidetone coupling loss between the
transmitter input and the receiver output ~hall be between 15 d13 and 40 dB and shall be
determined by the formula:

Sidetone (dB) - 20 IOglo
Transmit rms Sound Pressure
Recc. ver rms Sound Pressure

The actual value is not critical, but side tone shouJ d not result in sound 1evela greatly in
excess of those being received f rcrn the distmt end ncr should they be below audibility.

5. 7.2.2.3 Amplitude vs. Frequency Charactcrtstics.

5.7.2 .2.3.1 Transmit Dlrectiori. Figure 5. 7-la shovs the test points for meas-
urinE tbe amplitude versus frequenq characfertstics of the complete telephone trans -
mitt.&. tM&hdB for this parame’:e t ~re under consideration.
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5.7 2.2. 3.2 Receive Direction. FYgure 5, 7-lb shows the testpotnte for meammlng
the amplitude versus frequency oha-terist.ias of the complete telephone receiver.
Standards for this parameter are under oonaideration.

5 7. 2,2.4 Level Re gulation. Telephones which employ automatic level regulation
equipment shall incorporate paasfve nonUnear devices to automatically adjust the trane -
mission loss fn the subset b deliwr a relatively constant level at the local switchboard
or automatic swltchhg center when oonnected to a short or long loop circuit. The ievel
adjustment shall be controlled by the load loop resistance and Iooal batte~ curren: that
decreases as the length of the loogi and ita resistance la inoreaaed. Reoeiver level reg-
ulation ehall be within the limits ehown tn Ftgure 5. 7-2 when oonnected to typical 26
gauge mmloaded exchange cable, and the transmitter level regulation shall be wlthtn the
limits shown in ~gure 5.7-9. The above characteristics are based on the commercial
type 500 subset. On older type instruments, many of which are currently in uee, tie
loop resistance should not exoeed 8S0 ohms to provfde suitable levels. The limits show
in Ptgures 5. 7-2 and 5. 7-3 may be exoeeded tg 4 dS at the 10, 000-ft. length (830 ohms
approximate] y) where older instruments are in use. A1though this standard does not
cover exchange cable, it is neoesaaxy to oonsider the loop characteristics in the design
of the telephone inatmment.

5 7.2.2.5 Control and Supervision.

5.7 2. 2.5.1 Local Battew. For the local bette~ mode of operation, microphone
power shall be integral with the telephone set. Sfgnaling to the other end of the line
(magneto switchboard or other telephone) shall be achieved by a hand driven 20-Hz gen-
erator integral to the telephone set or other meana.

5. 7.2.2.5.2 Common Battery Sup ervision. in the eomxnon battery supervision mode
of operation, microphone power shall be integral with the telephone set. Signaling to the
other end of the line (switchboard only) shall be achieved by dc closure,

5 7. 2.2.5.3 Common Batte~. Xnthe oommon battery mode of operation, micro-
phone power shall be provided by the swltohboard over the line. Signaling to the swftch-
tmard shall be ~ dc closure.

5,7, 2.2.6 Rhgt~. Telephone instruments used in tactical and long-haul systems
shal 1 have an integral ringer with an arrangement to manually adjust the acoustic level.
PrOVtSiOn shall aleo be made for oonneotfon of remote rlnglng units and vltmal oignala
u-hen required. The finger shall have the fohwi.ng chtract.erlstica:

(a) Impedance. The ringer shall have at lead 6000 ohms impedanee
bridged acmes the line t&ou@out the frequenqy range of 200 Hz to 3000 Hz.

(h) Frequenoy The ringer shall operate on any frequenqy between 15
Hz and 25 Hz, and shall MA ree&rd to fr’expmmdee in the 200 Hz to 4000 Hz voice range,

(0) Current. Nomfnal WX OUr~nt Shall be t), 04 amperes at 16 Hz
to 20 Hz su@ied by the swltohboard.

(d) vo~~, ‘X%8 mnnlnal rtnglag voltage shell be 90 Volta.
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5.7 2.2 7 TXa! Pulse Sign sling. See subparagraph 4. 8.3.2 for common s.tand-

●rti -.

:. 7.2.2,8 ii:. mordc Distortion. The total harmonfc distortion in the receiver
+i recuon shall ,.,e less than 5 percent for all input signals within the band 300 HZ m
.3500 Hz with inputlevelat O dBm.

5. 7.2.3 Four-Wire Instruments,

5. 7.2.3.1 Impedance. The terminal impedance on the transmit ad recei~’e sides
of a 4 -wl re telephone subset shall be 600 ohms i20% at 1000 Hz. When level re~llation
features are exr.pioyed in the t-smlt seot~~ of the set, the above ‘tmdard a@2es ‘or
a t ransmltter loop current of 50 ti. The longitudinal terminal balanoe for the input and
output of 4-wire telephone instruments shall be at least 40 dB.

5. 7.2.3.2 Awustical/Electrical Conversion. See subparagraph 5. 7.2.2.2 for
common standard.

5. ’7.2.3.3 Amplitude vs. F’requenqy Characterlstim. See subparagraph 5, 7.2.2.3
for common standard.

5. 7.2.3.4 Level Regulation. See subparagraph 5. 7.2.2.4 for common standard.

5. 7.2.3.5 Control and Supervision. See subparagraph 5. 7.2.2.5 for common
standard.

5. 7.2.3.6 N!K!M

5. 7.2.3.6.1 20-Hz Ringin& See subparagraph 5.7.2.2, 6 for common stanaard.

5. 7.2.3.6.2 Tone-Ringing. For telephone sets equipped with an integral tone ringer.
the following standards apply:

(a) The tone ringer shall operate from a signaling battery supplied on
the receive pair. A grille shall be provtded as an audible outlet for tones generated by
the ringer.

(b) The tone ringer shall consist of an oscillator and a transducer. On
an incoming call signal, the oscillator and transducer shall produce a 2000 Hz i400 Hz
acoustic tone, interrupted 12 H times per second. The output tone level shall be man-
ual Iy adjustable from the outside of the Instrument. The adjustment, however, shall
not completely disable the tone.

L
-.

(c) The acoustic power output of the tone ringer, when measured in a
free field perpendicular to the telephone faoe plate at a distanoe of two feet, wfth the
ringer volume control in the maxfmum output position, shall he greater than +70 dB, re-
ferred to 2 x 10-4 dYnes/cn#.
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5,7, 2.3.7 Dual Tone Multi -Trequemny ( D’TMF) SignaJing. For present common
standard see subparagraph 4 8.3. 2. ‘Other areas of commonality are under considera -
tion due to the need for a higher degree /Jfcommonal lW in DTM F.techdwca.

5. 7.2.3,8 Harmonic Dtst(!r:ion. see subpu.-agraph 5. 7.2.2.8 for common stand-
ard.

5. 7,3 Facslmflc Equipment.

5. 73.1 Meteorolof@cal Facsimile Equfpment. Facsimile is extensively emp-
loyed throughout the world for meteorological communications. The majorfty of the
systems in use are scheduled broadcast employlng wire or radio facilities. When em-
ploying wire, amplitude modulation ia employed. When employing radfo, either ampl 1-
tude modulation or frequency modulation ( FSK) iEIempl O@, When frequency modulation
is employed, an ancillary devioe to convert amplitude to/from frequency modulation is
require{!. It ia expected that the use of digftized facsimfle wfl 1 be expanded In the future.
There a-e two gene ral -s of facsimile equipment in use in the long haul/tactical en-
vironment. They are meteorological and general purjhe types.

5.7.3.11 Meteorological Facsimile Transmitter.

5. 7.3.1.1.1 Origfnal C!oPySize

5. 7.3.1.1.1.1 Dnun fhdme rs= The scanning system of the transmitter shall be con-
figured to accept an original copy 19-5/S inches (473 mm) tide with to~er~~s not to ex-
ceed +1/16 inch (1, 6 mm) to - 3 /32 inch (2, 4 mm) and either 12 incnes (305 mm) in length
or an in’egral multiple thereof and of thickness not greater than O. C1O inch (0, 25 mm).

NOTE: The World Metec rologfcal Organfzatlon Standards
specify a drum length of 550 mm, which ~11 suftably ac-
commodate this size original copy.

5,7. 3.1 1,1.2 Continuous ScannerB. A contimwus (flatbed) scanner shall accept and
properl} scan an ortglnal copy 18-s/8 inches (473 mm) wide. At least 2 inches (50, 8 mm)
of pape] till be provided in the cffmwtlon of feed to accommodate the paper feed mecha -
nfsm. ‘-he copy need not be preciseiy oizea or have square edges.

NOTE: It is dssirable that flat bed scanning devices ac-
cept origtnals of greater width than 18-5/8 inches (473 mm)
and of indefinite 1ength.

5.7, 3.1,1.2 or-mud copy C!mracterlsticg. The fatmsimlle scanner shd) be de-
sifpd ‘~accept any ortginal copy no~ally used for meteorological cihar$s and shall
have a r pectral sensitivity corresponding to tie RMA S4 photo-sutiace. It shall tram-
mit ma’ ks on the copy made by any vfsible color used for rrmting.

NOTE: The incluaior. u! m automatic level control system
capable of compensating for variations in the bac@roti
density 01- co!or of the Grlg-nal copy is des~rable to elimi-
nate manlxa wiju~”:ventq between copies
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5. 7.3.1.1,3 Scanning Line Len@h.
be 18.85 inches (478 mm).

MIL-STD-1 88-100
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The total length of the scanning line shall

NOTE: The total scanning 1ine length includes the length
of the dead sector, which is not optically scanned in
the transmission process (see subparagraph 5.7.3 .1.1.5
for dead sector iength).

5. 7.3.1.1.4 Scannfng Direction The scanning direction shall be normal (corre-
sponding to a left-hand helix).

5. 7.3.1.1.5 Dead Sector. A sector at the end of the scanning line which is ‘1per-
cent to 5 percent N. 5 percent of the scanning line length shrill be provided. This dead
sector shall coincide with the time position of the phasing si@@ (see su~~mph
5, 7.3, i. 1 13. 2) whel the phasing signal 1s transmitted. The signal transmitted by the
transmitter during the dead sector shal 1 be the equivalent of scanning 50 percent of full
black and then 50 percent of full white,

5. 7.3.1.1,6
per minute. The
on the device and

5.7.3.1,17

5,7. 3.1,1,8

NOTE: This characteristic signal is specified to permit
manual iy phasing a facsimile recorder under adverse
transmission conditions and to provide information for
an automatic control system for the recorder.

Scanning Speed s, The scanning speed shall be 60, 90, and 120 strokes
selection of the scanning speed shal 1 be by means of a suitable sontrol
rapidly made by the machine operator.

Line Advance. The ltne advance shall be 1/96 inch (O. 26 mm).

Scanning Spot Size. The scanning spot size shall be O. 0104 inch
(0 26 mm) x O. 0104 inch (O. 26 mm}, and be constant aiong the scanning line.

5,7.3.1.19 Index of Cooperation, The index of coopemtion shal 1 be 576.

NOTE: The World Meteorological Organization Stand-
ards also permit an Index of Cooperation of 288 (or an
index of 576 with alternate line scanning).

5.7.3.1.1,10 Scanning Linearity. To protect the dimensional fidelity of the sy stem,
the physical position of the scanning spot shall not depart from the theoretical position
thereof by more than 1/96 inch (O. 26 mm) per inch (25. 4 mm) of soanned copy. l-his
relation applies in the dfrection of the scanntng line as well as perpendicular to it.

5.7.3.1.1.11 Signal Characteristics.

5.7, 3.1, 1 11.1 Signal Output C!hractetlstics, The signal output of the facsimile trmia-
mitter corresponding to a high signal contrast shall be adjustable between +10 dBm and
-10 dBm. The output impedance shall be 600 ohms, balanced to ground, with a mird-
mum return loss of 20 dB againsta 600-ohm resistance over the frequency range of
300 HZ to 3400 Hz. The electrical symmet~ dud 1 be sufficient to suppress longltudtmtl
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currents at least 40 dB. No
standby or idle condition, A

signal shall be transmitted when tie transmitter 16 tn
suitable output slgna! “level monitor wfll be provided. “f’he

carrier frequency ehall be maintained :lt nn accuracy of at !efist 3 parts per 106.

5 7. 3.1 1 11.2 si ml Contrast The sigmd contrast shal I be 20 cf13+2 cfB. Roth black
and white transmission shall be provided on a selectablebasis (see also subparagraph
5.7.3.1,2.11),

5, ?. 3, 1.1.11, 3 Halftone Chractirlstic. The voltage output ‘copy density relation of tbe
transmitted signal shall be nomtnally linear

5,7.31,112 Synchronlzatfon. The scanning rates of the transmitter shall be con-
trol led by a self-contained frequency standard maintained at the assigned freqmncy
within 3 parts per million. The frequency driving the synchronous drive uystem of the
scanner shall be 300 Hz or an integral multiple thereof.

NOTE: The World Meteorological Organization Standards
specify a frequency standard maintained at only 5 parts
per million for synchront zatlon purposes.

5.7.3,1,1.13 Control Punctione. To effect automatic operation, it is necessary to
transmit !O a facsimile recorder a start command, a signal to permit recorder phaai~,
and a s@ command. The tranemltter operating ryele shall conform to this cycle as
follows.

5. 7.3.1.1 13, 1 Start Signs 1. When activated, the transmitter shall transmit alternate
black and white Levels (corresponding to high and low signal levels) modulated at a rate
of 300 @. 1 times per second for a period of five seconds,

NO’I’E 1: If an index of 288 (or index of 576 with alter-
nate line scanning) is employed, the transmitter shall
transmit alternate black and while Ievels modulated at
a rete of 675 times per second [or a period of five sec-

onds.

NOTE 2: If the Index selection signals described in
this paragraph are not employed, tranemlssion of the
phasing signal descrfbed in subparagraph 5. 7.3.1.1.13.2
shall be tmfflcient to start the facsimile recorder.

5.7.3.1.1, 13.2 Phasing SIW 1 (Accepted as an lnteri.m measure). A 30-secozd t--
mission of alternating white and biack signale of the iol iow!ng frequencies:

1.0 Hz for epeed of 60 strokes per miint&!
1.5 Hz for speed of 90 strokes per minute
2. tJ Hz for apeed of 120 atrekes per minute

The wavefomn may be either symmetfi CRI, i. e whfte and b] ack, each lasting half tbe
line of scaztnfng, or asymmetrical provided that in such event the white wfll last fo~ 5
percent and the black for 95 percent of the line of scanning
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Publl#hed dats of facsimile transmissions shalI include aotafis of the phasing signal
transmitted, e. g, , 50 percent or 5 percent .wk.lte phaaing, Phasing is actttftted by the
leadfqg edge of the signal. This lwiding edge must correspond in phase with the entg of

the scanning-beam into the dead SecLOr of the subsequent transmission. The envelopes
of the signals tmn~mitted will be roughly rectangular.

5.7.3.1. 1.1s.3 Stov SMnd. Upon completion of the scanning, the trannmittfm &ball
automatically tmmsmit an alternate black and white signal inbarrupted at a rate of 450
@. 1 times per second for a period of ft ve seconds fohmwd by 10 secoqdo of sigcala
corresponding to continuous black. The enve.opes of the 450-Hz signals will be Lwughly
rectangular.

5. 7.3.1.1.13.4 Manual Operatio&. Cant rols shall be provided on the transmitter to
permit the operator to startor stop the tmnsmitter, or transmit phasing signals manu -
ally. Provision shall also be included within the transmitter to permit the operator to
transmit unmodulated black or white signals indefinitely for circuit adjustment p@posOs.

5.7.3.1.1.14 Power Requirements. No power requirements are stipulated in these
standards; however, no inforrnation LIYfrequency obtained from the power source shall
be used to derive any frequency or Lfming rates witkitfhe manemitter.

5.7.3,1,1,15 Modulation Characteristic.

(a) Ampiitude modulation (AM):
The maximum amplitude of the ctmrying frequency
should correspond to the tzanainisaion of signal
black, Value of the carrier frequency shall be
1900 HZ or 2400 Hz.

NOTE: When vestigml eidebaud rraaemiaaion is
used over a nominal 4-HI z voice bandwidth cir-
cuit, a carrier frtquency of 2400 Hz will be em-
ployed. The upper sideband will be ootttpletely
attenuated. Also 1800 Hz is normally ueed for
scanning epeda of 60 strokes per minute and
2400 Hz for 90 or 120 Strokes per minu&e.

(b) Modulation by frequency deviation (FM):
Value of the oentral frequertqy -1900 Hz
Value of the frequency for black -1600 W
Value of the frequen~ for white - 2S00 HZ

The freqttenoles for black and white should not va~ ~ more ~“~ Rz over a period d
30 aeoonde and by more than 16 Hz over a period of 15 M.UMtUM.

5.7.9,1.2. Meteoroi ogical Facdrnfle Receiver (Large Format}.

5.7,3 .1.2.1 Reoorded ~ size.
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S. 7.3.1.2.1,1 ~ Recomlem. Tbe drum of these recorders oball acoapt roeordl!4t
media 18-5/8 in~es (479 mm) tide wfth tolerances not to exceed +1/16 inch (1. 6 mm)
to -3/32 inch (2.4 mm) and either 12 iIrches 1305 xfun) in length or an Integral multtple
thereof.

5. 7.3.12.1.2 Continuous Recorders. ‘I’he continuous recorder shall acoept a 400-
foot (121. 9 m) roll of recording media, wound on a core of 1 inoh, H/4 inch (25.4 mm,
M. 4 mm) inside dtametur, and 18-6/8 Inches (473 mm) wide wltb tolerances not to ex-
ceed +1/16 loch (+1. c mm) to -3/32 in~ {-2.4 mm). If P~LIOUrS s~iti~ ~~x
~@fiWes are employed, the transfer tiosue shall be su@ied from a spool 400 feet

(121.9 m) in length, wound on a core of 1 inch, *1/4 inch (25.4 mm, i6.4 mm) laalde
dtameter, and 18-5/8 inches (473 mm) wide with tolerances not to exceed +3/8 Inch
(+6. 5 mm) to O inch.

5,7.3.1 2.2 Reoorded Line Lem?th. The total length of the recorded line ehaII be
18.85 inehea (478 mm),

5. 7.3.1.2.3 ReCOrdlnK Direction. The recording direction shall be nomnal (OOr-
reaponding to a left-hand helix).

5. 7.3.1.2.4 Recording Spas d. The recording speed shall be 60, 90, and 120 atrokee
per minute. The selection of the recordtng aped shall be by meana of a suitable control
on the receiver and madS by the maChine OperStOr.

5.7.3 .1,2.5 Line Advance. The line advance shall be 1/96 inch (O. 26 mm).

6. 7.3.1.2.6 ReoordlnK SPOt Size. The recorded spot shall be O. 0104 inches X
O. 0104 lnchea (0.26 mm x 0.26 mm)

5.7. 3.1.2.7 Index of Cooperation. The Irxlax of -ration shall be 576.

NOTE: The World Meteormkgkal Organization ~~
petit 2S8 (or 576 with altemab line acannera).

S.7.3. 12.8 Dead Sector. Tbe u- trmmmltted during the interval tbe t~ ltter
ia scanning tbe dead sector may beIbhnkd wltbin the reoorder U e- MX.

5.7.3.1 2.9 ~ti StaIdMt!r . ni~ollal dltirffm berween tbe tramamlti
and received ~ akdl not exe- 1/96 inoh (0.26 mm) per l-r inch (2S. 4 ~) -
meaeurod along the scanning line or perpndtcuhr to the eoaxmtxig line.

5.7.3.1.2.10 Signal C2mn@emiatloe~

5.73. 12.10.1 IMxltclroltft. Tbehplt otroldt abaI!hanoadnal ~of-
ohma, balantmd to gmmd, wltiha ~ resmlhaadzo cmagaimta~ r9-

sist8a0c over the f~ TarMp QfsoowtoxO’OHz Tbe Okwtrioal aymm-Ye=lb
odflcient to eqqweoa lq@odMd ottrrexda atleaat40dB. -rbeixclmlit ahll ba da-
e -~ ~vottxga ~eed al a tdqtho9e Cil’oalt.

..
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5.7. s.1.2.10.2 In@ Power Level. The reoeiver ahalI operate properly when input
a@mlo wrreapondlng to a M@ signal contmmt between -9 dEtm and -36 dBm are re-
Oefvad.

6.7.3.X.2.11 Operatt ng Controls. A gain oontrol, an Independent density control, n
manual phasing control, a start-stop oontrol, and a whitefilaok transmission beleotor

shall be provided in a convenient looation on the receiver.

5.7.3.1,2,12 Synchronization. The mxuming ratm of the recorder shall he controlled
ti a self-oontained frequency etendard maintained at the aasigned frequency within 3
parts per million. Tbe fmquency driving the eynohronoua drive system of the reoeiver
zball be 300 Hz or an tntegral multiple thereof.

NOTE: The World Meteorological Organization 3tandarda
speci& a frequency standard maintained at only five parta
per million for 6ynohr0nization purpcxaa.

S.7.3.1,2.1S Control Functions. The facstmile recorder shall reliably start, phase,
and stop when BigrmlB are received from the trarmmitter. It shall be possible for the
operator to override any automatic funotion with operating control B described above.

5.7.3.1.2.14 Power Requirements. No power require-ment~ are stipulated in these
standarda; however, no information or frequency obtained from the power ~ouree shall
be used to derive any frequency or timing rate within the receiver.

6, 7.3.1, 3 Meteorological Facsimile Receiver (Small Fomnat).

5.7.3 .1.3.1 General. The facaimlle reoeiver shall employ continuous reoordtag
tedmiquea and a xwoomiing medium capable of resolving at leaet 200 Mneuper inbb
(26. 4 mm), The reoeiver shall employ n recording medium that i13stable in its ope-
sting environment, hae indefinite otorage lffe, and does not fade upon exposure to llgbt.

5.7.9,1.9.2 Recorded Copy 8ize. The reomded oopy ahail be 8-1/2 tnche~ (216 mm)
wide. Tbe length 1s dependent on the duration of the trammiesion. The reoorder M
acoept ● 400-foot (121. 9 m) roll of recording medtum spooled on a 1 lm% kl/4 inch
(2S. 4 mm * 6.4 mm) ineide diameter oore and, if carboo tie6ue ie employed, the carbon
Umue ehall be eupplied * ● separate run of 400 feet (121.9 m) 6pooled on a cmre
1 Jnch +1/4 inch (26.4 mm *6.4 mm) inside diameter.

6.7.3, 1.3.3 Reoorded Line Length. The tobl reoorded line length shall be 8. W
ilsohoe (220 mm).

6.7.3,1 .S.4 ReoomtJng m~OD. ~ recOrfi@ dilWOtiOm did be DOrmd (~-
epending to a left-hand helix).

6.7.3, 1.3.5 Reoortiiug &peed. Tbe reoording epeed ehall be 60, 90, ad 120
tirwkes per rn.lnute. The ecdeotion of the reoordlng speed shall be by moana of a euit-
able oontrol on the reeeiver and made by the maohine operator.
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5. 7.3.1.3.6 Index of Cooperation. The indices of cooperation shali be 576 and 264.
Selection of the index shall be accomplished by a suitable control on the receiver and
made by the machine operator.

NOTE: Certain meteorological charts are transmitted
at an index of 288. Operation using an index of 264 when
recording these transmissions wfll result in negligible
dimensional distortion. The capability to operate at an
index of cooperation of 264 affords intaroperability with
other facsimile systems without dimensional distortion.

5.7. 3.1, 3.’7 Line Advanoe, The line advance ohall be 1/208.5 inch (O. 12 mm) for
an index of cooperation of 576 or 1/96 inch (O. 26 mm) for an index of coopemtion of
264, selected by the index of cooperation control,

5. 7.3.1,3,8 Recording Spot Size. The rwcording spot size mhall he 1/208. 5 iti
by 1/209. 5 inch (O. 12 mm by O, 12 mm} for an index of cooperation of 576 or 1/96 inch
by 1/96 inch (O. 26 mm by 0.26 mm} for an index of cooperation of 264, with the ma-
stylus or element being changed for the particular index of cooperation being employed.

5.7,3 .1.3.9 Dead Sector. The signal transmitted during the interval the transmit-
ter is scanning the dead sector may b blanked if operationally desirable.

5.7. s. 1.3.10 s @al Chaxncteristics.

5. 7.3.1.3.10.1 Input Circuit, The @put circuit shall have a ~minal imped&nos of 606
ohms, balanced to ground, with ~ maximum return 10SS of 20 dS against a 600-ohm *
slstance over the frequen~ range of 300 Hz to 3400 Hz. The electfic~ ~etrY al
be sufficient to suppress Longitudinal currents at least 40 dB. A M@ tmpecbme ~
Input of at least 2500 ohms shall also be provided. The input clreuits s

Y
lbedes@Ded

to withstand the tinging voltage normally impressed on a telephone ctroui for El@~.

6. 7,9.1.3,10.2 InPUt Power Level. The recejver hall operate prop$r~y w~n i-
of.glutlo COrlWSPOndinK to a high signal oontrast between -9 dBm ad -36 dBm ●re n-
Oefved .

6.7.3.1.3.11 QEMx@SmKf2mtWc?h . A f@n oontrol , an 1adepm&w&llafty 04mtrdl, 8
xuamzal phasing oontnl, a Stnrt/stop oontrol, and a whitdhladk trenamissioz SSI1-
shall be ptided in a oonventent location on the Feoaivur.

6.7,3.1 3.12 f3ynchronization The mmmrtng rates c# the reoosttsr shall b ~M
by R self -oontaimed flwpemcy standard maintained at tbe as- fmqusney Wlm -
parts per milliom The frqwncy drfvlsg the synohroncxm a w#tmn of the -vur
Ohall be $00 Hz or m integral mtitfp!e thereof.
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5.7.3.1.3.13 control Function9. The facsimile recorder shall rdiably Stati, phaae,
and stop when activated by the trsns.mttted signal. It shall be possible for the opemtor
to override any smtomati c function WIth the operating controls descrf~ in “@erctfng
@ntmls” above, The receiver shall start ome to three seconds after receipt of a 1800-Ffs
or 2400-Hz Bignal from the tran8mitLer, automatically switch into a phafdng mode for

1o-12 seconds, and then automatically switch tito the reco~ug mode. The receiver
shall stop three to five seoonda after the 1800-Hz or 2400-Hz signal disappears mid shall
then be capable of immediate recycling. This mode of operation is not fully compatible

with the World Meteordoglcd Organization Standards.

5.7.3.1.3.14 Power Requirement& No power requirements are Btipuiated in these
etandards: however, no information or frequency obtained from the power source shall
be used to derive any frequency or timing rate within the receiver.

S.7.3.2 General Purpose (B lack/Wlhite) Facsimile Equipment. (Under cxmaid-
eration. )

5. 7.3.3 Commonality between Meteorolo@cal ad General Purim se Facsfhnlle
Equipment. (Under considemtion).

6.8 End Instruments - Digital.

5. 8.1 General. The following paragraphs contain standards which are .mm-
mon to long haul and tacticalenciinstruments which transmit or receive a digital signal.
Specifically included are teletypewriter equipment (including page printers, paper tape
re~ere ~d ~per tape pinches), recording media, polar relays, and optice.) Cihf_raCter

recognition equipment.

5. 8.1.1 Standard Codt for !nformatlon Interchange. The standard code md

character setshall be 3s specified in subP~3. 1.2.1. Appendix B is applicable
to the representation ~f character -coded information In information interchange and de-.. —..-
EIcribes t&aTh-&~ that 1s to be used as common baste language for data transmission.

5.8. 1,2 Interim Codes and Alphabets. Due to the widespread usage of 5-unit
start /stop equipment, the interim standard coded character set specified in aubpa~@
4. 3.1.2.2 shall be used for tho@e equipments which are presently in existence ant. for
modifications or additions to existing equipments where it is impractical or impossible
to utilize the stamdard code, For new equipment, see subparagraph 4.3.1.2.1.

5. 8.1.3 Character Interval. The character intervals for start/stop trsnfimiBsion
and for synch,xmoue tranamisston arc shown tmd described in App6d!x B,

5.8, 1.4 Modulation Rate. The modulation rate at the end inataument shall oon-
fortn to the requirements of subparagraph 4. S. 1.1.

6,8. 1,5 Interface Characteristics. The standard low levei digitd interface
specified in subparagraph 4. 3.1.3 shall apply.
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5. 8.2 Telety pewriter Equipment.

Functional Characteristics,5.8.2.1

5.8.2. 1,1 Page Printing Equiprn ent. The bmsic tit emplqyed in PA- te@l-
raphy is the page printer. This !s a device which generally types a line of Printed
characters on rolled paper stock. Some machines also use fanfold paper. The paper
may be fed by friction, or sprockets, or both,

5,8.2.1.1, 1 Line Length. Page Cog. The printer shall be oapable of printing ?30
characters (printing positions) per line,

5.8.2.1 2 Keyboards. Refer to IVIYL-STG1280 for @erdeti keyhoerd srrartge-
ments.

5.8.2 .1,3 Paper Tape Readers. There are two basic chases of mechardoal
tape readers: (1) Coincident selectionin which all pins of the tape reader EIOnOOths
tape simultaneous y; and (2) sequential selection readers ID whi@ pins are successively
presented to the tape to determine the presen-oe or abaenoe of a perfotiion. *
method of selection has certain mechanical design advamtagea.

Many of the modern tape readers employ a photosensitive teohnique for determining *
presence or abeence of a perforation. Some of these readers operate on the ‘Woquentfd
selection” principle but operation on the “coincident selection” prfncipie is more plW-
dominant

There are no standards establls,hed at this time for the method of sensing ptmokd tOpS
beyond that the reader can correctly senee the standard tape without modffioation cd, or
damage to, the standard tape.

5.8.2. 1,4 Paper T ape punches. The paper tape punoh ie an end instrument &-
signed for the recording of information on punched paper tape. The drfve pt.dSea ro-
qufred to actfvate the punch may be furnished @ a typewriter k@oard, data oom7ntmi-
cations circuit, or other digital instrumentation, There are two basic types of punohoc:
(1) NonPrinting punches in which only data and feed holes sre punched in the tape; -
(2) prtnting punches in which, in addition to punching data and fed holes, the chs=toK’s
are pr!nted on the tape (ace Figure 5. 8-l).

There are two methods of printing the tape: (1) The printing is in Iin w?th tk fed ~OS
and SIX characters behind the corresponding data holes; and (2) the printing 10 ~
the IYlxth and seventh feed holes following the corresponding data holes (see ?l~ 5. 8-2).

III each type of punch there are two methods of punaing the holes: (1) C!hncUese or pm-
tlal Iy punched holes; and (2) chadded or fIIIIYpunched hOlOII.

Each punching method has 11s advantages but the chadd~ or fully punched method eha!i
be stnnda d.
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6,8.2.2 Performance Charaoterietics,

5.8.2.2.1 Tranemittlnu Equipment OutPut DMmtion. The output distortion
(all types) of high performance ebctmnnechanical, electronic, or oompoeite trnnsmit-
tdng devices (either sequential or coinddentd eelectlon) shall not exoeed one pmoent.

5.8.2.2.2 ReoeivinR Device Distofion Tolertume. The followlng standamla are
a@icahle to high performance xweivfng devlws.

5.8,2.2 2.1 Electxwmechanfcal Receiving Devices. Eleetromeckmnical rtmwiving
devloee shall he capable of tolerating signal distortion in accordance with the folhnvlag
tabulation:

Reoei V@ Device Perfox’m~e

i Mark space

(%) (%)

Swltchd BiacI Distortion 46 46

I Bias Distortion 46 45
,
I
~End Dtst.ortion 45 45

1Cyclic Distortion 22.5 22.5

6.-8.2 .2.2.2 Electronic-Inp ut Reaeivlng Detioes Reoaivfng devices utilizing el-
trontc Input oircuitry shall be capable of tolerating signal distortion in acoomlanoe With
the followlng tabulation

L leotronic Rrmeivlag Device Performance

Switched Bias Distofiion 49 49

I BiaB DistoZ’tiOn 49 49

Ed mabrtion 49 49

I Cycljc DMortton 24.5 24.5
J

5.8.2 .2.3 Modulation Rate Accuracy (start/stop Distortion) High performance
tranmnlfflng and receiving equipment shall maintain a modulation rate aooaraoy ao that,
in each oharacbr interval, every tranailion shall be within one pa-t of #e theozwU-
cally conwct transition potnt measured with refe~ce to the Btati -afU* of UISt

oharacter at the given modulation rate.

5.8. 2.2 4 Paper ‘Line Feed Operation Start/stop receiving ~~=t for 15
characters per second or less shall be oapable, tn one Chamcter intelwal, of retumMng
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the prtn~ing point to the left sirie of the page and advancing the page one step [1 or 2
lines) in responee to the code com~ination for Line Feed. r Fur higher 6peed equipment
appropriate techniques may be appl fed. )

5. 8.2,2.5 Bit Stepped Operation Equipment employing electronic input/output
ehall be capable of operating under external blt stepped control at the applicable modu-
lation rate in the bit synchronous transmission mode with 4 through 16 units per char-
acter Interval, (Refer tn subparagraph 4.3.1.6. 1.)

5. 8,2.2.6 Character Ste~ed Operation. Start/stop equtpment shsdl be capable
of operating under external character stepped control where the step interval is equal
to or greater than the character interval at the applicable modulation rate.

5. 8.2.3 Recording Medta.

5,8. 2.3 I Teletypewriter Roll Paper. The standard roll paper is for use with
friction feed operation; It Ad 1 be 8-1,’2 inches wide and 5 lnchee in diameter, and shall
be in accordance with Federal Spectf! mti~fi I.N1-P 54 ?.

5. 8.2,3,2 Teletype wrtter 8-1/2 Inch Fanfold Painm. The standard 8-1/2 inch
fanfold paper is for sprocket feed operation and abdl be in accordance wltb MIL-P-
40023. The paper colors rmd number of pa- may be varied mince tbeae parameter
do not adversely affect the standardizat.lon of the printing machtnes.

5. 8.2.3 3 Paper Tape.

5. 8,2.3.3.1 Information Tracks. Stan&@ teleprinter punched tape ahsll have 5
or’8 information t~=cks, as appropria~ for the coded character set being used. A per-
foration shall repm+aent a “mark” or “one” and no perforationAall represent a ‘space”
or “zero”. l%o standati printing and punchiroz plans for paper tape are epeciild (SOS”
Figures 5. 8-1 and 5. 8-2}.

(a) Systems which utilize three Information traoks behmeat the guid-
ing edge and the feed hole.

(b) Systems whi,?b utilize two infomnation tracks between the guidi~
edge and the feed hole.

6.8.2,3 3.2 TaPS width

5.8.2 .3.3.2,1 Minimum Ta peWldth of 1 Xnch. A miaimumtape width of 1 inoh(wfth
tolemnces as specified in Federal specification UU-T -120B) IS established for eysteme
with the capaMllty of utilizing three information levels between the guiding SC.& ad tlm
feed bole.

5.8.2, 3.3.2.2 Minimum T arm Width of 11/16 M axl 7/8 Ind. Mtnimwn X ~
of 11/16 inoh and 7/8 inch (with tole~ as epetied in Fe&ml @Mcfficaticm UU-T’-
120B) are established for systems witk the capability of UUMZ@ two informdion levok
only bebveen the guiding edge and thefeed Ito)*
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6.8.2 .3.3.9 m Where perforated tspe ie used, hoies droll be oom-

P1- P*r8tiY~T. “

6.8.3 LIIM Rel my Clmlncteriatlos.

5.6. s. 1 Ektromeohaniod Polar RelaYII. 8taduds for eleotromechani d

polar reAays us not speoffled. fk?bpaxagrspb 4.3.1.3 provides standards for low Ievel
dlglt’d illtmfaooa. me performance ohal=mterwfos in the !Ollx ●abpsrsgrapb
S.8. 9.1.1 through 5.8.3.2, 10 are for infonnntion ~a ~Y.

5.8.3.1.1 Side Stable. Tbe reisye sbsll be side stable, i. e., tbqF sMI mntmln
h the kst si@labd oo*ot position.

5.8.3.1 2 Operating Dlfferenttal. 5 milliamperes (mulmum).

6.8.3.1.3 Distortion. T&al diStOX’tt~ intmduoed fnt.o the tmnsmis flim fmdliues ,
attrftAlt8ble to the relay, shell be 18s8 than No percent.

5.8.3.1.4 Widlng Current. Tbe operating ourrent per windtng shall not exoeed
80 mtiliamperes.

5.8.3.1.5 U%ding DC Resistsme. TIM relay shsdi ooatain m opem$tng wtnd-
tnga cmob bavlng a dc res~steinoe ef not les8 than 100 ohms and not greater than 200
ohms .

S.8.3.1.6 Whdhlg ReaObnOe. Not speemd.

5.8.3, 1.7 Contact Matertal . Not speoified.

6.8. S.1.8 International Ootal Ba6e Pin Conneotiona. Relays shall be of a pmg-
tn type oonfigu.red for an intexaationsl ootsl be8e with Ptn Ooaneouoae se viewed from

“b bottom of the sooleet aE follows:

Ptn #l, (2011#l poslttve (potmtfd omutng reky armstaxm to m8ks
marking oontact) termination

Pin *, coil t2 negntke temlhmtton

ma M, CM m positivetermhation

PM*, Spnos oontsot

Ptn M, Ground of rela 0ss0 if spplioable

Ptn *6, Armature (tongue) of relay

Pln +7, ~ ooldRot

Pin+8, cdl#lnegaMve terml—uon
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5. 8,3.2 Electronic Polar Relays Great oars must be made in accepting an
electronic (solkf state)substitutefor the electromechanioal PO]ar relay. It ehll -t
the following minimum reqvi rernenls

NUTE: With the shlfl from high to low level operation,
the need for this device is minimal.

5. 8.3.2.1 Side Stable. The relays tthsil be aide stable, 1. e. , they shall remain
in the last signaled contact position.

5. 8,3.2,2 Operati ng Differential. 2 milliamperes (maximum).

5. 8.3.2,3 Modulation Rates, Modulation rates up to 4800 Bauds are considered
deairabi~ However, to minimize the relay’e raeponse to transients, it may be uadlll
to dampen the relay in a manner that limits its operation in a given appltcatim to
ranges under 100, 500, 1000, 1500, 2500, 5000, etc. , Bauds.

5. 8,3,2.4 Distortion. Total distortion introduced into the transmission fac!M-
ties, attributable to the relay, shall be less than one percent.

5. 8.3.2.5 Winding Current The relay shall contain the equivalent cirouftry for
two independent windings. This equiwdent Ci mutt q shall be capable of passing ou~ts
up to and including 80 milliamperes,

5. 8,32.5 Winding DC Resistance The relay shall contain the equivalent oirouitry
for two iridependent wfndinga, and this equlvdent circuitry shall present an IdmOat pll~
reeistive load to the source of not less than 100 ohms and t)otmore than 200 ohms

5,8.327 Winding Reactance. The winding reaotanee Ehall he essentially zeru
ohm~ at the applicable modulation rate.

5. 8.3.2,8 Output Characteristic The output fmpedanoe dell be loos t&n S0
ohms . The maximum signal current shall be 150 mii~iampexws. The mtimuM em
applied acrose the mark and the tongue or apace and tongue shall be 260 volts.

5.83.2’3 Contacts The reiay shall eontafn the equivalent eirouitry for an
electro-mechanical relay arm LUW and two Independent and isolated oontacta. Tb
equivalent circuitry shall be capable of oarrying up to ad including O. 1S0 ~1’e ~
current at 260 voIts (The maximum voltage referenced b signal ground shall be 1S0 V. )

5. 8.3.2 10 International Octal iMt.ae Pin Connections. R~a shall be of A phlg-b—— .—— .. ..
~ configured for an international octal base ●a descrlbedin subparagraph 5.8.3.1.8.

5.8.4 Optical Character Reeofplftion Equ@rn ant. ~nder oonsidexation -
see Appendix C )
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CUSTODIANS:

-----
L

ARMY - Sc, EL
NAVY - EC
~ IY)RCE - 17

REVIEW AC-ES:

ARMY” sC, EL, CE, ME

NAVY - AS, OS, YD, MC, OG, SH
AIR FY3RCE - 1, 11, 13, 71, 80, 89

USER ACTN’Z’7=8:

NAv”f - MC, m, m
AIR PORCE

MIIATD-188-100
15 Novambor 1S72

PREPARING ACTIVI~ES:

DCA - DC
ARM- Y-=

OTHER INTEREST:

JCS - J6

NSA - NS

TRI - TA C
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10, DEW3NATMM4 OF EMSRSEON8 AND BANDWDTH

Tbia Appamdix ooaWim Tutorial Information In
8Qlport of MIL-STD-188-1OO.
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-

FOREWORD

The content of this appendtx is derived from ITU Radio Regulatbns,
Ge?.wva, 1959. Emissions are cbtgneted according to their claaeifioation and their neo-
eeaary bandwidth.

-
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10. DESIGNATION OF IWI.WSIONS AND BANDWIDTH

10.1 Dealgna tion cd Em.ieslona and Bandwidth.

10.1.1 Claoslfioatiom of Emiseiocia. Emio6ioaa H OhSStf’i~ ~ ~~~

aooo~ to the following -aeteriattoe:

(a) Type of modulation of-~ ~erc
(b) Type of tranamiasim

(c) SuPPb-m Oharaetaritioa.

10.1. L 1 Types of Motkdstlon of IKati Carrier.

10.1.1.2 Types of Tranamisaion.

(a)

(b)
(c)

---- L

(d)

{e)

(f)
(m
(h)
(i)

10.1. l.a

Abaeaoe of any mocblation 5nt8mkd to aarry information
Telegrap~ without the uae of a modulating audio frequenoy
Telegraphy by the on-off keying of a modulating audio

frquenoy or audio frequeooies, or by the on-off ke~
of the modulated emietvion (epedal oaee: an udwyed
modulated emlaeion)

Telephony (inoluding eooad broa~)
Faoiihniie (with moddatkm of main oarrier eltbr diredy

or by a frequenoy modulatad suboarrier)
Television (vision only)
Four- fratlU!Wy @leX t.91~@Y

wltiohannel voioe-freweney *lewa*y
Caees not oovered ~ the above

Supplementary Cbaraeteriatioa.

(a) Double sideband
(b} we sideband:

Reduced oarrier
Full oarrier
Suppreeeed aarrier

(c) Two independent aickhxxk
{d) Vestigial sideband
(e) Polee:

Amplitude moduMed
Width (or duration) modulated
Phaee (or poaltion) !rmMated
Code modulated

A
F
P

o
1

2
3

4
s
6
7
9

A
E

a
B
c

A-1
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10. 1.1.4 Examples of Em!esi one. The classiflctiton
lated no follows:

of typloal emieoions is t8bu-

Type of
Modulation

of Main
Carrier

Amplitude
modulation

Frequeney (or
phee) modu-
lation

I Supplementary
Type of Tran~miaoion ] Characteristiom

_. —-
Wlth no modulation

I

telegraphy withou~the uee of a [
modulating audio frequency (by
on-off keying)

telegraphy by the on-offke.ylogof

an amplitude-modulating audio

frequency or ●udio f requenciea,
or by the on-off keying of the ~
modulated emission (special
caae: an unkeyed emigaion I
amplitude modulati~,——-

r elephony ‘Double sideband
1Single sideband, reduoed

oarrier
Single sideband, suP-

preeeed oarrier

Single sichband,full
‘ oarrier
[Two independent aide-

1 bandm
Faosimile (wfth modulation of

I
main uarrler either direotly t
or by a frequency m cdulated ‘
suboarrler ) fli~le mideband , reduoed

i oarria r
I’eleviuion [Voaqpa 1 cideband
Multioharmel voioe- frequenmy ]Single sideband, reduoed

telegraphy I carrier
2a8e8 not covered by the above, iTwo Independent nide-

e. g, , a oumbination cf tile@-
1

banda
ony and telerapby

relegrapby by frequency shift
keying without tbe uee of a ~

modulating audio frequency: ~
one of two frequemles lwlng ,
emitted at any inmant

1
!

telegraphy by the on-off keting I
of a frwqhericy modulstx I
audio frequermy 0? by Llht cm- ‘
off keyiag of a Crequewy

modulat9d emlwon (specdal

oaw: m *eyed emission,
frequenoy modufntadl

A-2

A9
-xix--
A&l

ASH

-mr
A4

A4A

F
x

A9B

F1

iT-
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1.

Type of
Moduhtion

of Main
Carrier

Pulse xnodu-
Latfen

supplementary
Type of Transmlsulon Characteriatios -

Te Iepbo!w FS

Faosimile by direot frequanoy F4
modulation of tbe carrier

Television F5
Four-frequenoy diplex tdeg- ‘ F6

raplly
Caaes not ocwered by tbe F9

above, in whiah * main
oarfier is fraquenoy modu-
lated

A puked carrier without any PO
modulation Intended to onrry
information (e. g. , radar)

Telegraphy by the on-off keying PID
of a pulsed carrier wtthout the
uae of a modulating audio
frequency

Telegraphy by the cm-off keying Audio frequency or ~ P2D

of II modulating audio fraquenoy audio frequencies
or audio frequencies, or by modulating the
tbe on-off keying of a modu- amplltude of tiw
lated pulsed asmier (special pullwm
caae: an -eyed modulated I

pulsed uarrier) Audio frequenoy or I ~E
audio frequencies
modulating the width
(or duration) of tbe
pubes

Audio frequenoy or P2F
audio frequencies
modulating the phase
(or poaltton) of the
pulees

Telephony Amplitude modulated P3D
pulses

Width (or duration) P3E
moduhted pulees

Pbaae (or poeltion) P3F
modulated W lms

Code modulatad pubeia P3G
(after sampltng and
quantizatkm)

Caaes not oovered by tbe above In P9
whiah tbe main oarrier 18 pulse
modulated

\ A-S
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10. 1.2 Bandw@thn. WbeKWver the iuh deuig.mtiot,ofan emission isntxm8a8Zy,

* symbol for tkt emioolon, a8 given above, hat k be preoeded by a numbsr lndlo=ttng
M kilohefic the neoeo~ bandwidth d the emirne;cm Bandwldtha ohdl geuerdly be ex-
prened b a mulmum of three dgnl mum !5FWI e~, IJxJ th!lti figure belllw almost dlmys
*~cm*&e.

10.1.2. I Y- es of NecoEaan BsndwidthII uid Deeigna tiona of -tier, The
&oessazT bsndwldtb may be determhed bv one of the followlng methods:

[a) Me of tbe formuLae included in the followlng table whioh ●leo @v’es
exsmpAes of neoeeswy lmadwldtb and dnsigwatiw of oorreqmxllng emicmi-.

(b) ComputstioD in accordsnoe with CCSR reoommead9tions.

(c) Measurement, in osses not covered by (a) or (b) 8bove.

Tb valae wo determined dsotid be used when the full deelgrmtirmofaa emicdoa is rt
@red. However, tbe woe8ury bandwttib so deta=mined io oot the cmly obuaoterlstie
of an emi~sion to be oonsi&red in evaluating the iuterfe~e tlmt may be euued by tlmt
eroiatial.

In the formnbthn of tbe foll~ tabk, tbeso terms have been employed:

Bn = Neoes8uy hidwtdth in Hz.

B = Te~h ~ in hmrdc.
N= Mufmum Pooefbk eumlwrrofbkk @mJwMtodemenUtob

trmmmi- per ~, fn Wmlm#le d televhion.
M = M~~m ~~a~osI ~ ~ H=,

C = &bemt4er ~ ~ Hz.
D=~lf~~~ between t&muimum aJd mitimam Vahm of

* ~ f~. ~ fr~ iD*-

L A=LITUDE MODULAT’W
——.

Bm.at Wsrw oodmn+ 9S words per mhwte.
‘ B=20, K-6,

K=6iatfa4itmgetr-

1

13arAwidth 100 *
--

K=8for~ ,Fmww ?Mxnel tinm-dlvhb mdtl-
Oiro!lft# phll% ?-ml:. W+5e, 42. B lmads

fIMTdmrwwl, }! P 770, K m S;

i “Mudwkttl’!: Bad m

o. Ml

O. tMAl
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Deecri@on anl
class of

Emieaion

Telegraphy
modulated by
an audio fre-
qwnoy , A2

Tdephcmy, A3

hmd broad-
~aating , A3

p~sim~~e, @r.

-ier modulated
ytone andby
wying, A4

‘elevluion
rlatom and

sound), A5

and F3

Neoeaaary Bandwidl
(Hz)

Bn=BK.2M

K = 5 for fading cir
Cults

K.gforn~~

Ouita

Bn = M for single

eideband

Bn = 2M for double

sideband

Bn = 2M

M may vary imtween
4000 and 10,000
depending m tba
aualitw de6ired

BB=KN+2M

K=l.5

Iefer to relevant
;CIR documents for
be bandwidth oftbe
ommonly ueed tele-
ision aytims

I

Examples - Dstails

Morse ode at 25 wpm, B = 20,
M= 1000, K = 5;

Bandwidth: 2100 Hz

Double sideband telephony,
M = 3000;

Bandwidth: 6000 Hz
Single sideband telephony, re-

duoed oarrier, M = 3000;
Bandwidth: 3000 Hz

Telephony, two independent eide-
bandu, M = S000;

Bandwidth: 6000 HZ

Speeoh and music, M = 4000;
Bandwidth: 8000 Hz

rb tots! number of picture ele-
ments fblack plus white) trans-
mitted Wr beCOUd i8 eqUaI t%

tbe ciroumfertmoe of tbe cyl-
inder multiplied by the number
of lines per unit length and bg
the speed of rotntion of tb
oylinder in revolutions Pr
second

Dtameter of cyltnder = 70 mm,
number of lines per mm = 5,

speed of rotation = 1 rps,
N= 1100, M= 19(3O;

Bandwidth: 5450 Hz

Tumber of lines = 625; number
of lineB per seoond = 15, 625;
‘ideO bandwidth: 5 MHz
‘otd tiaion bandwidth 6.25 MHz

‘M eound bandwidth ildlldhff

guard bands; O. 75 MHz,
Td.al bandwidth: 7 MHz

Designa-
tion of

Emioeia

2. 1A2

ljA3

:A3A

6A3B

6A3

---15.45A4

6250ASC
750F3

A-5
.
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Daacriptioa and
Claae of Necemeary Bandwldih
Emission I (Hz) Example- - Details

lR FnlcQtnEItcrmmuLAT’mN

Frequenoy-ohift
telegraphy, F1

Commercial
tehq)hcmy, F3
Sound broad-
oaating, F9

~aceimile, F4

%llr-frequenc?y
Hplex tekg-
.apby, F6

Bn = 2. 6D + O. 55B
for

1.5< 2D/B <5.5

Bn-2.1D+l.9B
for

5.5 ~ 2D/B ~ 20

Bn = 2M+2m

K II, normally 1 M
&r oertain oon-
ditiona a Mgber
Vaw may be m!o-
easary

Bn=21!Jl+2DK

Bn=KN+2M+2D

K= 1,5

If * dlammla are
not ayaokmized,
Bn = 2.6 D-+2,76B

wbare Bi@mapaed
Of.tha ~

xftlmohmmeLl?are
eynokrlmlmlitbe
baldwltiimamfar
Fl, B~tbe
eqmad of either
Ol!mnld

Fear-chamiel time-division muRl-

#Q3X With ?-udt COtk ,42. SbSUdS
pm cbmmel, B = 170, D= 200;

2NB . 2.%, the~fO~ * fir8t
formmla in oohmm 2 applies
Bazkdwldth: 81S Hz

For an amsrage caae of commer-
cial teleplmny, D = 15,000,
M = 3000:

Bandwl@h: 36,000 Hz

D= 75,000. M = 15,000 and
amumtzig K = 1;

Bamhvidtb: 160,000 W

[* facdmib, ~tude ~*-
lation. ) Dlamet.er of oylhder
= 70 mm, numkmr of linen pw
mm=s, epdofrotatlo?l=l rpa,
N= 1100, M = 1900, D= 10,000:

Banctwldtb: 22,450 Hz

Pmar-frawmoy dfplex ay-m
* 400 Hz ~ing lwtween
f=w=oi- ) C-IS *
aynshrtmized, 170 baude k-
In eaoh ~1, 1) = 600,
B = 170;

Ba@w4dCb: 20Z7 Hz

De8igma-
tion of

o. 6FI

36?Yi

lt30F3

26. 6F4

2. 05F6

A-6
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~OCI%@iOIl and mniga8-
C1860 of Neoeosnry Bandwidth tioa of
Emission (?k) Examples - Detaile Emiseim

Undulated
paloe, PO

ModuMed
pdee, P2 or
P3

Bm. ~/t

Ktkpencbrqmnthe
r8tio Qfpulse do-
ratiom b plea rice
the. Its WLlw
u6tLauy tillal he-
weenld loand
lrlmimyo88eait
does & .-oeed 6

The Immlw@h &-
peJndscmthepar-
Umlar &pea of
modulatb uoed,
mmy of these
heillg stillinthe
development

XI. PU18E MOXXJLATICH’J
,

,= SX104, K=6;
Baa&width: 4 x 106 HE 4000P0

L

I

A-7
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APPEN~ B

20. ~ANDARD CODE - lNFORMATWN ~ERCIiANGE AND
RELATED DATA TRAN8ME=ON 8TANDARD9

This Appeadlx mmtalnn 8q#euw@ary Itdornutlcm mid is
~ d lKIb~*18&100.

.
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20.1
ao. 2
20. s
20.3.1
20. s.2
20.3.3
20. S.4
20.3.6
20.3.6
20.3.6.1
20.3.6.2
20.3.6.9
20.9. T
20.4

20.4.1
20.4. a
20,6

20.6.1
20.5.2
20,6

20.6.1
20.6.2
20.6.3
20.7
20.7.1
ao.7. a
20.7.3
20.8

ao. 8.1
ao, 8. a
80, & a
ao. 8.4
ao. 9
ao. 0.1

STANDARD CODE FOR ~ORWTION ME=~~E
AND REIATED DATA TRANShfI~ON STANDARDS

&ope
Purpoee
criteria

Name of Standard
standard Coded Cbaraotar Set
Charaotar Repreeemtation
Central Characters
Graphic C~rt3
Defillitic4w

General
Control C~rs
Graphio Characters

Genenml Con61deration8
Charaoter IJtruoture and Charade pa- t3emoe for Serial-
by-Bit Data Communloation in the Code for bformatia
Intarohange
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20.

20.1
tiona that were

20.2

MIL-ST9188-100
1S November 1972

STANDAIU_) CODE FOR INFORMATION INTERCHANGE AND RELATED
RATA TRA~MISSION STANDAR.IX3

Scow. This Appendix oontabe the tmkaria ad other dedgn ooaaMera-
Ueed in the development d the etaluiard.

plWUOIJQ. TWaAppeDdix 1s a part of MKL-SlTk188-100 and is inoluded

.

b faoilltate M Undelmtanding and Uee .

20.3 Criteria. The folhwing orlteria were adopted to rdleot the umded traa-
sitlcmefmm historhally devedoped divergent ooded oharaoter eet designs to a standmd
that is compatible for uae in Federal information prooeea @g eystama, Oomnmn“ ioatirma
systems, and aewoiated e@pmerits.

20.3.1 Name of Stsmtiami. The etedazd ooded ohraoter met used is titled
~lc~e for InformatmQ -rohuige”. Thestaadard oode may be identified bytheuaeof
the notation &CKI (pronounoe d aaf-icey) ad ahouhi ordinarily he taken to m- the code
preeoribed by the latest issue of the atanc&rd that waa approvui as a USA Stan&x@ by
the United states of tierioa &emhmda Institute 00 Clo@ber 10, 1968. This USA ~rd
was adopted as a Federal Information Prooensing Stan&ml and approved by the Preeidezd
of the Unltad States on March 11, 1968.

The Cmie for Xnformathm Interchange waa issued by the National Bureau of St.eadarde as
a Federal lnformat~on Prooewing Standami (FIPS) on November 1, 1968. FIR; PUB 1
adopted in whole the USA Staadati Code for Information Interchange X3.4-196! and in
part X3. 4-1968 (a revisioa of X3.4-1967). That portion of X3 .4-1968 WhiOh has not betm
adopted h thi6 Federal otandard is the “New LiIM” (NL) ooav~ion M 0it8d in the &fI-
nktion af LF (Line Feed) in subparagraph 20.3.6.2 of thla A~.

20,3.2 S_rd Coded Cbaraoter Sat. The ataadmd ooded charaoter set to be
ueed for the generai intarobange of information among information prooewing aystema,
oommunloations syatema, and aasoaiated equipment la abvn in Figure 1.

20.3.3 Charaoter Representation. The standami 7-bit oharaoter representation
with ~ the high-order bit and ~ the low+rder bit, Lashown below:

EXAMPLE: The bit representation for the ~r ‘*W’,
positioned in Oohlrnn 4, lww 11 1s

b, b6 b5 b4 b3 b2 b
1

--r

1001011

The oode table position for the charecter “KI’ may alao be rep~ti by the notakkm
lt~um 4, row Ill? or a,itemtatively as “4/11”, The deoimal equivalent of tJM binary
number formed by bits b~> b6, ~ b , ~*WtltiY, forma the ocdumn number, and the
deoimal equivalent of the binary nuder formed by blta b4, b3, b2, uad bl, ~eotivdy,
forma the row number,
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-r’

20.3.4

NUL
son
B1’?t
ETX
EOT
ENQ
ACK
BEL
Bs
HT

LF
VT
FF
~R
so
S1

20.3. s

NCY1’ES

Control Chmaoters.

Null
- cd Heading (CC)
start of Text (CC)
EM of Text (CC)
End of TrnnBmLasioB (CC)
Erquiry (CC)
AokDowkdge (CC)
Ball (audible or at3mtkxi signal)
BaokLwes (FE)
Horir.ontnl Tabuktkm @ul=bed

onrxl skip) (FE)
Line Feed (FE)
Vertioal Tabuhtton (FE)
Form Feed (FE)
Camlage Return (FE)
shift CM
Shiftb

Graphic Charaetem.

Column/Row

2/0
2/1
2 /’2
‘2/3
2/4
~/5
2/6
2/7

2/8
2/9
2/10
2/11
2/12

(CC ) Comnmnioation CcmtroI

az!?!s!

SP
*
1,

#

:
&
t

(
)
●

+

8

DLE
Dcl
DC2
DC3
DC4

SYN
ETB
CAN
EM
SUB
ESC
m
GS
Rs
us
DEL

M Link Escape (CC)
Devtce Control 1
lhvice Co* 2
Device control 3
Device Control 4 (Stop)
Negative Ackzmwledge (CC)
s~ me W)
Ed of TranaMUJalon Blook (CC)
Camoel
Ead of Medium
SUbUtialte
Escape
Ffle Separator (IS)
Group Sepamtor (IS)
RecQrd Sepamitor (S)
Uait Separator (II3)
Delete (1)

Name

Space (Noz’ndly Non-printing)
Exclamation point
Quotation Marks (DiaeI’eei~ (2)
Number Sign (3, 4)
DoIlar Sign
Peroent
Ampersand
Apostrophe (Closing Single QuoWiou

Mark: AoUtS Aooemt) ~)
opening Parenthesis
Cioeing Parentbedll
Aeteri&
Plus
comma (Cedilh) (2)

(FE ) Format Effecter (IS) Information Separ**r
(1) h the atriot sense, DEL IS not a ooatrol cbaraoter. fsee Definitions, mbparagraph

20.8.6. 2).
(2) The uae of the symbols in 2/2, 2/7, 2/12, 5/14, 6/0, and 7/14 mediacritical marka _

IS deaerlbed in e~ Zo. 3. 7(4).
(9) Theee obaraoters should not be mad in IatemationnlinterohaniPwithout&tmminirur

thatthereis agreement between efnnbr ●nd reoipienL See ~raiPWh 20.3. 7@).
(4) In applioationa where there is no requirement for the synbcl #, tbe 6ymboI L maybe

aced in pO!!litiOU 2/s.
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Column/Row

2/13
2/14
2/15
s/lo
3/11
3/12
3/13
3/14
3/16
4/0
5/11
5/12
5/13
5/14
5/16
6/0

7/11
7/12
7/13
7/14

Name

Hyphen (Min~)
Period @eeimal point)
Slant
Colon
Semicoloo
Lese T-
Equata
Greatar Than
Quemtion Ma*
commercial At (3)
opdng Braoket (3)
Reve- Slti (3)
c 10siw Br*et (3)
circumflex (2,3)
Underline
Grave Accenl (2,3) (Ope~ s-

QuoWion Ma*)
opening Brat= (3)
Vetiioal Liw (3)
closing m- (3)
Cwerline (3) ni~*(W; --1

Actx@2))

20.3.6

30.3.6.1 General.

jFE) Format =- r. A funotbd charaoter whioh oontrols the laY-

out or poeitbnhw of ido~ in prlMing or cilaplay devioeo.

m --~ ~ r. A aharaoter whloh is u8ed to s-@

quallfy Udormathm in a kmtoal eenee. There 1s a group & four suoh oharad.em whid

are to he used in a Me-tid ordor.

20.3.6.2 Contld Charadem .

NUL. The W zeroe ~r.
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STX (Start of Text}. A oommumoation control obaracter which pre-
oedes a sequence of charaotere that k to be trded ae an entity and entirely transmitted
through to the ultimate destination. Suob a mquence is referred to as “tOxt”, STX may
be used to terminata a sequenoe of oharaotere starkd by SOH.

ETX (End of Text). A oommunicathm oontrol character used b termi-
nate a mquenoe of oharaotera etarted with STX and trsasmitted ea en entky.

EOT [End of Transmission). A 00mmimkatbn oontrol obaracter, umod
to indkate the eonolusion of a tranemiesion which may have oonWned one or more texts
andaqyem300iatedhe adbge.

ENQ (Enuul~ . A oommunloatloa amtml Aaraoter used in cats oom-
munkatkan systeme a8 a request for a response frmm a remok station. It maybe uead
as a “Who Are You” (WR’(J) to obtain icientlfloation, or maY be used to obtain station s@-
tua, or both,

ACK (Acimowle&e). A oommunioation oontrol oharaoter tre.nemtttad
by a reoelver as en affkmative retpmae to a sender.

BEL, A charaoter for use when there is a need to oail for human etten-
tion. It may con=alarm or attantton devices.

BS (Baokmace) . A format effeotor which oontrols the movement of the
prbthg position one printing space baoisward on the same print@ line (applioahle to
display devices),

HT Horizontal Tabuhtion). A format eEeotor whioh oontrols the move-
meat of the printing position to tbe next in a series of predetermined poaitiona al= the
printing line. (Applicable also to dieplay devicee and the skip funotion on punched oarda. )

LF (Line Feed). A format effeotor whiob oontrcds the movement of tbe
prtnting poeiticm to the next prlntiag line (applioebie aieo to display devioes). Where
appropriate, this oharaotar may have the meaning “New Line” (NL), a format effeotor
which oontrois the movement of the pr~ pointtothefiret priat~ position m the
next printing line. Use of thie convention requires agreemat between eender and reoip-
(* of data.

VT (Vertioal Tabulation. A format effeotor which oontrols tne move-
ment of the printing poeition to the naut in a iaeriea of predelarmined printing bee
(appltoable alao to tiplay deviaee).

FF (Form Feed). A format c&mtor whioh ooatrdra the movement of
the printtng poeitbn to the first predetermined printbg Une on the next form or page
(~ioehle *O to d16play devioes).

CR {Ca.rriamReturn). A format effecter which oontrds the mov~t
of the printing position to the first printing position on the came pr~ lb (spplioeIAe
to display devicee).
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so (shut cut), A cmnt.rol oharacter indicating that the oode oombiaa-
tiooa whioh follow shall be interpreted m ouu.dde of tb6 oharaota set of the etaadmd
oode table untU a ShiftIn character 0s} is [~re~ reached.

S1 {SMft In). A oontrol ohamoter iadloatixg that the oode oombiaatiau
whioh follow shall be interpreted aooord~ to the atadami oode table.

DLE (Data Link Esca W). A oommunloation O- obumoter whloh will
~ethe m-daltmtti~brdm~y~~~~, lti8u9ed
axoluatvaly to provide Iluppleraentary ocmtrol~ in data oommuuioatton networks. DLE is
Uauslly tmmhmtad by a Shift In ohanmter(a).

DCl. DC2. X3. DC4 (Device CcmtrOls). Charaotern for* ooatrol of
anoillary devloea Mllooiatad With data proo@ailg or teifloommlmio8tion Bymtana, mom
eapeoially switohiag devlmae “on” or “df”. (K a eiagh “et@’ mmtml la required to
tntertupt or turn d!f aaolllary devioes, DC4 is the prdetrred auipxment. )

(Nearauve Aokoowledgej. A oommunioation oontml oharao&r trma-
mitkid by a reoeiver aa a mgattve response b the amder.

SYN (Smohmxu Idle). A oommum@aMon oentml
Symbmoue

oharwterund bya
tranamiaslon systam & C& aimenoe d aay &tar &ar80tcr to provide ●

signalfrom whioh synchronism may be aohteved or retained.

ETB [End of Tmmsmbaicm Biook). A oommunhmtion ocmtrol oharaor8r
usedtohxiioab theendofabhok ddata for Oommlmioatkm pmpoeea . ETBiatuedfor
bkOkillfJ dlti Wh9re the block 8tru0Wr’e la &@ ~c!@W~y ~ti to tb pXOO@U@ for-
ma&.

CAN (Camel) , Aooatrol dmm,oteruaedti iwunate thatthedatawitb
whioh it la sent b in error or La* be ciisregmxiui.

EM (Emid Medium). Ao~l oharao@r aaeoeiatalwiththe Z *
Whiohmay beuaedto le the phyaiad axialt alemedium ortheenddthe~or
Wam8ci, potion d ido~ -rded m a medium. (me poeitiem d the ~
doeanot neoeaBariAy oo~tstbe phye@el eabddthemeditun. )

mm (~). Aoharad.er thatmay beaubatitutadfor a~
whioh is determined to be invalid or ‘inerror.

h (FUe Sumrator). 08 mow Semratofi. Rs meoozd SemmtuQ
@u s (Wit Separator. These information separators may be u9ed within data in V
tioml fdlioll, excapt tlult thetl- MPnl@li&tJ Kc.i&t,im@l+ &hall be: F6 la * M* tiu-
cive, a t.?s, * Its, ad us !8 AaWt inoluslvls (The oont4mt and br@h d a File,
~~, Record, or Unit are not apec) fled )
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L
DEL (Delete}. Thla oharuo@r is ueed primarily to “erase” or “otAit-

-’: ermaeow or ~ ~ra kapetio~ tape. (In the Wrlot ~, DEL
k * a oonkrol ohamomr. )

20. S.6.3 (hv@bl o CLano& ~~. SP {Spaoe): A oormally nonprintlng gra, Jc ohar-
8oter used to separate woxxis. It .3 deo a format effeotor whioh Oontmls the n.oveme
d the prlntlng poaltlat, oa@ Printing POOlt.ionfomard. (AppltoabAe aloo to dlapiay de-
*m.)

m.3.7 c3eneHil cone lder40n9.

(q This ctadnrd doeszmtdatine the mesaa bywhioh tbeoodedntis
to bereoorded msqypl@oalrn6dium, nor&es itlnoludeaay re&danoy or Lefine
t40hdqwe for error ooatrol. Further, thtm8t4mdard doee -t define data oommunioatia
format8, ode extamsh t@tokWa, or graphio repreeenta.tion of oontrol oharaat.em.

(b) IMvlatima from the a~ may 0reat4 Oerioun dlmellltiee la
iztformatkm lnterobaqpuxishmld be USd Olliy Withf@ ~ofthepartiee

involved.

(o) The rektive sequenoe d any tWO dm’aoters, when wed w n basin
for oolhtloq ie dafttmd by their btiry values.

(d) No speoifko manning is premoribed for any of the graphics a the
oode table exoept that whloh ie understood by tbe u8ere. Furthermore, this stambmd
& notspeolfyn type s&le for the prinUng or di.eplay cf the varioue graphic c~motms.
k apeolflc applications, lt may be desirable to employ distinctive styling of individual
~ to fJ@ll- *elr We for specffic purposes as, for example, to stylizt the
~oa @ ~ msfil~ WI @ 6/14 ~o tie frw-tiy a8aooLaM with b@al at

(t) ~b@d NOT (’-), FLUHOtiVdy. Itisbbe noted tbattbese twosymbole arenck
~,

30.4 Charbote r Struoture ad Charaoter Parky Sense for Serial-by-13Lt Data
orma.tion hterohaam . Federal hlfO~i~ &008S-

Sing ~ Publlmtlom 17 (FIX$I PUB 17) epealfles the method of transmitting the
~ Coda for Information bt.erohange (FII% 1) in the serial-by-bit, serial-by-ohm-
aoter dUa tmnamiasion. Ilmluded Lnthe StB.nda.miis the posltkm and sem3e of tie obar-
soter parity Mt. This 6tmdard la appllosble to the tmaamlsabn of the Standafi Code
(tier to subparagraph 4.3,1. 2) in a aerial-by-bit stream fo- at the interface bem’een
&ta termiad quipment md data oommimioatlone equipment. Data terminal eqiiipmenta
transmitting an approved Federal subset or superaetof FIFS 1 are not preulurhf.

20.4.1 ul@tWm. Tlie atu@ard obaraoter struoture
for a~ cbta ~on shall ootwiot of eight bits (aavtm ASCII bib plu@
~ ~ partty bit) havlag equal lime Wervda (eee Flgu.re 2).

/

The ●aa&ml amrmeof oharwter parity for symhroaous data oommuniostkm ahdl be
11*’ O-b eight M*, i.e. , an odd number cd “1” (marking) bits per oharaoter.

B-7

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


MU-STD-188-1OO
16 November 1972

Figure 2. 8t.endard Cbarader Interval ~ for
Synabronoue Trenmniasion

20.4.2 AaYmhromw - CommunloetIon. Tbe etadami aberwters~
for aeyrmhrcmoua det8 oommunioetion ehall MXUJi6tof ten (10) eipml elemente b8v@
equal time Intervaln; ox “o” @pBoing) start elemcait, eeven ASCII bite, one dmreotar
perlty bit, aad one “l” (Marking) stop elemd. The ioterebaracter interval (the Ume
Intarvdb etweent beendofa s topelement a.odthe begi.m@f of thenextstartel~)
meybeafenyhmgth, axlleof tbe~ame -eeetbe ntop element, i.e., “1” (~)
(eee F@re 3).

The ●andard eeaee cd ohar8cter perlty for ee~ronous data oommuniontlon SW be
even over tbe elgbt bite (oevea ASCIXbtte and cdmraoter perIty bit), i.e., en OV= aum-
ber of “1” (marking) bite per chareotar.

THE8ROfRW lRM91SlM IS fU 1~ TORl~

Figure 3. tltanchrd Chamoter Interval 6truotara for
AeynohroaoaB T ranemilmion

NOTE 1: 8ome oonflguratione c4 oommnmioatioo faollittee
~t ope~ 8ethfeotorll y wltb tbe a- element specified
in tbe eeynohronoua obaraotar etruotme. Where tbb M b
aaee, a stop element d two time intervals wUl be neoeeeuy.

TM6 exoeptia to Oharac= etmcture ke Lntadad to provide
rellef where *eter regenerate are employed (ae on
long-haul, multl-otatlon networks), and Ir9 uae wU1 requirw
prior agreement between users,
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L

NGTE 2: Receiving equipments must be oapable of
opexntion with any tm.eroharaotar Lnterval, or with a
stngle-unit stop element whoee duration wUI be reduced
by a time interval equal to the deviation aorreaponding
to tbe degree of groin start-etop distortion permitted
at the reoeiver unit.

NOTE 3: In AUTODIN, odd parity is u8ed for trauusmi.mhm
of meseage oheraoters in both the synohronoue and async&o-
IIOUSmodes. Even parity is ueed for traasmieaion of ooatrol
oharaotere for ahumel oontmd and ooordhmtion.

20.5 Bit SeirJerlcinb?of tbe Code for Information hterolutnm in serial +\,-Bit
Ihta Tr%mamission. Federal Xnforrnation Prmoes8tng Standards Publloation 16 (FXP6
PUB 16) apeoifkes the po61tion of the cbaractar parity bit, if tmn8mUted with tbe informa-
tion bits of the Standard Code for Information Interchange (FLPS 1), la aerial-by -bt.,
aerial -by-obamotar data tranemiss 10U, This etandaml la applicable to the tranamiaaion
of the etandard oode in a ~erial bit stream form at the interfaoe between data terminal
equipment ad data oomrnuniaatitma equipment.

20.6.1 Standard Bit Seauenoe. The standard bit sequenoe for an ASCII dMXWJ-
ter shall be least aigntfmant bit first to most sigrdfioant bit--in terms of FIPS nomon-
olatulw (StandWd Code ior Information Interchange) tq through b7 in aaoending (oonaeo-
utive) order.

NOTE: This statament does not speaify thu a oharaoter
parity bit shall or eball not be transmitted, nor &es it
specify the total number of bite per obraoUm, the blt
rate, the charactar rate, or the tranam.isaion teohnique.
However, in the MD the equipment ordixarlly should be
deeigmed to tranamit and reoeive a bit in the parity posi-
tion. E the bit is not ueed as a Pariw bit, it Add be
tzanemttted ea a mark end ignored by tbe reoeiver. E
used aa a parity bit, the transmitter and reoeiver must
be programmed or adjusted aooordingly. The reason ie
to preolude several typee of equipment that am inOOmpd-
ible and limited in their use. Any equipments designed not
to treaemit and reoeive a Paris bit muut be ueed la limited
and closed networks where parity is not needed and trane -
misaion efficiency is pamnmunt over equipment logickioa.
Character and bit ratea are defined elsewhere in tbeee
Standarda .

20.6.2 Charaoter Parity. A oharaoter parity, if tranomittA. is to follow the
mti aignifioant ~&, of tbe ohaaota to whioh Itapplie8.

L

20.6 Character Structure and Chammter Parity Senee for Parallel-by-Bit
RMa Communication in tbe Code for Information hmwohaq e. Federal hdor!rdion
Proceeding St8ndards publication 18 (FIPS PUB 18) specifies the ohennel uai@.ment
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20.6.1 S~ C&ra&m &rudure. Tbe ~ obaxwter stru-m droll
00Mist of elgbt bit8, I.e., seven idormation bits @us w oharwter parity bit.

lMoxmatim-Btk
bl

b2 b3 b4 b5 b6 i+ P

Chamwl 1234567 B

20.6.3 Stamkrd Sense of Cbaraotar PariQ.

(a) wham the traamnhdon ●ystaln ti d the type Wbare okrBoter a
lamt sepratdy signalad, the sense d the akmotar parity ahll be OD, W is, *
parity bit for aaob Cbaraoter absll b suoh that tire are an odd numtxm c4 “1” (~)
bits in tk oharaater.

(b) Where the tmnamiasion system 18 d the type pmwid~ ttimxnoter
timing idO~iOll by ~ Ofllsqiarata qohumal. themaae of theolmrwt@r
parity shall be EVEN; tbnt is, thmparity bit for emh ~rdtalibesuohtimt~~
are aa even munbar ti “l” (marking) bits Lntba ~.

20.7 ~ . lftbe
full ohmter eat of the Fedeznl Ekardad cocb for Morn&i- Iat%wge (F~ 1) ~-
not be applied, the larpst poasihle oharaoter atbaet shmild be used, ad the FLPS 1001-
lat~ se-e okervsd.

Subssts d 26, 64, @ 16 glaphic *o&m tint conform to the spooui-
oatkms cited in FIPS PUB 16 am! providad in tbia a~. These olumaotar ●ubads
aretobe u8edlorprint8rs, di@aydcvtoes, ~oardequipmmt andotberrkt8pr0-
oeeedng or oommuaioations equipm~ la tboee sytixoa or appiioatioas that do Jmtreqlire
the full 128-ohmnu*r sat diaouaad in paqpaph 20.8.1. Eaob subset 10 defined sad,
where appropriate, this smfi roquiMM tit OBS~ ~ ~ee spedfiu o** dasorib.d
herain will be specified when a subset !8 U8ed.

20.7.1 SPOOifioatione for 96-Cknot9r Graphi o Clmraoter t3uheet. This -o
oharaot.er sbzt in derived f mm the Faderal StaMISrd Code for Iaformatim Mte~
(FI.1% 1~whkh lD tu~ WM dopted f~m & Amer[~ ~tio~ ~~ Code for MOP
XaatioB ~~e (ASCII). This ohamo@r subet is inbnded tobeuaedin tboeelly’s-s
or ~batktns wlxwe needs are ~y MZ=V~ by a ~~~r g~mc oubd d
the standard 126-ahaImoter set ooataiaed lo FIIW 1. This 96—ohmaoter grapbio mabsOt
contains all of the cbaraotem b columns 2, 3, 4, 5, 6, -d 7 d the FpS 1 oode tahie,

B-lo
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exoept the ohaxacter Delete (DEL) Lnposition 7f15. F@re 4 shows the 7-bit code table
of FLPS 1 with the 95-oharacter grapnic oubeet of this standard outlined. It is empha-
akad that tbe ooded rapreeentation of this 96-charaote r suhaat h tnput/output mcdla
and data oommunicatlonewill ooaform to the specKkathnS cited Lnother applkable
Fedelnl Xuformation Prooeaolng ~.

20.7.2 sDeo ffioatlone for 64-Charaoter Graphic Charaoter Subeet. This gmphic
oharncter subset 1s derived from the Federal fitandazd Code for fnformathm interchange
(FIPS 1) which tn turn wae adopted irom the Ameriean National Standard Code for Infor-
mation fnterohange (ASCIf), Thla oharaoter subset is intended to be used in thos ‘ systems
or apfdieatlotla Whose needs are adequately served by a i$+oharaoter graphic tmkwettd the
staadmd 128-oharacter set eontalned in FKPS1. This 6+obaraoter graphlo euheet oon-
taina all the characters in columns 2, 3, 4, and 5 of the FIPS oode table. Figure 5
shows the 7-bit code table of FfPS 1 wfth the 64-character graphic subset of this 3taod-
ard outlined. It 1s emphasized that the coded repzwsmtatlon of this 84-character sub-
set in tnput/output media and date wnnmunioation wfll ccmfomn to the specifications
cited in other applicable Federal Information Processing Standards.

20.7. s Sueiclfloattone for 16-Chara@er Numeric Subset. ThLs numeric uubaet
1s derived fmm the Federal Stadard Code for Inform@ion Iaterobange (FIPS 1) v.’hioh
b turn was adopted from the Amerioan National Standard Code for Information fmer-
ohange (ASCII), This subeet 1s Ida&d to be ueed Lntboee syBteme or applloatIcae
whoee needs are adequately served by a 16-eharaoter numeric subeet of the stanc aml
126-oharaoter set oontaLned in FIPS 1. l%ia 16-ohamoter graphic numeric subset oon-
talna the ten numerals from the top @n posltiona cd column 3 and six symbols: Adterlek,
Plus, Comma, Hyphen (Minus), Period (Dectmsl Polat) and Slant, from the bottom stx
Poaitkxta of oolumn 2. Figure 6 shows the 7-bit oode table of FLPS 1 with the 16-char-
aoter graphic fmbeet of thIa standard outlined. It is emphasLaed thattheodd repre-
mntatlon of this 16-ohamuker mtbeet in tnput/output media ad dak oommunlcatlone will
oonform to the speoifhattona cited hi other applioatde Federzd Information Processing
Stan&da.

Systems and applioattona employing this l~mjtad 16-eharackr set, when reoelvhg infor-
mation via !W3nciardmeda or oommuaioatioas from systems employing the full 126-
oharaoter set, the 95-oharaoter gmphic eet, or the 64-oham@er graphic md.uset, should
lgwre all ohamotera outekie of this numerio subset. Thle feature Ladeelra.ble LOmost
btanoea, but 1s aot mandatory for applloatkma requiring come other tnterpmtatIaI of
the oharactere outilde of U@ numeric eubet.

20.8 PrLnttIlg Subsets of the Standard Code for Information Interohantze. The
lastparagmph oonsidera ooded aubeeta. These ooded subaet6 tier to the tranemltter/
reoeiver repe~ire of ooded oharacbra used. On the other hand, printtng subsets refer
to reoeiver prtntiag oapabUity u81ag epeotflo symbols for oertaln or all oharaeters. For
-e. a t~mimr/=eiver Wa@m may uee all ASCII oharnotero hut not prtnt all
of them. The followtng prfntimg sete or subsets are staadard.

20. 8.1 128-Chaxnobsr PrLnttng Subset. This prtnting set shall be used (or epe-
olal a#ioationa mmh as high quality monitoring reoelvere, line quality reeearoh, eto.
‘Xlw met immlves all of the graphios slxnvn in Ftgum 1 plus the symbols shown In Figure
9 for the 32 oontrol oharaotere, i!paw, ad delete for a toti t# 128 oharaotam. Figure 9
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NUL DLE

o 00 I I sob! DCI

o 01 0 2

< 01 I 3

0 10 0 4 EOT DC4-— ,.—
0 J ‘o I 5 EfW MU
o I ‘1 o 6 ACK SYN
‘o I

‘1 o

‘1 o-

1 0

I 0

1 1 1 1

11117 [ BEL ] ETB

o 0 8 Bs CAN
o I 9 HT EM

! o 10 LF SUB

I 1 II VT ESC

I I o 0 12 FF FS

I ! o I 13 CR GS

I I I o 14 so RS
I I I I Is S1 iii

I I I

SP o @ p ‘ P>
i I A Q o q
II 2 B R b r

* T c s c ;-

3 4 D T d t—.—- ,..-
‘/0 5 E u e- U

8 6 F v f ~
/ 7 G w_ 9 Y
( 8 H x h

) 9- “3 Y i -:
* : J z j z

‘+ : K [ ~
* < L \ I

— = M 1 “: i .
N “ ~ -

Figure 4. Federal Sandard Code for Information Interchange (FIPs 1) Showing 95-Character Graphic Subeet
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o 0 0 I I SOH DC I !
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0 0 I I 3 ETX Dc 3 #.— -
0 1 0 0 4 EOT C)C4 $
0 I o I 5 ENQ NAK m ‘?:–
0 t I 0 6 AC K SYN a
o I I I 7 BEL ET8 ‘

I o 0 0 8 Bs CAN (—
I 0 0 I < HT EM )—

I 0 I 0 10 LF SUB *.—
I 0 I I II VT ESC +

1 ! 0 0 12 FF FS 9
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I I I 0 14 so m :
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o I I I
!

I
00 0, 10

3 4 5 6

I
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7

P.—
q
t

s

0 @ p ‘
I A Q a

2 e R b
3 c s c

4 D T d—— .—. —.—
5 E u r

6 F v f
7 G w gw

8 H x hlx—.—. .-.
9 F ‘Y i Y, <-—
●1. J z 1 z
.
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< L 1 I

= M 1 : i
> N “ n -
?. DEL

t

u

v

Figure 5. Federal standard Code for Information Interchange (F1PS 1) Showing 64-Character Graphic Subset
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symbols are included for guidaxwe only and are extficted fmm the CCITT White Book,
Vohune VIIX, supplement 2, ~e 2, Mar ml Plti ~968. A FIPS ~s ~ pre~tim a
this 8ubject that is subatsnthll y the same as FIsure 9. When published, the FIPS shall
take precedence over Figure 9.

20.8.2 94-Charactar Printhau Subset. This set conaist8 of the 84 gm%MM
shown on F@re 1. It omits the 32 control characters, Epace, d delete shown In
Figure 9. This prin~ oet ts used for high quality data and ~rmtlve message reomd-
@ where both upper and lower case prbting is desired (see Figure 7). This prl.ntlng
set may be used aiso for ~ess =ct~ mawrx ap@i=~i~ ~ those d~c~sed ~
the Prevkms paragraph by @ntlns a heart (v) for the %ymbols shown in Figu’e 9.
!(H8 8ddS * 95th symbol to the 94-0hartWt9r printing set.

20.8.3 63-Chaxncter printing Subeet. Tbia set oonsiate of the same grapldcs
In the 94-charscter pfinttng set minus the 31 character=, ofier man Delete in c=lumns
6 and 7; in ofher wofis all of the gmphlcs in columns 2, 3, 4, and 5, Thie is the nor-
mal oommuuicat@ printing subset that prints in uppqr case only (see INgure 8).

20.8.4 95- and 64-Character Printing Subset. These two subsets are -&e same
se the 94- and 63-character prlnti.ng subset with & addition of the symbol for the sub-
stitute oharacter @os&tion 1/10 In Figure 9). When error detection 18 used, tlna symbol
is printed to indioate that the oharaoter it replaced wae in error but that the ocrrect
oha-cter 1s unknown.

20.9 The Standard Punched Card Code. ASCII can be ueed as a puncaed card
code. Devkes have been manufactured that punoh both paper tape and edged punched
OS*. There has been some objection to USlng ASCII to punch cards becauee p,.re nu-
merical work results tn punohlng bite 5 and 6 In all cohunna of the card. This M calied
Iao@ ad weakens the card. For that reaeon, piue the great lnvestmed in Hol ierlth

Caxd punahlng and reading equipment, the Hollerith punched oard code is still used in
most applications. The code, shown in Figure 10, has been extended to cover 256 char-
acter, Includtng the 128 ASCII characters end 128 additional but, as yet, undefined

character. TMa code ta staadardlzed in FIPS PUB 14. When using Punched cards the

oodes given &q Figures 10, 11, and 12 shall be used. This stapdard permits the use of
only oertaln chaxnctera but equipment should have a capability of operating with a com-
plete ASCII set or a complete 95- or 64-character subset of ASCII. At present .lUTODIN
uses a Iiolierith punched card code set that differs from FIPS PUB 14 Etandafi by a few
oharaoters. Plane are beiog formulated to red.ify this situation. A third verskm of the
Hollerith punched card code as publiabed LnJCS PUB 7 is employed in the National MUi-
X co mrnxmdSystem, These three versions are gtven tn Figure 13. It is a Desigo
Objective to convert all systems to the FIPS 14 sQmdaml.

20.9.1 Standard Physioal PrciM rtlee, The standard physloal propextles of the
puuched card are defined In FIFS PUB 13.

20.10 Five Unit Teletwew riter Coded Character Set. Teletypewriter message
transmhw ion systems have been employed in Department of Defense oommunioations for
a number of years and are expected to be used for some tlrne to come. The five wilt
taletypefwriter ooded charack?r set (Figure 14) used throughout these eystem8 IMEfor
ma@ years been established as a standard and M Included tn this publication as an in-
terim standard sinoe it will rematn in use for an undetermined period of time.
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Q a q
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ENQ NAK % 5 E“ (J e u_—..- - -.. —— .——. -
ACK SYN 0 6 F v f v—
BEL ETB _: 7 _G_ w ,9 ,W——
8s CAN ( 8[H x hlx

‘–HT EM i– 9 ‘I Y i I Y—. ,
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FF FS t < L \

CR GS – = M
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S1 us I ? o — o i

Fjgure 7. 94-Character Printing Wbset
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Figure 9, Control characters, space, and mlete Smbols
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ZONES I II 11111]1;
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~ BIUIS I 21t)jkls 113/10
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8-5 ( )] _’” 12,{7 12/14 13:5 14/5
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8-6 + ~ = ; i 2/’0 ~12/;5 13/6 ]I4/6

8-7 ! A ? “ ~12/9 J13/0 j 13/7 ]14/’7

B-1 10/8 ]11/1 11/9) - ~12/’3 / 12/lo 113/1 ]13/e

9-I SOH DCI 8/1 9/1 i 10./0 i 10/9 19,/15 11/11

9-2 [ 51X Di22 ]8/2 SYM i lQ,/1 10/10 11/? 1)/12

9-3 ~ ETX ~OC3 8/3 9/3
1 ;04’2 10/1 I n/3 11/’!3

9-4 ~fl/12 s ’13 8!4 I 0/4 ~ 10/3 lcl,’t2 11!4 11/14
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9-6 ~ 0/6 6s ETB 9/6 1 lG/!I 1QI14 !lf~ ,12/0

9-1 [ OEL B/7 Esc EO T 10/6 10/15 11?7 12/1

9-0 o/~ CAN 8/8 M 10/7 11/0 11/8 12/2

B-a- I B/13 EM 8/9 9/9 tkUL DLE I S/o 9/0

9-6-2 B/14 912 0/10 9/10 14/B [ 14/14 [ 15/4 15/10

Q-8-3 WT 8/15 elll 8/11 I 14/9 14/15 ~15/5 15/11

9-8-4 FF fs 8/12 DC4 14/10 t 5/0 15/6 15/12

9- B-5 CR Gs EtfO tMK 14/11 15/1 15~7 15/13

9-8-6 so Rs kCK 9/14 ; 14/!2 15;? i5/@ 15/14

9-6-7 51 \us DEL SUB i 14!13 15/3 I5/9 15/15

Km.

A oorddo pdtionthd

h08Mt boM 0U19tWdocor-

rewdw AS(2ImetEY-
octw is do9k~t0dwmm.
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m,dd- @ma
ASCIICdos

Figure 10. Standard Hollerlth Punched Card Code
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Figure 11. Hollerith Hole-l%ttern cross Reference

to ASCTI (128 Chrecters)
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c- - 4SCI. w

u 1 i 1 :1 1 i 1
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0010 2 0-s- 2 I I-H-z 12-b9-3 II-O+? 17- I 1-0-9-9 11-0-0-2 12-I I-D-6-2 12-11-9-8-8
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Bill 71 I I-S-7 12-s-8 12-0-9-6 11-0-9-7 12-0-8-5 11-0-6-7 12-11-0-6-1 I I-O-9-I-5

mm 6 0-9-6 B-6 I2+ I II-O-S-6 12-0-6-6 12-11-0-8-1 12-0-9-6-2 Il-bS-O-6

100I s O-P-6-1 9-6- I 1?-11-8-1 ,0-e- I ,12-0-6-7 12-11-0-1 I 2-0-9-8-3 11-0-9-8-7

1010 10 0-0-0-2 9-8- ? 12-II-8-2 13-11-0 12-)1-8-1 12-11-0-1 12-0-9-5-4 12-1I-O-9-8- ?
,

1o11 II O-9-b 3 9+3 12-11-8-3 12-1}-0-+1 12-11-8-2 [12.11-0-3 12-G-9-8-5 !?-ll -0-8-8- I

I 100 12 0-6-6-4 12-9-4 12-11-s-4,12-11-0-2+2 12-11-8-3 !12-11-0-4 1?-0-0-6-6 IZ-!I-O-B-B-+

1101 13 12-9-1-1 11-$-4 12-11-0-5 {12-11-0-9-3 12-11-B-4 !12-11-0-5 12-0-S-8-7 12-11-O-B-6-i
1

1110 14 12-S-B-2 9-6-6 12-II-S-K /11-11-D-b4. I k I M-5 II I-II-D-B 12-11-9-$-2 12-I l-o-s-o-t

1111 15 . II-6-6-3 II-u-o-l 13-11-s-7 12-1I-B-B-3 12-11-0-0-6-7

* - AsCr. m

MOTE : The eight columnsof f~gure I I present tho 128 hole-patterns for tht
126 charsctors of USASCI 1. The atmve eight COI unns pmcont the ●x-
tontion of the code to 256 characters. ‘Yhi 8 OxtOnl ion ha. b.en ●P-
proved by A24SI and wi 11 h pub!ishod ● AN Standard X9.26-1969. For
the prosont, only the hole-patterns have baan as-i gnod to tho bit-
patterna i n tho extaneion.

Figure 12. 13011erithHole- Patten Cross-reference to
AXII (Extension of 128 C=aOter@
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~H ‘OY 8 na nai l-w

H Q Y 8 na na 1 na

9 I R z 9 i r z

I R z 9 na na ! na

I R z 9 nainalna

Figure 13. Correspondence of Standard Hollerltb,
and ,7~S Pub 7 Punched Card Codes

* SbMard Mdterlth

* ALITOOIN

- Jcs Pub 7

na maansnafaa5i9nd

AUTOD~ ,
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LETTERS I
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I
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H {COMU}MA? SE STOP oa #

Figure 14. International Telegraph Alphab& No. 2, American Variation
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20.11 Ke.vboard .Arranzelllents. ri,! kt:ywar{i dr~a.ogemenl used hsa no

bearing on iateroperribd IIY of eyb Ip~tt:nt but LSIn]portant 1rorn trainim and efficiency
standpoints .

20.11.1 ASCII Ke\hoard Ar~m+nts Fotir-?’ow keyboards are Wtncfard fOr
the impiement.ation of ASCII and for OCR masage preparation uaite, Tbe st.aluhrd
arrangements are included i-n Fig’m’s 15, 16, *d 17. For details on he aPPli~U~
of these arrangements, the des lgner IS advitsed to consult .MIL-STW1 280, Keyboard
Arrangementr3. No FIPS PUB has been *PProved for keyboard arrangements for
Government use but act~on is being taken to develop a federal SWard. When SUOba
standard is approved, >1l.L-STD-l 28o will be rev Ised accordingly.

20.11,: ITA No. 2 Keyboard ArrW S!Iluente, The standard keyboard arraqW-
ments for use of the International Telegraph AlpAbet (ITA) NO. 2 L’w Vafiation are
g~ven in Figure 18.

20.12 EBCDIC Card Code. The EBCDIC card code is widely used but [O not
a US, Federal, or DoD standard. Ltis shown In Figure 19 for informatioxzal purposes
only. The 128 characters of ASCII each have EBCDIC punched card hole pat~rns. _
remaining 128 characters of this 256 character code Mve m character ass-ignmente a.e
is the case with the Hoileritn punched card code.

L~$T 14&NG — l-- ---- !71GMT M5NC

—
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LEFT MAW-- y - WGMT -

AL
I

sPbcE I bm

— ----- ----
5 5

I Am* ANGCMCNT T$’Pf 1, CL4SS 2 AS -* MIL-STD-*W

Figure 16. Type I, Class 2, Standard Keyboard Arrangement

Ltr T “&wo — T — RK.NT M&wD

“ bmmo!!m?mm-
EMOTES

, ●)+YSICA. C“A@AC7E~lS11CS Aw LmATIOU$ [, , SIZE $HAPf. fNEW. CIC) OF S*UC Mm
O* UCVS AmCNOT TO ● lWPEn RCD-.

2 SO.IDKtv OUTL WCS C08nfSW0 70 USh S Xa.?-*b46

3 TME u~wn c-nscwa a Km cas UfLL ●C ?wc %Rou? EnA3r. wwlcm WILL A?UAn
!NAREvtsfoN Of USASx3.17-f2ss

Figure 17. Type 11, Class 1, Standard Keyboard Arrangement
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IoOTE’ UPPER CASF H MA’ = ST* OR *

THREE ROW COMMUNICATION KEYBOARD (INTERIM STANDARD)

DL

CL

BL

AL Ezzz=l “
THREE ROW WE aTH EP KEYBOARD [ INTERIM STANDARD)

Figure 18. “IMee-FWV Kqtmnrds
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—-- .--. ,-. . I 1 --, [ f I 1 ! !.,, ,, ,”, “,

1 I 1 1 1 I 1 I ;*13 I I I I 1“141 I t

1 I I 1 [ 1 1 1- 1 t 1 I 1 1

I 100 c 8-4 FF n t M4<*/s A ] 1 ! 8-4 J
1
!101 o 6-5 m Es IE!III NM !( ) - ‘ 8-5

1110 E 6-B ~ 63 lACl ;4 :> = L 0-6

!)]1 F 9-7 SI us ‘ML m ~! A ;’ “ 8-1

11 11 12 12 12. 12 12 12 h
II II 11 11 II II It II

o 0 0 0 0 0 0 0 q
s e 8 B 8 9 9 6

CDtdMolt Psltms ●4< 12-I 1-0-0-6- I ●8, 12- I i-O ●12, o

● I, 12-O-O-6-I “% mamdws m 12-0 ●lt o-l

●Z 12-11-9-8-1 % 12 ●IO. 11-0 ●14. I}-o-*l

●3. ! I-o-e-o- 1 ●1, 11 ●II, 0-6-2 ●15. 12-11

Figure 19. EBCDIC Cud Code

%
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APPENDIX C

90. OPTICAL CHARACTER RECOGNITION EQUIPMENT

This Appendix Contains Supplementary lnforxnation
and is part of MIL-~D-188-100.

-.
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IORE WORD

1. DoD policy on font standardization 1s contaiti la OASD (TeAeoommu-
n~cat~one) Memorandum dated 16 Dec. 70 whlcb 1s quoted in part below:

“The development of high resolution ecannero and improved obamcter recognition Udt8

permfts procurement of multi-font OCRE “ona competitive baais from several ffrma. The
current generation OCRE permits expansion of tie font reading capebllltyby -9 11’I

the software and logl c of the recognition &lte, should there be significant quiKtltStW.of
OCR -A fOnt equipped typewriters at a facilityscheduled to rece!ve OCRE, it 10 expeoted
that OCR -A till be specified no one of the &racter mete capable of being prooeeeed &
the equipment. In al] other dtuatlona @election of OaE ehoukl be based on a oout effec-
tiveness analysts with appropriate considerationgivenb thetypefonteon tlw equfpment

prevfoutdy procured or programmed to be used with tbe OCRE. “

2. he of this printing, the only ANSI (Amerioan NUOmd Stad8rd IYMti-
tute)standard for OCRE is X3, 17-1966 whicII iS for Om+tyle A (OCX1-A). AoeordI@Y,

the characteristics of subparagraph 30.5.4 are thooe for Om (Style A) size I. R iB OX-
pected that these parameters wfll be eseenti~ the oarne in the style B font s-rd
currently being developed ~ ANSI subcoxnrnlttae X3A 1.

.-

C-il
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30. OPTICAL CHARA(XER RECOGNITION

RUL-STD-1W-1OO
15 Novembe: 1972

EQUIPMENT

--
L

30 1 Scope. This appendix ooncernlng Optical Cha?acter Recognftlor Equtp-
ment (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 prcmtms of read.ng
(scanning) messages prepared in a etsndard manner on s standard message format using
typewrfter8 suitable for preparation of meaeages acmuratedy readable l?y OCRE The
message format is discussed in subparagraph 30. 8.2 of thh appendh. Suitable tY.M-

umlters are discussed in paragraph 30.6 of this appendix.

30.2 Pumo se. Thfs appendix ie a part of MIL-STD-188-1OO and is included
to facilitate its use in connection with OCRE.

30.3 Use of OCRE, The OCRE may be used on-line, feeding the genera~d
signals directly to the line or to any of n number of lines aa required by the traffic situ-
ation; or the OCRE may be used off-line by reoordfng on paper tape, magnetic tape,
drum, etc. When used off -line the recorded meosage is subsequently reed to the VPro-
prlate line. Which method of operation is used is a matter of command prerogative, but
the design should be such that both on-line and off-line operation i~ possible.

30.4 OCRE Si@S>

30.4,1 tide and Alphabet. The binary signals generated by the OCRE shall
be coded in the “Code for Information Exchange” which is aleo known as ASCII (pro-
nounced as’ -key) or USASCTI(pronounced you-sas ‘-key), Thfs coded character set la
dlscuaaed in Appendix B.

30. 4,2 Low Level Wnali%. The ~ignals generalmd by tbe OCRE shall be in
accordance with aubpar~aph 4, 3. 1.3 (Low Level Digits.1 Interface) of the basic mtand-
ard.

30.4.3 Modulation Rate. The modulation rate of the OCRE signal shall be as
specified in subparagraph 4, 3, 1.1 (Modulation and Data Signaling Rates) of the basic
standard.

30.4.4 Charaoter Reading Rate. The character Wading (scanrdng) rate bears
a definite relationship to the rate et which signals are dispersed to the line unleso a buffer
storage is provided between the two, The maxfmum ecanning rate aim.11be cond stent
with the headquarters tratWc load, economics, accuracy in reading, and sound enghmer-
ing practices.

30.4.5 Bit Tram?+miaaion. Bite (per charactar) tranamWaion between the
OCRE and the off-line reoorder may be in eertal or parallel form, When the OCRE is
operating on-line the bitdream must ultimately be serialized before transmission.

30, 4 6 = When the ASCll 1s used pursuant to subparagraph 30.4.1 of
this appendix, the pari~ bit shaIl be generated by the OCRE in accordance with subpara-
graphs 20,4.1 and 20.4.2 OfAPPSZdfX ~.

c-1
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30.5 OCRE Capabtl ltieu.

30.5 1. Monocaw ASCll C)C’RE(Preferred Standard for Message Prep aration),
The mirimum reading capability of monocaae OCRE opera&ing in an ASCIi oommnnioat!on
link shall be the character gfven in Table I of this appendtx Any additional charaotar
reading capabiliw shall be limited to those characters given in Figure 1 of AR#MKHXEl.

30, 5.2 Dualcase ASCII OCRE, Dualcaee readers shall have the same oapablllty
of reading lower case alphabetic characters prtnted in the same font deeign as the upper
case alphabetic characters Dunlcase OCRE is not recommended for orchary communi-
cations use because dualcase receiving teleprinters will not generally be available. The
use of duaicase OCRE 1s appropriate only in properly equipped closed networks, *
dualcase receiving teleprinters are generally available and when using ASCKI(see Figure
4 of Appendix B)

30. 5.3 Character Set Capabilitiee.

30. 5.3.1 Sin@e Character Set OCRE (Monooaee). The uee of mmmoaee oharaC-
ter se! OCRE (upper case only) has the disadvant.ague of necessitating more oomp]ete
standardization of message preparation typewriters throughout the headquarters then doee
OCRE utilizing dualcase and multiple charaater sets. However, monooase OCRE haa an
advantage in cost and reliability of reiidlng over dualcaae OCRE and it has a ve~ con-
siderable advantage in cost and reliability of reading over multiple character set OCRE.
For DoD policy and guidance on fonts, refer to the foreword of this app?ndix,

30. 5.3.2 Multiple Character Set O(XE. OCRE having multiple chamcter set
capability allowg more flexibil lty in the use of &pewritere but it coete cons fdemhly more
and is much 1ess reliable iri reading than the single oharader set OCRE, Multiple c~~o-
ter eet OCRE shall have the cnpabil!ty of the character set desctibed in Table I and sub
paragraph 30. 5.4 of thie appendix

30, 5.4 Minimum Character Set Capability. OCRE ehall have the minimum
capability of reading a character set defined by Table I when the:

(a) Horizontal character spacing is 10 per inch,
(M Line Bpacing !e 6 lines per fnoh,
(c) Maximum character height, H, iB O. 084 inches,
(d) Maximum charaoter wldt.h, W, is O,055 incbee, ad
(e) Nominal stroke width, T, is O. 014 incihes.

The chsmacter height and width are defined as centerline hetghtand width. The#oI’QJ,
the acXuX maximum height is H + T and the actual maximum width is W + T.

30.5, 5 Multlple Character Set capahili~ One of the charact.ar sets shall be
as deecribed in subparagraph 30. 5.4 of this a~ndix, AN other character sets are 8psc-
ified cnIY to the extent of having the character spa~na of subparagraph 30, 5.4 of thiB
appendix.

30.5. ii Automnti c kfea sage l-ieadin~opt-iona l). O~E equi~ for automatic..—.--—
message headtng generation sha!l reaci the headin-e elements which are typed in the
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appropriate places on DD FOX70173. Using this information, the OCRE shall automat-
ically generate an appropriate message beading.

30. 5.7 Automattc Message Ending {OPtlonal). OCRE equtpped for automatic
message heading generation shall also automatlcd.ly gensxate a compatible and appropri-
ate end-of -message format.

30.6 Tyrmn4ters.

30,6.1 General PerfO~Ce ChB=Ct.SrlStlOE, Adequate Q@w quality ii
mandatory in order to minimize OCRE rea~ng errors. Thts requiree appropriate t,~e-
wrlter6, rtbbons, maintenance, and a consistently strong touoh. All of this oan be ob-
tatned most adequately by using electrical typewriters and one-time rfbbona, Making
such praotioe mandatmy wiIl pay dtvldenda in added message reliability.

30. 6.2 Dualcase Type writers. Duslcase typewriters shell ordfmmfly be .ased
for rnemmge preparation so that they SASOmaY he used for other work, The lower case
charactsm mny be any suitable style unless the headquarters is equipped with an OCRE
with both an umr and a lower case reading capabillv. In suoh a ~se t~ l-r c~=c-
tera shall be the appropriate characters as provtded in subparagraph 30. 5.2 of this
appendix.

30. 6.3 Monocase ~ wrttem. Monocaae &pewritera shall ordinarily nat be
used for message preparation even thou@ mewiiages normally wflI continue to be prepared
In upper case letters only.

30. 6.4 Keyboard Amange ment. The detail requtrementi for a standard key-
board a~ent for OCR typewriters are given in MIL-ST&1280, M.flitary Standard
Keyboazxl Arrangements.

30.7 ~Dt Q@ i% Prtnt qusltty is a oomblnatlon of the foIlowtng: MM-
mum print contrast signal (PC9) within obaracter outline, tie m-w (pm) outslJe the
character outline, voids, extrameoua ink areas, etroks width vartatlon, and conformance
of character Bhapes to nomtnal character shapes specifioatton. These factors are iart@Y
determined by the printing syetema employed, The perfozmanoe of OCR systems do-
to a large extent on the print quality, Hems, every effoxt should be made to provids
“good’ print quality, Le. :

(a) The printed charaotar should present M high a contrast as
possible to the background dooument.

(b) 9troke width should be held as close as possible ~ the nominal.

(c) Insofar as posaihle, there should be no voids wfthln the stroke
outllns. When these cannot be prevented, the number of void areas withina strmke should
be mtnimized. The size of individual voids should mot exoeed half of the nominal stroke
width,and thedistanoebetuuen hdivldualvoidsshould be as great as possible.

- --

(d) Insofar m poesfble there should be no extmmow lnk within the

clear nroa. When this cannot he preventmd, the nuniher of ~ ink spots doald

c-a
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be minimized, tbe size of the spots should not exceed half the nominal stroke width, and
the distance between unit spots should be as great as poseible.

30. a Standard Message Form Use

30.8 1 Paper 8Pecifi cations The quali& of the paper used in message forma
must be ccmtrolled for OCRE applioationa. A suitable epecdficatlon for paper quality
may be obtained by reference to paragraph 4, Paper Specifications, of the “USA Standard
Character Set for OptiCal Character Recognition” (USAS X3, 1’7-1966). This standard 1s
publlshed by the United States of America Standards Institute,10 East 40th Street, New
York, N. l-. 10016.

30 8.2 Printed Format,

30.8,2.1 IHrst Sheet DD Form 173 (OCR). The joint meesage form Includes
the heading inform.atlon required for a computer to generate the appropriate standard
fomnat for the message heading in acmrda.noe with JANAP 128 (AUTODIN), A CP
127 (NATO Tridflc WY), or other appropriate format = ~@rmi~d by the req~re-
ments.

30.8, 2.2 Continuation Sheet. The esme form is used as a continuation sheet
for those messages that require more than one page.

30,8.2.3 Ptinted mtail~. See Figure 1.

30.8 2.4 Message Cornponent Symbolization.

30,8,2,4.1 Orlentatlon (Benchmark) Symbol. It ehall be etandard not to use a
special printed symbol for the 0CR13 to orient itielf with reepect to the printed page.
The equipment shall orient Itself with respect to edges of the paper by the difference

between the paper reflectance and that of machine buckpmund, or may be oriented on the
flint typed character In the event a reader is used that does not have such a capabfl!ty,
the typist may be instructed to type in a special symbol at an appropriate place on the
page. In any event tbe OCRE shall be programmed to start its soan at the first line of
typing after becoming oriented,

308. 24.2 start of Heading (SO~, No Start of Heading (SCM+_)symbol is w~ in

the Intemmt of economy. Such ii symbol would have to be printed in black. A two odor
form would be more ooetly than a single color (blue) printed fomo To have tie Wplet
type h a SOH would complicate her job unnecessarily The OCRE shall be p~ti~d
to recognize the St~rt of Hendlng by th- me~tmge pagination, that is page “1” or ‘K’
pages

30.8.2 4.9 Aotion Addreawa ml. Not uad, bmfhd by SOftXWre. TbtI first

Aotion Addmmee may be recognized bg the uC!RE as being indented 20 opaces. Subse-
quent AcH m AddmIYDoes, if any, are also indented 20 spaces. Double spacing is -~
vertically

—

90. 8.2,4 4 lnforma.tioa Addmaeee Symbol. The mquence “INFO:” shall be UB~
to titILoat.Pthe first Information Addrewsee The OO1ODis used to prevent a random

c-4
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sequence “~I?O” in the meseage from giving a false result. “INFO:” is typed by the
drafter’6 typist two lines ~low the last Action Addressee, starting immediately to the
right of the left blue mar~ line using no inden~tion. The mfo Addressees are Lndented
20 spaces as are the Action Addressees and are also double spa-d vertically. The
oCRE may thus reco@ze the ~d of Action Add~seees and the beginning of Information
Addressees by the typed “INFO:” starting at the margin. If there are no Information
Addressees the OCRE will recognize this fact by finding “XMT:” at the left margtn line,
no indentation, using double spacing from the last Action or Information Addressee as
the oaee may be. The exempted headquarters or routing indicator shaII be typed in
startirg dlred.ly under the start of the addressees, nnmely 20 apacee from the ieft mar-
gin line. If there be more than one line of exempted routing indicators, the second line
shall aleo be indented 20 spaces. Thus, the OCRE can recognize the Start of Text by the
next nonfndented typing.

30.8.2 .4.5 Start of Text (STX) &m box. Not USd , handled by software

30.8.2,4.6 End of Text (Message) (ETX) Symbol, Not ueed, handled by software.
The OCRE oan reoognize the ETX by the end of the prfntlng in the last page of the mee-
ssge. Tbe last page is identified by the pagination in the page block in the first line of
typed material on the last page the page number is the same ae tbe number of pagee,
wch as page 2 of 2.

30. 8.2.4.7 Indentation &vmbol It shall be standard to program the computer to
effect indentation anti tabulation at the receiver by counting and transmitting the appro-

priate number of spaces. TMs method allows for tabulation without any prearrangement
between the originator or drafter and the addreasee When the ASCff is used, however,
tabular material can be sent by preammgement hehveen the transmitter and receiver.
This requires sending tabular codes rather than spaces and also employing appropriate
page printare at the reoeiver.

30.8.2.4.8 Aut.omattc Lo@ Distribution. If the OCRE is used in conjunction
wfth a lacal Message Distribution Unft (LDMX) the local distribution may be typed in the
appropriate place on the Joint Message form, A vertioal line is used to indioete that
this data is for local distribution and not Part of the message.

30. 8,2.6 Use of Erase symbols.

30.8.2. S.1 Group Emtse SYrnbol. E shall be etandard to use a continuous daah
(Group Erase ~bol) through the first three characters in a line to indicate that the line
is tn error and must be omitted by the OCRE. This symbol is shown fn Table H.

\
—

30. 8.2.5.2 Character Erase $mbl. The standard character erase symbol shall
be a solid blaok printed rectangle having a size equal to a nominal character space. In
use the cbaraoter erase ~bol IS printed over a oharacter to I.ndioate that the charaoter
is in error.

C-6

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


MIL-STD-188-1OO
1S November 1972

-

TABLE I

APPENDIX C

Repertolm of cb8maer8 b be Wed in a*e
fur OCRE H-*

PmqMrsual

CWUW - 0 J 2 3 4 5 6 7

b7 b6 ~5 *00 00, 0! *11 ‘o
o

* ‘o, ‘ 10 ‘1, g
w

txbsbsbl —~w [. 616-s7kaoL PR6!47w wesE r— ~

0000 SP]Q P ●

100011 I I I IIAIQ I I II I

100101 I ●

I 21BIR I I II 2

100 {11 I I I 31CIS I I II 3

10100/ I I$}41D IT I I 141
Io toll I
101101 I

110011 I I)19111Y II 191

110101 I

110111 I
1!00 * I L I pi

liOl ●iM ~ [,31

11! 101 I I* I IN1 I 1 1141

1.11 I I f ?0 I I I is I
Y)medmASCH, F’twI=l,APPIxIIxB
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TABLE 11

APPENDIX C

oCR-A CHARACTER SET FOR flONOCASE O~E

OCR-A Chwactar Set Representing ASCII Characters

Alphabet

AN
BO
c:
D
CR
F
G :
Mu
IV
Ju
Kx
Ly
nz

symbols

#
v
d

s

Nuserals punctuation

Special ANSI Symbols

comma
colon
Semi-ColOn
EqualS
Plus
Slant
Dollar Si9n
Asterisk
Quotation nark
Ampersand
Apostrophe
Hyphen
Left Parenthe:ls
Right Parenthesis
Percent
ouestion Mark
Vertical Line

Name

Hook
None

Fork None

chair None
&-oup Erase Erase compiete line

Chgracter Erase Erase charhcter

I
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APPENDIX D

40. COMMON TE~ METHODS

This Appendix containa Tutorial
information in Support of MIL-
mD-l B8-loo.
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40. COWN ‘EST METMODS

40.1 Scope ,

--
k-

Trin Lppendix provides twne~al -as--nt tech’’’iquesad ‘tnods 0; ‘“asu”ing
ene values for the co-n parameters of voice and data service specified In the
other sections of MIL-S’LD-I88-1OO.

Lo.1.l Purrlose. A~~endix D is net a part of FIIL-STD-188-100.
for information End

r.is pro\idecl
:0 facilitate understanding of the parameterri includec in the

●taodard. When ueine theee teat techniques some precautions must b?.observed @o

that eatiabctory rtsults -y be ob-inrd and, in son= cases, to insure tk.~ ix’:cty
of the paraoonel and equipment involved.

40.1.2 A~lica tio~.

l?iis sppendix discusseo test aethoda which are ccamon to all voice frequency
channals derived from tecxical or long-haul subsystems. It is essential co
recognise that this appendix discuasea general methods of testing rather then
@tep-by-et.ep prmedures for performing a particular test. The lstter uou.d
vary crmsiderably ammg the msny different equipment configurations which
exist ●nd uould involve ● level of detail not appropriate to an appendix ~)f
a general standards doctmant, Tkx? test ~thods discussed herein can be used
● S a guida to develop detailed procedmrma for maesurtng the critical per*cn-
etera for voice or dats ●trvice over voice frequency chennela.

fto.2 *n eral Fkasuremant Tectintque&.

The following paragraphs hnve general application to the voice frequency
test =thods discussed in paragraph 40.3.

40.2.1 Accuracy of Mea8urementa.

The measurement techn%quern used in maeauring the various operating parame~ers
of long haul and tactical syetems shouhl be devised tc reduce che number Jf
errors which can contribute to the final accuracy of measurement. In genars~,
mora than ae method -y be ●vailable for meeauresment of a particular peram-
eter. The method which results in the lust number of errors should be
choeen whenever possible. Por emmple, inaerticm 10SS measurements could be
-de by alther the dirtct method or by ~he comperieon method (see perngmph
40.3.1.4). In the direct =thod, all the tnaccuracles lntxrrent Ln the equip-
ment ccmtribute to the overall sccuracy of the te6t, vhile in the comperism
method the inaccuracies of only one piece of equi~t (i.e., ●n attenuator)
cmmtribute to the overell meeauromemt ●ccuracy. Othsr techmica> ●nd economic
factors -y have si~ificance when ●electing a tent method; hsnrever, ca-
aideration ehould slwaya be given to reducirss the soerces of measurement
error. The following sources of error ●tzoold be cortaiderod:

a. l~dance -tching

Attention ~st be paid to matching the eerztingand receiving impedances
of tbe teetl~ equi~nt to tbe nominal input and output impedance respectively
of the aystom or ne~rk undmr teat.

D-1
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b. Calibration

Improperly calibrated instru~nt.a will ●lwayc yield -aauremnt
errors when direct reading aasthoda are employed.

c. Equipma?nt Errors

Equipaa?nt errors are caueed by rnny factora. For exemple, ● dir.ct

reading eelective level meeauring set will be subject to variances in level
Indicati= ●a ● function of frequency, temperature variaticam, ●nd ● tconuetor
eccuraciea when awitctilng rangee-

d. Huamn Errora

Human errora result in inaccuracies which cen ●asily excmed the
cumulative inaccuracies due to all the other aourcea of errora. It ia there-

fore eaaential that teat prraonnel become thoroughly familiar with the teat
equipent ●nd the system under teet. Teat aquipmanta can ●lao be prwided
with numerous featurea which raduce the poaaibility of human error, e.g. ●csle
calibration which allow for easy interpolation.

40.2.2 Use of D&@tal Me~laye.

[N02E : A diacinction ehould be drawn between inatr~ts which
displey ● digiul representation of ● ccmtinuously veriabla
quantity (e.g., a digital decibel=ter) ●nd inetr~nte which ●re
eaaentially event-counters and thus naturally lend themselves to
a digital display (e.g., an error-rate counter). The latter ●re
not the subject of this diacuaaicm.]

In general it is considered that the wee of digital displaya ia deelrable
for aoma (but not all) tranamiasion measurements. The quantity being meaa-
ured should preferably be steady for a digital dieplay since it is wre dif-
ficult to form an eati-te of the rate snd extent of fluctuaticxta of ●

varying q~ntity with this form of preeentatiou than with ● conventi-1
scale-and-pointer diapley.

Digital dieplaya would be ●uiteble for non-specialized staff, but ecm~c
consideratiaaa, technical complexity, ●nd the poaaible phyeical ●iae of
portable equi~t might limit their extamaive use.

Digital dieplsy inatrummta cen be ueed for moeauremota requiring the
higheet accurecy. tluman ●rrore ● re reduced ●nd (fm ● glvm coat) it La
often eeeier to -ke ● digi~l diepl.ey betr~t more ●ccurete ttun ●n
●nelog diepley lnetr~t in that the leeet-ti~ificent-figure ●rror can
often resdily be made lea. than the ●cale ●rror of ● cmventioml meter.

In general, ● digital display takea lees tirn to read ttia s scala Indicatim;
hence, digital dieplaya would be ●uperior to e-log dieplaya for Nk@g meee-
urernnta in quick eucceesion. A facility f= ● printad or ~ched outpt
might be provided usefully by the inatrummt for this purpoee.

A digital dieplay la not crm.s~dared aulmble if the q~ntlty being meaemred
is varyil.g continuously (aa, fot example, when the level of ● SIX1 ie
being ●djuated with ● potentianeter) ●nd for thig type of measurement ● con-
v~tional pointer ●nd meter diepley la ~eferred. tiweWW , if the ●djuet-
ment la med. in ●tepa, then a digital display would be ●atiefactory.
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Digital diBpley inatrmnta ●re, in Eeneral, not conaldered quite DO ouit~ble

for localizing eourcos of trouble glvfng rioe to Vsriatima in level ● s ●slog
diaplaye rnlthough they might be used for ouch a purpose if rhere was facility
for a printed output. They are not cmsidered Euitable for atudiea of inter-
mittent faults.

Disitel display inatrumanta have been used or could be used for the follwing
pur pcmom:

Aut~eic recording of rnmeured reaulta particularly with a viw to aub-
aequent avaluacion by a computer

In conjunction with aut- tic loss ●nd level mmasuring equip~ts

40.2.3 Direct -Readinrzl’k?thods Veraue Null or Comparison Methods.

(It should be noted that many types of digital display ingtrumenta are inher-
ently comperiaon or null systems, the ●ccuracy of which depends on the long-
term stability of some internsl reference device, for example, a zener diode.
However, this ●acgion refers to comparison or null methods perfomed manually;
hence, digital display inscrmnta ● re regarded here aa direct-reading in-
struawnta .)

In general, comparison or null mathoda requiring :he operator manually tc
adjuat ● control should be used only for measurements requiring the higheac
accuracy (e.g., maaurement of croaatslk ratios and noise levels).

Portable instruments could use this methcd with sdvantage in that the 6t6-
bility i., in principle, vested in comparatively robust compmenta such as
●ttenuators, rather than in a meter .

In general, direct-reading techniques are considered suitable for moat other
types of maaaurementa, particularly when coat or time must be conserved.

S- mesauring aeta ca.pble of precise meaaureaneota combine manually-operated
cmtrols with a direct-reading inatrumant . These are the au-called “level
lens” or “off-net zero” inatrumenta in which, for example, the input level
being meenured ia aet equal to within aay tO.5 dB of the reference aigna; by
means of witched attenustora, the leemt step of which is in this cage 1 dB,
●nd the reaidusl difference between the lmeaured signal and reference signal
ie displayad rm a center-zero decibelmeter which indicates the sign ●a well
as the magnitude of the difference. The level measured ia given by the sw
of the ● ttenuator ●ettlng and the mater reading, The meter can be engraved
readily to permit eaay interpolation.

60.2.4 Uae of Selective Neaaurlnu Sets .

Selective measuring ●eta are necessary when the wanted signal is ●ccompr,ied
by other algnala or noise at relatively high levels, for example, croaatalk
levele . Selective meaauring ●cts -y be either fixed-frequency or crntinu-
ouely variable. Fixed-frequency selective meaauring ● ets ● ra in general
●ccurete ●nd fast end tend to reduce h-n brrors. However, they ● re restricted
in ume ●nd it would be costly to prwide a great variety of them. & the
other hand ccmtinuoualy veriable selective meeauring aeta require more skill
to use and ●stimee, and for some ●ppllcetion~, rhey mre not ● o ● ccurate or
● o faat,

.
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60.2.5 Compeimatinu for the Loanem of ‘rent-Trunka and Test Cordq.

A broad distinction cen be mde usefully between CentT81i S8d wowing ●p-
peratua (which is often necessarily remote frcm the trena-ios ion equi~t,
rack-mounted maeeuring e ppara cue (which can b. inmte Iled near the trammiaeim
equi~nt) or mobile measuring apparatus (which can be brought up close to
the transmieeion equilaanc) .

40.2.5.1 G9ntr lizea d Meaa~ ADm ratue . E~len of thie ●re autemtic --

auring apparatus for circuits, etc., or centralized =asuring canters mwltig
remote inetallatirns. In these cases it is often cnnveni-t to build out the
10SS of the test-trunk or teat-circuit with pade or ●mplificre, s-times
equlizing If necessary, ●nd off-aettin~ any residual 1O-S by suitably iLl-

creasing the sending level or the receiving sensitivity so tht the musuriag
instrument effectively indicetea the level ● t the r-ote tranamissl- aqui~t.

60.2.5.2 kkaBur A@Z DMrLLtUS !kunted or Br~ht Clo ●e to the Tr~
-i xra t. h this cese, the preferred technique is to keep the testing cords
as ehort as poeeible. The celibratinn technique can oftat be ●rransad to
ellow for the lees of the test cords.

The test cords should be ehort can~red with the ehorteet uevelength within
the spectrum of signals being meaaured. WhaII thie is not pnaeible, ● teat
l-d may be derfved which is effectively decoupled from the trene*s8icm
path (for -mple, by means of e test hybrid which -y be ● tranSfO_r or
a network of resistors), the test lead being properly terminated by tk
measuring ●pparatus. W theee circumatancee it la useful to arrange for the
test lead to be aimflar in coapoaition ●nd length to the transmhsicni PStb
frm the trensmiealon ●quipeent to the ●osocleced distributia freae ao that
meeeurementa at the end of the teet lead are ●a if they were -de ● t the
dietributim freme.

40.3 Voice Frequency Teet Methoda-.

40.3 .1.1 A>li cability. These ~asurarnnta are ●pplicable to all voice fre-
quency channels, circuits and two-terminal pair na-orke.

40.3 .1.2 @inciDlea of Test. The insertion 10ss of a two-terminal pair memoork
Inserted between a mending iqedance ~ and ● reeaivfng Lqmda=e Z~ ia the ratio
P1/P2 expreseed in dB, where P1 and P2 repreeent tbe ●pparent power in the re-
ceiving impedance ZR before ●nd after the ineertlon of the two-teminal pair net-
work concerned.

ThieIloss is given by the expression:

If the result hae a negative sign, an ineartion gain Is indicated.

.

2%e masuremnt of ineartion 16 -e in ●ccordance with Figure D-1. l’heraCio
of ●pparent power is usually based on the ratio of the vol~gee ●croes ~ before
and after the insertion of the two-terminal pair network.
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Fi&ure D- 15. Overall Change in Audio Froqueucy, tud to End of ● Channel

through a voice frequency channel. Phase jitter results from Pbse modulatim
(or veriaticm) of the input sl~al ● s ir 18 procasDad throu@ 8 crnuOiCatiCa19
nys tern. As the result of phaee jittar, the rocaived signal will comtiat of s
finite frequency signal which ●lao uhibita rapid incramentel chang$ea in phaso
angle. hrge fnatantaneoua chengea in pbese of ● ●ingla frequatcy -1*81 tT8n#-
mitted through a voice charnel ● re defined ● e phase hits, ●nd will not be re-
corded as prt of this teat. Data tranamiaaioo at 1200 bito per cecond and
higher is particularly aansitive to phaae jitter, which ranka in importance

with impulse noise, signal-to-noise ratio, inBerticm 10.0 versus frequency
characteristic , and envelope delay diatortim aa ● cauae of channel ●rrors.
Formerly, measurement of phase jitter involved uae of an oscilloscope and
considerable care was required in the ●ettlng up ●nd uae of the equi~ent.
Phase jittar meters are ntw available, which allow thaaa measurements to be
made ❑ ore simply. A typical phase jitter meter ~surea peak-to-peak pha~.
jitter m 3 degree and 30 degree full acala rangeo, ●nd input levels 00 0 d~
and -20 dllm~ter rangea, snd can be Used with channels derived by ●ither FDM
or TXR1/PCM multiplex equlpnmte. Taat aignala fra an eudio oscillator cen be
ueed , ●nd the mater will accept aig.mls in the vicinity of 1000 or 102—0herts,
over a very limited range. The jitter of the teet eecillator should be checked.
It should be under one degree, peak-to-peek.

60.3.7.3 APoa ratuc.

Reference in
Teat Unit Fiuura D-16

Audio Frequency Oscillator A

Phaae Jitter -tar B

40.3.7.4 Test Fkthod. fie teat oscillator ia connected to the sending ●nd of
the circuit, and adjuated to ● level helm standard teat ttaa level, for
instance -10 or -13 dBmO, snd to a frequency of 1000 Hz. (For PCM ayetame,
this should be changed to 1020 HZ to avoid aubmultiples of the sampling fre-
quency of the PCM ayatem.) At the receiving end, the phaae jitter rnter la
camected to the output of the circuit ~der tect, ●nd ~aaurement -de fol-

.

lowing Inetructiona prwidad in the Technical Order or the manufacturer’.
handbook (ace Figure D-16).
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Figure D-16

40.3.8 Crosstalk.

40.3 .8.1 A~. These =asure~nts are applicable to all voice-fre-
quency bandwidth channels and circuits.

40.3.8.2 ~rinciplas of Test. The basic testing arrangement IS shown in Figure
D-17 . The disturbing signal is applied to the disturbing ctunnel, SK 8 level
which 8enerelly should not exceed O dBmO (1 mid● t a zero relative level point),
end the croastslk level on the disturbed channel is then measured. tiaar-end

croeetalk la measurad ● t the end of the disturbed channel nearest to the
source of the disturbing signal (i.e., in Figure D-17 naer-end crosstalk would
be thst maaaured by Ml). Far-end crosstalk ia maaaured ● t the end of the dis-
turbed channel remote frca the source of the disturbance (i.e., in Fi8ure D-17
far-end crosstalk would be that measured by K2).

.5?(?,/;e=
D #*:. O-> ’~.’:--- D

ml 6 ----:.- ..@ ‘. ~-..=---- -->
---- .- N2
------ *------ ----

Figure D-17
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The disturbing and disturbed channels msy comprise the two directfoms of crans-
miasinn of the same four-wire circuit Ln which caee it 10 the near-end crosstalk
(go-to-return crosetalk) which should be measured. When the disturbing and
dieturbed channels are in different circuits che crosstalk la known as the be-
tween-circuit crosstalk.

If the *O channels ● re for opposite directiate of tranamimni- near-and croaa-
alk IS important whereas when the channels ● re for the ●ama diractia of trana-
miacion it is the far-end crosstalk which must be considered.

Croaatalk measureumnta ● re ●xpreaaed in two different waya, as follows:

a. Croautalk Attenuation

This is Ehc ratio expreneed in tranamisalon units of the power
dalivered by ● source (G in Pigure D-17) to a disturbing chennel to the power
received at the point of measuremsztt rm the disturbed cbmoel, both channels
being correctly terminated ● t both ends. Hsseuremante of croeetxlk ● ttenua-
tim ●re ~inly used for direct meeaurement of crdetilk between cabla pairs.

b. Signal/Crosstalk Ratio

It is generally more meaningful, when dealing with complete crana-
misBicm systems, to axpreas crosstalk in terms of e signal/crosstalk ratio
which takes into ● cco~t ●ny difference in the nominal relative levels of the
measuring points A, B, snd D. This is ●chieved by expreesin8 both of the
measured levels in dBmO.

---

40.3.8.3 ADDaratuli. The choice of apparatus dapende on the test method choeen
(see paragraph 40.3.8.4).

Single frequency near-end and far-end crosstalk maeurements can be mde uaiq
the following:

● Channel Ternimeting Realstc-

● Voice Frequency t)acilletor

● -el Heaauring Set

If the noise spectrum ●pproach ia selected, the oscillator ●nd level ~auring
●et should be replaced with ● noise gameretor and & noiee measuring aet respec-
tively. Shaping snd weighting filters can ●ieo be used in thte type of test.

A noiee meaauring sat ●nd ● ●pectrtm ●nalyzer can Occoaimelly be used to die-
tinguiah croaeulk levels frta noisa lwels or pickup.

40.3.8.4 Teot Methods. The following alternative mthods of -asure-nt ● re
●vailable.

● ✎ 14essurmt of the croastilk ●t ● single freq-cy, generelly the
reference frequency 1000 13z.

b, Uemsuremantt msde using ● uniform swctrtm random noise or cloeely
speed harmonic series ●tmped in accordance with ● ●peeth pcnter
density curve. The measurements ● re ude im this case by was of

a noise measuring set.
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c. Voice/ear subjective tests, in which speech is ueed an the din-

turbiug ● ource ●nd the croeetalk is ~asured by listening @nd
c-ring the received level with a reference murce the level
of which can be ●djumted by ●oae form of calibrating network.

The first -thod 18 the preferred ●pproach for routine masuremnte.

The apparatua is ●rra~ed as in Figure D-17 and leval mnaeuremante are =de in
dBti.

Receution is necessary in shielding ●nd grotmding ●rrangernnta CO ●void #tray
coupling. The operating procedure should permit poeitive distinction between
croestelk ●nd other disturbencea euch ● s circuit noise ●nd etray pickup.

40.3.9 ~dance .

4.3.9.1 &lwQwUY* In testing transmieaion systems, input and output im-
pedance ● re mesured ● t important ●ystu interfaces. In ●ddition meesuraanto
my be required cm individual iteme of equi~ant prior to Inetellatiorb i.e.,
either in the factory or in the field.

The various eectiotm of these standards specify these impedances generally es ●

return 10IJ8 egainet a n~nal value. ‘lha preferred method of rnasurement in thest
caeee ia a direct ~aeurennt of return loan ● s deecrtlmd in paragraph 60.3.10.

The ●tindard bridge -thd of impadaute mesuraaamt &scribed heraim MY be
used ● . ● n ●lteraatiwe to the return loea -Surement. Should ●actiats ttmt
specify Impedamce directly be added to the-e ●teochrde, it would in theme
caaeo be the preferred method.

Direct masuregenca ot i~ance CA9 be wed to obtain raturo loac an described
under par~raph 60.3.10. Impedance maaure-nts at radio frequencies are not in-
cl~ here.

40.3.9.2 ~lea of %es to Ztais method uees ● standard ●lternating<urrent
brldBe to measure the impedance. U-lly, the impadebce of trenetiaeim
syetam inputs and outputs should be gaaeured ● t tha teet tone level u-ad at that
point of ttn sysc~. For inetence, tba input impedance of ● ●tanderd voice
channel modulator ●tmuld be meeaured ● t ● tact tate level of -16 dBm. This 10
●saurod by ~eur~ the ~er level ~roea a ig~ance to be maeured. Tee t
uthoda ● re deecribed for tvo kinds of AC brid~a,

40”3”993 4E?MM&w”

Teet ilni~

Ckillator

~damce Bridge

D9teetor bplifier

Level lmemuin~ set

A

B

c
-

29ro Belaac* ~aiuoro (75,135,150,~
cu 900 ohe, ● s requirad)
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40.3 .9.4 Test 14thod .

--

a. Connect the test units together as shown in Figure D-18. The test
lead from che X cerminele of Impedsnce Bridge B connects with the syetem inter-
face or equipment under test (point A).

A
I
I Input Twmho/s d
I ‘Systwniw E.iiwnt

t * Under rod
i~------,-

t
I
1 : 1 - tGmondcawwCtion)

x T../s
I
1

w , /e e b b - 0
OSCILLATOR IMPEDAUCE

IA)
DETECTOR

a o enloa
o 3

AMPLtFIER

w’”“------ =[+ (al *“ “------ ‘“-II (cl

Notes:

1. Equipment used will dopond on $pecific test.

2. Test leads ●ithcr screonod twisted poir or cooxial
poir (ste tsxt ).

Figure D-18. Measurement of Input or Output Impedance
of s System or Equipment

In general bridge measurements, the test lead would be on open cir-
cuit at point A while the bridge zero balance was carried out. H-ever, the
system impedances under teat rsnge from 75 to 900 dm.e (kw impedance). end for
greatest accuracy a different zero balance procedure should be carried out as

specified in step b.

b. Choose resistors 75, 135, 150, 600 or 900 ohms appropriate to the
particular test, of the same order (within 212) as the nominal value of the ays-
tam or equipment point under test.

Carry out the bridge zero balence with the test lead connected to
tbe X terminals of Impedance BridBe B terminated in the appro~iate zero balance
resistor ac its other end (point A).

Retrmve the zero balance resistor and connect the test lead to the
●ystem or equipmwmt point under test.

..

c. Set the Impedance Bridge B decades to a rough balance (this is
&nawn) ●ad using the Level Measuring Set in its high impedenco position adjust
Ckcillstor A output eo that the corroct test level is epplied to the system or
qui~t point under teet. In the case of lff level points the sensitivity
rny be incraeaed by 10 to 20 dB ebove the teat tme level for one cbsnnel but
&he effect of this on the measurement should be checked.
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The level M?asuring Set 1s not sho~ in ?’igureD-18 but is Lioted
under subparagraph 40.3.9.3. It should be diocomected from the circuit when a
-asurement is made.

If tht Level Measuring Set ueed ia s VTVBi,the tabulation below
will serve ●s a guid@ in setting the test level.

Impedance of
Teet Point *

\ 75fl 135ri Ison 600tl 9oofi

Oscillator out- 1 VTVM Vm VTW VTVM m
put Point 4 ! (rev) (mV) ~ (mV) (rnv) (mV)

O dBm z74 368 387 775 950

-10 dk 87 116 122 24s 300

-20 dBm 27.4 37 38.7 77.5 9s.0

-30 dBm ; 8.7 11.6 12.2 24.5 30.0

d. Measure the Impedance of the system or equip~nt point under test
in ●ccordance with the handbook instructlona for the particular bridga in use.

Figure D-19 is 6i schematic illustrating the baaic structure of a parallel RC
bridge. The schemtic illustrates the position of the standard resistance (R)
and capacitance (C) decadea for the amaauremnt of either ● capacitive or itadut-
cive minimum reading on the detector and 1- given in term of parallel R ●nd C
component6 . The zero balance components, ewitches, ●nd range switches are not
ahwn in the schematic. The arrangement of theee will differ for differ-t
makes of bridges. Both balanced and unbalanced Lmpdance ●re involved in cheee
maaauremen ts. Follow specific clirectims on the prticular ~ke of bridge ●=-
ployed to ● asure accuracy in caaes where balance impedances @uat ba ~*”rod
with the unbalanced bridse.

Zhe i~edance ~ulua ●od ●ngle are &ivem by the fo-hl

‘h “m%7zSY

where

R . t~ Velue of prallel registirica ● a reed frm the

C - the value of cepcitanct ● s raad from the bri@e

60.3.10 Returm &a 8.

br idga

40.3.10.1 A~PU@ b-. This test ia used to rnaaure the i~e ~smtch
characteristic of voice bandwidth junction points or ●od imetrumeata.

40.3.10.2 Priotinle ● of Test . A tranamisslon line or interface ●qui~t &a
no-lly terminated in ita characteristic i~damce. A miemtcb LB i~ce
producen ● diecontimuity to the noroal propagation of the voltage ●md c=remt

*zf tk i~damee is.indwwe, the”bridge .-t-b -~ :o;:sared A● in ?fgure D-19
(B) and the ●~le of the impedance will be +-can .
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OSCILLATOR

J 1

L-J

~.

STANDARD X TERMINALS
DECAOES

(A) CAPACITIVE IMPEDANCE
(NEGATIVE ANGLE)”

9TANDAR0 X TERMINALS

DECADES

(B) INDUCTIVE IMPEDANCE
(POSITIVE ANGLE)

Figure D- 19. Schematic Illustrating Measurement of Impedance
Ueing Parallel RC Bridge

wavm and gives rise to the reflection of e portion of the incident vsvea.
The reflecced waveb may result in conditions such as singing, distortion and
echo, Reflected waves on a communication channel appear as ethos to the
telephone user. The magnitude of echo eignals is determined by the overall
circuit lose undergme by e signal traveling through the transmission facili-
ties to the digtant termination and/or intermediate pointa of impedance mis-
match ●nd returning co the algnal source.

Return loec La the ratio of the incident to reflacted power (expreaaed in dB)
at a point of discontinuity caused by ●n impedance mia-tch. I@turn loea ia
a maaeure of the ●xtent to vhich impadancea of connected equipment are tmtched.
Figure D-20 graphically deacribae the reldtionahip of return loaa #a ● maeeure
of imoadnnce mia-tch with a 600 ohm reference load. Return lose in terms of
the two different abaolute impedance values
aa follows:

Return loss - 20 10SIO

here 21 and 22 axe the tvo impedances

}0.3.10.3 ADDt ratua .

Teat Unit

at an interface point ia expreaaed

Signal Generator (Oscillator)
Frequency Counter
Return Lose Bridge (of ault-
able impedance)

Voltmeter (level maaeuring eet)
Matching/Isolation Transformer

Figure D-21
Raference

(A)
(F)

(c)

(B), (D)
(As requirad)

..—
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40.3.10.4 Test Method (see FiKure D-21). Measureumnts

MIL-STD-188-100

15 Novemberl 972

of return 10ss of an im-

pedance compared with a stated resistance can be nwde with a return loss bridge.

The raturn leas bridge is essentially a hybrid transformer =de into a con-
venient piece of test apperatua. See Figure D-21 which ahwa one type of hybrid

coil used in e return 10SS measuring circuit. Currents from the oscillator (A)

flow through one winding of the hybrid transformer (C). The two Prts of the
second winding are carefully matched @o that the same potential ia induced in
each. The left psrt cauaea current to flow in resistance R. The right part
causes current to flow in the X branch. If en impedance equal to R la comnerted

through ewitch (E), the currents in the left and right branches will be equal,
so that no potential exiata acroaa R/2. This will be indicated by a zero voltage
at the level ~asuring eet (B), representing a perfect balance, which is an
infinite return lees.

-d
FREOUEUCW
COUJJ;ER

r
.- 1

Lm;

1 I sWITCH

HYBRID (E}

TRANSFORMER l—l—

R
1

{
TEST

1pij-”-q 173iq
Figure D-21, Principles of Return Loss Bridge Test Arrangement

H@ever , the balance is rarely perfect, and B will indicate some level, ex-
pressed in dBm. If the switch (E) is now moved down to the short circuited
connection, the reading of (B) will be aubatantially larger. The difference
between the short circuit reading and the reading when the system to be teated
is connected is the return loss in dB. The second level meaauring set D is
used to set the test tone level into the system under test at the normsl
value (e.g. -16 dBm for standard multiplex modulator inputs). Resistance R
ia generally provided by the circuit of the bridge. A frequency counter can
be used to check the exact frequency of the oscillator setting.
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60.3.11

40.3 .11.1 AflDlicabi licy. 211io test measuronnt is ●pplicable to ~lM* voic*
frequency circuits and the balanced end instr~nt~ which terminete these Cir-
cuits .

40.3.u02 ~. Becauee a trma*mlo8%on petcb haa to operato in tb
reel world, it cm n#er be ●ntirely Isiolated frcm tho .Ioctricol inflaos
that exist there. 2’ho line -y be expoead in different weye. A ptew ltie -y

prallel it. It -y b. in ● cable or wire line with aimller circuits pmralioling

it. It Psses throufh centro 1 of f~cu where It my pick up ●ubatantiml tran-
sionte fra ewitching equipent. It is neco-sar~ to C~Cidtr such ●OUrCOO Of
interference. In the early daye of tehphmy, gro~d-return c lrcut co wero ueod,
but with the rise of ●lectric pouer lines , which tanded to follow tho s~-e
routes , and the change from open wire to cable focilitiea, balanced pirs b~-
came #tandard . The great advantage of a be lanced pair la thet interfering CW -
rentn induced equally in both wires balance out . By illustration, Figure D-22
●howu a balanced circuit between the two line traneformera. The signal volte6e,
~, cauaea ● line current, ISIG, to fl- through the two wires of the pair. Ihe
current flcnm in opposite direct icma cm the two wim.o, ●nd thus ~aoes through
the line winding of the right-bend transformer
tbe load ZL.

, cmueInB current to flow thr-8h
The generators in series with the two wlrea, El ●nd E2, r. PC980nt

an interference which la induc?d by an external source. The currents 11 ●nd 12
flw in the .mse directim ●nd, if thay are equal, these current$ will cancel
in the balanced windinge of the tranaformr
The term %etallic circuit currents”

, 80 tbt 120CUrr-t flWB h ZL.
ie applied to the currents which flw in

oppoatte directions in the wires of the Pelr, while chose that flow in the sam
directitm ●re called “lmagitudinal currents”. If there ia ●ny difference ba-
tween the longitudinal currents in the line wiading of che trsnaformer, they
will not c-pletely belence out, ceueing ~nted currents to fl- in the load
~. This unbalance rny be due to a higher reaiatsnce in one wire ttnn lo tim
other, such aa ● bad splice. Or, if the two windings of the transformer ●re
not perfectly balanced, the effecte of the two parts of the lcmgitudi~l CUr -
rent will not cancel end ZL will receive unrented curramts. The degree of such
an unbalance is measured by the tests deiacribad ID thin peragreph.

Is,.
1,,.

-FT

-- -
1

s,d
k

I*

LINE w LINE
TRANSFORMER 1,,6 TRANSF~MER

z,

.

Figure D-22. Signale and Interierencea in ● Balanced Pmir

.
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40.3 .11.3 Aooaracua.

Refaroaca in
Da t ~ ~re D-23

Audio Oacillbtor A

Frequency Selective Voltmetar B

AC Voltmter c

Center Tapped Trmn6former (if not included in D
audio oscillator or transmission meaauri~ sat)

Ieolation Tranafo-r (if not included in the E
voltmeter C)

Tortinating Renistor (RL/4 ohu, where RL is the F
nominal circuit i9pedance)

E
teaATloa

~“
-)

A
1

CCWTER TOWfD c

~aeaca “ (

OeCum”
I

D
VDL4%T8:~,>, !~t,~ ~ ~~

LaOoaaTrer

$ iJ 1

-==9
lMgure D-23. Imngitudi.nal Belmce

40.3.11.4 Te#t Mthods {see Firm re D-23~.

a . JtlDutcl rcuite. This method is used for input
circuite not hevinx ●n output s t the torminalo to be toeted.

circutta, and other
In the circuit

●hwn, ●djuet the &ctllat& to the desired teet frequency ●nd to tb ~oper
pwor level for the ●pparatus co be tested, 8s reed m volt-eter C. For emm-
ple, for ●tandord voice ckwnnel multiplex impute, it is -16 d-. With the
frequency-eelective volmetor B in ite nerrw bandwidth poeitian, ttae it to
UXimu resptmse ● t ths teet frequency ueed . The uee of ● freqawq selective
voltmeter ie necesssry ● t B becauee the wide bendwidth of ●n ordinary ●c volt-
~ter SY ● 11- it to pick up croon mode ●i~ala other then the l= level im-
balance signal. Tne difference, in aB, between the reading of C, in d~, ●nd the
roadi~ of B, in dh, 10 tskon ●a the longitudinal baia=e. Thie teat ●houLd be
repeated for different frequenciess over the Audio bnd aa raquirad.

. .. I
1

b . @lCDUt cltcuit a. Check the output circuit to mke sure that no
other eipta 1 is preeent, aa it would intmrfere with the maulta of this test.
Using the seine circuit ●s ebove, follou the procedure dawcribed for input cir -
Cuit8 . h this COBO, tkm teat aigoal 19 iueerted %eckwerde”, i .e., into
the output of the chennal with the dtitent end terminated. This la ktoriel

IH$l

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


M~-S’l’&188-10fJ

IS November 1972

for the purpose of this teat, Again, the longitudinal balance la the difference
between the reading of C and the reading of B.

For example: if Creado 16 dBm,and B reada -56 dBm, then the longitudinal bal-
ance is 40 dB which is calculated as follows:

Longitudinal Balance = C - B

= (-16 dBm) - (-56 dBm)

- 40 dB
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50. DIELAY Dlf3TORfiON

[

<-

50.1 Definition , The followlng explan8tor9 information is provided for a better

udermbndlng of definttioua for Delqy Klstofioo, Envelope Delay IXstortion, Pbaee Iie-

tortion mmdarda for limits on those distortion phenomena.

50.1,1 Phaae DelaY frJJ. The time &Jay between an inputsinusoidalwavdorm

to a olrouItor network and the output wavefo- is tied Pk -Y. - -Y be de-

termlaed from t.lm phase ahlft Ohuaoterietlo as abown in b followtng Zlgure. ‘lb ~

delay at anYfreW-Y q - be oo-~-:

B
T=

1 X’adlnne
Wbers al = 2X f ;ako

P U1 mihna/eeoond’ 1 1

~2
TP=— at frequenoy f2, where a2 = 2s fz.

‘2

Figure E-I

50.1.2 may ~StOr’tiOM [Td) . Tbe dhtoxtkn cd a OoM@= WfWdOIXfh MfKk W

d two or more different f~oles, -b by * di2ferenoein arrtval time of eaob

frequewy at tbe output. is oalleddelay distortion. Xtistbe direotreeult ofandti

pM6e~ ~0t6WC Mi b &xiEJxd813100 IMdiUDI. DShy dlstO~OO may be d~lned

M

which is the dlfferencz in phase delays at tbe two frequencies.

E-1
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60.1.9 ~ute Envelope yDrM (envelope delay) b tba amamt d May ~-

teredby ?hamo&latlmg tmem 131aalgma.lb atwelan thehputamiouiput Ofwolmnllt. Xt

lo ~ by tzansmitttng a mrmwkmnd dgllal at tbe freqJeney(8) d &ermt 8ad Uelng

tba~deluum? a$.the -vu. Ibie * derid-d—~ amrve (me

shown tn Figure E-1) at the f requeIwy d maaeurexne@ (aoe FtguHI E-2).

4

g,
[

mwwr m

Figure E-2

50.1.4 ReAative EnveloD6 MU, Rektlve envelope May la * cllile~ la

envelope deky at varioue f requendee but with a SP6CK1O f reqwmcy eehoted aa 8 rder-

eme potnt for allother frequencies. Tbe delay at the reference frequency h3 ouaektiered

to be O mhwmxmda, ad allother fd 66 willeltberhave more (positive)or hoe

(megative) delay than the referenoe frequeacy (Figure E-S).

*I-

3

2

I

.

I *
I I .1 g

+ 1
0 I 2 3 4

Figure E-3
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SO.I.5 Envelope Delay DLatortlon. True delay dis~rtion aa detexznlaadfrom

the pbnae oharacteriatlcia often ooufuaed with envelope delay dlatorUon u &&ermlaed

from the anvedope delay obaraotewic. =vedope delay distortionia the maximum dMer-
snoe of * emvelopadelay obara*fiSUc in a band between any two uwcified froqwmolee

(Figure E+). It ia rmt direotlYdated to delay distortion(TJ.

Figure E-1

E-S
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MIL-STD-188-1OO
15 November 19?2

‘.-

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


(

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


MIL-STk16@-100
15 Noverber 1972

L
144-LINE WEIGHTING. See WEICHTING. 1~~-XIJS.

144-RECEIVER WEIOHTING. See WEIGHTING, .+J-REC~VZli.

ABSORPTION. Absorption :s tht:10BS of ene?gy In the transmission of waves over radio or
wire paths due to convera~on Into heat or other forms of energy. h wire tranamiaslon, the
term la usually applied to leas of energy in extraneous media.

ACTIVITY FACTOR, See FACTOR, ACTIVITY.

ADDRESS . Addrea8 In comhunlcatlon usage :s the coded representation of the destination of
a message. In data processir$ it IS an identification, represented by a name, label or
number, for a reglate]’ or location In stcrage. Addressee are aleo a pert of an instruction
word along with commands, tags, and other symbols.

ADDRESS PAITSRN. See PATTERN, ADDRE9S.

ALPHABET . See ALPHABET, DIGITAL.

ALPHABET, DIGITAL. A table of correspondence between characters and functions and the blt
structures which represent them.

AL~ABET TRANSLATION. See TRANSLATION, ALPHABET.

ALPHANUMERIC . Alphabetic and numeric, Including lettere, numbers and symbols.

AMPLITUDE DISTORTION. Amplltude diritortinn 18 distortion occurring In an am llfler or other
device when the amplltude of the output is not.a linear function of the InPu; amplitude.

L-
‘L

NOTE : Amplltude dlztortion Is measu?ed with the system operating under steady-state
conditions with a alnusoldal Input signal. When other frequencies are present, the term
amplitude refers to that of the fund~enrai only. This term 10 sometimes used when non-
linear distortion 1s intended. ‘Non-linea~ distortion ca:ibe measured bslng mult?.ple tones or
noi8e loaalng.
AMPLITUDE FREQUENCY RESPONSE. Amplitude frequency response 16 the amplitude transfer func-
tion of frequency. The amplitude respcnse may be stated as actual gain, loss, amplifica-
tion or attenuation, or ES a ratio of any one of these quantities, at a particular frequency
with respect to that at a speclfled reference.

AMPLITUDE MODULATION. See ?EDLZATION, A!<PL21VDE.

AMPLITUDE VS FREQUENCY DISTORTION. See DISTORTION, AMPWIVDE VS FREQUENCY.

ANALOG DATA. See DATA.

ANALOG SIGNAL. See SIONAL, ANALOG.

ANTENNA GAIN. See GAIN, ANTENNA.

AREA, ELEMENTAL [FAX). Any segment of a scanning line of the subject coPy the dimension
of which along the line 18 exactly equal to the nominal line width.

NOTE : Elemental area 1s not necessarily the same 8s the acannlng spot,

ARQ SYSTEM. See SYSTEM, ERROR DETECTINS AI.9FEEIEIACK.

ASS1ONED FREQUENCY. See FREQUENCY, AsSIZXED.

ASYNCHRONOUS TRANSMISSION, See TRANSMISSION, ASYNCHRONOUS.

ATTENUATION. The action by which, or the result of which, the power of an electrical
signal IS decreaaed; expreaaed In dB.

ATTENUATION, ECHO. In a four-wire (or t’,:o-wire)circuit in which the two dlrectlon8 of
transmission can be Beparated from eat? czner, the attenuation, Re, of the echo currents
(which return to the input of the clrcul? ,>nderconsideration) 1s determined by the ratio
of the transmitted power, F’l,to the ec~c p~wer received, ?~; expressed In dB.
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AVAIIAEU LINE. See LINE, AVAILABU.

BALANOE, MXJOITUDINAL. The electrical syranatryof the two wires of a patr with respaot
to ground. See BALANCED.

BALANOED . Electrically nyuuietrlcal with respect to ground.

BALANOED IJNE (TWO_ CONDU~R ). A tranomlmelon llne conelmtlng of two conductor In the
presence of gro md and capable of being operated in such a way that when the voltages of the
two conductors at all tranaveme planea are equal in magnitude and Oppoalte in PolafitY
With respect to %round, the currents in the two conductors are equal In wtude &nd
opposite In direction.

BALANOED UIRE CIRCUIT. See CIRCUIT, BALANOED WIRE.

Mr.JJN. An impedance-matching device for converting between balanoad @ unbalmoed t~-
mlesion lines, normally uDed between equipment and transmlsalon llnea or tranemlasion lines
and antennaa.

BAND, OUARD. A frequency band between two ahannelo which gives a margin of safety against
mutual interference.

BAND-PASS FILTER. A filter having a single tranemlaalon band, neither of the cut-off ~-
quenciea being zero or infinite.

BAND-STOP FILTER. A filter having a mingle attenuation band, neither of the Out-Off f’re-
quenaiea being zero or lnflnlte.

BAND, TI= GUARD. A tlma interval before or after (or both) the detection/lntagratlon
Interval which MY be ueecl to reduce the errecte of intersymbol Interferanoe in the time
domln,

BANIMIDl?H. The CM!’ference between the limltl
frequency band. ?

fraouenclea of a contlnuoua
‘I’hebandwidth of a device 1s t e dlrrerenoe between the limiting fre-

quenclee wlthln which performance In respect to some characteristic rails witiln mPeclfiad
llrnlta.

~, FACSIMILE. In a given facsimile syetam, the difference in hertz between the
hlgheat and the lowest frequency components required for adequate transmiaaion or the
racsindle signals.

BANIWXM’H, NECESSARY. For a given class of emiaalon, the minimum value of the oooupled
bandwidth aufflclent to insure the trwmlaslon or inforumtlon at the rate ad with the
quality req-uired for the sy8tem employed, under apeclfied condltiona. Memiona reauiw.. for
the proper funcz:onlng of the receiving eaul
to the carrier of’reduced carrier syatema,

rent as, for example, the emlesion corraepondln~
8 all be Included In the neoeaeary bandwidth.

(This is used for frequency asalgnment purpoees.)

BANIWI171W, NOUINAL. l’hem.ximum band of’frequenclea, lncluslve of guard banda, assigned
to a channel (no: to be oonfueed wtth the term radio-frequency emleslon).

BANDUIDTR, OCCUPIED (FOR A TRANSMITTER). l%e frequwncy bandwidth suoh that, balm it8
lower and above Its upper frequency llmita, &e me- powers radiated are eaoh equal to 0.5
peroenb of the total mean power radiated by a given em.lsalon, in some oamem, for example,
multichannel frequency dlvla.lon eyatema, the percentage of 0.5 percent -Y ~e~ !? oert~n
Qlrflcultleri in the practical application of the definltiona of occupied and neceeeery
bandwidth; in such ca8ea a different percentage may prove Uaefd.

Bmmm7xm, m (FOR A TRAN9~ ). me difference between the highest and the hweat
amlssion frequencies In the region of the carrier or prlnclpal oarrler frequenoy.

NOTE : In practice, the region of the carrier or principal carrier frequency la COneid-
ert(l to be that region which the amplltude or any ~reqcency reuulting m modulation by ai@al
8nd/or aubcarrler rrequenciea and their dla~rt;on p~ducta j.s~eas than 5 peroent (-26 ~)
of the rated peak output amplltude of’:

.-

● ✎ The oarrler or a olngle-tone aldeband, whichever la greater, for alngle-obannel
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b. Any carrter or 8 single-tone nldebanQ thereof, whichever la Sr’emter, ror
multiplex emlee.lon.

BASEBAND . In Che proceaa of modulation, the freQuenaY band 000UPiOd by the assresate of
the tranmcltted signals when flrat used to modulate a carrier. The term is comonly ●pplied
to cases where the ratio of the uPDer to the lower limit Of the frequency band ia lazt?e
compared to unity.

BASEBAND, MULTIPLEX. ‘I%efrequency band occupied by the aggregate of the tranmcitted slg-
nsls applied to the faclllt?’ interconnecting the mltlPlexl% ~d rad10 or line WulPmentm.
The multiplex baseband Is also defined am the f-Wmey band occuplad @ the aggregate of
the received signals obtained from the raclllty lnterconnectlns the radio or line and
multiplexing equipment.

BASEBAND, MULTI= RECEIWE TERKINAI.S. !ll?epoint in the baoeband circuit nearest the
multiplex equipment from which connection ia norumlly rnde to the radio baeeband receive
termlnala or intermediate racllity.

BASEBAND, MULTIPLEX SEND TERKKN~. The point In the baeeband clrcult nearemt the nultl-
plex equipment from which connection ie normally =de to the radio baseband eend terminala
or intermallate facility.

BASEBAND, RJDIO. ‘he frequency band available for the transmission of all the aomb%ned
telephone channels and,ior Gther CO~CEtlOn channelB.

BASEBAND, RADIO RECEIVE TERKINALS. The point in the baseband clrcult nearest the radio
receiver from which connection 10 normally -e to the nultlplex baaeband reoelve termi~e
or Intermediate faclllty,

BASEBAND, RADIO SEND TERMINAL9. The point in the baaeband circuit nearest the radio trans-
mitter from which connection 18 normallY made to the uultlPlex baaeband eend terninal or
intermediate facility,

BAUD . The unit of modulation rate. One baud correspon!is to a rate of one unit Intewal
per second. ‘I%emodulazlon rzte la expretaoedae the reciprocal of the duration In secondm
of the unit Interval. Example: If the duration of the unit Interval 1s 20 mllllseconda,
the modulation rate is 50 beada.

BIAS, INTERNAL (TELETYPEWRI%3). l%at bias, either amrklng or epacins that MY occur wlth-
ln a start-stop teletypewriter reoelvlng mechanlam and which will have the same effeat ori-
the msrgin of overatlon aa bia@ external to the receiver. See DISTORTION, BIAS.

BIAS DISTORTION. See DISTORTION, BIAS.

BINARY CCJDE. See CODE, BINARY.

BINARY DIGIT. See DIGIT, BINARY.

BINARY NOTATION, See NOTATION, BINARY.

BINARY ~R. See NUMBER, BINAFX.

BIT . A contraction of the term binary digit. There are several typaa of bits.

BIT, CHSCK. See BIT, PARITY.

BIT, ERRONEOUS. A bit which lB not in accordance with that which nhoultYhave been ~oelved.

BIT ERROR MT2 (BER). The number of Lnoorreot or erroneous bite divided by the total
number (correct plus Incorrect bits) over some stipulated period of time.

Tranemisalon BER -
The two typae

are: number of erroneou8 bits received vemnm total number of bits
transmitted; md Inrornmtion BER - nwaber of erroneoue deooded (correoted) bits verauo
total number of decoded (corrected) bite, The BER la ueuall,yffpreagti,~as ● number in lM,
e.g., 2.5 x Io+. See RATE, ERROR.
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BXT, FRAMDKJ. A bit uBed to denote the beginning or ●nclof n predete~ned grouD Of bits.

BIT, ZNFORJYPTION. A bit which is generated by the data source and dellrered to the data
alnk and whtch la not used by the data tranamiosion eystem.

BIT I~KON. See INVERSION, BIT.

BXT, ~. A blt other than an Information bit.

BIT PAIRING. See PAIRINO, BIT.

BIT, PMUT9. A bit aaaoclated with a oharacte~ or block for the purpose of ohe~ the
absanoe of error wlthln the charaoter Or blook.

BIT, SERVICE. An ove~head Blt whloh 1s not a parity blt (I.e., requeot for repetition,
numbering sequence, etc.).

BIT STREAM. See TRANSMISSION, LOCAL.

BITERNARY TRANSMISSION. See TRANSMISSION, BITENNARY.

BLAOK FACSIIKILSTRANSIIUSSION. See TRANShUSSION, BLACK FACSZRUIS.

BLACK EOXORDINO (FACSINI=). In an amplltuae-modulation ayatam, t+t form of raoording In
vhlch the QCXIIMAQreceivad power correaponda to the UIaum dena~ty of the reoord *IuD.
Xn a frequency-modulation nYstem, that form of recordlns Ln which the 10Weat ~eoel~ *-
quency corresponds to the maximum density of the record ndlum.

BLACK TRANSMISSION (FAmIMILE). See TRANSMISSION, BLACX FACSIMIIJ3.

BLOCK . A group of bits, or binary dlglts, transmitted ea a unit over whloh an ●noodimg
procedure is genarally applied for erro?+oontrol PurPo8et3.

BLOCK, ERRONEOUS. A block In which there,are one or more erroneous bits.

BREAK . To break, in a commmicaticm circbit, is for the receiving user to Interrupt t?
nending user and take control of’the circuit; ueed especially In connection with half-
telegrnph clrculta and two-way telephone circuits equipped with voice-operated clevloeII.—

lx

BROADBAND SYS~. See WSDEBAND SYSTZM,

BROADCA= OPERATION. See OPERATION, BROADCAST.

BROADOAST REHUTER, See RBPBATIKR,BROADCAST.

3UFFER, DATA. A nkorage device used to compensate for a difference in Fate of flow Of in-
formation or time of occurrence of events.

BURST, ERROR. A group of bite in which two aucceealve erroneoue bito are ●lways sope.mtod
by lean then a given number(M) of correct bits.

C-MESSA(?EWEIL3RTZN0. See WEIONTINO, C-MESSAGE,

CARRZER .

a. A wave suitable for modulation by the lnteiligenoe to be tranemittad over a ~-
oation system. The oarrier can be a sinusoidal wave or a recurring aeriea of pulaiea. $ee
aleo SUBCARRISR,

b. An unmodulated amieaion.

cmmm BEAT (IN FAcSImu). ‘Xheundesirable heterodyne of.ai~ala each aynchronoue uith ●

different etable referenoe oscillator caumlng a pattern in reoeived coPY. Where one or
more of’the oscillator is fork controlled, this i8 called Fork Beat.

CARRIER ~VENCY. See ~UENCY, CARRIER.
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CARRIER NOISE LEVEL. See LEVEZ, CARRXER NOISE.

CARRIER POWER. See POWER, CARRIER (RADIO TRANSMI- ).

CARRIER TERKLNA1,. A carrier terminal lo the aeaemtrlage of apparatue at one end of a
carrier tranmlaelon syetem, wherebY the Prooesa of modulation, demodulation, fllterlng,
ampllficatlon, and associated ~unctlonn are effected.

CARRIER-TO-NOISE RATIO (CNR). The ratioin decibels of the value of the carrier to that
of the noise after selectlon and before any non-llnear prooess auoh as amplitude llmltl~
and detection.

CASE SHIFT. The change-over of the tranalatlng mechanlem of a telegraph reeeivlns machine
from lettere-aaee to f18urea-case or vice versa. Thla ahlrt la noraully performed In
telegraph apparatue by Preced.lns the tranemiarrlon of Iettere-cafke character or functlone
by a letters-shift signal and the transmission of figuree-eaae oharacteiv! or tiCtiOn.S by a
figuree-ehift eignal.

CPNTEFGSWITCHING . (A16c called switching Facility, Switching Eschange or Central Office).
h lnetallation In a communication system in which swltchlng equipment 18 used to bter-
connect conaounlcatlon circuits on a message or circuit mltchlng baals.

CENTRAL OFFICE. See CENTER, SWITCHING.

CHANNEL o The term channel mas slgnl~ either a one-way ptithproviding trarrmnloslon In one
dlrectlon only or a two-way path providing trammlsalon In two dlrectiom. The word
“path” IS to be interpreted Ir,a broad Benae to include eeparatlon by frequency or tlma
divlslon.

CHANNEL NOISE LEVEL. See NOISE LEVEL.

CHAltACTER. Letter, flgu?e, number, punctuatlon,or other ~ign contained In a meseage. Be-
sides such charectera, there may be additional characters for special symbols and for some
control functions.

CHARJWI’ER, CODE. The re?resentatlon of a discrete value or symbol In accordance with a
code. See ALPHABET, DIGITAL.

CHAFMCFER AND BIT COUNT IhTEGRITY. See INTEGRITY, CHARACTER AND BIT COUNT.

CNARACTER INTERVAL. See INTERVAL, CHARACTER.

CHARACTER SET. See SET, CHARACTER.

CHARACTERISTIC DISTORTION. See DISTORTION, CHARACTERISTIC.

CHARACTEIUSTIC FREQUENCY. See FREQUENCY, CHARACTERISTIC.

CRARACTEIUS?’IC, HALFI’’ONE(FAX). A relation between the denalty of the recorded copy and
the clenslty of the aubJect COP.{.

NOTE : The term rrmyalso be tised to relate the amplitude of the facalmlle signal to the
df?JIBltyof the subject COPY or the record copy when only a portion of the system 1s under
conalderation. In a frequency -zodulatlon system an appropriate parameter is to be used
Insteati of the amplltude.

CHARAmRISTIC, LOmING (WTTCHWL TELEPHONY SYsmms). Loading for nmlti-channel tele-
phony ayscems Indicates for the busy hour the equivalent mean power and the peak power of
umlti-channel ayatems as a fl.mction of the number of voice channela. The equivalent rarer
of a complex multl-channel signal, referred to zero relatlve level (O dBr) 1s a function
of the number of channels and haa for ita basis a apeclfled mean voloe channel power.

CHECK BIT. See BIT, PARXTY.

=CK DIGIT, A dlglt u8ed for stiecklng purposes but otherulse redundant.
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CKFCK PARITY. See PARITY, OKECK.

CIRCUIT. The complete electri Gal path between ●rid-to-=1 lnatrumenta ovor whloh --W
or two-way teleconuuunicatlonm arc is ptvvlded.

CIRom!r, BALANam-umw. A circuit whose two elrlemOH electrically
●ltke and eymmtrlcal w:th rempect to ground and other oonduotozw. me tam im ~y
umed to lndioate ● clrcxlt whose two nldea dlrfer OnlY by ohenoe.

CIRCUIT. 00M~ITED. A clrcult wh%ch cm be ueed e.lmultaneously
for telephony and direct-ourrent telegraphy, or algnalling, separation botwean the two
being ●ocompllahed by l%equenoy d.lmorlminatton.

OIRCUXT, MWLXX, A duplex CIPCUlt, or #yBttW3, lB a tth~~ C%rOU%t Or S~tEEI ~~ ~*
IYlmJltanooufJ independent Operbtion in Oppomlte dlrectlona over the aatae channel.

CIRCUIT, FOOR-WIRE. A four-wire circuit la a two-way clrouit using two paths ●o ~ed
that the electrlc waves are truumoitted In one tllrectlon only by one pa- and in the OPPO_
elte direction only by the other path.

NOTE: lttetrariamlmion patha w or rmy not employ rOw ulrem.

CIRCUIT, ORCKJND-~. A clrcult which has a conductor (or
two or more in Parallel) between two points and which 1s completed throu@ the ground or
earth .

CIRCUIT, ~-~=. A circuit dealgned for duplex oparatlon, but which on ●ccount of the
nature of the temclnal equipment can be operated alternately only.

CIRCUIT, MEVALLIC. A circuit of which the ground or eerth forms no pert,

CIRCUIT, SIM-. A clncult derived from a pair of wires by using
the wires in ~allel with ground return.

CIRCUIT, SIM~. A two-wire metalllc clrcult from which a elmplex clrcult ie derived,
the metallic and simplex circuits being capable of aimultineoua use.

CIROUTT SWITOHINO. See SUZTCHINO, CIROVIT,

CIRCUIT, TUO-WTRE. A netallic circuit rormed by tcsoccuw$uctirs
Innulated ~m each otF.er.

tum : The term la alao used In contraat with four-wire clrcult to indicate a olroult
using one llne or channel for t.raneuniaaionof eleotric wavee in both dlreotlone.

CIRCUIT, UNBALANCED WIRE. A circuit wt@ae two nideo are inherently electrically unlike.

OIRCUIT UORKINO, CLOSED. A method of single-current operation In which a current e%le~~ In
the clrcult while the transmitting device 18 at rest,

CIROUIT WORMING, OPEN. A method of single-current ope~tlon In uhlch no current exlsta ti
the clrcult while the t~ansmittlng devloe is at rest.

CI.JPPER. See LIMITER.

CLOCK. A reference so~ce Gf’timing :nfoncatlon for a machine or ayetem.

CLOSED-OIR~ WORIUNG. See CIRCUIT WOWNO, O’LOSEP.

Comi (Telegraph or Shta}, A eystem of ruleB and conventions accordi~ to whloh the tele-
graph SlgMbJ fO~ng a message or the data aig~l fo~ng ● bleak are ro~ed. t~namitted,
received, and proceesed.
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CODE, BINARY. .4code composed of a combination of entltleh, each of which can aasume one
of two poeslble 8tate8.

CODE, CHARAC1’ER, See CNARAC7’ER, CODE.

CODE CONVERSION. See CONVERSION, CODE.

CODE ELEMTNT. See ELEMENT, cODE.

CODE, ERROR-CORRECTING. A cocleIn which each telegraph OF data Bignal conforms to apealrlc
rules of eonatructlon ao that departures from this construction in the reoelved signals
cen be detected automatically, and which permits the Iiutomatlc correction, at the recelvl~
terminal, of some or al: z? the errmre.. Such codes require more algnal elements than are

necessary to convey the ).me:c.infcmmatlon.

CODE, ERROR-DETECTING. A code In which each telegraph 0? data 91gnal conrorma to apeclfic
rules of construction, SJ :I,atdepa.rture~ rrom this Construction In the received aignale
can be detected automatical~y. Such codes x’equiremore signal elements than are neaeosary
to convey the fundamental Lnrormatlon.

CODE, u -IdW. See N-ARY INFORMATION ELEMENT.

CODE, REDUNDANT. A code ua:ng mare Blgnal elemente than neceeaary to repre~ent the in-
trina%c information. For example:

a. A 5-unit code )ucingall the characters of International Telegraph Alphabet No.2 la
not redundant.

t. A 5-unit code using the digits only in International Telegraph Alphabet No.2 is
redundant.

c. A 7-unit code using only signals made of k space and 3 mark dlglts 1s redundant.

d. m 8-unit coae using one of the bits for ParltY IS redund~t.

cODE S&l’OR DIGITAL ALPHABET. See ALPHABET, DIGITAL.

COEFFICIENT, REFLECTION.

a, The rcflectlor C.oe:.”iciencat the junction of a uniform transmission line md a
mismatched terminating ;mpm>ance Is che vector ratio of’the electric field associated with
the reflected wave to that associated ‘with the incident wave.

b. At any epecified piace in a uniform tranamiaalon line between a source of’power
and an absorber of power, the reflection coefficient is the vector ratio of the electrlc
rleld associated with the rerlected wave to that associated with the incident wave. It IS
given by the formula

(ZZ - Z1)/(Z~ + Zl) or (SW, - 1)/(SWR + 1)

where Z1 ~s the lmpecl&r.cec:’the eource and Z2 is the Impedance of the load.

COHERENT PULSE OPERAT:ON. 1+method of pulse operation in
which a rlxed phase relationship is maintained from one pulse to the next.

COMNON BATTERY SIGNALING. See SSONALLING, COMMON BATTERY.

COMMUNICATION SINK. See SINK, COMMUNICATION.

COMNUNICATION SOURCE. See SOURCE, COMMUNICATION.

COMPA?.Z19R. A contracclm of the terms compressor and expander. The compreeso~ 1s used to
compress the dynamic range of an analog signal which is to be proceaned and tranmnltted.
The expsndor inverts ttlecompressor function to restore the orlglnal dynamic range of the
processed or transmlttetianalog signal. Depending on the reaction time, compendors are
often referred to as sio~ acting, 8Y11sP1c, fast acting, or instantaneous.
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COMPAT~LE SXDEEA!,ZTRANSMISSION. Sep TIMNsmssION, S?DmAND, COMPATIBLE.

COMPOSITE CIR7.::. See CIRCUIT, COMPOSITE.

COU~ER WORD. See WORD, COMPUTER.

CONFERENCE OPERL?T ON . See OPERATION, CONFERENCE.

CONF’ERENOEREPEATER. See REPEATER, CONFERENCE.

CO?MXWEWCY (FAX j. The ability of’p facslmlle transmitter or receiver to perform in IETI
ldentlcsilmanner tc the transmitter or receiver of ●nether facsimile eyatem.

CONTRAST, SIGNAL (FAX). The ratio expreaaed In decibels between white signal and black
algnal.

CONTROL EQUIPNO?T, REMVIE. The apparatuo used for monltorlng, controlling,
auperslvialn& or a combination of these, ● prescribed function or functlona at a diatanee
by electrical means.

CONVERSION, CODE. The process by which a code of some pre determined bit mtructure (for
example, 5, 6, lQ tits per character Internal) lLIconverted to a second aode with more or
leas bits Der character interval. No alphabetical signlf’lcance1s asaumed In thin proceaa.
In certain cases, such as the conversion from start/9top telegraPh equipment to synchrmum
equlpmect, a code conversion process my only consist of dlecardlng the atop and start
●lement and adding a sixth element to indicate tbe stop and start condltlon. In other
cases, it nmy consist or addition or deletion of control and/or ParltY bits.

CONVERTSR,FACSIMILE. A device which changes the type of

CONVERTER, FACSIMILE RECEIWNO. (FSTOAN cONV’SRTER). A
ewdulation from frequency-shift to amplitude.

CONVERTER,FACSIFKXLE TRANSMHI’XNG. (AMTQFS cmmmm).
of modulation fror amplitude to frequency-ahlft.

tmwERTER.sIaNAL. A device in wnich the input and outwt

modulation.

device which changes the type of

A device which chargea the type

aimnals are formad according to
the same ;ode, but not according to the 8a~ type of eiectri~al modulation.

COOPERATION, INDEX OP, DIAPEtTIAL OR INTERNATIONAL (IN FACSIMILE). The Product o!’ the -

—

diameter and the line advance In scanning lines per unit length. The unit lensth wet be
the same as that used for expressing the drum diameter.

COPY, SUBJECf (FAX). The material In graphic rorm whl& la to be trenmm’ltted for
fs+csimilereproduction.

cRrTIcAL FREQUENCY. In radio propagation by way of the ionosphere, the Urltlcal ~qu~-
1s the limiting frequency below which a wave component Is reflected by, and ●bove which It
penetrate through, a~ Ionoapherlc layer or vertical incidence.

N(YIZ: The existence Of the critical frequency ~s the result of electron llmltattow
i.e., the inadequacy’ af the exlating number of free electrons tc support reflection at
higher f’requencles,

CROS~AR SWITCH. See SW’ITCN,CROSSSAR.

CROSSTALK . The phenomenon in which a signal transmitted on one clrcult or channel of a
tranamlasion ayster Is oeteczabie in another circuit or channel.

CROSSTALK COUPLIN2 LOSS. See LOSS, CROSSTALK COUPLING.

CROS9TALK, FAR-END, Croeatslk which Is pI’0pSg8ted in s disturbed cousmunicatlon
channel In the same c!lrection as the propagation in the 618tUrbl~ channel. ‘lhetemlmals
of the disturbed ~,annel and the energized terminal o: the disturbing channel are usuallY
remote from each ot~er.

F-E

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


MIIJ-STD-:=- 100
15 November 1972

CROSSTALK,
channel In
disturbing
1s present
channel.

NEAR-END . Crosstalk whlc<. is propagated in a disturbed
the direction opposite to zke dlrectlon of propagation of the current In the
channel. The terminal of tk.edisturbed channel at
1s ordinarily near or colncldes with the energized

which the near-end crosstalk
terminal of the disturbing

CX SD3NALLIN0. See SIQNALLJNQ,(2X.

CYCLIC DISTORTION. See DISTORTION, C’iiCLIC.

DATA. (ANALOG OR DIGITAL). Material Wanmltted orpruceeaed
control a procea9.

DATA BUFFER. See BUTFER, DATA.

DATA SIGNALING WTE, See RATE, DATA SIGNALJJNG.

DATA SINK. See SINK, DATA,

DATA SOURCE. See SOUROE, DATA.

DATA TERMINAL. See TERNINAL, DATA.

to provide lnformstlon or to

dB. Decibel. The standard unit for expreselng transmission gain or 1083 and relatlve
power ratios. The decibel Is one-ten%h of a bel, the latter being too lar e a unit for

Both ‘anits are expressed In terms of the logarithm to the Rase 10 of aconvenient use.
power ratlo, the cleclbel formula being:

Power ratios may be compressed in terxs cf voltage or current. If
the power measurements are tne same, they cancel out In the power
terms of voltage or current become aa follows:

dE - 20 log El = 20 log Tl where RI = R2

% ~

dBa, d8rn ADJUSTED. Weigr,s.edcircuit ncise power in dB referred

the resistances for both
ratio so the formulas In

to 3.16 picowatts (-85
dBmj, which iS O ciB&, U~e af FIA-line or HA1-receiver weighting shall be indicated in
parentheses as required. When the prcper weighting 16 not specified, FIA welghtlng is
assumed. See WEIGHTING, N31SE.

NUTE: A one milliwatt, 1000 Hz tc~e will read +85 UBS but the e.amepower as white
noise, randomly distrihitcd over a ~ klizband (nominally jOO to 3300 Hz), will read
+82 dBa dce t@ the frequency welg.k,ti?.g.

d= (FIA). Weighted circuit noise power in dBa, measured on a line by a nolee-measuring
set with FIA-line weighting. See WET’WTING, NOISE.

@a (HAl). Weighted circuit nol.sep=wer in dBa
type or slmllar subset,

, measured acroes the receiver of a 302
by a noise+r.ehsuring set with H.Al-receiver weighting, See

WEIGHTING, NOISE.

F-9
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dRaO . Circuit noise uwer .-.::.5referred tc,or measured at a point cf’z~r: relative trans-
mission level (O dBr). We :-.~~.~ProPer weighting is not specified, FIA we:~hting is assumed.

NOTE : It 18 preferre~ :; ?>nvert circuit noise re.adlnga from dBa to d13a0,as this
makea It unnecessary to knc~ :; ?tate the relatlve transmission level at tb.epoint of actuel
measurement.

dBm. a. dB referred to 9:.ET.illlwatt; employed in coimnunicationwork as a measure of
absolute power values. Zex~ $Zr cqdals one milliwatt.

b. In noise power m.ezs~rement, noise power in dS3referred to one r.illiwatt.

NCn?E: In Americaz] pract::e ‘Lr.weightedmeasurement is normally understccd, applicable
to a Certalr?haf,dwidth wh:::.‘.st be stated or ‘mn’ied, r+?indicated by cc?text.

dBm (PSOPH). A unit o? nois: ?zwer in dpMj measured wlt~ psopho??!etricweigfitlng. See
WEIGHTING, NOISE.

NOTE : Conversion re~,~je:i.:.witJ1 other weighted Units:

dmn (psopti)=
r.
L-- -=:? !PWPj - W= dBa

dBm CONVERSION TO VJ. See TAL:=F VOLUME DISTRIBUTION,

Cmno . In power measurement, :-Ker in d%., referred to
transmission level (OTLP’I

dBmUp. Circuit power !n dE-l:,:easured on a line by a
psophvmetric weighting. See k:lS!iTING, NOISE,

dBr. See TRANSMISSION L~EL.

- 2A

MEANPOWER OF THE.

or measured at a pGLnt of zero

psophometer or measuring set having

dBrn. (Decibels Above Reference Noise), Weighted circuit noise power in dB referred to
1.0 Picowatt (-90 d%), whlc? is o cil%m. [Jseof id~-llne, I&J-receiver, C-meSSS!ge (*nC),
or flat weighting shall is in.~:caued ic parent]leses as required. See WEIGHTING, NOISE.

NOTE: (1) With C-message weighting, a one milliwatt, 1000 Hertz tone will read +90
dErn, but the same power as v:?.;..?noise,

[pounded off ?. +&l’%~~dd~~O%?~~y
randomly dlstrlbutecl over a

300 to 3300 Hz) will read ape?’rxlmately +88.5 dBrn,
frequenc~ weighting. (2) Wit’, lLQ weighings, e cne mi?l!watt, 10N Hz tone w1ll also read
J90 dBrn, but l,hesame ~ kJizt;.:ts noise power h~i~ read only +-82dBrn,
ferent freqsency w.el~?zlr.g.

due to the diY-

dBrn (144 LINE). Wei htea CL7C.2L noise power in dBrn,
measuring set with 14f-line ,;e:gk.ttng. See WEIGHTING, NOISE.

measured on a line by a no18e

dBrn (144 RECEIVER). Wei@)tec :lrcult noise power in @m, measureC across the receiver Of
a subset with a No.14d-recei,,.2y
WEIGHTING, NOISE.

b:;a no:!seme:i:-~r:ngset with 1.4L-receiverweigkting. See

dbrr, (C-message). AiSO show:.%s aBrnc Weighted circuit noise power in d.3rn,mensured
on a line by a noise measv.ri:s se; wir~ C-message weighting.

dbrn. (FI-F2). Flat nc:se >>?:6?in dBrn, mea8ure6 over the frequency band between fre-
quencies fl and 1’2. See WEI;FTIYS, NOISE (rF’&ATWEICIHTINC),

dBrnc. See NOiSE.

dBrncO. See NOISE.

DECAY TIME, PULSE. The time yequflred for t}]einstantaneous
lr~%of the peak value.

ampl~tude to g> frofi9Q%to

.

F-lC’
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DEFINITION (FAX). Distinctness or clarity of’detail or outline in a record sheet or
other reproduction.

DEGRSE OF DISTORTION. See DISTORTTON, DSGREE OF.

DEOREE OF INDIVIDUAL DISTORTION OF A PAPfl?ICULARSIGNIFICANT INSI’ANT (OF A MODULATION OR OF
A RE23TITUTION). See DISTORTION, DEGREE OF INDMDUAL.

DEGREE OF ISOOHRONOUS DISTORTION. See DISTORTION, DEGREE OF ISOCNRONOUf3.

DEOREE OF SIffNIFICANT INSTANT DISTORTION. See DISTORTION, 18?UR5 OF IND~AL.

DEGREE OF START-SFOP DISTORTION. See DISTORTION, DEGREE OF START-STOP.

DELAY AESOLUTE.
(

The amount of time by which a signal 1s delayed. It may be expressed in
time milliseconds

J
etc.) or in number of character (pulee times, word times, major cycles,

minor cycles, etc. .

D&LA~ DIFFERENTIAL. The difference between the maxlwmm end the minisum frequency delays
occurring acro88 a band.

DELAY DISTORTION. See DISTORTION, ENVELOPE DELAY.

DELAY DISTORTION (FAX). “See DISTORTION, ENl@OPE DELAY.

DELAY EQUALIZER. A correct~ve network designed to make the
phase delay or envelope delay Of a circuit OX’s%’stem substantial~Y constant over a de8tred
frequency range.

DELAY LINE, a). A reai or artificial tren%nisslon or equivalent device designed to introduce
delay. b). A sequential logic element or device with one input channel
in which the output channel state at a given instant, t, is the same as the input channel
atate at the Instant t-n; i.e., the Input sequence undergoes a delay of n units. There may
be adclltlonal taps yielding output channels with snnller values of n.

i
DELAY, PHASE (FAX). In the transfer of a single-frequency wave from one point to another
in a system, the time delay of a part of the wave Identlfylng Its phase.

NOTE : The phase tielw 13 measured by the ratio of the total phase shift In cycles to
the frequency in cycles per second (Hz).

DELTA MODUIJ1l’ION. 9ee MODULATIC)N, DELTA.

D~DULATION . h function wherein a wave resulting from previous modulation 1s processed to
derive a wave having substantially the characteristics of the original modulating wave.
See RESTITUTION.

DENSITY [FAX). A measure of the light-transmitting or reflection properties of an area.
It 1s exprensed by the connnon logarlthm of’the ratio of Incident to transmitted or reflected
light flux.

N(YIII: There are many typea of den81ty which will usually have different numerical
values for a given material; e.g., Diffuse Density, Double Diffuee Density, Specular
Density. Tne relevant type of density depends upon the geometry of the optical sy8tem in
which the material la used. =>*

DESIGN OI?JECTIW. See OBJECTTVE, DESION.

DESIGNATION, FREQUENCY SPECTRUM. See FREQUENCY, SPECTRUN DESIGNATION OF.

DEVICE, INPUT-OUTPUT. (1/0). Any equipment which Introduces data Into or extracta data
from a data conmwnication system.

D~IT . A group of two bits. The four possible state.s for a dibit are 00, 01, 10, and 11.

DIFFERENTIAL MODULATION. See MODULATION, DI~AL.

F-l]
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DIGIT, BINARY. An Infometlon atatt In binary notation (e.g., O or 1).

-

DIGITAL ALFHABET OR CODE Sm. Set ALPRMfW, DIGITAL.

DIGITAL DATA. See DATJL

DIGITAL SIGNm. See SIONAL, DIGITAL.

D1PXEX . Permlttlng simultaneously and in the Bums c!lrectlon the tranamlaolon Or *CtP-
tlon of two signals over a circuit or channel.

DIP- . A multlcoupler cievice for permitting the simultaneous uae of
several transtittern or several receivers In connection with ● o~n element 8uch 88
antenna sYstem; the diplexer does not pe?mntt simultaneous tranamlt and receive.

DIRECT RECORDING (FAX). See REVMWING, DIRECT (FAX).

DIRECTION OF SCANNING (FAX). See SCANNING, DIRE(71’’IONOF (FAX).

DIRECTIONAL COUPLER. A tranarnlsslon coaplhg device for separately
(ideally) sampling, through a known coupllng loss for measuring purpeaee, either the fOr-
ward (incident) or the backward (reflected) wave In a tranamlesion line. Similarly, it my
be ueed to excite in the tranamlseion line either a rorward or backward wave.

A unidirectional coupler haa available termlm-la or connectlonn for ISRMPIIW onlY one
direction of tranamlaalon; B bidirectional coupler haa available terminals fOr Mmp~M
both cllrectlona,

DIREC3’TVE OAIN. l?repower gain of an antenna 18 k times the Power dellver~ to a unit
solid angle divided by the power dellvered to 4 sterbdlarm.

DISTORTION, AMPLITUDE VS FREQUENCY (of a trhnsmisaion system). ~t cl18tortlon cauati by
the nonunlrorm attenuation, or &sin, of the eystem with reepect to frequency under ap3Clf’iGd
terminal cond:tlom.

DISTORTION, BIAS. Dlstortlon affecting a two-condltlon (or binary) modulation in &l& ●ll
the algnlflcant lntervala corresponding to one or the two aignlflcant oomdltlone have
unlformdy longer or ehorter duratl~n than the corresponding theoretlaal Ourationa.

DISTORTION, CHARACTERISTIC. Dlatortlor. caused by transience which, as h reeult of mo~~*-
tlon, are prenent in the transmission) channel and depend on Its transmlaolon qualltlee.

DIS~R’fION, CYCIJCi (of telegraph signals). Distortion which IS neither oharacterlotlo,
blna,nor fortuitous and which, In gener&l, has a periodic character. Its oauaea ue, for
example, l?regularltlea in the durat:on of contact time of the brushem of a t~S18.ltter
dlntributor, Interference by disturbing alteYnet2ng Currents, etc.

DISTORTION, DEOREE OF. A menaurement of the devititlon of ● dlgltal signal from the
theoretically perfect signal. 1? is expres8ed as e percent of the theoretloally perfeet
unit Interval.

DISTORTION, DEGREE OF INDIVIIHJAL, OF A PARTICULAR SIC?IVIFICANTINSTANT [0? A lmxnxrIoN OR A
RESTT~ION). Ratio to the >nlt interval cf the displacement,
thla ulgnlflcant Instant

expreeeed auobr~loally, of
from an Itieal !.r:stant,This dlaplacement 1s conaldered pomltlve

when a slgnl?lc&nt lnstanz OCCURS after zhe ideal instant. The degree of Indlvldual dis-
tortion 19 usually expressed as 6 percentage.

DISTORTION,DEGREE OF ISOCNRONOUS. Ratio to the unit interval of the mxlnaIM =UU*
difference, Irrespective of sign, between the actual and the theoretical lntervaln mepar8-
ting any two algni lcent Instants o? modulation (or restitution), these lnst~te being nOt

taeceesarlly consec tlve. The degree or dlstcrtlon (of en Iaochronoue modulation or remtl-
;utlon) Is usually expressed as z percentage.

NOTE: The result of the mess:-wve~.: ~h~uld be completed by an Indioatlon of the period,
usually llmlted, o? the obse-vo;:t?~. ‘or a prolonged modulation (or reatltutlon) it till
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be ap~~s>rlate to conalder the wobabiliW that an asslmed value or the de~~e of ~le-
tortlcc ‘.:111be exceeded.

DIST!)?.TION,DEGREE OF SIGNIFICANT INSTANT, S.s.DISTORTION, DEGREE OF IND~DJAL.

DIST03’7fWt,DEGREE OF START-STOP. Rntio to the unit interval of the msxlaamo measured
dlffere!?ce, irreapectlve of algn, between the actual and theoretical Intervalo aeparat:ng
any sl;~:flcant instant of matlulation (or of restitution) f?romthe mignifiaant instant of
the 9taY~-st9P modulation (or restitution). usuallY expressed aa a Percentage.

DlSTf3gTION, DELAY. See DISTORTION, ENVELOPE DELAY.

DISTORTION, DELAY (OF A TRANSMISSION SYSTEM). l%e distortion of a complex waveform, made
up of twc or more different Frequencies, cauaed by the cllfference in arrival time of each
frequenc:~ at the output.

DISTORTION, END (OF START-STOP TELETYPBWCTER SIQNALS). The 8hifting of the end of all
mark:w ?ulse6 Trom their proper poaltions In relatlon to the beginning of the start pulee.

DISTORZ’IC?N,ENVELOPE DELAY, Envelope delay distortion 18 the maximum difference o!’the
envelope delay characteristic in a band between any two epeciried frequencies.

DISTORTION, FORTUITOUS ( OF TELEGRAPH SIONAIS). Distortion resultlng from cauees generally
subject to random lawe, ?or axample, accidental Lrregularltiee in the operation of’the
appara~’.isand moving parts, disturbances affecting the tranamiaaion channel, etc.

DISTORTION!, INTERMOLUIIATICV:, Nonlinear dietortlon characterized by the appearance in the
output c? CreGuen?les equal ‘;Gsums and dl?ferences or integral maltiples of the component
frequencies present in the ir.put.

NOF. . Harmonic com?oner.cs also pre8ent in the output are ueually not included aa part
of the incermodulation distc~tlon. When harmonics are Included, a statement to that effect
should be made.

DISTO!?T?9N, NONLINEAR, Xszortlon caused by a deviation from a llnear relationship between
the lnps: and output of a sygtem or component,

DISTORTCO;;, T’HASE. Se: 21S?3RTTON9 ENVEI.OPE DELAY.

lTfSTORTIO::, SINGLE-HARMCN1 C, The ratio of the power at the fundamental rrequency, measured
at the c“~tput of the transnussloo system.ccneidered,to the power or any single harmonic
observed a? the output of the syetem bechuse or its nonlinearity, when a alngle fheqwency
slgna: cf specified power 1.sapplied to the input of the system; expreeaed in dB.

DISTOXTZ3K, START-STOP ‘MT’. The ahlfting of the transition of the signal puleeg rrom their
proper ?ssltlons relative to the beginning of the start pulse. The magnitude of the dl~-
tortion Is expressed in percent of a perfect unit pulse length.

DISTOR?1OX, TELETYPEWRITER SIGNAL. See DISTORTION, START-STOP l’TY.

DIS’IURTIO::,TOTAL HARMONIC. The ratio of the power at the fundamental frequency, meaaured
at the ~~tput of the transmission eystem considered, to the power of all harmonics observed
at the c’:zput of the sysrem.because of its nonlinearity, when a Single rreWencY ai-1 of
specifleo power 3s applied TO the input of the system; expreesed in dB.

DISTRE’-?ON FRAME. A structure for term.hating wires and connecting them together In my
desired order.

DIVERSI~, That method of transmission and/or reception, whereby, In order to reduce the
effec?s of fading, a single received information signal 1s derived from a combination of,
or selec:lcn from, a Plurallty of sisnala containing the same inroFmetion. Improve~nt
gained stall be expressed in dB.

DIVERS??:, DUAL. The term appliec! to the simultaneous combining of, or eelectlon from, two
signals and their detectior. through the use of space, frequency, angle or polarization
character~st.ics.

F-13
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DIVERSX’FY, FRECUE?’Ti. A2Y method of transmlnslon and rec wherein the same lnfolm-
tion signal 1s tra~s-.i;zed and received slmltaneoualy on more eintinot frequenclea.

DIVERSXTY, POLARIZA=Z2::. A method of tranemlsslon and/or reoeption of lnf~tlon m3-
oompllahed 1*Ythe :ss ZC separate vertically and horizontally polarlzed ●nteru’baa.

DIVENSITX, QUADRUp~. me term applied to the uloultaneoue oomblntng of, or aalection from,
four aignale and t?s:r detection through the use of apace, frequency, angle, or polarlaatlon
charaoterlatice or z~zblnatlona thereof.

DIVERSX’IY, RECEPI’X7:. TFmt method of raclloreception whereby, In order to minimize the
effects Or fading, t ~~~~ltant ~lg~l is ob~lned by c~bimtion of and/or
aelectlon from two CT ‘cre sources of received-signal energy which carry the #same
modulation or intelligence, but which may alffer In strength or uignal-to-nolae ratio ● t
any given instant.

DIVERSITY, SPACE. Ar.:::etho~ of transmlsalon and/or reception which ea@loyo entennaa
having spatial aepa?a=l~n.

DOPPLER EW’IW’f. See ZF=CT, DOPPLER.

DOUBLE-CURREN?TFiA!:S:flZ3SZON.See TRANSMXSSXON, IX3UBLE-CUR=.

DOUBLE41DEBAND TRM:S:ZSSION. See TRANSKfSSION, SXDEBAND, XOIIBLE,REIXJCEDOR SUPPRESSED
CARRXER and TRAI{SXXSS:CI!:,SIDEBAND, DOUBLE.

DRUM FACTOR (FAX). See FACTOR, DRUN (FAX).

DRUM SPEEO (FAX). See SPEEE, DRUM (FAX).

DUAL IIXV’ERSITY.See 121VERSI’TY,DUAL.

IYJPLEX CIRCUTT. See SP,CUXT, DUPLEX.

DUPLEX, G?ERATION. See OP~ATXON, XXJPLEX.

DUPLEX SYSTEM OR CXRT:IT. See CTRCUTT, IXWLEX.

DUPLEXER . A device fcr permitting the slmultaneoua uae of a transmitter end
a receiver In connest: on with a common e~ement ouch M an antenna eyetem.

DX SIGNALING. See SI;XAIUNG, DX.

XNNA?UC RANOE, The d:.~.amicrange of a tranamiaalon ayatem 10 the dlfferenoe In declbela
between the noise Ie”:+:of the system and lta overload level.

EtN LEAD S13NALLXN2, See SIONALLINO, E&M LEAD,

E(?IIO . A wave which t~: ?een reflected and otherwlae returned with eUffiOiOnt ~tUde
end delay to be perce:”:ec!.

E(!NOATTENUATION. Sse A?’TENUATXON, ECHO.

ECNO SUPPRESSOR. J ““:?ze-cperated device for connection to a two-ws
IItelephone circuit to a??enuate echo cumnte. In one direction oauaed y teLephone o_e_B

In the other direct:zr..

K3nmcr, DOPPLER, ~.e :?.enomemon evidenced by the ch~e in the obeerved frequency Of a
wave In a tramamls3:c7. system 8nC! caue.ed by a time mte Or change In the e!yectlve length of
the path of travel ?e:&Een the source and the point Or obaervatlon.

EFFECX, -ALL (FAX). A 8PUXUOU8 pattern OF other dlatortion in a faoaimlle lwcoti OaUSed
by ~ant~ ~utitl$~. P?oducta arlaing from the tranumiesim of a carrier signal and
●ppear!ng in the for- c? a rectlfled baaaband thet interfwee with the lower eide~d of the
carrier.
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NOTE : This occurs principally when $he single sldeb8nd wlclth18 greater thnn half the
facslmiie carrier frequency.

EFFECIU7JIZHEIGHT.

The effective height of an enteruii 1s the hel~t of Its center of radiation ebove
the ~~fective ground level.

b. In low-frequency apPllcat10n8 the term e!’fectlveheight la applied to loaded or
nonloaded vertioal antennas and 1s equal to the moment of the current Qiatrlbution in the
vertical aectlon dlvlded by the Input current.

NOTE : For an anter.rmw::h symmetrical current dl~trlbutlon the center of radlatlon la
the center of CllStrlbUtlOn. For an antenna with aWnanet.rioal current dlatrlbution the
center of radiation 18 the center of Current momf!ntswhen viewed frOm directions near the
tlnectlon of maximum radiation,

EFFECTIVE RADIATED PO~.. See POWER, EFFECTIVE RADIATED.

EFFECTWE SPEED OF TWWSMISSION. The rate at which Information la processed by a tran8-
mls910n faclllty expreasetlas the average rate over some significant time Interval. This
quantity 1s usually expressed as average characters per unit time or average bits per unit
time . (*te of transmlaslon, average i8 more consnonusage,)

EFFICIEN~ FA~OR, IN TIME (OF A TELEGRAPH COMMUNICATION). See EFFICIENCY,TELEGRAPH
COMMUNICATION.

EFFICIENCY, TELEGRAPH COW7JNICATION. The efficiency factor of’a communication Is the
ratio of the time to transmit a text automatically antiat a specified modulation r8Le w
the time actually taken co receive the same text with a apecifled error rate.

NOTE : (a) The whale or the apparatus comprising the comnunicatlon la assumed to be
in the normal Contrition of ad~uatment and operatton.

(b) A telegraph sommunlcatlon maY have a different efficiency factor in time
for the two directions of traneunlssion.

the duratlo~c) ‘e Practicdl

Zonditlons of measurement .vhoultibe apeclfled; In P8rtiCUl=r,

EHF. E?TREMELY HIOH FREQUENCX. 3G to 30c GHz.

EMCTRICALLY-POUERED TELEPHONE. See TELEPHONE, ELECTRICALLY-POWERED.

ELECFROO?IEKXCAL RECORDING (FAX). See RECORDING, KIU?TRO-CAL (FAX).

ELECTROLYTIC RECORDIhIG (FAx). See RECORDING, ELECTROLYTIC (FAX).

ELJHX’ROMECHANXCAL RJ3CORDING (FAX). See RECORDING, ELECTROMECHANICAL (FAX).

EUXTRONIC IZNE SCANNING (FAX). See SCANNING, ELE~RONIC LINE (FAX).

ELECTROSTATIC RECORDING (FAX). See RECORDING, ELECTROSTA!ITC (FAX).

One of a finite set of parts of which the character in a given code amy

ELl!XNT, SIGNAL. Each of the parta constituting a telegraph or data signal and dl6tln-
gutshed ~rom the other Dy its nature, msgnltude, duretlon, and relative pomition (or Oy =
or some of these features only).

ELEMENTAL AREA (PAX), See AREA, ELEMENTAL (FAX],

Em. EXTR3MELY LOU FREQUENCY. Below 30C Hz.

EXE DISTORTION. See DISTORTION, END.

F-L5
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END IwmwmNT. See INSIWMSNT, END.

ENVEMFS DELAY MSTORTION, See DISTORTION, ENVELOPE DELAY .

EQUALIZATI::;. The process of reducing amplitude, frequency, and/or phaae distortion of a
circuit by tne introduction of networks to compensate for the difference in attenuation
and/or tir:e~eiay at the varioue frequencies in the transmission band.

B2UIEME!NT, OFF-LINE. The equipment or devices not in alrect ctmmnication with the
distant terminal.

~~y, ON-LINE. The equipment or devices in direct cOssmnraatlon with the dlotant
.

EQUIPMENT, RENOTS C_OL. See CONTROL EQUIPMENT, ~.

ERLANG . A measure of the volume of teiephone oall traffic. An=lang-muwherem-loo
oourcea, P - 6 - minute call/hour8; thus, P - 6/60 - 0.1 erlanga - 100 X 0.1. In “lost
oall design” the grnde of eervice is the probability that a call not be lost to traffic
congeetlon; a grtie of aervloe of 0.999 means that the probability of a CS1l being lost In
.001 or 1 out of a 1000 calls.

EtRONEOUS BXT. 3ee BIT, ~ONlkltIS.

ERROR . See ERROR; SIIKNLE, DOUBLE, TRIPLE, PX’C.

ERROR BURST. See BURS!f, BRROR.

KRROR-OORRXCZINO mm. Bee CODE, ERROR-00RREL?21N0.

mtRoR-coRREa’INo SYSTEM. See SY~, ERROR CORRWI’ING.

ERROR-DETECTINO AND FIEKIZJACKSY_. See SYSTR4, ERliOR-DR’SCTINO AND -ACK.

-OR-DEFSCTINO CQDS. Sae CODE, ~OR-DEIZCX’INO.

ERROR-DETIWI’INO SY~. See SYSTEM, ERROR-lWIW~NO.

BRROR RATE. See RATE, lEWIOR.

ERROR-RA~,RESIDUAL. (Undetected error-rate), ‘he ratio, of the number of bita, unit ●iementa,
characters, or blocks incorrectly received but Mdm.etee or uncorrected by the error-control
equipment tc the total nunber of bits, unit elements, character., or blocks sent.

~: SINGIJ!, KXM13U5, TRIPLE, ETC. A group of 1, 2, S,etc., conewwtive ●=oneous bits,
eh-ctere. words, block~ or ●lements preceded and followed l~lately.by &t least on.
uorreet bit, oharacter, word, bloaiq or ●le~nt.

WTXD CARRIER RiSCXFTION. See RWEPTX(M, ~ CARRIEt.

FM-m UENNTINO. See UXXONTINO, FIA-LXNZ.

FACS~KJ! . A line ●oarmlng 8vh o? taho~ iaatlon for the t~ smlan of f-
l~ee, with or without half’-tonem, m$th a view to thelm repra?uctlon In-a pa~ t fem.
(UlrephotiWu:~g~oto are faasimile through wire clpaults; redl~oto lB Wamitile via
radlo. ) .

ncxtmu FuwErVm. see IucsnmR, mc!smm,a.

?Amui REcoRDm. 904!RzcuuRm, PAcHmuz.

lMCSSUXLS SIONAL, See SXONAL, FA~lNKCLA!.
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FACSIMILE SIGNAL IJWEL. See SICINAL LEVEL, FACSDULE.

. .
L

FACSIMILE TRANSKX’ITER. SeU TRANSMI~F., FACSIMILE,

FACTOR, ACTTVTTY. Act:vlty factor, for t voice-coecou.nlcatlonchannel, Is the v~”?entage
Of the time during the busleet traffic ?.3’LFwhen a signal is Prement in the Qhuiel in one
Olrectlon.

FACTOR, DRUM (FAX). The ratio Or drum lenSth useflto drum diameter.
Uhere drums are not used it 18 the ratio o!’the equivalent Qlmen8ion8.

FADING , The fluctuation In Intene,ity and’or relative phaee of any or all frequency cwo-
nento of the received radio signal due :2 changes In the characterlatlca of the propaga-
tion path.

FADINO, FIAT. Thet type of fading in which all freauencY CO~Onent8 of the received mdio
signal fluctuate In the sane proportion s2multaneou81y.

FADINO, SELE~. That type of fading Ln which the various frequency components of the
received radio algnal fluctuate independently.

FALL TIME. See DECAY TIME, FUME,

FAR-END CROSSTALK. See CROSSTAXJC, FAR-END.

FAULT . A malfunction that IB reproducible, au contracted to an error which 16 defined as
a nmlfunctlon which is not reproducible. A malfunction Is conaldered reproducible lf It
occure cona18tently unties the same circ”~zstancee.

FAX. A shorthand reference to facsimile.

FIDELrTY . See LINEARITY.

FIXED REFERR4CE MODULATION, See MOIXTLATIOR,FIXED REFERENCE.

FLAT FADING. See PADING, FLAT.

FLAT WEIGHTING, See WXIGn~NG, FLAT.

FLUl?l?ER. In coummnication practice, flutter is:

(1) Distortion due to variation in loss resulting from the simultaneous transmission
of a signal at another frequency.

(2) A slmilm effect due to phase distortion.

(3) In recording and reproducing, deviation of frequency which resultn, in general,
from Irregular motion during recording, cupllcatlon, or reproduction.

(4) A radio wave charncterlzed by rapidly-hanging mlgnal amplltude levels, together
with variable multlpath tUne delays, oaused by the reflection and posnlble partial absorp-
tion of the radio signal from elrcref’t f~:::ng through the beam or ccxsnmnscatter valume,

NOTE : One Important usage IS to denote the eff’ectof varlatlon In the tranemi8slon
characterlatlca of a loaded telephone circuit eaueed by the action of telegraph direct
currente on the loading colla.

FORMAT . Arrangement of bitn or character3 within a group, auah as a word, -@sage or
language; shape, 81ze,and general tieup Of a ~ocument.

FORTOTTOUS DIS’lURTION. See DXSTORTXON, FOMVXTOUS.

FOUR-UIRE CIROUIT. See CTRCUIT, FoUR-UXRE.

FRAME (FAX). A rectangular area, the w:dtk or which in the ●vailablo line and the length
of which la determined by the aezvloe req’:lrementa.
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FRA?E (~). l%e condition which ex:otm when there la ● ohannel-to-channal and blt-to-blt
oorreaPondanoe (OXoluslve OS tranmlsalon errore) between ●ll lnputo of a time dlviolon
~ltiplexer and the output of its asuoclute(l demultlDlexer.

~ ~. l%aerrame treq~enof k tho-mumher of t- per mood that a ~“”of
infonmtion is tranamltted or rece~fecl.

=HO BIT. See BIT, FRAUIHO.

~NO (FAX). The adjuatmant of She plctume to a deslrul position in the aireotlon of
M* progression.

~W SIaNAL. A signal used for !tdJuatmmt of the pioture to ● aeslxwd poaltlon in t-ha
dlreotlon of llne progreaa%on.

~CIZB, PI_ (FAX). The ftwquenolea whleh mault ●ololy from soannl~ ●ubJeot
Oopy .

NmE: Thla doom not lnalude frecauanolem whloh are”part of ● modulmtad

FREQVMCY . lme number of oomplete cyolea per unit of time. Uhen the unit
●eooti, the meaaurement unit Is hertz (cycles per Seoond).

~~ ACCURACY, ‘he degree of preclatin relative to a Bpecif’iedvalua

FREnInM?Y Assxom. The fYeauencY of’the oenter of the radiated batmlwldth

Oarrler 8-1.

of tlma 18 one

of ● f’requenoy.

shall be tioB-_-—- ——-
lgnated zha aamigned fmquenc_y. -(’l%e~Uenoy of the RF ~er, whether s~mmed or
radlctod, ahtil be ref~ed to in ~entheees fouow2ng the ●sszgnul fmquenoy and 8hall
be the i’raquency●ppetinf$ In the dial setti~ of RF OnSulpment Intend- for •~e ●ldo-
band or timpendent sidebemd.)

NOTE : ‘lb IYequency of the RF carrier 1s ueually refined to In thlm standard ● m f.
and the WJstgnd “Y?menc7 W fc.

FRBQUR?CY cAKRxn. The frequency of the urmsdulated ~ar.

mmmw-~ SmMLrmm. Bee smNALuua, F?m@mrm Csmlms.

FRKKnmcYxmRszsY. * Erv?msrlT, !mtQLYma.

.-
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FREQUENCY, SAMPLINO. ‘?kerate at which signals in an lndlvldual channel are sampled TDF
subsequent modulation, Wmtl=tlon, and/or cMIw.

FREQUENCY, SCA~ING LIm (FAX). See S-, STRO~ (FN).

FREQUENC?’-SHI~ lCZYING. See KEYING, FREQUENCY-SHI~.

FREQUENCY SHIFT, SIGNAL (FAX). In a ~requency-ahlrt facalmlle system, the numerical
difference between the f’requenclea correapondlns to white SlgMl and black signal at aIIY
point In the system.

FREQUENCY-SHIFT SIGNALING, See KEYING, T’REQUENCY+=~.

FREQUENCY, SPECTRUM DESIGNATION OF. A method of rererrins to a range or band of COUUIIUtiCS-
tlon frequenclea. In A.nerlcsnpractice the designator 18 a two or three letter abbrevia-
tion or the name. In ITU practice Che designator la a numeric. These ranges or bands are:

ELF
ILF
VLF
LF
m

&
UHF
SHF
EHT

AMERICAN SALT

Extremely LOA Frequency)
Inrra Low Frequency,
Very Low Frequency)
Low Frequency) -
Medium Frequency)
High Frequency)
I’eryHigh Frequericy
Ultra High Frequenc::j
Super High FrequencJj
Extremely High Frequency)

FREQUENCY

Below 300 Hz
300 - 3000 Hz

- 30 kHz
;0” - 300 kHz
Boo - 3000 twz

- 30 Unz;0 - 300 MHz
?,00 - 300C NHZ

- 30 GHz
:,
3C - 300 GHz

ITU BAND

11.---- --\- ~oo - 3000 GHz Lz

FREQ”~CJ’ STABILI’lY’. The ab:lity of a device (transmitter, receiver, etc.) to malntaln
an asalgnad frequency.

FREQUENCY TOLERANCE. The maximum perrrilssi”tledeparture or the center frequency of the f’l’e-
quency band occupied by an ezlegion from the assigned frequency or of the characterlntic
frequency Or an erni9slcn frondthe reference f’recwency. ‘his lnclude8 both the initial
eettlng tclerance an~ excursions to s~ort-and long-tern stablllty and aging. The !’requency
tolerance 16 expressed :n”parts in lC , In hertz or In percentages.

FREQuEliLTTRANSLATION. The nrans?er en bloc of’signals occupying a definite rrequency bane
(such as a channel or group o.P channels) from one position In the frequency spectrum to
another, In such a way that ihe arithmetic freciuency di.!’ference Dr slgnala within the band
is unaltered.

FULL DUPLEX OPERATION. See OPERATION, DUPLEX.

GAZN . The action by wh~ch, or the result of which, the power of’an electrical signal is
Increased; expressed in dE.

GAIN, ANTENNA. Antenna gain 1s commonly defined as the ratio of the maximum rad:atlon
lntensltY In a given direction to the m&ximum radiation intensity produced In the same
direction from a rererence ar~tennawith the same power input.

GAIN, INSERTION. The :nsertlon gain of a transmission 9ystem (or component thereof) ln-
8erted between two Impedance* Ze (transmitter) and Zr (receiver) Is the ratio of the power
measured scros.s the recsiver 2~ e~te? Lnse?;lon or the transmission system considered to’the
power mvasured before ir.se~ti~n; explesse~ :r, ?fJ5. 1: the resultlng number in dB thus
okts:ne~ 2s neg~ ar,insertion loss is indicated. See LOSS, INSERTION.

GAIN, NET. See LOSS, NET.

CIHZ GIGAHERTZ. 10 to power of’9, hertz.

GRAPHICS. The art or science or conveying intelligence through the Uae of graphs, letters,
lines, drawingo, piccurez, e::. (Facsimile Is one form of technology for electrically
transportlrigIntelligence In graphic form from one point to another. )
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ORAY SCALE. An opflCal

OROUND-R~J~ CTRCU?T.

oattern $n dlscr?t? stepn between U.ghz and dark.

See CIRCUIT, ;Tlou?a)-RmvRN .

9ROUP . See UIDEBAND SYSTEM.

OROUP DELAY (LNVELOPE ~ELAY). me ~~g~ort~on cauged by the fllfference between the
mmxlmum transit time &n& the mlnlmur :ranslt time of frequencies with the normal (~ kHz)
FINl&roup bandwlc!th.

OROUP, TRUNK. NO or more trunks berweer the came two points.

OROUPINO (FAX). PerlodLc error In the spacing or recorded llnea.

OUARD BAND. See BAND, GUARD.

OUARD BAND, TIME. See BAND, TXKE GUAP.12.

HA1-RECETV’ER WEIGHTING. See lfEIGlf’TTN5,HA1-RECEIVER.

HALF-DUPLEX CIRCUZT. See CIRCUIT, HALF-DUPLEX.

HALF-DUPLEX OPERATION. See OPERATION, HALF-DUP~.

HALFTONE CHARACTERISTIC (TAX). See CHARACTER~=IC,

HERTZ . J unit of frequency - one c:,cleper second,

HF. }!lg}Frequency, j - 3G ~Z.

HA~:Z .

1 Hz.

H13H PERFORMANCE &“uTPMENTS. See FE3F;??JIANCE, EQLVPMEhTfl, HIGH.

HZ . Hertz .

HYBRID COMMUNICATION NETWORK. A ~om.uclcation system which utilizes a cornblnatlon or
laops,or links some of which are oapable of transmitting (and receiving) OnlY

~~a?~~’or quasi-anal~~ signals ancJ some sf which are capable of transmitting (and recelvimg)
only dl.gltal signals which USUB1lY ccntalr. a blnarw pulse eignal structure. —

TT.F. Infra low l’requency, 300 - 300’2 Hz.

IMPEDANCE, TERMINAL. The complex impedance as seen at.the unloaded output terminale Of a
transmission equipment or line which L: otherwise in normal operating condition.

IMPULSE RESPONSE. The time/amplit~d: c.tpu’ of a channel when the input is stimulated
by the Insertlcn of’a very s~ori :dse or impulse.

INBAND NOISE POWER RATIO (MUI=TICFP?TNELF.QUIPMENT\. See
CHANNEL EQUIFMEN?).

INBAND SZGNALLING. See S11:’”:.21!:G,;’?3JIJD.

IN-C!HANML NOISE POWER RATIO [MULTICHANNEL E4U1PNENT).
(~TICHANNEL EQW*).

NOISE FWER RATIO, INBAND (MULTI-

See NOISE POWER WTTO, INBAND

INDEPENDENT SID~AND TRANSMISSION. See TRANSMISSION, SID~AND, INDEPEND=.

INDEX OF COOPERATION, DIAMETRAL OR IN’TERXATIONAL. See COOPERATION, INIEX OF (FAX).

INDEx OF 500pERAT10N (FAX). See COOPERATION, INDEX OF (FAX).

INFORMATION

INFORMATION
between LWQ
18 given to

BIT. See BIT, TNFORMAT19!;.

CHANNEL, An lnformat:o~. :t.armel18 a dlmensionlees electro?mgnetlc channel
br more locat!ons fcJ”z:? t?angmlenl>n anO reception of information. Dimenslkm
the channel by e~ther spec~~ilng bandwidth o?’class of service.

v-:>.
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INFORMATION TRANSFER. See TRANSFER, INTIMATION.

INK VAPOR R2CORDING (FAX). See REOORDING, INK VAFOR (FAX).

INPUT-OUT~ DEVICE. See DEVICE, INFOT-OUTFW.

INSERTION OAIN . See GAIN, INSERTION.

INSERTION LOSS . See LOSS, INSW?ITON.

INSTANTS, SIGNIFICANT . The instants at which the aucceaalve algnlflcant contlltlon6re-
cognlze~ by the appropriate device Of the modulation or Pe6titution begin. Each of these
instants Is determined as soon as the appropriate Llevloe takes up the significant oondltlon
usable for a recording or a proceaslng.

INSTRUMENT,END . A device which 18 connected to the terminal of a circuit and ueed to con-
vert usable Intelligence In:o electrlonl signals or VICe-verOa.

INTE(NUTY, OHARAOTER AND BIT COUNT. ‘Mat condltlon In which the preclee number of charac-
ters, or blta, that are originated in a message test (in the case of meosage conmunioation)
or per unit time (in the case of a user to user connection) ape p~eaerved.

INTERACTION CROSSTALK COUPLING. Interaction crosstalk coupllng between a dlaturbing and a
disturbed circuit in any given section 18 the vector 81dUEB8t10nof all possible combina-
tions of crosstalk coup~ing, within one arbitrary short le

Y
th, between the d18turbing

circuit and all circuits other than the disturbed circuit Including phantom and ground
return circuits) with crosstalk coupling, within another arbitrary short length, between
the disturbed circuit an~ al~ circu%ts other than the disturbing circuit.

INTERCHARACTER INTERVAL. See INTERVAL, INTERCNAFLACTER.

INTERFACE, A concept involving the specification Of the interconnection between two equip-
ments or systems. ‘RIespecification Lncludea the type, quantity,and function of the inter-
zonnectlon circuits and the type and for? af signals to be interchanged via those clrcuite.
Iechanlcal details of plugs, sockets, pln numbers, etc., are included within the con-
text of the definition.

[INTERMEDIATEEISTRIBUT:LX F.WJfE (ID7). A? intermediate distributing frame in a local cen-
;ral telephone or communications office LB a dletributing frame, the primary purpose of
#hlch is to croaa-connect the subscriber-line multiple to the subscriber line circuit. In
~ private exchange the inte~mediate distributing frame 1s for 6imilar purposet!.

CWIV33MODULATIONDISTORTION. See DISTORTION, ZNTERMODULATION,

[NTERMODULATION NOISE. See NOISE, INTERNODULATION.

[NTERNAL BIAS. See BIAS, INTERNAL.

cNmmvm, mAFMmER, The total number of unit intervals (Including synchronizing, in-
telligence, error checking, or control bits) required to transmit anY giVen character in
any given communlcatlcn sy3tem. titra 61&nalB which are not associated with individual
characters are not included, For example, additional time added between the end of the
:uatomary stop element and the beginning or the next atart element aa a result of a speed
change, buffering, etc., la defined aa the Intercharaoter interval. The interchar~c~er
interval may be of any length and is of the same sense as the stop element, i.e., 1
(marlclng). See INTERVAL, INTERCHARACTER.

INTERVAL,INTERCNAltACTER. ‘l?mttlm.eperiod between the end
of the atop element of one character and the beginning of the followlng character. !Enesig-
nal eenee of the Intercharacter interval ie alwayo the same aa the sense of the 8top ele-
ment; i.e., “l” or marking. See INTERVAL, OHARACTER,

INTERVAL, SIGNIFICANT. Time interval between two conaeoutive significant Inatanta.
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XNTXRVAL, L%TIT. In & ●yotem using an equal-length code cr In a oymtem duti~ lmoehronow
modulation (or demodulmtlon), that interval of time ●uch that the thwtical durations
of the Sig:.iflcant intervals of a telegraph modulation ere all whole multiples CU the
interval,

IWIVUNSIC !:OISE. In a tranmlaalon path or device, intrlnslc noloe Ie that nolee whlah 1s’
inherent t= the path or devioe and la not contingent upon mdulatlon.

INVERSION, EIT. The Qellberate or fortultoua changing of the state of * blt to the
oppoeite stata.

ZONOSFffERTC D19TT3NBANCBS. OcaaalonalZy, a sudden outburet of ultraviolet light on the 8tu%
)umw’n as a solar flare or ahromompheric eruption, produces ●bnorcmlly high Ionization
Qenaitiea In the D region. The result la a sudden inareaae in radio-wave abaorpt%on, which
is met severe in the upper MF and lower HF frequencies. The effecto on the critical fre-
quencies ac5 heights of the reflecti~ layers, are negl~ble but the Incwae in tranm-

miesion Ioaa may be enormous. ~la phenomenon la called ● ●udden ionom~orio Disturbance
(SID). It o?ten reaulta in a aomplete loaa of ocmmniaations, and its erfeota my last for
oweral koura in severe aaaea. Slnoe the SID la produoed by dlreot ultravlolot radiation,
it never occurs on the dark side of the earth. The tent SID is uoed to deaoribe gene-l
ionospheric effecte of th16 type of’dleturbanoe, me term shortwave fmde out (SWF) 1S ●lSO
used to describe Ionospheric ●ffects OT thla type.

xsocmRoNous MODULATION. See MOWLATION, XSOOHRONWS.

ISOTROPIC AY’I’ENNA. An laotropic antenna la ● hypathetioal anten?n radiating or recelvt~
equally 1P all directlona.

NOTE : i~ the case or elect
but reDreser.t

ronmgnetlc waves, isotropic antennae do not ●xist physically
convenient reference antennas ror expreaalng directional propertlea of ●otual

antennaa .

JI~R (FAX]. -~ednees in the received COPY caumed by erroneous displaoemant or reoorded
apote In the direction of acannlng.

LTITI’ER,F?!&SE. See FWKURBATTON, FMASE.

-ALL ilFFZ~7 (FAX). 8ae %FFE~, ~ (FAX).

KJf!fINO,FREWENCY4HI~, FXEQUENCY-SHWT SION~O (FSK). A frequenoy change ●ignalllng
method in w?.ich the frequency or frequencies are varied in accotiance with the ●ignala to
be transmitted ant! characterized by continuity of phaee during the transition from one
aignalllng condition to another.

KEYINO, TWO-TONE TELEORAPH. A system e~loying a tranamaaion path oomprlaing two ohannela
in the same direction, one for tran8mi88ion of the spacing elements of binary mdulation,
the other for Wansmlttlng the marking elements of the aams modulation.

JcJIz. kilohertz. 10 to power of 3, hertz.

LlW3TH, SCK2<TN0 LINE (FAX).
(Hvided by

The total length of e ncannlng line la eq~l to the spot speed
the eoannlng-llne frequency.

N~ : T’kia la generally greater than the length of the svailable line.

LEVEL, CARRZER NOISE. me noise level praduoed by undesired varlntlona of a CarrifU in

the absence of any intended modulation.

-, RELATNE TRANSIUSSION. The ratio of the signal pcuer in a tranmziaaion ●yatam to
the signal power at come point ohomen ●a reference. me ratio la usually determined w
applying a standard taat tone (See TWE, STANDARD TEST) ●t zero tranamiosion level ref-

‘rence ‘“r (
or adJu#ted test tone power At any other referance point) and DSaaUrillg th9

gain or 10 s to the looation of lntereat. Note should be nmde ●a to the diatinotion be-
tween the standard teat tone power sna the expected madluI power of the ●ctUSl eignCl IWJ-
qulred as the baais for the desig of tranamiaalon ayetems.
ZZRO ~NWSSION LEVEL hEFERENCE POINT.

See TRANSMISSION LSVEL AND

F-22

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


I
MIL-STD-188-1OO

15 November 1972

lr-

L

.

‘“ L

LEVEL, SINO~-SI=~ EQUIPMENT, REFERENCE (Voloe.tiequency Input Power to a Trane-
mltter, One Sideband Only). l%e power of one of two equal tones whlah together caune the
transmitter to develop ita full rated peak power outpUt.

Il. Low frequency 30 - 300 kHZ.

LIMITER . h device which reduces the power of an electrical signal when it exceede a
speclfled value. The amount of reduotlon Or compression lnoreaaon with tncreaue of Lhe
input power.

LINE, AVAILAB~ (FiX). The portion of the acannlng llne whioh can be used epeclflcally
for picture signals.

LINE, LQCAL, See LOOP, LINE.

LINE, USEFUL (PAX). See LINE, AVAILABLE.

LINE, Usm’s. See LOOP, LINE.

LINEARITY , A oonatant relationahlp between SIKM1 ProceL!elnsdev100D’ lnPUt and outPut
charac8erlstica suCh as frequencY) amPlitide> Phase#~d tl~e, over a deolg~ted range,
See DISTORTION, NONLINEAR.

LINE ~P. See LOOP, LINE.

LINE SIDE. See SIDE, LINE.

LINE UIDI’H, NOMINAL(FJLX). The average e.eparatlon between center6 of adJacent acannlng or
recording linee.

LINK .

‘a. A pnrtlon of a commurSoation ctictit.

b. A channel or circuit designed to be connected in tandem with other channela or
O;FCUitB.

c, A I?SU1O path between two P01nt8, called a radio link; the resultant circuit may be
unidireotlonal, half-duplex or duplex.

NOTE : The term “lInk” should be defined or quallfied when used. It Is generally ac-
oept.e~ that the 8ignals at each end of a link are in the same form.

LISTENERS CIRADE OF SERVICE. L18tener8 grade of f$ervlceratinga for telephone cowenunications
rate the Pecelved volume and/or other transmi88ion variables by dividing the circuit per-
formance, as evelua;ed by llateneret judgment, into three major aateuories or “Oood,” “RIlr,”
and “POOP or Worse.

LOADINO .

a. multichannel Camnunioatlons Syatema. !l%eInaertlon of white nolne or equivalent
duuauy traffic at a specified level, to simulate syetem traffic perfozvaenoe.

b. Multichannel Telephony Syateme.

(1) The loadlns impoeed by the busy-hour traffic (the equivalent mean power and
the peak power) as a function cf the number of voice channels.

(2) The equivalent power of a multichannel complex or oomposlte signal(s), re-
ferred to zepo relatlve level (0 dBr),and Ie a function of the number of channela and the
mpecifled mean volee ohannel power,

c. ltieIneertlon of Inductors (coils) Into a t~enmmiealon line or clroult to improve
Ita operating oharacterintlca.

d. ‘he lnaertlon of reactanoe Into a clrouit to improve performance.
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LOADING CH$.:...“CCEHISTIC (mTI~ANNEL TEU.mO:W sYsTms).

LOST CAIIJ. WY call which hka no? been completed for anY
the called Par:) (termination) Is buey. See ERL.Al$;.

IA3CALLINE. See LOOP, LJNE.

WCAL SZDE. See SIDE, LOCAL..

LQNQITUDIJVL 5ALV:CE. See BALANCE, LONGITUDINAL.

S,: CHAMCTERIST?C, LOADING.

reaaon other than cases where

LQOP. A 10CP LS e alngle meaaage clrculc from a swltchlng center and/or individual
message dls??~t”~tlon point to the termlnale of an end instrument.

LOOP, LINE. =.e portion of a radio or w:re clrcu:z that,,comects a ueer’e end lnetrument
and a central effice. (Synonymous ternm eve “local llne and “:laer]aline.”)

LOSS, CROSS7.4-LKCOUPLING (Between a Dlaturblng and a Disturbed Circuit). The ratio of the
power in the disturbing cfrcuit to the induced power In the disturbed clrcult, obuerved at
definite PC:Y.:8 of the circuits under npeclfled terminal condltlona; expwsaed In dB.

LOSS, IN5ERT19?I. The Ineertion loss of a trmmmi.eaion system (or co~nent thereof) ln-
aerted betweer~ two lmpedanoee Ze (trememlttar) and Zr (recolver) la the ratio of the pwer
meeeured across zhe receiver Zr before insertion of the trenamlaalon avatem coneldered, to t-
powermeasurec af%er Ineertion; expre8aed In dB.
talned ia nege%?ve, an

if the reeultlng number in dB thus ob-
Inserfl on ~ln ie Indloated.

LOSS, ~ (JAI::).Net loss (gein) is the ions {gain) overall of a trenamisulon ClrCUlt.
It ia maasurec by aPPlylng a teet elsnal of some convenient power at the b~i~na Of th*
circuit and r.e:.urlns the power dellversd at the other end. l%e ratio of theee powers
expresses i:. _ 1s tne net leas or Rain 0’ the clr?ult under ohservatlon.

LOSS, R~. ?%e return loaa at the Junction 0? a tranemlealon Ilne ane a terRllnatlM
Ifrpedance Is ::-.er4ft15, expressed In dB, of the reflected wave to the inoldent wave. More
broadly, the ?eturn leas ie a measure of the dlselmllarlty between two lmpedanaea, being
the number C: ~eclbels uhlch corresponds tc the scaler value of the reciprocal of
the reflectlc~. :oeTflclent, and henoe being axpreeeed by the formula:

Z2+Z11M
20 %0 22 - % \

w.-.ereZI and Z2 are the two impedanoee.

LOW-FERPORMA?;SE EGuIr?!EN1’s. sea ~suANCE, EQUSPU6NTS, I.AX.

MAIN DIST~UTION F= (MDF). A CUstrlbutlw ~ne on on.
part of which terminate the Permnent outaib Mnan ●nte~ the oaiCra3 teM@Wcbs or
c~unlcatloas office building and on another pert or which te~mte tbo aubsorlber-Ume
multiple oatwx, trunk niltlple oabu eto., Mod W 8aaooiatW18 au ~W8~m~~
w tlenlti texmrinal In swh ● imltlple or ulbh any other outsldo llne.
the cent-l office protectlvo dw%coe ~ ~tlona u ● bat ~lnt ~ Mae a eaa.
In a prlvatm axohango the - dim-z~ ~ =atiw ~. me ~ “f=+
aide line” Lr.zl~des radio ahaamelm or cireutte ~

Mmmm=. Sae?wrs%,nalmm.
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MIL-STD-188-1 CJO
15 Novemoer 15??2

L MASTER REFERENCE SYST~ FOR Tl%LEFNONE TRA.NSNISSION. The master reference 8ystem for tele-
phone transmlsslon, adopted by the International Adv180ry Cotmnlttee for long+istance tele-
phone (CCIF), Is a primary reference telephone eyatem for ctetemlnlng, by comParlaon, the
performance of other telephone systems ar.d components with reepect to the loudness, artlcu-
latlon,or other tranmlsslon qualities of received speech. The detez’mlnatlon 1s made by
ad~uetlng the loss of s dlstortionless trur,kin the master reference system Tor equal per-
formance with respect to the quality under consideration.

HMU?4 ~INO F~~n (FAX). See FREQUENCY, MAXIMUM KEYING (FAX).

MAXIMUM MODULATING FRBQUE2JCY (FAX). See FREQUENCY, MAXI?4UNMIKJTJATING (FAX).

KEAN POWER OF ‘lWETAIJC2RVOLUME DISTKCSUTION.
TNE.

See TALKER VOLUME DISTRIBUTION, MEAN POWER OF

MEAN Pow (RADIO TRANsrmm’ER). See FQtiER,MEAN (RADIO TRANSMITTER).

MEAN vOLUME TALKER. See TALK?R, MEAN VOLUME.

MEASUREMENT UNITS OF NOISE. See NOISE, MEASUREMENT UNITS.

MEDIUM FOWER TALKER. See TALKER, ~UM POWER.

MEDIUM, RECORD (FAX). The phyelcal medium on which the facslmlle recorder forma an image
of the subject coPy.

MESSAGE . A conununlcat:on from a source to one or more destinations In a suitable languaEe.

MESSAGE SWTTCHINO. See SWITCNING, MESSAOE,

METALLIC CIRCUIT. See CIRCITIT,METALIJC.

METRIC uNITS. Standarolzation of terms on a world-wide basis IS essential to enabre un~-
versal understanding of scientific and technical documents. The following list of tech-
nical terms, abbreviations,and definitions reflects the latest developments in International
atandardizatlon. Such new termk as “hertz” (meaning one cycle per second) or “slemens”
[meaning one mho or 1/(1 ohm)] are being standardize~ both to recognize certain pioneers in
electromagnetic research antidevelopment and to provide terms which are recognized in
my of the world’s languages.

BXamplee:

UNIT

tera
glga
lnega
kilo
hecto
deka
decl
centi
In.ilii
micro
nano
lxco
feinto
atto

TERM●

ABBREVIATION

T
Q
M

:
da .
d,
c
m

a

VALUE

~012
109
106
lo3
102

ABBREVIATION ● MEANING

megahertz
decibel
plcofared

●NCYI’S:
nanosecond

The inltlal letter of the fundamental unit 1s CSDitSllZed in the abbreviation If th
unit 18 derived from s

106 hertz (cycles per second
10-1 bel
1 farad X 10-12
1 second X 10-9

proper name, but not caF1-calizedwhen Spelllng out the unit.
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MFo Medium ~equency, 3G0 to 300C kUz.

Fmz . Megahertz. 10 to power of 6, hertz.

MOD~ , Acronym for PIOdulator-DE310c!ulator.

MODULATION . ‘l%.?process of vmr:;ing stimecharacteristic(a) of the carrier w.sve ~eeaccc=.e
with the instantaneous vnlue of samples of the intelligence Lo be tranamdtted.

MODULATION, AMPLITUDE (AM). That form of modulation in which the mmplltude of the carrier
1s vnrled tn aocordanoe with the lnetantaneoua value of the modulating signal.

MOI%LLATION,DELTA. A technique for converting an analog nignal to a digital signal. The
technique approxlmatee the analog signal with a 8erlee of segments. The approxl=ted ISig-
nal 1s compared to the original malog wave to deterndne em Increase or decreaae In rela-
tive amplitude. The declnlon proceea for e8tabllehlng the etate of 8ucoeeelve binary
digits Is determined by th18 comparison. Only the change lnformatlon, an lncreaae or de-
crease of the signal amplitude fron the previous aampie, i6 sent; thus, a no-change OOnCU-
tlon remains at the same O or 1 state of the pretioue sampie. llIereare eeveti variations
of the simple delta-modulation system.

MO~TION, DIFFERENTIAL. A type of modulation in which the ChOiOe Of th? eignifloant
cotwiltion for any signal element is dependent on the tio~ce for the previous ei~l element.
Delta modulation ia an example.

MOIXJLATIOIJFAC’NM?. The rntio of the pemk variation ●otually uned to the ~wm dealgn
verlaticn In a given type of modulation.

NWTE : 1P conventional amplitude modulation the UIU doalgn variation is coneidezd
tha: for whlc!.the inetantaneou8 amFlltude of the modulated wave reachaa zero. (When O is
reached the modulation la coneldered :9Q%, .

MOlXJL4TION, FIXED-REFE~OE. A type of modulation in which the choice of the signifloant
condition for anY signal element 1.sbaaed on a rlxed referwke.

MO14LATION, FREQUXNCY (FM), T?Mt form of modulation in whloh the lnBtenteneoum frequency or
a sine have carrier 1s oaueed to dext fmm the carrier rrequency by an amount proportional
to the inetantana,ous value of the modulating eignel.

PIODULAKON INDEX.

a. Modulation Index of an amplitude-modulated u-. See ~~TION FACTOR.

b. Modulatiori index of a ~requency-modulated wave. The ratia of the paak deviation
to the rraquency of a npecifled elnueoidal mdulation.

c. In angle modulation with a einueoidal modulati~ wave, the ratio of the *equenw
deviation to the !Wquenw of the modulating wave.

MOIXZATION, ISOUiRONOUS. Modulation (or d~ulatlon) in whioh the time int~ amPmrmti4
any two slgnlflcant inatmte 18 theoretloall~ equal to the unit interval or to ● mltiple
of thie.

momxATmN, mm (m). T%at form of ~at%on Ln whlah tbv ●mglo relativm to the ~w
lated ea~er eRgle ia varied in ● ooo~oe with the irmtustaomoue wake of tin ~A;t4do
of tha modulating aigrtal.

mmLATI(m, YuLsE-oom (la), I?mt fom of dukattom isIwiaiob 8b9 wdulat* ●-l ia
a~led and tha a-o QMntlzed mnd ooded ●o that eaah elrnt OZ ~uem eecisimteor
4iffmremtklndo amd/OP ~- of Pulaee mmd ●pmoea.
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MODULATION, PULSE-fiME ( FTM). That ~orm of modulation Ln which the time of occurrence of
some characteristic(s) of the pulse carrier is Varied in accordance with succeealve Bfunplea
of the modulating signal. (~ls includes puloe poeltlon and pulse duration or pulee-width
modulation) .

MODULATION RATE. See RATE, MODULATION.

NoDUTATION, SIGNIFICANT CONDITION OF. A condition assumed by the appropriate device
corresponding to the quantized value (or values) of the charscterlstlc (or characteriatico)
chosen to form the modulation. The following equivalent dealgnatlons are dsed to ldentlm
the slgnlfioant conditions ror binary

PASSIVX

o
Ourrent Off
Tone off
Space

modula~lon:

ACTIVE

.

Curreit on
Tone On
Mark

+

No hole (paper.tape) Hole [paper tape)
Prequency High Frequency Low

MODULATION WITN A FIXED REF’EREXCE. A type of modulation in which the choice of the signif-
icant condition for any signal element is baned on a fixed reference.

MULTIPATR . The situation in which an emitted elgnel arrives at ita destination over several
propagation paths and, he~e, is smeared or delayed in time.

MULTIPLE SPOT SCANNING (FAX). See SCANNING, mTIpLE SPOT.

UULTI PLEX . Uae of a common channel in order to make two or more channela, either by
splitting of the frequency band transmitted by the conmwn channel into narrower ban$s, esc,k
of which is used to constitute a distinct channel (!’requency-dlvlsion Multiplex), or bY
allottlng this conwnonchannel in turn to constitute Olfferent intermittent channels (time-
division mltiplex).

MULTIPLEX, FRitQtHZNCY-DI;”ISION(FDM!, A method of’deriving two or more almulmneoua,
continuous chsnnels Crom a zranam~ssion medium connecting
two points by assigning separate portions of the available frequency spectrum to each cf
the Individual channels.

MULTIPLEX, TIME-DMSION (TIM). Iimethod of deriving several
chame]s frOHIa glVefl frequency 9PeOtTUM by aaslgnlng dlaorete time intervals in sequence
to the different channels. tiring a given tima Interval the entire available frequency
spectrum can be ueed by the channel to which It 16 aeeigned. In general, time fllvlalon
multiplex systems use pulse tranemiseion. The multlplex pulse train may be considered to
be the interleaved pulse trains of the individual channels. The Individual channel pulees
may be motlulated either In an anSalOg or a UlglCal manner.

MUL1’IPLEXBASEBAND. See BASEBAND, MULTIPLEX.

MULTIPLH BASEBAND RECEIVE TERMINALS. See TERMINALS, MULTIPLEX BASEBAND RECEIVE.

MULTIPLEX BAS~AND SEND TERNINAB. See TERMINALS, MULTIPLEX BASEBAND SEND,

MUX. A ahorthmd reference to multiplex.

N-ARY INFOM.ATION ELEMENT. h inrormatlon element enabling the presentation
states. “M’’-arycode is the generic name applied to all multilevel codes.

NkAR-END CROSSTALU. See CROSSTALK, NTMR-END.

NECESSARY BANDWIXYl!R. See BA=~, NECESSARY.

of “N” dlatlnct
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NET OPER.ANON. Sce OPERATION, MT.

NEUTRAL DIRECT-CUtiRENTTELEGRAPR SYS’A.EM. See SYSTE!C,JJEUTRAT.DIRECT-CUR= TEIJ%ORAPH.

NODE . (Al~c called J~r..,tlol,Pclnt, 3ranch Point,or ‘;ertex). A te~ml of ~Y br~ncb ‘f
a netwo?’k or a terminal to two 0: :,cvetral,c];,>s 0[’a network.

NOISE, EQUIVALENT PCM. The amount sf thermei noise power wnich has a similar effect on the
speech quality as tmy given amount :: quantizing no:se. One method of measuring equivalent
PCM noise r~:.-,ists of compering suc:ec~jve listener tests cf speech received througl,two
parallel a..]c!~-channels. Ir,one cr.an!~~ the spe+cs is tra.nsr.i?tedIn dlgiti?ed form
,+:~ived f’r~-p~~; in the ott,erchannc the ~~~!t
~l,7,&.,q)fnl.-,.

speech 16 vra:m~litted in aca!og (non-dLg-
For th~s c,~mpariscn, ‘.,e th.,rma!!,,.l~ein tp.ep~,n-digitized cp..?ech,channel

1s .tmu!n’=d OY a :l:~!regener.atc~ w?.ic~,nas an ad:usteble ncise power output. An amount of

therm&i I.L,:SCpv’v,’rin the ncm-digitizes ape.echc.nanrrelcan be de<.ermlned such that the
therms:.ric.”se !l:l.‘Isimilar effect cm tne speech quality as the quaritlzlng noise which 16
genelR:ei ttie?Ch!ch.anrjel The a?vunt of thcrr.a!.noise power determined by ~hls compart-
,,.,nir!{-.. Y’: :.~.,>cqui.;~len: PCt4r.=.se.

NOISE FIGURE (NOISE FACTOR - NF). ?’hencr18efigure of a transducer; I.e., radio ~ecelver,
18 the rat16 of: (1) the output noise power to (2) the portion thereof attributable to
thermal nL1lSVltltbe input termination at 8tandard noise temperature (UaUallY 29@°K). me
noise flgu:. IS thus the ratio of actual output noise t.cthat wh~ch would remain If the
trarlsducer itself were made noiseless.

}JOTE : ir hetr,r@yne qysteh]s, output ncise power (1) Includeq spurious contributions
f.-ot~:!:c.F,-!x”cquency tranaformotions, hut portlcr. (2) $r,cludes only that which aPPears in
‘.))<LUl~ ,‘..J‘he principal-frequency trarjsformatlofiof t.l~esystem and excludes that whlti
apprar,j !mage-f’reqaency.2 ‘.,. tra-hsfornmtlnr

110i5E1.LVEL CEANNEL). The chmnnel nGise level at any point in a transmtssslon system lS the _
Iatlo o!’the channel noise at that point to some arbitrary amount of circuit nolee chosen
L: a ~cfc-rer.~e. This ratio is usually expressed in decibels above reference nolcre,ab-
bcevlated d13rn,signifying the reaai:,g of a c:rcuit nol:e meter;
abbrcvLaLcd d?~,

or In adJuated decibels,
slgnll’ylng circuit n~lse mete? reedlng ad$usl.ed to represent lnterferlnS

p.r!-+.~t.LJndf!,:n.?clflejcondltlon~.

]~Q~s~, KEAST7”..ENENTLO:?TS. }!GisejS ~s,~allymeasured In terms of power, either relative or
3bsclute. Tl,~dpcihel is the base unit for tl,esemeasurements . A suffix is usually added
:C denote c part~cular re!’er.ncebas.-cr sprcific ouallz:e: of ztiemeasurement.

[
See

WEIGHTING, NOISE.) Noise meas~remer,: units defined In this standard are dBe, dBe FIA),
~a(HAl), ~aCJ{ dBm, @mO, ~mp~oph, dpmop, ~rn, dSrn(lh4-llne), dBrn(144-receiver),
dBrn(C-message), dB~nc, dl?rncO, dBrn (f, - f2), pw, aqd pup,A

NOISE POWER OF A.EA~70 TRANSMITTER (PN). See POWER, NOISE, OF A RADIO TRANSMITTER (PN).

NOISE POWER RATIO, INBAND (NPR) (M’ULTICHAJJNELEQUIPMENT). The noise power ratio, fOr rmlti-
channel equipment, 5? t~.erati. or the mean noise power meaaured In any channel, with all
cl]annels loaded W1tk white nolz=, tc t!,emean noise power measured in the name channel,
with all .:tlanneitibut the measure? channel loaded Witk, noise.

}JOISE POWER RATIO, SING= SIDEBAND !tiPRJ(SSB). N?l? (SSB) is the ratio of the mean nolae
powers measured IF,the notch fl]ter bandwidt~, for the no;ch-in and the notch-ut condltlona
with totai system,rerannoise power output equal for bcth conditions.

NOISE, QUANTIZING, In a modulation system that employs n quantizing process, quantizing
nGisc Is that noise caused by the error or approxlmatlcn. It ~~ an ~de~i~ble
random dl?tortion 3ignal which is sclely dependent on the ~rticular quantlzatlon process
us?d anc 1.1-,.Stat.lstlcai characteristics of the quantized signal.

IIOISE RATTO , sIc:/*L.pLUS-NOIgS T@, i ratio 0: t’e signal
plus noise arr:vlng at a loca:lor.in a transmieeton path to the noise normally preeent when
t))=slgna: Is r-emcvedat the .senc:~~ er.cand replaced by n termination. ‘Thisusually is
measured in tF ark the process is a:.cr:,,.:atedSNF ,
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NOISE WEICiHTING. See WEIGHTING, NOISE.

NOMINAL BANDWIDTH. See ~ANIX41M’H, NOMINAL.

NONINAL mm WIDTH (FAX). See LINE WTMT-1,NOMINAL (FM).

NONLINEAR DISTORTION, See DISTORTION, NONLXNEAR.

NOTATION, BINARY, A sc~ene for representing numbers which is characterized by the
arrangement of dlglts 1: sequence with the understanding that succeaalve digits are
lnterrpreted as coefficients of successive powers of the base two.

NPR. Noise power ratio.

NUM13ER,BINARY. A number expressed In binary notation.

5BJECTIVE, DESIGN (EO). An electrical (or mechanical) performance charsicteriatic for com-
munication circuits and equipments which is based on engineering judgment of performance
desired but wtilch, f~r E number of reasons, it 1s not considered feasible to establish as a
STANDARD at the time this standard Is written. Examples of reasons for designating a per-
formance characteristic as a DO rather than as an S are: (1) it may be border~ng on an 8cl-
vancement in state-of-the-art, (2) +he requirement may not have been fully confirmed by mee9ure
menc or experience with operating clrcults, (3) it may not have been demonstrated that It can
be met considering othe~ cor.straints such as cost, size, etc. A DO shall be considered
as gulchnce for Department of Defense agencies In preparation of specifications for de-
velopment or procurement of new equipment or systems which shall be u8ed If technically
and economically practicable at the time such specifications are written.
DARDS, SYSTEM.

See also STAN-

OCCUPIED BANDWIM%. See BANDWIDTH, OCCUPIED.

#FXJ2E, &ENl!w. *e CEN2Eh, SMZPGHINI.

ONE-WAY REVERSIBLE OPERf.TTOR. See OPERATION, ONE-WAY REVERSIBLE.
L

0~-CIRCUIT lJORICCNG. See CIRCUIT WOR~NG, OPEN.

OPERATION, BROADCAST. That type of operation in which a transrrrltth’tgpoint emits infor-
mation which may be received by one or more statlona.

OPERATION, CONFERENCE.

a. In a telephone system,, that type of operation In which more than two stations can
carry on a conversation.

b. In telegraph or data transmission, that form of simplex or half-duplex operation
in whict,more than twc s:atlons may simultaneously exchange information, carry on conversa-
tions,or pass messages among one another.

NOTE : In radio aystema, the stations receive simultaneously, but must transmit one at
a time, The cormnon modes are “push-to-talk” (telephone) and “push-to-type” (telegraph,
data tranamlasion).

OPERATION, DUPLEX. T(’.attype of operation in which simultaneous two-way conversatlona,
messages,or Information may be passed between any two given points.

0P13U4TION, FIJI&DUP1,EX. See OPERATION, DUPLEX.

/,K)PERATION,HALF-DUPLEX, That type of simplex operation which useO a half-duplex circuit.

OPERATION, NET. Nets (r.ettedoperation) are ordered conferences whose participants have
common information in needs or llke functions to perform. Nets are characterized by
adherence to sgandard fo?mats. They are responsive to a common awervisor entitled the Net
Controller (Net Control S=tion) whose functions Include permitting acceas to the Net and
maintaining circuit discipline.
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OPERATION, cNz-”nAY REVERSXMAE. Slm.liar to half-duFLex operat?on.

OPERATION , FUSE-TO-TALK . (Press-to- taik) . In telephone systems, that method of oosmlnlca-
tlOn over a SDSSCF, CIPcUlt In which transmlselon GCC.7B rSVm only one etetion ●t ● tl~,
the talker belr.: reuulred to malAwin a switch cios-~s while he 1s talklng.

OPERATION, PUSF.-TO-TYPE, (Press-to-type). In belegraph or data trantsmiaalon syatuma, that
method of come.-nication in which tne o eretor csst F.:intilr? 3 awltch closure in order to send
from hio etatlor,. It in generally uae$ in raciio syz ;.smawhere ‘thesame ~requency is
employed for trznsmlsalon and reception.

NOTE : This is a derivative form or tranamlaslcr. and IMY be used In simplex, half-duplex
~r duplex opera:lon.

OPERATION, SIMi-LZ..X.Tnat type of operation which pe?-.lta the transmlaslon of signals in
either directior alternately.

NOTE : In radio telegraph or data transmlaslvn systems, it may be either (1) the uae
of one frequenzy, time slot, or code address for trass.~lsslon and another f%SQUencY,
time slo~ or CSC% addresa for reception, or (2) the use of the same frequency, time slob
or code addreas fvr both tranamlsalon and reception. In tire telegraph systems, si~hx
operation may te employed over either a half-duplex c;rcult
current circuit.

or over a neutral dlrect-

OPERATION, SPEECF.-PLUS-DUPIXX. That method of operetltm In which speech and telegraphy
(duplex or sl.mplsx) are transmitted simultaneously over the aama circuit. being kept from
mutual lnterf’er~~ce by use of filters.

OPERA’ITON, ONIETRECI’IONAL (SEND ONLY, REC~ ONLY). A method of operation between two ter-
mlnala, one Gf which is a tranamltter and the other a ?ecelver.

ONDER WIRE. See WIRE, ORDER.

OUT-OF-BAMD SZGW&LINO. See 910NALLIR0, 0171’-OF-l3~.

OUTPUT RATING. See POWER.

OVERNEADBIT. See BIT, OVERHEAD.

PAIRINO, BIT. Tt.epractice of establishing, wlthln a code set, a number of mubaete of two
characters having identical blt repreaentatlone except for the state of a speci-
fied bit. For example: In the ITA Number 5 and the Ar.erloan Standard Oode for Infosntlon
Interchange (ASCII), the upper-caae letters differ from their respective lower-case
letters only by t?e state of btt six.

PAIRED CABLE. A cable conalotlng of one or more tnlszeci pairs or lines.

PARALLEL TRANSMISSION, See TRAN9KKSSION, PARALLEL.

PARITY BIT. See BIT, PARITY.

PARITT CNECK. A surmnatlon check In which the binary digits In a oharauter or word ue
aaded, swdulo 2, and the sum cheokad &nst a single, previously-cOs@Uted PU’lW WJIQ
I.e., a check which tests whether the ntmber of oneD in a wowd ID odd or evm. *onmous
and relsted to “check, Pedundsnt” and to “check, forbidden conblnetlon. “ OQd parity 18
standard for mll:tary transmission.

PATTERN, ADDRESS. In a digital aystem,a preacfibed recurring pattern of bite t~~t~
durlrg s dlgltel transmiaaion ta enable the reoelver to ●chieve -e 8ynch_SSt10n.

PElx. See PRIVATE ERANCH EXCHAMIC.

PMKXNVELQPE PCWER (FMtuo TRANsKI1l’ER). Se. POUER, PEAX ~PE (NADXO ~).

PEAX POWEN OUTPVT. The Output power ●veraged over t.haradio frequency OYO1O haVlng the
MulsaJm peak value which can occur under any comblnattor. of signals tranamltted.

PERFONnANCE, EQWPUE.NTS, ~~x. Tr(oee equ”.pmantah~ing swf’f%ctentlyexacting CharaOt@fiS-
tiaa to pennlt their use in trun~ or IInk cj?cuits. ~.ose equipments designed PX’IMrllY
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for use In global and ttictic~l service which are required to operatb where the maximum
performance end minimum electm~gnetlc. Interference capabllltlea are required for opere-
tlon In a variety of nets or for rixeo point-to-point clrcults.

NOTE : Requlpementa for global and tactical high-performance equlpmenta may differ.

PERFORMANCE, EQUIPMENTS, LOW. Those equipments having lnaufflclently exacting character-
istics to permit their uae In trunk or link circuits. Such equlpmante may be employed in
looP clrculte whenever theY meet loOP circuit requirement. Those tactical ground and
airborne equipments whose size, weight, and complexity muut be kept to a minimum and where
primary requirement 1s to ope~mr.p In nets with sitilar mlnlm Perforumnce standards.

PERTURBATION, PHASE (PHASE JITTER). The existence of this phenomenon has long been re-
cognized hy telePhone tranamlssion engineers; however, due to the relative lneene.Y.tlvlty
of the human ear to this ?orr,of channel dlaturbance, relatively little attention haa been
paid to It. Attention la called to thla phenomenon becauee of the aerioue detrimental
impact It can have on dbta tranmi.salon, particularly that type of modulation whloh 18 de-
pendent on the algnel phase more than the amplltude or frequency. It 18 not precisely de-
fined since ao llttle widely-understood or agree
a working deflnitlon, therefore,

~u.ontechnical data exiats. FoF~urpose
Fhaae Perturbat on or Fhase Jitter la defined aa t at

phenomena which, from c8uses known or unknown, results In a Pelatlve shifting (Often Qul%e
rapid) in the phase of the signal.

the

of

The shlftlng In phase maY appear to be random, cycllc,or both. It 18 noted that a
almllar phenomenon related tn amplitude perturbation exlats which Is aleo not Bufflclently
understood to be acceptably defined at this time.

The amount of pnase perturbntlon may be expressed In degreee with any cyclic component
exPreBeed in hertz. Thti:nstantaneoua relative phase maY or may not be eignificmt, however,
for the sake of clarity 1: should be aaaumed a phase pertu~batlon of 36° would be taken to
mean ~18° relatlve to a s~ngle sine wave stgnal,or +36 0 would aaaume leading ehlftlng In
ohase-of 36°.

RIME DELAY (FAX). Sce DELAY, PNASE (FAX).
--

‘L F7MSE DEVIATION. Pna.9edevlatlon, In phase modulation, ia the peak dlrference
lnatantaneoue angle of tne modulated wave and the angle of the carrier.

PILASEDISTORTION. See DISTORTION, DELAY.

PRASE EQUALIZER. See DEI.M EQUALIZER.

PHASE FREQUENCY DISTORTION. That fozvnof distortion which occurs under either
the following condltlons:

a. If the phaae/frequency characteristic Is not linear over the frequency
Interest.

between the

or Both of

range of

b, If the zero-frequency intercept of the Phanejfrequency characteristic is not zero or
an Integral aultiple or 2~radlana.

PHASE MODULATION. See MODULATION, PHASE.

PHASE P~ ATION (PHASE JITTER). See PERTURBATION, PRASE.

FWASINO (FAX). Tne adjustment of picture Pos%tlon along the scanning line.

PHO!tW3ENSI’J’~ RECORDING (FAX). See RECORDINO, PNO’NSENSXTIVS (PAX).

PIC?l’UREFREQUENCIES (FAX). See FREQUENCIES, PICTURE (FAX).

mm.

A signal wave, usually a alngle frequency, transmitted over the system for auper-
vlao$, control, synchronlzatlo~ or referenoe Purpoeee. SoIsetlfeeait 1s neceamary to
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e-.pioy severs.: independent pilGt frequcnc:ea. Mce.tradio ?elay systems uee radio or con-
L:nuity pliots uf ~.ljclrown but tr.aijsm!t &IS: the p:lct frequenclec belonging’ to the
oarrier frequen?v TH.L;iplex s:;ste:..

b. In a trnn8mls010n ~ystem - a signal wave, u3uBlly a sl~gle frequency, transmitted
over the sy8ternand ue.edfor either level control, synchronlzatlon, or both.

PLESIOCHRONOUS (IN THE PROCESSING). TWCIfrlgnalsare pleBiochrunvurr If their oorrempondlng
significant lnstante occur at nomanally the same rate, anY variations belns 00nBtrain~
within a specified limit. See TRANSMISSION, hSYQiRONOUS, alao MODULATION,ISOCRRONOUS.

FOLAR DIRJH2T-CURRENT TELEORAIT! SYSTEM. See SYSTEM, POLAR DIRECT-CURRENT TELEORAPH.

POLARIZATION DIVERSITY. See DIVERSITY, POLARIZATION.

POWER, CARRiER (PC) (RADIO TRANSIWTTER). The average power eupplied to the antenna trane-
nxlssion line by a transmitter during one radio-frequency oycle under conditions of no
m3~ulation. This definition does not apply to pulse-modulated etisslona or FSK.

POWER, EFFECTIVE RADIATED (ERP). The power oupplied to the antenna multiplied by the rel*-
tlve gain of the antenna :n a given direct.ion.

POWER OAIN OF AN ANTENNA. The power gain of an antema 18 b~ times the power delivered to
a ‘~nit solid angle divided by the power delivered to 4W ateradl.ans.

POWER LEVEL. The power leve: at any po$nt in a tmansmlssion system 18 the Patio of the
power at that point to some arbitrary amuunt or power choser.as a reference. ‘l%Isratio 1s
usually expressed either in decibels referred to cne milliwatt, abbreviated dBM, or in
decibels referrea to one watt, abbreviated dBh.

?Om =, rrEAN (PM) (RADIO TRAN.941miil. The power supplied to the antenna transmleslon llne
t: 6 :ransml:ter during normai operation,, averegcd over a time sufficiently long compared
w~~n the period of the 10WeSt freq~~en~ encountered In the moclulatlon. A =me of I“f10
sec:nd d.ring which the mea- power Is izreateatWlli be selected normsllY.

?OWF3, NOISE (m) (RADIO TRANSMImR), ‘ The mean power s.~ppliedto the antenna transtieeion
llne by e transmitter when loaded wlt,bwhite ncine hevlng e Oeuasien amplitude tilmtrlbutlon. “-

POWER, mAK mvzmm (m?) :Rmzo TRANdmTT~Lj. TIIepower supplied to the antenna tren.s-
mlsslon llne by a transmitter Our:ng one rad:o-freq~ency cycle et the highest crest of the
modulation envelope, taken ur.cer~uki tier.s J! r,urmal op+watlon.

POWER RATIO, SINGLE SIDEBAND, NPR (SSS). See NOISE FWXR RATIO, SINGLE SI~AND, NPR (SSB).

PRIVJ3RYDISTRIBUTION SYSTEM. h system of alternating
current dintrlbution for supplylng the prlmariea of dlstrlbutlon transformers from the
generating Btatlon or substation ti:azrlbut>on buses.

PRIVATE BRANCH EXCliANOE (PBX). An Internal telephone exchanue
serving a single orgnnlzation end hnvIng corm.ctione to a public telephone •xa~~.

PROGRAMMER .

a. That pert of e digital appare:us having the function of controlling the timing ent!
sequencing of operatlona.

b. A person who preparee mequencea or Inetructlonfr for a computer.

PSOPHOMETTLTCVOLTASE. See VOL?AOE, ?SOPHOMETRIC.

?SOPHOMETRIC WEIGHTING. See WEIGHTING, PSOPHOMETRIC.

PSOPNOME?’RTCALLYW’SICN?T’EDdBrr..See dBm [Pnopl) and d.3rr!Op.

PULSE . A eignal characterized by tnr rifleand cleeay
normally constant.

in time of a quantity whoee value La
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PG19E4MPLIT’UDE MODULATION. See MODUXJLTION, PUISE-ANPLIT’U’DE.

PGL9E-CODE MOTXJLATION. See KODULATXON, PUISE-CODE.

PULSE DECAY ‘lTME. See DECAY TIME, -E.

PULSE DURATION (PULSE LENOTH - PULSE WIM?I). The time Interval between points on the
leadlng and trailing edges at which the instantaneous value bears a epecifled relation
ta the peak pulee amplitude.

PULSE-FREQUE.NCY MODULATION, See MODULATION, PUL9E-FREQUE.NCY.

PUIi3E,MAR!CENO (TTY). That slgnlfioant condition of a modulation which results In.an
active selecting operation In a receiving apparatus. See MODULATION, SIGNIFICANT CONDITION
OF A.

PU$SE-POSIITON MOIKILATIOF1. A fore!!of pulse-time modulation In whlcJ the poeltlonB in time of
pulses are varied, without modlfylng their fYuratlon. Pulse-poaltlon modulation ia pulae-
tlme modulation In which the value of aach instantaneous sample of a modulating wave
lnodulatee the @altlon in time of a pulse.

PULSE RISE TIME. See RISE TIME, PULSE.

PULSE, SPACING (11’Y). That significant condltlon of a modulation which reeulta In a P$JD-
alve selecting operation In a recelvlng apparatua. See ?401XTLATION,SIGNIFICANT CONDITION
OF A.

PULSE-TIME MODULATION. See MODULATION, PULSE-TIME.

PUSH-TO-TALK OPERATION. See OPERATION, PUSH-TO-TALK.

PUSH-TO-TYPE OPERATION. See OPERATION. PUSH-TO-’TWZ.

pw . (Picowatt. Equal to 10‘12Watt or -90 dBm). A unit of abaolute power commonly
uoed for both weighted and unweighed noise. Context must be obeerved.

%P (PM, PSOPHOMETRICALLY WEI(3NTED). See pW and WSIGHTING, NOISE.

QUADDW CABI.Z. A quadded cable Ie formed by taking f+,orMUltlpleS of 4,paired cables and
twiatlng thaae together wlthln an overall Jaoket.

QUAIFNJPLE DIVERSIIY. See DIVERSITY, QUADRUPLE.

QUANTIZATION, The process of converting the exact eample values of a signal wave to their
neareat equivalent in a flnlte aet of discrete value8 to permit digital encoding.

QUANTIZING NOISE. See NOISE, QUANTIZING.

QUASI-ANALOG SIGNAL. See SIGNAL, QUASI-ANALOG.

RADIO BASEBAND RECIKVE TERMXNALS, See TERMXNALS, RADIO BASESAND REC.ETVE.

RADIO BASEBAND SEND TERMINALS. See TERMINALS, RADIO BASE3AND SEND.

RADIO BASEBANP. See BASEBAND, RADIO.

RADIO FIELD INTENSITY (FIELD STRENOTH). The electric or magnetic field Lntenslt;rat a
given location aa80clated with the paaaage of’radio navea. It 1s ccmnonly expressed in
terms of the electric field intensity (mlcrovolts or volts per meter). In the ceae of B
sinusoidal wave, the root-mean-square value in commonly used. Unlssa otherwise stated,
it la taken in the direction of maximum field intensity.

RANZOM BINARY BIT STHSAM SIQNALLTNO. See SIGNAXUNO, RANDOM BINARY 13T1’STREAM.

RATE, DATA SIGNALING. See Paragraph &.3.l.l “Modulation end Data Signaling”.
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RAT% ERROR (BIT, BLOCK, CHARA~R, 5E=N’1’) .
ohar&ctera , or blooks Incorrectly received to
or blooka cent. See BZT ERROR RATE.

The ratio of the number of blta, elenents,
the total number of bite, ●lements, ohanctora,

RATE, MCWLATION. Reciprocal of the unit Interval meaeurad in aeoonda. (I%io rmte 18
axpreoaed in bauds).

RATmo, Ovwu’r. See POWER.

REAL lmm.

● . Uai~ an ordinary clock aa a time atmdq-d, real time la the n-ar of ●eaOti*
meaaured between two eventa in e phyalcal ayBta.

b. Computer Time la the number of aeoonda meaaurad, with the same clock, between
oorreapondi~ evente In the almmlated system.

The ratio of the time Intervel between two eventa in ● a%mulated eyatem to the tl-
Inte&al between the correapondins eventa in the phyaloal ●yatem 18 the Tla!a Soale. cole-
puter TlmP la eqwl to the product of Real Time and the Time Scale.

d. Real-Tlma aoIaPutatlon 18 oomputer operation in whloh the Time Soale la unity.
Machine Time la aynonymoua with Computer Time.

S=XI=, FACSIMILE. The ●pparatue,employed to tranalate the ai~l ?r~ the crnunicatirm
channel into a facaimile record of the aub~ect copy.

RECEIVING CO~RTER, FACSIUILE. See CONVERTBR, FAOSIMILE RECEIVXl@G.

RECE?TION, EXALTED CARRIER. A method of reoeivlns
aignala in which the carrier la separated from the
then combined with the aidebanda egeln at ● higher

RB.CORDmsD17JM (FAX). See MEDIUM, RECORD (PAX).

alimm SKEET (FAX). See ~, RECORD (FAX).

●ither ●plltude or plmae ~u~at~

sldebanda, filtered and WllflOd, and
level prior t.o dmul.atlo~

R5columm mm x mmwIoN (FAX). See SPOT, X DIMENSION OF RWORDED (FAX).

RECORDED SPOT Y DI~SION (FAX). See S~, Y DXMEX310N OF RECORIXD (FAX).

RXOORD~ SPOT (FAX). See SPOT, RECORDED (PAX).

REOORDER, FACSIMILE. That part of the Caosltile reoelver whIoh perfo~ the final oonveroio?l
of electrical ploture algnal to ● n image of the ●ub$eot oopy in the reoord medium.

RSCORDINO(FAx). The pzvceaa of oonverti~ the ●lectrical si~l tO ● n xge on the
roCOti medlun.

-ItDIIW, D= (~X). ThAt type of recording in which e vlslble record IS produoed,
without aubaequent proceaaing, in reaponae to the awcelved el.@ala.

RECORDING, IUtC?FROCIIWTOAL (H). Recording by maana or a ohatlcal reaction brought
●bout by the peaeege of mignal-cont~llti c~nt th~~h the ●enalt%ged portion or the
lwoord sheet.

RJtOORmnCl, ~mc (mX). That type or electromachatioal raoord~ in uhioh the
mhemlcal change la mede Poao;ble by the presence of ● n ●lectswlyte.

~llm, ~NIcAL. (mX). Recording Dy maana of ● a~l-ectutad ~ehanioal deviee.

REooRmm, RsoTRosTATIc(FAX), Recording by maene of ●

.’Sleld.

=RWIW, ~L (MX). That type of reco~
Jlgnal-oontmll.d thexmal ●atlo~.
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RSCORDIW, = vA~o~ (Mx) . That type of recording in whloh Vbporizetl ink particles ●e
directly iiepoaltetlupon the record Bheet.

RECORDRK?, PHOTOSENSI- (FAX). Recording by the exposure of a photieenaitive eurfece
tQ a s@M1-contnlled light beam or @pot.

RBCORDXNO, SPOT (FAX). See SPOT, REOORDINO (FAX).

REDUCED OR SUPPRESSED CARRIER SI-ANDTRANSKISSION. See
REIXJCED OR SUPPRESSED cARRrm.

TMNSMHX310N, SI-AND, DOUBLE,

REDuNDANT CODE. See CODE, RXIXJNMNT.

REFERR/OE PREQUENCY. *e PREQUENCY, REFERENCE.

REFERENCS LEVEL, SINOLE41DEBAND EQUIPBENT. (Voice-Rwquenoy Input Power to ● Trenmittor,
One gideb~ Only). The power of one of two equel tonmm wh%eh together oauae the trane-
nrLtter to develop Ite full rated Power outPut.

REFERENCE POINT, ZERO TRANSMISSION LEVEL. See ZERO TRANSMISSIONUV’EL pOINT.

REFERENCE TRANSMISSION LEVEL POINT. See TRANSWSSION -.

REFLECTION COEFFICIENT. See COEFFICIENT, REFLWTZON.

REFLECTION LOSS.

e. That pert of e transition 10SE due to the reflection

b, The ratio in decibels of the power inCldt!nt upon the
between the power incident upon and the power MfkCt8d from

of power at the ~iscontlnulty.

dlaoontlnuity to the difference
the U18continulty.

The ratio in decibels between the incident and reflected wave. A meamure of lm-
peda;;e match.

RWENERATIW REPEATER. See RJYIZATER, REUENERATTVE.

RELATIVE TRANSMISSION LEVSL. See LEVEL, RELATIVE TRANSFUSION,

REMOTE CONTROL EQUTPMENT. See CONTROL BWIPMENT, ~.

REPEATER . A device which amplifiee or reahapee and/or retimeu an Input signal for further
retranamieeion. It meY be of either a one-way or two-way type.

REPEATER, BROADCAST. A repeater connecting several channels, one incoming and the othem
Outgoing.

RxPEATER, coNFERmJcE. A repeater connecting eeveral Clrculta which reoeivee telegraph
algnde from any one of the clrcuite and autometioally retranamlte them over all the others.

REPEATER, REGENERATTW. A repeater in which the eigmls retranamltted are remhaped and
retimed .

REPRODUCTION SPEED (FAX). See SPEED, REPRODUCTION

RESIDUAL ERROR RATS. See ERROR RATE, KESIDUAL.

RESTITUTION (DFJ40DULATION). Serlea of elgnificant
mode eccordlng to the producte of the domoduletlon

(FAX).

oondltione determined by the deolsiona
prooese. See aleo DFMODUIATION.

IummN Loss. See LOSS, RETURN,

RF BmvL’R. See BANWWTH, RF.

RItWXIWN SIGNALLXNO. See SIONALUNO, RINODOWN.
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RISE Tim, w== . TTS time required r’clrthe ine$en~ane:. ~ ●mDlltude to go from lq to ‘3@
of the peak vbiue.

ROTARY SMrTCH. See 5.TT’CR,WARY.

R’rA’. A shor*~.ar.:?=?e?ence to raalc-teletypenr”,ter.

SAMPLING FREQUENCY. 5se FREQUENCY, SAMPLING.

SCANNER (FAY). ‘I’l-a?~svt of the facalmlle transmitter which aymtewmtically tranelateo the
6ensltle8 of <he s .:;5:: copy into 81gnal-wave form.

SCANNING (FLX). “;”.<;?ccess of analyzinu succeaalvely the denaltlea OF tha ●ubject copY
eccor’dlnfztc +!e e:+-+-:? of a predetermined pattern.

SCANNING, PIRE-TIJ:: .T [FAX). At the transmitting ●pperstue, the plane (developed in the
case of a dru~. tm .:-L-:er) of the message surface is scanned along lines running fmm
right to ieft comr.e:::i:.3at the top eo that scanning commences at the top right-hand coxmsr
of the .vurfaceant :L:.:shes at the bottom left-hand Corner; this la equivalent to ecanning
over 8 rlgi)t-~)anci+:Lx on a drum. The Orientation of the meaaage on the ecanning plane
Rill depend upcn :‘: ::-.enaloneand la of no consequence.

NOTE : The !.3?-4s:::anning Is from left to right ●nd top CO bottom of the subject copy
as when reading a Fa.gt cf print. Reverse direction 1s from right to left ●nd top to bOt-
tor of’the sub.?ec; ::;:”. The IEEE, ANSI, and-W140Standerdb coneid4r the norml aati~
direction to be frc- L+Ct to right.

At ~h~ rece:.rl-.~?T?aratue scanning takes place f’romright to left and top to bottom
(in the above sense f:? “posit.lve”
the above sense) ror

reception and from left to right ●n8 top to bottom (ln
r.egative” reception.

NOTE : ThIl! is -.-: TWIT Standard florPhototelegraphic ●PParatum. (See SCANNINO (FAX)).

SCANNING, SIJW.’7RG:ZG~~ki (PAX). That method of scg!ming filch provides motion of the
scannlt-jgspot alor.< ‘:: scanning line by electronic meana.

SCANNING-LI~ FFW<;WiV. ‘FAX). See SPEED, STROKE (FAX).

SCANNING-LINE LENGTE 7.Q). See LENGTH, SCANNINO KXNE (FAX).

SCANNING, MULTIPLE=?:: ‘FAX). That method In which e.canningis carried on ●lDultSneouS~Y
by two or more scanr.::.~ spots, each one analyzing its fraction of the total soanned ●rea Of
the nub.lect CODY,

SCANNING, SIMFLE (FLY scanning of only one eoenning c+pot ●t ● time tiurlw the SO-1-
process.

SCANXCNG SPOT X X21MEl:SZ2::(PAX). See sIW, x M-ION OF SCANNING (FAX).

SCANNINO SPOT Y DI=~3Z3?J (FAX). See SPOT, Y DIMENSION OF SCANNTNO (FAX).

SCANNING SPOT (FAX). S+e SPOT, SCANNINO (FAX).

SELECllVS FADING. See FADX?Kl, .SEJJ?CFIVE.

SE3WITIVTTY, RADIO 5Z=E7ER. ‘l%eaenaltlvltyof 8 radio reoelver or ●lmhr dw:ee ia
taken as the mlnlmur. :-.?:t signal raqulred to produae ● ●peoifhd Output 8-1 ~viW ●

apeclfled signal-:?-:.::se ratio. This signal Input my be expreaaed ●. pouor in _ or ●a
voltage uv/m, with 1:.:-: network lmpedence atlpclated.

SERIAL TRANSMISSION. Sse TRAW3FUSSION, SER.IAL.

SERVICE BIT. See 51T, SZRVIGE.

3!?!’,CNARACTER. A ‘>ct?acter met” as used herein 1s ● baalc group of defined nunria,
alphabetic, pun,ctuatiy~.,~xlspecial-symbol characters of one etyla.
meani.rwful when SC:O?.ZI:.L

Z%e te- 1s most
ed by % qu~llfylng aeacriptor, rnr example: lhe ~phic

character set of USM”Z:Z.
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SEr , CODE . See ALPHABET, DIOITAL,

SHEl?T,RECORD (FAX). The medium which 1s ueed to Produae a visible lmege of the subject
copy In record form. The record medium ana the reoord sheet rmy be ldentlcal.

SHF . Super High Frequency, 3 to 30 13Hz.

SIDE, LINE. That portion of a device which looks toward the transmission path (line clr-
cult, loop, trunk).

SIDE, WCAL. !rhetportion of a device which lookn toward the internal utatlon facllltlea.

SIDEBANDS. The spectral energies &istrlbuted above and below a carrier =aultlng fmm a
modulated proce.en.

SID~AND TRAN~SSION. See TRANSPUSSION, SI=AND.

SIDEIWJE, TELEPHONE. The tranamlanlon and reproduction of aounda
through a local path from tranmmittlng tranxlucer to the racelvlng t~anmduoer of the aama
telephone set in order that the talker may haar hlo volae In the reoelver.

SIfJNAL, ANALOG. A nominally-contlnuouo electrical signal that varlea In aoma dlract
correlation to a algnal Impressed on a transducer. Tuneelectrloal algnal MY vazy Its fre-
quency or amplitude, for instance, In reaponoe to ohange in phenomena or oharacterlatloe suoh
as mound, light, heat, position, or pressure.

SIGNAL COhYt’RAST(FAX), See CONTRAST, SIGNAL (FAX).

SIGNAL CONVERTER. See CONVERTER, SIONAL.

SIGNAL, DIGITAL. A nominally-dlacontinuous electrical algnal that changem from one rotate
to another in discrete steps. The electrical signal could change ltB amplitude or polarity,
fm lnstanc.qA.zn~e.appn.set~.output8 Dom.computars. Eeletmewriterag etc. .Mlo& alf5nala
may be converted to a &iglt&l form by quantizing.

SIGNAL ELEMENT. See ELEMENT, SIGNAL.

SIGNAL, FACSIMILE (PICTURE S?GNAL). A algnal resulting from the aoannlng prooeae.

SIONAL FREQUENCY (FAX). See FREQUENCY SHIFT, SIONAL (FAX).

SIONAL LEVEL, FACSIMILE. The maximum facalmile signal power or voltage (rma or dc) meaeured
at any point In a facsimile system.

NOTE : Trm signal level may be exprassed in decibels with respect to some standard value
such as 1 ::.:lliwatt.

SIGNAL-PLUS-NOISE TO NOISE RATIO. See NOISE RATIO, SIONAL-PLUS-NOISE TO.

SIONAL, QUASI-ANALOG. A qua8i-analog signal 18 a dlgltbl signal after converalon to a
form suitable for tranamlsslor over a specified analog chanrel. me epaclfioatlon of an
analog channel would Include frequency range, frequency bandwidth, S/N ratio,●nd envelope
delay distortion. When this form of aignalling la uaeti to convey meeaage traftlc over
alaleo-up telephone syetema, it la often Peferrad to aa voice-data.

SIGNAL, STANDARD TEST. A test signal of 1000 Hz ~ 25 Hz. when inserted Mto - audio cir-
cuit at a Zero Transmission Level Point (QTLp)~ it must have a poper Ieuel of 1 milliwatt
(O dSm). Uhen inserteclat other TLP’z in 8 clrcult lta power level must be varied accordingly.

NW1’E: The Standard Teat Signal In CCITT reco-ndat%ons ia ~ HZ.

SIONAL, START (FAX). A signal which lnltlatea the tranafer of a facmlmile equipment con-
altlon from standby to active.

SIGNAL, START RECORD (FAX). A signal used for starting the prooess of convertinil the elec-
trical Slgml to an Image on the record eh.eet.
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SIOIUL, STOP (FAX). A slgnsl ueed f~r stopping the procom~ G? convertingthe electrlcnl
●i~l to an image on the recore sheet.

SIONAL, mcNRoNrzrNo (lw ) . Maintenance of prodctcmnined speed relatione between the
●oamlrg repot●id recording spot wlth~n ●mh ●oannlns line.

SIONAL TRANSITXGN. See TRANSITION, SIGNAL.

SIGNAL, VOICE-DATA . See STONAL, QUASI-ANALOG.

STONALLIUO, COM40N BAITERY. A method of actuating 4 line or supervfaozy algnal ●t the
tilatent end of a telephone line by the eloaure of ● &c clroult.

SIONALTJNG, CX. Composite signalllng (CX) Is ● slgnalllng arranffeuentto provide means for
direot curvent and dial pulelng beyond the range of loop ulgnalling methode. U, llke IX
8Lgnalli~permite duplex operation in that It provlden almultaneoua two-way eI~lllnR.

SIONALIJNG, ~. DX eigna~l~ (a direct-current signaling unit) 10 a method whereby the
slgnalllnfg clroult SAM Iaede uae the smee oable pair aB the voice Circuit ●@ no filter
18 requiracl to aeparete the signaling frequenoy from the voice tranemismlon.

SIONALUNO, EM LEAD. An ●rrangement whe~eby coemnunication between a trunk Clrouit ●nd ●

separtte elgnalling unit is ●caompliahed over two leads; the “E” lea~which z%ceivea open
or ground eIigmals from the slgmalling unit, and the “M” he~u hioh trena?Jito~-ttery or
ground aignele to the sigrialllng equi~nta. (Historzcall
beins vaoant or available pine on connector then in use.r’

the nlk14I-ds got their nemae by

SIONAIJJNO, FREQUENCY CHANGE. A algnalling method In which one or more partiauler fre-
quencies correaponda to each desired ●ignelling condition of ● oode. ‘lhetmnaition rrom one
eet of frequencies to the other &my be either ● oontinuou~ or a Ulncontinuoue change in
frequenay or in pheee.

SIONALLINCJ, PRSQUEN(TYEXCNANOE (TNO-SOURCS FREQU15K?Y ~NG). A f’FeQUenCy~ S~
method in which the change from one oignalllng con8ition to another is ●oooupaniad by deoay
in ●plitude of one or more frequencies and by buildup in ●mplitude of one or ~re other
frequencies.

SIONALLINO, FREQUENCY -. See KEYING, FREQUENCY SNIFT. —-

SI13NALLING, INBAND. Signaling which utilizeo flwquenclen within the voloa or intalliganoe
band of a channel.

SIONALLINO, OUT-OF-BAND. 31gna11ins whioh utilisee fraquenoiee within the Cum@ m ~-
tween ohmnels or bits other than info~tion bits in ● dLgItJIluy,etem.This term lo ●lao
ueed to lndicete the uae of A portion Of the ohennel b~width providedby the m@di~,muoh
●a the carrier channel, but clenletito the speech or intelligence path by filte~. It
results in a.reduction of the effective available bandwiflth.

SIONALLIFJG,~ BINASY BIT STREAM (1~ TI~NO ). A method of ~unloation
that employs b:t intoneittenttranamimaion or aigtialaon a unit interval beais without
regard to the premenoe or ●bsenoe of code or e@habet.

SIONALLDNJ, RINOM. llte●pplioatlon of elgnal to the line for the purpose of briwna
in a line Bignal or eupervlmory .l~l ●t ● mtltohboerd or fic@ng ● uaar~s i.natrURrIt.
(Hietoriotlly, thla was & low-frequency signal or about W Ez from the ueer on the line for
aalllng the operator or for dlsoonnect. )

SIONALLING, 9114PMX (9X). Simple% (SX) signall~ requiree the uee of two oonduato~ for
● oingle chmnel, a center tappad coil or ita ●quivalent Ie bel~ uned ●t both endn for thie p*-
poee. The ●rrangementUy be ● one-way ●%~llins ●cheme suitable ror Intra-offioeuse, or
the ●lmplex legs may be oonneotad to (fIAll aupLe.x •ignelli~ Circuitm whioh then fUnOtlOn
like CX ●iggalllngwith XM lead oontrol.

SIONI?ICAM’ 00KDITION OF A MODULATION. See MGX%JLATXON,SIOUIFIU COMDI’ROUW.

SIONIFICM INSTti. See INSTANTS, SIGNIFICANT.
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SIGNIFICAIW INTTRVAL. See INTERVAL, SIGI’iIFICANT.

SIMPLE SCANNING (FAX). See SCANNING, SIMPIX (FAX).

SIMPLEX CIROUIT. See CIROUIT, SIMPLEX.

SIMPI&X WSRATION. ,See OPERATION, SIMPIEX.

SIMPLEK SIGNALLINQ (SX ). See SIONALLING,SIMP= (SX).

SI?4P~ CIRCUIT. See CIRCUIT, SIM~.

SINQING MAROIN. See MARGIN, SINUNO.

SINQLE—CUrmNT TRANSMISSION. See TJWWUSSION, sIN~~-~.

SINOLE-HARNO?JICDISTORTION. See DISTORTION, SINOL.E-HARNONIC.

SINGLE-SIDEBANDEQUTPMENT REFERENCE LEVEL. See LEVEL, SINGLE-SIDEBANDEQUIPMSNT REFERENCE.

SINGLE-SIDEBANDTRANSMISSION. See TRANSMISSION, SIDESAND.

SINK, COMMUNICATION . A device which receive8 Information, OOntrOl, OP other Slgnala froma
communication source(s) .

SINK, DATA. Tne equipment which acaepts data signals after tranamlaoion.

SIOIU (FAX). The deviation of the recelveti frame from rectangularity tiueto ●aynohronism
between scanner and recorder. Skew la expressed numerically aa the tangant of the ●ngle of
thla devlatlon.

SOUND-POWRED TELEPHONE, See TELEFIIONE, SOUND-POWERED.

SOURCE, COMMUNICATION. A ~evlce which generatea Information, control, or other aignale
destined for a communication sink(s).

SOGROE, DATA. The equipment which Supplies data signals to be tranamltted.

SPACE DIVERSITY. See DTVERSITX, SPACE.

SPACE DIVERSITY RECEPI’ION. That form or dlverslty reception
which utlllzea receiving ni,tennau placed in different locations. See DIVERISTY.

SPACE-DMSION SWTTCH, See SNITCH, SPACE-DIVISION.

SPAC!INO PUL9E. See RLSE, SPACING (TTY).

SPECTRUM DESIGNATION OF FREJWENCY, See FF.EQUENCY,SPECTRUN DESIGNATION OP.

SPEEOH-PLUS-DUPLEX OPERATION. See OPERATION, SPEECH-PLUS-DUPLEX.

SPSED, DRUNJ (FAX). The angular apeet)of the tranamltter or zwoorder drum.

NW1’E: This epeed 18 xoeaaure~ In revolutions per minute.

SPZED, RJIPRODUCTION (FAX). The area of copy recorded per unit time.

mm, sm (Fdx). me speed of the sca!?nlng or recording spot wlthln the available llne.

NOTE : ‘l%lsIs generally meaeured on the subject ccpy or on the Pecord eheet.

.

PEED, STROXE (FAx). (SCANNINO OR RECORDING LINE FREQU’ENOY).The number of tlmea per
Inute, unless otherwise etated, that a fixed line perpendicular to the rllrection of
.cannlng la creased In one direction by a scanning or reoordlng spot.
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NO’f5: ]0 mCJ6tC JKIV~T1f.12rlal “.CJr. +ni L’.. sys~.’~.~ tk,:s : s e:ju:.~alenttc drum speed. In
qysternslr,w:’cE th: })’cture -.~s!:a~ s ‘usedwhile scannmb in boLn directims, the stroke
speed is t,w!ce:!K CirunSpeeti

SPOT, RECORPED ;FAX :. T)!tImage ?r ‘~.erecording SPOZ on the record siheet

SPOT, RECORDING (FAX). The image are6 formed a+ the retort medium by the Yacslmlle recorder.

SPOT, SCANNING (FAX). T~,@area Cr :?e subject copy viewed Ijmt..sntaneoualyby the pickup
.9Wt,emof t~Icscanner.

SPOT sPEED (FAX). See SPEED, S;x fFAY).

SPOT, X 17TMENSZONOF RECORDED (FAZ), The elYectlve recorded spot dlm+mmlon measured In
the dlrectlon of the ~ecorded line.

NOTE: 1. By e~fective tilmenslon Is meant the largent center-to-center spacing between
recorded spots which gives r.inl-,x Fesk-: o-peak verlzzion uf flensltvo? the recorded llne.

2. Title!term applies to that type of equipment which reaponilnto a constant
density ~n the subject COPY by a succession of discrete recorded apote.

SFOT, X DrMENSION OF SCANNING (FAX). The effective scanning epot dlmena.lonmeaeured in the
direction of the scanning llne x the stibJectCOPY.

NOTE : The numerical value of ;kls wil’1depend upor! the type of aye.temUeed.

SPOT, Y ITKEN31ON OF RECORDEE (FAX). The effective ~ecordeC spot dlmenalon measured
perpendicularly to the recorded line.

l~CITF: By effective cllmf?nslo~Is meant the largest center-to-center spacing between
recorded lines wtiich,Rives mln$=un. peak-to-peak varlatlon of density across the recorded
lines.

SPOT,Y I?IMEN21ON Or SCANNING (FA:i’J.The effective scanning spot dlmennlon meaaured per-
pendlcularly to the scanning llne on the subject copy.

NOTE: The numerical VBIUC of ;kis w511 oepend upon the type of

STAGGER (FAx). Perlodlc error in the position 01”the recorded spot

STANDARD TEST SIGNAL.. See SiGNAL, ZTAXULRD TEST.

STANDARD TEST TONE. See TONE, ST’ANi?A?mTEST.

STANDARDS(S) , See STANDARDS, SYSTEM,

STANDARDS, SYSTEM.

a. The mlnlmum required electrical performance characteristics
cults which are based on rneasll:’-dperformance of developed circuits
operating cond$tlon$! fo- whlch the clrcults were designed.

system used.

along the recorded llne.

of oomunications cir-
under the varioua

b. The :.peclfled Characteris:lca not Ulcttited by electrical perforamnce requirements
but necessary in order to permlr ;nte~operatlon. (For example, the valuea for center fre-
quencies for telegraph channels, teat tone, etc.) See also OB.JECTIWE,DESTON.

STANDING WAVE RATIO (SWR). tl%e ratio of the amplitude of a stantllngwave at an entlnode
to the amplitude at a node.

NOTE: The atandlng wave ra?lo In a uniform tranar.isalon llne 1s:

l+Rc
~

Where Rc Is the reflection coeflficlent.
REFLECTION LOSS.

See COEFFICIENT OF REFLECTION, alao
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START RECORD SIGNAL (FAX). See SIGNAL, START RECORD (FAX).

START SIGNAL (FAx), See SIONAL, START (FAx).

START-STOP TTY DISTORTION. See DISTORTION, START-STOP TTY.

STOP RECORD SIf3NAL (FAx), See SICtNAL,STOP RECORD (FAX).

STOP SIGNAL (FAX). See SIGNAL, STOP (FAX).

STORAOE-AND-FORWA~ SWTTCHING CENTER, A meaaage ewltchlng center In which the measnge 18
accepted from the sender whenever he offers it, held In a physioal ntorage ●nd forwarded
to the receiver in aoomdance with the PriorIt!?P18Q4 Upon the ma-se by the lnltl*tOF
(sender) . See SWITCHING, MESSAGE.

STORE-AND-R3RWARE. See SWITCHING, MESSAGE.

STROKE mm (FAX). See sPED, sTRoxE (FAx).

SLT9CARRIER. A carrier which 1.9applied a~ modulation on another cnrrier, or on an lnter-
r.edlate eubcarrier See also CARRIER.

SUBJECT COPY (FAX). See COPY, SUBJECT (FAX).

SUBSCRIBER LINE. A telephone line between-a central office and a
telephone atatlon, private branch exchange,cw other end equipment.

SUDDEN IONOSPHERICDISTtJFtBANCE(sID). An occasional sudden outburst Of ult~vlolet light
on the e.un(solar flare) which procluces abnormally high Ionlzetlon c!en81tle8 in the D region.
!ft,lsreaulta In a sudden Increase In radio-wave abaorptlon, which la moat eevere in the
upPer MP and lower RF frequencies.

SUPERGROUP. See WIDE3AND SYSTEM.

SUPERVISORY SIGNALS. Signals u8ed to indicate the various operating states of CIPCUita
o]%clrcult combinations.

SUPPRESSED CARRIER TRANSMISSION, See TRANSMISSION,SUPPRESSED CARRZER.

SKITCHING CENTER. See CENTER, .SWTCHINO.

Sh’TTCHING, CIRCUTT. The term applied to the method of handling tra~fic through a ewltchlng
center, either from local ue.ers or from other switching center8, whereby a dietant elec-
trical connection ia eBtabllsheclbetween the calling and called stationa.

SWITCHING, CROSSBAR. A switch connistlng of rectangular fleld8, or nmtricea, of contaot
springs operated in coordination by vertical and horizontal @elector bara.

SWITCNINO, MESSAGE. The term applied to any indirect OF store-and-fo~ard (Sri) t~rfic
through a ewitching center, either rrornlocal ueere o> from other ewitching centere.
;<essage switching, or store-and-forward, la the technique whereby nmeagee are transmitted
link by link through the communication network of switching centem.

SWTTCNTNG, ROTARY. A switching system whereby the aeleoting mechaniem con8i8ta of a rotating
element utilizing several groups of wipers, bruahee,and contacts..

SWITCHING, SPACE-DInSION. A switch whereby single-transmission-p.ath routing determination
1s accomplished utillzlng a phyalcally-separated set of matrix Contacta.

SYNCHRONIZING (FAX). ‘l%emaintenance of predetermined epeed relationa between the scanning
spot and the ~ecortllng epot wlthln each acannlng line.

SYNCHRONIZING PILOT. A referenoe pilot for the purpose either of maintaining the aycnFonl-
zatlon of the oocillmtors of iicarrier ayntem or or comparing, when Oemired, the fraquenciee
{and poaeibly the phases) ol’the currents generated by those oaclllatome.
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SYNCHRONIZING SIGNAL (FAX). See SIG;AL, SY!’’WRONIZIIJS(FAX).

SYNCHRONOUS . see SYS~N, SYNCHROX05S aid TRANSMISSTON, SYNCHRONOUS.

SYNCHRONOUS SYSTEM. SPe SYSTEM, SYN~%39KOU3.

SYNCHRONOUS TRANSMISSION. See TRANS!TSSION, SYNCHRONOUS.

SYSTEM, ARC). See SYSTEM, ERROR-DETZC’INS AND FEED5ACK.

SYSTEM, DUPLEX. See CIRCUIT, DUPLEX.

SYSTEM, ERROR-CORRECTING. A sy3tem employlng an error-correcting code and so amnised
that some or all slgnalo detected as ?eing in error are autonmtlcally corrected at the
receiving terminal before dellvery tc ‘he data alnk or to the telegraph receiver.

SYSTEM, ERROR-DETECITNG. A aysten erg?oying an error-detecting code and ao arranged that
any signal detected as being lr,error :s:

a. Deleted from the data dellvere5 to the date sink, in come caaee with an
lndlcatlon that such deletlon has taken Place,or,

b. Delivered to the data alnk >c~etner with an Lndlcatlon that it bee been detected
as being in error.

sYsTm ERROR-DETECTING Am -~AcK (DEc1510N FEEDBACK mm, REQmT REmT swrm, ARQ
m mm) . A syr3tememploylng an error-~etectlng code and ao arranged Chat a algnal detectad
a: belnF i??errar automatically iniclatea a request for retransmission of the sl&nal Oe-
tected a8 being In error.

s};TEp.,NEUTRAL pTRECT-cu~rT ~~5RApE (SINGLE-~.wT sys~, S~GLE wwE ~S~).
,..!t,~-:,:il! .,.,.‘CI employinc current i:YlrIF,marking in;ervalB and zero current during

sidclrlfj;r[terv.1. for LI’a9STii9S10[,0: 5&na18 over the line.

SYSTEM, POLAR DIRECT-CURRENT TELEGRAPH. A telegraph s::stem~ploylng posltlve and
n.~jwtive currents for transmission or Signals over the line.

sySTEN, Synchronous. A system in which the een~lng and receiving Instrument are OperatinS
contlnuougl~ at substantially the same frequency and ape malnth:!ied, by means of Oorrectlon
If’nece9sar> , 1~ a dealred phase reia:ionship.

sy~TEX STANDARDS, See STANDARDS, SYSTZ!;.

TAILINc (HANGOmp.? (FAX). The excess:<~e prolongation of the decay of the eignal.

TALIQIR,MEAN-VOLUME, The mean-volume zalker la one who represent8 the mean voluae of a
FTOUP of talkers meaaured at a given lccatlon. The me.en 1s the value in an ordered met of
values below and above which there are en equal namber cf values.

TALKER, MEDIUN-POUER. The medium-power “Allcerol’a log-normal distrlbut.lon 18 one who re-
present. that vtilueof talker volume khlsk lies at the medium power of all talkern deter-
mining the volume dlstrlbutlon at the pclnt of lntereaz. When the dletrlbution followo m
log-normal curve (values expressed in 0), the mean and stin&rd deviation oah be uaetl*
compute the medium-power talker. The ielker-volume dlszrlbutlon follows a log-normal curve
and tilemedium-power talker Is unique::. determined by zhe averege talker volwne and the aten-
dard devlatlon 3? given in the ~ollow!-~ equation:

v a~r =Vo+ 0.1152 : w

n

.-

Where To is ‘he average of the talker-volume dlatrlkutlon, ~a vgr ie the volume oor-
respondlng to the average-power talker exprea8ed In W ayd o
the dlstl,lhutlon.

1P t e standard devlatlon of
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TALXXR-VOLWE DImx~I~NY “- ~~R OF~E. Zlae mean power of the talker-volumadis-
tribution la the nean-power-ttiker volume lees a conversion factor to convert from VU to
dBm.

NCYITC: The factor 10 :Oken m 3.9 dB by some ●uthorities and 1.4 dB by othere. This
standard uses 2.9 dB as the convere.lon factor. Tne conversion factor is intended for uae
by demlgnara of ay6teme, euboy8tema, and equlpmentn. Operating pereonnel ehould noL
attempt to convert rrom W to d.Em. No simple relationahlp exists ?Or converting from W
to dEau. A conversion frem W to dBm 1s a flmction of (1) the type of 0:
a VU meter (speech, sine wave, or white Gauasian noise), (2) the bandwid $%~ze%a~~y
~~)d~v~ture of the 6tatlstics from which the mean power of the talker-volume distribution

A W meter is lnterxled for meaaurlng only epeech.

TAPE ~Y. A system of retransmitting teleprinter traffic from one channel to enother in
which meaaagea arriving on ●n Inaomlng channel ●re recorded in the form of perforated tape,
thi8 tape then being either fed directly and ●utorntloally into an outgoing ahannel or
transferred to a po~itlon with ●n automatic transadttar on an outgoing Ohannel.

WOOMUUNICATIONS. ArIytrarmmiaalon, emiaoion,or reception uf eigrm, Signala, !trlti~e,
images ●nd eounda or information of any nature by wire, radio, vlwal,or some other electro-
magnetic meane.

TELEORAPH, TWO-TONE. See KEYTNG, TWO-TONE,

TELEGRAPH 00M4UNICATION EPFIOTENCY. See EFFICIENCY, TZLWtRAPN COIWGNICATION.

TELEPNONE, ELJ3CYHUtCALLY-POWERED.A telephone in which the operating power is obtained
either from batterlea located at the telephone (local battery) or from a telephone oentral
office (cormnonbattery).

TELEPNONE SIDETONE. See SIDEZ’0N2, TELEPNONE.

TELEPHONE, SOUND-POWERED. A telephone In which the operating power %8 derlvetl from the
speech Input only.

. .
L TELETYPEWRITERSIGNAL DISTORTION. See DISTORTION, START-STOP’TFY.

TERNINAL, DATA. Euulpment employed at the end of ● tranamleeion circuit for the trenemlealon
and reoeption of data. It nmy inalude end inatrumenta or aignel converter or both.

TERKtNAL IMPEDANCE, See IMPEDANCE, TERIJUNAL.

TERMINALS, MULTIPLEX BA=ND RECEIVE. The point in the ba6eband circuit nearest the mmlti-
plex equipment fTOm which connection:8 normally made to the radio banebana receive termlnala
or intermediate facility.

TERMINALS, NULTIPLEX BAS~AND SEND. The point In the baseband circuit nearest the multiplex
equipment from which connection Is normally mede to the radio baeeband aen~ termlnale or
intermediate facility.

TERNINAU, RADIO BAS=AITD RMETVE. The point in the baeeband circuit neareat the radio
receiver from whioh connection in normally mode to the multiplex baaeband reoelve termi-la
or intermediate facillty.

TEXMINAL9, RADIO BASEBAND SEND. The Point ln-
7’

e baeeband clrault neareet the rad%o tranrn-
mitter from which comeotion. la normally mada o the multlDlex baaeband @end terminal or
Intermediate Saoillty.

TNZ. THz. TeraRertz. iO to power of 12, hertz.

TIME-DIVISIONNULTIPLEX (TDN) See NUL’TI-, TIMS DIV1910N

TIME, FALL. See DECAY TIME, PWiE.

TZPE OUARDBAND. See BAND, TIME OUARD.

!ml) .
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TOLL SWITCHI!:: THU7JK. A trunk connecting ed offjce :; co a Toll Center ●s the flrat stage
Of concentra?!z= fcr lntertoll traffic. Opxator a*-’.=-stanoe ‘w ptirt~clpatlon umy be an
optional funct:3n. In US conrnon ca~rler telephor.y S+FJICP,

a. A Tc~~ Tenter dealgnated “Clas8 4C” la an a~~::e whel+ aeolstance In completing in-
coming calls :s ?rc,vlded In addition tc,other traff’t:

b, A To:. :enter designated “Clas8 4P” 18 ar O-f:z
bound calls,

e where operatore handle only out-
?? \;hereewltching 18 performed wlthou- :>ePatOr aa.slatance.

TONE, STANDA:: ::ST. A test tone with a frequency :: :300 Hz *25 Hz (1020 Hz ’preferred for
PCM) lnsertea .r:~ a:;audio circuit at s OTI,Pwith. a ; ‘wer level of -20 dBm (-1O dB@).
When lnsertec z. :ther TLP’s in 2,circuit Its power l+-”elmust b- adjusted accordingly. (See
also SIGNAL, ST...:XRDTEST. )

TORN TAPE RELA___. A tape relay syutem In which the per?oreted tape la rrmnually transferred
by an operator ‘> the appropriate out~olng transmit?+? posltlon.

TOTAL NARMOII1! :=STOR’fION. See DISTORTION, TOTAL HA.=YC!:IC.

TRANSFER, INFC’” :-TON, (USER) The ~lnal result of & 52ta transmlsalon from a data source
to a data slr,~’. ?e Informetlop tran3fer rate nay c; ‘2y not be equal to the tran81nloalon
modulation ra”“

TRANSITION, .3=:::A2. The change from one slgnalllng c::.c:tlon to another; for exam&i&e
change furor,I-J: TO apace or from space to mark. Set E:so PUI.SZ,MARIUNG,TE.LETY

TRANSLATION, 6.I?:{AEET, That process whereby the mear.l-.gin a particular bit structure in
a particular c~te Is conveyed :0 one or more dlfferer.- ~lphabets in the game or different
code.

TRANSMISSION, A2”i::CHRONOUS. A tranamisslon process z..:-that between any two significant
tngtants In tte 32-e grodp (In data tran8mls810n tku soup 18 a blook or a character, In
telegram?:; this :roup ts a character) there IS always ::
Betweer. two s:?:.:f~cani

integral number of unit intervals.
instants located In dif?erefi: SYoups :here is not alwaya an in-

tegral number c“ -r.1~Intervals, See PLJ2SIOC!HRONOUS,Z:SD ISOCNRONOUS.

TRANSMISSION, EIZE?.14ARY. A me:hod of digital t-armm::!: ~n in which two binary pulse trainn
are combined fo~ :ranamlsslon over a system IIIwhlc~ ::e available bandwidth la only auf-
flclent for tra~z-.:sslo> or one of the two pulse tra:~.:when In binary form. The blternary
Bii-nal !s uF,Ir +C ?Porr tw~ svnchroncus binary slgraa:: ~peratlng st the same bit rate.
The two blnar; :2=F.a18are adjusted in tin to have a ??:atlve time 61fferenCe of one-half
the binar> lr.’+:~1 and are combined by linear additl:- :0 f’orma biternary signal. E6c h
blternary StF~.E-.element can aasume any one of three ~:~slble stateo; i.e., +1, O, or -1.
Each blternar: s:;rLalllng element contalrrslnformatlcr. :: the state of the two binary
signalllng {1- : ‘s as defined In the following trutt :a:le:

pl~ z.-zRNARY
.-—

c 3 .:
01 0
10 0
1 1 -1

The method of aci:~:cm of B1 ●nd B2 ●s demcrlbed above
to ohange from -: :Z +1 or +1 to

<?.8 not permit the blternary signal
-1 without an lnterme<:ate biternary ai~l of O. Sinoe

there 18 half a .~.:tinterval time dirferenoe betweefi ‘}= binary Olgnale B1 and B2 only one
of them can chs..z=::s state during the bicernary unl- :::ervaL. 2%1s -ken It possible
in the decod~r.g ;?>cess to asrcertaln the state of the “::._&ry6ignal that hae not changed Ita
state and thus e’:lt ambiguity in decoding a blternar; :Lgnal of O.

,

TRANSMISSION, ZI:.-? FACSIMXLE. In an amplltude-modula: -sn eystein, that form or tranemiaalon
in which the ntu:---- tranamltted power corresponds tj :-~ maxinum density of the subject
copy In a fre- =-‘:.-modulationsystem,~- . that form of ..r~nemissionin which the lowest tran8-
mltted frequer,c- .ZT?dsponds to the max~mum density o: ::.esubject copy.
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TRANSMISSION, DOUBLE-CURRZNT (POLARDIRECT-CL~ENT SYSTIBi).A form of binary telegraph
transmissionIn which ponltive an6 negative direct currentrn denote the significant con-
dltiona.

TRANSMISSION LEV2L. The tranmlsalon level (TL) of anY point In a tranemlm8ion 8yaternla
iierlnedae the power (ln cLW) that shoul~ be measured at that point when Standard
Te6t Signal (O dBm, 1000 Hz) 1s trannmltted at some point choeen as a reference point. mull ,
& point where a reading of -16 d~ 16 expected would be a “-16 TL point”, eometimes ab-
breviated “-16 TLP”. The trensmiat310n level of a point la a function of 8y8tem ~ealgn ana l-v
a meaaure of the deoign (or nominal) gain et 1000 Hz of the system between the cboaen raference
point (known KS the Zero TransmiBelon Levei Poinz or Zero TLP) and the test point In ques-
tion. Absolute mea8urementa of the power of test signals at any point are ln-
Yluenced by the expected level as well as by any devlatlona of the ayetem from itB desired
gain. Since field meeaurementa are usually made either to check that the nystem la operating
properly or to adjust the syete~ to ita design valuea, it la convenient to ellmlnate the
fixed effect that the Transmission Level of the teat point haa on meaaurementa. This has
led to the practice of’‘referring readings to Zero Tzvmsmiaaion Level” using the for~la:

Measurement referred to Actual Relative Trensmiaslon
Zero Tranamiaslon Level .= Measurement -

(in dBmO)
Level of the Teat Point

(in dBm) (TL)

A measurement expressed In dBmO,therefore, ls influenced only by departure of the system
from its design value, For example, If a power of -15 dBm 18 measured at a -16 TLP, then
thi8 WOUIU be expressed as +1 dEmO, indicating that for some reason the system has 1 dB
excess gain.

+1 = -15 - (-16)

It is orten desirable to Introddce a te8t tone Into a ayetem at other than the Zero Trans-
mlaslon Reference Level Point. In this case It Is usual practice to introduce the test tone
at the tranamisslon level of the test point. For example, If the test pofnt Ie at -16 TL,
then the test tone power should be -16 cTBm. Note that In thfs caoe the -16 dBm test tone
Is actually O dBmO at the point where It la introduced. In uimilar manner, noise measure-
ments may also be “referred to Zero Transmiaslon Level Point” to permit measurement made
at different test Points to be readily compared. For example, a noise power meaaured at
35 dBrnc at a +7 TLP maY be exm’eased aa 35 - (+7) = 26 dBrncO. See NOISE, KEASUTUMENT
UNIT . The term “dBr” is often used Ln Inte?natlonal practice,
aa “TLP”.

having the same meaning
For example, a +7 TLP would be deecribed ●s a “+7 ~r DOlnt”.

TRAKSM’ISSION ?.0SS. In communication, transntlsslon lees (frequently abbreviated leas) la a
general term used to denote a decreaee in Dower tranmmineion from one point to another.
TranamiaBion leas is usually expressed in rleclbela,

TRANSMISSION, PARALLEL. The slmultaneoua transmission of a certain number or signal elements.

Example A: Use of a code according to which each si@mal element is cha~aoterlzedby a
comblnetlon of’3 out of 12 rrequenciea simultaneously tranamitteclover the channel.

=ammle B: Use of a eeparate wire or circuit for each si~l ele~nt of a oharecter
or word so that the signal elemente of a character or word ara simulteneoualy trenamitted.

TRANSMISSION, SERIAL (SEQUENTIAL TRANSMISSION). ‘rranemioslon at auooeeslvelntervalo of
signal elements constituting a data or telegraph signal.

NOTE: The sequential elemente maY be transmitted with or without interruption, pro-
vided that they are not transmitted simultaneously,

TRANSMISSION, SIDQAND. When a carrier frequency 16 modulated by a modulating signal, the tuo
bands of frequencies produced ere on either aide of the carrier frequency, Incluae components
#hose frequencies are, reapectlvely, the sum or dlfferenoe of the oarrier ●nd the !sodu-
latlng Trequenclea, me sum frequencies form the “upper niaeb~d” and the difference fre-
quencies form the “lower slcieband”. Several forma of aiaebend tranmalealon are ~efined.

\
-.

TRANSKKSSION, SXD~AND, COMPATIBLE. T%at method of trenemimsion in whloh the oamler is
deliberately reinserted at a lower level after lta noruml suppreaaionto permit reoeption
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by ~onve~~~~~ a~pi~-.iv mocJul..9t>on-recelver8, TM8 method Lf c.run9m19e.lcmis often
referred tc ?s Co-.p~z:ble SSB or Amplitude Modulation Equlvele:,t (AME). The normal method
Uf transmitting us~.;~tible SSP or AME 1,stne carrier plus upper-sideband.

TRANSMISSI:::, SICZ3::2, 20UBLE. In double-sideband tranamlasion both the upper and lower
eldebands and the ?e?rier are transmitted without reduction or auppreasion. (This is con-
ventional amplituoe modulation (AM).)

TRANSMISSION, SIDEE.4!JD,DOUBLE, REDUCED OR SUPPRESSED CARRIER. That method Of Cmuni-tion
in which frequeri::es produced by the process of amplltude modulation are Eynenetrically
spaced both abo”.rez:.$below the carrier. The carrier level la auppre8aed to a value of at
leaat 45 cLBbelow =:5 level of the transmitted sidebands.

TRANSMISSION , SID-2E::JD,INDEPENDENT. In Independent-%ideband transmia8ion the modulation
producte in the +;cr and lower sidebandg are not releted tc.each other but represent two
or more eeparate se;: of modulating aignels, lme carrier frequency may be either greatly
reduced or auppresseti,

TRANSMISSION, SID=-:.:ID,SINGLE, in elngle-sideband tren8ml$sion only one of the eldebanda
is trenemltted. T?.eother sideband ie suppressed to the maximum extent possible. ‘he
carrier may be trar::-.i:tedfully, reduced, or $uppreseed.

TRANSMISSION, SIN51E- CUltRINT (NEVTRAL DIRECT-CURRENT SYSTEM). A fo?m of telegraph
transmission effected by meana of unidirectional current8.

TRANSMISSION, SUPPRESSED OR REDUCED CARRXER. That method of communication in which
the terrier freqaer.:y 19 Suppressed either partially or to the maximum degree posalble.
One or botk Gf the CLdebands may be tranam:tted.

TRANSMISSION, SY11C<7.WOUS. A trenam19810n process such that between ony two
slgnlJlcant Ir,stbn::In the overall stream, there la always an integral number of unit
intervals.

TRPNSM12SION, “TESUI:IAL SIDEBAND. That method of’connnunicatlon in which frequencleo of
one sldebano, :he :&rrier, end only a portion of the other sideband ere tranBmltted.

TRANSMISSION, dHITE (FAX). In an amplltude-modulationeystem, thet fO~ Of tX’SnaMla810n
in which the meximur trenamitted power corresponds to the minimum density of the subject
copy . In k frequency-modulation system, that form Of tranamisaign In which the lowest
trengmltted frec~ency corre8pond8 to the minimum dennity of the subject copy.

TRANSMITTER, FACSIMILE. That apparatua employed to translate the sub$ect copy into
aignala eultable fcr dellvery to the cofrsnunicetioneye$em. See FACSIMSLS.

TRANSMITTED PG.~EfiCUTPUT RATING.

Whenever tt,epower or a radio tranamlttur, etc., L8 rererred to, it Ohall be
expr~~sed in one o!’ ‘,hefOllOWlng fOX’mS.:

(1) Nak envelope power (pep), eometimea eblmevtated (pp).

(2) Mean power(~).

&r differmt elaases of emlamion, the relationahipa between peak OnwlOPe
pow~j meEn power, bnd terrier power are tiefuea ● a $glZim8:

‘(1) Pe8k envelope power or D ‘blo tmansdttir: The pwwer supplied @ *
antenna trensmiaslon Xtie by a tren~itter d~~ me ~d$o.fieq~cy cycle 8t the
higheet cre$? of th~ modulation envelope, taken under condit%nnmof nonaal operation.
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(2) Mean vower of a radio transmitter: The power suppllea to the antenna trans-
mlaslon line by a transmitter during normal operation, averaged over a time oufficls!ntly
long compare6 with the period of the lowest frequency encountered in the modulation. A
time of one-tenth second during which the mean Power 18 Uxwtist will be selected normally.

(3) Carrier power of a radio transmitter: The average power supplied to the
antenne tranamlaslon llne by a tranmnltter during one radio-frequencycycle under corw)ltlone
of no modulation. Thla definition doee not apply to pulse-modulateQ emiaalona.

(4) Effective radiated power: The power suPDlied to the antenna multiplied by the
relative gain OF the antema in a given direction.

TRANSMT’lTINOCONVERTER, FACSIMILE. See CONVERTER, TRANSMI~INO FACSIKILE.

TRdNsmRTATIoN (DATA OR ITELEORAn TFiAN9~s10N). A transmiaalondefect In which, during one
character period, one or more algnal elmenZS are changed from one alplfic?ant conaltlon to
the other, and an equal number of elements are changed in the opposite ensnae.

TROPOS~ERIC SCATTER, (Also TROPC OR TROPOSCATTER). A method of tranahorlzon comsnunlcationa
utilizing frequencies generally considered line-of-sight (LOS); i.e., 35o to $400 PUiz. The
propagation mechanics 18 still not fully understood, but it 1s known to include several dis-
tinguishing but changeable mechanisms such as propagation by means of random reflections
ancl scattering from lrregularltlea in the dielectric gradient density of the troposphere
3mooth-earth cliffraction, and diffraction over laolsted obstacles (knife-edge refrectlon~.

TROPOSPNER.IC WAVE. A radio wave that Is propagated by reflection frQm a place of abrupt
change in the dielectric constant or its gradient in the troposphere.

Nm : In some cases the wound wave IWAYbe so alteFeO that new co~onents awar to
arise from reflection in reglone of rapidly-changing dielectric conetant, When these oozl-
ponente are distinguishable from the other components, they are oalled trovotspherlcwavea.

TRUNIC. A single clrcutt between two polnta, both of whleh ●- euitohmg aantera and/or
individual dlstritmtlon points.

TRUNK GROUP. See GROUP, TRUNK.

m. A ehorthand reference to teletypewriter.

TWO-TONE IU?YXNG. See KEYINO, TWO-TONE.

TUO-TONE TELMRAPN. See KEYING, TWO-TONE.

TUO-~RE CIRCUTT. See CTRCUIT, IWO-WIRE.

UNF. Ultra high rreQuency, 300 to 3000 MHz.

UNBA@N~nm CZRCUXT. See CTMUIT,. UNBALANCED WIRE,

fmtmftwrrtxu OPBRATION. see M7mAmoN, mUDxRxm’mmL.

ui@~AL. See nmmvm, mm.
. .

DGmLLmE (FAX). .9ee LmE, AvAsLnaiE(FAx). .“ - !.
. .

USER’S LnJE. See &OOP. LINE. .“.

VEWItZC&SI$llEMND T%AX$?USSXU?. ~~-=o~, ~, -“MU.

VU?. -V’rY him fa%quww, 30 *O ~~. -

Vu. Ve~ 10V frequenoy, 3 h 30 W“. ,.

VoIma. “h quzea fbr preventing ~ho over.u Voioi-maquency a
tal~one c~rcult by dleabltng onatiraotion of tman~aalon 4t*y;g %?& i,
deri~ #roa the $nLual letters Of-the ~SSIOn ‘voia*-_*@ $*o$ mtl-@-.
..

.!’
.

~&7 ‘.”
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vOOAD. A voice-operateddevice uncd to Kive a bu~:~~ntlally ‘~nstint volume
output for ~ wide range of lnputa. The name is der:ved from the initial letter; of the
expreaslon voice-operatetd gain-adJu@ted devioe”.

VOICE-DATA SIGNAL. See SIONAL, QUA9r-ANALOO.

VOLTAGE, PSOPHOMEI’RIC (PSOF’HOMETRIC P.D.). C:rcui: r.oieevo:.tage measured in a llne with e
psophometer which lncludea a CCIF-1951weighting r,e:work. See NOISE WEIGHTING.

NOTE : DO not confuse with PsoPhometric emf, ~~::eived as the emf In a gene~ator
(or line) with 600 ohms internal reaiatance, and her.ze, for practioal purpoeea, numerically
double the corresponding paophometric voltage.

Psophometric voltwe readinga are commonly convz?ted to dBm (psoph) by the rclatlon:

dBm (psoph) + 20 loglo V - 57.7~ {’iin paophometric millivolts).

Vox . A voice-opereted relay circuit that permits che equivalent
of push-to-talk operation of a trarmmitterby the operator. Care must be exercised that
e.paechfrom the raeeiver output or other sound aourcee do not activate the device.

w. VOLUME UNIT. The unit of meaauremant for ●lectrioal epaech power in communication
work aa meaaured by a W mater in the preecribad man~er. The W meter 10 a volume Indiaator
In accordance with Amerioan National Standards Ina:Ltute (ANSI) c16.5-1942. It has a dBm
scale and specified dynamic and other characteristic.e in order ‘toobtain correlatedreadinga
of speech power neceaaitated by the rapid fluctuatlcm in level of voioe currantv. Zero W
equale zero d3m in meaaurementa of alne-wave teat-toze power.

W CONVERSION FACTOR FRON VOLUME UNITS TO POHBR IN d%.
MEAN POWER OF THE.

See TALKER-VOLUMEDISTRIBUTION,

WAVECUZCE. The term “waveguide” designates:

a. A tranamisslon line comprised of a hollow metallic conductor, generally rectangular,
eliptica~ or round in ohape, within which electromagnetic wavee may be propagated. The
guide may under certain condltlona be ~de of a aolld dielectric or a dielectric filled
conductor or,

b. A system of material boundarlea capable of Euitilngelectromagnetic wavee.

UEIOHTING, lh~-LINE. A noise weighting u6ed in a nclae meaauring aet to meaeure noise on
a line that WCWM be terminated by an lnatrument w::?. 8 No, 144-receiver or similar instru-
ment . The meter scale readlnga are in dElrn (lL4-line) tllh-n(l&4-receiver).

WEIOHTING, 14A-RECEIVER. A nolae walghtlng used 1P a noise meaaurlng eet to meaaure noiee
acrose the receiver of an inatrumant equipped with z No. 144-receiver. The meter scale
readlngm are In dBrn (144-receiver).

NCYl!E: ‘1’hiatype of aubaet, deakatandwith hand reooivor, la obsolete.

WEICNiTINO, C-MISSAOE. A noime weighting umed in ● noise maaaurlng set to maaaure noise on
a llne that would be terminated by a 500-type or ●iuilar inetrwmnt. The metar aoale
roadinga are in dBrn (C-rnaaaga).

WEIOHTIIVJ,FIA-LINE, A noise weighting umed In ● nciae -inuring eet to maaure noise an
● line that would b. tanainatod by a 30R.type or ●ir~lar instrument, Tim inter moalo
readinga are In dBe (FIA).

UEIGH’TINO, FIAT. A noise ~uring ●et ~litu~.-fraq-my charutarlatic vh$ch lo flat
wer ● mpecified frequency r-a, which mmt be sta?od. In ●dition, the falling-off
characteristics must be conaidcred.
(f~- f?)

Flat noise powar may be ● roeaed in dBrn

i
or in ~ (fl - f2 . TTtIc tmzae 3 klJa flat waight~ and 5 k!iz fl~t vei@ti~

●re ●lso ueed for charactarla ics flat fran 30 Hz t: the uppar frequency indicated.
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WEIOHTING,HA1-RECEIVERo A noise weighting used In a noise measuring act.to measure nolee
acroe8 the HA1-receiver of a 302-::-pe or slmllar Inatrdment. The meter scale readlngn
are in MM (HAl).

WEIGHTING NETWORK. A network wh.:?e 10ss varies with frequencY In a Predetermined manner.
See NOISE, WEIGHTING.

WEIG}ITING,NOISE. In a measurl~s set designed to meaaure clrcult nolae a speclrlc ampll-
tude-frequency characteriat-c or =.claewclghting characteristic la Included to respond to
amplitude and frequencY Of an Ir.te?$erence voltage and permit the meaaurlng set to give
numerical readings which aPProxlra?e the interfering effects to an average llatener ualng
a particular class of’telephone Ica?rument and receiver. Noise welghtlng measurements are
made on llnee terminated el:her ?::Zhe measuring Set or the class of instrument.

NOTE : The noise weighings ger.erally used were eetabllshed by agencies concerned with
publlc telephone 8ervlce ar.dare :aseclor,characteristics of speclflc commercial telephone
ln9trument8 representing successt”le stages of’technological development. The cocllngof
comncrclal apparatus appears In ~t.enomenclature of certain weightlnga. The 8ame weighting
nomenclature and units ave ~aed C?.‘311tary versions of commercial noise measuring sets.

WEIGHTING, PSOPHOMETRIC. A noise we:ghtlng established by the International Consultative
Comsnitteefor Telephony (CCIF, now CCIT’I’),designated at CCIF-1951 welghtlng, for use in a
nolae measuring set or paophometer. The shape of thle characteristic Is virtually ldentlcal
to that of FIA weighting. The psapkometer 18, however, calibrated with a tone of 800 Hz,
O dBm, eo that the corresponding vcltage acroes 600 ohms Produces a reading called 0.755
volt . This Introduce a 1 dB ad.”:s;ment In the formulas For conversion with dBa. See dBm,
PSOPHONE1’RICALLYWEIGHTED.

WHITE NOISE. Noise whose spectr~.- ts continuous and unifoxm as a funczlon of frequency; for
practical purposes oveI a sLCficls:.z;jFlarge frequsncy range in relation to a band of’fixed
width, (with a Gaussian amplitude :Lstrlbuvlon. )

wHITE TRANSmsSION (FAx), See TF,A::SNISSION,WHITE (FAX).

WID~ANC SYSTEM. A ayatem with a cultlchannel bandwidth of 20 kHz or more. Also called
BROA~ANTJ SYSTEM.

a. Group. A subdlvls:on containing a number of voice channela, either wlthln a auper-
group or separately, normally cum.pr:sed of up to 12 voice channels occupying the frequency
band 60-108 kNz. Fischvoice channei may be multiplexed for teletypewriter operation if
required.

b. Supergroup. Normally,6C ‘:~:ce channels of a wldeband path or five groups of 12
voice channela each and occupying the frequency band 312-552 kliz.

c. Maater Group. Term comprtsed of 10 groupe - 600 channels occupyIng 60-2660 kllz.

Jumbo Group. (Term tentative). Six master.groups - 3600 chennels. See MULTIPLEX,
FREQ&WY DMSION.

UIRE, ORDER. (AlBo called Service Xlre, Englneerlng Circuit or ~peaker Circuit). A clr-
cult for ut!eby ~intenance personnel for commnioation incident to lineup and a!alntenarice
or coumamlcatlon facllltiea.

WORD (TELEGRAPH). By deflnition,a zelegrapb word shall conalat of 6 character lntervale
when computing traffic capacity in h.ords per minute.

Mod rate X 10
Wpal-

Unlt$ per character Interval

WORD, CO?4PUTER. In computing, a sequence of bite or character which occupy one storage
location and are treated by the cor.?zterclrouits ●a a unit and transferred ●a such.

ZBRo TRANSMISSION KWEL POINT (OTLII;. See TFUNSMISSION LEVEL.

P-q)
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